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Introduction 

The Sheep Gap Salvage Project is designed to: 

• Recover the economic value of forest products in a timely manner to 

contribute to employment and income in local communities and avoid loss 

of commodity value. 

• Reduce hazards threatening human health and safety. 

• Re-establish forested conditions and/or facilitate recovery to meet 

management objectives outlines in the Forest Plan. 

The project area is located on the Plains/Thompson Falls Ranger District of the Lolo National Forest 

(LNF) in Sanders County, Montana. The project is located within the fire perimeter of the Sheep 

Gap fire, west of the town of Plains, MT in steep forested terrain. The Sheep Gap Salvage project 

area is located in the Lower Clark Fork HUC watershed (17010213), including Swamp Creek and 

its tributaries East Fork Swamp Creek, West Fork Swamp Creek, and Bemish Creek. See the map in 

Appendix A for project area location and 7th Level Hydrologic Unit Code (HUC) watersheds. The 

project includes salvage on up to 2,650 acres of National Forest System (NFS) land. 

Purpose of Document 

This document analyzes foreseeable environmental effects to water resources from project activities 

and identifies water resources issue in the project area. Included is documentation of design criteria, 

best management practices (BMPs), and other resource protection measures to ensure compliance 

with the LNF Land Resource and Management Plan (Forest Plan) and other pertinent regulation. 

Federal and State Laws, Guidelines, Executive Orders and 
Other Agency Direction for Watershed Management 

Federal Regulations 

A. The Federal Water Pollution Control Act of 1972 (Public Law 92-500) as 

amended in 1977 (Public Law 95-217) and 1987 (Public Law 100-4), also known 

as the Federal Clean Water Act (CWA): 

The Lolo NF upholds the Federal Clean Water Act (CWA) through the application and enactment of 

appropriate Federal and State water quality protection permits (see below); the application of BMPs 

and monitoring for effectiveness; and by participating with the State of Montana in BMP forestry 

audits, water quality data collection, and implementation of Total Maximum Daily Loads (TMDLs) 

and Water Quality Restoration Plans (WQRPs). The U.S. Environmental Protection Agency (EPA) 

is charged with administration of the Act with the provision for delegating many permitting, 

administrative, and enforcement functions to state governments. In Montana, the designated agency 

is the Montana Department of Environmental Quality (MDEQ). 

CWA Sections 208 and 319: recognizes the need for control strategies for non-point source 

pollution. Non-point is the primary pollution source for timber harvesting and road construction 

activities. 

CWA Section 303(d): requires waterbodies with water quality determined to be either impaired 
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(not fully meeting water quality standards) or threatened (likely to violate standards in the near 

future) to be compiled by the Montana Department of Environmental Quality in a separate list 

which must be submitted to EPA biannually. These waters are targeted and scheduled for 

development of water quality improvement strategies on a priority basis. 

CWA Section 305(b): requires that States assess the condition of their waters and produce a 

biannual report summarizing the findings. 

CWA Section 404: outlines the permitting process for discharging dredged or fill material into 

waters of the United States, including wetlands. The 404 program is administered by the U.S. Army 

Corps of Engineers. 

CWA Section 401: States and Tribes may review and approve, set conditions on, or deny Federal 

permits (such as 404 permits) that may result in a discharge to State or Tribal waters, including 

wetlands. 

CWA Section 313 and Executive Order 12580 (January 23, 1987): requires Federal agency 

compliance with water pollution control mandates consistent with requirements that apply to "any 

nongovernmental entity" or private person. Compliance is to be in line with "all Federal, State, 

interstate, and local requirements, administrative authority, and process and sanctions respecting the 

control and abatement of water pollution". To comply with State Water Quality Standards, the 

Forest Service is required to apply water quality practices in State Forest Practices Regulations, 

where applicable, reasonable land, soil, and water conservation practices, or specialized best 

management practices. 

To provide environmental protection and improvement emphasis for water and soil resources and 

water-related beneficial uses, the National Non-point Source Policy (December 12, 1984), the 

Forest Service Non-point Strategy (January 29, 1985), and the USDA Non-point Source Water 

Quality Policy (December 5, 1986) were developed. Soil and water conservation practices were 

recognized as the primary control mechanisms for non-point sources of pollution on NFS lands. 

This perspective is supported by the Environmental Protection Agency (EPA) in their guidance, 

"Nonpoint Source Controls and Water Quality Standards" (August 19, 1987). 

B. Forest Service Manual Requirements 

Forest Service Manual (FSM) guidelines describe the objectives and policies relevant to protection 

(and, where needed, improvement) of water quality on NFS lands so that designated beneficial uses 

are protected (FSM 2532.02 and 2532.03). Guidelines for data collection activities (inventory and 

monitoring) are also described (USDA Forest Service 1990). 

C. Pertinent Executive Orders 

Executive Order 11988, Floodplain Management: This Executive order requires that agencies 

avoid, to the extent possible, adverse impacts associated with occupancy and modification of 

floodplains. It applies to all floodplain locations, as a minimum to areas in the 100-year, or base, 

floodplain (Executive Order 1977). 

Executive Order 11990, Protection of Wetlands: This Executive order states that agencies shall 

minimize destruction, loss, or degradation of wetlands and shall preserve and enhance their natural 

and beneficial values. Agencies are to avoid construction in wetlands unless it is determined that 

there is no practicable alternative and that all practicable measures are taken to minimize harm to 

wetlands (Executive Order 1977). 
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State Laws 

A. Montana Water Quality Act (Title 75, Chapter 5, Montana Code) as revised October 1999 

This Act describes water quality management requirements, water classifications, and water quality 

standards for the State of Montana. It is the document that describes the water quality permitting 

and enforcement powers delegated by EPA to states under the CWA. Montana DEQ is the agency 

responsible for administration of the Act. The following documents contain the specific water 

quality standards enforced by Montana DEQ: 

• Montana Surface Water Quality Standards and Procedures for Waters in B-1 

Use Classification [Administrative Rules of Montana (ARM) 17.30.623], as of 

June 2000). 

• Montana Numeric Water Quality Standards (Circular WQB-7, September 

1999). Applicable water quality standards are cited in the “Water Quality” 

section of this chapter. 

The State of Montana maintains the "Waters in Need of TMDLs (303(d) list) and TMDL Priority 

Schedule" (Montana DEQ, http://cwaic.mt.gov). Water bodies that are partially supporting or not 

supporting their beneficial uses are considered impaired and failing to achieve compliance with 

water quality standards. Where water bodies are threatened, partially supporting, or not supporting 

beneficial uses, actions influencing water quality must lead to an improvement in the watershed 

conditions influenced by the activity. 

B. State of Montana Best Management Practices for Forestry and Streamside Management 

Zone Law and Rules 

The Montana Department of Natural Resources and Conservation (DNRC) is responsible for 

oversight of forestry and road management practices to protect soil and water resources in Montana. 

Best Management Practices (BMPs) are the voluntary, preferred measures developed for both 

riparian and for upland management. Direction for State Forestry BMPs is outlined within Montana 

Streamside Management Zones [Montana Code Annotated 77.5.303]. In 1987, a Memorandum of 

Understanding between the U.S. Forest Service, Montana DNRC, DEQ, Plum Creek Timber 

Company, Bureau of Land Management, Bureau of Indian Affairs, and the Flathead Agency was 

signed, formally adopting Forestry BMPs in order to minimize or prevent adverse water quality 

impacts. 

The Forest Service uses BMPs as mandatory minimum measures for protecting watershed 

resources, and generally exceeds the minimum efforts required by State law. On NFS lands, 

streamside protection through maintaining INFISH Riparian Habitat Conservation Areas (RHCAs) 

greatly exceeds protections of State law (USDA 1995). 

C. Montana Stream Protection Act—SPA 124 Permits; Short-term 

Exemption from Montana’s Surface Water Quality Standards (3A 

Authorization) 

Activities that would physically alter the bed or immediate banks of a stream require permits under 

the Montana Stream Protection Act (1991). Such activities proposed by Federal, State, county, and 

city government agencies require an SPA124 permit from Montana Fish, Wildlife and Parks; this is 

the counterpart of the 310 permit required from DNRC for projects proposed by private individuals. 

Land ownership does not necessarily determine which permit is needed; rather, the party in charge 
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of the project determines permitting requirements. SPA 124 permits are required for new 

construction or for modification, operation, and maintenance of an existing facility, and may apply 

to intermittent drainages as well as perennial streams. Culvert removal and replacement, stream 

channel rehabilitation, and other such actions are examples of activities that would require these 

permits. 

If construction would cause unavoidable short-term violations of State water quality standards 

(mainly sediment), a 3A Authorization needs to be obtained from Montana DEQ. 

Lolo National Forest Plan 

A. Goals and Objectives 

Goal 8, page II-1: Meet or exceed State water quality standards. 

Objective 1, page II-2: “…improves the environmental quality of the Forest over current direction 

through strong Forest goals, Forest-wide standards, Management Area standards and direction, and 

an extensive, affordable Monitoring Program that emphasizes protection of water quality….” 

B. Standards and Management Area Direction 

Standard 15, page II-12: “…application of best management practices will assure that water 

quality is maintained…that meets or exceeds State and Federal standards.” 

Standard 17, page II-12: “A watershed cumulative effects analysis will be made of all projects 

involving significant vegetation removal prior to these projects being scheduled for implementation. 

These analyses will also identify existing opportunities to mitigate adverse effects on water-related 

beneficial uses, including capital investments for fish habitat or watershed improvement.” 

Standard 19, page II-12: “Human-caused increases in water yields will be limited so that channel 

damage will not occur as a result of land management activities.” 

MA 13 Direction (pages III-56−59): MA 13 consists of lakes, lakeside lands, major second-order 

and larger streams and the adjoining lands that are dominated by riparian vegetation. Primary goals 

are to maintain and enhance riparian values, and to provide opportunities to improve water quality, 

minimize erosion, protect streambanks, improve fish and wildlife habitat, and provide healthy 

timber stands. Direction for planning and implementation ensures that projects not meeting state 

water quality standards will be redesigned, rescheduled, or dropped (Chapter V-2). 

Standard 9: “Riparian vegetation, including overstory tree cover, will be left along water bodies as 

needed to provide shade, maintain streambank stability, desirable pool quality and quality for 

aquatic organisms, and promote filtering of overland flows.” (page III-57) 

Standard 13: “Roads will be managed…to avoid damage to drainage systems and resource values. 

Roads will be constructed and managed in a manner to keep sedimentation hazard low.” (page III-

58) 

Implementation, Project Planning, page V-2: “As part of project planning, site-specific water 

quality effects will be evaluated and control measures designed to ensure that the project will meet 

Forest water quality goals; projects that will not meet State water quality standards will be 

redesigned, rescheduled, or dropped.” 

C. Inland Native Fish Strategy (INFISH) 
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The Lolo NF Forest Plan was amended based upon recommendations made in INFISH (USDA 

1995). This amendment restricts certain types of management activities on forest riparian systems, 

with the objective of maintaining or improving habitat for inland native fish species. It designates 

priority watersheds for monitoring, restoration, and watershed analysis, and identifies default 

riparian management objectives (RMOs). The amendment establishes Riparian Conservation 

Habitat Areas (RHCAs) around all streams, wetlands, waterbodies and landslide prone areas, 

including a restriction on mechanical entry in RHCAs within 300 feet of fish-bearing streams, 150 

feet of non-fish-bearing streams, and 100 feet of wetlands. 

Affected Environment 

Water Resource Indicators and Measures 

Table 1 below shows the water resources indicators and measures for both the affected 

environmental and effects analysis. The following questions are answered to assess effect to the 

watershed resource: 

• How would the proposed project activities, in addition to past, present and future actions, 

affect stream channel stability and water quality, primarily sediment delivery to streams? 

• How would the proposed project activities, including past, present and future actions, affect 

water yield/water quantity including magnitude, timing, and duration of stream flows? 

• How would the proposed project activities affect hillslope hydrology and watershed health? 

Table 1. Resource Indicators and Measures for Assessing Effects. 

