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Introduction 

The Sawmill-Petty Project is designed to: (Tami to insert language).  A map of the project area can 
be found in Appendix A. 

 

 

 

 

 

 

 

 
 

Purpose of Document 

This document summarizes the existing condition of water resources in the Sawmill-Petty analysis 
area.  With baseline water resources conditions established, the effects to water resources from 
project activities can be analyzed (effects analysis).   

 

Relevant Laws, Regulations, and Policy 

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 
(not fully meeting water quality standards) or threatened (likely to violate standards in the near 
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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 2018, 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 Inland National Fish Strategy (INFISH) Riparian Habitat 
Conservation Areas (RHCAs) greatly exceeds protections of State law (Forest Service 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 a SPA 124 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 
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 
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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) 

The Lolo NF Forest Plan was amended based upon recommendations made in INFISH (USDA 
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Forest Service 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. 
 

Water Resource Indicators and Measures 

Table 1 below shows the water resources indicators and measures for establishing existing condition 
in the affected environment.  The following questions are answered to assess the watershed resource: 

 What is current condition of stream channel stability and water quality, and sediment 
delivery to streams? 

 What is the current condition of hillslope hydrology and watershed health? 

 What is current condition of water yield/water quantity including magnitude, timing, and 
duration of stream flows? 

 

Table 1. Resource indicators and measures for assessing effects. 
 

Resource 
Element 

 
Resource Indicator Measure Unit of Measure Source 

Stream Stability Stream channel 
condition 

Stream surveys Unstable stream 
channels 

Forest Plan, 
pages III 56-59 
(USDA Forest 
Service, 1986) 

Water Quality Sediment delivery Road encroachment, 
road sediment 
delivery, and stream 
crossings 

Miles road 
encroachment, tons 
sediment delivery 
(modeled), and 
undersized stream 
crossings 

Forest Plan, pages 
II-1, II-2, II-12, III-
58 (USDA Forest 
Service, 1986) 

Watershed 
Health 

Altered hillslope 
hydrology 

Road density Road density 
(miles/mile2) 

Columbia 
River Basin 
Study (USDA 
Forest Service, 
1996) 

Water Quality/ 
Stream Stability 

Change in water 
yield and increased 
peak flows 

Equivalent Clearcut 
Acres (ECA) 

Percentage of area of 
7th HUC watersheds 
in ECA 

Forest Plan, 
page II-12 
(USDA Forest 
Service, 1986) 
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Methodology 

Information Sources 

Stream Channel Condition 

The condition of stream channels can help inform the health of the aquatic system.   In 1997 and 2002 
Forest Service field crews surveyed stream channel conditions in portions of the analysis area using the 
R1R4 protocol and the Lolo Special Projects protocol.  Specifically, the R1R4 fish habitat protocol was 
used in 1997 in the South Fork Petty Creek, Eds Creek, and the West Fork Petty Creek.  This data 
recorded channel habitat, stream width, and stream depth.  Additional data was collected in 2002 with the 
Lolo Special Projects protocol including information on bankfull width and depth.  The raw data is 
available in the project record.   

In 2004, a full Montana DEQ assessment was conducted on the West Fork Petty Creek.  In 2012, two 
reaches on Petty Creek and one reach on the West Fork Petty Creek were surveyed as part of the Central 
Clark Fork Tributaries TMDLs and Water Quality Improvement Plan (Atkins 2013a, Montana DEQ 
2014).    

Water Quality 

Water quality in the watershed has been assessed for a number of pollutants including sedimentation, 
toxins, and temperature.  Water quality assessments were based upon a combination of stream surveys, 
field observations, and TMDL assessments performed by the Montana DEQ (MT DEQ 2014).  

Road Influence 

Unpaved roads are one of the primary anthropogenic sediment sources to streams in forested systems 
(Sugden and Woods 2007, Al-Chokhachy et al. 2016).  Road-related sediment delivered to streams can 
negatively affect water quality, aquatic species habitat, sediment transport regimes, and channel 
morphology (Gucinski et al. 2000).  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).  Several measures of road impact were used including road density, 
road encroachment, sediment delivery, and road-stream crossings.   

Road Density 

Road density provides a metric for road development in a watershed, and is used as an indicator of road 
impact on water quality and quantity.  A Columbia River Basin study found that watersheds with a 
greater road density have decreased capability of supporting strong populations of key salmonids (USDA 
Forest Service 1996).  However, road density can be a limited indicator because it fails to consider key 
factors including hydrologic connectivity to water resources, road condition or recovery level, and 
mapping accuracy.   The USDA Forest Service has classified road density in examining the characteristics 
of aquatic/riparian ecosystems in the Columbia River Basin (USDA Forest Service 1996).  Table 2 below 
lists the parameters for all road density classifications.  
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Table 2.  Road density classification (USDA Forest Service (1996). 
 

Classification Road Density (miles/mile2) 

Extremely High > 4.7 

High 1.7−4.7 

Moderate 0.7−1.7 

Low  0.1−0.7 

Very Low 0.02−0.1 

 

Road Encroachment 

The amount of road adjacent to stream courses is another indicator of road impacts.  Recent monitoring 
on the Lolo NF found that roads within 10 meters (30 feet) 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 and 
found to impact sediment delivery, stream dynamics, large woody debris recruitment, and aquatic habitat 
(Gucinski et al. 2000).  

Roads within 300 feet of a water body have a high probability of delivering sediment (Belt et al. 1992).  
The 100-foot buffer corresponds to the average height of tree species most commonly found in riparian 
areas on the Lolo NF.  In addition to high sediment delivery potential, roads within 100 feet of streams 
reduce the number of trees available for large woody debris recruitment, and reduce streamside shade 
(Meredith et al. 2014).  Roads within 300 feet of stream channels were summarized for road 
encroachment effects. 

