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Abstract

Since 1996, the Washington State Department of Ecology (Ecology) has determined that
portions of the South Fork Nooksack River and some of its tributaries had temperature levels
greater than what Washington State allows in its fresh waters. High water temperatures are
detrimental to fish and other native species that depend on cool, clean, well-oxygenated water.
To address this issue Ecology, Nooksack Indian Tribe, the Lummi Nation, and the U.S.
Environmental Protection Agency (EPA) cooperated on development of a temperature total
maximum daily load (TMDL) for the South Fork Nooksack River. A TMDL is required under
the federal Clean Water Act for waters that do not meet state water quality standards.

The TMDL study area encompasses the South Fork Nooksack River watershed, which is in
Whatcom and Skagit Counties of Washington and in Water Resource Inventory Area 01. The
Nooksack River watershed, including the South Fork Nooksack River, Middle Fork Nooksack
River, North Fork Nooksack River, and associated tributaries, provides migration spawning,
incubation, rearing, and foraging habitats for all nine native Pacific Northwest salmonid species.

This water quality improvement report discusses the technical study and analysis, along with
recommendations for restoring the water body. It includes an implementation plan that lays out
roles, potential funding, and responsibilities for this process. The primary component of the
implementation plan involves the protection and restoration of riparian shade along the South
Fork Nooksack River and its tributaries. The report includes a wasteload allocation for
temperature for one fish hatchery. An additional number of activities are recommended
including forestry best management practices, flood plain reconnection, and instream restoration
activities that will help provide cool water refugia.

This TMDL study also incorporates the results of an EPA pilot research project to consider how
projected climate change impacts can be incorporated into the TMDL and implementation plans.
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Executive Summary

Introduction

The 2012 water quality assessment by the Washington State Department of Ecology (Ecology)
determined that portions of the South Fork Nooksack River (SFNR) and some of its tributaries
had temperature levels greater than what Washington State allows in its fresh waters (some of
these portions were determined to be impaired during prior assessments in 1996 and 1998). High
water temperatures are detrimental to fish and other native species that depend on cool, clean,
well-oxygenated water. To address this issue, Ecology, Nooksack Indian Tribe, the Lummi
Nation, and the U.S. Environmental Protection Agency (EPA) cooperated on development of a
temperature total maximum daily load (TMDL) for the SFNR. This water quality improvement
report contains the study, along with recommendations for restoring the water body, and an
implementation plan that lays out roles and responsibilities and potential funding sources for this
process.

The goal of this water quality improvement plan is to address temperature problems in the SFNR
watershed so that water quality is improved and designated uses are restored and protected.
More specifically, the goal is for the river and its tributaries to meet the Washington State water
quality standards for temperature. The TMDL analysis uses the existing data and a calibrated
model to describe temperature processes in the watershed, determine the loading capacity for
temperature, and set load allocations, wasteload allocations, and a margin of safety.

Why did we develop a total maximum daily load (TMDL)?

The federal Clean Water Act (CWA) requires that a TMDL be developed for each of the water
bodies on the 303(d) list. The 303(d) list is a list of water bodies, which the CWA requires states
to prepare, that do not meet state water quality standards. The TMDL study identifies pollution
problems in the watershed, and then specifies how much pollution needs to be reduced or
eliminated to achieve clean water. This TMDL focuses on temperature. Potential fine sediments
impairments were not addressed and may affect water temperature. Once the TMDL is
developed Ecology, with the assistance of local governments, agencies, and the community
prepares an implementation plan that describes actions to control the pollution, and a monitoring
plan to assess the effectiveness of the water quality improvement activities.

Watershed description

The TMDL study area encompasses the SFNR watershed, which is in Whatcom and Skagit
Counties of Washington (Figure ES-1) and in Water Resource Inventory Area (WRIA) 01. The
river flows to the mainstem Nooksack River, which flows through Nooksack Indian Tribe trust
lands and through the Lummi Nation Reservation before discharging into Bellingham Bay.

The Nooksack River watershed, including the South Fork Nooksack River, Middle Fork
Nooksack River, North Fork Nooksack River, and associated tributaries, provides migration
spawning, incubation, rearing, and foraging habitats for all nine native Pacific Northwest salmon
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and trout species. These fish species are highly valued by the many state residents that depend
on them for subsistence, cultural, recreational, or economic reasons. The Lummi Nation and
Nooksack Indian Tribe rely on salmon in the Nooksack River watershed for ceremonial,

subsistence, and commercial purposes.

Local residents rely on salmon also. Yet, many salmonid

populations have diminished to 8% of levels in late 19" century. (Lackey, R. 2000.).

Nooksack River early run (a.k.a. spring Chinook salmon) Chinook, bull trout, and steelhead
populations comprise components of the Puget Sound Chinook Evolutionarily Significant Unit
(ESU), Puget Sound Steelhead ESU, and Coastal-Puget Sound Distinct Population Segment
(DPS), all of which are listed as threatened under the federal Endangered Species Act (ESA).
Improving water quality in the SFNR watershed is necessary to support the recovery of
threatened cold water fish species that migrate, spawn, rear, or live there.
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Figure ES-1. 303(d) listed segments in the South Fork Nooksack River watershed.
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TMDL analysis

A TMDL analysis was developed to evaluate compliance with state water quality standards for
temperature in the SFNR watershed and to support development of a Water Quality
Improvement Report (WQIR) and Implementation Plan (IP). The analysis utilized steady state
models (Shade and QUAL2Kw) to characterize stream temperatures and processes governing the
thermal regime during critical summer conditions, system potential vegetation conditions
(approximating the natural temperature conditions), and for a number of additional scenarios
based on technical information provided by the Nooksack Indian Tribe. The models form the
technical foundation for determining loading capacity to meet temperature water quality criteria
and protect designated uses, and allocation of those loads to point and nonpoint sources.

What needs to be done in this watershed?

The temperature TMDL for the SFNR represents the maximum amount of heat that a water body
can receive and still meet the temperature standards, and an allocation of that amount to the
contributing sources. The allocations take the form of a load allocation for nonpoint sources and
a wasteload allocation for point sources.

Load allocations for the SFNR temperature TMDL establish limits on the allowable heat load
from nonpoint sources. The TMDL quantifies heat loads in terms of Watts/m? and as effective
shade. Effective shade allocations control delivery of direct solar radiation to the stream, both to
the mainstem and its tributaries. This direct solar radiation is considered the largest source of
heat. Load allocations (both effective shade and heat load) for the mainstem are provided in
Appendix D. The effective shade deficit (the difference between existing and target effective
shade) along the mainstem beginning at the confluence with Wanlick Creek by 1,000-m
increments is shown graphically in Figure ES-2. Load allocations (both effective shade and heat
load) for the tributaries are provided in Appendix D.

Shade deficits range from 4.0 to 32.0%, with an average of 13.4%. For the tributaries to the
SFNR, which are not modeled individually, the load allocations for effective shade are
represented based on the estimated relationship between shade, channel width, and stream aspect
at the assumed maximum 100-year system potential vegetation (SPV) conditions. The 100-year
system potential vegetation is used because there are published values for tree heights based on
soil type at specific locations for 100 years of growth. When shade targets are met, Ecology will
assess whether or not the increase in shade results in achievement of the water quality criteria
and whether further action is needed. The shade targets and thermal loading for the mainstem are
provided in Appendix C. The shade targets and thermal loading for the tributaries are provided
in Appendix D of this document.
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Figure ES-2. Effective shade deficit by 1,000-m increments.

The shade allocations for the SFNR watershed represent shade levels produced by 100-year
riparian vegetation. The riparian vegetation will reduce direct solar radiation to the stream and
riparian area, resulting in lower stream temperatures. An additional benefit of an improved
microclimate is also expected. There might also be indirect benefits of a more stable channel
because of the protection that a mature buffer would provide. In addition, riparian shading along
tributaries of the SFNR is expected to reduce the temperature of tributaries entering the SFNR,
contributing to additional cooling.

Although this temperature TMDL is heavily focused on the impact of stream shading, other
management actions that can affect geomorphology, sediment loading, groundwater inflows, and
hyporheic exchange, and result in lower stream temperatures, are also recommended to reduce
stream temperatures.

Discharges to state waters are regulated through the National Pollutant Discharge Elimination
System (NPDES). Facilities with an NPDES permit are considered point sources. The
Washington State water quality standards (Washington Administrative Code [WAC] 173-201A)
restrict the amount of warming that point sources can cause when river or stream temperatures
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are cooler than the numeric criteria. Wasteload allocations (“Tnppes”) for the one NPDES
discharger in the SFNR watershed are shown in Table ES-1.

Table ES-1. Wasteload allocations for NPDES permitted dischargers.

NPDES 7Q10° Effluent Flow - Effluent Flow - Water Quality Chronic X\I/I%sz:taetlic())i(js
facility; (cfs) Current®/Design Design Criteria Dilution T
permit # (cfs) (cfs) (°C) Factor E'OP(?)ES
Skookum . 16 16.7
. Not Available (Jul 1 to Sept 1) (Jul 1 to Sept 1)
Creek Fish 10.2
. 91.1 (assume equals 3.2
Hatchery; (6.6 mgd)
WAG130017 current) 13 13.7
(Sept1toJul 1) (Sept 1 to Jul 1)

@ Hatchery discharges upstream from U.S. Geological Survey at Saxon Road. Value used for wasteload allocation is assumed to
be the 7Q10 from USGS 12209000 at Wickersham plus USGS 12209490 at Skookum.
b Based on the highest average monthly summer flow for 2010 and 2011, which occurred in September.

CWA section 303(d)(1) requires that TMDLs “be established at the level necessary to implement
the applicable water quality standards with seasonal variations.” The current regulation from the
Code of Federal Regulations (CFR) also states that determination of “TMDLs shall take into
account critical conditions for streamflow, loading, and water quality parameters” [40 CFR
130.7(c)(2)]. The SFNR watershed experiences seasonal variation with cooler temperatures
occurring in the winter and warmer temperatures in the summer. Monitoring data show that the
highest temperatures typically occur from mid-July through mid-August. This time frame is
used as the critical period for development of the TMDL. A check against temperatures when
the more stringent temperature applies in fall through spring confirmed that meeting mid-
summer temperature criteria is the critical condition. Seasonal estimates for streamflow, solar
flux, and climatic variables for the TMDL are taken into account to develop critical conditions
for the TMDL model.

Implementation summary

An implementation strategy and plan was developed to implement this TMDL for the SFNR. It
describes the roles and authorities of cleanup partners, potential funding sources, monitoring,
adaptive management, and timeframes for implementation, along with the programs or other
means through which they will address these water quality issues. It prioritizes specific actions
planned to improve water quality and achieve water quality standards.

A number of local, tribe, state, and federal organizations will coordinate and help to implement
this TMDL. They include:

1. Whatcom County (regulatory authority): enforcement of Critical Areas code, and Shoreline
Master Program

2. Skagit County: (regulatory authority): enforcement of Critical Areas code, and Shoreline
Master Program

3. Nooksack Indian Tribe: technical assistance, research and problem identification, planning
implementation and monitoring of salmon recovery actions, as well as watershed and water
quality monitoring; projected climate change response and adaptive management.
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4. Lummi Nation: technical assistance and special project support for riparian and in-stream
improvement projects and watershed monitoring activities.

5. Ecology (regulatory authority): technical assistance, project development and coordination,
Centennial Grant funding, State Revolving Fund Loan program, wetlands protection,
regulation of NPDES permitted discharges.

6. Department of Natural Resources: Implementation of Forest Practice (WAC 222) Rules which
have adopted goals of the forest and fish report pursuant to RCW 77.85 requiring protection of
riparian zones, and land management.

7. EPA (regulatory authority): technical assistance, regulation of NPDES permitted discharges for

facilities located in within Indian Country.
8. U.S. Forest Service (USFS): technical assistance, management of forest service lands

A wide range of implementation activities will be necessary to achieve compliance with water

quality standards in the SFNR watershed. Table ES-2 lists ongoing and anticipated
implementation activities. Each of these is discussed in more detail in the document.

Table ES-2. Implementation activities for the South Fork Nooksack River.

Implementation Activity Agency

USFS, Washington State Department of Natural

Forestry best management practices Resources, Whatcom and Skagit counties

State Environmental Policy Act (SEPA) review and land use

planning SEPA lead agencies, local land use agencies

Protection and restoration of Critical Areas and shorelines Whatcom and Skagit counties

NOAA, , WRIA 1 Salmon Recovery Board
(Nooksack Indian Tribe, Lummi Nation, WDFW,
Whatcom County, Cities of Bellingham, Lynden,
Ferndale, Blaine, Everson, Nooksack and Sumas).

WRIA 1 Salmonid Recovery Plan

Climate Change Qualitative Assessment recommendations
addressing barrier removal, floodplain reconnection, vertical Nooksack Indian Tribe, Lummi Nation, EPA,
connectivity, stream flow regimes, sediment reduction, riparian | Ecology

restoration, instream rehabilitation, and nutrient enrichment

The success of this TMDL project will be assessed using monitoring data from streams in the
watershed.

Climate change considerations

This TMDL study incorporates the results of an EPA pilot research project to consider how
projected climate change impacts can be incorporated into the TMDL and influence
implementation plans, including salmon habitat restoration planning, and ESA recovery plans.
The pilot project was conducted by EPA Region 10 and EPA’s Office of Research and
Development (ORD) and Office of Water (OW), the Nooksack Indian Tribe, and its partners,
and consists of a Quantitative Assessment and a Qualitative Assessment, each of which are
summarized in this TMDL.
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In the Quantitative Assessment, the calibrated QUAL2Kw stream temperature model developed
for the TMDL was used to estimate the impacts of potential future climate changes on the stream
temperature with and without the restoration of riparian forest vegetation. A new set of boundary
conditions were developed for QUAL2Kw by downsizing data from low, medium and high
impact Global Climate Model scenarios for 2020, 2040 and 2080.

The QUALK2w model simulations suggest that, without restoration of riparian shade, maximum
water temperatures during critical summer low-flow conditions could increase by almost 6°C by
the 2080s. Restoration of full system potential riparian shading at 100 years can help buffer
against temperature increases. However, even with system potential shade, the critical condition
maximum 7-day average stream water temperatures are expected to increase by 1.1 to 3.6° C by
the 2080s. In conjunction with this increase, the percent of stream miles in which critical
condition water temperatures exceed levels identified as potentially lethal to salmon is predicted
by the model simulations to increase dramatically - from about 18% at present to between 60%
and 90% in the 2080s.

The Qualitative Assessment evaluates existing limiting physical factors that limit salmonid
habitat and survival. Those factors include legacy impacts of land use and management, impacts
of climate change on salmonid species. Possible mitigating factors are restoration potential and
opportunity, and additional restoration actions and strategies, beyond riparian shading, that are
expected to enhance salmon recovery under future climate change conditions. Those restoration
actions that have the highest potential to play an important role in protecting and improving
salmon habitat in the SFNR include:

promote river longitudinal connectivity

improve floodplain reconnection

restore streamflow regimes

reduce erosion and sediment delivery to the river

restore watershed function and process

restore riparian functions

continue to implement instream restoration and rehabilitation

develop and implement planning activities for the watershed

monitoring of restoration actions and adaptive management

Why this matters

Water temperature influences what types of organisms can live in a water body. Cooler water can
hold more dissolved oxygen that fish and other aquatic life need to breathe. Warmer water holds
less dissolved oxygen. Threatened and endangered salmon need cold, clean water to survive.
One way to cool water temperature is to shade the water body and tributaries by adding or
retaining streamside vegetation. In addition, other watershed and instream practices can have a
positive influence on streams and aquatic life. This study provides important information on
historical and current activities impacting streams, as well as recommended strategies for
restoration in the face of climate change.

Modeling of the effects of climate change indicate that stream temperatures will warm further
between 3.4 to 5.9 °C by the 2080s without any change. Providing System Potential shade
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reduces that increase to 1.1 to 3.6 °C. Additional measures such as deeper channels, improved
hyporheic flow, and improved groundwater connectivity could maintain current temperatures
into the future, allowing fish additional time to adapt to warming conditions.
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What is a Total Maximum Daily Load (TMDL)

A TMDL is a numerical value representing the highest pollutant load a surface water body can
receive and still meet water quality standards. Any amount of pollution over the TMDL level
needs to be reduced or eliminated to achieve clean water.

Federal Clean Water Act requirements

The Clean Water Act (CWA) established a process to identify and clean up polluted waters. The
CWA requires each state to have its own water quality standards designed to protect, restore, and
preserve water quality. Water quality standards consist of (1) designated uses for protection,
such as cold water biota and drinking water supply, and (2) criteria, usually numeric criteria, to
achieve those uses.

The water quality assessment and the 303(d) list

Every two years, states are required to prepare a list of water bodies that do not meet water
quality standards. This list is called the CWA 303(d) list. In Washington State, this list is part of
the Water Quality Assessment (WQA) process.

To develop the WQA, the Washington State Department of Ecology (Ecology) compiles its own
water quality data along with data from local, state, and federal governments; tribes; industries;
and citizen monitoring groups. All data in this WQA are reviewed to ensure that they were
collected using appropriate scientific methods before they are used to develop the assessment.
The WQA divides water bodies into five categories. Those not meeting standards are given a
Category 5 designation, which collectively becomes the 303(d) list.

Category 1 — Meets standards for parameter(s) for which it has been tested.

Category 2 — Waters of concern.

Category 3 — Waters with no data or insufficient data available.

Category 4 — Polluted waters that do not require a TMDL because they:
4a — Have an approved TMDL project being implemented.
4b — Have a pollution control program in place that should solve the problem.
4c — Are impaired by a non-pollutant such as low water flow, dams, or culverts.

Category 5 — Polluted waters that require a TMDL — the 303(d) list.

Further information is available at Ecology’s Water Quality Assessment website
(www.ecy.wa.gov/programs/wg/303d/).

The CWA requires that a TMDL be developed for each of the water bodies on the 303(d) list.
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TMDL process overview

Ecology uses the 303(d) list to prioritize and initiate TMDL studies across the state. The TMDL
study identifies pollution problems in the watershed and specifies how much pollution needs to
be reduced or eliminated to achieve clean water. Ecology, with the assistance of local
governments, tribes, agencies, and the community, develops a plan to control and reduce
pollution sources as well as a monitoring plan to assess effectiveness of the water quality
improvement activities. This comprises the water quality improvement report (WQIR) and
implementation plan (IP). The IP section identifies specific tasks, responsible parties, and
timelines for reducing or eliminating pollution sources and achieving clean water.

After the public comment period on the draft TMDL, Ecology addresses the comments as
appropriate. Then, Ecology submits the WQIR/IP to the U.S. Environmental Protection Agency
(EPA) for review and approval.

Who should participate in this TMDL process?

Nonpoint source pollutant load targets have been set in this TMDL. Because nonpoint pollution
comes from diffuse sources, all upstream watershed areas have the potential to affect
downstream water quality. Therefore, all potential nonpoint sources in the watershed must use
the appropriate best management practices (BMPs) to reduce effects on water quality. The area
subject to the TMDL, the South Fork Nooksack River (SFNR) watershed, is shown in Figure 1.

Similarly, all point source dischargers in the watershed must also comply with the TMDL.

Elements the Clean Water Act requires in a TMDL

Loading capacity, allocations, seasonal variation, margin of safety, and
reserve capacity

A water body’s loading capacity is the amount of a given pollutant that a water body can receive
and still meet water quality standards. The loading capacity provides a reference, for calculating
the amount of pollution reduction needed to bring a water body into compliance with the
standards.

The portion of the receiving water’s loading capacity assigned to a source is a wasteload or load
allocation. If the pollutant comes from a discrete (point) source subject to a National Pollutant
Discharge Elimination System (NPDES) permit, such as a municipal or industrial facility’s
discharge pipe, that facility’s share of the loading capacity is called a wasteload allocation. If
the pollutant comes from diffuse (nonpoint) sources not subject to an NPDES permit, such as
general urban (non MS4), residential, forestry, or farm runoff, the cumulative share is called a
load allocation.
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Figure 1. Study area and temperature standards for the South Fork Nooksack River watershed.
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The TMDL must also consider seasonal variations and include a margin of safety that takes into
account any lack of knowledge about the causes of the water quality problem or its loading
capacity. A reserve capacity for future pollutant sources is sometimes included as well (this
TMDL does not include a reserve capacity).

Therefore, a TMDL is the sum of the wasteload and load allocations, any margin of safety, and
any reserve capacity. The TMDL must be equal to or less than the loading capacity.

Surrogate measures

EPA regulations [40 Code of Federal Regulations (CFR) 130.2(i)] allow TMDLSs to be expressed
in terms of mass per time, toxicity, or other appropriate measures (“surrogates”). In this TMDL,
high temperature is the water quality parameter of concern, and heat is the pollutant of concern.
Ecology has determined that heat from human-caused increases in solar radiation is the major
source of temperature impairments in the SF Nooksack watershed. Heat loads can be measured
in energy per area or the shading needed to block the energy from reaching the stream. In order
to establish meaningful and measurable pollutant-loading targets, this TMDL contains
allocations for heat loads expressed as units of “energy” (watts / m?) as well as “effective shade”
targets. Effective shade targets are useful in translating solar radiation loads into streamside
vegetation objectives.
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Why Ecology Conducted a TMDL Study
in this Watershed

Background

The SFNR watershed is impaired by high water temperatures. High water temperatures are
detrimental to fish and other native species that depend on cool, clean, well-oxygenated water.
The EPA, Ecology, Nooksack Indian Tribe, and the Lummi Nation are cooperating on
developing a temperature TMDL for the SFNR.

The TMDL study area encompasses the SFNR watershed, which is in Whatcom and Skagit
Counties of Washington (Figure 1). The river flows to the mainstem Nooksack River, which
flows through Nooksack Indian Tribe trust lands and the Lummi Indian Reservation before
discharging into Bellingham Bay.

The Nooksack River watershed, including the SFNR, Middle Fork Nooksack River, North Fork
Nooksack River, and associated tributaries, provides migration spawning, incubation, rearing,
and foraging habitats for nine native Pacific Northwest salmonid. These fish species are highly
valued by the many state residents that depend on them for subsistence, cultural, recreational, or
economic reasons. Lummi Nation and Nooksack Indian Tribe rely on salmon in the Nooksack
River watershed for ceremonial, subsistence, and commercial purposes. Local residents also rely
on salmon. Yet, many salmonid populations have diminished to 8% of levels in late 19" century.
(Lackey, R. 2000.).

Nooksack River early run (a.k.a. spring Chinook salmon) Chinook, bull trout, and steelhead
populations comprise components of the Puget Sound Chinook Evolutionarily Significant Unit
(ESU), Puget Sound Steelhead ESU, and Coastal-Puget Sound Distinct Population Segment
(DPS), all of which are listed as threatened under the federal Endangered Species Act (ESA).
Improving water quality in the SFNR watershed is necessary to support the recovery of
threatened cold water fish species that migrate, spawn, rear, or live there.

Each study conducted by Ecology requires an approved Quality Assurance Project Plan (QAPP).
The plan describes the objectives of the study and the procedures to be followed to achieve those
objectives (Lombard and Kirchmer, 2004). A QAPP for this project was finalized in 2012
(Kennedy and Butcher, 2012). The study outputs are designed to support the development of
corrective actions needed to meet applicable water quality standards for river water temperatures,
which will be detailed in a TMDL WQIR and IP. Those will help guide Ecology and other
stakeholders in our work to restore and protect aquatic life uses.

Impairments addressed by this TMDL

Washington State established water quality standards to protect designated uses. On the basis of
existing data, 14 segments on the SFNR and 8 tributary segments are identified as being
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impaired for temperature on Washington’s 2012 303(d) list (Table 1; Figure 2). These
impairments are addressed in this TMDL. As is typical for a watershed-based TMDL,
identification of impaired waters is limited by available data; and there are portions of the
watershed for which no data are available. It is possible that additional segments of the river and
tributaries may also be impaired. For that reason, wasteload allocations and load allocation are
set to ensure all segments will achieve water quality standards.

Limited sampling data indicate that temperature impairments might also exist in Standard Creek,
Jones Creek, and Tawes Creek. These three tributaries to the South Fork Nooksack are identified
as Waters of Concern (i.e., Category 2) on the 2012 303(d) list. Figure 2 shows the distribution
of 303(d) listed segments in the SFNR watershed.

Table 1. Study area water bodies on the 2012 303(d) list for temperature.

Township
Water Body Listing ID — Range

— Section
South Fork Nooksack River 7112 38N-5E-7
South Fork Nooksack River 7113 36N-5E-12
South Fork Nooksack River 35244 36N-7E-3
South Fork Nooksack River 35246 36N-6E-18
South Fork Nooksack River 36838 37N-5E-9
South Fork Nooksack River 36839 38N-5E-31
South Fork Nooksack River 36840 38N-5E-17
South Fork Nooksack River 36846 38N-5E-8
South Fork Nooksack River 39232 37N-5E-21
South Fork Nooksack River 42100 38N-5E-19
South Fork Nooksack River 42101 38N-5E-30
South Fork Nooksack River 42103 37N-5E-8
South Fork Nooksack River 42105 37N-5E-16
South Fork Nooksack River 42111 38N-5E-18
Edfro Creek 35238 37N-5E-26
Cavanaugh Creek 7064 37N-5E-35
Hard Scrabble Creek 37815 38N-4E-25
Howard Creek 7080 36N-6E-13
Plumbago Creek 42336 36N-5E-13
Roaring Creek 7119 36N-6E-18
Sygitowicz Creek 37814 38N-4E-24
Todd Creek 37813 38N-4E-13
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Figure 2. 303(d) listed segments in the South Fork Nooksack River watershed.
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Water Quality Standards and Numeric Targets

The Washington State water quality standards, set forth in Chapter 173-201A of the Washington
Administrative Code (WAC), are the basis for protecting and regulating the quality of surface
waters in Washington State. The State’s water quality standards include:

e Designated uses such as fishing, swimming, and aquatic life habitat.
e Numeric and narrative water quality criteria limits to protect the uses.
e Policies, such as antidegradation, to protect higher quality waters from being further degraded.

This section provides Washington State water quality information and those standards applicable
to the SFNR watershed.

In July 2003, Ecology made significant revisions to the state’s surface water quality standards
(Chapter 173-201A WAC). These changes included restructuring the system that the state uses
to designate uses for protection by water quality criteria (e.g., temperature, dissolved oxygen,
turbidity, bacteria). Ecology also revised the numeric temperature criteria assigned to waters to
protect specific types of aquatic life uses (e.g., native char, trout and salmon spawning and
rearing, warm water fish habitat).

Ecology submitted the revised water quality standards regulation to EPA for federal approval in
July 2003. EPA approved the majority of the revised standards on February 11, 2008. The
revisions to the existing standards are online at Ecology’s water quality standards website:
WWW.ecy.wa.gov/programs/wg/swas.

Segments of SFNR and its tributaries are identified on the Washington State 2010 303(d) list as
being impaired by excess temperature. Temperature affects the physiology and behavior of fish
and other aquatic life. It also affects the physical and biological properties of the water body.
For example, higher stream temperatures are generally associated with lower levels of dissolved
oxygen in the water. Temperature is an influential factor limiting the distribution and health of
aquatic life and can be greatly influenced by human activities.

Temperatures in streams fluctuate over the day and year in response to changes in solar energy
inputs, meteorological conditions, river flows, groundwater input, and other factors.
Washington’s water quality criteria are expressed as the highest 7-day average of the daily
maximum temperatures (7-DADMax) occurring in a water body. The 7-DADMax metric was
determined by scientists involved in the development of EPA’s Region 10 Guidance for Pacific
Northwest State and Tribal Temperature Water Quality Standards (2003*) to include an adequate
magnitude and duration (averaging period) to protect salmonids. The 7-DADMax temperatures
represent conditions in the dominant aquatic habitat, therefore it is assumed that aquatic species
have access to cold water refugia where they can reside in water that is cooler than the 7-
DADMax temperatures. The 7-DADMax temperature criterion also assume that colder
temperatures are available to protect fish at night.

! Available at: http://yosemite.epa.gov/r10/water.nsf/Water+Quality+Standards/WQS+Temperature+Guidance/
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In the water quality standards, aquatic life use categories are described using key species (e.g.,
salmonid or char versus warm-water species) and life-stage conditions (e.g., spawning versus
rearing) [WAC 173-201A-200]. The temperature criteria established to protect these uses are
described in Table 200 (1)(c) of the water quality standards and include numeric criteria of 12 °C
for Char Spawning and Rearing; 16 °C for Core Summer Salmonid Habitat; both of which are
applied throughout the entire year unless the supplemental criteria also applies. The 13 °C
supplemental standard for spawning and incubation protection of salmonid species (WAC 173-
201A-200 (1)(c)(B)(iv)) is effective seasonally from early fall to late spring (exact dates are
specific to each stream) (Ecology, 2011). Temperatures are not to exceed the criteria at a
probability frequency of more than once every 10 years on average (WAC 173-201A-200

(D)(e)(iin)).

Special consideration is also required to protect the spawning and incubation season of salmonid
species. Where it has been determined that the lower temperatures are necessary to protect
spawning and incubation, the following criteria apply: (A) Maximum 7-DADMax temperatures
of 9 °C (48.2 °F) at the initiation of spawning and at fry emergence for char; and (B) Maximum
7-DADMax temperatures of 13 °C (55.4 °F) at the initiation of spawning for salmon and at fry
emergence for salmon and trout. Currently, Chapter 173-201A WAC specifies 13 °C in the
South Fork and Hutchinson Creek from September 1 to July 1, (Ecology Publication 06-10-038)

While the criteria apply throughout a water body, there may be site-specific features, including
shallow, stagnant, eddy pools where natural features unrelated to human influences are the cause
of not meeting the criteria. For this reason, the standards direct that measurements are taken
from well-mixed portions of rivers and streams. For similar reasons, samples are not to be taken
from anomalously cold areas such as at discrete points where cold groundwater flow into the
water body.

For the area of the SFNR Watershed covered by this TMDL, the designated aquatic life uses to
be protected are core summer salmonid habitat, char spawning and rearing, and salmonid
spawning and incubation. The numeric water quality criteria established to protect those uses
are summarized in Table 2.

Table 2. Washington State temperature criteria for protection of designated aquatic
life uses in the South Fork Nooksack River watershed.

Use Classification Criteria

Core summer salmonid habitat,
spawning, rearing, and migration
Char spawning and rearing < 12 °C 7-DADMax2b
Supplemental salmonid spawning
and incubation

a 7-DADMax means the highest annual running 7-day average of daily maximum temperatures.
b A human-caused variation within the above range of less than 0.3 °C for temperature is acceptable.

<16 °C 7-DADMaxa®b

<13 °C 7-DADMaxa? (Sept 1-Jul 1)
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Washington State uses the criteria described previously to ensure full protection for its
designated aquatic life uses. The standards recognize, however, that waters display thermal
heterogeneity — some are naturally cooler, and some are naturally warmer than the numeric
criteria. The water quality standards define a natural condition as the condition before any
human-caused pollution. When the natural conditions of a water body are warmer than the
previously-described numeric criteria, the state limits the allowance for additional warming due
to human activities. In this case, the combined effects of all human activities must not cause
more than a 0.3 °C (0.54 °F) increase above the warmer natural temperature condition.

This TMDL report estimates whether the water body is naturally warmer or naturally cooler than
the criteria, using a computer model that simulates the physical and atmospheric processes
affecting stream temperatures. When a water body does not meet its assigned criteria due to
natural climatic or landscape attributes, the standards state that the natural conditions constitute
the water quality criteria (WAC 173-201A-260 (1)(a). This provision of the water quality
standards is implemented by using the modeled natural condition as the TMDL target. Ecology
will consider a formal rule change to adopt site-specific criteria, as provided by WAC 173-201A-
430. This will happen after significant implementation of the measures outlined in this TMDL;
at which point the natural condition, determined by empirical and modeled data, could be used to
set new water quality criteria through a public rule-making process. This process would involve
updated analysis of natural conditions and legacy impacts, and all measures that facilitate
bringing the river into water quality compliance.

Modeling natural conditions

Temperature modeling is generally a two-step process. First, the current river temperatures are
measured through field monitoring. The stream’s current physical characteristics (e.g., amount
of shade provided by the canopy, river geometry, sources of flows, significant cold water flows,
point source inputs) are also measured and documented. Using this information, a river model is
developed that simulates current temperature conditions. The model is calibrated by comparing
the simulated temperatures with in-stream measurements and adjusting model parameters to
achieve a “best fit”, based on model quality metrics.

Second, the calibrated model is used to evaluate different scenarios — including a “system
thermal potential” or “system potential” scenario that represents the natural condition of the river
system. Physical characteristics of the river are changed in the model to simulate the natural
condition. Examples of these changes include removing point source discharges, changing the
channel geometry to simulate a natural channel, and increasing the riparian shade to represent a
natural forest. The model provides a plausible conservative estimate of natural conditions in
rivers and streams, especially in the absence of adequate data from all potential non-disturbed
reference conditions.

The water quality model provides only an estimate of the natural condition temperatures based

on the 100-year site index conditions, therefore a degree of uncertainty is inherent in the model
results. Ecology addresses uncertainty in model applications evaluating statistical measures for
goodness-of-fit and incorporating of an implicit margin of safety. Critical conditions that are
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used for the evaluation of natural conditions incorporate uncertainty in major environmental
variables (e.g. stream flows and meteorological conditions).

For this TMDL project, Ecology also assessed the uncertainty of the natural condition estimates by
assessing the water quality model’s sensitivity to the following changes, as discussed in the TMDL
Analysis section on “Sensitivity analysis for natural conditions” and illustrated later in this report.
Values for these parameters were provided by the Nooksack Indian Tribe based on their
knowledge of the South Fork Nooksack River and watershed:

(1) Cooler headwater and tributary temperatures.
(2) Decreased channel width.

(3) Increased system potential vegetation (SPV) height and riparian buffer width consistent with
climax vegetation conditions.

(4) Enhanced hyporheic exchange.

(5) The combined impact of the above four alterations.

To the extent that these (non-discharge) influences on temperature existed under natural
conditions, or can be put in place now, these sensitivity analyses provide estimates of the

variability associated with the natural condition estimates, impairment, land-use, permitting, or
restoration decisions.
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Watershed Description

The SFNR watershed is in Whatcom and Skagit counties, Washington, in WRIA 1 and HUC
17110004 (Figure 1). The SFNR watershed covers approximately 186 square miles. It
originates in the snow-dominated Twin Sisters range, Loomis Mountain, and Park Butte of the
Cascade Mountains and discharges into the Nooksack River mainstem about 36 river miles (RM)
upstream from where the Nooksack River mainstem discharges to Bellingham Bay.

The SFNR watershed is dominated by forest and shrubland with small amounts of alpine tundra
and fellfields (places where freeze/thaw cycles and wind shape plant communities on scree
slopes), agriculture and development in the lower portion. The predominant land use in the
watershed is commercial forestry, which is regulated by the Washington Department of Natural
Resources. It includes portions of the towns of Van Zandt and Acme, and counties of Whatcom
and Skagit. The Lummi Nation operates a salmon hatchery and established the Arlecho Creek
Preserve in the watershed. The Nooksack Indian Tribe also owns land and other facilities in the
watershed. The headwaters are lands managed by the U.S. Forest Service (USFS). A portion of
the watershed is dominated by alpine tundra and bare rock of the Sisters Range where vestigial
ice fields are present.

Geographic setting

Hydrology

The SFNR is fed by numerous tributaries as it flows down from the Cascade Mountains. Major
tributaries are Wanlick Creek, Howard Creek, Cavanaugh Creek, Skookum Creek, Hutchinson
Creek, and Black Slough. The river has an average annual discharge of 1,032 cubic feet per
second (cfs), based on Ecology data at gaging station 01F070 (WY 2004-2010). Figure 3 shows
monthly averages as well as the range of monthly averages. The station is on the left bank of the
SFNR at the Potter Road Bridge crossing near the town of VVan Zandt.
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Figure 3. Mean monthly hydrograph showing range of monthly averages measured.

The upstream portion of the SFNR is typically constrained by steep valley walls. The lower
river flows through a broad, unconfined valley with an average gradient less than 0.1% (Soicher
et al., 2006).
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Geology

Surficial geology of Quaternary age occurs in the eastern portions of the watershed adjacent to
the stream, and consists of mostly unconsolidated sediments of sand, silt, gravel, and clay
deposits from Vashon glacial till and outwash (Washington Geological Survey, 2012). Also
present are recessional and proglacial stratified sand (with gravel and cobbles and with minor silt
and clay interbeds). Adjacent to the downstream reach of the SFNR, sorted combinations of silt,
sand, and gravel dominate in streambeds and alluvial fans. The Lower South Fork Nooksack
River is a wide alluvial valley flanked by Stewart Mountain to the west and the VVan Zandt Dike
to the east (Soicher et al., 2006). Upland areas include Jurassic age bedrock material consisting
of muscovite, quartz, and phyllite, interbedded with greenschist, sandstone, and blueschist.
There are also pockets of pre-Tertiary ultramafic rocks and Permian-Devonian metamorphic
rocks.

Geology of the upper watershed (headwaters of the SFNR) is dominated by the Twin Sisters
Range. The Twin Sisters range is made up of ultrabasic (ultramafic) rocks of the Jurassic-
Triassic age. These mountains are composed of dunite and contain the largest olivine reserves in
the United States (Washington Geological Survey, 2012). The Twin Sisters dunite is composed
of virtually unaltered, coarse-grained enstatite bearing dunite with accessory amounts of
chromite and chromium diopside (USGS, 2012). The dominant mineral is fosterite with minor
amounts of chromite and trace amounts of lizardite (USGS, 2012).

Where the South Fork Nooksack channel flows around the Twin Sisters range, it follows the path
of faults in the watershed. These fault contacts were previously scoured by glacial ice and filled
with retreating glacial deposits. The fault zones generally erode more easily because the
movement along the faults has fractured and weakened the bedrock. As the river has cut down
through the fault zones around the southern flank of the Twin Sisters mountain range, it has
created a steep and narrow channel choked with boulders collected from unstable hillsides
(Brown and Maudlin, 2007).

Land use and land cover

The National Land Cover Dataset (NLCD; Fry et al., 2011) is developed under a national
program overseen by the Multi-Resolution Land Characteristics Consortium, a group of federal
agencies that cooperate to create a consistent land cover geographical information system (GIS)
grid-based product for the entire United States. The data are based on interpretation of multi-
seasonal Landsat satellite images (30-meter [m] grid cells) and were developed into three
products: a land cover database with 21 categories, a database with estimates of percent
impervious cover in each grid cell, and a database with estimates of forest canopy cover in each
grid cell. The data sets are updated about every 5 years. Year 2006 land use/land cover is shown
in Figure 4. The most prevalent land covers in the watershed are three forest types (deciduous,
evergreen, and mixed) and Shrub/Scrub.
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Figure 4. South Fork Nooksack River land cover (2006 NLCD).

