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1  INTRODUCTION  

1.1 PROJECT PURPOSE 
The Ruhenstroth Area Drainage Master Plan (ADMP) Phase 2 study (Phase 2) is the continuation and 

conclusion of the Ruhenstroth ADMP Phase 1 study (Phase 1).  The Phase 1 study was developed to 

meet three primary objectives:   

1. Evaluate and identify flooding and sedimentation hazards within the project area by completion 

of a technical study that includes data collection, review of previous studies, information 

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

assessments, and field surveys.   

2. Develop concepts for all-weather access crossings of Smelter Creek for existing conditions. 

3. Provide stakeholder coordination and public outreach of the project through a series of 

meetings to inform of the existing flooding risk within the community.   

The Phase 1 study was completed in October 2020 and included the following key elements:  

• Historical Flowpath Assessment 

• Existing Conditions Hydrologic and Hydraulic Modeling 

o Verification of Results 

• Sedimentation Analyses 

• Flood Hazard Classification 

• Smelter Creek All-Weather Access Assessment 

An open house public meeting introducing the Phase 1 study to the Ruhenstroth community was held 

on January 14, 2020, from 5:30pm to 7:00pm at the Douglas County Fairgrounds (920 Dump Road, 

Gardnerville, NV 89410).  Approximately 30 individuals were in attendance for the open house.   

The Phase 2 study was developed to meet the following primary objectives: 

• Identify flood hazard mitigation alternatives: 
o For or both the 25-year, and 100-year storms to minimize the impact of flooding 

to the community. 

• Develop concept-level designs for the preferred alternatives 

• Community outreach to present the suite of alternatives 

1.2 PROJECT LOCATION 
The Ruhenstroth ADMP watershed area is 18 square miles and is located on the western slopes of the 

Pine Nut Mountains, approximately 16 miles south of Carson City (Figure 1-1).  The study area is located 

entirely within Douglas County about 6 miles southeast of the Minden-Gardnerville area.   The primary 

focus area of the RADMP is the lower watershed area downstream of the mountains. 
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Figure 1-1. Study area vicinity map 
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1.3 PHASE 1 HYDROLOGIC/HYDRAULIC MODELING SUMMARY 
The Phase 1 hydrologic and hydraulic modeling tasks form the foundation of the Phase 2 assessment.  

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

surface classification, topography, and hydrology that were available at the time of the study (early to 

middle 2020).  Every effort was made to ensure the models represented existing conditions as of the 

date of the project LiDAR survey.   

Photographs and anecdotal information collected from both Douglas County staff and the residents 

within the Ruhenstroth community were used to help calibrate and verify the modeling results.  Like all 

models, the ADMP FLO-2D models are a simulation of potential conditions that could occur during a 

range of storm events.  The models cannot exactly replicate 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 within the 

Ruhenstroth study area.  The results provide valuable, quantitative, detailed information from which 

future planning and development decisions can be based.  

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

event, the comparison of the modeling results with USGS regression equations, anecdotal flood 

information, and independent hydraulic calculations indicate the project FLO-2D models suitably depict 

storm runoff conditions – indicating that the underlying input parameters are reasonable.  Given the 

distributary nature of the flooding within the community, and the high sediment transport rates, 

flooding characteristics (e.g., 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 flowpath 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.  For reference, the Phase 1 Technical Support Data Notebook is included in its 

entirety in Appendix A.    
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2 REGIONAL FLOOD MITIGATION ALTERNATIVES 

2.1 INTRODUCTION 
The development of the regional alternatives comprised the following elements: 

1) Initial alternative brainstorming, formulation, and evaluation. 

2) Development of conceptual drainage improvements along Smelter Creek from upstream of the 

Ruhenstroth community to the U.S. Highway 395 crossing. 

3) Development of conceptual drainage improvement to the Unnamed Tributary to Smelter Creek 

that enters the Ruhenstroth community just south of Megan Court.   

4) Preliminary 15% design plans, construction cost estimates, and lifecycle cost estimates for the 

selected mitigation alternatives to Smelter Creek and the Unnamed Tributary to Smelter Creek. 

