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DOCUMENT SUMMARY 

This document presents a total maximum daily load (TMDL) for White Pine Creek, an impaired stream in 
the Lower Clark Fork River Tributaries TMDL Planning Area (see Figure 2-1 found in Section 2.1).  
 
The Montana Department of Environmental Quality (DEQ) develops TMDLs and submits them to the 
U.S. Environmental Protection Agency (EPA) for approval. The Montana Water Quality Act requires DEQ 
to develop TMDLs for streams and lakes that do not meet, or are not expected to meet, Montana water 
quality standards. A TMDL is the maximum amount of a pollutant a waterbody can receive and still meet 
water quality standards. TMDLs provide an approach to improve water quality so that streams and lakes 
can support and maintain their state-designated beneficial uses. 
 
The project area is limited to the watershed of White Pine Creek, which is a stream included within the 
Lower Clark Fork River Tributaries TMDL Planning Area. The project area encompasses approximately 
28.5 square miles (19,970 acres) in western Montana. The project area is entirely located within Sanders 
County.  
 
DEQ determined that this waterbody does not meet the applicable temperature water quality standard 
(Table DS-1). A sediment TMDL was provided for White Pine Creek in 2010, along with sediment TMDLs 
for other streams in the Lower Clark Fork River Tributaries TMDL Planning Area (Montana Department 
of Environmental Quality, 2010).  
 

TEMPERATURE 
Temperature was identified as impairing aquatic life in White Pine Creek, and a TMDL was developed. 
Historic removal of riparian vegetation, which is important for regulating stream temperature by 
providing shade, is the primary cause of impairment. Water quality improvement goals focus on 
improving riparian shade, however, maintaining stable stream channel morphology and instream flow 
conditions during the hottest months of the summer are also important for meeting the TMDL. DEQ 
believes that once these water quality goals are met, all water uses currently affected by temperature 
will be restored given all reasonable land, soil, and water conservation practices.  
 
White Pine Creek exceeds naturally occurring maximum daily water temperatures by 4%. The example 
TMDL, provided in Section 5.6, shows necessary percent reduction of 4%. General strategies for 
achieving the instream water temperature reduction goals are also presented in this plan.  
 

WATER QUALITY IMPROVEMENT MEASURES 
Implementation of most water quality improvement measures described in this document is based on 
voluntary actions of watershed stakeholders. Ideally, local watershed groups and/or other watershed 
stakeholders will use this TMDL document, and associated information, as a tool to guide local water 
quality improvement activities. Such activities can be documented within a watershed restoration plan 
consistent with DEQ and EPA recommendations.  
  
An adaptive approach to most nonpoint source TMDL implementation activities may be necessary as 
more knowledge is gained through implementation and future monitoring. This document includes a 
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monitoring strategy designed to track progress in meeting TMDL objectives and goals and to help refine 
the plan during its implementation.  
 
Although most water quality improvement measures are based on voluntary measures, federal law 
specifies permit requirements developed to protect narrative water quality criterion, a numeric water 
quality criterion, or both, to be consistent with the assumptions and requirements of wasteload 
allocations (WLAs) on streams were TMDLs have been developed and approved by EPA.  
 
Table DS-1. Impairment cause, associated impaired use, and TMDL contained in this document 

Waterbody and Location 
Description TMDL Prepared TMDL Pollutant 

Category Impaired Use(s) 

White Pine Creek, headwaters 
to mouth (Clark Fork River) Temperature Temperature Aquatic Life 
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1.0 PROJECT OVERVIEW 

This document presents an analysis of water quality information and establishes a total maximum daily 
load (TMDL) for temperature problems in White Pine Creek. This document also presents a general 
framework for resolving these problems. Figure 2-1, found in Section 2.1, shows a map of White Pine 
Creek and the surrounding area.  
 

1.1 WHY WE WRITE TMDLS 
In 1972, the U.S. Congress passed the Water Pollution Control Act, more commonly known as the Clean 
Water Act (CWA). The CWA’s goal is to “restore and maintain the chemical, physical, and biological 
integrity of the Nation’s waters.” The CWA requires each state to designate uses of their waters and to 
develop water quality standards to protect those uses.  
 
Montana’s water quality designated use classification system includes the following: 

• fish and aquatic life 
• wildlife 
• recreation 
• agriculture 
• industry 
• drinking water 

 
Each waterbody in Montana has a set of designated uses from the list above. Montana has established 
water quality standards to protect these uses, and a waterbody that does not meet one or more 
standards is called an impaired water. Each state must monitor their waters to track if they are 
supporting their designated uses, and every two years the Montana Department of Environmental 
Quality (DEQ) prepares a Water Quality Integrated Report (IR) which lists all impaired waterbodies and 
their identified impairment causes. Impairment causes fall within two main categories: pollutant and 
non-pollutant.  
 
Montana’s biennial IR identifies all the state’s impaired waterbody segments. The 303(d) list portion of 
the IR includes all of those waterbody segments impaired by a pollutant, which require a TMDL, whereas 
TMDLs are not required for non-pollutant causes of impairments. Table 1-1 identifies all impairments for 
White Pine Creek, including non-pollutant impairment causes, included in Montana’s “2014 Water 
Quality Integrated Report” (Montana Department of Environmental Quality, Planning, Prevention and 
Assistance Division, Water Quality Planning Bureau, 2014a). Table 1-1 provides the current status of 
each impairment cause, identifying whether it has been addressed by TMDL development. 
 
Both Montana state law (Section 75-5-701 of the Montana Water Quality Act) and section 303(d) of the 
federal CWA require the development of total maximum daily loads for all impaired waterbodies when 
water quality is impaired by a pollutant. A TMDL is the maximum amount of a pollutant that a 
waterbody can receive and still meet water quality standards. 
 
Developing TMDLs and water quality improvement strategies includes the following components, which 
are further defined in Section 4.0: 

• Determining measurable target values to help evaluate the waterbody’s condition in relation to 
the applicable water quality standards 
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• Quantifying the magnitude of pollutant contribution from their sources 
• Determining the TMDL for each pollutant based on the allowable loading limits for each 

waterbody-pollutant combination 
• Allocating the total allowable load (TMDL) into individual loads for each source  

 
In Montana, restoration strategies and monitoring recommendations are also commonly incorporated in 
TMDL documents to help facilitate TMDL implementation (see Section 6.0 of this document). The White 
Pine Creek watershed is already included within an Environmental Protection Agency (EPA) approved 
TMDL document that provides a general restoration framework (Montana Department of Environmental 
Quality, 2010), as well as a DEQ-approved watershed restoration plan, prepared in 2010 for the Lower 
Clark Fork Watershed (Miller, 2010).  
 
Basically, developing a TMDL for an impaired waterbody is a problem-solving exercise: The problem is 
excess pollutant loading that impairs a designated use. The solution is developed by identifying the total 
acceptable pollutant load (the TMDL), identifying all the significant pollutant-contributing sources, and 
identifying where pollutant loading reductions should be applied to achieve the acceptable load.  
 

1.2 WATER QUALITY IMPAIRMENTS AND TMDLS ADDRESSED BY THIS DOCUMENT 
Table 1-1 below lists all of the impairment causes from the “2014 Water Quality Integrated Report” 
(Montana Department of Environmental Quality, Planning, Prevention and Assistance Division, Water 
Quality Planning Bureau, 2014a) that are addressed in this document (also see Figure 2-1 in Section 2.1). 
Each pollutant impairment falls within a TMDL pollutant category (e.g., sediment, nutrients, and 
temperature). This document addresses only temperature impairment. A sediment TMDL was 
developed in 2010 to address the other impairment causes. 
 
TMDLs are completed for each waterbody – pollutant combination, and this document contains one 
TMDL (Table 1-1). 
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Table 1-1. Water quality impairment causes for the White Pine Creek TMDL Project Area addressed within this document 
Waterbody and Location 

Description1 Waterbody ID Impairment Cause Pollutant Category Impairment Cause Status 

White Pine Creek, 
headwaters to mouth 
(Beaver Creek) 

MT76N003_120 

Alteration in streamside or littoral 
vegetative covers 

Not Applicable; 
Non-Pollutant 

Addressed by a TMDL in a previous document 
(Montana Department of Environmental Quality, 
2010) 

Sedimentation/Siltation Sediment 
Sediment TMDL provided in previous document 
(Montana Department of Environmental Quality, 
2010) 

Temperature, water Temperature Temperature TMDL provided in this document 
1 All waterbody segments within Montana’s Water Quality Integrated Report are indexed to the National Hydrography Dataset (NHD) 
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1.3 WHAT THIS DOCUMENT CONTAINS 
This document addresses all of the required components of a TMDL and includes an implementation 
and monitoring strategy. The TMDL components are summarized within the main body of the 
document. Additional technical details are contained in the appendices. In addition to this introductory 
section, this document includes: 
 
Section 2.0 White Pine Creek Project Area Description: 
Describes the physical characteristics and social profile of the project area. 
 
Section 3.0 Montana Water Quality Standards 
Discusses the water quality standards that apply to White Pine Creek. 
 
Section 4.0 Defining TMDLs and Their Components 
Defines the components of TMDLs and how each is developed. 
 
Sections 5.0 Temperature TMDL Components: 
This section includes (a) a discussion of the affected waterbody and the pollutant’s effect on designated 
beneficial uses, (b) the information sources and assessment methods used to evaluate stream health 
and pollutant source contributions, (c) water quality targets and existing water quality conditions, (d) 
the quantified pollutant loading from the identified sources, (e) the determined TMDL, (f) the allocations 
of the allowable pollutant load to the identified sources. 
 
Section 6.0 Monitoring Strategy and Adaptive Management:  
Describes methods for future monitoring of temperature-influencing variables, as well as a strategy for 
adaptive management to respond to changing conditions or improved source assessment. 
 
Section 7.0 Public Participation & Public Comments: 
Describes other agencies and stakeholder groups who were involved with the development of this plan 
and the public participation process used to review the draft document. Addresses comments received 
during the public review period. 
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2.0 PROJECT AREA DESCRIPTION 

This section describes the physical, ecological, and social characteristics of the White Pine Creek 
watershed (“project area”). These descriptions provide a context for the more detailed pollutant source 
assessments presented in following chapters.  
 

2.1 PHYSICAL CHARACTERISTICS 
The following information describes the physical geography of the project area. This includes location, 
topography, climate, hydrology, and geology. 
 
2.1.1 Location  
The project area is the White Pine Creek watershed, which occupies 28.48 square miles (19,970 acres) in 
western Montana, near the town of Trout Creek. The location is mapped below in Figure 2-1. 
 

 
Figure 2-1. Location of White Pine Creek 
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2.1.2 Topography 
The topography is mapped below in Figure 2-2. Elevation ranges from 6,538 feet in the headwaters to 
2,460 feet at the confluence with Beaver Creek. 
 

 
Figure 2-2. Topography of the White Pine Creek watershed 
 
2.1.3 Climate 
Average precipitation in the White Pine Creek watershed ranges from just over 27 inches per year near 
the mouth to just under 55 inches per year at the headwaters, according to climate summaries provided 
by the Western Regional Climate Center (http://www.wrcc.dri.edu/summary/Climsmnidwmt.html). May 
and June are consistently the wettest months of the year and winter precipitation is dominated by 
snowfall. Average annual precipitation is mapped below in Figure 2-3. 

http://www.wrcc.dri.edu/summary/Climsmnidwmt.html
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Figure 2-3. Average annual precipitation of the White Pine Creek watershed 
 
A map of average annual temperatures is provided below (Figure 2-4). The climate is similar to the Plains 
Valley, a lower elevation intermontane basin typical of the Northern Rockies with warm summers and 
cool, humid winters (Kendy and Tresch, 1996). 
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Figure 2-4. Average annual temperatures of the White Pine Creek watershed 
 
2.1.4 Hydrology 
White Pine Creek is a first- and second-order stream, with several first-order tributaries. The drainage is 
mapped below in Figure 2-5. White Pine Creek flows into Beaver Creek, a tributary to the Clark Fork 
River. The White Pine Creek watershed is a 6th Code HUC (Hydrologic Unit Code) (170102130703), 
located within the Lower Clark Fork 4th Code HUC (17010213). The Lower Clark Fork 4th Code HUC also 
includes the Thompson River drainage, and extends into Idaho, ending at Lake Pend Oreille.  
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Figure 2-5. Hydrography of the White Pine Creek watershed 
 
White Pine Creek is not monitored by any United States Geological Survey (USGS) gaging stations. 
Streamflow generally follows a hydrograph typical for the region, highest in May and June. These are the 
months with the greatest amount of precipitation and snowmelt runoff. Streamflow begins to decline in 
late June or early July, reaching minimum flow levels in September. Streamflow begins to rebound in 
October and November when fall storms supplement the base-flow levels. White Pine Creek typically 
goes dry in its middle reach, where the substrate is composed of cobble-boulder bed material deposited 
in the wake of massive fires and timber cutting in the early 20th Century. 
 
2.1.5 Geology and Soils 
Bedrock in the White Pine Creek watershed is dominated by Precambrian Belt Series metasedimentary 
rocks. Minor Quaternary deposits of glacial sediments and alluvium are mapped near the valley mouth 
and bottom, respectively. The project area geology is mapped below in Figure 2-6, based on work 
mapping by Harrison et al. (2000). 
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Figure 2-6. Generalized geology of the White Pine Creek watershed 
 
The USGS Water Resources Division (Schwarz and Alexander, 1995) created a dataset of hydrology-
relevant soil attributes, based on the United States Department of Agriculture, Natural Resources 
Conservation Service (NRCS) STATSGO soil database. The STATSGO data are intended for small-scale 
(watershed or larger) mapping, and is too general to be used at scales larger than 1:250,000. It is 
important to realize, therefore, that each soil unit in the STATSGO data may include up to 21 soil 
components. Soil analysis at a larger scale should use NRCS SSURGO (Soil Survey Geographic database) 
data. 
 
Soil erodibility is based on the Universal Soil Loss Equation (USLE) K-factor (Wischmeier and Smith, 
1978). K-factor values range from 0 to 1, with a greater value corresponding to greater potential for 
erosion. Susceptibility to erosion is mapped below in Figure 2-7, with soil units assigned to the following 
ranges: low (0.0-0.2), moderate-low (0.2-0.29) and moderate-high (0.3-0.4). Values of >0.4 are 
considered highly susceptible to erosion. Despite the steep and rugged topography, the majority of the 
project area is mapped with soils rated as having low and moderate-low erodibility. No values greater 
than 0.34 are mapped in the project area. The moderate-high erodibility soils are mapped in the lower 
part of the valley, generally coinciding with areas of bank instability (Montana Department of 
Environmental Quality, 2010). 
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Figure 2-7. Soil erodibility of the White Pine Creek watershed 
 

2.2 ECOLOGICAL PROFILE 
This section describes the ecology of the project area, including the ecoregions mapped within it, land 
cover, fire history, and fish species of concern. 
 