Resource 

Element 

Resource 

Indicator 
Measure Unit of Measure Source 

Water Quality 

Sediment 

delivery Road sediment delivery 

Tons sediment delivery 

(modelled) 

Forest Plan, 

pages II-1, II-2, 

II-12, III-58 

Water Quality/ 

Stream Stability 

Change in 

Water Yield 

and Increased 

Peak Flows 

Proposed Treatments 
Equivalent Clearcut Acres 
(ECA) 

Percentage of area of 7th 
HUC watersheds in 
Equivalent Clearcut Acres 
(ECA) 

Forest Plan, 

page II-12 

 

Spatial and Temporal Analysis Boundary 

The spatial boundary for cumulative watershed effects is the 7th HUCs (Appendix A). The effects 

have variable temporal boundaries. The Lolo NF has developed a standardized recovery curve for 

Equivalent Clearcut Acres (ECA). Recovery starts quickly and tapers off with time, with 25 percent 

recovery in 3.5 years, 50 percent recovery in 12 years, 75 percent recovery in 52 years, and 100 

percent recovery in 100 years. Temporary road construction and decommissioning has been shown 

to have an initial pulse of sediment into stream systems that can be eliminated after one season 

(Hickenbottom 2001, Madej 2001, Switalski et al. 2004). Elevated sediment levels from haul routes 

would occur for the duration of haul activities (<3 years). 
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Therefore, water yield changes would be recovered fully in 100 years, effects from road 

construction and decommissioning will be for one season, and haul route sediment will last the 

duration of project implementation. 

Existing Condition 

The Sheep Gap fire started on August 29, 2017 and burned approximately 25,250 acres to the west 

of Plains, MT in steep forested terrain. Of this, 19,847 acres (78.6%) was on federal land, 863 acres 

(3.4%) was on state land, 3,931 acres (15.6%) was on private industrial timber land, and 606 acres 

(2.2%) was on other private land. The Sheep Gap fire burned at a relatively high severity, with 

3,498 acres (14%) at a high severity and 8,356 acres (34%) at a moderate severity. 

Total cost to suppress this fire was $12.5 million. Hand-dug fire line and dozer fire line was created 

and rehabilitated.  

Elevations within the project area range from approximately 2,440 to 6,600 feet. Watersheds used in 

this analysis were delineated along the 7th level Hydrologic Unit Code (HUC) boundaries and 

include six- 7th level Code HUCs. These smaller HUCs are more representative of the potential 

project effects. As shown in Table 2, the majority of the land in the project area is NFS lands. 

However, there is large amount of land in Weyerhaeuser ownership. One of the seventh HUC 

watersheds (West Fork Combest Creek) has a majority Weyerhaeuser land ownership. 

Table 2. Watershed and land ownership ownership acreage. 
  Land Owner    

Watershed 7th HUC 
Code Level 

Lolo 
National 
Forest 

Private 
State of 
Montana 

Water 
Weyerhaeuser Total 

East Face Tribs 76 1,046 218 4 655 1,999 

East Fork Swamp Creek 4,236 145 716 –– 1,211 6,308 

North Face Tribs 2,607 335 –– 41 –– 2,983 

West Fork Combest 

Creek 
501 937 72 4 2,204 3,718 

West Fork Swamp lower 3,924 2,967 1,030 8 2,057 9,986 

West Fork Swamp upper 11,022 –– –– –– 1,447 12,469 

Not Mapped 5,175 252 –– –– –– 5,427 

Total 27,540 5,683 2,035 57 7,575 42,890 
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Precipitation and Streamflow 

Rainfall, snow melt and groundwater are the primary components of stream flow in the area. Mean 

annual precipitation in the project watersheds ranges from approximately 19 inches at lower 

elevations to 72 inches at higher elevations. Average annual precipitation is approximately 41 

inches across the project area. Peak flows generally occur from early May through late June and are 

dominated by snowmelt runoff. During other time of the year, stream flow decreases substantially, 

and generally consists of released soil moisture and groundwater discharge. Thunderstorms 

(summer), and rain on snow events (winter) are common and can cause streams to rise quickly for 

relatively short periods.  

Geology and Streams 

Underlying geology in the project area is Precambrian sedimentary formations, Belt rock. Streams 

have formed in weak fissures or fractures in this metasedimentary mudstone. Valley bottoms are 

composed of glacial till and unconsolidated alluvial and colluvial material that has naturally eroded. 

This material is porous and tends to have lower base elevations for water tables, leading to stream 

intermittency. The mountain slopes are steep, straight to concave, and with over 3,800 feet in relief. 

The slopes were formed by faulting and range from flat to over 80% slope with rock outcrops 

occupying a portion of the landscape. Elevations below 4,200 feet have been influenced by Glacial 

Lake Missoula (12,000–15,000 years ago). These landscapes have lacustrine deposits from the 

expansion and contraction of Glacial Lake Missoula. Draining of Glacial Lake Missoula created 

multiple drainage swales on the hillslopes. Ancient toeslope failures and slumps (now identified as 

fan deposits) were also caused by the fluctuation of Glacial Lake Missoula water levels. Volcanic 

ash from eruptions in the Cascade Range and windblown loess from the Palouse Prairie have also 

influenced the soils. Loess deposits can be observed in stable landscape settings and depart a silt 

texture to the soil, while on the steeper slopes these wind deposited layers are thin or non-existent. 

All of the streams in the project area drain North and East into Clark Fork River. 

Geologically accumulated material in the valley bottoms and likely deep faults has created 

a scenario where these streams go subsurface or lose a significant amount of flow before 

they reach the Clark Fork River. 

Wetlands 

Wetlands serve vital watershed functions that include filtration of sediments and nutrients for 

improvement of water quality, water storage for stream recharge during dry periods, flood 

mitigation, and streambank protection. All wetlands require a 100-foot buffer to meet INFISH 

standards. 

Stream channel condition 

The underlying geology of the project area drives stream channel development and type. Streams 

that are mapped as having metasediment parent material generally have parallel to trellis drainage 

patterns. A defining characteristic of the project area streams is that many streams go from being 

perennial in upper watershed areas to subsurface or intermittent by the time they reach the Clark 

Fork River.  

This stream channel intermittency is likely naturally occurring. Sando and Blasch (2015) studied 

stream intermittency in several stream channels in the Lower Clark Fork drainage from Thompson 

Falls north through the Noxon Reservoir area. They found that the main predictors of stream 

channel intermittency were snowpack persistence, annual mean monthly minimum temperature, and 
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surface geology types (Sando and Blasch 2015). It is likely that in this project area the surface 

geology is driving stream intermittency. The surface geology type being coarse, unconsolidated 

metasedimentary material creates a much lower base water table. 

Table 3 displays total mapped stream miles by 7th level HUC watershed. The Lower West Fork 

Swamp Creek and Upper West Fork Swamp Creek have the most stream miles. 

Table 3. Stream miles by watershed and stream type.. 

Watershed 

Stream Miles 

Intermittent Perennial Total 

East Face Tribs 6.6 –– 6.6 

E. Fork Swamp Creek 15.7 6.8 22.5 

North Face Tribs 7.2 2.1 9.3 

W. Fork Combest Creek 6.2 5.8 12.0 

W. Fork Swamp Lower 22.7 7.1 29.8 

W. Fork Swamp Upper 42.8 3.4 46.2 

Not Mapped 10.8 7.7 18.5 

Total 112.1 32.9 145.0 

 

Rosgen Stream Typing and Stream surveys 

The Rosgen classification system is used for general stream characterization (Rosgen 

1996). General classifications are as follows: 

• A channel types are step-pool dominated, higher-gradient channels (4 to 10 

percent) that lack a floodplain. 

• B channel types are riffle-dominated, transition channels (2 to 4 percent) that 

have a moderate floodplain. 

• C channel types are low gradient (<2 percent), sinuous, pool-riffle dominated, 

with a flat floodplain. 

• D stream types are a multiple channel system exhibiting a braided patter with a 

very high channel width:depth ratio and a channel slope generally the same as the 

attendant valley slope.  

• E channel types are similar to C channels but are much more sinuous. 

• F channel types are entrenched, usually unstable streams with high bank erosion 

rates and accelerated channel aggradation and/or degradation. 

• G or “gully” channel types are also characterized by high bank erosion rates and 

a high sediment supply. These channels can be unstable when not in a bedrock 

or boulder substrate and can be caused by land management practices. 
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Figure 1. Diagram compares the longitudinal, cross-sectional, and plan views of each of the 9 

major stream types in the Level I Classification. (Watershed Academy Web, U.S. EPA 2018) 

Streams in the Sheep Gap Salvage project watersheds typically transition from A stream types in the 

intermittent tributaries to B and C types in the perennial lower reaches.  

Stream Surveys 

Evaluation of stream channel conditions was conducted by Forest Service personnel, contractors, 

and PACFISH/INFISH Biological Opinion (PIBO) Effectiveness Monitoring in West Fork Swamp 

Creek in 2005, 2010, and 2015. PIBO is a standardized stream monitoring protocol that assesses 

habitat condition. MTDEQ collected habitat and sediment data in 2011 and USEPA collected data 

in two reaches in 2004 (MTDEQ 2014). MTDEQ also assessed streambank erosion in two reaches 

of W. Fork Swamp Creek in 2011 using the Bank Erosion Hazard Index (BEHI) measurements (MT 

DEQ 2014). Additionally, in the fall of 2017, field visits by the Lolo National Forest fish biologist 

and hydrologist focused on unit location, riparian buffer locations, haul route conditions, and 

instream habitat conditions (Shearer 2017). 

Stream Survey Summary 

In 2017, field visits were made post-fire to assess fire impacts on fisheries habitat within and 

downstream of the burned area. Initial concerns immediately post-fire were alteration of fish habitat 

resulting from mobilization of sediments and debris due to loss of vegetative cover (Figures 2–4-4), 

changes to stream hydrology resulting from vegetation loss and altered soil permeability 

(hydrophobicity), and elevated sediment inputs from potential infrastructure (e.g., roads and 

culverts) failures (Shearer 2017, Shipstead et al. 2017).  

The BAER team identified values at risk from post-fire erosion and flooding within and below the 

Highway 200 Complex fires. Values at risk on NFS lands include: soil development and 

productivity, bull trout habitat, stream water quality and hydrologic function. Post fire runoff 

modeling suggest there is Intermediate Risk to hydrologic function on NFS lands within and 

downstream on burned areas (Shipstead et al. 2017). The presence of hydrophobic soils and loss of 

canopy cover, ground cover, and channel stabilizing riparian vegetation have the potential to 

contribute to altered hydrologic function and watershed response to precipitation events within 
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burned watersheds. This is especially likely where the riparian vegetation was burned with a high to 

moderate burn severity. Responses from hydrophobic soil are expected to be a short-term effect 

lasting 3–5 years therefore an emergency does not exist (Shipstead et al. 2017). 

 

Figure 2. High burn severity area along Bemish Creek (a tributary to West Fork Swamp 

Creek) adjacent to NFSR# 7583 in the Sheep Gap Fire.Notice complete loss of all riparian 

vegetation (from Shearer 2017). 
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Figures 3 and 4. (Left) Inlet of undersized culvert and significant debris. (Right) Steep slopes 

and high soils burn severity above culvert at inlet. (Both images are from Shipstead et al. 

2017). 

Table 4 below summarizes select measurements from the 2015 stream surveys in West Fork Swamp 

Creek. Large wood presence and percent pool habitat were relatively high within the measured 

stream reach in this particular reach of West Fork Swamp Creek prior to the 2017 fire, and other 

conditions were also indicative of good quality fish habitat. Wood within the channel helps provide 

channel stability and creates pool habitats. With anticipated post-fire increases in runoff, the 

presence of wood will likely provide some stream stability during the short term (2–5 years). 

However, anticipated increases in sedimentation following the fire will likely lead to changes in 

channel structure for the next decade or more. In the long term as burned trees with riparian areas 

begin to fall into the stream, benefits to the quality of the fish habitat and increase in channel 

stability would be expected as part of this natural process. Existing infrastructure such as 

road/stream crossings would continue to interrupt some of these natural processes and post fire 

long-term benefits.  

