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Project Request - This application includes the following request: 
 

•  A request for a Tentative Subdivision Map to allow development of 294 single family lots 
as a Common Open Space Development project on a 266-acre site known as Ladera 
Ranch –Phase II single family project. 
 

Property Location 
 
The site is located along and adjacent to Golden Valley Road and will be accessed from Dream 
Catcher Lane with several planned street connection to Dream Catcher. This is located on five 
parcels that total 266 acres for the site. 
 
Project Description 
 
Ladera Ranch is a common open space development which promotes the concept of clustering 
lots to the usable area and providing more open space in exchange for clustering of lots. In this 
case, 1/4th of the site is open space used primarily for the buffering areas. The 3/4ths majority of 
the site is development area to includes homes, yards, and streets for access. 
 
Zoning Standards 
 
Density: There are 4 zoning Districts on the site that lead to the following allowed density 
summary: 
 
MDS = 69 acres x 3 du per acre = 205 lots proposed 
LDS = 68 acres x 1 du per acre = 65 lots proposed 
HDR = 61 acres x 1 du per 2.5 acres = 24 lots proposed 
Opens Space = 68 acres and no lots 
Zoning allows a total of 294 lots with the blended zoning designations. 
 
Gross Density = 294 lots on 266 acres = 1.10 du per acre proposed 
 
Following is the minimum lot size program designed for this community: 
 
Minimum lot size = 48’ width x 65’ depth 
Minimum Building setbacks are: 
- Front Yards = 20’ to the house or garage, 10’ to the home 
- Side yards = 13’ on one side and Zero Lot Line on the other side 
- Rear yards = 10’ 
 
Maximum Height: 2 stories allowed and all 2 story homes are being proposed 
Minimum lot size is 3,120 sf, average lot size = 4,568 sf, the largest lot = 12096 sf 
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Figure 1 – Vicinity Map 
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Phase 1 includes 105 lots 

(Not-a-part) 

Figure 2 – Site Plan 
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Figure 3 – WC Zoning  
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Figure 4 – WC Master Plan  
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Tentative Map Findings:  
Washoe County Code Section 110.608.25 requires that all of the following findings be made to 
the satisfaction of the Washoe County Planning Commission before granting approval of the 
Tentative Map request.  

1) Plan Consistency. That the proposed map is consistent with the Master Plan and any 
specific plan.  
 
The proposed subdivision map meets all of the pertinent goals and policies of the Master 
Plan, and the Sun Valley Area Plan. The project falls under the allowable density 
established in the Area Plan and complies with all known policies that allow the density 
du per acre for residential uses.  
 

2) Design or Improvement. That the design or improvement of the proposed subdivision 
is consistent with the Master Plan and any specific plan.  
 
The proposed map meets all of the density, lot size and opens space criteria of the 
Master Plan, and the Sun Valley Area Plan. Specifically, the proposed development is 
within the allowable blended density of 3 units per acre of the MDS zoning, 1 unit per 
Acre for the LDS zoning, and 1 unit per 2.5 acres for the HDR zone and the Suburban 
Residential and Rural Residential master plan. Also, the proposed subdivision complies 
with the Common Open Space criteria for pedestrian access, open space, community 
amenities, etc.  
 

3) Type of Development. That the site is physically suited for the type of development 
proposed.  
 
The proposed subdivision appears to be well suited to the site as reflected in all of the 
technical products including the lot sizes, access, and grading. The site appears to be 
physically suited for the type of development proposed.  
 

4) Availability of Services. That the subdivision will meet the requirements of Article 
702, Adequate Public Facilities Management System.  
 
The subdivision does meet all of the requirements of Article 702, Adequate Public 
Facilities Management System.  
 

5) Fish or Wildlife. That neither the design of the subdivision nor any proposed 
improvements is likely to cause substantial environmental damage, or substantial 
and avoidable injury to any endangered plant, wildlife or their habitat.  
 
Most of the off-site infrastructure needs have been constructed. The improvements will 
not cause substantial environmental damage or substantial and avoidable injury to any 
endangered plant, wildlife or their habitat.  There is no known habitat on the site. The 
site is covered with sagebrush and trees.  
 

6) Public Health. That the design of the subdivision or type of improvement is not likely 
to cause significant public health problems.  
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The design of the subdivision and improvements will not cause significant public health 
problems because most of the infrastructure is already in place. Dust control related to 
grading will be the most obvious public health issue which is tightly regulated with dust 
control permitting. Additionally, the proposed amenities such as pedestrian trails, 
landscaping and common area will enhance the aesthetic and recreational value of the 
immediate neighborhood.  
 

7) Easements. That the design of the subdivision or the type of improvements will not 
conflict with easements acquired by the public at large for access through, or use of 
property within, the proposed subdivision.  
 
The subdivision as designed has taken into consideration and accommodated existing 
public easements for access through and use of the property.  
 

8) Access. That the design of the subdivision provides any necessary access to 
surrounding, adjacent lands and provides appropriate secondary access for 
emergency vehicles.  
 
The design of the subdivision will provide for good pedestrian and emergency vehicle 
access to these surrounding uses.  
 

9) Dedications. That any land or improvements to be dedicated to the County is 
consistent with the Master Plan.  
 
All of the roadways will be dedicated to the county. The paths and common area will 
remain under the ownership of the Homeowner’s Association. All sewer improvements 
will be dedicated to Washoe County as well.  
 

10) Energy. That the design of the subdivision provides, to the extent feasible, for future 
passive or natural heating or cooling opportunities in the subdivision.  
 
To the extent possible, the design of the subdivision provides for future passive or 
natural heating or cooling opportunities. The layout is very much governed by the 
topographic conditions on the site which is the form of widely varied slopes across the 
site.   
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 December 2018 

Washoe County Development Application 
Your entire application is a public record.  If you have a concern about releasing  
personal information, please contact Planning and Building staff at 775.328.6100. 

  Project Information                                 Staff Assigned Case No.:   

Project Name: 
 
Project  
Description: 
 
Project Address: 
Project Area (acres or square feet): 
Project Location (with point of reference to major cross streets AND area locator): 
 
 

Assessor’s Parcel No.(s): Parcel Acreage: Assessor’s Parcel No.(s): Parcel Acreage: 
    
    
Indicate any previous Washoe County approvals associated with this application: 
Case No.(s). 

Applicant Information (attach additional sheets if necessary) 
Property Owner: Professional Consultant: 
Name: Name: 
Address: Address: 
 Zip:  Zip: 
Phone: Fax: Phone: Fax: 
Email:  Email:  
Cell: Other: Cell: Other: 

Contact Person: Contact Person: 
Applicant/Developer: Other Persons to be Contacted: 
Name: Name: 
Address: Address: 
 Zip:  Zip: 
Phone: Fax: Phone: Fax: 
Email:  Email:  
Cell:  Other: Cell:  Other: 
Contact Person: Contact Person: 

For Office Use Only 
Date Received: Initial: Planning Area: 
County Commission District: Master Plan Designation(s): 
CAB(s): Regulatory Zoning(s): 
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 December 2018 

Property Owner Affidavit 
 

Applicant Name: ___________________________________________ 
 
 
 
The receipt of this application at the time of submittal does not guarantee the application complies with all 
requirements of the Washoe County Development Code, the Washoe County Master Plan or the 
applicable area plan, the applicable regulatory zoning, or that the application is deemed complete and will 
be processed. 
 
 
STATE OF NEVADA ) 
 ) 
COUNTY OF WASHOE ) 
 
 
I, , 

(please print name) 
being duly sworn, depose and say that I am the owner* of the property or properties involved in this 
application as listed below and that the foregoing statements and answers herein contained and the 
information herewith submitted are in all respects complete, true, and correct to the best of my knowledge 
and belief.  I understand that no assurance or guarantee can be given by members of Planning and 
Building. 

(A separate Affidavit must be provided by each property owner named in the title report.) 
 
Assessor Parcel Number(s):  
 
 
 Printed Name  
 
 
 Signed  
 
 
 Address  
 
 
   
Subscribed and sworn to before me this  
______ day of ___________________, ______. (Notary Stamp) 
 
 
  
Notary Public in and for said county and state 
 
My commission expires:   __________________ 
 
*Owner refers to the following:  (Please mark appropriate box.) 

 Owner 

 Corporate Officer/Partner (Provide copy of record document indicating authority to sign.) 

 Power of Attorney (Provide copy of Power of Attorney.) 

 Owner Agent (Provide notarized letter from property owner giving legal authority to agent.) 

 Property Agent (Provide copy of record document indicating authority to sign.) 

 Letter from Government Agency with Stewardship 
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Washoe County Planning and Building December 2018 
TENTATIVE SUBDIVISION MAP APPLICATION SUPPLEMENTAL INFORMATION 

Tentative Subdivision Map Application 
Supplemental Information 

(All required information may be separately attached) 
 
 

1. What is the location (address or distance and direction from nearest intersection)? 

 

 
2. What is the subdivision name (proposed name must not duplicate the name of any existing 

subdivision)? 

 

 
3. Density and lot design: 

a. Acreage of project site  
b. Total number of lots  
c. Dwelling units per acre  
d. Minimum and maximum area of proposed lots  
e. Minimum width of proposed lots  
f. Average lot size  

 
4. What utility company or organization will provide services to the development: 

a. Sewer Service  
b. Electrical Service  
c. Telephone Service  
d. LPG or Natural Gas Service  
e. Solid Waste Disposal Service  
f. Cable Television Service  
g. Water Service  

 
5. For common open space subdivisions (Article 408), please answer the following: 

a. Acreage of common open space: 

 

 
b. What development constraints are within the development and how many acres are designated 

slope, wetlands, faults, springs, and/or ridgelines: 

 

 
c. Range of lot sizes (include minimum and maximum lot size): 
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Washoe County Planning and Building December 2018 
TENTATIVE SUBDIVISION MAP APPLICATION SUPPLEMENTAL INFORMATION 

 
d. Proposed yard setbacks if different from standard: 

 

 
e. Justification for setback reduction or increase, if requested: 

 

 
f. Identify all proposed non-residential uses: 

 

 
g. Improvements proposed for the common open space: 

 

 
h. Describe or show on the tentative map any public or private trail systems within common open 

space of the development: 

 

 
i. Describe the connectivity of the proposed trail system with existing trails or open space adjacent 

to or near the property: 

 

 
j. If there are ridgelines on the property, how are they protected from development? 

 

 
k. Will fencing be allowed on lot lines or restricted?  If so, how? 

 

 
l. Identify the party responsible for maintenance of the common open space: 

 

 
6. Is the project adjacent to public lands or impacted by “Presumed Public Roads” as shown on the 

adopted April 27, 1999 Presumed Public Roads (see Washoe County Engineering website at 
http://www.washoecounty.us/pubworks/engineering.htm).  If so, how is access to those features 
provided? 

 
 

 
7. Is the parcel within the Truckee Meadows Service Area? 

 Yes  No 
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Washoe County Planning and Building December 2018 
TENTATIVE SUBDIVISION MAP APPLICATION SUPPLEMENTAL INFORMATION 

 
8. Is the parcel within the Cooperative Planning Area as defined by the Regional Plan? 

 Yes  No If yes, within what city? 
 
9. Has an archeological survey been reviewed and approved by SHPO on the property?  If yes, what 

were the findings? 

 
 

 
10. Indicate the type and quantity of water rights the application has or proposes to have available: 

a. Permit #  acre-feet per year  
b. Certificate #  acre-feet per year  
c. Surface Claim #  acre-feet per year  
d. Other #  acre-feet per year  

 
a. Title of those rights (as filed with the State Engineer in the Division of Water Resources of the 

Department of Conservation and Natural Resources): 

 

 
11. Describe the aspects of the tentative subdivision that contribute to energy conservation: 

 
 

 
12. Is the subject property in an area identified by Planning and Building as potentially containing rare or 

endangered plants and/or animals, critical breeding habitat, migration routes or winter range?  If so, 
please list the species and describe what mitigation measures will be taken to prevent adverse 
impacts to the species: 

 
 

13. If private roads are proposed, will the community be gated?  If so, is a public trail system easement 
provided through the subdivision? 

 
 

14. Are there any applicable policies of the adopted area plan in which the project is located that require 
compliance?  If so, which policies and how does the project comply? 

 
 

15. Are there any applicable area plan modifiers in the Development Code in which the project is located 
that require compliance?  If so, which modifiers and how does the project comply? 

 

 
  

16. Will the project be completed in one phase or is phasing planned?  If so, please provide that phasing 
plan: 
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Washoe County Planning and Building December 2018 
TENTATIVE SUBDIVISION MAP APPLICATION SUPPLEMENTAL INFORMATION 

 
17. Is the project subject to Article 424, Hillside Development?  If yes, please address all requirements of 

the Hillside Ordinance in a separate set of attachments and maps. 

 Yes  No If yes, include a separate set of attachments and maps. 
 

18. Is the project subject to Article 418, Significant Hydrologic Resources?  If yes, please address Special 
Review Considerations within Section 110.418.30 in a separate attachment. 

 Yes  No If yes, include separate attachments. 
 
 

Grading 
Please complete the following additional questions if the project anticipates grading that involves:  
(1) Disturbed area exceeding twenty-five thousand (25,000) square feet not covered by streets, 
buildings and landscaping;  (2) More than one thousand (1,000) cubic yards of earth to be 
imported and placed as fill in a special flood hazard area;  (3) More than five thousand (5,000) 
cubic yards of earth to be imported and placed as fill;  (4) More than one thousand (1,000) cubic 
yards to be excavated, whether or not the earth will be exported from the property; or  (5) If a 
permanent earthen structure will be established over four and one-half (4.5) feet high: 

19. How many cubic yards of material are you proposing to excavate on site? 

 
 

 
20. How many cubic yards of material are you exporting or importing?  If exporting of material is 

anticipated, where will the material be sent?  If the disposal site is within unincorporated Washoe 
County, what measures will be taken for erosion control and revegetation at the site?  If none, how 
are you balancing the work on-site? 

 
 

 
21. Can the disturbed area be seen from off-site?  If yes, from which directions, and which properties or 

roadways?  What measures will be taken to mitigate their impacts? 

 
 

 
22. What is the slope (Horizontal/Vertical) of the cut and fill areas proposed to be?  What methods will be 

used to prevent erosion until the revegetation is established? 

 
 

 
23. Are you planning any berms and, if so, how tall is the berm at its highest?  How will it be stabilized 

and/or revegetated? 

 
 

 
24. Are retaining walls going to be required?  If so, how high will the walls be, will there be multiple walls 

with intervening terracing, and what is the wall construction (i.e. rockery, concrete, timber, 
manufactured block)?  How will the visual impacts be mitigated? 
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Washoe County Planning and Building December 2018 
TENTATIVE SUBDIVISION MAP APPLICATION SUPPLEMENTAL INFORMATION 

 
25. Will the grading proposed require removal of any trees?  If so, what species, how many, and of what 

size? 

 
 

 
26. What type of revegetation seed mix are you planning to use and how many pounds per acre do you 

intend to broadcast?  Will you use mulch and, if so, what type? 

 
 

 
27. How are you providing temporary irrigation to the disturbed area? 

 
 

 
28. Have you reviewed the revegetation plan with the Washoe Storey Conservation District?  If yes, have 

you incorporated their suggestions? 
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Request to Reserve New Street Name(s) 
The Applicant is responsible for all sign costs. 

Applicant  Information 

Name: 
Address: 

Phone : Fax:   
�  Private Citizen �  Agency/Organization 

Street Name Requests 
(No more than 14 letters or 15 if there is an “i” in the name.  Attach extra sheet if necessary.) 

If final recordation has not occurred within one (1) year, it is necessary to submit a written 
request for extension to the coordinator prior to the expiration date of the original 

l t
Location 

Project Name: 
�  Reno �  Sparks �  Washoe County 

Parcel Numbers: 
�  Subdivision �  Parcelization �  Private Street 

Please attach maps, petitions and supplementary information. 

Approved: Date: 
Regional Street Naming Coordinator 
�  Except where noted 

Denied: Date: 
Regional Street Naming Coordinator 

Washoe County Geographic Information Services 
1001 E. Ninth Street 

Reno, NV 89512-2845 
Phone: (775) 328-2325 - Fax: (775) 328-

 
6133 
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Community Services Department 

Planning and Building 

DIRECTOR’S MODIFICATION OF  
PARKING/LANDSCAPING 

MINOR DEVIATION 
STANDARDS APPLICATION 

 
 

Community Services Department 
Planning and Building 

1001 E. Ninth St., Bldg. A 
Reno, NV 89512-2845 

Telephone:  775.328.6100 



 December 2018 

Washoe County Development Application 
Your entire application is a public record.  If you have a concern about releasing  
personal information, please contact Planning and Building staff at 775.328.6100. 

  Project Information                                 Staff Assigned Case No.:   

Project Name: 
 
Project  
Description: 
 
Project Address: 
Project Area (acres or square feet): 
Project Location (with point of reference to major cross streets AND area locator): 
 
 

Assessor’s Parcel No.(s): Parcel Acreage: Assessor’s Parcel No.(s): Parcel Acreage: 
    
    
Indicate any previous Washoe County approvals associated with this application: 
Case No.(s). 

Applicant Information (attach additional sheets if necessary) 
Property Owner: Professional Consultant: 
Name: Name: 
Address: Address: 
 Zip:  Zip: 
Phone: Fax: Phone: Fax: 
Email:  Email:  
Cell: Other: Cell: Other: 

Contact Person: Contact Person: 
Applicant/Developer: Other Persons to be Contacted: 
Name: Name: 
Address: Address: 
 Zip:  Zip: 
Phone: Fax: Phone: Fax: 
Email:  Email:  
Cell:  Other: Cell:  Other: 
Contact Person: Contact Person: 

For Office Use Only 
Date Received: Initial: Planning Area: 
County Commission District: Master Plan Designation(s): 
CAB(s): Regulatory Zoning(s): 
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 December 2018 

Property Owner Affidavit 
 

Applicant Name: ___________________________________________ 
 
 
 
The receipt of this application at the time of submittal does not guarantee the application complies with all 
requirements of the Washoe County Development Code, the Washoe County Master Plan or the 
applicable area plan, the applicable regulatory zoning, or that the application is deemed complete and will 
be processed. 
 
 
STATE OF NEVADA ) 
 ) 
COUNTY OF WASHOE ) 
 
 
I, , 

(please print name) 
being duly sworn, depose and say that I am the owner* of the property or properties involved in this 
application as listed below and that the foregoing statements and answers herein contained and the 
information herewith submitted are in all respects complete, true, and correct to the best of my knowledge 
and belief.  I understand that no assurance or guarantee can be given by members of Planning and 
Building. 

(A separate Affidavit must be provided by each property owner named in the title report.) 
 
Assessor Parcel Number(s):  
 
 
 Printed Name  
 
 
 Signed  
 
 
 Address  
 
 
   
Subscribed and sworn to before me this  
______ day of ___________________, ______. (Notary Stamp) 
 
 
  
Notary Public in and for said county and state 
 
My commission expires:   __________________ 
 
*Owner refers to the following:  (Please mark appropriate box.) 

 Owner 

 Corporate Officer/Partner (Provide copy of record document indicating authority to sign.) 

 Power of Attorney (Provide copy of Power of Attorney.) 

 Owner Agent (Provide notarized letter from property owner giving legal authority to agent.) 

 Property Agent (Provide copy of record document indicating authority to sign.) 

 Letter from Government Agency with Stewardship 
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Washoe County Planning and Building December 2018 
DIRECTOR’S MODIFICATION REQUEST SUPPLEMENTAL INFORMATION 

Director’s Modification of Standards 
Supplemental Information 

(All required information may be separately attached) 

1. What modification or deviation are you requesting?  Be specific.

2. Why is the modification or deviation necessary to the success of the project/development?  Be
specific.  Are there any extenuating circumstances or physical conditions on the proposed
project/development site?

3. Are you proposing to mitigate the effect of the modification or reduction?

4. What section of code are you requesting to modify or deviate?  Be specific.  List the code section
and if there are specific requirements for the modification, provide detailed information.  For deviation,
provide the percentage of the deviation.

5. For Minor Deviation request;  list what properties/parcels are affected by the deviation?  Explain if
there will be any impacts to the affected neighboring properties.  (At a minimum, affected property
owners are those owners of parcels that immediately abut the location of the proposed minor
deviation.)
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Community Services Department 

Planning and Building 

VARIANCE APPLICATION 

 
 

Community Services Department 
Planning and Building 

1001 E. Ninth St., Bldg. A 
Reno, NV 89512-2845 

Telephone:  775.328.6100 

 



 December 2018 

Washoe County Development Application 
Your entire application is a public record.  If you have a concern about releasing  
personal information, please contact Planning and Building staff at 775.328.6100. 

  Project Information                                 Staff Assigned Case No.:   

Project Name: 
 
Project  
Description: 
 
Project Address: 
Project Area (acres or square feet): 
Project Location (with point of reference to major cross streets AND area locator): 
 
 

Assessor’s Parcel No.(s): Parcel Acreage: Assessor’s Parcel No.(s): Parcel Acreage: 
    
    
Indicate any previous Washoe County approvals associated with this application: 
Case No.(s). 

Applicant Information (attach additional sheets if necessary) 
Property Owner: Professional Consultant: 
Name: Name: 
Address: Address: 
 Zip:  Zip: 
Phone: Fax: Phone: Fax: 
Email:  Email:  
Cell: Other: Cell: Other: 

Contact Person: Contact Person: 
Applicant/Developer: Other Persons to be Contacted: 
Name: Name: 
Address: Address: 
 Zip:  Zip: 
Phone: Fax: Phone: Fax: 
Email:  Email:  
Cell:  Other: Cell:  Other: 
Contact Person: Contact Person: 

For Office Use Only 
Date Received: Initial: Planning Area: 
County Commission District: Master Plan Designation(s): 
CAB(s): Regulatory Zoning(s): 
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Washoe County Planning and Building December 2018 
VARIANCE APPLICATION SUPPLEMENTAL INFORMATION 

Variance Application 
Supplemental Information 

 (All required information may be separately attached) 

1. What provisions of the Development Code (e.g. front yard setback, height, etc.) must be waived or
varied to permit your request?

You must answer the following questions in detail.  Failure to provide complete and accurate 
information will result in denial of the application. 

2. What are the topographic conditions, extraordinary or exceptional circumstances, shape of the
property or location of surroundings that are unique to your property and, therefore, prevent you from
complying with the Development Code requirements?

3. What steps will be taken to prevent substantial negative impacts (e.g. blocking views, reducing
privacy, decreasing pedestrian or traffic safety, etc.) to other properties or uses in the area?

