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A Brief Introduction 

This Project-Specific WQMP Template for the Santa Ana Region has been prepared to help guide you in 
documenting compliance for your project. Because this document has been designed to specifically 
document compliance, you will need to utilize the WQMP Guidance Document as your “how-to” manual 
to help guide you through this process. Both the Template and Guidance Document go hand-in-hand, and 
will help facilitate a well prepared Project-Specific WQMP. Below is a flowchart for the layout of this 
Template that will provide the steps required to document compliance.  
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OWNER’S CERTIFICATION 
 
This Project-Specific Water Quality Management Plan (WQMP) has been prepared for Richland Communities by 
Hunsaker & Associates Irvine, Inc. for the Stoneridge project. 

 
This WQMP is intended to comply with the requirements of County of Riverside for Ordinance 754 which includes 
the requirement for the preparation and implementation of a Project-Specific WQMP.  

The undersigned, while owning the property/project described in the preceding paragraph, shall be responsible for 
the implementation and funding of this WQMP and will ensure that this WQMP is amended as appropriate to reflect 
up-to-date conditions on the site.  In addition, the property owner accepts responsibility for interim operation and 
maintenance of Stormwater BMPs until such time as this responsibility is formally transferred to a subsequent 
owner. This WQMP will be reviewed with the facility operator, facility supervisors, employees, tenants, maintenance 
and service contractors, or any other party (or parties) having responsibility for implementing portions of this 
WQMP.  At least one copy of this WQMP will be maintained at the project site or project office in perpetuity. The 
undersigned is authorized to certify and to approve implementation of this WQMP.  The undersigned is aware that 
implementation of this WQMP is enforceable under the County of Riverside Water Quality Ordinance (Municipal 
Code Section 754). 

"I, the undersigned, certify under penalty of law that the provisions of this WQMP have been reviewed and accepted 
and that the WQMP will be transferred to future successors in interest." 
 
 
    
Owner’s Signature      Date 
  
    
Owner’s Printed Name       Owner’s Title/Position  
 
 
 
PREPARER’S CERTIFICATION 
 
“The selection, sizing and design of stormwater treatment and other stormwater quality and quantity control 
measures in this plan meet the requirements of Regional Water Quality Control Board Order No. R8-2010-0033 and 
any subsequent amendments thereto.” 
 
 
 
    
Preparer’s Signature      Date 
  
    
Preparer’s Printed Name       Preparer’s Title/Position  
 
 
  
Preparer’s Licensure:          
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[ƛǎǘ ƻŦ ¢ŀōƭŜǎ 
¢ŀōƭŜ !Φм LŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ wŜŎŜƛǾƛƴƎ ²ŀǘŜǊǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ т 
¢ŀōƭŜ !Φн hǘƘŜǊ !ǇǇƭƛŎŀōƭŜ tŜǊƳƛǘǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ т 
¢ŀōƭŜ /Φм 5a! /ƭŀǎǎƛŦƛŎŀǘƛƻƴǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мм 
¢ŀōƭŜ /Φн ¢ȅǇŜ Ψ!ΩΣ {ŜƭŦπ¢ǊŜŀǘƛƴƎ !ǊŜŀǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мн 
¢ŀōƭŜ /Φо ¢ȅǇŜ Ψ.ΩΣ {ŜƭŦπwŜǘŀƛƴƛƴƎ !ǊŜŀǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мн 
¢ŀōƭŜ /Φп ¢ȅǇŜ Ψ/ΩΣ !ǊŜŀǎ ǘƘŀǘ 5Ǌŀƛƴ ǘƻ {ŜƭŦπwŜǘŀƛƴƛƴƎ !ǊŜŀǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мн 
¢ŀōƭŜ /Φр ¢ȅǇŜ Ψ5ΩΣ !ǊŜŀǎ 5ǊŀƛƴƛƴƎ ǘƻ .atǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мо 
¢ŀōƭŜ 5Φм LƴŦƛƭǘǊŀǘƛƻƴ CŜŀǎƛōƛƭƛǘȅ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мп 
¢ŀōƭŜ 5Φн [L5 tǊƛƻǊƛǘƛȊŀǘƛƻƴ {ǳƳƳŀǊȅ aŀǘǊƛȄ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ му 
¢ŀōƭŜ 5Φо 5/± /ŀƭŎǳƭŀǘƛƻƴǎ ŦƻǊ [L5 .atǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ мф 
¢ŀōƭŜ 9Φм tƻǘŜƴǘƛŀƭ tƻƭƭǳǘŀƴǘǎ ōȅ [ŀƴŘ ¦ǎŜ ¢ȅǇŜ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нм 
¢ŀōƭŜ 9Φн ²ŀǘŜǊ vǳŀƭƛǘȅ /ǊŜŘƛǘǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нн 
¢ŀōƭŜ 9Φо ¢ǊŜŀǘƳŜƴǘ /ƻƴǘǊƻƭ .at {ƛȊƛƴƎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нн 
¢ŀōƭŜ 9Φп ¢ǊŜŀǘƳŜƴǘ /ƻƴǘǊƻƭ .at {ŜƭŜŎǘƛƻƴ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ но 
¢ŀōƭŜ CΦм IȅŘǊƻƭƻƎƛŎ /ƻƴŘƛǘƛƻƴǎ ƻŦ /ƻƴŎŜǊƴ {ǳƳƳŀǊȅ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нп 
¢ŀōƭŜ DΦм tŜǊƳŀƴŜƴǘ ŀƴŘ hǇŜǊŀǘƛƻƴŀƭ {ƻǳǊŎŜ /ƻƴǘǊƻƭ aŜŀǎǳǊŜǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ нс 
¢ŀōƭŜ IΦм /ƻƴǎǘǊǳŎǘƛƻƴ tƭŀƴ /ǊƻǎǎπǊŜŦŜǊŜƴŎŜ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ну 

 
[ƛǎǘ ƻŦ !ǇǇŜƴŘƛŎŜǎ 
!ǇǇŜƴŘƛȄ мΥ aŀǇǎ ŀƴŘ {ƛǘŜ tƭŀƴǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ол 

!ǇǇŜƴŘƛȄ нΥ /ƻƴǎǘǊǳŎǘƛƻƴ tƭŀƴǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ ом 

!ǇǇŜƴŘƛȄ оΥ {ƻƛƭǎ LƴŦƻǊƳŀǘƛƻƴ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ он 

!ǇǇŜƴŘƛȄ пΥ IƛǎǘƻǊƛŎŀƭ {ƛǘŜ /ƻƴŘƛǘƛƻƴǎ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ оо 

!ǇǇŜƴŘƛȄ рΥ [L5 LƴŦŜŀǎƛōƛƭƛǘȅ ΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦΦ оп 
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County of Riverside Grading Permits 

If yes is answered to any of the questions above, the Co-Permittee may require proof of 
approval/coverage from those agencies as applicable including documentation of any associated 
requirements that may affect this Project-Specific WQMP. 
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Section B: Optimize Site Utilization (LID Principles) 
Review of the information collected in Section ‘A’ will aid in identifying the principal constraints on site 
design and selection of LID BMPs as well as opportunities to reduce imperviousness and incorporate LID 
Principles into the site and landscape design.  For example, constraints might include impermeable soils, 
high groundwater, groundwater pollution or contaminated soils, steep slopes, geotechnical instability, 
high-intensity land use, heavy pedestrian or vehicular traffic, utility locations or safety concerns.  
Opportunities might include existing natural areas, low areas, oddly configured or otherwise unbuildable 
parcels, easements and landscape amenities including open space and buffers (which can double as 
locations for bioretention BMPs), and differences in elevation (which can provide hydraulic head).  
Prepare a brief narrative for each of the site optimization strategies described below.  This narrative will 
help you as you proceed with your LID design and explain your design decisions to others.  

The 2010 Santa Ana MS4 Permit further requires that LID Retention BMPs (Infiltration Only or Harvest and 
Use) be used unless it can be shown that those BMPs are infeasible.  Therefore, it is important that your 
narrative identify and justify if there are any constraints that would prevent the use of those categories 
of LID BMPs.  Similarly, you should also note opportunities that exist which will be utilized during project 
design.  Upon completion of identifying Constraints and Opportunities, include these on your WQMP Site 
plan in Appendix 1. 

Consideration of “highest and best use” of the discharge should also be considered. For example, Lake 
Elsinore is evaporating faster than runoff from natural precipitation can recharge it. Requiring infiltration 
of 85% of runoff events for projects tributary to Lake Elsinore would only exacerbate current water quality 
problems associated with Pollutant concentration due to lake water evaporation. In cases where rainfall 
events have low potential to recharge Lake Elsinore (i.e. no hydraulic connection between groundwater 
to Lake Elsinore, or other factors), requiring infiltration of Urban Runoff from projects is 
counterproductive to the overall watershed goals. Project proponents, in these cases, would be allowed 
to discharge Urban Runoff, provided they used equally effective filtration-based BMPs. 
 

Site Optimization 

The following questions are based upon Section 3.2 of the WQMP Guidance Document. Review of the 
WQMP Guidance Document will help you determine how best to optimize your site and subsequently 
identify opportunities and/or constraints, and document compliance. 

Did you identify and preserve existing drainage patterns? If so, how? If not, why? 

In the existing condition, a majority of the northern portion of the site drains northerly towards Ramona 
Expressway and a small portion of the site drains to the south towards Nuevo Road.  

Did you identify and protect existing vegetation? If so, how? If not, why? 

The site is currently vacant with sparse vegetation. The proposed development will incorporate 
landscaping/open in accordance with the County of Riverside landscaping standards.  

Did you identify and preserve natural infiltration capacity? If so, how? If not, why? 

Based on the infiltration tests conducted for the project, observed infiltration rates ranged from 0.1 to 0.5 
inches per hour. Therefore, preserving natural infiltration is not conducive to the proposed development.  

Did you identify and minimize impervious area? If so, how? If not, why? 
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The development’s buildings and streets will be designed to the minimum standards.  

Did you identify and disperse runoff to adjacent pervious areas? If so, how? If not, why? 

The project’s grading and drainage design has been developed to convey runoff from impervious areas to 
pervious areas to the maximum extent practicable.  
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Section C: Delineate Drainage Management Areas 
(DMAs) 
Utilizing the procedure in Section 3.3 of the WQMP Guidance Document which discusses the methods of 
delineating and mapping your project site into individual DMAs, complete Table C.1 below to 
appropriately categorize the types of classification (e.g., Type A, Type B, etc.) per DMA for your project 
site. Upon completion of this table, this information will then be used to populate and tabulate the 
corresponding tables for their respective DMA classifications. 

Table C.1 DMA Classifications 
DMA Name or ID Surface Type(s)12 Area (Sq. Ft.) DMA Type 

DMA 1 Mixed Surface Type 658,627 D 
DMA 2 Mixed Surface Type 128,502 D 
DMA 3 Mixed Surface Type 304,484 D 
DMA 4 Mixed Surface Type 492,663 D 
DMA 5 Mixed Surface Type 124,146 D 
DMA 6 Mixed Surface Type 463,478 D 
DMA 7 Mixed Surface Type 3,326,241 D 
DMA 8 Mixed Surface Type 714,819 D 
DMA 9 Concrete or Asphalt 564,537 D 

DMA 10 Mixed Surface Type 3,014,787 D 
DMA 11 Mixed Surface Type 1,537,232 D 
DMA 12 Mixed Surface Type 471,319 D 
DMA 13 Concrete or Asphalt 36,590 D 
DMA 14 Ornamental Landscaping 21,780 D 
DMA 15 Mixed Surface Type 226,512 D 
DMA 16 Mixed Surface Type 228,254 D 
DMA 17 Mixed Surface Type 186,436 D 
DMA 18 Mixed Surface Type 120,225 D 
DMA 19 Mixed Surface Type 117,176 D 
DMA 20 Mixed Surface Type 105,415 D 
DMA 21 Mixed Surface Type 141,570 D 
DMA 22 Concrete or Asphalt 104,544 D 
DMA 23 Mixed Surface Type 456,944 D 
DMA 24 Concrete or Asphalt 298,821 D 
DMA 25 Concrete or Asphalt 65,340 D 
DMA 26 Mixed Surface Type 397,702 D 
DMA 27 Mixed Surface Type 1,146,934 D 
DMA 28 Mixed Surface Type 240,075 D 
DMA 29 Concrete or Asphalt 261,360 D 
DMA 30 Concrete or Asphalt 36,590 D 
DMA 31 Mixed Surface Type 307,098 D 
DMA 32 Mixed Surface Type 203,425 D 
DMA 33 Mixed Surface Type 211,701 D 
DMA 34 Mixed Surface Type 202,554 D 
DMA 35 Mixed Surface Type 228,254 D 
DMA 36 Mixed Surface Type 273,992 D 
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Table C.5 Type ‘D’, Areas Draining to BMPs 
DMA Name or ID BMP Name or ID MWS Sizing and Capacity (cfs) 

DMA 1 Modular Wetland System  2 - 8’x24’ (1.38) & 1- 8’x16’ (0.462) 
DMA 2 Modular Wetland System 1 - 8’x16’ (0.462) 
DMA 3 Modular Wetland System 1 - 8’x24’ (0.693) &  1 - 4’x8’ (0.114) 
DMA 4 Modular Wetland System 2 - 8'x24' (1.386)  1 - 4'x4' (0.052) 
DMA 5 Modular Wetland System 1 - 8'x12' (0.346) 
DMA 6 Modular Wetland System 2 - 8'x24' (1.386) 
DMA 7 Modular Wetland System 13 - 8'x24' (9.0) & 1 - 4'x17' (0.206) 
DMA 8 Modular Wetland System 3 - 8'x24' (2.07)  
DMA 9 Modular Wetland System 3 - 8'x24' (2.07) & 1 - 4'x19' (0.237) 

DMA 10 Modular Wetland System 12 - 8'x24' (8.316) 
DMA 11 Modular Wetland System 6 - 8'x24' (4.15) & 1 - 4'x4' (0.052) 
DMA 12 Modular Wetland System 2 - 8'x24' (1.386) 
DMA 13 Modular Wetland System 1 - 4'x8' (0.115) 
DMA 14 Modular Wetland System  
DMA 15 Modular Wetland System 1 - 8'x24' (0.693) 
DMA 16 Modular Wetland System 1 - 8'x24' (0.693) 
DMA 17 Modular Wetland System 1 - 8'x20' (0.577) 
DMA 18 Modular Wetland System 1 - 8'x12' (0.346) 
DMA 19 Modular Wetland System 1 - 8'x12' (0.346) 
DMA 20 Modular Wetland System 1 - 8'x12' (0.346) 

DMA 21 Modular Wetland System 1 - 8'x16' (0.462) 
DMA 22 Modular Wetland System 1 - 8'x16' (0.462) 
DMA 23 Modular Wetland System 2 - 8'x24' (1.386) 
DMA 24 Modular Wetland System 1 - 8'x24' (0.693) & 1 - 8'x16' (0.577) 
DMA 25 Modular Wetland System 1 - 8'x12' (0.346) 
DMA 26 Modular Wetland System 1 - 8'x24' (0.693) & 1 - 8'x16' (0.462) 
DMA 27 Modular Wetland System 4 - 8'x24' (2.772) & 1 - 8'x16' (0.462) 
DMA 28 Modular Wetland System 1 - 8'x24' (0.693) & 1 - 4'x4' (0.052) 
DMA 29 Modular Wetland System 1- 8'x24' (0.693) & 1 - 8'x16' (0.462) 
DMA 30 Modular Wetland System 1 - 4'x8' (0.115) 
DMA 31 Modular Wetland System 1 - 4'x8' (0.115) 
DMA 32 Modular Wetland System 1 - 8'x24' (0.693) 
DMA 33 Modular Wetland System 1 - 8'x24' (0.693) 
DMA 34 Modular Wetland System 1 - 8'x24' (0.693) 
DMA 35 Modular Wetland System 1 - 8'x24' (0.693) 
DMA 36 Modular Wetland System 1 - 8'x24' (0.692) & 1 - 4'x8' (0.115) 

Note: More than one drainage management area can drain to a single LID 
BMP, however, one drainage management area may not drain to more than 
one BMP. 
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Section D: Implement LID BMPs 

D.1 Infiltration Applicability  
Is there an approved downstream ‘Highest and Best Use’ for stormwater runoff (see discussion in Chapter 
2.4.4 of the WQMP Guidance Document for further details)?   Y  N 

If yes has been checked, Infiltration BMPs shall not be used for the site; proceed to section D.3  

If no, continue working through this section to implement your LID BMPs. It is recommended that you 
contact your Co-Permittee to verify whether or not your project discharges to an approved downstream 
‘Highest and Best Use’ feature. 

 
Geotechnical Report 

A Geotechnical Report or Phase I Environmental Site Assessment may be required by the Copermittee to 
confirm present and past site characteristics that may affect the use of Infiltration BMPs. In addition, the 
Co-Permittee, at their discretion, may not require a geotechnical report for small projects as described in 
Chapter 2 of the WQMP Guidance Document. If a geotechnical report has been prepared, include it in 
Appendix 3. In addition, if a Phase I Environmental Site Assessment has been prepared, include it in 
Appendix 4. 

Is this project classified as a small project consistent with the requirements of Chapter 2 of the WQMP 
Guidance Document?  Y  N 

Infiltration Feasibility 

Table D.1 below is meant to provide a simple means of assessing which DMAs on your site support 
Infiltration BMPs and is discussed in the WQMP Guidance Document in Chapter 2.4.5. Check the 
appropriate box for each question and then list affected DMAs as applicable. If additional space is needed, 
add a row below the corresponding answer.  

Table D.1 Infiltration Feasibility 
Does the project site… YES NO 
…have any DMAs with a seasonal high groundwater mark shallower than 10 feet?  x 
          If Yes, list affected DMAs:   
…have any DMAs located within 100 feet of a water supply well?  x 
          If Yes, list affected DMAs:   
…have any areas identified by the geotechnical report as posing a public safety risk where infiltration of stormwater 
could have a negative impact? 

 x 

          If Yes, list affected DMAs:   
…have measured in-situ infiltration rates of less than 1.6 inches / hour? x  
          If Yes, list affected DMAs: DMA’s 1 and 2 have observed infiltration rates ranging from 0.1 to 0.5 inches per 
hour.  

  

…have significant cut and/or fill conditions that would preclude in-situ testing of infiltration rates at the final 
infiltration surface? 

 x 

          If Yes, list affected DMAs:   
…geotechnical report identify other site-specific factors that would preclude effective and safe infiltration?  x 
          Describe here:    

If you answered “Yes” to any of the questions above for any DMA, Infiltration BMPs should not be used 
for those DMAs and you should proceed to the assessment for Harvest and Use below. 
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Toilet Use Feasibility 

Complete the following steps to determine the feasibility of harvesting stormwater runoff for toilet 
flushing uses on your site: 

Step 1: Identify the projected total number of daily toilet users during the wet season, and account for 
any periodic shut downs or other lapses in occupancy: 

 Projected Number of Daily Toilet Users: Number of daily Toilet Users 

 Project Type: Enter 'Residential', 'Commercial', 'Industrial' or 'Schools' 

Step 2: Identify the planned total of all impervious areas on the proposed project from which runoff 
might be feasibly captured and stored for toilet use.  Depending on the configuration of 
buildings and other impervious areas on the site, you may consider the site as a whole, or parts 
of the site, to evaluate reasonable scenarios for capturing and storing runoff and directing the 
stored runoff to the potential use(s) identified in Step 1 above.  

 Total Area of Impervious Surfaces: Insert Area (Acres) 

Step 3: Enter the Design Storm depth for the project site (see Exhibit A) into the left column of Table 2-
2 in Chapter 2 to determine the minimum number or toilet users per tributary impervious acre 
(TUTIA). 

 Enter your TUTIA factor: TUTIA Factor 

Step 4: Multiply the unit value obtained from Step 3 by the total of impervious areas from Step 2 to 
develop the minimum number of toilet users that would be required.  

 Minimum number of toilet users: Required number of toilet users 

Step 5: Determine if harvesting stormwater runoff for toilet flushing use is feasible for the project by 
comparing the Number of Daily Toilet Users (Step 1) to the minimum required number of toilet 
users (Step 4). 

 

Minimum required Toilet Users (Step 4) Projected number of toilet users (Step 1) 

Insert Area (Acres) Insert Area (Acres) 
 

Other Non-Potable Use Feasibility 

Are there other non-potable uses for stormwater runoff on the site (e.g. industrial use)? See Chapter 2 of 
the Guidance for further information.  If yes, describe below. If no, write N/A. 

Insert narrative description here. 

Step 1: Identify the projected average daily non-potable demand, in gallons per day, during the wet 
season and accounting for any periodic shut downs or other lapses in occupancy or operation. 

 Average Daily Demand: Projected Average Daily Use (gpd) 

Step 2: Identify the planned total of all impervious areas on the proposed project from which runoff 
might be feasibly captured and stored for the identified non-potable use. Depending on the 
configuration of buildings and other impervious areas on the site, you may consider the site as 
a whole, or parts of the site, to evaluate reasonable scenarios for capturing and storing runoff 
and directing the stored runoff to the potential use(s) identified in Step 1 above.  

 Total Area of Impervious Surfaces: Insert Area (Acres) 
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D.4 Feasibility Assessment Summaries 
From the Infiltration, Harvest and Use, Bioretention and Biotreatment Sections above, complete Table D.2 
below to summarize which LID BMPs are technically feasible, and which are not, based upon the 
established hierarchy. 
 
Table D.2 LID Prioritization Summary Matrix 

DMA 
Name/ID 

LID BMP Hierarchy No LID 
(Alternative 
Compliance) 1. Infiltration 2. Harvest and use 3. Bioretention 4. Biotreatment 

      
      

      
      
      
      

 

For those DMAs where LID BMPs are not feasible, provide a brief narrative below summarizing why they 
are not feasible, include your technical infeasibility criteria in Appendix 5, and proceed to Section E below 
to document Alternative Compliance measures for those DMAs. Recall that each proposed DMA must 
pass through the LID BMP hierarchy before alternative compliance measures may be considered. 
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D.5 LID BMP Sizing  
Each LID BMP must be designed to ensure that the Design Capture Volume will be addressed by the 
selected BMPs. First, calculate the Design Capture Volume for each LID BMP using the VBMP worksheet in 
Appendix F of the LID BMP Design Handbook. Second, design the LID BMP to meet the required VBMP using 
a method approved by the Copermittee. Utilize the worksheets found in the LID BMP Design Handbook 
or consult with your Copermittee to assist you in correctly sizing your LID BMPs. Complete Table D.3 below 
to document the Design Capture Volume and the Proposed Volume for each LID BMP. Provide the 
completed design procedure sheets for each LID BMP in Appendix 6. You may add additional rows to the 
table below as needed. 

 
Table D.3 DCV Calculations for LID BMPs 

DMA 
Type/ID 

DMA Area 
(square 
feet) 

Post-
Project 
Surface 
Type 

Effective 
Impervious 
Fraction, If 

DMA 
Runoff 
Factor 

DMA Areas 
x Runoff 
Factor 

Enter BMP Name / Identifier Here 

 
 [A]  [B] [C] [A] x [C] 
  

 
      

 

Design 
Storm 
Depth 
(in) 

Design 
Capture 
Volume, 
VBMP (cubic 
feet) 

Proposed 
Volume 
on Plans 
(cubic 
feet) 

    
 

      
            
            
            
            

       

[B], [C] is obtained as described in Section 2.3.1 of the WQMP Guidance Document 
[E] is obtained from Exhibit A in the WQMP Guidance Document 
[G] is obtained from a design procedure sheet, such as in LID BMP Design Handbook and placed in Appendix 6 
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E.1 Identify Pollutants of Concern 
Utilizing Table A.1 from Section A above which noted your project’s receiving waters and their associated 
EPA approved 303(d) listed impairments, cross reference this information with that of your selected 
Priority Development Project Category in Table E.1 below. If the identified General Pollutant Categories 
are the same as those listed for your receiving waters, then these will be your Pollutants of Concern and 
the appropriate box or boxes will be checked on the last row.  The purpose of this is to document 
compliance and to help you appropriately plan for mitigating your Pollutants of Concern in lieu of 
implementing LID BMPs. 

 
Table E.1 Potential Pollutants by Land Use Type 

Priority Development  
Project Categories and/or  
Project Features (check those 
that apply) 

General Pollutant Categories 

Bacterial 
Indicators Metals Nutrients Pesticides 

Toxic 
Organic 
Compounds 

Sediments Trash & 
Debris 

Oil & 
Grease 

 Detached Residential 
Development  P N P P N P P P 

 Attached Residential 
Development  P N P P N P P P(2) 

 Commercial/Industrial 
Development P(3) P P(1) P(1) P(5) P(1) P P 

 Automotive Repair 
Shops N P N N P(4, 5) N P P 

 
Restaurants  
(>5,000 ft2) 

P N N N N N P P 

 
Hillside Development  
(>5,000 ft2) 

P N P P N P P P 

 
Parking Lots  
(>5,000 ft2) 

P(6) P P(1) P(1) P(4) P(1) P P 

 Retail Gasoline Outlets N P N N P N P P 

Project Priority Pollutant(s) 
of Concern         

P = Potential  
N = Not Potential  
(1) A potential Pollutant if non-native landscaping exists or is proposed onsite; otherwise not expected 
(2) A potential Pollutant if the project includes uncovered parking areas; otherwise not expected 
(3) A potential Pollutant is land use involving animal waste 

(4) Specifically petroleum hydrocarbons 
(5) Specifically solvents 
(6) Bacterial indicators are routinely detected in pavement runoff  
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HCOC EXEMPTION 3: All downstream conveyance channels to an adequate sump (for example, 
Prado Dam, Lake Elsinore, Canyon Lake, Santa Ana River, or other lake, reservoir or naturally 
erosion resistant feature) that will receive runoff from the project are engineered and regularly 
maintained to ensure design flow capacity; no sensitive stream habitat areas will be adversely 
affected; or are not identified on the Co-Permittees Hydromodification Susceptibility Maps. 

 
Does the project qualify for this HCOC Exemption?   Y  N 

If Yes, HCOC criteria do not apply and note below which adequate sump applies to this HCOC 
qualifier: 

INSERT TEXT HERE 

 

F.2 HCOC Mitigation 
If none of the above HCOC Exemption Criteria are applicable, HCOC criteria is considered mitigated if they 
meet one of the following conditions: 

a. Additional LID BMPS are implemented onsite or offsite to mitigate potential erosion or habitat 
impacts as a result of HCOCs. This can be conducted by an evaluation of site-specific conditions 
utilizing accepted professional methodologies published by entities such as the California 
Stormwater Quality Association (CASQA), the Southern California Coastal Water Research Project 
(SCCRWP), or other Co-Permittee approved methodologies for site-specific HCOC analysis. 
   

b. The project is developed consistent with an approved Watershed Action Plan that addresses 
HCOC in Receiving Waters. 
 

c. Mimicking the pre-development hydrograph with the post-development hydrograph, for a 2-year 
return frequency storm. Generally, the hydrologic conditions of concern are not significant, if the 
post-development hydrograph is no more than 10% greater than pre-development hydrograph. 
In cases where excess volume cannot be infiltrated or captured and reused, discharge from the 
site must be limited to a flow rate no greater than 110% of the pre-development 2-year peak flow.  

Be sure to include all pertinent documentation used in your analysis of the items a, b or c in Appendix 7. 
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Section G: Source Control BMPs 
Source control BMPs include permanent, structural features that may be required in your project plans — 
such as roofs over and berms around trash and recycling areas — and Operational BMPs, such as regular 
sweeping and “housekeeping”, that must be implemented by the site’s occupant or user. The MEP 
standard typically requires both types of BMPs.  In general, Operational BMPs cannot be substituted for a 
feasible and effective permanent BMP. Using the Pollutant Sources/Source Control Checklist in Appendix 
8, review the following procedure to specify Source Control BMPs for your site: 

1. Identify Pollutant Sources: Review Column 1 in the Pollutant Sources/Source Control Checklist. Check 
off the potential sources of Pollutants that apply to your site. 

2. Note Locations on Project-Specific WQMP Exhibit: Note the corresponding requirements listed in 
Column 2 of the Pollutant Sources/Source Control Checklist. Show the location of each Pollutant 
source and each permanent Source Control BMP in your Project-Specific WQMP Exhibit located in 
Appendix 1. 

3. Prepare a Table and Narrative: Check off the corresponding requirements listed in Column 3 in the 
Pollutant Sources/Source Control Checklist. In the left column of Table G.1 below, list each potential 
source of runoff Pollutants on your site (from those that you checked in the Pollutant Sources/Source 
Control Checklist). In the middle column, list the corresponding permanent, Structural Source Control 
BMPs (from Columns 2 and 3 of the Pollutant Sources/Source Control Checklist) used to prevent 
Pollutants from entering runoff. Add additional narrative in this column that explains any special 
features, materials or methods of construction that will be used to implement these permanent, 
Structural Source Control BMPs.  

4. Identify Operational Source Control BMPs: To complete your table, refer once again to the Pollutant 
Sources/Source Control Checklist. List in the right column of your table the Operational BMPs that 
should be implemented as long as the anticipated activities continue at the site. Copermittee 
stormwater ordinances require that applicable Source Control BMPs be implemented; the same BMPs 
may also be required as a condition of a use permit or other revocable Discretionary Approval for use 
of the site. 

 
Table G.1 Permanent and Operational Source Control Measures 

Potential Sources of Runoff 
pollutants 

Permanent Structural Source 
Control BMPs 

Operational Source Control BMPs 

On-site storm drain inlets Mark all inlets with the words “Only 
Rain Down the Storm Drain” or 
similar. Catch Basin Makers may be 
available from the Riverside County 
Flood Control and Water 
Conservation District, call 
951.955.1200 to verify. 

Maintain and periodically repaint or 
replace inlet markings. 

Provide stormwater pollution 
prevention information to new site 
owners, lessees, or operators. 

See applicable operational BMPs in 
Fact Sheet SC-44, “Drainage System 
Maintenance,” in the CASQA 
Stormwater Quality Handbooks at 
www.cabmphandbooks.com 

 Include the following in lease 
agreements: “Tenant shall not allow 
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anyone to discharge anything to 
storm drains or to store or deposit 
materials so as to create a potential 
discharge to storm drains.” 

Landscape/Outdoor Pesticide Use Preserve, existing native trees, 
shrubs, and ground cover to the 
maximum extent possible. 

Design landscaping to minimize 
irrigation and runoff, to promote 
surface infiltration where 
appropriate, and to minimize the 
use of fertilizers and pesticides that 
can contribute to stormwater 
pollution. 

Where landscaping areas are used 
to retain or detain stormwater, 
specify plants that are tolerant of 
saturated soil conditions. 

Consider using pest-resistant plants, 
especially to hardscape. To insure 
successful establishment, select 
plants appropriate to site soils, 
slopes, climate, sun, wind, rain, land 
use, air movement, ecological 
consistency, and plant interactions.  

Maintain landscaping using 
minimum or no pesticides. 

See applicable operation BMPs in 
“What you show know for 
Landscaping and Gardening” 

Provide IPM information to new 
owners, lessees and operators. 

Food Service   

Refuse Areas   

Industrial processes   

Fire Sprinkler Test Water Provide a means to drain fire 
sprinkler test water to the sanitary 
sewer 

See the note in Fact Sheet SC-41, 
“Building and Grounds 
Maintenance,” in the CASQA 
Stormwater Quality Handbooks at 
www. Cabmphandbooks.com 

Plazas, sidewalks, and parking 
lots 
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Section H: Construction Plan Checklist 
Populate Table H.1 below to assist the plan checker in an expeditious review of your project. The first two 
columns will contain information that was prepared in previous steps, while the last column will be 
populated with the corresponding plan sheets. This table is to be completed with the submittal of your 
final Project-Specific WQMP. 

