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EXECUTIVE SUMMARY 

The Cheyenne Municipal Watershed Wildfire Hazard Mitigation Assessment (CW-HMA) was conducted for the Wyoming Water Development Office (WWDO) in partnership with the City of Cheyenne to support objectives outlined in the Final Report of the Governor’s Task Force on Forests.  The City of Cheyenne’s municipal water supply is sourced from heavily forested watersheds in the Medicine Bow-Routt National Forest (MBRNF) and is particularly vulnerable to wildfire. The goal of the CW-HMA is to create a watershed-management plan that identifies and prioritizes locations within the municipal watershed where site-specific fuels treatments can be placed to prevent or minimize postfire hydrologic impacts in drainage areas that contribute to the municipal supply reservoir and infrastructure for the City of Cheyenne. The CW-HMA is organized around the following tasks, which serve as chapters in this report: 
• Scoping, Project Meetings, and Results Presentation 
• Review of Background Information 
• Hazard Analysis 
• Identification of Ongoing/Planned Projects 
• Preemptive Watershed Wildfire Mitigation Planning 
• Permitting/Project Implementation 
• Funding 
• Coordination/Collaboration. The CW-HMA centered on the hazard analysis, which consisted of identifying both wildfire and postfire hazards. The wildfire hazard identification methodology employed FlamMap fire-behavior modeling, which is used by federal agencies to assess and manage fire events, and incorporated Anchor Point’s FireShed planning. The postfire hydrologic hazard identification integrated the wildfire hazard information, MBRNF soil survey data, and the Wyoming Probable Maximum Precipitation Study by using the National Oceanic and Atmospheric Administration-US Geological Survey (NOAA-USGS) Debris Flow Task Force regression models. This methodology enabled potential sediment delivery to water supply reservoirs and critical infrastructure to be quantified, while a geomorphic assessment identified the most likely deposition locations throughout the watershed. Information derived from each analysis was synthesized to produce a composite hazard ranking, which was used to select the highest priority catchments within Cheyenne’s water supply drainage area, which were most likely to contribute large sediment loads to critical infrastructure, as shown in Figure ES-1. These priority catchments range in size from 75-1200 acres, with an average size of approximately 400 acres, and can be further segmented using FireShed planning units to further focus the areas of interest within the priority catchments to design future fuels-treatment projects, as demonstrated in Figure ES-2.  The hazard analysis results were interpreted and weighted along with prioritization criteria during the mitigation planning process. The treatment location prioritization focused on the identified key areas of vulnerability, but the mitigation plan also considered several factors that contribute to project facilitation  
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Figure ES-1. Composite Postfire Hazard Ranking by Catchment, Shown for Each Water Supply Drainage 
Area: (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal 
Lake.  
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Figure ES-2. Selected Catchments Overlaying FireSheds to Identify Areas of Greatest Concern Defined By 
Wildfire and Postfire Hydrologic Hazard Analyses, at a Scale Appropriate for Treatment 
Design. Note: The Numbers Represent a Water Supply Drainage Unique Identifier (WSD-ID). 
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or obstruction. A prioritization matrix was developed to incorporate administrative, operability, and sociopolitical factors into project selection, which included the following elements: 
• Wildfire and postfire hydrologic hazard 
• Water supply infrastructure prioritization 
• Permitting/administrative considerations 
• Crucial habitat (in the context of future funding opportunities) 
• Forest management and access Prioritization criteria within each selected water supply catchment were summarized into a final matrix to help guide in the selection and timing of fuels-treatment projects and identify any communication/ agreements necessary to facilitate implementation. Many of the high-risk catchments fell within designated Wilderness or Roadless Areas (primarily in the Little Snake/Hog Park area), which was accounted for in the prioritization matrix ranking through an operability index. The final prioritization matrix combines the hazard, infrastructure and operability indices, and can be visualized in Figure ES-3. This approach was chosen to give land managers the option to prioritize projects that are able to be implemented more quickly, while still recognizing that some level of management within the Wilderness and/or Roadless Areas is necessary to protect Cheyenne’s municipal water supply.  Permitting and funding considerations were investigated and outlined to provide information about constraints and/or opportunities that will have to be factored into the future prescription and design of fuels treatments in the prioritized locations. Permitting processes usually involve preparing the permit application; conducting the environmental evaluation; coordinating with local, state, and federal agencies; and determining potential impacts. Agency requirements and specific considerations that should be accounted for when implementing potential projects in the priority areas are outlined in this report. Additionally, the direct linkage between forest management, watershed management, and water quality protection can serve to align diverse interest groups to potentially secure funding through sources that may not otherwise be available for a typical forestry project. Federal and state agencies with technical and financial assistance programs, which could potentially assist with proposed projects and alternatives, are summarized in this report. Nonprofit organizations with a history of funding forest, watershed, and/or habitat improvement projects are also listed.  The Preemptive Watershed Wildfire Mitigation Plan identifies fuels-treatment locations based on the hazard analyses and prioritizes these locations based on the prioritization matrix criteria. Specific fuels-treatment prescriptions must be determined through MBRNF’s planning process. Final design criteria will need to account for preferred end goals beyond reducing the fire severity and postfire impacts. For instance, designing a treatment for maximizing elk habitat is different than designing for management of dispersed campers, even though both designs will meet the fire needs as required to protect the downstream reservoir. For this reason, final design is not appropriate until a project is ready to move into a final design/build mode and the funding partners and final permitting requirements have been identified. To assist with the treatment planning process, a comprehensive set of fire-behavior visualization tools was presented to the multidisciplinary group and are provided as a tool package to help guide their treatment design for each specific project area. 
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Figure ES-3.  Prioritization Matrix Ranking (Colored) for Selected Catchments (Numbered by WSD-ID). 



 

 vi RSI-2692 

The final prioritization matrix tables and figures summarize the primary recommendations that resulted from the Preemptive Watershed Wildfire Mitigation Plan. Additional findings and recommendations from the conclusion of the report are provided below: 
• Rob Roy Reservoir, the Douglas Creek Pipeline, and Lake Owen comprise the initiation of the storage and delivery system for Cheyenne’s municipal water supply. A postfire debris flow could degrade water quality, diminish reservoir storage capacity, and clog/damage pipelines. Consequently, this would either reduce the City’s ability to meet the needs of its water use or require expensive solutions. 
• The prioritization matrix identified catchments in the Rob Roy/ Lake Owen water supply drainage area as the highest priority locations for fuels treatments. It is recommended to focus initial efforts here and to explore the potential to build on MBRNF’s existing North Wildland-Urban Interface (WUI) Fuels Reduction and Watershed Improvement Project. 
• Given the cost, operability, and permitting constraints of working in Wilderness and/or Roadless Areas, focusing resources where they can have the largest impact may be beneficial in the short-term. In the longer term, it is important to recognize that Cheyenne’s ability to use water stored in Rob Roy Reservoir is dependent upon its ability to replace the water using the Little Snake/ Hog Park System. 
• The catchments located in the Little Snake/Hog Park water supply drainage area have been identified as the most critical from a hazard perspective, with the majority of these catchments located within designated Wilderness and/or Roadless Areas. Given the unique set of challenges this brings, creative management solutions for creating fuels treatments within these areas, such as prescribed fire, as well as opportunities to leverage ongoing efforts, such as the Medicine Bow Landscape Vegetation Analysis (LaVA) Project, should be investigated. 
• While the majority of the selected catchments are located entirely within lands managed by the MBRNF, 13 of the 56 selected catchments are comprised of lands with multiple owners/managers. Several of these catchments encompass lands owned/managed by the State of Wyoming and/or Cheyenne Board of Public Utilities (BOPU). While the multiple ownership factor has the potential to complicate land management, it may also provide a mechanism to build and/or leverage existing partnerships to facilitate project implementation using the Good Neighbor Authority. 
• Depositional reaches and junctions identified in the geomorphic indicator assessment may be suitable for in-channel sediment controls. A more detailed geomorphic analysis is recommended to help identify specific locations and design requirements for a debris basin or detention pond as a preemptive mitigation measure in both the Little Snake/ Hog Park and Rob Roy/ Lake Owen water supply drainage areas. Finally, this project built upon existing relationships between local, state, and federal partners to lay the foundation for the Governor’s Task Force recommendation to develop a cross-jurisdictional watershed protection plan for municipal water supply drainages that focus on proactive management to preserve and enhance water quality. The involvement of all parties was critical to this first step toward mitigating wildfire hazards within Cheyenne’s water supply system. However, without continued collaboration between the City of Cheyenne, WSFD, and MBRNF, there is the risk that the CW-HMA will become a “shelf document” that does not ultimately provide the value of protecting water supply infrastructure. Successful, sustainable collaboration requires leadership. It is suggested that a committee be formed and a lead be identified to facilitate the implementation process. The fundamental concept is to maintain the inertia created by this planning process in order to facilitate movement into the implementation phase. 
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1.0 INTRODUCTION  

The Cheyenne Municipal Watershed Wildfire Hazard Mitigation Assessment (CW-HMA) was conducted for the Wyoming Water Development Office (WWDO) in partnership with the City of Cheyenne to support objectives outlined in the Final Report of the Governor’s Task Force on Forests.  The goal of the CW-HMA was to create a watershed-management plan that outlines site-specific forest management treatment areas that can prevent or minimize postfire hydrologic impacts in drainage areas that contribute to municipal supply reservoirs and infrastructure for the City of Cheyenne, if a fire were to occur in an area upstream of Cheyenne’s water supply infrastructure.   To meet this goal, RESPEC teamed with Anchor Point Group, a company that helped write the book on wildfire hazard and risk methodology. This methodology incorporates advanced fire-behavior-prediction methods and uses local information about fuel, weather, topography, and the built environment to generate hazard and risk output data.  This approach ensures a level of detail necessary for identifying fuels projects while using core modeling systems recognized by the federal agencies. Fire-behavior predictions, along with topographic, soil survey, and precipitation frequency distribution data were used to conduct a postfire hydrologic hazard assessment that identified areas within the water supply drainages most likely to contribute large sediment loads to critical infrastructure. This information was then interpreted and weighed along with prioritization criteria, including information about previous, ongoing, and planned projects, permitting and funding requirements, and stakeholder input, to build a prioritized, actionable, Preemptive Watershed Wildfire Mitigation Plan.  
1.1 MOTIVATION AND BACKGROUND In 2002, the Hayman fire burned approximately 138,000 acres northwest of Colorado Springs—the largest wildfire in the state’s recorded history. This fire was costly for the communities involved because of its impacts on the drinking water supply for the Denver metropolitan area.  To date, the city of Denver has expended millions of dollars for sediment treatment as a direct result of the impacts from this fire [Moriarty and Cheng, 2012]. In 2012, Colorado experienced more devastating fires, including the Waldo Canyon fire, which burned over 15,000 acres in the Colorado Springs area. These events in Colorado and their impacts to downstream communities, along with the new National Cohesive Wildland Fire Management Strategy adopted in 2014, led Wyoming to initiate an effort to evaluate potential wildfire risks. Wyoming’s Governor Matt Mead responded by creating a Task Force on Forests that outlined how the state will address the new national strategy and manage the state’s forests to mitigate wildfire hazards. The final report for the Governor’s Task Force on Forests in Wyoming specifically addresses wildfire’s potential impacts on water supply through its recommendation 3.9 to “develop cross-jurisdictional watershed protection plans for municipal water supply drainages that focus on proactive management to preserve and enhance water quality,” [University of Wyoming, 2014].  Recently, the need for these cross-jurisdictional plans was highlighted by a fire along the shores of Lake Owen (a municipal water supply reservoir for the City of Cheyenne) that burned during the summer of 2014. While only a small portion of the burned area was in the watershed that directly contributed to Lake Owen, its water quantity and quality were at risk through postfire erosion. However, through effective 
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communication and quick response, managers were able to place treatments in the burned area immediately after the fire and before any rain events were able to wash debris and sediment into Lake Owen. The success of the response to the Lake Owen fire highlighted the benefit of effective coordination and collaboration. Cross-jurisdictional watershed protection plans for water supply watersheds are critical if and when large events occur that will require large-scale, cross-jurisdictional efforts. 
1.2 CHEYENNE MUNICIPAL WATERSHED AND PROJECT AREA The City of Cheyenne’s water supply system is managed and operated by the City of Cheyenne Board of Public Utilities (BOPU). It is complicated and involves various water rights, collection systems, storage reservoirs, pipelines, and natural channels (see Figure 1-1).  As a result, the project area spans four different river basins in Wyoming, including the Little Snake River, the Upper North Platte River, the Upper Laramie River, and Crow Creek, as shown in Figure 1-2.  Raw surface water is able to be piped to the water treatment plant (and other use points) from the Crow Creek Watershed, which contains five storage reservoirs (Upper North Crow, Old North Crow, Granite Springs, Crystal Lake, and South Crow Creek), as well as one surface-water diversion point (Brush Creek diversion).    Approximately 20 percent of the raw water used by Cheyenne originates within the Crow Creek Watershed.  The remainder of the water is delivered to the Crow Creek Watershed through a series of pipelines and diversions from Lake Owen in the Upper Laramie River Watershed.  The Stage I pipeline delivers approximately 2 cubic feet per second (cfs) into North Bamford Creek and South Bamford Creek before it delivers the remainder of its flow to the unnamed tributary near Devil’s Playground in the Middle Fork Crow Creek Watershed.  Middle Fork Crow Creek then delivers the water to Granite Springs Reservoir, which subsequently flows into Crystal Lake Reservoir. The Stage II pipeline delivers water directly to Granite Springs and Crystal Lake Reservoirs.  Crystal Lake Reservoir is the final destination for the municipal water before it is piped to the City of Cheyenne’s water treatment facility. 
 Lake Owen receives water through the Stage I pipeline from Horse Creek and the Stage II pipeline from Rob Roy Reservoir.  Both the Horse Creek structure water diversion point and Rob Roy Reservoir are in the Upper North Platte River Watershed. The City of Cheyenne does not hold a water right in the Upper North Platte River Watershed, so the City of Cheyenne needs to replace any water removed from the North Platte through an interbasin transfer from the Little Snake River Watershed (part of the Colorado River Watershed), on the west side of the Sierra Madre mountains, west of the Continental Divide. Water collected in the Little Snake River Watershed is delivered through a tunnel pipeline across the Continental Divide to Hog Park Reservoir to replace any water diverted out of the North Platte River Watershed to the City of Cheyenne.  A schematic of City of Cheyenne’s water supply system was provided by BOPU and is shown in Figure 1-1.  The water supply network is the basis for the defined project area shown in Figure 1-2.   
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Figure 1-1.  Cheyenne Board of Public Utilities Surface-Water Supply System Schematic. 
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Figure 1-2.  Cheyenne Municipal Watershed Wildfire Hazard Mitigation Assessment Project Area. 
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2.0 SCOPING, PROJECT MEETINGS, AND RESULTS 
PRESENTATION 

The importance of public involvement, stakeholder participation, and coordination with key partners is well recognized by the project team. Effective communication was prioritized to ensure collaborative development of a hazard mitigation plan that lays the foundation for a coordinated implementation effort. Informal project team meetings, formal (public) outreach, and multidisciplinary group communications were conducted, as described in the following paragraphs. 
2.1 INFORMAL PROJECT MEETINGS  An informal project team was assembled to include oversight from the WWDO Project Manager, RESPEC/Anchor Point Group, and the Cheyenne BOPU as a local partner.  Upon project initiation, an online workspace was made available to the project team and multidisciplinary group to provide access to project materials, organize discussions, and facilitate data sharing.  Informal project meetings were held on a bimonthly basis to ensure a high level of communication with the entire project team.  
2.2 JOINT FORMAL (PUBLIC) MEETINGS  Three joint formal (public) meetings were initially anticipated to be held over the course of the project, with the goal of encouraging participation from all affected parties, including local stakeholders, as well as state and federal agencies.   A project initiation public meeting was conducted at the Laramie Community Recreation Center and was advertised at least 2 weeks in advance in local and statewide newspapers. Direct email announcements were also sent to identified stakeholders to encourage them to list the meetings on their web and social media pages to maximize public participation, including: the cities of Laramie, Saratoga, Encampment, and Riverside; Laramie, and Carbon Counties; Laramie County, Laramie River, and Saratoga/Encampment/Rawlins, and Little Snake River Conservation Districts; and local NRCS field offices.    A project overview was presented and followed by an open discussion to help identify resource concerns, parallel projects, and collaborative opportunities. Attendees included the project team, as well representatives from Wyoming State Forestry Division [WSFD], US Forest Service [USFS], and Bureau of Land Management [BLM]. Although this meeting lacked public participation, the strong federal and state agency presence helped to establish the multidisciplinary group.   The project team decided that alternative methods should be employed to encourage public involvement. Rather than hold a second public meeting, a brochure was created to be included in BOPU mailings. The brochure provided a background on the project as well as an avenue for the public to respond with their concerns and/or comments.  A copy of the brochure can be found in Appendix A.  A presentation was also given at BOPU’s annual Goals and Planning Meeting, which was held at the Kiwanis Community House in Cheyenne on December 2, 2016.  
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A final joint formal meeting was held on February 2, 2017, at the Laramie County Public Library, where analysis results and the final mitigation plan were presented. Attendees included the project team, as well representatives from Cheyenne BOPU, WSFD, and USFS. Meeting attendees requested the opportunity to provide feedback on the report prior to finalization and initiated discussions regarding the “next steps” required to facilitate project implementation.  
2.3 MULTIDISCIPLINARY GROUP COLLABORATION Connecting and communicating with state and federal management agencies was vital to ensure a successful wildfire mitigation planning effort. Based on input from the project initiation public meeting, a multidisciplinary group was assembled to garner input from local land and resource managers to ensure coordination and collaboration between the various activities being performed in the project area.  As stated above, the multidisciplinary group included representatives from the following local, state and federal agencies: WWDO, BOPU, WSFD, USFS, and BLM. Members of this group were contacted regularly throughout the project to obtain feedback, so that the project could benefit from their expertise.  This collaboration is described in more detail in Chapter 9.0.    
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3.0 REVIEW OF BACKGROUND INFORMATION 

A considerable amount of information exists about the land and water resources within the project area.  The existing background information that were identified at the onset of the project was gathered, and the following documents were reviewed: 1. Cheyenne Board of Public Utilities Wildfire Emergency Response Plan V2, by JW Associates (November 2015). 2. Decision Notice North Wildland-Urban Interface (WUI) Fuels Reduction and Watershed 
Improvement Project, Medicine Bow-Routt National Forests, Laramie Ranger District, Albany 
County, Wyoming (February 2013).  3. Final Report, Governor’s Task Force on Forests (January 2015).  4. Crow/Medicine Bow/Upper Laramie/Upper Lodgepole Phase 1 Watershed Assessment, Final Report, by JW Associates (May 2010). 5. Upper North Platte Phase 1 Watershed Assessment, Final Report, by JW Associates (May 2010). 6. Little Snake Phase 1Watershed Assessment, Final Report, by JW Associates (May 2010). 7. Protecting Critical Watersheds in Colorado from Wildfire: A Technical Approach to Watershed 
Assessment and Prioritization, by JW Associates (December 2008). 8. 2013 Cheyenne Water and Wastewater Master Plans, Final, by HDR Engineering (November 2013). Other background documents that have proven invaluable to this project include: 1. Wyoming Probable Maximum Precipitation Study (December 2014). 2. Cucharas River Watershed Small Watershed Targeting – Small-scale Watershed Protection 
Priorities (February 2015). These documents provide the foundation for a digital library, and information therein has been summarized. Key points, as related to the project hazard assessments and associated impacts to the City of Cheyenne’s municipal water supply, are outlined in Appendix B.  Additionally, tabular and spatial background data that pertain to the study area were compiled and organized into a digital library and ArcGIS geodatabase format. Tabular datasets include time-series data of climatological and meteorological measurements. Geospatial layers include datasets related to hydrology, geology, soils, topography, fuels, land use, and land management.   
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4.0 HAZARD ANALYSIS 

The hazard analysis built on previous efforts in the study area to identify wildfire and postfire hydrologic (flooding/debris flow, soil erodibility hazard, and precipitation intensity and duration) hazards that have the potential to negatively impact municipal water supply infrastructure at an appropriate scale for mitigation planning. The wildfire hazard identification methodology employed FlamMap fire-behavior modeling and incorporated Anchor Point’s FireShed planning. The postfire hydrologic hazard identification integrated the wildfire hazard information, MBRNF soil survey data, and the Wyoming Probable Maximum Precipitation (PMP) Study and uses the National Oceanic and Atmospheric Administration-US Geological Survey (NOAA-USGS) Debris Flow Task Force methodology. Using this methodology enabled potential sediment delivery to water supply reservoirs and critical infrastructure to be quantified, while a geomorphic assessment identified the most likely deposition locations. Methods and results for each hazard analysis are summarized below. Information derived from each analysis was synthesized to produce a composite hazard ranking to serve as the basis for the mitigation planning and prioritization process described in Chapter 6.0. 
4.1 WILDFIRE HAZARD  A risk-analysis methodology that evaluates the combination of burn probability, or the likelihood that a fire will occur, with fire severity predictions from fire-behavior modeling was employed to determine the wildfire hazard ranking. This information was gathered by using an industry-standard, federally-provided and used fire-behavior modeling package called FlamMap (v5) [Finney, 2006]. FlamMap uses maps of fuel characteristics and topography, along with information about past weather patterns to predict what would happen in the event of a wildfire. The following sections provide specific information about the FlamMap modeling system as well as the data and parameters that were used to predict fire behavior in the form of predicted flame length, rate of spread, crown fire activity, fireline intensity, and burn probability. 
4.1.1 Model Background and Limitations FlamMap draws heavily on calculations from the BEHAVE fire-behavior prediction and fuel modeling system [Andrews et al., 2008]. BEHAVE is a nationally-recognized set of calculations used to estimate a surface fire’s intensity and rate of spread given topographical, fuel, and weather information.  The BEHAVE modeling system has been used for a variety of applications, including current fire predictions, prescribed fire planning, fuel hazard assessment, initial attack dispatch, and fire-prevention planning and training. Predictions of wildland surface fire behavior in BEHAVE are made for a single point in time and space given user-defined fuels, weather, and topography.  
 The following are standard assumptions of BEHAVE: 

