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Forward

The goal of the Clean Water Act (CWA) isto restore and maintain the chemical, physical, and
biological integrity of the Nation’s waters and, where attainable, to achieve water quality that
provides for the protection and propagation of fish, shellfish, and wildlife and recreation in and
on the water. As ameans of meeting this goal, section 303(c) of the CWA requires States and
authorized Tribes to adopt water quality standards (WQS) and requires the U.S. Environmental
Protection Agency (EPA) to approve or disapprove those standards.

At this time, many Pacific Northwest salmonid species are listed as threatened or endangered
under the Endangered Species Act (ESA). Asaresult, the ESA requires that EPA must insure
that its approval of a State or Tribal WQS is not likely to jeopardize the continued existence of
any endangered or threatened species or result in the destruction or adverse modification of their
critical habitat.

Water temperature is a critical aspect of the freshwater habitat of Pacific Northwest salmonids.
Those salmonids listed as threatened or endangered under the ESA and other coldwater
salmonids need cold water to survive. Human-caused increases in river water temperatures have
been identified as afactor in the decline of ESA-listed salmonids in the Pacific Northwest. State
and Tribal temperature WQS can play an important role in helping to maintain and restore water
temperatures to protect Pacific Northwest salmonids and aid in their recovery. For these reasons,
EPA in collaboration with others, devel oped this guidance to better describe appropriate water
temperatures to protect Pacific Northwest salmonids.

The EPA Region 10 Guidance for Pacific Northwest State and Tribal Temperature Water
Quality Sandardsisintended to assist States and Tribes to adopt temperature WQS that EPA
can approve consistent with its obligations under the Clean Water Act (CWA) and the
Endangered Species Act (ESA). This guidance document, however, does not substitute for
applicable legal requirements; nor isit aregulation itself. Thus, it does not impose legally
binding requirements on any party, including EPA, other federal agencies, the states, or the
regulated community. Comments and suggestions from readers are encouraged and will be used
to help improve the available guidance as EPA continues to build experience and understanding

of water temperature and salmonids.

L. John lani, Regional Administrator
U.S. EPA Region 10
Seattle, WA 98101
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EPA Region 10 Guidance
for
Pacific Northwest State and Tribal Temperature Water Quality Standards

|. Introduction

This guidance describes an approach that EPA Region 10 encourages States and authorized
Tribes (Tribes) in the Pacific Northwest to use when adopting temperature water quality
standards (WQS) to protect coldwater salmonids. The recommendations in this guidance are
intended to assist States and Tribes to adopt temperature WQS that EPA can approve consistent
with its obligations under the Clean Water Act (CWA) and the Endangered Species Act (ESA).
This guidance specifically addresses the following coldwater salmonid species in the Pacific
Northwest: chinook, coho, sockeye, chum, and pink salmon; steelhead and coastal cutthroat
trout; and bull trout. The information provided in this guidance may also be useful for States and
Tribes to protect other coldwater salmonid species that have similar temperature tolerances but
are not explicitly addressed in this guidance.

This guidance provides recommendations to States and Tribes on how they can designate uses
and establish temperature numeric criteria for waterbodies that help meet the goal of “protection
and propagation of fish, shellfish, and wildlife” in section 101(a)(2) of the CWA. Statesor
Tribes that choose to adopt new or revised temperature WQS must submit those standards to
EPA for review and approval or disapproval. CWA section 303(c)(2)(A). EPA expectsto be
able to expedite its review of revised temperature standards that follow the recommendationsin
this guidance. States and Tribes that choose to follow the recommendations in this guidance,
particularly those described in Section V, may wish to reference this guidance when submitting
new or revised salmonid use designations and supporting criteriato EPA for approval.

EPA action on State and Tribal WQS that are consistent with this guidance is expected to be
significantly expedited because the scientific rationale in support of the State and Tribal WQS
would in large part already be described and supported by EPA, and by the National Marine
Fisheries Service and the U.S. Fish and Wildlife Service (the Services). However, because this
is a guidance document and not a regulation, EPA cannot bind itself to approve aWQS
submission that follows the recommendation of this guidance. Furthermore, the Services cannot
bind themselves to future consultation determinations (i.e., a“no jeopardy” determination) under
the ESA. So even though EPA expects the review process to be significantly expedited if this
guidance isfollowed, EPA and the Services must still examine every WQS submission on a
case-by-case basis, taking into consideration any public comments received or other new
information.

It is also important to note that this guidance does not preclude States or Tribes from adopting
temperature WQS different from those described here. EPA would approve any temperature



WQS that it determines are consistent with the applicable requirements of the CWA and its
obligations under the ESA. Because this guidance reflects EPA’ s current analysis of temperature
considerations for Pacific Northwest salmonid species, EPA intends to consider it when
reviewing Pacific Northwest State and Tribal temperature WQS or promulgating federal
temperature WQS in Idaho, Oregon, or Washington.

Temperature WQS are viewed by EPA and the Services as an important tool for the protection
and recovery of threatened and endangered salmonid species in the Pacific Northwest. Attaining
criteriaand protecting existing cold temperatures for waters used by these salmonids will help
maintain and improve their habitat and aid in their recovery. Meeting temperature WQS,
however, should be viewed as part of the larger fish recovery efforts to restore habitat.
Wherever practicable, implementation actions to restore water temperatures should be integrated
with implementation actions to improve habitat in general, and should be targeted first toward
those reaches within a basin that will provide the biggest benefit to the fish. 1t should also be
noted that the actions needed to improve water temperatures are, in many cases, the same as
those needed to improve other fish habitat features. For example, restoring a stream’ s riparian
vegetation can reduce water temperature as well as reduce sediment erosion, provide over bank
micro-habitat, and add fallen wood to the river that over time creates pools and a more diverse
stream habitat preferred by salmonids.

This guidance was devel oped with the assistance of representatives of the Pacific Northwest
States, the Services, and the Columbia River Inter-Tribal Fish Commission (CRITFC) Tribes.
As part of developing this guidance, EPA, with the assistance of technical experts from Federal,
State, and Tribal organizations, developed five technical issue papers and atechnical synthesis
report summarizing technical issues related to water temperature and salmonids. These reports
represent the technical foundation of this guidance and summarize the latest literature related to
temperature and salmonids. See Section X, References, at the end of this guidance for alist of
these technical papers.

Il. Regulatory Background

The goal of the CWA isto restore and maintain the chemical, physical, and biological integrity
of the Nation’ s waters and, where attainable, to achieve water quality that provides for the
protection and propagation of fish, shellfish, and wildlife and recreation in and on the water. See
CWA section 101(a)(2). Asameans of meeting this goal, section 303(c) of the CWA requires
States and Tribes to adopt WQS that include designated uses and water quality criteriato protect
those designated uses. In addition, Federal WQS regulations require States and Tribes to adopt a
statewide antidegradation policy and identify methods to implement such policy. See 40 C.F.R.
§ 131.12. States and Tribes may also adopt into their standards policies generally affecting the
application and implementation of WQS, such as mixing zones and variances. See40 C.F.R. §
131.13.



EPA isrequired to approve or disapprove new or revised State and Tribal WQS under section
303(c) of the CWA to ensure they are consistent with the requirements of the CWA and EPA’s
implementing regulations. See CWA section 303(c)(3). New or revised State and Tribal WQS
are not in effect for CWA purposes until they are approved by EPA. If EPA disapproves a new
or revised WQS submitted by a State or Tribe, or if the EPA Administrator determines that a
new or revised WQS is necessary to meet the requirements of the CWA, EPA must propose and
promulgate appropriate WQS itself, unless appropriate changes are made by the State or Tribe.
See CWA section 303(c)(4).

Where EPA determines that its approval of State or Tribal WQS may affect threatened or
endangered species or their critical habitat, the approval action is subject to the procedural and
substantive requirements of section 7(a)(2) of the ESA. Section 7(a)(2) of the ESA requires EPA
to ensure, in consultation with the Service(s), that any action it takesis not likely to jeopardize
the continued existence of any endangered or threatened species or result in the destruction or
adverse modification of critical habitat. Under the ESA regulations, such consultations can be
concluded informally where EPA determines that its action is not likely to adversely affect listed
species or critical habitat, and where the Service(s) concur with that finding in writing. See 50
C.F.R. 8402.13. Where EPA does not make such a determination, or where the Service(s) do
not concur in writing, the ESA regulations require EPA to engage in formal consultation, which
results in the issuance of a biological opinion by the Service(s). See50 C.F.R. §402.14. If the
Service(s) anticipate that “take” will occur as aresult of the action, the opinion in most cases
will include required reasonable and prudent measures and associated terms and conditions to
minimize such take, along with an incidental take statement providing EPA legal protection from
ESA section 9 take liability for its approval action. See 50 C.F.R. § 402.14(i). Section 7(a)(1) of
the ESA requires EPA to use its authorities to carry out programs for the conservation of
endangered and threatened species. The ESA, however, does not expand EPA’s authorities
under the CWA. EPA approval or disapproval decisions regarding State and Tribal WQS must
be authorized by the CWA and EPA’ s implementing regulations.

In addition, EPA has afederal trust relationship with federally recognized Pacific Northwest
tribes. In the Pacific Northwest, federal courts have affirmed that certain tribes reserved through
treaty the right to fish at all usual and accustomed fishing places and to take a fair share of the
fish destined to pass through such areas. See Puyallup Tribe v. Department of Game, 391 U.S.
392 (1968); Washington v. Passenger Fishing Vessal, 443 U.S. 658 (1979); United Statesv.
Winans, 198 U.S. 371 (1905). EPA's approval of a State or Tribal WQS, or promulgation of its
own WQS, may impact the habitat that supports the treaty fish. EPA has aresponsibility to
ensure that its WQS actions do not violate treaty fishing rights.

Water Quality Standards set the water quality goals for specific waterbodies and serve as a
regulatory basis for other programs, such as National Pollutant Discharge Elimination System
(NPDES) permits, listings of impaired water bodies under CWA section 303(d), and total
maximum daily loads (TMDLS). In general, NPDES permits contain effluent limitations to meet
WQS; section 303(d) lists identify those water bodies where the WQS are not being met; and
TMDLs are mathematical calculations indicating the pollutant reductions needed to meet WQS.
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I11. Relationship of Guidanceto EPA’s304(a) Criteriafor Water

Temperature

Under CWA section 304(a), EPA issues national criteria recommendations to guide States and
Tribes in developing their WQS. When EPA reviews a State or Tribal WQS submission for
approval under section 303(c) of the CWA,, it must determine whether the adopted designated
uses and criteria are consistent with the CWA and EPA’ sregulations. See CWA section
303(c)(3). Specifically, 40 C.F.R § 131.11 requires States and Tribes to adopt water quality
criteriathat are based on sound scientific rationale and contain sufficient parameters or
constituents to protect the designated uses. For waters with multiple use designations, the
criteriamust support the most sensitive use. See 40 C.F.R. § 131.11(a). When establishing
criteria, States should: (1) establish numerical values based on 304(a) guidance, or 304(a)
guidance modified to reflect site-specific conditions, or other scientifically defensible methods;
or (2) establish narrative criteria or criteria based upon biomonitoring methods where numerical
criteria cannot be established or to supplement numerical criteria. See 40 C.F.R. § 131.11(b).

EPA developsits section 304(a) criteria recommendations based on a uniform methodology that
takes into account arange of species sensitivities to pollutant loadings using certain general
assumptions; therefore, the national recommendations are generally protective of aquatic life.
However, these criteria recommendations may not be protective of all aguatic life designated
usesin al situations. It may be appropriate for States and Tribes to develop different water
quality criteriausing current data concerning the species present, and taking into account site-
specific or regional conditions. EPA approval or disapproval would not depend on whether a
criterion adopted by a State or Tribe is consistent with a particular guidance document, such as
this guidance or the national 304(a) criteria recommendations, but rather on whether the State or
Tribe demonstrates that the criterion protects the most sensitive designated use, as required by
section 303(c) of the CWA and EPA’s WQS regulations.

EPA’s current 304(a) criteria recommendations for temperature can be found in Quality Criteria
for Water 1986, commonly known as the “gold book.” The freshwater aquatic life criteria
described in this 1986 document were first established in 1977, and were not changed in the
1986 document. In general, EPA’s national temperature recommendations for salmonids and
other fish consist of formulas to calcul ate the protective temperatures for short-term exposure
and a maximum weekly average exposure. Protective short term temperature exposure is based
on subtracting 2°C from the upper incipient lethal temperature (the temperature at which fifty
percent of the sample dies). Protective weekly average temperature exposure is based on the
optimal growth temperature plus 1/3 the difference between the optimal growth temperature and
the upper incipient lethal temperature. Using these formulas and EPA data for coho and sockeye
salmon, the 1986 document cal culates suggested temperature criteria for short-term exposure as
22°C (sockeye) and 24°C (coho) and a maximum weekly average exposure of 18°C for both
Species.



Based on extensive review of the most recent scientific studies, EPA Region 10 and the Services
believe that there are avariety of chronic and sub-lethal effects that are likely to occur to Pacific
Northwest salmonid species exposed to the maximum weekly average temperatures cal culated
using the current 304(a) recommended formulas. These chronic and sub-lethal effects include
reduced juvenile growth, increased incidence of disease, reduced viability of gametesin adults
prior to spawning, increased susceptibility to predation and competition, and suppressed or
reversed smoltification. It may be possible for healthy fish populations to endure some of these
chronic impacts with little appreciable loss in population size. However, for vulnerable fish
populations, such as the endangered or threatened salmonids of the Pacific Northwest, EPA and
the Services are concerned that these chronic and sub-lethal effects can reduce the overall health
and size of the population.

For these reasons, the national assumptions made when developing the section 304(a) criteria
recommendations for temperature may not necessarily protect the vulnerable coldwater
salmonids in the Pacific Northwest. EPA Region 10, therefore, has developed this guidance to
assist Pacific Northwest States and Tribes in devel oping temperature criteria that protect the
coldwater salmonids in the Pacific Northwest identified above.

V. Water Temperatureand Salmonids
IV.1. Importance of Temperaturefor Salmonids

Water temperatures significantly affect the distribution, health, and survival of native salmonids
in the Pacific Northwest. Since salmonids are ectothermic (cold-blooded), their survival is
dependent on external water temperatures and they will experience adverse health effects when
exposed to temperatures outside their optimal range. Salmonids have evolved and thrived under
the water temperature patterns that historically existed (i.e., prior to significant anthropogenic
impacts that atered temperature patterns) in Pacific Northwest streams and rivers. Although
evidence suggests that historical water temperatures exceeded optimal conditions for salmonids
at times during the summer months on some rivers, the temperature diversity in these unaltered
rivers provided enough cold water during the summer to allow salmonid populations as a whole
to thrive.

Pacific salmon populations have historically fluctuated dramatically due to climatic conditions,
ocean conditions, and other disturbances. High water temperatures during drought conditions
likely affected the historical abundance of salmon. In general, the increased exposure to stressful
water temperatures and the reduction of suitable habitat caused by drought conditions reduce the
abundance of salmon. Human-caused elevated water temperatures significantly increase the
magnitude, duration, and extent of thermal conditions unsuitable for salmonids.

The freshwater life histories of salmonids are closely tied to water temperatures. Cooling rivers

in the autumn serve as asignal for upstream migrations. Fall spawning is initiated when water
temperatures decrease to suitable temperatures. Eggs generally incubate over the winter or early
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spring when temperatures are coolest. Rising springtime water temperatures may serve as a cue
for downstream migration.

Because of the overall importance of water temperature for salmonids in the Pacific Northwest,
human-caused changes to natural temperature patterns have the potential to significantly reduce
the size of salmonid populations. Of particular concern are human activities that have led to the
excess warming of rivers and the loss of temperature diversity.

IV.2. Human Activities That Can Contribute to Excess Warming of Riversand Streams

Rivers and streams in the Pacific Northwest naturally warm in the summer due to increased solar
radiation and warm air temperature. Human changes to the landscape have magnified the degree
of river warming, which adversely affects salmonids and reduces the number of river segments
that are thermally suitable for salmonids. Human activities can increase water temperatures by
increasing the heat load into the river, by reducing the river’ s capacity to absorb heat, and by
eliminating or reducing the amount of groundwater flow which moderates temperatures and
provides cold water refugia. Specific ways in which human development has caused excess
warming of rivers are presented in Issue Paper 3 and are summarized below:

1) Removal of streamside vegetation reduces the amount of shade that blocks solar
radiation and increases solar heating of streams. Examples of human activities that
reduce shade include forest harvesting, agricultural land clearing, livestock grazing, and
urban development.

2) Removal of streamside vegetation also reduces bank stability, thereby causing bank
erosion and increased sediment loading into the stream. Bank erosion and increased
sedimentation results in wider and shallower streams, which increases the stream’ s heat
load by increasing the surface area subject to solar radiation and heat exchange with the
air.

3) Water withdrawals from rivers for purposes such as agricultural irrigation and
urban/municipal and industrial use result in less river volume and generally remove cold
water. The temperatures of rivers with smaller volumes equilibrates faster to surrounding
air temperature, which leads to higher maximum water temperatures in the summer.

4) Water discharges from industrial facilities, wastewater treatment facilities and
irrigation return flows can add heat to rivers.

5) Channeling, straightening, or diking rivers for flood control and urban and agricultural
land development reduces or eliminates cool groundwater flow into ariver that
moderates summertime river temperatures. These human actions can reduce two forms
of groundwater flow. One form is groundwater that is created during over-bank flooding
and is slowly returned to the main river channel to cool the water in the summer. A



second form is water that is exchanged between the river and the riverbed (i.e. hyporheic
flow). Hyporheic flow is plentiful in fully functioning aluvial rivers systems.

6) Removal of upland vegetation and the creation of impervious surfaces associated with
urban development increases storm runoff and reduces the amount of groundwater that is
stored in the watershed and slowly filters back to the stream in the summer to cool water

temperatures.

7) Dams and their reservoirs can affect thermal patternsin a number of ways. They can
increase maximum temperatures by holding waters in reservoirs to warm, especially in
shallow areas near shore. Reservoirs, due to their increased volume of water, are more
resistant to temperature change which results in reduced diurnal temperature variation
and prolonged periods of warm water. For example, dams can delay the natural cooling
that takes place in the late summer-early fall, thereby harming late summer-fall migration
runs. Reservoirs also inundate alluvial river segments, thereby diminishing the
groundwater exchange between the river and the riverbed (i.e., hyporheic flow) that cools
the river and provides cold water refugia during the summer. Further, dams can
significantly reduce the river flow rate, thereby causing juvenile migrants to be exposed
to high temperatures for a much longer time than they would under a natural flow regime.

It should also be noted that some human devel opment can create water temperatures colder than
an unaltered river. The most significant example of this occurs when cold water is released from
the bottom of athermally stratified reservoir behind a dam.

IV.3. Human-Caused Elevated Water Temperature asa Factor in Salmonid Decline

Many reports issued in the past decade have described the degradation of freshwater salmonid
habitat, including human-caused elevated temperatures, as a major factor in salmonid decline.
The following provides a brief summary of some of these reports:

National Marine Fisheries Service' s Listing and Status Reviews for Pacific Northwest Salmonids

The National Marine Fisheries Service (NMFS) identified habitat concerns (including alteration
of ambient stream water temperatures) as one of the factors for decline of listed west coast
steelhead (NMFS 1996), west coast chinook (NMFS 1998), and Snake River spring/summer
chinook salmon (Mathews and Waples 1991). Specific effects attributed to increased
temperatures by NMFS include increased juvenile mortality, increased susceptibility and
exposure to diseases, impaired ability to avoid predators, altered migration timing, and changes
in fish community structure that favor competitors of salmonids. NMFS included high water
temperatures among risk factors related to the listings under the ESA of the following
evolutionarily significant units (ESUs) of chinook salmon: Puget Sound, Lower Columbia
River, Snake River spring/summer, and Upper Willamette (Myers et al. 1998). NMFS aso
noted high water temperatures in its analyses of risk factors related to the ESA listings of Upper
Willamette River steelhead and Ozette L ake sockeye.
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U.S. Fish and Wildife Service Listing and Status Reviews for Bull Trout

When listing bull trout in the Columbia River and Coastal-Puget Sound population segments,
USFWS identified activities such as forestry, agriculture, and hydropower that have degraded
bull trout habitat and specifically have resulted in increased stream temperatures. Bull trout are
found primarily in colder streams, although individual fish are found in larger river systems.
Water temperature above 15°C is believed to limit bull trout distribution and this may partially
explain their patchy distribution within awatershed. The strict cold water temperature needs of
bull trout make them particularly vulnerable to human activities identified by USFWS that warm
spawning and rearing waters.

Return to the River Reports by the Independent Science Group

The Independent Scientific Group is a group of scientists chartered by the Northwest Power
Planning Council to provide independent scientific advice to the Columbia River Basin Fish and
Wildlife Program. Intheir 1996 Return the River report (updated in 2000), they include a
section discussing the effects of elevated temperature on salmonids as part of their overall
discussion of freshwater habitats. The report states:

“Temperature is acritical habitat variable that is very much influenced by regulation of
flow and impoundments. The mainstem reservoirs are relatively shallow and heat up in
late summer causing concern for salmon survival. The lower reaches of some key
tributaries also are very warm in late summer because they are dewatered by irrigation
withdrawals. Due to the extreme importance of temperature regimes to the ecology of
salmonids in the basin, temperature information merits special attention as a key habitat
descriptor (Coutant 1999).”

“Water temperatures in the Columbia River basin have been altered by development and
are, at times, suboptimal or clearly detrimental for salmonids. High temperatures alone
can be directly lethal to both juvenile and adult salmonids in the Snake River in summer
under recent conditions based on generally accepted thermal criteria and measured
temperatures.”

Oregon Coastal Salmon Restoration Initiative

The Oregon Coastal Salmon Restoration Initiative (1997) included water temperature as a factor
for decline in populations of Oregon coastal coho salmon, noting that:

“Water temperatures are too warm for salmonids in many coastal streams. Altered water
temperatures can adversely affect spawning, fry emergence, smoltification, maturation



period, migratory behavior, competition with other aquatic species, growth and disease
resistance.”

Summer Chum Salmon Conservation Initiative

The Summer Chum Salmon Conservation Initiative (2000) for the Hood Canal and Strait of Juan
de Fucaregion listed elevated water temperature in its limiting factor analysis, noting that:

“Elevated temperatures impede adult passage, cause direct mortality, and accelerate
development during incubation leading to diminished survival in subsequent life stages.”

Interior Columbia Basin Ecosystem Management Project

The aguatic habitat assessment for the Interior Columbia Basin Ecosystem Management Project
(Leeet al. 1997) indicates that:

1 Changes in riparian canopy and shading, or other factors influencing stream
temperatures, are likely to affect some, if not most, bull trout populations.

2. In desert climates, the loss of riparian canopy has been associated with elevated
water temperature and reduced redband trout abundance.

3. Loss of vegetation has resulted in stream temperatures that have far exceeded

those considered optimal for Lahontan Cutthroat Trout.

4, Water temperatures in reaches of the John Day, upper Grande Ronde, and other
basins in eastern Oregon commonly exceed the preferred ranges and often exceed
lethal temperatures for chinook salmon.

Northwest Indian Fisheries Commission - Critical Habitat I1ssues by Basin for Natural Chinook
Stocksin the Coastal and Puget Sound Areas of Washington State

In this report, the Northwest Indian Fisheries Commission reviewed the habitat issues for the
basins in the coastal and Puget Sound areas of Washington State, and identified elevated
temperature as a critical habitat issue in 12 out of 15 basins reviewed.

Other Basin and Watershed Studies

Numerous scientific studies of habitat and elevated water temperature impacts on salmon,
steelhead and resident native fish have been completed in the Pacific Northwest over the past
two decades. The Northwest Power Planning Council isin the process of developing habitat
assessments and restoration strategies for all the sub-basins of the Columbia River Basin. In
many of these sub-basin summaries (e.g., Okanogan, Methow, Wenatchee, Y akima, Tucannon,
Grande Ronde, Umatilla, and John Day draft summaries - see www.cbhfwa.org) elevated



temperatures are cited as amajor factor contributing to salmonid decline. These and other
studies el sawhere in the Pacific Northwest provide a consistent view of the importance of
restoring temperatures suitable for coldwater salmonds to aid in their recovery.

One specific study worth noting is by Theurer et a. (1985) in the Tucannon River in
southeastern Washington. This study shows how human-caused changes in riparian shade and
channel morphology contributed to increased water temperatures, reduced avail able spawning
and rearing space, and diminished production of steelhead and chinook salmon. Using a
physically-based water temperature model, the authors concluded that approximately 24 miles of
spawning and rearing habitat had been made unusable in the lower river due to temperature
changes. If the temperatures were restored, they estimated chinook adult returns would increase
from 884 that currently exist to 2240 (near historic levels) and that chinook rearing capacity
would increase from 170,000 to 430,000. The authors state that the change in temperature
regime caused by the loss of riparian vegetation alone is sufficient to explain the reduction in
salmonid population in the Tucannon River, while noting that increased sediment input also has
played asubsidiary role.

Another similar analysis was done by Oregon Department of Environmental Quality (ODEQ,
2000) for the upper Grande Ronde River as part of their TMDL for thisriver. ODEQ modeling
showed that restoration of riparian shade, channel width and depth, and water flow would
drastically reduce maximum temperatures. Asshown in Figure 1 (Figures 11 and 12 in ODEQ
2000), over 90% of the river currently exceeds 68°F (20°C), but with full restoration that
percentage dropsto less than 5%. Similarly, the percentage of the river that exceeds 64°F
(18°C) isreduced from over 90% to less than 50% with full restoration. This represents nearly
50 additional milesthat are colder than 18°C, which isavery large increase in available rearing
habitat. Although actual estimates of increased fish production were not calculated in this study,
one might expect similar results as those calculated for the Tucannon River.

Although temperature is highlighted here as a factor in the decline of native salmonid
populations, it by no meansisthe only factor in their decline. Certainly, degradation of habitat
unrelated to temperature (e.g., impassable barriers to spawning and rearing areas and physical
destruction or inundation of spawning grounds), fishing harvest, and hatchery operations have all
played arolein their decline. However, as described above, elevated temperatures are an
important factor in the decline of salmonids and restoring suitable temperature regimes for
salmonidsisacritical element in protecting salmonid populations.
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UPPER GRANDE RONDE SuB-BASIN TMDL

Figure 11. Grande Ronde River Temperatures at Current Conditions and Site Potential
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Figure 1. Grande Ronde River temperature modeling using ODEQ’ s Heat Source Model, showing site
potential.
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IV.4. General Life Histories of Sailmonids and When Human-Caused Elevated Water
TemperaturesMay Be a Problem

Different salmonid species have evolved to take advantage of the Pacific Northwest’s cold water
environment in different ways. Each species has a unique pattern of when and where they use
the rivers, and even for a specific species this pattern of use may change from year to year. This
diversity in freshwater life history isacritical evolutionary trait that has allowed salmonids to
persist in afreshwater environment that naturally fluctuates and has natural disturbances.

Below isageneral summary of the freshwater life history strategies for some of the coldwater
salmonids. Thissummary isintended to provide a“big picture” understanding of how each of
these fish use Pacific Northwest rivers and to highlight when and where human elevated water
temperatures have impacted these fish. Asnoted above, because of their life history diversity,
the discussion below may be an over-generalization for some situations. Further, because this
general discussion on fish distribution is simplified for purposes of understanding, it is not
intended to be used as a basis for salmonid use designations.

Chinook Salmon

Adult spring chinook salmon generally leave the ocean and enter Pacific Northwest riversin the
spring (April - June) and swim upstream to hold and spawn in the mid-to-upper reaches of river
basins. Spawning generally occursin late summer and fall (August - October). Egg and alevin
incubation extends over the winter and fry generally emerge in the early spring (March - May).
Juvenilesrear in their natal streams and lower in the basin for ayear, then migrate out to the
ocean the following spring. Human-caused elevated temperatures can adversely affect spring
chinook when adults hold and begin to spawn in the late-summer/early fall and throughout the
summer when juveniles rear. Human-caused el evated temperatures in these mid-to-upper
reaches can “shrink” the available habitat for adult holding/spawning and juvenile rearing
limiting spring chinook to habitat higher in the watershed.

Adult fall chinook salmon generally enter Pacific Northwest riversin the summer (July - August)
and swim upstream to hold and spawn in the lower reaches of mainstem rivers and large
tributaries. Spawning generally occursin the fall (October - December). For example, Snake
River fall chinook migrate past Bonneville dam from August-October and spawn in the Snake
River below Hells Canyon Dam and the lower reaches of the Clearwater, Grand Ronde, Imnaha,
and Tucannon rivers. Fry emerge from March through April and begin their downstream
migration several weeks after emergence. Downstream migration occurs mainly in the spring
under existing conditions, but may extend throughout the summer in some areas (e.g., Columbia
River). Historically, juvenilefall chinook out-migrated throughout the summer months, but
today human-caused elevated temperatures have made thisimpossible in somerivers (e.g.,

Y akimariver). Human-caused elevated temperatures can adversely affect fall chinook in lower
river reaches during the summer months when the adults are migrating upstream and holding to
spawn and when juveniles are migrating downstream. Human-caused elevated temperaturesin
the early fall may also delay spawning.
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Coho Salmon

Adult coho salmon generally enter Pacific Northwest riversin the fall (late September through
October) and spawn in low gradient 4" and 5" order streamsin fall-winter. Fry emergein the
spring. Juvenile coho rear for 1 to 2 years prior to migrating to sea during the spring. Juvenile
coho salmon may migrate considerable distances upstream to rear in lakes or other river reaches
suitable for rearing. Coho salmon are most predominant in the rivers of the coastal mountains of
Washington and Oregon and the west-slopes of the Washington Cascades. Wild coho
populations were extirpated years ago in the Umatilla (OR), Y akima (WA), and Clearwater (1D)
rivers but they are now being re-introduced in these rivers. Human-caused elevated temperatures
can adversely affect coho salmon in the summer months when juveniles are rearing and in early
fall when adults start migrating. Human-caused el evated temperatures may render waters
unsuitable for rearing, thereby “shrinking” the amount of available habitat.

Sockeye Salmon

Adult sockeye salmon generally enter freshwater from mid summer through early fall and
migrate up to lakes and nearby tributaries to spawn in the fall. Juveniles generally rear in lakes
from 1 to 3 years, then migrate to the ocean in the spring. Pacific Northwest |akes that support
sockeye include Redfish (Idaho), Okanogan, Wenatchee, Baker, Washington, Sammamish,
Quinault, and Osoyoos. Historically, there were many other lakes in the Pacific Northwest used
by sockeye. Human-caused elevated temperatures can adversely affect sockeye adult salmon as
they migrate upstream in the mid-to-late summer.

Chum Salmon

Adult chum salmon generally enter freshwater in late-summer and the fall and spawn (October -
December) in the low reaches and side channels of major rivers just upstream from tidewater
areas. Upon emergence, juveniles begin their short migration to saltwater which generally
occurs between March and June. Juveniles will rear in estuaries for awhile prior to entering the
ocean. Human-caused elevated temperatures can adversely affect adult chum salmon as they
migrate upstream in the late summer.

Pink Salmon
Adult pink salmon generally enter freshwater in late summer and spawn in the lower reaches of
largeriversin late summer and early fall. Like chum, juvenileswill migrate to saltwater soon

after emerging in the late winter. Human-caused elevated temperatures can adversely affect
adult pink salmon as they migrate upstream in the late summer.
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Seelhead Trout

Adult steelhead enter Pacific Northwest rivers throughout the year, but can generally be divided
into asummer run (May - October) and awinter run (November-June). Both runs typically
spawn in the spring. Summer steelhead enter freshwater sexually immature and generally travel
greater distances to spawn than winter steelhead, which enter freshwater sexually mature (i.e.
with well-developed gonads). All steelhead runs upstream of the Dalles Dam are summer
steelhead. Fry generally emerge from May through July and juvenile steelhead will rear in the
mid-upper reaches of river basins for 1-2 years (sometimes 3 or 4 years) before migrating to the
ocean in the spring. Human-caused elevated temperatures can adversely affect steelhead in the
summer months when the juveniles are rearing in the mid-upper reaches. Human-caused
elevated temperatures may render waters unsuitable for rearing, thereby “shrinking” the amount
of available habitat. Human-caused elevated temperatures also can adversely affect summer run
adults as they migrate upstream during the summer as well as eggs and fry that incubate into July
in some watersheds.

Bull Trout

Bull trout generally are freshwater fish (although the adults of afew populations enter saltwater
estuaries). Adult bull trout generally migrate upstream in the spring and summer from their
feeding grounds (lower reaches in abasin for migrating fluvial forms or alake for adfluvial
forms) to their spawning grounds higher in the basin. Bull trout generally spawn in September-
October, but in some watersheds spawning can occur as early as July. Bull trout have along
incubation time with fry emergence generally from March through May. Juvenileswill rear in
their natal streams for 2-4 years, then the migratory forms will migrate downstream to more
productive feeding grounds (i.e., lower river reaches or lakes) in the spring, but some fall
downstream migration has also been noted. Human-caused elevated temperatures can adversely
affect summer juvenile rearing in the upper reaches where elevated temperatures have rendered
water unsuitable for rearing, thereby “shrinking” the amount of available habitat. Adults
migrating upstream to spawn in the summer can also experience adverse effects from human-
elevated temperatures. Additionally, migratory adults can be adversely affected by the loss of
cold water refugia due to human activities.
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V. EPA Region 10 Recommendationsfor Pacific Northwest State and Tribal
Temperature WQS

EPA Region 10 offers the following recommendations to assist States and Tribes in adopting
temperature WQS that fully support coldwater salmonids in the Pacific Northwest. The
recommendations are intended to assist States and Tribes to adopt temperature WQS that EPA
can approve consistent with its obligations under the CWA and the ESA. Asnoted in Section I,
Pacific Northwest States and Tribes that adopt temperature WQS consistent with these
recommendations can expect an expedited review by EPA and the Services, subject to new data
and information that might be available to during that review.

EPA Region 10 recommends that States and Tribes adopt new or revised temperature WQS that
incorporate each of the following elements for the protection of salmonid designated uses. Each
of these elementsis discussed in more detail below:

1) Coldwater Salmonid Uses and Numeric Criteriato Protect Those Uses,

2) Provisionsto Protect Water Temperatures That Are Currently Colder Than the
Numeric Criteria; and

3) Provisionsto Protect Salmonids from Thermal Plume Impacts.

If a State or Tribe decides to adopt new or revised temperature WQS, it is free, of course, to
adopt WQS that are different than these recommendations. EPA would evaluate these
submissions on a case-by-case basis to determine if it can approve the WQS consistent with its
obligations under the CWA and the ESA.

V.1. Coldwater Salmonid Usesand Numeric Criteriato Protect Those Uses

Tables 1 and 2 provide a summary of the important water temperature considerations for each
life stage for salmon and trout, and bull trout: spawning, egg incubation, and fry emergence;
juvenile rearing; and adult migration. Each temperature consideration and associated
temperature values noted in Tables 1 and 2 includes a reference to the relevant technical issue
papers prepared in support of this guidance (or other studies) that provide a more detailed
discussion of the supporting scientific literature. The temperatures noted in Tables 1 and 2 form
the scientific basis for EPA’s recommended numeric criteria to protect coldwater salmonids in
the Pacific Northwest, which are presented in Tables 3 and 4.

V.1.A. Overal Context for Recommended Uses and Criteria

In addition to Tables 1 and 2, there are a number of other general factors that EPA considered in
recommending coldwater salmonid uses and numeric criteriato protect those uses. These factors
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Table 1 - Summary of Temperature Considerations For Salmon and Trout Life Stages

Life Temperature Temperature
Stage Consideration & Unit Reference
Spawning and | *Temp. Range at which 4 - 14°C (daily avg) Issue Paper 1; pp 17-18
Egg Spawning is Most Frequently I ssue Paper 5; p 81
Incubation Observed in the Field
* Egg Incubation Studies
- Resultsin Good Survival 4 - 12°C (constant) I ssue Paper 5; p 16
-Optimal Range 6 - 10°C (constant)
*Reduced Viability of Gametes | > 13°C (constant) Issue Paper 5; pp 16 and 75
in Holding Adults
Juvenile *Lethal Temp. (1 Week 23 - 26°C (constant) I ssue Paper 5; pp 12, 14
Rearing Exposure) (Table4), 17, and 83-84
*Optimal Growth
- unlimited food 13 - 20°C (constant) I ssue Paper 5; pp 3-6 (Table
- limited food 10 - 16°C (constant) 1), and 38-56
*Rearing Preference Temp. in 10 - 17°C (constant) Issue Paper 1; p 4 (Table2).
Lab and Field Studies < 18°C (7DADM) Welsh et a. 2001.
*mpairment to Smoltification 12 - 15°C (constant) I ssue Paper 5; pp 7 and 57-65
I ssue Paper 5; pp 7 and 57-65
*Impairment to Steelhead > 12°C (constant)
Smoltification
*Disease Risk (lab studies) I ssue Paper 4, pp 12 - 23
-High > 18 - 20°C (constant)
- Elevated 14 - 17°C (constant)
- Minimized 12 - 13°C (constant)
Adult *Lethal Temp. (1 Week 21- 22°C (constant) | ssue Paper 5; pp 17, 83 - 87
Migration Exposure)
*Migration Blockage and 21 - 22°C (average) I ssue Paper 5; pp 9, 10, 72-74.
Migration Delay Issue Paper 1; pp 15 - 16
*Disease Risk (lab studies)
- High > 18 - 20°C (constant) I ssue Paper 4; pp 12 - 23
- Elevated 14 - 17°C (constant)
- Minimized 12- 13°C (constant)

* Adult Swimming Performance
- Reduced
- Optimal

* Overall Reduction in
Migration Fitness due to
Cumulative Stresses

> 20°C (constant)
15 - 19°C (constant)

> 17-18°C (prolonged
exposures)

Issue Paper 5; pp 8,9, 13, 65
-71

|ssue Paper 5; p 74
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Table 2 - Summary of Temperature Considerations For Bull Trout Life Stages

Life Temperature Temperature
Stage Consideration & Unit Reference
Spawning and | *Spawning Initiation < 9°C (constant) Issue Paper 5; pp 88 - 91
Egg
Incubation *Temp. at which Peak < 7°C (constant) I ssue Paper 5; pp 88 - 91
Spawning Occurs
*Optimal Temp. for Egg 2 - 6°C (constant) Issue Paper 5; pp 18, 88 - 91
Incubation
*Substantially Reduced Egg 6 - 8°C (constant) I ssue Paper 5; pp 18, 88 - 91
Survival and Size
Juvenile *Lethal Temp. (1 week 22 - 23°C (constant) I ssue Paper 5; p 18
Rearing exposure)

*Optimal Growth

- unlimited food 12 - 16 °C (constant) Issue Paper 5; p 90. Selong

- limited food 8 - 12°C (constant) et al 2001. Bull trout peer
review, 2002.

*Highest Probability to occur in | 12 - 13 °C (daily Issue Paper 5; p 90. Issue

thefield maximum) Paper 1; p 4 (Table 2).

Dunham et al., 2001. Bull
trout peer review, 2002.

*Competition Disadvantage >12°C (constant) I ssue Paper 1; pp 21- 23. Bull
trout peer review, 2002.

and EPA’ s recommended approach for considering these factors (described below) provide the
overall context for EPA’s salmonid use and criteria recommendations.

Coldwater Salmonid Uses

Coldwater salmonids are considered a sensitive aquatic life species with regard to water
temperatures and are a general indicator species of good aquatic health. EPA, therefore, believes
it is appropriate for States and Tribes in the Pacific Northwest to focus on coldwater salmonids
when establishing temperature criteria to support aquatic life.

Under EPA’ s WQS regulations, States and Tribes must adopt appropriate uses and set
criteriato protect those uses. See 40 C.F.R § 131.10(a). Because Pacific Northwest salmonids
have multiple freshwater life stages with differing temperature tolerances, it is generally
appropriate to designate uses based on life stages. In addition, EPA’s WQS regulations allow
States and Tribes to adopt seasonal uses where a particular use applies for only a portion of the
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year. See40 C.F.R 8§ 131.10(f). EPA’srecommended approach isfor States and Tribesto
utilize both of these use designation options in order to more precisely describe where and when
the different coldwater salmonid uses occur.

In this guidance, EPA recommends seven coldwater salmonid uses (see Tables 3 and 4). Four
uses apply to the summer maximum temperature condition and three apply to specific locations
and times for other times of the year (except for some instances when these uses may apply
during the period of summer maximum temperatures).

Focus on Summer Maximum Conditions

In general, increased summertime temperatures due to human activities are the greatest water
temperature concern for salmonids in the Pacific Northwest, although temperatures in the late
spring and early fall are also aconcernin some areas. EPA therefore believesit is appropriate
that temperature criteria focus on the summer maximum conditions to protect the coldwater
salmonid uses that occur then. Generally, improving river conditions to reduce summer
maximum temperatures will also reduce temperatures throughout the summer and in the late
spring and early fall (i.e., shift the seasonal temperature profile downward). Thus, the data
indicate that, because of the natural annual temperature regime, providing protective
temperatures during the summer maximum period will in many areas provide protective
temperatures for more temperature sensitive uses that occur other times of the year.

In some areas, however, more temperature-sensitive salmonid uses (e.g., spawning, egg
incubation, and steelhead smoltification) that occur in the spring-early summer or late summer-
fall may not be protected by meeting the summer maximum criterion. Thus, in addition to
summer maximum criteria, EPA also recommends criteria be adopted to protect these more
temperature-sensitive uses when and where they occur. Doing so provides an added degree of
protection for those situations where control of summer maximum temperatures is inadequate to
protect these more temperature-sensitive uses. An additional reason for having these seasonal
uses isto provide protection for riversthat are flow-regulated, which can alter the natural annual
temperature pattern.

In recommending protective summer maximum criteria, EPA took into consideration that
meeting a criterion during the warmest period of the summer (e.g., warmest week) will result in
cooler temperatures during other times in the summer. The duration of exposure to near summer
maximum conditions, however, can vary from one to two weeks in some areas to over amonth
in other areas.

Optimal, Harmful, and Lethal Temperatures for Salmonids
Each sailmonid life stage has an optimal temperature range. Physiological optimum temperatures
are those where physiological functions (e.g., growth, swimming, heart performance) are

optimized. These temperatures are generally determined in laboratory experiments. Ecological
optimum temperatures are those where fish do best in the natural environment considering food
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availability, competition, predation, and fluctuating temperatures. Both are important
considerations when establishing numeric criteria. Exposure to temperatures above the optimal
range results in increased severity of harmful effects, often referred to as sub-lethal or chronic
effects (e.g., decreased juvenile growth which results in smaller, more vulnerable fish; increased
susceptibility to disease which can lead to mortality; and decreased ability to compete and avoid
predation), as temperatures rise until at some point they become lethal (See Table 1 and 2).
Water temperatures below the optimal range also cause sub-lethal effects (e.g., decreased
growth); however, thisis generally anatural condition (with the exception of cold water releases
from a storage dam) and is not the focus of this guidance.

When determining the optimal range for bull trout and salmon/trout juvenile rearing, EPA
looked at both laboratory and field data and considered both physiological and ecological
aspects. Optimal growth under limited food rations in laboratory experiments, preference
temperatures in laboratory experiments where fish select between a gradient of temperatures, and
field studies on where rearing predominately occurs are three independent lines of evidence
indicating the optimal temperature range for rearing in the natural environment. As highlighted
in Tables 1 and 2 (and shown in detail in the technical issue papers) these three lines of evidence
show very consistent results, with the optimal range between 8 - 12°C for bull trout juvenile
rearing and between 10 - 16°C for salmon and trout juvenile rearing.

Use of the 7 Day Average of the Daily Maximum (7DADM) Unit of Measurement

The recommended metric for all of the following criteriais the maximum 7 day average of the
daily maxima (7DADM). This metric is recommended because it describes the maximum
temperatures in a stream, but is not overly influenced by the maximum temperature of asingle
day. Thus, it reflects an average of maximum temperatures that fish are exposed to over a week-
long period. Since this metric is oriented to daily maximum temperatures, it can be used to
protect against acute effects, such as lethality and migration blockage conditions.

This metric can also be used to protect against sub-lethal or chronic effects (e.g., temperature
effects on growth, disease, smoltification, and competition), but the resultant cumulative thermal
exposure fish experience over the course of aweek or more needs to be considered when
selecting a 7DADM value to protect against these effects. EPA’s general conclusion from
studies on fluctuating temperature regimes (which is what fish generally experienceinrivers) is
that fluctuating temperatures increase juvenile growth rates when mean temperatures are colder
than the optimal growth temperature derived from constant temperature studies, but will reduce
growth when the mean temperature exceeds the optimal growth temperature (see I ssue Paper 5,
pages 51-56). When the mean temperature is above the optimal growth temperature, the “mid-
point” temperature between the mean and the maximum is the “ equivalent” constant
temperature. This*"equivalent” constant temperature then can be directly compared to laboratory
studies done at constant temperatures. For example, ariver witha7DADM value of 18°C and a
15°C weekly mean temperature (i.e., diurnal variation of + 3°C) will be roughly equivalent to a
constant laboratory study temperature of 16.5°C (mid-point between 15°C and 18°C). Thus,
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both maximum and mean temperatures are important when determining a 7DADM value that is
protective against sub-lethal/chronic temperature effects.

For many rivers and streams in the Pacific Northwest, the 7DADM temperature is about 3°C
higher than the weekly mean (Dunham, et al. 2001; Chapman, 2002). Thus, when considering
what 7DADM temperature value protects against chronic effects, EPA started with the constant
temperatures that scientific studies indicate would be protective against chronic effects and
added 1-2°C degrees (see Table 1 for summary of studies done under constant temperatures).

For bull trout waters, EPA started with the constant temperatures that scientific studies indicate
would be protective for chronic effects and added about 0.5°C because bull trout waters typically
have less diurnal variation. Following this general procedure takes into account the maximum
and mean temperature (i.e., reflects a“mid-point”) when protecting for growth and other sub-
lethal effects.

It isimportant to note that there are also studies that analyzed sub-lethal effects based on
maximum or 7DADM temperature values which need not be translated for purposes of
determining protective 7DADM temperatures. For example, there are field studies that assess
probability of occurrence or density of a specific species based on maximum temperatures (Issue
Paper 1, Haas (2001), Welsh et al. (2001)). These field studies represent an independent line of
evidence for defining upper optimal temperature thresholds, which complements laboratory
studies.

It is also important to note that there are confounding variables that are difficult to account for
but are important to recognize. For instance, the amount of diurnal variation in rivers and
streams in the Pacific Northwest varies considerably; therefore, the difference between the
7DADM and the weekly mean will vary. The difference between the 7DADM temperature and
the weekly mean may be less than 1°C for rivers with little diurnal variation and as high as 9°C
for streams with high diurnal variation (Dunham et al., 2001). Another variableisfood
availability. The temperature for which there is optimal juvenile growth depends on the food
supply. Optimal growth temperatures under limited food supply are lower than those under
unlimited/satiated food supply. Generaly, EPA believes that |aboratory studies under limited
food availability are most reflective of environmental conditions fish typically experience.
However, there are likely situations where food is abundant, with the result that optimal growth
temperatures would be higher. Thus, a particular 7DADM numeric criteriawill be more
protective in situations where there is high diurnal variation and/or abundant food and will be
less protective in situations where there is low diurnal variation and limited food.

Unusually Warm Conditions

In order to have criteriathat protect designated uses under the CWA, EPA expects that the
criteriawould need to apply nearly all thetime. However, EPA believesit isreasonable for a
State or Tribe to decide not to apply the numeric temperature criteria during unusually warm
conditions for purposes of determining if awaterbody is attaining criteria. One possible way for
a State or Tribe to do thiswould be to explain in its WQS that it will determine attainment with
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the numeric temperature criterion based on the 90" percentile of the yearly maximum 7DADM
values calculated from ayearly set of values of 10 years or more. Thus, generally speaking, the
numeric criteriawould apply 9 out 10 years, or all but the hottest year. Another way may be to
exclude water temperature data when the air temperature during the warmest week of the year
exceeds the 90" percentile for the warmest week of the year based on a historical record (10
years or more) at the nearest weather reporting station.

A State or Tribe wishing to consider adopting a provision to account for unusually warm
conditions might be able to justify that decision by pointing out that extreme annual peaksin
water temperature typically caused by drought conditions are a natural component of the
environment and then concluding, as a matter of policy, that these infrequent conditions should
not drive attainment determinations. Salmonids may experience some adverse effects during
these periods, but by definition, they would be infrequent. It isimportant to note that not taking
into account unusually warm conditions should only be for CWA 303(d) listing purposes when
determining if awaterbody isin attainment with temperature WQS. NPDES permitted facilities
should not be exempt from applicable temperature effluent limits during these periods.

Even assuming that a State or Tribe decides to account for unusually warm conditions in its
temperature WQS, attainment determinations should be based on all climatic conditions except
for the extreme condition in order to protect the salmonid designated uses. Thus, given that river
temperatures exhibit year-to-year variation in their maximum 7DADM values, the average
maximum 7DADM value from ayearly series, as a statistical matter, would need to be lower
than the numeric criteriain order to meet the criteria 9 out of 10 years. Therefore, in most years,
the maximum 7DADM temperature would also probably need to be lower than the numeric
criteriain order to meet the criteriain the warm years. EPA took thisinto consideration when it
formulated its numeric criteria recommendations.

A De Minimis Temperature Increase Allowance

A State or Tribe may, if it has not already done so, wish to consider adopting a provision in its
WQS that allows for a de minimis temperature increase above the numeric criteria or the natural
background temperature. A State or Tribe might choose to include a de minimisincrease
allowance as away of accounting for monitoring measurement error and tolerating negligible
human impacts. The data and information currently available to EPA appear to indicate that an
increase on the order of 0.25°C for all sources cumulatively (at the point of maximum impact)
above fully protective numeric criteria or natural background temperatures would not impair the
designated uses, and therefore might be regarded as de minimis.
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Numeric Criteria Should Apply Upstream of the Furthest Downstream Extent of Use

Water quality criteriamust protect the relevant designated uses. See 40 C.F.R. § 131.11(a).
Therefore, a criterion should apply to al the river miles for which a particular use is designated,
including the lowest point downstream at which the use is designated. Because streams
generally warm progressively in the downstream direction, waters upstream of that point will
generally need to be cooler in order to ensure that the criterion is met downstream. Thus, a
waterbody that meets a criterion at the furthest downstream extent of use will in many cases
provide water cooler than the criterion at the upstream extent of the use. EPA took thisinto
consideration when it formulated its numeric criteria recommendations.

EPA also believes that the numeric criteria should apply upstream of the areas of actual use
because temperatures in upstream waters significantly affect the water temperatures where the
actual use occurs and upstream waters are usually colder. Of course, if amore sensitive useis
designated upstream, the more protective criterion would apply upstream. See40 C.F.R. 8§
131.11(a).

Salection of Protective Criteria for the Recommended Salmon Uses

As described above, numeric criteria that apply to uses that occur during the summer maximum
period are intended to apply to the warmest times of the summer, the warmest years (except for
extreme conditions), and the lowest downstream extent of use. Because of the conservative
nature of this application, EPA believesthat it is appropriate to recommend numeric criteria near
the warmer end of the optimal range for uses intended to protect high quality bull trout and
salmon/trout rearing (see Section V.1.C for use descriptions). EPA expects that adopting a
numeric criterion near the warmer end of the optimal range that is applied to the above
conditionsis likely to result in temperatures near the middle of the optimal range for most of the
spring through fall period in the segments where most of the rearing use occurs. EPA has
identified two reasons for this. Firgt, if the criterion is met at the summer maximum, then
temperatures will be lower than the criterion during most of the year. Second, because the
criterion would apply at the furthest point downstream where the use is designated, temperatures
will generally be colder across the full range of the designated use.

EPA also recognizes that salmonids will use waters that are warmer than their optimal thermal
range and further recognizes that some portions of rivers and streams in the Pacific Northwest
naturally (i.e., absent human impacts) were warmer than the salmonid optimal range during the
period of summer maximum temperatures. To account for these realities, EPA isalso
recommending two salmonid uses (see Section V.1.C) during the period of summer maximum
temperatures where the recommended numeric criteria exceed the optimal range, but provide
protection from lethal conditions and sub-lethal effects that would significantly adversely affect
these uses.

If applied collectively, EPA believesits recommended salmonid uses and associated numeric
criteria, if attained, will support healthy sustainable salmonid populations. However, EPA notes
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that it must still consider any new or revised temperature WQS submitted by a State or Tribe on
a case-by-case basis and must take into account any new information made available to EPA at
that time.

Determining the Spatial Extent of the Recommended Salmonid Uses

It iswell recognized that the current distribution of salmonidsin the Pacific Northwest has
significantly shrunk and is more fragmented than their historical distribution due to human
development. It isalso unlikely that the current distribution of salmonids will provide for
sustainable salmonid populations. EPA believes that, in order to meet the national goal of
providing for the protection and propagation of fish wherever attainable, salmonid use
designations should be of sufficient geographic and temporal scope to support sustainable levels
of use. Thisisbecause, unless the designated use specifically provides otherwise, a salmonid
use reasonably implies a healthy and sustainable population. Because of the importance of
restoring healthy salmonid populationsin the Pacific Northwest, EPA Region 10 advises States
and Tribes not to limit salmonid use designations to where and when salmonid uses occur today
when assigning uses in areas with thermally degraded habitat.

For areas with degraded habitat, EPA recommends that coldwater salmonid uses be designated in
waters where the defined use currently occurs or is suspected to currently occur, and where there
is reasonable potential for that use to occur (e.g., if temperatures or other habitat features,
including fish passage improvements, were to be restored in areas of degraded habitat). In most
areas of degraded habitat, temperatures have risen, thereby forcing salmonids upstream to find
suitable water temperatures for rearing and spawning. As aresult, the downstream extent of
current use islikely farther upstream than it was prior to habitat degradation. For areas with
minimal habitat degradation, where human impacts have not likely altered fish distribution, EPA
recommends use designations based on where the use currently occurs or is suspected to
currently occur.

EPA’ s recommendations for designating the spatial extent of the various salmonid uses are
described below in Sections V.1.C and V.1.D. The goal of these recommendationsisto include
the potential use areas for each salmonid use where the habitat has been degraded due to human
impacts. For example, for the bull trout rearing use and the salmon/trout core rearing use, which
are intended to protect waters of moderate to high density rearing use, EPA recommends that for
areas of degraded habitat, these uses cover the downstream extent of low density rearing that
currently occurs during the period of maximum summer temperatures (typically July and
August). The concept hereisthat waters where rearing currently occursin low density during
the summer is a reasonabl e approximation of waters that could support moderate to high density
use if the temperature were reduced.

EPA fully recognizes the difficulties in spatially designating the recommended salmonid uses.
First, information on fish distribution, particularly juvenile rearing distribution, is sparse in many
locations. For example, in some situations there may be fairly good information on spawning
areas, but minimal information on juvenile rearing distribution. In those situations, a State or
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Tribe could consider using the spawning distribution aong with inferences drawn from what
information exists on juvenile rearing as the primary basis for designating the bull trout and the
core salmon and trout rearing uses. Second, there isafair degree of both inter-annual and
seasonal variability in fish distribution. Third, thereis no bright line that defines degraded
habitat; rather there is a spectrum from non-degraded to highly degraded.

States and Tribes, therefore, should use the best available scientific information (e.g., the types
of information described in Sections V.1.C and V.1.D) and make well-reasoned judgments when
designating the various salmonid uses. In some cases, that may mean extrapolating from limited
information and making generalizations based on stream order, size, and elevation. Thus, EPA
recognizes there is an inherent element of subjectivity to designating the recommended salmonid
uses. However, because the recommended salmonid uses are fairly broad scale (applying to
large areas of ariver basin), EPA believes that the recommended use designations are reasonable
given the current level of information. If a State or Tribe decidesto revise its salmonid use
designations and submit them to EPA for approval, it should include a description of the
information and judgments it made to determine the spatial extent of its salmonid uses.

Lastly, EPA aso believes that better information on fish distribution is valuable for both CWA
and ESA purposes and that adopting the recommended salmonid use designations (or others
justified by the best available scientific information) will provide impetus to acquire more and
better information in the future.

V.1.B. EPA Region 10's Recommended Salmonid Uses and Numeric Criteria

EPA Region 10's recommended coldwater salmonid uses and criteriato protect those uses are
presented in Tables 3 and 4. Table 3 describes uses that occur during the summer maximum
temperature conditions. Designating the usesin Table 3 would result in apportioning ariver
basin to up to 4 salmonid use categories with associated criteria (e.g., 12°C, 16°C, 18°C, and
20°C). The colder criteriawould apply in the headwaters and the warmer criteriawould apply in
the lower river reaches, which is consistent with the typical thermal and salmonid use patterns of
riversin the Pacific Northwest during the summer. It should be noted, however, that there may
be situations where awarmer use and criteriawould apply upstream of a colder use and criteria
(e.0., where arelatively large cold tributary enters a warmer river, which significantly cools the
river).

Table 4 describes coldwater salmonid uses that generally occur at times other than during the

summer maximum period, except for some circumstances. EPA recommends that these criteria
apply when and where these uses occur and may potentially occur.
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Table 3. Recommended Uses & Criteria That Apply To Summer Maximum Temperatures

Notes: 1) “ 7DADM” refersto the Maximum 7 Day Average of the Daily Maximums; 2) “ Salmon” refersto
Chinook, Coho, Sockeye, Pink, and Chum salmon; 3) “ Trout” refersto Seelhead and coastal cutthroat
trout

Salmonid Uses During the Summer Maximum Conditions Criteria
Bull Trout Juvenile Rearing 12°C (55°F) 7DADM
Salmon/Trout “Core” Juvenile Rearing 16°C (61°F) 7DADM

(Salmon adult holding prior to spawning, and adult and sub-
adult bull trout foraging and migration may also be included in

this use category)
Salmon/Trout Migration plus Non-Core Juvenile Rearing 18°C (64°F) 7DADM
Salmon/Trout Migration 20°C (68°C) 7DADM,

plus a provision to protect
and, where feasible,
restore the natural thermal
regime

Table4. Other Recommended Uses & Criteria

Notes: 1) “ 7DADM” refersto the Maximum 7 Day Average of the Daily Maximums; 2) “ Salmon” refersto
Chinook, Coho, Sockeye, Pink, and Chum salmon; 3) “ Trout” refersto Seelhead and coastal cutthroat
trout;

Salmonid Uses Criteria

Bull Trout Spawning 9°C (48°F) 7TDADM

Salmon/Trout Spawning, Egg Incubation, and Fry Emergence 13°C (55°F) 7DADM

Steelhead Smoltification 14°C (57°F) 7TDADM
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V.1.C. Discussion of Uses and Criteria Presented in Table 3

Bull Trout Juvenile Rearing - 12°C 7DADM

EPA recommends this use for the protection of moderate to high density summertime bull trout
juvenile rearing near their natal streamsin their first years of life prior to making downstream
migrations. Thisuseisgenerally found in ariver basin’s upper reaches.

EPA recommends a 12°C maximum 7DADM criterion for this use to: (1) safely protect juvenile
bull trout from lethal temperatures; (2) provide upper optimal conditions under limited food for
juvenile growth during the period of summer maximum temperature and optimal temperature for
other times of the growth season; (3) provide temperatures where juvenile bull trout are not at a
competitive disadvantage with other salmonids; and (4) provide temperatures that are consistent
with field studies showing where juvenile bull trout have the highest probability to occur (see
Table 2).

EPA recommends that the spatial extent of this use include: (1) waters with degraded habitat
where high and low density juvenile bull trout rearing currently occurs or is suspected to
currently occur during the period of maximum summer temperatures, except for isolated patches
of afew fish that are spatially disconnected from more continuous upstream low density use; (2)
waters with minimally-degraded habitat where moderate to high density bull trout rearing
currently occurs or is suspected to currently occur during the period of maximum summer
temperatures; (3) waters where bull trout spawning currently occurs; (4) waters where juvenile
rearing may occur and the current 7DADM temperature is 12°C or lower; and (5) waters where
other information indicates the potential for moderate to high density bull trout rearing use
during the period of maximum summer temperatures (e.g., recovery plans, bull trout spawning
and rearing critical habitat designations, historical distributions, current distribution in reference
streams, studies showing suitable rearing habitat that is currently blocked by barriers that can
reasonably be modified to allow passage, or temperature modeling).

Salmon and Trout “ Core” Juvenile Rearing - 16°C 7DADM

EPA recommends this use for the protection of moderate to high density summertime salmon
and trout juvenilerearing. Thisuseis generally found in ariver basin’s mid-to-upper reaches,
downstream from juvenile bull trout rearing areas. However, in colder climates, such asthe
Olympic mountains and the west slopes of the Cascades, it may be appropriate to designate this
use all the way to the saltwater estuary.

Protection of these waters for salmon and trout juvenile rearing also provides protection for adult
spring chinook salmon that hold throughout the summer prior to spawning and for migrating and
foraging adult and sub-adult bull trout, which aso frequently use these waters.

EPA recommends a 16°C maximum 7DADM criterion for this use to: (1) safely protect juvenile
salmon and trout from lethal temperatures; (2) provide upper optimal conditions for juvenile
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growth under limited food during the period of summer maximum temperatures and optimal
temperatures for other times of the growth season; (3) avoid temperatures where juvenile salmon
and trout are at a competitive disadvantage with other fish; (4) protect against temperature-
induced elevated disease rates; and (5) provide temperatures that studies show juvenile salmon
and trout prefer and are found in high densities (see Table 1).

EPA recommends that the spatial extent of this use include: (1) waters with degraded habitat
where high and low density salmon and trout juvenile rearing currently occurs or is suspected to
currently occur during the period of maximum summer temperatures, except for isolated patches
of afew fish that are spatially disconnected from more continuous upstream low density use; (2)
waters with minimally-degraded habitat where moderate to high density salmon and trout
juvenile rearing currently occurs or is suspected to currently occur during the period of
maximum summer temperatures; (3) waters where trout egg incubation and fry emergence and
salmon spawning currently occurs during the summer months (mid-June through mid-
September); (4) waters where juvenile rearing may occur and the current 7DADM temperatureis
16°C or lower; (5) waters where adult and sub-adult bull trout foraging and migration occurs
during the period of summer maximum temperatures, and (6) waters where other information
indicates the potential for moderate to high density salmon and trout rearing use during the
period of maximum summer temperatures (e.g., recovery plans, critical habitat designations,
historical distributions, current distribution in reference streams, studies showing suitable rearing
habitat that is currently blocked by barriers that can reasonably be modified to alow passage, or
temperature modeling).

Please note that at this time EPA is recommending that adult and sub-adult bull trout foraging
and migration be included in this use category as opposed to establishing a separate use and
associated criterion. Our current knowledge of bull trout migration timing and their main
channel temperature preferenceislimited, but we do know that they prefer water temperatures
less than 15°C, that they take advantage of cold water refugia during the period of summer
maximum temperatures, and that spawning adults move toward spawning grounds during the
period of summer maximum temperatures. EPA, therefore, believes its recommended approach
would protect migrating and foraging bull trout because average river temperatures will likely be
below 15°C, afair amount of cold water refugiais expected in rivers that attain a maximum
7DADM of 16°C, and maximum temperatures below 16°C are likely to occur upstream of the
downstream point of this use designation where most bull trout migration and foraging islikely
to occur during the period of summer maximum temperatures. Asmore islearned about adult
and sub-adult bull trout foraging and migration, EPA, in consultation with the U.S. Fish and
Wildlife Service, may reconsider this recommendation.

Salmon and Trout Migration Plus Non-Core Juvenile Rearing - 18°C 7DADM
EPA recommends this use for the protection of migrating adult and juvenile salmonids and
moderate to low density salmon and trout juvenile rearing during the period of summer

maximum temperatures. This use designation recognizes the fact that salmon and trout juveniles
will use waters that have a higher temperature than their optimal thermal range. For water
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bodies that are currently degraded, thereislikely to be very limited current juvenile rearing
during the period of maximum summer temperatures in these waters. However, thereislikely to
be more extensive current juvenile rearing use in these waters during other times of the year.
Thus, for degraded waters, this use designation could indicate a potential rearing use during the
period of summer maximum temperatures if maximum temperatures are reduced.

Thisuseis generally found in the mid and lower part of a basin, downstream of the Salmon and
Trout Core Juvenile Rearing use. In many river basinsin the Pacific Northwest, it may be
appropriate to designate this use all the way to ariver basin’s terminus (i.e., confluence with the
Columbia River or saltwater).

EPA recommends an 18°C maximum 7DADM criterion for this use to: (1) safely protect against
lethal conditions for both juveniles and adults; (2) prevent migration blockage conditions for
migrating adults; (3) provide optimal or near optimal juvenile growth conditions (under limited
food conditions) for much of the summer, except during the summer maximum conditions,
which would be warmer than optimal; and (4) prevent adults and juveniles from high disease risk
and minimize the exposure time to temperatures that can lead to elevated disease rates (See
Table 1).

The upstream extent of this use designation islargely driven by where the salmon and trout core
juvenile rearing use (16°C) is defined. It may be appropriate to designate this use downstream to
the basin’s terminus, unless a salmon and trout migration use (20°C) is designated there.
Generally, for degraded water bodies, this use should include waters where juvenile rearing
currently occurs during the late spring-early summer and late summer-early fall, because those
current uses could indicate potential use during the period of summer maximum temperatures if
temperatures were to be reduced.

Salmon and Trout Migration - 20°C 7DADM plus a provision to protect and, where feasible,
restore the natural thermal regime

EPA recommends this use for waterbodies that are used almost exclusively for migrating salmon
and trout during the period of summer maximum temperatures. Some isolated salmon and trout
juvenile rearing may occur in these waters during the period of summer maximum temperatures,
but when it does, such rearing is usually found only in the confluence of colder tributaries or
other areas of colder waters. Further, in these waters, juvenile rearing was likely to have been
mainly in cold water refugia areas during the period of maximum temperatures prior to human
ateration of the landscape. It should aso be noted that most fish migrating in these waters do so
in the spring-early summer or in the fall when temperatures are cooler than the summer
maximum temperatures, but some species (e.g., late migrating juvenile fall chinook; adult
summer chinook, fall chinook, summer steelhead, and sockeye) may migrate in these waters
during the period of summer maximum temperatures.

Thisuseis probably best suited to the lower part of major riversin the Pacific Northwest, where
based on best available scientific information, it appears that the natural background maximum
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temperatures likely reached 20°C. When designating the spatial extent of this use, EPA expects
the State or Tribe to provide information that suggests that natural background maximum
temperatures reached 20°C. However, EPA does not expect the State or Tribe to have conducted
a process-based temperature model (see Section V1.3 below for a discussion on methods to
demonstrate natural background temperatures). If a State or Tribe determines that the natural
background temperature is higher than 20°C for a particular location and wants to establish a
numeric criterion higher than 20°C, it should follow the procedures described in Section V1.1.B
for the establishment of site-specific numeric criteria based on natural background conditions.

To protect this use, EPA recommends a 20°C maximum 7DADM numeric criterion plus a
narrative provision that would require the protection, and where feasible, the restoration of the
natural thermal regime. EPA believes that a 20°C criterion would protect migrating juveniles
and adults from lethal temperatures and would prevent migration blockage conditions. However,
EPA is concerned that rivers with significant hydrologic alterations (e.g., rivers with dams and
reservoirs, water withdrawals, and/or significant river channelization) may experience aloss of
temperature diversity in the river, such that maximum temperatures occur for an extended period
of time and thereis little cold water refugia available for fish to escape maximum temperatures.
In this case, even if the river meets a 20°C criterion for maximum temperatures, the duration of
exposure to 20°C temperatures may cause adverse effects in the form of increased disease and
decreased swimming performance in adults, and increased disease, impaired smoltification,
reduced growth, and increased predation for late emigrating juveniles (e.g., fall chinook in the
Columbia and Snake Rivers). Therefore, in order to protect this use with a20°C criterion, it may
be necessary for a State or Tribe to supplement the numeric criterion with a narrative provision
to protect and, where feasible, restore the natural thermal regime for rivers with significant
hydrologic alterations.

Critical aspects of the natural thermal regime that should be protected and restored include: the
gpatial extent of cold water refugia (generally defined as waters that are 2°C colder than the
surrounding water), the diurnal temperature variation, the seasonal temperature variation (i.e.,
number of days at or near the maximum temperature), and shifts in the annual temperature
pattern. The narrative provision should call for the protection, and where feasible, the
restoration of these aspects of the natural temperature regime. EPA notes that the protection of
existing cold water refugia should already be provided by the State's or Tribe's antidegradation
provisions or by the cold water protection provisions discussed in Section V.2 below. Thus, the
new concept introduced by the narrative provision EPA recommends here is the restoration of
the natural thermal regime, where feasible.

Although some altered rivers, such as the Columbia and Snake, experience similar summer
maximum temperatures today as they did historically, there is a big difference between the
temperatures that fish experience today versus what they likely experienced historically.
Unaltered rivers generally had a high degree of spatial and temporal temperature diversity, with
portions of the river or time periods that were colder than the maximum river temperatures.
These cold portions or time periods in an otherwise warm river provided salmonids cold water
refugiato tolerate such situations. The loss of this temperature diversity may be as significant to
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salmon and trout in the Columbia and Snake Rivers and their major tributaries as maximum
temperatures. Therefore, protection and restoration of temperature diversity islikely critical in
order for saimonids to migrate through these waters with minimal thermal stress.

The areas where relatively cold tributaries join the mainstem river and where groundwater
exchanges with the river flow (hyporheic flow) are two critical areas that provide cold water
refugiafor salmonids to escape maximum temperatures. As described in Issue Paper 3 and the
Return to the River report (2000), alluvial floodplains with ahigh level of groundwater exchange
historically provided high quality habitat that served as cold water refugia during the summer for
large riversin the Columbia River basin (and other rivers of the Pacific Northwest). These
alluvial reaches are interspersed between bedrock canyons and are like beads on a string along
the river continuum. Today, most of the aluvial floodplains are either flooded by dams, altered
through diking and channelization, or lack sufficient water to function as refugia. Effortsto
restore these alluvial river functions and maintain or cool down tributary flows will probably be
critical to protect this use.

As noted above, EPA recommends that States and Tribes include a natural thermal regime
narrative provision to accompany the 20°C numeric criterion. If a State or Tribe choosesto do
so, TMDL allocations would reflect the protection, and where feasible, the restoration of the cold
water refugia and other aspects of the natural thermal regime described above. If itis
impracticable to quantify allocations to restore the natural thermal regime in the TMDL load
allocations, then the TMDL assessment document should qualitatively address the human
impacts that ater the thermal regime. Plansto implement the TMDL (e.g., watershed restoration
plans) should include measures to restore the potential areas of cold water refugia and the natural
daily and seasonal temperature patterns. See Section V1.2.B below for asimilar discussion
regarding TMDL s designed to meet temperature targets exceeding 18°C.

V.1.D. Discussion of Uses and Criteria Presented in Table 4

Asdiscussed in Section V.1.B above, EPA recommends additional uses and criteria that would
generally apply during times other than the period of summer maximum temperatures. These
additional uses and criteria are intended to provide an added degree of protection for those
situations where control of the summer maximum temperature is inadequate to protect these
sensitive uses. EPA’ s recommendations assume that when these uses do occur during the time
of summer maximum temperatures, these more sensitive uses and associated numeric criteria
would apply.

In many situations, if the summer maximum criteria are attained (e.g., 12°C, 16°C, 18°C, 20°C),
EPA expects that temperatures will be low enough due to typical spring warming and fall
cooling patterns to support the uses described below. However, in developing this guidance,
EPA did not assess data in sufficient detail to determine the extent to which these uses are
protected vis-a-vis the summer maximum criterion. With respect to spawning and egg
incubation, EPA is most concerned about protecting spawning and egg incubation that occurs
during, or soon before or after, the period of summer maximum temperatures (e.g., spring
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chinook, summer chum, and bull trout spawning that occurs in the mid-to-late summer, and
steelhead trout egg incubation that extends into the summer months).

In waters where there is a reasonable basis in concluding that control of the summer maximum
criterion sufficiently protects some or al of the uses described below, it may be reasonable not to
designate some of al of these specific salmonid uses (i.e., the use will be protected by the
summer maximum criterion).

Bull Trout Spawning - 9°C 7DADM

EPA recommends this use for the protection waterbodies used or potentially used by bull trout
for spawning, which generally occurs in the late summer-fall in the upper basins (the same
waters that bull trout juveniles use for summer rearing). EPA recommends a 9°C maximum
7DADM criterion for this use and recommends that the use apply from the average date that
spawning begins to the average date incubation ends (the first 7DADM is calculated 1 week after
the average date that spawning begins). Meeting this criterion at the onset of spawning will
likely provide protective temperatures for egg incubation (2 - 6°C) that occurs over the winter
assuming the typical annual thermal pattern.

Salmon and Trout Spawning, Egg Incubation, and Fry Emergence - 13°C 7DADM

EPA recommends this use for the protection of waterbodies used or potentially used for salmon
and trout spawning, egg incubation, and fry emergence. Generally, this use occurs: (a) in spring-
early summer for trout (mid-upper reaches); (b) in late summer-fall for spring chinook (mid-
upper reaches) and summer chum (lower reaches); and (c) in the fall for coho (mid-reaches),
pink, chum, and fall chinook (the latter three in lower reaches). EPA recommends a 13°C
maximum 7DADM criterion to protect these life stage uses for salmon and trout and
recommends that this use apply from the average date that spawning begins to the average date
incubation ends (the first 7DADM is calculated 1 week after the average date that spawning
begins). Meeting this criterion at the onset of spawning for salmon and at the end of incubation
for steelhead trout will likely provide protective temperatures for egg incubation (6 - 10°C) that
occurs over the winter (salmon) and spring (trout), assuming the typical annual thermal pattern.

Sealhead Trout Smoltification - 14°C 7DADM

EPA recommends this use for the protection of waters where and when the early stages of
steelhead trout smoltification occurs or may occur. Generally, thisuse occursin April and May
as steelhead trout make their migration to the ocean. EPA recommends a 14°C maximum
7DADM steelhead smoltification criterion to protect this sensitive use. Asdescribed in Table 1,
steelhead smoltification can be impaired from exposure to greater than 12°C constant
temperatures. The greatest risk to steelhead is during the early stages of smoltification that
occurs in the spring (April and May). For the Columbia River tributaries, 90% of the steelhead
smolts are typically past Bonneville dam by the end of May (Issue Paper 5, pg 59), indicating
that applying this criterion at the mouths of major tributaries to the Columbia River in April and
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May will likely protect this use. Applying this criterion to the Columbia River itself is probably
unnecessary because the more temperature-sensitive early stages of smoltification occur in the
tributaries. If steelhead in the early smoltification process are exposed to higher temperatures
than the recommended criterion, they may cease migration or they may migrate to the ocean
undevel oped, thereby reducing their estuary and ocean survival.

V.2. Provisionsto Protect Water Temperatures That Are Currently Colder Than The
Numeric Criteria

One of the important principlesin protecting populations at risk for any speciesisto first protect
the existing high quality habitat and then to restore the degraded habitat that is adjacent to the
high quality habitat. Further, EPA’s WQS regulations recognize the importance of protecting
waters that are of higher quality than the criteria (in this case, waters that are colder than numeric
temperature criteria). See40 C.F.R. 8§ 131.12. EPA, therefore, believesit isimportant to have
strong regulatory measures to protect waters with ESA-listed salmonids that are currently colder
than EPA’ s recommended criteria. These waters likely represent the last remaining strongholds
for these fish.

Because the temperatures of many waters in the Pacific Northwest are currently higher than the
summer maximum criteria recommended in this guidance, the high quality, thermally optimal
waters that do exist are likely vital for the survival of ESA-listed salmonids. Additional
warming of these waters will likely cause harm by further limiting the availability of thermally
optimal waters. Further, protection of these cold water segments in the upper part of ariver
basin likely plays a critical role in maintaining temperatures downstream. Thus, in situations
where downstream temperatures currently exceed numeric criteria, upstream temperature
increases to waters currently colder than the criteria may further contribute to the non-attainment
downstream, especially where there are insufficient fully functioning river milesto allow the
river to return to equilibrium temperatures (Issue Paper 3). Lastly, natural summertime
temperatures in Pacific Northwest waters were spatially diverse, with areas of cold-optimal,
warm-optimal, and warmer than optimal water. The 18°C and 20°C criterion described in Table
3 and the natural background provisions and use attainability pathways described in Section VI
are included in this guidance as suggested ways to address those waters that are warmer than
optimal for sailmonids. EPA believesit isimportant, however, for States and Tribes to balance
the effects of the warmer waters by adopting provisions to protect waters that are at the colder
end of their optimal thermal range.

EPA, therefore, recommends that States and Tribes adopt strong regulatory provisions to protect
waterbodies with ESA-listed salmonids that currently have summer maximum temperatures
colder than the State’ s or Tribe' s numeric criteria. EPA believes there are several ways a State
or Tribe may do this. One approach could be to adopt a narrative temperature criterion (or
aternatively include language in its antidegradation rules) that explicitly prohibits more than a
de minimisincrease to summer maximum temperatures in waters with ESA-listed salmonids that
are currently colder than the summer maximum numeric criteria. Another approach could be to
identify and designate waterbodies as ecologically significant for temperature and either
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establish site-specific numeric criteriaequal to the current temperatures or prohibit temperature
increases above ade minimislevel in these waters. States and Tribes following this latter
approach should conduct a broad survey to identify and designate such waters within the state
(or tribal lands). For non-summer periods it may be appropriate to set a maximum allowable
increase (e.g., 25% of the difference between the current temperature and the criterion) for
waters with ESA-listed salmonids where temperatures are currently lower than the criteria.

Provisions to protect waters currently colder than numeric criteria can also be important to
ensure numeric criteria protect salmonid uses. Asdiscussed in Section V.1.A, the recommended
criteriain this guidance are based in part on the assumption that meeting the criteria at the lowest
downstream point at which the use is designated will likely result in cooler waters upstream.
Cold water protection provisions as described here provide more certainty that thiswill be true.
Further, if a State chooses to protect some or all of the sensitive usesin Table 4 (e.g., Spawning)
by using only the summer maximum criteria, it may also be necessary to protect waters currently
colder than the summer maximum numeric criteriain order to assure that these sensitive uses are
protected. Further, as described in Section V.1.B, protecting existing cold water islikely
important in river reaches where a 20°C numeric criterion applies to protect salmon and trout
migration use.

V.3. Provisionsto Protect Salmonids from Thermal Plume Impacts

EPA recommends that States and Tribes add specific provisionsto either their temperature or
mixing zone sections in their WQS to protect salmonids from thermal plume impacts.
Specifically, language should be included that ensures that thermal plumes do not cause
instantaneous lethal temperatures; thermal shock; migration blockage; adverse impact on
spawning, egg incubation, and fry emergence areas; or the loss of localized cold water refugia.
The following are examples from the scientific literature of potential adverse impacts that may
result from thermal plumes, and EPA’ s recommendations to avoid or minimize those impacts.

. Exposures of less than10 seconds can cause instantaneous lethality at 32°C
(WDOE, 2002). Therefore, EPA suggest that the maximum temperature within
the plume after 2 seconds of plume travel from the point of discharge does not
exceed 32°C.

. Thermal shock leading to increased predation can occur when salmon and trout
exposed to near optimal temperatures (e.g., 15°C) experience a sudden
temperature increase to 26 - 30°C for a short period of time (Coutant, 1973).
Therefore, EPA suggests that thermal plumes be conditioned to limit the cross-
sectional area of ariver that exceeds 25°C to asmall percent of theriver (e.g., 5
percent or less).

. Adult migration blockage conditions can occur at 21°C (Table 1). Therefore,

EPA suggests that the cross-sectional area of ariver at or above 21°C be limited
to less than 25% or, if upstream temperature exceeds 21°C, the thermal plume be
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limited such that 75% of the cross-sectional area of the river has less than ade
minimis (e.g., 0.25°C) temperature increase.

. Adverse impacts on salmon and trout spawning, egg incubation, and fry
emergence can occur when the temperatures exceed 13°C (Table 1). Therefore,
EPA suggests that the thermal plume be limited so that temperatures exceeding
13°C do not occur in the vicinity of active spawning and egg incubation areas, or
that the plume does not cause more than ade minimis (e.g., 0.25°C) increasein
the river temperature in these areas.

V1. Approachesto Address Situations Where the Numeric Criteriaare
Unachievable or Inappropriate

There are likely to be some streams and rivers in the Pacific Northwest where the criteria
recommended in this guidance cannot be attained or where the criteria recommendations would
otherwise be inappropriate. The following approaches are available under EPA’ s regulations to
address these circumstances. See 40 C.F.R. Part 131. EPA describes these approaches below
and recommends when it believes each approach may be appropriate.

It isimportant to note that most of these approaches are subject to EPA review and approval on a
case-by-case basis (either in the form of aWQS, TMDL, or a303(d) list approval), and where
appropriate, are subject to consultation with the Services and affected Tribes.

VI1.1. Alternative Criteria

The following are three possible ways to establish alternative numeric criteria that would apply
to a specific location.

VI.1.A. Site-Specific Numeric Criteriathat Supports the Use

Under this approach, the State or Tribe would demonstrate that conditions at a particul ar location
justify an alternative numeric criterion to support the designated salmonid use. See40 C.F.R. §
131.11(b)(1)(ii). One example may be the adoption of a13°C 7DADM criterion (instead of
EPA’ s recommended 12°C criterion) to protect bull trout rearing use in areas where competition
with other fish isminimal and food sources are abundant. Another example may be where there
is exceptionally high natural diurnal temperature variation and where the maximum weekly
mean temperature is within the optimal temperature range but, because of the high diurnal
variation, summer maximum temperatures exceed the State or Tribe' s numeric criteria. Inthis
situation, a State or Tribe may choose to develop a site-specific numeric criterion based on a
metric other that the 7DADM (e.g., a maximum weekly mean criterion plus a daily maximum
criterion). There may be other situations as well when an alternative site-specific criterion
would be appropriate. The State or Tribe would need to provide a clear description of the
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technical basis and methodology for deriving the alternative criterion and describe how it fully
supports the designated use when it submits the criterion to EPA for approval. See40 C.F.R. 8
131.11(a).

V1.1.B. Numeric Criteria Based on Estimates of Natural Background Temperatures

Under this approach a State or Tribe could establish numeric criteria based on an estimate of the
natural background temperature conditions. Thiswould be another form of site-specific criteria
under 40 C.F.R. 8 131.11(b)(1)(ii). Natural background temperatures are those that would exist

in the absence of human-activities that alter stream temperatures. States or Tribes following this
approach may elect to adopt a single numeric criterion for a particular stream segment, such asa
lower mainstem river, or adopt a numeric profile (i.e., arange of numberstypically colder in the
headwaters and warmer downstream) for awhole watershed or sub-basin.

EPA views numeric criteriathat reflect natural background conditions to be protective of
salmonid designated uses because river temperatures prior to human impacts clearly supported
healthy salmonid populations. Thus, when establishing site-specific numeric criteriain this
manner, EPA believesit is unnecessary to modify the use designations. For example, if a State
has designated a waterbody as salmon/trout core juvenile rearing use with an associated numeric
criterion of 16°C 7DADM and later estimates the natural background temperature is 18°C
7DADM, the 18°C 7DADM could be adopted as a site-specific criterion that fully supports the
salmon and trout core juvenile rearing use. A State or Tribe may also want to modify the spatial
extent of its various salmonid use designations within the basin if the estimates of natural
background provide new information that warrants such revisions. Additionally, at the time the
State revises a salmonid use for awaterbody (e.g., designating a salmon/trout migration use), it
could choose to establish a numeric criterion based on natural background conditions for that
particular waterbody (e.g., 22°C 7DADM), which may be different from the generally applicable
numeric criterion to support that use in the State’ sWQS (e.g., 20°C 7DADM).

States and Tribes following this approach will need to submit any such new or revised numeric
criteriato EPA for approval and must include the methodology for determining the natural
background condition. See40 C.F.R. 88 131.6 & 131.11(a). An aternative to establishing
numeric criteria based on natural background conditions as described here is to adopt a narrative
natural background provision, which would then be used in CWA section 303(d) listings,
TMDLs, and NPDES permits as described in Section V1.2.

V1.1.C. Numeric Criterialn Conjunction with a Use Attainability Analysis

In situations where it appears that the numeric criterion or natural background provision (see
Section V1.2) cannot be attained and the appropriateness of the designated use isin question, a
State or Tribe could conduct a use attainability analysis (UAA) pursuant to 40 C.F.R. 88

131.3(g) & 131.10. If it can be demonstrated that the current designated use is not attainable due
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to one of the factors at 40 C.F.R § 131.10(g), the State or Tribe must then adopt a different use
appropriate to that water. See 40 C.F.R. § 131.10(a). In most cases, EPA expects that the
appropriate use would be the most protective salmonid use that is attainable. The State or Tribe
must then adopt atemperature criterion sufficient to protect that new use. See40 C.F.R. 8§
131.11. EPA notesthat, in all cases, uses attained since 1975, referred to as “existing uses,”
must be protected. See 40 C.F.R Part 131.10(h)(1). The new use could be described as a
“compromised” or “degraded” salmonid use. It should be noted that a*“compromised” or
“degraded” level of use may be appropriate during part of the year (e.g., summer), but that an
unqualified, healthy salmonid use may be attainable other times of the year and therefore may be
the appropriate use then.

Examples of factors at 40 C.F.R. § 131.10(g) that could preclude attainment of the use include:
human caused conditions or sources of pollution that cannot be remedied or would cause more
environmental damage to correct than to leave in place; dams, diversions or other types of
hydrologic modifications that cannot be operated in such away as to result in the attainment of
the use; and controls more stringent than those required by sections 301(b) and 306 of the CWA
that would result in substantial and widespread economic and social impact.

Whenever a State or Tribe adopts new or revised designated uses, such as those described here, it
ischanging its WQS. Therefore, the State or Tribe must make the proposed change available for
public notice and comment and must submit the new use and associated criteria, together with
the supporting UAA, to EPA for review and approval. See CWA section 303(c)(1) & (¢)(2)(A);
40 C.F.R. 88 131.5 & 131.6. EPA recommends that a UAA seeking to demonstrate human
impacts (including dams, diversions, or other hydrol ogic modifications) that prevent attainment
of the current use, should include a full assessment of all possible mitigation measures and their
associated costs when demonstrating which mitigation measures are not feasible. EPA’s
decision to approve or disapprove a use and criteria change associated with a UAA will need to
be made on a case-by-case basis, taking into account the information available at the time, and
where appropriate, after consultation with the Services and affected Tribes.

VI.2. Useof a State’sor Tribe' s“Natural Background” Provisions

If it has not already done so, a State and Tribe may wish to consider adopting narrative natural
background provisions in its WQS that would automatically take precedence over the otherwise
applicable numeric criteria when natural background temperatures are higher than the numeric
criteria. See40 C.F.R. § 131.11(b)(2). If adopted by a State or Tribe and approved by EPA,
narrative natural background provisions would be the applicable water quality criteriafor CWA
purposes when natural background temperatures are higher than the numeric criteriaand would
be utilized in 303(d) listings of impaired waterbodies, TMDLs, and NPDES permitsin such
situations. Asdiscussed in Section V.1.B above, a State could also consider adopting a specific
numeric criterion that reflects natural background temperatures (rather than leave natural
background temperatures to case-by-case interpretation). The discussion here, however,
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assumes that a State or Tribe has not done so and instead has adopted a narrative natural
background provision and would interpret it when necessary for CWA purposes.

VI.2.A. 303(d) Listings

If it can be demonstrated that a particular waterbody exceeds a temperature numeric criterion due
to natural conditions (or natural conditions plus a de mimimis human impact, if a State or Tribe
has this alowance in its WQS - see Section V.1.A), then the waterbody need not be listed on a
State’s or Tribe' s 303(d) list. Such waterbodies would not be considered impaired because they
would be meeting the narrative natural background provisions of the WQS. These waterbodies
should be identified as an attachment to a State’ s or Tribe's section 303(d) list submission to
EPA along with the demonstration that these waters do not exceed the natural background
provision.

For situations where waterbodies exceed the applicable numeric criteria due to a combination of
apparent natural background conditions and known or suspected human impacts (above ade
minimis impact level, if applicable), it would be appropriate to list those waters on the 303(d) list
because the waters would be exceeding the narrative natural background provision because of
the human impacts. The TMDL process, described below, will provide the opportunity to
distinguish the natural sources from the human caused sources.

VI.2.B. TMDLs

A State’'s or Tribe's narrative natural background provisions can be utilized in TMDLs to set
water quality targets and all ocate |oads when natural background conditions are higher than the
otherwise applicable numeric criteria. When doing so, estimated temperatures associated with
natural background conditions would serve as the water quality target for the TMDL and would
be used to set TMDL allocations. Thus, the TMDL would be written to meet the WQS natural
background provision, and the load reductions contemplated by the TMDL would be equivalent
to the removal of the human impacts (or all but de minimis human impacts, if applicable). It
should be noted that if a State or Tribe has a de minimis temperature increase allowance above
natural background temperatures (see Section V.1.A), the TMDL alocations should be based on
attaining the natural background temperature plus the de minimis temperature allowance (e.g.,
natural background temperature plus 0.25°C).

When estimating natural background conditions, States and Tribes should use the best available
scientific information and the techniques described in Section V1.3 below. For TMDLS, this
usually includes temperature models. Those human impacts that cannot be captured in a model
(e.0., loss of cooling due to loss of hyporheic flow, which is water that moves between the
stream and the underlying streambed gravels) should be identified in the TMDL assessment
document (i.e., supporting material to the TMDL itself) along with rough or qualitative estimates
of their contribution to elevated water temperatures. Estimates of natural conditions should also
be revisited periodically as our understanding of the natural system and temperature modeling
techniques advance.
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When using natural background maximum temperatures as TMDL targets and to set TMDL
allocations, the TMDL assessment document should assess other aspects of the natural thermal
regime including the spatial extent of cold water refugia (which, generally are defined as waters
that are >2°C colder than the surrounding water), the diurnal temperature variation, seasonal
temperature variation (i.e., number of days at or near the maximum temperature), and shiftsin
the annual temperature pattern. Findings from this assessment should be integrated into the
TMDL and its allocations to the extent possible. For example, if possible, TMDL allocations
should incorporate restoration of the diurnal and seasonal temperature regime and cold water
refugiathat reflect the natural condition. If it isimpracticable to address these impacts
guantitatively through alocations, then the TMDL assessment document should qualitatively
discuss the human activities that modify these aspects of the natural thermal regime. Plansto
implement the TM DL should include measures to restore and protect these unique aspects of the
natural condition.

EPA believesit is particularly important for the TMDL itself or the TMDL assessment document
to address the above aspects of the natural thermal regime for waterbodies where the natural
background maximum 7DADM temperature exceeds 18°C and where the river has significant
hydrologic alterations (e.g., dams and reservoirs, water withdrawals, and/or significant river
channelization) that have resulted in the loss of temperature diversity in the river or shifted the
natural temperature pattern. For example, there may be situations where the natural background
maximum temperatures exceed 18°C, but historically the exposure time to maximum
temperatures was limited due to the comparatively few number of hoursin aday that the water
reached these temperatures, the comparatively few number of days that reached these
temperatures, and plentiful cold water refugiafrom cold tributary flows and hyporheic flow in
aluvial floodplains where salmonids could avoid the maximum water temperatures.

If human impacts as identified at 40 C.F.R. 131.10(g) are determined to prevent attainment of the
natural background conditions, the State or Tribe should follow the UAA process described in
Section VI.1.C above and revise the use and adopt numeric criteria that would support arevised
use. Thisnew numeric criteria, if approved by EPA, would then be the temperature target in the
TMDL and used to set load allocations.

Before determining that some of the human impacts preclude use attainment and pursuing a
UAA, EPA Region 10 encourages States to develop and begin implementing TMDL s that reflect
the applicable numeric criteria or natural background provisions and allow some time for
implementation to proceed. EPA Region 10 encourages this approach because it is often the
case that at thetimea TMDL is developed there islittle information on all the possible
implementation measures and their associated costs, which may be important to justify a UAA.
Further, after feasible implementation measures are compl eted, there will be better information
asto what is the actual attainable use and associated water temperatures. If information is
available at the time, however, it is possible for a State to conduct a UAA concurrently with the
TMDL development process and, if appropriate, to revise the designated use and adopt new
applicable numeric criteria for use when establishing the TMDL.
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V1.2.C. NPDES Permits

When a permitting authority is establishing atemperature water quality-based effluent limit for
an NPDES source, it must base the limit on the applicable water quality standards, which could
be the numeric criteriaor, if applicable, the narrative natural background provision. See 40
C.F.R. 8§122.44(d)(1). EPA expectsthat, in most cases, the natural background temperature will
be interpreted and expressed for the first timeina TMDL, but it is possible for the natural
background temperature to be determined outside the context of a TMDL, although this would
be unusual given the complexities involved in estimating natural background temperatures.

V1.3. Overview of Methodsto Estimate Natural Background Temperatures

There are anumber of different ways of estimating natural background temperature conditions
for the purposes of either adopting a site-specific criterion (see Section VI1.1.B) or interpreting a
narrative natural background provision (see Section V1.2). These include: (1) demonstrating that
current temperatures reflect natural background conditions, (2) using a non-degraded reference
stream for comparison, (3) using historical temperature data, (4) using statistical or computer
simulation models, and (5) ng the historical distribution of salmonids. There may be other
ways aswell. Each approach has its strengths and weaknesses and therefore may or may not be
most appropriate for agiven situation. Moreover, al of these approaches have uncertainty,
which should be quantitatively described where possible. EPA encourages the use of a
combination of approaches to estimate natural background temperatures, where feasible. Below
isan overview of the five approaches listed above.

Demonstrating That Current Temperatures Reflect Natural Background Conditions

Under this approach, the past and present human activities that could impact the river
temperatures are documented and a technical demonstration is made that the human activities do
not currently impact temperatures. This approach is most applicable to non-degraded watersheds
(e.g., state and national parks, wilderness areas, and protected state and national lands). These
watersheds can be used as “reference” streams for estimating the natural background
temperatures of degraded streams (see below). If thereisasmall human impact on temperatures,
it may also be possible to estimate the human impact and subtract it from current temperatures to
calculate the natural background temperatures.

Comparisonsto a Reference Stream

It is often reasonable to assume that the natural background temperatures of athermally
degraded stream are similar to that of a non-degraded stream, so long as the location, landscape
context, and physical structure of the stream are sufficiently ssmilar. The challenge to this
approach isfinding areference stream that is of similar location, landscape context, and physical

39



structure. Because large rivers are unique and most in the Pacific Northwest have been
significantly impacted by human activities, this approach is most applicable to smaller streams
where areference stream with current temperatures at natural background conditions exist.

Historical Data

For somerivers, historical temperature data are available that reflect temperatures prior to human
influences on the river’ s temperature regime, and can be used as an estimate of natural
background temperatures. Factors that lend uncertainty to historic temperature data are the
uncertain nature of the quality of the data and whether or not humans affected temperature prior
to data collection. Further, historical temperature data often do not adequately capture the
gpatial and/or temporal variability in stream temperature due to limited spatial or temporal
sampling. Historical data may be useful, however, for verifying estimates of modeled natural
background temperatures.

Temperature Models

Two major methods have been commonly used for water quality modeling in the United States
over the last 20 years. 1) statistical models, which are based on observed relationships between
variables and are often used in conjunction with measurements from a reference location, and 2)
process-based models, which attempt to quantify the natural processes acting on the waterbody.
Process-based models are often employed when no suitable reference locations can be identified.

Statistical models, also referred to as empirical models, estimate the thermal conditions of
streams by using statistics to find correlations between stream temperature and those landscape
characteristics that control temperature (e.g., elevation, latitude, aspect, riparian cover, etc.). The
equations in statistical models describe the observed relationships in the variables as they were
measured in a specific location. If the specific location is a non-degraded reference stream, then
the model can be used to estimate natural background conditions in degraded streams.

Statistical models have the advantage of being relatively simple, as they rely on general data and
statistics to develop correlations.

The comparability between the reference waterbody where the statistical correlations are
generated and the assessment waterbody strongly affects the applicability of statistical models.
Uncertaintiesin statistical model results increase with increasing dissimilarity between the
landscape characteristics of the reference and assessment water bodies. Uncertainties also
increase when models do not include landscape characteristics that control important processes
affecting the water temperature. For these reasons, statistical models are best suited for small
headwater streams or for generalized predictions across a large landscape.

Process models, also referred to as simulation models, are based on mathematical
characterizations of the current scientific understanding of the critical processes that affect water
temperature in rivers. The equations are constructed to represent the observed or expected
relationships and are generally based on physical or chemical principles that govern the fate and
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transport of heat in ariver (e.g., net heat flux from long-wave radiation, direct short wave
radiation, convection, conduction, evaporation, streamside shading, streambed friction, and
water’ s back radiation) (Bartholow, 2000).

Estimating water temperature with a process model is generally atwo-step process. Asafirst
step, the current river temperatures are estimated with the input parameters (e.g., amount of
shade provide by the canopy and river depth, width, and flow) reflecting current conditions and
the model error is calculated by comparisons of the model estimate to actual temperature
measurements. The second step involves changing the model input parameters to represent
natural conditions, which resultsin amodel output that predicts the natural background
conditions. In recent years, increases in computer processing power have led to the devel opment
of distributed process models, which incorporate a high degree of spatial resolution. These
models use Geographical Information Systems (GIS), remotely-sensed data, and site-specific
datato vary the model’ s input parameters at different locations in the waterbody or the
landscape.

Unlike statistical models, process models do not rely upon data from reference locations, so they
can be used for riversthat have no suitable natural reference comparisons available. Thus,
process models are well suited for estimating natural conditions for larger streams and rivers.
Although powerful, process models are by no meansinfallible. Errors can arise when there are
locally important factors that the model does not address, or when thereis agreat deal of
uncertainty in input parameters that strongly influence the model results.

In addition to estimating natural background conditions, process-based models are useful for
understanding the basic mechanisms influencing water temperature in awatershed,
understanding the relative contributions from different sources at different locations,
understanding cumulative downstream impacts from various thermal loads, performing “what if”
scenarios for different mitigation options, and setting TMDL allocations.

Historical Fish Distributions

Maps of historic salmonid distributions and their time of use can provide rough estimates of
natural background temperatures. Where and when salmonids existed historically likely provided
temperatures suitable for salmonids and, as described in this guidance, we have afairly good
understanding of suitable temperatures for various life stages of salmonids.

VIl. Using EPA’s Guidance to Change Salmonid Use Designations

The States of Idaho, Oregon, Washington and Pacific Northwest Tribes with WQS currently
have salmonid use designations that are less spatially and temporally specific than those
recommended in Section V.1 of thisguidance. For instance, several States and Tribes employ
broad salmonid use designations (e.g., migration, rearing, spawning) that apply generally to an
entire basin or watershed. EPA's recommendationsin Section V.1 areintended to assist States
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and Tribes with broad use designations to more precisely define when and where the different
salmonid uses currently occur or may potentially occur within a basin.

For example, at the present time, a State may have a spawning use designated for an entire basin
(or large waterbody), but not specify the waterbody segments or times of year to which that use
designation should apply. After considering information that indicates where and when
spawning currently occurs or may potentially occur, that State might decide that only certain
locations and times in the basin should be designated for spawning. This same situation may
also occur in the context of rearing and migration uses.

The intent of EPA's recommendations is to encourage States and Tribes, through these types of
use refinements, to adopt a suite of interdependent salmonid uses. This suite of uses, in essence,
would function as a single aguatic life use designation for the protection, at all life stages, of a
sustainable salmonid population. Consequently, EPA believes that, as a general matter, use
designations within a basin that reflect, at the appropriate times and places, the compl ete suite of
uses to protect healthy salmonid populations at al life stages would fully protect the CWA
section 101(a)(2) aquatic life uses. EPA, therefore, would not expect a UAA to accompany such
use refinements as long as the overall sustainable salmonid population useis still being
protected. See 40 C.F.R. § 131.10(k). It should be noted, however, that these types of use
refinements are changes to a State’ s of Tribe's WQS and therefore require public notice and
review and EPA approval.

VIIIl. Temperature Limitsfor NPDES Sour ces

Section 301(b)(1)(C) of the CWA requires the achievement of NPDES effluent limitations as
necessary to meet applicable WQS. EPA Region 10's general practiceisto require that numeric
criteria be met at end-of-pipe in impaired waterbodies (i.e., those that exceed water quality
criteria). However, EPA Region 10 believes that in some situations numeric criteria end-of -pipe
effluent limits for temperature may not be necessary to meet applicable WQS and protect
salmonidsin impaired waters. Thisis because the temperature effects from point source
discharges generally diminish downstream quickly as heat is added and removed from a
waterbody through natural equilibrium processes. The effects of temperature are unlike the
effects of chemical pollutants, which may remain unaltered in the water column and/or
accumulate in sediments and aquatic organisms. Further, temperature impairmentsin Pacific
Northwest waters are largely caused by non-point sources. However, there may be situations
where numeric criteria (or near numeric criteria) end-of-pipe effluent limits would be warranted,
such as where a point source heat discharge is significant relative to the size of theriver.

If afacility discharging heat into an impaired waterbody is seeking an effluent limit that is
different than end-of-pipe numeric criteria, it should undertake a comprehensive temperature
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study. EPA recommends that regulatory authorities devel op guidance on the content of these
studies and on how alternative effluent limits may be developed that protect salmonids. EPA
recommends that a temperature study, at a minimum, should consist of the following:

A detailed engineering evaluation of sources of heat and possible measures to
eliminate/reduce the heat sources and/or mitigate the effect of the heat sources.
This could, for example, take the form of an engineering analysis of
manufacturing processes or an investigation of sources of heat into publically-
owned treatment plants. The engineering evaluation should include cost
estimates for the possible temperature reduction measures.

A modeling evaluation to determine a preliminary temperature effluent limit that
meets the numeric criterion for the waterbody (or natural background temperature
if applicable - see Section V1.2.C). For instance, it may be appropriate to use a
simple energy balance equation (U.S. EPA, 1996) to calculate an effluent
temperature that would ensure any downstream temperature increase above the
numeric criterion (or natural background temperature) is de minimis (e.g., less
than 0.25°C) after complete mixing. This approach assumes the State’sor Tribe's
WQS includes a de minimis temperature allowance as described in Section V.1.A.
When using this approach, EPA recommends that the upstream water
temperatures be assumed to be at the numeric criterion (or natural background
temperature) and that ariver flow be used that minimizes the percentage of the
flow utilized for mixing purposes (e.g., 25% of 7Q10). The preliminary
temperature effluent limit using this method should not exceed the current
effluent temperature. 1n some situations it may be appropriate to utilize more
complex modeling than described here (e.g., waters with multiple point source
impacts).

An evaluation of localized impacts of the thermal plume on salmonids based on
plume modeling. The physical characteristics of the thermal plume (e.g., a 3-
dimensional profile of temperatures) can be estimated using a near-field dilution
model and adequate input data to run the model (e.g., river and effluent
temperatures and flows). The preliminary effluent temperature derived from
above (i.e., the effluent temperature derived from the energy bal ance equation or
the current effluent temperature, whichever islower) should be used in the model
along with the current river temperature and flow for the seasons of concern. The
preliminary effluent limit should be lowered, if necessary, to ensure that the
localized adverse impacts on salmonids described in Section V.3 are avoided or
minimized.

The results of these evaluations should be used to assist in the development of the final permit
effluent limit in waters where atemperature TMDL has yet to be completed. Modeling
evaluations, such as those described above, should be used in temperature TMDL s to help set
wastel oad allocations that can be used as temperature limitsin NPDES permits. It may not be
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practicable, however, to complete near-field plume modeling for some or all point sourcesin
large-scale temperature TMDLSs. In these situations, the TMDL should indicate that the thermal
plume modeling be done during permit development, which may result in an effluent limit lower
than the TMDL wastel oad allocation.

EPA Region 10 also believes that water quality trading may hold some promise to meet
temperature WQS in a cost-effective manner that is beneficial for salmonids. In particular, a
point source may be able to seek trades with non-point sources as a mechanism to meet its
NPDES obligations. For example, a point source may help secure non-point controls beyond
minimum state requirements, such as re-vegetation of ariver’sriparian zone, and use those
temperature reductions to help meet its temperature reduction obligations. EPA encourages the
use of this potentially valuable approach to help attain temperature WQS.

IX. TheRoleof Temperature WQSin Protecting and Recovering ESA-Listed
Salmonids and Examples of Actionsto Restore Suitable Water Temper atures

EPA Region 10 and the Services believe that State and Tribal temperature WQS can be a
valuable tool to protect and aid in the recovery of threatened and endangered salmonid speciesin
the Pacific Northwest. The following are three important ways that temperature WQS, and
measures to meet WQS, can protect salmonid populations and thereby aid in the recovery of
these species. Thefirst isto protect existing high quality waters (i.e., waters that currently are
colder than the numeric criteria) and prevent any further thermal degradation in these areas. The
second is to reduce maximum temperatures in thermally degraded stream and river reaches
immediately downstream of the existing high quality habitat (e.g., downstream of wilderness
areas and unimpaired forest lands), thereby expanding the habitat that is suitable for coldwater
salmonid rearing and spawning. Thethird isto lower maximum temperatures and protect and
restore the natural thermal regime in lower river reaches in order to improve thermal conditions
for migration.

The following are examples of specific on-the-ground actions that could be done to meet
temperature WQS, protect salmonid populations and also aid in the recovery of threatened and
endangered salmonid species. Logically, these example actions are oriented toward reversing
the human activities that can contribute to excess warming of river temperatures described in
Section IV.2. See Issue Paper 3, Coutant (1999), and Return to the River (2000) for more
detailed discussion. EPA encourages and hopes to help facilitate these types of actions and
recognizes that collaborative efforts with multiple stakeholders holds the most promise to
implement many of these measures.

Replant native riparian vegetation

Install fencing to keep livestock away from streams

Establish protective buffer zones to protect and restore riparian vegetation
Reconnect portions of the river channel with its floodplain
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. Re-contour streams to follow their natural meandering pattern

. Increase flow in the river derived from more efficient use of water withdrawals
. Discharge cold water from stratified reservoirs behind dams

. Lower reservoirs to reduce the amount of shallow water in “overbank” zones

. Restore more natural flow regimesto allow alluvial river reaches to function

. Restore more natural flow regimes so that river temperatures exhibit a more

natural diurnal and seasonal temperature regime

EPA and the Services acknowledge that efforts are underway on the part of some landowners,
companies, non-profit organizations, tribes, local and state governments, and federal agenciesin
the Pacific Northwest to take actions to protect and restore suitable temperatures for salmonids
and improve salmonid habitat generally. A few examples of broad-scale actions to improve
temperatures for salmonids are: the Aquatic Conservation Strategy of the Northwest Forest Plan
(federal lands); the State of Washington’s forest protection regulations; and timber company
Habitat Conservation Plans (HCPs), particularly the Simpson HCP, which was done concurrent
with atemperature TMDL. Additionally, there are small-scale projects, which are too numerous
to list here (e.g., tree plantings, fencing, and re-establishing the natural meandering channel of
small streams), that have already contributed or will contribute to improved thermal conditions
for salmonids. These efforts represent a good direction and start in the process of restoring
stream temperatures in the Pacific Northwest.

EPA and the Services believeit isimportant to highlight these examples of on-the-ground

actions to recognize their contribution to improving water temperatures, to demonstrate their
feasibility, and to provide amodel for others to take similar actions.
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Executive Summary

Perpetua Resources Idaho, Inc. (Perpetua Resources), formerly Midas Gold lIdaho, Inc. (Midas Gold)
proposes to redevelop portions of the Stibnite Mining District in the headwaters of the East Fork of
the South Fork of the Salmon River (EFSFSR), Valley County, central Idaho as outlined in the Plan of
Restoration and Operations (PRO; Midas Gold 2016) for the Stibnite Gold Project (SGP or Project).
Brown and Caldwell (BC) has prepared this report to summarize the results of Perpetua Resources
Stream and Pit Lake Network Temperature (SPLNT) modeling of the Modified Proposed Action 2
(ModPRO2) Alternative (Perpetua Resources 2021). The ModPRO2 is Perpetua Resources refined
modified proposed action and was developed to further reduce potential environmental impacts of
the Stibnite Gold Project (SGP) in alignment with Perpetua Resources Core Values as set out in the
PRO (Midas Gold 2016; Section 2), Conservation Principles (Midas Gold 2016; Section 2), its
Sustainability Goals (Midas Gold 2016; Section 2.4) and its Environmental Goals (Midas Gold 2016;
Section 6.2).

The PRO was submitted to the United States Forest Service (USFS) and the Idaho Department of
Lands in September 2016 and deemed complete by the USFS in December 2016. Concurrent with
preparing the environmental impact statement (EIS), federal and state permitting, and agency and
stakeholder consultations, Perpetua Resources has advanced the Project's engineering design to the
Canadian National Instrument 43-101 Feasibility Study level. Some Project elements have changed
relative to the PRO and the other alternatives in the Draft EIS (USFS 2020) as designs have
proceeded and additional information has been learned. The ModPRO2 is the refined Modified PRO
(ModPRO) Alternative and results from the culmination of these analyses and a suite of mitigation
measures designed to improve water quality and restore the Project Area to an improved condition.
The ModPRO2 presents an alternative with a smaller footprint and reduced environmental impacts
compared to the PRO and the ModPRO. The ModPRO2 is intended to be included in the Final EIS as
the further refined Alternative 2 to replace Alternative 2 (ModPRO) as described in the Draft EIS. This
is consistent with the National Environmental Policy Act (NEPA); per 40 CFR 1503.4, an agency
preparing a Final EIS has the option to "Modify alternatives including the proposed action" (40 CFR
1503.4(a)(1).

