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Hour 
o Exhibit 1.16: Hypothetical 

July 2015 

Maximum Discharge 
o Exhibit 2.13: 25-Year, 24-

Hour 
o Exhibit 2.14: 100-Year, 6-

Hour 
o Exhibit 2.15: 100-year, 24-

Hour 
o Exhibit 2.16: Hypothetical 

July 2015 

Maximum Velocity 
o Exhibit 3.13: 25-Year, 24-

Hour 
o Exhibit 3.14: 100-Year, 6-

Hour 
o Exhibit 3.15: 100-year, 24-

Hour 
o Exhibit 3.16: Hypothetical 

July 2015 
   

Proposed Conditions 25-year Basin/Channel Systems and Dam System 
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o Exhibit 1.17: 25-Year, 24-

Hour 
o Exhibit 1.18: 100-Year, 6-

Hour 
o Exhibit 1.19: 100-year, 24-

Hour 
o Exhibit 1.20 Hypothetical 

July 2015 

Maximum Discharge 
o Exhibit 2.17: 25-Year, 24-

Hour 
o Exhibit 2.18: 100-Year, 6-

Hour 
o Exhibit 2.19: 100-year, 24-

Hour 
o Exhibit 2.20: Hypothetical 

July 2015 

Maximum Velocity 
o Exhibit 3.17: 25-Year, 24-

Hour 
o Exhibit 3.18: 100-Year, 6-

Hour 
o Exhibit 3.19: 100-year, 24-

Hour 
o Exhibit 3.20: Hypothetical 

July 2015 
   

Proposed Conditions 100-year Basin/Channel Systems and Dam System 
Maximum Flow Depth 
o Exhibit 1.21: 25-Year, 24-

Hour 
o Exhibit 1.22: 100-Year, 6-

Hour 
o Exhibit 1.23 100-year, 24-

Hour 
o Exhibit 1.24: Hypothetical 

July 2015 

Maximum Discharge 
o Exhibit 2.21: 25-Year, 24-

Hour 
o Exhibit 2.22: 100-Year, 6-

Hour 
o Exhibit 2.23: 100-year, 24-

Hour 
o Exhibit 2.24: Hypothetical 

July 2015 

Maximum Velocity 
o Exhibit 3.21: 25-Year, 24-

Hour 
o Exhibit 3.22: 100-Year, 6-

Hour 
o Exhibit 3.23: 100-year, 24-

Hour 
o Exhibit 3.24: Hypothetical 

July 2015 
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1 INTRODUCTION 

1.1 PROJECT PURPOSE 
The Johnson Lane Area Drainage Master Plan (JLADMP) is encapsulated by three primary objectives:  

First – evaluate and identify flooding and sedimentation hazards within the Johnson Lane community by 

implementing a work plan which includes data collection, review of previous studies, information 

gathering from public agencies and local residents, hydrologic and hydraulic modeling, geomorphic 

assessments, topographic mapping, and field surveys.  Second – develop a series of alternatives to 

either partially or wholly mitigate the hazards identified in the first objective.  Third – provide public 

outreach of the project through a series of public meetings to inform the public of the existing hazards 

and to present the mitigation alternatives.   

Each major task of the project is presented herein with a description of the technical approach, analysis 

results, interpretation of results, and applicability to the overall project purpose.  The results of this 

study can be used as a planning tool and as input to the design of potential future drainage 

infrastructure and flood mitigation measures that are appropriate for the physical environment for both 

existing and future development.   

1.2 PROJECT LOCATION 
The JLADMP study area is 27 square miles in size and is located on the eastern slopes above the Carson 

River Valley between Minden and Carson City.  The entire study area is within unincorporated Douglas 

County and is bounded to the north by the Hot Springs Mountains, to the east by the Pine Nut 

Mountains, to the south by Sunrise Pass Wash, and to the west by Heybourne Road (Figure 1-1).   

The unincorporated Johnson Lane community comprises approximately 12 square miles of private land 

located north of the Minden-Tahoe Airport and east of U.S. Highway 395.  The community is bounded to 

the north and east by U.S. Bureau of Land Management (BLM) lands.   
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Figure 1-1. Study area vicinity map 
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1.3 PREVIOUS STUDIES 
Throughout the study, various type of reports and studies were collected.  These included drainage 

reports for local subdivisions, regional flood control feasibility studies, a transportation study, and many 

others.  A summary of the different types of reports are summarized in the following sections. 

1.3.1.1 Subdivision Drainage Reports 

Several drainage reports and drainage studies were collected by Douglas County.  The documents were 

used in in the development of the existing conditions two-dimensional model (Section 4).  The 

documents provided information on the location and design plans for drainage facilities throughout the 

Johnson Lane area.  All the collected drainage reports are included in the digital appendix (Appendix C).  

Table 1-1 lists the collected documents.   

 

Table 1-1. Collected subdivision drainage reports, drainage studies, and design plans 

Title Author Date Subdivision 

Drainage Reports and Drainage Studies 

South Santa Barbara 
Drive Hydraulic 
Calculations 

Sierra Resource 
Engineering, Inc. 

8/31/1984 Saratoga Springs Estates 

Hydrologic and Hydraulic 
Study of Saratoga Springs 
Estates 

Thiel, Winchell & 
Associates 

11/30/1987 Saratoga Springs Estates 

Saratoga Springs Estates 
Unit 2 Hydrologic & 
Hydraulic Analysis Misc. 
Data 

Thiel, Winchell & 
Associates 

3/10/1993 Saratoga Springs Estates 

Saratoga Springs Estates 
Phase III Technical 
Drainage Study 

Thiel Engineering 
Consultants 

4/27/1998 Saratoga Springs Estates 

Saratoga Springs Estates 
Unit IV Technical 
Drainage Study 

Western Engineering & 
Surveying Services 

8/18/1999 Saratoga Springs Estates 

Saratoga Springs Estates 
Unit IV Technical 
Drainage Study 
Addendum 

Western Engineering & 
Surveying Services 

9/22/1999 Saratoga Springs Estates 

Technical Drainage Study, 
Saratoga Springs Estates 
Unit V 

Western Engineering & 
Surveying Services 

2/1/2001 Saratoga Springs Estates 

Technical Drainage Study, 
Saratoga Springs Estates 
Unit 6 

Western Engineering & 
Surveying Services 

1/25/2002 Saratoga Springs Estates 

Technical Drainage Study, 
Saratoga Springs Estates 
Unit 7 

Western Engineering & 
Surveying Services 

3/31/2003 Saratoga Springs Estates 

Technical Drainage Study, 
Saratoga Springs Estates 
Unit 8 

Western Engineering & 
Surveying Services 

3/9/2004 Saratoga Springs Estates 
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Title Author Date Subdivision 

Preliminary Drainage 
Study for the Skyline 
Ranch II 

Western Engineering & 
Surveying Services 

3/28/1995 Skyline Ranch II 

Technical Drainage Study 
Skyline Ranch Phase II 

Western Engineering & 
Surveying Services 

10/3/2002 Skyline Ranch II 

Addendum Technical 
Drainage Study Skyline 
Ranch Phase II 

Western Engineering & 
Surveying Services 

3/17/2003 Skyline Ranch II 

Technical Drainage 
Analysis for Skyline Ranch 
Phase III 

Western Engineering & 
Surveying Services 

7/16/2004 Skyline Ranch III 

Design Plans 

Wildhorse Subdivision 
Improvements, Unit 1 

Thiel, Winchell & 
Associates, Inc. 

3/14/1988 Wildhorse 

Wildhorse Subdivision 
Improvements, Units 2-3 

Thiel, Winchell & 
Associates, Inc. 

8/31/1989 Wildhorse 

Wildhorse Subdivision 
Improvements, Unit 4 

Thiel, Winchell & 
Associates, Inc. 

5/10/1990 Wildhorse 

Wildhorse Subdivision 
Improvements, Unit 5 

Thiel, Winchell & 
Associates, Inc. 

7/9/1992 Wildhorse 

Wildhorse Annex 
Subdivision 
Improvements 

Thiel, Winchell & 
Associates, Inc. 

6/28/1993 Wildhorse 

Wildhorse Subdivision 
Improvements, Unit 6 

Thiel, Winchell & 
Associates, Inc. 

9/8/1993 Wildhorse 

Saratoga Springs Estates 
Improvements 

Sierra Resource 
Engineering, Inc. 

9/23/1994 Saratoga Springs Estates 

Saratoga Springs Estates 
Improvements, Unit 2 

Sierra Recourse 
Engineering, Inc. 

2/21/1994 Saratoga Springs Estates 

Saratoga Springs Estates 
Improvements, Unit 3 

Thiel Engineering 
Consulting 

2/8/1999 Saratoga Springs Estates 

Saratoga Springs Estates 
Improvements, Unit 4 

Western Engineering & 
Surveying Services 

11/22/1999 Saratoga Springs Estates 

Saratoga Springs Estates 
Improvements, Unit 5 

Western Engineering & 
Surveying Services 

8/20/2001 Saratoga Springs Estates 

Saratoga Springs Estates 
Improvements, Unit 6 

Western Engineering & 
Surveying Services 

11/28/2002 Saratoga Springs Estates 

Saratoga Springs Estates 
Improvements, Unit 7 

Western Engineering & 
Surveying Services 

10/28/2003 Saratoga Springs Estates 

Saratoga Springs Estates 
Improvements, Unit 8 

Western Engineering & 
Surveying Services 

12/29/2004 Saratoga Springs Estates 

Saratoga Springs Estates 
Improvements, Unit 1 

Thiel, Winchell & 
Associates 

Unknown Saratoga Springs Estates 

As Built Improvement 
Plans for Skyline Ranch 
Phase I 

Western Engineering & 
Surveying Services 

3/2000 Skyline Ranch I 

Improvement Plans for 
Skyline Ranch Phase III 

Western Engineering & 
Surveying Services 

9/14/2004 Skyline Ranch III 

Skyline Ranch HOA 
Drainage Repair Project 

Farr West Engineering 8/14/2015 Skyline Ranch II 
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1.3.2 Johnson Lane Park Master Plan (2001) 

In 1996 the Douglas County Parks and Recreation Department initiated an inquiry with the U.S. Bureau 

of Land Management (BLM) to acquire public land to expand the then 21-acre Johnson Lane Park 

located adjacent to Stephanie Lane.  As part of the land acquisition, BLM required Douglas County to 

establish a Master Plan for the additional 54 acres being requested.  The Master Plan was prepared by 

DESIGNWorkshop and outlined the proposed park development process, presented a site analysis, and 

developed a concept Master Plan with a cost and schedule.  The total cost of all proposed improvements 

to the park were estimated to be just under $6 million.  Buckbrush Wash bisects the north and south 

portions of the proposed park.  The following excerpt from the Master Plan addresses drainage for the 

proposed park: 

The Master Plan recognizes the need to control storm event runoff, and has 

accommodated this by creating a landscape zone that is riparian in character.  Flash 

flood mitigation is provided through ephemeral detention ponds and grading of the 

multi-purpose playing fields to assimilate overland sheet flow flooding.  Pedestrian 

access across Buck Brush Wash is provided through a timber bridge connecting the 

north and southern areas.  p.14 

The Master Plan does not specify whether a formal drainage plan was conducted to compute 

offsite flows, or for what magnitude flooding event the park facilities were designed.  It is 

recommended that the park Master Plan be updated considering drainage information that 

has been developed by this ADMP before any future park improvements are initiated.  As of 

the date of this report, approximately 5 acres of the 75 total acres have been developed.   

1.3.3 Geologic Evaluation of Alluvial Fan Flood Hazards on Lower Buckbrush Wash (2001) 

The Buckbrush Flood Safety Coalition capped a five-year study of flooding issues related to Buckbrush 

Wash by engaging Dr. Kyle House, then a research geologist with the Nevada Bureau of Mines and 

Geology, to conduct a geologic hazards assessment of the system.  The study included surficial geologic 

mapping, and interpretations on the potential flooding hazards from Buckbrush Wash, Johnson Lane 

Wash, Sunrise Pass Wash, and Airport Wash (outside of the JLADMP study area).  The study concluded 

with a map classifying potential flooding hazards from low to high (Figure 1-2).  The results from the 

House (2001) study were used to help verify and calibrate the results of the existing conditions two-

dimensional modeling for the JLADMP.   
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Figure 1-2. Relative flood hazard mapping, from House (2001)  
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1.3.4 Smelter Creek Regional Flood Control Project-Feasibility Engineering Study, RO Anderson 

Engineering, Inc. (2015) 

RO Anderson conducted an engineering study for the Carson Water Subconservancy District with the 

purpose of exploring the feasibility of constructing a flood control facility on Smelter Creek in order  to 

protect the Ruhenstroth subdivision, which is located in the southern parts of Carson Valley, Douglas 

County, Nevada.  The study resulted in the conceptual design of a dam to be located on BLM land.  The 

proposed flood control structure had two alternatives.  One would provide 202.5 acre-feet of storage, 

while the other alternative would provide 176.8 acre-feet of storage.  The study determined that the 

designed structure would be classified as a High Hazard Dam by the Nevada Division of Water 

Resources-Division of Dam Safety.  As a result, the design criteria would need to include the safe 

passage of the ½ Probable Maximum Flood (PMF) through the spillway with three feet of freeboard 

before overtopping of the dam crest.   

1.3.5 Stephanie Way Flood Control Project-Feasibility Engineering Study, RO Anderson Engineering, Inc. 

(2016) 

RO Anderson conducted an engineering study for the Carson Water Subconservancy District with the 

purpose of exploring the feasibility of constructing a flood control facility upstream of Romero Drive to 

mitigate flooding to the downstream neighborhood.  The study resulted in the conceptual design of a 

single flood control reservoir to be located on BLM land.  The proposed reservoir provides 28.1 acre-feet 

of storage below the spillway and dam crest height at 19 feet above the channel elevation.  The 

structure was designed to release no more than the 10-year peak discharge.  The study determined that 

the designed structure would be classified as a High Hazard Dam by the Nevada Division of Water 

Resources-Division of Dam Safety.  As a result, the design inflow criteria would need to include the ½ 

Probable Maximum Precipitation storm event, which is  the rainfall event used to determine the ½ PMF 

flow rate for spillway design.   

1.3.6 Douglas County Transportation Plan (2016) 

Douglas County contracted with Parsons Transportation Group, Inc. in 2015 to update the county 

Transportation Plan, which was originally prepared in 1993 and revised in 1996 and 2007.  The 

Transportation Plan accounts for potential future growth within Douglas County and recommends 

transportation infrastructure improvements to meet the growth demand.  The plan is county-wide, but 

does have specific elements that directly impact the Johnson Lane community.  Four transportation 

network improvements within Johnson Lane are outlined in the plan and shown in Figure 1-3: 

• Heybourne Road arterial extension from Johnson Lane north to the county boundary. 

• Extensions for the East Valley Road collector from Freemont Street to Johnson Lane and from 

just north of Fremont Street to the East Valley Road and Johnson Lane intersection. 

• Extension of the Vicky Lane minor collector from North Santa Barbara Drive to the county 

boundary. 

• A new principal arterial extending from U.S. 395 in Gardnerville through the foothills of the Pine 

Nut Mountains and Hot Springs Mountains to the county boundary.   

It is recommended that any future transportation improvements within the ADMP study area include 

drainage elements using information from this ADMP.   
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Figure 1-3. Douglas County Roadway Network Functional Classifications, from Parsons (2016) 
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1.3.7 Flood Insurance Study (Revised 2016) 

The existing Flood Insurance Study (FIS) for the Johnson Lane area was revised in June 2016.  Previous 

revision to the FIS were:  

• April 1994 

• June 1997 

• November 1999 

• January 2010 

The purpose of the 2016 FIS revisions were to integrate new hydrologic and hydraulic modeling 

conducted by Kimley-Horn for Buckeye Creek, Buckbrush Wash, Johnson Lane Wash, and Airport Wash 

into the Flood Insurance Rate Maps (FIRM).  The hydrologic modeling for the Kimley-Horn study was 

done using the software package HEC-HMS, and the hydraulic modeling was done using the software 

package FLO-2D (v.2009.06).  Many elements of the HEC-HMS model developed for the 2016 FIS were 

used directly in the development of the JLADMP hydrologic model (see Section 3).  Figure 1-4 shows the 

effective Federal Emergency Management Agency (FEMA) flood zones from the 2016 FIS.  Table 1-2 lists 

the descriptions for each flood zone within the JLADMP study area.   

 

Table 1-2. FEMA flood zones within the JLADMP study area 

Flood Zone Definition Flooding Type 
Recurrence 

Interval 

A No base flood elevation is provided. Riverine 1% chance 

AE Base flood elevation is provided. Riverine 1% chance 

AH 
Shallow flooding or ponding.  Base flood 
elevation is provided. 

Riverine 1% chance 

AO 1 Shallow flooding; depth 1 foot. Riverine 1% chance 

AO 2 Shallow flooding; depth 2 feet.  Riverine 1% chance 

AO 3 Shallow flooding; depth 3 feet.  Riverine 1% chance 

X Flooding depths less than 1 foot. Riverine 1% chance 

500-year Flooding outside the SFHA Riverine 0.2% chance 
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Figure 1-4. Effective FEMA flood zones 
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2 WATERSHED SETTING 

2.1 HYDROLOGIC SETTING 
Flooding sources to the Johnson Lane community are the Hot Springs Mountains to the north and the 

Pine Nut Mountains to the east.  Twelve watercourses that drain to the community were identified for 

analysis in this study (Figure 2-1).  Table 2-1 lists each watercourse and its approximate drainage area 

upstream of the Johnson Lane community. 

 

Table 2-1. Contributing watercourses to the Johnson Lane community 

Watercourse Source 
Drainage Area                                             
(square miles) 

Unnamed Wash A Hot Springs Mountains 0.2 

Southwest Wash Hot Springs Mountains 0.2 

South Central Wash Hot Springs Mountains 0.4 

Southeast Wash Hot Springs Mountains 0.5 

Buckbrush Wash 
Hot Springs Mountains                                                        

and                                                     
Pine Nut Mountains 

4.3 

Romero Wash Pine Nut Mountains 0.3 

Stephanie Wash Pine Nut Mountains 0.4 

Chowbuck Wash Pine Nut Mountains 0.3 

Skyline Wash Pine Nut Mountains 0.2 

Johnson Lane Wash Pine Nut Mountains 9.7 

Unnamed Wash B Pine Nut Mountains 0.4 

Sunrise Pass Wash Pine Nut Mountains 0.9 

Total 17.8 

 

 

Topographic relief within the study area is mild with elevations ranging from 4,659 feet at the northern 

limit of Heybourne Road (near the wastewater treatment plant) to 7,352 feet in the Pine Nut Mountains 

(Johnson Lane Wash watershed).  Detailed hydrologic characteristics of each watershed are discussed in 

Section 3. 
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Figure 2-1. Study watercourses 
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2.2 GEOLOGIC SETTING 
The Johnson Lane community is built on a piedmont landform which is defined as the sloping surface at 

the base of a mountain or mountain range.  Piedmont surfaces are frequently desired for development 

because of their shallow slopes and relative position above the adjacent valley river floodplain.  

Piedmont flooding hazards are unique from riverine flooding hazards and are often less understood and 

not properly addressed when designing community infrastructure.  Piedmont flooding is often 

characterized by distributary flow, meaning that flow diverges in the downstream direction.  This is 

opposite of riverine flow which remains within a single channel (e.g., Carson River).  Distributary flow is 

less predictable as flow can change direction and magnitude as it moves downstream.  Piedmonts can 

be either steep or shallow sloping, and are often comprised of alluvial fan landforms.  Alluvial fans are 

defined as an aggrading surface located at a topographic break where long-term channel migration 

becomes significantly less confined than upstream of the break.  Active alluvial fans are subject to some 

degree of flowpath uncertainty during flood events and are generally characterized by a distributary 

drainage network that becomes shallower in the downstream direction.  They are a depositional 

landform meaning they accumulate sediment over time which can exacerbate flowpath uncertainty.   

The Pine Nut Mountains and Hot Springs Mountains piedmont upon which the Johnson Lane community 

is built ranges in slope from four percent near the mountain fronts to less than one percent at 

Heybourne Road (Figure 2-2).  There is a fairly distinct slope break from 3-4 percent to less than two 

percent near the north-south Kayne Avenue alignment.  Such breaks often result in an abrupt change in 

flooding patterns and deposition of sediment.   
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Figure 2-2. Study area slope map 
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2.2.1 Geologic Mapping 

The Nevada Bureau of Mines and Geology (NBMG) has completed geologic mapping for the JLADMP 

study area (Table 2-2).  Figure 2-3 shows the piedmont landform mapping within the Johnson Lane 

community.  Table 2-3 lists the geologic units and descriptions within the community area.   

 

Table 2-2. Published geologic maps for the JLADMP study area 

Geologic Map Scale Authors Year 

Preliminary Geologic 
Map of the McTarnahan 
Hill Quadrangle, Douglas 
County, NV 

1:24,000 
Garside, L., and J.G. 

Rigby 
2009 

Geologic Map of the 
Genoa Quadrangle 

1:24,000 Pease, R.C.  1980 

 

Table 2-3. Geologic units for the JLADP piedmont landform 

Geologic 
Unit 

Name Age Description 

Qa Alluvium Holocene1 

Alluvium occurring along small, normally dry streams and on 
localized portions of some fan surfaces. Unconsolidated, poorly 
bedded, poorly to moderately sorted sand and gravelly sand 
deposited as sheetwash and wash alluvium in Holocene and 
modern channels. Soil development weak to nonexistent, 
consisting of a thin, weak, gray-brown, sandy A horizon where 
present. 

Qs 
Eolian sand 
deposits 

Holocene – late 
Pleistocene2 

Deposits of windblown sand occurring as widespread sheets 
and dunes in valley and other low-lying areas, and as small 
irregular patches in the foothills of the Pine Nut Mountains. 
Unconsolidated, moderately sorted, generally fine to medium 
subrounded sand. Sand consists primarily of quartz, with a 
variable admixture of rock fragments and other resistant 
mineral grains such as hornblende and minor magnetite. 
Occurs in the form of a sheet of sand forming a veneer over 
much of the eastern side of Carson Valley and the lower slopes 
of the Pine Nut Mountains and western foothills. Sand sheet 
thickness varies from a few centimeters to a few meters locally. 
Generally mapped where thickness exceeds 20 cm. Occurs also 
as a series of stabilized (vegetated) longitudinal dunes in the 
large lowland area east and northeast of Hot Springs Mountain. 
Dunal area appears to be continuous with surrounding area of 
sheet sands. Occurs also as thin, irregular patches of sand 
generally along, and at the heads of dry washes and small 

                                                           
1 Holocene geologic Epoch = 10,000 years before present 
2 Pleistocene geologic Epoch = 1.8 million years to 10,000 years before present 



  

 

16 Johnson Lane Area Drainage Master Plan 

Geologic 
Unit 

Name Age Description 

channels on the western slopes and foothills of the Pine Nut 
Mountains. Rock outcrops in the vicinity of areas of sand are 
locally polished and grooved; the grooves indicate a northeast 
sand-transport direction. Soil development is minimal, 
consisting of a thin horizon of pale-brown to brown-gray sand a 
few centimeters thick. 

Qaf 
Alluvial fan 
deposits 

Holocene 

Unconsolidated to weakly consolidated, poorly to moderately 
sorted sand and gravelly sand occurring as relatively small fan-
shaped constructional deposits along steeper slopes of Hot 
Springs Mountain and elsewhere in the quadrangle. Gravel 
clasts subangular to subrounded and lithologically similar to 
nearby bedrock. Soil development minimal, consisting of a 
sandy to gravelly pale-brown A horizon up to 20 cm thick. 

Qpo 
Pediment 
deposits, 
older 

Early-Late 
Pleistocene 

Deposits of unconsolidated poorly sorted gravel, sand, and silt 
forming veneers on erosion surfaces cut into older alluvial 
deposits or bedrock. Gravel clasts predominantly subrounded 
and consist of various lithologies, including Mesozoic 
granodiorite, aplite, metavolcanic rocks, and generally lesser 
amounts of Mesozoic microdiorite, argillite, and other 
lithologies. Deposits are moderately dissected and occur on 
topographically higher slopes along the west side of the Pine 
Nut Mountains and foothills in the southern part of the 
quadrangle. Typically formed on top of poorly consolidated 
Tertiary sedimentary rocks (Tsl). Soils generally thin (<50 cm) 
but contain a welldeveloped, brown to yellowish-brown, argillic 
B horizon up to 40 cm thick. 

Qpr 
Old alluvium 
of the Pine 
Nut Range 

Early-Mid 
Pleistocene 

Unconsolidated, poorly to moderately sorted deposits of sandy 
fine gravel and gravelly fine to coarse sand (Pease, 1980). 
Occurs in eastern part of Carson Valley, underlying a thin and 
irregular veneer of eolian sand (Qs) in the southwestern part of 
the map area. Alluvium derived from Pine Nut Mountains. Soils 
relatively deep and well developed, consisting of a light-
brownish-gray or pale-brown sandy A horizon up to 20 cm 
thick, overlying a brown, clay-rich B horizon. 
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Figure 2-3. NBMG geologic mapping 
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The overall geologic context of the Johnson Lane community provides insight into the flooding and 

sedimentation issues the community has experienced.  Much of the community is built on an alluvial fan 

landform (Qaf) which is subject to unique flooding hazards as discussed at the beginning of this Section.  

As of the date of this report, infrastructure to control flowpath uncertainty at the alluvial fan apex had 

not been established. 

In addition to the geomorphic landforms, the abundance of available sediment within the watershed is a 

unique characteristic.  The mapped geologic unit Qs (Eolian sand deposits) as shown in Figure 2-3 

comprised much of the slopes of the Hot Springs mountains and extends well-into the Pine Nut 

Mountains.   The deposits are composed of unconsolidated, moderately sorted, generally fine to 

medium subrounded sand and have been accumulating in the watersheds for at least the past 10,000 

years (Garside et al., 2009).  The source of the deposits is not described in the geologic maps; however, 

the most likely source is flood deposits from the Carson River floodplain.  When the Carson River 

experiences large flood events, much of natural floodplain is inundated.  Suspended sediment entrained 

by the flood is deposited in the floodplain.  In the weeks and months following the flooding, the 

sediment is picked up and carried by the prevailing winds and deposited on the slopes of the 

surrounding mountains.  Because the eolian sand is unconsolidated and is fine to medium in size, it is 

easily transported downstream from the mountain slopes during flood events.  Changes in slope and/or 

obstructions in the path of the flood flows result in the deposition of the sand throughout the Johnson 

Lane community.  The thick accumulation of sand on the mountain slopes provides a near endless 

supply that will impact the Johnson Lane area for the foreseeable future unless infrastructure is put in 

place to mitigate the issue.   

2.3 HISTORICAL FLOW PATH ASSESSMENT 
Understanding the historical evolution of a geomorphic system is critical to understanding present-day 

processes and predicting future trends.  Natural systems can take hundreds of thousands of years to 

develop, and their morphology is a direct reflection of this long-development period.  Anthropogenic 

modifications to a natural system often result in abrupt changes that can be managed for a brief period, 

but quite often the disturbed system will trend back to its natural condition, despite man’s efforts to 

change and maintain it.   

A historical flow path assessment was conducted for the JLADMP study area to assess the natural 

flowpaths of the study watercourses with the goal that understanding the natural flowpaths will aid in 

understanding the current flooding patterns and potential future flooding trends.   

2.3.1 Aerial Photography 

Historical aerial photography that pre-dates the development of the Johnson Lane area was collected 

and semi-rectified using ArcGIS software tools.  The natural flow paths for the project watercourses 

were identified and delineated from the photography.  Figure 2-4 shows a comparison of 1954 aerial 

photography with modern photography. 

2.3.2 Topographic Mapping 

Aerial photography is generally the most useful in identifying historical flowpaths for areas where 

watercourses are characterized by a single channel landform.  In areas where the channels become less 



  

 

19 Johnson Lane Area Drainage Master Plan 

defined or when they transition to a distribution system, historical aerial photography can be less 

reliable in identifying flowpaths.  Topographic mapping can be the best tool to identify flowpaths in 

distributary and alluvial fan areas.  Historical U.S. Geological Survey (USGS) topographic maps dated 

1967 were collected for the study area and used with the aerial photography to interpret the historical 

locations of the project watercourses (Figure 2-5 and Figure 2-6).   
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Figure 2-4. Historical aerial photograph comparison 
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Figure 2-5. Historical flowpaths on 1954 photography 
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Figure 2-6. Historical flowpaths on 2015 photography 
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3 HYDROLOGIC MODELING 

3.1 METHOD DESCRIPTION 
All off-site hydrologic modeling was completed using the U.S. Army Corps of Engineers Hydrologic 

Modeling System (HEC-HMS) software package (version 4.2) (USACE, 2016).  The HEC-HMS modeling 

was used to generate inflow hydrographs for the detailed on-site FLO-2D two-dimensional hydraulic 

modeling (see Section 4).  HEC-HMS was selected for use in the upper watershed areas that are 

generally characterized by tributary channel patterns and one-dimensional flow.  One-dimensional 

rainfall-runoff models, like HEC-HMS, are highly efficient and well-established for computing hydrology 

in tributary flow areas.   

3.1.1 Existing Study 

A Flood Insurance Study (FIS) was recently completed for Douglas County, Nevada (FEMA, 2016), and 

included the JLADMP study area.  The HEC-HMS models from the FEMA study were reviewed and 

incorporated directly into the JLADMP study.  Figure 3-1 shows the subbasin delineations from the 

FEMA study that are within the JLADMP watershed boundary.  Since the FEMA models included the 

Green and Ampt infiltration method, they were readily compatible with the JLADMP FLO-2D modeling 

(e.g., the Green and Ampt method was used for both models).   

3.2 SUBBASIN DEVELOPMENT 
The existing subbasin delineations from the FEMA study were reviewed and found to adequately define 

the drainage areas for JLADMP, and were therefore not modified for this study.  The FEMA study HEC-

HMS model included subbasins throughout the entire Johnson Lane community (see Figure 3-1).  For 

this study, only the subbasins upstream of the FLO-2D modeling area were used.  Figure 3-2 shows the 

FEMA study HEC-HMS subbasins that were used to generate inflow hydrographs for the JLADMP FLO-2D 

model.   

3.3 BASIN CHARACTERISTICS 
The general basin characteristics, such as surface storage (or initial abstraction) from the FEMA study 

were reviewed and found to adequately characterize the watershed.  Therefore, no basin characteristics 

were changed from the FEMA study, except for a few infiltration parameters that are outlined in Section 

3.5. 
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Figure 3-1. Subbasins from the FEMA study within the JLADMP study area 
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Figure 3-2. Subbasins used for inflow hydrographs 
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3.4 PRECIPITATION DEVELOPMENT 

3.4.1 25-year and 100-year, 24-hour Storms 

The 10-, 25-, 50-, 100-, and 500-year recurrence interval, 24-hour storm events were simulated in the 

FEMA study.  The FEMA model included precipitation values from NOAA Atlas 14 data, which is the 

standard of practice for FEMA floodplain delineation studies.  The Douglas County Design Criteria and 

Improvements Standards (2017) specify that storm drains and other drainage facilities be designed to 

convey the 25-year, 24-hour recurrence interval design storm.  For compliance with these standards, the 

25-year, 24-hour storm from the FEMA model was incorporated directly into the JLADMP HEC-HMS 

model.  The Douglas County manual also specifies that the 100-year, 24-hour recurrence interval design 

storm be used under certain situations described in the manual, therefore, the 100-year, 24-hour storm 

was also integrated in the JLADMP HEC-HMS model.   

3.4.2 Storm Events of July 8-9, 2015 

During the summer of 2015, two large magnitude, short duration storm events occurred in the JLADMP 

study area on the eighth and ninth of July.  The data from these storms were collected and investigated 

to determine their intensity and magnitude, and to provide guidance on how the watershed responds to 

shorter duration storm events.  The outcome of this investigation was used to pick a shorter duration 

storm event to model in both HEC-HMS and FLO-2D. 

There are four rain gages located near or within the JLADMP study area (Figure 3-3).  The raw data from 

these gages were collected from the MesoWest database operated by the University of Utah (2017).  

This raw data is shown in Figure 3-4.  The figure also shows a graph of precipitation accumulated over 

the previous 24 hours for each of the four gages.  This means that precipitation is only falling when the 

data points are increasing in time.  The data indicates gages D9477 and D8590 had the largest rainfall 

amount.  Parsing the raw data, the incremental rainfall from both these gages can be calculated (shown 

in Figure 3-5) to explicitly show which station had the more intense storm event.  From this data, gage 

D9477 shows the more intense storm but a smaller total rainfall than gage D8590.  
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Figure 3-3. Rain gages located near the study area 
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Figure 3-4. Raw rainfall data from four gages near the study area. 

 

Figure 3-5. Incremental rainfall from July 8-9, 2015 
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To incorporate the gage D9477 data into HEC-HMS, a hypothetical distribution was modeled.  The more 

intense distribution from gage D9477 was combined with the higher total rainfall (1.58 inches) from 

gage D8590.  This conservative hypothetical distribution was used as guidance to simulate an additional 

potential storm event other than the 25-year and 100-year for the JLADMP watershed.   

3.4.3 100-year 6-hour Storm 

Based on the analysis of the 2015 storm data, the event had a similar maximum intensity but a smaller 

total rainfall than the NOAA Atlas 14 100-year, 6-hour storm.  Therefore, the 100-year, 6-hour model 

was added to the JLADMP HEC-HMS model. 

The 100-year, 6-hour storm data was developed by downloading the latest NOAA Atlas 14 images then 

calculating the basin average rainfall for each basin.  The 6-hour pattern 1 distribution from the Flood 

Control District of Maricopa County (FCDMC) (2013b) was used as the temporal distribution based on 

comparisons with the distribution from the July 2015 storm events (Figure 3-6).  From this comparison, 

the most intense portions of the synthetic distributions are comparable to the 2015 storms, but the 

synthetic storms have a much larger duration.  Based on this data, the 100-year, 6-hour model was 

chosen to show how the watershed responds to shorter duration storms. 