Sediment Delivery 

Chronic delivery of fine sediment to streams can reduce the quality and quantity of aquatic habitat 
McCaffery 2007).  However, the extent of production and delivery among road segments can vary 
significantly among road segments (Al-Chokhachy et al. 2016).  To identify road segment with high rates 
of sediment delivery, the GRAIP_Lite program was used (Nelson et al. 2018).  GRAIP_Lite is a tool in 
ArcHydro (version 10.5.0.115, July 11, 2019) and runs in ArcGIS (Nelson et al. 2018).  The model was 
calibrated with the belt supergroup with a base rate of 14 kilograms per mile per year (kg/mi/yr).  The 
INFRA feature class was used to add known drainage points and road segment data.  Field surveys and 
the INFRA feature class data (Restricted_Use_ATM data) was used to determine if the roads were open to 
motorized traffic.  For a more detailed explanation of the GRAIP modelling program and sediment 
delivery assessment, see Appendix C. 

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 (Gucinski et al. 2000).  Field surveys were 
used to identify, characterize, and prioritize hazardous stream crossings. 

Water Yield 

Water yield was analyzed using the Equivalent Clearcut Area (ECA) model.  The ECA is 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, 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 
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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.  

In addition to ECA analysis, field observations of stream channel stability were made in order to 
determine whether any increased water yield is currently creating channel instability.  For a full 
description of the ECA methodology, refer to Appendix D. 

 

Spatial and Temporal Analysis Boundary 

The spatial boundary for cumulative watershed effects is the 7th level Hydrologic Unit Code (HUC; 
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 2000, Madej 2001, Switalski et al. 2004). Elevated sediment levels from haul routes 
would occur for the duration of haul activities (<3 years).  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. 

 

Affected Environment 

Existing Condition 

Elevations within the analysis area range from approximately 2,440 to 6,600 feet. Watersheds used in this 
summary were delineated along the 7th level Hydrologic Unit Code (HUC) boundaries and include eight, 
7th level HUCs. These smaller HUCs are more representative of the potential project effects. As shown in 
Table 3, the majority of the land in the analysis area is NFS lands. However, there is large amount of land 
in private ownership. There is also land owned by the State of Montana and Weyerhaeuser.   

 

Precipitation and Streamflow 

Rainfall, snowmelt, and groundwater are the primary components of stream flow in the area. Mean annual 
precipitation in the project watersheds ranges from approximately 23 inches at lower elevations to 62 
inches at higher elevations.  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/spring) are common and can cause streams to rise quickly for relatively short 
periods.  
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Table 3. Watershed and land ownership acreage. 

 
 Land Owner 

Watershed 7th HUC 
Code Level 

Lolo 
National 
Forest 

Private 
State of 
Montana 

 
Water Weyerhaeuser Total 

Upper Petty 9,840 9 –– –– –– 9,849 

Middle Petty 14,239 1,991 –– –– –– 16,230 

Eds 5,862 329 –– –– –– 6,191 

West Fork Petty 8,143 1,230 –– –– –– 9,373 

Lower Petty 10,848 1,453 –– –– –– 12,300 

Clark Fork Face 6,388 6,129 685 326 126 13,654 

Sawmill 7,635 593 24 2 –– 8,254 

Tank-Corral 5,884 817 163 428 –– 7,292 

Total 68,839 12,551 873 756 126 83,145 

 
 
 

Geology and Streams 

Underlying geology in the analysis 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 3,700 feet in relief ranging from the Clark 
Fork River at 3,009 feet to Deer Peak at 6,719 feet. 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.  There are also isolated granite intrusions from the Idaho Batholith which is to the south of 
the analysis area.    

All of the streams in the analysis area drain into Clark Fork River. Most tributaries in the analysis area 
flow into Petty Creek which flows north to the Clark Fork River.  Several creeks flow north directly into 
the Clark Fork River including Sawmill Gulch, Reservoir, tank, corral, French Gulch, and Peppered 
Gulch Creeks.  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 
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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. There are wetlands along the valley floor along Petty Creek and its tributaries, as 
well as small isolated wetlands throughout the analysis area.  All wetlands require a 100-foot buffer to 
meet INFISH standards. 

Stream Channel Condition 

The underlying geology of the analysis 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 analysis 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.  

A total of 268.5 miles of streams were mapped in the analysis area (Table 4).  Most mapped streams were 
intermittent and do not flow year-round.  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 surface geology types (Sando and Blasch 2015). It is likely that in this analysis 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 4 displays total mapped stream miles by 7th level HUC watershed. The Middle Petty Creek 
watershed has the most stream miles (52.4 miles). 

 

Table 4. Stream miles by watershed and stream type. 
 

Watershed 
Stream Miles 

Perennial Intermittent Ephemeral Total 

Upper Petty 19.0 16.1 4.2 39.3 

Middle Petty 24.0 26.1 2.4 52.4 

Eds 5.5 17.7 0.7 23.8 

West Fork Petty  12.6 25.3 3.0 40.9 

Lower Petty  15.2 27.2 0.0 42.4 

Clark Fork Face 1.1 11.8 0.0 12.9 

Sawmill 1.5 31.3 1.1 33.9 

Tank-Corral 0.2 22.7 0.0 22.9 

Upper Petty 19.0 16.1 4.2 39.3 

Total 79.0 178.2 11.3 268.5 
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Rosgen Stream Typing 

The Rosgen classification system is used for general stream characterization (Rosgen 1996).  Figure 1 
below is a visual representation of Rosgen Stream types.  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 channel types are more braided with a gradient <4 percent 
 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.  

 
Streams in the Sawmill-Petty project watersheds typically transition from A stream types in the 
intermittent tributaries to B and C types in the perennial lower reaches.  

