
Exhibit “D”



From: Terry Keyes
To: Brian Lee
Cc: Tim Franz; Zulema Longoria; Dan Flatten; Barbara Fryer; Yvette Hamilton
Subject: Re: Cornelius : U-Haul - Engineering Comments
Date: Saturday, February 10, 2024 1:14:45 PM
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Brian,

You addressed my main issue regarding discharge from the pond.  I’ll do a more thorough review when we are at the final
engineering plan stage, but for land use, you are good to go from an engineering standpoint.

One thing I will be looking for in the final engineering plans is a structure (manholes or 24x24 area drains) at both ends of the
discharge line between the pond and Baseline.  I know this is a private line that Yvette has jurisdiction over, but I am worried
if the line ever gets plugged and causes the pond to overflow.  That would be very bad.  With a structure at both ends that we
can get a camera and sewer cleaner into the line if we need to so we can ensure the pond never overflows.  

But again, we should address this on the final engineering plans, not at this land use stage.

Terry W. Keyes, PE 
City Engineer 
City of Cornelius 
1355 N. Barlow Street 
Cornelius, OR  97113 
503-357-3011 office phone 
503-449-3631 cell phone
terry.keyes@corneliusor.gov
 

On Feb 9, 2024, at 11:20 AM, Brian Lee <brianl@paceengrs.com> wrote:

Tim/Terry,
 
I had a very good conversation with Yvette, she confirmed that there is no code required building offset for the storm
sewer line.
 
See attached updated Civil Plans and Preliminary Hydro report. Geotech report included just for reference.
 
Let us know if you need anything else,
 
 
 

Brian Lee, PE, LEED AP 
Principal Engineer 
p. 503.597.3222 | d. 971.329.4186

   

LAND  |  WATER  |  INFRASTRUCTURE  |  FACILITIES
 
 

   
 

 
 

From: Tim Franz <Tim.Franz@corneliusor.gov> 
Sent: Wednesday, February 7, 2024 2:58 PM
To: Terry Keyes <terry.keyes@corneliusor.gov>; Brian Lee <brianl@paceengrs.com>
Cc: Zulema Longoria <zulema_longoria@uhaul.com>; Dan Flatten <dan_flatten@uhaul.com>; Barbara Fryer
<Barbara.Fryer@corneliusor.gov>; Yvette Hamilton <yhamilton@forestgrove-or.gov>
Subject: RE: Cornelius : U-Haul - Engineering Comments
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STREET TREES & PUBLIC WORKS TREE DIVERSITY REQUIREMENTS



N. 29th Avenue 360 LF Frontage / 30' Tree = 12 Street Trees
E. Baseline Street 217 LF Frontage / 30' Tree = 8 Street Trees
20 Total Street Trees Required



10 different tree species, 9 different tree genera, & 7 different tree families proposed.



SYMBOL BOTANICAL NAME COMMON NAME SIZE QTY REMARKS



CONIFEROUS TREES
Chamaecyparis obtusa `Gracilis` Slender Hinoki Cypress 6` HT. MIN 8



STREET TREES



Calocedrus decurrens Incense Cedar 5` HT. MIN. 2 Family: Cupressaceae (10%)



Cercidiphyllum japonicum Katsura Tree 2" CAL. MIN. B&B 2 Family: Cercidiphyllaceae (5%)



Davidia involucrata Handkerchief Tree 2" CAL. MIN. B&B 2 Family: Nyssaceae (5%)



Fagus sylvatica 'Atropunicea' Purple European Beech 2" CAL. MIN. B&B 4 Family: Fagaceae (30%)



Liriodendron tulipifera Tulip Tree 2" CAL. MIN. B&B 2 Family: Magnoliaceae (5%)



Pseudotsuga menziesii Douglas Fir 5` HT. MIN. 2 Family: Pinaceae (5%)



Quercus coccinea Scarlet Oak 2" CAL. MIN. B&B 2 Family: Fagaceae (30%)



Quercus rubra Red Oak 2" CAL. MIN. B&B 2 Family: Fagaceae (30%)



Thuja plicata Western Red Cedar 5` HT. MIN. 2 Family: Cupressaceae (10%)



Ulmus americana 'Princeton' Princeton American Elm 2" CAL. MIN. B&B 2 Family: Ulmaceae (5%)



SHRUBS
Berberis thunbergii `Crimson Pygmy` Crimson Pygmy Barberry 2 GAL 17
Cistus x hybridus White Rockrose 2 GAL 40
Nandina domestica `Burgandy Wine Burgandy Wine Heavenly Bamboo 2 GAL 22
Pinus mugo mugo Dwarf Mugo Pine 2 GAL 4
Potentilla fruticosa Bush Cinquefoil 2 GAL 6
Rhododendron x `Hino-crimson` Hino-crimson Kurume Azalea 2 GAL 12
Thuja occidentalis 'Smaragd' Emerald Green Arborvitae 6` HT. MIN. 27



GRASSES
Helictotrichon sempervirens Blue Oat Grass 2 GAL 22



SYMBOL CODE BOTANICAL NAME COMMON NAME SIZE SPACING QTY REMARKS



GROUND COVERS



LAWN Lawn Hydroseed Drought Tolerant Fescue Blend --- 26,108 sf



CWS STORMWATER FACILITY PLANTING STANDARDS (4.09.2 Detention Pond)
6,551 SF TOTAL AREA



Plant Species per CWS standards, Appendix A "Storm Water Facility (swf)"
3 or more evergreen species, pond bottom side slopes and freeboard to be fully vegetated
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1 DECIDUOUS TREE PLANTING DETAIL 2 CONIFER / MULTI TRUNK PLANTING DETAIL
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3 PLANTING PREPARATION 4 SHRUB PLANTING DETAIL



·
·



PACE Engineers
¼½¸¸ �rUse �AY� �UiTe º½¸
�AKe �sWegO� �� Á¿¸»½
P� ½¸»�½Á¿�»ººº
WWW�PACeengrs�COM



•
 R



EG I S TERED



 •



L
A



N
D



S



CA P E  A R CH



I T
E



C
TV. BRIAN WAY



OREGON
08/31/2024



1151



PRELIMINARY








			Sheets and Views


			C1 COVER SHEET


			C2 EXISTING CONDITIONS


			C3 DEMOLITION PLAN


			C4 SITE PLAN


			C5 UTILITY PLAN


			C6 EROSION CONTROL PLAN


			C7 PRELIMINARY LANDSCAPE PLAN


			C8 DETAILS


			C8.1 DETAILS


			C9 EROSION CONTROL DETAILS


			C10 LANDSCAPE DETAILS












23836_Prelim Hydro Report.pdf




 



 



Prepared For: 



Preliminary 



Drainage Report 



 
  U-Haul Moving and Storage 



Store 704072 



 



Cornelius, Oregon 



  



  



 



 



 



February 2024 



 



U-Haul Moving and Storage 



AMERCO Real Estate Company 



2727 N. Central Ave 



Phoenix, AZ 85004 



Attn: Zulema Longoria 



 

















STORE 704072  
PRELIMINARY DRAINAGE REPORT 



FEBRUARY 2024 



 
 



 
 



 
PAGE i 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 











STORE 704072  
PRELIMINARY DRAINAGE REPORT 



FEBRUARY 2024 



 



 
 



 
PAGE ii 



 



 



 



 



 



 



Preliminary Drainage Report 
U-Haul Moving and Storage 



Store 704072 



 
 



 



 



 



 



 



 



Prepared For: 



 



U-Haul Moving and Storage 



AMERCO Real Estate Company 



2727 N. Central Avenue 



Phoenix, AZ 85004 



Attn: Zulema Longoria 



 



 



 



 



 



 



 
PACE Engineers, Inc. 



4500 Kruse Way, Suite 250 



Lake Oswego, Oregon 97035 



PACE Project No. 21824 



 



 











STORE 704072  
PRELIMINARY DRAINAGE REPORT 



FEBRUARY 2024 



 
 



 
 



 
PAGE iii 



 



  



THIS PAGE IS INTENTIONALLY LEFT BLANK. 
 



  











STORE 704072  
PRELIMINARY DRAINAGE REPORT 



FEBRUARY 2024 



 



 
 



 
PAGE iv 



 



 



 



PROJECT CERTIFICATION 



 



The technical material and data contained in this report was prepared by PACE Engineers, Inc., 



under the supervision of the listed individuals below.  Those responsible staff members who are 



registered professional engineers are licensed in the State of Oregon. 



 



 



 



 



Brian D. Lee, P.E. 



PACE Engineers, Inc. 



 



 



 



 



 



 



 



PACE Engineers, Inc. 



4500 Kruse Way, Suite 250 



Lake Oswego, Oregon 97035-2564 



Phone:  503.597.3222 



www.paceengrs.com 



  



 



 



  



 



 











STORE 704072  
PRELIMINARY DRAINAGE REPORT 



FEBRUARY 2024 



 
 



 
 



 
PAGE v 



 



THIS PAGE IS INTENTIONALLY LEFT BLANK. 
 



 



  











STORE 704072  
PRELIMINARY DRAINAGE REPORT 



FEBRUARY 2024 



 



 
 



 
PAGE vi 



 



 



 



TABLE OF CONTENTS 
 



SECTION # TITLE PAGE # 



 



1.0 PURPOSE AND INTRODUCTION ....................................................................... 1 



2.0 PROJECT LOCATION AND DESICRIPTION ...................................................... 1 



2.1 PROJECT LOCATION .............................................................................. 1 



2.2 PROJECT DESCRIPTION ........................................................................ 2 



3.0 HYDRAULIC AND HYDROLOGIC DESIGN ........................................................ 3 



3.1 HYDROLOGIC AND HYDRAULIC MODEL .............................................. 3 



3.2 WATER QUALITY DESIGN REQUIREMENTS ........................................ 3 



3.3 WATER QUANTITY DESIGN GOALS ...................................................... 4 



3.4 EXISTING FLOW CONTROL PERFORMANCE ....................................... 4 



3.5 PROPOSED FACILITY FLOW CONTROL DESIGN................................. 4 



3.6 GRAVITY PIPE CONVEYANCE DESIGN ................................................. 4 



3.7 STORM SYSTEM OUTFALL DESIGN ...................................................... 5 



4.0 OFFSITE CONSIDERATIONS ............................................................................. 5 



4.1 DOWNSTREAM DRAINAGE .................................................................... 5 



4.2 FLOOD HAZARD ...................................................................................... 5 



 



 



APPENDIX 



1. Soils Map 



2. Hydraulic Model Reports 



3. Storm Drainage Plan  



4. Geotech Report – See separate PDF file.  



 



 



 



 



 



 



 



 



 



 











STORE 704072  
PRELIMINARY DRAINAGE REPORT 



FEBRUARY 2024 



 
 



 
 



 
PAGE vii 



 



THIS PAGE IS INTENTIONALLY LEFT BLANK.  
 



 



 

















STORE 704072  



PRELIMINARY DRAINAGE REPORT 
FEBRUARY 2024 



 



 
 



 
PAGE 1 



 



PRELIMINARY DRAINAGE REPORT 



1.0 PURPOSE AND INTRODUCTION 
 
This report represents the drainage analysis that was performed on a 2.96 acre parcel located 
at 2962 E. Baseline Street (HWY 8) located in Cornelius, Oregon. It is made up of 2 tax lots 
(1N334DD 7700 and 7900).  The proposed project is to redevelop the property into a U-Haul 
storage facility.  
 
Due to frontage improvements required by the City of Cornelius, the Right of Way (ROW) 
drainage area on NE 29th Avenue were included in the drainage analysis for the purposes of this 
report. This project triggers Clean Water Services (CWS) stormwater management for both 
water quality and quantity. To determine the stormwater quantity control required for the project, 
CWS uses three criteria. For this site, the RISK is Low, the DEVELOPMENT CLASS is 
Developed Area and the SIZE is Large.  This puts the development into Category 2, requiring 
peak flow matching detention. 
 
While infiltration of stormwater is an option to meet Category 2 requirements, the predominately 
clay soils in this area make infiltrating significant volumes of runoff nearly impossible. 
Meeting these detention requirements is typically accomplished using an open pond or 
underground detention pipes on the site. The Client has selected an open pond for stormwater 
management. 
 
This is the documentation of the goals for which the stormwater facility for this site were 
designed to meet, the sources of information upon which the analysis is based, the design 
methodology, and the results of the analysis. The analysis was performed using a hydrologic 
and hydraulic model built in an Excel Spreadsheet using the SBUH method. Water quality and 
quantity performance goals are based on current Clean Water Services (CWS) and ODOT 
standards. 



2.0 PROJECT LOCATION AND DESCRIPTION 



 



The proposed improvements are in Cornelius, Oregon. The site is bordered by NE 29th Avenue 



the West and E. Baseline Rd (HWY 8) to the South. 



 



2.1 Project Location 



 



ITEM DESCRIPTION 



Address 2962 E. Baseline Street, Cornelius, OR 97113 



Watershed Council Creek Sub-Watershed of Tualatin River Watershed 



County Washington County 



Zoning Highway Commercial (C-2) 
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ITEM DESCRIPTION 



Area 
Onsite Stormwater Collection Area – 2.96 acres 



Offsite Stormwater Collection Area – (+/-) 0.31 acres  



Existing improvements 



The existing site is mostly undeveloped.  Currently Murphy’s 



furniture store is located along E. Baseline Road with a few 



connections (catch basins) to the storm sewer system in the right 



of way. 



Current ground cover 
Gravel and asphalt parking areas, a building and undeveloped 



natural ground cover. 



Existing topography 



The ground naturally slopes to the East. Two (2) existing drainage 



ditches run Easterly to a lower area that collects stormwater 



runoff. No current outlet. 



Surrounding Features 
Surrounding features consist of roadways, single family 



residences and a regional natural resource area (Council Creek).  



Nearby Water Bodies 



The stormwater on the property drains to a natural lower area and 



pools.  In the past it had a connection to the stormwater system 



that drained to Council Creek natural area. Council Creek drains 



into the Tualatin River. 



Soils 



37B – Quatama loam, 3 to 7 percent slopes 



2027A - Verboort silty clay loam, 0 to 3 percent slopes 



37A - Quatama loam, 0 to 3 percent slopes 



 



2.2 Project Description 



 



The project facility serves the 2.96-acre property and 0.31-acre Right of Way (ROW) frontage 



improvements on N. 29th Avenue. It does not take in upstream drainage from natural or 



manmade drainage systems. A Storm Drainage Plan is included in the Appendix. 



 



ITEM DESCRIPTION 



Proposed Improvements 



The proposed improvements include:  



• Earthwork modifications to create a new AC parking, 



landscaping and building pad. 



• Installing an open pond detention system. 



• Installing new flow control structure to meter the discharge 



into the existing 36” storm sewer pipe on E. Baseline 



Street. 
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3.0 HYDRAULIC AND HYDROLOGIC DESIGN 



 



3.1 Hydrologic and Hydraulic Model 



 



Hydrologic and hydraulic calculations to estimate runoff flows were conducted using Excel 



Spreadsheet based SBUH model for rainfall-runoff-routing simulation model using the following 



information to develop the model: 



• Soil Conservation Service (“SCS”) Type 1A hyetograph for rainfall distribution developed 



from ODOT Isopluvial Maps and published CWS storm depths, see table 3-1. 



• Drainage area basin based on local contour maps. This area was assigned a Runoff 



Curve Number of 79 for pre-industrial conditions, assumed to be undeveloped pasture 



land and Washington County Soil Survey classifications for pre-industrial conditions. A 



Runoff Curve Number of 98 for the current proposed conditions was used, where 100% 



impervious land cover was assumed. 



• Existing stormwater system pipe network with hydraulic information provided by City of 



Cornelius and data collected during ALTA site survey.  



Table 3.1 – Study Precipitation Depths 



Recurrence Interval (Years) 24-hour Rainfall Depth (inches) 



Water Quality – ½ 2-yr per 
ODOT Isopluvial 



1.11 



CWS 2-yr 2.5 



CWS 10-yr 3.45 



CWS 25-yr 3.9 



100-yr 4.5 



 



3.2 Water Quality Design Requirements 



 



Clean Water Services (CWS) is the local permitting agency for stormwater discharges from 
the project. 
 
The following information summarizes these water quality parameters below: 



 



Impervious Area (Onsite + ROW) = 107909 SF 



Area * 0.03’ = 3237 CF Required 
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Max Outflow  = 0.019 CFS 



 



Water quality treatment in the proposed design is performed by capturing and treating the 



required water quality volume of each storm event. This is accomplished by sizing the lowest 



orifice and setting its elevation to retain the 3237 CF of water to release less than the 0.019 



CFS rate. 



 



3.3 Water Quantity Design Goals 



 



The current flow control standards of the existing facility are limiting the peak discharge in the 



developed condition to match the pre-industrial peak discharge or release less than ½ the 2-yr, 



10-yr, and 25-yr frequency storm events. The goal of this project is to meet current CWS flow 



control performance standards. 



 



3.4 Existing Flow Control 



 
The current system has no discharge.  Previous construction removed the piping and 
connections to the discharge pipe running East to the wetland area of Council Creek.  
 



3.5 Proposed Facility Flow Control Design 



 



The proposed storm pond system discharges are designed to meet the peak flow requirements 
for the ½ of the 2-yr, 10-yr, and 25-yr events. The proposed facility outlets to a flow control 
manhole that consist of two orifices (0.96-inch and 1.65-inch) and an overflow weir with a crest 
height of 3-ft. The control manhole will outlet to an existing 36” storm line along East Baseline 
Street before the runoff eventually outfalls to the wetland area of Council Creek.   
 
See the following table for combined pond flow control performance of the system: 



24-Hour Storm Event Pre-Industrial (Target) Peak 
Flow (cfs) 



Post-Project Peak Release 
(cfs) 



CWS ½ of 2-yr 0.157 0.157 



CWS 10-yr 0.723 0.464 



CWS 25-yr 0.943 0.701 



 



3.6 Gravity Pipe Conveyance Design 



 



Gravity conveyance pipes for the project have been designed using manning’s equation to pass 



the 25-year storm event at full or less than full flow.  
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3.7 Storm System Outfall Design 



 



The proposed facility will outlet to a control structure before it outfalls to an existing 36” storm 



line located on East Baseline Street. The existing pipe will convey the stormwater before it is 



eventually discharges into the wetland area of Council Creek. 



4.0 OFFSITE CONSIDERATIONS 



 



4.1 Downstream Drainage 



 



This project will reduce peak flows during large storm events to predeveloped conditions. 



Therefore, it is not anticipated that the downstream path is at risk of damage due to the project. 



 



4.2 Flood Hazard Risk 



 



The project’s hydraulic model evaluated an additional storm using the CWS 100-year storm 



depth. The orifice sizes for the storm facility system were sized to accommodate the 100-year 



storm; however, in this event, flow is not limited to the pre-developed conditions. Therefore, 



flooding of the system is not anticipated.  



 



 



 











STORE 704072  



DRAINAGE REPORT 
FEBRUARY 2024 



 
 



 
 



 
 



THIS PAGE IS INTENTIONALLY LEFT BLANK.  











 



 



 



Appendix 
 











United States
Department of
Agriculture



A product of the National
Cooperative Soil Survey,
a joint effort of the United
States Department of
Agriculture and other
Federal agencies, State
agencies including the
Agricultural Experiment
Stations, and local
participants



Custom Soil Resource 
Report for



Washington 
County, Oregon



Natural
Resources
Conservation
Service



July 18, 2023











Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.



Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.



Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).



Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.



The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.



Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.



The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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Map projection: Web Mercator   Corner coordinates: WGS84   Edge tics: UTM Zone 10N WGS84
0 45 90 180 270



Feet
0 10 20 40 60



Meters
Map Scale: 1:936 if printed on A portrait (8.5" x 11") sheet.
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MAP LEGEND MAP INFORMATION



Area of Interest (AOI)
Area of Interest (AOI)



Soils
Soil Map Unit Polygons



Soil Map Unit Lines



Soil Map Unit Points



Special Point Features
Blowout



Borrow Pit



Clay Spot



Closed Depression



Gravel Pit



Gravelly Spot



Landfill



Lava Flow



Marsh or swamp



Mine or Quarry



Miscellaneous Water



Perennial Water



Rock Outcrop



Saline Spot



Sandy Spot



Severely Eroded Spot



Sinkhole



Slide or Slip



Sodic Spot



Spoil Area



Stony Spot



Very Stony Spot



Wet Spot



Other



Special Line Features



Water Features
Streams and Canals



Transportation
Rails



Interstate Highways



US Routes



Major Roads



Local Roads



Background
Aerial Photography



The soil surveys that comprise your AOI were mapped at 
1:20,000.



Warning: Soil Map may not be valid at this scale.



Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.



Please rely on the bar scale on each map sheet for map 
measurements.



Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)



Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.



This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.



Soil Survey Area: Washington County, Oregon
Survey Area Data: Version 22, Sep 14, 2022



Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.



Date(s) aerial images were photographed: Apr 16, 2021—Apr 
18, 2021



The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.
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Map Unit Legend



Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI



37A Quatama loam, 0 to 3 percent 
slopes



0.4 12.3%



37B Quatama loam, 3 to 7 percent 
slopes



1.4 48.1%



2027A Verboort silty clay loam, 0 to 3 
percent slopes



1.2 39.6%



Totals for Area of Interest 3.0 100.0%



Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.



A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.



Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.



The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
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landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.



An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.



Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.



Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.



Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.



A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.



An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.



An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.



Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.



Custom Soil Resource Report



9











Washington County, Oregon



37A—Quatama loam, 0 to 3 percent slopes



Map Unit Setting
National map unit symbol: 21zl
Elevation: 140 to 250 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: All areas are prime farmland



Map Unit Composition
Quatama and similar soils: 85 percent
Minor components: 4 percent
Estimates are based on observations, descriptions, and transects of the mapunit.



Description of Quatama



Setting
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium



Typical profile
H1 - 0 to 15 inches: loam
H2 - 15 to 30 inches: clay loam
H3 - 30 to 62 inches: loam



Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 



to 0.57 in/hr)
Depth to water table: About 24 to 36 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)



Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C
Ecological site: R002XC008OR - Valley Terrace Group
Forage suitability group: Moderately Well Drained < 15% Slopes (G002XY004OR)
Other vegetative classification: Moderately Well Drained < 15% Slopes 



(G002XY004OR)
Hydric soil rating: No



Minor Components



Huberly
Percent of map unit: 4 percent
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Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Poorly Drained (G002XY006OR)
Hydric soil rating: Yes



37B—Quatama loam, 3 to 7 percent slopes



Map Unit Setting
National map unit symbol: 21zm
Elevation: 140 to 250 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: All areas are prime farmland



Map Unit Composition
Quatama and similar soils: 85 percent
Minor components: 4 percent
Estimates are based on observations, descriptions, and transects of the mapunit.



Description of Quatama



Setting
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium



Typical profile
H1 - 0 to 15 inches: loam
H2 - 15 to 30 inches: clay loam
H3 - 30 to 62 inches: loam



Properties and qualities
Slope: 3 to 7 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 



to 0.57 in/hr)
Depth to water table: About 24 to 36 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)



Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C
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Ecological site: R002XC008OR - Valley Terrace Group
Forage suitability group: Moderately Well Drained < 15% Slopes (G002XY004OR)
Other vegetative classification: Moderately Well Drained < 15% Slopes 



(G002XY004OR)
Hydric soil rating: No



Minor Components



Huberly
Percent of map unit: 4 percent
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Poorly Drained (G002XY006OR)
Hydric soil rating: Yes



2027A—Verboort silty clay loam, 0 to 3 percent slopes



Map Unit Setting
National map unit symbol: 2mj15
Elevation: 150 to 300 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 50 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: Farmland of statewide importance



Map Unit Composition
Verboort and similar soils: 94 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.



Description of Verboort



Setting
Landform: Flood plains on terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loamy alluvium over silty and clayey glaciolacustrine deposits



Typical profile
Ap - 0 to 8 inches: silty clay loam
A - 8 to 12 inches: silty clay loam
E - 12 to 19 inches: silty clay loam
2Btg - 19 to 28 inches: clay
2BCtg - 28 to 33 inches: silty clay
2Cg - 33 to 60 inches: silty clay loam



Properties and qualities
Slope: 0 to 3 percent
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Depth to restrictive feature: 16 to 26 inches to abrupt textural change
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately 



low (0.00 to 0.06 in/hr)
Depth to water table: About 0 to 8 inches
Frequency of flooding: NoneFrequent
Frequency of ponding: Frequent
Available water supply, 0 to 60 inches: Low (about 4.1 inches)



Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: D
Ecological site: R002XC007OR - Valley Swale Group
Forage suitability group: Poorly Drained (G002XY006OR)
Other vegetative classification: Poorly Drained (G002XY006OR)
Hydric soil rating: Yes



Minor Components



Waldo
Percent of map unit: 5 percent
Landform: Flood plains
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Concave
Other vegetative classification: Poorly Drained (G002XY006OR)
Hydric soil rating: Yes
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Preliminary Water Quality Calculations
Project: U-Haul Cornelius 



Date: 8-Feb



Impervious areas:



Streets & Sidewalks 98000 sf



Offsite ROW 9909 sf



107909 sf total



Required Water Quality Storage:



Impervious Area * 0.03' = Required Storage



Storage (cf) = 3237 cf



Water Quality Flow:
WQF= WQV/(4 hours * 60min * 60sec)



WQF = 0.225 cfs



= 101 gpm



Extended Dry Detention Drawdown Rate:
WQV/(48 hours * 60min * 60sec)



WQD = 0.019 cfs



Pond Storage Calculations:



Elev Surf Area Storage



(ft) (sq ft) (cu ft)



0 3600 0.00



0.05 3639 180.98 Q=CA(2gH)^.5



0.10 3678 363.91 Orifice Sizing:



0.15 3718 548.82 Orifice coefficient = 0.62



0.20 3757 735.70 Qavg = 0.019



0.25 3797 924.57 2/3 WQH = 0.55



0.30 3837 1115.43 Area (sf) = 0.005



0.35 3877 1308.29 Diameter (in.)= 0.96



0.40 3918 1503.17



0.45 3958 1700.08 WQVH = 0.83



0.50 3999 1899.01 2/3 WQH = 0.55



0.55 4040 2099.98



0.60 4081 2303.00



0.65 4122 2508.08



0.70 4164 2715.23



0.75 4205 2924.45



0.80 4247 3135.76



0.85 4289 3349.16











Project: UH Cornelius



Project Number: 23836



Date: 2/9/24



STORAGE ROUTING Basin: Council Creek



Event: 2 yr



Hydrograph Data: Pre- Post- PRE-DEVELOPED Impervious Area:
Onsite Area + ROW Area = 142553 142553 SF Pervious Area: Area = 0 SF



Onsite Area + ROW Area = 3.27 3.27 acres Area = 3.27 acres Area = 0.00 acres
Pt = 2.5 2.5 inches CN = 78 CN = 98



dt = 2 2 min S = 2.82 S = 0.20
Tc = 30 24 min 0.2S = 0.56 0.2S = 0.04



w  = 0.032258 0.04 Rout. Con.