 

 

 

Figure 3-6. Comparison of various temporal distributions 
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3.5 INFILTRATION DEVELOPMENT 
In a HEC-HMS model that uses the Green and Ampt infiltration methodology, there are five parameters 

that need to be developed:  

1) Initial water content 

2) Saturated water content 

3) Wetting front suction in inches (PSIF) 

4) Saturated hydraulic conductivity in inches per hour (KSAT) 

5) Percent impervious 

The 2016 FEMA study included all these parameters in the HEC-HMS model; and in general, were 

reviewed for this study and were found to be adequately represented.  As part of the review, the most 

recent soils data were downloaded from the Web Soil Survey website (NRCS, 2017).   

One part of this soils data is the hydrologic soil group classification (HSG).  This classification provides 

general information about how well the soil transmits water through infiltration.  The HSG information 

provides a baseline from which to compare the previously developed parameters.  The HSG 

classification for the study area is shown in Figure 3-7. 

Based on the comparison to the general HSG parameters in NRCS (2007) and preliminary FLO-2D results, 

it was determined that the original KSAT values from the FEMA study might be too high (shown in Figure 

3-8).  However, before adjusting the KSAT values, a reasonable range must be identified.   

Since a large portion of the watershed is not limited by an impermeable soil layer (e.g., the depth to an 

impermeable layer is greater than 40 inches or 3.33 feet, see Figure 3-9), the ranges shown in Table 3-1 

were considered reasonable for each HSG.  These ranges were used to adjust the original KSAT values.   

The maximum hydraulic conductivity was capped at 1.42 inches per hour for HSG A, while the minimum 

was set at 0.06 inches per hour.  When the Web Soil Survey specified a range for the HSG, an average of 

the maximum and minimum were used for that group.  Finally, when a soil was classified in two groups 

(e.g., C/D), the first group was used set the KSAT value.  However, this situation occurred outside the 

study area and did not affect the results.  Equations 7.8 and 7.9 from the Mohave County Drainage 

Manual (2012) was used to calculate a new wetting front suction (PSIF).  The final adjusted parameters 

(KSAT and PSIF) are shown in Table 3-2 with the KSAT shown graphically in Figure 3-10. 
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Figure 3-7. Hydrologic soil group, from NRCS soils data (2017) 
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Figure 3-8. Base saturated hydraulic conductivity (KSAT) used in the FEMA stud HEC-HMS modeling 
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Figure 3-9. Depth to restrictive (or impermeable) layer (NRCS, 2017) 
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Table 3-1. Saturated hydraulic conductivity when an impermeable layer exists deeper than 40 inches, from NRCS (2007) 

 

 

 

 

 

 

 

Table 3-2. Saturated hydraulic conductivity (KSAT) and wetting  
front suction (PSIF) by hydrologic soil group for this study 

 

 

 

HSG KSAT (in/hr) PSIF (in) 

A 1.420 3.138 

B 1.000 4.623 

C 0.320 8.658 

C/D 0.320 8.658 

D 0.060 11.005 
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Figure 3-10. Final saturated hydraulic conductivity used in HEC-HMS models for this study 
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3.6 RESULTS 
The HEC-HMS results (both peak discharge and volume) are summarized in Table 3-3 (Note: Table 3-3 

includes results for all FEMA study subbasins within the JLADMP study area.  The table indicates which 

upper watershed subbasin results were used in this study). A graphical comparison of the hydrographs 

at HMS ID J230 (the outflow for Johnson Lane Wash) is shown in Figure 3-11.  Finally, a comparison of 

the HEC-HMS results, the regression equations and the maximum peak discharges of record for gaged 

sites in the Eastern Sierras Region 5 is shown as Figure 3-12.  

 

 

Table 3-3. HEC-HMS modeling results 

HMS ID 

Drainage 
Area 

25-year 24-hour 100-year 24-hour 100-year 6-hour 
Hypothetical July 2015 

Storm 

Peak 
Discharge 

Volume 
Peak 

Discharge 
Volume 

Peak 
Discharge 

Volume 
Peak 

Discharge 
Volume 

(mi2) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) 

Subbasin Data Used in the JLADMP 

NW120 1.777 152.9 38.4 308.1 77.7 381.6 95.7 232.9 54.4 

NW100 1.379 76.3 22.0 180.1 52.2 221.3 63.8 142.1 36.7 

NW110 1.024 104.6 39.0 199.6 83.5 218.0 63.4 134.8 34.9 

J120 4.180 328.4 99.3 679.2 213.3 811.5 222.8 505.4 126.1 

NW130 0.915 31.6 7.8 102.6 25.3 128.0 31.5 83.0 19.2 

J130 5.095 359.5 107.1 780.1 238.7 936.7 254.4 586.4 145.2 

R130 5.095 358.6 107.1 778.6 238.7 935.8 254.4 583.5 144.2 

NW140 1.027 93.5 18.2 209.6 41.0 252.5 49.0 164.6 31.4 

J140 6.121 432.2 125.3 946.5 279.7 1135.8 303.4 715.4 175.6 

R140 6.121 432.2 125.3 944.5 279.8 1134.4 303.5 712.7 171.3 

NW150 1.582 118.1 30.7 245.7 64.3 297.9 77.4 199.3 48.0 

J150 7.704 534.8 156.1 1171.5 344.1 1410.0 380.9 900.0 219.3 

Reach-1 7.704 534.6 156.1 1170.0 344.1 1408.6 380.9 895.4 214.1 

NW170 0.668 26.7 6.1 80.8 18.5 98.3 22.4 74.2 16.4 

J170 8.372 552.3 162.2 1229.5 362.6 1482.4 403.3 949.0 230.4 

R170 8.372 551.5 162.2 1228.7 362.5 1481.1 403.2 948.7 227.7 

NW200 0.802 0.0 0.0 33.4 6.2 59.9 11.1 21.9 4.0 

NW240 0.352 0.0 0.0 9.9 1.2 22.8 2.8 1.6 0.2 

J240 9.526 551.5 162.2 1247.9 369.9 1520.3 417.1 960.4 231.9 

R240 9.526 550.5 162.2 1247.5 369.9 1519.2 417.0 957.9 227.5 

NW230 0.652 38.0 7.7 102.8 21.1 116.7 23.7 106.0 21.2 

J230 10.178 568.5 169.9 1302.2 391.0 1582.7 440.7 1012.5 248.7 

NW160 1.289 60.9 10.4 194.8 33.2 220.5 37.6 154.6 26.7 

NW190 1.067 0.0 0.0 76.6 11.1 101.1 14.7 44.6 6.7 

J190 2.356 60.9 10.4 266.3 44.2 317.8 52.3 199.2 33.5 

R190 2.356 60.6 10.4 266.3 44.3 317.4 52.3 198.4 33.4 

NW180 1.604 1.4 0.7 26.6 4.8 40.5 6.5 2.0 0.4 

J180 3.960 61.9 11.1 291.0 49.1 357.0 58.8 200.3 33.7 
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HMS ID 

Drainage 
Area 

25-year 24-hour 100-year 24-hour 100-year 6-hour 
Hypothetical July 2015 

Storm 

Peak 
Discharge 

Volume 
Peak 

Discharge 
Volume 

Peak 
Discharge 

Volume 
Peak 

Discharge 
Volume 

(mi2) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) 

Subbasin Data Not Used in the JLADMP 

NW210 0.685 10.8 4.7 20.9 6.8 17.3 3.2 16.3 2.8 

J210 4.644 71.4 15.8 309.6 55.8 372.5 62.1 214.9 36.6 

NW300 0.685 0.0 0.0 57.6 6.1 59.9 6.3 33.3 3.6 

NW290 0.440 2.7 1.2 17.8 3.4 16.3 2.5 5.6 0.9 

NW380 0.313 18.3 6.5 36.0 9.2 37.8 5.5 35.4 4.7 

NW295 0.199 2.4 0.8 20.2 2.6 21.1 2.2 17.4 1.9 

Junction-1 1.637 23.3 8.4 129.6 21.3 132.9 16.4 91.1 11.2 

NW440 1.161 64.8 27.6 159.1 49.3 160.9 36.5 194.8 41.8 

NW550 1.072 14.2 5.3 84.7 21.2 86.7 19.6 125.6 27.1 

NW490 1.045 8.9 4.6 62.8 16.3 64.9 14.2 104.7 21.9 

NW305 0.331 31.5 11.3 54.5 15.3 56.9 8.6 52.8 7.3 

NW315 0.209 0.0 0.0 8.0 0.8 7.0 0.7 0.0 0.0 

R305 0.209 0.0 0.0 7.9 0.8 6.9 0.7 0.0 0.0 

J305 0.540 31.5 11.3 60.8 16.1 60.5 9.4 52.8 7.3 

R345 0.540 31.4 11.3 60.4 16.1 60.3 9.4 51.2 7.3 

NW345 0.435 42.9 15.3 62.2 19.3 70.1 11.1 71.8 10.3 

J345 0.975 68.0 26.6 111.2 35.4 117.2 20.5 112.0 17.6 

NW480 0.756 38.3 16.6 102.0 28.6 111.8 21.0 136.9 24.1 

NW260 0.656 4.4 1.5 21.8 3.6 14.5 1.9 7.4 1.0 

NW390 0.592 7.3 3.4 10.2 4.2 11.4 2.5 11.4 2.3 

NW310 0.297 13.0 5.6 20.0 7.3 20.9 3.9 20.1 3.5 

J310 0.297 13.0 5.6 20.0 7.3 20.9 3.9 20.1 3.5 

R350 0.297 12.9 5.6 19.9 7.3 20.9 4.0 19.7 3.5 

NW350 0.161 11.7 4.0 16.8 5.0 19.4 2.9 20.0 2.6 

J350 0.457 22.6 9.6 33.6 12.3 36.7 6.8 35.3 6.1 

NW255 0.428 33.5 10.9 50.3 14.0 55.0 8.0 56.7 7.4 

NW215 0.413 5.5 2.2 22.6 4.4 20.5 2.8 8.7 1.3 

NW355 0.402 6.8 3.1 9.4 3.9 10.5 2.3 10.5 2.1 

NW415 0.399 18.5 6.4 62.0 12.9 65.2 9.9 81.7 11.9 

NW570 0.381 35.7 12.7 58.1 16.7 62.2 9.9 67.1 9.8 

NW340 0.374 29.4 12.4 46.1 16.3 46.8 9.2 47.9 8.8 

NW250 0.372 3.8 1.3 11.7 2.3 6.2 0.9 6.4 0.8 

NW280 0.363 22.8 11.5 32.8 14.6 34.6 8.4 34.0 7.7 

NW500 0.334 25.4 8.6 36.4 10.8 41.4 6.3 44.1 5.9 

NW265 0.326 27.1 11.4 39.4 14.5 43.7 8.0 42.7 7.2 

NW220 0.319 3.6 1.2 17.5 2.6 15.6 1.7 5.8 0.7 

NW470 0.286 5.4 2.2 7.9 2.8 8.6 1.6 9.2 1.6 

NW270 0.277 26.5 9.5 40.2 12.2 43.0 7.0 44.2 6.6 

NW370 0.273 0.4 0.1 0.5 0.2 0.6 0.1 0.6 0.1 

NW400 0.241 9.5 3.2 13.7 4.0 15.6 2.4 16.5 2.3 
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HMS ID 

Drainage 
Area 

25-year 24-hour 100-year 24-hour 100-year 6-hour 
Hypothetical July 2015 

Storm 

Peak 
Discharge 

Volume 
Peak 

Discharge 
Volume 

Peak 
Discharge 

Volume 
Peak 

Discharge 
Volume 

(mi2) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) 

NW430 0.241 1.2 0.4 1.7 0.5 1.9 0.3 2.0 0.3 

NW520 0.221 4.1 1.7 14.0 3.3 15.3 2.6 20.5 3.3 

NW330 0.167 14.8 4.7 22.5 6.0 24.4 3.5 25.3 3.3 

NW445 0.163 13.9 2.3 35.0 5.4 34.4 4.9 40.2 5.7 

NW455 0.162 11.8 4.2 26.6 6.4 28.2 4.2 30.9 4.4 

NW320 0.154 4.0 1.5 13.0 2.7 12.8 1.8 10.3 1.4 

NW420 0.138 1.3 0.3 1.9 0.4 2.1 0.2 2.3 0.2 

NW360 0.121 19.1 5.4 29.4 6.9 31.8 4.0 34.7 3.8 

NW510 0.114 12.1 2.9 26.3 5.1 26.7 4.1 31.1 4.6 

NW460 0.093 12.4 1.3 29.1 3.3 29.2 3.2 32.3 3.6 

NW450 0.091 3.6 0.8 12.8 1.5 12.3 1.0 14.2 1.1 

NW410 0.077 8.9 2.8 13.9 3.6 14.6 2.1 15.4 2.0 

NW325 0.064 11.9 3.1 18.8 4.1 19.9 2.3 22.5 2.3 

 

 

Figure 3-11. HEC-HMS hydrographs at HMS ID J230 (Johnson Lane Wash) 
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Figure 3-12. HEC-HMS results with the relations between 100-year peak discharge and drainage area and plot of maximum peak 
discharge of record and drainage area for gaged sites in the Eastern Sierras Region 5, adapted from USGS (1997) 

3.7 SUMMARY 
The FEMA FIS modeling formed the initial basis of the JLADMP watershed hydrologic modeling.  The 

models were reviewed, and the original parameters were re-used without changes wherever 

appropriate.  The major changes from the original FEMA study were:  

1) Addition of hypothetical of July 2015 storm event (used for guidance only) 

2) Addition of the 100-year 6-hour storm event 

3) Revision of the saturated hydraulic conductivity and wetting front suction 
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4 HYDRAULIC MODELING (BASE MODEL) 

4.1 METHOD DESCRIPTION 
Modeling for the on-site JLADMP study area was completed using the FLO-2D Pro software3 package, 

Build No. 16.06.16 with an executable dated February 28, 2017.  This version has been used for multiple 

area drainage master studies and has functioned adequately. 

FLO-2D is a combined rainfall-runoff model (i.e., both hydrologic and hydraulic).  Off-site modeling was 

completed using HEC-HMS (described previously in Section 3), with inflow hydrographs from HEC-HMS 

being used at the upstream boundary of the FLO-2D model.  On-site rainfall was applied to the FLO-2D 

model area. 

4.2 MODEL PARAMETER DEVELOPMENT 

4.2.1 Model Domain 

The domain was selected based on the following factors: 

• The detailed study area was fully enclosed within the domain. 

• A buffer was provided so that boundary conditions did not affect the results in the detailed 

study area. 

• Upstream inflow hydrographs had time to normalize in channels before reaching the detailed 

study area. 

• The domain size produced a reasonable model run time. 

The final domain comprised a modeled area of 14.3 square miles.  The domain and inflow hydrograph 

locations are shown in Figure 4-1. 

                                                           
3 https://www.flo-2d.com/ 
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Figure 4-1. FLO-2D model domain and inflow locations 
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4.2.2 Grid Size 

The JLADMP watersheds contains many small drainage features needed to be adequately captured in 

the model to provide the most accurate results.  Some of these features include small 18-inch driveway 

culverts, roadside drainage ditches, and off-highway vehicle (OHV) roads in the upper watersheds.  A 

high-resolution, 10-foot grid was selected to provide the necessary detail to model these features while 

maintaining reasonable model run times.  

4.2.3 Grid Elevations  

As a part of this project, LiDAR data was collected by aircraft at an average density of 4 points per square 

meter in June 2017.  This detailed LiDAR data formed the basis on which the FLO-2D grid elevations 

were computed.  To create a workable elevation model (due to the large size and detail), the LiDAR data 

was first converted to a terrain data set (TDS) using GIS software tools.  This TDS was then converted to 

a 10-foot grid raster that reflects the average grid elevations that are used in the actual FLO-2D model.  

The horizontal control for the LiDAR and other data generated for this project is the Nevada Coordinate 

System, West Zone, NAD83; and the vertical datum is the North American Vertical Datum of 1988 (NAVD 

88).  The LiDAR product survey report is included in Appendix A. 

4.2.4 Grid Outflow 

Outflow nodes were placed along the entire boundary of the model domain except near the location of 

the inflow hydrographs.  This allowed water to flow off the domain at most locations except where the 

outflow nodes could erroneously affect the inflow hydrographs.  

4.2.5 Grid Roughness 

The FLO-2D model uses Manning’s n value to estimate roughness on each grid.  Each grid is assigned an 

average n value based on the underlying surface conditions.  For this study, a detailed surface feature 

classification was developed by refining the Douglas County zoning dataset and adding more detail in 

areas where the zoning delineations were generalized.  For example, major off-highway vehicle roads 

and wash corridors were delineated in the upstream mountainous area since these features are major 

conveyances when compared to the general land use type in the area.   

Table 4-1 lists the land use, land use description, and the Manning’s n values that were used in this 

analysis.  The final surface features classification is shown in Figure 4-2. 
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Table 4-1. Land use type and description with corresponding Manning’s n value 

Land Use Description Manning's n 

Agricultural areas of active farming 0.060 

Building buildings that serve as obstructions to flow 0.050 

Commercial smaller commercial areas, such as gas stations 0.040 

Community Facilities parks, schools, etc. 0.040 

Forest and Range 
open areas with low vegetation generally in the upper 
watershed 

0.040 

Industrial large business parks 0.040 

Receiving Area Air open area near active farmland without much vegetation 0.040 

Receiving Area JL 
open area near active farmland and major washes with 
moderate overland vegetation 

0.060 

Right-Of-Way generally unpaved areas near major roads 0.040 

Rural Residential large lot residential development 0.040 

Single Family Estate 
smaller lot residential development, includes master-
planned communities 

0.045 

Streets larger roads covered with asphalt 0.020 

Wastewater 
Treatment 

wastewater treatment ponds with significant storage 0.040 

Water water 0.040 

OHV/Unpaved Road 
small roads without pavement or vegetation with lower n 
value due to higher compaction from traffic 

0.026 

Wash defined channels 0.030 



  

 

44 Johnson Lane Area Drainage Master Plan 

 

Figure 4-2. Surface feature classification (by land use) used in the Johnson Lane ADMP 
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4.2.6 Hydraulic Structures (Culverts and Storm Drains) 

In FLO-2D, hydraulic structures such as culverts, bridges, or small storm drain systems, are simulated  

using the HYSTRUC.DAT input file.  For this study, all hydraulic structures were simulated by developing 

rating tables for each structure.  The modeled hydraulic structures are shown in Figure 4-3. 

Since the study area is subject to steep slopes (>5% on average), it was assumed that all culverts would 

be under inlet control.  With this assumption, the only difference between culverts were the inlet 

geometries. This helped simplify the development of the rating tables for two reasons: 

• a single rating table is needed for each type/size of structure, and  

• a surveyed invert elevation is not necessary.   

However, if tailwater was high enough to affect flow in the culvert, FLO-2D has an option (the 

INOUTCONT variable) that would allow adjustment of the rating table during runtime to better 

characterize the hydraulics of the culvert.  This option was used for some culverts where tailwater 

effects were expected. 

For typical structure types (characterized by a Lumos and Associates field survey and JEF staff field 

investigations), depth-discharge rating tables were developed using Appendix A of the Federal Highway 

Administration’s Hydraulic Design Series Number 5 (FHWA, 2012).  The rating tables accounted for both 

unsubmerged and submerged inlet conditions using the equations from the manual. For simplicity, Form 

(2) of the unsubmerged equations was used since the barrel slope of each structure was not critical to 

the development of the rating tables. However, the submerged equation did require a barrel slope 

variable to solve, and a constant two percent slope was assumed for all structure types due to the steep 

slopes in the watershed.  For atypical structures (e.g., arch or oval culverts), simple EPA-SWMM models 

were developed to provide the depth-discharge rating table.  There were only three of these types of 

structures within the limits of the ADMP study area. 

There is significant sediment transport in the study area (Figure 4-4), thus almost all culverts were 

simulated with a 50% blockage from sediment, including the box culvert at Johnson Lane and Vicki Lane.  

The exception was the large Fremont Street culvert (a large 5.5-foot x 16-foot arch) over Johnson Lane 

Wash.  A smaller 20% blockage (i.e., more clear area) was applied to this culvert based on its large size 

and condition during field investigations.   
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Figure 4-3. Locations of all modeled hydraulic structures (storm drains and culverts) 
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Figure 4-4. Example of extreme sediment deposition in the watershed (Note: when clear, channel is ~6 feet deep) 

Since the study area has a limited number of storm drains, all of which are all relatively small systems 

(typically 1 to 4 inlets draining to a small ~24-inch outlet pipe), the FLO-2D models were developed 

simulating thee storm drains as hydraulic structures.  For these models, a rating table was developed for 

each storm drain inlet that used the inlet geometry for control at low depths and the connector pipe 

diameter as the control for higher depths.  If the storm drain system has multiple inlets, the capacity of 

the entire system was limited to the outlet pipe capacity at normal depth using the hydraulic structure 

routine with the “D” line functionality that limits the total flow in the storm drain to a user-specified 

discharge.   

4.2.7 Model Control Parameters 

CONT.DAT and TOLER.DAT contain numerical stability and simulation controls for the FLO-2D model. The 

CONT.DAT file controls simulation time, output report time interval, some numerical controls and model 

switches, such as infiltration and rain. The total simulation time was set to 12 hours for the 6-hour 

storm, while the total simulation time was set to 30 hours for the 24-hour simulations. These times were 

sufficient to ensure the floodwave has traveled through the entire study area.  

In the CONT.DAT file, the global Manning’s n value adjustment factor (AMANN) and the limiting Froude 

number (FROUDL) were the numerical controls that were used in the JLADMP study.  For this study, 

these controls were set to: 

• AMANN = -99 (turns off depth integrated roughness and the use of SHALLOWN)  

• FROUDL = 1.5  

The depth-integrated roughness routine was not used in this study because initial model runs (with 

shallow n values) were showing too much infiltration.  When AMANN was set to -99, the total infiltration 

volumes and flow peaks were more reasonable. For the limiting Froude number, a value of 1.5 was used 

due to the presence of mountainous and piedmont areas where high flow velocities are possible since 

slopes can be greater than 20%.   

The TOLER.DAT file contains the numerical tolerance settings specified for the model. These settings are: 

the flow exchange tolerance (TOL), percent allowed change in flow depth (DEPTOL), dynamic wave 

stability criteria (WAVEMAX), and Courant-Friedrich-Lewy numerical stability parameter for floodplain 

grid element flow exchange (COURANTFP). For the JLADMP models, the settings applied were: 

Johnson Lane Wash at Johnson Lane and Vicky Lane intersection.  Looking east. 
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• TOL = 0.004 feet (subtracted from initial abstraction in the INFIL.DAT file) 

• DEPTOL = 0 (not used, model uses Courant number as stability criteria) 

• WAVEMAX = 0 (not used, model uses Courant number as stability criteria) 

• COURANTFP = 0.6 (main stability criterion used by FLO-2D) 

These values have been used in similar studies, which yielded reasonable results. For this project, these 

values have produced good model stability and reasonable results. 

4.3 HYDROLOGY 
A total of four storms were used in the FLO-2D modeling for the JLADMP.  Three of these were standard 

design storms based on NOAA Atlas 14 rainfall statistics.  These design storms were: 

• the 100-year, 24-hour storm, 

• the 100-year, 6-hour storm, and 

• the 25-year, 24-hour storm. 

The fourth storm was a hypothetical storm based on the intense events of July 8-9, 2015 in the Johnson 

Lane area. 

4.3.1 Inflow Hydrographs 

The inflow hydrographs were taken directly from the results of the HEC-HMS modeling at HMS ID 

locations NW180, J190, J230, NW300, and NW290 (see Table 3-3 for peak flows) with two minor 

modifications.  The first modification was to apply the hydrograph from NW180 at two upstream 

locations because there was not a defined channel on which to apply the hydrograph.  The second 

modification was to split the hydrograph from J230 over two grids to prevent excessive time step 

decrements at the inflow location.  These same modifications were applied to all four storm events.  The 

locations of the inflow hydrographs in relation to the model domain are shown in Figure 4-1.  

4.3.2 Precipitation 

4.3.2.1 Design Storms 

The rainfall depths were taken from the NOAA Atlas 14, Precipitation-Frequency Atlas of the United 

States, Volume 1: Semiarid Southwest (Arizona, Southeast California, Nevada, New Mexico, Utah).  The 

temporal distributions for on-site rainfall were the same as those used in the HEC-HMS modeling (see 

Section 3.4).  The maximum rainfall depths within the study for each storm are: 

• 3.828 inches for the 100-year, 24-hour storm, 

• 1.944 inches for the 100-year, 6-hour storm, and 

• 3.017 inches for the 25-year, 24-hour storm. 

For each storm event, the RAIN.DAT file was developed with the same procedure.  The general NOAA 14 

rainfall rasters were downloaded from the NOAA website (NOAA, 2017).  The rasters were converted to 

a shapefile, which was then converted to a global 10-foot raster where each cell was an area-weighted 

average of the rainfall depths within that cell.  This global rasters were then used to assign rainfall 

depths for each grid of the model, and finally the rainfall depths were normalized by the maximum 

rainfall in each model area (using RAINARFs) to produce the RAIN.DAT file in the correct format. 
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4.3.2.2 Hypothetical July 2015 Storm 

The hypothetical July 2015 storm event used the same temporal distribution and rainfall total as the 

HEC-HMS modeling.  No spatially varied rainfall was used in this event. 

4.3.3 Infiltration 

Since FLO-2D is a grid-based two-dimensional model, infiltration parameters are specified at each grid 

element.  This allows for a more detailed model than a typical lumped parameter model, such as HEC-

HMS.   

In general, infiltration parameters are a function of the subsurface soil type or the features on the 

ground surface (e.g., a layer of asphalt that covers the soil).  Therefore, a detailed surface feature 

characterization shapefile (based on land use) was developed for this study (see Figure 4-2).  This 

shapefile formed the basis for the surface-based infiltration parameters.  

4.3.3.1 Soils-based 

The parameters more dependent on the subsurface soils are: 

• The soil moisture deficit (DTHETA), which is the initial water content (from HEC-HMS) minus the 

saturated water content (from HEC-HMS). 

• The wetting front suction in inches (PSIF). 

• The hydraulic conductivity at natural saturation (XKSAT), which was calculated based on the 

HEC-HMS saturated hydraulic conductivity (KSAT) using the formula XKSAT = KSAT * 0.5, from 

the Drainage Design Manual for Mohave County (Mohave County, 2012). 

• Rock outcrop as a percentage. 

• Limiting infiltration depth in feet, which is the depth at which infiltration stops. 

For the FLO-2D modeling, most of these parameters were based on the basin values from the HEC-HMS 

modeling except for the rock outcrop percentage (set to zero to prevent double counting, discussed 

below).  The soils-based infiltration parameters (used in FLO-2D) are shown in Figure 4-5 through Figure 

4-7. 
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Figure 4-5. DTHETA values used in the JLADMP FLO-2D modeling 
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Figure 4-6. PSIF values used in the JLADMP FLO-2D modeling 
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Figure 4-7. XKSAT values used in the JLADMP FLO-2D modeling 



  

 

53 Johnson Lane Area Drainage Master Plan 

 

Figure 4-8. Limiting infiltration depth values used in the JLADMP FLO-2D modeling 
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4.3.3.2 Surface-based 

The infiltration parameters which are dependent on the conditions and type of the ground surface are:  

• Percent impervious, and 

• Initial abstraction (IA) in inches. 

Table 4-2 shows the land use and the corresponding percent impervious and the IA, while the spatial 

distribution of these land use categories is shown in Figure 4-2.  These were selected based on 

experience in other studies, such as the Laveen Area Drainage Master Study/Plan Update (JEF, 2017),  

repeated field observations from Douglas County maintenance staff and Johnson Lane area residents, 

and aerial photograph interpretation of the study area.  Since these parameters were developed for the 

Johnson Lane ADMP and are specific for this study area, they should not be used in or compared with 

similar classifications in a highly urbanized area.   

The percent impervious for the Forest and Range land use was set to 5% to account for the presence of 

any rock outcrop in the area.  Similarly, general land use categories, such as Rural Residential or Single 

Family Estate, were also assigned 5% to account for isolated areas of concrete, such as driveways.  The 

major areas of impervious surfaces (e.g., roadways and buildings) were delineated as separate land use 

categories.  Therefore, these general land use categories do not show a typical percent impervious for 

an industrial area in a highly urbanized area since the major areas of imperviousness were delineated as 

a separate land use type.  Finally, the off-highway vehicle (or unpaved) roads were given a percent 

impervious value of 25% to account for added compaction through repeated vehicle use. 

Table 4-2. Land use classification with corresponding percent impervious and initial abstraction 

Land Use1 
Percent Impervious Initial Abstraction 

(%) (in) 

Agricultural 0 0.50 

Building 100 0.05 

Commercial 5 0.15 

Community Facilities 5 0.15 

Forest and Range 5 0.25 

Industrial 5 0.15 

Receiving Area Air 5 0.15 

Receiving Area JL 5 0.15 

Right-Of-Way 5 0.15 

Rural Residential 5 0.15 

Single Family Estate 5 0.15 

Streets 95 0.05 

Wastewater 
Treatment 

100 1.00 

Water 100 0.00 

OHV/Unpaved Road 25 0.10 

Wash 0 0.15 
1Not to be compared with typical land use categories used in rational method 

analysis 
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4.4 FLOODPLAIN CROSS-SECTIONS 
Floodplain cross-sections were developed and included in the FPXSEC.DAT file to query flow 

hydrographs, peak discharges, and flow volumes from the FLO-2D model at key locations, such as: 

• Major flow concentration locations, 

• Across roadside ditches and streets (used for driveway culvert assessment, see Section 7.5), 

• Areas near potential mitigation sites, and  

• Areas of interest to Douglas County 

Major floodplain cross-section locations are shown on Figure 4-9.  Hydrograph plots at the floodplain-

cross-sections for each storm event are included in Appendix C.  The peak flow and volume for each 

floodplain cross-section are shown in Table 4-3. 
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Figure 4-9. Floodplain cross-section locations and IDs 
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Table 4-3. Peak flow and volume results from each FLO-2D floodplain cross-sections 

ID 

25-year 24-hour 100-year 24-hour 100-year 6-hour Hypothetical July 2015 

Flow Peak Volume Flow Peak Volume Flow Peak Volume Flow Peak Volume 

(cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) 

1 225.57 15.71 829.24 70.20 931.08 82.52 582.94 49.03 

2 222.07 15.38 838.53 70.56 945.19 83.55 583.58 49.56 

3 211.77 14.30 835.98 69.68 943.35 83.44 566.23 49.13 

4 144.88 11.35 498.60 48.69 547.75 57.97 344.80 37.34 

5 52.70 1.80 267.11 18.34 292.40 22.55 179.04 9.98 

6 7.86 0.20 117.23 3.49 219.16 6.29 166.57 4.59 

7 93.22 2.29 168.83 5.38 203.45 4.89 251.94 4.19 

8 136.95 4.09 253.19 9.28 327.85 8.16 368.76 6.91 

9 57.89 1.37 131.78 3.18 183.90 4.08 168.46 3.32 

10 155.47 5.12 314.23 11.63 402.75 10.50 357.11 7.76 

11 67.73 1.86 185.63 5.77 282.56 7.47 200.66 5.05 

12 42.42 1.26 118.52 3.83 187.20 5.00 143.66 3.79 

13 563.73 162.63 1296.98 376.81 1570.13 419.31 1003.14 295.19 

14 5.21 0.17 18.72 0.44 26.82 0.58 21.87 0.51 

15 26.51 0.81 130.01 7.12 109.93 8.13 94.78 5.14 

16 51.74 1.63 119.38 5.46 159.81 5.72 133.36 3.72 

17 27.99 1.16 185.36 11.05 209.47 13.77 155.90 8.31 

18 2.18 1.42 29.16 6.98 48.51 8.50 25.60 6.55 

19 0.21 0.00 64.66 8.45 90.89 11.77 56.57 4.14 

20 11.34 0.79 208.51 12.07 345.36 17.87 197.80 12.25 

21 28.64 0.74 74.63 2.40 117.02 3.35 92.36 2.59 

22 148.61 4.67 318.28 11.45 408.65 11.03 353.02 8.11 

23 61.39 1.74 185.69 5.91 282.65 7.84 197.18 5.33 

24 1.90 0.11 168.19 10.92 344.63 17.94 168.78 11.85 

25 1.29 0.01 3.77 0.10 9.66 0.52 10.24 0.35 

26 12.15 0.84 321.17 23.39 354.04 32.13 221.83 17.08 

27 160.79 7.90 270.56 15.20 348.31 9.78 356.52 8.05 

28 12.26 0.23 64.38 1.70 114.11 2.99 105.33 2.54 

29 127.64 89.09 407.16 231.97 421.08 181.08 304.70 157.22 

30 42.98 2.37 265.95 23.56 280.68 28.50 162.28 15.19 

31 32.80 1.69 194.51 10.78 301.39 13.97 239.56 11.19 

32 28.69 0.64 66.21 1.59 91.66 2.10 85.02 1.69 

33 22.10 0.51 68.48 1.56 111.26 2.24 93.59 1.79 

34 217.86 14.93 851.74 70.79 967.61 84.47 581.49 49.96 

35 16.14 1.63 96.52 4.80 145.77 5.37 108.75 4.31 

36 41.95 1.42 115.85 4.22 170.88 5.24 134.68 4.12 
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ID 

25-year 24-hour 100-year 24-hour 100-year 6-hour Hypothetical July 2015 

Flow Peak Volume Flow Peak Volume Flow Peak Volume Flow Peak Volume 

(cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) 