The ModPRO2 incorporates information derived from agency and public scoping for Perpetua
Resources original Proposed Action (the PRO), the alternatives development process, baseline data
collection and analysis, and predictive modeling (hydrologic, geochemical, water quality, stream
temperature, and air quality). SPLNT modeling results were used to support ModPRO2 project
refinements and simulate environmental effects. The ModPRO2 was also informed by Perpetua
Resources interactions with the public; federal, state, and local governments; Native American
tribes; and other Project stakeholders, and considers comments submitted during the public
comment period for the Draft EIS.

Mining methods, ore processing, exploration activities, water management, and supporting features
including structures, access and haul roads, and infrastructure remain identical to the PRO and/or
the ModPRO or are slightly modified. In all cases, these proposed refinements address
environmental concerns raised or identified by various sources or through the effects analysis of the
Draft EIS and are targeted at addressing them accordingly. These refinements align with the purpose
and intent of the National Environmental Policy Act.

The ModPRO2 includes additional refinements beyond the ModPRO that aim to lower stream
temperatures and improve water quality. Changes relative to ModPRO include changes to the
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QUAL2K model configuration to represent changes to the mine plan, wider zones of riparian
plantings with taller plants and earlier planting schedules, revised baseflow rates based on the
Stibnite Hydrologic Site Model, a General Lake Model (GLM) for Stibnite Lake, and incorporation of
treated effluent discharge from the water treatment plant.

The SPLNT Model was developed to simulate temperatures under existing conditions and the No
Action (NA) Alternative and to predict changes in stream and pit lake temperatures associated with
Project Alternatives. The SPLNT Model was developed using two separate software packages:
QUAL2K for stream temperature modeling and the GLM for simulating pit lakes. QUAL2K simulates
stream temperature upstream and downstream of the pit lakes and uses GLM-simulated pit lake
temperature as an input for the segment downstream of each lake. The steady-state QUAL2K
component of the SPLNT Model was desighed to simulate (1) low-flow, maximum weekly
temperature summer conditions (July through August) and (2) low-flow, maximum weekly
temperature fall conditions (September through October) to allow for an assessment of mining
impacts based on thermal criteria applicable to these conditions. Appendix A of this report
summarizes the development of the SPLNT Model and further details can be found in the SPLNT
Existing Condition Report (Brown and Caldwell [BC] 2018) and the SPLNT Proposed Action Report
(BC 2019a).

The SPLNT Existing Conditions Report (Brown and Caldwell [BC} 2018) presents the observed flows
and temperatures for the two-week periods centering around the representative dates of the
maximum weekly summer condition (July 29, 2016) and the maximum weekly fall condition
(September 24, 2014). The meteorology and stream hydrology measured on these specific days
provide the inputs to the SPLNT model. For existing conditions and the NA Alternative, the model
inputs are the same. To evaluate Project Alternatives, the stream baseflows are adjusted based on a
percent difference calculated by comparing SGP hydrologic model simulations of NA and each
Project Alternative. The meteorology for the evaluations is not altered. A third condition was
requested by the review agencies during development of the Proposed Action (PA) models to
represent mean August conditions for use in fish habitat occupancy models.

The ModPRO2 offers improvements in stream temperatures relative to the other Project Alternatives.
The following general observations can made:

o Simulated temperature effects tend to be more pronounced when comparing maximum
temperatures for the maximum weekly summer condition followed by either maximum
temperatures for the fall condition or average conditions for the summer condition. The
simulated averages for the maximum weekly fall condition are the least affected by the Project
and are similar to NA across the SPLNT study area.

o Piping diverted low flows results in fully shaded conveyances that result in temperatures that are
similar to, and sometimes lower than NA, depending on the degree of shade present for the NA.

o Improving the riparian planting plan by planting wider buffers, increasing the percentage of taller
tree species, including enhanced reaches, and planting earlier in the mine life increases shade
and reduces stream temperatures.

« Including Stibnite Lake on the Yellow Pine pit backfill reduces diurnal temperature variation and
maximum temperatures.

o« The ModPRO2 results in improved stream temperatures relative to the ModPRO, PA, and
EFSFSR tailings storage facility (TSF) alternatives (BC 2019b and 2019c). Once the tunnel is
removed, maximum stream temperatures in the summer are at or below NA everywhere in the
system except on top of the TSF and just upstream of Stibnite Lake. While temperatures are
higher than NA on the TSF in the early part of post closure, these reaches are not accessible for
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Chinook salmon or steelhead spawning. Once Meadow Creek mixes with East Fork Meadow
Creek, maximum stream temperatures are consistently below NA.

o Simulated maximums for the ModPRO2 at the model terminus (EFSFSR below Sugar Creek) are
within 1 degree Celsius (°C) of NA for each mine year.

o Under the ModPRO2, temperatures would return to NA when Tamarack Creek enters the system
(2.2 river miles downstream of the Sugar Creek confluence) and would not be more than 1°C
higher than NA in the EFSFSR downstream of the Project Area.

ES-3
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Section 1

Background and Purpose

Perpetua Resources Idaho, Inc. (Perpetua Resources), formerly Midas Gold lIdaho, Inc. (Midas Gold)
proposes to redevelop portions of the Stibnite Mining District in the headwaters of the East Fork of
the South Fork of the Salmon River (EFSFSR), Valley County, central ldaho as outlined in the Plan of
Restoration and Operations (PRO; Midas Gold 2016) for the Stibnite Gold Project (SGP or Project).
Brown and Caldwell (BC) has prepared this report to summarize the results of Perpetua Resources
Stream and Pit Lake Network Temperature (SPLNT) modeling of the Modified Proposed Action 2
(ModPRO2) Alternative (Perpetua Resources 2021). The ModPRO2 is Perpetua Resources refined
modified proposed action and was developed to further reduce potential environmental impacts of
the Stibnite Gold Project (SGP) in alignment with Perpetua Resources Core Values as set out in the
PRO (Section 2), Conservation Principles (PRO Section 2), its Sustainability Goals (PRO Section 2.4)
and its Environmental Goals (PRO Section 6.2).

The PRO was submitted to the United States Forest Service (USFS) and the Idaho Department of
Lands in September 2016 and deemed complete by the USFS in December 2016. Concurrent with
preparing the environmental impact statement (EIS), federal and state permitting, and agency and
stakeholder consultations, Perpetua Resources has advanced the Project’s engineering design to the
Canadian National Instrument 43-101 Feasibility Study level. Some Project elements have changed
relative to the PRO and the other alternatives in the Draft EIS (USFS 2020) as designs have
proceeded and additional information has been learned. The ModPRO2 is the refined ModPRO
(ModPRO) Alternative and results from the culmination of these analyses and a suite of mitigation
measures designed to improve water quality and restore the Project Area to an improved condition.
The ModPRO2 presents an alternative with a smaller footprint and reduced environmental impacts
compared to the PRO and the ModPRO. The SPLNT modeling results presented here were used to
support ModPRO2 project refinements and simulate environmental effects. The ModPRO2 is
intended to be included in the Final EIS as the further refined Alternative 2 to replace Alternative 2
(ModPRO) as described in the Draft EIS. This is consistent with National Environmental Policy Act
(NEPA); per 40 CFR 1503.4, an agency preparing a Final EIS has the option to “Modify alternatives
including the proposed action” (40 CFR 1503.4(a)(1).

Perpetua Resources has conducted detailed modeling studies to assess existing and future
hydrology, water temperatures, and water quality associated with the Project. Broadly, the objectives
of the modeling efforts are to predict the potential for groundwater and surface water impacts from
the open pits, backfill, and tailings storage facility (TSF) and TSF buttress associated with each of the
Project Alternatives. Numerical predictions are necessary to support analyses of the Proposed Action
(PA) and alternatives in the EIS currently being prepared by USFS and to assess compliance with
water quality criteria.

Stream and Pit Lake Network Temperature (SPLNT) modeling in support of the PRO and Draft EIS
Alternatives is documented in the SGP SPLNT Model Existing Conditions Report (Brown and Caldwell
[BC], 2018b), the SGP SPLNT Proposed Action Report (BC, 2019a), the SGP East Fork South Fork
Salmon River TSF/DRSF Alternative Modeling Report (BC, 2019b), and the SGP Modified PRO
Alternative Modeling Report (BC, 2019c). Application of the four tools that comprise the SPLNT
model, data sources, methods, and assumptions have remained consistent across the alternatives
described in the Draft EIS and ModPRO2.
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1.1 Purpose and Scope

The SPLNT model was designed to provide important inputs to the environmental consequences
analyses being completed for the EIS and preparation of the biological assessment for the Section 7
consultation under the Endangered Species Act for Snake River spring/summer chinook salmon
(Chinook salmon; Oncorhynchus tshawytscha), Snake River Basin steelhead (steelhead; O. mykiss),
and Columbia River bull trout (bull trout; Salvelinus confluentus).

Because the SGP has the potential to affect instream conditions such as stream flows, groundwater
interaction, and stream shading, the stream water temperature regime may also be altered. BC
developed a SPLNT model for the Project to evaluate the potential changes that may occur as a
result of the proposed mining and subsequent reclamation.

In the first phase of SPLNT modeling, the existing conditions model was built and calibrated to
observed data to demonstrate the model’s suitability for predictive simulations of dissolved oxygen
(DO) (pit lakes only) and temperature (streams and pit lakes) (BC 2018). The SPLNT Existing
Conditions Modeling Report documented the model fit using statistical and graphical summaries
(BC 2018). The approach and methods were then used to complete the second phase of modeling to
simulate changes that would occur as a result of the PA (with and without pipes) and to compare
those to a No Action (NA) scenario based on the existing conditions model; both the PA and NA
alternatives are described in BC 2019a. The NA Alternative models are similar to the existing
conditions models with some modifications to methodology based on input from review agencies.
The NA Alternative models were developed to provide a direct comparison to the PA Alternative
models, and both are documented in BC 2019a. Appendix A provides more detail about how the
SPLNT existing conditions and NA Alternative models were developed.

A third phase of modeling was conducted to evaluate additional alternatives to the PA. One
alternative included moving the TSF to the upper drainage area of the EFSFSR, and this alternative
was named EFSFSR TSF (Alternative 3 in the Draft EIS [USFS 2020]). Another alternative was the
ModPRO which retained the TSF in the Meadow Creek drainage and included low flow pipes in
diversion channels to shade water and cool temperatures, among other Project improvements
(Alternative 2 in the Draft EIS [USFS 2020]). The temperature results of these alternatives were
compared to both the PA and NA in the Modified PA Modeling Report (BC 2019c¢), and these four
alternatives were included in the Draft EIS (USFS 2020).

This report describes the fourth phase of SPLNT modeling that was performed as a result of the
Feasibility Study (FS) and a desire by Perpetua Resources to identify mitigation measures that would
further improve water quality beyond the ModPRO; this refinement to the ModPRO alternative is
called ModPRO2. While the ModPRO included several components that improved water quality
during some periods and in some locations relative to the PA, additional Project elements have been
simulated in the ModPRO2 and adopted for the FS to further improve water quality.

1.2 Importance of Water Temperature to Aquatic Habitat

Water temperature affects biological activity of aquatic organisms such as fish. For example, higher
temperatures increase metabolic rates and decrease the solubility of DO, reducing its availability to
aquatic organisms (Forney et al. 2013). Because of this effect, a stream’s peak temperature in the
summer is often a critical characteristic of habitat quality for various aquatic life (Forney et al. 2013).
Water temperature studies in the Pacific Northwest have specifically focused on analyzing flow and
temperature data observed during summer months (David Duncan and Associates 2002; Tetra

Tech 2014).
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Previously collected temperature data from the region have shown that even unaltered reference
stream temperatures may exceed temperature criteria during the late spring spawning period for
salmonids (April through June), peak summer (July and August), and early fall spawning (September)
(Shumar and de Varona 2009). Outside these periods, stream temperatures are rarely a problem for
spawning and migration activities (Shumar and de Varona 2009, Scranton et al. 2015).

Simulated water temperatures derived from the SPLNT models for the Project alternatives and NA
scenario are compared to thermal criteria based on indicators for Chinook salmon, steelhead, and
bull trout. Specifically, the SPLNT model output is used to evaluate the following:

o Achievement of USFS stream temperature criteria
« Achievement of Idaho Department of Environmental Quality (IDEQ) stream temperature criteria
o Effects of discharges permitted under the Idaho Pollutant Discharge Elimination System

o Temperature data for the bull trout and Westslope cutthroat trout occupancy models being
developed for the EIS based on application of the Isaak et al. (2017) methods for the SGP.

1.3 Thermal Criteria for Evaluation

Thermal criteria describe the temperature thresholds and frequencies that aquatic species can
tolerate without suffering adverse effects and are often specified for different seasons and life
stages. Published literature, USFS criteria, and IDEQ water temperature standards have been used
to develop the thermal criteria for this evaluation.

IDEQ’s water quality standards (Idaho Administrative Procedures Act 58.01.02) include relatively
complex criteria for temperature, based in part upon seasonal spawning and rearing requirements
for salmonids. Idaho first adopted bull trout temperature criteria in 1998. These criteria were revised
in 2001 and submitted to the EPA for approval. EPA has not acted, so the bull trout temperature
criterion effective for Clean Water Act purposes is the 1997 federally promulgated temperature
criterion of 10 degrees Celsius (°C) for 7-day average maximum daily temperatures from June
through September for waters specified in the federal rule (40 Code of Federal Regulations 131.33).

The modeling approach developed for the SGP is similar to other temperature evaluations in the
Pacific Northwest. For example, in 2011, Tetra Tech used the QUAL2K model to evaluate the effects
of different management practices for Nemote Creek in Montana (Tetra Tech 2014). The scenarios
they evaluated included baseline conditions (i.e., low flow and warm weather), improved riparian
vegetation conditions, and conditions of reduced surface water withdrawals (Tetra Tech 2014). In
QUAL2K (Chapra et al. 2008), the heat budget and water temperatures are simulated as a function
of meteorology, point and non-point source pollutant loads, and withdrawals from a stream network.
The model provides minimum, maximum, and average daily water temperature outputs.

Other studies in the Pacific Northwest have combined empirical data with spatial analyses to model
water temperatures under various climate and flow conditions using a linear regression approach
(David Duncan and Associates 2002; Forney et al. 2013). For example, a study initiated by the
Columbia River Federal Caucus was conducted in the John Day River Basin in Oregon to evaluate the
resiliency of salmon habitat to climate change and used a regional database to support development
of a summer stream temperature model called NorWeST (Scranton et al. 2015). The NorWeST model
database contains stream temperature data and model output for different climate scenarios for
various streams and rivers in the western United States.
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To evaluate stream temperatures for a given site, the following metrics are commonly used
(Scranton et al. 2015):

« Maximum weekly high temperature identifies abnormal baseline temperatures for a given site
and habitats susceptible to extreme temperatures.

o Maximum weekly maximum temperature (MWMT; 7-day average of daily maximums) quantifies
weekly maximum stream temperature while limiting the influence of an individual measurement
from a single day.

« Average weekly high temperature identifies the expected normal baseline temperatures for a
given stream network.

« Modeled mean August temperature reported by NorWeST database can be used to convert
NorWeST database to MWMT.

Thermal criteria can also be established to describe the temperature thresholds and frequencies
that aquatic life can tolerate without suffering adverse effects during different life stages. Specific
thermal criteria are often established for different seasons and life stages. Previous stream
temperature studies recommend prioritizing life stages in selected streams for a month or period of
concern. For example, for small tributary streams of the upper Salmon River Basin, Maret et al.
(2005) recommended a priority ranking (from high to low) of passage — spawning — adult —
juvenile. Therefore, the months of April through September (when migration and spawning activities
most often occur) would represent a critical period within the Salmon River Basin.

Table 1-1 summarizes the temperature criteria from the Watershed Indicators and Pathways in the
Payette National Forest Land and Resource Management Plan (USFS 2003). For the bull trout
criteria, not all temperature values are represented in the published criteria, which are only listed
using whole numbers. Some values not represented as whole numbers required interpretation. The
values listed in Table 1-2 reflect an interpretation of the USFS criteria for the bull trout life stages.
Thermal criteria applied by IDEQ for salmonids are listed in Table 1-3. Both USFS and IDEQ criteria
were used to assess the temperature impacts to streams under the ModPRO2 (Section 3.1).

The USFS and IDEQ thermal criteria assessments are relevant to specific fish species (Chinook
salmon, steelhead, bull trout) and life stages (spawning, incubation, rearing, migration) and their
associated times of year. In the results reported herein, the thermal criteria in each reach of the
SPLNT models were evaluated with respect to all of the temperature criteria. However, not every
reach currently supports or is accessible to all of these species/life stages or has suitable habitat for
these species/life stages. When these SPLNT model results are further analyzed and interpreted,
such as in the evaluation of changes in water temperature for the different species/life stages, or
when the results are incorporated into the updated Stream Functional Assessment, temperature
criteria should be applied for only those species/life stages appropriate on a reach-by-reach basis.

Table 1-1. USFS Thermal Criteria Based on the MWMT

Species/Life Months Functioning Functioning at Functioning at
Stage Acceptably (°C) Risk (°C) Unacceptable Risk (°C)
Chinook Salmon

Spawning Mid-August-September <13.9 >13.9-15.5 >15.5

Rearing/Migration Year-Round <13.9 >13.9-17.7 >17.7
Steelhead

Spawning March-May <13.9 >13.9-15.5 >15.5

Rearing/Migration Year-Round <13.9 >13.9-17.7 >17.7
Bull Trout

Incubation* Mid-August-Early February 2.0-5.0 <2.0,6.0 <1.0,>6.0
1-4
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Species/Life Functioning
Month
Stage onths Acceptably (°C)
Rearing* Year-Round 4.0-12.0
Spawning* Mid-August-September 4.0-9.0

Notes:

Source: USFS 2003

*See Table 6-2 for interpretations of this guidance

Abbreviations

°C = degree Celsius

MWMT = maximum weekly (7-day average) maximum temperature

Section 1

Functioning at Functioning at

Risk (°C) Unacceptable Risk (°C)
<4.0, 13.0-15.0 >15.0
<4.0,10.0 <4.0,>10.0

Table 1-2. Interpretation of USFS Temperature Scoring Guidance for Bull Trout

Bull Trout Life Stage Functioning Functioning at Risk (°C) Functioning at
Guidance and Interpretation Acceptably (°C) Unacceptable Risk (°C)
Guidance 2-5 <20r6 <lor>6
Incubation
Interpretation 2-5 21t0<2 or>5t0<6 <lor>6
. Guidance 4-12 <40r13to 15 >15
Rearing :
Interpretation 4-12 <4 0r>12t0<15 >15
. Guidance 4-9 <4 0r10 <4 or>10
Spawning -
Interpretation 4-9 >9t0<10 <4 0r>10

Sources: USFS 2003; Interim Draft Stream Functional Assessment Ledger (Rio ASE 2018); Stream Functional Assessment

Temperature Scoring (Great Ecology 2018)
Abbreviations:

°C = degree Celsius

USFS = United States Forest Service

Table 1-3. Idaho Thermal Criteria

Criteria Warm Seasonal Cold
Water Cold Water
33°C 26°C 22°C

MDMT
(91°F) (79°F) (79°F)
MWMT N/A N/A N/A
29°C 23°C 19°C
MDAT
(84°F) (73°F) (66°F)
Notes:

Salmonid Bull
Spawning | Trout
13°C
N/A
(55°F)
13°C
N/A
(55°F)
9°C
N/A
(48°F)

Source: http://www.deq.idaho.gov/water-quality/surface-water/temperature/

Abbreviations:

°C = degree Celsius

°F = degree Fahrenheit

MDAT = maximum daily average temperature
MDMT = maximum daily maximum temperature

MWMT = maximum weekly (7-day average) maximum temperature

N/A = not applicable

1.4 Report Organization

This report describes the development of the SPLNT ModPRO2 models. As noted above, Perpetua
Resources has continued to identify mitigation measures that would improve water quality during the

Feasibility Study for the Project.
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Section 2 includes a narrative description of the ModPRO2 elements that affect stream temperature
including use of low flow pipes in diversion channels, modified riparian plantings, and creation of
Stibnite Lake on the Yellow Pine pit (YPP) backfill. Section 3 summarizes the model results.
Appendix A provides more detail about how the SPLNT existing conditions and NA Alternative models
were developed. Appendix B provides the reach level model inputs and outputs for the ModPRO2, as
well as summaries of the warmest reach-averaged temperatures simulated for each mine year.
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Description of the ModPRO2
Alternative and SPLNT Model
Inputs

This section provides an overview of the ModPRO2 Alternative in Section 2.1 based on the
description provided by Perpetua Resources (Perpetua Resources 2021). Section 2.2 includes the
changes to the ModPRO2 relative to the ModPRO and describes how those changes were
implemented in the SPLNT models.

2.1 Overview of the ModPRO2

The ModPRO2 incorporates information derived from agency and public scoping for Perpetua
Resources original Proposed Action (the PRO), the alternatives development process, baseline data
collection and analysis, and predictive modeling (hydrologic, geochemical, water quality, stream
temperature, and air quality). It was also informed by Perpetua Resources interactions with the
public; federal, state and local governments; Native American tribes; and other Project stakeholders
and considers comments submitted during the public comment period for the Draft EIS

(USFS 2020).

The ModPRO2 presents a refined and improved Project with a smaller footprint and reduced
environmental impacts compared to the PRO and the ModPRO. Mining methods, ore processing,
exploration activities, water management, and supporting features including structures, access and
haul roads, and infrastructure remain identical to the PRO and/or the ModPRO or are slightly
modified. In all cases, these proposed refinements address environmental concerns raised or
identified by various sources, or through the effects analysis of the draft EIS, and are targeted at
addressing them accordingly. These refinements align with the purpose and intent of the National
Environmental Policy Act. The ModPRO2 represents a further refinement of Perpetua Resources
Proposed Action and Perpetua Resources considers it to be the best alternative for developing the
SGP.

2.2 SPLNT Model - Specific Changes from ModPRO

The ModPRO2 includes additional mitigation measures to lower stream temperatures and improve
water quality relative to the ModPRO Alternative. Changes relative to ModPRO modeling include
updates to the QUAL2K model configuration to represent ModPRO2 improvements to the mine plan,
wider riparian planting zones with taller plants and earlier planting schedules, riparian planting of
enhanced reaches of EFSFSR and Meadow Creek, updated baseflow rates based on the Stibnite
Hydrologic Site Model (SHSM) ModPRO2 simulation, a General Lake Model (GLM) for Stibnite Lake,
and effluent discharge from the water treatment plant.
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2.2.1 QUAL2K Configuration

To represent the ModPRO2, the QUAL2K models were reconfigured for the operational and post-
closure periods. A summary of the ModPRO2 mine plan is described by Perpetua Resources
(Perpetua Resources 2021). QUAL2K reach configuration maps for simulating end of year (EQY) 6,
EQY12, early post-closure when low-flow pipes are in place at the TSF (EOY18 to EOY22), and post
closure after the low-flow pipes have been removed and the streams have been restored on the TSF
(EOY23 to EOY112) are provided in Figure 2-1 through Figure 2-4. Note that the water treatment
plant shown on Figure 2-4 will be decommissioned by EOY41.
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Figure 2-1. SPLNT ModPRO2 Model Configuration for EOY6
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Figure 2-2. SPLNT ModPRO2 Model Configuration for EOY12
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Figure 2-3. SPLNT ModPRO2 Model Configuration for Early Post Closure
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Figure 2-4. SPLNT ModPRO2 Model Configuration for Long-term Post Closure
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For much of the SPLNT study area, the configuration for the ModPRO2 is similar to the ModPRO. The
configuration changes for ModPRO2 are summarized below by mine period and mine year:

. EOYe:

— The Fiddle Growth Media Stockpile (GMS) disturbs the lower reaches of Fiddle Creek until
EOY23 and restoration and planting occur by EQOY24. Upstream of the Fiddle GMS, Fiddle
Creek is simulated using the NA configuration and reach characteristics. At the upper end of
the GMS, Fiddle Creek is routed underneath, which has the effect of fully shading the water.

— The water treatment plant is active for EOY6 and is assumed to discharge to Meadow Creek
upstream of East Fork Meadow Creek; characteristics of the discharge are described in
Section 2.2.4. The discharge location on Meadow Creek is intended to supplement stream
flow: during periods when supplementation is not needed, some or all of the discharge may
be moved to EFSFSR.

— Streamflows, including piped low flows, are diverted along the south side of the TSF; this

change affects the length of the flow path compared to other alternatives and figures have
been adjusted so that major features line up (e.g., tributary confluences).

— There is a rock drain placed downstream of the meadow in East Fork Meadow Creek, which
has the effect of fully shading the water; a liner is utilized in lower East Fork Meadow Creek
to prevent water loss.

— The alignment of lower Garnet creek has been revised to restore lower Garnet Creek early
and avoid updated mine infrastructure; this results in moving the confluence with the
EFSFSR upstream of the prior location.

— Updated design information is reflected in the configuration for the following diversions:
o Hennessy Diversion: This diversion still discharges to Fiddle Creek but is now piped.
« West End Diversion: The upper part of West End Diversion is open channel lower part is
piped.
« Midnight Creek diversions: The upper two diversion segments are piped; the most

downstream segment of the diversion is relatively short and is designed as an open
channel.

o EOY12 includes the components above with the following changes:

— Hangar Flats pit has been backfilled.

— The YPP backfill area has been restored including the Hennessy Creek diversion; the
Midnight diversions remain until EOY13.

— The uppermost part of West End Creek has been restored.

— Stibnite Lake has been constructed at the downstream end of the YPP backfill over the liner.
This lake is simulated using the GLM model and only receives flow from surface waters (no
groundwater interactions). Separate QUAL2K models are configured upstream and
downstream of the lake.

— The water treatment plant is not likely to discharge for EOY12; zero discharge to Meadow
Creek is assumed in the SPLNT modeling for EOY12.

o Post-closure (SPLNT model years EOY18 and EQY22):
— Early post closure prior to the stream restoration on the TSF (EOY18 to EOY22)
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o For the early part of post closure, the low flow pipes around the TSF will remain to
convey water in pipes and keep stream temperatures lower. Reaches on top of the TSF
are restored by EQY23.

« Midnight Creek has been restored over the YPP backfill.

« West End Creek has been restored upstream and downstream of West End pit lake;
West End pit lake does not discharge downstream.

o Active treatment of the TSF runoff, consolidation water, and remaining supernatant
continues with effluent discharged to EFSFSR upstream of Garnet Creek.

— Long-term post closure? (SPLNT model years EQY27, EOY52, and EOY112):

« Fiddle GMS has been consumed during TSF restoration, and Fiddle Creek is restored
and planted by EOY24 which is reflected in the SPLNT models for EOY27 and beyond.

o The water treatment plant discharge location is moved to Meadow Creek downstream of
East Fork Meadow Creek by EOY23 where the discharge remains through EOY40.

o Streams on the TSF are restored by EOY23.

« Water treatment of tailings consolidation water continues through approximately
year 40, and the treatment plant is decommissioned by EOY4 1.

2.2.2 Duration of Low Flow Piping around the TSF

The ModPRO Alternative includes low-flow pipes under, or adjacent to, most of the perennial
diversion channels in the Project Area. The purpose of the low-flow pipes is to reduce water
temperatures by transporting low flows in a fully shaded conveyance. For the ModPRO, low flow
pipes remain in place through EOY12. Under the ModPRO2, the low flow pipes around the TSF
remain in place during the early part of post closure until EOY23 when streams on the TSF are
restored.

2.2.3 Expanded Riparian Plantings

The ModPRO2 includes several modifications to the riparian planting plan aimed at providing
additional shade to the stream reaches. The methods and analysis for accounting for shade are
described in the SPLNT PA Modeling Report (BC 2019a). For all of the project alternatives, the
streams have been designed to be a natural. dynamic system which would include evolution of the
stream channel and vegetation, including expansion and effects of large woody debris recruitment.
Planting areas are designed to become self-sustaining with minimal or no required maintenance
after vegetation establishment.

The restored streams have been designed based on channel migration measurements at reference
sites and literature values (Rio ASE 2021). The rate of expected channel migration for the restored
channels, which include vegetated coir mat, is relatively low (0.2 feet per year) compared to the rate
of expansion and regeneration of vegetation. For example, there has been no measured migration at
the restoration site on lower Meadow Creek since it was constructed. At another meadow stream,
Riordan Creek, migration rates at areas of change such as the apexes of channel bends ranged from
0.18 feet per year to 0.26 feet per year; however, the majority of the length was stable with
migration observed only in specific areas (Rio ASE 2021).

Outside the stream banks, the riparian planting zone is 16 feet. Based on a migration rate of 0.18 to
0.26 feet per year, it would take 60 to 90 years for the restored channels to move beyond the

1 Long term post closure shown on Figure 2-4 is the complete stream restoration. Additional site restoration and
decommissioning of the water treatment plant continue beyond what is shown in the figure.
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riparian planting zone. By the time the stream migrates 16 feet, there will have been new vegetation
growing and regenerating across the floodplain, and moving with the channel. Expansion of
vegetation would be expected to coincide with migration, similar to other constructed or natural
streams.

The following changes are incorporated into the ModPRO2 SPLNT models:

The planting prescription for Zone 4 plantings has been revised to include a higher percentage of
taller species (Table 2-1) relative to what was proposed in the Conceptual Mitigation Plan (Tetra
Tech 2018).

The width of riparian plantings has been increased from 7 feet to 18 feet. The inner two feet of
plantings are not altered from the Conceptual Mitigation Plan. Under PA and ModPRO, Zone 4
planting width was 5 feet; under ModPRO2 the Zone 4 planting width is 16 feet. Beyond Zone 4,
the wetland planting plan remains the same as described in the Conceptual Mitigation Plan.
However, the SPLNT models only account for the riparian planting in the estimates of shade, and
wetland plantings are not simulated.

Enhanced reaches will receive riparian plantings, as well, which adds 2.6 miles of stream length
to be planted at SGP. Where space allows, these plantings will include an 18-foot planting zone
on either side of the channel. Site constraints limit the planting width in some areas. Shade
models for ModPRO2 reflect the planting widths and site constraints.

Plantings occur as early in mine life as feasible Figure 2-5Figure 2-5 compares the planting
schedule for ModPRO2 to the other project alternatives evaluated. Earlier plantings along more
streams allows more time for growth and increased stream shading. Planting along EFSFSR and
lower Meadow Creek downstream of the lined section (enhanced reaches) would occur by mine
year 1. Meadow Creek along the lined stream/floodplain restoration corridor around Hangar
Flats pit and lower East Fork Meadow Creek are restored and planted by mine years 1 to 3,
depending on the reach. For Meadow Creek around Hangar Flats pit and lower East Fork
Meadow Creek, plantings occur 12 years earlier than planned for the other alternatives, and the
additional plantings along the enhanced reaches of Meadow Creek and EFSFSR were not part of
earlier plans. By the time the diversions and low flow pipes are removed from the TSF by the end
of mine year 23, some of these additional plants will have been growing for 20 to 24 years. This
is a significant change compared to the planting plans for the other alternatives.

Table 2-1. Planting Prescription for the Riparian Planting Zone (Zone 4)

Scientific Name! Common Name Percent of Mix

Alnus incana ssp. tenuifolia thinleaf alder 4.1
Calamagrostis canadensis var. canadensis bluejoint reedgrass 12.4
Cornus sericea (C. alba) redosier dogwood 4.1

Geum macrophyllum var. perincisum largeleaf avens 12.4
Lonicera involucrata var. involucrata twinberry honeysuckle 1.0
Picea engelmannii var. engelmannii Engelmann spruce 19.7
Ribes lacustre prickly currant 1.0

Salix drummondiana Drummond's willow 15.4

Salix lasiandra Pacific willow 29.9

Total Total 100.0

Notes:

1 Scientific names based on the PLANTS Database (Natural Resources Conservation Service 2018); names in parentheses are
synonyms used in the National Wetland Plant List (Lichvar, et al. 2016).
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Figure 2-5. Comparison of Riparian Planting Schedules Simulated in SPLNT for PA and ModPRO (left) and
ModPRO2 (right)t
Note:

1Riparian areas along Fiddle Creek and West End Creek shown to be restored in ModPRO and not ModPROZ2 are because these areas
are not disturbed under ModPRO2.

2.2.4 Water Treatment Plant Discharge

ModPRO2 includes a WTP to treat dewatering and contact water prior to discharge to either Meadow
Creek or EFSFSR depending on the stream flow conditions in Meadow Creek (treated discharge can
be used to supplement stream flows). The SPLNT model assumes that for EOY6 and EOY12, the
discharge location would be to Meadow Creek upstream of East Fork Meadow Creek. For EOY18 and
EQY22, the discharge is simulated at EFSFSR upstream of Garnet Creek. By EOY23, the discharge is
assumed to Meadow Creek downstream of East Fork Meadow Creek?2. The post-closure
configurations change after EOY23 when low-flow pipes in upper Meadow Creek are removed, the
TSF cover is complete, and the streams are restored on the TSF (EOY23 - EQY112) as depicted in
Figures 2-3 and 2-4, and water treatment transitions to treating only tailings consolidation water, not
contact runoff. The outfall location moves from EFSFSR to Meadow Creek below EFMC coinciding
with the removal of the low-flow pipes to supplement stream flows and the reclamation of the TSF3.
Flows to water treatment decline from approximately 1,000 gpm in mine years 15 through 23, during
which time most meteoric water landing on the TSF is treated, along with consolidation water, to less
than 150 gpm from EOY23 to EOY40 when the cover is complete and only consolidation water
requires treatment. The WTP is downsized and relocated to the TSF buttress at this time to allow for

2 |PDES outfall locations are preliminary and draft. The final locations will be determined through the IPDES application process
with the Idaho Department of Environmental Quality (IDEQ). The locations shown were identified through initial evaluation to
support mine planning and are subject to change.

3wTP phasing is preliminary and draft. Relocation timing was identified through an initial evaluation to support mine
planning and is subject to change.
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a shorter, lower-head pipeline between the source and the WTP and allow the location of longer-term
treatment on private land per USFS policy.

Methods for determining the temperature of the discharge from the water treatment plant are
described in the Water Quality Management Plan (BC 2020). The water balance analysis was
updated using the SHSM ModPRO2 simulation output (BC 2021a). Discharge temperature
differences among simulated mine years and seasons reflect different source water contributions of
treated water (dewatering, contact water) and details related to the active contact water ponds
(volume of water in ponds, residence time of water in the ponds, and differences in pond sizes). In
some of the periods simulated, there is no storage of water within the ponds; therefore, the
temperature of treated water was determined by the contact water temperature and slight warming
during the treatment process (BC 2020). The highest discharge temperature is simulated for the
maximum weekly summer condition in July of Year 22. The temperature for this month is warmer
because the flow rate is low and the residence time in the contact water pond is relatively long,
warming the water prior to treatment. Table 2-2 summarizes the discharge flow rate and
temperature from the water treatment plant which is decommissioned by EOY41. For some mine
years and seasons, there is no discharge (i.e., mine year 12 and mean August and maximum weekly
fall conditions in mine years 6 and 18).

The discharge from the sanitary water treatment plant is assumed the same as for the other
alternatives as described in the SPLNT PA Modeling Report (BC 2019a).

Table 2-2. Water Treatment Plant Discharge Flow Rates and Temperatures

Mine Year Season Discharge Location Discharge (cms) Temperature (°C)
EOY6 Maximum Weekly Summer Meadow Creek above EFMC 0.022 17.7
EQY6 Mean August Meadow Creek above EFMC 0 No discharge
EOY6 Maximum Weekly Fall Meadow Creek above EFMC 0 No discharge

EOY12 Maximum Weekly Summer Meadow Creek above EFMC 0 No discharge
EOY12 Mean August Meadow Creek above EFMC 0 No discharge
EOY12 Maximum Weekly Fall Meadow Creek above EFMC 0 No discharge
EOY18 Maximum Weekly Summer EFSFSR 0.0007 12.7
EOY18 Mean August EFSFSR 0 No discharge
EQY18 Maximum Weekly Fall EFSFSR 0 No discharge
EQY22 Maximum Weekly Summer EFSFSR 0.0163 19.5
EQY22 Mean August EFSFSR 0.0122 17.7
EQY22 Maximum Weekly Fall EFSFSR 0.0042 12.0
EQY27 Maximum Weekly Summer Meadow Creek below EFMC 0.0057 12.7
EOY27 Mean August Meadow Creek below EFMC 0.0056 12.5
EQY27 Maximum Weekly Fall Meadow Creek below EFMC 0.0055 10.9
EQY32 Maximum Weekly Summer Meadow Creek below EFMC 0.0029 12.7
EOY32 Mean August Meadow Creek below EFMC 0.0030 12.5
EQY32 Maximum Weekly Fall Meadow Creek below EFMC 0.0028 10.9
Abbreviations:

°C = degree Celsius

cms = cubic meter per second
EFSFSR = East Fork of the South Fork of the Salmon River
EFMC=East Fork Meadow Creek

EQY = end of year
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2.2.5 SHSM ModPRO2 Simulation Output

Several of the Project components included in the ModPRO2 are accounted for in the SPLNT model
through the application of the SHSM output (BC 2021a). These modifications have the potential to
affect baseflows, which are input to the SPLNT model as diffuse flows: pit dewatering, installing
stream liners to prevent stream flow losses, and backfilling Hangar Flats pit and Midnight pit. While
the SHSM accounts for the discharge from the water treatment plant, special model runs were
provided for the SPLNT modeling that did not include the water treatment plant discharge. This
allows the discharge to be accounted for directly in the QUAL2K model to simulate changes to
stream temperature.

Diffuse flow input values for each QUAL2K model reach and season (maximum weekly summer
condition, maximum weekly fall condition, and mean August condition) are provided in Appendix B
for each simulation year: EOY6, EOY12, EQY18, EQOY22, EQOY27, EOY32, EOY52, and EQOY112. SPLNT
model inputs for diffuse flow are based on the percent change between the SHSM NA Alternative
model and the SHSM ModPRO2 model. The SHSM runs on a monthly time step, and the percent
change between the two SHSM model runs is applied to the daily diffuse flow values used to develop
the SPLNT NA models. Because the SHSM, and previous SGP hydrologic models, are applied to the
SPLNT models as a percent change, the SPLNT NA and existing conditions models do not need to be
rerun to evaluate the ModPRO2. Appendix A provides more detail about the SPLNT existing
conditions model and NA model development and summarizes how the diffuse flow inputs are
assigned.

2.2.6 Stibnite Lake GLM

For the PA and ModPRO Alternatives, daily maximum temperatures in the YPP backfill area were up
to 4°C higher than NA during the maximum weekly summer condition (BC2019a and 2019c). This
predicted increase in daily maximum temperatures is in large part due to the removal of the YPP lake
because the lake dampens the diurnal variability of the water temperatures compared to the EFSFSR
upstream of the lake. The ModPRO2 includes creation of Stibnite Lake at the downstream end of the
YPP backfill to better mimic the NA Alternative. This lake would be created over the liner to prevent
interaction of the lake water with the backfill material and the groundwater system.

The impacts of Stibnite Lake were simulated using the GLM model which has been used to evaluate
the YPP lake for the NA Alternative and West End, Midnight, and Hangar Flats pit lakes under the PA
and ModPRO Alternatives. A description of the GLM model and its application for the evaluation of
lake temperatures associated with the Project Alternatives is provided in BC 2018, 2019a, and
2019c. The characteristics of Stibnite Lake are described in the narrative description of ModPRO2
(Perpetua Resources 2021). The stream flow output from the QUAL2K model for the stream
upstream of Stibnite Lake provides the water balance inputs for the lake. Stream flows discharged
from Stibnite Lake provide the input to the downstream QUAL2K reach. This approach is similar to
the simulation of YPP lake. Because the residence time of YPP lake is less than one week regardless
of hydrologic condition (BC 2018), groundwater interactions were not accounted for, and the model
assumes only surface flows enter or leave YPP lake. Groundwater interactions are also not modeled
for Stibnite Lake which is situated above a liner to separate it from backfill material and has about
55% of the volume of YPP, and, therefore, a shorter residence time of between 1 and 3 days during
the summer and fall low-flow period. Over this 1-to-3-day time scale, the water balance is dominated
by surface water inflows, and temperature impacts from shallow groundwater interaction will be
minimal. During the summer and fall SPLNT modeling periods, groundwater temperatures are cooler
than surface water temperatures and any groundwater influx would be expected to reduce lake
temperatures relative to values that are modeled and reported here for the summer and fall
conditions.
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Several sizes of Stibnite Lake, within the constraints of the backfilled area, were tested to evaluate
the reductions in daily maximum temperature and increases in daily average temperature. Lake
sizes evaluated were between 30 and 100 percent of YPP lake’s surface area and between 40 and
100 percent of YPP’s volume; maximum depth was maintained to be the same as YPP lake. All lakes
in this size range limited the increase in average daily temperature to within 1°C of the average
inflow temperature under summer model conditions and reduced the daily maximum temperatures
by between 5 and 5.5°C. Ultimately, all lake sizes evaluated were able to mimic the general pattern
of reducing the daily temperature extremes while keeping the increase in average temperatures
minimal. Stibnite Lake was designed to have approximately 55 percent of YPP’s volume and surface
area with maximum and average depth the same as the existing YPP lake.

Discharge temperatures and flow rates from Stibnite Lake are summarized by mine year and
seasonal condition in Table 2-3. The lakes are simulated with continuous discharges at the
maximum weekly maximum temperature for the summer and fall models, and the same temperature
is applied 24 hours per day. The conditions under which the lakes would actually discharge at these
temperatures would be limited to specific hours of the day and under the warmest seasonal
conditions. A comparison of the physical properties and simulated temperatures for Stibnite Lake
relative to other simulated pit lakes at SGP, and to data collected upstream and downstream of
YPP lake, is provided in BC 2021b. Stibnite Lake was designed to replicate the thermal effects of
YPP lake and the simulations and data available at SGP demonstrate that a lake with short
residence time (days) located in the same area as YPP lake will provide similar effects. This feature
has also been designed to require no long-term maintenance, similar to the existing YPP lake, which
is not nor is known or suspected to have ever been actively maintained or managed.

Table 2-3. Stibnite Lake Discharge Flows and Temperatures for the ModPRO2

EQY | Seasonal Condition | Inflow Temperature °C | Flow Rate (cms) | Discharge Temperature °C
18 Maximum summer 12.31 0.4516 13.63
18 Mean August 10.80 0.4516 12.22
18 Maximum fall 9.64 0.3369 10.19
22 Maximum summer 12.33 0.4611 13.63
22 Mean August 10.76 0.4611 12.17
22 Maximum fall 9.51 0.3407 10.08
27 Maximum summer 12.61 0.5095 13.80
27 Mean August 11.09 0.5095 12.38
27 Maximum fall 9.73 0.3668 10.25
32 Maximum summer 12.38 0.5073 13.59
32 Mean August 10.87 0.5073 12,18
32 Maximum fall 9.58 0.3653 10.11
42 Maximum summer 12.13 0.5030 13.37
42 Mean August 10.66 0.5030 11.99
42 Maximum fall 9.41 0.3585 9.96
52 Maximum summer 11.99 0.5031 13.24
52 Mean August 10.54 0.5031 11.87
52 Maximum fall 9.33 0.3583 9.88
112 Maximum summer 11.73 0.5050 13.00
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EOY | Seasonal Condition | Inflow Temperature °C | Flow Rate (cms) | Discharge Temperature °C
112 Mean August 10.34 0.5050 11.67
112 Maximum fall 9.20 0.3622 9.75

Abbreviations:

°C = degree Celsius

cms = cubic meters per second
EQY = end of year

West End pit lake is not predicted to discharge in the ModPRO2. This was also predicted for PA and
ModPRO Alternatives during the low flow conditions modeled by SPLNT. Under these three
Alternatives, a small discharge from West End pit lake has been assumed to provide a conservative
(warmer temperature) estimate of temperatures in West End Creek downstream of the pit lake
(described in BC 2019a). Midnight pit is fully backfilled under the ModPRO and ModPRO2, so this pit
lake is eliminated from these simulations. Hangar Flats pit lake does not form in the ModPRO2

because the pit is fully backfilled.

2-14

20220127_PRII_BC_Final_SGP_SPLNT ModPRO2 Modeling Report_v2



SPLNT Model Results for ModPRO2

The SPLNT Model was developed to simulate temperatures under existing conditions and the NA
Alternative and to predict changes in stream and pit lake temperatures associated with Project
Alternatives. The SPLNT model was developed using two separate software packages: QUAL2K for
stream temperature modeling and the GLM for simulating pit lakes. QUAL2K simulates stream
temperature upstream and downstream of the pit lakes and uses GLM-simulated pit lake
temperature as an input for the segment downstream of each lake.

The steady-state QUAL2K component of the SPLNT model was designed to simulate (1) low-flow,
maximum weekly temperature summer conditions (July through August) and (2) low-flow, maximum
weekly temperature fall conditions (September through October) to allow for an assessment of
mining impacts based on thermal criteria applicable to these conditions. Because QUAL2K is a
steady-state model that simulates a 24-hour period, specific dates with stream flow and temperature
observations were selected to represent conditions comparable to thermal criteria. To select dates
representative of these two conditions, a review of historical 15-minute observed flows and
temperatures was performed. Observed conditions on July 29, 2016, represent recurring
flows/temperatures observed over a 2-week period. Steady-state simulations of July 29, 2016,
therefore, represent low-flow, maximum weekly temperature, summer conditions. Similarly, the date
selected to represent consistently low-flow, maximum weekly temperatures during the fall was
September 24, 2014. The SPLNT Existing Conditions Report (BC 2018) presents the observed flows
and temperatures for the two-week periods centering around these representative dates. The
meteorology and stream hydrology measured on these specific days provide the inputs to the SPLNT
model. For existing conditions and the NA Alternative, the model inputs are the same. To evaluate
Project Alternatives, the stream baseflows are adjusted based on a percent difference calculated by
comparing SHSM simulations of NA and each Project Alternative. The meteorology for the
evaluations is not altered. A third condition was requested by the review agencies during
development of the PA models to simulate mean August conditions for use in Occupancy Models.

3.1 Comparative Analysis of NA and ModPRO2

As with the PA and ModPRO modeling reports (BC 2019a and BC 2019c), the ModPRO2 temperature
simulations are compared to the NA in a series of longitudinal profile figures (Figure 3-1 through
Figure 3-28); the longitudinal profiles end at the model terminus on the EFSFSR downstream of
Sugar Creek. Simulations were developed to represent the maximum weekly summer condition,
maximum weekly fall condition, or the mean August condition. Output from the mean August
condition provides temperature data for the bull trout and Westslope cutthroat trout occupancy
models being developed for the EIS applying Isaak et al. (2017) methods for the SGP.

Each set of figures shows either the USFS thermal criteria or the IDEQ thermal criteria that are
described in BC 2019a. The USFS and IDEQ thermal criteria assessments are relevant to specific
fish species (Chinook salmon, steelhead, bull trout) and life stages (spawning, incubation, rearing,
migration) and their associated times of year. In most of the results reported below, the thermal
criteria in each reach along a flowpath were evaluated with respect to all of the temperature criteria.
However, not every reach currently supports or is accessible to all of these species/life stages or has
suitable habitat for these species/life stages and the timing of these life-stage activities varies by
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species. When the SPLNT model results are further analyzed and interpreted, such as in the
evaluation of changes in water temperature for the different species/life stages, or when the results
are incorporated into the updated Stream Functional Assessment, temperature criteria should only
be applied to those species/life stages appropriate on a spatial and temporal basis.

The SPLNT model simulates stream reaches where fish have not been observed and are not
anticipated due to the steepness of the stream or low flows associated with small drainages. West
End, Midnight, and Hennessy Creeks are small streams with limited or no capacity to support fish,
particularly anadromous species. These creeks have very steep gradients that limit fish access and
provide limited habitat space, possibly none during summer low flow conditions. Occupancy
modeling completed by Ecosystem Sciences (2019) also indicates that based on stream size,
gradient, and temperature, Midnight and Hennessy Creeks had little or no probability of occurrence
of bull trout and Westslope cutthroat trout.

Another example of this lack of suitability of thermal criteria occurs in Meadow Creek on the TSF for
the post closure condition. Under current conditions, the upstream limit of salmon spawning habitat
on Meadow Creek is approximately the toe of the keyway dam that is slightly upgradient of the
Meadow Creek and East Fork Meadow Creek confluence. With the proposed Project, spawning
habitat would extend further upstream by approximately 1.3 miles to the toe of the TSF Buttress.
Further upstream, while simulated temperatures are relatively high in the headwater and Meadow
Creek reaches on the TSF, migratory/anadromous fish cannot access these areas for spawning, so
the criteria are not relevant in this area.

Simply put, although the SPLNT model predicts the water temperature in each stream reach in the
model, the species-life stage temperature criteria should only be applied to that reach if it would
otherwise support fish. The temperature criteria should be applied only for those species and life
stages which would occur in the reach based on their habitat preferences and tolerances and reach
accessibility.

The SPLNT modeling period is also an important consideration in the evaluation of the thermal
criteria. All of the criteria are shown on each figure for the maximum weekly summer, the maximum
weekKly fall, and the mean August conditions for reference. However, not every life stage occurs for
each species in these three seasons. In addition to previous SPLNT modeling reports that showed
simulated maximum and simulated average temperatures, this model report includes a metric that
was introduced in the draft EIS following submittal of the SPLNT modeling reports. This metric is
called the “constant,” and it is calculated as the midpoint between the average and maximum
temperatures.

As summarized from multiple sources, Appendix J-2 of the draft EIS shows that only two salmonid
species spawn during the SPLNT modeling periods. Chinook salmon spawn primarily in August and
bull trout spawn primarily in late August/early September. Appendix J-2 applies the maximum weekly
fall “constant” for comparison to the spawning criteria for these two species. Appendix J-2 indicates
that fall “constant” temperatures greater than 13 degrees Celsius (°C) cause reduced viability of
gametes and for bull trout that the Forest Service considers fall “constant” temperatures greater
than 10°C as having “unacceptable risk” in their rating system (USFS 2003). Thus, simulated
maximums in the summer or the fall are not the appropriate bases for evaluating potential impacts
on salmonid spawning, but the SPLNT reports include all thermal criteria regardless of the season or
temperature metric displayed. Whereas the SPLNT modeling reports provide model output in
reference to all criteria, the Biological Analysis and the Final EIS should provide the spatial and
temporal context for interpretation of the results with respect to impacts on fish.

Simulated temperatures are shown below using consistent formatting from previous reports. To
avoid small font on the figure legend, abbreviations used on the figures are listed below:
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o Tributaries: East Fork Meadow Creek (EFMC), Rabbit Creek (RC), Meadow Creek (MC), Garnet
Creek (GC), Fiddle Creek (FC), Sugar Creek (SC), West End Creek (WEC)

o Facilities: Tailings Storage Facility (TSF), TSF Buttress (TSF-B), Yellow Pine pit lake (YPPL; only
present in NA), West End pit lake (WE PL; QUAL2K simulations were not conducted upstream of
West End pit lake for the post-closure period because the inflowing stream temperature would
have minimal effect on simulated temperatures within the pit lake), Growth Media Stockpile
(GMS)

o IDEQ Uses: Warm Water (WW), Seasonal Cold (SC), Cold Water (CW), Salmonid Spawning (SS),
Bull Trout (BT)

o IDEQ Rating: Maximum Daily Maximum Temperature (MDMT), Maximum Daily Average
Temperature (MDAT), Maximum Weekly Maximum Temperature (MWMT)

o USFS Species: Chinook Salmon and Steelhead (CS&S), Bull Trout (BT)
o USFS Life Stages: Spawning (Spwn), Rearing (Rear), Migration (Migr), Incubation (Inc)
o USFS Rating: Unacceptable Risk (UR), Functioning at Risk (FR), Functioning Acceptably (FA)

3.1.1 Meadow Creek and EFSFSR

For the Meadow Creek and EFSFSR parts of the system, the ModPRO2 has the potential to affect
stream temperatures compared to NA, but many of the mitigation measures incorporated into the
ModPRO2 mitigate water temperature. The comparative analyses for these flow paths include results
for multiple mine years simulated for ModPRO2 as well as NA which is shown for reference on each
figure as a dashed navy-blue line. Reach level output for all simulated mine years is provided in
Appendix B.

Longitudinal temperature profiles (Figure 3-1 through Figure 3-14) were developed for two flow paths
along Meadow Creek and the EFSFSR to compare the ModPRO2 and NA. Both flow paths end at the
boundary of the SPLNT model domain just downstream of the Sugar Creek and EFSFSR confluence.
One flow path extends to the headwaters of Meadow Creek and the other flow path extends to the
headwaters of EFSFSR. These profiles separately display either the simulated average or maximum
temperature for the maximum weekly summer, maximum weekly fall, and mean August conditions
as well as the IDEQ and USFS thermal criteria. Simulated maximum temperatures for both the
maximum weekly summer and fall conditions are more sensitive than simulated averages, and the
relative change in average temperatures is less pronounced. Calculated temperature “constants”
(the average of the mean and maximum) are included in the longitudinal profile figures for
comparison to metrics presented in the draft EIS. The discussion of results focuses on the simulated
averages and simulated maximums as with prior reports.

The longitudinal temperature profiles show the following patterns for the ModPRO?2 (if no distinction
is made between simulated maximums and simulated averages, then the statement applies to both;
if distinction is warranted then the text describes these separately):

« Meadow Creek above EFSFSR:
— During operations and early post closure model runs (EOY6, EOY12, EOY18, EQY22):

« The ModPRO2 results in water temperatures that are the same as, or up to 2°C cooler
than, NA for the diversion channels and streams from the headwaters of Meadow Creek
to the confluence with EFSFSR. These mine years include buried pipes to convey low
flows around the TSF. Pipes are fully shaded, and this condition blocks the solar
radiation that reaches Meadow Creek under NA due to historical mining-related
activities.
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Downstream of the TSF diversions, stream reaches in lower Meadow Creek would be
restored and planted by end of year 3, so vegetation begins to establish approximately
20 years earlier than on the TSF.

The Water Treatment Plant (WTP) effluent discharge location for EOY6 and EOY12 is
modeled at the proposed Idaho Pollutant Discharge Elimination System (IPDES) outfall
location on Meadow Creek above East Fork Meadow Creek. For EQYB, this discharge
increases average daily temperature by up to 1.9 °C and daily maximum temperatures
by up to 1.4 °C in the maximum weekly summer condition. Because streamflow is
routed through low-flow pipes in Meadow Creek upstream of the discharge in this mine
year, the stream temperatures (daily mean and daily maximum) are below No Action
temperatures and remain below No Action temperatures with the WTP discharge; there
is zero discharge under the maximum weekly fall condition and the mean August
condition for EQOY6, and no discharge for any of the model periods for EOY12. By EOY18,
the discharge location is on EFSFSR near Garnet Creek. Discharge from the WTP during
the EOY18 SPLNT modeling periods is negligible compared to the river flow, and
simulated thermal impacts are less than 0.05°C. Discharge from the WTP during the
EOY22 modeling periods is greater than for EOY18, but still small compared to river
flow; thermal impacts are less than 0.4 °C.

— Long-term post-closure model runs (EOY27 and beyond):

By EOY27, the WTP discharge is modeled at the proposed IPDES outfall location on
Meadow Creek below East Fork Meadow Creek where it remains through year 40. The
WTP decreases stream temperatures by up to 0.8°C under the maximum weekly
summer condition for EOY27. The WTP results in stream temperature decreases in the
other mine years and seasons while it is at this location with decreases ranging from
0.3°C to 0.6°C.

Once the low flow pipes around the TSF are removed in Year 23, warmer temperatures
are simulated in Meadow Creek compared to during operations because the water is no
longer shaded. For the post-closure condition, channels are restored over the TSF and
TSF Buttress. Hangar Flats pit is backfilled so there is no discharge from a pit lake to
Meadow Creek.

Downstream of East Fork Meadow Creek to the EFSFSR confluence, daily maximum
temperatures in the summer and fall are 1°C to 5°C cooler than NA for each mine year
simulated; daily average temperatures are at or below NA except for EOY27 which is
approximately 1°C warmer than NA for the maximum weekly summer condition.

Upstream of East Fork Meadow Creek daily average temperatures are approximately
1°C to 2°C cooler than NA by EOY112. For the maximum weekly summer condition, daily
average temperatures are similar to NA by EOY52; EOY27 and EOY32 have simulated
averages that are 1.5°C to 3°C warmer than NA. For the maximum weekly fall condition,
daily average temperatures are below NA by EOY32; EOY27 has simulated averages that
are approximately 1°C warmer than NA.

Daily maximum temperatures on the TSF can be up to 11°C warmer than NA during Year
27 for the maximum weekly summer condition when restoration plantings are relatively
young; headwater reaches on the TSF are approximately 3°C warmer than NA by
EQY112 for this condition. For the maximum weekly fall condition, the daily maximums
are up to 5°C warmer for EOY27 and are at or below NA by EOY112.
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o EFSFSR above Meadow Creek (upper EFSFSR):
— During operations model runs (EOY6 and EOY12) and post-closure model runs (EOY18 and
beyond):
Upstream of Meadow Creek, the ModPRO2 results in temperatures that are the same as

the NA in the upper EFSFSR because no disturbance is proposed in this area except the
worker housing facility and Burntlog Route, which do not affect shade near the EFSFSR.

o« Downstream of the confluence of Meadow Creek and EFSFSR:
— During operations (EOY6 and EOY12) and post-closure (EOY18 and beyond):

For the ModPRO2, simulated maximum and average stream temperatures in the
EFSFSR between Meadow Creek and YPP backfill are at or below NA for all simulated
mine years and seasons.

Within or downstream of the YPP area:

Simulated averages are within plus or minus 0.5 °C of NA in the maximum weekly
summer condition, with temperatures less than NA by EQOY52. In the maximum
weekly fall condition, simulated averages are less than NA for every simulation year.

Daily maximum temperatures in the summer and fall conditions in the tunnel
around YPP are up to 2.5°C warmer than NA for EQY6. At the model terminus
downstream of Sugar Creek, daily maximum temperatures are 0.5°C to 1°C warmer
than NA for EOY®6.

Once Stibnite Lake has been constructed by EOY12, maximum stream
temperatures in the EFSFSR downstream of the lake are within 0.5°C of NA; by
EOY52, maximum temperatures are less than NA.

Daily maximum temperatures in the summer in the restored reaches on the YPP
backfill upstream of Stibnite Lake for EOY12, 18, 22, and 27 are up to 1.5°C
warmer than NA in the summer; maximum summer temperatures are at or below
NA by EOY32 in this area. In the fall, daily maximum temperatures are less than 1°C
warmer than NA in the EOY12 model simulation, and by EOY18, maximum
temperatures in the fall are at or below NA.
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Figure 3-1. Simulated Maximum Temperatures for the Maximum Weekly Summer Condition Compared to IDEQ
Criteria for Meadow Creek (top panel) and EFSFSR Flow Paths
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Figure 3-2. Simulated Maximum Temperatures for the Maximum Weekly Summer Condition Compared to USFS
Criteria for Meadow Creek and EFSFSR Flow Paths
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Figure 3-3. Simulated Average Temperatures for the Maximum Weekly Summer Condition Compared to IDEQ
Criteria for Meadow Creek and EFSFSR Flow Paths
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Figure 3-4. Simulated Average Temperatures for the Maximum Weekly Summer Condition Compared to USFS
Criteria for Meadow Creek and EFSFSR Flow Paths
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Figure 3-5. Simulated Maximum Temperatures for the Maximum Weekly Fall Condition Compared to IDEQ
Criteria for Meadow Creek and EFSFSR Flow Paths
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Figure 3-6. Simulated Maximum Temperatures for the Maximum Weekly Fall Condition Compared to USFS
Criteria for Meadow Creek and EFSFSR Flow Paths
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Figure 3-7. Simulated Average Temperatures for the Maximum Weekly Fall Condition Compared to IDEQ Criteria
for Meadow Creek and EFSFSR Flow Paths
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Figure 3-8. Simulated Average Temperatures for the Maximum Weekly Fall Condition Compared to USFS
Criteria for Meadow Creek and EFSFSR Flow Paths
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Figure 3-9. Simulated Average Temperatures for the Mean August Condition Compared to IDEQ Criteria for
Meadow Creek and EFSFSR Flow Paths
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Figure 3-10. Simulated Average Temperatures for the Mean August Condition Compared to USFS Criteria for
Meadow Creek and EFSFSR Flow Paths
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Figure 3-11. Simulated “Constant” Temperatures for the Maximum Weekly Summer Condition Compared to
IDEQ Criteria for Meadow Creek and EFSFSR Flow Paths
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Figure 3-12. Simulated “Constant” Temperatures for the Maximum Weekly Summer Condition Compared to
USFS Criteria for Meadow Creek and EFSFSR Flow Paths
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Figure 3-13. Simulated “Constant” Temperatures for the Maximum Weekly Fall Condition Compared to IDEQ
Criteria for Meadow Creek and EFSFSR Flow Paths
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Figure 3-14. Simulated “Constant” Temperatures for the Maximum Weekly Fall Condition Compared to USFS
Criteria for Meadow Creek and EFSFSR Flow Paths
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3.1.2 West End Creek and Fiddle Creek

The longitudinal profile figures shown in Figure 3-15 through Figure 3-28 compare the ModPRO2 and
NA, which is shown for reference on each figure as a dashed navy-blue line. Both the West End and
Fiddle Creek flow paths end at the downstream end of the SPLNT model domain just downstream of
the Sugar Creek and EFSFSR confluence. One flow path extends to the headwaters of West End
Creek and the other extends to the headwaters of Fiddle Creek. These profiles separately display
either the simulated average or maximum or “constant” (the average of the mean and maximum)
temperature for the maximum weekly summer, maximum weekly fall, and mean August conditions
along with the IDEQ and USFS thermal criteria. Simulated maximum temperatures for both the
maximum weekly summer and fall conditions are more sensitive than simulated averages, and the
relative change in average temperatures is less pronounced. The longitudinal temperature profiles
for West End and Fiddle Creek show the following patterns (if no distinction is made between
simulated maximums and simulated averages, then the statement applies to both; if distinction is
warranted then the text describes these separately):

« West End Creek Flow Path:

— During operations model runs (EOY6 and EOY12):

o During mining of West End pit, stream flow upstream of the pit is diverted in an open
channel and simulated maximum temperatures are warmer than NA by 6°C to 9°C
depending on the season simulated. Daily average temperatures are 1°C to 3°C
warmer. West End Creek is too steep and small to support fish now and is unlikely to
support fish in the future.

« Around and downstream of the pit, low flows are diverted in a pipe, and the stream
temperatures decrease during operations.

o In Sugar Creek, simulated maximums and averages are similar to NA for all mine years
and seasons simulated. The summary of results for EFSFSR downstream of Sugar Creek
is provided in Section 3.1.1.

— Post-closure model runs (EOY18 and beyond):

« West End pit lake is not predicted to discharge under the ModPRO2. A small discharge
from West End pit lake has been assumed to provide a headwater flow for the model to
West End Creek downstream of the pit lake. This assumption results in simulated
temperatures that are higher than NA near the pit lake.

« In Sugar Creek, simulated maximums and averages are similar to NA for all mine years
and seasons simulated. The summary of results for EFSFSR downstream of Sugar Creek
is provided in Section 3.1.1.

o Fiddle Creek Flow Path:
— During operations model runs (EOY6 and EOY12) and early post closure model runs (EOY24)

o The Fiddle Growth Media Stockpile disturbs the lower reaches of Fiddle Creek until
EOY24 when the area is restored and planted. Upstream of the Stockpile, Fiddle Creek
is simulated using the NA configuration and reach characteristics. At the upper end of
the Stockpile, Fiddle Creek is routed underneath, which has the effect of fully shading
the water. As both conditions provide abundant shade, the simulated stream
temperatures in Fiddle Creek are similar during this period for ModPRO2 and NA.

o The summary of results for EFSFSR downstream of Fiddle Creek is provided in
Section 3.1.1.
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— Post-closure model runs (EOY25 and beyond):

Simulated maximum temperatures are approximately 0.5°C warmer in the years
immediately following restoration and planting of lower Fiddle Creek during the
maximum weekly summer condition; temperatures are within 0.2°C of NA by EOY52. Fall
maximums are approximately 0.7°C warmer than NA in the years following restoration
and planting and are within 0.5°C of NA by EOY52.

Simulated average temperatures are approximately 0.5°C warmer in the years
immediately following restoration and planting of lower Fiddle Creek during the
maximum weekly summer condition; temperatures are within 0.4°C of NA by EOY52. Fall
averages are approximately 0.2°C warmer than NA in the years following planting are
within 0.1°C of NA by EOY32.

The summary of results for EFSFSR downstream of Fiddle Creek is provided in
Section 3.1.1.
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Figure 3-15. Simulated Maximum Temperatures for the Maximum Weekly Summer Condition Compared
to IDEQ Criteria for West End and Fiddle Flow Paths
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Figure 3-16. Simulated Maximum Temperatures for the Maximum Weekly Summer Condition Compared
to USFS Criteria for West End and Fiddle Flow Paths
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Figure 3-17. Simulated Average Temperatures for the Maximum Weekly Summer Condition Compared to
IDEQ Criteria for West End and Fiddle Flow Paths
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Figure 3-18. Simulated Average Temperatures for the Maximum Weekly Summer Condition Compared to
USFS Criteria for West End and Fiddle Flow Paths
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Figure 3-19. Simulated Maximum Temperatures for the Maximum Weekly Fall Condition Comparison to
IDEQ Criteria for West End and Fiddle Flow Paths
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Figure 3-20. Simulated Maximum Temperatures for the Maximum Weekly Fall Condition Compared to
USFS Criteria for West End and Fiddle Flow Paths
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Figure 3-21. Simulated Average Temperatures for the Maximum Weekly Fall Condition Compared to IDEQ
Criteria for West End and Fiddle Flow Paths
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Figure 3-22. Simulated Average Temperatures for the Maximum Weekly Fall Condition Compared to USFS
Criteria for West End and Fiddle Flow Paths
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Figure 3-23. Simulated Average Temperatures for the Mean August Condition Compared to IDEQ Criteria
for West End and Fiddle Flow Paths
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Figure 3-24. Simulated Average Temperatures for the Mean August Condition Comparison to USFS
Criteria for West End and Fiddle Flow Paths
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Figure 3-25. Simulated “Constant” Temperatures for the Maximum Weekly Summer Condition Compared
to IDEQ Criteria for West End and Fiddle Flow Paths
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Figure 3-26. Simulated “Constant” Temperatures for the Maximum Weekly Summer Condition Compared
to USFS Criteria for West End and Fiddle Flow Paths
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Figure 3-27. Simulated “Constant” Temperatures for the Maximum Weekly Fall Condition Compared to
IDEQ Criteria for West End and Fiddle Flow Paths
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Figure 3-28. Simulated “Constant” Temperatures for the Maximum Weekly Fall Condition Compared to USFS
Criteria for West End and Fiddle Flow Paths
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3.2 Comparison of ModPRO2 Temperature Improvements to Site
Data and Research Studies

ModPRO2 includes several design features that reduce stream temperatures relative to other project
alternatives. Many of these features were included to address public comments on the draft EIS and
to reduce stream temperatures to NA levels or similar.

Stream-side design features include wider riparian planting zones that are planted as early as
possible in the mine life and include a higher percentage of taller species. Floodplain liner in lower
Meadow Creek extended into lower East Fork Meadow Creek reduces stream flow losses and helps
mitigate temperatures. As a result of these stream-side improvements, daily average temperatures
for ModPRO2 upstream of Stibnite Lake are similar to NA. Daily maximum temperatures are within
1°C of NA upstream of Stibnite Lake except on the TSF. While the daily averages are relatively similar
across the project alternatives at most locations, the daily maximums tend to be more variable. The
increased riparian plantings under ModPRO2 provide a greater reduction of the daily maximums
which are most sensitive to direct solar inputs.

The temperature improvements simulated as a result of increased shade are consistent with peer-
reviewed studies (Table 3-1). There is general consensus in the literature that 1) direct solar
radiation is the major control of stream temperature and 2) shade has a meaningful effect on stream
temperatures. Changes in maximum daily temperatures after disturbance or after vegetation has
fully grown ranged from 5°C to 10°C for similar sized streams and ranged from 1.9°C to 10°C for all
streams in the published studies. Simulated daily maximum stream temperature reduction on the
TSF (where the greatest reductions are simulated) is 5°C and is at the low end of the published
range. Additionally, the recovery period for the SPLNT simulations to achieve a 5°C decrease on the
TSF is 30 years. This is 2 to 3 times longer than published values that document recovery periods for
5 to 15 years and achievement of a 4°C to 7 °C decrease in daily maximum temperature for similar
sized streams. Thus, the SPLNT model likely overestimates the length of the recovery period
associated with vegetation growth and resulting shade. A literature review was provided in BC
2021b.

While the benefits of the increased riparian plantings result in stream temperatures similar to NA
upstream of the YPP backfilled area in the ModPRO2, the temperatures entering the area would
remain fairly constant passing through the river across the backfilled area and out of the project
area. This result is evident under the PA and ModPRO scenarios where YPP lake is replaced with
restored stream channels over the backfilled area and temperatures are higher than NA conditions.
The only way to replicate the effects that the existing YPP lake has on temperatures is to replace the
lake with a similar feature. Stibnite Lake provides these benefits under ModPRO2 by decreasing
daily maximum temperatures with only a slight increase in daily average temperatures (similar to YPP
lake). The simulations for Stibnite Lake match the patterns of the simulated YPP lake for NA and the
data collected onsite by USGS and Perpetua Resources upstream and downstream of YPP lake, as
described BC 2021b.

Table 3-1. SPLNT Model and Published Studies Temperature Change Comparison

Change in Maximum
Daily Temperature

Study (Author) or SGP Simulation Time to Recover Other Notes

Streamflows are 1.5 to 2 cfs; vegetation has

Meadow Creek (SPLNT Model) 5°C 30years been completely removed prior to planting
Boise RB (Dunham et al. 2007) 2.1-5.2°C after 10 years Stream size influences temperature
response
Yellowstone (Minshall et al. 1997) >5°C not discussed 1st and 2nd order streams
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Change in Maximum

Study (Author) or SGP Simulation Daily Tempetature

Time to Recover Other Notes

Response to stream shading on a 150-m
reach of 2nd order stream; benefits of

o .

Oregon Cascades (Johnson 2004) 5°C not discussed shading more pronounced in streams cut off
from groundwater (e.g., over bedrock)

Oregon Cascades (Johnson and Jones 2000) 7°C 15 years Response to forest harvesting

Temperatures peaked 3 years after the fire
Burns Creek (Woodsmith et al. 2004) 5-6°C not discussed then began to decline; small streams (500
ha catchments)

Bitterroot (Mahlum et al. 2011) 1.9-5.4°C Study endec_l 7 2nd to 4th order streams
years post fire
5 years post fire: Average spring and summer water
Hayman Fire CO (Rhoades et al. 2011) 10°C y P ' temperatures were 5 and 6°C higher the
4C decrease . ]
year following the fire

Following harvesting where canopy plus

Pacific Coast Range (Janisch et al. 2012) upto 3.6°C Not discussed topographic shade density decreased from
95% to 53%

Abbreviations:

°C = degrees Celsius
Cfs = cubic feet per second
SPLNT = stream and pit lake network temperature

3.3 Extent of Thermal Impacts Downstream of Sugar Creek

Temperature changes downstream of the SPLNT study area were estimated with a mass balance
approach that was applied for the tributaries entering the system downstream of Sugar Creek. This
analysis was included in the SPLNT PA modeling report (BC 2019a) at the request of the review
agencies. The removal of the YPP lake as part of the PA and ModPRO results in higher maximum
temperatures in the lower part of the SPLNT study area compared to NA. The ModPRO2 proposes to
replace YPP lake with a similarly sized Stibnite Lake to replicate the effects of the YPP lake on
diurnal temperature variability. Under the NA Alternative, maximum weekly summer condition daily
maximums are 14.9°C. This analysis estimates the distance downstream of Sugar Creek that would
be required to achieve this maximum.

This analysis focuses on simulated maximum temperatures for the summer because this metric is
impacted more than others (i.e., summer averages or fall temperatures), and the extent of returning
to the NA summer maximum would encompass the extent for these other metrics. This analysis does
not account for diffuse flows entering the system; it only accounts for tributary inputs. Because
diffuse flow temperatures are cooler than surface water temperatures, omitting this input from the
mass balance results in warmer temperatures and a longer extent of impact than would likely occur.
In the summer, the diffuse flow temperatures are assumed 11.9°C across most of the reaches in the
study area based on monitoring data. Two reaches in lower Meadow Creek were assighed diffuse
flow temperatures of 13.9°C based on observations in that area, and the last reach on Sugar Creek,
and most downstream reach on the EFSFSR have assumed diffuse flow temperatures of 14.8°C.
Development of assumptions for diffuse flow temperature is documented in the SPLNT Existing
Conditions Modeling Report (BC 2018) and are summarized in Appendix A of this report.

This mass balance analysis applies tributary drainage areas generated using United States
Geological Survey StreamStats. Tributary flow rates were estimated by scaling the Sugar Creek flow
for the summer simulation (12.7 cubic feet per second) relative to the Sugar Creek drainage area
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(11,500 acres). Consistent with the methods used by the QUAL2K model for representing tributaries
as point sources, the applied temperature for the analysis is an average. The temperatures
simulated for lower Sugar Creek under NA were assumed representative of temperatures for the
tributaries entering the system downstream of the SPLNT study area. For the summer simulation, a
temperature of 10.7°C was applied.

Under the ModPRO2, the period during operations when the tunnel is in use and Stibnite Lake is not
online has the highest simulated maximum stream temperatures in the summer (15.9°C) on the
EFSFSR downstream of Sugar Creek. The addition of Salt and Pepper Creeks (3,622 acres) brings
the maximum stream temperature down to 15.3°C and the addition of Tamarack Creek (11,712
acres), at approximately 3.5 kilometers downstream of Sugar Creek, brings the maximum
temperature down to 14°C which is less than the NA temperature on the EFSFSR downstream of
Sugar Creek. Once Stibnite Lake is online by EOY12, stream temperatures on EFSFSR downstream
of Sugar Creek are similar to No Action.

3.4 Summary and Conclusions

To compare simulated temperatures between the NA and ModPRO2 Alternatives, the warmest reach-
averaged temperatures simulated in different parts of the SPLNT study area are listed in Table 3-2
through Table 3-5 and shown on Figure 3-29 through Figure 3-32. Table 3-2 and Figure 3-29 focus
on EQY6, Table 3-3 and Figure 3-30 on EOY12, Table 3-4 and Figure 3-31 on EQOY18, and Table 3-5
and Figure 3-32 on EOY112. Summary tables for additional simulation years are provided in
Appendix B.

The following general observations can made:

o Simulated temperature effects tend to be more pronounced when comparing maximum
temperatures for the maximum weekly summer condition followed by either maximum
temperatures for the fall condition or average conditions for the summer condition. The
simulated averages for the maximum weekly fall condition are the least affected by the Project
and are similar to NA across the SPLNT study area.

o Piping low flows in diversion channels results in fully shaded conveyances that result in
temperatures that are similar to, and sometimes lower than, NA depending on the degree of
shade present for the NA condition.

o Improving the riparian planting plan by planting wider buffers, increasing the percentage of taller
tree species, including enhanced reaches, and planting earlier in the mine life increases shade
and reduces stream temperatures. The magnitude of simulated changes to daily maximum
temperatures is near the low end of the ranges reported in peer-reviewed studies. The SPLNT
model estimates that the duration to achieve temperature reductions is 2 to 3 times longer than
the periods reported in these studies. The SGP includes adaptive management plans (Tetra Tech
20214, b, c) that require monitoring and maintenance activities until performance standards
have been met and the areas can be transferred to an appropriate steward. Planting areas are
designed to become self-sustaining with minimal or no required maintenance after vegetation
establishment.

« Including Stibnite Lake on the YPP backfill reduces diurnal temperature variation and maximum
temperatures.

o« The ModPRO2 results in improved stream temperatures relative to the ModPRO, PA, and
EFSFSR TSF Alternatives (BC 2019b and 2019c). Once Stibnite Lake is online, maximum stream
temperatures in the summer are at or below NA everywhere in the system except on top of the
TSF, just upstream of Stibnite Lake, and the upper reaches of West End Creek and Meadow
Creek. While temperatures are significantly higher than NA on the TSF in the early part of post
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closure, these reaches are not accessible for spawning by migratory/anadromous fish. Once
Meadow Creek mixes with East Fork Meadow Creek, maximum stream temperatures are
consistently below NA. Higher temperatures in West End Creek occur in the upper reaches, cool
before reaching Sugar Creek and do not impact stream temperatures in Sugar Creek because
the flow rate of West End Creek is proportionally small.

o Simulated maximums for the ModPRO2 at the model terminus (EFSFSR below Sugar Creek) are
within 1°C of NA for each mine year.

o Under the ModPRO2, temperatures would return to NA when Tamarack Creek enters the system
and would not be more than 1°C higher than NA in the EFSFSR downstream of the Project Area.

Results for the mean August condition are not included in the summary results. Reach-by-reach

output are available in Appendix B along with the output for the maximum weekly summer and fall
conditions.

Table 3-2. Warmest Simulated Reach-Averaged Temperatures (°C) for EOY6 for the ModPRO2 Compared to NA for the Maximum
Weekly Summer and Fall Conditions

Area Simulated Daily NA ModPRO2
Temperature Statistic
Summer Max: 13.7 13.8
Fall Max: 11.1 11.0
Upper EFSFSR (above Meadow Creek)
Summer Avg: 10.3 10.2
Fall Avg: 8.8 8.8
Summer Max: 17.9 14.6
Meadow Creek above East Fork Fall Max: 15.1 12.2
Meadow Creek Summer Avg: 12.7 11.2
Fall Avg: 10.4 9.1
Summer Max: 19.8 17.2
Meadow Creek below East Fork Fall Max: 16.2 15.9
Meadow Creek Summer Avg: 13.4 12.4
Fall Avg: 10.8 10.2
Summer Max: 17.4 16.2
Middle EFSFSR (between Meadow and Fall Max: 14.0 13.6
Fiddle Creeks) Summer Avg; 12.3 11.7
Fall Avg: 9.9 9.5
Summer Max: 11.5 11.9
. Fall Max: 10.1 10.4
Fiddle Creek
Summer Avg: 9.5 9.7
Fall Avg: 8.3 8.3
Summer Max: 17.4 16.1
Lower EFSFSR (between Fiddle and Fall Max: 14.0 133
Sugar Creek) Summer Avg: 13.5 11.6
Fall Avg: 10.6 9.4
Summer Max: 12.9 21.7
Fall Max: 11.0 17.1
West End Creek
Summer Avg: 11.1 13.7
Fall Avg: 9.6 10.4
Summer Max: 15.4 15.7
Lower Sugar Creek
Fall Max: 12.2 12.3
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Simulated Daily

Ar o NA ModPRO2
ea Temperature Statistic Ol
Summer Avg: 10.7 10.8
Fall Avg: 9.1 9.1
Summer Max: 14.9 15.9
Fall Max: 11.9 12.5
EFSFSR downstream of Sugar Creek
Summer Avg: 13.0 11.3
Fall Avg: 10.3 9.2

Abbreviations:
°C = degrees Celsius
Avg = average

EFSFSR = East Fork of the South Fork of the Salmon River

EQY = end of year
Max = maximum
NA = No Action

20220127_PRII_BC_Final_SGP_SPLNT ModPRO2 Modeling Report_v2

3-40



ModPRO2 SPLNT Water Modeling Report

Section 3

o- NN DN D D S S S S — I I I I I D DN D

Upper Meadow Meadow Middle Fiddle Lower WestEnd Lower EFSFSR
EFSFSR Creek Creek EFSFSR Creek EFSFSR Creek Sugar downstream

(above  above below (between (between Creek  of Sugar
Meadow East Fork East Fork Meadow Fiddle Creek
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Figure 3-29. Comparison of Warmest Simulated Reach-Averaged Temperatures for EOY6 for ModPRO2 and NA
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Table 3-3. Warmest Simulated Reach-Averaged Temperatures (°C) for EOY12 for the ModPRO2 Compared to NA for the
Maximum Weekly Summer and Fall Conditions

Simulated Dail
— Temperature Statiitic NA odRRO2
Summer Max: 13.7 13.8
Fall Max: 11.1 11.0
Upper EFSFSR (above Meadow Creek)
Summer Avg: 10.3 10.3
Fall Avg: 8.8 8.9
Summer Max: 17.9 14.6
Meadow Creek above East Fork Fall Max: 15.1 115
Meadow Creek Summer Avg: 12.7 11.2
Fall Avg: 10.4 9.1
Summer Max: 19.8 16.8
Meadow Creek below East Fork Fall Max: 16.2 13.7
Meadow Creek Summer Avg: 13.4 12.1
Fall Avg: 10.8 9.9
Summer Max: 17.4 15.8
Middle EFSFSR (between Meadow and Fall Max: 14.0 12.7
Fiddle Creeks) Summer Avg: 12.3 11.5
Fall Avg: 9.9 9.4
Summer Max: 11.5 11.5
. Fall Max: 10.1 10.3
Fiddle Creek
Summer Avg: 9.5 9.6
Fall Avg: 8.3 8.3
Summer Max: 17.4 18.1
Lower EFSFSR (between Fiddle and Fall Max: 14.0 14.7
Sugar Creek) Summer Avg: 13.5 13.7
Fall Avg: 10.6 10.3
Summer Max: 12.9 19.1
Fall Max: 11.0 17.3
West End Creek
Summer Avg: 11.1 12.7
Fall Avg: 9.6 10.3
Summer Max: 15.4 15.6
Fall Max: 12.2 12.3
Lower Sugar Creek
Summer Avg: 10.7 10.7
Fall Avg: 9.1 9.1
Summer Max: 14.9 15.0
Fall Max: 11.9 11.6
EFSFSR downstream of Sugar Creek
Summer Avg: 13.0 13.1
Fall Avg: 10.3 10.1

Abbreviations:

°C = degrees Celsius

Avg = average

EFSFSR = East Fork of the South Fork of the Salmon River
EQY = end of year

Max = maximum

NA = No Action
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Figure 3-30. Comparison of Warmest Simulated Reach-Averaged Temperatures for EOY12 for ModPRO2 and NA
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Table 3-4. Warmest Simulated Reach-Averaged Temperatures (°C) for EOY18 for the ModPRO2 Compared to NA for the
Maximum Weekly Summer and Fall Conditions

Simulated Dail
— Temperature Statiitic NA odRRO2
Summer Max: 13.7 13.8
Fall Max: 11.1 11.0
Upper EFSFSR (above Meadow Creek)
Summer Avg: 10.3 10.3
Fall Avg: 8.8 8.8
Summer Max: 17.9 14.6
Meadow Creek above East Fork Fall Max: 15.1 115
Meadow Creek Summer Avg; 12.7 11.2
Fall Avg: 10.4 9.4
Summer Max: 19.8 16.7
Meadow Creek below East Fork Fall Max: 16.2 133
Meadow Creek Summer Avg: 13.4 12.1
Fall Avg: 10.8 10.0
Summer Max: 17.4 16.0
Middle EFSFSR (between Meadow and Fall Max: 14.0 12.7
Fiddle Creeks) Summer Avg: 12.3 11.6
Fall Avg: 9.9 9.5
Summer Max: 11.5 11.6
. Fall Max: 10.1 10.3
Fiddle Creek
Summer Avg: 9.5 9.5
Fall Avg: 8.3 8.2
Summer Max: 17.4 18.3
Lower EFSFSR (between Fiddle and Fall Max: 14.0 14.1
Sugar Creek) Summer Avg: 13.5 13.8
Fall Avg: 10.6 10.2
Summer Max: 12.9 20.9
Fall Max: 11.0 16.2
West End Creek
Summer Avg: 11.1 16.8
Fall Avg: 9.6 13.2
Summer Max: 15.4 15.7
Fall Max: 12.2 12.2
Lower Sugar Creek
Summer Avg: 10.7 10.8
Fall Avg: 9.1 9.1
Summer Max: 14.9 15.1
Fall Max: 11.9 11.6
EFSFSR downstream of Sugar Creek
Summer Avg: 13.0 13.2
Fall Avg: 10.3 10.0

Abbreviations:

°C = degrees Celsius

Avg = average

EFSFSR = East Fork of the South Fork of the Salmon River
EQY = end of year

Max = maximum

NA = No Action

3-44

20220127_PRII_BC_Final_SGP_SPLNT ModPRO2 Modeling Report_v2



ModPRO2 SPLNT Water Modeling Report

Section 3

o- NN DN D D S S S S — I I I I I D DN D

Upper Meadow Meadow Middle Fiddle Lower WestEnd Lower EFSFSR
EFSFSR Creek Creek EFSFSR Creek EFSFSR Creek Sugar downstream

(above  above below (between (between Creek  of Sugar
Meadow East Fork East Fork Meadow Fiddle Creek
Creek) Meadow Meadow and Fiddle and Sugar

Upper

Meadow Meadow Middle Fiddle

EFSFSR Creek Creek EFSFSR Creek

(above

above below (between

Meadow East Fork East Fork Meadow

Creek)

Meadow Meadow and Fiddle

Lower WestEnd Lower EFSFSR
EFSFSR Creek Sugar downstream

(between Creek of Sugar
Fiddle Creek
and Sugar

Figure 3-31. Comparison of Warmest Simulated Reach-Averaged Temperatures for EOY18 for ModPRO2 and NA
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Table 3-5. Warmest Simulated Reach-Averaged Temperatures (°C) for EOY112 for the ModPRO2 Compared to NA for the
Maximum Weekly Summer and Fall Conditions

Simulated Dail
— Temperature Statiitic NA NodREO2
Summer Max: 13.7 13.8
Fall Max: 11.1 11.0
Upper EFSFSR (above Meadow Creek)
Summer Avg: 10.3 10.3
Fall Avg: 8.8 8.9
Summer Max: 17.9 16.9
Meadow Creek above East Fork Meadow Fall Max: 15.1 12.4
Creek Summer Avg; 12.7 12.4
Fall Avg: 10.4 9.7
Summer Max: 19.8 15.3
Meadow Creek below East Fork Meadow Fall Max: 16.2 11.6
Creek Summer Avg: 13.4 12.2
Fall Avg: 10.8 9.6
Summer Max: 17.4 14.8
Middle EFSFSR (between Meadow and Fiddle Fall Max: 14.0 11.8
Creeks) Summer Avg: 12.3 11.5
Fall Avg: 9.9 9.3
Summer Max: 11.5 11.6
. Fall Max: 10.1 10.3
Fiddle Creek
Summer Avg: 9.5 9.6
Fall Avg: 8.3 8.3
Summer Max: 17.4 16.0
Lower EFSFSR (between Fiddle and Sugar Fall Max: 14.0 12.4
Creek) Summer Avg; 13.5 13.1
Fall Avg: 10.6 9.8
Summer Max: 12.9 16.8
Fall Max: 11.0 13.2
West End Creek
Summer Avg: 11.1 16.8
Fall Avg: 9.6 13.2
Summer Max: 15.4 15.4
Fall Max: 12.2 12.2
Lower Sugar Creek
Summer Avg: 10.7 10.7
Fall Avg: 9.1 9.1
Summer Max: 14.9 14.5
Fall Max: 11.9 11.3
EFSFSR downstream of Sugar Creek
Summer Avg: 13.0 12.7
Fall Avg: 10.3 9.7

Notes:

°C = degrees Celsius

Avg = average

EFSFSR = East Fork of the South Fork of the Salmon River
EQY = end of year

Max = maximum
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Section 4

Limitations

This document was prepared solely for Perpetua Resources in accordance with professional
standards at the time the services were performed and in accordance with the contract between
Perpetua Resources and Brown and Caldwell dated January 1, 2021. This document is governed by
the specific scope of work authorized by Perpetua Resources; it is not intended to be relied upon by
any other party except for regulatory authorities contemplated by the scope of work. We have relied
on information or instructions provided by Perpetua Resources and other parties and, unless
otherwise expressly indicated, have made no independent investigation as to the validity,
completeness, or accuracy of such information.

Further, Brown and Caldwell makes no warranties, express or implied, with respect to this document,
except for those, if any, contained in the agreement pursuant to which the document was prepared.
All data, drawings, documents, or information contained this report have been prepared exclusively
for the person or entity to whom it was addressed and may not be relied upon by any other person or
entity without the prior written consent of Brown and Caldwell unless otherwise provided by the
Agreement pursuant to which these services were provided.
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Section 1

Background and Purpose

Perpetua Resources ldaho, Inc. (Perpetua Resources, formerly Midas Gold Idaho, Inc.) proposes to
redevelop portions of the Stibnite Mining District in the headwaters of the East Fork of the South
Fork of the Salmon River (EFSFSR), Valley County, central Idaho. The original proposal was outlined
in the Plan of Restoration and Operations (PRO) (Midas Gold 2016) for the Stibnite Gold Project (SGP
or Project). The PRO was submitted to the United States Forest Service (USFS) and the Idaho
Department of Lands in September 2016 and deemed complete by the USFS in December 2016.

The USFS then began to evaluate whether to approve the PRO as submitted by Perpetua Resources,
or to require changes or additions to meet the requirements for environmental protection and
reclamation set forth at 36 Code of Federal Regulations (CFR) 228 Subpart A before approving a
final plan. Consistent with their responsibility under the National Environmental Policy Act, this
included USFS development and review of a range of alternatives and design features that could be
determined reasonable and necessary to meet USFS regulations for locatable minerals set forth at
36 CFR 228 Subpart A, and that could require changes and/or additions to the Project as proposed.
The development of alternatives was informed by Agency and public scoping comments and included
evaluation by Perpetua Resources to assess the technical and economic feasibility of proposed
alternative components, and whether they fulfilled the Project purpose and need.

While the USFS was in the process of evaluating alternatives, Perpetua Resources continued to
refine and clarify the PRO. This included completing more detailed feasibility analyses and re-
evaluating components of the Project to further avoid and minimize environmental impacts while
meeting the Project purpose and need. Perpetua Resources’ own studies of the Project footprint and
potential effects on key resources such as wetlands and streams, water quality, federally listed
species, public use, and other environmental considerations pointed to areas that the Project’s
environmental performance might be improved through modifications of the PRO. The combination
of incremental improvements to the PRO was submitted to the USFS in May 2019 as a Modified
Proposed Action (Modified PRO or ModPRO) (Brown and Caldwell [BC] 2019¢) and represented
Perpetua Resources’ refined proposal to be evaluated in the Environmental Impact Statement (EIS).

Stream and Pit Lake Network Temperature (SPLNT) modeling in support of the PRO and Draft EIS
Alternatives is documented in the SGP SPLNT Model Existing Conditions Report (Brown and Caldwell
[BC], 2018b), the SGP SPLNT Proposed Action Report (BC, 2019a), the SGP East Fork South Fork
Salmon River TSF/DRSF Alternative Modeling Report (BC, 2019b), and the SGP Modified PRO
Alternative Modeling Report (BC, 2019c).

Concurrent to the preparation of the Draft EIS, Perpetua Resources has continued to study
alternatives that reduce the overall Project footprint, reduce associated wetland impacts, improve
surface water and groundwater quality, reduce temperature impacts to surface water, reduce air
emissions, improve fisheries and wildlife habitat, and improve upon reclamation and restoration
design in accordance with Perpetua Resources’ values, principles and goals. These considerations
guided the preparation of the PRO and the ModPRO and were equally influential in preparation of
Perpetua Resources’ Feasibility Study (FS) (M3 Engineering and Technology, 2020).

Some Project elements have changed in the FS to reduce environmental impact relative to the PRO
and ModPRO as designs have proceeded and additional information has been learned. These
modifications form, in part, the refined ModPRO, referred to as the ModPRO2 (Midas Gold 2020).

1-1
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This SPLNT ModPRO2 Modeling Report is a part of Perpetua Resources’ description of the ModPRO2
Alternative environmental analysis necessary for USFS inclusion of this alternative in the Final EIS.
This appendix is included here to provide background on the SPLNT Existing Conditions model and
No Action Alternative necessary for appropriate interpretation of the SPLNT modeling results
presented in the main report.

This appendix is an abridged version of the Existing Conditions model report (BC 2018b) and No
Action Alternative documented in the SPLNT Proposed Action modeling report (BC 2019b). An update
to the Existing Conditions model and No Action model for the ModPRO2 Alternative was not
necessary because the SPLNT model methodology, assumptions, and configuration for these
scenarios has not changed. The Existing Conditions modeling is calibrated to observed field data and
is therefore independent of alternative modeling. The No Action model is based on Existing
Conditions with modifications as described in Section 2.3 of this Appendix. Stream temperature
predictions for Project Alternatives are based on streamflow estimates using a percent difference
calculated from the Project’s hydrologic modeling for No Action and an Alternative. The updated
Stibnite Hydrologic Site Model Existing Conditions is not directly applied to generate SPLNT model
predictions. Additional discussion of hydrologic inputs is provided in Section 3.5 of this appendix and
a comprehensive discussion of the No Action model is included in BC 2019b.

1.1 Purpose and Scope

The SPLNT model was designed to provide important inputs to the environmental consequences
analyses being completed for the EIS and preparation of the biological assessment for the Section 7
consultation under the Endangered Species Act for Snake River spring/summer Chinook salmon
(Chinook salmon; Oncorhynchus tshawytscha), Snake River Basin steelhead (steelhead; O. mykiss),
and Columbia River bull trout (bull trout; Salvelinus confluentus).

Because the SGP has the potential to affect instream conditions such as stream flows, groundwater
interaction, and stream shading, the stream water temperature regime may also be altered. Brown
and Caldwell developed a SPLNT model for the Project to evaluate the potential changes that may
occur as a result of the proposed mining and subsequent reclamation.

In the first phase of SPLNT modeling, the Existing Conditions model was built and calibrated to
observed data to demonstrate the model’s suitability for predictive simulations of dissolved oxygen
(DO) (pit lakes only) and temperature (streams and pit lakes) (BC 2018b). This report documents the
model fit using statistical and graphical summaries. The approach and methods were then used to
complete the second phase of modeling to simulate changes that would occur as a result of the
Proposed Action. A No Action model based on the Existing Conditions model was also developed to
address agency comments on the modeling and provide a comparison to the Project Alternatives.
This appendix to the ModPRO2 Modeling Report summarizes the Existing Conditions and No Action
SPLNT models.

Water temperature affects biological activity of aquatic organisms such as fish. For example, higher
temperatures increase metabolic rates and decrease the solubility of DO, reducing its availability to
aquatic organisms (Forney et al. 2013). Because of this effect, a stream’s peak temperature in the
summer is often a critical characteristic of habitat quality for various aquatic life (Forney et al. 2013).
Water temperature studies in the Pacific Northwest have specifically focused on analyzing flow and
temperature data observed during summer months (David Duncan and Associates 2002; Tetra Tech
2014).

Previously collected temperature data from the region have shown that stream temperatures may
exceed temperature criteria during the late spring spawning period for salmonids (April through
June), peak summer (July and August), and early fall spawning (September) (Shumar and de Varona
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2009). Outside these periods, stream temperatures are rarely a problem for spawning and migration
activities and may not be the dominant temperature impairment impacting salmonid life stages
(Scranton et al. 2015).

Simulated water temperatures derived from the SPLNT models for the Project Alternatives including
No Action are compared to thermal criteria based on indicators for Chinook salmon, steelhead, and
bull trout. Specifically, the SPLNT model output was used to evaluate the following:

o Achievement of USFS stream temperature criteria
o Achievement of Idaho Department of Environmental Quality (IDEQ) stream temperature criteria

o Depth-dependent temperature and DO concentration in the Hangar Flats, West End, and
Midnight pit lakes to provide the following:

— Stream flow and temperature inputs for simulation of downstream reaches

— Input to the site-wide water chemistry (SWWC) model being developed by SRK Consulting,
Inc.

o Effects of discharges permitted under the National Pollutant Discharge Elimination System
(NPDES)

o Provide temperature data for the bull trout and Westslope cutthroat trout occupancy models
being developed by Ecosystem Sciences for their proposed application of the Isaak et al. (2017)
methods for the SGP.

1.2 Thermal Criteria for Evaluation

Thermal criteria describe the temperature thresholds and frequencies that aquatic species can
tolerate without suffering adverse effects and are often specified for different seasons and life
stages. Published literature, USFS criteria, and IDEQ water temperature standards have been used
to develop the thermal criteria for this evaluation.

The IDEQ’s water quality standards (ldaho Administrative Procedures Act 58.01.02) include relatively
complex criteria for temperature, based in part upon seasonal spawning and rearing requirements
for salmonids. Idaho first adopted bull trout temperature criteria in 1998. These criteria were revised
in 2001 and submitted to the United States Environmental Protection Agency (EPA) for approval. The
EPA has not acted, so the bull trout temperature criterion effective for Clean Water Act purposes is
the 1997 federally promulgated temperature criterion of 10 degrees Celsius (°C) for 7-day average
maximum daily temperatures from June through September for waters specified in the federal rule
(40 CFR 131.33).

The modeling approach developed for the SGP is similar to other temperature evaluations in the
Pacific Northwest. For example, in 2011, Tetra Tech used the QUAL2K model to evaluate the effects
of different management practices for Nemote Creek in Montana (Tetra Tech 2014). The scenarios
they evaluated included baseline conditions (i.e., low flow and warm weather), improved riparian
vegetation conditions, and conditions of reduced surface water withdrawals (Tetra Tech 2014). In
QUAL2K (Chapra et al. 2008), the heat budget and water temperatures are simulated as a function
of meteorology, point and non-point source pollutant loads, and withdrawals from a stream network.
The model provides minimum, maximum, and average daily water temperature outputs.

Other studies in the Pacific Northwest have combined empirical data with spatial analyses to model
water temperatures under various climate and flow conditions using a linear regression approach
(David Duncan and Associates 2002; Forney et al. 2013). For example, a study initiated by the
Columbia River Federal Caucus was conducted in the John Day River Basin in Oregon to evaluate the
resiliency of salmon habitat to climate change and used a regional database to support development
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of a summer stream temperature model called NorWeST (Scranton et al. 2015). The NorWeST model
database contains stream temperature data and model output for different climate scenarios for
various streams and rivers in the western United States.

To evaluate stream temperatures for a given site, the following metrics are commonly used
(Scranton et al. 2015):

« Maximum weekly high temperature identifies abnormal baseline temperatures for a given site
and habitats susceptible to extreme temperatures.

o Maximum weekly maximum temperature (MWMT; 7-day average of daily maximums) quantifies
weekly maximum stream temperature while limiting the influence of an individual measurement
from a single day.

« Average weekly high temperature identifies the expected normal baseline temperatures for a
given stream network.

« Modeled mean August temperature reported by NorWeST database can be used to convert
NorWeST database to MWMT.

Thermal criteria can also be established to describe the temperature thresholds and frequencies
that aquatic life can tolerate without suffering adverse effects during different life stages. Specific
thermal criteria are often established for different seasons and life stages. Previous stream
temperature studies recommend prioritizing life stages in selected streams for a month or period of
concern. For example, for small tributary streams of the upper Salmon River Basin, Maret et al.
(2005) recommended a priority ranking (from high to low) of passage — spawning — adult —
juvenile. Therefore, the months of April through September (when migration and spawning activities
most often occur) would represent a critical period within the Salmon River Basin.

Table 1-1 summarizes the temperature criteria from the Watershed Indicators and Pathways in the
Payette National Forest Land and Resource Management Plan (USFS 2003). For the bull trout
criteria, not all temperature values are represented in the published criteria, which are only listed
using whole numbers. Some values not represented as whole numbers required interpretation. The
values listed in Table 1-2 reflect an interpretation of the USFS criteria for the bull trout life stages.
Thermal criteria applied by IDEQ for salmonids are listed in Table 1-3. Both USFS and IDEQ criteria
were used to assess the temperature impacts to streams under the Proposed Action with pipes
(Section 5 and Appendix D) and without pipes (Appendix C).

The USFS and IDEQ thermal criteria assessments are relevant to specific fish species (Chinook
salmon, steelhead, bull trout), their life stages (spawning, incubation, rearing, migration), and their
associated times of year. In the results reported herein, the thermal criteria in each reach of the
SPLNT model were evaluated with respect to all of the temperature criteria. However, not every
reach currently supports or is accessible to all of these species/life stages or has suitable habitat for
these species/life stages. When these SPLNT model results are further analyzed and interpreted,
such as in the evaluation of changes in water temperature for the different species/life stages, or
when the results are incorporated into the updated Stream Functional Assessment, temperature
criteria should be applied for only those species/life stages appropriate on a reach-by-reach basis.

Table 1-1. USFS Thermal Criteria Based on the MWMT

Species/Life Months Functioning Functioning at Functioning at
Stage Acceptably (°C) Risk (°C) Unacceptable Risk (°C)
Chinook Salmon
Spawning Mid-August-September <13.9 >13.9-15.5 >15.5
Rearing/Migration Year-Round <13.9 >13.9-17.7 >17.7
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Species/Life
Stage

Steelhead
Spawning
Rearing/Migration
Bull Trout
Incubation*
Rearing*
Spawning*

Notes:

Months

March-May

Year-Round

Mid-August-Early February
Year-Round

Mid-August-September

Functioning
Acceptably (°C)

<13.9
<13.9

2.0-5.0
4.0-12.0
4.0-9.0

Functioning at
Risk (°C)

>13.9-15.5
>13.9-17.7

<2.0,6.0
<4.0,13.0-15.0
<4.0,10.0

Section 1

Functioning at
Unacceptable Risk (°C)

>15.5

>17.7

<1.0,>6.0
>15.0
<4.0,>10.0

Source: USFS 2003
*See Table 1-2 for interpretations of this guidance.

Abbreviations:

°C = degrees Celsius

MWMT = maximum weekly (7-day average) maximum temperature
USFS = United States Forest Service

Table 1-2. Interpretation of USFS Temperature Scoring Guidance for Bull Trout

Bull Trout Life Stage | Functioning _ . Functioning at
. Functioning at Risk .
Guidance and Acceptably °0) Unacceptable Risk
Interpretation (°C) (°C)
Guidance 2.0-5.0 <2.00r6.0 <1.00r>6.0
Incubation 21.0t0<2.0
Interpretation | 2.0-5.0 or <1.00r>6.0
>5.0t0<6.0
Guidance 4.0-12.0 | <4.00r13.0t0 15.0 >15.0
Rearing <4.0
Interpretation | 4.0-12.0 or >15.0
>12.0t0<15.0
Guidance 4.0-9.0 <4.00r10.0 <4.00r>10.0
Spawning
Interpretation | 4.0-9.0 >9.0t0<10.0 <4.00r>10.0
Notes:

Sources: USFS 2003; Interim Draft Stream Functional Assessment Ledger (Rio ASE 2018); Stream Functional
Assessment Temperature Scoring (Great Ecology 2018).

Abbreviations:

°C = degrees Celsius

Rio ASE = Rio Applied Science and Engineering
USFS = United States Forest Service

Table 1-3. Idaho Thermal Criteria

.. . | Warm | Seasonal | Cold | Salmonid | Bull
Criteria

Water| Cold | Water Spawning | Trout
33°C | 26°C 22°C 13°C
MDMT N/A
(91°F) | (79°F) |(79°F)| (55°F)
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Warm | Seasonal | Cold | Salmonid | Bull

Criteria Water Cold | Water Spawning Trout
MWMT | NA | NA NA | NA | S
(55°F)

29°C | 23°C | 19°C 9°C
MDAT N/A
(84°F)| (73°F) |(66°F)| (48°F)

Notes:
Source: http://www.deq.idaho.gov/water-quality/surface-water/temperature/.

Abbreviations:
°C = degrees Celsius

°F = degrees Fahrenheit

MDAT = maximum daily average temperature

MDMT = maximum daily maximum temperature

MWMT = maximum weekly (7-day average) maximum temperature
N/A = not applicable

1.3 Appendix Organization

This appendix describes the development of the SPLNT Existing Condition and No Action models as
reference to the reviewer of the ModPRO2 Modeling Report. For brevity, this appendix references
figures contained in the SPLNT Existing Conditions Report (BC 2018b) and the SPLNT Proposed
Action Report (BC 2019).

Section 2 of this appendix describes the SPLNT modeling approach. Section 2 reviews the types and
sources of data used to develop the SPLNT models. Section 4 summarizes the methods and
generation of model input and Section 5 summarizes the model output. Section 6 provides a
summary of the Existing Conditions and No Action models.
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Section 2

SPLNT Model Approach

The final SPLNT Model Work Plan (BC 2018a) and final SPLNT Existing Conditions Report (BC
2018b) describe the approach and extensive data and studies that were used to build the SPLNT
model for the SGP. The SPLNT Existing Conditions Report also provides statistical and graphical
comparisons of simulated to observed stream temperatures. A No Action model was also developed
to incorporate modeling recommendations from the agencies that were used to develop the
Proposed Action models. These improvements were incorporated into the No Action models to
provide a direct comparison to the Project Alternatives. The models were not recalibrated for No
Action, but comparisons to observed temperatures were provided. The No Action modeling and
comparison to observed stream temperatures were provided in Appendix B of the SPLNT Proposed
Action Modeling Report (BC 2019). Existing Conditions modeling and No Action modeling are not
impacted by updates to the SGP hydrologic model nor the ModPRO2 Alternative, so updating these
models is not necessary. This appendix summarizes the SPLNT Existing Conditions and No Action
modeling.

The SPLNT model domain represents the existing perennial stream network of the upper EFSFSR
and tributaries downstream to the confluence with the first perennial tributary downstream of the
study area (unnamed tributary with confluence at latitude 44.94121, longitude 115.3457), including
the existing Yellow Pine pit (YPP) lake. Figure 3 of the SPLNT Existing Conditions Report (BC 2018b)
shows the extent of the SPLNT model domain and which streams are explicitly simulated. The SPLNT
modeling extent has not changed since the development of the Existing Conditions models, and the
main report shows the model extent along with the reach configuration for the ModPRO2.

Pit lakes including YPP are simulated using a dynamic model that predicts a daily time series of
temperature and DO profiles and outlet water temperatures reflective of the full time series of
modeled scenarios. Outputs from the pit lake models serve as inputs to downstream reaches for
stream temperature modeling.

The SPLNT model was developed using two separate software packages: QUAL2K for stream
temperature modeling and the General Lake Model (GLM) for simulating pit lakes. QUAL2K
simulates stream temperature upstream and downstream of the pit lakes, using GLM-simulated pit
lake temperature as an input for the segment downstream of the lake.

Two SPLNT models are summarized in this appendix:

« The existing conditions model was developed to confirm that the approach resulted in models
capable of reproducing observed conditions, and through calibration/validation, demonstrated
the models’ suitability to perform predictive simulations of temperature and DO. Existing
Conditions included simulations for the YPP using the GLM. Details on the development of the
existing conditions model and goodness of fit are provided in the SPLNT Existing Conditions
Report (BC 2018b).

o No Action models were developed to simulate conditions that would be expected if the Proposed
Action is not implemented. No Action models are based on existing conditions models with a few
exceptions. Based on discussions with review agencies during development of the Proposed
Action models and after review of the initial draft SPLNT report (BC 2018c), some changes to the
modeling methods and assumptions were altered for the Proposed Action models. The No Action
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models incorporate these same changes for consistency. The reach configurations,
meteorological, and hydrologic inputs are the same for No Action and Existing Conditions
models; these models are independent of Alternative modeling, and do not directly use
streamflow output from the SGP hydrologic model.

General model specifications for the SPLNT models and scenarios are provided in Table 2-1.

Table 2-1. SPLNT Model Specifications
Model Area Active stream domain (linear miles): Existing Conditions and No Action: 25.5 miles
Modeling Software QUALZK (streams)
GLM (pit lakes)

Supplemental Modeling Tools | Shade.xls (stream shade inputs to QUAL2K)
TTools (spatial analyses for inputs to Shade.xls)

Units QUAL2K: metric
GLM: metric
Model Type QUAL2K: Steady-state flow model with diurnal temperature simulations
GLM (Pit Lakes): Time series model, one-dimensional vertical lake profile
Time Step QUAL2K: Hourly inputs over a 24-hour period to simulate daily output
GLM: Daily time steps for model inputs and outputs
Simulation Timelines and Existing Conditions:
Approach? QUAL2K: Two 24-hour periods representing maximum weekly temperature conditions for July-August

(Summer) and September-October (Fall).
GLM: Daily simulation period from January 1, 2014, to December 31, 2016, for YPP lake

No Action:

QUAL2K: Three 24-hour periods representing maximum weekly temperature conditions for July-August
(Summer) and September-October (Fall) and mean August temperature conditions to support occupancy
modeling

GLM: Daily simulation period from January 1, 2014, to December 31, 2016, for YPP lake
Boundaries QUAL2K (Streams): Node-based model; upstream inputs for each stream segment represent headwater
flow entering the model domain
GLM (Pit Lakes): Surface water and groundwater nodes representing water entering the model domain
Notes:

aThe specific periods selected for simulation with the QUAL2K model were low-flow, maximum weekly temperature, summer conditions
observed on July 29, 2016, and low-flow, maximum weekly temperature, fall conditions observed on September 24, 2014. These
maximum weekly summer and fall conditions are used for the No Action models as described in the SPLNT Proposed Action Modeling
Report (BC 2019) and the model calibration presented in the SPLNT Existing Conditions Modeling Report (BC 2018b). A subsequent
request by the agencies for mean August temperature modeling was also conducted for the Proposed Action and No Action conditions.
The period selected for simulation with the GLM for No Action was January 1, 2014, through December 31, 2016, to bracket the periods
simulated with QUAL2K.