POST-DEVELOPED Impervious Area:
Hydrograph Results: Pervious Area: Area = 107909 SF



Pre-Developed Peak Runoff: 0.313 cfs Area = 0.7953 acres Area = 2.4772 acres



Pre Developed Total Volume: 9130.6 CF CN = 86 CN = 98



S = 1.63 S = 0.20
Post-Developed Peak Runoff: 1.35 cfs 0.2S = 0.33 0.2S = 0.04



Post Developed Total Volume: 23738.4 CF



Pond Data: Outlet Data:
Bottom Length 90.0 FT Orif1 A = 0.01 sq. ft. Broad Crested



Bottom Width 40.0 FT Orif1 E = 0 Weir1 L = feet



Side Slope 3 Horizontal: 1 Vertical Dia 1   = 0.96 inches Weir1 E =



Bottom Area 3600 SF



Depth of Effective Side Perc 0 FT Orif2 A = 0.01 sq. ft. Rectangular



Soil Media Depth 1.5 FT Orif2 E = 0.83 Weir2 L = 3 feet



Gravel Layer Depth 0 FT Dia 2   = 1.65 inches Weir2 E = 3.5



Soil Media porosity 25%



Gravel Layer porosity 40% Orif3 A = 0.00 sq. ft. Routing Results:



Infiltration Rate 0 in/hr Orif3 E = MAX STORAGE = 15193.4



Infli Safety Factor 2 Dia 3   = inches MAX OUTLET = 0.157



MAX Infiltration = 0.000



MAX Bypass = 0.157



MAX Depth = 2.85



INFLOW HYDROGRAPH
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Project: UH Cornelius



Project Number: 23836



Date: 2/9/24



STORAGE ROUTING Basin: BASIN



Event: 10 yr



Hydrograph Data: Pre- Post- PRE-DEVELOPED Impervious Area:
Onsite Area + ROW Area = 142553 142553 SF Pervious Area: Area = 0 SF



Onsite Area + ROW Area = 3.27 3.27 acres Area = 3.27 acres Area = 0.0000 acres
Pt = 3.45 3.45 inches CN = 78 CN = 98



dt = 2 2 min S = 2.82 S = 0.20
Tc = 30 24 min 0.2S = 0.56 0.2S = 0.04



w  = 0.032258 0.04 Rout. Con.



POST-DEVELOPED Impervious Area:
Hydrograph Results: Pervious Area: Area = 107909 SF



Pre-Developed Peak Runoff: 0.723 cfs Area = 0.7953 acres Area = 2.4772 acres



Pre Developed Total Volume: 16967.9 CF CN = 86 CN = 98



S = 1.63 S = 0.20
Post-Developed Peak Runoff: 1.97 cfs 0.2S = 0.33 0.2S = 0.04



Post Developed Total Volume: 34474.5 CF



Pond Data: Outlet Data:
Bottom Length 90.0 FT Orif1 A = 0.01 sq. ft. Broad Crested



Bottom Width 40.0 FT Orif1 E = 0 Weir1 L = feet



Side Slope 3 Horizontal: 1 Vertical Dia 1   = 0.96 inches Weir1 E =



Bottom Area 3600 SF



Depth of Effective Side Perc 0 FT Orif2 A = 0.01 sq. ft. Rectangular



Soil Media Depth 1.5 FT Orif2 E = 0.83 Weir2 L = 3 feet



Gravel Layer Depth 0 FT Dia 2   = 1.65 inches Weir2 E = 3.5



Soil Media porosity 25%



Gravel Layer porosity 40% Orif3 A = 0.00 sq. ft. Routing Results:



Infiltration Rate 0 in/hr Orif3 E = MAX STORAGE = 19943.7



Infli Safety Factor 2 Dia 3   = inches MAX OUTLET = 0.464



MAX Infiltration = 0.000



MAX Bypass = 0.464



MAX Depth = 3.600



INFLOW HYDROGRAPH
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Project: UH Cornelius



Project Number: 23836



Date: 2/9/24



STORAGE ROUTING Basin: BASIN



Event: 25 yr



Hydrograph Data: Pre- Post- PRE-DEVELOPED Impervious Area:
Onsite Area + Offsite Area = 142553 142553 SF Pervious Area: Area = 0 SF



Onsite Area + Offsite Area = 3.27 3.27 acres Area = 3.2726 acres Area = 0.0000 acres
Pt = 3.9 3.9 inches CN = 78 CN = 98



dt = 2 2 min S = 2.82 S = 0.20
Tc = 30 24 min 0.2S = 0.56 0.2S = 0.04



w  = 0.032258 0.04 Rout. Con.



POST-DEVELOPED Impervious Area:
Hydrograph Results: Pervious Area: Area = 107909 SF



Pre-Developed Peak Runoff: 0.943 cfs Area = 0.7953 acres Area = 2.4772 acres



Pre Developed Total Volume: 21035.6 CF CN = 86 CN = 98



S = 1.63 S = 0.20
Post-Developed Peak Runoff: 2.26 cfs 0.2S = 0.33 0.2S = 0.04



Post Developed Total Volume: 39617.4 CF



Pond Data: Outlet Data:
Bottom Length 90.0 FT Orif1 A = 0.01 sq. ft. Broad Crested



Bottom Width 40.0 FT Orif1 E = 0 Weir1 L = feet



Side Slope 3 Horizontal: 1 Vertical Dia 1   = 0.96 inches Weir1 E =



Bottom Area 3600 SF



Depth of Effective Side Perc 0 FT Orif2 A = 0.01 sq. ft. Rectangular



Soil Media Depth 1.5 FT Orif2 E = 0.83 Weir2 L = 3 feet



Gravel Layer Depth 0 FT Dia 2   = 1.65 inches Weir2 E = 3.5



Soil Media porosity 25%



Gravel Layer porosity 40% Orif3 A = 0.00 sq. ft. Routing Results:



Infiltration Rate 0 in/hr Orif3 E = MAX STORAGE = 20289.2



Infli Safety Factor 2 Dia 3   = inches MAX OUTLET = 0.701



MAX Infiltration = 0.000



MAX Bypass = 0.701



MAX Depth = 3.650



INFLOW HYDROGRAPH
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Project: UH Cornelius



Project Number: 23836



Date: 2/9/24



STORAGE ROUTING Basin: BASIN



Event: 100 yr



Hydrograph Data: Pre- Post- PRE-DEVELOPED Impervious Area:
Onsite Area + Offsite Area = 142553 142553 SF Pervious Area: Area = 0 SF



Onsite Area + Offsite Area = 3.27 3.27 acres Area = 3.27 acres Area = 0.0000 acres
Pt = 4.5 4.5 inches CN = 78 CN = 98



dt = 2 2 min S = 2.82 S = 0.20
Tc = 30 24 min 0.2S = 0.56 0.2S = 0.04



w  = 0.032258 0.04 Rout. Con.



POST-DEVELOPED Impervious Area:
Hydrograph Results: Pervious Area: Area = 107909 SF



Pre-Developed Peak Runoff: 1.252 cfs Area = 0.7953 acres Area = 2.4772 acres



Pre Developed Total Volume: 26709.6 CF CN = 86 CN = 98



S = 1.63 S = 0.20
Post-Developed Peak Runoff: 2.653 cfs 0.2S = 0.33 0.2S = 0.04



Post Developed Total Volume: 46511.9 CF



Pond Data: Outlet Data:
Bottom Length 90.0 FT Orif1 A = 0.01 sq. ft. Broad Crested



Bottom Width 40.0 FT Orif1 E = 0 Weir1 L = feet



Side Slope 3 Horizontal: 1 Vertical Dia 1   = 0.97 inches Weir1 E =



Bottom Area 3600 SF



Depth of Effective Side Perc 0 FT Orif2 A = 0.01 sq. ft. Rectangular



Soil Media Depth 1.5 FT Orif2 E = 0.83 Weir2 L = 3 feet



Gravel Layer Depth 0 FT Dia 2   = 1.65 inches Weir2 E = 3.5



Soil Media porosity 25%



Gravel Layer porosity 40% Orif3 A = 0.00 sq. ft. Routing Results:



Infiltration Rate 0 in/hr Orif3 E = MAX STORAGE = 20556.7



Infli Safety Factor 2 Dia 3   = inches MAX OUTLET = 0.702



MAX Infiltration = 0.000



MAX Bypass = 0.702



MAX Depth = 3.650



INFLOW HYDROGRAPH
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April 26, 2023 
Atlas No. B230396g 



Edgar George 
Amerco Real Estate Company 
2727 North Central Avenue, Suite #5N 
Phoenix, AZ 85004 



Subject: Geotechnical Investigation 
Proposed AREC/U-Haul Acquisition 
2962 East Baseline Street 
Cornelius, OR 



Dear Edgar George: 



In compliance with your instructions, Atlas has conducted a soils exploration and foundation 



evaluation for the above referenced development.  Fieldwork for this investigation was conducted 



on March 15, 2023 and March 27, 2023.  Data have been analyzed to evaluate pertinent 



geotechnical conditions.  Results of this investigation, together with our recommendations, are to 



be found in the following report.  We have provided a PDF copy for your review and distribution. 



Often, questions arise concerning soil conditions because of design and construction details that 



occur on a project.  Atlas would be pleased to continue our role as geotechnical engineers during 



project implementation.   



If you have any questions, please call us at (208) 376-4748. 



Respectfully submitted, 



Sam Harrison, GIT (WA) Jacob Schlador, PE (ID) 
Project Engineer Geotechnical Engineer 



David Cram, PE, GE 
Senior Vice President 



Exp. 12-31-2023



4-26-2023





Jacob.Schlador


Stamp
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EXECUTIVE SUMMARY 



The following is a brief summary of geotechnical conditions for the proposed development, 



presented with conclusions and recommendations.  This summary must be read in conjunction 



with the entire accompanying report for proper interpretation of the overall investigation.  



Subsurface Conditions:  The profile below represents a generalized interpretation for the project 



site.  Note that on site soils strata, encountered between boring locations, may vary from the 



individual soil profiles presented in the logs. 



Table 2 – Typical Soil Profiles 



Soil Horizons 
Approximate 



Depths 
Soil Types 



Consistency/Relative 
Density 



Fill Materials1 0 to 3 feet 
Sandy Lean Clay Fill and Aggregate 



Base Fill 
Soft/Medium Dense 



Surficial 
Soils/Intermediate 



Soils 



0 to 12 feet 
Lean Clay with Sand and Sandy Lean 



Clay 
Very Soft to Very Stiff 



Deeper Soils 7 to 31.5 feet Sandy Silt Very Soft to Very Stiff 
1Fills not encountered in borings 1 and 2. 



Groundwater Conditions:  The borings were advanced with the use of mud-rotary methods, 



which do not allow the observation of groundwater conditions during drilling.  Soil moistures in the 



borings were moist to wet throughout.  According to the CPT report, groundwater was 



encountered at 6.15 feet below ground surface (bgs).  According to Oregon Water Resources 



Department well log data with 1 mile of the project site, static water levels were measured at 



depths ranging between 9 and 47 feet bgs.   



Preliminary Building Foundations:  Considering subsurface conditions and the proposed 



construction, it is recommended that the structure be founded on a rammed earth aggregate pier 



system.  Typical allowable design bearing capacity for a rammed earth aggregate pier system 



range from 4,000 psf to 5,000 psf, depending on final design parameters and requirements.  The 



specialty contractor would provide the final design, with support and assistance from Atlas.  
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Flexible Pavement:  The American Association of State Highway and Transportation Officials 



(AASHTO) design method has been used to calculate the following pavement sections. 



Table 5 – AASHTO Flexible Pavement Specifications 



Pavement Section 
Component 



Light Duty Moderate Duty Heavy Duty 



Asphaltic Concrete 2.5 Inches 3.0 Inches 3.5 Inches 



Crushed Aggregate Base 4.0 Inches 4.0 Inches 6.0 Inches 



Structural Subbase 12.0 Inches 12.0 Inches 12.0 Inches 



Compacted Subgrade1 
See Pavement Subgrade 



Preparation section 
See Pavement Subgrade 



Preparation section 
See Pavement Subgrade 



Preparation section 
1It will be required for Atlas personnel to verify subgrade competency at the time of construction. 



Rigid Pavement:  The AASHTO design method has been used to calculate the following 



pavement sections. 



Table 6 – AASHTO Rigid Pavement Specifications 



Pavement Section 
Component 



Light Duty Medium Duty Heavy Duty 



Portland Cement Concrete 5.0 Inches 5.5 Inches 6.0 Inches 



Crushed Aggregate Base 6.0 Inches 6.0 Inches 6.0 Inches 



Structural Subbase1 12.0 Inches 12.0 Inches 12.0 Inches 



Compacted Subgrade2 
See Pavement 



Subgrade Preparation 
section 



See Pavement 
Subgrade Preparation 



section 



See Pavement 
Subgrade Preparation 



section 
1Atlas recommends that 12 inches of structural subbase be added due to potential instabilities in the native soils. 
2It will be required for Atlas personnel to verify subgrade competency at the time of construction. 
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1.    INTRODUCTION 



This report presents results of a geotechnical investigation and analysis in support of data utilized 



in design of structures as defined in the 2022 Oregon Structural Specialty Code (OSSC).   



Information in support of groundwater and stormwater issues pertinent to the practice of Civil 



Engineering is included.  Observations and recommendations relevant to the earthwork phase of 



the project are also presented.  Revisions in plans or drawings for the proposed structures from 



those enumerated in this report should be brought to the attention of the soils engineer to 



determine whether changes in the provided recommendations are required.  Deviations from 



noted subsurface conditions, if encountered during construction, should also be brought to the 



attention of the soils engineer. 



1.1    Project Description 



The proposed development is in the City of Cornelius, Washington County, OR, and occupies a 



portion of the SE¼SE¼ of Section 34, Township 1 North, Range 3 West, Willamette Meridian.  



Site maps included in the Appendix show the project location. 



This project is expected to consist of a U-Haul development.  At this time, Atlas has not been 



provided with a site plan for this project site.  U-Haul developments typically consist of a 3 to 4-



story storage facility and a single story office/showroom structure.  The site to be developed is 



approximately 2 acres.  Retaining walls are not anticipated as part of the project.  Drainage is 



expected to be directed to onsite infiltration facilities.  Location of the infiltration facilities are 



unknown at this time.  Atlas has not been informed of the proposed grading plan. 



1.2    Scope of Investigation 



Our scope of work was completed in general accordance with our proposal dated February 23, 



2023.  Said authorization is subject to terms, conditions, and limitations described in the 



Professional Services Contract entered into between Amerco Real Estate Company and Atlas.   



Atlas’ scope of services included the following: 



• Subsurface exploration via borings and cone penetration testing (CPT). 



• Field and laboratory testing of materials encountered and collected. 



• Preparation of this report, which includes project description, site conditions, and our 
engineering analysis and evaluation for the project. 



• Our scope of work did not include a site-specific ground motion hazard analysis. 
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2.    SITE DESCRIPTION 



2.1    Regional Geology 



The subject site is located in the within the Tualatin Basin, approximately 18 miles west of Portland 



OR.  The Tualatin Basin is a depression associated with the Puget-Willamette fore-arc of the 



Cascadia Subduction Zone.  The basin is generally bounded on all sides by various mountain 



ranges, including the Tualatin Mountains to the northeast, Portland Hills to the southeast, 



Chehalem Mountains to the south west, and Coast Range to the west.  Sediments deposited 



within the Tualatin Basin were derived from Neogene continental sediments underlain by 



Columbia River Basalts.  Continental sediments near ground surface include the Willamette Silt 



unit, which was derived from Missoula Flood deposits (Wilson, 1998). 



2.2    General Site Characteristics 



The following details regarding site conditions are based on visual observations and review of 



available geologic and topographic maps and imagery: 



• Current Site Conditions: The site to be developed is approximately 2 acres.  A single-
story commercial structure is present in the southeast portion of the site and is surrounded 
by asphaltic concrete.  The remainder of the site consists of undeveloped land and gravel 
parking areas.   



• Vegetation: Vegetation on the site consists of native weeds and grasses.  Mature trees 
and blackberry brambles border the site to the east.  Planter strips with landscaping trees 
are present along the southern boundary of the site. 



• Topography: The site slopes gently downwards from the east to the west with 
approximately 3 feet of elevation relief across the site.  Additionally, the site is situated 
approximately 5 feet higher in elevation than the property to the southeast, and 
approximately 3 feet lower in elevation than Baseline Street.  A drainage ditch separates 
the northern portion of the site from North 29th Avenue. 



• Drainage:  Stormwater drainage for the site is achieved by both sheet runoff and 
percolation through surficial soils.  Runoff predominates for the hardscape areas while 
percolation through the non-hardscape areas.  From the south, intermittent off-site 
stormwater may drain onto the project site. 



3.    SEISMIC SITE EVALUATION 



3.1    Geoseismic Setting 



Soils on site are classed as Site Class D in accordance with Chapter 20 of the American Society 



of Civil Engineers (ASCE) publication ASCE/SEI 7-16.  Shear wave velocity testing was 



conducted in the location shown on the Site Map included in the Appendix.  Shear wave velocity 



results showed an average value of 741 feet per second.  Therefore, structures constructed on 



this site should be designed per OSSC requirements for a Site Class D seismic classification.  



See the Geologic Hazards Assessment section for discussion of hazards resulting from 



potential earthquake motions.   
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3.2    Seismic Design Parameter Values 



The ASCE 7-16 seismic design parameter values have been provided below. 



Table 1 – Seismic Design Values 



Seismic Design Parameter Design Value 



Site Class D “Stiff Soil” 



Site Modified Peak Ground 
Acceleration, PGAM 



0.493 



Ss 0.899 



S1 0.436 



Fa
 1.141 



Fv N/A* 



SMS 1.025 



SM1 N/A* 



SDS 0.683 



SD1 N/A* 



*ASCE 7-16 standard indicates that a ground motion hazard analysis may be required. 



4.    GEOLOGIC HAZARD ASSESSMENT 



This section provides an assessment of the geologic hazards for the site, including the potential 



for surface fault rupture, liquefaction, seismically induced settlements, lateral spreading, and 



flooding. 



The hazard evaluation methodology involved one or two steps.  First, the potential for occurrence 



of each type of geologic phenomenon is assessed.  If there is a potential for a phenomenon to 



occur, the second step is to assess whether the phenomenon will result in a significant hazard for 



designated structures.  For this evaluation, a significant hazard is defined as one that results in 



substantial structural damage and threatens life-safety. 



4.1    Regional Faults 



As shown on the interactive Geologic Map of Oregon, the project site is within proximity of several 



active faults (Oregon Department of Geology and Mineral Industries, 2020).  Based on research, 



the closest mapped fault noted by Atlas is the Beaverton Fault, approximately 5 miles to the 



southeast of the project site.  Approximately 6 miles to the west lies the Gales Creek fault.  The 



Portland Hills Fault Zone, which includes the Oatfield, Portland Hills, and East Bank faults, is 



approximately 11 miles to the northeast.  Approximately 29 miles south of the project site is the 



Mount Angel Fault Zone.  Both the Portland Hills and Mount Angel fault zones are particularly 



active and may have been sources for significant earthquakes in recent history (Wong et al, 2001).  



Additionally, the project site is within the seismic impact zone of the Cascadia Subduction Zone, 



which can produce earthquakes with Richter Magnitudes of 9.0 or greater.  Per the Oregon 



Department of Geology and Mineral Industries Statewide Geohazards Viewer, the site is mapped 



in an area of very strong expected earthquake shaking.  No faults are mapped on the project site, 



and no evidence of faulting was observed during the subsurface exploration.   
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4.2    Historical Seismicity  



According to the USGS Earthquake Catalog, since 1953, 3,483 earthquakes have been recorded 



within approximately 50 miles of the site.  Seven of these earthquakes were of a reported Richter 



Magnitude of 4.5 or greater.  The majority of these earthquakes occurred within the Willamette 



Valley and along the Coast Range.  The largest of these earthquakes was the 1993 Scotts Mills 



earthquake, occurring approximately 40 miles southeast from the project site and was widely felt 



throughout the Willamette Valley with felt reports as far north as the Seattle-Tacoma metropolitan 



area (Dewey et.al, 1994).  This Magnitude 5.6 earthquake occurred within the Mount Angel Fault 



Zone.  The closest earthquake to the project site occurred on July 24, 2022, approximately 7 miles 



to the southeast of the project site and had a magnitude of 2.8. 



4.3    Seismically Induced Surface Rupture, Settlements, and Lateral Spreading 



Earthquakes generally are caused by a sudden slip or displacement along a zone of weakness, 



termed a fault, in the Earth’s crust.  Surface fault rupture, which is a manifestation of the fault 



displacement at the ground surface, usually is associated with moderate to large-magnitude 



earthquakes (magnitudes of about 6 or larger) occurring on active faults having mapped traces 



or zones at the ground surface.  The amount of surface fault displacement can be as much as 10 



feet (3 meters) or more, depending on the earthquake magnitude and other factors.  The 



displacements associated with surface fault rupture can have devastating effects on structures 



and lifelines situated astride the zone of rupture. 



Per the American Society of Civil Engineers (ASCE) 7 Hazards Tool, the project site falls within 



Risk Category 3 (American Society of Civil Engineers, 2021).  The 2022 OSSC requires that 



building sites of 60,000 square feet (SF) or greater, or of Risk Category III or IV shall at a minimum 



address earthquakes from: 



1. A shallow crustal earthquake on real or assumed faults near the site, subject to evaluation.  
The minimum design earthquake shall in no case be considered less than a moment 
magnitude of 6.0 or the design earthquake ground motion acceleration determined in 
accordance with Section 1613. 



2. A deep earthquake with a moment magnitude greater than 7.0 on the seismogenic part of 
the subducting plate of the Cascadia Subduction Zone. 



3. An earthquake on the seismogenic part of the interface between the Juan de Fuca Plate 
and the North American Plate on the Cascadia Subduction Zone with a minimum moment 
magnitude of 8.5. 



4.4    Liquefaction 



Liquefaction is a soil behavior phenomenon in which a soil located below the groundwater surface 



loses a substantial amount of strength due to strong earthquake ground shaking.  Some types of 



soil tend to compact during earthquake shaking, inducing excess pore water pressure in the 



saturated soil, which, in turn, causes a reduction in strength of the soil.  Recently deposited (i.e., 



geologically young) and relatively loose natural soils, and uncompacted or poorly compacted fills, 



are potentially susceptible to liquefaction.  Dense natural soils and well-compacted fills have a 



low susceptibility to liquefaction.  Clayey soils, gravel sediments, and bedrock generally are not 



susceptible to liquefaction. 
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Possible consequences of liquefaction include vertical settlement, lateral displacement, loss of 



bearing capacity for foundations supported by soil that liquefies, increased lateral loading on 



structures retaining soil that liquefies, and flotation of lightweight structures embedded in soil that 



liquefies. 



A liquefaction analysis was performed using information obtained during the subsurface 



investigation and using the LiqSVs analysis software from GeoLogismiki.  Based on this analysis 



of the boring logs and stated SPT values, liquefaction is probable to occur on the site during a 



seismically induced event at depths between 8 and 12 feet bgs. 



5.    SOILS EXPLORATION 



5.1    Exploration and Sampling Procedures 



Field exploration conducted to determine engineering characteristics of subsurface materials 



included a reconnaissance of the project site and investigation by soil boring.  A site map with 



boring locations was provided to Atlas by Edgar George of AMERCO Real Estate Company.  



Boring sites were located in the field by means of a Global Positioning System (GPS) device and 



are reportedly accurate to within ten feet.  Due to undrivable soft soil conditions, Boring 2 was 



moved approximately 60 feet west of its original planned location.  Borings were advanced by 



means of a truck-mounted drilling rig equipped with continuous flight hollow-stem augers.  At 



specified depths, samples were obtained using a standard split-spoon sampler, and Standard 



Penetration Test (SPT) blow counts were recorded.  Uncorrected SPT blow counts are provided 



on logs, which can be found in the Appendix. At completion of exploration, borings were backfilled 



with loose bentonite holeplug. 



Samples have been visually classified in the field, identified according to boring number and 



depth, placed in sealed containers, and transported to our laboratory for additional testing.  



Subsurface materials have been described in detail on logs provided in the Appendix.  Results 



of field and laboratory tests are also presented in the Appendix.  Atlas recommends that these 



logs not be used to estimate fill material quantities. 



5.2    Laboratory Testing Program 



Along with our field investigation, a supplemental laboratory testing program was conducted to 



determine additional pertinent engineering characteristics of subsurface materials.  Laboratory 



tests were conducted in accordance with current specifications.  The laboratory testing program 



for this report included: 



• Atterberg Limits Testing – ASTM D4318 



• Grain Size Analysis – ASTM C117/C136 
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5.3    Soil and Sediment Profile 



The profile below represents a generalized interpretation for the project site.  Note that on site 



soils strata, encountered between boring locations, may vary from the individual soil profiles 



presented in the logs. 



Table 2 – Typical Soil Profiles 



Soil Horizons 
Approximate 



Depths 
Soil Types 



Consistency/Relative 
Density 



Fill Materials1 0 to 3 feet 
Sandy Lean Clay Fill and Aggregate 



Base Fill 
Soft/Medium Dense 



Surficial 
Soils/Intermediate 



Soils 



0 to 12 feet 
Lean Clay with Sand and Sandy Lean 



Clay 
Very Soft to Very Stiff 



Deeper Soils 7 to 31.5 feet Sandy Silt Very Soft to Very Stiff 
1Fills not encountered in borings 1 and 2. 



5.4    Volatile Organic Scan 



Soils obtained during on-site activities were not assessed for volatile organic compounds by 



portable photoionization detector.  Samples obtained during our exploration activities exhibited 



no apparent odors or discoloration typically associated with this type of contamination.  



Groundwater encountered did not exhibit obvious signs of contamination. 



6.    SITE HYDROLOGY 



Existing surface drainage conditions are defined in the General Site Characteristics section.  



Information provided in this section is limited to observations made at the time of the investigation.  



Either regional or local ordinances may require information beyond the scope of this report. 



6.1    Groundwater 



The borings were advanced with the use of mud-rotary methods, which do not allow the 



observation of groundwater conditions during drilling.  Soil moistures in the borings were moist to 



wet throughout.  However, CPT borings indicated that groundwater was encountered at a depth 



of 6.15 feet below ground surface (bgs).  Additionally, according to Oregon Water Resources 



Department well log data with 0.5 miles of the project site, static water levels were measured at 



depths ranging between 9 and 47 feet bgs.  Seasonal groundwater levels can be determined 



through long-term monitoring.   



6.2    Soil Infiltration Rates 



Soil permeability, which is a measure of the ability of a soil to transmit a fluid, was not tested in 



the field.  Given the absence of direct measurements, for this report an estimation of infiltration is 



presented using generally recognized values for each soil type and gradation.  Typical infiltration 



rates comprising the generalized soil profile for this study have been provided in the table below.  
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Table 3 – Generalized Soil Infiltration Rates 



Soil Type 
Typical Infiltration Rate 



(inches per hour) 



Lean Clay with Sand* 
<2 



Sandy Lean Clay* 



Sandy Silt* 2 to 4 



* Infiltration into and/or within close proximity to groundwater may reduce infiltration rates to near zero. 



Due to the presence of shallow clay soils and groundwater, Atlas recommends that infiltration 



testing be conducted to determine site specific infiltration rates. 