 
 

 
Figure 1.  The longitudinal, cross-sectional, and plan views of each of the 9 major stream types in 
the Level I Classification (USDI Environmental Protection Agency 2019). 
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Stream Surveys 

PIBO Stream Surveys 

PACFISH/INFISH Biological Opinion (PIBO) Effectiveness Monitoring is a standardized stream 
monitoring protocol that assesses habitat condition.  PIBO data was collected at one site in 2003, 2008, 
2013, and 2018.  For a map of the PIBO site in the analysis area, see Appendix B.  There are a number of 
stream habitat variables that are described below.   

Percent fines less than 2 mm and 6 mm refers to the fine material that is found in pool tail crests during 
stream surveys.  Generally speaking, the higher the percentage of surface fines, the more likely there is 
some type of input of fines into the stream system which can negatively impact fish habitat.   

Large wood frequency is number of category 1 wood pieces per kilometer.  A category 1 wood piece is 
within bankfull and measures ≥ 1 meter long and ≥ 0.1 meters in diameter.  This measure was highly 
variable but generally speaking, the more wood in the stream, the more likely it will be able to sort 
sediment moving through the system and attenuate floods. 

Stream sinuosity is a measure of the stream length divided by the valley distance so that the closer the 
sinuosity is to 1, the straighter the channel.  Sinuosity is dependent on stream type and can vary widely 
naturally and from human-caused influenced such as straightening of the channel.  The width:depth ratio 
is the ratio of the bankfull width to the bankfull depth and depicts how wide and shallow or narrow and 
deep as stream is.  D50 is the diameter of the median streambed particle.    

Rosgen stream type inError! Reference source not found. Table 5 is calculated from the PIBO data.  
The PIBO methodology does not collect floodplain information and therefore lacks entrenchment 
calculations, which can be used to distinguish stream incision.  Chapter 6 of Rosgen (1996) discusses 
stream channel departure from potential and the evolution from a stable channel type to an unstable one 
such as conversion from an E to a C channel.  This type of conversion has likely occurred in the analysis 
area for some stream segments.   

Table 5 below summarizes select measurements from Pacfish/Infish Biological Opinion (PIBO) stream 
surveys that were conducted from 2003-2018 on the South Fork Petty Creek.   

 

Table 5.  Summary of selected measures from PIBO stream surveys for the South Fork Petty 
Creek. 
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South Fork Petty  
 

2003 4.00 10.67 165 4.42 17.82 1.17 0.03 1.44 C 

South Fork Petty  
 

2008 
 

1.43 7.33 147.63 4.05 23.98 1.16 0.03 1.44 C 

South Fork Petty  
 

2013 
 

1.47 4.53 261.19 5.67 20.96 0 0.03 1.55 C 

South Fork Petty  
 

2018 2.38 4.05 118.01 6.98 26.73 1.08 0.02 1.75 C 

* Rosgen Stream type determined from PIBO survey data. 
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Indicators of stream instability can include an increasing width:depth ratio, decreased sinuosity, increased 
slope, and accelerated bank erosion.  The 4 years of PIBO data presented above shows declining percent 
of surface fines <2 mm and <6 mm.  This would suggest the stream is recovering from past stream 
sedimentation probably due to silvicultural and road building activities.  However, an increasing 
width:depth ratio and higher gradient may be showing signs of instability and decreased stream functions 
such as floodplain connectivity for flood attenuation.  About 1,500 acres of industrial timberlands were 
clear-cut in the 1990s in the South Fork Petty watershed which most likely influenced the stream health.  
Field review of the South Fork Petty Creek showed extensive bedload movement and areas of fine 
sediment deposition (Figure 2) 

 

 
Figure 2.  Recent bedload transport along the South Fork Petty Creek.   

 

 

Sediment and Habitat Assessments 

Sediment and habitat assessments were conducted in Petty Creek and West Fork Petty Creek by 
contractors in 2012 as part of the Central Clark Fork Tributaries TMDLs and Water Quality Improvement 
Plan (Atkins 2013a, Montana DEQ 2014).  Data collected included channel form and stability 
measurements, fine sediment measurements, instream habitat measurements, and riparian health 
measurements.   

Table 6 below summarizes select measurements from the 2012 stream surveys in Petty and West Fork 
Petty Creeks.   
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Table 6: Existing sediment-related data for Petty Creek and the West Fork Petty Creek relative to 
targets.  Values that do not meet the target are in bold. 
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Petty 
 

2012 20.6 C4/B4 C4 11 3 1 6 15.1 5.0 1.4 74 137 

Petty 
 

2012 22.1 C4 C4 10 2 9 7 16.5 4.7 1.2 53 53 

West Fork 
Petty  

2012 10.7 E4/C4/ 
B4 

B4 15 4 7 6 10.3 4.0 0.9 127 634 

 
 

Petty Creek 

Two sites were sampled in Petty Creek where the full Montana DEQ assessment was completed in 2012.  
The only sediment target that was exceeded was the riffle fine sediment target at one site (Table 6).  
Additionally, the large woody debris target was not met at the sampled reaches.  This was probably due to 
historic silviculture and road construction and use in the watershed.     

West Fork Petty Creek 

A Montana DEQ stream assessment was completed in 2004 on the West Fork Petty Creek.  While the 
upper drainage was found to be in a natural setting, the lower drainage had channel incisement and road 
encroachment on the channel margins and was adjacent to a grazed pasture.  One site was again assessed 
in 2012 in the upper portion of the watershed.  Extensive logging and roading had occurred in the area 
and aggradation were observed in the channel.  However, sediment targets were not exceeded for any of 
the parameters measured (Table 6).  