Abbreviations:

BC = Brown and Caldwell

GLM = General Lake Model

SPLNT = stream and pit lake network temperature
YPP = Yellow Pine pit

2.1 Modeling Software

2.1.1 Stream Network Temperature Model

QUAL2K is a one-dimensional river and stream water quality model that simulates water temperature
over a 24-hour period under steady-state flow conditions. This model has been widely applied to
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temperature evaluations in the Pacific Northwest and is used by the EPA (Montana Department of
Environmental Quality and EPA Region 8 2014; Tetra Tech 2013, 2014). The modeled stream
network can consist of a mainstem river and branched tributaries. The streams are represented by a
series of reaches, each of which is represented using constant hydraulic characteristics (e.g., slope,
width). The heat budget and water temperatures are simulated as a function of meteorology,
headwater conditions, point and non-point loads, and withdrawals from each reach. QUAL2K is a
freely available update to the older QUAL2E model. Both versions use Fortran for numerical
computations, but QUAL2K has an enhanced user interface implemented within a Microsoft Excel
spreadsheet. The latest version of the model is maintained and distributed by Tufts University and is
available for download at http://www.qual2k.com/. The model outputs minimum, maximum, and
average daily temperature for each reach. Inputs that were applied to all model configurations and
scenarios in QUAL2K are provided in Appendix A which includes the heat balance equations applied
and the meteorological and headwater inputs for the summer and fall model periods.

A key input for the QUAL2K model is hourly stream shading, which is specified for each modeling
reach. The Washington State Department of Ecology developed a spreadsheet-based model called
Shade.xls to predict stream shading by reach at an hourly time step as needed for QUAL2K. The
Shade.xls model accounts for latitude, longitude, topography, vegetation (height, density, and
overhang), and solar radiation in its calculations. The Shade.xls model and documentation are
available at http://www.ecy.wa.gov/programs/eap/models.html. The Shade.xls model was adapted
from a Fortran-based program called HeatSource, developed by the Oregon Department of
Environmental Quality (ODEQ 2001 and 2009). The ODEQ also developed an ArcGIS extension called
TTools (Boyd and Kasper 2003) to process geospatial data for input into these models. TTools was
applied to process the spatial data for the Study Area and generate inputs for the Shade.xls model.
The TTools extension and supporting documentation are available at
http://www.oregon.gov/deq/wqg/tmdls/Pages/TMDLs-Tools.aspx.

2.1.2 Pit Lake Model

The GLM is a one-dimensional lake model which dynamically simulates water balance and vertical
stratification (Hipsey et al. 2014). The model produces a time series of temperature profiles that
account for surface water and groundwater inflows and outflows, surface heating and cooling (using
local weather conditions), and subsequent vertical mixing within the lake. The GLM provides a
modernized code structure around the same underlying equations of the older Dynamic Reservoir
Simulation Model (DYRESM) (Imberger and Patterson 1981; Antenucci and Imerito 2001), which has
a long history of use for mining applications (Castendyk 2009). Both programs were developed at the
University of Western Australia and are based on the same underlying models and equations, but
GLM was updated to produce greater computational efficiency and ease of use. Like DYRESM, GLM
can be paired with modules for simulating water quality, including a module capable of simulating
DO dynamics. The model can be run as a standalone executable (programmed using C++) or through
an R-project interface that was developed by the United States Geological Survey (USGS) (glmtools).
GLM is open-source and freely available under the GNU General Public License (GPLv3,
https://www.gnu.org/licenses/gpl.html).

2.2 Existing Conditions Model

The purpose of simulating existing conditions with the SPLNT model was to confirm that the
approach resulted in models capable of reproducing observed conditions, and through
calibration/validation, demonstrated the models’ suitability to perform predictive simulations of
temperature and DO. Details on the development and calibration of the existing conditions model
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are provided in the SPLNT Existing Conditions Report (BC 2018b) including reach-level
characteristics. This appendix provides a summary of the inputs for the Existing Conditions model.

QUAL2K. The steady-state QUAL2K component of the SPLNT model was designed to simulate: (1)
low-flow, maximum weekly temperature summer conditions (July through August) and (2) low-flow,
maximum weekly temperature fall conditions (September through October) to allow for an
assessment of mining impacts based on thermal criteria applicable to these conditions. To select
time periods representative of these two conditions, a review of historical observed flows and
temperatures was performed. Observed conditions on July 29, 2016, represent recurring
flows/temperatures observed over a 2-week period; steady-state simulations of July 29, 2016,
therefore represent low-flow, maximum weekly temperature, summer conditions. Similarly, the date
selected to represent consistently low-flow, maximum weekly temperatures during the fall was
September 24, 2014. The SPLNT Existing Conditions Report (BC 2018b) presents the observed flows
and temperatures for the two-week periods centering around these representative dates. The
meteorology and stream hydrology measured on these specific days provide the inputs to the SPLNT
model. For Existing Conditions and No Action models, the inputs are the same. To evaluate Project
Alternatives, the stream baseflows are adjusted based on a percent difference calculated by
comparing SGP hydrologic model simulations of No Action to a Project Alternative, but the
meteorology for the evaluation is not altered.

General Lake Model. The GLM simulation period of the YPP lake temperature and DO was January 1,
2014, through December 31, 2016. This period was selected to coincide with the extent of
concurrent flow, temperature, and meteorology data collected in the Study Area and to bracket the
representative periods simulated with QUAL2K. The series of daily simulated pit lake and DO
temperature profiles over the 3-year period were compared to stream flows and temperatures
observed by the USGS at the gage downstream as described below.

2.3 No Action Model

The No Action models are based on the Existing Conditions models but incorporate changes
discussed with the agencies following review of the preliminary draft Proposed Action models (BC
2018c). These changes were incorporated to address agency concerns regarding the estimate of
shade along the model reaches. These changes included the following relative to the existing
conditions model:

e Used 10-meter elevation data published by USGS rather than Light Detection and Ranging
(LiDAR)-based elevation data

o Applied the smallest potential shading from streambanks rather than an average based on left
and right bank elevations

o Assigned stream elevations based on single grid cell rather than adjacent grid cells
o Sampled vegetation data along the stream every 10 meters rather than every 60 meters

o Adjusted the Shade.xls model riparian zone configuration to accommodate a 7-foot restoration
planting zone in alignment with the post-closure vegetation analysis (BC 2019b, Section 4.2.2).

o Accounted for the presence of rock drains in the shade modeling rather than averaging in
characteristics for the QUAL2K model

The No Action models were developed to provide a comparison to the Proposed Action models using
a consistent set of methods. Reach-level QUAL2K model inputs and outputs for the No Action models
are provided in Appendix B of the SPLNT Proposed Action Modeling Report (BC 2019b) including
rating curves, hourly shade values, diffuse flow rates and temperatures, and point source inputs
representing small tributaries to the system.
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Data Types and Sources

This section describes the raw data that was used to develop the SPLNT model. Data processing to
generate model inputs is described in Section 4.

3.1 Topographic Data

Topographic data describes the changes in elevation, aspect angles, and the direction of stream
flows. There are two main sources of topographic data for the study area. Perpetua Resources
collected LiDAR data for most of the study area. Contours created from the LiDAR data are shown in
Figure 4 of the SPLNT Existing Conditions Report (BC 2018b). The USGS National Elevation Dataset
(NED) are available to fill holes in LiDAR coverage or extent beyond the study area as required by
TTools.

3.2 Meteorological Data

The QUAL2K model requires the user to input hourly values for air temperature, dew point
temperature, wind speed, and cloud cover. The GLM requires times series inputs for solar radiation,
air temperature, relative humidity, wind speed, rainfall, and snowfall.

Available data were compiled for the MesoWest Perpetua Resources station, which is located in
Meadow Creek valley. Figure 5 of the SPLNT Existing Conditions Report (BC 2018b) shows the raw
data available for 2014 through 2017 for this site.

3.3 Stream Hydraulic Data

Cross section data were collected along 15 reaches in the study area for the aquatic resource
baseline study (MWH Americas Inc. [MWH] 2017) and for field studies completed by Rio Applied
Science and Engineering (Rio ASE) for stream restoration design (Rio ASE 2019). Figure 6 of the
SPLNT Existing Conditions Report (BC 2018b) shows the location of the 12 cross sections measured
as part of the PACFISH/INFISH Biological Opinion surveys by MWH (2017). The location of the nine
cross section surveys by Rio ASE to support restoration design are shown in Figure 7 of the SPLNT
Existing Conditions Report (BC 2018b). The cross section data were used along with stream flow and
hydraulic data collected by the USGS at the five gages in the study area (also shown on Figure 6 and
Figure 7 of the SPLNT Existing Conditions Report (BC 2018b) and discussed in Section 3.5 of the
SPLNT Existing Conditions Report (BC 2018b) to develop the rating curves described in Section 4.3
of this appendix.

3.4 Pit Lake Bathymetry Data

Bathymetry for the YPP (Figure 8 of the SPLNT Existing Conditions Report [BC 2018b]) is available
from Quadrant Consulting, Inc. (2016) and was used to define the morphological characteristics for
the GLM existing conditions modeling.
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3.5 Stream Flow and Water Temperature Data

Water temperature and stream flow measurements are used to set initial conditions and develop
and calibrate the SPLNT model. Because the SPLNT model simulates a 24-hr period (selected based
on observations of low flow, steady state, warm temperature conditions), the SGP hydrologic model
does not provide direct inputs of stream base flows (i.e., diffuse flows) to the SPLNT model. The
hydrologic model runs on a monthly time step, and the SPLNT model was calibrated and validated to
specific days that represent weeks that would be comparable to maximum weekly summer and
maximum weekly fall conditions. When the SPLNT model is used to assess potential impacts due to
Project Alternatives, the percent change in simulated stream base flows from the SGP hydrologic
models for No Action and an Alternative are applied to the SPLNT No Action model and the diffuse
flows are adjusted accordingly. For example, a stream reach in the SPLNT No Action model may have
a baseflow (i.e., diffuse flow) input of 0.10 cubic feet per second (cfs). This input was set during
model development based on a mass balance approach such that the simulated stream flows at
USGS stream flow gages matched those observed on the representative day. The SGP hydrologic
model may have predicted a No Action monthly average baseflow over that reach of 0.12 cfs; this
value would not have been used to develop the SPLNT No Action models. Under a Project Alternative,
the SGP Hydrologic Model may have predicted a monthly average diffuse flow to that reach of 0.9
cfs, or a 25 percent reduction from the monthly average under No Action. The SPLNT Model for the
Project Alternative would then apply a 25 percent reduction to the diffuse flow in that reach, and the
input value would decrease from 0.10 cfs under No Action to 0.075 cfs under the Project Alternative.

Because of the way that the SGP hydrologic model is applied to the SPLNT models, the changes
made to the hydrologic model Existing Conditions or for the ModPRO2 Alternative do not require the
SPLNT No Action or Existing Conditions models to be rerun: these models are developed using daily
stream flow observations on specific days. When the SGP hydrologic model was revised for the
ModPRO2, a No Action hydrologic model was also developed. Stream baseflows from both revised
hydrologic models were used to calculate the percent change in stream baseflows, and this change
was applied to the SPLNT model inputs to evaluate the ModPRO2.

There are five active USGS stations in the watershed that measure flow and water temperature
(https://waterdata.usgs.gov/nwisl). In addition, Perpetua Resources measured water temperature
during the summer period between 2013 and 2016 for the surface water quality baseline study
(HDR Engineering, Inc. [HDR] 2017) and the aquatic resources baseline study (MWH 2017). These
data were used to develop the SPLNT Existing Conditions models. Figure 9 of the SPLNT Existing
Conditions Report (BC 2018b) shows the locations of the USGS gages and HDR monitoring stations
(32 of these stations monitor streams). Figure 6 of the SPLNT Existing Conditions Report (BC 2018b)
shows the location of the MWH stations where temperature was monitored (denoted by a “T” in the
center of the station label). Table 3-1 through Table 3-3 summarize the flow and the temperature
data available in the study area to develop the SPLNT Existing Conditions models. Figure 10 through
Figure 13 of the SPLNT Existing Conditions Report (BC 2018b) display the data available from these
gages and monitoring stations.

Table 3-1. USGS 15-Minute Streamflow and Temperature Monitoring Gages in the Study Area

Count of Measurements
Gage Tributary Name Drainage | Period of Record Available :

Number and L:(/:ation Area to Develop Existing SPLNT | Discha Water Ve:loc!t); Width Gage

(sq. mi.) Conditions Model rge | Temperature .(a . ! Height

in stream)
13310800 SIFSFSR above 9 2011-09-19102017-08-23 | 2,208 2,238 25 32 103
eadow Creek
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13310850 | Meadow Creek 5.6 2011-09-19 t0 2017-08-23 | 2,209 2,197 26 33 76
near Stibnite
13311000 Egﬁﬁﬁ:t 19.3 1983-01-2502017-08-24 | 11,361 2,384 26 32 | 136
13311250 | EFSFSRabove 25 2011-09-19t0 2017-08-24 | 2,246 2,052 26 33 | 136
Sugar Creek
13311450 S”g"‘srt(i’t:‘;‘i’t';“ear 18 2011-09-21t0 2017-08-24 | 2,244 2,052 26 33 | 137
Abbreviations:

EFSFSR = East Fork of the South Fork of the Salmon River
SPLNT = stream and pit lake network temperature

sq. mi. = square mile
USGS = United States Geological Survey

Table 3-2. Perpetua Resources Temperature Monitoring Stations (15-Minute Data)

Tributary Period of Record Available to
Station Number Name and | Develop Existing SPLNT Conditions
Location Model *
Headwaters—
MWH-001 EFSFSR 2013-2016
Headwaters—
MWH-003 EFSFSR 2013-2016
Headwaters—
MWH-004 EFSFSR 2014-2016
Deadman
MWH-005 Creek— 2013-2016
EFSFSR
Headwaters—
MWH-006 EFSFSR 2013-2016
Headwaters—
MWH-007 EFSFSR 2013-2016
MWH-008 Sugar Creek 2013-2016
MWH-021 Sugar Creek 2014-2016
No Mans
MWH-033 Creek— N/A
EFSFSR
Headwaters—
MWH-034 EFSFSR 2013-2016
MWH-051 Burntlog Creek 2014-2016
Trapper
MWH-054 Creek— 2014-2016
Johnson Creek
MWH-055 Riordan Creek 2016
Fourmile
MWH-056 Creek—SFSR 2014-2016
Goat Creek—
MWH-057 SFSR 2014-2016

Notes:

*Records have various gaps due to equipment failures.

3-3

20220127_BC_Final SGP SPLNT ModPRO2 Rpt Appendix A



SGP Appendix A. SPLNT Existing Conditions and No Action Models, ModPRO2 Report

Section 3

Source: Aquatic Resources Baseline Report (MWH 2017).
See Figure 6 of the SPLNT Existing Conditions Report (BC 2018b) for map of locations.

Abbreviations:

BC = Brown and Caldwell

EFSFSR = East Fork of the South Fork

of the Salmon River
MWH = MWH Americas, Inc.

N/A = Not available
SFSR = South Fork of the Salmon River

SPLNT = stream and pit lake network
temperature

Table 3-3. Perpetua Resources Stream, Seep, and Adit Temperature Monitoring Stations

Station Number Station Name Drainage Sample Count | Frequency Type
4 YP-AS-1 Sugar Creek 29 M, Q
5 YP-AS-2 Sugar Creek 37 M, Q
6 YP-AS-3 EFSFSR 35 M, Q
7 YP-AS-4 EFSFSR 36 M, Q
8 YP-AS-5 EFSFSR 1 Q
9 YP-AS-6 EFSFSR 34 M, Q
10 YP-AS-7 Meadow Creek 17 M, Q
11 YP-S-1 Sugar Creek 27 M, Q
12 YP-S-2 Meadow Creek 17 M, Q
13 YP-S-3 EFSFSR 24 M, Q
14 YP-S-5 Meadow Creek 16 M, Q
15 YP-S-6 Meadow Creek 34 M, Q
16 YP-S-7 Meadow Creek 33 M, Q
17 YP-S-8 Meadow Creek 34 M, Q
18 YP-S-9 EFSFSR 23 M, Q
19 YP-S-10 Meadow Creek 37 M, Q
20 YP-SEBS-1 EFSFSR 24 M, Q
21 YP-SEBS-2 EFSFSR 24 M, Q
22 YP-SR-2 EFSFSR 38 M, Q
23 YP-SR-4 EFSFSR 38 M, Q
24 YP-SR-6 EFSFSR 38 M, Q
25 YP-SR-8 EFSFSR 38 M, Q
26 YP-SR-10 EFSFSR 38 M, Q
27 YP-SR-11 EFSFSR 38 M, Q
28 YP-SR-13 EFSFSR 38 M, Q
29 YP-T-1 Sugar Creek 38 M, Q
30 YP-T-6 Sugar Creek 37 M, Q
31 YP-T-7 Sugar Creek 38 M, Q
32 YP-T-8A Sugar Creek 31 M, Q
33 YP-T-10 EFSFSR 37 M, Q
34 YP-T-11 EFSFSR 38 M, Q
35 YP-T-12 EFSFSR 27 M, Q
34
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Station Number Station Name Drainage Sample Count | Frequency Type
36 YP-T-17 EFSFSR 37 M, Q
37 YP-T-21 EFSFSR 38 M, Q
38 YP-T-22 Meadow Creek 38 M, Q
39 YP-T-23A Meadow Creek 23 M, Q
40 YP-T-27 Meadow Creek 38 M, Q
41 YP-T-29 Meadow Creek 38 M, Q
42 YP-T-33 Meadow Creek 38 M, Q
43 YP-T-35 EFSFSR 34 M, Q
44 YP-T-37 Sugar Creek 21 M, Q
45 YP-T-40 EFSFSR 38 M, Q
46 YP-T-41 EFSFSR 38 M, Q
47 YP-T-42 EFSFSR 23 M, Q
48 YP-T-43 Meadow Creek 35 M, Q
49 YP-M-3 Meadow Creek 35 M, Q
50 YP-HP-S1 Sugar Creek 30 M, Q
51 YP-T-15 EFSFSR 38 M, Q
52 Keyway Input Meadow Creek 4 Q
53 YP-M-4 EFSFSR 24 M, Q
54 GM-MN-192 EFSFSR 1 Q
55 GM-GC-56 EFSFSR 1 Q
56 GM-GC-60 EFSFSR 1 Q
57 Rabbit Adit EFSFSR 1 Q
58 GM-RC-220 EFSFSR 1 Q
59 GM-RC-216 EFSFSR 1 Q
60 YP-T-44 EFSFSR 23 M, Q
61 YP-SR-14 EFSFSR 26 M, Q
62 YP-T-45 Meadow Creek 17 M, Q
63 YP-T-46 Meadow Creek 10 M, Q
64 YP-T-47 EFSFSR 1 Q
65 YP-T-48 EFSFSR 19 M, Q
136 YP'H'ZJ(')%DGZ' EFSFSR 1 Q
138 YP-T-49 Sugar Creek 5 Q
Notes:

Source: Surface Water Quality Baseline Report (HDR 2017).

See Figure 9 of the SPLNT Existing Conditions Report (BC 2018b) for map of locations.

Abbreviations:

BC = Brown and Caldwell

EFSFSR = East fork of the South Fork of the Salmon River
HDR = HDR Engineering, Inc.
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M = monthly
Q = quarterly
SPLNT = stream and pit lake network temperature

3.6 Pit Lake Temperature Data

BC measured water temperature and DO in the YPP lake on October 3, 2017, between 12:11 p.m.
and 12:36 p.m. This pit lake is shallow (35 feet [ft] maximum depth at normal pool) relative to the
proposed West End and Hangar Flats pit lakes. Data were collected by boat at the center of the lake
(0631346E, 4976250N UTM). Temperature and DO profile data were collected approximately every
1.5 ft from the surface to 6.5 ft and every 3.2 ft from 6.5 ft to 33 ft using a YSI 556 Meter. The DO
meter was calibrated to the 100 percent saturation concentration before sampling, and a post-
sampling drift check was conducted to verify that the meter was operating within 10 percent of the
known calibration values. Secchi depth, a measure of water clarity, was also measured and was
found to be 21 ft.

The lake appeared to be well mixed and nearly isothermal through most of the water column (Table
3-4, Graph 3-1). There was a thin layer of ice on the northeast corner of the lake at the time of
sampling.

Historical temperature data for the YPP lake (URS Corporation 2000) are also available (Table 3-5).
Differences between surface and deep water temperatures collected in July, August, and September
1999 suggest stratification may have been relatively weak over the summer, but by September,
temperatures at the deepest (central) location are indicative of stable thermal stratification (URS
2000). Historical and recent monitoring station locations for the YPP are shown on Figure 14 of the
SPLNT Existing Conditions Report (BC 2018b).

Table 3-4. YPP Lake Measurements (October 3,2017)

Water Depth Temp DO DO Percent
(ft) (°C) (mg/1) Saturation?
0.33 4.4 11.34 108.6
0.66 4.2 10.4 99.1
3.3 4.1 10.3 98.3
4.9 4.0 10.1 95.4
6.6 4.0 10.1 95.9
9.8 4.0 10.12 96.3
13.1 3.9 9.9 93.9
16.4 3.8 9.8 92.8
19.7 3.8 9.8 92.7
23.0 3.8 9.9 93.7
26.2 3.8 9.7 91.6
29.5 3.9 9.7 92.0
32.8 3.9 9.6 91.1

Notes:

aEstimated assuming a barometric pressure of 613.0 mm Hg as specified on the field sheet (Appendix A).
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ft = foot/feet
mg/I = milligram per liter
YPP = Yellow Pine pit

Abbreviations:
°C = degree Celsius
DO = dissolved oxygen

Graph 3-1. YPP Lake Temperature and DO Depth Profiles (October 3, 2017)
Table 3-5. 1999 YPP Lake Profile Data

Temp (°C) DO (mg/1)

Station 7/15/1999 8/31/1999 9/14/1999 7/15/1999 8/31/1999 9/14/1999
GH-1
Surface 9.7 12.0 21.3 9.8 7.6 8.1
Mid 8.7 9.6 18.6 11.5 7.4 5.8
Bottom 8.5 9.4 17.9 11.7 6.2 4.9
GH-2
Surface 8.7 11.9 20.1 9.3 8.0 7.0
Mid 7.9 9.4 15.7 9.4 7.2 5.3
Bottom 7.8 8.6 12.6 8.8 0.3 4.7
GH-3
Surface 8.5 10.5 28.6 9.6 7.9 6.7
Mid 8.1 10.0 19.4 9.0 8.0 49
Bottom 8.1 9.5 18.2 9.0 7.5 49

Notes:

Source: URS 2000

Abbreviations:

°C = degree Celsius

DO = dissolved oxygen

mg/I = milligram per liter

YPP = Yellow Pine pit
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Methods and Generation of Model
Input

This section describes the methods and procedures used to generate model input for the SPLNT
model and the underlying models including TTools, Shade, QUAL2K, and GLM.

4.1 Development of Seamless Topographic Coverage

Topographic shading can be created by both near-field and far-field features, and the degree of
shading changes with the position of the sun. The Shade.xls model uses the maximum of the near-
field (banks, local hills) and far-field (ridgelines) topographic angles in each of the east, south, and
west directions to drive topographic shading. The TTools ArcGIS extension described by Boyd and
Kasper (2003) uses high resolution topographic data to identify shade angles in the near-field. This
high-resolution dataset is derived from LiDAR data everywhere LiDAR data have been collected (the
majority of the study area).

For the Existing Conditions models, far-field topographic shading (from distant ridge lines) was
evaluated using TTools and the 30-meter NED from the USGS. Figure 15 of the SPLNT Existing
Conditions Report (BC 2018b) shows the seamless topographic coverage generated from the LiDAR
and NED data. For the No Action models, the 10-meter NED from USGS was used.

4.2 Delineation of Subbasins

The SPLNT model explicitly simulates perennial streams and pit lakes that may be affected by the
PRO or alternatives. Areas upstream of this model domain are represented as headwater inputs to
the model. To estimate the flows entering as headwaters, the drainage area upstream of each
modeled reach is required. BC delineated the drainage areas to each model reach using the
seamless topographic coverage described in Section 4.1. Estimates of flows based on these
drainage areas vary for the calibration and validation period as described in Section 4.6.2.

BC also delineated drainage areas to locations in the study area where stream cross sections were
measured. These drainage areas were used to characterize channel dimensions as described in
Section 4.3.

BC delineated the drainage areas to USGS gages with reported drainage areas for comparison to
provide a quality assurance check. The drainage areas reported for four USGS gages (13310800
EFSFSR above Meadow Creek, 13311000 EFSFSR at Stibnite, 13311250 EFSFSR above Sugar
Creek, and 13311450 Sugar Creek near Stibnite) were within 0.8 percent of those delineated by BC.
One USGS gage (13310850 Meadow Creek near Stibnite) had a reported drainage area within

2.1 percent of that delineated by BC. This exercise demonstrates the accuracy of the methods used
and provides confidence that using drainage areas delineated by BC and applied in several steps in
the development of the SPLNT model does not introduce a noticeable level of uncertainty in the
modeling.

4-1
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4.3 Characterization of Channel Dimensions

Separate components of the SPLNT model require characterization of stream channel dimensions
including bankfull width and wetted depth, velocity, and width. The characterization of channel
dimensions supports modeling in TTools and QUAL2K. Units in this section are presented as metric
units consistent with the input requirements for these tools and to facilitate review by the USFS and
cooperating agencies.

Bankfull width is associated with channel forming flows and is often correlated with drainage area
(Emmett 1975; Lawlor 2004). Rating curves for bankfull width provided by Emmett and Lawlor were
evaluated for the study area and compared to data collected by MWH at 16 sites. Lawlor (2004)
provided rating curves for varying amounts of annual average precipitation. The rating curves for
regions with 30 to 45 inches of annual precipitation provided a better fit to the data compared to
Emmett and were selected to predict bankfull width for streams in the study area:

Ws = 1.84 * (DA0-441)
where
Ws = bankfull width in meters
DA = drainage area in square miles

Graph 4-1 of the SPLNT Existing Conditions Report (BC 2018b) compares the predicted and
observed bankfull widths using the Lawlor (2004) rating curves. A trendline with a slope of 1 would
indicate a near perfect fit. Given the varying conditions observed within a reach (typically comprising
riffles, runs, and pools), and the nature of the observations (a limited number of transects were
collected within each reach), a trendline slope of 0.81 and an R2 of 0.79 are sufficiently accurate for
this application. TTools requires bankfull width in its determination of topographic and vegetative
shading. TTools uses bankfull width to indicate the width across which rooted vegetation would not
occur (canopy overhang is accounted for separately). Predicted bankfull widths were assigned to
streamlines for this analysis.

Characteristics describing wetted conditions (velocity, depth, and wetted width) vary with stream
flow, and rating curve equations can be developed relating each of the three variables to flow. Laws
of continuity summarized by Emmett require that the sum of the rating curve equation exponents
equals 1, and the product of the coefficients equals 1. Thus, specification of two of the three curves
dictates the third curve. Rating curves were developed using data collected by USGS, MWH, and Rio
ASE. For this study area, the following rating curves were developed based on the available data:

Vw = 0.75 * (Q0-32)
Dw = 0.35 * (Q0-25)
Ww = 3.81 * (Q043)
where
Vw = Velocity in meters per second
Dw = Wetted depth in meters
Ww = Wetted width in meters
Q = Flow in cubic meters per second

Graph 4-2 through Graph 4-4 of the SPLNT Existing Conditions Report (BC 2018b) show the
predicted (i.e., computed from flow using the rating curve equations above; y-axis) versus observed
data (i.e., measured in the field by USGS, MWH, and Rio ASE; x-axis) for these three parameters (Vw,
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Dw, and Wy). Coefficients and exponents were adjusted to achieve the best fit across all three
parameters (the closest slopes to 1 for the dotted line and best R2 values). For these data, slopes of
the regression line of 0.73 to 0.74 were achieved across the three parameters. R2values ranged
from 0.44 (for width) to 0.92 (for velocity). The lower R2 for width indicates it is less strongly
correlated to flow compared to the other parameters. Fitting a rating curve solely to the width data
without the constraints of continuity did not result in higher R2 values.

These “global” rating curves were entered into QUAL2K to describe the hydraulic conditions
associated with simulated stream flow. During model calibration (described in Section 5.1), rating
curves for some segments were revised to better simulate water temperatures. Revisions to rating
curves were based on velocity, wetted depth, and wetted width measurements collected by MWH
and Rio ASE near the reach being calibrated. Table 4-1 summarizes the rating curve coefficients and
exponents for streams in the study area for the calibrated model. The coefficients and exponents for
each set of equations maintain the laws of continuity for flow.

Table 4-1. Rating Curves for Streams in the Study Area

Reach Description
(Number) Velocity (m/s) Depth (m) Width (m)

Model Reaches Upstream of YPP

EFSFSR above

* 0.32 * 0.2 * 0.43
Meadow Creek (1-6) 0.75* (Q°%) 0.22 * (Q0%9) 6.06 * (Q043)

Lower Meadow Creek
above East Fork
Meadow Creek (15
and 16)

0.48* (Q*%) 0.22 * (Q025) 9.47 * (Q043)

East Fork Meadow
Creek (17)

EFSFSR below
Meadow Creek (21)

1.60 * (Q0-32) 0.35 * (Q0-25) 1.78 * (Q0-43)

0.48 * (Q0-32) 0.22 * (Q0-25) 9.47 * (Q043)

Model Reaches Downstream of YPP

Upper Sugar Creek

and unnamed ¥ (1032 . (025 e oas
tributaries to upper 0.48*(Q°%7) 0.35*(Q%%) 5.95 * (Q043)

Sugar Creek (1-7)

Model Reaches Upstream and Downstream of YPP

All other streams in

the study area 0.75* (Q°%) 0.35 * (Q%%9) 3.81*(Qo43)
Abbreviations:

EFSFSR = East Fork of the South Fork of the Salmon River

m = meter

m/s = meter per second
YPP = Yellow Pine pit

4.4 Selection of Calibration and Validation Dates

QUALZ2K is a steady state model that predicts diurnal temperature variability. To evaluate potential
impacts of mining and restoration, simulation dates representative of thermal criteria (maximum
weekly summer and fall conditions) were selected as the calibration and validation periods. Late July
and late September were selected as the target periods for calibration and validation, respectively.
The calibration period was selected as a low-flow, high-temperature condition for comparison to the
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USFS MWMT and the IDEQ maximum daily maximum temperature, MWMT, and maximum daily
average temperature described in Section 1.2. The validation period was selected for comparison to
spawning season conditions for bull trout and Chinook salmon (the spawning period for steelhead is
in the spring when flows due to snowmelt runoff are relatively high and mining operations would be
less likely to impact water temperatures).

Evaluating 15-minute flow data available at multiple USGS gages in the study area during these
months led to the selection of July 29, 2016, for calibration and September 24, 2014, for validation.
Both dates represent steady-state flow conditions as shown in Figure 16 and Figure 17 of the SPLNT
Existing Conditions Report (BC 2018b). Fifteen-minute temperature data around this time is shown
on Figure 18 and Figure 19 of the SPLNT Existing Conditions Report (BC 2018b).

4.5 TTools and Shade Model Configuration

QUALZ2K requires hourly estimates of stream shading caused by topography and surrounding
vegetation. Estimation of hourly shade values for reaches simulated in QUAL2K have been
developed using TTools and Shade.xls. TTools is an ArcMap script that processes spatial coverages
of topographic and vegetative data and outputs aspect, topographic angles, canopy height, and
canopy density. TTools processes input data in several increments out from the stream channel over
a distance of 9 kilometers. Outputs from TTools are entered into the Shade.xls model along with
estimates of canopy overhang. Output from the Shade.xls model is entered into QUAL2K as hourly
shade estimates by reach. This section of the report describes how TTools and Shade.xls model were
used to support development of the SPLNT model.

4.5.1 TTools for Existing Conditions Models

The ArcGIS Extension TTools (Boyd and Kasper 2003) was applied to process the spatial data for the
study area and generate inputs for the Shade.xls model. The topographic data processed with TTools
is described in Section 4.1 and shown in Figure 150f the SPLNT Existing Conditions Report (BC
2018b).

Shading from riparian vegetation is influenced by canopy height, density, overhang, and distance
from the stream. The LiDAR data collected by Perpetua Resources was used to develop coverages of
canopy height and density using methods similar to those described by the USGS (2013) for the data
in the vicinity of the streams. Vegetation height was determined as the difference in elevation
between returns classified as vegetation and a normalized ground-surface layer based on ground-
classified returns. A 10-foot-by-10-foot raster layer of canopy height was created for the region using
the top of the vegetative layer in each cell. Vegetation density was estimated as the ratio of LiDAR
returns classified as vegetation to the total number of returns classified as vegetation or ground.
These height and density coverages were sampled for each stream reach using the TTools extension
to provide inputs to the Shade.xls model. Figure 20 through Figure 22 of the SPLNT Existing
Conditions Report (BC 2018b) show the vegetation characteristics provided by the USFS or derived
from the LiDAR data.

4.5.2 Shade Model for Existing Conditions Models

The Washington State Department of Ecology developed the Shade.xls model to facilitate the
generation of hourly shade estimates based on previous modeling by the ODEQ (Models for Total
Maximum Daily Load Studies; http://www.ecy.wa.gov/programs/eap/models.html). The Shade.xls
model accounts for geographic position, topography, and vegetation characteristics to estimate the
hourly percent shading by stream reach. Topographic shading can be created by both near-field and
far-field features, and the degree of shading changes with the position of the sun.

4-4

20220127_BC_Final SGP SPLNT ModPRO2 Rpt Appendix A



SGP Appendix A. SPLNT Existing Conditions and No Action Models, ModPRO2 Report Section 4

The Shade.xls model relies on output from TTools (Section 4.5.1) in the determination of hourly
shade values for QUAL2K (Section 4.6.5). In addition, the user must also assign canopy overhang
estimates. Average overhang was estimated as a percent of height for trees (10 percent) and shrubs
(25 percent) based on studies by Stuart (2012) and Shumar and de Varona (2009). The methods
from these studies were also used to estimate overhang for the Nemote Creek, Montana,
temperature total maximum daily load (TMDL) approved by EPA (Tetra Tech 2014).

The Shade.xls model was used to evaluate shade conditions every 200 feet along the stream
network. Substantial changes in hourly shade estimates along the reaches were used to inform
reach breaks for QUAL2K. Once the QUAL2K reaches were determined (based on the tributary
network and changes in shade estimates), the Shade.xls model was rerun to provide inputs to
QUALZ2K (hourly shade estimates by reach). Figure 23 of the SPLNT Existing Conditions Report (BC
2018b) shows the hourly Shade.xls model output every 200 feet along the streams. The length
shown on the y-axis for each panel is held constant.

4.5.3 No Action Shade Modeling

For the No Action models, shade values were estimated using mostly the same methods employed
for the existing conditions model, i.e., by analyzing LiDAR data collected by Perpetua Resources.
Canopy density and height were determined on a 6-meter-square grid.1 Figure 4-4 of the SPLNT
Proposed Action Modeling Report (BC 2019) shows the canopy density for the Existing Conditions
and No Action models. Changes to the methods between the Existing Conditions and No Action
models are listed in Section 2.3 of this appendix.

4.6 QUAL2K Model Configuration

This section describes the configuration and initialization of the QUAL2K model to represent Existing
Conditions and No Action for the study area. While Perpetua Resources typically reports English units
for reports, the QUAL2K model inputs are in metric units. These sections provide inputs in metric
units consistent with the QUAL2K model to facilitate review by the USFS and cooperating agencies.

4.6.1 Stream Network and Reach Characterization

QUALZ2K defines a model reach as one where average conditions are similar over the length of the
reach. Stream reaches were split into separate modeling reaches at tributary confluences, distinct
changes in shade, and the upper extent of proposed mine features. Stream reaches are the same for
the Existing Conditions and No Action models. Figure 24 of the SPLNT Existing Conditions Report (BC
2018b) shows the mean hourly shade from 05:00 to 20:00 based on output from the Shade.xls
model and conditions representative of early August (solar angles, etc.).

Two separate QUAL2K models have been developed to represent the Existing Conditions and No
Action for the study area. Because the YPP is in the model domain and is being simulated
dynamically using the GLM (Section 4.7), it was necessary to simulate the existing conditions
upstream and downstream of the YPP using two separate QUAL2K models. Table 4-2 summarizes
the reach configuration including the reach number, description, and length for each model.

1 Canopy density was calculated by dividing the number of vegetation-classified returns by the total number of returns
classified as either vegetation or ground surface within each 6-meter grid cell. For canopy height, each 6-meter-square cell
was subdivided into nine 2-meter-square cells and a canopy height model (CHM) was developed using the LiDAR package
(version 1.6.0) in R (version 3.5.1). The CHM provided the highest vegetation returns for each of the nine 2-meter-square
sub-cells within each 6-meter-square grid which were averaged to obtain the mean canopy height for each 6-meter grid cell.
The LiDAR data were analyzed on 10-ft-square pixels to develop spatial coverages of canopy height and canopy density.
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Table 4-2. Reach Characteristics for the QUAL2K Existing Conditions and No Action Models Upstream and Downstream of YPP

Reach

Number Reach Descriptiona Reach Length (km)
Model Reaches Upstream of YPP

1 EFSFSR, Headwater to reach break 0.50
2 EFSFSR, reach break to EFSFSR Tributary 4 0.43
3 EFSFSR Tributary 4 Headwater 0.63
4 EFSFSR, EFSFSR Tributary 4 to reach break 0.67
5 EFSFSR, reach break to Rabbit Creek 0.86
6 EFSFSR, Rabbit Creek to MC 1.91
7 MC, Headwater to reach break 1.40
8 MC, reach break to MC Tributary 2 1.16
9 MC Tributary 2, Headwater to reach break 0.76
10 MC Tributary 2, reach break to MC 0.60
11 Meadow Creek, MC Tributary 2 to MC Tributary 3 0.34
12 MC Tributary 3, Headwater to reach break 0.76
13 MC Tributary 3, reach break to MC 0.83
14 MC, MC Tributary 3 to reach break 0.90
15 MC, reach break to reach break 1.02
16 MC, shadebreak to East Fork MC 0.93
17 East Fork MC, Headwater to shadebreak 2.76
18 East Fork MC, shadebreak to MC 1.65
19 MC, East Fork MC to shadebreak 1.15
20 MC, shadebreak to EFSFSR 0.36
21 EFSFSR, MC to Garnet Creek 0.66
22 Garnet Creek, Headwater to shadebreak 1.10
23 Garnet Creek, shadebreak to EFSFSR 0.74
24 EFSFSR, Garnet Creek to FC 1.77
25 FC, Headwater to FC Tributary 3 0.52
26 FC, FC Tributary 3 to shadebreak 0.33
27 FC, shadebreak to EFSFSR 1.94
28 EFSFSR, FC to shadebreak 0.23
29 EFSFSR, shadebreak to Midnight Creek 0.36
30 Midnight Creek Headwater 2.99
31 EFSFSR, Midnight Creek to YPP Lake 0.12
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Reach

Number Reach Descriptiona Reach Length (km)
Model Reaches Downstream of YPP

1 (SC, Headwater to shadebreak 0.55
2 SC, shadebreak to SC Tributary 4 0.58
3 SC Tributary 4 Headwater 0.26
4 SC, SC Tributary 4 to SC Tributary 5 0.17
5 SC Tributary 5 Headwater 0.24
6 SSC, SC Tributary 5 to shadebreak 0.71
7 SC, shadebreak to West End Creek 0.92
8 West End Creek, Headwater to shadebreak 0.76
9 West End Creek, shadebreak to shadebreak 1.13
10 West End Creek, shadebreak to SC 1.60
11 SC, West End Creek to EFSFSR 1.19
12 EFSFSR, YPP Lake to SC 1.12
13 EFSFSR, SC to Hennessy Ditch 0.15b
14 Hennessy Creek, Headwater to shadebreak 1.49
15 Hennessy Ditch, shadebreak to shadebreak 0.92
16 Hennessy Ditch, shadebreak to EFSFSR 0.53
17 EFSFSR, Hennessy Ditch to Model End 0.86
Notes:

aShadebreaks are locations where a distinct change in shade was determined from the shade modeling and a new reach
was assigned.

b Actual distance is 0.04 kilometer. However, the QUAL2K model would not compile and complete the Fortran calculations
with the actual distance. Increased distance was necessary for the model to complete calculations for concentrated area

of confluence between EFSFSR, Sugar Creek, and Hennessy Ditch (upper reaches are referred to as Hennessy Creek due

to more natural condition). This resulted in moving the Hennessy Ditch input downstream approximately 360 feet in the

model.

Abbreviations: MC = Meadow Creek
EFSFSR = East Fork of the South Fork of the SC = Sugar Creek
Salmon River YPP = Yellow Pine pit

FC = Fiddle Creek
km = kilometer

4.6.2 Headwater Flows and Temperatures

The model domain for the QUAL2K model is illustrated in Figure 3 of the SPLNT Existing Conditions
Report (BC 2018b). Drainage areas upstream of the model domain are represented in the model as
headwater inputs. Table 4-3 and Table 4-4 summarize the flow and temperatures specified for these
headwaters for the calibration and validation models used to evaluate maximum weekly summer
and fall conditions, respectively. Flows were based on the drainage areas delineated to each point
using the methods described in Section 4.2. Water temperatures were based on observations
recorded at nearby, similar temperature monitoring sites. Changes in water temperature relative to
stream length (to inform assumptions on headwater temperatures) were estimated based on the
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difference in measurements at MWH-034 and MWH-003 (Figure 6 of the SPLNT Existing Conditions
Report [BC 2018b]). These stations were selected because they are the most upstream stations in
the headwaters of the study area that are close enough together to not be influenced substantially
by diffuse flow inputs or tributaries. Simulated diurnal variability at the headwaters was exaggerated
slightly relative to temperatures observed downstream (while the daily averages were maintained).
Headwaters have lower stream flows and are subject to greater fluctuations in water temperature.
This pattern was observed by comparing upstream and downstream temperature monitoring data.

Table 4-3. Daily Average Stream Flows Specified for Headwaters for the Calibration and Validation Periods Used to Evaluate the

Maximum Weekly Summer and Fall Conditions, Respectively

;‘;')l)llgs;y S, 52 Drainage Area at Av?é?iiﬁ::ziﬂz VI;;(;? ) Aviz)?g\fallji::ziz:]o‘ll)v;gn o
Headwater Input (sq. mi.) (July 29, 2016) (September 24, 2014)

Sugar 14.810 0.307 0.200

SugarTrib_4 0.250 0.005 0.003

SugarTrib_5 0.470 0.010 0.006

West End 0.024 0.0005 0.0003

Hennessy 0.250 0.005 0.003

Midnight 0.034 0.001 0.0005

Fiddle 0.960 0.019 0.014

Fiddle_Trib3* 0.078 0.002 0.001

Garnet 0.048 0.0009 0.0007

East Fork Meadow 0.740 0.016 0.010

Meadow_Trib3 1.020 0.022 0.013

Meadow_Trib2 0.310 0.007 0.004

Meadow 0.640 0.014 0.008

Rabbita 0.630 0.015 0.012

EFSFSR_Trib4 1.910 0.044 0.036

EFSFSR_US 4.040 0.093 0.076

Notes:

aFiddle_Trib3 and Rabbit are simulated as point source inputs rather than tributaries.

Abbreviations:

BC = Brown and Caldwell

cms = cubic meter per second
sq. mi. = square mile
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Table 4-4. Range of Hourly Water Temperatures Specified for Headwaters for the Calibration and Validation Periods Used to Evaluate
the Maximum Weekly Summer and Fall Conditions, Respectively

Minimum, Average, and Maximum | Minimum, Average, and Maximum
Tributary Hourly Temperatures (°C) for Hourly Temperatures (°C) for
(see Figure 3, BC 2018b) Calibration Date Validation Date

(July 29, 2016) (September 24, 2014)

Sugar 6.7,9.8,13.7 7.5,8.7,9.9
West End 5.6,8.3,11.5 6.7,7.9,9.1
Hennessy 5.6,8.3,11.5 6.7,7.9,9.1
EFSFSR Below YPP2 13.4 10.5
Midnight 5.6,8.3,11.5 6.7,7.9,9.1
Fiddle 5.6,8.3,11.5 6.7,7.9,9.1
Fiddle_Trib3b 8.3 7.9
Garnet 5.6,8.3,11.5 6.7,7.9,9.1
East Fork Meadow 5.6,8.3,11.5 6.7,7.9,9.1
Meadow_Trib3 5.6,8.3,11.5 6.7,7.9,9.1
Meadow_Trib2 5.6,8.3,11.5 6.7,7.9,9.1
Meadow 7.8,10.9, 14.6 7.5,8.7,9.9
Rabbit> 8.3 7.9
EFSFSR_Trib6 5.6,8.3,11.5 6.7,7.9,9.1
EFSFSR_US 6.7,9.8,13.7 7.5,8.7,9.9
Notes:

aHeadwater inputs for EFSFSR below the YPP are derived from the GLM described in Section 4.7.
b Tributaries simulated as point sources are only assigned a mean daily temperature as model input.

Abbreviations:
BC = Brown and Caldwell
< = degree Celsius

EFSFSR = East Fork of the South Fork of the Salmon River

YPP = Yellow Pine pit

4.6.3 Diffuse Flow Inputs and Temperatures

Groundwater inputs are simulated by QUAL2K as diffuse flows that are constant inputs over the
length of a reach. Assignment of diffuse flows maintains the flow balance throughout the system.
Diffuse flows were assigned based on the observed differences at upstream and downstream USGS
flow gages. Daily average water temperatures must also be defined for diffuse flows.

Table 4-5 summarizes the diffuse flow inputs and water temperatures assigned to each QUAL2K
model reach. Diffuse source temperature was estimated as the average of (1) mean ambient air
temperature for the preceding month of the calibration/validation period and (2) the average of
seep/adit water temperature data collected by HDR between 2012 and 2016. Seep/adit
temperatures were sorted spatially to apply to specific reaches and temporally to apply to the
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specific calibration and validation periods. This approach allowed for the use of site-specific data and
consistency with approaches used for EPA-approved TMDLs (Montana DEQ and EPA Region 8 2014;

Tetra Tech 2013, 2014).

Table 4-5. Diffuse Flows and Associated Water Temperature for the QUAL2K Models Upstream and Downstream of YPP

Calibration Run

Validation Run

Validation Run

Reach . Calibration Run . . .
Reach Description | _. Daily Average Water Diffuse Inflow | Daily Average Water
Number Diffuse Inflow (cms) o o
Temperature (°C) (cms) Temperature (°C)
Model Reaches Upstream of YPP
1 EFSFSR, Headwater 0.0060 11.90 0.0050 10.60
to reach break
EFSFSR, reach break
2 to EFSFSR Tributary 4 0.0050 11.90 0.0040 10.60
3 EFSFSR Tributary 4 0.0070 11.90 0.0060 10.60
Headwater
EFSFSR, EFSFSR
4 Tributary 4 to reach 0.0070 11.90 0.0060 10.60
break
EFSFSR, reach break
5 to Rabbit Creek 0.0100 11.90 0.0080 10.60
EFSFSR, Rabbit
6 Creek to MC 0.0210 13.90 0.0170 11.60
7 MC, Headwater to 0.0180 11.90 0.0110 10.60
reach break
MC, reach break to
8 MC Tributary 2 0.0150 11.90 0.0090 10.60
MC Tributary 2,
9 Headwater to reach 0.0100 11.90 0.0060 10.60
break
MC Tributary 2, reach
10 break to Meadow 0.0080 11.90 0.0050 10.60
Creek
MC, MC Tributary 2 to
11 MC Tributary 3 0.0040 11.90 0.0030 10.60
MC Tributary 3,
12 Headwater to reach 0.0100 11.90 0.0060 10.60
break
MC Tributary 3, reach
13 break to MC 0.0100 11.90 0.0060 10.60
14 MC, MC Tributary 3 to 0.0090 13.90 0.0060 11.60
reach break
15 MC, reach break to 0.0070 13.90 0.0060 11.60
reach break
MC, shadebreak to
16 East Fork MC 0.0060 13.90 0.0060 11.60
East Fork MC,
17 Headwater to 0.0180 11.90 0.0160 10.60
shadebreak
East Fork MC,
18 shadebreak to MC 0.0110 11.90 0.0100 10.60
4-10
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Calibration Run

Validation Run

Validation Run

Reach . Calibration Run . . .
Reach Description | _. Daily Average Water Diffuse Inflow | Daily Average Water
Number Diffuse Inflow (cms) o o
Temperature (°C) (cms) Temperature (°C)
19 MC, East Fork MC to 0.0080 13.90 0.0070 11.60
shadebreak
MC, shadebreak to
20 EFSFSR 0.0020 13.90 0.0020 11.60
21 EFSFSR, MC to 0.0040 13.90 0.0020 11.60
Garnet Creek
Garnet Creek,
22 Headwater to 0.0070 11.90 0.0040 10.60
shadebreak
Garnet Creek,
23 shadebreak to 0.0050 11.90 0.0030 10.60
EFSFSR
EFSFSR, Garnet
24 Creek to FC 0.0110 11.90 0.0060 10.60
25 FC, Headwater to FC 0.0030 11.90 0.0020 10.60
Tributary 3
26 FC, FC Tributary 3to 0.0020 11.90 0.0010 10.60
shadebreak
FC, shadebreak to
27 EFSESR 0.0120 11.90 0.0070 10.60
28 EFSFSR, FC to 0.0010 11.90 0.0010 10.60
shadebreak
EFSFSR, shadebreak
29 to Midnight Creek 0.0020 11.90 0.0010 10.60
30 Midnight Creek 0.0190 11.90 0.0100 10.60
Headwater
EFSFSR, Midnight
31 Creek to YPP Lake 0.0010 11.90 0.0004 10.60
Model Reaches Downstream of YPP
1 SC, Headwater to 0.0040 11.90 0.0030 10.60
shadebreak
2 SC, shadebreak to SC 0.0040 11.90 0.0030 10.60
Tributary 4
3 SCTributary 4 0.0020 11.90 0.0010 10.60
Headwater
SC, SC Tributary 4 to
4 SC Tributary 5 0.0010 11.90 0.0010 10.60
5 SCTributary 5 0.0020 11.90 0.0010 10.60
Headwater
6 SC, SCTributary 5 to 0.0050 11.90 0.0030 10.60
shadebreak
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Reach Calibration Run Calibration Run Validation Run Validation Run
Number Reach Description Diffuse Inflow (cms) Daily Average Water Diffuse Inflow | Daily Average Water
Temperature (°C) (cms) Temperature (°C)
SC, shadebreak to
7 West End Creek 0.0070 11.90 0.0040 10.60
West End Creek,
8 Headwater to 0.0050 11.90 0.0040 10.60
shadebreak
West End Creek,
9 shadebreak to 0.0080 11.90 0.0050 10.60
shadebreak
West End Creek,
10 shadebreak to SC 0.0050 11.90 0.0030 10.60
SC, West End Creek
11 to EFSFSR 0.0080 14.80 0.0060 12.00
12 EFSFSR, ;FC'P Lake to 0.0070 11.90 0.0040 10.60
13 EFSFSR, SCto 0.0003 14.80 0.0001 12.00
Hennessy Creek
Hennessy Creek,
14 Headwater to 0.0090 11.90 0.0050 10.60
shadebreak
Hennessy Ditch,
15 shadebreak to 0.0060 11.90 0.0030 10.60
shadebreak
Hennessy Ditch,
16 shadebreak to 0.0030 11.90 0.0020 10.60
EFSFSR
EFSFSR, Hennessy
17 Ditch to Model End 0.0050 14.80 0.0030 12.00
Abbreviations:

C = degree Celsius

cms = cubic meter per second

EFSFSR = East Fork of the South Fork of the Salmon River
FC = Fiddle Creek

MC = Meadow Creek

SC = Sugar Creek

YPP = Yellow Pine pit

4.6.4 Meteorological Inputs

For the QUAL2K modeling of existing conditions, observed conditions for the calibration and
validation dates were input to the model. QUAL2K calculates the heat balance based on the
geographical position, hours of daylight, short- and long-wave radiation, atmospheric attenuation,
reflection, conductance, convection, thermal exchange with the sediments, cloud cover, and shade.
Cloud cover and shade are input by the user on an hourly basis. QUAL2K provides user-selected
calculations for the other required terms of the heat balance. Meteorological data from the
MesoWest station in the study area were used to develop the hourly meteorological inputs for the
QUAL2K model for the calibration date (July 29, 2016) and the validation date (September 24,
2014) as shown in Figure 25 of the SPLNT Existing Conditions Report (BC 2018b). Hourly air
temperature, dew point temperature, and wind speed are directly input to QUAL2K. Solar radiation is
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used to estimate cloud cover. For the calibration and validation dates selected, the solar radiation
observations generate a smooth curve with values expected for this time of year when no cloud
cover is present. Thus, for these dates, percent cloud cover was set to zero each hour. This
assumption also results in conservative assumptions for evaluating model scenarios because the
maximum amount of solar radiation would reach the streams under this condition.

In subsequent reports, these scenarios will represent the Proposed Action and alternatives by
altering the channel configurations, stream flows, and shading values as appropriate (i.e., increased
shading due to riparian vegetation restoration or decreased shading due to removal of vegetation).
Meteorological conditions will not be varied when evaluating potential changes to water temperature
caused by mining operations. Some meteorological inputs were varied during model sensitivity
analyses (BC 2018b, Section 5.3)

4.6.5 Shade Inputs

Section 4.5.2 describes how the Shade.xls model was used to evaluate the fraction of shade each
hour of the day along the tributaries evaluated. Mean hourly shade values were used to inform reach
breaks for QUAL2K. Once the reaches were defined, the incremental output (every 60 meters for the
Existing Conditions Models and every 10 meters for the No Action Models) from Shade.xls was
averaged to provide inputs to the QUAL2K model. Reach level hourly shade values are provided in
the SPLNT Existing Conditions Report (BC 2018b) and Appendix B of the SPLNT Proposed Action
Report (BC 2019) for Existing Conditions and No Action, respectively.

4.6.6 QUAL2K Inputs for the Light and Heat Budget

QUAL2K simulates the heat balance with a series of equations describing short- and long-wave
radiation, thermal exchange with the air and sediments, and evaporation. The various methods and
assumptions are described in the QUAL2K User Manual (Chapra et al. 2008). Table 4-6 lists the
inputs specified for the calibration and validation runs for the SGP. Default model parameters were
applied. The model was not sensitive to altering the default values (BC 2018b, Section 5.3).

Table 4-6. Specifications for the QUAL2K Heat Balance Described by Chapra et al. (2008) Parameter

‘ Value | Units
Solar shortwave radiation model
Atmospheric attenuation model for solar Ryan-Stolzenbach -
Atmospheric turbidity coefficient (2 = clear, 5 = smoggy, default = 2) 2.0 -
Atmospheric transmission coefficient (0.70-0.91, default 0.80) 0.8 -
Atmospheric longwave emissivity model Brunt -
Evaporation and air convection/conduction
Wind speed function for evaporation and air convection/conduction Brady-Graves-Geyer -
Sediment heat parameters
Sediment thermal thickness 10.0 cm
Sediment thermal diffusivity 0.0064 cm2/s
Sediment density 1.6 g/cm3
Water density 1.0 g/cm3
Sediment heat capacity 0.4 cal/(g°C)
Water heat capacity 1.0 cal/(g°C)
Abbreviations: cm2/s = square centimeter per second
cm = centimeter g/cm3 = gram per centimeter cubed
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4.7 GLM Configuration for Existing Conditions

The GLM dynamically simulates the heat and water balance of the YPP lake over depth and through
time and therefore requires time series inputs of model drivers and boundary conditions. This
section describes the model configuration, assumptions, and data sources for simulating the existing
temperature conditions as water enters and passes through the YPP.

4.7.1 Bathymetry

Existing bathymetric data (Figure 8 of the SPLNT Existing Conditions Report [BC 2018b], Quadrant
Consulting, Inc. 2016) were used to quantify the relationship between water depth, surface area,
and water volume. Because the model uses a 1-dimensional approximation of the lake, the structure
in the horizontal direction is simplified to a simple relationship relating the vertical depth increments
to water volume (Graph 4-5 of the SPLNT Existing Conditions Report [BC 2018b]). Water volume
within any specified depth layer can be integrated from this relationship.

These data were used directly in the GLM model to dynamically calculate the volume of water within
each thermal layer as they expand and shrink through time.

4.7.2 Upstream Inflow and Water Temperature

Daily inflow volume was obtained from a continuous record of flow from USGS Gage 13311000
EFSFSR at Stibnite, which is the nearest gage upstream of the YPP (Figure 6 of the SPLNT Existing
Conditions Report [BC 2018b]). The volume of water entering the YPP is high relative to the size of
the lake. When flows are their greatest during the spring, the residence time of the lake is under one
day and inflow often provides enough water to refill the lake two to eight times in a single day. Even
during the periods of low flow, the residence time of the lake is on the order of only 5 to 7 days. This
rate of flow-through relative to the volume of the lake is the most important driver of conditions in
the YPP. Figure 28 of the SPLNT Existing Conditions Report (BC 2018b) shows the observed flows
upstream and downstream of the YPP and the estimated residence time.

The record of water temperature at USGS Gage 13311000 EFSFSR at Stibnite is not as complete as
the flow record and only includes the periods between April 25, 2014, to Sept 20, 2014, and
between March 29, 2016, and October 4, 2016. To develop a full record of temperature for input for
the model, water temperatures from nearby sites with a more complete record were compared with
water temperature at Gage 13311000 EFSFSR at Stibnite for all overlapping periods. Because of a
strong coherence in temperature among sites on the stream network (slopes near 1 and R2 values
between 0.98 and 0.99), statistical relationships were used to develop a complete time series of
temperatures for the water entering the YPP (Graph 4-6 of the SPLNT Existing Conditions Report [BC
2018Db]). The closest upstream station with available data was used for each missing period (MWH-
004, then MWH-003). For the last missing period, beginning in October 2016, no upstream data
were available, and the next downstream station was used (USGS 13311250) (Graph 4-7 of the
SPLNT Existing Conditions Report [BC 2018b]).

Shaded regions indicate periods without temperature data at the closest upstream gage (USGS-
13311000), and the color identifies which temperature gage was used for generating the input data
set during each period.

4.7.3 Meterological Drivers

The GLM requires at least daily values of air temperature, relative humidity, incoming solar radiation,
wind speed, and precipitation. These datasets were primarily compiled from Perpetua Resources’s
on-site weather station record. For periods of missing data, values were obtained through the best
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available statistical relationships with other data sources, including the National Climatic Data
Center dataset from McCall, Idaho (National Centers for Environmental Information,
https://www.ncei.noaa.gov), and grid-based data sets including PRISM (PRISM Climate Group,
http://prism.oregonstate.edu) and Daymet (Thornton et al. 2017).

Daymet provided the relationship with the on-site mean daily air temperatures (R2 = 0.97) and was
used to fill in all gaps in temperature when it was available. Daymet provided the only other source
for incoming solar radiation during times the on-site station was down and was used to fill in missing
values.

On-site relative humidity was best predicted from the data recorded at the National Climatic Data
Center weather station in McCall (R2 = 0.79), and the PRISM dataset was used to fill in the few times
when data were unavailable from the McCall station. Wind speed and precipitation are typically more
local phenomena with only longer-term averages showing spatial correspondance among distant
stations. Data from the McCall weather station were used as surrogates when necessary, with the
understanding that any single predicted value may not be accurate but that accuracy improves when
averaged over several days.

The full set of daily meteorologic input values are provided in Figure 29 of the SPLNT Existing
Conditions Report (BC 2018b).
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Section 5

Results

This section summarizes results for the Existing Conditions and No Action models. The components
of the SPLNT model (QUAL2K and GLM) each have different applications as described below.

QUAL2K Output. Streams in the study area are simulated with the QUAL2K model, which predicts the
average, minimum, and maximum stream temperatures for each reach. Output from the QUAL2K
maximum weekly summer and fall models were used to provide a comparison to evaluate the
potential impacts associated with the Project Alternatives relative to thermal criteria published by the
USFS and Idaho DEQ (Section 1.2). Output from the mean August QUAL2K models provides input to
the bull trout and Westslope cutthroat trout occupancy models being developed by Ecosystem
Sciences.

QUAL2K simulation days were selected to represent two-week periods with nearly constant diurnal
observations of stream flow and water temperatures representing maximum weekly temperatures
associated with low-flow summer and low-flow fall conditions. These near-constant periods were
selected for comparison to weekly temperature criteria as well as daily criteria. Selecting periods
with consistent conditions over two weeks, results in greater confidence that the models are
appropriate for comparison to weekly-based criteria. The selection of the simulation days and the
presentation of the observed flow and temperature data over the two weeks surrounding the
selected date are provided in the SPLNT Existing Conditions Report (BC 2018b). Additional QUAL2K
models for No Action and Project Alternatives were developed to represent mean August conditions
to support the occupancy models. Meteorological inputs for the maximum weekly summer and fall
periods and the mean August conditions are provided in Appendix A of the SPLNT Proposed Action
Modeling Report (BC 2019).

GLM Output. Output from the GLM provides flow and temperature data to downstream QUAL2K
reaches. GLM output defines the “headwater” condition for reaches that are downstream of the YPP.
For the Existing Conditions and No Action models, the GLM output for the representative day was
applied to the reaches downstream, as described in BC 2018b.

The SPLNT model predictions (predictions, P) were evaluated using the mean error (ME) and
absolute mean error (AME) as measures of goodness of fit compared to observations (O) for daily
minimum, mean, and maximum temperatures across all N sites with observations (sites, i). These
performance measures were calculated as follows and are reported in measurement units (°C).

1 N
ME = NZ Pi - Oi
i=1
N
1
i=1
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The time series of predicted outlet temperatures (P) from YPP were additionally evaluated against
downstream observations (0) using the Nash-Sutcliffe efficiency coefficient (E) calculated as follows:

Yt=1(Py — 0,)?
The Nash-Sutcliffe efficiency coefficient can range from negative infinity to 1. A value of zero
indicates the model does no better than simply using the mean of the observed values as the
prediction. A value of 1 indicates the model predicts the observations perfectly. A value of less than
0 indicates the model residual variance is greater than the variance in the data—that is, the model is
a worse predictor of the observations than mean of all the observations.

5.1 Existing Conditions Model Output

The SPLNT Existing Conditions model was calibrated and validated to dates that are representative
of low-flow, steady state, warm conditions. Two dates were selected for model development for
comparison to maximum weekly summer and maximum weekly fall conditions. These conditions are
the basis of applicable thermal criteria that are used to evaluate potential impacts of the Project. The
SPLNT model was calibrated for July 29, 2016 to represent the maximum weekly summer condition
and validated for September 24, 2014 to represent the maximum weekly fall condition.

The simulated daily maximums, daily minimums, and daily averages compared to observations for
streams upstream and downstream of the YPP are shown in Table 5-1. Graphical comparisons are
provided Figure 30 and Figure 33 of the SPLNT Existing Conditions Model Report (BC 2018b). For
the July date, observations are available at eight locations above YPP and three locations below YPP
for comparison to simulated water temperatures. The range of observed hourly temperatures in the
calibration target dataset was 7.2 to 19.59°C; the model-simulated temperatures were within 1.05°C
of the observed temperatures for all calibration targets. Across the model domain, the mean error of
model simulated daily average and maximum temperatures indicates little bias with values less than
0.1 °C. The mean error of minimum daily temperatures was 0.4 °C, showing, on average, a slightly
conservative overestimate of minimum temperature. Mean absolute errors for all three metrics were
0.3, 0.4, and 0.6 °C respectively. For the fall date, observations are available at seven locations
upstream of YPP and four locations below YPP. The range of observed temperatures in the validation
target dataset was 6.61 to 15.72°C; the model-simulated temperatures were within 1.58°C for all
validation targets. The mean absolute error (error = simulated minus observed temperature) was
0.6, 0.4, and 0.7 for the minimum, average, and maximum temperatures, respectively, indicating the
validated model was slightly conservative in its predictions (estimating temperatures slightly higher
than those observed). For both calibration and validation, the model-simulated temperatures were
sometimes higher and sometimes lower than those observed, indicating the model is not biased in
either direction.

The GLM was calibrated to observed temperature data from the USGS gage (13311250) located
approximately 1 kilometer downstream of the YPP using three years of simulated and observed daily
flows and temperatures. A total of 417 temperature targets were utilized for the calibration Figure
31of SPLNT Existing Conditions Model Report (BC 2018b) shows the temperature results for the YPP
GLM. The top half of the figure shows the time series of simulated outflow temperature values
compared to those observed downstream of YPP. For periods when observations are available, the
model output matches the observed data well, with a mean absolute error of 0.7 °C. Modeled YPP
outlet temperatures are on average 0.4 °C lower than the observed temperatures at the USGS gage
(13311250) approximately 1 kilometer downstream from YPP. This error is small compared to the
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daily range in observed temperatures of 2.4 °C and is in the right direction given that the water
temperature should warm slightly as it moves out of the YPP and flows downstream in the EFSFSR.
The lower half of the figure shows the daily average observed temperatures versus predicted (R2 =
0.96, Nash-Sutcliffe efficiency = 0.94). This comparison to observed data indicates that the GLM is
suitable for simulating pit lake temperatures as a component of the SPLNT model. Because the GLM
output becomes an input for QUAL2K and influences downstream temperatures, the calibration
performed for QUAL2K downstream of YPP is a further demonstration of GLM performance. The
calibration exercise to compare modeled results to observed data indicates that the GLM is suitable
for simulating pit lake temperatures.

Model results for DO and temperature over the depth of the YPP lake are shown Figure 32 of SPLNT
Existing Conditions Model Report (BC 2018b). The model shows the lake beginning to stratify during
periods of low flow and warm weather, but stratification often appears to be weak and easily
disturbed by moderate flow events during its onset. For the summer of 2015, stratification appears
to have been able to set in with less disturbance, allowing a stronger temperature gradient and thus
stratification to persist for a longer period.
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Table 5-1. Simulated, Observed, and Temperature Differences Compared to Observations for the QUAL2K Existing Conditions Model

Temperature (°C)
Model Reach Reach Distance Upstream from
Above or Below YPP Number Description Mouth of Tributary (km) Simulated Simulated Simulated Observed Observed Observed Sim-Obs Sim-0bs Sim-Obs
Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum
For the Calibration Date
Above 5 EFSFSR3 5.80 9.76 7.24 12.92 9.87 7.24 13.02 -0.11 0.00 -0.10
Above 6 EFSFSR4 (at Rabbit Creek) 3.40 9.83 7.62 12.23 10.00 7.20 13.20 -0.17 0.42 -0.97
Above 21 EFSFSR5 (at Meadow Creek) 2.60 11.79 8.02 16.56 12.20 8.20 17.00 -0.41 -0.18 -0.44
Above 11 MC2 (at MC Tributary 2) 4.50 11.27 9.58 13.73 10.99 8.53 13.95 0.28 1.05 -0.22
Above 14 MC4 (at MC Tributary 3) 3.70 10.92 9.22 13.16 10.60 8.20 13.50 0.32 1.02 -0.34
Above 15 Mc6 3.00 11.88 8.98 16.02 11.29 8.27 15.26 0.59 0.71 0.76
Above 20 MC10 0.27 13.34 8.59 20.33 13.47 8.54 19.59 -0.13 0.05 0.74
Above 18 MC9 0.10 11.83 8.75 16.83 11.60 7.63 17.00 0.23 1.12 -0.18
Below 11 SC5 1.20 10.79 7.54 15.40 11.60 8.40 15.70 -0.81 -0.86 -0.30
Below 12 YPP Lake Headwater 0.25 13.46 12.82 14.99 13.60 12.00 14.70 -0.14 0.82 0.29
Below 12 YPP Lake Headwater 0.15 13.46 12.82 14.99 13.70 12.20 14.80 -0.24 0.62 0.19
Average 11.67 9.20 15.20 11.72 8.76 15.25 -0.05 0.43 -0.05
Mean Error -0.05 0.43 -0.05 - - - - - -
Mean Absolute Error 0.31 0.62 0.41 - - - - - -
For the Validation Date
Above 6 EFSFSR4 (at Rabbit Creek) 3.40 8.39 6.99 10.27 8.40 6.70 10.40 -0.01 0.29 -0.13
Above 21 EFSFSR5 (at Meadow Creek) 2.60 9.41 6.95 13.20 9.60 7.00 13.20 -0.19 -0.05 0.00
Above 11 MC2 (at MC Tributary 2) 4.50 9.50 8.27 11.60 8.86 7.38 10.71 0.64 0.89 0.89
Above 14 MC4 (at MC Tributary 3) 3.70 9.29 8.04 11.32 8.40 7.00 10.80 0.89 1.04 0.52
Above 15 MC6 3.00 9.85 7.65 13.75 9.11 6.93 12.17 0.74 0.72 1.58
Above 20 MC10 0.27 10.54 7.32 16.23 10.49 7.03 15.72 0.05 0.29 0.51
Above 18 MC9 0.10 10.00 8.04 13.84 8.99 6.61 13.02 1.01 1.43 0.82
Below 11 SC5 1.60 8.87 7.13 11.78 8.77 7.02 11.08 0.10 0.11 0.70
Below 11 SC5 1.20 8.87 7.08 11.81 8.80 7.00 11.10 0.07 0.08 0.71
Below 12 YPP Lake Headwater 0.25 10.47 10.01 11.74 10.60 9.20 12.50 -0.13 0.81 -0.76
Below 12 YPP Lake Headwater 0.15 10.47 10.01 11.74 10.76 9.26 12.73 -0.29 0.75 -0.99
Average 9.61 7.95 12.48 9.34 7.38 12.13 0.26 0.58 0.35
Mean Error 0.26 0.58 0.35 - - - - - -
Mean Absolute Error 0.37 0.59 0.69 - - - - - -
Abbreviations:
°C = degree Celsius
km = kilometer
Sim-Obs = Simulated minus Observed
YPP = Yellow Pine pit
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5.2 No Action Model Output

The No Action model was developed to simulate stream and pit lake temperatures that would occur
if the Proposed Action, or other alternative, is not implemented. The No Action model is similar to the
existing conditions model with the exceptions noted in Section 2.3. The No Action model was not
recalibrated to observed water temperatures. Comparisons were made in a similar format to those
reported in the SPLNT Existing Conditions Report (BC 2018b) to demonstrate that No Action SPLNT
models generate similar results compared to Existing Conditions SPLNT Models. Graphical
comparisons to observed stream temperatures measured on the summer date (July 29, 2016) and
fall date (September 24, 2014) are provided in Appendix B of the SPLNT Proposed Action Model
Report (BC 2019). Table 5-2 provides a comparison of the simulated, observed, and temperature
differences compared to observations for the QUAL2K No Action Model.
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Table 5-2. Simulated, Observed, and Temperature Differences Compared to Observations for the QUAL2K No Action Model

Temperature (°C)
Model Reach Reach Distance Upstream from
Above or Below YPP Number Description Mouth of Tributary (km) Simulated Simulated Simulated Observed Observed Observed Sim-Obs Sim-Obs Sim-Obs
Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum
For the Maximum Weekly Summer Condition Based on Observations Collected July 29,2016
Above 5 EFSFSR3 5.80 9.96 7.34 13.39 9.87 7.24 13.02 0.09 0.10 0.37
Above 6 EFSFSR4 (at Rabbit Creek) 3.30 10.44 7.83 13.62 10.00 7.20 13.20 0.44 0.63 0.42
Above 21 EFSFSR5 (at Meadow Creek) 2.70 12.07 8.35 17.00 12.20 8.20 17.00 -0.13 0.15 0.00
Above 11 MC2 (at MC Tributary 2) 4.50 11.59 9.59 14.47 10.99 8.53 13.95 0.60 1.06 0.52
Above 14 MC4 (at MC Tributary 3) 3.80 11.33 9.23 14.27 10.60 8.20 13.50 0.73 1.03 0.77
Above 15 MC6 2.90 11.89 9.24 15.74 11.29 8.27 15.26 0.60 0.97 0.48
Above 20 MCc10 0.20 13.39 8.94 19.78 13.47 8.54 19.59 -0.08 0.40 0.19
Above 18 MC9 0.08 12.38 8.75 18.12 11.60 7.63 17.00 0.78 1.12 1.12
Below 11 SC5 1.10 11.63 9.20 15.21 11.60 8.40 15.70 0.03 0.80 -0.49
Below 12 YPP Lake Headwater 0.25 13.52 13.06 14.43 13.60 12.00 14.70 -0.08 1.06 -0.27
Below 12 YPP Lake Headwater 0.15 13.53 13.04 14.49 13.70 12.20 14.80 -0.17 0.84 -0.31
Average 11.98 9.51 15.50 11.72 8.76 15.25 0.26 0.74 0.25
Mean Error 0.26 0.74 0.25 - - - - - -
Mean Absolute Error 0.34 0.74 0.45 - - - - - -
For the Maximum Weekly Fall Condition Based on Observations Collected September 24,2014
Above 6 EFSFSR4 (at Rabbit Creek) 3.30 8.89 7.38 11.25 8.40 6.70 10.40 0.49 0.68 0.85
Above 21 EFSFSR5 (at Meadow Creek) 2.70 9.82 7.42 13.74 9.60 7.00 13.20 0.22 0.42 0.54
Above 11 MC2 (at MC Tributary 2) 4.50 9.74 8.28 12.29 8.86 7.38 10.71 0.88 0.90 1.58
Above 14 MC4 (at MC Tributary 3) 3.80 9.57 8.04 12.26 8.40 7.00 10.80 1.17 1.04 1.46
Above 15 MC6 2.90 9.93 7.97 13.44 9.11 6.93 12.17 0.82 1.04 1.27
Above 20 MC10 0.20 10.79 7.67 16.17 10.49 7.03 15.72 0.30 0.64 0.45
Above 18 MC9 0.08 10.36 8.04 14.98 8.99 6.61 13.02 1.37 1.43 1.96
Below 11 SC5 1.40 9.17 7.45 12.31 8.77 7.02 11.08 0.40 0.43 1.23
Below 11 SC5 1.10 9.62 8.28 12.1 8.80 7.00 11.10 0.82 1.28 1.00
Below 12 YPP Lake Headwater 0.25 10.58 10.23 11.48 10.60 9.20 12.50 -0.02 1.03 -1.02
Below 12 YPP Lake Headwater 0.15 10.59 10.22 11.54 10.76 9.26 12.73 -0.17 0.96 -1.19
Average 9.91 8.27 12.87 9.34 7.38 12.13 0.57 0.90 0.35
Mean Error 0.57 0.90 0.74 - - - - - -
Mean Absolute Error 0.61 0.90 1.14 - - - - - -
Abbreviations:
°C = degree Celsius
Km = kilometer
Sim-Obs = Simulated minus Observed
YPP = Yellow Pine pit
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Section 6

Summary

The SPLNT model was developed for the SGP to evaluate the potential pit lake water temperatures,
pit lake DO, and changes to stream water temperatures that may occur as a result of proposed
mining features and subsequent site restoration. The following series of tools make up the SPLNT
model: TTools, Shade.xls model, QUAL2K, and GLM.

Based on the SPLNT existing conditions model results, calibration, and validation, the SPLNT model
is an accurate tool that is deemed appropriate for simulating water temperatures. The SPLNT
Proposed Action model was developed primarily using data collected at the SGP and information
associated with the PRO including pipes associated with diversion channels during operations. The
SPLNT No Action model was developed using the same methods and procedures used to develop
the Proposed Action SPLNT model based on input from the agencies. The SPLNT Existing Conditions
and No Action models yield similar results because the primary drivers (meteorology, hydrology, and
heat balance) are the same between the two models.

The SPLNT No Action models are compared to the SPLNT ModPRO2 models in the main report. The
SPLNT No Action models did not require updating with the revised SGP hydrologic model because
the SPLNT model, which runs on a daily time step, does not directly apply SGP hydrologic model
estimates of stream baseflows (monthly time step). Rather, the SPLNT model applies the percent
difference in monthly stream baseflows predicted by the SGP hydrologic model for No Action and a
Project alternative. The percent difference is applied to the No Action stream baseflows to account
for changes in hydrologic regime due to the Project. This process was conducted for the SPLNT
ModPRO2 models using the revised SGP No Action and ModPRO2 hydrologic models to calculate the
percent difference.
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Section 7

Limitations

This document was prepared solely for Perpetua Resources in accordance with professional
standards at the time the services were performed and in accordance with the contract between
Perpetua Resources and BC dated January 1, 2021. This document is governed by the specific
scope of work authorized by Perpetua Resources; it is not intended to be relied upon by any other
party except for regulatory authorities contemplated by the scope of work. We have relied on
information or instructions provided by Perpetua Resources and other parties and, unless otherwise
expressly indicated, have made no independent investigation as to the validity, completeness, or
accuracy of such information.

Further, BC makes no warranties, express or implied, with respect to this document, except for
those, if any, contained in the agreement pursuant to which the document was prepared. All data,
drawings, documents, or information contained this report have been prepared exclusively for the
person or entity to whom it was addressed and may not be relied upon by any other person or entity
without the prior written consent of BC unless otherwise provided by the Agreement pursuant to
which these services were provided.
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Appendix B

Section 1: Inputs for EOY6 for the ModPRO2

This section provides the reach-by-reach input for end of year (EQY) 6 for the ModPRO2. Due to the
tunnel around the Yellow Pine pit (YPP), there is a single QUAL2K model for EQY6.

Table B-1. Reach Characteristics for EOY6 Disturbance Condition for the ModPR02

Number | Length (km) | Velocity coefficient | Velocity exponent | Depth coefficient | Depth exponent
1 0.50 0.750 0.320 0.200 0.250
2 0.43 0.750 0.320 0.200 0.250
3 0.63 0.750 0.320 0.200 0.250
4 0.67 0.750 0.320 0.350 0.250
5 0.86 0.750 0.320 0.350 0.250
6 191 0.750 0.320 0.350 0.250
7 1.40 0.750 0.320 0.350 0.250
8 0.76 0.750 0.320 0.350 0.250
9 1.30 2.000 0.270 1.460 0.600
10 0.76 0.750 0.320 0.350 0.250
11 1.40 2.000 0.270 1.460 0.600
12 2.44 2.000 0.270 1.460 0.600
13 0.31 2.000 0.270 1.460 0.600
14 0.33 2.000 0.270 1.460 0.600
15 0.61 0.900 0.250 0.900 0.400
16 0.29 0.800 0.500 0.420 0.300
17 2.76 1.600 0.320 0.350 0.250
18 0.58 1.600 0.320 0.350 0.250
19 0.41 0.340 0.000 1.000 0.350

20 0.67 0.700 0.500 0.350 0.300
21 1.33 0.750 0.500 0.480 0.330
22 0.28 0.750 0.320 0.350 0.250
23 0.63 0.480 0.320 0.350 0.250
24 1.37 0.750 0.320 0.350 0.250
25 0.46 1.300 0.500 0.350 0.300
26 0.60 0.750 0.320 0.350 0.250
27 1.22 0.750 0.320 0.350 0.250
28 0.52 0.750 0.320 0.350 0.250
29 0.33 0.750 0.320 0.350 0.250
30 1.32 0.750 0.320 0.350 0.250
31 0.42 3.300 0.350 1.400 0.550
32 1.33 0.750 0.320 0.350 0.250
33 0.77 3.350 0.340 1.900 0.550
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Number | Length (km) | Velocity coefficient | Velocity exponent | Depth coefficient | Depth exponent
34 0.27 3.500 0.340 1.850 0.550
35 0.15 0.750 0.320 0.350 0.250
36 0.14 0.750 0.320 0.350 0.250
37 1.53 0.750 0.320 0.350 0.250
38 0.28 5.100 0.400 0.400 0.600
39 0.70 0.750 0.320 0.350 0.250
40 0.33 4.000 0.400 0.450 0.600
41 0.08 1.900 0.400 0.250 0.600
42 0.22 0.750 0.320 0.350 0.250
43 1.63 1.150 0.310 0.460 0.500
44 0.49 0.750 0.320 0.350 0.250
45 0.55 0.750 0.320 0.350 0.250
46 0.58 0.750 0.320 0.350 0.250
47 0.26 0.750 0.320 0.350 0.250
48 0.17 0.750 0.320 0.350 0.250
49 0.24 0.750 0.320 0.350 0.250
50 0.71 0.750 0.320 0.350 0.250
51 0.92 0.750 0.320 0.350 0.250
52 0.77 0.750 0.320 0.350 0.250
53 0.33 1.950 0.400 0.500 0.600
54 0.82 4.000 0.400 0.800 0.600
55 0.25 9.500 0.400 0.300 0.600
56 0.54 0.750 0.320 0.350 0.250
57 1.19 0.750 0.320 0.350 0.250
58 0.86 0.750 0.320 0.350 0.250
Abbreviations:
EQY = end of year
km = kilometer
Table B-2. Diffuse Flow (cms) and Temperature (°C) for EOY6 Disturbance Condition for the ModPR0O2
Nimber Flow Temperature
Summera Fall® Auguste Summera Fallo Auguste
1 0.0060 0.0050 0.0060 11.90 10.60 11.00
2 0.0050 0.0040 0.0050 11.90 10.60 11.00
3 0.0070 0.0060 0.0070 11.90 10.60 11.00
4 0.0070 0.0060 0.0070 11.90 10.60 11.00
5 0.0100 0.0080 0.0100 11.90 10.60 11.00
6 0.0139 -0.0562 0.0139 11.90 N/A 11.00
7 0.0140 0.0080 0.0140 11.90 10.60 11.00
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Number Flow Temperature
Summer? Fall Auguste Summer2 Fall® Auguste

8 0.0070 0.0049 0.0070 11.90 10.60 11.00
9 0.0000 0.0000 0.0000 11.90 10.60 11.00
10 0.0071 0.0051 0.0071 11.90 10.60 11.00
11 0.0000 0.0000 0.0000 11.90 10.60 11.00
12 0.0000 0.0000 0.0000 11.90 10.60 11.00
13 0.0000 0.0000 0.0000 13.90 11.60 12.20
14 0.0000 0.0000 0.0000 13.90 11.60 12.20
15 -0.0053 -0.0131 -0.0053 N/A N/A N/A

16 0.0000 0.0000 0.0000 13.90 11.60 12.20
17 0.0200 0.0180 0.0200 11.90 10.60 11.00
18 0.0040 0.0040 0.0040 11.90 10.60 11.00
19 0.0023 0.0028 0.0023 11.90 10.60 11.00
20 0.0100 0.0000 0.0100 11.90 10.60 11.00
21 0.0000 0.0000 0.0000 13.90 11.60 12.20
22 0.0005 0.0004 0.0005 13.90 11.60 12.20
23 0.0037 0.0018 0.0037 11.90 10.60 11.00
24 0.0080 0.0040 0.0080 11.90 10.60 11.00
25 0.0029 0.0010 0.0029 11.90 10.60 11.00
26 0.0029 0.0019 0.0029 11.90 10.60 11.00
27 0.0065 0.0037 0.0065 11.90 10.60 11.00
28 0.0033 0.0021 0.0033 11.90 10.60 11.00
29 0.0020 0.0010 0.0020 11.90 10.60 11.00
30 0.0079 0.0045 0.0079 11.90 10.60 11.00
31 0.0000 0.0000 0.0000 11.90 10.60 11.00
32 0.0040 0.0009 0.0040 11.90 10.60 11.00
33 0.0000 0.0000 0.0000 11.90 10.60 11.00
34 0.0000 0.0000 0.0000 11.90 10.60 11.00
35 0.0033 0.0021 0.0033 11.90 10.60 11.00
36 0.0001 0.0001 0.0001 11.90 10.60 11.00
37 0.0090 0.0050 0.0090 11.90 10.60 11.00
38 0.0000 0.0000 0.0000 11.90 10.60 11.00
39 0.0019 0.0006 0.0019 11.90 10.60 11.00
40 0.0000 0.0000 0.0000 11.90 10.60 11.00
41 0.0004 0.0002 0.0004 11.90 10.60 11.00
42 0.0006 0.0006 0.0006 11.90 10.60 11.00
43 0.0000 0.0000 0.0000 11.90 10.60 11.00
44 0.0000 -0.0002 0.0000 11.90 N/A 11.00
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Number Flow Temperature
Summer? Fall? Auguste Summera Fallv Auguste
45 0.0040 0.0020 0.0040 11.90 10.60 11.00
46 0.0040 0.0030 0.0040 11.90 10.60 11.00
47 0.0023 0.0012 0.0023 11.90 10.60 11.00
48 0.0010 0.0008 0.0010 11.90 10.60 11.00
49 0.0020 0.0011 0.0020 11.90 10.60 11.00
50 0.0048 0.0028 0.0048 11.90 10.60 11.00
51 0.0062 0.0034 0.0062 11.90 10.60 11.00
52 0.0050 0.0030 0.0050 11.90 10.60 11.00
53 0.0000 0.0000 0.0000 11.90 10.60 11.00
54 0.0000 0.0000 0.0000 11.90 10.60 11.00
55 0.0000 0.0000 0.0000 11.90 10.60 11.00
56 -0.0015 0.0001 -0.0015 N/A 10.60 N/A
57 0.0049 0.0029 0.0049 14.80 12.00 12.70
58 0.0029 0.0019 0.0029 14.80 12.00 12.70
Notes:

aSummer corresponds to the maximum weekly summer condition.

bFall corresponds to the maximum weekly fall condition.

cAugust corresponds to the mean August condition.

Abbreviations:
°C = degree Celsius

cms = cubic meter per second

N/A = not applicable for O flows or negative flows

Table B-3. Point Sources Flow (cms) and Temperature (°C) for EOY6 Disturbance Condition for the ModPR0O2

Flow Temperature
Source
Summer2 Fallb Auguste Summer2 Fallb Auguste
Rabbit Creek 0.0150 0.0120 0.0150 8.30 7.90 7.73
Fiddle Creek Trib 3 0.0020 0.0010 0.0020 8.30 7.90 7.73
Stibnite Lodge 0.0009 0.0009 0.0009 25.00 25.00 25.00
Treated Water Discharge - 0.0000 0.0000 0.0000 20.00 20.00 20.00
EFSFSR
Treated Water Discharge - 0.0220 0.0000 0.0000 17.70 N/A N/A
Meadow Creek

Notes:

aSummer corresponds to the maximum weekly summer condition.

bFall corresponds to the maximum weekly fall condition.

cAugust corresponds to the mean August condition.

Abbreviations:

°C = degree Celsius

cms = cubic meter per second
EFSFSR = East Fork of the South Fork of the Salmon River
EQY = end of year

N/A = not applicable for O flows or negative flows
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Table B-4. Hourly Effective Shade (%) for Maximum Weekly Summer Conditions for EOY6 Disturbance Condition for the ModPR0O2
Number | 0:00 | 1:00 | 2:00 | 3:00 @ 4:00 5:00 6:00 | 7:00  8:00 | 9:00 | 10:00 | 11:00 @ 12:00 | 13:00 | 14:00 | 15:00 | 16:00 @ 17:00 | 18:00 | 19:00 | 20:00 @ 21:00 22:00 | 23:00
1 100 100 100 100 100 98.0 97.8 | 85.4 75.6 72.9 76.2 77.9 78.3 74.7 75.0 80.0 82.1 79.7 80.3 88.2 97.8 100 100 100
2 100 100 100 100 100 97.3 | 894 763 | 715 | 66.9 60.7 57.3 54.8 50.3 424 46.3 60.8 72.2 88.6 97.0 97.5 100 100 100
3 100 100 100 100 100 99.1 | 97.7 | 922 K 885 | 855 83.5 82.7 78.7 77.1 80.7 82.8 85.9 91.2 98.7 99.1 99.3 100 100 100
4 100 100 100 100 100 96.7 | 89.4 H 746 | 60.6 | 49.3 40.8 33.7 36.1 444 55.1 65.6 73.4 84.8 94.1 97.0 97.1 100 100 100
5 100 100 100 100 100 979 | 964 @ 84.0 739 | 634 54.9 52.2 53.4 58.7 61.7 68.9 79.8 86.9 90.1 95.4 97.8 100 100 100
6 100 100 100 100 100 97.0 | 955 | 80.9 | 60.7 | 499 44.2 40.7 43.7 49.3 54.4 58.1 62.6 68.9 78.7 92.2 97.3 100 100 100
7 100 100 100 100 100 972 | 96.8 @ 875 | 73.7 | 683 61.7 54.0 45.4 44.3 49.6 56.6 61.6 67.9 88.2 97.1 97.3 100 100 100
8 100 100 100 100 100 983 | 984 | 942 | 87.1 | 82.1 84.1 85.3 85.2 87.4 87.8 86.2 87.5 90.6 92.5 98.4 99.2 100 100 100
9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 100 100 100 100 100 98.1 | 89.6  81.0 755 | 72.0 70.4 68.7 63.9 56.4 55.9 62.3 713 81.1 94.5 98.4 98.4 100 100 100
11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 100 100 100 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
14 100 100 100 100 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
15 100 100 100 100 100 90.7 | 78.7 6.6 2.9 2.5 2.4 2.5 2.7 2.7 2.4 2.1 1.4 1.9 14.6 83.1 89.9 100 100 100
16 100 100 100 100 100 914 | 584 | 23.2 12.1 5.6 3.6 3.7 4.0 4.1 3.8 4.1 6.4 134 28.6 91.3 91.2 100 100 100
17 100 100 100 100 100 939 | 833 | 56.9 | 37.6 | 34.2 30.9 274 23.3 22.0 26.2 32.0 36.3 41.0 71.0 93.7 94.3 100 100 100
18 100 100 100 | 100 100 | 939 | 93.2 | 69.1 | 357 | 255 14.7 8.0 6.7 7.9 10.2 16.9 27.1 32.9 68.2 93.0 93.8 100 100 100
19 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
20 100 100 100 100 100 929 | 88.0 | 57.5 | 415 | 229 10.7 8.0 9.7 9.4 9.0 14.0 24.7 37.8 43.0 68.6 92.9 100 100 100
21 100 100 100 100 100 916 | 62.7 | 225 | 135 6.8 3.5 3.8 4.2 4.4 4.2 3.8 5.4 13.6 38.8 91.2 91.3 100 100 100
22 100 100 100 100 100 95.7 | 952 | 74.0 | 59.8 | 423 25.2 13.1 7.7 9.3 14.3 25.9 50.4 65.7 80.3 95.0 95.9 100 100 100
23 100 100 100 100 100 953 | 95.0 825 | 625 | 394 24.7 18.5 15.1 13.5 17.7 28.9 441 59.6 90.7 94.8 95.3 100 100 100
24 100 100 100 | 100 100 | 97.7 | 965 | 935 | 77.1 | 69.4 68.3 66.3 62.9 59.8 58.6 60.7 63.2 68.1 76.8 90.6 97.8 100 100 100
25 100 100 100 100 100 94.1 | 939 | 60.3 @ 40.6 @ 345 21.7 17.8 18.4 24.1 321 37.7 40.5 44.5 69.3 95.2 95.6 100 100 100
26 100 100 100 | 100 100 | 94.8 | 946 | 80.8 § 59.4 | 386 24.9 13.4 8.4 9.0 13.6 23.6 43.3 67.5 91.8 94.9 95.1 100 100 100
27 100 100 100 100 100 954 | 952 | 93.0 | 67.4 | 41.2 24.4 16.0 14.3 14.2 18.5 30.1 44.6 64.3 85.1 95.0 95.3 100 100 100
28 100 100 100 100 100 994 | 97.8 # 973 | 94.0 @ 934 93.8 90.1 90.6 91.8 92.7 93.6 94.0 91.3 96.3 98.6 99.4 100 100 100
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Number | 0:00 & 1:00 @ 2:00 | 3:00 4:00 | 5:00 | 6:00 7:00 | 8:00 9:00 | 10:00 | 11:00 @ 12:00 13:00 | 14:00 | 15:00 @ 16:00 | 17:00 18:00 | 19:00 @ 20:00 | 21:00 | 22:00 @ 23:00
29 100 100 100 100 100 | 995 | 98.6 | 96.6 | 954 | 94.9 94.5 94.6 94.0 94.2 93.6 95.2 97.2 97.9 99.1 99.4 99.5 100 100 100
30 100 100 100 100 100 | 99.0 | 97.9 | 93.1 | 92.8 | 914 89.4 87.1 85.3 82.2 82.9 87.1 89.6 94.4 98.9 99.0 99.0 100 100 100
31 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
32 100 100 100 100 100 | 985 | 92.0 | 86.9 | 82.1 | 79.5 77.9 75.9 73.5 69.4 60.4 64.8 72.3 86.0 96.1 98.7 98.8 100 100 100
33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
34 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
35 100 100 100 100 100 | 96.2 | 958 | 75.8 | 57.1 | 54.8 51.5 48.5 45.9 415 28.0 30.9 61.2 72.1 89.9 96.4 96.4 100 100 100
36 100 100 100 100 100 | 94.7 | 944 | 86.3 | 429 | 145 4.8 5.4 4.2 4.0 6.2 22.9 44.9 61.5 80.5 94.3 94.8 100 100 100
37 100 100 100 100 100 | 99.0 | 989 | 983 | 93.0 | 81.6 72.1 68.3 76.7 83.4 85.0 86.5 89.1 91.5 95.7 98.0 99.1 100 100 100
38 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
39 100 100 100 100 100 | 959 | 96.1 | 88.0 | 655 | 62.8 60.2 61.8 62.2 62.3 61.7 60.6 59.5 56.4 59.0 84.8 95.8 100 100 100
40 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
41 100 100 100 100 100 | 922 | 922 | 73.1 | 11.2 2.9 2.8 2.9 3.0 3.0 3.0 3.0 2.6 34 33.9 91.6 91.9 100 100 100
42 100 100 100 100 100 | 93.8 | 93.7 | 66.9 | 22.3 7.9 4.7 4.5 5.2 6.8 10.2 16.4 24.1 33.2 65.5 93.0 93.6 100 100 100
43 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
44 100 100 100 100 100 | 949 | 87.2 | 659 | 432 | 233 16.6 16.7 18.7 23.0 28.9 36.9 44.6 57.9 78.3 94.4 94.7 100 100 100
45 100 100 100 100 100 | 93.7 | 87.7 | 37.7 | 29.4 | 254 22.4 19.8 17.1 15.1 13.0 8.8 12.3 26.1 56.0 93.4 93.9 100 100 100
46 100 100 100 100 100 | 93.0 | 64.2 | 233 | 183 | 143 12.9 12.6 11.8 10.3 8.3 8.1 11.3 19.0 52.5 92.9 93.3 100 100 100
47 100 100 100 100 100 | 989 | 955 | 91.3 | 89.9 | 83.9 79.0 77.0 71.8 61.5 64.9 77.1 83.9 92.0 96.8 98.9 99.0 100 100 100
48 100 100 100 100 100 | 96.7 | 84.1 | 70.6 | 59.8 | 50.4 45.1 42.5 39.3 40.3 46.9 54.7 60.1 68.0 84.1 96.6 96.8 100 100 100
49 100 100 100 100 100 | 99.6 | 994 | 98.0 | 97.6 | 96.9 95.6 93.5 92.9 93.5 89.3 86.8 88.7 93.4 97.5 99.6 99.6 100 100 100
50 100 100 100 100 100 | 95.0 | 94.8 | 82.1 | 59.2 | 45.0 36.7 33.9 29.0 23.9 19.2 18.6 23.5 36.5 81.3 94.8 95.0 100 100 100
51 100 100 100 100 100 | 94.8 | 944 | 734 | 58.7 | 45.1 42.0 40.1 37.0 30.8 25.2 22.4 23.2 37.5 73.9 94.7 95.0 100 100 100
52 100 100 100 100 100 | 96.6 | 96.5 | 95.0 | 76.5 | 50.2 29.8 31.9 43.0 48.8 54.7 60.5 70.5 76.0 80.2 81.1 94.2 100 100 100
53 100 100 100 100 100 | 92.6 | 92.7 | 92.6 | 88.1 | 45.0 7.9 4.2 4.0 3.6 3.6 4.2 5.2 7.7 12.3 14.6 91.9 100 100 100
54 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
55 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
56 100 100 100 100 100 | 99.0 | 98.8 | 96.2 | 89.8 | 80.8 74.7 74.7 83.6 89.6 91.5 93.0 94.1 95.9 97.1 98.5 99.0 100 100 100
57 100 100 100 100 100 | 95.2 | 90.8 | 53.3 | 42.7 | 37.0 34.0 311 28.8 26.5 25.1 25.5 30.5 42,5 61.6 90.5 95.3 100 100 100
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Number | 0:00 | 1:00 | 2:00 | 3:00 @ 4:00 5:00 6:00 | 7:00  8:00 | 9:00 | 10:00 | 11:00 12:00 | 13:00 | 14:00 | 15:00 | 16:00 @ 17:00 | 18:00 | 19:00 | 20:00 @ 21:00 22:00 | 23:00
58 100 100 100 100 100 | 95.1 | 935 | 86.3 | 485 | 21.6 13.3 12.1 15.5 22.2 29.9 38.5 50.9 67.8 82.0 95.0 95.2 100 100 100

Notes:

* Hours are in military format
% = percent

EOY = end of year

Table B-5. Hourly Effective Shade (%) for Maximum Weekly Fall Conditions for EOY6 Disturbance Condition for the ModPR02

Number | 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 | 10:00 | 11:00 | 12:00 | 13:00 A 14:00 | 15:00 @ 16:00 | 17:00 | 18:00  19:00 20:00 | 21:00  22:00 @ 23:00
1 100 100 100 100 100 100 97.2 96.5 88.5 86.7 89.8 92.2 91.1 90.2 86.4 88.5 89.9 90.9 97.4 100 100 100 100 100
2 100 100 100 100 100 100 96.5 91.7 79.8 72.1 70.7 68.9 66.4 63.9 62.3 55.8 68.3 91.7 96.5 100 100 100 100 100
3 100 100 100 100 100 100 98.9 97.2 91.0 86.2 85.6 82.9 83.1 81.5 83.0 85.8 96.9 98.6 99.0 100 100 100 100 100
4 100 100 100 100 100 100 95.8 87.8 66.0 56.8 46.8 44.4 49.1 57.7 66.3 75.8 90.9 94.9 96.2 100 100 100 100 100
5 100 100 100 100 100 100 97.2 96.7 83.0 73.7 67.8 66.2 68.0 70.7 75.0 82.4 89.5 94.5 97.1 100 100 100 100 100
6 100 100 100 100 100 100 96.1 93.0 79.1 61.3 57.1 56.8 59.9 64.5 68.6 72.2 77.8 88.3 96.4 100 100 100 100 100
7 100 100 100 100 100 100 96.2 95.7 88.8 71.7 62.7 56.4 51.7 53.6 58.0 64.8 77.9 94.9 96.5 100 100 100 100 100
8 100 100 100 100 100 100 98.8 91.6 91.1 92.1 91.8 89.1 89.5 90.5 91.2 93.1 93.8 97.5 100 100 100 100 100
9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 100 100 100 100 100 100 97.7 91.4 84.7 7.4 73.9 71.9 69.1 67.6 66.8 66.9 78.9 94.8 98.2 100 100 100 100 100
11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
14 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
15 100 100 100 100 100 100 88.1 77.0 14.8 5.8 4.4 3.6 3.2 3.1 2.9 2.5 2.2 46.5 87.1 100 100 100 100 100
16 100 100 100 100 100 100 88.5 60.2 24.1 16.9 10.4 6.9 6.0 6.4 8.4 12.6 20.9 55.0 88.6 100 100 100 100 100
17 100 100 100 100 100 100 92.1 83.4 59.2 37.3 34.5 31.5 29.1 28.5 32.2 36.7 50.1 88.1 92.2 100 100 100 100 100
18 100 100 100 100 100 100 92.1 91.1 72.5 36.8 30.0 22.3 18.8 20.3 24.8 32.8 47.5 87.1 91.0 100 100 100 100 100
19 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
20 100 100 100 100 100 100 90.7 86.8 57.3 40.4 19.4 11.1 11.8 12.2 16.3 29.4 39.2 50.7 90.4 100 100 100 100 100
21 100 100 100 100 100 100 89.1 65.6 27.4 18.8 10.8 7.1 5.8 6.0 7.0 10.3 18.7 71.7 88.4 100 100 100 100 100
22 100 100 100 100 100 100 95.1 94.1 76.0 62.0 47.4 31.0 18.3 14.3 23.6 43.6 64.0 93.2 93.7 100 100 100 100 100
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Number | 0:00 | 1:00 | 2:00 | 3:00 | 4:00 | 5:00 | 6:00 | 7:00 800 | 9:00 | 10:00 | 11:00 12:00 13:00 | 14:00 | 15:00 16:00 17:00 | 18:00 @ 19:00  20:00 | 21:00 A 22:00 | 23:00
23 100 100 100 100 100 100 93.8 93.4 76.8 48.8 29.7 20.3 15.8 21.3 37.7 56.0 77.7 93.1 93.8 100 100 100 100 100
24 100 100 100 100 100 100 97.0 95.8 94.3 86.0 77.1 73.4 70.5 66.8 66.5 71.5 78.1 84.1 93.8 100 100 100 100 100
25 100 100 100 100 100 100 92.0 91.7 61.3 35.4 25.2 27.4 34.6 39.6 42.9 46.3 54.9 92.4 94.4 100 100 100 100 100
26 100 100 100 100 100 100 93.2 93.0 78.1 54.5 36.1 215 17.3 19.1 28.1 47.6 76.2 93.0 93.5 100 100 100 100 100
27 100 100 100 100 100 100 94.0 93.7 92.6 64.3 35.9 21.8 18.6 22.4 33.0 48.7 70.9 93.2 93.7 100 100 100 100 100
28 100 100 100 100 100 100 99.1 98.2 97.6 95.3 93.3 93.6 93.0 94.5 95.0 95.8 97.5 99.0 99.2 100 100 100 100 100
29 100 100 100 100 100 100 99.2 99.2 98.5 97.7 97.3 96.7 96.3 96.2 96.4 96.5 95.9 97.9 99.3 100 100 100 100 100
30 100 100 100 100 100 100 98.7 98.6 96.0 93.9 93.6 91.7 89.0 86.6 86.5 88.8 97.1 98.5 98.7 100 100 100 100 100
31 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
32 100 100 100 100 100 100 98.1 95.8 92.8 87.8 83.4 81.0 78.4 76.2 69.8 75.8 89.8 96.0 98.2 100 100 100 100 100
33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
34 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
35 100 100 100 100 100 100 93.9 93.9 78.4 57.4 56.8 54.8 52.9 52.5 44.3 49.2 51.8 94.4 95.3 100 100 100 100 100
36 100 100 100 100 100 100 92.6 92.7 87.1 31.7 12.9 12.4 12.3 17.6 43.2 66.6 87.0 93.2 93.2 100 100 100 100 100
37 100 100 100 100 100 100 98.6 98.2 96.7 90.4 78.0 77.4 84.6 87.0 89.3 92.8 96.6 98.6 98.8 100 100 100 100 100
38 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
39 100 100 100 100 100 100 95.3 95.4 90.4 65.3 65.1 65.6 66.5 67.0 67.4 67.2 66.0 72.7 95.1 100 100 100 100 100
40 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
41 100 100 100 100 100 100 90.0 89.2 80.7 19.9 5.4 4.6 4.1 3.8 3.8 4.0 3.9 81.5 89.3 100 100 100 100 100
42 100 100 100 100 100 100 91.9 91.7 57.3 12.8 10.4 12.2 16.3 21.6 29.6 38.9 53.0 90.5 90.7 100 100 100 100 100
43 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
44 100 100 100 100 100 100 93.2 86.4 66.8 49.0 324 28.7 31.4 37.0 46.7 57.0 76.5 92.3 93.0 100 100 100 100 100
45 100 100 100 100 100 100 92.2 92.1 77.4 54.0 40.4 32.2 26.8 23.4 19.5 15.9 13.6 66.0 91.5 100 100 100 100 100
46 100 100 100 100 100 100 90.9 68.9 34.8 26.7 225 19.2 18.1 17.9 16.6 16.4 23.0 83.1 90.9 100 100 100 100 100
47 100 100 100 100 100 100 98.6 96.8 93.0 89.7 81.4 77.0 72.9 69.0 74.3 80.3 92.0 98.2 98.7 100 100 100 100 100
48 100 100 100 100 100 100 95.8 95.6 91.7 79.3 67.4 58.5 51.0 53.7 58.6 64.1 69.1 94.7 95.6 100 100 100 100 100
49 100 100 100 100 100 100 99.5 99.2 98.3 97.9 96.9 96.0 94.7 93.8 92.6 89.3 94.2 99.0 99.2 100 100 100 100 100
50 100 100 100 100 100 100 93.5 93.3 89.2 72.6 58.9 49.6 41.9 35.5 33.0 31.0 54.4 92.7 93.4 100 100 100 100 100
51 100 100 100 100 100 100 93.4 93.3 79.9 75.2 60.1 54.0 52.4 48.7 44.5 42.5 58.3 84.9 93.3 100 100 100 100 100
52 100 100 100 100 100 100 95.6 93.8 93.3 87.0 58.2 63.1 72.6 80.8 88.0 93.6 95.8 96.0 96.0 100 100 100 100 100
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Number | 0:00 | 1:00 | 2:00 | 3:00 | 4:00 | 5:00 | 6:00 | 7:00 800 | 9:00 | 10:00 | 11:00 12:00 13:00 | 14:00 | 15:00 16:00 17:00 | 18:00 @ 19:00  20:00 | 21:00 A 22:00 | 23:00
53 100 100 100 100 100 100 90.5 90.6 90.3 84.7 27.5 7.1 7.3 8.5 10.1 11.2 13.0 13.6 27.2 100 100 100 100 100
54 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
55 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
56 100 100 100 100 100 100 98.6 98.4 96.4 92.7 84.3 86.4 92.1 95.5 96.6 96.7 96.0 97.4 98.5 100 100 100 100 100
57 100 100 100 100 100 100 93.7 90.9 66.9 56.5 49.8 45.8 43.3 42.1 42.6 46.1 53.0 70.0 93.6 100 100 100 100 100
58 100 100 100 100 100 100 93.7 91.0 83.1 48.0 25.8 26.9 32.3 42.1 56.3 73.0 84.3 91.5 93.7 100 100 100 100 100

Notes:

* Hours are in military format
% = percent
EQY = end of year

Table B-6. Hourly Effective Shade (%) for Mean August Condition for EOY6 Disturbance Condition for the ModPR0O2

Number | 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 | 10:00 | 11:00 | 12:00 | 13:00 @ 14:00 | 15:00 @ 16:00 | 17:00 | 18:00 @ 19:00 20:00 | 21:00  22:00 @ 23:00
1 100 100 100 100 100 99.0 97.5 91.0 82.0 79.8 83.0 85.0 84.7 82.4 80.7 84.2 86.0 85.3 88.9 94.1 98.9 100 100 100
2 100 100 100 100 100 98.6 93.0 84.0 75.6 69.5 65.7 63.1 60.6 57.1 52.3 51.0 64.5 82.0 92.6 98.5 98.7 100 100 100
3 100 100 100 100 100 99.6 98.3 94.7 89.8 85.9 84.5 82.8 80.9 79.3 81.9 84.3 91.4 94.9 98.8 99.6 99.6 100 100 100
4 100 100 100 100 100 98.4 92.6 81.2 63.3 53.1 43.8 39.1 42.6 51.1 60.7 70.7 82.2 89.8 95.2 98.5 98.5 100 100 100
5 100 100 100 100 100 98.9 96.8 90.4 78.4 68.5 61.4 59.2 60.7 64.7 68.4 75.7 84.7 90.7 93.6 97.7 98.9 100 100 100
6 100 100 100 100 100 98.5 95.8 87.0 69.9 55.6 50.7 48.7 51.8 56.9 61.5 65.2 70.2 78.6 87.5 96.1 98.6 100 100 100
7 100 100 100 100 100 99 96.5 91.6 81.2 70.0 62.2 55.2 48.6 48.9 53.8 60.7 69.7 81.4 92.3 99 99 100 100 100
8 100 100 100 100 100 99 98.6 92.9 89.1 87.1 87.9 87.2 87.4 88.9 89.5 89.7 90.7 94.0 95.7 99 100 100 100 100
9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 100 100 100 100 100 99 93.7 86.2 80.1 4.7 72.2 70.3 66.5 62.0 61.3 64.6 75.1 88.0 96.3 99 99 100 100 100
11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
14 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
15 100 100 100 100 100 95.3 83.4 41.8 8.9 4.1 3.4 3.1 2.9 2.9 2.6 23 1.8 24.2 50.8 91.6 94.9 100 100 100
16 100 100 100 100 100 95.7 73.5 41.7 18.1 11.2 7.0 5.3 5.0 5.2 6.1 8.4 13.7 34.2 58.6 95.7 95.6 100 100 100
17 100 100 100 100 100 97.0 87.7 70.2 48.4 35.8 32.7 29.5 26.2 25.3 29.2 34.4 43.2 64.6 81.6 96.8 97.1 100 100 100
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Number | 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 | 10:00 | 11:00 | 12:00 | 13:00  14:00 | 15:00 @ 16:00 | 17:00 | 18:00 19:00 20:00 | 21:00 @ 22:00 @ 23:00
18 100 100 100 100 100 97.0 92.7 80.1 54.1 31.1 22.4 15.1 12.7 14.1 17.5 24.8 37.3 60.0 79.6 96.5 96.9 100 100 100
19 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
20 100 100 100 100 100 96.5 89.3 72.2 49.4 31.6 15.0 9.6 10.7 10.8 12.6 21.7 32.0 44.2 66.7 84.3 96.4 100 100 100
21 100 100 100 100 100 95.8 75.9 44.0 20.4 12.8 7.2 5.4 5.0 5.2 5.6 7.1 12.1 42.7 63.6 95.6 95.6 100 100 100
22 100 100 100 100 100 97.9 95.2 84.0 67.9 52.2 36.3 22.1 13.0 11.8 18.9 34.8 57.2 79.4 87.0 97.5 97.9 100 100 100
23 100 100 100 100 100 97.7 94.4 88.0 69.7 44.1 27.2 19.4 15.5 17.4 21.7 42.4 60.9 76.3 92.2 97.4 97.7 100 100 100
24 100 100 100 100 100 98.8 96.7 94.7 85.7 77.7 72.7 69.8 66.7 63.3 62.5 66.1 70.7 76.1 85.3 95.3 98.9 100 100 100
25 100 100 100 100 100 97.1 92.9 76.0 50.9 34.9 23.4 22.6 26.5 31.8 37.5 42.0 41.7 68.4 81.8 97.6 97.8 100 100 100
26 100 100 100 100 100 97.4 93.9 86.9 68.7 46.6 30.5 17.4 12.9 14.1 20.8 35.6 59.8 80.2 92.7 97.4 97.6 100 100 100
27 100 100 100 100 100 97.7 94.6 93.3 80.0 52.8 30.1 18.9 16.4 18.3 25.8 39.4 57.7 78.8 89.4 97.5 97.7 100 100 100
28 100 100 100 100 100 99.7 98.4 97.8 95.8 94.3 93.6 91.8 91.8 93.2 93.9 94.7 95.8 95.1 97.7 99.3 99.7 100 100 100
29 100 100 100 100 100 99.7 98.9 97.9 97.0 96.3 95.9 95.6 95.1 95.2 95.0 95.8 96.6 97.9 99.2 99.7 99.7 100 100 100
30 100 100 100 100 100 99.5 98.3 95.8 94.4 92.7 91.5 89.4 87.2 84.4 84.7 87.9 93.4 96.4 98.8 99.5 99.5 100 100 100
31 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
32 100 100 100 100 100 99.2 95.0 91.3 87.4 83.7 80.6 78.4 76.0 72.8 65.1 70.3 81.1 91.0 97.1 99.3 99.4 100 100 100
33 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
34 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
35 100 100 100 100 100 98.1 94.8 84.9 67.7 56.1 54.1 51.7 49.4 47.0 36.1 40.1 56.5 83.3 92.6 98.2 98.2 100 100 100
36 100 100 100 100 100 97.4 93.5 89.5 65.0 23.1 8.9 8.9 8.2 10.8 24.7 44.8 66.0 7.4 86.9 97.2 97.4 100 100 100
37 100 100 100 100 100 99.5 98.8 98.3 94.9 86.0 75.0 72.9 80.7 85.2 87.2 89.6 92.8 95.1 97.3 99.0 99.5 100 100 100
38 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
39 100 100 100 100 100 97.9 95.7 91.7 78.0 64.1 62.6 63.7 64.4 64.7 64.6 63.9 62.8 64.5 77.1 92.4 97.9 100 100 100
40 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
41 100 100 100 100 100 96.1 91.1 81.2 45.9 11.4 4.1 3.8 3.6 3.4 3.4 3.5 3.2 42.5 61.6 95.8 96.0 100 100 100
42 100 100 100 100 100 96.9 92.8 79.3 39.8 10.4 7.6 8.4 10.7 14.2 19.9 21.7 38.5 61.8 78.1 96.5 96.8 100 100 100
43 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
44 100 100 100 100 100 97.4 90.2 76.1 55.0 36.2 24.5 22.7 25.1 30.0 37.8 46.9 60.5 75.1 85.7 97.2 97.3 100 100 100
45 100 100 100 100 100 96.9 90.0 64.9 53.4 39.7 31.4 26.0 22.0 19.3 16.3 12.4 13.0 46.1 73.8 96.7 97.0 100 100 100
46 100 100 100 100 100 96.5 77.6 46.1 26.6 20.5 17.7 15.9 15.0 14.1 12.5 12.3 17.2 51.1 71.7 96.5 96.7 100 100 100
47 100 100 100 100 100 99.5 97.1 94.1 91.5 86.8 80.2 77.0 72.4 65.3 69.6 78.7 88.0 95.1 97.8 99.5 99.5 100 100 100
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Number | 0:00 1:00 2:00 3:00 4:00 5:00 6:00 7:00 8:00 9:00 | 10:00 | 11:00 | 12:00 | 13:00  14:00 | 15:00 @ 16:00 | 17:00 | 18:00 19:00 20:00 | 21:00 @ 22:00 @ 23:00
48 100 100 100 100 100 98.4 90.0 83.1 75.8 64.9 56.3 50.5 45.2 47.0 52.8 59.4 64.6 81.4 89.9 98.3 98.4 100 100 100
49 100 100 100 100 100 99.8 99.5 98.6 98.0 97.4 96.3 94.8 93.8 93.7 91.0 88.1 91.5 96.2 98.4 99.8 99.8 100 100 100
50 100 100 100 100 100 97.5 94.2 87.7 74.2 58.8 47.8 41.8 35.5 29.7 26.1 24.8 39.0 64.6 87.4 97.4 97.5 100 100 100
51 100 100 100 100 100 97.4 93.9 83.4 69.3 60.2 51.1 47.1 44.7 39.8 34.9 32.5 40.8 61.2 83.6 97.4 97.5 100 100 100
52 100 100 100 100 100 98.3 96.0 94.4 84.9 68.6 44.0 47.5 57.8 64.8 71.3 77.1 83.1 86.0 88.1 90.6 97.1 100 100 100
53 100 100 100 100 100 96.3 91.6 91.6 89.2 64.9 17.7 5.7 5.7 6.0 6.9 7.7 9.1 10.6 19.8 57.3 95.9 100 100 100
54 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
55 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
56 100 100 100 100 100 99.5 98.7 97.3 93.1 86.7 79.5 80.5 87.9 92.5 94.1 94.9 95.0 96.7 97.8 99.3 99.5 100 100 100
57 100 100 100 100 100 97.6 92.3 72.1 54.8 46.8 41.9 38.4 36.0 34.3 33.8 35.8 41.7 56.2 77.6 95.2 97.6 100 100 100
58 100 100 100 100 100 97.6 93.6 88.7 65.8 34.8 19.5 19.5 23.9 32.2 43.1 55.8 67.6 79.7 87.8 97.5 97.6 100 100 100

Notes:

* Hours are in military format
% = percent
Abbreviations:
EQY = end of year
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Section 2: Outputs for EOY6 for the ModPRO2

This section provides the reach-by-reach output for EOY6 for the ModPRO2.