The USFS/Department of Interior LANDFIRE data set, which provides a high level of detail
about vegetation for wildfire management, is another useful resource for characterizing land
cover (LANDFIRE, 2012). Like NLCD, LANDFIRE uses 30-m grid cells. LANDFIRE
provides several data products including vegetation height, vegetation cover (percent canopy),
vegetation type, and others. The first LANDFIRE data set (LF 1.0.0) represents conditions circa
2001; the most recent (LF 1.1.0, nicknamed Refresh) used data from a variety of sources to
update the 2001 classification to conditions circa 2008. The Existing Vegetation Type (EVT)
data set provides a high level of detail about plant communities, and some spatial information
indicating areas of development and agricultural use. Numerous classification fields and classes
are provided; for the purposes of this project, a preliminary classification of plant community
types was developed for EVT data in the watershed (Figure 5).
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Figure 5. South Fork Nooksack River land cover (LANDFIRE). LANDFIRE 2008 land use/land cover
using preliminary vegetation groups.
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LANDFIRE and NLCD differ markedly in their interpretation of forest types and shrubland
(Figure 6). Some of the difference may be related to the preliminary LANDFIRE groups, but it
is more likely due to semantics. NLCD includes young trees less than 6 m in the Shrub/Scrub
category, which would include recently harvested areas. LANDFIRE EVT on the other hand is
focused on vegetation communities, and shrubland categories tend to be confined to true shrub
species. The LANDFIRE Existing Vegetation Height (EVH) 2008 data supports this, though
there is clearly disagreement in estimated tree height between NLCD 2006 and LANDFIRE

EVH 2008—areas classified as shrubland by NLCD (less than 6 m) tend to overlay on areas with
EVT tree height of more than 10 m.
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Figure 6. Comparison of LANDFIRE and NLCD land use/land cover estimates for the

South Fork Nooksack watershed.

The National Oceanic and Atmospheric Administration (NOAA) Coastal Change Analysis
Program (CCAP) produces land cover and land cover change data products for coastal areas of the
United States. The SFNR watershed is in the regional land cover zone, where 30-m grid cell
resolution is available. Data sets are provided for a range of years, with 2006 being the most
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The land cover classes are identical to NLCD, with the exception that wetlands classification is more
robust in CCAP; the CCAP data set classifies both palustrine and estuarine wetlands separately and
further classifies each of these as either forested, scrub/shrub, or emergent wetlands. In the
watershed, CCAP 2006 is almost identical to NLCD 2006 outside wetland areas.

Figure 7 displays the CCAP land cover data set in which forested and scrub/shrub wetlands are
combined into a woody wetlands category for a spatial comparison with the NLCD data set. A small
amount of variation exists between the two data sets at a local scale, but the overall spatial
distribution of land cover is essentially the same as NLCD 2006.

The CCAP land cover data set has been previously selected for use in studies of the Lower
Nooksack River and it is advisory to rely on the same data set for this work. Therefore, CCAP is
the selected land cover data set to accompany the use of aerial imagery in characterizing the land
use and land cover of the watershed required for model development (e.g., for selecting areas of
urban development and areas covered by wetlands that cannot be vegetated as one step in
determining system potential shade).
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Figure 7. South Fork Nooksack River land cover (CCAP 2006).
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Forest disturbance and maturity

GIS data files of active forest practices and fire history were obtained from the Washington
Department of Natural Resources. The forest practices data set includes Forest Practices
Application/Notification harvest unit boundaries and the number of acres associated with active
Forest Practices Application/Notifications. The acres for all active Forest Practices
Application/Notifications in the SFNR watershed are 3,387 acres over the 2003 to 2012

period. Figure 8 provides the spatial distribution of active timber harvesting throughout the
watershed for this approximately 10-year period. This data set does not include forest practices
that were active in the past and that are currently inactive. These past forest practices have
created legacy impacts that may continue to effect water temperatures today.

Five significant forest fires occurred in the watershed in the past 30 years (Figure 8). The largest
fire occurred in 1979 when 130 acres of forest burned. Another major debris burn occurred in
2004 just outside the watershed boundary, affecting 100 acres. Aside from these five primary
fire events, all other fire events occurring in the past 30 years individually burnt less than 3 acres.

In a study performed by Pollock et al. (2009), 42 subbasins in western Washington were selected
for stream temperature monitoring. The study focus was to examine correlations between forest
harvest patterns and summer stream temperatures to assess whether harvest patterns of riparian
or upland forest can be used to predict variation in temperature regimes among streams. The
team considered the condition of the near upstream riparian forest, the condition of the entire
upstream riparian forest network, and the condition of the total basin forest area. The near
upstream riparian forest was defined as a band 30 meter wide on each side of the stream and
extending 0 to 600 meter upstream from each of the stream temperature data loggers. The
riparian forest network was defined as a band 30 meter wide on each side of all channels that
were upstream of the temperature loggers. The total basin forest area was defined as the entire
area of the basin, upstream and downstream of the temperature loggers.

Results of Pollock et al. (2009) show that the percentage of the total basin forest area harvested
(in the past 40 years) explains 39% of the variation in the average daily maximum temperature.
The percentage of harvested riparian forest network upstream from temperature monitoring
locations explains 33% of the variation in average daily maximum temperatures. No significant
correlations were found between the percentages of near upstream riparian forest recently clear-
cut and average daily maximum temperature.

The researchers observed a relatively strong relationship between maximum daily stream
temperatures and the total amount of harvest in the total forested area of the basin. They
observed a strong but slightly weaker relationship between maximum daily stream temperatures
and the total amount of harvest in the riparian forest network of a basin. They suggested that the
likely causal mechanism was mass wasting altering channel morphology, with possible
contributions related to bank erosion. On the basis of these findings, the researchers concluded
that the probability of a stream exceeding the water quality standard increased with timber
harvest activity. Furthermore, the impact of past forest harvest activities on stream temperature
may not be entirely mitigated through reestablishing riparian buffers because of changes in
channel morphology.
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Figure 8. Forest disturbance from fires and timber harvest.

Their findings have important implications for the SFNR watershed. While most of the
harvested areas shown in Figure 8 are not directly adjacent to known temperature-impaired
reaches, there is a higher proportion of harvesting in the drainages in the vicinity of the impaired
reaches. The potential for ongoing impacts from historic activity is significant, given the large
proportion of the watershed zoned for commercial or private forest harvesting (Figure 9). In
addition to potential impacts of active harvest, previously harvested areas recovering from
canopy removal may affect stream temperature. A robust analysis of past harvest is beyond the
scope of this TMDL because of the temporal nature of watershed recovery and lack of watershed
data, but may be considered as part of the implementation plan.
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Figure 9. Forest zoning in the watershed.

Climate

The SFNR watershed is in a zone where Arctic weather from the north converges with Pacific
weather systems from the south (USFS, 2006). In the summer, the Pacific systems dominate
with mild, clear weather and low levels of precipitation. In the winter, Arctic systems move into
the area bringing storms, high levels of precipitation, and occasionally very low temperatures
(Smith, 2002).

Near the confluence of the South Fork Nooksack with the mainstem of the Nooksack River,
annual average precipitation ranges from 50 to 60 inches. At higher elevations in the watershed,
annual average precipitation ranges from 60 to 125 inches (USGS, 2000a). Monthly average
precipitation is at its highest in November through January; however, extreme storm events
resulting in more than 4 inches of precipitation per day have occurred outside these months. In
high elevation areas where the headwaters of the South Fork Nooksack lie on the slopes of the
Twin Sisters range, rain-on-snow events typically occur from late October through January and
are characterized by rapid snowmelt accompanying intense rainfall triggering rapid runoff and
flooding that can result in severe hill slope and channel erosion (Brown and Maudlin, 2007).
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Mean annual air temperatures for the watershed range from 46 to 48 F at lower elevations and 40
to 45 F at higher elevations (USGS, 2000b).

Wildlife

Although many of the smaller tributaries of the SFNR have limited access for anadromous
salmonids because of the steep terrain, the river channel and major tributaries contain accessible
habitat. The smaller tributaries support numerous species of anadromous and resident salmon
and trout. These include early (spring) Chinook, late (fall) Chinook, coho, pink, chum and
sockeye salmon, summer- and winter-run steelhead, bull trout, cutthroat trout, rainbow trout, and
Dolly Varden trout. Winter steelhead, coho, early and late-timed Chinook, pink, sockeye and
chum salmon use these waters for spawning, rearing, migration, and holding. Steelhead, coho,
some Chinook, and sockeye juveniles also rear in these waters year-round (Brown and Maudlin,
2007).

All species of the SFNR salmonids require cold, clean water and a complex, connected habitat
structure to survive. Chinook salmon (Oncorhynchus tshawytscha), bull trout (Salvelinus
confluentus), and steelhead (Oncorhynchus mykiss) are federally listed as threatened under the
Endangered Species Act.

The riparian corridors of the SFNR provide a potential for north-south wildlife habitat
connectivity and serve as important wildlife corridors that provide access to higher elevations in
the watershed. Portions of the SFNR watershed have the potential to serve as refugia and
dispersal corridors for mammals, including gray wolves, wolverine, and moose that have been
observed in large wilderness areas west of the Cascade Mountains crest. Agricultural fields
along the SFNR provide foraging and wintering areas for a resident herd of Roosevelt elk
(Whatcom County Planning and Development Services, 2005).

Coastal areas to the north and south of the Nooksack River watershed are major Pacific Flyway
waterfowl wintering areas. The Skagit Estuary to the south supports the highest numbers of
wintering waterfowl in Puget Sound. The Fraser Estuary to the north is the most important
waterfowl wintering area in western Canada. Waterfowl and shorebirds often move between
these two estuaries, passing through or stopping in the SFNR watershed and coastal waters
downstream from the watershed. High numbers of waterfowl and shorebirds attract wintering
raptors such as the bald eagle, gyrfalcon, and Merlin falcon (Whatcom County Planning and
Development Services, 2005).
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Potential sources of thermal impairment

Non-stormwater point source pollution

There is one active non-stormwater point source identified in the SFNR watershed (Table 3). The
Lummi Nation operates the Skookum Creek Fish Hatchery, on Saxon Road, at the mouth of
Skookum Creek. The hatchery operates under a General Hatchery Permit issued by EPA and
diverts water from Skookum Creek downstream from the gaging station location. This water is
discharged (along with groundwater pumped from six wells) to the SFNR upstream from the
Saxon Road gaging station. There is no permit requirement to monitor temperature or dissolved
oxygen in the discharged water. The average reported discharge for the hatchery in 2011 was
about 5.6 million gallons per day (mgd), equivalent to 8.7 cfs.

Table 3. Active point sources in the South Fork Nooksack watershed.

Permit L :
Number Facility Name Type Parameters Monitored

WAG130017 Skookum Creek | EPA Fish Hatchery | Flow, Total Suspended Solids (TSS),
Fish Hatchery General Permit Settleable Solids, and Chlorine

Agricultural irrigation

Surface water and groundwater withdrawals support agricultural irrigation in the watershed.
About 775 acres are irrigated, according to information from Whatcom Farm Friends and their
director Henry Bierlink. A consumptive use calculator was used to translate daily estimated
irrigation (assuming an alfalfa crop and average irrigation efficiency) to an equivalent flow—2.8
cfs (Thomas Buroker, May 29, 2012, personal communication). The 7Q10 value for U.S.
Geological Survey (USGS) gage 12209000 over the past 24 years is about 75.8 cfs according to
USGS calculations, and 2.8 cfs represents less than 4% of the 7Q10 flow. The 2.8 cfs value is
likely overestimated, because some irrigation use is from groundwater. To the extent that
irrigation does reduce flows in the critical season it will cause increased temperatures.

Point source stormwater pollution

Two active point sources of stormwater pollution were identified in the SFNR watershed (Table
4). Concrete Norwest Saxon Pit is about 5 miles southeast of Acme and is on the watershed
border, about a half mile west of SFNR; stormwater generated by the facility discharges to
groundwater. A construction stormwater general permit was issued in early 2013 to replace a
bridge on Potter Road.

Table 4. Active stormwater point sources in the South Fork Nooksack watershed.

Permit Facility Name Tvoe Parameters
Number y yp Monitored

Sand and Gravel

General Permit Oil and Grease

WAG503013 Concrete Norwest Saxon Pit

Potter Rd Nooksack Bridge Construction Stormwater

WAR126700 148 Replace General Permit

Turbidity and pH
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In storm events, rainwater can scour the surface of the pavement, rooftops, and other impervious
surfaces. This stormwater runoff accumulates and transports pollutants and contaminants via
stormwater drains to receiving waters and can degrade water quality. However, rainfall in the
critical period is rare, and when rainfall occurs the temperature drops. Stormwater from point
sources generally does not contribute to thermal impairments. Ecology issues National Pollutant
Discharge Elimination System (NPDES) permits to larger entities that operate municipal
separate storm sewer systems (MS4s) responsible for collecting, treating, and discharging
stormwater to local streams and rivers.

The Washington State Department of Transportation (WSDOT) holds a Phase | MS4 permit in
the watershed. In March 2012, Ecology issued a new modified permit to WSDOT. This permit
addresses stormwater discharges from WSDOT MS4s in areas covered by the Phase | Municipal
Stormwater Permit, the Eastern Washington Phase Il Municipal Stormwater Permit, and the
Western Washington Phase 11 Municipal Stormwater permit. WSDOT highways, maintenance
facilities, rest areas, park and ride lots, and ferry terminals are covered by this permit when a
WSDOT-owned MS4 conveys the discharges.

More information on the WSDOT permit is at
Www.ecy.wa.gov/programs/wa/stormwater/municipal/wsdot.html.

WSDOT has a 2011 Highway Runoff Manual that provides tools for designing stormwater
collection, conveyance, and treatment systems for transportation-related facilities. This manual
has been approved by Ecology as functionally equivalent to the Stormwater Management
Manual for Western Washington and is at
www.wsdot.wa.gov/Environment/WaterQuality/Runoff/HighwayRunoffManual.htm.

Nonpoint pollution sources

Nonpoint pollution sources are dispersed and not controlled or regulated through discharge
permits. Potential nonpoint sources within the watershed that specifically can cause warmer
temperatures include the following:

e Loss of vegetation in the riparian zone along the mainstem and tributaries caused by permanent
clearing for roads, railroads, farm fields and temporarily by forest practices including harvest
roads.

Temperature is also affected by human activities which change how water flows over the surface
such as:

e Mass earth failures and debris flows from land development including forest roads and
clearings.

e Human activities that have changed stream channel morphology and geometry.

e Reduction in baseflows, in-stream flows, groundwater flows and hyporheic exchange flows.
e Changes in timing and intensity of runoff.

e Altered channel conditions caused by land use and management.
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Both forest practices and agricultural activities contribute to the nonpoint sources listed above.
Nonpoint source contributions are important to understand because they have an effect on stream
water quality, and they are a major component of stormwater runoff. Temperature is directly
affected by the removal of riparian zone vegetation, which increases solar radiation reaching the
stream surface. This reduction of riparian zone vegetation reduces the available shade, which
increases sunlight to the stream surface and subsequently increases water temperature. Also,
there is some evidence that even-age forest harvest, away from tributaries, may also increase
surface and subsurface flows to streams with elevated temperatures, but may increase
temperatures if mass wasting has adverse effects of channel morphology.

Groundwater influences, in-stream flows, water withdrawals, and stream channel geometry also
influence stream temperature. Where significant volumes of groundwater discharge to a stream
or river, groundwater can warm a stream in winter and cool it in summer (Gendaszek, 2014).

Conversion of forest to developed and open agricultural land, and removal of forest cover
through harvesting operations, can affect watershed hydrology and sediment loading. These land
conversions contribute to upland sediment load. They can also reduce natural infiltration
(leading to less cold baseflow) and contribute to loss of wetlands (potentially reducing thermal
buffering capacity).

Land use and management in the watershed has likely caused an increase in upland sediment
load. This, in turn, could contribute to loss of wetlands, filling of deep pools, and aggradation
and widening of the channel. In turn, these impacts can result in reduced thermal buffering
capacity and increased direct solar radiation. Filling of stream gravels with fine sediment can
also reduce cooler hyporheic flows. Sediment loading has been identified as a limiting factor to
the existence and recovery of native salmon stocks (Nooksack Indian Tribe, 2011).
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Historical Data Review

The SFNR watershed is monitored regularly by the USGS, the Nooksack Indian Tribe, Lummi
Nation, and Ecology for many reasons, such as ESA-related fisheries enhancement projects
support, existing TMDL implementation, water quality and quantity trend analysis, and flood
control activities. Following is available and pertinent data on existing water temperatures and
river flows from these agencies’ sources. Data are presented to characterize historical and recent
flow, water quality conditions, and general temporal and spatial resolution of available data.
These data are assumed sufficient for this purpose and have not been subject to detailed
secondary quality assurance and quality control (QA/QC) in addition to the QA/QC conducted
by the data originators. The data have been checked for compliance with Ecology’s Credible
Data Policy (www.ecy.wa.gov/programs/wg/ga/wqp01-11-ch2_final090506.pdf).

Stream temperature data

Stream temperature monitoring data collected by the Nooksack Indian Tribe, USGS, and
Ecology were analyzed for comparison with water quality criteria. Three periods were selected
for analysis for each year, on the basis of the effective dates for supplemental spawning and
incubation of salmonid species (September 1 through July 1). The three periods are as follows:

e January 1 through July 1
e July 2 through August 31
e September 1 through December 31

Stream temperature monitoring data collected by each entity are presented and discussed in the
following sections.

Nooksack Indian Tribe, Natural Resources Department

The Natural Resources Department of the Nooksack Indian Tribe has a program to monitor
summer and year-round water temperatures in Chinook salmon habitats of the Nooksack River
watershed. This ongoing work is funded through EPA CWA sections 106 and 319, and Indian
General Assistance Grant (IGAP) grant programs that constitute a component of the Nooksack
Indian Tribe’s Performance Partnership Grant with EPA (Coe and Cline, 2009). At all
monitoring locations the Nooksack Indian Tribe recorded continuous data records of stream
temperature, with the majority of data collected in June through October (every 30 minutes). In
this section, continuous data have been summarized as highest 7-day average of daily maximum
temperatures (7-DADMax) to be consistent with the water quality criteria. The 7-DADMax for
any day was calculated by averaging that day’s daily maximum temperature with the daily
maximum temperatures of the 3 days prior and the 3 days after that date.

In 2007 nine locations were monitored for temperature along the SFNR, and six locations were
monitored on tributaries to the South Fork (Figure 10, Figure 11, and Appendix B). Sites were
selected to monitor water temperature throughout the range of Nooksack early run Chinook
salmon habitats. In 2007 there was a general increase in stream temperature 7-DADMax from
upstream to downstream monitoring locations. The boxplots in Figure 12 represent the
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distribution (25th, 50th, and 75th percentiles) of the 7-DADMax temperatures for each station.
The whiskers represent the minimum and maximum 7-DADMax for each station.

Stations are displayed in the box and whisker plot from upstream to downstream locations and
tributary stations appear at the location of their confluence with the South Fork (Figure 12).
Temperatures recorded at the South Fork station locations show that these waters exceeded the
applicable water quality criteria during the 2007 monitoring period, and that tributary
temperatures were generally cooler than temperatures in the South Fork. Of the seven sites
monitored in 2007 that are designated as char habitat, all exceeded the 12 °C criterion for at least
a portion of the monitoring period; the total number of days temperatures exceeded the criterion
ranged from 65 to 92. Of the eight sites designated as core summer salmonid habitat, only the
site on McCarty Creek did not exceed the 13 or 16 °C criteria. For the remainder, the total
number of monitored days temperatures exceeded the criteria ranged from 6 to 94 (Appendix B).
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Figure 10. Nooksack Indian Tribe stream temperature monitoring station locations — Map 1.
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Figure 11. Nooksack Indian Tribe stream temperature monitoring station locations — Map 2.
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Figure 12. Box-and-whisker plots with the 25, 50" and 75" percentiles of the 7-DADMax
stream temperature for 2007 in the South Fork Nooksack.

In 2008 the Nooksack Indian Tribe’s site selection shifted to implement its new Water Resources
Monitoring Program Strategy (Coe and Doremus, 2007). This entails monitoring of temperature
status and trends at fixed stations on a rotating panel basis, with at least one subbasin monitored
each year. One of the goals of monitoring in the South Fork was to evaluate the effectiveness of
log jams for creating thermal refuges. Five log jams were constructed in 2007 and two were
constructed in 2008. Therefore, the seven locations monitored in 2008 for temperature along the
SFNR (see Appendix B) were placed in the deepest sections of the log jam-associated pools. As
a result, the spatial variation in 2008 (Figure 13) temperature monitoring is not as great as it was
in 2007; the 2008 stations are clustered in two reaches where the tribe had constructed log jam
projects, and all are on the downstream portion of the South Fork where the 13 or 16 °C water
quality criteria apply (depending on location and date).

All stations show exceedances of the applicable temperature criteria throughout the 2008
monitoring period; the total number of monitored days that temperatures exceeded the criteria
ranged from 10 to 56 (Appendix B). Because some of these stations were selected to represent
the enhanced condition (pools formed in areas of cool-water influence) rather than reach-average
conditions, these data should not be used to assess attainment of standards.
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Figure 13. Box-and-whisker plots with the 25, 50", and 75" percentiles of the 7-DADMax
stream temperature for 2008 in the South Fork Nooksack.

In 2009 seven locations were monitored for temperature along the SFNR, and one station was on
the Deer Creek tributary at the same location as station SF0135 from the 2007 monitoring period
(Appendix B and Figure 14). As in 2007, a general stream temperature increase occurred from
upstream to downstream locations. However, station 09TKO03, near the downstream portion of
the South Fork, was found to have lower stream temperatures than the nearest upstream and
downstream South Fork stations. Station 09TKO03 is at a backwater slough and is isolated at the
downstream end from the South Fork and is not representative of reach-average condition. The
low temperatures recorded at this station are most likely due to the possible influence of cool
hyporheic flow or lateral inflow of groundwater.

Of the three sites monitored in 2009 that are designated as char habitat, all exceeded the 12 °C

criterion for at least a portion of the monitoring period; the total number of monitored days that
temperatures exceeded the criterion ranged from 32 to 91. Of the four sites designated as core

summer salmonid habitat (excluding site 09TKO03), all exceeded the 13 °C or 16 °C (depending
on location and date) criteria for at least a portion of the monitoring period. For these sites the

total number of monitored days that temperatures exceeded the criteria ranged from 55 to 72.
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Figure 14. Box-and-whisker plots with the 25, 50" and 75" percentiles of the 7-DADMax
stream temperature for 2009 in the South Fork Nooksack.

In 2010, 22 locations on the South Fork Nooksack River and 8 locations on tributaries to the
South Fork were monitored for stream temperature. Of the 9 sites designated as char habitat, all
exceeded the 12 °C criterion for at least a portion of the monitoring period; the total number of
monitored days temperatures exceeded the criterion ranged from 36 to 82. Of the 21 sites
designated as core summer salmonid habitat, all exceeded the 13 or 16 °C (depending on location
and date) criteria; the total number of monitored days temperatures exceeded the criteria ranged
from 7 to 85 (Appendix B). The box and whisker plot for 2010 (Figure 15) demonstrates the
upstream to downstream warming trend that is visible during previous years. In general,
tributaries have lower stream temperatures than the South Fork. One exception is Cavanaugh
Creek (site 410), where the highest and median 7-DADMax for the 2010 monitoring period
appear to be higher than many of the South Fork monitoring locations.

South Fork Nooksack River Temperature TMDLs
Page 32 - DRAFT



E Tributary Station B Mainstem Station

= = =W0Q Standard (Temp. °C) Supplemental 5tandard (Temp. °C)

30
25
[%)
o
= 20 j
o
= - -
215 i'
: |- fgghul I IR
o 10 A
L=
a 5
Upstream = Downstream
ﬂ I:I I.'HIMDILHINIFII Imlmlmlnlﬂl Iml=ImI=I=ImI=I=ImInlnlmlhlmlnlml
£32s3s355585383f855s53588s8§8:="
- =2 O e Ny @M me O o
= M dg T @ Taxd]]= — =
Z£3 : S3539839828¢8¢83 332
- =] =
Station ID §§§§=§§:§§§§ gg
FEE®R ==

Figure 15. Box-and-whisker plots with the 25, 50" and 75" percentiles of the 7-DADMax
stream temperature for 2010 in the South Fork Nooksack.

In 2011, a total of 30 locations, most locations differing from those monitored in 2010, were
monitored for stream temperature along the SFNR. Of these 30 sites, all are designated as core
summer salmonid habitat and all exceeded the 13 or 16 °C (depending on location and date)
criteria. The total number of days temperatures exceeded the criteria ranged from 26 to 65 (see
Appendix B).

USGS stream temperature monitoring

Three USGS streamflow gage locations in the SFNR watershed have continuous monitoring data
for stream temperature, even in non-summer months, between 2001 and 2011 (though specific
years differ among these stations). Two stations are along the SFNR and the third is on
Skookum Creek, a tributary to the South Fork (Figure 16). The South Fork stations are on
waters designated for Core Summer Salmonid Habitat where the temperature criteria are 13 or
16 °C depending on the location and date.

The South Fork River gage at Saxon Bridge, WA (12210000) is downstream of the South Fork
River gage near Wickersham, Washington (12209000). The confluence of Skookum Creek is
between the two South Fork gage locations. The Skookum Creek station (12209490) is on water
designated for Char spawning and rearing where the temperature criterion is 12 °C. The USGS
suspended monitoring at the Wickersham gage at the end of September 2008, while the Saxon
Bridge station began reporting temperature in July 2007. The Skookum Creek station began
monitoring temperature in April 2008. As a result, there is a relatively short time in which
temperature was monitored simultaneously at all three stations. Stream temperature for each
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gage location was summarized by 7-DADMax for the entire monitoring period for each year
where data were available (summary table provided in Appendix B).

The Skookum Creek station (12209490) showed signs of exceedance of the water quality criteria
for all monitored years, 2008 through 2011. Waters monitored by the South Fork gage at Saxon
Bridge station (12210000) had periodic exceedances of the applicable temperature criteria from
2007 through 2011. Waters monitored at 12209000 (on the South Fork upstream from
12210000) exceeded the water quality criteria for all monitored years, 2001 through 2008 (Table

).
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Figure 16. Monitoring locations for USGS and Ecology gages.
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Table 5. USGS gage exceedances of water quality criteria (WQC), by location.

Total
. Total
SEU Station Description Year PEVE Days HEELE! A
ID Exceeding Monitored Exceedance
wQcC
2001 58 160 36%
2002 66 359 18%
2003 117 359 33%
SENR near 2004 80 353 23%
12209000 .
Wickersham, WA
! 2005 101 359 28%
2006 93 303 31%
2007 79 360 22%
2008 21 268 8%
2008 47 253 19%
Skookum Creek 2009 93 359 26%
12209490 | above diversion near
Wickersham, WA 2010 61 331 18%
2011 52 327 16%
2007 74 179 41%
2008 35 343 10%
0,
SENR at Saxon 2009 100 359 28%
12210000 Bridae. WA
ge, 2010 81 359 23%
2011 37 344 11%
2012 0 33 0%

2Percent Exceedance = (# days exceeding WQC) / (total days monitored) x 100
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Ecology stream temperature monitoring

Two Ecology gage locations within the SFNR watershed were monitored continuously for
stream temperature between 2003 through 2010 or 2011. One station is along the SFNR at the
Potter Road bridge (RM 1.8, Site 01F070, funded by the Nooksack Indian Tribe) and the second
is on Hutchinson Creek (Site 01C070). Station 01F070 is on waters designated for Core Summer
Salmonid Habitat where the temperature criteria are 13 or 16 °C depending on the date. Station
01C070 is on waters designated for Char Spawning and Rearing where the 12 °C criterion
applies. Stream temperature for each gage location was summarized by 7-DADMax for the
entire monitoring period of each year where data were available (see summary table in Appendix
B).

The waters monitored by the Hutchinson Creek gage location near the town of Acme, WA
(01C070) showed no sign of exceeding the water quality criteria for the years from 2007 to 2011,
however, there were periodic exceedances of the applicable temperature criteria from 2003 to
2006 (Table 6). The South Fork gage (01F070), farthest downstream along the South Fork in
relation to other stream temperature monitoring stations in the watershed, provides evidence of
exceedance of the temperature water quality criteria for years 2003 through 2009. There was no
sign of exceedance of the temperature criteria for waters monitored by this gage in 2010.
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Table 6. Ecology gage exceedances of water quality standards (WQC), by location.

Total
Station Station Days e/ Percent
S Year ; Days A
ID Description Exceeding Monitored Exceedance
wQC
2003 35 196 18%
2004 83 348 24%
2005 52 359 14%
2006 62 345 18%
Hutchinson
01C070 Creek near | 2007 0 359 0%
Acme
2008 0 360 0%
2009 0 359 0%
2010 0 359 0%
2011 0 267 0%
2003 114 196 58%
2004 99 354 28%
2005 128 359 36%
0
SENR at 2006 113 359 31%
01F070 Potter Road
2007 85 359 24%
2008 31 360 9%
2009 49 359 14%
2010 0 268 0%

aPercent Exceedance = (# days exceeding WQC) / (total days monitored) x 100
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Temperature data time series

Box and whiskers plots of annual water temperature 7-DADMax are shown in Figure 17 through
Figure 20 for four monitoring stations along the lower half of South Fork Nooksack River. The
plots are not directly comparable to each other since monitored periods of record vary within a
given year among the stations. However, the plots are useful for showing annual variation in the
ranges of 7-DADMax values at each station.

Two of the stations were monitored by the Nooksack Indian Tribe (SF0031, Figure 17 and
SF0025, Figure 18) during the summers of each year, generally from early June through early
October. At both stations, 7-DADMax ranges are higher in 2007, 2009, and 2010, and lower in
2008 and 2011. Note that in the years with higher values, the majority of 7-DADMax values
exceed the Core Summer Salmonid Habitat criterion of 16° C. Monitoring at the USGS station
12210000 (Figure 19) occurred throughout the year?, but there is still variation in both the
interquartile ranges and the maximum/minimum values. There is a longer period of record at the
Ecology Station 01F070 (Figure 20) which also monitored throughout the entire year3. 7-
DADMax values appear to have been higher during the first four years of monitoring.
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Figure 17. Seasonal box and whiskers plots of 7-DADMax at Nooksack Stations at River Mile 6.5, South Fork
Nooksack River.

Red boxes were sampled July 2 — August 31, blue boxes were sampled September 1 — July 1. The width of each
box is proportional to the number of samples. This location was generally sampled June to October.

2 Monitoring at the USGS station began in July 2007, so 2007 is a partial year.
3 Monitoring at the Ecology station began in June 2003 and ended September 2010, so 2003 and 2010 are partial
years.
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Figure 18. Seasonal box and whiskers plots of 7-DADMax at Nooksack Stations at River Mile 3,
South Fork Nooksack River.

Red boxes were sampled July 2 — August 31, blue boxes were sampled September 1 — July 1. The width
of each box is proportional to the number of samples. This location was generally sampled June to
October.
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Figure 19. Seasonal box and whiskers plots of 7-DADMax at USGS Station 12210000 (2008-2011),
South Fork Nooksack River.

Red boxes were sampled July 2 — August 31, blue boxes were sampled September 1 — July 1. The width
of each box is proportional to the number of samples.
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Figure 20. Seasonal box and whiskers plots of 7-DADMax at Ecology Station 01F070 (2003-2010),
South Fork Nooksack River.

Red boxes were sampled July 2 — August 31, blue boxes were sampled September 1 — July 1. The width
of each box is proportional to the number of samples.

Streamflow data

Recent daily or sub-daily streamflow monitoring data are available from the three USGS and the
two Ecology monitoring stations, shown previously in Figure 16. As shown in Table 7, the
periods of record for these stations vary. Monitoring ended at the USGS station No. 12209000 at
the end of September 2008, when this station was replaced a few miles downstream by USGS
station No. 12210000, which began recording flow in October 2008. The Ecology station
01FQ70 is farther down the South Fork, 1.8 miles upstream of the SFNR confluence with the
mainstem Nooksack River. Monitoring was suspended at the end of September 2010 but was
reinstated in April 2012 with Nooksack Indian Tribe funding.

Two tributaries are also monitored: Skookum Creek by the USGS (12209490) and Hutchinson
Creek by Ecology (01C070). Long-term flow data are available from USGS 12209000
beginning in 1934, though flow was monitored only seasonally from 1978 through 1995,
generally from June through October.

Long-term annual average flow and annual 7-day average low flow at 12209000 appear
relatively stable with no apparent trends (Figure 21). A comparison of average annual flow
across all the gages can be seen in Figure 22. Flow statistics are generally consistent with
contributing drainage areas, noting that different periods were used to generate the measures
(Table 8). However, one discrepancy can be seen in the graph, where 12210000 and 01F070
change rank between water years 2009 and 2010. A comparison of the daily values revealed the
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same trend, with the change apparently occurring in fall 2009. Ecology reported extensive scour
at the site after a major storm in January 2009, which could result in an inaccurate stage-
discharge relation for the gaging station and a cumulative potential error of +/- 30% for water
year 2009. No technical notes were available for water year 2010 when the change in rank
occurred.

Table 7. Streamflow monitoring periods of record available for study.

. . Drainage Beg.
Agency Station ID Station Name Area (mi?) Date End Date
USGS 12209000 SFNR near Wickersham, WA 103 5/1/1934 | 9/30/2008
Skookum Creek above diversion 23
USGS 12209490 near Wickersham, WA 6/13/1998 Current
USGS 12210000 SFNR at Saxon Bridge, WA 129 10/1/2008 |  Current
Ecology 01Co070 Hutchinson Creek near Acme 14 6/13/2003 Current
Ecology 01F070 SFNR at Potter Road 179 6/14/2003 | 9/30/2010
USGS 12209000
1200
= Average Annual Flow
1000 - = 7-day Low Flow
800 \/\
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Figure 21. Average annual flow (complete water years only) and 7-day low flow at USGS 12209000.
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Figure 22. Average annual flow at all locations (complete water years only, beginning 1996)

Table 8. Flow statistics for monitoring stations.

Mean flow Percentile Flow (cfs)
Station ID Period for Period
(cfs) 10th 50th 90th

12209000 | WY 1996 - WY 2008 785 139 561 1,542
12209490 | WY 1999 - WY 2011 143 32.0 99.0 274
12210000 | WY 2009 - WY 2011 928 181 632 1,810
01CO070 WY 2004 - WY 2011 47.1 6.9 33.9 96.8
01FO070 WY 2004 - WY 2010 1,032 149 720 1,970

Kemblowski et al. (2001) summarize the state of knowledge of aquifer systems in the WRIA 1
region and discuss the results of two seepage runs on the SFNR that the USGS conducted in
August and September 1998. The data indicate the river is typically a gaining system, though
some short losing reaches were thought to be present. For instance, review of storm-related
events suggest that the flows at Potter Road may be less than at Saxon during the rising limb of
the hydrograph during the time that the floodplain between the two gages is being recharged. The
report does not provide any analysis to distinguish between groundwater gains and inflows from
tributaries. The seepage values reported represent the gross streamflow gains and losses
measured along the SFNR between mainstem measurement transects (rather than the net stream
flow gains from or losses to groundwater that are typically derived from seepage run data).
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Meteorological data

The QUAL2Kw model used for TMDL analysis (described later) needs meteorological data to
calculate surface heat flux for the temperature model (Ecology, 2003b). Four data types are
required: air temperature, dew point temperature, wind speed, and percent cloud cover.
Observed solar radiation can be specified, but it is optional because the model provides accepted
methods for calculating extraterrestrial radiation, atmospheric attenuation, cloud attenuation, and
cloud reflectivity. Inputs for meteorological data are specified for each model reach, allowing
for spatial variation between reaches. Hourly or daily values can be entered for up to 365 days.

Potential data sources were screened and are shown in Figure 23 and presented in Table 9. A
brief description of each follows.

AgWeatherNet provides weather data from Washington State University's automated weather
station network, with a focus on regions using irrigation.

SNOTEL stations (for SNOwpack TELemetry) are operated by the Natural Resources
Conservation Service and collect snowpack and related climatic data in the western United
States.

Ecology monitors weather data at a number of stations throughout the state.

Cooperative Summary of the Day (SOD) stations, part of a network associated with the
National Climatic Data Center (NCDC).

NCDC Hourly Precipitation Data (HPD) is a collection of hourly precipitation amounts
obtained from recording rain gauges at National Weather Service, Federal Aviation
Administration, and cooperative observer stations.

Surface Airways stations are major weather data collection stations generally at airports, and
operated by the National Weather Service. In addition to precipitation, parameters such as
wind, relative humidity, and dew point temperature are typically collected on an hourly basis.

The selection of final meteorology data depended on a number of factors including data quality,
proximity to the watershed, period of record, and available parameters. Sources used for the
modeling included AgWeatherNet, SNOTEL, Ecology, and NCDC SOD.
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Figure 23. Meteorology monitoring stations near the watershed.
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Table 9. Meteorological stations and monitored parameters.

c I —
S o | & - = g
Approx. 8| 2 £ = & Elo 3
Agency Station Period of Frequency | 5 | 2 | -~ g = || E = =
Record.* FRREE= s|3|3|3
< 2 ) o
= (0]
o Il O
Lynden 2002 — Current X X X X | X | X
Nooksack 2002 — Current X X X X X X
Ten Mile 2008 — Current X X X X X X
wsu Lawrence 2008 — Current 15 minute | x X | X | x| x| X
Sakuma 2006 — Current X X X X X X
WSU Mt 1993 — Current X X | x | x| x| x
Vernon
21A09S 2006 — Current X X X X X
21A31S 1995 — Current X | X | X X X
SNOTEL Hourly
21A32S 1995 — Current X X X X X
21A36S 2002 — Current X | X | X X X
01A140 2003 — 2010 X
01C070 2003 — Current X
Ecology 01F070 2003 - 2010 15 minute X
03C060 2005 — Current X
03K070 2005 — Current X
450176 1905 — Current X X X
450566 1998 — 2006 X | X | X
450587 1985 — Current X | X | X
NCDC 451484 1903 — Current _ X | X | x
Coop Daily
SOD 451679 1905 — Current X | X | X
455678 1956 — 2005 X | X | X
457507 1896 — Current X | X | X
458715 1965 — Current X X X
WA0986 1948 — TBD X
NCDC WA3160 1952 - TBD X
Hourly
Precip. WA4999 1948 — TBD Hourly X
Data
(HPD) WA5876 1964 — TBD X
WAS8715 1964 — TBD X
NCDC 04223 2007 — Current X X X X X | X
Surface 24217 1998 — Current Hourly X X X X X | X
Alnways 94585 2003 — Current X X | x | x X | x

* Some stations have varying periods of record for the listed parameters; the start date reflects the earliest date
among the series, usually precipitation.
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Other data

Existing vegetation and soils data

Riparian function assessment

The Nooksack Indian Tribe Natural Resources Department provided data on riparian condition
units (RCUs) for the South Fork River and major tributaries throughout the SFNR watershed.
Riparian data were discussed in a report produced by the Nooksack Indian Tribe (Coe, 2001).
The following is a brief synopsis of the data provided:

In May 2000, Nooksack Natural Resources and Lummi Natural Resources contracted with
Duck Creek Associates to conduct a riparian function assessment for salmonid-bearing and
contiguous streams in the Nooksack River watershed. Using 1:12,000 scale aerial photos
obtained from the U.S. Forest Service (federal ownership; 1991 photo year) and Washington
Department of Natural Resources (all other ownerships, 1995 photo year), riparian condition
was classified in 100-ft-wide units beyond apparent channel migration zones along both right
and left banks of relevant stream segments. Photo-classification was ground-truthed in
numerous locations. Riparian function assessment was based on Watershed Analysis
methods (WFPB, 1997) with some modification for non-forested lands. For each riparian
condition unit, percentage canopy shading, vegetation type, vegetation size class, and
vegetation density were classified (17,923 total acres).