The D50 is the average particle size in the streambeds and the substrate material is the aggregate 

name for that particle size. Generally speaking, a steeper stream will have more coarse bed material 

due to the fact that such streams have higher energy and move finer materials through them more 

efficiently. Width/depth ratios are above the target for that parameter indicating some reaches with 

unstable channel form. A narrower channel with a lower width to depth ratio results in a smaller 

contact area with warmer afternoon air and is slower to absorb heat (Poole and Berman 2001). Also, 

a narrower channel increases the effectiveness of shading produced in the riparian canopy. 

Table 4. Summary of stream surveys completed on W. Fork Swamp Creek on July 20, 2015. 
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Water temperature data from the PIBO monitoring in West Fork Swamp Creek showed mean 

temperatures of 11.7°C between July 21 and August 31, 2005 and 11.1°C between July 15 and 

August 31, 2010. The highest hourly water temperature recordings in West Fork Swamp Creek for 

the time periods listed above were 13.8° and 13.0° C for 2005 and 2010, respectively. These water 

temperatures are close to the optimum growth temperatures for westslope cutthroat trout (Bear et al. 

2007).  

The MTDEQ data assessed two reaches on Swamp Creek in 2004 for the Little Thompson Project 

Area TMDLs and found data throughout the reaches was variable in relation to meeting various 

targets. Issues include substantial sediment problems associated with timber harvest, grazing, and 

roads, including recent clearcutting which had changed peak flows and affects stream stability. 

Channelization and installation of dikes and gravel plugs in the upper watershed had closed off 

overflow and caused channel downcutting and incisement, which led to extensive bank erosion and 

scouring (Figure 5). Beaver dams were observed throughout the stream. Results show that West 

Fork Swamp Creek assessed reaches did not meet targets for: Riparian health (measured by percent 

understory shrub cover), entrenchment ratio, large woody debris measurements, and pool/mile 

measurements (MTDEQ 2017).  

 

Figure 5. Eroding streambanks in Swamp Creek (from MTDEQ 2014) 

 

The Bank Erosion Hazard Index (BEHI) measurements show that streambank erosion is present and 

excess sediment may be limiting the creek’s ability to fully support aquatic life (MTDEQ 2014). 

Existing sediment load from Swamp Creek Watershed (as measured in 2011) is 430 tons/year, 

which equals 25 tons/mile/year, which needs be reduced by 29% to meet targets. MTDEQ predicts 

that with Riparian BMPs in place, that would bring sediment down to 304 tons/year.  

Water Quality 

Despite the apparent good quality salmonid habitat reported for the period of 2005–2015 

summarized above, the West Fork Swamp Creek is listed as being impaired for beneficial use by the 

Montana Department of Environmental Quality (MT DEQ 2018, Appendix A) (Table 5). The lower 

4.76 miles of West Fork Swamp Creek are on the 303d list of impaired waters as a Class 4A water 

with impairments attributed to alteration of stream-side vegetative cover, Nitrate/Nitrite, total 

Nitrogen, total Phosphorus, and sedimentation/siltation. Sources of impairments were attributed to 
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channelization, forest roads (construction and use), grazing in riparian zones, and timber harvesting. 

The lower portions of West Fork Swamp Creek, East Fork Swamp Creek and the Swamp Creek 

between the mouth and confluence of the forks become intermittent seasonally, with higher 

elevation areas in the forks and Bemish Creek supporting perennial flows.  

DEQ collected water quality sampled from Swamp Creek during the growing season over the time 

period of 2004–2012. Total nitrogen (TN) and total phosphorus (TP) values were always below the 

targets of 0.275 mg/L and 0.025 respectively, except for one exceedance of TP at the downstream 

reach. Nitrate was non-detectable. Swamp Creek was listed for nutrients because it did not meet 

targets for AFDM (ash-free dry mass), periphyton, and HBI (Hilsenhoff Biotic Index) at the two 

most downstream stations which are located about 2.2 miles upstream of the mouth of Swamp 

Creek and at the mouth of Swamp Creek. Most probable nutrient sources are ongoing grazing and 

timber harvesting (MT DEQ 2014).  

The TMDLs (total maximum daily load) are in place for this stream (MTDEQ, 2014). A TMDL is a 

pollutant budget identifying the maximum amount of a particular pollutant that a water body can 

assimilate without causing applicable water quality standards to be exceeded. Evaluation of 

sediment in the W. Fork Swamp Creek found values that exceed state of Montana standards at 

sampled sites. The Total Allowable Load (TMDL) for the W. Fork Swamp Creek is 593 tons/year, 

the current sediment load is estimated at 868 tons/year. Using BMPs, the DEQ estimates that 

sediment delivery from roads can be reduced by 10 tons/year (67%) and from streambank erosion 

by 126 tons/year (29%). Upland sources are at 423 tons/year and there is a need to reduce this by 

139 tons/year, or 33% (MDEQ, 2014). 

Table 5. Excerpt of the 2016 303d Listing for Streams within the Analysis Area. 
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Swamp 
Creek  

(W. Fork 
Swamp 
Creek to 
mouth) 

4.76 

Drinking 
Water, 
Aquatic Life, 
Primary 
Contact 
Recreation,
Agricultural 

 

✓ 

  Alteration of streamside 
vegetation, Nitrate-
Nitrite, Nitrogen, 
Phosphorus, 
Sedimentation/Siltation 

Grazing, 
Silviculture 
harvesting, 
Channelization, 
Forest Roads 
(Construction and 
Use) in Riparian 
zones 

Source: Montana DEQ at http://svc.mt.gov/deq/dst/ 

State Water Quality Standards 

All of the streams in the project area have State of Montana B-1 classification standards. These 

waters are to be maintained suitable for drinking, culinary, and food processing purposes, after 

conventional treatment; bathing, swimming, and recreation; growth and propagation of salmonid 

fishes and associated aquatic life, waterfowl and furbearers; and agricultural and industrial water 

supply. 

Section 17.30.623 of the Administrative Rules of Montana lists specific water quality standards that 

must be maintain for these waters. It is anticipated that the project area streams will meet water 

quality standards in the post-fire environment. However, it is worth noting that classification 
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standard (2)(d) states that: “the maximum allowable increase above naturally occurring turbidity is 

five nephelometric turbidity units (NTUs) except as permitted.” Without measuring NTUs in the 

stream before the fire and during the next spring runoff, it is not possible to know if this standard 

would be exceeded. It is likely that in some locations in the project area, turbidity would be five 

NTUs above pre-fire conditions. However, the fire is considered a natural event and the resultant 

increase in turbidity is also naturally occurring. Hence, water quality standards will not be exceeded. 

Road Influence 

Road Density 

Table 6 shows road density for existing roads by 7th Level HUC watershed in the project area. 

Watershed road densities are all in the High and Extremely High categories, as defined by the 

Columbia River Basin Study (USDA Forest Service, 1996). West Fork Combest Creek watershed 

has the highest road density followed by lower West Fork Swamp Creek watershed. 

Table 6. Road density (miles/square mile) by 7th code HUC watershed. 
Watershed Miles Acres Square 

Miles 
Density CRB 

Classification 
Percent of 

Watershed in 

NFS Lands 

East Face Tribs 14.2 1,999 3.1 4.6 High 4 

East Fork Swamp Creek 
59.7 

6,308 
9.9 6.1 

Extremely 
High 67 

North Face Tribs 14.2 2,983 4.7 3.1 High 87 

West Fork Combest Creek 
40.2 

3,718 
5.8 6.9 

Extremely 
High 13 

West Fork Swamp lower 
87.6 

9,986 
15.6 5.6 

Extremely 
High 39 

West Fork Swamp upper 78.9 12,469 19.5 4.1 High 88 

Not Mapped 
62.6 

5,427 
8.5 7.4 

Extremely 
High 95 

Total 

357.4 

 

42,890 67.0 5.3 
Extremely 
High 64 

 

Previous monitoring on the Lolo NF shows that when road density approaches 2 miles/square mile 

or more, sediment delivery levels began to be problematic and could be observed and measured in 

stream channels (Riggers et al. 1998). The road network in the Sheep Gap Salvage project area is 

extensive and is likely to have effects in all of the project watersheds. Roads are likely to contribute 

to localized stream instability where crossings are not adequately sized. 

Road Encroachment 

Table 7 displays open and closed road miles within 300 feet of mapped intermittent and perennial 

streams. Across the project area, there 84.3 miles of road within 300 feet of streams. The West Fork 

Swamp upper watershed has the most road miles adjacent to streams in the project area. This is also 
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the mileage that is used to model sediment delivery in Roaded WEPP. 

Table 7. Miles of open and closed roads within 300 feet of streams by watershed. 
Watershed Closed Open Total 

East Face Tribs 4.2 0.8 5.0 

East Fork Swamp Creek 9.3 8.3 17.6 

North Face Tribs 0.8 2.0 2.7 

West Fork Combest Creek 5.7 5.3 11.0 

West Fork Swamp lower 15.5 6.6 22.1 

West Fork Swamp upper 11.2 14.7 25.9 

Total 46.6 37.7 84.3 

 

Road Sediment Delivery 

The Roaded WEPP module of the Water Erosion Prediction Project (WEPP) model was used to 

estimate the amount of sediment being delivered to stream channels from unpaved forest roads. As 

shown in Table 8, the West Fork Swamp Creek upper watershed receives the most sediment from 

roads. The North Face Tributaries watershed receives the least. 

Table 8. Sediment delivered from existing roads levels in tons per year. 

 Seventh HUC Watersheds  

East Face 
Tribs 

East Fork 
Swamp 
Creek 

North Face 
Tribs 

West 
Fork 

Combest 
Creek 

West Fork 
Swamp 
lower 

West Fork 
Swamp 
upper 

Current 
Conditions 

(Existing 
Roads) 

4.7 21.0 4.1 12.7 23.9 35.0 

 

Background Sediment Delivery 

The Thompson Project Area TMDL (MTDEQ, 2014) identifies the background hillslope 

sedimentation rate as being 0.015 tons/acre/year or 11.52 tons/square mile/year for the Swamp 

Creek watershed. The Swamp Creek watershed is the only drainage analyzed in the TMDL that 

intersects the project watersheds. The West Fork Swamp Creek Upper and Lower watersheds in the 

project area are sub watersheds of Swamp Creek. 

Culvert Upgrades 

During Burned Area Emergency Recovery (BAER) efforts immediately after the fire, several 

culverts were identified as needing upgraded due to being undersized for the modeled post-fire 

stream flows. Four culverts will be upgraded in the East Fork Swamp Creek watershed and 2 

culverts will be upgraded in the West Fork Swamp Creek watershed.  
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Water Yield 

Water yield and peak flow increases occur in association with watershed disturbances such as 

wildfire, timber harvest, and road building. Increases in water yield are often considered a benefit to 

aquatic resources and the beneficial use of water. However, water yield increases are typically 

associated with increases in peak flows, i.e. an increase in the magnitude of a flood during a given 

storm event. Higher flood flows are associated with a greater likelihood of channel scour, 

destruction of floodplain vegetation, and damage to stream-adjacent or crossing structures such as 

roads. 

Studies conducted on the Lolo NF found measurable changes in available soil moisture when about 

17 percent of tree crowns are removed, as measured by Equivalent Clearcut Area (ECA) (Pfankuch 

1973). Other studies found that basal area in a fully forested watershed must be reduced by 15 

percent or more to produce a detectable water yield increase (MacDonald and Stednick 2003). ECA 

results can also be interpreted in the context of natural stand conditions. 

Historically, vegetative cover in the project area averaged 12% herbaceous, 12% shrub, and 76% 

timber (Fischer and Bradley 1987), which translates to a natural historic ECA of 24%. 

In a comprehensive state of the science review of the effects of forest practices on changes in peak 

flows, Grant and others (2008) found that flows with a return interval of less than or equal to 6 years 

are the primary ones affected by forest practices. They also concluded that, “Effects of forest 

harvests on extreme flows cannot be detected using current technologies and data record lengths but 

hydrologic theory suggests that such effects are likely to be small.” They also found that any 

potential effects are in channels that are less than 2% slope and streambeds composed of gravel or 

finer material (Grant et al. 2008).  