Table B-7. Simulated Reach Temperatures (°C) and Flows (cms) for Maximum Weekly Summer Conditions for EQY6 Disturbance

Condition for the ModPRO2
Number Length Temperature Flow

Maximum Average Minimum Average
1 0.50 13.53 9.85 7.11 0.0975
2 0.43 13.79 10.06 7.38 0.1028
3 0.63 11.64 8.64 6.34 0.0487
4 0.67 13.26 9.88 7.31 0.1603
5 0.86 13.17 10.04 7.53 0.1746
6 1.91 13.28 10.24 7.71 0.1960
7 1.40 14.75 11.43 8.99 0.0228
8 0.76 11.58 8.93 6.90 0.0273
9 1.30 11.51 9.02 7.15 0.0290
10 0.76 12.80 9.98 8.06 0.0123
11 1.40 11.79 9.34 7.50 0.0431
12 2.44 12.77 10.13 8.11 0.0711
13 0.31 12.67 10.05 8.05 0.0711
14 0.33 12.64 10.03 8.04 0.0711
15 0.61 13.54 11.10 9.22 0.0781
16 0.29 14.90 12.31 10.26 0.0878
17 2.76 13.63 10.35 8.06 0.0277
18 0.58 15.16 11.41 8.94 0.0390
19 0.41 15.04 11.43 9.04 0.0417
20 0.67 17.15 12.21 8.99 0.0498
21 1.33 17.32 12.79 9.56 0.1401
22 0.28 18.23 13.09 9.40 0.1405
23 0.63 15.83 11.68 8.40 0.3461
24 1.37 14.35 11.39 9.37 0.0063
25 0.46 16.57 12.25 9.20 0.0112
26 0.60 16.08 11.79 8.42 0.3602
27 1.22 16.45 11.93 8.40 0.3650
28 0.52 11.28 8.61 6.50 0.0225
29 0.33 11.11 8.81 7.05 0.0258
30 1.32 11.22 9.25 7.63 0.0317
31 0.42 11.25 9.36 7.75 0.0342
32 1.33 13.17 9.62 1.27 0.0075
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Number Length Temperature Flow

Maximum Average Minimum Average
33 0.77 13.62 10.00 7.59 0.0090
34 0.27 13.48 9.92 7.51 0.0090
35 0.15 11.92 9.71 7.94 0.0465
36 0.14 16.18 11.77 8.34 0.4140
37 1.53 12.54 10.84 9.38 0.0066
38 0.28 12.48 10.71 9.08 0.0100
39 0.70 13.66 10.99 8.81 0.0113
40 0.33 13.72 10.78 8.34 0.0119
41 0.08 15.75 11.42 8.14 0.0123
42 0.22 16.29 11.81 8.34 0.4269
43 1.63 16.10 11.71 8.29 0.4269
44 0.49 16.09 11.70 8.27 0.4269
45 0.55 13.99 9.90 6.92 0.3100
46 0.58 14.45 10.11 7.19 0.3140
47 0.26 11.94 9.43 7.55 0.0075
48 0.17 14.52 10.18 7.25 0.3235
49 0.24 11.56 8.82 6.73 0.0118
50 0.71 14.79 10.30 7.28 0.3401
51 0.92 15.10 10.44 7.33 0.3442
52 0.77 14.65 11.74 9.81 0.0038
53 0.33 21.73 13.71 8.42 0.0055
54 0.82 19.25 12.66 1.77 0.0055
55 0.25 17.21 11.74 7.19 0.0055
56 0.54 16.13 11.28 6.81 0.0044
57 1.19 15.66 10.79 7.46 0.3552
58 0.86 15.97 11.38 7.91 0.7843

Abbreviations:

°C = degree Celsius

cms = cubic meter per second

EQY = end of year

Table B-8. Simulated Reach Temperatures (°C) and Flows (cms) for Maximum Weekly Fall Conditions for EOY6 Disturbance

Condition for the ModPR0O2
Temperature Flow
Number Length . o
Maximum Average Minimum Average
1 0.50 10.07 8.69 7.57 0.0798
2 0.43 10.59 8.75 7.56 0.0840
3 0.63 9.65 8.08 6.94 0.0400
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Temperature Flow
Number Length

Maximum Average Minimum Average

4 0.67 10.67 8.71 7.45 0.1316
5 0.86 10.81 8.79 7.48 0.1432
6 1.91 11.00 8.75 7.27 0.1211
7 1.40 11.76 9.34 7.97 0.0130
8 0.76 9.65 8.30 7.29 0.0167
9 1.30 9.73 8.27 7.23 0.0179
10 0.76 10.98 9.05 7.93 0.0078
11 1.40 10.16 8.45 7.30 0.0270
12 2.44 10.77 8.70 7.36 0.0430
13 0.31 10.64 8.59 7.23 0.0430
14 0.33 10.61 8.57 7.20 0.0430
15 0.61 11.04 8.68 7.13 0.0332
16 0.29 12.43 9.02 6.88 0.0299
17 2.76 11.85 9.43 8.15 0.0205
18 0.58 13.03 10.03 8.55 0.0310
19 0.41 12.84 10.03 8.61 0.0341
20 0.67 14.74 10.29 7.92 0.0348
21 1.33 15.29 10.06 6.97 0.0647
22 0.28 15.93 10.25 6.76 0.0650
23 0.63 13.20 9.43 6.87 0.1646
24 1.37 11.93 9.29 1.75 0.0037
25 0.46 13.78 9.71 7.15 0.0058
26 0.60 13.39 9.48 6.85 0.1720
27 1.22 13.62 9.55 6.79 0.1748
28 0.52 9.32 8.03 6.99 0.0161
29 0.33 9.44 8.07 7.07 0.0179
30 1.32 9.89 8.20 7.05 0.0212
31 0.42 10.03 8.19 6.93 0.0226
32 1.33 10.85 8.01 6.31 0.0046
33 0.77 11.10 791 5.89 0.0049
34 0.27 10.90 7.82 5.78 0.0049
35 0.15 10.43 8.32 6.91 0.0296
36 0.14 13.24 9.41 6.78 0.2059
37 1.53 10.84 9.21 8.07 0.0036
38 0.28 10.65 8.78 7.37 0.0055
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Temperature Flow
Number Length . o

Maximum Average Minimum Average
39 0.70 11.55 8.83 6.94 0.0059
40 0.33 11.24 8.39 6.25 0.0061
41 0.08 13.81 8.99 5.95 0.0063
42 0.22 13.33 9.43 6.75 0.2128
43 1.63 13.05 9.30 6.67 0.2128
44 0.49 12.88 9.23 6.59 0.2127
45 0.55 10.35 8.79 7.53 0.2015
46 0.58 10.96 8.91 7.58 0.2043
47 0.26 10.23 8.51 7.43 0.0046
48 0.17 11.16 8.94 7.57 0.2104
49 0.24 9.49 8.17 7.14 0.0074
50 0.71 11.56 8.98 7.51 0.2206
51 0.92 11.83 9.01 747 0.2229
52 0.77 11.41 9.59 8.53 0.0023
53 0.33 17.06 10.43 6.55 0.0033
54 0.82 14.06 9.22 5.75 0.0033
55 0.25 12.21 8.30 5.09 0.0033
56 0.54 11.27 7.94 4.88 0.0034
57 1.19 12.29 9.10 7.30 0.2303
58 0.86 12.52 9.19 6.93 0.4443

Abbreviations:

°C = degree Celsius

cms = cubic meter per second

EQY = end of year

Table B-9. Simulated Reach Temperatures (°C) and Flows (cms) for Mean August Conditions for EOY6 Disturbance Condition for

the ModPRO2
Temperature Flow
Number Length

Maximum Average Minimum Average
1 0.50 11.30 8.81 6.52 0.0975
2 0.43 11.86 8.99 6.61 0.1028
3 0.63 10.61 8.02 5.73 0.0487
4 0.67 11.80 8.93 6.58 0.1603
5 0.86 11.85 9.07 6.78 0.1746
6 1.91 12.05 9.23 6.95 0.1960
7 1.40 12.93 10.05 8.00 0.0228
8 0.76 10.52 8.27 6.26 0.0273
9 1.30 10.49 8.35 6.49 0.0290
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Number Length . Temperature . Flow

Maximum Average Minimum Average
10 0.76 11.80 9.20 7.36 0.0123
11 1.40 10.88 8.63 6.83 0.0431
12 2.44 11.63 9.20 7.32 0.0711
13 0.31 11.54 9.12 7.26 0.0711
14 0.33 11.51 9.11 7.25 0.0711
15 0.61 11.90 9.25 7.24 0.0671
16 0.29 12.90 9.61 7.16 0.0658
17 2.76 12.69 9.53 7.35 0.0277
18 0.58 14.11 10.43 8.19 0.0390
19 0.41 13.97 10.45 8.29 0.0417
20 0.67 15.79 11.09 8.23 0.0498
21 1.33 15.81 10.80 7.46 0.1181
22 0.28 16.71 11.10 7.36 0.1185
23 0.63 14.25 10.16 7.11 0.3241
24 1.37 13.07 10.35 8.62 0.0063
25 0.46 14.95 11.03 8.48 0.0112
26 0.60 14.45 10.26 7.16 0.3382
27 1.22 14.75 10.39 7.16 0.3430
28 0.52 10.24 8.00 5.91 0.0225
29 0.33 10.17 8.17 6.40 0.0258
30 1.32 10.43 8.55 6.95 0.0317
31 0.42 10.54 8.64 7.05 0.0342
32 1.33 12.02 8.82 6.60 0.0075
33 0.77 12.43 9.11 6.90 0.0090
34 0.27 12.30 9.03 6.83 0.0090
35 0.15 11.16 8.93 7.23 0.0465
36 0.14 14.50 10.30 7.17 0.3920
37 1.53 11.50 9.92 8.63 0.0066
38 0.28 11.50 9.78 8.37 0.0100
39 0.70 12.51 9.99 8.12 0.0113
40 0.33 12.53 9.78 7.68 0.0119
41 0.08 14.46 10.32 7.50 0.0123
42 0.22 14.60 10.34 7.19 0.4049
43 1.63 14.43 10.25 7.15 0.4049
44 0.49 14.36 10.23 7.13 0.4049
45 0.55 11.63 8.87 6.43 0.3100
46 0.58 12.21 9.05 6.47 0.3140
47 0.26 11.09 8.73 6.85 0.0075
48 0.17 12.38 9.10 6.49 0.3235
49 0.24 10.52 8.20 6.14 0.0118
50 0.71 12.80 9.21 6.50 0.3401
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Number Length . Temperature . Flow
Maximum Average Minimum Average
51 0.92 13.13 9.31 6.53 0.3442
52 0.77 12.78 10.50 9.04 0.0038
53 0.33 19.00 12.07 7.74 0.0055
54 0.82 16.80 11.15 7.13 0.0055
55 0.25 15.18 10.34 6.57 0.0055
56 0.54 14.21 9.91 6.20 0.0044
57 1.19 13.78 9.57 6.60 0.3552
58 0.86 14.14 9.99 6.89 0.7623
Abbreviations:

°C = degree Celsius

cms = cubic meter per second

EQY = end of year
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Section 3: Inputs for EOY12 for the ModPRO2

This section includes model inputs representing mine year 12 for the ModPRO2. Stibnite Lake has
been constructed and filled on the YPP backfill, which breaks the QUAL2K modeling into two models
(upstream and downstream).

Table B-10. Reach Characteristics for EOY12 Disturbance Condition for the ModPR0O2

Model | Number | Length (km) ' Velocity coefficient | Velocity exponent  Depth coefficient | Depth exponent
1 0.5 0.750 0.320 0.200 0.250
2 0.43 0.750 0.320 0.200 0.250
3 0.63 0.750 0.320 0.200 0.250
4 0.67 0.750 0.320 0.350 0.250
5 0.86 0.750 0.320 0.350 0.250
6 1.91 0.750 0.320 0.350 0.250
7 1.4 0.750 0.320 0.350 0.250
8 0.76 0.750 0.320 0.350 0.250
9 1.3 2.000 0.270 1.460 0.600
10 0.76 0.750 0.320 0.350 0.250
11 1.4 2.000 0.270 1.460 0.600
12 2.44 2.000 0.270 1.460 0.600
13 0.31 2.000 0.270 1.460 0.600
14 0.33 2.000 0.270 1.460 0.600
15 0.61 0.900 0.250 0.900 0.400

Upper 16 0.29 0.800 0.500 0.420 0.300
17 2.76 1.600 0.320 0.350 0.250
18 0.58 1.600 0.320 0.350 0.250
19 0.41 0.340 0.000 1.000 0.350

20 0.67 0.700 0.500 0.350 0.300
21 1.33 0.750 0.500 0.480 0.330
22 0.28 0.750 0.320 0.350 0.250
23 0.63 0.480 0.320 0.350 0.250
24 1.37 0.750 0.320 0.350 0.250
25 0.46 1.300 0.500 0.350 0.300
26 0.6 0.750 0.320 0.350 0.250
27 1.22 0.750 0.320 0.350 0.250
28 0.52 0.750 0.320 0.350 0.250
29 0.33 0.750 0.320 0.350 0.250
30 1.32 0.750 0.320 0.350 0.250
31 0.42 3.300 0.350 1.400 0.550
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Model | Number | Length (km) | Velocity coefficient | Velocity exponent | Depth coefficient | Depth exponent
32 0.15 0.750 0.320 0.350 0.250
33 0.14 0.750 0.320 0.350 0.250
34 1.53 0.750 0.320 0.350 0.250
35 0.28 0.750 0.320 0.350 0.250
36 0.7 0.750 0.320 0.350 0.250
37 0.33 4.000 0.400 0.450 0.600
38 0.08 1.900 0.400 0.250 0.600
39 0.32 0.750 0.320 0.350 0.250
40 0.43 0.492 0.594 0.271 0.362
41 0.38 0.484 0.594 0.271 0.363
42 1.48 0.750 0.320 0.350 0.250
43 0.45 4.300 0.320 0.137 0.489
44 0.24 0.479 0.593 0.271 0.363
1 0.55 0.750 0.320 0.350 0.250
2 0.58 0.750 0.320 0.350 0.250
3 0.26 0.750 0.320 0.350 0.250
4 0.17 0.750 0.320 0.350 0.250
5 0.24 0.750 0.320 0.350 0.250
6 0.71 0.750 0.320 0.350 0.250
7 0.92 0.750 0.320 0.350 0.250
8 0.77 0.750 0.320 0.350 0.250
Lower
9 0.33 2.100 0.490 0.420 0.370
10 0.82 4.000 0.400 0.800 0.600
11 0.25 9.500 0.400 0.300 0.600
12 0.54 0.750 0.320 0.350 0.250
13 1.19 0.750 0.320 0.350 0.250
14 0.06 0.479 0.593 0.271 0.363
15 1.13 0.750 0.320 0.350 0.250
16 0.86 0.750 0.320 0.350 0.250
Abbreviations:

EQY = end of year
km = kilometer
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Table B-11. Diffuse Flow (cms) and Temperature (°C) for EOY12 Disturbance Condition for the ModPR02

- N Flow Temperature
Summer? Fallb Auguste Summer? Falle August®

1 0.0060 0.0050 0.0060 11.90 10.60 11.00
2 0.0050 0.0040 0.0050 11.90 10.60 11.00
3 0.0070 0.0060 0.0070 11.90 10.60 11.00
4 0.0070 0.0060 0.0070 11.90 10.60 11.00
5 0.0100 0.0080 0.0100 11.90 10.60 11.00
6 0.0209 0.0167 0.0209 11.90 10.60 11.00
7 0.0140 0.0080 0.0140 11.90 10.60 11.00
8 0.0070 0.0050 0.0070 11.90 10.60 11.00
9 0.0000 0.0000 0.0000 11.90 10.60 11.00
10 0.0071 0.0050 0.0071 11.90 10.60 11.00
11 0.0000 0.0000 0.0000 11.90 10.60 11.00
12 0.0000 0.0000 0.0000 11.90 10.60 11.00
13 0.0000 0.0000 0.0000 13.90 11.60 12.20
14 0.0000 0.0000 0.0000 13.90 11.60 12.20
15 0.0025 0.0028 0.0025 13.90 11.60 12.20
16 0.0000 0.0000 0.0000 13.90 11.60 12.20
17 0.0200 0.0180 0.0200 11.90 10.60 11.00
18 0.0040 0.0040 0.0040 11.90 10.60 11.00
Upper 19 0.0028 0.0028 0.0028 11.90 10.60 11.00
20 0.0100 0.0080 0.0100 11.90 10.60 11.00
21 0.0000 0.0000 0.0000 13.90 11.60 12.20
22 0.0140 0.0130 0.0140 13.90 11.60 12.20
23 0.0039 0.0020 0.0039 11.90 10.60 11.00
24 0.0080 0.0050 0.0080 11.90 10.60 11.00
25 0.0029 0.0019 0.0029 11.90 10.60 11.00
26 0.0039 0.0019 0.0039 11.90 10.60 11.00
27 0.0066 0.0037 0.0066 11.90 10.60 11.00
28 0.0030 0.0018 0.0030 11.90 10.60 11.00
29 0.0020 0.0010 0.0020 11.90 10.60 11.00
30 0.0090 0.0045 0.0090 11.90 10.60 11.00
31 0.0000 0.0000 0.0000 11.90 10.60 11.00
32 0.0012 0.0006 0.0012 11.90 10.60 11.00
33 0.0002 0.0001 0.0002 11.90 10.60 11.00
34 0.0090 0.0050 0.0090 11.90 10.60 11.00
35 0.0020 0.0010 0.0020 11.90 10.60 11.00
36 0.0024 0.0009 0.0024 11.90 10.60 11.00

B-20



ModPRO2 SPLNT Modeling Report

Appendix B

Flow Temperature
Model Number
Summer? Fall® Auguste Summer? Fall® Auguste

37 0.0000 0.0000 0.0000 11.90 10.60 11.00

38 0.0005 0.0003 0.0005 11.90 10.60 11.00

39 0.0016 0.0008 0.0016 11.90 10.60 11.00

40 0.0000 0.0000 0.0000 11.90 10.60 11.00

41 0.0000 0.0000 0.0000 11.90 10.60 11.00

42 0.0016 0.0000 0.0016 11.90 10.60 11.00

43 0.0000 0.0000 0.0000 11.90 10.60 11.00

44 0.0000 0.0000 0.0000 11.90 10.60 11.00

1 0.0040 0.0020 0.0040 11.90 10.60 11.00

2 0.0040 0.0030 0.0040 11.90 10.60 11.00

3 0.0012 0.0010 0.0012 11.90 10.60 11.00

4 0.0010 0.0010 0.0010 11.90 10.60 11.00

5 0.0019 0.0009 0.0019 11.90 10.60 11.00

6 0.0046 0.0027 0.0046 11.90 10.60 11.00

7 0.0045 0.0028 0.0045 11.90 10.60 11.00

8 0.0050 0.0030 0.0050 11.90 10.60 11.00

Lower 9 0.0000 0.0000 0.0000 11.90 10.60 11.00
10 0.0000 0.0000 0.0000 11.90 10.60 11.00

11 0.0000 0.0000 0.0000 11.90 10.60 11.00

12 0.0002 0.0000 0.0002 11.90 10.60 11.00

13 0.0051 0.0030 0.0051 11.90 10.60 11.00

14 0.0000 0.0000 0.0000 11.90 10.60 11.00

15 0.0094 0.0042 0.0094 14.80 12.00 12.70

16 0.0031 0.0020 0.0031 14.80 12.00 12.70

Notes:

aSummer corresponds to the maximum weekly summer condition
bFall corresponds to the maximum weekly fall condition
cAugust corresponds to the mean August condition

Abbreviations:

°C = degree Celsius

cms = cubic meter per second
EQY = end of year

B-21



ModPRO2 SPLNT Modeling Report

Appendix B

Table B-12. Point Sources Flow (cms) and Temperature (°C) for EOY12 Disturbance Condition for the ModPR0O2

Flow Temperature
Source
Summer? Fallb Auguste Summera Fall? Auguste
Rabbit Creek 0.0150 0.0120 0.0150 8.30 7.90 7.73
Fiddle Creek Trib 0.0020 0.0010 0.0020 8.30 7.90 7.73
3
Stibnite Lodge 0.0009 0.0009 0.0009 25.00 25.00 25.00
Upper Treated Water 0.0000 0.0000 0.0000 20.00 20.00 20.00
Discharge -
EFSFSR
Treated Water 0.0000 0.0000 0.0000 N/A N/A N/A
Discharge -
Meadow Creek

Notes:

aSummer corresponds to the maximum weekly summer condition
bFall corresponds to the maximum weekly fall condition

cAugust corresponds to the mean August condition
Abbreviations:

°C = degree Celsius

cms = cubic meter per second

EFSFSR = East Fork of the South Fork of the Salmon River

EQY = end of year

N/A = not applicable for O flows or negative flows

B-22



ModPRO2 SPLNT Modeling Report

Appendix B

Table B-13. Hourly Effective Shade (%) for Maximum Weekly Summer Conditions for EOY12 Disturbance Condition for the ModPR0O2

Model | Number | 0:00 | 1:00 | 2:00 | 3:00 4:00 | 5:00 6:00 7:00 8:00  9:00 | 10:00 11:00 12:00 | 13:00 14:00 15:00 | 16:00 | 17:00 18:00 | 19:00 | 20:00 21:00 | 22:00 | 23:00
1 100 | 100 | 100 | 100 | 100 | 98.0 97.8 | 85.4 | 75.6 | 729 | 76.2 | 779 | 783 | 747 | 750 | 80.0 | 82.1 | 79.7 | 803 | 882 | 97.8 100 100 100
2 100 | 100 | 100 | 100 | 100 | 97.3 | 89.4 | 76.3 | 71.5 | 669  60.7 | 573 | 548 | 50.3 | 424 | 463 | 60.8 | 722 | 886 | 97.0 | 975 100 100 100
3 100 | 100 | 100 | 100 | 100 | 99.1 4 97.7 | 92.2 | 88.5 | 855 | 83.5 | 82.7 | 787 | 771 | 80.7 | 828 | 859 | 912 | 987 | 99.1 | 993 100 100 100
4 100 | 100 | 100 | 100 | 100 | 96.7 89.4 | 74.6 | 60.6 | 49.3 | 40.8 | 33.7 | 36.1 | 444 | 551 | 65.6 | 73.4 | 848 | 941 | 97.0 | 97.1 100 100 100
5 100 | 100 | 100 | 100 | 100 | 979 | 96.4 | 84.0 73.9 | 63.4 549 | 522 | 534 | 58.7 | 61.7 | 689 | 79.8 | 869 | 90.1 | 954 | 978 100 100 100
6 100 | 100 | 100 | 100 | 100 | 97.0 95.5 | 80.9 | 60.7 | 49.9 | 44.2 | 40.7 | 43.7 | 493 | 544 | 581 | 62.6 | 689 | 787 | 922 | 973 100 100 100
7 100 | 100 | 100 | 100 | 100 | 97.2 | 96.8 | 87.5  73.7 | 683 | 61.7 | 54.0 | 454 | 443 | 496 | 56.6 | 61.6 | 679 | 882 | 971 | 973 100 100 100
8 100 | 100 | 100 | 100 | 100 | 98.3 1 98.4 | 94.2 | 87.1 | 82.1 | 84.1 | 8.3 | 8.2 | 874 | 878 | 862 | 87.5 | 90.6 | 925 | 984 | 99.2 100 100 100
9 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 100 | 100 | 100 | 100 | 100 | 98.1 A 89.6 | 81.0 | 75.5 | 72.0 | 70.4 | 68.7 | 63.9 | 564 | 559 | 623 | 713 | 81.1 | 945 | 984 | 984 100 100 100
11 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 | 100 | 100 | 100 | 100 | 100 A 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100
14 100 | 100 | 100 | 100 | 100 | 100 A 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100

Upper 15 100 | 100 | 100 | 100 | 100 | 90.7 | 78.7 | 6.6 | 29 | 25 2.4 2.5 2.7 2.7 2.4 2.1 1.4 1.9 146 | 83.1 | 89.9 100 100 100
16 100 | 100 | 100 | 100 | 100 | 93.8 73.3 | 51.0 | 42.6 | 30.1 | 18.4 | 10.7 7.2 7.5 11.0 | 182 | 304 | 439 | 522 | 93.7 | 93.7 100 100 100
17 100 | 100 | 100 | 100 | 100 | 93.9 | 83.3 | 569 H 37.6 | 342 309 | 274 | 233 | 22.0 | 262 | 320 | 363 | 410 | 71.0 | 93.7 | 943 100 100 100
18 100 | 100 | 100 | 100 | 100 | 95.1 H 94.4 | 74.7 | 489 | 40.1 | 29.4 | 19.9 14.8 16.8 | 23.0 | 339 | 421 | 455 | 75.6 @ 942 | 95.0 100 100 100
19 100 | 100 | 100 | 100 | 100 | 100 A 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100

20 100 | 100 | 100 | 100 | 100 | 95.3 4 92.3 | 72.4 | 63.7 | 56.1 | 41.4 | 20.9 12.2 132 | 26.7 | 455 | 56.4 | 59.6 | 62.8 @ 79.2 | 953 100 100 100
21 100 | 100 | 100 | 100 | 100 | 94.1 K 74.6 | 48.4 | 42.4 | 33.0 | 20.8 | 11.3 7.3 6.9 9.1 15.7 | 289 | 429 | 59.2 | 93.7 | 93.7 100 100 100
22 100 | 100 | 100 | 100 | 100 | 96.6 | 96.0 | 79.1 | 68.7 | 59.5 | 419 | 22.8 | 10.7 9.8 17.4 | 353 | 59.8 | 71.8 | 83.7 | 959 | 96.8 100 100 100
23 100 | 100 | 100 | 100 | 100 | 96.0 A 95.7 | 85.8 | 71.9 | 50.2 | 29.2 19.4 | 153 13.6 | 21.8 | 383 | 555 | 656 | 91.7 & 955 | 96.0 100 100 100
24 100 | 100 | 100 | 100 | 100 | 97.7 1 96.5 | 93.5 | 77.1 | 69.4 | 683 | 66.3 | 629 | 59.8 | 586 | 60.7 | 63.2 | 68.1 | 76.8 | 90.6 | 97.8 100 100 100
25 100 | 100 | 100 | 100 | 100 | 94.7 | 945 | 709 A 55.0 | 51.1 | 37.6 | 29.7 | 329 | 42,6 | 50.1 | 545 | 553 | 574 | 735 | 956 | 95.9 100 100 100
26 100 | 100 | 100 | 100 | 100 | 95.6 A 95.4 | 84.7 | 71.5 | 49.9 | 30.0 | 14.6 8.9 9.7 16.1 | 33.0 | 57,56 | 752 | 929 | 95.7 | 95.9 100 100 100
27 100 | 100 | 100 | 100 & 100 | 96.0 A 95.8 | 94.0 | 77.1 | 53.5 | 30.4 | 17.3 14.5 147 | 203 | 345 | 521 | 689 | 86.1 & 95.6 | 95.9 100 100 100
28 100 | 100 | 100 | 100 | 100 | 99.4 97.8 | 97.3 | 94.0 | 93.4 | 93.8 | 90.1 | 90.6 | 91.8 | 92.7 | 93.6 | 94.0 | 913 | 963 | 98.6 | 99.4 100 100 100
29 100 | 100 | 100 | 100 | 100 | 99.5 98.6 | 96.6 | 954 | 949 | 945 | 946 | 94.0 | 942 | 93.6 | 952 | 97.2 | 979 | 99.1 | 994 | 995 100 100 100
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Model | Number | 0:00 | 1:00 | 2:00 | 3:00  4:00 5:00 | 6:00 | 7:00 | 8:00 | 9:00 | 10:00 | 11:00 12:00 | 13:00 | 14:00 | 15:00 | 16:00 | 17:00 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
30 100 | 100 | 100 | 100 | 100 | 99.0 979 | 93.1 | 92.8 | 914 | 894 | 87.1 | 8.3 | 822 | 829 | 87.1 | 89.6 | 944 | 989 | 99.0 | 99.0 100 100 100
31 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100
32 100 | 100 | 100 | 100 | 100 | 96.2 95.8 | 75.8 | 57.1 | 54.8 | 51.5 | 485 | 459 | 415 | 28.0 | 309 | 612 | 721 | 899 | 964 | 96.4 100 100 100
33 100 | 100 | 100 | 100 | 100 | 95.7 A 95.3 | 86.8 | 53.6 | 29.4 | 8.2 5.2 6.2 5.3 144 | 352 | 505 | 63.6 | 81.6 | 953 | 95.8 100 100 100
34 100 | 100 | 100 | 100 | 100 | 99.0 98.9 | 98.3 | 93.0 | 81.6 | 72.1 | 683 | 76.7 | 834 | 850 | 865 | 89.1 | 91.5 | 957 | 98.0 | 99.1 100 100 100
35 100 | 100 | 100 | 100 | 100 | 91.4 4 92.4  89.8 | 183 | 3.6 3.3 2.9 2.7 3.0 3.8 4.1 3.7 6.7 12.6 | 46.3 | 89.7 100 100 100
36 100 | 100 | 100 | 100 | 100 | 95.9 96.1 | 88.0 | 65.5 | 62.8 | 60.2 | 61.8 | 62.2 | 623 | 61.7 | 60.6 | 59.5 | 56.4 | 59.0 | 84.8 | 95.8 100 100 100
37 100 | 100 | 100 | 100 | 100 | 100 A 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100
38 100 | 100 | 100 | 100 | 100 | 92.2 4 92.2 | 73.1 | 11.2 | 2.9 2.8 2.9 3.0 3.0 3.0 3.0 2.6 3.4 339 | 916 | 919 100 100 100
39 100 | 100 | 100 | 100 | 100 | 95.6 A 95.4 | 84.9 | 57.1 | 30.5 | 16.6 7.5 5.8 8.3 16.6 | 312 | 474 | 585 | 79.4 | 945 | 94.9 100 100 100
40 100 | 100 | 100 | 100 | 100 | 90.5 | 90.7 | 23.7 | 11.5 | 6.5 2.0 1.7 1.7 1.7 1.7 1.6 1.4 12.7 | 853 | 90.5 | 90.6 100 100 100
41 100 | 100 | 100 | 100 | 100 | 90.1 | 90.2 1 39.6 | 45 | 1.4 1.2 1.2 1.2 1.2 1.2 1.2 1.1 352 | 90.4 | 90.3 | 90.2 100 100 100
42 100 | 100 | 100 | 100 | 100 | 97.7 89.7 | 788 | 73.9 | 71.2 | 69.6 | 67.7 | 65,5 | 619 | 54.0 | 578 | 64.7 | 841 | 956 | 97.7 | 97.8 100 100 100
43 100 | 100 | 100 | 100 | 100 | 90.4 | 87.8 | 288 | 15 | 15 1.6 1.7 1.7 1.7 1.9 5.1 27.2 | 68.1 | 90.5 | 89.9 | 89.7 100 100 100
44 100 | 100 | 100 | 100 | 100 | 90.4 | 90.4 | 86.4 | 5.4 | 1.2 1.3 1.4 1.4 1.4 1.4 1.4 1.4 1.5 63.7 | 90.6 | 90.3 100 100 100
1 100 | 100 | 100 | 100 | 100 | 93.7 | 87.7 | 37.7 | 29.4 | 254 | 224 | 198 | 17.1 15.1 13.0 8.8 123 | 26.1 | 56.0 | 934 | 939 100 100 100
2 100 | 100 | 100 | 100 | 100 | 93.0  64.2 | 23.3 | 183 | 143 | 12.9 12.6 | 11.8 10.3 8.3 8.1 11.3 19.0 | 52,5 | 929 | 933 100 100 100
3 100 | 100 | 100 | 100 | 100 | 989 | 955 | 91.3 1 89.9 | 839 79.0 | 770 | 718 | 615 | 649 | 77.1 | 839 | 920 | 96.8 | 989 | 99.0 100 100 100
4 100 | 100 | 100 | 100 | 100 | 96.7  84.1 | 70.6 | 59.8 | 50.4 | 45.1 | 4255 | 393 | 403 | 469 | 547 | 60.1 | 68.0 | 84.1 | 96.6 | 96.8 100 100 100
5 100 | 100 | 100 | 100 | 100 | 99.6 | 99.4 | 98.0 | 97.6 | 969 956 | 935 | 929 | 935 | 893 | 86.8 | 88.7 | 934 | 975 | 99.6 | 99.6 100 100 100
6 100 | 100 | 100 | 100 | 100 | 95.0 1 94.8 | 82.1 | 59.2 | 45.0 | 36.7 | 33.9 | 29.0 & 23.9 19.2 186 | 235 | 36.5 | 813 | 948 | 95.0 100 100 100
7 100 | 100 | 100 | 100 | 100 | 94.8 | 94.4 | 73.4 | 58.7 | 45.1 | 42.0 | 40.1 | 37.0 | 30.8 | 252 | 224 | 232 | 375 | 739 | 947 | 95.0 100 100 100
Lower 8 100 | 100 | 100 | 100 | 100 | 96.6 A 96.5 | 95.0 | 76.5 | 50.2 | 29.8 | 319 | 43.0 @ 488 | 547 | 605 | 70.5 | 76.0 | 80.2 | 81.1 | 94.2 100 100 100
9 100 | 100 | 100 | 100 | 100 | 96.9 H 96.9 | 96.8 | 93.3 | 62.0 | 25.8 | 10.7 1.7 5.4 135 | 27.7 | 40.0 | 435 | 46.4 | 47.7 | 93.7 100 100 100
10 100 | 100 | 100 | 100 | 100 | 100 A 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100
11 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 | 100 | 100 | 100 | 100 | 99.0 98.8 | 96.2 | 89.8 | 80.8 | 74.7 | 747 | 83.6 | 89.6 | 915 | 93.0 | 941 | 959 | 97.1 | 985 | 99.0 100 100 100
13 100 | 100 | 100 | 100 | 100 | 95.2 | 90.8 | 53.3 4 42.7 | 37.0 | 34.0 | 31.1 | 288 | 26,5 | 251 | 255 | 305 | 425 | 61.6 | 905 | 953 100 100 100
14 100 | 100 | 100 | 100 | 100 | 90.9 H 90.4  47.7 | 1.0 | 1.6 2.0 2.1 2.1 2.1 2.1 2.0 1.7 2.3 399 | 90.8 | 91.0 100 100 100
15 100 | 100 | 100 | 100 | 100 | 95.5 | 90.3 | 77.5 | 64.8 | 41.2 | 246 | 174 | 16.5 195 | 269 | 37.6 | 46.7 | 588 | 79.9 | 95.0 | 95.2 100 100 100
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Model | Number | 0:00 | 1:00 | 2:00 | 3:00  4:00 | 5:00 6:00 7:00 8:00  9:00 | 10:00  11:00 12:00 | 13:00 14:00 15:00 | 16:00 | 17:00 18:00 | 19:00  20:00 21:00 | 22:00 | 23:00
16 100 | 100 | 100 | 100 | 100 | 95.1 | 93.5 | 86.3 | 48,5 | 21.6 | 13.3 12.1 15.5 22.3 29.9 38.6 51.1 68.0 82.1 95.0 95.2 100 100 100
Notes:
* Hours are in military format
Abbreviations:
%= percent
EQY = end of year
Table B-14. Hourly Effective Shade (%) for Maximum Weekly Fall Conditions for EOY12 Disturbance Condition for the ModPR02
Model | Number | 0:00 | 1:00 | 2:00 | 3:00 4:00 | 5:00 | 6:00 | 7:00 | 8:00 9:00 10:00 11:00 12:00 13:00 14:00 | 15:00 16:00 | 17:00 18:00  19:00 20:00 21:00 |22:00 23:00
1 100 | 100 100 100 100 100 | 97.2 | 965 | 885 | 86.7 | 89.8 | 922 | 91.1 | 90.2 H 864 | 885 899 | 909 | 974 100 100 100 100 100
2 100 | 100 100 100 100 100 | 96.5 | 91.7 | 798 | 72.1 | 70.7 | 689 | 664 | 639 | 62.3 558 | 683 | 91.7 | 96.5 100 100 100 100 100
3 100 | 100 | 100 | 100 | 100 | 100 | 98.9 | 97.2 | 91.0 H 862 | 85.6 | 829 | 83.1 815 | 83.0 | 858 | 969 | 98.6 | 99.0 | 100 | 100 | 100 A 100 | 100
4 100 | 100 100 100 100 100 | 958 | 878 | 66.0 | 56.8 | 46.8 | 444 | 49.1 | 57.7 | 66.3 | 758 | 909 | 949 | 96.2 100 100 100 100 100
5 100 | 100 | 100 | 100 | 100 | 100 | 97.2 | 96.7 | 83.0 A 73.7 | 678 | 66.2 | 68.0 70.7 | 750 | 824 | 89.5 945 | 97.1 | 100 | 100 | 100 A 100 | 100
6 100 | 100 100 100 100 100 | 96.1 | 930 | 79.1 | 61.3 | 57.1 | 56.8 | 599 | 645 686 722 778 | 88.3 | 964 100 100 100 100 100
7 100 | 100 | 100 | 100 | 100 | 100 | 96.2 88.8 | 71.7 | 62.7 | 564 | 51.7 | 53.6 | 58.0 | 64.8 | 77.9 | 949 | 965 | 100 | 100 | 100 A& 100 | 100
8 100 | 100 100 100 100 100 | 988 | 916 | 91.1 | 92.1 | 918 | 89.1 | 89.5 | 90.5 | 91.2 | 93.1 | 93.8 | 97.5 | 98.9 100 100 100 100 100
9 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
10 100 | 100 100 100 100 100 | 97.7 | 914 | 847 | 774 | 739 | 719 | 69.1 | 676 | 668 669 | 789 | 948 | 98.2 100 100 100 100 100
11 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
Upper 12 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
14 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
15 100 | 100 100 100 100 100 88.1 | 77.0 | 14.8 5.8 4.4 3.6 3.2 3.1 2.9 2.5 2.2 46.5 | 87.1 100 100 100 100 100
16 100 | 100 100 100 100 100 | 918 | 735 | 47.7 | 428 | 39.0 | 330 | 299 | 304 | 336 | 39.0 463 | 711 | 918 100 100 100 100 100
17 100 | 100 100 100 100 100 | 92.1 | 834 | 59.2 | 373 | 345 | 315 | 29.1 | 285 | 32.2 A 36.7 | 50.1 | 88.1 | 92.2 100 100 100 100 100
18 100 | 100 100 100 100 100 | 93.6 | 92.7 | 77.3 | 489 | 443 | 382 | 332 | 335 | 393 H 46.6 A 589 | 89.6 | 92.7 100 100 100 100 100
19 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
20 100 | 100 100 100 100 100 | 939 | 915 | 72.7 | 62.1 | 50.8 | 33.1 | 20.8 | 27.8 | 46.8 A 56.3 | 60.8 | 67.4 | 93.6 100 100 100 100 100
21 100 | 100 100 100 100 100 | 923 | 77.1 | 51.8 | 488 | 43.6 | 346 | 284 | 26,0 289 | 36.1 H 439 | 80.2 | 91.7 100 100 100 100 100
22 100 | 100 100 100 100 100 | 96.2 | 952 | 80.1 | 68.2 | 604 | 455 | 295 | 216 | 32.0  50.8 | 683 | 943 | 949 100 100 100 100 100
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Model | Number | 0:00 | 1:00 | 2:00 | 3:00 @ 4:00 @ 5:00  6:00 | 7:00 | 8:00 | 9:00 | 10:00  11:00 | 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00  23:00
23 100 | 100 | 100 100 100 100 | 94.7 H 943 | 80.8 | 57.9 | 362 | 23,5 | 19.3 | 289 | 49.6 | 64.1 | 80.0 | 94.0 | 94.7 | 100 100 100 100 100
24 100 | 100 | 100 100 100 100 | 97.0 | 958 | 943 | 86.0 | 77.1 | 73.4 | 705 | 66.8 | 66.5 | 715 | 78.1 | 84.1 | 93.8 100 100 100 100 100
25 100 | 100 | 100 100 100 100 | 928 | 925 | 71,5 | 50.6 | 39.1 | 433 | 513 | 549 | 56.6 | 58.7 | 63.1 | 92.9 | 94.8 @ 100 100 100 100 100
26 100 | 100 | 100 100 100 100 | 942 | 940 | 829 | 639 | 448 | 26,5 212 | 23.7 | 38.1 | 589 | 80.5 | 94.1 | 945 100 100 100 100 100
27 100 | 100 | 100 100 100 100 | 94.7 H 945 | 93.6  72.6 | 445 | 263 | 209 | 253 | 37.1 | 543 | 73.9 | 939 | 944 | 100 100 100 100 100
28 100 | 100 | 100 100 100 100 | 99.1 | 98.2 | 97.6 H 953 | 93.3 | 93.6 | 93.0 | 945 | 95.0 | 958 | 97.5 | 99.0 | 99.2 @ 100 100 100 100 100
29 100 | 100 | 100 100 100 100 | 99.2 | 99.2 | 985 | 97.7 | 973 | 96.7 | 963 | 96.2 | 96.4 | 96.5 | 959 | 97.9 | 993 @ 100 100 100 100 100
30 100 | 100 | 100 100 100 100 | 98.7 | 98.6 | 96.0 | 93.9 | 93.6 | 91.7 | 89.0 H 86.6 | 86.5 | 88.8 | 97.1 | 985 | 98.7 | 100 100 100 100 100
31 100 | 100 | 100 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 | 100 | 100
32 100 | 100 | 100 100 100 100 | 939 | 939 | 784 | 574 | 56.8 | 54.8 | 52.9 | 52,5 | 443 | 49.2 | 51.8 | 944 | 953 | 100 100 100 100 100
33 100 | 100 | 100 100 100 100 | 93.8 | 94.1 | 895 H 516 | 23.6 | 18.0 179 | 30.1 | 58.6 | 74.1 | 89.5 | 945 | 945 100 100 100 100 100
34 100 | 100 | 100 100 100 100 | 98.6 § 982 | 96.7 | 90.4 | 780 | 77.4 | 846 | 87.0 | 89.3 | 92.8 | 96.6 | 98.6 | 98.8 | 100 100 100 100 100
35 100 | 100 | 100 100 100 100 | 889 | 89.5 | 90.1 | 48.0 | 21.3 | 9.8 5.7 3.8 3.6 5.8 10.5 | 26.6 | 87.3 | 100 100 100 100 100
36 100 | 100 | 100 100 100 100 | 953 | 954 | 904 § 653 | 65.1 | 65.6 | 665 | 67.0 | 67.4 | 672 | 66.0 | 72.7 | 95.1 | 100 100 100 100 100
37 100 | 100 | 100 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 | 100 | 100
38 100 | 100 | 100 100 100 100 | 90.0 H 89.2 | 80.7 199 | 54 4.6 4.1 3.8 3.8 4.0 39 | 815 | 89.3 | 100 100 100 100 100
39 100 | 100 | 100 100 100 100 | 94.1 | 938 | 76.8 H 39.6 | 21.3 | 159 | 23.0 | 33.5 | 489 | 625 | 73.1 | 929 | 93.1 A 100 100 100 100 100
40 100 | 100 | 100 100 100 100 | 873 | 87.4 | 23.6 117 | 4.6 1.8 1.8 1.6 1.4 4.7 | 522 | 87.2 | 87.3 | 100 100 100 100 100
41 100 | 100 | 100 100 100 100 | 87.0 | 869 | 445 55 1.8 1.3 1.4 1.4 1.3 11.1 | 80.9 | 87.2 | 873 | 100 100 100 100 100
42 100 | 100 | 100 100 100 100 | 97.1 4 93.1 | 863 | 804 | 751 | 72.6 | 70.1 | 68.0 | 62.4 | 72.0 | 89.9 | 953 | 97.0 | 100 100 100 100 100
43 100 | 100 | 100 100 100 100 | 87.4 | 86.4 | 324 1.8 4.7 3.3 2.1 3.1 53 | 541 | 853 | 87.8 | 86.7 | 100 100 100 100 100
44 100 | 100 | 100 100 100 100 | 87.1 | 87.1 | 85.6 | 11.7 1.3 1.5 1.6 1.8 1.8 1.9 | 269 | 87.8 | 87.3 | 100 100 100 100 100

1 100 | 100 | 100 100 100 100 | 92.2 | 92.1 | 77.4 | 54.0 | 404 | 322 | 268 | 234 | 195 | 159 | 13.6 | 66.0 | 91.5 100 100 100 100 100
2 100 | 100 | 100 100 100 100 | 909 K 689 | 348 | 26.7 | 225 | 19.2 | 181 | 179 | 16.6 | 16.4 | 23.0 | 83.1 | 90.9 | 100 100 100 100 100
3 100 | 100 | 100 100 100 100 | 98.6 | 96.8 | 93.0 A 89.7 | 814 | 77.0 729 | 69.0 | 743 | 80.3 | 92.0 | 98.2 | 98.7 100 100 100 100 100
4 100 | 100 | 100 100 100 100 | 958 | 95.6 | 91.7 | 793 | 674 | 585 | 51.0 | 53.7 | 58.6 | 64.1 | 69.1 | 94.7 | 95.6 @ 100 100 100 100 100
Lower 5 100 | 100 | 100 100 100 100 | 99.5 | 99.2 | 983 | 979 | 969 | 96.0  94.7 | 93.8 | 92.6 | 89.3 | 942 | 99.0 | 99.2 100 100 100 100 100
6 100 | 100 | 100 100 100 100 | 935 | 933 | 89.2 | 72.6 | 589 | 49.6 H 419 | 355 | 33.0 | 31.0 | 544 | 92.7 | 93.4 @ 100 100 100 100 100
7 100 | 100 | 100 100 100 100 | 93.4 | 933 | 79.9 | 752 | 60.1 | 54.0 524 | 48.7 | 445 | 425 | 583 | 84.9 | 93.3 100 100 100 100 100
8 100 | 100 | 100 100 100 100 | 95.6 | 93.8 | 93.3 | 87.0 | 582 | 63.1 | 72.6 | 80.8 | 88.0 | 93.6 | 958 | 96.0 | 96.0 @ 100 100 100 100 100
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Model | Number | 0:00 | 1:00 | 2:00 | 3:00 @ 4:00 A 5:00  6:00 | 7:00 | 8:00 | 9:00  10:00 11:00 | 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 |22:00  23:00
9 100 | 100 100 100 100 100 | 96.1 | 96.2 | 955 | 894 | 388 | 13.5 | 129 | 239 | 38,5 | 448 | 46.1 | 463 | 54.8 100 100 100 100 100
10 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
11 100 | 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 | 100 100 100 100 100 | 98.6 | 984 | 964 | 92.7 | 843 | 864 | 921 | 955 | 96.6 A 96.7 | 96.0 | 974 | 985 100 100 100 100 100
13 100 | 100 100 100 100 100 | 93.7 | 909 | 66.9 | 56.5 | 49.8 | 458 | 43.3 | 42.1 | 42.6 | 46.1 | 53.0 | 70.0 | 93.6 100 100 100 100 100
14 100 | 100 100 100 100 100 | 88.0 | 874 | 545 1.8 25 2.7 2.7 2.7 2.2 2.2 15.6 | 88.1 | 88.1 100 100 100 100 100
15 100 | 100 100 100 100 100 | 94.1 | 895 | 771 | 654 | 39.2 | 288 | 295 | 36.6 A 47.7 A 580 | 758 | 93.1 | 938 100 100 100 100 100
16 100 | 100 100 100 100 100 | 93.7 | 91.0 | 83.1 | 48.1 | 259 | 27.0 | 325 | 423 | 56.5 | 73.1 | 84.3 | 915 | 93.7 | 100 100 100 100 100

Notes:

* Hours are in military form

Abbreviations:

%= percent

EQY = end of year

Table B-15. Hourly Effective Shade (%) for Mean August Conditions for EOY12 Disturbance Condition for the ModPR0O2

Model Nl::]b 0:00  1:00 # 2:00  3:00 | 4:00 5:00 6:00 7:00 8:00 | 9:00 |10:00  11:00 12:00 13:00 14:00  15:00  16:00  17:00 | 18:00 19:00 20:00 21:00  22:00  23:00
1 100 100 100 100 100 | 99.0 | 975 | 910 | 82.1 | 798 | 83.0 A 851 | 84.7 | 825 | 80.7 | 843 | 86.0 H 853 | 889 | 94.1 | 98.9 100 100 100
2 100 100 100 100 100 | 98.7 | 93.0 | 840 | 75.7 | 69.5 | 65.7 | 63.1 | 60.6 | 57.1 | 524 | 51.1 | 646 | 82.0 | 92.6 A 985 | 98.8 100 100 100
3 100 100 100 100 100 | 99.6 | 983 | 94.7 | 89.8 | 859 | 84.6 | 828 | 80.9 | 793 H 819 | 843 | 914 | 949 | 989 | 99.6 | 99.7 100 100 100
4 100 100 100 100 100 | 984 | 926 | 812 | 63.3 | 53.1 | 438 | 39.1 | 426 | 51.1 A 60.7 | 70.7 | 822 | 89.9 | 952 | 985 | 98.6 100 100 100
5 100 100 100 100 100 | 99.0 | 96.8 | 904 | 785 | 686 | 614 | 59.2 | 60.7 | 64.7 684 | 75.7 | 84.7 | 90.7 | 93.6 | 97.7 | 98.9 100 100 100
6 100 100 100 100 100 | 985 | 958 | 87.0 | 699 | 556 | 50.7 | 488 | 51.8 | 569 | 615 | 652 | 70.2 | 78.6 | 87.6 | 96.1 | 98.7 100 100 100
7 100 100 100 100 100 | 98.6 | 96.5 | 91.6 | 812 | 70.0 | 62.2 | 55.2 | 486 | 489 | 53.8 | 60.7 | 69.7 | 814 | 923 | 985 | 98.7 100 100 100

Upper 8 100 100 100 100 100 | 99.2 | 986 | 929 | 89.1 A 87.1 | 879 | 87.2 | 874 | 889 | 89.5 | 89.7 | 90.7 | 94.0 99.2 | 99.6 100 100 100
9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 100 100 100 100 100 | 99.1 | 93.7 | 86.2 | 80.1 A 747 | 722 | 70.3 | 66,5 | 62.0 613 | 64.6 | 751 | 88.0 | 96.3 | 99.2 | 99.2 100 100 100
11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
14 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Model NZTb 0:00 | 1:00 | 2:00 | 3:00 | 4:00  5:00 | 6:00 7:00 | 8:00 9:00 |10:00 | 11:00  12:00  13:00 14:00 15:00 16:00 17:00 18:00 19:00  20:00 | 21:00 22:00  23:00
15 100 100 100 100 100 | 954 | 83.4 | 418 | 89 4.2 34 3.1 3.0 2.9 2.7 2.3 1.8 242 | 50.9 | 91.6 | 95.0 | 100 100 100
16 100 100 100 100 100 | 969 | 82.6 | 623 | 452 | 365 | 287 | 219 | 186 | 19.0 | 223 | 28.6 | 384 | 575 | 72.0 | 969 | 969 | 100 100 100
17 100 100 100 100 100 | 97.0 | 87.7 | 70.2 | 484 | 358 | 32.7 | 295 | 262 | 253 | 29.2 344 | 432 | 64.6 | 81.6 | 969 | 97.2 | 100 100 100
18 100 100 100 100 100 | 97.6 | 940 | 83.7 | 63.1 A 445 | 369 | 29.1 | 240 | 252 | 312 | 403 | 505 | 676 | 84.2 | 97.1 | 975 | 100 100 100
19 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
20 100 100 100 100 100 | 97.7 | 93.1 | 82.0 | 682 | 59.1 | 46.1 | 270 | 165 | 205 | 368 | 509 | 586 | 63.5 | 782 | 89.6 | 97.7 | 100 100 100
21 100 100 100 100 100 | 97.1 | 835 | 62.8 | 47.1 H 409 | 322 | 23.0 | 179 | 165 | 19.0 | 259 | 364 | 61.6 | 755 | 96.9 | 969 | 100 100 100
22 100 100 100 100 100 | 983 | 96.1 | 87.2 | 744 H 639 | 512 | 342 | 201 | 157 | 247 | 43.1 | 641 | 83.1 | 89.3 | 98.0 | 984 | 100 100 100
23 100 100 100 100 100 | 980 | 952 | 90.1 | 764 | 54.1 | 32.7 | 215 | 173 | 213 | 357 A 512 | 67.8 | 79.8 | 93.2 | 97.8 | 98.0 | 100 100 100
24 100 100 100 100 100 | 989 | 96.8 | 94.7 | 8.7 | 77.7 | 72.7 | 699 | 66.7 | 63.3 | 62.6 | 66.1 | 70.7 | 76.1 | 853 | 953 | 989 | 100 100 100
25 100 100 100 100 100 | 974 | 93.7 | 81.7 | 63.3 A 509 | 384 | 36,5 | 42.1 | 488 | 53.4 | 56.6 | 59.2 | 75.2 | 84.2 | 97.8 | 98.0 | 100 100 100
26 100 100 100 100 100 | 97.8 | 948 | 894 | 772 A 569 | 374 | 206 | 151 | 16.7 | 27.1 | 46.0 | 69.0 | 84.7 | 93.7 | 97.9 | 98.0 | 100 100 100
27 100 100 100 100 100 | 98.0 | 953 | 943 | 854 | 63.1 | 375 | 21.8 | 17.7 | 20.0 | 28.7 | 444 | 63.0 | 814 | 90.3 | 97.8 | 98.0 | 100 100 100
28 100 100 100 100 100 | 99.7 | 985 | 97.8 | 95.8 H 944 | 93.6 | 91.9 | 91.8 | 93.2 | 939 | 94.7 | 958 | 952 | 97.8 | 99.3 | 99.7 | 100 100 100
29 100 100 100 100 100 | 99.8 | 989 | 979 | 97.0 H 963 | 959 | 95.7 | 952 | 952 | 95.0 | 959 | 96.6 | 979 | 99.2 | 99.7 | 99.8 | 100 100 100
30 100 100 100 100 100 | 99.5 | 983 | 959 | 944 927 | 915 | 894 | 87.2 | 84.4 | 84.7 | 88.0 | 934 | 965 | 988 | 99.5 | 99.5 | 100 100 100
31 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
32 100 100 100 100 100 | 98.1 | 949 | 849 | 67.8  56.1 | 542 | 51.7 | 494 | 47.0 | 36.2 | 40.1 | 56.5 | 83.3 | 92.6 | 98.2 | 98.2 | 100 100 100
33 100 100 100 100 100 | 979 | 946 | 905 | 71.6 K 405 | 159 | 116 | 121 | 17.7 | 365 | 54.7 | 70.0 | 79.1 | 88.1 | 97.7 | 979 | 100 100 100
34 100 100 100 100 100 | 99.5 | 988 | 983 | 949 H 86.0 | 75.1 | 729 | 80.7 | 852 | 87.2 | 89.7 | 929 | 95.1 | 97.3 | 99.0 | 99.6 | 100 100 100
35 100 100 100 100 100 | 95.7 | 90.7 | 89.7 | 542 | 258 | 12.3 6.4 4.2 34 3.7 5.0 7.1 16.7 | 50.0 @ 73.2 | 949 | 100 100 100
36 100 100 100 100 100 | 98.0 | 95.7 | 91.7 | 78.0 | 64.1 | 62.7 A 63.7 | 644 | 64.7 | 646 639 | 628 | 64.6 | 77.1 | 924 | 97.9 | 100 100 100
37 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
38 100 100 100 100 100 | 96.1 | 91.1 | 81.2 | 46.0 114 | 4.1 3.8 3.6 3.4 3.4 3.5 3.3 425 | 61.6 | 958 | 96.0 | 100 100 100
39 100 100 100 100 100 | 97.8 | 948 | 894 | 67.0 351 | 19.0 | 11.7 | 144 | 209 | 328 | 469 | 60.3 | 75.7 | 86.3 | 97.3 | 97.5 | 100 100 100
40 100 100 100 100 100 | 95.3 | 89.0 | 55.6 | 17.6 9.1 3.3 1.8 1.8 1.7 1.6 3.2 26.8 | 50.0 | 86.3 | 953 | 95.3 | 100 100 100
41 100 100 100 100 100 | 95.1 | 88.6 | 63.3 | 245 35 1.5 1.3 1.3 1.3 1.3 6.2 41.0 | 61.2 | 889 | 952 | 95.1 | 100 100 100
42 100 100 100 100 100 | 989 | 934 | 86.0 | 80.1 758 | 724 | 70.2 | 67.8 | 650 | 582 | 64.9 | 77.3 | 89.7 | 96.3 | 98.9 | 989 | 100 100 100
43 100 100 100 100 100 | 95.2 | 87.6 | 57.6 | 17.0 1.7 3.2 2.5 1.9 2.4 3.6 296 @ 56.3 | 78.0 | 88.6 | 95.0 | 949 | 100 100 100
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Model NZTb 0:00 A 1:00 2:00 | 3:00 4:00 | 5:00 | 6:00 | 7:00 8:00 9:00 10:00 11:00 12:00 | 13:00 14:00 | 15:00 16:00  17:00 | 18:00  19:00 20:00 21:00 22:00 23:00
44 100 100 100 100 100 | 95.2 | 88.8 | 86.8 | 45.5 6.5 1.3 1.5 1.5 1.6 1.6 1.7 142 | 44.7 | 755 | 953 | 95.2 100 100 100
1 100 100 100 100 100 | 96.9 | 90.0 | 649 | 53.4 | 39.7 | 314 | 26.0 | 220 | 193 | 163 | 124 | 13.0  46.1 | 73.8 | 96.7 | 97.0 100 100 100
2 100 100 100 100 100 | 965 | 77.6 | 46.1 | 26.6 | 205 | 17.7 | 159 | 150 | 14.1 125 | 123 | 172 | 51.1 | 71.7 | 96.5 | 96.7 100 100 100
3 100 100 100 100 100 | 995 | 97.1 | 94.1 | 915 | 8.8 | 80.2 | 77.0 | 724 | 653 | 69.6 | 78.7 | 88.0 951 | 97.8 | 99.5 | 99.5 100 100 100
4 100 100 100 100 100 | 984 | 90.0 | 83.1 | 758 | 649 | 563 | 50.5 | 452 | 47.0 | 52.8 H 59.4 | 64.6 | 81.4 | 89.9 | 983 | 98.4 | 100 100 100
5 100 100 100 100 100 | 99.8 | 995 | 98.6 | 98.0 | 974 | 963 | 948 | 93.8 | 93.7 | 91.0  88.1 | 915 | 96.2 | 984 | 99.8 | 99.8 | 100 100 100
6 100 100 100 100 100 | 975 | 942 | 87.7 | 742 | 588 | 47.8 | 418 | 355 | 29.7 H 26.1 | 248 | 39.0 | 646 | 87.4 | 974 | 975 100 100 100
7 100 100 100 100 100 | 974 | 939 | 834 | 693 | 60.2 | 51.1 | 47.1 | 44.7 | 39.8 | 349 | 325 | 40.8 612 | 83.6 | 974 | 975 100 100 100
8 100 100 100 100 100 | 983 | 96.1 | 944 | 849 | 68.6 | 440 475 | 578 H 648 | 714 | 771 | 83.2 | 86.0 | 88.1 | 90.6 | 97.1 100 100 100

Lower 9 100 100 100 100 100 | 985 | 96.5 | 965 | 944 | 75.7 | 323 | 12.1 | 103 | 14.7 | 26.0 | 36.3 | 43.1 @ 449 | 50.6 | 73.9 | 96.9 100 100 100
10 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 100 100 100 100 | 99.5 | 98.7 | 97.3 | 93.1 | 86.8 | 79.5 | 80.6 | 879 | 92.6 | 941 | 949 | 951 H 96.7 | 97.8 | 99.3 | 99.5 100 100 100
13 100 100 100 100 100 | 97.6 | 923 | 72.1 | 548 | 46.8 | 419 | 385 | 36.1 | 343 | 339 | 358 | 41.8 | 563 | 77.6 | 953 | 97.7 100 100 100
14 100 100 100 100 100 | 95.5 | 89.2 | 67.6 | 27.8 1.7 2.3 2.4 24 2.4 2.2 2.1 8.7 452 | 64.0 | 954 | 955 100 100 100
15 100 100 100 100 100 | 97.8 | 92.2 | 835 | 71.0 533 | 319 | 23.1 | 23.0 | 281 | 373 | 47.8 | 61.3 | 76.0 | 869 | 97.5 | 97.6 | 100 100 100
16 100 100 100 100 100 | 97.6 | 93.6 | 88.7 | 658 | 349 | 19.6  19.6 | 240 | 323 | 432 559 | 67.7 | 79.8 | 87.9 | 975 | 97.6 | 100 100 100

Notes:

* Hours are in military form
Abbreviations:

% = percent

EQY = end of year
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Section 4: Outputs for EOY12 for the ModPRO2
This section provides the reach-by-reach output for EOY12 for the ModPRO2.

Table B-16. Simulated Reach Temperatures and Flows for Maximum Weekly Summer Conditions for EOY12 Disturbance

Condition for the ModPRO2
o S Length (k) Temperature (°C) Flow (cms)

Maximum Average Minimum Average

1 0.50 13.53 9.85 7.11 0.0975
2 0.43 13.79 10.06 7.38 0.1028
3 0.63 11.64 8.64 6.34 0.0487
4 0.67 13.26 9.87 7.31 0.1603
5 0.86 13.30 10.09 7.51 0.1696
6 191 13.25 10.27 7.79 0.2001
7 1.40 14.75 11.43 8.99 0.0228
8 0.76 11.58 8.93 6.90 0.0272
9 1.30 11.51 9.02 7.14 0.0290
10 0.76 12.80 9.98 8.06 0.0123
11 1.40 11.79 9.34 7.50 0.0431
12 2.44 12.77 10.13 8.11 0.0711
13 0.31 12.67 10.05 8.05 0.0711
14 0.33 12.64 10.03 8.04 0.0711
15 0.61 13.00 10.30 8.20 0.0729
16 0.29 13.65 10.64 8.18 0.0736
Upper 17 2.76 13.63 10.35 8.06 0.0277
18 0.58 15.03 11.37 8.94 0.0390
19 0.41 14.85 11.38 9.06 0.0421
20 0.67 16.39 11.89 9.01 0.0503
21 1.33 16.23 11.64 8.35 0.1264
22 0.28 16.98 12.08 8.65 0.1369
23 0.63 15.19 11.29 8.23 0.3530
24 1.37 14.35 11.39 9.37 0.0063
25 0.46 15.71 11.99 9.21 0.0112
26 0.60 15.40 11.40 8.26 0.3678
27 1.22 15.78 11.54 8.25 0.3729
28 0.52 11.39 8.59 6.38 0.0212
29 0.33 11.09 8.77 7.01 0.0255
30 1.32 11.21 9.28 7.69 0.0321
31 0.42 11.26 9.42 7.84 0.0350
32 0.15 11.54 9.58 791 0.0362
33 0.14 15.66 11.45 8.21 0.4117
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Temperature (°C) Flow (cms)
Model Number Length (km)

Maximum Average Minimum Average

34 1.53 12.54 10.84 9.38 0.0066
35 0.28 14.88 11.74 9.48 0.0120
36 0.70 15.36 11.80 9.21 0.0136
37 0.33 15.07 11.51 8.78 0.0144
38 0.08 16.60 11.99 8.60 0.0149
39 0.32 15.84 11.53 8.23 0.4281
40 0.43 16.58 11.75 8.21 0.4281
41 0.38 17.44 12.01 8.15 0.4281
42 1.48 13.93 9.45 6.41 0.0060
43 0.45 18.75 11.21 6.20 0.0066
44 0.24 18.15 12.23 8.05 0.4347
1 0.55 13.99 9.90 6.92 0.3100
2 0.58 14.45 10.11 7.19 0.3140
3 0.26 11.89 9.05 6.90 0.0065
4 0.17 14.53 10.17 7.23 0.3224
5 0.24 11.55 8.81 6.70 0.0117
6 0.71 14.80 10.30 7.26 0.3388
7 0.92 15.11 10.43 7.30 0.3418
8 0.77 14.65 11.74 9.81 0.0038
Lower 9 0.33 19.13 12.72 9.02 0.0055
10 0.82 17.05 11.84 8.28 0.0055
11 0.25 15.51 11.06 7.60 0.0055
12 0.54 14.57 10.72 7.25 0.0057
13 1.19 15.62 10.74 7.40 0.3541
14 0.06 13.75 13.59 13.50 0.4271
15 1.13 14.40 13.65 13.29 0.4272
16 0.86 14.96 12.42 10.53 0.7836

Abbreviations:

°C = degree Celsius

cms = cubic meter per second
EOQY = end of year

km = kilometer

Table B-17. Simulated Reach Temperatures and Flows for Maximum Weekly Fall Conditions for EOY12 Disturbance Condition for

the ModPRO2
Temperature (°C) Flow (cms)
Model Number Length (km)
Maximum Average Minimum Average
1 0.50 10.07 8.69 7.57 0.0798
Upper 2 0.43 10.59 8.75 7.56 0.0840
3 0.63 9.65 8.08 6.94 0.0400
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Model

Temperature (°C) Flow (cms)
Number Length (km)

Maximum Average Minimum Average
4 0.67 10.67 8.71 7.45 0.1316
5 0.86 10.88 8.82 7.47 0.1392
6 1.91 10.97 8.86 7.47 0.1637
7 1.40 11.76 9.34 7.97 0.0130
8 0.76 9.65 8.31 7.30 0.0167
9 1.30 9.73 8.28 7.24 0.0180
10 0.76 10.98 9.05 7.92 0.0078
11 1.40 10.16 8.45 7.30 0.0270
12 2.44 10.77 8.70 7.36 0.0430
13 0.31 10.64 8.59 7.23 0.0430
14 0.33 10.61 8.57 7.20 0.0430
15 0.61 11.08 8.82 7.33 0.0451
16 0.29 11.78 9.00 7.20 0.0458
17 2.76 11.85 9.43 8.15 0.0205
18 0.58 12.91 10.00 8.55 0.0310
19 0.41 12.69 9.99 8.61 0.0341
20 0.67 13.58 10.10 8.26 0.0408
21 1.33 13.53 9.66 7.36 0.0886
22 0.28 13.78 9.91 7.57 0.0983
23 0.63 12.25 9.36 7.44 0.2742
24 1.37 11.90 9.42 7.99 0.0043
25 0.46 12.89 9.67 7.62 0.0075
26 0.60 12.41 9.39 7.40 0.2836
27 1.22 12.69 9.44 7.32 0.2864
28 0.52 9.34 8.00 6.92 0.0154
29 0.33 9.41 8.04 7.03 0.0176
30 1.32 9.87 8.18 7.03 0.0209
31 0.42 10.01 8.17 6.92 0.0224
32 0.15 10.30 8.26 6.91 0.0229
33 0.14 12.64 9.38 7.24 0.3108
34 1.53 10.84 9.21 8.07 0.0036
35 0.28 13.03 9.74 7.89 0.0065
36 0.70 13.06 9.60 7.49 0.0071
37 0.33 12.29 9.07 6.84 0.0074
38 0.08 14.14 9.52 6.57 0.0077
39 0.32 12.72 9.39 7.21 0.3193
40 0.43 13.38 9.53 7.11 0.3193
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Temperature (°C) Flow (cms)
Model Number Length (km)

Maximum Average Minimum Average
41 0.38 14.08 9.67 6.98 0.3193
42 1.48 11.39 7.87 5.78 0.0040
43 0.45 15.64 8.58 4.71 0.0040
44 0.24 14.66 9.78 6.84 0.3233
1 0.55 10.35 8.79 7.53 0.2015
2 0.58 10.96 8.91 7.58 0.2042
3 0.26 10.19 8.42 7.31 0.0044
4 0.17 11.16 8.94 7.57 0.2103
5 0.24 9.47 8.12 7.07 0.0072
6 0.71 11.56 8.98 7.51 0.2203
7 0.92 11.84 9.01 7.46 0.2222
8 0.77 11.41 9.59 8.53 0.0023

Lower

9 0.33 17.30 10.27 4.47 0.0033
10 0.82 14.13 9.12 4.39 0.0033
11 0.25 12.16 8.25 4.27 0.0033
12 0.54 11.13 7.88 4.27 0.0033
13 1.19 12.27 9.08 7.27 0.2294
14 0.06 10.53 10.34 10.26 0.3143
15 1.13 11.04 10.34 10.07 0.3141
16 0.86 11.65 9.82 8.77 0.5449

Abbreviations:

°C = degree Celsius

cms = cubic meter per second

EQY = end of year
km = kilometer

Table B-18. Simulated Reach Temperatures and Flows for Mean August Conditions for EOY12 Disturbance Condition for the

ModPRO2
Temperature (°C) Flow (cms)
Number Length (km) . o

Maximum Average Minimum Average

1 0.50 11.34 8.83 6.53 0.0975

2 0.43 11.95 9.03 6.63 0.1028

3 0.63 10.68 8.06 5.78 0.0487

4 0.67 11.91 8.98 6.60 0.1603

5 0.86 12.10 9.18 6.78 0.1696
Upper 6 1.91 12.18 9.34 7.04 0.2001
7 1.40 13.04 10.10 8.01 0.0228

8 0.76 10.59 8.31 6.30 0.0272

9 1.30 10.60 8.40 6.53 0.0290

10 0.76 11.90 9.25 7.38 0.0123
11 1.40 11.02 8.70 6.85 0.0431
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Number Length (k) : Temperature (°C) . Flow (cms)

Maximum Average Minimum Average

12 2.44 11.80 9.28 7.33 0.0711
13 0.31 11.72 9.22 7.27 0.0711
14 0.33 11.70 9.20 7.26 0.0711
15 0.61 12.10 9.43 7.36 0.0729
16 0.29 12.80 9.71 7.31 0.0736
17 2.76 12.77 9.57 7.37 0.0277
18 0.58 14.11 10.46 8.19 0.0390
19 0.41 13.91 10.47 8.30 0.0421
20 0.67 14.98 10.84 8.24 0.0503
21 1.33 14.85 10.52 7.52 0.1264
22 0.28 15.36 10.84 .77 0.1369
23 0.63 13.85 10.18 7.39 0.3530
24 1.37 13.07 10.35 8.62 0.0063
25 0.46 14.24 10.81 8.48 0.0112
26 0.60 14.00 10.26 7.42 0.3678
27 1.22 14.28 10.37 7.41 0.3729
28 0.52 10.34 7.98 5.79 0.0212
29 0.33 10.15 8.14 6.36 0.0255
30 1.32 10.43 8.58 7.01 0.0321
31 0.42 10.54 8.69 7.14 0.0350
32 0.15 10.87 8.83 7.20 0.0362
33 0.14 14.15 10.30 7.38 0.4117
34 1.53 11.50 9.92 8.63 0.0066
35 0.28 13.73 10.67 8.75 0.0120
36 0.70 14.06 10.70 8.50 0.0136
37 0.33 13.74 10.41 8.09 0.0144
38 0.08 15.16 10.82 7.93 0.0149
39 0.32 14.28 10.36 7.40 0.4281
40 0.43 14.99 10.54 7.38 0.4281
41 0.38 15.78 10.76 7.32 0.4281
42 1.48 12.66 8.61 5.78 0.0060
43 0.45 17.23 9.98 5.57 0.0066
44 0.24 16.43 10.94 7.24 0.4347
1 0.55 11.63 8.87 6.43 0.3100
2 0.58 12.21 9.05 6.47 0.3140
3 0.26 11.03 8.39 6.24 0.0065
Lower 4 0.17 12.38 9.10 6.47 0.3224
5 0.24 10.51 8.18 6.11 0.0117
6 0.71 12.80 9.20 6.49 0.3388
7 0.92 13.14 9.30 6.50 0.3418
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Number Length (k) : Temperature (°C) . Flow (cms)

Maximum Average Minimum Average

8 0.77 12.78 10.50 9.04 0.0038
0.33 16.55 11.24 8.31 0.0055

10 0.82 14.77 10.47 7.61 0.0055
11 0.25 13.44 9.80 6.98 0.0055
12 0.54 12.74 9.48 6.63 0.0057
13 1.19 13.73 9.54 6.55 0.3541
14 0.06 12.53 12.37 12.29 0.4271
15 1.13 13.10 12.41 12.10 0.4272
16 0.86 13.49 11.16 9.50 0.7836

Abbreviations:

°C = degree Celsius

cms = cubic meter per second

EQY = end of year
km = kilometer
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Section 5: Inputs for Post Closure Years for the ModPRO2

Two configurations represent the post mining conditions for ModPRO2. Up until EOY23, the diversion
channels and low flow pipes at the tailings storage facility (TSF) remain in use. By EOY23, the
channels on the TSF are restored. Reach inputs and outputs are provided in this section for these
configurations.

Table B-19. Reach Characteristics (EQY18 through EQY22 Disturbance Conditions) for the ModPR0O2

Model | Number | Length (km)  Velocity coefficient| Velocity exponent | Depth coefficient | Depth exponent
1 0.50 0.750 0.320 0.200 0.250
2 0.43 0.750 0.320 0.200 0.250
3 0.63 0.750 0.320 0.200 0.250
4 0.67 0.750 0.320 0.350 0.250
5 0.86 0.750 0.320 0.350 0.250
6 1.91 0.750 0.320 0.350 0.250
7 1.40 0.750 0.320 0.350 0.250
8 0.76 0.750 0.320 0.350 0.250
9 1.30 2.000 0.270 1.460 0.600
10 0.76 0.750 0.320 0.350 0.250
11 1.40 2.000 0.270 1.460 0.600
12 2.44 2.000 0.270 1.460 0.600
13 0.31 2.000 0.270 1.460 0.600
14 0.35 2.000 0.270 1.460 0.600
15 0.61 0.900 0.250 0.900 0.400

Upper 16 0.29 0.800 0.500 0.420 0.300
17 2.76 1.600 0.320 0.350 0.250
18 0.58 1.600 0.320 0.350 0.250
19 0.41 0.340 0 1.000 0.350

20 0.67 0.700 0.500 0.350 0.300
21 1.33 0.750 0.500 0.480 0.330
22 0.28 0.750 0.320 0.350 0.250
23 0.63 0.480 0.320 0.350 0.250
24 1.37 0.750 0.320 0.350 0.250
25 0.46 1.300 0.500 0.350 0.300
26 0.60 0.750 0.320 0.350 0.250
27 1.22 0.750 0.320 0.350 0.250
28 0.52 0.750 0.320 0.350 0.250
29 0.33 0.750 0.320 0.350 0.250
30 1.32 0.750 0.320 0.350 0.250
31 0.42 3.300 0.350 1.400 0.550
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Model | Number | Length (km)  Velocity coefficient| Velocity exponent | Depth coefficient | Depth exponent
32 0.15 0.750 0.320 0.350 0.250
33 0.36 0.750 0.320 0.350 0.250
34 0.43 0.492 0.594 0.271 0.362
35 1.53 0.750 0.320 0.350 0.250
36 0.28 0.750 0.320 0.350 0.250
37 0.70 0.750 0.320 0.350 0.250
38 0.71 1.340 0.510 0.392 0.412
39 0.38 0.484 0.594 0.271 0.363
40 1.48 0.750 0.320 0.350 0.250
41 0.45 4.30 0.320 0.137 0.489
42 0.24 0.479 0.593 0.271 0.363
1 0.55 0.750 0.320 0.350 0.250
2 0.58 0.750 0.320 0.350 0.250
3 0.26 0.750 0.320 0.350 0.250
4 0.17 0.750 0.320 0.350 0.250
5 0.24 0.750 0.320 0.350 0.250
6 0.71 0.750 0.320 0.350 0.250
Lower 7 0.92 0.750 0.320 0.350 0.250
8 0.23 1.000 0.450 0.280 0.350
9 0.54 0.750 0.320 0.350 0.250
10 1.19 0.750 0.320 0.350 0.250
11 0.06 0.479 0.593 0.271 0.363
12 1.13 0.750 0.320 0.350 0.250
13 0.86 0.750 0.320 0.350 0.250
Abbreviations:
EQY = end of year
km = kilometer
Table B-20. Reach Characteristics (EOY27 through EQY112 Disturbance Conditions) for the ModPR0O2
Model Number LZ:ﬁ;h c(‘)’:;;gii;}; t e\)l::g:tietxt Depth coefficient ex?)i)r:lt:n t
1 0.50 0.750 0.320 0.200 0.250
2 0.43 0.750 0.320 0.200 0.250
3 0.63 0.750 0.320 0.200 0.250
Upper 4 0.67 0.750 0.320 0.350 0.250
5 0.86 0.750 0.320 0.350 0.250
6 1.91 0.750 0.320 0.350 0.250
7 1.40 0.750 0.320 0.350 0.250
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Model Number L?;ﬂﬁ;h cX:flzziite):l t e‘)l(‘::g:(ietr)l,t Depth coefficient ex?)i%t:n t
8 1.87 0.900 0.450 0.360 0.400
9 0.76 0.750 0.320 0.350 0.250
10 0.83 1.300 0.450 0.410 0.400
11 0.91 0.700 0.450 0.420 0.400
12 0.76 0.750 0.320 0.350 0.250
13 1.33 1.150 0.480 0.390 0.400
14 1.27 0.550 0.450 0.420 0.400
15 0.56 0.800 0.480 0.320 0.400
16 0.73 0.850 0.450 0.320 0.340
17 0.80 0.900 0.250 0.900 0.400
18 0.29 0.800 0.500 0.420 0.300
19 2.76 1.600 0.320 0.350 0.250
20 0.58 1.600 0.320 0.350 0.250
21 0.41 0.340 0.000 1.000 0.350
22 0.67 0.700 0.500 0.350 0.300
23 1.33 0.750 0.500 0.480 0.330
24 0.28 0.750 0.320 0.350 0.250
25 0.63 0.480 0.320 0.350 0.250
26 1.37 0.750 0.320 0.350 0.250
27 0.46 1.300 0.500 0.350 0.300
28 0.60 0.750 0.320 0.350 0.250
29 1.22 0.750 0.320 0.350 0.250
30 0.52 0.750 0.320 0.350 0.250
31 0.33 0.750 0.320 0.350 0.250
32 1.32 0.750 0.320 0.350 0.250
33 0.42 3.300 0.350 1.400 0.550
34 0.15 0.750 0.320 0.350 0.250
35 0.36 0.750 0.320 0.350 0.250
36 0.43 0.492 0.594 0.271 0.362
37 1.53 0.750 0.320 0.350 0.250
38 0.28 0.750 0.320 0.350 0.250
39 0.70 0.750 0.320 0.350 0.250
40 0.71 1.340 0.510 0.392 0.412
41 0.38 0.484 0.594 0.271 0.363
42 1.48 0.750 0.320 0.350 0.250
43 0.45 4.300 0.320 0.137 0.489
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Model Number L?':ﬁ;h c(‘)’:}!ﬁg:;{l t e‘)/(f)l:::tietr)llt Depth coefficient ex?)izt:n t
44 0.24 0.479 0.593 0.271 0.363
1 0.55 0.750 0.320 0.350 0.250
2 0.58 0.750 0.320 0.350 0.250
3 0.26 0.750 0.320 0.350 0.250
4 0.17 0.750 0.320 0.350 0.250
5 0.24 0.750 0.320 0.350 0.250
6 0.71 0.750 0.320 0.350 0.250
Lower 7 0.92 0.750 0.320 0.350 0.250
8 0.23 1.000 0.450 0.280 0.350
9 0.54 0.750 0.320 0.350 0.250
10 1.19 0.750 0.320 0.350 0.250
11 0.06 0.479 0.593 0.271 0.363
12 1.13 0.750 0.320 0.350 0.250
13 0.86 0.750 0.320 0.350 0.250
Abbreviations:

EQY = end of year

km = kilometer

Table B-21. Diffuse Flow and Temperature (EQY18 through EQOY22 Disturbance Conditions) for the ModPR0O2

Temperature (°C) . Flow by Mine Year (cms) Y
Model Number
Summer | Falb | Auguste S:Tgmu:t'/ Fall S:':gmu:tr/ Fall
1 11.90 10.60 11.00 0.0060 0.0050 0.0060 0.0050
2 11.90 10.60 11.00 0.0050 0.0040 0.0050 0.0040
3 11.90 10.60 11.00 0.0072 0.0061 0.0071 0.0061
4 11.90 10.60 11.00 0.0070 0.0060 0.0070 0.0060
5 11.90 10.60 11.00 0.0102 0.0082 0.0102 0.0081
6 11.90 10.60 11.00 0.0201 0.0151 0.0201 0.0163
7 11.90 10.60 11.00 0.0140 0.0080 0.0140 0.0080
Upper 8 11.90 10.60 11.00 0.0069 0.0049 0.0070 0.0055
9 11.90 10.60 11.00 0.0000 0.0000 0.0000 0.0000
10 11.90 10.60 11.00 0.0050 0.0040 0.0056 0.0040
11 11.90 10.60 11.00 0.0000 0.0000 0.0000 0.0000
12 11.90 10.60 11.00 0.0000 0.0000 0.0000 0.0000
13 13.90 11.60 12.20 0.0000 0.0000 0.0000 0.0000
14 13.90 11.60 12.20 0.0000 0.0000 0.0000 0.0000
15 13.90 11.60 12.20 0.0106 0.0143 0.0098 0.0098
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Temperature (°C) . Flow by Mine Year (cms) Y
Model Number
Summera Fallb Auguste S:Tgmuztr/ Fall Sll-l\r:gmu:tr/ Fall

16 13.90 11.60 12.20 0.0000 0.0000 0.0000 0.0000
17 11.90 10.60 11.00 0.0202 0.0180 0.0203 0.0182
18 11.90 10.60 11.00 0.0041 0.0040 0.0040 0.0040
19 11.90 10.60 11.00 0.0036 0.0030 0.0030 0.0030
20 11.90 10.60 11.00 0.0100 0.0080 0.0100 0.0080
21 13.90 11.60 12.20 0.0000 0.0000 0.0000 0.0000
22 13.90 11.60 12.20 0.0140 0.0130 0.0140 0.0130
23 11.90 10.60 11.00 0.0040 0.0020 0.0041 0.0020
24 11.90 10.60 11.00 0.0080 0.0040 0.0080 0.0040
25 11.90 10.60 11.00 0.0035 0.0012 0.0035 0.0012
26 11.90 10.60 11.00 0.0039 0.0020 0.0040 0.0020
27 11.90 10.60 11.00 0.0065 0.0037 0.0066 0.0038
28 11.90 10.60 11.00 0.0031 0.0020 0.0032 0.0020
29 11.90 10.60 11.00 0.0022 0.0012 0.0022 0.0011
30 11.90 10.60 11.00 0.0079 0.0040 0.0079 0.0040
31 11.90 10.60 11.00 0.0000 0.0000 0.0000 0.0000
32 11.90 10.60 11.00 0.0010 0.0005 0.0010 0.0005
33 11.90 10.60 11.00 0.0019 0.0009 0.0019 0.0009
34 11.90 10.60 11.00 0.0000 0.0000 0.0000 0.0000
35 11.90 10.60 11.00 0.0090 0.0050 0.0090 0.0050
36 11.90 10.60 11.00 0.0020 0.0010 0.0020 0.0010
37 11.90 10.60 11.00 0.0027 0.0010 0.0029 0.0013
38 11.90 10.60 11.00 0.0037 0.0019 0.0040 0.0019
39 11.90 10.60 11.00 0.0000 0.0000 0.0000 0.0000
40 11.90 10.60 11.00 0.0090 0.0050 0.0090 0.0050
41 11.90 10.60 11.00 0.0000 0.0000 0.0000 0.0000
42 11.90 10.60 11.00 0.0000 0.0000 0.0000 0.0000
1 11.90 10.60 11.00 0.0050 0.0030 0.0050 0.0030
2 11.90 10.60 11.00 0.0050 0.0040 0.0050 0.0040
3 11.90 10.60 11.00 0.0020 0.0020 0.0021 0.0020
4 11.90 10.60 11.00 0.0020 0.0010 0.0020 0.0010
Lover 5 11.90 10.60 11.00 0.0019 0.0010 0.0020 0.0010
6 11.90 10.60 11.00 0.0067 0.0037 0.0067 0.0038
7 11.90 10.60 11.00 0.0075 0.0048 0.0079 0.0053
8 11.90 10.60 11.00 0.0020 0.0010 0.0020 0.0010
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Temperature (°C) . Flow by Mine Year (cms) Y
Model Number
Summera Fallb Auguste S:Tgmuztr/ Fall S:Tgmu:tr/ Fall
9 11.90 10.60 11.00 0.0006 0.0000 0.0001 0.0003
10 11.90 10.60 11.00 0.0082 0.0051 0.0087 0.0051
11 11.90 10.60 11.00 0.0000 0.0000 0.0000 0.0000
12 14.80 12.00 12.70 0.0164 0.0082 0.0164 0.0082
13 14.80 12.00 12.70 0.0034 0.0022 0.0034 0.0024

Notes:

aSummer corresponds to the maximum weekly summer condition
bFall corresponds to the maximum weekly fall condition

cAugust corresponds to the mean August condition
Abbreviations:

°C = degree Celsius

cms = cubic meter per second

EQY = end of year

Table B-22. Diffuse Flow and Temperature (EQY27 through EQOY112 Disturbance Conditions) for the ModPR02

Temperature (°C) . 3;Iow by Mine Year (cmss)2 o
Model | Number

Summers| Fallb  Auguste S:L"gmuztr/ Fall S:L"gmuztr/ Fall S:Tgmu::/ Fall S:Tgmu::/ Fall

1 | 1190  10.60 | 11.00 A 0.0060 & 0.0050 A 0.0060 | 0.0050 @ 0.0060 | 0.0050 | 0.0060  0.0050
2 | 11.90 | 10.60 | 11.00 | 0.0050 | 0.0040 & 0.0050 | 0.0040 | 0.0050 = 0.0040 | 0.0050 | 0.0040
3 | 11.90 | 10.60 | 11.00 | 0.0072 | 0.0061 | 0.0072 | 0.0061 0.0072 | 0.0061 & 0.0071 | 0.0061
4 | 11.90 | 10.60 | 11.00 | 0.0070 | 0.0060 & 0.0070 | 0.0060 A 0.0070 & 0.0060 | 0.0070 | 0.0060
5 | 11.90 | 10.60 | 11.00  0.0102  0.0082 | 0.0102 | 0.0082 0.0102 | 0.0082  0.0102 A 0.0081
6 | 11.90  10.60 11.00 | 0.0206 | 0.0162 & 0.0200 | 0.0161 | 0.0203 & 0.0123 | 0.0209 | 0.0164
7 | 11.90 | 10.60  11.00 | 0.0120 | 0.0070  0.0120 | 0.0070 | 0.0120 & 0.0070 | 0.0120 | 0.0070
8 | 11.90 | 10.60 | 11.00 | 0.0000 | 0.0000 & 0.0000 | 0.0000 | 0.0000 & 0.0000 | 0.0000 | 0.0000
9 | 11.90 | 10.60 | 11.00 | 0.0050 | 0.0031 & 0.0072 | 0.0041 | 0.0055 & 0.0030 | 0.0045 | 0.0028
Upper| 10 | 11.90 | 10.60 K 11.00  0.0000  0.0000 | 0.0000 & 0.0000 A 0.0000 | 0.0000 = 0.0000 | 0.0000
11 | 11.90  10.60 | 11.00 | 0.0000 | 0.0000 | 0.0000 & 0.0000 | 0.0000 | 0.0000 & 0.0000 & 0.0000
12 | 11.90  10.60 | 11.00 | 0.0070 | 0.0040 | 0.0069 & 0.0039 | 0.0069 | 0.0039 & 0.0070 A 0.0040
13 | 11.90  10.60 | 11.00 | 0.0000 | 0.0000 | 0.0000 A 0.0000 | 0.0000 | 0.0000 & 0.0000 A 0.0000
14 | 1390  11.60 | 12.20 | 0.0000 | 0.0000 | 0.0000 & 0.0000 | 0.0000 | 0.0000 A 0.0000 A 0.0000
15 | 13.90  11.60 | 12.20 | 0.0000 | 0.0000 | 0.0000 A 0.0000 | 0.0000 | 0.0000 A 0.0000 A 0.0000
16 | 13.90  11.60 | 12.20 | 0.0000 | 0.0000 | 0.0000 & 0.0000 | 0.0000 | 0.0000 & 0.0000 | 0.0000
17 | 13.90  11.60 | 12.20 | 0.0670 | 0.0450 | 0.0670 & 0.0450 | 0.0670 | 0.0450 = 0.0670 & 0.0450
18 | 13.90  11.60 | 12.20 | 0.0000 | 0.0000 | 0.0000 & 0.0000 | 0.0000 | 0.0000 & 0.0000 A 0.0000
19 | 11.90  10.60 | 11.00 | 0.0181 | 0.0160 | 0.0180 & 0.0159 | 0.0180 | 0.0160 & 0.0180 & 0.0160
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Temperature (°C) . 3Zlow by Mine Year (cms‘;)2 o
Model | Number
Summers| Fallb  Auguste S:L"gmuzt'/ Fall S:L"gmuzt'/ Fall S:Tgmu::/ Fall S:Tgmu::/ Fall
20 11.90 | 10.60 | 11.00 | 0.0040 | 0.0030 | 0.0039 | 0.0030 | 0.0040 | 0.0030 | 0.0040 | 0.0030
21 11.90 | 10.60 | 11.00 A 0.0030 | 0.0020 | 0.0030 | 0.0020 | 0.0030 | 0.0020 | 0.0030 | 0.0020
22 11.90 | 10.60 A 11.00 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0080 | 0.0080
23 13.90 | 11.60 A 12.20 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
24 13.90 | 11.60 A 12.20 | 0.0130 | 0.0120 | 0.0130 | 0.0120 | 0.0130 | 0.0120 | 0.0150 | 0.0120
25 11.90 | 10.60 | 11.00 | 0.0041 | 0.0020 | 0.0040 | 0.0020 | 0.0041 | 0.0020 | 0.0041 | 0.0020
26 11.90 | 10.60 | 11.00 A 0.0080 | 0.0040 | 0.0080 | 0.0040 | 0.0080 | 0.0040 | 0.0080 | 0.0040
27 11.90 | 10.60 A 11.00 | 0.0035 | 0.0012 | 0.0036 | 0.0012 | 0.0035 | 0.0012 | 0.0035 | 0.0012
28 11.90 | 10.60 & 11.00 | 0.0040 | 0.0020 | 0.0040 | 0.0020 | 0.0040 | 0.0020 | 0.0040 | 0.0020
29 11.90 | 10.60 | 11.00 | 0.0067 | 0.0038 | 0.0066 | 0.0037 | 0.0067 | 0.0038 | 0.0068 | 0.0039
30 11.90 | 10.60 | 11.00 A 0.0038 | 0.0020 & 0.0030 @ 0.0020 & 0.0031 | 0.0020 | 0.0030 | 0.0019
31 11.90 | 10.60 | 11.00 | 0.0022 | 0.0012 | 0.0023 | 0.0012 | 0.0022 | 0.0012 | 0.0022 | 0.0011
32 11.90 | 10.60 A 11.00 | 0.0079 | 0.0040 | 0.0080 | 0.0040 | 0.0080 | 0.0040 | 0.0079 | 0.0040
33 11.90 | 10.60 | 11.00 | 0.0013 | 0.0005 | 0.0012 | 0.0005 | 0.0012 | 0.0005 | 0.0014 | 0.0006
34 11.90 | 10.60 | 11.00 A 0.0010 | 0.0005 | 0.0010 | 0.0005 | 0.0010 | 0.0005 | 0.0010 | 0.0005
35 11.90 | 10.60 A 11.00 | 0.0019 | 0.0009 | 0.0019 | 0.0009 | 0.0019 | 0.0010 | 0.0019 | 0.0010
36 11.90 | 10.60 A 11.00 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
37 11.90 | 10.60 | 11.00 | 0.0090 | 0.0050 | 0.0090 | 0.0050 | 0.0090 | 0.0050 | 0.0090 | 0.0050
38 11.90 | 10.60 | 11.00 A 0.0020 | 0.0010 | 0.0020 | 0.0010 | 0.0020 | 0.0010 | 0.0020 | 0.0010
39 11.90 | 10.60 & 11.00 | 0.0029 | 0.0012 | 0.0029 | 0.0007 | 0.0030 | 0.0014 | 0.0033 | 0.0014
40 11.90 | 10.60 & 11.00 | 0.0040 | 0.0020 | 0.0040 | 0.0020 | 0.0040 | 0.0020 | 0.0040 | 0.0020
41 11.90 | 10.60 | 11.00 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
42 11.90 | 10.60 | 11.00 | 0.0090 | 0.0050 | 0.0090 | 0.0050 | 0.0090 | 0.0050 | 0.0090 | 0.0050
43 11.90 | 10.60 A 11.00 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
44 11.90 | 10.60 A 11.00 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000
1 11.90 | 10.60 A 11.00 | 0.0050 | 0.0030 | 0.0050 | 0.0030 | 0.0050 | 0.0030 | 0.0050 | 0.0030
2 11.90 | 10.60 | 11.00 | 0.0050 | 0.0040 | 0.0050 | 0.0040 | 0.0050 | 0.0040 | 0.0050 | 0.0040
3 11.90 | 10.60 & 11.00 | 0.0021 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0020 | 0.0019 | 0.0020
4 11.90 | 10.60 A 11.00 | 0.0020 | 0.0010 | 0.0020 | 0.0010 | 0.0020 | 0.0010 | 0.0020 | 0.0010
5 11.90 | 10.60 A 11.00 | 0.0020 | 0.0010 | 0.0019 | 0.0010 | 0.0020 | 0.0010 | 0.0020 | 0.0010
rower 6 11.90 | 10.60 A 11.00 | 0.0068 | 0.0038 | 0.0067 | 0.0038 | 0.0069 | 0.0039 | 0.0069 | 0.0025
7 11.90 | 10.60 | 11.00 | 0.0080 | 0.0051 | 0.0079 | 0.0052 | 0.0085 | 0.0057 | 0.0086 | 0.0057
8 11.90 | 10.60 & 11.00 | 0.0020 | 0.0010 | 0.0020 | 0.0010 | 0.0020 | 0.0010 | 0.0020 | 0.0010
9 11.90 | 10.60 A 11.00 | 0.0009 | 0.0002 | 0.0010 | 0.0000 | 0.0020 | 0.0010 | 0.0026 | 0.0015
10 11.90 | 10.60 | 11.00 | 0.0087 | 0.0054 | 0.0088 | 0.0055 | 0.0085 | 0.0054 | 0.0088 | 0.0055
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Temperature (°C) . 3Zlow by Mine Year (cms‘;)2 o
Model | Number
Summers| Fallb  Auguste S:L"gmu:tr/ Fall S:L"gmuztr/ Fall S:Tgmu::/ Fall S:Tgmu::/ Fall
11 11.90 | 10.60 | 11.00 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 | 0.0000 A 0.0000
12 14.80 | 12.00 | 12.70 H 0.0164 | 0.0082 & 0.0164 @ 0.0082 & 0.0164 | 0.0082 | 0.0164 | 0.0082
13 14.80 | 12.00 | 12.70 | 0.0035 | 0.0023 | 0.0034 @ 0.0022 & 0.0034 | 0.0022 | 0.0033 | 0.0022

Notes:

aSummer corresponds to the maximum weekly summer condition
bFall corresponds to the maximum weekly fall condition

cAugust corresponds to the mean August condition
Abbreviations:

9C = degree Celsius

cms = cubic meter per second

EQY = end of year

Table B-23. Point Sources Flow and Temperature for the ModPRO2 (EQY18)

Flow (cms) Temperature (°C)
Source
Summera Fallp Auguste Summera Fall? Auguste
Rabbit Creek 0.0150 0.0120 0.0150 8.30 7.90 7.73
Fiddle Creek Trib 3 0.0020 0.0010 0.0020 8.30 7.90 7.73
Stibnite Lodge 0.0009 0.0009 0.0009 25.00 25.00 25.00
Treated Water Discharge - EFSFSR 0.0007 0.0000 0.0000 12.70 N/A N/A
Treated Water Discharge - Meadow Creek 0.0000 0.0000 0.0000 N/A N/A N/A

Notes:

aSummer corresponds to the maximum weekly summer condition
bFall corresponds to the maximum weekly fall condition
cAugust corresponds to the mean August condition
Abbreviations:

9C = degree Celsius

cms = cubic meter per second

EFSFSR = East Fork of the South fork of the

Salmon River

EQY = end of year

N/A = not applicable for O flows or negative flows

Table B-24. Point Sources Flow and Temperature for the ModPRO2 (EQY22)

Flow (cms) Temperature (°C)
Source
Summera Fall Auguste Summera Fall Auguste
Rabbit Creek 0.0150 0.0120 0.0150 8.30 7.90 7.73
Fiddle Creek Trib 3 0.0020 0.0010 0.0020 8.30 7.90 7.73
Stibnite Lodge 0.0009 0.0009 0.0009 25.00 25.00 25.00
Treated Water Discharge - EFSFSR 0.0163 0.0042 0.0122 19.50 12.00 17.70
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Flow (cms) Temperature (°C)
Source
Summera Fallb Auguste Summera Fall? Auguste
Treated Water Discharge - Meadow Creek 0.0000 0.0000 0.0000 N/A N/A N/A
Notes:
aSummer corresponds to the maximum weekly summer condition
bFall corresponds to the maximum weekly fall condition
cAugust corresponds to the mean August condition
Abbreviations:
°C = degree Celsius EOQY = end of year
cms = cubic meter per second N/A = not applicable for O flows or negative flows

EFSFSR = East Fork of the South Fork of the Salmon River

Table B-25. Point Sources Flow and Temperature for the ModPRO2 (EQY27)

Flow (cms) Temperature (°C)
Source
Summer2 Fall Augustc Summer2 Fall Auguste

Rabbit Creek 0.0150 0.0120 0.0150 8.30 7.90 7.73
Fiddle Creek Trib 3 0.0020 0.0010 0.0020 8.30 7.90 7.73
Stibnite Lodge 0.0009 0.0009 0.0009 25.00 25.00 25.00
Treated Water Discharge - EFSFSR 0.0000 0.0000 0.0000 N/A N/A N/A
Treated Water Discharge - Meadow Creek 0.0057 0.0055 0.0056 12.70 10.90 12.50

Notes:

aSummer corresponds to the maximum weekly summer condition

bFall corresponds to the maximum weekly fall condition

cAugust corresponds to the mean August condition

Abbreviations:

°C = degree Celsius EOQY = end of year

cms = cubic meter per second N/A = not applicable for O flows or negative flows

EFSFSR = East Fork of the South Fork of the Salmon River

Table B-26. Point Sources Flow and Temperature for the ModPRO2 (EQY32)
Flow (cms) Temperature (°C)

Source
Summer2| Fall® | August®| Summer? | Fallb | Auguste
Rabbit Creek 0.0150 | 0.0120| 0.0150 8.30 790 | 7.73
Fiddle Creek Trib 3 0.0020 | 0.0010| 0.0020 8.30 790 | 7.73
Stibnite Lodge 0.0009 |0.0009| 0.0009 | 25.00 | 25.00| 25.00
Treated Water Discharge - EFSFSR 0.0000 |0.0000 /| 0.0000 N/A N/A N/A
Treated Water Discharge - Meadow Creek | 0.0029 | 0.0028 | 0.0030 | 12.70 |10.90| 12.50

Notes:

aSummer corresponds to the maximum weekly summer condition
bFall corresponds to the maximum weekly fall condition

cAugust corresponds to the mean August condition

Abbreviations:

9C = degree Celsius Km = kilometer
cms = cubic meter per second N/A = not applicable for O flows or negative
EFSFSR = East Fork of the South Fork of the flows

Salmon River
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Table B-27. Point Sources Flow and Temperature for the ModPRO2 (EQY52)

Flow (cms) Temperature (°C)
Source
Summer2| Fall® | August®| Summer2 | Fallb | Auguste
Rabbit Creek 0.0150 | 0.0120/ 0.0150 8.30 790 | 7.73
Fiddle Creek Trib 3 0.0020 |0.0010/| 0.0020 8.30 790 | 7.73
Stibnite Lodge 0.0009 | 0.0009| 0.0009 | 25.00 |25.00, 25.00
Treated Water Discharge - EFSFSR 0.0000 |0.0000 /| 0.0000 N/A N/A N/A

Treated Water Discharge - Meadow Creek | 0.0000 | 0.0000 | 0.0000 N/A N/A N/A

Notes:

aSummer corresponds to the maximum weekly summer condition
bFall corresponds to the maximum weekly fall condition

cAugust corresponds to the mean August condition

Abbreviations:

9C = degree Celsius EQY = end of year

cms = cubic meter per second N/A = not applicable for O flows or negative
EFSFSR = East Fork of the South Fork of the flows

Salmon River

Table B-28. Point Sources Flow and Temperature for the ModPRO2 (EQY112)

Flow (cms) Temperature (°C)
Source
Summer2| Fall® | August®| Summer? | Fallb | Auguste
Rabbit Creek 0.0150 | 0.0120/| 0.0150 8.30 790 | 7.73
Fiddle Creek Trib 3 0.0020 |0.0010| 0.0020 8.30 790 | 7.73
Stibnite Lodge 0.0009 | 0.0009| 0.0009 | 25.00 |25.00, 25.00
Treated Water Discharge - EFSFSR 0.0000 | 0.0000 | 0.0000 N/A N/A N/A

Treated Water Discharge - Meadow Creek | 0.0000 | 0.0000 | 0.0000 N/A N/A N/A

Notes:

aSummer corresponds to the maximum weekly summer condition
bFall corresponds to the maximum weekly fall condition

cAugust corresponds to the mean August condition

Abbreviations:

9C = degree Celsius EOY = end of year
cms = cubic meter per second N/A = not applicable for O flows or negative
EFSFSR = East Fork of the South Fork of the flows

Salmon River
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Table B- 29. Hourly Effective Shade (%) for Maximum Weekly Summer Conditions for EOY18 Disturbance Condition for the ModPR0O2

Model | Number | 0:00 @ 1:00 | 2:00 3:00 4:00 5:00 6:00 7:00 8:00 | 9:00 10:00 11:00 12:00 | 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00  23:00
1 100 | 100 | 100 | 100 | 100 | 98.0 | 978 | 854 | 756 729 | 762 | 77.9 | 783 | 747 | 750 | 80.0 82.1 | 79.7 | 80.3 | 882 A 97.8 | 100 | 100 | 100
2 100 | 100 | 100 | 100 | 100 | 973 | 894 | 763 | 71.5 669 | 60.7 | 57.3 | 54.8 | 50.3 | 424 | 463 608 | 722 | 88.6 | 97.0 A 975 | 100 | 100 K 100
3 100 | 100 | 100 | 100 | 100 | 99.1 | 97.7 | 92.2 | 885 | 855 | 835 | 827 787 | 77.1 H 80.7 | 828 859 | 91.2 H 98.7 | 99.1 A 99.3 | 100 A 100 | 100
4 100 | 100 | 100 | 100 | 100 | 96.7 | 89.4 | 746 | 60.6 | 493 | 40.8 | 33.7 H 36.1 | 444 H 551 656 734 | 848  94.1 | 97.0 97.1 | 100 A 100 | 100
5 100 | 100 | 100 | 100 | 100 | 979 | 964 | 84.0 | 739 | 634 | 549 | 522 H 534 | 58.7  61.7 | 689  79.8 | 869 H 90.1 | 954  97.8 | 100 A 100 | 100
6 100 | 100 | 100 | 100 | 100 | 97.0 | 95,5 | 80.9 | 60.7 @ 49.9 | 442 | 40.7 | 43.7 | 493 | 544 | 58.1  62.6 | 689 | 78.7 | 922 973 | 100 | 100 A 100
7 100 | 100 | 100 | 100 | 100 | 97.2 | 96.8 | 87.5 | 73.7 | 683 | 61.7 | 54.0 454 | 443 H 496 | 56.6 61.6 | 679 882 | 97.1 A 973 | 100 A 100 | 100
8 100 | 100 | 100 | 100 | 100 | 983 | 984 | 942 | 87.1 | 82.1 H 841 853 | 8.2 | 874 878 862 875 | 90.6 925 | 984 | 99.2 | 100 A 100 | 100
9 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
10 100 | 100 | 100 | 100 | 100 | 98.1 | 89.6 | 81.0 | 755 72.0 | 70.4 | 68.7 | 63.9 | 56.4 | 559 | 623 713 | 81.1 | 945 | 984 | 984 | 100 | 100 & 100
11 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
12 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
13 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100