 

Water Quality 

Total Maximum Daily Loads (TMDLs) 

The Central Clark Fork Tributaries TMDLs and Water Quality Improvement Plan (Montana DEQ 2014) 
analyzed water quality information on selected tributaries within the Basin.  Petty Creek and West Fork 
Petty Creek were sampled as part of this effort (Montana DEQ 2014).  Two sample reaches where the full 
DEQ assessment was completed in Petty Creek in 2012 and one reach in West Fork Petty in 2004 and 
2012.  The other streams in the watershed were not reviewed in this plan. 
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Petty Creek (from headwaters to mouth at Clark Fork), and West Fork Petty Creek (headwaters to mouth 
at Petty Creek; Table 7) were listed as impaired for water quality on the Montana State 303d list.  
Montana DEQ (2014) established total maximum daily loads (TMDLs) for sediment, nutrients, 
temperature, and turbidity and also presents a general framework for resolving these problems.  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.  No watershed restoration 
plan has been developed for this section of the Cark Fork Basin. 

 

Table 7. The 303d listing for streams within the analysis area. (Montana DEQ 2018, 
http://cwaic.mt.gov/). 
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Both Petty Creek and West Fork Petty Creek were part of the Montana Legacy Project where private 
timberlands were purchased by the Nature Conservancy and transferred to the Lolo National Forest.  The 
land transfer included 12,300 acres or 23% of the Petty Creek watershed and included several miles of 
streams and riparian areas.  Additionally, a half section (320 acres) of DNRC lands were acquired in Eds / 
Gus Creek, but they were never harvested and remain un-roaded.  
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Table 8. Macroinvertebrate bioassessment data for Petty and West Fork Petty Creeks. Values that 
do not meet the target threshold (0.80 for O/E) are in bold. 

Stream Collection Date Collection 
Method 

O/E 

Petty 9/7/2011 MAC-R-500 0.74 

Petty  9/7/2011 MAC-R-500 1.07 

Petty 9/8/2011 MAC-R-500 1.24 

West Fork Petty  8/13/2004 KICK 1.05 

West Fork Petty  8/13/2004 KICK 1.17 

West Fork Petty 9/12/2011 MAC-R-500 1.29 

West Fork Petty  9/12/2011 MAC-R-500 1.05 

 

Petty Creek 

Petty Creek is 303d listed for alteration of stream-side or littoral vegetative covers, flow regime 
modifications, sedimentation/siltation, and temperature.  In September 2011 three macroinvertebrate 
samples were collected in Petty Creek.  The O/E threshold was exceeded in samples collected upstream of 
the Madison Gulch confluence and downstream of the West Fork Petty Creek confluence (Table 8).   

The TMDL listing for sedimentation has the following load reductions: 76% reduction of 3.7 tons/year 
from forest roads, a 30% reduction of 3,016.7 tons/year from streambank erosion, and a 34% reduction of 
2,442.3 tons/year from upland sediment sources.  Point source reductions include a 65% reduction of 10.5 
tons/year from construction storm water permits.   

One of the most significant improvements to the watershed was the paving and re-location of the Petty 
Creek Road which was completed in 2013. The road was paved at MP 9.8, moved away from the creek 
where feasible, and planted with riparian vegetation to promote sediment buffering.  Seven undersized 
culverts and one bridge were also replaced to provide a natural bankfull stream configuration with 
capacity to transport a 100-year flood event (MT DEQ 2014).       

Road mitigation sites to reduce sedimentation in Petty Creek have been identified in the analysis area.  
Road-related sediment sources in the watershed were identified during an assessment of the road network 
within the Central Clark Fork Tributaries TMDL Analysis area (Atkins 2013b).  Additionally, road 
surveys conducted by Forest Service hydrology field crews in 2019 identified undersized culverts at risk 
of failure and chronic delivery road segments.  

The following road segments have been identified during road surveys as contributing sediment to 
streams, and provide opportunities for reducing sediment delivery into streams (InRoads Consulting 
2019): 

 FR 34280 in section 30 along Petty Creek – The road parallels Petty Creek and is within the flood 
plain.  A 50 ft. section of the road has slumped into the creek and is actively delivering sediment.  The 
road is also disconnecting an unnamed intermittent stream with no culvert present  

 FR 34291 in section 25 has a culvert that has been pulled.  However, the fill was not graded back 
from the stream and there is chronic sediment delivery at the site.   
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 FR 5544 in section in sections 4 and 10 along Ed’s Creek – The stream-side road is close to the creek 
and the stream could easily capture the road in a large event at multiple locations. There is a 100% 
plugged inlet on the intermittent stream crossing about halfway up the road. The stream has braided 
itself across and down the road at this location.  Further up the road there is a large cutslope seep 
which has channelized over and down the road and into the creek.  

 FR 5542 in section 10 and 15 along Gus Creek – The stream-side road constricts Gus Creek in a 
couple locations and has slumped into the creek.   

 FR 5553 in section 18 along Printer Creek – The road prism has failed for approximately 150 ft in one 
location and failed again for about 60 ft in a second location.  The landslides are actively delivering 
sediment into the creek.  Past that point there is a 36” culvert which is undersized for the 7’ bankfull 
width.  There is at least 20’ of fill over the culvert and may catastrophically fail.   

 FR 16649 in section 30 along Mike Creek – The road has been decommissioned with a de-compacted 
prism, and waterbars installed.  However, the barrier has been breached, and full-sized trucks are 
driving on the road negating many of the restoration benefits.   

 FR 16650 in sections 31 and 32 along the East Fork Petty Creek – The stream-side road is within the 
floodplain and is delivering sediment in several locations primarily from fillslope slumping.  The 
upper crossing over the East Fork Petty Creek has already been restored (by Plum Creek) and has no 
erosion.     

 An unmapped road spur to the north of FR 34246 in section 2 along the South Fork Petty Creek –   
The road is within a few feet of a perennial creek, has only a few feet of fill, and has a high risk of 
being captured by the stream during high flow.  The road receives moderate ATV use for the first half 
mile and then turns into a single-track trail.   