Instead of displaying and calculating the traditional ECA values, the burn severity by watershed is 

displayed in Table 10 below. The reason for this is because from field observations, it is apparent 

that this fire burned at a relatively high severity. The high and moderate burn severity acreage in the 

table below represents the amount of forest canopy that was removed from the fire, essentially the 

ECA percentage. It is possible that the ECA acreage is higher due to previously cleared forest 

acreage that did not burn. However, any additional acreage is irrelevant for two reasons: 1) all of the 

watersheds below are above threshold levels from the fire, 2) the action alternatives propose cutting 

predominantly dead trees; therefore, there would be no anticipated changes in ECA. 

As can be seen in Table 9 below, the W. Fork Swamp Upper and Lower and E. Fork Swamp Creek 

watersheds have the highest amount of canopy removed from the fire, 17.5, 10.0, and 6.2 percent, 

respectively. Most potential harvest units are located in the high and moderate burned areas. 
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Table 9. Percentage burn severity by watershed. 

Watershed 

Burn Severity (Acres) 

Total 
(Acres) 

Percent 
Low/ 

Unburned 

Percent 
High/Moderate 

Burn Unburned Low Moderate High 

East Face 
Tribs 242 59 151 111 562 1.2 1.0 

East Fork 
Swamp Creek 982 189 488 1,076 2,736 4.7 6.2 

North Face 
Tribs 1,600 458 476 250 2,784 8.2 2.9 

West Fork 
Combest 
Creek 64 32 40 9 145 0.4 0.2 

West Fork 
Swamp lower 1,943 724 1,475 1,041 5,183 10.6 10.0 

West Fork 
Swamp upper 2,762 1,073 1,783 2,604 8,221 15.3 17.5 

Not Mapped 3,120 1,026 1,039 243 5,427 16.5 5.1 

Total 10,713 3,561 5,450 5,333 25,058 57.0 43.0 

 

In-channel observations immediately after the fire did not find a high amount of stream instability as 

would be expected from the high levels of canopy removal in Table 9 above (Shearer 2017). 

However, it is unlikely that signs of stream instability would be present before the spring runoff. As 

mentioned in the stream survey section above, the BEHI measures did find a high likelihood of 

streambank instability. Also, slope instability was found throughout the project area. 

Hillslope Instability 

Fall 2017 field visits by forest service individuals assessed area for erosion, hillslope and 

channel instability, and other post-fire sediment movement. This picture shows hillslope 

erosion and the subsequent accumulation of sediment on the roadbed. This picture was 

taken in late October after the fall rains had enough input into the hillslopes to saturate 

the soil and overland flow began to occur. In addition to the field observations of 

hillslope instability, there are numerous studies that have documented the increased slope 

instability and sediment movement after high severity wildfires (Silins et al. 2009, Slesak 

et al. 2015, Wagenbrenner et al. 2015). 
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Figure 6. Image of steep sloped and high soil burn severity above culvert at inlet (Image from 

Shipstead et al. 2017) 

 

Desired Condition 

One of the primary desired conditions for the Sheep Gap Salvage project area is to meet or exceed 

State water quality standards for all applicable streams. This is also goal 8 on page II-1 of the Forest 

Plan (USDA Forest Service 1986). FSM guidelines have objectives and policies relevant to 

protection (and, where needed, improvement) of water quality on NFS lands so that designated 

beneficial uses are protected (FSM 2532.02 and 2532.03). 

Environmental Consequences 

Methodology 

Stream channel condition 

Evaluation of stream channel conditions was conducted by Forest Service personnel, contractors, 

and PACFISH/INFISH Biological Opinion (PIBO) Effectiveness Monitoring in West Fork Swamp 

Creek in 2005, 2010, and 2015. PIBO is a standardized stream monitoring protocol that assesses 

habitat condition. MTDEQ performed habitat and sediment data collection in the summer of 2008 

according to the protocol: Longitudinal Field Methodology for the Assessment of TMDL Sediment 

and Habitat Impairments, as well as Bank Erosion Hazard Index (BEHI) measurements (Bond and 

Staten 2010). Additionally, in the fall of 2017, field visits by the fish biologist and hydrologist 
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focused on unit location, riparian buffer locations, haul route conditions, and instream habitat 

conditions (Shipstead et al. 2017). 

Water Quality 

Water temperature data from the PIBO monitoring in West Fork Swamp Creek showed mean 

temperatures of 11.7° C between July 21 and August 31, 2005 and 11.1° C between July 15 and 

August 31, 2010. Water Quality assessments were based upon a combination of stream surveys, 

field observations, and TMDL assessments performed by MDEQ (Bond and Staten 2010). 

Road Influence 

Unpaved roads are one of the primary anthropogenic sediment sources to streams in forested 

systems (Luce and Wemple 2001, Sugden and Woods 2007). Road-related sediment delivered to 

streams can negatively affect water quality, aquatic species habitat, sediment transport regimes, and 

channel morphology. Roads intercept precipitation and hillslope surface and subsurface flow and 

concentrate it on road surfaces and down ditch lines (Luce and Wemple 2001). This increases flow 

volumes, increases sediment delivery to streams, and otherwise alters the hydrologic response of a 

watershed (Wemple and Jones 2003). 

Studies of post-fire sedimentation have found roads to be a primary source (McIver and McNeil 2006, 

Slesak et al. 2015). This is due to the widely documented increases in runoff after fires and the lack 

of vegetative buffers, which increase road sedimentation (Moody and Martin 2009).  

Sediment Delivery 

Recent monitoring found that roads within 10 meters of streams delivered 74% of the road sediment 

(Cissel et al. 2013). Roads within 100 and 300 feet of streams were evaluated by the Forest Service 

(USDA Forest Service 2000) and found to impact sediment delivery, stream dynamics, large woody 

debris recruitment, and aquatic habitat. Roads within 300 feet of a water body are the most probable 

to deliver sediment (Belt et al. 1992). 

Sediment delivery to streams from existing roads and from project related road activities was 

modeled using WEPP. Project road-related activities which have the potential to alter fine sediment 

(6 millimeter-size fractions or smaller) delivery to streams include temporary road construction, 

road maintenance and road use for log haul. The tons/year per watershed metric is the primary 

measurement of road impacts in the project area. All roads within 300 feet of stream channels were 

modelled for sediment delivery. A full summary of WEPP assumptions is given in Appendix B. 

Stream Crossings 

In addition to direct fine sediment delivery to streams, road stream crossings have the potential to 

fail catastrophically, delivering large sediment pulses to the stream. BAER assessments identified, 

characterized, and prioritized at risk stream crossings (Shipstead et al. 2017). Crossings upgrades 

and removals are disclosed. 

Water Yield 

Water yield is typically analyzed using the Equivalent Clearcut Area (ECA) model, a common 

indicator of cumulative watershed effects used to measure the relative loss and recovery of 

hydrologic function for a forest canopy in areas with snowmelt-dominated runoff (Ager and Clifton 

2005). Forest canopy intercepts precipitation and affects snow accumulation and melt, sublimation, 
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evapotranspiration, and temperature moderation (Lewis and Huggard 2010). Any activity that alters 

the forest canopy has the potential to affect snow accumulation and ablation and subsequent stream 

runoff timing and magnitude (Grant et al. 2008). When stream flows are higher than those in which 

the stream evolved for long durations, stream channels may be altered. This creates the potential for 

bank scour, erosion, and subsequent increases in bedload deposition. 

Forest roads can also increase water yield because they often react similarly to first-order streams, 

collecting water and effectively expanding the network of stream channels and the areas 

contributing to runoff-producing events. Water that normally would infiltrate the ground is captured 

on road surfaces and transported down ditches, often directly to stream channels or near stream 

channel areas (MacDonald and Stednick 2003). The result can be a measurable increase in flow 

quantity and the rate of stream flow response. 

For the Sheep Gap Salvage project, ECA was not used to assess water yield potential and effects. 

This is because the fire has removed the canopy for large portions of the project area (Table 9 

above). This has resulted in conditions where all of the project watersheds are above the ECA 

threshold. Potential effects to water yield from project activities are given in the effects analysis. 

Effects Analysis 

This section addresses the direct, indirect, and cumulative effects of the project alternatives relative 

to water resources. Effects are discussed within the context of current research and take into 

consideration the resource indicators and measures from Table 1. Potential effects of the treatment 

activities are discussed considering all management requirements, resource protection measures, 

and monitoring requirements (refer to Project File). Cumulative effects are assessed for the 

watershed areas that are potentially most affected by the proposed actions. Reference the 

Environmental Assessment for detailed description of project alternatives. 

• Alternative 1––No Action Alternative 

• Alternative 2––Modified Proposed Action 

• Alternative 3––Alternative derived from public comment to include more salvage 

Alternative 1––No Action 

Under the No Action alternative, no salvage harvest would occur to accomplish project goals. The 

No Action alternative partially fulfills regulatory and Forest Plan direction because some conditions 

are within standards, while others, primarily roads and road structures need improvements. 

This alternative would maintain the existing condition. The post-fire conditions would continue with 

widespread accelerated erosion and stream sedimentation. Research has shown that by the fourth 

year following a wildfire, fire associated erosion is negligible (Elliot and Robichaud 2001). 

Large woody debris will gradually begin to accumulate in streams as fire-killed trees fall from 

blowdown and stream undercutting (Minshall et al. 1998). This has benefits for stream energy 

dissipation, sediment retention, and fish habitat. Fire will also create a short-term pulse of available 

nutrients into stream channels (Minshall et al. 1998). This results from nutrient mobilization in 

upland soils and would peak post fire and decrease to background levels within 2 years as 

revegetation occurs and nutrients become locked-up in plant biomass (Choromanska and Deluca 

2002). 
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Action Alternatives 

Vegetation Treatments 

Table 10 below shows the acreage of proposed salvage harvest by watershed for Alternative 2. The 

most proposed harvest acres are in Upper and Lower West Fork Swamp Creek with 740 and 717 

acres proposed respectively. 

Table 10. Proposed Salvage Harvests for Alternative 2 by Watershed. 
Watershed High Bank Skyline Tractor Total 

East Face Tribs 0 23 0 23 

East Fork Swamp Creek 0 229 89 318 

North Face Tribs 0 188  188 

West Fork Combest Creek 0 0 0 0 

West Fork Swamp lower 8 687 22 717 

West Fork Swamp upper 2 482 255 740 

Total 11 1,609 367 1,986 

 

Table 11 shows the acreage of proposed salvage harvest by watershed for Alternative 3. For 

Alternative 3, the most proposed harvest acres are in Upper West Fork Swamp Creek and exceed 

proposed acres in Alternative 2 by approximately 300. 

Table 11. Proposed Salvage Harvest for Alternative 3 by Watershed. 
Watershed Excaline High Bank Skyline Tractor Total 

East Face Tribs   23 0 23 

East Fork Swamp Creek   336 128 464 

North Face Tribs 99  252  352 

West Fork Combest Creek 0 0 0 0 0 

West Fork Swamp lower 19 8 712 22 762 

West Fork Swamp upper  2 786 261 1,050 

Total 118 11 2,110 411 2,650 

 

Road-Related Actions 

Table 12 shows metrics for the proposed haul routes, by alternative. The table below shows that 

across the action alternatives, Upper and Lower West Fork Swamp Creek have the most proposed 

haul routes. This is because the Upper and Lower West Fork Swamp Creek Watersheds are the 

largest. This also shows that between the two action alternatives, the proposed activities differ most 

in the East Fork Swamp Creek Watershed. The road miles within 300 feet of stream channels was 

used for WEPP modelling.  
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Table 12. Proposed haul route miles, miles next to streams, and crossings by alternative. 