2.2.1 Ecoregions 
The White Pine Creek watershed is located within the Northern Rockies Level III Ecoregion (Woods et al., 
2002). Three Level IV Ecoregions are mapped within the White Pine Creek watershed, as shown below in 
Figure 2-8. More detailed information about the ecoregions is available on the Internet at: 
http://www.epa.gov/wed/pages/ecoregions/mt_eco.htm. 
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Figure 2-8. Level IV ecoregions in the White Pine Creek watershed 
 
2.2.2 Land Cover 
Land cover is mapped below in Figure 2-9, based on the USGS National Land Cover Dataset (NLCD) (Fry 
et al., 2011). As apparent in this figure, the project area is dominated by evergreen forest in the uplands, 
and woody/emergent wetlands in the lowlands. Hay/pasture and cultivated crops are present in isolated 
areas. 
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Figure 2-9. Land cover in the White Pine Creek watershed 
 
2.2.3 Fire History 
Fire history (1889-2013) is mapped below in Figure 2-10. Large regions of the project area burned in the 
late 19th and early 20th Centuries. 
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Figure 2-10. Fire history (1889–2013) of White Pine Creek watershed 
 
2.2.4 Fish Distribution 
The fishery is dominated by brook trout, although both bull trout, which is considered a threatened 
species by the US Fish and Wildlife Service, and westslope cutthroat trout, a Montana Species of 
Concern have been recorded. The mapped distribution of both these species is shown below in Figure 2-
11, based on data provided by Montana Fish, Wildlife, and Parks (2014).  
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Figure 2-11. Westslope Cutthroat Trout and Bull Trout distribution in White Pine Creek 
 

2.3 SOCIAL PROFILE 
The following section describes the human geography of the project area. This includes population 
distribution, land ownership, and land management. 
 
2.3.1 Population Density 
There are no census geometries that exactly correspond to the project area, but the resident population 
is low, based on 2010 census Geographic Information System (GIS) files. Large areas of United States 
Forest Service (USFS) land are uninhabited, although there are isolated inholdings. Population density is 
mapped below in Figure 2-12. 
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Figure 2-12. Population density of the White Pine Creek watershed 
 
2.3.2 Land Management 
Federal lands managed by the U.S. Forest Service (USFS) dominate the project area. Smaller tracts of 
private land are located in the valley bottom, along White Pine Creek and around the valley mouth. Land 
management is mapped below in Figure 2-13.  
 

 
Figure 2-13. Land management of the White Pine Creek watershed 
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2.3.3 Agricultural Land Use 
Montana Department of Revenue (DOR) assesses agricultural land for taxation. The resulting dataset is 
known as the Final Land Unit (FLU) classification. The agricultural uses were determined by DOR GIS 
specialists, and confirmed by maps sent to private landholders for verification. The FLU data are 
available at: ftp://ftp.geoinfo.msl.mt.gov/Data/Spatial/NonMSDI/Geodatabases/revenue_flu.zip. 
Agricultural uses as determined in the FLU are mapped below in Figure 2-14. The only agricultural uses 
identified are forest land and grazing. No USFS grazing allotments are identified. As evident in the land 
cover map above (Figure 2-9), forest dominates the project area.  
 

 
Figure 2-14. Agricultural use and grazing allotments in the White Pine Creek watershed 
 
 
 
  

ftp://ftp.geoinfo.msl.mt.gov/Data/Spatial/NonMSDI/Geodatabases/revenue_flu.zip
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3.0 MONTANA WATER QUALITY STANDARDS 

The federal Clean Water Act provides for the restoration and maintenance of the chemical, physical, and 
biological integrity of the nation's surface waters so that they support all designated uses. Water quality 
standards are used to determine impairment, establish water quality targets, and to formulate the total 
maximum daily loads (TMDLs) and allocations.  
 
Montana’s water quality standards and water quality standards in general include three main parts:  

1. Stream classifications and designated uses 
2. Numeric and narrative water quality criteria designed to protect designated uses 
3. Nondegradation provisions for existing high-quality waters 

 
Montana’s water quality standards also incorporate prohibitions against water quality degradation as 
well as point source permitting and other water quality protection requirements.  
 
Nondegradation provisions are not applicable to the TMDLs developed within this document because of 
the impaired nature of the streams addressed. Those water quality standards that apply to this 
document are reviewed briefly below. More detailed descriptions of Montana’s water quality standards 
may be found in the Montana Water Quality Act (75-5-301,302 Montana Code Annotated (MCA)), and 
Montana’s Surface Water Quality Standards and Procedures (Administrative Rules of Montana (ARM) 
17.30.601-670) and Circular DEQ-7 (Montana Department of Environmental Quality, 2012).  
 

3.1 STREAM CLASSIFICATIONS AND DESIGNATED BENEFICIAL USES 
Waterbodies are classified based on their designated uses. All Montana waters are classified for multiple 
uses. White Pine Creek is classified as B-1. Waters classified as B-1 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. While some of the waterbodies might not 
actually be used for a designated use (e.g., drinking water supply), their water quality still must be 
maintained suitable for that designated use. More detailed descriptions of Montana’s surface water 
classifications and designated uses are provided in Appendix A. Department of Environmental Quality’s 
(DEQ) water quality assessment methods are designed to evaluate the most sensitive uses for each 
pollutant group addressed within this document, thus ensuring protection of all designated uses 
(Montana Department of Environmental Quality, Planning, Prevention and Assistance Division, Water 
Quality Planning Bureau, 2011). For streams in Western Montana, the most sensitive use assessed for 
sediment and turbidity is aquatic life and for temperature is aquatic life. DEQ determined that White 
Pine Creek does not meet the temperature water quality standard (Table 3-1). 
 
Table 3-1. White Pine Creek’s impaired use and associated impairment causes 
Waterbody and Location Description Waterbody ID Impairment Cause Impaired Use(s) 

White Pine Creek, headwaters to 
mouth (Beaver Creek MT76N003_120 

Alteration in streamside or 
littoral vegetative covers Aquatic Life 

Sedimentation/Siltation Aquatic Life 
Temperature, water Aquatic Life 
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3.2 NUMERIC AND NARRATIVE WATER QUALITY STANDARDS 
In addition to the use classifications described above, Montana’s water quality standards include 
numeric and narrative criteria that protect the designated uses. Numeric criteria define the allowable 
concentrations, frequency, and duration of specific pollutants so as not to impair designated uses.  
 
Numeric standards apply to pollutants that are known to have adverse effects on human health or 
aquatic life (e.g., metals, organic chemicals, and other toxic constituents). These include human health 
standards and aquatic life standards. Numeric standards for aquatic life include chronic and acute 
values. Numeric standards also apply to other designated uses such as protecting irrigation and stock 
water quality for agriculture.  
 
Narrative standards are developed when there is insufficient information to develop numeric standards 
and/or the natural variability makes it impractical to develop numeric standards. Narrative standards 
describe the allowable or desired condition. This condition is often defined as an allowable increase 
above “naturally occurring.” DEQ often uses the naturally occurring condition, called a “reference 
condition,” to help determine whether or not narrative standards are being met (see Appendix A). 
 
For the White Pine Creek temperature TMDL project, a narrative standard applies. Because stream 
temperatures change throughout the course of a day, the temperature TMDL is expressed as the 
instantaneous thermal load associated with the stream temperature when in compliance with 
Montana’s water quality standards. The temperature standard is defined as follows: The maximum 
allowable increase over the naturally occurring temperature is 1⁰F, when the naturally occurring 
temperature is less than 66⁰F. Within the naturally occurring temperature range of 66–66.5⁰F, the 
allowable increase cannot exceed 67⁰F. If the naturally occurring temperature is greater than 66.5⁰F, the 
maximum allowable increase is 0.5⁰F. Montana’s temperature standard is depicted in Figure 3-1.  
 

 
Figure 3-1. Line graph of the temperature standard that applies to White Pine Creek  
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4.0 DEFINING TMDLS AND THEIR COMPONENTS 

A total maximum daily load (TMDL) is a tool for implementing water quality standards and is based on 
the relationship between pollutant sources and water quality conditions. More specifically, a TMDL is a 
calculation of the maximum amount of a pollutant that a waterbody can receive from all sources and 
still meet water quality standards.  
 
Pollutant sources are generally defined as two categories: point sources and nonpoint sources. Point 
sources are discernible, confined and discrete conveyances, such as pipes, ditches, wells, containers, or 
concentrated animal feeding operations, from which pollutants are being, or may be, discharged. Some 
sources such as return flows from irrigated agriculture are not included in this definition. All other 
pollutant loading sources are considered nonpoint sources. Nonpoint sources are diffuse and are 
typically associated with runoff, streambank erosion, most agricultural activities, atmospheric 
deposition, and groundwater seepage. Natural background loading is a type of nonpoint source.  
 
As part of TMDL development, the allowable load is divided among all significant contributing point and 
nonpoint sources. For point sources, the allocated loads are called “wasteload allocations” (WLAs). For 
nonpoint sources, the allocated loads are called “load allocations” (LAs).  
 
A TMDL is expressed by the equation: TMDL = ΣWLA + ΣLA, where:  
 

ΣWLA is the sum of the wasteload allocation(s) (point sources) 
ΣLA is the sum of the load allocation(s) (nonpoint sources) 

 
TMDL development must include a margin of safety (MOS), which can be explicitly incorporated into the 
above equation. Alternatively, the MOS can be implicit in the TMDL. A TMDL must also ensure that the 
waterbody will be able to meet and maintain water quality standards for all applicable seasonal 
variations (e.g., pollutant loading or use protection).  
 
Development of each TMDL has four major components:  

• Determining water quality targets 
• Quantifying pollutant sources 
• Establishing the total allowable pollutant load 
• Allocating the total allowable pollutant load to their sources 

 
Although the way a TMDL is expressed can vary by pollutant, these four components are common to all 
TMDLs, regardless of pollutant. Each component is described in further detail in the following 
subsections. 
 
Figure 4-1 illustrates how numerous sources contribute to the existing load and how the TMDL is 
defined. The existing load can be compared to the allowable load to determine the amount of pollutant 
reduction needed.  
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Figure 4-1. Schematic example of TMDL development 
 

4.1 DEVELOPING WATER QUALITY TARGETS  
TMDL water quality targets are a translation of the applicable numeric or narrative water quality 
standard(s) for each pollutant. For pollutants with established numeric water quality standards, the 
numeric value(s) are used as the TMDL targets. For pollutants with narrative water quality standard(s), 
the targets provide a waterbody-specific interpretation of the narrative standard(s).  
 
Water quality targets are typically developed for multiple parameters that link directly to the impaired 
beneficial use(s) and applicable water quality standard(s). Therefore, the targets provide a benchmark 
by which to evaluate attainment of water quality standards. Furthermore, comparing existing stream 
conditions to target values allows for a better understanding of the extent and severity of the problem.  
 

4.2 QUANTIFYING POLLUTANT SOURCES 
All significant pollutant sources, including natural background loading, are quantified so that the relative 
pollutant contributions can be determined. Because the effects of pollutants on water quality can vary 
throughout the year, assessing pollutant sources must include an evaluation of the seasonal variability 
of the pollutant loading. The source assessment helps to define the extent of the problem by linking the 
pollutant load to specific sources in the watershed.  
 
A pollutant load is usually quantified for each point source permitted under the Montana Pollutant 
Discharge Elimination System (MPDES) program (none of which are present in this watershed, or 
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addressed in this document). Nonpoint sources are quantified by source categories (e.g., unpaved roads) 
and/or by land uses (e.g., crop production or forestry). These source categories and land uses can be 
divided further by ownership, such as federal, state, or private. Alternatively, most, or all, pollutant 
sources in a sub-watershed or source area can be combined for quantification purposes.  
 
Because all potentially significant sources of the water quality problems must be evaluated, source 
assessments are conducted on a watershed scale. The source quantification approach may produce 
reasonably accurate estimates or gross allotments, depending on the data available and the techniques 
used for predicting the loading (40 Code of Federal Regulations (CFR), Section 130.2(I)). Montana TMDL 
development often includes a combination of approaches, depending on the level of desired certainty 
for setting allocations and guiding implementation activities.  
 

4.3 ESTABLISHING THE TOTAL ALLOWABLE LOAD 
Identifying the TMDL requires a determination of the total allowable load over the appropriate time 
period necessary to comply with the applicable water quality standard(s). Although a “TMDL” is 
specifically defined as a “daily load,” determining a daily loading may not be consistent with the 
applicable water quality standard(s), or may not be practical from a water quality management 
perspective. Therefore, the TMDL will ultimately be defined as the total allowable loading during a time 
period that is appropriate for applying the water quality standard(s) and which is consistent with 
established approaches to properly characterize, quantify, and manage pollutant sources in a given 
watershed. For example, temperature TMDLs may be expressed in terms of kilocalories per second. 
 
If a stream is impaired by a pollutant for which numeric water quality criteria exist, the TMDL, or 
allowable load, is typically calculated as a function of streamflow and the numeric criteria. This same 
approach can be applied when a numeric target is developed to interpret a narrative standard.  
 
Some narrative standards, such as those for temperature, often have a suite of targets. In many of these 
situations it is difficult to link the desired target values to highly variable, and often episodic, instream 
loading conditions. In such cases the TMDL is often expressed as a percent reduction in total loading 
based on source quantification results and an evaluation of load reduction potential (Figure 4-1). The 
degree by which existing conditions exceed desired target values can also be used to justify a percent 
reduction value for a TMDL.  
 
Even if the TMDL is preferably expressed using a time period other than daily, an allowable daily loading 
rate will also be calculated to meet specific requirements of the federal Clean Water Act. When this 
occurs, TMDL implementation and the development of allocations will still be based on the preferred 
time period, as noted above. 
 

4.4 DETERMINING POLLUTANT ALLOCATIONS 
Once the allowable load (the TMDL) is determined, that total must be divided among the contributing 
sources. The allocations are often determined by quantifying feasible and achievable load reductions 
through application of a variety of best management practices and other reasonable conservation 
practices.  
 
Under the current regulatory framework (40 CFR 130.2) for developing TMDLs, flexibility is allowed in 
allocations in that “TMDLs can be expressed in terms of either mass per time, toxicity, or other 
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appropriate measure.” Allocations are typically expressed as a number, a percent reduction (from the 
current load), or as a surrogate measure (e.g., a percent increase in canopy density for temperature 
TMDLs). 
 
Figure 4-2 illustrates how TMDLs are allocated to different sources using WLAs for point sources and LAs 
for natural and nonpoint sources. Although some flexibility in allocations is possible, the sum of all 
allocations must meet the water quality standards in all segments of the waterbody.  
 

 
Figure 4-2. Schematic diagram of a TMDL and its allocations 
 
TMDLs must also incorporate a margin of safety. The margin of safety accounts for the uncertainty, or 
any lack of knowledge, about the relationship between the pollutant loads and the quality of the 
receiving waterbody. The margin of safety may be applied implicitly by using conservative assumptions 
in the TMDL development process, or explicitly by setting aside a portion of the allowable loading (i.e., a 
TMDL = ∑WLA + ∑LA + MOS) (U.S. Environmental Protection Agency, 1999a; U.S. Environmental 
Protection Agency, 1999b). The margin of safety is a required component to help ensure that water 
quality standards will be met when all allocations are achieved. The temperature TMDL in this document 
uses an implicit margin of safety, discussed further in Section 5.7. 
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4.5 IMPLEMENTING TMDL ALLOCATIONS 
The Clean Water Act (CWA) and Montana state law (Section 75-5-703 of the Montana Water Quality 
Act) require wasteload allocations to be incorporated into appropriate discharge permits, thereby 
providing a regulatory mechanism to achieve load reductions from point sources. Nonpoint source 
reductions linked to load allocations are not required by the CWA or Montana statute, and are primarily 
implemented through voluntary measures. White Pine Creek is included within an approved Watershed 
Restoration Plan (WRP) that has been created for the Lower Clark Fork River Tributaries (Miller, 2010). 
This document contains several components to assist stakeholders in implementing nonpoint source 
controls for sediment. Causes of temperature impairment are commonly similar to the causes of 
sediment impairment, and the recommendations within the WRP can help address both impairments. 
Department of Environmental Quality’s (DEQ) Watershed Protection Section (Nonpoint Source Program) 
helps to coordinate water quality improvement projects for nonpoint sources of pollution throughout 
the state and provides resources to stakeholders to assist in nonpoint source best management 
practices (BMPs). Montana’s Nonpoint Source Management Plan further discusses nonpoint source 
implementation strategies at the state level. 
(http://www.deq.mt.gov/wqinfo/nonpoint/2012NonpointPlan/NPSPlan_Complete_07162012.pdf)  
 
DEQ uses an adaptive management approach to implementing TMDLs to ensure that water quality 
standards are met over time (outlined in Section 6.0). This includes a monitoring strategy and an 
implementation review that is required by Montana statute (Section 75-5-703 of the Montana Water 
Quality Act). TMDLs may be refined as new data become available, land uses change, or as new sources 
are identified. 
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5.0 TEMPERATURE TMDL COMPONENTS 

This portion of the document focuses on temperature as an identified cause of water quality impairment 
in the Lower Clark Fork Tributaries Planning Area. It describes: (1) the mechanisms by which 
temperature affects beneficial uses of streams; (2) the stream segments of concern; (3) information 
sources used for temperature total maximum daily loads (TMDL) development; (4) temperature target 
development; (5) assessment of sources contributing to excess thermal loading; (6) the temperature 
TMDL and allocations; (7) seasonality and margin of safety; and (8) uncertainty and adaptive 
management. 
 