37 507.79 151.27 863.91 310.21 978.37 325.43 735.20 255.02 

38 208.38 99.33 271.69 155.75 289.49 145.67 246.48 133.70 

39 57.95 9.86 115.17 38.74 120.45 40.96 105.53 29.72 

40 69.07 12.89 134.73 39.92 145.67 44.33 115.85 31.43 

41 216.78 103.78 230.21 153.93 234.47 141.34 225.43 135.32 

42 523.04 156.93 934.46 323.50 1072.92 342.54 774.19 264.47 

43 393.64 139.92 431.96 229.54 439.85 221.33 422.15 200.68 

44 53.59 5.17 207.63 38.20 262.01 49.66 147.77 25.47 

45 50.80 4.73 191.61 35.87 232.74 45.81 141.48 24.18 

46 23.76 2.98 27.33 8.58 27.90 9.59 26.56 7.42 

47 13.32 1.13 29.78 6.74 33.06 8.01 25.34 4.99 

48 66.13 6.20 227.36 43.78 278.91 55.59 169.46 30.04 

49 106.41 23.86 119.45 47.16 122.52 49.23 115.70 40.86 

50 114.75 15.02 283.85 63.49 336.40 76.67 222.57 46.76 

51 183.24 90.26 209.87 135.94 216.41 124.53 201.66 118.69 

52 93.54 22.25 154.27 51.28 170.35 55.69 133.03 41.75 

53 129.00 28.30 263.37 75.37 304.50 85.34 212.54 58.89 

54 100.91 45.42 136.24 73.56 145.03 68.67 121.75 62.29 

55 57.88 11.60 111.53 41.48 114.04 42.37 104.15 31.53 

56 104.16 48.23 131.21 75.93 137.33 69.65 120.66 64.71 

57 47.82 16.54 81.97 39.72 80.47 36.85 69.28 29.50 

58 31.09 10.38 40.42 20.15 40.75 19.60 38.59 16.60 

59 30.51 8.18 56.32 21.54 58.22 21.89 50.52 16.67 

60 8.14 2.10 18.23 5.36 20.98 6.02 13.87 4.08 

61 512.60 153.43 869.22 313.16 984.19 328.43 740.10 257.69 

62 520.62 155.88 933.40 322.22 1079.78 341.69 771.46 263.22 

63 0.56 0.03 21.31 2.61 32.05 4.28 9.44 1.07 

64 10.19 0.38 152.75 14.76 251.12 27.97 48.93 4.20 

65 562.77 162.22 1125.15 360.81 1261.06 386.86 952.13 290.84 

66 40.25 0.90 158.34 4.48 223.20 5.75 152.82 3.86 

67 18.60 1.38 137.39 9.71 198.61 12.44 142.37 9.82 

68 1.90 0.07 80.03 4.29 119.07 5.85 75.94 4.11 

69 11.89 0.93 87.42 6.46 146.15 9.45 85.82 6.84 

70 6.42 0.31 39.25 1.56 65.24 2.21 48.31 1.71 

71 5.59 0.26 12.29 0.67 14.09 0.71 11.85 0.58 

72 19.83 0.65 121.91 3.85 201.48 5.45 119.29 3.50 

73 138.41 4.59 229.41 10.53 255.59 8.83 234.82 7.11 

74 144.29 4.63 257.41 10.93 289.17 9.49 264.82 7.52 
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ID 

25-year 24-hour 100-year 24-hour 100-year 6-hour Hypothetical July 2015 

Flow Peak Volume Flow Peak Volume Flow Peak Volume Flow Peak Volume 

(cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) 

75 82.90 2.75 229.43 8.01 302.84 8.68 233.94 6.39 

76 7.00 0.42 25.96 1.17 47.05 1.41 44.36 1.23 

77 8.89 1.15 82.33 4.66 133.11 5.99 90.95 4.79 

78 4.98 0.26 29.82 0.77 45.70 0.96 32.23 0.58 

79 101.41 14.80 249.67 62.68 279.19 72.07 200.47 46.07 

80 60.02 8.45 86.21 25.46 92.06 28.18 77.47 20.50 

81 11.33 0.75 75.81 14.21 91.03 18.33 55.67 9.10 

82 0.09 0.00 92.46 7.28 176.79 12.33 102.29 8.61 

83 0.32 0.01 103.65 7.53 192.28 12.12 109.27 8.66 

84 81.34 10.14 124.00 34.73 132.62 38.45 109.20 27.10 

85 71.83 12.74 117.57 38.56 123.72 44.14 104.32 32.77 

86 56.05 10.48 96.34 31.40 102.25 36.26 84.00 26.93 

87 12.14 1.64 25.10 7.05 27.37 8.00 20.70 5.18 

88 0.28 0.02 53.96 7.73 67.03 10.70 24.35 2.55 

89 0.13 0.00 137.75 17.13 181.47 25.73 80.43 8.27 

90 48.21 1.05 96.63 2.38 110.56 2.52 125.26 2.07 

91 0.07 0.00 184.58 14.72 217.59 21.04 148.70 11.50 

92 3.71 0.17 127.07 13.40 168.69 19.73 101.93 11.02 

93 80.75 17.17 417.56 135.37 447.74 137.53 279.51 79.88 

94 39.11 13.85 55.81 38.16 55.86 27.44 54.76 29.31 

95 0.18 0.01 182.59 12.35 237.15 18.37 126.05 8.64 

96 6.10 0.16 10.92 0.34 13.63 0.35 12.39 0.27 

97 6.42 0.36 9.90 2.56 12.14 2.89 10.68 1.87 

98 0.19 0.00 1.43 0.06 2.54 0.08 2.01 0.06 

99 2.92 0.22 36.36 1.25 59.42 1.80 41.97 1.31 

100 0.86 0.07 5.42 0.25 10.30 0.35 6.45 0.26 

101 1.29 0.08 26.66 0.77 41.77 1.16 30.47 0.82 

102 10.69 1.12 48.40 2.99 69.80 3.21 53.84 2.72 

103 5.79 0.58 32.34 1.69 50.33 1.91 37.00 1.55 

104 0.35 0.01 98.43 9.30 179.02 18.90 34.01 2.91 

105 14.43 0.58 138.58 14.00 231.42 26.08 47.28 4.40 

106 2.98 0.09 13.62 2.08 16.75 2.58 15.86 1.61 

107 3.78 0.15 7.81 0.34 13.11 0.34 12.12 0.31 

108 1.64 0.19 2.56 0.29 3.60 0.16 3.40 0.14 

109 11.52 1.11 72.24 11.75 88.43 15.69 47.74 7.17 

110 4.25 0.22 8.86 0.38 11.70 0.35 14.15 0.32 

111 2.24 0.08 5.19 0.16 7.00 0.19 8.46 0.17 

112 9.46 1.00 312.29 35.58 468.70 59.10 139.84 14.94 
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ID 

25-year 24-hour 100-year 24-hour 100-year 6-hour Hypothetical July 2015 

Flow Peak Volume Flow Peak Volume Flow Peak Volume Flow Peak Volume 

(cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) (cfs) (ac-ft) 

113 8.32 0.38 9.74 2.58 11.52 2.77 11.31 1.75 

114 13.85 0.58 19.85 4.27 24.08 4.98 23.08 2.66 

115 0.38 0.01 2.34 0.08 6.45 0.18 6.61 0.17 

116 0.25 0.01 15.53 1.01 28.93 1.69 16.66 1.10 

117 23.76 1.27 53.15 2.93 59.47 2.87 52.11 2.37 

118 3.37 0.11 8.39 0.28 12.86 0.34 7.86 0.23 

119 12.66 0.47 42.68 2.53 51.42 3.11 42.31 2.37 

120 0.12 0.00 3.23 0.16 4.03 0.24 3.14 0.16 

121 0.11 0.00 2.07 0.17 8.85 0.47 5.85 0.25 

122 3.11 0.11 26.25 0.74 36.48 0.98 29.32 0.79 

123 3.88 0.11 27.92 0.67 40.66 0.94 30.79 0.72 

124 0.98 0.02 16.63 0.36 26.25 0.55 16.95 0.38 

125 0.74 0.01 12.33 0.38 19.66 0.61 12.28 0.44 

126 124.58 9.20 458.12 42.85 502.78 51.14 311.75 31.87 

127 47.89 1.67 257.66 17.67 280.86 21.68 172.80 9.47 

128 0.57 0.02 4.34 0.51 4.27 0.63 2.89 0.32 

129 3.50 0.18 13.81 1.76 13.63 2.16 8.56 1.29 

130 2.66 0.05 7.77 0.16 12.33 0.25 12.03 0.23 

131 3.23 0.08 13.16 0.31 21.92 0.51 21.78 0.46 

132 0.14 0.00 5.69 0.20 10.52 0.34 10.46 0.32 

133 0.09 0.00 1.57 0.05 2.86 0.09 2.74 0.08 

134 7.49 0.11 22.18 0.40 34.98 0.64 34.55 0.56 

135 3.25 0.06 15.49 0.30 27.92 0.52 25.85 0.45 

136 28.46 0.46 52.38 1.03 62.50 1.38 78.41 1.19 

137 7.42 0.14 24.86 0.51 39.21 0.78 37.98 0.69 

138 1.52 0.04 6.21 0.20 9.91 0.30 9.39 0.28 

 

4.5 HYDRAULIC MODELING RESULTS 
Flow depth results from the existing conditions FLO-2D modeling are shown on Figure 4-10 through 

Figure 4-13, and discharge results are shown on Figure 4-14 through Figure 4-17.  These figures are for 

general illustrative purposes and not practical for obtaining detailed information at site-specific 

locations.  For more detailed results, FLO-2D workmaps, included in Appendix C,  have been generated 

and contain grid-based data for the maximum flow depth, maximum peak discharge, and maximum 

velocity. 

  



  

 

61 Johnson Lane Area Drainage Master Plan 

4.5.1 Summary 

The existing conditions FLO-2D models were created using the best available information for land cover, 

land use, topography, and hydrology.  Every effort was made to ensure the models represented existing 

conditions as of the date of the LiDAR survey.  Photographs, videos, and anecdotal information collected 

from Douglas County and residents within the community were used to help calibrate and verify the 

modeling results.  Like all models, the JLADMP FLO-2D models are a simulation of potential conditions 

that could occur during a range of storm events.  The models cannot duplicate actual, observed storm 

events at all locations within the community due to the vast number of variables that change with each 

unique storm event.   

The modeling results reflect the complex flooding and sedimentation hazards that exist with the 

Johnson Lane community.  The results provide valuable, quantitative, detailed information from which 

future planning and development decisions can be based.  The existing conditions models also serve as a 

foundation from which potential mitigation alternatives can be assessed (Section 7).   
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Figure 4-10. FLO-2D 25-year, 24-hour flow depth results 
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Figure 4-11. FLO-2D 100-year, 6-hour flow depth results 
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Figure 4-12. FLO-2D 100-year, 24-hour flow depth results 
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Figure 4-13. FLO-2D July 2015 storm simulation flow depth results 
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Figure 4-14. FLO-2D 25-year, 24-hour discharge results 
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Figure 4-15. FLO-2D 100-year, 6-hour discharge results 
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Figure 4-16. FLO-2D 100-year, 24-hour discharge results 



  

 

69 Johnson Lane Area Drainage Master Plan 

 

Figure 4-17. FLO-2D July 2015 storm simulation discharge results 
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4.6 VERIFICATION OF RESULTS 

4.6.1 Historical Flooding Documentation 

As a part of the public outreach effort, the project team collected photographs and videos of historical 

flooding from Douglas County records and from residents in the Johnson Lane community.  This 

information was used to help verify and adjust (if needed) the FLO-2D model.  In general, the model 

results corresponded well with the historical information.  Four representative examples from different 

parts of the study area were chosen to highlight the correlation between model results and actual 

flooding.  The locations of these examples in relation to the overall study area are shown in Figure 4-18 

with a location ID.  Figure 4-19 through Figure 4-22 are close-up views of the locations shown in Figure 

4-18.  Additionally, Douglas County provided a GIS layer to the project team highlighting the locations of 

historical flood damage reports from residents within the community.  The flood damage report layer 

was plotted againsed the 100-year, 6-hour and hypothetical July 2015 storm FLO-2D model results 

(Figure 4-23 and Figure 4-24).  The figures indicate the model results show flooding hazards at locations 

previously reported to have experienced flood damage.   
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Figure 4-18. Locations of representative comparisons 
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Figure 4-19. Location 1: Comparison of model results and flow braiding downstream of the apex of Southcentral Wash (inset 
picture is looking northeast upstream towards apex) 
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Figure 4-20. Location 2: Example of flow over Nye Drive after the culvert is overwhelmed (inset picture is looking east towards 
upstream channel) 
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Figure 4-21. Location 3: Flow in roadside drainage ditch along Raeline Drive between Chapman and Sylvia Lanes (inset picture is 
looking east at roadside ditch) 
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Figure 4-22. Location 4: Example of off-site flow through resident’s yard on Buckboard Court (inset picture is looking north) 
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Figure 4-23.  Historical flood damage reports with hypothetical July 2015 storm results 
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Figure 4-24.  Historical flood damage reports with 100-year, 24-hour storm results 
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4.6.2 USGS Gage Records 

A USGS crest-stage stream gage on Johnson Lane wash at Fremont Street is the only stream gage in the 

project area watershed (Figure 4-25).  Peak flow records for the gage are available from 1991 to 2015 

(Figure 4-26).  Typical crest-stage gages consist of a 2-inch galvanized pipe containing a wood staff held 

in a fixed position with relation to a datum reference.  The bottom cap has six intake holes positioned to 

minimize nonhydrostatic drawdown or super-elevation inside the pipe.  As the water rises inside the 

pipe, the cork floats on the water surface.  When the water begins to recede, the cork adheres to the 

staff inside the pipe, thereby retaining the crest stage of the flood (Figure 4-27).  This type of gage 

requires a field technician to visit the site and manually measure and record the crest height, and to 

“reset” the gage.   

The gage record reflects three large flood events: 1992 (1,200 cfs); 1994 (1,400 cfs); and 2015 (1,100 

cfs).  The 2015 record is from the July storm discussed previously in Section 3.4.2.  Stream gage records 

are often invaluable in calibrating hydrologic and hydraulic modeling studies.  A comparison of the 

project FLO-2D results and the USGS peak flow estimate from 2015 are plotted in Figure 4-28.  The plot 

indicates the July 2015 FLO-2D results are 87% of the USGS estimate.  This suggests that the project FLO-

2D results are reasonable.   

The Fremont Street rating curve developed for the FLO-2D analysis indicates the roadway embankment 

is overtopped at approximately 600 cfs based on the channel geometry at the time of the project LiDAR 

and field survey (2.3.2).  The FLO-2D results also indicate significant breakout flow upstream of the 

culvert from the 2015 storm event.  The 1,100 USGS discharge estimate from the 2015 storm could not 

be contained within the present channel geometry.  Assuming the USGS estimate is accurate, the most 

probably explanation is that there has been aggradation in the channel since the 2015 storm when the 

channel had more conveyance capacity. 

 



  

 

79 Johnson Lane Area Drainage Master Plan 

 

Figure 4-25. USGS gage Johnson Lane Wash at Fremont Street (view west) 

USGS crest-stage gage 
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Figure 4-26. Peak discharge records for USGS Gage 1030909087 
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Figure 4-27. Typical USGS crest-stage gage (Source: https://mo.water.usgs.gov/surfwat/CSGWeb/images/diagram1.htm) 

https://mo.water.usgs.gov/surfwat/CSGWeb/images/diagram1.htm
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Figure 4-28. Project FLO-2D results compared with USGS gage record 

4.6.3 Comparison with USGS Regression Equations 

As another verification of model results, the 100-year 6-hour results at 12 locations were compared with 

the 100-year USGS regression equation for the Eastern Sierras Region 5 (USGS, 1997).  This is similar to 

the comparison that was done with the HEC-HMS results (shown in Figure 3-12) but includes basins that 

were solely modeled in FLO-2D as well as some larger basins (Buckbrush and Johnson Lane Washes) that 

used a combination of FLO-2D and HEC-HMS.  The FLO-2D locations that were used for comparison are 

shown in Figure 4-29. 

The results from this comparison are shown in Table 4-4 and Figure 4-30.  Table 4-5 shows the 100-year 

6-hour flow (labeled as 100Y6H) from the FLO-2D compared with the 100-year flow from the regression 

equation.  The FPXSEC ID values in Table 4-4 are taken directly from Table 4-3.  Table 4-4 also shows the 

mean basin elevation and approximate latitude of the FPXSEC locations as these values are used in 

computing the regression equation discharges.  Figure 4-30 is the same figure as Figure 3-12, with the 

FLO-2D locations added.  In general, the FLO-2D results are higher than those from HEC-HMS, but they 

fall below the USGS envelope curve and generally along the 100-year peak discharge line for the study 

area (which includes USGS Regression Regions 2-12, not just Region 5).  This comparison indicates that 

the FLO-2D results are conservative (i.e., higher) but not unreasonable. 
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Figure 4-29. FLO-2D locations used for comparion to USGS 100-year regression equations 
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Table 4-4. Comparison with 100-year USGS regression equation 

Name 
FLO-2D 
FPXSEC 

ID 

Basin Area 
Mean Basin 

Elevation 
Latitude 

FLO-2D 
100Y6H 

Peak 
Discharge 

USGS 
Regression 
100Y Peak 
Discharge 

sq. miles feet 
dec. 

degrees 
cfs cfs 

Unnamed Wash A 136 0.06 5,135 39 63 35 

Southwest Wash 7 0.13 5,300 39 203 58 

Chowbuck Wash 21 0.16 5,013 39 117 76 

Skyline Wash 12 0.21 5,074 39 187 94 

Southeast Wash 9 0.21 5,327 39 184 85 

Southcentral Wash 8 0.22 5,501 39 328 80 

Romero Wash 11 0.29 5,131 39 283 116 

Stephanie Wash 10 0.35 5,157 39 403 133 

Unnamed Wash B 15 0.39 5,080 39 110 149 

Sunrise Pass Wash 16 0.80 5,160 39 160 255 

Buckbrush Wash 3 4.55 5,440 39 943 884 

Johnson Lane Wash 13 10.29 6,041 39 1,570 1,331 
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Figure 4-30. Comparison of FLO-2D and HEC-HMS results with the relations between 100-year peak discharge and drainage area 
and plot of maximum peak discharge of record and drainage area for gaged sites in the Eastern Sierras Region 5, adapted from 
USGS (1997). 
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4.6.4 Summary 

Although the ADMP FLO-2D modeling effort was not intented to replicate an actual historical flood 

event4, the comparison of the modeling results with historical documentation, the USGS stream gage 

record, and USGS regression equations indicate the project FLO-2D models reasonably depict storm 

runoff conditions, thus the model input parameters are reasonable.  Given the distributary nature of the 

flooding within the community, and the high sediment transport rates (see Section 5), flooding 

characteristics (depth, discharge, location) are likely to change from one flood event to the next.  Even 

small anthropogenic changes to the landscape (e.g. dirt piles, berms, construction of outbuildings, 

landscaping debris piles, etc.) will result in sediment accumulation, channel scour, and changes in flow 

path directions that may not be represented in the project FLO-2D modeling.  In other words, the results 

of the modeling represent potential flooding conditions as of the date of the project topographic 

mapping.  Updated mapping and FLO-2D modeling are recommended if future changes to the landscape 

occur.   

                                                           
4 Detailed historical storm patterns, rainfall intensities, and topographic mapping data was not available to 
perform a calibration analysis of the FLO-2D modeling to a specific historical storm event.   
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5 SEDIMENT CONSIDERATIONS 

5.1 SEDIMENT TRANSPORT ANALYSIS 
Since the JLADMP study area has known sedimentation issues (see Figure 4-4), twenty sediment samples 

were collected in August 2017 by JEF staff to help classify the type of sediment being transported to and 

through the study area.  The sampling locations are shown Figure 5-1 along with the sample IDs.  Each 

sediment sample was processed via mechanical sieve procedures to compute the sediment gradation.  

The gradation curves from each of these samples are shown in Figure 5-2, while major characteristics of 

the sediment are tabulated in Table 5-1. 

Based on the results of the sampling analysis, the sediment in the watershed can overwhelmingly be 

classified as sand, with a large portion of that being fine sand.  This means that the sediment in the area 

is highly transportable, and even small amounts of rainfall can lead to scour and deposition with large 

events showing extreme deposition (and scour).  This is consistent with the NBMG geologic mapping of 

unit Qs (Eolian sand) as discussed previously in Section 2.2.1, and JEF staff field observations.   

The FLO-2D hydraulic modeling was used to ascertain the trends of both flooding and sedimentation 

throughout the study area.  Hydraulic data from FLO-2D inherently includes both discharge and flow 

depth at each grid element.  This hydraulic data was used to estimate sedimentation on a grid-by-grid 

scale. 

Relationships between depth and velocity form the backbone of many sediment transport models. For 

example, the Meyer-Peter, Muller (MPM) approach is commonly used to estimate bed load in sand bed 

channels.  When it is combined with the Einstein Suspended Load methodology, the total relationship 

provides an accurate estimate of total sediment transport in sand bed channels. A computer-generated 

solution of the MPM-Einstein coupled approach was developed and distilled into an empirical, power 

relationship, commonly called the Zeller-Fullerton equation (Zeller and Fullerton, 1983). 

This relationship, shown as equation (1), is commonly used to estimate sediment transport capacity in 

sand bed channels. 

  

  (1)

   

Where: 

• qs is the unit width sediment transport capacity (cfs/ft) 

• n is the Manning’s roughness coefficient 

• V is the channel velocity (ft/s) 

• G is the gradation coefficient (dimensionless). 

• Yh is the hydraulic depth (ft) 

• D50 is the median diameter of the sediment (mm) 

This equation was used in the Johnson Lane ADMP because it is applicable to watersheds that have 

similar characteristics to the study area.  For example, it is commonly used on sand bed channels with 

steep slopes - both of which are prominent features of the study area. 
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For each modeled storm event, the total accumulated (i.e., throughout the storm event) sediment 

transport capacities were calculated at each grid.  These accumulated capacities can identify areas 

where deposition or scour can be expected to occur.  The detailed results will be discussed in the next 

section.    
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Figure 5-1. Sediment sampling locations 
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Figure 5-2. Gradation curves for the twenty sediment samples 
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Table 5-1. Major characteristics of the sediment in the JLADMP study area. 

Sample ID 
D16 D50 D84 

G 

Channel 
Slope 

(mm) (mm) (mm) (%) 

JLW-3 0.137 0.319 0.87 4.045 1.9 

JLW-2 0.193 0.537 2.19 5.488 1.3 

JLW-1 0.257 0.98 6.541 8.39 2.2 

RW-1 0.208 0.446 0.97 3.455 4.6 

SEW-1 0.154 0.348 0.822 3.697 17.2 

SPW-2 0.002* 0.108 0.385 46.052* 0.8 

SPW-1 0.279 2.000 6.117 8.182 2.8 

AR-1 0.137 0.311 0.824 3.936 1.3 

SW-1 0.105 0.267 0.508 3.556 2.7 

BBW-3 0.272 0.616 1.663 3.972 1.5 

BBW-2 0.149 0.445 1.19 4.529 0.5 

BBW-1 0.215 1.041 5.192 7.863 2.7 

UWB-1 0.179 0.388 1.19 4.188 3.5 

Raeline-1 0.125 0.354 1.009 4.546 1.4 

JL-1 0.032* 0.216 0.992 9.074* 1.2 

CW-1 0.059 0.248 0.818 6.001 5.1 

UWA-1 0.106 0.241 0.595 3.794 13.8 

SCW-1 0.149 0.355 0.875 3.878 9 

STW-1 0.091 0.42 2.38 8.226 2.9 

SWW-1 0.18 0.439 1.041 3.848 7.4 

Median 0.152 0.372 1.001 4.359 - 

Average 0.166 0.504 1.809 5.089 - 
*Values based on extrapolation and are excluded from median and average 
calculations 
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5.2 RESULTS 

5.2.1.1 Sediment Rasters 

Since the total accumulated transport is calculated at each grid, an overall map of the study area with 

sediment transport capacities can be produced similar to the FLO-2D results presented in Section 3.  

Using the 100-year,6-hour storm as a representative example, the relative total accumulated sediment 

transport is shown in Figure 5-3.  Note - The colors in Figure 5-3 represent relative transport capacity to 

each other, so green is relatively low compared to red, but green is higher than areas without color.  The 

Hot Springs Mountains are mostly green indicting higher capacity than most of the study area.   

In general, the results are straightforward.  Higher sediment transport rates appear in the channels, and 

the mountains present a large sediment source.  In fact, the Hot Springs Mountains appear to be the 

largest source of sediment.  This is consistent with historical flooding and sedimentation accounts, and 

with the field observations.   

Finally, since these sediment results are based on hydraulic conditions, off-site inflows are considered 

because inflow hydrographs have been inputed at major watercourses, such as Buckbrush and Johnson 

Lane.  
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Figure 5-3. Total accumulated sediment transport capacity for the 100-year, 6-hour event 
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5.2.1.2 Sediment Profiles 

An analytical approach was chosen to identify the watercourses that have the most impact to the study 

area through sediment transport.  Geomorphic indicators were not as appropriate in the study area 

since the natural condition of the watershed has been changed due to extensive development.  For each 

storm event, the cumulative sediment transport profiles for each of the major watercourses in the study 

area (see Figure 5-4 for watercourses) were calculated using the sediment rasters.  These sediment 

transport profiles were used in two ways: 

First, the total sediment transport along each profile was added to a total sediment transport capacity 

for each watercourse.  These total sediment transport capacities were then weighted based on the 

probability of their respective recurrence interval (i.e., 0.01 for 100-year and 0.04 for 25-year), and then 

normalized by the total length of the watercourse.  Finally, this calculation gives a probability-weighted 

index of sediment transport intensity that can be compared for each watercourse and storm event (see 

Figure 5-5).  With this figure, it can be inferred that over time the South Central Wash and Southwest 

Wash transport the most sediment relative to other drainage corridors in the study area, which helps 

guide where mitigation alternatives would be the most effective.  

The profiles were also used to identify areas where sediment transport is not in equilibrium or out of 

balance.  This is important because when the sediment transport is out of balance, scour (degradation) 

or deposition (aggradation) is occurring within the wash.  This can be seen in two ways – one with the 

sediment transport profile itself, the other with the slope change of the sediment transport profile.  

When sediment transport is increasing (i.e., the slope change is positive), the wash is gathering 

sediment through degradation.  Conversely, when the sediment transport profile is decreasing, and the 

slope change is negative, the wash is losing sediment through aggradation.  The magnitude of the slope 

change gives an indication of the magnitude of the degradation/aggradation. 

These profiles are graphically presented in two ways.  The first is through maps which show points of 

scour/deposition along each wash.  An example is shown as Figure 5-6.  The second is through charts 

that show the slope change, cumulative sediment throughput, and key locations along each wash.  The 

chart for Johnson Lane Wash is shown as Figure 5-7. 

An excellent example of how these charts can be used is an assessment of Buckbrush Wash (Figure 5-8).  

In both plots, the slope change and the sediment throughput remain relatively constant until around 

station 2,000 near Squires Street.  When these values are constant, it means the wash is in quasi-

equilibrium, and sediment is passing through the system without much scour or deposition.  When a 

wash is in equilibrium, it is generally a best practice to avoid disturbing the system, thus causing scour or 

deposition, such as the extreme areas of scour just downstream of the Fuller Avenue culvert (near 

station 600). 
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Figure 5-4. Major watercourses in the study for which sediment profiles were calculated 
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Figure 5-5. Relative sediment transport intensity for major drainage corridors within the JL ADMP 
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Figure 5-6. Points of scour/deposition along sections of Johnson Lane Wash and Skyline Wash 
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Figure 5-7. Cumulative sediment throughput and change in slope along the profile of Johnson Lane Wash for modeled storm 
events 

 

Figure 5-8. Cumulative sediment throughput and change in slope along the profile of Buckbrush Wash for modeled storm events 
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5.2.1.3 Sediment Yield 

Sediment yield was computed for ten locations surrounding the study area as shown below on Figure 

5-9. The Modified Uniform Soil Loss Equation (MUSLE) was used alongside an approach developed for 

semi-arid rangeland in the southwestern United States (Flaxman, 1974).  

5.2.1.3.1 MUSLE 

The MUSLE approach computes soil loss for individual storm events.  The following MUSLE equation, 

equation (2), (FCDMC, 2013a) was used in this study: 

            Ys = (Vqp) KLSCP                                                    (2) 
Where: 

   Ys = Sediment yield 

    =  

    =  

   K = soil erodibility factor 

   LS = topographic factor 

   C = cover management factor 

   P = erosion control practice factor 

Sediment yield from a series of recurrence interval events (2-year through 100-year) was calculated, and 

the results were aggregated based on probability to arrive at an annualized sediment yield. Hydrologic 

data were taken both from FLO-2D results as well as the USGS regression equations, and interpolation 

was used as needed to provide peak discharge and volume for all recurrence interval events. The Soil 

Erodibility factor was estimated using the collected sediment sample gradation data. Cover and 

Management factors were estimated using aerial imagery and documentation from prior field 

investigations. The Erosion Control Practice Factor was set to 1.0 to reflect no established erosion 

control in the contributing watersheds. 

5.2.1.3.2 Flaxman 

The Flaxman (1974) sediment yield method is a regression equation relating ratio of average annual 

precipitation to average annual temperature, average watershed slope, percent of soil particles greater 

than 1.0 mm, and a soil aggregation index.  The Flaxman equation (3) is shown below: 

                         Log(Y+100) = 524.37321 - 270.65625 log (X1+100) + 6.41730 log (X2+100)                            (3) 

                                            – 1.70177 log (X3+100) + 4.03317 (X4+100) + 0.99248 (X5+100) 

                 Where: 

   Y = sediment yield 

   X1 = ratio of average annual precipitation to average annual temperature 

                      X2 = average watershed slope (%) 

                         X3 = soil particles greater than 1 mm in diameter (%) 

    X4 = measure of soil aggregation based on the percent clay and soil Ph 

    x5 = 2-year peak discharge 

 

Mean basin slope was computed using the USGS 10m DEM dataset. Soil gradation was estimated using 

the collected sediment samples, and the soil chemistry (aggregation) impact was considered negligible 
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since very little clay in the soil was assumed. Hydrologic data for the 2-year event was interpolated from 

FLO-2D and the USGS regression equations. 

Annualized sediment yield normalized by basin area computed from both methods is shown below in 

Table 5-2.  For nearly all subbasins the MUSLE approach estimated a larger magnitude of sediment, and 

the variance between the two methods increases for higher sediment-producing subbasins (e.g., S1). 

Both approaches clearly identify subbasins S1 and S2 as high sediment-producing subbasins, and this is 

largely attributed to the steepness of the topography.  

 

 

 

Figure 5-9. Sediment yield calculation points 

 

  



  

 

101 Johnson Lane Area Drainage Master Plan 

Table 5-2. Sediment yield results 

 

 

5.2.2 Summary 

Due to the large number of sedimentation problems within the study area, multiple analyses were used 

to estimate sediment delivery and volumes, to identify areas of severe scour or deposition, and to 

quantitatively identify what area produces the most sediment over the long-term.  These analyses 

included: 

• Cumulative sediment throughput on grid-by-grid scale calculated from the FLO-2D results to 

spatially identify what areas produce the most sediment. 

• A probability-weighted sediment throughput analysis per major watercourse to identify which of 

the watercourses produce the most sediment over time. 

• A cumulative sediment throughput and slope change of this throughput per major watercourse 

to identify an event-based sediment delivery volume and areas of scour/deposition. 

• A sediment yield analysis to calculate an annual sediment volume and verify the event-based 

volume. 

The results from the sediment analyses were used in two important ways: 

a) To quantitatively identify areas where sediment problems were most severe. 

b) To estimate the additional sediment volume necessary for flood control basin design (project 

alternatives task described in Section 8). 

For a), it was found that the watersheds draining Hot Springs Mountains produce the most sediment; 

and, therefore, sediment basins are recommended for any flood control capital project in these 

watersheds.  For b), the total sediment volume for the proposed basins was calculated using three times 

the annual sediment volume plus the volume from one 100-year event.  The annual sediment estimate 

was taken from the sediment yield analysis, while the 100-year sediment volume was evaluated based 

on the profile calculations for each watercourse.  The design sediment volume of three times the annual 

sediment volume plus the 100-year event sediment volume was based on experience in other concept 

designs (JEF, 2006) and engineering judgment. 
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Finally, it should be noted that sediment throughput calculations exhibit wide variability based on the 

transport equation used, grain size of the sediment, watershed slope, and many other variables.  

Similarly, since the hydraulic calculations are the backbone of any sediment calculation, infiltration 

volumes and Manning’s n values also affect total sediment volumes.  Therefore, most analyses in this 

study were taken on a relative basis – that is the absolute values are not precise.  However, the 

sediment volumes for basin design do need a computed volume; and, in this case, appropriate safety 

factors were incorporated in the analyses.  Nonetheless, it is recommended that for final design of any 

basin, a detailed analysis of that specific watershed be done to refine the sediment volumes. 
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6 FLOOD HAZARD CLASSIFICATION 

6.1 PURPOSE 
During a severe storm event, flood waters flow throughout the Johnson Lane ADMP study watershed. 

However, not all flood hazards pose a risk to people or their properties. Flood risk depends on the 

presence of both a flood hazard and a person or their property. As an example, flow in a constructed 

flood control channel does not present a risk until someone enters the channel. Identifying areas where 

flood waters may cause risks that potentially harm people or their properties is an important objective 

of the Johnson Lane ADMP. Identification of potential flood risks in the study area helps the project 

team determine which flood problems should be addressed in the future. 

For the purposes of this study, flood hazards were defined based on the physical characteristics of the 

flood water – that is, the location, depth, and velocity associated with those flood waters. The hydrology 

and hydraulic modeling results were used to define flood hazards for three storms: 

• The 25-year, 24-hour event, 

• The 100-year, 24-hour event, and 

• The 100-year, 6-hour event. 

The hypothetical July 2015 storm was not included to avoid confusion with the real events of July 2015.  

The flood risk assessment involved selecting criteria and quantifying flood risks throughout the study 

watershed using the FLO-2D model results. Three types of potential flood risks were assessed – flooding 

risks to pedestrians, passenger vehicles, and structures.   

In addition to the flooding risks, two other types of flood consequence assessments were conducted: 

• Building Inundation Assessment 

• HAZUS Event-Based Analysis. 

The building inundation and HAZUS assessments are planning level analyses to estimate the number of 

habitable structures and associated damage costs by flow depths greater than six inches.  Since this 

analysis will be done for both the base (i.e., existing) and the with-alternatives conditions (see Section 

8), it gives a quantitative estimate of the effectiveness of the potential alternative structures.  Both 

analyses were performed for all three storm events. 

The following sections describe the flood classification criteria, methodology, and description of 

provided electronic files for each potential flooding assessment. 

6.2 FLOODING HAZARDS TO PEDESTRIANS 
Pedestrian flood hazards were classified using the depth-velocity relationship outlined in the United 

States Bureau of Reclamation (USBR) Technical Memorandum 11 (TM 11) (1988).  The depth-velocity 

relationships presented in TM 11 are a good basis for flood hazard classification since the criteria are 

widely accepted.  TM 11 presents two possible classifications for pedestrians; flood danger levels for 

adults and for children. It was decided to use the flood danger classification for children throughout the 

entire watershed to simplify the methodology and to be conservative.  The depth-velocity flood danger 

level relationship from TM 11 is shown as Figure 6-1. 