 FR 43769, FR 43769-A, and FR 43337 in sections 3, 5, and 8 in the South Fork Petty Creek 
headwaters – These undetermined roads are adjacent to an unroaded area, have several stream 
crossings, and pose a hydrological hazard. 

 
West Fork Petty Creek 

West Fork Petty Creek is 303d listed due to agricultural activities that occur on private land in the lower 
riparian corridor of the stream channel and silvicultural activities in the upper sections of the watershed.  
In August 2004, and September 2011 macroinvertebrates were collected in the West Fork Petty Creek.  
All samples were within the O/E threshold (Table 8). 

The TMDL listing for sediment has the following load reductions: 71% reduction of 1.6 tons/year for 
roads, 25% reduction of 802.9 tons/year for streambank erosion, and a 22% reduction of 258.4 tons/year 
for upland sediment sources.  

Road mitigation sites to reduce sedimentation in West Fork Petty Creek have been identified in the 
analysis area.  Road-related sediment sources in the watershed were identified during an assessment of the 
road network within the Central Clark Fork Tributaries TMDL Project Area (Atkins 2013b).  Additionally, 
road surveys conducted by Forest Service hydrology field crews in 2019 identified undersized culverts at 
risk of failure and chronic delivery road segments.  

The following road segments have been identified during road surveys as contributing sediment to 
streams, and provide opportunities for reducing sediment delivery into streams (InRoads Consulting 
2019): 
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 FR 5538 in section 30, along the West Fork Petty Creek – The road is within the riparian buffer for 
the first 0.8 miles, and sections are slumping into the creek.  The crossing with the West Fork Petty 
Creek is undersized, and misaligned at the confluence of two active streams.  It is identified as a fish 
barrier and is at risk of failure.  Beyond the crossing with the West Fork Petty, an additional six 
perennial crossings, four intermittent crossings, and numerous ephemeral draws were surveyed.   

 FR 34081 and FR 34081-A in section 25 along a headwater tributary to the West Fork Petty Creek – 
A 0.25-mile stream-side section of road that accesses a large jammer complex on the south facing 
slope.  The riparian road is actively delivering sediment to the creek and has two crossings with the 
West Fork Petty tributary.  The lowest crossing, onto FR 34081-A, likely has a buried log culvert.  
The stream disappears about 30’ above the crossing but is audible when standing at the crossing.  FR 
34081 crosses the West Fork Petty tributary at the switchback, in a section of stream that is perennial.  
There is an 18” culvert at this crossing that is undersized.   

 FR 34250, A, B, C, D, E in section 30 of the headwaters of the West Fork Petty Creek – There are 
two failed log crossings that are actively eroding away fill.  Additionally, there are two sections of 
road with water overt the road and delivering some sediment to the creek. 

 FR 5540 in section 27 along tributary of the West Fork Petty Creek – The stream-side road is in the 
floodplain of an unnamed perennial creek and fill has slumped into the creek in two sections.  The 
road is actively delivering sediment. 

 

Stream Temperature 

Petty Creek is listed for a temperature impairment on the 2014 303d list (Montana DEQ 2014).  While a 
full assessment of the stream was not possible because of private ownership in the valley floor, a review 
of aerial imagery suggested that much of the riparian corridor is in poor condition in the middle reaches 
of Petty Creek.  Dewatering in much of valley floor is a significant issue in most years from 1.6 miles 
upstream of the mouth to the confluence of Bruce Creek (AKA Gus Creek).  The Montana Fish Wildlife 
and Parks has listed Petty Creek as being chronically dewatered. 

 

Road Influence 

Road surveys were conducted in May and June of 2019 in the analysis area.  The road system has a 
combination of Forest Service system roads and “undetermined” roads that have been recently acquired 
from the Montana Department of Natural Resources (DNRC) and Plum Creek Timber Company.  Not all 
roads were surveyed, but roads with potential hydrological impacts were prioritized for field visits.    

The Petty Creek – Grave Creek road (CR 485) transects the analysis area from north to south with the 
northern section a high-volume paved road.  There are several stream-side roads that provide access to 
home sites and upland roads.  Additionally, there are several ridge-top roads that traverse the drainages.   
Generally, the stream-side roads are more connected to the stream system and pose more of a hydrology 
resource risk.  Also, generally south-facing hillsides have less surface water and pose a lower risk to 
hydrological resources.  A summary of the hydrology road surveys (InRoads Consulting 2019), and 
recommendations for the Travel Analysis Plan (TAP) for hydrological resources are available in the 
project record.  
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Road Density 

Table 9 shows road density for existing roads by 7th level HUC watershed in the analysis area. A total of 
501.1 miles of roads are present in the analysis area.  The average road density across the analysis area is 
3.8 miles per square mile (mi/mi2).  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 Petty 
Creek watershed has the highest road density (6.3 mi/mi2). 

 

Table 9. Road density (miles per square mile) by 7th level HUC watershed. 
 

Watershed Miles Acres Square 
Miles 

Density CRB 
Classification 

Percent of 
Watershed 

in NFS 
Lands 

Upper Petty  50.0 9,849 15.4 3.2 High 100% 

Middle Petty  87.6 16,230 25.4 3.5 High 88% 

Eds  41.9 6,191 9.7 4.3 High 95% 

West Fork Petty  91.7 9,373 14.6 6.3 Extremely 
High 

87% 

Lower Petty  55.0 12,300 19.2 2.9 High 88% 

Clark Fork Face 73.8 13,654 21.3 3.5 High 47% 

Sawmill  53.5 8,254 12.9 4.1 High 92% 

Tank-Corral 47.6 7,292 11.4 4.2 High 81% 

Total 501.1 83,145 129.9 3.8 High 83% 

 

Previous monitoring on the Lolo NF shows that when road density approaches 2 miles per 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 analysis 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 

Many roads in the analysis area are adjacent to streams (Figure 3).  Roads within 300 feet of a stream 
have an increased risk of delivering sediment to streams (Belt et al. 2000).  Roads that are open to 
motorized traffic contribute significantly more sediment to streams than closed roads.  Table 10 displays 
open and closed road miles within 300 feet of mapped ephemeral, intermittent, and perennial streams. 
Across the analysis area, there are 119 miles of road within 300 feet of streams. The majority of these 
roads are on closed roads (71%).  The West Fork Petty watershed has the most road miles adjacent to 
streams in the analysis area (28.5 miles), but the majority were closed and did not receive motorized 
traffic.  The West Fork Petty watershed also has the most open roads within 300 feet of streams (7.8 



 

20 

miles). 

