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4.1  INTRODUCTION 
A Total Maximum Daily Load (TMDL) defines the amount of a pollutant that can be present in a water 
body while meeting water quality standards.  A Water Quality Management Plan (WQMP) is developed by 
DEQ as a broad strategy for implementing TMDL allocations.  TMDLs, WQMPs and associated planning 
work together to protect designated beneficial uses, such as aquatic life, drinking water supplies, and 
water contact recreation.  These TMDLs and WQMP address the geographic area included in the Lower 
Grande Ronde Subbasins.   
 
In December of 2002, the State of Oregon’s Environmental Quality Commission (EQC) adopted a rule 
commonly referred to as the “TMDL rule” (OAR 340-042).  The TMDL rule defines DEQ’s responsibilities 
for developing, issuing, and implementing TMDLs as required by the federal Clean Water Act (CWA).  
The WQMP is one of the twelve TMDL elements called for in the TMDL rule.  Oregon Administrative  
Rule 340-042-0040-(4)(l) states the following:   
 

(l) Water quality management plan (WQMP).  This element provides the framework of management 
strategies to attain and maintain water quality standards.  The framework is designed to work in 
conjunction with detailed plans and analyses provided in sector-specific or source-specific 
Implementation Plans.   

 
Accordingly, implementation of this TMDL is addressed through two different scales of planning.  The 
WQMP itself serves as a multi-sector framework plan for the area covered by the TMDLs.  It describes 
and references various plans and programs that are specific to a given land use or management sector.  
The sector-specific plans, or TMDL Implementation Plans, comprise a second tier of planning prepared 
by the local land use or water quality authority (Designated Management Agencies).  A Designated 
Management Agency (DMA) is defined in the TMDL Rule as “a federal, state or local governmental 
agency that has legal authority over a sector or source contributing pollutants, and is identified as such by 
the Department of Environmental Quality in a TMDL.”  This organizational process is represented 
schematically in Figure 4-1.  Because the DMAs will require some time to fully develop these 
Implementation Plans once the TMDLs are finalized, the first iterations of the Implementation Plans are 
not expected to completely describe management efforts. 
 
This WQMP establishes timelines to develop Implementation Plans.  DEQ and the DMAs will work 
collaboratively to assure that the WQMP and TMDL Implementation Plans collectively address the 
elements described below under Section 4.2.  In short, this document is a starting point and 
foundation for the WQMP elements being developed by DEQ and the DMAs.  If the Department 
identifies other responsible DMAs at a later time, then the DMA list will be revised.  It should be 
noted that individual Implementation Plans are only referenced in this document; they are 
not attached as appendices. 
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Table 4-2.  Partial list of funding sources for natural resource enhancement projects 
Program Agency/Source 

Oregon Plan for Salmon and Watersheds OWEB 
Environmental Quality Incentives Program USDA-NRCS 
Wetland Reserve Program USDA-NRCS 
Conservation Reserve Enhancement Program USDA-NRCS 
Stewardship Incentive Program ODF 
Access and Habitat Program ODFW 
Partners for Wildlife Program USFWS 
Conservation Implementation Grants ODA 
Conserved Water Program and other water projects OWRD 
Nonpoint Source Water Quality Control (EPA 319) DEQ/USEPA 
Riparian Protection/Enhancement USACE 
Oregon Community Foundation OCF 
Watershed Initiative Grants USEPA 
Clean Water State Revolving Funds (SRF) Low Interest Loans DEQ/USEPA 
Community-based Restoration Program NOAA-Fisheries 

(O)  Citation of Legal Authorities  
The implementation of TMDL waste load and load allocations and the associated implementation plans 
are generally enforceable by DEQ, other state and federal agencies, or local governments.  It is 
envisioned that sufficient initiative exists to achieve water quality goals with minimal enforcement.  Should 
the need for additional effort emerge, it is expected that the responsible agency will work with land 
managers to overcome impediments to progress through education, technical support or enforcement.  
Enforcement may be necessary in instances of insufficient action towards progress.  This could occur first 
through direct intervention from land management agencies (e.g. ODF, ODA, counties and cities) and 
secondarily through DEQ.  The latter may be based on departmental orders to implement management 
strategies leading to attainment of water quality standards.   

Clean Water Act Section 303(d) 
Section 303(d) of the 1972 Federal Clean Water Act as amended requires states to develop a list of 
rivers, streams and lakes that cannot meet water quality standards without application of additional 
pollution controls beyond the existing requirements on industrial sources and sewage treatment plants. 
Such water bodies are referred to as “water quality limited”.  Water quality limited waterbodies must be 
identified by the EPA or by a state agency which has been delegated this responsibility by EPA.  In 
Oregon, this responsibility rests with DEQ.  DEQ updates the list of water quality limited waters every two 
years.  The list is commonly known as the 303(d) list.  Section 303 of the Clean Water Act further requires 
that TMDLs be developed for all waters on the 303(d) list.  DEQ also has this responsibility.  

Endangered Species Act, Section 6 
Section 6 of the 1973 Federal Endangered Species Act as amended encourages States to develop and 
maintain conservation programs for federally listed threatened and endangered species 

Oregon Revised Statute 
The DEQ is authorized by law to prevent and abate water pollution within the State of Oregon pursuant to 
the following statute: 
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ORS 468B.020.   
(1)  Pollution of any of the waters of the state is declared to be not a reasonable or natural use of 

such waters and to be contrary to the public policy of the State or Oregon, as set forth in ORS 
468B.015.   

 
(2) In order to carry out the public policy set forth in ORS 468B.015, ODEQ shall take such action as 

is necessary for the prevention of new pollution and the abatement of existing pollution by: 
(a) Fostering and encouraging the cooperation of the people, industry, cities and counties, in 

order to prevent, control and reduce pollution of the waters of the state; and 
(b) Requiring the use of all available and reasonable methods necessary to achieve the 

purposes of ORS 468B.015 and to conform to the standards of water quality and purity 
established under ORS 468B.048. 

 
ORS 468B.025  No person shall cause pollution of any waters of the state or place or cause to be 

placed any wastes in a location where such wastes are likely to escape or be carried into the 
waters of the state by any means. 

NPDES and WPCF Permit Programs 
DEQ administers two different types of wastewater permits in implementing ORS 468B.050.  These are: 
the NPDES permits for waste discharge; and WPCF permits for waste disposal.  The NPDES permit is 
also a Federal permit and is required under the Clean Water Act.  The WPCF permit is a state program.  
As permits are renewed they will be revised to insure that all 303(d) related issues are addressed in the 
permit. 

Oregon Administrative Rules 
OAR 340-042 contains Department rules for TMDL establishment, issuance, implementation, and public 
participation. The following Oregon Administrative Rules provide numeric and narrative criteria for TMDL 
parameters of concern in the Subbasins: 
 

TMDL Parameter Applicable Rules 
Temperature OAR 340-041-0028 

Bacteria OAR 340-041-0009 

Oregon Forest Practices Act 
The Oregon Forest Practices Act was enacted in 1971.  The Oregon Department of Forestry is the 
designated management agency for regulation of water quality on non-federal forest lands.  The Board of 
Forestry has adopted water protection rules, including but not limited to OAR Chapter 629, Divisions 635-
660, which describes BMPs for forest operations.  The Environmental Quality Commission, Board of 
Forestry, DEQ and ODF have agreed that these pollution control measurers will be relied upon to result in 
achievement of state water quality standards.  Forest operators conducting operations in accordance with 
the Forest Practices Act are considered to be in compliance with water quality standards.  A 1998 
Memorandum of Understanding between both agencies guides the implementation of this agreement, as 
described in Element H. 
 