Upper 14 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
15 100 | 100 | 100 | 100 | 100 | 90.7 | 78.7 | 6.6 29 25 2.4 25 2.7 2.7 24 21 1.4 19 | 146 | 83.1 H 899 | 100 | 100 | 100
16 100 | 100 | 100 | 100 | 100 | 944 | 76.1 | 55.6 | 483 | 376 | 25.6 | 16.0 H 11.0 | 11.2 A 158 | 252 H 379 | 50.3 A 56.7 | 942 A 943 | 100 A 100 | 100
17 100 | 100 | 100 | 100 | 100 | 939 | 833 | 569 | 37.6 | 342 | 309 | 274 | 233 | 220 262 | 320 363 | 41.0 71.0 | 93.7 H 943 | 100 A 100 | 100
18 100 | 100 | 100 | 100 | 100 | 953 | 94.7 | 77.6 | 559 H 473 | 37.6 | 28.2 | 22.6 | 243 | 314 | 423  49.0 | 522 | 79.5 | 945 953 | 100 | 100 & 100
19 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
20 100 | 100 | 100 | 100 | 100 | 958 | 93.2 | 782 | 71.6 | 663 | 54.7 | 33.0 H 19.2 | 21.0 392 | 579 H 66.0 | 683  71.0 | 8.7 958 | 100 A 100 | 100
21 100 | 100 | 100 | 100 | 100 | 946 | 77.2 | 53.9 | 48.6 | 408 | 29.2 175 111 | 9.9 | 129 | 220  36.2 | 48.7  63.1 | 943 A 943 | 100 A 100 | 100
22 100 | 100 | 100 | 100 | 100 | 969 | 96.3 | 80.0 | 70.3 K 63.6 | 47.8 | 27.7 | 128 | 106 | 19.2 | 39.1 623 | 73.2 | 844 | 96.2  97.1 | 100 | 100 K 100
23 100 | 100 | 100 | 100 | 100 | 95.7 | 95.4 | 82.7 | 69.0 A 48.4 | 246 | 124 | 8.0 6.7 | 16.8 | 36.0 | 53.5 | 62.7 | 91.3 | 95.1 | 95,5 100 | 100 | 100
24 100 | 100 | 100 | 100 | 100 | 97.7 | 96,5 | 93.5 | 77.1 | 694 | 683 | 663 | 629 | 59.8  58.6 | 60.7 632 | 68.1 76.8 | 90.6  97.8 | 100 A 100 | 100
25 100 | 100 | 100 | 100 | 100 | 95.1 | 95.0 | 79.9 | 66.3 | 61.7 | 47.0 356 | 40.6 | 539 H 62.0 66.2  66.1 | 68.6 813 | 959  96.6 | 100 A 100 | 100
26 100 | 100 | 100 | 100 | 100 | 959 | 95.7 | 856 | 745 | 545 | 33.1 | 157 93 | 104 K 180 | 375  62.1 | 765 932 | 959 | 96.2 | 100 A 100 | 100
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Model | Number | 0:00 @ 1:00 | 2:00 @ 3:00 4:00  5:00 6:00 7:00 8:00 | 9:00 10:00 11:00 12:00 | 13:00 14:00  15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
27 100 100 100 100 100 | 955 | 953 | 93.6 | 743 | 51.0 | 26.1 A 10.6 6.9 7.3 13.6 | 289 | 472 | 63.1 | 82.8 | 95.1 | 954 | 100 100 100
28 100 100 100 100 100 | 994  97.8 | 97.3 | 94.0 | 934 | 93.8 | 90.1 | 90.6 | 91.8 H 92.7 | 93.6 | 94.0 | 91.3 | 96.3 | 98.6 | 99.4 | 100 100 100
29 100 | 100 | 100 | 100 | 100 | 99.5 | 98.6 A 96.6 | 954 | 949 | 945 | 946 | 94.0 | 942 | 93.6 | 952 | 97.2 | 979 | 99.1 | 994 | 99.5 100 | 100 | 100
30 100 100 100 100 100 | 99.0 | 979 | 93.1 | 928 | 914 | 894  87.1 | 853 | 822 | 829 | 87.1 | 89.6 | 944 | 989 | 99.0 | 99.0 | 100 100 100
31 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
32 100 100 100 100 100 | 96.2 H 958 | 75.8 | 57.1 | 54.8 | 51.5 | 485 | 459 | 415  28.0 | 309 | 61.2 | 72.1 | 899 | 964 | 964 | 100 100 100
33 100 | 100 | 100 | 100 | 100 | 959 | 95.7 | 859 | 60.1 | 334 162 | 7.8 6.6 9.6 | 20.8 | 376 A 53.3 | 624 | 81.1 | 95.0 953 | 100 @ 100 | 100
34 100 100 100 100 100 | 93.0 | 92.6 | 47.6 | 275 | 140 | 6.8 5.6 4.7 3.9 4.8 10.2 | 19.1 | 358 | 89.0 | 92.6 | 93.1 | 100 100 100
35 100 100 100 100 100 | 99.0 | 989 | 983 | 93.0 | 81.6 | 72.1 H 683 | 76.7 | 83.4 | 850 | 86.5 | 89.1 | 91.5 957 | 98.0 | 99.1 | 100 100 100
36 100 100 100 100 100 | 94.7 | 94.7 | 92.6 | 488 | 379 | 348 323 | 294 | 233 | 141 | 118 | 21.6 | 424 A 524 | 71.2 | 94.0 | 100 100 100
37 100 100 100 100 100 | 959 | 96.1 | 88.0 | 65.5 | 62.8 | 60.2 | 61.8 | 62.2 | 62.3 A 61.7 | 60.6 | 59.5 | 56.4 | 59.0 | 84.8 | 95.8 | 100 100 100
38 100 100 100 100 100 | 93.7 | 93.6 | 65.0 | 32.1 | 23.7 | 16.3 § 14.8 | 16.1 | 17.6 | 204 | 23.0 | 25.0 | 31.6 | 74.1 | 93.7 | 93.6 | 100 100 100
39 100 100 100 100 100 | 92.8 | 92.2 | 61.0  29.8 | 13.6 @ 6.3 4.2 4.3 4.6 4.5 6.0 13.1 | 50.2 | 92.2 | 924 | 93.2 | 100 100 100
40 100 100 100 100 100 | 98.2 | 912 | 835 | 788 | 76.2 | 740 714 | 68.1 | 629 | 545 | 59.4 | 68.4 | 856 H 96.0 | 98.2 | 983 | 100 100 100
41 100 100 100 100 100 | 940 923 | 60.0 | 419 | 395 | 340 | 270 | 209 | 163 | 155 | 21.8 | 47.2 | 783 | 93.7 | 94.0 | 94.0 | 100 100 100
42 100 100 100 100 100 | 93.0 | 925 | 89.1 | 29.2 | 144 | 6.0 3.7 4.1 4.4 4.4 5.2 10.0 | 25.7 | 76.3 | 92.6 | 93.5 | 100 100 100
1 100 100 100 100 100 | 93.7 | 87.7 | 37.7 | 294 | 254 | 224 | 198 | 17.1 | 151 | 13.0 8.8 12.3 | 26.1 | 56.0  93.4 | 93.9 | 100 100 100
2 100 100 100 100 100 | 93.0 | 642 | 233 | 183 | 143 | 129  12.6 | 11.8 | 103 83 8.1 11.3 | 19.0 | 52,5 | 929 | 93.3 | 100 100 100
3 100 100 100 100 100 | 989 | 955 | 913 | 899 | 839 | 79.0 | 770 | 71.8 | 615 649 | 77.1 | 839 | 92.0 | 96.8 | 98.9 | 99.0 A 100 100 100
4 100 | 100 | 100 | 100 | 100 | 96.7 | 84.1 A 70.6 | 59.8 | 50.4 | 45.1 | 42,5 | 39.3 | 403 | 469 | 54.7 | 60.1 | 68.0  84.1 | 96.6 | 96.8 = 100 | 100 | 100
5 100 100 100 100 100 | 99.6 | 99.4 | 98.0  97.6 | 969 | 95.6 A 93.5 | 929 | 935 | 89.3 | 86.8 | 88.7 | 93.4 A 975 | 99.6 | 99.6 | 100 100 100

Lower 6 100 100 100 100 100 | 95.0 | 948 | 82.1 | 59.2 | 45.0 | 36.7 | 339 | 29.0 | 239 | 19.2 | 18.6 | 23,5 | 36,5 813 | 948 | 95.0 | 100 100 100
7 100 100 100 100 100 | 948 944 | 734 | 58.7 | 451 | 42.0 | 40.1 | 37.0 | 30.8 | 252 | 22.4 | 23.2 | 375 | 73.9 | 94.7 | 95.0 | 100 100 100
8 100 100 100 100 100 | 92.3 | 92.2 | 92.1 | 879 | 47.2 | 215 | 9.2 143 | 19.6 | 21.3 | 219 | 23.2 | 253 | 40.1 | 71.1 | 925 | 100 100 100
9 100 | 100 | 100 | 100 | 100 | 99.0 | 98.8 H 96.2 | 89.8 | 80.8 | 74.7 | 74.7 | 83.6 | 89.6 | 915 | 93.0 | 94.1 | 959 | 97.1 | 985 | 99.0 100 | 100 | 100
10 100 100 100 100 100 | 95.2 | 90.8 | 53.3 | 42.7 | 37.0 | 34.0 31.1 | 288 | 26,5 | 251 | 25,5 | 30.5 | 425  61.6 | 90.5 | 953 | 100 100 100
11 100 100 100 100 100 | 94.0 | 93.2 | 71.3 | 409 | 214 6.7 4.4 5.3 4.5 4.1 11.0 | 26.2 | 39.7 | 62.8 | 93.1 | 94.0 | 100 100 100
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Model | Number | 0:00 @ 1:00 | 2:00 @ 3:00 4:00  5:00 6:00 7:00 8:00 | 9:00 10:00 11:00 12:00 | 13:00 14:00  15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
12 100 100 100 100 100 | 95.7 | 90.7 | 785 | 67.6 | 454 | 26.7  18.1 | 16.8 | 19.8 | 28.0 | 39.1 | 48.0 | 59.6 A 80.4 | 95.2 | 954 | 100 100 100
13 100 100 100 100 100 | 95.1 4 935 | 864 | 485 | 21.6 | 13.3 | 12.1 | 155 | 223 | 30.0 | 38.7 | 51.1 | 68.0 | 82.2 | 95.0 | 95.2 | 100 100 100
Abbreviations:
% = percent EOY = end of year
Table B-30. Hourly Effective Shade (%) for Maximum Weekly Fall Conditions for EOY18 Disturbance Condition for the ModPR02
Model | Number | 0:00 | 1:00 | 2:00 3:00 | 4:00 | 5:00 6:00 7:00 8:00 9:00 10:00 11:00 | 12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 | 23:00
1 100 100 100 100 100 100 | 97.2 | 96.5 | 88.5 | 86.7 | 89.8 | 922 | 91.1 | 90.2 | 86.4 | 88,5  89.9 | 90.9 | 974 | 100 100 100 100 100
2 100 100 100 100 100 100 | 96.5 | 91.7 | 79.8 | 72.1 | 70.7 | 689 | 66.4 | 63.9 | 62.3 | 558 683 | 91.7 | 96.5 | 100 100 100 100 100
3 100 100 100 100 100 100 | 989 | 97.2 | 91.0 H 86.2 | 85.6 | 829 | 83.1 | 815 | 83.0 | 858 | 969 | 98.6 | 99.0 | 100 100 100 100 100
4 100 100 100 100 100 100 | 95.8  87.8 | 66.0 | 56.8 | 46.8 | 444 | 49.1 | 57.7 | 66.3 | 75.8 | 90.9 | 949 | 96.2 | 100 100 100 100 100
5 100 | 100 | 100 | 100 | 100 | 100 | 97.2 H 96.7 | 83.0 | 73.7 | 678 | 66.2 | 68.0 | 70.7 | 750 | 82.4 | 89.5 | 945 | 97.1 | 100 | 100 A 100 | 100 | 100
6 100 100 100 100 100 100 | 96.1 | 93.0 | 79.1 | 613 | 57.1 | 56.8 599 | 645 | 68.6 | 722  77.8 | 883 | 96.4 | 100 100 100 100 100
7 100 100 100 100 100 100 | 96.2 | 95.7 | 88.8 | 71.7 | 62.7 | 56.4 | 51.7 | 53.6 | 58.0 | 64.8  77.9 | 949 | 96.5 | 100 100 100 100 100
8 100 100 100 100 100 100 | 98.8 H 916 | 91.1 | 92.1 | 91.8 | 89.1 | 89.5 | 90.5 | 91.2 4 93.1 | 93.8 | 97.5 | 989 | 100 100 100 100 100
9 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
10 100 100 100 100 100 100 914 | 84.7 | 774 | 739 | 719 | 69.1 | 676 A 66.8 | 66.9 | 789 | 948 | 98.2 | 100 100 100 100 100
Upper 11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
14 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
15 100 100 100 100 100 100 | 88.1 | 77.0 | 148 @ 5.8 4.4 3.6 3.2 3.1 2.9 25 22 | 465 | 87.1 | 100 100 100 100 100
16 100 100 100 100 100 100 | 925 | 76.1 | 52.4 | 48.2 | 459 | 41.1 | 38.1 | 379 | 404 | 448  51.0 | 743 | 92.6 | 100 100 100 100 100
17 100 100 100 100 100 100 | 92.1 | 834 | 59.2 | 373 | 345 | 315 | 29.1 | 285 | 32.2 A 36.7 | 50.1 | 88.1 | 92.2 | 100 100 100 100 100
18 100 | 100 | 100 | 100 | 100 | 100 | 94.0 929 | 79.5 | 55.3 | 51.3 | 45.8 | 41.0 | 405 464 | 53.1 | 64.6 | 90.6 | 93.0 | 100 | 100 A 100 | 100 | 100
19 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
20 100 100 100 100 100 100 | 945 | 92.6 | 783 | 69.7 | 61.7 | 452 | 295 | 38.2 | 579 | 65.2 | 69.2 | 743 | 943 | 100 100 100 100 100
21 100 100 100 100 100 100 | 93.1 | 794 | 56.5 | 53.9 | 50.7 | 42.8 | 36.2 | 33.3 | 36.0 424 | 49.2 | 819 | 924 | 100 100 100 100 100
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Model | Number | 0:00 @ 1:00 | 2:00 @ 3:00 4:00  5:00 6:00 7:00 8:00 | 9:00 10:00 11:00 12:00 | 13:00 14:00  15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
22 100 100 100 100 100 100 | 96.5 | 95.6 | 80.9 | 69.6 | 63.0 | 49.8 339 | 25.1 | 354 | 53.3 | 69.2 | 94.6 | 953 | 100 100 100 100 100
23 100 100 100 100 100 100 | 943 | 939 | 779 | 55.7 | 33.0 | 18.1 | 13.9 | 249 | 46.7 A 60.4 | 785 | 93.4 | 942 | 100 100 100 100 100
24 100 | 100 | 100 | 100 | 100 | 100 | 97.0 H 958 | 943 | 86.0 | 77.1 | 734 | 705 | 668 H 66.5 | 715 | 78.1 | 84.1 | 93.8 | 100 | 100 A 100 | 100 | 100
25 100 100 100 100 100 100 | 93.6 | 93.2 | 80.5 | 64.5 | 50.0 | 545  62.8 | 66.7 | 67.0 | 69.0 71.6 | 94.8 | 95.5 | 100 100 100 100 100
26 100 100 100 100 100 100 | 946 | 944 | 842 H 66.4 | 484 | 29.1 § 233 | 26.1 | 42.2 | 62.0 817 | 944 | 949 | 100 100 100 100 100
27 100 100 100 100 100 100 | 94.1 | 93.8 | 93.1 | 71.0 | 410 | 21.0 | 146 | 19.1 | 315 | 50.1 | 69.4 | 93.2 | 93.8 | 100 100 100 100 100
28 100 | 100 | 100 | 100 | 100 | 100 | 99.1 | 98.2 | 97.6 | 953 | 93.3 | 93.6 | 93.0 | 945 950 958 975 | 99.0 99.2 | 100 A 100 | 100 A 100 | 100
29 100 100 100 100 100 100 | 99.2 | 99.2 | 985 | 97.7 | 97.3 | 96.7 | 96.3 | 96.2 | 96.4 | 96.5 959 | 97.9 | 99.3 | 100 100 100 100 100
30 100 100 100 100 100 100 | 98.7 | 98.6 | 96.0 H 939 | 93.6 | 91.7 H 89.0 | 86.6 | 86.5 | 88.8  97.1 | 985 | 98.7 | 100 100 100 100 100
31 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
32 100 100 100 100 100 100 | 939 H 939 | 784 | 57.4 | 56.8 | 54.8 | 52.9 | 52,5 | 443 | 49.2 | 51.8 | 944 | 953 | 100 100 100 100 100
33 100 | 100 | 100 | 100 | 100 | 100 | 945 941 | 80.2 | 438 | 23.7 | 189 | 259 | 395 | 559 | 67.9 | 769 | 93.5 | 93.7 | 100 | 100 A 100 | 100 | 100
34 100 100 100 100 100 100 | 90.8 | 90.3 | 46.3 | 28.6 | 18.0 | 15.0 A 159 | 195 | 27.5 | 385 | 69.9 | 90.1 | 90.7 | 100 100 100 100 100
35 100 100 100 100 100 100 | 98.6 | 98.2 | 96.7 | 90.4 | 78.0 | 77.4 H 84.6 | 87.0 | 89.3 | 928 H 96.6 | 98.6 | 98.8 | 100 100 100 100 100
36 100 100 100 100 100 100 | 943 | 943 | 940 | 71.3 | 579 | 51.7 | 484 | 459 | 42.1 K 36.7 | 358 | 53.4 | 924 | 100 100 100 100 100
37 100 | 100 | 100 | 100 | 100 | 100 | 95.3 | 954 | 904 | 653 | 65.1 | 65.6 | 66.5 | 67.0 674 | 67.2 | 66.0 | 72.7 | 951 | 100 | 100 A 100 | 100 | 100
38 100 100 100 100 100 100 | 91.7 | 919 | 67.8 | 48.0 | 425 | 40.0 H 413 | 43.7 | 45.7 | 446 604 | 90.5 | 91.6 | 100 100 100 100 100
39 100 100 100 100 100 100 | 909 | 89.9 | 64.5 | 345 | 215 | 13.6 A 10.2 9.7 129 | 28.0 | 852 H 89.8 | 90.5 | 100 100 100 100 100
40 100 100 100 100 100 100 | 97.7 | 94.6 | 89.7 | 84.4 | 799 | 775 | 746 | 715 | 642 H 73.0 | 90.1 | 95.7 | 97.6 | 100 100 100 100 100
41 100 100 100 100 100 100 | 92.1 | 914 | 63.8 | 47.6 | 484 | 443 | 40.2 | 37.7 | 379 | 69.2 A 90.6 | 91.9 | 92.1 | 100 100 100 100 100
42 100 100 100 100 100 100 | 90.7 | 90.3 | 889 | 414 | 228 | 153 | 104 | 95 114 | 16.5 | 443 | 90.2 | 90.5 | 100 100 100 100 100
1 100 100 100 100 100 100 | 92.2 | 92.1 | 77.4 | 54.0 | 404 | 322 | 268 | 234 | 195 | 159  13.6 | 66.0 | 91.5 | 100 100 100 100 100
2 100 100 100 100 100 100 | 909 K 68.9 | 348 | 26.7 | 225 | 19.2 | 18.1 | 179 | 16.6 @ 16.4 | 23.0 | 83.1 | 90.9 | 100 100 100 100 100
3 100 | 100 | 100 | 100 | 100 | 100 | 98.6 4 96.8 | 93.0 | 89.7 | 814 | 77.0 | 729 | 69.0 A 743 | 80.3 | 92.0 | 98.2 | 98.7 | 100 | 100 | 100 | 100 | 100

Lower 4 100 | 100 | 100 | 100 | 100 | 100 | 95.8 H 956 | 91.7 | 79.3 | 67.4 | 585 | 51.0 | 53.7 | 58.6 | 64.1 | 69.1 | 94.7 | 95.6 | 100 | 100 A 100 | 100 | 100
5 100 100 100 100 100 100 | 99.5 | 99.2 | 983 | 979 | 96.9 | 96.0 H 94.7 | 93.8 | 92.6 | 89.3 H 94.2 | 99.0 | 99.2 | 100 100 100 100 100
6 100 100 100 100 100 100 | 935 | 933 | 89.2 | 726 | 589 | 49.6 H 419 | 355 | 33.0 | 31.0 544 | 92.7 | 93.4 | 100 100 100 100 100
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Model | Number | 0:00 @ 1:00 | 2:00 @ 3:00 4:00  5:00 6:00 7:00 8:00 | 9:00 10:00 11:00 12:00 | 13:00 14:00  15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
7 100 100 100 100 100 100 | 934 | 933 | 799 | 752 | 60.1 | 54.0  52.4 | 48.7 | 445 | 425 583 | 849 | 933 | 100 100 100 100 100
8 100 100 100 100 100 100 | 90.1 | 89.7 | 89.7 | 90.7 | 323 | 155 | 21.7 | 23.6 | 27.7 | 26.0 | 32.8 | 57.5 | 90.2 | 100 100 100 100 100
9 100 | 100 | 100 | 100 | 100 | 100 | 98.6 | 98.4 | 96.4 | 92.7 | 843 | 86.4 | 92.1 | 955  96.6 | 96.7  96.0 | 974 985 | 100 A 100 | 100 A 100 | 100
10 100 100 100 100 100 100 | 93.7 | 909 | 66.9 | 56.5 | 49.8 | 458 | 43.3 | 42.1 | 42.6 | 46.1 A 53.0 | 70.0 A 93.6 | 100 100 100 100 100
11 100 100 100 100 100 100 | 92.1 | 90.8 | 72.1 | 314 | 13.2 6.0 5.7 8.9 18.6 | 35.1 | 479 | 909 | 92.0 | 100 100 100 100 100
12 100 100 100 100 100 100 | 943 | 89.9 | 782 | 67.5 | 413 | 30.2 | 30.8 | 38.2 | 49.1 588 | 76.3 | 93.4 | 94.0 | 100 100 100 100 100
13 100 100 100 100 100 100 | 93.7 | 91.1 | 83.1 | 48.1 | 26.0 | 27.1 | 325 | 423 | 56.6 | 73.1 A 84.3 | 91.5 | 93.7 | 100 100 100 100 100
Abbreviations:
% = percent EQY = end of year
Table B-31. Hourly Effective Shade (%) for Mean August Conditions for EOY18 Disturbance Condition for the ModPR0O2
Model | Number  0:00 = 1:00 | 2:00  3:00 | 4:00 5:00 6:00 7:00 8:00 9:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00 17:00  18:00 19:00  20:00  21:00 | 22:00  23:00
1 100 100 100 100 100 | 99.0 | 975 | 91.0 H 82.1 | 79.8 | 83.0 85.1 | 84.7 | 825 | 80.7 | 84.3 | 86.0 | 853 | 889 | 94.1 | 989 | 100 100 100
2 100 100 100 100 100 | 98.7 | 93.0 | 84.0 | 75.7 | 69.5 | 65.7 A 63.1 | 60.6 | 57.1 | 52.4 | 51.1 | 64.6 | 82.0 92.6 | 985 | 98.8 | 100 100 100
3 100 100 100 100 100 | 99.6 H 98.3 | 94.7 | 89.8 | 859 | 84.6 | 828 | 80.9 | 79.3 A 819 | 843 | 914 | 949 | 989 | 99.6 | 99.7 | 100 100 100
4 100 100 100 100 100 | 984 | 92.6 | 81.2 | 63.3 | 53.1 | 43.8 | 39.1 | 426 | 51.1 | 60.7 | 70.7 | 82.2 | 89.9 A 952 | 98,5 | 98.6 | 100 100 100
5 100 100 100 100 100 | 99.0 | 96.8 | 90.4 H 785 | 68.6 | 61.4 H 59.2 | 60.7 | 64.7 | 68.4 | 75.7 | 84.7 | 90.7 | 93.6 | 97.7 | 98.9 | 100 100 100
6 100 100 100 100 100 | 985 | 95.8 | 87.0 | 69.9 | 55.6 | 50.7 H 48.8 | 51.8 | 569 | 615 | 652 | 70.2 | 786 | 87.6 | 96.1 | 98.7 | 100 100 100
7 100 100 100 100 100 | 98.6 H 96,5 | 91.6 | 81.2 | 70.0 | 62.2 | 55.2 | 48.6 | 489 A 53.8 | 60.7 | 69.7 | 814 | 923 | 985 | 98.7 | 100 100 100
8 100 | 100 | 100 | 100 | 100 | 99.2 | 98.6 4 929 | 89.1 | 87.1 | 879 | 87.2 | 87.4 | 889 | 89.5 | 89.7 | 90.7 | 94.0 | 95.7 | 99.2 | 99.6 A 100 | 100 | 100
Upper 9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 100 100 100 100 100 | 99.1 | 93.7 | 86.2 | 80.1 | 74.7 | 722 | 70.3 | 66.5 | 62.0 613 | 64.6 | 75.1 | 88.0  96.3 | 99.2 | 99.2 | 100 100 100
11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
14 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
15 100 100 100 100 100 | 954 | 834 418 | 8.9 4.2 3.4 3.1 3.0 29 2.7 23 1.8 | 242 | 509 @ 91.6 | 95.0 @ 100 100 100
16 100 100 100 100 100 | 97.2 A 843 | 659 | 50.4 | 429 | 358 | 28.6 | 24.6 | 24.6 A 28.1 | 350 | 445 | 623 | 74.7 | 97.1 | 97.2 100 100 100
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Model | Number | 0:00 @ 1:00 | 2:00 @ 3:00 4:00  5:00 6:00 7:00 8:00 | 9:00 10:00 11:00 12:00 | 13:00 14:00  15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
17 100 100 100 100 100 | 97.0 | 87.7 | 70.2 | 484 | 358 | 32.7 | 295 | 26.2 | 253 | 29.2 | 344 | 43.2 | 646 A 81.6 | 96.9 | 97.2 | 100 100 100
18 100 100 100 100 100 | 97.7 | 944 | 853 | 67.7 | 51.3 | 445 | 370 | 31.8 | 324 389 | 47.7 | 568 | 71.4 | 86.3 | 97.3 | 97.7 100 100 100
19 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
20 100 100 100 100 100 | 979 | 939 | 854 | 75.0 | 68.0 | 58.2 H 39.1 | 244 | 29.6 | 486 | 61.6 | 67.6 | 71.3 | 82.7 | 91.9 | 979 | 100 100 100
21 100 100 100 100 100 | 97.3 | 85.2 | 66.7 | 52.6 | 47.4 | 40.0  30.2 | 23.7 | 21.6 | 245 | 32.2 | 42.7 | 653 | 77.8 | 97.2 | 97.2 | 100 100 100
22 100 100 100 100 100 | 985 964 | 87.8 | 75.6 | 66.6 | 554 | 38.8 | 234 | 179 273 | 46.2 | 658 | 839 | 89.9 | 98.1 | 98.6 | 100 100 100
23 100 | 100 | 100 | 100 | 100 | 979 | 949 883 | 735 | 52.1 | 288 | 153 | 11.0 | 158 | 31.8 | 48.2 | 66.0 | 78.1 | 92.8 | 97.6 | 97.8 | 100 | 100 | 100
24 100 100 100 100 100 | 989 | 96.8 | 94.7 | 85.7 | 77.7 | 72.7 A 699 | 66.7 | 633 | 62.6 | 66.1 | 70.7 | 76.1 A 853 | 953 | 989 | 100 100 100
25 100 100 100 100 100 | 97.6 | 943 | 86.6 | 73.4 | 63.1 | 485  45.1 | 51.7 | 60.3 | 645 | 67.6 | 68.9 | 81.7 884 | 98.0 983 | 100 100 100
26 100 100 100 100 100 | 98.0 | 95.2 | 90.0 | 794 | 60.5 | 40.8 224 | 163 | 183 | 30.1 | 49.8 | 71.9 | 855 | 94.1 | 98.0 | 98.1 | 100 100 100
27 100 100 100 100 100 | 97.8 | 94.7 | 93.7 | 83.7 | 61.0 | 33.6 | 158 | 10.8 | 13.2 A 22,6 | 395 | 583 | 782 | 88.3 | 97.6 | 97.7 | 100 100 100
28 100 | 100 | 100 | 100 | 100 | 99.7 | 985 978 | 958 | 944 | 93.6 | 919 | 91.8 | 93.2 | 939 | 94.7 | 958 | 95.2 | 97.8 | 99.3 | 99.7 A 100 | 100 | 100
29 100 100 100 100 100 | 99.8 | 98.9 | 979 | 97.0 | 96.3 | 959 | 95.7 | 952 | 952 | 95.0 | 959 | 96.6 | 979 | 99.2 | 99.7 | 99.8 | 100 100 100
30 100 100 100 100 100 | 99.5 | 983 | 959 | 944 | 92.7 | 915 894 | 87.2 | 844 | 847 | 88.0 | 93.4 | 965 988 | 99.5 | 99.5 | 100 100 100
31 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
32 100 | 100 | 100 | 100 | 100 | 98.1 | 949 849 | 67.8 | 56.1 | 54.2 | 51.7 | 49.4 | 47.0 A 36.2 | 40.1 | 56.5 | 83.3 | 92.6 | 98.2 | 982 A 100 | 100 | 100
33 100 100 100 100 100 | 98.0 | 95.1 | 90.0 | 70.2 | 38.6 | 20.0 134 | 163 | 246 | 384 | 52.8 | 65.1 | 780 874 | 97,5 | 97.7 | 100 100 100
34 100 100 100 100 100 | 96.5 | 91.7 | 69.0 | 369 | 21.3 | 124 103 | 103 | 11.7 | 16.2 | 244 | 445 | 63.0 A 89.9 | 96.3 | 96.6 | 100 100 100
35 100 100 100 100 100 | 995 988 | 983 | 949 | 86.0 | 751 | 729 | 80.7 | 85.2 | 87.2 | 89.7 | 929 | 95.1 | 973 | 99.0 | 99.6 | 100 100 100
36 100 100 100 100 100 | 974 | 945 | 935 | 714 | 54.6 | 46.4  42.0 | 389 | 34.6 | 28.1 | 243 | 28.7 | 479 | 724 | 85.6 | 97.0 | 100 100 100
37 100 100 100 100 100 | 98.0 | 95.7 | 91.7 | 78.0 | 64.1 | 62.7 H 63.7 | 644 | 64.7 646 | 639 | 62.8 | 64.6 @ 77.1 | 924 | 979 | 100 100 100
38 100 100 100 100 100 | 969 | 92.7 | 785 | 50.0 | 359 | 294 274 | 28.7 | 30.7 | 33.1 | 33.8 | 42.7 | 61.1 | 829 | 96.9 | 96.8 | 100 100 100
39 100 100 100 100 100 | 96.4 | 91.6 A 755 | 47.2 | 24.1 | 139 8.9 7.3 7.2 8.7 17.0 H 49.2 | 70.0 | 914 | 96.2 | 96.6 | 100 100 100
40 100 | 100 | 100 | 100 | 100 | 99.1 | 945  89.1 | 843 | 803 | 77.0 | 745 | 714 | 672 | 594 | 66.2 | 79.3 | 90.7 | 96.8 | 99.1 | 99.2 A 100 | 100 | 100
41 100 100 100 100 100 | 97.0 | 92.2 | 75.7 | 529 | 43.6 | 41.2 A 35.7 | 30.6 | 27.0 | 26.7 | 455 | 68.9 | 851 929 | 97.0 | 97.0 | 100 100 100
42 100 100 100 100 100 | 96.5 | 91.6 | 89.7 | 59.1 | 27.9 | 144 95 7.3 7.0 7.9 109 | 27.2 | 58.0 834 | 96.3  96.8 | 100 100 100

Lower 1 100 100 100 100 100 | 969 | 90.0 | 649 | 53.4 | 39.7 | 314  26.0 | 220 | 193 | 163 | 124 | 13.0 | 46.1 A 73.8 | 96.7 | 97.0 | 100 100 100
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Model | Number | 0:00 | 1:00 | 2:00 3:00 | 4:00 | 5:00 6:00 7:00 8:00 9:00 10:00 11:00|12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
2 100 100 100 100 100 | 96.5 | 77.6 | 46.1 | 26.6 | 20.5 | 17.7 # 159 | 15.0 | 14.1 | 125 | 123 | 17.2 | 51.1 | 71.7 | 96.5 | 96.7 | 100 100 100
3 100 100 100 100 100 | 995  97.1 | 941 | 915 | 868 | 80.2 | 77.0 | 724 | 653 | 69.6 | 78.7 | 88.0 | 951 | 97.8 | 99.5 | 99.5 | 100 100 100
4 100 | 100 | 100 | 100 | 100 | 98.4 | 90.0 | 83.1 | 75.8 | 649 | 56.3 | 50.5 | 45.2 | 47.0  52.8 | 594 H 64.6 | 814  89.9 | 983 984 | 100 A 100 | 100
5 100 100 100 100 100 | 99.8 | 995 | 98.6 | 98.0 | 974 | 96.3 H 94.8 | 93.8 | 93.7 | 91.0 | 88.1 | 915 | 96.2 A 984 | 99.8 | 99.8 | 100 100 100
6 100 100 100 100 100 | 975 | 942 | 87.7 | 74.2 | 588 | 47.8 A 418 | 355 | 29.7 | 26.1 | 248 | 39.0 | 646 A 874 | 97.4 | 97.5 | 100 100 100
7 100 100 100 100 100 | 974 | 939 | 834 | 693 | 60.2 | 51.1 | 47.1 | 44.7 | 39.8 A 349 | 325 | 408 | 61.2 | 83.6 | 974 | 975 | 100 100 100
] 100 100 100 100 100 | 96.2 | 91.2 | 909 | 88.8 | 69.0 | 269 H 124 | 18.0 | 21.6 | 245 | 24.0 | 28.0 | 414 A 652 | 85.6 | 96.3 | 100 100 100
9 100 100 100 100 100 | 99.5 | 98.7 | 97.3 | 93.1 | 86.8 | 79.5 A 80.6 | 87.9 | 92.6 | 94.1 | 949 | 95.1 | 96.7 A 97.8 | 99.3 | 99.5 | 100 100 100
10 100 100 100 100 100 | 976 | 923 | 72.1 | 54.8 | 46.8 | 419 H 385 | 36.1 | 343 | 339 | 358 | 41.8 | 563 | 77.6 | 953 | 97.7 | 100 100 100
11 100 100 100 100 100 | 97.0 | 92.7 | 81.1 | 56.5 | 26.4 | 10.0 @ 5.2 5.5 6.7 114 | 23.1 | 371 | 653 | 77.4 | 96.6 | 97.0 | 100 100 100
12 100 100 100 100 100 | 979 | 925 | 842 | 729 | 565 | 340 | 24.2 | 23.8 | 29.0  38.6 | 49.0 | 62.2 | 765 | 87.2 | 97.6 | 97.7 | 100 100 100
13 100 & 100 | 100 | 100 | 100 | 97.6 | 93.6  88.8 | 65.8 | 349 | 19.7 | 19.6 A 24.0 323 | 433 | 559 | 67.7 | 79.8 A 88.0 975  97.6 | 100 100 | 100
Abbreviations:
% = percent EQY = end of year
Table B-32. Hourly Effective Shade (%) for Maximum Weekly Summer Conditions for EOY22 Disturbance Condition for the ModPR0O2
Model | Number | 0:00 | 1:00 | 2:00 3:00 | 4:00 | 5:00 6:00 7:00 8:00 9:00 10:00 11:00|12:00 13:00 14:00 15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 | 23:00
1 100 100 100 100 100 | 98.0 | 97.8 | 854 | 756 | 729 | 76.2 A 779 | 783 | 747 | 750 | 80.0 | 82.1 | 79.7 A 80.3 | 88.2 | 97.8 | 100 100 100
2 100 100 100 100 100 | 97.3 A 894 | 763 | 715 | 669 | 60.7 | 57.3 | 54.8 | 50.3 | 424 | 463 | 60.8 | 72.2 | 88.6 | 97.0 | 97.5 | 100 100 100
3 100 100 100 100 100 | 99.1 | 97.7 | 922 | 885 | 855 | 83.5 | 82.7 | 787 | 77.1 | 80.7 | 82.8 | 859 | 91.2 | 98.7 | 99.1 | 99.3 | 100 100 100
4 100 100 100 100 100 | 96.7 | 89.4 | 746 | 60.6 | 49.3 | 40.8 H 33.7 | 36.1 | 444 | 55.1 | 65.6 | 73.4 | 84.8 H 94.1 | 97.0 | 97.1 | 100 100 100
5 100 100 100 100 100 | 979 | 964 | 84.0 739 | 634 | 549 522 | 534 | 58.7 | 61.7 | 689 | 79.8 | 869 | 90.1 | 954 | 97.8 | 100 100 100
Upper 6 100 100 100 100 100 | 97.0 | 955 | 80.9 | 60.7 | 49.9 | 442  40.7 | 43.7 | 493 | 544 | 58.1 | 62.6 | 689 | 78.7 | 92.2 | 97.3 | 100 100 100
7 100 100 100 100 100 | 97.2 4 96.8 | 875 | 73.7 | 683 | 61.7 | 54.0 | 454 | 443 H 496 | 56.6 | 61.6 | 679 | 88.2 | 97.1 | 97.3 | 100 100 100
] 100 100 100 100 100 | 983 | 984 | 942 H 87.1 | 82.1 | 84.1 853 | 852 | 874 | 878 | 86.2 | 87.5 | 90.6 A 925 | 984 | 99.2 | 100 100 100
9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 100 100 100 100 100 | 98.1 | 89.6 | 81.0 755 | 72.0 | 704 H 68.7 | 639 | 56.4 | 559 | 62.3 | 71.3 | 81.1 | 945 | 984 | 98.4 | 100 100 100
11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Model | Number | 0:00 @ 1:00 | 2:00 @ 3:00 4:00  5:00 6:00 7:00 8:00 | 9:00 10:00 11:00 12:00 | 13:00 14:00  15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00
12 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
14 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
15 100 100 100 100 100 | 90.7 | 78.7 6.6 2.9 25 24 25 2.7 2.7 24 2.1 1.4 1.9 14.6 | 83.1 | 89.9 | 100 100 100
16 100 100 100 100 100 | 946 | 769 | 57.1 | 50.1 | 40.3 | 28.4 | 18.7 | 13.0 | 134 | 182 | 283 | 40.9 | 523 | 58.2 | 945 | 94,5 | 100 100 100
17 100 100 100 100 100 | 939 833 | 569 | 37.6 | 342 | 309 | 274 | 233 | 22.0 H 26.2 | 32.0 | 363 | 41.0 | 71.0 | 93.7 | 943 | 100 100 100
18 100 | 100 | 100 | 100 | 100 | 955 | 948 795 | 60.5 | 52.1 | 429 | 33.7 | 27.7 | 293 | 369 | 47.7 | 53.5 | 56.6 | 82.1 | 94.6 | 954 100 | 100 | 100
19 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
20 100 100 100 100 100 | 96.0 | 93.8 | 815 | 76.0 | 71.7 | 61.5 H 40.0 | 240 | 26.2 | 463 | 643 | 71.2 | 73.2 | 756 | 86.1 | 959 | 100 100 100
21 100 100 100 100 100 | 94.8 | 78.0 | 55.7 | 50.7 | 43.6 | 32.7 A 20.6 | 13.2 | 115 | 149 | 248 | 39.0 | 50.7 A 64.3 | 945 | 945 | 100 100 100
22 100 100 100 100 100 | 97.0 H 965 | 805 | 71.2 | 65.7 | 51.0 | 31.1 | 146 | 11.1 K 204 | 414 | 63.7 | 740 | 848 | 96.3 | 97.3 100 100 100
23 100 | 100 | 100 | 100 | 100 | 959 | 955 | 83.2 | 70.3 | 51.0 | 26,5 129 | 8.0 7.3 18.8 | 39.0 | 554 | 63.5 | 91.5 | 95.3 | 95.7 | 100 | 100 | 100
24 100 100 100 100 100 | 97.7 | 965 | 935 | 77.1 | 694 | 683 H 66.3 | 629 | 59.8 | 58.6 | 60.7 | 63.2 | 68.1 76.8 | 90.6 | 97.8 | 100 100 100
25 100 100 100 100 100 | 95.8 | 95.7 | 875 | 79.0 | 75.2 | 60.7 A 476 | 523 | 62.7 | 68.2 | 71.8 | 75.3 | 80.4 A 874 | 96.7 | 97.4 | 100 100 100
26 100 100 100 100 100 | 96.1 | 959 | 86.1 | 76.1 | 57.4 | 353 | 16.8 | 95 10.8 | 19.7 | 405 | 64.6 | 77.1 | 934 | 96.1 | 96.4 | 100 100 100
27 100 | 100 | 100 | 100 | 100 | 958 | 95.6 4 93.8 | 758 | 54.0 | 28.7 A 115 | 7.1 1.7 15.0 | 31.7 | 50.8 | 65.4 | 84.3 | 95.3 | 95.7 | 100 | 100 | 100
28 100 100 100 100 100 | 994 | 97.8 | 97.3 | 94.0 | 934 | 93.8 A 90.1 | 90.6 | 91.8 | 92.7 | 93.6 | 94.0 | 91.3 | 96.3 | 98.6 | 99.4 | 100 100 100
29 100 100 100 100 100 | 99.5 | 98.6 | 96.6 | 954 | 949 | 945  94.6 | 940 942 | 93.6 | 952 | 97.2 | 979 | 99.1 | 994 | 99.5 | 100 100 100
30 100 100 100 100 100 | 99.0 H 979 | 93.1 | 928 | 914 | 894 | 87.1 | 853 | 822 A 829 | 87.1 | 89.6 | 944 | 989 | 99.0 | 99.0 | 100 100 100
31 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 & 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100
32 100 100 100 100 100 | 96.2 | 958 | 758 | 57.1 | 54.8 | 51.5 485 | 459 | 415 | 28.0 | 309 | 61.2 | 721 A 899 | 964 | 96.4 | 100 100 100
33 100 100 100 100 100 | 96.1 | 95.9 | 86.4 | 62.1 | 36.0 | 17.1 8.1 7.1 109 | 23.7 | 41.3 | 56.0 | 63.7 | 81.7 | 95.1 | 955 | 100 100 100
34 100 100 100 100 100 | 94.0 H 93.6 | 56.3 | 38.8 | 21.1 9.8 7.4 6.5 6.1 10.1 | 19.7 | 31.8 | 46.3 | 90.6 | 93.6 | 94.1 | 100 100 100
35 100 | 100 | 100 | 100 | 100 | 99.0 | 98.9 | 983 | 93.0 816 | 72.1 | 683 | 76.7 | 834 A 850 865  89.1 | 91.5  95.7 | 98.0 H 99.1 | 100 A 100 | 100
36 100 | 100 | 100 | 100 | 100 | 95.6 | 95.6 4 943 | 69.5 | 62.8 | 60.1 | 589 | 56.7 | 49.7 A 358 | 28.8 | 43.0 | 652 | 719 | 824 | 951 100 | 100 | 100
37 100 100 100 100 100 | 959 | 96.1 | 88.0 655 | 62.8 | 60.2 618 | 622 | 623 | 61.7 | 60.6 | 59.5 | 56.4 # 59.0 | 84.8 | 95.8 | 100 100 100
38 100 100 100 100 100 | 949 | 948 | 754 | 47.0 | 388 | 359 | 365 | 39.2 | 419 | 43.8 | 454 | 473 | 49.6 A 809 | 948 | 94.8 | 100 100 100
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Model | Number | 0:00 @ 1:00 | 2:00 @ 3:00 4:00  5:00 6:00 7:00 8:00 | 9:00 10:00 11:00 12:00 | 13:00 14:00  15:00 16:00 17:00 18:00 19:00 20:00 21:00 22:00 23:00

39 100 100 100 100 100 | 93.8 | 93.3 | 67.8 | 44.2 | 26.1 | 12.8 | 6.7 4.9 5.1 6.4 119 | 25.1 | 60.2 | 93.2 | 935 | 942 | 100 100 100

40 100 100 100 100 100 | 983 H 918 | 8.6 | 81.1 | 787 | 76.8 | 744 | 71.2 | 653 | 559 | 61.6 | 71.5 | 86.4 | 96.1 | 98.3 | 984 | 100 100 100

41 100 | 100 | 100 | 100 | 100 | 95.1 | 942  75.0 645 | 634 | 60.1 | 53.5 | 46.3 | 394 | 36.1 | 424 | 639 | 84.7 | 949 | 95.1 | 951 A 100 | 100 | 100

42 100 100 100 100 100 | 94.0 | 93.6 | 90.4 | 41.7 | 27.5 | 13.2 6.7 4.7 5.1 5.4 8.3 19.4 | 38.8 | 79.7 A 93.6 | 945 | 100 100 100

1 100 100 100 100 100 | 93.7 | 87.7 | 37.7 | 294 | 254 | 224 | 198 | 17.1 | 1511 | 13.0 8.8 12.3 | 26.1 | 56.0  93.4 | 93.9 | 100 100 100

2 100 100 100 100 100 | 93.0 H 642 233 | 183 | 143 | 129 | 12.6 | 11.8 | 10.3 8.3 8.1 11.3 | 19.0 | 52,5 | 929 | 93.3 100 100 100

3 100 | 100 | 100 | 100 | 100 | 989 | 955 | 91.3 | 89.9 | 839 | 79.0 770 718 | 615 649 | 771 839 | 920 96.8 | 989 | 99.0 | 100 A 100 | 100

4 100 100 100 100 100 | 96.7 | 84.1 | 70.6 | 59.8 | 50.4 | 45.1 H 42,5 | 39.3 | 403 | 469 | 54.7 | 60.1 | 68.0 84.1 | 96.6 | 96.8 | 100 100 100

5 100 100 100 100 100 | 99.6 | 99.4 | 98.0 | 97.6 | 96.9 | 95.6 A 93.5 | 929 | 935 | 89.3 | 86.8 | 88.7 | 93.4 A 975 | 99.6 | 99.6 | 100 100 100

6 100 100 100 100 100 | 95.0 | 948 | 82.1 | 59.2 | 45.0 | 36.7 | 339 | 29.0 | 239 | 19.2 | 18.6 | 23,5 | 36,5 813 | 948 | 95.0 | 100 100 100

Lower 7 100 100 100 100 100 | 948 944 | 734 | 58.7 | 451 | 42.0 | 40.1 | 37.0 | 30.8 | 25.2 | 224 | 23.2 | 375 | 73.9 | 94.7 | 95.0 | 100 100 100

8 100 100 100 100 100 | 92.3 | 92.2 | 92.1 | 879 | 47.2 | 215 | 9.2 143 | 19.6 | 21.3 | 219 | 232 | 253 | 40.1 | 71.1 | 925 | 100 100 100

9 100 100 100 100 100 | 99.0 | 988 | 96.2 | 89.8 | 80.8 | 74.7 A 74.7 | 83.6 | 89.6 | 915 | 93.0 | 94.1 | 959 | 97.1 | 985 | 99.0 | 100 100 100

10 100 100 100 100 100 | 95.2 | 90.8 | 53.3 | 42.7 | 37.0 | 34.0 31.1 | 288 | 26,5 | 25.1 | 25,5 | 30.5 | 425  61.6 | 90.5 | 953 | 100 100 100

11 100 100 100 100 100 | 948 | 94.1 | 76.6 | 55.7 | 37.3 | 134 5.0 6.0 5.0 8.4 22,9 | 42.1 | 495 | 68.0 | 93.9 | 94.7 | 100 100 100

12 100 | 100 | 100 | 100 | 100 | 95.8 | 90.9 4 79.2 | 69.0 | 48.0 | 28.2 | 186 | 17.0 | 20.1 H 28.8 | 40.1 | 489 | 60.0 | 80.8 | 95.3 | 955 100 | 100 | 100

13 100 100 100 100 100 | 95.1 | 935 | 86.4 | 48.6 | 21.6 | 13.3 A 12.0 | 155 | 223 | 30.0 | 38.7 | 51.2 | 68.1 H 822 | 95.0 | 95.2 | 100 100 100
Abbreviations:

% = percent EQY = end of year
Table B-33. Hourly Effective Shade (%) for Maximum Weekly Fall Conditions for EOY22 Disturbance Condition for the ModPRO2
Model | Number | 0:00 | 1:00 | 2:00 3:00 | 4:00 A 5:00 6:00 7:00 | 8:00 | 9:00 | 10:00 | 11:00 A 12:00 13:00 | 14:00 | 15:00  16:00 A 17:00 | 18:00 A 19:00 20:00 | 21:00 | 22:00 | 23:00
100 100 100 100 100 100 97.2 96.5 88.5 86.7 89.8 92.2 91.1 90.2 86.4 88.5 89.9 90.9 97.4 100 100 100 100 100
100 100 100 100 100 100 96.5 91.7 79.8 72.1 70.7 68.9 66.4 63.9 62.3 55.8 68.3 91.7 96.5 100 100 100 100 100
100 100 100 100 100 100 98.9 97.2 91.0 86.2 85.6 82.9 83.1 815 83.0 85.8 96.9 98.6 99.0 100 100 100 100 100
100 100 100 100 100 100 95.8 87.8 66.0 56.8 46.8 44.4 49.1 57.7 66.3 75.8 90.9 94.9 96.2 100 100 100 100 100
100 100 100 100 100 100 97.2 96.7 83.0 73.7 67.8 66.2 68.0 70.7 75.0 82.4 89.5 94.5 97.1 100 100 100 100 100
100 100 100 100 100 100 96.1 93.0 79.1 61.3 57.1 56.8 59.9 64.5 68.6 72.2 77.8 88.3 96.4 100 100 100 100 100

Upper
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
7 100 100 100 100 100 100 96.2 95.7 88.8 71.7 62.7 56.4 51.7 53.6 58.0 64.8 77.9 94.9 96.5 100 100 100 100 100
8 100 100 100 100 100 100 98.8 91.6 91.1 92.1 91.8 89.1 89.5 90.5 91.2 93.1 93.8 97.5 98.9 100 100 100 100 100
9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 100 100 100 100 100 100 91.4 84.7 77.4 73.9 71.9 69.1 67.6 66.8 66.9 78.9 94.8 98.2 100 100 100 100 100
11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
14 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
15 100 100 100 100 100 100 88.1 77.0 14.8 5.8 4.4 3.6 3.2 3.1 2.9 25 2.2 46.5 87.1 100 100 100 100 100
16 100 100 100 100 100 100 92.8 76.9 53.9 50.3 48.3 44.2 41.3 40.7 43.1 46.6 52.4 75.3 92.9 100 100 100 100 100
17 100 100 100 100 100 100 92.1 83.4 59.2 37.3 345 315 29.1 28.5 32.2 36.7 50.1 88.1 92.2 100 100 100 100 100
18 100 100 100 100 100 100 94.2 93.1 80.9 59.6 55.8 50.7 45.9 45.1 51.0 57.5 68.4 91.2 93.2 100 100 100 100 100
19 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
20 100 100 100 100 100 100 94.7 93.2 81.4 73.9 67.4 51.5 35.4 44.2 63.9 70.3 73.8 78.0 94.5 100 100 100 100 100
21 100 100 100 100 100 100 93.3 80.2 58.0 55.5 52.9 45.9 39.2 36.3 38.8 44.7 51.0 82.6 92.7 100 100 100 100 100
22 100 100 100 100 100 100 96.7 95.8 81.4 70.5 64.3 52.5 36.6 27.1 375 54.9 70.0 94.9 95.5 100 100 100 100 100
23 100 100 100 100 100 100 94.5 94.1 78.6 57.3 35.0 19.5 15.4 27.3 49.1 61.3 78.9 93.6 94.4 100 100 100 100 100
24 100 100 100 100 100 100 97.0 95.8 94.3 86.0 77.1 73.4 70.5 66.8 66.5 715 78.1 84.1 93.8 100 100 100 100 100
25 100 100 100 100 100 100 94.6 94.2 87.5 76.3 63.3 69.2 77.2 80.7 78.5 76.3 79.7 95.8 96.5 100 100 100 100 100
26 100 100 100 100 100 100 94.8 94.6 85.1 67.8 50.4 30.9 24.7 27.8 44.9 63.6 82.4 94.7 95.1 100 100 100 100 100
27 100 100 100 100 100 100 94.5 94.2 93.2 72.3 43.5 22.9 16.4 21.6 34.6 52.8 71.9 93.6 94.1 100 100 100 100 100
28 100 100 100 100 100 100 99.1 98.2 97.6 95.3 93.3 93.6 93.0 94.5 95.0 95.8 97.5 99.0 99.2 100 100 100 100 100
29 100 100 100 100 100 100 99.2 99.2 98.5 97.7 97.3 96.7 96.3 96.2 96.4 96.5 95.9 97.9 99.3 100 100 100 100 100
30 100 100 100 100 100 100 98.7 98.6 96.0 93.9 93.6 91.7 89.0 86.6 86.5 88.8 97.1 98.5 98.7 100 100 100 100 100
31 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
32 100 100 100 100 100 100 93.9 93.9 78.4 57.4 56.8 54.8 52.9 52.5 44.3 49.2 51.8 94.4 95.3 100 100 100 100 100
33 100 100 100 100 100 100 94.7 94.4 81.1 46.2 25.4 20.7 28.2 42.8 58.8 69.4 77.6 93.7 93.9 100 100 100 100 100
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Model Number & 0:00 | 1:00 @ 2:00 | 3:00 4:00 | 5:00 6:00 | 7:00 8:00 9:00 | 10:00 11:00 | 12:00  13:00 14:00 | 15:00 | 16:00 | 17:00  18:00 A 19:00 | 20:00 21:00 | 22:00 | 23:00

34 100 100 100 100 100 100 92.1 91.5 55.0 38.7 25.4 22.6 25.8 33.1 43.6 52.4 75.2 91.5 92.0 100 100 100 100 100

35 100 100 100 100 100 100 98.6 98.2 96.7 90.4 78.0 77.4 84.6 87.0 89.3 92.8 96.6 98.6 98.8 100 100 100 100 100

36 100 100 100 100 100 100 95.4 95.4 95.2 83.4 76.2 72.5 71.0 69.6 65.8 59.7 57.5 70.2 93.9 100 100 100 100 100

37 100 100 100 100 100 100 95.3 95.4 90.4 65.3 65.1 65.6 66.5 67.0 67.4 67.2 66.0 72.7 95.1 100 100 100 100 100

38 100 100 100 100 100 100 93.2 93.3 77.2 64.6 59.7 59.2 61.0 63.3 63.7 61.5 71.9 92.5 93.1 100 100 100 100 100

39 100 100 100 100 100 100 92.2 91.3 72.0 47.7 34.8 24.0 18.7 18.1 22.5 38.8 87.2 91.2 91.8 100 100 100 100 100

40 100 100 100 100 100 100 97.8 95.2 91.4 86.5 82.2 79.9 7.4 74.5 66.7 74.2 90.3 95.8 97.7 100 100 100 100 100

41 100 100 100 100 100 100 93.6 93.2 77.6 68.8 69.4 65.9 63.0 61.7 59.7 78.9 92.3 93.4 93.6 100 100 100 100 100

42 100 100 100 100 100 100 92.1 91.5 90.5 56.6 39.5 28.1 20.0 16.8 20.5 275 54.6 91.5 91.9 100 100 100 100 100

1 100 100 100 100 100 100 92.2 92.1 77.4 54.0 40.4 32.2 26.8 23.4 19.5 15.9 13.6 66.0 91.5 100 100 100 100 100

2 100 100 100 100 100 100 90.9 68.9 34.8 26.7 22.5 19.2 18.1 17.9 16.6 16.4 23.0 83.1 90.9 100 100 100 100 100

3 100 100 100 100 100 100 98.6 96.8 93.0 89.7 81.4 77.0 72.9 69.0 74.3 80.3 92.0 98.2 98.7 100 100 100 100 100

4 100 100 100 100 100 100 95.8 95.6 91.7 79.3 67.4 58.5 51.0 53.7 58.6 64.1 69.1 94.7 95.6 100 100 100 100 100

5 100 100 100 100 100 100 99.5 99.2 98.3 97.9 96.9 96.0 94.7 93.8 92.6 89.3 94.2 99.0 99.2 100 100 100 100 100

6 100 100 100 100 100 100 93.5 93.3 89.2 72.6 58.9 49.6 41.9 35.5 33.0 31.0 54.4 92.7 93.4 100 100 100 100 100

Lower 7 100 100 100 100 100 100 93.4 93.3 79.9 75.2 60.1 54.0 52.4 48.7 445 425 58.3 84.9 93.3 100 100 100 100 100
8 100 100 100 100 100 100 90.1 89.7 89.7 90.7 32.3 15.5 21.7 23.6 21.7 26.0 32.8 57.5 90.2 100 100 100 100 100

9 100 100 100 100 100 100 98.6 98.4 96.4 92.7 84.3 86.4 92.1 95.5 96.6 96.7 96.0 97.4 98.5 100 100 100 100 100

10 100 100 100 100 100 100 93.7 90.9 66.9 56.5 49.8 45.8 43.3 42.1 42.6 46.1 53.0 70.0 93.6 100 100 100 100 100

11 100 100 100 100 100 100 93.2 92.0 78.2 44.5 24.2 7.1 8.3 15.2 32.3 47.3 55.3 92.1 93.0 100 100 100 100 100

12 100 100 100 100 100 100 94.5 90.2 79.0 68.8 42.7 31.2 31.7 39.3 50.0 59.3 76.6 93.5 94.1 100 100 100 100 100

13 100 100 100 100 100 100 93.7 91.1 83.1 48.1 26.0 27.2 32.6 42.4 56.6 73.1 84.4 91.5 93.7 100 100 100 100 100

Abbreviations:
% = percent EQY = end of year

Table B-34. Hourly Effective Shade (%) for Mean August Conditions for EOY22 Disturbance Condition for the ModPR0O2

Model | Number | 0:00 | 1:00 | 2:00 3:00 | 4:00 A 5:00 6:00 7:00 | 8:00 | 9:00 | 10:00 | 11:00 K 12:00 13:00 | 14:00 | 15:00  16:00 A 17:00 | 18:00 A 19:00 20:00 | 21:00 | 22:00 | 23:00

Upper 1 100 100 100 100 100 99.0 97.5 91.0 82.1 79.8 83.0 85.1 84.7 82.5 80.7 84.3 86.0 85.3 88.9 94.1 98.9 100 100 100
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Model Number | 0:00 | 1:00 | 2:00 | 3:00 | 4:.00 | 5:00 6:00 | 7:00 | 8:00 9:00 | 10:00 | 11:00  12:00 | 13:00 | 14:00  15:00 | 16:00 | 17:00 18:00 | 19:00 20:00 21:00 | 22:00 23:00
2 100 100 100 100 100 98.7 93.0 84.0 75.7 69.5 65.7 63.1 60.6 57.1 52.4 51.1 64.6 82.0 92.6 98.5 98.8 100 100 100
3 100 100 100 100 100 99.6 98.3 94.7 89.8 85.9 84.6 82.8 80.9 79.3 81.9 84.3 91.4 94.9 98.9 99.6 99.7 100 100 100
4 100 100 100 100 100 98.4 92.6 81.2 63.3 53.1 43.8 | 39.1 42.6 51.1 60.7 70.7 82.2 89.9 95.2 98.5 98.6 100 100 100
5 100 100 100 100 100 99.0 96.8 90.4 78.5 68.6 61.4 59.2 60.7 64.7 68.4 75.7 84.7 90.7 93.6 97.7 98.9 100 100 100
6 100 100 100 100 100 98.5 95.8 87.0 69.9 55.6 50.7 48.8 51.8 56.9 61.5 65.2 70.2 78.6 87.6 96.1 98.7 100 100 100
7 100 100 100 100 100 98.6 96.5 91.6 81.2 70.0 62.2 55.2 48.6 48.9 53.8 60.7 69.7 81.4 92.3 98.5 98.7 100 100 100
8 100 100 100 100 100 99.2 98.6 92.9 89.1 87.1 87.9 87.2 87.4 88.9 89.5 89.7 90.7 94.0 95.7 99.2 99.6 100 100 100
9 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
10 100 100 100 100 100 99.1 93.7 86.2 80.1 74.7 72.2 70.3 66.5 62.0 61.3 64.6 75.1 88.0 96.3 99.2 99.2 100 100 100
11 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
12 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
13 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
14 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
15 100 100 100 100 100 95.4 83.4 41.8 8.9 4.2 3.4 3.1 3.0 2.9 2.7 23 1.8 24.2 50.9 91.6 95.0 100 100 100
16 100 100 100 100 100 97.3 84.9 67.0 52.0 45.3 384 | 315 27.2 271 30.7 375 46.7 63.8 75.6 97.3 97.3 100 100 100
17 100 100 100 100 100 97.0 87.7 70.2 484 | 35.8 32.7 29.5 26.2 25.3 29.2 34.4 43.2 64.6 81.6 96.9 97.2 100 100 100
18 100 100 100 100 100 97.8 94.5 86.3 70.7 55.9 49.4 42.2 36.8 37.2 44.0 52.6 61.0 73.9 81.7 97.3 97.7 100 100 100
19 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100

20 100 100 100 100 100 98.0 94.3 87.4 78.7 72.8 64.5 45.8 29.7 35.2 55.1 67.3 72.5 75.6 85.1 93.1 98.0 100 100 100
21 100 100 100 100 100 97.4 85.7 68.0 54.4 | 49.6 42,8 | 333 26.2 23.9 26.9 34.8 45.0 66.7 78.5 97.3 97.3 100 100 100
22 100 100 100 100 100 98.5 96.6 88.2 76.3 68.1 57.7 41.8 25.6 19.1 29.0 48.2 66.9 84.5 90.2 98.2 98.7 100 100 100
23 100 100 100 100 100 98.0 95.0 88.7 74.5 54.2 30.8 16.2 11.7 17.3 34.0 50.2 67.2 78.6 93.0 97.7 97.9 100 100 100
24 100 100 100 100 100 98.9 96.8 94.7 85.7 71.7 72.7 69.9 66.7 63.3 62.6 66.1 70.7 76.1 85.3 95.3 98.9 100 100 100
25 100 100 100 100 100 97.9 95.2 90.9 83.3 75.8 62.0 58.4 64.8 1.7 73.4 74.1 775 88.1 92.0 98.4 98.7 100 100 100
26 100 100 100 100 100 98.1 95.4 90.4 80.6 62.6 42.9 23.9 17.1 19.3 32.3 52.1 73.5 85.9 94.3 98.1 98.2 100 100 100
27 100 100 100 100 100 97.9 95.1 94.0 84.5 63.2 36.1 17.2 11.8 14.7 248 | 423 61.4 79.5 89.2 97.7 97.9 100 100 100
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Model Number | 0:00 | 1:00 | 2:00 | 3:00 | 4:.00 | 5:00 6:00 | 7:00 | 8:00 9:00 | 10:00 | 11:00  12:00 | 13:00 | 14:00  15:00 | 16:00 | 17:00 18:00 | 19:00 20:00 21:00 | 22:00 23:00
28 100 100 100 100 100 99.7 98.5 97.8 95.8 94.4 93.6 91.9 91.8 93.2 93.9 94.7 95.8 95.2 97.8 99.3 99.7 100 100 100
29 100 100 100 100 100 99.8 98.9 97.9 97.0 96.3 95.9 95.7 95.2 95.2 95.0 95.9 96.6 97.9 99.2 99.7 99.8 100 100 100
30 100 100 100 100 100 99.5 98.3 95.9 94.4 92.7 91.5 89.4 87.2 84.4 84.7 88.0 93.4 96.5 98.8 99.5 99.5 100 100 100
31 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
32 100 100 100 100 100 98.1 94.9 84.9 67.8 56.1 54.2 51.7 49.4 47.0 36.2 40.1 56.5 83.3 92.6 98.2 98.2 100 100 100
33 100 100 100 100 100 98.1 95.3 90.4 71.6 | 411 21.3 14.4 17.7 26.9 41.3 55.4 66.8 78.7 87.8 97.6 97.8 100 100 100
34 100 100 100 100 100 97.0 92.9 73.9 46.9 29.9 17.6 15.0 16.2 19.6 26.9 36.1 53.5 68.9 91.3 96.8 97.1 100 100 100
35 100 100 100 100 100 99.5 98.8 98.3 94.9 86.0 75.1 72.9 80.7 85.2 87.2 89.7 92.9 95.1 97.3 99.0 99.6 100 100 100
36 100 100 100 100 100 97.8 95.5 94.9 82.4 73.1 68.2 65.7 63.9 59.7 50.8 | 443 50.3 67.7 82.9 91.2 97.6 100 100 100
37 100 100 100 100 100 98.0 95.7 91.7 78.0 64.1 62.7 63.7 64.4 64.7 64.6 63.9 62.8 64.6 77.1 92.4 97.9 100 100 100
38 100 100 100 100 100 97.5 94.0 84.4 62.1 51.7 47.8 47.9 50.1 52.6 53.8 53.5 59.6 71.1 87.0 97.4 97.4 100 100 100
39 100 100 100 100 100 96.9 92.8 79.6 58.1 36.9 23.8 15.4 11.8 11.6 145 25.4 56.2 75.7 92.5 96.8 97.1 100 100 100
40 100 100 100 100 100 99.2 94.8 90.4 86.3 82.6 79.5 77.2 74.3 69.9 61.3 67.9 80.9 91.1 96.9 99.2 99.2 100 100 100
41 100 100 100 100 100 97.6 93.9 84.1 71.1 66.1 64.8 59.7 54.7 50.6 47.9 60.7 78.1 89.1 94.3 97.6 97.6 100 100 100
42 100 100 100 100 100 97.0 92.9 91.0 66.1 42.1 26.4 17.4 12.4 11.0 13.0 17.9 37.0 65.2 85.8 96.8 97.3 100 100 100

1 100 100 100 100 100 96.9 90.0 64.9 53.4 | 39.7 31.4 26.0 22.0 19.3 16.3 12.4 13.0 46.1 73.8 96.7 97.0 100 100 100
2 100 100 100 100 100 96.5 77.6 46.1 26.6 20.5 17.7 15.9 15.0 14.1 12.5 12.3 17.2 51.1 71.7 96.5 96.7 100 100 100
3 100 100 100 100 100 99.5 97.1 94.1 91.5 86.8 80.2 77.0 72.4 65.3 69.6 78.7 88.0 95.1 97.8 99.5 99.5 100 100 100
4 100 100 100 100 100 98.4 90.0 83.1 75.8 64.9 56.3 50.5 45.2 47.0 52.8 59.4 64.6 81.4 89.9 98.3 98.4 100 100 100
5 100 100 100 100 100 99.8 99.5 98.6 98.0 97.4 96.3 94.8 93.8 93.7 91.0 88.1 91.5 96.2 98.4 99.8 99.8 100 100 100

Lower 6 100 100 100 100 100 97.5 94.2 87.7 74.2 58.8 47.8 41.8 35.5 29.7 26.1 24.8 39.0 64.6 87.4 97.4 97.5 100 100 100

7 100 100 100 100 100 97.4 93.9 83.4 69.3 60.2 51.1 47.1 44.7 39.8 34.9 32.5 40.8 61.2 83.6 97.4 97.5 100 100 100
8 100 100 100 100 100 96.2 91.2 90.9 88.8 69.0 26.9 12.4 18.0 21.6 24.5 24.0 28.0 41.4 65.2 85.6 96.3 100 100 100
9 100 100 100 100 100 99.5 98.7 97.3 93.1 86.8 79.5 80.6 87.9 92.6 94.1 94.9 95.1 96.7 97.8 99.3 99.5 100 100 100
10 100 100 100 100 100 97.6 92.3 72.1 54.8 | 46.8 41.9 38.5 36.1 34.3 33.9 35.8 41.8 56.3 77.6 95.3 97.7 100 100 100
11 100 100 100 100 100 97.4 93.7 84.3 67.0 40.9 18.8 6.1 7.2 10.1 204 | 35.1 48.7 70.8 80.5 97.0 97.4 100 100 100
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Model | Number | 0:00 | 1:00 | 2:00 3:00 | 4:00 A 5:00 6:00 7:00 | 8:00 | 9:00 | 10:00 | 11:00 K 12:00 13:00 | 14:00 | 15:00  16:00 A 17:00 | 18:00 A 19:00 20:00 | 21:00 | 22:00 K 23:00

12 100 100 100 100 100 97.9 92.7 84.7 74.0 58.4 35.5 24.9 24.4 29.7 39.4 49.7 62.8 76.8 87.5 97.7 97.8 100 100 100
13 100 | 100 | 100 | 100 | 100 | 97.6 | 93.6 | 88.8 | 659 | 349 | 19.7 & 196 | 241 | 324 | 433 | 559 | 67.8 | 79.8 K 880 | 975 | 97.6 | 100 | 100 | 100
Abbreviations:
% = percent EOY = end of year
Table B-35. Hourly Effective Shade (%) for Maximum Weekly Summer Conditions for EOY27 Disturbance Condition for the ModPR0O2
Model | Number | 0:00 | 1:00 | 2:00 3:00 | 4:00 A 5:00 6:00 7:00 | 8:00 | 9:00 | 10:00 | 11:00 H 12:00 13:00 | 14:00 | 15:00 16:00 A 17:00 | 18:00 A 19:00 20:00 | 21:00 | 22:00 K 23:00
1 100 100 100 100 100 98.0 97.8 85.4 75.6 72.9 76.2 77.9 78.3 74.7 75.0 80.0 82.1 79.7 80.3 88.2 97.8 100 100 100
2 100 100 100 100 100 97.3 89.4 76.3 715 66.9 60.7 57.3 54.8 50.3 42.4 46.3 60.8 72.2 88.6 97.0 97.5 100 100 100
3 100 100 100 100 100 99.1 97.7 92.2 88.5 85.5 83.5 82.7 78.7 77.1 80.7 82.8 85.9 91.2 98.7 99.1 99.3 100 100 100
4 100 100 100 100 100 96.7 89.4 74.6 60.6 49.3 40.8 33.7 36.1 44.4 55.1 65.6 73.4 84.8 94.1 97.0 97.1 100 100 100
5 100 100 100 100 100 97.9 96.4 84.0 73.9 63.4 54.9 52.2 53.4 58.7 61.7 68.9 79.8 86.9 90.1 95.4 97.8 100 100 100
6 100 100 100 100 100 97.0 95.5 80.9 60.7 49.9 44.2 40.7 43.7 49.3 54.4 58.1 62.6 68.9 78.7 92.2 97.3 100 100 100
7 100 100 100 100 100 97.2 96.8 87.5 73.7 68.3 61.7 54.0 45.4 44.3 49.6 56.6 61.6 67.9 88.2 97.1 97.3 100 100 100
8 100 100 100 100 100 92.0 92.1 87.2 29.2 13.2 6.5 4.7 4.8 4.6 4.6 7.1 14.8 27.6 74.4 92.1 92.1 100 100 100
9 100 100 100 100 100 98.1 89.6 81.0 75.5 72.0 70.4 68.7 63.9 56.4 55.9 62.3 71.3 81.1 94.5 98.4 98.4 100 100 100
10 100 100 100 100 100 93.6 83.2 55.3 49.5 47.9 47.8 44.5 40.9 38.6 374 40.6 45.5 50.9 76.8 93.8 93.7 100 100 100
Upper 11 100 100 100 100 100 92.0 74.1 34.9 19.8 9.1 4.5 3.6 4.3 4.2 4.1 5.9 12.1 23.7 70.0 92.0 92.1 100 100 100
12 100 100 100 100 100 98.3 98.4 94.2 87.1 82.1 84.1 85.3 85.2 87.4 87.8 86.2 87.5 90.6 92.5 98.4 99.2 100 100 100
13 100 100 100 100 100 94.5 60.6 54.1 49.5 45.3 40.8 39.7 39.7 41.2 45.0 47.5 48.2 49.7 58.2 89.7 94.2 100 100 100
14 100 100 100 100 100 92.0 86.5 62.7 34.1 18.3 7.7 5.9 5.4 4.5 4.0 5.9 12.0 24.4 34.2 69.4 92.0 100 100 100
15 100 100 100 100 100 91.7 49.0 37.3 23.9 13.1 7.0 5.3 5.0 4.5 3.5 5.2 12.1 27.1 37.5 55.3 91.8 100 100 100
16 100 100 100 100 100 93.0 60.2 35.1 29.1 22.5 17.9 14.1 11.6 8.1 1.7 12.6 19.0 43.4 77.6 87.3 92.9 100 100 100
17 100 100 100 100 100 94.0 75.6 50.4 44.4 36.8 23.8 12.5 7.6 7.6 10.5 19.7 35.2 45.8 63.0 93.4 94.0 100 100 100
18 100 100 100 100 100 94.9 78.0 58.7 52.4 43.4 32.0 22.2 15.9 16.1 21.2 32.0 44.3 54.8 60.1 94.7 94.8 100 100 100
19 100 100 100 100 100 93.9 83.3 56.9 37.6 34.2 30.9 274 23.3 22.0 26.2 32.0 36.3 41.0 71.0 93.7 94.3 100 100 100
20 100 100 100 100 100 95.6 95.0 82.0 66.4 58.1 49.4 40.7 34.3 35.7 43.8 54.3 59.2 62.2 85.4 94.8 95.6 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
22 100 100 100 100 100 96.2 94.6 85.7 81.7 78.4 69.8 48.8 30.7 33.3 55.1 72.2 77.8 79.4 81.5 89.1 96.1 100 100 100
23 100 100 100 100 100 95.1 78.9 57.8 53.0 46.8 36.8 24.7 16.1 13.9 17.6 28.1 42.1 53.1 65.8 94.7 94.8 100 100 100
24 100 100 100 100 100 97.2 96.6 82.0 73.4 69.0 55.8 36.4 17.7 12.9 23.1 45.0 66.3 76.0 85.9 96.5 97.5 100 100 100
25 100 100 100 100 100 96.1 95.7 83.7 715 54.1 29.0 13.7 8.2 8.2 214 42.6 57.6 64.5 91.7 95.5 95.9 100 100 100
26 100 100 100 100 100 97.7 96.5 93.5 77.1 69.4 68.3 66.3 62.9 59.8 58.6 60.7 63.2 68.1 76.8 90.6 97.8 100 100 100
27 100 100 100 100 100 96.2 96.1 91.8 86.9 85.0 74.9 61.4 67.5 77.4 78.1 78.4 83.6 87.8 92.1 97.1 97.7 100 100 100
28 100 100 100 100 100 96.3 96.1 86.6 77.6 60.7 38.1 18.0 10.1 115 21.8 441 67.3 71.7 93.7 96.3 96.6 100 100 100
29 100 100 100 100 100 96.0 95.8 94.1 77.8 57.8 31.9 12.9 7.4 8.5 16.9 34.8 53.7 67.3 85.1 95.6 95.9 100 100 100
30 100 100 100 100 100 99.4 97.8 97.3 94.0 93.4 93.8 90.1 90.6 91.8 92.7 93.6 94.0 91.3 96.3 98.6 99.4 100 100 100
31 100 100 100 100 100 99.5 98.6 96.6 95.4 94.9 94.5 94.6 94.0 94.2 93.6 95.2 97.2 97.9 99.1 99.4 99.5 100 100 100
32 100 100 100 100 100 99.0 97.9 93.1 92.8 914 89.4 87.1 85.3 82.2 82.9 87.1 89.6 94.4 98.9 99.0 99.0 100 100 100
33 100 100 100 100 100 92.4 92.4 42.1 29.8 23.6 15.7 8.7 5.2 5.3 6.3 10.1 18.6 38.7 88.9 92.4 92.5 100 100 100
34 100 100 100 100 100 96.2 95.8 75.8 57.1 54.8 51.5 48.5 45.9 41.5 28.0 30.9 61.2 72.1 89.9 96.4 96.4 100 100 100
35 100 100 100 100 100 96.3 96.2 87.0 64.2 39.4 18.5 8.8 7.7 12.8 27.6 45.7 59.0 65.2 82.4 95.3 95.8 100 100 100
36 100 100 100 100 100 94.3 93.9 58.3 42.0 24.2 11.4 8.3 7.5 7.4 13.0 23.7 35.8 48.9 91.0 93.9 94.4 100 100 100
37 100 100 100 100 100 99.0 98.9 98.3 93.0 81.6 72.1 68.3 76.7 83.4 85.0 86.5 89.1 91.5 95.7 98.0 99.1 100 100 100
38 100 100 100 100 100 95.9 95.8 94.9 77.6 72.7 70.4 69.5 67.6 61.2 46.6 37.9 53.2 74.4 79.8 86.9 95.4 100 100 100
39 100 100 100 100 100 95.9 96.1 88.0 65.5 62.8 60.2 61.8 62.2 62.3 61.7 60.6 59.5 56.4 59.0 84.8 95.8 100 100 100
40 100 100 100 100 100 95.3 95.2 82.9 59.8 52.3 52.5 53.4 56.2 59.4 60.6 61.8 63.9 63.9 86.0 95.2 95.3 100 100 100
41 100 100 100 100 100 94.1 93.6 69.2 47.7 30.7 16.0 8.4 5.7 5.5 7.6 14.8 29.3 62.8 93.5 93.8 94.5 100 100 100
42 100 100 100 100 100 98.3 92.1 86.4 82.0 79.7 77.9 75.5 725 66.5 56.9 62.7 72.6 86.7 96.1 98.4 98.4 100 100 100
43 100 100 100 100 100 95.3 94.7 81.4 73.8 72.9 70.5 64.5 57.3 50.4 46.3 51.8 71.3 87.1 95.1 95.3 95.4 100 100 100
44 100 100 100 100 100 94.3 93.9 90.7 44.8 31.9 16.9 8.6 5.4 5.8 6.2 10.0 22.8 41.8 80.5 93.9 94.8 100 100 100

1 100 100 100 100 100 93.7 87.7 37.7 29.4 25.4 22.4 19.8 17.1 15.1 13.0 8.8 12.3 26.1 56.0 93.4 93.9 100 100 100
2 100 100 100 100 100 93.0 64.2 23.3 18.3 14.3 12.9 12.6 11.8 10.3 8.3 8.1 11.3 19.0 52.5 92.9 93.3 100 100 100

Lower 3 100 100 100 100 100 98.9 95.5 91.3 89.9 83.9 79.0 77.0 71.8 61.5 64.9 77.1 83.9 92.0 96.8 98.9 99.0 100 100 100

4 100 100 100 100 100 96.7 84.1 70.6 59.8 50.4 45.1 42.5 39.3 40.3 46.9 54.7 60.1 68.0 84.1 96.6 96.8 100 100 100
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Model | Number | 0:00 | 1:00 | 2:00 3:00 | 4:00 A 5:00 6:00 7:00 | 8:00 | 9:00 | 10:00 | 11:00 A 12:00 13:00 | 14:00 | 15:00  16:00 A 17:00 | 18:00 A 19:00 20:00 | 21:00 | 22:00 | 23:00
5 100 100 100 100 100 99.6 99.4 98.0 97.6 96.9 95.6 93.5 92.9 93.5 89.3 86.8 88.7 93.4 97.5 99.6 99.6 100 100 100
6 100 100 100 100 100 95.0 94.8 82.1 59.2 45.0 36.7 33.9 29.0 23.9 19.2 18.6 23.5 36.5 81.3 94.8 95.0 100 100 100
7 100 100 100 100 100 94.8 94.4 73.4 58.7 45.1 42.0 40.1 37.0 30.8 25.2 22.4 23.2 375 73.9 94.7 95.0 100 100 100
8 100 100 100 100 100 92.3 92.2 92.1 87.9 47.2 215 9.2 14.3 19.6 21.3 21.9 23.2 25.3 40.1 71.1 92.5 100 100 100
9 100 100 100 100 100 99.0 98.8 96.2 89.8 80.8 74.7 74.7 83.6 89.6 91.5 93.0 94.1 95.9 97.1 98.5 99.0 100 100 100
10 100 100 100 100 100 95.2 90.8 53.3 42.7 37.0 34.0 31.1 28.8 26.5 25.1 25.5 30.5 42.5 61.6 90.5 95.3 100 100 100
11 100 100 100 100 100 95.1 94.3 77.6 58.4 42.3 16.6 5.6 6.3 5.0 10.7 27.6 46.0 51.0 68.9 94.1 95.0 100 100 100
12 100 100 100 100 100 96.0 91.2 79.9 70.4 51.1 30.3 19.4 17.4 20.6 29.9 414 50.0 60.6 81.2 95.4 95.6 100 100 100
13 100 100 100 100 100 95.1 93.5 86.4 48.6 21.6 13.3 12.0 15.5 22.4 30.0 38.8 51.2 68.2 82.3 95.0 95.2 100 100 100

Abbreviations:
% = percent EQY = end of year
Table B-36. Hourly Effective Shade (%) for Maximum Weekly Fall Conditions for EOY27 Disturbance Condition for the ModPR02

Model | Number | 0:00 | 1:00 | 2:00 3:00 | 4:00 @ 5:00 6:00 7:00 | 8:00 | 9:00 | 10:00 | 11:00 A 12:00 13:00 | 14:00 | 15:00 16:00 A 17:00 | 18:00 A 19:00 20:00 | 21:00 | 22:00 K 23:00
1 100 100 100 100 100 100 97.2 96.5 88.5 86.7 89.8 92.2 91.1 90.2 86.4 88.5 89.9 90.9 97.4 100 100 100 100 100
2 100 100 100 100 100 100 96.5 91.7 79.8 72.1 70.7 68.9 66.4 63.9 62.3 55.8 68.3 91.7 96.5 100 100 100 100 100
3 100 100 100 100 100 100 98.9 97.2 91.0 86.2 85.6 82.9 83.1 81.5 83.0 85.8 96.9 98.6 99.0 100 100 100 100 100
4 100 100 100 100 100 100 95.8 87.8 66.0 56.8 46.8 44.4 49.1 57.7 66.3 75.8 90.9 94.9 96.2 100 100 100 100 100
5 100 100 100 100 100 100 97.2 96.7 83.0 73.7 67.8 66.2 68.0 70.7 75.0 82.4 89.5 94.5 97.1 100 100 100 100 100
6 100 100 100 100 100 100 96.1 93.0 79.1 61.3 57.1 56.8 59.9 64.5 68.6 72.2 77.8 88.3 96.4 100 100 100 100 100
7 100 100 100 100 100 100 96.2 95.7 88.8 71.7 62.7 56.4 51.7 53.6 58.0 64.8 77.9 94.9 96.5 100 100 100 100 100

Upper 8 100 100 100 100 100 100 89.5 89.6 87.5 34.6 16.6 11.2 10.2 11.0 14.4 23.1 48.0 88.4 89.5 100 100 100 100 100
9 100 100 100 100 100 100 97.7 91.4 84.7 77.4 73.9 71.9 69.1 67.6 66.8 66.9 78.9 94.8 98.2 100 100 100 100 100
10 100 100 100 100 100 100 91.6 83.0 55.8 51.6 50.6 49.5 48.3 48.5 47.6 46.6 60.7 91.8 91.8 100 100 100 100 100
11 100 100 100 100 100 100 89.6 74.0 36.7 24.4 15.0 10.0 8.9 9.6 13.2 20.8 42.1 86.6 89.6 100 100 100 100 100
12 100 100 100 100 100 100 98.8 91.6 91.1 92.1 91.8 89.1 89.5 90.5 91.2 93.1 93.8 97.5 98.9 100 100 100 100 100
13 100 100 100 100 100 100 92.7 58.8 51.0 48.9 49.1 49.8 48.6 49.5 51.0 51.6 53.3 73.7 91.8 100 100 100 100 100
14 100 100 100 100 100 100 89.5 84.6 61.9 375 17.7 10.3 8.3 8.7 12.5 20.4 29.7 45.2 89.4 100 100 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
15 100 100 100 100 100 100 89.4 48.4 34.0 23.7 12.4 7.9 6.9 7.9 11.7 23.7 375 42.9 89.3 100 100 100 100 100
16 100 100 100 100 100 100 91.0 69.9 50.2 43.3 33.1 26.6 22.3 17.7 16.0 29.1 58.8 715 90.6 100 100 100 100 100
17 100 100 100 100 100 100 92.1 76.1 54.8 52.9 48.1 36.3 27.7 25.7 33.0 43.5 55.2 81.6 92.2 100 100 100 100 100
18 100 100 100 100 100 100 93.2 77.8 55.8 52.6 51.0 47.6 44.8 43.7 46.1 48.9 54.2 76.5 93.2 100 100 100 100 100
19 100 100 100 100 100 100 92.1 83.4 59.2 37.3 34.5 315 29.1 28.5 32.2 36.7 50.1 88.1 92.2 100 100 100 100 100
20 100 100 100 100 100 100 94.4 93.3 82.7 65.0 61.6 56.8 52.1 51.0 56.8 63.0 73.2 92.0 93.5 100 100 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 100 95.0 93.9 85.4 79.4 74.4 59.5 43.0 51.7 71.3 76.6 79.8 82.8 94.8 100 100 100 100 100
23 100 100 100 100 100 100 93.6 81.1 59.9 57.5 55.4 49.3 42.7 39.7 42.0 47.3 53.3 83.3 93.0 100 100 100 100 100
24 100 100 100 100 100 100 97.0 96.0 82.9 72.7 66.9 56.6 40.8 31.0 40.9 57.6 71.7 95.1 95.8 100 100 100 100 100
25 100 100 100 100 100 100 94.8 94.3 79.2 59.2 375 21.3 17.3 30.2 51.8 62.3 79.4 93.9 94.6 100 100 100 100 100
26 100 100 100 100 100 100 97.0 95.8 94.3 86.0 77.1 73.4 70.5 66.8 66.5 71.5 78.1 84.1 93.8 100 100 100 100 100
27 100 100 100 100 100 100 95.1 94.7 91.5 84.4 74.4 79.8 86.1 88.9 86.9 82.9 86.6 96.4 97.0 100 100 100 100 100
28 100 100 100 100 100 100 95.1 94.8 86.0 69.4 52.8 33.1 26.7 29.8 47.9 65.4 83.1 94.9 95.4 100 100 100 100 100
29 100 100 100 100 100 100 94.8 94.5 93.6 73.7 46.2 25.3 18.8 241 37.1 55.1 73.2 93.9 94.4 100 100 100 100 100
30 100 100 100 100 100 100 99.1 98.2 97.6 95.3 93.3 93.6 93.0 94.5 95.0 95.8 97.5 99.0 99.2 100 100 100 100 100
31 100 100 100 100 100 100 99.2 99.2 98.5 97.7 97.3 96.7 96.3 96.2 96.4 96.5 95.9 97.9 99.3 100 100 100 100 100
32 100 100 100 100 100 100 98.7 98.6 96.0 93.9 93.6 91.7 89.0 86.6 86.5 88.8 97.1 98.5 98.7 100 100 100 100 100
33 100 100 100 100 100 100 90.0 89.9 47.8 34.6 31.2 22.8 16.5 12.7 12.0 17.5 69.1 90.0 90.0 100 100 100 100 100
34 100 100 100 100 100 100 93.9 93.9 78.4 57.4 56.8 54.8 52.9 52.5 44.3 49.2 51.8 94.4 95.3 100 100 100 100 100
35 100 100 100 100 100 100 95.1 94.7 82.1 49.0 27.7 23.0 30.9 46.7 62.0 71.0 78.6 94.0 94.3 100 100 100 100 100
36 100 100 100 100 100 100 92.5 91.9 57.2 41.7 28.0 25.2 29.3 37.6 48.1 55.2 76.2 91.9 92.4 100 100 100 100 100
37 100 100 100 100 100 100 98.6 98.2 96.7 90.4 78.0 774 84.6 87.0 89.3 92.8 96.6 98.6 98.8 100 100 100 100 100
38 100 100 100 100 100 100 95.7 95.7 95.4 87.6 83.3 80.6 79.5 78.4 74.8 68.8 66.8 77.4 94.2 100 100 100 100 100
39 100 100 100 100 100 100 95.3 95.4 90.4 65.3 65.1 65.6 66.5 67.0 67.4 67.2 66.0 72.7 95.1 100 100 100 100 100
40 100 100 100 100 100 100 93.8 93.8 84.0 76.5 72.6 72.8 74.4 76.7 76.9 74.5 80.7 93.4 93.7 100 100 100 100 100
41 100 100 100 100 100 100 92.6 91.7 73.6 50.7 38.8 27.7 22.4 215 26.1 41.9 87.7 91.6 92.2 100 100 100 100 100

B-62



ModPRO2 SPLNT Modeling Report Appendix B

Model | Number | 0:00 | 1:00 | 2:00 3:00 | 4:00 A 5:00 6:00 7:00 | 8:00 | 9:00 | 10:00 | 11:00 A 12:00 13:00 | 14:00 | 15:00  16:00 A 17:00 | 18:00 A 19:00 20:00 | 21:00 | 22:00 | 23:00
42 100 100 100 100 100 100 97.8 95.4 92.1 87.3 83.1 80.8 78.5 75.7 67.9 74.9 90.3 95.9 97.8 100 100 100 100 100
43 100 100 100 100 100 100 93.9 93.6 83.0 71.5 77.8 74.6 71.9 71.2 68.6 82.8 92.6 93.7 93.9 100 100 100 100 100
44 100 100 100 100 100 100 92.5 91.9 90.9 59.7 44.5 32.8 24.1 19.8 23.8 31.0 57.4 91.9 92.3 100 100 100 100 100
1 100 100 100 100 100 100 92.2 92.1 77.4 54.0 40.4 32.2 26.8 23.4 19.5 15.9 13.6 66.0 91.5 100 100 100 100 100
2 100 100 100 100 100 100 90.9 68.9 34.8 26.7 22.5 19.2 18.1 17.9 16.6 16.4 23.0 83.1 90.9 100 100 100 100 100
3 100 100 100 100 100 100 98.6 96.8 93.0 89.7 814 77.0 72.9 69.0 74.3 80.3 92.0 98.2 98.7 100 100 100 100 100
4 100 100 100 100 100 100 95.8 95.6 91.7 79.3 67.4 58.5 51.0 53.7 58.6 64.1 69.1 94.7 95.6 100 100 100 100 100
5 100 100 100 100 100 100 99.5 99.2 98.3 97.9 96.9 96.0 94.7 93.8 92.6 89.3 94.2 99.0 99.2 100 100 100 100 100
6 100 100 100 100 100 100 93.5 93.3 89.2 72.6 58.9 49.6 41.9 35.5 33.0 31.0 54.4 92.7 93.4 100 100 100 100 100
Lower 7 100 100 100 100 100 100 93.4 93.3 79.9 75.2 60.1 54.0 52.4 48.7 44.5 42.5 58.3 84.9 93.3 100 100 100 100 100
8 100 100 100 100 100 100 90.1 89.7 89.7 90.7 32.3 15.5 21.7 23.6 27.7 26.0 32.8 57.5 90.2 100 100 100 100 100
9 100 100 100 100 100 100 98.6 98.4 96.4 92.7 84.3 86.4 92.1 95.5 96.6 96.7 96.0 97.4 98.5 100 100 100 100 100
10 100 100 100 100 100 100 93.7 90.9 66.9 56.5 49.8 45.8 43.3 42.1 42.6 46.1 53.0 70.0 93.6 100 100 100 100 100
11 100 100 100 100 100 100 93.5 92.4 79.2 47.5 28.3 8.5 9.3 17.8 36.6 49.5 56.6 92.4 93.3 100 100 100 100 100
12 100 100 100 100 100 100 94.7 90.6 79.9 70.2 445 323 329 40.7 50.9 59.8 77.0 93.7 94.3 100 100 100 100 100
13 100 100 100 100 100 100 93.7 91.1 83.1 48.1 26.1 27.2 32.6 42.4 56.6 73.2 84.4 91.5 93.7 100 100 100 100 100
Abbreviations:
% = percent EQY = end of year

Table B-37. Hourly Effective Shade (%) for Mean August Conditions for EOY27 Disturbance Condition for the ModPR0O2
Model | Number = 0:00 | 1:00 | 2:00 @ 3:00 @ 4:00 | 5:00 | 6:00 7:00 | 800 | 9:00 10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00

100 100 100 100 100 99.0 97.5 91.0 82.1 79.8 83.0 85.1 84.7 82.5 80.7 84.3 86.0 85.3 88.9 94.1 98.9 100 100 100
100 100 100 100 100 98.7 93.0 84.0 75.7 69.5 65.7 63.1 60.6 57.1 52.4 51.1 64.6 82.0 92.6 98.5 98.8 100 100 100
100 100 100 100 100 99.6 98.3 94.7 89.8 85.9 84.6 82.8 80.9 79.3 81.9 84.3 91.4 94.9 98.9 99.6 99.7 100 100 100

Upper 100 100 100 100 100 98.4 92.6 81.2 63.3 53.1 43.8 | 39.1 42.6 51.1 60.7 70.7 82.2 89.9 95.2 98.5 98.6 100 100 100

100 100 100 100 100 99.0 96.8 90.4 78.5 68.6 61.4 59.2 60.7 64.7 68.4 75.7 84.7 90.7 93.6 97.7 98.9 100 100 100
100 100 100 100 100 98.5 95.8 87.0 69.9 55.6 50.7 48.8 51.8 56.9 61.5 65.2 70.2 78.6 87.6 96.1 98.7 100 100 100
100 100 100 100 100 98.6 96.5 91.6 81.2 70.0 62.2 55.2 48.6 48.9 53.8 60.7 69.7 81.4 92.3 98.5 98.7 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
8 100 100 100 100 100 96.0 90.8 88.4 58.4 23.9 11.6 8.0 7.5 7.8 9.5 15.1 314 58.0 82.0 96.1 96.1 100 100 100
9 100 100 100 100 100 99.1 93.7 86.2 80.1 74.7 72.2 70.3 66.5 62.0 61.3 64.6 75.1 88.0 96.3 99.2 99.2 100 100 100
10 100 100 100 100 100 96.8 87.4 69.2 52.7 49.8 49.2 47.0 44.6 43.6 42.5 43.6 53.1 71.4 84.3 96.9 96.9 100 100 100
11 100 100 100 100 100 96.0 81.9 54.5 28.3 16.8 9.8 6.8 6.6 6.9 8.7 13.4 27.1 55.2 79.8 96.0 96.1 100 100 100
12 100 100 100 100 100 99.2 98.6 92.9 89.1 87.1 87.9 87.2 87.4 88.9 89.5 89.7 90.7 94.0 95.7 99.2 99.6 100 100 100
13 100 100 100 100 100 97.3 76.7 56.5 50.3 47.1 45.0 44.8 44.2 454 48.0 49.6 50.8 61.7 75.0 94.9 97.1 100 100 100
14 100 100 100 100 100 96.0 88.0 73.7 48.0 27.9 12.7 8.1 6.9 6.6 8.3 13.2 20.9 34.8 61.8 84.7 96.0 100 100 100
15 100 100 100 100 100 95.9 69.2 42.9 29.0 18.4 9.7 6.6 6.0 6.2 7.6 14.5 24.8 35.0 63.4 71.7 95.9 100 100 100
16 100 100 100 100 100 96.5 75.6 52.5 39.7 329 25.5 204 17.0 12.9 11.9 20.9 38.9 60.5 84.1 93.7 96.5 100 100 100
17 100 100 100 100 100 97.0 83.9 63.3 49.6 44.9 36.0 24.4 17.7 16.7 21.8 31.6 45.2 63.7 77.6 96.7 97.0 100 100 100
18 100 100 100 100 100 97.5 85.6 68.3 54.1 48.0 415 34.9 30.4 29.9 33.7 40.5 49.3 65.7 76.7 97.4 97.4 100 100 100
19 100 100 100 100 100 97.0 87.7 70.2 48.4 35.8 32.7 29.5 26.2 25.3 29.2 344 43.2 64.6 81.6 96.9 97.2 100 100 100
20 100 100 100 100 100 97.8 94.7 87.7 74.6 61.6 55.5 48.8 43.2 43.4 50.3 58.7 66.2 77.1 89.5 97.4 97.8 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 98.1 94.8 89.8 83.6 78.9 72.1 54.2 36.9 42.5 63.2 74.4 78.8 81.1 88.2 94.6 98.1 100 100 100
23 100 100 100 100 100 97.6 86.3 69.5 56.5 52.2 46.1 37.0 29.4 26.8 29.8 37.7 47.7 68.2 79.4 97.4 97.4 100 100 100
24 100 100 100 100 100 98.6 96.8 89.0 78.2 70.9 61.4 46.5 29.3 22.0 32.0 51.3 69.0 85.6 90.9 98.3 98.8 100 100 100
25 100 100 100 100 100 98.1 95.3 89.0 75.4 56.7 33.3 17.5 12.8 19.2 36.6 52.5 68.5 79.2 93.2 97.8 98.0 100 100 100
26 100 100 100 100 100 98.9 96.8 94.7 85.7 71.7 72,7 69.9 66.7 63.3 62.6 66.1 70.7 76.1 85.3 95.3 98.9 100 100 100
27 100 100 100 100 100 98.1 95.6 93.3 89.2 84.7 74.7 70.6 76.8 83.2 82.5 80.7 85.1 92.1 94.6 98.6 98.9 100 100 100
28 100 100 100 100 100 98.2 95.6 90.7 81.8 65.1 45.5 25.6 18.4 20.7 34.9 54.8 75.2 86.3 94.6 98.2 98.3 100 100 100
29 100 100 100 100 100 98.0 95.3 94.3 85.7 65.8 39.1 19.1 13.1 16.3 27.0 45.0 63.5 80.6 89.8 97.8 98.0 100 100 100
30 100 100 100 100 100 99.7 98.5 97.8 95.8 94.4 93.6 91.9 91.8 93.2 93.9 94.7 95.8 95.2 97.8 99.3 99.7 100 100 100
31 100 100 100 100 100 99.8 98.9 97.9 97.0 96.3 95.9 95.7 95.2 95.2 95.0 95.9 96.6 97.9 99.2 99.7 99.8 100 100 100
32 100 100 100 100 100 99.5 98.3 95.9 94.4 92.7 91.5 89.4 87.2 84.4 84.7 88.0 93.4 96.5 98.8 99.5 99.5 100 100 100
33 100 100 100 100 100 96.2 91.2 66.0 38.8 29.1 23.5 15.8 10.9 9.0 9.2 13.8 43.9 64.4 89.5 96.2 96.3 100 100 100
34 100 100 100 100 100 98.1 94.9 84.9 67.8 56.1 54.2 51.7 49.4 47.0 36.2 40.1 56.5 83.3 92.6 98.2 98.2 100 100 100
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Model Number & 0:00 | 1:00 @ 2:00 | 3:00 4:00 | 5:00 6:00 | 7:00 8:00 9:00 | 10:00 11:00 | 12:00  13:00 14:00 | 15:00 | 16:00 | 17:00  18:00 A 19:00 | 20:00 21:00 | 22:00 | 23:00

35 100 100 100 100 100 98.2 95.7 90.9 732 | 442 23.1 15.9 19.3 29.8 @ 448 | 584 68.8 79.6 | 884 | 97.7 97.9 100 100 100

36 100 100 100 100 100 97.2 93.2 75.1 49.6 | 33.0 19.7 16.8 184 | 225 | 30.6 | 395 56.0 704 | 91.7 97.0 | 97.2 100 100 100

37 100 100 100 100 100 99.5 | 98.8 98.3 94.9 86.0 75.1 72.9 80.7 85.2 87.2 89.7 92.9 95.1 97.3 99.0 | 99.6 100 100 100

38 100 100 100 100 100 98.0 | 95.8 95.3 86.5 80.2 76.9 75.1 73.6 | 69.8 60.7 53.4 60.0 75.9 87.0 935 | 97.7 100 100 100

39 100 100 100 100 100 98.0 | 95.7 91.7 78.0 64.1 62.7 63.7 64.4 | 64.7 64.6 | 63.9 62.8 64.6 77.1 924 | 979 100 100 100

40 100 100 100 100 100 97.7 | 945 88.4 71.9 64.4 62.6 63.1 65.3 68.1 68.8 | 68.2 72.3 78.7 | 89.9 97.6 | 97.7 100 100 100

41 100 100 100 100 100 97.1 93.1 80.5 60.7 | 40.7 27.4 18.1 14.1 13.5 16.9 28.4 58.5 77.2 92.9 96.9 97.3 100 100 100

42 100 100 100 100 100 99.2 95.0 90.9 87.1 83.5 | 80.5 78.2 75.5 71.1 624 | 688 | 815 91.3 97.0 99.2 99.2 100 100 100

43 100 100 100 100 100 97.7 | 943 87.5 78.4 75.2 74.2 69.6 64.6 | 60.8 57.5 67.3 82.0 90.4 | 945 97.7 97.7 100 100 100

44 100 100 100 100 100 97.2 93.2 91.3 679 | 458 | 30.7 20.7 14.8 12.8 15.0 20.5 | 40.1 66.9 86.4 | 97.0 | 974 100 100 100

1 100 100 100 100 100 96.9 90.0 64.9 53.4 | 39.7 314 | 26.0 | 22.0 19.3 16.3 12.4 13.0 46.1 73.8 96.7 97.0 100 100 100

2 100 100 100 100 100 96.5 77.6 | 46.1 26.6 | 20.5 17.7 15.9 15.0 14.1 12.5 12.3 17.2 51.1 71.7 96.5 | 96.7 100 100 100

3 100 100 100 100 100 99.5 | 97.1 94.1 91.5 86.8 | 80.2 77.0 724 | 653 69.6 78.7 88.0 95.1 97.8 99.5 | 99.5 100 100 100

4 100 100 100 100 100 98.4 | 90.0 83.1 75.8 | 64.9 56.3 50.5 | 45.2 47.0 52.8 | 59.4 646 | 814 | 89.9 98.3 98.4 100 100 100

5 100 100 100 100 100 99.8 | 99.5 98.6 | 98.0 97.4 | 96.3 948 | 93.8 93.7 | 91.0 88.1 91.5 96.2 984 | 99.8 | 99.8 100 100 100

6 100 100 100 100 100 975 | 94.2 87.7 74.2 58.8 | 47.8 | 418 | 355 29.7 | 26.1 248 | 39.0 64.6 | 874 | 974 | 975 100 100 100

Lower 7 100 100 100 100 100 97.4 | 939 83.4 69.3 60.2 51.1 471 447 | 39.8 @ 349 | 325 | 408 61.2 83.6 97.4 | 975 100 100 100
8 100 100 100 100 100 96.2 91.2 90.9 88.8 | 69.0 | 26.9 12.4 18.0 216 | 245 | 240 | 28.0 41.4 65.2 85.6 | 96.3 100 100 100

9 100 100 100 100 100 99.5 | 98.7 97.3 93.1 86.8 79.5 80.6 | 879 92.6 | 94.1 94.9 95.1 96.7 | 97.8 99.3 99.5 100 100 100

10 100 100 100 100 100 97.6 | 923 72.1 548 | 468 | 419 | 385 | 36.1 34.3 339 | 358 | 418 56.3 77.6 95.3 97.7 100 100 100

11 100 100 100 100 100 97.6 | 93.9 85.0 68.8 | 44.9 225 7.1 7.8 114 | 23.7 | 38.6 51.3 71.7 | 811 97.1 97.5 100 100 100

12 100 100 100 100 100 98.0 | 93.0 85.3 75.2 60.7 374 | 259 25.2 30.7 | 404 | 50.6 63.5 77.2 87.8 97.7 97.8 100 100 100

13 100 100 100 100 100 97.6 | 93.6 | 8838 659 | 349 19.7 19.6 | 24.1 324 | 433 56.0 67.8 79.9 88.0 97.5 | 97.6 100 100 100

Abbreviations:
% = percent EOY = end of year
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Table B-38. Hourly Effective Shade (%) for Maximum Weekly Summer Conditions for EOY32 Disturbance Condition for the ModPR0O2

Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 | 5:00 @ 6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
1 100 100 100 100 100 98.0 97.8 85.4 75.6 72.9 76.2 77.9 78.3 74.7 75.0 80.0 82.1 79.7 80.3 88.2 97.8 100 100 100
2 100 100 100 100 100 97.3 89.4 76.3 71.5 66.9 60.7 57.3 54.8 50.3 42.4 46.3 60.8 72.2 88.6 97.0 97.5 100 100 100
3 100 100 100 100 100 99.1 97.7 92.2 88.5 85.5 83.5 82.7 78.7 77.1 80.7 82.8 85.9 91.2 98.7 99.1 99.3 100 100 100
4 100 100 100 100 100 96.7 89.4 74.6 60.6 49.3 40.8 33.7 36.1 44.4 55.1 65.6 73.4 84.8 94.1 97.0 97.1 100 100 100
5 100 100 100 100 100 97.9 96.4 84.0 73.9 63.4 54.9 52.2 53.4 58.7 61.7 68.9 79.8 86.9 90.1 95.4 97.8 100 100 100
6 100 100 100 100 100 97.0 95.5 80.9 60.7 49.9 44.2 40.7 43.7 49.3 54.4 58.1 62.6 68.9 78.7 92.2 97.3 100 100 100
7 100 100 100 100 100 97.2 96.8 87.5 73.7 68.3 61.7 54.0 45.4 44.3 49.6 56.6 61.6 67.9 88.2 97.1 97.3 100 100 100
8 100 100 100 100 100 93.8 93.8 90.1 48.5 32.6 18.9 10.2 7.5 8.1 12.2 23.0 379 47.1 80.7 93.8 93.8 100 100 100
9 100 100 100 100 100 98.1 89.6 81.0 75.5 72.0 70.4 68.7 63.9 56.4 55.9 62.3 71.3 81.1 94.5 98.4 98.4 100 100 100
10 100 100 100 100 100 95.4 95.1 95.0 93.6 92.9 94.1 93.1 91.6 91.1 88.5 90.3 91.4 94.7 95.0 95.5 95.4 100 100 100
11 100 100 100 100 100 93.8 80.5 51.1 40.9 29.2 17.1 9.4 6.7 7.2 10.4 19.3 32.6 43.3 77.6 93.7 93.9 100 100 100
12 100 100 100 100 100 98.3 98.4 94.2 87.1 82.1 84.1 85.3 85.2 874 87.8 86.2 87.5 90.6 92.5 98.4 99.2 100 100 100
13 100 100 100 100 100 96.0 95.5 94.5 93.2 92.1 89.5 91.5 91.5 91.5 93.5 93.2 93.3 93.4 94.6 95.6 95.8 100 100 100

Upper 14 100 100 100 100 100 93.8 89.9 72.3 53.4 36.4 19.0 11.7 7.1 6.7 10.8 19.8 33.8 45.7 51.0 77.2 93.8 100 100 100
15 100 100 100 100 100 93.6 61.9 53.4 45.1 31.1 17.2 9.1 6.0 6.5 10.7 22.1 38.2 48.5 55.7 67.3 93.7 100 100 100
16 100 100 100 100 100 94.6 69.5 54.4 52.3 44.8 35.2 26.3 18.7 11.2 11.2 18.4 30.2 59.2 84.0 90.5 94.5 100 100 100
17 100 100 100 100 100 94.3 76.8 52.6 46.8 40.9 28.7 16.3 9.8 9.3 13.3 23.8 39.2 48.4 64.9 93.7 94.3 100 100 100
18 100 100 100 100 100 95.1 80.3 62.8 56.9 48.6 37.6 28.1 215 21.7 26.8 37.8 49.9 59.4 64.3 95.0 95.0 100 100 100
19 100 100 100 100 100 93.9 83.3 56.9 37.6 34.2 30.9 274 23.3 22.0 26.2 32.0 36.3 41.0 71.0 93.7 94.3 100 100 100