4. How will this variance enhance the scenic or environmental character of the neighborhood (e.g.
eliminate encroachment onto slopes or wetlands, provide enclosed parking, eliminate clutter in view
of neighbors, etc.)?

5. What enjoyment or use of your property would be denied to you that is common to other properties in
your neighborhood?

6. Are there any restrictive covenants, recorded conditions or deed restrictions (CC&Rs) that apply to
the area subject to the variance request?

 Yes  No If yes, please attach a copy. 

7. How is your current water provided?

8. How is your current sewer provided?
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Variance Request 

 

This variance request is made to allow for finish grade slopes to vary greater than 10 feet in height from 

the natural slope, specifically stated in Section 110.438.45(c) of the Washoe County Development Code. 

 

Washoe County Development Code 110.804.25 requires that all of the following findings be made to the 

satisfaction of the Washoe County Planning Commission before granting approval of the Variance 

Request.  

 

a) Special Circumstances. Because of the special circumstances applicable to the property, by 

reason of exceptional topographic conditions. 

 

The Ladera Ranch subdivision, as a whole, has unique topographic features related to the need for 

the requested variance. In developing the land plan for Ladera Ranch, these topographic features 

were considered in defining development area. The specific areas in which the variance request is 

shown on the cut-fill map. The strict application of the regulation would result in peculiar design 

and exhibit practical difficulties in construction and to the property owners. 

 

b) No detriment. The relief will not create a substantial detriment to the public good, substantially 

impair affected natural resources or impair the intent and purpose of the Development Code or 

applicable policies under which the variance is granted. 

 

Granting the variance will not be detrimental to the public good, nor impair the intent and 

purpose of the Washoe County Development Code. Section 110.438.45(c)(1) requires that all of 

the following must be adhered to before an approval of a modification to the standards be 

allowed. 

 

(i) The proposed cut and/or fill slopes include stepped-back structural containment (retaining 

walls) that form terraces, 

The cut and fill slopes in areas that exceed 10 feet in height from the existing terrain are 

terraced with retaining walls to minimize disturbance from the natural slope. In areas where a 

wall addition causes more disturbance, or the integrity of the walls could be compromised by 

storm runoff, existing soil characteristics, cut and fill slopes with a maximum of 3:1 are added 

with wide landscaped and revegetated benches. 

 

(ii) The proposed terraces include landscaping, are a minimum of six (6) feet in width, and have a 

slope flatter than three horizontal to one vertical (3:1), 

The proposed terraces between retaining walls are 6’ wide with landscaping. In addition, 

these terraces are designed to be at a maximum of 5% to prevent exposure of wall footings 

and to provide more stabilized ground for the retaining walls. 

 

(iii) Retaining walls used to create terraces are limited to a maximum vertical height of ten (10) 

feet, when located outside any required yard setback 

All proposed retaining walls used to create terraces have a maximum of 10 feet and  are 

located outside of the yard setbacks. When a height of 12 feet is required, two 6-foot walls are 

proposed instead of having one 10-foot wall and one 2-foot wall. All proposed walls will be 

CMU walls and no dry stacked rockery walls will be used for this project. 

 



 

(iv) Terrace widths shall be at least sixty (60) percent of the height of the higher of the two (2) 

adjacent retaining walls. 

Terrace widths between adjacent retaining walls are 6 feet throughout the subdivision. In 

cases where walls are less than 10 feet, the terrace widths are still proposed at 6 feet to 

provide a unifying look on the neighborhood and to allow for adequate landscaping. 

 

(v) Bench widths shall be at least four (4) feet. 

The proposed bench widths on cut and fill slopes are 8 feet wide with landscaping and 

revegetation to provide a more scenic look and allow for planting of trees and maintenance 

access. 

 

c) No special privileges. The granting of the variance will not constitute a grant of special privileges 

inconsistent with the limitations upon other properties in the vicinity and the identical 

regulatory zone in which the property is situated. 

 

Grading the slopes 10’ away from the natural terrain will not cause violation to these provisions 

and will be consistent with the limitations posed on other properties in the vicinity. It is important 

to note that there will be no proposed buildings placed in Open Space areas. The existing Ladera 

Phase 1 was constructed in a similar manner. 

 

d) Use Authorized. The variance will not authorize a use or activity which is not otherwise 

expressly authorized by the regulation governing the parcel of property. 

 

Ladera Ranch is a common open space development which promotes the concept of clustering 

lots to the useable area and providing more open space in exchange for clustering of lots. 197.94 

acres of the site represents 74% of the allowable areas of development, while the rest is open 

space. The proposed development uses only 20% of the useable site which is established for 

residential purposes and will be used to construct homes, yards, and streets for access. Other land 

uses and activities are not promoted for this project.  

 

e) Effect on Military Installation. The variance will not have a detrimental effect on the location, 

purpose and mission of the military installation. 

 

There will be no effect on any military installation on this project. 
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ŕ¢lkssmrs}¢ mq¤km¡¢l}¢k
³¡i¦µ¬

�¡msr¥¦}qmª¡rimhwwikss
j¤h¢ km¡¢l}¢kmjl}j̈m¤kik

|wwikssmj¤h¢ kmikËrksqs
¦hªmhls¡m¥km³h©kwmq¡�m
�́�xµm{z�É{��z

|wwikssmj¤h¢ kmikËrksqs
¦hªmhls¡m¥km¦h}lkwmq¡�
�hs¤¡km�¡r¢qªm|sskss¡i
�yy�m�m�q¤mpqikkq
�k¢¡�m��mm��x�zÉz��x

�hj̈mq¡m|jj¡r¢qmokqh}l �¤h¢ km¡³m|wwikss gi}¢qmq¤}smgh k



D
R

E
A

M
 C

A
T

C
H

E
R

 D
R

.

FLINT SPRINGS DR.

F
L

IN
T

 S
P

R
IN

G
S

 D
R

.

D
R

E
A

M
 C

A
T

C
H

E
R

 D
R

.

N

S
H

E
E

T

J
O

B
 N

O
:

V
E

R
T

:

APP'D BY DESCRIPTION DATE REV.

S
C

A
L
E

C
H

E
C

K
E

D
 B

Y
:

D
E

S
IG

N
E

D
 B

Y
:

H
O

R
IZ

:

O
F

1
1

1
"=

2
0
0
'

3
0
8
8
4

TENTATIVE MAP PLANS FOR

LADERA RANCH PHASES 2-6

ASSESSOR'S MAP OVERLAY
WASHOE COUNTYNEVADA

M
S

R
G

Copyright SUMMIT ENG 2020 N:\DWGS\J30884_Lansing_LaderaNewTM\Civil\ASSESSOR OFFICE MAP.DWG ~ 12:02 PM * 13-APR-2020



























































































































































































































































































































































































































































































































































































AREA X1

AREA X2

AREA X3
AREA X4

AREA X5

AREA X6

N

SHEET

JOB NO:

VERT:

A
P

P
'
D

B
Y

D
E

S
C

R
I
P

T
I
O

N
D

A
T

E
R

E
V

.

SCALE

CHECKED BY:

DESIGNED BY:

SU
M
M
ITE

N
G

I
N

E
E

R
I
N

G

C
O

R
P

O
R

A
T

I
O

N

T
M

5
4
0
5
 
M

A
E

 
A

N
N

E
 
A

V
E

N
U

E
,
 
R

E
N

O
,
 
N

V
.
 
8
9
5
2
3

P
H

O
N

E
:
(
7
7
5
)
 
7
4
7
-
8
5
5
0
 
F

A
X

:
(
7
7
5
)
 
7
4
7
-
8
5
5
9

HORIZ:

OF

HY-1

P
R

E
L
I
M

I
N

A
R

Y
 
E

X
I
S

T
I
N

G
 
H

Y
D

R
O

L
O

G
Y

 
D

I
S

P
L
A

Y

C
o

p
y
r
i
g

h
t
 
S

U
M

M
I
T

 
E

N
G

 
2

0
2

0
N

:
\
D

W
G

S
\
J
3

0
8

8
4

_
L

a
n

s
i
n

g
_

L
a

d
e

r
a

N
e

w
T

M
\
C

i
v
i
l
\
L

a
d

e
r
a

T
M

-
B

a
s
e

.
D

W
G

 
~

 
3

:
2

3
 
P

M
 
*
 
1

4
-
A

P
R

-
2

0
2

0

30884

32

T
E

N
T

A
T

I
V

E
 
M

A
P

 
A

N
D

 
V

A
R

I
A

N
C

E
 
P

L
A

N
S

 
F

O
R

L
A

D
E

R
A

 
R

A
N

C
H

 
P

H
A

S
E

S
 
2
-
6

W
A

S
H

O
E

 
C

O
U

N
T

Y
N

E
V

A
D

A

SD

RG

1"=100'

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD 

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
GELU

AutoCAD SHX Text
ROBERT

AutoCAD SHX Text
CIVIL

AutoCAD SHX Text
Exp. 6-30-21

AutoCAD SHX Text
P

AutoCAD SHX Text
R

AutoCAD SHX Text
O

AutoCAD SHX Text
F

AutoCAD SHX Text
E

AutoCAD SHX Text
S

AutoCAD SHX Text
S

AutoCAD SHX Text
I

AutoCAD SHX Text
O

AutoCAD SHX Text
N

AutoCAD SHX Text
A

AutoCAD SHX Text
L

AutoCAD SHX Text
E

AutoCAD SHX Text
N

AutoCAD SHX Text
G

AutoCAD SHX Text
I

AutoCAD SHX Text
N

AutoCAD SHX Text
E

AutoCAD SHX Text
E

AutoCAD SHX Text
R

AutoCAD SHX Text
S

AutoCAD SHX Text
T

AutoCAD SHX Text
A

AutoCAD SHX Text
T

AutoCAD SHX Text
E

AutoCAD SHX Text
O

AutoCAD SHX Text
F

AutoCAD SHX Text
N

AutoCAD SHX Text
E

AutoCAD SHX Text
V

AutoCAD SHX Text
A

AutoCAD SHX Text
D

AutoCAD SHX Text
A

AutoCAD SHX Text
N

AutoCAD SHX Text
o

AutoCAD SHX Text
.

AutoCAD SHX Text
1

AutoCAD SHX Text
7

AutoCAD SHX Text
7

AutoCAD SHX Text
4

AutoCAD SHX Text
1

AutoCAD SHX Text
0

AutoCAD SHX Text
100

AutoCAD SHX Text
200

AutoCAD SHX Text
300

AutoCAD SHX Text
400

AutoCAD SHX Text
500



DREAM CATCHER DR.

FL
IN

T 
SP

R
IN

G
S 

D
R

.

FLINT SPRINGS DR.

DREAM CATCHER DR.

CB#6

A-1

A

-

2

A

-

3

A-4

A-5

A-6

A-13

A

-

1

4

C-5

C-6

A-7

A-8

D-1

D-2

EX. CB#1

CB#2

CB#1

CB#3

A

-

1

5

A-16

CB#4

A-21

A-22

CB#5

A-25

C-7

CB#14

CB#11

C-8

C-1

C

-

2

C

-
3

C-4

CB#12

CB#13

A-17

A

-

1

8

A

-

1

9

A-20

CB#4A

CB#3A

A-26

A-12

A

-

1

1

A

-

1

0

A-9

EX. CB#5

C-9

C-10

C-11

C-12

EX.

CB#13

EX.

CB#14

CB#6A

OFF-1

C-13

C-14

A-30

A-29

1

2

3

4

5

6

7
8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30
31

32
33

34

35

36 37

151

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

293

294

LADERA RANCH PHASE 1

(EXISTING)

LADERA RANCH PHASE 1

(EXISTING)

LADERA RANCH PHASE 1

(EXISTING)

LADERA RANCH PHASE 1

(EXISTING)

NORTHSTAR RANCH

(EXISTING)

COMMON AREA H

[9.60 AC]

COMMON AREA E

[4.72 AC]

COMMON AREA E

[4.72 AC]

COMMON AREA G

[163.99 AC]

APN 502-020-19

149

150

222

148

OFF-2

OFF-3

N

SHEET

JOB NO:

VERT:

A
P

P
'
D

B
Y

D
E

S
C

R
I
P

T
I
O

N
D

A
T

E
R

E
V

.

SCALE

CHECKED BY:

DESIGNED BY:

SU
M
M
ITE

N
G

I
N

E
E

R
I
N

G

C
O

R
P

O
R

A
T

I
O

N

T
M

5
4
0
5
 
M

A
E

 
A

N
N

E
 
A

V
E

N
U

E
,
 
R

E
N

O
,
 
N

V
.
 
8
9
5
2
3

P
H

O
N

E
:
(
7
7
5
)
 
7
4
7
-
8
5
5
0
 
F

A
X

:
(
7
7
5
)
 
7
4
7
-
8
5
5
9

HORIZ:

OF

HY-2

P
R

O
P

O
S

E
D

 
H

Y
D

R
O

L
O

G
Y

 
P

L
A

N

C
o

p
y
r
i
g

h
t
 
S

U
M

M
I
T

 
E

N
G

 
2

0
2

0
N

:
\
D

W
G

S
\
J
3

0
8

8
4

_
L

a
n

s
i
n

g
_

L
a

d
e

r
a

N
e

w
T

M
\
C

i
v
i
l
\
L

a
d

e
r
a

T
M

-
B

a
s
e

.
D

W
G

 
~

 
3

:
1

6
 
P

M
 
*
 
1

4
-
A

P
R

-
2

0
2

0

30884

32

T
E

N
T

A
T

I
V

E
 
M

A
P

 
A

N
D

 
V

A
R

I
A

N
C

E
 
P

L
A

N
S

 
F

O
R

L
A

D
E

R
A

 
R

A
N

C
H

 
P

H
A

S
E

S
 
2
-
6

W
A

S
H

O
E

 
C

O
U

N
T

Y
N

E
V

A
D

A

SD

RG

1"=60'

AutoCAD SHX Text
166.60

AutoCAD SHX Text
EVC

AutoCAD SHX Text
139.48

AutoCAD SHX Text
GB

AutoCAD SHX Text
127.69

AutoCAD SHX Text
GB

AutoCAD SHX Text
115.64

AutoCAD SHX Text
TC

AutoCAD SHX Text
105.45

AutoCAD SHX Text
SS IE

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD 

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
15"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
GELU

AutoCAD SHX Text
ROBERT

AutoCAD SHX Text
CIVIL

AutoCAD SHX Text
Exp. 6-30-21

AutoCAD SHX Text
P

AutoCAD SHX Text
R

AutoCAD SHX Text
O

AutoCAD SHX Text
F

AutoCAD SHX Text
E

AutoCAD SHX Text
S

AutoCAD SHX Text
S

AutoCAD SHX Text
I

AutoCAD SHX Text
O

AutoCAD SHX Text
N

AutoCAD SHX Text
A

AutoCAD SHX Text
L

AutoCAD SHX Text
E

AutoCAD SHX Text
N

AutoCAD SHX Text
G

AutoCAD SHX Text
I

AutoCAD SHX Text
N

AutoCAD SHX Text
E

AutoCAD SHX Text
E

AutoCAD SHX Text
R

AutoCAD SHX Text
S

AutoCAD SHX Text
T

AutoCAD SHX Text
A

AutoCAD SHX Text
T

AutoCAD SHX Text
E

AutoCAD SHX Text
O

AutoCAD SHX Text
F

AutoCAD SHX Text
N

AutoCAD SHX Text
E

AutoCAD SHX Text
V

AutoCAD SHX Text
A

AutoCAD SHX Text
D

AutoCAD SHX Text
A

AutoCAD SHX Text
N

AutoCAD SHX Text
o

AutoCAD SHX Text
.

AutoCAD SHX Text
1

AutoCAD SHX Text
7

AutoCAD SHX Text
7

AutoCAD SHX Text
4

AutoCAD SHX Text
1

AutoCAD SHX Text
0

AutoCAD SHX Text
60

AutoCAD SHX Text
120

AutoCAD SHX Text
180

AutoCAD SHX Text
240

AutoCAD SHX Text
300



JOSEY WALES DR.

WYATT EARP DR.

FL
IN

T 
SP

R
IN

G
S 

D
R

.

DOC HOLIDAY CT.

DREAM CATCHER DR.

DOC HOLIDAY CT.

CB#6

C-5

B-1

B-2
B-3

B-4

D-1

D-2

D-4

D-3

D-6

E-4

E-1

E-2

E-3

E-5

D-10

D-9

D-8

D-7

E-8

A-21

A-22

CB#5

A-23

A-24

A-25

CB#8

CB#7

B-5

B-6

B-7

B-8

CB#9

CB#10

CB#11

CB#17
D-5

CB#16

C-1

C

-

2

C

-
3

C-4

CB#12

CB#15

CB#23

E-7

CB#21

CB#22

A-26

CB#5A

B-9

E-17

A-27

A-28

CB#6A

C-14

E-6

DETENTION POND
REQ'D VOLUME=134716CF

PROPOSED VOLUME=244781 CF

CB#29

F
-
1

F
-
2

27

28

29

30
31

32
33

34

35

36 37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66

71

72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

92

93

94

95

96

97

98

99

100

101

102

141

151

152

153

154

155

156

157

158

159

160

161

163

164

165

166

167

168

169

170

171

172

173

193

194

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220
221

162

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268269

COMMON AREA E

[4.72 AC]

COMMON AREA G

[163.99]

COMMON AREA I

[2.48 AC]

COMMON AREA G

[163.99 AC]

142

143

144

145

149

150

222

148

67

68

69

70

91

147

146

OFF-3

CB#28

N

SHEET

JOB NO:

VERT:

A
P

P
'
D

B
Y

D
E

S
C

R
I
P

T
I
O

N
D

A
T

E
R

E
V

.

SCALE

CHECKED BY:

DESIGNED BY:

SU
M
M
ITE

N
G

I
N

E
E

R
I
N

G

C
O

R
P

O
R

A
T

I
O

N

T
M

5
4
0
5
 
M

A
E

 
A

N
N

E
 
A

V
E

N
U

E
,
 
R

E
N

O
,
 
N

V
.
 
8
9
5
2
3

P
H

O
N

E
:
(
7
7
5
)
 
7
4
7
-
8
5
5
0
 
F

A
X

:
(
7
7
5
)
 
7
4
7
-
8
5
5
9

HORIZ:

OF

HY-3

P
R

O
P

O
S

E
D

 
H

Y
D

R
O

L
O

G
Y

 
P

L
A

N

C
o

p
y
r
i
g

h
t
 
S

U
M

M
I
T

 
E

N
G

 
2

0
2

0
N

:
\
D

W
G

S
\
J
3

0
8

8
4

_
L

a
n

s
i
n

g
_

L
a

d
e

r
a

N
e

w
T

M
\
C

i
v
i
l
\
L

a
d

e
r
a

T
M

-
B

a
s
e

.
D

W
G

 
~

 
3

:
1

8
 
P

M
 
*
 
1

4
-
A

P
R

-
2

0
2

0

30884

32

T
E

N
T

A
T

I
V

E
 
M

A
P

 
A

N
D

 
V

A
R

I
A

N
C

E
 
P

L
A

N
S

 
F

O
R

L
A

D
E

R
A

 
R

A
N

C
H

 
P

H
A

S
E

S
 
2
-
6

W
A

S
H

O
E

 
C

O
U

N
T

Y
N

E
V

A
D

A

SD

RG

1"=60'

AutoCAD SHX Text
187.69

AutoCAD SHX Text
PI

AutoCAD SHX Text
151.88

AutoCAD SHX Text
GB,PRC

AutoCAD SHX Text
166.60

AutoCAD SHX Text
EVC

AutoCAD SHX Text
139.48

AutoCAD SHX Text
GB

AutoCAD SHX Text
127.69

AutoCAD SHX Text
GB

AutoCAD SHX Text
115.64

AutoCAD SHX Text
TC

AutoCAD SHX Text
105.45

AutoCAD SHX Text
SS IE

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
GELU

AutoCAD SHX Text
ROBERT

AutoCAD SHX Text
CIVIL

AutoCAD SHX Text
Exp. 6-30-21

AutoCAD SHX Text
P

AutoCAD SHX Text
R

AutoCAD SHX Text
O

AutoCAD SHX Text
F

AutoCAD SHX Text
E

AutoCAD SHX Text
S

AutoCAD SHX Text
S

AutoCAD SHX Text
I

AutoCAD SHX Text
O

AutoCAD SHX Text
N

AutoCAD SHX Text
A

AutoCAD SHX Text
L

AutoCAD SHX Text
E

AutoCAD SHX Text
N

AutoCAD SHX Text
G

AutoCAD SHX Text
I

AutoCAD SHX Text
N

AutoCAD SHX Text
E

AutoCAD SHX Text
E

AutoCAD SHX Text
R

AutoCAD SHX Text
S

AutoCAD SHX Text
T

AutoCAD SHX Text
A

AutoCAD SHX Text
T

AutoCAD SHX Text
E

AutoCAD SHX Text
O

AutoCAD SHX Text
F

AutoCAD SHX Text
N

AutoCAD SHX Text
E

AutoCAD SHX Text
V

AutoCAD SHX Text
A

AutoCAD SHX Text
D

AutoCAD SHX Text
A

AutoCAD SHX Text
N

AutoCAD SHX Text
o

AutoCAD SHX Text
.

AutoCAD SHX Text
1

AutoCAD SHX Text
7

AutoCAD SHX Text
7

AutoCAD SHX Text
4

AutoCAD SHX Text
1

AutoCAD SHX Text
0

AutoCAD SHX Text
60

AutoCAD SHX Text
120

AutoCAD SHX Text
180

AutoCAD SHX Text
240

AutoCAD SHX Text
300



JO
SE

Y 
W

AL
ES

 D
R.

JO
SE

Y 
W

AL
ES

 C
T.

W
YA

TT
 E

AR
P 

DR
.

E-5

D-10

E-15

D-9

E-8

CB#17
D-5

CB#18

D-11

D-12

D-13

D-14

CB#19

CB#20

CB#23

CB#24

E-7

E-16

CB#25

E-13

E-14

D-15

D-16

E-9

E-10

CB#27

CB#26

E-12

E-11

CB#18A

D-17

D-18

DETENTION POND
REQ'D VOLUME=134716CF

PROPOSED VOLUME=244781 CF

65

66

95

96

97

98

99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140

141

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182 183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

199

200

201

202

240

241

242

243

244

COMMON AREA G

[163.99]

APN 502-700-04

[38.35 AC]

142

143

144

145

147

146

123

122

121

120

119

N

SHEET

JOB NO:

VERT:

A
P

P
'
D

B
Y

D
E

S
C

R
I
P

T
I
O

N
D

A
T

E
R

E
V

.