ODF and DEQ statutes and rules also include provisions for adaptive management that provide for 
revisions to FPA practices where necessary to meet water quality standards. These provisions are 
described in ORS 527.710, ORS 527.765, ORS 183.310, OAR 340-041-0026, OAR 629-635-110, and 
OAR 340-041-0120. 

Oregon Senate Bill 1010 (Agriculture Water Quality Management Act) 
The Oregon Department of Agriculture has primary responsibility for water pollution control from 
agriculture sources. This is accomplished through the Agriculture Water Quality Management program 
authorities granted ODA under Senate Bill 1010 adopted by the Oregon State Legislature in 1993 (ORS 
569.000 through 568.933) and Senate Bill 502 adopted 1995 (ORS 561.191).   
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SB1010 directs ODA to work with local communities, including farmers, ranchers, and environmental 
representatives, to develop Agricultural Water Quality Management Area Plans and rules throughout the 
State.  SB502 stipulates that ODA “shall develop and implement any program or rules that directly 
regulate farming practices that are for the purpose of protecting water quality and that are applicable to 
areas of the state designated as exclusive farm use zones or other agricultural lands.”  The plans are 
accompanied by regulations in OAR 603-90 and portions of OAR 603-95, which are enforceable by ODA.  
As discussed in Element H, TMDL implementation coordination between ODA and DEQ is guided by an 
MOA signed in 1998. 

Local Ordinances 
Within the TMDL Implementation Plans, the DMAs are expected to describe their specific legal authorities 
to carry out the management measures they choose to meet the TMDL allocations. Legal authority to 
enforce the provisions of a City’s NPDES permit would be a specific example of legal authority to carry 
out management measures.  
 

4.3  TMDL-RELATED PROGRAMS, INCENTIVES AND 
VOLUNTARY EFFORTS  
TMDLs in Oregon are designed to coordinate with and support other watershed protection and restoration 
efforts.  Watershed enhancement in the Subbasins is ongoing and is, for the most part, consistent with or 
directly implements the load allocations of the TMDL.  While regional programs are in place, much of the 
restoration is locally based.  A summary of on-going implementation plan activities in the Lower Grande 
Ronde Subbasins is provided in Table 4-3. 
 
Table 4-3.  Ongoing Implementation Plan activities 
Implement The Wallowa County-Nez Perce Salmon 
Habitat Recovery Plan with Multi-Species Habitat Strategy Wallowa Co./Nez Perce Tribes 

Oversee implementation of ordinances, policies and 
guidelines to improve/protect surface water quality Wallowa Co. 

Encourage and promote use of BMPs for urban sources Wallowa Co. 
Ensure all forest activities on federal lands comply with 
standards and guidelines listed in district forest plan, 
PACFISH, and BMPs defined in the implementation for 
Clean Water Act 

Wallowa Whitman & Umatilla National Forests 

Ensure all forest activities on state and private land 
complies with Oregon Forest Practices Act ODF 

Implement Wy-Kan-Ush-Mi Wa-Kish-Wit Nez Perce Tribes 

Implement monitoring and evaluation program 
USFS, ODFW, Wallowa SWCD, DEQ, ODF, 
ODA, Nez Perce Tribes, Grande Ronde Model 
Watershed 

Implement Imnaha and Grande Ronde Subbasin Plans 
developed through the Northwest Power and 
Conservation Council’s 2000 Fish and Wildlife Program 

USFS, ODFW, Wallowa SWCD, DEQ, ODF, 
ODA, Nez Perce Tribes, Grande Ronde Model 
Watershed 

 

4.3.1  The Oregon Plan for Salmon and Watersheds (Oregon Plan) 
The Oregon Plan represents a major process, unique to Oregon, to improve watersheds and restore 
endangered fish species. The Plan consists of four essential elements: 
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(1) Coordinated Agency Programs: Many state and federal agencies administer laws, policies, and 
management programs that have an impact on salmonids and water quality. These agencies are 
responsible for fishery harvest management, production of hatchery fish, water quality, water quantity, 
and a wide variety of habitat protection, alteration, and restoration activities.  Previously, agencies 
conducted business independently.  Water quality and salmon suffered because they were affected 
by the actions of all the agencies, but no single agency was responsible for comprehensive, life-cycle 
management.  Under the Oregon Plan, all government agencies that impact salmon are accountable 
for coordinated programs in a manner that is consistent with conservation and restoration efforts. 
 
(2) Community-Based Action: Government, alone, cannot conserve and restore salmon across the 
landscape.  The Oregon Plan recognizes that actions to conserve and restore salmon must be 
worked out by communities and landowners, with local knowledge of problems and ownership in 
solutions.  Watershed councils, soil and water conservation districts, and other grassroots efforts are 
vehicles for getting the work done.  Government programs provide regulatory and technical support to 
these efforts, but local people will do the bulk of the work to conserve and restore watersheds. 
Education is a fundamental part of the community based action.  People must understand the needs 
of salmon in order to make informed decisions about how to change their way of life to accommodate 
clean water and the needs of fish.  Development and implementation of the Wallowa County-Nez 
Perce Salmon Habitat Recovery Plan with Multi-Species Habitat Strategy is an excellent example of a 
community-based action. 
 
(3) Monitoring: The monitoring program combines an annual appraisal of work accomplished and 
results achieved.  Work plans are used to determine whether agencies meet their goals as promised. 
Biological and physical sampling are conducted to determine whether water quality and salmon 
habitats and populations respond as expected to conservation and restoration efforts. 
 
(4) Appropriate Corrective Measures: The Oregon Plan includes an explicit process for learning 
from experience, discussing alternative approaches, and making changes to current programs.  The 
Plan emphasizes improving compliance with existing laws rather than arbitrarily establishing new 
protective laws.  Compliance is achieved through a combination of education and prioritized 
enforcement of laws that are expected to yield the greatest benefits to salmon.  
  

4.3.2  Landowner Assistance Programs 
A variety of grants and incentive programs are available to landowners in the subbasin. These incentive 
programs are aimed at improving the health of the watershed, particularly on private lands. They include 
technical and financial assistance, provided through a mix of state and federal funding.  This assistance is 
administered by several organizations, including but not limited to: the Grande Ronde Model Watershed, 
the Wallowa County Soil and Water Conservation District, the Oregon Department of Forestry, the 
Oregon Department of Fish and Wildlife, DEQ, and the National Resources Conservation Service.  These 
services include site evaluations, technical project design, stewardship/conservation plans, and referrals 
for funding as appropriate. This assistance and funding is further assurance of implementation of the 
TMDL WQMP.  A list of funding sources or programs is provided in Element N of Section 2.2. 
 

4.3.3  Voluntary Measures   
There are voluntary, non-regulatory, watershed improvement programs that are in place and addressing 
water quality concerns in the County. These programs provide both technical expertise and partial 
funding. Examples of activities promoted and accomplished through these programs include: planting of 
conifers, hardwoods, shrubs, grasses and forbs along streams; relocating legacy roads that may be 
detrimental to water quality; replacing problem culverts with adequately sized structures, and 
improvement/ maintenance of legacy roads known to cause water quality problems. These activities have 
been and are being implemented to improve watersheds and enhance water quality. Many of these 
efforts are helping resolve legacy water quality issues.   
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Figure A-11.  Bear Creek at river mile 14.1, near Dobbin Creek. 
 This stretch of river has a complex channel system with cool side channels and springs.  Note how the temperature 
changes from about 61oF to the low 50’s as a spring and cool side channel waters mix with the mainstem. 
 