7.    LATERAL EARTH PRESSURES 



Retaining walls will be subject to lateral earth pressures.  The magnitude of earth pressure is a 



function of both type and compaction of backfill behind walls within the “active” zone, and 



allowable rotation of the top of the wall.  The active zone is defined as the wedge of soil between 



the surface of the wall and a plane inclined 32 degrees from vertical passing through the base of 



the wall. Clayey soils must be completely removed from within the active zone.  When dealing 



with lateral earth pressures on a gravity block the following sliding frictional coefficients should be 



used: 



• For native sandy silt soils use 0.35. 



• For imported granular structural fill use 0.45. 



Restrained walls, such as basement walls, should be designed based on at-rest pressures.   



Active pressures are appropriate under conditions where the wall moves or rotates away from the 



soil mass at failure.  Passive pressures are used for conditions where the wall moves toward the 



soil mass at failure.  Rotation, or lateral movement, of the top of the wall equal to 0.002 times the 



height of the wall will be necessary for on-site soil backfill to achieve an “active” loading condition.  



Lateral movement of the top of the wall equal to 0.001 times the height of the wall will be necessary 



for the “active” pressure condition for imported granular structural backfill. 



7.1    Retaining Wall Backfill Materials 



Atlas anticipates that backfill materials will consist of the onsite native sandy silt soils.  Clayey 



soils are not suitable for use as backfill on the soil side of walls.  The following values are 



applicable under non-surcharged, drained conditions. 
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Table 4 – Lateral Earth Pressure Values 



Soil Type: Sandy Silt



28 ° Dry Unit Weight: 110 pcf



100 psf Bouyant Unit Weight: 73 pcf



0.7 Moisture Content: 14 %



0.493 Backfill Slope: 0 °



67 pcf
1



K0= 0.53



45 pcf
1



Ka= 0.36



347 pcf
1



Kp= 2.77



92 pcf
1



Kae= 0.73



176 pcf
1



Kpe= 1.40



Soil Type: Compacted Sandy Gravel Fill



35 ° Dry Unit Weight: 128 pcf



N/A Bouyant Unit Weight: 83 pcf



0.4 Moisture Content: 5 %



0.493 Backfill Slope: 0 °



57 pcf
1



K0= 0.43



36 pcf
1



Ka= 0.27



496 pcf
1



Kp= 3.69



86 pcf
1



Kae= 0.64



251 pcf
1



Kpe= 1.87



Seismic active lateral earth pressure:



Seismic passive lateral earth pressure:



Natural Void Ratio:



Ground Acceleration
2
:



At rest lateral earth pressure:



Active lateral earth pressure:



Passive lateral earth pressure:



Internal Friction Angle:



Cohesion:



Passive lateral earth pressure:



Seismic active lateral earth pressure:



Seismic passive lateral earth pressure:



Internal Friction Angle:



Cohesion:



Natural Void Ratio:



Ground Acceleration
2
:



At rest lateral earth pressure:



Active lateral earth pressure:



 



1Lateral earth pressure values are in pounds per square foot, per foot of wall (psf/ft).  Alternately, the values presented may 
also be considered as equivalent fluid with units of pounds per cubic foot (pcf). 
2Ground acceleration obtained from the USGS Seismic Design Maps. 



Note that the values for seismic lateral earth pressures are calculated using both the static and 



seismic coefficients.  The effect of seismic conditions alone is the difference between the static 



and seismic lateral earth pressures presented above.   



In the case that another material is used for backfill, Atlas should be consulted for alternate lateral 



earth pressure values.  Granular structural fill should consist of 4-inch-minus select, clean, 



granular soil with no more than 30 percent oversize (greater than ¾-inch) material and no more 



than 5 percent non-plastic fines (passing the No. 200 sieve).  Retaining wall backfill must be 



placed in accordance with recommendations in the Fill Placement and Compaction section of 



this report and must be properly compacted and tested. 



  











 



Atlas No. B230396g 
Page | 14 



Copyright © 2023 Atlas Technical Consultants 



Lateral earth pressure values do not incorporate specific factors of safety, and are only applicable 



for non-surcharged, drained conditions.  Factors of safety, if applicable, should be integrated into 



the structural design of the wall.  Furthermore, changes in soil moisture, such as can be imposed 



by site stormwater systems, can change the values listed above.  The preceding values are 



presented for idealized conditions relating to simple shallow structures.  For complex structures, 



deep structures, or structures with significant perimeter landscaping, a soils engineer should be 



retained as part of the design team in developing appropriate project design parameters and 



construction specifications.   



7.2    Retaining Wall Drainage 



Atlas recommends that a drainage system be incorporated into the retained soil mass.  This can 



be accomplished by installing wall and toe drains as a part of each soil-supporting wall system.  



The drainage system should consist of the following: 



• A 2-foot wide section of drain rock should be placed immediately behind the wall.  A 
compacted, low-permeability soil cap is recommended within the upper 2 feet of the 
surface to limit surface water infiltration behind the walls.  If hardscaping is present, the 
low-permeability soil cap can be eliminated. 



• A 4-inch diameter perforated drain pipe should be installed at the footing elevation of each 
wall.  This pipe must slope at least 1 percent to a suitable discharge point away from the 
wall.  



These drainage systems must be separate from other retaining wall/foundation systems, such as 



roof drain effluent and irrigation water systems.   



8.    FOUNDATION AND SLAB DISCUSSION AND RECOMMENDATIONS 



Various foundation types have been considered for support of the proposed development.  Two 



requirements must be met in the design of foundations.  First, the applied bearing stress must be 



less than the ultimate bearing capacity of foundation soils to maintain stability.  Second, total and 



differential settlement must not exceed an amount that will produce an adverse behavior of the 



superstructure.   Allowable settlement is usually exceeded before bearing capacity considerations 



become important; thus, allowable bearing pressure is normally controlled by settlement 



considerations. 



8.1    Foundation Loading Information 



Based on information provided for previous AREC/U-Haul acquisition projects, loads of up to 



10,000 pounds per lineal foot for wall footings, and column loads of up to 200,000 pounds were 



assumed for settlement calculations.  Total settlement should be limited to approximately 1 inch 



and differential settlement should be limited to approximately ½ inch, provided the following 



design and construction recommendations are observed.   
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8.2    Foundation Design Recommendations 



Due to the presence of very soft to soft clay soils and to mitigate liquefaction potential on the site, 



it is recommended that the structure be founded upon conventional spread footings and 



continuous wall footings bearing on a rammed earth aggregate pier system.  A deep foundation 



system may also be considered which includes, but are not limited to, micropiles, h-piles, or 



concrete caissons.  Atlas is available to provide alternate recommendations upon request. 



8.2.1 Rammed Earth Aggregate Piers 



Due to soft soils encountered in the borings, Atlas recommends the use of rammed earth 



aggregate piers.  This approach would involve the use of 2 to 3-foot diameter piers for support of 



shallow spread footings.  Rammed earth aggregate piers are typically drilled to a specified depth.  



Aggregate fill materials are then placed and compacted in lifts.  The typical allowable design 



bearing capacity would be 4,000 psf to 5,000 psf, depending on final design parameters and 



requirements.  Pier spacing should be at least 3 times the diameter.  The specialty contractor 



would provide the final design, with support and assistance from Atlas. 



8.3    Floor Slab-on-Grade 



Uncontrolled fill, which contained debris, was encountered in portions of the site.  Atlas 



recommends that these fill materials be removed to a depth of at least 2 feet below existing grade.  



If fill materials remain after excavation, the exposed subgrade must be compacted to at least 95 



percent of the maximum dry density as determined by ASTM D1557.  The excavated fill materials 



can be replaced in accordance with the Fill Placement and Compaction section provided that 



all organic material and debris is completely removed.  Once final grades have been determined, 



Atlas is available to provide additional recommendations. 



Native clay soils are moderately plastic and will be susceptible to shrink/swell movements 



associated with moisture changes.  The clay soils, if exposed, should be excavated to sufficient 



depths to expose lean clay.  The clay soils should be scarified to a depth of 6 inches and 



compacted between 92 to 98 percent of the maximum dry density as determined by ASTM D698.  



The moisture content should be within 2 percent of optimum.  Structural fill should be placed as 



soon as possible after compaction of clay soils in order to limit moisture loss within the upper 



clays.  Structural fill must be compacted to at least 95 percent of the maximum dry density as 



determined by ASTM D1557.  Ground surfaces should be sloped away from structures at a 



minimum of 5 percent for a distance of 10 feet to provide positive drainage of surface water away 



from buildings.  Grading must be provided and maintained following construction. 



Organic, loose, or obviously compressive materials must be removed prior to placement of 



concrete floors or floor-supporting fill.  In addition, the remaining subgrade should be treated in 



accordance with guidelines presented in the Earthwork section.  Areas of excessive yielding 



should be excavated and backfilled with structural fill.  Fill used to increase the elevation of the 



floor slab should meet requirements detailed in the Structural Fill section.  Fill materials must be 



compacted to a minimum 95 percent of the maximum dry density as determined by ASTM D1557. 
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A free-draining granular mat should be provided below slabs-on-grade to provide drainage and a 



uniform and stable bearing surface.  This should be a minimum of 4 inches in thickness and 



properly compacted.  The mat should consist of a sand and gravel mixture, complying with Oregon 



Department of Transportation (ODOT) specifications for ¾-inch crushed aggregate.  The granular 



mat should be compacted to no less than 95 percent of the maximum dry density as determined 



by ASTM D1557.  A moisture-retarder should be placed beneath floor slabs to minimize potential 



ground moisture effects on moisture-sensitive floor coverings.  The moisture-retarder should be 



at least 15-mil in thickness and have a permeance of less than 0.01 US perms as determined by 



ACI 302.1R and ASTM E1745 publications.  Upon request, Atlas can provide further consultation 



regarding installation. 



9.    PAVEMENT DISCUSSION AND RECOMMENDATIONS 



9.1    Pavement Design Parameters  



Project specific traffic loading information has not been provided.  Atlas has assumed a traffic 



loading of 45,000 equivalent single axle loads (ESALs) for light duty pavement areas, 100,000 



ESALs for moderate duty pavement areas, and 180,000 ESALs for heavy duty pavement areas.  



Light duty pavement should be used for parking lots and heavy duty pavement is to be used for 



access routes and loading/unloading areas.  Atlas can provide a project specific pavement design 



upon request.  Based on experience with soils in the region, a subgrade California Bearing Ratio 



(CBR) value of 3 has been assumed for near-surface lean clay soils on site.   



The recommended pavement sections provided below are based on a 20-year design life.  To 



achieve this design life a routine maintenance program that includes crack sealing on a regular 



basis and possible seal coating will be required.  The following are minimum thickness 



requirements for assured pavement function.  Depending on site conditions, additional work, e.g. 



soil preparation, may be required to support construction equipment.  These have been listed 



within the Soft Subgrade Soils section.     



9.2    Flexible Pavement Sections 



The American Association of State Highway and Transportation Officials (AASHTO) design 



method has been used to calculate the following pavement sections.  Atlas recommends that 



materials used in the construction of asphaltic concrete pavements meet requirements of the 



ODOT Standard Specification for Highway Construction.  Construction of the pavement section 



should be in accordance with these specifications. 
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Table 5 – AASHTO Flexible Pavement Specifications 



Pavement Section 
Component 



Light Duty Moderate Duty Heavy Duty 



Asphaltic Concrete 2.5 Inches 3.0 Inches 3.5 Inches 



Crushed Aggregate Base 4.0 Inches 4.0 Inches 6.0 Inches 



Structural Subbase 12.0 Inches 12.0 Inches 12.0 Inches 



Compacted Subgrade1 
See Pavement 



Subgrade Preparation 
section 



See Pavement 
Subgrade Preparation 



section 



See Pavement 
Subgrade Preparation 



section 
1It will be required for Atlas personnel to verify subgrade competency at the time of construction. 



• Asphaltic Concrete: Asphalt mix design shall meet the requirements of ODOT Standard 
Specifications for Construction, Section 00744.13.  Materials shall be placed in 
accordance with ODOT Standard Specifications for Construction. 



• Aggregate Base: Material complying with ODOT Standard Specifications for Construction 
Section 00640.10. 



• Structural Subbase: Granular structural fill material complying with the requirements 
detailed in the Structural Fill section of this report except that the maximum material 
diameter is no more than 2/3 the component thickness.  Gradation and suitability 
requirements shall be per ODOT Subbase Aggregate Materials.   



9.3    Rigid Pavement Sections 



The AASHTO pavement design method was used to develop the following rigid concrete 



pavement sections.  Concrete pavement shall be batched and constructed in accordance with the 



most current American Concrete Institute Standards and in accordance with Oregon Department 



of Transportation DET1602 (Plain Concrete Pavement Undowelled).  Native subgrade soils on 



the site are frost susceptible, and therefore, require joint sealers or under-drains. 
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Table 6 – AASHTO Rigid Pavement Specifications 



Pavement Section 
Component 



Light Duty Medium Duty Heavy Duty 



Portland Cement Concrete 5.0 Inches 5.5 Inches 6.0 Inches 



Crushed Aggregate Base 6.0 Inches 6.0 Inches 6.0 Inches 



Structural Subbase1 12.0 Inches 12.0 Inches 12.0 Inches 



Compacted Subgrade2 
See Pavement 



Subgrade Preparation 
section 



See Pavement 
Subgrade Preparation 



section 



See Pavement 
Subgrade Preparation 



section 
1Atlas recommends that 12 inches of structural subbase be added due to potential instabilities in the native soils. 
2It will be required for Atlas personnel to verify subgrade competency at the time of construction. 



• Portland Cement Concrete: 4,000 psi concrete generally complying with ODOT Standard 
Specifications for Construction Section 00756.11. 



• Aggregate Base: Material complying with ODOT Standard Specifications for Construction 
Section 00640.10. 



• Structural Subbase: Granular structural fill material complying with the requirements 
detailed in the Structural Fill section of this report except that the maximum material 
diameter is no more than 2/3 the component thickness.  Gradation and suitability 
requirements shall be per ODOT Subbase Aggregate Materials.   



9.4    Pavement Subgrade Preparation 



Uncontrolled fill, which contained debris, was encountered in portions of the site.  Atlas 



recommends that these fill materials be removed to a depth of at least 2 feet below existing grade.  



If fill materials remain after excavation, the exposed subgrade must be compacted to at least 95 



percent of the maximum dry density as determined by ASTM D698 for flexible pavements and 



ASTM D1557 for rigid pavements.  The excavated fill materials can be replaced in accordance 



with the Fill Placement and Compaction section provided that all organic material and debris is 



completely removed.  However, the existing fill materials are not suitable for use as either the 



base or subbase components of the recommended pavement section.  Once final grades have 



been determined, Atlas is available to provide additional recommendations. 



Native clay soils are moderately plastic and will be susceptible to shrink/swell movements 



associated with moisture changes.  The clay soils, if exposed, should be excavated to sufficient 



depths to expose lean clay.  The clay soils should be scarified to a depth of 6 inches and 



compacted between 92 to 98 percent of the maximum dry density as determined by ASTM D698.  



The moisture content should be within 2 percent of optimum.  Structural fill should be placed as 



soon as possible after compaction of clay soils in order to limit moisture loss within the upper 



clays.  Structural fill must be compacted to at least 95 percent of the maximum dry density as 



determined by ASTM D1557.  Ground surfaces should be sloped away from structures at a 



minimum of 5 percent for a distance of 10 feet to provide positive drainage of surface water away 



from buildings.  Grading must be provided and maintained following construction. 
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Organic, loose, or obviously compressive materials must be removed prior to placement of 



pavement-supporting fill.  In addition, the remaining subgrade should be treated in accordance 



with guidelines presented in the Earthwork section.  Areas of excessive yielding should be 



excavated and backfilled with structural fill.  Fill used to increase the elevation of the pavement 



should meet requirements detailed in the Structural Fill section.  Fill materials must be 



compacted to a minimum 95 percent of the maximum dry density as determined by ASTM D1557. 



A free-draining granular mat should be provided below pavement to provide drainage and a 



uniform and stable bearing surface.  This should be a minimum of 4 inches in thickness and 



properly compacted.  The mat should consist of a sand and gravel mixture, complying with Oregon 



Department of Transportation (ODOT) specifications for ¾-inch crushed aggregate.  The granular 



mat should be compacted to no less than 95 percent of the maximum dry density as determined 



by ASTM D1557.  A moisture-retarder should be placed beneath floor slabs to minimize potential 



ground moisture effects on moisture-sensitive floor coverings.  The moisture-retarder should be 



at least 15-mil in thickness and have a permeance of less than 0.01 US perms as determined by 



ACI 302.1R and ASTM E1745 publications.  Upon request, Atlas can provide further consultation 



regarding installation. 



9.5    Common Pavement Section Construction Issues 



The subgrade upon which the above pavement sections are to be constructed must be properly 



stripped, compacted, inspected, and proof-rolled.  Proof rolling of subgrade soils should be 



accomplished using a heavy rubber-tired, fully loaded, tandem-axle dump truck or equivalent.  



Verification of subgrade competence by Atlas personnel at the time of construction is required.  



Fill materials on the site must demonstrate the indicated compaction prior to placing material in 



support of the pavement section.  Atlas anticipated that pavement areas will be subjected to 



moderate traffic.  Subgrade clayey and silty soils near and above optimum moisture contents may 



pump during compaction.  Pumping or soft areas must be removed and replaced with structural 



fill. 



Fill material and aggregates, as well as compacted native subgrade soils, in support of the 



pavement section must be compacted to no less than 95 percent of the maximum dry density as 



determined by ASTM D698 for flexible pavements and by ASTM D1557 for rigid pavements.  If a 



material placed as a pavement section component cannot be tested by usual compaction testing 



methods, then compaction of that material must be approved by observed proof rolling.  Minor 



deflections from proof rolling for flexible pavements are allowable.  Deflections from proof rolling 



of rigid pavement support courses should not be visually detectable. 



Atlas recommends that rigid concrete pavement be provided for heavy garbage receptacles.  This 



will eliminate damage caused by the considerable loading transferred through the small steel 



wheels onto asphaltic concrete.  Rigid concrete pavement should consist of Portland Cement 



Concrete Pavement (PCCP) generally adhering to ODOT specifications for Plain Concrete 



Paving.  PCCP should be 6 inches thick on a 4-inch drainage fill course (see Floor Slab-on-



Grade section), and should be reinforced with welded wire fabric.  Control joints must be on 12-



foot centers or less. 
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10.    CONSTRUCTION CONSIDERATIONS 



10.1    Earthwork 



Excessively organic soils, deleterious materials, or disturbed soils generally undergo high volume 



changes when subjected to loads, which is detrimental to subgrade behavior in the area of 



pavements, floor slabs, structural fills, and foundations.  Mature trees, brush, and thick grasses 



with associated root systems were noted at the time of our investigation.  It is recommended that 



organic or disturbed soils, if encountered, be removed to depths of 1 foot (minimum), and wasted 



or stockpiled for later use.  However, in areas where trees are/were present, deeper excavation 



depths should be anticipated.  Stripping depths should be adjusted in the field to assure that the 



entire root zone or topsoil are removed prior to placement and compaction of structural fill 



materials.  Exact removal depths should be determined during grading operations by Atlas 



personnel, and should be based upon subgrade soil type, composition, and firmness or soil 



stability.  If underground storage tanks, underground utilities, wells, or septic systems are 



discovered during construction activities, they must be decommissioned then removed or 



abandoned in accordance with governing Federal, State, and local agencies.  Excavations 



developed as the result of such removal must be backfilled with structural fill materials as defined 



in the Structural Fill section. 



Atlas should oversee subgrade conditions (i.e., moisture content) as well as placement and 



compaction of new fill (if required) after native soils are excavated to design grade.  



Recommendations for structural fill presented in this report can be used to minimize volume 



changes and differential settlements that are detrimental to the behavior of footings, pavements, 



and floor slabs.  Sufficient density tests should be performed to properly monitor compaction.   



10.2    Grading  



Positive grades must be maintained surrounding structures and pavements, including exterior 



slabs.  The interface of plant bedding materials and underlying soils should be graded to provide 



drainage away from site elements.  Otherwise, bedding materials may direct water to underlying 



fine-grained soils, which increases the potential for localized heave.  Excessive watering of 



landscaping should be avoided.  If structures are to be tightly clustered, limiting space between 



two adjacent foundation systems, subsurface drains may be required to alleviate water ponding 



during short, intense storm events.   



10.3    Dry Weather 



If construction is to be conducted during dry seasonal conditions, many problems associated with 



soft soils may be avoided.  However, some rutting of subgrade soils may be induced by shallow 



groundwater conditions related to springtime runoff or irrigation activities during late summer 



through early fall.  Solutions to problems associated with soft subgrade soils are outlined in the 



Soft Subgrade Soils section.  Problems may also arise because of lack of moisture in native and 



fill soils at time of placement.  This will require the addition of water to achieve near-optimum 



moisture levels.  Low-cohesion soils exposed in excavations may become friable, increasing 



chances of sloughing or caving.  Measures to control excessive dust should be considered as 



part of the overall health and safety management plan. 
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10.4    Wet Weather 



If construction is to be conducted during wet seasonal conditions (commonly from October 



through April), problems associated with soft soils must be considered as part of the construction 



plan.  During this time of year, fine-grained soils such as silts and clays will become unstable with 



increased moisture content, and eventually deform or rut.  Additionally, constant low temperatures 



reduce the possibility of drying soils to near optimum conditions. 



10.5    Soft Subgrade Soils 



Shallow fine-grained subgrade soils that are high in moisture content should be expected to pump 



and rut under construction traffic.  Throughout construction, soft areas may develop after the 



existing asphalt is removed and heavy rubber tired equipment drives over the site.  In addition, 



areas where significant cracking has occurred will likely have soft subgrade soils because of 



moisture infiltration and will be prone to pumping and rutting.  During periods of wet weather, 



construction may become very difficult if not impossible.  The following recommendations and 



options have been included for dealing with soft subgrade conditions: 



• Track-mounted vehicles should be used to strip the subgrade of root matter and other 
deleterious debris or used to remove the existing asphalt and to perform any other 
necessary excavations.  Heavy rubber-tired equipment should be prohibited from 
operating directly on the native subgrade and areas in which structural fill materials have 
been placed.  Construction traffic should be restricted to designated roadways that do not 
cross, or cross on a limited basis, proposed roadway or parking areas. 



• Soft areas can be over-excavated and replaced with granular structural fill. 



• Construction roadways on soft subgrade soils should consist of a minimum 2-foot 
thickness of large cobbles of 4 to 6 inches in diameter with sufficient sand and fines to fill 
voids.  Construction entrances should consist of a 6-inch thickness of clean, 2-inch 
minimum, angular drain-rock and must be a minimum of 10 feet wide and 30 to 50 feet 
long.  During the construction process, top dressing of the entrance may be required for 
maintenance. 



• Scarification and aeration of subgrade soils can be employed to reduce the moisture 
content of wet subgrade soils.  After stripping is complete, the exposed subgrade should 
be ripped or disked to a depth of 1½ feet and allowed to air dry for 2 to 4 weeks.  Further 
disking should be performed on a weekly basis to aid the aeration process. 



• Alternative soil stabilization methods include use of geotextiles, lime, and cement 
stabilization.  Atlas is available to provide recommendations and guidelines at your 
request. 



10.6    Frozen Subgrade Soils 



Prior to placement of structural fill materials or foundation elements, frozen subgrade soils must 



either be allowed to thaw or be stripped to depths that expose non-frozen soils and wasted or 



stockpiled for later use.  Stockpiled materials must be allowed to thaw and return to near-optimal 



conditions prior to use as structural fill. 
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The onsite, shallow clayey and silty soils are susceptible to frost heave during freezing 



temperatures.  For exterior flatwork and other structural elements, adequate drainage away from 



subgrades is critical.  Compaction and use of structural fill will also help to mitigate the potential 



for frost heave.  Complete removal of frost susceptible soils for the full frost depth, followed by 



replacement with a non-frost susceptible structural fill, can also be used to mitigate the potential 



for frost heave.  Atlas is available to provide further guidance/assistance upon request. 



10.7    Structural Fill 



The following table defines the types of fill material that is suitable for use on the project.  Refer 



to the Fill Placement and Compaction section for recommended placement locations for each 



fill type listed below.  



Table 7 – Fill Material Criteria 



Fill Type  Material  Lift Thickness* 



Granular Structural Fill 



Dense-Graded Aggregate per ODOT 
Standard Specifications Section 0263.10 and 



Shoulder Aggregates per ODOT Standard 
Specifications Section 02640.00 



12 inches 



Aggregate Base Material 
¾”  Dense-Graded Aggregates per ODOT 
Standard Specifications Sections 0263.10 



12 inches 



Subbase Material 



Dense-Graded Aggregates per ODOT 
Standard Specifications Section 0263.10 and 



Shoulder Aggregates per ODOT Standard 
Specifications Section 02640.00 



9 inches 



Suitable Soil 
Onsite/imported GM, SM, and ML soils that 



are free of organics and debris 
6 inches** 



*Initial loose thickness, prior to compaction. 
**Onsite CL soils are unsuitable for use as fill material. 



10.8    Fill Placement and Compaction 



Requirements for fill material type and compaction effort are dependent on the planned use of the 



material.  The following table specifies material type and compaction requirements based on the 



placement location of the fill material.  
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Table 8 – Fill Placement and Compaction Requirements  



Fill Location Material Type Compaction 



Foundations Granular Structural Fill 95% of ASTM D1557 



Interior Slab-on-Grade 
Granular Structural Fill or 



Suitable Soil 
95% of ASTM D1557 



Top 4 Inches of Interior and 
Exterior Slab-on-Grade 



Aggregate Base Material 95% of ASTM D1557 



Below Rigid Pavement 
Subgrade and Exterior Flatwork 



Areas 



Granular Structural Fill or 
Suitable Soil 



95% of ASTM D1557 



Below Flexible Pavement 
Granular Structural Fill or 



Suitable Soil 
95% of ASTM D698 or 
92% of ASTM D1557 



Foundation and Retaining Wall 
Backfill 



Granular Structural Fill or 
Suitable Soil 



95% of ASTM D1557 



Utility Trench Backfill 
Per ODOT Standard 



Specifications Section 00405.14 



Per ODOT Standard 
Specifications Section 00405.46 



(c) 



Landscape Areas 
Granular Structural Fill or 



Suitable Soil 
92% of ASTM D698 or 
90% of ASTM D1557 



 



Prior to placement of structural fill materials, surfaces must be prepared as outlined in the 



Earthwork section.  Structural fill material must be placed in horizontal lifts not exceeding 6-



inches in thickness for fine-grained soils and 12-inches in thickness for granular structural fill, 



aggregate base material, and subbase material.  All fill material must be moisture-conditioned to 



achieve optimum moisture content prior to compaction.  During placement all fill materials must 



be monitored and tested to confirm compaction requirements have been achieved, as specified 



above, prior to placement of subsequent lifts.  In addition, compacted surfaces must be in a firm 



and unyielding condition.  Atlas personnel should be onsite to verify suitability of subgrade soil 



conditions, identify whether further work is necessary, and perform in-place moisture density 



testing. 



