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I. Introduction

This guidance describes how States and authorized Tribes(Tribes) inthe Pacific Northwest may
adopt water quality sandards (WQS) for temperature tha will support sustainall e populations of
native salmonids and meet the requirements of the Clean Water Act (CWA) and Endangered
SpedesAct (ESA). This guidance was devel oped through acollaboraion with representatives of
the Pacific Northwestern States, Tribes, and the U.S. Fish and Wildlife and National Marine
Fisheries Services (Services). EPA intends to use this guidance when it reviews State and Tribal
temper ature WQS or promulgates federal temperat ure WQS for Idaho, Oregon, or Washington.

This guidance does not preclude States and Tribes from adopting, nor EPA from approving,
temperaure standards different thanthose described here provided such standards are
demonstrated to be consistent with the CWA and ESA. The burden, however, will be on States
or Tribesto demonstrate how a different temperat ure standard supports salmonids and meetsthe
requiremerts of the CWA and the ESA.

II. Regulatory Background

The goal of the CWA isto restore and maintain the chemical, physical, and biol ogical integrity of
the Nation's waters and wher e atainable, to achieve water quality which provides for the
protection and propagation of fish, shellfish, and wildlife and recreation inand on the water. Asa
meansof meeting thisgoal, Section 303(c) of the CWA requires States and authorized Tribes to
adopt WQS which include designated uses, water quality criteria to protect designated uses, and a
policy on artidegradation. Further, States and Tribesmay adopt into their sandards policies for
their application and implementation. EPA is required to approve or disapprove new or revised
State and Tribal WQS to ensure they are congstert with the requiremerts of the CWA. Further,
new and revised standards arenot ineffect for CWA purposes until they are approved by EPA.

If EPA disgoproves a new or revised State or Tribal WQS or if the EPA Administrator determines
that an existing State or Tribal WQS does not meet the requirements of the CWA, EPA must
propose and promulgate appropriate WQS itsdlf, unless appropriate changes are made by the
State or Tribe.

EPA’s gpprovd of Sateor Tribal WQSthat may affect threatened or endanger ed species or ther
critical habitat are federal adtions subject to Section 7 of the ESA. Section 7(a)(2) of the ESA
requires EPA to enaure, in conaultation with the Service(9), tha any action it takes is nat likely to
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jeopar dize the continued existence of any endangered or threatened species or result inthe
destruction of critica habitat. For actionsthat are likely to adversely affect listed species, the
ESA requires the Service(s) to issue a Biological Opinion which will, among other things,
typically require compliance with goecified measures designed to minimi ze adverse effects.
Section 7(a)(1) of the ESA requires EPA to useits authoritiesto carry out programsfor the
conservation of endangered and threatened species.

EPA has afedeal trust relationship with federally-recognized Pacific Northwest tribes. I n the
Pecific Northwest, federd courts have affirmed that certain tribes reserved through treaty the
right to fishat all usual and accustomed fishing places and to take a fair share of the fish destined
to pass through such areas. EPA's approval of a State or Tribal WQS or promulgation of its own
WQS may directly impact the habitat that supports the treaty fih. EPA must ensurethat its WQS
actions do not violate treaty fishing rights

III. Overview of Water Temperature and Salmonids

Water tempera ures sgnificantly affect the distribution, hedth, and survival of native sdmonidsin
the Pecific Northwest. Since sdmonids are ectothermic (cold-blooded), their surviva is
dependent on external water temperatures and they will experience adverse health effects when
exposed to temperatures outside their optimal range. To the extent that cold water is available,
salmonids will use behavioral meansto avoid harmful temperatures and maintain optimal body
temperatures. Salmonids have adapted and thrived under the cold thermal conditions that
historically exiged (i.e. pre-Euro-American settlement) in Pacific Northwest streams and rivers,
even though temperatures were not optimal for salmonids at some places and times.

While there are many factors that have contributed to the decline of native salmonid populations,
elevated water temperatures caused by human ectivities has played animportart role, both
directly and indirectly through synergistic interactions with other factors such as habitat loss and
disease. It follows that human actionsto lower water temperatures in streams and rivers that have
been atered by human activity will play an important role in restoring and protecting native
salmonid populations.

To restore and protect sustainable salmonid populations, optima therma conditions must be
present in sufficient quartity and well distributed and connected throughout their range.
However, because sdmonids can use behaviord meansto avoid harmful temperature to some
extent, optimal temperauresdo not haveto occur everywhere all the time Thechdlenge is to
ensure that sufficient amounts of optimal thermal conditions exist during the places and times
sdmonids need it to fulfill their life cycdle. Determining thisis a difficult task. Onerelidble
reference point, however, isthe higorica therma conditions that once existed in the Pacific
Northwest, whichwe know supported large, hedthy salnmonid popul ations.



A simple approachto a temperature water quality standard would be to select, for all waters a
single maximum temperaure value below which adverse effects are minimized for salmonids.
There arethreereasons that following this simple approachis problematic for the protection of
Pacific Northwest native salmonids First, salmonids have multiple life stages (e.g. spawning,
juvenile rearing, adult migration) with unique water temperature requirements and unique
associated adverse effects if temperatures are not optimal (e.g. too warm). Second, as noted
above, Pacific Northwest streams and rivers historically experienced temperatures warmer than
levels considered protective for sdmonids & certan places and times. Sdmonids responded to
these naturally warm conditions by seeking refuge in areas of colder water. Third, selecting a
single protective temperature value may allow the warming of waters that are currently colder
than the single temperature value if downgream temperature impactsare not fully addressed. For
ingance, if cold water in ariver’ sheadwaters are allowed to warmup to the single temperature
value, that increased heat in the system may cause lower reaches of theriver to exceed the
protective temperature level. It isimportant to note that this situation is not legally permissible,
but it may happen in practice if appropriate analysis is not conducted.

Each of the these problems represents a challenge to the design of an effective temperature WQS.
EPA’ s recommendations described below collectively address these identified challenges.

IV. Overview of EPA’s Recommendations for Water Temperature

EPA recommendsthe following four-part approach for Stateand Tribal temperaure WQS to
support native salmonids in the Paafic Northwed:

. Development and adoption of therma potentia numeric criteria
. Adoption of “interim” species-life-stage numeric criteria

. Adoption of a temperature management plan provision

. Adoption of provisions to protect existing cold water areas

Each of these recommendations are briefly described below aong with the rationde for ther
inclusion. A moredetail ed desaription of each of these recommendations is presented in Section
V.

EPA believesthe most sdentifically credibleway to enaure that suffident cold water exigs to
support sdmonids, while allowing some watersto be war mer than optima thermal conditions, is
to develop numeric criteria based on the thermal potential of a water body. Thus, the first
recommendation of this guidance isfor States and Tribesto embark on aprocessto estimate the
thermal potential of water bodies and adopt numeric criteria based on that potential. EPA
believes the most appropriate geographic areato assess therma potentia is generaly the sub-
basin scde. For reference, abasnisthe drainage area of mgor tributaries to the Snake and
Columbiarivers and other mgjor riversthat drain into the Ocean or Puget Sound (e.g. Grand
Ronde river in Oregon, Chehalis river in Washington, and the Clearwaer river in Idaho). Each of



these basins is comprised of severa sub-basins. In some situations, however, other scaes may be
more appropriate. For example, for largemanstemrivers it may be more appropriate to edimate
thermal potentid on just the main stem itself.

Numeric criteria based on a sub-basin or main steni s thermal potential, referred to here as
“thermal potertial numeric ariteria,” are adopted as part of a State or Tribe’s WQS and are
specific to each water body, perhaps varying by river reach. That is, eachreach along the river
may have a unique numeric criteria based on thermal potential of that reach. The thermal
potentia numeric criteriawould define the maximum allowable temperat ures for critica seasons
(e.g. summer). These maximums would be reflective of an average meteorological year (e.g.
averageair temperaure and rainfall) with appropriate adjustmentsfor other identified climate
conditions (eg hot/dry and cold/wet years).

EPA recognizesthat it will take time to develop thermal potentid numeric criteriafor dl of a
State or Tribe’ swatersor that in some cases a Sate or Tribe will corsider it unnecessary or
impractical to do so. To address the interim period prior to the adoption of thermal potential
numeric criteria or where a State or Tribe has determined not to develop thermal potential
numeric criteria, EPA’s second recommendation isthat States and Tribes adopt a set of numeric
criteriathat protects the various salmonid life stages (e.g. spawning and rearing). The
recommended “ species-life-stage numeric criteria’ described below represent therma conditions
that are protective of native salmonids based on ther biological thermd requirements and would
apply where and when the different life stages ocaur. These species-life-stage numeric criteria are
set a the warmer end of salmonid' s optimal thermd rangeand at levd sEPA believesare likely to
result in few if any adverse effects.