 
Temperature Scale (oF) 

 
 

Figure A-12.  Grande Ronde River at Wenaha River confluence 
The Grande Ronde River (~74oF) is flowing up from the bottom to the right of the image, while the Wenaha River 
(~68oF) is entering at the north side of the bend. 
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Figure A-13.  Wallowa River at Cross Country Ditch diversion 
The Wallowa River is flowing from the bottom to the top of the image, while the diversion for the Cross Country Ditch 
is visible on the left side. 

 
Temperature Scale (oF) 

 
 
Figure A-14.  Wallowa River at mouth/Grande Ronde River confluence 
The Wallowa River is flowing from the bottom right of the image, while the Grande Ronde River is flowing from the 
bottom left to the top of the image. 
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Figure A-15.  Wallowa River at Lostine River confluence 
The Wallowa River is flowing from the left to the right of the image, while the Lostine River is entering form the bottom 
of the image.  A temperature gradient is visible for a short distance downstream of the confluence, before completely 
mixing at the bend. 
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<50 50 52 54 55 57 59 61 63 64 66 68 70 72 73 75 8581 83



DRAFT Lower Grande Ronde Subbasins TMDL                                         Public Review Draft – May 2010 

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY             A-21 
 

Figure A-16.  Wallowa River at Minam River confluence 
The Wallowa River (~64oF) is flowing from the bottom to the top of the image, while the Minam River (~68oF) is 
entering on the left.  The thermal gradient is apparent the entire length of the image (~1/4 mile).  Complete mixing 
occurs after the bend seen at the top of this image. 
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A2.1.2  Flow Volume – Gage Data and Instream Measurements 
Flow volume data was collected at several sites during the critical stream temperature period in late 
August of 1999 and 2000 by DEQ (Figure A-17).  Where applicable, these instream measurements were 
used to develop flow mass balances for the Wallowa River temperature model.  In addition to flow rate 
data, wetted width, depth and velocity measurements were also made at these sites. This data were used 
to corroborate the simulated stream hydraulics.  Data from one USGS gage and OWRD gages was also 
used in the analysis.  

 
Figure A-17.  Flow measurement locations (August, 1999 and 2000).   
DEQ collected instream measurements during this period. 

 
 

A2.1.3  Stream Habitat Surveys 
During the summers of 1999 and 2000, Oregon DEQ collected ground-level habitat data at several 
locations in the Lower Grande Ronde Subbasins, focusing on the Wallowa River and Imnaha River 
Subbasins.  Stream survey data focused on near stream vegetation classification and measurements, 
channel morphology measurements, and stream shade measurements.   
 
ODFW has also collected stream habitat data (ODFW 1999).  Their data sets also focus on channel 
morphology, near stream land cover, and stream shade measurements.  Figure A-18 displays the DEQ 
and ODFW stream survey locations. 
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Figure A-18.  Ground level stream habitat survey sites 

 
 
 

A2.2  GIS Data 
This stream temperature TMDL relies extensively on GIS data.  Water quality issues in the Lower Grande 
Ronde Subbasins are interrelated, complex and spread over hundreds of square miles.  The TMDL 
analysis strives to capture these complexities using the highest resolution data available.   The GIS data 
used to develop this TMDL are listed below in Table A-2 and further described below. 
 
  



DRAFT Lower Grande Ronde Subbasins TMDL                                         Public Review Draft – May 2010 

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY             A-24 
 

Table A-2.  Spatial data and application 

Spatial Data Application 

10-Meter Digital Elevation Models (DEM) 
Measure stream elevation and gradient 
Measure valley shape and landform 
Measure topographic shade angles 

Aerial Imagery – Digital Orthophoto Quads  

Map near stream vegetation 
Map stream position and channel edges 
Map channel morphology and aspect 
Map road, developments, and other structures 

Water Rights Information System (WRIS) and 
Points of Diversion (POD) Data 

Map locations and estimate quantities of water 
withdrawals 

 

A2.2.1  10-Meter Digital Elevation Model (DEM) 
Digital Elevation Model (DEM) data files are representations of cartographic information in a raster form.  
DEMs consist of a sampled array of elevations for a number of ground positions at regularly spaced 
intervals.  The U.S. Geological Survey, as part of the National Mapping Program, produces these digital 
cartographic/geographic data files.  Ten-meter DEM grid elevation data is rounded to the nearest meter 
for ten-meter pixels (vertical resolution is approximately one meter in flat terrain).   
 

A2.2.2  Aerial Imagery – Digital Orthophoto Quads  
A digital orthophoto quad (DOQ) is a digital image of an aerial photograph in which camera distortion has 
been removed.  In addition, DOQs are projected in map coordinates combining the image characteristics 
of a photograph with the geometric qualities of a map.  The digital orthophotos used in this report were 
black-and-white with one-meter pixels covering a USGS quarter quadrangle.  The images were collected 
in May through July of 1994, 1995 and 1996, and were provided through the Natural Resources 
Conservation Service National Cartography and Geospatial Center.  Color DOQ imagery (NAIP, 2005) 
became available in 2007, but were not used in this TMDL because the modeling work had already been 
completed. 
 

A2.2.3  WRIS and POD Data – Water Withdrawal Mapping 
Flow is diverted throughout the Lower Grande Ronde Subbasins during the summer for irrigation 
purposes.  The Oregon Water Resources Department (OWRD) maintains the Water Rights Information 
System (WRIS).  WRIS is a database used to monitor information related to water rights.  A separate 
database tracks points of diversions (POD).  These two databases were linked by DEQ to map the 
locations of diversions, rates of water use and types of water use in the Lower Grande Ronde Subbasins 
(Figure A-19).  Consumptive use was estimated using these data and incorporated in developing mass 
balance flow profiles for the Wallowa River.  There are over 1,000 permitted water rights in the 
Subbasins. 
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Figure A-19.  Mapped points of diversion in Lower Grande Ronde Subbasins derived from the WRIS and POD 
databases (OWRD data, DEQ database programming and mapping) 

 
 

A2.3  Derived Data and Sampled Parameters 
Sampling numeric GIS data sets for several landscape parameters and performing simple calculations 
was done to derive spatial data for several stream parameters for the Wallowa River.  Sampling density 
was user-defined and generally matched any GIS data resolution and accuracy.  The sampled 
parameters used in the stream temperature/shade analysis were: 

• Stream Position and Aspect 
• Stream Elevation and Gradient  
• Maximum Topographic Shade Angles (East, South, West) 
• Channel Width 
• TIR Temperature Data Associations 
• Near Stream Vegetation 

 
Most of these parameters were derived using TTools Version 7 (Boyd and Kasper 2003).  TTools is a set 
of ArcView GIS tools that are designed to automatically sample spatial data sets and assemble an input 
database for Heat Source modeling (both shade and temperature modeling).  The methodologies used 
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for deriving this data in the Lower Grande Ronde  Subbbasins Temperature TMDL analysis are described 
below.   
 
In addition to these derived landscape parameters, stream flows were derived using a mass balance 
method.  Stream flow measurements were taken at a limited number of locations as described in Section 
A2.1.2.  The mass balance method was used to calculate stream flows in areas where field 
measurements were not collected. 

A2.3.1  Stream Position and Aspect 
Stream position was assessed by digitizing the stream centerline for each modeled stream.  This polyline 
was segmented into 50-meter reaches (separated by nodes).  The latitude/longitude and aspect 
(downstream direction) were calculated at each node.  An aspect of zero would by north, 90 (east), 180 
(south), and 270 (west). 

A2.3.2  Stream Elevation and Gradient 
Stream elevation was sampled from the 10-meter DEM at each of the segmented TTools nodes.  
Gradients were calculated from the elevation of the stream node and the distance between nodes. 