20 100 100 100 100 100 95.8 95.2 84.5 72.3 64.2 56.0 47.6 41.0 42.1 50.7 60.9 64.9 67.9 88.8 94.9 95.7 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 96.4 95.3 90.0 87.3 85.1 77.9 57.8 374 40.5 63.9 80.0 84.6 85.8 87.4 92.1 96.3 100 100 100
23 100 100 100 100 100 95.3 81.0 62.2 57.6 52.1 43.0 31.1 21.7 18.8 22.8 33.7 475 57.7 69.2 95.0 95.0 100 100 100
24 100 100 100 100 100 97.4 96.8 84.9 71.7 74.3 62.5 43.8 23.7 17.4 27.9 50.6 70.9 79.8 88.1 96.7 97.7 100 100 100
25 100 100 100 100 100 96.2 95.9 84.2 72.7 56.8 31.6 14.5 8.5 9.2 24.2 45.9 59.5 65.4 91.9 95.6 96.1 100 100 100
26 100 100 100 100 100 97.7 96.5 93.5 77.1 69.4 68.3 66.3 62.9 59.8 58.6 60.7 63.2 68.1 76.8 90.6 97.8 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
27 100 100 100 100 100 96.4 96.3 93.3 89.9 88.7 82.6 70.1 77.0 84.1 80.9 81.1 86.7 90.5 93.9 97.2 97.9 100 100 100
28 100 100 100 100 100 96.4 96.3 87.2 78.7 63.7 40.9 19.6 10.5 12.1 24.1 47.5 69.5 78.4 93.9 96.5 96.8 100 100 100
29 100 100 100 100 100 96.2 96.0 94.4 78.9 60.7 35.1 14.3 1.7 9.1 18.4 37.0 55.4 67.9 85.5 95.7 96.1 100 100 100
30 100 100 100 100 100 99.4 97.8 97.3 94.0 93.4 93.8 90.1 90.6 91.8 92.7 93.6 94.0 91.3 96.3 98.6 99.4 100 100 100
31 100 100 100 100 100 99.5 98.6 96.6 95.4 94.9 94.5 94.6 94.0 94.2 93.6 95.2 97.2 97.9 99.1 99.4 99.5 100 100 100
32 100 100 100 100 100 99.0 97.9 93.1 92.8 914 89.4 87.1 85.3 82.2 82.9 87.1 89.6 94.4 98.9 99.0 99.0 100 100 100
33 100 100 100 100 100 94.6 94.5 63.0 55.6 54.7 49.7 40.7 26.8 16.7 18.1 30.0 47.0 60.9 92.3 94.6 94.7 100 100 100
34 100 100 100 100 100 96.2 95.8 75.8 57.1 54.8 51.5 48.5 45.9 41.5 28.0 30.9 61.2 72.1 89.9 96.4 96.4 100 100 100
35 100 100 100 100 100 96.6 96.4 87.6 65.9 42.6 20.1 9.4 8.6 15.0 314 49.7 61.6 66.5 82.9 95.6 96.0 100 100 100
36 100 100 100 100 100 94.6 94.1 60.1 44.9 27.2 13.1 9.2 8.6 9.1 16.0 27.7 39.1 51.2 91.4 94.1 94.7 100 100 100
37 100 100 100 100 100 99.0 98.9 98.3 93.0 81.6 72.1 68.3 76.7 83.4 85.0 86.5 89.1 91.5 95.7 98.0 99.1 100 100 100
38 100 100 100 100 100 95.9 95.9 95.4 85.4 82.3 80.4 79.9 78.1 72.3 57.5 47.6 63.3 83.2 87.8 91.4 95.6 100 100 100
39 100 100 100 100 100 95.9 96.1 88.0 65.5 62.8 60.2 61.8 62.2 62.3 61.7 60.6 59.5 56.4 59.0 84.8 95.8 100 100 100
40 100 100 100 100 100 95.5 95.5 87.6 68.5 61.7 63.6 64.5 67.2 70.5 71.4 72.4 745 73.3 89.2 95.4 95.5 100 100 100
41 100 100 100 100 100 94.4 93.9 70.4 50.6 35.1 19.6 10.3 6.7 6.2 9.1 17.8 33.2 65.0 93.7 94.1 94.8 100 100 100
42 100 100 100 100 100 98.3 92.3 87.3 82.9 80.6 79.0 76.7 73.7 67.8 57.8 63.8 73.8 86.9 96.1 98.4 98.5 100 100 100
43 100 100 100 100 100 95.5 95.2 87.7 83.1 82.3 80.6 75.1 68.0 61.2 56.6 61.5 78.6 89.7 95.4 95.5 95.6 100 100 100
44 100 100 100 100 100 94.5 94.1 91.1 47.5 36.0 20.7 11.0 6.5 6.4 7.3 11.8 26.4 44.3 81.1 94.2 95.1 100 100 100

1 100 100 100 100 100 93.7 87.7 37.7 294 254 224 19.8 17.1 15.1 13.0 8.8 12.3 26.1 56.0 93.4 93.9 100 100 100
2 100 100 100 100 100 93.0 64.2 23.3 18.3 14.3 12.9 12.6 11.8 10.3 8.3 8.1 11.3 19.0 52.5 92.9 93.3 100 100 100
3 100 100 100 100 100 98.9 95.5 91.3 89.9 83.9 79.0 77.0 71.8 61.5 64.9 77.1 83.9 92.0 96.8 98.9 99.0 100 100 100
4 100 100 100 100 100 96.7 84.1 70.6 59.8 50.4 45.1 42.5 39.3 40.3 46.9 54.7 60.1 68.0 84.1 96.6 96.8 100 100 100
Lower 5 100 100 100 100 100 99.6 99.4 98.0 97.6 96.9 95.6 93.5 92.9 93.5 89.3 86.8 88.7 93.4 97.5 99.6 99.6 100 100 100
6 100 100 100 100 100 95.0 94.8 82.1 59.2 45.0 36.7 33.9 29.0 23.9 19.2 18.6 23.5 36.5 81.3 94.8 95.0 100 100 100
7 100 100 100 100 100 94.8 94.4 73.4 58.7 45.1 42.0 40.1 37.0 30.8 25.2 22.4 23.2 375 73.9 94.7 95.0 100 100 100
8 100 100 100 100 100 95.6 95.5 94.9 91.7 59.0 28.8 12.9 18.3 28.7 39.4 48.6 56.3 58.5 66.6 83.4 95.5 100 100 100
9 100 100 100 100 100 99.0 98.8 96.2 89.8 80.8 74.7 74.7 83.6 89.6 91.5 93.0 94.1 95.9 97.1 98.5 99.0 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
10 100 100 100 100 100 95.2 90.8 53.3 42.7 37.0 34.0 31.1 28.8 26.5 25.1 25.5 30.5 42.5 61.6 90.5 95.3 100 100 100
11 100 100 100 100 100 95.3 94.6 78.4 60.7 46.8 19.9 6.1 6.3 5.7 13.3 32.2 49.0 52.3 69.8 94.3 95.2 100 100 100
12 100 100 100 100 100 96.1 91.5 80.6 71.6 53.9 324 204 17.9 21.2 31.0 42.7 51.0 61.0 81.6 95.5 95.8 100 100 100
13 100 100 100 100 100 95.1 93.5 86.4 48.6 21.6 13.3 12.1 15.5 22.4 30.1 38.8 51.3 68.2 82.3 95.0 95.2 100 100 100
Abbreviations:
% = percent EQY = end of year

Table B-39. Hourly Effective Shade (%) for Maximum Weekly Fall Conditions for EOY32 Disturbance Condition for the ModPRO2

Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
1 100 100 100 100 100 100 97.2 96.5 88.5 86.7 89.8 92.2 91.1 90.2 86.4 88.5 89.9 90.9 97.4 100 100 100 100 100
2 100 100 100 100 100 100 96.5 91.7 79.8 72.1 70.7 68.9 66.4 63.9 62.3 55.8 68.3 91.7 96.5 100 100 100 100 100
3 100 100 100 100 100 100 98.9 97.2 91.0 86.2 85.6 82.9 83.1 815 83.0 85.8 96.9 98.6 99.0 100 100 100 100 100
4 100 100 100 100 100 100 95.8 87.8 66.0 56.8 46.8 44.4 49.1 57.7 66.3 75.8 90.9 94.9 96.2 100 100 100 100 100
5 100 100 100 100 100 100 97.2 96.7 83.0 73.7 67.8 66.2 68.0 70.7 75.0 82.4 89.5 94.5 97.1 100 100 100 100 100
6 100 100 100 100 100 100 96.1 93.0 79.1 61.3 57.1 56.8 59.9 64.5 68.6 72.2 77.8 88.3 96.4 100 100 100 100 100
7 100 100 100 100 100 100 96.2 95.7 88.8 71.7 62.7 56.4 51.7 53.6 58.0 64.8 77.9 94.9 96.5 100 100 100 100 100
8 100 100 100 100 100 100 91.8 91.9 90.2 51.5 36.9 28.5 25.6 27.2 34.7 44.5 61.8 91.0 91.9 100 100 100 100 100
9 100 100 100 100 100 100 97.7 91.4 84.7 77.4 73.9 71.9 69.1 67.6 66.8 66.9 78.9 94.8 98.2 100 100 100 100 100
Upper 10 100 100 100 100 100 100 93.9 93.9 93.5 93.6 93.0 92.7 924 92.4 91.8 914 92.9 94.0 94.0 100 100 100 100 100
11 100 100 100 100 100 100 92.0 80.7 53.3 44.8 37.8 30.3 27.0 27.7 33.7 41.8 57.3 89.2 91.9 100 100 100 100 100
12 100 100 100 100 100 100 98.8 91.6 91.1 92.1 91.8 89.1 89.5 90.5 91.2 93.1 93.8 97.5 98.9 100 100 100 100 100
13 100 100 100 100 100 100 94.7 93.9 92.8 92.3 92.5 92.8 91.9 92.7 93.0 93.4 93.2 94.0 94.0 100 100 100 100 100
14 100 100 100 100 100 100 91.9 88.3 72.4 53.4 379 29.0 26.4 27.7 33.5 40.9 47.6 59.4 91.8 100 100 100 100 100
15 100 100 100 100 100 100 91.7 63.2 50.5 42.0 32.0 23.6 21.0 26.0 36.9 48.9 54.7 57.7 91.7 100 100 100 100 100
16 100 100 100 100 100 100 93.0 78.0 63.9 61.3 56.3 48.0 40.3 34.3 29.6 39.8 64.0 81.2 92.7 100 100 100 100 100
17 100 100 100 100 100 100 92.5 77.3 56.9 55.6 52.1 41.1 321 29.5 36.8 46.9 57.8 82.4 92.5 100 100 100 100 100
18 100 100 100 100 100 100 93.5 79.7 60.0 57.3 55.7 53.2 50.3 49.0 51.1 53.7 58.3 78.9 93.5 100 100 100 100 100
19 100 100 100 100 100 100 92.1 83.4 59.2 37.3 345 315 29.1 28.5 32.2 36.7 50.1 88.1 92.2 100 100 100 100 100

B-68



ModPRO2 SPLNT Modeling Report Appendix B

Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
20 100 100 100 100 100 100 94.6 93.6 84.5 70.6 67.5 62.8 58.3 56.8 62.7 68.6 78.2 92.8 93.7 100 100 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 100 95.3 94.6 89.5 84.9 81.5 67.2 50.7 59.6 78.6 83.2 85.8 87.6 95.1 100 100 100 100 100
23 100 100 100 100 100 100 94.0 82.9 63.9 61.7 60.0 54.6 48.2 45.1 47.3 52.2 57.7 84.7 93.4 100 100 100 100 100
24 100 100 100 100 100 100 97.2 96.2 85.7 77.0 715 62.6 47.0 36.9 46.4 62.3 75.3 95.3 96.0 100 100 100 100 100
25 100 100 100 100 100 100 95.0 94.5 79.8 60.9 39.8 23.3 19.5 329 54.2 63.3 79.8 94.1 94.8 100 100 100 100 100
26 100 100 100 100 100 100 97.0 95.8 94.3 86.0 77.1 73.4 70.5 66.8 66.5 71.5 78.1 84.1 93.8 100 100 100 100 100
27 100 100 100 100 100 100 95.4 94.9 92.8 87.9 80.7 85.1 89.1 91.3 89.7 85.6 89.2 96.7 97.2 100 100 100 100 100
28 100 100 100 100 100 100 95.3 95.1 86.8 70.8 54.8 35.3 28.6 31.9 50.7 66.9 83.8 95.1 95.6 100 100 100 100 100
29 100 100 100 100 100 100 95.0 94.7 93.8 74.8 48.6 274 20.5 25.5 38.5 56.3 73.7 94.1 94.6 100 100 100 100 100
30 100 100 100 100 100 100 99.1 98.2 97.6 95.3 93.3 93.6 93.0 94.5 95.0 95.8 97.5 99.0 99.2 100 100 100 100 100
31 100 100 100 100 100 100 99.2 99.2 98.5 97.7 97.3 96.7 96.3 96.2 96.4 96.5 95.9 97.9 99.3 100 100 100 100 100
32 100 100 100 100 100 100 98.7 98.6 96.0 93.9 93.6 91.7 89.0 86.6 86.5 88.8 97.1 98.5 98.7 100 100 100 100 100
33 100 100 100 100 100 100 92.9 92.9 66.4 57.9 57.3 55.2 46.2 37.9 35.7 40.2 80.0 92.8 92.9 100 100 100 100 100
34 100 100 100 100 100 100 93.9 93.9 78.4 57.4 56.8 54.8 52.9 52.5 44.3 49.2 51.8 94.4 95.3 100 100 100 100 100
35 100 100 100 100 100 100 95.3 95.0 82.9 51.5 29.6 25.0 33.7 50.3 64.8 72.3 79.4 94.3 94.5 100 100 100 100 100
36 100 100 100 100 100 100 92.9 92.2 59.1 44.6 30.4 27.6 325 41.9 51.9 57.5 77.2 92.2 92.8 100 100 100 100 100
37 100 100 100 100 100 100 98.6 98.2 96.7 90.4 78.0 77.4 84.6 87.0 89.3 92.8 96.6 98.6 98.8 100 100 100 100 100
38 100 100 100 100 100 100 95.9 95.8 95.7 91.7 89.9 88.4 87.9 87.1 83.8 77.8 75.9 84.4 94.4 100 100 100 100 100
39 100 100 100 100 100 100 95.3 95.4 90.4 65.3 65.1 65.6 66.5 67.0 67.4 67.2 66.0 72.7 95.1 100 100 100 100 100
40 100 100 100 100 100 100 94.1 94.1 88.5 84.1 80.9 81.6 83.0 85.3 85.4 82.9 86.3 93.9 94.0 100 100 100 100 100
41 100 100 100 100 100 100 93.0 92.1 75.0 53.1 42.3 31.1 25.8 24.9 29.5 44.5 88.3 91.9 92.6 100 100 100 100 100
42 100 100 100 100 100 100 97.8 95.6 92.7 88.0 84.0 81.7 79.5 76.8 69.1 75.5 90.3 95.9 97.8 100 100 100 100 100
43 100 100 100 100 100 100 94.2 94.0 88.6 86.2 86.1 83.3 80.8 80.5 77.4 86.7 93.3 94.0 94.2 100 100 100 100 100
44 100 100 100 100 100 100 92.8 92.3 91.3 62.0 48.8 37.0 28.1 23.1 26.7 34.1 60.0 92.2 92.6 100 100 100 100 100

1 100 100 100 100 100 100 92.2 92.1 77.4 54.0 40.4 32.2 26.8 23.4 19.5 15.9 13.6 66.0 91.5 100 100 100 100 100

Lower 2 100 100 100 100 100 100 90.9 68.9 34.8 26.7 22.5 19.2 18.1 17.9 16.6 16.4 23.0 83.1 90.9 100 100 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
3 100 100 100 100 100 100 98.6 96.8 93.0 89.7 81.4 77.0 72,9 69.0 74.3 80.3 92.0 98.2 98.7 100 100 100 100 100
4 100 100 100 100 100 100 95.8 95.6 91.7 79.3 67.4 58.5 51.0 53.7 58.6 64.1 69.1 94.7 95.6 100 100 100 100 100
5 100 100 100 100 100 100 99.5 99.2 98.3 97.9 96.9 96.0 94.7 93.8 92.6 89.3 94.2 99.0 99.2 100 100 100 100 100
6 100 100 100 100 100 100 93.5 93.3 89.2 72.6 58.9 49.6 41.9 35.5 33.0 31.0 54.4 92.7 93.4 100 100 100 100 100
7

8

9

100 100 100 100 100 100 934 | 933 79.9 75.2 60.1 54.0 52.4 | 48.7 | 445 42,5 58.3 84.9 93.3 100 100 100 100 100
100 100 100 100 100 100 944 | 939 92.0 92.9 39.3 285 | 414 | 516 58.7 58.2 62.0 75.8 | 94.0 100 100 100 100 100
100 100 100 100 100 100 98.6 | 984 | 964 | 927 | 843 86.4 | 921 95,5 | 96.6 | 96.7 | 96.0 974 | 985 100 100 100 100 100

10 100 100 100 100 100 100 93.7 90.9 66.9 56.5 | 49.8 @ 458 | 433 42.1 42,6 | 46.1 53.0 70.0 | 93.6 100 100 100 100 100
11 100 100 100 100 100 100 93.8 92.7 | 80.0 @ 504 | 319 9.5 10.8 | 20.9 40.5 51.3 57.8 | 92.7 | 93.6 100 100 100 100 100
12 100 100 100 100 100 100 94.8 | 90.9 80.7 71.7 | 462 | 334 | 341 42.0 51.9 60.3 774 | 93.9 94.5 100 100 100 100 100
13 100 100 100 100 100 100 93.7 91.1 83.1 48.2 26.1 27.3 32.7 42,5 56.7 73.2 84.4 | 915 | 93.7 100 100 100 100 100
Abbreviations:
% = percent EOY = end of year

Table B-40. Hourly Effective Shade (%) for Mean August Conditions for EOY32 Disturbance Condition for the ModPR0O2

Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 | 5:00 | 6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 K 23:00
1 100 100 100 100 100 99.0 97.5 91.0 82.1 79.8 83.0 85.1 84.7 82.5 80.7 84.3 86.0 85.3 88.9 94.1 98.9 100 100 100
2 100 100 100 100 100 98.7 93.0 84.0 75.7 69.5 65.7 63.1 60.6 57.1 52.4 51.1 64.6 82.0 92.6 98.5 98.8 100 100 100
3 100 100 100 100 100 99.6 98.3 94.7 89.8 85.9 84.6 82.8 80.9 79.3 81.9 84.3 91.4 94.9 98.9 99.6 99.7 100 100 100
4 100 100 100 100 100 98.4 92.6 81.2 63.3 53.1 43.8 39.1 42.6 51.1 60.7 70.7 82.2 89.9 95.2 98.5 98.6 100 100 100
5 100 100 100 100 100 99.0 96.8 90.4 78.5 68.6 61.4 59.2 60.7 64.7 68.4 75.7 84.7 90.7 93.6 97.7 98.9 100 100 100
6 100 100 100 100 100 98.5 95.8 87.0 69.9 55.6 50.7 48.8 51.8 56.9 61.5 65.2 70.2 78.6 87.6 96.1 98.7 100 100 100

Upper 7 100 100 100 100 100 98.6 96.5 91.6 81.2 70.0 62.2 55.2 48.6 48.9 53.8 60.7 69.7 81.4 92.3 98.5 98.7 100 100 100
8 100 100 100 100 100 96.9 92.8 91.0 69.4 42.1 27.9 19.4 16.6 17.7 23.5 33.8 49.9 69.1 86.3 96.9 96.9 100 100 100
9 100 100 100 100 100 99.1 93.7 86.2 80.1 74.7 72.2 70.3 66.5 62.0 61.3 64.6 75.1 88.0 96.3 99.2 99.2 100 100 100
10 100 100 100 100 100 97.7 94.5 94.5 93.6 93.3 93.6 92.9 92.0 91.8 90.2 90.9 92.2 94.4 94.5 97.8 97.7 100 100 100
11 100 100 100 100 100 96.9 86.3 65.9 47.1 37.0 27.5 19.9 16.9 17.5 22.1 30.6 45.0 66.3 84.8 96.9 97.0 100 100 100
12 100 100 100 100 100 99.2 98.6 92.9 89.1 87.1 87.9 87.2 87.4 88.9 89.5 89.7 90.7 94.0 95.7 99.2 99.6 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
13 100 100 100 100 100 98.0 95.1 94.2 93.0 92.2 91.0 92.2 91.7 92.1 93.3 93.3 93.3 93.7 94.3 97.8 97.9 100 100 100
14 100 100 100 100 100 96.9 90.9 80.3 62.9 44.9 28.5 20.4 16.8 17.2 22.2 30.4 40.7 52.6 71.4 88.6 96.9 100 100 100
15 100 100 100 100 100 96.8 76.8 58.3 47.8 36.6 24.6 16.4 13.5 16.3 23.8 35.5 46.5 53.1 73.7 83.7 96.9 100 100 100
16 100 100 100 100 100 97.3 81.3 66.2 58.1 53.1 45.8 37.2 29.5 22.8 20.4 29.1 47.1 70.2 88.4 95.3 97.3 100 100 100
17 100 100 100 100 100 97.2 84.7 65.0 51.9 48.3 40.4 28.7 21.0 19.4 25.1 35.4 48.5 65.4 78.7 96.9 97.2 100 100 100
18 100 100 100 100 100 97.6 86.9 713 58.5 53.0 46.7 40.7 35.9 35.4 39.0 45.8 54.1 69.2 78.9 97.5 97.5 100 100 100
19 100 100 100 100 100 97.0 87.7 70.2 48.4 35.8 32.7 29.5 26.2 25.3 29.2 344 43.2 64.6 81.6 96.9 97.2 100 100 100
20 100 100 100 100 100 97.9 94.9 89.1 78.4 67.4 61.8 55.2 49.7 49.5 56.7 64.8 71.6 80.4 91.3 97.5 97.9 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 98.2 95.3 92.3 88.4 85.0 79.7 62.5 44.1 50.1 71.3 81.6 85.2 86.7 91.3 96.1 98.2 100 100 100
23 100 100 100 100 100 97.7 87.5 72.6 60.8 56.9 51.5 42.9 35.0 32.0 35.1 43.0 52.6 71.2 81.3 97.5 97.5 100 100 100
24 100 100 100 100 100 98.7 97.0 90.6 81.7 75.7 67.0 53.2 35.4 27.2 37.2 56.5 73.1 87.6 92.1 98.4 98.9 100 100 100
25 100 100 100 100 100 98.1 95.5 89.4 76.3 58.9 35.7 18.9 14.0 211 39.2 54.6 69.7 79.8 93.4 97.8 98.1 100 100 100
26 100 100 100 100 100 98.9 96.8 94.7 85.7 77.7 72,7 69.9 66.7 63.3 62.6 66.1 70.7 76.1 85.3 95.3 98.9 100 100 100
27 100 100 100 100 100 98.2 95.9 94.1 914 88.3 81.7 77.6 83.1 87.7 85.3 83.4 88.0 93.6 95.6 98.6 99.0 100 100 100
28 100 100 100 100 100 98.2 95.8 91.2 82.8 67.3 47.9 27.5 19.6 22.0 374 57.2 76.7 86.8 94.8 98.3 98.4 100 100 100
29 100 100 100 100 100 98.1 95.5 94.6 86.4 67.8 41.9 20.9 14.1 17.3 28.5 46.7 64.6 81.0 90.1 97.9 98.1 100 100 100
30 100 100 100 100 100 99.7 98.5 97.8 95.8 94.4 93.6 91.9 91.8 93.2 93.9 94.7 95.8 95.2 97.8 99.3 99.7 100 100 100
31 100 100 100 100 100 99.8 98.9 97.9 97.0 96.3 95.9 95.7 95.2 95.2 95.0 95.9 96.6 97.9 99.2 99.7 99.8 100 100 100
32 100 100 100 100 100 99.5 98.3 95.9 94.4 92.7 91.5 89.4 87.2 84.4 84.7 88.0 93.4 96.5 98.8 99.5 99.5 100 100 100
33 100 100 100 100 100 97.3 93.7 78.0 61.0 56.3 53.5 48.0 36.5 27.3 26.9 35.1 63.5 76.9 92.6 97.3 97.4 100 100 100
34 100 100 100 100 100 98.1 94.9 84.9 67.8 56.1 54.2 51.7 49.4 47.0 36.2 40.1 56.5 83.3 92.6 98.2 98.2 100 100 100
35 100 100 100 100 100 98.3 95.9 91.3 74.4 47.1 249 17.2 21.2 32.7 48.1 61.0 70.5 80.4 88.7 97.8 98.0 100 100 100
36 100 100 100 100 100 97.3 93.5 76.2 52.0 35.9 21.8 18.4 20.6 25.5 34.0 42.6 58.2 717 92.1 97.1 97.4 100 100 100
37 100 100 100 100 100 99.5 98.8 98.3 94.9 86.0 75.1 72.9 80.7 85.2 87.2 89.7 92.9 95.1 97.3 99.0 99.6 100 100 100
38 100 100 100 100 100 98.0 95.9 95.6 90.6 87.0 85.2 84.2 83.0 79.7 70.7 62.7 69.6 83.8 91.1 95.7 97.8 100 100 100
39 100 100 100 100 100 98.0 95.7 91.7 78.0 64.1 62.7 63.7 64.4 64.7 64.6 63.9 62.8 64.6 77.1 92.4 97.9 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00

40 100 100 100 100 100 97.8 94.8 90.9 78.5 72.9 72.3 73.1 75.1 77.9 78.4 77.7 80.4 83.6 91.6 97.7 97.8 100 100 100

41 100 100 100 100 100 97.2 93.5 81.3 62.8 44.1 31.0 20.7 16.3 15.6 19.3 31.2 60.8 78.5 93.2 97.1 97.4 100 100 100

42 100 100 100 100 100 99.2 95.1 91.5 87.8 84.3 81.5 79.2 76.6 72.3 63.5 69.7 82.1 91.4 97.0 99.2 99.3 100 100 100

43 100 100 100 100 100 97.8 94.7 90.9 85.9 84.3 83.4 79.2 74.4 70.9 67.0 74.1 86.0 91.9 94.8 97.8 97.8 100 100 100

44 100 100 100 100 100 97.3 93.5 91.7 69.4 49.0 34.8 24.0 17.3 14.8 17.0 23.0 43.2 68.3 86.9 97.1 97.6 100 100 100

1 100 100 100 100 100 96.9 90.0 64.9 53.4 39.7 314 26.0 22.0 19.3 16.3 12.4 13.0 46.1 73.8 96.7 97.0 100 100 100

2 100 100 100 100 100 96.5 77.6 46.1 26.6 20.5 17.7 15.9 15.0 14.1 12.5 12.3 17.2 51.1 71.7 96.5 96.7 100 100 100

3 100 100 100 100 100 99.5 97.1 94.1 91.5 86.8 80.2 77.0 72.4 65.3 69.6 78.7 88.0 95.1 97.8 99.5 99.5 100 100 100

4 100 100 100 100 100 98.4 90.0 83.1 75.8 64.9 56.3 50.5 45.2 47.0 52.8 59.4 64.6 81.4 89.9 98.3 98.4 100 100 100

5 100 100 100 100 100 99.8 99.5 98.6 98.0 97.4 96.3 94.8 93.8 93.7 91.0 88.1 91.5 96.2 98.4 99.8 99.8 100 100 100

6 100 100 100 100 100 97.5 94.2 87.7 74.2 58.8 47.8 41.8 35.5 29.7 26.1 24.8 39.0 64.6 87.4 97.4 97.5 100 100 100

Lower 7 100 100 100 100 100 97.4 93.9 83.4 69.3 60.2 51.1 47.1 44.7 39.8 34.9 325 40.8 61.2 83.6 97.4 97.5 100 100 100
8 100 100 100 100 100 97.8 95.0 94.4 91.9 76.0 34.1 20.7 29.9 40.2 49.1 53.4 59.2 67.2 80.3 91.7 97.8 100 100 100

9 100 100 100 100 100 99.5 98.7 97.3 93.1 86.8 79.5 80.6 87.9 92.6 94.1 94.9 95.1 96.7 97.8 99.3 99.5 100 100 100

10 100 100 100 100 100 97.6 92.3 72.1 54.8 46.8 41.9 38.5 36.1 34.3 33.9 35.8 41.8 56.3 77.6 95.3 97.7 100 100 100

11 100 100 100 100 100 97.7 94.2 85.6 70.4 48.6 25.9 7.8 8.6 13.3 26.9 41.8 53.4 72.5 81.7 97.2 97.6 100 100 100

12 100 100 100 100 100 98.1 93.2 85.8 76.2 62.8 39.3 26.9 26.0 31.6 41.5 51.5 64.2 77.5 88.1 97.8 97.9 100 100 100

13 100 100 100 100 100 97.6 93.6 88.8 65.9 34.9 19.7 19.7 241 325 43.4 56.0 67.9 79.9 88.0 97.5 97.6 100 100 100

Abbreviations:
% = percent EQY = end of year

Table B-41. Hourly Effective Shade (%) for Maximum Weekly Summer Conditions for EOY52 Disturbance Condition for the ModPR0O2
Model | Number & 0:00 | 1:00 | 2:00 @ 3:00 @ 4:00 | 5:00 | 6:00 7:00 | 800 | 9:00 10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00 A 19:00 | 20:00 | 21:00 | 22:00 | 23:00

1 100 100 100 100 100 98.0 97.8 85.4 75.6 72.9 76.2 77.9 78.3 74.7 75.0 80.0 82.1 79.7 80.3 88.2 97.8 100 100 100

2 100 100 100 100 100 97.3 89.4 76.3 71.5 66.9 60.7 57.3 54.8 50.3 42.4 46.3 60.8 72.2 88.6 97.0 97.5 100 100 100
Upper 3 100 100 100 100 100 99.1 97.7 92.2 88.5 85.5 83.5 82.7 78.7 77.1 80.7 82.8 85.9 91.2 98.7 99.1 99.3 100 100 100

4

5

100 100 100 100 100 96.7 89.4 74.6 60.6 | 49.3 40.8 | 33.7 36.1 44.4 55.1 65.6 73.4 84.8 94.1 97.0 97.1 100 100 100
100 100 100 100 100 97.9 96.4 84.0 73.9 63.4 54.9 52.2 53.4 58.7 61.7 68.9 79.8 86.9 90.1 95.4 97.8 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
6 100 100 100 100 100 97.0 95.5 80.9 60.7 49.9 44.2 40.7 43.7 49.3 54.4 58.1 62.6 68.9 78.7 92.2 97.3 100 100 100
7 100 100 100 100 100 97.2 96.8 87.5 73.7 68.3 61.7 54.0 45.4 44.3 49.6 56.6 61.6 67.9 88.2 97.1 97.3 100 100 100
8 100 100 100 100 100 95.1 95.1 92.2 61.9 50.9 38.0 25.5 19.1 20.5 29.9 44.0 55.5 60.8 85.5 95.0 95.1 100 100 100
9 100 100 100 100 100 98.1 89.6 81.0 75.5 72.0 70.4 68.7 63.9 56.4 55.9 62.3 71.3 81.1 94.5 98.4 98.4 100 100 100
10 100 100 100 100 100 96.3 96.2 96.2 95.4 95.1 95.8 95.3 94.6 94.2 93.0 93.9 94.4 96.0 96.3 96.4 96.4 100 100 100
11 100 100 100 100 100 95.1 85.5 62.5 56.1 49.1 37.8 26.5 20.1 20.1 27.6 38.6 50.7 57.7 83.2 95.0 95.2 100 100 100
12 100 100 100 100 100 98.3 98.4 94.2 87.1 82.1 84.1 85.3 85.2 874 87.8 86.2 87.5 90.6 92.5 98.4 99.2 100 100 100
13 100 100 100 100 100 96.8 96.5 95.9 95.3 94.9 93.4 94.5 94.5 94.5 95.5 95.4 95.3 95.4 95.9 96.4 96.6 100 100 100
14 100 100 100 100 100 95.0 92.2 79.2 65.9 55.2 37.2 27.0 19.6 19.8 279 39.9 53.0 60.1 63.2 82.4 95.1 100 100 100
15 100 100 100 100 100 94.9 71.1 65.5 60.6 49.4 35.0 22.1 15.9 19.5 31.0 46.2 57.4 62.4 68.1 76.0 95.0 100 100 100
16 100 100 100 100 100 95.7 77.5 67.6 68.1 65.2 57.4 471 34.9 23.0 19.9 27.1 44.2 717 88.0 92.6 95.6 100 100 100
17 100 100 100 100 100 95.3 83.6 66.7 61.7 59.1 51.1 39.4 27.7 24.9 31.8 45.1 57.7 63.3 75.7 94.9 95.3 100 100 100
18 100 100 100 100 100 95.4 87.2 75.4 70.2 63.0 53.3 44.8 38.1 37.6 42.4 53.9 65.2 72.8 76.8 95.5 95.5 100 100 100
19 100 100 100 100 100 93.9 83.3 56.9 37.6 34.2 30.9 274 23.3 22.0 26.2 32.0 36.3 41.0 71.0 93.7 94.3 100 100 100
20 100 100 100 100 100 96.1 95.5 874 79.4 72,7 67.4 61.9 55.0 55.3 64.1 70.8 72.0 74.4 92.5 95.2 96.0 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 96.8 96.6 96.6 95.7 95.4 93.0 79.0 55.1 59.2 84.2 93.6 95.1 95.5 96.2 96.5 96.8 100 100 100
23 100 100 100 100 100 95.8 87.0 75.3 71.0 66.8 59.6 48.7 38.4 34.0 38.1 49.5 62.4 71.2 79.5 95.5 95.5 100 100 100
24 100 100 100 100 100 97.7 97.1 90.3 85.8 83.8 74.6 57.4 35.4 26.4 37.9 61.4 79.2 86.9 92.2 97.0 97.9 100 100 100
25 100 100 100 100 100 96.5 96.2 85.2 74.6 61.3 36.5 16.5 9.0 11.7 29.7 51.7 62.2 66.9 92.3 95.9 96.4 100 100 100
26 100 100 100 100 100 97.7 96.5 93.5 77.1 69.4 68.3 66.3 62.9 59.8 58.6 60.7 63.2 68.1 76.8 90.6 97.8 100 100 100
27 100 100 100 100 100 96.8 96.6 96.0 95.1 94.6 92.0 84.7 90.4 94.8 90.9 91.1 94.4 95.6 97.0 97.6 98.2 100 100 100
28 100 100 100 100 100 96.7 96.6 88.1 80.4 68.3 46.1 22.9 11.8 14.0 28.7 53.5 72.6 79.5 94.3 96.8 97.0 100 100 100
29 100 100 100 100 100 96.5 96.3 94.8 81.2 66.2 41.1 17.5 8.6 11.0 22.0 415 58.6 69.3 86.2 96.0 96.3 100 100 100
30 100 100 100 100 100 99.4 97.8 97.3 94.0 93.4 93.8 90.1 90.6 91.8 92.7 93.6 94.0 91.3 96.3 98.6 99.4 100 100 100
31 100 100 100 100 100 99.5 98.6 96.6 95.4 94.9 94.5 94.6 94.0 94.2 93.6 95.2 97.2 97.9 99.1 99.4 99.5 100 100 100
32 100 100 100 100 100 99.0 97.9 93.1 92.8 91.4 89.4 87.1 85.3 82.2 82.9 87.1 89.6 94.4 98.9 99.0 99.0 100 100 100
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Model Number & 0:00 | 1:00 @ 2:00 | 3:00 4:00 | 5:00 6:00 | 7:00 8:00 9:00 | 10:00 11:00 | 12:00  13:00 14:00 | 15:00 | 16:00 | 17:00  18:00 A 19:00 | 20:00 21:00 | 22:00 | 23:00

33 100 100 100 100 100 95.9 95.8 | 94.8 | 94.2 94.2 944 | 93.0 | 82.0 66.3 65.2 78.2 89.9 945 | 95.8 95.9 96.0 100 100 100

34 100 100 100 100 100 96.2 95.8 75.8 57.1 54.8 51.5 485 | 459 415 | 28.0 | 309 61.2 72.1 89.9 96.4 | 96.4 100 100 100

35 100 100 100 100 100 96.9 96.7 88.6 68.6 & 484 | 233 10.8 10.2 19.6 | 38.8 | 56.7 65.4 | 68.7 | 84.1 96.0 | 96.4 100 100 100

36 100 100 100 100 100 95,5 | 95.1 66.5 542 | 394 | 213 14.5 14.4 185 | 304 | 429 50.2 59.3 92.9 95.1 95.6 100 100 100

37 100 100 100 100 100 99.0 | 989 98.3 93.0 81.6 72.1 68.3 76.7 83.4 | 85.0 86.5 | 89.1 91.5 | 95.7 98.0 | 99.1 100 100 100

38 100 100 100 100 100 96.7 | 96.7 96.4 | 95.1 94.1 94.5 95.7 | 95.6 | 95.0 | 888 | 814 | 872 94.3 95.9 95.9 96.3 100 100 100

39 100 100 100 100 100 95.9 96.1 88.0 65.5 62.8 60.2 61.8 62.2 62.3 61.7 60.6 59.5 56.4 | 59.0 84.8 | 95.8 100 100 100

40 100 100 100 100 100 96.3 96.2 95.0 @ 885 87.1 91.6 | 914 | 929 94.9 93.7 92.3 93.3 915 | 95.1 96.2 96.3 100 100 100

41 100 100 100 100 100 954 | 94.9 74.5 59.1 | 49.9 34.1 20.2 12.1 10.7 16.9 | 30.2 45.9 714 | 94.8 95.1 95.7 100 100 100

42 100 100 100 100 100 984 | 926 @ 880 | 83.7 815 | 80.0 78.2 76.0 71.7 61.9 67.2 75.0 87.2 96.2 98.5 | 985 100 100 100

43 100 100 100 100 100 96.3 96.2 95.2 94.7 944 | 946 | 945 | 918 90.0 | 87.0 86.1 92.8 94.6 @ 96.1 96.3 96.3 100 100 100

44 100 100 100 100 100 95.4 | 95.1 92.3 55.4 | 50.1 37.2 22.8 13.7 10.2 13.3 211 38.9 51.7 | 83.7 95.2 96.0 100 100 100

1 100 100 100 100 100 93.7 | 87.7 | 37.7 | 294 | 254 | 224 19.8 17.1 15.1 13.0 8.8 12.3 26.1 56.0 934 | 939 100 100 100

2 100 100 100 100 100 93.0 64.2 23.3 18.3 14.3 12.9 12.6 11.8 10.3 8.3 8.1 11.3 19.0 52.5 92.9 93.3 100 100 100

3 100 100 100 100 100 98.9 95.5 91.3 89.9 83.9 79.0 77.0 71.8 61.5 64.9 77.1 83.9 92.0 | 96.8 98.9 99.0 100 100 100

4 100 100 100 100 100 96.7 | 84.1 70.6 59.8 | 50.4 | 45.1 425 | 393 40.3 46.9 54.7 60.1 68.0 @ 84.1 96.6 | 96.8 100 100 100

5 100 100 100 100 100 99.6 | 994 | 98.0 & 97.6 | 96.9 95.6 | 93.5 | 929 93.5 | 893 86.8 | 88.7 934 | 975 99.6 | 99.6 100 100 100

6 100 100 100 100 100 95.0 | 94.8 82.1 59.2 | 450 | 36.7 | 33.9 29.0 23.9 19.2 186 | 235 | 36,5 | 813 94.8 | 95.0 100 100 100

Lower 7 100 100 100 100 100 94.8 | 944 73.4 58.7 | 45.1 42.0 40.1 370 | 308 | 252 | 224 | 232 375 73.9 94.7 95.0 100 100 100
8 100 100 100 100 100 97.3 97.1 96.5 | 95.7 88.5 61.8 | 46.3 66.3 84.2 924 | 96.0 & 96.1 96.2 96.2 96.5 | 973 100 100 100

9 100 100 100 100 100 99.0 | 98.8 96.2 89.8 | 80.8 4.7 74.7 | 83.6 | 89.6 | 915 | 93.0 | 94.1 95.9 97.1 98.5 | 99.0 100 100 100

10 100 100 100 100 100 95.2 90.8 | 53.3 42,7 | 37.0 | 340 | 311 28.8 265 | 25.1 255 | 305 42.5 61.6 90.5 | 953 100 100 100

11 100 100 100 100 100 96.0 | 954 | 81.8 67.5 61.3 34.3 111 6.2 9.3 26.0 | 48.0 57.1 57.4 73.1 95.1 95.9 100 100 100

12 100 100 100 100 100 96.3 92.0 81.9 73.4 | 58.1 36.7 22.3 18.8 226 | 332 | 449 52.8 61.8 | 823 95.7 96.0 100 100 100

13 100 100 100 100 100 95.2 93.5 86.4 | 48.7 21.6 13.3 12.1 156 | 22,5 | 30.2 | 38.9 514 | 684 | 825 95.0 | 95.2 100 100 100

Abbreviations:
% = percent EQY = end of year
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Table B-42. Hourly Effective Shade (%) for Maximum Weekly Fall Conditions for EOY52 Disturbance Condition for the ModPR02

Model Number | 0:00 | 1:00 | 2:00 | 3:00 @ 4:00 | 5:00 6:00 | 7:00 | 8:00 | 9:00 | 10:00 | 11:00 | 12:00 | 13:00 | 14:00 15:00 16:00 17:00 18:00 | 19:00 | 20:00 | 21:00 | 22:00 | 23:00
1 100 100 100 100 100 100 97.2 96.5 @ 885 | 86.7 | 89.8 | 922 | 911 | 90.2 | 86.4 | 885 89.9 90.9 97.4 100 100 100 100 100
2 100 100 100 100 100 100 96.5 | 91.7 79.8 72.1 70.7 68.9 66.4 | 63.9 62.3 55.8 | 68.3 91.7 96.5 100 100 100 100 100
3 100 100 100 100 100 100 989 | 972 | 91.0 | 86.2 856 | 829 | 831 | 815 | 83.0 | 858 | 96.9 98.6 | 99.0 100 100 100 100 100
4 100 100 100 100 100 100 958 | 878 | 66.0 | 56.8 | 46.8 | 444 | 49.1 57.7 66.3 75.8 | 90.9 94.9 96.2 100 100 100 100 100
5 100 100 100 100 100 100 97.2 96.7 | 83.0 73.7 67.8 | 66.2 68.0 70.7 75.0 | 824 | 895 | 945 | 971 100 100 100 100 100
6 100 100 100 100 100 100 96.1 93.0 79.1 61.3 57.1 56.8 | 59.9 64.5 | 68.6 72.2 778 | 883 96.4 100 100 100 100 100
7 100 100 100 100 100 100 96.2 95.7 | 88.8 71.7 62.7 56.4 | 51.7 53.6 | 58.0 | 64.8 77.9 94.9 96.5 100 100 100 100 100
8 100 100 100 100 100 100 935 | 93.5 | 923 63.3 53.8 | 473 | 43.1 | 449 52.3 58.8 714 | 929 93.6 100 100 100 100 100
9 100 100 100 100 100 100 97.7 | 914 | 84.7 7.4 73.9 71.9 69.1 67.6 | 66.8 | 66.9 78.9 94.8 | 98.2 100 100 100 100 100
10 100 100 100 100 100 100 95.1 95.1 | 950 | 95.0 | 948 | 945 | 945 | 944 | 939 | 94.0 | 946 | 952 95.3 100 100 100 100 100
11 100 100 100 100 100 100 93.6 | 854 | 65.5 584 | 55.4 | 50.8 | 464 | 474 | 516 | 56.4 | 69.1 91.7 93.6 100 100 100 100 100
12 100 100 100 100 100 100 98.8 | 91.6 | 91.1 | 92.1 918 | 89.1 895 | 905 | 912 | 93.1 | 93.8 @ 97,5 | 989 100 100 100 100 100
13 100 100 100 100 100 100 95.8 | 953 | 945 | 944 | 945 | 945 | 943 | 946 | 946 | 949 | 948 | 952 95.2 100 100 100 100 100

Upper 14 100 100 100 100 100 100 93.6 | 90.8 79.8 | 65.1 53.4 | 489 | 47.6 | 488 | 513 554 | 61.0 | 69.3 93.4 100 100 100 100 100
15 100 100 100 100 100 100 93.4 72.8 | 61.9 55.5 50.4 | 43.7 | 40.1 | 458 | 56.5 64.3 66.3 68.0 | 93.4 100 100 100 100 100
16 100 100 100 100 100 100 945 | 83.5 73.3 714 | 68.8 | 64.7 57.8 | 53.2 | 48.1 52.3 70.6 | 84.9 94.2 100 100 100 100 100
17 100 100 100 100 100 100 93.8 | 83.9 69.9 70.5 68.2 61.2 52.8 | 48.7 54.1 63.2 71.3 87.3 93.8 100 100 100 100 100
18 100 100 100 100 100 100 94.2 85.6 72.6 71.0 69.2 68.1 65.3 63.3 65.2 67.7 70.6 | 85.9 94.1 100 100 100 100 100
19 100 100 100 100 100 100 92.1 834 | 592 | 373 | 345 | 315 | 29.1 | 285 | 322 | 36.7 50.1 88.1 92.2 100 100 100 100 100

20 100 100 100 100 100 100 95.0 | 939 | 86.7 775 75.2 71.3 68.0 | 65.8 70.5 74.9 83.5 | 93.7 94.1 100 100 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 100 958 | 958 | 95.7 | 934 | 93.2 | 823 68.2 76.5 | 90.8 | 93.5 | 94.7 95.0 | 95.6 100 100 100 100 100
23 100 100 100 100 100 100 94.6 | 88.2 76.2 74.2 73.1 69.1 63.2 60.2 61.9 66.1 70.7 885 | 94.1 100 100 100 100 100
24 100 100 100 100 100 100 975 | 96.6 | 90.7 | 85.1 80.2 73.4 | 58.7 | 485 | 56.7 71.2 815 | 958 | 96.4 100 100 100 100 100
25 100 100 100 100 100 100 954 | 949 | 81.0 | 63.7 | 439 | 272 | 234 | 379 57.7 64.8 | 80.6 | 945 & 952 100 100 100 100 100
26 100 100 100 100 100 100 97.0 | 958 | 943 | 86.0 77.1 73.4 70.5 66.8 | 66.5 71.5 78.1 84.1 93.8 100 100 100 100 100
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Model Number | 0:00 | 1:00 | 2:00 | 3:00 @ 4:00 @ 5:00 6:00 | 7:00 | 8:00 | 9:00 | 10:00 | 11:00 | 12:00 | 13:00 | 14:00 15:00 16:00 17:00 18:00 | 19:00 | 20:00 | 21:00 | 22:00 | 23:00
27 100 100 100 100 100 100 95.9 95.5 95.1 93.2 89.6 92.1 94.0 95.3 94.9 93.0 95.1 97.2 97.6 100 100 100 100 100
28 100 100 100 100 100 100 95.7 95.5 88.1 73.0 58.1 39.6 325 36.0 55.0 69.4 84.9 95.5 96.0 100 100 100 100 100
29 100 100 100 100 100 100 95.4 95.1 94.3 76.9 52.9 31.9 24.6 28.8 41.5 58.3 74.9 94.4 95.0 100 100 100 100 100
30 100 100 100 100 100 100 99.1 98.2 97.6 95.3 93.3 93.6 93.0 94.5 95.0 95.8 97.5 99.0 99.2 100 100 100 100 100
31 100 100 100 100 100 100 99.2 99.2 98.5 97.7 97.3 96.7 96.3 96.2 96.4 96.5 95.9 97.9 99.3 100 100 100 100 100
32 100 100 100 100 100 100 98.7 98.6 96.0 93.9 93.6 91.7 89.0 86.6 86.5 88.8 97.1 98.5 98.7 100 100 100 100 100
33 100 100 100 100 100 100 94.6 94.6 94.5 94.2 93.7 94.2 89.2 81.7 83.0 81.8 93.5 94.5 94.6 100 100 100 100 100
34 100 100 100 100 100 100 93.9 93.9 78.4 57.4 56.8 54.8 52.9 52.5 44.3 49.2 51.8 94.4 95.3 100 100 100 100 100
35 100 100 100 100 100 100 95.8 95.5 84.5 56.0 33.7 29.0 38.7 56.6 69.1 74.6 81.0 94.8 95.0 100 100 100 100 100
36 100 100 100 100 100 100 94.1 93.5 66.0 54.0 40.2 36.2 44.4 56.3 63.6 64.7 80.9 93.4 94.0 100 100 100 100 100
37 100 100 100 100 100 100 98.6 98.2 96.7 90.4 78.0 77.4 84.6 87.0 89.3 92.8 96.6 98.6 98.8 100 100 100 100 100
38 100 100 100 100 100 100 96.7 96.6 96.4 96.0 95.7 95.2 95.1 95.0 94.2 91.6 91.5 94.0 95.4 100 100 100 100 100
39 100 100 100 100 100 100 95.3 95.4 90.4 65.3 65.1 65.6 66.5 67.0 67.4 67.2 66.0 72.7 95.1 100 100 100 100 100
40 100 100 100 100 100 100 95.1 95.0 94.6 94.0 93.1 93.8 94.0 94.9 94.9 93.9 94.2 95.0 95.0 100 100 100 100 100
41 100 100 100 100 100 100 94.2 93.4 79.3 60.8 52.9 43.6 39.0 38.2 42.2 52.8 89.9 93.2 93.8 100 100 100 100 100
42 100 100 100 100 100 100 97.9 95.8 93.2 88.7 84.8 82.6 80.3 78.2 71.8 77.4 90.4 96.0 97.9 100 100 100 100 100
43 100 100 100 100 100 100 95.2 95.0 94.5 94.8 94.5 94.0 92.6 93.6 91.5 93.5 94.8 95.0 95.2 100 100 100 100 100
44 100 100 100 100 100 100 94.0 93.6 92.7 69.6 60.5 51.2 43.1 35.8 37.0 43.9 68.3 93.4 93.9 100 100 100 100 100
1 100 100 100 100 100 100 92.2 92.1 77.4 54.0 40.4 32.2 26.8 234 19.5 15.9 13.6 66.0 91.5 100 100 100 100 100
2 100 100 100 100 100 100 90.9 68.9 34.8 26.7 22.5 19.2 18.1 17.9 16.6 16.4 23.0 83.1 90.9 100 100 100 100 100
3 100 100 100 100 100 100 98.6 96.8 93.0 89.7 81.4 77.0 72.9 69.0 74.3 80.3 92.0 98.2 98.7 100 100 100 100 100
4 100 100 100 100 100 100 95.8 95.6 91.7 79.3 67.4 58.5 51.0 53.7 58.6 64.1 69.1 94.7 95.6 100 100 100 100 100
Lower 5 100 100 100 100 100 100 99.5 99.2 98.3 97.9 96.9 96.0 94.7 93.8 92.6 89.3 94.2 99.0 99.2 100 100 100 100 100
6 100 100 100 100 100 100 93.5 93.3 89.2 72.6 58.9 49.6 41.9 35.5 33.0 31.0 54.4 92.7 93.4 100 100 100 100 100
7 100 100 100 100 100 100 93.4 93.3 79.9 75.2 60.1 54.0 52.4 48.7 44.5 42.5 58.3 84.9 93.3 100 100 100 100 100
8 100 100 100 100 100 100 96.5 95.9 94.4 94.5 79.6 78.6 88.9 94.6 95.0 95.0 95.2 95.9 96.4 100 100 100 100 100
9 100 100 100 100 100 100 98.6 98.4 96.4 92.7 84.3 86.4 92.1 95.5 96.6 96.7 96.0 97.4 98.5 100 100 100 100 100
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Model Number | 0:00 | 1:00 | 2:00 | 3:00 @ 4:00 @ 5:00 6:00 | 7:00 | 8:00 | 9:00 | 10:00 | 11:00 | 12:00 | 13:00 | 14:00 15:00 16:00 17:00 18:00 | 19:00 | 20:00 | 21:00 | 22:00 | 23:00
10 100 100 100 100 100 100 93.7 90.9 66.9 56.5 49.8 45.8 43.3 42.1 42.6 46.1 53.0 70.0 93.6 100 100 100 100 100
11 100 100 100 100 100 100 94.8 93.7 83.0 60.4 43.2 17.1 17.1 32.2 52.3 57.0 62.4 93.8 94.5 100 100 100 100 100
12 100 100 100 100 100 100 95.1 91.6 82.1 73.9 49.0 35.5 36.4 44.6 53.3 61.1 78.1 94.2 94.7 100 100 100 100 100
13 100 100 100 100 100 100 93.7 91.2 83.1 48.3 26.2 27.4 32.8 42.5 56.7 73.2 84.4 91.6 93.7 100 100 100 100 100
Abbreviations:
% = percent EQY = end of year

Table B-43. Hourly Effective Shade (%) for Mean August Conditions for EOY52 Disturbance Condition for the ModPR0O2

Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
1 100 100 100 100 100 99.0 97.5 91.0 82.1 79.8 83.0 85.1 84.7 82.5 80.7 84.3 86.0 85.3 88.9 94.1 98.9 100 100 100
2 100 100 100 100 100 98.7 93.0 84.0 75.7 69.5 65.7 63.1 60.6 57.1 52.4 51.1 64.6 82.0 92.6 98.5 98.8 100 100 100
3 100 100 100 100 100 99.6 98.3 94.7 89.8 85.9 84.6 82.8 80.9 79.3 81.9 84.3 91.4 94.9 98.9 99.6 99.7 100 100 100
4 100 100 100 100 100 98.4 92.6 81.2 63.3 53.1 43.8 39.1 42.6 51.1 60.7 70.7 82.2 89.9 95.2 98.5 98.6 100 100 100
5 100 100 100 100 100 99.0 96.8 90.4 78.5 68.6 61.4 59.2 60.7 64.7 68.4 75.7 84.7 90.7 93.6 97.7 98.9 100 100 100
6 100 100 100 100 100 98.5 95.8 87.0 69.9 55.6 50.7 48.8 51.8 56.9 61.5 65.2 70.2 78.6 87.6 96.1 98.7 100 100 100
7 100 100 100 100 100 98.6 96.5 91.6 81.2 70.0 62.2 55.2 48.6 48.9 53.8 60.7 69.7 81.4 92.3 98.5 98.7 100 100 100
8 100 100 100 100 100 97.6 94.3 92.9 77.1 57.1 45.9 36.4 311 32.7 41.1 51.4 63.5 76.9 89.6 97.5 97.6 100 100 100
9 100 100 100 100 100 99.1 93.7 86.2 80.1 74.7 72.2 70.3 66.5 62.0 61.3 64.6 75.1 88.0 96.3 99.2 99.2 100 100 100
Upper 10 100 100 100 100 100 98.2 95.7 95.7 95.2 95.1 95.3 94.9 94.6 94.3 93.5 94.0 94.5 95.6 95.8 98.2 98.2 100 100 100
11 100 100 100 100 100 97.6 89.6 74.0 60.8 53.8 46.6 38.7 33.3 33.8 39.6 475 59.9 74.7 88.4 97.5 97.6 100 100 100
12 100 100 100 100 100 99.2 98.6 92.9 89.1 87.1 87.9 87.2 87.4 88.9 89.5 89.7 90.7 94.0 95.7 99.2 99.6 100 100 100
13 100 100 100 100 100 98.4 96.2 95.6 94.9 94.7 94.0 94.5 94.4 94.6 95.1 95.2 95.1 95.3 95.6 98.2 98.3 100 100 100
14 100 100 100 100 100 97.5 92.9 85.0 72.9 60.2 45.3 38.0 33.6 34.3 39.6 47.7 57.0 64.7 78.3 91.2 97.6 100 100 100
15 100 100 100 100 100 97.5 82.3 69.2 61.3 52.5 42.7 329 28.0 32.7 43.8 55.3 61.9 65.2 80.8 88.0 97.5 100 100 100
16 100 100 100 100 100 97.9 86.0 75.6 70.7 68.3 63.1 55.9 46.4 38.1 34.0 39.7 57.4 78.3 91.1 96.3 97.8 100 100 100
17 100 100 100 100 100 97.7 88.7 75.3 65.8 64.8 59.7 50.3 40.3 36.8 43.0 54.2 64.5 75.3 84.8 97.5 97.7 100 100 100
18 100 100 100 100 100 97.7 90.7 80.5 71.4 67.0 61.3 56.5 51.7 50.5 53.8 60.8 67.9 79.4 85.5 97.8 97.8 100 100 100
19 100 100 100 100 100 97.0 87.7 70.2 48.4 35.8 32.7 29.5 26.2 25.3 29.2 344 43.2 64.6 81.6 96.9 97.2 100 100 100

B-77



ModPRO2 SPLNT Modeling Report Appendix B

Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
20 100 100 100 100 100 98.1 95.3 90.7 83.1 75.1 71.3 66.6 61.5 60.6 67.3 72.9 77.8 84.1 93.3 97.6 98.0 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 98.4 96.2 96.2 95.7 94.4 93.1 80.7 61.7 67.9 87.5 93.6 94.9 95.3 95.9 98.3 98.4 100 100 100
23 100 100 100 100 100 97.9 90.8 81.8 73.6 70.5 66.4 58.9 50.8 47.1 50.0 57.8 66.6 79.9 86.8 97.8 97.8 100 100 100
24 100 100 100 100 100 98.9 97.3 93.5 88.3 84.5 77.4 65.4 47.1 37.5 47.3 66.3 80.4 91.4 94.3 98.5 99.0 100 100 100
25 100 100 100 100 100 98.3 95.8 90.1 77.8 62.5 40.2 21.9 16.2 24.8 43.7 58.3 71.4 80.7 93.8 98.0 98.2 100 100 100
26 100 100 100 100 100 98.9 96.8 94.7 85.7 71.7 72.7 69.9 66.7 63.3 62.6 66.1 70.7 76.1 85.3 95.3 98.9 100 100 100
27 100 100 100 100 100 98.4 96.3 95.8 95.1 93.9 90.8 88.4 92.2 95.1 92.9 92.1 94.8 96.4 97.3 98.8 99.1 100 100 100
28 100 100 100 100 100 98.4 96.2 91.8 84.3 70.7 52.1 31.3 22.2 25.0 41.9 61.5 78.8 87.5 95.2 98.4 98.5 100 100 100
29 100 100 100 100 100 98.3 95.9 95.0 87.8 71.6 47.0 24.7 16.6 19.9 31.8 49.9 66.8 81.9 90.6 98.0 98.2 100 100 100
30 100 100 100 100 100 99.7 98.5 97.8 95.8 94.4 93.6 91.9 91.8 93.2 93.9 94.7 95.8 95.2 97.8 99.3 99.7 100 100 100
31 100 100 100 100 100 99.8 98.9 97.9 97.0 96.3 95.9 95.7 95.2 95.2 95.0 95.9 96.6 97.9 99.2 99.7 99.8 100 100 100
32 100 100 100 100 100 99.5 98.3 95.9 94.4 92.7 91.5 89.4 87.2 84.4 84.7 88.0 93.4 96.5 98.8 99.5 99.5 100 100 100
33 100 100 100 100 100 98.0 95.2 94.7 94.4 94.2 94.1 93.6 85.6 74.0 74.1 80.0 91.7 94.5 95.2 98.0 98.0 100 100 100
34 100 100 100 100 100 98.1 94.9 84.9 67.8 56.1 54.2 51.7 49.4 47.0 36.2 40.1 56.5 83.3 92.6 98.2 98.2 100 100 100
35 100 100 100 100 100 98.5 96.3 92.1 76.6 52.2 28.5 19.9 24.5 38.1 54.0 65.7 73.2 81.8 89.6 98.0 98.2 100 100 100
36 100 100 100 100 100 97.8 94.6 80.0 60.1 46.7 30.8 25.4 29.4 374 47.0 53.8 65.6 76.4 93.5 97.6 97.8 100 100 100
37 100 100 100 100 100 99.5 98.8 98.3 94.9 86.0 75.1 72.9 80.7 85.2 87.2 89.7 92.9 95.1 97.3 99.0 99.6 100 100 100
38 100 100 100 100 100 98.4 96.7 96.5 95.8 95.1 95.1 95.5 95.4 95.0 915 86.5 89.4 94.2 95.7 98.0 98.2 100 100 100
39 100 100 100 100 100 98.0 95.7 91.7 78.0 64.1 62.7 63.7 64.4 64.7 64.6 63.9 62.8 64.6 771 92.4 97.9 100 100 100
40 100 100 100 100 100 98.2 95.7 95.0 91.6 90.6 92.4 92.6 93.5 94.9 94.3 93.1 93.8 93.3 95.1 98.1 98.2 100 100 100
41 100 100 100 100 100 97.7 94.6 84.0 69.2 55.4 43.5 31.9 25.6 24.5 29.6 41.5 67.9 82.3 94.3 97.6 97.9 100 100 100
42 100 100 100 100 100 99.2 95.3 91.9 88.5 85.1 824 80.4 78.2 75.0 66.9 72.3 82.7 91.6 97.1 99.3 99.3 100 100 100
43 100 100 100 100 100 98.2 95.7 95.1 94.6 94.6 94.6 94.3 92.2 91.8 89.3 89.8 93.8 94.8 95.7 98.2 98.2 100 100 100
44 100 100 100 100 100 97.7 94.6 93.0 74.1 59.9 48.9 37.0 28.4 23.0 25.2 325 53.6 72.6 88.8 97.6 98.0 100 100 100
1 100 100 100 100 100 96.9 90.0 64.9 53.4 39.7 314 26.0 22.0 19.3 16.3 12.4 13.0 46.1 73.8 96.7 97.0 100 100 100
Lower 2 100 100 100 100 100 96.5 77.6 46.1 26.6 20.5 17.7 15.9 15.0 14.1 12.5 12.3 17.2 51.1 71.7 96.5 96.7 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
3 100 100 100 100 100 99.5 97.1 94.1 91.5 86.8 80.2 77.0 72.4 65.3 69.6 78.7 88.0 95.1 97.8 99.5 99.5 100 100 100
4 100 100 100 100 100 98.4 90.0 83.1 75.8 64.9 56.3 50.5 45.2 47.0 52.8 59.4 64.6 814 89.9 98.3 98.4 100 100 100
5 100 100 100 100 100 99.8 99.5 98.6 98.0 97.4 96.3 94.8 93.8 93.7 91.0 88.1 91.5 96.2 98.4 99.8 99.8 100 100 100
6 100 100 100 100 100 97.5 94.2 87.7 74.2 58.8 47.8 41.8 35.5 29.7 26.1 24.8 39.0 64.6 87.4 97.4 97.5 100 100 100
7

8

9

100 100 100 100 100 97.4 | 93.9 83.4 69.3 60.2 51.1 471 447 | 39.8 | 349 | 325 | 408 61.2 83.6 97.4 | 975 100 100 100
100 100 100 100 100 98.9 97.1 96.5 | 954 | 92.7 79.2 774 | 88.6 | 95.1 95.6 | 95.8 | 96.0 96.4 | 96.7 98.6 | 99.0 100 100 100
100 100 100 100 100 99.5 | 98.7 97.3 93.1 86.8 79.5 80.6 | 879 92.6 | 94.1 94.9 95.1 96.7 | 97.8 99.3 99.5 100 100 100

10 100 100 100 100 100 97.6 | 923 72.1 548 | 468 | 419 | 385 | 36.1 34.3 339 | 358 | 4138 56.3 77.6 95.3 97.7 100 100 100
11 100 100 100 100 100 98.1 95.2 88.3 76.4 | 629 41.6 15.3 11.8 21.8 | 41.7 55.0 60.7 76.6 | 84.4 | 97.7 98.1 100 100 100
12 100 100 100 100 100 98.2 93.7 87.1 78.3 67.2 44.2 29.6 | 28.0 | 341 44.0 53.6 65.9 78.3 88.7 97.9 98.1 100 100 100
13 100 100 100 100 100 97.6 | 93.6 | 889 66.0 | 35.0 19.8 19.8 | 24.2 325 | 435 56.1 68.0 80.0  88.1 97.5 | 97.6 100 100 100
Abbreviations:
% = percent EOY = end of year

Table B-44. Hourly Effective Shade (%) for Maximum Weekly Summer Conditions for EOY112 Disturbance Condition for the ModPR0O2

Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 | 5:00 | 6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 K 23:00
1 100 100 100 100 100 98.0 97.8 85.4 75.6 72.9 76.2 77.9 78.3 74.7 75.0 80.0 82.1 79.7 80.3 88.2 97.8 100 100 100
2 100 100 100 100 100 97.3 89.4 76.3 715 66.9 60.7 57.3 54.8 50.3 42.4 46.3 60.8 72.2 88.6 97.0 97.5 100 100 100
3 100 100 100 100 100 99.1 97.7 92.2 88.5 85.5 83.5 82.7 78.7 77.1 80.7 82.8 85.9 91.2 98.7 99.1 99.3 100 100 100
4 100 100 100 100 100 96.7 89.4 74.6 60.6 49.3 40.8 33.7 36.1 44.4 55.1 65.6 73.4 84.8 94.1 97.0 97.1 100 100 100
5 100 100 100 100 100 97.9 96.4 84.0 73.9 63.4 54.9 52.2 53.4 58.7 61.7 68.9 79.8 86.9 90.1 95.4 97.8 100 100 100
6 100 100 100 100 100 97.0 95.5 80.9 60.7 49.9 44.2 40.7 43.7 49.3 54.4 58.1 62.6 68.9 78.7 92.2 97.3 100 100 100

Upper 7 100 100 100 100 100 97.2 96.8 87.5 73.7 68.3 61.7 54.0 45.4 44.3 49.6 56.6 61.6 67.9 88.2 97.1 97.3 100 100 100
8 100 100 100 100 100 95.8 95.8 94.3 79.4 71.2 60.2 48.0 40.2 41.8 52.9 66.7 74.8 79.2 91.6 95.8 95.8 100 100 100
9 100 100 100 100 100 98.1 89.6 81.0 75.5 72.0 70.4 68.7 63.9 56.4 55.9 62.3 713 81.1 94.5 98.4 98.4 100 100 100
10 100 100 100 100 100 96.8 96.7 96.8 96.2 96.1 96.5 96.2 95.7 95.5 94.7 95.4 95.5 96.7 96.8 96.9 96.9 100 100 100
11 100 100 100 100 100 95.8 91.6 79.4 75.9 70.6 61.1 50.2 43.0 42.6 50.7 61.3 71.0 76.8 90.2 95.7 95.9 100 100 100
12 100 100 100 100 100 98.3 98.4 94.2 87.1 82.1 84.1 85.3 85.2 87.4 87.8 86.2 87.5 90.6 92.5 98.4 99.2 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
13 100 100 100 100 100 97.3 97.1 96.7 96.2 95.9 95.0 95.7 95.6 95.7 96.4 96.3 96.2 96.2 96.6 97.0 97.1 100 100 100
14 100 100 100 100 100 95.7 94.5 88.6 81.2 74.6 59.4 49.2 42.4 42.8 50.5 62.6 73.7 79.3 81.5 90.0 95.8 100 100 100
15 100 100 100 100 100 95.6 85.1 82.5 79.2 69.8 56.9 43.9 36.7 42.2 56.1 70.3 76.7 79.8 84.6 87.8 95.7 100 100 100
16 100 100 100 100 100 96.3 88.2 84.5 85.3 84.6 79.2 70.2 58.3 44.9 38.4 44.1 63.6 85.4 93.2 95.1 96.2 100 100 100
17 100 100 100 100 100 95.8 89.7 79.4 75.0 72.9 67.6 56.8 44.0 39.6 47.5 61.4 71.7 76.1 84.9 95.6 95.7 100 100 100
18 100 100 100 100 100 95.8 90.9 82.3 77.5 70.6 61.8 53.6 47.1 46.2 50.8 62.3 73.2 79.8 83.3 95.8 95.8 100 100 100
19 100 100 100 100 100 93.9 83.3 56.9 37.6 34.2 30.9 274 23.3 22.0 26.2 32.0 36.3 41.0 71.0 93.7 94.3 100 100 100
20 100 100 100 100 100 96.2 95.6 87.7 80.4 74.7 70.4 67.1 62.0 61.3 68.6 72.7 73.0 75.1 92.9 95.4 96.1 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 97.0 96.8 96.8 96.0 96.1 94.3 86.3 64.8 68.9 89.8 94.8 95.6 95.9 96.4 96.7 96.9 100 100 100
23 100 100 100 100 100 96.1 90.2 82.2 78.2 74.4 68.4 57.9 47.3 42.3 46.4 57.8 70.3 78.4 85.0 95.7 95.8 100 100 100
24 100 100 100 100 100 97.8 97.3 93.6 90.8 89.3 82.1 65.8 43.3 325 44.5 67.7 84.1 91.3 94.4 97.2 98.1 100 100 100
25 100 100 100 100 100 96.7 96.3 85.8 75.7 63.6 39.5 17.9 9.5 13.3 33.3 54.9 63.6 67.8 92.5 96.1 96.5 100 100 100
26 100 100 100 100 100 97.7 96.5 93.5 77.1 69.4 68.3 66.3 62.9 59.8 58.6 60.7 63.2 68.1 76.8 90.6 97.8 100 100 100
27 100 100 100 100 100 96.9 96.8 96.4 95.8 95.3 93.4 87.3 92.0 95.5 93.8 93.9 95.6 96.2 97.2 97.8 98.3 100 100 100
28 100 100 100 100 100 96.9 96.7 88.7 81.3 70.7 49.2 25.2 12.8 15.3 31.8 57.2 74.1 80.2 94.6 96.9 97.2 100 100 100
29 100 100 100 100 100 96.6 96.4 95.0 82.4 69.1 44.8 19.7 9.5 12.4 24.3 44.0 60.0 70.1 86.5 96.1 96.5 100 100 100
30 100 100 100 100 100 99.4 97.8 97.3 94.0 93.4 93.8 90.1 90.6 91.8 92.7 93.6 94.0 91.3 96.3 98.6 99.4 100 100 100
31 100 100 100 100 100 99.5 98.6 96.6 95.4 94.9 94.5 94.6 94.0 94.2 93.6 95.2 97.2 97.9 99.1 99.4 99.5 100 100 100
32 100 100 100 100 100 99.0 97.9 93.1 92.8 91.4 89.4 87.1 85.3 82.2 82.9 87.1 89.6 94.4 98.9 99.0 99.0 100 100 100
33 100 100 100 100 100 96.6 96.5 96.2 95.9 95.9 96.1 95.7 93.7 87.9 86.1 91.6 94.5 96.1 96.5 96.5 96.5 100 100 100
34 100 100 100 100 100 96.2 95.8 75.8 57.1 54.8 51.5 48.5 45.9 41.5 28.0 30.9 61.2 72.1 89.9 96.4 96.4 100 100 100
35 100 100 100 100 100 97.1 96.9 89.0 70.0 51.9 25.6 11.9 11.3 22.7 43.4 60.8 67.2 70.0 84.7 96.2 96.6 100 100 100
36 100 100 100 100 100 95.8 95.3 68.6 57.3 43.6 24.8 16.6 17.1 22.9 36.2 48.0 53.2 61.9 93.4 95.3 95.9 100 100 100
37 100 100 100 100 100 99.0 98.9 98.3 93.0 81.6 72.1 68.3 76.7 83.4 85.0 86.5 89.1 91.5 95.7 98.0 99.1 100 100 100
38 100 100 100 100 100 96.9 96.9 96.7 95.8 95.0 95.3 96.1 96.0 95.6 91.2 86.5 90.4 95.2 96.3 96.3 96.6 100 100 100
39 100 100 100 100 100 95.9 96.1 88.0 65.5 62.8 60.2 61.8 62.2 62.3 61.7 60.6 59.5 56.4 59.0 84.8 95.8 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00

40 100 100 100 100 100 96.5 96.5 95.8 91.6 90.7 93.7 93.3 94.3 95.6 95.0 94.0 94.7 93.6 95.8 96.5 96.6 100 100 100

41 100 100 100 100 100 95.7 95.2 76.0 61.6 54.4 39.5 24.4 14.9 13.1 20.3 34.8 49.7 73.3 95.1 95.3 95.9 100 100 100

42 100 100 100 100 100 98.4 92.6 88.0 83.8 81.5 80.0 78.2 76.1 72.0 62.7 67.6 75.1 87.2 96.2 98.5 98.6 100 100 100

43 100 100 100 100 100 96.5 96.4 95.8 95.4 95.2 95.4 95.3 93.4 92.2 90.4 89.3 94.3 95.4 96.4 96.5 96.6 100 100 100

44 100 100 100 100 100 95.7 95.3 92.7 58.0 54.5 43.3 28.0 17.0 12.2 16.1 25.0 42.8 54.1 84.5 95.5 96.2 100 100 100

1 100 100 100 100 100 93.7 87.7 37.7 294 254 224 19.8 17.1 15.1 13.0 8.8 12.3 26.1 56.0 93.4 93.9 100 100 100

2 100 100 100 100 100 93.0 64.2 23.3 18.3 14.3 12.9 12.6 11.8 10.3 8.3 8.1 11.3 19.0 52.5 92.9 93.3 100 100 100

3 100 100 100 100 100 98.9 95.5 91.3 89.9 83.9 79.0 77.0 71.8 61.5 64.9 77.1 83.9 92.0 96.8 98.9 99.0 100 100 100

4 100 100 100 100 100 96.7 84.1 70.6 59.8 50.4 45.1 42.5 39.3 40.3 46.9 54.7 60.1 68.0 84.1 96.6 96.8 100 100 100

5 100 100 100 100 100 99.6 99.4 98.0 97.6 96.9 95.6 93.5 92.9 93.5 89.3 86.8 88.7 93.4 97.5 99.6 99.6 100 100 100

6 100 100 100 100 100 95.0 94.8 82.1 59.2 45.0 36.7 33.9 29.0 23.9 19.2 18.6 23.5 36.5 81.3 94.8 95.0 100 100 100

Lower 7 100 100 100 100 100 94.8 94.4 73.4 58.7 45.1 42.0 40.1 37.0 30.8 25.2 22.4 23.2 375 73.9 94.7 95.0 100 100 100
8 100 100 100 100 100 97.8 97.7 97.1 96.3 90.9 78.7 76.1 88.2 95.6 96.2 96.6 96.8 96.8 96.9 97.1 97.9 100 100 100

9 100 100 100 100 100 99.0 98.8 96.2 89.8 80.8 74.7 74.7 83.6 89.6 91.5 93.0 94.1 95.9 97.1 98.5 99.0 100 100 100

10 100 100 100 100 100 95.2 90.8 53.3 42.7 37.0 34.0 31.1 28.8 26.5 25.1 25.5 30.5 42.5 61.6 90.5 95.3 100 100 100

11 100 100 100 100 100 96.2 95.6 82.9 69.7 65.3 40.0 13.5 6.4 11.3 31.0 52.9 59.0 59.3 74.2 95.3 96.1 100 100 100

12 100 100 100 100 100 96.4 92.3 82.6 74.5 60.5 39.3 23.6 19.5 23.6 34.7 46.1 53.7 62.4 82.7 95.8 96.1 100 100 100

13 100 100 100 100 100 95.2 93.5 86.5 48.8 21.6 13.3 12.1 15.6 22.5 30.2 39.0 51.5 68.4 82.5 95.0 95.2 100 100 100

Abbreviations:
% = percent EQY = end of year

Table B-45. Hourly Effective Shade (%) for Maximum Weekly Fall Conditions for EOY112 Disturbance Condition for the ModPR0O2
Model | Number & 0:00 | 1:00 | 2:00 @ 3:00 @ 4:00 | 5:00 | 6:00 7:00 | 800 | 9:00 10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00 A 19:00 | 20:00 | 21:00 | 22:00 | 23:00

1 100 100 100 100 100 100 97.2 96.5 88.5 86.7 89.8 92.2 91.1 90.2 86.4 88.5 89.9 90.9 97.4 100 100 100 100 100

2 100 100 100 100 100 100 96.5 91.7 79.8 72.1 70.7 68.9 66.4 63.9 62.3 55.8 68.3 91.7 96.5 100 100 100 100 100
Upper 3 100 100 100 100 100 100 98.9 97.2 91.0 86.2 85.6 82.9 83.1 81.5 83.0 85.8 96.9 98.6 99.0 100 100 100 100 100

4

5

100 100 100 100 100 100 95.8 87.8 66.0 56.8 46.8 44.4 49.1 57.7 66.3 75.8 90.9 94.9 96.2 100 100 100 100 100
100 100 100 100 100 100 97.2 96.7 83.0 73.7 67.8 66.2 68.0 70.7 75.0 82.4 89.5 94.5 97.1 100 100 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
6 100 100 100 100 100 100 96.1 93.0 79.1 61.3 57.1 56.8 59.9 64.5 68.6 72.2 77.8 88.3 96.4 100 100 100 100 100
7 100 100 100 100 100 100 96.2 95.7 88.8 717 62.7 56.4 51.7 53.6 58.0 64.8 77.9 94.9 96.5 100 100 100 100 100
8 100 100 100 100 100 100 94.4 94.4 93.9 78.7 73.1 68.1 63.6 65.3 71.9 77.1 84.2 94.2 94.5 100 100 100 100 100
9 100 100 100 100 100 100 97.7 91.4 84.7 77.4 73.9 71.9 69.1 67.6 66.8 66.9 78.9 94.8 98.2 100 100 100 100 100
10 100 100 100 100 100 100 95.8 95.8 95.7 95.7 95.6 95.4 95.4 95.3 95.1 95.0 95.5 95.9 95.9 100 100 100 100 100
11 100 100 100 100 100 100 94.5 91.1 81.7 76.6 75.2 71.6 67.4 68.6 71.5 74.7 83.2 93.6 94.4 100 100 100 100 100
12 100 100 100 100 100 100 98.8 91.6 91.1 92.1 91.8 89.1 89.5 90.5 91.2 93.1 93.8 97.5 98.9 100 100 100 100 100
13 100 100 100 100 100 100 96.4 96.0 95.5 95.4 95.4 95.5 95.3 95.6 95.5 95.7 95.7 95.9 95.9 100 100 100 100 100
14 100 100 100 100 100 100 94.5 93.2 88.9 79.6 71.7 69.9 69.4 70.2 71.3 74.0 79.5 83.5 94.4 100 100 100 100 100
15 100 100 100 100 100 100 94.3 86.0 78.3 73.9 70.6 65.4 62.2 66.4 76.1 82.6 83.1 83.1 94.3 100 100 100 100 100
16 100 100 100 100 100 100 95.3 91.3 87.6 86.5 84.7 81.8 77.1 73.1 69.7 68.8 79.5 89.3 95.0 100 100 100 100 100
17 100 100 100 100 100 100 94.4 89.2 81.9 83.2 80.8 75.3 67.3 63.3 67.6 76.2 82.8 91.3 94.4 100 100 100 100 100
18 100 100 100 100 100 100 94.5 88.7 79.4 78.3 76.3 75.9 73.1 70.6 72.7 75.0 77.3 89.6 94.5 100 100 100 100 100
19 100 100 100 100 100 100 92.1 83.4 59.2 37.3 34.5 315 29.1 28.5 32.2 36.7 50.1 88.1 92.2 100 100 100 100 100
20 100 100 100 100 100 100 95.1 94.1 87.1 78.7 76.6 73.1 70.6 68.5 72.2 75.6 83.9 93.9 94.3 100 100 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 100 95.9 96.0 95.9 94.0 94.4 85.5 75.9 81.8 92.1 94.2 95.1 95.3 95.8 100 100 100 100 100
23 100 100 100 100 100 100 94.9 90.8 82.8 81.1 80.2 76.6 70.8 68.0 69.6 73.4 77.7 90.5 94.4 100 100 100 100 100
24 100 100 100 100 100 100 97.7 96.8 93.5 89.9 85.6 79.9 65.6 55.8 63.0 76.6 85.5 96.0 96.7 100 100 100 100 100
25 100 100 100 100 100 100 95.6 95.1 81.7 65.3 46.1 29.6 26.0 40.6 59.5 65.8 81.1 94.7 95.4 100 100 100 100 100
26 100 100 100 100 100 100 97.0 95.8 94.3 86.0 77.1 73.4 70.5 66.8 66.5 71.5 78.1 84.1 93.8 100 100 100 100 100
27 100 100 100 100 100 100 96.1 95.8 95.5 94.0 91.2 93.2 94.6 95.6 95.5 94.7 96.1 97.4 97.8 100 100 100 100 100
28 100 100 100 100 100 100 95.9 95.7 88.9 74.3 59.9 42.2 34.7 38.5 57.4 71.0 85.5 95.8 96.2 100 100 100 100 100
29 100 100 100 100 100 100 95.6 95.3 94.6 78.2 55.4 34.9 27.2 30.7 43.0 59.4 75.6 94.6 95.2 100 100 100 100 100
30 100 100 100 100 100 100 99.1 98.2 97.6 95.3 93.3 93.6 93.0 94.5 95.0 95.8 97.5 99.0 99.2 100 100 100 100 100
31 100 100 100 100 100 100 99.2 99.2 98.5 97.7 97.3 96.7 96.3 96.2 96.4 96.5 95.9 97.9 99.3 100 100 100 100 100
32 100 100 100 100 100 100 98.7 98.6 96.0 93.9 93.6 91.7 89.0 86.6 86.5 88.8 97.1 98.5 98.7 100 100 100 100 100
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Model Number & 0:00 | 1:00 @ 2:00 | 3:00 4:00 | 5:00 6:00 | 7:00 8:00 9:00 | 10:00 11:00 | 12:00  13:00 14:00 | 15:00 | 16:00 | 17:00  18:00 A 19:00 | 20:00 21:00 | 22:00 | 23:00

33 100 100 100 100 100 100 954 | 954 | 953 95.2 95.0 95.2 93.8 | 911 92.1 90.8 | 94.9 95.3 95.5 100 100 100 100 100

34 100 100 100 100 100 100 93.9 93.9 784 | 574 56.8 | 54.8 52.9 525 | 443 49.2 51.8 | 944 | 953 100 100 100 100 100

35 100 100 100 100 100 100 96.0 95,7 | 854 | 585 | 357 | 314 | 416 | 59.7 71.0 75.9 81.9 95.0 | 953 100 100 100 100 100

36 100 100 100 100 100 100 944 | 93.8 68.3 57.1 435 39.1 48.1 60.5 66.9 67.1 82.2 93.8 | 94.2 100 100 100 100 100

37 100 100 100 100 100 100 98.6 | 98.2 96.7 90.4 78.0 774 | 84.6 | 87.0 | 89.3 92.8 | 96.6 | 98.6 | 98.8 100 100 100 100 100

38 100 100 100 100 100 100 96.9 96.8 | 96.7 96.4 | 96.0 95.6 | 954 | 953 94.9 93.1 92.7 948 | 95.7 100 100 100 100 100

39 100 100 100 100 100 100 95.3 954 | 904 | 653 65.1 65.6 66.5 67.0 67.4 | 67.2 66.0 72.7 | 95.1 100 100 100 100 100

40 100 100 100 100 100 100 95.5 95.3 95.2 948 | 94.2 94.6 | 94.7 95.3 95.3 94.7 | 949 95.3 95.4 100 100 100 100 100

41 100 100 100 100 100 100 94.5 93.7 | 80.7 63.5 55.8 | 47.2 43.3 425 | 46.2 55.4 | 90.5 93.6 @ 94.2 100 100 100 100 100

42 100 100 100 100 100 100 98.0 95.9 93.2 88.7 A 848 | 826 | 804 78.3 72.1 775 | 905 96.0 | 979 100 100 100 100 100

43 100 100 100 100 100 100 95.5 95.3 94.9 95.2 95.0 94.7 | 93.7 94.3 92.9 94.3 95.2 95.3 95.5 100 100 100 100 100

44 100 100 100 100 100 100 944 | 93.9 93.2 72.0 63.6 @ 54.7 | 478 | 405 | 40.2 46.8 70.9 93.8 | 94.2 100 100 100 100 100

1 100 100 100 100 100 100 92.2 92.1 774 | 54.0 | 404 | 32.2 26.8 @ 234 19.5 15.9 13.6 66.0 | 915 100 100 100 100 100

2 100 100 100 100 100 100 90.9 68.9 348 | 26.7 | 225 19.2 18.1 17.9 16.6 164 | 23.0 83.1 90.9 100 100 100 100 100

3 100 100 100 100 100 100 98.6 | 96.8 | 93.0 | 89.7 | 814 77.0 72.9 69.0 74.3 80.3 92.0 98.2 98.7 100 100 100 100 100

4 100 100 100 100 100 100 95.8 95.6 | 91.7 79.3 67.4 | 585 51.0 53.7 58.6 | 64.1 69.1 94.7 | 95.6 100 100 100 100 100

5 100 100 100 100 100 100 99.5 99.2 98.3 97.9 96.9 96.0 | 94.7 93.8 | 92.6 | 89.3 94.2 99.0 = 99.2 100 100 100 100 100

6 100 100 100 100 100 100 93.5 93.3 89.2 72.6 58.9 49.6 | 419 | 355 | 33.0 | 31.0 544 | 92.7 | 934 100 100 100 100 100

Lower 7 100 100 100 100 100 100 934 | 933 79.9 75.2 60.1 54.0 52.4 | 48.7 | 445 42.5 58.3 84.9 93.3 100 100 100 100 100
8 100 100 100 100 100 100 97.3 96.7 | 95.2 95.3 87.3 86.3 94.2 95,5 | 958 | 958 | 96.1 96.7 | 97.2 100 100 100 100 100

9 100 100 100 100 100 100 98.6 | 984 | 964 | 92.7 | 843 86.4 | 92.1 95,5 | 96.6 | 96.7 | 96.0 97.4 | 985 100 100 100 100 100

10 100 100 100 100 100 100 93.7 90.9 66.9 56.5 | 49.8 & 458 | 433 42.1 42,6 | 46.1 53.0 70.0 | 93.6 100 100 100 100 100

11 100 100 100 100 100 100 95.1 940 @ 841 63.8 | 46.6 | 209 19.4 | 36.2 55.7 58.9 64.0 94.1 94.8 100 100 100 100 100

12 100 100 100 100 100 100 95.2 92.0 @ 828 75.2 50.8 | 36.8 | 379 46.0 54.1 61.6 78.6 | 943 94.9 100 100 100 100 100

13 100 100 100 100 100 100 93.7 91.3 83.1 48.3 26.3 274 | 328 | 425 56.7 73.2 84.4 | 916 | 93.7 100 100 100 100 100

Abbreviations:
% = percent EQY = end of year
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Table B-46. Hourly Effective Shade (%) for Mean August Conditions for EOY112 Disturbance Condition for the ModPR0O2

Model Number | 0:00 | 1:00 | 2:00 | 3:00 | 4:00 | 5:00 6:00 | 7:00 | 8:00 9:00 | 10:00 | 11:00  12:00 | 13:00 | 14:00  15:00 | 16:00 | 17:00 18:00 | 19:00 20:00 21:00 | 22:00 23:00
1 100 100 100 100 100 99.0 97.5 91.0 82.1 79.8 83.0 85.1 84.7 82.5 80.7 84.3 86.0 85.3 88.9 94.1 98.9 100 100 100
2 100 100 100 100 100 98.7 93.0 84.0 75.7 69.5 65.7 63.1 60.6 57.1 52.4 51.1 64.6 82.0 92.6 98.5 98.8 100 100 100
3 100 100 100 100 100 99.6 98.3 94.7 89.8 85.9 84.6 82.8 80.9 79.3 81.9 84.3 91.4 94.9 98.9 99.6 99.7 100 100 100
4 100 100 100 100 100 98.4 92.6 81.2 63.3 53.1 43.8 | 39.1 42.6 51.1 60.7 70.7 82.2 89.9 95.2 98.5 98.6 100 100 100
5 100 100 100 100 100 99.0 96.8 90.4 78.5 68.6 61.4 59.2 60.7 64.7 68.4 75.7 84.7 90.7 93.6 97.7 98.9 100 100 100
6 100 100 100 100 100 98.5 95.8 87.0 69.9 55.6 50.7 48.8 51.8 56.9 61.5 65.2 70.2 78.6 87.6 96.1 98.7 100 100 100
7 100 100 100 100 100 98.6 96.5 91.6 81.2 70.0 62.2 55.2 48.6 48.9 53.8 60.7 69.7 81.4 92.3 98.5 98.7 100 100 100
8 100 100 100 100 100 97.9 95.1 94.4 86.7 75.0 66.7 58.1 51.9 53.6 62.4 71.9 79.5 86.7 93.1 97.9 97.9 100 100 100
9 100 100 100 100 100 99.1 93.7 86.2 80.1 4.7 72.2 70.3 66.5 62.0 61.3 64.6 75.1 88.0 96.3 99.2 99.2 100 100 100
10 100 100 100 100 100 98.4 96.3 96.3 96.0 95.9 96.1 95.8 95.6 95.4 94.9 95.2 95.5 96.3 96.4 98.5 98.5 100 100 100
11 100 100 100 100 100 97.9 93.1 85.3 78.8 73.6 68.2 60.9 55.2 55.6 61.1 68.0 77.1 85.2 92.3 97.9 98.0 100 100 100
12 100 100 100 100 100 99.2 98.6 92.9 89.1 87.1 87.9 87.2 87.4 88.9 89.5 89.7 90.7 94.0 95.7 99.2 99.6 100 100 100
13 100 100 100 100 100 98.7 96.8 96.4 95.9 95.7 95.2 95.6 95.5 95.7 96.0 96.0 96.0 96.1 96.3 98.5 98.6 100 100 100

Ueper 14 100 100 100 100 100 97.9 94.5 90.9 85.1 77.1 65.6 59.6 55.9 56.5 60.9 68.3 76.6 81.4 88.0 95.0 97.9 100 100 100
15 100 100 100 100 100 97.8 89.7 84.3 78.8 71.9 63.8 54.7 49.5 54.3 66.1 76.5 79.9 81.5 89.5 93.9 97.9 100 100 100
16 100 100 100 100 100 98.2 91.8 87.9 86.5 85.6 82.0 76.0 67.7 59.0 54.1 56.5 71.6 87.4 94.1 97.6 98.1 100 100 100
17 100 100 100 100 100 97.9 92.1 84.3 78.5 78.1 74.2 66.1 55.7 51.5 57.6 68.8 77.3 83.7 89.7 97.8 97.9 100 100 100
18 100 100 100 100 100 97.9 92.7 85.5 78.5 74.5 69.1 64.8 60.1 58.4 61.8 68.7 75.3 84.7 88.9 97.9 97.9 100 100 100
19 100 100 100 100 100 97.0 87.7 70.2 484 | 35.8 32.7 29.5 26.2 25.3 29.2 34.4 43.2 64.6 81.6 96.9 97.2 100 100 100

20 100 100 100 100 100 98.1 95.4 90.9 83.8 76.7 73.5 70.1 66.3 64.9 70.4 74.2 78.5 84.5 93.6 97.7 98.1 100 100 100
21 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
22 100 100 100 100 100 98.5 96.4 96.4 96.0 95.1 94.4 85.9 70.4 75.4 91.0 94.5 95.4 95.6 96.1 98.4 98.5 100 100 100
23 100 100 100 100 100 98.1 92.6 86.5 80.5 77.8 74.3 67.3 59.1 55.2 58.0 65.6 74.0 84.5 89.7 97.9 97.9 100 100 100
24 100 100 100 100 100 98.9 97.5 95.2 92.2 89.6 83.9 72.9 54.5 44.2 53.8 72.2 84.8 93.7 95.6 98.6 99.1 100 100 100
25 100 100 100 100 100 98.4 96.0 90.5 78.7 64.5 42.8 23.8 17.8 27.0 46.4 60.4 72.4 81.3 94.0 98.1 98.3 100 100 100
26 100 100 100 100 100 98.9 96.8 94.7 85.7 7.7 72.7 69.9 66.7 63.3 62.6 66.1 70.7 76.1 85.3 95.3 98.9 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
27 100 100 100 100 100 98.5 96.5 96.1 95.7 94.7 92.3 90.3 93.3 95.6 94.7 94.3 95.9 96.8 97.5 98.9 99.2 100 100 100
28 100 100 100 100 100 98.5 96.3 92.2 85.1 72.5 54.6 33.7 23.8 26.9 44.6 64.1 79.8 88.0 95.4 98.5 98.6 100 100 100
29 100 100 100 100 100 98.3 96.0 95.2 88.5 73.7 50.1 27.3 18.4 21.6 33.7 51.7 67.8 82.4 90.9 98.1 98.3 100 100 100
30 100 100 100 100 100 99.7 98.5 97.8 95.8 94.4 93.6 91.9 91.8 93.2 93.9 94.7 95.8 95.2 97.8 99.3 99.7 100 100 100
31 100 100 100 100 100 99.8 98.9 97.9 97.0 96.3 95.9 95.7 95.2 95.2 95.0 95.9 96.6 97.9 99.2 99.7 99.8 100 100 100
32 100 100 100 100 100 99.5 98.3 95.9 94.4 92.7 91.5 89.4 87.2 84.4 84.7 88.0 93.4 96.5 98.8 99.5 99.5 100 100 100
33 100 100 100 100 100 98.3 96.0 95.8 95.6 95.6 95.6 95.5 93.8 89.5 89.1 91.2 94.7 95.7 96.0 98.3 98.3 100 100 100
34 100 100 100 100 100 98.1 94.9 84.9 67.8 56.1 54.2 51.7 49.4 47.0 36.2 40.1 56.5 83.3 92.6 98.2 98.2 100 100 100
35 100 100 100 100 100 98.6 96.5 92.4 77.7 55.2 30.7 21.7 26.5 41.2 57.2 68.4 74.6 82.5 90.0 98.1 98.3 100 100 100
36 100 100 100 100 100 97.9 94.9 81.2 62.8 50.4 34.2 27.9 32.6 41.7 51.6 57.6 67.7 77.9 93.8 97.7 98.0 100 100 100
37 100 100 100 100 100 99.5 98.8 98.3 94.9 86.0 75.1 72.9 80.7 85.2 87.2 89.7 92.9 95.1 97.3 99.0 99.6 100 100 100
38 100 100 100 100 100 98.5 96.9 96.8 96.3 95.7 95.7 95.9 95.7 95.5 93.1 89.8 91.6 95.0 96.0 98.2 98.3 100 100 100
39 100 100 100 100 100 98.0 95.7 91.7 78.0 64.1 62.7 63.7 64.4 64.7 64.6 63.9 62.8 64.6 77.1 92.4 97.9 100 100 100
40 100 100 100 100 100 98.3 96.0 95.6 93.4 92.8 94.0 94.0 94.5 95.5 95.2 94.4 94.8 94.5 95.6 98.3 98.3 100 100 100
41 100 100 100 100 100 97.9 94.9 84.9 71.2 59.0 47.7 35.8 29.1 27.8 33.3 45.1 70.1 83.5 94.7 97.7 98.0 100 100 100
42 100 100 100 100 100 99.2 95.3 92.0 88.5 85.1 82.4 80.4 78.3 75.2 67.4 72.6 82.8 91.6 97.1 99.3 99.3 100 100 100
43 100 100 100 100 100 98.3 96.0 95.6 95.2 95.2 95.2 95.0 93.6 93.3 91.7 91.8 94.8 95.4 96.0 98.3 98.3 100 100 100
44 100 100 100 100 100 97.9 94.9 93.3 75.6 63.3 53.5 41.4 324 26.4 28.2 35.9 56.9 74.0 89.4 97.8 98.1 100 100 100

1 100 100 100 100 100 96.9 90.0 64.9 53.4 39.7 314 26.0 22.0 19.3 16.3 12.4 13.0 46.1 73.8 96.7 97.0 100 100 100
2 100 100 100 100 100 96.5 77.6 46.1 26.6 20.5 17.7 15.9 15.0 14.1 12.5 12.3 17.2 51.1 71.7 96.5 96.7 100 100 100
3 100 100 100 100 100 99.5 97.1 94.1 91.5 86.8 80.2 77.0 72.4 65.3 69.6 78.7 88.0 95.1 97.8 99.5 99.5 100 100 100
4 100 100 100 100 100 98.4 90.0 83.1 75.8 64.9 56.3 50.5 45.2 47.0 52.8 59.4 64.6 81.4 89.9 98.3 98.4 100 100 100
Lower 5 100 100 100 100 100 99.8 99.5 98.6 98.0 97.4 96.3 94.8 93.8 93.7 91.0 88.1 91.5 96.2 98.4 99.8 99.8 100 100 100
6 100 100 100 100 100 97.5 94.2 87.7 74.2 58.8 47.8 41.8 35.5 29.7 26.1 24.8 39.0 64.6 87.4 97.4 97.5 100 100 100
7 100 100 100 100 100 97.4 93.9 83.4 69.3 60.2 51.1 47.1 44.7 39.8 34.9 325 40.8 61.2 83.6 97.4 97.5 100 100 100
8 100 100 100 100 100 98.9 97.5 96.9 95.8 93.1 83.0 81.2 91.2 95.6 96.0 96.2 96.5 96.8 97.1 98.6 99.0 100 100 100
9 100 100 100 100 100 99.5 98.7 97.3 93.1 86.8 79.5 80.6 87.9 92.6 94.1 94.9 95.1 96.7 97.8 99.3 99.5 100 100 100
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Model | Number @ 0:00 | 1:00 | 2:00 3:00 @ 4:00 @ 5:00  6:00 7:00 | 800 | 9:00  10:00 | 11:00 | 12:00  13:00 | 14:00 | 15:00 16:00 | 17:00 | 18:00  19:00 | 20:00 | 21:00 | 22:00 | 23:00
10 100 100 100 100 100 97.6 92.3 72.1 54.8 46.8 41.9 38.5 36.1 34.3 33.9 35.8 41.8 56.3 77.6 95.3 97.7 100 100 100
11 100 100 100 100 100 98.1 95.4 88.5 76.9 64.6 43.3 17.2 12.9 23.8 43.4 55.9 61.5 76.7 84.5 97.7 98.1 100 100 100
12 100 100 100 100 100 98.2 93.8 87.3 78.7 67.9 45.1 30.2 28.7 34.8 44.4 53.9 66.2 78.4 88.8 97.9 98.1 100 100 100
13 100 100 100 100 100 97.6 93.6 88.9 66.0 35.0 19.8 19.8 24.2 325 43.5 56.1 68.0 80.0 88.1 97.5 97.6 100 100 100
Abbreviations:
% = percent EQY = end of year
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Section 6: Outputs for Post Closure for the ModPRO2

Table B-47. Simulated Reach Temperatures (°C) for Maximum Weekly Summer Conditions for ModPR0O2 EQY18 through EQY22
Disturbance Conditions

Maximum Temperature for EQY: | Average Temperature for EQY: | Minimum Temperature for EQY:
Model | Number | Length

18 22 18 22 18 22

1 0.50 13.54 13.54 9.86 9.86 7.12 7.12
2 0.43 13.84 13.84 10.08 10.08 7.40 7.40
3 0.63 11.66 11.66 8.66 8.65 6.36 6.36
4 0.67 13.32 13.32 9.91 9.91 7.33 7.33
5 0.86 13.37 13.37 10.13 10.13 7.53 7.53
6 1.91 13.35 13.35 10.33 10.33 7.80 7.80
7 1.40 14.83 14.83 11.47 11.47 9.00 9.00
8 0.76 11.59 11.59 8.93 8.93 6.90 6.91
9 1.30 11.53 11.53 9.02 9.02 7.14 7.14
10 0.76 12.89 12.88 9.77 9.85 7.64 7.78
11 1.40 11.79 11.80 9.24 9.28 7.32 7.37
12 2.44 12.83 12.83 10.12 10.13 8.03 8.05
13 0.31 12.73 12.73 10.04 10.05 7.97 7.99
14 0.35 12.70 12.70 10.02 10.03 7.96 7.98
15 0.61 13.16 13.15 10.58 10.56 8.59 8.57
16 0.29 13.76 13.72 10.98 10.95 8.69 8.65
Upper 17 2.76 13.73 13.72 10.41 10.42 8.08 8.09
18 0.58 15.10 15.04 11.43 11.41 8.96 8.96
19 0.41 14.85 14.81 11.44 11.41 9.12 9.09
20 0.67 16.07 15.83 11.82 11.71 9.07 9.04
21 1.33 16.04 15.84 11.75 11.66 8.65 8.62
22 0.28 16.80 16.59 12.16 12.06 8.90 8.88
23 0.63 15.31 15.39 11.42 11.72 8.34 8.79
24 1.37 14.48 14.48 11.45 11.45 9.37 9.37
25 0.46 15.28 14.89 11.91 11.74 9.29 9.29
26 0.6 15.50 15.56 11.51 11.78 8.37 8.80
27 1.22 16.03 16.08 11.68 11.93 8.35 8.76
28 0.52 11.40 11.40 8.60 8.61 6.40 6.42
29 0.33 11.10 11.11 8.81 8.82 7.06 7.07
30 1.32 11.23 11.23 9.27 9.27 7.65 7.66
31 0.42 11.27 11.28 9.39 9.39 7.76 7.77
32 0.15 11.58 11.58 9.54 9.55 7.83 7.83
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Maximum Temperature for EQY: | Average Temperature for EQY: | Minimum Temperature for EQY:
Model | Number | Length
18 22 18 22 22

33 0.36 16.01 16.05 11.62 11.85 8.30 8.67
34 0.43 16.77 16.70 11.85 12.04 8.29 8.64
35 1.53 12.62 12.62 10.87 10.87 9.38 9.38
36 0.28 14.71 14.20 11.58 11.36 9.48 9.48
37 0.7 15.24 14.80 11.72 11.54 9.23 9.25
38 0.71 18.89 17.02 12.88 12.24 8.61 8.62
39 0.38 17.89 17.64 12.20 12.30 8.21 8.54
40 1.48 13.69 13.54 10.33 10.27 8.22 8.22
41 0.45 17.03 16.04 11.33 11.00 8.29 8.29
42 0.24 18.34 18.04 12.33 12.40 8.16 8.48
1 0.55 14.01 14.01 9.92 9.92 6.95 6.95
2 0.58 14.59 14.58 10.21 10.21 7.29 7.29
3 0.26 11.96 11.97 9.35 9.39 7.40 7.48
4 0.17 14.55 14.55 10.22 10.22 7.32 7.32
5 0.24 11.56 11.57 8.81 8.82 6.71 6.72
6 0.71 14.75 14.75 10.32 10.32 7.35 7.35

Lower 7 0.92 15.17 15.17 10.51 10.51 7.42 7.42
8 0.23 20.85 20.85 15.00 15.00 11.03 11.03
9 0.54 17.43 18.05 13.34 13.55 9.83 9.68
10 1.19 15.66 15.65 10.82 10.82 7.56 7.57
11 0.06 13.82 13.82 13.66 13.66 13.58 13.58
12 1.13 14.48 14.47 13.75 13.74 13.41 13.41
13 0.86 15.11 15.08 12.62 12.63 10.75 10.78

Abbreviations:

°C = degree Celsius

EQY = end of year

Table B-48. Simulated Reach Temperatures (°C) for Maximum Weekly Summer Conditions for ModPR0O2 EQY27 through EQY112

Maximum Temperature for EQY:

Average Temperature for EOY:

Minimum Temperature for EQY:

Model | Number  Length
27 32 52 112 | 27 32 52 | 112 | 27 32 52 | 112
1 0.5 13.563 | 13.53 | 13.53 | 1363 | 985 | 985 | 985 | 985 | 7.11 | 7.11 | 7.11 | 7.11
2 0.43 | 13.79 | 13.79 | 13.79 | 13.79 | 10.06 | 10.06 A 10.06 | 10.06 | 7.38 | 7.38 | 7.38 | 7.38
3 0.63 | 11.64 | 11.64 A 11.64 | 11.64 | 8.65 | 8.65  8.65 | 865 | 6.35 | 6.35 | 6.35 | 6.35
Upper 4 0.67 | 13.26 | 13.26 | 13.26 | 13.26 | 9.88 | 9.88 A 9.88 | 988 | 7.31 | 731 | 731 | 7.31
5 0.86 | 13.30 | 13.30 | 13.30 | 13.30 | 10.09 | 10.09 | 10.09 | 10.09 | 7.52 | 7.52 | 7.52 | 7.52
6 191 | 13.25 | 13.25 | 13.25 | 13.25 | 10.27 | 10.27 | 10.27 | 10.28 | 7.80 | 7.79 | 7.79 | 7.80
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Model

Maximum Temperature for EQY:

Average Temperature for EQY:

Minimum Temperature for EQY:

Number | Length

27 32 52 112 | 27 32 52 | 112 | 27 32 52 | 112
7 1.4 14.85 | 14.85 | 14.85 | 14.85 | 11.41 11.41| 1141|1141 887 | 8.87 | 8.87 | 8.87
8 1.87 | 22.25 | 21.40 | 19.77 | 17.43 | 13.75| 13.28 | 12.65| 11.79 | 7.81 | 7.80 | 7.78 | 7.76
9 0.76 | 12.82 | 12.80 A 12.81 | 12.82 | 9.73 | 9.99 A 9.80 | 9.67 | 7.60 | 8.07 | 7.72 | 7.50
10 0.83 | 16.46 | 12.76 A 12.48 | 12.34 | 10.93 | 9.83 A 9.54 | 936 | 7.16 | 7.64 | 7.27 | 7.03
11 091 | 24.24 | 21.62 | 19.77 | 16.97 | 14.34 | 13.19 | 12.37 | 11.21 | 697 | 7.04 | 6.88 | 6.75
12 0.76 | 11.58 | 11.58 | 11.58 | 11.58 | 8.92 | 8.92 | 892 | 893 | 6.90 | 6.89 | 6.90 | 6.90
13 1.33 | 14.18 | 11.31 | 11.19 A 11.15 | 10.06 | 8.80 | 8.74 | 8.72 | 6.76 | 6.73 | 6.73 | 6.74
14 1.27 | 22.73 | 19.69 | 17.70 | 15.07 | 13.81 | 12.37 | 11.53 | 10.41 | 6.73 | 6.66 | 6.55 | 6.43
15 0.56 | 24.14 | 21.49 | 1897 | 15.68 | 14.68 | 13.23 | 12.17 | 10.73 | 6.88 | 6.70 | 6.55 | 6.37
16 0.73 | 24.54 | 22.29 | 19.94 | 16.55 | 15.02 | 13.58 | 12.43 | 10.85| 7.01 | 6.75 | 6.58 | 6.35
17 0.8 | 20.53 | 19.35 | 17.87 | 15.74 | 14.67 | 13.79 | 13.04 | 12.05 | 9.67 | 9.45 | 9.36 | 9.24
18 0.29 | 19.39 | 18.54 | 17.25 | 15.51 | 14.59 | 13.87 | 13.22 | 12.40 | 10.43 | 10.22 | 10.15 | 10.05
19 2,76 | 13.66 | 13.66 | 13.66 | 13.66 | 10.30 | 10.29 | 10.29 | 10.29 | 7.93 | 7.92 | 792 | 7.92
20 0.58 | 14.88 | 14.81 | 14.67 | 14.63 | 11.26 | 11.24 11.20| 11.19 | 8.82 | 8.81 | 8.81 | 8.82
21 0.41 | 14.62 | 14.53 | 14.37 | 14.34 | 11.27 | 11.24  11.19 | 11.18 | 8.98 | 897 | 8.97 | 8.97
22 0.67 | 15.35 | 14.99 | 14.08 | 13.67 | 11.45 | 11.32 | 11.05| 10.98 | 8.88 | 8.87 | 8.87 | 8.87
23 1.33 | 18.47 | 17.86 | 16.56 | 15.20 | 13.86 | 13.31 | 12.68 | 12.03 | 10.00 | 9.79 | 9.68 | 9.58
24 0.28 | 18.56 | 17.96 A 16.59 | 15.29 | 13.94 | 13.41  12.77 | 12.15| 10.12 | 991 | 9.80 | 9.72
25 0.63 | 16.10 | 15.78 | 15.08 | 14.47 | 12.28 | 12.03 | 11.70 | 11.41 | 8.99 | 8.88 | 8.82 | 8.79
26 1.37 | 1435 | 14.35 | 14.35 | 1435 | 11.39 | 11.39 | 11.39 | 11.39 | 9.37 | 9.37 | 9.37 | 9.37
27 0.46 | 14.38 | 14.23 | 13.79 | 13.67 | 11.47 | 11.39 | 11.23 | 11.20 | 9.28 | 9.30 | 9.29 | 9.28
28 0.6 16.12 | 15.80 | 15.09 # 14.51 | 12.30 | 12.05 | 11.73 | 11.45| 9.00 A 8.89 | 8.83 | 8.79
29 1.22 | 16.39 | 16.06 | 15.35 | 14.85 | 12.40 | 12.15 | 11.83 | 11.56 | 8.98 | 8.87 | 8.80 | 8.77
30 0.52 | 11.41 | 11.39 A 11.39 | 11.39 | 8.67 | 859 A 8.60 | 859 | 6.52 | 6.39 | 6.40 | 6.38
31 0.33 | 11.12 | 11.09 4 11.10 | 11.09 | 887 | 8.80 A 880 | 879 | 7.17 | 7.06 | 7.06 | 7.04
32 132 | 11.23 | 11.21 | 11.21 | 11.20 | 9.30 | 9.26 | 9.26 | 9.25 | 7.72 | 7.67 | 7.66 | 7.65
33 0.42 | 11.44 | 11.36 | 11.27 | 11.26 | 9.56 | 9.51 4 9.46 | 945 | 7.94 | 7.89 | 7.88 | 7.88
34 0.15 | 11.85 | 11.77 | 11.61 | 11.56 | 9.74 | 9.68 H 9.62 | 9.61 | 8.00 | 796 | 7.95 | 7.96
35 0.36 | 16.24 | 15,92 | 15.26 | 14.85 | 12.27 | 12.04 11.74|11.49 | 891 | 879 | 8.73 | 8.69
36 0.43 | 16.70 | 16.37 | 15.62 | 15.19 | 12.41 | 12,18 | 11.85 | 11.59 | 890 K 8.78 | 8.71 | 8.66
37 1.53 | 12.54 | 12.54 | 12.54 | 12.54 | 10.84 | 10.84 | 10.84 | 10.84 | 9.38 | 9.38 | 9.38 | 9.38
38 0.28 | 13.84 | 13.59 | 12.78 | 12.67 | 11.21 | 11.12 | 10.94 | 10.92 | 9.48 | 9.48 | 9.48 | 9.48
39 0.7 | 14.47 | 1428 | 13.69 A 13.60 | 11.40 | 11.32 | 11.18 | 11.18 | 9.25 | 9.24 | 9.25 | 9.29
40 0.71 | 15.60 | 14.81 | 13.24 | 13.12 | 11.68 | 11.38 | 10.75 | 10.72 | 8.61 A 8.60 | 8.61 | 8.64
41 0.38 | 17.38 | 17.01 | 16.13 | 15.70 | 12.57 | 12.34 | 11.96 | 11.70 | 8.84 | 8.72 | 8.64 | 8.58
42 1.48 | 13.36 | 13.29 | 13.06 | 13.03 | 10.20 | 10.18 | 10.12 | 10.12 | 8.21 | 8.21 | 8.21 | 8.21
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Maximum Temperature for EQY: | Average Temperature for EQY: | Minimum Temperature for EQY:
Model | Number  Length
27 32 52 112 | 27 32 52 | 112 | 27 32 52 112
43 0.45 | 15.48 | 15.06 A 14.06 | 13.77 | 10.78 | 10.64 A 10.35| 10.32 | 8.29 | 8.29 | 8.29 | 8.28
44 0.24 | 17.70 | 17.33 | 16.42 | 15.99 | 12.62 | 12.39 | 12.00 | 11.74 | 8.79 | 8.66 | 8.59 | 8.53
1 0.55 | 13.98 | 13.98 | 13.98 | 13.98 | 991 | 991 H 991 | 991 | 6.93 | 6.93 | 6.93 | 6.93
2 0.58 | 14.53 | 14.53 | 14.53 | 14.53 | 10.18 | 10.18 | 10.18 | 10.18 | 7.25 | 7.25 | 7.25 | 7.25
3 0.26 | 11.94 | 11.93 | 1193 | 1192 | 937 | 933 | 933 | 927 | 746 | 738 | 739 | 7.28
4 0.17 | 14.49 | 14.49 | 14.49 | 14.49 | 10.19 | 10.19 | 10.19 | 10.19 | 7.28 | 7.28 | 7.28 | 7.28
5 0.24 | 11.56 | 11.55 | 11.56 | 11.56 | 8.82 | 8.81 H 882 | 882 | 6.72 | 6.70 | 6.72 | 6.72
6 0.71 | 14.67 | 14.67 K 14.67 | 14.67 | 10.28 | 10.28  10.28 | 10.28 | 7.32 | 7.31 | 7.32 | 7.32
Lower 7 0.92 | 15.06 | 15.06 | 15.05 | 15.05 | 10.46 | 10.46 | 10.46 | 10.46 | 7.40 | 7.40 | 7.40 | 7.40
8 0.23 | 20.55 | 20.10 | 16.59 | 14.28 | 14.84 | 14.21  12.58 | 12.20 | 11.02 | 10.99 | 10.94 | 10.93
9 0.54 | 16.98 | 16.42 | 14.34 | 13.34 | 13.13 | 12.70 | 11.69 | 11.50 | 9.87 | 9.85 | 9.90 | 10.04
10 1.19 | 15.50 | 15.49 | 1545  15.44 | 10.75 | 10.75 | 10.74 | 10.74 | 7.55 | 7.54 | 7.56 | 7.56
11 0.06 | 13.96 | 13.75 | 13.40 | 13.16 | 13.82 | 13.61 | 13.25 | 13.01 | 13.76 | 13.55 | 13.20 | 12.96
12 1.13 | 14.54 | 14.34 | 14.00 A 13.76 | 13.88 | 13.68 | 13.33 | 13.10 | 13.58 | 13.38 | 13.04 | 12.81
13 0.86 | 15.01 | 14.89 | 14.66 | 14.52 | 12.72 | 12.60 | 12.39 | 12.26 | 11.01 | 10.89 | 10.69 | 10.56
Abbreviations:

°C = degree Celsius

EQY = end of year

Table B-49. Simulated Reach Temperatures (°C) for Maximum Weekly Fall Conditions for ModPRO2 EQY18 through EQY22

Maximum Temperature for EQY:

Average Temperature for EOY:

Minimum Temperature for EQY:

Model | Number | Length
18 22 18 22 22
1 0.5 10.07 10.07 8.69 8.69 7.57 7.57
2 0.43 10.59 10.59 8.75 8.75 7.56 7.56
3 0.63 9.66 9.66 8.09 8.09 6.95 6.95
4 0.67 10.67 10.67 8.71 8.71 7.45 7.45
5 0.86 10.88 10.88 8.82 8.82 7.48 7.48
6 1.91 10.97 10.97 8.85 8.86 7.46 7.47
7 1.4 11.76 11.76 9.34 9.34 7.97 7.97
Upper 8 0.76 9.65 9.67 8.30 8.35 7.29 7.37
9 1.3 9.73 9.76 8.27 8.34 7.23 7.32
10 0.76 10.96 10.96 8.90 8.91 7.69 7.70
11 1.4 10.11 10.13 8.38 8.42 7.19 7.26
12 2.44 10.76 10.76 8.66 8.68 7.30 7.33
13 0.31 10.63 10.63 8.55 8.57 717 7.20
14 0.35 10.59 10.60 8.52 8.55 7.13 7.17
15 0.61 11.17 11.14 9.23 9.09 7.96 7.74
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Maximum Temperature for EQY:

Average Temperature for EOY:

Minimum Temperature for EQY:

Model | Number ' Length

18 22 18 22 18 22

16 0.29 11.75 11.71 9.47 9.29 8.00 7.73
17 2.76 11.85 11.85 9.43 9.44 8.15 8.17
18 0.58 12.85 12.80 9.98 9.98 8.54 8.56
19 0.41 12.62 12.57 9.97 9.96 8.61 8.63
20 0.67 13.20 12.98 9.99 9.94 8.27 8.28
21 1.33 13.10 12.94 9.76 9.63 7.76 7.62
22 0.28 13.36 13.19 9.95 9.83 7.89 7.78
23 0.63 12.22 12.11 9.40 9.39 7.54 7.57
24 1.37 11.93 11.93 9.29 9.29 7.75 7.75
25 0.46 12.55 12.08 9.36 9.19 7.21 7.21
26 0.6 12.35 12.22 9.41 9.40 7.49 7.52
27 1.22 12.68 12.54 9.47 9.45 741 7.44
28 0.52 9.35 9.35 8.03 8.02 6.95 6.94
29 0.33 9.43 9.42 8.08 8.07 7.09 7.07
30 1.32 9.87 9.86 8.18 8.16 7.02 7.00
31 0.42 10.01 10.00 8.15 8.14 6.88 6.87
32 0.15 10.30 10.29 8.23 8.22 6.87 6.85
33 0.36 12.70 12.56 9.42 9.40 7.31 7.34
34 0.43 13.10 12.81 9.49 9.44 7.20 7.22
35 1.53 10.84 10.84 9.21 9.21 8.07 8.07
36 0.28 12.08 11.52 9.47 9.31 7.89 7.89
37 0.7 12.41 12.00 9.40 9.32 747 7.55
38 0.71 14.32 13.05 9.59 9.20 6.50 6.58
39 0.38 13.80 13.37 9.61 9.50 7.02 7.04
40 1.48 11.31 11.17 8.76 8.72 7.36 7.36
41 0.45 13.58 12.50 9.03 8.82 6.89 6.89
42 0.24 14.12 13.63 9.65 9.53 6.94 6.96
1 0.55 10.35 10.35 8.80 8.80 7.55 7.55
2 0.58 11.09 11.09 8.96 8.96 7.61 7.61
3 0.26 10.34 10.34 8.78 8.79 7.84 7.84
4 0.17 11.14 11.14 8.96 8.96 7.61 7.61
Lower 5 0.24 9.47 9.47 8.12 8.13 7.08 7.09
6 0.71 11.44 11.44 8.99 8.99 7.57 7.57
7 0.92 11.83 11.83 9.04 9.04 7.52 7.53
8 0.23 16.19 16.19 11.96 11.96 9.67 9.67
9 0.54 13.76 13.56 10.62 10.59 8.33 8.44
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Maximum Temperature for EQY: | Average Temperature for EQY: | Minimum Temperature for EQY:
Model | Number ' Length
18 22 18 22 18 22
10 1.19 12.24 12.23 9.15 9.15 7.44 7.45
11 0.06 10.39 10.27 10.21 10.09 10.14 10.03
12 1.13 10.90 10.78 10.24 10.12 9.99 9.89
13 0.86 11.60 11.52 9.82 9.76 8.81 8.76

Abbreviations:

°C = degree Celsius

EQY = end of year

Table B-50. Simulated Reach Temperatures (°C) for Maximum Weekly Fall Conditions for ModPRO2 EQY27 through EQY112

odel number | Longth Maximum T:(;l;[:)erature for Average Temperature for EOY: Minimum T:cr;1Y[:)erature for
27 | 32 52 | 112 | 27 32 52 112 | 27 | 32 52 | 112

1 0.5 10.07 | 10.07 | 10.07 | 10.07 | 8.69 | 8.69 | 8.69 A 8.69 | 7.57 | 7.57 | 7.57 | 7.57
2 0.43 10.59 | 10.59 | 10.59 | 10.59 | 8.75 | 8.75 | 8.75 | 8.75 | 7.56 | 7.56 | 7.56 | 7.56
3 0.63 9.66 | 9.66 | 9.66 | 9.66  8.09 | 8.09 | 8.09 | 809 | 6.95 | 6.95 | 6.95 | 6.95
4 0.67 10.67 | 10.67 | 10.67 | 10.67 | 8.71 | 8.71 | 8.71 | 8.71 | 745 | 745 | 745 745
5 0.86 10.88 | 10.88 | 10.88 | 10.88 | 8.82 | 882 | 882 H 882 | 748 | 7.48 | 7.48 1748
6 1.91 10.97 | 10.97 | 10.97 | 1097 | 8.85 | 885 | 8.83 | 886 | 7.47  7.47 | 743 | 7.47
7 1.4 11.78 | 11.78 | 11.78 | 11.78 | 9.29 | 9.29 | 9.29 | 9.29 | 7.87 | 7.87 | 7.87 | 71.87
8 1.87 17.33 | 15.83 | 14.38 | 12.71 | 10.26 | 9.74 | 9.26 | 8.70 | 5.98 | 596 | 5.94  5.92
9 0.76 10.94 | 10.96 | 10.93 | 10.93 | 8.75 | 892 | 8.74 | 8.71 | 746 | 7.71 | 7.44 1738
10 0.83 13.73 | 10.84 | 10.61 | 10.52 | 9.05 | 831 | 8.04 A 798 | 6.21 | 6.52 | 6.17  6.10
11 0.91 17.92 | 15.46 | 13.90 | 12.01 | 10.35 | 9.41 | 8.77 | 8.03 | 5.11 | 5.15 | 498 | 4.89
12 0.76 9.60 | 9.60 | 9.60 | 9.60 | 8.21 | 821 | 821 | 821 | 7.17  7.16 | 7.17 | 7.17
Upper 13 1.33 12.55| 9.84 | 9.74 | 9.68 | 8.64 | 7.74 | 7.70 | 7.68 | 6.15 | 6.13 | 6.14 | 6.14
14 1.27 17.23 | 14.53 | 13.02 | 11.27 | 10.23 | 9.08 | 8.44 | 7.73 | 5.10 | 5.01 | 491  4.82
15 0.56 17.74 | 15.17 | 13.32 | 11.20 | 10.68 | 9.47 | 8.67 | 7.74 | 5.08 | 4.89 | 4.75 | 4.61
16 0.73 17.69 | 15.49 | 13.61 | 11.43 | 10.74 | 9.54 | 8.70 | 7.71 | 5.12 | 4.86 | 4.69 @ 4.53
17 0.8 15.13 | 13.99 | 12.84 | 11.55| 11.09 | 10.39 | 9.89 | 9.31 | 7.80 | 7.60 | 7.54  7.43
18 0.29 14.48 | 13.63 | 12.62 | 11.58 | 11.15 | 10.60 | 10.18 | 9.71 | 8.49 | 830 | 8.25  8.16
19 2,76 11.88 | 11.88 | 11.88 | 11.88 | 9.37 | 9.37 | 9.37 | 9.37 | 8.04 H 8.04 | 8.04  8.05
20 0.58 | 12.86|12.81 | 12.74 | 12.73| 9.90 | 9.88 | 9.87 | 9.86 | 8.39 | 8.39 | 8.39 | 8.39
21 0.41 12.64 | 12.58 | 12.50 | 12.48 | 9.87 | 9.85 | 9.83 | 9.83 | 8.43 | 8.43 | 8.43 843
22 0.67 12.76 | 12.45 | 11.82 | 11.67 | 9.79 | 9.70 | 9.55 | 9.52 | 8.11 | 8.10 | 8.10 A 8.11
23 1.33 13.91 | 13.32 | 12.37 | 11.62 | 10.68 | 10.28 | 9.87 | 9.51 | 8.27 A 8.08 | 7.97 A 7.90
24 0.28 13.85 | 13.31 | 12.34 | 11.64 | 10.70 | 10.33 | 9.92 | 9.58 | 8.35 | 8.16 | 8.06 @ 7.98
25 0.63 12.41 | 12.17 | 11.77 | 1148 | 9.76 | 9.59 | 9.39 | 9.26 | 7.79 | 7.70 | 7.62 | 7.62
26 1.37 11.93 | 11.93 | 11.93 |11.93| 9.29 | 9.29 | 9.29 | 9.29 | 7.75 | 7.75 | 7.75 | 1.75
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Maximum Temperature for Minimum Temperature for

Average Temperature for EOY:

Model | Number  Length EOY: EOY:

27 | 32 52 | 112 27 | 32 52 112 27 32 52 112

27 046 | 11.73 1160 11.29 11.23| 9.06  9.01 892 891 | 721 | 7.22 721  7.21
28 0.6 | 1242 12.18 | 11.78 11.51 9.75 | 958 938 926  7.74 | 7.66 | 7.58 | 7.57
29 122 1259 |12.37 | 11.99 1176 9.78 | 9.62  9.42 929 | 7.67 759 751  17.50
30 052 | 935 935 935 935 803 803 803 801 695 695 695 693
31 033 | 943 | 943 943 942 | 808 808 808 806 | 7.09 7.10 7.09 7.06
32 132 | 987 | 9.87 | 9.87 9.86 818 819 818 817 | 7.02 | 7.03  7.02  7.00
33 042 | 1026 10.19 10.07 10.04 826 824 820 | 8.19 | 694 696 694  6.94
34 0.15 | 10.63 1054 1037 1034 836 834 829 828 694 695 | 6.94  6.93
35 036 | 12.50 1238 12.03 11.83| 9.70 | 955  9.36 & 9.24 | 7.58 | 7.50 | 7.42  7.41
36 043 | 12.76 1255 12.15 1195 9.72 K 957  9.36 923 | 7.49 | 741  7.32  7.31
37 153 | 10.84|10.84 | 10.84 10.84 921 921 921 | 921 | 807 807 807 807
38 028 | 11.31 1110 10.81 10.79| 925  9.49  9.12 & 9.12 | 7.89 | 7.89 | 7.89  7.89
39 0.7 | 1187 1176|1156 11.55 9.26 | 9.16 9.19  9.19 | 7.52 7.0 | 7.58 | 7.57
40 0.71 | 12.18 1158 10.87 10.82 889 | 8.63 | 848 | 847 | 653 639 659  6.58
a1 038 | 13.19 1295 12.41 12.18 9.74 958 | 934 | 921 | 7.33 7.24 7.6  7.14
42 148 | 11.11|11.04 | 1093 1092 871 869 867 867 | 736 7.36 7.36  7.36
43 045 | 12.07 1174 11.19 11.10| 874 865 854 853 | 6.89 | 6.89  6.89  6.89
44 024 | 1342 1317 12.58 12.35 9.75 959 | 9.33 | 920 | 7.25 7.16 @ 7.08  7.06
1 0.55 | 10.35 1035 10.35 10.35 8.80  8.80 | 880 | 8.80 | 7.55 7.55 7.5  7.55
2 0.58 | 11.09 11.09 11.09 11.09 | 896 896 896 896 | 7.61 | 7.61  7.61 7.61
3 026 | 10.34 1034 10.34 1034 878 878 | 879 | 879 | 7.84 7.84  7.84 7.84
4 017 | 11.14 1114 11.14 11.14| 896 896 896 896 | 7.61 | 7.61  7.61 7.61
5 024 | 947 | 947 947 947 | 813 813 | 813 | 8.13 | 7.09 7.09 | 7.09  7.09
6 0.71 | 11.44 1144 11.44 1144 899 899 899 | 899 | 757 7.57 | 7.57  17.57
Lower 7 092 | 11.83 | 11.83 11.83 11.83| 9.04 K 9.04  9.05  9.05 7.53 | 7.53  7.53 | 7.54
8 023 | 16.19 14.75 12.09 11.67 11.96 11.46 10.61 1055  9.67 9.65  9.64  9.63
9 0.54 | 13.64 1276 11.15 10.97  10.60 1026 9.76 = 9.77 | 8.39 | 831 857  8.69
10 119 1224|1222 | 1220 1219 9.15 | 9.15  9.14 9.5 | 7.45 | 7.45 7.46 7.47
11 006 | 10.42 1028 10.05 9.91 | 10.26 10.12 9.89 & 9.76  10.21| 10.07 9.84 9.71
12 113 | 1090 | 10.76 | 1052 1038 10.28 10.14 9.92  9.79 |10.06 9.92 9.70  9.58
13 086 | 11.56 1148 11.34 11.25 9.87  9.78  9.65 957 | 8.90 | 882 868  8.61

Abbreviations:

°C = degree Celsius
EOY = end of year
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Table B-51. Simulated Reach Temperatures (°C) for Maximum Weekly Mean August Conditions for ModPRO2 EQY18 through

EQY22
Model Number Length Maximum Temperature for EQY: | Average Temperature for EQY: | Minimum Temperature for EQY:

18 22 18 22 18 22

1 0.5 11.34 11.34 8.83 8.83 6.53 6.53
2 0.43 11.95 11.95 9.03 9.03 6.63 6.63
3 0.63 10.68 10.68 8.06 8.06 5.79 5.79
4 0.67 11.91 11.91 8.98 8.98 6.60 6.60
5 0.86 12.10 12.10 9.18 9.18 6.78 6.78
6 1.91 12.18 12.18 9.34 9.34 7.03 7.03
7 1.4 13.04 13.04 10.10 10.10 8.01 8.01
8 0.76 10.59 10.59 8.30 8.30 6.29 6.30
9 1.3 10.60 10.60 8.39 8.40 6.52 6.53
10 0.76 11.92 11.91 9.03 9.10 6.97 7.10
11 1.4 10.97 10.99 8.59 8.62 6.68 6.73
12 2.44 11.79 11.79 9.23 9.25 7.25 7.27
13 0.31 11.70 11.71 9.17 9.18 7.18 7.21
14 0.35 11.68 11.68 9.15 9.16 717 7.19
15 0.61 12.09 12.09 9.59 9.58 7.65 7.64
16 0.29 12.67 12.64 9.88 9.85 7.71 7.68
17 2.76 12.69 12.69 9.54 9.54 7.36 7.37
Upper |45 | 058 13.90 13.85 10.38 10.37 8.21 8.21
19 0.41 13.65 13.62 10.39 10.37 8.36 8.33
20 0.67 14.45 14.23 10.66 10.57 8.30 8.27
21 1.33 14.36 14.18 10.47 10.39 7.76 7.74
22 0.28 14.86 14.67 10.75 10.67 7.96 7.94
23 0.63 13.74 13.78 10.17 10.38 1747 7.78
24 1.37 13.07 13.07 10.35 10.35 8.62 8.62
25 0.46 13.67 13.32 10.67 10.52 8.56 8.55
26 0.6 13.86 13.87 10.24 10.43 7.50 7.80
27 1.22 14.24 14.23 10.37 10.54 7.48 7.77
28 0.52 10.34 10.34 7.99 8.00 5.81 5.83
29 0.33 10.15 10.16 8.17 8.18 6.40 6.42
30 1.32 10.42 10.42 8.55 8.56 6.97 6.98
31 0.42 10.52 10.53 8.65 8.65 7.06 7.07
32 0.15 10.86 10.86 8.77 8.78 7.11 7.12
33 0.36 14.20 14.18 10.32 10.47 7.44 7.70
34 0.43 14.74 14.61 10.48 10.59 741 7.65
35 1.53 11.50 11.50 9.92 9.92 8.63 8.63
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Model Number Length Maximum Temperature for EQY: | Average Temperature for EQY: | Minimum Temperature for EQY:
18 22 18 22 18 22

36 0.28 13.13 12.63 10.44 10.26 8.74 8.74
37 0.7 13.58 13.17 10.52 10.39 8.51 8.53
38 0.71 16.19 14.78 11.21 10.73 7.92 7.94
39 0.38 15.60 15.28 10.72 10.77 7.35 7.58
40 1.48 12.37 12.24 9.41 9.36 7.51 7.51
41 0.45 15.88 14.40 10.11 9.85 7.58 7.58
42 0.24 16.00 15.61 10.82 10.83 7.32 7.54
1 0.55 11.63 11.63 8.87 8.87 6.44 6.44
2 0.58 12.33 12.33 9.10 9.10 6.51 6.51
3 0.26 11.08 11.08 8.65 8.69 6.70 6.78
4 0.17 12.36 12.35 9.12 9.12 6.53 6.53
5 0.24 10.51 10.51 8.18 8.19 6.12 6.13
6 0.71 12.67 12.66 9.20 9.20 6.55 6.55

Lower 7 0.92 13.11 13.11 9.34 9.34 6.60 6.60
8 0.23 18.81 18.81 13.70 13.70 10.55 10.55
9 0.54 15.59 16.12 12.07 12.24 9.31 9.20
10 1.19 13.64 13.63 9.57 9.57 6.69 6.70
11 0.06 12.40 12.34 12.24 12.19 12.18 12.13
12 1.13 12.93 12.87 12.28 12.23 12.01 11.96
13 0.86 13.41 13.36 11.18 11.16 9.59 9.59

Abbreviations:

°C = degree Celsius
EQY = end of year

Table B-52. Simulated Reach Temperatures (°C) for Maximum Weekly Mean August Conditions for ModPRO2 EQY27 through
EOY112

Maximum Temperature for Minimum Temperature for
Model | Number | Length EOY: EOY:
27 32 52 | 112 | 27 32 52 112 | 27 | 32 52 | 112

Average Temperature for EQY:

0.5 11.30 | 11.30 | 11.30 | 11.30| 8.81 | 8.81 | 8.81 | 8.81 | 6.52 | 6.52 | 6.52 | 6.52

0.43 11.86 | 11.86 | 11.86 | 11.86 | 8.99 | 8.99 | 899 | 899 | 6.61 | 6.61  6.61 | 6.61

0.63 10.62 | 10.62 A 10.62 | 10.62 | 8.03 | 8.03 | 8.03 | 8.03 | 5.74 | 5.74 | 5.74 | 5.74
0.67 11.80 | 11.80 | 11.80 | 11.80| 893 | 8.93 | 8.93 | 893 | 6.58 | 6.58 | 6.58 | 6.58

Upper
PP 0.86 1196 1196 | 11.96 | 11.96 | 9.11 | 9.11 | 9.11 9.11 | 6.77 | 6.77 | 6.77 | 6.77

1.91 12.02 | 12.02 | 12.02 | 12.02 | 9.26 | 9.26 | 9.26 | 9.27 | 7.03 | 7.02 | 7.03 | 7.03

1.4 12.98 | 12.98 | 12.98 | 12.98 | 10.00 | 10.00 | 10.00 | 10.00 K 7.87 | 7.87 | 7.87 | 7.87
1.87 19.74 | 18.54 | 17.00 | 15.01 | 11.92 | 11.43 | 10.89 | 10.21 A 6.90 | 6.89 | 6.88 | 6.86

© 00N oo | o B~ W N -

0.76 11.8111.80 | 11.80 | 11.81 | 8.97 | 9.21 | 9.03 | 891 | 6.92 | 7.37 | 7.04 | 6.82
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odel umber | Longth Maximum T:(;l;[:)erature for Average Temperature for EOY: Minimum T:81Y[:)erature for
27 | 32 52 | 112 | 27 32 52 112 | 27 | 32 52 | 112

10 0.83 15.03 | 11.81 | 11.57 | 11.45| 9.87 | 9.03 | 8.77 | 8.61 | 6.50 | 6.97 | 6.62 6.38
11 0.91 21.40 | 18.59 | 16.87 | 14.49 | 12.40 | 11.34  10.63 | 9.69 | 6.14 | 6.23 A 6.08 | 5.97
12 0.76 10.52 | 10.51 | 10.52 | 10.52 | 8.27 | 8.26 | 8.27 | 8.27 | 6.26 A 6.25 | 6.25 | 6.26
13 1.33 13.16 | 10.45 | 10.34 | 10.29 | 9.16 | 8.14 | 8.09 A 8.07 | 6.11 | 6.09 | 6.09  6.10
14 1.27 20.22 | 17.16 | 15.38 | 13.17 | 12.05 | 10.75  10.02 | 9.12 4 592 | 5.89 A 5.80 | 5.70
15 0.56 21.29 | 18.42 | 16.18 | 13.41 | 12.76 | 11.40 10.47| 9.31 | 6.02 | 5.90 A 5.77 | 5.63
16 0.73 21.48 | 19.01 | 16.80 | 13.92 | 13.01 | 11.63 | 10.64 | 9.36 | 6.10 | 591 | 5.77 | 5.60
17 0.8 17.95 | 16.61 | 15.18 | 13.38 | 12.75 | 11.91 | 11.26 | 10.46 | 8.45 | 8.27 | 8.21 | 8.12
18 0.29 16.98 | 15.96 | 14.71 | 13.23 | 12.68 | 12.00 | 11.44 | 10.78 | 9.11 | 895 | 8.90 A 8.82
19 2.76 12.72 1 12,72 | 12,72 | 12.72 | 9.48 | 9.48 | 947 | 948 | 7.23 | 723 | 7.22 7123
20 0.58 13.85 | 13.80 | 13.69 | 13.66 | 10.30 | 10.28 | 10.25 | 10.24 | 8.08 A 8.07 | 8.07 | 8.08
21 0.41 13.59 | 13.52 | 13.40 | 13.37 | 10.31 | 10.28 | 10.25 | 10.24 | 8.23 | 8.22 | 8.22 | 8.22
22 0.67 13.98 | 13.64 | 12.86 | 12.61 | 10.42 | 10.31 | 10.09 | 10.04 | 8.12 | 8.11 | 8.11 | 8.11
23 1.33 16.29 | 15.55 | 14.33 | 13.19 | 12.17 | 11.64 | 11.08 | 10.56 | 8.86 | 8.68 | 8.57 & 8.50
24 0.28 16.29 | 15.58 | 14.32 | 13.24 | 12.21 | 11.70 | 11.14 | 10.64 | 8.95 | 8.77 | 8.66 A 8.61
25 0.63 14.35 | 14.01 | 13.39 | 12.90 | 10.87 | 10.63 | 10.35 | 10.12 A 8.01 | 791 | 7.85  7.84
26 1.37 13.07 | 13.07 | 13.07 | 13.07 | 10.35 | 10.35 | 10.35 | 10.35 | 8.62 | 8.62 | 8.62 A 8.62
27 0.46 13.01 | 12.87 | 12.53 | 12.45| 10.38 | 10.32 | 10.21 | 10.19 | 8.55 | 857 | 8.55  8.55
28 0.6 14.35 | 14.02 | 13.41 | 12.94 | 10.89 | 10.65 | 10.37 | 10.15 | 8.03 | 793 | 7.87 @ 7.85
29 1.22 14.53 | 14.20 | 13.61 | 13.19 | 10.97 | 10.73 | 10.46 | 10.24 A 8.01 791 | 7.85  7.83
30 0.52 10.36 | 10.34 | 10.34 | 10.34| 8.06 | 7.99 | 7.99 | 7.98 | 592 | 5.80 | 5.81 | 5.79
31 0.33 10.18 | 10.15 | 10.15 | 10.15| 8.23 | 8.17 | 8.17 | 8.16 | 6.51 | 6.41 | 6.41 @ 6.39
32 1.32 10.44 | 10.42 | 10.42 | 10.42 | 8.60 | 8.56 | 8.56 A 855 | 7.04 | 6.98 | 6.98  6.97
33 0.42 10.75 | 10.69 | 10.58 | 10.55| 8.81 | 8.76 | 8.73 | 872 | 723 | 7.18 | 7.17 | 7.18
34 0.15 11.15 | 11.07 | 10.93 | 10.90 | 896 | 891 | 8.86 A 886 | 7.29 | 7.24 | 7.24 1724
35 0.36 14.38 | 14.08 | 13.54 | 13.20 | 10.87 | 10.65 | 10.39 | 10.19 | 7.96 | 7.86 | 7.80 K 7.77
36 0.43 14.69 | 14.38 | 13.79 | 13.43 | 10.96 | 10.74 | 10.46 | 10.25 | 7.93 | 7.83 | 7.76 | 7.73
37 1.53 11.50 | 11.50 | 11.50 | 11.50 | 9.92 | 9.92 | 9.92 | 9.92 | 8.63 | 8.63 | 8.63  8.63
38 0.28 12.41 | 12,19 | 11.66 | 11.59 | 10.19 | 10.12 | 10.00 | 9.99 | 8.74 A 8.74 | 8.74 | 8.74
39 0.7 13.01 | 12.84 | 12.48 | 12.43 | 10.33 | 10.27 | 10.19 | 10.19 | 8.53 | 8.52 | 8.53 | 8.57
40 0.71 13.82 | 13.18 | 12.09 | 12.01 | 10.40 | 10.18 | 9.78 | 9.77 | 7.93 | 792 | 7.93 | 7.97
41 0.38 15.20 | 14.87 | 14.16 | 13.80 | 11.07 | 10.85 | 10.53 | 10.32 | 7.88 | 7.77 | 7.71 | 7.67
42 1.48 12.17 | 12,11 ) 11.94 | 1191 | 934 | 932 | 9.28 | 9.28 | 751 | 7.51 | 7.51 | 7.51
43 0.45 13.82 | 13.47 | 12.56 | 12.37 | 9.74 | 9.64 | 944 A 942 | 7.58 | 7.58 | 7.58 | 7.58
44 0.24 15.47 | 15.13 | 14.39 | 14.03 | 11.10 | 10.88 | 10.55 | 10.34 | 7.84 | 7.73 | 7.67 | 7.63
Lower 1 0.55 11.63 | 11.63 | 11.63 | 11.63 | 8.87 | 8.87 | 8.87 A 887 | 6.44 | 6.44 | 6.44  6.44

B-96



ModPRO2 SPLNT Modeling Report Appendix B

odel umber | Longth Maximum T:(;l;[:)erature for Average Temperature for EOY: Minimum T:cr;1Y[:)erature for
27 | 32 52 | 112 | 27 32 52 112 | 27 | 32 52 | 112

2 0.58 12.33 | 12.33 | 12.33 | 12.33 | 9.10 | 9.10 | 9.10 | 9.10 | 6.51 | 6.51 | 6.51 | 6.51
3 0.26 11.08 | 11.08 | 11.08 | 11.07 | 8.68 | 8.64 | 8.65  8.59 | 6.77 | 6.69 | 6.70 A 6.60
4 0.17 12.35 | 12.36 | 12.35 | 12.36| 9.12 | 9.12 | 9.12 | 9.12 | 6.53 | 6.53 | 6.53 | 6.52
5 0.24 10.51 | 10.51 | 10.51 | 10.51 | 8.19 | 8.18 | 8.19 | 8.19 | 6.13 | 6.12 | 6.13 | 6.13
6 0.71 12.66 | 12.66 | 12.66 | 12.66 | 9.20 | 9.20 | 9.20 | 9.20 | 6.55 | 6.55 | 6.55 @ 6.55
7 0.92 13.11 | 13.11 | 13.11 | 13.11| 9.34 | 934 | 9.34 | 9.34 | 6.60 | 6.60 | 6.61  6.61
8 0.23 18.81 | 17.73 | 13.43 | 13.14 | 13.70 | 13.08 | 11.60 | 11.55 | 10.55| 10.53 | 10.49 | 10.48
9 0.54 15.39 | 14.51 | 12.30 | 12.11 | 12.00 | 11.59 | 10.70 | 10.68 | 9.35 | 9.34 | 9.38 | 9.49
10 1.19 13.63 | 13.62 | 13.59 | 13.58 | 9.57 | 9.57 | 9.56 | 9.56 | 6.71 | 6.71 | 6.72 @ 6.73
11 0.06 12.53 | 12.33 | 12.02 | 11.82 | 12.39 | 12.19 | 11.88 | 11.68 | 12.34| 12.14 | 11.83 | 11.63
12 1.13 13.02 | 12.83 | 12.51 | 12.32 | 12.42 | 12.23 | 11.92 | 11.72 | 12.18 11.98 | 11.68  11.49
13 0.86 13.41 | 13.30 | 13.10 | 12.99 | 11.33 | 11.21 | 11.03 | 10.92 | 9.83 | 9.72 | 9.54 | 9.44

Abbreviations:
°C = degree Celsius
EQY = end of year

Table B-53. Simulated Reach Flows (cms) for Maximum Weekly Summer Conditions for the ModPRO2 EQY18 through EQY22

Model Number Length E0Y
(km) 18 22
1 0.50 0.0975 0.0975
2 0.43 0.1028 0.1028
3 0.63 0.0488 0.0488
4 0.67 0.1604 0.1604
5 0.86 0.1698 0.1698
6 1.91 0.2000 0.1999
7 1.40 0.0228 0.0227
8 0.76 0.0272 0.0272
9 1.30 0.0289 0.0290
Upper
10 0.76 0.0108 0.0112
11 1.40 0.0410 0.0416
12 2.44 0.0690 0.0696
13 0.31 0.0690 0.0696
14 0.35 0.0690 0.0696
15 0.61 0.0769 0.0769
16 0.29 0.0796 0.0794
17 2.76 0.0278 0.0278
18 0.58 0.0392 0.0393
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Model Number Length EoY
(km) 18 22
19 0.41 0.0430 0.0425
20 0.67 0.0514 0.0508
21 1.33 0.1334 0.1327
22 0.28 0.1439 0.1432
23 0.63 0.3605 0.3753
24 1.37 0.0063 0.0063
25 0.46 0.0116 0.0116
26 0.60 0.3760 0.3908
27 1.22 0.3810 0.3959
28 0.52 0.0213 0.0214
29 0.33 0.0257 0.0258
30 1.32 0.0317 0.0318
31 0.42 0.0342 0.0343
32 0.15 0.0352 0.0353
33 0.36 0.4201 0.4352
34 0.43 0.4206 0.4356
35 1.53 0.0066 0.0066
36 0.28 0.0120 0.0120
37 0.70 0.0137 0.0138
38 0.71 0.0175 0.0177
39 0.38 0.4390 0.4545
40 1.48 0.0106 0.0106
41 0.45 0.0140 0.0140
42 0.24 0.4530 0.4685
1 0.55 0.3107 0.3107
2 0.58 0.3170 0.3170
3 0.26 0.0072 0.0074
4 0.17 0.3261 0.3263
5 0.24 0.0117 0.0118
6 0.71 0.3429 0.3431
Lower

7 0.92 0.3495 0.3500
8 0.23 0.0033 0.0033
9 0.54 0.0039 0.0034
10 1.19 0.3620 0.3626
11 0.06 0.4516 0.4611
12 1.13 0.4619 0.4714
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Model Number

Length EOY
(km) 18 22
13 0.86 0.8355 0.8457

Abbreviations:

cms = cubic meter per second

EQY = end of year
km = kilometer

Table B-54. Simulated Reach Flows (cms) for Maximum Weekly Summer Conditions for the ModPRO2 EQY27 through

EOY112
Model | Number  Length (km) EO¥
27 32 52 112
1 0.50 0.0975 0.0975 0.0975 0.0975
2 0.43 0.1028 0.1028 0.1028 0.1028
3 0.63 0.0488 0.0488 0.0488 0.0488
4 0.67 0.1604 0.1604 0.1604 0.1604
5 0.86 0.1698 0.1699 0.1698 0.1698
6 1.91 0.2002 0.1999 0.2001 0.2004
7 1.40 0.0215 0.0215 0.0215 0.0215
8 1.87 0.0260 0.0260 0.0260 0.0260
9 0.76 0.0107 0.0124 0.0111 0.0104
10 0.83 0.0120 0.0142 0.0125 0.0115
11 0.91 0.0380 0.0402 0.0385 0.0375
12 0.76 0.0272 0.0272 0.0272 0.0272
13 1.33 0.0290 0.0289 0.0289 0.0290
14 1.27 0.0669 0.0690 0.0674 0.0665
Upper 15 0.56 0.0669 0.0690 0.0674 0.0665
16 0.73 0.0669 0.0690 0.0674 0.0665
17 0.80 0.1116 0.1137 0.1121 0.1112
18 0.29 0.1339 0.1360 0.1344 0.1335
19 2.76 0.0266 0.0265 0.0265 0.0265
20 0.58 0.0371 0.0369 0.0370 0.0370
21 0.41 0.0404 0.0402 0.0402 0.0403
22 0.67 0.0471 0.0469 0.0470 0.0470
23 1.33 0.1887 0.1879 0.1834 0.1825
24 0.28 0.1985 0.1976 0.1931 0.1938
25 0.63 0.4146 0.4131 0.4089 0.4107
26 1.37 0.0063 0.0063 0.0063 0.0063
27 0.46 0.0116 0.0117 0.0116 0.0116
28 0.60 0.4301 0.4287 0.4244 0.4261
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Model | Number  Length (km) EOY
27 32 52 112
29 1.22 0.4352 0.4338 0.4296 0.4314
30 0.52 0.0218 0.0213 0.0213 0.0212
31 0.33 0.0264 0.0258 0.0258 0.0256
32 1.32 0.0325 0.0318 0.0318 0.0317
33 0.42 0.0360 0.0353 0.0353 0.0353
34 0.15 0.0372 0.0365 0.0365 0.0365
35 0.36 0.4764 0.4742 0.4701 0.4718
36 0.43 0.4768 0.4747 0.4706 0.4723
37 1.53 0.0066 0.0066 0.0066 0.0066
38 0.28 0.0120 0.0120 0.0120 0.0120
39 0.70 0.0138 0.0138 0.0138 0.0141
40 0.71 0.0177 0.0177 0.0178 0.0181
41 0.38 0.4957 0.4936 0.4896 0.4916
42 1.48 0.0106 0.0106 0.0106 0.0106
43 0.45 0.0140 0.0140 0.0140 0.0140
44 0.24 0.5097 0.5076 0.5036 0.5056
1 0.55 0.3107 0.3107 0.3107 0.3108
2 0.58 0.3170 0.3170 0.3170 0.3170
3 0.26 0.0073 0.0072 0.0072 0.0070
4 0.17 0.3263 0.3261 0.3262 0.3260
5 0.24 0.0118 0.0117 0.0118 0.0118
6 0.71 0.3431 0.3429 0.3431 0.3429
Lower 7 0.92 0.3501 0.3498 0.3504 0.3504
8 0.23 0.0033 0.0033 0.0033 0.0033
9 0.54 0.0041 0.0042 0.0048 0.0055
10 1.19 0.3634 0.3631 0.3643 0.3652
11 0.06 0.5100 0.5070 0.5030 0.5050
12 1.13 0.5203 0.5173 0.5133 0.5153
13 0.86 0.8954 0.8921 0.8892 0.8921
Abbreviations:

cms = cubic meter per second

EQY = end of year
km = kilometer
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Table B-55. Simulated Reach Flows (cms) for Maximum Weekly Fall Conditions for the ModPR0O2 EQY18 through EQY22

Model Number Length EoY
(km) 18 22
1 0.50 0.0798 0.0798
2 0.43 0.0840 0.0840
3 0.63 0.0401 0.0401
4 0.67 0.1317 0.1317
5 0.86 0.1395 0.1395
6 1.91 0.1630 0.1637
7 1.40 0.0130 0.0130
8 0.76 0.0167 0.0172
9 1.30 0.0179 0.0185
10 0.76 0.0070 0.0070
11 1.40 0.0259 0.0266
12 2.44 0.0419 0.0425
13 0.31 0.0419 0.0425
14 0.35 0.0419 0.0425
15 0.61 0.0526 0.0499
16 0.29 0.0562 0.0523
17 2.76 0.0205 0.0206
Upper 18 0.58 0.0310 0.0312
19 0.41 0.0342 0.0345
20 0.67 0.0409 0.0412
21 1.33 0.0991 0.0956
22 0.28 0.1089 0.1053
23 0.63 0.2834 0.2853
24 1.37 0.0037 0.0037
25 0.46 0.0059 0.0059
26 0.60 0.2911 0.2930
27 1.22 0.2939 0.2958
28 0.52 0.0155 0.0155
29 0.33 0.0179 0.0178
30 1.32 0.0209 0.0208
31 0.42 0.0222 0.0221
32 0.15 0.0227 0.0226
33 0.36 0.3186 0.3205
34 0.43 0.3189 0.3207
35 1.53 0.0036 0.0036
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EQY = end of year
km = kilometer

cms = cubic meter per second

Model Number Length EoY
(km) 18 22

36 0.28 0.0065 0.0065

37 0.70 0.0071 0.0073

38 0.71 0.0089 0.0092

39 0.38 0.3283 0.3304

40 1.48 0.0071 0.0071

41 0.45 0.0090 0.0090

42 0.24 0.3373 0.3394

1 0.55 0.2022 0.2022

2 0.58 0.2070 0.2070

3 0.26 0.0054 0.0054

4 0.17 0.2133 0.2134

5 0.24 0.0073 0.0073

6 0.71 0.2234 0.2235

Lower 7 0.92 0.2275 0.2280
8 0.23 0.0031 0.0031

9 0.54 0.0031 0.0034

10 1.19 0.2360 0.2370

11 0.06 0.3369 0.3407

12 1.13 0.3420 0.3458

13 0.86 0.5846 0.5895

Abbreviations:

Table B-56. Simulated Reach Flows (cms) for Maximum Weekly Fall Conditions for the ModPRO2 EQY27 through EQY112

Model | Number | Length (km) FOY
27 32 52 112

1 0.50 0.0798 0.0798 0.0798 0.0798
2 0.43 0.0840 0.0840 0.0840 0.0840
3 0.63 0.0401 0.0401 0.0401 0.0401
4 0.67 0.1317 0.1317 0.1317 0.1317
5 0.86 0.1395 0.1395 0.1395 0.1395

Upper 6 1.91 0.1636 0.1636 0.1614 0.1637
7 1.40 0.0124 0.0124 0.0124 0.0124
8 1.87 0.0150 0.0150 0.0150 0.0150
9 0.76 0.0063 0.0070 0.0062 0.0061
10 0.83 0.0071 0.0081 0.0070 0.0068
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Model | Number | Length (km) Eo¥
27 32 52 112

11 0.91 0.0221 0.0231 0.0220 0.0218
12 0.76 0.0160 0.0159 0.0160 0.0160
13 1.33 0.0170 0.0169 0.0170 0.0170
14 1.27 0.0390 0.0400 0.0389 0.0388
15 0.56 0.0390 0.0400 0.0389 0.0388
16 0.73 0.0390 0.0400 0.0389 0.0388
17 0.80 0.0690 0.0700 0.0689 0.0688
18 0.29 0.0840 0.0850 0.0839 0.0838
19 2,76 0.0193 0.0193 0.0193 0.0193
20 0.58 0.0282 0.0282 0.0282 0.0282
21 0.41 0.0305 0.0304 0.0305 0.0305
22 0.67 0.0370 0.0369 0.0370 0.0370
23 1.33 0.1285 0.1267 0.1229 0.1228
24 0.28 0.1375 0.1357 0.1319 0.1318
25 0.63 0.3128 0.3110 0.3034 0.3074
26 1.37 0.0037 0.0037 0.0037 0.0037
27 0.46 0.0059 0.0059 0.0059 0.0059
28 0.60 0.3205 0.3187 0.3111 0.3150
29 1.22 0.3234 0.3215 0.3139 0.3179
30 0.52 0.0155 0.0155 0.0155 0.0154
31 0.33 0.0179 0.0179 0.0179 0.0178
32 1.32 0.0209 0.0210 0.0210 0.0208
33 0.42 0.0226 0.0227 0.0226 0.0225
34 0.15 0.0232 0.0233 0.0232 0.0231
35 0.36 0.3486 0.3468 0.3392 0.3432
36 0.43 0.3489 0.3471 0.3395 0.3434
37 1.53 0.0036 0.0036 0.0036 0.0036
38 0.28 0.0065 0.0065 0.0065 0.0065
39 0.70 0.0072 0.0069 0.0074 0.0074
40 0.71 0.0091 0.0086 0.0093 0.0093
41 0.38 0.3586 0.3563 0.3494 0.3533
42 1.48 0.0071 0.0071 0.0071 0.0071
43 0.45 0.0090 0.0090 0.0090 0.0090
44 0.24 0.3676 0.3653 0.3584 0.3623
1 0.55 0.2023 0.2023 0.2023 0.2023
Lower 2 0.58 0.2070 0.2070 0.2070 0.2070
3 0.26 0.0054 0.0054 0.0054 0.0054
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Model | Number | Length (km) EOY
27 32 52 112

4 0.17 0.2134 0.2134 0.2134 0.2134
5 0.24 0.0073 0.0073 0.0073 0.0073
6 0.71 0.2235 0.2235 0.2236 0.2236
7 0.92 0.2278 0.2279 0.2283 0.2284
8 0.23 0.0031 0.0031 0.0031 0.0031
9 0.54 0.0033 0.0031 0.0040 0.0045
10 1.19 0.2368 0.2368 0.2382 0.2389
11 0.06 0.3670 0.3650 0.3580 0.3620
12 1.13 0.3721 0.3701 0.3631 0.3671
13 0.86 0.6156 0.6136 0.6080 0.6127

Abbreviations:

cms = cubic meter per second
EQY = end of year
km = kilometer

Table B-57. Simulated Reach Flows (cms) for Maximum Weekly Mean August Conditions for the ModPR02 EQY18 through EQY22
Model = Number = -cnEth EOY
(km) 18 22
1 0.50 0.0975 0.0975
2 0.43 0.1028 0.1028
3 0.63 0.0488 0.0488
4 0.67 0.1604 0.1604
5 0.86 0.1698 0.1698
6 1.91 0.2000 0.1999
7 1.40 0.0228 0.0227
8 0.76 0.0272 0.0272
9 1.30 0.0289 0.0290
10 0.76 0.0108 0.0112
Upper 11 1.40 0.0410 0.0416
12 2.44 0.0690 0.0696
13 0.31 0.0690 0.0696
14 0.35 0.0690 0.0696
15 0.61 0.0769 0.0769
16 0.29 0.0796 0.0794
17 2.76 0.0278 0.0278
18 0.58 0.0392 0.0393
19 0.41 0.0430 0.0425
20 0.67 0.0514 0.0508
21 1.33 0.1334 0.1327

B-104



ModPRO2 SPLNT Modeling Report

Appendix B

Model Number Length F0Y
(km) 18 22
22 0.28 0.1439 0.1432
23 0.63 0.3598 0.3712
24 1.37 0.0063 0.0063
25 0.46 0.0116 0.0116
26 0.60 0.3753 0.3867
27 1.22 0.3803 0.3918
28 0.52 0.0213 0.0214
29 0.33 0.0257 0.0258
30 1.32 0.0317 0.0318
31 0.42 0.0342 0.0343
32 0.15 0.0352 0.0353
33 0.36 0.4194 0.4311
34 0.43 0.4199 0.4315
35 1.53 0.0066 0.0066
36 0.28 0.0120 0.0120
37 0.70 0.0137 0.0138
38 0.71 0.0175 0.0177
39 0.38 0.4383 0.4504
40 1.48 0.0106 0.0106
41 0.45 0.0140 0.0140
42 0.24 0.4523 0.4644
1 0.55 0.3107 0.3107
2 0.58 0.3170 0.3170
3 0.26 0.0072 0.0074
4 0.17 0.3261 0.3263
5 0.24 0.0117 0.0118
6 0.71 0.3429 0.3431
Lower 7 0.92 0.3495 0.3500
8 0.23 0.0033 0.0033
9 0.54 0.0039 0.0034
10 1.19 0.3620 0.3626
11 0.06 0.4516 0.4611
12 1.13 0.4619 0.4714
13 0.86 0.8355 0.8457
Abbreviations:

cms = cubic meter per second
EQY = end of year
km = kilometer
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Table B-58. Simulated Reach Flows (cms) for Maximum Weekly Mean August Conditions for the ModPRO2 EQY27 through

EOY112
Model | Number | Length (km) EOY
27 32 52 112
1 0.50 0.0975 0.0975 0.0975 0.0975
2 0.43 0.1028 0.1028 0.1028 0.1028
3 0.63 0.0488 0.0488 0.0488 0.0488
4 0.67 0.1604 0.1604 0.1604 0.1604
5 0.86 0.1698 0.1699 0.1698 0.1698
6 1.91 0.2002 0.1999 0.2001 0.2004
7 1.40 0.0215 0.0215 0.0215 0.0215
8 1.87 0.0260 0.0260 0.0260 0.0260
9 0.76 0.0107 0.0124 0.0111 0.0104
10 0.83 0.0120 0.0142 0.0125 0.0115
11 0.91 0.0380 0.0402 0.0385 0.0375
12 0.76 0.0272 0.0272 0.0272 0.0272
13 1.33 0.0290 0.0289 0.0289 0.0290
14 1.27 0.0669 0.0690 0.0674 0.0665
15 0.56 0.0669 0.0690 0.0674 0.0665
16 0.73 0.0669 0.0690 0.0674 0.0665
17 0.80 0.1116 0.1137 0.1121 0.1112
18 0.29 0.1339 0.1360 0.1344 0.1335
Upper 19 2.76 0.0266 0.0265 0.0265 0.0265
20 0.58 0.0371 0.0369 0.0370 0.0370
21 0.41 0.0404 0.0402 0.0402 0.0403
22 0.67 0.0471 0.0469 0.0470 0.0470
23 1.33 0.1886 0.1880 0.1834 0.1825
24 0.28 0.1984 0.1977 0.1931 0.1938
25 0.63 0.4145 0.4132 0.4089 0.4107
26 1.37 0.0063 0.0063 0.0063 0.0063
27 0.46 0.0116 0.0117 0.0116 0.0116
28 0.60 0.4300 0.4288 0.4244 0.4261
29 1.22 0.4351 0.4339 0.4296 0.4314
30 0.52 0.0218 0.0213 0.0213 0.0212
31 0.33 0.0264 0.0258 0.0258 0.0256
32 1.32 0.0325 0.0318 0.0318 0.0317
33 0.42 0.0360 0.0353 0.0353 0.0353
34 0.15 0.0372 0.0365 0.0365 0.0365
35 0.36 0.4763 0.4743 0.4701 0.4718
36 0.43 0.4767 0.4748 0.4706 0.4723
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Model | Number | Length (km) Eo¥
27 32 52 112
37 1.53 0.0066 0.0066 0.0066 0.0066
38 0.28 0.0120 0.0120 0.0120 0.0120
39 0.70 0.0138 0.0138 0.0138 0.0141
40 0.71 0.0177 0.0177 0.0178 0.0181
41 0.38 0.4956 0.4937 0.4896 0.4916
42 1.48 0.0106 0.0106 0.0106 0.0106
43 0.45 0.0140 0.0140 0.0140 0.0140
44 0.24 0.5096 0.5077 0.5036 0.5056
1 0.55 0.3107 0.3107 0.3107 0.3108
2 0.58 0.3170 0.3170 0.3170 0.3170
3 0.26 0.0073 0.0072 0.0072 0.0070
4 0.17 0.3263 0.3261 0.3262 0.3260
5 0.24 0.0118 0.0117 0.0118 0.0118
6 0.71 0.3431 0.3429 0.3431 0.3429
Lower 7 0.92 0.3501 0.3498 0.3504 0.3504
8 0.23 0.0033 0.0033 0.0033 0.0033
9 0.54 0.0041 0.0042 0.0048 0.0055
10 1.19 0.3634 0.3631 0.3643 0.3652
11 0.06 0.5100 0.5070 0.5030 0.5050
12 1.13 0.5203 0.5173 0.5133 0.5153
13 0.86 0.8954 0.8921 0.8892 0.8921

Abbreviations:

cms = cubic meter per second

EQY = end of year
km = kilometer
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Section 7: Simulated Warmest Temperatures for the Comparison of
No Action and ModPRO2 Alternative

This section provides the warmest simulated temperatures for the No Action and the ModPRO2
alternative for each simulated mine year. These tables address the maximum weekly summer
condition and the maximum weekly fall condition, and simulated maximums and averages are
provided. The main report compares the warmest simulated temperatures for a particular mine year
(EQY6, EOY12, EOY18, and EOY112). The tables in this section provide the data for each simulation
year.
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Table B-59. Highest Simulated Temperatures (°C) across Model Scenarios and Mine Years for Different Parts of the Study Area for the ModPR0O2
Area S'T“;r‘:a:;:t'z:‘;'y No EOY6 EOY12 EOY18 EOY22 EOY27 EOY32 EOY52 EOY112
Stztistic Action ModPR0O2 ModPR0O2 ModPR0O2 ModPR0O2 ModPR0O2 ModPR0O2 ModPR0O2 ModPR0O2
SummerMax: | 13.7 13.8 13.8 13.8 13.8 13.8 13.8 13.8 13.8
Upper EFSFSR FallMax: | 11.1 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0
(above Meadow
Creek) SummerAvg: | 10.3 10.2 10.3 10.3 10.3 10.3 10.3 10.3 10.3
Fall Avg: 8.8 8.8 8.9 8.8 8.9 8.9 8.9 8.8 8.9
SummerMax: | 17.9 14.9 14.7 14.8 14.8 24.5 223 19.9 17.4
Meadow Creek Fall Max: 15.1 12.4 11.8 11.8 11.8 17.9 15.8 14.4 12.7
above East Fork
Meadow Creek Summer Avg: 12.7 12.3 11.4 11.5 11.5 15.0 13.9 13.2 12.4
FallAvg: | 10.4 9.3 9.3 9.5 9.3 11.2 10.6 10.2 9.7
SummerMax: | 19.8 18.2 17.0 16.8 16.6 18.6 18.0 16.6 15.3
Meadow Creek Fall Max: 16.2 15.9 13.8 13.4 13.2 13.9 13.3 12.4 11.6
below East Fork
Meadow Creek Summer Avg: 13.4 13.1 12.1 12.2 12.1 13.9 13.4 12.8 12.2
FallAvg: | 108 10.2 10.0 10.0 9.9 10.7 10.4 9.9 9.6
SummerMax: | 17.4 16.4 15.8 16.0 16.1 16.4 16.1 15.4 14.8
Middle EFSFSR Fall Max: 14.0 13.6 12.7 12.7 12.5 12.6 12.4 12.0 11.8
(between Meadow
Fall Avg: 9.9 9.6 9.4 9.5 9.4 9.8 9.6 9.4 9.3
SummerMax: | 11.5 11.9 11.5 11.6 11.6 11.9 11.8 11.6 11.6
FallMax: | 10.1 10.4 10.3 10.3 10.3 10.6 10.5 10.4 10.3
Fiddle Creek
Summer Avg: 9.5 9.7 9.6 9.5 9.5 9.7 9.7 9.6 9.6
Fall Avg: 8.3 8.3 8.3 8.2 8.2 8.4 8.3 8.3 8.3
SummerMax: | 17.4 16.3 18.1 18.3 18.0 17.7 17.3 16.4 16.0
Lower EFSFSR FallMax | 14.0 13.3 14.7 14.1 13.6 13.4 13.2 12.6 12.4
(between Fiddle
and Sugar Creek) SummerAvg: | 13.5 11.8 13.7 13.8 13.7 13.9 13.7 13.3 13.1
FallAvg: | 10.6 9.4 10.3 10.2 10.1 10.3 10.1 9.9 9.8
SummerMax: | 12.9 21.7 19.1 20.9 20.9 20.6 20.1 16.8 16.8
FallMax: | 11.0 17.1 17.3 16.2 16.2 16.2 14.7 13.2 13.2
West End Creek
SummerAvg: | 11.1 13.7 12.7 16.8 16.8 16.8 16.8 16.8 16.8
Fall Avg: 9.6 10.4 10.3 13.2 13.2 13.2 13.2 13.2 13.2
Lower Sugar Creek Summer Max: 15.4 15.7 15.6 15.7 15.7 15.5 15.5 15.5 15.4
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Area S'T'zr‘:a:‘::tzz'y No EOY6 EOY12 EOY18 EOY22 EOY27 EOY32 EOY52 EOY112
Stgtistic Action | ModPRO2 | ModPRO2 | ModPRO2 | ModPRO2 | ModPRO2 | ModPRO2 | ModPRO2 | ModPRO2
FallMax: | 122 12.3 12.3 12.2 12.2 12.2 12.2 12.2 12.2
SummerAvg: | 10.7 10.8 10.7 10.8 10.8 10.8 10.7 10.7 10.7
Fall Avg; 9.1 9.1 9.1 9.1 9.2 9.1 9.1 9.1 9.1
Summer Max: 14.9 16.0 15.0 15.1 15.1 15.0 14.9 14.7 14.5
EFSFSR FallMax: | 11.9 12.5 11.6 11.6 115 11.6 115 11.3 113
downstream of
Sugar Creek SummerAvg: | 13.0 11.4 13.1 13.2 13.2 13.3 13.2 12.9 12.7
FallAvg: | 103 9.2 10.1 10.0 10.0 10.1 10.0 9.8 9.7
Abbreviations:

C = degree Celsius

Avg = average

EFSFSR = East Fork of the South Fork of the Salmon River
EQY = end of year
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I. INTRODUCTION

On April 24, 2024, Applicant Perpetua Resources (“Perpetua” or “company”) filed a
Petition for Reconsideration (“Petition’’) with the Idaho Department of Water Resources (“IDWR”
or “Department”) requesting that Conditions 9, 10, and 14 be deleted and Conditions 13 and 15 be
modified in Officer Cefalo’s April 10, 2024, Preliminary Order Approving Applications
(“Preliminary Order”) and accompanying water right permits for the proposed Stibnite Gold
Project (“Project”).

According to IDWR Proposed Rule 45.01.e, “[t]he Director [of IDWR] will deny an
application [for acquisition, transfer or exchange of a water right] that conflicts with the local
public interest unless the project can be approved with conditions to resolve the local public
interest conflict.”! Officer Cefalo’s Preliminary Order makes clear that he used his broad discretion
and affirmative duty under Idaho law to assess and protect the local public interest by imposing
limited, reasonable, and workable conditions that are based on substantial evidence in the record.?
The Preliminary Order reflects that Officer Cefalo weighed and balanced the information he
learned through a five-day hearing to develop water right conditions that comply with Idaho
Department of Fish and Game’s (“IDFG”) and Office of Species Conservation’s (“OSC”)
recommendation that IDWR develop conditions in addition to the 20% condition proposed by

Perpetua in order to ensure “[s]urface water diversions and infrastructure will not at any time

1 Proposed Rule Text of Docket No. 37-0308-2301, 37-03-08-045.e.v., Idaho Department of Water Resources,
https://idwr.idaho.gov/wp-content/uploads/sites/2/legal/Rule-37-03-08/20231004-370308-PROPOSED-RULE-
FINAL.pdf; The Idaho Legislature has defined the local public interest as “the interests that the people in the area
directly affected by a proposed water use have in the effects of such use on the public water resource.” Idaho Code §
42-202B(3). The local public interest includes the public’s interest in the protection of fish and wildlife habitat. Shokal
v. Dunn, 109 Idaho 330, 338, 707 P.2d 441, 449 (1985).

2 Shokal v. Dunn, 109 Idaho 330, 337, 339, 707 P.2d 441, 448, 450 (1985); Hardy v. Higginson, 123 Idaho 485, 492,
849 P.2d 946, 953 (1993).
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impede the passage of any life stage of Chinook Salmon, Steelhead, Bull Trout, or Cutthroat Trout
from the confluence of the EFSFSR and Sugar Creek upstream past the Point of Diversion.”?
Officer Cefalo also developed water right conditions that provide baseline habitat protections for
fish, including for Endangered Species Act (“ESA”)-listed fish, based on substantial information
in the record. Officer Cefalo’s conditions provide these protections while still affording Perpetua
sufficient operational flexibility to meet the company’s individual peak, industrial, and mining
water demands.

In an attempt to access more water, Perpetua is seeking to roll back Officer Cefalo’s
protections for fish by recasting its representations at the hearing and information it submitted in
the record regarding its operational groundwater needs from the Meadow Creek drainage, its
tunnel modeling and design, its low flow modeling for the East Fork South Fork Salmon River
(“EFSFSR”), and even the size of its River Pump.* But to justify its proposed changes, Perpetua
points to no facts or evidence not already considered by Officer Cefalo, raises no legal error, and
makes no claim that the conditions are untenable or will prevent implementation of its Project.
And, contrary to Perpetua’s assertions, the company’s proposed modifications would result in
water right permits that are inadequately protective of fish habitat and passage.

Now is simply not the appropriate time for Perpetua to seek to modify its water right
permits. Without a final mine plan, Perpetua is continuing to speculate in its Petition, as apparently
it did at the hearing, regarding its ultimate operational water needs. Once Perpetua has a final mine
plan, Perpetua can file an application for amended water rights, as contemplated by Officer

Cefalo’s Condition 11.3

3 Ex. 206 at 1.
4 Petition at 4, 9-11, 13-14.
3 Preliminary Order at 20.
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Protestants Nez Perce Tribe, Save the South Fork Salmon, Inc., and Idaho Conservation
League (“Protestants™), therefore, oppose Perpetua’s Petition and respectfully request that it be
denied in full.

II. ARGUMENT

A. Condition 10 and Condition 15 Both Provide Needed Protection for ESA-
Listed Chinook Salmon and Bull Trout.

Protestants oppose the elimination of Condition 10 and the modification of Condition 15.
Protestants disagree with Perpetua’s assertion that the flow protections provided by Conditions 10
and 15 are duplicative. Although Condition 10 provides some flow protection that overlaps with
Condition 15 for the downstream reach of Meadow Creek, Condition 10’s primary purpose is to
protect flows in Meadow Creek for ESA-listed bull trout above the reach protected by Condition
15.

With respect to Condition 15, Protestants strongly disagree with Perpetua’s contention that
the flow protections Condition 15 provides for fish habitat can be reduced. Protestants also note
that were IDWR to modify Condition 15 as Perpetua proposes, the Meadow Creek flow protections
provided by Condition 10 would be necessary, yet not sufficient, to check the precipitous flow and
fish habitat declines possible in the downstream reach of Meadow Creek under a three-day rolling
average flow regime.

With Officer Cefalo’s Conditions 10 and 15 in place, Perpetua will have flexibility to meet
its operational water demands. Perpetua’s peak mill diversion demand is 4.5 cfs,® which can be
satistfied with the permit conditions. With Perpetua’s plans for water storage and the treatment and

reuse of dewatering and contact water,” Perpetua has the capability to supplement its water needs

6 Ex. 1g at 16.
7 Ex. 1g at 16; Ex. 25b at 2-2, 2-5, 3-8 to 3-10.
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during restrictive periods under Conditions 10 and 15. Additionally, Perpetua’s own analysis of its
industrial water needs® shows that each peak industrial water demand® can be met during the
restrictive periods imposed in Conditions 10 and 15, affording Perpetua operational flexibility.

Condition 10 Should Not Be Eliminated

Officer Cefalo imposed Condition 10 to “attenuate the effects of ground water pumping on
areas outside of the lined section [of Meadow Creek]” and to protect the local public interest in
ESA-listed fish habitat.!” His decision is supported by substantial information in the record.

At the hearing, one of Perpetua’s expert witnesses, Daniel Stanaway, testified that the
company intends to minimize flow depletions in Meadow Creek from groundwater diversions by
installing a geosynthetic liner under Meadow Creek.!! The liner will stretch from “just above
Blow-Out Creek all the way through to near the confluence with the East Fork, South Fork.”!? Mr.
Stanaway explained that even with the liner, however, there will still be flow depletions occurring
in Meadow Creek due to diversions from the industrial supply wells in the Meadow Creek drainage
and from dewatering the Hangar Flats Pit.!3 According to Mr. Stanaway, “even with the liner, a
cone [of] depression [from groundwater pumping] can extend up-gradient of that, and because the
industri[al] supply wells are further up in the drainage then you can have that cone [of] depression

extend essentially upgradient of the head of that liner,” which could deplete flows in Meadow

8 Ex. 25b at 3-9 to 3-10.
9 Ex. 1gat 16.
10 Preliminary Order at 10, 24.

1 Stanaway Test., Tr. at 257-260, 270-271. “Approximately 3,800 feet of geosynthetic liner will be installed under
[Meadow Creek and its] floodplain to minimize streamflow reduction caused by groundwater pumping that occurs
between the TSF Buttress and the confluence of the EFSFSR. Groundwater pumping wells are the only diversions in
the Meadow Creek valley and therefore the only source of streamflow depletions caused by water withdrawal
considered in the water right application for permit.” Ex. 63 at 3-11, 3-12.

12 Stanaway Test., Tr. at 257.

13 Stanaway Test., Tr. at 260; See Preliminary Order at 10.
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Creek.!* Wesley Keller, a fisheries biologist for Protestant Nez Perce Tribe, later testified that
ESA-listed bull trout occupy areas of Meadow Creek beyond the portion Perpetua intends to line
and, in fact, “occupy almost the entire reach and really high up into Meadow Creek.” !

Officer Cefalo based Condition 10’s maximum monthly diversion rate of 31 acre-feet from
the industrial supply wells in the Meadow Creek drainage on Perpetua’s own modeling. Mr.
Stanaway testified that when the modeling team attempted to model the Project’s full freshwater
demand from the proposed industrial supply wells'® in the Meadow Creek drainage, the “model
crashed, the system tanked.”!” According to Mr. Stanaway, the model crashed because “the model
can't find [a] solution because there's essentially no more water there . . . . That was a situation that

would essentially lead to the stream drying up.”!®

As a result, the modeling team tested “what
would be a safe yield from the supply wells, and it came out to be that that 0.5 cfs [of groundwater
diversion] was an acceptable combination of reducing stream flow impacts and still obtaining a
quantity of water that was needed by the project.”'® At one point during his testimony Mr.
Stanaway remarked “you can see that . . . a decision that was made that supply wells here would

be limited to a 0.5 cfs.”?® Perpetua input a maximum monthly diversion rate of 0.5 cfs of

groundwater into its other hydraulic modeling for the Project.?!

14 Stanaway Test, Tr. at 558-260.
I3 Keller Test., Tr. at 902-903.

16 protestants note that eleven industrial supply wells were proposed in the modeling report, yet thirteen industrial
supply wells were proposed in the application for water right 77-14378. The impact of this change is unknown.

17 Stanaway Test., Tr. at 225.

18 Stanaway Test., Tr. at 272, 274.

19 Stanaway Test., Tr. at 226; Ex. 27a at 6-21.
20 Stanaway Test., Tr. at 224.

21 Ex. 25b at 3-9. Perpetua’s Hydrologic Site Model Refined Proposed Action (ModPRO2) Report states that “[t]he
maximum pumping rate for the water supply well system is limited [to] 0.5 cfs in the Mining [Stibnite Hydrologic
Site Model (“SHSM”)] simulation. When the mill demand exceeds 0.5 cfs, additional water is obtained from the
surface water supply intake. In the Mining SHSM the surface water supply is diverted from the EFSFSR at the
upstream (south) end of the EFSFSR tunnel.” /d.
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An average monthly withdrawal rate of 0.5 cfs equals a volume of 31 acre-feet per month—
the limit found in Condition 10.%2 Condition 10 is, therefore, based on the substantial evidence of
Perpetua’s own modeling that it will afford flow protection to ESA-listed bull trout habitat in
Meadow Creek. Without the limit found in Condition 10, Perpetua could potentially divert more
groundwater within the Meadow Creek drainage than can be safely withdrawn without
significantly affecting Meadow Creek stream flows.

In addition to protecting Meadow Creek flows for ESA-listed bull trout, Condition 10 also
provides a reporting benefit. Under Condition 16, Perpetua “shall provide the Department with an
annual report summarizing the diversion amounts and flow rates for the previous calendar year.”??
Consequently, with Condition 10 in place, IDWR and other interested parties will be able to track
withdrawals from Perpetua’s proposed industrial supply wells in the Meadow Creek drainage to
assess effects on Meadow Creek flows and aquatic resources.

Protestants additionally note that Condition 10 incentivizes the conservation of water at the
Project site. Given the local public interest in fish habitat in Meadow Creek, Perpetua should be
using the water it obtains from the Hangar Flats Pit dewatering wells (and other excess mine-
impacted water collected from other site dewatering operations and contact water collection) for
beneficial use—such as for milling or to supplement Meadow Creek stream flows—rather than
simply releasing treated water downstream and pumping fresh groundwater from the industrial

supply wells in the Meadow Creek drainage to satisfy industrial water needs.?* By restricting the

industrial supply wells located in the Meadow Creek drainage to a safe withdrawal rate, Condition

22 Preliminary Order at 10.
23 Preliminary Order at 26.
24 Scanlan Test., Tr. at 132, 139; Bosley Test., Tr. at 392.
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10 incentivizes Perpetua to conserve the water already impacted by mining operations from the
Hangar Flat Pit and other site operations during mining.?
Protestants oppose Perpetua’s proposed elimination of Condition 10.

Condition 15 Should Not Be Modified

Unlike the broad protections of Condition 10, Condition 15 is specifically intended to
protect the local public interest in the downstream reach of Meadow Creek, the portion Perpetua
proposes to line with a geosynthetic liner. This reach begins slightly above the confluence of
Blowout Creek and Meadow Creek and stretches downstream to the confluence of Meadow Creek
and the EFSFSR.2¢

Protestants provided substantial evidence at hearing that protecting fish habitat in Meadow
Creek is in the local public interest. Meadow Creek is home to ESA-listed Chinook salmon, ESA-
listed bull trout, rainbow trout, and west slope cutthroat trout?” and provides critical spawning and
rearing habitat for ESA-listed bull trout and Chinook salmon,?® which the Nez Perce Tribe has
been outplanting in Meadow Creek since 2000.2° As noted earlier, bull trout occupy almost all of
Meadow Creek.*°

Ryan Kinzer and Mike Ackerman’s September 11, 2023, expert fisheries report established

that the quantity and timing of water diversions in Meadow Creek has the potential to impact

25 Such an incentive appears appropriate in light of Terry Scanlan’s testimony regarding Perpetua’s
dewatering wells and mill diversion demand: “[T]here's times where you've got a lot more water being
pumped than can be used, and so you have to discharge that. Treat it and discharge it, which is costly. So you
don't want to do that if you can avoid it.” Scanlan Test, Tr. at 158.

26 Stanaway Test., Tr. at 257-260, 270-271; Ex. 63 at 3-11.
27 Keller Test., Tr. at 902-904; Kinzer Test., Tr. at 1071.
28 Ex. 201 at 4.

29 Keller Test., Tr. at 898-900, 917-18, 921. “[W]e out-plant adult Chinook Salmon up there because it is a -- it is a
quality habitat that those fish used to have access to, and we want to make sure that it's being fully utilized.” Kinzer
Test., Tr. at 1086.

30 Keller Test., Tr. at 902-903.
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spawning and rearing of Chinook salmon and bull trout there.?! Mr. Kinzer articulated the potential

effects as follows:

A primary concern . . . is reduction in fish habitat. Fish obviously
require water, so as we -- as we lower the water levels we also, you
know, lower fish habitat.>> There's some secondary concerns that
impact fish survival. Stream temperatures can definitely impact fish
survival.’* There's been shown in the literature [a] relationship
between flow and productivity [defined as the number of offspring
per adult spawner]. Productivity seems to decrease as flows decrease
specifically along this reach upstream of the Yellow Pine Pit where
we are out-planting the fish[.] [T]here's a concern of red[d]
dewatering. Fish do have the ability to move and go into different
areas to seek out refuge and can withstand some impacts. Red[ds]s
do not. Red[d]s are very static and as the water decreases it can
affect them and the survival of the eggs inside the red[d].?*

Mr. Keller testified that when Chinook salmon spawn, they lay their eggs in redds they construct
“high in the water column so they're very close to the surface of the water. You know, and so you
just have to have good consistent flow over those red[d]s in order to have those eggs survive.”
Based on the local public interest in fish habitat in Meadow Creek, Officer Cefalo found
that a primary concern for Meadow Creek is flow depletion resulting from Project-related

groundwater pumping.’® He explicitly declined, however, to include a condition “requiring

31 Ex. 201 at 5-8.

32 Mr. Kinzer’s expert report states: “Reductions in flow have been found to reduce foraging opportunities and growth,
increase mortality by reducing available habitat, alter feeding behaviors and associated food webs, and often change
stream temperatures from optimal conditions (NOAA 2021b). Additional effects to fish include, but are not limited
to, changes in water quality and chemistry (NOAA 2017), hindered fish passage (Thompson 1972), increased mortality
from density dependence, scouring of redds from increased anchor ice during winter low-flow months, and/or
dewatering of redds during critical egg incubation months.” Ex. 201 at 4.

33 “The concern that I have is that the water -- the water withdrawals would drive temperatures up and, you know,
consequently kind of push these lines up higher up onto that Y axis and into that red level where fish are going to have
a harder time surviving out there. . . . [I]t's established in the literature that generally water withdrawals will drive
temperatures up. So I think that's a pretty common, common thing.” Kinzer Test., Tr. at 1128.

34 Kinzer Test., Tr. at 1072-73.
35 Keller Test., Tr. at 896.
36 Preliminary Order at 24.
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Perpetua to construct a new Meadow Creek channel with a liner” as the company proposes to do.3’
Noting that stream channel alteration is governed by a separate part of Idaho Code, Officer Cefalo
elected to instead preserve fish habitat through the downstream reach of Meadow Creek by
requiring a minimum stream flow of 3.0 cfs whenever Perpetua is diverting groundwater from
wells in the Meadow Creek drainage.>®

Officer Cefalo derived a minimum streamflow of 3.0 cfs from his finding that “[b]ase flows
in Meadow Creek range between 2.0 cfs and 3.0 cfs in low to average water years.”*® For this
finding, Officer Cefalo cited Protestant Nez Perce Tribe’s Expert Witness Report, prepared by Mr.
Kinzer and Mr. Ackerman. The report provides a table with the 5%, 50%, and 95% exceedance
flows for Meadow Creek*® and concludes that “[t]he median monthly flow, calculated from a 3-
day rolling mean of daily averages (using the historical record and downloading from USGS), in
Meadow Creek ranges from 2 to 40 cfs.”*! The 95% exceedance flows depicted in Mr. Kinzer and
Mr. Ackerman’s table are under 2.0 cfs for six months of the year.*?

Although Officer Cefalo’s Condition 15 is based on substantial evidence in the record,
Perpetua proposes that various components of the Condition be changed, namely: 1) Officer
Cefalo’s decision to impose a 3.0 cfs minimum flow when groundwater diversions are occurring
in Meadow Creek instead of 95% exceedance flows; 2) Officer Cefalo’s decision to impose a
continuous minimum stream flow as opposed to a three-day average; 3) Officer Cefalo’s starting

point in Meadow Creek for Condition 15; and 4) Officer Cefalo’s decision to apply Condition 15

37 Preliminary Order at 24.
38 Preliminary Order at 24.
39 Preliminary Order at 9.
40 Ex. 201 at 5.

1 Ex. 201 at 5.

2 Ex. 201 at 5.
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to Permit 77-7285 in addition to Permit 77-14378. Protestants address Perpetua’s arguments in
turn below.

3.0 cfs v. 95% Exceedance Flows

Perpetua argues that that 95% exceedance flows (1.6 to 2.3 during low flow periods of
August to April) are “historical baseflows” for Meadow Creek and, thus, represent a “more
appropriate” minimum flow in Meadow Creek when groundwater diversions are occurring than
3.0 cfs.*® Protestants note that this characterization of 95% exceedance flows by Perpetua varies
from the company’s characterization of 95% exceedance flows in its own expert hydrology rebuttal
report where they referred to such flows as “a very rare occurrence with the vast majority of flows
exceeding this value.”* Regardless, Perpetua provides no explanation as to why 95% exceedance
flows would protect the local public interest in fish habitat in Meadow Creek.

Protestants also note that the 95% exceedance flows that Perpetua proposes be incorporated
into Condition 15—those referenced by Mr. Kinzer and Mr. Ackerman in Table 1 of their expert
report—are not the 95% exceedance flows for the reach of Meadow Creek covered by Condition
15.% Mr. Kinzer and Mr. Ackerman’s Table 1 summarizes flows at USGS gage site #13310850.
Gage site #13310850 is upstream of the partial fish passage barrier and does not include the
additional flows of Blowout Creek and one other unnamed tributary to Meadow Creek.*
Protestants do not believe the 95% exceedance flows for the reach of Meadow Creek covered by

Condition 15 can be found in the record.

43 Petition at 4.

44 Ex. 64 at 2-2; See Stanaway Test., Tr. at 327.

43 Ex. 201 at 5; Petition at 5. See Petition at 8 for location of USGS gage site #13310850.
46 petition, Figure 1 at 8.
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Officer Cefalo clearly decided, when he mandated a minimum flow of 3.0 cfs in Meadow
Creek, that he was not going to mandate the lowest historical flows.*” Instead he chose to impose
a more average low flow condition, which also included the additional water from Blowout Creek.
This was an eminently reasonable decision and one justified by the substantial local public interest
in maintaining a healthy fishery and successful Chinook salmon spawning in Meadow Creek.

Continuous Flows vs. Three-Day Average

Perpetua proposes that Condition 15 only require the company to maintain 95%

exceedance flows over a “three-day average.”*® Perpetua does not explain this proposal, but the

proposal could significantly affect flow rates in Meadow Creek. Under a rolling average flow
regime, flows can drop well below the average for periods of time and rise well above the average,
so long as the rolling average is met. Should very low flows occur for a period of time under a
three-day rolling average, it could affect fish and dewater Chinook salmon redds in Meadow
Creek. As Mr. Keller testified, redds need “good consistent flow... in order to have those eggs
survive,”#

IPDES Outfall v. Partial Fish Passage Barrier

Perpetua proposes that IDWR move the upper compliance point for Condition 15 slightly
downstream. Condition 15 currently applies from the “existing fish passage barrier” location above

the confluence of Meadow Creek and Blowout Creek to the confluence of Meadow Creek and the

EFSFSR.* Perpetua proposes that IDWR move the upper point of the Condition 15 downstream

47 Petition at 4, 6.

48 Preliminary Order at 21.
4 Keller Test., Tr. at 896.
>0 Preliminary Order at 24.
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to the IPDES outfall “which is located less than 100 yards downstream of the existing fish passage
barrier and is the upstream-most point that Perpetua can feasibly augment streamflow.”>!

Although 100 yards downstream sounds minor, ensuring streamflow at the “fish passage
barrier” is important because it is actually just a partial fish passage barrier. As Mr. Keller testified,
“the fish passage barrier” is only a barrier for Chinook salmon. Bull trout can make it past the
barrier.>? Protestants acknowledge that Perpetua has deemed augmenting streamflow at the “fish
passage barrier” infeasible—presumably based on its current draft mine plan—but omitting the
100 yards between the IPDES outfall and the partial fish passage barrier from Condition 15 could
allow flows in this section of reach to get very low or even dry up. Were this to happen, it could
prevent bull trout from utilizing the full extent of their habitat in Meadow Creek.

Removing Condition 15 From Permit 77-7285

Finally, Perpetua proposes that Condition 15 be eliminated from permit 77-7285. Were
IDWR to agree, Perpetua would be able to pump up to 0.5 cfs or 30.2 acre-feet per year of
groundwater in the Meadow Creek drainage under permit 77-7285 without any flow protections
for fish habitat in Meadow Creek.

Perpetua’s Petition tacitly concedes that Condition 15 streamflow protections should apply,
albeit in a modified form, to the 0.5 cfs of groundwater pumping authorized under Permit 77-
14378. The company then proposes, however, that 0.5 cfs of groundwater pumping from the
Meadow Creek drainage under Permit 77-7285 be exempted from Condition 15. This proposal
ignores Officer Cefalo’s finding that a “primary area of concern for ground water pumping

affecting stream flow is in the Meadow Creek drainage™* and Mr. Stanaway’s own testimony on

31 Petition at 3,6.
32 Keller Test., Tr. at 902-903.
33 Petition at 24.
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behalf of Perpetua that there will still be flow depletions in Meadow Creek due to diversions from
the industrial supply wells in the Meadow Creek drainage, even after Perpetua installs a liner under
Meadow Creek.>* Perpetua’s proposal also fails to take into account that, without Condition 10,
without Condition 15 for Permit 77-7285, and with only a modified Condition 15 for Permit 77-
14378, Perpetua could potentially take up to 9.6 cfs in a given month from groundwater wells in
the Meadow Creek drainage.>?

Allowing Perpetua to divert groundwater in the Meadow Creek drainage without any flow
protections for Meadow Creek would require IDWR to ignore the substantial information in the
record regarding groundwater diversions’ effects on Meadow Creek and the importance of flow
protections for ESA-listed fish in Meadow Creek. By retaining Condition 15 for permit 77-7285,
IDWR will help ensure there are baseline flow protections for fish habitat in Meadow Creek.

Officer Cefalo’s Condition 15 is supported by substantial evidence in the record.
Protestants oppose Perpetua’s proposed modifications.

B. Condition 13 Ensures Volitional Passage at the Project Site and Should Not
Be Modified.

Condition 13, which requires Perpetua to allow at least 7.25 cfs of water past the EFSFSR
river pump point of diversion during times of adult Chinook salmon and bull trout passage, is fully
supported by the record. Condition 13 provides the minimum flow necessary to allow volitional
fish passage through Perpetua’s chosen tunnel design based on Perpetua’s own flow modeling.>°
As Officer Cefalo found, volitional passage is the “preferred means for ESA-listed species to

access the available habitat in the upper reaches of the EFSFSR,”>7 and accords with IDFG and

o Stanaway Test., Tr. at 260; See Preliminary Order at 10.
33 Scanlan Test., Tr. at 154, 168-169.

S0 Ex. 47 at 12.

37 Preliminary Order at 6.
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OSC’s request that IDWR condition its water right approvals to ensure the passage of any life
stage of Chinook salmon, steelhead, bull trout, and cutthroat trout in the EFSFSR from the
confluence of Sugar Creek through the proposed tunnel.’® It also provides an important backstop
to Perpetua’s proposed 20% condition—Condition 12—for which “[e]vidence in the record
confirms . . . is not sufficient to preserve fish passage in Perpetua’s fishway under all flow
scenarios.”’

Perpetua now argues that the flow criteria in Condition 13 for fish passage should be
replaced with a 1-foot depth requirement, derived from NOAA’s fish passage criteria for adult
Chinook salmon.®® According to Perpetua, this “flow depth is the fundamental criteria required for
successful fish passage, not a particular flow rate.”¢!

Perpetua’s argument should be rejected, and Condition 13 maintained as drafted, for at
least four reasons.

First, a depth requirement alone will not ensure volitional fish passage through the
proposed tunnel. Depth represents just one criterion for fish passage; other criteria such as weir
length, hydraulic drop, and water velocity are no less important.®> All criteria, for all relevant
species, must be met. The 2022 McMillen Jacobs Report—Perpetua’s hydraulic modeling—

supports the use of 7.25 cfs as the minimum flow to ensure the tunnel meets all passage criteria:

7.25 [cfs] of volumetric flow rate will meet the minimum flow depth
of 1 ft as well as the other design criteria such as velocity and
hydraulic drop. Lower flow rates will meet velocity and hydraulic
drop criteria, but will have less than 1 foot of depth over the weir.%

o8 Preliminary Order at 21.
%9 Preliminary Order at 22.
60 petition at 9.

61 petition at 10.

62 See Ex. 46 at 5-7.

63 Ex. 47 at 12.
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Were IDWR to modify Condition 13, it risks undermining volitional fish passage at the
Project. Even assuming Perpetua’s assertion that “alternate geometries, such as a ‘U’-shaped weir
design” can achieve the 1-foot depth criteria at flows lower than 7.25 cfs,%* a redesign would also
need to meet other design criteria for volitional passage. Yet Perpetua has provided no evidence
from the record that it will. Instead, Perpetua points to “appurtenances to facilitate trap and haul
operations should fish fail to ascend the tunnel for any reason”® (e.g., because its tunnel meets
only NOAA’s depth criterion for fish passage without meeting NOAA’s criteria for weir length,
hydraulic drop, and water velocity).

As it stands, the record supports the use of 7.25 cfs as a minimum flow from June 30 to
September 30 to ensure volitional fish passage. According to the 2022 McMillen Jacobs Report,
7.25 cfs represents a reliable floor—the result of modeling Perpetua’s current tunnel design for the
minimum flow using the minimum weir width for adult Chinook.®® Conversely, there is no
information in the record to support Perpetua’s claim that “the protection of fish passage sought
by Condition 13 is best achieved by a water depth specification” rather than a flow rate. 5’

Second, Perpetua provides no support for its tacit contention that IDWR has authority to
mandate water depths in the tunnel’s weirs.®® While an open question, Protestants have reason to
believe IDWR lacks this authority: in his Preliminary Order, Officer Cefalo declined to require
that Perpetua line Meadow Creek to insulate it from the effects of groundwater pumping in the

area, citing a separate legal process and authority governing the alteration of stream channels in

64 petition at 10.
65 Petition at 10.
66 Ex. 47 at 9 (“The fishway weir crest is 2 ft from the channel bottom, and its width is 1.25 ft (15 inches). The width

was established initially as 2 ft . . . but is modified here to help identify the lowest possible fishway flow that still
meets the fish passage design criteria”).

67 Petition at 10.
68 petition at 10.
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Idaho.%° Officer Cefalo further remarked that “Protestants correctly note that there are elements of
the [Project] that may fall outside the jurisdiction of the Department. For example, the Department
might not have the authority to require Perpetua to construct a stream channel and tunnel around
the Yellow Pine Pit.”’® If IDWR lacks the authority to require Perpetua to construct a tunnel,
IDWR may also lack the authority to require that the tunnel’s weirs have a 1.0-foot water depth.
Ultimately, IDWR need not reach this question. Setting a minimum flow rate of at least
7.25 cfs between June 30 and September 30 to ensure volitional fish passage—without reference
to Perpetua’s proposed tunnel—is well supported by the record and well within IDWR’s authority.
Third, the 7.25 cfs minimum flow also protects volitional fish passage in the downstream
reach of the EFSFSR between the tunnel outlet and Sugar Creek. As noted in the Preliminary
Order, “IDFG and OSC requested that the Department condition [Perpetua’s] water right approvals
to ensure that ‘[s]urface water diversions and infrastructure [at the [Project]] will not at any time
impede the passage of any life stage of Chinook Salmon, Steelhead, Bull Trout, or Cutthroat Trout

from the confluence of the EFSFSR and Sugar Creek upstream past the Point of Diversion [River

Pump].””’! The request covers two reaches of the EFSFSR: 1) the confluence of the EFSFSR
Salmon River and Sugar Creek to the base of Perpetua’s proposed tunnel, and 2) through
Perpetua’s proposed tunnel.

While the minimum flow rate of 7.25 cfs derives from Perpetua’s tunnel modeling, it
provides a measure of protection for volitional fish passage through the lower reach as well. Even

under existing average base flows during times of adult Chinook and bull trout passage (modeled

69 Preliminary Order at 24.
70 Preliminary Order at 20.
n Preliminary Order at 21 (emphasis added) (quoting Ex. 206 at 1).
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at 9.9 cfs), stream cross-sections from this lower reach fall below applicable fish passage criteria.”
As flows drop, the proportion of out-of-compliance cross-sections increases.”> Condition 13 as
drafted provides a minimum flow—at least some measure of protection above Condition 12, the
20% condition—to the downstream reach during key migration periods.”* Perpetua’s requested
change to a depth criteria would only apply to the proposed tunnel.

Fourth, the basis for Perpetua’s proposed change to Condition 13—its ability to conduct
significant anticipated changes to the tunnel design—would require re-evaluation of the local
public interest factors. Currently, the tunnel is central to the Project as proposed, central to
Perpetua’s representations that the Project will protect the local public interest, and central to
IDWR’s evaluation of “the local public interest to restore volitional fish passage to the upper
reaches of the EFSFSR.””> By requesting changes to Condition 13 that open the door to unspecified
modifications to the tunnel design with trap-and-haul as a backstop, Perpetua is essentially walking
back material representations about its design of the Project, which IDWR used to evaluate the
local public interest.”®

IDWR included Condition 11 to address the types of material changes Perpetua now seeks.
It provides:

The approval of this permit is in the local public interest based on
the elements and actions described in the Modified Plan of
Restoration and Operations, dated October 15, 2021. If the final plan
of operations approved by the U.S. Forest Service differs
substantially from the Modified Plan of Restoration and Operations,
the permit holder shall file an application for amendment, updating
the elements of the permit to reflect the final plan of operations and

72 Ex. 219 at 44,

73 Ex. 219 at 44-45.

74 See Preliminary Order at 23.

75 Preliminary Order at 21.

76 See Ex. 219A at 9-10; Ex. 47 at 1-4; Ex. 34 at 13-15, 26-27; Bosley Test., Tr. at 385.
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asking the Department to reevaluate the local public interest of the

project.”’

Perpetua should avail itself of Condition 11 if and when it needs to redesign its tunnel.”®
Substantial changes to the tunnel design will demand reevaluation of the local public interest
factors. For example, while Perpetua asserts in its Petition that trap and haul operations can be
implemented should the weir design fail, there is no evidence in the record to support Perpetua’s
assertion (and Officer Cefalo made no such alternative finding) that trap and haul is an acceptable
public interest alternative to volitional passage. For now, Condition 13 reflects carefully made
local public interest findings based on Perpetua’s current plans and modeling.

In sum, Perpetua’s proposed change to Condition 13 should be rejected because it will not
ensure volitional fish passage and lacks support in the record. Moreover, Condition 13 provides
exactly what Perpetua seeks in its Petition—operational flexibility—while still protecting the local
public interest.

C. Condition 14 Ensures that Surface Water Diversions and Infrastructure Do
Not at Any Time Impede Passage of Any Life Stage of Chinook Salmon,
Steelhead, Bull Trout, and Cutthroat Trout.

Perpetua proposes eliminating Condition 14, contending that Condition 12 provides
adequate streamflow and fish habitat protection downstream of its EFSFSR River Pump between
October 1 and June 29 when juvenile anadromous fish are out-migrating and resident fish are
overwintering in pools.” There is no information in the record to support this contention.

In its Petition, “Perpetua recognizes the [P]rotestants’ concern...that Condition 12 may

mask impacts to the fishery” but reasons that “[w]hile [the condition’s] masking effect is

77 Preliminary Order at 20.

78 While Perpetua’s witness Mr. Bosley endorsed the current tunnel design, he testified that Perpetua would if
necessary “redesign the fishway so that it worked.” Bosley Test., Tr. at 385.

79 Petition at 11.
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theoretically possible, there is no biological data or hydrologic and hydraulic modeling to suggest
that 5.0 cfs is a minimum flow requirement to protect the fishery from October 1 to June 29.”%
Perpetua points out that its own 2022 McMillen Jacobs Report “did not make a finding that 5.0 cfs

was the minimum flow to protect cutthroat trout™!

and argues that there is no other information
in the record to show that 5.0 cfs is the appropriate minimum streamflow to protect cutthroat trout.
Finally, Perpetua argues that the depth criteria (0.3 feet) used by the McMillen Jacobs Report to
model downstream fish passage of juveniles of all species can “likely be met with streamflow
much lower than 5.0 cfs.”%?

Perpetua’s arguments are unavailing. The fact of the matter is the 2022 McMillen Jacobs
Report is the only information in the record regarding acceptable low flows for downstream
passage outside of the adult anadromous migration period, and it demonstrates that 5.0 cfs would
pass juveniles of all species downstream through the tunnel.®} Perpetua’s secondary contention
that downstream passage can likely occur at flows below 5.0 cfs is pure conjecture. IDWR simply
has no information in the record to impose a minimum flow of less than 5.0 cfs to protect juveniles,
as IDFG and OSC recommended in their August 2, 2022, letter, downstream passage for “of any
life stage of Chinook Salmon, Steelhead, Bull Trout, or Cutthroat Trout from the confluence of the
EFSFSR and Sugar Creek upstream past the Point of Diversion.”84

Perpetua further contends that Condition 14 is unnecessary because Table 3 in Dr. Kendra

Kaiser’s Expert Hydrology Report shows that Condition 12 already maintains EFSFSR flows

80 petition at 11. See also Preliminary Order at 28.

81 petition at 11.

82 petition at 11 (emphasis added).

83 Ex.47at 15 (emphasis added).

84 Petition at 11 (emphasis added); Ex. 206 at 1; Preliminary Order at 8 (emphasis added).
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above 5.0 cfs at 95% exceedance flows from October 1 to June 29. This conclusion cannot be
drawn from Table 3.

Dr. Kaiser’s Table 3 assumes the EFSFSR is contributing an average of 60% flow to the
point of quantification for Condition 12.85 As a result, Table 3 does not account for variability in
percent contributions from the EFSFSR to Condition 12’s point of quantification, which can range
from 45-67% of total flow.3¢ Thus, although Condition 12 may keep the EFSFSR’s flows above
5.0 cfs at 95% exceedance flows when the EFSFSR’s is contributing 60% of the flow at the point
of quantification, the Condition may not when the EFSFSR is contributing less percent flow to the
point of quantification. And, even assuming a 60% contribution from the EFSFSR, Condition 12
does not protect EFSFSR from going below the historical minimum when the flow at the point of
quantification is up to or above 31.0 cfs.?’ Perpetua’s conclusion that Table 3 confirms that
Condition 12 will keep the EFSFSR above 5.0 cfs at 95% exceedance flows is, therefore, not
accurate. Protestants do not believe there is any other information in the record analyzing flow
depletions in the EFSFSR under all flow scenarios with Condition 12 in place.

Officer Cefalo’s inclusion of Condition 14 is supported by substantial evidence in the
record.®® To start, it was reasonable for Officer Cefalo to impose conditions, in addition to
Condition 12 to protect fisheries resources, given the recommendation contained in IDFG and

OSC’s August 2, 2022, letter and information with respect to the local public interest in fish habitat

85 Kaiser Test., Tr. at 1028.
86 Kaiser Test., Tr. at 1027.
87 Kaiser Test., Tr. at 1030; Ex. 261.

88 USGS flow records going back to 2011 show the lowest flows in the EFSFSR above the confluence of Sugar Creek
occur from September through March. Ex. 261; Ex. 215 at 13. According to these records, average monthly discharge
values range from 13.44 to 15.66. Ex. 261; Ex. 215 at 13; Petition at 12, Table 3. Furthermore, observed historic
minimum flows between September and March range from 6.9 to 9.4 cfs. Based on these numbers, Condition 14
allows Perpetua to divert 34-52% of the observed monthly flows from September through March, which would subject
the EFSFSR to even lower flows than the observed historic minimums without conditions 9, 12, and 14 in place. Ex.
261; Ex. 215 at 13. These percentages can be inferred by dividing the “Full Water Right with Condition” column in
Ex. 215 at 13 by the monthly average flows from September through March shown in Ex. 261.
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presented at the hearing.?® Officer Cefalo also reasonably relied on Perpetua’s own modeling to
set a minimum flow rate of 5.0 cfs from October 1 to June 29, since there is no other information
in the record indicating that all fish at any life stage will be able to pass downstream in lower
flows.”® And, finally, Officer Cefalo’s imposition of Condition 14 was reasonable because it places
very little, if any, burden on Perpetua. According to the company’s own (albeit flawed) analysis,
Condition 14 will place no additional limitation on its water rights. If true, no burdens of Condition
14 accrue to Perpetua and all the benefits accrue to the local public interest.

D. Perpetua’s Request That Condition 9 Be Eliminated to Allow the Company to
Divert More than 4.5 cfs From the EFSFSR Should Be Rejected Because It
Contradicts Record Evidence and Lacks Merit.

Perpetua’s request to eliminate Condition 9, which limits the diversion rate of the River
Pump at the EFSFSR to 4.5 cfs, should be rejected for two main reasons. The first is
straightforward but important: Condition 9 reflects representations Perpetua itself made in
documentary evidence and through sworn testimony, and upon which Officer Cefalo properly
relied to craft permit conditions protective of the local public interest. As Perpetua acknowledges
in its Petition, the 4.5 cfs pump capacity “has been used by Perpetua for planning and design.”' It
underlies key documents in the record, including the Fishway Operations and Management Plan®?
and hydraulic modeling,”® which in turn underlie Officer Cefalo’s finding of fact that “[t]he River
Pump will have a capacity of approximately 4.5 cfs.”®* Perpetua’s own witnesses referenced and

confirmed the 4.5 cfs pump capacity in hearing testimony.”® For instance, Perpetua’s Senior

89 Ex. 206 at 1; Preliminary Order at 8 (emphasis added).
20 Preliminary Order at 22 (emphasis added); Ex. 47 at 15.
o1 petition at 13.

92 Ex. 34 at 124, 139.

93 Ex. 47 at 2.

94 Preliminary Order at 5.

95 Scanlan Test., Tr. at 138; Bosley Test., Tr. at 538.
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Engineer, Gene Bosley, testified that Perpetua does not have any use for a continuous diversion of
9.6 cfs from the EFSFSR point of diversion and that the River Pump intake as designed would not
be able to handle more than 4.5 cfs.

Q. ... when you were referring to the 9.6 cfs water right application,
you provided testimony that you have no use for that amount of
water; 1s that correct?

A. Yeah, not continuously.

Q. And you provided testimony that the East Fork, South Fork
Salmon River point of diversion intake cannot even handle more
than 4.5 cfs; is that correct?

A. That’s right. You wouldn’t get it all from there.*®

Mr. Stanaway corroborated this testimony when he said that Perpetua looked to the EFSFSR as a
diversion source to meet its full freshwater demand for the Project, which Mr. Stanaway estimated
at 4 to 4.5 cfs, after modeling determined that the full freshwater demand couldn’t be pulled from
ground wells in the Meadow Creek drainage.’” All told, the record is replete with Perpetua’s
representations denying the need to divert more than 4.5 cfs from the EFSFSR except under the
most unlikely operating scenarios.”®

The Petition’s claim that “[t]he 4.5 cfs pump capacity is not a proposal by Perpetua to set
a limit for surface water diversions” looks past the far larger point that Perpetua has represented
the 4.5 cfs pump capacity to IDWR and the Protestants as an accurate and material component of

the current Project design. It now seems clear from Perpetua’s Petition that the company has not

96 Bosley Test., Tr. at 538. See also Ex. 34 at 124, 139 (stating a maximum withdrawal rate from the River Pump at
4.5 cfs); Ex. 47 at 2 (“Perpetua intends to supplement the site water balance with as much as 4.5 cfs of raw water from
the EFSFSR.”).

o7 Stanaway Test., Tr. at 226, 274; Ex. 27a at 6-21; Stanaway Test., Tr. at 274.
98 Bosley Test., Tr. at 538; Scanlan Test., Tr. at 140; Stanaway Test., Tr. at 226, 274.
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yet developed “final pump station designs.”®® Nonetheless, Perpetua made representations about
pump capacity and surface water diversions in the record. Those representations serve as valid
bases for Condition 9. As with Condition 13, Perpetua’s appropriate course of action will be to file

an application for amendment pursuant to Condition 11 once it has developed a final pump station

design.'%0

Second, and separate from Perpetua’s representations regarding River Pump capacity,
Perpetua’s rationales for striking Condition 9 lack merit. To start, Perpetua’s contention that
evolving restrictions as the water right permitting process has progressed “from the time of
application through the Preliminary Order...including (1) the 20% of unimpaired streamflow
diversion limit of Condition 12, and (2) the Meadow Creek groundwater pumping limitations
imposed by Conditions 10 and 15” have “significantly reduce[d] the times when Perpetua can
divert the full 4.5 cfs from the EFSFSR” is nonsensical.!°! Perpetua proposed Condition 12 based
on its own modeling. Condition 10 is also based on the company’s own modeling and
representations at hearing regarding the maximum diversion rate from the industrial supply wells
in the Meadow Creek drainage.'?> Only Condition 15, which applies to Meadow Creek, represents
new information for the company to assimilate into its water management plan. !9

Perpetua further argues that Condition 9 can be eliminated because Condition 12 and
Perpetua’s proposed revised Condition 13 would be sufficient to protect streamflow, fish habitat,

and fish passage.!* There is no reliable information in the record regarding how low flows in the

9 Petition at 14.

100 e Bosley Test., Tr. at 539 (“Q. So could Perpetua potentially replace intake to handle more in the future
should the mine operations change? A. It could. It would be permitted just like anything else.”).

101 petition at 13.

102 Stanaway Test., Tr. at 224-226, 272, 274; Ex. 27a at 6-21.

103 preliminary Order at 24.

104 petition at 11.
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EFSFSR above the confluence with Sugar Creek can drop with Condition 12 in place under the
full range of possible flow scenarios. And Perpetua’s argument ignores Officer Cefalo’s findings
that “evidence in the record confirms that Perpetua’s proposed condition, alone, is not sufficient
to present fish passage in the fishway under all flow scenarios.”!% Furthermore, Protestants are
not convinced Perpetua’s proposed modifications to Condition 13 will provide any meaningful
flow protections for the EFSFSR either. And, Perpetua proposes eliminating Condition 14, another
important backstop for preventing super low flows in the EFSFSR.

Condition 9 provides a needed check for the other conditions limiting flow depletions in
the EFSFSR downstream of Perpetua’s River Pump for fish passage. Capping the maximum
diversion rate at 4.5 cfs provides another safeguard for ensuring fish passage. Capping the
maximum diversion rate also prevents impacts to fish and fish habitat from large, instantaneous
changes in streamflow. As Mr. Kinzer and Mr. Ackerman explained in their expert report, large
changes in flow in either direction can either strand fish in flow scenarios, or flush fish downstream
when flows suddenly increase.!% Limiting the instantaneous diversion rate to 4.5 cfs decreases the
risk of impeding passage or stranding fish as a result of significant and fast changes in flows.!?’

Condition 9 was based on material representations made by Perpetua at the hearing,
including that Perpetua did not need to divert more than 4.5 cfs from the EFSFSR. The Condition
should remain undisturbed.

I1I. CONCLUSION
For the reasons above, the Protestants request that Hearing Officer Cefalo deny Perpetua’s

Petition for Reconsideration.

105 Preliminary Order at 22.
106 Ex. 201 at 13.
107 Ex. 201 at 3, 13.
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DATED this 8" day of May, 2024.

/s/ Michael A. Lopez
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Executive Summary

Midas Gold Idaho, Inc. (Midas Gold), proposes to redevelop portions of the Stibnite Mining District in
the headwaters of the East Fork of the South Fork of the Salmon River (EFSFSR), Valley County,
central Idaho, as outlined in the Plan of Restoration and Operations (PRO) (Midas Gold 2016) for the
Stibnite Gold Project (SGP or Project). The PRO was submitted to the United States Forest Service
(USFS) and the Idaho Department of Lands in September 2016 and deemed complete by the USFS
in December 2016. Concurrent with preparing the Environmental Impact Statement (EIS), federal
and state permitting, and agency and stakeholder consultations, Midas Gold is advancing the
Project’s engineering design to the Feasibility Study level.

Midas Gold is currently conducting extensive modeling studies to assess future hydrology, water
temperatures, and water quality associated with the Project. Broadly, the objectives of the modeling
efforts are to predict the potential for groundwater and surface water impacts from the proposed
open pits, development rock storage facilities, tailings storage facility, and related features described
in the PRO. Numerical predictions are necessary to support analyses of the Proposed Action and
alternatives in the SGP EIS currently being prepared by the USFS.

Because the proposed Project has the potential to affect instream conditions such as stream flows,
groundwater interaction, and stream shading, the stream water temperature regime may also be
altered. In addition, the PRO identifies two pit lakes that will remain after reclamation. This report
describes the model that Brown and Caldwell (BC) has developed to address these potential effects
and the use of the model to simulate existing conditions. Using widely accepted stream temperature
and shading models and a general lake model applicable to mining, the Stream and Pit Lake
Network Temperature (SPLNT) model was developed to predict the following;:

o Stream temperature changes that would occur during and after mining and restoration activities
o Pit lake water temperature and dissolved oxygen (DO) profiles that would occur in the Hangar
Flats and West End pit lakes after mining and reclamation

The SPLNT model is integrated with the other ongoing SGP modeling efforts. SPLNT will use outputs
from the hydrologic model and the site-wide water balance model to describe the Proposed Action.
For existing conditions, the model incorporates extensive site-specific meteorological, hydrologic, and
stream data. Output from the SPLNT model will support development of the site-wide water
chemistry model by SRK Consulting, Inc., by providing temperature and DO profiles for the proposed
pit lakes.

This report describes the development of the existing conditions SPLNT model, including the
following:

o Conceptual model

o Data types and sources

o Methods and generation of model input

e Results

e Summary

The SPLNT model has been developed and calibrated to existing conditions using the considerable
available information on the stream network, the Yellow Pine pit (YPP) lake bathymetry, United States

Geological Survey (USGS) streamflow records, stream temperature data, and other data available
from Midas Gold’s SGP baseline studies. BC submitted a SPLNT Model Work Plan to the agencies on

vii
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November 15, 2017. The work plan describes the extensive data and studies that are available to
describe existing conditions for the SGP.

The SPLNT model domain represents the existing perennial stream network of the upper EFSFSR
and tributaries downstream to the confluence with the first perennial tributary downstream of the
study area, including the existing YPP lake. The SPLNT model was developed using the following
models:

o QUAL2K for stream temperature modeling with Shade.xlIs for stream shading and TTools to
conduct spatial analyses

o General Lake Model (GLM) for pit lake temperature and DO modeling

QUALZ2K is a one-dimensional river and stream water quality model that simulates water temperature
over a 24-hour period under steady-state flow conditions and outputs minimum, maximum, and
average daily temperature. This model has been widely applied to temperature evaluations in the
Pacific Northwest and is used by the United States Environmental Protection Agency. The latest
version of the model is maintained and distributed by Tufts University and is available for download.

A key input for the QUAL2K model is hourly stream shading, which is specified for each modeling
reach. The Washington State Department of Ecology developed a spreadsheet-based model to
predict stream shading by reach at an hourly time step as needed for QUAL2K. The Shade.xls model
accounts for latitude, longitude, topography, vegetation (height, density, and overhang), and solar
radiation in its calculations. The Shade.xls model and documentation are also available for
download.

TTools is an ArcMap script that processes spatial coverages of topographic and vegetative data and
outputs aspect, topographic angles, canopy height, and canopy density. Outputs from TTools are
entered into the Shade.xls model along with estimates of canopy overhang. Outputs from the
Shade.xls model are then entered into QUAL2K as hourly shade estimates by reach.

Pit lakes are simulated using a dynamic model that predicts a daily time series of temperature and
DO profiles and outlet water temperatures reflective of the fulltime series of modeled scenarios.
Outputs from the pit lake models serve as inputs to downstream reaches for stream temperature
modeling. GLM is a one-dimensional lake model that dynamically simulates water balance and
vertical stratification. The model produces a time series of temperature profiles that account for
surface water and groundwater inflows and outflows, surface heating and cooling (using local
weather conditions), and subsequent vertical mixing within the lake. GLM is open-source and freely
available under a General Public License.

Several types of raw data were used to develop the SPLNT model. This report details each of these
data types and their sources, including the following types:
o Topographic data (elevation, aspect angles, and the direction of stream flows)

o Meteorological data (hourly values for air temperature, dew point temperature, wind speed, and
cloud cover for the QUAL2K model and time series inputs for solar radiation, air temperature,
relative humidity, wind speed, rainfall, and snowfall for the GLM)

o Stream hydraulic data (cross sections)

o Pit lake bathymetry data (morphological characteristics)
o Stream flow and water temperature data

o Pit lake temperature data

In addition to the raw data listed above, additional work was necessary to generate model input for
the SPLNT model and the underlying models that include TTools, Shade.xls, QUAL2K, and GLM.
Topographic shading was created using both near-field and far-field features and the degree of
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shading changes with the position of the sun. The Shade.xls model uses the maximum of the near-
field (banks, local hills) and far-field (ridgelines) topographic angles in each of the east, south, and
west directions to drive topographic shading. BC then delineated the drainage areas to each model
reach using the topographic coverage. Separate components of the SPLNT model required
characterizing stream channel dimensions including bankfull width and wetted depth, velocity, and
width. To evaluate potential impacts of mining and restoration, simulation dates representative of
thermal criteria were selected as the calibration and validation periods. Evaluation of 15-minute flow
and temperature data available at multiple USGS gages and temperature monitoring stations in the
study area led to the selection of July 29, 2016, for calibration and September 24, 2014, for
validation. Finally, estimations of hourly shade values for reaches simulated in QUAL2K were
developed using the TTools and Shade.xls models.

QUAL2K defines a model reach as one where average conditions are similar over the length of the
reach. Recent work by BC to refine the SGP hydrologic model was used as the starting point for
defining the stream network for consistency across models. Reaches were then split into separate
modeling reaches at tributary confluences, distinct changes in shade (shadebreaks), and the upper
extent of proposed mine features. Because the YPP is in the model domain and is being simulated
dynamically using the GLM, it was necessary to simulate the existing conditions upstream and
downstream of the YPP using two separate QUAL2K models.

The GLM dynamically simulates the heat and water balance of the pit lake over depth and through
time and therefore requires time series inputs of model drivers and boundary conditions. Existing
bathymetric data were used to quantify the relationship between water depth, surface area, and
water volume. Daily inflow volume was obtained from a continuous record of flow from USGS Gage
13311000 EFSFSR at Stibnite, which is the nearest gage upstream of the YPP. The volume of water
entering the YPP is high relative to the size of the lake. The record of water temperature at USGS
Gage 13311000 EFSFSR at Stibnite is not as complete as the flow record, so linear relationships
with water temperatures from nearby sites were used to develop a complete time series of
temperatures for the water entering YPP. The GLM model requires at least daily values of air
temperature, relative humidity, incoming solar radiation, wind speed, and precipitation. These
datasets were primarily compiled from Midas Gold’s on-site weather station record. For periods of
missing data, values were obtained through the best available statistical relationships with other
data sources, including the National Climatic Data Center dataset from McCall, Idaho, and grid-based
data sets including PRISM and Daymet.