Data produced through the riparian function assessment can be used to inform model
development; however, riparian conditions from 1991 and 1995 might not reflect more current
conditions being analyzed for the TMDL tools. Figure 24 displays percent canopy shading
derived for assessment units for a subset of the watershed.
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Figure 24. Subset of assessment units from riparian function assessment (based on 1991 and
1995 aerial imagery).

Digital ortho imagery
Flights were conducted by the USDA National Agricultural Imagery Program (NAIP) for both

Whatcom and Skagit Counties. This aerial imagery was used to provide locations of channel
bank, active channel, as well as differences in land use and land cover within the riparian
corridor. Photography flights used for the modeling analysis occurred June 24 through August
18 in 2006, and on October 15" in 2009 for both Whatcom and Skagit Counties.

Coastal Change Analysis Program

The Coastal Change Analysis Program (CCAP) was created by the National Oceanic and
Atmospheric Administration (NOAA) which defines land cover and land change along the U.S.
coastlines using remote imagery and raster-based land cover maps. The CCAP data from 2006
was the most recent land use raster available for use to inform classifications of existing near-

stream vegetation.

Soil data
Soil data can be used to identify where specific system potential vegetation (SPV) species are

most likely to occur due to soil type. Washington Department of Natural Resources (WDNR)
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soil surveys for Skagit County (Klungland and McArthur, 1989) and Whatcom County (Goldin,
1992) provide data on major soil types across the entire watershed. Soil data is available in GIS
format from the Soil Survey Geographic Database or SSURGO which was used to identify major
soils within the riparian corridor (NRCS, 2012).

LiDAR data

Light Detection and Ranging (LiDAR) data can be used to identify existing vegetation types,
heights, and densities. LiDAR data was commissioned and funded by the Nooksack Indian Tribe
and Lummi Nation; vegetation height derived from these data is displayed in Figure 25. The
LiDAR was flown by the Puget Sound LIDAR Consortium, with deliverable items including
bare-earth elevation, top-of-vegetation elevation, as well as vegetation-height rasters. The
LiDAR for the downstream half of the watershed was flown in 2005 on a 6ft x 6ft resolution, and
the LIiDAR for the upstream half of the watershed was flown in 2009 on a 3ft x 3ft resolution.
The combination of both sets of LIDAR data were used to identify existing conditions and the
combination of both types of soils data were used in the estimations related to SPV.

ENN

| e
Whatcom County lp&.'\ﬁ-.

7

Ll g
“.—“\?l

Legend

D Watershed Boundary

—
1

,___:! USFS Land Boundary

|:| County Boundary
- Water

| Wickersham
Major Road i

River Centerline
Vegetation Height (meters)*
B ows

5to0 10

10to 25
I 2510 50
- >50

* Vegetation height for downstream portion of watershed was
collected in 2009, upstream portion was collected in 2005.

Skagit County

South Fork Nooksack River: Vegetation Height 0 2 4 8
(LIDAR) + Kilometers @ TETRATECH

8
NAD_1983_HARN_StatePlane_Washington_South_FIPS_4602_Feet Miles
Map produced 03-21-2012 - C. Carter

Figure 25. Existing vegetation height along the South Fork Nooksack River from LiDAR data
collected in 2005 and 2009
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FLIR

Forward looking infrared (FLIR) thermal imagery measures the temperature of the outermost
portions of the objects captured in the image. On free-flowing streams, where water columns are
generally well mixed, surface temperatures represent the temperature of the stream water
column. The exception is in thermally stratified areas, which can occur in slow, deep channels
or upstream of impoundments (ODEQ, 2001).

The FLIR data are collected from a sensor mounted on an aircraft and records digital data to an
onboard computer. The FLIR detects emitted radiation at wavelengths from 8 to 12 microns
(long-wave) and records the level of emitted radiation as a digital image across the range of the
sensor. Each image pixel contains a measured value that is directly converted to a temperature
(ODEQ, 2001).

A spatial tool called TTools can be used to sample FLIR temperature data to develop
longitudinal temperature profiles (Kasper and Boyd, 2001). The data can also be used to identify
subsurface hydrology, potential groundwater inflow areas, and spring locations throughout the
extent of FLIR data collection by identifying cold water sections along the longitudinal profile
that are not associated with cooler tributaries joining the main channel. Interpreted data can be
used to inform model development.

Watershed Sciences, LLC, conducted the FLIR survey for the South Fork Nooksack in 2001 for
the Nooksack Indian Tribe Natural Resources Department. The following information from the
survey report details the location of surveying, the purpose for surveying at high and low
altitudes, accuracy verification, and results discussion (Watershed Sciences, LLC, 2002):

The aerial surveys covered the Nooksack River to the South Fork confluence and the South
Fork (SF) Nooksack River to RM 38.5 [near the confluence of Bell Creek (Figure 1)] on
August 20, 2001. In order to capture floodplain features, a high altitude flight was conducted
on the Nooksack River and over the lower 13 miles of the South Fork. On the South Fork,
[RMs] 0-11.2 were resurveyed at a lower altitude using multiple flight lines in order to
produce higher resolution images of the floodplain area. The entire length of the SF
Nooksack River to RM 38.5 was surveyed at the lower altitude.

Table 10 summarizes the time, extent, altitude, and approximate image footprint for each survey
conducted in the basin. With the exception of the multiple flight lines on the South Fork, all
surveys started at the river mouth and continued upstream.

Table 10. Time, altitude, and distance for the South Fork Nooksack River surveys on 8/20/01.

Time Altitude Image Pixel
Stream (PM) AGL Footprint Size Survey Extent
(ft) Width (ft) (ft)
SF Nooksack River 2:24 - 2:37 5,000 1,763 =29 Mouth to mile 13.7
. . . ) _ Multiple flight lines;
SF Nooksack River Floodplain | 2:44 - 4:37 1,500 528 =0.9 RM O to 11.2
SF Nooksack River 4:46 - 5:43 1,500 528 =0.9 Mouth to mile 38.5
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Higher altitude surveys are generally conducted on larger rivers to capture floodplain features of
wide rivers. Low altitude surveys are ideal for smaller, narrower rivers where floodplain features
can still be captured while producing higher resolution images.

Watershed Sciences, LLC (2002), verified the accuracy of radiant temperatures measured by the
thermal infrared (TIR) sensor using in-stream temperature data loggers at 17 locations
throughout the Nooksack River Basin. Its findings suggest that on the high-altitude survey
(5,000 ft) of the SFNR, no significant difference was observed between the three in-stream
sensors and the radiant temperatures. However, a larger range of differences was noted on the
low altitude survey (1,500 ft) of the SFNR where differences between in-stream sensors and the
radiant temperatures ranged from -1.3 °C to 1.3 °C, with an average difference of approximately
0.1 °C (Watershed Sciences, LLC, 2002). The survey report explains that the difference between
radiant temperatures and temperatures measured by in-stream sensors could reflect inaccuracies
that occur when not enough pixels are available to represent the stream to get a true radiant
stream temperature sample. This often occurs at very narrow portions of the river where river
width is relatively small in relation to pixel size of the survey.

Watershed Sciences, LLC (2002), summarized FLIR survey results for the South Fork Nooksack
as follows:

The South Fork Nooksack River showed typical patterns of downstream warming with some
reach scale variability. Tributaries and other surface water inflows played a pronounced
role in defining stream temperature patterns in the South Fork. Several inflows detected
during the analysis were not documented on the 7.5 USGS topographic maps. In the lower
7.4 miles, the imagery indicates several cool inflows/seeps that have a fine scale influence on
stream temperatures although larger-scale median water temperatures approached air
temperatures through this reach. TIR and visible band image mosaics were created of the
lower 11.2 miles of the South Fork and provide a good resource for examining features and
hydrologic links within the floodplain. In some cases, further analysis and ground level
reconnaissance are required to identify the possible mechanisms driving the observed spatial
temperature patterns.

Figure 26 illustrates TIR (FLIR image results) and visible band color images showing features
observed in the SFNR Basin. The stream temperatures presented with the images represent the
median of 10 sample points taken longitudinally at the center of the apparent thalweg in the TIR
image. The given tributary temperatures are the median of 10 sample points taken at the mouth
of the tributary (Watershed Sciences, LLC, 2002). The survey report provides longitudinal
profiles of median channel temperatures versus RM for the low-altitude survey (1,500 ft) of the
SFNR (mouth to RM 38.5) and of the high-altitude survey (5,000 ft) of the lower 13.5 RM of the
SFNR. The profiles include median temperatures and RM location of all surface water inflows
(e.g., tributaries, springs, ditches) that were visible from the imagery.

In areas where the low- and high-altitude surveys overlap along the SFNR (i.e., mouth to RM
13.5), median surface water temperatures from the two surveys are generally within about 2 °C
of one another with median temperatures from the high-altitude survey often lower than those
from the low-altitude survey. Greatest differences between the two surveys are observed from
RM zero to RM 8, after which (from RM 8 to 13.5) median temperatures from the two surveys
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are in closer agreement with one another and differences in median temperatures drop to within
about 1 °C or less.

Frame: sfn0103-104: TIR/visible band images showing the SFNR (19.4 °C) at RM 2.0. The inflow of Black Slough
(14.6 °C) is visible, except where obscured by vegetation, along the right bank near the center of the image.
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Frame: sfn0310: TIR/visible band image pair showing the downstream end of a gravel bar on the SFNR (19.1 °C) at
RM 7.1. Water temperatures are cooler in the side channel where surface water emerges from the gravel, evidence
of hyporheic upwelling.

Figure 26. Subset of FLIR images captured for the South Fork Nooksack River.
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Channel morphology

Channel cross sections of SFNR and tributaries were surveyed at 22 locations, corresponding to
the locations where data were collected in support of the USGS seepage study discussed in the
Streamflow Data section. The following data were recorded for each cross section: flow (cfs),
wetted channel width (ft), average velocity (ft/s), and average depth (ft). Data were collected for
17 of the cross sections on three dates: August and September 1998 and October 1999. For the
remaining five sites, data were collected for only the two dates in 1998. Figure 27 displays the
location of each cross section in the SFNR watershed. Table 11, Figure 28, and Figure 29
provide examples of typical data from the sites.

Additional channel morphology data were provided by the Lummi Nation Natural Resources
Department. These data included channel positions for dates ranging from 1885 to 1998 for the
lower portion of the SFNR (Collins and Sheikh, 2004a; 2004b) and from 1885 to 2005 for the
upstream portion of the river (Brown and Maudlin, 2007). Data were generated from historic
survey maps before 1990 and aerial photographs for the remaining years. Figure 30 displays
channel positions for a small section of the river, using data generated in support of Brown and
Maudlin (2007).
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Figure 27. Cross-section locations along the South Fork Nooksack River and tributaries.

Table 11. Example of data available at cross-section sites.

. Average | Average
Site Site Description Date '(:é?:)’ V\/('f(ti;h Velocity Depth
(f/s) (ft)
9/29/1998 109 80 1.4 0.966
2 SF Nooksack River at Van Zandt
8/25/1998 126.92 79 1.64 1.047
10/5/1999 100.74 86 0.67 1.748
22 SF Nooksack River at Larson Bridge | 9/30/1998 63.6 45 1.28 1.126
8/25/1998 77.6 46 1.43 1.191
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Figure 28. Cross-section survey measurements for Site 2.
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Figure 29. Cross-section survey measurements for Site 22.
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Figure 30. Historic channel positions of the South Fork Nooksack River.

Historic cover data sets

Several data sets are available representing historic conditions in the vicinity of the watershed
from 1880 to 1938, using a combination of survey notes and land use maps, early topographic
maps, and aerial photographs. A historical conditions data set was also created in support of the
WRIA 1 Watershed Management Project (Winkelaar, 2004). Historic conditions data sets can be
used to support modeling of natural conditions during TMDL development and to compare with
SPV estimates as needed.

Other studies

Nooksack Indian Tribe and USGS Groundwater Study, 2005

Cox et al. (2005) discuss a set of field studies of groundwater/surface water interactions in the
shallow glacial aquifer of the lower Nooksack River Basin, and the relationship to groundwater
transport of bacteria and nitrate. The studies took place at various times between 2002 and 2005.
In the South Fork basin, a longitudinal temperature profile was taken on August 28, 2003,
between 9:00 a.m. and 4:00 p.m., on 14 miles of the river between Skookum Creek and the
confluence with North Fork Nooksack River. The results suggest that five reaches of the river
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were influenced by the input of cooler groundwater. The locations appeared to be adjacent to
geologic deposits possibly containing sufficient coarse-grained materials for aquifer formation.
No further study in the SFNR watershed was conducted. The results are useful for identifying
areas where groundwater discharge is occurring. As a supplement to the FLIR data, the
descriptions of the types of geologic and alluvial formations could identify reaches in other
locations where groundwater discharge might be occurring.

Ongoing Studies

Water Resource Inventory Area 1 Model

A hydrologic modeling effort (i.e., water budget for the lower basin) was completed by Silver
Tip Solutions, Christina Bandaragoda, to update the WRIA 1 model previously developed by
Utah State University (Tarboton et al., 2007a; Tarboton et al., 2007b). The SFNR falls within
the southern portion of WRIA 1. The WRIA 1 Watershed Management Project is a planning
effort required by the 1998 Washington State Watershed Management Act. According to the
project website (http://wrialproject.whatcomcounty.org/), the goal of the project is, “to have
water of sufficient quantity and quality to meet the needs of current and future human
generations, including the restoration of salmon, steelhead, and trout populations to healthy
harvestable levels, and the improvement of habitats on which fish and shellfish rely.” The
updated model can be used to establish drainage-based estimates of precipitation,
evapotranspiration, streamflow, and groundwater infiltration.

While the SFNR is included in the WRIA TOPNET model, flow is forced at the Wickersham
gage. Difficulties with orographic precipitation estimation and glacier snowmelt resulted in
problems replicating flows in high-elevation areas. As a result a number of gages, including the
Wickersham gage, were used as upstream boundary conditions with forced flow using observed
flow time series. The 2007 calibration report notes that flow was not well reproduced at
Skookum Creek, the only calibration location in the SFNR watershed. Flow was overestimated
by about 30% to 50% during the various calibration periods. Other statistics were not presented,
but hydrographs show poor fit in most years with apparent seasonal bias including low-flow
periods.

Therefore, though the model was indeed built for the South Fork Nooksack subwatersheds
upstream of the Wickersham gage and model output is technically available, it is clear from the
2007 calibration report that quality of the simulation from those areas was not acceptable. In
other words, no direct model output is available to characterize flow upstream of gaged locations
in the watershed.

Nooksack Tribe and USGS Groundwater Study

A groundwater modeling study began in 2012 involving the USGS and the Nooksack Indian
Tribe. The report was released in 2014 (Gendaszek, 2014). The goal of the study was to refine
the characterization of groundwater/surface water interactions in the South Fork Nooksack valley
through developing a hydrogeologic framework of data collection and analysis. The study area
included the SFNR, its tributaries, and wetlands within its riparian corridor. In addition to
domestic, agricultural, and commercial uses of groundwater within the SFNR basin, groundwater
has the potential to provide ecological benefits by maintaining late-summer stream flows and

South Fork Nooksack River Temperature TMDLs
Page 57 - DRAFT


http://wria1project.whatcomcounty.org/

buffering stream temperatures. Cold-water refugia, created and maintained in part by
groundwater, have been identified by water resource managers as a key element to restore the
health and viability of threatened salmonids in the SFNR.

The SFNR valley is underlain by unconsolidated glacial and alluvial sediments deposited over
older sedimentary, metamorphic, and igneous bedrock. The primary aquifer that interacts with
the South Fork Nooksack River was mapped within unconsolidated glacial outwash and alluvial
sediment. The lower extent of this unit is bounded by bedrock and fine-grained, poorly-sorted
unconsolidated glacio-marine and glacio-lacustrine sediments. In places, these deposits overlie
and confine an aquifer within older glacial sediments. The extent and thickness of the
hydrogeologic units were assembled from mapped geologic units and lithostratigraphic logs of
field-inventoried wells.

Generalized groundwater-flow directions within the surficial aquifer were interpreted from
groundwater levels measured in August 2012. Groundwater seepage gains and losses to the
SFNR were calculated from synoptic streamflow measurements made in the SFNR and its
tributaries in September 2012. Subsets of the field-inventoried wells were measured at a
monthly interval to determine seasonal fluctuations in groundwater levels during the 2013 Water
Year. Taken together, these data provide the foundation for a future groundwater-flow model of
the SFNR that may be used to investigate the potential effects of future climate change, land use,
and groundwater pumping within the study area.

Site-specific hydrologic data were measured to characterize the interaction between the SFNR,
surficial aquifers, and riparian wetlands. The data included a time series of longitudinal
temperature profiles measured with a fiber-optic distributed temperature sensor and continuous
monitoring of stream stage and water levels measured in wells in adjacent wetlands and aquifers.

The Nooksack Indian Tribe contracted with University of Washington (glacier module) and
Western Washington University (hydrology model) to model the hydrology of the Nooksack
River, including the South Fork, using the Distributed Hydrology, Soils, Vegetation Model
(DHSVM) along with currently down-scaled climate data and projections developed by the
University of Washington Climate Impacts Group. This modeling effort was recently completed,
and will update and refine previously-characterized hydrology of the river system, as well as
facilitate TMDL implementation.
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Goals and Objectives

Project goals

The goal of this water quality improvement plan is to address temperature problems in the SFNR
watershed so that water quality is improved and designated uses are protected and restored.
More specifically, the goal is for the river and its tributaries to meet the Washington State water
quality standards for temperature. The following section, TMDL Analysis, uses the existing data
described previously to support modeling of temperature processes in the watershed, determine
the loading capacity for temperature, and set load allocations, wasteload allocations, and a
margin of safety.

Study objectives

Objectives of the TMDL study are as follows:

Characterize stream temperatures and processes governing the thermal regime. This includes
characterizing riparian vegetation and shade, as well as the influence of tributaries and
groundwater/surface water interactions on the heat budget.

Develop a predictive temperature model. Using critical conditions in the model, determine the
SFNR’s capacity to assimilate heat, and evaluate the system potential temperature
(approximate natural temperature conditions using the 100-year SPV as an estimate of natural
conditions) for the river.

Determine the loading capacity that meets temperature water quality criteria and protects
designated uses.

Allocate the allowable load to point and nonpoint sources.

Provide an assessment of the potential impact of climate change on stream temperature in the
SFNR.

Develop an implementation plan for the TMDL.

Support recovery efforts for salmon and to promote salmon habitat restoration effectiveness.
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Analytical Approach

Study area

The study area for this TMDL is the SFNR and its tributaries, encompassing approximately 186
square miles (mi?) (Figure 1). This watershed is in Washington State’s Water Resources
Inventory Area No. 1 (WRIA 1) and the U.S. Hydrologic Unit Code (HUC) No. 17110004.

Modeling framework

Addressing the principal study questions requires a modeling framework that can simulate flow
and thermal loading. To predict thermal conditions and to assess relationships with riparian
vegetation and topography, a combined Shade-QUAL2Kw modeling approach was selected.
The approach consists of a GIS-based Shade model that provides shade inputs to a QUAL2Kw
water quality model. The “TMDL Analysis” section provides a detailed description of the
modeling framework.

Quality assurance

Ecology sources

Ecology temperature and flow data were collected under a Quality Assurance Monitoring Plan
(QAMP). These are available at http://www.ecy.wa.gov/programs/eap/fw_riv/rv_main.html#6.

Sources outside of Ecology

Data from sources outside of Ecology were also used in the modeling approach. The Nooksack
Tribe collected data according to a Quality Assurance Project Plan (QAPP) for the Nooksack
River Watershed Water Temperature Monitoring Program (Nooksack Indian Tribe, 2009).
These data are consistent with Ecology’s Credible Data Policy
(http://www.ecy.wa.gov/programs/wg/ga/wgp01-11-ch2_final090506.pdf).

In addition, data used to support model development from standard sources such as NCDC and
USGS were collected under each organization’s standard quality assurance procedures and is
assumed appropriate for use in this TMDL.

Modeling QAPP

A modeling QAPP was developed for this project and was finalized in 2012 (Kennedy and
Butcher, 2012). This document describes quality objectives for the modeling, data management
procedures, and data quality components.
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TMDL Analysis

A TMDL analysis was developed to evaluate compliance with state water quality standards for
temperature in the SFNR watershed and to support development of a water quality improvement
report (WQIR) and implementation plan (IP). The analysis used steady state models to
characterize stream temperatures and processes governing the thermal regime in critical
conditions, system potential conditions, and for a number of additional scenarios. The models
form the technical foundation for determining loading capacity to meet temperature water quality
criteria and protect designated uses, and allocation of those loads to point and nonpoint sources.

Modeling and analysis framework

Addressing the principal study questions requires a modeling framework that can simulate flow
and thermal loading. To predict thermal conditions and to assess relationships with riparian
vegetation and topography, a combined Shade-QUAL2Kw modeling approach was selected.
The approach consists of a GIS-based Shade model that provides shade inputs to a QUAL2Kw
water quality model. Table 12 summarizes the modeling components and their role in the
technical approach, and each model component is described in more detail in the sections that
follow.

Table 12. Shade-QUAL2Kw modeling components.

Model
Component

Function

Calculates effective shade based on channel geometry, riparian
Shade Model vegetation and topography, and provides shade as input to QUAL2Kw
stream model.

Simulates in-stream temperature under low flow and high temperature

QUAL2Kw steady state critical conditions.

Shade model

The Shade model was selected to evaluate solar radiation along the streams, modeling the
mainstem explicitly, using watershed-specific GIS-based data derived with the TTools ArcView
extension, developed by Oregon Department of Environmental Quality (ODEQ). TTools uses
input coverages and grids to develop vegetation and topography data in transects along the
stream channel, and samples longitudinal stream channel characteristics such as the near-stream
disturbance zone (NSDZ) and elevation. TTools can sample spatial data within the riparian
zone. Typically, these include LIDAR data, digital elevation models, riparian vegetation
digitized from aerial imagery (digital orthophoto quadrangles and rectified aerial photos), and
FLIR temperature data.

For this project, TTools was used to sample stream width, aspect, topographic shade angles,
elevation, and riparian vegetation for incorporation into the Shade model. The riparian
vegetation coverage contains four specific attributes: vegetation height, general species type or
combinations of species, percent vegetation overhang, and average canopy density.
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Ecology’s Shade model (Shade.xls—a Microsoft Excel spreadsheet available at
http://www.ecy.wa.gov/programs/eap/models.html; Ecology, 2003a) was adapted from a
program that ODEQ developed as part of its HeatSource model version 6. Shade calculates
shade using one of two methods. The first is Chen’s method, based on the FORTRAN program,
HSPF SHADE. Y.D. Chen developed it for his 1996 Ph.D. dissertation at the University of
Georgia (Chen, 1996), and it is further documented in the Journal of Environmental Engineering
(Chen, 1998a, 1998b). The second method is ODEQ’s original method from the HeatSource
model version 6. Documentation of ODEQ’s HeatSource model is at http://www.heatsource.info
and http://www.deq.state.or.us/wg/TMDLs/TMDLs.htm.

The Shade model quantifies the potential daily solar load and generates the percent effective
shade. Effective shade is the fraction of shortwave solar radiation that does not reach the stream
surface because vegetative cover and topography intercept it. Effective shade is influenced by
latitude/longitude, time of year, stream geometry, topography, and vegetative buffer
characteristics, such as height, width, overhang, and density. Most data inputs for the Shade
model are readily available (e.g., aerial imagery and digital elevation models), and additional
data (e.g., vegetation height) can be determined from other data sources discussed in the historic
data review section. TTools output serves as input for the Shade model, which is then used to
generate longitudinal effective shade profiles. Reach-averaged integrated hourly effective shade
(i.e., the fraction of potential solar radiation blocked by topography and vegetation) in turn
serves as input into the QUAL2Kw model (discussion follows).

Model calibration and assessment

Environmental simulation models are simplified mathematical representations of complex
real-world systems. Models cannot fully depict the multitude of processes occurring at all
physical and temporal scales. Models can, however, make use of known interrelationships
among variables to predict how a given quantity or variable would change in response to a
change in an interdependent variable or forcing function. In this way, models can be useful
frameworks for investigating how a system would likely respond to a perturbation from its
current state. To provide a credible basis for predicting and evaluating mitigation options, the
ability of the model to represent real-world conditions should be demonstrated through a process
of model calibration and validation (CREM, 2009).

Objectives of model calibration and validation

Model calibration involves comparing how well model simulations match observed data as
model parameters are adjusted within reasonable ranges. Model “validation” is a quality check
where the results of the calibrated model are evaluated with a separate, independent set of
environmental conditions. Model calibration and validation are designed to assess the adequacy
of the model at providing necessary information to meet study objectives. The model must be
able to provide credible representations of the movement of water and the generation and
transport of thermal loads. The quality of those representations is assessed with the calibration
and validation metrics.

Model setup and calibration/validation procedures

The QUAL2Kw and Shade model was developed for the mainstem of the SFNR beginning at its
confluence with Wanlick Creek (just upstream of the first impaired segment) and extending
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downstream to the confluence with the mainstem Nooksack River. Tributaries are represented as
point inflows into the SFNR, in QUAL2Kw.

Ecology’s Shade model was used to estimate effective shade along the mainstem segments.
Effective shade was calculated at 100-meter intervals along the streams and then averaged over
appropriate intervals for input to the QUAL2Kw model. Estimated system potential shade was
also developed for use in analysis of loading capacity and allocations. The TTools extension for
ArcView was used to sample and process GIS data for input to the shade and temperature
models.

The QUAL2Kw model was used to calculate the components of the heat budget and simulate
water temperatures under observed and critical conditions. Critical conditions are characterized
by a period of low flows and high water and air temperatures. The model was calibrated to
observed conditions for a critical day during 2007 using the available data and was validated
using a critical day during 2010. These are the years with the greatest spatial and temporal
coverage of temperature data. Sensitivity analyses were conducted to determine the model’s
sensitivity to key parameters.

Selection of the simulation period

The QUAL2Kw model was developed for a calibration (2007) and validation (2010) period
primarily based on data availability. The objectives of the modeling focus on simulating high-
temperature conditions in the mainstem, which occur in late summer when air temperature is
high and flow is low. To select the simulation period for each year, data from mainstem stations
were analyzed to determine a critical 7-DADMax temperature, the highest annual running 7-day
average of daily maximum temperatures. In 2007, station SFO031 had the highest 7-DADMax
occurring on August 3 (Figure 31). The highest instantaneous max contributing to this 7-
DADMax was on August 2. For 2010, station VANZANDS10S was anomalously high
compared to the other stations (Figure 32). As a result, the next highest station was chosen:
TENASKUS10. The highest 7-DADMax for this station was August 15. The associated highest
instantaneous max was on August 16. Therefore, August 2, 2007 and August 16, 2010, were
selected as the simulation day for calibration and validation, respectively.

Air temperatures on the hottest weeks for each year of record and temperatures during the 2007
calibration year and 2010 validation year were compared. The maximum air temperatures on the
selected calibration day at the low and high elevation weather stations were 31 °C and 25 °C,
respectively. On the validation date at the low and high elevation weather stations, the
maximum air temperatures were 35 °C and 28 °C, respectively. Compared to the 90" percentile
maximum 7-day average maximum air temperatures based on the periods of record (30 °C for at
low elevation and 29 °C at high elevation), 2007 and 2010 temperatures were higher at the low
elevation and 1 to 4 degrees cooler at the high elevation station.

South Fork Nooksack River Temperature TMDLs
Page 63 - DRAFT



SF0200 - - SF0190 ~———SF0180 ~———SF0153

SFO134

SFO075  ———SF0031

= =5F0030 = = SF0025

Upstream
22

Downstream

16 t-----mmmmmm e AL NN S s Y AN T

[V S 4 /S ¢/ (. WY /. S ) V 4upy- (SR, |

\ s~ %
b

7-DADMax Temperature ( °C)

6 T T

18 T mmmm oo \ k ) e N

(I R A e ) R

>
23
%,

&S
v s
&P

Figure 31. South Fork Nooksack River mainstem 7-DADMax temperature for 2007.
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Figure 32. South Fork Nooksack River mainstem 7-DADMax temperature for 2010.
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Model quality metrics

To conduct the model calibration and validation process, a visual comparison of temperature
along with a set of statistical measures was used to compare model predictions and observations.
Two primary statistical measures were used: root mean square error (RMSE), a commonly used
measure of model variability, and relative percent difference (RPD) as a measure of bias.
Means, maximums, minimums, and 90th percentiles were also determined from the data
collected at each monitoring location.

The RMSE (Erms) is defined as

>(0-P)

Erms = n (Equation 1)

Here, O is observed value, P is predicted value, and n is the number of samples.

An RMSE of zero is ideal. The RMSE is an indicator of the deviation between model
predictions and observations. The Ems Statistic is an alternative to (and is usually larger than) the
absolute mean error.

Bias is the systematic deviation between a measured (i.e., observed) and a computed (i.e.,
modeled) value and mathematically is calculated as RPD. This statistic provides a relative
estimate of whether a model consistently predicts values higher or lower than the measured
value.

RPD = (Pi—Oi) / [(Oi + Pi) / 2] (Equation 2)
where
Pi = i prediction
Oi = i!" observation
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QUAL2Kw model

The QUAL2Kw model (Chapra and Pelletier, 2003; Ecology 2003b; version 6 beta) was used for
detailed evaluation of temperature under critical flow and weather conditions. QUAL2Kw is a
quasi-steady state model and is Ecology’s preferred tool for TMDLs. The model simulates
hourly temperature and heat budget with hourly variations in input parameters and boundary
conditions. The model can also simulate other water quality dynamics (e.g., nutrients and
dissolved oxygen), but it was used to simulate only temperature because temperature was the
only parameter of interest for this TMDL.

QUAL2Kw can be applied to conduct focused analyses of critical conditions (e.g., late summer
low flow, clear sky, high air temperature conditions) that affect temperature impairments from
which TMDL targets can be determined directly. For this study, the QUAL2Kw model (beta
version)* was used to evaluate thermal loading capacity and to develop allocations under critical
conditions.

Model inputs include flow and temperature boundary conditions developed from available data.
Parameters included in QUAL2Kw input that affect stream temperature are effective shade, solar
radiation, air temperature, cloud cover, relative humidity, wind, headwater and tributary
temperature, and groundwater flow temperature. These parameters are calculated (e.g., effective
shade from Shade model), obtained from weather station information, or interpreted from other
sources.

SHADE model development
The Shade model was developed consistent with the guidance in Mohamedali and Stohr (2011).

Riparian vegetation and effective shade

Riparian buffer width

Research has been conducted into how the width of a riparian buffer affects vegetation growth,
micro-climate stability, and stream shading. The width of a riparian buffer is often determined
on the basis of the local vegetation and climate, and the purpose for the buffer. For TMDL
development, the impact of the riparian buffer width is tied to shade applied to the mainstem of
the SFNR.

The USFS Forest Ecosystem Management Assessment Team report provides some guidance on
the relationship of riparian forest width and ecological function (FEMAT, 1993). The
relationship in Figure 33 suggests that the width of a riparian buffer affects stream shading
dramatically until it approaches about 80% of the system potential tree height (FEMAT, 1993).
Because the way in which riparian vegetation affects stream shading over the course of a day is
directly related to the angle of the sun, it stands to reason that trees farther away from the stream

4 A beta version of the model is capable of continuous simulation with dynamic boundary conditions for periods of
up to one year, and also includes optional transient storage zones (surface and hyporheic transient storage zones).
The beta version was used for this TMDL, but the continuous simulation capability was not employed.
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will have less of an effect as the potential solar radiation decreases significantly as solar
elevation decreases (Steinblums et al., 1984). In other words, shade provided by the trees
farthest away will have an effect only when the sun is low in the sky, but that is also when solar
radiation is the weakest.

Riparian Forest Effect on Streams
as Function of Buffer Width
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Figure 33. Generalized curves of riparian ecological
functions (FEMAT, 1993).

The following research conclusions provide further insight into the relationship of riparian buffer
width and shade for typical northwest conditions:

e Beschta et al. (1987) report that a 98-ft-wide (30-m) buffer provides the same level of
shading as that of an old-growth stand.

e Brazier and Brown (1973) found that a 79-ft (24-m) buffer would provide maximum shade to
streams.

e Lynch etal. (1985) found that a 98-ft-wide (30-m) buffer maintains water temperatures
within 2 F (°C) of their former average temperature.

The assigned riparian buffer width in Ecology TMDLSs “is typically 150 feet on each side of the
stream” but can vary (Mohamedali and Stohr, 2011). A review of other western Washington
TMDLs from the Puget Sound region have reflected buffers of 96-112 ft in the Lower Skagit
Watershed (Zalewsky and Bilhimer, 2004), 150-180 ft in the Snoqualmie Watershed (Stohr et
al., 2011), 164 ft. in the Bear-Evans Watershed (Mohamedali and Lee, 2008), and 150 ft in the
Stillaguamish, Whatcom/Squalicum/Padden, and Green River Watersheds (Pelletier and
Bilhimer, 2004; Hood et al, 2011; Coffin and Lee, 2011).

Most of these TMDLs also completed sensitivity analyses to explore Shade model sensitivity to
riparian buffer width. In the Bear-Evans Watershed, narrowing buffer widths [from 164 ft to 82
ft] made an average difference of less than 1% in system potential effective shade on the
modeled streams (Mohamedali and Lee, 2008). Similarly, the Snoqualmie TMDL (Stohr et al.,
2011) notes that modeled effective shade decreased by 5% when the buffer was decreased from
180 ft to 79 ft, and that in Green River Watershed, “narrowing buffer widths [from 150 ft to 80
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ft] made an average difference of less than 2% in system potential modeled effective shade”
(Coffin and Lee, 2011).

For this study, a buffer width of 150 ft was chosen. To examine the sensitivity of buffer width
on the SFNR, the Shade model was run under two different scenarios, representing the SPV in a
150-ft buffer and a 75-ft buffer. The results of a sensitivity analysis revealed the difference in
modeled effective shade along the entire mainstem was about +2.6% shade with the increase of
buffer width from 75 to 150 ft. These results suggest that minor changes to width (e.g., +/- 30 ft)
would not have a significant effect on the resulting shade values from a modeling perspective.

Mapping near-stream vegetation cover at current conditions

Stream temperature characteristics for a reach are controlled externally by solar forcing along
with heat exchange with the atmosphere, but they are heavily affected by localized channel
morphology, stream hydrology, and near-stream or riparian vegetation. The greatest impact
riparian vegetation can have on stream temperature is through the direct shading of the active
channel. To determine the near-stream vegetation and land use conditions for the mainstem of
the SFNR, a combination of aerial photography and G1S-based analysis was employed.

The various data sources (described in the Historical Data section) used to define vegetation
during the period of interest, 2007 for model calibration and 2010 for model validation, are listed
below:

LiDAR data from 2005 and 2009

RCU riparian vegetation data from 2001 based on 1990s imagery
CCAP land use and land cover from 2006

Digital ortho imagery from 2006

The data sources and associated model years are summarized in Table 13.
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Table 13. Data sources and applications for modeling for the South Fork Nooksack River.

Data Source Ul')s,aetde(Fsgr Analysis Conducted
Digital Ortho Imagery for Whatcom County, Washington.
Provided by the USDA National Agricultural Imagery
Program (NAIP). Photography flights occurred in June
24 through August 18 for Washington State in 2006. 2007
Digital Ortho Imagery for Skagit County, Washington. Aerial Imagery was used to digitize
Provided by the USDA NAIP. Photography flights locations o?‘ th):e channel bankgthe active
occurred in June 24 through August 18 for Washington L - 1o
State in 2006. channel, and distinct differences in land
Digital Ortho Imagery completed on 10/15/2009 for Ezeacizr;dcg?:{sgflong the 150-ft-wide
Whatcom County, Washington. Provided by the USDA '
NAIP. 2010
Digital Ortho Imagery completed on 10/15/2009 for
Skagit County, Washington. Provided by the USDA
NAIP.
Vegetation Height Map created using LIDAR completed . . . .
in 2005 by the Puget Sound LiDAR Consortium. Note: L'D.AR used tlc)bdetcirmlnehvegetatlon height
only available for the upstream half of the analysis area. (usmg hatural brea SN the data set for
(6 ft x 6 ft resolution). Included bare-earth elevation, top- relat|ve[y short, medmm, and ta]l trees) and
of-vegetation elevation, as well as the resulting vegetation density (inspected V|sual.ly).
vegetation-height data. Note that because the data from neither .

- : - - Both years | 2005 nor 2009 covered the entire analysis
Vegetation Height Map created using LiDAR completed area, they were combined into one raster
in 2009 py the Puget Sound LIiDAR Consortium. Note: and élipped to the riparian corridor. LIDAR
only a;a]lcltlabéeﬁfor thcla ?ownTtrelaan Eablf of the tert]nallyssf was the primary resource to determine
?rea§ Xt i res? u |(:_n). nciu e” atrhe-ear l? evation, vegetation height, and used in tandem with
vc;%gt;:i?)%?h?eilgrr:t%:éa ion, as well as the resulting ortho imagery in determination of density.
Riparian Condition Units (RCU) as specified by the
Riparian Function Assessment created by Duck Creek RCU provided supplemental classifications
Associates, Inc., in 2001 using aerial photography from Both years | of near-stream vegetation including type,
1991 and 1995. Provided by the Nooksack Indian Tribe, size, and density of vegetation.

Natural Resources Department.
Coastal Change Analysis Program (CCAP) created by .
the National Oceanic and Atmospheric Administration ggg?izvz;?oﬁzeo?‘ ;Oeg;?s\/tLiz;u\?gleeTaetir(])tr?l
(NOAA) which defines land cover and land change along - 9
Both years | providing land use/land cover classes.

the U.S. coastlines using remote imagery and raster-
based land cover maps. CCAP 2006 was the most
recent land use raster available to use.

CCAP identified areas with potential
wetland soils.
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Using the GIS-based data provided in Table 13, the ortho imagery was used from 2006 and 2009
to digitize the location of the channel center line, the wetted channel width, and the NSDZ where
the active channel extent is non-vegetated (see example in Figure 34 using 2006 imagery).
While this naturally flowing river does experience significant changes in meanders over time, it
was assumed that 2006 and 2009 imagery would provide a reasonable representation of 2007 and
2010 stream characteristics. Note that the width of the NSDZ is highly important because it
represents the low-lying/non-vegetated area which, if large enough, might receive all shade
provided by near-stream vegetation. Where perennial side channels meet the main channel,
riparian areas were defined as open water. The NSDZ was digitized to avoid including forested
islands where they seemed non-transient and appeared to provide significant shade to the stream.
Where braiding or forested islands did occur, the main channel was identified as the center line
and any other water within the riparian buffer area was defined as open water.

The riparian corridor was defined for the river by adding a 150-ft riparian buffer outside the
NSDZ on either side of the channel. This riparian area was digitized by creating new polygons
for each new change in land use or land cover along the full extent of the river on either side.
This visual assessment of changes in vegetation/development/agriculture was supported by the
paired analysis with Coastal Change Analysis Program (CCAP) and Riparian Condition Unit
(RCU) riparian function data. Vegetation type was determined from the aerial imagery
supplemented by CCAP. Classifying vegetation height and density composition was done using
visual inspection of aerial imagery and using LiDAR data (and RCU as needed). As shown in
Table 14, each combination of land use or land cover was designated with a specific code that
mirrors the coding used for the Snoqualmie River Basin Temperature TMDL report (Stohr et al.,
2011).