SCALE

CHECKED BY:

DESIGNED BY:

SU
M
M
ITE

N
G

I
N

E
E

R
I
N

G

C
O

R
P

O
R

A
T

I
O

N

T
M

5
4
0
5
 
M

A
E

 
A

N
N

E
 
A

V
E

N
U

E
,
 
R

E
N

O
,
 
N

V
.
 
8
9
5
2
3

P
H

O
N

E
:
(
7
7
5
)
 
7
4
7
-
8
5
5
0
 
F

A
X

:
(
7
7
5
)
 
7
4
7
-
8
5
5
9

HORIZ:

OF

HY-4

P
R

O
P

O
S

E
D

 
H

Y
D

R
O

L
O

G
Y

 
P

L
A

N

C
o

p
y
r
i
g

h
t
 
S

U
M

M
I
T

 
E

N
G

 
2

0
2

0
N

:
\
D

W
G

S
\
J
3

0
8

8
4

_
L

a
n

s
i
n

g
_

L
a

d
e

r
a

N
e

w
T

M
\
C

i
v
i
l
\
L

a
d

e
r
a

T
M

-
B

a
s
e

.
D

W
G

 
~

 
3

:
1

9
 
P

M
 
*
 
1

4
-
A

P
R

-
2

0
2

0

30884

32

T
E

N
T

A
T

I
V

E
 
M

A
P

 
A

N
D

 
V

A
R

I
A

N
C

E
 
P

L
A

N
S

 
F

O
R

L
A

D
E

R
A

 
R

A
N

C
H

 
P

H
A

S
E

S
 
2
-
6

W
A

S
H

O
E

 
C

O
U

N
T

Y
N

E
V

A
D

A

SD

RG

1"=60'

AutoCAD SHX Text
151.88

AutoCAD SHX Text
GB,PRC

AutoCAD SHX Text
115.64

AutoCAD SHX Text
TC

AutoCAD SHX Text
105.45

AutoCAD SHX Text
SS IE

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
8"SS

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
36"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
30"SD

AutoCAD SHX Text
24"SD

AutoCAD SHX Text
12"SD

AutoCAD SHX Text
18"SD

AutoCAD SHX Text
GELU

AutoCAD SHX Text
ROBERT

AutoCAD SHX Text
CIVIL

AutoCAD SHX Text
Exp. 6-30-21

AutoCAD SHX Text
P

AutoCAD SHX Text
R

AutoCAD SHX Text
O

AutoCAD SHX Text
F

AutoCAD SHX Text
E

AutoCAD SHX Text
S

AutoCAD SHX Text
S

AutoCAD SHX Text
I

AutoCAD SHX Text
O

AutoCAD SHX Text
N

AutoCAD SHX Text
A

AutoCAD SHX Text
L

AutoCAD SHX Text
E

AutoCAD SHX Text
N

AutoCAD SHX Text
G

AutoCAD SHX Text
I

AutoCAD SHX Text
N

AutoCAD SHX Text
E

AutoCAD SHX Text
E

AutoCAD SHX Text
R

AutoCAD SHX Text
S

AutoCAD SHX Text
T

AutoCAD SHX Text
A

AutoCAD SHX Text
T

AutoCAD SHX Text
E

AutoCAD SHX Text
O

AutoCAD SHX Text
F

AutoCAD SHX Text
N

AutoCAD SHX Text
E

AutoCAD SHX Text
V

AutoCAD SHX Text
A

AutoCAD SHX Text
D

AutoCAD SHX Text
A

AutoCAD SHX Text
N

AutoCAD SHX Text
o

AutoCAD SHX Text
.

AutoCAD SHX Text
1

AutoCAD SHX Text
7

AutoCAD SHX Text
7

AutoCAD SHX Text
4

AutoCAD SHX Text
1

AutoCAD SHX Text
0

AutoCAD SHX Text
60

AutoCAD SHX Text
120

AutoCAD SHX Text
180

AutoCAD SHX Text
240

AutoCAD SHX Text
300





  

i 

 

TABLE OF CONTENTS 

PAGE 

INTRODUCTION…………………………………………..………………………...…………….........1 

EXISTING SANITARY SEWER TRIBUTARY AREAS…………………….…...….………….….1 

DESIGN STANDARDS…………….……………………………………….…………..……….…..….1 

EXISTING SANITARY SEWER FACILITIES……….…………………..…………………......…...2 

PROPOSED SANITARY SEWER FACILITIES………..………………..…………......................…2 

SEWER ANALYSIS………………….………..…………..…………………………..………….......….2 

CONCLUSION……………………………………...………………………………..…..……….……...2 

 

APPENDIX A 

VICINITY MAP 

SANITARY SEWER DISPLAY 

 

APPENDIX B 

8 INCH 1/2 FULL CAPACITY CALCULATIONS 

8 INCH DEMAND CALCULATIONS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



  

1 

 

 
INTRODUCTION 

 

The following report presents the results of the sewer analysis for Ladera Ranch Phases 2-6 
Tentative Map. The project is a proposed 294 lot single-family residential development located in 
Sun Valley, Nevada and within the section 13, T20N, R19E. The site consists of approximately 266 
acres (Assessor Parcel Numbers (APN) 502-700-01, 502-700-03, 502-700-06, 502-700-07, and 502-
250-32 (refer to Appendix A – Site Map). The purpose of this study is to estimate the peak sewer 
flows associated with this project, in accordance with the criteria set forth in the Washoe County 
Department of Water Resources. 
 
The property surrounding this project is as follows: 
 North: Ladera Ranch Phase 1 (Existing) 

 South: Open Space 

 East: Washoe County Parks 

 West: Northstar Ranch Community (Existing) 

 
EXISTING SANITARY SEWER TRIBUTARY AREAS 

 

The existing mains that serve Ladera Ranch Phase 1 will also serve Ladera Ranch Phase 2. The sewer 
line comes from the Ladera Ranch development and will tie into an existing sanitary sewer line at the 
corner of 6th Avenue and Chocolate Drive. The sewer main consists of 8-inch SDR 35 PVC pipe that 
travels south on Chocolate Drive and then turns east on 5th Avenue to Leon Drive and then south to 
East Gepford Parkway, at which point it will connect to an interceptor consisting of a 15-inch 
diameter concrete pipe. 
 

DESIGN STANDARDS 

 

The following design standards were used in designing the mains within Ladera Ranch Phase 2, and in 
analyzing the effects of connecting the Ladera Ranch Phase 2 development to existing sewer facilities 
(reference Washoe County Department of Water Resources). 
 
 - Manning's roughness coefficient, n= 0.012  

 - Pipe capacity in terms of one-half full 

 - Peak discharge of 270 gallons per capita per day  

 - Peaking factor of 3 

 - Minimum mean velocity of 2.5 feet per second 

 - Maximum mean velocity of 10 feet per second 
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EXISITING SANITARY SEWER FACILITIES 

 

The existing sanitary sewer system put in place with Ladera Ranch Phase 1 and the existing main on 
6th Avenue consist of an 8-inch diameter SDR 35 PVC. The flows from Ladera Ranch Phase 1 and 
Ladera Ranch Phase 2 will be carried east to the main on Chocolate Drive and 6th Avenue.  
 
 

PROPOSED SANITARY SEWER FACILITIES 

 

Ladera Ranch Phases 2-6 will be served by proposed sanitary sewer mains comprised of 8-inch 
diameter SDR 35 PVC pipe, with a minimum slope of 1% constructed on-site. These sanitary sewer 
mains will convey sewage from the Ladera Ranch Phase 2 site to existing stubs within Ladera Ranch 
Phase 1 and will then connect to the outgoing main on 6th Avenue.  
 
SEWER ANALYSIS 

 
The approximate location of the proposed sanitary sewer system servicing Ladera Ranch Phase 2 is 
illustrated on the display map in the appendix of this report.  Using the Washoe County Gravity 
Sewer Collection Design Standards, the proposed 294 lots will generate a peak flow of 238,140 gpd. 
The flattest section of the on-site gravity sanitary sewer is an 8-inch pipe with a slope of 1%, the half-
full capacity of this pipe is 423,028 gpd at 3.75 ft/s and can serve approximately 522 single family units. 
At this slope (1.0%) and with peak flow of 238,140 gpd, the mains will flow at 36.3% full with a 
velocity of 3.22 ft/s. The highest slope in the development is in 7.49%. An 8-inch diameter SDR 35 
PVC pipe with a slope of 7.49% has a half-full capacity of 1,157,738 gpd. At this slope (7.49%) and 
with peak flow of 238,140 gpd, the mains will flow at 21.7% full with a velocity of 6.62 ft/s. Phase 1 
contributes 105 lots with a peak flow of 85,050 gpd. The mains from Ladera Ranch Phases 2-6 will 
connect to stubs at the cul-de-sac of Quail Ridge Ct. and at the intersections of Dream Catcher Road 
and Painted Sky Way, and Flint Springs Drive and Quail Ridge Ct all in Ladera Ranch phase 1. 
 
CONCLUSION 

 

The Ladera Ranch Phases 2-6 Tentative Map will consist of 294 proposed single family units that will 
generate a proposed peak flow demand of 238,140 gpd. The proposed mains in the development have 
a minimum slope of 1% and a maximum slope of 7.49%. The proposed project will be served by 
proposed on-site mains that will connect to existing stubs in Ladera Ranch Phase 1, which will carry 
the flows off-site to existing mains in 6th Avenue and Chocolate Drive. The existing off-site mains will 
have the capacity to accommodate the flows from the existing Ladera Ranch Phase 1 and the 
proposed Ladera Ranch Phases 2-6. All facilities are designed to handle the proposed flows at or 
below the half-full capacities of the mains. In the event of future developments not identified in this 
report utilizing the existing system, the downstream sanitary sewer system should be re-analyzed. 
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8" SS MAIN HALF-FULL CAPACITY S=1.0%

Project Description

Manning FormulaFriction Method

DischargeSolve For

Input Data

0.012Roughness Coefficient

1.00Channel Slope

4.0Normal Depth

8.0Diameter

Results

423,028.13Discharge

0.2Flow Area

1.0Wetted Perimeter

2.0Hydraulic Radius

0.67Top Width

4.6Critical Depth

50.0Percent Full

0.64Critical Slope

3.75Velocity

0.22Velocity Head

0.55Specific Energy

1.292Froude Number

910,107.69Maximum Discharge

846,056.27Discharge Full

0.25Slope Full

SupercriticalFlow Type

GVF Input Data

0.0Downstream Depth

0.0Length

0Number Of Steps

GVF Output Data

0.0Upstream Depth

N/AProfile Description

0.00Profile Headloss

0.0Average End Depth Over Rise

50.0Normal Depth Over Rise

InfinityDownstream Velocity

InfinityUpstream Velocity

4.0Normal Depth

4.6Critical Depth

1.00Channel Slope

0.64Critical Slope
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8" SS MAIN HALF-FULL CAPACITY S=7.49%

Project Description

Manning FormulaFriction Method

DischargeSolve For

Input Data

0.012Roughness Coefficient

7.49Channel Slope

4.0Normal Depth

8.0Diameter

Results

1,157,737.66Discharge

0.2Flow Area

1.0Wetted Perimeter

2.0Hydraulic Radius

0.67Top Width

7.3Critical Depth

50.0Percent Full

1.63Critical Slope

10.26Velocity

1.64Velocity Head

1.97Specific Energy

3.536Froude Number

2,490,770.38Maximum Discharge

2,315,475.31Discharge Full

1.87Slope Full

SupercriticalFlow Type

GVF Input Data

0.0Downstream Depth

0.0Length

0Number Of Steps

GVF Output Data

0.0Upstream Depth

N/AProfile Description

0.00Profile Headloss

0.0Average End Depth Over Rise

50.0Normal Depth Over Rise

InfinityDownstream Velocity

InfinityUpstream Velocity

4.0Normal Depth

7.3Critical Depth

7.49Channel Slope

1.63Critical Slope
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8" SS MAIN PEAK FLOW DEMAND S=1.0%

Project Description

Manning FormulaFriction Method

Normal DepthSolve For

Input Data

0.012Roughness Coefficient

1.00Channel Slope

8.0Diameter

238,140.00Discharge

Results

2.9Normal Depth

0.1Flow Area

0.9Wetted Perimeter

1.6Hydraulic Radius

0.64Top Width

3.4Critical Depth

36.3Percent Full

0.57Critical Slope

3.22Velocity

0.16Velocity Head

0.40Specific Energy

1.342Froude Number

910,107.69Maximum Discharge

846,056.27Discharge Full

0.08Slope Full

SupercriticalFlow Type

GVF Input Data

0.0Downstream Depth

0.0Length

0Number Of Steps

GVF Output Data

0.0Upstream Depth

N/AProfile Description

0.00Profile Headloss

0.0Average End Depth Over Rise

36.3Normal Depth Over Rise

InfinityDownstream Velocity

InfinityUpstream Velocity

2.9Normal Depth

3.4Critical Depth

1.00Channel Slope

0.57Critical Slope
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8" SS MAIN PEAK FLOW DEMAND S=7.49%

Project Description

Manning FormulaFriction Method

Normal DepthSolve For

Input Data

0.012Roughness Coefficient

7.49Channel Slope

8.0Diameter

238,140.00Discharge

Results

1.7Normal Depth

0.1Flow Area

0.6Wetted Perimeter

1.0Hydraulic Radius

0.55Top Width

3.4Critical Depth

21.7Percent Full

0.57Critical Slope

6.62Velocity

0.68Velocity Head

0.83Specific Energy

3.665Froude Number

2,490,770.38Maximum Discharge

2,315,475.31Discharge Full

0.08Slope Full

SupercriticalFlow Type

GVF Input Data

0.0Downstream Depth

0.0Length

0Number Of Steps

GVF Output Data

0.0Upstream Depth

N/AProfile Description

0.00Profile Headloss

0.0Average End Depth Over Rise

21.7Normal Depth Over Rise

InfinityDownstream Velocity

InfinityUpstream Velocity

1.7Normal Depth

3.4Critical Depth

7.49Channel Slope

0.57Critical Slope
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www.woodrodgers.com 

February 12, 2020 
Project No. 1404002 

Mr. Will Roberts 
LANSING COMPANIES 
12671 High Bluff Dr., Suite #150 
San Diego, CA 92130 

RE:   Geotechnical Code Update  
Ladera Ranch 
Washoe County, Nevada 

REF:  Geotechnical Investigation 
Ladera Ranch 
Reno, Washoe County, Nevada 
Wood Rodgers, Inc. Project No. 1404002 
January 28, 2005 
Updated January 6, 2017 
Addendum dated August 10, 2017 

ASCE Design Loads Manual 7‐16 
2018 International Residential Code (IRC) 
2018 Northern Nevada International Code Council Amendments 

Dear Mr. Roberts: 

Wood Rodgers  is pleased  to present  this geotechnical code update  for  the Ladera Ranch project. Our 

assessments and recommendations are based on the findings presented in the 2005 report, the January, 

2017 update report, and the August, 2017 addendum prepared by Wood Rodgers, Incorporated as well 

as the referenced codes and standards as they relate to geotechnical design considerations. This update 

has been developed to address relevant code changes to the ASCE Minimum Design Loads Manual and 

the 2018 IRC, both of which have been adopted as the applicable standards by Washoe County.  

Unless  specifically modified  herein,  the  recommendations  presented  in  the  referenced  2005 Wood 

Rodgers report and subsequent update and addendum should be considered valid. 

DISCUSSION AND RECOMMENDATIONS 

Foundations 

PT Slab Foundations 

The January, 2017 update report recommends the soil moisture and soil suction profiles be investigated, 

tested, and re‐evaluated as part of the process to develop design level recommendations. 



Mr. Will Roberts 
LANSING COMPANIES 
February 12, 2020 
Page 2 of 3 
 
Soil Profile Type Amplification Factors 

In accordance with ASCE 7‐16 and the Northern Nevada Amendments of the 2018 IRC, Site Class C and 

Seismic Design Category D2 have been assigned to the project. Seismic design values were determined 

based on a representative latitude and longitude of 39.596°N and ‐119.805°E, respectively. Per ASCE 7‐

16, the site’s modified Peak Ground Acceleration to be used for engineering analyses is equal to 0.716g. 

The ASCE 7 Hazards Report is attached to this letter. 

 

Retaining Walls 

Clay  soils or  soils blended with organics  shall not be placed  in areas  to be  retained by or  supporting 

retaining structures. Recommended  lateral earth pressures for consideration  in the design of retaining 

structures are presented in Table 1. Changes in earth pressures due to seismic influences were assessed 

via the Mononobe‐Okabe protocol. In addition, we have assumed that some displacement  is allowable 

during the design event, and our recommended values have therefore been based on 50% of ASCE 7‐

16’s predicted PGAM. The values presented in Table 1 do not consider hydrostatic pressures or surcharge 

loading. Traffic loading should be modeled by increasing the wall backfill load by an additional height of 

two  feet.  Unless  confined  by  slab  or  pavement,  the  surface  foot  of  soil  should  be  ignored  when 

considering passive resistance.  

 
Table 1 ‐ Lateral Earth Pressures 

Condition 

Active (psf/f)  Passive (psf/f) 

At Rest 
Static 

Pseudo‐     
Static 

Static
Pseudo‐     
Static 

Level  37  74  350  275  56 

 

Excessive retaining wall pressures can be developed due to heavy compaction equipment proximate to 

the wall during backfill placement. Therefore, due care during placement and compaction of backfill  is 

required. Backfill behind  retaining structures should be compacted  to not  less  than 90 percent of  the 

soils’ maximum dry density. French drains, a drainage backfill geotextile such as Mirafi 140 N, or a pre‐

manufactured drain system such as Tensor ® DC1200 may be utilized if buildup of hydrostatic pressure is 

possible.  Soil  preparation  for  retaining  wall  foundations  and  allowable  bearing  capacities  shall  be 

consistent with the Site Preparation, Grading and Filling, and Foundations sections of this report.  

 

CONCLUSION 

We appreciate the opportunity to prepare this geotechnical update for the Ladera Ranch project. Please 

contact our office should you have any related questions or comments.  
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SS : 1.416

S1 : 0.492

Fa : 1.2

Fv : 1.5

SMS : 1.699

SM1 : 0.738

SDS : 1.133

SD1 : 0.492

TL : 6

PGA : 0.597

PGA M : 0.716

FPGA : 1.2

Ie : 1

Cv : 1.183

Design Response Spectrum

S  (g) vs T(s)a

MCE   Response SpectrumR
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Design Vertical Response Spectrum

S  (g) vs T(s)a

MCE   Vertical Response SpectrumR

S  (g) vs T(s)a

Seismic

Site Soil Class: 

Results: 

Seismic Design Category

C - Very Dense Soil and Soft Rock

D

Data Accessed: 

Date Source: 

Wed Feb 05 2020
USGS Seismic Design Maps based on ASCE/SEI 7-16 and ASCE/SEI 7-16 
Table 1.5-2. Additional data for site-specific ground motion procedures in 
accordance with ASCE/SEI 7-16 Ch. 21 are available from USGS.
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The ASCE 7 Hazard Tool is provided for your convenience, for informational purposes only, and is provided “as is” and without warranties of 
any kind. The location data included herein has been obtained from information developed, produced, and maintained by third party providers; 
or has been extrapolated from maps incorporated in the ASCE 7 standard. While ASCE has made every effort to use data obtained from 
reliable sources or methodologies, ASCE does not make any representations or warranties as to the accuracy, completeness, reliability, 
currency, or quality of any data provided herein. Any third-party links provided by this Tool should not be construed as an endorsement, 
affiliation, relationship, or sponsorship of such third-party content by or from ASCE.

ASCE does not intend, nor should anyone interpret, the results provided by this Tool to replace the sound judgment of a competent 
professional, having knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care required of such 
professionals in interpreting and applying the contents of this Tool or the ASCE 7 standard.

In using this Tool, you expressly assume all risks associated with your use. Under no circumstances shall ASCE or its officers, directors, 
employees, members, affiliates, or agents be liable to you or any other person for any direct, indirect, special, incidental, or consequential 
damages arising from or related to your use of, or reliance on, the Tool or any information obtained therein. To the fullest extent permitted by 
law, you agree to release and hold harmless ASCE from any and all liability of any nature arising out of or resulting from any use of data 
provided by the ASCE 7 Hazard Tool.
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January 6, 2017 
Project No. 1404003 
 
Mr. Ted Brown 
DR HORTON 
1081 Whitney Ranch Drive, Suite 141 
Henderson, NV 89014 
 
Re:  Geotechnical Update Report  

Ladera Ranch 
Single-Family Subdivision 
Reno, Nevada 

 
Dear Mr. Brown: 
 
This letter transmits Wood Rodgers’ geotechnical update report for Ladera Ranch subdivision in 
Reno, Nevada.  The purpose of this update was to provide geotechnical recommendations 
related to construction of the planned single-family residences.  In the preparation of this 
update report we reviewed the following documents: 
 

• Geotechnical Investigation for Ladera Ranch; Washoe County, Nevada; January 28, 
2005; Wood Rodgers, Inc. 

• Results of Geophysical Measurements; Ladera Ranch; Washoe County, Nevada; April 26, 
2016; Wood Rodgers Inc (enclosed). 

• International Residential Code (IRC) 2012, International Code Council (ICC). 
• International Building Code (IBC) 2012, ICC. 
• 2012 Northern Nevada Code Amendments, ICC, City of Reno. 
• NRCS Web Soil Survey; http://websoilsurvey.sc.egov.usda.gov/App/HomePage.htm. 
• USGS Interactive Fault Map; http://earthquake.usgs.gov/hazards/qfaults/map/. 

 
Since the provisions of the International Residential Code (IRC) indicate that the Code applies to 
the design and construction of One- and Two-family Dwellings (R101.2 Scope) not more than 
three stories above grade plane in height, the IRC should be the design standard for planned 
single family residences.  Unless specifically revised herein, the recommendations contained in 
the referenced geotechnical reports shall be considered valid.   
 
SITE CONDITIONS 
The site remains undeveloped since the referenced field explorations were completed.  The site 
has been accessible from the Opal Station subdivision to the west and via dirt trails crossing the 
property.  Localized dumping of random debris has occurred at various areas across the site.  
The ground surface is hilly and generally slopes to the east with changes in elevation greater 
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than 20 feet.  Ground coverage consists of moderately dense sagebrush up to about 3 feet in 
height, light grasses, and bare soil and rock.   
 
PRIOR INVESTIGATIONS 
Geotechnical Investigation, Wood Rodgers, 2005 
The report covers approximately 400 acres for development of single family residences and 
related infrastructure.  Site grading is anticipated to include maximum cuts and fills on the 
order of 25 and 30 feet, respectively.  The scope included excavation of 25 test pits, fault 
investigation trenches, laboratory testing, engineering analysis, and report preparation 
including recommendations for design and construction of the project.   
 