Sufficient density tests should be performed to properly monitor compaction.  At a minimum, Atlas 



recommends one test per lift as follows: 



• Structures – 1 test every 5,000 square feet 



• Pavement and Exterior Flatwork Areas – 1 test every 10,000 square feet 



• Foundation and Retaining Wall Backfill – 1 test every 500 square feet 



• Utility Trench Backfill – 1 test every 100 linear feet 



• Landscape Areas – 1 test every 15,000 square feet 
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Silty soils require very high moisture contents for compaction, require a long time to dry out if 



natural moisture contents are too high, and may also be susceptible to frost heave under certain 



conditions.  Therefore, these materials can be quite difficult to work with as moisture content, lift 



thickness, and compactive effort becomes difficult to control.  If silty soil is used for structural fill, 



lift thicknesses should not exceed 6 inches (loose), and fill material moisture must be closely 



monitored at both the working elevation and the elevations of materials already placed.  Following 



placement, the exposed surface must be protected from degradation resulting from construction 



traffic or subsequent construction.  It is anticipated that fine-grained soils will not be suitable for 



reuse during the wet season.   



Use of silty soils (GM, SM, and ML) as structural fill below footings is prohibited.  For structural fill 



below footings, areas of compacted backfill must extend outside the perimeter of the footings for 



a distance equal to the thickness of fill between the bottom of foundation and underlying soils, or 



5 feet, whichever is less.   



10.9    Backfill of Walls  



Backfill materials must conform to the requirements of structural fill, as defined in this report.  For 



wall heights greater than 2.5 feet, the maximum material size should not exceed 4 inches in 



diameter.  Placing oversized material against rigid surfaces interferes with proper compaction and 



can induce excessive point loads on walls.  Backfill shall not commence until the wall has gained 



sufficient strength to resist placement and compaction forces.  Further, retaining walls above 2.5 



feet in height shall be backfilled in a manner that will limit the potential for damage from 



compaction methods and/or equipment.  It is recommended that only small hand-operated 



compaction equipment be used for compaction of backfill within a horizontal distance equal to the 



height of the wall, measured from the back face of the wall. 



Backfill should be compacted in accordance with the specifications for structural fill, except in 



those areas where it is determined that future settlement is not a concern, such as planter areas.  



In nonstructural areas, backfill must be compacted to a firm and unyielding condition.  Atlas 



recommends in these areas that the top 12 inches must consist of a low permeability (clay or silt) 



soil to limit surface water infiltration.   



Proper grading away from structures is critical.  The surface must be graded away from the 



structure.  In addition, Atlas recommends that roof drains carry stormwater at least 10 feet away 



from the structure.   
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10.10    Excavations 



Shallow excavations that do not exceed 4 feet in depth may be constructed with side slopes 



approaching vertical.  Below this depth, it is recommended that slopes be constructed in 



accordance with Occupational Safety and Health Administration (OSHA) regulations, Section 



1926, Subpart P.  Based on these regulations, on-site soils are classified as type “C” soil, and as 



such, excavations within these soils should be constructed at a maximum slope of 1½ feet 



horizontal to 1 foot vertical (1½:1) for excavations up to 20 feet in height.  Excavations in excess 



of 20 feet will require additional analysis.  Note that these slope angles are considered stable for 



short-term conditions only, and will not be stable for long-term conditions. 



During the subsurface exploration, boring sidewalls generally exhibited little indication of collapse. 



For deep excavations, saturated silt and clay sediments cannot be expected to remain in position.  



These materials are prone to failure and may collapse, thereby undermining upper soil layers.  



This is especially true when excavations approach depths near the water table.  Care must be 



taken to ensure that excavations are properly backfilled in accordance with procedures outlined 



in this report. 



10.11    Groundwater Control 



The borings were advanced with the use of mud-rotary methods, which do not allow the 



observation of groundwater conditions during drilling. Soil moistures in the borings were moist to 



wet throughout.  Excavations below the water table will require a dewatering program.  



Dewatering will be required prior to placement of fill materials.  Placement of concrete can be 



accomplished through water using a tremie.  It may be possible to discharge dewatering effluent 



to remote portions of the site, to a sump, or to a pit.  This will essentially recycle effluent, thus 



eliminating the need to enter into agreements with local drainage authorities.  Should the scope 



of the proposed project change, Atlas should be contacted to provide more detailed groundwater 



control measures. 



Special precautions may be required for control of surface runoff and subsurface seepage.  It is 



recommended that runoff be directed away from open excavations.  Silty and clayey soils may 



become soft and pump if subjected to excessive traffic during time of surface runoff.  Ponded 



water in construction areas should be drained through methods such as trenching, sloping, 



crowning grades, nightly smooth drum rolling, or installing a French drain system.  Additionally, 



temporary or permanent driveway sections should be constructed if extended wet weather is 



forecasted. 
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11.    GENERAL COMMENTS 



Based on the subsurface conditions encountered during this investigation and available 



information regarding the proposed development, the site is adequate for the planned 



construction.  When plans and specifications are complete, and if significant changes are made 



in the character or location of the proposed development, consultation with Atlas must be 



arranged as supplementary recommendations may be required.  Suitability of subgrade soils and 



compaction of structural fill materials must be verified by Atlas personnel prior to placement of 



structural elements.  Additionally, monitoring and testing should be performed to verify that 



suitable materials are used for structural fill and that proper placement and compaction techniques 



are utilized.  
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APPENDIX I WARRANTY AND LIMITING CONDITIONS 



Atlas warrants that findings and conclusions contained herein have been formulated in 



accordance with generally accepted professional engineering practice in the fields of foundation 



engineering, soil mechanics, and engineering geology only for the site and project described in 



this report.  These engineering methods have been developed to provide the client with 



information regarding apparent or potential engineering conditions relating to the site within the 



scope cited above and are necessarily limited to conditions observed at the time of the site visit 



and research.  Field observations and research reported herein are considered sufficient in detail 



and scope to form a reasonable basis for the purposes cited above. 



Exclusive Use 



This report was prepared for exclusive use of the property owner(s), at the time of the 



report, and their retained design consultants (“Client”).  Conclusions and recommendations 



presented in this report are based on the agreed-upon scope of work outlined in this report 



together with the Contract for Professional Services between the Client and Atlas Technical 



Consultants (“Consultant”).  Use or misuse of this report, or reliance upon findings hereof, by 



parties other than the Client is at their own risk.  Neither Client nor Consultant make representation 



of warranty to such other parties as to accuracy or completeness of this report or suitability of its 



use by such other parties for purposes whatsoever, known or unknown, to Client nor Consultant.  



Neither Client nor Consultant shall have liability to indemnify or hold harmless third parties for 



losses incurred by actual or purported use or misuse of this report.  No other warranties are 



implied or expressed. 



Report Recommendations are Limited and Subject to Misinterpretation 



There is a distinct possibility that conditions may exist that could not be identified within the scope 



of the investigation or that were not apparent during our site investigation.  Findings of this report 



are limited to data collected from noted explorations advanced and do not account for unidentified 



fill zones, unsuitable soil types or conditions, and variability in soil moisture and groundwater 



conditions.  To avoid possible misinterpretations of findings, conclusions, and implications of this 



report, Atlas should be retained to explain the report contents to other design professionals as 



well as construction professionals. 



Since actual subsurface conditions on the site can only be verified by earthwork, note that 



construction recommendations are based on general assumptions from selective observations 



and selective field exploratory sampling.  Upon commencement of construction, such conditions 



may be identified that require corrective actions, and these required corrective actions may impact 



the project budget.  Therefore, construction recommendations in this report should be considered 



preliminary, and Atlas should be retained to observe actual subsurface conditions during 



earthwork construction activities to provide additional construction recommendations as needed. 
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Since geotechnical reports are subject to misinterpretation, do not separate the soil logs from the 



report.  Rather, provide a copy of, or authorize for their use, the complete report to other design 



professionals or contractors.  Locations of exploratory sites referenced within this report should 



be considered approximate locations only.  For more accurate locations, services of a 



professional land surveyor are recommended. 



This report is also limited to information available at the time it was prepared.  In the event 



additional information is provided to Atlas following publication of our report, it will be forwarded 



to the client for evaluation in the form received. 



Environmental Concerns 



Comments in this report concerning either onsite conditions or observations, including soil 



appearances and odors, are provided as general information.  These comments are not intended 



to describe, quantify, or evaluate environmental concerns or situations.  Since personnel, skills, 



procedures, standards, and equipment differ, a geotechnical investigation report is not intended 



to substitute for a geoenvironmental investigation or a Phase II/III Environmental Site 



Assessment.  If environmental services are needed, Atlas can provide, via a separate contract, 



those personnel who are trained to investigate and delineate soil and water contamination. 
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45.521035, -123.035267



March 27, 2023



Split Spoon



6" Mud Rotary



Holt Drilling, Inc.



B-2
31.5'
N/A



LEAN CLAY WITH SAND (CL): Brown,
slightly moist to moist, medium stiff to stiff,
with fine-grained sand.



SANDY LEAN CLAY (CL): Brown, moist to
saturated, soft to medium stiff, with fine to
medium-grained sand.



SANDY SILT (ML): Light brown to gray,
saturated, very soft to stiff, with fine to
coarse-grained sand.
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METHOD OF DRILLING:



SAMPLING METHODS:
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LATITUDE/LONGITUDE:



Water level during drilling
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Holt Drilling, Inc.



B-3
31.5'
N/A



SANDY LEAN CLAY FILL (CL-FILL):
Brown, slightly moist to moist, soft, with fine
to medium-grained sand.
--Intermittent aspahtlt debris encountered
throughout.



LEAN CLAY WITH SAND (CL): Brown,
moist, very soft to soft, with fine-grained
sand.



SANDY SILT (ML): Gray, moist to
saturated, soft to stiff, with fine-grained
sand.
--Decomposing organic odor noted
throughout.



SANDY LEAN CLAY (CL): Gray, saturated,
medium stiff to very stiff, with fine-grained
sand.
--Intermittent organics noted throughout.



SANDY SILT (ML): Light brown to light
gray, saturated, medium stiff to stiff, with
fine to medium-grained sand.
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METHOD OF DRILLING:



SAMPLING METHODS:
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ASPHALTIC CONCRETE: 6 inches thick.



AGGREGATE BASE (GP-FILL): Light
brown to gray, slightly moist, medium
dense, with fine to coarse-grained sand and
fine to coarse gravel.



SANDY LEAN CLAY (CL): Dark brown to
brown, moist to saturated, very soft to
medium stiff, with fine-grained sand.



SANDY SILT (ML): Brown to gray,
saturated, stiff to very stiff, with fine to
medium-grained sand.
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Atlas/ CPT-1 / 2962 E Baseline Street Cornelius
OPERATOR: OGE DMM
CONE ID: DDG1615
TEST DATE: 3/15/2023 8:54:21 AM
TOTAL DEPTH: 100.558 ft
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 1   sensitive fine grained   
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 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 



 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            



 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  



*SBT/SPT CORRELATION: UBC-1983
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COMMENT: O'Neill Service Group / CPT-1 / 2962 E Baseline Street Cornelius
Depth 3.28ft
Ref*



Arrival 10.00mS
Velocity*



Depth 6.56ft
Ref 3.28ft



Arrival 16.95mS
Velocity 435.01ft/S



Depth 9.84ft
Ref 6.56ft



Arrival 23.44mS
Velocity 491.50ft/S



Depth 13.12ft
Ref 9.84ft



Arrival 29.57mS
Velocity 527.16ft/S



Depth 16.40ft
Ref 13.12ft



Arrival 35.19mS
Velocity 578.12ft/S



Depth 19.69ft
Ref 16.40ft



Arrival 42.07mS
Velocity 474.41ft/S



Depth 22.97ft
Ref 19.69ft



Arrival 46.79mS
Velocity 691.22ft/S



Depth 26.25ft
Ref 22.97ft



Arrival 52.77mS
Velocity 547.23ft/S



Depth 29.53ft
Ref 26.25ft



Arrival 58.12mS
Velocity 611.57ft/S



Depth 32.81ft
Ref 29.53ft



Arrival 62.89mS
Velocity 687.11ft/S



Depth 36.09ft
Ref 32.81ft



Arrival 67.61mS
Velocity 693.04ft/S



Depth 39.37ft
Ref 36.09ft



Arrival 71.87mS
Velocity 769.55ft/S



Depth 42.65ft
Ref 39.37ft



Arrival 76.40mS
Velocity 723.26ft/S



Depth 45.93ft
Ref 42.65ft



Arrival 81.56mS
Velocity 635.70ft/S



Depth 49.21ft
Ref 45.93ft



Arrival 85.11mS
Velocity 922.23ft/S



Depth 52.49ft
Ref 49.21ft



Arrival 89.25mS
Velocity 791.81ft/S



Depth 55.77ft
Ref 52.49ft



Arrival 93.86mS
Velocity 711.35ft/S



Depth 59.06ft
Ref 55.77ft



Arrival 96.13mS
Velocity 1447.34ft/S



Depth 62.34ft
Ref 59.06ft



Arrival 101.24mS
Velocity 640.85ft/S
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Depth 65.62ft
Ref 62.34ft



Arrival 105.85mS
Velocity 711.48ft/S



Time (mS)



Hammer to Rod String Distance (ft): 1.97
* = Not Determined











COMMENT: O'Neill Service Group / CPT-1 / 2962 E Baseline Street Cornelius
Depth 68.90ft
Ref 65.62ft



Arrival 109.29mS
Velocity 954.08ft/S



Depth 72.18ft
Ref 68.90ft



Arrival 112.49mS
Velocity 1023.93ft/S



Depth 75.46ft
Ref 72.18ft



Arrival 116.56mS
Velocity 807.36ft/S



Depth 78.74ft
Ref 75.46ft



Arrival 120.42mS
Velocity 848.16ft/S



Depth 82.02ft
Ref 78.74ft



Arrival 122.26mS
Velocity 1786.59ft/S



Depth 85.30ft
Ref 82.02ft



Arrival 126.40mS
Velocity 792.18ft/S



Depth 88.58ft
Ref 85.30ft



Arrival 129.99mS
Velocity 912.75ft/S



Depth 91.86ft
Ref 88.58ft



Arrival 134.76mS
Velocity 688.32ft/S



Depth 95.14ft
Ref 91.86ft



Arrival 138.74mS
Velocity 823.30ft/S



Depth 98.43ft
Ref 95.14ft



Arrival 140.66mS
Velocity 1713.83ft/S



 0  50  100  150  200  250 



Depth 100.07ft
Ref 98.43ft



Arrival 142.65mS
Velocity 823.32ft/S



Time (mS)



Hammer to Rod String Distance (ft): 1.97
* = Not Determined











O'Neill Service Group / CPT-1 / 2962 E Baseline Street Cornelius
OPERATOR: OGE DMM
CONE ID: DDG1615
TEST DATE: 3/15/2023 8:54:21 AM
TOTAL DEPTH: 100.558 ft
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 1   sensitive fine grained   
 2      organic material      
 3            clay            



 4     silty clay to clay     
 5  clayey silt to silty clay 
 6  sandy silt to clayey silt 



 7  silty sand to sandy silt  
 8     sand to silty sand     
 9            sand            



 10    gravelly sand to sand   
 11 very stiff fine grained (*)
 12   sand to clayey sand (*)  



*SBT/SPT CORRELATION: UBC-1983
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COMMENT: O'Neill Service Group / CPT-1 / 2962 E Baseline Street Cornelius
CONE ID: DDG1615
TEST DATE: 3/15/2023 8:54:21 AM



PRESSURE 
(PSI)



TIME: (MINUTES)MAXIMUM PRESSURE = 10.734 (PSI)
HYDROSTATIC PRESSURE = 3.804 (PSI), WATER TABLE: 6.15 ft
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O'Neill Service Group / CPT-1 / 2962 E Baseline Street Cornelius
OPERATOR: OGE DMM
CONE ID: DDG1615
TEST DATE: 3/15/2023 8:54:21 AM
TOTAL DEPTH: 100.558 ft



   Depth                  SPT             Soil Behavior Type                  Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)
      ft           (blows/ft)    Zone          UBC-1983                          (tsf)                (tsf)                  (%)                (psi)
   0.164                   10       3            clay                            10.35               0.4053                3.915                4.975
   0.328                   10       4     silty clay to clay                     15.11               0.5161                3.415                5.229
   0.492                   10       4     silty clay to clay                     14.95               0.4649                3.109                2.924
   0.656                    8       4     silty clay to clay                     12.16               0.3644                2.997                0.461
   0.820                    6       4     silty clay to clay                      9.82               0.3280                3.340               -0.414
   0.984                    7       3            clay                             7.56               0.2842                3.760               -0.821
   1.148                    7       3            clay                             7.70               0.3064                3.977               -0.696
   1.312                    9       3            clay                             9.17               0.3587                3.914               -0.621
   1.476                    8       3            clay                             8.64               0.4722                5.467                0.797
   1.640                    7       5  clayey silt to silty clay                 14.70               0.3945                2.684                0.774
   1.804                   10       5  clayey silt to silty clay                 21.30               0.7119                3.342                1.415
   1.969                   12       6  sandy silt to clayey silt                 31.57               0.7891                2.499                2.292
   2.133                   16       4     silty clay to clay                     25.75               1.1127                4.322                3.282
   2.297                   18       4     silty clay to clay                     28.14               1.1160                3.966                3.709
   2.461                   16       5  clayey silt to silty clay                 34.03               1.1531                3.389                4.470
   2.625                   14       5  clayey silt to silty clay                 29.56               1.1047                3.737                2.374
   2.789                   19       5  clayey silt to silty clay                 39.61               1.4305                3.611                1.360
   2.953                   20       5  clayey silt to silty clay                 41.54               1.3681                3.293                1.669
   3.117                   22       4     silty clay to clay                     34.14               1.3808                4.044                4.168
   3.281                   17       5  clayey silt to silty clay                 35.31               1.3127                3.717                3.073
   3.445                   19       4     silty clay to clay                     29.05               1.3097                4.508                0.018
   3.609                   24       3            clay                            25.27               1.2307                4.869               -0.547
   3.773                   23       3            clay                            23.61               1.1016                4.665               -0.627
   3.937                   15       4     silty clay to clay                     22.96               0.9506                4.141               -0.730
   4.101                   12       5  clayey silt to silty clay                 24.30               0.7558                3.110               -0.857
   4.265                   10       4     silty clay to clay                     16.08               0.6301                3.918               -0.797
   4.429                   11       3            clay                            11.02               0.4050                3.674               -0.156
   4.593                    6       4     silty clay to clay                      9.54               0.2850                2.987               -0.058
   4.757                    5       5  clayey silt to silty clay                 11.39               0.1474                1.294                0.770
   4.921                    5       4     silty clay to clay                      7.72               0.1942                2.515                0.890
   5.085                    7       3            clay                             7.24               0.2522                3.481                0.814
   5.249                    8       3            clay                             8.46               0.2734                3.233                1.066
   5.413                    5       4     silty clay to clay                      8.32               0.2070                2.490                1.037
   5.577                    5       6  sandy silt to clayey silt                 14.13               0.1950                1.380                0.926
   5.741                    7       4     silty clay to clay                     10.69               0.2958                2.768               -1.400
   5.906                    7       4     silty clay to clay                     10.98               0.2946                2.682                1.698
   6.070                    8       3            clay                             7.86               0.3169                4.029                2.034
   6.234                    6       3            clay                             6.50               0.2454                3.778                2.379
   6.398                    6       3            clay                             6.07               0.2180                3.592                2.893
   6.562                    5       3            clay                             5.12               0.1932                3.775                2.256
   6.726                    4       4     silty clay to clay                      6.40               0.1696                2.651                4.105
   6.890                    5       4     silty clay to clay                      7.83               0.1664                2.125                4.844
   7.054                    5       5  clayey silt to silty clay                  9.98               0.2211                2.214                6.453
   7.218                    8       5  clayey silt to silty clay                 16.83               0.4383                2.605               11.887
   7.382                    9       4     silty clay to clay                     13.50               0.4269                3.162               11.219
   7.546                    8       3            clay                             8.61               0.2982                3.462                8.827











   Depth                  SPT             Soil Behavior Type                  Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)
      ft           (blows/ft)    Zone          UBC-1983                          (tsf)                (tsf)                  (%)                (psi)
   7.710                    4       5  clayey silt to silty clay                  8.57               0.1562                1.823                9.388
   7.874                    4       5  clayey silt to silty clay                  8.70               0.1554                1.786               13.313
   8.038                    4       5  clayey silt to silty clay                  8.16               0.1516                1.859               14.068
   8.202                    4       4     silty clay to clay                      6.73               0.1271                1.889               13.416
   8.366                    3       4     silty clay to clay                      5.38               0.0961                1.785               13.327
   8.530                    2       1   sensitive fine grained                    4.76               0.0704                1.479               13.627
   8.694                    2       1   sensitive fine grained                    4.38               0.0544                1.242               14.419
   8.858                    2       1   sensitive fine grained                    4.40               0.0532                1.211               15.245
   9.022                    2       1   sensitive fine grained                    4.81               0.0570                1.185               16.604
   9.186                    2       1   sensitive fine grained                    5.15               0.0723                1.404               16.962
   9.350                    2       1   sensitive fine grained                    5.21               0.0839                1.611               17.207
   9.514                    4       4     silty clay to clay                      5.53               0.1259                2.277               17.310
   9.678                    5       3            clay                             5.57               0.1571                2.820               16.090
   9.843                    5       3            clay                             5.46               0.1779                3.255               14.001
  10.007                    7       3            clay                             6.83               0.2325                3.405               13.843
  10.171                    7       3            clay                             7.35               0.2680                3.644               12.238
  10.335                    8       3            clay                             8.22               0.3078                3.746               10.881
  10.499                    7       3            clay                             7.60               0.3182                4.184                8.571
  10.663                    7       3            clay                             6.81               0.3149                4.624                6.449
  10.827                    9       3            clay                             9.28               0.4043                4.358                7.230
  10.991                   13       3            clay                            13.11               0.6066                4.627                7.374
  11.155                   15       3            clay                            15.15               0.6449                4.256                7.421
  11.319                   16       3            clay                            16.21               0.6919                4.269                8.084
  11.483                   12       4     silty clay to clay                     18.86               0.7443                3.946                9.230
  11.647                   12       4     silty clay to clay                     19.52               0.7678                3.933                9.984
  11.811                   12       4     silty clay to clay                     19.08               0.7616                3.992                9.662
  11.975                   17       3            clay                            17.77               0.8046                4.529                9.368
  12.139                   15       3            clay                            15.27               0.7760                5.081                8.983
  12.303                   16       3            clay                            16.36               0.8071                4.935               10.407
  12.467                   20       3            clay                            20.45               0.8840                4.322               10.805
  12.631                   19       3            clay                            19.67               0.9741                4.954                9.675
  12.795                   17       3            clay                            17.71               0.7978                4.504                8.992
  12.959                   14       3            clay                            14.41               0.7238                5.022                8.124
  13.123                   13       3            clay                            13.45               0.6867                5.107                8.409
  13.287                   16       3            clay                            17.11               0.7022                4.104               15.647
  13.451                   11       4     silty clay to clay                     17.10               0.5918                3.461               14.199
  13.615                   16       3            clay                            16.64               0.6778                4.073               13.502
  13.780                   20       3            clay                            20.92               0.9482                4.532               14.390
  13.944                   18       4     silty clay to clay                     27.99               1.1076                3.957               14.864
  14.108                   15       5  clayey silt to silty clay                 30.71               0.8983                2.925                8.113
  14.272                   14       4     silty clay to clay                     21.87               0.9431                4.312                5.051
  14.436                   17       3            clay                            17.92               0.9379                5.233                8.453
  14.600                   15       4     silty clay to clay                     24.10               0.9288                3.854                6.927
  14.764                   15       6  sandy silt to clayey silt                 39.03               0.7302                1.871                4.702
  14.928                   13       6  sandy silt to clayey silt                 35.15               0.5972                1.699                0.583
  15.092                   13       7  silty sand to sandy silt                  42.06               0.6324                1.504                3.805
  15.256                   16       7  silty sand to sandy silt                  49.15               0.5716                1.163                1.193
  15.420                   16       7  silty sand to sandy silt                  50.39               0.3548                0.704               -0.512
  15.584                   14       7  silty sand to sandy silt                  42.51               0.6803                1.600               -1.971
  15.748                   13       6  sandy silt to clayey silt                 33.21               0.7771                2.340               -2.461
  15.912                   16       7  silty sand to sandy silt                  49.16               0.4208                0.856               -2.167
  16.076                   14       7  silty sand to sandy silt                  44.31               0.5367                1.211               -2.817
  16.240                   11       6  sandy silt to clayey silt                 29.91               0.5153                1.723               -3.264
  16.404                    9       6  sandy silt to clayey silt                 22.91               0.4095                1.788               -2.917
  16.568                   11       5  clayey silt to silty clay                 23.08               0.5341                2.314                0.741
  16.732                   11       6  sandy silt to clayey silt                 28.08               0.4627                1.648                1.135
  16.896                   13       7  silty sand to sandy silt                  41.68               0.5233                1.256                0.670