EPA’ s third recommendation isfor States and Tribes to adopt a temperature management plan
provision in ther WQS asa means of implementing the species-life-stage numeric criteria for
NPDES sources prior to the completion of a TMDL. EPA believes an appropriate way to provide
flexibility in meeting ecies-life-stage numeric criteriaisfor Stae or Tribal WQS to dlow
NPDES sources to meet these criteria by complying with a temperature management plan which
ensures offsetting reductions from other sources, if needed, as a means of supporting salmonids.
A temperature management plan would require that all feasible geps toward meeting the species-
life-stage numeric criteria be implemented and that off-site mitigative actions to reduce
temperaure betaken if the source s discharge does not meet the species-life- stage numeric
criteria after the implementation of all feasible steps.

EPA endorses the use of NPDES temperature management plans because they can provide a
mechanism to protect sd monids without placing the burden unduly upon point sourcesprior to
the timea TMDL isestablished. A TMDL may distribute necessary reductions more broadly
between point and non-point sources. The off-9te mitigation provisions incombination with
other requirements of a temperature management plan discussed in more detail in Section V,
should, when properly implemented, be equivalent or more beneficia to salmonids than meeting
the species-life-stage criteriaat the source. Moreover, in some Situations it may turn out that the



thermd potential is higher than the species-life-stage numeric criteria and requiring a NPDES
sour ce to meet the species-life-stage numeric criteriaat the source prior to determining the
therma potentia may result in an unnecessary commitment of resources. AfteraTMDL is
developed and more information about the thermal potential and the overall thermal reduction
needs for all sources are known, aNPDES source will need to meet wat er quality-based effluent
limitations derived from its waste load alocation in the TMDL.

EPA recognizesthat it will taketime to restorethe thermal condtionsinthe Pacific Northwed to
fully support salmonids and tha inthe near term there should be sufficient protections in placeto
prevent the degradation of existing thermal conditions of water bodies. In particular, protection
of existing habitat that is colder than the species-life-stage numeric criteriaislikely to be
important for the maintenance of downstream temperatures and critical for salmonid survival
given thar already depleted status. To address this, EPA’ s fourth recommendation is for States
and Tribesto adopt provisionsin their WQS requiring no net increase in thermal loadings (i.e. any
temperature increase is offset by a decrease) in waters that support salmonids and no increased
thermd loads to waters designated as critical cold water salmonid refuga.

Regar ding the species-life-stage numeric criteria, temper ature management plans, and the
provisions to protect existing cold water described above, it is aso important to note that EPA’s
recommendations are based on how these provisions would interact and the combined effect they
would likely haveon salmonids. Whilethe gecies-life-stage numeric criteria areset a alevd to
avoid most or all adverse effects, the allowance for implementation through temperature
management plans, though animportart source of flexibility for point sources, may lead to
locdized adverse effects. By implementing temperat ure management plans with the
recommended saf eguards descaribed in thisguidance, and by implementing the provisons to
protect existing cold water, States and Tribes will be appropriately mitigating any adverse effects.
EPA believes that implementing this combination of provisonsis asound strategy for ensuring
that the mitigation measures dready provided for under this goproach will adequately

counterbal ance any adverse effects, thus making it unnecessary to develop new and additional
mitigating measures in the ESA consultation process that accompanies EPA’ s review of the
standards.

V. Specific EPA Recommendations for State and Tribal Temperature WQS
V.1. Development and Adoption of Thermal Potential Numeric Criteria

EPA recommendsthat States and Tribes develop and adopt therma potentiad numeric criteria
based on an edimate of the therma potential of riversand streams within asub-basin or amain
sgemriver. Therecommended processfor developing thermd potential numeric criteriais
described in detail in Appendix B and is summarized here. Therma potentid is defined here asthe
estimaed thermd regime after dl reversble anthropogenic sources of heeat are removed. It is
important to differentiate this term with natural or historic thermal potential, which is defined



here as the estimaed thermal regime that existed prior to Euro-American settlement. EPA
recognizesthat in some casesit is unreasonable to expect that the historic therma regime can be
fully re-established given the current level of human development in the Pacific Northwest. Thus,
EPA believes it may be acceptable tha the thermal potential numeric criteria reflect some level of
anthropogenic impact. That said, the closer the thermal potentia numeric criteriaareto reflecting
the historic thermal regime, the higher degree of confidence there will be that the thermal potential
numeric criteria support salmonids uses.

If modeling methodologies and data are readily available, EPA recommends that the natural
thermal potential be estimated first and, if necessay, an irreversible anthropogenic thermal
increment can be added to establish the therma potentia numeric criteria. When estimating the
natural thermal potential EPA recommends tha multiple linesof evidence (i.e multiple sources of
information) be used. Multiple lines of evidence, to the extent that it is available, should include:
modeled natural thermd potential, historical and current species presence, historical tenperature
data, and comparison to similar river systems that are relatively unimpaired. These multiple lines
of evidence should be compared and systematically reconciled giving the greatest weight to those
linesof evidence that have the highest levd of confidence. To assist in thisprocess, uncertainty
bounds should be established for each of the lines of evidence.

EPA recognizesthat insome cases it may be impracticald e to estimate natural thermal potential.
This may be true when it isdifficult to model certan historical condtionsthat are corsidered to
be dtered by largely irreversible anthropogenic causes. Thus, it may not be worthwhile to spend
the time and eff ort to predict temperaturesthat States and Tribes believe are not attainable
because the temperat ure impairment is caused by human impacts that cannot redisticaly be
reversed. Inthisgtuation therma potential can be estimat ed directly. When following this
approech, it isimportant Statesand Tribes are explicit about what historical conditions are not
modeled because they are believed to be caused by irreversble human impacts. One example
where this circumstance could aie isfor riverswhere there is urban devd opment in theflood
plan Inthiscase it may be difficult to modd the historic groundwater conditions in theflood
plainthat likely helped cool the river in the summer and it isunrealistic that those historical
conditions can be fuly restored. Even though EPA recognizes that Statesand Tribes may follow
this approach for practical reasons, EPA believesit is preferable to estimate natural thermal
potential as described above in order to serve as a reference when evaluating whether a thermal
potential criteria other than natural thermal potential supports salmonid uses. Thus, natural
thermd potentid should be estimated where ever practicald e even if someof the human impacts
are viewed to be irreversible.

As mentioned previoudy, EPA recommends that thermal potential numeric criteria generally be
adopted at the sub-basin scale (approximately a 4™ field hydrologic unit code). This scde islarge
enough to map-out the timing and location of the fresh-water life cydesof sdmonids, allowsfor
the evaluation of the cumulative impacts of heat in the system (i.e. the impact of upstream water
temperaure on downstream temper atures can be determined), has been shown to be successfully
modeled, and divides a State into a manageable number of units to do this work.



EPA d3 enoourages States and Tribesto use thisguidance to adopt the procedures for
establishing thermd potential numeric criteriain their WQSregulations. EPA believes doing this
will provide a clear indication not only that such criteriawill be developed, but how thiswill be
done, thereby improving the transparency and consstency by which therma potentid numeric
criteriaare derived. EPA believesthat it is possble to approve the procedura regulations and
avoid the need for approva of therma potential numeric criteriafor each individua sub-basin,
provided the procedures can be defined sufficiently s asto be truly replicable. Whether this can
be done will depend on the degree to which the procedura regulations can remove subjective
judgement from criteria development. In any event, EPA will likely need to closely review the
first few thermal potential numeric criteria to ensure that the process isfunaioning as expected.
Of course, States and Tribes can adopt thermal potential numeric criteriawithout adopting the
proceduresto develop them.

Note to Reviewer
Asan dternaiveto adopting thermad potential vaues as numeric
criteriain aWQS, EPA isaso considering the option of having
therma potentia vauesbe expressed as part of aTMDL. Under this
option, thermal potentia values would be numeric expressions
interpreting a state or tribal temperature WQS that allows thermél
potential to be met if the thermal potential is higher than the species-
life-stage numeric criteria. Under this option, EPA would approve the
thermal potential values aspart of its TMDL approval, not asa WQS
approval. EPA would use this guidance, including Appendix B, inits
approval of the thermal potential valuesina TMDL. EPA isinterested
in your comments on this alternative approach.

V.2. Adoption of Species-Life-Stage Numeric Criteria

Based on review of the most recent sciertific literature, EPA recommends that States and Tribes
adopt the species|ife-stage numeric ariteria described below for waters dedgnated to support
these various salmonid life stages. These goecies-life-stage numeric criteria would be effective for
all waters until suchtime thermal potential numeric criteria are adopted to replace the species-life-
stage numeric criteria for specified waters. These numeric criteria are based on the biological
needs of salmonids and are set near the warm end of the optimal temperature range for these
identified salmonid life stages and at levels EPA believes will result in few if any adverse effects.

A summary of the siertific basis for sdection of thenumeric criteriais described in Appendix A.
Guidance regarding State and Tribal beneficial use desigrations determining where and when
these criteria are applied is discussed in Section V1.