A2.3.3  Topographic Shade Angle 
The maximum topographic shade angles to the west, south and east were measured using the 10-meter 
DEM at each of the segmented nodes.  The topographic angle represents the vertical angle to the highest 
topographic feature as measured from a flat horizon.  The sampling routine extended 10.0 kilometers (6.2 
miles) in each direction.     

A2.3.4  Channel Width Assessment 
Channel width is an important component in stream heat transfer and mass transfer processes.  Effective 
shade, stream surface area, wetted perimeter, stream depth and stream hydraulics are all highly sensitive 
to channel width.  Accurate measurement of channel width across the stream network, coupled with other 
derived data, allows a comprehensive analytical methodology for assessing channel morphology.  The 
steps listed below were used for determining channel widths in the TMDL analysis. 
 
Step 1.  Using the DOQs, the right and left banks (looking in the downstream direction) of the Wallowa 

River were digitized (Figure A-20 shows an example of the digitization process).  All digitized line 
work was completed at a 1:5,000 map scale or less.  These channel boundaries establish the 
channel width, which is defined for purposes of the TMDL, as the width between shade-producing 
near-stream vegetation. 

Step 2.  The distance between each of the digitized banks (perpendicular to the stream aspect) was then 
measured at each of the segmented TTools nodes.   
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Figure A-20.  Digitized channel centerline (stream data nodes), right bank, and left bank 

 
 

A2.3.5  Near Stream Vegetation 
The role of near stream vegetation in maintaining a healthy stream condition and water quality is well 
documented and accepted in scientific literature ((Barton et al. 1985, Beschta et al. 1987, Coleman and 
Kupfer 1996, Karr and Schlosser 1978, Malanson 1993, Osborne and Wiley 1988, Roth et al. 1996, 
Steedman 1988, Zelt et al. 1995).  The list of important impacts that near stream vegetation has upon the 
stream and the surrounding environment is long and warrants listing. 
 
• Near stream vegetation plays an important role in regulating radiant heat in stream thermodynamic 

regimes. 

• Channel morphology is often highly influenced by vegetation type and condition by affecting flood 
plain and instream roughness, contributing coarse woody debris, and influencing sedimentation, 
stream substrate compositions and stream bank stability. 

• Near stream vegetation creates a thermal microclimate that generally maintains cooler air 
temperatures, higher relative humidity and lower wind speeds along stream corridors. 

• Riparian and instream nutrient cycles are affected by near stream vegetation. 

With the recognition that near stream vegetation is an important parameter in influencing water quality, 
DEQ made the development of vegetation data sets in the Lower Grande Ronde Subbasins a high 
priority.   
 
A2.3.5.1  Current Condition Vegetation 

Variable vegetation conditions in the Lower Grande Ronde Subbasins require a higher resolution 
mapping than is currently available with existing GIS data sources.   DEQ used GIS to digitally map and 
identify near stream vegetation along the Wallowa River below Wallowa Lake as described below (Steps 
1 through 3) and as illustrated in Figure A-21.  More detailed information can be found in Analytical 
Methods for Dynamic Open Channel Heat and Mass Transfer: Methodology for Heat Source Model 
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Version 7.0 (Boyd and Kasper 2003), which can be downloaded from the DEQ website. 
(http://www.deq.state.or.us/wq/TMDLs/tools.htm). 

 
Step 1.  DEQ created vegetation polygons using the DOQs.  Using the digitized stream channel, 

vegetation was mapped 100 meters (300 feet) from each channel edge.  Within this zone, 
polygons were drawn to capture visually alike vegetation features.  All digitized line work was 
completed at a 1:5,000 map scale or less. 

Step 2.  Basic vegetation types were categorized and assigned to individual polygons.  Vegetation types 
were classified as deciduous, coniferous, grass, barren, and other general descriptions.  Table A-
3 summarizes the numeric codes and descriptions used to uniquely identify each of the digitized 
land cover polygons.  Height values and densities were estimated based on field measurements 
taken during the habitat surveys, as well information gained from USFS vegetation data for the 
Wallowa-Whitman National Forest (described further below).   

Step 3.  Automated sampling was conducted on the classified vegetation spatial data set in two-
dimensions using TTools.  At each node along the stream centerline, the vegetation polygons 
were sampled.  The polygons were sampled in a radial pattern, using a 15-meter outwards step, 
out to 60 meters from the stream centerline.  This sampling rate resulted in 928 measurements of 
vegetation per every mile of stream.   

USFS Vegetation Data.  The USFS maintains a GIS coverage of existing vegetation for the Wallowa-
Whitman National Forest (USFS 2001) that was used to assist in classification of existing vegetation.  The 
USFS vegetation coverage consists of thousands of polygons, each with a unique vegetation type, 
density, and diameter at breast height (DBH) range.  The USFS vegetation coverage was classified 
based on aerial photograph analysis and ground level data collection.  Tree growth curves (Wallowa 
Valley Ranger District Cruise Statistics) were used to translate USFS diameter at breast height classes to 
tree height values (Table A-4). 
 
The USFS vegetation coverage was then spatially analyzed to determine average existing height values 
for the different forest types along riparian areas throughout the Lower Grande Ronde Subbasins.  As can 
be seen in Figure A-22, the majority of “large” trees fell within 70 to 120 feet, while the majority of “small” 
trees were between 10 and 60 feet.  These two ranges were then separately analyzed to determine an 
average height value for large and small conifer stands (i.e., the DEQ-digitized vegetation).  It was 
determined that the spatial average USFS stand height was 93.7 feet for the larger trees, and 32.2 feet 
for the smaller trees.  These values were then applied to the DEQ vegetation classifications (Table A-3). 
 
 
  

http://www.deq.state.or.us/wq/TMDLs/tools.htm
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Figure A-21. Steps for digitizing and classifying vegetation 
 
  

Example of polygon mapping of vegetation 
from aerial color imagery 
 
(At this point only the line work is complete 
And no data is associated with the 
polygons.) 

Example of classification of vegetation polygons, 
associating a vegetation type to each of the polygons. 

 
(At this point a vegetation type numeric code is 

associated with each polygon.) 

TTools radial sampling pattern for vegetation 
(sampling interval is user defined).  Sampling 
occurs for every stream data node at four user-
defined intervals every 45 degrees from north 
(north is not sampled since the sun does not shine 
from that direction in the northern hemisphere).  A 
database of vegetation type is created for each 
stream data node. 
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Table A-3.  Summary of existing vegetation classifications 

Code Land Cover Description Height (feet) Density 
301 Water 0 0% 
302 Pasture/Cultivated Agriculture 3 90% 
303 Tree Farm 15 65% 
304 Barren – Rock 0 0% 
305 Barren – Bank 0 0% 
308 Barren – Clearcut 0 0% 
309 Barren – Soil 0 0% 
310 Steep/rocky/non-vegetated natural 0 0% 
400 Road 0 0% 
401 Forest Road 0 0% 
402 Railroad 0 0% 
500 Large Mixed Conifer-Hardwood 81.9 65% 
501 Small Mixed Conifer-Hardwood 24.9 65% 
550 Large Mixed Conifer-Hardwood 81.9 25% 
551 Small Mixed Conifer-Hardwood 24.9 25% 
555 Large Mixed Conifer-Hardwood 81.9 10% 
600 Large Hardwood 70 65% 
601 Small Hardwood 24.9 65% 
650 Large Hardwood 70 25% 
651 Small Hardwood 24.9 25% 
655 Large Hardwood 70 10% 
700 Large Conifer 93.7 65% 
701 Small Conifer 32.2 65% 
750 Large Conifer 93.7 25% 
751 Small Conifer 32.2 25% 
755 Large Conifer 93.7 10% 
800 Upland Shrubs 5 65% 
850 Upland Shrubs 5 25% 
801 Wetland Shrubs 10 65% 
851 Wetland Shrubs 10 25% 
900 Grass - upland 3 90% 

