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CHAPTER 1 - EXECUTIVE SUMMARY
1.1 WATER QUALITY SUMMARY
Section 303(d) of the Federal Clean Water Act (CWA) requires that a list be developed of all impaired or
threatened waters within each state. This list is called the 303(d)1 list after the section of the CWA that
requires it. In Oregon, the Oregon Department of Environmental Quality (ODEQ) is responsible for this
work. Section 303(d) also requires that the state establish a Total Maximum Daily Load (TMDL) for any
waterbody designated as water quality limited (with a few exceptions, such as in cases where violations
are due to natural causes). TMDLs are written plans and analyses established to ensure that
waterbodies will attain and maintain water quality standards.
The Western Hood Subbasin, specifically the Hood River watershed, has stream segments listed on the
1998 Oregon 303(d) list for temperature (seven stream segments), and elevated pH (the Hood River
below the Powerdale Dam). ODEQ is proposing to establish a TMDL for temperature for streams in the
Hood River watershed. ODEQ is proposing to develop a TMDL for pH during the next TMDL review of
the Hood River watershed.

1.2 TMDL SUMMARIES
Temperature: The temperature water quality standard uses numeric and qualitative triggers to invoke a
condition that requires “no measurable surface water increase resulting from anthropogenic activities.”
The temperature TMDL targets anthropogenic sources of heat from two sources: increased solar
radiation heat loading and heat from point source warm water discharges. The loading capacity is the
total allowable daily heat loading. Load allocations are developed for anthropogenic and background
nonpoint sources of heat, as well as for the Powerdale Hydroelectric Project and the Laurance Lake
Reservoir. The load allocations for the Powerdale Project and Laurance Reservoir are based on limiting
thermal heating so that there is no measurable increase (0.25oF) in stream temperatures during critical
periods. Waste load allocations are developed for 13 point sources and are also based on limiting
thermal impact so that there is no measurable increase (0.25oF) in stream temperatures. Both implicit
and explicit margins of safety are provided in the temperature TMDL.
Threatened and endangered cold water salmonids reside in the Western Hood Subbasin and numeric
and narrative triggers for the temperature standard apply. Approximately 16.7% of the stream network
modeled (Hood River, portions of East Fork Hood River and portions of Neal Creek) currently experience
maximum daily temperatures above 64oF (17.8oC) in early-August during the salmonid rearing period.
Temperature modeling which minimized human sources of heat on the Hood River, the East Fork Hood
River and Neal Creek found that 100% of the streams modeled would be below 64oF (17.8oC) during the
rearing period. Generally speaking, the East Fork Hood River, Hood River and Neal Creek currently
experience critical condition maximum daily temperatures in the low- to mid-60oF range. Under the
allocated system potential condition, maximum daily temperatures shifted to the mid-50oF to low-60oF
range.
Simulations were only done for the rearing period. The determination of spawning time periods and
locations for application of the 55oF state temperature criterion were not identified for the Hood River
watershed until September, 2000 to address State Conservation Measure 4 (ODEQ, 2000). Because of
this late determination, insufficient flow data was collected during the salmonid spawning period to enable
simulations to be performed. Attainment of the 55oF criterion is addressed in this TMDL in the
development of load allocations through making conservative assumptions about thermal conditions and
assigning a “no measurable increase” load to point sources and the Powerdale Project during the
spawning period.
1

The 303(d) list is a list of stream segments that do not meet water quality standards.
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Percent effective shade is used as a surrogate measure for nonpoint source pollutant thermal loading
since it offers a more straightforward parameter to monitor and measure than a load of kcal/day. Percent
effective shade is more easily translated into quantifiable water management objectives. Site specific
effective shade surrogates can be used to assess TMDL nonpoint source load allocation attainment.
Attainment of surrogate measures ensures attainment of the nonpoint source allocations.
pH: Hood River below the Powerdale Hydroelectric Project diversion (the “bypass reach”) is listed as
violating the pH standard based on data collected in 1995 and 1996 by PacifiCorp. The pH levels which
resulted in the 303(d) listing were values of 8.85 (observed on May 10, 1995) and of 8.55-9.0 (observed
on June 10-16, 1996). In anticipation of developing a TMDL for pH, ODEQ and PacifiCorp developed a
monitoring plan to collect the necessary data for running a pH model and determining load allocations.
During May and/or June in 1999, 2000 and 2001, PacifiCorp collected grab samples at the bottom of their
bypass reach and analyzed them for pH. If an exceedance of the 8.5 standard was observed, ODEQ was
prepared to mobilize and collect the much broader suite of parameters required to run the model. Data
was to be collected at numerous points in the Hood River and at the mouths of all the major tributaries in
the bypass reach. However, in their water quality monitoring efforts since 1999, ODEQ and PacifiCorp
have not observed a pH violation and have therefore not been able to collect the data necessary to
develop load allocations.
Based on an initial assessment of the data collected, it appears that pH levels in the Hood River are
related to the amount of instream flow as well as nutrient inputs, glacial turbidity and instream
temperature. It is hypothesized that there is a window in the late spring or early summer when the river
experiences increased algal growth and is susceptible to pH violations. During this period, instream
temperatures start to increase and flows start to decrease. This window closes when the glacial turbidity
enters the river in early summer, effectively blocking off light for algal production.
During 1999 and 2000, flows at Tucker bridge were generally higher in May and early June than they
were during 1995 and 1996. This could be a possible explanation for the lower pH values observed in
1999 and 2000. And in 2001, turbidity remained unusually high in the Hood River during the spring
because of the re-release of sediment deposited during the Newton glacial event in September, 2000.
ODEQ, in conjunction with PacifiCorp, intends to continue monitoring this segment of the river to
determine if pH exceedances do occur. PacifiCorp is required to do this monitoring under their Section
401 water quality certification granted by ODEQ as part of PacifiCorp’s new Federal Energy Regulatory
Commission (FERC) relicense of the Powerdale Hydroelectric Project. If and when this occurs, ODEQ
will collect sufficient data, as described above, to develop a TMDL to address pH. A pH TMDL would be
completed as soon as resources allow if a TMDL is deemed necessary, but certainly no later than the
next time the Hood TMDL is reviewed by ODEQ.
Water Quality Management Plan (WQMP): To address this TMDL, a WQMP has been developed
focusing on the following areas:
•
•
•

Establishing and protecting riparian area vegetation;
Temperature control in permitted discharges
Temperature control relative to flow management below dams.

The Designated Management Agencies (DMAs) include: Mount Hood National Forest, Hood River
County, City of Hood River, Oregon Department of Agriculture, Oregon Department of Forestry, Oregon
Department of Transportation, Bonneville Power Administration, and the Middle Fork Irrigation District.
Each DMA has submitted individual Implementation Plans. An evaluation of each implementation plan is
included in Chapter 5. In those cases where individual implementation plans do not exist or are
incomplete, these DMAs will be required to prepare and submit individual implementation plans once the
TMDL is approved by the Environmental Protection Agency.
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CHAPTER 2 – OVERVIEW AND BACKGROUND
2.1 INTRODUCTION
The Middle Columbia-Hood River Basin is in the
north-central part of Oregon occupying
approximately 1051 square miles. The rivers and
creeks in the basin are tributaries to the Columbia
River, originating on the eastern slope of the
Cascade Range and flowing north from Mt. Hood
(elevation 11,235 feet) to the Columbia River
(elevation 74 feet). This TMDL will address the
western half of the Middle Columbia-Hood River
Basin, including five of the nine “Watersheds” or 5th
field watersheds (USGS, 1989) in the Subbasin.
This portion of the Middle Columbia-Hood River
Basin will hereafter be referred to in this TMDL as
the “Western Hood Subbasin”.

Astoria

Hood
River

Portland

The
Dalles

Western
Hood
SubBasin
Middle CoumbiaHood River Basin

Salem

The Western Hood Subbasin encompasses an
area of approximately 450 square miles. The major
tributaries to the Columbia in the Western Hood
Subbasin include Eagle Creek, Herman Creek,
Phelps Creek, and the Hood River. Because water quality impairments, and hence 303(d) listings,
have only been observed in the Hood River watershed, this TMDL will primarily focus on that
watershed.
The Western Hood Subbasin supports a wide range of forest, agriculture, urban and recreational
activities. With a projected 2000 population of 5,582 (Hood River Chamber of Commerce, 2001), the City
of Hood River is largest urban area in the Subbasin. Smaller urban/residential centers are found in the
Towns of Parkdale and Odell (both unincorporated) and the City of Cascade Locks (projected 2000
population of 1,174). There are three wastewater treatment plants (WWTPs) with permitted surface water
discharges in the Subbasin serving Odell, Parkdale and the Mount Hood Meadows Ski Area. There are
also four fruit packing plants with permitted cooling water discharges in the Odell and Parkdale areas.
The Subbasin lies entirely within Hood River County.
The Western Hood Subbasin supports bull trout, spring Chinook salmon, summer and winter steelhead,
rainbow and cutthroat trout, and lesser numbers of fall Chinook and coho salmon. Hood River fish
populations have declined markedly in the last decades. Native Hood River spring Chinook became
extinct in the early 1970s. In 1998, steelhead and bull trout were listed as Threatened under the
Endangered Species Act.