Cha Salmonids (Ddly Varden and Bull Trout)

Spawning, Incubation, and Juvenile Rearing
Summer maximum temperature should not exceed a single daily maximum of 12°C

(54°F)

Migratory Populations
Daily maximum temperature should not exceed 12°C (54°F)

Cold Waer Sdnonids (Pacific Salmon, Sted head, and Coagal Cutthroat Trout)

Spawning/Incubation
The seven-day average of the daily maximum temperatures should not exceed
13°C (55°F), and the weekly mean temperature should not exceed 10°C (50°F)

Juvenile Rearing (covers smolltification, except steelhead)
The seven-day average of the daily maximum temperatures should not exceed
16°C (61°F), and the weekly mean temperature should not exceed 15°C (59°F)

Steelhead Smoltification
The seven-day average of the daily maximum temperatures should not exceed
14°C (57°F), and the weekly mean temperature should not exceed 12°C (54°F)

Adult Migration
The seven-day average of the daily maximum temperatures should not exceed
18°C (65°F), and the weekly mean temperature should not exceed 16°C (61°F)

Moderately Cold Water Salmonids (Interior nonadadromous redband trout, L ahontan cutthroat
trout

Spawning/Incubation
The seven-day average of the daily maximum temperatures should not exceed
13°C (55°F), and the weekly mean temperature should not exceed 10°C (50°F)

Juvenile Rearing
The seven-day average of the daily maximum temperatures should not exceed
20°C (68°F)



Note to Reviewer
EPA isinterested in your suggestions on appropriate waysto aoply
the species-life-stage numeric criteria described above in away that
takes into account inter-annual meteorological conditions. EPA isalso
interested in your suggestions on relatively simple ways to apply these
numeric criteriain away that recognizes that someriver reachesin the
Pacific Northwest naturally experienced temperatures higher than
these criteria for some times of the year prior to Euro-American
settlement.

V.3. Interim Temperature Management Plans Provision

EPA recommends that States and Tribes adopt a provison in their WQS allowing NPDES
sourcesto comply with water qudity-based effluent limits derived from specieslife-sage numeric

criteria through atemperaure management plan. EPA believes that such temperature

management plans could protect the designated salmonid uses if they meet the following
conditions. Accordingly, EPA recommends that States or Tribes require that temperature

managemernt plans meet these conditions:

. NPDES permits must require the implementation of the temperat ure management

plan and that requirement must be enforceable.

. The plan nust include implementation of all feasble steps by the facility to reduce
thermd loading basad on an analysis of all possble options All feagble steps are
defined as all management practices and treat ment technologies that can be
implemented by the source without causing undue economic hardship, as

determined by the permitting authority.

. Under no circumstances shall a source’ s discharge contribute to incipient lethd
temperaures (77F, 25C ) inawater body (induding withina mixing zone).
. A source’ s discharge shall not contribute to salmonid migration blockage

temperaures (70F, 21C) inmore than a quarter of the receiving water.

. If, after implementation of dl feashble steps a source’s dischar ge (end- of- pipe) is
higher than the species-life-stage numeric criteria, then the source must offset the
excess heat load (excess btu input) through mitigative actions elsewhere in the sub-
basin. Mitigative actions must be in areas of salmonid habitat that are comparable
in life stage supported, and of similar or greater productivity, in order to have
similar effects on salnonid survival. Examples of mitigative actions may include,
but are not limited to: restoration of stream-side vegetation, purchase of water
rights for in-stream flow, and restoration of stream channd conditions to enhance
groundwater exchange. Additionally, thermal reductions acquired through
mitigation cannot include actions that are currently mandated or funded by existing

federal or state regulations and programs



. Thermal reductionsfully realized through mitigative actions during the 5 year term
of the permit may offset a source’s heat loading on al-to-1 basis. If a Stateor
Tribe chooses to allow mitigative actions not realized until later to count as
offsets, it should appropriately discount those offsetsto counter balance the present
adverse effects to the species. EPA is not presently able to recommend a
scientifically-based offset scheme, but is open to evduating such aschemeif a
scientificaly sound bass isprovided. For illustrative purposes only, such ascheme
might provide asfollows: the offset is2:1 for thermal reductions 5-10 yearsin the
future, 3:1in 10-15 years, 4:1 in 15-20 years, and 5:1 in 20-30 years.

After aTMDL is developed based on either speciesife-sage or thermd potentid numeric criteria
and approved by EPA, NPDES sources must comply with the water quality-based effluent
limitations in their permit derived from waste load allocations in the TMDL.

State and Tribes at their own discretion may elect to establish a temperature management plan
provision for non-point sources EPA will view these as gate implementation mechanisms for
non-point sources, which are outside EPA’ s authority under the CWA. Thus, EPA will take no
action on such plans under Section 303(c) of the CWA.

V.4. Protection Of Existing Cold Water Areas

EPA recommends that States and Tribes adopt provisionsin their WQS intended to further
protect wat ers supporting salmonidsthat are currently colder than the specieslife-sage numeric
criteria. EPA notes that States and authorized Tribesare required to adopt into their WQS an
antidegradation policy which provides for the protection of existing uses, high quality waters
unlessit is determined that lowering of water qudity (e.g. increased hea loading) isnecessary to
accommodate important economic or sodal developmert, and water determined by the State or
Tribeto be an outstanding national resource waer.

To protect those high qudity waters where water quality exceads the numeric criteria, EPA
recommends that State and Tribes adopt into their WQS a provison prohibiting any sourcesfrom
adding heat to waters that support endangered or threatened salmonids unlessthe added thermal
load is offset through mitigative actions elsewhere in the sub-basin. T he same stipulations
regarding mitigative actions and offsets that apply for temperature management plans described in
Section V should aso apply here. Additionally, EPA recommends that States and Tribes
designate localized areasof cold water salmonid refug a asoutstanding naional resource waters
of special ecologcd sgnificancefor the support of threaened and endangered salmonids For
these desgnated waters, additional heat loading is prohibited. 1n particular, EPA strongly
encourages these cold water refugiadesgnationsfor areas that exist in riverswhere the man
chamnel exceeds the species-life-stage numeric aiteria.
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VI. Additional EPA Guidance Related to Temperature WQS
VI.1 Beneficial Use Designations for Salmonids

The various sdmonid life stages for which EPA is recommending specieslife-sage numeric
temperaure criteria occur at certain geographic locationsand at specific times of theyear. To
protect salmonid species, species-life-stage numeric criteria need to apply to specific beneficial use
designations that describe where and when the various life stages occur (i.e. the specific life gage
isthe designated use). Furthermore, the beneficid use designations also define where and when
thermal potential numeric criteria can be adopted in place of the species-life- tage numeric

criteria.

To sufficiently protect the already diminished native salmonid populations, EPA recommends that
States and Tribes designate a species life dage use for areas where there isreasonabl e potential
for that useto exist. Dedgnating areas for protection only where sadmonid presenceis
documented, for ingance, would likely not be a sufficiently protective approach, for two reasors.
First, for threatened or endangered spedeslisted under the ESA, the appropriate presumption
should be that the present range of the species may be insufficient to support surviva and
recovery (i.e., there may be locations and times where salmonids would exist but for human-
caused elevated temperatures). Second, even if the present range were sufficient, commonly-used
methodsfor documenting the presence of fish tend to underestimate acual range, and are
insufficiently reliable to function as the sole support for use designation (i.e. absence of evidence
is not evidence of absernce).

EPA recognizes, however, that it is unreasonable to designate uses for all waters where salmonids
once existed in the Pacific Northwest. Some areas, such as above large impassable dams (as
defined by NMFS in their critical habitat designations), will not support anadromous salmonid use
inthe near future. EPA does, however, recognize that remova of some fish passage barrierswill
occur in the Pacific Northwest to support the recovery of saimonids. EPA recommends that
Statesand Tribes include in thar use designaions waters tha are articipated to be availald e for
salmonid use due to fish passage improvements in the near term (including areas where “trap and
haul” programs alow passage above dams) and that species life stage use designations be
reviewed during each WQS triennial review to reflect the latest information on potential sdmonid
use.

VI.2 Relationship to CWA Section 303(d) Listings and TMDLs

Theexisting State and Tribal water qudity temperature criteriaare the applicablewater qudity
standards for purposes of CWA section 303(d) listings and TMDLs and will remain so until the
EPA approves new or revised State or Tribal temperature WQS. After EPA gpproves newly
adopted State or Tribd species|ife-sage or thermd potentid numeric criteria those criteria
become the basis for section 303(d) listingsand TMDL s. EPA expects section 303(d) liststo be

11



updated during the next section 303(d) listing cyde to identify waters that do not meet the newly
adopted and approved criteria.

During the next 303(d) listing cycle after new temperature WQS are effective, TMDLs devel oped
to meet theprevious temperaure WQS should bereviewved to determine if they are suffident to
meet the new WQS. If they are not, waters covered by the TMDL may need to be re-listed and a
new TMDL may need to be devdoped. That said, it isnot EPA’s expectation tha Statesor
Tribes evaluate or revise recently completed and goproved tenperature TMDLS or re-list waters
covaed by these TMDLs in the short termbecause priority should generally be devoted to
completing TMDL s for 303(d) listed waters for which there are no TMDLSs.

