
Stillwater Sciences 
 
 

 
Page 1                                                                                              TMDLs and Salmonid Restoration 

OVERVIEW OF THE STILLWATER SCIENCES APPROACH TO  
SEDIMENT AND TEMPERATURE TMDLS AND SALMONID RESTORATION 

 
 
This overview addresses some of our thoughts on the primary goal of the TMDL process in 
California and the Pacific Northwest, some problems with previous approaches to sediment 
TMDLs that are likely to prevent the primary goal from being achieved, and finishes with a 
discussion of some of the potential benefits of our approach for salmonid restoration. 
 
What is the overall GOAL for listing many rivers in California and the Pacific 
Northwest as being impaired because of sediment or temperature loadings? What is 
the objective of the TMDL process for listed watersheds in the Coast Ranges of 
California? 
 
We believe that the primary goal is the recovery and protection of beneficial uses, specifically the 
recovery and protection of salmonid populations and the habitats and aquatic ecosystems that 
support them. Achieving this goal should also meet the regulatory requirements of the Clean 
Water Act regarding nonpoint source pollution related to sediment or temperature in listed 
watersheds.  
 
One key to achieving the primary goal of salmon recovery is the development of scientifically 
defensible and implementable TMDLs. A common theme in our conversations with landowners, 
agencies, and local watershed groups is the need for a TMDL process that is fair, equitable, and 
based on good science. Confidence in the scientific defensibility of the TMDL process among 
stakeholders, including timber companies, ranchers, farmers, and environmental and watershed 
groups, is needed for the process to move forward effectively. Success is likely only if the various 
agencies, landowners, and NGOs involved support the process and scientific foundations upon 
which TMDLs are developed.  
 
What problems exist with previous approaches to sediment TMDLs that may prevent 
the primary goal of salmonid restoration from being achieved? 
 
Previous sediment TMDLs were based on the use of a mean annual sediment load (i.e., average 
tons of sediment/unit area/year). This approach, even when applied in terms of 10-year rolling 
averages, has a number of problems:  

 
(1) annual sediment load is highly variable (it is generally the rarer climatic events, i.e., 
those with greater than 10-year recurrence intervals, that have a major influence on 
salmonid habitats; as a result of this variability, sediment loading from natural sources 
alone will exceed the fixed target during some wet periods);  

 
(2) the source of the sediment remains unknown (identifying potential sources and then 
implementing BMPs to avoid or mitigate erosion and sediment delivery at the source is 
the key to developing cost-effective and implementable plans to attain water quality 
objectives);  

 
(3) a long time series of sampling (over decades) is required to estimate accurately the 
mean or trends (because of the natural variability in sediment delivery, it may take 
several decades of monitoring before trends in mean annual sediment load can be 
accurately estimated);  
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(4) a total annual sediment load target does not differentiate between coarse and fine 
sediments and may fail to provide protection and restoration of healthy salmonid 
populations and properly functioning aquatic ecosystems (e.g., it is possible that the 
amount of chronic, fine sediment input from roads will be deleterious to salmonids and 
other aquatic organisms during dry periods even though the total sediment load is below 
the annual sediment load target). 

 
The linkage between hillslope processes, land use impacts, sediment delivery, and instream 
conditions is not well developed. Development of a more quantitative linkage is needed.  
Currently the target sediment loading for TMDLs is not linked to desired channel conditions (e.g., 
without a quantitative linkage, there is no way to tell whether the target sediment load is 
appropriate, or if it is far greater than needed, or far less than what is needed, to meet goals).   
 
Moreover, numeric indicators are not clearly linked to what is needed for restoring salmon 
populations.  A more quantitative approach is needed to establish appropriate instream targets for 
healthy salmonid populations and properly functioning aquatic ecosystems. 
 
The lack of spatially explicit source analysis, numeric targets, and load allocations makes 
implementation very difficult and may lead to inefficient use of limited resources to correct 
problems. Basing TMDLs solely on analysis of selected areas, without a means of evaluating full 
subbasins or watersheds requires the assumption that selected areas are sufficiently representative 
of other areas. This approach severely limits the implementability of regulatory actions and the 
likelihood of effectively allocating source control and restoration actions. More spatially explicit 
approaches offer the potential to focus control efforts where they will do the most good and be 
the most cost-effective. 
 
What are the potential benefits of the Stillwater approach? 
 
We developed an approach that addresses the problems raised above and the specific challenges 
faced in developing the sediment and temperature TMDLs for larger river basins, such as the 
South Fork Eel Basin (i.e., short time frame, limited budget, limited access in a basin with over 
80 percent private ownership, lack of existing sediment source data of the type available for 
Redwood Creek and South Fork Trinity River, and a large, 690 mi2 basin that is complex is terms 
of physical and biological conditions and land use). 
 