3011 Active River Channel 0 0% 
3248 Developed - House-sized Structures 20 100% 
3249 Developed - Industrial Sized Structures 30 100% 
3252 Dam or Weir 0 0% 
3255 Canal 0 0% 
3256 Dike 0 0% 
3300 Hatchery 0 0% 
3400 Sewage Pond 0 0% 
3025 Tree Farm 15 65% 
3257 Canal 0 0% 
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Table A-4.  Wallowa Valley Ranger District local DBH/height chart 

Cruise Statistics Derived From 4 Sales 
(Note:  Cruise statistics derived from “thinning from below” prescription (intermediate and suppressed 
component).  Residual stocking of similar size classes consist of codominant and dominant trees and would 
reflect consistently greater heights.) 
 Tree Height (Feet) 

DBH Ponderosa Douglas Fir Grand Fir 
5 32 32 33 
6 38 37 39 
8 46 49 50 
10 52 55 55 
12 56 58 60 
14 62 66 67 
16 69 70 73 
18 76 80 82 
20 85 89 91 

 
 

Figure A-22.  USFS average vegetation coverage height ranges for riparian areas in the Lower Grande Ronde 
Subbasins 
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A2.3.5.2  System Potential Vegetation 

System potential vegetation refers to the vegetation which can grow and reproduce on a site given the 
natural plant biology, site elevation, soil characteristics, and climate.  Potential near stream vegetation is 
essentially the mature species composition, height, and density of vegetation that would occur in the 
absence of human disturbances.  Potential near stream vegetation does not include considerations for 
resource management, human use or other legacy human disturbance.  Natural disturbance regimes (i.e., 
fire, disease, wind-throw, etc.) are also not accounted for in this definition.  It is assumed that despite 
natural disturbance, potential near stream vegetation types (as defined) will survive and recover from a 
natural disturbance event.  That said, DEQ views natural disturbance as an essential part of a dynamic 
ecosystem and does therefore not expect continuous attainment of shade targets representing un-
disturbed conditions.  This is further articulated in water quality standard rules and in Chapter Two. 
 
Since near stream vegetation is a controlling factor in stream temperature regimes, the condition and 
health of vegetation is considered a primary parameter in the TMDL.  Potential vegetation is a key 
condition targeted in the TMDL.  DEQ worked with members of the Wallowa County TMDL Committee to 
determine system potential near stream vegetation for the areas covered by the Lower Grande Ronde 
Subbasins TMDL (Table A-5).  Through simple assumptions regarding land cover succession and by 
examining land cover types adjacent to major anthropogenic disturbance areas (i.e., clearcuts, roads, 
cultivated fields, etc., it was possible to develop a rule set that could be used to estimate natural 
potential vegetation conditions.  For example, small conifers were assumed to have the potential to 
become large conifers.  The methodology for applying potential vegetation in the temperature model for 
the Wallowa River was based on the following general rules: 
 
Rules for Developing System Potential Near Stream Vegetation 

1. Barren areas that could grow vegetation (i.e., clearcut areas, embankments, forest roads, etc.) were 
assigned the nearest adjacent non-developed vegetation type. 

2. Developed areas that could grow vegetation were assigned the nearest adjacent vegetation type. 

3. Pastures, cultivated fields and lawn vegetation types were assigned the mixed deciduous component, 
unless completely surrounded by a different forest type. 

4. Instream and channel structures (i.e., dikes, canals, etc.) that could grow vegetation were assigned 
the nearest adjacent vegetation type. 

5. Water and barren rock cannot grow vegetation and were not changed. 

6. Steep and rocky slopes where soil conditions and/or aspect prohibit tree growth were left unchanged. 

7. The conifer vegetation type was assumed to grow to undisturbed potential height and density. 

8. The hardwood vegetation type was assumed to grow to undisturbed potential height and density. 

9. The mixed conifer/hardwood vegetation type was assumed to grow to undisturbed potential height 
and density. 

Using the rules described above, automated near stream vegetation sampling (Steps 1-3 in Section 
A2.3.5.1) was repeated to determine the natural system potential condition for each stream reach.  
Potential tree heights were determined based on local expertise and are consistent with regional plant 
guide literature (Johnson and Simon 1987, Johnson 1998).  Potential near stream vegetation conditions 
were used in stream temperature modeling scenarios for the Wallowa River to target Natural Thermal 
Potential (NTP) conditions, quantify the impacts of nonpoint source solar radiation loads, and ultimately to 
develop nonpoint source load allocations for the TMDL.   
 
The potential near stream vegetation communities identified in Table A-5 were also used in developing 
the generalized effective shade curves used to set load allocations for all other streams in the Lower 
Grande Ronde Subbasins (other than the Wallowa River).    
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Table A-5.  Potential Vegetation Communities (Wallowa County TMDL Committee, 2003) 

Potential Vegetation Communities  
with Dominant Species Composition 

Average Mature 
Tree Height  
feet (meters) 

Average Shade 
Producing Height  

feet (meters) 

Mixed Conifer above 6000 feet: 
Lodgepole Pine & alpine fir 

65-75 
(19.8-22.9) 

45-55 
(13.7-16.8) 

Old Growth Conifer: 
Ponderosa Pine & Douglas fir 

120 
(36.6) 

120 
(36.6) 

Wallowa River valley bottom: 
Englemann Spruce 

120 
(36.6) 

100 
(30.5) 

Cottonwood Galleries 80-90 
(24.4–27.4) 

80-90 
(24.4–27.4) 

Valley Bottom Mixed Deciduous: 
Alder, Willow, Cottonwood 
Hawthorne, Snowberry, Dogwood 
Currents, Mock Orange, Rose 

25 (7.6) 25 (7.6) 

Mixed Conifer: 
Ponderosa Pine, Douglass Fir, Larch 

100-105 
(30.5–32.0) 

80-85 
(24.4–25.9) 

Mixed Deciduous <2000 feet elevation: 
Where alders are dominant, increase heights to 
as much as 35 ft (Lower Grande Ronde River, 
Lower Imanha River, Lower Joseph Creek) 

30-35 
(9.1-10.7) 

30-35 
(9.1-10.7) 

 

A2.3.6  Mass Balance Analysis 
Where available, TIR sampled stream temperature data can be used to develop a mass balance for 
stream flow using minimal ground level data collection points.  Simply identifying mass transfer areas is 
an important step in quantifying heat transfer within a stream network.  The TIR temperature data was 
used to identify mass transfer areas occurring in the Wallowa River.  Figure A-23 displays the 
longitudinal flow mass balance derived from measured flows, OWRD points of diversion data, and TIR 
temperature data.  The “potential flow” shown on the chart assumes that there are no withdrawals, 
diversions, or returns.    
 
All stream temperature changes that result from mass transfer processes (i.e., tributary confluence, point 
source discharge, groundwater inflow, etc.) can be described mathematically using the following 
relationship: 
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where, 

Qup: Stream flow rate upstream from mass transfer process 
Qin: Inflow volume or flow rate 
Qmix: Resulting volume or flow rate from mass transfer process (Qup + Qin) 
Tup: Stream temperature directly upstream from mass transfer process 
Tin: Temperature of inflow 
Tmix: Resulting stream temperature from mass transfer process assuming complete mix 
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All water temperatures (i.e., Tup, Tin and Tmix) are apparent in the TIR sampled stream temperature data.  
Provided that at least one instream flow rate is known the other flow rates can be calculated. 
 