VII. CWA and ESA Review of State and Tribal Temperature WQS that are
Consistent with this Guidance

This guidance outlines an goproach and design for temperature WQS that support sustainaole
populations of saimonids and meet the requirement s of the CWA and the ESA. Of course, EPA,
in consultation with the Services must review and approve any new or revised WQS tha are
adopted by a State or Tribe to ensure the requiremerts of the CWA and the ESA ae met.
Because of the specific nature of EPA’s recommendations regarding the species-life-stage
numeric criteria, temperature managemert plans, and protection of existing cold water aress,
CWA and ESA review of State and Tribal WQS that are consistent with these provisonsinthe
guidance should be streamlined because, as noted previoudy, any associated adverse effects are
likely to be sufficiently mitigated through the combined implementation of these provisions.

Because of the complexity around the devel opment of themal potential numeric criteria there
could be various interpretations of EPA’ s recommended approach to develop these criteria, so the
level of review may be more involved for the first few thermal potential numeric criteria a State or
Tribe submits to EPA for gpprovd.
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Appendix A
Recommended EPA Temperature Thresholds for use in Establishing
Species-Life-Stage and Ther mal Potential Numeric Criteria

1. Temperature Limits Recommended to Protect Salmonid Guilds

In this gppendix, EPA recommends water temperat ure threshold vauesthat are needed to fully
protect native salmonid fishes of the Pacific Northwest. EPA believes that these threshold values
represent genera upper limits for optimal therma conditionsto support various species and life
stages of salnonidsfishes. EPA recommendsthat gatesand tribesapply these valuesto defined
salnonid guilds. The species making up the membership of each guild share similar life-strategies
and have similar habitat and temperature requirements and limitations. EPA recommends the use
of three guildsfor establishing temperature values: 1) A Char Guild which includes both bull trout
and Dolly Varden; 2) A Cold Water Guild which indudes the five Pacific slmon, coastal
cutthroat and rainbow trout, and anadromous stedhead trout; 3) A Moderady Cold Water Guild
which consgs of interior redband trout and Lahortan cutthroat trout.

Within each guild, EPA established temperature values to protect key life stages such as spawning
and incubation; juvenile rearing; subadult rearing; smoltification; and adult migration. The EPA
did thisto ensure that the temperature requirements for life-stages that occur outside the summer
period would be protected. By setting values for individual life-stages the temperature thresholds
can also betail ored to support the actua tempora patterns of fish use that occur in individual
water bodies.

The values EPA recommendsare estimates of upper optimal physiological tenperature
preferences known to support various life gages and biological functions of the salmonid fishes
of the Pacific Northwest. T he numbers do not represent rigid thresholds, but rather represent
temper aures above which adverse effectsare morelikely tooccur. Intheinterest of simplicity,
important differences between various species of Pacific slmon are not reflected in the
recommendations. The values thusreflect the characteristics of the guild in genera, and any one
species may appear to be a little more or alittleless protected whentheir needsare compared to
the recommendations. The values werereviewed, however, in recognition of how the species in
these guilds temporally and spatialy express themselves across the landscape. For example, coho
sdmon tend to require slightly colder temperatures for optima incubation than other Pacific
sdmon. Coho usudly occur inwat ersheds dong with other sdmon tha spawn earlier in the fdll,
however, and thus application of the recommendations will generdly provide that waters are on a
fall cooling trend that creates healthy conditions for both earlier and later spawning species.

2. Recommendations for the Char Guild

Bull trout and Dolly Varden define the char guild in this guidance. These species are the region’s
most temperature-sensitive salnonids, and research has repeatedly suggested that summer
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maxi mum temperatures are one of the most important environmental constrant affecting their
health and distribution in our region’ sstreams. It is recommended that temperature thresholds
that fully protect char include the following:

Spawning, Incubation, and Juvenile Rearing. Summer maximum temper aures should
not be allowed to rise above a single daily maximum of 12°C (54°F).

Migratory Life Stage. Inwatersused by migratory fish during the warmest time of the
year, temperatures should not be allowed to rise above a single daily maximum of 12°C (54°F).
The important distinction between the recommendation for spawning and juvenile rearing waters
and the recommendation for migratory life stage is that the migratory life stage recommendation
may be applied on a seasona basisto specific portions of wat ersheds, wher eas the spawning
waters threshold value is to be applied year-round.

The EPA recommends establishment of a single summer maximum temperature for waters used
for spawning and tributary rearing in part to create some smplicity in its assgnment and
implementation and to reflect our knowledge of distribution of the different life stages.
Maintaining waer bodies at the farthest downstream extent of the early rearing use at a maximum
summer temperature of 12°C, in recognition of natural fall cooling patterns, also assumes that
sufficient water will be avail able for spavning and incubation in the early fadl when such ectivity
commonly begins. To reduce mortality of incubating eggs and developing larvae, temperatures
mug be ona downward trend and decline to 6°Cinthe weeksinmed atdy following the iritiation
of incubation. The EPA assumes that with a seasonal drop in stream temperatures the average
temperaures throughout incubationwill remainin the rangeof 2-4°C. In order to ensure
protedionisoccurring using thissimplified framework, it will be important for states and tribesto
cross check temperature patterns in watersheds against these incubation requiremerts to ensure
that this expectation is being met on the ground. In Ste specific cases, wherethe char spawnin
July or early Augug (during thewarmest time of the year), the single day maximum will need to
be adjusted to protect the spawning and incubation life-stage.

Char typicaly rear for the first one to three yearsin the same tributary where they first emerged
fromthe gravds Thedensity and health of juvenile figh is supported by tenperatures & or below
12°C, and the probability of juvenile occurrenceis rdatively high in portions of sreamswith daily
maximum temperatures & or below 12°C. The occurrence and hedth of char populations quickly
declines as temperatures increases above 12-13C. In recent laboratory studies examining optimal
growthof char, an averagedaily temperaure of 12°C has been shownto produce the best growth
under variade diet constraints. This optimal laboratory estimate matches closely with the
distributional patternsof thesejuverile fish in the natural environment. This lends further strength
to the 12°C snge daly maximum recommendation.

The recommendation of a 12°C single daily meximum temperature to protect the migratory life
stageof char is based onboth the gereral patterns of health and occurrence noted above for
juvenile fish and on numerous studies of salmonids that show larger, more mature fish do not have
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higher temperature thresholdsthan smaller, younger fish of the samespedes It isal based on
field studies showing that adult and sub-adult char tend to move out of waters once they warmto
greater than 12°C. The flexibility to comparethisvalue only to where and when the char actudly
occur in these watersis based on recognition that these older fish are more capable of migrating

to more prefered waters and making use of thermd refuges along the way. This recommendation
may need to be revidted in the future as more research is conducted on migratory char and their
interaction with ambient temperaturesin waters of the Pacific Northwed.

3. Recommendations for the Cold W ater Guild

The cold water guild is defined by the presence of one or more of the following species of fish:
any of the five Pacific simon, anadromous steelhead trout, resident and anadromous coastal
cutthroat, or coastal rainbow trout.

Water s used by species of the cold water guild are expected to be supported under the following
temperature limits:

Spawning and Incubation. The sven-day average of daily maximum temperatures
should not exceed 13°C (55°F), and the weekly mean temperat ure should not exceed 10°C (50°F)
during the incubation period.

Juvenile Rearing. The seven-day average of daily maximum temperatures should not
exceed 16°C (61°F), and the weekly mean temperat ure should not exceed 15°C (59°F). This
temperature limt will alo protect the smoltification (physological preparation for salt water
residence) of all of the species of the guild with the exception of steel head, which would require
cooler temperatures as specified below.

Steelhead Smoltification. To support the smoltification ability of juvenile seelhead
trout, temperatures in tributary systems containing steelhead trout should not exceed a saven-day
average of the daily maximum temperaures of 14°C (64°F), and aweekly mean of 12°C (54°F).
This threshold should be applied at the scaleof a 4™ level HUC watershed (for example, the
mouth of the John Day River in Oregon, and the mouth of the Wenatchee River in Washington).
Water temperatures necessary to support adively migrating steelhead smolts in mainstemrives
such asthe Columbia and Snake are unknown. EPA determined that there is considerable
scientific uncertainty whether thresholds for other sengtive life stages (i.e. juvenile rearing, adult
migration) will provide water temperatures that sustain migratory behavior and sea-water
readiness in advanced geelhead smoltification. However, steelhead snoltification thresholds
appliedto 4™ leve HUC watersheds are expected to improve water temperat ure conditions in
mainstem Columbia and Snake river migration corridors. Furthermore, recent historic spring
water temperature conditions inthe Columbia and lower Snake rivers will not exceed our
recommendation for steelhead smoltification.
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Adult Migration. To support adult migration, the seven-day average of the daily
maximum temperat ures should not exceed 18°C (64°C), and a weekly mean of 16°C (61°C). This
recommendation should be used only in portions of water bodies, or at times of the year, where
the adult migration is the only useby the species of thisguild. |f migration and rearing were to
occur smultaneoudy, the cooler rearing threshold would tak e precedence. Likewise, spawning
and incubation would be more thermally sensitive uses that would take precedence over the
rearing or adult migration thresholds.