The field investigation encountered very difficult excavating conditions with a Komatsu 300LC 
excavator and refusal conditions before achieving several proposed cut depths.  The site soils 
and rock are anticipated to be highly variable in quality and extent.  Based on laboratory testing 
of sampled soils, the near surface soils range from low to highly expansive, and clayey soils and 
altered bedrock have the potential of extreme shrink/swell volume changes with changes in 
moisture content.  The majority of native soil/rock material generated by mass grading 
operations are not anticipated to meet the criteria for engineered select fill.  There are some 
areas onsite that have been identified as possible borrow sources for engineered select fill (TP-
2, TP-11, TP-13, and TP-18).  The materials will require crushing and screening in order to meet 
the criteria for engineered select fill.  Recommendations for site preparation, grading, and 
select fill separation requirements are discussed within the original report, and should remain 
valid for the various grading opportunities.  Design parameters for PT Slab Foundations were 
provided for highly expansive soils and moderately expansive altered-bedrock; these 
preliminary values will be modified herein as appropriate for contemporary design standards.   
 
The fault investigation concluded that no evidence of Holocene faulting was found at the 
Ladera Ranch development site which was based on stereoscopic examination of aerial 
photographs, field reconnaissance, and exploratory test trenches.  Recommendations include 
that no further investigation of the mapped faults be conducted, and that no fault setbacks are 
recommended because of the absence of Holocene-active faults.   
 
No groundwater was encountered at the time of excavation in any of the test pits.  
Groundwater is not expected to affect construction activity; however groundwater elevation 
should be expected to seasonally fluctuate due to precipitation and snowmelt. 
 
Results of Geophysical Measurements, Wood Rodgers, 2016 (enclosed) 
A total of 15 geophysical alignments were measured at areas of proposed cut sections to aid in 
the assessment of excavatability of the proposed cut depths.   Based on the Cut & Fill Map for 
Ladera Ranch Phase 1 & Phase 2 (Summit Engineering, 2015), the site plan and geophysical 
testing layout (Plate A-1) shows the proposed site layout, cut sections, and geophysical line 
designations.  Each geophysical result has been accompanied by the existing topography, a 
photo of the test alignment, and a visual rock classification at the ground surface.  The results 
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show significant differences in P-wave velocity ranging from 2,000 feet per second (fps) to 
6,000 fps at the ground surface.  As the profiles indicate green to yellow velocities approaching 
8,000 fps, the adverse curve on the production charts is approached (Caterpillar Handbook of 
Ripping, 12th Edition).   
 
SEISMIC DESIGN 
The City of Reno Northern Nevada Amendments to the IRC indicate residential structures 
should be placed in seismic design category D2. Based on our review of the United States 
Geological Survey’s interactive fault map, although there are Quaternary faults proximate to 
the property, none have been mapped as crossing the subject property.  Previous studies have 
included fault investigations and concluded that fault offsets are not recommended.  A 
summary of seismic design values are presented in Table 1, which utilized a Seismic Site Class C. 
 

Table 1 – Summary of ASCE 7-10 Seismic Design Values 

Lat. Lon. SS S1 SDC Fa Fv SMS SM1 SDS SD1 FPGA PGAM 

39.596 -119.805 1.487 0.496 D 1.0 1.304 1.487 0.647 0.992 0.431 1.000 0.548 
 
 
FOUNDATIONS 
Standard Spread Foundations  
We recommend the use of standard spread foundations with the required over-excavation as 
outlined in the original report and mentioned below.   Standard spread foundations may be 
utilized in areas that can be designated as medium dense to dense, undisturbed, native non-
expansive soil, compacted non-expansive soil, compacted non-expansive rock fill, or a minimum 
of 3 feet of engineered select fill compacted at least 90 percent relative compaction.  A 
maximum allowable soil bearing pressure of 2,000 pounds per square foot may be utilized for 
design, and can be increased by one-third for total loads including wind and seismic loads.   
 
PT Slab Foundations 
However, if the owner or structural engineer decide to proceed with post-tensioned slabs to 
avoid over-excavation beneath building pads, the following preliminary design values have 
been calculated following the Post Tension Institute, 3rd Edition.  These design values have been 
established around the information developed from our review of prior documents and 
modeling soil suction at grade as a default suction value of 4.5 pF.  We recommend the soil 
moisture and soil suction profiles be investigated, tested, and re-evaluated as part of the 
process to develop design level recommendations.  Our post-tensioned slabs-on-grade analyses 
are presented in Appendix B.  Note post-tension slabs are a flexible foundation system, and that 
movement is likely to occur.   
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Table 2 – Preliminary Post Tensioned Slab-on-Grade Design Recommendations 

Condition Center Lift Edge Lift 

Moderate to Highly Expansive Clay Soils 

Edge Moisture Variation - em (Ft.) 8.0 4.2 

Differential Soil Movement - ym (In.) -1.6 2.4 

Moderately Expansive Altered Bedrock 

Edge Moisture Variation - em (Ft.) 9.0 4.7 

Differential Soil Movement - ym (In.) -1.0 1.5 
 
An allowable bearing value of 2,000 pounds per square foot may be utilized for design. This 
value may be increased by a factor of 1.33 when considering wind or seismic loading. 
 
Turn downs for post-tensioned slabs must extend to a depth of 2-feet below finished adjacent 
exterior grade or be designed to resist the effects of frost-heave (such as insulation as 
presented in ASCE 32).  Local structural design practices have been modeling frost heave by 
designing an alternative edge-lift of 2.4 inches (10% of a 24 inch water column to model 
expansion during ice formation) within the perimeter 24 inches of the slab.  It should be 
pointed out however, that this movement could potentially be in addition to edge-lift caused by 
clay activity and therefore the design edge-lift value should consider the cumulative effects of 
the two influences. In addition, the 2012 IRC Northern Nevada Amendments require that these 
deflection calculations “would need to show that the maximum combined frost and expansive 
soil heaving, as localized at slab edges, with resultant non-uniformly distributed deflections, as 
well as whole slab deflections would not result in super structure racking or excessive truss, 
roof, or wall frame movement.” 
 
Minimum slab thickness and recommended turn-down should be established by the structural 
engineer. Based on Guidelines for the Evaluation and Repair of Residential Foundations, the 
most realistic model for calculating elevation differences and maximum angular distortion for a 
slab-on-grade foundation is an elastic plate; slab-on-grade foundations exhibit two-way 
bending. When compared to deflection predicted via a beam model, the maximum slope of the 
deflection surface of a plate subjected to two-way bending is over 40-percent more than the 
maximum slope of a one-way beam deflected to the same deflection ratio. Therefore, if 
acceptable slab behavior is modeled via beam criteria, we recommend considering increasing 
the perimeter turn-down to such depth that an elastic plate response would be comparable to 
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the one-way beam. As stated in the referenced document, Deflection calculations predict future 
behavior of the foundation only in a very general and approximate sense.1 
 
For normal construction practices, the coefficient of friction μ should be taken as 1.0 for slabs 
cast directly on a sand or pea gravel base. Size No. 67 concrete aggregate is not recommended 
for the capillary break.  
 
Excessive shrinkage cracking can precipitate the need for changes in design considerations.  
When considering non-post-tensioned slabs, crack control joint spacing is typically limited to 10 
to 12 feet in our locale due to the combined effects of our local aggregates and environmental 
considerations. If this spacing seems aggressive when considering shrinkage, PTI suggests the 
designer consider increasing the minimum pre-stress force. Post-tensioned foundations are 
expected to deform. The flexibility of the slab distributes localized soil movement to a more 
uniform slab shape; however it is important that other consultants be cognizant of this 
behavior so that their products and design can be made compatible with a flexible foundation 
system. Typically, roof trusses, load concentrations, architectural features spanning between 
the active and non-active zones, non-flexible exterior siding, brittle floor coverings, and areas 
that slope to drain and utility connections warrant closer scrutiny.  
 
Post-construction practices must be incorporated to help ensure the successful performance of 
the post-tensioned slabs. To help minimize movements in soils due to post-construction factors, 
not climate related, the following maintenance procedures are required: 
 

• Uniform landscaping should be provided adjacent to the perimeter of the foundation, 
and excellent drainage provided and maintained away from the residence. Never allow 
water to pond adjacent to the structure 

• Recommended positive drainage is a minimum of six inches of fall in ten feet, and 
impervious surfaces within ten feet of the building foundation should be sloped a 
minimum of two percent away from the foundation. 

• Water should be applied in a uniform, systematic manner as equally as possible on all 
sides of the residence to keep the soil moist. Areas without ground cover may require 
more moisture due to the potential for increased evaporation.  

• Soaker hoses, if used, should be placed 18" to 30" from foundation edge.  Sprinklers 
should not be allowed to spray directly on foundation. 

• Trees should not be planted within 10 feet of the structure.  

1 Guidelines for the Evaluation and Repair of Residential Foundations, Version 2, May 1, 2009, Texas Section 
American Society of Civil Engineers.  
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• Check gutters and downspouts to be sure they are clear and water discharges a 
minimum of five feet from foundation. 

• The foundation perimeter should be observed during extreme hot and dry periods to 
help insure that adequate watering is being provided to prevent the soil from separating 
from the foundation. 

 
It is recommended that all property owners conduct a yearly survey of their foundation and 
perform any maintenance necessary to improve drainage and prevent ponding of water 
adjacent to these structures.  This is especially important during the first ten years after 
construction.  This is usually when the most severe adjustment between the new foundation 
and supporting soil occurs.  Following the above listed procedures should minimize detrimental 
foundation movement caused by expansive soils.   
 
EXPECTATION OF PERFORMANCE 
This section is intended to highlight the performance levels around which our analyses and 
recommendations have been based so that standards atypical to the project are not relied 
upon in assessing project performance. The assessments and recommendations presented in 
this geotechnical report have been formulated around locally accepted industry practices for 
investigations and analyses for similar type projects. Structural and civil design, topography, 
soils, and bedrock are all unique and the requirements of Code, information available, 
knowledge, and expertise of the geotechnical engineer at the time this report was prepared 
work together to establish the level for which performance shall be appraised.  
 
There is no design or construction standard that can guarantee that cracking (wall board, 
flooring, concrete slabs-on-grade, etc.) will not occur. Disparate materials behave in dissimilar 
ways and it is the fundamental behavior of the individual components that govern overall 
response. 
 
The International Building Code (IBC) and the International Residential Code (IRC), as amended 
and adopted by the City of Sparks, establish minimum regulations for building systems using 
prescriptive and performance-related provisions. They are founded on broad-based principles 
that make possible the use of new materials and new building designs.  Effective use of the IBC 
provides minimum requirements to safeguard the public health, safety, and general welfare of 
the occupants of new and existing buildings and structures. Grading considerations presented 
in this report are consistent with the requirements and standards presented in the IBC (Chapter 
J).  
 
The IRC was created to serve as a complete, comprehensive code regulating the construction of 
single-family houses. The IRC presents coverage for what is conventional and common in 
residential construction practice and the IRC is meant to be all inclusive for typical residential 
construction. Chapter 3 provides guidelines for a minimum level of structural integrity, life 
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safety, fire safety and livability for inhabitants of dwelling units regulated by the IRC. Chapter 4 
provides the requirements for the design and construction of foundation systems for buildings 
regulated by the IRC. Chapter 4 presents the provisions for seismic load, flood load, and frost 
protection. Foundation systems are defined as consisting of two interdependent components: 
the foundation structure and the supporting soil. Unless specifically modified in our technical 
discussions the IRC shall be considered the established standard around which all design 
assessments and recommendations are made.   
 
Given the basic grading elements associated with the development, the ability to eliminate 
settlement associated with fills or heave due to wetting of the clay soils is impossible. Instead, 
to be consistent with the requirements of Code, settlement and heave must be limited to keep 
structural integrity from being compromised. This approaches 1” differential settlement in 12.5 
feet. For the purposes of this report, the following design standards have been adopted for 
standard spread foundations: 

 
Table 3 - Settlement Criteria for Building Damage2 

Category Description *Maximum Radius of Curvature 

Architectural Cracking 1/300 (1”/25’) 

Structural Strength Reduction 1/150 (1”/12.5’) 

Functional Impaired Use 1/50 (1”/4.5’) 

*Radius of Curvature = differential settlement/column spacing or differential settlement/adjacent supports. 
Differential settlement measurements for the purpose of assessing geotechnical performance shall subtract 
original construction variations and immediate settlements that occurred prior to sheet rocking and taping.  

 
To keep differential settlements below the Architectural Cracking threshold, allowable 
settlement limitations established with this report are for a maximum, post construction, radius 
of curvature of 1/360. Whether cracking actually occurs is a function of materials, structural 
design, geotechnical design, design loads, and construction practices, most of which are outside 
the purview of this report.  Therefore, unless the post construction radius of curvature exceeds 
1/360, any observed cracking should be considered a function of the materials, design loads, 
structural design, and/or construction practices, but within the intent of the IRC. 
 
The recommendations presented in this report are also formulated around the consideration of 
the structural performance of concrete. Concrete can crack or curl and still perform within the 
structural framework intended and prescribed by Code. Primary limitations in the allowable 
magnitudes of concrete curl or cracking are driven by architectural concerns. These concerns 

2 Construction and Geotechnical Methods in Foundation Engineering, Koerner, Robert M., McGraw-Hill Book 
Company, 1984 
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Design Maps Detailed Report

From Figure 22-1 [1]

From Figure 22-2 [2]

ASCE 7-10 Standard (39.596°N, 119.805°W) 

Site Class C – “Very Dense Soil and Soft Rock”, Risk Category I/II/III 

Section 11.4.1 — Mapped Acceleration Parameters

Note: Ground motion values provided below are for the direction of maximum horizontal 
spectral response acceleration. They have been converted from corresponding geometric 
mean ground motions computed by the USGS by applying factors of 1.1 (to obtain SS) and 
1.3 (to obtain S1). Maps in the 2010 ASCE-7 Standard are provided for Site Class B. 
Adjustments for other Site Classes are made, as needed, in Section 11.4.3. 

SS = 1.487 g 

S1 = 0.496 g 

Section 11.4.2 — Site Class

The authority having jurisdiction (not the USGS), site-specific geotechnical data, and/or 
the default has classified the site as Site Class C, based on the site soil properties in 
accordance with Chapter 20. 

Table 20.3–1 Site Classification

Site Class vS N or Nch su

A. Hard Rock >5,000 ft/s N/A N/A

B. Rock 2,500 to 5,000 ft/s N/A N/A

C. Very dense soil and soft rock 1,200 to 2,500 ft/s >50 >2,000 psf

D. Stiff Soil 600 to 1,200 ft/s 15 to 50 1,000 to 2,000 psf

E. Soft clay soil <600 ft/s <15 <1,000 psf

Any profile with more than 10 ft of soil having the characteristics: 
• Plasticity index PI > 20,
• Moisture content w ≥ 40%, and
• Undrained shear strength su < 500 psf 

F. Soils requiring site response 
analysis in accordance with Section 
21.1 

See Section 20.3.1

For SI: 1ft/s = 0.3048 m/s 1lb/ft² = 0.0479 kN/m² 
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Section 11.4.3 — Site Coefficients and Risk–Targeted Maximum Considered Earthquake 
(MCER) Spectral Response Acceleration Parameters 

Table 11.4–1: Site Coefficient Fa

Site Class Mapped MCE R Spectral Response Acceleration Parameter at Short Period

SS ≤ 0.25 SS = 0.50 SS = 0.75 SS = 1.00 SS ≥ 1.25

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of SS

For Site Class = C and SS = 1.487 g, Fa = 1.000

Table 11.4–2: Site Coefficient Fv

Site Class Mapped MCE R Spectral Response Acceleration Parameter at 1–s Period

S1 ≤ 0.10 S1 = 0.20 S1 = 0.30 S1 = 0.40 S1 ≥ 0.50

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.7 1.6 1.5 1.4 1.3

D 2.4 2.0 1.8 1.6 1.5

E 3.5 3.2 2.8 2.4 2.4

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of S1

For Site Class = C and S1 = 0.496 g, Fv = 1.304

Page 2 of 6Design Maps Detailed Report

1/6/2017http://earthquake.usgs.gov/designmaps/us/report.php?template=minimal&latitude=39.596&l...



Equation (11.4–1):

Equation (11.4–2):

Equation (11.4–3):

Equation (11.4–4):

From Figure 22-12 [3]

SMS = FaSS = 1.000 x 1.487 = 1.487 g 

SM1 = FvS1 = 1.304 x 0.496 = 0.647 g 

Section 11.4.4 — Design Spectral Acceleration Parameters

SDS = ⅔ SMS = ⅔ x 1.487 = 0.992 g 

SD1 = ⅔ SM1 = ⅔ x 0.647 = 0.431 g 

Section 11.4.5 — Design Response Spectrum

TL = 6 seconds 

Figure 11.4–1: Design Response Spectrum 
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Section 11.4.6 — Risk-Targeted Maximum Considered Earthquake (MCER) Response 
Spectrum 

The MCER Response Spectrum is determined by multiplying the design response spectrum above by 
1.5. 
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From Figure 22-7 [4]

Equation (11.8–1):

From Figure 22-17 [5]

From Figure 22-18 [6]

Section 11.8.3 — Additional Geotechnical Investigation Report Requirements for Seismic 
Design Categories D through F 

PGA = 0.548 

PGAM = FPGAPGA = 1.000 x 0.548 = 0.548 g 

Table 11.8–1: Site Coefficient FPGA

Site 
Class

Mapped MCE Geometric Mean Peak Ground Acceleration, PGA

PGA ≤ 
0.10

PGA = 
0.20

PGA = 
0.30

PGA = 
0.40

PGA ≥ 
0.50

A 0.8 0.8 0.8 0.8 0.8

B 1.0 1.0 1.0 1.0 1.0

C 1.2 1.2 1.1 1.0 1.0

D 1.6 1.4 1.2 1.1 1.0

E 2.5 1.7 1.2 0.9 0.9

F See Section 11.4.7 of ASCE 7

Note: Use straight–line interpolation for intermediate values of PGA

For Site Class = C and PGA = 0.548 g, FPGA = 1.000

Section 21.2.1.1 — Method 1 (from Chapter 21 – Site-Specific Ground Motion Procedures 
for Seismic Design) 

CRS = 0.955 

CR1 = 0.953 
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Section 11.6 — Seismic Design Category

Table 11.6-1 Seismic Design Category Based on Short Period Response Acceleration Parameter 

VALUE OF SDS

RISK CATEGORY

I or II III IV

SDS < 0.167g A A A

0.167g ≤ SDS < 0.33g B B C

0.33g ≤ SDS < 0.50g C C D

0.50g ≤ SDS D D D

For Risk Category = I and SDS = 0.992 g, Seismic Design Category = D 

Table 11.6-2 Seismic Design Category Based on 1-S Period Response Acceleration Parameter 

VALUE OF SD1

RISK CATEGORY

I or II III IV

SD1 < 0.067g A A A

0.067g ≤ SD1 < 0.133g B B C

0.133g ≤ SD1 < 0.20g C C D

0.20g ≤ SD1 D D D

For Risk Category = I and SD1 = 0.431 g, Seismic Design Category = D 

Note: When S1 is greater than or equal to 0.75g, the Seismic Design Category is E for 
buildings in Risk Categories I, II, and III, and F for those in Risk Category IV, irrespective 
of the above. 

Seismic Design Category ≡ “the more severe design category in accordance with 
Table 11.6-1 or 11.6-2” = D 

Note: See Section 11.6 for alternative approaches to calculating Seismic Design Category. 
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APPENDIX B 
VOLFLO PT SLAB CALCULATIONS (PTI, 3RD EDITION) 

 
 



Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SHRINK CALCULATION

Ym Center (Shrink) = -1.01 inches ( -2.57 centimeters )
Em Center = 9.00 feet ( 274.32 centimeters )

DISTANCE
0.0 ft 0.9 ft 1.8 ft 2.7 ft 3.6 ft 4.5 ft 5.4 ft 6.3 ft 7.2 ft 8.1 ft 9.0 ft
0 cm 27 cm 55 cm 82 cm 110 cm 137 cm 165 cm 192 cm 219 cm 247 cm 274 cm

Ym

0.0 in

1.0 in

2.0 in

Shrink at Slab Shrink at distance X from edge of slab Shrink at
Edge Em
0.0 ft 0.9 ft 1.8 ft 2.7 ft 3.6 ft 4.5 ft 5.4 ft 6.3 ft 7.2 ft 8.1 ft 9.0 ft
0 cm 27 cm 55 cm 82 cm 110 cm 137 cm 165 cm 192 cm 219 cm 247 cm 274 cm

inches -1.01 -0.88 -0.76 -0.64 -0.52 -0.41 -0.31 -0.22 -0.13 -0.06 0.00
cm -2.57 -2.24 -1.92 -1.62 -1.32 -1.05 -0.79 -0.55 -0.34 -0.16 0.00

Page 1 of 6
2:40:45 PM



Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUCTION PROFILES
Suction (pF)

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
0

5

10

Depth
(feet)

10.0

Initial suction at edge of slab

Final suction at edge of slab

Constant Suction
Page 2 of 6

2:40:45 PM



Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 LAYER GEOTECHNICAL PROPERTIES

Gamma0 Fine Clay Coarse-Grain GammaH GammaH GammaH
Layer (Mean) Cor. Fact. Cor. Fact. (Mean) (Shrink) (Swell)

1 0.050 0.600 1.000 0.030 0.029 0.031

Alpha Alpha Alpha
Layer (Mean) (Shrink) (Swell) S P KoHo

1 0.004576 0.004587 0.004565 -12.605 0.000669 0.000290

 Gamma0 Determination Per PTI 3rd Edition Manual
% Fine PI/ LL/ Zone Gamma0

Layer Clay PI %fc LL %fc Chart (Mean)
1 60.00 30 0.50 50 0.83 2 0.050
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Soil Properties

 Layer Thickness and description
Layer Layer Depth to

Number Thickness Bottom Layer Description
1 10.0 ft 10.0 ft Expansive Rock

 Layer Geotechnical Properties
Layer Liquid Plastic % Pass. % Finer Dry Den. Gamma Ko Ko Fabric

Number Limit Limit #200 2 mic. (lb/ft^3) 100 Drying Wetting Factor
1 50 20 50.0 30.0 115.0 CALC 0.33 0.67 1.0

Coarse-Grained Soil Correction
Layer % Pass. (Gs) Wet Den.