Vegetation height under the current condition was determined using the relative differences in
first and last return LiDAR height for the entire study area, and grouped on the basis of relatively
short, medium, and tall vegetation heights (e.g., Figure 35). The three height classes were
dictated by identifying three natural breaks in the overall tree heights.

Density percentages were assigned as midpoint values of what we deemed visually (using the
NAIP ortho imagery) to be sparse (0%—25%), medium (25%—75%), or dense vegetation (75%—
100%).

Overhang estimates of branches extending over the channel were assigned on the basis of the
Snoqualmie River Temperature TMDL (Stohr et al., 2011) which used field measurements to
predict average overhang according to vegetation type and height. While field measurements
were not available for the SFNR watershed, the dominant coniferous species of Douglas fir
represented in the Snoqualmie River TMDL (Stohr et al., 2011) was considered a reasonable
representation to estimate tree overhang. The Skagit TMDL (Zalewsky and Bilhimer, 2004)
adopted the same overhang value: a 3-m overhang for large coniferous 100-year system potential
trees. Both of these watersheds are in northwest Washington and are relatively recent TMDLSs.
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Figure 34. Examples of digitized river center line, NSDZ and 150-ft riparian buffer (which
starts at the NSDZ) created using ortho imagery from 2006.

Inset 1 shows an agricultural area downstream, Inset 2 shows a sinuous reach in the middle of the
mainstem, and Inset 3 shows the thick-forested, upper watershed. Note that the digitized wetted width
is not shown for simplicity. This digitization was also completed for the 2010 conditions using 2009
ortho imagery.
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Table 14. Riparian vegetation classification scheme for the current land use/land cover in the
South Fork Nooksack River watershed.

Code Riparian Feature Description Height (m) Density (%) Overhang? (m)
111 cts - conifer, tall, sparse 46.5 25% 3.0
112 ctd - conifer, tall, dense 46.5 75% 3.0
113 ctm - conifer, tall, medium 46.5 50% 3.0
131 cms - conifer, medium, sparse 16.5 25% 15
132 cmd - conifer, medium, dense 16.5 75% 1.5
133 cmm - conifer, medium, medium 16.5 50% 1.5
121 css - conifer, short, sparse 4.5 25% 1.0
122 csd - conifer, short, dense 4.5 75% 1.0
123 csm - conifer, short, medium 4.5 50% 1.0
211 dts - deciduous, tall, sparse 46.5 25% 9.6
212 dtd - deciduous, tall, dense 46.5 75% 9.6
213 dtm - deciduous, tall, medium 46.5 50% 9.6
231 dms - deciduous, medium, sparse 16.5 25% 6.6
232 dmd - deciduous, medium, dense 16.5 75% 6.6
233 dmm - deciduous, medium, medium 16.5 50% 6.6
221 dss - deciduous, short, sparse 4.5 25% 2.7
222 dsd - deciduous, short, dense 4.5 75% 2.7
223 dsm - deciduous, short, medium 4.5 50% 2.7
311 mts - mixed, tall, sparse 46.5 25% 6.4
312 mtd - mixed, tall, dense 46.5 75% 6.4
313 mtm - mixed, tall, medium 46.5 50% 6.4
331 mms - mixed, medium, sparse 16.5 25% 4.4
332 mmd - mixed, medium, dense 16.5 75% 4.4
333 mmm - mixed, medium, medium 16.5 50% 4.4
321 mss - mixed, short, sparse 4.5 25% 1.8
322 msd - mixed, short, dense 4.5 75% 1.8
323 msm - mixed, short, medium 4.5 50% 1.8
411 ss- shrub, sparse 3.0 25% 0.2
412 sd - shrub, dense 3.0 75% 0.2
511 g - grass/rush/sedge riparian 0.5 75% 0.1
611 br - barren rock 0.0 100% 0.0
1000 w - water 0.0 100% 0.0
711 dr - developed residential 6.1 100% 0.6
512 C - pastures, cultivated field, lawn 0.0 100% 0.0
612 bc - barren clearcut 0.0 100% 0.0
613 brd - barren road 0.0 100% 0.0
911 rb - river bottom - floodplain 0.0 100% 0.0

a2 Overhang measures how far branches extend into the channel for a tree trunk growing at the channel edge. Similar
to %2 crown.
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Figure 35. Example of existing vegetation height classifications for the South Fork Nooksack
watershed (using 2005, 2009 LiDAR).
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Shade calculations for current conditions

The effective shade produced by the current riparian vegetation was estimated using the Shade
model. The model quantifies the solar radiation that is received along each reach of the channel
at each hour in the day, while taking into account shading provided to the mainstem by
vegetation canopy and topographic features such as hills. First, TTools was used to sample the
channel and riparian information along the main stem of the SFNR, to use as input for the Shade
model. This sampling involved taking a snapshot of the riparian vegetation at equal intervals
across the buffer width along the entire length of the model channel.

The following settings were used when running TTools:

e Sampling was conducted at 100-m intervals along the mainstem to capture the average
behavior along each stream reach (Stohr et al., 2011).

e LiDAR was used to determine the stream gradient using a 25-cell sample size, (cell sample
size is dictated by the input raster; therefore, 6-ft by 6-ft cells).

e The 10-m digital elevation model was used for topographic shade angles because it had a
larger extent beyond the riparian area compared to the LiDAR data, sampled to 10 km away
in seven directions.

e Vegetation sampling occurred at 5-m intervals into the riparian buffer (nine samples total
within the 150-ft buffer width) perpendicular to the stream aspect. These sample intervals
were chosen similar to the Snoqualmie TMDL (Stohr et al., 2011) because it appears to
capture most changes in vegetation in the riparian area while still allowing the model to run
with some efficiency. Sampling occurred for both left and right banks.

In addition to the vegetation information, TTools was also used to sample each 100-m interval
for channel wetted width, NSDZ width, stream aspect, stream elevation, and topographic shade
angles in all directions. Where the NSDZ channel width was artificially high because of large
forested islands, manual changes were made to the widths before the Shade model was run
(outliers were checked for being more than two standard deviations away from the mean NSDZ
width for the entire reach). Note that forested islands of this nature were included in the TTools
sampling for Shade model input when the vegetation was deemed significant enough to provide a
substantial amount of shade to the stream. The relevant information from TTools sampling was
then used to as input into the Shade model to calculate effective shade.

These settings were specified in the Shade model:

e Channel incision depth was calculated as the elevation difference between the NSDZ line and
the wetted width line using LiDAR bare-earth elevations. Incision depth was averaged for
each 1,000-m segment of the mainstem. The average incision depth is about 1 m along the
mainstem.

e Riparian Extinction® was turned on in the model.

® Riparian Extinction when “on” calculates shadow density as it relates to the size and magnitude of vegetation in
the canopy using light attenuation employed by Beer’s Law (Beer, 1852).
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e The Bras Method® was selected for the solar radiation model.
e The Chen Method’ for shade calculation.

The Shade model requires specification of a specific day and year, which affects daylight hours
and angle of the sun, and the earth’s orbital characteristics. Models were run for 8/2/2007 and
8/16/2010, the chosen dates for the QUAL2Kw model. Tests were conducted to determine the
sensitivity of the model to day and year. Not surprisingly, year had an insignificant effect (e.g.,
running the 2007 model on 8/2/2006). Day of year had a minor influence with more shading on
8/16/2010 primarily because of differences in solar aspect and topographic shading.

Figure 36 shows results of two Shade model runs: the 8/2/2007 run, which is largely based on
2006 imagery, and the model run for 8/16/2010 using the 2009 imagery. The effective shade
calculated by the two model runs is different because of changes in stream geomorphology
(sedimentation deposits, altered meanders, and such), some changes in land use along the
riparian area, and the time of year (8/2 vs. 8/16). Aside from changes in vegetation, land use,
wetted width/NSDZ width taken from the aerial imagery, and the date of interest specified in the
Shade model run, all other Shade model inputs were held constant between the 2007 and 2010
model run.

Existing Shade from 2007 Model Run (2006 Imagery)

Existing Shade from 2010 Model Run (2009 Imagery)
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Figure 36. Modeled effective shade during daylight hours under channel and vegetation
conditions for 8/2/2007 (using 2006 imagery) and 8/16/2010 (using 2009 imagery).

6 The Bras Method calculates net longwave solar radiation during the day at the ground surface (Bras, 1990).
" The Chen Method calculates shade as a combined effect of topography, vegetation, and reflection as it relates to
solar inputs (Chen, 1996; Chen et al., 1998a; Chen et al. 1998b).
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Note that while the Shade model was developed for the mainstem only, a shade curve was
developed to show how much effective shade can be achieved in streams with different widths
and aspects (for a given SPV height and density). This information will be presented later and
will be used to represent the load allocations for all tributaries/streams in the rest of the
watershed.

Potential near-stream vegetation cover and effective shade

SPV is defined as the vegetation that would occur if the riparian corridor had native vegetation of
100 years age. Ecology prepared a guidance document for calculating SPV (Mohamedali and
Stohr, 2011). In this document, the following concept is introduced:

System potential shade, which is the natural maximum level of shade that a given stream is
capable of attaining with the growth of system potential mature riparian vegetation (from
here on, “SPV”). This is defined as the vegetation that would naturally grow and reproduce
on a site, given climate, elevation, soil properties, plant biology and hydrologic processes.

SPV is used to estimate natural riparian conditions that could exist at 100 years of growth.
System potential vegetation is used as an indicator of vegetation as riparian conditions approach
natural conditions. Data for tree height associated with the 100-year site index is readily
available on the west side of the Cascade Mountains.

For input into the Shade Model, SPV must be assigned height, density, and overhang. SPV
parameters for overhang and density were based on assumptions made in completed TMDLSs in
adjacent/similar watersheds. As an appendix to Ecology’s guidance document, a list of
temperature TMDLs completed throughout Washington State has been provided. Assumptions
made for SPV overhang were determined on the basis of the Snoqualmie Watershed
Temperature TMDL (Stohr et al., 2011), a nearby Puget Sound watershed. For the Snoqualmie
area, old-growth conifer trees were measured and averaged about 3 m of overhang, so because
the South Fork Nooksack area system potential trees are entirely coniferous, the 3-m overhang
was applied to all SPV, and the density applied to these tree communities was 85% because it
reflects the similar conditions in the Snoqualmie watershed (Stohr et al., 2011).

For purposes of the TMDL, SPV species and heights along the SFNR were determined based on
soils which were analyzed spatially using the soil surveys and SSURGO datasets. Detailed
below is the process used to determine the 100-year SPV height:

1. The WDNR digitized soil shapefile was used to identify the dominant soils within the
riparian corridor along the mainstem of the SFNR. The dominate soils were Saxon,
Puyallup, Pilchuck, Cokedale, Larush, and Dystric Xerorthents.

2. The dominant tree species for the dominant soil types were taken from the county soil
surveys (Goldin, 1992; Klungland and McArthur, 1989), and were determined to be western
hemlock and Douglas fir.

3. The 100-year site indices (SPV height for a given soil type at 100 years of age) for western
hemlock and Douglas fir trees were taken from the county soil surveys for each of the
dominant soil types.
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The 90™" percentile of all the site indices was determined, resulting in an SPV height of 50.66
meters (166.21 feet).

Following are some additional notes regarding SPV heights:

Red alder. Historically, streamside vegetation in the Acme Valley was dominated by red
alder and red cedar prior to logging (Collings and Sheikh, 2004a; 2004b). However, due to
historical logging, burning, and agriculture in the area, the SPV composition of the riparian
area of the SFNR is considered to be a combination of Douglas fir, western hemlock, and to a
smaller degree, red alder (Goldin, 1992; Klungland and McArthur, 1989). Red alder is a
relatively short-lived, early successional tree or pioneer species which would likely not
persist in an SPV scenario along these near-stream forests (Harrington, 1965). The WDNR
soils listed the 100-year system potential vegetation as red alder on only 4% of the riparian
soils in this study area, therefore that tree type was excluded from the analysis.

Other tree species. The soil surveys mentioned the presence of other trees to a limited extent
such as red cedar, bigleaf maple, grand fir, ponderosa pine, western larch, western white
pine, etc. These trees were not indicated as the dominant tree type for any of the soil types,
therefore they were excluded from the analysis.

Climax community. SPV does not represent the climax height of riparian vegetation.
Western hemlock and Douglas fir can commonly achieve heights of 60-80 m, which are
taller than the value used to represent 100-year SPV in the model (Moore, 2002; Anderson,
2003). The effect of using taller climax vegetation height beyond the 100-year SPV was
evaluated and is discussed later in this report. An examination of the LIiDAR data revealed
existing maximum individual tree heights present in the riparian area of great as 250 feet (76
meters).

The criteria used for assigning 100-year SPV classes (within the 150-ft riparian zone) were as
follows (Table 15):

Areas considered river bottom in the existing vegetation scheme remain in that class.

Using 100-year site indices associated with Whatcom and Skagit County Soil Survey reports
in the riparian area, currently vegetated areas were allowed to reach a 100-year system
potential height of 50.66 m.

Current vegetation that is forest, grassland, cropland, and pasture were all allowed to reach
100-year system potential height.

Areas that the CCAP data source defined as wetland soils composed about 4% of the total
riparian area. Most of these areas were already forested; therefore, these areas were also
allowed to achieve 100-year SPV growth.
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Table 15. Riparian vegetation classification scheme for the 100-year system potential land
use/land cover in the South Fork Nooksack River watershed.

L o Height Density Overhang?
Code Riparian Feature Description
| P _ prion (m) (%) (m)

911 rb - river bottom, floodplain, sandy areas which cannot 0 100% 0.0

support SPV.
711 Developed (buildings) — no potential for vegetation 6.1 100% 0.6
613 Developed (roads) — no potential for vegetation 0 100% 0
888 C_urrently vegetated areas, including wetland soils which 50.66 85% 3

will reach system potential

2 Overhang measures how far branches extend into the channel for a tree trunk growing at the channel edge. Similar
to Y the size of the crown diameter.

The shade scenarios in Figure 37 were then developed on the basis of the above criteria using the
2007 model year:

1. 100-year SPV was applied throughout the riparian zone for all land uses and land cover types
except for sand/gravel/riverbed, which were maintained as sand/gravel/riverbed.

2. Same as the previous scenario, except 100-year SPV was not applied in areas considered
developed (e.g., roads, buildings, parking lots, and other impervious surfaces). This scenario
was used for load allocations.
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Figure 37. Modeled effective shade (fraction of potential solar radiation blocked by topography
and vegetation) for each of the key modeled scenarios:

Existing Vegetation in 2007, 100-year SPV with all land reaching 100-year system potential, and 100-year
SPV with developed lands not reaching system potential. NSDZ shown for comparison.
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The modeled effective shade increases from the existing condition in all locations along the river
in the scenario of the 100-year system potential. The greatest NSDZ width corresponds to the
lowest effective shade in both current and system potential conditions. This is because when the
NSDZ is large, the vegetation is set back farther from the stream banks and more shade falls on
the gravel bars associated with a very large NSDZ, rather than on the wetted stream channel.

NSDZ width changes as the stream meanders over time due to pulses of sediment input from
logging and other human impacts, as well as natural processes (Collins and Sheikh, 2004a;
2004b). Collins and Sheikh (2004a; 2004b) digitized maps from the late 1800s and mapped
several large forested islands from the mouth to just below Skookum Creek. There were
occasions when pulses of sediment input, especially after heavy logging began, would have
increased active channel width (or NSDZ) until the vegetation recovered.

The South Fork Nooksack model captures only a moment in time by characterizing the NSDZ
under current conditions, and retains this character for the 100-year system potential scenario,
and therefore may not be fully representative of historical equilibrium conditions. Later in this
document an attempt to measure the sensitivity of several unmeasured parameters is made in
order to provide an estimate of how much cooler the water might be under Natural Conditions.
The factors considered were cooler headwater and tributary temperatures, decreased channel
width, increased shade from larger taller riparian forests and enhanced hyporheic exchange.

The impact of crop and pasture land reaching SPV is seen most at the downstream end of the
mainstem where crop land is concentrated (see difference between red line and black dashed line
between 40,000 and 50,000 meters from headwaters in Figure 37). On the whole, crop and
pasture land account for 6.0% of the riparian buffer area along the entire mainstem of the South
Fork Nooksack. For reference, 1.6% of the riparian area is developed/ roadways, and the
remaining 92% of the riparian buffer is already forested to some capacity. Note that key
differences between the upper and lower halves of the watershed are revealed within a statistical
analysis of land cover/ land use of the existing vegetation within the buffer area. The upper half
of the watershed is 46% coniferous trees while the lower half is 2%, the upper half is 4%
deciduous trees while the lower half is 57%, and the upper half is <1% agricultural lands while
the lower half is 16% agricultural.

The Shade model for the SFNR was developed using the best available information for model
inputs (e.g., aerial imagery, LIDAR, and GIS layers for soils and vegetation). There were not,
however, field or observed data (e.g., on the ground data of effective shade using a Solar
Pathfinder or hemispherical photography) to calibrate or check the model against. In the absence
of these data, visual checks were performed to ensure that the Shade model results were realistic
in terms of on-the-ground conditions and characteristics that determine stream shading as
demonstrated by Figure 38. In this figure, two sites along the mainstem are shown: one with a
high current shade value (69.7%) and one with a low current shade value (5.1%) as well as their
system potential shade values respectively. Comparing the riparian vegetation between the two
panels (area between the red and yellow lines), it is apparent that the lack of vegetation for the
panel on the left contributes to the low shade percentage. The converse holds true for the right
panel.
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Figure 38. Comparison of low shade area and high shade area along the South Fork Nooksack
River.
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QUAL2Kw model calibration and validation

A QUAL2Kw model of the SFNR was developed to determine the components of the heat
budget and simulate water temperatures under observed and critical conditions. The model was
calibrated to observed conditions for a critical day in 2007 using the available data and was
validated using a critical day in 2010. The QUAL2Kw model was applied by assuming that flow
remains constant (i.e., steady flows) for a given condition over the one-day period (using daily
average flows), but key variables other than flow were allowed to vary with time over the course
of aday. Solar radiation, air temperature, dew point, cloud cover, shade, headwater temperature,
tributary temperatures were specified as diurnally varying functions. Sensitivity analyses were
conducted to determine the model’s sensitivity to key parameters.

Model setup

Stream segmentation

For QUAL2Kw input, the SFNR was segmented into 58 reaches of 1 km each (Figure 39). The
upstream boundary was at the confluence with Wanlick Creek.

58 Legend

Tributary
Mainstem Model Segmentation
Symbol 1

— Symbol 2

Suddenivalley

Wanlick Creek

South Fork Nooksack River: N 0 15 3 6

Model Reaches Segmentation A — e Kilometers @ TETRA TECH
0

1.5 3
NAD_1983_HARN_StatePlane_\Washington_South_FIPS_4602_Feet
Map produced 01-21-2013 - H. Nicholas
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Figure 39. QUAL2Kw model reaches for the South Fork Nooksack River mainstem.
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Flow boundary conditions

Flow boundary conditions for the headwater, tributary, and groundwater inputs were based on
steady-state flows during low-flow conditions in the calibration and validation periods.
Observed flow data in the watershed included a limited amount of data from USGS and Ecology
gages; much of the mainstem and tributaries are not gaged. Therefore, flow values were
estimated for ungaged portions of the watershed using the following approach:

e Local studies of low-flow conditions were reviewed for data/information that could be used
to estimate flow from ungaged tributaries and direct groundwater input.

e Observed flow monitoring data was tabulated for the selected simulation dates.

e A methodology was developed to synthesize data/findings from the studies with observed
flow on the simulation dates to estimate cumulative tributary and groundwater contribution
from the headwaters, all major and minor tributaries, and all remaining land areas adjacent to
the mainstem. From here on, this method is referred to as the Flow Boundary Model and is
discussed further following.

Low-flow studies in the Nooksack River Basin

Curran and Olsen (2009) performed an in-depth analysis of low-flow hydrology and statistics for
25 gaging sites in the Nooksack River Basin and developed regional regression equations for
estimating 12 critical low-flow statistics at ungaged locations. The low-flow statistics all have
the form of average flow over a given number of days, with a recurrence interval of a set number
of years. For example, one of the most commonly cited critical low-flow statistics is 7Q10,
which represents 7-day average low flow with an occurrence interval of 10 years. Their statistics
include a broad suite of low-flow measures, using consecutive-day average flows for 1, 3, 7, 15,
30, and 60 days, and recurrence intervals of 2 and 10 years. Numerous basin attributes of the
gaged sites were tabulated, including area, precipitation statistics, topographic measures,
geology, and land use. In developing the low-flow statistics, explanatory variables were limited
to avoid unnecessary complexity and cross-correlation. The final regression equations—all of
which have the same form—were based on basin area and mean basin elevation:

LFS =b,DA" =x10"" (Equation 3)

where LFS is the estimated low-flow frequency statistic, DA is the drainage area in square miles,
E is the mean basin elevation in thousands of feet, and b1, b2, and bs are coefficients.

Mean elevation is essentially a proxy for orographic increase in rainfall; they found that
elevation was a better predictor than gridded annual precipitation estimates from PRISM. As
mean elevation increases, the low-flow statistic increases—in other words, given two basins of
the same size, the one with the higher mean elevation is predicted to have higher discharge for a
given low-flow statistic. Likewise, the low-flow statistic increases as basin area increases.
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An independent analysis of the mathematical relationship between contributing basin area and
the predicted critical low-flow statistic reveals a nonlinear response between changes in basin
area and predicted low flow, independent of elevation. While flow is expected to increase as
drainage area increases, the increase is linear only if the unit-area flow (i.e., cfs/mi?) is static
when precipitation (imputed from elevation) is the same. However, this is not the case—as basin
area increases, the unit-area low-flow increases as well. This is likely because of the
accumulated contribution of groundwater as basin area increases; groundwater that infiltrates in
smaller drainages emerges below their mouths into larger systems downstream.

It is important to note the predictive statistics developed by Curran and Olsen (2009) were from a
limited pool of regional data. Many of the stations had relatively brief periods of record, the
regression was limited to two explanatory variables, and uncertainty associated with each
statistic is fairly large. In many cases the error between predicted low-flow statistics and the
observed values is substantial. In addition, their analysis focused on the whole Nooksack River
Basin, and was not specifically optimized to the SFNR basin. Three gages within the South Fork
Nooksack basin were included in their analysis — Skookum Creek (USGS 12209490), South Fork
Nooksack at Wickersham (USGS 12209000), and Hutchinson Creek (Ecology 01C070) — and
observed critical low flow statistic values tend to be higher across the board than predicted
values for all three of these gages. Even so, the study provides useful information when
monitoring data are otherwise absent.

Regression equations from the Curran and Olsen (2009) study were incorporated into the Flow
Boundary Model to estimate flow boundary conditions for the QUAL2Kw models (discussed
further below).

Kemblowski et al., Groundwater Quantity Report for WRIA 1, Phase Il

Kemblowski et al. (2001) summarized the state of knowledge of aquifer systems in the WRIA 1
region, and discussed the results of two seepage study runs on the SFNR conducted in August
and September 1998. The data indicated the river is typically a gaining system, although some
short losing reaches were thought to be present. The report did not provide an analysis to
distinguish between direct groundwater gains and inflows from tributaries. The seepage run data
are introduced in the Historic Data section, previously, and include data collected in October
1999 that were not discussed in Kemblowski et al. Data were also collected for select tributaries,
and flow was measured at the Skookum Creek Fish Hatchery outfall.

The Kemblowski et al. (2001) data and findings were used to inform development of the Flow
Boundary Model for estimated flow boundary conditions for the QUAL2Kw models. The data
were also used to assist with the calibration of the QUAL2Kw model.

Flow Monitoring Data on Model Simulation Dates

Development of the Flow Boundary Model and calibration of the QUAL2Kw models required
monitored stream flow data for the QUAL2Kw model simulation days. Table 16 provides
observed flows on August 2, 2007, and August 16, 2010. USGS suspended gaging of flow at
12209000 (South Fork Nooksack at Wickersham) in the summer of 2007 and began monitoring
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at 12210000 (South Fork Nooksack at Saxon Bridge). Stage was monitored and reported in early
August 2007 before the inception of flow and stage monitoring a short time later, so flow at
12210000 was estimated for August 2, 2007, using reported stage, paired with flow-stage
measurements from fall 2007.

Table 16. Average daily flow at gages on model simulation days.

. Flow (cfs)
Location Gage ID
8/2/2007 | 8/16/2010
Skookum Creek 12209490 44 35
South Fork Nooksack at Wickersham 12209000 190 n/a
South Fork Nooksack at Saxon Bridge 12210000 224* 140
SFNR at Potter Road 01F070 267 90**
Hutchinson Creek 01C070 7.9 7.2

* Estimated from stage
** Flow reported as more than 50% below the lower end of the rating curve

Flow reporting at Ecology 01F070 appeared to become impaired over the course of 2009, a
conclusion supported by technical notes for the gage for WY2009 which indicated cumulative
potential error of plus or minus 30%, and documented several problems including erratic drift in
stage measurements and damage to the staff gage for half of the water year. The contributing
area to Ecology 01F070 is about 182 mi?, nearly 50% greater than the area draining to USGS
12210000, about 126 mi?. In theory, flow at 01F070 should be higher than at 12210000, at least
in periods of elevated flow. During low flow, it is possible that South Fork Nooksack becomes a
losing reach below 1221000, but the pattern between 01F070 and 1221000 at low flow should be
consistent.

As seen in Figure 40, in WY 2009 the flow at 01F070 is consistently higher than at 1221000
when discharge exceeds 300 cfs. However, the opposite is true in WY2010, when flow at
01FQ70 is consistently lower than at 1221000, even when flows are similarly elevated during the
same seasons. Of course, it is possible that either gage, or both gages, are impaired. However,
in much of August 2010, flow at 01F070 was reported as being less than 50% below the lowest
value on the gage rating curve. USGS 12210000 shows decreasing flow during the same period,
while reported flow at Ecology 01F070 is a flat line at 90 cfs (Figure 40). Given the reported
error on low flow, the flat line at 90 cfs, and the suspension of monitoring at the gage following
WY 2010, it is more likely that 01F070 is impaired. As a result, the Ecology 01F070 value of 90
cfs for August 16, 2010, was excluded from further analysis.

It is important to note that all the USGS and Ecology gages showed numerous modifications to
the gage rating curves throughout their periods of record. Shifting channel forms add a degree of
uncertainty to all flow measurements, especially during low flows.

To illustrate temporal variation in flow, Figure 41 and Figure 42 provide observed flows in the
two weeks preceding and two weeks following the two QUAL2Kw model simulation days.
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Available data are shown for the SFNR gages and for the Skookum Creek gage. Hutchinson
Creek was omitted because flow in both periods averaged less than 10 cfs and was never greater
than 16 cfs. SFNR at Potter Road (01F070) was excluded from Figure 41 because its record in
the latter period is assumed to be impaired.
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Figure 40. Comparison of gaged flow on South Fork Nooksack River in WY2009-WY?2010.
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Figure 41. Temporal variation in flow before and after calibration QUAL2Kw model

simulation day.
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Figure 42. Temporal variation in flow before and after validation QUAL2Kw model

simulation day.
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Flow boundary model and estimation of flow boundary conditions for model simulation days

Flow boundary conditions in the QUAL2Kw model were estimated by using regression
equations for critical low flow statistics from Curran and Olsen (2009), with adjustments to
account for differences between observed flow at the gages during the simulation days and the
low-flow statistic assumed to represent those days (further discussion of Curran and Olson is on
page 83.) Further refinements were made to distribute flows between tributaries (assumed to
carry perennial flow) and direct groundwater inputs to SFNR. A schematic of the Flow
Boundary Model is shown in Figure 43.

Observed flow at gages

Select matching critical low flow
statistic

Equation 1 predicts tributary flows

Qobs/ Qregression = Ratio

using Hutchinson and Skookum

Ratio x Qregression = Qadil-lStEd
for each tributary

cIUSGS . Z Qadiusted = clgrr.tundmvntater

Distribute Q. ,,,qwater to direct
drainage catchments

Repeat for lower third of watershed
using flow at Ecology gage

Figure 43. Flow Boundary Model schematic.
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Curran and Olsen regression equations were developed from a large cross section of contributing
drainage areas, ranging from 1.1 square miles to 786 square miles. The gaged sites capture flow
from perennial streams, so it is reasonable to assume that Curran and Olsen regression equations
are applicable to even the smallest tributary drainages. As noted previously, observed critical
low-flow statistics for gages in the South Fork Nooksack basin were higher than predictions
using the regression equations, so low flow estimates for ungaged tributaries were scaled up to
be consistent with observed critical statistic values. (Note that variation between observed
values and predictions from the regression is expected, since any regression represents a central
tendency among a pool of observations and possesses quantifiable error.) Data from the
1998/1999 seepage studies were used to validate the Flow Boundary Model (discussed in
Hydraulics section that follows).

Following is a more detailed summary of the calculations associated with the Flow Boundary
Model.

1. The watershed was subdivided into its constituent NHDPlus V2 (2012) catchments.
Tributaries identified as having perennial flow in NHDPIlus V2 were modeled as point source
inputs to the mainstem, while catchments along the mainstem with intermittent tributaries
were modeled as a diffuse source as direct groundwater inputs to the mainstem (Figure 44).
While the mainstem catchments did have intermittent tributaries, it is likely that these
tributaries would be dry during periods of low flow and groundwater inputs would dominate.
The location of both point source tributaries and diffuse source groundwater inputs were
estimated to 0.1 km relative to the mouth of the SFNR, which was necessary for representing
them within the QUAL2Kw model. Inflow from Wanlick Creek and the headwaters of
SFNR were assigned as the upstream boundary.
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Figure 44. Groundwater sources (diffuse sources), tributary sources (point sources), and
streamflow gages for the model.

2. Curran and Olsen provided low-flow statistics for three of the flow gages in the South Fork
Nooksack Basin—Skookum Creek (USGS 12209490), South Fork Nooksack at Wickersham
(USGS 12209000), and Hutchinson Creek (Ecology 01C070). The 60Q2 statistic (i.e., the
60-day average low flow with an occurrence interval of 2 years) for each of these represents
the highest flow among the pool of 12 critical low flow statistics. The 60Q2 flows are
somewhat less than flows reported on the model simulation days, but are reasonably close.
The 60Q2 regression was therefore selected as being the most representative of flow
conditions for ungaged locations for the two simulation days. Note that in the next step,
estimated flows were scaled to match observed conditions; the role of the 60Q2 equation is to
provide a basis for estimating ungaged flow using GIS inputs of basin area and mean
elevation.
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3. For each tributary, basin area and mean elevation were calculated using GIS. The 60Q2 flow
(using equation 3) was then calculated using basin area and mean elevation. The 60Q2
values calculated for Skookum Creek and Hutchinson Creek were compared to the observed
flows on the model simulation days (shown in Table 16 previously), which were much higher
than the regression values. (As noted previously, the Curren and Olsen observed 60Q2
values for Skookum Creek and Hutchinson Creek were also much higher than the regression
values. This indicates that tributaries in the South Fork Nooksack contribute greater than
average flow during low-flow conditions compared to the Nooksack River Basin as a
whole.).

The ratio of simulation day observed flow to regression 60Q2 was calculated separately for
Skookum Creek and Hutchinson Creek, and the two ratios were averaged. This ratio was
then used to rescale ungaged tributaries to be consistent with observed conditions in the
gaged tributaries. As an example, the ratio for the 2007 simulation was 2.16; 60Q2 flow for
Wanlick Creek was estimated to be 6.7 cfs and was rescaled to 14.2 cfs to represent 2007
model conditions. The 2010 ratio was lower at 1.82, and Wanlick Creek flow was rescaled
to 12.0 cfs for the 2010 model simulation.

4. Next, cumulative estimated tributary flow was summed up to the USGS monitoring
stations—12209000 for 2007 and 1221000 for 2010. The difference between observed flow
and cumulative tributary flow was assumed to represent the groundwater contribution along
the mainstem up to that point. The difference was positive in both cases, indicating gaining
flow.

5. The groundwater contribution was assigned to the diffuse source catchments by area; a
weighting factor was also applied to each catchment to account for orographic precipitation
variation. The factors were calculated using the Curran and Olsen 60Q2 regression equation
but with the area factor excluded so as to account for elevation differences only.

6. Steps 3 and 4 were repeated for the portion of the mainstem from the USGS station to the
mouth, using Ecology 01F070 for observed flow. For 2010, the impaired flow value was
replaced by an estimate derived using the ratio of Ecology 01F070 to USGS 1221000 in 2007
(267 cfs to 224 cfs, or 1.19, applied to 2010 USGS 1221000 flow (140 cfs). The resulting
2010 flow for Ecology 01F070 was 166.9 cfs.

A comparison of Flow Boundary Model results to observed mainstem flows is shown for 2007
(Figure 45) and 2010 (Figure 46).
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South Fork Nooksack River, Aug 2 2007
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Figure 45. Comparison of observed and simulated flows for the calibration period.
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Figure 46. Comparison of observed and simulated flow for the validation period.
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It is important to consider that significant uncertainty is associated with flow predictions using
the Curran and Olson equations, and that flow measurements at the USGS and Ecology gages are
themselves uncertain (as are any observed flow measurements). Ultimately, the cumulative
contributions of flow from headwaters, tributaries, and direct groundwater inflow to the
mainstem are not known for the two model simulation days. However, the Curran and Olsen
research reflects local conditions and provides an empirical method for estimating a critical input
to QUAL2Kw—the magnitude and distribution of flows.

Hydraulics

Hydraulic parameters required by QUAL2Kw were determined using the Manning’s equation
approach. Required QUAL2Kw inputs, for each reach, include bottom width, channel slope, and
Manning’s n (roughness index). Bottom width was assumed to be equal to wetted width and
estimated from 2006 aerial imagery (the same imagery used for the Shade model). Channel
slope was estimated from LIiDAR data as described previously for the Shade model. The version
of QUAL2Kw used requires zero side slopes when using the Manning’s approach.® Finally,
Manning’s n values were estimated by reach using the following steps.

A number of stream cross sections and accompanying data along the mainstem were measured in
the late 1990s during three separate periods as part of the USGS seepage study (described in the
Historic Data section previously). These data were used to develop the necessary stream channel
hydraulic characteristics, even though they do not coincide in time with the calibration and
validation periods used for the QUAL2Kw model (similar data for the calibration and validation
periods were not available). Because the South Fork Nooksack channel has a tendency to move
and change in shape over time, this approach does introduce uncertainty in the model
representation of hydraulics. Some of this uncertainty was assessed using a sensitivity analysis.
However, while the channel is dynamic and lateral movement occurs often, the general form and
relationship of pools, runs, riffles, and such, are expected to be less variable, particularly in the
low-flow conditions that will be simulated in the model.

To develop a set of optimized Manning’s n values by reach, QUAL2Kw models for flow were
developed for each of three days of the USGS seepage study. Flows required for the model (i.e.,
headwater, tributaries, and groundwater) were developed from the seepage study data using the
Flow Boundary Model discussed in the previous section. For each of the three periods of the
seepage study, flows coincident with gaged locations were compared to observed low-flow
statistics from Curran and Olsen (2009). Each of the seepage study dates was assumed to be best
represented by the following low-flow statistic:

e August 25, 1998 — 30Q10
e September 29, 1998 — 7Q10
e October 5, 1999 — 60Q2

8 Following initial model development, a test was performed using an earlier version of the model that allows greater
than zero side slopes. A test of 1:1 side slopes resulted in no discernible difference in simulated temperatures (on
average, daily temperatures changed by 0.18 °C). The calibrated model is, therefore, not sensitive to the side slope,
so even if actual side slopes were known and used, the effect on temperature would be minimal, if any at all.
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The seepage study flows were scaled to the Curran and Olsen regression equations
corresponding to the statistics shown in the previous bullets. Observed seepage study flows and
the estimated flows are shown in Figure 47. As before, flows predicted by the regressions were
rescaled to match observed flows from the seepage runs, thus providing inflow distributed
throughout the model. The seepage study flows were not used directly since most of the
tributary flow was not reported, preventing attribution of flow to tributary versus groundwater
sources. In addition, better consistency was achieved by estimating hydraulic parameters using
the same structure for the Flow Boundary Model as was used for QUAL2Kw model for the two

simulation days.
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Figure 47. Comparison of 1998-1999 seepage study flow with estimated flows using the flow
boundary model.
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Next, the seepage study data from the mainstem was input into Ecology’s Manning’s calculator
(available at www.ecy.wa.gov/programs/eap/models.html) to develop initial Manning’s n values
for the surveyed reaches. Calculated values using the seepage study data ranged from 0.02 to
0.39. These were applied as initial values to the reaches in the QUAL2Kw model and assigned
on the basis of general trends in channel slope, which decreases from upstream to downstream.
Other channel characteristics required by the model (e.g., channel slope, channel width) were
based on the same representation used for the 2007 Shade runs and subsequent 2007 QUAL2Kw
model. Manning’s n values were adjusted for the three dates to fit the ranges of observed depths
and velocities during the seepage study, and resulted in one optimized set that were used during
the temperature modeling calibration (2007) and validation (2010) periods.

Table 17 compares observed and modeled depths and velocities. The table demonstrates that
modeled values were within the range of observed values. Fit was optimized for depth because it
is likely to have a greater effect on water temperature than velocity. Therefore, velocity tends to
be under-predicted. Note that the rectangular channel form required by the model affects the
ability to fit both depth and velocity well in this exercise. Also this procedure would be expected
to produce some amount of deviation in model fit because the stream geometry was based on a
different time period (2006 imagery; 2005/2009 Lidar) than the seepage study data. However,
the results provide general consistency and give a reasonable amount of confidence in the
hydraulic properties applied for 2007 and 2010.

Final Manning’s n values ranged from 0.04 to 0.23 and followed a general decreasing trend from
upstream to downstream. The average values for reaches upstream and downstream of
Cavanaugh Creek were 0.196 and 0.068, respectively. Lower Manning’s n values generally
represent straighter, smoother stream bed conditions; higher values represent more winding
streams with variable conditions (e.g., riffles and pools, or presence of stones, wood, and weeds).