This cold waer guild is composed of the greatest variety of key species, and EPA established
recommendations in recognition of the genera requirements of the speciestha comprise this
guild, rather than basing them grictly on the most sensitive life-stage for the most sensitive species
in the guild. Thus some compromise produced recommended thresholds that will cover this entire
guild to result in arecommendation package that isfar less complicated than what would have
been necessary if each gpecies recelved separate recommendations. The one clear exceptionis
where EPA made a separate recommendaion to protect steelhead trout. The research examined
and experts consulted on thistopic support the contention that smoltification in steehead trout is
uniquely sengtiveto temperatures above 12 - 14°C. Initiation of smoaltification and the early
stages of smolt migration may be most sensitive to inhibition by warmer water temperatures.
While the information reviewed suggested that a temperature threshold of 12°C would protect
physiological adaptations necessary for successful sea-water entry of steelhead smolts, research
aso indicated that severd weeks of higher peak temperat ures could inhibit smolt development in
steelhead trout. For this reason, EPA recommends a seven-day average of the dally maximum
temperature of 14°C to limit the extent of daily maximum temperatures during steelhead
smoltification. The current state of scientific knowledge concerning smoltification in geelhead
trout supports the position that once steelhead amolts are actively migrating, it is unlikely tha brief
periods of slightly warmer than optimal water temperaureswill resut in precod ous development,
parr reversion, inhibition of migratory behavior, or significantly reduce sea-water adaptation.

The EPA consider ed growth rates, maximum swimming speed, maximum metabolic scope, and
disease risksin recommending temperature levels that support juvenile rearing of this guild.
Considering growth rates, EPA recognized that we cannot assume that fishwill be receiving an
unlimited supply of food during the warmest period of the summer rearing season. This
recognition resulted in bringing the recommendation down a couple of degrees from the maximum
growth rates that have been observed in controlled laboratory experiments where the fish were fed
to satiation Thisdecision is consstent with both the demonstrated effects of reduced rations and
with the recommendations of many of the key papersreviewed. Even making this adjustment, the
recommended val ues are expected to result in lessthan maximum growth during the peak summer
period. However, in reviewing temperature profiles of rivers of the Pacific Northwest it is clear
that periods of sub-optimal growth due to higher temperatures will be kept sufficiently restricted
and balanced with periodsof sub-optimal growth due to colder water temperatures. Based on
examining the growth rates occurring over longer-term experiments, the minor effects allowed
with the rearing recommendation will not create a meaningful or detectable changein the
maximum growth occurring at the end of the entire summer growing season
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In estallishing the incubation recommendation, EPA recognized that excellent incubation success
has been repeatedly observed in tests that were begun at temperatures of 13-14°C but were made
to cool sharply over the following approximately two weeks to levelsthat have been found to be
optimal (6-10°C) under constart temperatureexposures. Further these studies acknowledged that
the aver age temper ature regime rather than the daily maximum temperat ures, within reasonable
limits (e.g., within limits of approximately 2-12°C), isthe most influentia factor on the health and
survival of eggsand embryos. Temperatures ébove 13°C have d 0 been associated with
sgnificant losses in eggs even while still retained unfertilized in the body cavity of female fish, and
evidence is strong that maintaining water temperat ures in the range of 12-14°C on the spawning
grounds reduces disease and pre-gpawning mortality in salmon species. These factors conbine to
sugged that maximum temperatures of 14°C or higher may pose sveral direct riks of mortality to
spawning fish and their offspring and should be avoided, and that average weekly temperatures of
10°C and lower over the course of incubation may be necessary to ensure that there are not direct
losses or harm to fertilized eggs and developing embryos. The EPA recognizesthat if this
recommendation is applied to the early portion of afal spawning period or towards the end of the
incubation period for spring spawning stocks, it will result in conditions during the preponderance
of the incubation period that are solidly inthe range of what has repeatedly been determined
optimal for these cold water species(6-10°C).

In recommending temperat ures that support adult migration, EPA particularly considered
temperatures that allowed for sustained swimming performance, that minimized the risks of svere
disease outbreaks, and that would not produce unreasonable metabolic demands on the energy
reserves of migrating fish when experienced for short periods of time (days versus weeks) during
migration through main-stem river reaches. The temperat ures recommended provide that during
the warmest portions of the day water temperatures still remainwithinwhat is optimal or near
optimal for negotiating obstacles and swift currents, while remaining below levels that have been
shown in field gudiesto reduced survival (i.e., increase pre-spawnng mortality) of migrating adult
salmon and their gametes.

4. Recommendations for the Moderately Cold Water Guild

The moderately cold water guild defined by the presence of either interior nonanadromous redband
trout or Lahontan cutthroat trout. Therecommendations for this guild areto be comparedto
water bodi es where members of the two colder water guilds aretypically absent.

The EPA expects, waters used by species of the cold water guild to be supportive under the
following temperature limits:

Spawning and Incubation:  The seven-day average of the daily maximum temperatures
should not exceed 13°C (55°F), and the weekly mean temperature should not exceed 10°C
(50°F) during the incubation period.
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Juvenile Rearing: The ssven-day average of the daly maximum temperatures should not
exceed 20°C (68°F)

While species of thisguild can thrive under summer water temperat ures warmer than what is
supportive of the cold water guild, ther incubation requirementsappear idertical. Boththese traits
are at least partialy due to these species spawning in the spring, which enables the species to select
the period of time in the winter-to-spring period at which watersfirst become warm enough to
support incubation. This gtill makes the species susceptible to harm from rapid spring warming

that may exceed safe incubation thresholds, but does provide some natura resliency. Further, the
species of this guild are specific gocks or subspecies of the cold water guild that have evolved in
warmer waters, and being resident fish that must cope with ambient stream conditions throughout
their life-span, appear to have developed somewhat warmer optimal temperature thresholds.
While these higher optimal thresholds are not dramatically higher than those exhibited by the
species of the cold water guild, ascompared to the preferences of warmwater speaes, they are
meaningful enough to warrant establishing separate temperature recommendations. Since these
species are resident species, it gppears that thereis only aneed to specifically protect conditions
appropriate for the two discreet life-stages of incubeation and rearing, although, it is possible that
there may be a need to establish separate considerations if juveniles and adults fish are foundto
have different sengitivitiesto temperature. Dueto the relative lack of research specificaly testing
the species of this guild in general, EPA needs to revisit these recommendations in the future when
new research becomesavailale.
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Appendix B
Recommended Process to Establish Thermal Potential Numeric Criteria For
Temperature Based on Multiple Lines Evidence

Executive Summary

Although individud fish respond to their loca therma conditions, salmonid populations respond to changes
in thermal regimes at coarse spatial scales. Throughout the range of salmonids, various river basins and
sub-basins had thermal regimes that dif fered from one another and fluctuated natur aly over time. Although
human-caused changesto thermal reg mes may haveaffected salmonid populations in marny ways, EPA
believes that the loss of cold water habitat has been the most detri mental thermal effect. Therefore, the
process described below focuses on developing criteria that will help protect and restore cold wat er when
and where salmonids areor could be presert.

EPA believes the mechanisms of anthropogenicwarmingare dveseand variableover paceandtime. To
manage anthropogenic warming successfully in any particular stream system, EPA believesthat it is
important to characterize and under stand the magnitude and mechanisms of anthropogenic warming in the
stream system.

EPA believes that the historic thermal regime of rivers that provided habitat for salmonids in the Pacific
Northwest is the only thermal regimethat we know with certainty will providenecessary thermal dynamics
to support recovery of smonidsin the Pecific Northwest. T herefore, if water qudity criteria describe a
thermal regime that maintains critical characteristics of the histaric regime, EPA believes thecriteriawill be
sufficient to create thermal conditions that ar e compatible with sal monid recovery even if some
anthropogenicthermal degradation isstill present. Thus, the histaric thermal regime serves as a useful
‘compass’ for assessing whether or not a proposed standard other than historicthermal potentia is both
reasonable(i.e, attainable) and compatible with salmond recovery.

Several different ways of egimating historic thermal potential exist; however, EPA recognizes thet weare
limtedin precisdy describingthe historic thermal regme The dffeent waysof estimating historic thermal
potential include assessing the historic distribution of salmonids, modeling historic conditions using
computer simulation or statistical models, assessing ‘reference’ conditionsin pristine streams, and using
historic data. If used alone, each of these different data sour ces will provide a different estimate of historic
conditions. Because of unavoidable limitations in data and models, any estimate of historic conditions will
haveits inaccuracies. Although, some estimates will be moreaccuratethan ahers EPA bdievesthat
estimates are more likdy tobe accuratewhen deived from multiple lines of evidence that yidd similar
results.