Number #10 coarse (lb/ft^3)
1 Not Calculated

Page 4 of 6
2:40:45 PM



Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Suction at Edge of Slab

 Initial Suction Profile ---- Default Wet Design Envelope
Suction value at surface : 2.9  pF

 Final Suction Profile ---- Default Dry Design Envelope
Suction Value at Surface : 4.5  pF

 Constant Suction
Constant suction : 3.6  pF
Depth to constant suction : 9.0  ft

 Moisture Barriers
Vertical barrier depth : 0.0  ft
Apply vertical barrier to : Neither Profile

Horizontal barrier length : 0.0  ft

Page 5 of 6
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Em

 Em Distance
Determined per Modified PTI method
Thornthwaite Moisture Index -40 

 Suction Profile at Em ---- Constant Suction Profile

Page 6 of 6
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SWELL CALCULATION

Ym Edge (Swell) = 1.48 inches ( 3.76 centimeters )
Em Edge = 4.70 feet ( 143.26 centimeters )

DISTANCE
0.0 ft 0.5 ft 0.9 ft 1.4 ft 1.9 ft 2.4 ft 2.8 ft 3.3 ft 3.8 ft 4.2 ft 4.7 ft
0 cm 14 cm 29 cm 43 cm 57 cm 72 cm 86 cm 100 cm 115 cm 129 cm 143 cm

Ym

0.0 in

1.0 in

2.0 in

Swell at Slab Swell at distance X from edge of slab Swell at
Edge Em
0.0 ft 0.5 ft 0.9 ft 1.4 ft 1.9 ft 2.4 ft 2.8 ft 3.3 ft 3.8 ft 4.2 ft 4.7 ft
0 cm 14 cm 29 cm 43 cm 57 cm 72 cm 86 cm 100 cm 115 cm 129 cm 143 cm

inches 1.48 1.28 1.09 0.90 0.73 0.57 0.42 0.29 0.17 0.08 0.00
cm 3.76 3.25 2.76 2.30 1.86 1.45 1.07 0.74 0.44 0.20 0.00
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUCTION PROFILES
Suction (pF)

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
0

5

10

Depth
(feet)

10.0

Initial suction at edge of slab

Final suction at edge of slab

Constant Suction
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 LAYER GEOTECHNICAL PROPERTIES

Gamma0 Fine Clay Coarse-Grain GammaH GammaH GammaH
Layer (Mean) Cor. Fact. Cor. Fact. (Mean) (Shrink) (Swell)

1 0.050 0.600 1.000 0.030 0.029 0.031

Alpha Alpha Alpha
Layer (Mean) (Shrink) (Swell) S P KoHo

1 0.004576 0.004587 0.004565 -12.605 0.000669 0.000290

 Gamma0 Determination Per PTI 3rd Edition Manual
% Fine PI/ LL/ Zone Gamma0

Layer Clay PI %fc LL %fc Chart (Mean)
1 60.00 30 0.50 50 0.83 2 0.050
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Soil Properties

 Layer Thickness and description
Layer Layer Depth to

Number Thickness Bottom Layer Description
1 10.0 ft 10.0 ft Expansive Rock

 Layer Geotechnical Properties
Layer Liquid Plastic % Pass. % Finer Dry Den. Gamma Ko Ko Fabric

Number Limit Limit #200 2 mic. (lb/ft^3) 100 Drying Wetting Factor
1 50 20 50.0 30.0 115.0 CALC 0.33 0.67 1.0

Coarse-Grained Soil Correction
Layer % Pass. (Gs) Wet Den.

Number #10 coarse (lb/ft^3)
1 Not Calculated

Page 4 of 6
2:39:36 PM



Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Suction at Edge of Slab

 Initial Suction Profile ---- Default Dry Design Envelope
Suction value at surface : 4.5  pF

 Final Suction Profile ---- Default Wet Design Envelope
Suction value at surface 2.9  pF

 Constant Suction
Constant suction : 3.6  pF
Depth to constant suction : 9.0  ft

 Moisture Barriers
Vertical barrier depth : 0.0  ft
Apply vertical barrier to : Neither Profile

Horizontal barrier length : 0.0  ft
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Em

 Em Distance
Determined per Modified PTI method
Thornthwaite Moisture Index -40 

 Suction Profile at Em ---- Constant Suction Profile
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SHRINK CALCULATION

Ym Center (Shrink) = -1.60 inches ( -4.06 centimeters )
Em Center = 8.00 feet ( 243.84 centimeters )

DISTANCE
0.0 ft 0.8 ft 1.6 ft 2.4 ft 3.2 ft 4.0 ft 4.8 ft 5.6 ft 6.4 ft 7.2 ft 8.0 ft
0 cm 24 cm 49 cm 73 cm 98 cm 122 cm 146 cm 171 cm 195 cm 219 cm 244 cm

Ym

0.0 in

1.0 in

2.0 in

Shrink at Slab Shrink at distance X from edge of slab Shrink at
Edge Em
0.0 ft 0.8 ft 1.6 ft 2.4 ft 3.2 ft 4.0 ft 4.8 ft 5.6 ft 6.4 ft 7.2 ft 8.0 ft
0 cm 24 cm 49 cm 73 cm 98 cm 122 cm 146 cm 171 cm 195 cm 219 cm 244 cm

inches -1.60 -1.40 -1.20 -1.01 -0.83 -0.66 -0.50 -0.35 -0.22 -0.10 0.00
cm -4.06 -3.54 -3.05 -2.57 -2.11 -1.67 -1.26 -0.89 -0.55 -0.25 0.00

Page 1 of 6
2:32:01 PM



Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUCTION PROFILES
Suction (pF)

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
0

5

10

Depth
(feet)

10.0

Initial suction at edge of slab

Final suction at edge of slab

Constant Suction
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 LAYER GEOTECHNICAL PROPERTIES

Gamma0 Fine Clay Coarse-Grain GammaH GammaH GammaH
Layer (Mean) Cor. Fact. Cor. Fact. (Mean) (Shrink) (Swell)

1 0.100 0.500 1.000 0.050 0.048 0.053

Alpha Alpha Alpha
Layer (Mean) (Shrink) (Swell) S P KoHo

1 0.004108 0.004138 0.004077 -11.222 0.000645 0.000280

 Gamma0 Determination Per PTI 3rd Edition Manual
% Fine PI/ LL/ Zone Gamma0

Layer Clay PI %fc LL %fc Chart (Mean)
1 50.00 32 0.64 56 1.12 3 0.100
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Soil Properties

 Layer Thickness and description
Layer Layer Depth to

Number Thickness Bottom Layer Description
1 10.0 ft 10.0 ft High Expansive Soils

 Layer Geotechnical Properties
Layer Liquid Plastic % Pass. % Finer Dry Den. Gamma Ko Ko Fabric

Number Limit Limit #200 2 mic. (lb/ft^3) 100 Drying Wetting Factor
1 56 24 60.0 30.0 110.0 CALC 0.33 0.67 1.0

Coarse-Grained Soil Correction
Layer % Pass. (Gs) Wet Den.

Number #10 coarse (lb/ft^3)
1 Not Calculated
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Suction at Edge of Slab

 Initial Suction Profile ---- Default Wet Design Envelope
Suction value at surface : 2.9  pF

 Final Suction Profile ---- Default Dry Design Envelope
Suction Value at Surface : 4.5  pF

 Constant Suction
Constant suction : 3.6  pF
Depth to constant suction : 9.0  ft

 Moisture Barriers
Vertical barrier depth : 0.0  ft
Apply vertical barrier to : Neither Profile

Horizontal barrier length : 0.0  ft
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Em

 Em Distance
Determined per Modified PTI method
Thornthwaite Moisture Index -40 

 Suction Profile at Em ---- Constant Suction Profile
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SWELL CALCULATION

Ym Edge (Swell) = 2.44 inches ( 6.20 centimeters )
Em Edge = 4.20 feet ( 128.02 centimeters )

DISTANCE
0.0 ft 0.4 ft 0.8 ft 1.3 ft 1.7 ft 2.1 ft 2.5 ft 2.9 ft 3.4 ft 3.8 ft 4.2 ft
0 cm 13 cm 26 cm 38 cm 51 cm 64 cm 77 cm 90 cm 102 cm 115 cm 128 cm

Ym

0.0 in

1.0 in

2.0 in

3.0 in

Swell at Slab Swell at distance X from edge of slab Swell at
Edge Em
0.0 ft 0.4 ft 0.8 ft 1.3 ft 1.7 ft 2.1 ft 2.5 ft 2.9 ft 3.4 ft 3.8 ft 4.2 ft
0 cm 13 cm 26 cm 38 cm 51 cm 64 cm 77 cm 90 cm 102 cm 115 cm 128 cm

inches 2.44 2.11 1.80 1.50 1.21 0.95 0.70 0.49 0.29 0.13 0.00
cm 6.20 5.37 4.57 3.80 3.08 2.41 1.79 1.23 0.75 0.33 0.00
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUCTION PROFILES
Suction (pF)

1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5
0

5

10

Depth
(feet)

10.0

Initial suction at edge of slab

Final suction at edge of slab

Constant Suction
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 LAYER GEOTECHNICAL PROPERTIES

Gamma0 Fine Clay Coarse-Grain GammaH GammaH GammaH
Layer (Mean) Cor. Fact. Cor. Fact. (Mean) (Shrink) (Swell)

1 0.100 0.500 1.000 0.050 0.048 0.053

Alpha Alpha Alpha
Layer (Mean) (Shrink) (Swell) S P KoHo

1 0.004108 0.004138 0.004077 -11.222 0.000645 0.000280

 Gamma0 Determination Per PTI 3rd Edition Manual
% Fine PI/ LL/ Zone Gamma0

Layer Clay PI %fc LL %fc Chart (Mean)
1 50.00 32 0.64 56 1.12 3 0.100
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Soil Properties

 Layer Thickness and description
Layer Layer Depth to

Number Thickness Bottom Layer Description
1 10.0 ft 10.0 ft High Expansive Soils

 Layer Geotechnical Properties
Layer Liquid Plastic % Pass. % Finer Dry Den. Gamma Ko Ko Fabric

Number Limit Limit #200 2 mic. (lb/ft^3) 100 Drying Wetting Factor
1 56 24 60.0 30.0 110.0 CALC 0.33 0.67 1.0

Coarse-Grained Soil Correction
Layer % Pass. (Gs) Wet Den.

Number #10 coarse (lb/ft^3)
1 Not Calculated
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Suction at Edge of Slab

 Initial Suction Profile ---- Default Dry Design Envelope
Suction value at surface : 4.5  pF

 Final Suction Profile ---- Default Wet Design Envelope
Suction value at surface 2.9  pF

 Constant Suction
Constant suction : 3.6  pF
Depth to constant suction : 9.0  ft

 Moisture Barriers
Vertical barrier depth : 0.0  ft
Apply vertical barrier to : Neither Profile

Horizontal barrier length : 0.0  ft
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Build 100712

VOLFLO 1.5
Geostructural Tool Kit, Inc.

Registered To : Wood Rodgers Serial Number : 200-100-086

Project Title :    Ladera Ranch
Project Engineer :  BC Project Number :    1404003

Project Date :    January 6, 2017
Geotechnical Report :  Wood Rodgers Report Date :  1/28/2005

Report Number : 1404.002

 SUMMARY OF INPUT DATA - Em

 Em Distance
Determined per Modified PTI method
Thornthwaite Moisture Index -40 

 Suction Profile at Em ---- Constant Suction Profile
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APPENDIX C 
RESULTS OF GEOPHYSICAL MEASUREMENTS 

(WOOD RODGERS, 2016) 
 
 







Project No.: 3214.003 PLATE            
A-15440 Reno Corporate Drive, Reno, NV 89511 Date: 04/20/16

Phone 775.823.4068 Fax 775.823.4066

SITE PLAN AND 
GEOPHYSICAL 

TESTING 
LAYOUT

Geotechnical Investigation

LADERA RANCH                                                        
WASHOE COUNTY, NEVADA

L-1

L-2

LEGEND
APPROXIMATE GEOPHYSICAL ALIGNMENT

REPRESENTS "0" ON 2-D P-WAVE VELOCITY PROFILE. EACH LINE WAS MEASURED AND IS SHOWN AT  A LENGTH OF 154 FEET.

LINE DESIGNATION



U = unconsolidated M = moderately consolidated
P = poorly consolidated W = well consolidated

Splitting Property Thickness Stratification Intensity Size of Pieces in Feet
Massive Greater than 4.0  ft. Very thick-bedded 1. Very little fractured Greater than 4.0
Blocky 2.0 to 4.0 ft. Thick-bedded 2. Occasionally fractured 1.0 to 4.0
Slabby 0.2 to 2.0 ft. Thin-bedded 3. Moderately fractured 0.5 to 1.0
Flaggy 0.05 to 0.2 ft. Very thin bedded 4. Closely fractured 0.1 to 0.5
Shaly or platy 0.01 to 0.05 ft. Laminated 5. Intensely fractured 0.005 to 0.1
Papery Less than 0.01 ft. Thinly laminated 6. Crushed Less than 0.005

1. Soft - Reserved for plastic material alone
2. Moderately soft - can be gouged deeply or carved easily with a knife blade
3. Moderately hard - can be readily scratched by a knife blade; scratch leaves a heavy trace of dust and is readily  
    visible after the powder has been blown away 
4. Hard - can be scratched with difficulty; scratch produces little powder and is often faintly visible
5. Very Hard - cannont be scratched with a knife blade; leaves a metallic streak

1. Plastic - very low strength 
2. Friable - crumbles easily by rubbing with fingers
3. Weak - An unfractured specimen of such material will crumble under light hammer blows
4. Moderately Strong - Specimen will withstand a few heavy hammer blows before breaking 
5. Strong - Specimen will withstand a few heavy hammer blows, and will yeild with difficulty only dust and small 
     flying fragments
6. Very Strong - Specimen will resist heavy ringing hammer blows and will yeild with difficulty only dust and 
     small flying fragments

1.  Deep - Moderate to complete mineral decomposition; extensive disintegration; deep and thorough discoloration,
      many fractures, all extensively coated or filled with oxides, carbonates and/or clay silt 
2.  Moderate - Slight change or partial decomposition of minerals; little disintegration; cementation little to unaffected;
      Moderate to occasionally intense discoloration; Moderately coated features  
3.  Slightly - No megascopic decomposition of minerals; little or no effect on normal cementation; Slight and inter-
      mittent, or localized discoloration; Few stains on fracture surfaces 
4.  Fresh - Unaffected by weathering agents;  No disintegration or discoloration;  Fractures usually less numerous
      than joints

CONSOLIDATION OF SEDIMENTARY ROCKS                                                                                                                           
Usually determined from unweathered samples. Largley  dependent on cementation.
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The physical and chemical disintegration and decomposition of rocks and minerals by natural processes such as oxidation, 

reduction, hydration, solution, carbonation, freezing, and thawing
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Designation: D5777 − 00 (Reapproved 2011)´1

Standard Guide for
Using the Seismic Refraction Method for Subsurface
Investigation1

This standard is issued under the fixed designation D5777; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (´) indicates an editorial change since the last revision or reapproval.

´1 NOTE—Added a units statement as new 1.1.1 and revised Section 3 editorially in July 2011.

1. Scope

1.1 Purpose and Application—This guide covers the equip-
ment, field procedures, and interpretation methods for the
assessment of subsurface conditions using the seismic refrac-
tion method. Seismic refraction measurements as described in
this guide are applicable in mapping subsurface conditions for
various uses including geologic, geotechnical, hydrologic,
environmental (1), mineral exploration, petroleum exploration,
and archaeological investigations. The seismic refraction
method is used to map geologic conditions including depth to
bedrock, or to water table, stratigraphy, lithology, structure,
and fractures or all of these. The calculated seismic wave
velocity is related to mechanical material properties. Therefore,
characterization of the material (type of rock, degree of
weathering, and rippability) is made on the basis of seismic
velocity and other geologic information.

1.1.1 The geotechnical industry uses English or SI units.

1.2 Limitations:
1.2.1 This guide provides an overview of the seismic

refraction method using compressional (P) waves. It does not
address the details of the seismic refraction theory, field
procedures, or interpretation of the data. Numerous references
are included for that purpose and are considered an essential
part of this guide. It is recommended that the user of the
seismic refraction method be familiar with the relevant mate-
rial in this guide and the references cited in the text and with
appropriate ASTM standards cited in 2.1.

1.2.2 This guide is limited to the commonly used approach
to seismic refraction measurements made on land. The seismic
refraction method can be adapted for a number of special uses,
on land, within a borehole and on water. However, a discussion
of these other adaptations of seismic refraction measurements
is not included in this guide.

1.2.3 There are certain cases in which shear waves need to
be measured to satisfy project requirements. The measurement
of seismic shear waves is a subset of seismic refraction. This
guide is not intended to include this topic and focuses only on
P wave measurements.

1.2.4 The approaches suggested in this guide for the seismic
refraction method are commonly used, widely accepted, and
proven; however, other approaches or modifications to the
seismic refraction method that are technically sound may be
substituted.

1.2.5 Technical limitations and interferences of the seismic
refraction method are discussed in D420, D653, D2845,
D4428/D4428M, D5088, D5730, D5753, D6235, and D6429.

1.3 Precautions:
1.3.1 It is the responsibility of the user of this guide to

follow any precautions within the equipment manufacturer’s
recommendations, establish appropriate health and safety prac-
tices, and consider the safety and regulatory implications when
explosives are used.

1.3.2 If the method is applied at sites with hazardous
materials, operations, or equipment, it is the responsibility of
the user of this guide to establish appropriate safety and health
practices and determine the applicability of any regulations
prior to use.

1.4 This standard does not purport to address all of the
safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

1.5 This guide offers an organized collection of information
or a series of options and does not recommend a specific
course of action. This document cannot replace education or
experience and should be used in conjunction with professional
judgment. Not all aspects of this guide may be applicable in all
circumstances. This ASTM standard is not intended to repre-
sent or replace the standard of care by which the adequacy of
a given professional service must be judged, nor should this
document be applied without consideration of a project’s many
unique aspects. The word “Standard” in the title of this guide

1 This guide is under the jurisdiction of ASTM Committee D18 on Soil and Rock
and is the direct responsibility of Subcommittee D18.01 on Surface and Subsurface
Characterization.

Current edition approved July 1, 2011. Published September 2011. Originally
approved in 1995. Last previous edition approved in 2006 as D5777–00(2006).
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means only that the document has been approved through the
ASTM consensus process.

2. Referenced Documents

2.1 ASTM Standards:2

D420 Guide to Site Characterization for Engineering Design
and Construction Purposes (Withdrawn 2011)3

D653 Terminology Relating to Soil, Rock, and Contained
Fluids

D2845 Test Method for Laboratory Determination of Pulse
Velocities and Ultrasonic Elastic Constants of Rock

D4428/D4428M Test Methods for Crosshole Seismic Test-
ing

D5088 Practice for Decontamination of Field Equipment
Used at Waste Sites

D5608 Practices for Decontamination of Field Equipment
Used at Low Level Radioactive Waste Sites

D5730 Guide for Site Characterization for Environmental
Purposes With Emphasis on Soil, Rock, the Vadose Zone
and Ground Water

D5753 Guide for Planning and Conducting Borehole Geo-
physical Logging

D6235 Practice for Expedited Site Characterization of Va-
dose Zone and Groundwater Contamination at Hazardous
Waste Contaminated Sites

D6429 Guide for Selecting Surface Geophysical Methods

3. Terminology

3.1 Definitions:
3.1.1 Definitions shall be in accordance with the terms and

symbols given in Terminology D653.
3.2 Definitions of Terms Specific to This Standard:

3.2.1 The majority of the technical terms used in this guide
are defined in Refs (2) and (3).4

4. Summary of Guide

4.1 Summary of the Method—Measurements of the travel
time of a compressional (P) wave from a seismic source to a
geophone(s) are made from the land surface and are used to
interpret subsurface conditions and materials. This travel time,
along with distance between the source and geophone(s), is
interpreted to yield the depth to refractors refractors (refracting
layers). The calculated seismic velocities of the layers are used
to characterize some of the properties of natural or man-made
man subsurface materials.

4.2 Complementary Data—Geologic and water table data
obtained from borehole logs, geologic maps, data from out-
crops or other complementary surface and borehole geophysi-
cal methods may be necessary to properly interpret subsurface
conditions from seismic refraction data.

5. Significance and Use

5.1 Concepts:
5.1.1 This guide summarizes the equipment, field proce-

dures, and interpretation methods used for the determination of
the depth, thickness and the seismic velocity of subsurface soil
and rock or engineered materials, using the seismic refraction
method.

5.1.2 Measurement of subsurface conditions by the seismic
refraction method requires a seismic energy source, trigger
cable (or radio link), geophones, geophone cable, and a
seismograph (see Fig. 1).

5.1.3 The geophone(s) and the seismic source must be
placed in firm contact with the soil or rock. The geophones are
usually located in a line, sometimes referred to as a geophone
spread. The seismic source may be a sledge hammer, a
mechanical device that strikes the ground, or some other type
of impulse source. Explosives are used for deeper refractors or
special conditions that require greater energy. Geophones

2 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website.

3 The last approved version of this historical standard is referenced on
www.astm.org.

4 The boldface numbers given in parentheses refer to a list of references at the
end of the text.

FIG. 1 Field Layout of a Twelve-Channel Seismograph Showing the Path of Direct and Refracted Seismic Waves in a Two-Layer Soil/
Rock System (ac = Critical Angle)
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convert the ground vibrations into an electrical signal. This
electrical signal is recorded and processed by the seismograph.
The travel time of the seismic wave (from the source to the
geophone) is determined from the seismic wave form. Fig. 2
shows a seismograph record using a single geophone. Fig. 3
shows a seismograph record using twelve geophones.

5.1.4 The seismic energy source generates elastic waves that
travel through the soil or rock from the source. When the
seismic wave reaches the interface between two materials of
different seismic velocities, the waves are refracted according
to Snell’s Law (4, 8). When the angle of incidence equals the
critical angle at the interface, the refracted wave moves along
the interface between two materials, transmitting energy back
to the surface (Fig. 1). This interface is referred to as a
refractor.

5.1.5 A number of elastic waves are produced by a seismic
energy source. Because the compressional P -wave has the
highest seismic velocity, it is the first wave to arrive at each
geophone (see Fig. 2 and Fig. 3).

5.1.6 The P-wave velocity Vp is dependent upon the bulk
modulus, the shear modulus and the density in the following
manner (4):

Vp 5=@~K14/3µ!/r# (1)

where:
Vp = compressional wave velocity,
K = bulk modulus,
µ = shear modulus, and
r = density.

5.1.7 The arrival of energy from the seismic source at each
geophone is recorded by the seismograph (Fig. 3). The travel
time (the time it takes for the seismic P-wave to travel from the
seismic energy source to the geophone(s)) is determined from
each waveform. The unit of time is usually milliseconds (1 ms
= 0.001 s).