• The fire is predicted at the flaming front. (Fire behavior is not modeled for the time after the flaming front of the fire has passed.) 
• The fire is free burning (uncontrolled by suppression efforts). 
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• The behavior is heavily weighted toward the fine fuels (grasses and small-diameter wood). 
• The fuels are continuous and uniform. 
• The fires are considered to be surface fires. (Crown fire activity is modeled separately.) BEHAVE makes calculations at a single point. To make calculations for an entire landscape (important for preplanning the effects of a wildfire at the community, district, or county scale), fire behavior is modeled using FlamMap, which models surface fire predictions, potential for crown fire development, and burn probability [Van Wagner, 1977].  The following are standard assumptions of FlamMap: 
• Each calculation in each area is independent of calculations in any other area. The fire is not modeled dynamically across the landscape but statically as a series of individual calculations. 
• Weather inputs such as wind and fuel moistures do not change over time. 
• Fire-behavior modeling calculations are performed in a series of uniform squares (or “pixels”) across the landscape. These pixels determine the level of detail, and nothing smaller than a pixel (30 meters × 30 meters, in this case) is included in the modeling. The model also includes the following limitations: 
• Crown fire is not calculated for shrub fuel models. The best method for determining the probability of crown fire in shrubs is to look at the flame length outputs and assume that if the flame length is greater than half the height of the plant, it will likely torch and/or crown.  
• The surface fire model does not calculate the probability that a wildfire will occur, assumes that a fire will burn everywhere (an ignition in every 30-meter × 30-meter cell). These calculations may be conservative (under predict) compared to observed fire behavior. 
• Weather conditions are extremely variable, and all of the possible combinations cannot be accounted for. Outputs are best used for preplanning and not as a stand-alone product for tactical planning. Whenever possible, fire-behavior calculations should be made with actual weather observations during the fire. The most current Energy Release Component (ERC) values should also be calculated and distributed during the fire season to be used as a guideline for fire-behavior potential. The ERC is a National Fire Danger Rating System index related to how hot a fire could burn. ERC is defined as the potential available energy per square foot of flaming fire at the head of the fire and is expressed in units of British Thermal Units (BTU) per square foot. 
• This evaluation is a prediction of likely fire behavior given a standardized set of conditions and a single point source ignition in every 30-meter pixel inside the area of interest. The evaluation does not consider cumulative impacts of increased fire intensity over time and space.  

4.1.2 FlamMap Modeling Procedure The study area was broken down into grid cells with dimensions of 30 meters × 30 meters; fire behavior was predicted for each cell based on input topographic, fuel, and weather information. Data from the LANDFIRE 1.3 dataset provided the topographic (aspect, slope, and elevation) and fuel (surface fuels, canopy closure, canopy base height, and canopy bulk density) information that is required for the 
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FlamMap model run [Wildland Fire Leadership Council, 2016]. While the topographic inputs are straightforward, the fuel inputs are less intuitive and are, therefore, described in Section 4.1.2.1. Reference weather and fuel moisture information were obtained from a Remote Automated Weather Station (RAWS) site as described in Section 4.1.2.2. 
 Fuels  In the context of fire-behavior modeling, fuel models are a set of numbers that describe fuels in terms that the fire-behavior modeling equations can use directly. Seven characteristics are used to categorize fuel models: fuel loading, size and shape, compactness, vertical arrangement, horizontal continuity, moisture content, and chemical content. Different vegetation classes are categorized according to these characteristics into fuels models that represent how they will respond to fire.  The 40 Scott and Burgan Fire Behavior Fuel Model (FBFM40) layer was obtained from the LANDFIRE 1.3 dataset and represents distinct distributions of fuel loading found among surface fuel components, size classes, and fuel types; this layer served as the baseline for the fuels inputs to FlamMap.  In Standard Fire Behavior Fuel Models: A Comprehensive Set for Use with Rothermel’s Surface Fire Spread 

Model, which is a national standard guide to fuel modeling [Scott and Burgan, 2005], Scott and Burgan describe 40 fuel models in the following six groups: nonburnable (NB), grass (GR), grass/shrub (GS), shrub (SH), timber understory (TU), and timber litter (TL). Table 4-1 shows the primary fuel models (FM) found in the project area. Table 4-2 provides a narrative describing each of these FM categories.  
Table 4-1.  Fuel Models Found in the Study Area(a) 

Grass Fuel 
Models 

Shrub Fuel  
Models 

Timber Fuel 
Models Nonburnable 

FM101 (GR1) None > 5%(a) FM165 (TU5) None > 5%(a) 

FM102 (GR2)  FM183 (TL3)  

FM121 (GS1)    

FM122 (GS2)    

(a) Other fuel models may exist but not in quantities (less than 5 percent on the landscape) 
sufficient to significantly influence fire behavior across the landscape. To verify that previous vegetation treatments and/or timber sales were incorporated into the FM inputs, the LANDIFRE FBFM40 layer was compared to the Hazardous Fuel Treatment and Timber Harvest data layers from the USFS ACtivity Tracking System (FACTS) database. As demonstrated in Figure 4-1, activities that were completed by the USFS through 2010 have already been converted to the appropriate fuel models in the FBFM40 layer used to calculate fire-behavior predictions. Treatments that are more recent than 2010 were relatively rare on the landscape. 

The baseline FBFM40 layer was modified to zero out some the ancillary data sets when inappropriate values (given the FM) were exhibited. Through consultation with the Incident Management Team during the Beaver Creek Fire (which occurred in the greater project area) during a field work phase of the project, modifications to the standard input data were made to better reflect local assessed conditions.   
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Table 4-2.  Narrative Describing Fuels Model Categories Found in the Project Area 

Grass Fuel (GR)  
Type Models  

The primary fire carrier in the GR FM is grass. Grass fuels can vary from heavily grazed 
grass stubble or sparse natural grass to dense grass more than 6 feet tall. Fire behavior 
varies from moderate spread rate and low flame length in the sparse grass to extreme 
spread rate and flame length in the tall grass models. All of the GR FM are dynamic, which 
means that their live herbaceous fuel load shifts from live to dead as a function of live 
herbaceous moisture content. The effect of live herbaceous moisture content on spread rate 
and intensity is strong. 

Grass/Shrub (GS)  
Fuel Type Models 

The primary fire carrier in the GS FM is grass and shrubs combined; both components are 
important in determining fire behavior. All of the GS FM are dynamic (described above). The 
effect of live herbaceous moisture content on spread rate and intensity is strong and 
depends on the relative amount of grass and shrub load in the fuel model.  

Shrub (SH) Fuel  
Type Models 

The primary fire carrier in the SH FM is live and dead shrub twigs and foliage in combination 
with dead and down shrub litter. A small amount of herbaceous fuel may be present, 
especially in SH1 and SH9, which are dynamic models. The effect of live herbaceous 
moisture content on spread rate and flame length can be strong in those dynamic SH 
models.  

Timber Understory 
(TU) Fuel Type Models 

The primary fire carrier in the TU FM is forest litter combined with herbaceous or shrub 
fuels. TU1 and TU3 contain live herbaceous load and are dynamic. The effect of live 
herbaceous moisture content on spread rate and intensity is strong and depends on the 
relative amount of grass and shrub load in the fuel model.  

Timber Litter (TL)  
Fuel Type Models 

The primary fire carrier in the TL FM is dead and downed woody fuel. Live fuel, if present, 
has little effect on fire behavior.   

Figure 4-1.  FACTS Activity Data Layers Overlaying Imagery (Left) and the FBFM40 Data Layer (Right). These modifications consisted of the following: 
• Converting fuel model TL3 to TL9 
• Fuel model TU5 was set to TU4 where canopy cover was less than 50 percent 
• Fuel model TU5 was set to TL5 if elevation was > 2,700 m and aspect was between north and east 
• Fuel model TU5 was set TL3 if elevation was > 2,700 m and aspect was between east and southwest 
• Fuel model TU1 was set to TL4. 
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Final FM inputs to FlamMap are shown in Figure 4-2. While fire behavior was modeled for the entire project area, to preserve detail, the figures are focused on Cheyenne’s municipal water supply drainages (data for the entire project area will be provided in the GIS deliverables package).   

Figure 4-2.  Fuel Model Inputs to FlamMap.  
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 Reference Weather and Fuel Moisture As previously stated, climate and fuel moisture inputs for FlamMap were created by using data collected from a RAWS. The Saw Mill Park RAWS (482105) was chosen because it best reflected the study area in terms of location, elevation, topographic position, and surrounding fuels as shown in Figure 4-3. Weather observations for a 17-year period (1998-2015) were used. The high condition class (> 90th percentile, sorted by the ERC), was calculated for each variable (1-hour, 10-hour, and 100-hour fuel moisture and 20-foot wind speed) using Fire Family Plus (Version 4.1) software [Bradshaw and McCormick, 2000]. The standard height above the vegetation for measuring open wind speed in the US to determine unobstructed wind speed is 20 feet.  An annual burn window of June 22 to October 15 was chosen based on the green-up and earliest freeze dates of the RAWS site.  
 

Figure 4-3.  RAWS Station Location and Information. Predominant wind directions and speeds were calculated from the frequency distributions of the RAWS records. For the flame length, rate of spread, crown fire activity, fireline intensity, and burn probability model runs, an upslope wind direction was used (i.e., the fire was assumed to burn uphill always), which simulated the worst-case scenario (winds aligned with slopes) and is considered to be a better scenario to run for preplanning. For the Aggregated Major Path (AMP) model runs (described in Section 6.2.1), winds were assumed to come from the west (270°).  Preconditioning of fuel moistures was calculated for both weather scenarios (90th Percentile and AMP). Both live and dead fuel moistures for each landscape cell are calculated by the model based on the topography (slope, aspect and elevation) and shading from forest canopy and clouds, as well as the recorded weather (precipitation, high and low temperatures, and high and low relative humidity) for the previous 3 days that lead up to the date chosen to get the best representation of the standard conditions. The dead fuel moistures that have been calculated by the start date and time of the analysis are used to determine the outputs in fire-behavior models. The final weather and fuel moisture inputs to FlamMap are shown in Table 4-3. 

Saw Mill Park RAWS (482105) Latitude 41° 04' 29"N Longitude 106° 07' 55"W Elevation (feet) 9,055  
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Table 4-3.  Input Wind and Fuel Moisture Parameters Used for Fire-Behavior Models 

90th Percentile Weather Conditions AMP Weather Conditions 

 Variable Value Variable Value 

20-foot wind speed upslope 14 mph 20-foot wind speed upslope 20 mph 

Wind direction used Always Uphill  Wind direction used W (270°) 

1-hour fuel moisture 4% 1-hr fuel moisture 4% 

10-hour fuel moisture 5% 10-hr fuel moisture 5% 

100-hour fuel moisture 10% 100-hr fuel moisture 10% 

Herbaceous fuel moisture 62% Herbaceous fuel moisture 62% 

Woody fuel moisture 88% Woody fuel moisture 88% 

4.1.3 Fire-Behavior Modeling Results Fire-behavior modeling results are shown for the FlamMap output variables for the three water supply drainages: rate of spread (Figure 4-4), flame length (Figure 4-5), fireline intensity (Figure 4-6), crown fire activity (Figure 4-7), and burn probability (Figure 4-8). 
 Rate of Spread Spread-rate values generated by FlamMap were classified into four categories based on standard ranges: 0–20, 20–40, 40–60, and greater than 60 chains per hour (ch/h). A chain is a logging measurement that is equal to 66 feet; 1 mile equals 80 chains, 1 ch/h equals approximately 1 foot per minute, and 80 chains per hour equals 1 mile per hour.  Note that a high rate of spread is not necessarily severe in the context of this analysis.  Fire will move very quickly across grass fields but will not burn very hot and may not cause any major damage to the soil. 
 Flame Length Flame length values generated by the FlamMap model were classified into four categories based on standard ranges: 0.1–4.0 feet, 4.1–8.0 feet, 8.1–11.0 feet, and greater than 11.0 feet.  
 Fireline Intensity Fireline intensity is a measure of the power of a fire along the flaming front and is measured in kilowatts per meter (kW/m). The classes in the following maps were chosen by comparing the frequency of Burned Area Emergency Response (BAER) team maps of burn severity distributions and our fireline intensity values by graphing them against each other. Boundary thresholds were chosen in areas where visual differences (lower or higher frequency of fireline intensity values) in the graphs were found to bring the postfire analyses performed by the BAER teams into the preplanning arena. 
 Crown Fire Activity Crown fire activity values that were generated by the FlamMap model were classified into four categories based on standard descriptions: active, torching, surface, and noncombustible. In the surface fire category, little or no tree torching will be expected. During passive crown fire activity, isolated torching of trees or groups of trees will be observed, and fire movement through the canopy will be limited to short distances. During active crown fire, sustained fire movement through the canopy is probable.  
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Figure 4-4. Rate of Spread FlamMap Modeling Results, Shown for Each Water Supply Drainage Area: 
(a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal Lake. 
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Figure 4-5. Flame Length FlamMap Modeling Results, Shown for Each Water Supply Drainage Area: 
(a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal Lake. 
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Figure 4-6. Fireline Intensity FlamMap Modeling Results, Shown for Each Water Supply Drainage 
Area: (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal 
Lake.  
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Figure 4-7. Crown Fire Activity FlamMap Modeling Results, Shown for Each Water Supply Drainage 
Area: (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal 
Lake.  
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Figure 4-8. Burn Probability FlamMap Modeling Results, Shown for Each Water Supply Drainage Area: 
(a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal Lake.  
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 Burn Probability Burn probability was derived by using a different module of FlamMap than was used to generate the above fire behavior modeling predictions. Burn probability uses the same inputs (fuel characteristics, weather and topography) to model where on the landscape a fire is most likely to burn. FlamMap does this by choosing random, simulated ignition locations; allowing a fire to burn for a certain amount of time; and recording the cells that the fire burned through (an 8-hour period was used to represent the active burning time). The fire spread (speed and direction) is based on the surface fire predictions that are used to derive the above outputs. The burned area is recorded and then a new fire is started and its burned area recorded. This method was performed 50,000 times, and the burn perimeters are stacked on top of each other. The number of times each cell burns is mapped. The pattern tends to show that the fire burns most frequently in areas with fast-burning fuels and higher slopes, as seen in Figure 4-8.  
4.1.4 Fire Behavior Aggregated Results–FireShed Scale In order to aid in the interpretation and visualization of FlamMap modeling outputs, results were aggregated up to Anchor Point’s FireShed planning units. FireSheds group together areas that are most likely to be similar in terms of climate, vegetation, slope, and aspect and can be thought of as areas that “collect” fire, similar to how watersheds collect water. However, where watersheds are determined by topography, FireSheds are determined more by fuels and aspect. Aggregating to the FireShed helps to average out the variance in a raster layer. FireSheds typically range in size from 100 to 200 acres, as opposed to the 30- × 30-m pixel scale of the raw fire-behavior modeling outputs.   Fireline intensity combines heat of combustion and rate of spread information, and is used to measure where fire behavior will be most intense on the landscape; hence, the fireline intensity dataset was chosen for aggregation to the FireShed scale. Figure 4-9 shows the FireShed aggregation of the fireline intensity results within the water supply drainages. These aggregated results help to target the areas with the most extreme fire behavior at an appropriate scale for planning fuels-treatment projects.    
4.2 POSTFIRE HYDROLOGIC HAZARD The postfire hydrologic hazards analysis incorporated three analyses, flooding/debris flow, soil erodibility, and precipitation intensity and duration, related to how a burned watershed responds to storm events, as well as results from the wildfire hazard analysis. These analyses are grouped because a meaningful hazard analysis must consider the interdependence of these variables. To understand the extent to which conditions that make a watershed susceptible to flooding/debris flow (i.e., erodible soils, steep slopes, and rugged terrain) may be exacerbated by wildfire, the probable fire regime must also be considered. For example, a severely burned watershed is much more susceptible to flooding/debris flow hazards than a moderately burned watershed of similar ruggedness and with similar soil properties. Further, these hazards vary depending on storm characteristics. Precipitation intensity and duration are the primary drivers of flooding/debris flow and soil erosional hazards; therefore, local precipitation patterns must be considered.  The NOAA-USGS Debris Flow Task Force prediction models, which estimate the probability of debris flow occurrence (Equation 4-1) [Cannon, 2006] and debris flow volumes (Equation 4-2) [Gartner et al., 2007] formed the basis for the postfire hydrologic hazard assessment. These empirical models were developed  
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Figure 4-9.  Fireline Intensity Results Aggregate to the FireShed Scale. 
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using data obtained from 53 basins that had been burned by 10 separate wildfires that occurred between 2002 and 2005 throughout the western US. These models have been used to provide evacuation warnings to communities downstream of burned areas.   Model A: Probability of debris flow occurrence = 1 x
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As shown in Equations 4-1 and 4-2, the probability and severity of debris flow occurrence depends on a drainage area’s burn severity, precipitation volume and intensity, topographic characteristics, and soil composition. These variables were obtained for the water supply drainage area as described in the following sections.  
4.2.1 Water Supply Catchment Delineation Because the debris flow probabilities and volumes are calculated for a specific drainage area, the first step in the postfire hydrologic hazard assessment is to identify catchments at a scale appropriate for planning within the water supply drainage area. The smallest scale delineation publicly available was the National Hydrology Dataset HUC-12 Subwatersheds. These planning units range from 10,000 to 40,000 acres, which is too coarse for this assessment, [USGS and USDA NRCS, 2013]. Therefore, catchments within the water supply drainage area were delineated in ArcGIS using the ArcHydro Extension to the HUC-16 scale (16-digit hydrologic units typically range from 100 to 3,000 acres).    The ArcHydro delineation was adjusted manually to maintain relatively consistent catchment sizes and to delineate drainages specific to BOPU water supply infrastructure. Based on guidance from BOPU, catchments were delineated individually for each stream draining directly to a water supply reservoir and each “A” and “B” collection gallery, while “D” collection gallery drainage area were lumped with the nearest “C” collection gallery catchment. BOPU’s A, B, C, and D designations are related to the amount of 
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water that collected by each gallery or size of the structure. The Greater Drainage Areas (GDAs) for each catchment were noted to identify its associated BOPU infrastructure or drainage basin. Figure 4-10 shows the smaller HUC-16 scale catchments nested within larger HUC-14 scale (colored) GDA. Each catchment was given a unique Water Supply Drainage Identification (WSD ID) number during the delineation process to help with tracking and aid in further processing. These WSD IDs are also shown in Figure 4-10.  
4.2.2 Topographic Characteristics The topographic characteristics required for the debris flow models include basin areas with slopes greater than 30 percent and Melton’s Ruggedness Number (change in elevation/square root of area). Slopes in the project area were calculated in ArcGIS using the 10 m Digital Elevation Model (DEM) from the National Hydrography Dataset (NHD) Version 2. Areas that had at least 30 percent slope were tabulated and the Melton’s Ruggedness Number was calculated by using the NHD DEM for each catchment within ArcGIS.  
4.2.3 Soil Composition The soil parameters that are required for debris flow prediction include percent organic material and percent clay. Soil data were obtained from the National Resource Conservation Service’s Gridded Soil Survey Geographic (gSSURGO) Database for Wyoming and from the MBRNF. Spatial soils data for National Forest were provided by the MBRNF in a soil resource inventory (SRI) geodatabase. While these data were extremely useful for improving the spatial resolution of soils coverage within the project area, the SRI data did not include all of the variables that were found in the gSSURGO. One of the missing variables was a required input for the debris flow models; percent clay. However, other soil attributes included in the SRI dataset, such as soil texture and unified soil classification, allowed us to estimate the percentages of sand, silt, and clay using soil taxonomy classifications [USDA NRCS, 2014]. A lookup table was then created where soils that had similar textures, hydrologic soil groups, and percent organic matter and known sand, silt, and clay percentages were used to refine the initial estimates of the missing values. After all of the needed soil variables were determined, a unified GIS layer was created.  
4.2.4 Precipitation Volume and Intensity  Precipitation volume and intensity were obtained from a study completed by Applied Weather Associates (AWA) for the WWDO that determined Probable Maximum Precipitation (PMP) data for the state of Wyoming.  While the focus of the AWA study was to determine the PMP (akin to a 1,000-year event), it also provided an update of the NOAA Atlas 2 Volume II 6- and 24-hour spatially distributed precipitation frequency estimates. The NOAA Atlas 2 estimates are based on data collected through 1966 and published in 1973, while the PMP study was developed using precipitation data collected through 2010. Additionally, the PMP study has enhanced precipitation representation in complex terrain, such as the Sierra Madre and Snowy Mountain Ranges, by using a climate-based spatial interpolation; this approach is similar to the procedures that were used to develop NOAA Atlas 14.  Because this project is focused on quantifying and mitigating hazards to the municipal water supply caused by wildfire, the most probable storm event to occur in the first year after a wildfire (the 2-year, 24-hour storm event) is the most relevant to this project. Figure 4-11 provides the spatial distribution of the 2-year storm. However, to estimate the potentially catastrophic impacts of a larger storm event on a  
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Figure 4-10. Delineation of Catchments at the HUC-16 Scale Shown for Each Water Supply Drainage 
Area: (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal 
Lake.  
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fire-impacted watershed, spatial frequency distributions for the 5-, 10-, 25-, 50-, and 100-year events were also used.  The effects of precipitation volume and intensity on postfire flooding have been widely noted and are, therefore, addressed in this study [Murphy et al., 2015]. While the body of the report focuses on the most likely storm, results for the range of precipitation frequency distributions are included in the supporting project files. The statewide frequency distribution datasets were obtained as ASCI files from the WWDO, and the mean aerial precipitation was calculated for each catchment within ArcGIS to obtain the total rainfall volume for each design storm.   