Some of the values for Manning’s n selected for the model are higher than values often used in
traditional application of the roughness coefficient. Traditional uses are typically not focused on
low-flow conditions as in this TMDL, but on higher flows such as bank full. Typical values for
these traditional uses range from about 0.025 to 0.15 for natural main channels (Chow, 1959)
Those developing previous TMDLs focused on critical low-flow conditions in the region have
acknowledged the need to use higher values in some cases (Coffin and Lee, 2011; Zalewsky and
Bilhimer, 2004). In addition, since the values selected were based on measured data from the
seepage study at locations along the river and their use in the QUAL2Kw seepage study runs
resulted in a reasonable fit of velocity and depth, they were deemed appropriate for use in the
temperature model calibration.
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Table 17. Results of model simulation to optimize Manning’s n values.

e Observed Modeled Observed Modeled
Depth (m) Velocity (m/s)

September 29,1998
31 0.26 0.26 0.82 0.35
37 0.42 0.41 0.37 0.21
46 0.34 0.26 0.30 0.42
51 0.42 0.32 0.24 0.26
55 0.29 0.27 0.43 0.37
58 0.28 0.30 0.76 0.33
Average 0.34 0.30 0.49 0.32
Average for all 58 reaches -- 0.29 -- 0.29
August 25, 1998
10 0.48 0.31 0.34 0.22
18 0.64 0.34 0.27 0.25
25 0.36 0.32 0.44 0.22
31 0.38 0.28 0.28 0.37
34 0.26 0.33 0.40 0.34
46 0.25 0.27 0.57 0.44
51 0.40 0.34 0.41 0.27
55 0.32 0.29 0.50 0.39
58 0.32 0.32 0.71 0.34
Average 0.32 0.31 0.48 0.36
Average for all 58 reaches -- 0.31 -- 0.30
October 5,1999
25 0.53 0.37 0.20 0.25
31 0.35 0.33 0.62 0.41
34 0.28 0.39 0.44 0.37
35 0.35 0.38 0.37 0.44
37 0.45 0.51 0.28 0.25
43 0.36 0.48 0.49 0.45
46 0.24 0.31 0.32 0.48
51 0.36 0.38 0.47 0.29
Average 0.34 0.41 0.40 0.38
Average for all 58 reaches - 0.36 -- 0.33
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Meteorology

Meteorological data are needed by the QUAL2Kw model to estimate stream temperatures using
real solar and weather forcing. The weather parameters used in the model are air temperature,
wind speed, cloud cover, solar radiation, and dew point.

Observed hourly weather data for the calibration and validation dates were supplied by the same
sources to be consistent between model runs. The breakdown of weather data sources, stations,
and explanation for each parameter are presented in Table 18. Stations were chosen on the basis

of proximity to the watershed, data availability for both calibration and validation dates, and
reported quality assurance. The stations listed above can be seen in the map below for their
relative location to the SFNR watershed (Figure 48).

Table 18. Weather stations and data for each parameter.

PWeather Weather Station Explanation/Description
arameter
Wind Speed AgWeatherNet_: Hourly data from this station were used for 8/2/2007 and 8/16/2010.
Nooksack Station
Hourly data from this station were used for 8/2/2007 and 8/16/2010.
Cloud Cover | NCDC: Station 24217 Cloud cover data were not measured at the AgWeatherNet Nooksack
Station.
Solar AgWeatherNet: WSU . .
Radiation Station Hourly data from this station were used for 8/2/2007 and 8/16/2010.
Temperature | SNOTEL: Station 910 : : . n _ 9 9
linear interpolation based on elevation.
Hourly dew point temperatures were measured at the Nooksack
AgqWeatherNet: Station, and the relative difference between dew points and the
9 y minimum daily temperature at this station were calculated. Next,
. Nooksack Station . .
Dew Point ; . hourly dew points were calculated for each reach in the model on the
Ecology: Station 01F070 X ; . .
. - basis of the relative differences calculated for the Nooksack Station
SNOTEL: Station 910 - o S .
applied to the minimum daily air temperatures measured at station
01F070 and station 910.
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Figure 48. Weather monitoring station locations used for weather data input in QUAL2Kw for the
South Fork Nooksack River.

Reach thermal properties

Both hyporheic and surface transient storage were simulated in the models. Default or
recommended values (according to QUAL2Kw model guidance; Pelletier and Chapra, 2008)
were used in most cases. Sediment thermal conductivity was set to 1.6 W/m-°C, and sediment
thermal diffusivity was 0.0064 cm?/s. The proportion of hyporheic exchange flow and the flow
fraction for the surface storage zone were each kept at defaults of 5%. Hyporheic sediment
porosity was set to 40%. Finally, the only value adjusted from default was the
sediment/hyporheic layer thickness; this was considered a calibration parameter, and final values
ranged from 10 to 25 cm (the default is 10 cm). The higher thickness values were applied in the
upper reaches of the river.

Headwater settings

Headwater flows were calculated as described previously in the flow boundary model section.
Temperatures assigned to the headwater flows were based on observed values on the simulation
day. For 2007, temperatures were specified using flow weighted values from SF0200 (located
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on the mainstem) and SF0210 (at the mouth of Wanlick Creek) (e.g., temperature at each station
is multiplied by the fraction of the total flow—SF0200+SF0210- for each station, and then
combined). The US Wanlick station on the mainstem was used for 2010.

Tributary and groundwater temperatures

Observed stream temperature data were also available for a number of tributaries along the
mainstem of the SFNR, which were added as Point Sources in the model. A total of 35
tributaries join the SFNR along this study reach. Temperature data were available for a subset of
these streams (Table 19; Table 20; stations are shown later on Figure 49 and Figure 50). Where
two stations were co-located on the same tributary, an average of their temperature data was
used.

For unmonitored tributaries, average values from the monitored tributaries were applied
according to differences in elevation (i.e., monitored stations were grouped into high- and low-
elevation sets, and average temperatures from each set were applied to unmonitored tributaries
by mean elevation, high or low, of the unmonitored tributary). This method does not capture any
differences in land cover or riparian cover. Unmonitored tributaries in 2007 included 19
unnamed tributaries, McGinnes, Howard, Canyon, Plumbago main tributary, Fobes, Pond, Jones,
McCarty, Standard, Hard Scrabble Falls, Sygitowicz, and Black Slough. Unmonitored
tributaries in 2010 included 19 unnamed tributaries, McGinnes, Howard, Canyon, Fobes, Pond,
Jones, McCarty, Standard, Hard Scrabble Falls, and Sygitowicz.

Table 19. Observed temperature data for 2007 for tributaries.

Observed Stream Distance from

Tributary Name Temperature Downstream
Station (km)

Wanlick Creek SF0210 Headwater trib

Deer Creek SF0135 Trib to Plumbago

Cavanaugh Creek SFT016 30.65
Edfro Creek SFT015 26.95
Skookum Creek SF0130 26.55
Hutchinson Creek 01C070 18.15
McCarty Creek SF0033 14.25

Table 20. Observed temperature data for 2010 for tributaries.

Observed Stream Distance from
Tributary Name Temperature Downstream
Station (km)
Wanlick Creek Wanlick10 Headwater trib
Plumbago Creek 411 34.85
Cavanaugh Creek 410 30.65
Edfro Creek 409 26.95
413
Skookum Creek 2209490 26.55
. 408
Hutchinson Creek 01C070 18.15
Black Slough Creek 407 6.15
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Groundwater temperatures associated with flows in the Diffuse Sources tab of the model were
initially determined on the basis of average annual air temperature (at Ecology and SNOTEL
stations) and varied by elevation. Final calibration values ranged from 10 to 13.9 °C. These
same values were used for the validation run.

Shade input

Shade hourly time series from the Shade model (discussed earlier) represents the fraction of solar
radiation reaching each stream segment blocked by vegetation and topography. Shade model
runs for 2007 and 2010 were used as input to the calibration and validation simulations,
respectively.

Permitted point sources

The Lummi Nation operates the Skookum Creek Fish Hatchery, on Saxon Rd, at the mouth of
Skookum Creek. The hatchery operates under a General Hatchery Permit issued by EPA and
diverts water from Skookum Creek downstream from the gaging station location. This water is
discharged (along with groundwater pumped from six wells) to the SFNR upstream from the
Saxon Road gaging station. Average daily flow for 2007 was 7.7 mgd. There is no permit
requirement to monitor temperature or dissolved oxygen in the discharged water, and
temperature data were not available for 2007. As hatchery outflow is on the order of 5% or less
of the SFNR mainstem flow, it is not modeled explicitly. The hatchery is discussed further in the
wasteload allocation section.

Observed data for model calibration and validation

Observed stream temperature data were used to calibrate and validate the model. Stream
temperature was measured at several different locations along the mainstem of the SFNR on the
calibration and validation dates. The stations used for observed data along the river are seen
below (Table 21; Figure 49; Figure 50). Note that where a single reach has multiple temperature
stations, the data were averaged for model comparisons where needed (e.g., the diel tab data in
the model).
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Table 21. Observed temperature data for 2007 and 2010 along the mainstem.

Observed Stream Distance from Reach unit to Available Stream
Temperature Downstream which this distance Temperature
Station (km) corresponds Data
2007 Calibration Data
Nooksack Tribe: SF0200 57.75 1 Hourly
Nooksack Tribe: SF0190 50.50 8 Hourly
Nooksack Tribe: SF0180 41.40 17 Hourly
Nooksack Tribe: SF0153 33.93 24 Hourly
Nooksack Tribe: SF0134 29.55 29 Hourly
USGS: 12209000 24.20 34 Min, Max, Mean only
USGS: 12210000 21.10 37 Min, Max, Mean only
Nooksack Tribe: SFO075 15.38 43 Hourly
Nooksack Tribe: SFO031 10.75 48 Hourly
Nooksack Tribe: SFO030 9.50 49 Hourly
Ecology: 01F0702 3.30 55 Hourly
2010 Validation Data
Nooksack Tribe: DSWanlick 57.65 1 Hourly
Nooksack Tribe: 406 50.60 8 Hourly
Nooksack Tribe: 405 41.43 17 Hourly
USGS: 12210000 21.05 37 Min, Max, Mean only
Nooksack Tribe: 403 21.10 37 Hourly
Nooksack Tribe: 402 15.53 43 Hourly
Nooksack Tribe: KALSUS10 10.68 48 Hourly
Nooksack Tribe: TENASKUS10 5.73 53 Hourly
Ecology: 01F070P 3.30 55 Hourly
Nooksack Tribe: VANZANUS10S 2.60 56 Hourly
Nooksack Tribe: VANZANDS10S 1.35 57 Hourly

@Data from this station in 2007 was inconsistent (i.e., lower mean and smaller range) with other nearby data,
however it was retained for comparison purposes.

b Data from this station in 2010 were inconsistent with other nearby data. Because the mean was more than
30% lower than stations upstream and downstream and there was little range in values, it was not used for
comparison purposes.
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Figure 49. Locations of observed stream temperature monitoring sites for 2007 used for model
calibration.
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Figure 50. Locations of observed stream temperature monitoring sites for 2010 used for model
validation.
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Calibration and validation results

Results for 2007 calibration

Figure 51 provides the longitudinal profile of observed and predicted temperature for the
calibration period. Tabular comparisons of predicted and observed values for the min, max,
mean, and 90" percentile temperature are shown in Table 22. Temperatures follow a general
increasing trend from upstream to downstream. The minimums, maximums, and means are
predicted reasonably well with varying amounts of under- and over-prediction. Note that the
observed data for reach 55 (Ecology: 01F070) are somewhat inconsistent with the other observed
data showing a much smaller range and lower mean. Model deviation near this point is therefore
acceptable given uncertainty in the data. Example diel series are provided for three reaches
representing upstream (Figure 52; reach 17), mid-stream (Figure 53; reach 24), and downstream
locations (Figure 54, reach 49). The patterns are generally replicated with better fit (e.g., reach
24) for some than others.

South Fork Nooksack River (Washington) (8/2/2007)
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Upstream Downstream

=
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temperature (deg C)
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distance upstream (Km)
Upstream Downstream
e Temp(C) Average Modeled B Mean Temp-data = =Temp(C) Minimum Modeled
— =Temp(C) Maximum Modeled O Minimum Temp-data 1 Maximum Temp-data

Figure 51. Longitudinal temperature comparison (observed data and modeled) for the
calibration period. Labels for observed data correspond to Reach Numbers in the following
table.
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Table 22. Comparison of model results for the 2007 calibration — temperature (°C)

Observed Data Modeled Data
Reach : 90th . 90th
Min Max Mean Percentile Min Max Mean Percentile
9.91 16.62 12.85 16.33 10.37 16.79 13.10 16.49
11.03 16.64 13.54 16.36 11.04 17.63 14.16 17.40
17 12.67 18.03 15.17 17.71 12.18 18.38 15.29 18.17
24 13.93 19.35 16.66 19.03 13.18 19.40 16.34 19.21
29 14.12 20.18 17.12 20.02 13.69 19.70 16.87 19.56
43 14.75 20.51 17.58 20.24 14.36 19.52 17.05 19.37
48 15.06 20.83 17.76 20.56 14.59 20.31 17.47 20.15
49 14.90 20.83 17.65 20.55 14.58 20.52 17.54 20.33
55 15.60 19.30 17.42 19.20 14.57 21.43 17.97 21.22
South Fork Nooksack River (Washington) (8/2/2007), reach 17
20.0
18.0 =~ \
0.0 - . e — : : :
12:00 AM 3:00 AM 6:00 AM 9:00 AM 12:00 PM 3:00 PM 6:00 PM 9:00 PM 12:00 AM

== |IC water: temp (C)

Observed MC water temp (deg C)

Figure 52. Diel temperature data (dashed line) vs. modeled (solid line) at reach 17 during the

calibration period.

South Fork Nooksack River Temperature TMDLs
- DRAFT

Page 105




South Fork Nooksack River (Washington) (8/2/2007), reach 24
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Figure 53. Diel temperature data (dashed line) vs. modeled (solid line) at reach 24 during the
calibration period.
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South Fork Nooksack River (Washington) (8/2/2007), reach 49
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Figure 54. Diel temperature data (dashed line) vs. modeled (solid line) at reach 49 during the
calibration period.

Error statistics for the calibration model are provided in Table 23. RMSE for maximum and
minimum values are less than 1° C except for the maximum in reach 55 (see the previous note
regarding observed data at this station). The average RMSE over these reaches is 0.47 and 0.34
for maximums and minimums, respectively. RPD values range from -5.5% to +5.8% (excluding
reach 55). Both under- and over-prediction occur suggesting no consistent bias in the model.

Table 23. Error statistics for the 2007 calibration.

Reach I\/IRz;\:I(lsnlwE ufr?1rs I\I}i'\r?ifrllzufrars RP.D o RPD for
Q) °C) Maximums Minimums

0.12 0.33 1.02% 4.54%

0.70 0.01 5.78% 0.09%

17 0.25 0.35 1.92% -3.94%

24 0.04 0.53 0.26% -5.53%

29 0.34 0.30 -2.41% -3.09%

43 0.70 0.28 -4.95% -2.68%

48 0.37 0.33 -2.53% -3.17%

49 0.22 0.23 -1.50% -2.17%

55 151 0.73 10.46% -6.83%
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Results for 2010 validation

The 2010 validation provides a test of the calibrated model parameters under a different set of
conditions. Reach properties such as slope, width, Manning’s n, and other associated parameters
were unchanged from the calibration run. Other inputs were based on observed data in 2010.
Groundwater temperatures, for which there were no direct observed data, were unchanged
because they are not expected to vary greatly.

Figure 55 provides the longitudinal profile of observed and predicted temperature for the
validation period. Associated tabular data are shown in Table 24. There are some differences
between modeled and observed mean and maximum temperatures in reach 8 as well as in
reaches 37 through 57. Modeled temperatures in other reaches compare well to observed
temperatures. Means and minimum values are generally under-predicted, but the relative
differences between observed and modeled values are largely consistent. Maximum values show
greater consistency at most downstream stations (except for reaches 43 and 48).

Error statistics are provided in Table 25. Average RMSE for the comparison stations was 0.51
and 0.82 °C for maximum and minimum temperatures, respectively. RMSE values greater than
1 occurred at two of nine stations for maximum temperatures and three of nine for minimum
temperatures. RPD values ranged from -10.7% to +11.7%.

Example diel series are provided for three reaches representing upstream (Figure 56; reach 17),
mid-stream (Figure 57; reach 37), and downstream locations (Figure 58, reach 48).

South Fork Nooksack River Temperature TMDLs
Page 108 - DRAFT



South Fork Nooksack River (Washington) (8/16/2010)
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Figure 55. Longitudinal temperature comparison (observed data and modeled) for the
validation period.

Labels for observed data correspond to Reach Numbers in the following table.

Table 24. Comparison of model results for the 2010 validation - temperature (°C).

Observed Data Modeled Data

Reach 90th 90th
Min Max Mean Percentile | Min Max Mean Percentile

Temp Temp

11.76 18.34 14.44 17.84 12.11 18.74 14.90 18.38

8 12.87 17.80 15.13 17.65 13.12 20.00 16.41 19.75

17 15.22 20.44 17.58 20.19 14.35 20.74 17.50 20.51

37 17.01 21.13 19.20 20.98 15.71 21.19 18.49 21.01

43 17.20 22.90 19.73 22.51 15.88 21.19 18.62 21.02

48 17.20 23.04 19.89 22.70 15.96 21.87 18.99 21.70

53 17.39 23.33 20.29 22.95 15.92 22.75 19.32 22.53

56 17.61 23.06 20.34 22.82 15.81 23.03 19.43 22.80

57 17.58 23.11 20.34 22.93 15.80 23.12 19.49 22.91

South Fork Nooksack River Temperature TMDLs

Page 109 - DRAFT




Table 25. Error statistics for the 2010 validation.

Reach RMSE for R.M.SE for RRD for RPD for
Maximums Minimums Maximums Minimums

0.28 0.25 2.14% 2.94%

8 1.56 0.18 11.66% 1.92%
17 0.21 0.62 1.48% -5.90%
37 0.04 0.92 0.30% -7.95%
43 1.21 0.93 -7.74% -7.99%
48 0.83 0.88 -5.21% -7.48%
53 0.41 1.04 -2.51% -8.83%
56 0.02 1.27 -0.15% -10.74%
57 0.01 1.26 0.03% -10.68%

South Fork Nooksack River (Washington) (8/16/2010), reach 17
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Figure 56. Diel temperature data (dashed line) vs. modeled (solid line) at reach 17 during the
validation period.
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South Fork Nooksack River (Washington) (8/16/2010), reach 37
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Figure 57. Diel temperature data (dashed line) vs. modeled (solid line) at reach 37 - validation.

South Fork Nooksack River (Washington) (8/16/2010), reach 48
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Figure 58. Diel temperature data (dashed line) vs. modeled (solid line) at reach 48 - validation.
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Sensitivity analysis

A sensitivity analysis was conducted to test the calibration model’s sensitivity to key model
inputs. The parameters tested include boundary conditions (flow and temperature), Manning’s n
values, stream bottom width, shade, and air temperature. The relative sensitivity of each of the
parameters was determined by calculating the variance associated with the change in modeled
temperature at a critical station (reach 48, which had the highest max and mean temperature on
the calibration date) by increasing and decreasing the parameter input by +/- 10%.

The results from sensitivity model runs are compiled in Table 26 by reporting the average,
minimum, and maximum temperature output for reach 48.

Table 26. Sensitivity analyses conducted on QUAL2Kw model to determine impact on modeled
stream temperature statistics.

Maximum Water
Temperature (C)

Minimum Water
Temperature (C)

Mean Water

Sensitivity Analysis Temperature (C)

Manning’s n increased by 10%

17.47 (+0.003)

14.72 (+0.130)

20.20 (-0.110)

Manning’s n decreased by 10%

17.47 (-0.004)

14.44 (-0.150)

20.45 (+0.140)

Bottom width increased by 10%

17.76 (+0.287)

14.71 (+0.120)

20.78 (+0.470)

Bottom width decreased by 10%

17.16 (-0.314)

14.44 (-0.150)

19.81 (-0.500)

Air temperature increased by 10%

17.91 (+0.434)

14.96 (+0.370)

20.79 (+0.480)

Air temperature decreased by 10%

17.04 (-0.432)

14.22 (-0.370)

19.84 (-0.470)

Hourly shade increased by 10%

17.32 (-0.148)

14.47 (-0.120)

20.15 (-0.160)

Hourly shade decreased by 10%

17.62 (+0.150)

14.70 (+0.110)

20.48 (+0.170)

Flow inputs increased by 10%
(headwaters, tributaries, groundwater)

17.17 (-0.298)

14.44 (-0.150)

19.84 (-0.470)

Flow inputs decreased by 10%
(headwaters, tributaries, groundwater)

17.80 (+0.331)

14.74 (+0.150)

20.85 (+0.540)

Temperature inputs increased by 10%
(headwaters, tributaries, groundwater)

18.12 (+0.649)

15.24 (+0.650)

20.96 (+0.650)

Temperature inputs decreased by 10%
(headwaters, tributaries, groundwater)

16.82 (-0.656)

13.92 (-0.670)

19.66 (-0.650)

Model output at reach 48 without
sensitivity analyses applied

17.47

14.59

20.31

Normalized sensitivity coefficients were calculated to determine how a change in parameter
impacts a change in that parameter’s response. The formula for this calculation is as follows:

A parameter

Aresponse /

(Equation 4)

Normalized Sensitivity Coef ficient =

base model response ' base parameter value

The denominator is always in the range of +/- 10%, therefore 0.2. The base model response is
the corresponding model output from the last row in the table above, and the A response is the
absolute difference between the model being run at -10% and +10% for a single parameter.
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The normalized sensitivity coefficient (Table 27) reveal which parameters have the greatest
model response to change, and those responses are also presented as tornado diagrams (Figure

59, Figure 60, Figure 61).

Table 26 shows for each percentage point change in a parameter, the model will see the
corresponding change in response. Change in headwater and tributary boundary temperature has
the greatest impact on temperature. Air temperature has the second largest impact on the model
output with average and minimum temperature. The second and third largest impact on
maximum temperature is derived from boundary flow and bottom width. Changes in Manning’s
n and shade have the least impact on the model outputs.

Table 27. Normalized sensitivity coefficients calculated for each parameter.

s . Normalized Sensitivity Coefficient
Sensitivity Analysis
Average Minimum Maximum
Manning’s n changed +/- 10% 0.2% 9.6% -6.2%
Bottom width changed +/- 10% 17.2% 9.3% 23.9%
Air temperature changed +/- 10% 24.8% 25.4% 23.4%
Hourly shade changed +/- 10% -8.6% -7.9% -8.1%
Boundary flow inputs changed +/- 10% -18.0% -10.3% -24.9%
Boundary temperature inputs changed +/- 10 37.3% 45.2% 32.0%
Average Stream Temperature at Reach 48 (degC)
16.47 16.67 16.87 17.07 17.27 1747 1767 17.87 1807 1827 1847
m<10%
Flow Inputs _ H Base

>10%

i

Shade

Manning's "n

Figure 59. Tornado diagram representing sensitivity analysis results conducted on QUAL2Kw
comparing modeled average temperature output at reach 48.
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Minimum Stream Temperature at Reach 48 (degC)
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Figure 60. Tornado diagram representing sensitivity analysis results conducted on QUAL2Kw
comparing modeled minimum temperature output at reach 48.

Maximum Stream Temperature at Reach 48 (degC)
1931 1951 1971 1991 20211 2031 2051 2071 2091 2111 2131

W <10%
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Figure 61. Tornado diagram representing sensitivity analysis results conducted on QUAL2Kw
comparing modeled maximum temperature output at reach 48.
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TMDL modeling scenarios

A series of six TMDL modeling scenarios were developed to evaluate stream temperatures on
the mainstem of the SFNR realized under various typical and critical summer conditions. The
key differences between each scenario are provided in Table 28, relative to the 2007 calibration
model (Table 28). Typical low-flow conditions represent 7Q2 flows and 50" percentile air
temperatures based on a ranking of the hottest week for each year of record. Critical low-flow
conditions represent 7Q10 flows and 90™ percentile air temperatures based on a ranking of the
hottest week for each year of record. For all six scenarios, the following inputs or parameters
were unchanged from the 2007 calibration model: groundwater temperature, wind, hyporheic
flow, and transient storage. Additional modified input variables and parameters relative to the
2007 calibration model are described in the Scenario input data processing section.

Table 28. South Fork Nooksack River TMDL modeling scenarios summarized by overall

description.
Flow Meteorological Headwater and Mainstem
Scenario Scenario Type Regime Conditio?usa Tributary Shade
9 Temperatures Condition
Typical Low " ) .
1 Flow/Temperature with 7Q2 ,5A(|)r thrargci?;tlﬁre Same as 2007 \Elélsgtna%on
Existing Vegetation P 9
Typical Low 50" Percentile At the water quality 100-year SPV
. : - (except existing
2 Flow/Temperature with 7Q2 Air Temperature + criteria or current
. . - developed land
100-year SPV microclimate effect | temperature if cooler uses)
Critical Low ih . -
3 Flow/Temperature with 7Q10 9(.) Percentile Same as 2007 EX|st|ng'
L . Air Temperature Vegetation
Existing Vegetation
Critical Low th . At the water quality -
4 Flow/Temperature with 7Q10 9(.) percentile criteria or current EX|st|ng_
L . Air Temperature . Vegetation
Existing Vegetation temperature if cooler
Critical Low 90t Percentile At the water quality %g)?(;ge? ;>§;¥1
5 Flow/Temperature with 7Q10 Air Temperature + criteria or current P 9
. . - developed land
100-year SPV microclimate effect | temperature if cooler uses)
Critical Low 90" Percentile At the water quality
6 Flow/Temperature with 7Q10 Air Temperature + criteria or current 100-year SPV

100-year SPV

microclimate effect

temperature if cooler

Everywhere

2 Based on ranking of highest 7-DADMax values from each year of the historical record.
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Scenario input data processing

Hydraulics

The 2007 calibration model used the Manning’s n approach to specify hydraulics. While the
general approach is unchanged, for the 7Q2 and 7Q10 scenarios the bottom width of each reach
(used as input for the Manning’s n approach) was adjusted (decreased in both cases) to reflect
expected changes in geometry based on changes in flow, especially reduced width expected
under the lower flow conditions. Baseline values from the calibration model for flow, cross-
sectional area, width, and depth were used to determine adjustments to the bottom width using
equations provided in EPA’s technical guidance (EPA, 1997; p A-16). This process began by
running the calibration model with the 7Q10 (or 7Q2) flow inputs for the headwaters, tributaries,
and groundwater. These resulting flows for the mainstem by reach were then combined with the
baseline stream depth and cross-sectional area to determine a new depth and cross-sectional area
using the following equations:

0.45
Depth: -zeerew _ (Q7Q2‘7Q1°) (Equation 5)

Hpgseline QBaseline

. § 0.43 _
Cross — sectional area: 7927910 — (Q7Q2‘7Q1°) (Equation 6)

Baseline QBaseline

where H is depth, Q is flow, and A is cross-sectional area.

The revised width by reach for each corresponding flow condition (7Q2, 7Q10) was then
calculated as cross-sectional area divided by depth. Resulting values were used as inputs for the
scenario models, while retaining the other baseline inputs for the Manning’s n approach.

Headwater, tributary, and groundwater flows

The Flow Boundary Model used to develop boundary conditions in the calibration model was
also used to estimate all inflows to the 7Q2 and 7Q10 conditions for the six scenarios. In the
previous applications of the Flow Boundary Model, observed flows from specific simulation
days were used to scale Curran and Olsen (2009) low-flow regression relationships, thus
allowing for the estimation of flows from the headwaters, ungaged tributaries, and direct
groundwater inflows. In contrast, the 7Q2 and 7Q10 flows do not represent flow from a specific
day, but rather flows relating to a statistical measure. Gaged flows in the Flow Boundary Model
were therefore used to calculate 7Q2 and 7Q10 values at each of the observed flow input
locations, rather than flows from a single calendar day.

To develop the low-flow regression relationships, Curran and Olsen calculated 7Q2 and 7Q10
statistics for three of the gaged sites in the SFNR watershed using various criteria USGS
methods, as shown in Table 29. The other two gages were excluded from the analysis,
presumably because of insufficient periods of record. For reference, the 2007 calibration flows

South Fork Nooksack River Temperature TMDLs
Page 116 - DRAFT



were 44 cfs for the Skookum Creek gage, 190 cfs for South Fork Nooksack at Wickersham, and
7.9 cfs for the Hutchinson Creek gage.

Table 29. Calculated 7Q2 and 7Q10 flows (Curran and Olsen, 2009).

) Flow (cfs)
Location Gage ID
7Q2 7Q10
Skookum Creek 12209490 20.6 15.3
South Fork Nooksack at Wickersham 12209000 102 75.8
Hutchinson Creek 01C070 4.92 4.37

The Flow Boundary Model requires specification of flow at the Ecology 01F070 gage, but the
period of record at this gage is not long enough to allow for calculation of 7Q2 and 7Q10 values
using statistical methods. The low-flow statistics were therefore estimated using USGS
12209000 (South Fork Nooksack at Wickersham) as a proxy, during overlapping periods of
record (WY2004-WY2008). The following steps describe the process.

1. Daily flows at 01F070 and 12209000 were compared to determine whether any impairment in
gaging was discernible, noting that 01F070 was likely impaired during 2009-2010 as discussed
in the calibration model setup section. No new issues were identified in the review.

2. Flows at 12209000 were ranked from smallest to largest and paired with flows at 01F070
occurring on the same day. The 7Q2 flow at 12209000 is 102 cfs, which occurs on four days
during the overlapping periods of record. The flows at 01F070 on the same days were variable,
ranging from 118 cfs to 158 cfs with a mean of 132.25 cfs and a median of 126.5 cfs. Larger
time periods of flow data around 102 cfs at 12209000 were examined (i.e., 101 through 103
cfs, and 100 through 104 cfs). The corresponding median flows at 01F070 were found to
converge to 133 cfs, which was selected as the representative 7Q2 flow for 01F070.

3. Assimilar process as described in step #2 was used for estimating 7Q10, and 97.9 cfs was
selected as the representative 7Q10 flow for 01F070.

4. The observed and estimated 7Q2 and 7Q10 values were entered into separate Flow Boundary
Models, each with corresponding low-flow regression coefficients from Curran and Olsen.

5. Headwater, tributary, and groundwater flows were calculated throughout the model domain for
7Q2 and 7Q10 conditions.

Negative groundwater flux was predicted for 7Q2 and 7Q10 for direct drainage to the SFNR
downstream of 12209000 to the mouth. Kemblowski et al. (2001) found evidence suggesting
that losing reaches were present at low-flow conditions downstream of confluence with
Skookum Creek (near 12209000), while Cox et al. (2005) performed groundwater monitoring in
the lower Nooksack basin and reported periods where some creeks became losing reaches during
low flow conditions. It is therefore not unreasonable for the Flow Boundary Model to predict
groundwater loss. The losses were relatively small, about -3 cfs for 7Q2 and -6 cfs for 7Q10.
The losses were specified in the QUAL2Kw model as abstractions.
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Headwater and tributary temperatures

For several model scenarios (#2, 4 through 6), the input for tributary and headwater temperatures
was dictated by the water quality standard. For the time period being modeled, the Core Summer
Salmonid Habitat (16 °C ) water quality criteria applies in most of the lower half of the
watershed, and the Char Spawning and Rearing (12 °C) applies to most of the upper half of the
watershed, with some exceptions (note that the criteria changes to 13 °C on September 1). For
model scenarios #2, 4, 5, and 6 (see Table 28 for list of model scenarios), if the existing tributary
temperature in the 2007 calibration model was cooler than the water quality criteria, the existing
temperature was retained in scenarios. If existing tributary temperatures were warmer than water
quality criteria, then the water quality criteria was used as the maximum tributary temperature
(Table 30).

To adjust temperatures to the applicable water quality criteria, QUAL2Kw inputs of tributary
mean temperature and range were altered. If the mean temperature (used in the 2007 calibration
run) did not exceed the criteria but the range exceeded the criteria, then the mean temperature
was preserved but the range was altered keep temperatures below the criteria over the course of
the day (affected 12 tributaries). If the mean temperature exceeded the criteria, as is the case for
5 of the 35 tributaries, the mean was adjusted to the water quality criteria and the range was
reduced to zero (a sensitivity analysis revealed that removing the diel temperature range of
tributaries had a negligible impact on mainstem temperatures). The breakdown of monitored and
unmonitored tributaries which exceeded the temperature criteria with average or maximum water
temperatures is in Table 30.

Table 30. Master list of South Fork Nooksack tributaries, water quality criteria, monitoring status,
average and maximum water temperatures, and criteria exceedances (2007 data only).

wQ Average ARG Status of Average Maximum
Tributary Criteria L] UL Data Exceeds Exceeds
(°C) Temperzoature, Temperziture, (Source) Criteria Criteria
2007 (°C) 2007 (°C)
irfyvt/':r%?gﬁact:erfek 12 12.65 16.13 Monitored Yes Yes
Unnamed Trib 22 12 11.41 12.68 Estimated Yes
Unnamed Trib 21 12 11.41 12.68 Estimated Yes
Unnamed Trib 20 12 11.41 12.68 Estimated Yes
Unnamed Trib 19 12 11.41 12.68 Estimated Yes
Unnamed Trib 18 12 11.41 12.68 Estimated Yes
Unnamed Trib 17 12 11.41 12.68 Estimated Yes
Unnamed Trib 16 12 11.41 12.68 Estimated Yes
McGinnes 12 11.41 12.68 Estimated Yes
Howard 12 11.41 12.68 Estimated Yes
Unnamed Trib 15 12 11.41 12.68 Estimated Yes
Unnamed Trib 14 12 11.41 12.68 Estimated Yes
Canyon 12 13.49 14.64 Estimated Yes Yes
Unnamed Trib 12 12 11.41 12.68 Estimated Yes
Unnamed Trib 11 12 13.49 14.64 Estimated Yes Yes
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. \.NQ. A\\//Vearta;?e M?NX;Telim Status of Average Maximum
oAy | CUEE | rempersure, | Temperature, | (D%, | Rieseds | Sxceeds
2007 (°C) 2007 (°C)
Unnamed Trib 10 12 13.49 14.64 Estimated Yes Yes
Eﬁiggg)k (trib of 12 13.45 15.09 Monitored Yes Yes
Fobes 16 11.41 12.68 Estimated
Unnamed Trib 8 16 13.49 14.64 Estimated
Cavanaugh 16 13.26 14.27 Monitored
Unnamed Trib 7 16 13.49 14.64 Estimated
Edfro Creek 16 13.85 14.62 Monitored
Skookum 12 13.45 14.69 Monitored Yes Yes
Unnamed Trib 6 16 13.49 14.64 Estimated
Pond Creek 16 13.49 14.64 Estimated
Unnamed Trib 5 16 13.49 14.64 Estimated
Hutchinson 12 10.96 11.11 Monitored
Unnamed Trib 4 16 13.49 14.64 Estimated
Jones 16 11.41 12.68 Estimated
McCarty 16 13.43 14.52 Monitored
Standard 16 13.49 14.64 Estimated
E:Irlg (S:féiﬁb'e 16 13.49 14.64 Estimated
Sygitowicz Creek 16 13.49 14.64 Estimated
Unnamed Trib 2 16 13.49 14.64 Estimated
Black Slough 16 13.49 14.64 Estimated
Unnamed Trib 1 16 13.49 14.64 Estimated

Air temperatures

The 50" and 90" percentile 7-day annual maximum air temperature conditions (based on
rankings of the hottest week for each year of record) were calculated using the historical record
from two air temperature stations, representing lower and upper elevations. Initial candidate
stations were those used for air temperature in the calibration model. SNOTEL station 910 with
available data from August 1995 through 2012 was retained as the upper elevation station;
however, Ecology station 01F070 had a much shorter period of record beginning in 2003.
Therefore, an alternate station, NCDC Summary of the Day Station WA457507, farther
downstream in the town of Sedro-Woolley, WA was selected for the lower elevation station due
to its relative proximity to the watershed centroid.

Using the period of record at SNOTEL 910 and data from 1959 to 2009 at WA457507, 50" and
90™ percentiles were calculated by ranking the hottest week for each year of record (Table 31).
The WA457507 values were then scaled by a factor of 0.47 °C by the relationship to station
01F070 (determined using the average difference between air temperatures from July/August of
paired years between the two stations). Next, those percentile values were used to linearly
interpolate air temperatures for each reach on the basis of elevation, similar to the approach used
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for specifying air temperatures in the calibration model. Finally, the hourly data series used for
the calibration series were adjusted by difference to arrive at the new air temperature series.

Table 31. Air temperature statistics for South Fork Nooksack region.

SNOTEL Adjusted SOD Station
Condition Station 910 WA4575072
(1996-2012) (1959-2009)
CF) (W) (9] 9]
90t percentile of annual maximum 7-DADMax 83.64 28.69 86.13 30.07
50t percentile of annual maximum 7-DADMax 80.19 26.77 82.42 28.01

2 Station WA457507 was scaled by 0.47 °C to align with available data from Ecology station 01F070.
Microclimate effect

The microclimate effect reflects a cooling of air temperature near the stream channel as a result
of the presence of mature riparian vegetation. Brosofske et al. (1997) reported that buffer width
of at least 150 ft was required to maintain natural riparian microclimate environments in small
forest streams in western Washington in Douglas-fir/western hemlock forests. The average
impact of clear cutting on ambient mean daily air temperature was an increase of 2 °C according
to a literature review provided in Bartholow (2000). Using the aggregated results of this study, it
was concluded that an opposite impact could be expected from reforesting an area, such that the
full microclimate impact of a mature riparian forest would decrease ambient air temperature by

2 °C.

As specified by Ecology, this microclimate effect is simulated by a drop in temperature of 2 °C
at every hour of the day for several scenarios in which SPV occurs (Scenarios 2, 5, and 6 from
Table 28). Note that because much of the SFNR is wider than the streams discussed in
Brosofske et al. (1997) (and because the stream is largely forested and not clear cut), the
application of this assumption has additional uncertainty. On the basis of the Lower Skagit
TMDL, dew point was held at 90" and 50" percentile conditions during microclimate runs
(unless it exceeded air temperature) to preserve increased relative humidity expected during the
microclimate scenarios (Zalewsky and Bilhimer, 2004).

Dew point temperatures

For the calibration model, the relationship between minimum air temperature and hourly dew
point temperatures at AgWeatherNet Station Nooksack was used to estimate hourly dew point
temperatures for each reach. To capture changing dew points in the 50" and 90" percentile
scenarios, the difference between the calibration model air temperature maximum and the 50" or
90" percentile air temperature maximum at each reach was used to scale the dew point
temperatures to preserve relative humidity.

Cloud cover
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Cloud cover is set to zero in all scenarios to represent critical summer conditions.

TMDL modeling scenario results

Results for the TMDL scenarios for typical low flow and weather conditions and critical low
flow and weather conditions are presented in Table 32, Figure 62 and Figure 63. In the figures,
the following temperature benchmarks are shown for comparison:

e The 12 °C water quality criteria which applies to the mainstem headwater down to reach 28 (or
27.5 km from the confluence with Wanlick Creek.

e The 16 °C water quality criteria which applies from reach 28 to the outlet.

e The 1-day maximum temperature of 23 °C which represents the threshold for fish lethality
based on WAC 173-201A-200(1)(c)(vii)(A) and an Ecology study (Hicks, 2002) that evaluated
lethal temperatures for coldwater fish.

e The 7-day average of daily maximum temperature of 22 °C which represents the threshold of
fish lethality.

Table 32. Modeling scenario results for typical low-flow and critical low-flow conditions.