  

 

104 Johnson Lane Area Drainage Master Plan 

The following three categories exist for pedestrian flood hazards: 

• Low:  These are areas with depths and velocities corresponding to the Low Danger Zone as 

shown in Figure 1.  Low pedestrian hazards are not displayed on the PPW map exhibits because, 

per TM11, low hazard zones do not present a threat to children of almost any size (excluding 

infants) and cover all areas not classified with a higher flood hazard. 

• Moderate:  Areas with depths and velocities corresponding to the Judgment Zone in Figure 1 

have been labeled as having a moderate potential flood hazard to pedestrians. 

• High:  Areas with depths and velocities corresponding to the High Danger Zone in Figure 1 have 

been labeled as having a high potential flood hazard to pedestrians.   

The flood hazards to pedestrians have been digitized in GIS in the form of a raster.  The rasters 

generated for the risk analysis coincide with the FLO-2D grid elements with a 10-foot by 10-foot pixel 

size.  The raster contains values of 1, 2, and 3 which correlates to a low, moderate, and high hazard 

classification, respectively.  Since the 100-year, 6-hour storm produces the largest peak runoff (see Table 

4-3), the flooding hazard from this storm event is shown as Figure 6-2. 

 

 

 

Figure 6-1. Depth-Velocity flood danger level relationship for children, from USBR (1988) 
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Figure 6-2. Flooding hazards to children based on the 100-year, 6-hour FLO-2D results 
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6.3 FLOODING HAZARDS TO PASSENGER VEHICLES 
Potential hazards to passenger vehicles were classified using a combination of minimum depth criteria 

and depth-velocity relationship in TM 11 as shown in Figure 6-3.  The following four categories exist for 

passenger vehicle flood hazards: 

• Low: This hazard category is based solely on minimum depth criteria and is for roadway 

crossings with depths less than half a foot.  Low passenger vehicle hazards are not displayed on 

the map exhibits because low hazard zones indicate areas where vehicles “are not seriously in 

danger” and, as such, almost any size passenger vehicle can safely pass.  Also, this hazard 

classification covers all areas not classified with a higher flood hazard.   

• Moderate:  This hazard category is based on a combination of minimum depth criteria and the 

depth-velocity relationship in TM 11.  Specifically, these are roadway crossings with depths and 

velocities falling into the Low Danger Zone (as shown in Figure 6-3) that also have greater than a 

half a foot of depth.  The threshold depth of half a foot was chosen because half a foot of water 

will reach the bottom of most passenger cars and can cause loss of control and possible stalling. 

• High:  Roadway crossings with depths and velocities corresponding to the Judgment Zone in 

Figure 6-3 have been labeled as having a high potential flood hazard for passenger vehicles.   

• Very High:  Roadway crossings with depths and velocities corresponding to the High Danger 

Zone in Figure 6-3 have been labeled as having a very high potential flood hazard for passenger 

vehicles.   

The flood hazards to passenger vehicles have also been digitized in GIS in the form of a raster.  The 

raster contains values of 1, 2, 3, and 4 which correlate to a low, moderate, high, and very high 

classification, respectively.   

As an example, the flooding hazards to vehicles for the 100-year 6-hour storm event is shown as Figure 

6-4.  To isolate the actual risk to vehicles, the street centerlines were intersected with the hazards zones 

to produce a “Potential Risk to Passenger Vehicles” map.  This isolates the road crossings that pose a risk 

to vehicles during a 100-year 6-hour storm (Figure 6-5).  Figure 6-5 indicates the following road crossings 

have a Very High potential risk to passenger vehicles and should be considered for upgrade by Douglas 

County: 

• Wade Street at Buckbrush Wash 

• Squires Street at Buckbrush Wash 

• E Valley Road at Buckbrush Wash 

• E Valley Road at Johnson Lane Wash 

• Henning Lane at Johnson Lane Wash 

• Nye Drive at Johnson Lane Wash 

• A portion of the east segment of North Fork Train 
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Figure 6-3. Depth-Velocity flood danger level relationship for passenger vehicles, from USBR (1988) 
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Figure 6-4. Flooding hazards to passenger vehicles during the 100-year, 6-hour event 
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Figure 6-5. Potential risks to passenger vehicles during the 100-year, 6-hour event 
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6.4 FLOODING HAZARDS TO STRUCTURES 
Potential hazards to buildings were classified using the depth-velocity relationship from TM 11.  The 

depth-velocity relationship from TM 11 is shown as Figure 6-6.  The following three categories exist for 

potential flood hazards to structures: 

• Low:  Buildings that have contact with at least one FLO-2D grid element that has a depth-

velocity relationship corresponding to the low danger zone in Figure 6-6 have been designated 

as having a low potential flood hazard. 

• Moderate: Buildings that have contact with at least one FLO-2D grid element that has a depth-

velocity relationship corresponding to the judgment danger zone in Figure 6-6 have been 

designated as having a moderate potential flood hazard. 

• High: Buildings that have contact with at least one FLO-2D grid element that has a depth-

velocity relationship corresponding to the high danger zone in Figure 6-6 have been designated 

as having a high potential flood hazard. 

 

 

Figure 6-6. Depth-Velocity flood danger level relationship for structures built on foundations, from USBR (1988) 

 

The flood hazard layer was intersected with a polygon shapefile containing all the buildings in the 

watershed using GIS software tools.  The procedure is to first create a raster from the building polygon 

shapefile, then check if the centroid of any grid from the building raster intersects a grid from the flood 

hazard layer.  If it does, that hazard classification is assigned to the building polygon in an attribute 

table.  If a building intersects the hazard layer multiple times, the maximum hazard classification is 

assigned to the building.  Buildings with less than 600 square feet (mostly secondary outbuildings) were 

not considered because they were assumed to be uninhibited due to their size.  The result is a building 

polygon shapefile with a hazard attribute classifying low, moderate, or high flood hazards.  Figure 6-7 

provides an example of buildings classified as having a low potential hazard. 
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Figure 6-7. Building flooding hazard classification example for the 100-year, 6-hour event. 
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Some commercial buildings show ponding due to a recessed shipping dock or the geometry of the 

building blocking the flow.  An example of ponding caused by the geometry of a building is shown in 

Figure 6-8.   

 

Figure 6-8. Example of flooding at large commercial buildings 
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The tabulated building hazard results are shown in Table 6-1.  Due to the relatively shallow flooding in 

the project area, there are no buildings with a high hazard based on the TM 11 criteria and only a few 

classified with a moderate hazard.  The 100-year 6-hour flooding hazards to buildings raster is shown in 

Figure 6-9.  The following electronic data for the potential hazards to structures are provided along with 

this report: 

• Potential hazards to buildings (shapefile) (e.g., bld_100yr24hr) 

• Potential hazard layer based on TM 11 criteria (raster) (e.g., bldz_100Y24H) (for documentation) 

 

Table 6-1. Buildings flooding hazard classification results (base conditions) 

Base Conditions 
Recurrence 

Interval 
Building 
Count 

Building 
Count 

Building 
Count 

Total Building  
Count 

 Low Moderate High  

25-yr 24-hr 3531 1 0 3532 

100-yr 24-hr 3528 4 0 3532 

100-yr 6-hr 3529 3 0 3532 

Hyp. July 2015 3529 3 0 3532 
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Figure 6-9. Flooding hazards to buildings for the 100-year, 6-hour event. 
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6.5 BUILDING INUNDATION ASSESSMENT 

6.5.1 Methodology 

To verify and contrast the flooding hazards to building results, a separate building impact analysis was 

run using the building footprint data (obtained during initial data collection from Douglas County, 

supplemented with the 2017 aerial photography included with the LIDAR mapping) and the maximum 

depth results from the FLO-2D modeling for the base conditions.  The maximum depth layers only 

consider the maximum depth that occurred during the simulation.   

From the building footprint data, there are 5,572 structures within the HAZUS study area; however, not 

all of these structures are habitable structures (i.e. - water tanks or sheds).  For this analysis, the same 

600 square foot filter that was used in the flooding hazard to building analysis (see Section 6.4) was 

applied.  After applying this filter, there are 3,532 structures in the study area.  

In this section, the documentation will focus on the base conditions analyses, while the with-alternatives 

results will be presented later in Section 8.  

6.5.2 Base Conditions 

Each building was classified based on the maximum depth that fell within the structure outline.  The 

structures were tabulated into four groups: 

1) 0.25 ft < Depth (h) ≤ 0.5 ft – Low 
2) 0.5 ft ≤ Depth (h) ≤ 1.0 ft – Moderate 
3) 1.0 ft < Depth (h) – High 
4) 0.25 ft < Depth (h) (inclusive of groups 1 through 3 above) 

The results for existing conditions are tabulated in Table 6-2, while the results for the 100-year 6-hour 

storm are shown in Figure 6-10.  From these results, the shorter duration, high intensity storms (e.g., 

100-year 6-hour) have the potential to impact the most structures.  As noted in the previous section, 

some large commercial buildings show ponding due to a recessed shipping dock or the geometry of the 

building blocking the flow.      

 

Table 6-2. Buildings that are impacted by various depths (base conditions) 

Base Conditions 
Recurrence 

Interval 
Building Count 

Flow Depth 
Building Count 

Flow Depth 
Building Count 

Flow Depth 
Total Building  

Count 
 0.25' < h ≤ 0.5' 0.5'< h ≤ 1' 1' < h 0.25' < h 

25-yr 24-hr 314 56 18 388 

100-yr 24-hr 657 233 77 967 

100-yr 6-hr 776 354 97 1227 

Hyp. July 2015 765 247 61 1073 
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Figure 6-10. Buildings subject to potential inundation for the 100-year, 6-hour event 
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6.6 HAZUS EVENT-BASED ANALYSIS 

6.6.1 Methodology and Purpose 

FEMA’s HAZUS program5 is a standardized computer software package that automates FEMA’s 

methodology for estimating potential economic losses and human displacement due to natural disasters 

such as earthquakes, floods and hurricanes.  For flood related losses, HAZUS has the capability to 

perform varying levels of analyses that are distinguished primarily on the amount of user provided data.  

A Level 1 analysis is primarily based on generalized data provided with the software and rudimentary 

estimations of hydrology and flood depths to estimate flood risk.  A Level 2 analysis blends user 

generated data with software data.  A Level 3 analysis primarily uses all user generated input data.  The 

analysis performed in this study would be considered a simple Level 2 since more detailed flood risk 

data (flood depth grids from FLO-2D) has been generated external to the model and imported for use in 

conducting the loss analyses. 

In HAZUS, the flood depth grids are analyzed against a general building stock (GBS) database that is 

spatially tied to the 2010 Census blocks.  The HAZUS analysis also considers single location essential 

facilities (e.g. – fire stations, hospitals, etc.).  Both data sets contain attributes that represent an 

estimate of the number of buildings, building type, population, building replacement costs and so forth.  

However, the GBS data are generalized to a particular census block.  Since these estimates are based on 

the resolution of census blocks, the loss estimates are considered valid for a planning level of analysis.  

For a more complete explanation of the HAZUS modeling package, see the link provided in footnote 

below. 

Flood hazard loss estimates for base and with-project conditions were calculated for the JL ADMP study 

using HAZUS 4.0 for most scenarios.  The purpose of the HAZUS analyses were to quantify the economic 

benefit from reduced flood damages that may be realized with the construction of all or part of the 

alternatives.  The HAZUS default damage curves were used for all types of structures, with two 

exceptions.  The United States Army Corps of Engineers (USACE) New Orleans District depth-damage 

curve (ID 143) was used for one story slab foundation residential structures, while the USACE New 

Orleans depth-damage curve (ID 57) was used for the contents of those same structures.  With these 

curves, more reasonable estimates of the economic damages were calculated.     

As before, the documentation in this section will focus on the base conditions analyses, while the with-

project results will be presented after the alternatives are discussed.  The two scenarios will be 

compared in that section.      

6.6.2 Base Conditions 

These estimates only include building-related economic loss and are divided into two categories: direct 

building loss and business interruption losses.  According to HAZUS literature (FEMA, 2015), “the direct 

building losses are the estimated costs to repair or replace the damage caused to the building and its 

contents.  The business interruption losses are the losses associated with the inability to operate a 

business because of the damage sustained during the flood. Business interruption losses also include the 

temporary living expenses for those people displaced from their homes because of the flood.”  In these 

tables, the total property column includes residential, commercial, industrial and miscellaneous other 

                                                           
5 HAZUS-MH 4.0 (https://msc.fema.gov/portal/resources/hazus) 
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structures.  Therefore, the residential and total property columns are not additive.  Finally, all estimates 

are based on the HAZUS GBS database, which is tied to 2010 census data and dollars. 

A results summary is presented as Table 6-3.  From these results, the 100-year 6-hour storm event 

causes the most damage to the area, while the 100-year 24-hour storm is only slightly lower.  This result 

is in line with the fact that shorter, more intense storms have the most impact in this watershed.  

Additionally, the hypothetical July 2015 event is estimated to cause $4.5 million in damages – a little 

over 80% of the estimate 100-year 6-hour damage. 

Table 6-3. Summary of flood damage estimates (base conditions) 

Base Conditions 
  Economic Loss      

Recurrence Residential  Total Property Business Interruptions Total Economic Loss 

Interval $ millions $ millions $ millions $ millions 
25-yr 24-hr 2.14 2.22 0.42 2.64 

100-yr 24-hr 4.27 4.49 0.42 4.91 

100-yr 6-hr 4.87 5.13 0.42 5.55 

Hyp. July 2015 3.90 4.08 0.42 4.50 

 

6.7 SUMMARY 
In this section, the methodologies and results from five separate hazards analyses were presented.  

These included: 

• Flooding hazards to children 

• Flooding hazards to vehicles 

• Flood hazards to buildings 

• Building inundation assessment 

• HAZUS event-based analysis 

These analyses help identify areas that have a higher risk of flooding and which property and 

infrastructure are most susceptible to damage.  Having this information helps focus the mitigation 

alternative to areas where they are most needed.  Additionally, the last two analyses (the building 

inundation assessment and the HAZUS analysis) help show if the proposed alternatives are reasonable 

and cost-effective.  The HAZUS analysis is a FEMA approved methodology for computing potential 

economic losses and is a standard requirement for most grant applications.   
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7 ALTERNATIVES FORMULATION 

7.1 PURPOSE 
An important element to any area drainage master plan is an assessment of potential mitigation 

alternatives.  The previous sections of this report described the overall watershed setting, discussed the 

development of offsite and onsite hydrology, explained the development and results of two-dimensional 

hydraulic modeling, described the methodology and results of a sedimentation engineering analysis, and 

outlined a flooding hazards for pedestrians, vehicles, and structures.  In summary, all the analyses 

leading up to this section have identified the locations and magnitudes of flooding and sedimentation 

hazards for a range of frequency storms.  Identifying the hazards is a critical first step.  The second step 

is to evaluate potential alternatives that could mitigate the hazards.   

7.1.1 Requested Alternatives 

Douglas County requested an evaluation of the viability of several specific alternative concepts that have 

been suggested by Community Members, Douglas County Commissioner Board Members, and Douglas 

County Engineering Staff.  Each of the following specific alternatives were assessed as part of the 

JLADMP: 

• Potential Off-Road Vehicle Use Impacts – Off-road vehicle use has resulted in the loss of natural 

vegetation and compaction of the soils within the public land areas.  This alternative analysis 

evaluated whether the unpaved road network could result in adverse flooding and 

sedimentation conditions within the downstream community. 

• Individual Lot Management – This concept explored whether flooding hazards within the 

community could be mitigated though implementation of an individual lot management plan 

rather than regional mitigation structures.   

• Individual Lot Retention – This alternative analysis examined whether implementation of 

individual lot retention for storm runoff would be viable in mitigating the flooding hazards 

within the community. 

• Driveway Culvert Sizing – This analysis was conducted to provide a community-wide template 

for recommended driveway culvert sizes.   

• Roadside Ditch Lining – The roadside drainage conveyance ditches within the community are 

frequency burdened with sedimentation and require frequent maintenance by Douglas County 

via a mechanical scraper.  This analysis explored which type of channel lining would be adequate 

to protect the bed and banks of the ditches from erosion while being compatible with the 

mechanical maintenance procedures.   

• All-Weather Access – It is the desire of Douglas County to have all-weather, 100-year access for 

Johnson Lane, Stephanie Way, and East Valley Road.  This alternatives analysis explored the 

viability of structural modification of only these roadways and right-of-way to permit all-

weather access during 100-year frequency storm events.   

• Regional Structural Alternatives for 25-Year and 100-Year Storms (Section 8) – This task 

evaluated a series of regional structures to mitigate both storm runoff and sediment for the 25-

year and 100-year frequency storms.  The structures evaluated included: 
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o Contour Trenches - This analysis explored the viability of using contour trenching in the 

upper watershed areas to reduce or eliminate the flooding and sedimentation hazards 

within the Johnson Lane community.   

o Detention Basins/Channels – This analysis explored the potential reduction in flooding 

and sedimentation hazards through construction of a series of detention basins, 

interceptor channels, and conveyance channels.   

Each of these alternative concepts are presented in detail in the proceeding sections.  It is 

recommended that the decision to implement any one, or any combination of these alternatives be a 

collaborative effort between Douglas County and the residents of the Johnson Lane community.   

7.2 POTENTIAL OFF-HIGHWAY VEHICLE USE IMPACTS 
The Johnson Lane community is bordered on the north and east by public lands which are managed by 

the BLM (Figure 7-1).  The use of public lands for off-highway vehicle (OHV) use is guided by two federal 

Executive Orders (EO): E.O. 11644 (1972), and E.O. 11989 (1977)6.   The purpose of the EOs was to 

establish policies and procedures to ensure OHV use would be controlled and directed to protect the 

public land resources, promote safety of all public land users, and to minimize land use conflicts.  Both 

EOs provide a series of requirements and guidelines to be followed when OHV use is permitted or not 

permitted.   

A pilot area was selected for an analysis to assess whether OHV roads that have been established on the 

public lands are potentially resulting in adverse flooding and sedimentation impacts to the downstream 

community.  A portion of the Hot Springs Mountains was selected as the pilot area because it is the 

primary source of OHV use impact complaints within the Johnson Lane community. 

 

 

 

 

 

 

 

 

 

 

                                                           
6 https://www.archives.gov/federal-register/codification/executive-order/11644.html 
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Figure 7-1. Land ownership 
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7.2.1 Roads on Public Lands 

The public lands adjacent to the Johnson Lane community have historically been open for OHV use as 

reflected by an extensive network of roads (Figure 7-3).  There is not a consistent pattern of the road 

network compared with the natural drainage network (e.g. some roads are parallel to the drainage 

network, some are perpendicular or at a skew).  The impacts of the development of unpaved roads on 

natural surfaces have been widely studied and well-

documented (Ouren, et. al, 2007).  Impacts related to flooding 

can include: 

• Changes to the hydrologic soil properties of the soils 

including destruction of soil crusts and desert 

pavement that can provide soil stabilization.  They 

can also include compaction of the soils which 

decreases infiltration, increases surface runoff, and 

reduces the soil’s ability to support vegetation.   

• Changes to natural vegetation.  Loss of vegetation 

within the road corridors decreases surface 

roughness (Manning’s n) which can increase runoff 

flow velocity and stream power, which can cause bed 

scour and an increase in sediment transport capacity.  

Layers of fugitive dust that is raised by OHV use can 

disrupt photosynthetic processes and diminish plant 

growth and perpetuation.   

• Changes to water quality including sedimentation, 

turbidity, and pollutants to the downstream watershed areas.  OHV-specific pollutants such as 

petroleum products can be absorbed into sediments and transported downstream during storm 

runoff events.   

It is a common occurrence in western ephemeral systems for unpaved roads to intercept runoff during 

storm events and become integrated into the surface drainage network (i.e. roads become washes).  

When this occurs, flow is often diverted from the natural flow paths and can result in unanticipated, 

adverse flooding.   

Residents of the Johnson Lane community have expressed concerns to Douglas County regarding the 

potential flooding and sedimentation impact of unpaved roads in the vicinity of the Hot Springs 

Mountains.  Residents have posted signs (Figure 7-2), and the issue has become hotly debated with 

some residents wanting to close-off OHV access to the public lands, while others are arguing to keep 

them open for OHV use.   

 

 

 

 

 

Figure 7-2. Resident-posted sign reflecting the 
OHV issue 
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Figure 7-3. Unpaved roads near the Johnson Lane community 
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7.2.2 Potential Flooding and Sedimentation Impacts 

To assess the potential impacts of the unpaved roads to the downstream community, several FLO-2D 

models were created and the model results were compared.   

7.2.2.1 Existing Conditions (With Unpaved Roads) Model 

A high-resolution, five-foot grid, existing conditions (e.g. with unpaved roads) FLO-2D model was created 

for the pilot area using the same hydrologic and hydraulic input parameters as the existing conditions 

JLADMP model (see Section 4.2).  The five-foot grid scale was selected to ensure that the unpaved roads 

and identifiable trails would be adequately represented in the model.  The hypothetical July 2015 storm 

hydrology was used as the input storm for the model comparison because 2014 and 2015 storms 

resulted in flooding and significant sedimentation to streets and residential properties immediately 

south of the public lands area (Figure 7-4).   

 

 

Sedimentation along Lindsay Lane, July 2015.  Westerly 
view. 

 

Sedimentation at Mac Drive and Jackie Circle, July 2014.  
Northeasterly view. 

Figure 7-4. Flooding and sedimentation from July 2014 and July 2015 storms 

7.2.2.2 Alternate Conditions (Without Unpaved Roads) Model 

A five-foot grid FLO-2D model was prepared with the objective of representing the modeling area 

assuming no unpaved roads are present.  The following input parameters were modified to simulate the 

“removal” of the unpaved roads in the model: 

1. Manning’s n value – the landuse data used in the existing conditions model included the 

unpaved road network within the model boundary (see Figure 4-2).  The n value assigned to the 

unpaved road category was 0.026, which indicates a lower surface roughness than the adjacent 

surface due to a lack of vegetation.  The n value was changed to match the Forest and Range 

landuse category (0.040).   

2. Percent Impervious (RTIMP) – one of the FLO-2D input parameters used in the internal 

infiltration calculation in the existing conditions model is percent impervious (see Section 4.3.3), 

which indicates the relative percent of each FLO-2D grid that is available for infiltration per each 

landuse unit.  A higher percent impervious value results in higher surface runoff.  For the 

existing conditions model the percent impervious was set to 5% for Forest and Range and 25% 
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for unpaved roads.  The increase for unpaved roads is to account for surface soil compaction 

from vehicle use.  For the alternate conditions model, the unpaved roads percent impervious 

value was changed to 5% to match the Forest and Range unit.  Adjusting the percent impervious 

parameter to simulate an increase in runoff due to soil compaction is a common practice in area 

drainage master plans conducted for the Flood Control District of Maricopa County, Arizona.   

7.2.2.3 Field Observations 

Many of the unpaved roads were directly observed during multiple the field investigations associated 

with this study.  There were several locations where field evidence indicated the unpaved road network 

was intercepting, diverting, and/or concentrating flow away from the natural watercourse paths.  An 

example from the southern piedmont slopes of the Hot Springs Mountains is shown in (Figure 7-5).   

 

Southeast Wash diversion down an unpaved road.  The 
sediment scoured from the photograph was deposited 
downstream on Lindsay Lane and the adjacent properties.  
(see Figure 7-4, left photograph).  View southwest. 

Southeast Wash diversion down an unpaved road.  
Photograph taken 120 feet upstream from the photograph 
at left.  View southwest. 

Figure 7-5. Example of an unpaved road intercepting and diverting runoff and sediment 

7.2.2.4 Results 

The FLO-2D discharge output raster files from the existing conditions (with unpaved roads) and alternate 

conditions (without unpaved roads) models for the 25-year, 24-hour and hypothetical July 2015 storms 

were subtracted from each other to evaluate the potential impacts from the unpaved road network.  

The results are shown in Figure 7-6 and Figure 7-7 and indicate areas of increase and decrease in 

discharge, both of which were expected.  An increase in discharge would be expected in areas where the 

unpaved road network could concentrate and divert runoff due to lower surface roughness, resulting in 

concentrations of flow in areas that would not see such concentrations absent the unpaved road 

network.  In addition, the increase in runoff due to soil compaction would result in an increase in 

discharge.  Areas of decrease in discharge would be expected where shallow, sheet flooding would be 

reduced by the runoff concentrating along the unpaved roads.  The results between the 25-year and the 

2015 storm are spatially similar, with the 2015 storm showing a higher magnitude of change.  Note: the 

results shown in Figure 7-6 and Figure 7-7 are likely of a lower magnitude than would actually occur 

during a storm event.  Computing the actual magnitude of change between with- and without-unpaved 

roads was challenging and difficult to quantify, even with a 5-foot grid FLO-2D model.  The total area of 
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unpaved roads is significantly lower than the total watershed area, thus measuring change in discharge 

was challenging.   

In summary, field observations and the FLO-2D modeling effort have indicated that some of the unpaved 

roads on the public lands within the pilot area have intercepted, concentrated, and diverted runoff and 

sediment.   
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Figure 7-6. Change in discharge from unpaved roads upstream of developments for 25-year storm 
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Figure 7-7. Change in discharge from unpaved roads upstream of developments for July 2015 storm 
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7.2.2.5 Mitigation 

Mitigating the effects of OHV use within the watershed is as much an exercise in policy as it is in science.  

The results of this analysis suggest that the adverse flooding and sedimentation issues related to OHV 

use will continue, and will likely worsen, if steps are not taken to mitigate at least the most problematic 

areas.  Ouren et al. (2007) provides a road map to mitigation and site-restoration techniques; beginning 

with understanding, defining, and coordinating stakeholder groups.  Some of what is discussed in Ouren 

et al. is summarized below:   

• Understanding Land Use Preferences and Conflicts 

o If there is competing interests in land management decisions, stakeholder coordination 

is critical.  Stakeholders should include land owners (public and private), local 

government, users of OHV areas, and property owners impacted by OHV use. 

o Attempt to classify stakeholders to form relevant management plans. 

o Establish stakeholder focus groups to convey the problem.   

▪ If recreators are made aware of their impacts, they may be willing to take steps 

to lessen the impacts.   

▪ Establish an understanding of the different interpretations of OHV use. 

o Educate the stakeholders on the BLM classifications of OHV use (Open, Limited, Closed).  

Discuss the current classification and whether a revised classification might be 

satisfactory to all parties. 

o Educating all stakeholders is crucial in alleviating negative perceptions of OHV 

classification changes. 

o Develop a phased plan to implement the changes over a time-frame that is acceptable 

to all stakeholders. 

• Restoration of Impacted Areas 

o Close or substantially limit OHV access to impacted areas. 

o Develop a revegetation plan.  Revegetation can be difficult in semi-arid environments 

and may require restoring soil horizons for re-establishing microbial communities.   

o De-compacting OHV tracks and flattening out lateral and center berms can increase the 

probability of vegetation redevelopment. 

o Import native soils where there has been substantial soil loss due to interception of 

overland flow into the OHV tracks.   

o Create structural diversions/barriers/channels in areas where OHV tracks have been 

integrated into the natural drainage network to allow for soil and vegetation recovery.   
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7.2.2.6 Recommendations 

If the Johnson Lane community and/or Douglas County desires to mitigate the impacts of OHV roads on 

the downstream development, it is recommended that they develop a restoration plan that 

incorporates some or all the elements listed in Section 7.2.2.5.  There are many OHV roads within the 

study pilot area, that if closed and mitigated, would likely result in a reduction of flooding and 

sedimentation impacts to specific locations downstream.  Figure 7-8 shows several roads that are 

recommended for closure and mitigation within the pilot area.   

Outside of the pilot area, some general recommendations for selecting OHV road candidates for closure 

are listed below: 

• Roads with field evidence of flow interception or drainage integration 

• Roads that intersect natural drainage corridors 

• Roads that are within the floodplain of natural drainage corridors 
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Figure 7-8. Pilot area OHV road closure recommendation priority 
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7.3 INDIVIDUAL LOT MANAGEMENT 
The development history of the Johnson Lane community can be generally defined by serial parceling 

(large parcels being subdivided over time into smaller and smaller parcels).  This is common practice in 

the western U.S., and is often referred to as “wildcat subdivision” development.  When a community is 

developed as a wildcat subdivision (as opposed to a Master Planned community), consistent and 

continuous drainage infrastructure (e.g. retention structures, storm drains, natural channel corridors, 

etc.) is often overlooked.  Attempting to rectify drainage infrastructure deficiencies after a community is 

built-out can be extremely challenging due to the lack of public property and right-of-way through which 

infrastructure can be built.  Such is the case with Johnson Lane.  State and/or local regulations regarding 

wildcat subdivision development often do not address drainage directly.  The Nevada Revised Statutes 

(NRS) 278.461 and 278.462 states the following in part: 

278.461 - Except as otherwise provided in this section, a person who proposes to divide 

any land for transfer or development into four lots or less shall: 

a) Prepare a parcel map and file the number of copies, as required by local ordinance, 

of the parcel map with the planning commission or its designated representative 

or, if there is no planning commission, with the clerk of the governing body; and 

b) Pay a filing fee in an amount determined by the governing body, unless those 

requirements are waived or the provisions of NRS 278.471 to 278.4725, inclusive, 

apply. 

278.462 - May require street grading, drainage provisions and lot designs as are 

reasonably necessary.  If it anticipates, based upon duly adopted ordinances and plans, 

that the parcels will be used for residential, commercial or industrial purposes, may 

require off-site access, street alignment, surfacing and width, water quality, water supply 

and sewerage provisions only as necessary and consistent with the existing use of any land 

zoned for similar use which is within 660 feet of the proposed parcel. If the proposed 

parcels are less than 1 acre, the governing body or, if authorized by the governing body, 

the planning commission or other authorized person may require additional 

improvements which are reasonably necessary and consistent with the use of the land if 

it is developed as proposed. 

The NRS above indicates that if a parcel is split into four lots or less and is located within 660 

feet of land zoned for similar use that does not have infrastructure (drainage or otherwise), the 

governing body is not necessarily compelled to enforce infrastructure requirements.  This 

process can continue over time which transforms undeveloped land into communities like 

Johnson Lane that lack major drainage infrastructure.   

7.3.1 Individual Lot Management Concept 

One potential solution to drainage problems like those in Johnson Lane is to reduce flood risk by 

allowing residents to protect their properties on a parcel-by-parcel basis through an Individual Lot 

Management Plan (ILMP).  At the time of this study, many residents within the Johnson Lane community 

had previously constructed berms around their property as a means of flood mitigation (Figure 7-9).   
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Figure 7-9. Examples of individual lot berms within the Johnson Lane community 

For areas like Johnson Lane where the flood hazard is typically defined by shallow, distributary flow, an 

ILMP that includes designs for berms can be a cost-effective mitigation strategy, if ALL potentially 

impacted residents are compliant with the plan.  Constructing a berm in a shallow flooding area will 

always result in the concentration of flow along the berm and at the point of deflection downstream of 

the berm.  This can result in an adverse impact to downstream parcels, if the downstream parcels have 

not constructed berms or other mitigation structures.  Most regulatory agencies, such as Douglas 

County, do not have the legal authority to compel private property owners to comply with an ILMP, so it 

is up to the parcel owners to develop an ILMP, and ensure all residents are compliant.   
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7.3.1.1 ILMP Elements 

An ILMP should be specific to the communities needs and include elements that are compatible with the 

overall community context.  The plan should include a suite of mitigation options that are compatible. 

Potential criteria for mitigation options could include: 

• Measures need to be permanent. 

• Measures need to be proven to function as intended and have strong engineering support for 

their long-term application. 

• Measures need to use, to the extent possible, natural materials or materials that could be 

enhanced to have a natural feel once the work was completed. 

• Measures should incorporate the components already being used for landscape development. 

• Measures should enhance or restore the existing flow conveyance. 

• Measures should use materials that are familiar to contractors already working in the area. 

• Measures need to account for sediment component of the flow regime. 

• Measures need to be easily translated to other parcels with only slight modifications. 

• Measures need to function as stand-alone components. 

• Measures should account for the fact that the residents will be responsible for their upkeep 

once installed. 

Once a list of criteria is established, developing a set of mitigation measure templates can assist 

residents with protecting their property while being compliant with the ILMP.  Figure 7-10 is an example 

template for an engineered berm structure.  A set of mitigation measure categories should be the first 

step in developing templates.  Example categories might include: 

1. Engineered berms 

2. Engineered swales and channels 

3. Engineered driveway crossings 

Sand bags are often employed by many of the Johnson Lane residents for flood mitigation (Figure 7-11).  

Sand bags weather and decay in a short period of time.  Sandbags would likely not meet the mitigation 

criteria developed for an ILMP.  These measures provided necessary short-term protection, but would 

not necessarily be a part of a long-term solution as they will tend to divert and concentrate flow, 

encourage scour and sediment deposition, and interrupt the natural flow conveyance. 
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Figure 7-10. Example mitigation measure template 

 

 

 

 

 
 

 

 

 
 

Figure 7-11. Employment of sandbags within the Johnson Lane community 
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7.3.1.2 Mitigation Measure Design Philosophy 

A basic design philosophy should be developed to create an effective mitigation design that could be 
consistently translated throughout the community. From an engineering perspective, the site conditions 
and the flow regime dictate the engineering aspects of the design. However, the philosophy needs to 
be sensitive to the property owner’s needs and wishes.  Below is an example list of design guidelines: 
 

1. Measures cannot result in an adverse impact to adjacent parcels.  Analysis using the JLADMP 
FLO‐2D model should be used to verify the impacts. 

2. The design shall promote natural flow conveyance within existing drainage path, not the 
diversion of flow onto adjacent property. 

3. The selected application of mitigation measures shall be cost effective. 
4. Design and placement of the mitigation measures shall account for the fact that the measures 

are voluntary, and within reason should honor the requests made by the individual 
homeowners. 