Figure 4-11.  Spatial Distribution of the 2-Year, 24-Hour Storm From the Wyoming PMP Study. 

The PMP study also includes guidance to temporally distribute the PMPs for local (short duration, convective) and general (longer duration, frontal) design storms for areas east or west of the Continental Divide. Distributions were applied to each storm type based on each catchment’s location.  For a local storm, the PMP temporal distribution has a peak intensity at 3 hours with an increment of 20.9 percent of the local storm PMP. The 24-hour general storm PMP peaks 10 hours into the storm, with an increment precipitation at 22 percent of the PMP depth.  This method allowed both the average and peak rainfall intensity to be calculated for each design storm.  
4.2.5 Burn Severity The debris flow models require the area and percent of area within the catchment that were subject to a moderate- to high-severity burn. While the fire-behavior modeling provides outputs related to fire intensity (essentially a measure of energy released at each location), burn severity is a measure of above- and below-ground organic matter consumption from fire [Keeley, 2009]. These two measurements are not directly translatable.  Because three wildfires occurred within the study area during the course of the project, observations were available to help overcome this obstacle. Burn severity was estimated by spatially correlating BAER burn severity maps of past fires within the project area to the fuels model input to FlamMap and the fire-behavior modeling outputs to determine critical thresholds on specific vegetation types (i.e., timber) that typically yield the moderate and high burn severity ratings observed on the ground by BAER teams to obtain a predicted burn severity estimate.  The areas and area percentages that were predicted to have a moderate or high burn severity within each catchment were tabulated within ArcGIS.   
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4.2.6 Debris Flow Prediction A Model Builder tool was built in ArcGIS to extract all of the needed variables for each catchment, and the debris flow probability and volume were calculated. The results of each analysis are shown for the three water supply drainage areas: (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal Lake. Debris flow probability was computed for each catchment and aggregated by larger drainage area, as shown in Figure 4-12. The expected mass of sediment delivered in a debris flow was estimated by using an assumption of a debris flow composition of 70 percent solid material and 30 percent water [Parrett, 1987; Meyer and Berger, 1992].  Results from the debris flow volume models were multiplied by 0.7 × (0.3 × specific gravity of water + 0.7 × bulk density of soil) × unit conversion factor to obtain an estimate of tons of sediment delivered, as shown in and Figure 4-13. The mass estimates were normalized by catchment area to look at the relative contribution of material from each catchment, as shown in Figure 4-14.   The results from the three analyses (probability, mass, relative contribution) were binned and integrated to determine a composite postfire hydrologic hazard ranking for each catchment to provide a comprehensive output that prioritizes areas of maximum concern within Cheyenne’s water supply watersheds. A composite ranking was determined by summing the binned rankings from each of the three analyses. This yielded a composite ranking from 1 to 21; with 1 representing the lowest risk and 21 represents the highest risk. As seen in Figure 4-15, the majority of catchments within the Little Snake/Hog Park water supply drainages area stand out as areas of concern based on the composite hazard ranking.  However, a handful of catchments within both the Rob Roy/Lake Owen and the Granite Springs/Crystal Lake areas also ranked higher with respect to the composite hazard, which yields catchments of concern within each water supply drainage.   
4.2.7 Geomorphic Indicators An assessment of the stream network was conducted to identify stream segments (reaches) that are most likely to supply, transport, or deposit material. This analysis was based on guidance outlined in the referenced background material, Cucharas River Watershed Small Watershed Hazard Prioritization and 
Targeting – Small-Scale Watershed Protection Priorities. Geomorphic indicators, such as channel slope and sinuosity, were calculated within ArcGIS to obtain a high-level Rosgen stream-type classification for the reaches within each delineated catchment. Then, by using relationships that were outlined in the Cucharas report and were originally developed by Montgomery and Buffington [1997], the reaches were classified as either source, transport, or response reaches as described in Table 4-4.   Source reaches tend be to headwater streams or small tributaries found in steeper locations that have a large supply of available sediment to move downstream. These high-gradient, fast-moving reaches are often flow limited and, therefore, have more sediment available than the stream can consistently transport. Source reaches tend to move large amounts of sediment intermittently during peak flow or disturbance events (e.g., a storm that follows a wildfire). Transport reaches have a higher capacity for sediment transport than the amount of material that is typically supplied by their direct drainage and upstream reaches. Thus, they are deemed transport reaches based on their ability to move sediment downstream. Response reaches tend to be lower gradient, slower moving streams. Often, the supply of sediment to response reaches exceeds their ability to carry it downstream and sedimentation occurs.  
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Figure 4-12. Debris Flow Probability by Catchment, Shown for Each Water Supply Drainage Area: 
(a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal Lake. 
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Figure 4-13. Debris Flow Sediment Delivery (Mass) Estimates by Catchment, Shown for Each Water 
Supply Drainage Area: (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite 
Springs/Crystal Lake. 
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Figure 4-14. Debris Flow Relative Sediment Contribution (Mass/Area) Estimates by Catchment, Shown 
for Each Water Supply Drainage Area: (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, 
and (c) Granite Springs/Crystal Lake. 
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Figure 4-15. Composite Postfire Hazard Ranking by Catchment, Shown for Each Water Supply Drainage 
Area: (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal 
Lake.  
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Table 4-4. Relationship Between Sediment Transport Characteristics and Rosgen Channel 
Type 

Sediment Transport 
Characteristics Source Transport Response 

Rosgen Channel Type Aa+ A B G B G C E 

Gradient > 0.10 0.04 to 
0.10 

0.03 to 
0.039 

0.03 to 
0.039 

0.02 to 
0.03 

0.02 to 
0.03 < 0.02 < 0.02 

After the reaches were classified as either source, transport, or response reaches, the reach junctions were evaluated. Transitions from one reach type to another, particularly locations where a source or transport reach enters a response reach, indicate areas where sediment delivery from upstream can overwhelm the reach’s ability to move the sediment downstream, which results in sedimentation.   Junctions were ranked as described in Table 4-5 from 0 to 4 based on the likelihood of sediment deposition.  Essentially, any junction that is either unlikely to occur in the real world or unlikely to result in sedimentation (i.e., a transport reach entering a source reach or a response reach entering a transport reach) was ranked as zero. Any junction that marked no change in reach type (i.e., source/source, transport/transport, or response/response) was ranked as 1.  Junctions where a potential for sediment deposition was observed received higher rankings. Source reaches could transport more sediment during postfire (flashy) storms and potentially overwhelm a downstream transport reach’s capacity to move the sediment downstream. These junctions (source/transport) were ranked as 2. Junctions where a transport reach entered a response reach (deposition likely) were ranked as 3, and source/response reach junctions (deposition highly likely) were ranked as 4. Reach and junction rankings are shown in Figure 4-16 (color scales match those in Tables 4-4 and 4-5).   
Table 4-5.  Reach Junction Ranking System 

Upstream Reach  Transport Response Source Transport Response Source Transport Source 

Downstream Reach Source Transport Source Transport Response Transport Response Response 

Junction Ranking 0 0 1 1 1 2 3 4 

The results of the geomorphic indicator analysis identify depositional areas within the stream network of the Cheyenne’s municipal water supply drainage.  The response (depositional) reaches and junctions that mark transitions from a transport to response reach (ranked as 3) or a source to response reach (ranked as 4) shown in Figure 4-16 are potential locations for sediment control structures. A more detailed analysis that includes a full geomorphic assessment can help to identify locations along these reaches that may be suitable for a debris basin or detention pond. If a wildfire were to occur within the municipal watersheds, these results can help identify areas where a postfire mitigation project could minimize the impacts to Cheyenne’s water supply. Erosion control measures on the land surface (e.g. reseeding, straw/slash spreading) and drainages (e.g. silt fences, waffles), could be supplemented with temporary in-stream controls (e.g. log/rock/straw bale check dams) in these depositional reaches.   
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Figure 4-16. Reach and Junction Rankings for the (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, 
and (c) Granite Springs/Crystal Lake Water Supply Drainage Areas. 
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The geomorphic indicator analysis can also be used to prioritize fuels-treatment projects. For example, within the Hog Park Reservoir drainage area, neither a response reach nor depositional junction occurs on the east or south sides of the reservoir. However, on the northwest side of the reservoir, a depositional area located upstream of Hog Park Reservoir exists, which indicates a potential opportunity for the contributing stream to deposit some of its load before it reaches the reservoir. This opportunity could help to prioritize projects with the direct drainage to Hog Park Reservoir on its east or south sides. 
4.3 HAZARD ANALYSIS RESULTS AND IDENTIFICATION AREAS OF CONCERN After the baseline hazard analyses were completed, results were summarized by greater drainage area to estimate cumulative impacts on Cheyenne’s water supply system. The greatest impacts were observed in the Little Snake/Hog Park area, where approximately 475 tons of sediment were estimated to be produced from the catchments draining to the Little Snake diversion pipelines and an additional 150 tons of sediment were estimated to be produced from the direct drainage to Hog Park Reservoir. The Rob Roy/Lake Owen area yielded cumulative estimates of 125, 90, and 7 tons of sediment produced from the catchments draining to Rob Roy Reservoir, the Douglas Pipeline, and Lake Owen, respectively. In the Pole Mountain area, approximately 440 tons of sediment were estimated to be contributed from areas draining to Granite Springs Reservoir (160), Crystal Lake Reservoir (60), South Crow Reservoir (65), Upper North Crow Reservoir (105), and the North Crow Diversion structure (50). Potential impacts include damage to diversion pipelines, reservoir sedimentation, and water quality degradation.   To focus the area of interest on lands to be examined for possible fuels treatments at a finer scale, the highest ranked catchments in terms of postfire hydrologic hazard (19 through 21 composite rating in the Hog Park/Little Snake drainage area and 14 through 18 in the Rob Roy/Lake Owen and Granite Springs/ Crystal Lake drainage areas) were extracted.  Separate ranges were selected so that catchments of concern could be identified within each water supply drainage area. Fireline intensity predictions were aggregated by catchment, and a threshold (mean values greater than 3,000 kW/m) was set to further focus the area of concern. The resulting water supply catchments identified for continuation in the treatment recommendation process are shown for the water supply drainage area in Figure 4-17.   
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Figure 4-17. Selected Catchments Shown for the (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and 
(c) Granite Springs/Crystal Lake Water Supply Drainage Areas.  
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5.0 IDENTIFICATION OF ONGOING/PLANNED PROJECTS Before addressing mitigation planning, land ownership/management and ongoing/planned projects should be considered. The CW-HMA project area encompasses lands that are owned and managed by federal, state, and private entities, with the MBRNF as the primary land manager in the water supply drainage area, as shown in Figure 5-1. Areas that have special management considerations, such as recreational facilities and MBRNF-designated Roadless Areas, exist within the project area and are also shown in Figure 5-1.   

Figure 5-1.  Land Ownership and Designated Roadless Areas. Several MBRNF and WSFD fuels-treatment projects have been identified in and around the project area, which can potentially support the City of Cheyenne’s water supply protection objectives of this project. Locations of fuels-treatment projects were provided by the MBRNF and WSFD, as can be seen in Figure 5-2, along with Wilderness and Roadless Areas for the (a) Little Snake/Hog Park, (b) Rob Roy/Lake Owen, and (c) Granite Springs/Crystal Lake water supply drainage areas.  These data will be used to guide project selection and incorporated into the Wildfire Mitigation Plan as described in the next section.   
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Figure 5-2. MBRNF and WSFD Current and Planned Projects for (a) Little Snake/Hog Park, (b) Rob Roy/
Lake Owen, and (c) Granite Springs/Crystal Lake Water Supply Drainage Areas.  
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Management area prescriptions from the Medicine Bow National Forest Revised Land and Resource Management Plan were identified and are shown in Figure 5-3 to provide locations where ongoing or planned management prescriptions can facilitate or impeded the placement of fuels-treatment projects.   

Figure 5-3. Management Area Prescriptions From the Medicine Bow National Forest Revised Land and 
Resource Management Plan. 
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Habitat considerations have been identified here in the context of the WGFD’s 2015 Strategic Habitat Plan. Crucial habitat areas are shown in Figure 5-4, to provide locations where ongoing or planned WGFD habitat projects may exist and where habitat considerations are likely to factor into permitting considerations or may provide a bridge to funding opportunities for future fuels-treatment projects.   

Figure 5-4. Crucial Habitat as Identified in the Wyoming Game and Fish Department’s 2015 Strategic 
Habitat Plan. 
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6.0 PREEMPTIVE WATERSHED WILDFIRE MITIGATION 
PLAN  

Fuels-management activities are designed to change the structure of wildland vegetation for the purpose to alter potential fire behavior. Specific prescriptions and types of mitigation activities for fuel management depend on the characteristics of the vegetation and calculated values within the wildfire component of the modeling. For example, in forest ecosystems with low- and mixed-severity fire regimes, fuels-management prescriptions can be designed to improve watershed sustainability by increasing the survivability of trees after wildfires and improving the success of fire-suppression efforts. For high-severity fire regimes in brushland and forest ecosystems, fuels-management objectives can change fire behavior by slowing overall fire growth and improving fire suppression.   This Preemptive Watershed Wildfire Mitigation Plan identifies fuels-treatment locations based on the hazard analyses described in Chapter 4.0. Specific fuels-treatment prescriptions must be determined through the Forest’s planning process. Final design criteria will need to account for desired end goals beyond reducing the fire severity and postfire impacts. For instance, designing a treatment for maximizing elk habitat is different than designing for management of dispersed campers, even though both designs will meet the fire needs as required to protect the downstream reservoir. For this reason, final design is not appropriate until a project is ready to move into a final design/build mode final plan for the funding partners and final permitting requirements identified. To assist with the treatment planning process, a comprehensive set of fire-behavior visualization tools was presented to the multidisciplinary group and are provided as a tool package to help guide their treatment design for each specific project area. While not prescribed, different types of treatment options and sediment controls are discussed at the end of the section to provide insight into what is required for implementation.  
6.1 TREATMENT LOCATION SELECTION As shown in Figure 6-1, several of the selected catchments contain a mosaic of treatments that date back to 1935, as identified in the FACTS database. While previous treatments were observed in all of the water supply drainage areas, the majority are located within the Rob Roy/Lake Owen watersheds, as shown in Figure 6-1.  Many of these previous treatments were captured in the fuel model input to the fire-behavior modeling (discussed in Section 4.1.2.1). However, the extent to which these treatments are still relatively devoid of fuel was uncertain. Further discussion with the multidisciplinary group was needed to appropriately evaluate potential treatment opportunities in areas where reentry and/or maintenance can enhance or modify existing treatments to continue to reduce threats caused by wildfire.  A work session was held with MBRNF in January of 2017 to review the suggested and potential catchments and collaboratively discuss potential project locations. Based on input from the MBRNF all of the identified catchments were deemed suitable for further consideration and will henceforth be referred to as selected catchments. Because all of the selected catchments are located within the MBRNF, specific fuels-treatment prescriptions must be determined through the MBRNF’s planning process.   
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Figure 6-1. Existing Treatments in the Rob Roy/Lake Owen Water Supply Drainage Area. 

Selecting critical catchments allowed the project to identify locations where fuels projects can be placed to mitigate the threat that wildfire poses to these catchments and the greater municipal watershed.  The selected catchments range in size from approximately 75 to 1200 acres, with an average size of 400 acres.  When overlain with wildfire intensity results aggregated to the FireShed scale, the critical catchments can be further segmented by high-priority FireSheds into 75- to 300-acre units.   For comparison, the largest unit that was identified in the WSFD Forest Product Sales dataset within the project area is approximately 300 acres.  The largest units that were identified in the USFS Pole Mountain and North  WUI planned projects within the project area are approximately 560 and 690 acres, respectively.  These larger catchments can be used as planning units that will be subdivided into treatment areas for mitigation based on the Forest’s criteria.  Writing prescriptions for harvest and mitigation treatments is beyond the scope of this project and could conflict with their work plans, schedules, and restrictions.  The selected catchments are shown overlaying the ranked Fireline Intensity FireSheds in Figure 6-2 to demonstrate how smaller treatment units can be identified within the select catchments. Note that each catchment was given a WSD ID during the delineation process. These numbers are shown in Figure 6-2 to provide a unique identifier for each catchment and are not related to the hazard ranking.   
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Figure 6-2. Selected Catchments Overlaying FireSheds to Identify Areas of Greatest Concern Defined By 
Wildfire and Postfire Hydrologic Hazard Analyses, at a Scale Appropriate for Treatment 
Design. 
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6.2 TREATMENT IDENTIFICATION TOOL PACKAGE A visualization tool package was created through several geospatial analyses of the fire-behavior dataset, including: Minimal Travel Time (MTT) to reveal preferential fire pathways (Figure 6-3), Focal Statistics to determine fire-behavior downwind of proposed treatment areas (Figure 6-4), and Anchor Identification of locations to which potential fuels treatment can be anchored to maximize their impact (Figure 6-5). Results from these analyses were discussed with the multidisciplinary group and are provided as part of this project to aid in future fuels-treatment prescription. Detailed analysis was focused in the watershed but the same principles can be applied to areas outside the watershed boundaries to influence wildfire intensity and spread before entering the watershed.  These tools could also be used during a fire by the Incident Management Team to help direct suppression activities. 
6.2.1 Minimum Travel Time FlamMap’s MTT algorithm focuses on determining where a fire is likely to travel. The MTT is different than standard fire-behavior predictions in that it models the spread of fires from one or more user-chosen ignition points. Fires are modeled from each ignition point, and the primary routes that the wildfire travels (major paths) are recorded. For this MTT analysis, 10 different sets of 100 random ignition points were generated in ArcGIS to model fire path tendencies and were chosen because they are more likely to burn freely when each ignition is not burning over an area that was already burned by other ignitions. Each set of ignitions was allowed to burn for 8 hours for this analysis. Weather parameters are the same as the earlier fire-behavior prediction runs except that, instead of having wind blow uphill everywhere, winds are modeled to be coming from the west (the predominant wind direction).  Visually inspecting all predicted major fire paths can be difficult because of the large number of overlapping lines. However, patterns are observed in the overlapping of the various major paths. To better see these patterns, a line density function was run. The result of this function is a much more streamlined view of where fires tend to burn within the landscape, defined as Aggregated Major Paths (AMPs) and shown in Figure 6-3. 
6.2.2 Focal Statistics The Focal Statistics tool highlighted areas where treatments would reduce fire behavior in the area where the treatment would be recommended as well as reduce a fire’s access to adverse fuel and topography conditions up to 1,000 feet away in a downwind direction. In other words, treatment locations can be examined to see if they are beneficial inside the treatment and downwind of the treatment. This analysis uses a “moving window” function that takes each pixel and calculates the average predicted fire behavior (flame length, rate of spread, and crown fire activity) up to 1,000 feet in a cone shape downwind of that pixel. The resulting raster grid has a mean value for each fire-behavior prediction data set for the cells in a wedge that is 1,000 feet long in the downwind direction.  The Focal Statistics analysis yielded three separate datasets of 1,000 feet downwind wedge averages, one for each flame length, rate of spread, and crown fire activity. These datasets can be partitioned to show color in only the highest fire-behavior values to designate the worst downwind fire-behavior areas. If treatments are located in these designated areas in these data sets, they can influence fires before they get to troublesome areas on the landscape (assuming fires are moving in the direction of the predominant west wind). Results from the Focal Statistics (Wedge) analysis are shown in Figure 6-4. 
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Figure 6-3.  Minimum Travel Time Analysis Showing Areas With the Highest Density of Major Paths. 
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Figure 6-4. Downwind Focal Statistics (Wedge) Analysis Shown for Flame Length. Pink patches indicate 
areas where fire behavior would be severe up to 1,000 feet in the downwind direction. 
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Figure 6-5.  Potential Anchor Points for Fuels Treatments. 
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6.2.3 Anchor Point Identification Further clarity can be gained for locating treatments by examining locations to anchor their ends. An unanchored treatment is far less effective because of a fire’s ability to flank it. Anchors can take many forms, but the most common will be areas that either contain minimal fuel or slow-burning fuel. Two LANDFIRE datasets are available to be used to identify natural (or anthropogenic) anchor locations. Existing Vegetation Type (EVT) and Fuel Model layers should be collinear, but because the modeling procedures for each are different, they can each add different information about anchor locations. For EVT, types that involve noncombustible or aspen were chosen as potential anchors.  Similarly, for fuel models, noncombustible and lower-performing models such as grass models or the lower-performing timber models (TL1 or TU1) were selected. Patches of the selected pixels of EVT or fuel models noted above can be examined as potential locations for anchor points of fuel treatments. As with all layers provided for this analysis, anchor point areas that were identified should be verified on the ground before finalizing fuels-treatment prescriptions.  Potential Treatment Anchors can be seen in Figure 6-5. 
6.3 PRIORITIZATION MATRIX  The treatment location prioritization focused on the identified key areas of vulnerability but the mitigation plan must also consider several other factors that can contribute to project facilitation or obstruction.  A prioritization matrix was developed to incorporate administrative, economic, and sociopolitical factors into project selection. The prioritization criteria include the following elements, which are detailed in this section: 