Water volume losses are often visible in TIR imagery since diversions and water withdrawals usually 
contrast with the surrounding thermal signature of landscape features.  Highly managed stream flow 
regimes can become complicated where multiple diversions and return flows mix or where flow diversions 
and returns are unmapped and undocumented.  In such cases it becomes important to establish the 
direction of flow (i.e., influent or effluent).  With the precision afforded by TIR sampled stream 
temperatures, effluent flows are generally indicated when temperatures are the same (because of the low 
probability of an inflow with precisely the same temperature as the receiving stream).  Temperature 
differences indicate that the flow is influent.  This holds true even when observed temperature differences 
are very small.  The rate of water loss from diversions or withdrawals cannot be easily calculated.  
Oregon DEQ estimates water withdrawal flow rates from the water right information maintained by 
OWRD. 
 

Discussion of Assumptions and Limitations for Mass Balance Methodology 

 
1. Small mass transfer processes are not accounted.  A limitation of the methodology is that only 

mass transfer processes with measured ground level flow rates or those that cause a quantifiable 
change in stream temperature with the receiving waters (i.e., identified by TIR data) can be analyzed 
and included in the mass balance.  For example, a tributary with an unknown flow rate that cause 
small temperature changes (i.e., less than ±0.5oF) to the receiving stream cannot be accurately 
included.  This assumption can lead to an under estimate of influent mass transfer processes. 

2. Limited ground level flow data limit the accuracy of derived mass balances.  Errors in the 
calculations of mass transfer can become cumulative and propagate in the methodology since 
validation can only be performed at sites with known flow rates.  These mass balance profiles should 
be considered estimates of a steady state flow condition. 

3. Water withdrawals are not directly quantified.  Instead, water right data is obtained from the POD 
and WRIS OWRD databases.  An assumption is made that these water rights are being used if water 
availability permits.  This assumption can lead to an over estimate of water withdrawals. 

4. Water withdrawals are assumed to occur only at OWRD mapped points of diversion sites.  
There may have been additional diversions occurring throughout the stream network.  This 
assumption can lead to an underestimate of water withdrawals and an under estimate of potential 
flow rates. 

5. It is not possible to determine the amount of return flows derived from ground water 
withdrawals relative to those derived from instream withdrawals.  Some of the irrigated water 
comes from ground water sources.  Therefore, one should assume that portions of the return flows 
are derived from ground water sources.  Return flows can occur over long distances from irrigation 
application and generally occur at focal points down gradient from multiple irrigation applications.  It is 
not possible to estimate the portion of irrigation return flow that was pumped from ground water rights.  
In the potential flow condition all return flows are removed from the mass balances.  This assumption 
can lead to an under estimate of potential flow rates. 

6. Return flows may deliver water that is diverted from another watershed.  In some cases, 
irrigation canals transport diverted water to application areas in another drainage.  This is especially 
common in low gradient meadows, cultivated fields and drained wetlands used for agriculture 
production.  The result is that accounting for a tributary flow in the potential flow condition is extremely 
difficult.  DEQ is unable to track return flows to withdrawal origins between drainage areas.  When 
return flows are removed in the potential flow condition this assumption can lead to an under estimate 
of potential tributary flow rates.  
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Figure A-23.  Longitudinal flow mass balance for the Wallowa River 
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A3.  SIMULATIONS 
The data sources described in the previous Chapter were used to set up Heat Source models for 
temperature and effective shade for the Wallowa River.  All solar radiation loads are the clear sky 
received loads that account for Julian time, elevation, atmospheric attenuation and scattering, stream 
aspect, topographic shading, near stream vegetation, stream surface reflection, water column absorption 
and stream bed absorption.  An overview of stream heat transfer processes is provided in Section A1.1. 

Model Used 

• Heat Source, version 7.02 

Simulation Extent 

• Wallowa Lake outlet to the mouth (84.4 miles or 135.8 kilometers) 

Simulation Period 

• August 14 – September 2, 1999 

Simulation Resolution 

• Time step: one minute 
• Input distance step:  50 meters 
• Output distance step: 100 meters 

 

A3.1  Overview of Modeling Purpose, Valid Applications & Limitations  
An overview of the different components of the models is provided in Sections A3.1.1 – A3.1.4 below, 
including modeling purpose, valid applications and limitations for each type of analysis. 

A3.1.1  Near Stream Vegetation Analysis 
Modeling Purpose 

• Quantify existing near stream vegetation types and physical attributes. 
• Develop a methodology to estimate potential conditions for near stream vegetation. 
• Establish threshold near stream vegetation type and physical attributes for the stream 

network, below which vegetation conditions are considered to deviate from a potential 
condition.  

• Develop near stream vegetation input parameters for the Effective Shade Analysis (Section 
A3.1.2). 

 
Valid Applications 

• Estimate current condition near stream vegetation type and physical attributes. 
• Estimate potential condition near stream vegetation type and physical attributes. 
• Identify site-specific deviations of current near stream vegetation conditions from threshold 

potential conditions. 
 

 
 

                                                           
2 Heat Source documentation “Analytical Methods for Dynamic Open Channel Heat and Mass Transfer: Methodology for Heat 
Source Model Version 7.0” (Boyd and Kasper, 2003) is available on-line at http://www.deq.state.or.us/wq/TMDLs/tools.htm. 

 

http://www.deq.state.or.us/wq/TMDLs/tools.htm
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Limitations 
• Methodology is based on ground level and GIS data such as vegetation surveys and digitized 

polygons from DOQs.  Each data source has accuracy considerations. 
• Associations used for vegetation classification are assigned median values to describe 

physical attributes, and in some cases, this methodology significantly underestimates 
landscape variability. 

A3.1.2  Effective Shade Analysis 
Modeling Purpose 

• Simulate current condition effective shade levels over stream network. 
• Simulate potential condition effective shade levels based on channel width and vegetation 

types and physical attributes over stream network. 
• Calculate solar heat flux associated with both current condition and potential condition 

effective shade levels. 
• Establish threshold effective shade values for the stream network, below which current 

conditions are considered to deviate from a potential condition.  
• Provide vegetation type specific shade curves that allow target development where site-

specific targets are not completed (i.e., establish relationships between effective shade and 
channel width, for a specified aspect and vegetative condition). 

• Develop shade and heat flux parameters for use in the Stream Temperature Analysis 
(Section A3.1.4). 

 
Valid Applications 

• Estimate current condition effective shade and heat flux over the stream network. 
• Estimate potential condition effective shade and heat flux over the stream network. 
• Identify site-specific deviations of current effective shade conditions from threshold potential 

conditions. 
 

Limitations 
• Limitations for input parameters apply (i.e., near stream vegetation type and physical 

attributes). 
• The period of simulation is valid for effective shade values that occur in late August. 
• Assumed channel widths where they were not measurable from aerial photographs may 

reduce accuracy of the effective shade simulation. 

A3.1.3  Hydrology Analysis 
Modeling Purpose 

• Map and quantify surface and subsurface flow inputs and withdrawal outputs. 
• Develop a mass balance for the stream network by quantifying existing instream flow volume. 
• Quantify average velocity and average stream depth as a function of flow volume, stream 

gradient, average channel width and channel roughness. 
• Develop a potential mass balance that estimates flow volumes when withdrawals and artificial 

surface returns are removed.   
• Develop hydrology input parameters for use in the Stream Temperature Analysis (Section 

A3.1.4). 
 

Valid Applications 
• Estimate current condition flow volume, velocity and stream depth. 
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• Estimate natural potential condition flow volume, velocity and stream depth. 
• Identify site specific deviations of current mass balance from the threshold potential mass 

balance. 
 