5. Measures should be such that they are effective and to the extent possible, low maintenance. 
6. A design event should be established as a standard (e.g. 100-year, 6-hour (JLADMP FLO‐2D 

results) and be used as a basis for the design and placement of the proposed measures. 
7. The existing flow paths should be utilized, and flow shall be released at historic outfalls or at 

a minimum at an existing release point. 
8. The mitigation of flow impacting the primary residents shall be the priority.  Auxiliary structures 

such as barns and sheds will warrant lower profile mitigation measures. 
9. Flows are sediment laden and therefore careful measures to minimize sediment deposition 

should be considered. 
10. Driveways shall be stabilized, at‐grade crossings having minimal entrance and exit slopes. 
11. Existing utilities shall be avoided to the extent possible to limit relocation. 
12. No measures shall be placed on septic tanks or leach fields. 
13. In establishing flow corridors, fencing shall be removed and replaced with a non‐flow impeding 

configuration (i.e. replace chain‐link with corral or barb‐wire where possible). 
14. Tree removal should be limited and discussed with the home owners. 

7.3.2 ILMP Compliance 

As discussed previously, an ILMP can be an effective strategy for flood hazard mitigation if ALL residents 

within the flood prone areas comply.  If only a few residents comply, then their efforts will likely result in 

an increase in flooding hazards to adjacent and downstream neighbors.  At present, some residents of 

Johnson Lane have elected to construct mitigation berms around their properties, which is equivalent to 

an ILMP without full compliance.   

7.3.3 FLO-2D Pilot Area Demonstration 

 A FLO-2D pilot area was selected to demonstrate the potential impacts from random residents 

constructing mitigation berms on their parcels.  The Buckbrush Wash flooding area downstream of the 

alluvial fan apex (near Johnson Lane Park) was selected because the area is subject to shallow, 

distributary flow in both the roadside ditches and across residential lots.  Figure 7-12 and Figure 7-13 

show the modeling extent area and the FLO-2D maximum depth results for the existing conditions 25-

year, 24-hour and 100-year, 6-hour storm models with rainfall on the grid and Buckbrush Wash inflows.  

To evaluate the impacts of random parcels with flood control berms, random parcels were selected and 

the FLO-2D FPLAIN.DAT file was modified to simulate constructed berms within the parcels.  Figure 7-14 

and Figure 7-15 show the location of the simulated berms and the maximum flow depth results for the 
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with-berm condition.  The results of the modified FLO-2D model were compared to the existing 

conditions model to show the potential impact of the construction of random berms.  Figure 7-16 and 

Figure 7-17 show the areas with increased flow depth as a result of the berms, and Figure 7-18 and 

Figure 7-19 show the areas with increased discharge.  The results indicate that construction of random 

berms without an effective ILMP can result in downstream adverse impacts for both the 25-year and 

100-year storms.   

7.3.4 Summary 

An ILMP can be an effective tool in flood hazard mitigation if the entire impacted community is in 

compliance with the plan.  Random parcel mitigation activities can result in adverse impacts to 

downstream neighbors by diverting, concentrating, and discharging flows to locations that previously 

did not experience a flooding problem.  The result of this analysis suggests that the adverse impacts of 

random berm construction can be significant, and berm construction should not be initiated without a 

full impact analysis.   
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Figure 7-12. FLO-2D pilot area and existing conditions 25-year max flow depths 
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Figure 7-13. FLO-2D pilot area and existing conditions 100-year max flow depths 
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Figure 7-14. Randomly placed berms and FLO-2D 25-year max depth model results 



  

 

141 Johnson Lane Area Drainage Master Plan 

 

Figure 7-15. Randomly placed berms and FLO-2D 100-year max depth model results 
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Figure 7-16. Increase in 25-year flow depth due to placement of the berms 
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Figure 7-17. Increase in 100-year flow depth due to placement of the berms 
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Figure 7-18. Increase in 25-year discharge due to placement of the berms 
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Figure 7-19. Increase in 100-year discharge due to placement of the berms 
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7.4 INDIVIDUAL LOT RETENTION 
Individual lot retention can be accomplished by a variety of Low Impact Development (LID) methods.  

The most common is a retention basin which is an excavated area installed on, or adjacent to, areas of 

stormwater accumulation with the purpose of reducing flow accumulation and flooding downstream.  

Retention basins can be large, regional structures, or small local structures.  Other LID method examples 

include bioretention systems, porous concrete or permeable pavers, and rainwater catchment (NCE, 

2015), all of which could be applied to the Johnson Lane area.  The goal of all LID methods is to, at 

minimum, maintain pre-construction hydrologic functions of the project site.  The purpose of this task 

was to evaluate the effectiveness of implementing individual lot retention on reducing flooding hazards 

within the Johnson Lane community.     

7.4.1 Evaluation Methodology 

A few key assumptions were made for this analysis: 

1. Every residential and commercial parcel owner within the analysis area would be required to 

participate in the lot retention plan.   

2. The retention plan would apply to all parcels outside of the master planned community areas.  It 

is assumed that the master planned communities have accounted for the excess volume from 

impervious areas through storm drain networks and neighborhood retention basins.   

To simulate the potential impact of an individual lot retention policy, the existing conditions FLO-2D 

model (see Section 4) input files for the 25-year, 24-hour and 100-year, 6-hour storms were modified to 

simulate retention of rainfall on each individual parcel.  This was done by increasing the initial 

abstraction (IA) value in the infiltration calculation.  The following three scenarios where modeled for 

this analysis: 

• Retention of the 25-year, 1-hour rainfall for each parcel from the 25-year, 24-hour storm 

• Retention of the 25-year, 1-hour rainfall for each parcel from the 100-year, 6-hour storm 

• Retention of the excess runoff volume from impervious area (buildings, driveways, patios, etc.) 

for each parcel 

The selection of the 25-year, 1-hour rain volume was selected to follow the Tahoe Regional Planning 

Agency (TRPA) Lake Tahoe Water Quality Management Plan (TRPA, 2013) which states the following 

under Section 5.2.4.1 (Stormwater Infiltration Standards): 

The TRPA Code of Ordinance Chapter 60 outlines TRPA infiltration requirements for 

stormwater treatment. Under these requirements, infiltration facilities shall be designed 

to accommodate the volume from a 20-year, one-hour storm. Additionally, the bottom 

of infiltration systems must be a minimum of one foot above the seasonal high-water 

table. If TRPA finds that runoff from impervious surfaces from a 20-year, one-hour storm 

will infiltrate naturally on the parcel, the requirement to install infiltration facilities may 

be waived. In special circumstances where infiltration requirements cannot be met, TRPA 

Code requires stormwater to meet TRPA concentration-based standards or be part of an 

area-wide BMP that contributes to meeting local jurisdiction TMDL load reduction 

requirements. 
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Note that this analysis used the 25-year, 1-hour storm and not the TRPA requirement of the 20-year, 1-

hour storm.  This was done to simplify the rainfall volume calculation since the 25-year, 1-hour rainfall 

depth is readily available from NOAA Atlas 14.   

7.4.1.1 Entire Parcel Analysis 

The first two scenarios were conducted to assess the impact on flooding hazards assuming the 25-year, 

1-hour rainfall depth from each parcel was detained on-site for both the 25-year, 24-hour and 100-year, 

6-hour storms.  The 25-year, 1-hour rainfall depth extracted from NOAA Atlas 14 tables (see Section 3.4) 

was 0.752 inches.  This value was then inputed into the FLO-2D models for the IA variable in the 

infiltration calculation, effectively removing that rainfall depth from the model which simulates the on-

parcel retention.  The resulting discharge data was then subtracted from the existing conditions model 

discharge data to compute the discharge reduction from the simulated retention.  The results are shown 

in Figure 7-20 and Figure 7-21.    

7.4.1.2 Results 

Figure 7-20 suggests that the discharge reduction for the 25-year, 25-hour storm is minimal.  However, it 

is important to keep in mind that the magnitude of the 25-year 24-hour results are significantly lower 

than the 100-year storms (see Figure 4-14 and Figure 4-15), thus the flow reduction between the two 

25-year 24-hour scenarios (25-year, 1-hour retention; impervious area excess runoff retention) will also 

be lower.   

On initial inspection Figure 7-21 (100-year, 6-hour storm) appears to indicate a substantial reduction in 

discharge from on-lot retention.  However, when you compare the magnitude of the reduction to the 

existing conditions model results (see Figure 4-15) you will notice that most of the reduction is less than 

5 cfs.  A reduction of 5 cfs from an initial discharge of 18 cfs (area around Fuller Ave and Downs Dr) still 

results in a significant flooding hazard.  That said, the largest reduction in discharge is from the 

Stephanie Wash/Chowbuck Wash/Skyline Wash systems.  These washes have a significantly smaller 

drainage area than Buckbrush Wash or Johnson Lane Wash, thus the offsite flow accumulation is lower.  

An individual lot retention policy for these drainage systems would be more effective than the other 

systems in the study area at reducing (but not eliminating) the flooding hazards.  As stated previously, 

such a policy would need to have 100% compliance to achieve the results shown in Figure 7-20 and 

Figure 7-21.   

Both the 25-year and 100-year results suggest that offsite flooding from the surrounding watershed 

areas and not local runoff are the primary source of flooding within the Johnson Lane community.   
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Figure 7-20. Potential discharge reduction from on-lot retention from 25-year, 24-hour storm 
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Figure 7-21. Potential discharge reduction from on-lot retention from 100-year, 6-hour storm 
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7.4.1.3 Impervious Area Analysis 

This analysis investigated the potential reduction of flooding hazards by simulating retention of the 

excess rainfall on each parcel due to impervious areas (e.g. buildings, driveways, patios, etc.) and not the 

entire parcel as described in Section 7.4.1.1.  As discussed previously in Section 6.5, Douglas County 

provided a GIS shapefile of building footprints within the Johnson Lane area to the project team, which 

was then updated for this study using the 2017 project orthophotography.  The buildings were assigned 

as area reduction factors (ARFs) in the model input.  For this analysis, the building areas were buffered 

by 10 feet to account for additional impervious areas on the parcels (driveways, patios, etc.) that are not 

captured directly in the building footprint shapefile (Figure 7-22).   

To simulate the impact of retention from impervious areas, the IA variable for all grid elements within 

the buffered building footprints was adjusted to 1.95 (the NOAA Atlas 14 rainfall depth value for the 

100-year, 6-hour storm).   

 

 

Figure 7-22. Example building footprint buffer used in the on-site impervious area retention analysis 
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7.4.1.4 Results 

The resulting discharge data from this analysis was subtracted from the existing conditions FLO-2D 

model to determine the net impact to the study and is shown in Figure 7-23.  Like the prior analysis 

results, the largest reduction in discharge is from the Stephanie Wash/Chowbuck Wash/Skyline Wash 

systems.  A community-wide program of requiring individual lot retention for impervious area would 

have the most impact on reducing (but not eliminating) flooding hazards on those systems.  Also, like 

the prior analysis, when the magnitude of the reduction is compared to the existing conditions model 

results, most of the reduction is less than 5 cfs.  This suggests that the primary source of flooding is from 

offsite watershed sources and not from local drainage.  The overall results of this analysis suggest that 

regional mitigation solutions would be more effective in reducing the flooding hazards within the 

community.   
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Figure 7-23. Potential discharge reduction from impervious area retention of the 100-year, 6-hour storm 
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7.5 DRIVEWAY CULVERT SIZING ASSESSMENT 

7.5.1 Introduction 

The main drainage infrastructure throughout the study area is small roadside ditches.  Access to many of 

the residences is via a driveway that crosses a roadside ditch.  The driveways typically have small 

culverts that are designed to allow passage of runoff from small storm events (Figure 7-24).  Douglas 

County drainage standards (2017) require that driveway culverts are sized for the 25-year 24-hour 

event, but residents have historically been allowed to place the minimum reqiuired 15-inch culvert 

without runoff calculations to justify an undersized culvert.  This purpose of this task was to evaluate the 

FLO-2D 25-year, 24-hour discharge estimate in the ditches and recommend a minimize culvert size for 

each major residential street.       

 

 

Figure 7-24. Example of driveway culvert in study area (note sediment clogging). 
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7.5.2 Methodology and Results 

To adequately assess the driveway culverts, the flow rate in these roadside ditches during a 25-year 24-

hour event must be accurately estimated.  A subset of all floodplain cross-sections (see Figure 4-9), was 

selected that quantified the flows in the ditches.  This subset is shown in Figure 7-25, while the flow 

peaks at each of these cross-sections for each modeled storm event is shown in Table 7-1.  Based on the 

FLO-2D results, the maximum flow rate in the ditches is 24 cfs (23.76 cfs) during the 25-year 24-hour 

event. 

A range of typical culvert sizes (18-inch, 24-inch, 30-inch, and 36-inch) were evaluated based on two 

methods.  The first was the generalized rating tables that were used in the development of the hydraulic 

structures.  The second method with HY-8 (version 7.30) using generalized culvert/channel 

characteristics based on the roadside ditches in the study area.  Six inches of sediment deposition and a 

maximum headwater depth of 2.5 feet was assumed for all culverts.  The six inches of deposition 

assumption was based on field observations and general engineering judgment.  The results of the two 

methods are shown in Table 7-2. 

Based on these results, the following minimum recommendations are made: 

• Use an 18-inch circular corrugated metal pipe (CMP) for flows less than 6 cfs. 

• Use a 24-inch circular CMP for flows greater than 6 cfs but less than 16 cfs. 

• Use a 30-inch circular CMP for flows greater than 16 cfs. 

These recommendations are shown graphically by street segment in Figure 7-26.  It should be noted that 

these recommendations only consider the 25-year peak flows with 6 inches of sediment deposition.  

Based on the sediment sampling, sediment modeling and field visits, greater sediment deposition is 

possible.  Similarly, these culvert sizes would be undersized for any event larger than the 25-year event.  

Considering these factors, the larger the driveway culvert the better.   
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Figure 7-25. Floodplain cross-sections used in driveway culvert assessment 
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Table 7-1. Flow peaks at floodplain cross-sections used in the driveway culvert assessment 

Floodplain 
Cross-section 

ID 

Flow Peak 

100-year 24-hour 
(cfs) 

25-year 24-hour 
(cfs) 

100-year 6-hour 
(cfs) 

Hyp. July 2015 
(cfs) 

46 27.33 23.76 27.90 26.56 

47 29.78 13.32 33.06 25.34 

87 25.10 12.14 27.37 20.70 

100 5.42 0.86 10.30 6.45 

101 26.66 1.29 41.77 30.47 

103 32.34 5.79 50.33 37.00 

107 7.81 3.78 13.11 12.12 

108 2.56 1.64 3.60 3.40 

110 8.86 4.25 11.70 14.15 

111 5.19 2.24 7.00 8.46 

113 9.74 8.32 11.52 11.31 

114 19.85 13.85 24.08 23.08 

116 15.53 0.25 28.93 16.66 

117 53.15 23.76 59.47 52.11 

118 8.39 3.37 12.86 7.86 

120 3.23 0.12 4.03 3.14 

121 2.07 0.11 8.85 5.85 

123 27.92 3.88 40.66 30.79 

125 12.33 0.74 19.66 12.28 

128 4.34 0.57 4.27 2.89 

129 13.81 3.50 13.63 8.56 

130 7.77 2.66 12.33 12.03 

131 13.16 3.23 21.92 21.78 

132 5.69 0.14 10.52 10.46 

133 1.57 0.09 2.86 2.74 

138 6.21 1.52 9.91 9.39 

Maximum: 53.15 23.76 59.47 52.11 

Minimum: 1.57 0.09 2.86 2.74 

Median: 9.30 2.95 12.98 12.07 
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Table 7-2. Flow rates (with headwater of 2.5 feet) and clogging percentage (with 6 in. of deposition) for typical culvert sizes 

Culvert 
Size 

(inches) 

Flows 

Clogging 
Percentage 

Table 
(cfs) 

HY-8 
(cfs) 

18 9 7 29% 

24 16 16 20% 

30 22 32 14% 

36 27 45 11% 

 

 

 

 

 

 

 

 

 

 

 

 

 



  

 

158 Johnson Lane Area Drainage Master Plan 

 

Figure 7-26. Driveway culvert sizing recommendations by street segment based on the 25-year, 24-hour storm event 



  

 

159 Johnson Lane Area Drainage Master Plan 

7.6 ROADSIDE DITCH LINING ALTERNATIVES 

7.6.1 Introduction 

Most of the streets within the study area were originally built with shallow unlined drainage ditches.  

Douglas County Public Works is responsible to keep these ditches clear of sediment and debris, which is 

accomplished by use of a mechanical scraper.  Many residents have lined the ditches with a decorative 

rock adjacent to the property for aesthetics and/or erosion protection.  This rock is problematic for 

County maintenance crews because it is difficult to efficiently separate from the off-site sediment and 

debris.  Thus, it is often removed with the debris when the ditches are cleaned.   

Bed and bank scour of the drainage ditches is another adverse issue that consistently faces Douglas 

County (Figure 7-27).  There are many documented instances within the study area of storm runoff 

eroding the ditches and resulting in downstream deposition of the eroded sediment.  Throughout most 

of the study area, the drainage ditch bed and banks are comprised of native sediment derived from the 

upper watersheds.  Field observations and sediment samples obtained from the ditches at several 

locations (Section 5) indicated that most of the ditches are comprised of the same sediment material 

that is transported from the upper watersheds through the community during flood events.  Because 

the sediment is transportable by flow velocities that are achievable within the ditches, it is not surprising 

that the ditches experience frequent scour and erosion.   

Douglas County desires to explore lining alternative that are more compatible with the mechanical 

removal of sediment and debris, and that can limit future scour of the ditches.    

 

 
Undermining and loss of roadway (Stephanie Way) 

 
Bed scour in the drainage ditch (Stephanie Way) 

Figure 7-27. Examples of scour in drainage ditches 

  



  

 

160 Johnson Lane Area Drainage Master Plan 

7.6.2 Areas Subject to Scour Potential 

An analysis was conducted to determine which roadside ditches within the community are the most 

susceptible to scour and erosion.  This was accomplished by isolating flow velocities that occur within 

the ditches and determining which areas are subject to erosive velocities.  Maximum velocity rasters 

from the 25-year, 24-hour and 100-year, 6-hour existing conditions FLO-2D models were clipped to the 

Streets layer from the Land Use dataset provided by Douglas County (see Figure 4-2).  The raw Streets 

layer was not wide enough to encompass the roadside ditches for much of the study area, so buffer was 

applied to the entire dataset.  The clipped velocity rasters are shown in Figure 7-29 and Figure 7-30.   

Two sediment samples were taken from the drainage ditches as part of the sedimentation engineering 

task (Section 5), and their grain size distribution summary is listed in Table 7-3 below.   

The average D50 and D84 grain size for the samples is 0.285 mm 1.00 mm, respectively.  A Hjulström-

Sundborg diagram (Figure 7-28) was used to compute the minimum velocity required to erode and 

transport sediment grains of that size, and indicate the results are between 0.7 ft/s and 1.2 ft/s (average 

0.95 ft/s).  These results suggest that drainage ditch beds and banks are subject to erosion by frequent 

storm runoff events.  Another source that was utilized in estimating the minimum erosive velocity was 

the Maximum Permissible Velocity for Roadside Channels with Erodible Linings guide as found in the 

FCDMC Hydraulic Design Manual (2013) (Table 7-4).  The table indicates a maximum velocity without 

lining for fine sand is 2.5 ft/s and provides an upper limit for the erosive velocity range for the roadside 

ditches within the study area. 

The clipped max velocity data was filtered to identify locations where velocity values are greater than or 

equal to 0.95 ft/s for both the 25-year and 100-year storms (see Figure 7-31 and Figure 7-32). 

 

Table 7-3. Sediment grain size for roadside ditch samples 

Sample ID 
D16 D50 D84 

Channel 
Slope 

(mm) (mm) (mm) (%) 

Raeline-1 0.125 0.354 1.009 1.4 

JL-1 0.032 0.216 0.992 1.2 
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Figure 7-28. Hjulström-Sundborg diagram estimating erosion and transport velocity 
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Table 7-4. Permissible velocity table, from FCDMC (2013) 
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Figure 7-29. 25-year, 24-hour max velocity in the streets and roadside ditches 
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Figure 7-30. 100-year, 6-hour max velocity in the streets and roadside ditches 
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Figure 7-31. Locations of erosive velocities in the roadside ditches for the 25-year storm 
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Figure 7-32. Locations of erosive velocities in the roadside ditches for the 100-year storm 
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7.6.3 Results 

Figure 7-31 and Figure 7-32 show locations where a roadside ditch lining is recommended to prevent 

future erosion.  The figures indicate the 100-year storm impacts a significantly larger area than the 25-

year.  Protection from the 25-year would be more cost effective but wouldn’t provide sufficient 

protection for higher magnitude events.   

Note: The analysis did not consider any existing ditch lining that may be present.  When prioritizing 

which ditches are candidates for lining, the following considerations should be made: 

• Ditches that are known to experience frequent scour. 

• Any existing ditch lining that is effective in scour protection and compatible with the County’s 

maintenance practices.   

7.6.4 Check Dams 

Check dams are small features that can be constructed across the drainage ditches to counter erosion by 

reducing velocities (see Figure 7-33).  They can be a cost-effective alternative to lining channels with 

erosion resistant material.  The unique sediment transport characteristics of the Johnson Lane area 

would likely pose a challenge to the effectiveness of check dams.  Check dams in the ditches would 

effectively reduce flow velocities but would also reduce sediment transport capacity.  Sediment would 

be deposited upstream of the check dams, which would reduce the conveyance capacity of the ditches.  

Under that condition, flow would overtop the ditches at locations that don’t currently experience 

overtopping.  This could result in adverse flooding and sedimentation conditions of roads and private 

property adjacent to the ditches.  The overtopping locations would likely be unpredictable and change 

with different flooding events.  Given the unique characteristics of the study area, check dams are not 

recommended as erosion mitigation.  Note: the ditches shown in the figures are appreciably wider than 

those in the Johnson Lane area.  Construction and maintenance of check dams for the relatively narrow 

drainage ditches in Johnson Lane would likely be impractical.   

 

  

Figure 7-33. Examples of small check dams.  Note the upstream sediment accumulation. 

  



  

 

168 Johnson Lane Area Drainage Master Plan 

7.6.5 Channel Lining Alternatives 

There are numerous channel lining materials and alternatives to stabilize soil and prevent erosion.  The 

challenge with this study is the lining also must be compatible with the County’s mechanical scraper 

equipment.  Various channel lining alternatives include: 

• Rock Rip-Rap 

• Synthetic flexible liners, such as Pyramat7 

• SmartDitch Trapezoidal Ditch Liner8 

• Concrete Cloth9 

• Shotcrete 

• Cement stabilized alluvium (CSA) or soil cement 

• Unreinforced Concrete10 

• Reinforced Concrete 

Table 7-5 lists each of the lining alternatives and whether they would be compatible with the County’s 

mechanical scraper.   

Table 7-5. Ditch lining alternatives 

Lining 
Alternative 

Compatible 
with 

Scraper? 

JLADMP 
Recommended Notes 

Rock Rip-Rap No No 
Rock lining of the channels by residents has been historically 
problematic for the mechanical scraper.   

Synthetic 
Liners 

No No 
Easy to install, but would not be viable long-term.  
Mechanical scraper would break-down the material over 
time. 

SmartDitch 
Liners 

No No 
Easy to install, but would not be viable long-term.  
Mechanical scraper would break-down the material over 
time. 

Concrete 
Cloth 

Yes Yes 
Benefits over shotcrete and soil cement are: fast installation 
time (20,000 sf/day), conforms to ditch geometry, small crew 
can install, no special equipment needed. 

Shotcrete (or 
sprayed 

concrete) 
Yes 

Yes, with 
proper 

application 

Shotcrete is a concrete or mortar mix sprayed onto a pre-
formed surface at high pressure.  It requires a steel fiber or 
mesh form over the structure.  It is not typically used for 
small ditches.  Durability is very dependent on proper 
construction/application techniques.  Depending on the 
installation technique, shotcrete is typically not aesthetically 
pleasing. 

                                                           
7 http://propexglobal.com/GeoSolutions/Product-Tour/PYRAMAT 
8 http://www.smartditch.com/products-trapezoidal.html 
9 http://infrastructure.milliken.com/concretecloth/ 
10 A nonreinforced concrete lining that meets NRCS Specification 428A, which can be downloaded from: 
https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1063806&ext=doc 

https://www.nrcs.usda.gov/wps/PA_NRCSConsumption/download?cid=nrcseprd1063806&ext=doc
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Lining 
Alternative 

Compatible 
with 

Scraper? 

JLADMP 
Recommended Notes 

Soil Cement Yes No, due to size 

A mixture of natural soil and cement.  Can be more cost 
effective than concrete if adequate soils are readily available.  
Generally needs 55% of the soil material to be finer than 4.8 
mm, 35% to be finer than 0.074 mm, and no material greater 
than 51 mm.  The abundance of fine sand in the JLADMP 
study area may be suitable for soil cement applications.  
However, due to the size of the construction lifts, soil cement 
may not be suitable for use in narrow drainage ditches.   

Unreinforced 
Concrete 

Yes Yes 

Second highest cost option, but highly durable over time.  
The material most compatible with the mechanical scraper.  
Hydraulically efficient to effectively transport water and 
sediment.  Estimated life of this lining is 15+ years (USDA-
NRCS, 1997)   

Reinforced 
Concrete 

Yes Yes 

Highest cost option, but highly durable over time.  The 
material most compatible with the mechanical scraper.  
Hydraulically efficient to effectively transport water and 
sediment.  Estimated life of this lining is 20+ years (USDA-
NRCS, 1997)   

 

7.7 ALL-WEATHER ACCESS 

7.7.1 Introduction 

The Douglas County Transportation Plan (Parsons, 2016) proposes Johnson Lane, Stephanie Way, and 

East Valley Road as designated collector roadways.  The proposed collector roadways were investigated 

for the JLADMP to determine how to ensure these roads have all weather access in storm events up to 

the 100-year  Here, all weather access is defined as a 12-foot wide dry lane that shall be maintained 

centered on the roadway.  The road alignments and the 100-year 6-hour existing conditions discharge 

results are shown in Figure 7-34.  East Valley Road is paved north of Golconda Drive, and unpaved south 

of Golconda Drive.  A future, improved roadway is planned (see Figure 1-3) that curves from the East 

Valley Road alignment to the Fremont Street alignment towards the south.  This proposed alignment is 

also shown in Figure 7-34. 
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Figure 7-34. Roads investigated for all weather access improvements with existing conditions 100-year, 6-hour discharge results 
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7.7.2 Assessment of Existing Conditions 

To simulate one dry lane for each roadway alignment, two grid cells along the total length of the 

centerlines of each road were selected for a total of 8,390 grid cells.  The existing conditions depth 

results were sampled at these cells to assess the severity of flow that impacts the roads.  The depth 

statistics for the 100-year 6-hour event are shown in Table 7-6, while the 25-year 24-hour statistics are 

shown in Table 7-7.  The spatial distribution of the flow depths for the 100-year event are shown in 

Figure 7-36.  The 100-year 6-hour storm was chosen instead of the 100-year 24-hour storm because the 

6-hour storm generally resulted in larger peak flows and flow volumes (see Table 4-3). 

From a review of the tables and figures in this section, most of the depths that impact the roads are 

shallow (i.e. less than 0.3 feet), and deeper depths (greater than one foot) only occur at at-grade 

crossings of major confined flow corridors, such as the East Valley Road at-grade crossing of Johnson 

Lane Wash.  A spatial distribution of the inundation magnitude for the 25-year and 100-year events are 

shown in Figure 7-35 and Figure 7-36.   

 

Table 7-6. 100-year 6-hour flow depths that impact roads slated for all weather access 

Depth (ft) 
Number of 

Grids 
Percentage 

< 0.1 6218 74.1% 

0.1 - 0.3 1577 18.8% 

0.3 - 0.5 449 5.4% 

0.5 - 1.0 131 1.6% 

> 1.0 15 0.2% 

 

 

Table 7-7. 25-year 24-hour flow depths that impact roads slated for all weather access 

Depth (ft) 
Number of 

Grids 
Percentage 

< 0.1 7621 90.8% 

0.1 - 0.3 651 7.8% 

0.3 - 0.5 86 1.0% 

0.5 - 1.0 23 0.3% 

> 1.0 9 0.1% 
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Figure 7-35.  Spatial distribution of 25-year, 24-hour flow depths that impact roads slated for all weather access 
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Figure 7-36. Spatial distribution of 100-year, 6-hour flow depths that impact roads slated for all weather access 
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7.7.3 Methodology and Results 

To evaluate the level of necessary improvements, multiple FLO-2D models were created for the 100-

year, 6-hour storm.  These included: 

1) Scenario 1: Raising the roads to prevent overtopping but without culverts 

2) Scenario 2: Raising the roads and adding culverts and key flow concentration points (13 culverts) 

3) Scenario 3: Same as 2) but adding training dikes11 to contain the flow from Johnson Lane Wash 

at East Valley Road 

4) Scenario 4: Same as 3) but adding an additional 24 culverts for a total of 37 culverts 

5) Scenario 5: Same as 4) but adding an additional 16 culverts for a total of 53 culverts 

The first scenario was used to analyze potential flow diversions that might occur due to raising the 

roadway embankments, and where culverts would be most effective.  Scenarios 2 through 5 were used 

to estimate what infrastructure would be needed to ensure one dry lane for each road without causing 

adverse impacts by diverting or impeding flow.  The impacts from each of these scenarios are presented 

in Figure 7-37 through Figure 7-41.  Figure 7-42 shows the actual flow depth increase. 

The analysis indicates that regardless of which scenario is applied, the results are increased flooding 

depths somewhere else.  Although existing conditions flow depths are relatively shallow, there are 

adverse impacts to flow paths/depths if the roads are raised.  Even adding a significant number of 

culverts does not completely mitigate the adverse impacts.   

Additional culverts could still be added to eliminate any adverse impacts, but the costs quickly rise due 

to the sheer number of culverts needed.  For example, the cost of installing 53 culverts (Scenario 5) is 

estimated at over $600,00012 (not including cost of fill material for the roads). 

These costs suggest that raising the roads and adding culverts to allow for all-weather access may not be 

the most cost-effective mitigation solution.  The results suggest that perhaps more regional solutions, 

such as channeling the washes to contain flow and provide more efficient pass-through structures, or 

constructing retention/sediment basins upstream of the developed areas may be more cost effective in 

achieving all-weather access for Stephanie Way, Johnson Lane, and East Valley Road.  Therefore, based 

on the results of this analysis, it is recommended to pursue all weather access improvements with the 

implementation of off-site regional structural flood mitigation alternatives, which are discussed in 

Section 8 and Appendix B. 

 

 

 

 

                                                           
11 In this instance, a training dike is defined as an engineered levee-like structure that is constructed near the 
entrance of a bridge or culvert for directing flow into the opening to maximize hydraulic efficiency (by increasing 
head) and limit breakout flows. 
12 Based on three 42-inch, forty-nine 36-inch RGCPs, and one 3-barrel 10’ x 6’ box culvert 
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7.7.3.1 25-Year, 24-Hour Storm Assessment 

The model results for the 25-year, 24-hour storm indicated minimal inundation on the collector roads 

with most depths less than two inches (Table 7-7).  Raising the roadway embankments and adding 

training dikes and culverts for the 25-year storm would also result in adverse impacts due to the 

shallow, distributary nature of flooding in the Johnson Lane area.  Figure 7-43 and Figure 7-44 show the 

change in flow depth from the FLO-2D model from Scenario 1 and Scenario 5, respectively.  Figure 7-45 

shows the actual flow depth increase.  Like the 100-year analysis, this approach may not be the most 

cost-effective mitigation solution once enough culverts are constructed to counter any adverse impacts.   

 



  

 

176 Johnson Lane Area Drainage Master Plan 

 

Figure 7-37. 100-Year, 6-Hour areas of impacted depths by only raising roads (Scenario 1) 
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Figure 7-38. 100-Year, 6-Hour areas of impacted depths by raising roads and adding 15 total culverts (Scenario 2) 
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Figure 7-39. 100-Year, 6-Hour areas of impacted depths by raising roads, adding training dikes at Johnson Lane Wash and East 
Valley Road crossing, and adding 15 total culverts (Scenario 3) 
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Figure 7-40. 100-Year, 6-Hour areas of impacted depths by raising roads, adding training dikes at Johnson Lane Wash and East 
Valley Road crossing, and adding 39 total culverts (Scenario 4) 
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Figure 7-41. 100-Year, 6-Hour areas of impacted depths by raising roads, adding training dikes at Johnson Lane Wash and East 
Valley Road crossing, and adding 55 total culverts (Scenario 5) 



  

 

181 Johnson Lane Area Drainage Master Plan 

 

Figure 7-42. 100-Year, 6-Hour flow depth increase by raising roads, adding training dikes at Johnson Lane Wash and East Valley 
Road crossing, and adding 55 total culverts (Scenario 5) 
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Figure 7-43. 25-Year, 24-Hour areas of impacted depths by only raising roads (Scenario 1) 
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Figure 7-44. 25-Year, 24-Hour areas of impacted depths by raising roads, adding training dikes at Johnson Lane Wash and East 
Valley Road crossing, and adding 55 total culverts (Scenario 5) 
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Figure 7-45. 25-Year, 24-Hour flow depth increase by raising roads, adding training dikes at Johnson Lane Wash and East Valley 
Road crossing, and adding 55 total culverts (Scenario 5) 
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8 REGIONAL FLOOD MITIGATION ALTERNATIVES 

8.1 INTRODUCTION 
The Johnson Lane community experiences frequent adverse flooding and sedimentation impacts as a 

result of unique characteristics that have been discussed in detail in this report.  The primary challenge 

in addressing the adverse impacts is the overall lack of consistent stormwater drainage infrastructure 

within the community.  The pre-development setting of the Hot Springs Mountains and the Pine Nut 

Mountains were a series of natural drainage corridors that extended from the upper watersheds, across 

the piedmont surface, to the Carson River floodplain (see Section 2.3) that functioned to transport 

stormwater runoff and sediment.  As the Johnson Lane community was established, the natural 

corridors were not preserved.  Consequently, stormwater runoff and sediment have been forced to find 

alternate paths to the river floodplain.  Those paths include small roadside drainage ditches, streets, 

residential yards, and homes.  The general lack of vacant land and available right-of-way eliminates the 

potential to re-establish a corridor connection from the upper watersheds to the river floodplain.  A 

wide-range of local, onsite flood and sediment mitigation alternatives were investigated for this study 

and are described in detail in Section 7.  The hydrologic and hydraulic modeling efforts of this study 

indicate that most of the adverse flooding and sedimentation issues within the community are the result 

of offsite stormwater flows and not local onsite drainage.  The analyses generally concluded that onsite 

mitigation alternatives can be beneficial in reducing flooding hazards, but that their impact is localized.  