   Depth                  SPT             Soil Behavior Type                  Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)
      ft           (blows/ft)    Zone          UBC-1983                          (tsf)                (tsf)                  (%)                (psi)
  17.060                   10       6  sandy silt to clayey silt                 27.33               0.5617                2.055               -1.466
  17.224                   13       6  sandy silt to clayey silt                 33.01               0.5930                1.797               -1.081
  17.388                   13       7  silty sand to sandy silt                  41.50               0.4159                1.002               -0.872
  17.552                   19       7  silty sand to sandy silt                  58.43               0.7706                1.319               -1.099
  17.717                   21       6  sandy silt to clayey silt                 55.06               1.1159                2.027               -2.038
  17.881                   17       6  sandy silt to clayey silt                 44.73               1.3363                2.987                4.971
  18.045                   19       7  silty sand to sandy silt                  61.06               1.1221                1.838                1.037
  18.209                   28       7  silty sand to sandy silt                  88.57               1.3133                1.483               -1.219
  18.373                   23       8     sand to silty sand                     94.55               0.8725                0.923               -2.232
  18.537                   23       8     sand to silty sand                     96.59               0.8863                0.918               -2.991
  18.701                   19       7  silty sand to sandy silt                  58.06               1.1414                1.966               -3.761
  18.865                   18       5  clayey silt to silty clay                 37.81               1.2667                3.350               -3.362
  19.029                   20       6  sandy silt to clayey silt                 51.54               1.1974                2.323               -2.005
  19.193                   23       7  silty sand to sandy silt                  72.31               1.0179                1.408               -1.969
  19.357                   19       8     sand to silty sand                     80.39               0.9168                1.140               -2.904
  19.521                   24       7  silty sand to sandy silt                  75.93               0.8994                1.185               -3.531
  19.685                   20       7  silty sand to sandy silt                  62.10               0.8452                1.361               -3.542
  19.849                   15       7  silty sand to sandy silt                  48.33               0.5770                1.194               -0.817
  20.013                   12       7  silty sand to sandy silt                  38.90               0.5453                1.402               -2.935
  20.177                   11       6  sandy silt to clayey silt                 29.73               0.5994                2.016               -3.529
  20.341                   10       6  sandy silt to clayey silt                 26.83               0.5265                1.962               -2.928
  20.505                   10       7  silty sand to sandy silt                  30.99               0.3546                1.144               -2.245
  20.669                   11       7  silty sand to sandy silt                  33.93               0.4454                1.313               -2.437
  20.833                   13       7  silty sand to sandy silt                  39.87               0.4206                1.055               -2.221
  20.997                   12       7  silty sand to sandy silt                  39.13               0.5400                1.380               -1.914
  21.161                   10       5  clayey silt to silty clay                 21.61               0.5527                2.558                1.747
  21.325                    8       6  sandy silt to clayey silt                 20.59               0.3791                1.842                4.288
  21.490                    9       6  sandy silt to clayey silt                 22.20               0.4330                1.951                3.941
  21.654                    9       6  sandy silt to clayey silt                 22.53               0.4084                1.812                2.848
  21.818                   10       6  sandy silt to clayey silt                 26.03               0.4176                1.604                0.305
  21.982                   11       6  sandy silt to clayey silt                 29.63               0.4714                1.591               -0.790
  22.146                   12       7  silty sand to sandy silt                  36.58               0.3419                0.935               -0.926
  22.310                   14       7  silty sand to sandy silt                  42.88               0.3556                0.829               -1.691
  22.474                   13       6  sandy silt to clayey silt                 34.95               0.5126                1.466               -1.958
  22.638                    9       6  sandy silt to clayey silt                 23.51               0.5176                2.202               -1.611
  22.802                    8       5  clayey silt to silty clay                 16.52               0.5015                3.036               -0.781
  22.966                    8       4     silty clay to clay                     12.15               0.4333                3.568               11.210
  23.130                    8       6  sandy silt to clayey silt                 22.04               0.4664                2.117                9.746
  23.294                   11       6  sandy silt to clayey silt                 27.98               0.4449                1.590                6.442
  23.458                   11       7  silty sand to sandy silt                  33.87               0.3999                1.180                3.262
  23.622                   12       7  silty sand to sandy silt                  37.81               0.3704                0.980                1.389
  23.786                   12       7  silty sand to sandy silt                  37.94               0.4971                1.310                0.977
  23.950                   11       6  sandy silt to clayey silt                 29.54               0.5977                2.023                1.553
  24.114                   10       5  clayey silt to silty clay                 20.78               0.5585                2.688                2.784
  24.278                    9       5  clayey silt to silty clay                 19.75               0.4852                2.457                5.868
  24.442                   11       7  silty sand to sandy silt                  34.43               0.4747                1.379                2.083
  24.606                   13       6  sandy silt to clayey silt                 34.97               0.5972                1.708                0.926
  24.770                   13       6  sandy silt to clayey silt                 33.57               0.5770                1.719                1.400
  24.934                   12       7  silty sand to sandy silt                  36.93               0.3776                1.022               -0.029
  25.098                   12       7  silty sand to sandy silt                  37.79               0.4819                1.275               -1.246
  25.262                   12       6  sandy silt to clayey silt                 32.56               0.6200                1.904               -0.532
  25.427                   11       6  sandy silt to clayey silt                 28.28               0.5360                1.895                0.031
  25.591                   11       6  sandy silt to clayey silt                 28.10               0.4581                1.631                0.601
  25.755                   10       6  sandy silt to clayey silt                 26.36               0.4988                1.892                0.908
  25.919                   10       6  sandy silt to clayey silt                 26.81               0.3628                1.353                1.687
  26.083                   11       7  silty sand to sandy silt                  33.74               0.4195                1.243                1.713
  26.247                   12       6  sandy silt to clayey silt                 32.22               0.5522                1.714                1.233











   Depth                  SPT             Soil Behavior Type                  Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)
      ft           (blows/ft)    Zone          UBC-1983                          (tsf)                (tsf)                  (%)                (psi)
  26.411                   12       6  sandy silt to clayey silt                 31.37               0.7149                2.279                7.381
  26.575                   13       5  clayey silt to silty clay                 27.33               0.9271                3.392                8.298
  26.739                   20       3            clay                            20.37               0.9814                4.817                9.468
  26.903                   13       5  clayey silt to silty clay                 27.92               0.9774                3.500               13.778
  27.067                   18       7  silty sand to sandy silt                  56.20               0.8298                1.476               10.387
  27.231                   25       7  silty sand to sandy silt                  78.11               1.0477                1.341                1.126
  27.395                   19       8     sand to silty sand                     81.21               0.8486                1.045               -1.357
  27.559                   24       7  silty sand to sandy silt                  75.67               0.9543                1.261               -2.388
  27.723                   20       7  silty sand to sandy silt                  62.85               0.9009                1.433               -1.073
  27.887                   20       7  silty sand to sandy silt                  62.33               0.8748                1.403               -0.717
  28.051                   18       7  silty sand to sandy silt                  55.66               0.8539                1.534               -0.294
  28.215                   16       7  silty sand to sandy silt                  51.61               0.8912                1.727                0.383
  28.379                   18       6  sandy silt to clayey silt                 47.30               0.9223                1.950                1.235
  28.543                   15       6  sandy silt to clayey silt                 37.99               1.0245                2.697                2.181
  28.707                   13       5  clayey silt to silty clay                 27.33               0.9009                3.296                3.020
  28.871                   12       5  clayey silt to silty clay                 25.74               0.8576                3.331                4.795
  29.035                   13       6  sandy silt to clayey silt                 33.53               0.8456                2.522                9.486
  29.199                   19       6  sandy silt to clayey silt                 50.18               1.5441                3.077                6.553
  29.364                   27       6  sandy silt to clayey silt                 70.30               1.9755                2.810                2.158
  29.528                   32       6  sandy silt to clayey silt                 84.23               2.6436                3.139               -1.397
  29.692                   40       5  clayey silt to silty clay                 83.23               3.0396                3.652               -0.029
  29.856                   33       6  sandy silt to clayey silt                 85.11               2.9997                3.525               -1.974
  30.020                   28       7  silty sand to sandy silt                  86.36               1.9996                2.316               -3.202
  30.184                   27       7  silty sand to sandy silt                  83.98               1.3187                1.570               -4.145
  30.348                   25       7  silty sand to sandy silt                  78.51               0.9849                1.254               -4.528
  30.512                   24       7  silty sand to sandy silt                  74.47               1.0369                1.392               -4.664
  30.676                   22       7  silty sand to sandy silt                  68.46               0.9555                1.396               -4.526
  30.840                   19       7  silty sand to sandy silt                  59.87               0.9074                1.516               -4.112
  31.004                   17       6  sandy silt to clayey silt                 43.48               0.8674                1.995                4.275
  31.168                   17       6  sandy silt to clayey silt                 43.69               0.8115                1.857                5.085
  31.332                   16       7  silty sand to sandy silt                  49.69               0.8268                1.664                5.957
  31.496                   17       7  silty sand to sandy silt                  52.05               0.9014                1.732                6.693
  31.660                   18       6  sandy silt to clayey silt                 46.62               1.0209                2.190                7.388
  31.824                   18       5  clayey silt to silty clay                 37.98               1.1613                3.058                8.177
  31.988                   14       5  clayey silt to silty clay                 29.63               1.0257                3.462                9.495
  32.152                   16       7  silty sand to sandy silt                  49.71               0.5857                1.178                7.336
  32.316                   18       7  silty sand to sandy silt                  55.44               0.6547                1.181               -0.986
  32.480                   16       6  sandy silt to clayey silt                 41.64               1.0742                2.579               -1.602
  32.644                   15       5  clayey silt to silty clay                 31.23               0.9969                3.192               -0.518
  32.808                   14       5  clayey silt to silty clay                 30.24               1.1153                3.688                1.638
  32.972                   17       5  clayey silt to silty clay                 35.18               1.2972                3.687                5.044
  33.136                   19       6  sandy silt to clayey silt                 48.96               1.4139                2.888                4.154
  33.301                   22       7  silty sand to sandy silt                  70.36               0.9628                1.368               -0.674
  33.465                   25       7  silty sand to sandy silt                  79.38               0.9950                1.253               -2.935
  33.629                   24       7  silty sand to sandy silt                  74.37               0.8659                1.164               -3.476
  33.793                   21       7  silty sand to sandy silt                  66.61               0.8738                1.312               -3.198
  33.957                   17       7  silty sand to sandy silt                  51.70               0.8109                1.568               -2.944
  34.121                   15       6  sandy silt to clayey silt                 38.20               0.8616                2.255               -2.121
  34.285                   19       3            clay                            19.74               0.8719                4.416                7.546
  34.449                   12       6  sandy silt to clayey silt                 30.45               0.7061                2.319               29.479
  34.613                   20       7  silty sand to sandy silt                  63.54               0.8918                1.403                7.548
  34.777                   22       7  silty sand to sandy silt                  69.64               1.4033                2.015                0.572
  34.941                   25       6  sandy silt to clayey silt                 65.22               1.6793                2.575                0.846
  35.105                   25       6  sandy silt to clayey silt                 65.69               1.4352                2.185               -0.910
  35.269                   22       7  silty sand to sandy silt                  69.91               0.8893                1.272               -2.757
  35.433                   23       7  silty sand to sandy silt                  70.51               0.8029                1.139               -3.709
  35.597                   20       7  silty sand to sandy silt                  63.88               0.9808                1.535               -3.896











   Depth                  SPT             Soil Behavior Type                  Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)
      ft           (blows/ft)    Zone          UBC-1983                          (tsf)                (tsf)                  (%)                (psi)
  35.761                   19       7  silty sand to sandy silt                  60.10               1.1775                1.959               -3.387
  35.925                   19       7  silty sand to sandy silt                  58.91               1.1905                2.021               -2.579
  36.089                   19       7  silty sand to sandy silt                  58.23               1.1769                2.021               -1.457
  36.253                   20       7  silty sand to sandy silt                  62.19               1.1587                1.863               10.794
  36.417                   20       7  silty sand to sandy silt                  61.78               1.1628                1.882               10.841
  36.581                   22       6  sandy silt to clayey silt                 56.89               1.1679                2.053               11.121
  36.745                   19       6  sandy silt to clayey silt                 50.58               1.1570                2.287               11.489
  36.909                   17       6  sandy silt to clayey silt                 43.16               1.1849                2.745               11.724
  37.073                   17       4     silty clay to clay                     26.24               1.0791                4.113               12.043
  37.238                   14       3            clay                            14.22               0.6968                4.899               12.710
  37.402                   11       3            clay                            11.77               0.7000                5.946               27.167
  37.566                   15       6  sandy silt to clayey silt                 40.27               1.1997                2.979               13.269
  37.730                   21       6  sandy silt to clayey silt                 53.80               1.5676                2.913                3.425
  37.894                   25       6  sandy silt to clayey silt                 64.83               2.1647                3.339               -0.129
  38.058                   26       5  clayey silt to silty clay                 54.09               2.2388                4.139               -2.239
  38.222                   24       6  sandy silt to clayey silt                 63.24               1.6296                2.577               -2.715
  38.386                   22       7  silty sand to sandy silt                  68.81               0.8684                1.262               -3.838
  38.550                   22       7  silty sand to sandy silt                  68.05               0.7867                1.156               -4.633
  38.714                   22       7  silty sand to sandy silt                  67.93               0.8805                1.296               -4.533
  38.878                   21       7  silty sand to sandy silt                  65.74               1.0951                1.666               -4.043
  39.042                   19       7  silty sand to sandy silt                  60.57               1.0967                1.811               -3.425
  39.206                   17       7  silty sand to sandy silt                  54.23               0.9752                1.798               -2.432
  39.370                   16       7  silty sand to sandy silt                  51.50               0.9260                1.798               -1.504
  39.534                   16       7  silty sand to sandy silt                  48.77               0.9098                1.866               11.611
  39.698                   18       6  sandy silt to clayey silt                 47.05               0.9023                1.918               11.809
  39.862                   18       6  sandy silt to clayey silt                 46.76               0.8805                1.883               12.085
  40.026                   18       6  sandy silt to clayey silt                 46.33               0.8898                1.921               12.454
  40.190                   17       6  sandy silt to clayey silt                 44.29               0.9113                2.057               12.917
  40.354                   17       6  sandy silt to clayey silt                 44.62               0.9313                2.087               13.591
  40.518                   15       7  silty sand to sandy silt                  45.99               0.8448                1.837               13.927
  40.682                   18       6  sandy silt to clayey silt                 46.69               0.8853                1.896               14.010
  40.846                   19       6  sandy silt to clayey silt                 50.78               0.9939                1.957               13.914
  41.011                   18       6  sandy silt to clayey silt                 45.84               1.2001                2.618               13.976
  41.175                   22       4     silty clay to clay                     34.55               1.4099                4.080               15.096
  41.339                   21       3            clay                            22.39               1.1782                5.263               17.425
  41.503                   21       5  clayey silt to silty clay                 43.91               1.3616                3.101               33.972
  41.667                   30       6  sandy silt to clayey silt                 77.53               2.6495                3.417               12.717
  41.831                   39       5  clayey silt to silty clay                 81.10               3.2928                4.060                4.777
  41.995                   38       6  sandy silt to clayey silt                 99.81               3.4284                3.435                1.391
  42.159                   43       6  sandy silt to clayey silt                111.66               2.9492                2.641               -1.898
  42.323                   28       8     sand to silty sand                    116.21               1.7322                1.491               -3.264
  42.487                   25       8     sand to silty sand                    104.47               1.0776                1.032               -4.335
  42.651                   24       7  silty sand to sandy silt                  76.50               1.0003                1.308               -4.591
  42.815                   17       6  sandy silt to clayey silt                 44.78               1.0665                2.382               11.742
  42.979                   17       5  clayey silt to silty clay                 34.82               1.1413                3.278               12.910
  43.143                   14       5  clayey silt to silty clay                 28.97               0.9731                3.359               14.379
  43.307                   15       4     silty clay to clay                     23.73               1.0278                4.331               17.051
  43.471                   14       5  clayey silt to silty clay                 28.93               1.0567                3.652               24.924
  43.635                   18       6  sandy silt to clayey silt                 47.91               1.0931                2.282               11.188
  43.799                   19       7  silty sand to sandy silt                  60.38               1.0656                1.765                2.034
  43.963                   21       7  silty sand to sandy silt                  66.10               1.1762                1.779               -1.340
  44.127                   19       8     sand to silty sand                     77.67               0.9085                1.170               -1.008
  44.291                   25       7  silty sand to sandy silt                  78.20               0.9946                1.272               -3.743
  44.455                   25       7  silty sand to sandy silt                  77.19               1.1581                1.500               -3.578
  44.619                   23       7  silty sand to sandy silt                  71.81               1.3199                1.838               -2.606
  44.783                   24       6  sandy silt to clayey silt                 61.41               1.4144                2.303               -1.322
  44.948                   22       5  clayey silt to silty clay                 46.75               1.5059                3.221                0.062
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  45.112                   27       3            clay                            28.69               1.6276                5.674                2.474
  45.276                   27       3            clay                            27.83               1.8961                6.813               32.289
  45.440                   30       5  clayey silt to silty clay                 62.21               2.7061                4.350               38.943
  45.604                   35       5  clayey silt to silty clay                 73.40               3.2656                4.449               20.411
  45.768                   36       6  sandy silt to clayey silt                 93.52               3.1419                3.360                7.272
  45.932                   38       6  sandy silt to clayey silt                 98.93               2.9102                2.942                0.140
  46.096                   31       7  silty sand to sandy silt                  96.98               1.9327                1.993                0.231
  46.260                   27       7  silty sand to sandy silt                  84.35               1.7219                2.041               -3.053
  46.424                   23       7  silty sand to sandy silt                  73.16               1.3639                1.864               -3.950
  46.588                   21       7  silty sand to sandy silt                  65.00               1.2824                1.973               -4.555
  46.752                   19       7  silty sand to sandy silt                  60.79               0.9921                1.632               -4.898
  46.916                   19       7  silty sand to sandy silt                  59.38               0.7594                1.279               -5.165
  47.080                   18       7  silty sand to sandy silt                  56.74               0.6174                1.088               -5.332
  47.244                   17       7  silty sand to sandy silt                  51.98               0.6904                1.328               -5.087
  47.408                   15       7  silty sand to sandy silt                  46.25               0.7489                1.619                6.542
  47.572                   17       6  sandy silt to clayey silt                 43.55               0.7884                1.810                7.886
  47.736                   14       6  sandy silt to clayey silt                 36.13               0.8728                2.416                9.757
  47.900                   12       5  clayey silt to silty clay                 25.93               0.8508                3.281               11.542
  48.064                   14       3            clay                            14.70               0.6474                4.406               17.187
  48.228                   10       3            clay                            10.95               0.5000                4.568               39.786
  48.392                    9       5  clayey silt to silty clay                 18.00               0.5798                3.221               59.372
  48.556                   11       5  clayey silt to silty clay                 23.31               0.6985                2.996               27.203
  48.720                   14       4     silty clay to clay                     22.32               0.8441                3.781               19.123
  48.885                   12       6  sandy silt to clayey silt                 30.53               0.8137                2.665               22.574
  49.049                   22       7  silty sand to sandy silt                  68.93               0.9691                1.406               12.652
  49.213                   26       7  silty sand to sandy silt                  81.92               1.1060                1.350                2.875
  49.377                   21       7  silty sand to sandy silt                  65.38               1.2652                1.935               14.748
  49.541                   21       6  sandy silt to clayey silt                 55.30               1.3652                2.469               15.814
  49.705                   21       5  clayey silt to silty clay                 44.00               1.3925                3.165               16.796
  49.869                   16       5  clayey silt to silty clay                 32.81               1.1783                3.591               18.062
  50.033                   15       5  clayey silt to silty clay                 30.85               1.0128                3.283               21.404
  50.197                   14       5  clayey silt to silty clay                 28.37               0.9651                3.401               24.675
  50.361                   25       3            clay                            26.35               1.1943                4.532               37.007
  50.525                   27       3            clay                            27.79               1.6299                5.866               61.926
  50.689                   28       5  clayey silt to silty clay                 58.22               2.1310                3.660               43.117
  50.853                   26       5  clayey silt to silty clay                 53.32               1.8526                3.475               24.539
  51.017                   21       5  clayey silt to silty clay                 43.85               1.6936                3.862               39.054
  51.181                   24       4     silty clay to clay                     38.11               1.6417                4.308               66.197
  51.345                   34       3            clay                            35.85               1.7345                4.838               86.900
  51.509                   35       3            clay                            36.68               1.8570                5.063               97.291
  51.673                   36       3            clay                            38.06               2.0577                5.407              101.692
  51.837                   41       3            clay                            43.06               2.3693                5.503               91.212
  52.001                   31       4     silty clay to clay                     47.97               2.3098                4.815               58.397
  52.165                   25       5  clayey silt to silty clay                 52.52               2.0261                3.858               25.124
  52.329                   23       6  sandy silt to clayey silt                 60.44               1.4520                2.403               12.296
  52.493                   23       7  silty sand to sandy silt                  71.46               1.2122                1.696                1.073
  52.657                   24       7  silty sand to sandy silt                  75.28               1.1061                1.469                6.322
  52.822                   25       7  silty sand to sandy silt                  78.23               1.1290                1.443                6.237
  52.986                   27       7  silty sand to sandy silt                  84.34               1.3704                1.625                7.116
  53.150                   28       7  silty sand to sandy silt                  87.07               1.6044                1.843                8.280
  53.314                   27       7  silty sand to sandy silt                  84.20               1.7719                2.105               10.514
  53.478                   27       7  silty sand to sandy silt                  84.96               1.8097                2.130               12.299
  53.642                   27       7  silty sand to sandy silt                  85.07               1.5349                1.804               13.841
  53.806                   25       7  silty sand to sandy silt                  78.67               1.5499                1.970               15.131
  53.970                   23       7  silty sand to sandy silt                  73.36               1.5632                2.131               20.084
  54.134                   27       6  sandy silt to clayey silt                 69.47               1.7224                2.479               19.479
  54.298                   22       5  clayey silt to silty clay                 46.81               1.6407                3.505               19.726
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  54.462                   21       3            clay                            22.14               1.0206                4.609               23.487
  54.626                    8       5  clayey silt to silty clay                 16.00               0.4666                2.917               56.361
  54.790                    9       5  clayey silt to silty clay                 19.59               0.4802                2.451               85.680
  54.954                   18       5  clayey silt to silty clay                 36.82               1.1334                3.078              116.361
  55.118                   21       5  clayey silt to silty clay                 43.34               1.6412                3.787              117.758
  55.282                   21       5  clayey silt to silty clay                 44.41               1.6485                3.712              135.700
  55.446                   20       5  clayey silt to silty clay                 41.54               1.3516                3.254              147.202
  55.610                   36       3            clay                            37.30               2.1207                5.686              139.287
  55.774                   33       3            clay                            34.97               1.9139                5.473              149.921
  55.938                   28       4     silty clay to clay                     43.39               1.8199                4.195               30.532
  56.102                   28       4     silty clay to clay                     44.52               1.9504                4.381               33.191
  56.266                   24       5  clayey silt to silty clay                 50.32               1.9992                3.973               28.898
  56.430                   25       6  sandy silt to clayey silt                 66.39               1.8088                2.725               15.779
  56.594                   24       7  silty sand to sandy silt                  74.76               1.5862                2.122                4.802
  56.759                   25       7  silty sand to sandy silt                  78.68               1.3082                1.663                1.146
  56.923                   19       8     sand to silty sand                     81.24               0.9379                1.154               -0.485
  57.087                   27       7  silty sand to sandy silt                  85.49               1.1401                1.334               -0.621
  57.251                   23       8     sand to silty sand                     98.11               1.3258                1.351                9.323
  57.415                   26       8     sand to silty sand                    108.42               1.5448                1.425                9.987
  57.579                   28       8     sand to silty sand                    117.51               1.7053                1.451               10.886
  57.743                   31       8     sand to silty sand                    127.52               1.9259                1.510               11.693
  57.907                   32       8     sand to silty sand                    131.61               2.2131                1.682               12.221
  58.071                   36       7  silty sand to sandy silt                 114.05               2.3295                2.042               14.466
  58.235                   33       7  silty sand to sandy silt                 103.63               2.0904                2.017               16.878
  58.399                   31       7  silty sand to sandy silt                  98.49               1.8431                1.871               17.250
  58.563                   27       7  silty sand to sandy silt                  84.16               1.8793                2.233               18.311
  58.727                   25       6  sandy silt to clayey silt                 66.15               2.1568                3.261               20.549
  58.891                   23       4     silty clay to clay                     36.09               1.5362                4.256               24.025
  59.055                   21       3            clay                            22.12               1.3713                6.199               39.568
  59.219                   23       3            clay                            24.08               1.2273                5.097               55.373
  59.383                   18       5  clayey silt to silty clay                 36.79               1.3974                3.798               58.308
  59.547                   19       5  clayey silt to silty clay                 39.98               1.4848                3.713               37.225
  59.711                   24       5  clayey silt to silty clay                 50.65               1.6886                3.334               29.397
  59.875                   23       6  sandy silt to clayey silt                 58.96               1.6701                2.833               15.280
  60.039                   28       7  silty sand to sandy silt                  87.74               1.3222                1.507               10.167
  60.203                   24       8     sand to silty sand                    100.33               0.6776                0.675                1.747
  60.367                   24       8     sand to silty sand                     98.53               0.8345                0.847               -0.521
  60.532                   23       8     sand to silty sand                     96.35               1.0370                1.076                2.775
  60.696                   24       8     sand to silty sand                    101.25               1.1702                1.156                4.399
  60.860                   24       8     sand to silty sand                    100.38               1.1591                1.155                5.538
  61.024                   22       8     sand to silty sand                     90.36               1.0465                1.158                6.689
  61.188                   23       7  silty sand to sandy silt                  72.37               0.9291                1.284                7.439
  61.352                   15       6  sandy silt to clayey silt                 37.99               0.7616                2.004               11.382
  61.516                   13       4     silty clay to clay                     20.69               0.7286                3.522               33.455
  61.680                   16       3            clay                            16.98               1.0075                5.935               97.560
  61.844                   25       4     silty clay to clay                     39.70               1.8096                4.558              108.419
  62.008                   35       5  clayey silt to silty clay                 72.52               2.7703                3.820               46.344
  62.172                   37       6  sandy silt to clayey silt                 97.06               2.8361                2.922               15.509
  62.336                   38       7  silty sand to sandy silt                 118.51               2.4396                2.059                2.617
  62.500                   28       8     sand to silty sand                    117.25               1.7294                1.475                2.534
  62.664                   27       8     sand to silty sand                    112.39               1.3673                1.217               -1.882
  62.828                   25       8     sand to silty sand                    106.12               1.2308                1.160               -2.951
  62.992                   24       8     sand to silty sand                     99.36               1.2530                1.261               -2.773
  63.156                   22       8     sand to silty sand                     91.85               1.2439                1.354               -2.083
  63.320                   27       7  silty sand to sandy silt                  85.98               1.2539                1.458               -1.233
  63.484                   26       7  silty sand to sandy silt                  81.22               1.0857                1.337               -0.298
  63.648                   25       7  silty sand to sandy silt                  77.52               1.1729                1.513                0.846