2.2 TOTAL MAXIMUM DAILY LOADS
2.2.1 What is a Total Maximum Daily Load (TMDL)?
The quality of Oregon’s streams, lakes, estuaries and groundwater is monitored by the Oregon
Department of Environmental Quality (ODEQ) and other agencies. This information is used to determine
whether water quality standards are being violated and, consequently, whether the beneficial uses of the
waters are impaired. Beneficial uses include fisheries, aquatic life, drinking water, recreation and
irrigation and others. Specific State and Federal regulations determine if violations have occurred. These
include the Federal Clean Water Act of 1972 and the associated regulations in 40 Code of Federal
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Regulations 130 & 131, the Oregon Revised Statute (ORS Chapter 468) and the Oregon Administrative
Rules (OAR Chapter 340).
The term water quality limited is applied to streams and lakes where required treatment processes are
being used, but violations of State water quality standards occur. Section 303(d) of the Federal Clean
Water Act requires the EPA or delegated states, such as Oregon, to prepare a list of water bodies where
these violations occur. The resulting list (the “303(d) list”) is a comprehensive catalog of all waterbodies
in the state that fail to meet one or more water quality criteria based on available data. With few
exceptions, such as in cases where violations are due to natural causes, the State must also establish a
Total Maximum Daily Load or TMDL for any waterbody designated as water quality limited. A TMDL is a
determination of the total amount of a pollutant (from all sources) that can be present in a specific
waterbody and still meet water quality standards.
The total permissible pollutant load is allocated to point, nonpoint, background and future sources of
pollution. Wasteload Allocations are portions of the total load that are allotted to point sources of
pollution, such as sewage treatment plants or industries. The Wasteload Allocations are used to
establish effluent limits in discharge permits. Load Allocations are portions of the Total Maximum Daily
Load that are attributed to either natural background sources, such as soils, or from nonpoint sources,
such as urban, agriculture or forestry activities or from dams. Allocations can also be set aside in reserve
for future uses. Simply stated, allocations are quantified measures designed to achieve water quality
standard compliance. The TMDL is the integration of all these developed Wasteload and Load
Allocations.

2.2.2 Elements of a TMDL
The EPA has the authority under the Clean Water Act to approve or disapprove TMDLs that states
submit. When a TMDL is officially submitted by a state to EPA, EPA has 30 days to take action on the
TMDL. In the case where EPA disapproves a TMDL, EPA would need to establish the TMDL themselves
within 30 days.
The required elements of a TMDL that must be submitted to EPA include:
1. A description of the geographic area to which the TMDL applies;
2. Specification of the applicable water quality standards;
3. An assessment of the problem, including the extent of deviation of ambient conditions from water
quality standards;
4. Evaluation or seasonal variations;
5. Identification of point sources and nonpoint sources;
6. Development of a loading capacity including those based on surrogate measures and including
flow assumptions used in developing the TMDL;
7. Development of Waste Load Allocations for point sources and Load Allocations for nonpoint
sources;
8. Development of a margin of safety.

2.2.3 TMDLs Addressed in this Report
This report contains a TMDL for the following parameter:
z

Temperature

The main text summarizes the eight elements listed above for the temperature TMDL.
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2.3 TMDL IMPLEMENTATION
2.3.1 Water Quality Management Plans (WQMPs)
Implementation of TMDLs is critical to the attainment of water quality standards. The support of
Designated Management Agencies (DMAs) in implementing TMDLs is essential. In instances where
ODEQ has no direct authority for implementation, ODEQ works with DMAs on implementation to ensure
attainment of water quality standards.
ODEQ intends to submit a WQMP to EPA concurrently with submission of TMDLs. Both the TMDL and
associated WQMP will be submitted by ODEQ to EPA as updates to the State’s Water Quality
Management Plan pursuant to 40 CFR 130.6.
The following are elements of the WQMPs that will be submitted to EPA:
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.

Condition assessment and problem description
Goals and objectives
Identification of responsible participants
Proposed management measures
Timeline for implementation
Reasonable assurance
Monitoring and evaluation
Public involvement
Costs and funding
Citation to legal authorities

Chapter 5 contains the above elements for DMAs in the Western Hood Subbasin and an evaluation of
each DMA’s implementation plan.

2.3.2 Implementation and Adaptive Management Issues
The goal of the Clean Water Act and associated Oregon Administrative Rules (OARs) is that water quality
standards shall be met or that all feasible steps will be taken towards achieving the highest quality water
attainable. This is a long-term goal in many watersheds, particularly where nonpoint sources are the
main concern. To achieve this goal, implementation must commence as soon as possible.
TMDLs are numerical loadings that are set to limit pollutant levels such that instream water quality
standards are met. ODEQ recognizes that TMDLs are values calculated from mathematical models and
other analytical techniques designed to simulate and/or predict very complex physical, chemical and
biological processes. Models and techniques are simplifications of these complex processes and, as
such, are unlikely to produce an exact prediction of how streams and other waterbodies will respond to
the application of various management measures. It is also recognized that there is a varying level of
uncertainty in the TMDLs depending on factors such as amount of data that is available and how well the
processes listed above are understood. It is for this reason that the TMDLs have been established with a
margin of safety. Subject to available resources, ODEQ will review and, if necessary, modify TMDLs
established for a subbasin on a five-year basis or possibly sooner if ODEQ determines that new scientific
information is available that indicates significant changes to the TMDL are needed.
WQMPs are plans designed to reduce pollutant loads to meet TMDLs. ODEQ recognizes that it may take
some period of time - from several years to several decades - after full implementation before
management practices identified in a WQMP become fully effective in reducing and controlling pollution.
In addition, ODEQ recognizes that technology for controlling nonpoint source pollution is, in many cases,
in the development stages and will likely take one or more iterations to develop effective techniques. It is
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possible that after application of all reasonable best management practices, some TMDLs or their
associated surrogates cannot be achieved as originally established.
ODEQ also recognizes that, despite the best and most sincere efforts, natural events beyond the control
of humans may interfere with or delay attainment of the TMDL and/or its associated surrogates. Such
events could be, but are not limited to, floods, fire, insect infestations, and drought.
In the Western Hood Subbasin TMDL, pollutant surrogates have been defined as alternative targets for
meeting the TMDL. The purpose of the surrogates is not to bar or eliminate human access or activity in
the subbasin or its riparian areas. It is the expectation, however, that this WQMP and the associated
DMA-specific Implementation Plans will address how human activities will be managed to achieve the
surrogates. It is also recognized that full attainment of pollutant surrogates (system potential vegetation,
for example) at all locations may not be feasible due to physical, legal or other regulatory constraints. To
the extent possible, the Implementation Plans should identify potential constraints, but should also
provide the ability to mitigate those constraints should the opportunity arise. For instance, at this time, the
existing location of a road or highway may preclude attainment of system potential vegetation due to
safety considerations. In the future, however, should the road be expanded or upgraded, consideration
should be given to designs that support TMDL load allocations and pollutant surrogates such as system
potential vegetation.
If a nonpoint source that is covered by the TMDL complies with its finalized Implementation Plan or
applicable forest practice rules, it will be considered in compliance with the TMDL.
ODEQ intends to regularly review progress of this WQMP and the associated Implementation Plans to
achieve TMDLs. If and when ODEQ determines that the WQMPs have been fully implemented, that all
feasible management practices have reached maximum expected effectiveness and a TMDL or its interim
targets have not been achieved, ODEQ shall reopen the TMDL and adjust it or its interim targets and the
associated water quality standard(s) as necessary.
The implementation of the TMDL and the associated plans is generally enforceable by ODEQ, other state
agencies and local government. However, 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 ODEQ. The latter may be based
on departmental orders to implement management goals leading to water quality standards.
An unlisted point source may be issued a permit for discharge of the pollutant causing impairment,
without modification of the TMDL, if it is demonstrated that the discharge will not cause or contribute to a
violation of the water quality standard (See 40 CFR 122.44(d) in the NPDES permitting regulations). New
discharges that achieve water quality standards at end-of-pipe would be candidates for permitting without
a TMDL modification. For instance, in temperature impaired waters, it may be allowable for a new facility
to discharge wastewater that is cooler than the temperature standard or that does not cause a
measurable increase in temperature without modification of the TMDL. The demonstration that the new
discharge will not cause or contribute to a violation of the water quality standard would be included in the
Fact Sheet for the permit in question.