The calibration and validation of the SPLNT existing conditions models provide a relatively accurate
tool that is considered sufficient for simulating water temperatures. For the calibration date, the
mean error of simulated stream water temperatures is less than 0.1 degrees Celsius (°C) for daily
average and maximum temperatures and less than 0.5 °C for daily minimum temperatures. For the
validation date, the mean error of simulated stream water temperatures is less than 0.4 °C for daily
average and maximum temperatures and less than 0.6 °C for daily minimum temperatures. The
mean error of the calibrated model indicates that the calibration is not biased in predictions of daily
average and daily maximum temperatures and is slightly conservative in predicting the daily
minimum temperatures by an average of 0.43 °C. The validated model errors are small but are
slightly conservative in that the model overestimates average, maximum, and minimum
temperatures by 0.26, 0.35, and 0.58 °C respectively. The mean absolute error for the daily average
outflow temperatures for the pit lake is 0.7 °C, which is less than one third of the average daily range
in observed temperatures of 2.4 °C. For both the streams and the pit lake, the model sometimes
over predicts and sometimes under predicts water temperature, indicating the differences are
random rather than biased. Based on simulated DO and pit lake temperatures, the model shows the
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lake beginning to stratify during periods of low flow and warm weather, but stratification often
appears to be weak and easily disturbed by moderate flow events during its onset.

The sensitivity analyses of the stream temperature model indicated that the model is most sensitive
to shade values, followed by maximum cloud cover. The model was least sensitive to the sediment
thermal depth and air temperatures. Alterations to diffuse flow rates and temperatures and stream
flows caused moderate changes to stream temperatures. GLM sensitivity analyses were conducted
for light extinction, wind speed, and sediment oxygen demand parameters with little impact on
simulated results due to the extremely short residence times of the YPP. Sensitivity analyses for the
YPP GLM are not included in this report.

Model output for the Proposed Action and alternatives will be compared to criteria established by the
USFS and Idaho Department of Environmental Quality in the subsequent SGP SPLNT Model
Proposed Action Report and, if appropriate, SGP SPLNT Model Alternatives Report.

X
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Background and Purpose

1.1 Background

Midas Gold Idaho, Inc. (Midas Gold) proposes to redevelop portions of the Stibnite Mining District in
the headwaters of the East Fork of the South Fork of the Salmon River (EFSFSR), Valley County,
central Idaho, as outlined in the Plan of Restoration and Operations (PRO) (Midas Gold 2016) for the
Stibnite Gold Project (SGP or Project). The PRO was submitted to the United States Forest Service
(USFS) and the Idaho Department of Lands in September 2016 and deemed complete by the USFS
in December 2016. Concurrent with preparing the Environmental Impact Statement (EIS), federal
and state permitting, and agency and stakeholder consultations, Midas Gold is advancing the
Project’s engineering design to the Feasibility Study level.

Midas Gold is currently conducting extensive modeling studies to assess existing and future
hydrology, water temperatures, and water quality associated with the Project. Broadly, the objectives
of the modeling efforts shown in Figure 1 are to predict the potential for groundwater and surface
water impacts from the proposed open pits, development rock storage facilities, and tailings storage
facility described in the PRO. Numerical predictions are necessary to support analyses of the
Proposed Action and alternatives in the SGP EIS currently being prepared by the USFS.

1.2 Purpose and Scope

Because the proposed Project has the potential to affect instream conditions such as stream flows,
groundwater interaction, and stream shading, the stream water temperature regime may also be
altered. This report describes the modeling that Brown and Caldwell (BC) performed to address these
potential effects. Using widely accepted stream temperature and shading models and a general lake
model applicable to mining, the stream and pit lake network temperature (SPLNT) model was
developed to predict the following:

o Stream temperature changes that would occur during and after mining and restoration activities
o Pit lake water temperature and dissolved oxygen (DO) profiles that would occur in the Hangar
Flats and West End pit lakes after mining and reclamation

As shown in Figure 1, the SPLNT model is integrated with the other ongoing SGP modeling efforts.
SPLNT modeling will use outputs from the hydrologic model and the site-wide water balance model
to describe the Proposed Action. For existing conditions, the model incorporates extensive site-
specific meteorological, hydrologic, and stream data. Output from the SPLNT model will support
development of the site-wide water chemistry model developed by SRK Consulting, Inc., by providing
temperature and DO profiles for the pit lakes. Specifically, the SPLNT model output will be used to
evaluate the following:
o Achievement of USFS and Idaho Department of Environmental Quality (IDEQ) stream
temperature criteria

o Potential effects on changes in water temperature on federally listed salmonid species’ life
stages present in Project streams using appropriate species-specific thermal criteria

o Depth-dependent temperature and DO concentration in the Hangar Flats and West End pit lakes
« National Pollutant Discharge Elimination System considerations for water temperature

1-1
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The SPLNT modeling results are expected to provide important inputs to the environmental analyses
being completed for the SGP EIS and the preparation of the biological assessment for the Section 7
consultation under the Endangered Species Act for Snake River spring/summer Chinook salmon
(Oncorhynchus tshawytscha), Snake River Basin steelhead (0. mykiss), and Columbia River bull trout
(Salvelinus confluentus).

This report describes the development of the existing conditions SPLNT model, consisting of the
conceptual model (Section 2), data types and sources (Section 3), methods and generation of model
input (Section 4), results (Section 5), and summary (Section 6).

1.3 Pacific Northwest Temperature Evaluation Examples

Water temperature affects biological activity of aquatic organisms such as fish. For example, higher
temperatures increase metabolic rates and decrease the solubility of DO, reducing its availability to
aquatic organisms (Forney et al. 2013). Because of this effect, a stream’s peak temperature in the
summer is often a critical characteristic of habitat quality for various aquatic life (Forney et al. 2013).
Previous water temperature studies in the Pacific Northwest have specifically focused on analyzing
flow and temperature data observed during summer months (David Duncan and Associates 2002;
Tetra Tech 2014).

In 2011, Tetra Tech used the QUAL2K model to evaluate the effects of different management
practices for Nemote Creek in Montana (Tetra Tech 2014). The scenarios they evaluated included
baseline conditions (i.e., low flow and warm weather), improved riparian vegetation conditions, and
conditions of reduced surface water withdrawals (Tetra Tech 2014). In QUAL2K (Chapra et al. 2008),
the heat budget and water temperatures are simulated as a function of meteorology, point and non-
point loads, and withdrawals from a stream network. The model outputs minimum, maximum, and
average daily water temperature.

Other studies in the Pacific Northwest have combined empirical data with spatial analyses to model
water temperatures under various climate and flow conditions using a linear regression approach
(David Duncan and Associates 2002; Forney et al. 2013). For example, a study initiated by the
Columbia River Federal Caucus was conducted in the John Day River Basin in Oregon to evaluate the
resiliency of salmon habitat to climate change and used a regional database to support development
of a summer stream temperature model called NorWeST (Scranton et al. 2015). The NorWeST model
database contains stream temperature data and model output for different climate scenarios for
various streams and rivers in the western United States.

To evaluate stream temperatures for a given site, several metrics are commonly used (Scranton et
al. 2015):

o  Maximum weekly high temperature
— Identifies abnormal baseline temperatures for a given site
— ldentifies habitats susceptible to extreme temperatures
o Mean weekly maximum temperature (MWMT; 7-day average of daily maximums)

— Quantifies weekly maximum stream temperature while limiting the influence of an individual
measurement from a single day

o Average weekly high temperature
— ldentifies the expected normal baseline temperatures for a given stream network
o Modeled mean August temperature reported by NorWeST database

— Converts to MWMT and vice versa

1-2
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Thermal criteria can also be established to describe the temperature thresholds and frequencies
that aquatic life can tolerate without suffering adverse effects during different life stages. Specific
thermal criteria are often established for different seasons and life stages. Previous stream
temperature studies recommend prioritizing life stages in selected streams for a month or period of
concern. For example, for small tributary streams of the upper Salmon River Basin, this
recommended priority ranking would be (from high to low) passage — spawning — adult — juvenile
(Maret et al. 2005). Therefore, the months of April through September (when migration and
spawning activities most often occur) would represent a critical period within the Salmon River Basin.

Previously collected temperature data from the region have also shown that temperature criteria
violations can occur during the late spring spawning period for salmonids (April through June), during
the peak summer (July and August), and during early fall spawning (September) (Shumar and de
Varona 2009). Outside of this period, stream temperatures are rarely a problem for spawning and
migration activities; however, winter temperature thresholds have the potential to impact spawning
adults and rearing juveniles (Scranton et al. 2015).

Simulated water temperatures derived from the SPLNT model will be compared to the temperature
criteria listed in Section 2.3 for both the existing conditions and Proposed Action. These comparisons
will be provided in the forthcoming SGP SPLNT Model Proposed Action Report.

1-3
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Conceptual Model

The SPLNT model has been developed and calibrated to existing conditions using the considerable
available information on the stream network, the Yellow Pine pit (YPP) lake bathymetry, United States
Geological Survey (USGS) streamflow records, stream temperature data, and other data available
from Midas Gold’s SGP baseline studies. BC submitted a SPLNT Model Work Plan to the agencies on
November 15, 2017 (BC 2017). The work plan describes the extensive data and studies that are
available to describe existing conditions for the SGP. This report focuses on data and information
that was directly used to build the existing conditions model.

Developing the existing conditions model includes evaluating model performance for the calibration
and validation periods described in Section 5.1. Model performance has been evaluated to ensure
the acceptability of the existing conditions model before proceeding with Proposed Action or
alternative evaluations. The modeling represents conditions identified as high priority for aquatic
resources in the Pacific Northwest (April-September) that coincide with passage and spawning
periods (Maret et al. 2005; Shumar and de Varona 2009). The model has been calibrated to low-
flow/baseflow conditions to ensure its applicability when the potential impacts of mining could be
more pronounced. The model has been validated for a period with slightly higher flows and slightly
cooler temperatures that corresponds to the spawning period of two species of concern (Chinook
salmon and bull trout). One species of concern (steelhead) spawns in the spring when stream flows
are dominated by snowmelt runoff. Spring was not used as a calibration or validation period because
potential impacts on water temperatures due to the Proposed Action would likely be mitigated by the
dominance of flows from snowmelt runoff. The stream model has been developed as a steady-state
model representing diurnal variability. Average, minimum, and maximum daily temperature statistics
are the essential output. Varying conditions (different monthly or seasonal stream flows and
meteorology) are simulated by changing the inputs to the model (i.e., stream flows, air temperature,
cloud cover, etc.).

In the next phase of work, the SPLNT model will be used to address the potential impacts of physical
changes to the stream network and watershed and the resulting changes in stream flows,
groundwater contributions, withdrawals and discharges; diverting the EFSFSR through the tunnel
around the YPP during mining activities; and the post-closure effects of Hangar Flats and West End
pit lakes and other reclamation features. The results of these analyses will be documented in the
forthcoming SGP SPLNT Model Proposed Action Report, and if appropriate, an SGP SPLNT Model
Alternatives Report.

2.1 Model Domain and Extent

The SPLNT model domain represents the existing perennial stream network of the upper EFSFSR
and tributaries downstream to the confluence with the first perennial tributary downstream of the
study area (unnamed tributary with confluence at latitude 44.94121, longitude 115.3457), including
the existing YPP lake. Figure 2 shows the boundary of the PRO (which includes the proposed pits and
other disturbances), the study area (which includes the watershed and the SPLNT model domain)
and existing stream network. A subset of perennial streams in the study area that may be affected by
the PRO and pit lakes are explicitly simulated in the SPLNT model. Figure 3 shows the extent of the
SPLNT model domain and which streams are explicitly simulated. The circles designate the upper
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extent of each perennial tributary to be explicitly modeled. Areas upstream of these locations
(designated by varying colors) are simulated as headwater inputs to the model. Stream flows and
water temperatures are assigned to headwater inputs using available information, as described in
Section 4.6.2.

Pit lakes are simulated using a dynamic model that predicts a daily time series of temperature and
DO profiles and outlet water temperatures reflective of the fulltime series of modeled scenarios.
Outputs from the pit lake models serve as inputs to downstream reaches for stream temperature
modeling. Current and future pit lakes are within the model domain shown in Figure 3.

2.2 Modeling Approach

The SPLNT model was developed using the following models:

o QUAL2K for stream temperature modeling with Shade.xlIs for stream shading (provides inputs to
QUALZ2K) and TTools to conduct spatial analyses (provides inputs to Shade.xls)

o General Lake Model (GLM) for pit lake temperature and DO modeling

2.2.1 Stream Network Temperature Model

QUALZ2K is a one-dimensional river and stream water quality model that simulates water temperature
over a 24-hour period under steady-state flow conditions. This model has been widely applied to
temperature evaluations in the Pacific Northwest and is used by the United States Environmental
Protection Agency (EPA) (Montana DEQ and EPA Region 8 2014; Tetra Tech 2013, 2014). The
modeled stream network can consist of a mainstem river and branched tributaries. The streams are
represented by a series of reaches, each of which is represented using constant hydraulic
characteristics (e.g., slope, width). The heat budget and water temperatures are simulated as a
function of meteorology, point and non-point loads, and withdrawals from each reach. QUAL2K is a
freely available update to the older QUAL2E model. Both versions use Fortran for numerical
computations, but QUAL2K has an enhanced user interface implemented within a Microsoft Excel
spreadsheet. The latest version of the model is maintained and distributed by Tufts University and is
available for download at http://www.qual2k.com/. The model outputs minimum, maximum, and
average daily temperature.

A key input for the QUAL2K model is hourly stream shading, which is specified for each modeling
reach. The Washington State Department of Ecology developed a spreadsheet-based model to
predict stream shading by reach at an hourly time step as needed for QUAL2K. The Shade.xls model
accounts for latitude, longitude, topography, vegetation (height, density, and overhang), and solar
radiation in its calculations. The Shade.xls model and documentation are available at
http://www.ecy.wa.gov/programs/eap/models.html. The Shade.xls model was adapted from a
Fortran-based program called HeatSource developed by the Oregon Department of Environmental
Quality (ODEQ 2001 and 2009). The ODEQ also developed an ArcGIS extension called TTools to
process geospatial data for input into these models. This extension and supporting documentation
are available at http://www.oregon.gov/deq/wq/tmdls/Pages/TMDLs-Tools.aspx.

2.2.2 Pit Lake Model

GLM is a one-dimensional lake model which dynamically simulates water balance and vertical
stratification (Hipsey et al. 2014). The model produces a time series of temperature profiles that
account for surface water and groundwater inflows and outflows, surface heating and cooling (using
local weather conditions), and subsequent vertical mixing within the lake. GLM provides a
modernized code structure around the same underlying equations of the older Dynamic Reservoir
Simulation Model (DYRESM) (Imberger and Patterson 1981; Antenucci and Imerito 2001), which has
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a long history of use for mining applications (Castendyk 2009). Both programs were developed at the
University of Western Australia and are based on the same underlying models and equations, but
GLM was updated to produce greater computational efficiency and ease of use. Like DYRESM, GLM
can be paired with modules for simulating water quality, including a module capable of simulating
DO dynamics. The model can be run as a standalone executable (programmed using C++) or through
an R-project interface that was developed by the USGS (gImtools). GLM is open-source and freely
available under the GNU General Public License (GPLv3, https://www.gnu.org/licenses/gpl.html).

2.3 Thermal Criteria for Comparison

The SPLNT model simulates water temperatures in the streams and pit lakes and DO in the pit lakes.
This section describes the thermal criteria that are available to evaluate effects on stream
temperature regimes. The pit lake DO simulations were conducted to provide information for the pit
lake water quality and site-wide water chemistry modeling currently being performed by SRK
Consulting, Inc. (2017).

Thermal criteria describe the temperature thresholds and frequencies that aquatic species can
tolerate without suffering adverse effects. Thermal criteria are often specified for different seasons
and life stages. Published literature, USFS criteria, and IDEQ water temperature standards have
been used to develop the thermal criteria for this evaluation. Thermal criteria may be revised relative
to these recommendations based on discussion with agencies. Some potential temperature criteria
being considered are presented below.

IDEQ’s water quality standards (Idaho Administrative Policy Act [IDAPA] 58.01.02) include relatively
complex criteria for temperature, based in part upon seasonal spawning and rearing requirements
for salmonids. Idaho first adopted bull trout temperature criteria in 1998. These criteria were revised
in 2001 and submitted to EPA for approval. EPA has not taken action, so the bull trout temperature
criterion effective for Clean Water Act purposes is the 1997 federally promulgated temperature
criterion of 10 degrees Celsius (°C) for 7-day average maximum daily temperatures from June
through September for waters specified in the federal rule (40 Code of Federal Regulations 131.33).

Various thermal criteria are available for Chinook salmon, steelhead, and bull trout spawning,
incubation, and rearing/migration (Dunham et al. 2001; EPA 2003; USFS 2003), including salmon
temperature guilds (EPA n.d.).

Table 2-1 shows the temperature criteria from the Watershed Indicators and Pathways in the Payette
National Forest Land and Resource Management Plan (USFS 2003). Thermal criteria applied by the
IDEQ are listed in Table 2-2. These temperature criteria will be used for federally listed salmonids.

The QUAL2K model outputs minimum, maximum, and average daily temperatures, which can then
be post-processed to evaluate various temperature statistics for comparison to these criteria.

2-3
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Table 2-1. USFS Thermal Criteria Based on Indicators for Chinook Salmon, Steelhead, and Bull Trout Based on the MWMT

Species/Life Functioning Functioning at Functioning of
Stage Months Acceptably (°C) Risk (°C) Unacceptable Risk (°C)
Chinook Salmon
Spawning Mid-August-September 10-13.9 13.9-15.5 >15.5
Rearing/migration Year-round 10-13.9 13.9-17.7 >17.7
Steelhead
Spawning March-May 10-13.9 13.9-15.5 >15.5
Rearing/migration Year-round 10-13.9 13.9-17.7 >17.7
Bull Trout
Spawning Mid-August-September 4-9 <4,10 <4,>10
Incubation Mid-August-early February 2-5 <2,6 <1,>6
Rearing Year-round 4-12 <4,13-15 >15

Source: USFS 2003.
MWMT = maximum weekly (7-day average) maximum temperature.

Table 2-2. Idaho Thermal Criteria

Criteria Warm Water | Seasonal Cold | Cold Water | Salmonid Spawning | Bull Trout

33°C 26°C 22°C 13°C
MDMT N/A
(91°F) (79°F) (72°F) (55°F)
13°C
MWMT N/A N/A N/A N/A
(55°F)
29°C 23°C 19°C 9°C
MDAT N/A
(84°F) (73°F) (66°F) (48°F)

Source: http;//www.deq.idaho.gov/water-quality/surface-water/temperature/
MDMT = maximum daily maximum temperature.

MWMT = maximum weekly (7-day average) maximum temperature.
MDAT = maximum daily average temperature.
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Data Types and Sources

This section describes the raw data that was used to develop the SPLNT model. Data processing to
generate model inputs is described in Section 4.

3.1 Topographic Data

Topographic data describes the changes in elevation, aspect angles, and the direction of stream
flows. There are two main sources of topographic data for the study area. Midas Gold collected light
detection and ranging (LiDAR) data for most of the study area. Contours created from the LiDAR data
are shown in Figure 4. The USGS National Elevation Dataset (NED) are available to fill holes in LiDAR
coverage or extent beyond the study area as required by TTools.

3.2 Meteorological Data

The QUAL2K model requires the user to input hourly values for air temperature, dew point
temperature, wind speed, and cloud cover. The GLM requires times series inputs for solar radiation,
air temperature, relative humidity, wind speed, rainfall, and snowfall.

Available data were compiled for the MesoWest Midas Gold station, which is located in Meadow
Creek valley. Figure 5 shows the raw data available for 2014 through 2017 for this site. Inputs to the
QUAL2K model and GLM are described in Sections 4.6.4 and 4.7, respectively.

3.3 Stream Hydraulic Data

Cross section data were collected along 15 reaches in the study area for the aquatic resource
baseline study (MWH Americas Inc. [MWH] 2017) and for field studies completed by Rio Applied
Science and Engineering (Rio ASE) for stream restoration design (report in progress). Figure 6 shows
the location of the 12 cross sections measured as part of the PACFISH/INFISH Biological Opinion
surveys by MWH (2017). The location of the nine cross section surveys by Rio ASE to support
restoration design are shown in Figure 7. The cross section data were used along with stream flow
and hydraulic data collected by the USGS at the five gages in the study area (also shown on Figure 6
and Figure 7 and discussed in Section 3.5) to develop the rating curves described in Section 4.3.

3.4 Pit Lake Bathymetry Data

Bathymetry for the YPP (Figure 8) is available from Quadrant Consulting, Inc. (2016) and was used to
define the morphological characteristics for the GLM existing conditions modeling. Midas Gold’s pit
design and optimization data representing the final contours of the Hangar Flats pit and the West
End pit will be used to define the post-mining morphometry of these pits.

3.5 Stream Flow and Water Temperature Data

Water temperature and stream flow measurements are used to set initial conditions and develop
and calibrate the SPLNT model. There are five active USGS stations in the watershed that measure
flow and water temperature (https://waterdata.usgs.gov/nwisl). In addition, Midas Gold has
measured water temperature during the summer period between 2013 and 2016 for the surface

31

20180306_BC_Final SPLNT EC Rpt



SGP SPLNT Model Existing Conditions Report

Section 3

water quality baseline study (HDR Engineering, Inc. [HDR] 2017) and the aquatic resources baseline
study (MWH 2017). Figure 9 shows the locations of the USGS gages and HDR monitoring stations
(32 of these stations monitor streams). Figure 6 shows the location of the MWH stations where
temperature was monitored (denoted by a “T” in the center of the station label). Table 3-1 through
Table 3-3 summarize the flow and the temperature data available in the study area. Figure 10
through Figure 13 display the data available from these gages and monitoring stations.

Table 3-1. USGS 15-Minute Streamflow and Temperature Monitoring Gages in the Study Area

Count of Measurements
Tributary Velocity
Gage Name and | Drainage Area Period of Water (at point
Number Location (sg. mi.) Record Discharge | Temperature | instream) | Width | Gage Height
EFSFSR above 2011-09-19to
13310800 Meadow Creek 9 2017-08-23 2,208 2,238 25 32 103
Meadow Creek 2011-09-19to
13310850 near Stibnite 5.6 2017-08-23 2,209 2,197 26 33 76
EFSFSR at 1983-01-25to
13311000 Stibnite 19.3 2017-08-24 11,361 2,384 26 32 136
EFSFSR above 2011-09-19to
13311250 Sugar Creek 25 2017-08-24 2,246 2,052 26 33 136
Sugar Creek 2011-09-21to
13311450 near Stibnite 18 2017-08-24 2,244 2,052 26 33 137
3-2
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Table 3-2. Midas Gold Temperature Monitoring Stations (15-Minute Data)

Station Number Tributary Name and Location | Period of Record*
MWH-001 Headwaters—EFSFSR 2013-2016
MWH-003 Headwaters—EFSFSR 2013-2016
MWH-004 Headwaters—EFSFSR 2014-2016
MWH-005 Deadman Creek—EFSFSR 2013-2016
MWH-006 Headwaters—EFSFSR 2013-2016
MWH-007 Headwaters—EFSFSR 2013-2016
MWH-008 Sugar Creek 2013-2016
MWH-021 Sugar Creek 2014-2016
MWH-033 No Mans Creek—EFSFSR N/A
MWH-034 Headwaters—EFSFSR 2013-2016
MWH-051 Burntlog Creek 2014-2016
MWH-054 Trapper Creek—Johnson Creek 2014-2016
MWH-055 Riordan Creek 2016
MWH-056 Fourmile Creek—SFSR 2014-2016
MWH-057 Goat Creek—SFSR 2014-2016

*Records have various gaps due to equipment failures.

Source: Aquatic Resources Baseline Report (MWH 2017).

See Figure 6 for map of locations.
N/A = Not available.

Table 3-3. Midas Gold Stream, Seep, and Adit Temperature Monitoring Stations (Q=Quarterly, M=Monthly)

Station Number Station Name Drainage Sample Count | Frequency Type
4 YP-AS-1 Sugar Creek 29 M, Q
5 YP-AS-2 Sugar Creek 37 M, Q
6 YP-AS-3 EFSFSR 35 M, Q
7 YP-AS-4 EFSFSR 36 M, Q
8 YP-AS-5 EFSFSR 1 Q
9 YP-AS-6 EFSFSR 34 M, Q
10 YP-AS-7 Meadow Creek 17 M, Q
11 YP-S-1 Sugar Creek 27 M, Q
12 YP-S-2 Meadow Creek 17 M, Q
13 YP-S-3 EFSFSR 24 M, Q
14 YP-S-5 Meadow Creek 16 M, Q
15 YP-S-6 Meadow Creek 34 M, Q
16 YP-S-7 Meadow Creek 33 M, Q
17 YP-S-8 Meadow Creek 34 M, Q
18 YP-S-9 EFSFSR 23 M, Q
19 YP-S-10 Meadow Creek 37 M, Q
20 YP-SEBS-1 EFSFSR 24 M, Q

33

20180306_BC_Final SPLNT EC Rpt



SGP SPLNT Model Existing Conditions Report

Section 3

Station Number Station Name Drainage Sample Count | Frequency Type
21 YP-SEBS-2 EFSFSR 24 M, Q
22 YP-SR-2 EFSFSR 38 M, Q
23 YP-SR-4 EFSFSR 38 M, Q
24 YP-SR-6 EFSFSR 38 M, Q
25 YP-SR-8 EFSFSR 38 M, Q
26 YP-SR-10 EFSFSR 38 M, Q
27 YP-SR-11 EFSFSR 38 M, Q
28 YP-SR-13 EFSFSR 38 M, Q
29 YP-T-1 Sugar Creek 38 M, Q
30 YP-T-6 Sugar Creek 37 M, Q
31 YP-T-7 Sugar Creek 38 M, Q
32 YP-T-8A Sugar Creek 31 M, Q
33 YP-T-10 EFSFSR 37 M, Q
34 YP-T-11 EFSFSR 38 M, Q
35 YP-T-12 EFSFSR 27 M, Q
36 YP-T-17 EFSFSR 37 M, Q
37 YP-T-21 EFSFSR 38 M, Q
38 YP-T-22 Meadow Creek 38 M, Q
39 YP-T-23A Meadow Creek 23 M, Q
40 YP-T-27 Meadow Creek 38 M, Q
41 YP-T-29 Meadow Creek 38 M, Q
42 YP-T-33 Meadow Creek 38 M, Q
43 YP-T-35 EFSFSR 34 M, Q
44 YP-T-37 Sugar Creek 21 M, Q
45 YP-T-40 EFSFSR 38 M, Q
46 YP-T-41 EFSFSR 38 M, Q
47 YP-T-42 EFSFSR 23 M, Q
48 YP-T-43 Meadow Creek 35 M, Q
49 YP-M-3 Meadow Creek 35 M, Q
50 YP-HP-S1 Sugar Creek 30 M, Q
51 YP-T-15 EFSFSR 38 M, Q
52 Keyway Input Meadow Creek 4 Q
53 YP-M-4 EFSFSR 24 M, Q
54 GM-MN-192 EFSFSR 1 Q
55 GM-GC-56 EFSFSR 1 Q
56 GM-GC-60 EFSFSR 1 Q
57 Rabbit Adit EFSFSR 1 Q
58 GM-RC-220 EFSFSR 1 Q
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Station Number Station Name Drainage Sample Count | Frequency Type
59 GM-RC-216 EFSFSR 1 Q
60 YP-T-44 EFSFSR 23 M, Q
61 YP-SR-14 EFSFSR 26 M, Q
62 YP-T-45 Meadow Creek 17 M, Q
63 YP-T-46 Meadow Creek 10 M, Q
64 YP-T-47 EFSFSR 1 Q
65 YP-T-48 EFSFSR 19 M, Q
136 YP-HD-BLDG2-2014 EFSFSR 1 Q
138 YP-T-49 Sugar Creek 5 Q

Source: Surface Water Quality Baseline Report (HDR 2017).
See Figure 9 for map of locations.

3.6 Pit Lake Temperature Data

BC measured water temperature and DO in the YPP lake on October 3, 2017, between 12:11 p.m.
and 12:36 p.m. This pit lake is shallow (35 feet [ft] maximum depth at normal pool) relative to the
proposed West End and Hangar Flats pit lakes. Data were collected by boat at the center of the lake
(0631346E, 4976250N UTM). Temperature and DO profile data were collected approximately every
1.5 ft from the surface to 6.5 ft and every 3.2 ft from 6.5 ft to 33 ft using a YSI 556 Meter. The DO
meter was calibrated to the 100 percent saturation concentration before sampling, and a post-
sampling drift check was conducted to verify that the meter was operating within 10 percent of the
known calibration values. Secchi depth, a measure of water clarity, was also measured and was
found to be 21 feet.

The lake appeared to be well mixed and nearly isothermal through most of the water column (Table
3-4, Graph 3-1). There was a thin layer of ice on the northeast corner of the lake at the time of
sampling.

Historical temperature data for the YPP lake (URS 2000) are also available (Table 3-5). Differences
between surface and deep water temperatures collected in July, August, and September 1999
suggest stratification may have been relatively weak over the summer, but by September,
temperatures at the deepest (central) location are indicative of stable thermal stratification (URS
2000). Historical and recent monitoring station locations for the YPP are shown on Figure 14.

3-5

20180306_BC_Final SPLNT EC Rpt



SGP SPLNT Model Existing Conditions Report

Section 3

Table 3-4. YPP Lake Measurements (October 3,2017)

Water Depth Temp DO DO Percent

(ft) (°C) (mg/1) Saturation?
0.33 4.4 11.34 108.6
0.66 4.2 10.4 99.1
3.3 4.1 10.3 98.3
4.9 4.0 10.1 95.4
6.6 4.0 10.1 95.9
9.8 4.0 10.12 96.3
13.1 3.9 9.9 93.9
16.4 3.8 9.8 92.8
19.7 3.8 9.8 92.7
23.0 3.8 9.9 93.7
26.2 3.8 9.7 91.6
29.5 3.9 9.7 92.0
32.8 3.9 9.6 91.1

afEstimated assuming a barometric pressure of 613.0 mm Hg as specified on the field sheet (Appendix A).
mg/I = milligram per liter.

Graph 3-1. YPP Lake Temperature and DO Depth Profiles (October 3, 2017)
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Table 3-5. 1999 YPP Lake Profile Data
Temp (°C) DO (mg/1)
Station 7/15/1999 8/31/1999 9/14/1999 7/15/1999 8/31/1999 9/14/1999

Surface 9.7 12 21.3 9.8 7.6 8.1
Mid 8.7 9.6 18.6 11.5 74 5.8
Bottom 8.5 9.4 17.9 11.7 6.2 4.9

Surface 8.7 11.9 20.1 9.3 8 7
Mid 7.9 9.4 15.7 9.4 7.2 5.3
Bottom 7.8 8.6 12.6 8.8 0.3 4.7

Surface 8.5 10.5 28.6 9.6 7.9 6.7
Mid 8.1 10 19.4 9 8 4.9
Bottom 8.1 9.5 18.2 9 7.5 4.9
Source: URS 2000.
mg/I = milligram per liter.
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Methods and Generation of Model
Input

This section describes the methods and procedures used to generate model input for the SPLNT
model and the underlying models including TTools, Shade, QUAL2K, and GLM.

4.1 Development of Seamless Topographic Coverage

Topographic shading can be created by both near-field and far-field features, and the degree of
shading changes with the position of the sun. The Shade.xls model uses the maximum of the near-
field (banks, local hills) and far-field (ridgelines) topographic angles in each of the east, south, and
west directions to drive topographic shading. The TTools ArcGIS extension described by Boyd and
Kasper (2003) uses high resolution topographic data to identify shade angles in the near-field. This
high-resolution dataset is derived from LiDAR data everywhere LiDAR data have been collected (the
majority of the study area). Far-field topographic shading (from distant ridge lines) was evaluated
using TTools and the 30-meter NED from the USGS. Figure 15 shows the seamless topographic
coverage generated from the LiDAR and NED data.

4.2 Delineation of Subbasins

The SPLNT model explicitly simulates perennial streams and pit lakes that may be affected by the
PRO or alternatives. Areas upstream of this model domain are represented as headwater inputs to
the model. To estimate the flows entering as headwaters, the drainage area upstream of each
modeled reach is required. BC delineated the drainage areas to each model reach using the
seamless topographic coverage described in Section 4.1. Estimates of flows based on these
drainage areas vary for the calibration and validation period as described in Section 4.6.2.

BC also delineated drainage areas to locations in the study area where stream cross sections were
measured. These drainage areas were used to characterize channel dimensions as described in
Section 4.3.

BC delineated the drainage areas to USGS gages with reported drainage areas for comparison to
provide a quality assurance check. The drainage areas reported for four USGS gages (13310800
EFSFSR above Meadow Creek, 13311000 EFSFSR at Stibnite, 13311250 EFSFSR above Sugar
Creek, and 13311450 Sugar Creek near Stibnite) were within 0.8 percent of those delineated by BC.
One USGS gage (13310850 Meadow Creek near Stibnite) had a reported drainage area within

2.1 percent of that delineated by BC. This exercise demonstrates the accuracy of the methods used
and provides confidence that using drainage areas delineated by BC and applied in several steps in
the development of the SPLNT model does not introduce a noticeable level of uncertainty in the
modeling.

4.3 Characterization of Channel Dimensions

Separate components of the SPLNT model require characterization of stream channel dimensions
including bankfull width and wetted depth, velocity, and width. The characterization of channel
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dimensions supports modeling in TTools and QUAL2K. Units in this section are presented as metric
units consistent with the input requirements for these tools and to facilitate review by the USFS and
cooperating agencies.

Bankfull width is associated with channel forming flows and is often correlated with drainage area
(Emmett 1975; Lawlor 2004). Rating curves for bankfull width provided by Emmett and Lawlor were
evaluated for the study area and compared to data collected by MWH at 16 sites. Lawlor (2004)
provided rating curves for varying amounts of annual average precipitation. The rating curves for
regions with 30 to 45 inches of annual precipitation provided a better fit to the data compared to
Emmett and were selected to predict bankfull width for streams in the study area:

Weg = 1.84 * (DA0-441)
where
Ws = bankfull width in meters
DA = drainage area in square miles

Graph 4-1 compares the predicted and observed bankfull widths using the Lawlor (2004) rating
curves. A trendline with a slope of 1 would indicate a near perfect fit. Given the varying conditions
observed within a reach (typically comprising riffles, runs, and pools), and the nature of the
observations (a limited number of transects were collected within each reach), a trendline slope of
0.81 and an R2 of 0.79 are sufficiently accurate for this application. TTools requires bankfull width in
its determination of topographic and vegetative shading. TTools uses bankfull width to indicate the
width across which rooted vegetation would not occur (canopy overhang is accounted for separately).
Predicted bankfull widths were assigned to streamlines for this analysis.

12

y =0.815x + 0.5144
R?=0.7915

=
o

(o]

Predicted Bankfull Width (m)
[e)]

0 2 4 6 8 10 12
Observed Average Bankfull Width (m)

Graph 4-1. Comparison of Predicted to Observed Bankfull Width

Source: BC data analysis in support of existing conditions modeling.

Characteristics describing wetted conditions (velocity, depth, and wetted width) vary with stream
flow, and rating curve equations can be developed relating each of the three variables to flow. Laws
of continuity summarized by Emmett require that the sum of the rating curve equation exponents
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equals 1, and the product of the coefficients equals 1. Thus, specification of two of the three curves
dictates the third curve. Rating curves were developed using data collected by USGS, MWH, and Rio
ASE. For this study area, the following rating curves were developed based on the available data:

Vw = 0.75 * (Q0-32)
Dw = 0.35 * (Q0-25)
Ww = 3.81 * (Q043)
where
Vw = Velocity in meters per second
Dw = Wetted depth in meters
Ww = Wetted width in meters
Q = Flow in cubic meters per second

Graph 4-2 through Graph 4-4 show the predicted (i.e., computed from flow using the rating curve
equations above; y-axis) versus observed data (i.e., measured in the field by USGS, MWH, and Rio
ASE; x-axis) for these three parameters (Vw, Dw, and Wv). Coefficients and exponents were adjusted
to achieve the best fit across all three parameters (the closest slopes to 1 for the dotted line and
best R2 values). For these data, slopes of the regression line of 0.73 to 0.74 were achieved across
the three parameters. R2values ranged from 0.44 (for width) to 0.92 (for velocity). The lower R2 for
width indicates it is less strongly correlated to flow compared to the other parameters. Fitting a rating
curve solely to the width data without the constraints of continuity did not result in higher R2 values.

1.8 y =0.7286x + 0.2852

R?=0.9238-9
16 > -

1.4
[ ]
1.2

1
0.8

0.6

Predicted Velocity (m/s)

0.4

0.2

0
0.0 0.5 1.0 1.5 2.0 2.5

Observed Velocity (m/s)

Graph 4-2. Comparison of Predicted (y-axis) to Observed (x-axis) Velocity (Vw)

4-3

20180306_BC_Final SPLNT EC Rpt



SGP SPLNT Model Existing Conditions Report Section 4
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Graph 4-3. Comparison of Predicted to Observed Wetted Depth (Dw)
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Graph 4-4. Comparison of Predicted to Observed Wetted Width (Ww)

These “global” rating curves were entered into QUAL2K to describe the hydraulic conditions
associated with simulated stream flow. During model calibration (described in Section 5.1), rating
curves for some segments were revised to better simulate water temperatures. Revisions to rating
curves were based on velocity, wetted depth, and wetted width measurements collected by MWH
and Rio ASE near the reach being calibrated. Table 4-1 summarizes the rating curve coefficients and
exponents for streams in the study area for the calibrated model. The coefficients and exponents for
each set of equations maintain the laws of continuity for flow.
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Table 4-1. Rating Curves for Streams in the Study Area
Reach Description (Number) Velocity (m/s) Depth (m) Width (m)

Model Reaches Upstream of YPP

EFSFSR above Meadow Creek (1-6) 0.75 * (Q032) 0.22 * (Q0-25) 6.06 * (Q043)
Lower Meadow Creek above East Fork (032 . 1025 . s
Meadow Creek (15 and 16) 0.48 * (Q°%) 0.22 * (Q025) 9.47 * (Q043)
East Fork Meadow Creek (17) 1.6 * (Q0-32) 0.35 * (Q0.25) 1.78 * (Q043)
EFSFSR below Meadow Creek (21) 0.48 * (Q032) 0.22 * (Q0-25) 9.47 * (Q043)

Model Reaches Downstream of YPP

Upper Sugar Creek and unnamed

* ((00.32 * (00.25 * (00.43
tributaries to upper Sugar Creek (1-7) 0.48*(Q*%) 0.35%(Q**) 5957 Q%)

Model Reaches Upstream and Downstream of YPP

All other streams in the study area 0.75 * (Q0-32) 0.35 * (Q0-25) 3.81 * (Q043)

4.4 Selection of Calibration and Validation Dates

QUALZ2K is a steady state model that predicts diurnal temperature variability. To evaluate potential
impacts of mining and restoration, simulation dates representative of thermal criteria have been
selected as the calibration and validation periods. Late July and late September were selected as the
target periods for calibration and validation, respectively. The calibration period was selected as a
low-flow, high-temperature condition for comparison to the USFS MWMT and the IDEQ maximum
daily maximum temperature (MDMT), MWMT, and maximum daily average temperature (MDAT)
described in Section 2.3. The validation period was selected for comparison to spawning season
conditions for bull trout and Chinook salmon (the spawning period for steelhead is in the spring when
flows due to snowmelt runoff are relatively high and mining operations would be less likely to impact
water temperatures).

Evaluating 15-minute flow data available at multiple USGS gages in the study area during these
months led to the selection of July 29, 2016, for calibration and September 24, 2014, for validation.
Both dates represent steady-state flow conditions as shown in Figure 16 and Figure 17. Fifteen-
minute temperature data around this time is shown on Figure 18 and Figure 19.

4.5 TTools and Shade Model Configuration for Existing Conditions

QUALZ2K requires hourly estimates of stream shading caused by topography and surrounding
vegetation. Estimation of hourly shade values for reaches simulated in QUAL2K have been
developed using TTools and Shade.xls. TTools is an ArcMap script that processes spatial coverages
of topographic and vegetative data and outputs aspect, topographic angles, canopy height, and
canopy density. TTools processes input data in several increments out from the stream channel over
a distance of 9 kilometers. Outputs from TTools are entered into the Shade.xls model along with
estimates of canopy overhang. Output from the Shade.xls model is entered into QUAL2K as hourly
shade estimates by reach. This section of the report describes how TTools and Shade.xls model were
used to support development of the SPLNT model.
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4.5.1 TTools

The ArcGIS Extension TTools (Boyd and Kasper 2003) was applied to process the spatial data for the
study area and generate inputs for the Shade.xls model. The topographic data processed with TTools
is described in Section 4.1 and shown in Figure 15.

Shading from riparian vegetation is influenced by canopy height, density, overhang, and distance
from the stream. The LiDAR data collected by Midas Gold was used to develop coverages of canopy
height and density using methods similar to those described by the USGS (2013) for the data in the
vicinity of the streams. Vegetation height was determined as the difference in elevation between
returns classified as vegetation and a normalized ground-surface layer based on ground-classified
returns. A 10-foot-by-10-foot raster layer of canopy height was created for the region using the top of
the vegetative layer in each cell. Vegetation density was estimated as the ratio of LiDAR returns
classified as vegetation to the total number of returns classified as vegetation or ground. These
height and density coverages were sampled for each stream reach using the TTools extension to
provide inputs to the Shade.xls model. Figure 20 through Figure 22 show the vegetation
characteristics provided by the USFS or derived from the LiDAR data.

4.5.2 Shade Model

The Washington State Department of Ecology developed the Shade.xls model to facilitate the
generation of hourly shade estimates based on previous modeling by the ODEQ (Models for Total
Maximum Daily Load Studies; http://www.ecy.wa.gov/programs/eap/models.html). The Shade.xlIs
model accounts for geographic position, topography, and vegetation characteristics to estimate the
hourly percent shading by stream reach. Topographic shading can be created by both near-field and
far-field features, and the degree of shading changes with the position of the sun.

The Shade.xls model relies on output from TTools (Section 4.5.1) in the determination of hourly
shade values for QUAL2K (Section 4.6.5). In addition, the user must also assign canopy overhang
estimates. Average overhang was estimated as a percent of height for trees (10 percent) and shrubs
(25 percent) based on studies by Stuart (2012) and Shumar and de Varona (2009). The methods
from these studies were also used to estimate overhang for the Nemote Creek, Montana,
temperature total maximum daily load (TMDL) approved by EPA (Tetra Tech 2014).

The Shade.xls model was used to evaluate shade conditions every 200 feet along the stream
network. Substantial changes in hourly shade estimates along the reaches were used to inform

reach breaks for QUAL2K. Once the QUAL2K reaches were determined (based on the tributary
network and changes in shade estimates), the Shade.xls model was rerun to provide inputs to
QUALZ2K (hourly shade estimates by reach). Figure 23 shows the hourly Shade.xls model output every
200 feet along the streams. The length shown on the y-axis for each panel is held constant.

4.6 QUAL2K Model Configuration for Existing Conditions

This section describes the configuration and initialization of the QUAL2K model to represent existing
conditions for the study area. Future reports will describe the configurations to represent the
Proposed Action including post-mining conditions and alternatives if appropriate. While Midas Gold
typically reports English units for reports, the QUAL2K model inputs are in metric units. These
sections provide inputs in metric units consistent with the QUAL2K model to facilitate review by the
USFS and cooperating agencies.

4.6.1 Stream Network and Reach Characterization

QUALZ2K defines a model reach as one where average conditions are similar over the length of the
reach. Recent work by BC to refine the hydrologic modeling for the SGP was used as the starting
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point for defining the stream network for consistency across models. The extent of the QUAL2K
model was then defined as described in Section 2.1. Reaches were split into separate modeling
reaches at tributary confluences, distinct changes in shade (referred to as shadebreaks in
Table 4-2), and the upper extent of proposed mine features (Figure 3).

Figure 24 shows the mean hourly shade from 05:00 to 20:00 based on output from the Shade.xls
model and conditions representative of early August (solar angles, etc.). The location of reach breaks
established for the existing conditions model are shown as vertical lines with blue lines indicating a
tributary confluence, green lines showing locations of potential mine features, and orange lines
showing where a reach break was assigned due to changes in mean hourly shade. If a tributary or
mine feature was already near a change in mean hourly shade, an additional break was not
assigned.

Two separate QUAL2K models have been developed to represent the existing conditions for the
study area. Because the YPP is in the model domain and is being simulated dynamically using the
GLM (Section 4.7), it was necessary to simulate the existing conditions upstream and downstream of
the YPP using two separate QUAL2K models. Table 4-2 summarizes the reach configuration including
the reach number, description, and length for each model.

Table 4-2. Reach Characteristics for the QUAL2K Models Upstream and Downstream of YPP

Reach Number Reach Descriptiona Reach Length (km)
Model Reaches Upstream of YPP
1 EFSFSR, Headwater to reach break 0.50
2 EFSFSR, reach break to EFSFSR Trib 4 0.43
3 EFSFSR Trib 4 Headwater 0.63
4 EFSFSR, EFSFSR Trib 4 to reach break 0.67
5 EFSFSR, reach break to Rabbit Creek 0.86
6 EFSFSR, Rabbit Creek to Meadow Creek 191
7 Meadow Creek (MC), Headwater to reach break 1.40
8 Meadow Creek, reach break to MC Trib 2 1.16
9 MC Trib 2, Headwater to reach break 0.76
10 MC Trib 2, reach break to Meadow Creek 0.60
11 Meadow Creek, MC Trib 2 to MC Trib 3 0.34
12 MC Trib 3, Headwater to reach break 0.76
13 MC Trib 3, reach break to Meadow Creek 0.83
14 Meadow Creek, MC Trib 3 to reach break 0.90
15 Meadow Creek, reach break to reach break 1.02
16 Meadow Creek, shadebreak to East Fork MC 0.93
17 East Fork MC, Headwater to shadebreak 2.76
18 East Fork MC, shadebreak to Meadow Creek 1.65
19 Meadow Creek, East Fork MC to shadebreak 1.15
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Reach Number Reach Descriptiona Reach Length (km)
20 Meadow Creek, shadebreak to EFSFSR 0.36
21 EFSFSR, Meadow Creek to Garnet Creek 0.66
22 Garnet Creek, Headwater to shadebreak 1.10
23 Garnet Creek, shadebreak to EFSFSR 0.74
24 EFSFSR, Gamnet Creek to Fiddle Creek 177
25 Fiddle Creek (FC), Headwater to FC Trib 3 0.52
26 Fiddle Creek, FC Trib 3 to shadebreak 0.33
27 Fiddle Creek, shadebreak to EFSFSR 1.94
28 EFSFSR, Fiddle Creek to shadebreak 0.23
29 EFSFSR, shadebreak to Midnight Creek 0.36
30 Midnight Creek Headwater 2.99
31 EFSFSR, Midnight Creek to YPP Lake 0.12

Model Reaches Downstream of YPP
1 Sugar Creek (SC), Headwater to shadebreak 0.55
2 Sugar Creek, shadebreak to SC Trib 4 0.58
3 Sugar Creek Trib 4 Headwater 0.26
4 Sugar Creek, SC Trib 4 to SC Trib 5 0.17
5 Sugar Creek Trib 5 Headwater 0.24
6 Sugar Creek, SC Trib 5 to shadebreak 0.71
7 Sugar Creek, shadebreak to West End Creek 0.92
8 West End Creek, Headwater to shadebreak 0.76
9 West End Creek, shadebreak to shadebreak 1.13
10 West End Creek, shadebreak to Sugar Creek 1.60
11 Sugar Creek, West End Creek to EFSFSR 1.19
12 EFSFSR, YPP Lake to Sugar Creek 1.12
13 EFSFSR, Sugar Creek to Hennessy Ditch 0.15b
14 Hennessy Creek, Headwater to shadebreak 1.49
15 Hennessy Ditch, shadebreak to shadebreak 0.92
16 Hennessy Ditch, shadebreak to EFSFSR 0.53
17 EFSFSR, Hennessy Ditch to Model End 0.86

aShadebreaks are locations where a distinct change in shade was determined from the shade modeling and a new reach

was assigned.

bActual distance is 0.04 kilometer. However, the QUAL2K model would not compile and complete the Fortran calculations
with the actual distance. Increased distance was necessary for the model to complete calculations for concentrated area
of confluence between EFSFSR, Sugar Creek, and Hennessy Ditch (upper reaches are referred to as Hennessy Creek due
to more natural condition). This resulted in moving the Hennessy Ditch input downstream approximately 360 feet in the

model.
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4.6.2 Headwater Flows and Temperatures

The model domain for the QUAL2K model is illustrated in Figure 3. Drainage areas upstream of the
model domain are represented in the model as headwater inputs. Table 4-3 and Table 4-4
summarize the flow and temperatures specified for these headwaters for the calibration and
validation model runs. Flows were based on the drainage areas delineated to each point using the
methods described in Section 4.2. Water temperatures were based on observations recorded at
nearby, similar temperature monitoring sites. Changes in water temperature relative to stream length
(to inform assumptions on headwater temperatures) were estimated based on the difference in
measurements at MWH-034 and MWH-003 (Figure 6). These stations were selected because they
are the most upstream stations in the headwaters of the study area that are close enough together
to not be influenced substantially by diffuse flow inputs or tributaries. Simulated diurnal variability at
the headwaters was exaggerated slightly relative to temperatures observed downstream (while the
daily averages were maintained). Headwaters have lower stream flows and are subject to greater
fluctuations in water temperature. This pattern was observed by comparing upstream and
downstream temperature monitoring data.

Table 4-3. Daily Average Stream Flows Specified for Headwaters for the Calibration and Validation Periods

Drainage Area at Average Daily Flow (cms) Average Daily Flow (cms) for
Headwater Input for Calibration Date Validation Date
Tributary (see Figure 3) (square miles) (July 29, 2016) (September 24, 2014)

Sugar 14.81 0.307 0.200
SugarTrib_4 0.25 0.005 0.003
SugarTrib_5 0.47 0.010 0.006
West End 0.024 0.0005 0.0003
Hennessy 0.25 0.005 0.003
Midnight 0.034 0.001 0.0005
Fiddle 0.96 0.019 0.014
Fiddle_Trib3* 0.078 0.002 0.001
Garnet 0.048 0.0009 0.0007
EastForkMeadow 0.74 0.016 0.010
Meadow_Trib3 1.02 0.022 0.013
Meadow_Trib2 0.31 0.007 0.004
Meadow 0.64 0.014 0.008
Rabbita 0.63 0.015 0.012
EFSFSR_Trib4 1.91 0.044 0.036
EFSFSR_US 4.04 0.093 0.076

aFiddle_Trib3 and Rabbit are simulated as point source inputs rather than tributaries.
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Table 4-4. Range of Hourly Water Temperatures Specified for Headwaters for the Calibration and Validation Periods

Minimum, Average, and Maximum Hourly Minimum, Average, and Maximum Hourly
Tributary Temperatures (°C) for Calibration Date Temperatures (°C) for Validation Date
(see Figure 3) (July 29, 2016) (September 24, 2014)
Sugar 6.7,9.8,13.7 7.5,8.7,9.9
West End 5.6,8.3,11.5 6.7,7.9,9.1
Hennessy 5.6,8.3,11.5 6.7,7.9,9.1
EFSFSR Below YPP2 13.4 10.5
Midnight 5.6,8.3,11.5 6.7,7.9,9.1
Fiddle 5.6,8.3,11.5 6.7,7.9,9.1
Fiddle_Trib3b 8.3 7.9
Garnet 5.6,8.3,11.5 6.7,7.9,9.1
EastForkMeadow 5.6,8.3,11.5 6.7,7.9,9.1
Meadow_Trib3 5.6,8.3,11.5 6.7,7.9,9.1
Meadow_Trib2 5.6,8.3,11.5 6.7,7.9,9.1
Meadow 7.8,10.9,14.6 7.5,8.7,9.9
Rabbit? 8.3 7.9
EFSFSR_Trib6 5.6,8.3,11.5 6.7,7.9,9.1
EFSFSR_US 6.7,9.8,13.7 7.5,8.7,9.9

aHeadwater inputs for EFSFSR below the YPP are derived from the GLM described in Section 4.7.
bTributaries simulated as point sources are only assigned a mean daily temperature as model input.

4.6.3 Diffuse Flow Inputs and Temperatures

Groundwater inputs are simulated by QUAL2K as diffuse flows that are constant inputs over the
length of a reach. Assignment of diffuse flows maintains the flow balance throughout the system.
Diffuse flows were assigned based on the observed differences at upstream and downstream USGS
flow gages. Daily average water temperatures must also be defined for diffuse flows.

Table 4-5 summarizes the diffuse flow inputs and water temperatures assigned to each QUAL2K
model reach. Diffuse source temperature was estimated as the average of (1) mean ambient air
temperature for the preceding month of the calibration/validation period and (2) the average of
seep/adit water temperature data collected by HDR between 2012 and 2016. Seep/adit
temperatures were sorted spatially to apply to specific reaches and temporally to apply to the
specific calibration and validation periods. This approach allowed for the use of site-specific data and
consistency with approaches used for EPA-approved TMDLs (Montana DEQ and EPA Region 8 2014;
Tetra Tech 2013, 2014).

4-10

20180306_BC_Final SPLNT EC Rpt



SGP SPLNT Model Existing Conditions Report

Section 4

Table 4-5. Diffuse Flows and Associated Water Temperature for the QUAL2K Models Upstream and Downstream of YPP

Calibration Run

Validation Run

Validation Run

Reach Calibration Run Daily Average Water Diffuse Inflow Daily Average Water
Number Reach Description | Diffuse Inflow (cms) Temperature (°C) (cms) Temperature (°C)
Model Reaches Upstream of YPP
1 EFSFSR, Headwater to 0.0060 11.90 0.0050 10.60
reach break
EFSFSR, reach break to
2 EFSFSR Trib 4 0.0050 11.90 0.0040 10.60
3 b 0.0070 11.90 0.0060 10.60
Headwater
4 EFSFSR, EFSFSR Trib 4 0.0070 11.90 0.0060 10.60
to reach break
EFSFSR, reach break to
5 Rabbit Creek 0.0100 11.90 0.0080 10.60
g | EFSFSR, Rabbit Creek to 0.0210 13.90 0.0170 11.60
Meadow Creek
Meadow Creek,
7 Headwater to reach 0.0180 11.90 0.0110 10.60
break
Meadow Creek, reach
8 break to MC Trib 2 0.0150 11.90 0.0090 10.60
9 MCTrib 2, Headwater to 0.0100 11.90 0.0060 10.60
reach break
10 MCTrib 2, reach break 0.0080 11.90 0.0050 10.60
to Meadow Creek
Meadow Creek, MC Trib
11 2 to MC Trib 3 0.0040 11.90 0.0030 10.60
12 | MCTrib3, Headwaterto 0.0100 11.90 0.0060 10.60
reach break
13 MCTrib 3, reach break 0.0100 11.90 0.0060 10.60
to Meadow Creek
14 Meadow Creek, MC Trib 0.0090 13.90 0.0060 11.60
3 to reach break
15 Meadow Creek, reach 0.0070 13.90 0.0060 11.60
break to reach break
Meadow Creek,
16 shadebreak to East Fork 0.0060 13.90 0.0060 11.60
MC
East Fork MC,
17 Headwater to 0.0180 11.90 0.0160 10.60
shadebreak
East Fork MC,
18 shadebreak to Meadow 0.0110 11.90 0.0100 10.60
Creek
Meadow Creek, East
19 Fork MC to shadebreak 0.0080 13.90 0.0070 11.60
Meadow Creek,
20 shadebreak to EFSFSR 0.0020 13.90 0.0020 11.60

4-11

20180306_BC_Final SPLNT EC Rpt



SGP SPLNT Model Existing Conditions Report

Section 4

Calibration Run

Validation Run

Validation Run

Reach Calibration Run Daily Average Water Diffuse Inflow Daily Average Water
Number Reach Description | Diffuse Inflow (cms) Temperature (°C) (cms) Temperature (°C)
21 EFSFSR, Meadow Creek 0.0040 13.90 0.0020 11.60
to Garnet Creek
Garnet Creek,
22 Headwater to 0.0070 11.90 0.0040 10.60
shadebreak
Garnet Creek,
23 shadebreak to EFSFSR 0.0050 11.90 0.0030 10.60
g4 | EFSFSR, Gamet Creekto 0.0110 11.90 0.0060 10.60
Fiddle Creek
Fiddle Creek, Headwater
25 to FC Trib 3 0.0030 11.90 0.0020 10.60
gg | FiddleCreek, FCTrib 3 to 0.0020 11.90 0.0010 10.60
shadebreak
Fiddle Creek,
27 shadebreak to EFSFSR 0.0120 11.90 0.0070 10.60
28 EFSFSR, Fiddle Creek to 0.0010 11.90 0.0010 10.60
shadebreak
EFSFSR, shadebreak to
29 Midnight Creek 0.0020 11.90 0.0010 10.60
30 Midnight Creek 0.0190 11.90 0.0100 10.60
Headwater
EFSFSR, Midnight Creek
31 t0 YPP Lake 0.0010 11.90 0.0004 10.60
Model Reaches Downstream of YPP
1 Sugar Creek, Headwater 0.0040 11.90 0.0030 10.60
to shadebreak
Sugar Creek,
2 shadebreak to SC Trib 4 0.0040 11.90 0.0030 10.60
3 Sugar Creek Trib 4 0.0020 11.90 0.0010 10.60
Headwater
Sugar Creek, SC Trib 4 to
4 SCTrib 5 0.0010 11.90 0.0010 10.60
5 Sugar Creek Trib 5 0.0020 11.90 0.0010 10.60
Headwater
6 Sugar Creek, SCTrib 5 to 0.0050 11.90 0.0030 10.60
shadebreak
Sugar Creek,
7 shadebreak to West End 0.0070 11.90 0.0040 10.60
Creek
West End Creek,
8 Headwater to 0.0050 11.90 0.0040 10.60
shadebreak
West End Creek,
9 shadebreak to 0.0080 11.90 0.0050 10.60
shadebreak
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Calibration Run Validation Run Validation Run
Reach Calibration Run Daily Average Water Diffuse Inflow Daily Average Water
Number Reach Description | Diffuse Inflow (cms) Temperature (°C) (cms) Temperature (°C)
West End Creek,
10 shadebreak to Sugar 0.0050 11.90 0.0030 10.60
Creek
Sugar Creek, West End
11 Creek to EFSFSR 0.0080 14.80 0.0060 12.00
12 EFSFSR, YPP Lake to 0.0070 11.90 0.0040 10.60
Sugar Creek
13 EFSFSR, Sugar Creek to 0.0003 14.80 0.0001 12.00
Hennessy Creek
Hennessy Creek,
14 Headwater to 0.0090 11.90 0.0050 10.60
shadebreak
Hennessy Ditch,
15 shadebreak to 0.0060 11.90 0.0030 10.60
shadebreak
Hennessy Ditch,
16 shadebreak to EFSFSR 0.0030 11.90 0.0020 10.60
17 | EFSFSR, Hennessy Ditch 0.0050 14.80 0.0030 12.00
to Model End

4.6.4 Meteorological Inputs

For the QUAL2K modeling of existing conditions, observed conditions for the calibration and
validation dates were input to the model. QUAL2K calculates the heat balance based on the
geographical position, hours of daylight, short- and long-wave radiation, atmospheric attenuation,
reflection, conductance, convection, thermal exchange with the sediments, cloud cover, and shade.
Cloud cover and shade are input by the user on an hourly basis. QUAL2K provides user-selected
calculations for the other required terms of the heat balance. Meteorological data from the
MesoWest station in the study area were used to develop the hourly meteorological inputs for the
QUAL2K model for the calibration date (July 29, 2016) and the validation date (September 24,
2014) as shown in Figure 25. Hourly air temperature, dew point temperature, and wind speed are
directly input to QUAL2K. Solar radiation is used to estimate cloud cover. For the calibration and
validation dates selected, the solar radiation observations generate a smooth curve with values
expected for this time of year when no cloud cover is present. Thus, for these dates, percent cloud
cover was set to zero each hour. This assumption also results in conservative assumptions for
evaluating model scenarios because the maximum amount of solar radiation would reach the
streams under this condition.

In subsequent reports, these scenarios will represent the Proposed Action and alternatives by
altering the channel configurations, stream flows, and shading values as appropriate (i.e., increased
shading due to riparian vegetation restoration or decreased shading due to removal of vegetation).
Meteorological conditions will not be varied when evaluating potential changes to water temperature
caused by mining operations. Some meteorological inputs were varied during model sensitivity
analyses as described in Section 5.3.

4.6.5 Shade Inputs

Section 4.5.2 describes how the Shade.xls model was used to evaluate the fraction of shade each
hour of the day every 200 feet along the tributaries evaluated. Section 4.6.1 provides graphical

4-13

20180306_BC_Final SPLNT EC Rpt



SGP SPLNT Model Existing Conditions Report Section 4

displays of how the mean hourly shade values were used to inform reach breaks for QUAL2K. Once
the reaches were defined, the incremental output (every 200 feet) from Shade.xls was averaged to
provide inputs to the QUAL2K model. Figure 26 shows the hourly shade values for each of the 31
reaches located upstream of YPP. Figure 27 shows the values for each of the 17 reaches located
downstream of the YPP. Reach numbers in these figures correspond to those listed in Table 4-2.

4.6.6 QUAL2K Inputs for the Light and Heat Budget

QUAL2K simulates the heat balance with a series of equations describing short- and long-wave
radiation, thermal exchange with the air and sediments, and evaporation. The various methods and
assumptions are described in the QUAL2K User Manual (Chapra et al. 2008). Table 4-6 lists the
inputs specified for the calibration and validation runs for the SGP. Default model parameters were
applied. The model was not sensitive to altering the default values as shown in Section 5.3.
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Table 4-6. Specifications for the QUAL2K Heat Balance Described by Chapra et al. (2008)
Parameter Value Units
Solar shortwave radiation model

Atmospheric attenuation model for solar Ryan-Stolzenbach -
Atmospheric turbidity coefficient (2 = clear, 5 = smoggy, default = 2) 2 -
Atmospheric transmission coefficient (0.70-0.91, default 0.8) 0.8 -
Atmospheric longwave emissivity model Brunt -

Evaporation and air convection/conduction
Wind speed function for evaporation and air convection/conduction Brady-Graves-Geyer -
Sediment heat parameters

Sediment thermal thickness 10 cm

Sediment thermal diffusivity 0.0064 cm2/s

Sediment density 1.6 g/cm3

Water density 1 g/cms3

Sediment heat capacity 0.4 cal/(g°C)

Water heat capacity 1 cal/(g°C)
- = unitless.

4.7 GLM Configuration for Existing Conditions

The GLM dynamically simulates the heat and water balance of the YPP lake over depth and through
time and therefore requires time series inputs of model drivers and boundary conditions. This
section describes the model configuration, assumptions, and data sources for simulating the existing
temperature conditions as water enters and passes through the YPP.

4.7.1 Bathymetry

Existing bathymetric data (Figure 8, Quadrant Consulting, Inc. 2016) were used to quantify the
relationship between water depth, surface area, and water volume. Because the model uses a 1-
dimensional approximation of the lake, the structure in the horizontal direction is simplified to a
simple relationship relating the vertical depth increments to water volume (Graph 4-5). Water volume
within any specified depth layer can be integrated from this relationship.

These data were used directly in the GLM model to dynamically calculate the volume of water within
each thermal layer as they expand and shrink through time.

Graph 4-5. Cross Section (to Scale) of the Relationship Between Water Depth and Horizontal Distance

4.7.2 Upstream Inflow and Water Temperature

Daily inflow volume was obtained from a continuous record of flow from USGS Gage 13311000
EFSFSR at Stibnite, which is the nearest gage upstream of the YPP (Figure 6). The volume of water
entering the YPP is high relative to the size of the lake. When flows are their greatest during the
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spring, residence time of the lake is under one day and inflow often provides enough water to refill
the lake two to eight times in a single day. Even during the periods of low flow, residence time of the
lake is on the order of only 5 to 7 days. This rate of flow-through relative to the volume of the lake is
the most important driver of conditions in the YPP. Figure 28 shows the observed flows upstream
and downstream of the YPP and the estimated residence time.

The record of water temperature at USGS Gage 13311000 EFSFSR at Stibnite is not as complete as
the flow record and only includes the periods between April 25, 2014, to Sept 20, 2014, and
between March 29, 2016, and October 4, 2016. To develop a full record of temperature for input for
the model, water temperatures from nearby sites with a more complete record were compared with
water temperature at Gage 13311000 EFSFSR at Stibnite for all overlapping periods. Because of a
strong coherence in temperature among sites on the stream network (slopes near 1 and R2 values
between 0.98 and 0.99), statistical relationships were used to develop a complete time series of
temperatures for the water entering the YPP (Graph 4-6). The closest upstream station with available
data was used for each missing period (MWH-004, then MWH-003). For the last missing period,
beginning in October 2016, no upstream data were available and the next downstream station was
used (USGS 13311250) (Graph 4-7).

Graph 4-6. Stream Temperature Relationships Used to Estimate Input Temperatures for the YPP Model

Graph 4-7. Water Temperature Time Series used as Input for the YPP GLM

Shaded regions indicate periods without temperature data at the closest upstream gage (USGS-
13311000), and the color identifies which temperature gage was used for generating the input data
set during each period.

4.7.3 Meterological Drivers

The GLM requires at least daily values of air temperature, relative humidity, incoming solar radiation,
wind speed, and precipitation. These datasets were primarily compiled from Midas Gold’s on-site
weather station record. For periods of missing data, values were obtained through the best available
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statistical relationships with other data sources, including the National Climatic Data Center dataset
from McCall, Idaho (National Centers for Environmental Information, https://www.ncei.noaa.gov),
and grid-based data sets including PRISM (PRISM Climate Group, http://prism.oregonstate.edu) and
Daymet (Thornton et al. 2017).

Daymet provided the relationship with the on-site mean daily air temperatures (R2 = 0.97) and was
used to fill in all gaps in temperature when it was available. Daymet provided the only other source
for incoming solar radiation during times the on-site station was down and was used to fill in missing
values.

On-site relative humidity was best predicted from the data recorded at the National Climatic Data
Center weather station in McCall (R2 = 0.79), and the PRISM dataset was used to fill in the few times
when data were unavailable from the McCall station. Wind speed and precipitation are typically more
local phenomena with only longer-term averages showing spatial correspondance among distant
stations. Data from the McCall weather station were used as surrogates when necessary, with the

understanding that any single predicted value may not be accurate but that accuracy improves when
averaged over several days.

The full set of daily meteorologic input values are provided in Figure 29.
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Results

This section summarizes the calibration and validation results developed for the existing conditions
SPLNT model. Additional scenarios will be developed to represent conditions during and post-mining
and reported in the SGP SPLNT Model Proposed Action Report. A combination of statistical and
graphical comparisons were used to evaluate model calibration.

5.1 Model Evaluation Criteria

The SPLNT model predictions (predictions, P) were evaluated using the mean error (ME) and
absolute mean error (AME) as measures of goodness of fit compared to observations (O) for daily
minimum, mean, and maximum temperatures across all N sites with observations (sites, i). These
performance measures were calculated as follows and are reported in measurement units (°C).

ME = %z P, — 0
i=1
N
1
AME = Nzlpi o;l
i=1

The time series of predicted outlet temperatures (P) from YPP were additionally evaluated against
downstream observations (0) using the Nash-Sutcliffe efficiency coefficient (E) calculated as follows:

oo SR =0
Yi=1(0, — 0)?

The Nash-Sutcliffe efficiency coefficient can range from negative infinity to 1. A value of zero

indicates the model does no better than simply using the mean of the observed values as the

prediction. A value of 1 indicates the model predicts the observations perfectly. A value of less than

0 indicates the model residual variance is greater than the variance in the data—that is, the model is

a worse predictor of the observations than mean of all the observations.

5.2 Model Calibration and Validation

The SPLNT model was calibrated for July 29, 2016, and validated for September 24, 2014. The
QUAL2K simulated daily maximums, daily minimums, and daily averages compared to observations
for streams upstream and downstream of the YPP are shown in Table 5-1, Figure 30, and Figure 33.
For the calibration date, observations are available at eight locations above YPP and three locations
below YPP for comparison to simulated water temperatures. Across the model domain, the mean
error of model simulated daily average and maximum temperatures indicates little bias with values
less than 0.1 °C. The mean error of minimum daily temperatures was 0.4 °C, showing, on average, a
slightly conservative overestimate of minimum temperature. Mean absolute errors for all three
metrics were 0.3, 0.4, and 0.6 °C respectively. For the validation date, observations are available at
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seven locations upstream of YPP and four locations below YPP. Mean error of the minimum, average,
and maximum simulated water temperatures are 0.3, 0.4, and 0.6 °C respectively, indicating the
validated model was slightly conservative in its predictions (estimating temperatures slightly higher
than those observed). Mean absolute errors were comparable to the calibration values, with values
of 0.4, 0.7, and 0.6°C for the daily average, maximum, and minimum, respectively.

Figure 31 shows the temperature results for the YPP GLM. The top half of the figure shows the time
series of simulated outflow temperature values compared to those observed downstream of YPP. For
periods when observations are available, the model output matches the observed data well, with a
mean absolute error of 0.7 °C. Modeled YPP outlet temperatures are on average 0.4 °C lower than
the observed temperatures at the USGS gage (13311250) approximately 1 kilometer downstream
from YPP. This error is small compared to the daily range in observed temperatures of 2.4 °C and is
in the right direction given that the water temperature should warm slightly as it moves out of the
YPP and flows downstream in the EFSFSR. The lower half of the figure shows the daily average
observed temperatures versus predicted (R2 = 0.96, Nash-Sutcliffe efficiency = 0.94). This
comparison to observed data indicates that the GLM is suitable for simulating pit lake temperatures
as a component of the SPLNT model.

Model results for DO and temperature over the depth of the YPP lake are shown in Figure 32. The
model shows the lake beginning to stratify during periods of low flow and warm weather, but
stratification often appears to be weak and easily disturbed by moderate flow events during its
onset. For the summer of 2015, stratification appears to have been able to set in with less
disturbance, allowing a stronger temperature gradient and thus stratification to persist for a longer
period.
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Table 5-1. Simulated, Observed, and Temperature Differences Compared to Observations for the QUAL2K Model

Temperature (°C)
Model Reach Reach Distance Upstream from Simulated Simulated Simulated Observed Observed Observed Sim-Obs Sim-Obs Sim-Obs
Above or Below YPP No. Description Mouth of Tributary (km) Average Minimum Maximum Average Minimum Maximum Average Minimum Maximum
Above 5 EFSFSR3 5.8 9.76 7.24 12.92 9.87 7.24 13.02 -0.11 0.00 -0.10
Above 6 EFSFSR4 (at Rabbit Creek) 34 9.83 7.62 12.23 10.00 7.20 13.20 -0.17 0.42 -0.97
Above 21 EFSFSR5 (at Meadow Creek) 2.6 11.79 8.02 16.56 12.20 8.20 17.00 -0.41 -0.18 -0.44
Above 11 MC2 (at MC Trib 2) 4.5 11.27 9.58 13.73 10.99 8.53 13.95 0.28 1.05 -0.22
Above 14 MC4 (at MC Trib 3) 3.7 10.92 9.22 13.16 10.60 8.20 13.50 0.32 1.02 -0.34
Above 15 MC6 3.0 11.88 8.98 16.02 11.29 8.27 15.26 0.59 0.71 0.76
Above 20 MC10 0.27 13.34 8.59 20.33 13.47 8.54 19.59 -0.13 0.05 0.74
Above 18 MC9 0.10 11.83 8.75 16.83 11.60 7.63 17.00 0.23 1.12 -0.18
Below 11 SC5 1.2 10.79 7.54 15.40 11.60 8.40 15.70 -0.81 -0.86 -0.30
Below 12 YPP Lake Headwater 0.25 13.46 12.82 14.99 13.60 12.00 14.70 -0.14 0.82 0.29
Below 12 YPP Lake Headwater 0.15 13.46 12.82 14.99 13.70 12.20 14.80 -0.24 0.62 0.19
Average 11.67 9.20 15.20 11.72 8.76 15.25 -0.05 0.43 -0.05
Mean Error -0.05 0.43 -0.05 - - - - - -
Mean Absolute Error 0.31 0.62 0.41 — - - - - —

Above 6 EFSFSR4 (at Rabbit Creek) 3.4 8.39 6.99 10.27 8.40 6.70 10.40 -0.01 0.29 -0.13
Above 21 EFSFSR5 (at Meadow Creek) 2.6 9.41 6.95 13.20 9.60 7.00 13.20 -0.19 -0.05 0.00
Above 11 MC2 (at MC Trib 2) 4.5 9.50 8.27 11.60 8.86 7.38 10.71 0.64 0.89 0.89
Above 14 MC4 (at MC Trib 3) 3.7 9.29 8.04 11.32 8.40 7.00 10.80 0.89 1.04 0.52
Above 15 MC6 3.0 9.85 7.65 13.75 9.11 6.93 12.17 0.74 0.72 1.58
Above 20 MC10 0.27 10.54 7.32 16.23 10.49 7.03 15.72 0.05 0.29 0.51
Above 18 MC9 0.10 10.00 8.04 13.84 8.99 6.61 13.02 1.01 1.43 0.82
Below 11 SC5 1.6 8.87 7.13 11.78 8.77 7.02 11.08 0.10 0.11 0.70
Below 11 SC5 1.2 8.87 7.08 11.81 8.80 7.00 11.10 0.07 0.08 0.71
Below 12 YPP Lake Headwater 0.25 10.47 10.01 11.74 10.60 9.20 12.50 -0.13 0.81 -0.76
Below 12 YPP Lake Headwater 0.15 10.47 10.01 11.74 10.76 9.26 12.73 -0.29 0.75 -0.99
Average 9.61 7.95 12.48 9.34 7.38 12.13 0.26 0.58 0.35

Mean Error 0.26 0.58 0.35 - - - - - -

Mean Absolute Error 0.37 0.59 0.69 - - - - - -
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5.3 Sensitivity Analyses

Several sensitivity analyses were conducted to evaluate how changes in model input may affect
simulated water temperatures. Two separate QUAL2K models have been developed to represent the
existing conditions for the study area (upstream and downstream of the YPP). All QUAL2K sensitivity
analyses were performed using the model upstream of the YPP. Sensitivity analyses for the YPP GLM
are not included in this report but were conducted for light extinction, wind speed, and sediment
oxygen demand parameters with little impact on simulated results because the YPP has a minimal
impact on water temperatures. Sensitivity analyses for the proposed pit lake simulations will be
included in the SGP SPLNT Model Proposed Action Report.

Model inputs used for the calibration date were applied for these analyses. The following parameters
were analyzed:

o Airtemperatures

o Cloud cover

o Diffuse flow input temperatures
o Sediment thermal thickness

o Hourly shade values

o Stream flow

The results of the sensitivity analyses compare model results for the minimum value simulated and
the maximum value simulated. For reference, the observed data for the calibration day are also
included in the figures for the sensitivity analyses. The resulting variation in model output described
below is not in reference to the calibrated model or to the observations but rather the range over
which the sensitivity analyses were conducted. Appendix B provides the input and output for the
sensitivity analyses in tabular format.

Figure 34 shows the sensitivity of the model to altered air temperatures, which were either increased
or decreased by 5 °C relative to the model inputs. Across this 10 °C variation, simulated water
temperatures varied by up to approximately 1 °C.

Figure 35 shows the effects of increasing cloud cover. During both the calibration and validation
runs, cloud cover was set to zero based on analysis of solar radiation data. Increasing the cloud
cover to 50 percent across the site has the effect of lowering maximum simulated water
temperatures by up to approximately 1 °C. Increasing the cloud cover to 100 percent had a more
substantial effect and lowered simulated maximum water temperatures by up to 5 °C. Increasing
cloud cover raised minimum water temperatures slightly in some areas, likely due to the insulating
effect.

Figure 36 shows the sensitivity of the model to altered diffuse flow input temperatures, which were
either increased or decreased by 2 °C relative to the model inputs. This 4 °C range in inputs resulted
in changes in maximum water temperature up to 2 °C and minimum water temperature slightly more
than 2 °C.

Figure 37 shows the sensitivity of the model to changes in diffuse flow rates. These sensitivity
analyses were run assuming either a 50 percent decrease or 50 percent increase in diffuse flow
rates. This variation in diffuse flow rates impacted simulated temperatures by up to approximately
1 °C.

Figure 38 shows the effect of altering the sediment thermal thickness to 5 cm less than or greater
than the default value (10 cm) that was used for the model calibration. Over this 10-cm variation,
simulated water temperatures were affected by up to approximately 0.5 °C.
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Figure 39 shows the effect of altering the hourly shade values. The sensitivity analyses for this
parameter were created assuming either the minimum shade (reach 19) or the maximum shade
(reach 13) was applied across every reach. This variation in shade resulted in simulated maximum
water temperatures that were affected by more than 10 °C at the downstream ends of the model
reaches, indicating the model is relatively sensitive to shade values. Simulated minimum water
temperatures were not greatly affected.

Figure 40 shows the sensitivity of the model to changes in total stream flow. Headwater flows,
tributaries simulated as point sources, and diffuse flow inputs were decreased or increased by 50
percent for these model runs. Simulated minimum and average temperatures across this range of
flows varied by up to 1 °C. Simulated maximum temperatures across this range of flows varied by up
to 3 °C.

These sensitivity analyses indicated that the QUAL2K model is most sensitive to shade values,
followed by maximum cloud cover. The model was least sensitive to the sediment thermal depth and
air temperatures. Alterations to diffuse flow temperatures and stream flows caused moderate
changes to stream temperatures. Sensitivity analyses were also conducted for inorganic suspended
sediment (ISS) based on agency comments on the draft of this report. The results of this analysis are
included in Appendix B. Increasing the ISS concentration from 0 mg/l as assumed under the existing
condition to 5 or 10 mg/I did not impact simulated stream temperatures. While QUAL2K accounts for
the effect of ISS on light penetration, it is not a variable that is considered in the heat balance.
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Summary

The SPLNT model was developed for the SGP to evaluate the potential changes to stream water
temperatures and pit lake water temperatures and DO that may occur as a result of proposed mining
features and subsequent site restoration. A series of tools and models were used to develop SPLNT:
TTools, Shade.xls model, QUAL2K, and GLM.

The SPLNT existing conditions model was developed and calibrated primarily using data collected at
the SGP. The models have been calibrated and validated and provide a relatively accurate tool that
is considered sufficient for simulating water temperatures.

For the calibration date, simulated stream water temperatures are within 1.1 °C of observed values.
For the validation date, simulated stream water temperatures are within 1.6 °C of observed values.
Daily average outflow temperatures for the pit lake are generally predicted within 1 °C. For both the
streams and pit lake, the model sometimes over predicts and sometimes under predicts water
temperature, indicating the differences are random rather than biased.

The sensitivity analyses of the stream temperature model indicated that the model is most sensitive
to shade values, followed by maximum cloud cover. The model was least sensitive to the sediment
thermal depth and air temperatures. Alterations to diffuse flow temperatures and stream flows
caused moderate changes to stream temperatures. Sensitivity analyses for the YPP GLM are not
included in this report but were conducted for light extinction, wind speed, and sediment oxygen
demand parameters with little impact on simulated results.

Subsequent reports will apply the SPLNT model to the Proposed Action and any alternatives that may
affect water temperatures. Model output for the existing conditions, Proposed Action, and
alternatives will be compared to criteria established by the USFS and Idaho. The comparisons
(including for existing conditions) will be presented in the SGP SPLNT Model Proposed Action Report
and SGP SPLNT Model Alternatives Report.
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Limitations

This document was prepared solely for Midas Gold in accordance with professional standards at the
time the services were performed and in accordance with the contract between Midas Gold and BC
dated January 16, 2017. This document is governed by the specific scope of work authorized by
Midas Gold; it is not intended to be relied upon by any other party except for regulatory authorities
contemplated by the scope of work. We have relied on information or instructions provided by Midas
Gold and other parties and, unless otherwise expressly indicated, have made no independent
investigation as to the validity, completeness, or accuracy of such information.

Further, BC makes no warranties, express or implied, with respect to this document, except for
those, if any, contained in the agreement pursuant to which the document was prepared. All data,
drawings, documents, or information contained this report have been prepared exclusively for the
person or entity to whom it was addressed and may not be relied upon by any other person or entity
without the prior written consent of BC unless otherwise provided by the Agreement pursuant to
which these services were provided.
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SPLNT Model Existing Conditions Report

Figure 5. Meteorological Data Collected in the Study Area
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Source: Quadrant Consulting, Inc. 2016

Figure 8. Bathymetric Data for Yellow Pine Pit
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Figure 10. Box Plots of Stream Flow Measured at USGS Gages in the Study Area from September 2011 to
August 2017 (Colors Vary by Month)
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Figure 11. Average Daily Flow Measured at USGS Gages in the Study Area

DRAFT for review purposes only. Use of contents on this sheet is subject to the limitations specified at the end of this document
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Figure 12. Average Daily Temperature (Dark Line) and the Daily Range of 15-Minute Measurements (Light Shading) Measured at USGS Gages in the
Study Area
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Figure 13. Average Daily Temperature (Dark Line) and the Daily Range of 15-Minute Measurements (Light
Shading) Measured by MWH in the Study Area
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Figure 14. Historical and Recent Monitoring Stations for the YPP
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Figure 16. 15-Minute Flow Data (Centered on August 1) Measured by USGS in the Study Area
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Figure 17. 15-Minute Flow Data (Centered on September 21) Measured by USGS in the Study Area
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Figure 18. 15-Minute Temperature Data (Centered on August 1) Measured by USGS and MWH in the Study
Area
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Figure 19. 15-Minute Temperature Data (Centered on September 21) Measured by USGS and MWH in the Study Area
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SPLNT Model Existing Conditions Report

Figure 23. Hourly Output from the Shade Model at 200-ft Increments for Streams in the SPLNT Model
The length shown on the y-axis for each panel is held constant.
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Figure 24. QUAL2K Reach Breaks and Mean Daytime Shade
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Figure 25. Hourly Meteorological Inputs for the Calibration (July 29, 2016) and Validation (September 24, 2014) Dates
Dark blue line is average hourly value; blue shade is range of min and max during the hour.
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Figure 26. Mean Hourly Shade for Reaches Upstream of YPP
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Figure 27. Mean Hourly Shade for Reaches Downstream of YPP
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Figure 28. Observed Flows Upstream and Downstream of YPP (top) and Estimated Residence Time of YPP (bottom)
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Figure 29. Meteorological Inputs for the GLM
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Figure 30. Temperature (C) Calibration and Validation Results for the QUAL2K Model Above YPP
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Figure 31. Temperature Calibration and Validation of the GLM for YPP
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Figure 32. DO and Temperature Output for the GLM for YPP
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Figure 33. Temperature (C) Calibration and Validation Results for the QUAL2K Model Below YPP
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Figure 34. Sensitivity of Simulated Temperature (C) to Changes in Air Temperature Relative to the Calibration

Model Run
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SPLNT Model Existing Conditions Report

Set Cloud Cover to 50%: Set Cloud Cover to 100%
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Figure 35. Sensitivity of Simulated Temperatures (C) to Changes in Cloud Cover Relative to the Calibration
Model Run where Cloud Cover = O Percent for All Reaches and Times of Day
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Figure 36. Sensitivity of Simulated Temperatures (C) to Changes in Diffusive Inflow Temperatures
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Figure 37. Sensitivity of Simulated Temperatures (C) to Changes in Diffusive Flow Rates
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SPLNT Model Existing Conditions Report

Set Sediment Thermal Thickness to 5 cm Set Sediment Thermal Thickness to 15 cm
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Figure 38. Sensitivity of Simulated Temperatures (C) to Changes in Sediment Thermal Thickness Relative to
Calibration Model Run Which Assumed 10 Cm
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SPLNT Model Existing Conditions Report
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Figure 39. Sensitivity of Simulated Temperatures (C) to Changes in Shading Relative to Calibration Model Run
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SPLNT Model Existing Conditions Report

Decrease Stream Flows by 50% Increase Stream Flows by 50%
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Figure 40. Sensitivity of Simulated Temperatures (C) to Changes in Stream Flow Relative to Calibration Model
Run
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Final SPLNT Model Existing Conditions Report

Air Temperature Input

12:00AM | 1:00 AM | 2:00 AM | 3:00 AM | 4:00 AM | 5:00 AM | 6:00 AM | 7:00 AM | 8:00 AM | 9:00 AM | 10:00 AM | 11:00 AM | 12:00 PM | 1:00 PM | 2:00 PM | 3:00 PM | 4:00 PM | 5:00 PM | 6:00 PM | 7:00 PM | 8:00 PM | 9:00 PM | 10:00 PM | 11:00 PM
Calibration | 13.164 12.2 11.392 | 10.808 | 10.128 | 9.652 | 9.498 11.64 17.38 | 20.98 | 23.182 | 24.614 | 25.576 | 26.308 | 26.58 | 27.374 | 27.4 | 27.586 | 26.55 | 24.716 | 21.252 | 18.332 | 16.448 14.562
+5Degrees| 18.164 17.2 16.392 | 15.808 | 15.128 | 14.652 | 14.498 | 16.64 | 22.38 | 2598 | 28.182 | 29.614 | 30.576 | 31.308 | 31.58 | 32.374 | 324 | 32.586 | 31.55 | 29.716 | 26.252 | 23.332 | 21.448 19.562
-5Degrees | 8.164 7.2 6.392 | 5.808 | 5.128 | 4.652 | 4.498 6.64 12.38 15.98 18.182 19.614 | 20.576 | 21.308 | 21.58 | 22.374 | 22.4 | 22.586 | 21.55 | 19.716 | 16.252 | 13.332 | 11.448 9.562
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Final SPLNT Model Existing Conditions Report

Air Temperature Output

Appendix B

Distance Average Temperature Minimum Temperature Maximum Temperature
(km) degC degC degC
Tributary Reach Label Calibration | +5 -5 | Calibration | +5 -5 | Calibration | +5 -5
0 EFSFSR 7.51 9.76 9.76 | 9.76 6.66 6.66 | 6.66 13.64 13.64| 13.64
0 EFSFSR Headwater 7.43 9.76 9.81 | 9.71 6.82 6.86 | 6.78 13.54 13.60| 13.47
0 EFSFSR Headwater 7.26 9.76 9.85 | 9.67 6.96 7.05 | 6.88 13.44 13.56| 13.32
0 EFSFSR Headwater 7.09 9.76 9.90 | 9.63 7.09 7.21 |1 6.98 13.35 13.53| 13.18
0 EFSFSR1 6.90 9.86 10.05| 9.68 7.32 749 | 7.16 13.51 13.75] 13.27
0 EFSFSR1 6.69 9.96 10.19| 9.73 7.41 7.61 721 13.65 13.95] 13.35
0 EFSFSR2 6.47 9.69 9.96 | 9.42 7.17 7.41 16.93 13.10 13.46| 12.74
0 EFSFSR2 6.25 9.72 10.03| 9.42 7.19 7.47 |1 6.92 13.03 13.441 12.63
0 EFSFSR2 6.02 9.75 10.10| 9.41 7.22 7.52 |1 6.92 12.98 13.43| 12.54
0 EFSFSR3 5.80 9.76 10.15| 9.39 7.24 7.58 | 6.91 12.92 13.40( 12.45
0 EFSFSR3 5.59 9.77 10.19| 9.37 7.26 7.63 | 6.90 12.86 13.38] 12.35
0 EFSFSR3 5.37 9.78 10.23| 9.35 7.28 7.68 | 6.90 12.80 13.36( 12.26
0 EFSFSR3 5.16 9.79 10.27| 9.33 7.30 7.72 |1 6.89 12.75 13.33] 12.18
0 EFSFSR4 (at Rabbit Creek) 4,95 9.69 10.15| 9.24 7.42 7.83 |7.01 12.38 12,941 11.82
0 EFSFSR4 (at Rabbit Creek) 4.76 9.71 10.20| 9.24 7.45 7.88 | 7.02 12.36 12.95] 11.78
0 EFSFSR4 (at Rabbit Creek) 4,57 9.73 10.24] 9.23 7.47 7.93 | 7.03 12.34 12,96 11.74
0 EFSFSR4 (at Rabbit Creek) 4.38 9.75 10.28| 9.23 7.50 7.98 | 7.03 12.33 12,97 11.70
0 EFSFSR4 (at Rabbit Creek) 4.19 9.77 10.32] 9.22 7.53 8.02 | 7.04 12.31 12.97] 11.66
0 EFSFSR4 (at Rabbit Creek) 4.00 9.78 10.36| 9.22 7.55 8.07 | 7.04 12.29 12.98] 11.62
0 EFSFSR4 (at Rabbit Creek) 3.81 9.80 10.40| 9.21 7.57 8.11 | 7.05 12.27 12.98| 11.57
0 EFSFSR4 (at Rabbit Creek) 3.62 9.82 10.44] 9.21 7.60 8.16 | 7.05 12.25 12,98 11.53
0 EFSFSR4 (at Rabbit Creek) 3.43 9.83 10.47| 9.20 7.62 8.20 | 7.05 12.23 12,98 11.49
0 EFSFSR4 (at Rabbit Creek) 3.24 9.85 10.50| 9.20 7.64 8.24 | 7.06 12.21 12,98 11.45
0 EFSFSR5 (at Meadow Creek) 3.03 11.63 12.40| 10.86 8.07 8.79 | 7.37 16.15 17.05| 15.27
0 EFSFSR5 (at Meadow Creek) 2.81 11.71 12.51| 10.92 8.04 8.79 | 7.31 16.36 17.27] 15.46
0 EFSFSR5 (at Meadow Creek) 2.59 11.79 12.61| 10.98 8.02 8.79 | 7.27 16.56 17.49| 15.64
0 EFSFSR6 (at Garnet Creek) 2.38 11.79 12.61| 10.98 8.06 8.83 | 7.31 16.47 17.40| 15.55
0 EFSFSR6 (at Garnet Creek) 2.19 11.80 12.63| 10.98 8.06 8.83 [ 7.30 16.49 17.42] 15.57
0 EFSFSR6 (at Garnet Creek) 1.99 11.81 12.65| 10.99 8.05 8.83 | 7.29 16.50 17.44] 15.58
0 EFSFSR6 (at Garnet Creek) 1.79 11.82 12.67| 10.99 8.05 8.83 | 7.28 16.52 17.46| 15.59
0 EFSFSR6 (at Garnet Creek) 1.60 11.83 12.68| 11.00 8.05 8.84 | 7.27 16.54 17.48] 15.60
0 EFSFSR6 (at Garnet Creek) 1.40 11.85 12.70| 11.00 8.04 8.84 | 7.26 16.56 17.51] 15.62
0 EFSFSR6 (at Garnet Creek) 1.20 11.86 12.72| 11.01 8.04 8.85 | 7.25 16.58 17.54] 15.64
0 EFSFSR6 (at Garnet Creek) 1.01 11.87 12.74] 11.01 8.04 8.85 | 7.25 16.61 17.57| 15.66
0 EFSFSR6 (at Garnet Creek) 0.81 11.88 12.75| 11.02 8.04 8.86 | 7.24 16.64 17.60| 15.69
0 EFSFSR7 (at Fiddle Creek) 0.60 11.68 12.54] 10.84 8.03 8.84 | 7.25 16.13 17.08| 15.20
0 EFSFSR8 0.39 11.71 12.57| 10.86 8.03 8.84 | 7.24 16.21 17.16| 15.27
0 EFSFSR8 0.21 11.73 12.60| 10.88 8.03 8.85 | 7.23 16.28 17.24] 15.34
0 EFSFSR9 (at Midnight Cree 0.06 11.71 12.58| 10.86 8.09 8.90 | 7.30 16.16 17.11] 15.22
0 Terminus 0.00 11.71 12.58| 10.86 8.09 8.90 | 7.30 16.16 17.11] 15.22
1 EFSFSR Trib 4 0.63 8.29 8.29 | 8.29 5.60 5.60 | 5.60 11.49 11.49]11.49
1 EFSRSR Trib 4 Headwater 0.53 8.57 8.66 | 8.48 6.07 6.14 | 5.99 11.75 11.87] 11.63
1 EFSRSR Trib 4 Headwater 0.32 8.81 8.98 | 8.65 6.37 6.52 | 6.23 11.98 12.20| 11.76
1 EFSRSR Trib 4 Headwater 0.11 9.03 9.27 | 8.80 6.59 6.80 | 6.39 12.20 12.51]11.90
1 Terminus 0.00 9.03 9.27 | 8.80 6.59 6.80 | 6.39 12.20 12.51]11.90
2 Meadow Creek 7.26 10.86 10.86| 10.86 7.76 7.76 | 7.76 14.58 14.58| 14.58
2 Meadow Creek Headwater 7.16 11.03 11.11| 10.94 8.47 8.54 | 8.40 14.34 14.46| 14.23
2 Meadow Creek Headwater 6.96 11.15 11.30| 11.00 8.86 8.99 | 8.73 14.19 14.39] 13.99
2 Meadow Creek Headwater 6.76 11.24 11.44| 11.04 9.10 9.28 | 8.93 14.10 14.36| 13.84
2 Meadow Creek Headwater 6.56 11.31 11.55| 11.07 9.27 9.48 | 9.06 14.05 14.36| 13.73
2 Meadow Creek Headwater 6.36 11.36 11.65| 11.09 9.39 9.63 [ 9.14 14.02 14.38| 13.66
2 Meadow Creek Headwater 6.16 11.41 11.72| 11.10 9.47 9.75 [ 9.20 14.01 14.41] 13.62
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Final SPLNT Model Existing Conditions Report

Appendix B

Air Temperature Output

Distance Average Temperature Minimum Temperature Maximum Temperature
(km) degC degC degC
Tributary Reach Label Calibration | +5 -5 | Calibration | +5 -5 | Calibration | +5 -5
2 Meadow Creek Headwater 5.96 11.44 11.78| 11.11 9.54 9.84 [ 9.24 14.02 14.46| 13.60
2 MC1 5.76 11.50 11.86| 11.14 9.58 9.91 | 9.27 14.08 14.541 13.63
2 MC1 5.57 11.55 11.93| 11.17 9.62 9.96 | 9.28 14.14 14.62| 13.66
2 MC1 5.38 11.59 11.99| 11.19 9.65 10.01]9.29 14.19 14.69| 13.69
2 MC1 5.18 11.62 12.04| 11.21 9.66 10.0419.30 14.24 14.76] 13.72
2 MC1 4.99 11.65 12.09| 11.22 9.68 10.07]9.29 14.28 14.83| 13.75
2 MC1 4.80 11.68 12.13| 11.24 9.69 10.09]9.29 14.33 14.89] 13.78
2 MC2 (at MC Trib 2) 4.62 11.30 11.74| 10.88 9.59 9.99 |9.21 13.76 14.30( 13.23
2 MC2 (at MC Trib 2) 4.45 11.27 11.72| 10.83 9.58 9.99 | 9.19 13.73 14291 13.19
2 MC4 (at MC Trib 3) 4.27 10.74 11.17| 10.33 9.17 9.55 | 8.80 12.82 13.35[ 12.30
2 MC4 (at MC Trib 3) 4.09 10.80 11.25| 10.37 9.19 9.58 | 8.80 12.94 13.49] 12.40
2 MC4 (at MC Trib 3) 3.91 10.86 11.32| 10.41 9.21 9.62 | 8.81 13.05 13.62] 12.49
2 MC4 (at MC Trib 3) 3.73 10.92 11.39| 10.46 9.22 9.65 | 8.81 13.16 13.74] 12.58
2 MC4 (at MC Trib 3) 3.55 10.97 11.45| 10.50 9.24 9.68 | 8.82 13.26 13.86| 12.67
2 MC6 3.36 11.29 11.82| 10.77 9.16 9.64 | 8.68 14.19 14.84] 13.55
2 MC6 3.15 11.59 12.17| 11.02 9.07 9.59 | 8.55 15.14 15.83| 14.45
2 MC6 2.95 11.88 12.50| 11.26 8.98 9.55 | 8.43 16.02 16.76| 15.30
2 MC6 2.75 12.15 12.82| 11.49 8.90 9.51 | 8.30 16.85 17.63| 16.08
2 MC6 2.54 12.41 13.11| 11.71 8.82 9.47 | 8.19 17.61 18.43] 16.80
2 MC7 2.35 12.60 13.34| 11.87 8.75 9.43 | 8.08 18.25 19.10( 17.41
2 MC7 2.16 12.78 13.56| 12.02 8.68 9.40 | 7.98 18.84 19.721 17.97
2 MC7 1.98 12.96 13.77| 12.16 8.62 9.37 | 7.88 19.40 20.31] 18.50
2 MC7 1.79 13.13 13.97| 12.30 8.56 9.34 | 7.79 19.91 20.85] 18.98
2 MC7 1.60 13.29 14.16| 12.43 8.50 9.32 | 7.70 20.39 21.35] 19.44
2 MC8 (at East Fork MC) 1.41 13.00 13.80| 12.21 8.56 9.31 | 7.83 19.63 20.52] 18.75
2 MC8 (at East Fork MC) 1.22 13.07 13.88| 12.27 8.57 9.33 |7.83 19.79 20.69] 18.90
2 MC8 (at East Fork MC) 1.03 13.14 13.95| 12.33 8.58 9.34 | 7.83 19.94 20.84] 19.04
2 MC8 (at East Fork MC) 0.84 13.20 14.03| 12.39 8.58 9.36 | 7.83 20.08 20.99] 19.18
2 MC8 (at East Fork MC) 0.65 13.26 14.10| 12.44 8.59 9.37 | 7.82 20.21 21.13] 19.31
2 MC8 (at East Fork MC) 0.46 13.33 14.17| 12.50 8.60 9.39 | 7.82 20.34 21.26] 19.43
2 MC10 0.27 13.34 14.18| 12.50 8.59 9.39 | 7.81 20.33 21.25]19.41
2 MC10 0.09 13.35 14.20| 12.50 8.59 9.40 | 7.80 20.31 21.24119.39
2 Terminus 0.00 13.35 14.20| 12.50 8.59 9.40 | 7.80 20.31 21.24119.39
3 Meadow Creek Trib 2 1.36 8.29 8.29 | 8.29 5.60 5.60 | 5.60 11.49 11.49]11.49
3 MC Trib 2 Headwater 1.27 9.27 9.38 | 9.16 7.32 742 1722 12.00 12.15] 11.86
3 MC Trib 2 Headwater 1.08 9.82 10.00| 9.64 8.18 8.34 | 8.03 12.34 12.58] 12.11
3 MC Trib 2 Headwater 0.89 10.16 10.40| 9.94 8.67 8.87 | 8.47 12.61 12.91]12.31
3 MC Trib 2 Headwater 0.70 10.40 10.67| 10.13 8.98 9.22 | 8.74 12.87 13.22] 12.52
3 MC3 0.50 10.53 10.83| 10.23 9.20 9.47 | 8.93 12.80 13.19] 12.42
3 MC3 0.30 10.62 10.95| 10.29 9.35 9.65 | 9.06 12.78 13.21] 12.36
3 MC3 0.10 10.68 11.04| 10.33 9.46 9.78 | 9.15 12.77 13.22112.32
3 Terminus 0.00 10.68 11.04| 10.33 9.46 9.78 | 9.15 12.77 13.22112.32
4 Meadow Creek Trib 3 1.59 8.29 8.29 | 8.29 5.60 5.60 | 5.60 11.49 11.49]11.49
4 MC Trib 3 Headwater 1.50 8.60 8.67 | 8.54 6.30 6.35 | 6.24 11.44 1152 11.35
4 MC Trib 3 Headwater 1.31 8.85 8.97 | 8.73 6.85 6.95 | 6.74 11.41 1157 11.26
4 MC Trib 3 Headwater 1.12 9.05 9.22 | 8.89 7.28 743 | 7.14 11.39 11.60( 11.19
4 MC Trib 3 Headwater 0.93 9.21 9.42 | 9.01 7.62 7.80 | 7.44 11.38 11.63] 11.13
4 MC5 0.73 9.34 9.59 | 9.10 7.86 8.08 | 7.65 11.34 11.64] 11.04
4 MC5 0.52 9.45 9.73 | 9.17 8.06 8.31 | 7.82 11.30 11.64110.97
4 MC5 0.31 9.54 9.85 | 9.23 8.22 8.50 | 7.95 11.27 11.64]10.91
4 MC5 0.10 9.61 9.95 | 9.28 8.36 8.66 | 8.06 11.24 11.64] 10.85
4 Terminus 0.00 9.61 9.95 | 9.28 8.36 8.66 | 8.06 11.24 11.64] 10.85
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Air Temperature Output

Appendix B

Distance Average Temperature Minimum Temperature Maximum Temperature
(km) degC degC degC
Tributary Reach Label Calibration | +5 -5 | Calibration | +5 -5 | Calibration | +5 -5
5 East Fork Meadow Creek 4.41 8.29 8.29 | 8.29 5.60 5.60 | 5.60 11.49 11.49]11.49
5 East Fork MC Headwater 4.31 8.67 8.71 | 8.63 6.22 6.26 | 6.19 11.85 11.91]11.80
5 East Fork MC Headwater 4.11 9.00 9.07 | 8.93 6.66 6.72 | 6.60 12.16 12.26] 12.06
5 East Fork MC Headwater 3.92 9.28 9.39 | 9.18 7.01 7.10 | 6.92 12.43 12.57]12.29
5 East Fork MC Headwater 3.72 9.53 9.66 | 9.40 7.30 742 |1 7.19 12.68 12.86| 12.51
5 East Fork MC Headwater 3.52 9.75 9.91 | 9.59 7.54 7.67 | 7.40 12.92 13.13] 12.71
5 East Fork MC Headwater 3.33 9.94 10.12| 9.77 7.74 7.90 | 7.59 13.13 13.37] 12.90
5 East Fork MC Headwater 3.13 10.12 10.32| 9.92 7.92 8.09 | 7.75 13.33 13.59| 13.07
5 East Fork MC Headwater 2.93 10.27 10.49| 10.06 8.07 8.26 | 7.88 13.51 13.80( 13.23
5 East Fork MC Headwater 2.73 10.41 10.65| 10.18 8.21 8.41 | 8.00 13.68 13.99] 13.38
5 East Fork MC Headwater 2.54 10.54 10.80| 10.29 8.32 8.55 | 8.11 13.84 14.17] 13.52
5 East Fork MC Headwater 2.34 10.66 10.93| 10.40 8.43 8.67 | 8.20 13.99 14.34] 13.65
5 East Fork MC Headwater 2.14 10.77 11.05| 10.49 8.52 8.77 | 8.28 14.13 14.49| 13.77
5 East Fork MC Headwater 1.95 10.86 11.16| 10.57 8.61 8.87 | 8.35 14.26 14.64] 13.88
5 East Fork MC Headwater 1.75 10.96 11.26| 10.65 8.68 8.96 | 8.42 14.38 14.781 13.99
5 MC9 1.55 11.10 11.45| 10.76 8.70 9.01 | 8.40 14.80 15.25| 14.36
5 MC9 1.34 11.23 11.62| 10.86 8.71 9.05 | 8.38 15.19 15.68| 14.71
5 MC9 1.13 11.36 11.77| 10.95 8.72 9.09 | 8.36 15.54 16.06| 15.03
5 MC9 0.93 11.47 11.91| 11.03 8.73 9.13 | 8.34 15.85 16.40| 15.30
5 MC9 0.72 11.57 12.04| 11.10 8.74 9.16 | 8.32 16.13 16.71] 15.56
5 MC9 0.52 11.66 12.16| 11.17 8.74 9.19 | 8.30 16.38 16.99| 15.79
5 MC9 0.31 11.75 12.28| 11.23 8.74 9.22 | 8.28 16.62 17.241 16.00
5 MC9 0.10 11.83 12.38| 11.29 8.75 9.25 | 8.26 16.83 17.47] 16.18
5 Terminus 0.00 11.83 12.38| 11.29 8.75 9.25 | 8.26 16.83 17.47] 16.18
6 Garnet Creek 1.84 8.29 8.29 | 8.29 5.60 5.60 | 5.60 11.49 11.49]11.49
6 Garnet Creek Headwater 1.73 10.25 10.51| 9.99 8.84 9.07 | 8.61 12.20 12.53]11.88
6 Garnet Creek Headwater 1.51 10.70 11.06| 10.35 9.42 9.74 | 9.10 12.45 12.89] 12.01
6 Garnet Creek Headwater 1.29 10.88 11.30| 10.47 9.59 9.97 | 9.22 12.58 13.10( 12.08
6 Garnet Creek Headwater 1.07 10.96 11.43| 10.51 9.65 10.06]9.23 12.67 13.241 12.12
6 Garnet Creek Headwater 0.85 11.01 11.51| 10.51 9.65 10.10]9.20 12.74 13.35[ 12.15
6 GC1 0.65 11.10 11.62| 10.59 9.65 10.1219.18 12.87 13.50( 12.25
6 GC1 0.46 11.17 11.71| 10.63 9.64 10.13]9.15 12.99 13.64| 12.34
6 GC1 0.28 11.22 11.78| 10.66 9.62 10.13]9.11 13.09 13.76] 12.51
6 GC1 0.09 11.25 11.83| 10.68 9.59 10.12]9.07 13.23 13.87| 12.65
6 Terminus 0.00 11.25 11.83| 10.68 9.59 10.12]9.07 13.23 13.87| 12.65
7 Fiddle Creek 2.79 8.29 8.29 | 8.29 5.60 5.60 | 5.60 11.49 11.49]11.49
7 Fiddle Creek Headwater 2.70 8.41 8.48 | 8.35 5.97 6.03 | 5.91 11.39 11.48]11.30
7 Fiddle Creek Headwater 2.53 8.52 8.65 | 8.39 6.30 6.41 | 6.18 11.31 11.48] 11.15
7 Fiddle Creek Headwater 2.36 8.62 8.80 | 8.44 6.58 6.74 | 6.42 11.25 11.48]11.02
7 FC1 (at Fiddle Creek Trib 2.19 8.68 8.89 | 8.47 6.94 7.13 | 6.75 11.02 11.28] 10.76
7 FC1 (at Fiddle Creek Trib 2.02 8.76 9.02 | 851 7.09 7.32 | 6.87 11.03 11.34] 10.72
7 FC2 1.84 8.85 9.15 | 8.55 7.25 7.51 | 6.99 11.00 11.37] 10.64
7 FC2 1.65 8.93 9.27 | 8.59 7.38 7.68 | 7.08 10.97 11.39| 10.56
7 FC2 1.46 9.00 9.38 | 8.62 7.49 7.83 | 7.16 10.95 11.41]10.50
7 FC2 1.26 9.06 9.48 | 8.65 7.58 7.96 | 7.22 10.93 11.43]10.44
7 FC2 1.07 9.12 9.57 | 8.67 7.67 8.07 | 7.28 10.91 11.44110.38
7 FC2 0.87 9.17 9.65 | 8.69 7.75 8.18 | 7.32 10.89 11.46]10.33
7 FC2 0.68 9.21 9.73 | 8.71 7.81 8.27 | 7.37 10.87 11.47]10.28
7 FC2 0.49 9.25 9.79 | 8.72 7.88 8.36 | 7.40 10.85 11.48]10.23
7 FC2 0.29 9.29 9.85 | 8.74 7.93 8.44 | 7.43 10.83 11.49] 10.18
7 FC2 0.10 9.32 9.91 | 8.75 7.98 8.51 | 7.46 10.82 11.51] 10.14
7 Terminus 0.00 9.32 9.91 | 8.75 7.98 8.51 | 7.46 10.82 11.51] 10.14
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Final SPLNT Model Existing Conditions Report

Air Temperature Output

Appendix B

Distance Average Temperature Minimum Temperature Maximum Temperature
(km) degC degC degC
Tributary Reach Label Calibration | +5 -5 | Calibration | +5 -5 | Calibration | +5 -5
8 Midnight Creek 2.99 8.29 8.29 | 8.29 5.60 5.60 | 5.60 11.49 11.49]11.49
8 Midnight Creek Headwater 2.89 10.05 10.29| 9.80 8.75 8.96 | 8.53 11.64 11.96(11.33
8 Midnight Creek Headwater 2.69 10.47 10.82| 10.14 9.37 9.67 | 9.07 11.71 12.14111.29
8 Midnight Creek Headwater 2.49 10.64 11.04| 10.24 9.57 9.93 | 9.22 11.75 12.25] 11.26
8 Midnight Creek Headwater 2.29 10.71 11.16| 10.28 9.64 10.0419.25 11.78 12.341 11.23
8 Midnight Creek Headwater 2.09 10.75 11.23| 10.27 9.65 10.09]9.23 11.80 12.40( 11.24
8 Midnight Creek Headwater 1.89 10.76 11.27| 10.26 9.64 10.11]9.19 11.83 12.46] 11.28
8 Midnight Creek Headwater 1.69 10.76 11.30| 10.23 9.62 10.11]9.13 11.86 12,51 11.31
8 Midnight Creek Headwater 1.50 10.75 11.32| 10.20 9.58 10.10]9.08 11.89 12.55[ 11.32
8 Midnight Creek Headwater 1.30 10.74 11.33| 10.17 9.55 10.08]9.02 11.90 12,59 11.31
8 Midnight Creek Headwater 1.10 10.73 11.34