5.1.8 The travel times are plotted against the distance
between the source and the geophone to make a time distance
plot. Fig. 4 shows the source and geophone layout and the
resulting idealized time distance plot for a horizontal two-
layered earth.

5.1.9 The travel time of the seismic wave between the
seismic energy source and a geophone(s) is a function of the

distance between them, the depth to the refractor and the
seismic velocities of the materials through which the wave
passes.

5.1.10 The depth to a refractor is calculated using the source
to geophone geometry (spacing and elevation), determining the
apparent seismic velocities (which are the reciprocals of the
slopes of the plotted lines in the time distance plot), and the
intercept time or crossover distances on the time distance plot
(see Fig. 4). Intercept time and crossover distance-depth
formulas have been derived in the literature (6-8). These
derivations are straightforward inasmuch as the travel time of
the seismic wave is measured, the velocity in each layer is
calculated from the time-distance plot, and the raypath geom-
etry is known. These interpretation formulas are based on the
following assumptions: (1) the boundaries between layers are
planes that are either horizontal or dipping at a constant angle,
( 2) there is no land-surface relief, (3) each layer is homoge-
neous and isotropic, (4) the seismic velocity of the layers
increases with depth, and (5) intermediate layers must be of
sufficient velocity contrast, thickness and lateral extent to be
detected. Reference (9) provides an excellent summary of these
equations for two and three layer cases. The formulas for a
two-layered case (see Fig. 4) are given below.

5.1.10.1 Intercept-time formula:

z5
t i

2
V2V1

=~V2! 2 2~V1! 2
(2)

where:
z = depth to refractor two,
ti = intercept time,
V2 = seismic velocity in layer two, and
V1 = seismic velocity in layer one.

5.1.10.2 Crossover distance formula:

NOTE 1—Arrow marks arrival of first compressional wave.
FIG. 2 A Typical Seismic Waveform from a Single Geophone

FIG. 3 Twelve-Channel Analog Seismograph Record Showing
Good First Breaks Produced by an Explosive Sound Source (9)
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z5
xc

2 ŒV22V1

V21V1

(3)

where:
z, V2 and V1 are as defined above and xc = crossover distance.

5.1.11 Three to four layers are usually the most that can be
resolved by seismic refraction measurements. Fig. 5 shows the
source and geophone layout and the resulting time distance plot
for an idealized three-layer case.

5.1.12 The refraction method is used to define the depth to
or profile of the top of one or more refractors, or both, for
example, depth to water table or bedrock.

5.1.13 The source of energy is usually located at or near
each end of the geophone spread; a refraction measurement is
made in each direction. These are referred to as forward and
reverse measurements, sometimes incorrectly called reciprocal
measurements, from which separate time distance plots are
made. Fig. 6 shows the source and geophone layout and the
resulting time distance plot for a dipping refractor. The velocity
obtained for the refractor from either of these two measure-
ments alone is the apparent velocity of the refractor. Both
measurements are necessary to resolve the true seismic veloc-
ity and the dip of layers (9) unless other data are available that
indicate a horizontal layered earth. These two apparent velocity
measurements and the intercept time or crossover distance are

used to calculate the true velocity, depth and dip of the
refractor. Note that only two depths of the planar refractor are
obtained using this approach (see Fig. 7). Depth to the refractor
is obtained under each geophone by using a more sophisticated
data collection and interpretation approach.

5.1.14 Most refraction surveys for geologic, engineering,
hydrologic and environmental applications are carried out to
determine depths of refractors that are less than 100 m (about
300 ft). However, with sufficient energy, refraction measure-
ments can be made to depths of 300 m (1000 ft) and more (6).

FIG. 4 (a) Seismic Raypaths and (b) Time-Distance Plot for a
Two-Layer Earth With Parallel Boundaries (9)

FIG. 5 (a) Seismic Raypaths and (b) Time-Distance Plot for a
Three-Layer Model With Parallel Boundaries (9)

FIG. 6 (a) Seismic Raypaths and (b) Time-Distance Plot for a
Two-Layer Model With A Dipping Boundary (9)
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5.2 Parameter Measured and Representative Values:
5.2.1 The seismic refraction method provides the velocity of

compressional P-waves in subsurface materials. Although the
P-wave velocity is a good indicator of the type of soil or rock,
it is not a unique indicator. Table 1 shows that each type of
sediment or rock has a wide range of seismic velocities, and
many of these ranges overlap. While the seismic refraction
technique measures the seismic velocity of seismic waves in
earth materials, it is the interpreter who, based on knowledge of
the local conditions and other data, must interpret the seismic
refraction data and arrive at a geologically feasible solution.

5.2.2 P-wave velocities are generally greater for:
5.2.2.1 Denser rocks than lighter rocks;
5.2.2.2 Older rocks than younger rocks;
5.2.2.3 Igneous rocks than sedimentary rocks;
5.2.2.4 Solid rocks than rocks with cracks or fractures;
5.2.2.5 Unweathered rocks than weathered rocks;
5.2.2.6 Consolidated sediments than unconsolidated sedi-

ments;
5.2.2.7 Water-saturated unconsolidated sediments than dry

unconsolidated sediments; and
5.2.2.8 Wet soils than dry soils.

5.3 Equipment—Geophysical equipment used for surface
seismic refraction measurement includes a seismograph, geo-
phones, geophone cable, an energy source and a trigger cable

or radio link. A wide variety of seismic geophysical equipment
is available and the choice of equipment for a seismic
refraction survey should be made in order to meet the objec-
tives of the survey.

5.3.1 Seismographs—A wide variety of seismographs are
available from different manufacturers. They range from rela-
tively simple, single-channel units to very sophisticated mul-
tichannel units. Most engineering seismographs sample, record
and display the seismic wave digitally.

5.3.1.1 Single Channel Seismograph—A single channel
seismograph is the simplest seismic refraction instrument and
is normally used with a single geophone. The geophone is
usually placed at a fixed location and the ground is struck with
the hammer at increasing distances from the geophone. First
seismic wave arrival times (Fig. 2 and Fig. 3) are identified on
the instrument display of the seismic waveform. For some
simple geologic conditions and small projects a single-channel
unit is satisfactory. Single channel systems are also used to
measure the seismic velocity of rock samples or engineered
materials.

5.3.1.2 Multi-Channel Seismograph—Multi-channel seis-
mographs use 6, 12, 24, 48 or more geophones. With a
multi-channel seismograph, the seismic wave forms are re-
corded simultaneously for all geophones (see Fig. 3).

5.3.1.3 The simultaneous display of waveforms enables the
operator to observe trends in the data and helps in making
reliable picks of first arrival times. This is useful in areas that
are seismically noisy and in areas with complex geologic
conditions. Computer programs are available that help the
interpreter pick the first arrival time.

5.3.1.4 Signal Enhancement—Signal enhancement using fil-
tering and stacking that improve the signal to noise ratio is
available in most seismographs. It is an aid when working in
noisy areas or with small energy sources. Signal stacking is
accomplished by adding the refracted seismic signals for a
number of impacts. This process increases the signal to noise
ratio by summing the amplitude of the coherent seismic signals
while reducing the amplitude of the random noise by averag-
ing.

5.3.2 Geophone and Cable:
5.3.2.1 A geophone transforms the P-wave energy into a

voltage that is recorded by the seismograph. For refraction

FIG. 7 Time Distance Plot (a) and Interpreted Seismic Section (b
) (29)

TABLE 1 Range of Velocities For Compressional Waves in Soil
and Rock (4)

Materials Velocity

Natural Soil and Rock ft/s m/s

Weathered surface material 800 to 2000 240 to 610
Gravel or dry sand 1500 to 3000 460 to 915
Sand (saturated) 4000 to 6000 1220 to 1830
Clay (saturated) 3000 to 9000 915 to 2750
WaterA 4700 to 5500 1430 to 1665
Sea waterA 4800 to 5000 1460 to 1525
Sandstone 6000 to 13 000 1830 to 3960
Shale 9000 to 14 000 2750 to 4270
Chalk 6000 to 13 000 1830 to 3960
Limestone 7000 to 20 000 2134 to 6100
Granite 15 000 to 19 000 4575 to 5800
Metamorphic rock 10 000 to 23 000 3050 to 7000

ADepending on temperature and salt content.
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work, the frequency of the geophones varies from 8 to 14 Hz.
The geophones are connected to a geophone cable that is
connected to the seismograph (see Fig. 1). The geophone cable
has electrical connection points (take outs) for each geophone,
usually located at uniform intervals along the cable. Geophone
placements are spaced from about 1 m to hundreds of meters (2
or 3 ft to hundreds of feet) apart depending upon the level of
detail needed to describe the surface of the refractor and the
depth of the refractor(s). The geophone intervals may be
adjusted at the shot end of a cable to provide additional seismic
velocity information in the shallow subsurface.

5.3.2.2 If connections between geophones and cables are
not waterproof, care must be taken to assure they will not be
shorted out by wet grass, rain, etc. Special waterproof geo-
phones (marsh geophones), geophone cables and connectors
are required for areas covered with shallow water.

5.3.3 Energy Sources:
5.3.3.1 The selection of seismic refraction energy sources is

dependent upon the depth of investigation and geologic con-
ditions. Four types of energy sources are commonly used in
seismic refraction surveys: sledge hammers, mechanical
weight drop or impact devices, projectile (gun) sources, and
explosives.

5.3.3.2 For shallow depths of investigation, 5 to 10 m (15 to
30 ft), a 4 to 7 kg (10 to 15 lb) sledge hammer may be used.
Three to five hammer blows using signal enhancement capa-
bilities of the seismograph will usually be sufficient. A strike
plate on the ground is used to improve the coupling of energy
from the hammer to the soil.

5.3.3.3 For deeper investigations in dry and loose materials,
more seismic energy is required, and a mechanized or a
projectile (gun) source may be selected. Projectile sources are
discharged at or below the ground surface. Mechanical seismic
sources use a large weight (of about 100 to 500 lb or 45 to 225
kg) that is dropped or driven downward under power. Mechani-
cal weight drops are usually trailer mounted because of their
size.

5.3.3.4 A small amount of explosives provides a substantial
increase in energy levels. Explosive charges are usually buried
to reduce energy losses and for safety reasons. Burial of small
amounts of explosives (less than 1 lb or 0.5 kg) at 1 to 2 m (3
to 6 ft) is effective for shallow depths of investigation (less than
300 ft or 100 m) if backfilled and tamped. For greater depths of
investigation (below 300 ft or 100 m), larger explosives
charges (greater than 1 lb or 0.5 kg) are required and usually
are buried 2 m (6 ft) deep or more. Use of explosives requires
specially-trained personnel and special procedures.

5.3.4 Timing—A timing signal at the time of impact (t = 0)
is sent to the seismograph (see Fig. 1). The time of impact (t =
0) is detected with mechanical switches, piezoelectric devices
or a geophone (or accelerometer), or with a signal from a
blasting unit. Special seismic blasting caps should be used for
accurate timing.

5.4 Limitations and Interferences :
5.4.1 General Limitations Inherent to Geophysical Meth-

ods:
5.4.1.1 A fundamental limitation of all geophysical methods

is that a given set of data cannot be associated with a unique set

of subsurface conditions. In most situations, surface geophysi-
cal measurements alone cannot resolve all ambiguities, and
some additional information, such as borehole data, is required.
Because of this inherent limitation in the geophysical methods,
a seismic refraction survey is not a complete assessment of
subsurface conditions. Properly integrated with other geologic
information, seismic refraction surveying is an effective, accu-
rate, and cost-effective method of obtaining subsurface infor-
mation.

5.4.1.2 All surface geophysical methods are inherently lim-
ited by decreasing resolution with depth.

5.4.2 Limitations Specific to the Seismic Refraction Method:
5.4.2.1 When refraction measurements are made over a

layered earth, the seismic velocity of the layers are assumed to
be uniform and isotropic. If actual conditions in the subsurface
layers deviate significantly from this idealized model, then any
interpretation also deviates from the ideal. An increasing error
is introduced in the depth calculations as the angle of dip of the
layer increases. The error is a function of dip angle and the
velocity contrast between dipping layers (10, 11).

5.4.2.2 Another limitation inherent to seismic refraction
surveys is referred to as a blind-zone problem (4, 9, 12). There
must be a sufficient contrast between the seismic velocity of the
overlying material and that of the refractor for the refractor to
be detected. Some significant geologic or hydrogeologic
boundaries have no field-measurable seismic velocity contrast
across them and consequently cannot be detected with this
technique.

5.4.2.3 A layer must also have a sufficient thickness in order
to be detected (12).

5.4.2.4 If a layer has a seismic velocity lower than that of
the layer above it (a velocity reversal), the low seismic velocity
layer cannot be detected. As a result, the computed depths of
deeper layers are greater than the actual depths (although the
most common geologic condition is that of increasing seismic
velocity with depth, there are situations in which seismic
velocity reversals occur). Interpretation methods are available
to address this problem in some instances (13).

5.4.3 Interferences Caused by Natural and by Cultural
Conditions:

5.4.3.1 The seismic refraction method is sensitive to ground
vibrations (time-variable noise) from a variety of sources.
Geologic and cultural factors also produce unwanted noise.

5.4.3.2 Ambient Sources—Ambient sources of noise include
any vibration of the ground due to wind, water movement (for
example, waves breaking on a nearby beach), natural seismic
activity, or by rainfall on the geophones.

5.4.3.3 Geologic Sources—Geologic sources of noise in-
clude unsuspected variations in travel time due to lateral and
vertical variations in seismic velocity of subsurface layers (for
example, the presence of large boulders within a soil).

5.4.3.4 Cultural Sources—Cultural sources of noise include
vibration due to movement of the field crew, nearby vehicles,
and construction equipment, aircraft, or blasting. Cultural
factors such as buried structures under or near the survey line
also may lead to unsuspected variations in travel time. Nearby
powerlines may induce noise in long geophone cables.
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5.4.3.5 During the course of designing and carrying out a
refraction survey, sources of ambient, geologic, and cultural
noise should be considered and its time of occurrence and
location noted. The interference is not always predictable
because it depends upon the magnitude of the noises and the
geometry and spacing of the geophones and source.

5.5 Alternative Methods—The limitations discussed above
may prevent the use of the seismic refraction method, and other
geophysical or non-geophysical methods may be required to
investigate subsurface conditions (see Guide D5753).

6. Procedure

6.1 This section includes a discussion of personnel qualifi-
cation, planning and implementing the seismic refraction
survey, and interpretation of seismic refraction data.

6.1.1 Qualification of Personnel—The success of a seismic
refraction survey, as with most geophysical techniques, is
dependent upon many factors. One of the most important
factors is the competence of the person(s) responsible for
planning, carrying out the survey, and interpreting the data. An
understanding of the theory, field procedures, and methods for
interpretation of seismic refraction data and an understanding
of the site geology is necessary to complete a seismic refraction
survey. Personnel not having specialized training and experi-
ence, should be cautious about using this technique and solicit
assistance from qualified practitioners.

6.2 Planning the Survey—Successful use of the surface
seismic refraction method depends to a great extent on careful
and detailed planning.

6.2.1 Objective(s) of the Seismic Refraction Survey:
6.2.1.1 Planning and design of a seismic refraction survey

should consider the objectives of the survey and the character-
istics of the site. These factors determine the survey design, the
equipment used, the level of effort, the interpretation method
selected, and budget necessary to achieve the desired results.
Important considerations include site geology, depth of inves-
tigation, topography, and access. The presence of noise-
generating activities (for example, on-site utilities, man-made
structures), and operational constraints (for example, restric-
tions on the use of explosives), must also be considered. It is
good practice to obtain as much relevant information (for
example, data from any previous seismic refraction work,
boring, geologic and geophysical logs in the study area,
topographic maps or aerial photos, or both) as possible about
the site prior to designing a survey and mobilization to the
field.

6.2.1.2 A geologic/hydrologic model of the subsurface con-
ditions at the site should be developed early in the design phase
and should include the thickness and type of soil cover, depth
and type of rock, depth to water table and a stratigraphic
section with the horizons to be mapped with the seismic
refraction method.

6.2.1.3 The objective of the survey may be a reconnaissance
of subsurface conditions or it may provide the most detailed
subsurface information possible. In reconnaissance surveys,
such as regional geologic or ground water studies and prelimi-
nary engineering studies, the spacing between the geophone
spreads, or geophone spacing, is large, a few shot-points are

used, and topographic maps or hand-level elevations are
sufficient. Under these conditions, the cost of obtaining seismic
refraction data is relatively low, but the resulting subsurface
data are not very detailed. In a detailed survey, the spacing
between the geophone spreads, or geophone spacing, is small,
multiple shot-points are used, and elevations and locations of
geophones and shot-points are more accurately determined.
Under these conditions, the cost of obtaining seismic refraction
data is higher, but can still be cost-effective because the
resulting subsurface data is more detailed.

6.2.2 Assess Seismic Velocity Contrast:
6.2.2.1 One of the most critical elements in planning a

seismic refraction survey is the determination of whether there
is an adequate seismic velocity contrast between the two
geologic or hydrologic units of interest.

6.2.2.2 Information from previous seismic refraction sur-
veys in the area, knowledge of the geology, published refer-
ences containing the seismic velocities of earth materials, and
published reports of seismic refraction studies performed under
similar conditions should be used.

6.2.2.3 When there is doubt that sufficient seismic velocity
contrast exists, a pre-survey test is desirable at a control point,
such as a borehole or well, where the stratigraphy is known and
the seismic velocities can be determined. Three types of tests
may be considered: a vertical seismic profile (VSP) (8)
borehole log (such as a density log or sonic log, Guide D5753)
that provide an indication of subsurface velocity layering, and
a test refraction line near a known point of control. From this
information, the feasibility of using the seismic refraction
method at the site is assessed.

6.2.2.4 Forward modeling using mathematical equations (7,
8, 9) can be used to develop theoretical time distance plots.
Given the thickness and the seismic velocity of the subsurface
layers, these plots are used to assess the feasibility of conduct-
ing a seismic refraction survey and to determine the geometry
of the field-survey. Sufficient information about layer thickness
and seismic velocities may not be available to accurately model
a site before field work is carried out. In this case, initial field
measurements should be taken to assess whether an adequate
seismic velocity contrast exists between the subsurface layers
of interest.

6.2.3 Selection of the Approach:
6.2.3.1 The desired level of detail and geologic complexity

will determine the interpretation method to be used for a
refraction survey, which in turn will determine the field
procedures to be followed (4, 8, 9, 13-15).

6.2.3.2 Numerous approaches are used to quantitatively
interpret seismic refraction data; however, the most commonly
used interpretation methods are classified into two general
groups: methods that are used to define planar refractors and
methods that are used to define nonplanar refractors.

6.2.4 Methods Used To Define Planar Refractors:
6.2.4.1 The intercept time method (ITM) and crossover

distance method are the simplest and probably the best known
of all the methods for the interpretation of seismic refraction
data (8, 11). They can be described as the rigorous application
of Snell’s law to a subsurface model consisting of homoge-
neous layers and horizontal or dipping planar interfaces. The
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intercept time method requires that a constant seismic velocity
exists in the overburden and in the refractor within a single
geophone spread (between the shot points). The intercept time
method uses simple field and interpretation procedures. Mea-
surements are usually made from each end of the seismic
refraction line (a minimum of one off-end shot-point on each
end of the geophone spread). The results obtained using this
method include the thickness of the overburden and the dip of
the refractor at two points (see Fig. 6). It is also common to
place one shot in the middle of the geophone spread. Shots off
of each end of the spread may also be made to provide
additional data. Additional shot-points increase the number of
points along the refractor where depth can be determined.

6.2.4.2 The intercept time or crossover distance method can
be used under the following conditions: where a limited
number of refractor depth determinations are required within a
single geophone spread; the surface of the refractor can be
satisfactorily approximated by a plane (horizontal or dipping);
lateral variations in seismic velocity of the subsurface layers
(over the length of the geophone spread) can be neglected; and
thin intermediate seismic velocity layers and seismic velocity
inversions can be neglected.

6.2.4.3 Additional discussion of survey design and field
considerations for the intercept-time method are given by Refs
(4 and 9).

6.2.5 Methods Used To Define Nonplanar Refractors—A
number of methods can be viewed as an extension of the
intercept time method, whereby the depth to the refractor is
calculated at the shot-points and at each geophone location.
These methods require a greater level of effort in data acqui-
sition, processing, and interpretation.

6.2.6 Common Reciprocal Methods:
6.2.6.1 A group of methods (referred to as the common

reciprocal methods (CRM) by Palmer (11)). These methods
can provide a more detailed interpretation of nonplanar refrac-
tors. Depths are obtained under each geophone, thereby ac-
counting for irregular refracting surfaces (nonplanar refrac-
tors). The CRM has many variations including the plus-minus
method, the ABC Method and Hagiwaras Method. Most, but
not all, of the methods are based on the assumption that within
a single geophone spread, seismic velocity in the overlying
units and in the refractor do not vary laterally. Fig. 7 shows an
interpreted seismic refraction section of an irregular rock
surface using this approach. All these methods usually require
that travel times be measured in both forward and reverse
directions from three to seven shot-points per single geophone
spread. The resolution of the surface of the refractor obtained
by the survey is dependent on the spacing between the
geophones and the number of shot-points. Additional discus-
sion of survey design and field considerations for these
methods are given in Refs (4) and (10).

6.2.6.2 These methods can be applied where depths to the
refractor are required at each geophone; the surface of the
refractor has some relief; lateral variations in seismic velocity
of the subsurface layers (over the length of the spread) can be
neglected; and thin intermediate seismic velocity layers and
seismic velocity inversions can be neglected.

6.2.7 Generalized Reciprocal Method:

6.2.7.1 The generalized reciprocal method (GRM), as de-
scribed by Palmer (12, 17-19) and Lankston (14, 20), can aid
in resolving complex conditions including undetected layers,
lateral changes in seismic velocity and anisotropy. The GRM
includes as special cases the delay time method and Hales
method (11). The GRM method requires a large data set (in
time and space) to achieve the necessary resolution; therefore,
a relatively small geophone spacing is required. This method
usually requires that travel times be measured in both forward
and reverse directions from five to seven shot-points per
geophone spread. The generalized reciprocal method survey
incorporates the strengths of most other seismic refraction
methods and can provide the most detailed profile of a
refractor, but requires considerably more effort in field data
collection and interpretation. The full use of the generalized
reciprocal method, which has been demonstrated by Palmer for
model data and case histories, has still to achieve routine
acceptance in engineering geophysics because it requires a
greater field effort. The case histories in Palmer (19) demon-
strate the application of the generalized reciprocal method to
shallow targets of geotechnical significance.