2.3.2.1 Adaptive Management
In employing an adaptive management approach to this TMDL and WQMP, ODEQ has the following
expectations and intentions:
•

Subject to available resources, ODEQ will review and, if necessary, modify TMDLs and WQMPs
established for a subbasin on a five-year basis or possibly sooner if ODEQ determines that new
scientific information is available that indicates significant changes to the TMDL are needed.

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY

6

Western Hood Subbasin TMDL

December 2001

•

In conducting this review, ODEQ will evaluate the progress towards achieving the TMDL (and water
quality standards) and the success of implementing the WQMP.

•

When developing water quality-based effluent limits for NPDES permits, ODEQ will ensure that
effluent limits developed are consistent with the assumptions and requirements of the wasteload
allocation (CFR 122.44(d)(1)(vii)(B)).

•

ODEQ expects that each management agency will also monitor and document its progress in
implementing the provisions of its component of the WQMP. This information will be provided to
ODEQ for its use in reviewing the TMDL.

•

As implementation of the WQMP proceeds, ODEQ expects that management agencies will develop
benchmarks for attainment of TMDL surrogates, which can then be used to measure progress.

•

Where implementation of the WQMP or effectiveness of management techniques are found to be
inadequate, ODEQ expects management agencies to revise the components of the WQMP to
address these deficiencies.

•

When ODEQ, in consultation with the management agencies, concludes that all feasible steps have
been taken to meet the TMDL and its associated surrogates and attainment of water quality
standards, the TMDL, or the associated surrogates is not practicable, it will reopen the TMDL and
adjust it as appropriate. ODEQ would also consider reopening the TMDL should new information
become available indicating that the TMDL or its associated surrogates should be modified.

2.4 ORGANIZATION OF THIS REPORT
This report is structured to address the required elements of a TMDL for EPA approval. The following
chapters summarize the TMDL and provide the detail for the eight required elements of a TMDL.
•
•
•
•

Chapter 3 describes the geographic area of the Western Hood Subbasin.
Chapter 4 summarizes the other seven elements for the temperature TMDL.
Chapter 5 describes the reasonable assurance of implementation and provides an overview
of the Water Quality Management Plan.
Chapter 6 describes the analytical methodology used in the HeatSource model.
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CHAPTER 3 – DESCRIPTION OF THE WESTERN HOOD
SUBBASIN
Cascade Locks
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The Western Hood Subbasin encompasses an
area of approximately 450 square miles. This
area falls within the fifth field HUCs 1707010501,
1707010502, 1707010503, 1707010504, and
1707010505. The major tributaries to the
Columbia in the Western Hood Subbasin include
Eagle Creek, Herman Creek, Phelps Creek, and
the Hood River. Because water quality
impairments, and hence 303(d) listings, have
only been observed in the Hood River
watershed (highlighted in yellow), this TMDL
will primarily focus on that watershed.
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The Hood River is the largest tributary to the
Columbia River in the Western Hood Subbasin.
The headwaters of the Hood River originate on
HOOD RIVER
EAST FORK
the eastern slope of the Cascade Range in
(1707010501)
predominantly conifer forests and flow north from
Mt. Hood (elevation 11,235 feet). The Hood River
Mount
Hood
forms from three main tributaries – the East,
Middle and West Forks – which converge to form
the Hood River mainstem at rivermile 12.3. The
Hood River mainstem enters the Columbia River
at an elevation of 74 feet above sea level. This
confluence occurs at the eastern edge of the City
of Hood River, Oregon at rivermile 169 on the Columbia River. The Hood River watershed is
approximately 340 square miles. The 5th field HUCs for the four Hood River watersheds are 1707010501
(East Fork Hood River), 1707010502 (West Fork Hood River), 1707010503 (Middle Fork Hood River),
and 1707010505 (Hood River Mainstem Tributaries).
The fifth watershed mentioned in this TMDL is the Columbia Gorge Tributaries East (hydrologic unit code
1707010504). This watershed consists of numerous short streams which flow directly into the Columbia
River. Elevations range from close to sea level at the Columbia to 5,000 feet in the headwaters of Eagle
Creek. The City of Cascade Locks (located near rivermile 149 on the Columbia River) is located near the
western edge of this watershed.

3.1 GEOLOGY
Volcanic lava flows, glaciation and flooding were key forces forming the Columbia Gorge landscape of
steep basalt cliffs, waterfalls, talus slopes, and sharply defined ridges. In the Columbia Gorge portion of
the Subbasin, landslides are the dominant erosional process in recent history. Alluvial fan deposits at the
mouths of the steeper, more constricted creeks where they join the Columbia River suggest the frequent
routing of debris torrents down these channels. The lower mile or so of the major creeks have gradients
of about 5%, with lower gradient areas in the broad, glaciated headwater valleys.
Debris torrents and landslides, as well as dam-break floods, are also not uncommon in the Hood River
watershed. The Hood River is a dynamic, glacially influenced system. Five upper tributaries are fed by
glacial sources that drain approximately one third of the total glacial ice on Mt. Hood. During high flow
events, large amounts of bedload and sediment are transported in the Middle Fork, East Fork and
mainstem of the Hood River, and to a lesser extent, the lower West Fork. Glacial melt increases water
turbidity in the form of suspended silt or glacial flour during summer and early fall.
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While the mainstem of the Hood River and its West, Middle and East Forks (below rivermile 22.7) have an
average channel gradient of less than 2.5%, most stream channels in the watershed have moderate or
high gradients and are confined in narrow valleys or between terraces. The headwaters of the Middle
and West Forks contain several important low gradient stream reaches. The East Fork Hood River forms
a glacial “U-shaped” valley. Most streams are single-thread channels of low sinuosity and have a limited
floodplain area. Rock formations are primarily volcanic Columbia River basalt and boulder-rubble
substrates dominate most streambeds. Shaded relief topography is depicted in Figure 1.
Figure 1. Western Hood Subbasin Shaded Relief Topography