5.1 TEMPERATURE (THERMAL) EFFECTS ON BENEFICIAL USES 
Human influences that reduce stream shade, increase stream channel width, add heated water, or 
decrease the capacity of the stream to buffer incoming solar radiation all increase stream temperatures. 
Warmer temperatures can negatively affect aquatic life that depends upon cool water for survival. 
Coldwater fish species are more stressed in warmer water temperatures, which increases metabolism 
and reduces the amount of available oxygen in the water. Coldwater fish and other aquatic life may feed 
less frequently and use more energy to survive in thermal conditions above their tolerance range, which 
can result in fish kills. Also, elevated temperatures can boost the ability of non-native fish to outcompete 
native fish if the latter are less able to adapt to warmer water conditions (Bear et al., 2007). Although 
the TMDL will address increased summer temperatures as the most likely to cause detrimental effects 
on fish and aquatic life, human influences on stream temperature, such as those that reduce shade, can 
also lead to lower minimum temperatures during the winter (Hewlett and Fortson, 1982). Lower winter 
temperatures can lead to the formation of anchor and frazil ice which can harm aquatic life by causing 
changes in movement patterns (Brown, 1999; Jakober et al., 1998), reducing available habitat, and 
inducing physiological stress (Brown et al., 1993). Addressing the issues associated with increased 
summer maximum temperatures will also address these potential winter problems. Assessing thermal 
effects upon a beneficial use is an important initial consideration when interpreting Montana’s water 
quality standard (Appendix A) and subsequently developing temperature TMDLs.  
  

5.2 STREAM SEGMENTS OF CONCERN 
One waterbody segment in the Lower Clark Fork Tributaries Planning Area is identified as impaired by 
temperature in Montana’s 2014 Integrated Report (Montana Department of Environmental Quality, 
Planning, Prevention and Assistance Division, Water Quality Planning Bureau, 2014b): White Pine Creek. 
To help put sampling data into perspective and understand how elevated stream temperatures may 
affect aquatic life, information on fish presence in these waterbodies and temperature preferences for 
the most sensitive species are described below.  
 
5.2.1 Fish Presence in White Pine Creek  
Based on a query of the Montana Fisheries Information System (MFISH), a species distribution database 
managed by Montana Fish, Wildlife and Parks (FWP), White Pine Creek is inhabited by brook trout, 
brown trout, bull trout, longnose dace, mountain whitefish, rainbow trout, redside shiner, slimy sculpin, 
and westslope cutthroat trout (Montana Department of Fish, Wildlife and Parks, 2014). White Pine 
Creek is not within a bull trout Core or Nodal area (Montana Department of Fish, Wildlife and Parks, 
2014). According to the Montana Fish, Wildlife, and Parks fisheries resource value ratings, White Pine 
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Creek is considered “Substantial” (rating score 3) (Montana Department of Fish, Wildlife and Parks, 
2014).  
 
5.2.2 Temperature Levels of Concern 
Special temperature considerations are warranted for the westslope cutthroat trout, which are 
identified in Montana as species of concern and occur in White Pine Creek. Research by Bear et al. 
(2007) found that westslope cutthroat maximum growth occurs around 56.5⁰F, with an optimum growth 
range (based on 95% confidence intervals) from 50.5–62.6⁰F. The ultimate upper incipient lethal 
temperature (UUILT) is the temperature considered to be survivable by 50% of the population over a 
specified time period. Bear et al. (2007) found the 60-day UUILT for westslope cutthroat trout to be 
67.3⁰F and the 7-day UUILT to be 75.4⁰F. Considering a higher level of survival, the lethal temperature 
dose that will kill 10% (LD10) of the population in a 24-hour period for westslope cutthroat is 73.0⁰F 
(Liknes and Graham, 1988). 
 

5.3 INFORMATION SOURCES AND DATA COLLECTION  
As discussed in Appendix A and Section 5.4.1, Montana defines temperature impairment as occurring 
when human sources cause a certain degree of change over the water temperature that occurs as a 
result of natural sources and human sources that are implementing all reasonable land, soil, and water 
conservation practices. Because interpreting the standard is more complex than just comparing 
measured temperatures to the temperature levels of concern discussed above, a QUAL2K water quality 
model was needed to determine if human sources are causing the allowable temperature change to be 
exceeded in White Pine Creek. The QUAL2K model was developed for the lower segments of White Pine 
Creek from Set Creek, which begins at river mile (RM) 3.7 and just below temperature logger WPC-T4, to 
the mouth of White Pine Creek on Beaver Creek (Figure 5-1). Only the lower segments were modeled 
because QUAL2K could not simulate the dry reaches in the upper segments of White Pine Creek. Model 
details for White Pine Creek are presented in Appendix B, but the model summary and outcome is 
provided in Section 5.5, Source Assessment.  
 
The following information sources were searched and/or used to set up the QUAL2K model and assist 
with temperature TMDL development.  
 
5.3.1 Department of Environmental Quality Assessment Files 
Department of Environmental Quality (DEQ) maintains assessment files that provide a summary of 
available water quality and other existing condition information, along with a justification for 
impairment determinations.  
 
5.3.2 Temperature Related Data Collection 
In summer 2013, DEQ and Environmental Protection Agency (EPA) collected temperature data, along 
with measurements of streamflow, riparian shade, and channel geometry from White Pine Creek. EPA 
collected continuous temperature data at seven locations in White Pine Creek (sites WPC-T1, WPC-T2, 
WPC-T3, WPC-T4, WPC-T6, WPC-T7, WPC-T8) and at one tributary (Chute Creek, Chute-F1) . One 
location on White Pine Creek (WPC-T5) was observed to be dry and no temperature logger was 
deployed. Data loggers recorded temperatures every one-half hour for approximately two months 
between June 25 and September 10, 2013. Instantaneous temperatures were also monitored by EPA 
and DEQ in June, August, and September 2013 on White Pine Creek and three of its tributaries: Chute-F1 
on Chute Creek, PC-F1 on Pine Creek, and WC-T1 on Woodchuck Creek. Four locations on tributaries to 
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White Pine Creek were observed to be dry and no instantaneous data were collected: Cole-F1 on Cole 
Creek, LC-T1 on Larch Creek, RC-T1 on Ripper Creek, and SC-T1 on Set Creek.  
 
EPA and DEQ collected shade data on August 13 and 14, 2013 at five locations along White Pine Creek 
(WPC-T1, WPC-T2, WPC-T3, WPC-T4, and WPC-T8) using a Solar PathfinderTM. The riparian vegetation at 
these monitoring locations was also characterized.  
 
This information is collectively used within the QUAL2K models to evaluate impairment and the 
potential for improvement associated with the implementation of all reasonable land, soil, and water 
conservation practices. Shade and vegetation data are used to create a Shade model, which is a 
component of QUAL2K that computes hourly effective shade using vegetation and topography data. This 
is discussed further in Appendix B, Section B1-5.2. These data are presented and described in detail in 
Appendix B. Monitoring locations are shown in Figure 5-1.  
 

 
Figure 5-1. Temperature data logger sampling sites on White Pine Creek and nearby weather station. 
 
5.3.3 Climate Data 
Climate data, including air temperature, dew point temperature, wind speed, and cloud cover, are major 
inputs to the QUAL2K model and are also drivers for stream temperature. Climatic data inputs, including 
hourly air temperature, were obtained from nearby Cabinet (Trout Creek) Remote Automatic Weather 
Station (RAWS) (Figure 5-1).  
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5.3.4 Department of Natural Resources & Conservation Water Usage Data 
Spatial Department of Natural Resources & Conservation (DNRC) water usage data that include 
identification of active points of diversion and places of use were obtained from the Natural Resources 
Information System (Natural Resource Information System, 2012). This information was necessary 
because streamflow is an important input for the QUAL2K model and irrigation withdrawals have the 
potential to influence stream temperatures. 
 

5.4 TARGET DEVELOPMENT 
The following section describes 1) the framework for interpreting Montana’s temperature standard; 2) 
the selection of target parameters and values used for TMDL development; and 3) a summary of the 
temperature target values for White Pine Creek; and 4) a comparison of the existing White Pine Creek 
temperature data to the targets in order to determine whether a TMDL is necessary. 
 
5.4.1 Framework for Interpreting Montana’s Temperature Standard  
Montana’s water quality standard for temperature is narrative in that it specifies a maximum allowable 
increase above the naturally occurring temperature to protect fish and aquatic life. Under Montana 
water quality law, naturally occurring temperatures incorporate natural sources and human sources that 
are applying all reasonable land, soil, and water conservation practices. Naturally occurring 
temperatures can be estimated for a given set of conditions using QUAL2K or other modeling 
approaches, but because water temperature changes daily and seasonally, no single temperature value 
can be identified to represent standards attainment. Therefore, in addition to evaluating if human 
sources are causing the allowable temperature change to be exceeded, a suite of temperature TMDL 
targets were developed to translate the narrative temperature standard into measurable parameters 
that collectively represent attainment of applicable water quality standards at all times. The goal is to 
set the target values at levels that occur under naturally occurring conditions but are conservatively 
selected to incorporate an implicit margin of safety that helps account for uncertainty and natural 
variability. The target values are protective of the use most sensitive to elevated temperatures, aquatic 
life; as such, the targets are protective of all designated uses for the applicable waterbody segments. 
 
A QUAL2K model was used for White Pine Creek to estimate the extent of human influence on 
temperature by evaluating the temperature change between existing conditions and naturally occurring 
conditions. The models used the data described in Section 5.3 to simulate existing conditions, and then 
the models were re-run with riparian shade and water use altered to reflect naturally occurring 
conditions. If the modeled temperature change between the two scenarios (i.e., existing and naturally 
occurring) is greater than allowed by the water quality standard (i.e., 1.0°F), this verifies the existing 
temperature impairment. This section discusses whether the model outcome supports the existing 
impairment listing, and model scenario details are presented in Section 5.5, Source Assessment and 
Appendix B. 
 
5.4.2 Temperature Target Parameters and Values 
The primary temperature target is the allowable human-caused temperature change (i.e., 1.0°F). 
However, surrogate temperature-influencing targets are provided for those parameters that influence 
temperature and can be linked to human causes. The temperature-influencing targets are riparian 
shade, channel geometry, and improved streamflow conditions. All targets are described in more detail 
below.  
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5.4.2.1 Allowable Human-Caused Temperature Change 
The target for allowable human-caused temperature change links directly to the numeric portion of 
Montana’s temperature standard for B-1 streams (Administrative Rules of Montana (ARM) 
17.30.623(e)): When the naturally occurring temperature is less than 66⁰F, the maximum allowable 
increase is 1⁰F. Within the naturally occurring temperature range of 66–66.5⁰F, the allowable increase 
cannot exceed 67⁰F. If the naturally occurring temperature is greater than 66.5⁰F, the maximum 
allowable increase is 0.5⁰F. As stated above, naturally occurring temperatures incorporate natural 
sources, yet also include human sources that are applying all reasonable land, soil, and water 
conservation practices. 
 
5.4.2.2 Riparian Shade  
Increased shading from riparian vegetation reduces sunlight hitting the stream and, thus, reduces the 
heat load to the stream. Riparian vegetation also reduces near-stream wind speed and traps air against 
the water surface, which reduces heat exchange with the atmosphere (Poole and Berman, 2001). In 
addition, lack of established riparian areas can lead to bank instability, which can result in an 
overwidened channel.  
 
To help minimize the influence of upland activities on stream temperature, a riparian buffer close to 100 
feet is commonly recommended (Ledwith, 1996; Knutson and Naef, 1997; Ellis, 2008). White Pine Creek 
flows through a portion of the Kootenai National Forest. The U.S. Forest Service abides by Inland Native 
Fish Strategy standards for Riparian Habitat Conservation Areas, which sets a buffer ranging from a 
minimum of 50 feet for seasonally flowing streams to a minimum of 300 feet for fish-bearing streams 
(U.S. Department of Agriculture, Forest Service, 1995). However, several studies have shown that most 
(85-90%) of the maximum shade potential is obtained within the first 50 feet (Brazier and Brown, 1973; 
Broderson, 1973; Steinblums et al., 1984) or 75 feet of the channel (CH2M, 2000; Castelle and Johnson, 
2000; Christensen, 2000). The Natural Resources Conservation Service (NRCS) conservation practice 
standard for riparian buffers, recommends a minimum buffer width of 35 feet, and also includes 
recommendations to use species with a medium or high shade value and to meet the minimum habitat 
requirements of aquatic species of concern (Natural Resources Conservation Service, 2011a; 2011b). 
Based on several literature sources finding that most shade is obtained within a buffer width of 50 feet 
and that 50 feet is the minimum buffer width for the Montana Streamside Management Zone (Montana 
Department of Natural Resources and Conservation, 2006) the temperature influencing target is a 
healthy riparian buffer width of 50 feet.  
 
Reference conditions were defined for the White Pine Creek QUAL2K modeling as vegetation 
communities that were at potential and representative of what the vegetation of nearby segments 
affected by anthropogenic activities should look like. Water Consulting, Inc. (2002) suggests that the 
vegetative potential for the lower reaches of White Pine Creek is a mixed conifer, cottonwood, and 
shrub community. The reference condition, the vegetation observed at monitoring location WPC-T2 
(refer back to Figure 5-1), is a mixed coniferous/shrub community that is at potential.  
 
DEQ realizes most healthy riparian buffers are composed of more than a single category of vegetation, 
and the reference conditions were each set to one vegetation type for two reasons: 1) the actual 
composition of the riparian zone under target shade conditions will vary over time and is too complex to 
model with QUAL2K, and 2) based on existing vegetation in the watershed and what is known of 
historical conditions, the effective shade provided by these reference conditions was determined to be a 
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reasonable target. Effective shade is the result of topography and vegetative height and density, so the 
target shade condition could be achieved by a large combination of vegetation types and densities. 
Additionally, the effective shade potential at any given location may be lower or higher than the target 
depending on natural factors such as fire history, soil, topography, and aspect but also because of 
human alterations to the near-stream landscape including roads and structural bank armoring that may 
not feasibly be modified or relocated. The target is provided as a quantitative guide for meeting the 
standard and is intended to represent all reasonable land, soil, and water conservation practices. If 
those are being implemented, then White Pine Creek will be meeting the riparian shade target. The 
rationale for target selection is further described in Section 5.4.4.1 in the discussion of existing 
conditions as compared with the target. 
 