• Wildfire and postfire hydrologic hazard  
• Cheyenne BOPU critical infrastructure 
• Permitting/administrative considerations 
• Funding opportunities 
• Forest access 
• Forest plan 
• Sociopolitical constraints. Prioritization criteria within each catchment were summarized into a final matrix to help guide in the selecting and timing fuels-treatment projects and identify any communication/agreements necessary to facilitate implementation. The prioritization criteria and final matrix are organized by each selected catchment’s WSD ID, as shown in the previous chapters and again in Figure 6-6. Each catchment was also given a name related to the creek, drainage area, or water -supply infrastructure it contains. Table 6-1 shows the WSD ID, name, and acreage of each selected catchment. Table 6-2 shows the water supply infrastructure prioritization provided by Cheyenne BOPU. Tables 6-3 through 6-7 summarize prioritization criteria, as described in the following sections, and these tables are condensed into a final prioritization matrix presented in Table 6-8 at the end of this chapter.     
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Figure 6-6. Water Supply Drainage Identifications Shown for the (a) Little Snake/Hog Park, (b) Rob Roy/
Lake Owen, and (c) Granite Springs/Crystal Lake Water Supply Drainage Areas. 
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Table 6-1. Names and Acreages of Selected Catchments (Little Snake/Hog 
Park Area) (Page 1 of 2) 

WSD  
ID Drainage Name Acres 

93 Little Snake/Hog Park Hog Park Creek - Direct Drainage S 576 
94 Little Snake/Hog Park Hog Park Creek - Direct Drainage S 279 

96 Little Snake/Hog Park Hog Park Creek - Campground trib 614 

100 Little Snake/Hog Park Hog Park Creek Drainage 358 

101 Little Snake/Hog Park Hog Park Creek Drainage 464 

102 Little Snake/Hog Park Hog Park Creek - Med trib 618 

103 Little Snake/Hog Park Hog Park Creek - Med trib 650 

104 Little Snake/Hog Park Hog Park Creek - Direct Drainage NW 194 

106 Little Snake/Hog Park Hog Park Creek - Robinson Creek 514 

109 Little Snake/Hog Park South Line S28-S29 190 

112 Little Snake/Hog Park South Line S20-S24 139 

113 Little Snake/Hog Park South Line S18-S19 104 

114 Little Snake/Hog Park South Line S12-S14 135 

115 Little Snake/Hog Park South Line S15-S17 76 

116 Little Snake/Hog Park South Line S9-S11 200 

117 Little Snake/Hog Park South Line S4-S9 190 

118 Little Snake/Hog Park South Line S1-S3 181 

119 Little Snake/Hog Park Granite Line G1-G3 135 

120 Little Snake/Hog Park Granite Drainage 98 

121 Little Snake/Hog Park Granite Line G5-G6 165 

125 Little Snake/Hog Park North Line N1-N4 169 

126 Little Snake/Hog Park North Line N5-N13 203 

127 Little Snake/Hog Park North Fork Little Snake River 244 

128 Little Snake/Hog Park North Fork Little Snake River 545 

129 Little Snake/Hog Park North Fork Little Snake River 184 

130 Little Snake/Hog Park North Fork Little Snake River 288 

132 Little Snake/Hog Park Ted Creek Drainage 427 

134 Little Snake/Hog Park Ted Line T9-T13 171 

145 Little Snake/Hog Park West Line W8-W14 260 

148 Little Snake/Hog Park West Line W21-W24 151 

150 Little Snake/Hog Park West Line W32-W36 256 

153 Little Snake/Hog Park West Line W39-W41 128 

154 Little Snake/Hog Park West Branch Drainage 574 

155 Little Snake/Hog Park West Branch Drainage 268 

162 Little Snake/Hog Park North Fork Little Snake River 379 
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Table 6-1. Names and Acreages of Selected Catchments (Rob Roy/Lake Owen and 
Granite Springs/Crystal Lake Areas) (Page 2 of 2) 

WSD  
ID Drainage Name Acres 

12 Granite/Crystal Upper N Crow - N Branch of N Fork Crow Creek 912 
18 Granite/Crystal Upper N Crow - S Branch of N Fork Crow Creek 704 

34 Granite/Crystal Granite - Upper Middle Crow Creek 1079 

38 Granite/Crystal Granite - Upper Middle Crow Creek 1148 

40 Granite/Crystal Granite - Upper Middle Crow Creek 1043 

43 Granite/Crystal Granite - Upper Middle Crow Creek 1196 

44 Granite/Crystal Granite - Upper Middle Crow Creek 779 

45 Granite/Crystal Granite - Upper Middle Crow Creek 884 

55 Rob Roy/Lake Owen Lake Owen 455 

56 Rob Roy/Lake Owen Douglas Line D1-D7 120 

57 Rob Roy/Lake Owen Camp Creek 238 

59 Rob Roy/Lake Owen Douglas Line D17-D22 142 

60 Rob Roy/Lake Owen Little Beaver 373 

61 Rob Roy/Lake Owen Nugget Gulch 239 

62 Rob Roy/Lake Owen Douglas Line D21-D22 193 

63 Rob Roy/Lake Owen Gold Nugget 157 

65 Rob Roy/Lake Owen Douglas Creek-Podunk 170 

69 Rob Roy/Lake Owen Rob Roy Reservoir - Below Dam 851 

79 Rob Roy/Lake Owen Rob Roy Reservoir - Elk Creek 323 

90 Rob Roy/Lake Owen Rob Roy Reservoir - Upper Douglas Creek 567 

92 Rob Roy/Lake Owen Rob Roy Reservoir - Upper Douglas Creek 651 
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Table 6-2. Water Supply Infrastructure Prioritization (Little Snake/Hog Park Area) (Page 1 
of 2) 

WSD 
ID Drainage BOPU 

Area 
Area 
Score 

DC or LS 
Structure 

Score 

Infrastructure 
Score 

Infrastructure 
Index 

Little Snake/Hog Park 

93 Little Snake/Hog Park Hog Park Reservoir 120 0 120 43 

94 Little Snake/Hog Park Hog Park Reservoir 120 0 120 43 

96 Little Snake/Hog Park Hog Park Reservoir 120 0 120 43 

100 Little Snake/Hog Park Hog Park Reservoir 120 0 120 43 

101 Little Snake/Hog Park Hog Park Reservoir 120 0 120 43 

102 Little Snake/Hog Park Hog Park Reservoir 120 0 120 43 

103 Little Snake/Hog Park Hog Park Reservoir 120 0 120 43 

104 Little Snake/Hog Park Hog Park Reservoir 120 0 120 43 

106 Little Snake/Hog Park Hog Park Reservoir 120 0 120 43 

109 Little Snake/Hog Park Little Snake Diversion 140 5 145 61 

112 Little Snake/Hog Park Little Snake Diversion 140 5 145 61 

113 Little Snake/Hog Park Little Snake Diversion 140 5 145 61 

114 Little Snake/Hog Park Little Snake Diversion 140 5 145 61 

115 Little Snake/Hog Park Little Snake Diversion 140 5 145 61 

116 Little Snake/Hog Park Little Snake Diversion 140 5 145 61 

117 Little Snake/Hog Park Little Snake Diversion 140 5 145 61 

118 Little Snake/Hog Park Little Snake Diversion 140 5 145 61 

119 Little Snake/Hog Park Little Snake Diversion 140 3 143 60 

120 Little Snake/Hog Park Little Snake Diversion 140 4 144 60 

121 Little Snake/Hog Park Little Snake Diversion 140 3 143 60 

125 Little Snake/Hog Park Little Snake Diversion 140 7 147 63 

126 Little Snake/Hog Park Little Snake Diversion 140 1 141 58 

127 Little Snake/Hog Park Little Snake Diversion 140 8 148 63 

128 Little Snake/Hog Park Little Snake Diversion 140 8 148 63 

129 Little Snake/Hog Park Little Snake Diversion 140 8 148 63 

130 Little Snake/Hog Park Little Snake Diversion 140 8 148 63 

132 Little Snake/Hog Park Little Snake Diversion 140 11 151 65 

134 Little Snake/Hog Park Little Snake Diversion 140 9 149 64 

145 Little Snake/Hog Park Little Snake Diversion 140 12 152 66 

148 Little Snake/Hog Park Little Snake Diversion 140 12 152 66 

150 Little Snake/Hog Park Little Snake Diversion 140 12 152 66 

153 Little Snake/Hog Park Little Snake Diversion 140 12 152 66 

154 Little Snake/Hog Park Little Snake Diversion 140 19 159 71 

155 Little Snake/Hog Park Little Snake Diversion 140 19 159 71 

162 Little Snake/Hog Park Little Snake Diversion 140 8 148 63   
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Table 6-2. Water Supply Infrastructure Prioritization (Rob Roy/Lake Owen and Granite 
Springs/Crystal Lake Areas) (Page 2 of 2) 

WSD 
ID Drainage BOPU 

Area 
Area 
Score 

DC or LS 
Structure 

Score 

Infrastructur
e Score 

Infrastructure 
Index 

Rob Roy/Lake Owen 

55 Rob Roy/Lake Owen Lake Owen 160 0 160 72 

56 Rob Roy/Lake Owen Douglas Creek Pipelines 180 1 181 87 

57 Rob Roy/Lake Owen Douglas Creek Pipelines 180 2 182 87 

59 Rob Roy/Lake Owen Douglas Creek Pipelines 180 1 181 87 

60 Rob Roy/Lake Owen Douglas Creek Pipelines 180 5 185 89 

61 Rob Roy/Lake Owen Douglas Creek Pipelines 180 4 184 89 

62 Rob Roy/Lake Owen Douglas Creek Pipelines 180 1 181 87 

63 Rob Roy/Lake Owen Douglas Creek Pipelines 180 4 184 89 

65 Rob Roy/Lake Owen Douglas Creek Pipelines 180 3 183 88 

69 Rob Roy/Lake Owen Douglas Creek Pipelines 180 7 187 91 

79 Rob Roy/Lake Owen Rob Roy Reservoir 200 0 200 100 

90 Rob Roy/Lake Owen Rob Roy Reservoir 200 0 200 100 

92 Rob Roy/Lake Owen Rob Roy Reservoir 200 0 200 100 

Granite/Crystal 

12 Granite/Crystal Upper North Crow 60 0 60 1 

18 Granite/Crystal Upper North Crow 60 0 60 1 

34 Granite/Crystal Granite Springs 80 0 80 15 

38 Granite/Crystal Granite Springs 80 0 80 15 

40 Granite/Crystal Granite Springs 80 0 80 15 

43 Granite/Crystal Granite Springs 80 0 80 15 

44 Granite/Crystal Granite Springs 80 0 80 15 

45 Granite/Crystal Granite Springs 80 0 80 15 

6.3.1 Wildfire and Postfire Hydrologic Hazard Results from the individual hazard analyses were binned and given a relative ranking to form the composite hazard ranking that was used to identify the catchments most vulnerable to wildfire and postfire hydrologic impacts. These catchments were selected as the key areas to focus mitigation planning efforts. However, to help prioritize projects between the selected catchments, reexamining the raw results is necessary to identify which catchments are predicted to experience the most intense fire behavior and which catchments are predicted to contribute the largest relative sediment loads to the municipal water supply (Table 6-3). From these raw results, a hazard score was calculated by multiplying the relative sediment load by mean fireline intensity.  The hazard score was indexed from 1 to 100 to be able to compare it to the operability index and combine these indices to determine a final priority ranking, as discussed in the following sections. 
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Table 6-3. Wildfire and Postfire Hydrologic Hazard Analyses Results (Little Snake/Hog 
Park Area) (Page 1 of 2) 

WSD  
ID Drainage 

Debris 
Flow 

Probability 
(%) 

Postfire 
Sediment 

Load  
(Ton) 

Relative 
Sediment 

Load 
(Ton/Acre) 

Mean 
Fireline 

Intensity 
(kW/m) 

Hazard 
Score 

Hazard 
Index 

Little Snake/Hog Park 

93 Little Snake/Hog Park 100 10.15 1.8E-02 9,548 168 8 

94 Little Snake/Hog Park 100 9.22 3.3E-02 10,073 335 17 

96 Little Snake/Hog Park 100 9.70 1.6E-02 8,970 141 7 

100 Little Snake/Hog Park 100 9.34 2.6E-02 6,864 181 9 

101 Little Snake/Hog Park 100 9.87 2.1E-02 7,799 168 8 

102 Little Snake/Hog Park 100 10.12 1.6E-02 6,244 102 5 

103 Little Snake/Hog Park 100 10.28 1.6E-02 5,700 90 4 

104 Little Snake/Hog Park 100 8.96 4.6E-02 6,585 305 16 

106 Little Snake/Hog Park 100 9.89 1.9E-02 7,431 143 7 

109 Little Snake/Hog Park 100 8.95 4.7E-02 10,859 513 27 

112 Little Snake/Hog Park 100 8.61 6.2E-02 16,650 1033 54 

113 Little Snake/Hog Park 100 8.83 8.5E-02 14,208 1220 64 

114 Little Snake/Hog Park 100 8.80 6.5E-02 15,778 1033 54 

115 Little Snake/Hog Park 100 8.46 1.1E-01 17,393 1896 100 

116 Little Snake/Hog Park 100 9.03 4.5E-02 14,569 662 35 

117 Little Snake/Hog Park 100 9.46 5.0E-02 16,253 799 42 

118 Little Snake/Hog Park 100 8.98 5.0E-02 11,123 551 29 

119 Little Snake/Hog Park 100 8.88 6.6E-02 9,587 638 33 

120 Little Snake/Hog Park 100 8.80 8.9E-02 10,185 905 47 

121 Little Snake/Hog Park 100 9.02 5.5E-02 7,589 413 21 

125 Little Snake/Hog Park 100 9.05 5.4E-02 1,3261 714 37 

126 Little Snake/Hog Park 100 9.52 4.7E-02 1,2593 586 31 

127 Little Snake/Hog Park 100 9.50 3.9E-02 8,399 327 17 

128 Little Snake/Hog Park 100 10.15 1.9E-02 6,279 117 6 

129 Little Snake/Hog Park 100 9.35 5.1E-02 7,377 377 19 

130 Little Snake/Hog Park 100 9.56 3.3E-02 5,466 182 9 

132 Little Snake/Hog Park 100 9.88 2.3E-02 7,842 181 9 

134 Little Snake/Hog Park 100 9.29 5.4E-02 6,631 360 19 

145 Little Snake/Hog Park 100 9.06 3.5E-02 7,149 254 13 

148 Little Snake/Hog Park 100 8.96 5.9E-02 9,885 587 31 

150 Little Snake/Hog Park 100 9.62 3.8E-02 15,249 578 30 

153 Little Snake/Hog Park 100 8.91 7.0E-02 10,433 732 38 

154 Little Snake/Hog Park 100 9.98 1.7E-02 7,600 133 6 

155 Little Snake/Hog Park 100 9.03 3.4E-02 3,270 111 5 

162 Little Snake/Hog Park 100 9.82 2.6E-02 6,446 167 8 
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Table 6-3. Wildfire and Postfire Hydrologic Hazard Analyses Results (Rob Roy/Lake 
Owen and Granite Springs/Crystal Lake Areas) (Page 2 of 2) 

WSD  
ID Drainage 

Debris Flow 
Probability 

(%) 

Postfire 
Sediment 

Load  
(Ton) 

Relative 
Sediment 

Load 
(Ton/Acre) 

Mean 
Fireline 

Intensity 
(kW/m) 

Hazard 
Score 

Hazard 
Index 

Rob Roy/Lake Owen 

55 Rob Roy/Lake Owen 100 7.00 1.5E-02 6,421 98 5 

56 Rob Roy/Lake Owen 100 6.77 5.6E-02 4,343 247 13 

57 Rob Roy/Lake Owen 100 7.35 3.1E-02 4,547 140 7 

59 Rob Roy/Lake Owen 100 7.24 5.1E-02 4,422 226 11 

60 Rob Roy/Lake Owen 100 7.86 2.1E-02 3,969 84 4 

61 Rob Roy/Lake Owen 100 7.38 3.1E-02 3,996 123 6 

62 Rob Roy/Lake Owen 100 8.36 4.3E-02 5,272 228 12 

63 Rob Roy/Lake Owen 100 5.79 3.7E-02 4,351 161 8 

65 Rob Roy/Lake Owen 100 8.41 4.9E-02 6,033 297 15 

69 Rob Roy/Lake Owen 100 8.54 1.0E-02 3,687 37 1 

79 Rob Roy/Lake Owen 100 7.61 2.4E-02 3,899 91 4 

90 Rob Roy/Lake Owen 100 6.24 1.1E-02 4,733 52 2 

92 Rob Roy/Lake Owen 100 7.91 1.2E-02 4,832 59 3 

Granite/Crystal 

12 Granite/Crystal 100 9.95 1.1E-02 4,508 49 2 

18 Granite/Crystal 99 8.96 1.3E-02 3,537 45 2 

34 Granite/Crystal 100 9.62 8.9E-03 3,475 31 1 

38 Granite/Crystal 100 9.92 8.6E-03 3,608 31 1 

40 Granite/Crystal 100 9.23 8.8E-03 3,286 29 1 

43 Granite/Crystal 100 10.31 8.6E-03 6,765 58 3 

44 Granite/Crystal 100 8.80 1.1E-02 3,566 40 2 

45 Granite/Crystal 100 9.42 1.1E-02 5,686 61 3   
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6.3.2 Permitting/Administrative Considerations Many of the permitting and administrative considerations for getting a fuels-treatment project on the ground are beyond the scope of this study. This is, in part, because all of the selected catchments contain MBRNF land and all except four are located entirely within the MBRNF. Therefore, the actual fuels-treatment prescriptions must be developed under MBRNF planning processes. However, for the sake of prioritizing locations suitable for future treatments, several factors have been identified that can provide an understanding of the level of permitting and administrative barriers a project may encounter. As shown in Table 6-4, these include: land ownership/management, roadless/wilderness area occurrence, and colocation of another MBRNF ongoing or planned project that has already been through the National Environmental Policy Act (NEPA) permitting process. Note that current or planned projects located within select catchments may already meet the goals of protecting Cheyenne’s municipal water supply and added benefits should be evaluated in light of the current study.   As shown in Table 6-4, the permitting criteria were given a score to reflect the relative ease/difficulty of project implementation within each catchment based on these criteria. A lower score indicates potential permitting complications. The scores for these three criteria were summed to obtain a permitting score, which was used to determine the operability index and final priority ranking, as described in Section 6.3.7. Permitting requirements are discussed in more detail in Chapter 7.0. 
6.3.3 Crucial Habitat (in the Context of Funding Opportunities) Again, because the majority of the selected catchments are located entirely within the MBRNF, funding fuels treatments will require at least some level of federal support.  However opportunities do exist to bring in state, local, private, and even nonprofit partners. Based on discussions with the multidisciplinary group, habitat and recreation interests were determined to be helpful for building bridges and funding projects. Funding prioritization was, therefore put in the context of crucial habitat, as defined in WGFD’s 2015 Strategic Habitat Plan (Table 6-5) [WGFD, 2015]. To determine a crucial habitat score, a “yes” in any of the columns in Table 6-5 was given one point. If either an “Elk Parturition Area” or “Big Game Crucial Range” were present, the catchment was given an additional point. The points were summed for each catchment to determine the crucial habitat score. The score reflects the potential to partner with WGFD and/or sportsman’s organizations with a history of funding forestry projects and was used to determine the operability index and final prioritization matrix ranking as described in Section 6.3.7. Funding opportunities are discussed in more detail in Chapter 8.0.  
6.3.4 Forest Access While this study does not specify fuels-treatment prescriptions, it recognizes that forest access and timber salability must be factored into treatment design. Table 6-6 shows the information related to forest access for the selected catchments, including forested area on an accessible slope (< 35 percent) and the presences of roads. This information was obtained from both ESRI and USFS roads data layers, a DEM raster, and the MBRNF EVT dataset. The forested area within each selected catchment was tabulated within ArcGIS, as was the forested area located on slopes of less than 35 percent. The percentage of forested area on an accessible slope was then calculated for each selected catchment.  Each catchment was then categorized based on the type of roads present. Each of these attributes was assigned an operability weight and used to calculate the prioritization criteria related to forest access, shown in the last column of Table 6-6. The individual weights assigned to percent forested area, < 35 percent slope and roads present were summed to obtain a forest access score which was used to determine the operability index and final prioritization matrix ranking as described in Section 6.3.7. 