Maximum Stream Temperature (°C)
(averaged across select reaches)

All Headwaters to Reach 282
Reaches Reach 282 to Outlet

Scenario Condition

Typical Low Flow Conditions (7Q2 flows; 50th percentile air temperature)

1 Current Conditions: 7Q2 19.00 18.44 19.66

100-year System Potential except where
developed: 7Q2

Critical Low Flow Conditions (7Q10 flows; 90th percentile air temperature)

2 16.99 16.22 17.55

3 Current Conditions: 7Q10 21.00 20.11 21.88

4 Current Conditions with cooler tributaries: 7Q10 20.77 19.66 21.66
100-year System Potential except where

5 developed: 7Q10 18.77 17.88 19.66

6 100-year System Potential everywhere: 7Q10 18.77 17.88 19.66

athe water quality criteria is 16 °C during the modeling period.
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Figure 62. Predicted maximum water temperatures for typical low-flow (7Q2) and

meteorological (50 percentile) conditions for current and 100-year system potential scenarios
along the mainstem of the South Fork Nooksack River.
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Figure 63. Predicted maximum water temperatures for critical low-flow (7Q10) and meteorological
(90 percentile) conditions for current and 100-year system potential scenarios along the
mainstem of the South Fork Nooksack River.
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Discussion of current conditions (Scenarios 1,3,4)

During both typical low-flow (Figure 62; scenario 1) and critical low-flow conditions (Figure 63;
scenario 3), and corresponding meteorological conditions in the summer, the model estimates
that the SFNR exceeds the numeric water quality criteria of 12 °C (headwaters to reach 28) and
16 °C (reach 28 to outlet) in all instances. Maximum temperatures estimated for scenario 1
averaged 18.4 and 19.6 °C for the upstream and downstream reaches, respectively (Table 32),
which exceeds the numeric criteria by 3.6 to 6.4 °C. Comparison to the lethality benchmarks
suggests temperatures for the 7Q2 scenario #1 remain well below these values.

For scenario 3, temperatures in all reaches exceed the numeric criteria by nearly 6 to 8 °C.
Stream temperatures are above lethal temperatures at the most downstream end near reach 48
and below. Indeed in the summer of 2009, were close to critical conditions (coincident 7Q10
flow and 90™ percentile temperature), and maximum stream temperatures approached or
exceeded these benchmarks at several stations. Note that scenario 4 estimated an average
decrease in temperature of 0.23 °C when compared to scenario 3 as a result of tributaries and the
headwater temperatures being set at (or below, if cooler at current conditions) the water quality
criteria (Table 32).

Discussion of system potential (Scenarios 2,5,6)

To estimate what the mainstem of the SFNR might experience under certain “natural
conditions”, the models were run with 100-year SPV, associated microclimate effects, and
tributaries and headwaters at or below the numeric water quality criteria. Under both typical and
critical 100-year system potential scenarios (scenarios 2 and 5), the stream continues to exceed
the numeric water quality criteria, though it remains below lethal temperature benchmarks.
Averaged over reaches upstream of Fobes Creek, the temperatures are 4.2 and 5.8°C above the
criteria for the 7Q2 and 7Q10 scenarios. The exeedances below the point where the numeric
criteria changes to 16 °C (for the simulation dates) averaged 1.5 to 3.6°C.

Scenario 5 estimates water temperatures under shade levels provided by 100-year SPV. Adding
100-year SPV (with the associated microclimate effect) cools down stream temperatures by an
average of 2.11 °C relative to existing vegetation. Further addition of 100-year SPV in the
developed areas under critical conditions (scenario 6) did not have a noticeable effect since the
change applied to a relatively small area (1.6%) of the riparian buffer area.

The estimate of stream temperatures under 100-year SPV (scenario 5), is used in this analysis to
represent an approximation of the stream’s natural background temperature and therefore, its
loading capacity. In the case of the SFNR, this estimate of natural background temperature from
scenario 5 is warmer than the numeric criteria. The natural conditions provision of the water
quality standards (WAC 173-2-1A-070(2) states “Whenever the natural conditions of said waters
are of lower quality than the criteria assigned, the natural conditions shall constitute the water
quality criteria.” Therefore, if a water body does not meet its assigned numeric criteria (i.e. is
warmer or cooler than the criteria) due to natural climatic or landscape attributes, then the natural
conditions constitute the water quality criteria and become the TMDL target. As discussed in the
Water Quality Standards section of this TMDL, Ecology may consider a formal rule change to
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adopt site-specific criteria only after the allocations in this TMDL are significantly implemented
and an updated analysis of natural conditions and legacy impacts take place.

Using the results of Scenario 5 as our initial estimate of the stream’s natural temperatures and as
the TMDL target assumes the following:

e Shade is a significant and manageable mechanism influencing stream temperatures, and the
growth of 100-year SPV provides a reasonable approximation of progress toward natural
conditions.

e Under Scenario 5 conditions, tributary temperature were either at the water quality criteria, or
at current temperatures (for tributaries that are currently cooler than the criteria).

e The effect of human activities on stream hydrology and channel geomorphology (e.g.
geometry, hydraulics, hyporheic exchange, groundwater flow) on stream temperatures are not
accounted for. The next section identifies the significance of these additional forcing functions.

In order to assess this sensitivity of our natural condition estimate to the above
assumptions/limitations, an additional set of model runs were conducted. These are discussed in
the following section.

Sensitivity analysis for natural conditions

For this TMDL, an assessment of the uncertainty of Scenario 5 as an estimate of the natural
condition was performed by assessing the temperature model’s sensitivity to a number of
changes. These scenarios modify some of the parameters of the summer critical condition SPV
model run (TMDL Scenario 5). These scenarios assess the effect of the following variations to
the estimated natural condition based on the analysis from Nooksack Indian Tribe:

Cooler headwater and tributary temperatures.

Decreased channel width.

Increased effective shade due to increased vegetation height and riparian buffer width.
Enhanced hyporheic exchange.

The combined impact of all four alterations.

To the extent that these influences on temperature existed over large or small spatial extents, or
can be implemented in the future, these sensitivity analyses provide estimates of variability
associated with the natural condition estimates. This variability can be considered when making
future impairment, land use, permitting, and restoration decisions.

The results of the sensitivity analysis are shown in Table 32. The largest effect was seen from
increased vegetation height and wider buffers. Combining all scenarios results in meeting
numeric water quality criteria in portions of the river.
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Scenario development

Each scenario has the following parameter inputs: 90th percentile air temperatures and dew point
with microclimate effect, 7Q10 flows for headwaters and tributaries with associated decreased
channel bottom width, no clouds, shade based on SPV (except where alternative riparian cover is
described), and headwater/tributary temperatures set at or below the water quality criteria. The
data used to develop these scenarios were based on information provided by Maudlin et al.
(2014) and subsequent personal communication and technical analysis provided by scientists
from the Nooksack Tribe Natural Resources Department (Treva Coe, 2012, Oliver Grah, 2014,
personal communication). These scenarios are valuable in assessing how these factors (e.g.
cooler headwater temperatures) influence stream temperatures, and can be used to help prioritize
restoration actions (e.g. should we prioritize restoration of the historic channel or shading
tributary streams?).

Cooler headwaters and tributaries

All headwater and tributary water temperatures were decreased by 20% of the temperature in
degrees C to explore the impact on temperature along the main stem. This scenario is intended
to estimate the potential effect of intact riparian vegetation in tributary catchments (e.qg. if there
were no forestry activities in upland areas of the watershed). An intact riparian corridor in these
catchments would potentially cool down tributary and headwater inputs. In the absence of a
watershed model we cannot estimate the exact magnitude of stream temperature cooling. The
20% reduction is used to simply assess the effect of cooler temperatures beyond the range used
in the original sensitivity analysis.

Decreased channel width

In order to capture potential variations in natural channel geometry, the Shade Model was
modified using historical data provided by 1890 Government Land Office (GLO) surveys.
Channel wetted width and NSDZ widths were decreased to reflect a reverse of what has been
documented as a pattern of historic channel widening in response to land use activities in the
watershed (Kirtland 1995, Maudlin et al 2002, Soicher at al 2006, Brown and Maudlin 2007). In
general, widening the channel sets back riparian vegetation from the stream bank and reduces the
amount of shade received by the stream — therefore, narrowing the channel in places can translate
into an increase in effective shade.

The results of the altered channel width on the Shade Model (Figure 64) were input into the
QUAL2Kw model. Since simulated flow conditions were at low 7Q10 levels, wetted widths
directly within the QUAL2Kw model were unchanged. It was assumed that flow occupies a
smaller, pilot channel in both cases and that only the NSDZ areas would vary.
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Figure 64. Comparison of Shade Model effective shade results for the August critical condition
and narrower near-stream disturbance zone.

Altered riparian buffer and vegetation

Based on recommendations from the Nooksack Tribe, the Shade Model inputs were altered to
assume that climax vegetation, with a vegetation height of 290 ft., was achieved everywhere
within a 218-foot buffer (TMDL Scenario 5, which is being used to estimate the TMDL
allocations, assumes al150-ft buffer and 166-ft SPV tree height). The climax vegetation height of
290 ft (88.4 mm) was chosen to represent not the 100-year site potential value, but rather the
estimated natural/old-growth/climax conditions for a fully forested natural riparian buffer of
primarily Douglas fir trees. This climax vegetation height is applied to all riparian vegetation
and was chosen based on an analysis of Douglas fir heights from field work across the state of
Washington (Grah, 2014).

An increase in the buffer width from 150-218 ft. (75% of the new vegetation height) was also
included in this scenario based on expert input from the Nooksack Tribe scientists, and based on
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information derived from FEMAT (1993). Figure 65 shows the comparison of Shade Model
effective shade results for the August critical condition and a scenario with increased buffer and
vegetation height.

The extent to which the larger tree heights are applicable should be verified as part of
implementation, and Load Allocations should be adjusted to include taller trees and wider
buffers where applicable as an adjusted estimate of natural conditions.
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Figure 65. Comparison of Shade Model effective shade results for the August critical condition
and a scenario with increased buffer and vegetation height.

Enhanced hyporheic exchange

A modeling scenario incorporating information from Laenen and Bencala (2001) was
implemented to understand the potential impact of enhanced hyporheic exchange (Maudlin et al.,
2014). Altering the hyporheic exchange parameters in the model included simulating diffusive
exchange using the OTIS (One-dimensional Transport with Inflow and Storage) exchange
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coefficient method, applying OTIS coefficients along the mainstem based on sediment type and
location along the mainstem, and also revising the hyporheic zone thickness as a ratio of surface
water depth.

The set of hyporheic exchange parameters applied to the most downstream third of the mainstem
were: OTIS exchange coefficient of 44 days-1, and hyporheic zone thickness of 41% of water
depth (ranging from 14 to 27 cm). The parameters applied to the upstream two thirds of the
mainstem were: OTIS exchange coefficient of 12 days-1, and hyporheic zone thickness of 21%
of water depth (ranging from 6 to 14 cm). Note that the TMDL scenario 5 modeled hyporheic
exchange as a unitless fraction of flow at 0.05 (rather than OTIS) for the entire mainstem. Also
in scenario 5, the hyporheic zone thickness were not set as a function of flow as described
previously: the upper third of the mainstem was 25 cm and the downstream two thirds of the
mainstem was set to 10 cm based on the model calibration.

Scenario results

Results from each model scenario representing variations in natural conditions each result in
cooler mainstem temperatures along the mainstem, with an average combined decrease in
maximum temperature of about 2.9 °C (Table 33). Even with a potential combined temperature
decrease of 2.9 °C, the estimated variation in the natural condition during summer critical
conditions is typically warmer than the numeric criteria in many areas and particularly in the
upper reaches, as illustrated in Figure 66. However, there are areas of the mainstem (Rkm 35-
45) where model results show that the combined variations in the natural condition would result
in summer critical condition temperatures which are cooler than or equivalent to the numeric
criterion. Individually, increased vegetation height and buffer width had the largest effect while
enhanced hyporheic exchange had the smallest effect.

Table 33. Estimated maximum stream temperatures along the mainstem for natural condition
variation model runs.

Average Maximum Stream Temperature (°C)
condition All Reaches He??i\;v:ktleéz © It?oe%curlli?
(WQS Change)

TMD!__ Scenario 5 -7Q10 Critical 18.7 17.8 19.6
conditions
Cooler headwater and tributaries 18.0 (- 0.7) 16.9 (-0.9) 19.0 (-0.6)
Decreased Channel Width 18.1 (-0.6) 17.2 (-0.6) 18.9 (-0.7)
Increased SPV height and buffer width 17.5(-1.2) 16.7 (-1.1) 18.2 (-1.4)
Enhanced hyporheic exchange 18.6 (-0.1) 17.8 (-0.0) 19.3 (-0.3)
Combined natural condition variations 15.8 (-2.9) 15.1 (-2.7) 16.4 (-3.2)
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Figure 66. Comparison of temperature model results for TMDL Scenario 5 and a combination of
natural condition scenarios.

Evaluation of Scenario 5 during period of supplemental spawning criteria

The model calibration and scenarios discussed so far were focused on the August time period
when the Char Spawning and Rearing criterion (12° C) and the Core Summer Salmonid Habitat
criterion (16° C) were in effect. The supplemental criterion for the SFNR mainstem for salmonid
spawning and incubation protection is 13° C, applicable from September 1 - July 1. An analysis
was therefore conducted to evaluate critical conditions when this supplemental criterion applies.

Consistent with methods used to select the model days for the model calibration and validation
time periods, a critical day during the September 1 - July 1 timeframe within the calibration year
(2007) was selected based on maximum stream temperature. For the mainstem, the 7-day
average maximum daily temperatures (7-DADMax) were calculated based on monitored stream
temperature (Figure 67). The month of September contained higher 7-DADMax temperatures
relative to other months during the September 1 - July 1 timeframe. Of all the stations with data
during this time period in 2007, station SFO031 had the highest 7-DADMax (18.73 °C) on both
September 9 and 10. The highest instantaneous maximum temperature contributing to these 7-
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DADMax values was 19.54 °C on September 11. Therefore, September 11, 2007 was chosen to
represent the most critical simulation day for modeling the supplemental spawning criterion.

Supplemental Criterion Period SF0200 SF0190 SF0180
——SF0153 SF0134 SF0075 —— SF0031
= =SF0030 = = SF0025  eesssss Supplemental Criteria: 13 deg C
Upstream —> Downstream

22

7-DADMax Temperature ( °C)

Figure 67. South Fork Nooksack River mainstem 7-DADMax temperature for 2007 summer and
early fall period.

For the September model run, many elements and parameters of the model remained from the
calibration period, but a number of inputs were changed to reflect September 11 conditions,
including flow and temperature boundary conditions, shade, and meteorological data. These are
discussed in the following detail.
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Unaltered inputs and parameters

The following parameters and inputs from the calibration QUAL2Kw model remained
unchanged for the September model run:

e The Shade model was run on the new date; however, other features of the analysis, TTools
results from digitized landcover, channel incision, vegetation height, density and overhang,
remained unchanged.

e Channel geometry (NSDZ width, wetted width, buffer width, stream segmentation, roughness).
Note here that width was modified as a function of flow according to the approach described in
the previous phase of the SFNR TMDL project (see draft TMDL documentation).

e Reach thermal properties (e.g., hyporheic and surface transient storage)
e Groundwater temperature

Meteorological inputs

To represent conditions on September 11, 2007, QUAL2Kw needs meteorological data
coincident with this date. Data for this time period were available from the same stations that
were used to develop meteorological inputs for the August 2, 2007 calibration (Table 34).

Table 34. Weather stations for each meteorological parameter for September 2007.

Weather Parameter Agency Station ID
Wind Speed AgWeatherNet Nooksack
Cloud Cover NCDC 24217
Solar Radiation AgWeatherNet WSU Mt. Vernon
Air Temperature Ecology / SNOTEL / NOAA SOD 01F070 /910 / WA457507
Dew Point AgWeatherNet / Ecology / SNOTEL Nooksack / 01F070 /910

Wind speed and solar radiation from September 11, 2007 were used directly in the new model,
however to reflect critical conditions, cloud cover was set at zero percent.

Similarly to the 7Q10 TMDL scenario, air temperature and dew point temperature were
developed to represent a 90th percentile condition with a microclimate effect due to the presence
of SPV. First, hourly air temperatures were estimated for each reach based on elevation and the
linear interpolation between air temperature stations with available data on the model day. Next,
the 90th percentile of the maximum 7-day average maximum air temperatures (Max(7-
DADMax)) were developed for the period of record of September data for the SNOTEL 910
station (1996-2012).

Just as in the calibration model, NOAA SOD station WA4574507 was used to calculate the 90th
percentile Max(7-DADMax) air temperatures for Septembers of record (1959-2009) which was
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used to scale the Ecology station 01F070 with a period of record only 2003-2009. Hourly air
temperatures were calculated as a function of elevation for each reach based on the linear
interpolation of the Max(7-DADMax) station data. Using the estimated daily maximum
temperature and the 90th percentile maximum temperature for each reach, the hourly data for
September 11, 2007 was converted to a 90th percentile scenario. Lastly, 2 degrees were
subtracted from every hourly temperature to reflect the generalized impact of microclimate due
to SPV as was applied in the TMDL.

Dew point temperatures across the SFNR watershed were estimated from the AgWeatherNet
Nooksack station as a function of the relative difference between minimum air temperature and
hourly dew point data at that station. Dew point was estimated as a function of elevation. If
calculated dew point for any hour was greater than the 90th percentile air temperature with
microclimate, the dew point was decreased to be equal to the air temperature at those hours
(morning and evening).

Stream temperature inputs

The temperature monitoring stations used to specify headwater and tributary temperature in the
QUAL2Kw model during the calibration period were also used for the new model period (Table
35).

Table 35. Weather stations for each meteorological parameter for September 2007.

Observed Stream Distance from

Station Location Type Agency Temperature Downstream
Station (km)
Mainstem/Headwater Nooksack Tribe SF0200 57.75

Tributary (Wanlick Creek) Nooksack Tribe SF0210 Headwater trib

Tributary (Deer Creek) Nooksack Tribe SF0135 Plumbago trib
Tributary (Cavanaugh Creek) | Nooksack Tribe SFTO016 30.65
Tributary (Edfro Creek) Nooksack Tribe SFTO015 26.95
Tributary (Skookum Creek) Nooksack Tribe SF0130 26.55
Tributary (Hutchinson Creek) | Ecology 01C070 18.15
Tributary (McCarty Creek) Nooksack Tribe SF0033 14.25

Tributary and headwater temperatures were developed for this model run using each of the listed
stations as was done in the calibration model. For the purposes of this critical condition run with
SPV, headwater and tributary temperatures were set at the supplemental spawning criterion of 13
°C unless measured data was lower (this was the case for about half of the tributaries).
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Flow boundary conditions

The September run requires modified flow boundary conditions for headwater, tributary, and
groundwater inputs. Boundary conditions were developed to be representative of historic critical
low flow conditions occurring in the watershed during September. The Flow Boundary Model
approach earlier was used to estimate tributary flows and groundwater exchange with the river
mainstem. The first input to the Flow Boundary Model is flow at gaged locations in the
watershed. To estimate historic September critical low flows, 7Q10 values were calculated from
gaged flow records using September flow data only. The lowest 7-day average flow during the
month of September was calculated for each year available in a flow record. September 7Q10
values were then calculated from the series of annual minima using the method of Arnes (2006).

There were sufficient periods of record at three locations — SFNR at Wickersham (12209000),
Skookum Creek (12209490), and Hutchinson Creek (01C070). The resulting September critical
values were calculated as 76.7, 16.8, and 4.49 respectively for Wickersham, Skookum, and
Hutchinson. The values are slightly higher than full-year 7Q10 values reported by USGS
(Curran and Olsen, 2009) of 75.8, 15.3, and 4.92 respectively, which would be expected since
full-year values include low-flow periods outside of September.

As described earlier, station 01F070 has impaired records during periods of low flow in the late
2000s calling into question the use of Arnes’ method. Instead, overlapping periods-of-record
were identified between 01F070 and USGS Wickersham (years 2003-2008) for September dates
only. The lowest flows at Wickersham were isolated (about 76 — 100 cfs) and a power
regression was performed for flows occurring on the same date at 01F070 versus the lowest
flows at USGS Wickersham. The Wickersham September 7Q10 value of 76.7 was entered into
the regression equation, yielding a predicted value of 94.8 at 01F070.

Flow estimates from the analyses are shown in Table 36. Flow was not needed at SFNR at

Saxon Bridge (12210000) in the Flow Boundary Model, since flow was available at the
Wickersham gage located a few miles upstream.

Table 36. September low flow critical values used in Flow Boundary Model.

Location Gage ID I(:(I:?;'\)' l\EA:ttirr]r?;ti?r:
Skookum Creek 12209490 16.8 Arnes (2006)
South Fork Nooksack at Wickersham 12209000 76.7 Arnes (2006)
South Fork Nooksack at Saxon Bridge 12210000 n/a2 n/a
SFNR at Potter Road 01F070 94.8 Regression
Hutchinson Creek 01C070 4.49 Arnes (2006)

a. Flow not needed at this location since flow is available at the Wickersham gage a few miles upstream
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The second input into the Flow Boundary Model was the set of regression coefficients
corresponding to the assumed low-flow frequency statistic (e.g., 1Q10, 3Q2). Reported flow
statistics for 7Q10 from Curran and Olsen (2009) were the closest to the September critical
values in Table 36, so the regression coefficients corresponding to 7Q10 were used in the Flow
Boundary Model. The updated model provided predictions of headwater, tributary, and diffuse
groundwater flows for the entire South Fork Nooksack mainstem. Estimated flow along the

mainstem is shown in Figure 68.

South Fork Nooksack River Estimated Flows,
September Critical Condtions

120

100 /\—/M

Flow {cfs)

40 /_/—

20

0 T T T T T 1
0 10 20 30 40 50 60

Longitudinal Distance from Upstream (km)

Figure 68. Estimated flow in South Fork Nooksack River, September 11, 2007.

As was the case for the TMDL modeling scenarios, the Flow Boundary Model predicts
groundwater loss along the lower portion of the SFNR mainstem downstream of the Wickersham
gage to the South Fork Nooksack mouth. The loss was relatively large at about 13 cfs. A
comparison of the September low flow critical values used as inputs to Flow Boundary Model
shows that the combined estimated flows from Wickersham, Skookum, and Hutchinson are 98
cfs, which is higher than the estimated flow of 94.8 cfs at 01F070 located downstream near the
mouth. Losses are modeled in QUAL2Kw as groundwater abstractions.

Shade inputs

Input and settings for the Shade model, which is run independently to generate input for the
QUAL2Kw model, were kept identical to the calibration run except for the day-of-year, which
was changed to September 11. The change of date for the Shade model impacted the solar aspect
which is calculated using the Julian day. Depending on latitude and Julian day, changes in the
angle of sun can greatly impact direct solar radiation, as well as shade from topography and
vegetation. Results of the run are provided below, and compared to the August calibration date

values (Figure 69).
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Figure 69. Effective Shade model results for current and SPV on August 2, 2007 (calibration
period) and September 11, 2007.

Model results

The model results for the system potential, critical condition run for September 11, 2007 are
shown in Figure 70 and Table 37. The model shows that the SFNR mainstem exceeds the
supplemental spawning criterion of 13 °C in some locations. The average exceedance is less
than one degree. Predicted stream temperatures for September are cooler than those predicted
for August due to increased effective shade as a result of reduced solar radiation as well as cooler
air temperatures. Based on this analysis, load allocations based on full SPV will also be needed
to be protective of the stream during the supplemental spawning criteria.
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Figure 70. Model results for the critical September run and August TMDL scenario paired with

their respective water temperature criteria.

Table 37. Stream temperature model results for critical condition run for September.

Average Maximum Stream Temperature (°C)

Condition
i All Reaches Headwaters Reach 28
to Reach 28 to Outlet
Critical conditions: 13.4 13.6 13.3
September
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Loading capacity

The loading capacity provides a reference for calculating the amount of pollutant reduction
needed to bring water bodies into compliance with water quality standards. EPA defines loading
capacity as, “the greatest amount of loading that a water can receive without violating water
quality standards” (40 CFR 130.2(f)).

Loading capacity for the mainstem of the SFNR can be approximated using the 100-year system
potential scenario (scenario 5) under critical low-flow (7Q10) and air temperature conditions
(90" percentile of the hottest week for each year of record). This scenario assumes 100-year
SPV within the 150-ft buffer, tributaries and headwaters at or below the numeric water quality
criteria, and microclimate effects of reduced air temperature.

Using the 100-year system potential scenario, load allocations were developed for both shade
and heat load. These are provided in the allocations section of the report.
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Load and Wasteload Allocations

The temperature TMDL for the SFNR represents the maximum amount of a heat that a water
body can receive and still meet the temperature standards, and an allocation of that amount to the
contributing sources. The allocations take the form of a load allocation for nonpoint sources and
a wasteload allocation for point sources.

Load allocations

Load allocations for the South Fork Nooksack temperature TMDL establish limits on the
allowable heat load from nonpoint sources. The TMDL quantifies head loads in terms of
Watts/m? and as effective shade. Effective shade allocations control delivery of direct solar
radiation to the stream, both to the mainstem and its tributaries. This is considered the largest
source of heat. Load allocations (both effective shade and heat load) for the mainstem are
provided in Appendix C in 1,000-m increments. The effective shade deficit along the mainstem
beginning at the confluence with Wanlick Creek by 1,000-m increments is shown graphically in
Figure 71. Shade deficits range from 4.0 to 32.0%, with an average of 13.4%.

For the tributaries to the SFNR, which are not modeled individually, the load allocations for
effective shade are represented as shade curves in Figure 72 and Appendix D. These allocations
are based on the estimated relationship between shade, channel width, and stream aspect at the
assumed maximum 100-year SPV conditions. The shade curves were developed by running the
Shade model with prescribed combinations of channel widths and aspects with buffer zones at
full 100-year SPV conditions. This analysis used the same criteria for SPV as previously in the
model, i.e. allowing a 150-ft riparian buffer to become vegetated with trees that are 50.66 m tall,
with a 3-m overhang, and 85% density. The goal was to capture the characteristics of any
tributary over a range of channel widths and aspects that occur in the SFNR watershed.

Figure 72 shows the amount of effective shade under 100-year system potential conditions,
decreasing as the width of the channel increases. For tributaries with a bankfull channel width
less than 6 m, the shade begins to level off because the SPV overhang of 3 m is assumed to meet
and cover the entire stream width with shade. Note that the creation of the shade curves assumes
that topographic shade is equal to zero — this is a conservative assumption since topographical
features would provide additional effective shade beyond that provided by the growth of SPV.
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Figure 71. Effective shade deficit by 1,000-m increments.

The deficit represents the difference in effective shade between system potential and current
vegetation conditions, as estimated by the Shade model.
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Figure 72. Shade Curve for determining load allocations of effective shade for tributaries.

Curves are based on generalized output of the Shade model in the 100-year SPV scenario (all
riparian area reaches 50.66m tall, 85% density, 3-m overhang).

The shade allocations for the SFNR watershed represent shade levels produced by 100-year
riparian vegetation. The riparian vegetation will reduce direct solar radiation to the mainstem
and tributaries resulting in lower stream temperatures. An additional benefit of an improved
microclimate is also expected. There might also be indirect benefits of a more stable channel
because of the protection that a mature buffer would provide.

Load allocations are calculated assuming shade levels provided by 100-year SPV, which should
result in water temperatures that approximate temperatures that would occur under natural
conditions, acknowledging the limitations in modeling natural conditions for this TMDL (listed
in the subsections on Discussion of system potential scenarios and Sensitivity analysis for
natural conditions). When streams have attained their natural background temperatures, they
will have cooled to meet or be cooler than the numeric criterion, or the stream will have cooled
to its natural temperature, which may or may not be warmer than the numeric criterion.

When a water body does not meet its assigned criteria due to natural climatic or landscape
attributes, the standards state that the natural conditions constitute the water quality criteria
(WAC 173-201A-260 (1)(a). Under this circumstance, the ability of the assumed system
potential scenario to realistically represent natural conditions must be fully evaluated before this
standard is applied. This provision of the water quality standards is implemented by using the
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modeled natural condition as the TMDL target. Ecology will consider a formal rule change to
adopt site-specific criteria in the future only after significant implementation has occurred, as
provided by WAC 173-201A-430, at which point the natural condition, determined by empirical
and modeled data, will be used to set new water quality criteria through a public rule-making
process.

Although this temperature TMDL is heavily focused on the impact of stream shading, other
management actions such as geomorphology changes, sensitive land cover, reducing sediment
loading, increasing groundwater inflows, and hyporheic exchange are also recommended to
reduce stream temperatures.

Wasteload allocations

Discharges to state waters are regulated through the NPDES. Facilities with an NPDES permit
are considered point sources. The Washington State water quality standards (WAC 173-201A)
restrict the amount of warming that point sources can cause when river or stream temperatures
are cooler than the numeric criteria:

Incremental temperature increases resulting from individual point source activities must not,
at any time, exceed 28/(T+7) as measured at the edge of a mixing zone boundary (where "T"
represents the background temperature as measured at a point or points unaffected by the
discharge and representative of the highest ambient water temperature in the vicinity of the
discharge).

At times and locations where the assigned numeric criteria cannot be attained even under
estimated natural conditions, the state standards hold anthropogenic warming to a cumulative
allowance for additional warming of 0.3 °C above the natural conditions estimated for those
locations and times.

Maximum effluent temperatures should also be no greater than 33 °C to avoid creating areas in
the mixing zone that would cause instantaneous lethality to fish and other aquatic life. The load
allocations for nonpoint sources are considered to be sufficient to attain the water quality
standards by resulting in water temperatures that are equivalent to natural conditions. Therefore,
the standards allow an increase over natural conditions for the point sources for establishing the
wasteload allocations. However, point sources must still be regulated to meet the incremental
warming restrictions established in the standards to protect cool water periods.

Three active point sources were identified in the SFNR watershed (Table 38). Potter Road
Nooksack Bridge has a general construction stormwater permit. Concrete Norwest Saxon Pit has
a sand and gravel general permit; stormwater generated by the facility discharges to
groundwater. In addition, the Lummi Nation operates the Skookum Creek Fish Hatchery, on
Saxon Road, at the mouth of Skookum Creek. The hatchery operates under a General Hatchery
Permit issued by EPA and diverts water from Skookum Creek downstream from the gaging
station location. This water is discharged (along with groundwater pumped from six wells) to
the SFNR upstream from the Saxon Road gaging station. Temperature measurements are not a
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requirement of the permit. The average reported discharge for the hatchery in 2007 was 7.7
mgd.

Table 38. Active point sources in the South Fork Nooksack watershed.

Permit number Facility name Type Parameters monitored
Potter Rd Nooksack Bridge Construction Stormwater -
WAR126700 148 Replacement General Permit Turbidity and pH
WAG503013 Concrete Norwest Saxon Pit Sand and Grayel Oil and Grease
General Permit
WAG130017 Skookum Creek Fish EPA Fish Hatghery Flow,.TSS, Settleable Solids, and
Hatchery General Permit Chlorine

These point sources, cumulatively, are prohibited from causing an incremental temperature
increase of more than 0.3 °C above the water quality criteria of the receiving water body. Saxon
Pit is not considered a concern for water temperature because they do not discharge to surface
water. The Nooksack Bridge permit is for construction and will be completed before the TMDL
is finalized.

Skookum Creek Fish Hatchery has the potential to affect water temperature in the SFNR. The
hatchery diverts water from Skookum Creek and discharges the water into the Nooksack River a
few hundred feet downstream from the Skookum Creek Confluence. Wasteloads for points
sources are typically set by limiting the temperature to that which would cause the temperature at
the edge of the mixing zone to increase by no more than 0.3 °C when the receiving water is at the
criteria, using the following equation:

Tueoes = [16°C(0r13°C) — 0.3] + [chronic _ dilution _ factor]x 0.3 (Equation 7)
Where:
Tnroes is effluent temperature,
Chronic_dilution_factor = (Qeft + 0.25 x Q7010)/Qeff,
Qerr is effluent flow,
Q710 is 7Q10 river flow (cfs), and assumes 25% by volume mixing allowance.

However in this case the Hatchery intake water is often well above the numeric water quality
criteria. The hatchery has not been able to cool the water before it enters the hatchery and
likewise at this time could not cool the water after it leaves the hatchery. Even if the hatchery
did not divert the warm water that warm water would still be flowing into the South Fork. In this
TMDL we are setting a wasteload allocation that limits the heat added to the water during
hatchery operations. The hatchery is limited to discharging water no warmer than the criteria
when the influent water is 0.3 °C cooler than the numeric criteria. When the influent temperature
is warmer than the numeric criteria the wasteload allocation is influent temperature plus 0.3 °C.
This wasteload allocation is to be applied as a 7-day average of the daily maximum temperatures
(7-DADMAX). These limits are summarized in Table 39.
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Table 39. Wasteload allocations for dischargers in the watershed covered by NPDES permits.

NPDES 7Q10° Effluent Flow - | Effluent Flow - Water Quality Chronic T
facility; (cfs) Current® Design Criteria Dilution E'QP'S)ES
permit # (cfs) (cfs) (°C) Factor
16.0 or influent
Skookum 16 temperature + 0.3
. Not Available (Jul 1 to Sept 1) (Jul 1 to Sept 1)
Creek Fish 10.2
. 91.1 (assume equals 3.2
Hatchery; (6.6 mgd) .
WAG130017 current) 13 13 .0 or influent
(Sept 1 to Jul 1) temperature + 0.3
(Sept1toJul 1)

102 Hatchery discharges upstream from USGS station at Saxon Road. Value used for wasteload allocation is
assumed to be the 7Q10 flow from USGS 12209000 at Wickersham plus from USGS 12209490 at Skookum.
b Based on the highest average monthly summer flow for 2010 and 2011, which occurred in September.

Other non-stormwater general permits

Other permitted facilities in the basin are not a concern for water temperature because they do
not discharge during the critical months of June through September.

Stormwater wasteload allocations

Wasteload allocations are necessary for permitted stormwater discharges if they are a source of
pollutant loading to the stream when receiving water temperatures are impaired. The SFNR
watershed has permitted stormwater sources discharging into its mainstem or tributaries. The
largest source of permitted stormwater is WSDOT. WSDOT has a stormwater permit that
regulates stormwater discharges from state highways and related facilities contributing to
discharges from separate storm sewers owned or operated by WDSOT within the Phase I and 11
designated boundaries. WSDOT’s permit also covers stormwater discharges to any water body
in the state for which there is an EPA-approved TMDL with load allocations and associated

implementation documents specifying actions for WSDOT stormwater discharges.

Although thermal loadings from permitted stormwater are of minimal size, all NPDES-permitted
discharges must be provided wasteload allocations.

Ecology’s stormwater permits do not authorize discharges that would violate Washington State
surface water quality standards, groundwater quality standards, sediment management standards
or the human health-based criteria in the national Toxics Rule, as indicated in their permits.

Ecology’s use-based temperature criteria (WAC 173-201A (Table 200(1)(c))) are expressed in 7-
DADMax values. To be both consistent with these temperature criteria and practical (a receiving
water could be affected by multiple stormwater outfalls with wide spatial distribution and
controlled discharge rates), this TMDL expresses cumulative stormwater wasteload allocations
as a 7-day average daily (7-DAD) loading value as measured at the TMDL monitoring points
established in the TMDL study. Although the wasteload allocations incorporate seven daily
values, they are expressed as a daily value and are consistent with the state’s 7-DADMax

criteria.
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The following criteria express the cumulative temperature wasteload allocation for all
stormwater permittees:

e When a water body’s temperature is warmer than state criteria due to natural conditions (or
within 0.3 °C), the cumulative discharge from all permitted sources may not cause the 7-
DADMax receiving water temperature under those conditions to increase more than 0.2 °C.
That allowable 0.2 °C increase is quantified using the following equation, which provides a
numeric daily loading value to assess compliance with the aggregate wasteload allocation. The
remaining 0.1 °C of the incremental warming allowance is reserved for unpermitted
stormwater and other human sources and a margin of safety. Cumulative allowable loadings
can be measured at the TMDL monitoring locations representative of the impaired segments
identified earlier in this TMDL.

Teff =T + 0.2 » &2 (Equation 8)

Qeff
Where
T = Background Temperatures
Q = Stream Flow before discharge
Qeff = Stormwater discharge
Teff = Temperature of allowable stormwater discharge

e Appropriate BMPs required through stormwater permits for controlling pollutant loadings to
surface waters are applied to the discharge to protect designated aquatic life uses.

Ecology anticipates that there will be no additional TMDL-required conditions in stormwater
permits, and compliance with the permit constitutes compliance with the goals of the TMDL.
This TMDL does not contain any additional TMDL-related actions for stormwater permittees.
Stormwater discharges may be considered for mixing zones as specified in WAC 173-201A-400,
which should be applied in conjunction with the wasteload allocation in the previous paragraphs.

Seasonal variation

CWA section 303(d)(1) requires that TMDLs “be established at the level necessary to implement
the applicable water quality standards with seasonal variations.” The current regulation also
states that determination of “TMDLs shall take into account critical conditions for streamflow,
loading, and water quality parameters” [40 CFR 130.7(c)(2)]. Finally, section 303(d)(1)(D)
suggests consideration of normal conditions, flows, and dissipative capacity.

The SFNR Basin experiences seasonal variation with cooler temperatures occurring in the winter
and warmer temperatures in the summer. The highest temperatures typically occur from mid-
July through late-August. This time frame is used as the critical period for development of the
TMDL.

Seasonal estimates for streamflow, solar flux, and climatic variables for the TMDL are taken into
account to develop critical conditions for the TMDL model. The model was calibrated to a date
(August 2) in 2007 where stream temperature data showed that the SFNR was warmest around
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this day. Next, the calibrated model was modified to represent 90™" percentile air temperatures
(based on a ranking of the hottest week for each year of record) and critical stream flows (i.e.,
lowest 7-day average flows with 10-year recurrence interval or 7Q10).

Load allocations from the summer model runs resulted in requiring the maximum riparian
protection to the stream. A fall scenario was conducted and confirmed that allocations will be
protective both during August critical conditions and during the fall when supplemental criteria
apply. For point sources, seasonal variation is taken into account, as described in the Wasteload
Allocation section.
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Margin of Safety

The margin of safety accounts for uncertainty about pollutant loading and water body response.

Some of the sources of uncertainty have to do with limitations of the model and the assumptions
it is based on such as:

e A number of modeling assumptions were necessary, such as those regarding forested islands,
Manning’s n and other hydraulic parameters, hyporheic exchange, inflow estimates, and
temperature for unmonitored tributaries and groundwater, among others. These assumptions
contribute to uncertainty in the modeling results.

e Upland watershed processes have not been directly modeled within the TMDL. Their effect is
captured implicitly within the model calibration and validation. Management of upland
processes to restore stream temperature may not be fully captured in the system potential
scenarios.

e Tributaries are not modeled directly within the Shade and QUAL2Kw models. A number of
tributaries did not have monitoring data during the calibration and validation periods and
therefore temperatures had to be estimated. This treatment and these assumptions add
uncertainty to the attribution of sources of heat load.

e The “system potential” modeling assumes that readily available information can be used to
represent “natural conditions.”

e Load allocations are based on 100-year SPV and may differ from historical riparian and are not
equivalent to climax vegetation communities, which were taller.

e The 100-year system potential described in this TMDL report does not capture potential
changes to the stream channel, both from indirect benefits of a mature riparian buffer or other
watershed management practices such as constructed log jams, which could result in a more
natural geomorphology under undisturbed conditions (e.g., geometry, sediment dynamics,
woody debris) and greater hyporheic exchange. It is uncertain how this type of change might
affect stream temperature.

e The load allocations assume tributaries can meet temperature standards. It is unclear whether
the streams are cooler or warmer than the criteria under natural conditions.