5.4.2.3 Width/Depth Ratio  
A narrower channel with a lower width-to-depth ratio results in a smaller contact area with warm 
afternoon air and is slower to absorb heat (Poole and Berman, 2001). Also, a narrower channel increases 
the effectiveness of shading produced by the riparian canopy. A target for width/depth ratio was 
developed for the sediment TMDLs using reference data and stream surveys (Montana Department of 
Environmental Quality, 2010) and will also apply for temperature. The width/depth ratio target for 
Rosgen stream types C and F is ≤ 25 for sections with gradients less than 2%. The target is not intended 
to be specific to every given point on the stream but to maintain current conditions where the target is 
generally being met. In areas where the target is not being met, actions to improve riparian shade are 
also anticipated to lower width/depth ratios. For additional information regarding the width/depth ratio 
refer to the sediment TMDL report (Montana Department of Environmental Quality, 2010). 
 
5.4.2.4 Instream Flow (Water Use)  
Because larger volumes of water take longer to heat up during the day, the ability of a stream to buffer 
incoming solar radiation is reduced as instream water volume decreases. In other words, a channel with 
little water will heat up faster than an identical channel full of water, even if they have identical shading 
and are exposed to the same daily air temperatures.  
 
The proposed target for instream flow (water use) is the increased instream flow that can be achieved 
via a 15% reduction in flow diverted for irrigation purposes based on improvements in irrigation water 
management and irrigation system and delivery efficiencies during the summer (June through 
September). Per Montana’s water quality law, TMDL development cannot be construed to divest, 
impair, or diminish any water right recognized pursuant to Title 85 (Montana Code Annotated (MCA) 
§75-5-705). Therefore, any voluntary water savings and subsequent instream flow augmentation must 
be done in a way that protects water rights. The 15% water savings could be achieved through best 
management practices including delivery system upgrades, irrigation scheduling, and application 
management (Waskom, 1994). 
 
5.4.3 Target Values Summary 
The allowable human-caused temperature change is the primary target that must be achieved to meet 
the standard. Alternatively, compliance with the temperature standard can be attained by meeting the 
three temperature-influencing targets (i.e., riparian shade, width/depth ratio, and instream flows). In 
this approach, if all reasonable land, soil, and water conservation practices are installed or practiced, 
water quality standards will be met. Table 5-1 summarizes the temperatures targets for White Pine 
Creek.  
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Table 5-1. Temperature Targets for White Pine Creek 
Target Parameter Target Value 

Primary Target 

Allowable Human-Caused 
Temperature Change 

If the naturally occurring temperature is less than 66⁰F, the maximum 
allowable increase is 1⁰F. Within the naturally occurring temperature range 
of 66–66.5⁰F, the allowable increase cannot exceed 67⁰F. If the naturally 
occurring temperature is greater than 66.5⁰F, the maximum allowable 
increase is 0.5⁰F.  

Temperature-Influencing Targets: Meeting all three will meet the primary target 

Riparian Health - Shade Improve riparian vegetative communities along the modeled segments to a 
reference condition of mixed riparian forest/shrubs at logger WPC-T2. 

Width/depth Ratio Within the expected range for a Rosgen type C or F stream with <2% 
gradient (Montana Department of Environmental Quality, 2010): ≤25 

Instream Flows (Water Use) 15% reduction of irrigation withdrawals due to improvements in irrigation 
efficiency during the summer (June through September) 

 
5.4.4 Existing Conditions and Comparison to Targets 
This section includes a comparison of existing data with water quality targets, along with a TMDL 
development determination for White Pine Creek. QUAL2K model results will be compared to the 
allowable human-caused temperature change to determine if the target is being exceeded, but most 
model details will be presented in Section 5.5, Source Assessment. 
 
White Pine Creek (MT76N003_120) was initially listed for temperature impairment in 2006. The 
assessment file noted that “[h]istoric, natural catastrophes such as the large, landscape fires in 1889 and 
1910 and then the large flood of 1916 have resulted in loss of important features in the riparian areas” 
(Montana Department of Environmental Quality, 2014, p. 61). It was also noted that elevated water 
temperatures that affect native fish populations “may be linked to historic riparian logging and relatively 
recent stand replacing fires” (Montana Department of Environmental Quality, 2014, p. 61). DEQ (2014, 
p. 63) concluded that elevated instream temperatures are derived from four sources: grazing in riparian 
or shoreline zones, streambank modification/destabilization, natural sources, and watershed runoff 
following forest fire. 
 
5.4.4.1 Existing Stream Temperatures 
To help evaluate the extent and implications of impairment it is useful to evaluate the degree to which 
existing temperatures may harm fish or other aquatic life. Observed temperatures were often within the 
optimal growth range for westslope cutthroat trout (Figure 5-2), and maximum daily temperatures 
never exceeded 69°F. Measured temperatures were warmest for the longest period of time near the 
mouth at WPC-T1. Temperatures never exceeded the LD10 (73°F) and 7-day UUILT (75.4°F) but daily 
maximum temperatures in July and August did exceed the optimal growth range maximum for 
westslope cutthroat trout (62.6°F; Figure 5-3). 
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Notes:  
Logger WPC-T6 was likely exposed to ambient air from June 29, 2013 through August 13, 2013, when it was 

observed in a dry channel. The data presented in this figure are limited to a subset of the monitored 
temperatures, from June 26, 2013 through June 27, 2013. 

Logger WPC-T7 was likely exposed to ambient air from July 10, 2013 through August 14, 2013, when it was 
observed in a dry channel. The data presented in this figure are limited to a subset of the monitored 
temperatures, from June 26, 2013 through July 9, 2013. 

Logger WPC-T8 may have been exposed to ambient air prior to the mid-season field data acquisition on August 14, 
2013 when the logger was observed to be partially exposed to ambient air. The logger was moved and was then 
fully submerged. No data were excluded from this figure. 

Figure 5-2. 2013 temperature logger monitoring data for White Pine Creek and its tributary. 
 

 
Figure 5-3. Observed diurnal temperatures in White Pine Creek upstream of the mouth at logger WPC-
T1. 
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The QUAL2K model results (see Appendix B) indicate that the maximum naturally occurring summer 
temperatures in White Pine Creek are less than 66.0° F over the modeled segment (RM 3.7 to mouth). 
This means that human sources cannot cause the temperature to be exceeded by more than 1.0°F in 
White Pine Creek. Based on the model and temperature data, human sources have caused the allowable 
change target to be exceeded from RM 2.3 downstream to the mouth.  
 
5.4.4.2 Existing Riparian Shade 
High and medium density trees are the most common cover types along White Pine Creek, followed by 
shrubs, herbaceous vegetation (grass), and low density trees (Table 5-2). Sparse trees, roads, and bare 
ground compose only a small percentage of the riparian area, found mostly in the lower portion of the 
watershed. Figure 5-4 shows the percent difference between the existing effective shade and the target 
effective shade in the lower segments of White Pine Creek (based on the Shade Model results for the 
entire length of White Pine Creek provided in Appendix B). In the lower segments of White Pine Creek, 
the greatest shade deficit is between WPC-T3 and WPC-T2 (i.e. RMs 2.4 to 0.8) where White Pine Creek 
flows through private property.  
 
Table 5-2. Composition of the existing riparian buffer 50 feet on both sides of White Pine Creek 
Land cover type Area (acres) Relative area (percent) 

Bare ground 7.1 1.6% 
Herbaceous 62.7 13.9% 

Roads 17.8 3.9% 
Shrub 66.7 14.7% 

Sparse trees 31.4 6.9% 
Low density trees 40.9 9.0% 

Medium density trees 81.2 17.9% 
High density trees 144.6 31.9% 

 



White Pine Creek Temperature TMDL – Section 5.0 

11/13/14 Final 5-10 

 
Figure 5-4. The percent of additional effective shade needed to meet the target along the modeled 
segments of White Pine Creek. 
 
5.4.4.3 Existing Width/Depth Ratio 
Channel morphology, including the width depth ratio, were evaluated by DEQ (2010) when DEQ 
developed sediment TMDLs for White Pine Creek. DEQ evaluated width and depth data collected in 
2008 at three sites, and the width/depth ratio at one site (32.4 at site WPC 9-2, located shortly 
downstream of Set Creek) exceeded the target of less than or equal to 25 for Rosgen type C and F with 
gradients less than 2%. Refer to the target assessment section of the sediment TMDL (Montana 
Department of Environmental Quality, 2010, Section 5.4.3.5) for additional discussion of White Pine 
Creek. 
 
5.4.5 Summary and TMDL Development Determination 
The human-influenced allowable temperature change target is exceeded along 2.3 miles of the 3.7 miles 
of White Pine Creek that were modeled. As described above, stream shading was up to 28 percent less 
than the reference condition along the lower reaches of White Pine Creek. This information supports the 
existing impairment listing and a temperature TMDL will be developed for White Pine Creek. 
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5.5 SOURCE ASSESSMENT  
As discussed above, the source assessment largely involved QUAL2K temperature modeling. There are 
no permitted point sources in the watershed. The watershed has been affected by the road networks, 
present and historic agricultural activities, and instream flows. Instead of focusing on the potential 
contribution of these sources, the source assessment focused on two factors that can be influenced by 
human activities and are drivers of stream temperature: instream flow and riparian shade. 
 
Although channel morphology plays a role in determining effective shade and can be an important 
target, it was not incorporated into the QUAL2K model. Based on the lack of sufficiently detailed data 
for a QUAL2K scenario, changing channel morphology was not evaluated as a management scenario. 
DEQ (2010) did evaluate channel morphology while developing a sediment TMDL for White Pine Creek. 
The TMDL requires a 43% reduction in sediment load, and identified many instances of overwidening. 
Actions taken to address the sediment impairment and reduce channel overwidening are expected to 
have beneficial effects on stream temperatures as well. As these actions are likely to be undertaken in 
conjunction with improvements to riparian vegetation, this unmodeled improvement provides an 
additional margin of safety. 
 
A QUAL2K model was used to determine the extent that human-caused disturbances within the White 
Pine Creek watershed have increased the water temperatures above the naturally occurring level. The 
evaluation of model results focuses on the maximum daily water temperatures in White Pine Creek 
during the summer because those are conditions mostly likely to harm aquatic life, the most sensitive 
beneficial use.  
 
QUAL2K is a one-dimensional river and stream water quality model that assumes the channel is well-
mixed vertically and laterally. The QUAL2K model uses steady state hydraulics that simulates non-
uniform steady flow. Within the model, water temperatures are estimated based on climate data, 
riparian shading, and channel conditions. A stream is segmented into reaches within the model and 
channel and shade characteristics are uniform throughout each reach. Segmentation is largely based on 
the location of field data, tributaries, irrigation withdrawal/returns, channel slope, and changes in 
channel conditions or shading.  
 
Within the model, White Pine Creek was segmented into reach lengths of 984 feet. The water 
temperature and flow data collected from White Pine Creek and its tributaries in 2013, along with 
channel measurements, irrigation data, and climate data (Section 5.3 and Appendix B), were used to 
calibrate and validate the model. The relative error for the daily maximum stream temperatures (at the 
loggers, modeled versus observed) for the calibration and validation were 2.8% and 2.9%, respectively, 
indicating the model provides a reasonable approximation of maximum daily temperatures in White 
Pine Creek. While the influence of White Pine Creek tributaries was evaluated, the White Pine Creek 
tributaries were not explicitly modeled; only the mainstem of White Pine Creek from RM 3.7 to the 
mouth was modeled. As previously mentioned, White Pine Creek ran dry in its upper segments, and 
QUAL2K cannot simulate dry reaches. Thus, the QUAL2K model was developed for White Pine Creek 
from the confluence of Set Creek, which is at RM 3.7 and just downstream of site WPC-T4, to the mouth 
of White Pine Creek on Beaver Creek. Tributaries to White Pine Creek within the modeled portion of the 
stream ran dry during the summer of 2013 and are not simulated in the White Pine Creek model. Human 
influences on tributary water temperatures (e.g., irrigation withdrawals or shading along the tributaries) 
were not evaluated. 
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Flow data at the United States Geological Survey (USGS) gage at Prospect Creek at Thompson Falls, MT 
(12907000) were evaluated to determine how August streamflow in 2013 (when data were collected) 
compared to the average August streamflow; flows were at the 34th percentile, indicating they were 
lower than average. This provides an added margin of safety, discussed below in Section 5.7. 
 
A baseline scenario and three additional scenarios were modeled to investigate the potential influences 
of human activities on temperatures in White Pine Creek. The following sections describe those 
modeling scenarios. Although channel width and depth can influence stream temperatures, the existing 
channel dimensions were not changed for any of the scenarios. A more detailed summary of the 
development and results of the QUAL2K model are included in Appendix B. 
 
5.5.1 White Pine Creek Baseline Scenario (Existing Conditions) 
The baseline scenario represents stream temperatures under existing measured flows, and 
meteorological, shade, and channel conditions on August 14, 2013. This is the scenario that all other 
scenarios are compared against to evaluate the influence of human sources. Based on long-term flow 
data at the nearby Prospect Creek USGS gage, flows in August 2013 were at the 34th percentile of flows 
recorded between 1957 and 2013. Under the baseline scenario, maximum daily temperatures range 
from about 48.6°F near the beginning of the modeled section (RM 3.7)to 67.2°F at RM 0.8 (Figure 5-5). 
Temperatures generally increase in a downstream direction. However, the last 0.7 mile is simulated as a 
few degrees cooler than the mile immediately upstream. This temperature difference is likely due to 
considerably more inflowing groundwater, which is cooler and the instream water, in the last 0.7 miles 
(as determined with a water balance of monitored flows). 
 

 
Figure 5-5. Modeled temperatures for the White Pine Creek baseline scenario.  
 
5.5.2 White Pine Creek Water Use Scenario  
A water use scenario was modeled to evaluate the effect that water conservation measures resulting in 
more instream flow would have on temperatures. In this scenario, the volume of water diverted from 
White Pine Creek for irrigation (which was estimated at about 0.64 cfs daily, see Appendix B) are 
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reduced by 15% within the model and that savings of 0.10 cfs (0.64 * 0.15 = 0.10) is allowed to remain in 
the stream. It is estimated that a 15% water savings can be achieved through improvements in irrigation 
water management, irrigation system structural upgrades, and irrigation water delivery system 
efficiencies. The Irrigation Guide in the National Engineering Handbook from the NRCS (Natural 
Resources Conservation Service, 1997) states typical irrigation system efficiencies for several different 
types of irrigation systems. This data can be used to determine the effectiveness of irrigation system 
improvements on water savings. For example, if a field is currently under flood irrigation with average 
irrigation efficiency of 35%, by converting to center pivot irrigation, which has an average irrigation 
efficiency of 85%, the upgraded irrigation system is now 50% more efficient at using the same volume of 
irrigation water. This allows the irrigator to manage water more efficiently, and reduce runoff or deep 
percolation (Natural Resources Conservation Service, 1997). These improvements in irrigation efficiency 
can be used to produce higher crop yields, or ultimately divert less water from the stream. Since leaving 
additional water instream could lower the maximum daily temperature, converting efficiency savings to 
a lower amount of water usage is the focus of this scenario.  
 