  

 55 RSI-2692 

Table 6-4. Permitting/Administrative Considerations (Little Snake/Hog Park Area) (Page 1 
of 2) 

WSD 
ID 

WSD  
Drainage 

Ownership/ 
Management 

Roadless Area/ 
Wilderness Area 

Contains Planned 
Project 

Permitting 
Score 

Little Snake/Hog Park 

93 Little Snake/Hog Park USFS 3 No 3 No 1 7 

94 Little Snake/Hog Park USFS 3 No 3 No 1 7 

96 Little Snake/Hog Park USFS 3 No 3 No 1 7 

100 Little Snake/Hog Park USFS 3 No 3 No 1 7 

101 Little Snake/Hog Park USFS, Private 
(Other) 1 No 3 No 1 5 

102 Little Snake/Hog Park USFS 3 Partial 2 No 1 6 

103 Little Snake/Hog Park USFS 3 Partial 2 No 1 6 

104 Little Snake/Hog Park USFS 3 Partial 2 No 1 6 

106 Little Snake/Hog Park USFS 3 Yes 1 No 1 5 

109 Little Snake/Hog Park USFS, State 2 No 3 No 1 6 

112 Little Snake/Hog Park USFS, State 2 No 3 No 1 6 

113 Little Snake/Hog Park USFS 3 No 3 No 1 7 

114 Little Snake/Hog Park USFS 3 No 3 No 1 7 

115 Little Snake/Hog Park USFS 3 No 3 No 1 7 

116 Little Snake/Hog Park USFS 3 No 3 No 1 7 

117 Little Snake/Hog Park USFS 3 No 3 No 1 7 

118 Little Snake/Hog Park USFS 3 No 3 No 1 7 

119 Little Snake/Hog Park USFS 3 Partial 2 No 1 6 

120 Little Snake/Hog Park USFS 3 Yes 1 No 1 5 

121 Little Snake/Hog Park USFS 3 Yes 1 No 1 5 

125 Little Snake/Hog Park USFS 3 Partial 2 No 1 6 

126 Little Snake/Hog Park USFS 3 Partial 2 No 1 6 

127 Little Snake/Hog Park USFS 3 Partial 2 Yes 2 7 

128 Little Snake/Hog Park USFS 3 Yes 1 No 1 5 

129 Little Snake/Hog Park USFS 3 Yes 1 No 1 5 

130 Little Snake/Hog Park USFS 3 Yes 1 No 1 5 

132 Little Snake/Hog Park USFS 3 Yes 1 No 1 5 

134 Little Snake/Hog Park USFS 3 Yes 1 No 1 5 

145 Little Snake/Hog Park USFS, Private 
(Other) 1 Partial 2 Yes 2 5 

148 Little Snake/Hog Park USFS, State 2 Yes 1 No 1 4 

150 Little Snake/Hog Park USFS, State 2 Yes 1 Yes 2 5 

153 Little Snake/Hog Park USFS 3 Yes 1 No 1 5 

154 Little Snake/Hog Park USFS, Private 
(Other) 1 Yes 1 No 1 3 

  USFS, Private 
(Other) 1 Partial 2 No 1 4 

155 Little Snake/Hog Park USFS 3 Yes 1 No 1 5 
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Table 6-4 Permitting/Administrative Considerations (Rob Roy/Lake Owen and Granite 
Springs/Crystal Lake Areas) (Page 2 of 2) 

WSD 
ID 

WSD  
Drainage 

Ownership/ 
Management 

Roadless Area/ 
Wilderness Area 

Contains Planned  
Project 

Permitting 
Score 

Rob Roy/Lake Owen 

55 Rob Roy/Lake Owen USFS 3 No 3 Yes 2 8 

56 Rob Roy/Lake Owen USFS 3 No 3 Yes 2 8 

57 Rob Roy/Lake Owen USFS 3 No 3 Yes 2 8 

59 Rob Roy/Lake Owen USFS 3 No 3 Yes 2 8 

60 Rob Roy/Lake Owen USFS 3 No 3 Yes 2 8 

61 Rob Roy/Lake Owen USFS, Private 
(Other) 1 No 3 Yes 2 6 

62 Rob Roy/Lake Owen USFS 3 No 3 Yes 2 8 

63 Rob Roy/Lake Owen USFS 3 No 3 Yes 2 8 

65 Rob Roy/Lake Owen USFS, Private 
(Other) 1 No 3 Yes 2 6 

69 Rob Roy/Lake Owen USFS, Private 
(BOPU) 2 No 3 Yes 2 7 

79 Rob Roy/Lake Owen USFS, Private 
(BOPU) 2 No 3 No 1 6 

90 Rob Roy/Lake Owen USFS 3 No 3 No 1 7 

92 Rob Roy/Lake Owen USFS 3 No 3 No 1 7 

Granite/Crystal 

12 Granite/Crystal USFS 3 No 3 Yes 2 8 

18 Granite/Crystal USFS 3 No 3 No 1 7 

34 Granite/Crystal USFS 3 No 3 No 1 7 

38 Granite/Crystal USFS 3 No 3 No 1 7 

40 Granite/Crystal USFS, Private 
(Other) 1 No 3 Yes 2 6 

43 Granite/Crystal USFS 3 No 3 Yes 2 8 

44 Granite/Crystal USFS 3 No 3 Yes 2 8 

45 Granite/Crystal USFS 3 No 3 No 1 7   
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Table 6-5. Crucial Habitat in the Context of Funding Opportunities (Little Snake/Hog Park 
Area) (Page 1 of 2) 

WSD  
ID Drainage Sierra 

Madre 
Land 

Protection 
Elk 

Parturition Moose  
Big Game 

Crucial 
Range 

Sage 
Grouse 

Core 

Crucial 
Habitat 
Score 

Little Snake/Hog Park 

93 Little Snake/Hog Park            0 

94 Little Snake/Hog Park            0 

96 Little Snake/Hog Park            0 

100 Little Snake/Hog Park            0 

101 Little Snake/Hog Park            0 

102 Little Snake/Hog Park            0 

103 Little Snake/Hog Park            0 

104 Little Snake/Hog Park            0 

106 Little Snake/Hog Park            0 

109 Little Snake/Hog Park Yes           1 

112 Little Snake/Hog Park Yes           1 

113 Little Snake/Hog Park Yes           1 

114 Little Snake/Hog Park Yes           1 

115 Little Snake/Hog Park Yes           1 

116 Little Snake/Hog Park Yes           1 

117 Little Snake/Hog Park Yes           1 

118 Little Snake/Hog Park Yes           1 

119 Little Snake/Hog Park Yes           1 

120 Little Snake/Hog Park Yes           1 

121 Little Snake/Hog Park Yes           1 

125 Little Snake/Hog Park Yes           1 

126 Little Snake/Hog Park Yes           1 

127 Little Snake/Hog Park Yes           1 

128 Little Snake/Hog Park Yes           1 

129 Little Snake/Hog Park Yes           1 

130 Little Snake/Hog Park Yes           1 

132 Little Snake/Hog Park Yes           1 

134 Little Snake/Hog Park Yes           1 

145 Little Snake/Hog Park Yes   Yes       2 

148 Little Snake/Hog Park Yes   Yes       2 

150 Little Snake/Hog Park Yes   Yes       2 

153 Little Snake/Hog Park Yes           1 

154 Little Snake/Hog Park Yes           1 

155 Little Snake/Hog Park Yes           1 

162 Little Snake/Hog Park Yes           1 
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Table 6-5. Crucial Habitat in the Context of Funding Opportunities (Rob Roy/Lake Owen and 
Granite Springs/Crystal Lake Areas) (Page 2 of 2) 

WSD  
ID Drainage Sierra 

Madre 
Land 

Protection 
Elk 

Parturition Moose  
Big Game 

Crucial 
Range 

Sage 
Grouse 

Core 

Crucial 
Habitat 
Score 

Rob Roy/Lake Owen 

55 Rob Roy/Lake Owen   Yes Yes   Yes   2 

56 Rob Roy/Lake Owen       Yes     1 

57 Rob Roy/Lake Owen       Yes     1 

59 Rob Roy/Lake Owen       Yes     1 

60 Rob Roy/Lake Owen       Yes     1 

61 Rob Roy/Lake Owen       Yes     1 

62 Rob Roy/Lake Owen       Yes     1 

63 Rob Roy/Lake Owen       Yes     1 

65 Rob Roy/Lake Owen       Yes     1 

69 Rob Roy/Lake Owen       Yes     1 

79 Rob Roy/Lake Owen             1 

90 Rob Roy/Lake Owen             1 

92 Rob Roy/Lake Owen             0 

Granite/Crystal 

12 Granite/Crystal   Yes Yes       2 

18 Granite/Crystal   Yes         1 

34 Granite/Crystal   Yes         1 

38 Granite/Crystal   Yes         1 

40 Granite/Crystal   Yes Yes   Yes   2 

43 Granite/Crystal   Yes Yes       2 

44 Granite/Crystal   Yes Yes   Yes   2 

45 Granite/Crystal   Yes Yes       2   
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Table 6-6.  Forest Access (Little Snake/Hog Park Area) (Page 1 of 2) 

WSD 
ID Drainage Forested 

Acres 

% Forested 
Area < 35% 

Slope 

Roads  
Present 

Forest 
Access 
Score 

Little Snake/Hog Park 

93 Little Snake/Hog Park 517 80 2 USFS Only 4 6 

94 Little Snake/Hog Park 266 87 3 USFS Only 4 7 

96 Little Snake/Hog Park 566 92 3 USFS Only 4 7 

100 Little Snake/Hog Park 255 88 3 USFS and Undetermined 2 5 

101 Little Snake/Hog Park 398 78 2 USFS Only 4 6 

102 Little Snake/Hog Park 310 79 2 USFS Only 4 6 

103 Little Snake/Hog Park 358 74 1 USFS Only 4 5 

104 Little Snake/Hog Park 115 91 3 USFS and Undetermined 2 5 

106 Little Snake/Hog Park 350 82 2 USFS Only 4 6 

109 Little Snake/Hog Park 186 81 2 USFS Only 4 6 

112 Little Snake/Hog Park 139 88 3 USFS Only 4 7 

113 Little Snake/Hog Park 100 66 1 USFS Only 4 5 

114 Little Snake/Hog Park 133 85 3 USFS Only 4 7 

115 Little Snake/Hog Park 76 80 2 USFS Only 4 6 

116 Little Snake/Hog Park 200 81 2 USFS Only 4 6 

117 Little Snake/Hog Park 189 59 1 USFS Only 4 5 

118 Little Snake/Hog Park 176 87 3 USFS Only 4 7 

119 Little Snake/Hog Park 130 79 2 USFS Only 4 6 

120 Little Snake/Hog Park 86 66 1 USFS Only 4 5 

121 Little Snake/Hog Park 100 79 2 USFS Only 4 6 

125 Little Snake/Hog Park 100 76 2 USFS Only 4 6 

126 Little Snake/Hog Park 196 59 1 USFS Only 4 5 

127 Little Snake/Hog Park 191 67 1 USFS Only 4 5 

128 Little Snake/Hog Park 343 56 1 USFS Only 4 5 

129 Little Snake/Hog Park 107 43 1 USFS Only 4 5 

130 Little Snake/Hog Park 175 68 1 USFS Only 4 5 

132 Little Snake/Hog Park 370 73 1 None 1 2 

134 Little Snake/Hog Park 68 62 1 None 1 2 

145 Little Snake/Hog Park 216 88 3 None 1 4 

148 Little Snake/Hog Park 139 69 1 None 1 2 

150 Little Snake/Hog Park 243 58 1 None 1 2 

153 Little Snake/Hog Park 121 63 1 None 1 2 

154 Little Snake/Hog Park 471 82 2 None 1 3 

155 Little Snake/Hog Park 225 88 3 None 1 4 

162 Little Snake/Hog Park 251 75 1 None 1 2 
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Table 6-6. Forest Access (Rob Roy/Lake Owen and Granite Springs/Crystal Lake Areas) 
(Page 2 of 2) 

WSD 
ID Drainage 

Forest
ed 

Acres 

% Forested 
Area < 35% 

Slope 

Roads  
Present 

Forest 
Access 
Score 

Rob Roy/Lake Owen 

55 Rob Roy/Lake Owen 213 99 4 USFS and Undetermined 2 6 

56 Rob Roy/Lake Owen 39 98 4 USFS Only 4 8 

57 Rob Roy/Lake Owen 121 99 4 USFS Only 4 8 

59 Rob Roy/Lake Owen 53 100 4 USFS Only 4 8 

60 Rob Roy/Lake Owen 176 99 4 USFS Only 4 8 

61 Rob Roy/Lake Owen 98 97 4 USFS and Private 2 6 

62 Rob Roy/Lake Owen 37 100 4 USFS Only 4 8 

63 Rob Roy/Lake Owen 99 100 4 USFS and Private 2 6 

65 Rob Roy/Lake Owen 13 100 4 USFS Only 4 8 

69 Rob Roy/Lake Owen 274 100 4 USFS and Undetermined 2 6 

79 Rob Roy/Lake Owen 166 98 4 USFS and Undetermined 2 6 

90 Rob Roy/Lake Owen 491 100 4 USFS Only 4 8 

92 Rob Roy/Lake Owen 501 100 4 USFS Only 4 8 

Granite/Crystal 

12 Granite/Crystal 540 76 2 USFS and State Highway 3 5 

18 Granite/Crystal 327 84 2 USFS and Undetermined 2 4 

34 Granite/Crystal 687 90 3 USFS and Undetermined 2 5 

38 Granite/Crystal 649 81 2 USFS Only 4 6 

40 Granite/Crystal 447 92 3 USFS and Interstate Highway 3 6 

43 Granite/Crystal 950 88 3 USFS and Undetermined 2 5 

44 Granite/Crystal 341 98 4 USFS, State and Interstate Highway 3 7 

45 Granite/Crystal 655 96 4 USFS, State and Interstate Highway 3 7   
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6.3.5 Forest Plan This assessment also recognizes that management objectives have already been laid out by the MBRNF through their planning process. Fuels treatments will be easier to implement in certain areas based on alignment with these objectives, and fuels-treatment prescription and design must consider previous planning efforts. Discussions with the multidisciplinary group, determined using the information regarding management unit prescription, fire regime group, and vegetation condition class, from the 
Medicine Bow National Forest Revised Land and Resource Management Plan to help account for forest planning in the operability index. These data were obtained spatially through the USFS FACTS Database and through the LANDFIRE 1.3 Dataset. The primary management unit prescription was identified, and the percent area of FRG 1, 2, and 3 and/or VCC 2 and 3 were calculated for each selected catchment.  Table 6-7 shows the attributes related to forest planning and how they were weighted and summed to determine a forest plan score that was used to determine the operability index and final prioritization matrix ranking as described in Section 6.3.7.  
6.3.6 Sociopolitical Factors Several sociopolitical factors can serve to facilitate or obstruct a fuels-treatment project that have not been touched upon explicitly in the preceding sections (although some may be implicitly accounted for in permitting requirement). As shown in Figure 5-2, the MBRNF is a highly used recreational area. A fuels-treatment project that can protect water supply and improve habitat may encroach upon someone’s favorite dispersed camping location. Historical or archeological sites may hinder some projects, while proximity to communities or recreation sites may allow another project access to emergency planning and management funding. These factors should be identified during the prescription and design phase through public engagement. All of the presentation materials that were developed for this study were provided as part of the deliverables package to help facilitate a dialogue with stakeholders to identify and address any sociopolitical hurdles that can impede project implementation. 
6.3.7 Final Prioritization Matrix The final prioritization matrix is shown in Table 6-8. The permitting, forest access, forest plan, and crucial habitat scores were summed to obtain the operability score. The operability score was then indexed from 1 to 100, so that hazard and operability could be weighted equally for each catchment. The hazard, infrastructure, and operability indices were summed to create the prioritization matrix index, which was then ranked from 1 to 55 to form the final prioritization matrix rank. For clarification, the catchment with the highest priority index score becomes the number one priority, and the catchments within each water supply drainage area are ordered by priority rank.   



  

 62 RSI-2692 

Table 6-7.  Forest Plan (Little Snake/Hog Park Area) (Page 1 of 2) 

WSD 
ID Drainage Management  

Prescription 

% Area in 
Fire 

Regime  
1,2, or 3 

% Area in 
Condition 

Class 2 or 3  

Forest 
Plan 

Score 

Little Snake/Hog Park 

93 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 30 2 98 4 10 

94 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 22 1 98 4 9 

96 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 40 2 94 3 9 

100 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 54 3 91 3 10 

101 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 40 2 97 4 10 

102 Little Snake/Hog Park Wilderness 1 73 3 94 3 7 

103 Little Snake/Hog Park Wilderness 1 61 3 96 4 8 

104 Little Snake/Hog Park Wilderness 1 63 3 91 3 7 

106 Little Snake/Hog Park Wilderness 1 58 3 98 4 8 

109 Little Snake/Hog Park Not Applicable (State) 2 20 1 98 4 7 

112 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 35 2 100 4 10 

113 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 21 1 100 4 9 

114 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 24 1 99 4 9 

115 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 10 1 100 4 9 

116 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 15 1 99 4 9 

117 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 14 1 100 4 9 

118 Little Snake/Hog Park Forest Products, Ecological Maint. and Rest. 4 19 1 100 4 9 

119 Little Snake/Hog Park Recommended for Wilderness  2 27 2 100 4 8 

120 Little Snake/Hog Park Recommended for Wilderness  2 36 2 100 4 8 

121 Little Snake/Hog Park Recommended for Wilderness  2 61 3 100 4 9 

125 Little Snake/Hog Park Recommended for Wilderness  2 25 1 100 4 7 

126 Little Snake/Hog Park Recommended for Wilderness  2 15 1 100 4 7 

127 Little Snake/Hog Park Recommended for Wilderness  2 31 2 96 4 8 

128 Little Snake/Hog Park Wilderness 1 23 1 95 3 5 

129 Little Snake/Hog Park Wilderness 1 27 2 99 4 7 

130 Little Snake/Hog Park Wilderness 1 10 1 98 4 6 

132 Little Snake/Hog Park Wilderness 1 16 1 98 4 6 

134 Little Snake/Hog Park Wilderness 1 57 3 100 4 8 

145 Little Snake/Hog Park Forested Habitats, Lim. Snowmobiling 3 57 3 100 4 10 

148 Little Snake/Hog Park Recommended for Wilderness  2 75 4 99 4 10 

150 Little Snake/Hog Park Recommended for Wilderness  2 17 1 100 4 7 

153 Little Snake/Hog Park Recommended for Wilderness  2 22 1 98 4 7 

154 Little Snake/Hog Park Wilderness 1 15 1 97 4 6 

155 Little Snake/Hog Park Wilderness 1 12 1 99 4 6 

162 Little Snake/Hog Park Wilderness 1 20 1 99 4 6 
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Table 6-7.  Forest Plan (Little Snake/Hog Park Area) (Page 2 of 2) 

WSD 
ID Drainage Management  

Prescription 

% Area in 
Fire 

Regime  
1,2, or 3 

% Area in 
Condition 

Class 2 or 3  

Forest 
Plan 

Score 

Rob Roy/Lake Owen 

55 Rob Roy/Lake Owen Bighorn Sheep Habitat  3 72 3 91 3 9 

56 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 83 4 94 3 11 

57 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 61 3 99 4 11 

59 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 62 3 97 4 11 

60 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 36 2 97 4 10 

61 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 47 2 100 4 10 

62 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 80 4 99 4 12 

63 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 58 3 100 4 11 

65 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 62 3 98 4 11 

69 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 44 2 96 4 10 

79 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 36 2 99 4 10 

90 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 3 1 97 4 9 

92 Rob Roy/Lake Owen Forest Products, Ecological Maint. and Rest. 4 4 1 94 3 8 

Granite/Crystal 

12 Granite/Crystal Backcountry Recreation, Nonmotorized 2 47 2 74 2 6 

18 Granite/Crystal Dispersed Recreation  3 21 1 73 2 6 

34 Granite/Crystal Dispersed Recreation  3 65 3 45 1 7 

38 Granite/Crystal Backcountry Recreation, Nonmotorized 2 34 2 76 2 6 

40 Granite/Crystal Dispersed Recreation  3 13 1 92 3 7 

43 Granite/Crystal Backcountry Recreation, Nonmotorized 2 24 1 91 3 6 

44 Granite/Crystal Dispersed Recreation  3 26 2 79 2 7 

45 Granite/Crystal Backcountry Recreation, Nonmotorized 2 42 2 86 2 6   
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Table 6-8.  Final Prioritization Matrix (Little Snake/Hog Park Area) (Page 1 of 2) 