Table H.1 Construction Plan Cross-reference 
BMP No. or 

ID 
BMP Identifier and 

Description 
Corresponding Plan Sheet(s) BMP Location (Lat/Long) 

    

    

    

    

    
 

Note that the updated table — or Construction Plan WQMP Checklist — is only a reference tool to facilitate 
an easy comparison of the construction plans to your Project-Specific WQMP. Co-Permittee staff can 
advise you regarding the process required to propose changes to the approved Project-Specific WQMP. 
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Section I: Operation, Maintenance and Funding 
The Copermittee will periodically verify that Stormwater BMPs on your site are maintained and continue 
to operate as designed. To make this possible, your Copermittee will require that you include in Appendix 
9 of this Project-Specific WQMP: 

1. A means to finance and implement facility maintenance in perpetuity, including replacement 
cost.  

2. Acceptance of responsibility for maintenance from the time the BMPs are constructed until 
responsibility for operation and maintenance is legally transferred. A warranty covering a period 
following construction may also be required. 

3. An outline of general maintenance requirements for the Stormwater BMPs you have selected. 

4. Figures delineating and designating pervious and impervious areas, location, and type of 
Stormwater BMP, and tables of pervious and impervious areas served by each facility. Geo-
locating the BMPs using a coordinate system of latitude and longitude is recommended to help 
facilitate a future statewide database system. 

5. A separate list and location of self-retaining areas or areas addressed by LID Principles that do 
not require specialized O&M or inspections but will require typical landscape maintenance as 
noted in Chapter 5, pages 85-86, in the WQMP Guidance. Include a brief description of typical 
landscape maintenance for these areas. 

Your local Co-Permittee will also require that you prepare and submit a detailed Stormwater BMP 
Operation and Maintenance Plan that sets forth a maintenance schedule for each of the Stormwater BMPs 
built on your site. An agreement assigning responsibility for maintenance and providing for inspections 
and certification may also be required. 

Details of these requirements and instructions for preparing a Stormwater BMP Operation and 
Maintenance Plan are in Chapter 5 of the WQMP Guidance Document. 

 

Maintenance Mechanism: POA 

Will the proposed BMPs be maintained by a Home Owners’ Association (HOA) or Property Owners 
Association (POA)? 

 Y  N 
 

Include your Operation and Maintenance Plan and Maintenance Mechanism in Appendix 9. Additionally, 
include all pertinent forms of educational materials for those personnel that will be maintaining the 
proposed BMPs within this Project-Specific WQMP in Appendix 10. 
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Appendix 1:  Maps and Site Plans 
Location Map, WQMP Site Plan and Receiving Waters Map 

 



LEGEND

"STONERIDGE INDUSTRIAL"
TENTATIVE TRACT MAP NO. TBD

SOUTHEAST OF RAMONA EXPRESSWAY AND EAST RIDER STREET
COUNTY OF RIVERSIDE, CA

PRELIMINARY
WATER QUALITY MANAGEMENT PLAN

 SITE PLAN

ACRE

DMA

DMA Na me or ID BMP Na me or ID MWS Sizing and Capacity (cfs)

DMA 1 Modular Wetland System 2 - 8’x24’ (1.38) & 1- 8’x16’ (0.462)
DMA 2 Modular Wetland System 1 - 8’x16’ (0.462)
DMA 3 Modular Wetland System 1 - 8’x24’ (0.693) &  1 - 4’x8’ (0.114)
DMA 4 Modular Wetland System 2 - 8'x24' (1.386)  1 - 4'x4' (0.052)
DMA 5 Modular Wetland System 1 - 8'x12' (0.346)
DMA 6 Modular Wetland System 2 - 8'x24' (1.386)
DMA 7 Modular Wetland System 13 - 8'x24' (9.0) & 1 - 4'x17' (0.206)
DMA 8 Modular Wetland System 3 - 8'x24' (2.07)
DMA 9 Modular Wetland System 3 - 8'x24' (2.07) & 1 - 4'x19' (0.237)

DMA 10 Modular Wetland System 12 - 8'x24' (8.316)
DMA 11 Modular Wetland System 6 - 8'x24' (4.15) & 1 - 4'x4' (0.052)
DMA 12 Modular Wetland System 2 - 8'x24' (1.386)
DMA 13 Modular Wetland System 1 - 4'x8' (0.115)

DMA 14 Modular Wetland System
DMA 15 Modular Wetland System 1 - 8'x24' (0.693)
DMA 16 Modular Wetland System 1 - 8'x24' (0.693)
DMA 17 Modular Wetland System 1 - 8'x20' (0.577)

DMA 18 Modular Wetland System 1 - 8'x12' (0.346)
DMA 19 Modular Wetland System 1 - 8'x12' (0.346)
DMA 20 Modular Wetland System 1 - 8'x12' (0.346)

DMA 21 Modular Wetland System 1 - 8'x16' (0.462)
DMA 22 Modular Wetland System 1 - 8'x16' (0.462)
DMA 23 Modular Wetland System 2 - 8'x24' (1.386)
DMA 24 Modular Wetland System 1 - 8'x24' (0.693) & 1 - 8'x16' (0.577)
DMA 25 Modular Wetland System 1 - 8'x12' (0.346)
DMA 26 Modular Wetland System 1 - 8'x24' (0.693) & 1 - 8'x16' (0.462)
DMA 27 Modular Wetland System 4 - 8'x24' (2.772) & 1 - 8'x16' (0.462)
DMA 28 Modular Wetland System 1 - 8'x24' (0.693) & 1 - 4'x4' (0.052)
DMA 29 Modular Wetland System 1- 8'x24' (0.693) & 1 - 8'x16' (0.462)
DMA 30 Modular Wetland System 1 - 4'x8' (0.115)
DMA 31 Modular Wetland System 1 - 4'x8' (0.115)
DMA 32 Modular Wetland System 1 - 8'x24' (0.693)
DMA 33 Modular Wetland System 1 - 8'x24' (0.693)
DMA 34 Modular Wetland System 1 - 8'x24' (0.693)
DMA 35 Modular Wetland System 1 - 8'x24' (0.693)
DMA 36 Modular Wetland System 1 - 8'x24' (0.692) & 1 - 4'x8' (0.115)
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Appendix 2:  Construction Plans 

Grading and Drainage Plans 
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Appendix 3:  Soils Information 

Geotechnical Study and Other Infiltration Testing Data 

 



131 Calle Iglesia, Suite 200, San Clemente, CA 92672          (949) 369-6141         www.lgcgeotechnical.com
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���’�’�‡�•�†�‹�š�������������ƒ�„�‘�”�ƒ�–�‘�”�›�����‡�•�–�����‡�•�—�Ž�–�•����
���’�’�‡�•�†�‹�š�������������‡�‹�•�•�‹�…�����‡�ˆ�”�ƒ�…�–�‹�‘�•�����—�”�˜�‡�›�����‡�’�‘�”�–��
���’�’�‡�•�†�‹�š�������������•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•�����‡�•�–�����‡�•�—�Ž�–�•��
���’�’�‡�•�†�‹�š���	���������‹�“�—�‡�ˆ�ƒ�…�–�‹�‘�•�����•�ƒ�Ž�›�•�‹�•��
���’�’�‡�•�†�‹�š���
�������
�‡�•�‡�”�ƒ�Ž�����ƒ�”�–�Š�™�‘�”�•�����’�‡�…�‹�ˆ�‹�…�ƒ�–�‹�‘�•�•���ˆ�‘�”�����‘�—�‰�Š���
�”�ƒ�†�‹�•�‰��
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1.0��INTRODUCTION��
��
1.1�� Purpose��and��Scope��of��Services��
��

���Š�‹�•�� �”�‡�’�‘�”�–�� �’�”�‡�•�‡�•�–�•�� �–�Š�‡�� �”�‡�•�—�Ž�–�•�� �‘�ˆ�� �‘�—�”�� �—�’�†�ƒ�–�‡�†�� �‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� �‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•�� �ˆ�‘�”�� �–�Š�‡�� �’�”�‘�’�‘�•�‡�†��
�ò���–�‘�•�‡�”�‹�†�‰�‡�ó���‹�•�†�—�•�–�”�‹�ƒ�Ž���ƒ�•�†���•�‹�š�‡�†�æ�—�•�‡���†�‡�˜�‡�Ž�‘�’�•�‡�•�–�á�����‡�•�–�ƒ�–�‹�˜�‡�����”�ƒ�…�–�����ƒ�’�����‘�ä���u�t�u�y�t�á���Ž�‘�…�ƒ�–�‡�†���‹�•��
�ƒ�•���—�•�‹�•�…�‘�”�’�‘�”�ƒ�–�‡�†���ƒ�”�‡�ƒ���‘�ˆ�����‹�˜�‡�”�•�‹�†�‡�����‘�—�•�–�›�á�����ƒ�Ž�‹�ˆ�‘�”�•�‹�ƒ�ä�����Š�‡���…�‘�•�…�Ž�—�•�‹�‘�•�•���ƒ�•�†���”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•��
�‹�•�…�Ž�—�†�‡�†���Š�‡�”�‡�‹�•���•�—�’�‡�”�•�‡�†�‡���–�Š�‘�•�‡���’�”�‘�˜�‹�†�‡�†���‹�•���‘�—�”���’�”�‡�˜�‹�‘�—�•���”�‡�’�‘�”�–�•�������
�����
�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�á���t�r�s�y�ƒ���¬��
�t�r�s�y�„���ä��

��
� ��Š�‡� � � ’�—� ”� ’� ‘� •� ‡� � � ‘� ˆ� � � ‘�—� ”� � � •� –�—�†� ›� � �™�ƒ� •� � � –� ‘� � � ‡� ˜� ƒ�Ž�—�ƒ�–�‡� � � –�Š�‡� � � ‡� š� ‹� •� –� ‹� •�‰� � � ‘� •� •� ‹� –�‡� � �‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� �…�‘�•�†�‹�–�‹�‘�•�•�á�� �…�‘�•�ˆ�‹�”�•��
�–�Š�ƒ�–�� �–�Š�‡�� �•�‹�–�‡�� �…�ƒ�•�� �„�‡�� �†�‡�˜�‡�Ž�‘�’�‡�†�� �ˆ�”�‘�•�� �ƒ�� �‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� �’�‡�”�•�’�‡�…�–�‹�˜�‡�á�� �ƒ�•�†�� �’�”�‘�˜�‹�†�‡�†�� �—�’�†�ƒ�–�‡�†��
�”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•���”�‡�‰�ƒ�”�†�‹�•�‰���–�Š�‡���’�”�‘�’�‘�•�‡�†���†�‡�•�‹�‰�•�ä�����—�”���•�‡�”�˜�‹�…�‡�•���…�‘�•�•�‹�•�–�‡�†���‘�ˆ���ƒ���Ž�‹�•�‹�–�‡�†���•�—�„�•�—�”�ˆ�ƒ�…�‡��
�‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž���‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•���ƒ�•�†���”�‡�˜�‹�‡�™���‘�ˆ���’�”�‡�˜�‹�‘�—�•���‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž���”�‡�’�‘�”�–�•�á���’�”�‡�Ž�‹�•�‹�•�ƒ�”�›���•�‹�–�‡���’�Ž�ƒ�•�•���ƒ�•�†��
�”�‡�ƒ�†�‹�Ž�›���ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡���‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž���‹�•�ˆ�‘�”�•�ƒ�–�‹�‘�•���‹�•�…�Ž�—�†�‹�•�‰���‹�•�æ�Š�‘�—�•�‡���•�ƒ�’�•���ƒ�•�†���”�‡�’�‘�”�–�•�ä������
��
��

1.2�� Existing��Conditions����
��
���Š�‡�� �’�”�‘�’�‘�•�‡�†�� �ò���–�‘�•�‡�”�‹�†�‰�‡�ó�� �‹�•�†�—�•�–�”�‹�ƒ�Ž���•�‹�š�‡�†�� �—�•�‡�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–�� �‹�•�…�Ž�—�†�‡�•�� �•�—�Ž�–�‹�’�Ž�‡�� �—�•�†�‡�˜�‡�Ž�‘�’�‡�†��
�’�ƒ�”�…�‡�Ž�•���‡�“�—�ƒ�Ž�‹�•�‰���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���x�z�r�æ�ƒ�…�”�‡�•�ä�����Š�‡���‹�”�”�‡�‰�—�Ž�ƒ�”�æ�•�Š�ƒ�’�‡�†���•�‹�–�‡���‹�•���Ž�‘�…�ƒ�–�‡�†���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���v��
�•�‹�Ž�‡�•���‡�ƒ�•�–���‘�ˆ�����•�–�‡�”�•�–�ƒ�–�‡�æ�t�s�w���ƒ�•�†���Œ�—�•�–���•�‘�—�–�Š���‘�ˆ�����ƒ�•�‘�•�ƒ�����š�’�”�‡�•�•�™�ƒ�›�����•�‡�‡���	�‹�‰�—�”�‡���s���������‹�–�‡�����‘�…�ƒ�–�‹�‘�•��
� �� ƒ� ’� �� ä� � � �� •� � � ‰� ‡� •� ‡� ”� ƒ� Ž� á� � � –� Š� ‡� � � •� ‹� –� ‡� � � ‹� •� � � „� ‘� —� •� †� � � –� ‘� � � –� Š� ‡� � � •� ‘� ”� –� Š� � � „� ›� � � �� ƒ� •� ‘� •� ƒ� � � �� š� ’� ”�‡�•�•�™�ƒ�›�á�� �–�‘�� �–�Š�‡�� �‡�ƒ�•�–�� �„�›��
� —� •� †� ‡� ˜� ‡� Ž� ‘� ’� ‡� †� � � Ž� ƒ� •� †� � � ƒ� •� •� ‘� …� ‹� ƒ� –� ‡� †� � � ™� ‹� –� Š� � � –� Š� ‡� � � �� ƒ� •� � � 
� ƒ� …� ‹� •� –� ‘� � � �� ‹� ˜� ‡� ”� � � ˆ� Ž� ‘� ‘� †� ’� Ž� ƒ�‹�•�•�á�� �–�‘�� �–�Š�‡�� �•�‘�—�–�Š�� �„�›�� ���—�‡�˜�‘��
���‘�ƒ�†�á�� �ƒ�•�†�� �–�‘�� �–�Š�‡�� �™�‡�•�–�� �„�›�� �—�•�†�‡�˜�‡�Ž�‘�’�‡�†�� �Ž�ƒ�•�†�ä�� ���Š�‡�� �•�‹�–�‡�� �‹�•�� �‰�‡�•�‡�”�ƒ�Ž�Ž� ›� � � •� ‹� –� —� ƒ� –� ‡� †� � � ƒ� Ž� ‘� •� ‰� � � –� Š� ‡� � � ‡� ƒ� •� –� ‡� ”� •� �
�ˆ�Ž�ƒ�•�•�� �‘�ˆ�� �•�‘�•�‡�� �”�‡�Ž�ƒ�–�‹�˜�‡�Ž�›�� �•�•�ƒ�Ž�Ž�� �Š�‹�Ž�Ž�•�� �ƒ�•�•�‘�…�‹�ƒ�–�‡�†�� �™�‹�–�Š�� �’�Ž�—�–�‘�•�‹�…�� �”�‘�…�•�•�� �‘�ˆ�� �–�Š�‡�� ���‡�•�‹�•�•�—�Ž�ƒ�”�� ���ƒ�•�‰�‡�•��
�‰�‡�‘�•�‘�”�’�Š�‹�…���’�”�‘�˜�‹�•�…�‡�ä�����•���‰�‡�•�‡�”�ƒ�Ž�á���–�Š�‡���•�‹�–�‡���‰�‡�•�–�Ž�›���•�Ž�‘�’�‡�•���•�‘�—�–�Š�‡�ƒ�•�–���–�‘�™�ƒ�”�†���–�Š�‡�����ƒ�•���
�ƒ�…�‹�•�–�‘�����‹�˜�‡�”�ä��
���‘�’�‘�‰�”�ƒ�’�Š�‹�…�ƒ�Ž�Ž�›�á�� �–�Š�‡�� �‡�Ž�‡�˜�ƒ�–�‹�‘�•�•�� �‘�•�� �–�Š�‡�� �•�‹�–�‡�� �”�ƒ�•�‰�‡�� �ˆ�”�‘�•�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �s�v�t�r�� �ˆ�‡�‡�–�� �ƒ�„�‘�˜�‡�� �•�‡�ƒ�•��
�•�‡�ƒ�� �Ž�‡�˜�‡�Ž�� ���•�•�Ž���� �‹�•�� �–�Š�‡�� �‡�ƒ�•�–�� �’�‘�”�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡�� �•�‹�–�‡�� �–�‘�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �s�x�u�r�� �ˆ�‡�‡�–�� �ƒ�„�‘�˜�‡�� �•�•�Ž�� �‹�•�� �–�Š�‡��
�•�‘�”�–�Š�™�‡�•�–���’�‘�”�–�‹�‘�•���‘�ˆ���–�Š�‡���•�‹�–�‡�ä��

��
��
1.3�� Background ��and��Project��Description ��
��

� �� ”�‡�˜� ‹� ‘�—�•�Ž�›� � �–�Š�‡� � � •�—�„�Œ�‡�…�–� � � •� ‹�–�‡� � �™�ƒ�•� � � ’� ”� ‘� ’� ‘� •�‡�†� � � ˆ� ‘� ”� � �ƒ� � � •� ‹�š�‡�†�æ�—�•�‡� � �†�‡�˜�‡�Ž� ‘�’�•�‡�•�–�á�� �ˆ�‡�ƒ�–�—�”�‹�•�‰�� �…�‘�•�•�‡�”�…�‹�ƒ�Ž��
�•�’�ƒ�…�‡�•�á���y�z�s���•�‹�•�‰�Ž�‡�æ�ˆ�ƒ�•�‹�Ž�›���”�‡�•�‹�†�‡�•�–�‹�ƒ�Ž���Ž�‘�–�•���‘�ˆ���•�‡�†�‹�—�•���•�‡�†�‹�—�•���Š�‹�‰�Š���†�‡�•�•�‹�–�›�á���ƒ���•�’�‘�”�–�•���’�ƒ�”�•�á���–�”�ƒ�‹�Ž�•�á��
�‘�’�‡�•���•�’�ƒ�…�‡�á���™�ƒ�–�‡�”���“�—�ƒ�Ž�‹�–�›���„�ƒ�•�‹�•�•���ƒ�•�†���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���•�–�”�‡�‡�–���‹�•�’�”�‘�˜�‡�•�‡�•�–�•�ä�������’�‘�”�–�‹�‘�•���‘�ˆ���–�Š�‡���•�—�„�Œ�‡�…�–��
� •� ‹� –� ‡� � � ™� ƒ� •� � � ‡� ˜� ƒ� Ž� —� ƒ� –� ‡� †� � � ™� ‹� –� Š� � � ”� ‡� ‰� ƒ� ”� †� •� � � –� ‘� � � –� Š� ‡� � � ˆ� ‹� ”� •� –� � � ’� Š� ƒ� •� ‡� � � ‘� ˆ� � � –� Š� ‡� � � ’� ”� ‡� ˜� ‹�‘�—�•�Ž�›�� �’�”�‘�’�‘�•�‡�†�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–��
�����
���� �
�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�á�� �t�r�s�y�ƒ���� �™�Š�‹�…�Š���™�‘�—�Ž�†�� �Š�ƒ�˜�‡�� �‹�•�…�Ž�—�†�‡�†�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �t�z�w�� �•�‹�•�‰�Ž�‡�æ�ˆ�ƒ�•�‹�Ž�›��
�”�‡�•�‹�†�‡�•�–�‹�ƒ�Ž���Ž�‘�–�•�á���‹�•�–�‡�”�‹�‘�”���”�‘�ƒ�†�™�ƒ�›�•�á���ƒ���†�‡�–�‡�•�–�‹�‘�•���„�ƒ�•�‹�•���ƒ�•�†���‘�–�Š�‡�”���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���‹�•�’�”�‘�˜�‡�•�‡�•�–�•�ä�����Š�‡��
�’�”�‡�˜�‹�‘�—�•�� �•�—�„�•�—�”�ˆ�ƒ�…�‡�� �‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•�� �…�‘�•�•�‹�•�–�‡�†�� �‘�ˆ�� �–�Š�‡�� �‡�š�…�ƒ�˜�ƒ�–�‹�‘�•�� �‘�ˆ�� �–�Š�‹�”�–�‡�‡�•�� �Š�‘�Ž�Ž�‘�™�æ�•�–�‡�•�� �ƒ�—�‰�‡�”��
�„�‘�”�‹�•�‰�•�� �������æ�s�� �–�Š�”�‘�—�‰�Š�� �����æ�s�u���á�� �–�‡�•�� �„�ƒ�…�•�Š�‘�‡�� �–�‡�•�–�� �’�‹�–�•�� �����æ�s�� �–�Š�”�‘�—�‰�Š�� ���æ�s�r���á�� �ƒ�•�†�� �‡�Ž�‡�˜�‡�•�� �…�‘�•�‡��
�’�‡�•�‡�–�”�ƒ�–�‹�‘�•���–�‡�•�–�•�����������æ�s���–�Š�”�‘�—�‰�Š���������æ�s�s�����–�‘���‡�˜�ƒ�Ž�—�ƒ�–�‡���‘�•�•�‹�–�‡���‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž���…�‘�•�†�‹�–�‹�‘�•�•�ä����
��
���Š�‡���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡���Ž�‘�…�ƒ�–�‹�‘�•�•���‘�ˆ���ƒ�Ž�Ž���–�Š�‡���„�‘�”�‹�•�‰�•�á���–�‡�•�–���’�‹�–�•�á���ƒ�•�†���…�‘�•�‡���’�‡�•�‡�–�”�ƒ�–�‹�‘�•���–�‡�•�–�•���ƒ�”�‡���‹�•�…�Ž�—�†�‡�†��
�‘�•�� �–�Š�‡�� �
�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� ���ƒ�’�� �����Š�‡�‡�–�•�� �s�� �–�Š�”�‘�—�‰�Š�� �u���ä�� ���š�’�Ž�‘�”�ƒ�–�‘�”�›�� �„�‘�”�‹�•�‰�á�� �–�‡�•�–�� �’�‹�–�á�� �ƒ�•�†�� �…�‘�•�‡��
�’�‡�•�‡�–�”�ƒ�–�‹�‘�•�� �–�‡�•�–�� �Ž�‘�‰�•�� �ƒ�”�‡�� �’�”�‡�•�‡�•�–�‡�†�� �‹�•�� ���’�’�‡�•�†�‹�š�� ���� �ƒ�•�†�� �Ž�ƒ�„�‘�”�ƒ�–�‘�”�›�� �–�‡�•�–�� �”�‡�•�—�Ž�–�•�� �ƒ�”�‡�� �‹�•�…�Ž�—�†�‡�†�� �‹�•��
���’�’�‡�•�†�‹�š�����ä����
��
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� �� ƒ� •� ‡� †� � � ‘� •� � � ‘� —� ”� � � ”� ‡� ˜� ‹� ‡� ™� � � ‘� ˆ� � � –� Š� ‡� � � —� ’� †� ƒ� –� ‡� †� � � •� ‹� –� ‡� � � ’� Ž� ƒ� •� � � ’� ”� ‡� ’� ƒ� ”� ‡� †� � � „� ›� � � �� ”� …� Š� ‹� –�‡�…�–�•�� ���”�ƒ�•�‰�‡�� ���t�r�s�{���á�� �–�Š�‡��
�’�”�‘�’�‘�•�‡�†���‹�•�†�—�•�–�”�‹�ƒ�Ž���ƒ�•�†���•�‹�š�‡�†�æ�—�•�‡���†�‡�˜�‡�Ž�‘�’�•�‡�•�–���‘�ˆ���–�Š�‡���•�—�„�Œ�‡�…�–���•�‹�–�‡���‹�•�…�Ž�—�†�‡�•���–�Š�‡���…�‘�•�•�–�”�—�…�–�‹�‘�•���‘�ˆ��
�ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �t�r�� �‹�•�†�—�•�–�”�‹�ƒ�Ž�� �„�—�‹�Ž�†�‹�•�‰�•�� �™�‹�–�Š�� �ˆ�‘�‘�–�’�”�‹�•�–�•�� �—�’�� �–�‘�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �s�á�y�r�r�á�r�r�r�� �•�“�—�ƒ�”�‡��
�ˆ�‡�‡�–�� ���•�ˆ���� �ƒ�•�†�� �•�‡�˜�‡�”�ƒ�Ž�� �Ž�‘�–�•�� �ˆ�‘�”�� �•�‹�š�‡�†�æ�—�•�‡�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–�� �‹�•�…�Ž�—�†�‹�•�‰���ƒ� � �Š� ‘�–�‡�Ž�á� � � ”�‡�–�ƒ�‹�Ž� � � „�—�‹�Ž�†�‹� •�‰�•�á� � � •�—�Ž�–�‹�æ
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�”�ƒ�•�‰�‹�•�‰�� �ˆ�”�‘�•�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �u�s�� �–�‘�� �s�r�v�� �’�ƒ�”�–�•�� �’�‡�”�� �•�‹�Ž�Ž�‹�‘�•�� ���’�’�•���á�� �’���� �˜�ƒ�Ž�—�‡�•�� �”�ƒ�•�‰�‹�•�‰�� �ˆ�”�‘�•��
� ƒ� ’� ’� ”� ‘� š� ‹� •� ƒ� –� ‡� Ž� ›� � � w� ä� y� z� � � –� ‘� � � y� ä� {� r� á� � � ƒ� •� †� � � •� ‹� •� ‹� •� —� •� � � ”� ‡� •� ‹� •� –� ‹� ˜� ‹� –� ›� � � ˜� ƒ� Ž� —� ‡� •� � � ‘� ˆ� � � ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �s�á�s�v�x�� �–�‘��
�s�w�á�r�r�r���‘�Š�•�æ�…�•�ä����

��
���� �•�—�•�•�ƒ�”�›�� �‘�ˆ�� �–�Š�‡�� �Ž�ƒ�„�‘�”�ƒ�–�‘�”�›�� �–�‡�•�–�� �”�‡�•�—�Ž�–�•�� �‹�•�� �’�”�‡�•�‡�•�–�‡�†�� �‹�•�� ���’�’�‡�•�†� ‹� š� � � �� ä� � � �� Š� ‡� � � •� ‘� ‹� •� –� —� ”� ‡� � � ƒ� •� †� � � †� ”� ›� �
�†�‡�•�•�‹�–�›���”�‡�•�—�Ž�–�•���ƒ�”�‡���’�”�‡�•�‡�•�–�‡�†���‘�•���–�Š�‡���„�‘�”�‹�•�‰���Ž�‘�‰�•���‹�•�����’�’�‡�•�†�‹�š�����ä����
��
��
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2.0��GEOTECHNICAL��CONDITIONS��
��
2.1 Regional��Geology��
��

���Š�‡���’�”�‘�’�‡�”�–�›���‹�•���”�‡�‰�‹�‘�•�ƒ�Ž�Ž�›���Ž�‘�…�ƒ�–�‡�†���‹�•���–�Š�‡�����‡�•�‹�•�•�—�Ž�ƒ�”�����ƒ�•�‰�‡�•���‰�‡�‘�•�‘�”�’�Š�‹�…���’�”�‘�˜�‹�•�…�‡���™�Š�‹�…�Š���‡�š�–�‡�•�†�•��
�ˆ�”�‘�•���–�Š�‡�����‘�•�����•�‰�‡�Ž�‡�•�����ƒ�•�‹�•���•�‘�—�–�Š���–�‘�����ƒ�Œ�ƒ�����ƒ�Ž�‹�ˆ�‘�”�•�‹�ƒ�ä�����Š�‡���’�”�‘�˜�‹�•�…�‡���‹�•���…�Š�ƒ�”�ƒ�…�–�‡�”�‹�œ�‡�†���„�›���•�—�•�‡�”�‘�—�•��
�•�‘�—�–�Š�™�‡�•�–�� �–�”�‡�•�†�‹�•�‰�� �•�‘�—�•�–�ƒ�‹�•�� �”�ƒ�•�‰�‡�•�� �ƒ�•�†�� �˜�ƒ�Ž�Ž�‡�›�•�� �–�Š�ƒ�–�� �ƒ�”�‡�� �‰�‡�‘�Ž�‘�‰�‹�…�ƒ�Ž�Ž�›�� �…�‘�•�–�”�‘�Ž�Ž�‡�†�� �„�›�� �ƒ�� �•�‡�”�‹�‡�•�� �‘�ˆ��
�’�ƒ�”�ƒ�Ž�Ž�‡�Ž�‹�•�‰���•�ƒ�Œ�‘�”���ƒ�…�–�‹�˜�‡���ˆ�ƒ�—�Ž�–�•�ä�����‘�”�‡���•�’�‡�…�‹�ˆ�‹�…�ƒ�Ž�Ž�›�á���–�Š�‡���•�‹�–�‡���‹�•���Ž�‘�…�ƒ�–�‡�†���‹�•���–�Š�‡���•�‘�”�–�Š�‡�”�•���’�‘�”�–�‹�‘�•���‘�ˆ���–�Š�‡��
���‡�”�”�‹�•�� �„�Ž�‘�…�•�� �™�Š�‹�…�Š�� �‹�•�� �„�‘�”�†�‡�”�‡�†�� �–� ‘� � � –� Š� ‡� � � •� ‘� ”� –� Š� ‡� ƒ� •� –� � � „� ›� � � –� Š� ‡� � � �� ƒ� •� � � 
� ƒ� …� ‹�•�–�‘�� �	�ƒ�—�Ž�–�� ���‘�•�‡�� �ƒ�•�†�� �–�‘�� �–�Š�‡��
�•�‘�—�–�Š�™�‡�•�–�� �„�›�� �–�Š�‡�� ���Š�‹�•�‘�����Ž�•�‹�•�‘�”�‡�� �	�ƒ�—�Ž�–�� ���‘�•�‡�ä�� ���Š�‡�� ���‡�•�‹�•�•�—�Ž�ƒ�”�� ���ƒ�•�‰�‡�•�� �„�ƒ�–�Š�‘�Ž�‹�–�Š�� �‹�•�� �…�‘�•�’�”�‹�•�‡�†�� �‘�ˆ��
���”�‡�–�ƒ�…�‡�‘�—�•���ƒ�‰�‡�†���’�Ž�—�–�‘�•�‹�…���”�‘�…�•�•���•�ƒ�‹�•�Ž�›���‘�ˆ���–�‘�•�ƒ�Ž�‹�–�‹�…���…�‘�•�’�‘�•�‹�–�‹�‘�•�ä�����‡�ƒ�”���–�Š�‡���•�‹�–�‡�á���–�Š�‡���’�Ž�—�–�‘�•�‹�…���”�‘�…�•�•��
�ƒ�”�‡�� �ƒ�•�•�‘�…�‹�ƒ�–�‡�†�� �™�‹�–�Š�� �–�Š�‡�� ���ƒ�•�‡�˜�‹�‡�™�� ���‘�—�•�–�ƒ�‹�•�� ���Ž�—�–�‘�•�� �™�Š�‹�…�Š�� �’�”�‹�•�ƒ�”�‹�Ž�›�� �…�‘�•�•�‹�•�–�•�� �‘�ˆ�� �„�‹�‘�–�‹�–�‡�æ
�Š�‘�”�•�„�Ž�‡�•�†�‡�� �–�‘�•�ƒ�Ž�‹�–�‡�� �…�Š�ƒ�”�ƒ�…�–�‡�”�‹�œ�‡�†�� �„�›�� �—�„�‹�“�—�‹�–�‘�—�•�� �•�…�Š�Ž�‹�‡�”�‡�•�� �ƒ�•�†�� �–� Š� ‡� � � Ž� ƒ� …� •� � � ‘� ˆ� � � ’� ‘� –� ƒ� •� •� ‹� —� •� � � ˆ� ‡� Ž� †� •� ’� ƒ� ”� �
�����
���á���t�r�r�u���ä�����Š�‡���•�‹�–�‡���‹�•���•�‹�–�—�ƒ�–�‡�†���‘�•���–�Š�‡���™�‡�•�–�‡�”�•���•�ƒ�”�‰�‹�•���‘�ˆ���ƒ�•���ƒ�Ž�Ž�—�˜�‹�ƒ�Ž���ˆ�Ž�‘�‘�†���’�Ž�ƒ�‹�•���ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š��
� –� Š� ‡� � � �� ƒ� •� � � 
� ƒ� …� ‹� •� –� ‘� � � �� ‹� ˜� ‡� ”� ä� � � �� ‘� •� –� � � ‘� ˆ� � � –� Š� ‡� � � ƒ� Ž� Ž� —� ˜� ‹� ƒ� Ž� � � ƒ� ”� ‡� ƒ� •� � � ™� ‡� •� –� � � ‘� ˆ� � � –� Š� ‡� � � �� ƒ� •� � � 
� ƒ� …� ‹� •� –� ‘� � � �� ‹� ˜� ‡� ”� � � …� ‘� •� •� ‹� •� –� •� � � ‘� ˆ� �
���Ž�‡�‹�•�–�‘�…�‡�•�‡�� �ƒ�‰�‡�� �ˆ�Ž�—�˜�‹�ƒ�Ž�� �†�‡�’�‘�•�‹�–�•�� �•�‹�•�‹�Ž�ƒ�”�� �–�‘�� �–�Š�‘�•�‡�� �‘�„�•�‡�”�˜�‡�†�� �ƒ�–�� �–� Š� ‡� � � •� —� „� Œ� ‡� …� –� � � •� ‹� –� ‡� ä� � � �� Š� ‡� •� ‡� � � ƒ� Ž� Ž� —� ˜� ‹� ƒ� Ž� �
�•�ƒ�–�‡�”�‹�ƒ�Ž�•���‰�‡�•�‡�”�ƒ�Ž�Ž�›���ˆ�‘�”�•���–�Š�‡���Ž�ƒ�”�‰�‡���ƒ�”�‡�ƒ���ˆ�Ž�ƒ�•�•�‹�•�‰���–�Š�‡�����‡�”�”�‹�•�����ƒ�Ž�Ž�‡�›���ƒ�•�†���–�Š�‡���™�‡�•�–���•�‹�†�‡���‘�ˆ���–�Š�‡�����ƒ�•��
�
�ƒ�…�‹�•�–�‘�����‹�˜�‡�”�����ƒ�Ž�Ž�‡�›�ä��
����

��
2.2�� Site�æSpecific��Geology��

��
� �� ƒ� •� ‡� †� � � ‘� •� � � –� Š� ‡� � � 
� ‡� ‘� Ž� ‘� ‰� ‹� …� � � �� ƒ� ’� � � ‘� ˆ� � � –� Š� ‡� � � y� ä� w� æ� ˆ� ‘� ‘� –� � � �� ‡� ”� ”� ‹� •� � � �� —� ƒ� †� ”� ƒ� •� ‰� Ž� ‡� � � �� �� 
���á�� �t�r�r�u���� �–�Š�‡�� �•�—�„�Œ�‡�…�–�� �•�‹�–�‡�� �‹�•��
�—�•�†�‡�”�Ž�ƒ�‹�•�� �„�›�� ���‡�”�›�� ���Ž�†�� �	�ƒ�•�� ���‡�’�‘�•�‹�–�•�� �‘�ˆ�� �–�Š�‡�� �Ž�ƒ�–�‡�� ���Ž�‡�‹�•�–�‘�…�‡�•�‡�ä�� ���•���ƒ�†�†�‹�–�‹�‘�•�á�� ���ƒ�•�‡�˜�‹�‡�™�� ���‘�—�•�–�ƒ�‹�•��
�’�Ž�—�–�‘�•�‹�…���„�‡�†�”�‘�…�•���‹�•���’�”�‡�•�‡�•�–���ƒ�Ž�‘�•�‰���ƒ�•�†���ƒ�†�Œ�ƒ�…�‡�•�–���–�‘���–�Š�‡���™�‡�•�–�‡�”�•���„�‘�—�•�†�ƒ�”�›���‘�ˆ���–�Š�‡���•�—�„�Œ�‡�…�–���•�‹�–�‡�ä�����Š�‡��
�’�”�‡�•�‡�•�…�‡�� �‘�ˆ�� �•�‘�•�‡�� �•�‹�•�‘�”�� �ƒ�•�‘�—�•�–�•�� �‘�ˆ���ƒ�”�–�‹�ˆ�‹�…�‹�ƒ�Ž�� �ˆ�‹�Ž�Ž�� ���•�‘�–�� �•�ƒ�’�’�‡�†�����ƒ�•�•�‘�…�‹�ƒ�–�‡�†�� �™�‹�–�Š�� �‡�š�‹�•�–�‹�•�‰�� �ò�†�‹�”�–�ó��
�”�‘�ƒ�†�™�ƒ�›���…�‘�•�•�–�”�—�…�–�‹�‘�•���ƒ�•�†���’�ƒ�•�–���ƒ�‰�”�‹�…�—�Ž�–�—�”�ƒ�Ž���—�•�‡�•���•�Š�‘�—�Ž�†���„�‡���ƒ�•�–�‹�…�‹�’�ƒ�–�‡�†�ä�����Š�‡���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡���Ž�ƒ�–�‡�”�ƒ�Ž��
�Ž�‹�•�‹�–�•���‘�ˆ���–�Š�‡���‰�‡�‘�Ž�‘�‰�‹�…���—�•�‹�–�•���ƒ�”�‡���†�‡�’�‹�…�–�‡�†���‘�•���–�Š�‡���
�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�����ƒ�’�������Š�‡�‡�–�•���s���–�Š�”�‘�—�‰�Š���u���ä����

��
��

2.2.1�� Quaternary ��Very��Old��Fan��Deposits��(Map��Symbol���æ��Qvof)��
��

���—�ƒ�–�‡�”�•�ƒ�”�›�� ���‡�”�›�� ���Ž�†�� �	�ƒ�•�� �†�‡�’�‘�•�‹�–�•�� �‰�‡�•�‡�”�ƒ�Ž�Ž�›�� �ˆ�Ž�ƒ�•�•�� �•�–�‡�‡�’�� �„�‡�†�”�‘�…�•���•�Ž�‘�’�‡�•�� �ƒ�•�†�� �…�‘�•�•�‹�•�–�� �‘�ˆ��
�”�‡�†�†�‹�•�Š�� �„�”�‘�™�•�á�� �™�‡�Ž�Ž�� �‹�•�†�—�”�ƒ�–�‡�†���•�ƒ�•�†�� �†�‡�’�‘�•�‹�–�•�� �����
���á�� �t�r�r�u���ä�� ���—�”�‹�•�‰�� �‘�—�”�� �•�—�„�•�—�”�ˆ�ƒ�…�‡�� �ˆ�‹�‡�Ž�†��
�‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•�á�� �–�Š�‡�•�‡�� �†�‡�’�‘�•�‹�–�•�� �™�‡�”�‡�� �‘�„�•�‡�”�˜�‡�†�� �–�‘�� �‰�‡�•�‡�”�ƒ�Ž�Ž�›�� �…�‘�•�•�‹�•�–�� �‘�ˆ�� �„�”�‘�™�•�á�� �‰�”�ƒ�›�� �„�”�‘�™�•�á��
�ƒ�•�†���”�‡�†�†�‹�•�Š�æ�„�”�‘�™�•���•�ƒ�•�†�á���•�‹�Ž�–�›���•�ƒ�•�†���ƒ�•�†���…�Ž�ƒ�›�‡�›���•�ƒ�•�†�ä�����Š�‡���—�’�’�‡�”���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���s�æ�ˆ�‘�‘�–���‘�ˆ��
�–�Š�‡���ƒ�Ž�Ž�—�˜�‹�ƒ�Ž���•�ƒ�–�‡�”�‹�ƒ�Ž���™�ƒ�•���‘�„�•�‡�”�˜�‡�†���–�‘���„�‡���†�‡�•�‹�…�…�ƒ�–�‡�†���ƒ�•�†���…�‘�•�–�ƒ�‹�•�‡�†���”�‘�‘�–�Ž�‡�–�•�ä����
��
��

2.2.2�� Cretaceous��Lakeview��Mountain ��Tonalite ��(Map��Symbol��–��Klmt) ��
��

���Š�‡�� ���ƒ�•�‡�˜�‹�‡�™�� ���‘�—�•�–�ƒ�‹�•�� ���‘�•�ƒ�Ž�‹�–�‡�� �‹�•�� �†�‡�•�…�”�‹�‡�†�� �ƒ�•�� �ƒ�� �•�‡�†�‹�—�•�� �–�‘�� �…�‘�ƒ�”�•�‡�� �‰�”�ƒ�‹�•�‡�†�� �„�‹�‘�–�‹�–�‡�æ
�Š�‘�”�•�„�Ž�‡�•�†�‡���–�‘�•�ƒ�Ž�‹�–�‡���™�‹�–�Š���ƒ�•���ƒ�„�•�‡�•�…�‡���‘�ˆ���’�‘�–�ƒ�•�•�‹�—�•�����ƒ�Ž�•�ƒ�Ž�‹�����ˆ�‡�Ž�†�•�’�ƒ�”�������
���á���t�r�r�u���ä�����—�”�‹�•�‰��
�‘�—�”�� �•�—�„�•�—�”�ˆ�ƒ�…�‡�� �ˆ�‹�‡�Ž�†�� �‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•�á�� �–�Š�‡�•�‡�� �•�ƒ�–�‡�”�‹�ƒ�Ž�•�� �™�‡�”�‡�� �‘�„�•�‡�”�˜�‡�†���–�‘�� �‰�‡�•�‡�”�ƒ�Ž�Ž�›�� �„�‡�� �‰�”�ƒ�›�� �–�‘��
� „� ”� ‘� ™� •� á� � � •� ‡� †� ‹� —� •� � � –� ‘� � � …� ‘� ƒ� ”� •� ‡� � � ‰� ”� ƒ� ‹� •� ‡� †� ��”�‘�…�•�� �™�‹�–�Š�� �ƒ�„�—�•�†�ƒ�•�–�� �Š�‘�”�•�„�Ž�‡�•�†�‡�� �ƒ�•�†�� �„�‹�‘�–�‹�–�‡�ä�� ���Š�‡��
�„�‡�†�”�‘�…�•���”�ƒ�•�‰�‡�†���ˆ�”�‘�•���•�‘�†�‡�”�ƒ�–�‡�Ž�›���–�‘���•�Ž�‹�‰�Š�–�Ž�›���™�‡�ƒ�–�Š�‡�”�‡�†�ä����
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��
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2.3�� Geologic��Structure ��
��
���‘�–�Š�� �–�Š�‡�� ���—�ƒ�–�‡�”�•�ƒ�”�›�� ���Ž�†�� �	�ƒ�•�� �†�‡�’�‘�•�‹�–�•�� �ƒ�•�†�� �–�Š�‡�� ���”�‡�–�ƒ�…�‡�‘�—�•�� ���ƒ�•�‡�� ���‹�‡�™�� ���‘�—�•�–�ƒ�‹�•�� ���‘�•�ƒ�Ž�‹�–�‡�� �™�‡�”�‡��
� ‘� „� •� ‡� ”� ˜� ‡� †� � � –� ‘� � � „� ‡� � � •� ƒ� •� •� ‹� ˜� ‡� � � ƒ� •� †� � � Ž� ƒ� …� •� ‹� •� ‰� � � ƒ� •� ›� � � •� ‹� ‰� •� ‹� ˆ� ‹� …� ƒ� •� –� � � ‰� ‡� ‘� Ž� ‘� ‰� ‹� …� � � •� –� ”�—�…�–�—�”�‡�� �†�—�”�‹�•�‰�� �‘�—�”�� �•�—�„�•�—�”�ˆ�ƒ�…�‡��
�‡�š�’�Ž�‘�”�ƒ�–�‹�‘�•�ä����
��
��

2.4�� Groundwater ����
��
�
�”�‘�—�•�†�™�ƒ�–�‡�”�� �™�ƒ�•�� �•�‘�–�� �‡�•�…�‘�—�•�–�‡�”�‡�†���†�—�”�‹�•�‰�� �‘�—�”�� �•�—�„�•�—�”�ˆ�ƒ�…�‡�� �ˆ�‹�‡�Ž�†�� �‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•�� �–�‘�� �–�Š�‡�� �•�ƒ�š�‹�•�—�•��
�‡�š�’�Ž�‘�”�‡�†���†�‡�’�–�Š���‘�ˆ���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���w�r���ˆ�‡�‡�–���„�‡�Ž�‘�™���‡�š�‹�•�–�‹�•�‰���‰�”�‘�—�•�†�ä�����ƒ�•�‡�†���‘�•���•�‡�ƒ�”�„�›���ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡���™�‡�Ž�Ž��
� †� ƒ� –� ƒ� � � �� �� �� �� �� á� � � t� r� s� z� �� á� � � ”� ‡� …� ‡� •� –� � � Š� ‹� ‰� Š� � � ‰� ”� ‘� —� •� †� ™� ƒ� –� ‡� ”� � � ˆ� ‘� ”� � � �� ‡� Ž� Ž� � � u� u� y� {� z� s� �� s� s� y� s�x�{�w���r�r�s�� �•�‘�—�–�Š�� �‘�ˆ�� �–�Š�‡��
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�•�—�•�…�‡�’�–�‹�„�Ž�‡�� �–�‘�� �Ž�ƒ�•�†�•�Ž�‹�†�‡�•�á�� �•�‡�‹�•�•�‹�…�ƒ�Ž�Ž�›�æ�‹�•�†�—�…�‡�†�� �Ž�ƒ�•�†�•�Ž�‹�†�‡�•�á�� �‘�”�� �‘�–�Š�‡�”�� �•�ƒ�•�•�� �™�ƒ�•�–�‹�•�‰�� �’�”�‘�…�‡�•�•�‡�•��
���†�‡�„�”�‹�•���ˆ�Ž�‘�™�•�á���”�‘�…�•�ˆ�ƒ�Ž�Ž�•�á���‡�–�…�ä���ä��
��
���•�� �‰�‡�•�‡�”�ƒ�Ž�á�� �–�Š�‡�� �…�ƒ�—�•�‡�� �‘�ˆ�� �†�‡�„�”�‹�•�� �ˆ�Ž�‘�™�•�� �‹�•�� �ƒ�� �…�‘�•�„�‹�•�ƒ�–�‹�‘�•�� �‘�ˆ�� �Š�‡�ƒ�˜�›�� �”�ƒ�‹�•�ˆ�ƒ�Ž�Ž�á�� �Ž�‘�‘�•�‡�� �•�‘�‹�Ž�á�� �ƒ�•�†�� �•�–�‡�‡�’��
�•�Ž�‘�’�‡�� �…�‘�•�†�‹�–�‹�‘�•�•�ä�� ���ƒ�•�‡�†�� �‘�•�� �”�‡�˜�‹�‡�™�‡�†�� �†�‘�…�—�•�‡�•�–�•�� �������
���á�� �s�{�y�w�� �ƒ�•�†�� ���‡�„�‡�”�á�� �s�{�y�{���á�� �†�‡�„�”�‹�•�� �ˆ�Ž�‘�™�•��
�Š�ƒ�˜�‡�� �–�Š�‡�� �’�‘�–�‡�•�–�‹�ƒ�Ž�� �–�‘�� �‘�…�…�—�”�� �‘�•�� �•�Ž�‘�’�‡�•�� �–�Š�ƒ�–�� �Š�ƒ�˜�‡�� �ƒ�� �‰�”�ƒ�†�‹�‡�•�–�� �•�–�‡�‡�’�‡�”�� �–�Š�ƒ�•�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �s�z��
�†�‡�‰�”�‡�‡�•�� �™�Š�‹�…�Š���‹�•�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �‡�“�—�‹�˜�ƒ�Ž�‡�•�–�� �–�‘�� �ƒ�� �u�ã�s�� ���Š�‘�”�‹�œ�‘�•�–�ƒ�Ž���–�‘� � �˜�‡�”�–�‹�…�ƒ�Ž��� � �•�Ž�‘� ’�‡�� �”�ƒ�–�‹� ‘�ä�� � ��‡�„�”�‹�•� �
�ˆ�Ž� ‘�™�•� � �ƒ�”�‡�� �•� ‘�•�–�� �…�‘�•�•� ‘�•� � �ƒ�•�†�� �Š�ƒ�˜�‡�� �Š�‹�‰�Š�‡�”� � �ˆ�Ž� ‘�™���˜�‡�Ž�‘�…�‹�–�›� � � ‘�•� � �•�Ž� ‘� ’�‡�•� � �™�‹�–�Š�� �‰�”�ƒ�†�‹�‡�•�–�•�� �”�ƒ�•�‰�‹�•�‰���ˆ�”�‘�•��
�ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �t�ã�s�� �–�‘�� �s�ã�s�� ���Š�‘�”�‹�œ�‘�•�–�ƒ�Ž�� �–�‘�� �˜�‡�”�–�‹�…�ƒ�Ž���ä�� �
�‡�•�‡�”�ƒ�Ž�Ž�›�á�� �–� Š� ‡� � � •� –� ‡� ‡� ’� ‡� ”� � � –� Š� ‡� � � •� Ž� ‘� ’� ‡� á� � � –� Š� ‡� � � •� ‘� ”� ‡� �
�’�”�‘�•�‡���‹�–���‹�•���–�‘���†�‡�˜�‡�Ž�‘�’�‹�•�‰���ƒ���ˆ�ƒ�•�–���•�‘�˜�‹�•�‰�á���˜�‹�‘�Ž�‡�•�–���†�‡�„�”�‹�•���ˆ�Ž�‘�™�ä�����•���ƒ�†�†�‹�–�‹�‘�•�á���†�‡�„�”�‹�•���ˆ�Ž�‘�™�•���‰�‡�•�‡�”�ƒ�Ž�Ž�›��
�„�‡�‰�‹�•�� �ƒ�–�� �†�”�ƒ�‹�•�ƒ�‰�‡�� �Š�‡�ƒ�†�•�� �™�Š�‡�”�‡�� �–�Š�‡�”�‡�� �‹�•�� �ƒ�� �…�‘�•�…�‡�•�–�”�ƒ�–�‹�‘�•�� �‘�ˆ�� �™�ƒ�–�‡�”�� �†�—�”�‹�•�‰�� �Š�‡�ƒ�˜�›�� �”�ƒ�‹�•�ˆ�ƒ�Ž�Ž�ä��
���’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���t�ã�s�����Š�‘�”�‹�œ�‘�•�–�ƒ�Ž���–�‘���˜�‡�”�–�‹�…�ƒ�Ž�����…�—�–���ƒ�•�†���ˆ�‹�Ž�Ž���•�Ž�‘�’�‡�•���ƒ�”�‡���’�”�‘�’�‘�•�‡�†���ˆ�‘�”���–�Š�‡���ò���–�‘�•�‡�”�‹�†�‰�‡�ó��
�‹�•�†�—�•�–�”�‹�ƒ�Ž���ƒ�•�†���•�‹�š�‡�†�æ�—�•�‡���†�‡�˜�‡�Ž�‘�’�•�‡�•�–�ä�����—�–���ƒ�•�†���ˆ�‹�Ž�Ž���•�Ž�‘�’�‡�•���™�‹�Ž�Ž���…�‘�•�•�‹�•�–���‘�ˆ���‡�‹�–�Š�‡�”���Š�ƒ�”�†�����ƒ�•�‡�˜�‹�‡�™��
���‘�•�ƒ�Ž�‹�–�‡�� ���‡�†�”�‘�…�•�� �‘�”�� �†�‡�•�•�‡�� �…�‘�•�’�ƒ�…�–�‡�†�� �ˆ�‹�Ž�Ž�� �•�‘�‹�Ž�•�á�� �”�‡�•�’�‡�…�–�ˆ�—�Ž�Ž�›�ä�� ���Š�‡�•�‡�� �•�Ž�‘�’�‡�•�� �ƒ�”�‡�� �…�‘�•�•�‹�†�‡�”�‡�†��
�•�—�”�ˆ�‹�…�‹�ƒ�Ž�Ž�›�� �•�–�ƒ�„�Ž�‡�� �ƒ�•�� �Ž�‘�•�‰�� �ƒ�•�� �–�Š�‡�›�� �ƒ�”�‡�� �†�‡�•�‹�‰�•�‡�†�� �ƒ�•�†�� �…�‘�•�•�–�”�—�…�–�‡�†�� �™�‹�–�Š�� �’�”�‘�’�‡�”�� �•�—�”�ˆ�ƒ�…�‡�� �†�”�ƒ�‹�•�ƒ�‰�‡��
���’�—�”�˜�‹�‡�™���‘�ˆ���…�‹�˜�‹�Ž���‡�•�‰�‹�•�‡�‡�”�����ƒ�•�†���ƒ�”�‡���’�”�‘�’�‡�”�Ž�›���•�ƒ�‹�•�–�ƒ�‹�•�‡�†���ƒ�ˆ�–�‡�”���…�‘�•�•�–�”�—�…�–�‹�‘�•�ä�����Š�‡�”�‡�ˆ�‘�”�‡�á���‹�–���‹�•���‘�—�”��
� ‘� ’� ‹� •� ‹� ‘� •� � � –� Š� ƒ� –� � � –� Š� ‡� � � ’� ‘� –� ‡� •� –� ‹� ƒ� Ž� � � ˆ� ‘� ”� � � –� Š� ‡� � � †� ‡� ˜� ‡� Ž� ‘� ’� •� ‡� •� –� � � ‘� ˆ� � � ƒ� � � ”� ƒ� ’� ‹� †� � � †� ‡� „� ”� ‹� •� � � ˆ� Ž� ‘� ™� � � ‡� ˜� ‡� •� –� � � ‘� •� � � ƒ� � � •� Ž� ‘� ’� ‡� �
�ƒ�•�•�‘�…�‹�ƒ�–�‡�†���™�‹�–�Š���‘�”���ƒ�†�Œ�ƒ�…�‡�•�–���–�‘���–�Š�‡���’�”�‘�’�‘�•�‡�†���†�‡�˜�‡�Ž�‘�’�•�‡�•�–���‹�•���…�‘�•�•�‹�†�‡�”�‡�†���˜�‡�”�›���Ž�‘�™�ä����
��
�����”�‘�…�•�ˆ�ƒ�Ž�Ž���‹�•���ƒ���ˆ�”�ƒ�‰�•�‡�•�–���‘�ˆ���”�‘�…�•�á���‘�”���„�Ž�‘�…�•���‘�ˆ���”�‘�…�•�•�á���–�Š�ƒ�–���†�‡�–�ƒ�…�Š�‡�•���ˆ�”�‘�•���ƒ���˜�‡�”�–�‹�…�ƒ�Ž���–�‘���•�—�„�æ�˜�‡�”�–�‹�…�ƒ�Ž��
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�–�Š�‡�� �™�‡�•�–�‡�”�•�� �„�‘�—�•�†�ƒ�”�›�ä�� ���Š�‡�� �•�ƒ�–�—�”�ƒ�Ž�� �•�Ž�‘�’�‡�•�� �ƒ�Ž�‘�•�‰�� �–�Š�‡�� �™�‡�•�–�‡�”�•�� �„�‘�—�•�†�ƒ�”�›�á�� �™�Š�‡�”�‡�� �‘�—�–�…�”�‘�’�•�� �ƒ�”�‡��
� ‘� „� •�‡� ”� ˜�‡�†�á� � �‰�‡� •�‡� ”�ƒ�Ž�Ž� ›� � �Š�ƒ� ˜�‡� � �ƒ� � � •�Ž� ‘� ’�‡� � �‰�”�ƒ�†� ‹�‡� •�–� � � ‘� ˆ� � �u�ã�s� � � ��Š� ‘� ”� ‹�œ� ‘� •�–�ƒ�Ž� � �–� ‘�� �˜�‡�”�–�‹�…�ƒ�Ž���� �‘�”�� �•�Š�ƒ�Ž�Ž�‘�™�‡�”�ä�� ���—�”�‹�•�‰��
�‰�”�ƒ�†�‹�•�‰���ƒ�� �•�ƒ�Œ�‘�”�‹�–�›� � � ‘�ˆ� � �–�Š�‡���™�‡�•�–�‡�”�•� � �„� ‘�—�•�†�ƒ�”�›� � �™�‹�Ž�Ž���„�‡�� �…�—�–���‹�•� � � ‘�”�†�‡�”�� �–�‘�� �’�”�‘�†�—�…�‡���ƒ�•���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›��
�t�ã�s�� ���˜�‡�”�–�‹�…�ƒ�Ž�� �–�‘�� �Š�‘�”�‹�œ�‘�•�–�ƒ�Ž���� �•�Ž�‘�’�‡�� �‡�š�’�‘�•�‹�•�‰�� �†�‡�•�•�‡�� ���ƒ�•�‡�˜�‹�‡�™�� ���‘�•�ƒ� Ž� ‹� –� ‡� � � �� ‡� †� ”� ‘� …� •� ä� � � �� —� ‡� � � –� ‘� � � –� Š� ‡� �
�•�Š�ƒ�Ž�Ž�‘�™���•�Ž�‘�’�‡���‰�”�ƒ�†�‹�‡�•�–�•���‘�ˆ���–�Š�‡���‡�š�‹�•�–�‹�•�‰���•�Ž�‘�’�‡�•���ƒ�•�†���’�”�‘�’�‘�•�‡�†���•�ƒ�•�—�ˆ�ƒ�…�–�—�”�‡�†���•�Ž�‘�’�‡�•�á���–�Š�‡���’�‘�–�‡�•�–�‹�ƒ�Ž��
�ˆ�‘�”�� �”�‘�…�•�ˆ�ƒ�Ž�Ž�•�� �–�‘�� �‹�•�’�ƒ�…�–�� �–�Š�‡�� �’�”�‘�’�‘�•�‡�†�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–�� �‹�•�� �…�‘�•�•�‹�†�‡�”�‡�†��� Ž� ‘� ™� ä� � � �� ‘� ‘� •� ‡� � � „� ‘� —� Ž� †� ‡� ”� •� � � ƒ� •� †� �� ‘� ”� �
� ò� …� ‘� ”� ‡� •� –� ‘� •� ‡� •� ó� � � ƒ� –� � � ‘� ”� � � •� ‡� ƒ� ”� � � †� ‡� •� ‹� ‰� •� � � ‰� ”� ƒ� †� ‡� � � •� Š� ‘� —� Ž� †� � � „� ‡� � � ”� ‡� •� ‘� ˜� ‡� †� � � †� —� ”� ‹� •� ‰� � � •� Ž� ‘� ’� ‡� � � ‰� ”� ƒ� †� ‹� •� ‰� � � ‹� •� � � ‘� ”� †� ‡� ”� � � –� ‘� �
�ˆ�—�”�–�Š�‡�”���•�‹�–�‹�‰�ƒ�–�‡���’�‘�–�‡�•�–�‹�ƒ�Ž���”�‘�…�•�ˆ�ƒ�Ž�Ž�•�ä����
��
��

2.6�� Seiche��
��
�����•�‡�‹�…�Š�‡���‹�•���ƒ�•���—�•�†�‡�”�™�ƒ�–�‡�”���™�ƒ�˜�‡���–�Š�ƒ�–���‘�•�…�‹�Ž�Ž�ƒ�–�‡�•���–�Š�”�‘�—�‰�Š���ƒ���„�‘�†�›���‘�ˆ���™�ƒ�–�‡�”���™�Š�‹�…�Š���•�ƒ�›���„�‡���–�”�‹�‰�‰�‡�”�‡�†��
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�’�‘�–�‡�•�–�‹�ƒ�Ž���‹�•�’�ƒ�…�–���‘�ˆ���”�‡�‰�‹�‘�•�ƒ�Ž���•�—�„�•�‹�†�‡�•�…�‡���‘�•���–�Š�‡���’�”�‘�’�‘�•�‡�†���†�‡�˜�‡�Ž�‘�’�•�‡�•�–���‹�•���…�‘�•�•�‹�†�‡�”�‡�†���˜�‡�”�›���Ž�‘�™�ä����
��
��

2.8�� Field��Infiltration ��Testing��
��
���™�‘���ˆ�‹�‡�Ž�†���’�‡�”�…�‘�Ž�ƒ�–�‹�‘�•���–�‡�•�–�•���™�‡�”�‡���’�‡�”�ˆ�‘�”�•�‡�†���‘�•�����‘�”�‹�•�‰�•�����æ�s���ƒ�•�†�����æ�t���–�‘���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡���†�‡�’�–�Š�•���‘�ˆ���s�r��
�ƒ�•�†���w���ˆ�‡�‡�–���„�‡�Ž�‘�™���‡�š�‹�•�–�‹�•�‰���‰�”�ƒ�†�‡�á���”�‡�•�’�‡�…�–�‹�˜�‡�Ž�›�ä�����•�–�‹�•�ƒ�–�‹�‘�•���‘�ˆ���‹�•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•���”�ƒ�–�‡�•���™�ƒ�•���’�‡�”�ˆ�‘�”�•�‡�†���‹�•��
�‰�‡�•�‡�”�ƒ�Ž���ƒ�…�…�‘�”�†�ƒ�•�…�‡���™�‹�–�Š���‰�—�‹�†�‡�Ž�‹�•�‡�•���•�‡�–���ˆ�‘�”�–�Š���„�›���–�Š�‡�����‘�—�•�–�›���‘�ˆ�����‹�˜�‡�”�•�‹�†�‡�����t�r�s�s���ä�����•���‰�‡�•�‡�”�ƒ�Ž�á���ƒ���u�æ
�‹�•�…�Š�� �†�‹�ƒ�•�‡�–�‡�”�� �’�‡�”�ˆ�‘�”�ƒ�–�‡�†�� �������� �’�‹�’�‡�� �™�ƒ�•�� �’�Ž�ƒ�…�‡�†�� �‹�•�� �‡�ƒ�…�Š�� �„�‘�”�‡�Š�‘�Ž�‡�� �–�‘�� �„�‡�� �–�‡�•�–�‡�†�� �ƒ�•�†�� �–�Š�‡�� �ƒ�•�•�—�Ž�—�•��
�™�ƒ�•���„�ƒ�…�•�ˆ�‹�Ž�Ž�‡�†���™�‹�–�Š���‰�”�ƒ�˜�‡�Ž�á���‹�•�…�Ž�—�†�‹�•�‰���’�Ž�ƒ�…�‡�•�‡�•�–���‘�ˆ���ƒ�„�‘�—�–���t���‹�•�…�Š�‡�•���‘�ˆ���‰�”�ƒ�˜�‡�Ž���ƒ�–���–�Š�‡���„�‘�–�–�‘�•���‘�ˆ���–�Š�‡��
�„�‘�”�‡�Š�‘�Ž�‡�ä�� ���Š�‡�� �‹�•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•�� �™�‡�Ž�Ž�•�� �™�‡�”�‡�� �’�”�‡�æ�•�‘�ƒ�•�‡�†�� �’�”�‹�‘�”�� �–�‘�� �–�‡�•�–�‹�•�‰�ä�� ���ƒ�•�‡�†�� �‘�•�� �–�Š�‡�� ���‘�—�•�–�›�� �‘�ˆ��
���‹�˜�‡�”�•�‹�†�‡�� �•�‡�–�Š�‘�†�‘�Ž�‘�‰�›�á�� �–�Š�‡�� �…�ƒ�Ž�…�—�Ž�ƒ�–�‡�†�� ���‘�„�•�‡�”�˜�‡�†���� �‹�•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•�� �”� ƒ� –� ‡� •� � � ƒ� ”� ‡� � � ’� ”� ‘� ˜� ‹� †� ‡� †� � � ‹� •� � � �� ƒ� „� Ž� ‡� � � s� ä� �
���Š�‡�•�‡���‹�•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•���”�ƒ�–�‡�•���†�‘���•�‘�–���‹�•�…�Ž�—�†�‡���ƒ�•�›���ˆ�ƒ�…�–�‘�”���‘�ˆ���•�ƒ�ˆ�‡�–�›�����–�‘���„�‡���†�‡�–�‡�”�•�‹�•�‡�†���„�›���–�Š�‡���’�”�‘�Œ�‡�…�–�����‹�˜�‹�Ž��
���•�‰�‹�•�‡�‡�”���â���Š�‘�™�‡�˜�‡�”�á���–�Š�‡�›���Š�ƒ�˜�‡���„�‡�‡�•���•�‘�”�•�ƒ�Ž�‹�œ�‡�†���–�‘���…�‘�”�”�‡�…�–���–�Š�‡���u�æ�����ˆ�Ž�‘�™���–�Š�ƒ�–���‘�…�…�—�”�•���™�‹�–�Š�‹�•���–�Š�‡��
�ˆ�‹�‡�Ž�†���–�‡�•�–���–�‘���s�æ�����ˆ�Ž�‘�™���‘�—�–���‘�ˆ���–�Š�‡���„�‘�–�–�‘�•���‘�ˆ���–�Š�‡���„�‘�”�‹�•�‰���‘�•�Ž�›�ä�����Š�‡���Ž�‘�…�ƒ�–�‹�‘�•�•���‘�ˆ���–�Š�‡���‹�•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•���–�‡�•�–�•��
�™�‡�”�‡���…�‘�‘�”�†�‹�•�ƒ�–�‡�†���™�‹�–�Š���–�Š�‡���…�‹�˜�‹�Ž���‡�•�‰�‹�•�‡�‡�”�ä�����Š�‡���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡���‹�•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•���–�‡�•�–���Ž�‘�…�ƒ�–�‹�‘�•�•���ƒ�”�‡���•�Š�‘�™�•��
�‘�•���–�Š�‡���
�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�����ƒ�’�•�������Š�‡�‡�–�•���s���ƒ�•�†���u�����ƒ�•�†���–�Š�‡���‹�•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•���–�‡�•�–���†�ƒ�–�ƒ���‹�•���‹�•�…�Ž�—�†�‡�†���‹�•�����’�’�‡�•�†�‹�š��
�����ƒ�•�†���•�—�•�•�ƒ�”�‹�œ�‡�†���‹�•�����ƒ�„�Ž�‡���s���„�‡�Ž�‘�™�ä����
��
��

TABLE��1��
��

Summary��of��Infiltration ��Testing��
��

Infiltration ��Test��
Location ��

Approximate ��
Infiltration ��Test��Depth ��
Below ��Existing ��Grade��

(ft) ��

Observed��
Infiltration ��Rate*��

��(Inch/Hr) ��

���æ�s�� �s�r�� �r�ä�s��
���æ�t�� �w�� �r�ä�w��

�� �� �� �����‘�”�•�ƒ�Ž�‹�œ�‡�†���–�‘�����•�‡�æ���‹�•�‡�•�•�‹�‘�•�ƒ�Ž���	�Ž�‘�™�á���†�‘�‡�•���•�‘�–���‹�•�…�Ž�—�†�‡���ƒ�•�›���	�ƒ�…�–�‘�”���‘�ˆ�����ƒ�ˆ�‡�–�›��
��

���–���•�Š�‘�—�Ž�†���„�‡���‡�•�’�Š�ƒ�•�‹�œ�‡�†���–�Š�ƒ�–���‹�•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•���–�‡�•�–���”�‡�•�—�Ž�–�•���ƒ�”�‡���‘�•�Ž�›���”�‡�’�”�‡�•�‡�•�–�ƒ�–�‹�˜�‡���‘�ˆ���–�Š�‡���Ž�‘�…�ƒ�–�‹�‘�•���ƒ�•�†��
�†�‡�’�–�Š�� �™�Š�‡�”�‡�� �–�Š�‡�›�� �ƒ�”�‡�� �’�‡�”�ˆ�‘�”�•�‡�†�ä�� ���ƒ�”�›�‹�•�‰�� �•�—�„�•�—�”�ˆ�ƒ�…�‡�� �…�‘�•�†�‹�–�‹�‘�•�•�� �•�ƒ�›�� �‡�š�‹�•�–�� �‘�—�–�•�‹�†�‡�� �‘�ˆ�� �–�Š�‡�� �–�‡�•�–��
�Ž�‘�…�ƒ�–�‹�‘�•�•���™�Š�‹�…�Š���…�‘�—�Ž�†���ƒ�Ž�–�‡�”���–�Š�‡���…�ƒ�Ž�…�—�Ž�ƒ�–�‡�†���‹�•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•���”�ƒ�–�‡�•���‹�•�†�‹�…�ƒ�–�‡�†���ƒ�„�‘�˜�‡�ä�����•�ˆ�‹�Ž�–�”�ƒ�–�‹�‘�•���–�‡�•�–�•���ƒ�”�‡��
�’�‡�”�ˆ�‘�”�•�‡�†���—�•�‹�•�‰���”�‡�Ž�ƒ�–�‹�˜�‡�Ž�›���…�Ž�‡�ƒ�•���™�ƒ�–�‡�”���ˆ�”�‡�‡���‘�ˆ���’�ƒ�”�–�‹�…�—�Ž�ƒ�–�‡�•�á���•�‹�Ž�–�á���‡�–�…�ä����
��



 

Project��No.��13092�æ01�� Page��10�� September��12,��2019��

2.9�� Preliminary ��Seismic��Design��Parameters ��
��

���Š�‡�� �•�‹�–�‡�� �•�‡�‹�•�•�‹�…�� �…�Š�ƒ�”�ƒ�…�–�‡�”�‹�•�–�‹�…�•�� �™�‡�”�‡�� �‡�˜�ƒ�Ž�—�ƒ�–�‡�†�� �’�‡�”�� �–�Š�‡�� �‰�—�‹�†�‡�Ž�‹�•�‡�•�� �•�‡�–�� �ˆ�‘�”�–�Š�� �‹�•�� ���Š�ƒ�’�–�‡�”�� �s�x�á��
���‡�…�–�‹�‘�•�� �s�x�s�u�� �‘�ˆ�� �–�Š�‡�� �t�r�s�x�� ���ƒ�Ž�‹�ˆ�‘�”�•�‹�ƒ�� ���—�‹�Ž�†�‹�•�‰�� ���‘�†�‡�� �����������ä�� ���‡�’�”�‡�•�‡�•�–�ƒ�–�‹�˜�‡�� �•�‹�–�‡�� �…�‘�‘�”�†�‹�•�ƒ�–�‡�•�� �‘�ˆ��
�Ž�ƒ�–�‹�–�—�†�‡�� �u�u�ä�z�t�{�y�� �†�‡�‰�”�‡�‡�•�� �•�‘�”�–�Š�� �ƒ�•�†�� �Ž�‘�•�‰�‹�–�—�†�‡�� �æ�s�s�y�ä�s�w�y�r�� �†�‡�‰�”�‡�‡�•���™�‡�•�–�� �™�‡�”�‡�� �—�–�‹�Ž�‹�œ�‡�†�� �‹�•�� �‘�—�”��
�ƒ�•�ƒ�Ž�›�•�‡�•�ä�����Ž�‡�ƒ�•�‡���•�‘�–�‡���–�Š�ƒ�–���–�Š�‡�•�‡���…�‘�‘�”�†�‹�•�ƒ�–�‡�•���ƒ�”�‡���‰�‡�•�‡�”�ƒ�Ž�Ž�›���…�‘�•�•�‹�†�‡�”�‡�†���”�‡�’�”�‡�•�‡�•�–�ƒ�–�‹�˜�‡���‘�ˆ���–�Š�‡���•�‹�–�‡��
�ˆ�‘�”���’�”�‡�Ž�‹�•�‹�•�ƒ�”�›���’�Ž�ƒ�•�•�‹�•�‰���’�—�”�’�‘�•�‡�•�á���Š�‘�™�‡�˜�‡�”�á���–�Š�‡�‹�”���ƒ�’�’�Ž�‹�…�ƒ�„�‹�Ž�‹�–�›���•�—�•�–���„�‡���˜�‡�”�‹�ˆ�‹�‡�†���™�‹�–�Š���”�‡�•�’�‡�…�–���–�‘��
�ƒ���†�‡�•�‹�”�‡�†���•�’�‡�…�‹�ˆ�‹�…���Ž�‘�…�ƒ�–�‹�‘�•���™�‹�–�Š�‹�•���–�Š�‡���•�‹�–�‡�ä�����Š�‡���•�ƒ�š�‹�•�—�•���…�‘�•�•�‹�†�‡�”�‡�†���‡�ƒ�”�–�Š�“�—�ƒ�•�‡���������������•�’�‡�…�–�”�ƒ�Ž��
�”�‡�•�’�‘�•�•�‡�� �ƒ�…�…�‡�Ž�‡�”�ƒ�–�‹�‘�•�•�� �������� � � � ƒ� •� †� � � ����s ���� �ƒ�•�†�� �ƒ�†�Œ�—�•�–�‡�†�� �†�‡�•�‹�‰�•�� �•�’�‡�…�–�”�ƒ�Ž�� �”�‡�•�’�‘�•�•�‡�� �ƒ�…�…�‡�Ž�‡�”�ƒ�–�‹�‘�•��
�’�ƒ�”�ƒ�•�‡�–�‡�”�•���������� ���ƒ�•�†�������s�����ˆ�‘�”�����‹�–�‡�����Ž�ƒ�•�•�������ƒ�”�‡���’�”�‘�˜�‹�†�‡�†���‹�•�����ƒ�„�Ž�‡���t���„�‡�Ž�‘�™�ä����

��
��

TABLE��2��
��

Seismic��Design��Parameters ��
��

Selected��Parameters ��from ��2016 ��CBC,��
Section��1613 ���æ��Earthquake ��Loads��

Seismic��Design��Values��

���‹�–�‡�����Ž�ƒ�•�•���’�‡�”�����Š�ƒ�’�–�‡�”���t�r���‘�ˆ�������������y�� ����
���‹�•�•�æ���ƒ�”�‰�‡�–�‡�†�����’�‡�…�–�”�ƒ�Ž�����…�…�‡�Ž�‡�”�ƒ�–�‹�‘�•���ˆ�‘�”��
���Š�‘�”�–�����‡�”�‹�‘�†�•��������������

�s�ä�w�r�w�‰��

���‹�•�•�æ���ƒ�”�‰�‡�–�‡�†�����’�‡�…�–�”�ƒ�Ž�����…�…�‡�Ž�‡�”�ƒ�–�‹�‘�•�•���ˆ�‘�”��
�s�æ���‡�…�‘�•�†�����‡�”�‹�‘�†�•�������s������

�r�ä�x�r�w�‰��

���‹�–�‡�����‘�‡�ˆ�ˆ�‹�…�‹�‡�•�–���	�ƒ���’�‡�”�����ƒ�„�Ž�‡���s�x�s�u�ä�u�ä�u���s���� �s�ä�r�r�r��

���‹�–�‡�����‘�‡�ˆ�ˆ�‹�…�‹�‡�•�–���	� �̃��’�‡�”�����ƒ�„�Ž�‡���s�x�s�u�ä�u�ä�u���t���� �s�ä�w�r�r��
���‹�–�‡�����‘�†�‹�ˆ�‹�‡�†�����’�‡�…�–�”�ƒ�Ž�����…�…�‡�Ž�‡�”�ƒ�–�‹�‘�•���ˆ�‘�”��
���Š�‘�”�–�����‡�”�‹�‘�†�•���������� �����ˆ�‘�”�����‹�–�‡�����Ž�ƒ�•�•������
�����‘�–�‡�ã���������� ���±���	�ƒ��������

�s�ä�w�r�w�‰��

���‹�–�‡�����‘�†�‹�ˆ�‹�‡�†�����’�‡�…�–�”�ƒ�Ž�����…�…�‡�Ž�‡�”�ƒ�–�‹�‘�•���ˆ�‘�”���s�æ
���‡�…�‘�•�†�����‡�”�‹�‘�†�•���������s �����ˆ�‘�”�����‹�–�‡�����Ž�ƒ�•�•������
�����‘�–�‡�ã���������s ���±���	� �̃��s����

�r�ä�{�r�y�‰��

���‡�•�‹�‰�•�����’�‡�…�–�”�ƒ�Ž�����…�…�‡�Ž�‡�”�ƒ�–�‹�‘�•���ˆ�‘�”�����Š�‘�”�–��
���‡�”�‹�‘�†�•���������� �����ˆ�‘�”�����‹�–�‡�����Ž�ƒ�•�•������
�����‘�–�‡�ã���������� ���±�����t���u�������� ����

�s�ä�r�r�u�‰��

���‡�•�‹�‰�•�����’�‡�…�–�”�ƒ�Ž�����…�…�‡�Ž�‡�”�ƒ�–�‹�‘�•���ˆ�‘�”���s�æ���‡�…�‘�•�†��
���‡�”�‹�‘�†�•���������s�����ˆ�‘�”�����‹�–�‡�����Ž�ƒ�•�•������
�����‘�–�‡�ã���������s���±�����t���u�������s ����

�r�ä�x�r�w�‰��

���ƒ�’�’�‡�†�����‹�•�•�����‘�‡�ˆ�ˆ�‹�…�‹�‡�•�–���ƒ�–���r�ä�t���•�‡�…�����’�‡�…�–�”�ƒ�Ž��
���‡�•�’�‘�•�•�‡�����‡�”�‹�‘�†�á�������������’�‡�”�������������y����

�s�ä�r�s�z��

���ƒ�’�’�‡�†�����‹�•�•�����‘�‡�ˆ�ˆ�‹�…�‹�‡�•�–���ƒ�–���s���•�‡�…�����’�‡�…�–�”�ƒ�Ž��
���‡�•�’�‘�•�•�‡�����‡�”�‹�‘�†�á�������s�����’�‡�”�������������y����

�r�ä�{�z�z��

�����	�”�‘�•�������������á���t�r�s�{��

��
���‡�…�–�‹�‘�•�� �s�z�r�u�ä�w�ä�s�t�� �‘�ˆ�� �–�Š�‡�� �t�r�s�x�� �������� ���’�‡�”�� ���‡�…�–�‹�‘�•�� �s�s�ä�z�ä�u�� �‘�ˆ�� ���������� �y���� �•�–�ƒ�–�‡�•�� �–�Š�ƒ�–�� �–�Š�‡�� �•�ƒ�š�‹�•�—�•��
�…�‘�•�•�‹�†�‡�”�‡�†�� �‡�ƒ�”�–�Š�“�—�ƒ�•�‡�� �‰�‡�‘�•�‡�–�”�‹�…�� �•�‡�ƒ�•�� ���������
 ���� ���‡�ƒ�•�� �
�”�‘�—�•�†�� ���…�…�‡�Ž�‡�”�ƒ�–�‹�‘�•�� �����
������ �•�Š�‘�—�Ž�†�� �„�‡��
�—�•�‡�†���ˆ�‘�”���Ž�‹�“�—�‡�ˆ�ƒ�…�–�‹�‘�•���’�‘�–�‡�•�–�‹�ƒ�Ž�ä�����Š�‡�����
���� ���ˆ�‘�”���–�Š�‡���•�‹�–�‡���‹�•���‡�“�—�ƒ�Ž���–�‘���r�ä�w�y�w�‰���������������á���t�r�s�{���ä����
��
� �� � � †� ‡� ƒ� ‰� ‰� ”� ‡� ‰� ƒ� –� ‹� ‘� •� � � ‘� ˆ� � � –� Š� ‡� � � �� 
� �� � � „� ƒ� •� ‡� †�� �‘�•�� �ƒ�� �t�á�v�y�w�æ�›�‡�ƒ�”�� �ƒ�˜�‡�”�ƒ�‰�‡�� �”�‡�–�—�”�•�� �’�‡�”�‹�‘�†�� �‹�•�†�‹�…�ƒ�–�‡�•�� �–�Š�ƒ�–�� �ƒ�•��
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���ƒ�–�‡�”�ƒ�Ž�� �•�’�”�‡�ƒ�†�‹�•�‰�� �‹�•�� �ƒ�� �–�›�’�‡�� �‘�ˆ�� �Ž�‹�“�—�‡�ˆ�ƒ�…�–�‹�‘�•�æ�‹�•�†�—�…�‡�†�� �‰�”�‘�—�•�†�� �ˆ�ƒ�‹�Ž�—�”�‡�� �ƒ�•�•�‘�…�‹�ƒ�–�‡�†�� �™�‹�–�Š�� �–�Š�‡��
�Ž�ƒ�–�‡�”�ƒ�Ž�� �†�‹�•�’�Ž�ƒ�…�‡�•�‡�•�–�� �‘�ˆ�� �•�—�”�ˆ�‹�…�‹�ƒ�Ž�� �„�Ž�‘�…�•�•�� �‘�ˆ�� �•�‡�†�‹�•�‡�•�–�� �”�‡�•�—�Ž�–�‹�•�‰���ˆ�”�‘�•�� �Ž�‹�“�—�‡�ˆ�ƒ�…�–�‹�‘�•�� �‹�•�� �ƒ��
�•�—�„�•�—�”�ˆ�ƒ�…�‡�� �Ž�ƒ�›�‡�”�ä�� ���•�…�‡�� �Ž�‹�“�—�‡�ˆ�ƒ�…�–�‹�‘�•�� �–�”�ƒ�•�•�ˆ�‘�”�•�•�� �–�Š�‡�� �•�—�„�•�—�”�ˆ�ƒ�…�‡�� �Ž� ƒ� ›� ‡� ”� � � ‹� •� –� ‘� � � ƒ� � � ˆ� Ž� —� ‹� †� � � •� ƒ� •� •� á� �
�‰�”�ƒ�˜�‹�–�›�� �’�Ž�—�•�� �–�Š�‡�� �‡�ƒ�”�–�Š�“�—�ƒ�•�‡�� �‹�•�‡�”�–�‹�ƒ�Ž�� �ˆ�‘�”�…�‡�•�� �•�ƒ�›�� �…�ƒ�—�•�‡�� �–�Š�‡�� �•�ƒ�•�•���–�‘�� �•�‘�˜�‡�� �†�‘�™�•�•�Ž�‘�’�‡��
�–�‘�™�ƒ�”�†�•���ƒ���ˆ�”�‡�‡���ˆ�ƒ�…�‡�����•�—�…�Š���ƒ�•���ƒ�� �”�‹�˜�‡�”�� �…�Š�ƒ�•�•�‡�Ž���‘�”�� �ƒ�•���‡�•�„�ƒ�•�•�•�‡�•�–���ä�����ƒ�–�‡�”�ƒ�Ž���•�’�”�‡�ƒ�†�‹�•�‰���•�ƒ�›��
�…�ƒ�—�•�‡�� �Ž�ƒ�”�‰�‡�� �Š�‘�”�‹�œ�‘�•�–�ƒ�Ž�� �†�‹�•�’�Ž�ƒ�…�‡�•�‡�•�–�•�� �ƒ�•�†�� �•�—�…�Š�� �•�‘�˜�‡�•�‡�•�–�� �–�›�’�‹�…�ƒ�Ž�Ž�›�� �†�ƒ�•�ƒ�‰�‡�•�� �’�‹�’�‡�Ž�‹�•�‡�•�á��
�—�–�‹�Ž�‹�–�‹�‡�•�á���„�”�‹�†�‰�‡�•�á���ƒ�•�†���•�–�”�—�…�–�—�”�‡�•�ä��
��
���—�‡�� �–�‘�� �–�Š�‡�� �Ž�‘�™�� �’�”�‘�„�ƒ�„�‹�Ž�‹�–�›�� �‘�ˆ�� �Ž�‹�“�—�‡�ˆ�ƒ�…�–�‹�‘�•�á�� �–�Š�‡�� �’�‘�–�‡�•�–�‹�ƒ�Ž�� �ˆ�‘�”�� �Ž�ƒ�–�‡�”�ƒ�Ž�� �•�’�”�‡�ƒ�†�‹�•�‰�� �‹�•�� �ƒ�Ž�•�‘��
�…�‘�•�•�‹�†�‡�”�‡�†���Ž�‘�™�ä����
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2.11�� Seismic��Refraction ��Lines����
��
��� ‘���ƒ�‹�†���‹�•���‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���”�‹�’� ’�ƒ�„�‹�Ž�‹�–�›���‘�ˆ���–�Š�‡���•�ƒ�–�‡�”�‹�ƒ�Ž�•���–�‘���„�‡���‡�•�…�‘�—�•�–�‡�”�‡�†���™�‹�–�Š�‹�•���–�Š�‡���’�”�‘�’�‘�•�‡�†��
�†�‡�‡�’�‡�”���…�—�–�•���‘�•���–�Š�‡���•�‹�–�‡�á���ˆ�‹�˜�‡���•�‡�‹�•�•�‹�…���”�‡�ˆ�”�ƒ�…�–�‹�‘�•���Ž�‹�•�‡�•���™�‡�”�‡���’�‡�”�ˆ�‘�”�•�‡�†�����•�‡�‡���
�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�����ƒ�’���ˆ�‘�”��
�Ž�‘�…�ƒ�–�‹�‘�•�•���ä�����Š�‡���†�ƒ�–�ƒ���‰�ƒ�–�Š�‡�”�‡�†���˜�‹�ƒ���–�Š�‡���•�‡�‹�•�•�‹�…���Ž�‹�•�‡�•�á���’�”�‘�˜�‹�†�‡�•���‡�•�–�‹�•�ƒ�–�‡�†���•�‡�‹�•�•�‹�…���˜�‡�Ž�‘�…�‹�–�‹�‡�•���‘�ˆ���–�Š�‡��
� ‘� •� •� ‹� –� ‡� � � •� ƒ� –� ‡� ”� ‹� ƒ� Ž� •� � � –� ‘� � � †� ‡� ’� –� Š� •� � � —� ’� � � –� ‘� � � ƒ� ’� ’� ”� ‘� š� ‹� •� ƒ� –� ‡� Ž� ›� � � x� r� � � ˆ� ‡� ‡� –� � � „� ‡� Ž� ‘� ™� � � –� Š�‡�� �•�—�”�ˆ�ƒ�…�‡�� �ˆ�‘�”�� �–�Š�‹�•�� �•�–�—�†�›�ä�� ����
�†�‡�–�ƒ�‹�Ž�‡�†���†�‹�•�…�—�•�•�‹�‘�•���‘�ˆ���–�Š�‡���•�‡�–�Š�‘�†�‘�Ž�‘�‰�›���ƒ�•�†���‰�”�ƒ�’�Š�‹�…���”�‡�’�”�‡�•�‡�•�–�ƒ�–�‹�‘�•���‘�ˆ���–�Š�‡���”�‡�•�—�Ž�–�•���ƒ�”�‡���’�”�‡�•�‡�•�–�‡�†��
�‹�•�����’�’�‡�•�†�‹�š�����ä����
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2.12�� Rippability ����
��
���•���‰�‡�•�‡�”�ƒ�Ž�á���—�•�†�‘�…�—�•�‡�•�–�‡�†���ƒ�”�–�‹�ˆ�‹�…�‹�ƒ�Ž���ˆ�‹�Ž�Ž�á���…�‘�Ž�Ž�—�˜�‹�—�•�á���ƒ�•�†���˜�‡�”�›���‘�Ž�†���ˆ�ƒ�•���†�‡�’�‘�•�‹�–�•���ƒ�”�‡���ƒ�•�–�‹�…�‹�’�ƒ�–�‡�†���–�‘��
�„�‡�� �‡�ƒ�•�‹�Ž�›�� �–�‘�� �•�‘�†�‡�”�ƒ�–�‡�Ž�›�� �”�‹�’�’�ƒ�„�Ž�‡�� �—�–�‹�Ž�‹�œ�‹�•�‰�� �…�‘�•�˜�‡�•�–�‹�‘�•�ƒ�Ž�� �Š�‡�ƒ�˜�›�æ�†�—�–�›�� �‡�ƒ�”�–�Š�� �•�‘�˜�‹�•�‰�� �‡�“�—�‹�’�•�‡�•�–��
�����ƒ�–�‡�”�’�‹�Ž�Ž�ƒ�”�����{���™�‹�–�Š���•�‹�•�‰�Ž�‡���•�Š�ƒ�•�•���‘�”���‡�“�—�‹�˜�ƒ�Ž�‡�•�–���ä����
��
���•���‰�‡�•�‡�”�ƒ�Ž�á���–�Š�‡���—�’�’�‡�”���’�‘�”�–�‹�‘�•�•���‘�ˆ���•�‹�–�‡���„�‡�†�”�‘�…�•�������ƒ�•�‡�˜�‹�‡�™�����‘�—�•�–�ƒ�‹�•�����‘�•�ƒ�Ž�‹�–�‡�����ƒ�”�‡���ƒ�•�–�‹�…�‹�’�ƒ�–�‡�†���–�‘��
� Š� ƒ� ˜� ‡� � � ƒ� � � •� ‘� †� ‡� ”� ƒ� –� ‡� � � –� ‘� � � ˜� ‡� ”� ›� � � †� ‹� ˆ� ˆ� ‹� …� —� Ž� –� � � ”� ‹� ’� ’� ƒ� „� ‹� Ž� ‹� –� ›� � � —� –� ‹� Ž� ‹� œ� ‹� •� ‰� � � Š� ‡� ƒ� ˜� ›� � � †�—�–�›�� �…�‘�•�˜�‡�•�–�‹�‘�•�ƒ�Ž�� �‡�ƒ�”�–�Š�� �•�‘�˜�‹�•�‰��
�‡�“�—�‹�’�•�‡�•�–�ä�����ƒ�•�‡�†���‘�•���•�‡�‹�•�•�‹�…���”�‡�ˆ�”�ƒ�…�–�‹�‘�•���Ž�‹�•�‡�•�á���‡�š�…�ƒ�˜�ƒ�–�‹�‘�•���†�‹�ˆ�ˆ�‹�…�—�Ž�–�›���‘�ˆ���–�Š�‡�•�‡���•�ƒ�–�‡�”�‹�ƒ�Ž�•���‹�•�…�”�‡�ƒ�•�‡�•��
�™�‹�–�Š�� �†�‡�’�–�Š�ä�� ���Ž�ƒ�•�–�‹�•�‰�� �•�Š�‘�—�Ž�†�� �„�‡�� �ƒ�•�–�‹�…�‹�’�ƒ�–�‡�†�� �ƒ�•�� �•�‘�•�æ�”�‹�’�’�ƒ�„�Ž�‡�� �„�‡�†�”�‘�…�•�� �•�ƒ�–�‡�”�‹�ƒ�Ž�•�� �Š�ƒ�˜�‡�� �„�‡�‡�•��
�‹�†�‡�•�–�‹�ˆ�‹�‡�†���™�‹�–�Š�‹�•���–�Š�‡���†�‡�’�–�Š���‘�ˆ���–�Š�‡���†�‡�•�‹�‰�•���…�—�–�ä�����•���‰�‡�•�‡�”�ƒ�Ž�á���–�Š�‡���•�—�„�•�—�”�ˆ�ƒ�…�‡���†�ƒ�–�ƒ���…�‘�Ž�Ž�‡�…�–�‡�†���‹�•�†�‹�…�ƒ�–�‡�•��
�–�Š�ƒ�–���–�Š�‡���„�‡�†�”�‘�…�•���•�ƒ�–�‡�”�‹�ƒ�Ž�•���…�ƒ�•���„�‡���‰�‡�•�‡�”�ƒ�Ž�Ž�›���…�Ž�ƒ�•�•�‹�ˆ�‹�‡�†���‹�•�–�‘���–�Š�”�‡�‡���œ�‘�•�‡�•���‘�ˆ���”�‹�’�’�ƒ�„�‹�Ž�‹�–�›�����”�‹�’�’�ƒ�„�Ž�‡�á��
�•�ƒ�”�‰�‹�•�ƒ�Ž�Ž�›�� �”�‹�’�’�ƒ�„�Ž�‡�á�� �ƒ�•�†�� �•�‘�•�æ�”�‹�’�’�ƒ�„�Ž�‡���ä�� ���‡�‹�•�•�‹�…�� �”�‡�ˆ�”�ƒ�…�–�‹�‘�•�� �†�ƒ�–�ƒ�� �‹�•�� �•�—�•�•�ƒ�”�‹�œ�‡�†�� �„�‡�Ž�‘�™�� �ƒ�•�†�� �–�Š�‡��
�Ž�‘�…�ƒ�–�‹�‘�•�•���‘�ˆ���–�Š�‡���•�‡�‹�•�•�‹�…���Ž�‹�•�‡�•���ƒ�”�‡���†�‡�’�‹�…�–�‡�†���‘�•���–�Š�‡���
�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�����ƒ�’�������Š�‡�‡�–���t���ä����
��
���Š�‡���‡�•�–�‹�•�ƒ�–�‡�†���†�‡�’�–�Š�•���–�‘���–�Š�‡���†�‹�ˆ�ˆ�‡�”�‡�•�–���”�‹�’�’�ƒ�„�‹�Ž�‹�–�›���…�Ž�ƒ�•�•�‹�ˆ�‹�…�ƒ�–�‹�‘�•�•�����”�‹�’�’�ƒ�„�Ž�‡�á���•�ƒ�”�‰�‹�•�ƒ�Ž�Ž�›���”�‹�’�’�ƒ�„�Ž�‡�á��
�ƒ�•�†�� �•�‘�•�æ�”�‹�’�’�ƒ�„�Ž�‡���� �ƒ�”�‡�� �„�ƒ�•�‡�†�� �‘�•�� �–�Š�‡�� �‘�•�•�‹�–�‡�� �•�‡�‹�•�•�‹�…�� �”�‡�ˆ�”�ƒ�…�–�‹�‘�•�� �–�‘� ’� ‘� ‰� ”� ƒ� ’� Š� ‹� …� � � •� ‘� †� ‡� Ž� •� � � ƒ� •� †� � � –� Š� ‡� �
�•�‡�‹�•�•�‹�…���˜�‡�Ž�‘�…�‹�–�‹�‡�•���ƒ�”�‡���•�—�•�•�ƒ�”�‹�œ�‡�†���„�‡�Ž�‘�™�ä�����•���‰�‡�•�‡�”�ƒ�Ž�á���–�Š�‡���•�‹�–�‡���„�‡�†�”�‘�…�•���•�ƒ�›���„�‡���…�‘�•�•�‹�†�‡�”�‡�†�ã����
��

�x ���‹�’�’�ƒ�„�Ž�‡�����•�‡�‹�•�•�‹�…���˜�‡�Ž�‘�…�‹�–�›���´���v�á�r�r�r���ˆ�–���•�‡�…�����–�‘���†�‡�’�–�Š�•���”�ƒ�•�‰�‹�•�‰���ˆ�”�‘�•���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���r���–�‘���s�w��
�ˆ�‡�‡�–���„�‡�Ž�‘�™���‡�š�‹�•�–�‹�•�‰���‰�”�‘�—�•�†���•�—�”�ˆ�ƒ�…�‡�ä����
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�x ���ƒ�”�‰�‹�•�ƒ�Ž�Ž�›�� ���‹�’�’�ƒ�„�Ž�‡�� ���•�‡�‹�•�•�‹�…�� �˜�‡�Ž�‘�…�‹�–�›�� �v�á�r�r�r�� �ˆ�–���•�‡�…�� �–�‘�� �y�á�r�r�r�� �ˆ�–��� •� ‡� …� �� � � –� ‘� � � †� ‡� ’� –� Š� •� � � ”� ƒ� •� ‰� ‹� •� ‰� �
�ˆ�”�‘�•���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���s�w���–�‘���t�w���ˆ�‡�‡�–���„�‡�Ž�‘�™���‡�š�‹�•�–�‹�•�‰���‰�”�‘�—�•�†���•�—�”�ˆ�ƒ�…�‡�ä����

�x ���‘�•�æ���‹�’�’�ƒ�„�Ž�‡�� �‘�”�� ���Ž�ƒ�•�–�‹�•�‰�� ���•�‡�‹�•�•�‹�…�� �˜�‡�Ž�‘�…�‹�–�›�� �µ�y�á�r�r�r�� �ˆ�–���•�‡�…���� �ƒ�–�� �†�‡� ’� –� Š� •� � � ‰� ”� ‡� ƒ� –� ‡� ”� � � –� Š� ƒ� •� �
�ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �t�w�� �–�‘�� �w�r�� �ˆ�‡�‡�–�� �„�‡�Ž�‘�™�� �‡�š�‹�•�–�‹�•�‰�� �‰�”�‘�—�•�†�� �•�—�”�ˆ�ƒ�…�‡�á�� �™�‹�–�Š� � � –� Š� ‡� � � ‡� š� …� ‡� ’� –� ‹� ‘� •� � � ‘� ˆ� �
�•�Š�ƒ�Ž�Ž�‘�™���…�‘�”�‡���•�–�‘�•�‡�•�ä����

����
���Ž�‡�ƒ�•�‡�� �•�‘�–�‡�� �–�Š�ƒ�–�� �–�Š�‡�� �˜�‡�Ž�‘�…�‹�–�›�� �”�ƒ�•�‰�‡�•�� �‘�ˆ�� �–�Š�‡�•�‡�� �…�Ž�ƒ�•�•�‹�ˆ�‹�…�ƒ�–�‹�‘�•�•�� �ƒ�”�‡�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�� �ƒ�•�†�� �–�Š�ƒ�–�� �”�‘�…�•��
�…�Š�ƒ�”�ƒ�…�–�‡�”�‹�•�–�‹�…�•�á���‹�•�…�Ž�—�†�‹�•�‰���Œ�‘�‹�•�–�‹�•�‰���ƒ�•�†���ˆ�”�ƒ�…�–�—�”�‹�•�‰���•�’�ƒ�…�‹�•�‰���ƒ�•�†���‘�”�‹�‡�•�–�ƒ�–�‹�‘�•�á���ƒ�”�‡���ƒ���•�ƒ�Œ�‘�”���ˆ�ƒ�…�–�‘�”���‹�•��
�†�‡�–�‡�”�•�‹�•�‹�•�‰�� �”�‹�’�’�ƒ�„�‹�Ž�‹�–�›�ä�� ���•�‘�Ž�ƒ�–�‡�†�� �…�‘�”�‡�� �•�–�‘�•�‡�•�� �…�‘�•�•�‹�•�–�‹�•�‰�� �‘�ˆ�� �‰�‡�•�‡�”�ƒ�Ž�Ž�›�� �•�‘�•�æ�”�‹�’�’�ƒ�„�Ž�‡�� �”�‘�…�•�� �•�ƒ�›�� �„�‡��
�‡�•�…�‘�—�•�–�‡�”�‡�†���ƒ�–���†�‡�’�–�Š�•���•�Š�ƒ�Ž�Ž�‘�™�‡�”���–�Š�ƒ�•���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���t�w���ˆ�‡�‡�–���„�‡�Ž�‘�™���‡�š�‹�•�–�‹�•�‰���‰�”�‘�—�•�†���•�—�”�ˆ�ƒ�…�‡���‹�•���–�Š�‡��
�„�‡�†�”�‘�…�•���ƒ�”�‡�ƒ�•�ä����
��
���‘�…�ƒ�Ž�‹�œ�‡�†�� �œ�‘�•�‡�•�� �‘�ˆ�� �’�‘�–�‡�•�–�‹�ƒ�Ž�Ž�›�� �•�‘�•�æ�”�‹�’�’�ƒ�„�Ž�‡�� �„�‡�†�”�‘�…�•�� �•�Š�‘�—�Ž�†�� �„�‡�� �ƒ�•�–�‹�…�‹�’�ƒ�–�‡�†�� �–�‘�� �„�‡�� �‡�•�…�‘�—�•�–�‡�”�‡�†��
�ƒ�„�‘�˜�‡���–�Š�‡���‡�•�–�‹�•�ƒ�–�‡�†���•�‘�•�æ�”�‹�’�’�ƒ�„�Ž�‡���„�‡�†�”�‘�…�•���†�‡�’�–�Š�•�ä�����–���‹�•���”�‡�…�‘�•�•�‡�•�†�‡�†���–�Š�ƒ�–���…�‘�•�–�”�ƒ�…�–�‘�”�•���”�‡�˜�‹�‡�™��
�–�Š�‡�� �’�”�‘�˜�‹�†�‡�†�� �•�—�„�•�—�”�ˆ�ƒ�…�‡�� �†�ƒ�–�ƒ�� �ƒ�•�†�� �‹�•�†�‡�’�‡�•�†�‡�•�–�Ž�›�� �†�‡�–�‡�”�•�‹�•�‡�� �–�Š�‡�� �’�‘�–�‡�•�–�‹�ƒ�Ž�� �Š�‡�ƒ�˜�›��
�”�‹�’�’�‹�•�‰���„�Ž�ƒ�•�–�‹�•�‰���†�‡�’�–�Š�•�á�� �Ž�ƒ�–�‡�”�ƒ�Ž���‡�š�–�‡�•�–�•�á�� �“�—�ƒ�•�–�‹�–�‹�‡�•�á�� �‡�–�…�ä�� �„�ƒ�•�‡�†�� �‘�•�� �–�Š�‡�‹�”�� �‡�š�’�‡�”�‹�‡�•�…�‡�ä�� �	�‘�”�� �ˆ�—�”�–�Š�‡�”��
�†�‡�–�ƒ�‹�Ž�•���”�‡�‰�ƒ�”�†�‹�•�‰���”�‹�’�’�ƒ�„�‹�Ž�‹�–�›���’�Ž�‡�ƒ�•�‡���”�‡�ˆ�‡�”���–�‘���–�Š�‡���•�‡�‹�•�•�‹�…���”�‡�ˆ�”�ƒ�…�–�‹�‘�•���•�—�”�˜�‡�›���”�‡�’�‘�”�–�������’�’�‡�•�†�‹�š�������ä����
��
��

2.13�� Oversized��Material ����
��
���˜�‡�”�•�‹�œ�‡�†�� �•�ƒ�–�‡�”�‹�ƒ�Ž�� ���•�ƒ�–�‡�”�‹�ƒ�Ž�� �Ž�ƒ�”�‰�‡�”�� �–�Š�ƒ�•�� �z�� �‹�•�…�Š�‡�•�� �‹�•�� �•�ƒ�š�‹�•�—�•�� �†�‹�•�‡�•�•�‹�‘�•���� �•�ƒ�›�� �„�‡�� �‰�‡�•�‡�”�ƒ�–�‡�†��
� †� —� ”� ‹� •� ‰� � � •� ‹� –� ‡� � � ‰� ”� ƒ� †� ‹� •� ‰� ä� � � �� ‡� …� ‘� •� •� ‡� •� †� ƒ� –� ‹� ‘� •� •� � � ƒ� ”� ‡� � � ’� ”� ‘� ˜� ‹� †� ‡� †� � � ˆ� ‘� ”� � � ƒ� ’� ’� ”� ‘� ’� ”� ‹� ƒ� –� ‡� � � Š� ƒ� •� †� Ž� ‹� •� ‰� � � ‘� ˆ� � � ‘� ˜� ‡� ”� •� ‹� œ� ‡� †� �
�•�ƒ�–�‡�”�‹�ƒ�Ž�•�� �‹�•�� ���’�’�‡�•�†�‹�š�� �
�ä�� ���ˆ�� �ˆ�‡�ƒ�•�‹�„�Ž�‡�á�� �…�”�—�•�Š�‹�•�‰�� �‘�˜�‡�”�•�‹�œ�‡�†�� �•�ƒ�–�‡�”�‹�ƒ�Ž�•�� �‘�•�•�‹�–�‡�á�� �‹�•�…�‘�”�’�‘�”�ƒ�–�‹�•�‰�� �–�Š�‡�•��
� ‹� •� –� ‘� � � ò� ”� ‘� …� •� � � ˆ� ‹� Ž� Ž� •� ó� � � �� ™� ‹� •� †� ”� ‘� ™� •� á� � � ”� ‘� …� •� � � „� Ž� ƒ� •� •� ‡� –� •� � � ‘� ”� � � ‹� •� †� ‹� ˜� ‹� †� —� ƒ� Ž� � � ”� ‘� …� •� � � „�—�”�‹�ƒ�Ž���á�� �‘�”�� �‡�š�’�‘�”�–�‹�•�‰�� �‘�˜�‡�”�•�‹�œ�‡�†��
�•�ƒ�–�‡�”�‹�ƒ�Ž�•���•�ƒ�›���„�‡���…�‘�•�•�‹�†�‡�”�‡�†�ä�����•�‘�Ž�ƒ�–�‡�†���…�‘�”�‡���•�–�‘�•�‡�•���…�‘�•�•�‹�•�–�‹�•�‰���‘�ˆ���‰�‡�•�‡�”�ƒ�Ž�Ž�›���‹�”�”�‡�†�—�…�‹�„�Ž�‡���”�‘�…�•���•�ƒ�›��
�„�‡�� �‡�•�…�‘�—�•�–�‡�”�‡�†�� �‹�•�� �–�Š�‡�� �„�‡�†�”�‘�…�•�� �ƒ�”�‡�ƒ�•�ä�� ���’�‡�…�‹�ƒ�Ž�� �Š�ƒ�•�†�Ž�‹�•�‰�� �”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•�� �•�Š�‘�—�Ž�†�� �„�‡�� �’�”�‘�˜�‹�†�‡�†��
�‘�•���ƒ���…�ƒ�•�‡�æ�„�›�æ�…�ƒ�•�‡���„�ƒ�•�‹�•�á���‹�ˆ���‡�•�…�‘�—�•�–�‡�”�‡�†�ä����
��
��

2.14�� Settlement��and��Collapse/Swell��Potential ��
��

���–�ƒ�–�‹�…���•�‡�–�–�Ž�‡�•�‡�•�–���‘�ˆ���–�Š�‡���•�‹�–�‡���™�‹�Ž�Ž���„�‡���‹�•�†�—�…�‡�†���„�›���•�—�„�Œ�‡�…�–�‹�•�‰���–�Š�‡���‡�š�‹�•�–�‹�•�‰���‰�”�ƒ�†�‡�•���–�‘���†�‡�•�‹�‰�•���‰�”�ƒ�†�‡�•��
� �� ƒ� †� †� ‹� •� ‰� � � ˆ� ‹� Ž� Ž� �� � � ƒ� •� †� � � „� ›� � � –� Š� ‡� � � ’� ”� ‘� ’� ‘� •� ‡� †� � � •� –� ”� —� …� –� —� ”� ƒ� Ž� � � „� —� ‹� Ž� †� ‹� •� ‰� � � Ž� ‘� ƒ� †� •� ä� � � �� Š�‡�� �—�•�†�‡�”�Ž�›�‹�•�‰�� �˜�‡�”�›�� �‘�Ž�†�� �ˆ�ƒ�•��
� †� ‡� ’� ‘� •� ‹� –� •� � � ‡� •� …� ‘� —� •� –� ‡� ”� ‡� †� � � ™� ‡� ”� ‡� � � ˆ� ‘� —� •� †� � � –� ‘� � � „� ‡� � � •� ‡� †� ‹� —� •� � � †� ‡� •� •� ‡� � � –� ‘� � � ˜� ‡� ”� ›� � � †� ‡� •� •�‡�� �ƒ�•�†�� �ƒ�”�‡�� �‰�‡�•�‡�”�ƒ�Ž�Ž�›�� �•�‘�–��
�…�‘�•�•�‹�†�‡�”�‡�†�� �•�—�•�…�‡�’�–�‹�„�Ž�‡�� �–�‘�� �Ž�‘�•�‰�� �–�‡�”�•�� �…�‘�•�•�‘�Ž�‹�†�ƒ�–�‹�‘�•�� �•�‡�–�–�Ž�‡�•�‡�•�–�ä�� ���—�‡�� �–�‘�� �–�Š�‡�� �’�”�‹�•�ƒ�”�‹�Ž�›�� �…�‘�ƒ�”�•�‡�æ
�‰�”�ƒ�‹�•�‡�†�� �•�ƒ�–�—�”�‡�� �ƒ�•�†�� �ƒ�’�’�ƒ�”�‡�•�–�� �†�‡�•�•�‹�–�›�� �‘�ˆ�� �–�Š�‡�� �•�‹�–�‡�� �•�‘�‹�Ž�•�á�� �•�–�ƒ�–�‹�…�� �•�‡�–�–�Ž�‡�•�‡�•�–�� �•�Š�‘�—�Ž�†�� �‘�…�…�—�”��
�‹�•�•�‡�†�‹�ƒ�–�‡�Ž�›�� �†�—�”�‹�•�‰�� �‹�•�…�”�‡�ƒ�•�‹�•�‰�� �‰�”�ƒ�†�‡�•�â�� �–�Š�‡�”�‡�ˆ�‘�”�‡�á�� �•�–�ƒ�–�‹�…�� �•�‡�–�–�Ž�‡�•�‡�•�–�� �ˆ�”�‘�•�� �‹�•�…�”�‡�ƒ�•�‹�•�‰�� �‰�”�ƒ�†�‡�•��
� •�Š� ‘�—�Ž�†� � � •� ‘� –� � �ƒ� ˆ� ˆ�‡�…�–� � �–�Š�‡� � � ’� ”� ‘� ’� ‘� •�‡�†� � � •�–� ”�—�…�–�—� ”�ƒ�Ž� � � ‹� •� ’� ”� ‘� ˜�‡� •�‡� •�–� •�ä� � � �� –�ƒ�–� ‹�…� ��ˆ�‘�—�•�†�ƒ�–�‹�‘�•�� �•�‡�–�–�Ž�‡�•�‡�•�–�� �†�—�‡�� �–�‘��
�•�–�”�—�…�–�—�”�ƒ�Ž�� �„�—�‹�Ž�†�‹�•�‰�� �Ž�‘�ƒ�†�•�� �‹�•�� �†�‹�•�…�—�•�•�‡�†�� �‹�•�� ���‡�…�–�‹�‘�•�� �v�ä�v�ä�� ���‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•�� �ˆ�‘�”�� �•�‡�–�–�Ž�‡�•�‡�•�–��
�•�‘�•�‹�–�‘�”�‹�•�‰���‘�ˆ���†�‡�‡�’���ˆ�‹�Ž�Ž�•�á���‰�”�‡�ƒ�–�‡�”���–�Š�ƒ�•���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���v�r���ˆ�‡�‡�–�á���ƒ�”�‡���’�”�‘�˜�‹�†�‡�†���‹�•�����‡�…�–�‹�‘�•���v�ä�t�ä����
��
���•�� �ƒ�†�†�‹�–�‹�‘�•���–�‘�� �•�–�ƒ�–�‹�…���•�‡�–�–�Ž�‡�•�‡�•�–�á���”�‡�…�‡�•�–�� �ƒ�•�†�� �’�”�‡�˜�‹�‘�—�•�� �Ž�ƒ�„�‘�”�ƒ�–�‘�”�›�� �–�‡�•�–�‹�•�‰���‹�•�†�‹�…�ƒ�–�‡�•�� �–�Š�‡���’�”�‡�•�‡�•�…�‡��
�‘�ˆ�� �’�‘�–�‡�•�–�‹�ƒ�Ž�Ž�›�� �…�‘�Ž�Ž�ƒ�’�•�‹�„�Ž�‡�� �•�ƒ�–�‹�˜�‡�� �ƒ�Ž�Ž�—�˜�‹�ƒ�Ž�� �•�‘�‹�Ž�•�� �™�‹�–�Š�‹�•�� �–�Š�‡�� �—�’�’�‡�”�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �s�r�� �ˆ�‡�‡�–�ä�� �	�‘�—�”�� �‘�ˆ��
�–�Š�‡���•�‹�š���•�ƒ�•�’�Ž�‡�•���–�‡�•�–�‡�†���ˆ�‘�”���…�‘�Ž�Ž�ƒ�’�•�‡���…�‘�•�•�‘�Ž�‹�†�ƒ�–�‹�‘�•���‡�š�’�‡�”�‹�‡�•�…�‡�†���Š�›�†�”�‘�æ�…�‘�Ž�Ž�ƒ�’�•�‡���ƒ�•�†���–�Š�‡���”�‡�•�—�Ž�–�‹�•�‰��
�–�™�‘�� �‡�š�’�‡�”�‹�‡�•�…�‡�†���•�‘�‹�Ž���•�™�‡�Ž�Ž���‘�”�� �‡�š�’�ƒ�•�•�‹�‘�•�ä�� ���Š�‡���…�‘�Ž�Ž�ƒ�’�•�‡���’�‘�–�‡�•�–�‹�ƒ�Ž�����‘�”�� �Š�›�†�”�‘�æ�…�‘�Ž�Ž�ƒ�’�•�‡���� �‘�ˆ�� �–�Š�‡���ˆ�‘�—�”��
�•�ƒ�•�’�Ž�‡�•�� �”�ƒ�•�‰�‡�†�� �ˆ�”�‘�•�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›�� �r�� �–�‘�� �r�ä�{�� �’�‡�”�…�‡�•�–�á�� �™�Š�‹�…�Š�� �‹�•�� �…�‘�•�•�‹�†�‡�”�‡�†�� �–�‘�� �„�‡�� �•�Ž�‹�‰�Š�–�Ž�›��
�•�—�•�…�‡�’�–�‹�„�Ž�‡���–�‘���Š�›�†�”�‘�æ�…�‘�Ž�Ž�ƒ�’�•�‡�ä�����‘���”�‡�†�—�…�‡���–�Š�‡���’�‘�–�‡�•�–�‹�ƒ�Ž���ˆ�‘�”���ƒ�†�˜�‡�”�•�‡���•�‡�–�–�Ž�‡�•�‡�•�–�•���‹�•���–�Š�‡���’�”�‘�’�‘�•�‡�†��



 

Project��No.��13092�æ01�� Page��14�� September��12,��2019��

�„�—�‹�Ž�†�‹�•�‰�� �ƒ�”�‡�ƒ�•�á�� �™�‡�� �”�‡�…�‘�•�•�‡�•�†�� �‹�•�’�Ž�‡�•�‡�•�–�‹�•�‰�� �‘�—�”�� �‡�ƒ�”�–�Š�™�‘�”�•�� �”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•�� �’�”�‘�˜�‹�†�‡�†�� �‹�•��
���‡�…�–�‹�‘�•���v�ä�s�ä����
��
��

2.15�� Expansion��Potential ��
��
� �� ƒ� •� ‡�†� � � ‘� •� � � –�Š�‡� � � ”� ‡� •�—�Ž�–� •� � � ‘� ˆ� � � Ž�ƒ� „� ‘� ”� ƒ� –� ‘� ”� ›� � � –� ‡� •� –� ‹� •�‰�á� � � •� ‹� –� ‡� � � •� ‘� ‹� Ž� •� � � ƒ� ”� ‡� � � ƒ� •� –� ‹�…� ‹� ’� ƒ� –�‡�†� � � –� ‘� � �Š�ƒ� ˜� ‡� � � ƒ� � � ò� �� ‡� ”� ›� � � �� ‘�™�ó� � � –� ‘� �
�ò��� ‘�™�ó���‡�š�’�ƒ�•�•�‹� ‘�•��� ’� ‘�–�‡�•�–�‹�ƒ�Ž�ä���	�‹�•�ƒ�Ž���‡�š�’�ƒ�•�•�‹� ‘�•��� ’� ‘�–�‡�•�–�‹�ƒ�Ž��� ‘�ˆ�� �•�‹�–�‡���•� ‘�‹�Ž�•���•�Š�‘�—�Ž�†���„�‡���†�‡�–�‡�”�•�‹�•�‡�†���ƒ�–���–�Š�‡��
�…�‘�•�’�Ž�‡�–�‹�‘�•���‘�ˆ���‰�”�ƒ�†�‹�•�‰�ä�����‡�•�—�Ž�–�•���‘�ˆ���‡�š�’�ƒ�•�•�‹�‘�•���–�‡�•�–�‹�•�‰���ƒ�–���ˆ�‹�•�‹�•�Š���‰�”�ƒ�†�‡�•���™�‹�Ž�Ž���„�‡���—�–�‹�Ž�‹�œ�‡�†���–�‘���…�‘�•�ˆ�‹�”�•��
�ˆ�‹�•�ƒ�Ž���ˆ�‘�—�•�†�ƒ�–�‹�‘�•���†�‡�•�‹�‰�•�ä����
��
��

��
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3.0��CONCLUSIONS��
��
���ƒ�•�‡�†���‘�•���–�Š�‡���”�‡�•�—�Ž�–�•���‘�ˆ���‘�—�”���•�—�„�•�—�”�ˆ�ƒ�…�‡���‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•���ƒ�•�†���‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž���”�‡�˜�‹�‡�™���‘�ˆ���–�Š�‡���’�”�‘�’�‘�•�‡�†���’�Ž�ƒ�•�á���‹�–���‹�•���‘�—�”��
�‘�’�‹�•�‹�‘�•���–�Š�ƒ�–���–�Š�‡���’�”�‘�’�‘�•�‡�†���‹�•�’�”�‘�˜�‡�•�‡�•�–�•���ƒ�”�‡���ˆ�‡�ƒ�•�‹�„�Ž�‡���ˆ�”�‘�•���ƒ���‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž���•�–�ƒ�•�†�’�‘�‹�•�–�á���’�”�‘�˜�‹�†�‡�†���–�Š�ƒ�–���–�Š�‡��
� ”� ‡� …� ‘� •� •� ‡� •� †� ƒ� –� ‹� ‘� •� •� � � ’� ”� ‘� ˜� ‹� †� ‡� †� � � Š� ‡� ”� ‡� � � ƒ� •� †� � � ‹� •� � � ˆ� —� –� —� ”� ‡� � � ”� ‡� ’� ‘� ”� –� •� � � ƒ� ”� ‡� � � ‹� •� …� ‘� ”� ’� ‘�”�ƒ�–�‡�†�� �†�—�”�‹�•�‰�� �•�‹�–�‡�� �‰�”�ƒ�†�‹�•�‰�� �ƒ�•�†��
�†�‡�˜�‡�Ž�‘�’�•�‡�•�–�ä�������•�—�•�•�ƒ�”�›���‘�ˆ���‘�—�”���‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž���…�‘�•�…�Ž�—�•�‹�‘�•�•���ƒ�”�‡���ƒ�•���ˆ�‘�Ž�Ž�‘�™�•�ã��

��
�x ���Š�‡�� �‰�‡�‘�Ž�‘�‰�‹�…�� �—�•�‹�–�•�� �•�ƒ�’�’�‡�†�� �‘�•�� �–�Š�‡�� �•�‹�–�‡�� �‹�•�…�Ž�—�†�‡�� ���—�ƒ�–�‡�”�•�ƒ�”�›�� ���‡�”�›�� ���Ž�†�� �	�ƒ�•�� �†�‡�’�‘�•�‹�–�•�� �ƒ�•�†�� ���”�‡�–�ƒ�…�‡�‘�—�•��

���ƒ�•�‡�˜�‹�‡�™�����‘�—�•�–�ƒ�‹�•�����‘�•�ƒ�Ž�‹�–�‡�ä�����‘�…�ƒ�Ž�‹�œ�‡�†���œ�‘�•�‡�•���‘�ˆ�� �’�‘�–�‡�•�–�‹�ƒ�Ž�Ž�›���…�‘�•�’�”�‡�•�•�‹�„�Ž�‡���•�‘�‹�Ž�•���‘�˜�‡�”�Ž�‹�‡���’�‘�”�–�‹�‘�•�•���‘�ˆ��
� –� Š� ‡� � � •� ‹� –� ‡� � � ‹� •� …� Ž� —� †� ‹� •� ‰� � � —� •� †� ‘� …� —� •� ‡� •� –� ‡� †� � � ƒ� ”� –� ‹� ˆ� ‹� …� ‹� ƒ� Ž� � � ˆ� ‹� Ž� Ž� á� � � –� ‘� ’� •� ‘� ‹� Ž� � � ƒ� •� †� � � •� ‡� ƒ� ”� æ� •� —� ”� ˆ� ƒ� …� ‡� � � ’� ‘� ”� –� ‹� ‘� •� •� � � ‘� ˆ� � � –� Š� ‡� � � ‘� Ž� †� � � ˆ� ƒ� •� �
�†�‡�’�‘�•�‹�–�•�ä��

�x �
�”�‘�—�•�†�™�ƒ�–�‡�”�� �™�ƒ�•�� �•�‘�–�� �‡�•�…�‘�—�•�–�‡�”�‡�†�� �†�—�”�‹�•�‰�� �‘�—�”�� �•�—�„�•�—�”�ˆ�ƒ�…�‡�� �ˆ�‹�‡�Ž�†�� �‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•�� �–�‘�� �–�Š�‡�� �•�ƒ�š�‹�•�—�•��
�‡�š�’�Ž�‘�”�‡�†���†�‡�’�–�Š���‘�ˆ���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���w�r���ˆ�‡�‡�–���„�‡�Ž�‘�™���‡�š�‹�•�–�‹�•�‰���‰�”�‘�—�•�†���ƒ�•�†���‹�•���•�‘�–���…�‘�•�•�‹�†�‡�”�‡�†���ƒ���•�‹�‰�•�‹�ˆ�‹�…�ƒ�•�–��
�‹�•�•�—�‡���™�‹�–�Š���”�‡�‰�ƒ�”�†�•���–�‘���ˆ�—�–�—�”�‡���†�‡�˜�‡�Ž�‘�’�•�‡�•�–�ä������

�x ���Š�‡���•�—�„�Œ�‡�…�–���•�–�—�†�›���ƒ�”�‡�ƒ���‹�•���•�‘�–���Ž�‘�…�ƒ�–�‡�†���™�‹�–�Š�‹�•���ƒ���•�ƒ�’�’�‡�†�����–�ƒ�–�‡���‘�ˆ�����ƒ�Ž�‹�ˆ�‘�”�•�‹�ƒ�����ƒ�”�–�Š�“�—�ƒ�•�‡���	�ƒ�—�Ž�–�����‘�•�‡�á���ƒ�•�†��
�„�ƒ�•�‡�†���—�’�‘�•�� � ‘�—�”���”�‡�˜�‹�‡�™���‘�ˆ�� � ’�—�„�Ž�‹�•�Š�‡�†���‰�‡�‘�Ž�‘�‰�‹�…���•�ƒ�’� ’�‹�•�‰�á���•� ‘� � �•�•� ‘�™�•���ƒ�…�–�‹�˜�‡���‘�”�� �’�‘�–�‡�•�–�‹�ƒ�Ž�Ž�›���ƒ�…�–�‹�˜�‡���ˆ�ƒ�—�Ž�–�•��
�ƒ�”�‡���•�•�‘�™�•���–�‘���‡�š�‹�•�–���™�‹�–�Š�‹�•���‘�”���‹�•���–�Š�‡���‹�•�•�‡�†�‹�ƒ�–�‡���˜�‹�…�‹�•�‹�–�›���‘�ˆ���–�Š�‡���•�‹�–�‡�ä�����Š�‡�”�‡�ˆ�‘�”�‡�á���–�Š�‡���’�‘�–�‡�•�–�‹�ƒ�Ž���ˆ�‘�”���‰�”�‘�—�•�†��
� ”�—� ’� –�—� ”� ‡� � � ƒ� •� � � ƒ� � � ”� ‡� •�—�Ž�–� � � ‘� ˆ� � � ˆ� ƒ�—�Ž�–� ‹� •�‰� � � ‹� •� � �…� ‘� •� •� ‹� †� ‡� ”� ‡�†� � � ˜� ‡� ”� ›� � � Ž� ‘�™�ä� � � ��Š�‡� � �…�Ž� ‘�•�‡�•�–�� �•�•�‘�™�•�� �ƒ�…�–�‹�˜�‡�� �ˆ�ƒ�—�Ž�–�� �‹�•�� �–�Š�‡�� ���ƒ�•�ƒ��
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� �� •� � � ‘� ”� †� ‡� ”� � � –� ‘� � � ’� ”� ‘� ˜� ‹� †� ‡� � � ƒ� � � ”� ‡� Ž� ƒ� –� ‹� ˜� ‡� Ž� ›� � � —� •� ‹� ˆ� ‘� ”� •� � � „� ‡� ƒ� ”� ‹� •� ‰� � � …� ‘� •� †� ‹� –� ‹� ‘� •� � � ˆ� ‘� ”� ��–�Š�‡�� �’�Ž�ƒ�•�•�‡�†�� �„�—�‹�Ž�†�‹�•�‰��
�•�–�”�—�…�–�—�”�‡�•�� �ƒ�•�†�� �‹�•�’�”�‘�˜�‡�•�‡�•�–�•�á�� �™�‡�� �”�‡�…�‘�•�•�‡�•�†�� �–�Š�‡�� �•�‹�–�‡�� �•�‘�‹�Ž�•�� �„�‡�� �”�‡�•�‘�˜�‡�†�� �ƒ�•�†��
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4.1.7�� Fill ��Placement��and��Compaction��
��
� �� ƒ� –� ‡� ”� ‹� ƒ� Ž� � � –� ‘� � � „� ‡� � � ’� Ž� ƒ� …� ‡� †� � � ƒ� •� � � ˆ� ‹� Ž� Ž� � � •� Š� ‘� —� Ž� †� � � „� ‡� � � „� ”� ‘� —� ‰� Š� –� � � –� ‘� � � •� ‡� ƒ� ”� � � ‘� ’� –� ‹� •� —� •�� �•�‘�‹�•�–�—�”�‡�� �…�‘�•�–�‡�•�–��
���‰�‡�•�‡�”�ƒ�Ž�Ž�›���ƒ�–���‘�’�–�‹�•�—�•���–�‘���t���’�‡�”�…�‡�•�–���ƒ�„�‘�˜�‡���‘�’�–�‹�•�—�•���•�‘�‹�•�–�—�”�‡���…�‘�•�–�‡�•�–�����ƒ�•�†���”�‡�…�‘�•�’�ƒ�…�–�‡�†��
�–�‘�� �ƒ�–�� �Ž�‡�ƒ�•�–�� �{�r�� �’�‡�”�…�‡�•�–�� �”�‡�Ž�ƒ�–�‹�˜�‡�� �…�‘�•�’�ƒ�…�–�‹�‘�•�� ���’�‡�”�� ���������� ���s�w�w�y���ä�� ���–�� �‹�•�� �ƒ�•�–�‹�…�‹�’�ƒ�–�‡�†�� �–�Š�ƒ�–��
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�–�‡�”�•�� �ˆ�‹�Ž�Ž�� �•�‡�–�–�Ž�‡�•�‡�•�–�� �‹�•�� �™�‹�–�Š�‹�•�� �–�‘�Ž�‡�”�ƒ�„�Ž�‡�� �Ž�‹�•�‹�–�•�� �’�”�‹�‘�”�� �–�‘�� �…�‘�•�•�‡�•�…�‡�•�‡�•�–�� �‘�ˆ�� �„�—�‹�Ž�†�‹�•�‰�� �…�‘�•�•�–�”�—�…�–�‹�‘�•�ä��
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� �� ƒ� •� ‡� †� � � ‘� •� � � –� Š� ‡� � � ’� ”� ‡� Ž� ‹� •� ‹� •� ƒ� ”� ›� � � •� ‹� –� ‡� � � ’� Ž� ƒ� •� •� á� � � –� Š� ‡� � � ˆ� ‹� •� †� ‹� •� ‰� •� � � ‘� ˆ� � � ‘� —� ”� � � Ž� ‹� •� ‹� –� ‡�†�� �‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� �‡�˜�ƒ�Ž�—�ƒ�–�‹�‘�•�� �ƒ�•�†��
�’�”�‡�˜�‹�‘�—�•�� �‡�š�’�‡�”�‹�‡�•�…�‡�� �™�‹�–�Š�� �•�‹�•�‹�Ž�ƒ�”�� �‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� �…�‘�•�†�‹�–�‹�‘�•�•�á�� �†�‡�•�‹�‰�•�� �…�—�–�� �ƒ�•�†�� �ˆ�‹�Ž�Ž�� �•�Ž�‘�’�‡�•�� �—�’�� �–�‘�� �ƒ��
� •� ƒ� š� ‹� •� —� •� � � Š� ‡� ‹� ‰� Š� –� � � ‘� ˆ� � � ƒ� ’� ’� ”� ‘� š� ‹� •� ƒ� –� ‡� Ž� ›� � � {� r� � � ˆ� ‡� ‡� –� � � ƒ� ”� ‡� � � ƒ� •� –� ‹� …� ‹� ’� ƒ� –� ‡� †� � � –� ‘� � � „� ‡� � � „�‘�–�Š�� �‰�”�‘�•�•�Ž�›�� �ƒ�•�†�� �•�—�”�ˆ�‹�…�‹�ƒ�Ž�Ž�›��
�•�–�ƒ�„�Ž�‡�� �ƒ�•�� �†�‡�•�‹�‰�•�‡�†�á�� �ƒ�•�� �Ž�‘�•�‰�� �ƒ�•�� �–�Š�‡�›�� �ƒ�”�‡�� �…�‘�•�•�–�”�—�…�–�‡�†�� �‹�•�� �ƒ�…�…�‘�”�†�ƒ�•�…�‡�� �™�‹�–�Š�� �–�Š�‡�� �”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•��
� ’� ”� ‘� ˜� ‹� †� ‡� †� � � ‹� •� � � –� Š� ‡� � � �� ‡� …� –� ‹� ‘� •� •� � � „� ‡� Ž� ‘� ™� � � ƒ� •� †� � � ‘� —� ”� � � 
� ‡� •� ‡� ”� ƒ� Ž� � � �� ƒ� ”� –� Š� ™� ‘� ”� •� � � ƒ� •� †� � � 
� ”�ƒ�†�‹�•�‰�� ���’�‡�…�‹�ˆ�‹�…�ƒ�–�‹�‘�•�•�� �ˆ�‘�”��
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�ƒ�”�‡���ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡���–�‘���…�‘�•�ˆ�‹�”�•���–�Š�‹�•�ä����
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4.3.1�� Cut��Slopes��
��

� �� ƒ� •� ‡� †� � � ‘� •� � � –� Š� ‡� � � ’� ”� ‡� Ž� ‹� •� ‹� •� ƒ� ”� ›� � � ‰� ”� ƒ� †� ‹� •� ‰� � � ’� Ž� ƒ� •� � � �� �� —� •� •� ƒ� •� ‡� ”� á� � � t� r� s� {� �� á� � � …� —� –� � � •� Ž� ‘� ’� ‡� •� � � ™� ‹� –� Š� � � ƒ� � � •� ƒ� š� ‹� •� —� •� �
�‹�•�…�Ž�‹�•�ƒ�–�‹�‘�•���‘�ˆ���ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�Ž�›���t�ã�s�����Š�‘�”�‹�œ�‘�•�–�ƒ�Ž���–�‘���˜�‡�”�–�‹�…�ƒ�Ž�����ƒ�”�‡���’�”�‘�’�‘�•�‡�†���‹�•���–�Š�‡���•�‹�–�‡���„�‡�†�”�‘�…�•��
�ƒ�•�†���˜�‡�”�›���‘�Ž�†���ˆ�ƒ�•���†�‡�’�‘�•�‹�–�•�ä�����—�–���•�Ž�‘�’�‡�•���™�‹�–�Š�‹�•���–�Š�‡���•�‹�–�‡���„�‡�†�”�‘�…�•���ƒ�”�‡���…�‘�•�•�‹�†�‡�”�‡�†���‰�”�‘�•�•�Ž�›���ƒ�•�†��
�•�—�”�ˆ�‹�…�‹�ƒ�Ž�Ž�›���•�–�ƒ�„�Ž�‡���ƒ�•���†�‡�•�‹�‰�•�‡�†�ä�����Š�‡���‘�™�•�‡�”���•�ƒ�›���‡�Ž�‡�…�–���–�‘�� �…�‘�•�•�–�”�—�…�–���•�–�ƒ�„�‹�Ž�‹�œ�ƒ�–�‹�‘�•�� �ˆ�‹�Ž�Ž�•���ˆ�‘�”�� �–�Š�‡��
�’�”�‘�’�‘�•�‡�†���…�—�–���•�Ž�‘�’�‡�•���‹�•���–�Š�‡���˜�‡�”�›���‘�Ž�†���ˆ�ƒ�•���†�‡�’�‘�•�‹�–�•���‘�˜�‡�”���w���ˆ�‡�‡�–���‹�•���Š�‡�‹�‰�Š�–���‹�•���ƒ�…�…�‘�”�†�ƒ�•�…�‡���™�‹�–�Š��
�–�Š�‡���†�‡�–�ƒ�‹�Ž���’�”�‘�˜�‹�†�‡�†���‹�•�����’�’�‡�•�†�‹�š���
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�‡�Ž�‡�˜�ƒ�–�‹�‘�•�á���ƒ�•�†���–�‹�Ž�–�‡�†���„�ƒ�…�•���–�‘�™�ƒ�”�†�•���–�Š�‡���Š�‡�‡�Ž���ƒ���•�‹�•�‹�•�—�•���t���’�‡�”�…�‡�•�–���‘�”���s�æ�ˆ�‘�‘�–�����™�Š�‹�…�Š�‡�˜�‡�”���‹�•��
�‰�”�‡�ƒ�–�‡�”���ä����
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�™�‹�†�–�Š�� �‹�•�� �•�ƒ�‹�•�–�ƒ�‹�•�‡�†�� �ˆ�‘�”�� �–�Š�‡�� �‡�•�–�‹�”�‡�� �Š�‡�‹�‰�Š�–�� �‘�ˆ�� �–�Š�‡�� �•�–�ƒ�„�‹�Ž�‹�–�›�� �ˆ�‹�Ž�Ž�� �•�Ž�‘�’�‡�ä�� ���•�� �‰�‡�•�‡�”�ƒ�Ž�á�� �„�ƒ�…�•�…�—�–�•��
�•�Š�‘�—�Ž�†�� �„�‡�� �‡�š�…�ƒ�˜�ƒ�–�‡�†�� �ƒ�–�� �ƒ�� �•�ƒ�š�‹�•�—�•�� �s�ä�w�ã�s�� ���Š�‘�”�‹�œ�‘�•�–�ƒ�Ž�� �–�‘�� �˜�‡�”�–�‹�…�ƒ�Ž���� �‹�•�…�Ž�‹�•�ƒ�–�‹�‘�•�ä�� ���”�‘�’�‡�”�Ž�›��
�‘�—�–�Ž�‡�–�–�‡�†���„�ƒ�…�•���†�”�ƒ�‹�•�•���•�Š�‘�—�Ž�†���„�‡���…�‘�•�•�–�”�—�…�–�‡�†���ƒ�Ž�‘�•�‰���•�–�ƒ�„�‹�Ž�‹�œ�ƒ�–�‹�‘�•���ˆ�‹�Ž�Ž���„�ƒ�…�•�…�—�–�•���‹�•���ƒ�…�…�‘�”�†�ƒ�•�…�‡��
� ™� ‹� –� Š� � � –� Š� ‡� � � 
� ‡� •� ‡� ”� ƒ� Ž� � � �� ƒ� ”� –� Š� ™� ‘� ”� •� � � ƒ� •� †� � � 
� ”� ƒ� †� ‹� •� ‰� � � �� ’� ‡� …� ‹� ˆ� ‹� …� ƒ� –� ‹� ‘� •� •� � � ˆ� ‘� ”� � � �� ‘� —� ‰� Š�� �
�”�ƒ�†�‹�•�‰�� �‹�•�…�Ž�—�†�‡�†�� �‹�•��
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�„�‡�� �•�—�’�’�‘�”�–�‡�†�� �‘�•�� �•�Š�ƒ�Ž�Ž�‘�™�� �ˆ�‘�—�•�†�ƒ�–�‹�‘�•�� �•�›�•�–�‡�•�•�ä�� ���‹�•�‹�•�—�•�� �…�‘�•�–�‹�•�—�‘�—�•���™�ƒ�Ž�Ž�� �ƒ�•�†�� �…�‘�Ž�—�•�•��
�ˆ�‘�‘�–�‹�•�‰�� �™�‹�†�–�Š�•�� �ƒ�”�‡�� �–�‘�� �„�‡�� �s�t�� �‹�•�…�Š�‡�•�� �ƒ�•�†�� �t�v�� �‹�•�…�Š�‡�•�á�� �”�‡�•�’�‡�…�–�‹�˜�‡�Ž�›�ä� � � �� ‹� •� ‹� •� —� •� � � ˆ� ‘� —� •� †� ƒ� –� ‹� ‘� •� �
�‡�•�„�‡�†�•�‡�•�–�� �‹�•�� �–�‘�� �‡�š�–�‡�•�†�� �ƒ�� �•�‹�•�‹�•�—�•�� �‘�ˆ�� �t�v�� �‹�•�…�Š�‡�•�� �„�‡�Ž�‘�™�� �–�Š�‡�� �ƒ�†�Œ�ƒ�…�‡�•�–�� �‡�š�–�‡�”�‹�‘�”�� �‰�”�ƒ�†�‡�ä��
���•�–�‡�”�‹�‘�”�� �…�‘�Ž�—�•�•�� �ˆ�‘�‘�–�‹�•�‰�•�� �•�ƒ�›�� �„�‡�� �’�Ž�ƒ�…�‡�†�� �s�t�� �‹�•�…�Š�‡�•�� �„�‡�•�‡�ƒ�–�Š�� �–�Š�‡�� �ˆ�Ž�‘�‘�”�� �•�Ž�ƒ�„�ä�� ���Š�‡�� �ˆ�‘�Ž�Ž�‘�™�‹�•�‰��
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TABLE��4��
��

Allowable ��Soil��Bearing ��Pressures��
��

Allowable ��Static��
Bearing ��Pressure��

��(psf) ��

Minimum ��Footing ��
Width ��
��(feet) ��
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��(feet) ��
�v�á�r�r�r�� �w�� �t��
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� ��Š�‡� � �‰�‡� ‘�–�‡�…�Š�•� ‹�…�ƒ�Ž� � � ’�ƒ� ”�ƒ�•�‡�–�‡� ”� •� � � ’� ”� ‘� ˜� ‹�†�‡�†� � �Š�‡�”�‡� ‹� •� � �ƒ� •� •�—�•�‡� � �–�Š�ƒ�–� � � ‹� ˆ� � �–�Š�‡� ��ƒ�”�‡�ƒ�•�� �ƒ�†�Œ�ƒ�…�‡�•�–�� �–�‘�� �–�Š�‡��
�ˆ�‘�—�•�†�ƒ�–�‹�‘�•���ƒ�”�‡���’�Ž�ƒ�•�–�‡�†���ƒ�•�†���‹�”�”�‹�‰�ƒ�–�‡�†�á���–�Š�‡�•�‡���ƒ�”�‡�ƒ�•���™�‹�Ž�Ž���„�‡���†�‡�•�‹�‰�•�‡�†���™�‹�–�Š���’�”�‘�’�‡�”���†�”�ƒ�‹�•�ƒ�‰�‡��
�ƒ�•�†���ƒ�†�‡�“�—�ƒ�–�‡�Ž�›���•�ƒ�‹�•�–�ƒ�‹�•�‡�†���•�‘���–�Š�ƒ�–���’�‘�•�†�‹�•�‰�á���™�Š�‹�…�Š���…�ƒ�—�•�‡�•���•�‹�‰�•�‹�ˆ�‹�…�ƒ�•�–���•�‘�‹�•�–�—�”�‡���…�Š�ƒ�•�‰�‡�•��
�„�‡�Ž�‘�™�� �–�Š�‡�� �ˆ�‘�—�•�†�ƒ�–�‹�‘�•�á�� �†�‘�‡�•�� �•�‘�–�� �‘�…�…�—�”�ä�� ���—�”�� �”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•�� �†�‘�� �•�‘�–�� �ƒ�…�…�‘�—�•�–�� �ˆ�‘�”��
�‡�š�…�‡�•�•�‹�˜�‡���‹�”�”�‹�‰�ƒ�–�‹�‘�•���ƒ�•�†���‘�”���‹�•�…�‘�”�”�‡�…�–���Ž�ƒ�•�†�•�…�ƒ�’�‡���†�‡�•�‹�‰�•�ä�����Ž�ƒ�•�–�•���•�Š�‘�—�Ž�†���‘�•�Ž�›���„�‡���’�”�‘�˜�‹�†�‡�†��
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4.5.4�� Lateral ��Load��Resistance��
��
���‡�•�‹�•�–�ƒ�•�…�‡�� �–�‘�� �Ž�ƒ�–�‡�”�ƒ�Ž�� �Ž�‘�ƒ�†�•�� �…�ƒ�•�� �„�‡�� �’�”�‘�˜�‹�†�‡�†�� �„�›�� �ˆ�”�‹�…�–�‹�‘�•�� �ƒ�…�–�‹�•�‰���ƒ�–� � �–�Š�‡� � � „�ƒ�•�‡� � � ‘� ˆ� � � ˆ� ‘�—�•�†�ƒ�–�‹� ‘� •�•� �
�ƒ�•�†�� �„�›�� �’�ƒ�•�•�‹�˜�‡�� �‡�ƒ�”�–�Š�� �’�”�‡�•�•�—�”�‡�ä�� �	�‘�”�� �…�‘�•�…�”�‡�–�‡���•�‘�‹�Ž�� �ˆ�”�‹�…�–�‹�‘�•�ƒ�Ž�� �”�‡�•�‹�•�–�ƒ�•�…�‡�á�� �ƒ�•�� �ƒ�Ž�Ž�‘�™�ƒ�„�Ž�‡��
� …� ‘� ‡� ˆ� ˆ� ‹� …� ‹� ‡� •� –� � � ‘� ˆ� � � ˆ� ”� ‹� …� –� ‹� ‘� •� � � ‘� ˆ� � � r� ä� u� w� � � •� ƒ� ›� � � „� ‡� � � ƒ� •� •� —� •� ‡� †� � � ™� ‹� –� Š� � � †� ‡� ƒ� †� æ� Ž� ‘� ƒ� †� � � ˆ�‘�”�…�‡�•�ä�� �	�‘�”�� �•�Ž�ƒ�„�•��
�…�‘�•�•�–�”�—�…�–�‡�†�� �‘�˜�‡�”�� �ƒ�� �•�‘�‹�•�–�—�”�‡�� �”�‡�–�ƒ�”�†�‡�”�á�� �–�Š�‡�� �ƒ�Ž�Ž�‘�™�ƒ�„�Ž�‡�� �ˆ�”�‹�…�–�‹�‘�•�� �…�‘�‡�ˆ�ˆ�‹�…�‹�‡�•�–�� �•�Š�‘�—�Ž�†�� �„�‡��
�’�”�‘�˜�‹�†�‡�†���„�›���–�Š�‡���•�ƒ�•�—�ˆ�ƒ�…�–�—�”�‡�”�ä�����•���ƒ�Ž�Ž�‘�™�ƒ�„�Ž�‡���’�ƒ�•�•�‹�˜�‡���Ž�ƒ�–�‡�”�ƒ�Ž���‡�ƒ�”�–�Š���’�”�‡�•�•�—�”�‡���‘�ˆ���t�y�w���’�•�ˆ���’�‡�”��
�ˆ�‘�‘�–�� �‘�ˆ�� �†�‡�’�–�Š�� ���‘�”�� �’�…�ˆ���� �–�‘�� �ƒ�� �•�ƒ�š�‹�•�—�•�� �‘�ˆ�� �t�á�y�w�r�� �’�•�ˆ�� �•�ƒ�›�� �„�‡�� �—�•�‡�†�� �ˆ�‘�”�� �–�Š�‡�� �•�‹�†�‡�•�� �‘�ˆ�� �ˆ�‘�‘�–�‹�•�‰�•��
�’�‘�—�”�‡�†���ƒ�‰�ƒ�‹�•�•�–���’�”�‘�’�‡�”�Ž�›���…�‘�•�’�ƒ�…�–�‡�†���ˆ�‹�Ž�Ž�ä�����Ž�Ž�‘�™�ƒ�„�Ž�‡���’�ƒ�•�•�‹�˜�‡���’�”�‡�•�•�—�”�‡���•�ƒ�›���„�‡���‹�•�…�”�‡�ƒ�•�‡�†���–�‘��
�u�y�w�� �’�…�ˆ�� ���•�ƒ�š�‹�•�—�•�� �‘�ˆ�� �u�á�y�w�r�� �’�•�ˆ���� �ˆ�‘�”�� �•�Š�‘�”�–�� �†�—�”�ƒ�–�‹�‘�•�� �•�‡�‹�•�•�‹�…�� �Ž�‘�ƒ�†�‹�•�‰�ä�� ���Š�‹�•�� �’�ƒ�•�•�‹�˜�‡��
�’�”�‡�•�•�—�”�‡���‹�•���ƒ�’�’�Ž�‹�…�ƒ�„�Ž�‡���ˆ�‘�”���Ž�‡�˜�‡�Ž�����‰�”�‘�—�•�†���•�Ž�‘�’�‡���‡�“�—�ƒ�Ž���–�‘��� ‘�”�� �ˆ�Ž�ƒ�–�–�‡�”���–�Š�ƒ�•���w���ã�s�������…�‘�•�†�‹�–�‹�‘�•�•�ä��
�	�”�‹�…�–�‹�‘�•�ƒ�Ž���”�‡�•�‹�•�–�ƒ�•�…�‡���ƒ�•�†���’�ƒ�•�•�‹�˜�‡���’�”�‡�•�•�—�”�‡���•�ƒ�›���„�‡���—�•�‡�†���‹�•���…�‘�•�„�‹�•�ƒ�–�‹�‘�•���™�‹�–�Š�‘�—�–���”�‡�†�—�…�–�‹�‘�•�ä��
���‡�� �”�‡�…�‘�•�•�‡�•�†�� �–�Š�ƒ�–�� �–�Š�‡�� �—�’�’�‡�”�� �ˆ�‘�‘�–�� �‘�ˆ�� �’�ƒ�•�•�‹�˜�‡�� �”�‡�•�‹�•�–�ƒ�•�…�‡�� �„�‡�� �•�‡�‰�Ž�‡�…�–�‡�†�� �‹�ˆ�� �ˆ�‹�•�‹�•�Š�‡�†�� �‰�”�ƒ�†�‡��
�™�‹�Ž�Ž���•�‘�–���„�‡���…�‘�˜�‡�”�‡�†���™�‹�–�Š���…�‘�•�…�”�‡�–�‡���‘�”���ƒ�•�’�Š�ƒ�Ž�–�ä�����Š�‡���’�”�‘�˜�‹�†�‡�†���ƒ�Ž�Ž�‘�™�ƒ�„�Ž�‡���’�ƒ�•�•�‹�˜�‡���’�”�‡�•�•�—�”�‡�•��
�ƒ�”�‡�� �„�ƒ�•�‡�†�� � ‘�•� � �ƒ� � �ˆ�ƒ�…�–�‘�”� � � ‘� ˆ� � �•�ƒ�ˆ�‡�–�›� � � ‘� ˆ� � �s�ä�w�� �ƒ�•�†�� �s�ä�s�� �ˆ� ‘�”� � �•�–�ƒ�–�‹�…���ƒ�•�†�� �•�‡�‹�•�•�‹�…���Ž�‘�ƒ�†�‹�•�‰���…�‘�•�†�‹�–�‹�‘�•�•�á��
�”�‡�•�’�‡�…�–�‹�˜�‡�Ž�›�ä����
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4.6�� Foundation ��Setback��from ��Top�æof�æSlope��and��Bottom�æof�æSlope��
��
�	�‘�—�•�†�ƒ�–�‹�‘�•�•���•�Š�‘�—�Ž�†���Š�ƒ�˜�‡���ƒ�†�‡�“�—�ƒ�–�‡���•�‡�–�„�ƒ�…�•���ˆ�”�‘�•���–�‘�’���ƒ�•�†���„�‘�–�–�‘�•���‘�ˆ���•�Ž�‘�’�‡�•�ä�����‡�”���–�Š�‡���t�r�s�x���������á���–�Š�‡��
�•�‹�•�‹�•�—�•���–�‘�’�æ�‘�ˆ�æ�•�Ž�‘�’�‡���•�‡�–�„�ƒ�…�•���‹�•�������u�á���™�‹�–�Š���ƒ���•�ƒ�š�‹�•�—�•���”�‡�“�—�‹�”�‡�†���•�‡�–�„�ƒ�…�•���‘�ˆ���v�r���ˆ�‡�‡�–�á���™�Š�‡�”�‡�������‹�•��
�–�Š�‡�� �–�‘�–�ƒ�Ž�� �Š�‡�‹�‰�Š�–�� �‘�ˆ�� �–�Š�‡�� �•�Ž�‘�’�‡�ä�� ���Š�‡�� �•�‹�•�‹�•�—�•�� �„�‘�–�–�‘�•�æ�‘�ˆ�æ�•�Ž�‘�’�‡�� �•�‡�–�„�ƒ�…�•�� �‹�•�� �����t�á�� �™�‹�–�Š�� �ƒ�� �•�ƒ�š�‹�•�—�•��
�”�‡�“�—�‹�”�‡�†�� �•�‡�–�„�ƒ�…�•�� �‘�ˆ�� �s�w�� �ˆ�‡�‡�–�ä�� ���‡�ˆ�‡�”�� �–�‘�� ���Š�ƒ�’�–�‡�”�� �s�z�� �‘�ˆ�� �–�Š�‡�� �t�r�s�x�� �������ä�� �	�‘�—�•�†�ƒ�–�‹�‘�•�� �•�‡�–�„�ƒ�…�•�� �…�”�‹�–�‡�”�‹�ƒ��
�•�Š�‘�—�Ž�†���„�‡���”�‡�˜�‹�‡�™�‡�†���„�ƒ�•�‡�†���‘�•���–�Š�‡���’�”�‡�…�‹�•�‡���‰�”�ƒ�†�‹�•�‰���’�Ž�ƒ�•�•�ä��
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4.7�� Lateral ��Earth ��Pressures��for ��Conventional��Retaining ��Wall ��Design��
��
� �� ‡�™� � � ”� ‡�–�ƒ� ‹� •� ‹� •�‰� � �™�ƒ�Ž�Ž� •� � � ƒ� ”� ‡� � � ‡� š� ’� ‡�…�–�‡�†� � � –� ‘� � � „� ‡� � � ”� ‡� “�—� ‹� ”� ‡�†� � � ‹� •� � � –� ”�—�…� •� � � †� ‘�…� •� � � ��…�‘�—�”�–���� �ƒ�”�‡�ƒ�•�ä�� ���†�†�‹�–�‹�‘�•�ƒ�Ž�Ž�›�á�� �–�Š�‡��
�’�”�‘�’�‘�•�‡�†���†�‡�˜�‡�Ž�‘�’�•�‡�•�–���•�ƒ�›���”�‡�“�—�‹�”�‡���•�‘�•�‡���•�•�ƒ�Ž�Ž���”�‡�–�ƒ�‹�•�‹�•�‰���™�ƒ�Ž�Ž�•���–�‘���ˆ�ƒ�…�‹�Ž�‹�–�ƒ�–�‡���–�Š�‡���•�‡�™���•�‹�–�‡���‰�”�ƒ�†�‡�•�ä��
���Š�‡���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���•�ƒ�›���„�‡���—�•�‡�†���ˆ�‘�”���†�‡�•�‹�‰�•���‘�ˆ���•�‹�–�‡���”�‡�–�ƒ�‹�•�‹�•�‰���™�ƒ�Ž�Ž�•�ä�����ƒ�–�‡�”�ƒ�Ž���‡�ƒ�”�–�Š���’�”�‡�•�•�—�”�‡�•���ƒ�”�‡���’�”�‘�˜�‹�†�‡�†��
�ƒ�•���‡�“�—�‹�˜�ƒ�Ž�‡�•�–���ˆ�Ž�—�‹�†���—�•�‹�–���™�‡�‹�‰�Š�–�•�á���‹�•���’�•�ˆ���’�‡�”���ˆ�‘�‘�–���‘�ˆ���†�‡�’�–�Š�����‘�”���’�…�ˆ���ä�����Š�‡�•�‡���˜�ƒ�Ž�—�‡�•���†�‘���•�‘�–���…�‘�•�–�ƒ�‹�•���ƒ�•��
�ƒ�’�’�”�‡�…�‹�ƒ�„�Ž�‡���ˆ�ƒ�…�–�‘�”���‘�ˆ���•�ƒ�ˆ�‡�–�›�á���•�‘���–�Š�‡���”�‡�–�ƒ�‹�•�‹�•�‰���™�ƒ�Ž�Ž���†�‡�•�‹�‰�•�‡�”���•�Š�‘�—�Ž�†���ƒ�’�’�Ž�›���–�Š�‡���ƒ�’�’�Ž�‹�…�ƒ�„�Ž�‡���ˆ�ƒ�…�–�‘�”�•���‘�ˆ��
� •� ƒ� ˆ� ‡� –� ›� � � ƒ� •� †� �� ‘� ”� � � Ž� ‘� ƒ� †� � � ˆ� ƒ� …� –� ‘� ”� •� � � †� —� ”� ‹� •� ‰� � � †� ‡� •� ‹� ‰� •� ä� � � �� � � •� ‘� ‹� Ž� � � —� •� ‹� –� � � ™� ‡� ‹� ‰� Š� –� � � ‘� ˆ�� �s�t�r�� �’�…�ˆ�� �•�ƒ�›�� �„�‡�� �ƒ�•�•�—�•�‡�†�� �ˆ�‘�”��
�…�ƒ�Ž�…�—�Ž�ƒ�–�‹�•�‰���–�Š�‡���ƒ�…�–�—�ƒ�Ž���™�‡�‹�‰�Š�–���‘�ˆ���•�‘�‹�Ž���‘�˜�‡�”���–�Š�‡���™�ƒ�Ž�Ž���ˆ�‘�‘�–�‹�•�‰�ä����
��
���Š�‡���ˆ�‘�Ž�Ž�‘�™�‹�•�‰���Ž�ƒ�–�‡�”�ƒ�Ž���‡�ƒ�”�–�Š���’�”�‡�•�•�—�”�‡�•���ƒ�”�‡���’�”�‡�•�‡�•�–�‡�†���‹�•�����ƒ�„�Ž�‡���w���„�‡�Ž�‘�™���ˆ�‘�”���ƒ�’�’�”�‘�˜�‡�†���‘�•�•�‹�–�‡���•�‡�Ž�‡�…�–��
�•�ƒ�•�†�›���•�‘�‹�Ž�•���™�‹�–�Š���ƒ���•�ƒ�š�‹�•�—�•���‘�ˆ���u�w���’�‡�”�…�‡�•�–���ˆ�‹�•�‡�•�����’�ƒ�•�•�‹�•�‰���–�Š�‡�����‘�ä���t�r�r���•�‹�‡�˜�‡���’�‡�”���������������æ�v�t�s���v�t�t����
�ƒ�•�†���ƒ���ò���‡�”�›�����‘�™�ó���‡�š�’�ƒ�•�•�‹�‘�•���’�‘�–�‡�•�–�‹�ƒ�Ž�����������‘�ˆ���t�r���‘�”���Ž�‡�•�•���’�‡�”���������������v�z�t�{���ä�����—�…�Š���‘�ˆ���–�Š�‡���•�‹�–�‡���•�ƒ�•�†�›��
�•�‘�‹�Ž�•���•�Š�‘�—�Ž�†���„�‡���•�—�‹�–�ƒ�„�Ž�‡���ˆ�‘�”���”�‡�–�ƒ�‹�•�‹�•�‰���™�ƒ�Ž�Ž���„�ƒ�…�•�ˆ�‹�Ž�Ž���‘�•�…�‡���•�…�”�‡�‡�•�‡�†���‘�ˆ���•�ƒ�–�‡�”�‹�ƒ�Ž���‰�”�‡�ƒ�–�‡�”���–�Š�ƒ�•���u���‹�•�…�Š�‡�•��
�‹�•�� �•�ƒ�š�‹�•�—�•�� �†�‹�•�‡�•�•�‹�‘�•�â�� �–�Š�‡�”�‡�ˆ�‘�”�‡�á� � � •� ‡� Ž� ‡� …� –� � � ‰� ”� ƒ� †� ‹� •� ‰� � � ƒ� •� †� � � •� –� ‘� …� •� ’� ‹� Ž� ‹� •� ‰� � � ‘� ˆ� � � ‘� •� •� ‹� –� ‡� � � •� ‘� ‹� Ž� •� � � •� ‡� ‡� –� ‹� •� ‰� � � –� Š� ‡� �
�…�”�‹�–�‡�”�‹�ƒ���ƒ�„�‘�˜�‡���™�‹�Ž�Ž���„�‡���”�‡�“�—�‹�”�‡�†���„�›���–�Š�‡���…�‘�•�–�”�ƒ�…�–�‘�”���ˆ�‘�”���‘�„�–�ƒ�‹�•�‹�•�‰���•�—�‹�–�ƒ�„�Ž�‡���”�‡�–�ƒ�‹�•�‹�•�‰���™�ƒ�Ž�Ž���„�ƒ�…�•�ˆ�‹�Ž�Ž���•�‘�‹�Ž�ä��
���Š�‡�� �”�‡�–�ƒ�‹�•�‹�•�‰�� �™�ƒ�Ž�Ž�� �†�‡�•�‹�‰�•�‡�”�� �•�Š�‘�—�Ž�†�� �…�Ž�‡�ƒ�”�Ž�›�� �‹�•�†�‹�…�ƒ�–�‡�� �‘�•�� �–�Š�‡�� �”�‡�–�ƒ� ‹� •� ‹� •� ‰� � � ™� ƒ� Ž� Ž� � � ’� Ž� ƒ� •� •� � � –� Š� ‡� � � ”� ‡� “� —� ‹� ”� ‡� †� �
�•�ƒ�•�†�›���„�ƒ�…�•�ˆ�‹�Ž�Ž�ä����
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TABLE��5��
��

Lateral ��Earth ��Pressures��–��Select��Sandy��Soils��
��

Conditions ��

Equivalent ��Fluid ��Unit ��Weight ��(pcf) ��

Level��Backfill �� 2:1��Sloped��Backfill ��

Select��Sandy��Backfill �� Select��Sandy��Backfill ����

���…�–�‹�˜�‡�� �u�w�� �w�w��

���–�æ���‡�•�–�� �w�w�� �y�r��

��
��
���ˆ���–�Š�‡���™�ƒ�Ž�Ž���…�ƒ�•���›�‹�‡�Ž�†���‡�•�‘�—�‰�Š���–�‘���•�‘�„�‹�Ž�‹�œ�‡���–�Š�‡���ˆ�—�Ž�Ž���•�Š�‡�ƒ�”���•�–�”�‡�•�‰�–�Š���‘�ˆ���–�Š�‡���•�‘�‹�Ž�á���‹�–���…�ƒ�•���„�‡���†�‡�•�‹�‰�•�‡�†���ˆ�‘�”��
�ò�ƒ�…�–�‹�˜�‡�ó�� �’�”�‡�•�•�—�”�‡�ä�� ���ˆ�� �–�Š�‡�� �™�ƒ�Ž�Ž�� �…�ƒ�•�•�‘�–�� �›�‹�‡�Ž�†�� �—�•�†�‡�”�� �–�Š�‡�� �ƒ�’�’�Ž�‹�‡�†�� �Ž� ‘� ƒ� †�á� � � –�Š�‡� � � ‡� ƒ� ”� –�Š� � � ’� ”� ‡� •� •�—� ”� ‡� � �™� ‹�Ž�Ž� � � „� ‡� �
�Š�‹�‰�Š�‡�”�ä�����Š�‹�•���™�‘�—�Ž�†���‹�•�…�Ž�—�†�‡���{�r�æ�†�‡�‰�”�‡�‡���…�‘�”�•�‡�”�•���‘�ˆ���”�‡�–�ƒ�‹�•�‹�•�‰���™�ƒ�Ž�Ž�•�ä�����—�…�Š���™�ƒ�Ž�Ž�•���•�Š�‘�—�Ž�†���„�‡���†�‡�•�‹�‰�•�‡�†��
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� ˆ� ‘� ”� � � ò� ƒ� –� æ� ”� ‡� •� –� ä� ó� � � �� Š� ‡� � � ‡� “� —� ‹� ˜� ƒ� Ž� ‡� •� –� � � ˆ� Ž� —� ‹� †� � � ’� ”� ‡� •� •� —� ”� ‡� � � ˜� ƒ� Ž� —� ‡� •� � � ƒ� •� •� —� •� ‡� � � ˆ� ”� ‡� ‡�æ�†�”�ƒ�‹�•�‹�•�‰�� �…�‘�•�†�‹�–�‹�‘�•�•�� �ƒ�•�†�� �ƒ��
�†�”�ƒ�‹�•�ƒ�‰�‡�� �•�›�•�–�‡�•�� �™�‹�Ž�Ž�� �„�‡�� �‹�•�•�–�ƒ�Ž�Ž�‡�†�� �ƒ�•�†�� �•�ƒ�‹�•�–�ƒ�‹�•�‡�†�� �–�‘�� �’�”�‡�˜�‡�•�–�� �–�Š�‡�� �„�—�‹�Ž�†�æ�—�’�� �‘�ˆ�� �Š�›�†�”�‘�•�–�ƒ�–�‹�…��
�’�”�‡�•�•�—�”�‡�•�ä�� ���ˆ�� �…�‘�•�†�‹�–�‹�‘�•�•�� �‘�–�Š�‡�”�� �–�Š�ƒ�•�� �–�Š�‘�•�‡�� �ƒ�•�•�—�•�‡�†�� �ƒ�„�‘�˜�‡�� �ƒ�”�‡�� �ƒ�•�–�‹�…�‹�’�ƒ�–�‡�†�á�� �–�Š�‡�� �‡�“�—�‹�˜�ƒ�Ž�‡�•�–�� �ˆ�Ž�—�‹�†��
�’�”�‡�•�•�—�”�‡���˜�ƒ�Ž�—�‡�•���•�Š�‘�—�Ž�†���„�‡���’�”�‘�˜�‹�†�‡�†���‘�•���ƒ�•���‹�•�†�‹�˜�‹�†�—�ƒ�Ž�æ�…�ƒ�•�‡���„�ƒ�•�‹�•���„�›���–�Š�‡���‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž���‡�•�‰�‹�•�‡�‡�”�ä��
��
���‡�–�ƒ�‹�•�‹�•�‰�� �™�ƒ�Ž�Ž�� �•�–�”�—�…�–�—�”�‡�•�� �•�Š�‘�—�Ž�†�� �„�‡�� �’�”�‘�˜�‹�†�‡�†�� �™�‹�–�Š�� �ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡�� �†�”�ƒ�‹�•�ƒ�‰�‡�� �ƒ�•�†�� �ƒ�’�’�”�‘�’�”�‹�ƒ�–�‡�Ž�›��
�™�ƒ�–�‡�”� ’� ”� ‘� ‘� ˆ�‡�†�ä� �� �� ‘� � � ”�‡�†�—�…�‡�á� � � „�—�–�� �•� ‘�–� � �‡�Ž�‹�•�‹�•�ƒ�–�‡�á� � �•�ƒ�–�—�”�ƒ�–�‹� ‘� •� � � ‘� ˆ� � � •�‡�ƒ�”�æ�•�—�”�ˆ�ƒ�…�‡�� ���—�’�’�‡�”�� �ƒ�’�’�”�‘�š�‹�•�ƒ�–�‡�� �s�æ
�ˆ�‘�‘�–�����•�‘�‹�Ž�•���‹�•���ˆ�”�‘�•�–���‘�ˆ���–�Š�‡���”�‡�–�ƒ�‹�•�‹�•�‰���™�ƒ�Ž�Ž�•�á���–�Š�‡���’�‡�”�ˆ�‘�”�ƒ�–�‡�†���•�—�„�†�”�ƒ�‹�•���’�‹�’�‡���•�Š�‘�—�Ž�†���„�‡���Ž�‘�…�ƒ�–�‡�†���ƒ�•���Ž�‘�™��
�ƒ� •� � � ’� ‘� •� •� ‹� „�Ž�‡� � � „�‡�Š� ‹� •�†� � �–�Š�‡� � � ”�‡�–�ƒ� ‹� •� ‹� •�‰� � �™�ƒ�Ž�Ž�ä� � � ��Š�‡� � � ‘�—�–�Ž�‡�–� � � ’� ‹� ’�‡� � � •�Š� ‘�—�Ž�†� � � „�‡� � � •�Ž� ‘� ’�‡�†� � �–� ‘� � �†� ”�ƒ� ‹� •� � �–� ‘� � �ƒ� � � •�—�‹�–�ƒ� „�Ž�‡� �
�‘�—�–�Ž�‡�–�ä�� ���•�� �‰�‡�•�‡�”�ƒ�Ž�á�� �™�‡�� �†�‘�� �•�‘�–�� �”�‡�…�‘�•�•�‡�•�†�� �”�‡�–�ƒ�‹�•�‹�•�‰�� �™�ƒ�Ž�Ž�� �‘�—�–�Ž�‡�–�� �’�‹�’�‡�•�� �„�‡�� �…�‘�•�•�‡�…�–�‡�†�� �–�‘�� �ƒ�”�‡�ƒ��
�†�”�ƒ�‹�•�•�ä�����ˆ���•�—�„�†�”�ƒ�‹�•�•���ƒ�”�‡���…�‘�•�•�‡�…�–�‡�†���–�‘���ƒ�”�‡�ƒ���†�”�ƒ�‹�•�•�á���•�’�‡�…�‹�ƒ�Ž���…�ƒ�”�‡���•�Š�‘�—�Ž�†���„�‡���–�ƒ�•�‡�•���–�‘���•�ƒ�‹�•�–�ƒ�‹�•���–�Š�‡�•�‡��
�†�”�ƒ�‹�•�•�ä�� ���›�’�‹�…�ƒ�Ž�� �…�‘�•�˜�‡�•�–�‹�‘�•�ƒ�Ž�� �”�‡�–�ƒ�‹�•�‹�•�‰�� �™�ƒ�Ž�Ž�� �†�”�ƒ�‹�•�ƒ�‰�‡�� �‹�•�� �•�Š�‘�™�•�� �‘� •� � � 	� ‹�‰�—� ”� ‡� � � u� ä� � � �� –� � � •�Š� ‘�—�Ž�†� � � „� ‡� � � •� ‘� –� ‡�†� �
�–�Š�ƒ�–���–�Š�‡���”�‡�…�‘�•�•�‡�•�†�‡�†���•�—�„�†�”�ƒ�‹�•���†�‘�‡�•���•�‘�–���’�”�‘�˜�‹�†�‡���’�”�‘�–�‡�…�–�‹�‘�•���ƒ�‰�ƒ�‹�•�•�–���•�‡�‡�’�ƒ�‰�‡���–�Š�”�‘�—�‰�Š���–�Š�‡���ˆ�ƒ�…�‡��
�‘�ˆ�� �–�Š�‡�� �™�ƒ�Ž�Ž�� �ƒ�•�†���‘�”�� �‡�ˆ�ˆ�Ž�‘�”�‡�•�…�‡�•�…�‡�ä�� ���ƒ�–�‡�”�’�”�‘�‘�ˆ�‹�•�‰���ƒ�•�†�� �‘�—�–�Ž�‡�–�� �•�›�•�–�‡�•�•�� �ƒ�”�‡�� �•�‘�–�� �–�Š�‡�� �’�—�”�˜�‹�‡�™���‘�ˆ�� �–�Š�‡��
�‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž���…�‘�•�•�—�Ž�–�ƒ�•�–�ä����
��
���—�”�…�Š�ƒ�”�‰�‡�� �Ž�‘�ƒ�†�‹�•�‰�� �‡�ˆ�ˆ�‡�…�–�•�� �ˆ�”�‘�•�� �ƒ�•�›�� �ƒ�†�Œ�ƒ�…�‡�•�–�� �•�–�”�—�…�–�—�”�‡�•�� �•�Š�‘�—�Ž�†�� �„�‡�� �‡�˜�ƒ�Ž�—�ƒ�–�‡�†�� �„�›�� �–�Š�‡�� �”�‡�–�ƒ�‹�•�‹�•�‰��
�™�ƒ�Ž�Ž���†�‡�•�‹�‰�•�‡�”�ä�����•���‰�‡�•�‡�”�ƒ�Ž�á���•�–�”�—�…�–�—�”�ƒ�Ž���Ž�‘�ƒ�†�•���™�‹�–�Š�‹�•���ƒ���s�ã�s�����Š�‘�”�‹�œ�‘�•�–�ƒ�Ž�ã���˜�‡�”�–�‹�…�ƒ�Ž�����—�’�™�ƒ�”�†���’�”�‘�Œ�‡�…�–�‹�‘�•��
�ˆ�”� ‘�•� � �–�Š�‡���„� ‘�–�–�‘�•� �� ‘�ˆ� � �–�Š�‡��� ’�”� ‘� ’� ‘�•�‡�†���”�‡�–�ƒ�‹�•�‹�•�‰���™�ƒ�Ž�Ž���ˆ� ‘� ‘�–�‹�•�‰���™�‹�Ž�Ž���•�—�”�…�Š�ƒ�”�‰�‡���–�Š�‡��� ’�”� ‘� ’� ‘�•�‡�†���”�‡�–�ƒ�‹�•�‹�•�‰��
�™�ƒ�Ž�Ž�ä�����•���ƒ�†�†�‹�–�‹�‘�•���–�‘���–�Š�‡���”�‡�…�‘�•�•�‡�•�†�‡�†���‡�ƒ�”�–�Š���’�”�‡�•�•�—�”�‡�á���”�‡�–�ƒ�‹�•�‹�•�‰���™�ƒ�Ž�Ž�•���ƒ�†�Œ�ƒ�…�‡�•�–���–�‘���•�–�”�‡�‡�–�•���•�Š�‘�—�Ž�†��
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�Ž�‹�ˆ�‡�ä�� ���Š�‡�� �ƒ�„�‘�˜�‡�� �”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•�� �ƒ�”�‡�� �„�ƒ�•�‡�†�� �‘�•�� �–�Š�‡�� �ƒ�•�•�—�•�’�–�‹�‘�•�� �–�Š�ƒ�–�� �’�”�‘�’�‡�”�� �•�ƒ�‹�•�–�‡�•�ƒ�•�…�‡�� �ƒ�•�†��



 

Project��No.��13092�æ01�� Page��34�� September��12,��2019��

�‹�”�”�‹�‰�ƒ�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡�� �ƒ�”�‡�ƒ�•�� �ƒ�†�Œ�ƒ�…�‡�•�–�� �–�‘�� �–�Š�‡�� �”�‘�ƒ�†�™�ƒ�›�� �™�‹�Ž�Ž�� �‘�…�…�—�”�� �–�Š�”�‘�—�‰�Š�� �–�Š�‡�� �†�‡�•�‹�‰�•�� �Ž�‹�ˆ�‡�� �‘�ˆ�� �–�Š�‡��
�’�ƒ�˜�‡�•�‡�•�–�ä�� �	�ƒ�‹�Ž�—�”�‡�� �–�‘�� �•�ƒ�‹�•�–�ƒ�‹�•�� �ƒ�� �’�”�‘�’�‡�”�� �•�ƒ�‹�•�–�‡�•�ƒ�•�…�‡�� �ƒ�•�†���‘�”�� �‹�”�”�‹�‰�ƒ�–�‹�‘�•�� �’�”�‘�‰�”�ƒ�•�� �•�ƒ�›��
�Œ�‡�‘�’�ƒ�”�†�‹�œ�‡���–�Š�‡���‹�•�–�‡�‰�”�‹�–�›���‘�ˆ���–�Š�‡���’�ƒ�˜�‡�•�‡�•�–�ä����

��
��
4.13�� Nonstructural ��Concrete��Flatwork ����
��

���‘�•�•�–�”�—�…�–�—�”�ƒ�Ž�� �…�‘�•�…�”�‡�–�‡�� �ˆ�Ž�ƒ�–�™�‘�”�•�����•�—�…�Š�� �ƒ�•�� �™�ƒ�Ž�•�™�ƒ�›�•�á�� �’�ƒ�–�‹�‘�•�á�� �„�‹�…�›�…�Ž�‡�� �–�”�ƒ�‹�Ž�•�á�� �‡�–�…�ä���� �Š�ƒ�•�� �ƒ�� �Š�‹�‰�Š��
� ’� ‘� –�‡� •�–� ‹�ƒ�Ž� � � ˆ� ‘� ”� � �…� ”�ƒ�…� •� ‹� •�‰� � �†�—�‡� � �–� ‘� � �…�Š�ƒ� •�‰�‡� •� � � ‹� •� � � •� ‘� ‹�Ž� � � ˜� ‘�Ž�—� •�‡� � � ”�‡�Ž�ƒ�–�‡�†� � �–� ‘� � � •� ‘� ‹�Ž�æ� •� ‘� ‹� •�–�—� ”�‡� � � ˆ�Ž�—�…�–�—�ƒ�–� ‹� ‘� •� •�ä� � � �� ‘� �
�”�‡�†�—�…�‡�� �–�Š�‡�� �’�‘�–�‡�•�–�‹�ƒ�Ž�� �ˆ�‘�”�� �‡�š�…�‡�•�•�‹�˜�‡�� �…�”�ƒ�…�•�‹�•�‰�� �ƒ�•�†�� �Ž�‹�ˆ�–�‹�•�‰�á�� �…�‘�•�…�”�‡� –� ‡� � � •� Š� ‘� —� Ž� †� � � „� ‡� � � †� ‡� •� ‹� ‰� •� ‡� †� � � ‹� •� �
�ƒ�…�…�‘�”�†�ƒ�•�…�‡���™�‹�–�Š���–�Š�‡���•�‹�•�‹�•�—�•���‰�—�‹�†�‡�Ž�‹�•�‡�•���‘�—�–�Ž�‹�•�‡�†���‹�•�����ƒ�„�Ž�‡���z�ä�����Š�‡�•�‡���‰�—�‹�†�‡�Ž�‹�•�‡�•���™�‹�Ž�Ž���”�‡�†�—�…�‡���–�Š�‡��
�’�‘�–�‡�•�–�‹�ƒ�Ž�� �ˆ�‘�”�� �‹�”�”�‡�‰�—�Ž�ƒ�”�� �…�”�ƒ�…�•�‹�•�‰� � � ƒ� •� †� � � ’� ”� ‘� •� ‘� –� ‡� � � …� ”� ƒ� …� •� ‹� •� ‰� � � ƒ� Ž� ‘� •� ‰� � � …� ‘� •�•�–�”�—�…�–�‹�‘�•�� �Œ�‘�‹�•�–�•�á�� �„�—�–�� �™�‹�Ž�Ž�� �•�‘�–��
�‡�Ž�‹�•�‹�•�ƒ�–�‡�� �ƒ�Ž�Ž�� �…�”�ƒ�…�•�‹�•�‰�� �‘�”�� �Ž�‹�ˆ�–�‹�•�‰�ä�� ���Š�‹�…�•�‡�•�‹�•�‰�� �–�Š�‡�� �…�‘�•�…�”�‡�–�‡�� �ƒ�•�†���‘�”�� �ƒ�†�†�‹�•�‰�� �ƒ�†�†�‹�–�‹�‘�•�ƒ�Ž��
�”�‡�‹�•�ˆ�‘�”�…�‡�•�‡�•�–�� �™�‹�Ž�Ž�� �ˆ�—�”�–�Š�‡�”�� �”�‡�†�—�…�‡��� …� ‘� •� •� ‡� –� ‹� …� � � †� ‹� •� –� ”� ‡� •� •� ä� � � �� Ž� ‡� ƒ� •� ‡� � � •� ‘� –�‡�� �–�Š�ƒ�–�� �–�Š�‡�•�‡�� �ƒ�”�‡�� �’�”�‡�Ž�‹�•�‹�•�ƒ�”�›��
�”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•�� �–�Š�ƒ�–�� �™�‹�Ž�Ž�� �•�‡�‡�†�� �–�‘�� �„�‡�� �…�‘�•�ˆ�‹�”�•�‡�†�� �ƒ�•�†���‘�”�� �•�‘�†�‹�ˆ�‹�‡�†���„�ƒ�•�‡�†�� �‘�•�� �ƒ�•�æ�‰�”�ƒ�†�‡�†��
�…�‘�•�†�‹�–�‹�‘�•�•���ƒ�–���–�Š�‡���…�‘�•�’�Ž�‡�–�‹�‘�•���‘�ˆ���‰�”�ƒ�†�‹�•�‰�ä����
��

��
TABLE��8��

��
Minimum ��Guidelines��for ��Nonstructural ��Concrete��Flatwork ��for ����

Very��Low��to��Low��Expansion��Potential ��
��

�� Private ��Drives ��
Patios/ ��

Entryways ��

City��Sidewalk ��
Curb��and��
Gutters ��

Minimum ��
Thickness ��(in.) ��

�v�����ˆ�—�Ž�Ž���� �v�����ˆ�—�Ž�Ž����
���‹�–�›�����‰�‡�•�…�›��

���–�ƒ�•�†�ƒ�”�†��

Presoaking ��
���‡�–���†�‘�™�•���’�”�‹�‘�”��

�–�‘���’�Ž�ƒ�…�‹�•�‰��
���‡�–���†�‘�™�•���’�”�‹�‘�”��

�–�‘���’�Ž�ƒ�…�‹�•�‰��
���‹�–�›�����‰�‡�•�…�›��

���–�ƒ�•�†�ƒ�”�†��

Reinforcement ��
���‘�ä���u���ƒ�–���t�v��
�‹�•�…�Š�‡�•���‘�•��
�…�‡�•�–�‡�”�•��

���‘�ä���u���ƒ�–���t�v��
�‹�•�…�Š�‡�•���‘�•��
�…�‡�•�–�‡�”�•��

���‹�–�›�����‰�‡�•�…�›��
���–�ƒ�•�†�ƒ�”�†��

Thickened ��Edge��
(in.) ��

�z���š���z�� �• ��
���‹�–�›�����‰�‡�•�…�›��

���–�ƒ�•�†�ƒ�”�†��

Crack��Control ��
Joints��

���ƒ�™���…�—�–���‘�”���†�‡�‡�’��
�‘�’�‡�•���–�‘�‘�Ž���Œ�‘�‹�•�–��

�–�‘���ƒ���•�‹�•�‹�•�—�•���‘�ˆ��
�s���u���–�Š�‡���…�‘�•�…�”�‡�–�‡��

�–�Š�‹�…�•�•�‡�•�•��

���ƒ�™���…�—�–���‘�”���†�‡�‡�’��
�‘�’�‡�•���–�‘�‘�Ž���Œ�‘�‹�•�–��

�–�‘���ƒ���•�‹�•�‹�•�—�•���‘�ˆ��
�s���u���–�Š�‡���…�‘�•�…�”�‡�–�‡��

�–�Š�‹�…�•�•�‡�•�•��

���‹�–�›�����‰�‡�•�…�›��
���–�ƒ�•�†�ƒ�”�†��

Maximum ��Joint��
Spacing��

�s�r���ˆ�‡�‡�–���‘�”��
�“�—�ƒ�”�–�‡�”���…�—�–��

�™�Š�‹�…�Š�‡�˜�‡�”���‹�•��
�…�Ž�‘�•�‡�”��

�x���ˆ�‡�‡�–��
���‹�–�›�����‰�‡�•�…�›��

���–�ƒ�•�†�ƒ�”�†��

Aggregate��Base��
Thickness ��(in.) ��

�• �� �• ��
���‹�–�›�����‰�‡�•�…�›��

���–�ƒ�•�†�ƒ�”�†��
��
��

���‘�� �”�‡�†�—�…�‡�� �–�Š�‡�� �’�‘�–�‡�•�–�‹�ƒ�Ž�� �ˆ�‘�”�� �…�‘�•�…�”�‡�–�‡�� �ˆ�Ž�ƒ�–�™�‘�”�•�� �–�‘�� �•�‡�’�ƒ�”�ƒ�–�‡�� �ˆ�”�‘�•���–�Š�‡�� �Ž�‘�ƒ�†�‹�•�‰�� �†�‘�…�•�� �‘�”�� �„�—�‹�Ž�†�‹�•�‰��
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��
��

4.14�� Grading,��Foundation ��and��Retaining ��Wall ��Plan��Review��
��
���Š�‡�•�� �ƒ�˜�ƒ�‹�Ž�ƒ�„�Ž�‡�á�� �’�”�‘�Œ�‡�…�–�� �’�Ž�ƒ�•�•�� ���”�‘�—�‰�Š�� �‰�”�ƒ�†�‹�•�‰�á�� �’�”�‡�…�‹�•�‡�� �‰�”�ƒ�†�‹�•�‰�á���”�‡�–�ƒ�‹�•�‹�•�‰�� �™�ƒ�Ž�Ž�á�� �ˆ�‘�—�•�†�ƒ�–�‹�‘�•�á�� �‡�–�…�ä����
� •�Š� ‘�—�Ž�†� � � „�‡� � � ”�‡� ˜� ‹�‡�™�‡�†� � � „� ›� � � �� 
� �� � � 
�‡� ‘�–�‡�…�Š�•� ‹�…�ƒ�Ž� � � ‹� •� � � ‘� ”�†�‡� ”� � �–� ‘� � � ˜�‡� ”� ‹� ˆ� ›� � � ‘�—�”� � �‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� �”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•��
�ƒ�”�‡�� �’�”�‘�’�‡�”�Ž�›�� �‹�•�’�Ž�‡�•�‡�•�–�‡�†�ä�� ���� �v�r�æ�•�…�ƒ�Ž�‡�� �‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� �‰�”�ƒ�†�‹�•�‰�� �’�Ž�ƒ�•��� ”� ‡� ˜� ‹� ‡� ™� � � •� Š� ‘� —� Ž� †� � � „� ‡� � � ’� ‡� ”� ˆ� ‘� ”� •� ‡� †� �
�’�”�‹�‘�”�� �–�‘�� �…�‘�•�•�–�”�—�…�–�‹�‘�•�� �‘�ˆ�� �–�Š�‡�� �’�”�‘�’�‘�•�‡�†�� �†�‡�˜�‡�Ž�‘�’�•�‡�•�–�ä�� ���’�†�ƒ�–�‡�†�� �”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•�� �ƒ�•�†���‘�”��
�ƒ�†�†�‹�–�‹�‘�•�ƒ�Ž���ˆ�‹�‡�Ž�†���™�‘�”�•���•�ƒ�›���„�‡���•�‡�…�‡�•�•�ƒ�”�›���‹�•���–�Š�‡���ˆ�—�–�—�”�‡�ä����
��
��

4.15�� Geotechnical��Observation��and��Testing��During ��Construction ��
��

���Š�‡���”�‡�…�‘�•�•�‡�•�†�ƒ�–�‹�‘�•�•���’�”�‘�˜�‹�†�‡�†���‹�•���–�Š�‹�•���”�‡�’�‘�”�–���ƒ�”�‡���„�ƒ�•�‡�†���‘�•���Ž�‹�•�‹�–�‡�†���•�—�„�•�—�”�ˆ�ƒ�…�‡���‘�„�•�‡�”�˜�ƒ�–�‹�‘�•�•���ƒ�•�†��
�‰�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� �ƒ�•�ƒ�Ž�›�•�‹�•�ä�� ���Š�‡�� �‹�•�–�‡�”�’�‘�Ž�ƒ�–�‡�†�� �•�—�„�•�—�”�ˆ�ƒ�…�‡�� �…�‘�•�†�‹�–�‹�‘�•�•�� �•�Š�‘�—�Ž�†�� �„�‡�� �…�Š�‡�…�•�‡�†�� �‹�•�� �–�Š�‡�� �ˆ�‹�‡�Ž�†��
�†�—�”�‹�•�‰�� �…�‘�•�•�–�”�—�…�–�‹�‘�•�� �„�›�� �ƒ�� �”�‡�’�”�‡�•�‡�•�–�ƒ�–�‹�˜�‡�� �‘�ˆ�� ���
���� �
�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�ä�� �
�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� �‘�„�•�‡�”�˜�ƒ�–�‹�‘�•�� �ƒ�•�†��
�–�‡�•�–�‹�•�‰���ƒ�”�‡���”�‡�“�—�‹�”�‡�†���’�‡�”�����‡�…�–�‹�‘�•���s�y�r�w���‘�ˆ���–�Š�‡���t�r�s�x�����ƒ�Ž�‹�ˆ�‘�”�•�‹�ƒ�����—�‹�Ž�†�‹�•�‰�����‘�†�‡�������������ä��
��
� 
� ‡� ‘� –� ‡� …� Š� •� ‹� …� ƒ� Ž� � � ‘� „� •� ‡� ”� ˜� ƒ� –� ‹� ‘� •� � � ƒ� •� †� �� ‘� ”� � � –� ‡� •� –� ‹� •� ‰� � � •� Š� ‘� —� Ž� †� � � „� ‡� � � ’� ‡� ”� ˆ� ‘� ”� •� ‡� †� � � „� ›� ����
���� �
�‡�‘�–�‡�…�Š�•�‹�…�ƒ�Ž�� �ƒ�–�� �–�Š�‡��
�ˆ�‘�Ž�Ž�‘�™�‹�•�‰���•�–�ƒ�‰�‡�•�ã��
��
�x ���—�”�‹�•�‰���”�‘�—�‰�Š���‰�”�ƒ�†�‹�•�‰�����”�‡�•�‘�˜�ƒ�Ž���‘�˜�‡�”�æ�‡�š�…�ƒ�˜�ƒ�–�‹�‘�•���„�‘�–�–�‘�•�•�á���ˆ�‹�Ž�Ž���’�Ž�ƒ�…�‡�•�‡�•�–�á���‡�–�…�ä���â��
�x �
�‡�‘�Ž�‘�‰�‹�…���•�ƒ�’�’�‹�•�‰���‘�ˆ���–�‡�•�’�‘�”�ƒ�”�›���„�ƒ�…�•�…�—�–�•�â��
�x ���—�”�‹�•�‰���”�‡�–�ƒ�‹�•�‹�•�‰���™�ƒ�Ž�Ž���„�ƒ�…�•�ˆ�‹�Ž�Ž���ƒ�•�†���…�‘�•�’�ƒ�…�–�‹�‘�•�â��
�x ���—�”�‹�•�‰���—�–�‹�Ž�‹�–�›���–�”�‡�•�…�Š���„�ƒ�…�•�ˆ�‹�Ž�Ž���ƒ�•�†���…�‘�•�’�ƒ�…�–�‹�‘�•�â��
�x ���—�”�‹�•�‰���’�”�‡�…�‹�•�‡���‰�”�ƒ�†�‹�•�‰�â��
�x ���ˆ�–�‡�”�� �’�”�‡�•�‘�ƒ�•�‹�•�‰�� �„�—�‹�Ž�†�‹�•�‰�� �’�ƒ�†�•�� �ƒ�•�†�� �‘�–�Š�‡�”�� �…�‘�•�…�”�‡�–�‡�æ�ˆ�Ž�ƒ�–�™�‘�”�•�� �•�—�„�‰� ”� ƒ� †� ‡� •� á� � � ƒ� •� †� � � ’� ”� ‹� ‘� ”� � � –� ‘� �

�’�Ž�ƒ�…�‡�•�‡�•�–���‘�ˆ���ƒ�‰�‰�”�‡�‰�ƒ�–�‡���„�ƒ�•�‡���‘�”���…�‘�•�…�”�‡�–�‡�â����
�x ���ˆ�–�‡�”�� �„�—�‹�Ž�†�‹�•�‰�� �ƒ�•�†�� �™�ƒ�Ž�Ž�� �ˆ�‘�‘�–�‹�•�‰�� �‡�š�…�ƒ�˜�ƒ�–�‹�‘�•�� �ƒ�•�†�� �’�”�‹�‘�”�� �–�‘�� �’�Ž�ƒ�…�‡�•�‡�•�–�� �‘�ˆ�� �•�–�‡�‡�Ž�� �”�‡�‹�•�ˆ�‘�”�…�‡�•�‡�•�–��

�ƒ�•�†���‘�”���…�‘�•�…�”�‡�–�‡�â��
�x ���”�‡�’�ƒ�”�ƒ�–�‹�‘�•���‘�ˆ���’�ƒ�˜�‡�•�‡�•�–���•�—�„�‰�”�ƒ�†�‡���ƒ�•�†���’�Ž�ƒ�…�‡�•�‡�•�–���‘�ˆ���ƒ�‰�‰�”�‡�‰�ƒ�–�‡���„�ƒ�•�‡�â���ƒ�•�†��
�x ���Š�‡�•�� �ƒ�•�›�� �—�•�—�•�—�ƒ�Ž�� �•�‘�‹�Ž�� �…�‘�•�†�‹�–�‹�‘�•�•�� �ƒ�”�‡�� �‡�•�…�‘�—�•�–�‡�”�‡�†�� �†�—�”�‹�•�‰�� �ƒ�•�›�� �…�‘�•�•�–�”�—�…�–�‹�‘�•�� �‘�’�‡�”�ƒ�–�‹�‘�•��

�•�—�„�•�‡�“�—�‡�•�–���–�‘���‹�•�•�—�ƒ�•�…�‡���‘�ˆ���–�Š�‹�•���”�‡�’�‘�”�–�ä����
��
��
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5.0��LIMITATIONS��
��
���—�”�� �•�‡�”�˜�‹�…�‡�•�� �™�‡�”�‡�� �’�‡�”�ˆ�‘�”�•�‡�†�� �—�•�‹�•� ‰� � � –� Š� ‡� � � †� ‡� ‰� ”� ‡� ‡� � � ‘� ˆ� � � …� ƒ� ”� ‡� � � ƒ� •� †� � � •� •� ‹� Ž� Ž� ��‘�”�†�‹�•�ƒ�”�‹�Ž�›�� �‡�š�‡�”�…�‹�•�‡�†�á�� �—�•�†�‡�”�� �•�‹�•�‹�Ž�ƒ�”��
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Appendix��B��
Logs��of��Exploratory ��Borings,��CPTs��and��

Trenches����



THIS SUMMARY APPLIES ONLY AT THE LOCATION
OF THIS BORING AND AT THE TIME OF DRILLING.
SUBSURFACE CONDITIONS MAY DIFFER AT OTHER
LOCATIONS AND MAY CHANGE AT THIS LOCATION
WITH THE PASSAGE OF TIME.  THE DATA
PRESENTED IS A SIMPLIFICATION OF THE ACTUAL
CONDITIONS ENCOUNTERED. THE DESCRIPTIONS
PROVIDED ARE QUALITATIVE FIELD DESCRIPTIONS
AND ARE NOT BASED ON QUANTITATIVE
ENGINEERING ANALYSIS.