Table 10. Miles of open and closed roads within 300 feet of streams by watershed. 

Watershed Closed Open Total 

Upper Petty 9.9 3.1 13.0 

Middle Petty  16.4 3.3 19.7 

Eds 8.9 2.5 11.4 

West Fork Petty  20.7 7.8 28.5 

Lower Petty  10.7 6.4 17.0 

Clark Fork Face 2.1 3.1 5.1 

Sawmill  11.4 2.8 14.2 

Tank-Corral 4.4 5.5 10.0 

Total 84.5 34.6 119.0 

 

 

 
 
Figure 3.  An example of road encroachment on the South Fork Petty Creek. 
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Road Sediment Delivery 

The GRAIP_lite model was used to estimate road sediment production and stream sedimentation.    
Modelled sedimentation rates are shown in Table 11.  The West Fork Petty watershed has the highest 
amount of sediment delivered from roads (25.5 tons).  This is also the highest rate of delivery per 
watershed area.  This is probably due to the high number of stream-side roads within the watershed (27.9 
miles of roads within 300 feet).  The Tank-Corral watershed also receives relatively high sediment 
delivery loads (18.5 tons).  The majority of the sediment produced and delivered is on Forest Service and 
undetermined roads. 
 

Table 11.  Sediment delivered and produced by watershed from existing roads in tons per year 

Watershed 
  

Total Sediment 
Produced 
(Ton/Yr)  

Total Sediment 
Delivered 
(Ton/Yr)

Upper Petty 
 

71.3 7.5 

Middle Petty  
 

106.2 11.6 

Eds  
 

91.8 11.4 

West Fork Petty  
 

170.0 25.5 

Lower Petty  
 

52.1 5.5 

Clark Fork Face 
 

102.1 14.8 

Sawmill  
 

52.4 6.5 

Tank-Corral 
 

134.3 18.5 

Grand Total 
 

780.1 101.3 

 

Stream Crossings  

Field crews surveyed the majority of the mapped road-stream crossings in the analysis area in 2019.  
Road-stream crossing data is available in the project record.  Several culverts were found to be undersized 
relative to the size of the stream and should be considered for upgrade during project implementation. 
Table 12 below shows primary road-stream crossings where there was an identified contributing sediment 
source (CSS) and aquatic organism passage (AOP) needs.  
 
 
Table 12. Primary crossings with contributing sediment sources and aquatic organism passage 
(AOP) need. 
 

Stream 
Road 

Number 
Comment Action 

East Fork Petty  CR 485 
72-inch x 42-inch culvert on 9-foot bankfull 
width  

Upgrade culvert  

South Fork Petty  FR 5547 
96-inch x 72-inch culvert on 15-foot bankfull 
width.  1.2-foot perched outlet.  Mis-aligned 
constricting a braided stream system 

Upgrade culvert or re-route 
road 
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Log culverts installed in the past have since failed and overtopped (Figure 4).  Logs were placed over 
streams and buried in fill to allow vehicle passage over small streams.  Typically, they were left in place 
and over time were blocked and overtop.  There were several log culverts identified during road surveys 
in 2019 (InRoads Consulting 2019).  On FR 34081 and FR 34250 there were failed culverts that were 
actively delivering sediment to streams.  There were also log culverts on FR 20409 and FR 34312, 
however, they appeared stable and did not appear to necessitate active restoration.   

 

 
 
Figure 4.  A failed log culvert which is actively delivering sediment to the stream channel in the 
West Fork Petty watershed.   

 

Decommissioned Roads  

Decommissioned roads can reduce chronic stream sedimentation and eliminate the risk of catastrophic 
failure of culverts (Switalski et al. 2004, McCaffery et al. 2007).  A total of 22.4 miles of roads have been 
decommissioned in the analysis area (Table 13).  Decommissioned roads included ripped roads, the 
installation of waterbars, recontoured roads, and restored stream crossings.  Several miles of roads were 
decommissioned in Eds watershed following the Thompson Creek Fire.   In this area stream crossings 
were restored and have stabilized over time (Figure 5). Sawmill watershed also had several miles of 
decommissioned roads.   
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Table 13. Miles of decommissioned roads by watershed. 
 

Watershed Total 
Miles 

Upper Petty  0 

Middle Petty  2.5 

Eds  8.9 

West Fork Petty  1.2 

Lower Petty  1.4 

Clark Fork Face 0.1 

Sawmill  7.8 

Tank-Corral 0.5 

Total 22.4 

 
 
Many roads in the analysis area have been actively decommissioned and had stream crossings restored.  
Decommissioned roads were also present in several other areas, but were not visited by field crews unless 
there appeared to be a risk to hydrological resources.   The following roads were field verified to be 
decommissioned and hydrologically restored.  

 FR 20409, FR 34077 in section 8 along Sawmill Creek – The lower road and spur road have been 
ripped, water-bared, and appears stable.  The upper section of the road has not been decommissioned 
on the ground and still poses a hydrological hazard  

 FR 44168 in section 29 on the West Fork Petty Creek – This road was treated by DNRC.  A 
significant stream crossing over the West Fork Petty Creek was restored and has stabilized.  Several 
smaller stream crossings have been restored along the road.  This is generally a wet hillside.   