3.2 CLIMATE
Climate varies widely across the Western Hood Subbasin because of its transitional location between
weather dominated by wet marine air flow in the west and the semi-arid continental climate of eastern
Oregon. Annual precipitation varies from west to east and with elevation, ranging from close to 140
inches along the Cascade crest to less than 30 inches along the east boundary. The majority of the
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precipitation falls between November and January. Snowfall is heavy at high elevations and can reach 30
feet deep at timberline on Mt. Hood. Figure 2 displays annual precipitation.
Temperature also varies throughout the Subbasin (Western Regional Climate Center, 2001). Maximum
summer temperatures range from 68oF at Government Camp (just outside of the Subbasin boundary on
Mt Hood) to 78oF near Cascade Locks at the Bonneville Dam to 81oF in Hood River and Parkdale.
Minimum January temperatures range from 23-24oF at Government Camp and Parkdale to 28oF at Hood
River and 33oF at Bonneville Dam.
Figure 2. Hood River Subbasin Precipitation
(digital data from Oregon Geospatial Data Clearinghouse)
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3.3 LAND USE AND OWNERSHIP
The entire Western Hood River Subbasin is located within Hood River County. The population of the
County in 2000 was 20,411 people (U.S. Census Bureau, 2001). The County experienced an annual
growth rate of 1.8% between 1990 and 1998 (CGEDA, 2001). The County population is projected to
increase by 3,000 to 4,000 people every five years, reaching an estimated 36,483 by the year 2040
(USDA Forest Service, 1996a). The population in the County is dispersed, with almost 70% of County
residents living outside of urban growth boundaries. There are four small urban centers located within the
County – the cities of Hood River and Cascade Locks and the towns of Odell and Parkdale.
Land ownership is predominantly public in the Western Hood Subbasin, covering more than 70 percent of
the total land area. The Mt. Hood National Forest manages 61%, the State of Oregon manages a little
under 1% and the County of Hood River manages 11% of the land area, nearly all of which is forested.
Private ownership account for approximately 26% of the total land area. Spatial distributions of land
ownership are displayed in Figure 3.
The entire Hood River watershed is located within the boundary of land ceded to the United States by the
seven bands of Wasco- and Sahaptin-speaking Indians whose representatives were signatories to the
Treaty with the Tribes of Middle Oregon of June 25, 1855. The Confederated Tribes of the Warm Springs
Reservation of Oregon (CTWSRO) is the legal successor in interest to the Indian signatories to the treaty
(Hood River Watershed Group, 1999). The tribe’s treaty rights include a harvest allocation right to take
up to half the harvestable number of each salmon and steelhead run passing the tribe’s usual and
accustomed fishing places, as well as a right to sufficient water quality and quantity to maintain
harvestable run sizes. Because of their rights on the ceded lands in the Hood River basin, the CTWSRO
co-manages the fisheries in the basin with the Oregon Department of Fish and Wildlife (ODFW).
Figure 4 shows the spatial distribution of major land use types in the Western Hood Subbasin. Forestry
is the predominant land use, accounting for approximately 85% of the Subbasin area. Hood River County
owns approximately 30,000 acres of dedicated forest-land and Longview Fibre Company owns
approximately 22,000 acres. Timber harvest on these county and private lands are guided by the 1994
Oregon Forest Practices Act. Timber harvest on Mt. Hood National Forest lands is guided by the 1994
Northwest Forest Plan (USDA Forest Service, 1994a and 1994b) and the Mt. Hood National Forest’s
Land and Resource Management Plan (USDA Forest Service, 1990). National Forest lands are also
managed for a variety of other uses, including recreation, scenic viewsheds, and deer/elk winter range.
The Mt. Hood National Forest also manages three wilderness areas in the Subbasin – the Mark O.
Hatfield wilderness (approximately 36,000 acres), the Mt. Hood Wilderness (approximately 20,000 acres)
and the Badger Creek Wilderness (approximately 360 acres).
Agriculture, primarily fruit production, is the second largest land use in the Subbasin, accounting for a little
over 7% of the Subbasin area. All of the agricultural lands are located within the Hood River watershed,
mostly on land below 2,000 feet in elevation. Irrigated orchards growing mostly pears and apples make
up approximately 15,000 acres, with cherries, peaches, wine grapes and produce grown in smaller
amounts. Other agricultural activities include a number of farms raising livestock and a single grazing
allotment on the Mt. Hood National Forest. Approximately 2,000 acres of pasture land is irrigated.
Agriculture is the leading industry in the Subbasin, followed by tourism and forestry.
Outdoor recreation and tourism have expanded into the second biggest economy in the watershed. The
Mt. Hood National Forest, Mt. Hood Meadows Ski Resort and Cooper Spur Ski Area draw visitors to the
forested portions of the Subbasin, while the City of Hood River has become an international windsurfing
destination. Whitewater kayaking, angling, hiking, camping, backcountry snow sports and mountain
biking are increasing watershed uses. A strong link between tourism and land development in the Hood
River watershed is noted by historians and continues today (USDA Forest Service, 1996b).
Approximately 4% of the Subbasin is considered to be urban or residential.
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Figure 3. Land Ownership/Management Spatial Distribution
(digital data from Oregon Geospatial Data Clearinghouse, Hood River County Forestry Dept.)
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Figure 4. Land Use Spatial Distribution
(digital data from Oregon Geospatial Data Clearinghouse)
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3.4 STREAM FLOW CHARACTERISTICS
The natural flow of water in the Hood River watershed is interrupted by irrigation, domestic and municipal
withdrawals and diversions for power generation facilities. Irrigation and municipal supply are the
principal consumptive uses, while hydropower is the largest single non-consumptive use. The total
volume of all legally appropriated water rights for out-of-stream uses is approximately 678,094 acre feet,
or 94% of the estimated median natural stream flow at the Hood River mouth (Hood River Watershed
Group, 1999). Actual water use at any given time is less than the amount appropriated. However,
simultaneous use of consumptive water rights could result in zero instream flow on some streams during
critical low flow periods (Oregon Water Policy Review Board, 1985).
There are three primary irrigation districts in the Hood River watershed – Farmers Irrigation District,
Middle Fork Irrigation District, and East Fork Irrigation District. The main irrigation season is April 15 to
October 1, with peak usage in July. If all lands with irrigation rights were irrigated simultaneously, the
maximum allowable diversion would total 409 cfs, an amount equal to 80% of the median natural flow of
the Hood River in August (Hood River Watershed Group, 1999).
The single largest diversion and the single largest water right in the Hood River is the Powerdale
Hydroelectric Project diversion at Powerdale Dam (Figure 5). Up to 500 cfs can be diverted at rivermile
4.5 and returned 3 miles downstream. Under existing minimum flow requirements, between 10% and
74% of the monthly average flow at the Tucker Bridge gauging station is diverted, with a minimum
instream flow of 100 cfs required during the months of August-November by PacifiCorp’s current license
with the Federal Energy Regulatory Commission (FERC). As part of their pending FERC relicensing
application, PacfiCorp has agreed to maintain higher instream flows of 250 cfs during May-October
(Figure 6). Farmers and Middle Fork Irrigation Districts operate five small hydro plants year-round along
their irrigation canals and pipelines. Water not used for irrigation after power generation is returned
instream at points downstream.
Figure 5. Location of Powerdale Dam and Gauging Stations
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Figure 6. Existing and Future Recommended Minimum Instream Flow Requirements for the Hood
River below Powerdale Dam (PacifiCorp, 1999)
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Three U.S. Geological Survey (USGS) flow gauging stations have been operated in the Western Hood
Subbasin in the last 10 years (Figure 5), two of which are still active. The USGS currently operates a
station on the Hood River at Tucker Bridge (USGS #14120000), and the Oregon Water Resources
Department (OWRD) operates the other active station, located on the West Fork Hood River near Dee
(USGS #14118500). The Tucker Bridge station has been operated continuously since 1965, with some
records as early as 1897. The West Fork station has been operated since 1932, with OWRD assuming
control of the station in 1992. The third USGS station located in the Subbasin was on Clear Branch
below Laurance Lake (USGS #14115815). This station was in operation from 1965 to 1995.
Minimum stream flows generally occur during September or October. Many non-glacial streams in the
Subbasin have very low summer flows, while tributaries with glacial sources maintain higher summer
flows. Approximately 20% of the stream channel length in the Hood River watershed dries up during the
summer, with most of these intermittent streams originating at low elevations or on easterly slopes
(SWRB, 1965). During low flows, several of the smaller tributaries which drain directly to the Columbia
River in the western portion of the Subbasin have subsurface flow near their confluence with the
Columbia.
Low flow and high flow 7Q10 statistics were calculated for the three gauging stations2 (Table 1). Monthly
flow averages for the Hood River and West Fork Hood River sites are presented in Figure 7. Peak flows
in the watershed most often occur in December and January and are often associated with rain on snow
events. The USGS reports the Hood River flood threshold as 4,500 cfs and 8 feet in stage at Tucker
Bridge. The maximum flood of record is 33,200 cfs, which occurred December 22, 1964.

2

7Q10 refers to a seven day averaged flow condition that occurs on a ten-year return period. Mathematically, this flow has a 10%
probability of occurring every year. A Log Pearson Type III distribution was used to calculate the return period.
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Table 1. Log Pearson Type III 7Q10 Flows

Location

Flows Averaged over 7 days with
a Return Period of 10 Years
7Q10 Low
7Q10 High Flow
Flow
(cfs)
(cfs)
201
7387
102
4185
3
81

Period

Hood River @ Tucker Bridge
West Fork Hood River near Dee
Clear Branch below Laurance Lake

1965-1999
1932-1999
1988-1995

Figure 7. Monthly Flow Averages
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CHAPTER 4 – TOTAL MAXIMUM DAILY LOAD FOR STREAM
TEMPERATURE
Summary of Temperature TMDL Development and Approach
Water quality standards are developed to protect the most sensitive beneficial uses. The temperature
standard is designed to protect cold water fish (salmonids) as the most sensitive beneficial use. Several
numeric and narrative trigger conditions invoke the temperature standard. Numeric triggers are based on
temperatures that protect various salmonid life stages. Narrative triggers specify conditions that deserve
special attention, such as the presence of threatened and endangered cold water species. Dissolved
oxygen violations are also a trigger for the temperature standard. The occurrence of one or more of the
stream temperature triggers will invoke the standard.
Once invoked, the temperature standard specifies that “no measurable surface water temperature
increase resulting from anthropogenic activities is allowed” (OAR 340-41-245(2)(b)(A)). The Federal
Clean Water Act requires a TMDL be developed for 303(d) listed waterbodies. For all temperature 303(d)
listed waterbodies in the Hood River watershed, the standard specifies a condition of no measurable
anthropogenic related temperature increases. The temperature TMDL is scaled to the Hood River
watershed and includes all surface waters. Since stream temperature results from cumulative
interactions between upstream and local sources, the TMDL considers all surface waters that affect the
temperatures of 303(d) listed waterbodies. For example, the Hood River is 303(d) listed for temperature.
To address this listing in the TMDL, the Hood River and all major tributaries are included in the TMDL
analysis and TMDL targets.
An important step in the TMDL is to examine the anthropogenic contributions to stream heating. The
pollutant is heat. Nonpoint source anthropogenic contributions of solar radiation heat loading results from
varying levels of decreased stream surface shade throughout the subbasin. Decreased levels of stream
shade are caused by near stream vegetation disturbance or removal. Dams can also contribute to
anthropogenic heat loads either through stream diversions which can cause reduced flow instream or
through the heating of water in a reservoir. Point source contributions of heat result from warm water
discharges into receiving waters.
The background solar radiation heat loading condition is estimated in the TMDL by simulating the heat
loading that occurs when near stream vegetation is at system potential. For clarity, system potential, as
defined in the TMDL, is the near stream vegetation condition that can grow and reproduce on a site, given
elevation, soil properties, plant biology and hydrologic processes. (System potential does not consider
management or land use as limiting factors.) In essence, system potential is the design condition used
for TMDL analysis that meets the temperature standard:
•
•

System potential is an estimate of a condition without anthropogenic activities that disturb or remove
near stream vegetation.
System potential is not an estimate of pre-settlement conditions. Although it is helpful to consider
historic vegetation patterns, many areas have been altered to the point that the historic condition is no
longer attainable given drastic changes in stream location and hydrology (channel armoring and
wetland draining).