WSD 
ID Drainage Operability 

Score 
Operability 

Index 
Infrastructure 

Index 
Hazard 
Index 

Priority 
Matrix 
Index 

Priority 
Matrix 
Rank 

Little Snake/Hog Park 

115 Little Snake/Hog Park 23 63 61 100 224 1 

114 Little Snake/Hog Park 24 69 61 54 184 7 

112 Little Snake/Hog Park 24 69 61 54 184 8 

113 Little Snake/Hog Park 22 57 61 64 182 9 

117 Little Snake/Hog Park 22 57 61 42 160 16 

118 Little Snake/Hog Park 24 69 61 29 159 17 

116 Little Snake/Hog Park 23 63 61 35 159 18 

120 Little Snake/Hog Park 19 38 60 47 146 21 

125 Little Snake/Hog Park 20 44 63 37 144 22 

119 Little Snake/Hog Park 21 51 60 33 143 23 

109 Little Snake/Hog Park 20 44 61 27 132 24 

121 Little Snake/Hog Park 21 51 60 21 132 25 

127 Little Snake/Hog Park 21 51 63 17 131 26 

145 Little Snake/Hog Park 21 51 66 13 130 27 

148 Little Snake/Hog Park 18 32 66 31 129 28 

126 Little Snake/Hog Park 19 38 58 31 127 29 

94 Little Snake/Hog Park 23 63 43 17 124 30 

153 Little Snake/Hog Park 15 13 66 38 118 31 

150 Little Snake/Hog Park 16 20 66 30 116 32 

93 Little Snake/Hog Park 23 63 43 8 115 33 

129 Little Snake/Hog Park 18 32 63 19 115 34 

96 Little Snake/Hog Park 23 63 43 7 113 35 

100 Little Snake/Hog Park 22 57 43 9 109 36 

101 Little Snake/Hog Park 21 51 43 8 102 37 

134 Little Snake/Hog Park 16 20 64 19 102 38 

130 Little Snake/Hog Park 17 26 63 9 98 39 

104 Little Snake/Hog Park 18 32 43 16 91 40 

155 Little Snake/Hog Park 15 13 71 5 90 41 

106 Little Snake/Hog Park 19 38 43 7 89 42 

128 Little Snake/Hog Park 16 20 63 6 88 43 

102 Little Snake/Hog Park 19 38 43 5 86 44 

103 Little Snake/Hog Park 19 38 43 4 86 46 

132 Little Snake/Hog Park 14 7 65 9 82 47 

162 Little Snake/Hog Park 14 7 63 8 79 48 

154 Little Snake/Hog Park 13 1 71 6 79 49 
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Table 6-8. Final Prioritization Matrix (Rob Roy/Lake Owen and Granite Springs/Crystal 
Lake Areas) (Page 2 of 2) 

WSD 
ID Drainage Operability 

Score 
Operability 

Index 
Infrastructur

e Index 
Hazard 
Index 

Priority 
Matrix 
Index 

Priority 
Matrix 
Rank 

Rob Roy/Lake Owen 

62 Rob Roy/Lake Owen 29 100 87 12 198 2 

56 Rob Roy/Lake Owen 28 94 87 13 193 3 

59 Rob Roy/Lake Owen 28 94 87 11 192 4 

57 Rob Roy/Lake Owen 28 94 87 7 188 5 

65 Rob Roy/Lake Owen 26 81 88 15 185 6 

60 Rob Roy/Lake Owen 27 88 89 4 181 10 

63 Rob Roy/Lake Owen 26 81 89 8 178 11 

90 Rob Roy/Lake Owen 25 75 100 2 177 12 

79 Rob Roy/Lake Owen 23 63 100 4 167 13 

92 Rob Roy/Lake Owen 23 63 100 3 165 14 

69 Rob Roy/Lake Owen 24 69 91 1 161 15 

61 Rob Roy/Lake Owen 23 63 89 6 158 19 

55 Rob Roy/Lake Owen 25 75 72 5 152 20 

Granite/Crystal 

44 Granite/Crystal 24 69 15 2 86 45 

45 Granite/Crystal 22 57 15 3 75 50 

43 Granite/Crystal 21 51 15 3 68 51 

40 Granite/Crystal 21 51 15 1 67 52 

38 Granite/Crystal 20 44 15 1 61 53 

34 Granite/Crystal 20 44 15 1 61 54 

12 Granite/Crystal 21 51 1 2 54 55 

18 Granite/Crystal 18 32 1 2 35 56 

6.3.8 Fuels Treatment and Sediment Control Options While specific fuels-treatment prescriptions must be determined through the Forest’s planning process, a high-level discussion of different treatment methods as well as rough cost and maintenance requirements are included to provide project partners information to help with their organizational planning. Fuels-management activities are designed to alter potential wildland fire behavior by removing hazardous fuels and typically take the form of either mechanical removal or prescribed fire.   Mechanical treatment reduces the amount of vegetation which has built up to dangerous levels, or changes the arrangement of these fuels in the environment.  Examples of mechanical treatment include the thinning of dense stands of trees, or other fuel treatments that make an area better able to withstand fire.  Such treatments might include piling brush, pruning lower branches of trees, or creating fuel breaks to encourage the “right kind” of fire.  Tools that are used to carry out the mechanical treatment of hazardous fuels range from hand tools such as chainsaws and rakes, to large machines like bulldozers and wood chippers. Mechanical treatment can be used on its own or together with prescribed burning to change 
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how wildfire behaves, so that when a fire does burn through a treated area, it is less destructive, less costly, and easier to control.  Often, mechanical fuels treatments are followed by prescribed fire to create effective hazard reduction [USFS, 2017].  Prescribed fires and even some wildfires can be managed to benefit natural resources and reduce the risk of unwanted wildfires in the future.  Specialists write burn plans for prescribed fires that identify – or prescribe – the best conditions under which trees and other plants will burn to get the best results safely. Burn plans consider temperature, humidity, wind, moisture of the vegetation, and conditions for the dispersal of smoke. Prescribed fire specialists compare conditions on the ground to those outlined in burn plans before deciding whether to burn on a given day [USFS, 2017].  Many variables determine the cost/time/maintenance of a fuels project.  The prescription dictates the methods for extraction, the quantity to be removed, and the timing and duration.  However, there are other factors such as weather, seasonality, and political concerns that can alter the original plan.  The cost estimates shown in Table 6-9 were provided by MBRNF to give a general idea of fuels-treatment costs for different vegetation types and should only be used as a rough guideline for budgetary planning. 
Table 6-9.  Cost Estimates and Timelines for Fuels Treatments 

Species Prescribed 
Fire 

Mechanical 
Removal 

Retreatment 
Rx Fire  

Retreatment 
Mechanical 

Ponderosa Pine <$100/Ac $200-500/Ac 15 years 15 years 

Grasslands <$75/Ac N/A 5 years N/A 

Shrubland <$50/Ac $200-500/Ac 50 years 20 years 

Lodgepole Pine N/A $200-1500/Ac N/A 15–30 years 

If wildfire does occur within Cheyenne’s municipal watersheds, there will be a need to mitigate sediment delivery above BOPU’s water supply infrastructure. Postfire sediment control treatments can be applied to the land sand surface to reduce erosion at the source, as well as in-channel to reduce stream velocities, provide opportunities for sediment loads to be deposited before reaching critical infrastructure, and reduce the occurrence of in-channel scour.  Land surface treatments stabilize burned areas by providing soil cover and reducing erosion, trapping sediment and reducing sedimentation, and/or reducing water repellency and improving infiltration. They also maintain ecosystem integrity by preventing expansion of unwanted species. Land surface treatments include practices such as mulching, reseeding, slash spreading, and erosion barriers. In-channel treatments are used to reduce or mitigate effects to water quality, loss of water control, slow water velocity, trap sediment, and maintain channel characteristics. Channel treatments can include grade stabilizers, check dams, debris/sediment basins, and stream channel armoring.  As noted in Section 4.3, the depositional reaches and junctions identified in the geomorphic indicator assessment may be suitable for in-channel sediment controls. A more detailed geomorphic analysis can help to identify specific locations and design requirements for a debris basin or detention pond as a preemptive mitigation measure [Napper, 2006].   
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7.0 PERMITTING/PROJECT IMPLEMENTATION  

Reviews, assessments, permits, clearances, and other requirements may be encountered in pursuing implementation of fuels-treatment projects in the proposed locations. These processes usually involve permit application; environmental evaluation; coordinating with local, state, and federal agencies; and determining potential impacts.   Nearly all of the proposed priority project locations recommended in this report are on federally managed land. All of the future projects in these priority areas will require some amount of review and/or approval from the appropriate local, state, or federal agency during the planning phase.  As shown on Figure 5-1 and Table 6-3, only 13 of the 55 selected catchments are not located entirely within the BNF and comprise BLM, state, city (Cheyenne BOPU), and privately owned land. Permitting requirements for a project in these catchments would depend on the land ownership on which the specific treatment is located. In general, activities or projects on private lands are not subject to local, state, and federal agency review and/or approval, unless those activities or projects are required to be reviewed or approved in accordance with local city or county ordinances, state law and state agency rules, or federal law and federal agency rules and regulations.   Any projects that involve federal lands, federal agency regulations, or federal funding would be subject to NEPA and/or other appropriate federal regulations. These federal regulations are administered primarily by the USFS, BLM, the US Army Corp of Engineers (USACE), US Bureau of Reclamation (USBR), US Fish and Wildlife Service (USFWS), US Environmental Protection Agency (EPA), NRCS, and Farm Service Agency (FSA).    It should be noted that MBRNF is currently beginning the NEPA analysis for the Medicine Bow Landscape Vegetation Analysis (LaVA) Project. The purpose of the LaVA project is to holistically review the Snowy Range and Sierra Madre mountain ranges to identify strategies to best mitigate the negative effects of the current beetle epidemic to the various resources found within each unit.  This could result in expedited implementation of vegetation management activities for this project   In addition to statutory requirements, additional review and/or approval may also be necessary if local, state, or federal funds and/or technical services are used in implementing the project. These additional requirements are program specific and dependent upon current programmatic criteria of the funding agency. Permitting and funding programmatic requirements could be subject to state agency review and approval that requires application, coordination, and/or notification with the Wyoming Department of Environmental Quality (WDEQ), Wyoming State Historic Preservation Office (SHPO), Office of State Lands and Investments (OSLI), and WGFD.  The following sections outline agency requirements and specific considerations that should be accounted for when implementing potential projects in the priority areas that are outlined in this report.    
7.1 PROPERTY ACCESS, EASEMENTS, AND LAND PROCUREMENT Permission should be obtained from the landowner, lessee, or management agency before any fieldwork on any proposed project area within the project area. Verbal permission from landowners is sufficient for 
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initial site visits; however, if project specific field data needs to be collected and potential project alternatives developed then a written and signed Landowner Agreement contract should be acquired. Other negotiations could be necessary for securing easements, rights-of-way, and property access for planning or construction activities associated with a fuels project.   The Enterprise Technology Services’ (ETS) Wyoming Statewide Parcel Viewer can be accessed via the website (http://gis.wyo.gov/parcels/) to help determine ownership information for any parcels that may be involved with a treatment project. Permits or right-of-way access are required for the WYDOT and many utility and energy entities when project construction involves their properties. Information regarding state land parcels and surface leases can be accessed from the OSLI’s State Land Access website (http://gis.statelands.wyo.gov/GIS/OSLIGIS/StateLandAccess/) and OSLI’s Search Surface Plat Book website (http://statelands.wyo.gov/surfaceplatbook/).  
7.2 MITIGATION  Mitigation requirements may be necessary for any future project to address impacts to wetlands, riparian vegetation, stream-channel habitat, cultural resources, fish and wildlife resources, and threatened or endangered species. In developing the proposed project areas within this study report, a decided effort should be made to avoid potential impacts by evaluating and considering these resources as part of the conceptual plans. When necessary, the plan designs should be adjusted accordingly to avoid the need for mitigating significant impacts. Avoiding potential impacts to species of concern and their associated habitats typically can be accomplished by scheduling project activities outside of the relevant nesting, parturition, breeding, or migration seasons.  
7.3 AGENCY REQUIREMENTS AND NOTIFICATIONS Several permits and clearances would need to be submitted to and approved by federal, state, and local agencies before constructing and/or installing any of future projects that result from the Cheyenne Municipal Watershed Wildfire Hazard Mitigation Assessment. The permits and clearances that could potentially be required from the associated federal and state agencies described below are listed in Tables 7-1 and 7-2, respectively. 

Table 7-1.  Federal Permits and/or Clearances Potentially Required for Proposed Projects 

Agency Potential Permit and/or Clearance 

US Forest Service 
(USFS) USFS clearance necessary if located or crossing USFS lands; NEPA review required 

US Bureau of Land 
Management (BLM) BLM clearance necessary if located or crossing BLM lands; NEPA review required 

U.S. Army Corps of 
Engineers (USACE) 

Authorization of Permit for Discharge of Dredged or Fill Material (Section 404 permit) 
Requires further delineation of jurisdictional wetlands and a wetland mitigation plan 

U.S. Fish and Wildlife 
Service (USFWS) Endangered Species Act, Section 7 and 10 consultations 

Natural Resource 
Conservation Service 
(NRCS) 

NRCS approval necessary if a project is funded by Farmbill or USDA, NEPA review 
required 
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Table 7-2.  State Permits and/or Clearances Potentially Required for Proposed Projects 

Agency Potential Permit and/or Clearance 

Wyoming State Historical 
Preservation Office (SHPO) 

SHPO compliance letter for projects on federal land or that include a 
federal action 

Wyoming Game and Fish 
Department (WGFD) 

Coordination for terrestrial and aquatic wildlife under the NEPA, the 
Endangered Species Act (ESA), Section 404 of the federal Clean 
Water Act, and the Federal Fish and Wildlife Coordination Act  

Wyoming Department of 
Environmental Quality (WDEQ) 401 Certification for 404 Permits under the federal Clean Water Act 

Wyoming Office of State Lands 
and Investments (OSLI) Construction of Improvements on State Land application approval 

7.3.1 Good Neighbor Authority  The Good Neighbor Authority (GNA) provides a way for states to assist USFS to increase the level of accomplishment on the national forests. It allows the Forest Service to enter into cooperative agreements or contracts with states (and Puerto Rico) to allow the states to perform watershed restoration and forest management services on National Forest System (NFS) lands [USDA, 2017]. In 2014, Congress passed two laws expanding GNA: the Fiscal Year (FY) 2014 Appropriations Act and the 2014 Farm Bill. The FY 2014 Appropriations Act included a five-year authorization for the use of GNA in all states with NFS lands to perform watershed restoration and protection services on NFS and BLM lands when similar and complementary services are performed by the state on adjacent state or private lands. Other than the adjacency requirement, there were no exclusions as to type or location of work (citation). 
7.3.2  US Forest Service/US Bureau of Land Management Federal agencies operate under the US Code and the Code of Federal Regulations. These laws help form the directives and policies on how they manage land resources within national forests and grasslands. Before on-the-ground work can be initiated, Federal agencies must comply with a wide spectrum of rules and requirements, including NEPA, and the Healthy Forest Restoration Act (HFRA).   The process of initiating hazardous fuels-reduction activities begins with completing the framework that has been adopted for the planning process. The planning rule framework includes three phases: (1) assessment, (2) plan development/amendment/revision, and (3) monitoring. The framework supports an integrated approach to the management of resources and uses, incorporates the landscape-scale context for management, and helps the agencies adapt to changing conditions and improve management based on new information, such as the Cheyenne Municipal Watershed Wildfire Hazard Mitigation Assessment, and monitoring.  The planning rule framework is intended to provide the flexibility to respond to the various social, economic, and ecologic needs across a very diverse system, while including a consistent set of processes and content requirements for NFS land management plans.  The planning rule requires using best available scientific information to inform planning and plan decisions. This rule also emphasizes providing meaningful opportunities for public participation early and throughout the planning process, increases the transparency of decision making, and provides a platform for the agencies to work with the public and across boundaries with other land managers to identify and share information and inform planning. 
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Compliance with the NEPA typically applies whenever a planned project is located on federal lands, needs passage across federal lands, is funded entirely or partially by federal agencies or programs, or needs to secure a federal permit. The NEPA process is intended to help sponsors and agencies review the potential project effects and involve the public in making informed decisions about the environmental consequences of a project. If any proposed project occurs on BLM and USFS lands or would receive USDA Farm bill funding, the BLM, USFS, or NRCS would likely be considered the “lead” or “action agency” in the NEPA process. Some procedural requirements within NEPA were expedited through the HFRA process. The HFRA created categorical exclusions for certain hazardous-fuel-reduction actions, which meet certain requirements.   
7.3.3 US Army Corps of Engineers The USACE Wyoming Regulatory Office administers and enforces Section 404 of the Clean Water Act (CWA) in Wyoming for the Omaha District. Under the CWA, a Section 404 permit is required to discharge dredged or fill material into waters of the US. Because many waterbodies and wetlands are considered waters of the US, they are subject to the USACE's regulatory authority. Permit applications can be obtained by contacting the USACE Wyoming Regulatory Office via the website (http://www.nwo.usace.army.mil/
Missions/Regulatory-Program/Wyoming/) or by telephone at their office in Cheyenne (307.772.2300). Many nationwide permits have been developed as of 2016; the applicable permit depends on the nature of the proposed activity.  
7.3.4 US Fish and Wildlife Service Section 7 of the Endangered Species Act (ESA) requires federal agencies to conserve threatened and endangered species and ensure their actions do not adversely affect the listed species or its critical habitat. Informal and formal Section 7 consultations take place between a federal agency and the USFWS when that federal agency implements, finances, or approves a project that may affect a threatened or endangered species or its critical habitat. Typically, an informal consultation between the federal agency and the USFWS is conducted early in the planning of a project or program to ascertain if the agency’s proposed project or program may affect the listed species. Normally, the federal agency completes a biological assessment to determine the proposed project’s effect on the listed species. If the federal agency’s biological assessment findings indicate that the listed species is likely to be adversely affected by the project or program, then the agency would request a formal consultation with the USFWS. After reviewing information about the proposed action and listed species, the USFWS issues an opinion about whether a project would harm the existence of the listed species.  The following threatened or endangered species have the potential to occur within the project area [University of Wyoming, 2016]: 

• Endangered:  Black-footed ferret (Mustela nigripes) Wyoming toad (Anaxyrus baxteri) 
• Threatened:  Greenback cutthroat trout (Oncorhynchus clarkii stomias) Canada lynx (Lynx canadensis) Grizzly Bear (Ursus arctos arctos). 
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7.3.5 Wyoming State Forestry Division The Wyoming State Forestry Division is responsible for the management of approximately 263,000 acres of forested State Trust Lands across the state. This management includes timber management and harvest, and managing state lands for long-term forest health and productivity. Removal of forest products, including firewood and Christmas trees, is only allowed with a valid contract or permit.  WSFD is also responsible for fire management on 3.6 million surface acres of State Trust Lands and cooperative fire management on private and federal lands as well as for promotion of good forest management and protection throughout the state on all lands. This includes input, advice, and assistance to private landowners, communities, counties, fire districts, elected state leaders, and federal land management agencies. Much of the assistance forestry program is delivered through the partnership and financial support of the USFS and their State & Private Forestry Programs. 
7.3.6 Wyoming Game and Fish Department The Wyoming Game and Fish Commission encourages project sponsors, permitting agencies, and land managers to coordinate with the WGFD during the initial project planning stage. The WGFD’s involvement is essential in avoiding adverse impacts to wildlife during project development and implementation. The WGFD works to resolve conflicts between land-use activities and wildlife and their habitats pursuant to Wyoming Statutes and in cooperation with USFWS and other federal agencies under NEPA, ESA, Section 404 of the federal CWA, and the Federal Fish and Wildlife Coordination Act. 
7.3.7 Wyoming State Historic Preservation Office Future projects within the project area that are located on federal land, use federal funding, or need to secure a federal permit should have a review of cultural resources completed by the Wyoming SHPO in accordance with Section 106 of the National Historic Preservation Act of 1966 and the Wyoming Antiquities Act of 1935 (W.S. 35-1-114 to 116). The Wyoming SHPO reviews cultural resource reports, issues compliance letters, provides comments on activities potentially affecting historic properties or cultural resources, and recommends additional investigations if necessary. Additional SHPO compliance and review information can be obtained by contacting the SHPO by telephone (307.777.6311) or online (http://wyoshpo.state.wy.us/Section106/Index.aspx). 
7.3.8 Wyoming Department of Environmental Quality Section 401 Water Quality 

Certification For a fuels-reduction project that requires a USACE Section 404 permit, a preconstruction notification (PCN) is submitted by the applicant to the USACE. The PCN is forwarded to the WDEQ for review under Section 401 of the CWA, to determine compliance with Chapter 1, Wyoming Surface Water Quality 
Standards (W.S. 35-11-101). If the project is compliant, the WDEQ issues a 401 Water Quality Certification. The WDEQ could require special conditions to the certification to guarantee compliance with surface-water quality standards or TMDLs. Information about the WDEQ’s 401 Certification process can be obtained by visiting their website (http://deq.wyoming.gov/wqd/401-certification/). 
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8.0 FUNDING  