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 selected mitigation alternatives.  Figure 2-1 summarizes the 

process for developing the regional alternatives.   
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Figure 2-1. Development process for the regional flood mitigation alternatives for the ADMP 
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2.2 MITIGATION ALTERNATIVES 
On April 4, 2021, the JEF technical team conducted a brainstorming session to develop initial mitigation 

concepts and verify their feasibility.  The meeting resulted in the conceptualization of several regional 

mitigation systems.  On June 30, 2021, the technical team met with Douglas County to present and 

discuss the mitigation system options.  The system options were comprised of the following structure 

elements: 

• Smelter Creek sediment basin 

• Smelter Creek channel improvements 

• Smelter Creek culvert improvements 

• Unnamed tributary channel improvements 

• Unnamed tributary storm drain system option 

• Unnamed tributary detention basin option 

Through the Alternatives Formulation and Alternatives Evaluation process, the technical team 

developed three mitigation alternative systems that were presented to Douglas County.  Each system 

was comprised of the elements listed above which could result in significant mitigation of offsite 

flooding to the Ruhenstroth community.  Multiple iterations of the alternatives were presented and 

discussed with Douglas County over the course of the project.  Initially, both 100-year and 25-year 

recurrence interval storm event regional alternatives were to be developed; however, upon multiple 

discussions with the technical team, Douglas County determined that only the 25-year recurrence storm 

event would advance to concept design.  Each alternative system is described in the following sections 

and summarized in Table 2-1. 

2.2.1 Smelter Creek Alternative 

Under existing conditions, the Smelter Creek channel does not have capacity for the 25-year storm 

runoff at multiple locations within the Ruhenstroth community resulting in flows overtopping the 

channel and flooding adjacent properties.  In addition, all the road crossing culverts along Smelter Creek 

lack capacity for the 25-year discharge resulting in roadway overtopping (Figure 2-2). 

Sediment accumulation within both the Smelter Creek channel and culverts has historically been 

problematic.  Douglas County stormwater management crews are frequently called upon to remove 

sediment to maintain flow conveyance.  To mitigate some of the sedimentation issues, a sediment basin 

is being proposed on Bureau of Land Management (BLM) property upstream of Ruhenstroth.   

To mitigate the lack of conveyance for the 25-year discharge, Smelter Creek channel improvement are 

being proposed beginning from the proposed sediment basin and extending to the U.S. Highway 395 

crossing.  In addition to the channel improvements, upgraded culverts are being proposed at all Smelter 

Creek crossings to allow conveyance of the 25-year discharge without overtopping the roads.  Design 

specifics for the channel and culvert improvements can be found in Appendix B. 

The proposed Smelter Creek alternative system is shown in Figure 2-3. 

2.2.2 Unnamed Tributary Alternative 1 

As shown in Figure 2-2, the Unnamed tributary to Smelter Creek originates in the hills south of 

Ruhenstroth and flows into the community.  Upstream of Palomino Lane the channel does not have 

capacity for the 25-year, 24-hour storm and flows begin to breakout flooding adjacent properties.  The 
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lack of a concise conveyance corridor downstream of Palomino Lane results in widespread, shallow 

flooding through a large swath of the community.  Given the lack of a conveyance corridor and/or 

available right-of-way, the technical team determined that the only viable mitigation options were to 

either create a conveyance corridor via a storm drain system or detain as much flow volume as possible 

upstream of Palomino.  The Unnamed Tributary Alternative 1 includes a storm drain system that 

captures the flow upstream of Palomino Lane and conveys it downstream to an eventual outfall in 

Smelter Creek.  To prevent the breakout flow upstream of Palomino Lane, channel modifications are 

proposed that will convey the flow from the upper watershed to Palomino Lane.  Immediately upstream 

(south) of Palomino Lane a small sediment inlet basin is proposed that will remove some sediment from 

the system and transition the flow from the channel into the storm drain.  The technical team 

attempted several design iterations using standard circular storm drain sizes; however, given the uneven 

terrain between the sediment inlet basin and U.S. 395, it was determined that the only viable design 

option would be a 5-foot (wide) by 3-foot (high) concrete box storm drain that would extend beneath 

Palomino Lane, then north along the U.S. 395 right-of-way to Smelter Creek.  Design specifics for the 

channel and storm drain improvements can be found in Appendix B. 

The proposed Unnamed Tributary alternative 1 system is shown in Figure 2-4. 