All of these factors (lack of drainage corridors, lack of major drainage infrastructure, and minimal impact 

from onsite mitigation alternatives) suggest that the most viable alternative to mitigating the flooding 

and sedimentation risks is through offsite, regional structures.   

A series of regional solutions were investigated to assess their effectiveness in minimizing the impacts of 

flooding for both the 25-year and 100-year storms.  The regional solutions are segregated into the 

following two categories: 

• Contour Trench Analysis (Section 8.2) 

• Detention Basin/Channel Analysis (Section 8.3) 

The development of the regional alternatives comprised the following elements: 

1) Flood hazard identification 

2) Alternative formulation/evaluation 

3) Development of conceptual 15% design plans and cost estimates (Detention Basin/Channel 

analysis only) 

JE Fuller (JEF) served as the lead on the flood hazard identification and alternative formulations with 

assistance from Lumos and Associates (Lumos), who were the lead in the development of the 15% 

design plans and cost estimates for the detention basin/channel analysis.  Figure 8-1 summarizes the 

process for developing the regional alternatives.   

The proposed design from the RO Anderson study of the Stephanie Way Flood Control project (see 

Section 1.3.4) was considered during the Regional Alternatives phase of the JLADMP, but ultimately not 

adopted due to 1) the High Hazard Dam classification of the structure, and 2) sediment transport/yield 

analyses were not included in the study.  One of the primary goals of the alternative was to keep the 
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regional structures as basins where most of the flood storage is below existing grade without a tall 

embankment unless absolutely necessary, as was the case for Johnson Lane Wash.  

 

Figure 8-1. Development process for the regional flood mitigation alternatives for the Johnson Lane ADMP 

8.2 CONTOUR TRENCHING CONCEPT 
Douglas County tasked the project team to investigate the viability of using contour trenching in the 

upper watershed areas to reduce or eliminate the flooding and sedimentation hazards within the 

Johnson Lane community.  Contour trenching has historically been applied to stabilize slopes and reduce 

flooding hazards since at least the 1930s (Bailey et al., 1937), and has been frequently employed by the 

U.S. Department of Agriculture for watershed rehabilitation (Noble, 1963).  The basic concept is to 

capture storm runoff and sediment where it falls and allow for enhanced infiltration and percolation 

into the soil, thus eliminating flow accumulation downstream.  Contour trenches are designed by 

determining a design storm runoff volume in inches, determining a feasible trench capacity with 

adequate freeboard and then calculating the spacing to assure that that the runoff is fully captured by 

the trench system.   To be successful, the trench system must be constructed from the top of the 

drainage divide and working down slope.  The treatments are constructed by cutting a series of zero-

grade trenches of the designed capacity and spacing into the hillslope that follow the natural contour, 

with small check dams or baffles constructed across the trenches to segment them. These baffles allow 

over flows to equalize in the trench to reduce the likelihood of failure.  If a failure occurs, it isolates the 

damage to a given cell.  The segmentation allows for minor deviations from maintaining a perfect 

contour during construction.  Figure 8-2 shows an example of contour trenches.   
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Figure 8-2. Example of contour trenching 

Historically, contour trenching has been applied as an interim rehabilitation measure to control runoff 

and erosion until revegetation can stabilize the runoff and erosion processes.  This method was often 

applied to watersheds heavily denuded for timber or impacted by overgrazing in the early 20th century 

(Doty, 1970; Doty, 1971).  Generally, contour trenching is not considered as a substitute for long-term 

measures to reduce runoff and erosion where watershed condition improvement cannot be achieved.  

For example, sites that have limited revegetation potential, sandy sites lacking a cohesive soil, and areas 

subject to mass-wasting13.  They have been prescribed as supplemental measures to increase the life 

and effectiveness of downstream flood control dams as in the case of the Ferron PL-566 project in 

central Utah.  In another case, a complex of contour runoff control measures were applied to Murry 

Canyon above Ely, Nevada in the 1950s through 1970s which included contour trenches.  There has 

been minimal maintenance of the Ely trenches since their construction and they are partially effective 

today (e.g. some segments of the trenches are no longer effective)14. 

Contour trench construction alters the watershed hydrology and changes the soil profile in the trenches.  

In many cases, because these treatments must begin at the top of the slope they can alter the 

viewscape (stair-step appearance of the watershed slopes).  If the treatment is proposed on public lands 

it would be advisable to inform the public of the potential viewscape impacts prior to treatment 

approval, although public reaction may be subdued if the need and values are fully described.  Proper 

design of contour trenches would include effective revegetation as an integral part of the design.  Over 

time, the disturbed areas will naturally revert to native vegetation but the “contour line” appearance of 

                                                           
13 Mass wasting is a general term downslope movement of soil and rock material under the influence of gravity. 
14 Jose Noriega, U.S. Forest Service District Ranger, Ely Ranger District personal communication (5/29/18) 
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the slopes will often remain.  Each agency stakeholder should be made aware of and be willing to accept 

this altered watershed slope appearance before such a project is executed.   

8.2.1 Contour Trenching as a Long-Term Mitigation Solution 

The literature on contour trenching is generally consistent in the conclusion of its effectiveness in 

reducing downstream flooding and sedimentation, especially in watershed rehabilitation scenarios.  In 

evaluating the potential viability of contour trenches for the JLADMP, the following considerations are 

presented: 

• Watershed Viewscape Character – The watershed slopes surrounding the Johnson Lane 

community are dominantly vegetated with native sage and sparse pinion/juniper trees.  This 

vegetation palate may not be effective in concealing the contour trenches like those near Ely 

where the vegetation is dominated by dense pinion/juniper.  At present, most of the watershed 

area in which contour trenches would be applicable is public land, thus a contour trenching 

project would require the support of the BLM.  Since the lands are accessed by the general 

public, and not just Johnson Lane residents, it is recommended that broad public support be 

obtained before initiating a contour trenching treatment.  Broad, public support could be 

challenging considering the watershed visual character would be altered.  In 2009 Douglas 

County initiated a Federal Land Bill15 with a goal of transferring federally owned flood control 

management areas to Douglas County.  A portion of the public lands adjacent to Johnson Lane 

was identified for transfer.  If the Lands Bill were to be executed, the process of approving a 

contour trenching method for flood control may be simplified.   

• Environmental Impact – As discussed previously, any contour trench project proposed in the 

watersheds would require approval from the BLM, absent the transfer of lands to Douglas 

County via the proposed Lands Bill.  In a recent personal communication (December 2017) with 

Colleen Dulin (Acting District Manager, BLM Carson City District) regarding contour trenches as a 

long-term mitigation measure for the Johnson Lane Community, Ms. Dulin provided the 

following: 

o BLM approval of contour trenching would require an Environmental Impact Study (EIS).  

An EIS would identify potential environmental impacts (e.g. native vegetation, native 

species, environmental resources, etc.) of a contour trenching treatment project. 

o BLM approval of contour trenching treatment would require demonstrating that the 

project benefits the general public, not just the residents of the Johnson Lane 

community.   

• Maintenance – As discussed in Section 2, the Johnson Lane community is subject to high 

sedimentation rates due to the unique geologic character of the surrounding watersheds.  

Contour trench watershed treatment is intended to be designed to minimize sedimentation 

within the trenches, thus theoretically would require minimal maintenance.  However, it would 

be advisable to have a robust inspection and maintenance plan for any treatment or structure 

intended for long-term flood mitigation.  If a contour trench treatment is implemented it is 

recommended that a maintenance plan include at minimum: 

                                                           
15 https://www.douglascountynv.gov/894/Conservation-Bill 

https://www.douglascountynv.gov/894/Conservation-Bill
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o Annual inspections of the trenches.  Any accumulated sediment within the trenches 

should be removed.  Trench slopes showing evidence of breaching and/or damage from 

public access should be repaired and/or restored.   

o Inspections following each precipitation event equal to or greater than a 10-year 

recurrence interval.   

Contour trenching has been successfully applied as a flood mitigation technique since the early 20th 

century.  Like any mitigation solution, contour trenching treatments have limitations and constraints 

that need to be carefully considered before being committed as a long-term mitigation solution.   

8.2.2 Pilot Area Modeling Analysis 

A pilot area within a portion of the Pine Nut Mountains was selected to conduct a rainfall-runoff 

simulation on the potential impacts of contour trenching.  A 5-foot grid element FLO-2D pilot area was 

created encompassing the watersheds of Romero Wash, Stephanie Wash, Chowbuck Wash, and Skyline 

Wash within the public lands.  As discussed in Section 2.2, there are surfaces within the ADMP 

watersheds mapped as eolian sand deposits (geologic unit Qs).  Soils coincident with unit Qs would not 

be appropriate for the construction of contour trenches, thus areas mapped as Qs were excluded from 

the contour trenching analysis (Figure 8-3).  An existing conditions model (without virtual contour 

trenches) and a proposed conditions model (with virtual contour trenches) were created for 

comparison.  The total rainfall volume for the 100-year, 6-hour storm was computed for the pilot area 

using NOAA Atlas 14 data.  Contour trench design requires the total trench volume be equivalent to the 

total rainfall volume of the design storm, with a safety factor included to avoid trench overtopping or 

breaching.  For this study, the trench geometry was computed assuming 5-foot wide by 3.5-foot deep, 

for a total cross-sectional area of 17.5-feet.  Once the trench cross-sectional geometry is computed, the 

contour spacing is determined by the total rainfall volume (see detail below).  For this analysis, a 

contour spacing of 15-feet was computed to adequately contain the rainfall volume (Figure 8-4).   

A. NOAA Atlas 14 Average Rainfall Depth in Pilot Area = 1.82 inches (0.152 feet) 

B. Total Rainfall Volume in Pilot Area 

a. Rainfall Depth x NOAA Grid Area x Number NOAA Grids 

i. 0.152 ft x 25 ft2 x 729,327 = 2,764,605 ft3  

C. Contour Trench Cross-Section 

a. 5 ft x 3.5 ft = 17.5 ft2 

D. Total Trench Length Needed to Contain Rainfall Volume 

a.  2,764,605 x 17.5 = 157,977 ft 
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Figure 8-3. Contour trench pilot study area 
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Figure 8-4.  Modified surface with contour trenches 
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8.2.2.1 Model Results 

Two storms were assessed for the contour trenching analysis: 100-year, 6-hour, and the hypothetical 

July 2015.  The flow depth reduction estimated with the FLO-2D modeling results for contour trenching 

simulation is shown in Figure 8-6 and the discharge reduction estimates are shown in Figure 8-8.  The 

figures show the reduction in flow depth and discharge when compared with existing conditions 

(without contour trenches) FLO-2D results.  Several floodplain cross-sections (Figure 8-5) were included 

in the FLO-2D models, and a comparison of the hydraulic data results are listed in Table 8-1 and Table 

8-2. 
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Figure 8-5. Floodplain cross-section locations for the contour trenching pilot area 
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Table 8-1. 100-year, 6-hour storm peak flow and volume results from each FLO-2D floodplain cross-section 

Wash 
Name 

Floodplain  
Cross-Section 

ID 

Existing Conditions With Contour Trenches Percent 
Reduction 

in Peak 
Discharge 

Flow Peak Volume Flow Peak Volume 

(cfs) (ac-ft) (cfs) (ac-ft) 

Stephanie 10 128 3.7 99 2.6 23 

Romero 11 439 11.8 159 6.4 64 

Skyline 12 281 8.0 108 4.0 62 

Chowbuck 21 51 1.5 51 1.5 0 

 

Table 8-2. Hypothetical July 2015 storm peak flow and volume results from each FLO-2D floodplain cross-section 

Wash 
Name 

Floodplain  
Cross-Section 

ID 

Existing Conditions With Contour Trenches Percent 
Reduction 

in Peak 
Discharge 

Flow Peak Volume Flow Peak Volume 

(cfs) (ac-ft) (cfs) (ac-ft) 

Stephanie 10 101 2.9 96 2.1 5 

Romero 11 409 9.0 119 3.6 71 

Skyline 12 200 5.5 68 2.2 66 

Chowbuck 21 48 1.3 48 1.2 0 

 

The tables indicate a significant reduction in peak discharge for Romero, and Skyline washes, a 

moderate reduction for Stephanie Wash, and zero reduction for Chowbuck Wash.  Chowbuck Wash 

would not be benefited by a contour trench treatment solution because most of the watershed is 

outside of the area where a contour trenching treatment would be effective.   
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Figure 8-6. 100-year, 6-hour storm simulated flow depth reduction from contour trenches 



  

 

196 Johnson Lane Area Drainage Master Plan 

 

Figure 8-7. Hypothetical July 2015 storm simulated flow depth reduction from contour trenches 
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Figure 8-8. 100-year, 6-hour storm simulated discharge reduction from contour trenches 
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Figure 8-9. Hypothetical July 2015 storm simulated discharge reduction from contour trenches 
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8.2.3 Contour Trench Cost Estimates 

A cost estimate analysis was completed for the contour trenching treatment described previously.  Unit 

excavation costs were derived from the detention basin/channel regional alternative analysis cost 

estimates included in Appendix B.  Table 8-3 lists the cost estimate for contour trenches (construction 

and operation/maintenance) assuming the linear feet of trench used in the FLO-2D analysis.  Note: the 

operation and maintenance cost estimates are based on the following assumptions: 

• At least two inspections annually (one annual inspection and one post-flood inspection). 

• At least 5% of the total linear feet of trenches would need maintenance repair annually.  

Potential damage to the trenches could occur from natural storm events or from public access 

such as damage from off-highway vehicles. 

• All costs shown in Table 8-3 are applicable for the FLO-2D pilot area.  Contour trench treatment 

costs for a larger or smaller watershed area would need to be recomputed. 

  

Table 8-3.  Contour trench construction cost estimates 

Estimated Construction Costs 

Item No. Description Unit Quantity Unit Price Cost 

1 Trench Excavation Cubic Yards 102,393 $5 $512,000 

2 Native Vegetation Finish Acres 18 $5,000 $90,000 

   Subtotal Construction: $602,000 

   Construction contingency 30% $180,600 

  Total Construction: $782,600 

 

Estimated Operation and Maintenance Costs 

Item No. Description Unit Quantity Unit Price Cost 

1 Inspection (2-Man Crew) Hours 32 $175/hour $5,600 

2 Maintenance/Repair Cubic Yards 5,120 $5 $25,600 

Total Annual Costs: $31,200 

 

8.2.4 Conclusions and Recommendations 

The results of the pilot area contour trenching analysis suggest that contour trenching can provide a 

reduction of flooding hazards for selected watershed within the Johnson Lane Community.  The cost 

analysis results suggest a contour trench treatment for Romero, Stephanie, and Skyline Washes could 

potentially be lower than a detention basin alternative, however the overall flood hazard reduction 

benefit is lower (see Table 9-1, Pine Nut North for comparison).   

Based on the research conducted on contour trenching for this study and the potential constraints 

discussed in Section 8.2.1, contour trenching is not recommended as a preferred regional solution to 

mitigating the flooding and sedimentation hazards in the Johnson Lane community at this time.  This 

recommendation does not limit Douglas County from pursuing contour trenching as a flood mitigation 

solution in the future.  If the presently proposed Land Bill were to become effective in transferring 

public land to Douglas County, a contour trenching treatment alternative may be more viable.   
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8.3 DETENTION BASIN/CHANNEL CONCEPT DESIGN CHARACTERISTICS 
In November 2017, JEF held two brainstorming sessions – one internal to the JEF team and one with 

Lumos to verify the feasibility of initial concepts identified in the first meeting.  Due to the extreme 

sediment volumes in the study areas and the lack of consistent conveyance areas through the developed 

portion of the study area, the result of these two sessions were proposed basins upstream of the BLM 

boundary at each major drainage.  Most of these basins will function with a dual purpose of sediment 

capture and flow detention.   

To weigh the costs and potential benefits, regional basins were developed for both the 25-year and 100-

year storms.  Each basin that was designed to function as a sediment basin was sized to account for a 

sediment volume equal to three (3) times the annual sediment load plus the sediment load from one (1) 

100-year event (6-hour or 24-hour, whichever is larger).  The final basin design volumes are summarized 

in Table 8-4.  This table shows the basin name, the intended function (e.g., sediment storage, flow 

detention or both), the total (water and sediment) storage volume for both the 25- and 100-year 

designs, and the controlling 100-year duration (either the 6-hour or 24-hour).  Finally, the two basins 

that were proposed for Johnson Lane Wash but deemed impracticable are shown for comparison 

purposes.  These two basins were removed from further consideration and replaced with a dam (see 

Section 8.5).   

A total of 11 regional basins with a series of collector and conveyance channels were selected for this 

study.  The 25-year and 100-year basins are shown in Figure 8-10 and Figure 8-11, respectively.  A 3D 

surface map showing the basins combined with the project LiDAR data is shown in Figure 8-12.   
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Figure 8-10. 25-year regional basins and channels 
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Figure 8-11. 100-year regional basins and channels 
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Figure 8-12. 3D map of regional basins 
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Table 8-4.Summary of design characteristics for regional basins 

Basin Name Function 
25-Year 
Storage 

Volume (ac-ft) 

100-Year 
Storage 

Volume (ac-ft) 

Controlling 
100-Year 
Duration 

Unnamed Wash A Detention 
Basin 

Sediment/Detention 1 2 6 

Southcentral Wash Sediment 
Basin 

Sediment 7 8 24 

Johnson Lane Park Detention 
Basin 

Detention 23 19 6 

Buckbrush Wash Sediment Basin 
(and alternate location) 

Sediment 5 9 6 

Southeast Wash Sediment Basin Sediment 5 6 6 

Romero Wash Detention Basin Sediment/Detention 3 8 6 

Stephanie Wash Detention Basin Sediment/Detention 7 13 24 

Chowbuck Wash Detention 
Basin 

Sediment/Detention 1 4 6 

Skyline Wash Detention Basin Sediment/Detention 2 6 6 

US Johnson Lane Wash 
Detention Basin1 

- 177 436 6 

Unnamed Wash B Detention 
Basin 

Sediment/Detention 1 9 6 

Sunrise Pass Wash Detention 
Basin 

Sediment/Detention 2 7 6 

 DS Johnson Lane Wash 
Detention Basin1 

- 152 326 6 

1Removed during evaluation phase due to impracticality of basins with this level of storage volume. 
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Although each individual basin functions to reduce the flooding and sediment hazards downstream, they 

are designed to work together as a system.  To quantify their impact, the basins were grouped into four 

“systems” which are referenced in the proceeding sections.  The basin system groupings are listed in 

Table 8-5 and illustrated in Figure 8-13. 

 

 

 

Table 8-5. Detention/Sediment basin system nomenclature 

System Name Included Basins 

Unnamed A Unnamed Wash A Basin 

Hot Springs-Buckbrush 

Southcentral Wash Sediment Basin 
Southeast Wash Sediment Basin 
Buckbrush Wash Sediment Basin 

Johnson Lane Park Detention Basin 

Pine Nut North 

Romero Wash Detention Basin 
Stephanie Wash Detention Basin 
Chowbuck Wash Detention Basin 

Skyline Wash Detention Basin 

Pine Nut South 
Unnamed Wash B Detention Basin 
Sunrise Pass Wash Detention Basin 
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Figure 8-13. Basin system nomenclature 
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8.3.1 Hot Springs-Buckbrush System 

The hydrologic interaction and complexity of the Hot Springs Mountain washes and Buckbrush Wash 

necessitated the development of a series of conceptual basins, channels, and underground pipes to 

effectively mitigate the flooding and sedimentation hazards.  This upstream collection and conveyance 

concept is also necessary to meet the primary objective for the Johnson Lane area which is to safely 

route stormwater flow through the community to the Carson River.  The Hot Springs-Buckbrush system 

is the most complex, thus it is described in detail in this section. 

Past flooding records and the sediment engineering task from this study (see Section 5) both suggest 

that the Hot Springs Mountain washes convey a significant volume of sediment to the Johnson Lane 

community.  The most efficient way to mitigate the hazard is to capture the sediment volume upstream 

in a series of basins, then capture the water volume in basins downstream.  For this system to function, 

a storm drain would need to be constructed from the Johnson Lane Park Basin, beneath Saratoga Lane, 

and daylight into the existing open channel north of Esther Way.  A schematic of the system including a 

general map of the flowpaths is shown in Figure 8-14. 
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Figure 8-14. Hot Springs-Buckbrush system schematic 
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8.4 BASIN SYSTEM FLOOD MITIGATION CONCEPTUAL 15% DESIGN PLANS 
Lumos was tasked with developing conceptual, 15% design plans for the 25-year and 100-year systems.  

The Lumos plan sets and accompanying technical report are included in Appendix B.  An example design 

plan for the 100-year Southeast Wash Sediment Basin is shown below in Figure 8-15.   

 

 

Figure 8-15. 100-year Southeast Wash Sediment Basin conceptual design plan 

8.5 JOHNSON LANE WASH DAM ALTERNATIVE 
Detention basin alternatives for Johnson Lane Wash were investigated both on BLM land upstream of 

the community and within undeveloped property downstream of East Valley Road.  An upstream basin 

on BLM land is not feasible because the Johnson Lane Wash floodplain is inset within a narrow geologic 

corridor with significant slope.  A basin with sufficient storage capacity to mitigate the 100-year storm 

could not be sited within this corridor without raising the downstream embankment necessitating the 

need for a dam.  A basin downstream of East Valley Road was also investigated.  However, it was also 

determined to be impracticable because 1) the immense basin size required to mitigate flooding 

downstream, and 2) it would not mitigate flooding hazards to the properties between East Valley Road 

and the MacKay Way alignment.   
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A brainstorming meeting with the project team and Douglas County resulted in the conclusion that a 

dam structure was the most feasible option for Johnson Lane Wash.  However, due to the increased risk 

potential from a raised embankment, a dam must be constructed to meet much higher design criteria.  

Usually, a dam is designed to safely pass either the full probable maximum flood (PMF) or ½ PMF 

depending on the hazard classification of the dam.  As a practical point of reference, the PMF may be 

approximately characterized as a 1,000-year event.  For the current conceptual design, the basic design 

assumptions from the Smelter Creek Regional Flood Control Project Feasibility Engineering Study (RO 

Anderson, Inc., 2015) were used as a starting point since this project is also a dam in a similar watershed 

in Douglas County. 

JEF developed the modeling and design characteristics, while Lumos developed the conceptual, 15% 

design plans for the Johnson Lane Wash dam.  The Lumos plan sets and accompanying technical report 

are included in Appendix B, and the full design characteristics are outlined in the next Section. 

The approximate location of the dam is on Johnson Lane Wash approximately 250 feet upstream of the 

MacKay Street alignment in the southeastern section of the study area (Figure 8-16). 



  

 

211 Johnson Lane Area Drainage Master Plan 

 

Figure 8-16. Approximate dam location 
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8.5.1 Design Assumptions 

The basic design characteristics from the Smelter Creek report were used as a starting point for design 

for the dam alternative.  Additional details, such as sediment storage and the full PMF design were 

based on JEF design experience.  The design assumptions are summarized below. 

Dam Crest 

• 3-feet of freeboard during a ½ PMF event (the local 6-hour PMP rainfall controls) 

• 1-foot of freeboard during the PMF event 

Spillway Crest 

• 1-foot of freeboard during the controlling 100-year event, which is the 100-year 6-hour event. 

Sediment Storage 

• Five times the calculated annual sediment delivery (yield), plus the sediment delivered for one 

100-year event. 

Max Outflow during 100-year event (Principal Outlet Design) 

•   A discharge of 300 cfs was chosen based on the downstream capacity of Johnson Lane Wash.  

This was determined from both the existing conditions FLO-2D model and a rudimentary HEC-

RAS model that was developed to verify the downstream capacity.   A 300 cfs discharge could be 

accomplished in a single 48-inch outlet pipe. 

8.5.2 Design Characteristics Summary 

There will be two alternatives – one based on ½ PMF, one based on full PMF.  These two alternatives 

were chosen because of the potential for hazard creep, i.e., since the dam controls downstream 

flooding, development is increased thus increasing the hazard classification of the dam.  It may be more 

cost effective to design for the full PMF at the outset, rather than retrofitting the dam in the future. 

Full PMF 

• Dam Crest: 5,000.5 feet NAVD 88 

• Spillway Crest: 4,990.5 feet NAVD 88, which provides slightly more than 2 feet of freeboard for 

the controlling 100-year event. 

• Spillway Length: 200 feet 

½ PMF 

• Dam Crest: 4,998.8 feet NAVD 88 

• Spillway Crest: 4,990.5 feet NAVD 88, which provides slightly more than 2 feet of freeboard for 

the controlling 100-year event. 

• Spillway Length: 200 feet 
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Auxiliary Spillway 

The conceptual design calls for the auxiliary spillway to be made of concrete due to downstream hazards 

and that the only suitable place to outlet is back into Johnson Lane Wash.  See Figure 8-17 for an 

example.  For reference, the spillway flow was calculated as a broad crested rectangular weir. 

Sediment Storage 

• The required sediment storage is 23.9 ac-ft which is included in the HEC-1 modeling by a rating 

table reduction. 

 

 
Figure 8-17. Example auxiliary spillway 
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8.5.3 Other Considerations 

If the dam alternative were to proceed to a Design Concept Report (DCR), there are other factors that 

should be considered, such as the suitability of the soil for foundation design or the potential for wave 

runup.  A detailed geotechnical analysis of the soils for the purposes of a dam was outside the scope of 

the JLADMP, however a higher contingency was included in the cost estimates to account for this 

uncertainty.  A brief list of factors that should be considered during final design are outlined in more 

detail below. 

Soil Suitability 

Since the NRCS soil survey indicates the soils are not suitable for use as embankment fill (see Figure 

8-18), a higher contingency was used in the cost estimates for this project.  It should be noted that a 

more detailed geotechnical analysis should be considered if the dam were to proceed to a DCR. 

 

 

Figure 8-18. Soil suitability based on NRCS soils data 
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Potential Flanking 

At the elevations of the proposed dam crest, there may be low areas where there is a potential to flank 

the dam (Figure 8-19).   In the current alternative, a dike was added to this location to provide the same 

freeboard as the crest height.  However, during the DCR phase, a detailed review of the surrounding 

area should be undertaken to ensure that no other low areas exist. 

 

 

Figure 8-19. Example of low lying area where flanking may occur 
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8.6 BENEFITS SUMMARY 
The depth and HAZUS analyses that were performed for existing conditions (Section 6.6) were repeated 

for the proposed conditions.  The analyses were run using three scenarios for each of the four storm 

events for a total of 12 proposed conditions models.  The scenarios were: 

1) All 25-year Regional Basins in place (no dam), 

2) All 100-year Regional Bains in place (no dam), and 

3) The Johnson Lane Wash Dam in place (no regional basins). 

The dam was analyzed separately since it must be designed with a much higher safety factor.  The 

proposed conditions depth analyses are summarized in Table 8-6.  In this table, the last column shows 

the estimated number of buildings removed from potential inundation by depths greater than 0.25 feet 

(3 inches).   

The proposed conditions HAZUS analyses are summarized in Table 8-7.  The last column in the table 

shows the estimated benefit (e.g., reduction in economic losses by flooding) for each storm event when 

compared to existing base conditions (shown in Table 6-3) for that same storm event.  The results from 

these two analyses will be used to identify the most effective systems and to recommend an initial 

phasing plan (Section 9).   
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Table 8-6. Summary of depth analyses for the three proposed conditions scenarios 

Recurrence 
Interval 

Proposed Conditions Building Counts 

Existing 
Conditions 

Building 
Count1 

Buildings 
Removed 
(Benefit) 

Building 
Count 

Flow Depth 

Building 
Count 
Flow 

Depth 

Building 
Count 
Flow 

Depth 

Total 
Building 
Count 

0.25' < h ≤ 0.5' 0.5'< h ≤ 1' 1' < h 

Proposed Conditions (25-year Regional Basins) 

25-yr 24-hr 177 16 4 197 388 191 

100-yr 24-hr 436 157 19 612 967 355 

100-yr 6-hr 595 90 12 697 1227 530 

Hyp. July 2015 572 144 13 729 1073 344 

Proposed Conditions (100-year Regional Basins) 

25-yr 24-hr 177 16 4 197 388 191 

100-yr 24-hr 572 137 11 720 967 247 

100-yr 6-hr 406 82 11 499 1227 728 

Hyp. July 2015 571 114 13 698 1073 375 

Proposed Conditions (Johnson Lane Wash Dam) 

25-yr 24-hr 279 49 17 345 388 43 

100-yr 24-hr 588 194 64 846 967 121 

100-yr 6-hr 743 292 81 1116 1227 111 

Hyp. July 2015 727 219 56 1002 1073 71 

1from Table 6-2 
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Table 8-7. Summary of flood damage estimates and potential benefit for the three proposed conditions scenarios 

Recurrence 
Interval 

Economic Loss  
Estimated 
Economic 

Benefit 
Residential 

Total 
Property 

Business 
Interruptions 

Total 
Economic 

Loss 
$ millions $ millions $ millions $ millions $ millions 

Proposed Conditions (25-year Regional Basins) 
25-yr 24-hr 2.00 2.08 0.42 2.50 0.14 

100-yr 24-hr 3.61 3.81 0.42 4.24 0.67 

100-yr 6-hr 4.13 4.37 0.42 4.79 0.76 

Hyp. July 2015 3.33 3.49 0.42 3.91 0.59 

Total Benefit: 2.16 

Proposed Conditions (100-year Regional Basins)  

25-yr 24-hr 2.02 2.10 0.42 2.52 0.12 

100-yr 24-hr 3.65 3.85 0.42 4.27 0.64 

100-yr 6-hr 4.11 4.34 0.42 4.76 0.79 

Hyp. July 2015 3.42 3.59 0.42 4.01 0.49 

Total Benefit: 2.04 

Proposed Conditions (Johnson Lane Wash Dam)  
25-yr 24-hr 1.91 1.95 0.42 2.38 0.26 

100-yr 24-hr 3.31 3.44 0.42 3.86 1.05 

100-yr 6-hr 3.79 3.94 0.42 4.36 1.19 

Hyp. July 2015 3.24 3.36 0.42 3.78 0.72 

Total Benefit: 3.22 
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A separate analysis was performed to evaluate the potential option of a property buy-out in lieu of 

constructing a dam for Johnson Lane Wash.  The analysis consisted of identifying each parcel that is 

adversely impacted by flooding from Johnson Lane Wash.  The resulting total impacted parcel count was 

476.  The parcels were then cross-referenced with data from the Douglas County Assessor to determine 

the current assessed value.  To provide an alternative comparison, the current market value of each 

building was evaluated using the readily available online tool Zillow16.  Note: 261 of the 476 identified 

parcels either did not have structures (vacant), or did not have data available from Zillow.  Zillow does 

not provide market valuations for vacant parcels.   The results are summarized in Table 8-8 and suggest 

that a property buy-out is likely less cost effective than constructing a dam for flood mitigation.   

 

Table 8-8. Property buy-out analysis results 

Douglas County Assessed Value                                      
(476 impacted parcels) 

Zillow Market Value 
 (215 buildings) 

Johnson Lane Wash Dam 
Construction Cost Estimate 

$42,094,965 $90,565,000 $4,900,000 

 

                                                           
16 https://www.zillow.com 
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9 ADMP SUMMARY AND RECOMMENDATIONS 

9.1 PROJECT PHASING 
The regional alternatives presented in this report can be designed and constructed in phases as funding 

is acquired or becomes available.  It is recommended that each basin system be constructed as its own 

project, however funding availability may limit how many structures can be constructed simultaneously.  

For example, the Hot Springs-Buckbrush System is designed to function utilizing all basin, channel, and 

pipe elements, however, constructing the sediment basins alone could provide some interim benefit.  

That said, constructing the basin systems piecemeal should be done cautiously so as not to cause 

adverse flooding conditions due to point-source releases of stormwater from a basin outlet.   

To determine the effectiveness of each system, the downstream areas that would benefit from each 

system were delineated (Figure 9-1).  With these areas, the total benefits, costs and effectiveness could 

be separated by system, and cost/benefit/effectiveness matrix could be developed (Table 9-1). 

Table 9-1 serves as a relative benefit/cost/effectiveness comparison and a decision tool for developing a 

phasing plan for the regional alternatives.  Key findings are summarized below: 

1) The Pine Nut South System is the most ineffective of the four systems.  This is because the 

basins must be placed so far upstream (land ownership/topographic constraints) that there is 

still significant watershed area that can produce runoff downstream of the basins.   

2) The Pine Nut North System is very effective during the 100-year storm but not effective at all 

during the 25-year event.  This occurs for two reasons: 

a. There is still significant watershed area downstream of the basins to produce runoff 

b. The 25-year event does not produce high runoff volumes in the upper watersheds, so 

most of the remaining flow problems downstream are caused by onsite rainfall.  

3) The Johnson Lane Wash Dam is the most effective considering the total number of structures 

protected, flow reduction and the magnitude of estimated economic loss reduction. 

4) The Unnamed Wash A System provides the highest reduction in peak flow, but the area 

protected is limited in scope (i.e., lowest number of impacted structures). 

5) In the Hot Springs-Buckbrush system, the downstream Buckbrush sediment basin is preferable 

because the Buckbrush Wash is in quasi-equilibrium in the reach from BLM land to Fuller 

Avenue based on the sediment transport results (see Figure 5-8).  This means that if the 

upstream alternative location was used, significant erosion protection would need to be added 

to this reach to mitigate potential increases in scour due to clear-water releases from the basin. 

These statistics were developed by isolating the total benefits for the study area (presented in Section 8) 

for each regional alternative system and by separating the total construction and maintenance costs 

(presented in Appendix B).   

Additional statistics that relate benefit/cost/effectiveness of the regional alternatives are listed in Table 

9-2 and Table 9-3.  Table 9-2 lists the number of buildings removed from flow depths greater than 0.25 

feet (3 inches).  The primary purpose of the table is to compare the 25-year basin designs to the 100-

year designs.  Note that for the Unnamed Wash A, Pine Nut North, and Pine Nut South systems the total 

number of buildings removed from the flood hazard are not substantially different between the 25-year 

and 100-year basins.  The results suggest that onsite flooding within the system areas is significant and 
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that although the basins provide some mitigation, a combination of basins and onsite retention would 

provide the greatest benefit.  The results also suggest that construction of 25-year basins provide nearly 

equal benefit to 100-year basins, but at a reduced construction cost (refer to Table 9-1).  The results also 

indicate that the Hot Springs-Buckbrush System 100-year basins provide enough additional protection to 

be considered over the 25-year basins. 