Limitations 
• Small mass transfer processes are not accounted. 
• Limited ground level flow data limit the accuracy of derived mass balances. 
• Water withdrawals are not directly quantified 
• Water withdrawals are assumed to occur only at OWRD mapped points of diversion. 
• Return flows are oversimplified. 
• It is not possible to determine the amount of return flows derived from ground water 

withdrawals relative to those derived from instream withdrawals. 
• Return flows may deliver water that is diverted from another watershed. 
• Inter-annual variations are not simulated. 
• Intra-annual variations are not simulated. 

A3.1.4  Stream Temperature Analysis 
Modeling Purpose 

• Analyze current condition stream temperature over stream network during low flow/warm 
season. 

• Analyze natural potential condition stream temperature based on potential vegetation types 
and physical attributes and flow volume over stream network. 

• Establish threshold stream temperature values for the stream network, above which current 
conditions are considered to deviate from a natural potential condition.  

• Evaluate temperature differences between conditions with and without anthropogenic 
warming. 

• Provide riparian condition and temperature goals that are protective of beneficial uses.  
• Provide a robust methodology for stream heating and temperature analysis, provided data 

and analytical constraints. 
 

Valid Applications 
• Estimate critical condition stream temperatures over the stream network. 
• Estimate natural potential critical condition stream temperatures over the stream network. 
• Identify site-specific deviations of current stream temperatures from natural potential 

conditions. 
• Analyze the sensitivity of single or multiple parameters on stream temperature regimes. 
• Identify stream temperature distributions during low flow/warm season.  

 
Limitations 

• Limitations for input parameters apply (i.e., channel morphology, near stream vegetation type 
and physical attributes and hydrology). 

• Accuracy of the methodology is limited to validation statistics of results. 
• Stream temperature results are limited to the Wallowa River.  Application of the stream 

temperature output to other streams within or outside of the Subbasins is not valid.   
• The period of simulation is valid for stream temperature values that occur in mid to late 

August. 
• Inter-annual variations are not simulated. 
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• Intra-annual variations are not simulated. 
 

A3.2  Effective Shade Analysis 
Effective shade can be thought of as the amount of daily solar radiation directed toward the stream that is 
blocked by features such as topography and vegetation.  Factors that influence stream surface effective 
shade and are incorporated into the simulation methodology include the following: 
 
Season/Time: Date/Time 
Stream Morphology:  Aspect, Channel Width, Incision 
Geographic Position:  Latitude, Longitude, Topography 
Land Cover:  Near Stream Vegetation Height, Width, Density 
Solar Position:  Solar Altitude, Solar Azimuth 
 

A3.2.1  Site-Specific Effective Shade Simulations  
Site-specific effective shade and heat flux simulations were performed for the Wallowa River.  Three 
different effective shade scenarios were simulated, as shown in Table A-6.  Once the current condition 
effective shade model was calibrated, a potential near stream vegetation scenario was simulated.  
Natural site potential vegetation was estimated as described in Section A2.3.5.  The amount of shade 
provided by topographic features was also determined.  This scenario provided the lower end of the 
Natural Disturbance Range, indicating the amount of shade that the stream would receive if topography 
was the only shade-producing feature (i.e. in the absence of vegetation).   The results of the simulations 
are shown in Figure A-24. 
 
Table A-6.  Site-specific effective shade simulations 

Scenario 1: 
Current Condition:  This simulation establishes current effective shade 
by modeling the vegetation and anthropogenic landcover that was 
present at the time of the DOQ was produced (1994/1995). 

Scenario 2: 
(TMDL Loading 

Capacity) 
System Potential Vegetation: The simulation establishes effective shade 
that would be possible under natural conditions. 

Scenario 3: 
Topographic Shade: The scenario establishes the effective shade from 
natural topography by removing all vegetation and anthropogenic 
landcover such as houses and buildings. 
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Figure A-24.  Effective shade – Current Condition and System Potential during late August 

 
 
 

A3.2.2  Generalized Effective Shade Curves  
Generalized effective shade curves were developed for streams where site-specific effective shade 
simulations were not completed as. The effective shade curves account for latitude, critical summertime 
period (August), elevation and stream aspect and display effective shade levels for a potential vegetation 
type as a function of channel width.  Stream aspect is based on coordinate directions, such as North-
South, East-West, and Northeast-Northwest.   
 
The potential vegetation communities and the associated height and density were determined by the 
Wallowa County TMDL Committee as shown in Table A-5.  The results of the shade curve development 
are shown in Figure 2-8 in the TMDL document.  An example is shown here in Figure A-25.  Refer to 
Section 2.9.2 in the TMDL document for additional discussion of the use of the curves.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 



DRAFT Lower Grande Ronde Subbasins TMDL                                         Public Review Draft – May 2010 

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY             A-41 
 

H Background 
Solar

  

Figure A-25.  Generalized warm-season system potential effective shade curve for the Old Growth Conifer 
Community in the Lower Grande Ronde Subbasins (North-South, East-West, and Northeast-Northwest refer 
to stream aspect.) 

 
 

 

A3.3  Total Daily Solar Heat Load Analysis 
Solar heat is established as a primary pollutant in stream heating processes.  The total daily solar heat 
load is the cumulative (entire stream surface area) solar heat received by a stream over one day during 
the critical period (i.e., July/August period).  For the purposes of this analytical effort, the total solar heat 
load ( solarΗ in the equation below) is the longitudinal sum of the products of the daily solar heat flux and 
surface area of exposure for each stream reach (i.e., for each stream data node every 50 meters).   

 
Hsolar = Σ(Φsolar *Ay) = Σ (Φsolar * Wwetted * dx) 

 
Background (NTP) levels of solar heat estimate the portion of the total daily solar heat load that occurs 
when anthropogenic nonpoint sources of heat are minimized.   The total daily solar load is calculated for 
both the current condition (Hsolar) and the potential condition (                 ).  The anthropogenic nonpoint 
source total daily solar load is the difference between the existing total daily solar load and the 
background total daily solar load (see equation below).  
 

H NPS = H  - H Background 
solar solar Solar 

 
 
 
 
 

O
ld

 G
ro

w
th

 P
on

de
ro

sa
, D

ou
g.

 F
ir:

12
0 

Ft
. A

vg
. T

re
e 

H
ei

gh
t, 

75
%

 D
en

si
ty

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

0 25 50 75

100

125

150

175

200

225

250

275

300

Channel Width (meters)

Su
rr

og
at

e 
M

ea
su

re
Ef

fe
ct

iv
e 

Sh
ad

e

0

31

62

94

125

156

187

218

250

281

312

0 8 15 23 30 38 46 53 61 69 76 84 91

Channel Width (feet)

So
la

r R
ad

ia
tio

n 
Fl

ux
 (W

/m
2 )

0 or 180 degrees from North
45, 135, 225 or 315 degrees from North
90 or 270 degrees from North
Average



DRAFT Lower Grande Ronde Subbasins TMDL                                         Public Review Draft – May 2010 

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY             A-42 
 

where, 
 
Ay: Stream surface area unique to each stream segment (m2) 

dx: Stream segment length and distance step in the methodology (m) 

Φsolar: Solar heat flux unique to each stream segment (MW m-2) 

Hsolar: Total daily solar heat load delivered to the stream (MW) 

H NPS : Portion of the total daily solar heat load delivered to the stream that originates from 
anthropogenic nonpoint sources of pollution (MW) solar 

H Background : Portion of the total daily solar heat load delivered to the stream that originates from solar 
input not affected by human activities (MW) Solar 

Wwetted: Wetted width unique to each stream segment (m) 
 
The total daily heat load analysis was done for the Wallowa River.   Of the total daily heat loading that 
occurs during the summertime critical condition, 85% is attributed to natural background sources and 
15% is from anthropogenic nonpoint sources. 
 