Wildfire and postfire hazard mitigation projects can benefit multiple aspects of the environment by improving forest health, terrestrial habitat improvements, aquatic ecology and habitat protection, and protection of water quality of receiving waterbodies.  For example, fuels-reductions projects can lead to healthier forests and better terrestrial habitat, while benefiting the streams ecology as well as downstream water quality.  The direct linkage between forest management, watershed management, and water quality protection can serve to align diverse interest groups to potentially secure funding through sources that may not otherwise be available for a typical forestry project.   Sources of funding and financing for fuels treatments within the project area and the associated technical support are potentially available from various local, private, state, and federal entities. Federal and state agencies with technical and financial assistance programs, which could potentially assist with proposed projects and alternatives, are summarized below.  Nonprofit organizations with a history of funding forest, watershed, and/or habitat improvement projects are also listed.   The potential funding sources described in this report do not represent an all-inclusive listing of the available funding opportunities for projects. The available funding levels for these programs vary annually because they are subject to budget appropriations; spending authorizations; and, in some instances, donation amounts for organizations. Additionally, the contact information for these sources can and does change occasionally.  Much of the information about potential funding sources (particularly regarding federal and state agencies) were reviewed and incorporated from previous watershed studies completed on behalf of the Wyoming Water Development Commission (WWDC) and specifically included excerpts from the Middle 
North Platte River Watershed Management Plan, Level I Watershed Study [RESPEC and Anderson Consulting Engineers, Inc., 2014], and the Medicine Bow River Watershed Management Plan, Level 1 
Watershed Study [RESPEC and Anderson Consulting Engineers, Inc., 2016]. 
8.1 THE CITY OF CHEYENNE BOARD OF PUBLIC UTILITIES As the lead stakeholder for this project, the City of Cheyenne BOPU will be critical in ensuring success moving forward to provide the needed momentum to get projects implemented on the ground. As the water utility in charge of management of the reservoirs focused on for this study, BOPU has a vested interested and critical need to protect the abilities of these reservoirs to provide the needed water and associated water quality to the City of Cheyenne.  As such, BOPU is the critical stakeholder to help participate in a locally led water-protection initiative aimed at coordinating the effort to implement the practices and projects outlined in this report.  Through revenue, BOPU could provide the financial spark to generate matching funds to fund the watershed and forest management practices. 
8.2 US FOREST SERVICE Several federal laws direct or authorize watershed management on national forest lands. Some of these laws provide broad authority, while others deal more narrowly with specific watershed-management 
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activities. The objectives of the Forest Service watershed-management program are to protect and enhance soil productivity, water quality, water quantity, and timing of water flows to maintain favorable conditions of streamflow and continuous production of resources from NFS watersheds. The policy of the Forest Service is to implement watershed-management activities on NFS lands in accordance with general objectives of multiple use and the specific objectives in the forest land management plans for the area involved. Another objective is to design management activities of other resources to minimize short-term impacts on soil and water resources and to maintain or enhance long-term productivity, water quality, and water quantity.  Specific direction for water quality is contained in the Land and Resource Management Plan for each national forest. The forests in Wyoming have recently completed the Watershed Condition Framework which provides a classification of watersheds conditions. Forest Service water quality programs are coordinated with the WDEQ and other appropriate agencies. The Forest Service also has a water-rights program that is coordinated with the Wyoming State Engineer’s Office. The Forest Service, in conjunction with other federal, state, and local agencies, provides watershed management and condition training.  Additionally, the USFS’s Collaborative Forest Restoration Program (CFLRP) addresses landscape level project funding using multiple partners and stakeholders.  The funding for this program can vary from year to year depending on prior projects funded, but it could be a viable funding opportunity for a project to address wildfire hazard mitigation within a municipal watershed 

8.3 US BUREAU OF LAND MANAGEMENT The BLM’S mission is to “sustain the health, diversity, and productivity of the public lands for the use and enjoyment of present and future generations.”  As part of this mission, there are several programs focus on land management, including project funding and/or project partnering/coordination. Some of these programs may assist in implementing projects on selected catchments identified in this report. Some of these programs focus on watershed management and riparian habitat improvement.  Now, and in the future, the goals of cooperative watershed projects will typically be restoring and maintaining healthy watershed functions. These goals are often accomplished through approved BMPs (e.g., prescribed burns, vegetation treatments, in-stream structures to enhance vegetation cover, controlled accelerated soil erosion, increased water infiltration, and enhanced streamflows and water quality). BLM’s Watershed and Water Quality Improvement efforts are undertaken in a cooperative approach with the state of Wyoming, conservation districts, livestock operators, and various conservation groups.  The BLM’s Riparian Habitat Management Program offers the opportunity to coordinate with outside interests on riparian improvement projects. The goal of THE BLM’s riparian-wetland management is to maintain, restore, improve, protect, and expand these areas so they are in proper functioning condition for their productivity, biological diversity, and sustainability. The overall objective is to achieve an advanced ecological status, except where resource management objectives, including proper functioning condition, would require an earlier successional stage. The goal includes aggressive riparian-wetland information, inventory, and training and research programs, as well as improving the partnerships and cooperative management processes. Partnerships have been available for riparian improvement projects 
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and for research into riparian issues. Funding is available on an annual basis subject to budget allocations from Congress. Submitted projects compete for the available funds in the program. 
8.4 US FISH AND WILDLIFE SERVICE Technical and financial assistance are available to private landowners, profit or nonprofit entities, public agencies, and public-private partnerships under several programs that address the management, conservation, restoration, or enhancement of wildlife and aquatic habitat (including riparian areas, streams, wetlands, and grasslands). Although several grant programs exist, a couple of key examples of potential funding programs applicable to this project are described below. More information is available via the USFWS website (http://www.fws.gov/grants/programs.html).  The Wildlife and Sport Fish Restoration (WSFR) Program works with states, insular areas, and the District of Columbia to conserve, protect, and enhance fish, wildlife, their habitats, and the hunting, sport fishing, and recreational boating opportunities that they provide. The WSFR Program provides oversight and/or administrative support for the following grant programs: Wildlife Restoration Grant Program, Sport Fish Restoration Grant Program, Boating Infrastructure Grant Program, State Wildlife Grant Program, Tribal Wildlife Grant Program, and Tribal Landowner Incentive Grant Program.  The Cooperative Endangered Species Conservation Fund (Section 6 of the ESA) provides grants to states and territories to participate in a wide array of voluntary conservation projects for candidate, proposed, and listed species. The program provides funding to states and territories for species and habitat conservation actions on nonfederal lands. States and territories must contribute a minimum nonfederal match of 25 percent of the estimated program costs of approved projects, or 10 percent when two or more states or territories implement a joint project. 
8.5 US ENVIRONMENTAL PROTECTION AGENCY The EPA awards over $4 billion in funding for grants and other assistance agreements to small, nonprofit organizations and to large state governments. Information about watershed funding can be found by visiting The EPA’s website (http://www.epa.gov/polluted-runoff-nonpoint-source-pollution/watershed-
funding). The Targeted Watersheds Grant program is designed to encourage successful community-based approaches and management techniques to protect and restore the nation's watersheds. Implementation Grant projects focus on a broad array of methods for addressing watershed concerns, including water quality trading, agricultural BMPs, wetland and riparian restoration, nutrient management, fish habitat restoration, and public outreach and education. Additionally, EPA policies for competition of assistance agreements and information on competitive grant opportunities including a list of open announcements for competitive grant opportunities, and information on past competitions are available online (http://www.epa.gov/grants/open-announcements-competitive-grant-opportunities). 
8.6 WYOMING STATE FORESTRY DIVISION The WSFD can help to facilitate funding opportunities through its own programs as well as through partnerships, as the Division consistently works with MBRNF and other partners, stakeholders, and potential funding entities within the region. WSFD programs include the Hazardous Fuels Mitigation 
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Program, which provides information, education, and financial assistance to mitigate the risk of wildland fire and increase public awareness about and preparedness for wildland fire occurrence. WSFD also has a forest health program aimed at mitigating future wildfire hazard by providing technical and financial resources to assist private forest landowners. Additionally there is the potential to include mention of the Landscape Scale Restoration Grant (LaSR) offered through the USFS to State Forestry agencies. While this money cannot be used on federal lands, there are likely a number of candidate areas for which the grant would be applicable on state and private lands within the project area. 
8.7 WYOMING GAME AND FISH DEPARTMENT The WGFD may offer technical and funding assistance to help landowners, conservation groups, institutions, land managers, government agencies, industry, and nonprofit organizations develop, protect, or maintain habitat for fish and wildlife. Assistance may also be provided for protecting or improving riparian areas/wetlands, restoring streams, and improving habitat conditions.  The Habitat Trust Fund provides funds that can be used for acquisitioning, maintaining, or improving wildlife habitat or for promoting human understanding and enjoyment of the fish and wildlife resources (habitat or information and education projects). Funds can be used for internal projects or paid as grants to an outside entity. All proposals must have a department sponsor and be entered into a department proposal database by early January or early August annually. Project proposals will be prioritized for funding by department staff January through March, and the Wyoming Game and Fish Commission grants preliminary approval in March and final approval in July for funds available in July. No cost-share is required but is strongly recommended. Projects should occur in priority habitats or watersheds. More information can be obtained by contacting any Habitat Biologist in a regional office nearest the project (https://wgfd.wyo.gov/About-Us/Offices-and-Facilities). 
8.8 WYOMING WILDLIFE AND NATURAL RESOURCE TRUST The Wyoming Wildlife and Natural Resource Trust (WWNRT) was created in 2005 and is an independent state agency governed by a nine-member citizen board appointed by the Governor. Funded by interest earned on a permanent account, donations, and legislative appropriation, the purpose of the program is to enhance and conserve wildlife habitat and natural resource values throughout the state. Any project that is designed to improve wildlife habitat or natural resource values is eligible for funding. The office is centrally located in Riverton, Wyoming. The goal of the WWNRT is to assist applicants in enhancing wildlife and natural resources in Wyoming.  WWNRT funding is available for a wide variety of projects throughout the state, including natural resource programs of other agencies. Additional information is available at the WWNRT website (https://sites.google.com/a/wyo.gov/wwnrt/how-to-apply). Some examples include the following: 

• Improving or maintaining existing terrestrial habitat necessary to maintain optimum wildlife populations 
• Preserving open space by purchasing or acquiring development rights 
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• Acquiring terrestrial or aquatic habitat when existing habitat is determined crucial/critical or is present in minimal amounts, and acquisition presents the necessary factor in attaining or preserving preferred wildlife or fish population levels 
• Conserving, maintaining, protecting, and developing wildlife resources, the environment, and Wyoming’s natural resource heritage 
• Participating in water-enhancement projects to benefit aquatic habitat for fish populations and allow for other watershed enhancements that benefit wildlife.   

8.9 WYOMING LANDSCAPE CONSERVATION INITIATIVE The Wyoming Landscape Conservation Initiative (WLCI) is a long-term, science-based effort to assess and enhance aquatic and terrestrial habitats at a landscape scale in southwest Wyoming while facilitating responsible development through local collaboration and partnerships. The WLCI comprises many committees and teams of representatives from the participating agencies. These agencies include: the BLM, USGS, USFWS, USFS, WGFD, Wyoming Department of Agriculture (WDA), Southwest Wyoming County Commissions, Southwest Wyoming Conservation Districts, National Park Service (NPS), NRCS, University of Wyoming, and the USBR.  Information gathered through scientific inventory and assessment of species and habitat is combined with local input and knowledge to develop and implement conservation projects. The WLCI conducts regular Local Project Development Team meetings, where public participation is needed and expected. Ideas for projects can be presented at these meetings or sent to the WLCI Coordination Team through the BLM High Desert District Office (307.352.0227 or blm_wy_wlci_wymail@blm.gov). The application form and project tracking checklist are available from the website (http://www.wlci.gov/lpdt-resources). 
8.10 NATIONAL FISH AND WILDLIFE FOUNDATION The National Fish and Wildlife Foundation (NFWF) is a private, nonprofit, tax-exempt organization chartered by Congress in 1984 to sustain, restore, and enhance the nation’s fish, wildlife, plants, and habitats. The NFWF provides grant funding on a competitive basis through their Keystone Initiative Grants and Special Grant Program. Information about these and other NFWF grants/programs is available at their website (http://nfwf.org/). Some of the grants/programs available include, but are not limited to, the following:  

• Bring Back the Natives/More Fish Grant Program—funds to restore damaged or degraded riverine habitats and their native aquatic species provided by the BLM, USBR, USFWS, USFS, and NFWF; minimum 2:1 nonfederal match required 
• Five Star and Urban Waters Restoration Grant Program—provides modest financial assistance on a competitive basis to support community-based wetland, riparian, in-stream and/or coastal habitat restoration projects that build diverse partnerships and foster local natural resource stewardship through education, outreach, and training activities. 
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8.11 ROCKY MOUNTAIN ELK FOUNDATION The mission of the Rocky Mountain Elk Foundation (RMEF) is to ensure the future of elk, other wildlife, their habitat and the hunting heritage.  The RMEF is a nonprofit organization dedicated to protecting and enhancing elk habitat, restoring elk to native ranges, and educating others about wildlife and habitat conservation.  Healthy habitat is essential for healthy elk and other wildlife. The RMEF helps fund and conduct a variety of projects to improve essential forage, water, cover and space components of wildlife habitat, and supports research and management efforts to help maintain productive elk herds and habitat.    The RMEF uses Project Advisory Committees (PACs) to evaluate project proposals for habitat stewardship grants.  The RMEF has always strived to make science-based decisions regarding habitat enhancement, wildlife management, and research projects. The make-up of the PAC helps ensure that.  The core PAC membership include a wildlife biologist from the state wildlife agency, the USFS and the BLM, a wildlife professor from a state university, the RMEF state chair (the lead volunteer in the state), and the RMEF regional director who chairs the meeting. In some states, other agencies with land-management authority where elk live also are invited to be on the PAC. Each agency selects their own representatives based on their knowledge of wildlife habitats, agency policy, budgets and philosophy, and their ability to effectively carry out the responsibilities as members of the PAC. 
8.12 MULE DEER FOUNDATION In July 1988, the Mule Deer Foundation (MDF) was incorporated as a 501(c)3 wildlife conservation organization. Founded in Redding, California, the original Board of Directors developed the mission statement of the MDF. “The mission of the Mule Deer Foundation is to ensure the conservation of mule deer, black-tailed deer and their habitat.” As with many wildlife conservation organizations, the MDF started having banquet fundraising events to raise money for projects benefiting mule deer.  In 2003, the Board of Directors implemented the Chapter Rewards Program for local chapters. The concept was simple: reward local chapters by allowing them to keep a certain portion of the money they were able to raise at their local event. The chapter members are then able to control where that money is spent, benefiting their local mule deer herds. The MDF is dedicated to the following goals: 

• Restore, improve and protect mule deer habitat (including land and easement acquisitions) resulting in self-sustaining, healthy, free-ranging, and huntable deer populations 
• Encourage and support responsible wildlife management with government agencies, private organizations, and landowners 
• Promote public education and scientific research related to mule deer and wildlife management 
• To support and encourage responsible and ethical behavior and awareness of issues among those whose actions affect mule deer 
• Support regulated hunting as a viable component of mule and black-tailed deer conservation 
• Develop programs that focus on recruitment and retention of youth into the shooting sports and conservation. 



  

 78 RSI-2692 

8.13 TROUT UNLIMITED The mission of the Wyoming Council of Trout Unlimited is to conserve, protect, and restore Wyoming’s cold-water (trout) fisheries and their watersheds. The Council comprises 16 chapters that are located throughout the state. While a majority of Trout Unlimited members are enthusiastic anglers, they do not focus on only maintaining fisheries for the purpose of angling. Healthy trout fisheries indicate well-functioning, sound ecosystems; work that is aimed at restoring trout habitat will ultimately benefit the overall environment.    Of special concern are Wyoming’s four subspecies of native cutthroat trout that currently inhabit a small fraction of their historic range. Working with federal and state agencies, local officials, and landowners, Wyoming Trout Unlimited is actively engaged in a battle to keep these fish from being listed under the ESA. Trout Unlimited provides funding and volunteer labor for a variety of stream and watershed projects such as erosion control and fish habitat structures, willow and other riparian plantings, and stream protection fencing. Partnerships are encouraged and can include local conservation districts and state and federal agencies. 
8.14 WESTERN NATIVE TROUT INITIATIVE The Western Native Trout Initiative (WNTI) is one of 19 nationally-recognized fish habitat partnerships in the US. Although WNTI has specific goals associated with western native trout and char, habitat connectivity, and water quality and quantity, the partnership also serves to advance the goals of the National Fish Habitat Partnership (NFHP)—to protect, restore, and enhance the nation's fish and aquatic communities through partnerships that foster fish habitat conservation and improve quality of life for all Americans.  The mission of the WNTI is: “To serve as a key catalyst for the implementation of conservation or management actions, through partnerships and cooperative efforts, resulting in improved species status, improved aquatic habitats, and improved recreational opportunities for native trout anglers across western states.”  The WNTI anticipates receiving between $70,000 and $230,000 in NFHP funds for Fiscal Year 2017 projects.  However, the exact amount of funding available to the partnership varies annually and is not known at this time.  This process is very competitive and is it anticipated that the pool of applicants will exceed the available pool of funding.  Typical funding per project is in the range of $10K-$50K.  Successful proposals must demonstrate a minimum 1:1 match, which may include cash, time, materials, or other services; a greater match is encouraged.  Special consideration will be given to projects with more than the minimum match.  Applications will be reviewed and ranked by the WNTI Steering Committee based on their ability to meet the partnership’s key priorities and strategic objectives. 
8.15 THE NATURE CONSERVANCY The Nature Conservancy is a charitable environmental organization, headquartered in Arlington, Virginia. Its mission is to "conserve the lands and waters on which all life depends. The Conservancy pursues nonconfrontational, pragmatic solutions to conservation challenges working with partners including indigenous communities, businesses, governments, multilateral institutions, and other nonprofits. The Nature Conservancy's work focuses on the global priorities of lands, water, climate, oceans, and cities.  
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The organization's assets total $6.71 billion as of 2015. The Nature Conservancy is the largest environmental nonprofit by assets and by revenue in the Americas 
8.16 NATIONAL FOREST FOUNDATION When funding is obtained from nonfederal sources for projects on the forest, the National Forest Foundation (NFF) should be engaged.  The NFF is the nonprofit partner of the USFS, and works with the agency and thousands of citizens each year to promote the health and public enjoyment of the NFS. The NFF believes that communities should play a leading role in determining the future of the National Forests and Grasslands, so they focus their efforts on connecting communities, and the people who comprise them, to the tools, knowledge, and funding to become active and devoted stewards of the Forest Service Lands.  The NFF maintains a robust relationship with dozens of corporate entities across the entire spectrum of business including; Miller Coors, Walt Disney, REI, Polaris and many others. The NFF will not likely find sponsorship for projects in the study area but should be contacted while localized fundraising is occurring.  The role of the NFF could be to leverage local funding with corporate sponsorship. The NFF is the most direct conduit to applying funds to on- the-ground work efforts on the forest. The Director of the NFF, Mr. Wes Swaffar, is aware of the work in the study area and should be kept informed as fundraising starts. 
8.17 AUDUBON SOCIETY TOGETHER GREEN INNOVATION GRANTS Together Green grants fund projects that conserve or restore habitat and protect species, improve water quality or quantity, and reduce the threat of global warming; engage new and diverse audiences in conservation actions; and inspire and use innovative approaches and technologies to engage people and achieve conservation results. Innovation Grants awards go to organizations in the Audubon network, working with partners in their communities, and have the passion, commitment, and vision to move people to take action and achieve lasting conservation results. More information can be found online (http://www.togethergreen.org/Projects/Grantee.aspx).   
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9.0 COORDINATION/COLLABORATION  For an effective mitigation plan to be developed, communication and input from local land managers, subject matter experts, and stakeholders must be obtained. As noted in Chapter 2.0, the project team sought contributions from a multidisciplinary group that included representatives from the following state and federal agencies: The WSFD, USFS, and BLM. Members of this multidisciplinary group were contacted throughout the project, so that the project could benefit from their technical expertise and local knowledge.    Input from the multidisciplinary group has been critical to both the hazard assessment and mitigation planning phases of this project, as described in Chapters 4.0 and 6.0.  In contrast to the informal and joint formal project meetings, much of the multidisciplinary group collaboration has taken the form of one-on-one communications and data exchanges.  Much of this interaction is documented in the project notebook, however a brief summary of key multidisciplinary group contributions is provided below: 
• USFS – Provided information on forest treatments that were used to update fuels model inputs to fire behavior analysis, including explicit modifications used by the Beaver Creek Fire incident team – Provided feedback on fire behavior modeling inputs and results – Provided soil spatial data required for postfire hazard analysis – BAER Team provided assessment reports and soil burn severity maps for the Beaver Creek, Broadway, and Snake fires as well as documentation regarding fire intensity and burn severity to help with linking the fire and postfire hazard analyses – FOFEM model developers provided guidance on linking fire intensity and burn severity – Provided spatial coverage of the MBRNF’s planned and ongoing projects to help guide treatment identification 
• WSFD – Identified local fire wardens and other stakeholder to contact for this project – Reviewed and provided feedback for public outreach brochure – Provided feedback on fire-behavior modeling inputs and results – Provided spatial coverage of the WSFD’s planned and ongoing project locations to help guide treatment identification – Reviewed and provided comments on final report 
• BLM  – Provided feedback on fire-behavior modeling inputs and results. The team does not intend to identify project areas that are not preferred by stakeholders or feasible for land and resource managers to consider for implementation.  Therefore, garnering input from local, state, and federal land management agencies throughout this project. Feedback from the multidisciplinary group on the technical analyses for this project, particularly on mitigation planning in the context of agency priorities and constraints, has been invaluable to the CW-HMA. In particular, we would like to thank Mr. Daron Reynolds of the MBRNF and Mr. Carson Engelskirger of the WSFD for their contributions.  
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10.0 CONCLUSIONS/RECOMMENDATIONS 