The margin of safety in this TMDL is implicit because of the following:

e The 90th percentile of the highest 7-day averages of daily maximum air temperatures for
each year of record at the SNOTEL station 910 and NCDC Summary of the Day Station
WAA457507 (scaled to the Ecology station 01F070 gage) was combined with the lowest 7-day
average flows with recurrence intervals of 10 years (7Q10) to represents a reasonable worst-
case condition for prediction of water temperatures in the SFNR watershed.

e Typical summer conditions were represented by the 50th percentile of the highest 7-day
averages of daily maximum air temperatures for each year of record at the aforementioned
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weather stations was combined with the lowest 7-day average flows in July—August with
recurrence intervals of 2 years (7Q2).

The lowest 7-day average annual flows with recurrence intervals of 10 years (7Q10) were
used to evaluate reasonable worst-case conditions for discharge of point source effluent.

Model uncertainty for prediction of water temperature was assessed by estimating the root
mean square error (RMSE) of model predictions compared with observed temperatures. The
average RMSE for model calibration and validation of maximum temperatures was less than
0.5°C.

Model bias evaluation shows no evidence of systematic over- or under-prediction of
temperature. There also is no evidence that there is a trend in error over the length of the
river.

The load allocations are set to the effective shade provided by 100-year-old riparian
vegetation.

Implementation will include additional measures beyond riparian shade that should
contribute to reduced stream temperatures, such as instream structures creating pools that
connect with hyporheic flow, and wetland restoration creating improved groundwater
connection.
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Reasonable Assurance

When establishing a TMDL, reductions of a pollutant are allocated among the pollutant sources
(both point and nonpoint sources) in the water body. For the SFNR watershed temperature
TMDL, both point and nonpoint sources exist. TMDL projects (and related I1Ps) must show
reasonable assurance that these sources will be reduced to their allocated amount. Education,
outreach, technical and financial assistance, implementation of voluntary protective measures,
permit administration, and enforcement will all be used to ensure that the goals of this TMDL
project are met.

Ecology believes that the following activities already support this TMDL project and add to the
assurance that temperature in the SFNR watershed will meet conditions provided by Washington
State water quality standards, including the natural conditions provision in WAC 173-201A-
070(2). This assumes that the following activities are continued and maintained.

The goal of the SFNR WQIR for temperature is to help the waters of the basin meet the state’s
water quality standards. The following rationale helps provide reasonable assurance that the
South Fork Nooksack River (SFNR) nonpoint source TMDL goals will be met by 2116 if
implementation happens immediately. Implementation should happen as soon as possible to
minimize how rapidly water temperatures will be rising due to climate change.

Ecology and EPA will control point source thermal loadings from NPDES-permitted facilities as
part of engineering plan review and approval as well as basic permit administration activities.
There is also considerable interest and local involvement in riparian and in-stream restoration
actions that will help reduce stream temperatures in the watershed. Ecology believes that the
following activities already support this TMDL and add to the assurance that water temperatures,
from nonpoint sources, will meet conditions provided by Washington State water quality
standards. This assumes that the following activities are continued and maintained.

e Nooksack Indian Tribe: technical assistance, watershed monitoring activities, climate change
studies, research and problem identification, and special projects support for riparian and in-
stream improvement projects.

e Lummi Nation: technical assistance and special project support for riparian and in-stream
improvement projects and watershed monitoring activities.

e Ecology: technical assistance, project development and coordination, Centennial Grant
funding, State Revolving Fund Loan program, wetlands and shorelines protection, regulation of
NPDES permitted discharges, water quality assurance to DNR.

¢ Whatcom and Skagit counties: enforcement of Critical Areas and Shoreline Master Plan
ordinances.

The WRIA 1 Salmonid Recovery Plan, adopted by the WRIA 1 Salmon Recovery Board in
2005, constitutes the WRIA 1/SFNR watershed chapter of the ESA recovery plan for Puget
Sound chinook. Many of the actions are focused on improving water temperature or providing
refugia from water that fails to meet water temperature criteria. Progress to date for chinook
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salmon habitat restoration in the Nooksack River Basin includes: detailed habitat assessment and
restoration planning for 78 miles of the Nooksack forks, construction of 227 log jams,
acquisition of 758 priority acres within the historic migration zone, and 300 feet of passage
restored at Canyon Creek. Design work has also been advanced for reconstruction of the Middle
Fork diversion dam to facilitate fish passage. Fifteen restoration projects have been completed in
the SFNR and 99 ELJs constructed.

While Ecology is authorized under Chapter 90.48 Revised Code of Washington (RCW) to
impose strict requirements or issue enforcement actions to achieve compliance with state water
quality standards, it is the goal of all participants in the SFNR TMDL process to achieve clean
water through cooperative efforts.

In addition, as implementation and monitoring for this TMDL occur into the future stream
temperatures will be evaluated regularly. An adaptive management approach will be used to fine
tune management and expectations over time.
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Implementation Plan

Introduction

This Implementation Plan (IP) was developed jointly by Ecology, EPA, Nooksack Indian Tribe,
Tetra Tech, and interested and responsible parties. It describes recommended actions to improve
water quality. It explains the roles and authorities of cleanup partners (those organizations with
jurisdiction, authority, or direct responsibility for cleanup), along with the programs or other
means through which they will address these water quality issues, timeframes, and funding
sources. It prioritizes specific actions planned to improve water quality and achieve water
quality standards.

Typically, Ecology produces an implementation strategy, which is submitted with the technical
analysis to the EPA for TMDL approval as part of the WQIR. Then, following EPA’s approval,
Ecology and interested and responsible parties develop a water quality IP. However, this section
of this WQIR will serve as both the implementation strategy and the IP.

This IP describes how water temperatures will be reduced to meet water quality standards.
TMDL reductions should be achieved by 2116 in the SFNR watershed. The success of this
TMDL project will be assessed using monitoring data from streams in the watershed and
adaptive monitoring will be implemented to adjust and ensure pollution reduction measures are
effective.

Who needs to participate in implementation?

A number of local, tribal, state, and federal organizations will coordinate and help to implement
this TMDL. They include:

1. Washington Department of Natural Resources (DNR) (regulatory authority): forest practices
regulations.

2. Whatcom County (regulatory authority): enforcement of Critical Areas and Shoreline Master
Program regulations.

3. Skagit County (regulatory authority): enforcement of Critical Areas and Shoreline Master
Program regulations.

4. Nooksack Indian Tribe: technical assistance, watershed monitoring activities, research and
problem identification, and special projects support for riparian and in-stream improvement
projects.

5. Lummi Nation: technical assistance and special project support for riparian and in-stream
improvement projects and watershed monitoring activities.

6. Ecology (regulatory authority): technical assistance, project development and coordination,
Centennial Grant funding, State Revolving Fund Loan program, wetlands protection,
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regulation of NPDES permitted discharges, and when necessary enforcement of water quality
laws.

7. EPA (regulatory authority): technical assistance, regulation of NPDES permitted discharges,
CWA oversight.

8. USFS: technical assistance, management of forest service lands.

9. U.S. Fish and Wildlife Service: participant in WRIA 1 Salmonid Recovery Plan
10. WDFW: participant in WRIA 1 Salmonid Recovery Plan.

11. NOAA: participant in WRIA 1 Salmonid Recovery Plan.

Pollution sources and organizational actions, goals,
and schedules

Activities to address pollution sources

A wide range of implementation activities will be necessary to achieve compliance with water
quality standards in the SFNR watershed. The following list represents ongoing and anticipated
implementation activities (Table 40). Each of these are discussed in more detail in the sections
that follow.

Table 40. Implementation activities for the South Fork Nooksack River.

Implementation Activity Organization

USFS, Washington State Department of Natural

Forestry best management practices Resources, Whatcom and Skagit counties

State Environmental Policy Act (SEPA) review and land use

. SEPA lead agencies, local land use agencies
planning

Protection and restoration of Critical Areas Whatcom and Skagit counties

U.S. Fish and Wildlife Service, Nooksack Indian
Tribe, Lummi Nation, WDFW, NOAA

WRIA 1 Salmonid Recovery Plan

Climate Change Qualitative Assessment recommendations
addressing barrier removal, floodplain reconnection, vertical
connectivity, stream flow regimes, sediment reduction, riparian
restoration, instream rehabilitation, and nutrient enrichment

Nooksack Indian Tribe, , EPA, Ecology

Forestry practices

The state’s forest practices regulations will be relied on to bring waters into compliance with the
load allocations established in this TMDL project on private and state forest lands. This strategy,
referred to as the CWA Assurances, was established as a formal agreement to the 1999 Forests
and Fish Report.

The state’s forest practices rules were developed with the assumption that the stream buffers and
harvest management prescriptions were stringent enough to meet state water quality standards
for temperature and turbidity, and provide protection equal to what would be required under a
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TMDL. As part of the 1999 agreement, new forest practices rules for roads were also
established. These new road construction and maintenance standards are intended to provide
better control of road-related sediments, provide better stream bank stability protection, and meet
current BMPs.

To ensure the rules are as effective as assumed, a formal adaptive management program was
established to assess and revise the forest practices rules, as needed. The agreement to rely on
the forest practices rules in lieu of developing separate TMDL load allocations or
implementation requirements for forestry is conditioned on maintaining an effective adaptive
management program.

Consistent with the directives of the 1999 Forests and Fish agreement, Ecology conducted a
formal 10-year review of the forest practices and adaptive management programs in 2009:
www.ecy.wa.gov/programs/wg/nonpoint/ForestPractices/CWAassurances-FinalRevPaper071509-W97.pdf.

Ecology noted numerous areas where improvements were needed, but it also recognized the
state’s forest practices program provides a substantial framework for bringing the forest practices
rules and activities into full compliance with the water quality standards. Therefore, Ecology
decided to conditionally extend the CWA assurances with the intent to stimulate the needed
improvements. Ecology, in consultation with key stakeholders, established specific milestones
for program accomplishment and improvement. These milestones were designed to provide
Ecology and the public with confidence that forest practices in the state will be conducted in a
manner that does not cause or contribute to a violation of the state water quality standards.

The USFS manages land in the upper most portions of the watershed. Management practices in
this area will be coordinated by the agency.

There are several additional voluntary measures that commercial forestry operators can
implement to further ensure there is no water quality impairment due to harvest activities. These
include leaving wider riparian areas over longer lengths of the stream. Inter-planting with
confers in hardwood dominated riparian areas and stabilizing hillsides and shorelines that have
been destabilized by historic forest practices.

State Environmental Policy Act and land use planning

TMDLs should be considered during State Environmental Policy Act (SEPA) and other local
land use planning reviews. If the land use action under review is known to potentially impact
stream temperature as addressed by this TMDL project, then the project may have a significant
adverse environmental impact. SEPA lead agencies and reviewers are required to look at
potentially significant environmental impacts and alternatives and to document that the necessary
environmental analyses have been made. Land-use planners and project managers should
consider findings and actions in this TMDL project to help prevent new land uses from violating
water quality standards. Ecology published a focus sheet on how TMDLs play a role in SEPA
impact analysis, threshold determinations, and mitigation
(https://fortress.wa.gov/ecy/publications/SummaryPages/0806008.html). Additionally, the
TMDL should be considered in the issuance of land use permits by local authorities.
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Critical Area ordinance for Whatcom and Skagit counties

The Whatcom County Critical Areas code (Title 16.16 of Whatcom County Code) and the Skagit
County Critical Areas code (Title 14.24 of Skagit County Code) were adopted in 2005 and 2006
respectively under the authority of the Whatcom County Comprehensive Plan, the Skagit County
Comprehensive Plan, and the State of Washington Growth Management Act (Chapter 36.70A
RCW). The codes establish rules for designating and classifying critical areas. Furthermore, the
codes seek to protect the ecological functions of the critical areas while protecting public safety
and allowing for the economically viable use of property. Critical area categories regulated by
the codes include geologically hazardous areas, frequently flooded areas, critical aquifer
recharge areas, wetlands, and fish and wildlife habitat conservation areas.

Several of the critical area categories relate to preserving existing vegetated land, the most
relevant to this TMDL being the “wetlands and fish and wildlife habitat conservation areas.”
The code designates variable protective buffer widths for all state-classified streams which fall
under the categories: shoreline streams (Class S), fish-bearing streams (Class F), and non-fish-
bearing streams (Class N). The Whatcom County Critical Areas Code designates 150-ft buffers
for Class S streams, 100-ft buffers for Class F streams, and 50-ft buffers for Class N streams.
Skagit County designations are somewhat different with a 200-ft buffer for Class S. Also, Class
F and N requirements are similar except for Class F streams greater than 5 feet in width: for
those the buffer is 150-ft. Figure 73 depicts the classes of all streams in the SFNR watershed.
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Figure 73. Habitat Conservation Areas (subject to protected buffers variable by county).
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A number of activities within the critical areas are allowed, including but not limited to, certain
forestry practices, vegetation maintenance, some recreational activities, maintenance of already-
established buildings, utilities, and the cutting of hazard trees. When a development is proposed
that would impact a critical area, a critical areas assessment report is typically required, in which
the developer proposes alternative mitigation and protective measures. The code states that
complete avoidance of impacts is the highest priority, and in order for some impact to be allowed
the applicant must demonstrate that all reasonable efforts to avoid impacts have been taken. The
critical areas assessment report contains an analysis of how critical area impacts or risks will be
avoided or minimized, and an analysis of the proposed measures to prevent or minimize impacts.
When impacts cannot be avoided, the developer includes a mitigation plan for replacing critical
area functions and values that would be altered by the development.

In both Whatcom and Skagit Counties, existing agricultural operations are allowed to continue
within critical areas with an approved conservation plan. Conservation plan requirements vary
depending on the type of agricultural operation and land zoning, and are more extensive for
operations classified as moderate to high impact. Among the standard conservation plan
requirements, existing native vegetation within critical area buffers (which includes riparian
areas) are required to be maintained to practical extent. Clearing activities cannot be authorized
within critical areas unless the clearing would occur on existing agricultural land and is
considered an essential part of the ongoing agricultural use. The conservation plans are subject
to monitoring, adaptive management, and enforcement by the counties. Note that Skagit County
participates in the state-wide Voluntary Stewardship Program which passed into Washington law
in 2011 (ESHB 1886) and uses incentives to promote agriculture and environmental stewardship.

Critical Areas code and TMDL implementation

The Critical Areas Codes for both counties support TMDL implementation through current
language, and future revisions to the codes could provide additional support. At a minimum, the
codes protect existing shade along the applicable reaches and help prevent further temperature
impairment. Considering that the load allocations are quantified in terms of shade levels
provided by 100-year SPV, as noted the existing critical areas code supports TMDL
implementation. While the land within the buffer areas is already vegetated, some of the
vegetation will not be fully matured, and protection from development would allow the riparian
vegetation to eventually reach full potential shade.

If disturbance is allowed under the code, mitigation must occur (e.g., restoration of another
riparian area), and this mitigation could be directed at areas that would support TMDL
implementation. While not all critical areas overlap with riparian areas, those that do, regardless
of the category, would provide support to TMDL implementation through their existing and
potential riparian shade. Figure 74 provides an example of how the critical areas code can
support TMDL implementation. In this example, 150-ft and 200-ft stream buffer requirements
along the entire mainstem indicate that the protected buffers support future increases in shade.
Note that a large number of tributaries are also classified to receive either 50-ft or 100-ft buffer
widths.
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In addition to protecting existing and potential riparian shade, several critical areas categories
(e.g., geologically hazardous areas) include land that may not be vegetated and could be restored
to provide further riparian shade. These areas provide promising opportunities for TMDL
implementation. Compared to land outside of critical areas, landowners may be more willing to
participate in a restoration project on critical area land because development or other uses may
not be allowed.

The abandoned lands clause of the code presents another opportunity for riparian restoration.
Under the code, the code administrator may require restoration of the critical area or buffer as a
condition of permit approval if a nonconforming building or structure on the parcel has been
intentionally abandoned for a period of 12 months or more (Whatcom County code:16.16.275 E;
Skagit County Shoreline Master Program draft code: 14.26.640).

When assessing the extent that the critical areas code supports the TMDL, it is important to
consider the exemptions and mitigation allowances within the code. While TMDL
implementation would progress best by preventing further disturbance and maintaining existing

South Fork Nooksack River Temperature TMDLs
Page 157 - DRAFT



riparian vegetation, where mitigation is necessary, it will be important to require mitigation
within the same watershed. Specific to the SFNR watershed, any disturbance to riparian critical
areas should be mitigated on riparian land within the watershed boundaries. To further support
implementation, mitigation could be directed towards restoration opportunities that would
provide the best progress towards TMDL implementation. The Whatcom County critical areas
ordinance states that mitigation plans “should be compatible with watershed and recovery
planning goals” for the county, and the Skagit County code elaborates that mitigation plans
“must be maintained over the life of the use or development.”

Once the TMDL is approved, specific language could be added to the code that includes TMDL
implementation among the watershed and recovery planning goals. Precedence exists for
including TMDL language in the code since TMDLs are mentioned under the Habitat
Conservation Areas section of the Whatcom County code in relation to stormwater discharges
(16.16.720 F4). The Skagit County code includes language about TMDL development in its
Shoreline Master Program spring 2014 working draft (14.24.550 4) which directly states that
critical area site assessments must discuss water quality exacerbation potential associated with
established pollutant TMDLs for the area in question.

While the provisions for agriculture in the code do not provide further restoration of critical areas
per se, the conservation plans, if implemented and enforced successfully, provide protection of
existing riparian vegetation and potential for increased shading in the future. To support TMDL
implementation, monitoring and enforcement could be emphasized on priority riparian areas
within the SFNR watershed. Whatcom County could consider joining the Voluntary Stewardship
Program which would further help protect critical areas through coordination between
environmental groups, agricultural organizations, and county governments.

Finally, the code provides support for the use of incentives and funding mechanisms that could
lead to restoration of riparian vegetation in critical areas (16.16.295). These include open space
taxation assessment, establishment of conservation easements, and use of the Conservation
Futures Property Tax Fund by the County for the acquisition of properties containing significant
critical areas and associated buffers.

Summary — Whatcom County and Skagit County Critical Areas codes

Overall, the county Critical Areas codes support the preservation and restoration of riparian
vegetation and associated shade along the mainstem and many key tributaries of the SFNR
through the following provisions:

e Protection of existing riparian vegetation within designated critical areas.

e Restoration potential for critical areas without existing vegetation, including potential for
landowner willingness to participate in conservation easements or restoration.

e Possible requirement for vegetation restoration where nonconforming buildings or structures
have been abandoned.

e Support for the use of incentives and funding towards protecting and restoring critical areas,
including riparian areas.
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The following additional provisions, if added to the code, would provide further support to
TMDL implementation as well as reduce the risk of further degradation:

e Requirement that mitigation be performed within the same watershed as the impact.

e Prioritization of mitigation sites that would provide the best progress towards TMDL
implementation.

e Additional language that refers to the TMDL as a specific watershed and recovery planning
goal to be addressed in the mitigation plans.

e Targeted monitoring and enforcement of agricultural conservation plans within the riparian
portion of SFNR watershed critical areas.

Coordination among EPA, Ecology, Nooksack Indian Tribe, the Lummi Nation, Whatcom
County, and Skagit County will help ensure realization of the multiple benefits provided by the
code. Partnerships between agencies and departments could help facilitate efforts to monitor and
enforce the code and enhance the code language to augment its support for TMDL
implementation.

WRIA 1 Salmonid Recovery Plan

The WRIA 1 Salmonid Recovery Plan, adopted by the WRIA 1 Salmon Recovery Board in
2005, constitutes the WRIA 1/SFNR watershed chapter of the ESA recovery plan for Puget
Sound chinook. Many of the actions are focused on improving water temperature or providing
refugia from water that fails to meet water temperature criteria. Near term species priorities
identified in the plan include:

e Focus and prioritize salmon recovery efforts to maximize benefit to North Fork/Middle Fork
Nooksack spring chinook and South Fork Nooksack spring Chinook salmon.

e Address fall chinook through adaptive management, focusing in the near-term on identifying
hatchery- versus naturally-produced population components.

e Facilitate recovery of WRIA 1 bull trout by:
o Implementing actions with mutual benefit to both spring Chinook salmon and bull trout.
o Removing fish passage barriers in presumed bull trout spawning and rearing habitats in the
upper Nooksack River watershed.

e Address other salmonid populations by:
o Protecting and restoring salmonid habitats and habitat-forming processes throughout WRIA
1 through regulatory and incentive-based programs (the focus of this qualitative
assessment).
o Encouraging and supporting voluntary actions that benefit other WRIA 1 salmonid
populations without diverting attention from spring chinook recovery.
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A 10-year Action Plan was developed to assist in the prioritization and implementation of near-
term recovery actions in the Nooksack River Basin. These actions include the following:

1.

ok~ wn

N oo

9.

Restore passage at major spring Chinook salmon barriers.
Restore Nooksack spring Chinook salmon freshwater habitat.
Integrate salmon recovery into floodplain management planning.
Integrate salmon recovery into regulatory updates.

Establish a South Fork Nooksack spring Chinook salmon hatchery population rebuilding
program.

Establish new instream flows in WRIA 1.
Protect and restore estuarine and near-shore areas.

Protect and restore functioning riparian and water quality conditions and reconnect isolated
habitat in lowland tributaries and independent tributaries to the Fraser River and Strait of
Georgia.

Continue to manage harvest and harvest-oriented hatchery programs to not impede recovery.

The current high priority strategies in the SFNR include the following voluntary actions:

Log jams to form deep complex pools: cool-water inflow areas (RM 0-20.6).

Log jams to form deep complex pools: other areas (RM 0-20.6).

Setback or remove riprap embankments (RM 0-10.9).

Lower artificial levees to native bank/floodplain elevations (RM 7.2-8.6).

Relocate river-adjacent infrastructure outside the 100-year erosion hazard area (RM 7.2-8.6).

Reconnect floodplains (RM 20.6-22) and other reaches if applicants provide sufficient
justification.

Acquisition of properties necessary to facilitate restoration (RM 0-12.8).

Acquisition of properties at risk of degradation to protect high quality habitat and habitat-
forming processes (RM 8.6-20.6).

Progress to date for chinook salmon habitat restoration in the Nooksack River Basin includes:
detailed habitat assessment and restoration planning for 78 miles of the Nooksack forks,
construction of 227 log jams, acquisition of 758 priority acres within the historic migration zone,
and 300 feet of passage restored at Canyon Creek. Design work has also been advanced for
reconstruction of the Middle Fork diversion dam to facilitate fish passage. Fifteen restoration
projects have been completed in the SFNR and 99 ELJs constructed.
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Climate change pilot — qualitative assessment and
recommendations

During the development of this TMDL report, the U.S. Environmental Protection Agency (EPA)
Region 10, EPA’s Office of Research and Development (ORD) and Office of Water (OW), the
Washington Department of Ecology (Ecology), and the Nooksack Indian Tribe launched a Pilot
Research Project to consider how projected climate change impacts can be incorporated into the
implementation plan for the South Fork Nooksack Temperature TMDL. One element of the Pilot
Research Project was a qualitative assessment of the impacts of climate change on endangered
species recovery actions. The focus of the analysis was to determine what actions provided the
greatest resiliency for salmon to the changes resulting from climate change. (EPA 2016) The
following is the executive summary from the study. The entire report can be on EPA’s website.

The South Fork Nooksack River (South Fork) is located in northwest Washington State and is
home to nine species of Pacific salmon, including Nooksack early Chinook (aka, spring Chinook
salmon), an iconic species for the Nooksack Indian Tribe. Segments of the South Fork and its
tributaries are identified as being impaired by elevated temperature on Washington’s 2010 Clean
Water Act (CWA) 303(d) list. These segments exceed the temperature criteria established to
protect aquatic life uses for the support of cold-water salmonid populations. High water
temperatures in the South Fork are detrimental to fish and other native species that depend on
cool, clean, well-oxygenated water. Populations of Nooksack salmon, especially Nooksack early
Chinook, have dramatically declined from historic levels. Growing evidence shows that climate
change will exacerbate legacy impacts to temperature, hydrologic, and sediment regimes of the
South Fork.

The Total Maximum Daily Load (TMDL) program, established by Section 303(d) of the CWA,
is used to establish limits on loading of pollutants from point and nonpoint sources necessary to
achieve water quality standards. One important use of the TMDL is to bring impaired waters
back into compliance with water temperature criteria established for the protection of cold-water
fisheries as a primary designated use of the South Fork. The U.S. Environmental Protection
Agency’s (EPA) Region 10, Office of Research and Development (ORD) and Office of Water
(OW), the Washington Department of Ecology (Ecology), and the Nooksack Indian Tribe have
launched a Pilot Research Project to explore how projected climate change impacts could be
considered in the implementation of a CWA 303(d) temperature TMDL and influence restoration
actions in an Endangered Species Act (ESA) Salmonid Recovery Plan. The Pilot Research
Project uses a temperature TMDL being developed by Ecology for the South Fork in
Washington, as the pilot TMDL for climate change vulnerability analysis. However, the
collaborative framework and coordinated research components developed as part of the Pilot
Research Project have provided the opportunity to focus more directly on the impact of climate
change, primarily increased stream temperatures, on salmon that inhabit the river. Therefore, the
pilot also provides the opportunity to move beyond the South Fork temperature TMDL and
assess how climate change might influence salmon recovery plans, including ESA recovery
plans.
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This qualitative assessment is a comprehensive analysis of climate change impacts on freshwater
habitat and Pacific salmon in the South Fork. It also evaluates the effectiveness of restoration
tools that address Pacific salmon recovery. The objective of the assessment is to identify and
prioritize climate change adaptation strategies or recovery actions for the South Fork that
explicitly include climate change as a risk. The qualitative assessment’s findings will inform
development of the CWA South Fork temperature TMDL Implementation Plan, updates to the
Endangered Species Act (ESA) Water Resource Inventory Area 1 (WRIA 1) Salmonid Recovery
Plan, and other land-use and restoration planning efforts. A companion document, the
quantitative assessment, compares projected increases in stream temperature with the thermal
tolerances and requirements of various salmonids to inform the CWA TMDL numeric cold-water
temperature water quality standard (Butcher et al. 2016).

This qualitative assessment used a stakeholder-centric involvement process that benefited from
the engagement of knowledgeable scientists and informed lay-persons alike. The stakeholder
process has included several stakeholder involvement events to date (i.e., nine workshops,
meetings, webinars) and will include additional opportunities for stakeholder engagement to
refine this assessment and present key findings. It is hoped that the qualitative assessment will
serve as a pilot project whereby the methods can be applied to other drainages with similar
species, limiting factors, and restoration planning, including the Middle Fork and North Fork
Nooksack rivers.

The qualitative assessment methodology is based on Restoring Salmon Habitat for a Changing
Climate (Beechie et al. 2013). In that paper, Beechie et al. present a methodology to provide a
systematic, stepwise approach to analyzing climate change impacts; we refer to that
methodology herein as the Beechie method.1 The qualitative assessment applies the Beechie
method to the South Fork context, including evaluation per climate risk, per salmonid species,
and per restoration action.

The qualitative assessment evaluates historic conditions (or natural conditions in the South Fork
temperature TMDL) and the changes, or legacy impacts, resulting from those conditions due to
past land management. The cumulative effects of legacy impacts from timber harvest, flood
control, transportation facilities, and conversion of forested land to agricultural uses in the South
Fork have substantially altered the nature of the South Fork channel, floodplain, and watershed,
and has resulted in degraded habitat conditions, including excessive stream temperatures and
increased sediment loading, that threaten the survival of salmonids. Climate change has and will
exacerbate those cumulative effects. Water temperature is highly correlated with air temperature.
Recorded air temperature monitoring in the vicinity of the South Fork has suggested a 1.3 oC
increase from 1905 through 2010.

Modeling results presented in Section 5.1 (Evaluate Impacts by Climate Risk) show that climate
change will have a significant effect on water temperature in the South Fork. South Fork water
temperatures, without restoration of riparian shade, are projected to rise by amounts ranging
from 3.5 to almost 6 °C during critical low-flow conditions by the 2080s; which could
substantially impact fish and reduce the amount and quality of preferred salmon habitat. Table 41
summarizes the distribution and severity of climate change impacts through the South Fork
reaches and subbasins.
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As part of this qualitative assessment, the potential magnitude of the impact that climate change
could have on Pacific salmon species and life stages in the South Fork was evaluated (see
Section 5.2 Evaluate Per Salmonid Species). Of the nine salmon species assessed, three salmon
species have been listed as threatened under the federal ESA and are of high priority in the South
Fork—spring Chinook salmon, summer steelhead trout, and bull trout. For all species, the life
stages with the greatest potential to be impacted by the changing climate were during spawning
and intra-gravel development stages, with high potential also recorded for several species during
upstream migration/holding and rearing.

Salmon recovery actions and the ability of each action to ameliorate climate change effects were
then evaluated (see Section 5.3 Evaluate Per Salmon Recovery Actions). Restoration actions
were prioritized by reach and subbasins based on ability to ameliorate various climate change
impacts and/or increase salmon resilience, and the potential effectiveness of each restoration
action (see Table 5-8 and Table 5-9 in EPA 2016).

From a watershed scale perspective, channel conditions and legacy impacts today are directly
related to intensive and extensive land management. Forestry dominates the watershed and
timber harvest and logging road construction are likely the largest contributors to the legacy
impacts. The South Fork temperature TMDL project has indicated that restoring the riparian
zone of the mainstem of the South Fork alone is not enough to ameliorate excessive temperatures
in the river. This strongly suggests that additional focus needs to be given to watershed-scale
actions that will address both legacy impacts and future continued climate change.

The following is a list of possible actions that should be considered that address both legacy

impacts and climate change:

Longitudinal Connectivity
* Evaluate feasibility of improving passage at South Fork River Mile (RM) 25 barrier and
implement feasible projects.

Floodplain Reconnection
» Increase the pace of broader-scale floodplain reconnection projects by acquiring
conservation easements or fee simple title to property in the floodplain or otherwise
working with existing landowners to increase stewardship. In addition, work with land
owners and develop plans that facilitate floodplain reconnection on specific parcels.

Restoring Stream Flow Regimes
* Enforce water rights and incentivize water conservation in the lower South Fork valley
to the extent possible (e.g., water banking).
* Develop a groundwater-flow model coupled with a watershed model for the South Fork
basin to evaluate future development/restoration scenarios to inform land use decisions
and identify and prioritize floodplain wetland restoration projects.

Riparian Functions
* Continue to implement and expand the Conservation Reserve Enhancement (CREP)
program through the lower South Fork and seek funding to extend 15-year lease terms
and/or otherwise work to protect existing CREP buffers over the long-term.
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« Increase opportunity and funding for riparian/wetlands protection and restoration along
the lower South Fork through purchase of conservation easements, development rights,
and/or fee simple title and/or working with landowners to foster stewardship.

Instream Rehabilitation
* Continue and increase the pace of instream restoration projects in high priority reaches
of the South Fork that create cold-water refuges, increase effective shading, promote
hyporheic exchange, reconnect floodplain channels, reduce redd scour, and create flood
refuge habitat.

Planning
* Incorporate climate change into updates to WRIA 1 Salmonid Recovery Plan and
development and prioritization of projects for Salmon Recovery Funding Board/Puget
Sound Acquisition and Restoration Account funding.
* Develop a watershed management/conservation plan that facilitates the South Fork
temperature TMDL implementation plan and comprehensively addresses the impacts of
land management and climate change on the ecological health of the South Fork.

Monitoring, Research, and Adaptive Management
* Develop life cycle models for South Fork salmonid populations to identify limiting life
stages and support quantitative assessment of climate change impacts on salmon
recovery.

Most of these recommendations will require substantial planning, including a watershed
conservation plan, project feasibility assessments, agency consultation, landowner cooperation,
stakeholder involvement, and funding, if they are to be implemented in a manner that will
effectively address the cumulative effects of legacy impacts and climate change on salmonids
and ESA recovery. These parameters will require a substantial amount of time to work through
and become effective. Thus, it is important that the recommendations previously presented are
considered.
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Table 41. Distribution and Severity of Climate Change Impacts through the South Fork Reaches

and Subbasins.

Reach or Subbasin

Climate Impact

Reduced Spring

Snowmelt Elevated Summer Reduced Summer Low Increased Winter Peak
(percentSD+HL) Temperature Flow Flow Sediment
Reaches
High (Currently exceeds
T7-DAD Max lethal limit of Moderate (Floodplain
22°C) artificially confined and
) . . incised, loss of floodplain
High (Flcst:odpl_aln_z-1|‘trﬁt:|z-1lhr sediment storage)
confined and incised)
High (Potentially a reach
1 (RM D-14.3) I‘bvﬂodemle (3 (penentol that loses surface water to )
asin) groundwater recharge) Moderate (Rapid channel
migration- increase in
Low (Floodplain bank erosion)
unconfined)
High (Expected to exceed .
7-DAD Max lethal limit Moderate (Floodplain Low (Floodplain naturally
under 7Q10 conditions naturally confined) Cmﬁ::d" ?hahr:ar:’el
2 (RM14.3- 18.5) High (60 percent of basin) | With climate change) i Stonlensed)
Low (Floodplain
Lncotined) Moderate (Rapid channel
migration)
3 (RM 18.5-25.4) High (66 percent of basin)
Moderate
Moderate (Floodplain Moderate (Abundant
naturally confined) stream-adjacent landslides
4 (RM 25.431 High (73 i and unstable slopes could
( ) EhBreranliz) Moderate (E Y increase sediment
- - oderate (Expected to sources
5 (Upstream of RM 31) High (77 percent of basin) remain below lethal) )
Subbasin
Hutchinson I‘bﬂg:iir?)rale (lilpercentic High High Moderate Moderate
Skookum High (67 percent of basin) | Moderate Moderate Moderate Moderate
Acme Valley Low (2 percent of basin) High High Moderate Moderate
Plumbago and Deer I‘t:ﬂatlcii:]rale (ZAlpercentio] Moderate Moderate Moderate Moderate
Edfro and Cavanaugh I‘bv'1aosci|r?]mle (33[percental Moderate Moderate Moderate Moderate
Howard High (55 percent of basin) | Low Low Moderate Moderate
Upper South Fork High (84 percent of basin) | Low Low Moderate Moderate

Impact Potential

Low Impact

Moderate Impact

High Impact
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Measuring progress toward goals

The load/wasteload allocations for the SFNR TMDL are expected to allow the river to meet
standards by 2116. This section includes plans to measure whether implementation activities
have been completed and if water quality standards are being met.

Local governments evaluate the Critical Areas ordinance and Shoreline Master Programs that
regulate the riparian corridors every five years. It is expected that the shade targets established
in this TMDL report will help inform their decision-making on the updates to those regulations.
Periodically, it would be helpful to survey the streams to monitor progress toward meeting shade
targets to help with the reevaluation.

Entities with enforcement authority are responsible for following up on any enforcement actions.
NPDES permittees are responsible for meeting the requirements of their permits. Those
conducting restoration projects or installing BMPs are responsible for monitoring plant survival
rates and maintenance of improvements, structures and fencing.

Long term monitoring will be conducted by Nooksack Indian Tribe, Lummi Nation, Ecology,
DNR, and its partners to help assess the hydrologic and water quality conditions in the SFNR.

Performance measures and targets

The Nooksack Indian Tribe is developing a SFNR restoration plan which may supplement these
measures in the future. This plan will work with stakeholders to establish attainable targets.

Shade targets will be met through growth of existing shade producing riparian vegetation. And
where shade producing riparian vegetation does not exist it will be established.

Effectiveness monitoring plan

Effectiveness monitoring will be expected to include:

e Water temperature monitoring.

e Flow monitoring.

e Shade canopy assessments to evaluate progress towards system potential.

Monitoring to determine the quality of water after implementation has occurred will be needed
when water quality standards are believed to be achieved. The existing temperature stations will
be used.

Every five years those parties that have been working to implement the South Fork Nooksack
TMDL will gather to determine the state of implementation. If data does not exist to update the
shade model to current conditions, the meeting will be used to assign the responsibility to collect
the data in the next year. If resources allow the Qual2-K model will re-validated, and if
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necessary re-calibrated to the new data. The model will be used to assess if improved riparian
condition is having the desired improvement in temperatures.

Adaptive management

Natural systems are complex and dynamic. The way a system will respond to human
management activities is often unknown and can be described only as probabilities or
possibilities. Adaptive management involves testing, monitoring, evaluating applied strategies,
and incorporating new knowledge into management approaches that are based on scientific
findings. In the case of TMDL projects, Ecology uses adaptive management to assess whether
the actions identified as necessary to solve the identified pollution problems are the correct ones
and whether they are working. As we implement these actions, the system will respond, and it
will also change. Adaptive management allows for actions to be fine-tuned to be more effective,
and allows for trying new strategies if evidence that new approaches could help achieve
compliance.

TMDL reductions should be achieved by 2116. If water quality standards are achieved, but
wasteload and load allocations are not, the TMDL project will be considered satisfied. Partners
will work together to monitor progress toward these goals, evaluate successes, obstacles, and
changing needs, and make adjustments to the implementation strategy as needed.

Ecology will use adaptive management when water monitoring data show that the TMDL project
targets are not being met or implementation activities are not producing the desired result. A
feedback loop (Figure 75) consisting of the following steps will be implemented:

Step 1.  The activities in the water quality IP are put into practice.
Step 2.  Programs and BMPs are evaluated for technical adequacy of design and installation.

Step 3.  The effectiveness of the activities is evaluated by assessing new monitoring data and
comparing it to the data used to set the TMDL project targets.

Step 3a.  If the goals and objectives are achieved, the implementation efforts are
adequate as designed, installed, and maintained. Project success and
accomplishments should be publicized and reported to continue project
implementation and increase public support.

Step 3b.  If not, then BMPs and the IP will be modified or new actions identified. The
new or modified activities are then applied as in Step 1.

It is ultimately Ecology’s responsibility to assure that implementation is being actively pursued
and water standards are achieved.
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Step 1. Implement Activities.

2030 + 2016-2020

Step 3b. Modify Step 3a. 2013+ Step 2. Evaluate
implementation or Publicize success adequacy of
identify new and continue design and
activities. implementation installation.

2020-2025

Step 3. Compare water quality data
with TMDL data and targets.

2025

Figure 75. Feedback loop for determining need for adaptive management.

Dates are estimates and could change depending on resources and implementation status.
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Funding opportunities

Multiple sources of financial assistance for water cleanup activities are available through
Ecology’s grant and loan programs, local conservation districts, and other sources. A list and

descriptions of several funding sources is provided in Table 42.

Table 42. Potential funding sources to help support TMDL implementation.

Sponsoring Entity

Funding Source

Fund Uses

Natural Resources
Conservation Service

Conservation Programs
www.nrcs.usda.gov/programs

www.wa.nrcs.usda.gov/programs/wrp/
wrp.html

These programs "....help people
reduce soil erosion, enhance water
supplies, improve water quality,
increase wildlife habitat, and reduce
damages caused by floods and other
natural disasters.".

Emergency Watershed Protection
www.nrcs.usda.gov/programs/ewp/index.h
tml

NRCS purchases land vulnerable to
flooding to ease flooding impacts.

Wetland Reserve Program

Landowners may receive incentives to
enhance wetlands in exchange for
retiring marginal agricultural land.

Office of Interagency
Committee, Salmon Recovery
Board

Salmon Recovery Funding Board
www.rco.wa.gov/grants/eval_results.shtml
Scroll down to "Salmon Recovery"

Provides grants for habitat restoration,
land acquisition and habitat
assessment.

Washington State
Conservation Commission

http://scc.wa.gov/grant-calendar-and-
directory/

Various environmental program grants.