   Depth                  SPT             Soil Behavior Type                  Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)
      ft           (blows/ft)    Zone          UBC-1983                          (tsf)                (tsf)                  (%)                (psi)
  63.812                   24       7  silty sand to sandy silt                  73.74               1.3960                1.893               19.079
  63.976                   26       6  sandy silt to clayey silt                 68.10               1.9313                2.836               19.811
  64.140                   28       4     silty clay to clay                     44.34               2.0348                4.589               22.768
  64.304                   29       3            clay                            29.80               1.6932                5.682               48.055
  64.469                   25       4     silty clay to clay                     38.67               1.6924                4.376              136.794
  64.633                   26       5  clayey silt to silty clay                 53.46               2.1402                4.003               88.762
  64.797                   29       4     silty clay to clay                     44.83               2.0760                4.631               55.939
  64.961                   23       5  clayey silt to silty clay                 47.92               1.9349                4.037               53.210
  65.125                   25       6  sandy silt to clayey silt                 66.07               1.5480                2.343               17.497
  65.289                   26       7  silty sand to sandy silt                  82.10               1.1756                1.432                3.718
  65.453                   27       7  silty sand to sandy silt                  86.10               1.1911                1.383                0.518
  65.617                   28       7  silty sand to sandy silt                  86.21               1.3079                1.517                1.696
  65.781                   27       7  silty sand to sandy silt                  83.74               1.4065                1.680               19.731
  65.945                   27       7  silty sand to sandy silt                  86.08               1.4501                1.685               19.966
  66.109                   29       7  silty sand to sandy silt                  91.98               1.5371                1.671               19.682
  66.273                   30       7  silty sand to sandy silt                  95.15               1.7050                1.792               19.312
  66.437                   27       7  silty sand to sandy silt                  84.09               1.7921                2.131               20.521
  66.601                   29       6  sandy silt to clayey silt                 74.86               1.8302                2.445               22.648
  66.765                   26       6  sandy silt to clayey silt                 67.78               1.8015                2.658               24.107
  66.929                   20       6  sandy silt to clayey silt                 52.24               1.6017                3.066               25.429
  67.093                   21       3            clay                            22.42               1.1103                4.952               38.787
  67.257                   11       4     silty clay to clay                     17.59               0.6064                3.448               86.034
  67.421                    9       5  clayey silt to silty clay                 18.31               0.4474                2.444               99.659
  67.585                   10       5  clayey silt to silty clay                 19.97               0.4735                2.371               97.284
  67.749                   11       5  clayey silt to silty clay                 23.09               0.6184                2.678               98.201
  67.913                   13       5  clayey silt to silty clay                 28.08               0.8570                3.052               97.420
  68.077                   19       4     silty clay to clay                     29.13               1.3049                4.479              107.892
  68.241                   34       3            clay                            35.20               1.8012                5.117              107.963
  68.406                   38       3            clay                            39.51               2.1339                5.401               69.503
  68.570                   35       3            clay                            36.83               2.4117                6.548               57.558
  68.734                   37       3            clay                            38.30               2.8432                7.424               89.047
  68.898                   33       4     silty clay to clay                     51.37               2.6021                5.066               40.589
  69.062                   25       5  clayey silt to silty clay                 52.43               2.1266                4.056               10.031
  69.226                   22       6  sandy silt to clayey silt                 57.34               1.2827                2.237                5.145
  69.390                   21       7  silty sand to sandy silt                  64.65               0.8983                1.390                1.573
  69.554                   21       7  silty sand to sandy silt                  66.88               0.9565                1.430                1.854
  69.718                   22       7  silty sand to sandy silt                  67.81               1.0621                1.566                3.491
  69.882                   22       7  silty sand to sandy silt                  69.75               1.1584                1.661                5.314
  70.046                   23       7  silty sand to sandy silt                  72.56               1.0023                1.381                7.488
  70.210                   23       7  silty sand to sandy silt                  73.60               1.1292                1.534                9.657
  70.374                   23       7  silty sand to sandy silt                  71.16               1.2510                1.758               23.215
  70.538                   22       7  silty sand to sandy silt                  68.90               1.3316                1.933               24.303
  70.702                   24       6  sandy silt to clayey silt                 63.17               1.4787                2.341               25.739
  70.866                   21       6  sandy silt to clayey silt                 53.64               1.4804                2.760               28.366
  71.030                   19       5  clayey silt to silty clay                 38.86               1.3543                3.485               34.274
  71.194                   22       3            clay                            23.48               1.2168                5.182              102.220
  71.358                   18       5  clayey silt to silty clay                 37.19               1.4301                3.846              141.049
  71.522                   24       5  clayey silt to silty clay                 50.57               1.8595                3.677              110.306
  71.686                   21       5  clayey silt to silty clay                 43.96               1.8231                4.148               83.611
  71.850                   30       4     silty clay to clay                     46.84               2.0249                4.323               72.391
  72.014                   23       6  sandy silt to clayey silt                 60.88               1.4054                2.309               49.639
  72.178                   27       7  silty sand to sandy silt                  83.64               1.1342                1.356                6.845
  72.343                   21       8     sand to silty sand                     86.34               1.0922                1.265               11.602
  72.507                   26       7  silty sand to sandy silt                  82.85               1.2253                1.479               14.562
  72.671                   24       7  silty sand to sandy silt                  76.29               1.3307                1.744               16.299
  72.835                   22       7  silty sand to sandy silt                  69.96               1.3364                1.910               18.051
  72.999                   22       7  silty sand to sandy silt                  68.75               1.3034                1.896               20.650











   Depth                  SPT             Soil Behavior Type                  Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)
      ft           (blows/ft)    Zone          UBC-1983                          (tsf)                (tsf)                  (%)                (psi)
  73.163                   22       7  silty sand to sandy silt                  69.34               1.5320                2.209               20.222
  73.327                   22       6  sandy silt to clayey silt                 57.36               1.6208                2.826               22.394
  73.491                   16       5  clayey silt to silty clay                 34.04               1.3083                3.843               36.001
  73.655                   15       5  clayey silt to silty clay                 30.46               1.1104                3.646              115.974
  73.819                   18       5  clayey silt to silty clay                 37.27               1.1243                3.017              125.266
  73.983                   20       5  clayey silt to silty clay                 40.83               1.3707                3.357              121.327
  74.147                   19       5  clayey silt to silty clay                 39.17               1.2687                3.239              110.424
  74.311                   17       5  clayey silt to silty clay                 36.52               1.2090                3.310              116.294
  74.475                   15       5  clayey silt to silty clay                 32.33               1.1161                3.452              121.221
  74.639                   13       5  clayey silt to silty clay                 27.77               0.9293                3.347              100.099
  74.803                   15       6  sandy silt to clayey silt                 38.49               0.9665                2.511               80.596
  74.967                   15       6  sandy silt to clayey silt                 38.52               0.9248                2.401               20.189
  75.131                   15       7  silty sand to sandy silt                  46.17               0.8104                1.755               18.594
  75.295                   19       7  silty sand to sandy silt                  58.96               0.8987                1.524               12.752
  75.459                   21       7  silty sand to sandy silt                  66.45               0.9861                1.484               15.098
  75.623                   24       7  silty sand to sandy silt                  73.81               1.0679                1.447               22.174
  75.787                   23       7  silty sand to sandy silt                  72.31               1.2089                1.672               22.626
  75.951                   24       6  sandy silt to clayey silt                 63.92               1.5457                2.418               25.331
  76.115                   24       5  clayey silt to silty clay                 49.55               1.6133                3.256               29.112
  76.280                   17       5  clayey silt to silty clay                 36.11               1.3624                3.773               41.146
  76.444                   27       3            clay                            28.62               1.3342                4.661               93.057
  76.608                   20       5  clayey silt to silty clay                 42.55               1.5065                3.541              146.999
  76.772                   25       5  clayey silt to silty clay                 52.52               2.1164                4.029              130.008
  76.936                   32       5  clayey silt to silty clay                 66.22               2.4150                3.647              118.668
  77.100                   38       4     silty clay to clay                     59.85               2.6801                4.478              114.665
  77.264                   29       5  clayey silt to silty clay                 60.01               2.4073                4.011              119.167
  77.428                   29       7  silty sand to sandy silt                  90.50               1.6467                1.819               34.070
  77.592                   23       8     sand to silty sand                     94.23               0.9521                1.010                2.405
  77.756                   25       8     sand to silty sand                    103.99               1.2248                1.178               -2.049
  77.920                   30       7  silty sand to sandy silt                  94.22               2.1752                2.308               -1.306
  78.084                   29       5  clayey silt to silty clay                 61.12               2.6833                4.390                0.866
  78.248                   32       3            clay                            33.67               2.2944                6.814               10.518
  78.412                   33       3            clay                            34.59               1.6354                4.728              147.411
  78.576                   30       4     silty clay to clay                     46.50               2.1053                4.527              154.175
  78.740                   42       3            clay                            43.60               2.3435                5.375              140.604
  78.904                   33       4     silty clay to clay                     52.11               2.5357                4.866               55.785
  79.068                   29       6  sandy silt to clayey silt                 75.37               2.1262                2.821               56.906
  79.232                   28       7  silty sand to sandy silt                  88.95               1.7210                1.935               12.414
  79.396                   22       8     sand to silty sand                     91.36               0.9386                1.027                3.865
  79.560                   19       8     sand to silty sand                     81.02               0.8885                1.097                1.433
  79.724                   21       7  silty sand to sandy silt                  64.42               1.2137                1.884                2.775
  79.888                   19       6  sandy silt to clayey silt                 49.32               1.0649                2.159                4.490
  80.052                   14       5  clayey silt to silty clay                 28.32               1.0185                3.597               13.258
  80.217                   28       3            clay                            29.10               1.3636                4.686              152.226
  80.381                   25       5  clayey silt to silty clay                 52.49               1.7899                3.410              135.462
  80.545                   27       5  clayey silt to silty clay                 55.73               2.3906                4.289              128.412
  80.709                   33       4     silty clay to clay                     50.91               2.5594                5.027              106.806
  80.873                   26       7  silty sand to sandy silt                  82.00               1.7228                2.101               41.308
  81.037                   21       8     sand to silty sand                     89.29               1.0593                1.186                7.430
  81.201                   21       8     sand to silty sand                     86.89               0.8062                0.928                2.635
  81.365                   23       7  silty sand to sandy silt                  72.61               1.0981                1.512                1.771
  81.529                   19       6  sandy silt to clayey silt                 49.97               1.3964                2.794                3.287
  81.693                   15       5  clayey silt to silty clay                 30.49               0.9632                3.159               12.717
  81.857                   21       3            clay                            22.19               1.2134                5.469               95.822
  82.021                   15       5  clayey silt to silty clay                 32.27               1.2480                3.867              131.474
  82.185                   20       5  clayey silt to silty clay                 41.77               1.4811                3.546               46.989
  82.349                   26       4     silty clay to clay                     40.70               1.7374                4.269               59.334











   Depth                  SPT             Soil Behavior Type                  Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)
      ft           (blows/ft)    Zone          UBC-1983                          (tsf)                (tsf)                  (%)                (psi)
  82.513                   24       5  clayey silt to silty clay                 51.02               1.8481                3.622               78.664
  82.677                   25       7  silty sand to sandy silt                  79.78               1.8656                2.338               30.394
  82.841                   30       7  silty sand to sandy silt                  95.42               1.6762                1.757               11.008
  83.005                   24       8     sand to silty sand                    101.32               1.1185                1.104                4.987
  83.169                   31       7  silty sand to sandy silt                  96.25               1.5688                1.630                2.063
  83.333                   21       6  sandy silt to clayey silt                 54.93               1.5194                2.766                2.029
  83.497                   21       4     silty clay to clay                     32.54               1.5075                4.633              100.622
  83.661                   21       5  clayey silt to silty clay                 43.13               1.5798                3.663              132.108
  83.825                   21       5  clayey silt to silty clay                 44.87               1.7964                4.003              100.039
  83.990                   27       4     silty clay to clay                     42.92               1.9305                4.498               86.911
  84.154                   20       6  sandy silt to clayey silt                 53.50               1.5020                2.808               67.418
  84.318                   25       7  silty sand to sandy silt                  78.63               1.0169                1.293               10.837
  84.482                   24       7  silty sand to sandy silt                  76.18               1.1921                1.565                3.863
  84.646                   20       7  silty sand to sandy silt                  63.35               1.3053                2.060                4.648
  84.810                   19       4     silty clay to clay                     30.03               1.2364                4.118               18.582
  84.974                   26       3            clay                            27.32               1.3975                5.115               53.295
  85.138                   44       3            clay                            46.46               2.5167                5.417              119.211
  85.302                   35       5  clayey silt to silty clay                 73.27               3.1771                4.336               25.734
  85.466                   53       3            clay                            55.77               2.8906                5.183                6.353
  85.630                   38       4     silty clay to clay                     59.65               2.8536                4.784                6.989
  85.794                   20       7  silty sand to sandy silt                  63.36               1.2492                1.972                3.117
  85.958                   20       7  silty sand to sandy silt                  63.25               1.1303                1.787                3.031
  86.122                   18       5  clayey silt to silty clay                 36.96               1.3272                3.591                2.997
  86.286                   25       3            clay                            25.60               1.2878                5.030               11.293
  86.450                   17       5  clayey silt to silty clay                 35.14               1.3569                3.861               46.473
  86.614                   16       6  sandy silt to clayey silt                 40.86               1.0015                2.451               56.025
  86.778                   21       7  silty sand to sandy silt                  67.33               1.1570                1.718                7.481
  86.942                   19       5  clayey silt to silty clay                 40.07               1.2574                3.138                7.294
  87.106                   24       3            clay                            25.57               1.1803                4.616               37.877
  87.270                   17       5  clayey silt to silty clay                 34.94               1.3304                3.808               95.444
  87.434                   19       6  sandy silt to clayey silt                 49.33               1.4900                3.020               63.155
  87.598                   21       7  silty sand to sandy silt                  65.22               0.9533                1.462               22.405
  87.762                   21       7  silty sand to sandy silt                  64.23               0.9219                1.435                7.423
  87.927                   12       6  sandy silt to clayey silt                 31.01               0.8455                2.726                6.862
  88.091                   10       5  clayey silt to silty clay                 20.27               0.6411                3.163               24.099
  88.255                   11       5  clayey silt to silty clay                 23.31               0.6783                2.910               63.368
  88.419                   14       6  sandy silt to clayey silt                 35.42               0.8808                2.487               67.921
  88.583                   15       6  sandy silt to clayey silt                 39.56               1.1517                2.912               36.922
  88.747                   19       4     silty clay to clay                     29.03               1.1508                3.965               33.694
  88.911                   12       5  clayey silt to silty clay                 25.03               0.7220                2.885               61.370
  89.075                   16       6  sandy silt to clayey silt                 41.54               0.7743                1.864               72.667
  89.239                   14       6  sandy silt to clayey silt                 36.88               0.9521                2.582               45.289
  89.403                   12       5  clayey silt to silty clay                 24.06               0.8638                3.590               76.056
  89.567                   11       5  clayey silt to silty clay                 23.41               0.5868                2.506              119.200
  89.731                    9       6  sandy silt to clayey silt                 23.51               0.4139                1.761              112.480
  89.895                    8       6  sandy silt to clayey silt                 20.37               0.3871                1.900              109.585
  90.059                    7       6  sandy silt to clayey silt                 19.11               0.2561                1.340              140.215
  90.223                    7       6  sandy silt to clayey silt                 18.88               0.3161                1.674              134.952
  90.387                    9       6  sandy silt to clayey silt                 23.41               0.3745                1.599              143.770
  90.551                    9       6  sandy silt to clayey silt                 22.72               0.3376                1.486              119.274
  90.715                    8       6  sandy silt to clayey silt                 20.29               0.2406                1.186              127.598
  90.879                    8       6  sandy silt to clayey silt                 19.94               0.1928                0.967              139.652
  91.043                    7       6  sandy silt to clayey silt                 18.40               0.2269                1.233              144.418
  91.207                    7       6  sandy silt to clayey silt                 19.45               0.2486                1.278              154.734
  91.371                    8       6  sandy silt to clayey silt                 20.62               0.2443                1.185              130.048
  91.535                    8       6  sandy silt to clayey silt                 19.58               0.2461                1.257              142.215
  91.699                    9       5  clayey silt to silty clay                 19.76               0.4923                2.491              148.265











   Depth                  SPT             Soil Behavior Type                  Tip (Qt)          Sleeve (Fs)              F.Ratio              PP (U2)
      ft           (blows/ft)    Zone          UBC-1983                          (tsf)                (tsf)                  (%)                (psi)
  91.864                   10       6  sandy silt to clayey silt                 25.00               0.4468                1.787              134.569
  92.028                    9       6  sandy silt to clayey silt                 24.63               0.4547                1.846               88.631
  92.192                   10       6  sandy silt to clayey silt                 27.08               0.4819                1.779              127.763
  92.356                   10       6  sandy silt to clayey silt                 24.84               0.4460                1.796              120.059
  92.520                   10       5  clayey silt to silty clay                 20.95               0.4494                2.145              105.239
  92.684                    9       5  clayey silt to silty clay                 19.51               0.4214                2.160              122.429
  92.848                    8       6  sandy silt to clayey silt                 21.33               0.4288                2.010              125.898
  93.012                   11       5  clayey silt to silty clay                 22.77               0.6176                2.712              120.947
  93.176                   12       5  clayey silt to silty clay                 24.42               0.7855                3.216              113.315
  93.340                   14       5  clayey silt to silty clay                 28.55               0.8819                3.089              106.592
  93.504                   14       5  clayey silt to silty clay                 28.55               1.0301                3.608               98.092
  93.668                   14       5  clayey silt to silty clay                 28.81               1.0489                3.640               90.996
  93.832                   13       5  clayey silt to silty clay                 27.06               0.9731                3.596               91.984
  93.996                   12       5  clayey silt to silty clay                 26.07               0.9438                3.620               97.623
  94.160                   13       5  clayey silt to silty clay                 27.19               0.9514                3.500              107.692
  94.324                   17       4     silty clay to clay                     27.18               1.0218                3.759               98.611
  94.488                   13       5  clayey silt to silty clay                 27.60               0.9898                3.587              100.159
  94.652                   13       5  clayey silt to silty clay                 27.91               1.0270                3.680               99.064
  94.816                   18       4     silty clay to clay                     28.44               1.0767                3.786               92.843
  94.980                   18       4     silty clay to clay                     28.20               1.1176                3.963               91.788
  95.144                   14       5  clayey silt to silty clay                 29.14               1.0951                3.759               95.440
  95.308                   14       5  clayey silt to silty clay                 30.07               1.0713                3.562              104.258
  95.472                   14       5  clayey silt to silty clay                 30.19               1.0767                3.567              105.170
  95.636                   14       5  clayey silt to silty clay                 30.16               1.0941                3.627               99.572
  95.801                   14       5  clayey silt to silty clay                 29.75               1.1055                3.716               94.472
  95.965                   14       5  clayey silt to silty clay                 30.17               1.1367                3.768               91.328
  96.129                   15       5  clayey silt to silty clay                 30.97               1.1693                3.776               93.466
  96.293                   20       4     silty clay to clay                     31.02               1.2660                4.081               87.585
  96.457                   21       4     silty clay to clay                     32.50               1.2921                3.976               96.192
  96.621                   21       4     silty clay to clay                     33.60               1.3576                4.040               95.084
  96.785                   17       5  clayey silt to silty clay                 35.60               1.3574                3.813               89.478
  96.949                   22       4     silty clay to clay                     34.53               1.3747                3.981               86.584
  97.113                   16       5  clayey silt to silty clay                 33.54               1.2987                3.872               91.762
  97.277                   16       5  clayey silt to silty clay                 33.86               1.2769                3.771              105.097
  97.441                   18       5  clayey silt to silty clay                 36.81               1.2810                3.479              106.503
  97.605                   25       4     silty clay to clay                     39.47               1.6197                4.104              106.964
  97.769                   23       5  clayey silt to silty clay                 47.12               1.8816                3.993               94.605
  97.933                   26       4     silty clay to clay                     40.43               1.8465                4.567                3.692
  98.097                   19       5  clayey silt to silty clay                 39.20               1.5460                3.944                8.447
  98.261                   19       5  clayey silt to silty clay                 40.62               1.6089                3.961               10.852
  98.425                   20       5  clayey silt to silty clay                 41.84               1.6593                3.966               14.390
  98.589                   20       5  clayey silt to silty clay                 42.78               1.6357                3.824               39.699
  98.753                   20       5  clayey silt to silty clay                 42.10               1.4814                3.519               50.540
  98.917                   19       5  clayey silt to silty clay                 39.13               1.2266                3.135               66.214
  99.081                   15       6  sandy silt to clayey silt                 38.57               1.0788                2.797               88.591
  99.245                   16       6  sandy silt to clayey silt                 40.87               1.0151                2.483              100.840
  99.409                   15       6  sandy silt to clayey silt                 40.44               1.1086                2.742              101.779
  99.573                   15       6  sandy silt to clayey silt                 39.08               1.1304                2.893              103.660
  99.738                   14       6  sandy silt to clayey silt                 37.71               0.9109                2.416              111.247
  99.902                   15       6  sandy silt to clayey silt                 38.62               0.9570                2.478              131.067
 100.066                   16       6  sandy silt to clayey silt                 41.96               1.0604                2.527              160.998
 100.230                   17       6  sandy silt to clayey silt                 44.25               1.1162                2.523              177.847
 100.394                   15       6  sandy silt to clayey silt                 39.90               1.1103                2.783              153.670
 100.558                   14       6  sandy silt to clayey silt                 37.82               0.9902                2.618              138.434
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APPENDIX VI GENERAL NOTES 
 



Unified Soil Classification System 



Major Divisions Symbol Soil Descriptions 



Coarse-
Grained 
Soils < 
50% 



passes 
No.200 
sieve 



Gravel & 
Gravelly Soils 



< 50% 
coarse 
fraction 



passes No.4 
sieve 



GW Well-graded gravels; gravel/sand mixtures with little or no fines 



GP Poorly-graded gravels; gravel/sand mixtures with little or no fines 



GM Silty gravels; poorly-graded gravel/sand/silt mixtures 



GC Clayey gravels; poorly-graded gravel/sand/clay mixtures 



Sand & Sandy  
Soils > 50% 



coarse 
fraction 



passes No.4 
sieve 



SW Well-graded sands; gravelly sands with little or no fines 



SP Poorly-graded sands; gravelly sands with little or no fines 



SM Silty sands; poorly-graded sand/gravel/silt mixtures 



SC Clayey sands; poorly-graded sand/gravel/clay mixtures 



Fine-
Grained 
Soils > 
50% 



passes 
No.200 
sieve 



Silts & Clays 
LL < 50 



ML Inorganic silts; sandy, gravelly or clayey silts 



CL 
Lean clays; inorganic, gravelly, sandy, or silty, low to medium-
plasticity clays 



OL Organic, low-plasticity clays and silts 



Silts & Clays 
LL > 50 



MH Inorganic, elastic silts; sandy, gravelly or clayey elastic silts 



CH Fat clays; high-plasticity, inorganic clays 



OH Organic, medium to high-plasticity clays and silts 



Highly Organic Soils PT Peat, humus, hydric soils with high organic content 
 



Relative Density and Consistency 
Classification 



 Moisture Content and Cementation 
Classification 



Coarse-Grained Soils SPT Blow Counts (N) Description Field Test 



Very Loose: < 4 Dry Absence of moisture, dry to touch 



Loose: 4-10 Slightly Moist Damp, but no visible moisture 



Medium Dense: 10-30 Moist Visible moisture 



Dense: 30-50 Wet Visible free water 



Very Dense: > 50 Saturated Soil is usually below water table 



  



Fine-Grained Soils SPT Blow Counts (N) Description Field Test 



Very Soft: < 2 Weak Crumbles or breaks with handling or 
slight finger pressure Soft: 2-4 



Medium Stiff: 4-8 Moderate Crumbles or breaks with 
considerable finger pressure Stiff: 8-15 



Very Stiff: 15-30 Strong Will not crumble or break with finger 
pressure Hard: > 30 



 



Particle Size  Acronym List 



Boulders: > 12 in. GS grab sample 



Cobbles: 12 to 3 in. LL Liquid Limit 



Gravel: 3 in. to 5 mm M moisture content 



Coarse-Grained Sand: 5 to 0.6 mm NP non-plastic 



Medium-Grained Sand: 0.6 to 0.2 mm PI Plasticity Index 



Fine-Grained Sand: 0.2 to 0.075 mm Qp penetrometer value, unconfined compressive 
strength, tsf Silts: 0.075 to 0.005 mm 



Clays: < 0.005 mm V vane value, ultimate shearing strength, tsf 
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PHOENIX, ARIZONA 85004 



Subject: Geophysical Evaluation 
U-Haul 2962 Baseline
Cornelius, Oregon



Dear Mr. George: 



In accordance with your authorization, Atlas Technical Consultants has performed a geophysical 
evaluation pertaining to the subject property located at 2962 East Baseline Street in Cornelius, 
Oregon. The primary purpose of the study is to characterize the subsurface geologic conditions 
at the project site through the collection of seismic surface wave data. It is our understanding that 
the results of this report will be used by project stakeholders for design and construction at the 
site. Specifically, our services included the performance of a single refraction microtremor (ReMi) 
one dimensional (1-D) passive source shear wave profile at the site. This report presents the 
survey methodology, equipment used, analysis, and findings. Our services were conducted on 
February 16, 2023. 



We appreciate the opportunity to be of service on this project. Should you have any questions 
related to this report, please contact the undersigned at your convenience. 



Respectfully submitted, 
Atlas Technical Consultants LLC 



Andrew Baird  Patrick F. Lehrmann, P.G. (CA, OR, MO), P.Gp. (CA) 
Project Geophysicist Principal Geologist/Geophysicist 



TSW:LRC:ASB:PFL:ds 
Distribution: Edgar_George@Uhaul.com 
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1. INTRODUCTION



In accordance with your authorization, Atlas Technical Consultants has performed a geophysical 
evaluation pertaining to the subject property located at 2962 East Baseline Street in Cornelius, 
Oregon (Figure 1). The primary purpose of the study is to characterize the subsurface geologic 
conditions at the project site through the collection of seismic surface wave data. It is our 
understanding that the results of this report will be used by project stakeholders for design and 
construction at the site. Specifically, our services included the performance of a single refraction 
microtremor (ReMi) one dimensional (1-D) passive source shear wave profile at the site. This 
report presents the survey methodology, equipment used, analysis, and findings. Our services 
were conducted on February 16, 2023. 



2. SCOPE OF SERVICE



Our scope of services included:



• Performance of a 1-D ReMi profile (RL-1).



• Compilation and geophysical analysis of the collected data.



• Preparation of this illustrated report presenting our methodology and findings.



3. SITE AND PROJECT DESCRIPTION



The U-Haul 2962 Baseline project site is located at 2962 East Baseline Street in Cornelius, 
Oregon (Figure 2). Specifically, the 1-D ReMi seismic study was performed in a north-south 
orientation over a portion of an asphalt paved parking lot and extended into unpaved gravel and 
grassy areas. Figure 2 depicts the general site conditions in the study area. 



4. STUDY METHODOLOGY



The passive source 1-D ReMi technique uses recorded surface waves (specifically Rayleigh 
waves) that are contained in background noise to develop a shear-wave velocity profile of the 
study area down to a depth, in this case, of approximately 100 feet below ground surface (bgs). 
The depth of exploration is dependent on the length of the line and the frequency content of the 
background noise. The results of the ReMi method are displayed as a one-dimensional sounding 
which represents the average condition across the length of the line. The ReMi method does not 
require an increase of material velocity with depth; therefore, low-velocity zones (velocity 
inversions) are detectable with ReMi. 



Our ReMi evaluation included the use of a 24-channel Geometrics Geode seismograph and 24, 
4.5-Hz vertical component geophones. The geophones were spaced 10 feet apart for a total line 
length of 230 feet for RL-1. A total of 27 records, each 32 seconds in duration, were recorded, 
with 15 of the files utilizing passive data collection of ambient ground vibration noise and 
12 utilizing an active source generated by a 20-pound sledgehammer, a metal strike plate, and 
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an HDPE plastic strike plate. The active source data files included conducting hammer blows at 
locations on both ends of the seismic spread at approximately 30 feet off the end of the 
geophone array. Six active source files were collected at each end of the line with three active 
files using a metal strike plate and three active files using a HDPE plastic strike plate. Data 
collected was then downloaded to a field computer and the data was later processed using 
Surface Plus 9.1 - Advanced Surface Wave Processing Software (Geogiga Technology Corp., 
2020), which uses the refraction microtremor method (Louie, 2001) and other surface wave 
analysis methods. The program generates phase-velocity dispersion curves for each record and 
provides an interactive dispersion modeling tool to provide the best fitting model. The result is a 
1-D shear-wave velocity model of the site which, based on published studies, is typically 85 to 95
percent of the velocity of shear waves, and results in a relatively conservative estimate of shear
wave velocity using the ReMi surface wave data and analysis method.