 Haul Route Miles 
Road Miles Near 

Streams 
Number of Stream 

Crossings 

Watershed 
Alternative 

2 
Alternative 

3 
Alternative 

2 
Alternative 

3 
Alternative 

2 
Alternative 

3 

East Face Tribs –– –– –– –– –– –– 

East Fork Swamp 
Creek 10 16 4.8 6.4 8 14 

North Face Tribs 2 3 0.6 0.7 2 2 

West Fork Combest 
Creek 7 7 3 3 6 6 

West Fork Swamp 
lower 30 30 7.8 7.8 31 31 

West Fork Swamp 
upper 26 28 8.5 9.2 30 34 

Total 75 83 24.6 27.0 77 87 

 

New Temporary Road Construction 

Table 13 below shows new temporary road construction by watershed for the action alternatives. As 

can be seen in the table, West Fork Swamp Creek has the most temporary roads near streams 

(within 300 feet). This mileage was used with the WEPP model to calculate sedimentation. 

Table 13. Temporary road mileage by watershed. 

 Temporary Road Miles 
Temporary Road Miles 

Near Streams 

Watershed 
Alternative 

2 Alternative 3 Alternative 2 
Alternative 

3 

East Face Tribs –– –– –– –– 

East Fork Swamp Creek 0.9 1.2 –– –– 

North Face Tribs –– –– –– –– 

West Fork Combest Creek –– –– –– –– 

West Fork Swamp lower 2.3 2.3 0.2 0.2 

West Fork Swamp upper 3.4 4.3 0.1 0.1 

Total 6.6 7.8 0.3 0.3 

 

Table 14. Proposed road relocation (NSFR 751) miles by watersheds. 

Watershed 
Road 

Construction 
Miles 

Storage Road 
Miles 

Decommission 
Road Miles 

East Face Tribs    

East Fork Swamp Creek    

North Face Tribs 0.6 0.6  

West Fork Combest Creek    

West Fork Swamp lower 0.1 0.8 0.1 

West Fork Swamp upper    

Total 0.6 1.4 0.1 

Note: mileage is the same for both alternatives  
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Culvert Upgrades 

In addition to BAER related culvert upgrades discussed in the cumulative effects, with the action 

alternatives there are also culvert upgrades that would take place. This will be additional drainage on 

primary haul routes in the form of relief culverts and drainage dips.  Preparations for design, 

maintenance and reconstruction are now currently in progress for work in 2018.  Planned BAER work 

includes up-size of six existing culverts.  The work will consist of culvert removal and replacement 

with a structure designed to accommodate post-fire Q10 and pre-fire Q100 flows.  To minimize 

potential storm damage, construction of sediment retention barriers and sediment basins, and 

installing additional drainage pipes are planned. Reconstruction of catch basins, road surface drain 

dips, and cleaning/repair of existing ditch relief pipes will take place with road maintenance.  In 

summer 2018, projected work includes road storm-patrols as needed on approximately 26 miles of 

National Forest System road. Additional drainage maintenance and culvert upsizing may be necessary 

to handle the additional movement of water.  Erosion control measures such as culvert armoring, slash 

filter windrows at drain dip locations, and access barriers will be constructed as needed 

Direct and Indirect Effects 

Modelled Tons of Road Sediment Delivered to Streams 

Table 15 below contains WEPP modeled sediment production and delivery from all project roads 

including current conditions, during implementation of action alternatives, and post implementation. 

This includes temporary roads. 

Resource protection measures or BMPs will be utilized to reduce stream sedimentation. These 

BMPs will include placement of straw bales, wattles, silt fences, or slash filter windrows at stream 

crossing locations and relief culvert or drainage dip outlets within 300 feet of streams. A research 

review by Seyedbagheri (1996) showed that these techniques can reduce sediment from entering 

streams by 32% on the low end for straw mulch up to 99% on the high end for slash filter windrows. 

A more recent research review by Edwards and others (2016) found that silt fences can retain 

between 16-95% of sediment on roads. They also found that other barriers such as straw bales, fiber 

logs, wattles, and rock check dams can retain between 20 and 95 percent of road sediment (Edwards 

et al. 2016). A more comprehensive summary of BMP effectiveness is given at the end of this 

document. 

As can be seen from the numbers below, the current sedimentation into the stream channels is much 

higher than that anticipated for after project implementation. This is because it was assumed all the 

filtering capacity of the watersheds is removed in the post-fire environment. This also assumes that 

there will be widespread vegetative recovery, including in the ditch lines and in the stream buffers, 

which will capture sediment coming off of roadbeds. 

The post implementation is assumed to be after adequate vegetation grows back. This would likely 

be four years after the fire or 1–2 years after completion of the project (Elliot and Robichaud 2001). 

The increase during implementation represents increased use of the road system for hauling.  
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Table 15. WEPP modelled tons per year sediment delivery to streams by watershed with 

application of resource protection measures. 

 Seventh HUC Watershed 

 

East Face 
Tribs 

East Fork 
Swamp 
Creek 

North 
Face Tribs 

West Fork 
Combest 

Creek 

West Fork 
Swamp 
lower 

West Fork 
Swamp upper 

Current Conditions 4.7 21.0 4.1 12.7 23.9 35.0 

Alternative 2 4.7 23.0 4.3 14.4 32.2 39.3 

Alternative 3 4.7 25.2 4.3 14.4 32.2 39.9 

Post-Implementation 2.2 10.4 2.0 6.2 11.6 16.0 

 

The West Fork Swamp Upper watershed has the most anticipated sediment delivery. All watersheds 

show an increase in sediment delivery with the action alternatives. Using more conservative 

estimates than the research has reported, it was assumed that 50% of the road sediment modeled will 

be reduced at stream crossings.  

The contribution to the above sediment modeling from temporary roads is given in Table 16 below. 

As can be seen, the most sediment is delivered in the West Fork Swamp lower and West Fork 

Swamp upper. These results represent sediment produced during haul, not road construction. 

Table 16. WEPP modelled sediment contribution from temporary roads. 

Watershed 

Tons/Year 

Alternative 2 Alternative 3 

West Fork Swamp lower 0.3 0.3 

West Fork Swamp upper 0.2 0.2 

 

Direct Effects 

Increased haul on riparian roads and roads with stream crossings would increase sedimentation into 

streams during project implementation, as shown with WEPP modeling above. However, resource 

protection measures and best management practices would be applied to minimize delivery. This 

would cause localized increases in turbidity for short durations but not permanently. There would be 

no permanent degradation of water quality from these activities. The W. Fork Swamp Creek is the 

only stream listed for sedimentation by MDEQ (2010). The primary source of sediment in this 

stream is riparian harvests, grazing, and roads.  

The disturbance from the temporary road construction will create an initial pulse of sediment into 

the stream systems. This would be a one-time pulse during the construction period that would likely 

be equal to the tons/year modeled for use in Table 16 above. As with other road activities, erosion 

control measures will be in place to mitigate stream sedimentation. Roads will also be constructed 

during the dry season to reduce erosion. 

Sediment modeling results are misleading because they imply that all activities would take place at 

once. Short-term sediment deliveries would not result in detrimental stream conditions because: (a) 

actions would not simultaneously occur; (b) impacts would not occur in a single year but would be 

dispersed over multiple runoff cycles; (c) work and total predicted sediment quantities are further 

distributed across multiple watersheds; (d) only one portion of a project is active at one time-only a 

few sections of road would be hauled upon; (e) the most risky period for hauling is in the spring 

during breakup, which occurs at slightly different time periods due to elevation and aspect so only 
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sections of road are at-risk from breakup conditions at any one time; and (f) the risk of haul-related 

sedimentation occurring for more than a few days is very small because the timber sale 

administrator and/or aquatics specialists would visit the project area several times each week, 

especially when conditions were questionable, and would stop the hauling if conditions were 

unfavorable. 

Indirect Effects 

After implementing the Sheep Gap Fire Salvage project, BMPs that were implemented for haul 

activities (primarily additional drainage) will stay in place. This would create shorter flow lengths 

for water running along roadbeds and hence less overall sediment generated into streams after 

project implementation. The strategically placed slash filter windrows would also help decrease 

stream sedimentation for a few years after the project is implemented. 

Stream Measures 

Percentage Equivalent Clearcut Acres (ECA) per Watershed 

As stated in the current condition section above, ECA values were not calculated for the project 

area. The assumption is made that all watersheds are above the ECA threshold due to the intensity 

and extent of the Sheep Gap wildfire. Also, the action alternatives proposed to salvage dead trees, 

which would not increase ECA because dead trees no longer uptake and store water. 

Therefore, there will be no effects from tree removal on ECA values. 

Direct Effects 

Although it is unlikely that removal of dead and dying trees will affect runoff, the associated soil 

compaction from skid trails and new road construction will create less soil water holding capacity 

and lead to increased overland flow and runoff (Wemple and Jones 2003). However, in the context 

of the anticipated widespread increases in runoff from the fire effects, it is unlikely that the 

proposed temporary road construction or skidding activities will result in additional measurable 

water yield increases (Grant et al. 2008). 

Resource Indicator and Measure 1––Sediment Delivery 

Undersized stream crossings will go down across all alternatives as BAER recovery efforts upgrade 

stream crossings for flood protection. With Alternatives 2 and 3 (the action alternatives), there will 

be additional road drainage installed associated with the timber sales. These do not change between 

the action alternatives. These actions will result in long-term reduction in road- related sediment 

delivery. 

The largest difference between alternatives is for sediment delivery into stream channels. As can be 

seen in Table 15 above, there is in increase in sedimentation from roads for both of the action 

alternatives in all of the seventh HUC watersheds except East Face Tribs which does not have Forest 

Service roads. The largest increases are in the West Fork Swamp Creek watershed both lower and 

upper sections. This is associated with increase road use from logging trucks. The difference between 

alternative 2 and alternative 3 is that alternative 3 has more road related sedimentation in the East 

Fork Swamp Creek, North Face Tribs, and West Fork Swamp Upper watersheds.  

Studies of sediment production in post-fire salvage logging have had mixed results in discerning an 

increase in sedimentation directly attributed to logging (Wagenbrenner et al. 2015). A study by 

McIver and McNeil (2006) in Northeast Oregon found widespread increases in soil disturbance 
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from salvage logging but most of the sediment transport was due to the pre-existing road system. 

McIver and McNeil (2006) attributed low-levels of hillslope sediment transport to low-to-moderate 

slopes, erosion-resistant soils, logging on snow and dry ground, two years of recovery between the 

fire and logging, and the lack of severe rainstorms during the logging period. After an Arizona fire, 

there was found to be a 1standa-fold increase in sediment yield but salvage logging did not have any 

detectable effect on sediment yields relative to unlogged areas (Stabenow et al. 2006). 

On a watershed scale, effects from salvage logging are more difficult to determine. Seven 

watersheds were studied in the Canadian Rocky Mountains for increases in suspended sediment 

from burned areas that were salvage logged. Although more suspended sediment was found in the 

logged drainages, the differences were not statistically significant (Silins et al. 2009). 

The primary takeaway from the literature that has been done on salvage logging is that although it 

makes scientific sense that introducing additional disturbances to recently burned areas with 

hillslope instability will create additional stream sedimentation, this has not been verified through 

conventional studies. Therefore, this remains a risk but effects of salvage logging are difficult to 

discern. 

However, studies have measured increases in plot-scale sediment movement. Wagenbrenner and 

others (2015) found large increases in sediment production with increased ground disturbances from 

logging equipment passes. They found an order of magnitude higher sediment production from 

skidder plots as opposed to control plots for study sites in NW Montana. This difference increased 

with time as control plots recovered quicker and logged sites had delayed recovery. 

It is reasonable to predict that some increases in stream sedimentation would occur from salvage 

logging activities and the proposed temporary road construction. This is due to the inherent 

instability of the slopes that would be disturbed. It is also reasonable to assume that due to the lack 

of riparian vegetation where stream sides were burned, there is little buffering capacity intact (Pettit 

and Naiman 2007) and increased sedimentation from logging activities would occur. 

However, numerous studies have failed to measure these increases in stream 

sedimentation and suspended sediment separate from that which occurs naturally in post-

wildfire scenarios (McIver and McNeil 2006, Silins et al. 2009, Slesak et al. 2015, 

Wagenbrenner et al. 2015). Due to the risk of stream sedimentation from salvage logging 

that is recognized in the literature, stream buffers in the majority of the project area were 

expanded by 50 feet to allow for more buffering capacity.  