Table 9-3 compares the volume and peak flow reductions at key downstream locations for the 25-year 

and 100-year basins.  The results suggest a similar finding to those derived from Table 9-2; that for the 

Unnamed Wash A and Pine Nut Systems the 25-year and 100-year results are similar and indicate onsite 

rainfall runoff is a significant issue.  These results also suggest that there isn’t a significant benefit to 

constructing 100-year basins over 25-year basins in these systems.  The table does indicate that the Hot 

Springs-Buckbrush System 100-year basins do provide enough additional volume and flow reduction to 

be considered over the 25-year basins. 
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Figure 9-1. Downstream areas impacted by each system of regional alternatives. 
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Table 9-1. Relative benefit comparison by system 

Regional 
Alternative 

System 

Percent 
Buildings 

Removed1             
(potential 

inundation) 

Percent 
Buildings 

Removed1   
(potential 

inundation) 

Buildings in 
System Area 

Construction 
Cost 

(100-Year 
Basins) 

Annual 
Maintenance 

Cost 

(100-Year 
Basins) 

Construction 
Cost 

(25-Year 
Basins) 

Annual 
Maintenance 

Cost 

(25-Year 
Basins) 

 Cumulative 
Loss Estimate 

Reduction 
(HAZUS) 

Percent Flow 
Reduction at 
Key Locations 

(100-Year 
Basins) 

Percent Flow 
Reduction at 
Key Locations 

(25-Year 
Basins) 

 

100-Year, 6-
Hour 

100-Year 
Basins 

25-Year, 24-
Hour 

25-Year 
Basins 

   

  

 
100-Year,           

6-Hour 
25-Year,            
24-Hour  

Unnamed 
Wash A 

23% 63% 19 $330,000 $6,600 $240,000 $4,200 $14,000 92% 90% 

Hot Springs-
Buckbrush 

32% 40% 1,527 $8,020,000 $161,600 $6,150,000 $107,000 $1,080,000 91% 89% 

Pine Nut 
North 

24% 20% 1,181 $1,380,000 $27,900 $880,000 $15,300 $840,000 71% 0% 

Pine Nut 
South 

2% 14% 153 $1,430,000 $28,700 $1,130,000 $19,600 $109,000 28% 50% 

Johnson Lane Wash Dam (PMF) 

Johnson 
Lane Wash 

Dam 
44% - 679 $4,900,000 $13,900 $4,900,000 $13,900 $3,220,000 82% 62% 

TOTALS 69% 68% 3,5322 $16,060,0003 $239,0003 13,300,0003 $160,0003 $5,300,000 - - 

1. Flow depth > 0.25 feet 
2. Total number of buildings within the study area is less than the sum of column 4 values due to minor overlapping between Regional Alternative Systems 
3. Construction and Maintenance costs have been rounded for simplification.  See Appendix B for a detailed breakdown of cost estimates.   
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Table 9-2. Comparison of buildings removed from flooding hazards 

Number Buildings Removed1 
(potential inundation >0.25 feet) 

Regional 
 Alternative  

System 

25-Year Basins 100-Year Basins 

25-Year, 24-
Hour Storm 

100-year, 6-
Hour Storm 

100-Year, 24-
Hour Storm 

Hypothetical 
July 205 
Storm 

25-Year, 24-
Hour Storm 

100-year, 6-
Hour Storm 

100-Year, 24-
Hour Storm 

Hypothetical 
July 205 
Storm 

Unnamed Wash A 5 3 3 4 5 3 4 5 

Hot Springs-
Buckbrush 

48 108 114 104 48 148 150 106 

Pine Nut North 25 100 90 61 25 111 90 59 

Pine Nut South 4 1 0 0 4 1 2 0 

TOTALS 82 212 207 169 82 263 246 170 

 

Table 9-3. Design storm volume and peak flow reduction benefit comparison 

Regional 
Alternative 

System 

Percent Volume Reduction at Key Locations Percent Peak Flow Reduction at Key Locations 

100-Year 
Basins 

25-Year  
Basins 

100-Year 
Basins 

25-Year  
Basins 

100-Year 
Basins 

25-Year  
Basins 

100-Year 
Basins 

25-Year  
Basins 

100-Year,  
6-Hour Storm 

100-Year, 
 6-Hour Storm 

25-Year, 24-
Hour Storm 

25-Year, 24-
Hour Storm 

100-Year,  
6-Hour Storm 

100-Year,  
6-Hour Storm 

25-Year, 24-
Hour Storm 

25-Year,  
24-Hour Storm 

Unnamed Wash A 65% 26% 98% 63% 92% 85% 98% 90% 

Hot Springs-
Buckbrush 

96% -4% 96% 95% 91% 30% 89% 89% 

Pine Nut North 61% 55% 73% 73% 71% 72% 0% 0% 

Pine Nut South 40% 13% 34% 34% 28% 29% 48% 50% 
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9.1.1 Combinations with On-site Alternatives 

Based on the results summarized in Table 9-1, the Pine Nut North and South Systems may benefit in 

being combined with the individual lot retention alternative analysis presented in Section 7.4.  The 

onsite detention will increase the efficiency of the total alternative by capturing the onsite rainfall that is 

downstream of the regional alternative.  It is recommended that an individual lot retention plan for the 

Pine Nut North and South Systems area be implemented in addition to the offsite structures or in lieu of 

the Chowbuck Wash Basin (which was not as effective when reviewing the detailed results).     

9.1.2 Alternative Refinements 

During final design of any alternatives, more optimization of the alternative can be accomplished.  Some 

notable examples listed by system are outlined below. 

9.1.2.1 Hot Springs-Buckbrush 

In the Hot Springs-Buckbrush system, there are two locations where a detailed optimization would 

appear to have substantial benefit.  These include: 

1) The outflow of the Southeastern Wash Sediment basin, and 

2) The outflow of the Johnson Lane Park Detention Basin. 

For the Southeastern Wash Sediment Basin, the outflow drainage channel may be replaced with a small 

drainage pipe, depending on the needs/wishes of the County for the development of the Johnson Lane 

Park.  However, sediment deposition that can occur in this watershed should be considered.  

For the Johnson Lane Park Detention Basin, the outflow pipe is currently sized at 60-inches.  Based on 

preliminary estimates, a decrease in size to 48-inches would result in an increase in storage in the basin 

of about 5-6 ac-ft.  To prevent overtaxing the downstream drainage channel in the Saratoga Springs 

community, a decrease in size of the outflow pipe may be warranted.  The tradeoff between basin size 

and outflow pipe should be analyzed in detail during final design.  Because of the lack of a 100-year 

drainage path to the Carson River (e.g., the Saratoga Springs Drainage Channel was designed for the 25-

year 24-hour event (Thiel, Winchell, & Associates, 1987)), larger basins are generally preferable. 

9.1.3 Initial Prioritization and Design Level 

Based on the results listed in Table 9-1 through Table 9-3, an initial prioritization list and design level is 

summarized in Table 9-4.  The Pine Nut North system is presented as the highest priority because it 

protects the second largest number of buildings at a lower cost than the Hot Springs-Buckbrush system.  

The Johnson Lane Dam is presented as the second highest priority as it controls the largest watercourse 

in the community and protects a large number of buildings and future transportation infrastructure at a 

lower cost than the Hot Springs-Buckbrush system.  The Hot Springs-Buckbrush system is presented as 

the third priority because while it protects the largest number of buildings it is the highest cost system, 

is comprised of the most elements (e.g. basins, channels), and would take the most time to fully 

implement.  Finally, the Pine Nut South and Unnamed Wash A are the two lowest priority systems 

because they benefit the least number of buildings.  Additionally, benefits of offsite regional basins 

installed for the Pine Nut South System are limited because of the large watershed area downstream of 

the regional basins.   

The analysis results also suggest that the 25-year design level for the Pine Nut North, Pine Nut South, 

and Unnamed Wash A systems provide almost as much mitigation benefit as the 100-year systems.  This 
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suggests that these 25-year systems should be strongly considered for final design and construction.  

That said, the 100-year designs for any of the systems would provide the most potential benefit and 

should be considered if funding becomes available.   

It is recommended that Douglas County and the residents of the community work collaboratively to 

validate/refine the study results and in advancing any of the elements presented in this Area Drainage 

Master Plan. 

 

Table 9-4. Initial prioritization and design level matrix 

Priority System Design Level 

1 Pine Nut North 25-Year 

2 Johnson Lane Wash Dam PMF 

3 Hot Springs-Buckbrush 100-Year 

4 Pine Nut South 25-Year 

5 Unnamed Wash A 25-Year 

 

 

  



  

 

227 Johnson Lane Area Drainage Master Plan 

9.2 POTENTIAL FUNDING SOURCES 
There are numerous potential grant sources that could be explored by the Johnson Lane community and 

Douglas County to partially or fully fund the alternatives presented in this study.  Some examples of 

grants that can be obtained through FEMA are shown in Table 9-5.   

 

Table 9-5. Potential grant funding sources 

Grant 
Funding 
Agency 

Qualifications Description 

Pre-Disaster 
Mitigation (PDM) 

FEMA 
FEMA approved Hazard 
Mitigation Plan1. 

Funds the planning, design and 
construction of mitigation projects 
and provides opportunities for raising 
public awareness about reducing 
future losses before disaster strikes.  
PDM grants are awarded to projects 
that show a net benefit, i.e. a benefit 
cost ration greater than 1. 

Flood Mitigation 
Assistance (FMA) 

FEMA 

Structures insured under 
the NFIP.  Projects 
submitted for 
consideration must be 
consistent with the goals 
and objectives identified 
in the agency’s Hazard 
Mitigation Plan. 

Funds awarded to projects and 
planning efforts that reduce or 
eliminate long-term risk of flood 
damage to structures insured under 
the NFIP. 

Hazard Mitigation 
Grant Program 
(HMGP) 

FEMA 
Presidential Major 
Disaster Declaration.  25% 
cost share from applicant. 

Funding for projects listed in the 
community’s Hazard Mitigation Plan.  
Funds are only released if there is a 
Federally declared disaster. 

1 https://www.douglascountynv.gov/DocumentCenter/View/2255 
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9.3 NEXT STEPS 
This report is presented to the Carson Water Subconservancy District, Douglas County, and the impacted 

property owners with the goal that each entity will work collaboratively to reduce the flooding and 

sedimentation hazards within the Johnson Lane community.  The following next steps are offered to 

provide a framework for utilizing the information from the ADMP: 

• Douglas County officials and Johnson Lane residents review this report. 

• Douglas County officials and Johnson Lane residents establish a workgroup or committee to 

discuss and prioritize the alternatives and develop a Capital Improvement Plan (CIP) to 

implement the planning, design, and construction of the highest priority alternatives (with Table 

9-4 as a guide). 

• Douglas County officials investigate and explore potential funding options to implement the CIP. 

• Douglas County recommends specific projects to proceed to final design. 

• Recommended projects proceed to construction. 

It should be noted this does not represent a binding legal agreement for any partners, but does provide 

a plan for executing the recommended alternative for each system.  

9.3.1 Flood Warning Network 

The primary benefit and overarching purpose of a flood warning network is to provide advanced 

awareness to emergency response agencies of rapidly developing flood threats which may impact major 

roadways, residential areas and critical public facilities.   This ADMP recommends regional flood 

mitigation structures as discussed in Section 8.  For many of these structures, flood warning 

instrumentation would be a critical component of their operation and maintenance.  For example, it is 

recommended that the Johnson Lane Wash Dam structure include instrumentation to measure stage, 

outflow, and rainfall.   

In many cases, a flood warning network results in helping people to stay clear of flooded washes and 

roadways and provide general awareness that would potentially result in action and/or preparations 

which contribute to decreasing risks to life and property.  Additional benefits to the public agency 

operating a flood warning system include: 

• Maintain an accessible historical database of rainfall and streamflow data and information 

useful for hydrologic and hydraulic model calibration. 

• Improve floodplain management through better understanding of local hydrology and 

meteorology. 

• Collect and share real-time and near-real-time hydro-meteorological data and information with 

the public. 

• Fulfil an advisory role to emergency responders before, during and after flood emergencies. 

• Participate in flood preparedness activities. 

A flood warning system is comprised of hardware and software tools that function as a self-contained 

network and includes: 
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9.3.1.1 Remote Sensing Stations 

Remote sensor stations are placed strategically to provide as much lead time for response to 

downstream flooding as possible.  Preferred station locations are those which provide the best balance 

of hydrologic and hydraulic significance and accommodate practical considerations including 

accessibility and right-of-way.  Potential sensors include rain gages, stream gages, cameras, and other 

weather-based data (e.g. temperature, humidity, wind speed, etc.).   

9.3.1.2 Remote Repeaters 

The most important function of repeaters is to extend the network to remote areas.  As such, the most 

important factor for selecting repeater station locations is upland areas (with the most exposure to the 

surrounding region as possible) and safe access.  When possible, precipitation sensors are added to 

repeater stations to increase the functionality/value of the location.   

9.3.1.3 Base Station 

The “hub” of the system is typically a computer server running flood warning data collection software 

that processes data from the remote stations in real-time.  The data collection system is designed and 

operated to achieve high availability during adverse weather conditions; meaning that all equipment 

and software applications are designed and maintained to run uninterrupted for extended periods 

without commercial power and without access to publicly shared IP networks.  Further, “high 

availability” implies that the system is hardened to resist becoming un-available as a result of various 

failure scenarios, including loss of power, loss of an internet connection, resistance to lightning surges 

etc.  Where practical, redundancies are designed into the system to prevent down-time due to losses 

attributable to other failure scenarios including server component failure, telemetry failure etc. 

9.3.1.4 Summary 

The residents of the Johnson Lane community currently benefit from a reverse 911 system that is 

operated by the Douglas County Office of Emergency Management (OEM)17.  OEM receives real-time 

information from National Weather Service forecasts and warnings as well as on-the-ground reports 

from Douglas County staff and disseminates emergency warning messages to residents as needed.  The 

current system would benefit from a supplemental flood warning network with gages and 

instrumentation specific to the watersheds impacting the Johnson Lane community.  

9.4 JLADMP LIMITATIONS 
While the results are based on detailed topography, hydrology, and hydraulic modeling, they represent 

the existing conditions as of the date of the LiDAR mapping (May 2017).  Because of the unique 

sediment characteristics of the watershed, the topography and distribution of flow can be very dynamic 

(i.e., small culverts or drainage channels can quickly fill with sediment causing water to change course 

from what it was previously).  Therefore, during final design of any of the alternatives, a detailed 

assessment of upstream flow distribution should be undertaken. 

 

  

                                                           
17 http://www.douglascountynv.gov/1182/Reverse-9-1-1 
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1.  Introduction 

This document provides a comprehensive overview of the acquisition campaign to acquire high-
density Lidar data within Johnson Lane, NV, an area approximately 13.7 square miles. The 
report describes the field survey associated with establishing base stations to support the 
airborne GPS (AGPS) component of the campaign, Lidar system calibration, Lidar data post-
processing, and QA/QC of the data. 

The Lidar acquisition was completed in a single flight on May 10th, 2017. Flight operations were 
staged out of the Minden-Tahoe Airport located approximately 1 mile south of the project sites.  
All data acquisition field work, data post-processing and quality analysis was completed by 
Vertical Mapping Resources, Inc. personnel.  The components of the campaign include: 
 

� Establishing and surveying AGPS base stations and check points; 
� Verifying Lidar system calibration and post-processing parameters; 
� Airborne GPS (AGPS) and IMU data post-processing; 
� Surface check point survey analysis; 

 
Questions concerning this report should be directed to the following: 

 
Vertical Mapping Resources, Inc. 
18140 Wedge Parkway 
Reno, NV 89511 
(775) 737.4343 (Direct) 
www.verticalmapping.com 
 
Kurt Okraski    
Chief Executive Officer    
(775) 737.4343  
okraski@verticalmapping.com    
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2. Control Survey and Datum 

The underlying basis of the Lidar survey campaign are the published coordinate value and 
ellipsoid height of one Continuously Operating Reference Stations (CORS) located in the vicinity 
of the project site.  Vertical Mapping Resources observed ties between a base station location 
and the CORS to support the airborne GPS component of the Lidar campaign. 

In addition, 21 survey control points were provided by the client to check against the processed 
Lidar data (see Figure 1). 

2.1 Project Survey Datum 

The horizontal datum for this project is NAD83 (2011); epoch of 2010.0. The datum is realized 
by the horizontal coordinates published for the CORS “P142”, to which a temporary base station 
established at the airport of operations was tied (see Table 1). 

The vertical datum for this project is NAVD88. The datum is realized by the published ellipsoid 
height of the NGS the same CORS and the absolute application of the geoid model GEOID12B. 

2.2 Field Equipment and Procedures 

All GPS observations were accomplished using Trimble Navigation R7 dual frequency GPS 
receivers and accompanying Trimble Zephyr Geodetic antennae. Relative static surveying 
techniques were used for all baseline and kinematic base station observations. Instrument 
heights were measured twice in units of feet and meters and the values reduced and compared 
in the field prior to leaving each station. 

In general, base station data were logged for the duration of the acquisition and check point 
data were logged for a minimum of 30 minutes. 

2.3 Survey Ties and Adjustment 

Observed relative GPS baselines were processed in Trimble Business Center.  All processed 
observations consist of quasi-independent baselines (i.e. in accordance with the “n-1 baselines” 
rule where n = number of receivers in a given ‘session’). The International GPS Service for 
Geodynamics (IGS) rapid precise orbits (igr) were used in the processing of all baseline vectors.  
The ‘igr’ orbits are published with a latency of approximately 30 hours.  These orbits are globally 
accurate to within ~5cm and are particularly important when processing long baselines. 

A single baseline was observed between the temporary base station point set at the airport and 
the PBO CORS “P142”.  The NAD83 latitude, longitude and ellipsoid height of the CORS was 
constrained to derive the coordinate and elevation of the base station location. 
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Figure 1.  Survey Diagram 
Table 1. 
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3. Lidar Data Acquisition and Processing 

Following is an overview description of the procedures applied in this Lidar campaign from 
acquisition to final processed data. Figure 2 illustrates the general flow of the data through the 
multiple processes required to generate the Lidar point cloud in the ‘LAS’ version 1.2 format. 

3.1 Data Acquisition 

The Lidar data acquisition was completed within a single mission.  A GPS base station was 
operating at the Minden-Tahoe airport during the flight.  The data from this station was applied 
in the post-processing of the kinematic AGPS data. 

Table 2 summarizes the general flight plan parameters. The target flying height of the flight lines 
was 600 meters above mean terrain. 

Kinematic GPS and Inertial Measurement Unit (IMU) data were acquired by the Applanix POS 
Inertial Navigation System during the missions. The post-processed POS data results in a 200 
Hertz, 6-parameter aircraft trajectory (x, y, z, roll, pitch, and yaw). 

The Airborne GPS (AGPS) and IMU data were processed immediately following the mission.  In 
addition, a sample set of the Lidar data processed in real-time during acquisition was reviewed 
to ensure correct system operation and data coverage. 

Table 2.  General Project Lidar Acquisition Parameters 
 

Item Parameter 

System Orion M300 

Laser Firing Rate 175 kHz 

Altitude (m. AGL) 600 

Speed (kts) 60 

Scan Rate (Hz) 50 

Scan Angle (°±) 40 

Sidelap (%) 30 

Single-Swath Pulse Density (Pts/m2) 11 

3.2 Airborne GPS Processing 

The quality of the Airborne GPS data represents a significant component of the overall error 
budget with respect to the accuracy of the Lidar data. It is important to exercise vigilance in the 
validation of the integrity of the AGPS solution. This effort begins prior to acquisition with careful 
mission planning to identify periods of the day during which satellite availability and/or geometry 
may not be conducive to an acceptable solution. Data acquisition is generally scheduled around 
these periods (other constraints such as airspace restrictions, daylight conditions and weather 
notwithstanding). 

The kinematic AGPS data was post-processed using Novatel, Inc.’s Grafnav version 8.40 
software, the de facto kinematic GPS post-processing package in the airborne remote sensing 
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industry. Data is post- processed forward and backward in time exploiting the software’s robust 
Kinematic Ambiguity Resolution and Multi-Baseline features to mitigate ambiguity drift and 
minimize poor data because of satellite loss of lock. 

 
Figure 2.  Lidar Data and Post-Processing Data Flow 
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3.3 IMU Processing and Best Estimated Trajectory 

The post-processed AGPS trajectory is combined with the raw 200 Hertz IMU observations in a 
loosely- coupled Kalman filter-based processing algorithm to produce the final high-frequency 
Smoothed Best Estimated Trajectory (SBET). Applanix’s POSPac software, version 4.4, is 
employed in this process. 

Given a good quality AGPS solution and clean, gap-free IMU data, this process generally runs 
very smoothly.  The field procedure includes several minutes of static GPS and IMU data 
collection prior to departure to allow sufficient time for the IMU to acquire a fine local level.  The 
data is acquired in duplicate in real-time to ensure a high-quality record set. The IMU processing 
was clean and consistent for all missions during this campaign. 

The final, high-frequency SBET is the source of absolute geo-referencing of the post-processed 
Lidar point cloud.  The SBET is introduced into the final phase of the Lidar data processing. 

3.4 LIDAR Point Cloud Processing 

Final Lidar data processing is accomplished using Optech’s Lidar Mapping Suite (LMS) 
software, version 4.1.  The decoded raw laser observations (ranges, intensities, and mirror 
angles) and the final processed SBET are combined within LMS to compute the final 3-
dimensional coordinates of the return(s) of each laser pulse. 

Based on the daily calibration analysis, described in the following section of this report, several 
of the Lidar parameters are slightly adjusted within LMS on a mission-by-mission basis. 
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4. Lidar Calibration and Quality Control 

During processing of the Lidar data within LMS, flight lines are processed together in a block 
and the calibration parameters are adjusted both block-wise and strip-wise to improve the 
overall relative fit of the data. 

The process computes a least-squares based adjustment of several instrument parameters and 
geospatial components as defined by the user.  Many of the available variables are highly 
correlated.  As such, Vertical Mapping Resources has developed an effective ‘recipe’ for 
controlling the block adjustment.  The parameter definitions used in the processing of the data 
from this campaign are summarized in Table 3. 

 

 

Table 3. 

 

 
 
Those variables that are set to ‘Free’ are computed as auxiliary parameters in the adjustment 
and applied in a final processing of the point cloud. 
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5. Lidar Checkpoint Quality Assurance 

In a further effort to validate the absolute vertical accuracy of the Lidar-derived elevations, 20 
well-distributed check points were established and surveyed with respect to the AGPS base 
stations and CORS stations that were included in the primary survey network. 

 
In the vicinity of each check point, the post-processed Lidar data is used to generate a surface 
model upon which the check point is draped.  The residual elevation difference is computed at 
each check point location.  Table 4 summarizes the results of the check point analysis in 
meters.  The RMS of all check point differences is 0.095 feet. 

 
Table 4.   

 

Control 
Point Id 

Control 
Point X 

Control 
Point Y 

Coverage 
Control 
Point Z 

Z from 
Lidar 

Z Error 

601 2290577 14694374 Yes 4655.42 4655.515 0.095 

602 2297580 14694377 Yes 4921.05 4921.182 0.132 

603 2298787 14689905 Yes 4753.03 4753.02 -0.01 

604 2307752 14695396 Yes 5102.57 5102.678 0.108 

605 2308718 14688195 Yes 5110.12 5110.106 -0.014 

606 2308901 14677577 Yes 4996.22 4996.392 0.172 

607 2303187 14677019 Yes 4834.07 4834.066 -0.004 

608 2298007 14683005 Yes 4741.01 4740.969 -0.041 

609 2295254 14677089 Yes 4734.06 4734.151 0.091 

610 2290046 14677176 Yes 4694.14 4694.126 -0.014 

611 2290242 14685463 Yes 4671.21 4671.238 0.028 

701 2290498 14689959 Yes 4662.34 4662.314 -0.026 

702 2294494 14691288 Yes 4694.22 4694.244 0.024 

703 2303536 14690201 Yes 4917.16 4917.169 0.009 

704 2306667 14692390 Yes 5041.65 5041.829 0.179 

705 2294219 14686741 Yes 4684.86 4684.864 0.004 

706 2301939 14685647 Yes 4794.68 4794.494 -0.186 

707 2304907 14683210 Yes 4934.45 4934.255 -0.195 

708 2304571 14679633 Yes 4866.35 4866.287 -0.063 

709 2292803 14681642 Yes 4691.67 4691.665 -0.005 

710 2293861 14677595 Yes 4718.73 4718.686 -0.044 
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Lumos & Associates has completed the preliminary designs and grading of improvements for 12 

washes that impact the Johnson Lane area.  This analysis was performed as part of the Johnson Lane 

Area Drainage Master Plan being provided by JE Fuller to the Carson Water Subconservancy District 

and Douglas County.  This memorandum presents an overview of the 15% preliminary designs and 

schematic grading, cost estimate, and life cycle cost analysis for both the 25-year and 100-year storm 

events based on data provided by JE Fuller.       

Preliminary Design 

Basin grading and preliminary designs were done in accordance with Douglas County Design Criteria 

and Improvement Standards.  Preliminary designs include grading for the 12 detention basins based 

on two alternatives for the 25-year and 100-year events.  The shape of each basin was optimized to 

reduce earthwork volumes based on the existing topography.  Earthwork volumes used for the cost 

estimate are provided in Table 1: 

 
Table 1: Basin Earthwork and Storage Volumes 

Basin Name 
25-year Storage 100-year Storage 

Cut (Cu Yd) Fill (Cu Yd) Vol. (ac-ft) Cut (Cu Yd) Fill (Cu Yd) Vol. (ac-ft) 

Unnamed_A 5,184 3,009 1.1 10,034 3,069 2.0 

Southcentral 19,868 4,938 7.0 21,557 4,867 8.0 

Johnson Lane Park 68,133 340 23.4 63,034 338 20.1 

BuckBrush 17,463 955 5.5 35,531 1,163 9.8 

Southeast 35,402 71 5.6 39,389 101 6.6 

Romero 2,691 2,514 3.1 7,274 6,776 8.2 

Stephanie 5,628 5,125 7.1 20,794 5,653 13.4 

Chowbuck 1,545 1,205 1.2 3,300 2,390 4.2 

Skyline 1,944 1,789 2.0 8,368 2,358 6.0 

Unnamed_B  2,140 2,864 1.0 12,590 7,311 9.6 

SunrisePass 1,856 2,268 2.3 7,301 3,016 7.2 

BuckBrush Alternate 5,298 4,293 5.1 7,943 6,803 9.3 

Net Cut 137,781   193,270   

Total Earth Moved 196,523   278,194   

 

Based upon the preliminary designs, approximately 138,000 cubic yards of material for the 25-year 

basin storage alternative and 193,000 cubic yards of material for the 100-year basin storage 

alternative will be generated during construction of the basins. This material is expected to be 

primarily sand and can provide salvage value for bedding and as an aggregate material. This 

sale/salvage value is not quantified in the preliminary cost estimate.   

 

A dam is proposed as the recommended method to control flow from Johnson Lane Wash.  The 

proposed dam was sized based on ½ and full PMF events.  The preliminary earthwork estimates for 

the dam are shown in Table 2: 
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Table 2: Dam Earthwork and Elevations 

Basin Name 
½ PMF Full PMF 

Cut (Cu Yd) Fill (Cu Yd) Max Elev. Cut (Cu Yd) Fill (Cu Yd) Max Elev. 

Johnson Lane Dam 380 129,165 4998.8 201 135,330 5000.5 

 

Additional considerations for the preliminary design were riprap for the basin inlets and outlets, 

spillways, collection swales to direct stormwater to the inlets, concrete access into the basins and to 

maintenance points, and fencing. Vehicle turnaround was not considered in the preliminary design, 

but there is vehicle access to each maintenance point within the basins.  There are two sizes of 

channels, major and minor, which were selected based on channel slope, capacity, and velocity. 

Riprap was sized for each channel based on flow depth and velocity.  Major and minor channel design 

details can be found in the 15% plan set.  

 

Some basins have an option between cut slope armoring and protection, or graded diversion swales.  

The slope armoring option is by far the most expensive with a preliminary cost for all basins of 

$116,550 for the 25-year alternatives and $152,400 for the 100-year alternatives.  Graded diversions 

swales are estimated to cost $23,000 and $26,000 for the 25-year and 100-year alternatives, 

respectively.  Costs for each option can be found in Attachment A. 

 

Preliminary Cost Estimates 

Preliminary cost estimates were prepared for the drainage facilities determined necessary for the 25- 

and 100-year storm events.  The 100-year storage alternative requires larger basins and therefore 

results in a higher cost than the 25-year storage alternative. In addition to initial construction costs, 

non-construction costs were also considered which include additional environmental and BLM 

permitting, design, and construction services. The total estimated cost for the 25-year storage 

alternative is approximately $8,200,000 compared to the 100-year storage alternative at a cost of 

roughly $11,000,000. These costs do not include the Johnson lane dam estimates or the Buckbrush 

alternative basin. The estimated cost for the dam is approximately $4,800,000 for the ½ PMF and 

$4,900,000 for the full PMF. Grant funding and loan interest calculations were not included as part 

of this analysis; however, the project could be phased over a period of time to reduce the financial 

impact.  A detailed cost estimate for each basin, channel, and dam alternative can be found in 

Attachment A.  

 

Annual O&M Costs 

It is estimated that all basins will require yearly debris removal, repairs to the lining and slopes, and 

be revegetated after the work is complete.  Dams are assumed to have minor maintenance to the 

spillways and dam faces yearly.  Table 3 shows the estimated yearly maintenance cost for each 

alternative.     
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Table 3: Estimated Annual O&M for Each Alternative 

Expense Type 
Alt 1 (25-Year 

Event) 
Alt 2 (100- Year 

Event) 

½ PMF 

DAM 

FULL PMF 

DAM 

Additional O&M Costs   
  

Maintenance/ Repairs1,2 $          36,000 $        54,000 - - 

Debris Removal/Disposal1,2 $          46,800 $        78,000 - - 

Revegetate $          63,600 $        93,300 - - 

Dam Maintenance 3      -     - $      13,900 $         13,900 

Total $        146,400 $      225,300 $      13,900 $         13,900 
1 Assume maintenance and debris removal in each basin yearly. 

2 Costs based on 2017 FEMA Schedule of Equipment Rates.    

3 Dam maintenance includes clearing vegetation and debris from spillway and filling spillway cracks/joints. 

 

Lifecycle Cost Analysis 

A life cycle present worth analysis was prepared for a 20-year period considering the estimated total 

project costs and the annual O&M costs.  Salvaged and valuable materials like sand excavated during 

construction and during routine maintenance were not considered in the analysis. The life cycle cost 

analysis and net present value (NPV) for each alternative are presented in Table 4. 

 

Table 4: Life Cycle Cost Analysis 

  Present Value 

20-Yr NPV3 Alternative 

Total        

Project Cost1 

O&M2  

(for 20 Yrs) 

Alt 1 - 25 Year Basins  $      8,245,100   $         2,589,400   $      10,834,800  

Alt 2 -100 Year Basins  $      10,980,800   $         3,984,900   $      14,965,700  

Dam- ½ PMF  $      4,753,200   $         245,900  $      4,999,100 

Dam- Full PMF  $      4,881,600   $         245,900  $      5,127,500 

1 Total project cost includes construction and non-construction costs. 

2 Considers 20-year real discount rate of 1.2 percent per Circular A94 Appendix C from 
the Office of Management and Budget, revised November 2015 

(https://www.whitehouse.gov/omb/circulars_a094/a94_appx-c). 

3 Total 20-YR NPV = Total Project Cost + O&M (uniform series present worth) – 
Salvage (single payment present worth). 

 

All improvements shown within the 15% plan set are preliminary but the volumes and quantities 

obtained from the designs provide an approximate estimate for the expected costs of the project.   

 

 

 

 

 



6/28/18 
Page 4 

 

Attachments  

A: Itemized Preliminary Cost Estimate 

B: 15% Preliminary Design Plan Set 

 

References 

1. U.S. Department of Agriculture, Soil Conservation Service, Engineering Division, Urban 
Hydrology for Small Watersheds, Technical Release 55, Second Edition June 1986 
 

2. Douglas County Design Criteria and Improvement Standards, Adopted  
 

3. Circular A94 Appendix C from the Office of Management and Budget, revised November 
2015 
 

4. 2017 FEMA Schedule of Equipment Rates. 
 