2.2.3 Unnamed Tributary Alternative 2 

A second alternative for the Unnamed tributary was developed and includes a detention basin located 

within privately-owned Parcel 1221-19-002-030 (north of Palomino Lane).  Like the Unnamed Tributary 

Alternative 1, channel modifications are proposed that will convey the flow from the upper watershed 

to Palomino Lane.  A 60-inch diameter concrete pipe is proposed beneath Palomino Lane and extending 

to the detention basin.  The basin is approximately 4.5 acres in footprint with a storage capacity of 

approximately 28 ac-ft with one-foot of freeboard.  A 24-inch outlet pipe is proposed to extend from the 

proposed basin directly west to the existing detention basin located near Mustang Lane and Lacey 

Court.  The pipe would extend beneath the following parcels: 

• 1220-24-701-054 

• 1220-24-701-049 

The total flow volume computed for the 25-year, 24-hour storm for the Unnamed tributary is 

approximately 58 ac-ft, which is 30 ac-ft greater than the proposed basin capacity.  The basin design 

includes a spillway on the southwest corner to allow overflow to return to the existing conditions 

flowpath.   

The proposed Unnamed Tributary alternative 2 system is shown in Figure 2-5. 
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Table 2-1. Alternative comparison summary 

Alternative 
System 

Structure Elements Opportunities Constraints 

Smelter Creek 

• New Sediment Basin 

• Improvements to 
culverts at the 
following crossings: 
o Buckskin Ln 
o Mustang Ln 
o Cayuse Dr 
o Horsemen Ct 

• New culvert between 
Pinto Ct and Sullivan 
Ln 

• Regional mitigation 
solution 

• Minimal private land 
right-of-way acquisition 
needed 

• Removes a significant 
number of properties 
from the 25-year flood 
risk 

• Coordination with BLM 

• Coordination with NDOT 

Unnamed 
Tributary Alt 1 

• Channel improvement 
upstream of Palomino 
Ln 

• Sediment inlet basin 
at Palomino Ln 

• New storm drain 
along Palomino Ln 
right-of-way from just 
west of Megan Ct to 
U.S. 395 

• New culvert along U.S. 
395 to Smelter Creek 
confluence 

• Regional mitigation 
solution 

• Minimal private land 
right-of-way needed 

• Removes a significant 
number of properties 
from the 25-year flood 
risk 

 

• Coordination with BLM 

• Coordination with NDOT 

Unnamed 
Tributary Alt 2 

• Channel 
improvements 
upstream of Palomino 
Ln 

• New detention basin 
at Parcel 1221-19-002-
030  

• Regional mitigation 
solution 

• Removes a significant 
number of properties 
from the 25-year flood 
risk 

 

• Coordination with BLM 

• Acquisition of  Parcel 1221-
19-002-030 

• Right-of-way acquisition 
for Parcels 1220-24-701-
054 and 1220-24-701-049 
for the basin outlet pipe  
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Figure 2-2. 25-year, 24-hour existing conditions max discharge 
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Figure 2-3. Smelter Creek proposed alternative system 
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Figure 2-4. Unnamed Tributary alternative 1 system 
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Figure 2-5. Unnamed Tributary alternative 2 system 
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2.3 REGIONAL ALTERNATIVE CONCEPTUAL DESIGN CONSIDERATIONS 
Lumos was tasked with developing preliminary 15% design plans for the mitigation alternative for the 

25-year, 24-hour storm.  The Lumos plan sets and accompanying technical report are included in 

Appendix B.  An example design plan excerpt is shown in Figure 2-6.  These concept designs are meant 

to outline costs and general characteristics of the proposed structures to allow for recommendation and 

prioritization.  The design volumes, structure alignments, and other characteristics should be refined 

during final design.  There may be constraints such as utility conflicts uncovered during Final Design that 

are outside the scope of this study.  As such, a 30% contingency has been added to the cost estimates.  

 

 

Figure 2-6. Example 15% design plan sheet for the Smelter Creek Sediment Basin and Channel 
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2.4 BENEFITS SUMMARY 

2.4.1 Buildings Benefit 

A flood risk benefits analyses was performed for each of the three alternative systems.  The Phase 1 

study included a building inundation assessment to evaluate the number of buildings within the study 

area that are impacted by flood depths greater than 0.25 feet (3 inches) (Figure 2-7 and Figure 2-8).  

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

The same assessment was conducted considering each of the three proposed alternative systems for the 
25-year, 24-hour; 100-year, 6-hour; and 100-year, 24-hour storms.  The results are shown in Figure 2-9 
though Figure 2-12.   