CN               CONSOLIDATION
CR               CORROSION
AL                ATTERBERG LIMITS
CO               COLLAPSE/SWELL
RV                R-VALUE
-#200            % PASSING # 200 SIEVE

DIRECT SHEAR
MAXIMUM DENSITY
SIEVE ANALYSIS
SIEVE AND HYDROMETER
EXPANSION INDEX

TEST TYPES:
DS
MD
SA
S&H
EI

SAMPLE TYPES:
B        BULK SAMPLE
R        RING SAMPLE (CA Modified Sampler)
G        GRAB SAMPLE
SPT    STANDARD PENETRATION
           TEST SAMPLE

GROUNDWATER TABLE
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Hole Diameter:

Hole Location: See Geotechnical Map

Drop:
Type of Rig:

Project Number:
Elevation of Top of Hole: Drive Weight:

Drilling Company:
Project Name:
Date:

1470

1465

1460

1455

1450

1445

Geotechnical Boring Log Borehole HS-1
3/29/2016

~1471' MSL
8"

Limited Access
30"

140 pounds

Cal Pac
Richland - Stoneridge

13092-01

Logged By CAC
Sampled By CAC
Checked By DJB

Page 1 of 2

SM @0'-2' Silty SAND; brown, moist, loose, wheat grass
crops at surface.R-1 6

5
4 SC  @2.5' - Clayey SAND; dark brown, moist, fine to coarse

grains with approx. 5% gravel, loose.
R-2 8

21
50/5"  @5' - Clayey SAND; dark brown, slightly moist, very

dense.
R-3 18

30
50/5"

R-4 19
31
41

SPT-1 7
9
9

 @15' - Clayey SAND; dark brown, medium dense, top
inch and bottom 2 inches of sample contained reddish
brown layers.

R-5
50/5"

 @20' - Clayey SAND; dark brown, moist, loose,
transitions to reddish brown, very dense.

SPT-2 23
34
40

 @25' - Clayey SAND; dark brown, moist, very dense.

B
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 4
/4

/2
01

6

@0'-T.D. - Quaternary Very Old Fan Deposits

 @7.5' - Clayey SAND; dark brown, slightly moist, very
dense.

 @10' - Clayey SAND; dark brown, slightly moist, very
dense.
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8.0119.4
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Appendix��C��
Laboratory ��Test��Results��
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Laboratory Testing Procedures and Test Results  
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      PARTICLE-SIZE  ANALYSIS OF SOILS
ASTM D 422

Project Name: Tested By: A. Santos Date: 04/20/16

Project No.: Data Input By: J. Ward Date: 04/27/16

Boring No.:

Sample No.: Depth (feet):     0-2

% Gravel N/A Soil Type

% Sand N/A

% Fines 38

2.70 0.00 72.52

0.99 0.00 72.50 135.87

1133.00 1.00 57.25 75.31

108.80 0.00 0.13

1024.20 60.56

3" 0.00 100.0 92.7

1½"

3/4"

3/8"

No. 4

No. 10 75.08 92.7 59.24 41.0 38.0

Pan

 Hydrometer Wt. of Air-Dry Soil (g) 100.50 Wt. of Dry Soil (g) 100.37

Deflocculant  125 cc of 4% Solution

22-Apr-16 9:06 0

9:08 2 21.9 41.0 31.1 0.0291

9:11 5 21.9 37.0 27.5 0.0190

9:21 15 21.9 34.0 24.7 0.0112

9:36 30 21.8 32.0 22.9 0.0081

10:06 60 21.9 30.5 21.5 0.0058

11:06 120 21.9 28.5 19.7 0.0041

13:16 250 22.4 27.0 18.3 0.0029

23-Apr-16 9:06 1440 21.0 23.0 14.7 0.0012

After 
Hydrometer & 
Wet Sieve ret. 
in #200 Sieve

8.0

8.0

Pan

No. 30

No. 50

No. 100

  Wt. of Dry Soil     (g)

7.0

8.0

Moisture Content 
of Total Air-Dry 

Soil

Moisture Content 
of Air-Dry Soil 
Passing #10

No. 10

Date Time
Water 

Temperature  
(°C)

No. 16

SC

 Specific Gravity  (Assumed)

8.0

 Sieve after Hydrometer & Wet Sieve  Coarse Sieve

8.0

8.0

8.0

Elapsed Time  
(min)

Cumulative Wt. 
Of Dry Soil 

Retained (g)

7.0

Composite 
Correction       

152H

% PassingU.S. Sieve U.S. Sieve Size

Actual 
Hydrometer 
Readings

Cumulative Wt. 
Of Dry Soil 

Retained (g)

 Wt. of Container   Moisture Content (%)

No. 200

 Dry Wt. of Soil     (g)

% Total Sample  
(%)

Soil Particle 
Diameter      

(mm)

% Total Sample% Passing

 Correction for Specific Gravity

 Wt.of Air-Dry Soil + Cont. (g)

  Wt.of Air-Dry Soil + Cont.(g)

  Dry Wt. of Soil + Cont.   (g)

  Wt. of Container No.___ (g)

Soil Identification:

Richland – Stoneridge

13092-01

TP-4

B-1

Reddish brown clayey sand (SC)

Hydrometer TP-4, B-1 @ 0-2



38

B-1

04/27/16

Depth (feet):   0-2 Soil Type :

Project Name:

N/A : N/A :

 PARTICLE - SIZE 
DISTRIBUTION             

ASTM D 422 GR:SA:FI : (%)

Soil Identification: Reddish brown clayey sand (SC)

13092-01
Boring No.:

SC
Project No.:

TP-4 Sample No.:
Richland – Stoneridge

SAND
SILT     FINE

HYDROMETER
  3.0"        1 1/2"      3/4"         3/8"         #4          #8         #16         #30       #50        #100        #200
U.S. STANDARD SIEVE OPENING U.S. STANDARD SIEVE NUMBER

GRAVEL FINES
FINE CLAY  COARSE  CRSE MEDIUM
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Hydrometer TP-4, B-1 @ 0-2



Project Name: Tested By: A. Santos Date: 04/25/16

Project No. : Input By: J. Ward Date: 04/27/16

Boring No.: Checked By: J. Ward

Sample No.: Depth (ft.)

Soil Identification:

1 2 1 2 3 4

33 25 17

9.90 10.59 22.37 26.70 22.82

8.80 9.39 17.86 21.13 17.98

1.06 1.18 1.12 1.10 1.11

14.21 14.62 26.94 27.81 28.69

28
14
14
CL

PI at "A" - Line  =  0.73(LL-20)  5.84

One - Point Liquid Limit Calculation

LL =Wn(N/25)

PROCEDURES USED

  Wet Preparation

   Multipoint  - Wet

X   Dry Preparation

   Multipoint  - Dry 

X    Procedure A

   Multipoint  Test

   Procedure B

   One-point  Test

Plasticity Index

Classification

Number of Blows        [N]

Wet Wt. of Soil + Cont. (g)

           LIQUID LIMIT      PLASTIC LIMIT

Dry Wt. of Soil + Cont. (g)

Wt. of Container         (g)

Moisture Content (%) [Wn]

Reddish brown clayey sand (SC)

TEST

NO.

Liquid Limit

Plastic Limit

ATTERBERG LIMITS
 ASTM D 4318

Richland – Stoneridge

13092-01

TP-4

B-1 0-2
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0.121
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ML or OL
MH or OH

For classification of fine-
grained soils and fine-
grained fraction of coarse-
grained soils

"A" Line

7
4

CH or OH
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Project Name: Richland – Stoneridge Tested By: G. Bathala Date: 04/20/16
Project No.: 13092-01 Checked By: J. Ward Date: 04/27/16
Boring No.: Sample Type: Ring
Sample No.: Depth (ft.): 2.5
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
196.20 198.05 202.46
45.31 45.16 45.73

Before Shearing
202.91 202.91 202.91
193.08 193.08 193.08
64.62 64.62 64.62
0.0000 0.2461 0.2583
-0.0052 0.2531 0.2721

After Shearing
221.23 233.99 218.56
202.23 216.08 200.81
66.16 76.26 57.73
2.70 2.70 2.70
62.43 62.43 62.43

Vertical Rdg.(in): Initial

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

R-1
HS-2

Brown clayey sand (SC)

Sample Diameter(in):

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final

DS HS-2, R-1 @ 2.5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

04-16

Project No.: 13092-01

Sample Type:

Ring

Brown clayey sand (SC)
46.3

0.9948
14.0

Richland – StoneridgeDIRECT SHEAR TEST RESULTS  
Consolidated Drained - ASTM D 3080

52.7
0.9862
12.4

0.500
0.437
0.390
0.0050

1.000
2.415

1.000
2.415

1.000
0.748
0.739
0.0050

2.000
1.415
1.415
0.0050

48.4
0.9930
12.8

Soil Identification: 7.65
118.1

7.65
116.6 121.1

1.000
2.415
7.65

Boring No.
Sample No.
Depth (ft)

HS-2
R-1
2.5

0.00

1.00

2.00

3.00

4.00

5.00
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Normal Stress (ksf)

DS HS-2, R-1 @ 2.5





Project Name: Richland – Stoneridge Tested By: G. Bathala Date: 04/20/16
Project No.: 13092-01 Checked By: J. Ward Date: 04/27/16
Boring No.: Sample Type: Ring
Sample No.: Depth (ft.): 5.0
Soil Identification:

2.415 2.415 2.415
1.000 1.000 1.000
209.75 212.49 212.51
45.08 45.69 45.31

Before Shearing
232.84 232.84 232.84
220.68 220.68 220.68
71.79 71.79 71.79
0.2353 0.2783 0.0000
0.2265 0.2752 -0.0056

After Shearing
208.36 239.44 227.46
182.92 217.77 206.20
39.05 65.67 57.44
2.70 2.70 2.70
62.43 62.43 62.43

Vertical Rdg.(in): Initial

DIRECT  SHEAR  TEST
Consolidated Drained - ASTM D 3080

Sample Thickness(in.):
Weight of Sample + ring(gm):

R-2
HS-6

Olive gray clayey sand (SC)

Sample Diameter(in):

Water Density(pcf):
Specific Gravity (Assumed):
Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):

Weight of Ring(gm):

Weight of Container(gm):
Weight of Dry Sample+Cont.(gm):
Weight of Wet Sample+Cont.(gm):

Weight of Wet Sample+Cont.(gm):

Vertical Rdg.(in): Final

DS HS-6, R-2 @ 5



Normal Stress (kip/ft²)
Peak Shear Stress  (kip/ft²)
Shear Stress @ End of Test (ksf)
Deformation Rate  (in./min.)

Initial Sample Height (in.)
Diameter (in.)
Initial Moisture Content (%)
Dry Density (pcf)
Saturation (%)
Soil Height Before Shearing (in.)
Final Moisture Content (%)

04-16

Project No.: 13092-01

Sample Type:

Ring

Olive gray clayey sand (SC)
66.5

1.0088
17.7

Richland – StoneridgeDIRECT SHEAR TEST RESULTS  
Consolidated Drained - ASTM D 3080

70.9
0.9944
14.3

1.000
1.704
0.990
0.0050

1.000
2.415

1.000
2.415

2.000
2.660
1.839
0.0050

4.000
4.389
3.301
0.0050

70.1
1.0031
14.2

Soil Identification: 8.17
128.2

8.17
126.6 128.6

1.000
2.415
8.17

Boring No.
Sample No.
Depth (ft)

HS-6
R-2
5
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DS HS-6, R-2 @ 5





HS-20 B-1 2.5' Remolded 0.004 135.0 7.0 16.4

Sample Description: 

Location:
Final 

Moisture 
Content (%)

13092-01
Date: Jun-19

SM

Stoneridge

Dry Density 
(pcf)

Initial 
Moisture 

Content (%)

DIRECT SHEAR PLOT

Project Number:

Sample No.: Depth (ft) Sample Type
Shear Rate 
(inch/min)

0.0

1.0

2.0

3.0

4.0

5.0

0.0 1.0 2.0 3.0 4.0 5.0
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es
s 

(k
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)

Normal Stress (ksf)

Peak  At ¼" Deformation

Friction Angle = 3�� ° Friction Angle = 3�� °

Cohesion = ����0 psf Cohesion = ����0 psf



HS-24 R-4 10' Ring 0.004 132.4 7.6 14.4

Sample Description: 

Location:
Final 

Moisture 
Content (%)

13092-01
Date: Jun-19

DG

Stoneridge

Dry Density 
(pcf)

Initial 
Moisture 

Content (%)

DIRECT SHEAR PLOT

Project Number:

Sample No.: Depth (ft) Sample Type
Shear Rate 
(inch/min)

0.0
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5.0

6.0

7.0
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)

Normal Stress (ksf)

Peak  At ¼" Deformation

Friction Angle = 3�� ° Friction Angle = 38 °

Cohesion = 7���� ps f Cohesion = 6������psf



Project Name: Tested By: G. Bathala Date: 04/20/16
Project No.: Checked By: J. Ward Date: 04/27/16
Boring No.: HS-10 Sample Type: Ring
Sample No.: R-3 Depth (ft.) 7.5
Sample Description: Dark brown silty, clayey sand (SC-SM)

Initial Dry Density (pcf): 116.4 Final Dry Density (pcf): 117.4
Initial Moisture (%): 7.49 Final Moisture (%) : 13.9
Initial Length (in.): 1.0000 Initial Void Ratio: 0.4485
Initial Dial Reading: 0.2653 Specific Gravity(assumed): 2.70
Diameter(in): 2.415 Initial Saturation (%) 45.1

0.100 0.9997 0.00 -0.03 -0.03

1.000 0.9914 0.17 -0.86 -0.69

H2O 0.9897 0.17 -1.03 -0.86

 Percent Swell (+) / Settlement (-) After Inundation  = -0.17

0.4360

0.2650

0.2567

0.2550

Pressure (p)    
(ksf)

0.4480

0.4385

Final Reading    
(in)

Void Ratio      

Swell (+) 
Settlement (-)   
% of Sample 

Thickness

Load   
Compliance    

(%)

Apparent 
Thickness      

(in)

ONE-DIMENSIONAL SWELL OR SETTLEMEN T
POTENTIAL OF COHESIVE SOILS

ASTM D 4546

Corrected 
Deformation   

(%)

Richland – Stoneridge
13092-01

0.4340

0.4360

0.4380

0.4400

0.4420

0.4440

0.4460

0.4480

0.4500

0.100 1.000 10.000

V
oi

d 
R

at
io

Log Pressure (ksf)

Void Ratio - Log Pressure Curve

Inundate with
Tap water

Swell-Settlement HS-10, R-3 @ 7.5



Project Name: Tested By: G. Bathala Date: 07/18/19
Project No.: Checked By: J. Ward Date: 07/24/19
Boring No.: HS-���� Sample Type: Ring
Sample No.: R-4 Depth (ft.) 10.0
Sample Description: Light olive brown well-graded sand with silt (SW-SM)

Initial Dry Density (pcf): 113.9 Final Dry Density (pcf): 114.9
Initial Moisture (%): 1.91 Final Moisture (%) : 14.2
Initial Length (in.): 1.0000 Initial Void Ratio: 0.4796
Initial Dial Reading: 0.2809 Specific Gravity(assumed): 2.70
Diameter(in): 2.415 Initial Saturation (%) 10.7

0.100 1.0000 0.00 0.00 0.00

1.500 0.9930 0.26 -0.70 -0.44

H2O 0.9887 0.26 -1.13 -0.87

 Percent Swell (+) / Settlement (-) After Inundation  = -0.43

Pressure (p)    
(ksf)

0.4796

0.4731

Final Reading    
(in)

Void Ratio      

ONE-DIMENSIONAL SWELL OR SETTLEMEN T
POTENTIAL OF COHESIVE SOILS

ASTM D 4546

0.4668

0.2809

0.2739

0.2696

Corrected 
Deformation   

(%)

Stoneridge
13092-01

Swell (+) 
Settlement (-)   
% of Sample 

Thickness

Load   
Compliance    

(%)

Apparent 
Thickness      

(in)

0.4660

0.4680

0.4700

0.4720

0.4740

0.4760

0.4780

0.4800

0.4820

0.100 1.000 10.000

V
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d 
R

at
io

Log Pressure (ksf)

Void Ratio - Log Pressure Curve

Inundate with
Tap water

Swell-Settlement HS-2, R-4 @ 10



Project Name: Tested By: G. Bathala Date: 07/19/19
Project No.: Checked By: J. Ward Date: 07/24/19
Boring No.: HS-���� Sample Type: Ring
Sample No.: R-3 Depth (ft.) 7.5
Sample Description: Light olive brown well-graded sand with silt (SW-SM)

Initial Dry Density (pcf): 115.8 Final Dry Density (pcf): 117.0
Initial Moisture (%): 1.10 Final Moisture (%) : 13.7
Initial Length (in.): 1.0000 Initial Void Ratio: 0.4554
Initial Dial Reading: 0.2798 Specific Gravity(assumed): 2.70
Diameter(in): 2.415 Initial Saturation (%) 6.5

0.100 1.0000 0.00 0.00 0.00

1.000 0.9963 0.20 -0.37 -0.17

H2O 0.9877 0.20 -1.23 -1.03

 Percent Swell (+) / Settlement (-) After Inundation  = -0.86

Pressure (p)    
(ksf)

0.4554

0.4529

Final Reading    
(in)

Void Ratio      

ONE-DIMENSIONAL SWELL OR SETTLEMEN T
POTENTIAL OF COHESIVE SOILS

ASTM D 4546

0.4404

0.2798

0.2761

0.2675

Corrected 
Deformation   

(%)

Stoneridge
13092-01

Swell (+) 
Settlement (-)   
% of Sample 

Thickness

Load   
Compliance    

(%)

Apparent 
Thickness      

(in)

0.4380

0.4400

0.4420

0.4440

0.4460

0.4480

0.4500

0.4520

0.4540

0.4560

0.4580

0.100 1.000 10.000

V
oi

d 
R
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io

Log Pressure (ksf)

Void Ratio - Log Pressure Curve

Inundate with
Tap water

Swell-Settlement HS-9, R-3 @ 7.5



Project Name: Tested By: G. Bathala Date: 07/19/19
Project No.: Checked By: J. Ward Date: 07/24/19
Boring No.: HS-���� Sample Type: Ring
Sample No.: R-2 Depth (ft.) 5.0
Sample Description: Yellowish brown silty, clayey sand (SC-SM)

Initial Dry Density (pcf): 132.2 Final Dry Density (pcf): 132.3
Initial Moisture (%): 8.11 Final Moisture (%) : 11.1
Initial Length (in.): 1.0000 Initial Void Ratio: 0.2748
Initial Dial Reading: 0.3215 Specific Gravity(assumed): 2.70
Diameter(in): 2.415 Initial Saturation (%) 79.6

0.100 0.9997 0.00 -0.03 -0.03

1.000 0.9962 0.27 -0.39 -0.12

H2O 0.9968 0.27 -0.32 -0.05

 Percent Swell (+) / Settlement (-) After Inundation  = 0.07

Pressure (p)    
(ksf)

0.2745

0.2734

Final Reading    
(in)

Void Ratio      

ONE-DIMENSIONAL SWELL OR SETTLEMEN T
POTENTIAL OF COHESIVE SOILS

ASTM D 4546

0.2742

0.32120

0.31765

0.31830

Corrected 
Deformation   

(%)

Stoneridge
13092-01

Swell (+) 
Settlement (-)   
% of Sample 

Thickness

Load   
Compliance    

(%)

Apparent 
Thickness      

(in)

0.2732

0.2734

0.2736

0.2738

0.2740

0.2742

0.2744

0.2746

0.100 1.000 10.000

V
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io

Log Pressure (ksf)

Void Ratio - Log Pressure Curve

Inundate with
Tap water

Swell-Settlement HS-11, R-2 @ 5



Project Name: Tested By:G. Bathala Date: 07/15/19

Project No.: Checked By: J. Ward Date: 07/24/19

Boring No.: Depth (ft.):

Sample No.: Sample Type: Ring

Soil Identification:

2.415
1.000
199.67
45.65
0.9829

335.83
326.41
39.23
3.3

124.0
25

0.3017

280.67
263.36
69.53
11.68
125.4

92
0.2818
2.70
62.43

0.10 0.3014 0.9997 0.00 0.03 0.359 0.03
0.25 0.3002 0.9985 0.05 0.15 0.358 0.10
0.50 0.2982 0.9965 0.10 0.35 0.356 0.25
1.00 0.2960 0.9943 0.18 0.57 0.354 0.39
1.00 0.2947 0.9930 0.18 0.70 0.352 0.52
2.00 0.2910 0.9893 0.27 1.07 0.348 0.80
4.00 0.2857 0.9840 0.40 1.61 0.343 1.21
8.00 0.2791 0.9774 0.56 2.27 0.336 1.71
16.00 0.2707 0.9690 0.77 3.10 0.327 2.33
8.00 0.2729 0.9712 0.65 2.89 0.329 2.24
4.00 0.2751 0.9734 0.54 2.66 0.330 2.12
1.00 0.2796 0.9779 0.36 2.21 0.334 1.85
0.50 0.2818 0.9801 0.28 1.99 0.336 1.71

Stoneridge

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

ASTM D 2435

Olive brown silty sand (SM)

7.5

R-3

13092-01

HS-����

 Weight of Container (g)

 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)

 Final Saturation (%)

 Final Vertical Reading (in.)

 Specific Gravity (assumed)

 Initial Moisture Content (%)

 Initial Dry Density (pcf)

 Initial Saturation (%)

 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)

 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)

 Sample Thickness (in.)

 Wt. of Sample + Ring (g)

 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)

 Wt.of Dry Sample+Cont. (g)

 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings 

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of 

Sample 
Thickness

Void      
Ratio

0.325

0.330

0.335

0.340

0.345

0.350

0.355

0.360

0.365

0.10 1.00 10.00 100.

V
oi

d 
R

at
io

Pressure, p (ksf)

Inundate with 
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS

ASTM D 2435      

11.7 125.4HS-���� R-3 3.3

Soil Identification: Olive brown silty sand (SM)

Project No.:

Stoneridge

07-19

13092-01

Time Readings 

0.336 25 92124.0

Degree of 
Saturation (%)

Dry Density (pcf)  

0.359

Void Ratio

7.5
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Project Name: Tested By:G. Bathala Date: 07/15/19

Project No.: Checked By: J. Ward Date: 07/24/19

Boring No.: Depth (ft.):

Sample No.: Sample Type: Ring

Soil Identification:

2.415
1.000
215.12
42.58
0.9868

390.82
361.89
39.21
9.0

131.7
79

0.3051

278.57
261.60
60.64
10.71
133.5
100

0.2904
2.77
62.43

0.10 0.3048 0.9997 0.00 0.03 0.313 0.03
0.25 0.3036 0.9985 0.02 0.15 0.311 0.13
0.50 0.3017 0.9966 0.04 0.34 0.309 0.30
1.00 0.3002 0.9951 0.07 0.49 0.308 0.42
1.50 0.2989 0.9938 0.09 0.62 0.306 0.53
1.50 0.2991 0.9940 0.09 0.60 0.306 0.51
2.00 0.2985 0.9934 0.11 0.66 0.306 0.55
4.00 0.2947 0.9896 0.18 1.04 0.302 0.86
8.00 0.2889 0.9838 0.28 1.62 0.296 1.34
16.00 0.2802 0.9751 0.41 2.49 0.286 2.08
8.00 0.2818 0.9767 0.36 2.34 0.287 1.98
4.00 0.2836 0.9785 0.30 2.15 0.289 1.85
1.00 0.2882 0.9831 0.19 1.69 0.293 1.50
0.50 0.2904 0.9853 0.15 1.47 0.296 1.32

Stoneridge

ONE-DIMENSIONAL CONSOLIDATION
PROPERTIES of SOILS

ASTM D 2435

Olive brown silty, clayey sand (SC-SM)

10.0

R-4

13092-01

HS-����

 Weight of Container (g)

 Final Moisture Content (%) 

 Water Density (pcf)

 Final  Dry Density (pcf)

 Final Saturation (%)

 Final Vertical Reading (in.)

 Specific Gravity (assumed)

 Initial Moisture Content (%)

 Initial Dry Density (pcf)

 Initial Saturation (%)

 Initial Vertical Reading (in.)

 Wt.of Wet Sample+Cont. (g)

 Wt. of Dry Sample+Cont. (g)

 Sample Diameter (in.)

 Sample Thickness (in.)

 Wt. of Sample + Ring (g)

 Weight of Ring (g)

After Test

 Height after consol. (in.)

 Wt.Wet Sample+Cont. (g)

 Wt.of Dry Sample+Cont. (g)

 Weight of Container (g)

Before Test

Corrected 
Deforma-
tion (%)

Time Readings 

Date Time
Elapsed  

Time (min)
Square Root 

of Time
Dial Rdgs. 

(in.)

Pressure   
(p)       

(ksf)

Final 
Reading   

(in.)

Apparent 
Thickness  

(in.)

Load 
Compliance 

(%)

Deformation 
% of 

Sample 
Thickness

Void      
Ratio
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0.300

0.305

0.310

0.315

0.10 1.00 10.00 100.
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Pressure, p (ksf)

Inundate with 
Tap water



Initial Final Initial Final Initial Final Initial Final

Boring      
No.

Sample     
No.

Depth      
(ft.)

Moisture 
Content (%) 

ONE-DIMENSIONAL CONSOLIDATION  
PROPERTIES of SOILS

ASTM D 2435      

10.7 133.5HS-���� R-4 9.0

Soil Identification: Olive brown silty, clayey sand (SC-SM)

Project No.:

Stoneridge

07-19

13092-01

Time Readings 

0.296 79 100131.7

Degree of 
Saturation (%)

Dry Density (pcf)  

0.313

Void Ratio
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   R-VALUE TEST RESULTS
DOT CA Test 301

PROJECT NAME: Richland – Stoneridge PROJECT NUMBER: 13092-01

BORING NUMBER: HS-3 DEPTH (FT.): 0-3

SAMPLE NUMBER: B-1 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown silty sand (SM) DATE COMPLETED: 4/21/2016

TEST SPECIMEN a b c

MOISTURE AT COMPACTION % 9.2 9.7 10.2

HEIGHT OF SAMPLE, Inches 2.46 2.48 2.53

DRY DENSITY, pcf 129.5 131.8 130.1

COMPACTOR PRESSURE, psi 350 240 175

EXUDATION PRESSURE, psi 463 334 225

EXPANSION, Inches x 10exp-4 16 13 9

STABILITY Ph 2,000 lbs (160 psi) 30 32 36

TURNS DISPLACEMENT 4.19 4.50 4.88

R-VALUE UNCORRECTED 72 69 64

R-VALUE CORRECTED 72 69 64

DESIGN CALCULATION DATA a b c

GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 5.0 5.0 5.0

STABILOMETER THICKNESS, ft. 0.45 0.50 0.58

EXPANSION PRESSURE THICKNESS, ft. 0.53 0.43 0.30

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 70

R-VALUE BY EXUDATION: 67

EQUILIBRIUM R-VALUE: 67
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   R-VALUE TEST RESULTS
DOT CA Test 301

PROJECT NAME: Richland – Stoneridge PROJECT NUMBER: 13092-01

BORING NUMBER: HS-9 DEPTH (FT.): 0-4

SAMPLE NUMBER: B-1 TECHNICIAN: S. Felter

SAMPLE DESCRIPTION: Brown silty, clayey sand (SC-SM) DATE COMPLETED: 4/21/2016

TEST SPECIMEN a b c

MOISTURE AT COMPACTION % 10.2 10.7 11.6

HEIGHT OF SAMPLE, Inches 2.43 2.42 2.46

DRY DENSITY, pcf 133.3 131.2 129.4

COMPACTOR PRESSURE, psi 250 200 125

EXUDATION PRESSURE, psi 504 359 216

EXPANSION, Inches x 10exp-4 51 44 12

STABILITY Ph 2,000 lbs (160 psi) 40 50 88

TURNS DISPLACEMENT 4.20 4.09 4.37

R-VALUE UNCORRECTED 64 57 32

R-VALUE CORRECTED 62 55 32

DESIGN CALCULATION DATA a b c

GRAVEL EQUIVALENT FACTOR 1.0 1.0 1.0

TRAFFIC INDEX 5.0 5.0 5.0

STABILOMETER THICKNESS, ft. 0.61 0.72 1.09

EXPANSION PRESSURE THICKNESS, ft. 1.70 1.47 0.40

EXPANSION PRESSURE CHART EXUDATION PRESSURE CHART

R-VALUE BY EXPANSION: 43

R-VALUE BY EXUDATION: 46

EQUILIBRIUM R-VALUE: 43
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TERRA GEOSCIENCES 

INTRODUCTION 
 
The subject study area is located southeast of Ramona Expressway and Rider Street, in 
the Perris area of Riverside County, California.  Topographically, the subject study area 
is situated along the northwestern flank of some low-lying unnamed hills just south of 
the Bernasconi Hills, which is covered with dense shrub brush and annual weeds and 
grasses, with scattered numerous large boulder outcrops. 
 
Geomorphically, the subject study area is located within the northwestern portion of the 
Perris Block, which is an eroded mass of Cretaceous and older crystalline rock forming 
generally flat-lying erosion surfaces now present at various elevations.  More 
specifically, the subject property is located within the western transition zone of the 
southern Peninsular Ranges batholith, along the northwestern portion of the Cretaceous 
age Lakeview Mountains Valley pluton.  Locally, as shown on Figure 1 below, surficial 
mapping by Morton (2003) indicates the subject study area to be underlain by 
Cretaceous age granitic rocks generally described as being a gray, medium- to coarse-
grained, massive to foliated, biotite hornblende tonalite (map symbol Klmt).  For 
reference, the approximate locations of the seismic traverses are indicated as the red 
lines in Figure 1 below. 
 

 
 

FIGURE 1-  Geologic Map (Morton, 2003), Seismic  traverses  shown as red line s. 
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