The Western Hood Subbasin temperature TMDL allocates heat loading to nonpoint sources (natural
background and anthropogenic) and point sources. Allocated conditions are expressed as heat per unit
time (kcal per day). Nonpoint and point sources are expected to manage for no measurable surface
water temperature increase. The nonpoint source heat allocation is translated to effective shade
surrogate measures that linearly translates the nonpoint source solar radiation allocation. Effective shade
surrogate measures provide site-specific targets for land managers. Attainment of the surrogate
measures ensures compliance with the nonpoint source allocations.
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Table 2. Western Hood Subbasin Temperature TMDL Components
Waterbodies
Pollutant
Identification

Target Identification
(Applicable Water
Quality Standards)
CWA §303(d)(1)

Seasonal Variation
CWA §303(d)(1)
Existing Sources
CWA §303(d)(1)

TMDL
Loading Capacity
and Allocations
40 CFR 130.2(f)
40 CFR 130.2(g)
40 CFR 130.2(h)

Surrogate Measures
40 CFR 130.2(i)
Margins of Safety
CWA §303(d)(1)
Water Quality
Standard Attainment
Analysis
CWA §303(d)(1)

Perennial and/or fish bearing (as identified by ODFW, USFW or NFMS) streams within
the 5th field HUCs (hydrologic unit code) 1707010501, 1707010502, 1707010503,
1707010504, 1707010505 (Hood River and its tributaries only).
Pollutants: Human caused temperature increases from (1) solar radiation loading and (2)
warm water discharge to surface waters.
OAR 340-41-525(2)(b)(A) No measurable surface water temperature increase resulting
from anthropogenic activities is allowed:
(i) In a basin for which salmonid fish rearing is a designated beneficial use, and in which
o
o
surface water temperatures exceed 64 F (17.8 C);
(iii) In waters and periods of the year determined by ODEQ to support native salmonid
spawning, egg incubation and fry emergence from the egg and from the gravels in a basin
o
o
which exceeds 55 F (12.8 C);
(iv) In waters determined by ODEQ to support or to be necessary to maintain the viability
o
o
of native Oregon bull trout, when surface water temperatures exceed 50 F (10.0 C);
(v) In waters determined by ODEQ to be ecologically significant cold-water refugia;
(vi) In stream segments containing federally listed Threatened and Endangered species if
the increase will impair the biological integrity of the Threatened and Endangered
population.
(vii) In Oregon waters when the dissolved oxygen (DO) levels are within 0.5 mg/l or 10%
saturation of the water column or intergravel DO criterion for a given stream reach or
Subbasin;
(viii) In natural lakes.
Peak temperatures occur throughout July and August. Spawning occurs in the Subbasin
at different times in different locations.
Forestry, Agriculture, Transportation, Rural Residential, Urban, Industrial Discharge,
Waste Water Treatment Facilities, Management of River Flows Associated with Dams,
Hydroelectric Power
Loading Capacity: The Water Quality Standard mandates a Loading Capacity based on
the condition that meets the no measurable surface water temperature increase resulting
from anthropogenic activities. This condition is termed System Potential and is achieved
when (1) nonpoint source solar radiation loading reflects that produced by riparian
vegetation without human disturbance and (2) point source discharges and dams cause
no measurable increases in surface waters.
Load Allocations (Nonpoint Sources): System potential solar radiation loading.
Load Allocations (Powerdale Hydroelectric Project): Maximum allowable heat load based
on the 0.25oF allowable temperature increase during spawning periods; 190x106 kcal/day
during rearing periods.
Load Allocations (Laurance Lake Reservoir): Maximum allowable heat load based on the
0.25oF allowable temperature increase.
Waste Load Allocations (NPDES Point Sources): Maximum allowable heat load based on
the 0.25oF allowable temperature increase in zone of dilution during critical periods.
Translates Nonpoint Source Load Allocations
z Effective Shade targets translate the nonpoint source solar radiation loading
capacity.
Implicit Margins of Safety are demonstrated in critical condition assumptions and are
inherent to methodology for determination of nonpoint source loads. Explicit Margins of
Safety are developed for wasteload allocations and load allocations for the Powerdale
Hydroelectric Project and the Laurance Lake Reservoir.
z Analytical modeling of TMDL loading capacities demonstrates attainment of
water quality standards.
z The Water Quality Management Plan will consist of Implementation Plans and Facility
Operation Plans that contain measures to attain load/wasteload allocations.
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4.1 TEMPERATURE POLLUTANT IDENTIFICATION
With a few exceptions, such as in cases where violations are due to natural
causes, ODEQ must establish a TMDL for any waterbody designated on the
303(d) list as violating water quality standards. A TMDL is the total amount
of a pollutant (from all sources) that can enter a specific waterbody without
violating water quality standards.
Water temperature change is an expression of heat energy exchange per
unit volume:

∆Temperature ∝

∆Heat Energy
.
Volume

The pollutants
identified for
stream temperature
pollution are
human caused
increases in solar
radiation loading at
the stream surface
and warm water
discharge to
surface waters.

Anthropogenic increase in heat energy is derived from solar radiation as increased levels of sunlight
reach the stream surface and raise water temperature and from point source warm water discharges.
The pollutants targeted in this TMDL are (1) human caused increases in solar radiation loading to the
stream network and (2) warm water discharges of human origin.

4.2 TEMPERATURE TARGET IDENTIFICATION – CWA §303(D)(1)
The stream temperature TMDL targets protection of salmonids, the most sensitive beneficial use.
Oregon’s stream temperature standard, which is based on the temperature requirements of salmonids is
designed for protection during all salmonid life stages. Several numeric criteria and other triggers for the
temperature standard establish factors for designating surface waters as water quality limited. The
temperature standard specifies that anthropogenic (i.e. human caused) impacts that cause stream
heating should be removed. The TMDL targets this no anthropogenic warming condition. A stream
condition that has no anthropogenic-induced warming is considered to be at the system potential.

4.2.1 Salmonid Stream Temperature Requirements
Salmonids, often referred to as cold water fish, and some amphibians are
highly sensitive to temperature. In particular, Chinook salmon (Oncorhynchus
tshawytscha) and bull trout (Salvelinus confluentus) are among the most
temperature sensitive of the cold water fish species. Oregon’s water
temperature standard employs logic that relies on using these indicator
species, which are the most sensitive. If temperatures are protective of these
indicator species, other species will share in this level of protection.
If stream temperatures become too hot, fish die almost instantaneously due to
denaturing of critical enzyme systems in their bodies (Hogan, 1970). The
ultimate instantaneous lethal limit occurs in high temperature ranges (upper90oF). Such warm temperature extremes may never occur in the Western
Hood Subbasin.

Stream
temperatures
above 64oF (17.8oC)
are considered
sub-lethal and can
be stressful for
cold water fish
species, such as
salmon and trout.

In some streams in the Western Hood Subbasin, the occurrence of temperatures in the mid-70oF range
(mid- to high-20oC range) is occasionally observed. These temperatures cause death of cold-water fish
species during exposure times lasting a few hours to one day. The exact temperature at which a cold
water fish succumbs to such a thermal stress depends on the temperature that the fish is acclimated to
and on particular development life-stages. This cause of mortality, termed the incipient lethal limit, results
from breakdown of physiological regulation of vital processes such as respiration and circulation (Heath
and Hughes, 1973).
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The most common and widespread cause of thermally induced fish mortality is attributed to interactive
effects of decreased or lack of metabolic energy for feeding, growth or reproductive behavior, increased
exposure to pathogens (viruses, bacteria and fungus), decreased food supply (impaired
macroinvertebrate populations) and increased competition from warm water tolerant species. This mode
of thermally induced mortality, termed indirect or sub-lethal, is more delayed, and occurs weeks to months
after the onset of elevated temperatures (mid-60oF to low-70oF). Table 3 summarizes the modes of cold
water fish mortality.
Table 3. Modes of Thermally Induced Cold Water Fish Mortality
(Brett, 1952; Bell, 1986, Hokanson et al., 1977)
Temperature
Time to
Modes of Thermally Induced Fish Mortality
Range
Death
Instantaneous Lethal Limit – Denaturing of bodily enzyme
> 90oF
Instantaneous
systems
> 32oC
Incipient Lethal Limit – Breakdown of physiological regulation of
70oF - 77oF
Hours to Days
vital bodily processes, namely: respiration and circulation
21oC - 25oC
Sub-Lethal Limit – Conditions that cause decreased or lack of
metabolic energy for feeding, growth or reproductive behavior,
64oF - 74oF
Weeks to
encourage increased exposure to pathogens, decreased food
20oC - 23oC
Months
supply and increased competition from warm water tolerant
species

4.2.2 Sensitive Beneficial Use Identification
Beneficial uses and the associated water quality standards are generally
applicable basin-wide (i.e. the Middle Columbia-Hood Basin). Some
uses require further delineation. At a minimum, uses are considered
attainable wherever feasible or wherever attained historically. Numeric
and narrative water quality standards are designed to protect the most
sensitive beneficial uses. Salmonid spawning and rearing are the most
sensitive beneficial uses in the Middle Columbia-Hood Basin. Figure 8
identifies occurrence of anadromous salmonids and bull trout in the
Western Hood Subbasin (ODFW, 2000).