TMDL development cannot be construed to divest, impair, or diminish any water right recognized 
pursuant to Title 85 (Montana Code Annotated Section (MCA) 75-5-705); thus, any voluntary water 
savings and subsequent instream flow augmentation must be done in a way that protects water rights. 
In the water use scenario, a 15% reduction in withdrawal volume was used to simulate the outcome of 
leaving some of the water saved by implementing improvements to the irrigation network in the stream. 
Considering the statistics presented above from the NRCS Irrigation Guide and other sources that 
evaluated efficiency improvements for different irrigation practices (Negri et al., 1989; Howell and 
Stewart, 2003; Osteen et al., 2012) and savings left instream (Kannan et al., 2011), using efficiency gains 
to reduce withdrawal volume by 15% was selected for the water use scenario. Fifteen percent was 
chosen to be a reasonable starting point, but as no detailed analysis was conducted of the irrigation 
network in the White Pine Creek watershed, this scenario is not a formal efficiency improvement goal; it 
is an example intended to represent the application of water conservation practices for water 
withdrawals. 
 
There are three points of diversion on White Pine Creek distributed from about RM 2.0 downstream to 
RM 0.4 (Figure 5-6). The 15% reduction in withdrawal volume would yield less than 0.1° F reduction in 
daily maximum, minimum, and average temperatures along White Pine Creek (Figure 5-6). The water 
use scenario indicates that withdrawals, independently, are not a source of temperature impairment. 
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Figure 5-6. Comparison of modeled temperatures in White Pine Creek between the water use and 
baseline scenarios. 
 
5.5.3 White Pine Creek Shade Scenario  
For the shade scenario, the effective shade inputs to the model were set to represent the target shade 
condition (Appendix B). The shade targets were developed based upon reference condition segments 
that represent the least impact from anthropogenic activities.  
 
Based on an assessment including site reconnaissance and review of historic aerial photographs, Water 
Consulting, Inc. (2002) concluded the following regarding the condition of riparian vegetation in the 
lower reaches of White Pine Creek (i.e., the reach that was modeled1): 
 

Poor cottonwood and willow recruitment in the lower watershed contrasts with the diverse 
gallery forest in upper White Pine Creek. Restoring this diversity in the lower watershed should 
be a priority for the restoration effort. 

 
Water Consulting’s assessment suggests that the vegetative potential for the lower reaches of White 
Pine Creek is a mixed conifer, cottonwood, and shrub community.  
 
Based on site reconnaissance work conducted by EPA and DEQ during the summer of 2013, site WPC-T2 
represents a mixed conifer/shrub community that was at potential within the lower reach of White Pine 
Creek. In the Improved Shade Scenario, modeled shade at location WPC-T2 is the reference condition 
that was applied to anthropogenically impacted reaches in lower White Pine Creek.  
 
This scenario resulted in maximum daily temperatures ranging from 48.6°F to 64.6°F, which is a 
decrease from the baseline scenario, which ranged from 48.6°F to 67.2°F (Figure 5-7). Meeting the 
shade target caused an average decrease in the maximum daily temperatures of 1.7°F from the baseline 
                                                           
1 Given intermittent flow in the upper reaches of White Pine Creek, only the lower reach (i.e., below WPC-T4) of 
White Pine Creek has been modeled.  
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scenario. The water temperatures for White Pine Creek in this scenario decrease throughout the system. 
A maximum change in the maximum daily water temperature of 2.6° F from the existing condition was 
observed at river mile 0.8. The difference in the daily maximum water temperature between the existing 
condition and maximum potential shade scenario was greater than 1.0° F from river mile 2.3 to the 
mouth. 
 
The shade scenario indicates that human changes to the riparian vegetation are the primary source of 
temperature impairment. To illustrate how this scenario relates to current conditions, the average daily 
effective shade (which is averaged across all daylight hours) is presented in Table 5-3 for the baseline 
scenario and shade scenario.  
 

 
Figure 5-7. Comparison of modeled temperatures in White Pine Creek between the shade and 
baseline scenarios. 
 
 
Table 5-3. Increase in effective shade from the existing condition to the shade scenario in White Pine 
Creek. 

Segment Effective Shade Improvement Over Baseline Scenario 1 (Existing Conditions) 
WPC-T4 to WPC-T3 21% 
WPC-T3 to WPC-T2 55% 
WPC-T2 to WPC-T1 0% 
WPC-T1 to mouth 36% 
 
5.5.4 White Pine Creek Naturally Occurring Scenario (Full Application of Best 
Management Practices with Current Land Use) 
The naturally occurring scenario represents White Pine Creek water temperatures when all reasonable 
land, soil, and water conservation practices are implemented (ARM 17.30.602). The naturally occurring 
scenario is a combination of the shade and water use scenarios. The conditions applied in the water use 
scenario were included because water conservation is a component of the naturally occurring condition. 
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Water users in the White Pine Creek watershed are encouraged to work with the United States 
Department of Agriculture, Natural Resource Conservation Service, the Montana Department of Natural 
Resources and Conservation, the local conservation district, and other local land management agencies 
to review their irrigation systems, practices, and the variables that may affect overall irrigation efficiency 
(Negri and Brooks, 1990; Natural Resources Conservation Service, 1997). If warranted and practical, 
users may consider changes that increase instream flows, and/or reduce warm water return flows in 
White Pine Creek. 
 
The naturally occurring scenario maximum daily temperatures ranged from approximately 48.6 °F to 
64.6°F, with an average of 60.5°F. Based on these results, the naturally occurring temperature is less 
than 66.0°F. An increase of 1.0°F is allowed from human sources (Figure 5-8).  
 

 
Figure 5-8. The maximum naturally occurring temperature in White Pine Creek relative to the existing 
condition (baseline scenario) and the allowed temperature. 
  
The naturally occurring scenario results indicate there is the potential for reductions in stream 
temperatures relative to the existing condition (baseline scenario) along the modeled segments: the 
potential temperature decreases from this scenario as compared to the baseline scenario ranged from 
0.3°F to 2.6°F, with an average decrease of 1.6°F (Figure 5-9). This corresponds to reductions ranging 
from 0°F to 1.6°F to meet the allowable temperature. Like the shade scenario, the maximum decrease 
was in the downstream segments at RM 0.8. The smallest changes were in the upstream segments near 
the model’s upstream boundary condition (Figure 5-10).  
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Note: A negative temperature change indicates potential decreases in temperatures from the baseline existing 
conditions to the naturally occurring conditions. 
Figure 5-9. Potential temperature changes in White Pine Creek between the baseline (existing 
conditions) and naturally occurring scenario. 
 

 
Figure 5-10. Temperature reductions in White Pine Creek that can be obtained under naturally 
occurring conditions (relative to the baseline scenario). 
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5.5.5 White Pine Creek QUAL2K Model Assumptions 
The following is a summary of the significant assumptions used during the QUAL2K model development: 

• White Pine Creek can be divided into distinct segments, each considered homogeneous for 
shade, flow, and channel geometry characteristics. Monitoring site locations were selected to be 
representative of segments of White Pine Creek. 

• Spatial variability of velocity and depth (e.g. stream meander and hyporheic flow paths) are 
represented through exponents and coefficients of the selected rating curves for each segment.  

• Weather conditions at The Cabinet (Trout Creek) RAWS are representative of local weather 
conditions along White Pine Creek. 

• Shade Model results are representative of riparian shading along segments of White Pine Creek.  
• Application of some water conservation measures resulting in a 15% decrease in water 

withdrawn is reasonable and consistent with the definition of the naturally occurring condition. 
• The effective shade using a reference condition is achievable and consistent with the definition 

of the naturally occurring condition.  
 

5.6 TEMPERATURE TMDLS AND ALLOCATIONS 
Total maximum daily loads (TMDLs) are a measure of the maximum load of a pollutant that a particular 
waterbody can receive and still maintain water quality standards (Section 4.0). A TMDL is the sum of 
wasteload allocations (WLAs) for point sources and load allocations (LAs) for nonpoint sources. A TMDL 
includes a margin of safety (MOS) to account for the uncertainty in the relationship between pollutant 
loads and the quality of the receiving stream. Allocations represent the distribution of allowable load 
applied to those factors that influence loading to the stream. In the case of temperature, thermal 
loading is assessed. 
 
5.6.1. Temperature TMDL and Allocation Framework 
Because stream temperatures change throughout the course of a day, the temperature TMDL is 
expressed as the instantaneous thermal load associated with the stream temperature when in 
compliance with Montana’s water quality standards. As stated above, the temperature standard is 
defined as follows: The maximum allowable increase over the naturally occurring temperature is 1⁰F, 
when the naturally occurring temperature is less than 66⁰F. Within the naturally occurring temperature 
range of 66–66.5⁰F, the allowable increase cannot exceed 67⁰F. If the naturally occurring temperature is 
greater than 66.5⁰F, the maximum allowable increase is 0.5⁰F. Montana’s temperature standard that 
applies to White Pine Creek relative to naturally occurring temperatures is depicted in Figure 5-11.  
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Figure 5-11. Line graph of the temperature standard that applies to White Pine Creek  
 
For any naturally occurring temperature over 32°F (i.e., water’s freezing point), the allowable 
instantaneous thermal total maximum load (kilocalories per second [kcal/s]) can be calculated using the 
standard to identify the allowable human-caused increase (stated above and shown in Figure 5-11) and 
Equation 5-1.  
 
Equation 5-1: TMDL = (((TNO + ∆) - 32) * 5/9) * Q * 28.3  
 
Where: 

TMDL = allowable thermal load (kcal/s) above 32⁰F 
TNO = naturally occurring water temperature (⁰F) 
∆ = allowable increase above naturally occurring temperature (⁰F) 
Q = streamflow (cfs) 
5/9 = conversion factor from degrees Fahrenheit to Celsius 
28.3 = conversion factor from degrees Celsius to kcal/s 

 
The instantaneous load is most appropriate expression for a temperature TMDL because water 
temperatures fluctuate throughout the day and an instantaneous load allows for evaluation of human 
caused thermal loading during the daytime when fish are most distressed by elevated water 
temperatures and when human-caused thermal loading would have the most effect. Although EPA 
encourages TMDLs to be expressed in the most applicable timescale, it also requires TMDLs to be 
presented as daily loads (Grumbles, Benjamin, personal communication 2006). Any instantaneous TMDL 
calculated using Equation 5-1, which provides a load per second, can be converted to a daily load 
(kcal/day) by multiplying by 86,400 (i.e., the number of seconds in a day). 
 
Because calculation of the TMDL on any timescale relies on the identification of the naturally occurring 
condition, which fluctuates over time and within a stream, it generally requires a water quality model. 
However, the shade, width/depth, and instream flow targets that will be met when all reasonable land, 
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soil, and water conservation practices are applied and the water conservation efforts that fall under the 
definition of naturally occurring are also measurable components of meeting the TMDL and water 
quality standard. Meeting targets for effective shade and width/depth, and applying all reasonable 
water conservation measures collectively provide an alternative method for meeting and evaluating the 
TMDL that more directly translates to implementation than an instantaneous or daily thermal load.  
 
Therefore, these temperature-influencing measures are being provided as a surrogate TMDL. An 
example instantaneous TMDL will also be provided. Conceptually, the allocations for the surrogate 
TMDL and numeric TMDL are the same: the entire load is allocated to natural sources and nonpoint 
human sources that influence temperature (by altering effective shade, width/depth ratio, and instream 
flow). Human sources should follow all reasonable land, soil, and water conservation practices.  
 
5.6.2 Temperature TMDL and Allocations  
An example TMDL for White Pine Creek, expressed as instantaneous load, is presented in Table 5-4 and 
the surrogate TMDL and allocations are presented in Table 5-5. The example TMDL is a direct translation 
of the water quality standard into a thermal load. There are no point sources and the entire allowable 
loads are allocated to the load allocation for natural and human sources that influence temperature 
(LANaturally Occuring).  
 
The example TMDL for White Pine Creek is based on the modeled naturally occurring maximum daily 
temperature at the mouth (WPC-T1) during August 2013 flows (11.10 cfs). The naturally occurring 
temperature used in the example is 63.48°F, which means there is an allowable increase of 1.0°F and the 
allowable temperature would be 64.48°F. The calculation for the example TMDL following Equation 5-1 
is shown below: 
 
TMDL = LANaturally Occuring = ((63.48 + 1.0) – 32) * 5/9) * 11.10 * 28.3 = 5,668 kcal/second  
 
In this example, the maximum daily stream temperature from the baseline scenario was 65.28°F, 1.8°F 
above the naturally occurring temperature, and 0.8°F above the standard. With the observed flow, the 
thermal load was calculated as 5,808 kcal/second.  
 
The surrogate TMDL for White Pine Creek contains allocations to temperature-influencing factors that 
will result in standards attainment when met. Because there are no point sources, there are no 
wasteload allocations. There is an implicit margin of safety (MOS); the main factor in the MOS is that 
although there is an allowable increase over the naturally occurring condition, when implementing the 
TMDL, human sources should follow all reasonable land, soil, and water conservation practices. 
Additional details about the MOS are described in Section 5.7.  
 
Table 5-4. Example Instantaneous Temperature TMDL and Allocation for White Pine Creek (at the 
mouth). 

Waterbody Modeled Existing Load (kcal/sec) TMDL/ LANaturally Occuring 
(kcal/sec) 

Percent Reduction 
Needed 

White Pine Creek 5,808 5,668 2.4% 
 
This example represents a condition where a 0.8°F reduction is needed to achieve the TMDL. As 
discussed in Section 7.5.4, the needed reductions, based on modeling results along White Pine Creek, 
range from 0°F to 1.6°F. This means that in many locations, as shown by Figure 5-11, the thermal load 
reduction is significantly greater. Thermal loads can only be calculated at the four locations that were 
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along the modeled segment where flow was monitored. The largest relative temperature differential 
between the baseline (4,850 kcal/sec) scenario and the allowed temperature (4,651 kcal/sec) scenarios 
was at logger WPC-T2 (RM 0.68, flow of 9.03 cfs) with a percent reduction of 4.1% (and temperature 
reduction of 1.6° F). This location corresponds to the reference shade condition, which likely allows 
instream temperatures to recover slightly before flowing into the more open reach above the mouth. 
 
Table 5-5. Surrogate Temperature TMDL and Allocations for White Pine Creek 

Source Type Surrogate Allocation 
Land uses and practices that reduce riparian 
health and shade provided by near-stream 
vegetation along White Pine Creek  

Improve shade along the modeled segment (RM 3.7 to 
mouth) to the reference condition at logger WPC-T2. 

Overwidening of the stream due to channel 
and bank erosion associated with historical 
logging, grazing, and road maintenance 
(Montana Department of Environmental 
Quality, 2010) 

Improve width/depth ratio to ≤25, the expected range for 
a Rosgen type C or F stream with gradient <2% 

Inefficient consumptive water use Application of all reasonable water conservation practices 

Surrogate TMDL 

Application of all reasonable land, soil, and water conservation 
practices for human sources that could influence stream 
temperatures. This primarily includes those affecting riparian 
shade and instream flow. 

 
5.6.2.1 Meeting Temperature Allocations 
Diminished riparian shade is the primary source of the impairment. Watershed Consulting, LLC (2001) 
concluded in their watershed assessment that “riparian forests are the answer to most problems within 
the lower portion of the drainage.” The context was bank and channel stability and sediment load, but 
the QUAL2K model demonstrates the relevance for temperature as well. In most instances, current 
management practices are meeting the intent of the allocations, and many landowners described their 
individual efforts at riparian planting. DEQ realizes that re-establishment of a riparian overstory and 
meeting the effective shade target will take a long time, likely measure in decades. The commitment to 
improving water quality needs to be maintained so that the existing riparian vegetation can continue to 
mature, diversify and expand. The targets and allocations represent the desired conditions that would 
be expected in most areas along the stream, but as discussed relative to shade and water conservation 
in the target and source assessment sections (5.4.2 and 5.5), DEQ acknowledges that the allocations 
may not be achievable at all locations along the stream. The surrogate TMDL provides a measure of 
conditions that equate to meeting the temperature standard, but the intent and measure of success for 
all allocations is to follow all reasonable land, soil, and water conservation practices. 
 