6.2.7.2 The generalized reciprocal method can sometimes
be used where lateral variations in seismic velocity within a
single geophone spread, thin intermediate seismic velocity
layers, and seismic velocity inversions cannot be neglected.
Geophone spacing for this method is smaller to provide
sufficient spatial data.

6.2.7.3 Additional discussions of survey design and field
considerations for this method are given by Palmer (17);
Lankston and Lankston (20); and Lankston (14, 16).

6.2.8 Summary of Two Approaches:
6.2.8.1 If it is acceptable to describe the surface of a

refractor as a plane with a limited number of points, and lateral
seismic velocity changes within a geophone spread can be
neglected, then the intercept time or crossover distance meth-
ods may be sufficient.

6.2.8.2 If there is a need to define the depth and approximate
shape of a non-planar refractor at each geophone location, and
the lateral seismic velocity in subsurface layers within a
geophone spread can be neglected, then one of the many
common reciprocal methods that define nonplanar refractors
can be used.

6.2.8.3 If there is a need to account for lateral seismic
velocity changes in subsurface layers and account for interme-
diate seismic velocity layers and seismic velocity inversions,
then the generalized reciprocal method can be used.

6.2.8.4 Table 2 summarizes the features and limitations of
each of these methods. It is modified from Palmer (11).

6.2.8.5 The choice of interpretation method may vary from
site to site and depends upon the detail required from the
seismic refraction survey and the complexity of the geology at
the site. The interpretation method in turn determines the
approach and level of effort required in the field.

6.2.8.6 When selecting the approach for data acquisition the
specific processing and interpretation method that is used must
be considered since most processing and interpretation meth-
ods have specific requirements for data acquisition.
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6.2.8.7 There are many field and interpretation methods that
fall under the broad categories listed above. No attempt has
been made to list all of the individual field and interpretation
methods. Each one has strengths and weaknesses and must be
selected to meet the project needs. The use of other field and
interpretation methods not specifically mentioned are not
precluded by this guide.

6.2.9 Survey Design:
6.2.9.1 Location of Survey Lines—Preliminary location of

survey lines is usually done with the aid of topographic maps
and aerial photos if an on-site visit is not possible. Consider-
ation should be given to: the need for data at a given location;
the accessibility of the area; the proximity of wells or test holes
for control data; the extent and location of any asphalt or
concrete surface, buried structures and utilities and other
sources of cultural noise that will prevent measurements from
being made, or introduce noise into the data (see section 5.7.3);
and adequate space for the refraction line.

6.2.9.2 The geophone stations should lie along as straight a
line as possible. Deviations from a straight path may result in
inaccuracies unless the line is carefully surveyed and appro-
priate geometric corrections are applied to the data. Often the
location of the line will be determined by topography. Line
locations should be selected so that the ground surface along
each geophone spread (cable) is as flat as possible or an
interpretation method should be selected that accounts for
topography.

6.2.9.3 Coverage—Survey coverage and orientation of sur-
vey lines should be designed to meet survey objectives. The

area of survey should be larger than the area of interest so that
measurements are taken in both “background” conditions and
over any anomalous conditions. Consideration should be given
to the orientation of lines with respect to geologic features of
interest, such as, buried channels, faults, or fractures, etc.
When mapping a buried channel, the refraction survey line
should cross over the channel so that its boundaries can be
determined. The number and locations of shot-points will
depend upon the method chosen to collect and interpret the
seismic refraction data. Geophone spacing is determined by
two factors: the expected depth of the refractor(s) and desired
degree of definition (lateral resolution) of the surface of the
refractor. The geophone to shot-point separation will be larger
for deeper refractors and smaller for shallow refractors. For
reconnaissance measurements that do not require extensive
detailed mapping of the top of the refractor, widely spaced
geophones may be used. For detailed mapping of the top of a
refractor, more closely-spaced geophones are required. To
define the surface of a refractor in detail, the geophone spacing
must be smaller than the size of the spatial changes in the
refractor. Geophone spacing can be varied from less than 1 m
(3 ft) to more than 100 m (300 ft) depending upon the depth to
the refractor and lateral resolution needed to define the top of
a refractor. Examples of geophone spacing and shot distance
needed to define various geologic conditions are given by
Haeni (9). A refraction survey line may require a source-to-
geophone distance of up to three to five times the required
depth of investigation. Therefore, adequate space for the
refraction line is a consideration. If the length of the geophone
spread and the source to geophone offset are not sufficient to
reach the maximum depth of investigation, then the source to
geophone offset distance must be increased until a sufficient
depth is obtained. If the length of the line to be surveyed is
longer than a single geophone spread, data can be obtained by
using multiple geophone spreads.

6.2.9.4 Refraction surveys along a line with multiple geo-
phone spreads may be reconnaissance or detailed. For recon-
naissance surveys, a gap may be left between the ends of
successive spreads. As more detailed data is required, the gap
will decrease until the geophone spreads overlap and provide a
continuous profile of the refractor being mapped. The geo-
phone spacing and the amount of overlap of the geophones
from each cable spread will depend upon the detail and
continuity required to map the desired refractor. Since the
common reciprocal method and generalized reciprocal method
are used to obtain depth to a refractor under individual
geophones, the geophone spreads must be overlapped if
continuous coverage of the refractor is desired. The overlap
will commonly range from one to two geophones for common
reciprocal method and from two to five geophones for gener-
alized reciprocal method. Greater overlaps may be necessary
for deeper refractors. The time-distance plots for the seismic
refraction measurements can be constructed by combining and
plotting together the data from each geophone spread by a
process called phantoming. Phantoming is discussed by Lank-
ston and Lankston (13).

TABLE 2 Features and Limitations of Methods (Modified from Ref
(11))

Methods Used For Defining Planar Refractors

Include the Time Intercept and Crossover Distance Methods
These methods require the least field and interpretation effort and are, there-

fore, the lowest cost.
They can be applied where:

• Depth computations are provided near shot-points;
• The refractor is approximated by a plane (horizon-

tal or dipping);
• Lateral variations in seismic velocity within a single

geophone spread are neglected; and
• Thin intermediate velocity layers and velocity inver-

sions are neglected.
Methods Used for Defining Non-Planar Refractors

The Common Reciprocal Method (CRM) Including Plus-Minus Method, the ABC
Method, and the Hagiwaras Method

These CRM methods require additional field and interpretation effort and are
intermediate in cost.

They can be applied where:
• Depth computations are provided at geophones;
• The refractor has some relief;
• Lateral variations in seismic velocity within a single

geophone spread are neglected; and
• Thin intermediate velocity layers and velocity inver-

sions are neglected.
The Generalized Reciprocal Method (GRM)

The Delay Time Method and Hales Method are special cases of the GRM
In addition to all the features of the CRM methods, the Generalized Reciprocal

Method (GRM) may account for:
• Lateral variation in seismic velocity within a single

geophone spread;
• Thin intermediate velocity layers and velocity inver-

sions.
The GRM requires the greatest level of field and interpretation effort and is the

most costly.
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6.2.10 Data Acquisition Format—A recommended standard
for Seismic data files used in the personal computer (PC)
environment written under the guidance of the Society of
Exploration Geophysicists (SEG)—Engineering and Ground
Water Geophysics Committee given by Pullan (20).

6.3 Implementation of Survey:
6.3.1 On Site Check of Survey Plan:
6.3.1.1 A systematic visual inspection of the site should be

made upon arrival to determine if the initial survey plan is
feasible. Modifications to the survey plan may be required.

6.3.1.2 If a feasibility test has not been previously con-
ducted, the results of initial measurements can be used to
confirm the existence of an adequate seismic velocity contrast
and can also be used to assess signal to noise ratio at the site.
Results of these initial measurements may require that changes
be made to the original survey plan.

6.3.2 Layout the Survey Lines—Locate the best position for
the refraction lines based on the survey design described in
6.2.4 and the on-site visit in 6.3.1

6.3.3 Conducting the Survey:
6.3.3.1 Check for adequate space to lay out as straight a line

as possible.
6.3.3.2 Locate the position of the first geophone.
6.3.3.3 Lay out the geophone cable.
6.3.3.4 Place geophones firmly in the ground and connect

them to the cable. The geophone must be vertical and in contact
with the soil or rock. Improper placement of geophones is a
common problem resulting in poor detection of the seismic
P-wave. Each geophone spike should be pushed firmly into the
ground to make the contact between the soil and the geophone
as tight as possible. Often the top few inches (10 cm) of soil is
very loose and should be scraped off so that the geophone can
be implanted into firm soil. Where rock is exposed at the
surface the geophone spike may be replaced by a tripod base on
the geophone. In both soil and rock, a good coupling between
the ground and the geophones should be assured.

6.3.3.5 Test the geophones and geophone cable for short
circuits and open circuits if possible (see seismograph instruc-
tion manual).

6.3.3.6 Set up the source at the first shot-point or a test
point.

6.3.3.7 Test the seismic source and trigger cable.
6.3.3.8 Test for noise level and set gains and filters (see

seismograph instruction manual).
6.3.3.9 The required degree of accuracy of the position and

elevation of shot-points and geophones varies with the objec-
tives of the project. If the ground is relatively flat or the
accuracy of the refraction survey is not critical, the distance
between source and geophone measured with a tape measure
will be sufficient. Measurements (made by tape) to within 15-
to 20-cm (about 0.5 ft) are adequate for most purposes. If there
are considerable changes in surface elevation, shot-point and
geophone elevations and their horizontal locations must be
surveyed and referenced to the project datum.

6.3.3.10 Proceed with the refraction measurements, making
sure that an adequate signal-to-noise ratio exists so that the first
arrivals can be determined.

6.3.4 Quality Control (QC)—Quality control can be applied
to seismic refraction measurements in the field. Quality-control
procedures require that standard procedures be followed and
documentation be made. The following items are recom-
mended to provide QC of field operations and data acquisition:

6.3.4.1 Documentation of the field procedures and interpre-
tation method that are planned to be used in the study. The
method of interpretation will often dictate the field procedures,
and the field procedures as well as site conditions used may
limit the method of interpretation.

6.3.4.2 A field log in which field operational procedures
used for the project are recorded.

6.3.4.3 Changes to the planned field procedures should be
documented.

6.3.4.4 Conditions that could reduce the quality of the data
(weather conditions, sources of natural and cultural noise, etc.)
should be documented.

6.3.4.5 If data are being recorded (by a computer or digital-
acquisition system) with no visible means of observing the
data, it is recommended that the data be reviewed as soon as
possible to check their quality.

6.3.4.6 Care should be taken to maintain accurate timing of
the seismograph.

6.3.4.7 Ensure that a uniform method of picking first arrival
time is employed.

6.3.4.8 During or after data acquisition, time-distance plots
should be made to assure that the data are of adequate quality
and quantity to support the method of interpretation and define
the refractor of interest.

6.3.4.9 Both forward and reverse measurements are neces-
sary to properly resolve dipping layers.

6.3.4.10 In addition to the time-distance curves, three addi-
tional tools can be used as a means of quality control for
seismic refraction data: the irregularity test, the reciprocal time
test, and the parallelism test.

6.3.4.11 The irregularity test checks for travel time consis-
tency along the refraction profile. If there are deviations from
the straight line slope, the time picks may be in error,
time-distance curves may have an error in data entry or
plotting, data may be noisy, or geologic conditions may be
highly variable.

6.3.4.12 The reciprocal time test is used to check reciprocal
time differences between forward and reverse profile curves. If
differences between reciprocal times are excessive, then the
time picks may be in error or the time distance curves may
have an error in data entry or plotting.

6.3.4.13 The parallelism test is used to check the relative
parallelism between selected forward or reverse time distance
curves and another curve from the same refractor. If the slopes
of the two curves are sufficiently different, then time picks for
one of the sets of data may be in error or the time distance
curves may have an error in data entry or plotting.

6.3.4.14 Finally, a check should be made to determine if the
depths and seismic velocities obtained using the seismic
refraction method make geologic sense.

6.3.5 Calibration and Standardization—In general, the
manufacturer’s recommendation should be followed for cali-
bration and standardization. If no such recommendations are
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provided, a periodic check of equipment should be made. A
check should also be made after each equipment problem and
repair. An operational check of equipment should be carried
out before each project and before starting field work each day.

6.4 Interpretation of Seismic Refraction Data:
6.4.1 Method of Interpretation:
6.4.1.1 In some limited cases, quantitative interpretation of

the data may not be required and a simple qualitative interpre-
tation may be sufficient. Examples of qualitative and semi-
quantitative interpretation may include the lateral location of a
buried channel without concern for its depth or minimum depth
to rock calculations. In most cases, however, a quantitative
interpretation will be necessary.

6.4.1.2 The level of effort involved in the interpretation will
depend upon the objectives of the survey and the detail desired
that in turn will determine the method of interpretation. A
number of manual methods and computer programs are avail-
able for interpretation. While the solutions for these methods
can be carried out manually, the process can be labor intensive
for the more sophisticated methods.

6.4.1.3 A problem inherent in all geophysical studies is the
non-unique correlation between possible geologic models and
a single set of field data. This ambiguity can be resolved only
through the use of geologic data and an experienced interpreter.

6.4.1.4 The first step in the interpretation process is to
determine the time interval from the impact of the seismic
source to the first arrival of energy at each geophone. When the
first arrivals are sharp and there is no ambient noise, this
procedure is straightforward (see Fig. 2 and Fig. 3). In many
cases, noise in the data will make picking the first arrival times
difficult. To minimize errors, a consistent approach to the
picking of the arrival times must be used. Care should be taken
to ensure that each trace is picked at the same point either at the
first point of movement or the point of maximum curvature.
This procedure will make the interpretation a more uniform
process, as the data will be consistent from one trace to the
next. In some cases, a first arrival pick from one or more
geophones may be uncertain; then, one must rely upon the
experience of the interpreter. If this is done, these picks should
be noted. If a computer program is used to make first arrival
picks, these picks must be checked (and re-adjusted as needed)
by the individual(s) doing the processing and interpretation.

6.4.1.5 Corrections to travel time for elevation or other
geometric factors are then made. The two main types of
corrections are elevation corrections and weathering correc-
tions. Both are used to adjust field-derived travel times to some
selected datum, so that straight-line segments on the time-
distance plot can be associated with subsurface refractors.
These corrections can be applied manually (7) or by computer
(21).

6.4.1.6 With the corrected travel-time data, a time-distance
plot of arrival times versus shotpoint-to-geophone distance can
be constructed. Lines are then fitted to these points to complete
a time-distance plot. These time-distance plots are the founda-
tion of seismic refraction interpretation. Examples of time-
distance plots and their relationships to geologic models are
shown by Zohdy (6) and Crice (22). Anyone undertaking
seismic refraction measurements should be familiar with time-

distance plots over a variety of geologic conditions and
recognize the lack of a unique interpretation of these plots.

6.4.2 Preliminary Interpretation—Preliminary interpreta-
tion of field data should be labeled as draft or preliminary, and
treated with caution because it is easy to make errors in an
initial field interpretation and a preliminary analysis is never a
complete and thorough interpretation. Analysis in the field is
done mostly as a means of QC.

6.4.3 Programs for Interpreting Planar Refractors:
6.4.3.1 A wide variety of formulas, nomograms, and com-

puter programs are available for solving seismic refraction
problems using the intercept time (or the crossover distance
method).

6.4.3.2 For manual interpretation techniques, see Palmer
(11) and Haeni (9). Hand-held programmable calculator pro-
grams are available for solving the various seismic refraction
equations (23). A number of computer programs are commer-
cially available that are based on intercept time method.

6.4.4 Programs for Interpreting Non-Planar Refractors:
6.4.4.1 Manual interpretation techniques are given by Pakh-

iser and Black (24); Redpath (4); and Dobrin and Savit (7).
Computer-assisted interpretation techniques are presented by
Haeni, et al (25) and are discussed in Scott, et al (21, 26) and
Haeni (9). A number of computer programs are commercially
available that are based on the common reciprocal method.

6.4.4.2 Manual-interpretation techniques for the generalized
reciprocal method are described by Palmer (16). However, due
to the volume of data required for the method, interpretation is
usually carried out on a computer. Computer programs are
commercially available that are based on the generalized
reciprocal method.

6.4.5 Verification of Seismic Refraction Interpretation
—Seismic refraction interpretation can be verified by compari-
son with drilling data or other subsurface information. If such
data is not available, this fact should be mentioned within the
report.

6.4.6 Presentation of Data:
6.4.6.1 In some cases, there may be little need for a formal

presentation of data or interpreted results.
6.4.6.2 The final seismic refraction interpretation is used to

refine or confirm a geologic or hydrologic site model. Such a
model is a simplified characterization of a site that incorporates
all the essential features of the physical system under study.
This model is usually represented as a cross-section, a contour
map, or other drawings that illustrate the general geologic and
hydrogeologic conditions and any anomalous conditions at a
site.

6.4.6.3 If the original data are to be provided to the client,
the data and related survey grid maps must be labeled.

7. Report

7.1 Components of the Report—The following is a list of the
key items that should be contained within most reports. In
some cases, there is no need for an extensive formal report:

7.1.1 The report should include a discussion of:
7.1.1.1 The purpose and scope of the seismic refraction

survey;
7.1.1.2 The geologic setting;
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7.1.1.3 Limitations of the seismic refraction survey;
7.1.1.4 Assumptions made;
7.1.1.5 The field approach, including a description of the

equipment and the data acquisition parameters used;
7.1.1.6 The location of the seismic refraction line(s) on a

site map;
7.1.1.7 The shot-point/geophone layout;
7.1.1.8 The approach used to pick first arrivals;
7.1.1.9 Corrections applied to field data, and justification for

their use;
7.1.1.10 The results of field measurements, copies of typical

raw records, and time-distance plots;
7.1.1.11 The method of interpretation used (intercept time

method, common reciprocal method or generalized reciprocal
method), and specifically what analytical method(s), or soft-
ware program(s), were used;

7.1.1.12 The interpreted results and any qualifications and
alternate interpretations;

7.1.1.13 The format of recording data (for example, note-
book, hardcopy analog recorder, digital format, SEG, other);

7.1.1.14 If conditions occurred where a variance from this
ASTM guide is necessary, the reason for the variance should be
given;

7.1.1.15 Provide appropriate references for any supporting
data used in the interpretation; and

7.1.1.16 Identify the person(s) responsible for the refraction
survey and data interpretation.

7.2 Quality Assurance of the Seismic Refraction Work and
Report—To provide quality assurance of the seismic refraction
work, it is generally good practice to have the entire seismic
refraction work, including the report, reviewed by a person
knowledgeable with the seismic refraction method and the site
geology but not directly involved with the project.

8. Precision and Bias

8.1 Bias—Bias is defined as a measure of the closeness to
the truth.

8.1.1 The bias with which the depth and the shape of a
refractor can be determined by seismic refraction methods
depends on many factors. Some of these factors are:

8.1.1.1 Human errors in field procedures, record-keeping,
picking of first arrivals, corrections to data, processing and
interpretation;

8.1.1.2 Instrument errors in measuring, recording;
8.1.1.3 Geometry limitations, relating to geophone spacing,

line location, topography, and noise;
8.1.1.4 Variation of the earth from simplifying assumptions

used in the field and interpretation procedure;
8.1.1.5 Site-specific geologic limitations, such as dip, joints,

fractures and highly weathered rock with gradual changes in
seismic velocities with depth; and

8.1.1.6 Ability and experience of the field crew and inter-
preter.

8.1.2 Published references (5, 6, 9, 27, 28), indicate that the
depth to a refractor can be determined to within 610 % of the
true depth. Larger errors are usually due to difficult field
situations or improper interpretation due to blind zone prob-
lems.

8.1.3 Arrival times must be picked with an accuracy of a
millisecond. This is done using what appears to be the onset of
the pulse (see Fig. 2 and Fig. 3). A 1-ms error could translate
to a depth error of 1 to 10 ft (0.3 to 3 m) depending upon
geometry and seismic velocities of the subsurface layers.

8.2 Differences Between Depths Determined Using Seismic
Refraction and Those Determined by Drilling:

8.2.1 The bias of a seismic refraction survey is commonly
thought of as how well the refraction results agree with
borehole data. In many cases, the depth obtained by refraction
agrees with the borehole data. In other cases, there will be
considerable disagreement between the refraction results and
boring data. While a refraction measurement may be quite
accurate, the interpreted results may disagree with a depth
obtained from drilling for the reasons discussed in 8.2.2
through 8.2.4. It is important that the user of seismic refraction
results be aware of these concepts and understand that the
results of a seismic refraction survey will not always agree with
drilling data.

8.2.2 The Fundamental Differences Between Refraction and
Drilling Measurements:

8.2.2.1 The seismic refraction method is based upon a
measure of travel time of the P-wave. In order to measure
depth to a refractor, such as a soil-to-rock interface, a signifi-
cant change in seismic velocity must exist between the two
layers.

8.2.2.2 When the top of rock is defined by drilling it is often
based upon refusal of the drill bit to continue to penetrate, the
number of blow counts with a split-spoon sampler, or the first
evidence of rock fragments. None of these necessarily agree
with each other or the top of the rock surface measured by the
seismic refraction method. The differences between seismic
refraction and drilling interpretation can yield considerable
differences in depth even when the top of rock is relatively flat.

8.2.3 Lateral Geologic Variability—Agreement between re-
fraction and boring measurements may vary considerably
along the seismic refraction line depending upon lateral geo-
logic changes, such as dip as well as the degree of weathering
and fracturing in the rock. Refraction measurements may not
account for small lateral geologic changes and may only
provide an average depth over them. In addition, the presence
of a water table near the bedrock surface can in some cases lead
to an error in interpretation. Therefore, it is not always possible
to have exact agreement between refraction and boring data
along a survey line.

8.2.4 Positioning Differences—The drilling location and the
refraction measurement may not be made at exactly the same
point. It is common to find that the boreholes are located on the
basis of drill-rig access and may not be located along the
seismic refraction line. Differences in position can easily
account for up to 10 m (30 ft) of difference in depth where top
of rock is highly variable (for example, karst).

8.3 Precision—For the purposes of this guide, precision is
the repeatability between measurements, that is, the degree to
which the travel times from two identical measurements in the
same location with the same equipment match one another.
Precision of a seismic refraction measurement will be affected
by the sources used, the repeatability of the trigger signal
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timing, placement of geophones, soil conditions, the care
involved in picking arrival times, and the level and variations
of the noise impacting the measurements. If a refraction survey
is repeated under identical conditions, the measurements would
be expected to have a high level of precision.