5. RESULTS AND CONCLUSIONS



As discussed, the purpose of our ReMi study was to develop shear-wave velocity profiles to be 
used for design and construction at the study site. Table 1 and Figure 3 present the results from 
our ReMi evaluation. When the 1-D ReMi surface wave velocity results (analogous to shear wave) 
show an IBC Vs100 velocity value that is close to the "border line" boundary between two IBC 
Vs100 Site Classes, the project geotechnical engineering consultant of record should be 
consulted regarding existing available site information and whether obtaining additional new 
geotechnical evaluation data such as boreholes, surface to downhole seismic (ASTM D7400), 
cross hole seismic (ASTM D4428), and/or additional 1-D ReMi data collections would be 
advisable. The project geotechnical engineering consultant of record might wish to consider the 
subsurface geologic stratigraphy and structure, soil mechanics, and soil modulus, along with the 
initial 1-D ReMi results when assessing a "borderline" IBC Vs100 Seismic Site Class and whether 
additional geophysical or geotechnical evaluations are needed. 



Table 1 – ReMi Results  



Line Number Depth (ft) Shear-Wave Velocity 
(feet/second) 



Average Shear-Wave 
Velocity (Vs100) Site Class (IBC, 2018) 



RL-1 
(N-S) 



0-5 551 ft/s



Vs = 741 ft/s ‘D’ 



5-12 499 ft/s
12-27 567 ft/s 



27-31 658 ft/s
31-40 697 ft/s 



40-49 892 ft/s 



49-74 877 ft/s 



74-95 905 ft/s 



95-100 1,054 ft/s
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6. LIMITATIONS



The field evaluation and geophysical analyses presented in this report have been conducted in 
general accordance with current practice and the standard of care exercised by consultants 
performing similar tasks in the project area. No warranty, express or implied, is made regarding 
the conclusions and opinions presented in this report. There is no evaluation detailed enough to 
reveal every subsurface condition. Variations may exist and conditions not observed or described 
in this report may be present. Uncertainties relative to subsurface conditions can be reduced 
through additional subsurface exploration. Additional subsurface evaluation will be performed 
upon request.  



This document is intended to be used only in its entirety. No portion of the document, by itself, is 
designed to completely represent any aspect of the project described herein. Atlas should be 
contacted if the reader requires additional information or has questions regarding the content, 
interpretations presented, or completeness of this document. This report is intended exclusively 
for use by the client. Any use or reuse of the findings, conclusions, and/or recommendations of 
this report by parties other than the client is undertaken at said parties’ sole risk. 
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Geotechnical-Engineering Report
Important Information about This



Subsurface problems are a principal cause of construction delays, cost overruns, claims, and disputes. 



While you cannot eliminate all such risks, you can manage them. The following information is provided to help.



The Geoprofessional Business Association (GBA) 
has prepared this advisory to help you – assumedly 
a client representative – interpret and apply this 
geotechnical-engineering report as effectively as 



exposure to problems associated with subsurface 
conditions at project sites and development of 
them that, for decades, have been a principal cause 
of construction delays, cost overruns, claims, 
and disputes. If you have questions or want more 
information about any of the issues discussed herein, 
contact your GBA-member geotechnical engineer. 
Active engagement in GBA exposes geotechnical 
engineers to a wide array of risk-confrontation 



everyone involved with a construction project.



Understand the Geotechnical-Engineering Services 
Provided for this Report
Geotechnical-engineering services typically include the planning, 
collection, interpretation, and analysis of exploratory data from 
widely spaced borings and/or test pits. Field data are combined 
with results from laboratory tests of soil and rock samples obtained 
from field exploration (if applicable), observations made during site 
reconnaissance, and historical information to form one or more models 
of the expected subsurface conditions beneath the site. Local geology 
and alterations of the site surface and subsurface by previous and 
proposed construction are also important considerations. Geotechnical 
engineers apply their engineering training, experience, and judgment 
to adapt the requirements of the prospective project to the subsurface 
model(s).  Estimates are made of the subsurface conditions that 
will likely be exposed during construction as well as the expected 
performance of foundations and other structures being planned and/or 
affected by construction activities.



The culmination of these geotechnical-engineering services is typically a 
geotechnical-engineering report providing the data obtained, a discussion 
of the subsurface model(s), the engineering and geologic engineering 
assessments and analyses made, and the recommendations developed 
to satisfy the given requirements of the project. These reports may be 
titled investigations, explorations, studies, assessments, or evaluations. 
Regardless of the title used, the geotechnical-engineering report is an  
engineering interpretation of the subsurface conditions within the context 
of the project and does not represent a close examination, systematic 
inquiry, or thorough investigation of all site and subsurface conditions.



Geotechnical-Engineering Services are Performed 
 



Geotechnical engineers structure their services to meet the specific 
needs, goals, and risk management preferences of their clients. A 
geotechnical-engineering study conducted for a given civil engineer 



will not likely meet the needs of a civil-works constructor or even a 
different civil engineer. Because each geotechnical-engineering study 
is unique, each geotechnical-engineering report is unique, prepared 
solely for the client.



Likewise, geotechnical-engineering services are performed for a specific 
project and purpose. For example, it is unlikely that a geotechnical-
engineering study for a refrigerated warehouse will be the same as 
one prepared for a parking garage; and a few borings drilled during 
a preliminary study to evaluate site feasibility will not be adequate to 
develop geotechnical design recommendations for the project.



Do not rely on this report if your geotechnical engineer prepared it: 
• for a different client;
• for a different project or purpose;
• for a different site (that may or may not include all or a portion of 



the original site); or
• before important events occurred at the site or adjacent to it; 



e.g., man-made events like construction or environmental 
remediation, or natural events like floods, droughts, earthquakes, 
or groundwater fluctuations.



 
Note, too, the reliability of a geotechnical-engineering report can 
be affected by the passage of time, because of factors like changed 
subsurface conditions; new or modified codes, standards, or 
regulations; or new techniques or tools. If you are the least bit uncertain 
about the continued reliability of this report, contact your geotechnical 
engineer before applying the recommendations in it. A minor amount 
of additional testing or analysis after the passage of time – if any is 
required at all – could prevent major problems.



Read this Report in Full
Costly problems have occurred because those relying on a geotechnical-
engineering report did not read the report in its entirety. Do not rely on 
an executive summary. Do not read selective elements only. Read and 
refer to the report in full.



You Need to Inform Your Geotechnical Engineer  
About Change
Your geotechnical engineer considered unique, project-specific factors 
when developing the scope of study behind this report and developing 
the confirmation-dependent recommendations the report conveys. 
Typical changes that could erode the reliability of this report include 
those that affect:



• the site’s size or shape;
• the elevation, configuration, location, orientation,  



function or weight of the proposed structure and  
the desired performance criteria;



• the composition of the design team; or 
• project ownership.



As a general rule, always inform your geotechnical engineer of project 
or site changes – even minor ones – and request an assessment of their 
impact. The geotechnical engineer who prepared this report cannot accept 











responsibility or liability for problems that arise because the geotechnical 
engineer was not informed about developments the engineer otherwise 
would have considered.



Most of the “Findings” Related in This Report  
Are Professional Opinions
Before construction begins, geotechnical engineers explore a site’s 
subsurface using various sampling and testing procedures. Geotechnical 
engineers can observe actual subsurface conditions only at those specific 
locations where sampling and testing is performed. The data derived from 
that sampling and testing were reviewed by your geotechnical engineer, 
who then applied professional judgement to form opinions about 
subsurface conditions throughout the site. Actual sitewide-subsurface 
conditions may differ – maybe significantly – from those indicated in 
this report. Confront that risk by retaining your geotechnical engineer 
to serve on the design team through project completion to obtain 
informed guidance quickly, whenever needed.



This Report’s Recommendations Are  



The recommendations included in this report – including any options or 
alternatives – are confirmation-dependent. In other words, they are not 
final, because the geotechnical engineer who developed them relied heavily 
on judgement and opinion to do so. Your geotechnical engineer can finalize 
the recommendations only after observing actual subsurface conditions 
exposed during construction. If through observation your geotechnical 
engineer confirms that the conditions assumed to exist actually do exist, 
the recommendations can be relied upon, assuming no other changes have 
occurred. The geotechnical engineer who prepared this report cannot assume 
responsibility or liability for confirmation-dependent recommendations if you 
fail to retain that engineer to perform construction observation.



This Report Could Be Misinterpreted
Other design professionals’ misinterpretation of geotechnical-
engineering reports has resulted in costly problems. Confront that risk 
by having your geotechnical engineer serve as a continuing member of 
the design team, to: 



• confer with other design-team members;
• help develop specifications;
• review pertinent elements of other design professionals’ plans and 



specifications; and
• be available whenever geotechnical-engineering guidance is needed.



You should also confront the risk of constructors misinterpreting this 
report. Do so by retaining your geotechnical engineer to participate in 
prebid and preconstruction conferences and to perform construction-
phase observations. 



Give Constructors a Complete Report and Guidance
Some owners and design professionals mistakenly believe they can shift 
unanticipated-subsurface-conditions liability to constructors by limiting 
the information they provide for bid preparation. To help prevent 
the costly, contentious problems this practice has caused, include the 
complete geotechnical-engineering report, along with any attachments 
or appendices, with your contract documents, but be certain to note 



conspicuously that you’ve included the material for information purposes 
only. To avoid misunderstanding, you may also want to note that 
“informational purposes” means constructors have no right to rely on 
the interpretations, opinions, conclusions, or recommendations in the 
report. Be certain that constructors know they may learn about specific 
project requirements, including options selected from the report, only 
from the design drawings and specifications. Remind constructors 
that they may perform their own studies if they want to, and be sure to 
allow enough time to permit them to do so. Only then might you be in 
a position to give constructors the information available to you, while 
requiring them to at least share some of the financial responsibilities 
stemming from unanticipated conditions. Conducting prebid and 
preconstruction conferences can also be valuable in this respect.



Read Responsibility Provisions Closely
Some client representatives, design professionals, and constructors do 
not realize that geotechnical engineering is far less exact than other 
engineering disciplines. This happens in part because soil and rock on 
project sites are typically heterogeneous and not manufactured materials 
with well-defined engineering properties like steel and concrete. That 
lack of understanding has nurtured unrealistic expectations that have 
resulted in disappointments, delays, cost overruns, claims, and disputes. 
To confront that risk, geotechnical engineers commonly include 
explanatory provisions in their reports. Sometimes labeled “limitations,” 
many of these provisions indicate where geotechnical engineers’ 
responsibilities begin and end, to help others recognize their own 
responsibilities and risks. Read these provisions closely. Ask questions. 
Your geotechnical engineer should respond fully and frankly.



Geoenvironmental Concerns Are Not Covered
The personnel, equipment, and techniques used to perform an 
environmental study – e.g., a “phase-one” or “phase-two” environmental 
site assessment – differ significantly from those used to perform a 
geotechnical-engineering study. For that reason, a geotechnical-engineering 
report does not usually provide environmental findings, conclusions, or 
recommendations; e.g., about the likelihood of encountering underground 
storage tanks or regulated contaminants. Unanticipated subsurface 
environmental problems have led to project failures. If you have not 
obtained your own environmental information about the project site, 
ask your geotechnical consultant for a recommendation on how to find 
environmental risk-management guidance.



 



While your geotechnical engineer may have addressed groundwater, 
water infiltration, or similar issues in this report, the engineer’s 
services were not designed, conducted, or intended to prevent 
migration of moisture – including water vapor – from the soil 
through building slabs and walls and into the building interior, where 
it can cause mold growth and material-performance deficiencies. 
Accordingly, proper implementation of the geotechnical engineer’s 
recommendations will not of itself be sufficient to prevent 
moisture infiltration. Confront the risk of moisture infiltration by 
including building-envelope or mold specialists on the design team. 
Geotechnical engineers are not building-envelope or mold specialists.
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You don't often get email from tim.franz@corneliusor.gov. Learn why this is important

Hello Brian, 
 
When you talk with Yvette, you may also want to inquire if there is adequate room for the line.  It will be in the 10’ area
between the property line and foundation/footing of the building.  If the footprint of the building needs to be shifted
slightly to the west, now would be the time to make/show that minor adjustment. 
 
 
 
Tim Franz, Senior Planner
City of Cornelius
Community Development
1300 S. Kodiak Circle
Mailing: 1355 N. Barlow Street
Cornelius, OR 97113
 
Phone: (503) 357-3011
 
 
 
 

From: Terry Keyes <terry.keyes@corneliusor.gov> 
Sent: Wednesday, February 7, 2024 2:49 PM
To: Brian Lee <brianl@paceengrs.com>
Cc: Zulema Longoria <zulema_longoria@uhaul.com>; Tim Franz <Tim.Franz@corneliusor.gov>; Dan Flatten
<dan_flatten@uhaul.com>; Barbara Fryer <Barbara.Fryer@corneliusor.gov>; Yvette Hamilton <yhamilton@forestgrove-
or.gov>
Subject: Re: Cornelius : U-Haul - Engineering Comments
 
Brian, 
 
You might check with Yvette Hamilton, our Building Official to verify that the storm drain location works and can be
approved for a plumbing permit.  I copied Yvette on this email.
 
The connection to the mainline should be with an insert-tee.  Attached is the detail to use for this connection.
 
 
 
Terry W. Keyes, PE 
City Engineer 
City of Cornelius 
1355 N. Barlow Street 
Cornelius, OR  97113 
503-357-3011 office phone 
503-449-3631 cell phone
terry.keyes@corneliusor.gov
 
 
 
 
 

On Feb 7, 2024, at 2:27 PM, Brian Lee <brianl@paceengrs.com> wrote:
 

Some people who received this message don't often get email from brianl@paceengrs.com. Learn why this is important

Terry,
 
Thanks for the reply, see attached sketch of what we are working on.
 
Does the City have a preference as to how to tie into the exiting storm? Use a cut in tee, inserta-tee, a wye
or ??
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You don't often get email from terry.keyes@corneliusor.gov. Learn why this is important

 
 
 

Brian Lee, PE, LEED AP 
Principal Engineer 
p. 503.597.3222 | d. 971.329.4186

   

 

LAND  |  WATER  |  INFRASTRUCTURE  |  FACILITIES
 
 

   
 

 
 

From: Terry Keyes <terry.keyes@corneliusor.gov> 
Sent: Wednesday, February 7, 2024 2:21 PM
To: Brian Lee <brianl@paceengrs.com>
Cc: Zulema Longoria <zulema_longoria@uhaul.com>; Tim Franz <Tim.Franz@corneliusor.gov>; Dan Flatten
<dan_flatten@uhaul.com>; Barbara Fryer <Barbara.Fryer@corneliusor.gov>
Subject: Re: Cornelius : U-Haul - Engineering Comments
 

Brian, 
 
That sounds perfect.
 
Terry W. Keyes, PE 
City Engineer 
City of Cornelius 
1355 N. Barlow Street 
Cornelius, OR  97113 
503-357-3011 office phone 
503-449-3631 cell phone
terry.keyes@corneliusor.gov
 
 

On Feb 7, 2024, at 11:52 AM, Brian Lee <brianl@paceengrs.com> wrote:
 

Some people who received this message don't often get email from brianl@paceengrs.com. Learn why this is
important

Terry,
 
The current plan is to run the storm outfall to the south, between the building and the property
line and tie into the storm line in Baseline.
 
 

Brian Lee, PE, LEED AP 
Principal Engineer 
p. 503.597.3222 | d. 971.329.4186
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From: Terry Keyes <terry.keyes@corneliusor.gov> 
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You don't often get email from terry.keyes@corneliusor.gov. Learn why this is important

Sent: Wednesday, February 7, 2024 11:30 AM
To: Brian Lee <brianl@paceengrs.com>
Cc: Zulema Longoria <zulema_longoria@uhaul.com>; Tim Franz <Tim.Franz@corneliusor.gov>;
Dan Flatten <dan_flatten@uhaul.com>; Barbara Fryer <Barbara.Fryer@corneliusor.gov>
Subject: Re: Cornelius : U-Haul - Engineering Comments
 

Brian, 
 
If you have questions about whether something is feasible in our system, please ask before
putting the final design together.
 
Terry W. Keyes, PE 
City Engineer 
City of Cornelius 
1355 N. Barlow Street 
Cornelius, OR  97113 
503-357-3011 office phone 
503-449-3631 cell phone
terry.keyes@corneliusor.gov
 
 

On Feb 7, 2024, at 9:44 AM, Brian Lee <brianl@paceengrs.com> wrote:
 
Zulema,
 
My team is working on the stormwater updates per our conversation last week.  I
expect the update to be done this week.
 
 

Brian Lee, PE, LEED AP 
Principal Engineer 
p. 503.597.3222 | d. 971.329.4186
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From: Zulema Longoria <zulema_longoria@uhaul.com> 
Sent: Wednesday, February 7, 2024 9:15 AM
To: Tim Franz <Tim.Franz@corneliusor.gov>; Dan Flatten
<dan_flatten@uhaul.com>; Brian Lee <brianl@paceengrs.com>
Cc: Barbara Fryer <Barbara.Fryer@corneliusor.gov>; Terry Keyes
<terry.keyes@corneliusor.gov>
Subject: Cornelius : U-Haul - Engineering Comments 
 
Hello Brian: Good morning.
Can you please send Tim Franz the revised stormwater designs for Cornelius, OR
so he can complete the staff report for the PZ hearing scheduled on 02-27-24?
 
He will need it as soon as possible.
 
Thank you, 
 
Zulema Longoria, Planner
AMERCO Real Estate Co/U-Haul Int
2727 N Central Ave
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Phoenix, AZ  85004
602-263-6502 ext 515306
 

From: Tim Franz <Tim.Franz@corneliusor.gov> 
Sent: Thursday, February 1, 2024 9:52 AM
To: Shannon Marvin-Christopherson <shannon_marvin@uhaul.com>; Zulema
Longoria <zulema_longoria@uhaul.com>
Cc: Barbara Fryer <Barbara.Fryer@corneliusor.gov>; Terry Keyes
<terry.keyes@corneliusor.gov>; Brian Lee <brianl@paceengrs.com>
Subject: U-Haul - Engineering Comments 
 
CAUTION: This email came from an external sender. Do not click links or attachments unless
you know the sender and the content is safe.

Good morning, 
 
Yesterday afternoon we received Engineering Comments from Terry Keyes, the
City Engineer, regarding your project in Cornelius.  Based upon his comments,
there are major concerns regarding the proposed Stormwater facility.  Please
review the comments, which are attached.  
 
We are in the process of working on the staff report and we wanted to give you
an opportunity to review and address these concerns, before the staff report to
the Planning Commission is finalized.  If you would like to address these issues for
the staff report, please let us know by the EOB on February 6.  Any plans

(cutsheets) would need to be provided no later than February 14th. 
 

The final staff report will be completed and available for review on February 20th. 
 
Please feel free to reach out to Terry Keyes, City Engineer or us at (503) 357-3011
to discuss or answer and any questions you may have. 
 
Sincerely, 
 
Tim Franz, Senior Planner
City of Cornelius
Community Development
1300 S. Kodiak Circle
Mailing: 1355 N. Barlow Street
Cornelius, OR 97113
 
Phone: (503) 357-3011
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U-HAUL MOVING & STORAGE - STORE 704072
CORNELIUS, OREGON
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STREET TREES & PUBLIC WORKS TREE DIVERSITY REQUIREMENTS

N. 29th Avenue 360 LF Frontage / 30' Tree = 12 Street Trees
E. Baseline Street 217 LF Frontage / 30' Tree = 8 Street Trees
20 Total Street Trees Required

10 different tree species, 9 different tree genera, & 7 different tree families proposed.

SYMBOL BOTANICAL NAME COMMON NAME SIZE QTY REMARKS

CONIFEROUS TREES
Chamaecyparis obtusa `Gracilis` Slender Hinoki Cypress 6` HT. MIN 8

STREET TREES

Calocedrus decurrens Incense Cedar 5` HT. MIN. 2 Family: Cupressaceae (10%)

Cercidiphyllum japonicum Katsura Tree 2" CAL. MIN. B&B 2 Family: Cercidiphyllaceae (5%)

Davidia involucrata Handkerchief Tree 2" CAL. MIN. B&B 2 Family: Nyssaceae (5%)

Fagus sylvatica 'Atropunicea' Purple European Beech 2" CAL. MIN. B&B 4 Family: Fagaceae (30%)

Liriodendron tulipifera Tulip Tree 2" CAL. MIN. B&B 2 Family: Magnoliaceae (5%)

Pseudotsuga menziesii Douglas Fir 5` HT. MIN. 2 Family: Pinaceae (5%)

Quercus coccinea Scarlet Oak 2" CAL. MIN. B&B 2 Family: Fagaceae (30%)

Quercus rubra Red Oak 2" CAL. MIN. B&B 2 Family: Fagaceae (30%)

Thuja plicata Western Red Cedar 5` HT. MIN. 2 Family: Cupressaceae (10%)

Ulmus americana 'Princeton' Princeton American Elm 2" CAL. MIN. B&B 2 Family: Ulmaceae (5%)

SHRUBS
Berberis thunbergii `Crimson Pygmy` Crimson Pygmy Barberry 2 GAL 17
Cistus x hybridus White Rockrose 2 GAL 40
Nandina domestica `Burgandy Wine Burgandy Wine Heavenly Bamboo 2 GAL 22
Pinus mugo mugo Dwarf Mugo Pine 2 GAL 4
Potentilla fruticosa Bush Cinquefoil 2 GAL 6
Rhododendron x `Hino-crimson` Hino-crimson Kurume Azalea 2 GAL 12
Thuja occidentalis 'Smaragd' Emerald Green Arborvitae 6` HT. MIN. 27

GRASSES
Helictotrichon sempervirens Blue Oat Grass 2 GAL 22

SYMBOL CODE BOTANICAL NAME COMMON NAME SIZE SPACING QTY REMARKS

GROUND COVERS

LAWN Lawn Hydroseed Drought Tolerant Fescue Blend --- 26,108 sf

CWS STORMWATER FACILITY PLANTING STANDARDS (4.09.2 Detention Pond)
6,551 SF TOTAL AREA

Plant Species per CWS standards, Appendix A "Storm Water Facility (swf)"
3 or more evergreen species, pond bottom side slopes and freeboard to be fully vegetated
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PRELIMINARY DRAINAGE REPORT 

1.0 PURPOSE AND INTRODUCTION 
 
This report represents the drainage analysis that was performed on a 2.96 acre parcel located 
at 2962 E. Baseline Street (HWY 8) located in Cornelius, Oregon. It is made up of 2 tax lots 
(1N334DD 7700 and 7900).  The proposed project is to redevelop the property into a U-Haul 
storage facility.  
 
Due to frontage improvements required by the City of Cornelius, the Right of Way (ROW) 
drainage area on NE 29th Avenue were included in the drainage analysis for the purposes of this 
report. This project triggers Clean Water Services (CWS) stormwater management for both 
water quality and quantity. To determine the stormwater quantity control required for the project, 
CWS uses three criteria. For this site, the RISK is Low, the DEVELOPMENT CLASS is 
Developed Area and the SIZE is Large.  This puts the development into Category 2, requiring 
peak flow matching detention. 
 
While infiltration of stormwater is an option to meet Category 2 requirements, the predominately 
clay soils in this area make infiltrating significant volumes of runoff nearly impossible. 
Meeting these detention requirements is typically accomplished using an open pond or 
underground detention pipes on the site. The Client has selected an open pond for stormwater 
management. 
 
This is the documentation of the goals for which the stormwater facility for this site were 
designed to meet, the sources of information upon which the analysis is based, the design 
methodology, and the results of the analysis. The analysis was performed using a hydrologic 
and hydraulic model built in an Excel Spreadsheet using the SBUH method. Water quality and 
quantity performance goals are based on current Clean Water Services (CWS) and ODOT 
standards. 

2.0 PROJECT LOCATION AND DESCRIPTION 

 

The proposed improvements are in Cornelius, Oregon. The site is bordered by NE 29th Avenue 

the West and E. Baseline Rd (HWY 8) to the South. 

 

2.1 Project Location 

 

ITEM DESCRIPTION 

Address 2962 E. Baseline Street, Cornelius, OR 97113 

Watershed Council Creek Sub-Watershed of Tualatin River Watershed 

County Washington County 

Zoning Highway Commercial (C-2) 
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ITEM DESCRIPTION 

Area 
Onsite Stormwater Collection Area – 2.96 acres 

Offsite Stormwater Collection Area – (+/-) 0.31 acres  

Existing improvements 

The existing site is mostly undeveloped.  Currently Murphy’s 

furniture store is located along E. Baseline Road with a few 

connections (catch basins) to the storm sewer system in the right 

of way. 

Current ground cover 
Gravel and asphalt parking areas, a building and undeveloped 

natural ground cover. 

Existing topography 

The ground naturally slopes to the East. Two (2) existing drainage 

ditches run Easterly to a lower area that collects stormwater 

runoff. No current outlet. 

Surrounding Features 
Surrounding features consist of roadways, single family 

residences and a regional natural resource area (Council Creek).  

Nearby Water Bodies 

The stormwater on the property drains to a natural lower area and 

pools.  In the past it had a connection to the stormwater system 

that drained to Council Creek natural area. Council Creek drains 

into the Tualatin River. 

Soils 

37B – Quatama loam, 3 to 7 percent slopes 

2027A - Verboort silty clay loam, 0 to 3 percent slopes 

37A - Quatama loam, 0 to 3 percent slopes 

 

2.2 Project Description 

 

The project facility serves the 2.96-acre property and 0.31-acre Right of Way (ROW) frontage 

improvements on N. 29th Avenue. It does not take in upstream drainage from natural or 

manmade drainage systems. A Storm Drainage Plan is included in the Appendix. 

 

ITEM DESCRIPTION 

Proposed Improvements 

The proposed improvements include:  

• Earthwork modifications to create a new AC parking, 

landscaping and building pad. 

• Installing an open pond detention system. 

• Installing new flow control structure to meter the discharge 

into the existing 36” storm sewer pipe on E. Baseline 

Street. 
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3.0 HYDRAULIC AND HYDROLOGIC DESIGN 

 

3.1 Hydrologic and Hydraulic Model 

 

Hydrologic and hydraulic calculations to estimate runoff flows were conducted using Excel 

Spreadsheet based SBUH model for rainfall-runoff-routing simulation model using the following 

information to develop the model: 

• Soil Conservation Service (“SCS”) Type 1A hyetograph for rainfall distribution developed 

from ODOT Isopluvial Maps and published CWS storm depths, see table 3-1. 

• Drainage area basin based on local contour maps. This area was assigned a Runoff 

Curve Number of 79 for pre-industrial conditions, assumed to be undeveloped pasture 

land and Washington County Soil Survey classifications for pre-industrial conditions. A 

Runoff Curve Number of 98 for the current proposed conditions was used, where 100% 

impervious land cover was assumed. 

• Existing stormwater system pipe network with hydraulic information provided by City of 

Cornelius and data collected during ALTA site survey.  

Table 3.1 – Study Precipitation Depths 

Recurrence Interval (Years) 24-hour Rainfall Depth (inches) 

Water Quality – ½ 2-yr per 
ODOT Isopluvial 

1.11 

CWS 2-yr 2.5 

CWS 10-yr 3.45 

CWS 25-yr 3.9 

100-yr 4.5 

 

3.2 Water Quality Design Requirements 

 

Clean Water Services (CWS) is the local permitting agency for stormwater discharges from 
the project. 
 