Salmonid fish
spawning, incubation,
fry emergence, and
rearing are deemed
the most temperaturesensitive beneficial
uses within the
Western Hood
Subbasin.

Most of the tributaries to the Columbia River west of the Hood River are
blocked by waterfalls within a mile or two of the creek mouth, with the
exception of Herman Creek where 5.6 stream miles are accessible to anadromous fish. Cutthroat trout
and rainbow trout are the predominant fish species found above these falls, with some anadromous fish
and bull trout use observed in the mouths of the creeks (Figure 8). Steelhead trout and Chinook salmon
are observed in Eagle, Herman, Lindsey, and Viento Creeks. Coho salmon are observed in Herman,
Lindsey and Viento Creeks.
The salmonids present in the Hood River watershed include bull trout, spring and fall Chinook salmon,
coho salmon, summer and winter steelhead, rainbow and cutthroat trout, and mountain whitefish. An
estimated 100 miles of stream in the Hood River watershed are currently accessible to anadromous fish
(Figure 8). Bull trout are primarily found in the headwater streams of the Middle Fork Hood River, with
the largest population found in Laurance Lake and in Clear Branch above the lake (Figure 8). Pacific
lamprey are present below Powerdale Dam (river mile 4.5) although none have been documented
upstream since the 1960s. Little is known about the status and distribution of sea run cutthroat trout.
Hood River fish populations have declined markedly in the last decades. Hood River indigenous spring
Chinook are extinct, and steelhead and bull trout were listed as Threatened under the Endangered
Species Act in 1998 (listings include the entire Western Hood Subbasin). Coho and fall Chinook are
present at run sizes lower than that which likely existed prior to European settlement. A major salmon
and steelhead recovery effort – the Hood River Production Program – was initiated in 1991 and is jointly
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implemented by ODFW and the CTWSRO.
In applying standards and restoration, it is important to know where existing salmonid spawning locations
are and where they are potentially attainable. Salmonid spawning and the quality of the spawning
grounds are particularly sensitive to water quality and streambed conditions. Under consultation with fish
biologists from the Oregon Department of Fish and Wildlife, CTWSRO, Mt. Hood National Forest, and
PacifiCorp, ODEQ developed a summary document (September, 2000) identifying the time periods and
locations for which the salmonid fish spawning criterion should be applied in the Hood River watershed.
This document was submitted to USFWS and NMFS to address State Conservation Measure 4 as
required by the Oregon State water quality temperature standard approval process (ODEQ, 2000).
Figure 9 identifies the locations where salmonids are known to spawn and when they spawn in the Hood
River watershed; it designates when and where the 55oF salmonid spawning and 50oF bull trout criteria
apply in the Hood River watershed. Other sensitive uses (such as drinking water and water contact
recreation) are applicable throughout the subbasin. Oregon Administrative Rules (OAR Chapter 340,
Division 41, Section 522, Table 8) lists the “Beneficial Uses” occurring within the Middle Columbia-Hood
Basin (Table 4).
Table 4. Beneficial uses occurring in the Middle Columbia-Hood Basin
(OAR 340 – 41 – 522)
Temperature-Sensitive Beneficial uses are marked in gray
Beneficial Use
Occurring
Beneficial Use
Occurring
Public Domestic Water Supply
Salmonid Fish Spawning (Trout)
9
9
Private Domestic Water Supply
Industrial Water Supply
Irrigation
Livestock Watering
Boating
Hydro Power
Aesthetic Quality

9
9
9
9
9
9
9
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Salmonid Fish Rearing (Trout)
Resident Fish and Aquatic Life
Anadromous Fish Passage
Wildlife and Hunting
Fishing
Water Contact Recreation

9
9
9
9
9
9
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Figure 8. Occurrence of Anadromous Salmonids and Bull Trout
(data source: ODFW, 2000)
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Figure 9. Application of Salmonid Spawning Criteria and Bull Trout Criteria in the Hood River
Watershed
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4.3 WATER QUALITY STANDARD IDENTIFICATION
A seven-day moving average of daily maximums (7-day statistic) was
adopted as the statistical measure of the stream temperature standard.
Absolute numeric criteria are deemed action levels and indicators of
water quality standard compliance. Unless specifically allowed under a
ODEQ-approved surface water temperature management plan as
required under OAR 340-041-0026(3)(a)(D), no measurable surface
water temperature increase resulting from anthropogenic activities is
allowed in State of Oregon waters determined out of compliance with
the temperature standard. A much more extensive analysis of water
temperature related to aquatic life and supporting documentation for
the temperature standard can be found in the 1992-1994 Water Quality
Standards Review Final Issue Papers (ODEQ, 1995).

The temperature
standard applicable in
the Western Hood
Subbasin specifies that
"no measurable surface
water temperature
increase resulting from
anthropogenic (human
induced) activities is
allowed".

Middle Columbia-Hood Basin Temperature Standard
OAR 340-41-525(2)(b)(A) To accomplish goals identified in OAR 340-041-120(11), unless specifically
allowed under a ODEQ-approved surface water temperature management plan as required under OAR
340-041-026(3)(a)(D), no measurable surface water temperature increase resulting from anthropogenic
activities is allowed:
(i)
In a basin for which salmonid fish rearing is a designated beneficial use, and in which surface water
temperatures exceed 64oF (17.8oC);
(ii)
In the Columbia River or its associated sloughs and channels from the mouth to rivermile 309 when
surface water temperatures exceed 68oF (20.0oC);
(iii) In waters and periods of the year determined by ODEQ to support native salmonid spawning, egg
incubation and fry emergence from the egg and from the gravels in a basin which exceeds 55oF
(12.8oC);
(iv) In waters determined by ODEQ to support or be necessary to maintain the viability of native Oregon
bull trout, when surface water temperatures exceed 50oF (10.0oC);
(v)
In waters determined by ODEQ to be ecologically significant cold-water refugia3;
(vi) In stream segments containing federally listed Threatened and Endangered species if the increase
will impair the biological integrity of the Threatened and Endangered population;
(vii) In Oregon waters when the dissolved oxygen (DO) levels are within 0.5 mg/l or 10% saturation of
the water column or intergravel DO criterion for a given stream reach or Subbasin;
(viii) In natural lakes.

4.3.1 Deviation from Water Quality Standard
Section 303(d) of the Federal Clean Water Act (1972) requires that water bodies
that violate water quality standards, thereby failing to fully protect beneficial uses,
be identified and placed on a 303(d) list. Seven stream segments (approximately
31 miles) in the Hood River watershed were put on the 1998 303(d) list for
exceeding numeric temperature criteria (Table 5). Segments were listed based
upon either the 64oF rearing criteria or the 50oF bull trout criteria. An evaluation of
the 55oF spawning criteria was not conducted for the 1998 303(d) list in the Hood
River watershed. Data collected in 1998 (Figure 10) indicates that this criterion is
exceeded at certain times of the year and at certain locations. For specific

Seven stream
reaches in the
Hood River
watershed are
designated as
temperature
limited on
Oregon’s 1998
303(d) list.