 The roads in the headwaters of Ed’s Creek have been decommissioned (except the ridgetop roads).  
This was in response to the 2003 Thompson Creek Fire.  Field verification confirmed that the roads 
were level 3D decommissioned with the road ripped, waterbars installed, and stream crossings 
restored.  The road and stream crossings were stable and appear to have restored hydrologic function.   

 FR 44547 in section 29 – A stream crossing on the East Fork of Petty Creek has been restored and is 
stable.   
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Figure 5.  A restored stream crossing in the headwaters of Eds watershed.   

 
 

Water Yield (Equivalent Clearcut Acreage) 

Studies conducted on the Lolo NF found measurable changes in available soil moisture when about 17% 
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% or more to produce a 
detectable water yield increase (MacDonald et al. 2003).  ECA results can also be interpreted in the 
context of natural stand conditions.  Historically, vegetative cover in the analysis 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 et al. (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).   

Table 14 shows an approximation of the existing ECA for the analysis area 7th level HUC watersheds.  
All watersheds except for Eds, West Fork Petty, and Tank-Corral have ECAs below the 17% reference for 
detectable soil moisture releases. 
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Table 14. Existing ECA condition by watershed. 
 

Watershed/Treatment Acres 
Percent Drainage 

Affected 

Percent 
Hydrologically 

Recovered 
Watershed ECA 

Percentage 
Upper Petty 9849.0  

Past Harvest 3226.7 32.8 67.3 10.7 

Wildfire 3627.4 36.8 94.0 2.2 

Roads and Trails 121.9 1.2 0.0 1.2 

Total ECA  14.1 

Middle Petty 16230.0  

Past Harvest 4451.4 27.4 70.4 8.1 

Wildfire 3978.8 24.5 99.4 0.1 

Roads and Trails 219.8 1.4 0.0 1.4 

Total ECA  9.6 

Eds 6191.0  

Past Harvest 2575.2 41.6 66.4 14.0 

Wildfire 9241.4 61.9* 89.0 16.4 

Roads and Trails 101.6 1.6 0.0 1.6 

Total ECA  32.0 

West Fork Petty 9373.0  

Past Harvest 5346.3 57.0 66.0 19.4 

Wildfire 5696.5 60.8 87.0 7.9 

Roads and Trails 222.3 2.4 0.0 2.4 

Total ECA  29.7 

Lower Petty 12300.0  

Past Harvest 1445.9 11.8 69.6 3.6 

Wildfire 1460.1 11.9 92.4 0.9 

Roads and Trails 139.6 1.1 0.0 1.1 

Total ECA  5.6 

Clark Fork Face 13654.0  

Past Harvest 5063.9 37.1 72.3 10.3 

Wildfire 4393.0 32.2 93.3 2.2 

Roads and Trails 178.9 1.3 0.0 1.3 

Total ECA  13.8 

Sawmill 8254.0  

Past Harvest 2331.9 28.3 83.7 4.6 

Wildfire 3017.4 36.6 95.0 1.8 

Roads and Trails 133.5 1.6 0.0 1.6 

Total ECA  8.0 

Tank-Corral 7292.0  

Past Harvest 2089.1 28.6 72.9 7.8 

Wildfire 2534.4 34.8 73.6 9.2 

Roads and Trails 115.4 1.6 0.0 1.6 

Total ECA  18.5 

*This is the percent of the drainage affected by the most recent fire on Eds watershed.  Historical fires in 
1910 and 1919 also burned much of the drainage.   
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Eds watershed has the highest ECA (32.0%) followed by the West Fork Petty watershed (29.7%).  These 
exceed the 24% historical average due to past fire activity, timber harvest, and road construction.  The 
Great Burn in 1910 and another large fire in 1919 burned much of these watersheds.  However, ECA 
modeling assumes 100 percent recovery from these historic fires.  The more recent 2003 Thompson 
Creek Fire burned 3,833 acres in Eds watershed, and 2,810 acres in the West Fork Petty watershed.  This 
fire was 16 years ago and was modeled as 56% recovered, but may still be affecting water yield and 
stream stability.    
 
Both Eds and West Fork Petty watershed have had extensive clear-cut logging.  Eds watershed had about 
2,070 acres clear-cut in the 1980s.  The West Fork Petty watershed had 3,300 acres clear-cut in the 1980s 
and 1990s.  There was associated road building and use in each watershed as well.  Additionally, several 
hundred acres were thinned in each watershed more recently.  Field observations found extensive bedload 
transport and fine sediment deposition in these streams.  These watersheds are probably still recovering 
from wildfires and silviculture practices. 
 
 

Desired Condition 

One of the primary desired conditions for the Sawmill-Petty project 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).  Particular attention will be given to activities in the listed streams. 

In all streams, the desired condition is for stream and riparian structure and function to be similar to 
historic conditions without human impacts.  Stream channels will exhibit dimension, pattern, and profile 
reflective of natural processes in the watersheds, and will be able to access the historic floodplain, 
maintain local water tables, and transport and deposit natural sediment loads.  Streams should also have 
adequate shade and woody debris, and provide vigorous and connected aquatic habitat.  
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Appendix A: Sawmill-Petty Project Area Map 
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Appendix B: PIBO Monitoring Site Map 
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Appendix C: Sediment Analysis Methodology 

 

GRAIP_Lite is a system of tools developed for ArcGIS that was used to model road-related sediment 
impacts to stream habitats (Nelson et al. 2018). GRAIP_Lite uses a topographic model, along with other 
inputs, to do the following: 

 Create distinct road segments 

 Apply average vegetation parameters and calculate sediment production from individual road 
segments 

 Use a local polynomial fit to describe stream connection probabilities and fractional sediment 
delivery based on flow distance to streams 

 Calculate accumulated routed sediment throughout the modelled stream network.  