The following information summarizes these water quality parameters below: 

 

Impervious Area (Onsite + ROW) = 107909 SF 

Area * 0.03’ = 3237 CF Required 
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Max Outflow  = 0.019 CFS 

 

Water quality treatment in the proposed design is performed by capturing and treating the 

required water quality volume of each storm event. This is accomplished by sizing the lowest 

orifice and setting its elevation to retain the 3237 CF of water to release less than the 0.019 

CFS rate. 

 

3.3 Water Quantity Design Goals 

 

The current flow control standards of the existing facility are limiting the peak discharge in the 

developed condition to match the pre-industrial peak discharge or release less than ½ the 2-yr, 

10-yr, and 25-yr frequency storm events. The goal of this project is to meet current CWS flow 

control performance standards. 

 

3.4 Existing Flow Control 

 
The current system has no discharge.  Previous construction removed the piping and 
connections to the discharge pipe running East to the wetland area of Council Creek.  
 

3.5 Proposed Facility Flow Control Design 

 

The proposed storm pond system discharges are designed to meet the peak flow requirements 
for the ½ of the 2-yr, 10-yr, and 25-yr events. The proposed facility outlets to a flow control 
manhole that consist of two orifices (0.96-inch and 1.65-inch) and an overflow weir with a crest 
height of 3-ft. The control manhole will outlet to an existing 36” storm line along East Baseline 
Street before the runoff eventually outfalls to the wetland area of Council Creek.   
 
See the following table for combined pond flow control performance of the system: 

24-Hour Storm Event Pre-Industrial (Target) Peak 
Flow (cfs) 

Post-Project Peak Release 
(cfs) 

CWS ½ of 2-yr 0.157 0.157 

CWS 10-yr 0.723 0.464 

CWS 25-yr 0.943 0.701 

 

3.6 Gravity Pipe Conveyance Design 

 

Gravity conveyance pipes for the project have been designed using manning’s equation to pass 

the 25-year storm event at full or less than full flow.  
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3.7 Storm System Outfall Design 

 

The proposed facility will outlet to a control structure before it outfalls to an existing 36” storm 

line located on East Baseline Street. The existing pipe will convey the stormwater before it is 

eventually discharges into the wetland area of Council Creek. 

4.0 OFFSITE CONSIDERATIONS 

 

4.1 Downstream Drainage 

 

This project will reduce peak flows during large storm events to predeveloped conditions. 

Therefore, it is not anticipated that the downstream path is at risk of damage due to the project. 

 

4.2 Flood Hazard Risk 

 

The project’s hydraulic model evaluated an additional storm using the CWS 100-year storm 

depth. The orifice sizes for the storm facility system were sized to accommodate the 100-year 

storm; however, in this event, flow is not limited to the pre-developed conditions. Therefore, 

flooding of the system is not anticipated.  
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Preface
Soil surveys contain information that affects land use planning in survey areas. 
They highlight soil limitations that affect various land uses and provide information 
about the properties of the soils in the survey areas. Soil surveys are designed for 
many different users, including farmers, ranchers, foresters, agronomists, urban 
planners, community officials, engineers, developers, builders, and home buyers. 
Also, conservationists, teachers, students, and specialists in recreation, waste 
disposal, and pollution control can use the surveys to help them understand, 
protect, or enhance the environment.

Various land use regulations of Federal, State, and local governments may impose 
special restrictions on land use or land treatment. Soil surveys identify soil 
properties that are used in making various land use or land treatment decisions. 
The information is intended to help the land users identify and reduce the effects of 
soil limitations on various land uses. The landowner or user is responsible for 
identifying and complying with existing laws and regulations.

Although soil survey information can be used for general farm, local, and wider area 
planning, onsite investigation is needed to supplement this information in some 
cases. Examples include soil quality assessments (http://www.nrcs.usda.gov/wps/
portal/nrcs/main/soils/health/) and certain conservation and engineering 
applications. For more detailed information, contact your local USDA Service Center 
(https://offices.sc.egov.usda.gov/locator/app?agency=nrcs) or your NRCS State Soil 
Scientist (http://www.nrcs.usda.gov/wps/portal/nrcs/detail/soils/contactus/?
cid=nrcs142p2_053951).

Great differences in soil properties can occur within short distances. Some soils are 
seasonally wet or subject to flooding. Some are too unstable to be used as a 
foundation for buildings or roads. Clayey or wet soils are poorly suited to use as 
septic tank absorption fields. A high water table makes a soil poorly suited to 
basements or underground installations.

The National Cooperative Soil Survey is a joint effort of the United States 
Department of Agriculture and other Federal agencies, State agencies including the 
Agricultural Experiment Stations, and local agencies. The Natural Resources 
Conservation Service (NRCS) has leadership for the Federal part of the National 
Cooperative Soil Survey.

Information about soils is updated periodically. Updated information is available 
through the NRCS Web Soil Survey, the site for official soil survey information.

The U.S. Department of Agriculture (USDA) prohibits discrimination in all its 
programs and activities on the basis of race, color, national origin, age, disability, 
and where applicable, sex, marital status, familial status, parental status, religion, 
sexual orientation, genetic information, political beliefs, reprisal, or because all or a 
part of an individual's income is derived from any public assistance program. (Not 
all prohibited bases apply to all programs.) Persons with disabilities who require 
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https://offices.sc.egov.usda.gov/locator/app?agency=nrcs
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alternative means for communication of program information (Braille, large print, 
audiotape, etc.) should contact USDA's TARGET Center at (202) 720-2600 (voice 
and TDD). To file a complaint of discrimination, write to USDA, Director, Office of 
Civil Rights, 1400 Independence Avenue, S.W., Washington, D.C. 20250-9410 or 
call (800) 795-3272 (voice) or (202) 720-6382 (TDD). USDA is an equal opportunity 
provider and employer.
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Soil Map
The soil map section includes the soil map for the defined area of interest, a list of 
soil map units on the map and extent of each map unit, and cartographic symbols 
displayed on the map. Also presented are various metadata about data used to 
produce the map, and a description of each soil map unit.
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MAP LEGEND MAP INFORMATION

Area of Interest (AOI)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

Soil Map Unit Lines

Soil Map Unit Points

Special Point Features
Blowout

Borrow Pit

Clay Spot

Closed Depression

Gravel Pit

Gravelly Spot

Landfill

Lava Flow

Marsh or swamp

Mine or Quarry

Miscellaneous Water

Perennial Water

Rock Outcrop

Saline Spot

Sandy Spot

Severely Eroded Spot

Sinkhole

Slide or Slip

Sodic Spot

Spoil Area

Stony Spot

Very Stony Spot

Wet Spot

Other

Special Line Features

Water Features
Streams and Canals

Transportation
Rails

Interstate Highways

US Routes

Major Roads

Local Roads

Background
Aerial Photography

The soil surveys that comprise your AOI were mapped at 
1:20,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause 
misunderstanding of the detail of mapping and accuracy of soil 
line placement. The maps do not show the small areas of 
contrasting soils that could have been shown at a more detailed 
scale.

Please rely on the bar scale on each map sheet for map 
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL: 
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator 
projection, which preserves direction and shape but distorts 
distance and area. A projection that preserves area, such as the 
Albers equal-area conic projection, should be used if more 
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as 
of the version date(s) listed below.

Soil Survey Area: Washington County, Oregon
Survey Area Data: Version 22, Sep 14, 2022

Soil map units are labeled (as space allows) for map scales 
1:50,000 or larger.

Date(s) aerial images were photographed: Apr 16, 2021—Apr 
18, 2021

The orthophoto or other base map on which the soil lines were 
compiled and digitized probably differs from the background 
imagery displayed on these maps. As a result, some minor 
shifting of map unit boundaries may be evident.

Custom Soil Resource Report
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Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

37A Quatama loam, 0 to 3 percent 
slopes

0.4 12.3%

37B Quatama loam, 3 to 7 percent 
slopes

1.4 48.1%

2027A Verboort silty clay loam, 0 to 3 
percent slopes

1.2 39.6%

Totals for Area of Interest 3.0 100.0%

Map Unit Descriptions
The map units delineated on the detailed soil maps in a soil survey represent the 
soils or miscellaneous areas in the survey area. The map unit descriptions, along 
with the maps, can be used to determine the composition and properties of a unit.

A map unit delineation on a soil map represents an area dominated by one or more 
major kinds of soil or miscellaneous areas. A map unit is identified and named 
according to the taxonomic classification of the dominant soils. Within a taxonomic 
class there are precisely defined limits for the properties of the soils. On the 
landscape, however, the soils are natural phenomena, and they have the 
characteristic variability of all natural phenomena. Thus, the range of some 
observed properties may extend beyond the limits defined for a taxonomic class. 
Areas of soils of a single taxonomic class rarely, if ever, can be mapped without 
including areas of other taxonomic classes. Consequently, every map unit is made 
up of the soils or miscellaneous areas for which it is named and some minor 
components that belong to taxonomic classes other than those of the major soils.

Most minor soils have properties similar to those of the dominant soil or soils in the 
map unit, and thus they do not affect use and management. These are called 
noncontrasting, or similar, components. They may or may not be mentioned in a 
particular map unit description. Other minor components, however, have properties 
and behavioral characteristics divergent enough to affect use or to require different 
management. These are called contrasting, or dissimilar, components. They 
generally are in small areas and could not be mapped separately because of the 
scale used. Some small areas of strongly contrasting soils or miscellaneous areas 
are identified by a special symbol on the maps. If included in the database for a 
given area, the contrasting minor components are identified in the map unit 
descriptions along with some characteristics of each. A few areas of minor 
components may not have been observed, and consequently they are not 
mentioned in the descriptions, especially where the pattern was so complex that it 
was impractical to make enough observations to identify all the soils and 
miscellaneous areas on the landscape.

The presence of minor components in a map unit in no way diminishes the 
usefulness or accuracy of the data. The objective of mapping is not to delineate 
pure taxonomic classes but rather to separate the landscape into landforms or 
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landform segments that have similar use and management requirements. The 
delineation of such segments on the map provides sufficient information for the 
development of resource plans. If intensive use of small areas is planned, however, 
onsite investigation is needed to define and locate the soils and miscellaneous 
areas.

An identifying symbol precedes the map unit name in the map unit descriptions. 
Each description includes general facts about the unit and gives important soil 
properties and qualities.

Soils that have profiles that are almost alike make up a soil series. Except for 
differences in texture of the surface layer, all the soils of a series have major 
horizons that are similar in composition, thickness, and arrangement.

Soils of one series can differ in texture of the surface layer, slope, stoniness, 
salinity, degree of erosion, and other characteristics that affect their use. On the 
basis of such differences, a soil series is divided into soil phases. Most of the areas 
shown on the detailed soil maps are phases of soil series. The name of a soil phase 
commonly indicates a feature that affects use or management. For example, Alpha 
silt loam, 0 to 2 percent slopes, is a phase of the Alpha series.

Some map units are made up of two or more major soils or miscellaneous areas. 
These map units are complexes, associations, or undifferentiated groups.

A complex consists of two or more soils or miscellaneous areas in such an intricate 
pattern or in such small areas that they cannot be shown separately on the maps. 
The pattern and proportion of the soils or miscellaneous areas are somewhat similar 
in all areas. Alpha-Beta complex, 0 to 6 percent slopes, is an example.

An association is made up of two or more geographically associated soils or 
miscellaneous areas that are shown as one unit on the maps. Because of present 
or anticipated uses of the map units in the survey area, it was not considered 
practical or necessary to map the soils or miscellaneous areas separately. The 
pattern and relative proportion of the soils or miscellaneous areas are somewhat 
similar. Alpha-Beta association, 0 to 2 percent slopes, is an example.

An undifferentiated group is made up of two or more soils or miscellaneous areas 
that could be mapped individually but are mapped as one unit because similar 
interpretations can be made for use and management. The pattern and proportion 
of the soils or miscellaneous areas in a mapped area are not uniform. An area can 
be made up of only one of the major soils or miscellaneous areas, or it can be made 
up of all of them. Alpha and Beta soils, 0 to 2 percent slopes, is an example.

Some surveys include miscellaneous areas. Such areas have little or no soil 
material and support little or no vegetation. Rock outcrop is an example.

Custom Soil Resource Report
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Washington County, Oregon

37A—Quatama loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 21zl
Elevation: 140 to 250 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Quatama and similar soils: 85 percent
Minor components: 4 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Quatama

Setting
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium

Typical profile
H1 - 0 to 15 inches: loam
H2 - 15 to 30 inches: clay loam
H3 - 30 to 62 inches: loam

Properties and qualities
Slope: 0 to 3 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: About 24 to 36 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)

Interpretive groups
Land capability classification (irrigated): 2w
Land capability classification (nonirrigated): 2w
Hydrologic Soil Group: C
Ecological site: R002XC008OR - Valley Terrace Group
Forage suitability group: Moderately Well Drained < 15% Slopes (G002XY004OR)
Other vegetative classification: Moderately Well Drained < 15% Slopes 

(G002XY004OR)
Hydric soil rating: No

Minor Components

Huberly
Percent of map unit: 4 percent

Custom Soil Resource Report
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Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Poorly Drained (G002XY006OR)
Hydric soil rating: Yes

37B—Quatama loam, 3 to 7 percent slopes

Map Unit Setting
National map unit symbol: 21zm
Elevation: 140 to 250 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 52 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: All areas are prime farmland

Map Unit Composition
Quatama and similar soils: 85 percent
Minor components: 4 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Quatama

Setting
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Loamy alluvium

Typical profile
H1 - 0 to 15 inches: loam
H2 - 15 to 30 inches: clay loam
H3 - 30 to 62 inches: loam

Properties and qualities
Slope: 3 to 7 percent
Depth to restrictive feature: More than 80 inches
Drainage class: Moderately well drained
Capacity of the most limiting layer to transmit water (Ksat): Moderately high (0.20 

to 0.57 in/hr)
Depth to water table: About 24 to 36 inches
Frequency of flooding: None
Frequency of ponding: None
Available water supply, 0 to 60 inches: Moderate (about 8.8 inches)

Interpretive groups
Land capability classification (irrigated): 2e
Land capability classification (nonirrigated): 2e
Hydrologic Soil Group: C

Custom Soil Resource Report
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Ecological site: R002XC008OR - Valley Terrace Group
Forage suitability group: Moderately Well Drained < 15% Slopes (G002XY004OR)
Other vegetative classification: Moderately Well Drained < 15% Slopes 

(G002XY004OR)
Hydric soil rating: No

Minor Components

Huberly
Percent of map unit: 4 percent
Landform: Terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Linear
Other vegetative classification: Poorly Drained (G002XY006OR)
Hydric soil rating: Yes

2027A—Verboort silty clay loam, 0 to 3 percent slopes

Map Unit Setting
National map unit symbol: 2mj15
Elevation: 150 to 300 feet
Mean annual precipitation: 40 to 50 inches
Mean annual air temperature: 50 to 54 degrees F
Frost-free period: 165 to 210 days
Farmland classification: Farmland of statewide importance

Map Unit Composition
Verboort and similar soils: 94 percent
Minor components: 5 percent
Estimates are based on observations, descriptions, and transects of the mapunit.

Description of Verboort

Setting
Landform: Flood plains on terraces
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Concave
Parent material: Loamy alluvium over silty and clayey glaciolacustrine deposits

Typical profile
Ap - 0 to 8 inches: silty clay loam
A - 8 to 12 inches: silty clay loam
E - 12 to 19 inches: silty clay loam
2Btg - 19 to 28 inches: clay
2BCtg - 28 to 33 inches: silty clay
2Cg - 33 to 60 inches: silty clay loam

Properties and qualities
Slope: 0 to 3 percent

Custom Soil Resource Report
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Depth to restrictive feature: 16 to 26 inches to abrupt textural change
Drainage class: Poorly drained
Capacity of the most limiting layer to transmit water (Ksat): Very low to moderately 

low (0.00 to 0.06 in/hr)
Depth to water table: About 0 to 8 inches
Frequency of flooding: NoneFrequent
Frequency of ponding: Frequent
Available water supply, 0 to 60 inches: Low (about 4.1 inches)

Interpretive groups
Land capability classification (irrigated): 3w
Land capability classification (nonirrigated): 3w
Hydrologic Soil Group: D
Ecological site: R002XC007OR - Valley Swale Group
Forage suitability group: Poorly Drained (G002XY006OR)
Other vegetative classification: Poorly Drained (G002XY006OR)
Hydric soil rating: Yes

Minor Components

Waldo
Percent of map unit: 5 percent
Landform: Flood plains
Landform position (three-dimensional): Tread
Down-slope shape: Linear
Across-slope shape: Concave
Other vegetative classification: Poorly Drained (G002XY006OR)
Hydric soil rating: Yes

Custom Soil Resource Report

13



STORE 704072  

DRAINAGE REPORT 
FEBRUARY 2024 

 
 

 
 

 
 

THIS PAGE IS INTENTIONALLY LEFT BLANK.  



Preliminary Water Quality Calculations
Project: U-Haul Cornelius 

Date: 8-Feb

Impervious areas:

Streets & Sidewalks 98000 sf

Offsite ROW 9909 sf

107909 sf total

Required Water Quality Storage:

Impervious Area * 0.03' = Required Storage

Storage (cf) = 3237 cf

Water Quality Flow:
WQF= WQV/(4 hours * 60min * 60sec)

WQF = 0.225 cfs

= 101 gpm

Extended Dry Detention Drawdown Rate:
WQV/(48 hours * 60min * 60sec)

WQD = 0.019 cfs

Pond Storage Calculations:

Elev Surf Area Storage

(ft) (sq ft) (cu ft)

0 3600 0.00

0.05 3639 180.98 Q=CA(2gH)^.5

0.10 3678 363.91 Orifice Sizing:

0.15 3718 548.82 Orifice coefficient = 0.62

0.20 3757 735.70 Qavg = 0.019

0.25 3797 924.57 2/3 WQH = 0.55

0.30 3837 1115.43 Area (sf) = 0.005

0.35 3877 1308.29 Diameter (in.)= 0.96

0.40 3918 1503.17

0.45 3958 1700.08 WQVH = 0.83

0.50 3999 1899.01 2/3 WQH = 0.55

0.55 4040 2099.98

0.60 4081 2303.00

0.65 4122 2508.08

0.70 4164 2715.23

0.75 4205 2924.45

0.80 4247 3135.76

0.85 4289 3349.16



Project: UH Cornelius

Project Number: 23836

Date: 2/9/24

STORAGE ROUTING Basin: Council Creek

Event: 2 yr

Hydrograph Data: Pre- Post- PRE-DEVELOPED Impervious Area:
Onsite Area + ROW Area = 142553 142553 SF Pervious Area: Area = 0 SF

Onsite Area + ROW Area = 3.27 3.27 acres Area = 3.27 acres Area = 0.00 acres
Pt = 2.5 2.5 inches CN = 78 CN = 98

dt = 2 2 min S = 2.82 S = 0.20
Tc = 30 24 min 0.2S = 0.56 0.2S = 0.04

w  = 0.032258 0.04 Rout. Con.

POST-DEVELOPED Impervious Area:
Hydrograph Results: Pervious Area: Area = 107909 SF

Pre-Developed Peak Runoff: 0.313 cfs Area = 0.7953 acres Area = 2.4772 acres

Pre Developed Total Volume: 9130.6 CF CN = 86 CN = 98

S = 1.63 S = 0.20
Post-Developed Peak Runoff: 1.35 cfs 0.2S = 0.33 0.2S = 0.04

Post Developed Total Volume: 23738.4 CF

Pond Data: Outlet Data:
Bottom Length 90.0 FT Orif1 A = 0.01 sq. ft. Broad Crested

Bottom Width 40.0 FT Orif1 E = 0 Weir1 L = feet

Side Slope 3 Horizontal: 1 Vertical Dia 1   = 0.96 inches Weir1 E =

Bottom Area 3600 SF

Depth of Effective Side Perc 0 FT Orif2 A = 0.01 sq. ft. Rectangular

Soil Media Depth 1.5 FT Orif2 E = 0.83 Weir2 L = 3 feet

Gravel Layer Depth 0 FT Dia 2   = 1.65 inches Weir2 E = 3.5

Soil Media porosity 25%

Gravel Layer porosity 40% Orif3 A = 0.00 sq. ft. Routing Results:

Infiltration Rate 0 in/hr Orif3 E = MAX STORAGE = 15193.4

Infli Safety Factor 2 Dia 3   = inches MAX OUTLET = 0.157

MAX Infiltration = 0.000

MAX Bypass = 0.157

MAX Depth = 2.85

INFLOW HYDROGRAPH
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Project: UH Cornelius

Project Number: 23836

Date: 2/9/24

STORAGE ROUTING Basin: BASIN

Event: 10 yr

Hydrograph Data: Pre- Post- PRE-DEVELOPED Impervious Area:
Onsite Area + ROW Area = 142553 142553 SF Pervious Area: Area = 0 SF

Onsite Area + ROW Area = 3.27 3.27 acres Area = 3.27 acres Area = 0.0000 acres
Pt = 3.45 3.45 inches CN = 78 CN = 98

dt = 2 2 min S = 2.82 S = 0.20
Tc = 30 24 min 0.2S = 0.56 0.2S = 0.04

w  = 0.032258 0.04 Rout. Con.

POST-DEVELOPED Impervious Area:
Hydrograph Results: Pervious Area: Area = 107909 SF

Pre-Developed Peak Runoff: 0.723 cfs Area = 0.7953 acres Area = 2.4772 acres

Pre Developed Total Volume: 16967.9 CF CN = 86 CN = 98

S = 1.63 S = 0.20
Post-Developed Peak Runoff: 1.97 cfs 0.2S = 0.33 0.2S = 0.04

Post Developed Total Volume: 34474.5 CF

Pond Data: Outlet Data:
Bottom Length 90.0 FT Orif1 A = 0.01 sq. ft. Broad Crested

Bottom Width 40.0 FT Orif1 E = 0 Weir1 L = feet

Side Slope 3 Horizontal: 1 Vertical Dia 1   = 0.96 inches Weir1 E =

Bottom Area 3600 SF

Depth of Effective Side Perc 0 FT Orif2 A = 0.01 sq. ft. Rectangular

Soil Media Depth 1.5 FT Orif2 E = 0.83 Weir2 L = 3 feet

Gravel Layer Depth 0 FT Dia 2   = 1.65 inches Weir2 E = 3.5

Soil Media porosity 25%

Gravel Layer porosity 40% Orif3 A = 0.00 sq. ft. Routing Results:

Infiltration Rate 0 in/hr Orif3 E = MAX STORAGE = 19943.7

Infli Safety Factor 2 Dia 3   = inches MAX OUTLET = 0.464

MAX Infiltration = 0.000

MAX Bypass = 0.464

MAX Depth = 3.600

INFLOW HYDROGRAPH
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Project: UH Cornelius

Project Number: 23836

Date: 2/9/24

STORAGE ROUTING Basin: BASIN

Event: 25 yr

Hydrograph Data: Pre- Post- PRE-DEVELOPED Impervious Area:
Onsite Area + Offsite Area = 142553 142553 SF Pervious Area: Area = 0 SF

Onsite Area + Offsite Area = 3.27 3.27 acres Area = 3.2726 acres Area = 0.0000 acres
Pt = 3.9 3.9 inches CN = 78 CN = 98

dt = 2 2 min S = 2.82 S = 0.20
Tc = 30 24 min 0.2S = 0.56 0.2S = 0.04

w  = 0.032258 0.04 Rout. Con.

POST-DEVELOPED Impervious Area:
Hydrograph Results: Pervious Area: Area = 107909 SF

Pre-Developed Peak Runoff: 0.943 cfs Area = 0.7953 acres Area = 2.4772 acres

Pre Developed Total Volume: 21035.6 CF CN = 86 CN = 98

S = 1.63 S = 0.20
Post-Developed Peak Runoff: 2.26 cfs 0.2S = 0.33 0.2S = 0.04

Post Developed Total Volume: 39617.4 CF

Pond Data: Outlet Data:
Bottom Length 90.0 FT Orif1 A = 0.01 sq. ft. Broad Crested

Bottom Width 40.0 FT Orif1 E = 0 Weir1 L = feet

Side Slope 3 Horizontal: 1 Vertical Dia 1   = 0.96 inches Weir1 E =

Bottom Area 3600 SF

Depth of Effective Side Perc 0 FT Orif2 A = 0.01 sq. ft. Rectangular

Soil Media Depth 1.5 FT Orif2 E = 0.83 Weir2 L = 3 feet

Gravel Layer Depth 0 FT Dia 2   = 1.65 inches Weir2 E = 3.5

Soil Media porosity 25%

Gravel Layer porosity 40% Orif3 A = 0.00 sq. ft. Routing Results:

Infiltration Rate 0 in/hr Orif3 E = MAX STORAGE = 20289.2

Infli Safety Factor 2 Dia 3   = inches MAX OUTLET = 0.701

MAX Infiltration = 0.000

MAX Bypass = 0.701

MAX Depth = 3.650

INFLOW HYDROGRAPH
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Project: UH Cornelius

Project Number: 23836

Date: 2/9/24

STORAGE ROUTING Basin: BASIN

Event: 100 yr

Hydrograph Data: Pre- Post- PRE-DEVELOPED Impervious Area:
Onsite Area + Offsite Area = 142553 142553 SF Pervious Area: Area = 0 SF

Onsite Area + Offsite Area = 3.27 3.27 acres Area = 3.27 acres Area = 0.0000 acres
Pt = 4.5 4.5 inches CN = 78 CN = 98

dt = 2 2 min S = 2.82 S = 0.20
Tc = 30 24 min 0.2S = 0.56 0.2S = 0.04

w  = 0.032258 0.04 Rout. Con.

POST-DEVELOPED Impervious Area:
Hydrograph Results: Pervious Area: Area = 107909 SF

Pre-Developed Peak Runoff: 1.252 cfs Area = 0.7953 acres Area = 2.4772 acres

Pre Developed Total Volume: 26709.6 CF CN = 86 CN = 98

S = 1.63 S = 0.20
Post-Developed Peak Runoff: 2.653 cfs 0.2S = 0.33 0.2S = 0.04

Post Developed Total Volume: 46511.9 CF

Pond Data: Outlet Data:
Bottom Length 90.0 FT Orif1 A = 0.01 sq. ft. Broad Crested

Bottom Width 40.0 FT Orif1 E = 0 Weir1 L = feet

Side Slope 3 Horizontal: 1 Vertical Dia 1   = 0.97 inches Weir1 E =

Bottom Area 3600 SF

Depth of Effective Side Perc 0 FT Orif2 A = 0.01 sq. ft. Rectangular

Soil Media Depth 1.5 FT Orif2 E = 0.83 Weir2 L = 3 feet

Gravel Layer Depth 0 FT Dia 2   = 1.65 inches Weir2 E = 3.5

Soil Media porosity 25%

Gravel Layer porosity 40% Orif3 A = 0.00 sq. ft. Routing Results:

Infiltration Rate 0 in/hr Orif3 E = MAX STORAGE = 20556.7

Infli Safety Factor 2 Dia 3   = inches MAX OUTLET = 0.702

MAX Infiltration = 0.000

MAX Bypass = 0.702

MAX Depth = 3.650

INFLOW HYDROGRAPH
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