5.7 SEASONALITY AND MARGIN OF SAFETY 
Seasonality and margin of safety are both required elements of TMDL development. This section 
describes how seasonality and margin of safety (MOS) were applied during development of the White 
Pine Creek temperature TMDL.  
 
Seasonality addresses the need to ensure year-round beneficial-use support. Seasonality is addressed 
for temperature in this TMDL document as follows: 

• Temperature monitoring and modeling occurred during the summer, which is the warmest time 
of the year and when instream temperatures are most stressful to aquatic life.  
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• Effective shade was based on the August solar path, which is typically the hottest month of the 
year. 

• Although the maximum daily temperature was the focus of the source assessment and 
impairment characterization, because it is mostly likely to stress aquatic life, sources affecting 
maximum stream temperatures can also alter daily minimum temperatures year-round. 

• Addressing the sources causing elevated summer stream temperatures will also address sources 
that could lower the minimum temperature at other times of the year.  

• Temperature targets, the TMDL, and load allocations apply year round, but it is likely that 
exceedances occur mostly during summer conditions. 

 
This TMDL includes an implicit MOS. The MOS is included to account for uncertainties in pollutant 
sources and other watershed conditions, and ensure (to the degree practicable) that the TMDL 
components and requirements are sufficiently protective of water quality and beneficial uses. The MOS 
is addressed in several ways for temperature as part of this document: 

• Although there is an allowable increase from human sources beyond those applying all 
reasonable land, soil, and water conservation practices, the surrogate allocations are expressed 
so human sources must apply all reasonable land, soil, and water conservation practices. 

• Montana’s water quality standards are applicable to any timeframe and any season. The 
temperature modeling analysis for White Pine Creek investigated stream temperatures during 
summer when effects of increased water temperatures are most likely to have a detrimental 
effect on aquatic life.  

• August 2013 flows at a nearby stream gage (Prospect Creek near Thompson Falls, 12907000) 
were at the 34th percentile of the period of record, suggesting that the flows modeled and 
measured in White Pine Creek are likely to be lower than average. This represents a 
conservative condition, and an additional margin of safety. 

• Actions taken to improve channel stability and reduce width-to-depth ratio are also expected to 
reduce instream temperatures. Such work is likely to coincide with efforts to improve riparian 
vegetation, providing an additional improvement in instream temperatures not accounted for in 
this document.  

• Residents of White Pine Creek report that despite the DNRC water rights and use data, there is 
no active irrigation within the watershed. Although the modeled withdrawals are small, their 
inclusion in the water use and naturally occurring scenarios represents a further margin of 
safety.  

• Meeting targets and refinement of load allocations are all based on an adaptive management 
approach (Section 5.8) that relies on future monitoring and assessment for updating planning 
and implementation efforts. 

 

5.8 UNCERTAINTY AND ADAPTIVE MANAGEMENT 
Uncertainties in the accuracy of field data, source assessments, water quality models, loading 
calculations and other considerations are inherent when evaluating environmental variables for TMDL 
development. While uncertainties are an undeniable fact of TMDL development, mitigation and 
reduction of uncertainty through adaptive management approaches is a key component of ongoing 
TMDL implementation activities. Uncertainties, assumptions and considerations are applied throughout 
this document and point to the need for refining analyses when needed. 
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The process of adaptive management is predicated on the premise that TMDLs, allocations, and their 
supporting analyses are not static, but are processes that are subject to periodic modification and 
adjustment as new information and relationships are better understood. As further monitoring and 
assessment is conducted, uncertainties with present assumptions and consideration may be mitigated 
via periodic revision or review of the assessment which occurred for this document. As part of the 
adaptive management approach, changes in land and water management that affect temperature 
should be tracked. As implementation of restoration projects which reduce thermal input or new 
sources that increase thermal loading arise, tracking should occur. Known changes in management 
should be the basis for building future monitoring plans to determine if the thermal conditions meet 
state standards. 
 
Uncertainty was minimized during data collection because EPA temperature and field data were 
collected following a Quality Assurance Project Plan (QAPP) (Tetra Tech, 2013) and adhering to DEQ 
sampling protocols (Montana Department of Environmental Quality, 2005b; 2005a). A QAPP was also 
completed for the QUAL2K model (Tetra Tech, 2013), but there was more uncertainty associated with 
the model than with the field data because numerous assumptions had to be made to help simulate 
existing and naturally occurring conditions. Modeling assumptions are briefly described in Section 5.5.5 
but are further detailed within the model reports in Appendix B.  
 
The largest source of uncertainty is regarding the targets and conditions used to represent the naturally 
occurring condition. The target for effective shade from riparian vegetation is intended to represent the 
reference condition (i.e., highest achievable) and is based on field observations, a previous study (Water 
Consulting, Inc., 2002), communication with stakeholders, and best professional judgment. It was 
selected to be conservative yet achievable. As discussed in the target and source assessment sections 
(5.4 and 5.5), the ultimate goal and measure of success is implementation of all reasonable land, soil, 
and water conservation practices. Literature values were used to estimate the potential for additional 
instream flow if additional water conservation measures are necessary and implemented. Other areas of 
uncertainty related to the model are associated with assumptions regarding channel dimensions and 
groundwater temperatures; limited information for those sources was used and applied throughout the 
watershed. Riparian shade is highly variable in the watershed but a comparison between the field 
measured effective shade values and values simulated via the Shade Model indicate the model 
reasonably approximated existing shade conditions within the watershed. Additional details regarding 
uncertainty associated with the model are contained in Appendix B. 
 
The TMDLs and allocations established in this section are meant to apply to recent conditions of natural 
background and natural disturbance. Under some periodic natural conditions, such as fire, it may not be 
possible to satisfy all targets, loads, and allocations because of natural short-term affects to 
temperature. Additionally, fire has the potential to alter the long-term vegetative potential. The goal is 
to ensure that management activities are undertaken to achieve loading approximate to the TMDL 
within a reasonable time frame and to prevent significant long-term excess loading during recovery from 
significant natural events. 
 
Any factors that increase water temperatures, including global climate change, could impact thermally 
sensitive fish species in Montana. The assessments and technical analysis for the temperature TMDL 
considered a worst case scenario reflective of current weather conditions, which inherently accounts for 
any global climate change to date. Allocations to future changes in global climate are outside the scope 
of this project but could be considered during the adaptive management process if necessary. 
  



White Pine Creek Temperature TMDL – Section 5.0 

11/13/14 Final 5-24 

 



White Pine Creek Temperature TMDL – Section 6.0 

11/13/14 Final 6-1 

6.0 MONITORING STRATEGY AND ADAPTIVE MANAGEMENT 

6.1 MONITORING PURPOSE 
The monitoring strategies discussed in this section are an important component of watershed 
restoration, and a requirement of total maximum daily load (TMDL) implementation under the Montana 
Water Quality Act (Montana Code Annotated (MCA) 75-5-703(7)), and the foundation of the adaptive 
management approach. Water quality targets and allocations presented in this document are based on 
available data at the time of analysis. The scale of the watershed analysis, coupled with constraints on 
time and resources, often result in necessary compromises that include estimations, extrapolation, and 
a level of uncertainty in TMDLs. The margin of safety (MOS) (Section 4.4) is put in place to reflect some 
of this uncertainty, but other issues only become apparent when restoration strategies are underway. 
Having a monitoring strategy in place allows for feedback on the effectiveness of restoration activities, 
the amount of reduction of instream pollutants (whether TMDL targets are being met), if all significant 
sources have been identified, and whether attainment of TMDL targets is feasible. Data from long-term 
monitoring programs also provide technical justifications to modify restoration strategies, targets, or 
allocations where appropriate. 
 
The monitoring strategy presented in this section provides a starting point for the development of more 
detailed planning efforts regarding monitoring needs; it does not assign monitoring responsibility. 
Monitoring recommendations provided are intended to assist local land managers, stakeholder groups, 
and federal and state agencies in developing appropriate monitoring plans to meet the water quality 
improvement goals outlined in this document. Funding for future monitoring is uncertain and can vary 
with economic and political changes. Prioritizing monitoring activities depends on funding opportunities 
and stakeholder priorities for restoration. Once restoration measures have been implemented for a 
waterbody with an approved TMDL and given time to take effect, Department of Environmental Quality 
(DEQ) will conduct a formal evaluation of the waterbody’s impairment status and determine whether 
TMDL targets and water quality standards are being met. 
 

6.2 ADAPTIVE MANAGEMENT AND UNCERTAINTY 
In accordance with the Montana Water Quality Act (MCA 75-5-703 (7) and (9)), DEQ is required to assess 
the waters for which TMDLs have been completed and restoration measures, or best management 
practices (BMPs), have been applied to determine whether compliance with water quality standards has 
been attained. This aligns with an adaptive management approach that is incorporated into DEQ’s 
assessment and water quality impairment determination process. 
 
Adaptive management as discussed throughout this document is a systematic approach for improving 
resource management by learning from management outcomes, and allows for flexible decision making. 
There is an inherent amount of uncertainty involved in the TMDL process, including: establishing water 
quality targets, calculating existing pollutant loads and necessary load allocations, and determining 
effects of BMP implementation. Use of an adaptive management approach based on continued 
monitoring of project implementation helps manage resource commitments and achieve success in 
meeting the water quality standards and supporting all water quality beneficial uses. This approach 
further allows for adjustments to restoration goals, TMDLs, and/or allocations, as necessary.  
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For an in-depth look at the adaptive management approach, view the U.S. Department of the Interior’s 
(DOI) technical guide and description of the process at: 
http://www.doi.gov/archive/initiatives/AdaptiveManagement/. DOI includes Figure 6-1 below in their 
technical guide as a visual explanation of the iterative process of adaptive management (Williams et al., 
2009). 
 

 
Figure 6-1. Diagram of the adaptive management process 
 

6.3 FUTURE MONITORING GUIDANCE  
The objectives for future monitoring in the White Pine Creek watershed include:  

• Strengthen the spatial understanding of sources for future restoration work, which will also 
improve source assessment analysis for future TMDL review 

• Gather additional data to supplement target analysis, better characterize existing conditions, 
and improve or refine assumptions made in TMDL development 

• Coordinate among agencies and watershed groups to ensure that information is comparable to 
the established water quality targets and allows for common threads in discussion and analysis 

• Track restoration projects as they are implemented and assess their effectiveness 
 
6.3.1 Strengthening Source Assessment  
In the White Pine Creek watershed, the identification of pollutant sources was conducted largely 
through reviewing and analyzing available data, tours of the watershed, assessments of aerial 
photographs, the incorporation of geographic information system information, and the review of 
published scientific studies. In many cases, assumptions were made based on known watershed 
conditions and extrapolated throughout the project area. As a result, the level of detail often does not 
provide specific areas on which to focus restoration efforts, only broad source categories to reduce 
pollutant loads. Strategies for strengthening source assessments for each of the pollutant categories are 
outlined below. 
 

• Field surveys to better identify and characterize riparian area conditions and potential for 
improvement 

• Identification of possible areas for improvement in shading along major tributaries 
• Collection of flow measurements at all temperature monitoring locations during the time of 

data collection 

http://www.doi.gov/archive/initiatives/AdaptiveManagement/
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• Investigation of groundwater influence on instream temperatures, and relationships between 
groundwater availability and water use in White Pine Creek 

• Assessment of irrigation practices and other water use in White Pine Creek and potential for 
improvements in water use that would result in increased instream flows 

• Use of additional collected data to evaluate and refine the temperature targets 
 
6.3.2 Increasing Available Data  
While White Pine Creek and its watershed has undergone restoration activities, data are still often 
limited. Infrequent sampling events at a small number of sampling sites may provide some indication of 
overall water quality and habitat condition. However, regularly scheduled sampling at consistent 
locations, under a variety of seasonal conditions is the best way to assess overall stream health and 
monitor change.  
 
Temperature investigation for White Pine Creek included a total of eight data loggers, deployed 
throughout these streams and selected tributaries in summer months of 2013. Increasing the number of 
data logger locations and the number of years of data, including collection of associated flow data, 
would improve our understanding of instream temperature changes and better identify influencing 
factors on those changes. Collecting additional stream temperature data in sections with the most 
significant temperature changes and/or largest spatial gaps between loggers will also help refine the 
characterization of temperature conditions in White Pine Creek. In addition, riparian shade data were 
collected using a combination of field data and aerial imagery analysis. A Solar PathfinderTM was used to 
measure effective shade on dates during the late summer at five sites. Since shade is the major focus of 
the allocations, a more detailed assessment of existing riparian conditions and identification of areas for 
passive and active restoration of riparian vegetation on White Pine Creek and its major tributaries is 
recommended. Finally, coordinating with other organizations to incorporate suitable temperature data 
will improve future assessments of White Pine Creek. 
 
6.3.3 Consistent Data Collection and Methodologies 
Data have been collected in the White Pine Creek watershed for many years and by many different 
agencies and entities; however, the type and quality of information is often variable. Wherever possible, 
it is recommended that the type of data and methodologies used to collect and analyze the information 
are consistent so as to allow for comparison to TMDL targets and track progress toward meeting TMDL 
goals. 
 
DEQ is the lead agency for developing and conducting impairment status monitoring; however, other 
agencies or entities may work closely with DEQ to provide compatible data. Water quality impairment 
determinations are made by DEQ, but data collected by other sources can be used in the impairment 
determination process. The information in this section provides general guidance for future impairment 
status monitoring and effectiveness tracking. Future monitoring efforts should consult DEQ on updated 
monitoring protocols. Improved communication between agencies and stakeholders will further 
improve accurate and efficient data collection. The development of a DEQ approved Sampling and 
Analysis Plan (SAP) and a Quality Assurance Project Plan (QAPP) will ensure that the data collected meet 
DEQ standards for data quality. 
 
It is important to note that monitoring recommendations are based on TMDL related efforts to protect 
water quality beneficial uses in a manner consistent with Montana’s water quality standards. Other 
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regulatory programs with water quality protection responsibilities may impose additional requirements 
to ensure full compliance with all appropriate local, state, and federal laws.  
 
It is important that temperature data are collected in consistent locations and using consistent methods. 
Data loggers should be deployed at the same locations through the years to accurately represent the 
site-specific conditions over time, and recorded temperatures should at a minimum represent the 
hottest part of the summer when aquatic life is most sensitive to warmer temperatures. Data loggers 
should be deployed in the same manner at each location and during each sampling event, and follow a 
consistent process for calibration and installation. Any modeling that is used should refer to previous 
modeling efforts (such as the QUAL2K analysis used in this document) for consistency in model 
development to ensure comparability. In addition, flow measurements should also be conducted using 
consistent locations and methodology. 
 
6.3.4 Effectiveness Monitoring for Restoration Activities  
As restoration activities are implemented, monitoring is valuable to determine if restoration activities 
are improving water quality, instream flow, and aquatic habitat and communities. Monitoring can help 
attribute water quality improvements to restoration activities and ensure that restoration activities are 
functioning effectively. Restoration projects will often require additional maintenance after initial 
implementation to ensure functionality. It is important to remember that degradation of aquatic 
resources happens over many decades and that restoration is often also a long-term process. An 
efficiently executed long-term monitoring effort is an essential component to any restoration effort. 
 