It isimportant to note that EPA believes that it may not be possible to re-establish historic conditions
everywhere dl of thetime (some impacts may beirrevers ble such as location of cities). Therefore, water
quality criteria need not requir e complete restoration of historic conditions. Instead, EPA is recommending a
process to devd op wate quality criteria that provides adeguateamounts of cold water when and whee
salmonids need it, allows for waters that are naturaly warm to occur, and also recognizes that certain

human impacts are not reversible.
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Overview

After reviewing avail ale pertinent information and corferring with State and Tribal Governments
and the Services, EPA has concluded:

1) Water temperature criteria need not require that all waters inthe Pacific Northwest provide
optima thermd habitat for salmonids dl of the time. However, water temperature criteria should
require the establishment of therma regimes sufficient to maintain hedthy, viable salmonid
populations.

2) The Pacific Northwest’ s historical thermal regime (spatio-temporal patterns of stream
temperature that exiged prior to Euro-American settlement in the Padfic Northweg) represents
the only set of therma conditions that can be shown with certainty to support hedthy, viable
salmonid populations However, it may be unreasonable to expect that these historical thermal
regimes can be re-established in their entirety given the current level of human development and
human population in the Paafic Northwest.

3) Current therma conditionsin many riversand streams of the Pacific Northwest are very likely
to contribute to the continued decline of salnonid populatiors. Therefore, restoration of
substantial portions of historical therma regimeswill be necessary to restore hedth and help
prevent the ultimate extinction of many native salmonids in the Padfic Northwed.

4) While we have several means of determining spatially and temporall y-specific estimates of
higoric thermal regmes each has various|evels of uncertainty associaed with resulting estimates.
These different estimate may provide conflicting information and would thus need to be reconciled.

These conclusions underscore EPA’s position that the concept of “historical conditions’ cannot be
used as water quality criteria directly. Thisis so for two reasons. our estimates of historical
conditions are uncertain; and it may not be possible or feasble to reverse some human caused
impactson theenvironmert. Historical conditions srveas a useful conceptual modd for
identifying a themd regime tha support viable salmonid populations with a high degree of
certainy.

Althoughwe cannot precisely identify higorical thermal regimes there are multiple lines of
evidence that can be used to establish bounds within which historical conditions are likely to have
existed. Within these bounds, credible temperature criteria can be developed that both recognize
the limits of potential redoration efforts, while still ensuring that adequate amounts of cold water
are avdlable to support viable salmonid populaions. Even armed with this information, however,
development of temperature criteriais a difficult task. If temperature criteria can not require
conditions to beoptimal everywhere, at all times, the criteria can describewhen and where
conditions must be optimal, along with when and where conditions can be sub-optimal or even
locdly and temporarily stressfu or hostile to salnonids. There is not ascientific means of
determining precisdy how little cold water can be available acrossthe landscape a agiventime
and still support viable sdmonid populations. We cannot and should not expect that “science” will
provide that answer. On the other hand we can use scientific information to provide boundaries
within which scientifically-credible policy decisions can be made regarding how much cold water
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there should beand when and where it should be 1n essence the scientific information used to
support the policy decisions should provide a realistic portrayd of associated uncertainty.

In order to determine how much cold water is needed in a sub-basin and when and where it should
occur, EPA recommends a process that follows the framework provided by Fgure 1. In essence,
the framework callsfor: 1) the assembly of multiple lines of evidence for use in characterizing the
historical temperature regime; 2) integration and reconciliation of the multiple lines of evidence
into asingle, quantitative and spatialy-explicit estimate of historical temperatures at key seasons
withina sub-basnunde (median) conditions of temperature and streamflow; 3) consideration of
an allowance for human use expressed as an adjustmert to the estimates of historical maximum
seasonal temperatures, thereby creating “potential thermal conditions’ (target conditions) for the
sub-basn; 4) an amalysis of the “performance’ of the target conditions desgned to determine how
much cold water would be available under differing climetic and flow conditions (other than
median conditions). Thefina product of these four steps would be the numeric criteriafor the
sub-basin and would then be ready for adoption as the water quality standard. T he numeric criteria
would be expressed as map of spatialy explicit distribution of temperat ures across the sub-basin.

In stting forth thisprocess, EPA recognizesthat it may not be possible for States and Tribesto
follow each step to the fullest extent as described herein. EPA’s expectation isthat States and
Tribeswould use, to the best possible extent, the toadls, data, and capabilities availableto themin
carrying out this process. EPA believes one of the main benefits of this processisthat it is robust
to uncertaintiesand limitations. For example, if a state were not able to develop amodéd of the
historic thermal potentia for the whole sub-basin, or did not have resources/data to produce a
sophisticated model of higoric thermal potential, the uncertainty analyds would capture these
limtations and lean towards the biological distribution line of evidence. The approach EPA has
desgned canwork withany type of model. But it relies onour ahlity to quantify the uncertainty
associated with themodd.  We can rely more on biology when model uncertainty is high and
more on modelswhen model uncertainty is low.

Step 1. Assembling Multiple Lines of Evidence

Water quality criteria for temperature should be st ina process informed by an understanding of
the natural thermal potential (NTP). NTP is defined here as thethermal regime that exised prior
to Euro-American settlement. Thisis not to say that criteria should be set equal to NTP. It
simply means that knowledge of the NTP, of streams and rivers will help to set criteriato make
them fully protective of beneficial uses, yet still achievable.

Unfortunately, no techniques exist to accurately and precisely reconstruct the natural thermal
regimeof any givenstream and/or river. Ingead, two or nore techniquesare to be used to
estimate NTP, and each technique has avariety of shortcomings. Below is an overview of the
lines of evidence with their shortcomings; each lineof evidence is provided inmore detail later.
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1) Biological Distributions: Since every species has specific habitat requirements, knowledge of a
gpecies digtribution and habitat requirements can provide information regarding the distributions
of habitat s on the landscape. If aspeciesexistsat a given location as part of asdf-sustaining
population, the distribution map of that speciesis an indicator of habitat conditionsthat hasthe
potential to support the species. If adequate information regarding the physological habitat needs
has been compiled, amap that approximates habitat conditions can be generated by overlaying
digributions of various species and assuming that the hahitat therein usually was comprised of
conditions that wer e historicaly well-suited to the species. With respect to stream temperature, the
physiologica needs of salmonids have been studied considerably. Thus, maps of historic samonid
distributions and their periods of use can be used to provide rough estimates of thermal conditions
that existed prior to Euro-american settlement of the Pacific Northwed.

2) Modeled Thermal Potential: Models based on the physical characteristicsof streans and rivers
can provide estimates of NTP. There are various types of models that are used to estimate thermal
conditions of streams and rivers. Each hasits own attributesand limitations. Statigica models
estimate the NTP of streamsand rivers by using multi-variate statistics to find correlations between
stream temper atur e and those landscape characteristics that control temperature (e.g., elevation,
latitude, aspect, etc.). Statistical models are most appropriately applied to small, headwater
streams. Quantitative estimates of uncertainty associated with predicted thermd potential are
relatively simple to calcuate, providing additional information useful for determining temperature
criteria. Mechanistic models estimate the N TP of streams and rivers using mathematica equations
that describe heat flux between streams and their surrounding environmert. Unlike statidical
models, mechanistic models can be developed without relying on reference conditions and
therefore represent the best way available for estimating NTP of large rivers. The error associated
with thermal potential predictions derived from mechanistic models can increase especially when
models do not adequately represent locally important influences on stream temperature (e.g., the
model' s structureand capabilities are not well-suited to the system being modeled) or whenthere
is high uncertainty associated with a model parameter that strongly influences model predications
Nonetheless, there are accepted and well-est ablished techniques for assessing and quantifying
much of the uncertainty and eror associated with mechanistic model predictions. When coupled
with error assessment and an understanding of the model’s limitations, predications from
mechanistic models can provide a highly detalled picture of astream’s NTP and the factors that
influenceit.

3) Historical Data. Occasionally, temperaure data have been collected froma stream prior to
human influences on the stream’ s temperature regime. These data serve as useful reference points,
but they often do not adequately capture the spatial and/or temporal variability in stream

temper ature due to limited spatia or tempora resolution. Further, in some instances, there may be
uncertainly about whether or not humans affected temperat ure prior to datacollection. Thus, it
may be difficult or impossible to adequately describe the NTP of a stream based on historic data
aone. Higdorical data may be very useful, however, for verifying estimates of NTP based on other
techniques such as modeling (discussad below).
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4) Reference Conditions: The NTP of athermally degraded stream or river may be assumed to be
similar to that of a non-degraded stream, so long as the location, landscape context, and physical
gructure of the sream are sufficiently smilar. However, this gpproach to esimating NTP is
hampered by potential disagreements on the similarity of location, landscape context, and physical
structure. Further, non-degraded streams may no longer exist for a given location, context, and/or
sructure. Thisisespecidly true for larger rivers, each of which isrelatively unique on the
landscape. Further, even when appropride reference streams are relatively plentiful, this technique
has a varying levd of accuracy that isdifficult to quantify since no two streams have the same
location, landscape context, or dructure. Thus, while reference conditions may be useful for
describing the thermal regime of smell streams in a non-degraded date, reference conditions (like
historical data) may be most powerful as a means of validating thermal models.