 
 
 
 



 

 
 
 
 
 

Attachment A 



Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 3,009 5.00$           15,044$        

4 Cut Offhaul CY 2,175 10.00$         21,750$        

5 Place Riprap at Basin Outlets SF 1,008 3.00$           3,000$          

6 Non-Woven Geotextile SF 1,008 0.60$           600$             

7 Concrete Inlets SF 2,276 10.00$         22,800$        

8 Wire Fence LF 960 10.00$         9,600$          

9 18" HDPE Outlet Piping LF 55 120$           6,600$          

10 9" Concrete Access on 6" Agg Base SF 1,230 20.00$         24,600$        

11 Native Vegetation Finish and Erosion Control AC 1.4 7,500$         10,500$        

12 Contingency, 30% LS 1 46,300$       46,300$        

201,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
40,200$        

40,200$        

Total Project Costs 241,200$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 3,069 5.00$           15,345$        

4 Cut Offhaul CY 6,965 10.00$         69,650$        

5 Place Riprap at Basin Outlets SF 1,008 3.00$           3,000$          

6 Non-Woven Geotextile SF 1,008 0.60$           600$             

7 Concrete Inlets SF 2,353 10.00$         23,500$        

8 Wire Fence LF 1,050 10.00$         10,500$        

9 18" HDPE Outlet Piping LF 65 120$           7,800$          

10 9" Concrete Access on 6" Agg Base SF 1,265 20.00$         25,300$        

11 Native Vegetation Finish and Erosion Control AC 1.7 7,500$         12,750$        

12 Contingency, 30% LS 1 62,500$       62,500$        

271,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
54,200$        

54,200$        

Total Project Costs 325,200$       

Subtotal Construction Costs

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

UNNAMED WASH A DETENTION BASIN 

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

Subtotal Construction Costs

UNNAMED WASH A DETENTION BASIN

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

MAY 2018

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

1



Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 4,940 5.00$           24,700$        

4 Cut Offhaul CY 14,930 10.00$         149,300$       

5 Place Riprap at Basin Inlets SF 35,585 3.00$           106,800$       

6 Concrete Inlets SF 7,155 10.00$         71,600$        

7 Non-Woven Geotextile SF 35,585 0.60$           21,400$        

8 Wire Fence LF 1,540 10.00$         15,400$        

9 9" Concrete Access on 6" Agg Base SF 1,005 20.00$         20,100$        

10 Native Vegetation Finish and Erosion Control AC 3.0 7,500$         22,500$        

11 Contingency, 30% LS 1 141,500$     141,500$       

614,000$       

Non-Construction Costs

12
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
122,800$       

122,800$       

Total Project Costs 736,800$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 4,867 5.00$           24,335$        

4 Cut Offhaul CY 16,690 10.00$         166,900$       

5 Place Riprap at basin Inlets SF 37,480 3.00$           112,400$       

6 Concrete Inlets SF 8,531 10.00$         85,300$        

7 Non-Woven Geotextile SF 37,480 0.60$           22,500$        

8 Wire Fence LF 1,560 10.00$         15,600$        

9 9" Concrete Access on 6" Agg Base SF 980 20.00$         19,600$        

10 Native Vegetation Finish and Erosion Control AC 3.1 7,500$         23,250$        

11 Contingency, 30% LS 1 153,000$     153,000$       

663,000$       

Non-Construction Costs

12
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
132,600$       

132,600$       

Total Project Costs 795,600$       

Subtotal Construction Costs

Subtotal Construction Costs

Subtotal Non-Construction Costs

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

SOUTHCENTRAL WASH SEDIMENT BASIN

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

MAY 2018

DOUGLAS COUNTY

JOHNSON LANE ADMP

SOUTHCENTRAL WASH SEDIMENT BASIN

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

2



Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 15,000$       15,000$        

3 Cut Offhaul CY 67,795 10.00$         677,950$       

4 Concrete Inlets/Outlets SF 6,234 10.00$         62,300$        

5 Wire Fence LF 1,420 10.00$         14,200$        

6 18" HDPE Outlet Piping LF 4,200 120$           504,000$       

7 Type IV SD Manhole EA 8 8,000$         64,000$        

8 4" AC Patching SF 10,400 4.50$           46,800$        

9 9" Concrete Access on 6" Agg Base SF 1,515 20.00$         30,300$        

10 Native Vegetation Finish and Erosion Control AC 3.8 7,500$         28,500$        

11 Contingency, 30% LS 1 441,900$     441,900$       

1,915,000$    

Non-Construction Costs

14
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection
383,000$       

383,000$       

Total Project Costs 2,298,000$    

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 15,000$       15,000$        

3 Cut Offhaul CY 62,700 10.00$         627,000$       

4 Concrete Inlets/Outlets SF 10,040 10.00$         100,400$       

5 Wire Fence LF 1,420 10.00$         14,200$        

6 60" HDPE Outlet Piping LF 4,200 300$           1,260,000$    

7 Type IV SD Manhole EA 8 8,000$         64,000$        

8 4" AC Patching SF 26,000 4.50$           117,000$       

9 9" Concrete Access on 6" Agg Base SF 1,365 20.00$         27,300$        

10 Native Vegetation Finish and Erosion Control AC 3.8 7,500$         28,500$        

11 Contingency, 30% LS 1 685,000$     685,000$       

2,969,000$    

Non-Construction Costs

12
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection
593,800$       

593,800$       

Total Project Costs 3,562,800$    

Subtotal Construction Costs

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

MAY 2018

Subtotal Construction Costs

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

JOHNSON LANE PARK DETENTION BASIN

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

DOUGLAS COUNTY

JOHNSON LANE ADMP

JOHNSON LANE PARK DETENTION BASIN

Subtotal Non-Construction Costs
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 955 5.00$           4,775$          

4 Cut Offhaul CY 16,510 10.00$         165,100$       

5 Concrete Inlets/Outlets SF 5,050 10.00$         50,500$        

6 Wire Fence LF 1,170 10.00$         11,700$        

7 9" Concrete Access on 6" Agg Base SF 840 20.00$         16,800$        

8 Native Vegetation Finish and Erosion Control AC 2.3 7,500$         17,250$        

9 Contingency, 30% LS 1 91,800$       91,800$        

398,000$       

Non-Construction Costs

10
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
79,600$        

79,600$        

Total Project Costs 477,600$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 1,165 5.00$           5,825$          

4 Cut Offhaul CY 34,370 10.00$         343,700$       

5 Concrete Inlets/Outlets SF 5,265 10.00$         52,700$        

6 Wire Fence LF 1,350 10.00$         13,500$        

7 9" Concrete Access on 6" Agg Base SF 885 20.00$         17,700$        

8 Native Vegetation Finish and Erosion Control AC 3.7 7,500$         27,750$        

9 Contingency, 30% LS 1 150,400$     150,400$       

652,000$       

Non-Construction Costs

10
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection
130,400$       

130,400$       

Total Project Costs 782,400$       

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

MAY 2018

Subtotal Construction Costs

Subtotal Non-Construction Costs

MAY 2018

DOUGLAS COUNTY

Subtotal Construction Costs

Subtotal Non-Construction Costs

JOHNSON LANE ADMP

BUCKBRUSH WASH SEDIMENT BASIN

BUCKBRUSH WASH SEDIMENT BASIN

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST 

DOUGLAS COUNTY

JOHNSON LANE ADMP
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut Offhaul CY 35,335 10.00$         353,350$       

4 Concrete Inlets/Outlets SF 1,260 10.00$         12,600$        

5 Wire Fence LF 1,510 10.00$         15,100$        

6 9" Concrete Access on 6" Agg Base SF 800 20.00$         16,000$        

7 Native Vegetation Finish and Erosion Control AC 2.8 7,500$         21,000$        

8 Contingency, 30% LS 1 137,400$     137,400$       

596,000$       

Non-Construction Costs

9
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
119,200$       

119,200$       

Total Project Costs 715,200$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut Offhaul CY 39,290 10.00$         392,900$       

4 Concrete Inlets/Outlets SF 2,180 10.00$         21,800$        

5 Wire Fence LF 1,520 10.00$         15,200$        

6 9" Concrete Access on 6" Agg Base SF 1,020 20.00$         20,400$        

7 Native Vegetation Finish and Erosion Control AC 2.9 7,500$         21,750$        

8 Contingency, 30% LS 1 153,600$     153,600$       

666,000$       

Non-Construction Costs

9
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
133,200$       

133,200$       

Total Project Costs 799,200$       

Subtotal Non-Construction Costs

Subtotal Construction Costs

Subtotal Non-Construction Costs

JOHNSON LANE ADMP

MAY 2018

DOUGLAS COUNTY

Subtotal Construction Costs

SOUTHEAST WASH SEDIMENT BASIN

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

JOHNSON LANE ADMP

SOUTHEAST WASH SEDIMENT BASIN

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

DOUGLAS COUNTY
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 5,000$         5,000$          

3 Cut/Fill Onsite CY 2,514 5.00$           12,570$        

4 Cut Offhaul CY 180 10.00$         1,800$          

5 Place Riprap at Basin Outlets SF 1,300 3.00$           3,900$          

6 Non-Woven Geotextile SF 1,300 0.60$           800$             

7 Concrete Inlets SF 1,500 10.00$         15,000$        

8 Wire Fence LF 840 10.00$         8,400$          

9 18" HDPE Outlet Piping LF 70 120$           8,400$          

10 9" Concrete Access on 6" Agg Base SF 965 20.00$         19,300$        

11 Native Vegetation Finish and Erosion Control AC 1.2 7,500$         9,000$          

12 Contingency, 30% LS 1 34,300$       34,300$        

149,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
29,800$        

29,800$        

Total Project Costs 178,800$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 6,780 5.00$           33,900$        

4 Cut Offhaul CY 500 10.00$         5,000$          

5 Place Riprap at Basin Outlets SF 1,142 3.00$           3,400$          

6 Non-Woven Geotextile SF 1,142 0.60$           700$             

7 Concrete Inlets SF 3,121 10.00$         31,200$        

8 Wire Fence LF 1,160 10.00$         11,600$        

9 18" HDPE Outlet Piping LF 80 120$           9,600$          

10 9" Concrete Access on 6" Agg Base SF 1,535 20.00$         30,700$        

11 Native Vegetation Finish and Erosion Control AC 2.4 7,500$         18,000$        

12 Contingency, 30% LS 1 55,200$       55,200$        

240,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
48,000$        

48,000$        

Total Project Costs 288,000$       

Subtotal Construction Costs

Subtotal Non-Construction Costs

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

MAY 2018

DOUGLAS COUNTY

DOUGLAS COUNTY

JOHNSON LANE ADMP

ROMERO WASH DETENTION BASIN

Subtotal Construction Costs

Subtotal Non-Construction Costs

JOHNSON LANE ADMP

ROMERO WASH DETENTION BASIN

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

6



Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 5,125 5.00$           25,625$        

4 Cut Offhaul CY 505 10.00$         5,050$          

5 Place Riprap at Basin Outlets SF 1,625 3.00$           4,900$          

6 Non-Woven Geotextile SF 1,625 0.60$           1,000$          

7 Concrete Inlets SF 2,520 10.00$         25,200$        

8 Wire Fence LF 1,030 10.00$         10,300$        

9 18" HDPE Outlet Piping LF 307 120$           36,840$        

10 9" Concrete Access on 6" Agg Base SF 1,255 20.00$         25,100$        

11 Native Vegetation Finish and Erosion Control AC 1.9 7,500$         14,250$        

12 Contingency, 30% LS 1 56,500$       56,500$        

245,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
49,000$        

49,000$        

Total Project Costs 294,000$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 5,655 5.00$           28,275$        

4 Cut Offhaul CY 15,145 10.00$         151,450$       

5 Place Riprap at Basin Outlets SF 1,110 3.00$           3,300$          

6 Non-Woven Geotextile SF 1,110 0.60$           700$             

7 Concrete Inlets SF 1,550 10.00$         15,500$        

8 Wire Fence LF 1,430 10.00$         14,300$        

9 18" HDPE Outlet Piping LF 250 120$           30,000$        

10 9" Concrete Access on 6" Agg Base SF 1,170 20.00$         23,400$        

11 Native Vegetation Finish and Erosion Control AC 3.3 7,500$         24,750$        

12 Contingency, 30% LS 1 99,500$       99,500$        

432,000$       

Non-Construction Costs

13 Permitting, Engineering, Construction Management, Administration, 86,400$        

86,400$        

Total Project Costs 518,400$       

Subtotal Construction Costs

Subtotal Non-Construction Costs

STEPHANIE WASH DETENTION BASIN

Subtotal Construction Costs

Subtotal Non-Construction Costs

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

MAY 2018

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

DOUGLAS COUNTY

JOHNSON LANE ADMP

DOUGLAS COUNTY

JOHNSON LANE ADMP

STEPHANIE WASH DETENTION BASIN
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 5,000$         5,000$          

3 Cut/Fill Onsite CY 1,205 5.00$           6,027$          

4 Cut Offhaul CY 340 10.00$         3,400$          

5 Place Riprap at Basin Outlets SF 1,200 3.00$           3,600$          

6 Non-Woven Geotextile SF 1,200 0.60$           700$             

7 Concrete Inlets SF 1,840 10.00$         18,400$        

8 Wire Fence LF 590 10.00$         5,900$          

9 18" HDPE Outlet Piping LF 70 120$           8,400$          

10 9" Concrete Access on 6" Agg Base SF 950 20.00$         19,000$        

11 Native Vegetation Finish and Erosion Control AC 0.7 7,500$         5,250$          

12 Contingency, 30% LS 1 31,700$       31,700$        

138,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
27,600$        

27,600$        

Total Project Costs 165,600$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 5,000$         5,000$          

3 Cut/Fill Onsite CY 2,390 5.00$           11,950$        

4 Cut Offhaul CY 910 10.00$         9,100$          

5 Place Riprap at Basin Outlets SF 620 3.00$           1,900$          

6 Non-Woven Geotextile SF 620 0.60$           400$             

7 Concrete Inlets SF 2,930 10.00$         29,300$        

8 Wire Fence LF 870 10.00$         8,700$          

9 18" HDPE Outlet Piping LF 70 120$           8,400$          

10 9" Concrete Access on 6" Agg Base SF 1,420 20.00$         28,400$        

11 Native Vegetation Finish and Erosion Control AC 1.4 7,500$         10,500$        

12 Contingency, 30% LS 1 43,100$       43,100$        

187,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
37,400$        

37,400$        

Total Project Costs 224,400$       

MAY 2018

Subtotal Construction Costs

Subtotal Non-Construction Costs

DOUGLAS COUNTY

Subtotal Construction Costs

Subtotal Non-Construction Costs

JOHNSON LANE ADMP

CHOWBUCK WASH DETENTION BASIN

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

JOHNSON LANE ADMP

CHOWBUCK WASH DETENTION BASIN

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

DOUGLAS COUNTY

8



Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 1,789 5.00$           8,944$          

4 Cut Offhaul CY 155 10.00$         1,550$          

5 Place Riprap at Basin Outlets SF 1,105 3.00$           3,300$          

6 Non-Woven Geotextile SF 1,105 0.60$           700$             

7 Concrete Inlets SF 2,725 10.00$         27,300$        

8 Wire Fence LF 790 10.00$         7,900$          

9 18" HDPE Outlet Piping LF 70 120$           8,400$          

10 9" Concrete Access on 6" Agg Base SF 1,950 20.00$         39,000$        

11 Native Vegetation Finish and Erosion Control AC 1.0 7,500$         7,500$          

12 Contingency, 30% LS 1 43,400$       43,400$        

188,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
37,600$        

37,600$        

Total Project Costs 225,600$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 2,358 5.00$           11,788$        

4 Cut Offhaul CY 6,010 10.00$         60,100$        

5 Place Riprap at Basin Outlets SF 1,640 3.00$           4,900$          

6 Non-Woven Geotextile SF 1,640 0.60$           1,000$          

7 Concrete Inlets SF 3,445 10.00$         34,500$        

8 Wire Fence LF 960 10.00$         9,600$          

9 18" HDPE Outlet Piping LF 70 120$           8,400$          

10 9" Concrete Access on 6" Agg Base SF 1,600 20.00$         32,000$        

11 Native Vegetation Finish and Erosion Control AC 1.8 7,500$         13,500$        

12 Contingency, 30% LS 1 64,700$       64,700$        

281,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
56,200$        

56,200$        

Total Project Costs 337,200$       

Subtotal Construction Costs

Subtotal Non-Construction Costs

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

MAY 2018

DOUGLAS COUNTY

JOHNSON LANE ADMP

SKYLINE WASH DETENTION BASIN

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

DOUGLAS COUNTY

JOHNSON LANE ADMP

SKYLINE WASH DETENTION BASIN

Subtotal Construction Costs

Subtotal Non-Construction Costs
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 1,556 5.00$           7,780$          

4 Place Riprap at Basin Outlets SF 570 3.00$           1,700$          

7 Wire Fence LF 690 10.00$         6,900$          

8 18" HDPE Outlet Piping LF 55 120$           6,600$          

9 9" Concrete Access on 6" Agg Base SF 1,405 20.00$         28,100$        

10 Native Vegetation Finish and Erosion Control AC 0.8 7,500$         6,000$          

11 Contingency, 30% LS 1 29,100$       29,100$        

127,000$       

Non-Construction Costs

12
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
25,400$        

25,400$        

Total Project Costs 152,400$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 6,231 5.00$           31,155$        

4 Cut Offhaul CY 3,682 10.00$         36,820$        

5 Place Riprap at Basin Outlets SF 1,100 3.00$           3,300$          

8 Wire Fence LF 1,290 10.00$         12,900$        

9 18" HDPE Outlet Piping LF 85 120$           10,200$        

10 9" Concrete Access on 6" Agg Base SF 1,900 20.00$         38,000$        

11 Native Vegetation Finish and Erosion Control AC 2.6 7,500$         19,500$        

12 Contingency, 30% LS 1 57,600$       57,600$        

250,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
50,000$        

50,000$        

Total Project Costs 300,000$       

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

MAY 2018

Subtotal Construction Costs

Subtotal Non-Construction Costs

MAY 2018

DOUGLAS COUNTY

JOHNSON LANE ADMP

UNNAMED WASH B DETENTION BASIN

Subtotal Construction Costs

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

UNNAMED WASH B DETENTION BASIN 

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

10



Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 2,268 5.00$           11,340$        

4 Place Riprap at Basin Outlets SF 860 3.00$           2,600$          

5 Non-Woven Geotextile SF 860 0.60$           500$             

6 Concrete Inlets SF 2,285 10.00$         22,900$        

7 Wire Fence LF 680 10.00$         6,800$          

8 18" HDPE Outlet Piping LF 85 120$           10,200$        

9 9" Concrete Access on 6" Agg Base SF 900 20.00$         18,000$        

10 Native Vegetation Finish and Erosion Control AC 0.9 7,500$         6,750$          

11 Contingency, 30% LS 1 35,700$       35,700$        

155,000$       

Non-Construction Costs

12
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
31,000$        

31,000$        

Total Project Costs 186,000$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 3,016 5.00$           15,081$        

4 Cut Offhaul CY 4,285 10.00$         42,850$        

5 Place Riprap at Basin Outlets SF 980 3.00$           2,900$          

6 Non-Woven Geotextile SF 980 0.60$           600$             

7 Concrete Inlets SF 2,505 10.00$         25,100$        

8 Wire Fence LF 1,070 10.00$         10,700$        

9 18" HDPE Outlet Piping LF 80 120$           9,600$          

10 9" Concrete Access on 6" Agg Base SF 1,060 20.00$         21,200$        

11 Native Vegetation Finish and Erosion Control AC 1.9 7,500$         14,250$        

12 Contingency, 30% LS 1 54,700$       54,700$        

237,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
47,400$        

47,400$        

Total Project Costs 284,400$       

JOHNSON LANE ADMP

SUNRISE PASS WASH DETENTION BASIN

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST 

MAY 2018

Subtotal Construction Costs

Subtotal Non-Construction Costs

SUNRISE PASS WASH DETENTION BASIN

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST 

MAY 2018

DOUGLAS COUNTY

Subtotal Construction Costs

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 4,293 5.00$           21,463$        

4 Cut Offhaul CY 1,005 10.00$         10,050$        

5 Place Riprap at Basin Outlets/ Armoring Buckbrush Wash SF 76,930 2.50$           192,300$       

6 Non-Woven Geotextile SF 76,930 0.60$           46,200$        

7 Concrete Inlets SF 3,922 10.00$         39,200$        

8 Wire Fence LF 940 10.00$         9,400$          

9 18" HDPE Outlet Piping LF 85 120$           10,200$        

10 9" Concrete Access on 6" Agg Base SF 1,770 20.00$         35,400$        

11 Native Vegetation Finish and Erosion Control AC 1.6 7,500$         12,000$        

12 Contingency, 30% LS 1 124,900$     124,900$       

542,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
108,400$       

108,400$       

Total Project Costs 650,400$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 6,803 5.00$           34,015$        

4 Cut Offhaul CY 1,140 10.00$         11,400$        

5 Place Riprap at Basin Outlets/ Armoring Buckbrush Wash SF 77,095 2.50$           192,700$       

6 Non-Woven Geotextile SF 77,095 0.60$           46,300$        

7 Concrete Inlets SF 4,750 10.00$         47,500$        

8 Wire Fence LF 1,220 10.00$         12,200$        

9 18" HDPE Outlet Piping LF 85 120$           10,200$        

10 9" Concrete Access on 6" Agg Base SF 1,630 20.00$         32,600$        

11 Native Vegetation Finish and Erosion Control AC 2.4 7,500$         18,000$        

12 Contingency, 30% LS 1 133,500$     133,500$       

579,000$       

Non-Construction Costs

13
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
115,800$       

115,800$       

Total Project Costs 694,800$       

Subtotal Construction Costs

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

BUCKBRUSH ALTERNATE DETENTION BASIN

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST 

MAY 2018

DOUGLAS COUNTY

JOHNSON LANE ADMP

BUCKBRUSH ALTERNATE DETENTION BASIN

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

Subtotal Construction Costs

Subtotal Non-Construction Costs
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 5,150 5.00$           25,750$        

4 Concrete Channels SF 14,225 5.00$           71,125$        

5 Non-Woven Geotextile SF 14,225 0.60$           8,535$          

6 Erosion Control LS 1 10,000$       10,000$        

7 Contingency, 30% LS 1 46,600$       46,600$        

203,000$       

Non-Construction Costs

8
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
40,600$        

40,600$        

Total Project Costs 243,600$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut Offhaul CY 5,150 10.00$         51,500$        

4 Concrete Channels SF 14,225 5.00$           71,125$        

5 Non-Woven Geotextile SF 14,225 0.60$           8,535$          

6 Erosion Control LS 1 10,000$       10,000$        

7 Contingency, 30% LS 1 54,300$       54,300$        

236,000$       

Non-Construction Costs

8
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
47,200$        

47,200$        

Total Project Costs 283,200$       

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST 

MAY 2018

Subtotal Non-Construction Costs

Subtotal Construction Costs

MAY 2018

DOUGLAS COUNTY

JOHNSON LANE ADMP

SOUTHCENTRAL DIVERSION CHANNEL

Subtotal Construction Costs

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

SOUTHCENTRAL DIVERSION CHANNEL

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

13



Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 162 5.00$           810$             

4 Concrete Channels SF 4,966 5.00$           24,830$        

5 Non-Woven Geotextile SF 4,966 0.60$           2,980$          

6 Erosion Control LS 1 10,000$       10,000$        

7 Contingency, 30% LS 1 23,600$       23,600$        

103,000$       

Non-Construction Costs

8
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
20,600$        

20,600$        

Total Project Costs 123,600$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 180 5.00$           900$             

4 Concrete Channels SF 4,966 5.00$           24,830$        

5 Non-Woven Geotextile SF 4,966 0.60$           2,980$          

6 Erosion Control LS 1 10,000$       10,000$        

7 Contingency, 30% LS 1 23,600$       23,600$        

103,000$       

Non-Construction Costs

8
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
20,600$        

20,600$        

Total Project Costs 123,600$       

JOHNSON LANE ADMP

SOUTHCENTRAL WEST DIVERSION CHANNEL

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST 

MAY 2018

Subtotal Non-Construction Costs

DOUGLAS COUNTY

Subtotal Construction Costs

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

SOUTHCENTRAL WEST DIVERSION CHANNEL

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

Subtotal Construction Costs
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut Offhaul CY 4,830 10.00$         48,300$        

4 Concrete Channels SF 35,130 5.00$           175,650$       

5 Non-Woven Geotextile SF 35,130 0.60$           21,078$        

6 Erosion Control LS 1 10,000$       10,000$        

7 Contingency, 30% LS 1 88,500$       88,500$        

384,000$       

Non-Construction Costs

8
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
76,800$        

76,800$        

Total Project Costs 460,800$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut Offhaul CY 4,830 10.00$         48,300$        

4 Concrete Channels SF 35,130 5.00$           175,650$       

5 Non-Woven Geotextile SF 35,130 0.60$           21,078$        

6 Erosion Control LS 1 10,000$       10,000$        

7 Contingency, 30% LS 1 88,500$       88,500$        

384,000$       

Non-Construction Costs

8
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
76,800$        

76,800$        

Total Project Costs 460,800$       

 SOUTHEAST DIVERSION CHANNEL

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST 

DOUGLAS COUNTY

JOHNSON LANE ADMP

DOUGLAS COUNTY

JOHNSON LANE ADMP

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

 SOUTHEAST DIVERSION CHANNEL

MAY 2018

Subtotal Construction Costs

Subtotal Construction Costs

Subtotal Non-Construction Costs

MAY 2018

Subtotal Non-Construction Costs
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 4,750 5.00$           23,750$        

4 Concrete Channels SF 63,100 5.00$           315,500$       

5 Non-Woven Geotextile SF 63,100 0.60$           37,860$        

6 Erosion Control LS 1 10,000$       10,000$        

7 Contingency, 30% LS 1 128,100$     128,100$       

556,000$       

Non-Construction Costs

8
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
111,200$       

111,200$       

Total Project Costs 667,200$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 4,750 5.00$           23,750$        

4 Concrete Channels SF 63,000 5.00$           315,000$       

5 Non-Woven Geotextile SF 63,000 0.60$           37,800$        

6 Erosion Control LS 1 10,000$       10,000$        

7 Contingency, 30% LS 1 128,000$     128,000$       

555,000$       

Non-Construction Costs

8
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
111,000$       

111,000$       

Total Project Costs 666,000$       

SOUTHCENTRAL BASIN OUTFLOW CHANNEL

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

MAY 2018

MAY 2018

DOUGLAS COUNTY

JOHNSON LANE ADMP

Subtotal Non-Construction Costs

Subtotal Construction Costs

SOUTHCENTRAL BASIN OUTFLOW CHANNEL

JOHNSON LANE ADMP

Subtotal Non-Construction Costs

Subtotal Construction Costs

DOUGLAS COUNTY
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut Offhaul CY 1,808 10.00$         18,080$        

4 Concrete Channels SF 7,200 5.00$           36,000$        

5 Non-Woven Geotextile SF 7,200 0.60$           4,320$          

6 Erosion Control LS 1 10,000$       10,000$        

7 Contingency, 30% LS 1 32,500$       32,500$        

141,000$       

Non-Construction Costs

8
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
28,200$        

28,200$        

Total Project Costs 169,200$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 15,000$       15,000$        

3 Cut Offhaul CY 3,487 10.00$         34,870$        

4 Concrete Channels SF 16,725 5.00$           83,625$        

5 Non-Woven Geotextile SF 16,725 0.60$           10,035$        

6 Erosion Control LS 1 10,000$       10,000$        

7 Contingency, 30% LS 1 55,100$       55,100$        

239,000$       

Non-Construction Costs

8
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
47,800$        

47,800$        

Total Project Costs 286,800$       

Subtotal Construction Costs

Subtotal Non-Construction Costs

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

BUCKBRUSH BASIN OUTFLOW CHANNEL

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

MAY 2018

MAY 2018

Subtotal Construction Costs

BUCKBRUSH BASIN OUTFLOW CHANNEL

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

JOHNSON LANE ADMP

DOUGLAS COUNTY
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 1,975 5.00$           9,875$          

4 Cut Offhaul CY 3,175 10.00$         31,750$        

5 Concrete Channels SF 27,020 5.00$           135,100$       

6 Non-Woven Geotextile SF 27,020 0.60$           16,212$        

7 Erosion Control LS 1 10,000$       10,000$        

8 Contingency, 30% LS 1 72,900$       72,900$        

316,000$       

Non-Construction Costs

9
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
63,200$        

63,200$        

Total Project Costs 379,200$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 1,975 5.00$           9,875$          

4 Cut Offhaul CY 3,175 10.00$         31,750$        

5 Concrete Channels SF 27,020 5.00$           135,100$       

6 Non-Woven Geotextile SF 27,020 0.60$           16,212$        

7 Erosion Control LS 1 10,000$       10,000$        

8 Contingency, 30% LS 1 72,900$       72,900$        

316,000$       

Non-Construction Costs

9
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
63,200$        

63,200$        

Total Project Costs 379,200$       

MAY 2018

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

DOUGLAS COUNTY

JOHNSON LANE ADMP

SOUTHEAST BASIN OUTFLOW CHANNEL

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

DOUGLAS COUNTY

JOHNSON LANE ADMP

SOUTHEAST BASIN OUTFLOW CHANNEL

Subtotal Construction Costs

Subtotal Construction Costs

Subtotal Non-Construction Costs

Subtotal Non-Construction Costs
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Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 1,309 5.00$           6,545$          

4 Cut Offhaul CY 721 10.00$         7,210$          

5 Concrete Channels SF 46,695 5.00$           233,475$       

6 Non-Woven Geotextile SF 46,695 0.60$           28,017$        

7 Erosion Control LS 1 10,000$       10,000$        

8 Contingency, 30% LS 1 97,600$       97,600$        

423,000$       

Non-Construction Costs

9
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
84,600$        

84,600$        

Total Project Costs 507,600$       

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Cut/Fill Onsite CY 1,084 5.00$           5,420$          

4 Cut Offhaul CY 1,598 10.00$         15,980$        

5 Concrete Channels SF 48,720 5.00$           243,600$       

6 Non-Woven Geotextile SF 48,720 0.60$           29,232$        

7 Erosion Control LS 1 10,000$       10,000$        

8 Contingency, 30% LS 1 103,300$     103,300$       

448,000$       

Non-Construction Costs

9
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection, 20%
89,600$        

89,600$        

Total Project Costs 537,600$       

JOHNSON LANE ADMP

UNNAMED WASH B DIVERSION CHANNEL

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

MAY 2018

DOUGLAS COUNTY

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

Subtotal Construction Costs

Subtotal Construction Costs

Subtotal Non-Construction Costs

UNNAMED WASH B DIVERSION CHANNEL
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152,400$                               

MARCH 2018

Unnamed Wash B Detention Basin 6,000$                    56,700$                                 

16,200$                                 

Total 26,000$                  

5,000$                    

23,000$                  

DOUGLAS COUNTY

Southeast Wash Sediment Basin 4,000$                    45,000$                                 

Romero Wash Detention Basin 9,000$                    34,500$                                 

ALTERNATIVE NO. 2 - 100 YEAR ESTIMATED COST

8,000$                    

116,550$                               

ADDITIONAL COST        

SLOPE ARMORING OPTION

BASIN NAME

ADDITIONAL COST 

SWALE OPTION

Stephanie Wash Detention Basin 7,000$                    

Total

JOHNSON LANE ADMP

ADDITIONAL COST        

SLOPE ARMORING OPTION

Stephanie Wash Detention Basin

4,000$                    

Romero Wash Detention Basin

Southeast Wash Sediment Basin

SLOPE ARMORING AND FLOW DIVERSION OPTIONS

SLOPE ARMORING AND FLOW DIVERSION OPTIONS

ALTERNATIVE NO. 1 - 25 YEAR ESTIMATED COST

MAY 2018

17,550$                                 

49,500$                                 

25,200$                                 

BASIN NAME

ADDITIONAL COST 

SWALE OPTION

6,000$                    24,300$                                 

DOUGLAS COUNTY

JOHNSON LANE ADMP

Unnamed Wash B Detention Basin

20



Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Dam Fill CY 128,786 13.00$         1,674,218$    

4 12" Concrete Spillway SF 44,900 25.00$         1,122,500$    

5 Riprap at Base of Slope SF 10,561 3.00$           31,683$        

6 Energy Dissipation Structures (Concrete) CY 125 750.00$       94,000$        

7 48" HDPE Outlet Piping LF 350 240$           84,000$        

8 Contingency, 30% LS 1 913,900$     913,900$       

3,961,000$    

Non-Construction Costs

9
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection
792,200$       

792,200$       

Total Project Costs 4,753,200$    

Item Description Unit Quantity Unit Price Total Price

Construction Costs

1 Mobilization and Demobilization LS 1 30,000$       30,000$        

2 Clearing and Grubbing LS 1 10,000$       10,000$        

3 Dam Fill CY 135,129 13.00$         1,756,677$    

4 12" Concrete Spillway SF 44,900 25.00$         1,122,500$    

5 Riprap at Base of Slope SF 10,561 3.00$           31,683$        

6 Energy Dissipation Structures (Concrete) CY 125 750.00$       94,000$        

7 48" HDPE Outlet Piping LF 350 240$           84,000$        

8 Contingency, 30% LS 1 938,700$     938,700$       

4,068,000$    

Non-Construction Costs

9
Permitting, Engineering, Construction Management, Administration, 

Testing, and Inspection
813,600$       

813,600$       

Total Project Costs 4,881,600$    

DOUGLAS COUNTY

JOHNSON LANE ADMP

JOHNSON LANE DAM

Subtotal Non-Construction Costs

DOUGLAS COUNTY

JOHNSON LANE ADMP

JOHNSON LANE DAM

ALTERNATIVE NO. 1 - 1/2 PMF ESTIMATED COST

MAY 2018

Subtotal Construction Costs

ALTERNATIVE NO. 2 - FULL PMF ESTIMATED COST

MAY 2018

Subtotal Construction Costs

Subtotal Non-Construction Costs
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DOUGLAS COUNTY

P.O. BOX 218
1594 ESMERALDA AVE.

MINDEN, NV 89423

OWNER/DEVELOPER:

ATTN: ERIK NILSSEN

VICINITY MAP

CARSON CITY, NEVADA 89706

FAX: (775) 883-7114

800 E. COLLEGE PARKWAY

PH.: (775) 883-7077

LOCATION MAP

days
2 working

1-800-227-2600
AVOID CUTTING

UNDERGROUND UTILITIES

DOUGLAS COUNTY

JOHNSON LANE ADMP

15% PRELIMINARY DESIGN

JUNE 2018

PH.: (775) 783-6421

BASIS OF ELEVATIONS
DATUM: NAVD 88
PROJECT BENCHMARK = NGS MONUMENT NO.
158220X, PID AI5106. HAVING AN ELEVATION OF
4923.57'

BASIS OF BEARINGS
THE BASIS OF BEARING FOR THIS SURVEY IS
BASED ON
NEVADA STATE PLANE GRID COORDINATE SYSTEM,
WEST ZONE AND NAD 83 (2011).  ALL HORIZONTAL
DATA FOR THIS PROJECT IS TIED TO THE NGS
STATION 158220X, PID AI5106

GENERAL NOTES:
1. FIELD SURVEYS FOR DESIGN LEVEL TOPOGRAPHY MUST BE COMPLETED FOR EACH BASIN AND CHANNEL AREA PRIOR

TO FINAL DESIGN.

2. PERMITS FOR BLM, NEVADA DIVISION OF NATURAL RESOURCES, AND ALL PERTINENT AND STATE AGENCIES MUST BE
OBTAINED PRIOR TO CONSTRUCTION.

3. THE FOLLOWING IMPROVEMENTS MUST BE INCORPORATED INTO THE FINAL DESIGN FOR EACH BASIN AND CHANNEL:

- POSTS DESIGNATING BASIN DEPTH AT EACH ANGLE POINT.
- HARDENED BASIN SIDES FOR EASE OF MAINTENANCE.
- CHANNEL SIZES AND VELOCITIES SHALL BE VERIFIED WITH THE MOST CURRENT HYDROLOGY AND FLOW DATA.
- OTHER SITE SPECIFIC DESIGN CRITERIA NOT INCLUDED HEREIN.
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