Although Elliot and Robichaud (2001) found that increased sedimentation from wildfires subsides 

after about 4 years, Wagenbrenner and others (2015) postulate that salvage logging delays recovery 

time and can produce prolonged sediment delivery, except in those areas that are more productive 

and tend to recover quicker. 

Resource Indicator and Measure 2––Change in Water Yield and Increased 
Peak Flows 

All project area watersheds are above threshold due to forest canopy removal by the fire. However, 

it is not anticipated that any of the proposed activities will increase water yield and peak flows 

because the project only proposes to remove dead trees, which no longer take up and store water. 

Cumulative Effects 

Cumulative impacts are considered with other past, present, or reasonably foreseeable actions for all 
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pertinent activities in the project area. The boundary for cumulative effects is the Seventh HUC 

watersheds because it corresponds to an area by which effects can be generally understood and/or 

quantified. Cumulative impacts result when the effects of an action are added to or interact with 

other effects in a particular place and within a particular time. It is the combination of these effects, 

and any resulting environmental degradation, that are the focus of cumulative impact analysis. 

While impacts can be differentiated by direct, indirect, and cumulative, the concept of cumulative 

impacts takes into account all short- and long-term disturbances that can reasonably be understood 

and assessed. 

As an overall summary, the streams and riparian areas in the project area are largely impacted by 

the Sheep Gap Fire. These streams show signs of streambank instability and will likely experience 

adjustments in the post-fire runoffs for the next 2–3 years. The action alternatives are unlikely to 

impact stream stability and streambank erosion. They would however add additional sediment into 

stream channels from project activities (primarily log haul). 

Previous Activities 

Watersheds in the project area have been impacted from past actions such as timber harvest, fire, 

road development and use within and near riparian areas, private land development near stream and 

grazing. Overall, these activities have caused an increase in sedimentation, which has led to a 

decrease in stream water quality and habitat. Also, there has been a loss of large woody debris in 

these stream, which has led to a decline in quality habitat. Grazing on private land has also impacted 

riparian vegetation and bank stability along main branch of Swamp Creek downstream of the 

project area.  

Present and future actions include road maintenance, grazing, BAER actions, and Montana 

Department of Natural Resources and Conservation (DNRC) salvage harvest. Compared to past 

disturbances, watersheds in the project area are not as detrimentally impacted as they were in the 

1900s because of a decline in land management activities. For example, most of the timber harvest 

and associated road construction occurred in the 1960s and 1970s on Forest Service lands with the 

last timber harvest on Forest Service lands within the project area completed in 2011. In addition, 

grazing season of use is being truncated to 30 days on two sections that are unburned or burned at 

low severity. There are still some cumulative adverse impacts from past and present activities 

associated with the road infrastructure (channel instability, increase sediment levels, loss of aquatic 

habitat). 

The dominant recent activities driving cumulative effects in the project area are the Sheep Gap 

Wildfire and salvage logging by the DNRC. The wildfire is summarized in the introduction to this 

document. Effects from this wildfire have been mentioned throughout. The DNRC may log their 

lands in the West Fork Swamp lower watershed. It is estimated that during haul activity, will be 7.6 

tons/year of sediment generated into stream channels in the West Fork Swamp lower watershed. 

This tonnage would have been added to the current condition sediment delivery in Table 16 above. 

Foreseeable Future Activities 

BAER Activities 

One of the primary goals of BAER work is to stabilize the road and trail systems and drainage 

structures to prevent damage from soil erosion and storm water run-off. This would ultimately 

reduce the risk of sediment reaching the streams. Cumulatively, when considered with the action 

alternatives, this action may actually off-set some of the risk for Changes to sediment levels in 

project area streams. There would be cumulative short-term impacts of sediment generated during 
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construction. Cumulatively, with the action alternatives, this action would not have an effect on any 

other aquatic habitat indicators. 

Table 17. Culverts to be upgraded and road mileage storm proofed as part of BAER activities. 

Watershed Culverts Upgraded Miles of Storm Proofing 

East Fork Swamp Creek 4 2 

West Fork Swamp lower –– 11 

West Fork Swamp upper 2 14 

Total 6 26 

 

DNRC Salvage Harvests 

Within the project area boundary Montana DNRC plans to harvest 172 acres. Of this harvest, 

108 acres are in the West Fork Swamp lower watershed, 64 acres are in the East 

Face Tribs watershed, and 0.4 acres in the East Fork Swamp Creek watershed. (It 

should be noted that these calculations are based off GIS calculations using our 

best available information and should only be used as an approximate 

representation of acres to be harvested by DNRC). For both Weyerhaeuser and DNRC, 

State of Montana BMP’s were and will be employed and no harvest would within the riparian areas 

of streams. There would be no cumulative effects related to temperature, large wood, pools, or bank 

stability.  

The State of Montana has an initial proposal to harvest timber from State Section 36, T20N R27W. 

The proposed sale has three harvest units and will most likely haul out on existing State and 

Weyerhaeuser Road No. 45178 and cost share NFSR Road No. 7588. Maintenance would be 

performed on approximately 8 miles of road and no roads would be decommissioned.  Within the 

project area, 1.26 miles of DNRC roads are within 300 feet of mapped streams.  These road miles, 

as well as the number of crossings and sediment modeled tons of sediment entering stream channels 

from them can be found in Table 18 below. The numbers in Table 18 can be added to the sediment 

amounts in Table 15 above. 

Table 18. DNRC proposed haul route road mileage within 300 feet of streams, crossings, and 

sediment delivered to streams, by watershed.   
Watershed Road Miles Crossings Modeled Tons 

East Face Tribs 0.28 1 0.6 

West Fork Combest Creek 3.44 9 7.0 

 

Summary of Salvage Harvest by Other Landowners 

The primary concern from the salvage activity on other land ownership is the potential for 

additional stream sedimentation. As summarized in previous sections, there is a risk of additional 

sedimentation from the harvesting activities within the units but this has not been measured or 

verified by relevant research. The primary affects from the additional activities will be sediment 

delivery from haul routes used. This modeled amount is disclosed above. 

For the DNRC salvage harvest, these will likely occur before and during the proposed action. The 

modeled road sediment will be added to that for the proposed action displayed in Table 15 above. For 

the same reasons just stated, the DNRC sediment will not be additive. 
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Many of the same road BMPs will be applied to the DNRC haul routes and was taken into account. 

It is worth noting that the harvest units for DNRC will not have the same width of stream buffers as 

the proposed actions. This increases the risk of sediment delivery from harvest activities but as 

discussed previously, the effects have not been documented. 

Cumulative Effects Key Items 

Item 1: Resources and Ecosystem Components 

a) How is the watershed resource vulnerable to incremental effects? 

Natural disturbance regimes typically consisted of large "pulsed" disturbances such as 

wildfire or flooding that generated very large but short-term increases in sediment and/or 

wood recruitment, followed by many decades of recovery. Anthropogenic effects, and 

commonly road systems, do not imitate this "pulsed" disturbance regime. Instead they 

contribute chronic long-term sediment over decades of time and keep wood from falling or 

shading streams because of their presence or because they provide access for tree removal. 

Another disturbance that affects the watershed resource is wide-spread mortality or 

removal of forest cover that results in increases in water yields to levels that cause bank 

erosion and contributes sediment. Under the natural disturbance regime, stand replacing 

fire would affect all or portions of watersheds, resulting in localized changes to small 

streams. In the downstream portions of larger watersheds, effects from fire are more 

diluted and typically result in little to no change in the larger stream channels. 

Current proposed direct and indirect effects are evaluated herein and projections are for 

the post- fire environment to mimic what was described above as occurring naturally 

followed by long term improvements with some additional hillslope and road 

sedimentation added to the stream channels from project activities. 

b) Are there proposed similar, or other activities, within this same geographic area? If 

so, what other activities are occurring and how are they likely to affect watershed 

conditions? 

The proposed harvest by the DNRC are displayed above. It is anticipated that these 

activities will add additional sediment into the stream systems. 

c) Have effects been historically significant? 

Significant long-term effects include road encroachment on project area streams, and road-

stream crossings (undersized culverts). These impacts have affected channel conditions. 

Forest Service actions are predicted to improve some of the undersized stream crossings. 

Item 2: Geographic Boundaries and Time Period 

a) What geographic area was selected for cumulative effects 

analysis? Watershed boundaries. 

b) Why was this area selected? 

This area was chosen because it’s past, current, and foreseeable activities have or will 
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contribute effects that can be understood and assessed, and that which result in measurable 

positive or negative impacts. It is not likely that anthropogenic effects of current 

management would cause any appreciable change in the Clark Fork River system. 

c) Is this area based upon natural boundaries of this 

resource? 

Yes. 

d) What is the length of time the effects of the alternatives will last, either 

singly or in combination with other anticipated effects? 

Due to the steepness of the landscape, the lack of vegetation obstructions of the post-fire 

environment in the Sheep Gap Project area, and some moderate- to high- surface erosion 

potential areas, a buffer between harvest units and streams where there is no harvest or 

mechanical entry should be: 350 feet at fish-bearing perennial streams, 200 feet at non-

fish-bearing perennial streams and >1 acre wetlands, and 100 feet at intermittent and 

ephemeral streams and wetlands <1 acre. Prior to harvest activities, these boundaries 

should be marked by layout crews. Also, skyline corridors should not be placed or skid 

trails used extending 50 feet from each side of the centerline of the drainage in ephemeral 

draws that don’t contain streams. 

Item 3: Past, Present, and Reasonably Foreseeable Actions 

a) How will the analysis include these cumulative effects? 

Tables 17 and 18 and the narrative below describes past, current, and foreseeable 

activities that could contribute to the geographic area and combine with project-

generated sediment to affect channel conditions. The following list ranks those activities 

from highest to lowest in terms of their potential affecting stream channels. Each activity 

is discussed in greater detail below. 

1. Road management 

2. Timber harvest 

3. Fire (natural & prescribed fire effects, suppression, and post-fire rehabilitation) 

4. Climate Change 

5. Other 

1. Roads: Roads have existed for over 40 years in headwaters and much longer at the 

lower watershed areas. They have negatively affected the watershed resource by: (1) 

increasing sediment delivery in specific locations; (2) permanently removing a good 

portion of the historic overstory vegetation and other vegetation that contributes to 

stable stream banks and instream habitat; (3) reducing woody debris recruitment; (4) 

straightening stream channels, which causes higher velocities, and more bank erosion; 

(5) separating streams from floodplains or making the floodplain more narrow; (6) 

filling wetlands; (7) altering stream hydraulics at road crossings; and (8) allowing 

easy access for people which increases vehicle impacts, illegal firewood cutting, 

garbage dumping, and clearing for dispersed campsites and other uses. 
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BMP upgrades and culvert replacements produce localized short-term sediment increases 

during implementation but create long-term sediment reductions and benefits to the aquatic 

ecosystem. One to three years following implementation, when the disturbed soils have 

been revegetated, these projects begin to reduce sediment contributions compared to 

existing contributions and localized short-term effects. 

2. Timber Harvest: Under typical Forest Service management, legacy roads have more 

negative effects to the streams than timber harvests. Timber harvests that include stream 

buffers have been shown to produce none or negligible sediment deliveries to streams. 

Moreover, timber sales that occurred more than 30 years ago have not delivered sediment 

to streams for many years and are considered to be hydrologically recovered because they 

are stocked with young trees. Although not obvious today, it is likely that 30+ year old 

timber harvest resulted in skidding through and/or along stream channels causing bank 

erosion and instability, but these approaches are not allowed with modern forest practices 

and regulatory requirements. 

Where old clearcut harvest occurred along small headwater tributaries, vegetation has 

recovered in the form of shrubs, dense grasses and young trees, and sediment 

contributions from these areas is negligible. Prior to INFISH, the SMZ law and Best 

Management Practices, harvest units often extended to and across stream channels, and 

skidding was allowed in the bottoms of draws. 

Today’s timber harvest practices have made large improvements towards protecting water 

quality and reducing long- and short-term effects. 