Due to the natural high variability in water quality conditions, trends in water quality are difficult to 
define and even more difficult to relate directly to restoration or other changes in management. 
Improvements in water quality or aquatic habitat from restoration activities will most likely be evident in 
fine sediment deposition and channel substrate embeddedness, changes in channel cumulative 
width/depths, improvements in bank stability and riparian habitat, increases in instream flow, and 
changes in communities and distribution of fish and other bio-indicators. Specific monitoring methods, 
priorities, and locations will depend heavily on the type of restoration projects implemented, landscape 
or other natural setting, the land use influences specific to potential monitoring sites, and budget and 
time constraints. Riparian vegetation targets are chosen such that they can provide an efficient means 
of assessing improvement in riparian shade, and by extension, instream temperatures. 
 
As restoration activities begin throughout the project area, pre and post monitoring to understand the 
change that follows implementation will be necessary to track the effectiveness of specific projects. 
Monitoring activities should be selected such that they directly investigate those subjects that the 
project is intended to effect, and when possible, linked to targets and allocations in the TMDL. For 
example, as bank erosion is addressed, pre and post Bank Erosion Hazard Index (BEHI) analysis on the 
subject banks will be valuable to understand the extent of improvement and the amount of sediment 
reduced.  
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7.0 STAKEHOLDER AND PUBLIC PARTICIPATION 

Stakeholder and public involvement is a component of total maximum daily load (TMDL) planning 
supported by Environmental Protection Agency (EPA) guidelines and required by Montana state law 
(Montana Code Annotated (MCA) 75-5-703, 75-5-704) which directs Department of Environmental 
Quality (DEQ) to consult with watershed advisory groups and local conservation districts during the 
TMDL development process. Technical advisors, stakeholders and interested parties, state and federal 
agencies, interest groups, and the public were solicited to participate in differing capacities throughout 
the TMDL development process in the White Pine Creek temperature TMDL project. 
 

7.1 PARTICIPANTS AND ROLES 
Throughout completion of the White Pine Creek TMDL project, DEQ maintained contact with 
stakeholders to keep them apprised of project status. A description of the participants in the 
development this TMDL and their roles is contained below. 
 
7.1.1 Montana Department of Environmental Quality 
Montana state law (MCA 75-5-703) directs DEQ to develop all necessary TMDLs. DEQ has provided 
resources toward completion of these TMDLs in terms of staff, funding, internal planning, data 
collection, technical assessments, document development, and stakeholder communication and 
coordination. DEQ has worked with other state and federal agencies to gather data and conduct 
technical assessments. 
 
7.1.2 U.S. Environmental Protection Agency 
EPA is the federal agency responsible for administering and coordinating requirements of the Clean 
Water Act (CWA). Section 303(d) of the CWA directs states to develop TMDLs (see Section 1.1), and EPA 
has developed guidance and programs to assist states in that regard. EPA has provided funding and 
technical assistance to Montana’s overall TMDL program and is responsible for final TMDL approval. 
 
7.1.3 TMDL Advisory Group 
White Pine Creek is located within the Lower Clark Fork Watershed Group’s geographic area. Following 
the watershed group’s close involvement with sediment and habitat TMDL development a few years 
prior, the watershed group functioned as a TMDL Advisory Group for this TMDL project. The White Pine 
Creek temperature TMDL Advisory Group consisted of resource professionals who possess a familiarity 
with water quality issues and processes in the project area, and also representatives of applicable 
interest groups. All members were solicited to participate in an advisory capacity per Montana state law 
(75-5-703 and 704). DEQ requested participation from the interest groups defined in MCA 75-5-704 and 
included local county representatives, conservation groups, watershed groups, state and federal land 
management agencies, and representatives of recreation and tourism interests. The advisory group also 
included additional stakeholders and landowners with an interest in maintaining and improving water 
quality and riparian resources. 
 
Advisory group involvement was voluntary and the level of involvement was at the discretion of the 
individual members. Members had the opportunity to provide comment and review of technical TMDL 
assessments and reports. A draft document was released to the advisory group for review under a 
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limited timeframe, prior to the public comment period. Final technical decisions regarding document 
modifications resided with DEQ. 
 
Communications with the group members was typically conducted through e-mail and draft documents 
were made available through DEQ’s wiki for TMDL projects (http://montanatmdlflathead.pbworks.com). 
Opportunities for review and comment were provided for participants at varying stages of TMDL 
development, including opportunity for review of the draft TMDL document prior to the public 
comment period. 
 
7.1.4 Montana Conservation Districts 
White Pine Creek is in Sanders County. Therefore, DEQ provided the Green Mountain Conservation 
Districts with consultation opportunities during TMDL development. This included opportunities to 
provide comment during the various stages of TMDL development, and an opportunity for participation 
in the TMDL advisory group. 
 
7.1.5 Area Landowners 
Since portions of the project area are in private ownership, local landowner cooperation in the TMDL 
process has been important for stream monitoring. The DEQ sincerely thanks the project area 
landowners for their support of these efforts. 
 

7.2 RESPONSE TO PUBLIC COMMENTS 
Upon completion of the draft TMDL document, and prior to submittal to EPA, DEQ issues a press release 
and enters into a public comment period. During this timeframe, the draft TMDL document is made 
available for general public comment, and DEQ addresses and responds to all formal public comments. 
 
The public review period began on September 8, 2014, and ended on October 9, 2014. DEQ made the 
draft document available to the public, solicited public input and comments, and announced a public 
meeting at which the TMDL was presented to the public. These outreach efforts were conducted via e-
mails to watershed advisory group members and other interested parties, posts on the DEQ website, 
and announcements in the following newspapers: the Sanders County Ledger (Thompson Falls), the 
Clark Fork Valley Press (Plains), and The Missoulian. DEQ provided an overview of the TMDL at a 
landowners meeting in White Pine Creek on August 25, 2014 and in a public presentation in Trout Creek 
on September 15, 2014. 
 
During the public comment period, DEQ received one submittal that included several comments. The 
comments and accompanying responses are provided below. The original comments are held on file at 
DEQ and are available upon request. 
 
Comment 1 
We concur with improving water quality by decreasing temperature, but based on our extensive 
experience with stream habitat improvement and revegetation efforts in this and other lower Clark Fork 
tributaries (Horn 2011, Watershed Consulting 2009), temperature impairment should be considered in 
connection to, rather than separate from, the more significant sediment impairment occurring in the 
drainage. We recommend that the linkages between excess sediment (identified in the sediment TMDL) 
and increased channel and stream bank instability, which precludes reestablishing mature woody 
riparian vegetation, is emphasized throughout. In light of the standard top-down approach for stream 
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rehabilitation, the prescription to begin revegetation lower in the drainage with miles of sediment-
delivering channel upstream may not be effective. The report could highlight the concurrent benefits to 
temperature that can be achieved by increasing bank stability and lowering width to depth ratios. 
 

Response 1 
Many of the specific comments (below) question DEQ’s temperature impairment determination, 
while others emphasize the scale of the sediment and habitat impairment. However, this 
demonstrates general agreement regarding the nature of impairment to White Pine Creek: a 
substantial sediment impairment (43% required reduction: DEQ, 2010) and a modest 
temperature impairment (≤4% required reduction). As sediment and temperature impairments 
commonly arise from similar sources, actions to address the excess sediment loading and bank 
stability are expected to also address the temperature impairment. Additional text emphasizing 
this relationship has been added to several locations in the document: Sections 4.5, 5.5, and 
5.6.2.1.  
 
This document identifies deficient riparian vegetation and the resulting reduced shade as the 
major source of temperature impairment. However, revegetation of the lower drainage is only 
part of DEQ’s recommendation for improving instream temperatures. The relationship between 
channel geometry and instream temperatures is also acknowledged at multiple points. DEQ 
prepared a sediment and habitat TMDL for White Pine Creek in 2010, and is familiar with the 
magnitude and sources of these impairments. DEQ further expects that restoration activities 
intended to improve channel geometry and bank stability will also improve instream 
temperatures. This relationship is mentioned at several points in this document, and expanded 
upon and strengthened in response to these comments (e.g. Sections 5.5 and 5.6.2.1).  

 
Comment 2 
We were concerned that modeled temperatures may have received undue emphasis due to the influence 
of limited data and/or validating temperatures that were taken at lower than average flows. If these 
temperatures were warmer than may be typical, then the impairment may need to be reassessed or 
validated by another season of typical flows and therefore temperatures. There is some doubt as to 
whether the modeled temperature response would be attainable or detectable in light of the time frame 
needed for vegetation shading as opposed to the predicted warming of northern Rocky Mountain 
streams modeled in recent publications (Wenger et al. 2011, Isaak and Rieman 2012; among others). 
 

Response 2 
The model is intended to simulate conditions during the hottest and driest part of the year. 
Although flows were likely below average for August, based on the 34th percentile flows at a 
nearby gage (Prospect Creek, 12907000), this still represents conditions that occur with some 
frequency. These conditions have the potential to impact aquatic life. Simulating these 
conditions is the purpose of the QUAL2K model, and lower than average flows are appropriate 
in a system like White Pine Creek, where the temperature impairment is modest. In systems 
where DEQ investigates the potential for delisting, the stream is generally modeled with 25th 
percentile flows to simulate drought conditions. Although changing climate is predicted to have 
a region-wide warming effect on stream temperatures, the baseline for naturally occurring 
conditions would change accordingly. Increased shade would still have a measureable effect on 
reducing in-stream temperatures. 
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Specific draft TMDL Report Comments  
The specific comments were ordered according to page number in the draft document. DEQ has re-
ordered these comments to address the three identified areas of concern subject-by subject. The 
original letter is on file at DEQ and available upon request. 
 
Limited mention of the influence of sediment impairment 
Comment 3 
Pg.2-6 (also Fig 2-7): Notable that soils classified as “moderate-highly” susceptible to erosion constitutes 
the revegetation area (area of unstable banks). These erodible soils are also described in Watershed 
Consulting (2001) and history of unsuccessful stream work along private areas of White Pine Creek 
(Thom 2011); the potential impact that this may have on being able to reestablish riparian vegetation 
and channel morphology, width/depth ratios is not mentioned or analyzed. 
 

Response 3 
The watershed assessment prepared by Watershed Consulting (Water Consulting, Inc., 2002) 
discusses soil types, but does not include a discussion of erodibility beyond a statement on page 
10 that “fluvent soils, landforms and native vegetation community are extremely sensitive to 
degradation.” The discussion of mass wasting and erosion that follows on page 12 is focused on 
parent geologic materials exposed in tall banks. Soils with K-factors of 0.3 to 0.4 are not 
particularly uncommon in western Montana, and their mapped occurrence does not predict 
riparian communities. Figure 2-7 does help provide some context for why the system, once 
destabilized, continues to exhibit bank instability and poorly developed riparian vegetation. 
Additional text on this point has been added to Section 2.1.5. 

 
Comment 4 
Pg 5-2, 5.3.2: It would be helpful to cite where the collected "channel geometry" data is presented, as 
width/depth ratios, BEHI indexes, etc. are particularly relevant for solar input and relative bank stability 
needed to establish riparian vegetation. 
 

Response 4 
DEQ added the location of sediment TMDL site WPC 9-2 to Section 5.4.4.3.  

 
Comment 5 
Pg 5-5, 5.4.2.3 (and 5-10) Width/Depth Ratio: As stated, a default W/D ratio from Rosgen was used as a 
target value. However, on-the ground measurements would appear to be more relevant but were not 
mentioned until 5-10, and the locations of these W/D measurements and other pertinent measurements 
such as bank stability indices that may have been taken on-the-ground or during the watershed 
assessment (WC 2001), were not mentioned. For example, earlier measurements of lower channel from 
assessment (WC 2001) pg 37, stated a W/D of 26-30; and also described an overwidened and aggraded 
lower channel (pg 31 and 36). 
 

Response 5 
The target provided in Section 5.4.2.3 is taken from the sediment TMDL for White Pine Creek 
(Montana Department of Environmental Quality, 2010). DEQ believes that carrying this target 
from the sediment TMDL to the temperature TMDL is reasonable and logical, given the closely 
related nature of these impairments. While it is not specifically stated in this section, the 
sediment TMDL and target selection was based upon fluvial geomorphology surveys of White 
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Pine Creek in addition to regional reference data. As noted above, the location of the most 
relevant sediment/habitat field site (WPC 9-2) is added to Section 5.4.4.3.  
 

Comment 6 
Pg 5-11 (2nd paragraph): The link between channel morphology and shade, as well as the "lack of 
available data", and ability to incorporate this data into the model could be more thoroughly described. 
This is particularly true as it is mentioned in next sentence that this was "evaluated" in the sediment 
TMDL; which suggests that the data exists. This next sentence also stated a required 43% reduction in 
sediment load: this large departure, as well as the highly erodible soils should be given greater emphasis. 
It is recommended that past experience both in this drainage (WC 2001, Horn 2011) and throughout the 
lower Clark Fork (WC 2009) is reviewed, referenced, and incorporated into the recommendations of this 
report. 
 

Response 6 
This paragraph has been edited to remove inconsistency and further clarify why changing 
channel geometry was not evaluated as a model scenario. 
 

Undue emphasis on native salmonid species in impairment criteria 
Comment 7 
Pg.2-10, Fish Distribution (and Fig 2-11): "The project area provides habitat for bull trout...and westslope 
cutthroat trout... mapped distribution... based on MFWP..." As stated and portrayed in Figure 2-11, the 
report implies that all of White Pine is occupied by westslope cutthroat trout and all of lower area is 
occupied by bull trout. A more accurate portrayal would be to have the large area of intermittency 
portrayed with westslope cutthroat limited to the upper perennial area and a different color denoting 
non-native dominated fish assemblage, with few westslope cutthroat and individual juvenile bull trout 
specified for the lower perennial area. Also, it would be helpful to specify whether the whole stream or 
just the lower channel was the "project area" as stated at the beginning of this sentence. 
 
Pg.5-1 Fish Presence in White Pine Creek: Please note that more complete fisheries data (Katzman and 
Tholl 2003, Moran 2005) exists that depicted the lower perennial channel as dominated by non-native 
species (see attached Table I). Multiple pass electrofishing along three sections totaling over 300m of 
lower White Pi ne Creek in 2004 resulted in the capture of one juvenile bull trout, one westslope 
cutthroat trout versus 235 brook trout, 15 brown trout, 10 rainbow trout and nine suspected westslope 
cutthroat x rain bow hybrids (Moran 2005). This type of data is more descriptive than the presented 
"fisheries value resource ratings...Substantial (rating score 3) (MFISH)." Non-natives also dominated the 
fish captured during electrofishing efforts this area in 2001 (Katzman and Tholl 2003). Although one 
juvenile bull trout was captured (Katzman and Tholl 2003); no bull trout redds were observed during 
surveys conducted over three years, leading Moran (2005) to surmise that bull trout use of lower White 
Pine was due to very few juveniles straying upstream from Noxon Reservoir as has been observed in 
other lower Clark Fork River reservoir tributaries. 
 
Pg.5-1 Temperature (Thermal) Effects: Recommend dropping Bear et al. 2007 competitive advantage 
citation sentence as the temperature difference in White Pine Creek was not as great as we have 
observed in other cooler streams where brook trout competitively displaced cutthroat trout. 
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Response 7 
DEQ appreciates the detailed information regarding fish presence in White Pine Creek. Some of 
this information has been added to provide improved context to the watershed characterization 
and the aquatic life beneficial-use support.  
 