Other data sources may aso be useful, but are not covered here. EPA recommends assembly of al
four lires of evidence to the extent possible. At aminmum, the biological and modeled thermal
potential lines of evidence are needed to support the characterization of natural thermal potential.
EPA recommends that the lines of evidence be compiled as described below:

Biological Distributions

Maps of historic salmonid didributions can be used to provide estimates of thermal conditions that
existed prior to Euro-American settlement of the Pecific Northwest. EPA cautions that it can not
be said or implied that wherever a species can be mapped to have occurred that water temperatures
were at or below the specified upper end of optimum physiological thresholds at all times. Wheat
can be said is that within a mapped distribution for a given population a sufficient per centage of the
water for asufficient percentage of the period of use was likely a temper atures supportive of a
hedlthy sdlf-sustaining population.

In order to estimate the thermal potentia of a stream system using species distribution infor mation,
the guild and life-stage thermal tolerances from the main text of the guidance (also in Appendix A)
must be assigned to the locations at which life stages for different guilds occur. Therefore, EPA
recommendsthat statesand tribes develop maps of potentid habitat distributions for each guild
and life stage on a sub-basin by sub-basin basis. For each guild, maps of potential habitat for each
of the following life-stages should be developed: spawning & incubation, rearing, smoltification,
upstream migration, and adult holding.

Multiple sources of data are usually available describing the location and timing of salmonid habitat
use within a sub-basin. EPA recommends that states and tribes develop coarse-scale maps of fish
distribution in each sub-basin. Where landscgpe indicators of various phydcal habita requirenents
of subject species converge, it is reasonable to assume that salmonids exist. Additionally, coarse-
scale maps can be generated by working with fisheries biologists from fish and game management
agercies, and other experts. Once coarse-scal e maps have been devel oped, finer-scal einformation
from field surveys and scientific studies can be used, where needed, to augment the distribution
mapsby identifying core hahitat areas or areas of especially high habitat value Generdly, where
coarse-scale landscape indicators of habitat suggest a species would exist in an area, neither best
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professonal judgement, nor fidd surveys indicating asence of that species should be used to
elimnate the area from the species potential distribution. Best professional judgement is often
highly accurat e for identifying wher e healthy populations of species occur, but isgenerdly
inadequae for identifying areas where rare speciesexis or low dendty populationsexis. Fied
data are generally inadequate to reduce a predicted species range aswell. First, an overwhelming
survey intensity is necessary to show that a speciesis highly likely to be albsent from an area
identified as having suitable habitat. Secondly, present-day surveys reflect present-day conditions.
With redoration of hahitat (including thermal conditions), a species may returnto areasnot
currently occupied.

Maps should be generated as Gl S layers that describe historic and/or potentia spatia distributions
for each guild and life stage. Spatial distributions of each life stage should be further subdivided
according to the annual period of occurrence so that seasonal occurrence maps can be generated
using the GIS. EPA recommends that this information be compiled in GIS layers for severa
reasons. Firg, the data will be compatible with other spatially explicit data sets and therefore will
be amenable to analysis using other important data sets. Secondly, the data are easier to share and
discuss with public interests and decision-makers when expressed in mgp form

Modeled Estimate of Natural Thermal Potential

Two broad classes of models are discussed: 1) statistical models, also known as empirical models,
and 2) mechanistic or processmodds. Empirical modes are based upon statisticd correationsin
data and are based on the fact that often afew key characteristics of a stream and its environment
predict mog of the observed varidioninwater temperature Process models are based on
fundamenta knowledge of the physcad mechanismsthat cause sream heating and cooling. Their
basis isa heat budget that acoounts for energy exchange between the stream and its environment.
Although presented as adichotomy, many models are a hybrid of gatisica and mechanistic
understandings of water temperature. All are valid if properly used.

In many instances, when models have been used to egimate NTP, uncertanty assodaed with
modeled estimates has not been assessed and/or incorporated into the process used to establish
temperature standards. By faling to assess model uncertainty, model predictionsare used to set
temperature standards without a clear understanding of the confidence asociated with model
predictions. Thus, previous attempts at modeling thermal potential have focused on determining a
“centrist” estimate of NT P, rather than determining the confidence intervas that surround the
centrist edimate

Regardless of the type of model used (statistical, steady state, or dynamicg), there are two sources
of uncertainty associated with model predictions: 1) Error associated with the model’s
cdculations. Typically, dthough modd validation may provide an estimate of thiserror, this
estimate of error is acknowledged, but not incorporated into the process of seting a tenperature
standard, 2) Uncertainty associated with estimates of model parameters. Traditiondly, this source
of uncertainty has been ignored. Instead, a single value has been selected for each model
parameter (often from the center of the range of potential parameter values).
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Because modds provide only an estimate of a stream’s natural potential, it isimportant to avoid
taking the centrig estimate at face value. Rigorous assessment of the factors that influence a
modd’s acauracy will determine the confidencethat should be placed in thecentrig estimate of
NTP. This assessment involves examining the two sources of uncertainty listed above. Thus, any
modeling exercise should not be viewed as an atempt to “mode NTP’ given specific dimatic
conditions. Instead, the objective should be “to use a model to estimate upper and lower
confidence limits for NTP” given specific climate conditions.

The following three steps outlined below describe, in general terms, the steps for determining a
confidence range for estimates of natural therma potentid:

1) Assess current and historic conditions of the sub-basin to be modeled. This step includes
identifying the dominant physical structures (vegetation, channel morphology, etc) and
hydrologic/thermodynamic processesthat influence stream temperature in the sream. This should
be done for both current and historic conditions. The results of this step are critical for identifying
which human activities may have affected stream temperature in a basin and, therefore, assessing
the applicability of a given model for determining confidence limits for NTP.

2) Select amodel. Select amodel that is well-suited to represent the range of dominant structures
and processes influencing stream temperature, both historically and currently. EPA recognizes that
there are different models available to estimate NTP. The accuracy of those models varies
depending on what influencesthe modd most. The accuracy of a datistical modd will be strongly
influence by: whether or not the primary factorsinfluencing water temperat ure are successfully
incorporated into the model; by the quality of the data used to generate the model; whether the
reference streams represent the range of conditions across the landscape that influence stream
temperature; and whether the reference conditions truly represent “pristing” or “un-modified”
thermal regimes. Theaccuracy of a mechanistic modd (steady sae or dynamic) isinfluenced by:
whethe or not the equations in the model represent the dominant influenceson stream temperaure
within the sream and the mechanisms of heat sorage, transport, and transfer within the sream;
whether or not the historical conditions imposed on the model accurately portray historical
conditions; the accuracy of the parameter estimates; and theaccuracy of driving variables used as
input to the moddl. By rigoroudy ng the factors that influence amodel’s accuracy the
uncertainty associated with the predications can be better undersood and taken into account in
interpretation of the predcted thermal potential. It isimportant to document the model selection
process. The modeling should berun under median temperature and rainfall conditions to edimate
water temperature throughout the basin “in a median year.”

3) Determine confidencerange for the estimate of NTP. Theapproach outlined inthe main section
of this guidance document requires a credible assessment of both sources of uncertainty associated
with model predictions (listed @ove). The confidence range for model ed estimates of NTP (i.e.,
the distance between the uppe and lowea confidence boundaries) is the centrig estimate plus or
minusthe sum of the edimated uncertainty fromboth sources. The uncertainty associated with
model calculations can be assessed using verification data. The verification data must be
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independent of any dataused to cdibrae themodel. Ideally, current condtionswould beused to
cdlibrate the modd and refer ence conditions (undisturbed streams, historical data, etc) would be
used to validate the model; thisapproach will accurately quartify the error associated with “ badk-
caculation” of historica conditions. Uncertainty associated with parameter estimates can be
addressed by Monte Carlo assessment of the model or other methods that perform asimilar type of
assessment. Whatever assessment tool is used for either type of model, it should credibly assess the
uncertainties associated with both types of model eror. The result of these steps should bea
graphic display of the upper and lower confidence boundaries of NTP.

Historical Data

Historical dataismod useful for verifying models. Historical datagenerally should not be used to
directly establish sub-basn temperature standards since historical records only reflect stream
temperaures under the specific climate conditions experienced when the historic daa were
gathered. These data are unlikely to be useful for directly establishing the thermal potential under
median climate conditions.

Reference Conditions

Reference conditions are most valuable for verifying mechanistic models and creating statigical
models. Reference conditions measured in one stream generdly should not be used to directly
establish temperature criteria for another stream since reference conditions refledt stream
temper atur es specific to the stream from which they were gather ed under the climate conditions
experienced when the datawere gathered. These datawill seldom be useful for directly
establishing the thermal potential under median climate and flow conditions.