The proposed conditions building flood risk analysis is summarized in Table 2-2.  The last column in the 

tables show the estimated benefit when compared to existing conditions. 
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Figure 2-7. Existing conditions building inundation assessment for 25-year, 24-hour storm 
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Figure 2-8. Existing conditions building inundation assessment for 100-year, 6-hour storm 
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Figure 2-9. Smelter Creek + Unnamed Tributary Alternative 1 building inundation assessment for 25-year, 24-hour storm 
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Figure 2-10. Smelter Creek + Unnamed Tributary Alternative 2 building inundation assessment for 25-year, 24-hour storm 
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Figure 2-11. Smelter Creek + Unnamed Tributary Alternative 1 building inundation assessment for 100-year, 6-hour storm 
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Figure 2-12. Smelter Creek + Unnamed Tributary Alternative 2 building inundation assessment for 100-year, 6-hour storm 
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Table 2-2. Building Inundation Benefit Summary 

Condition 

Building 
Count 

Flow Depth 
(feet) 

Building 
Count 

Flow Depth 
(feet) 

Building 
Count 

Flow Depth 
(feet) 

Total 
Building 
Count 

Benefit 
(Buildings 
Removed) 

0.25 < h ≤ 0.5 
(Low) 

0.5 ≤ h ≤ 1 
(Moderate) 

1 < h             
(High) 

25-Year, 24-Hour Storm 

Existing 135 68 17 220 - 

Smelter Creek + 
Unnamed Trib 
Alternative 1 

107 32 6 145 75 

Smelter Creek + 
Unnamed Trib 
Alternative 2 

118 36 6 160 60 

100-Year, 6-Hour Storm 

Existing 281 149 43 473 - 

Smelter Creek + 
Unnamed Trib 
Alternative 1 

264 113 16 393 80 

Smelter Creek + 
Unnamed Trib 
Alternative 2 

270 84 12 366 107 

100-Year, 24-Hour Storm 

Existing 162 106 32 300 - 

Smelter Creek + 
Unnamed Trib 
Alternative 1 

145 57 10 212 88 

Smelter Creek + 
Unnamed Trib 
Alternative 2 

137 74 11 222 78 
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2.4.2 Flood Inundation Area Benefit 

The proposed mitigation alternatives are effective in reducing the overall flood risk to the Ruhenstroth 

community.  Another metric to measure benefit is the overall area that is removed from the flood risk 

by implementing the alternatives.  Table 2-3 lists the total area (acres) that are impacted by flood depth 

greater than 0.25 feet within the ADMP focus area under existing conditions compared with the flood 

depth area considering the mitigation alternatives 

 

Table 2-3. Flood Risk Area Benefit Summary 

Condition 
Total Flood Risk Area      

(acres) 
Benefit                                       

(acres removed) 
h ≥ 0.25 feet 

25-Year, 24-Hour Storm 

Existing 218 - 

Smelter Creek + Unnamed 
Trib Alternative 1 

135 83 

Smelter Creek + Unnamed 
Trib Alternative 2 

147 71 

100-Year, 6-Hour Storm 

Existing 318 - 

Smelter Creek + Unnamed 
Trib Alternative 1 

243 75 

Smelter Creek + Unnamed 
Trib Alternative 2 

219 99 

100-Year, 24-Hour Storm 

Existing 301 - 

Smelter Creek + Unnamed 
Trib Alternative 1 

215 86 

Smelter Creek + Unnamed 
Trib Alternative 2 

237 64 

 

2.4.3 Depth Reduction Benefit 

Figure 2-13 and Figure 2-14 illustrates the change in 25-year, 24-hour storm flow depths resulting from 

the proposed alternatives.  The warmer colors represent a reduction in flow depth (benefit) and the 

cooler colors represent an increase flow depth.  Note – the areas of highest increase in flow depth are 

the proposed alternative basin structures and the Smelter Creek channel improvements.   
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Figure 2-13. With alternatives condition change in flow depth (25-year, 24-hour storm) 
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Figure 2-14. With alternatives condition change in flow depth (25-year, 24-hour storm) 
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2.5 ADMP MITIGATION PRIORITIZATION 
The regional alternative structures presented in this report can be designed and constructed in phases 

as funding sources are identified and/or become available.  Construction should occur beginning 

furthest downstream so as not to cause adverse flooding conditions due to point-source releases of 

stormwater.   