3

Ecologically Significant Cold-Water Refugia exists when all or a portion of a waterbody supports stenotype cold-water species
(flora or fauna) not otherwise supported in the Subbasin, and either: (a) maintains cold water temperatures (below numeric criterion)
throughout the year relative to other stream segments throughout the Subbasin, or (b) supplies cold water to a receiving stream or
downstream reach that supports cold water biota.
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information regarding Oregon’s 303(d) listing procedures, and to obtain more information regarding the
Western Hood Subbasin’s 303(d) listed streams, visit the ODEQ web page at
http://www.deq.state.or.us/.
During the summer of 1998, temperature monitoring instruments recorded hourly stream temperatures at
various locations throughout the Hood River watershed. Figure 10 displays the 1998 continuous
monitoring locations and an assessment of the temperature standard using the 7-day temperature
statistic and application of the spawning criteria presented above. Monitoring has shown that water
temperatures in the Western Hood Subbasin exceed numeric criteria of the State water quality standard.
Table 5. Western Hood Subbasin Stream Segments on the 1998 303(d) List for Temperature
Stream Name
Clear Branch
Hood River
Hood River, Middle
Fork
Indian Creek
Lake Branch
Neal Creek
Whiskey Creek

Stream Segment Listed
Mouth to Laurence Lake
Powerdale Powerhouse to
Diversion Dam
Mouth to Clear Branch

Stream Miles
1.4
3.9

Criteria
Oregon Bull Trout 50oF (10oC)
Fish Rearing 64oF (17.8oC)

9.0

Oregon Bull Trout 50oF (10oC)

Mouth to Headwaters
Rivermile 10 to Lost Lake
Mouth to East/West Fork
confluence
Mouth to Headwaters

7.5
1.0
6.0

Fish Rearing 64oF (17.8oC)
Fish Rearing 64oF (17.8oC)
Fish Rearing 64oF (17.8oC)

2.5

Fish Rearing 64oF (17.8oC)
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Figure 10. Segments on the 1998 303(d) List for Temperature and Continuous Temperature
Monitoring Sites (1998) with Standard Assessment Based on 7-Day Temperature Statistic
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4.4 SEASONAL VARIATION – CWA §303(D)(1)
The Hood River mainstem and tributaries experience prolonged warming starting in late spring and
extending into the fall. Maximum temperatures typically occur in July and August (Figures 11-14).
Location of the monitoring sites identified in Figures 11-14 is shown on Figure 10. The TMDL focuses
the analysis during early August, 1998 as a critical condition when the 64oF rearing criterion is likely to be
exceeded. Exceedance of the 64oF numeric criterion differs at different sites, but typically occurs in
portions of July or August. It should also be noted that the Hood River watershed streams are commonly
above the 55oF numeric spawning criterion during the period that spans May through October (Figure
10).
Figure 11. 1998 Observed Daily Maximum Temperatures in the Hood River above Powerdale Dam
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Figure 12. 1998 Observed Daily Maximum Temperatures in the East Fork Hood River
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Figure 13. 1998 Observed Daily Maximum Temperatures in Neal Creek
Neal Creek @ mouth
W.Fork Neal Creek u/s EFID ditch
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Figure 14. 1998 Observed Daily Maximum Temperatures in Hood River Tributaries
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4.5 EXISTING HEAT SOURCES - CWA §303(D)(1)
4.5.1 Stream Heating Processes – Background Information
Riparian vegetation, stream morphology, hydrology, climate, and geographic location influence stream
temperature. While climate and geographic location are outside of human control, riparian condition,
channel morphology and hydrology are affected by land use activities. Specifically, the elevated
summertime stream temperatures attributed to anthropogenic sources in the Western Hood Subbasin
result from the following:
9
9
9
9

Riparian vegetation disturbance reduces stream surface shading via decreased riparian
vegetation height, width and/or density, thus increasing the amount of solar radiation reaching the
stream surface;
Stream diversions below dams decreases instream flow;
Impoundment of water behind dams alters the natural thermal profile of the water downstream of
the dam depending on how and when water is released from the dam; and
Point source warm water discharge.

In addition, the following conditions can affect stream temperatures in the Western Hood Subbasin:
9
9
9

Reduced summertime base flows from instream withdrawals;
Localized channel widening (increased wetted width to depth ratios) increases the stream surface
area exposed to energy processes, namely solar radiation; and
Localized near-stream disturbance zone4 (NSDZ) widening decreases potential shading
effectiveness of shade-producing near-stream vegetation.

4

The term "near-stream disturbance zone" is defined for the purposes of the Western Hood Subbasin TMDL as a Geographic
Information System (GIS) estimate of the width between shade-producing near-stream vegetation.
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Human activities that contribute to degraded water quality conditions in the Western Hood Subbasin
include timber harvest, agriculture activities, road location, rural/urban residential development related
riparian disturbances, management of river flows related to dams, and warm water discharges. The
relationships between percent effective shade, channel morphology, hydrology and stream temperature
are illustrated in Figure 15.
Figure 15. Stream Heating Processes in the Western Hood Subbasin
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4.5.2 Analytical Methodology
The temperature model utilized by ODEQ to estimate stream network thermodynamics and hydrology is
Heat Source (Boyd, 1996). It was developed in 1996 as a Masters Thesis at Oregon State University in
the Departments of Bioresource Engineering and Civil Engineering. ODEQ currently supports the Heat
Source methodology and computer programming (a more extensive discussion of the analytical
framework for the model is provided in Chapter 6). The temperature model is designed to analyze and
predict stream temperature for one day. This Western Hood Subbasin TMDL is primarily concerned with
daily prediction of the diurnal energy flux and resulting temperatures on August 6, 1998.
Stream temperature was simulated for 23.6 miles of the mainstem Hood River and East Fork Hood River
together – from the mouth of the Hood River to a point about 2 miles upstream of the East Fork Irrigation
District Diversion from the East Fork Hood River. Stream temperature was also simulated for 7.8 miles of
Neal Creek – from the mouth to the point where the East Fork Irrigation District ditch enters Neal Creek.
Simulations were performed to assess the stream thermal response to: (1) current vs. system potential
vegetation; and (2) different flow regimes. The results from the simulations are provided under Sections
4.5.3.1.4, 4.5.3.2.3, and 4.5.4.5.1 below.
Individual near stream vegetation and flow regime simulations were performed for each stream reach.
Results from these single parameter simulations confirm the importance of both riparian vegetation and
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flow as stream parameters that influence stream heating processes. When both system potential riparian
vegetation and flow regime were simulated together, the stream heating was affected to a greater extent.

4.5.3 Nonpoint Sources of Pollution
Settlement of the Hood River watershed in the late-1800s brought about
changes in the near stream vegetation and hydrologic characteristics of
many of the rivers and streams in that watershed. Historical agricultural
and logging practices altered the stream morphology and hydrology and
decreased the amount of riparian vegetation. Beginning around 1880,
orchards and strawberry fields began to progress up the valley as the
natural landscape pattern of conifer forests and riparian habitat was
transformed into pasture and fruit crops. Timber harvest cleared streams
and riparian corridors of fallen trees and large woody debris, with riparian
areas logged right down to the streambanks. Before 1900, streams began
to be diverted into canals and ditches for irrigation. Diversions still occur
in a number of streams in the watershed and can result in significant
decreases in instream flows and the transferal of water from one
watershed into another. Drainage and stream channelization has
occurred in some small streams in agricultural areas.

Elevated
summertime
stream
temperatures
attributed to
nonpoint sources
result from riparian
vegetation
disturbance
(reduced streamsurface shade),
reduced base flow,
and channel
widening
(increased stream
surface area
exposed to solar
radiation).

More recently, increases in population have resulted in urbanization of
parts of the watershed. Conversion of forest and pasture to residential
development is occurring, even in riparian areas, which can result in
reduced riparian vegetation. The flood plains of many rivers and streams
have been affected by the development of transportation corridors. The
East Fork Hood River and Neal Creek are among the streams that have been the most severely affected.
The confinement of the East Fork Hood River due to construction, reconstruction and maintenance of
State Highway 35 is reported as a significant and continuing impact to aquatic habitat. Neal Creek has
also been heavily impacted by channelization, confinement and bank stabilization as a result of
agricultural practices and road construction. These modifications have caused increased flood scour and
channel incision that has separated the creek from its floodplain in many areas.
Riparian vegetation, stream morphology, hydrology, climate, and geographic location influence stream
temperature. While climate and geographic location are outside of human control, riparian condition,
channel morphology and hydrology are affected by land use activities.
Specifically, the elevated summertime stream temperatures attributed to anthropogenic nonpoint sources
result from:
1. Near stream vegetation disturbance or removal reduces stream surface shading via decreased
riparian vegetation height, width and/or density, thus increasing the amount of solar radiation
reaching the stream surface (shade is commonly measured as percent effective shade or open sky
percentage). Riparian vegetation also plays an important role in shaping the channel morphology,
resisting erosive high flows and maintaining floodplain roughness.
2. Reduced summertime base flow results from stream withdrawals
3. Channel modifications and widening (increased width to depth ratios) increases the stream
surface area exposed to energy processes, namely solar radiation. Near-stream disturbance zone
(NSDZ) widening decreases potential shading effectiveness of shade-producing near-stream
vegetation.

4.5.3.1 Riparian Vegetation
Riparian vegetation plays an important role in controlling stream temperature change. Near stream
vegetation height, width and density combine to produce shadows that when, cast across the stream,
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reduce solar radiant loading. Bank stability is largely a function of riparian vegetation. Riparian corridors
often produce a microclimate that surrounds the stream where cooler air temperatures, higher relative
humidity and lower wind speeds are characteristic.