A3.4  Stream Temperature Simulations 
Stream temperature modeling was done on the Wallowa River.  Site specific shade modeling was done 
as described in Section A3.2.  In addition to effective shade and flux, hydraulic parameters and stream 
temperature were simulated every 100 meters longitudinally as well.  Simulations were completed for a 
20-day period (August 14-September 2, 1999).  Prediction time steps were limited by stability 
considerations for the finite difference solution method.  Simulation periods represent the critical 
summertime period.  The limitations and assumptions for each of the different analysis included in Heat 
Source are described in Sections A3.1.1-A3.1.4. 

A3.4.1  Model Validation - Simulation Accuracy 
For the purposes of this analytical effort, validation refers to the statistical comparison of measured and 
simulated data.  Standard error statistics were calculated for TIR derived spatial temperature data sets 
and instream measured temporal temperature data sets (Table A-7).  Each measurement of temperature 
is discrete and was used to assess model accuracy.  Simulation outputs are only accurate to levels that 
exceed the validation statistics.  A statistically significant simulated result is one that produces a 
temperature change greater than validation statistics listed in Table A-7. 
 
Stream temperatures derived from TIR data offer an extremely robust validation data set for spatial 
stream temperature simulation tools.  Since the TIR temperature data is continuous, the number of 
simulated temperatures available for model validation is limited to model resolution.  With TIR 
temperature data, the spatial scalability for any given methodology is unlimited by validation data.  This 
represents a significant improvement over previous data sources.   
 
Spatial and temporal data is stratified in the validation to test for biases in the simulation methodology.  
Since TIR temperature data sets are robust spatially, there is a possibility that the simulation could be 
calibrated to the specific time when TIR data was obtained, yet perform poorly for other periods of the 
day.  However, validation statistics demonstrate that this is not the case.  Figure A-26 displays the 
measured TIR temperatures versus the simulated temperatures.   
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Table A-7.  Stream temperature simulation validation 

 Validation Statistic Wallowa River Model Performance 

Temporal Instream Data 
Samples (n) 240 

Standard Error (°C) 0.5 

Spatial TIR Derived Data 
Samples (n) 845 

Standard Error (°C) 0.4 

 
 
Figure A-26.  Stream temperature simulation calibration 
 

 

A3.4.2  Simulated Scenarios 
Once the current condition stream temperature model was calibrated for the Wallowa River, three 
different scenarios were then simulated by changing one or more stream input parameters and then re-
running the model over the 20-day simulation period (Table A-8).  The simulated scenarios focused 
largely on estimated natural potential conditions for vegetation and derived flow mass balances.  
Combinations of these potential conditions were also simulated to investigate the cumulative thermal 
effect of attaining defined conditions.   
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Table A-8. Summary of simulated scenarios 

Current Condition Current Condition (August 1999) 

Potential Veg System Potential Near Stream Vegetation 
Current Flows 

Potential Veg/Tribs 
System Potential Near Stream Vegetation 
Reduced Tributary Temperatures3 
Current Flows 

Potential Veg/Tribs/Flow 
(Natural Thermal Potential) 

System Potential Near Stream Vegetation 
Reduced Tributary Temperatures 
Natural Flows (no water withdrawals)  

 
 
Figure A-27 compares the results of the four simulations with results displayed for the day the TIR data 
was collected.   The top graph shows the simulated temperatures for each scenario that would have been 
observed at the time the TIR data was collected.  The bottom graph compares the diurnal temperature 
range observed on that day under current condition and natural thermal potential conditions.  Model 
output was also available for every hour of the 20-day simulation period.  This enabled calculation of the 
moving seven-day average of the daily maximums (7DADM), providing for comparison of simulated 
natural condition and biologically-based temperature standard criteria, which is based on the 7DADM 
statistic.  The results of this analysis are provided in Section 2.13 of the main TMDL document.   
 
 
 
   
  

                                                           
3 If tributary temperatures exceeded the numeric criteria, then temperatures were set to approximate the temperature of other cooler 
temperatures in the Subbasin under this scenario.  Tributaries that currently were below the numeric criteria were left at their current 
temperature.  
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Figure A-27.  Wallowa River temperature simulation results 
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Appendix B:  Abbreviations 
 

7DADM  Seven-day average of daily maximum temperatures 
AWQMAP Agricultural Water Quality Management Area Plan 
AWMP Animal Waste Management Plan 
Ave, Avg Average 
bkgd Background 
BLM  United States Bureau of Land Management 
BMP Best Management Practice 
ºC Degrees Celsius 
CAFO Confined Animal Feeding Operation 
cm Centimeter 
CFR Code of Federal Regulations 
cfs Cubic Feet Per Second 
COOP Cooperative Observer Program 
CRITFC Columbia River Inter-Tribal Fish Commission 
CWA Clean Water Act 
DBH Diameter at Breast Height 
DEM Digital Elevation Model 
DEQ Oregon Department of Environmental Quality 
dl Deciliter (100 milliliters) 
DMA Designated Management Agency 
DOGAMI Oregon Department of Geology and Mineral Industries 
DOQ Digital Orthophoto Quadrangle 
d/s Downstream 
DSL Oregon Department of State Lands 
E Effluent 
E. Coli Escherichia coli  
EPA United States Environmental Protection Agency 
ºF Degrees Fahrenheit 
FPA Forest Practices Act 
ft Feet 
gal Gallons 
GIS Geographic Information Systems 
GPS Global Position Sensor 
HUA Human Use Allowance 
HUC Hydrologic Unit Code 
I&I Infiltration and inflow 
km Kilometer 
LA Load Allocation 
LASAR Laboratory Analytical Storage and Retrieval Database 
LC Loading Capacity 
Log Logarithmic 
m Meter 
ml Milliliter 
MAO Mutual Agreement and Order 
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Max Maximum 
MGD Million Gallons per Day 
Min Minimum 
MOU Memorandum of Understanding 
MOS Margin of Safety 
MPN Most Probable Number 
MW Megawatt 
NAIP National Agriculture Imagery Program 
NLCD National Land Cover Database 
NOAA National Oceanic and Atmospheric Administration 
NON Notice of Noncompliance 
NPDES National Pollutant Discharge Elimination System 
NPS Nonpoint Source 
NRAC Natural Resource Advisory Committee 
NRCS Natural Resources Conservation Service 
NTP Natural Thermal Potential (Natural Condition Criteria, OAR 340-041) 
OAR Oregon Administrative Rules 
OCF Oregon Community Foundation 
ODA Oregon Department of Agriculture 
ODF Oregon Department of Forestry 
ODFW Oregon Department of Fish and Wildlife 
ODOT Oregon Department of Transportation 
Org Organisms 
ORS Oregon Revised Statutes 
OSU Oregon State University 
OWEB Oregon Watershed Enhancement Board 
OWRD Oregon Department of Water Resources 
POD Point of Diversion 
PS Point Source 
Q Flow 
R River 
RC Reserve Capacity 
RHCA Riparian Habitat Conservation Area 
S Dilution Ratio 
SB Senate Bill 
STP Sewage Treatment Plant 
SHRP Salmon Habitat Recovery Plan 
SWCD Soil and Water Conservation District 
T Temperature 
TIR Thermal Infrared Radiometry(synonym for Forward Looking Infrared Radiometry) 
TMDL Total Maximum Daily Load 
Tribs Tributaries 
USACE United States Army Corps of Engineers 
USDI United States Department of the Interior 
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USFS United States Forest Service 
USFWS United States Fish and Wildlife Service 
USGS United States Geological Survey 
u/s Upstream 
Veg Vegetation 
W Watt 
WLA Wasteload Allocation 
WPCF Water Pollution Control Facilities 
WQMP Water Quality Management Plan 
WQRP Water Quality Restoration Plan 
WRIS Water Rights Information System 
 
 