Figure 2-15 shows a potential construction phasing strategy that could be implemented for Smelter 

Creek by Douglas County, while Table 2-4 lists a possible phasing schedule with associated costs.  Note 

that the phasing cost for the Smelter Creek channel was computed by dividing the total channel cost by 

the number of phases.  The actual costs of each phase of channel construction may vary from those in 

Table 2-4 due to variability in channel geometry and erosion protection and that if phased into multiple 

construction contracts, certain bid items such as mobilization will be increased.   

It is not recommended that either of the two Unnamed Tributary Alternatives be constructed in phases.  

The costs for the two Unnamed Tributary Alternatives are summarized in Table 2-5.  Both Alternatives 

provide similar benefits (see Table 2-2 and Table 2-3), but the storm drain option (Alternative 1) appears 

to function better for longer duration storms with larger flow volumes while the basin option 

(Alternative 2) functions better for shorter duration storms.  While both Alternatives provide substantial 

benefits to the community, the County and residents should determine which option is preferred given 

Right-of-Way needs, project cost, and other constraints. 
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Figure 2-15. Potential mitigation construction phasing strategy 
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Table 2-4. Smelter Creek potential mitigation construction phasing and cost estimates 

Phase Structure Elements1 
25-Year Structure 
Cost Estimates2,3               

Smelter Creek     
Phase 1 

Sediment Basin $4,576,000 

Smelter Creek     
Phase 2 

Channel (~1,450 LF) $1,030,000 

Smelter Creek     
Phase 3 

Box Culvert (~1,030 LF) $ 3,090,000 

Smelter Creek     
Phase 4 

Channel (~2,800 LF) $1,995,000 

Smelter Creek     
Phase 5 

Channel (~580 LF) 
Box Culvert (Horseman Ct) 

$412,000 
$240,000 

Smelter Creek     
Phase 6 

Channel (~1,115 LF) 
Box Culvert (Cayuse Dr) 

$792,000 
$240,000 

Smelter Creek     
Phase 7 

Channel (~1,600 LF) 
Box Culvert (Mustang Ln) 

$1,133,000 
$240,000 

Smelter Creek     
Phase 8 

Channel (~3,780 LF) 
Box Culvert (Buckskin Ct) 

$2,682,000 
$240,000 

1. LF = linear feet (approximate) 
2. Construction costs have been rounded for simplification.  See Appendix B for a detailed 

breakdown of cost estimates. 
3. Does not include right-of-way acquisition or property acquisition costs. 

 

 

Table 2-5. Unnamed Tributary Alternatives cost summary 

Phase Structure Elements1 
25-Year Structure 
Cost Estimates2,3               

Unnamed Tributary 
Alternative 1 

Channel 
Sediment Inlet Basin 
Storm Drain 

$11,432,000 

Unnamed Tributary 
Alternative 2 

Channel 
Culvert (Palomino Ln) 
Detention Basin 
Outlet Culvert 

$2,500,000 

1. LF = linear feet (approximate) 
2. Construction costs have been rounded for simplification.  See Appendix B for a detailed 

breakdown of cost estimates. 
3. Does not include right-of-way acquisition or property acquisition costs. 
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2.6 FUTURE DESIGN CONSIDERATIONS  
The following considerations should be incorporated into the mitigation structures final design: 

• The mitigation alternatives confine and convey stormwater through the Ruhenstroth area more 

efficiently than in historical conditions.  While the ADMP modeled the mitigation alternatives 

and noticeable adverse depth impacts were not identified, a detailed assessment of possible 

adverse impacts should be considered during final design. 

• The overall sediment delivery of the watercourses should be analyzed in detail to ensure that 

the point source sediment delivery from the upper watersheds do not cause any adverse 

sedimentation effects downstream. 

• The sediment calculations used in this study were regional in nature and are generally applicable 

to channels with sandy bedload sediment.  A more site-specific sediment analysis is 

recommended for each structure during the final design process. 

• If any mitigation system is implemented, the overflow spillways need to be carefully evaluated 

and designed to ensure that adverse impacts do not occur during larger events. 

2.7 ADMP 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.  Because of the unique landform and 

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).  

Furthermore, this study did not analyze rain on snow events, flooding recurrence intervals greater than 

100-year in any detail, or post-wildfire flooding events.  These types of events are considered outside 

the scope of the typical area drainage master plan process.  These atypical events could create hydraulic 

conditions that exceed standard 25-year or 100-year design storms.   
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Ruhenstroth ADMP Phase 1 TSDN 

(separate digital submittal) 

  



 

 
 

 

 

 

 

 

 

APPENDIX B 

Concept Design Sheets, Construction Cost Estimates,  
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