Bull trout and Westslope cutthroat trout are discussed because they are the most temperature-
sensitive species. However, it is important to understand that the water quality standard is not 
based upon presence or absence of native salmonids (although the state requires that B-1 
waters be maintained suitable for growth and propagation of salmonids and related aquatic life 
(ARM 17.30.623)). The temperature standard for a B-1 waterbody is an allowable increase in 
temperature from naturally occurring temperatures. This is explained in Section 3.2 (moved 
from Section 5.1 in the final version of the document for improved clarity). Therefore, the 
presence or absence of Westslope cutthroat trout and/or bull trout played no role in the 
impairment determination. 
 

Potential problems with modeled temperature 
Comment 8 
Pg. 5-7 through 5-9 (Figures 5-2 and 5-3): The most restrictive temperature criteria of optimal cutthroat 
trout growth (62.6 °F) was only exceed in the afternoon at lowest site (Fig 5-3). Given that these 
temperatures appeared to be based on (or at least validated with) loggers that "may or likely exposed to 
ambient air temps" (and/or decreased/warmer flow), or only recorded one day or two weeks of data (pg 
5-8), it may be illustrative to mention this potential logger shortcoming in the text in addition to 
beneath-figure (5-2) sub-script. 
 

Response 8 
DEQ disagrees with this analysis. Although temperatures only rose above 62.6° F during the day, 
Figure 5-3 shows that instream temperatures at the lowest site (WPC-T1) exceeded this 
temperature repeatedly for seven weeks. DEQ presented data from this logger since it recorded 
the highest temperatures and greatest potential impact to use. However, this temperature 
threshold was also repeatedly exceeded at logger location WPC-T2, shown below in Figure 7-1, 
and also in Appendix B (Figure B-4).  

 
Figure 7-1. Observed diurnal temperatures in White Pine Creek at logger WPC-T2 

 
These temperatures are not based on or nor validated with compromised loggers. The data 
presented in Figure 5-3 (and above in Figure 7-1) are from individual locations, unrelated to data 
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from any other temperature logger, and therefore do not represent a logger shortcoming or 
data collection issue.  

 
Comment 9 
Pg 5-11: The ability of the model results, which variously state that a 2 to 4% reduction is needed, to be 
accurate given the 2.8 to 2.9% relative error should be explicitly stated instead of the "provides a 
reasonable approximation of maximum daily temperatures". The influence that recordings taken when 
flows were at the 34th percentile could have on modeled temperatures should be acknowledged or 
clarified. 
 

Response 9 
The model errors statistics: 2.8% for calibration and 2.9% for validation, reflect the deviation 
between the simulated and observed data. Both scenarios (e.g., baseline and naturally occurring 
scenario; see Section 5.5.1 and Section 5.5.4) are model generated, and the calibration and 
validation error statistics have no bearing on the simulated deviation. The difference is relative 
and scales nearly linearly across the range of temperatures evaluated. The 2% and 4% reduction 
in heat load reflects the change necessary to satisfy a relative temperature difference of 0.8° F 
and 1.6° F respectively between the baseline condition and naturally occurring condition at two 
specific points in the stream (see page 5-20 in Section 5.6). That the required reduction in 
thermal loading varies from point to point in the stream is clearly shown in Figure 5-8. 
 
The use of below average flows is discussed above. To repeat, although flows were likely below 
average (based on 34th percentile flows at a nearby gage), this represents conditions that occur 
with some frequency. Simulating these conditions is the purpose of the QUAL2K model, and 
below average flows are appropriate in a system like White Pine Creek, where the temperature 
impairment is modest. DEQ has added text to Section 5.7 stating that the 34th percentile flows 
provide an additional margin of safety in the form of conservative flow values which approach 
stressed conditions. In previous temperature TMDL projects, DEQ has taken a more conservative 
approach and modeled a 25th percentile flow scenario. In this case DEQ decided that the 
recorded flows provided a reasonable balance between this approach and average flows. 

  
Comment 10 
Pg 5-12: There are no withdrawals from White Pine, so this water use scenario adjustment may not be 
appropriate. 
 

Response 10 
After residents of the White Pine Creek watershed provided this information, DEQ revised the 
document to reflect this. However, the water rights are not abandoned and withdrawals from 
White Pine Creek could take place in the future. Therefore DEQ retains this scenario to provide 
an added margin of safety.  

 
Comment 11 
Pg 5-17: Some of the model assumptions, particularly section homogeneity, number of monitoring 
sites/sections, and withdrawals, may not reflect conditions of lower White Pine Creek. lf the report will 
include these "significant assumptions", it would be helpful to describe their relative importance, the 
difficulty of incorporating them into the model and the fact that these assumptions are typically not 
addressed in other systems. 
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Pg 6-2, bullet listed under 6.3.1: Considering these shortcomings including the need for: "Riparian area 
surveys, collection of flow measurements, groundwater investigations, use of additional collected data", 
it may be prudent to address these to refine modeled temperature and existing riparian conditions 
including channel shape and stream bank/soil erodibility measurements. Or barring this, consider 
describing how a phased approach addressing the much larger sediment impairment may be sufficient to 
lower temperature or at least facilitate the stability needed to establish maturing riparian vegetation 
besides the existing inadequate alder gallery. 
 

Response 11 
The assumptions underlying the model were chosen based on DEQ’s extensive prior experience 
with other watersheds and temperature impairments. They were chosen to reflect conditions in 
lower White Pine Creek as accurately as practicable. DEQ identifies and includes the 
assumptions in the report to a) illustrate that DEQ is aware of these considerations and 
limitations and b) to provide suggestions for focusing and improving future monitoring and 
modeling efforts. The fact that streambank and channel restoration will have a concurrent 
benefit to instream temperatures is mentioned at multiple points in the document. 

 
Comment 12 
Appendix B, Pg B-26 (Figures B11 and 12): An explanation of why site WPC-T3 was modeled ~4 °F 
warmer than actual recording is recommended here. 

 
Response 12 
DEQ agrees that there is a large deviation between the simulated and observed maximum 
temperature at WPC-T3. This situation may be addressed in several ways, of which the 
appropriateness of each depends on system knowledge, quality of the data at that location, and 
the deviation between adjacent upstream and downstream simulated and observed values. 
Accordingly, a judgment call must be made on what course of action is most appropriate. One 
can: (a) further investigate the point in question and thereby make changes to the model made 
as appropriate to remedy the deviation (i.e., if a known groundwater inflow or coldwater return 
flow was missed), (b) change the model without having a suitable explanation, which is in 
essence curve-fitting, or (c) accept the simulated behavior since the model was configured to 
best available information and did seem to represent adjacent locations suitably (notably 
downstream stations WPC-T2 and WPC-T1). DEQ chose the final option as the most appropriate. 

 
A possible explanation for the deviation is groundwater input. Diurnal temperature variation at 
WPC-T1 and WPC-T2 averaged approximately 16 °F. Diurnal temperature variation at WPC-T3 
averaged approximately 12 °F. The increase in flow between WPC-T4 (6.55 cfs) and WPC-T3 
(10.6 cfs) is likely to be all groundwater (Figure B-8 in Appendix B) and it is possible that the 
logger location was influenced by groundwater input. 
 

Comment 13 
Appendix B, Pg B-46 and 48 (Table B1-1): That current riparian vegetation was only "qualitatively 
assessed" at three locations deemed to be "at potential" and providing 78-82% shade should be more 
thoroughly defined. As presented it suggests that riparian vegetation and percent shade is at 78-82% at 
stations (WPC-T2 — 4) that might be expected to influence water temperature. Also as stated in table 
B1-1, it suggests that a mono-typical alder swamp is at potential, which is at odds with stated upstream 
riparian vegetation potential. 
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Response 13 
Riparian vegetation was assessed along the entire length of White Pine Creek, using recent 
aerial photographs, canopy cover data from the 2001 NLCD (REF), and the Shade model. This is 
discussed in more detail in Appendix B (page B-49). The three locations referenced in the 
comment above were used to validate the aerial assessment.  
 
The heading of Table B1-1 is in error, and should present the fifth column as vegetative density, 
rather than percent shade. Percent shade is provided by the Shade model, and confirmed by 
field measurements with a Solar Pathfinder™. The density and shade measurements are 
quantitative assessments. However, the vegetative potential is a qualitative field assessment. 
DEQ anticipates that potential vegetation will change with varying land uses, in keeping with the 
state’s definition of “naturally occurring” (ARM 17.30.602). Accordingly, it is reasonable to 
expect that potential riparian vegetation may be different upstream in USFS lands at WPC-T8, 
versus downstream where the land ownership is private. DEQ agrees with the Water Consulting 
(2002) assessment that the vegetative potential for lower White Pine Creek is for a diverse 
community of conifers, cottonwoods, and woody shrubs. DEQ also agrees with Watershed 
Consulting’s conclusion that “riparian forests are the answer to most problems within the lower 
portion of the drainage” (Watershed Consulting, LLC, 2001). The qualitative vegetative potential 
score was a reflection of effective cover and shade, as well as land management at the site. DEQ 
agrees that scoring the vegetation at these two sites as ‘at potential’ is misleading in terms of 
the desired riparian community, and these two scores are changed to reflect that the vegetation 
is not at potential. 

 
Comment 14 
Appendix B, Pg B-54 (Table B1-6) Table subscript states that August 13-14 temperatures were rejected, 
but they are referenced earlier in the document. 
 

Response 14 
As described in the table heading, the August 13-14 temperatures referenced in Table B1-6 are 
instantaneous water temperatures measured by field staff with temperature probes. They are 
not datalogger temperatures. Table B1-6 is the only instance where they are reported or 
referenced. 

 
Comment 15 
As currently presented the items in the above listed edits (pg 5-11 on) cast some doubt on the 
applicability of the modeled temperature to: 1) reflect the "naturally occurring" temperature, 2) the 
ability to measure for a response to increased shading, 3) being within MOS for cutthroat growth, or 4) 
for comparative purposes for future monitoring and ultimately delisting. 
 

Response 15 
DEQ disagrees with this conclusion, and suggests that the model error is better than 80% of the 
modeling studies where temperature has been reported (see Arhonditsis and Brett, 2004). 
Likewise, as indicated in other comments, relative modeled changes can be used to scale 
observed temperatures accordingly, so concern about the model and its relative predictive 
capability is unfounded. DEQ does however recognize that naturally occurring temperatures are 
a difficult benchmark to quantify. The only way to estimate them is either to use a reference 
approach, restore the waterbody to its naturally occurring state (and observe the change in 
temperature), or simulate them through modeling. 
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Obviously, the latter is the most pertinent for water quality management, and accordingly, DEQ 
feels the model provides a reasonable estimate of the relative change in temperature under a 
given set of flow and climatic conditions. The ability to evaluate different management options 
under different flow and climatic conditions would be difficult to consider otherwise, and DEQ 
believes this work reflects the best available science on White Pine Creek at the time (given the 
available data).  
 

Other comments 
Comment 16 
Pg. DS-1, 3rd paragraph: Project area is limited to the lower X miles of White Pine Creek, not "the 
watershed". 
 
Pg. 3-1, Table 3-1: Again, it would be best to specify project area as this table states "headwaters to 
mouth impaired" while upper areas are not impaired. 
 

Response 16 
While the QUAL2K model is limited to the lower 3.7 miles of White Pine Creek, the project area 
includes the entire assessment unit from headwaters to mouth. Although impaired conditions 
may be observed in some portions of the stream and not in others, the impairment applies to 
the entire assessment unit. 

 
Comment 17 
Pg. DS-1 5th paragraph: Dependence of recruiting shade vegetation on channel morphology and instream 
flow are recognized here and in the Temperature Modeling Appendix (as factors influencing stream 
temperature: pg B-7), but are not considered again, measured, or modeled (pg 5-11). 
 

Response 17 
The effects of improved riparian vegetation were modeled to measure the temperature 
response to improved shade. The other benefits provided by a healthy riparian corridor are 
recognized, but not modeled. This reduces model complexity. It is also a conservative 
assumption, consistent with DEQ’s approach to margin of safety. 

 
Comment 18 
Pg. DS-1 6th paragraph: "White Pine Creek exceeds... by 4%. Example TMDL in Section 5.7..." Section 5.7 
is Seasonality and Margin of Safety not Example TMDL. Also, there was some confusion as to what 
percent reduction is called for as it was mentioned as 2.4% reduction in Table 5-4. No mention of BMPs 
for managing riparian areas as referenced. 
 

Response 18 
DEQ corrected this reference to Section 5.6.  
 
The required reduction in thermal load varies from point to point in the stream. This is shown 
graphically in Figure 5-8. The example TMDL with 2.4% required reduction presented in Table 5-
4 is based on conditions at the mouth, where instream temperatures are the highest, and 
impact to use is presumably greatest. However, this location does not correspond to the 
greatest deviation between existing and naturally occurring temperatures. This is found at WPC-
T2, where a 4% reduction is necessary. The smaller reduction near the mouth is likely explained 
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either by the presence of improved vegetation in the area of WPC-T2, allowing temperatures to 
recover somewhat, or by the influence of increased groundwater input where the valley 
narrows. Additional text clarifying this is added to page 5-20. 

 
Comment 19 
Pg.2-5 (also pg 2.9 and Fig 2-10): The sentence that includes "...massive fires..." is lacking a citation. A 
comprehensive review of lower Clark Fork River tributaries compiled by GEI (2005) stated that 16% of the 
watershed burned in 1910. Watershed Consulting (2001) pg 1 states large flood in 1916 (and again as 
rain-on-snow in 1996) mobilizing sediment to lower channel. 
 

Response 19 
DEQ added a citation here to better integrate this sentence with Section 2.2.3, Fire History, 
which includes a map of burned areas using digital data provided by USFS Region 1. 

 
Comment 20 
Pg 5-9 (Table 5-2): High and medium density trees were listed as the most common (32%) riparian cover 
type, however tree species and density measurement were not specified. Based on observations of the 
lower channel, it would appear that alder forms the dominant species. However, this species, as 
illustrated by the attached photographs of alder clumps in the channel (see Figure 1), illustrate that this 
shallow-rooted species is less suitable for bank stability. The apparent shortcoming of existing riparian 
species and densities as opposed to the relative merit of other species in terms of rooting depth, etc. 
(that may be recommended by this report) should be clearly stated. 
 

Response 20 
This report does not recommend specific species, nor provide a detailed plan for addressing the 
causes of temperature (or sediment) impairment. The purpose of the TMDL document is to 
identify the degree of impairment, the sources that can and should be addressed, and to 
identify measurable targets as surrogates for non-impaired conditions. The restoration 
framework is provided by a watershed restoration plan (WRP). A WRP has been established for 
White Pine Creek and its sediment impairment (Miller, 2010). Given the similar sources of 
impairment, the WRP requires minimal updating to incorporate the temperature impairment. 
The detailed steps required to achieve the goals established within the WRP would be provided 
within the scopes of work for specific projects designed to achieve those goals.  

 
Comment 21 
Limited reference was made to previous work and reports performed in this stream, notably the 
watershed assessment for this stream (Watershed Consulting 2001). We recommend that this report 
include further consideration of these existing studies (see Additional References below). 
 

Response 21 
DEQ did review the 2001 Watershed Consulting watershed assessment (Watershed Consulting, 
LLC, 2001). However, this resource was not widely cited in the document as its findings and 
information are generally consistent with the Water Consulting (2002) document, which was 
cited more frequently. Given DEQ’s previous experience in White Pine Creek, the sediment load, 
channel stability, and bank erosion issues are sufficiently well understood to provide 
background for the temperature study. 
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