8.4 Resolution:
8.4.1 Lateral Resolution—Lateral resolution of a seismic

refraction survey is determined by geophone spacing and
shot-point spacing. Close spacing of geophones will provide
higher lateral resolution, for example, greater definition of the
shape of the top of the refractor.

8.4.2 Vertical Resolution:
8.4.2.1 Vertical resolution can be thought of in three ways:

how small a change in depth can be determined by the

refraction method; how thin a layer can be detected by the
seismic refraction method; and how much relief or dip can be
accurately mapped without smoothing or errors in depth
determination.

8.4.2.2 The answers to all three of these questions is a
complex function of the geophone spacing, the depth to the
refractors and the seismic velocity contrasts and near surface
conditions such as freezing, changes in materials on which
sources and receivers are placed and fluctuating of water
tables.

9. Keywords

9.1 geophysics; refraction; seismic refraction; surface geo-
physics
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1.0 Summary 
 

The purpose of this Study was to evaluate the ability of the Sun Valley General 
Improvement District (SVGID) to supply potable water service to the proposed 
Ladera Phases 2 through 6 residential development (hereinafter referred to as the 
“Development”). Determination of this ability was made in accordance with the 
minimum design standards established by SVGID and those contained in the 
Nevada Administrative Code (NAC).  
 
This Study supersedes and replaces the following previous studies also prepared 
by Shaw Engineering; 
 

Ladera Phases 2.1 and 2.2 Water Capacity Study dated November, 2017 
Ladera Phases 3.1 and 3.2 Water Capacity Study dated November, 2017 

 
Phase 1 of the Development, consisting of 105 lots, is currently under 
construction with 80 units completed and 25 units remaining. The lot count for 
Phases 2 through 6 is 294 distributed as follows; 
 
 Phase 2 80 Lots  
 Phase 3 38 Lots 
 Phase 4 126 Lots 
 Phase 5 12 Lots 
 Phase 6 38 Lots 
 
The Development layout and location, as provided by Summit Enginering, is 
approximately shown in Figure 1, Page 2.  
 
This Study demonstrates that the SVGID water system has the capacity to serve 
Phase 2 through 6 of the Development. An emergency intertie with TMWA 
system should be investigated and, if possible, implemented sufficiently in 
advance of Phase 4.   

 

2.0 Water System Evaluation 
 

2.1 Givens and General Assumptions 
 
All of the existing water system information was obtained from the SVGID Water 
System Master Plan Update, dated September, 2016, (WMP) that was prepared by 
Shaw Engineering. As identified in the WMP, the following flows were utilized in 
this Study; 
 
 Average Day Demand, (ADD) 262 Gallons per Day/Customer 
      (GPD/Customer) 
 Maximum Day Demand  603 GPD/Customer (PF=2.3) 
 Peak Hour Demand   1,025 GPD/Customer (PF=3.6) 
 Minimum Month Demand  140 GPD/Customer (PF=0.46) 



Figure 1

SVGID
Ladera Phases 2 through 6

Water Capacity Study
February, 2020
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Within the Development Phase 2 through 6, a Residential Fire Flow of 1,500 
GPM was utilized. Phase 1 utilized a fire flow rate of 2,000 GPM which will 
remain unaffected by the addition of Phases 2-6.  
 
SVGID’s current existing customers, active wills serves and planned future 
developments are summarized in Table 1 below; 
 
 

Table 1 
Existing and Future Anticipated Customers 

Customer 
Existing 

Service Area 
Expanded 

Service Area 
Existing Customers/Meters 6,100 (±)  
Infill Customers/Meters 354  
Active Will Serves   

Ladera Phase 1 25  
Planned Future Developments1   

Ladera Phases 2-6 294  
Sun Mesa Phase 3 and 4 102  

Valle Vista 75  
5 Ridges (Phases 1-2)  1,218 

5 Ridges (Phase 3)  582 
Sub Total 6,9502 1,800 

Total 8,750 
Footnotes: 

1. Water capacity studies have been completed. Will serves are issued by 
SVGID on a first come first serve basis.  

2. Total service area buildout projected in the 2016 Water Master Plan 
Update. 

 
System improvements completed and incorporated into the hydraulic modeling 
utilized for this Study includes the following; 
 

a. New 12 inch transmission main loop constructed for the new Middle 
School. 

b. New Juniper Terrace Pump Station. 
c. Integration of the Sidehill and Chimney Hydraulic Pressure Zones. 
d. Ladera Phase 1 distribution mains. 
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The SVGID has historically and successfully utilized the following planning and 
design criteria for their public water system which is consistent with the WMP 
and either meets or exceeds the minimum standards specified in the NAC; 
  
 Source of Supply (via TMWA Wholesale) 
   

Sullivan + Raleigh Heights =Maximum Day Demand 
  (via SVGID Main Pump Station and Boundary Tank respectively) 
 

Raleigh   =Minimum Month Demand 
  (via Boundary Tank) 
 

Storage 
 
Operational   =17% of Maximum Day Demand 

(approximately equivalent to the  
peak hour demand minus what can 
be supplied into the zone via 
pumping considering the diurnal 
flow pattern) 

Emergency   =2 Average Day Demand  
Fire    =As dictated by Fire Authority 

 
Pumping (with adequate Zone Storage)   

 
With Largest Pump Offline =Maximum Day Demand  

   
 Pumping (with none or inadequate Zone Storage) 
 

With Largest Pump Offline =Peak Hour Demand 
(on dedicated standby power) 

   
Distribution 

    
Existing and New 

  20 psi residual pressure @ Tank ½ Full at Maximum Day plus Fire  
  30 psi residual pressure @ Tank LWL at Peak Hour 
  40 psi residual pressure @ Tank LWL at Maximum Day 

 
New 

100 psi static pressure @ Tank HWL at Zero Demand. 
 
Static pressures exceed 100 psi at various locations in the existing water 
distribution and transmission systems. All services that this poses a problem for 
have had individual pressure reducing valves installed on their services. 
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The Development surface elevations range from approximately 5120 to 5210 feet. 
The proposed Development site is therefore located in the Boundary Hydraulic 
Pressure Zone whose service elevation varies from approximately 5,100 to 5,210 
feet. The West 7th hydraulic pressure zone is also served by the Boundary zone 
via a pressure reducing station.  
 
Based upon all of the above presented information, the total flows utilized in this 
Study are summarized below in Tables 2 and 3.  
  

Table 2 
Total System Wide Demands, GPM/MGD 

Customers Average 
Day 

Maximum 
Day 

Peak 
Hour 

Minimum 
Month 

6,950  
(Existing Service Area) 1,265/1.82 2,910/4.19 4,947/7.12 676/0.97 

8,750 
(Service Area Buildout) 1,592/2.29 3,664/5.28 6,228/8.97 851/1.23 

 
 

Table 3 
Total Boundary/West 7th Hydraulic Pressure Zone Demands, GPM/MGD 

User Average 
Day 

Maximum 
Day 

Peak 
Hour 

Minimum 
Month 

Existing SVGID 
(81 Customers) 15 34 58 8 

Will Serves 
Ladera Phase 1 

Remaining 
(25 Customers) 

5 10 18 2 

Planned 
Ladera Phases 2-6 
(294 Customers) 

53 123 209 29 

Total 
73 

(0.105) 
168 

(0.241) 
285 

(0.410) 
39 

(0.056) 
 
The water system was modeled utilizing Bentley WaterCAD V8i Cybernet V7.0 
hydraulic modeling software.  
 
2.2 Source Capacity 
 
SVGID currently has a total source capacity available during all times of the year 
of up to 4,700 GPM from two TMWA wholesale points, Sullivan Lane (3,600 
GPM) and Raleigh Heights (1,100 GPM) per the TMWA/SVGID Contract and 
Amendment. The Sullivan Lane wholesale point is pumped into the SVGID 
Chocolate Zone storage via SVGID’s Main Pump Station. The Main Pump 
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Station capacity is 3,155 GPM (largest pump off line on dedicated standby power) 
(WMP, Table 3.1). The Raleigh Heights wholesale point gravity feeds into 
SVGID system via the Boundary Tank. 
 
With the largest wholesale point (Sullivan) and/or the Main Pump Station 
completely off line (an emergency event), SVGID has the ability to provide a total 
gravity source capacity of 1,100 GPM (Raleigh Heights via Boundary Tank).   
 
The proposed Maximum Day Demand is 3,664 GPM (Table 2) and the proposed 
Minimum Month Demand is 851 GPM (Table 2) 
 
Since the existing source capacity (4,255 GPM maximum day and 1,100 GPM 
minimum month) exceeds the proposed Maximum Day Demand (3,664 GPM) 
and Minimum Month Demand (851 GPM), the SVGID system has the source 
capacity to meet the proposed Development Demands. 
 
 
2.3 Pumping Station Capacity 
 
The Boundary Hydraulic Pressure Zone is normally served by gravity via the 
Boundary Tank which itself is gravity fed from the Raleigh Heights wholesale 
point. 
 
The Boundary Zone can, however, also be fed by the West 7th Pump Station that 
provides full redundant service to the Boundary and West 7th hydraulic pressure 
zones from the lower Chocolate Zone.  The West 7th Pump Station has a total 
redundant pumping capacity of 500 GPM (WMP, Table 3.4) with one pump off 
line on standby power. 
 
The proposed Maximum Day Demand in the Boundary Zone is 168 GPM (Table 
3).  
 
Since the existing pumping station capacity (500 GPM) exceeds the proposed 
Maximum Day Demand (168 GPM), the SVGID system has the pumping 
capacity to meet the proposed Development Maximum Day Demands for a 
redundant service.  
 
 
2.4 Storage Capacity 
 
The Boundary and West 7th hydraulic pressure zones are served by the Boundary 
Tank that provides a total storage volume of 1.35 MG (WMP, Table 3.5).  
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The estimated required storage volume to meet the proposed demands was 
calculated and is shown below.  
 

Operational (241,200 GPD from Table 3)(0.17) =0.041 MG 
 
Emergency (104,800 GPD from Table 3)(2)   =0.210 MG 
 

 Fire (3,000 GPM for 3 Hours)1   =0.540 MG 
        

Total =0.791 MG 
 
Footnote 1. The Boundary Tank was originally designed to provide for a 
commercial Fire Flow of 3,000 GPM for 3 hours therefore the Boundary Tank 
has adequate Fire Flow storage to supply the Development Fire Flow Demands 
of 1,500 GPM for 2 hours. 

 
Since the existing storage volume (1.35 MG) exceeds the required storage volume 
(0.791 MG), the SVGID system has the storage volume capacity to meet the 
proposed Development demands.  
 
2.5 Distribution System Capacity 
 
The existing water distribution system was modeled for the existing service area 
buildout condition to verify that the existing SVGID distribution/transmission 
system and the proposed Development distribution system, independently 
constructed for each Phase 2 through 6, could meet the minimum conditions while 
providing service to the proposed Development.  
 
The hydraulic modeling was run first for Phase 2 distribution mains only to 
ensure all system conditions could be met without the benefit of looping that 
would be created in future phases. The model was then run for Phase 2+3, Phases 
2-4, Phases 2-5 and finally Phase 2-6. The results of the hydraulic modeling for 
Phases 2-6 are contained in Appendix A.  
 
The point of connection on West 7th Street can be fed by SVGID from two 
directions (via gravity from the Boundary Tank located to the north and via 
pumping from the West 7th Pump Station located to the east). The Development 
distribution system is currently only fed by a single ductile iron distribution main 
that lies along Dream Catcher Way between the point of connection at West 7th 
Street and Painted Sky Way. SVGID desires redundant mains when the customer 
count exceeds approximately 250 for redundancy. A redundant source main might  
be derived at Opal Point Drive with an emergency intertie to the existing TMWA 
system located in North Star Ranch. The capacity available from such an 
emergency intertie would have to be investigated further with TMWA with 
consideration given to the level of service desired during an emergency/abnormal 
event (i.e. the single main from West 7th becomes unavailable). The level of 
redundant service desired could range from only supplying minimal monthly 
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demands (assuming water restriction would be enacted) all the way to supplying 
full redundancy to satisfy maximum day demands plus fire. The flows and 
pressures that would be required from an emergency intertie at Opal Point Drive 
for various levels of service are summarized in Table 4. 
  

Table 4 
Emergency Intertie with TMWA at Opal Point Drive 
Minimum Flow and Pressure Delivery Requirements  

Level of Service Desired 
(Phases 1-6)

Flow, GPM Pressure, PSI 

Minimum Month  
(@ 40 psi min.) 39 50 

Average Day 
(@40 psi min.) 73 50 

Maximum Day 
(@40 psi min.) 167 50 

Maximum Day + 1500 
GPM Fire (@20 psi min) 1,667 37 

Maximum Day + 2000 
GPM Fire (@20 psi min) 2,167 42 

 
A TMWA discovery would have to be undertaken in order to determine what 
level of service could be supplied from TMWA’s existing system via an 
emergency intertie. 
 
Figure 2, page 9 illustrates the required proposed Development’s water 
distribution system for Phases 2 through 6.  It is important to note that the existing 
pressure sustaining/reducing valve located at the West 7th Pump Station pressure 
sustaining be set at 175 psi. This is only required during the higher summer time 
demands. 

 
Based upon the hydraulic model, the SVGID distribution/transmission system 
and the proposed Development distribution system have the capacity to meet the 
Maximum Day Demand plus Fire Flow (at 20 psi minimum residual pressure), 
the Maximum Day Demand (at 40 psi minimum residual pressure), and the 
Peak Hour Demand (at 30 psi minimum residual pressure). The Distribution 
system within the Ladera Development does not exceed 100 psi static pressure. 
A redundant source main should be considered via an emergency intertie with 
TMWA’s existing system located in Northstar Ranch Development providing 
that capacity exists for such an intertie. 
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	subdivision: Ladera Ranch Phases 2 to 6
	a Acreage of project site: ±266 Acres
	b Total number of lots: 294
	c Dwelling units per acre: ±1.10 du/ac
	d Minimum and maximum area of proposed lots: ±3,120 ft² minimum, ±12096 ft²  maximum
	e Minimum width of proposed lots: ±48 ft minimum 
	f Average lot size: 4,568ft²
	What utility company or organization will provide services to the development: SVGID
	b Electrical Service: NV Energy
	c Telephone Service: SBC
	d LPG or Natural Gas Service: NV Energy
	e Solid Waste Disposal Service: Waste Management
	f Cable Television Service: Charter Communications
	g Water Service: SVGID
	Acreage of common open space: ±225.7 
	slope wetlands faults springs andor ridgelines: Designated slopes: 67.66 AC 
	Range of lot sizes include minimum and maximum lot size: ±3,120 ft² minimum, ±12,096 ft²  maximum
	Proposed yard setbacks if different from standard: Front=20' to garage, 10' to building; Side=0' or 5', Rear=10'
	Justification for setback reduction or increase if requested: Common open space development
	Identify all proposed nonresidential uses: Temporary home sales office and model homes
	Improvements proposed for the common open space: Grading, detention ponds, utility access, sanitary sewer, storm-drain landscaping around subdivision
	space of the development: Please see the attached trail map and tentative map grading plan.
	to or near the property: Existing trails will be perpetuated w/the tentative map, ref. trail map
	If there are ridgelines on the property how are they protected from development: There are no ridgelines on the property.
	Will fencing be allowed on lot lines or restricted  If so how: Rear fencing facing common areas will be restricted to open view fencing.
	Identify the party responsible for maintenance of the common open space: The Homeowner's Association 
	provided: No presumed public roads on site.
	undefined_2: On
	undefined_3: Off
	Is the parcel within the Cooperative Planning Area as defined by the Regional Plan: 
	No_2: On
	were the findings: There is no need for such a study 
	Indicate the type and quantity of water rights the application has or proposes to have available: TBD 
	acrefeet per year: 
	b Certificate: TBD
	acrefeet per year_2: 
	c Surface Claim: TBD
	acrefeet per year_3: 
	d Other: TBD
	acrefeet per year_4: 
	Department of Conservation and Natural Resources: TBD 
	Describe the aspects of the tentative subdivision that contribute to energy conservation: The design of the proposed subdivision provides for passive or natural heating and cooling opportunities by orienting the homes to take advantage of prevailing breezes and southern exposure
	impacts to the species: There are no endangered species on the site (plants or animals), so, no mitigation is proposed.
	provided through the subdivision: The community will not be gated and all proposed streets will be public.
	compliance  If so which policies and how does the project comply: Yes, the site is in the Sun Valley Area Plan. SV1.3, 1.7, 4.2, 4.5, 7.1, 10.1, and 12.1
	undefined_4: There are no plan modifiers in the Sun Valley Area Plan that apply to this project. 
	plan: There are five phases proposed. The phasing map can be found on Sheet 0 in the plan set.
	Yes_2: On
	No_3: Off
	Yes_3: Off
	No_4: On
	How many cubic yards of material are you proposing to excavate on site: ±384,740 yd³
	are you balancing the work onsite: There will be ±36980 yd³ of import. With the required over ex, the site is expected to balance.
	roadways  What measures will be taken to mitigate their impacts: A  portion of the disturbed area will be visible from one or two locations along Chocolate Dr. Dust control will be in during construction, landscaping and revegetation will be implemented.
	used to prevent erosion until the revegetation is established: The cut and fill slopes will have a maximum of 3:1 slope. Landscaping and bmp's will be used to prevent erosion.
	andor revegetated: There are no berms planned for the site
	manufactured block  How will the visual impacts be mitigated: Retaining walls on the site will be a maximum of 6' tall. Multiple walls will have terraces in between walls. Multiple walls be composed of CMU. 
	size: There are 9 pine trees from 6"-30" in diameter
	intend to broadcast Will you use mulch and if so what type: Typical seed mix for revegetation at the rate prescribed by the landscape architect. 
	How are you providing temporary irrigation to the disturbed area: Drip irrigation stubbed to the common area water meter 
	you incorporated their suggestions: This is not necessary or applicable for this project. 
	Name: Ladera Ranch LLC
	Address: 5190 Neil Road, Suite 420 
	undefined: The subject properties are located approximately 400+/- south of the intersection of 7th Avenue and Dream Catcher.
	Phone: 
	Fax: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow1: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow1_2: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow2: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow2_2: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow3: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow3_2: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow4: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow4_2: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow5: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow5_2: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow6: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow6_2: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow7: 
	Street Name Requests No more than 14 letters or 15 if there is an i in the name Attach extra sheet if necessaryRow7_2: 
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	Project Name: Ladera Ranch
	Parcel Numbers: 
	Approved: 
	Date: 
	Denied: 
	Date_2: 
	Project Description: This project is a 294 lot subdivision that will serve as Phases 2 thru 6 as a continuation of Ladera Ranch subdivision.
	Project Address: No Address Assigned: It is on W 7th Street (1/2 mile west of Sun Valley Boulevard) 
	Project Area acres or square feet:  ±266.07 Acres
	Project Location with point of reference to major cross streets AND area locator: South of Ladera Ranch Phase 1. Near the intersection of E Golden Valley Rd (W 7th ) & Dream Catcher
	Assessors Parcel NosRow1: Please see attached Parcel information Table
	Parcel AcreageRow1: 
	Assessors Parcel NosRow1_2: 
	Parcel AcreageRow1_2: 
	Assessors Parcel NosRow2: 
	Parcel AcreageRow2: 
	Assessors Parcel NosRow2_2: 
	Parcel AcreageRow2_2: 
	Name_2: Summit Engineering
	Address_2: 5405 Mae Anne Ave
	Email: wroberts@lansingcompanies.com
	Email_2: Robert@summitnv.com
	Contact Person:  Will Roberts
	Contact Person_2: Robert Gelu
	Name_3: Same as above
	Name_4: KLS Planning & Design 
	Address_3: 
	Address_4: 1 East 1st Street, Suite 1400
	Email_3: 
	Email_4: Johnk@klsdesigngroup.com
	Contact Person_3: 
	Contact Person_4: John Krmpotic, AICP
	Text1: 
	Text2: 
	Text3: Reno, Nevada
	Text4: 89502
	Text5: Reno, Nevada
	Text6: 89523
	Text7: 775-825-4884
	Text8: 825-8819
	Text9: 775-747-8550
	Text10: 747-8559
	Text11: (702)-305-8638
	Text12: 
	Text13: 775-787-4331
	Text14: 
	Text15: 
	Text16: 
	Text17: Reno, NV 
	Text18: 89501
	Text19: 
	Text20: 
	Text21: 775-857-7710
	Text22: N/A
	Text23: 
	Text24: 
	Text25: 775-857-7710
	Text26:  N/A
	Applicant Name: Ladera Ranch, LLC
	Assessor Parcel Numbers: 502-700-01, 502-700-03, 502-700-06, 502-700-07, 502-250-32, 
	Owner: Off
	Corporate OfficerPartner Provide copy of record document indicating authority to sign: Off
	Power of Attorney Provide copy of Power of Attorney: Off
	Owner Agent Provide notarized letter from property owner giving legal authority to agent: Off
	Property Agent Provide copy of record document indicating authority to sign: Off
	Letter from Government Agency with Stewardship: Off
	projectdevelopment site: Yes, it helps to minimize disturbance, thus, leads toward success. Also, the earthwork will balance on-site for the areas within 100 feet of the property line with more than 10' of cut or fill from existing ground. Many areas where this modification occurs, is where the old tentative map tied in to the existing Ladera Ranch Phase 1. With this new project, modifications have been made to the plans that vary those plans but improve upon the old layout. 
	Are you proposing to mitigate the effect of the modification or reduction: Slopes will be revegetated and grading benches will be landscaped to screen the slopes.
	provide the percentage of the deviation: Section 110.438.45(c). A modification allowing finish grade slopes, within 100 feet of the property line, to vary from the natural slope by more than 10' in elevation. 
	deviation: This is not applicable. 
	varied to permit your request: Modify Section 110.438.45(c) to allow finish grades to exceed more than 10 feet in height difference from existing ground where necessary
	complying with the Development Code requirements: The unique hillside and topo conditions are such that the proposed grading is a better solution to the built environment. The proposed grading solution is common practice in similar terrain. 
	privacy decreasing pedestrian or traffic safety etc to other properties or uses in the area: A 30' buffer along the western properly line is provided to separate from the existing  North Star subdivision. The proposed grading will not have any adverse impacts to other properties.  
	of neighbors etc: Most of this development is not visible to its neighbors. A trail system will be put in place to connect to the Red Hill Open Space. All houses will have 2 or 3 car garages.
	your neighborhood: This is a unique and challenging topographic condition that needs our proposed optimized approach to develop the property. 
	Yes: Off
	No: Off
	How is your current water provided: Water is provided by SVGID 
	How is your current sewer provided: Sewer is provided by SVGID 