This document provides the methods and results of the hazard analyses, identifies the areas of the greatest concern, outlines the procedures that were used to prioritize specific treatment locations, summarizes the information gathered during the communication and collaboration efforts, and provides recommendations for future wildfire hazard mitigation measures. Copies of the GIS and all associated files have been provided, as well as a project notebook that contains the working files that were used in this project. The project notebook files include descriptions of all of the assumptions and methodologies that were used in the project analyses and have been organized so that the steps, calculations, and procedures that were used to reach the conclusions described in the final report can be replicated.  The combined hazard analyses yielded 56 catchments, with an average size of approximately 400 acres, which pose the greatest threat to Cheyenne’s municipal water supply in terms of fire behavior and the potential for postfire sediment delivery.  Catchments of concern were identified in each water supply drainage area, with 34, 13, and 8 catchments selected within the Little Snake/Hog Park, Rob Roy/Lake Owen, and Granite Springs/Crystal Lake water supply drainages, respectively. These catchments can be thought of in terms of management units. Fire behavior modeling results were aggregated to the FireShed scale, with an average size of approximately 170 acres, to identify areas on the landscape most susceptible to severe wildfire impacts.  By overlaying the selected catchments and FireShed datasets, smaller treatment scale units within the greater management units can be identified.   As described in Chapter 9.0, discussions with the multidisciplinary group were imperative to help collaboratively develop a list of final mitigation project areas and prioritization matrix criteria. As can be seen in Figure 4-17, the majority of critical catchments as defined by the composite hazard ranking are located in the Little Snake/Hog Park water supply drainage area. However, as seen in Table 6-2, Cheyenne BOPU’s most critical water supply infrastructure is located in the Rob Roy/Lake Owen water supply drainage area. Further, other factors that can serve to facilitate or impede project implementation were examined to help provide options to those that have to make decisions about protecting the land as well as resource allocation. To help prioritize the selected catchments, several criteria were developed that relate to the wildfire/postfire hazard assessment results, as well as Cheyenne BOPU’s water supply infrastructure and operability considerations (in the context of permitting/administrative, crucial habitat, forest access, and forest planning).   The prioritization criteria were weighted and summarized, with help from the multidisciplinary group, to obtain a final ranking for each catchment. As shown in Figure 5-2 of the 35 catchments that were identified through the hazard analyses in the Little Snake/Hog Park water supply drainage area are located primarily or entirely within designated Wilderness and/or Roadless Areas, which was accounted for in the prioritization matrix ranking through an operability index. The final prioritization matrix ranking is a combination of the hazard, infrastructure, and operability indices. The three indices for the final prioritization matrix were developed to give land managers the option to prioritize projects that are able to be implemented more quickly, while still recognizing that some level of management within the Roadless Areas should be considered to protect Cheyenne’s municipal water supply.   
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The Preemptive Watershed Wildfire Mitigation Plan identifies fuels-treatment locations based on the hazard analyses and prioritizes these locations based on the prioritization matrix criteria. The final prioritization matrix is shown in Chapter 6.0, and the hazard, infrastructure, and operability indices, and prioritization matrix ranking shown in Table 6-7 can be visualized in Figures 10-1, 10-2,  10-3, and 10-4, respectively. These tables and figures summarize the primary recommendations that resulted from the CW-HMA.  Additional findings and recommendations are as follows: 
• Rob Roy Reservoir, the Douglas Creek Pipeline, and Lake Owen comprise the initiation of the storage and delivery system for Cheyenne’s municipal water supply.  A postfire debris flow could degrade water quality, diminish reservoir storage capacity, and clog/damage pipelines. Consequently, this would either reduce the City’s ability to meet the needs of its water use or require expensive solutions.   
• The prioritization matrix identified catchments in the Rob Roy/Lake Owen water supply drainage area as the highest priority locations for fuels treatments.  It is recommended to focus initial efforts here and to explore the potential to build on MBRNF’s existing North Wildland-Urban Interface (WUI) Fuels Reduction and Watershed Improvement Project.  
• Given the cost, operability, and permitting constraints of working in Wilderness and/or Roadless Areas, focusing resources where they can have the largest impact may be beneficial in the short-term. However, it is important to recognize that Cheyenne’s ability to use water stored in Rob Roy Reservoir is dependent upon its ability to replace water using the Little Snake/Hog Park System.  
• The catchments located in the Little Snake/Hog Park water supply drainage area have been identified as the most critical from a hazard perspective, with the majority of these catchments located within designated Wilderness and/or Roadless Areas. Given the unique set of challenges this brings, creative management solutions for creating fuels treatments within these areas, such as prescribed fire, as well as opportunities to leverage ongoing efforts, such as the Medicine Bow LaVA project, should be investigated. 
• While the majority of the selected catchments are located entirely within lands managed by the MBRNF, 13 of the 56 selected catchments are comprised of lands with multiple owners/managers. Several of these catchments encompass lands owned/managed by the State and/or Cheyenne BOPU. While the multiple ownership factor has the potential to complicate land management, it may also provide a mechanism to build and/or leverage existing partnerships to facilitate project implementation using the GNA. 
• Depositional reaches and junctions identified in the geomorphic indicator assessment may be suitable for in-channel sediment controls. A more detailed geomorphic analysis is recommended to help identify specific locations and design requirements for a debris basin or detention pond as a preemptive mitigation measure in both the Little Snake/Hog Park and Rob Roy/Lake Owen water supply drainage areas.  Finally, this project built upon existing relationships between local, state, and federal partners to lay the foundation for the Governor’s Task Force recommendation to develop a cross-jurisdictional watershed protection plan for municipal water supply drainages that focus on proactive management to preserve and enhance water quality. The involvement of all parties was critical to this first step toward mitigating wildfire hazards within Cheyenne’s water supply system. However, without continued collaboration between the City of Cheyenne, WSFD, and MBRNF, there is the risk that this planning effort will become a “shelf document” that does not ultimately provide the value of protecting water supply infrastructure. Successful, sustainable collaboration requires leadership. It is suggested that a committee be formed and a lead be identified to facilitate the implementation process. The fundamental concept is to maintain the inertia created by this planning process in order to facilitate movement into the implementation phase. 
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Figure 10-1. Hazard Index (Colored) for the Selected Catchments (Numbered by WSD ID). 
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Figure 10-2.  Infrastucture Index (Colored) for Selected Catchments (Numbered by WSD ID). 
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Figure 10-3.  Operability Index (Colored) for Selected Catchments (Numbered by WSD ID). 
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Figure 10-4.  Prioritization Matrix Ranking (Colored) for Selected Catchments (Numbered by WSD ID). 
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APPENDIX B  SUMMARY OF BACKGROUND INFORMATION The background information documents that were identified in the Request for Proposal (RFP) have been compiled and reviewed. Key points, as they relate to the current study, are summarized for each document. 
B.1 CHEYENNE BOARD OF PUBLIC UTILITIES WILDFIRE EMERGENCY RESPONSE PLAN 

V2, BY JW ASSOCIATES (NOVEMBER 2015) 

• This report was developed to provide a detailed approach to planning for and responding to wildfire hazards in the forested watersheds that encompass the water collection system operated by City of Cheyenne’s BOPU.  The document includes a description of BOPU water resources, a hazard assessment to rank watershed vulnerability to and possible impacts that result from fire, and a discussion of postfire water quality impacts and remediation planning; this document concludes with a series of recommendations. – The BOPU System Description identifies the City of Cheyenne’s municipal water supply resources, including the Little Snake/Douglas Creek System (which includes watersheds in the Little Snake River, Upper North Platte River and Laramie River drainages) and Crow Creek, as well as critical water supply infrastructure.   – The hazard assessment aggregates information from three assessments that were previously conducted for the Crow/Medicine Bow/Upper Laramie/Upper Lodgepole Rivers, Upper North Platte River, and Little Snake River watersheds (Documents 4–6).  This section also discusses postfire mitigation planning and lists BOPU/USFS agreements that could facilitate fuels-reduction strategies, as well as associated compliance considerations. 
 The watershed assessments evaluate wildfire hazard, flooding or debris flow hazard, and soil erodibility following the technical approach to watershed assessment and prioritization outlined in Documents 4–7. 
 This approach identified the primary “zones of concern,” based on drainage area contributions to water supply infrastructure to be drainages located within the Little Snake River and Upper North Platte River Watersheds, with areas that range from 1,000 to 14,000 acres. – Water quality impacts caused by wildfire are discussed in the context of regulatory impacts and response planning.  Remediation is discussed with respect to conditions monitoring, sediment diversion, water supply alternatives, and Sherard Water Treatment Plant operations.  – Recommendations are provided for both watershed protection (which will be addressed in the Cheyenne Municipal Watershed Wildfire Hazard Mitigation Assessment Project) and water quality/treatment. 

• The geospatial data that were created for and referenced within this report and its supporting documents are critical to ensure that work conducted for the Cheyenne Municipal Watershed Wildfire Hazard Mitigation Assessment Project does not duplicate previous efforts.  
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B.2 DECISION NOTICE NORTH WUI FUELS REDUCTION AND WATERSHED 
IMPROVEMENT PROJECT, MEDICINE BOW-ROUTT NATIONAL FORESTS, LARAMIE 
RANGER DISTRICT, ALBANY COUNTY, WYOMING (FEBRUARY 2013)  

• The Decision Notice authorizes vegetative treatments designed to reduce the amount and continuity of fuel loads on National Forest System (NFS) lands that surround WUI areas in the northern portion of the Laramie Ranger District, Medicine Bow-Routt National Forests (MBNF). The rationale behind the decision is based on and supported by the analysis documented in the Laramie District North WUI Fuels Reduction and Watershed Improvement Project environmental assessment (EA) completed in October of 2012.  
• The purpose of the North WUI project is to reduce the amount and continuity of existing fuels that surround WUI areas, special-use permit areas, and municipal water supplies within the North WUI analysis area. The project is needed to perform the following tasks: – Manage hazardous fuel loadings associated with the beetle epidemic to minimize the potential for catastrophic wildfires – Manage hazardous fuels so that wildfires may be more manageable if they occur – Improve and maintain ingress and egress access to provide safety for firefighters and the public in the event of a fire – Manage hazardous fuel loadings to protect municipal water supplies and water quality. 
• With regard to the Cheyenne Municipal Watershed Wildfire Hazard Mitigation Assessment Project, the Decision Notice authorizes fuel treatments in forested areas that surround the BOPU surface-water collection system, including Rob Roy Reservoir and Lake Owen.   

B.3 FINAL REPORT, GOVERNOR’S TASK FORCE ON FORESTS (JANUARY 2015)  

• Governor Matt Mead created the Task Force on Forests in 2013 to study the benefits that forests provide and analyze and consider new response strategies and recommendations for both active and passive management.  
• The Task Force focused on three major themes: (1) fire and other disturbance, (2) forest management, and (3) economic opportunities and innovation. The Forest Task Force reached consensus on 12 major recommendations that comprise 53 subrecommendations, which are organized around the three major themes designed to help inform and guide the Governor in decision making and policy implementation.  
• The major recommendation that is most relevant to the Cheyenne Municipal Watershed Wildfire Hazard Mitigation Assessment Project is Recommendation 3, which states that “the state of Wyoming should proactively reduce the threat and occurrence of destructive wildfires by managing vegetation and fuels; protecting homes, communities, and other values at risk; and effectively and efficiently responding to wildfire,” and its subrecommendation 3.9, which calls for developing cross-jurisdictional watershed protection plans for municipal water supply drainages that focus on proactive management to preserve and enhance water quality and to avoid catastrophic effects large-scale fires have on municipal watersheds. 
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• Recommendation 3 states that “the primary purpose of hazardous fuels management is to reduce the extent, intensity, and severity of wildfire if and when it encounters a treatment area during the lifespan of the treatments and identifies the primary methods of managing fuels including, prescribed fire, managing wildfire for ecological purposes and resource objectives, and non-fire treatments that involve timber harvest, and other biological or chemical methods.” Recommendation 3 further notes that appropriate treatments depend on management objectives and resource and market availability; all of the available options should be considered when deciding which vegetation and fuels-management techniques to implement. 
B.4 CROW/MEDICINE BOW/UPPER LARAMIE/UPPER LODGEPOLE PHASE 1 WATER–

SHED ASSESSMENT, FINAL REPORT, BY JW ASSOCIATES (MAY 2010) 

• The Crow/Medicine Bow/Upper Laramie/Upper Lodgepole Watershed Assessment applies the methodologies described in the Technical Approach to Watershed Assessment and Prioritization (Document 7) to identify and prioritize sixth-level (14-digit HUC) watersheds based on their hazards of generating flooding, debris flows, and increased sediment yields after wildfires that could have impacts on water supplies.  
• This report begins with a description of the watersheds included in the analysis, then describes the assessment process to evaluate wildfire hazard, flooding or debris flow hazard, and soil erodibility for each of the sixth-level watersheds within the study area to come up with a composite hazard ranking. The sixth-level water supply watersheds were then identified based on the presence of critical infrastructure, including surface-water intakes, upstream diversion points, and classified drinking water reservoirs. 
• A total of 28 sixth-level watersheds were assessed. Those watersheds that received the highest composite hazard ranking include: Laramie River-Rawah Creek, Rock Creek-Deep Creek, Nunn Creek, East Fork Medicine Bow River, Medicine Bow River-Turpin Creek, and Libby Creek.  

B.5 UPPER NORTH PLATTE PHASE 1 WATERSHED ASSESSMENT, FINAL REPORT, BY 
JW ASSOCIATES (MAY 2010) 

• The Upper North Platte Watershed Assessment applies the methodologies described in the Technical Approach to Watershed Assessment and Prioritization (Document 7) to identify and prioritize and prioritize sixth-level (14-digit HUC) watersheds based on their hazards of generating flooding, debris flows, and increased sediment yields after wildfires that could have impacts on water supplies.  
• This report begins with a description of the watersheds included in the analysis, then describes the assessment process to evaluate wildfire hazard, flooding or debris flow hazard, and soil erodibility for each of the sixth-level watersheds within the study area to come up with a composite hazard ranking. The sixth-level water supply watersheds were then identified based on the presence of critical infrastructure, including surface-water intakes, upstream diversion points, and classified drinking water reservoirs. 
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• A total of 33 sixth-level watersheds were assessed. Those watersheds that received the highest composite hazard ranking include: South Mullen Creek, Encampment River-West Fork, Miner Creek, and French Creek-North Platte River.  
B.6 LITTLE SNAKE PHASE 1 WATERSHED ASSESSMENT, FINAL REPORT, BY JW 

ASSOCIATES (MAY 2010) 

• The Little Snake Watershed Assessment applies the methodologies described in the Technical Approach to Watershed Assessment and Prioritization (Document 7) to identify and prioritize and prioritize sixth-level (14-digit HUC) watersheds based on their hazards of generating flooding, debris flows, and increased sediment yields after wildfires that could have impacts on water supplies.  
• This report begins with a description of the watersheds included in the analysis, then describes the assessment process to evaluate wildfire hazard, flooding or debris flow hazard, and soil erodibility for each of the sixth-level watersheds within the study area to come up with a composite hazard ranking. The sixth-level water supply watersheds were then identified based on the presence of critical infrastructure including surface-water intakes, upstream diversion points, and classified drinking water reservoirs.  
• A total of 20 sixth-level watersheds were assessed. Those that received the highest composite hazard ranking include: Haggarty Creek, Upper Battle Creek, and Big Sandstone Creek.  

B.7 PROTECTING CRITICAL WATERSHEDS IN COLORADO FROM WILDFIRE: A 
TECHNICAL APPROACH TO WATERSHED ASSESSMENT AND PRIORITIZATION, BY 
JW ASSOCIATES (DECEMBER 2008) 

• This document provides methodologies developed by the Front Range Watershed Wildfire Protection Working Group to identify and prioritize watersheds at risk to high-severity wildfires that provide or convey water used by communities or municipalities.  
• The assessment considers four key components to evaluate hazardous watershed conditions, including wildfire hazard, flooding or debris flow risk, soil erodibility and water uses ranking. Sixth-level watersheds are ranked according to the key components as follows: – Wildfire hazard is determined using an index developed by the Colorado State Forest Service that considers available fuels, disturbance regime, aspect, and slope to determine areas that are likely to burn at high to severe burn severities. Land areas that were identified as likely to experience high or severe burns are summed and scaled by total watershed area.  An alternative method is also described that incorporates fire-behavior modeling; which is a variation of this alternative method that was employed in the project area watershed assessments. – Flooding or debris flow risk is determined as a combination of watershed ruggedness (relief scaled by area) and road density (which assumes increased flow paths, hence increased flood risk).  
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– Soil erodibility is determined by intersecting the slope of the land surface with the soil erodibility (k) factor identified in the Natural Resources Conservation Service (NRCS) soil surveys, where a combination of high slope and high K factor yield the highest risk. – Water uses ranking identifies surface-water intakes, diversions, conveyance structures, storage reservoirs and streams that are all susceptible to the effects of wildfires. The ranking is based on the amount of critical infrastructure within each sixth-level watershed.  
• The wildfire, flooding/debris flow, and soil erodibility rankings are consolidated into a Composite Hazard Index, which is used in combination with the water use ranking to determine a Final Watershed Prioritization.  
• Upstream areas above important surface-water intakes, diversion points, and water supply reservoirs that, with a potential for contributing sediment and/or debris, are delineated and identified as Zones of Concern. These zones are overlaid on Final Watershed Prioritization map.   

B.8 2013 CHEYENNE WATER AND WASTEWATER MASTER PLANS, FINAL, BY HDR 
ENGINEERING (NOVEMBER 2013) 

• Cheyenne Water and Wastewater Master Plans comprise an executive summary and nine additional volumes that recommendations over a 50-year planning horizon around the three following subject areas: future capacity, supply, and delivery; potable and non-potable water storage, treatment, distribution; and wastewater collection and treatment, service rates, and technological improvements.  
• Detailed evaluations and analyses are found in the individual volumes. The most relevant to the current project are Volumes 3 and 4.  – Volume 3 presents detailed analysis of the water supply and delivery system as well as improvement recommendations.  – Volume 4 discusses water treatment, including the recommendation that BOPU develop a Wildfire Emergency Response Plan so that the utility will be prepared to manage water supplies and to minimize impacts to potable water that can result from fire. 

B.9 WYOMING PROBABLE MAXIMUM PRECIPITATION STUDY (DECEMBER 2014) 

• A study completed by Applied Weather Associates (AWA) determined Probable Maximum Precipitation (PMP) data for the state of Wyoming.  The project’s intent was to update 100-year precipitation frequency estimates and ultimately provided an update of the NOAA Atlas 2 Volume II 6- and 24- hour precipitation frequency estimates.   – Data available for Wyoming NOAA Atlas 2, Volume 2, which were updated in the PMP Study, include GIS Grids for 2-year, 6-hour; 2-year, 24-hour; 100-year, 6-hour; and 100-year,  24-hour precipitation frequency estimates.   – These NOAA Atlas 2, Volume 2 data are outdated (data collected through 1966 and published in 1973). Additionally, these precipitation frequency estimates lack accuracy over mountainous terrain and do not distinguish between snow and rain (i.e., rainfall-only and total precipitation), which is problematic for areas with complex terrain such as the project area. 
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Updated frequencies with advanced interpretation of precipitation estimates over complex terrain are available through NOAA (NOAA Atlas 14), but not for the state of Wyoming.   – The PMP Study added close to 40 years of data by using records that extended through 2010 and included advanced interpretation of precipitation data over complex terrain.  
• Additionally, the PMP study includes an application of the temporal patterns of PMPs for local and general design storms.  The application provides temporal patterns for 6-hour local and 72-hour general PMP depths for areas east or west of the Continental Divide.   – For a local storm, the PMP temporal distribution has a peak intensity at three hours with an increment of 20.9 percent of the local storm PMP.   – The 24-hour general storm PMP peaks 10 hours into the storm, with an increment precipitation at 22 percent of the PMP depth.   

B.10 CUCHARAS RIVER WATERSHED SMALL WATERSHED HAZARD PRIORITIZATION 
AND TARGETING–SMALL-SCALE WATERSHED PROTECTION PRIORITIES, BY 
JW ASSOCIATES (FEBRUARY 2015) 

• The Cucharas River Watershed Small Watershed Hazard Prioritization and Targeting report is the second phase of a three-phase per-wildfire hazard assessment conducted for the Cucharas River Watershed. The first phase of the assessment is akin to the above-referenced assessments that were conducted for the Crow/Medicine Bow/Upper Laramie/Upper Lodgepole; Upper North Platte, and Little Snake Watersheds.  
• This document provided guidance for the geomorphic indicator analysis conducted in the current assessment.  – Using relationships outlined in the Cucharas report, and originally developed by Montgomery and Buffington [1997], the reaches were classified as either source, transport, or response reaches.  – Similarly, reach junctions were ranked based on the transition from one reach classification to another as described in the Cucharas report. 