Step 2. Integrating and Reconciling Multiple Lines of Evidence

Integrating and reconciling multiple lines of evidence is the process of finding a single, new
estimate of NTP that is compatible with edimates derived from each line of evidence. Two lines of
evidence are compatibleif their uncertainty ranges overlgp. They are incompatible if their
uncertainty ranges don’t overlap. For indance, if a computer model estimates the NTP of a stream
IS 22°C + 2°C, then another estimate of NTP of 21°C+2°C is compatible. Inanother instance, an
estimate of 17°C+ 2°C isincompatible.

The multiple lines of evidence discussed aove could be used in a variety of ways to compile a
NTP baseline, whichwhen used with the other steps below (allowance for human use, inter-annual
conditions analysis), could be used to derive water quality criteria. In order to implement EPA’s
recommended approach, described below, at least these two lines of evidence are needed from the
previous step: 1) the spatia distribution, timing, and ther mal requirement of various species and
life stages of salmonids 2) estimate of the natural thermal potential of the gream.

While there may be other lines of evidence that can be used, this guidance focuses on integrating
two linesof evidence models and biol ogical data. EPA review of estimateof NTP will be based on
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an evauation of the reasonableness of the states inter pretation of the lines of evidence and the
types of evidence used by the states. States may choose other means of integrating and
reconciling multiple lines of evidence than the example below.

One example of how the integration and reconciliation is shown in Figure 2. T he rationale for this
approach is tha the model provides gatigicd corfidence boundaries surround ng the estimate of
NTP. The biological data provides a clue as to where within those boundaries the true NTP exists.
Additionally, although the final NTP may be established anywhere within the modeled confidence
range depending on the biological use in the stream, inno case would the final NTP get set outside
of the modeled confidence estimates. If the lower end of the certainty boundsis higher than the
biological threshold, and you have greater confidence in the model data then the biological data,
then you can set NTP at the lower confidence bound of the modeled estimete.

In some cases, there may be no single estimate of NTP that iscompatible with all lines of evidence.
For instance, if slmonidswith a thermal requiremert for water less than 15°C are known to have
existed in high densities in the same stream where a model suggeged a historic potential of 22°C +
2°C, we have two lines of evidencethat can not be integraed; any temperature that is compatible
with the first line of evidence is, by definition, incompatibe with the second. Inthis case, EPA
recommends attempting to reconcile the lines of evidence by questioning the confidence we havein
each line of evidence. To reconcile lines of evidence, questions about the evidence must be aked
and answered: ‘How rdiableisthe fish identification data? , ‘Is the modd considering all of the
processes that influence stream temperature?, etc. In the process of reconciling lines of evidence,
estimates derived from each line of evidence should begin to converge due to improved estimates
of historic conditions or increased uncertainty associated with the lines of evidence.

In summary, where more than one estimate of historic thermal potential produces similar results,
we should rely on those estimat es, s0 long as we under sand the uncertainty associated with them.
Where estimates of NTP are derived from different sources but yied dissmilar results, we should
seek to undergand why the estimates differ so that we can determine what course of action to
pursue.

Step 3. Allowance for Human Use

The third gep in EPA’s recommended approach is the step that accounts for the fact that some
human activities are not reversble. The work done inthe firg two steps reaultsin an estimateon
NTP. Thisis not the criteria, asstated earlier, because of the uncertanty withour alility to
estimate NTP and because it may not be possible or feasible to reverse some of humans' impact on
the environment. Asgated earlier, EPA recognizes that s ates and tribes may find that some
human impacts may not be reversible (i.e. move atown). To address such situations, EPA
recommends an ‘dlowance for human use be incorporated into the estimate of NTP. Theresult
of thisstep would becalled the ‘thermal potential’ of the sub-basin To accomplish this step EPA
recommends adding a set incremental amount of warming to the estimate of NTP. The increment
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for human use must not be so great that thermal potential can no longer support salmonids. Thus
an asseessment must be completed on a proposed dlowance for human use to check to make sure
that there is gill adequate amounts of cold water. After determining the NTP from multiple lines
of evidence and adding an appropriate allowancefor human use (if any), the reaulting distribution
of temperatures can be viewed as “ proposed” temperature criteria for the sub-basin. The chart
below provides a hypothetical example of what theresulting criteriafor asub-basn might look
like. The chart provides the criteria for the summer timemaximums In order to have complete
criteria, this chart would need to be developed to cover spring and fall maximumes.

River/Stream Name River Mile Median Conditions Temperature Values
Red Salmon River 0-20* 65°F
21-50 62°F
51-75 58°F
Blue Trout Creek 0-5 60°F
6-15 56°F
15-20 M4°F

* Designated Cold Water Refugia are to be protected in this section of the river. They are critical
areas for salmonidsto navigate through thisgenerdly warmwater stretch of the river.

Step 4. Assessing the Performance of the Proposed Thermal Target During Different
Climatic and Flow Conditions (accounting for inter-annual variation)

After determining the NTP frommultiple lines of evidence and estallishing an appropriae
allowance for human use (if any), the resulting distribution of temperatures can beviewed as
“proposed”’ temperature criteria for the sub-basin. Before thecriteria is adopted, however, EPA
recommendsa process to characterize the extent of optimal thermal habitat that would be provided
under a variety of climate and flow scenarios.

EPA recommends compiling tables that provide estimates of the amount of habitat that would be
provided for each salmonid guild and lifestage, in different sized streams, under three different
annual climate scenarios: median conditions, the 90th percentile of warm temperatures comhined
with the 10th percentile of stream baseflow, and the 10th percentile of warm temperatures
combined with the 90th percertile of stream baseflow. The tables are designed to give managers
and other citizens a better understanding of how well the criteria would protect salmonid habitat
under different conditions. A sanple table follows for an imaginary guild and sub-basin:
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Rocky River Temperature Standard Assessment: Warmest Day, Guild A

Cold / wet year Median Y ear Warm / Dry Y ear

Designated Stream Stream Sub- Non- Sub- Non- Optimal  Sub- Non-
habitat far: Order Miles ©Optimal Optimal support Optimal Optimal support Optimal support
Spawning/ 1-3 50 100% - - 95% 5% - 60% 25% 15%
Incubation

4-5 20 90% 10% - 80% 10% 10% 40%  40% 20%

6+ 8 80% 20% - 65% 20% 15% 30% 40% 30%
Rearing 1-3 200 100% - - 80% 15% 5% 55% 30% 15%

4-5 40 80% 20% - 70% 30% - 40% 50% 10%

6+ 4 90% 10% - 60% 35% 5% 45% 35% 20%
Smoltification 1-3 - - - - - - - - - -

4-5 20 75% 25% - 70% 25% 5% 40%  40% 20%

6+ 22 70%  30% - 65% 25% 10% 30% 40% 30%
Upstream 1-3 - - - - - - - - - -
Migration

4-5 48 100% - - 80% 20% - 60% 20% 20%

6+ 22 90% 10% - 40% 60% - 35% 60% 5%
Holding 1-3 12 100% - - 95% 5% 70% 20% 10%

4-5 18 100% - - 90% 5% 5% 60% 30% 10%
6+ 6 90%  10% - 80%  15% 5% 50% 30% 20%
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Thefina product from the four step process described above is sub-basin criteriathat can be
expressed as a spatidly explicit map of temperature distribution or therma regime. Augmenting
the map, would be atabe, such as the one below, that would provide the temperatures expected
under varying climatic conditions.

River/Stream River Median Conditions Cold/Wet Hot/Dry
Name Mile Temperature Values ~ Conditions ~ Conditions
Red Salmon River | 0- 20 * 65°F 63°F 67°F
21-50 62°F 60°F 64°F
51-75 58°F 55°F 60°F
Blue Trout Creek | 0-5 60°F 58°F 63°F
6-15 56°F 54°F 59°F
15- 20 54°F 52°F 57°F

* Designated Cold Water Refugia are to be protected in this section of the river. They are critical
areas for salmonidsto navigate through thisgenerdly warmwater stretch of the river.
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Figure 1. Flow chart illustrating the steps involved in EPA’s recommended approach for
establishing Thermal Potential Numeric Criteria
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Figure 2. Integrating and Reconciling Multiple Lines of Evidence

Thermal potential is established by integrating model resultswith biological data. The chart below
shows habitat use along a river from headwaters to mouth along with biological temperaure
thresholds representing the warmer limit of optimal temperature for each species. Superimposed
on the biological thresholds are modeling results that show confidence boundaries for the modeled
thermal potentia of the stream. (T he mode results represent the stream’ s thermal potential on the
warmest day of ayear with median inter-annual air temperature and stream discharge). The
biological dataand modd results are integrated by choosing an estimate of therma potential that is
within the confidence boundaries of the model, but does not exceed the biological thresholds.
Solid wavy lines are examples and would be considered the thermd potential of the stream based
on multiple lines of evidence.
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Other Supporting M aterials

As part of developing the scientific foundation for this draft guidance, five technical issue papers
covering key aspects of water temperat ure and samonids were developed along with an overal
technical synthesis paper. These paper are available on EPA’s website:

www .epagov/rlOearth/wat er. htm.