4.5.3.1.1 The Dynamics of Shade
Stream surface shade is a function of several landscape and stream geometric relationships. Some of
the factors that influence shade are listed in Table 6. Geometric relationships important for
understanding the mechanics of shade are displayed in Figure 16. In the Northern Hemisphere, the
earth tilts on its axis toward the sun during summertime months allowing longer day length and higher
solar altitude, both of which are functions of solar declination (i.e. a measure of the earth’s tilt toward the
sun). Geographic position (i.e. latitude and longitude) fixes the stream to a position on the globe, while
aspect provides the stream/riparian orientation. Riparian height, width and density describe the physical
barriers between the stream and sun that can attenuate and scatter incoming solar radiation (i.e. produce
shade). The solar position has a vertical component (i.e. altitude) and a horizontal component (i.e.
azimuth) that are both functions of time/date (i.e. solar declination) and the earth’s rotation (i.e. hour
angle). While the interaction of these shade variables may seem complex, the math that describes them
is relatively straightforward geometry.
Table 6. Factors that Influence Stream Surface Shade
Description
Season/Time
Stream Characteristics
Geographic Position
Vegetative Characteristics
Solar Position

Measure
Date/Time
Aspect, Near-Stream Disturbance Zone Width
Latitude, Longitude
Buffer Height, Buffer Width, Buffer Density
Solar Altitude, Solar Azimuth

Percent effective shade is perhaps the most straightforward stream parameter to monitor and calculate
and is easily translated into quantifiable water quality management and geometric relationships that affect
stream surface shade recovery objectives. Figure 17 demonstrates how effective shade is monitored
and calculated. Using solar tables or mathematical simulations, the potential daily solar load can be
quantified. The measured solar load (current conditions) at the stream surface can easily be measured
with a Solar Pathfinder or estimated using mathematical shade simulation computer programs (Boyd,
1996 and Park, 1993).
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Figure 16. Geometric Relationships that Affect Stream Surface Shade
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Figure 17. Effective Shade - Defined
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4.5.3.1.2 Western Hood Subbasin Vegetation Conditions
In the source assessment for nonpoint sources in the Western Hood Subbasin, riparian vegetation and
channel widths were characterized in all watersheds through analysis of a combination of digital
orthophoto quads, color aerial photographs, and direct measures in the field. Current conditions were
measured directly from one or more of these sources and system potential shade conditions were
estimated (modeled) by altering vegetational characteristics and modifying Near-Stream Disturbance
Zone widths.
4.5.3.1.2.1 Current Condition
Sampling/Measuring Riparian Vegetation. Current condition riparian vegetation was characterized using
digital orthophoto quads (DOQs) and color aerial photos. DOQs were available for the entire subbasin
area from 1995. Color aerial photos, from a flight flown in 1999, were available for most of the nonFederal lands in the Hood River watershed. Vegetation polygons were digitized in the near stream area
(300 feet on either side of the stream channel) and classified by vegetation type. All classifications
included an average riparian vegetation height and canopy density. Polygons which appeared to have a
limited system potential for natural reasons (such as a lava flow or a steep embankment) were classified
as such so they could be analyzed differently under the “Potential Condition” Scenario described below.
Every near-stream vegetation code was quality checked against aerial photographs by ODEQ. Ground
level measurements were collected by ODEQ and ODF in 1999 and 2000 throughout the Hood River
watershed to assist in vegetation classifications. Figure 18 displays an example of vegetation and land
cover polygons derived from orthophotos and color aerial photographs at 1:3,000.
Stream reaches were also digitized from DOQs at less than 1:3,000. These stream data layers were then
segmented into data points at a 100-foot interval. These data point layers form the basis for automated
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sampling performed using Ttools5. At every distance node (i.e. every 100 feet) along the stream,
vegetation was sampled out to 120 feet from the channel edge at 15-foot intervals for both stream banks.
A total of 18 vegetation samples are taken at each stream distance node. Automated near stream
vegetation sampling was completed for 82.9 rivermiles in the Hood River (Figure 19) watershed including
Hood River and East Fork Hood River (42.6 miles), Middle Fork Hood River (10.4 miles), Neal Creek
(13.5 miles), Indian Creek (5.6 miles), Odell Creek (5.7 miles) and Trout Creek (5.1 miles).
Figure 18. Hood River Vegetation Mapping from Color Aerial Photograph

5

Ttools is an automated sampling tool that was developed by ODEQ to sample the following spatial data: stream aspect, channel
width, near stream vegetation and topographic shade angles. Sampling resolution is user defined and was set at 100 foot intervals
longitudinally (i.e. along the stream) and 15 feet in the transverse direction (i.e. perpendicular to the stream).
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Figure 19. Streams Analyzed for Riparian Vegetation and Shade
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Riparian Vegetation Composition. Near stream vegetation was grouped as one of the following: water or
floodplains, cultivated fields or grassed areas, orchards, conifer forests, deciduous forests, mixed (conifer
and deciduous) forests, scrub/shrub (woody vegetation less than 15 feet high), timber harvest, roads,
developed lands (both urban and rural residential and commercial), and barren lands. Within these
general vegetation types, near stream vegetation was further classified by observed differences in
average tree height (taller vs. shorter forests) and in density (Table 7). Existing tree heights were
determined by ODEQ using ground level data and the professional expertise of foresters with the Oregon
Department of Forestry (Larry Hoffman, Unit Forester and Doug Thiesies, Forest Practices Act Forester)
and the Mt. Hood National Forest (Bruce Holmson, Silviculturist). Canopy density is presented as the
percentage of ground that is covered by one-story vegetation when viewed from directly above. Mixed
forest was the most prevalent land cover type found in the near stream area analyzed and comprised
38.6% of the sampled near stream areas (Figure 20).
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Current riparian vegetation distribution and height and potential riparian vegetation height are displayed in
Figures 21 through 26 for the six streams analyzed. The vegetation distribution is shown for both the
right and left stream banks. Vegetation information presented in these figures was sampled from a GIS
vegetation data layer. Note that the river miles presented in these figures were derived from a 1:5000
stream coverage used for ODEQ simulation purposes and may differ slightly from other sources (such as
OWRD ro USGS river miles).
Table 7. Mean Vegetation Height and Density for Trees in the Hood River Watershed
Near-stream
Vegetation Class
Water & Floodplain
Water & Floodplain
Cultivated Fields & Grassed
Cultivated Lawns & Fields
Areas
Grasslands
Orchards
Young Orchard
Mature Orchard
Mixed Forest
Taller Forest
Shorter Forest
Deciduous Forest
Taller Forest
Shorter Forest
Conifer Forest
Taller Forest
Shorter Forest
Scrub/Shrubs
Scrub/Shrubs
Timber Harvest
Recent Clearcut
Clearcut - regrowth
Developed
Residential
Industrial or Commercial
Roads & Railroads
Canals or Pipelines
Barren
Lava flow - barren
Lava flow - some tree growth
Barren Lands

Height
(ft)
0.0
0.0
3.3
6.6
20.0
85.0
40.0
75.1
34.8
89.9
40.0
15.1
3.3
15.1
20.0
29.9
0.0
0.0
0.0
85.0
0.0

Density
(%)
0%
0%
75%
75%
75%
25% or 75%
25% or 75%
25% or 75%
25% or 75%
25% or 75%
25% or 75%
25% or 75%
75%
25% or 75%
100% (buildings)
100% (buildings)
0%
0%
0%
25% or 50%
0%

Figure 20. Near Stream Vegetation Distribution Throughout the Hood River Watershed
(82.9 River Miles Analyzed)
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Figure 21. Hood River/East Fork Hood River Near Stream Vegetation Distribution
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Figure 22. Middle Fork Hood River Near Stream Vegetation Distribution
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Figure 23. Neal Creek Near Stream Vegetation Distribution
Developed
1%

Conifer
15%

Lawns and Grasses
10% Orchards

Timber Harvest
3%

1%

Barren
2%
Road
6%

Deciduous
21%

Scrub/Shrub
2%

Mixed Forest
39%

Current Condition

Vegetation
Height
(feet)

160
120
80
40
0
13.5
12.1

0.8

Hwy 35

30'

0'

30'

60'

2.2

90'

3.6

120'

ile

East Fork
Neal Creek

k
an

m
ea
Str
rom
e f et)
c
tan (fe
Di s

B
ht
Rig

5.0

0'

6.4

Riv
er
M

k
an

90'

7.9

60'

ft B
Le

9.3

120'

10.7

BPA
Powerline

Potential Condition

Vegetation
Height
(feet)

160
120
80
40
0
13.5
10.7
7.9

3.6
2.2
0.8

Hwy 35

OREGON DEPARTMENT OF ENVIRONMENTAL QUALITY

60'

30'

0'

30'

East Fork
Neal Creek

k
an

m
ea
Str
rom
e f et)
c
tan (fe
Dis

60'

ile

90'

Riv
er
M

B
ht
Rig

5.0

0'

6.4

k
an

90'

ft B
Le

9.3

120'

BPA
Powerline

120'

12.1

41

Western Hood Subbasin TMDL

December 2001

Figure 24. Odell Creek Near Stream Vegetation Distribution
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