Road-related sediment impact is described using specific sediment (megagrams per year per square 
kilometer [Mg/yr/km2]) in the modeled stream network. This metric can easily be used to determine areas 
where roads present a higher risk to stream habitats when prioritizing areas for restoration or remediation 
efforts. When used for alternatives analysis, GRAIP_Lite allows the user to specify various treatment 
options for individual roads, and then models the road-related sediment conditions at the initial condition 
(before work begins), disturbed condition (immediately post-work or during haul), and recovered condition 
(once vegetation has recovered to normal values). GRAIP_Lite also includes reporting tools that generate 
basic maps based on the model results. 

Unlike the GRAIP model, which allows modelling two flow paths and more complex flow routing through 
multiple road segments, GRAIP_Lite uses a simplified single flow-path road model where each road 
segment drains completely at a single drain-point located at the downhill end of the road segment. Without 
the complete road inventory, predicting the complex flow routing is impossible. GRAIP is a more detailed 
field-based road inventory procedure and modeling toolset for understanding the various site-specific 
impacts of roads on water quality (Black et al. 2017).  

GRAIP_Lite estimates sediment production and delivery separately. The first component calculates an 
estimate of the amount of sediment produced from each road segment, and the second component models 
how much of that sediment is delivered to the stream network where it can impact aquatic habitat.  

Sediment production is the amount of sediment eroded from the road surface and is estimated for each road 
segment as follows: 

E = BRSV 

Where: 

E = total sediment production for the road segment 

B = baserate  

R = elevation difference between road segment ends 

S = surface type factor  

V = vegetation factor  

The baserate is used to describe the erodibility of the road surface and the power of rainfall to detach and 
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transport sediment and is used to consider different variables, including local geologic and climatic factors. 
We used a baserate of 14.0 kilograms per year per meter (kg/yr/m) vertical drop along the road based on a 
field sites on the Lolo National Forest (Nelson et al. 2018).  

The surface factors used in GRAIP_Lite depend on the surface type and the traffic level of the road being 
modelled. This variability allows GRAIP_Lite to account for differences observed between roads with 
varying amounts of traffic and with different surface types.  

Vegetation growing in the flowpath on the road’s surface acts to reduce sediment production by increasing 
surface roughness and by anchoring material. The vegetation factor is calculated as follows: 

V = 1 – 0.86 x 

Where: 

x = the fraction of the road segments where the flowpath vegetation cover is greater than 25%, as 
observed in a calibration data set 

The vegetation factor is calculated for each combination of surface type and maintenance level and 
represents the average vegetation on those resulting classes of roads.  The majority of roads modeled in the 
analysis area had native material surface type, and the roads were covered with vegetation.  For the county 
road and ML 2 and ML 3 roads there was aggregate surface type, and there was no vegetation on the 
roadbed.   

Sediment delivery data from GRAIP inventories shows that not all sediment eroded from the road surface is 
delivered to streams and that most sediment delivered to the stream network is delivered by a small portion 
of the total road network. With the GRAIP model, sediment delivery is based on a direct field observation 
indicating if each individual drain point is hydrologically connected to the stream network.  

Calibration data are used to define a set of curves describing the probability that a drainpoint would be 
observed to be stream connected based on the modeled flow distance to the modeled stream network and the 
length of the road segment it drains. We defined the fractional sediment delivery to be equal to the 
probability of observed stream connection and used a local polynomial regression to estimate those 
probabilities conditioned on distance to stream and road segment length class. Given that a probability is 
mapped to fractional delivery, this approximation is only applicable when averaging across several potential 
delivery sites. It is an application of risk assessment where the cost is the amount of sediment and the 
probability of delivery is the hazard. 
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Appendix D: Water Yield Methodology 

Equivalent Clearcut Acres (ECA) provides an indicator of the extent to which the vegetative component of 
watersheds has been altered by past and foreseeable future activities.  As with most modeling efforts, ECA 
analysis is a relative index of conditions, not an absolute result.  Values are used in combination with other 
information such as observed channel condition to more accurately predict both existing and predicted 
conditions.  Limitations result from the complexity of variables affecting watershed functions and necessary 
model simplifications such as not accounting for elevation, aspect, or the potential road systems effects of 
routing.  

In addition, ECA analysis assumes that stands prior to harvest are fully stocked, when in reality some stands 
were not fully stocked at historic conditions and whole watersheds may not have been completely forested 
because of landform and soil limitations.  Also, the ECA method does not account for fire suppression, 
which has resulted in overstocked forest conditions leading to results that over-estimate actual water yield 
increase as compared to historic.  Consequently, this assessment assesses ECA results in context with ranges 
of natural stand and watershed conditions prior to fire suppression.  The Forest Activities Tracking System 
(FACTS) database for the Lolo NF was queried to obtain all records of documented timber harvest.  GIS 
data for roads, trails, and fire were also evaluated.  For recently acquired DNRC and Plum Creek lands, 
Google Earth was used to estimate the date and size of harvest.  In these lands only clear cuts could be 
accurately estimated (compared to thinning), and Google Earth only has historic imagery to 1984.  The code 
4113 was used for these harvests which assumes 100% removal of the canopy.   
 
As a conservative measure, an assumption is made that roads are not recovered hydrologically and are 
assigned a recovery value of zero.  For timber harvest there is a continuum of recovery values as the stand 
ages (USDA Forest Service 1978).  Water yield increase is greatest immediately following vegetation 
removal.  In years subsequent to vegetation removal, the ECA (and water yield increase) declines, or 
“recovers,” because of vegetation re-growth.  The rate of re-growth and thus, ECA recovery, is based on 
evapotranspiration, snowfall accumulation related to patch dynamics, and the relationship between water 
yield and changes in vegetation interception.  This re-growth relationship is expressed as a recovery curve. 

 

 