In conjunction with Professor William Dietrich (University of California, Berkeley) we 
developed a sediment ratio approach that we believe overcomes the problems inherent in the 
fixed mean annual sediment load approach. This approach is based on a threshold concept: we 
assume that there is a threshold level of elevated sediment loading that will not adversely affect 
salmon AND that this threshold is best expressed as a ratio of anthropogenic sediment yield to the 
natural or total yield. This ratio is then used as the hillslope numeric target. We further assume 
that separate ratios for coarse and fine sediment will be needed for maximum effectiveness and 
efficiency in developing source reduction plans. 
 
The following are some of the potential advantages of a sediment ratio approach: (1) it is a 
numeric target that links sediment to its source and assigns causality; (2) it may capture the 
effects of fine sediment inputs from roads during drier years, which would be missed by a mean 
annual sediment load approach; (3) it would help identify significant sediment sources more 
quickly than a 10-year rolling average approach, which would help focus initial sediment 
reduction efforts where they will do the most good and can be most cost-effective; (4) the same 
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ratio(s) might be appropriate for all watersheds with similar geology, climate, hydrology (i.e., in 
the same fluvial geomorphic region); and (5) the sediment load ratio should be understandable to 
the general public AND is meaningful on an annual basis (or any given time period), whereas 
mean annual sediment load can only be interpreted over a longer time period (typically decades). 
 
Calculating separate ratios for coarse (>2 mm) and fine (<2 mm) sediment recognizes that these 
size classes have differing potential impacts and residence times in the stream channel.  The 
coarse sediment fraction may be more important in wet years, when road crossing failures and 
other mass wasting deliver large volumes of sediment to channels.  In contrast, fine sediment 
inputs may be more important in dry years, when total sediment delivery may be relatively low 
but fine sediment inputs from chronic sources such as road surface erosion can alter gravel 
quality and other aquatic habitat characteristics. Moreover, coarse sediment effects will typically 
last much longer than fine sediment, and current fine sediment effects in channels need to be 
“sustained” by chronic sources. 
 
Our approach is also spatially explicit, using modeling tools to assess sediment and temperature 
conditions over large basins such as the South Fork Eel. These tools include the SHALSTAB 
model for identifying hillslope areas sensitive to shallow landsliding, our DTM-based method for 
developing much more complete channel networks than the blueline streams shown on USGS 
topographic maps and for classifying channel types, and our stream temperature model (see 
below). Spatially explicit information is required for effective implementation of TMDLs and 
provides the only way for regulatory and /or voluntary restoration efforts to be prioritized in a 
large basin. 
 
The temperature model (BasinTemp) we have developed, which combines a basic mechanistic 
model with an optimizer that fits parameters to empirical data, is an example of this spatially 
explicit approach.  A GIS and DTM approach is used to provide model inputs and to graphically 
display the spatially explicit model output. This model is fit to existing temperature monitoring 
data and predicts the location of stream reaches throughout the entire channel network that are 
likely to have temperature problems under current conditions. The model is also a tool for 
comparing existing conditions to a reference condition (based on potential natural riparian 
vegetation), comparing various management scenarios (e.g., comparing current conditions with 
different levels of timber harvesting or restoration of riparian vegetation), and assessing 
cumulative effects of temperature loading throughout a basin or subbasin.  
 
Additional details on our approach and how it was used to support sediment and temperature 
TMDL development in the South Fork Eel Basin can be found in the final TMDL document, 
which is available on the EPA’s web site (http://www.epa.gov/region09/water/tmdl/final.html). 
The sediment source analysis technical report is also available on EPA’s web site 
(http://www.epa.gov/region09/water/tmdl/sed4.pdf). 
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Slide 3.  Another critical scientific challenge is to link  changes 
in habitat conditions to resulting effects on salmonid population 
dynamics.  This slide is a simplified example illustrating how 
changes in two physical habitat parameters, V* and large 
woody debris (LWD), affect the production of coho salmon 
smolts in a coastal northern California stream.  If salmon and 
steelhead are the primary beneficial uses of concern in a given 
watershed, we need to understand how  land use activities 
affect sediment inputs to streams, how sediment inputs affect 
channel processes and physical habitat, and then how habitat 
affects salmon and steelhead populations.  Such an 
understanding of cause-and-effect linkages is critical to finding 
the most cost-effective means of restoring and maintaining 
healthy salmonid populations and aquatic ecosystems.