3. Fire: Recent wildfire effects are discussed in the body of this document. 

4. Climate Change: Climate change is a common topic of concern. Current research 

observes that snowmelt and spring runoff is occurring earlier than in the past and as a 

result there are more dry months. Future warming in the west is projected to be between 2-

5 degrees Celsius while average precipitation is not expected to change. The result of this 

is that the fire season will be longer and the higher elevation forests will be more 

vulnerable to fire (Boisvenue and Running 2006). This will also create more rain on snow 

events in the winter months. This will make stream systems flashier as the snowpack 

melts quicker. A faster melting phase will also decrease groundwater storage and soil 

moisture (Foster et al. 2016). The effect of this project on global warming would not be 

measurable. 

5. Other Activities with Negligible Effects: The following past, current, and foreseeable 

activities have been discounted from the cumulative effects analysis because their 

incremental effects have a negligible impact on streams. These activities contribute 

undetectable amounts of sediment or water to streams in the project area, have neutral 

effects on riparian areas, are located too far outside of the project area to have meaningful 

impacts on streams, are mitigated to the point that they have insignificant effects on water 

chemistry (herbicides), or no longer have the potential to generate cumulative effects 

because they occurred too long ago. 

• Tree planting activities 

• Manual thinning fuels reduction projects 
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• Herbicide applications 

• Outfitter and guide activities 

• Hunting 

• Dispersed campsites 

• OHVs 

• Forest Service trails 

• Forest Service facilities 

• Christmas tree cutting 

b) Other analyses of past activities to be considered for assessment of cumulative effects: 

None. Effects of previous projects, legacy road impacts, and past watershed improvements 

are taken into account above. 

Item 4: Describing the Condition and Effects to the Resource 

Description of existing conditions and inclusion of relevant past activities: 

Stream survey data reflects impact of past activities on stream channel conditions, 

largely associated with temperature, instream wood, and increased fine sediment. 

Past activities, primarily the Sheep Gap Fire, have shaped the stream conditions that 

are described in the watershed existing condition section of this analysis as 

described above. 

Other foreseeable activities for the Sheep Gap Salvage area include BMPs and 

upgrades on heavily-used roads. These BMPs will include the activities which are 

intended to reduce sedimentation from these roads which are in close proximity to 

stream channels. 

Table 19 below summarizes other activities which are foreseeable for the Sheep Gap 

Salvage project area. 

Table 19. Potential cumulative effects activities for the Sheep Gap Salvage project area. 

ACTION Contribution and Possible Trend 

Natural Events 

Wildfire Historically wildland fires were frequent disturbance factors. Increases in 

sediment production and runoff from large fire events influence water quality. 

Although this may lead to short-term increases in nutrient loading, sediment 

delivery, and water yields; wildfire is generally a desired ‘pulse’ event that 

positively influences water resources. 

Anthropogenic Events 
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ACTION Contribution and Possible Trend 

Wildland Fire 

Suppression 

Wildland fire suppression affects water resources in relation to a possible 

decrease in water yield because increases in canopy cover have greater water 

uptake and interception. This is not currently affecting water resources in the 

project area. Continued suppression can result in higher intensity wildfire, 

although even in high intensity scenarios, negative conditions tend to be short-

term, or “pulse” in nature, and in the long-term may be beneficial to water 

resources. This is the case in the project area. 

Timber Harvest Tree recruitment to streams has been reduced in areas where roads and tree 

removal has occurred. Future forest trends are for increased tree recruitment 

as natural recovery and tree growth occurs in previously disturbed riparian 

areas. 

Road Construction, 

Maintenance, and 

Improvements 

In the past, road construction has influenced water resources, as described 

previously. Long-term improvements would continue to occur as road 

improvements, such as BMPs, culvert upgrades, storage, and/or 

decommissioning are implemented in the project area. 

Recreation Overall, recreation is not creating large-scale watershed impacts. There are 

dispersed recreation sites along several project area streams. These areas see 

localized removal of trees and sediment introductions. 

Recreational use will continue and likely increase in the future, which may 

require active management for stream protection. 

Firewood/ Misc. 

product gathering 

Firewood gathering has occurred and will continue to occur in the future. 

Effects are minor and localized. Firewood cutting in RHCAs likely occurs 

along roads and at dispersed camping areas. This may 

increase in the immediate future as the public removes dead trees in RHCAs for 

firewood that are not salvage in this proposal. 

Livestock Grazing A grazing allotment has been in place within the Swamp Creek drainage since 

about 1947. Currently, the allotment includes approximately 17,754 acres of 

NFS land. The most recent NEPA analysis on the allotment was completed in 

2012. The Decision Notice allows 45 cow/calf pairs from June 1 to September 

1. The DN included additional resource protection measures to reduce impacts 

to riparian areas, soils, and weeds. Approximately 62% of the grazing allotment 

is within the fire perimeter and about 9,000 acres burned at moderate to high 

severity. In 2018, grazing will only be permitted for 30 days (June) within 

Sections 23 and 24, T20N, R27W, which were either unburned or burned at 

very low severity. Grazing will be halted in the rest of the allotment and for the 

remainder of 2018 on NFS lands. Grazing in future years will depend on 

recovery of the burned area. Therefore, there will be no cumulative effects with 

this activity. 

Mushroom and 

Special Products 

Harvest 

It is anticipated that in the next 2-3 years there will be increased use from 

mushroom gathering in the project area. This will occur especially if there 

are no other large wildfires in the next few years. Any potential watershed 

effects from this would be from increased road use, especially in the 

spring. This should be controlled effectively by road closures and BMPs 

that are implemented. 
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Consistency with Forest Plan Standards 

Alternatives 

• Alternatives 2 and 3 would achieve Forest Plan, INFISH, and other 

regulatory requirements. 

• Alternatives 2 and 3 would apply Best Management Practices to assure that water 

quality is maintained at a level that is adequate for the protection and use of the 

National Forest and that meets or exceeds Federal and State standards (Forest Plan 

standard 15, page II- 12). Human-caused increases in water yields will be limited so 

that channel damage will not occur as a result of land management activities (Forest 

Plan standard #19, page II-12). 

c) TMDL 

Addressing the West Fork Swamp Creek TMDL plan is a primary MDEQ regulatory 

requirement. The W. Fork Swamp Creek is the only TMDL listed stream in the project 

area. Actions in the W. Fork Swamp Creek 7th HUC watershed has planned haul miles 

16.3 miles of road miles near streams for alternative 2 and 17 road miles near streams for 

Alternative 3. Additionally, 0.3 miles of temporary road construction is planned. There is 

proposed salvage harvest in 1,457 acres (275 is ground-based harvest) for Alternative 2 

and 1,812 acres (283 is ground-based harvest).  

Sediment Delivery 

Alternative 1 defines the baseline sediment condition for which other Alternatives are 

compared. Long-term effects are very similar between action alternatives. In summary: 

• Both action alternatives (2 and 3) result in similar long-term sediment 

reductions from baseline. 

• There would be an increase of 2.8 tons/year of sediment delivered to streams 

between alternatives which is a relatively small difference.  Most of this 

increased sediment would be delivered into the East Fork of Swamp Creek (2.2 

tons/year) due to increase amount of haul in that watershed.   

Resource Protection Measures and Effectiveness 

BMP Effectiveness and Performance Criteria 

Effectiveness of Best Management Practices and mitigations measures have been investigated in 

research studies and monitored by the Lolo National Forest as well as by the State of Montana. 

These studies and evaluations demonstrate that BMPs and mitigation measures can be effective at 

preventing erosion and sedimentation and have specifically been implemented effectively by the 

Lolo National Forest specifically as well as by the US Forest Service in Montana. Results of these 

studies and evaluations are summarized below. 

Lolo National Forest BMP Monitoring Results 

The Lolo National Forest has evaluated the implementation and effectiveness of BMPs in a number 

of case studies. The evaluation results demonstrate that these measures are effective at reducing 
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sediment impacts that might otherwise occur without the use of BMPs (USDA 2002). Several of the 

case study evaluations were for the Northside Timber Sale. Effective BMP implementation 

evaluated in the Northside Timber Sale include: Re-vegetation of Surface Disturbed Areas (13.04), 

Using Sale Area Maps to Designate Soil and Water Protection Needs (14.03), Protection of 

Unstable Areas (14.05), Log Landing Erosion Prevention and Control (14.11), Erosion Prevention 

and Control Measures during Timber Sale Operations (14.12). Results of other BMP evaluations 

across the Lolo National Forest further demonstrate the effectiveness of BMPs on protecting soil 

and water resources. 

Montana DNRC 2016 BMP Audit Results 

The Forest Service has cooperated with Montana DNRC and other land managers to monitor the 

implementation and effectiveness of Forestry BMPs of recent forest management activities. This 

effort is known as BMP auditing and results are provided in an annual report. 

The most recent monitoring report that is available was done in 2016. For implementation auditing 

in 2016, 95.8% out of 308 Federal practices evaluated met or exceeded Montana Forestry BMP 

standards (DNRC 2016). Across all ownerships (DNRC, Federal, Industrial and Non-

industrial/Private), BMP applications were met or exceeded 97.6% out of 1,211 evaluated practices. 

For effectiveness auditing in 2016, out of 308 Federal practices rated, 97.7% provided adequate 

protection. Across all ownerships, 98.9% of practices provided effective protections. 

To provide easy reference and support, Table 20 below provides summary of some findings 

provided within the Lolo Timber and Road Practices Best Management Practices (BMP) Report 

(please review the entire document for a comprehensive review of BMP effectiveness). 

  



 

36 

Table 20.Examples of BMP Effectiveness Monitoring Findings 

Designed/Required 

BMP Practice 

Effectiveness Monitoring Results 

Coarse Woody Debris 

Requirements in 

Units 

Leaving coarse woody debris to reduce surface erosion and protect long- 

term site productivity: no signs of surface erosion on a unit meeting 

CWD guidelines (Lolo BMP 14.24). Seyedbagheri 1996 found that 

surface cover was the most important predictor for erosion during 

simulated high-intensity rain events, and the effect increased as slope 

steepness increased. 

Landing and Skid 

Trail Requirements 

Operations and rehabilitation of landings and skid trails: the Lolo BMP 

report (USDA-Forest Service 2002) evaluated the effectiveness of Lolo 

BMPs 14.11 (Log landing erosion prevention and control), 14.12 

(Erosion prevention and control measures during timber sale harvest), 

and 14.15 (Erosion control on skid trails). All measures were found to be 

effective in preventing erosion on skid trails and landings. Seyedbagheri 

(1996) summarized literature that found water bars (especially log water 

bars) to be highly effective in diverting water: on a scale of 1.0 

(completely effective) to 4.8 (completely ineffective), log water bars 

rated 1.78 on granitic soils and 1.54 on basaltic soils, compared to 2.15 

(granitic) and 2.25 (basaltic) for slash dams, and 2.93 (granitic) and 1.60 

(basaltic) for lopping and scattering of slash. In another study, seeded 

skid trails with slash barriers or cross ditches generally contained erosion 

during the first 4 years, after which skid trails had stabilized. Where ash 

layers had been removed from skid trails, placing slash on a 50% 

gradient skid trail resulted in 98.5% less erosion than on a 40% gradient 

skid trail without slash, and 94.7% less than a 15% gradient skid trail 

without slash. Scarifying of compacted areas (skid trails in the reference 

cited—Froehlich et al. 1985) was found to be effective due to persistence 

of compaction (more than 25 years) on some soils. 

Required seasonal 

and operation 

restrictions 

Seasonal restrictions on ground-based logging activities: Lolo National 

Forest monitoring on a unit of the Cave Helo Timber Sale determined 

that winter logging over snow (there was more than two feet on the 

ground) was effective in protecting soil resources (Lolo BMPs 14.04 and 

15.04). 

Required slope 

limitations for tractor 

operations 

Slope limitations for tractor operations: as cited in Seyedbagheri 

comparing erosion rates on skid trails that were on 15% gradients with 

those on 40-45% grades show higher erosion rates on the steeper slopes 

in all instances, especially where subsoils were exposed. Ground 

skidding also disturbs a greater area than cable systems, including 

skyline. The Lolo National Forest monitored the effectiveness of limiting 

slopes for tractor operations, and found that limiting slope steepness for 

tractor operations greatly reduced the risk of sediment production from  

Required road 

improvement 

practices (BMPs) 

BMP installation on roads: Burroughs and King (1989) describe the 

effectiveness of numerous erosion control measures for roads, including 

surfacing, establishing ground cover on fillslopes, ditch treatments, etc. 
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Proper culvert sizing and placement, relocating roads, limiting road gradients, and performing a 

variety of site-appropriate BMPs can markedly reduce adverse erosion and sediment delivery 

impacts. Effects are also offset by implementation of variety of mitigation measures that provide 

specific effectiveness values of selected measures in reducing erosion. Some examples are given in 

Table 21 below. 

Table 21. Effectiveness of selected erosion control measures (Seyedbagheri 1996; 1Swift, 1985). 

Measure Effectiveness /reduction in erosion 

Straw mulch 32-47% reduction in erosion 

Dense (grass) cover 99.5% reduction in erosion 

Slash filter windrows with 

cull logs at base 

87-99% retention of eroded material 

Hydromulch, seed, fertilize 71% effectiveness 

Straw, crimp, netting 93% effectiveness 

Excelsior mats 75% on 1:1 cutslopes, 60% on 0.75:1 cutslopes 

Slash filter windrows without 

cull logs at base1 

40% effective on non-vegetated fillslopes; 50% effective on 

vegetated fillslopes 

 

Additional examples of erosion reduction from selected road treatments are shown below in Table 

22 (Burroughs and King 1989). 

Table 22. Additional erosion control effectiveness (Burroughs and King 1989). 

Measure Effectiveness 

Seasonal road closure when roads are wet 

Reduces rutting; trials showed ruts increase 

sediment production by 2.1 times over an unrutted 

road. 

Surfacing (trials used a 4-inch layer of 1.5- 

inch minus rock). Need at least 4 inches of 

gravel for notable decrease in sediment 

production. 

Reduction in sediment production by 79% 

compared to unsurfaced condition. 6” of 1.5-inch 

minus gravel reduced sediment production by 70- 

92%, in several studies. 

Erosion mats on cutslopes 

Sediment reduction of 95% on 1:1 slopes (gneiss 

and schist parent material) 

 

Actual effectiveness depends on site conditions and implementation methods. Burroughs and King 

(1989) stress the need to install protection measures as soon as possible after construction since 

most material is eroded in the first few years after construction. About half of the total fillslope 

sediment production measured over two years in one study took place in the first summer and fall 

after construction. Therefore, measures that are put in place immediately after construction have a 

greater chance of reducing sediment production than measures that are installed later. 

Reducing the amount of displaced material that actually reaches stream channels is the second 
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important aspect of reducing sediment delivery from roads, after reducing erosion. Seyedbagheri 

(1996) found that “slope obstruction index” (indicator of amount of logs, vegetation, etc. on slopes 

below roads that would slow surface runoff) was the variable most highly correlated with sediment 

transport distance (p.41 in Seyedbagheri 1996). Other authors also acknowledge the importance of 

slope obstructions in reducing sediment transport distances (Ketcheson and Megahan 1996). 
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Appendix A: Sheep Gap Salvage Project Area Map 
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Appendix B: Sediment Analysis Methodology 

Representative road segments were modeled for each of the individual road use scenarios. The outputs 

from these representative models (lbs sediment/length road) were then extrapolated for the road lengths 

of each scenario in the project area and presented as tons/year by watershed. Assumptions used in the 

modeling are contained below. 

Only roads within 300 feet of stream channels were modeled, based upon research findings (Belt et al. 

1992). 

Sediment was modelled for the existing conditions (post-fire), during project activities, and post- 

implementation (with fire recovery). All model input variables, output, and analysis are available in the 

Excel spreadsheet, CK_WEPP_Runs.xlsx, within the Hydrology Project File. 

Primary Model used: WEPP Road https://forest.moscowfsl.wsu.edu/fswepp/ 

A specialized climate for the project area, based on elevations and latitude/longitude, was created using 

the Rock:Clime, Rocky Mountain Research Station Climate Generator, available at the online WEPP 

interface. Sediment yield model results for road management activities are highly dependent on the 

precipitation received on a disturbed site/road. 

The soil type used was silt loam throughout, with 20% rock content. 

For current conditions (in the post-fire environment) and during haul, in-sloped, bare ditch design was 

used. For post-implementation (after fire recovery), in-sloped, vegetated or rocked ditch design was 

chosen. 

Road segments were divided into two categories, crossings and non-crossings. The crossing sections 

were a 300-foot linear distance for all mapped stream crossings. The non-crossings category includes 

everything else. This is to acknowledge that sections of roads near crossings and perpendicular to 

stream channels function differently than those that run parallel to stream channels. 

For existing conditions on non-crossing roads, a road segment length of 580 feet was chosen based 

upon the average length of road segment modeled and culvert spacing design from previous project 

work on the Lolo National Forest. 

For roads used for haul routes, non-crossing road lengths were assumed to be 500 feet based upon 

average drainage spacing with increased drainage relief culverts. This length was used for during and 

post implementation. 

For non-crossing roads, buffer gradients were 25% and length was 150 feet. This was based upon a 

subsample of buffers. Crossing roads were assigned a buffer of 5 feet and 5 percent gradient. 

This was also based upon field observations and previous modelling efforts on the Lolo National 

Forest. 

A road gradient of 4% was used based upon an average gradient for all modeled roads. 

Road width varied based upon the type of road modeled (i.e. open vs. closed, haul route vs. non- haul, 

county vs. forest road). 

The table below shows model inputs where they varied for the different road scenarios modelled. 



 

Sheep Gap Fire Salvage Project 

 

B2 

 

 
Road Type Road Design Surface Traffic 

Road 

Length 

Road 

Width 

 
C

u
rr

e
n

t 
C

o
n

d
it

io
n

s
 

Open Roads Crossings Inslope, Bare Ditch Native Low 300 12 

Open Roads Non- 
Crossings 

 

Inslope, Bare Ditch 

 

Native 

 

Low 

 

580 

 

12 

Closed Roads Crossings Inslope, Bare Ditch Native None 300 12 

Closed Roads Non- 
Crossings 

 

Inslope, Bare Ditch 

 

Native 

 

None 

 

580 

 

12 

County Road Crossings Inslope, Bare Ditch Graveled Low 300 22 

County Road Non- 
Crossings 

 

Inslope, Bare Ditch 

 

Graveled 

 

Low 

 

580 

 

22 

 
D

u
ri

n
g

 H
a

u
l 

Open Roads Crossings Inslope, Bare Ditch Native High 300 14 

Open Roads Non- 
Crossings 

 

Inslope, Bare Ditch 

 

Native 

 

High 

 

500 

 

14 

Closed Roads Crossings Inslope, Bare Ditch Native High 300 14 

Closed Roads Non- 
Crossings 

 

Inslope, Bare Ditch 

 

Native 

 

High 

 

500 

 

14 

County Road Crossings Inslope, Bare Ditch Graveled High 300 22 

County Road Non- 
Crossings 

 

Inslope, Bare Ditch 

 

Graveled 

 

High 

 

500 

 

22 

 
P

o
s

t-
Im

p
le

m
e

n
ta

ti
o

n
 

 

Open Roads Crossings 

Inslope, Vegetated or 

Rock Ditch 

 

Native 

 

Low 

 

300 

 

12 

Open Roads Non- 
Crossings 

Inslope, Vegetated or 
Rock Ditch 

 

Native 

 

Low 

 

500 

 

12 

 

Closed Roads Crossings 

Inslope, Vegetated or 
Rock Ditch 

 

Native 

 

None 

 

300 

 

12 

Closed Roads Non- 

Crossings 

Inslope, Vegetated or 

Rock Ditch 

 

Native 

 

None 

 

500 

 

12 

 

County Road Crossings 

Inslope, Vegetated or 
Rock Ditch 

 

Graveled 

 

Low 

 

300 

 

22 

County Road Non- 
Crossings 

Inslope, Vegetated or 
Rock Ditch 

 

Graveled 

 

Low 

 

500 

 

22 

 

Additional data input requirements were generated from GIS information for forest roads and 

topography, and from field inventories. Models basically represent an average condition found in the 

project area. Sediment loads were tallied for existing conditions, proposed action, and post-activity. 
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Appendix C: Design Criteria 

1) Road surfaces and drainage would be improved to protect water quality and 

fisheries. All roads segments used for haul would be required to have BMP’s 

installed before timber haul use. BMP’s include adequate road surface and ditch 

drainage, functioning ditches, adequate spacing of drain dips or ditch relief culverts, 

leadouts or drainage structures before stream crossings, road shaping to shed water 

off the surface and not into streams and graveling of areas where drainage 

treatments may not be fully effective due to stream proximity. All BMPs on haul 

routes would also be functional at the close of product removal activities. 

2) A slash filter windrow would be applied to all stream crossings on haul routes, and 

selected areas where the road is within 300 feet of any streams before blading, haul, 

and other project activities are to occur. Slash filter windrows would also be placed 

on relief culvert outlets that are within 300 feet of a waterway. 

3) Those stream crossings (culverts) selected as needing upgraded for BAER 

treatments, and on haul routes will be completed prior to log haul. Unless 

otherwise agreed to by project fish biologist or hydrologist. 

4) As part of log haul short term BMP actions will be implemented on an as 

needed basis and include silt fences, straw bales, or other temporary but 

effective measures to reduce turbid water from reaching streams. 

5) Erosion control measures (e.g. straw bales, wattles, silt fences, hydro mulching, slash, 

etc.) would be implemented where necessary and remain in place during and after 

ground disturbing activities. Erosion control devices are required on reconstructed 

roads within 300 feet of streams or drainage crossings and temporary roads. Disturbed 

areas would also receive appropriate seeding and mulching, and/or slash treatment. 

6) Erosion control measures would remain functional until disturbed sites (roads, 

culverts, landings, etc.) are stabilized; typically for a minimum period of one 

growing season until vegetative cover stabilizes and reduces runoff potential. This 

would require regular inspection, in particular following rainfall events and prior to 

fall and spring runoff and may require maintenance. 

7) Implementation of road BMP treatments will occur between April 1–October 15 

during dry weather periods, unless otherwise agreed to with a watershed specialist 

(hydrologist or fisheries biologist). 

8) Temporary road construction will occur between April 1–October 15 during dry 

weather periods unless otherwise agreed to with a watershed specialist 

(hydrologist or fisheries biologist) and engineering. 

9) If winter hauling is to occur, snow drainage holes would be designated prior to winter 

haul, and kept open throughout the duration of winter hauling. Drainage would be 

effective throughout the season and be directed away from all (ephemeral, 

intermittent, perennial) channels. 

10) For winter hauling, all culverts will be marked before snow, so they can be located 

and cleared of debris as needed to keep them functioning. This will aid equipment 

operators from crushing the inlet and outlet of culverts. 
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11) Sidecast material during snowplowing will not include dirt and gravel. 

12) Ditches and culverts will be made functional during snow plowing operations. 

13) Snow will not be completely removed. In general, a minimum 2 inches of snow must 

be left on the roadway during plowing operations to protect the surface of the road. 

14) Instream work/disturbances will need a Montana Fish, Wildlife & Parks issued 124 

Stream Protection Act permit. Instream work is limited to July 15–August 30, unless 

otherwise stated in the 124 permit. 

15) If new streams or overland flow develops in the post fire environment, they will 

be treated as existing streams with the appropriate stream buffer and crossing 

structure on the road system. 

16) All temporary roads and landings would be rehabilitated and seeded with approved 

Lolo NF seed mix and covered with slash or mulch within 1 year of Purchaser’s use. 

Short-term specified roads would be decommissioned following sale and post-sale 

activities. 

17) Forestry Best Management Practices would be utilized to minimize effects to soil and 

water. 

18) All streams and water bodies will have standard buffers as outlined in the Lolo 

National Forest Plan that was amended based upon recommendations in the 

Inland Native Fish Strategy: 300 feet of fish-bearing streams, 150 feet of non-fish-

bearing streams, and 100 feet of wetlands. 