Ecology:
Water Quality Program (WQP)

Centennial Clean Water Fund, Section
319, and State Revolving Fund
www.ecy.wa.gov/programs/wg/funding/fun
ding.html

Facilities and water pollution control-
related activities; implementation,
design, acquisition, construction, and
improvement of water pollution control.
Priorities include: implementing water
cleanup plans; keeping pollution out of
streams and aquifers; modernizing
aging wastewater treatment plants
(WWTP); reclaiming and reusing
waste water.

Ecology:
Shorelands and Environmental
Assistance Program

Coastal Zone Protection Fund

Some funding is available through a
program that taps into penalty monies
collected by the WQP.
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Sponsoring Entity

Funding Source

Fund Uses

U.S. Department of Agriculture

Farm Service Agency (FSA):
Conservation Reservation Program (CRP)

CRP helps agricultural producers
protect environmentally-sensitive land.

EPA

Watershed Funding:
www.epa.gov/owow/funding.html

Provides tools, databases, and
information on funding sources that
can be used to protect watersheds.

South Fork Nooksack River Temperature TMDLs

Page 170 - DRAFT




Climate Change Considerations

Global climate change has the potential for significant impacts on freshwater ecosystems through
changes in both the hydrological and thermal regime. Stream temperatures are projected to
increase in most rivers, resulting in increased stress on cold water fish species such as salmon.
Changes in hydrology, such as reduction in summer baseflow and an increase in peak flows
during winter, could potentially exacerbate these impacts. To date, the supporting analyses for
temperature TMDLs have generally assumed a stationary climate under which historical data on
flow and air temperature are assumed to be an adequate guide to future conditions. Projected
changes in climate over the 21% century suggest, however, that temperature is expected to
increase in most parts of the US, accompanied in many areas by seasonal shifts in the timing and
amount of precipitation, which in turn will alter stream flow. This section describes the urgency
of immediate implementation of the TMDL to slow the increases in stream temperature for a
water body that is already impaired.

Climate models used in the Intergovernmental Panel on Climate Change (IPCC) Fourth and Fifth
Assessment Reports (IPCC, 2007, 2013) confirm observations of increasing temperatures in the
Pacific Northwest (PNW) over the 20" century and consistently project accelerated warming in
the 21% century. Across the PNW, the overall average across all analyzed climate models yields
increases in mean annual air temperature of 2.0 °F (1.1 °C) by the 2020s, 3.2 °F (1.8 °C) by the
2040s, and 5.3 °F (2.9 °C) by the 2080s compared to a baseline of 1970 to 1999 (Mote and
Salathé, 2010). Precipitation changes are less certain, but most climate model simulations
project changes toward wetter falls and winters and drier summers in the PNW, with reduced
summer flow further increasing water temperature maxima. Together these factors could
significantly increase temperature stress on salmonid populations (Butcher et al., 2016).

EPA Region 10 and EPA’s Office of Research and Development (ORD) and Office of Water
(OW) conducted a pilot research project to consider how projected climate change impacts can
be incorporated into the SFNR, and how climate change considerations might affect restoration
plans. Portions of one of two resulting reports (Quantitative Assessment of Temperature
Sensitivity of the South Fork Nooksack River under Future Climates using QUAL2Kw; Butcher
et al., 2016 and EPA, 2016) are excerpted here.

In the Quantitative Assessment the findings of modeling tools used to develop the temperature
TMDL were reevaluated under a range of potential future climate conditions. The Quantitative
Assessment calculated altered boundary conditions for the QUAL2Kw TMDL modeling under
the IPCC A1B greenhouse gas emissions storyline (which speculates a balance of fossil and non-
fossil fuel energy sources) and for three time horizons (2020s, 2040s, and 2080s). These
boundary conditions were used to conduct additional QUAL2Kw modeling analyses of system
response under potential future climate conditions. Model results provide important information
on the potential future response of the system to future climate, with and without riparian
shading implementation actions called for in the TMDL.

The Quantitative Assessment is one part of a larger research plan that is described in the EPA
Region 10 Climate Change and TMDL Pilot Research Plan (Klein et al., 2013). The Research
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Plan provided for developing both a Quantitative Assessment and a Qualitative Assessment. The
Qualitative Assessment complements the modeling investigations of the TMDL provided in the
Quantitative Assessment and evaluated additional restoration actions and strategies, beyond
riparian shading, to enhance salmon recovery under climate change in the SFNR (EPA In
Review, 2015). Management strategies developed in the Qualitative Assessment are discussed in
the Implementation Plan section of this document.

Modeling approach

In the Quantitative Assessment, the calibrated QUAL2Kw stream temperature model developed
for the TMDL study was used to estimate the impacts of potential future climate changes on the
stream temperature with and without the growth of 100-year system potential vegetation (SPV).
To evaluate climate change in the SFNR, a new set of boundary conditions were developed for
QUAL2Kw representing conditions forecast for the 2020s, 2040s, and 2080s.

Climate projections

The climate-altered boundary conditions for the QUAL2Kw modeling of the SFNR were derived
from the work conducted by the Climate Impacts Group (CIG) at the University of Washington
(e.g., Mauger and Mantua, 2011; Hamlet et al., 2010). CIG assembled output from multiple
Global Climate Models (GCMs) and used statistical downscaling to translate these global model
projections to a finer spatial scale over the Pacific Northwest (PNW). CIG also used the
downscaled climate data to predict future hydrology using a grid-based macro-scale hydrologic
model known as the Variable Infiltration Capacity (VIC) model.

Different GCMs provide different results for the PNW, although all agree on an increase in air
temperatures — with an increase in summer air temperatures of as much as 6 °C or more over the
SFNR watershed. Evaluation of the risk of adverse temperatures under future climates needs to
take into account the range of predictions among different climate models. We selected three
climate model products that approximately span a range of low, medium, and high emissions
scenarios simulating conditions in the 2020s, 2040s, and 2080s — resulting in a total of nine
climate change scenarios.

Selection of specific GCMs span the range of potential impacts and consider factors other than
average annual temperature increase. Maximum risk is expected to coincide with increases in
summer temperatures accompanied by decreases in summer baseflow. The USFS North
Cascadia Adaptation Partnership (NCAP) in ongoing work suggested that the following elements
of climate change have potential impacts on aquatic habitat:

e Longer duration, higher stream temperatures, and lower summer baseflow.

e Transitions among the three basic PNW streamflow patterns (snow-dominant, transient, and
rain-dominant hydrographs). The lower SFNR is now classified as transient, but is expected to
transition to rain-dominant by the 2020s under the A1B emissions scenario. The upper reaches
of the SFNR are currently snow-dominant, but are expected to transition to transient as early as
the 2020s.
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e Precipitation is expected to increase annually primarily because of increased winter rainfall and

earlier, more intense fall rainfall. This is likely to increase winter flooding in sensitive
transient river basins such as the SFNR.

Selection of specific GCMs is complicated by the fact that rankings (of low, medium, or high
impact scenarios) can switch for different time periods. Nonetheless, three GCMs were
identified that meet the general criteria for low, medium, and high warming while also
demonstrating consistency with the NCAP storyline. These specific climate models are
discussed in detail in the Quantitative Assessment report.

The downscaled climate model projections and VIC hydrologic application are still too coarse in
spatial scale to directly drive a local, site-specific model such as the SFNR QUAL2Kw model.
Therefore, a delta change method was applied in which the observed historical climate data for
the SFNR were modified by the amount of change predicted by the downscaled climate models
to obtain a projection of future conditions specific to the SFNR. The climate inputs for which
change factors were calculated include several which are analyzed directly from VIC model
outputs, such as air temperature and flow, as well as inputs for parameters that are indirectly
calculated from VIC output such as dew point, headwater, tributary, and ground water
temperatures.

QUAL2Kw boundary conditions

The TMDL analysis is based on a quasi-steady state simulation of critical conditions of high air
temperature, high water temperature, and low flow. For the climate change scenarios,
meteorological boundary conditions are developed from the downscaled climate projections
discussed in the previous section. Appropriate representations of the tributary flow and water
temperature boundary conditions were also needed. Physical conditions such as channel
structure and bulk hyporheic flow were assumed to be unchanged under future climate
conditions.

Mainstem and Tributary Flow Boundary Conditions

Flow boundary conditions under future climates were based on an estimate of the effect of
climate on low-flow conditions. To do this, the climate change application incorporates
predicted changes in summer baseflow derived from assessments conducted by CIG with the
VIC hydrologic model. For each grid cell, the VIC produces daily outputs of surface and
subsurface flow. In the critical low-flow periods for the TMDL, the total flow was nearly
equivalent to the subsurface baseflow.

The VIC model is a large-scale model that is not explicitly calibrated to the SFNR and does not
exactly reproduce the current conditions represented in the TMDL. Therefore,
mapping/extrapolation of CIG estimates to the QUAL2Kw domain was necessary. Specifically,
the CIG output was applied using a delta change method in which the TMDL 7Q10 flow at the
model headwaters and for all tributary and diffuse inflows is modified by the ratio of CIG
estimates of low flows of a similar return period under future and current climate conditions.
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Specifically, the VIC model output for recent historical conditions was converted to unit-area 7-
day flows, and the 7-day flows analyzed to determine the empirical 7-day flow with 2- and 10-
year recurrence intervals. The same procedure was followed for each of the future climate
scenarios and the ratio between future climate and current conditions for 7Q10 flows was
calculated for each VIC grid cell, area-weighted to estimate a ratio for each tributary watershed,
and applied to the boundary inflow to yield the climate-modified inflow estimate for the critical
condition.

The resulting ratios vary strongly by elevation, with greater reductions at higher elevations and
larger reductions for the 7Q2 than for the 7Q10 flow. For example, in the 2080s under the high
impact scenario, the predicted 7Q2 at the eastern ridgeline of the watershed was only 26% of the
existing 7Q2, while the baseflow of tributaries near the mouth was 90% of the existing 7Q2.
This reflects a shift away from snow-dominant runoff at higher elevations. For the 7Q10 flows,
the corresponding ratios were 53 and 94%.

Flows for direct groundwater inputs were analyzed in the same manner as the tributary flows,
except that the ratio-based (or multiplicative) deltas are based on VIC output for subsurface flow
only. For the portion of the lower SFNR that is a losing stream under low-flow conditions, the
rates of water loss (which sum to about 6% of the total flow) were left unchanged.

Water Temperature Boundary Conditions

For future climate conditions the diel pattern or shape of the curve between the daily maximum
and daily minimum temperature was assumed to remain unchanged; however, the daily
maximum and daily minimum temperature were modified. These changes were represented by
an additive delta change approach. That is, an absolute estimated change (in °C) is applied to
both the maximum and minimum tributary water temperature.

The CIG climate analysis provides daily minimum and maximum air temperature; however, the
VIC model does not predict stream water temperature. Therefore, an approach was developed to
predict observed water temperatures using a regression model with CIG/VIC model output as
explanatory variables. We fit the regression model by predicting observed temperatures in a
number of SFNR tributaries monitored during the 2007 — 2012 period. The final predictive
model combined the non-linear temperature regression model format used by Flint and Flint
(2008, 2011) for the Klamath River Basin in northern California with additional findings from
stepwise regression analysis of SFNR data. The final model (described in detail in the
Quantitative Assessment) used drainage area, solar radiation, vapor pressure deficit, mean
temperature, elevation, fraction of watershed in forest cover, and a day-of-year function to
predict observed 7-day average minimum water temperature and 7-day average maximum water
temperature in the SFNR tributaries.

The QUAL2Kw model also includes direct groundwater discharge to the SFNR, and the
temperature of this discharge has an important impact on the heat balance in the river. Under
future climate conditions, the groundwater inflow temperature was modified using an additive
delta. To derive the delta, it is assumed that groundwater temperatures are ultimately
proportional to annual average air temperatures with the superposition of an annual cycle that

South Fork Nooksack River Temperature TMDLs
Page 174 - DRAFT



results in discharge temperatures that are a few degrees warmer than the annual average air
temperature in the late-summer critical period. Therefore, the delta in the annual average air
temperature was used to modify the groundwater inflow temperature.

Results of future climate simulations

In the Quantitative Assessment, EPA developed a total of 18 climate scenarios using scenarios 3
(Existing Vegetation) and 5 (100-year SPV plus microclimate effect)) from the TMDL as
starting templates to combine with high, medium, and low impact GCMs for climate conditions
of the 2020s, 2040s, and 2080s (2 x 3 x 3 scenarios).

The QUALK2w model simulations suggest that, without restoration of riparian shade, maximum
water temperatures during critical summer low-flow conditions could increase by between 3.4 to
5.9 °C (averaged across all river reaches) by the 2080s. Restoration of full system potential
riparian shading (i.e., desired future conditions) can help buffer against temperature increases;
however, even with system potential shade, the critical condition maximum 7-day average
stream water temperatures are expected to increase by 1.1 to 3.6 °C by the 2080s. In conjunction
with this increase, the percent of stream miles in which critical condition water temperatures
exceed levels identified as potentially lethal to salmon is predicted by the model simulations to
increase dramatically—from about 18% at present to between 60% and 94% in the 2080s,
depending on the climate model.

Figure 76 shows projections of spatially averaged maximum water temperatures over time for
the climate change scenarios with SPV. This indicates that the additional shading called for in
the TMDL has the potential to buffer the effects of climate change on critical condition water
temperature through the 2020s, but that a steady increase in water temperature is predicted to
occur in future decades even with SPV. (This figure also shows that the ranking of climate
scenarios as high, medium, and low impact is appropriate for the 2080s, but that in the 2020s the
impacts are slightly greater under the “medium” impact scenario.)
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Figure 76. Change in spatially averaged maximum water temperature in the South Fork Nooksack
River mainstem at critical conditions with SPV for three future climate emissions scenarios
compared to existing TMDL conditions and vegetation.

Comparison of paired runs with and without SPV shows that the response to increased shade is
not strongly dependent on climate. That is, increasing shade to SPV reduces 7-DADMax water
temperature by about the same amount under existing climate as it does under future climate
conditions. The climate change scenario, however, represents a new baseline against which this
reduction occurs. In the end, the projected impacts of climate change do not change the shade
allocation requirements, but do change the predicted critical condition water temperature that can
be achieved.

The TMDL program intentionally focuses on infrequent, worst-case, or “critical” conditions,
using 7-day average low flows that are expected to occur on average once every 10 years (7Q10
flows) and the 90th percentile of projected annual 7-day maximum air temperatures, as a way of
ensuring that standards are met at almost all times. To estimate more typical summer periods of
maximum stress, additional simulations evaluated responses to the 7-day average low flow that
occurs once every two years (7Q2 flow) and the median projected annual 7-day maximum air
temperature. Under these less stringent conditions, water temperatures through the 2080s, while
increasing, are projected to generally remain below lethal thresholds when SPV is in place, with
the possible exception of the most downstream reaches of the SFNR.
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Discussion of climate change considerations for the
TMDL

Climate change is projected to increase the maximum water temperatures in the watershed.
Because the TMDL already calls for implementing system potential shade, incorporation of
climate change into the TMDL analysis does not change the TMDL allocations. However, the
climate change analysis does suggest that the need for maximizing riparian shading beyond SPV
assumptions.

While the climate analysis does not change the TMDL allocations for the SFNR, it does have
implications for TMDL implementation as well as for broader watershed planning to support
habitat for endangered salmonids. A TMDL is a regulatory requirement for addressing specific
identified impairments and is not necessarily a complete strategy for preserving and enhancing
valued resources. A TMDL’s focus on critical conditions could obscure the need for practical
management strategies that enhance and protect the resource under less extreme, but more
frequently encountered conditions.

Evaluation of climate change vulnerability helps inform the implementation of the TMDL.
Climate change is time dependent. The pace (timing/rate) and priorities of restoration actions for
TMDL implementation to ameliorate potential impacts of climate change is a key component of
an iterative risk management strategy, as recommended by the National Climate Assessment
(Figure 77). A key finding of the Quantitative Analysis for the SFNR is that SPV can likely
provide substantial resiliency into the future that will help protect designated uses, especially if
combined with other actions that provide cold water refuges during high-temperature events.

Iterative Risk Assessment Adaptive Management
Framework
é. Develop an adaptation\ o::'::e J;‘.’Z.“,.l
| strategy using risk-based
/ \prioritization schemes /\
2. Assess the 4. ldentify opportunities
vulnerabilities and for co-benefits and
risk to the system \ synergies across sectors
1. Identify current and/\ 6. Monitor and ,/ E inolomont l
future climate changes reevaluate implemented <€ e hti';n e l
relevant to the system adaptation options \ P

Figure 77. Climate change adaptation and iterative risk management (Yohe, 2011).
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Several implications for restoration and management strategies are suggested in the Quantitative
Analysis. The modeling scenarios show that restoring system potential shade will have a strong
beneficial impact on the summer temperature regime in the SFNR. Despite the benefits of
increased riparian shade, future climate scenarios suggest that water temperature regimes will
shift from those that are ideal for providing salmon habitat.

The model, however, predicts reach-average temperature on an approximately 1-km scale. The
impact of occasional high-temperature events is in large part determined by whether the fish can
find sufficient cold water refuges that are cooler than the reach-averaged conditions, and within
their physiological tolerance ranges (Hannah et al., 2014). Thus, habitat management at a scale
smaller than the spatial scale of the QUAL2Kw model segments can have an important role in
protecting the resource. Therefore, the implementation plan combines system potential shade
with other options that provide localized cooler habitat. In addition, watershed management that
increases stream stability (and thus resulted in a narrowing of the treeless riparian zone) would
further increase effective shade on the river and mitigate warming.

Beechie et al. (2012) addressed the question of protecting salmon habitat in the face of
anticipated climate change for the 2080s, considering conditions similar to those projected for
the SFNR—a decrease in summer low flows, an increase in maximum monthly flows, and
stream temperature increases of between 2 °C and 6 °C. They concluded that restoring floodplain
connectivity, restoring streamflow regimes, and re-aggrading incised channels are most likely to
ameliorate streamflow and temperature changes and increase habitat diversity and population
resilience. The Qualitative Assessment (summarized in the Implementation Plan section of this
report) evaluates the extent to which these conclusions apply to the SFNR.
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Summary of Public Involvement Methods

This section will be completed after the Public Comment period.

South Fork Nooksack River Temperature TMDLs
Page 179 - DRAFT



References

Anderson, M.K. 2003. USDA NRCS Plant Guide: Douglas fir. National Plant Data Center.
University of California, Davis, California.

Arnes, D.P. 2006. Estimating 7Q10 Confidence Limits from Data: a Bootstrap Approach.
Journal of Water Resources Planning and Management. 132(3): 204-208.

Bartholow, J.M. 2000. Estimating Cumulative Effects of Clearcutting on Stream Temperatures.
Rivers 7(4):284-297.

Beechie, T., H. Imaki, J. Greene, A. Wade, H. Wu, G. Pess, P. Roni, J. Kimball, J. Stanford, P.
Kiffney, and N. Mantua. 2012. Restoring Salmon Habitat for a Changing Climate. River
Research and Applications. doi:10.1002/rra.2590.

Beer, A. 1852. Bestimmung der absorption des rothen lichts in farbigen Flussigkeiten
(Determination of the Absorption of Red Light in Colored Liquids). Annalen der Physic und
Chemie, vol. 86, pp. 78-88.

Beschta, R.L., R.E. Bilby, G.W. Brown, L.B. Holtby, and T.D. Hofstra. 1987. Stream
Temperature and Aquatic Habitat: Fisheries and Forestry Interactions. In Streamside
Management: Forestry and Fishery Interactions, ed. E.O. Salo and T.W. Cundy. Contribution
No. 57 — 1987. Proceedings of a conference sponsored by the College of Forest Resources,
University of Washington, Seattle, WA, pp. 192-232.

Bras, R.L. 1990. Hydrology: an Introduction to Hydrologic Science. Addison-Wesley.

Brazier, J.R., and G.W. Brown. 1973. Buffer Strips for Stream Temperature Control. Res. Pap.
15. Oregon State University, Forest Research Laboratory, Corvallis, OR.

Brosofske, K.D., J. Chen, R.J. Naiman, and J.F. Franklin. 1997. Harvesting Effects on
Microclimate Gradients from Small Sstreams to Uplands in Western Washington. Ecological
Applications 7(4):1188-1200.

Brown, M., and M. Maudlin. 2007. Upper South Fork Nooksack River Habitat Assessment..
Prepared for Salmon Recovery Funding Board, Bellingham, WA. Lummi Nation Natural
Resources Department.

Buroker, T. 2012. Personal communication, Environmental Specialist, Washington State
Department of Ecology, Bellingham Field Office, Bellingham, WA.

South Fork Nooksack River Temperature TMDLs
Page 180 - DRAFT



Butcher, J.B., M. Faizullabhoy, H. Nicholas, P. Cada, and J.T. Kennedy. 2016. Quantitative
Assessment of Temperature Sensitivity of the South Fork Nooksack River Nooksack River
under Future Climates using QUAL2Kw. EPA/600/R-14/233. Western Ecology Division,
National Health and Environmental Effects Research Laboratory, Corvallis, OR. Electronic
copy available at http://www.epa.gov/nscep.

Chapra, S.C. and G.J. Pelletier. 2003. QUAL2K: A Modeling Framework for Simulating River
and Stream Water Quality: Documentation and Users Manual. Tufts University, Civil and
Environmental Engineering Department, Medford, MA.

Chen, Y.D. 1996. Hydrologic and Water Quality Modeling for Aquatic Ecosystem Protection
and Restoration in Forest Watersheds: a Case Study of Stream Temperature in the Upper
Grande Ronde River, Oregon. PhD dissertation. University of Georgia, Athens, GA.

Chen, Y.D., R.F. Carsel, S.C. McCutcheon, and W.L. Nutter. 1998a. Stream Temperature
Simulation of Forested Riparian Areas: |I. Watershed-Scale Model Development. Journal of
Environmental Engineering 124:304-315.

Chen, Y.D., R.F. Carsel, S.C. McCutcheon, and W.L. Nutter. 1998b. Stream Temperature
Simulation of Forested Riparian Areas: Il. Model Application. Journal of Environmental
Engineering 124:316-328.

Chow, V.T. 1959. Open Channel Hydraulics. McGraw- Hill Book Co., New York.
Coe, T.A. 2001. Nooksack River Watershed Riparian Function Assessment. Nooksack Indian
Tribe, Natural Resources Department, Deming, WA.

Coe, T. 2012. Personal communication. Watershed Ecologist, Nooksack Indian Tribe, Deming,
WA.

Coe, T.A., and L.A. Doremus. 2007. Water Resources Monitoring Program Strategy. Prepared to
fulfill requirements for EPA Clean Water Act Section 106 Funding. December 31, 2007.
Nooksack Indian Tribe, Natural Resources Department, Deming, WA.

Coe, T.A,, and T. Cline. 2009. Nooksack River Watershed Water Temperature Monitoring
Program: 2007 and 2008 Data. Prepared for EPA Region 10. May 11, 2009. Nooksack Indian
Tribe, Natural Resources Department, Deming, WA.

Coffin, C., and S. Lee. 2011. Green River Temperature Total Maximum Daily Load: Water
Quality Improvement Report. Publication No. 11-10-046. Washington State Department of
Ecology. https://fortress.wa.gov/ecy/publications/publications/1110046.pdf.

Collins, B., and A. Sheikh. 2004a. Historical Riverine Dynamics and Habitats of the Nooksack
River. Final Report to the Nooksack Indian Tribe Natural Resources Department. Department
of Earth & Space Sciences, University of Washington, Seattle, WA.

South Fork Nooksack River Temperature TMDLs
Page 181 - DRAFT



Collins, B., and A. Sheikh. 2004b. Historical Channel Locations of the Nooksack River. Report
to Whatcom County Public Works Department, Bellingham, WA. November 23, 2004.
Department of Earth & Space Sciences, University of Washington, Seattle, WA.

Cooperative Monitoring Evaluation & Research Committee (CMER). 2015. Washington State
Forest Practices Adaptive Management Program Science Conference, February 11-12, 2015.
Washington State Department of Natural Resources, Olympia, WA. Accessed March 6, 2015.
http://file.dnr.wa.gov/publications/bc_cmer_%20sci_prog_20150211.pdf

Cox, S.E., Simonds, F.W., Doremus, L., Huffman, R.L., and Defawe, R.M. 2005. Ground
Water/Surface Water Interactions and Quality of Discharging Ground Water in Streams of the
Lower Nooksack River Basin, Whatcom County, Washington. U.S. Geological Survey
Scientific Investigations Report 2005-5255. USGS, Tacoma, WA.

CREM (Council for Regulatory Environmental Modeling). 2009. Guidance on the Development,
Evaluation, and Application of Environmental Models. EPA/100/K-09/003. U.S.
Environmental Protection Agency, Office of the Science Advisor, Council for Regulatory
Environmental Modeling, Washington, DC.

Cristea, N.C., and S. J. Burges. 2010. An Assessment of the Current and Future Thermal
Regimes of Three Streams Located in the Wenatchee River Basin, Washington State: Some
Implications for Regional River Basin Systems. Climatic Change, 102:493-520.

Curran, C.A., and T.D. Olsen. 2009. Estimating Low-Flow Frequency Statistics and Hydrologic
Analysis of Selected Streamflow-Gaging Stations, Nooksack River Basin, Northwestern
Washington and Canada. U.S. Geological Survey Scientific Investigations Report 2009-5170.
USGS, Tacoma, WA.

Ecology. 2003a. Shade.xls - a Tool for Estimating Shade from Riparian Vegetation. Washington
State Department of Ecology, Olympia, WA. www.ecy.wa.gov/programs/eap/models.html

Ecology. 2003b. QUAL2Kw.xIs - A Diurnal Model of Water Quality for Steady Flow
Conditions. Washington State Department of Ecology, Olympia, WA.
www.ecy.wa.gov/programs/eap/models.html

Ecology. 2011. Waters Requiring Supplemental Spawning and Incubation Protection for
Salmonid Species. Publication no. 06-10-038. Washington State Department of Ecology,
Olympia, WA. Accessed May 30, 2012.
https://fortress.wa.gov/ecy/publications/SummaryPages/0610038.html

Ecology. 2013. South Fork Nooksack River Temperature Total Maximum Daily Load Water
Quality Improvement Report and Implementation Plan. Internal Draft from 5/14/2013.

Elsner, M.M., L. Cuo, N. Voisin, J.S. Deems, A.F. Hamlet, J. Vano, K.E.B. Mickelson, S.Y. Lee,
and D.P. Lettenmaier. 2010. Implications of 21st Century Climate Change for the Hydrology

South Fork Nooksack River Temperature TMDLs
Page 182 - DRAFT


http://file.dnr.wa.gov/publications/bc_cmer_%20sci_prog_20150211.pdf

of Washington State. Climatic Change. doi:10.1007/s10584-010-9855-0.

EPA (U.S. Environmental Protection Agency). 1992. Framework for Ecological Risk
Assessment. EPA/630/R-92/0001. U.S. Environmental Protection Agency, Risk Assessment
Forum, Washington, DC.

EPA (U.S. Environmental Protection Agency). 1997. Technical Guidance Manual for
Developing Total Maximum Daily Loads. Book Il: Streams and Rivers, Part 1: Biochemical
Oxygen Demand/Dissolved Oxygen and Nutrients/Eutrophication, Page A-16. Mar 1997.
EPA 823-B-97-002.

EPA (U.S. Environmental Protection Agency). 1998. Report of the Federal Advisory Committee
on the Total Maximum Daily Load (TMDL) Program. EPA 100-R-98-06. U.S. Environmental
Protection Agency, Office of the Administrator, Washington, DC.
www.epa.gov/owow/tmdl/faca/facaall.pdf

Environmental Protection Agency (EPA). 2016. Qualitative Assessment: Evaluating the Impacts
of Climate Change on Endangered Species Act Recovery Actions for the South Fork
Nooksack River, WA. EPA/600/R-16/153. Western Ecology Division, National Health and
Environmental Effects Research Laboratory, Corvallis, OR.

FEMAT (Forest Ecosystem Management). 1993. Forest Ecosystem Management: An Ecological,
Economic, and Social Assessment. Report of the Forest Ecosystem Management Assessment
Team. U.S. Government Printing Office 1993-793-071. U.S. Government Printing Office for
the U.S. Department of Agriculture, Forest Service; U.S. Department of the Interior, Fish and
Wildlife Service, Bureau of Land Management, and National Park Service; U.S. Department
of Commerce, National Oceanic and Atmospheric Administration and National Marine
Fisheries Service; and the U.S. Environmental Protection Agency.

Flint, L.E. and A.L. Flint. 2008. A Basin-Scale Approach to Estimating Stream Temperature of
Tributaries at the Lower Klamath River, CA. Journal of Environmental Quality 37:57—-68.

Flint, L.E., and A.L. Flint. 2011. Estimation of Stream Temperature in Support of Fish
Production Modeling under Future Climates in the Klamath River Basin. USGS Report 2011-
5171. USGS, Tacoma, WA.

Fry, J., Xian, G., Jin, S., Dewitz, J., Homer, C., Yang, L., Barnes, C., Herold, N., and Wickham,
J. 2011. Completion of the 2006 National Land Cover Database for the Conterminous United
States. Photogrammetric Engineering & Remote Sensing 77(9):858-864.

Gendaszek, Andrew, 2014, Hydrogeologic framework and groundwater/surface-water
interactions of the South Fork Nooksack River Basin, northwestern Washington: U.S.
Geological Survey Scientific Investigations Report 2014-5221.

Goldin, A. 1992. Soil Survey of Whatcom County Area, Washington. U.S. Department of
Agriculture, Soil Conservation Service, Mount Vernon, WA, and Washington State

South Fork Nooksack River Temperature TMDLs
Page 183 - DRAFT




Department of Natural Resources, Olympia, WA, and Washington State University,
Agriculture Research Center, Pullman, WA.

Grah, O, 2013, Pers. Communication. Nooksack Indian Tribe, Deming, WA

Hamlet, A.F., and D.P. Lettenmaier. 2007. Effects of 20" Century Warming and Climate
Variability on Flood Risk in the Western US. Water Resources Research, 43:\W06427.

Hamlet, A.F., P. Carrasco, J. Deems, M.M. Elsner, T. Kamstra, C. Lee, S.-Y. Lee, G.S. Mauger,
E. P. Salathé, I. Tohver, and L.W. Binder. 2010. Final Report for the Columbia Basin Climate
Change Scenarios Project. University of Washington, Climate Impacts Group, Seattle, WA.

Hannah, L., L. Flint, A.D. Syphard, M.A. Moritz, L.B. Buckley, and I.M. McCullough. 2014.
Fine-grain modeling of species’ response to climate change: holdouts, stepping-stones, and
microrefugia. Trends in Ecology & Evolution, July 2014, Vol. 29, No. 7

Harrington, C. 1965. Red Alder. Silvics of North America: Volume 2, Hardwoods. Ed. R. Burns
and B. Honkala. Agriculture Handbook 654. USDA Forest Service.
(http://www.na.fs.fed.us/pubs/silvics_manual/volume_2/alnus/rubra.htm)

Hicks, M. 2002. Evaluating Standards for Protecting Aquatic Life in Washington’s Surface
Water Quality Standards — Temperature Criteria — Draft Discussion Paper and Literature
Summary. Publication Number 00-10-070. Washington State Department of Ecology,
Olympia WA.

Hood, S., N. Cristea, and A. Stohr. 2011. Whatcom, Squalicum, and Padden Creeks Temperature
Total Maximum Daily Load: Water Quality Improvement Report. Publication No. 11-10-019.
Washington State Department of Ecology, Olympia, WA.
https://fortress.wa.gov/ecy/publications/SummaryPages/1110019.html.

IPCC. 2013. Climate Change 2013: The Physical Science Basis. Contribution of Working
Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change
[Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia,
V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom
and New York, NY, USA, 1535 pp, doi:10.1017/CB09781107415324.

IPCC (Intergovernmental Panel on Climate Change). 2007. Climate Change 2007: Synthesis
Report — Summary for Policymakers. Intergovernmental Panel on Climate Change, Geneva.
http://www.ipcc.ch/pdf/assessment-report/ar4/syr/ar4d_syr_spm.pdf.

Kasper, B., M. Boyd. 2001. TTools 3.0 User Manual. Oregon Department of Environmental
Quality, Portland, OR.

Kemblowski, M., T. Asefa, and S. Haile-Selassje. 2001. Groundwater Quantity Report for WRIA
1, Phase 1l. Utah State University, Utah Water Research Laboratory, Logan, UT.

South Fork Nooksack River Temperature TMDLs
Page 184 - DRAFT



Kennedy, J.T., and J. Butcher. 2012. Quality Assurance Project Plan: South Fork Nooksack
River Temperature Total Maximum Daily Load. Publication No. 12-03-126. Prepared for
Washington State Department of Ecology, Olympia, WA, by Tetra Tech, RTP, NC.
https://fortress.wa.gov/ecy/publications/SummaryPages/1203126.html

Klein, S., J. Butcher, B. Duncan, and H. Herron. 2013. EPA Region 10 Climate Change and
TMDL Pilot, Research Plan. EPA/600/R/13/028. U.S. Environmental Protection Agency,
Office of Research and Development, Ecological Effects Branch, Western Ecology Division,
Corvallis, OR.

Klungland, M., and M. McArthur. 1989. Soil Survey of Skagit County Area, Washington. U.S.
Department of Agriculture, Soil Conservation Service, with Washington State Department of
Natural Resources, and Washington State University, Agriculture Research Center.

Laenen, A. and K. E. Bencala. 2001. Transient Storage Assessments of Dye-Tracer Injections in
Rivers of the Willamette Basin, Oregon. Journal of the American Water Resources
Association. 37(2):367-377.

Lackey, R. 2000. Restoring wild salmon to the Pacific Northwest: chasing an illusion? In: What
We Don't Know about Pacific Northwest Fish Runs --- An Inquiry into Decision-Making.
Patricia Koss and Mike Katz, Editors, Portland State University, Portland, Oregon, pp. 91
- 143. http://www.epa.gov/wed/pages/staff/lackey/pubs/illusion.htm

LANDFIRE. 2012. LANDFIRE.US_110EVH Existing Vegetation Height layer. Wildland Fire
Science, Earth Resources Observation and Science Center, U.S. Geological Survey. Accessed
February 22, 2012. http://www.landfire.gov.

Lombard, S., and C. Kirchmer. 2004. Guidelines for Preparing Quality Assurance Project Plans
for Environmental Studies. Publication No. 04-03-030. Washington State Department of
Ecology, Olympia, WA.
https://fortress.wa.gov/ecy/publications/SummaryPages/0403030.html.

Lynch, J.A., E.S. Corbett, and K. Mussallem. 1985. Best Management Practices for Controlling
Nonpoint-Source Pollution on Forested Watersheds. Journal of Soil and Water Conservation
40:164-167.

Maudlin, M., T. Coe, N. Currence, and J. Hansen. 2002. South Fork Nooksack River Acme-
Saxon Reach Restoration Planning: Analysis of Existing Information and Preliminary
Recommendations. Lummi Natural Resources. Bellingham, WA. 127pp.

Maudlin M., T. Coe, and O. Grah. 2014. Memo to Teizeen Mohamedali and Laurie Mann dated
February 19, 2014. SF Nooksack Temperature TMDL System Potential Scenario:
Recommendations for Revised Parameter Estimates.

Mauger, G.S., and N. Mantua. 2011. Climate Change Projections for USFS Lands in Oregon and
Washington. University of Washington, Climate Impacts Group, Seattle, WA.

South Fork Nooksack River Temperature TMDLs
Page 185 - DRAFT



Mohamedali, T., and A. Stohr. 2011. Determining System Potential Mature Riparian Vegetation
and Shade Guidance Document. Washington State Department of Ecology, Olympia, WA.

Mohamedali, T., and S. Lee. 2008. Bear-Evans Watershed Temperature and Dissolved Oxygen
Total Maximum Daily Load: Water Quality Improvement Report. Publication No. 08-10-058.
Washington State Department of Ecology.
https://fortress.wa.gov/ecy/publications/SummaryPages/0810058.htmi

Moore, L. 2002. USDA NRCS Plant Guide: Western Hemlock. National Plant Data Center.
Baton Rouge, Louisiana.

Mote, P.W., and E.P. Salathé. 2010. Future Climate in the Pacific Northwest. Climatic Change,
102(1-2):29-50. doi:10.1007/s10584-010-9848-z.

NHDPIus Version 2. 2012. Horizon Systems Corporation, Herndon, VA. http://www.horizon-
systems.com/NHDPIus/index.php.

Nooksack Indian Tribe. 2009. Quality Assurance Project Plan (QAPP): Nooksack River
Watershed Water Temperature Monitoring Program. Prepared for EPA Region 10, Tribal
Trust Assistance Unit, Seattle, WA.

Nooksack Indian Tribe. 2011. Sediment Yield Estimate Report for the Upper Nooksack River
Watershed. Grant # BG — 97011803. Nooksack Natural Resources Department. Prepared for
U.S. Environmental Protection Agency, Region 10, Seattle, WA by the Nooksack Indian
Tribe, Deming, WA.

Nooksack Tribe, EPA, and Tetra Tech. 2014. EPA Region 10 Climate Change and TMDL Pilot.
Qualitative Assessment: Evaluating Climate Change on Endangered Species Act Recovery
Actions in the South Fork Nooksack River, WA. Draft Report — July 31, 2014.

NRC (National Research Council). 2001. Assessing the TMDL Approach to Water Quality
Management. National Academy Press, Washington, DC.

NRCS (Natural Resources Conservation Service). 2012. Soil Survey Staff, Natural Resources
Conservation Service, United States Department of Agriculture. Soil Survey Geographic
(SSURGO) Database for Whatcom and Skagit Counties, Washington. Accessed February 22,
2012. http://soildatamart.nrcs.usda.gov.

ODEQ (Oregon Department of Environmental Quality). 2001. TTools 3.0 User Manual. Oregon
Department of Environmental Quality, Portland, OR.

Pelletier, G., and D. Bilhimer. 2004. Stillaguamish River Watershed Temperature Total
Maximum Daily Load Study. Publication No. 04-03-010. Washington State Department of
Ecology. https://fortress.wa.gov/ecy/publications/SummaryPages/0403010.html

South Fork Nooksack River Temperature TMDLs
Page 186 - DRAFT



Pelletier, G., and S. Chapra. 2008. QUAL2Kw User Manual (Version 5.1): A Modeling
Framework for Simulating River and Stream Water Quality. Publication No. 08-03-xxx.
Environmental Assessment Program, Olympia, WA.

Pollock, M.M., T.J. Beechie, M. Liermann, and R.E. Bigley. 2009. Stream Temperature
Relationships to Forest Harvest in Western Washington. Journal of the American Water
Resources Association 45(1):141-156.

Serveiss, V.B., J.B. Butcher, J. Diamond, and K.C. Jones. 2005. Improving the TMDL Process
using Watershed Risk Assessment Principles. Environmental Management, 36(1):143-151.

Smith, C.J. 2002. Salmon and Steelhead Habitat Limiting Factors in WRIA 1, the Nooksack
Basin. Washington State Conservation Commission, Lacey, WA.

Soicher, A., T. Coe, and N. Currence. 2006. South Fork Nooksack River Acme-Confluence
Reach Restoration Planning: Analysis of Existing Information and Preliminary Restoration
Strategies. Prepared for Salmon Recovery Funding Board, Office of the Interagency
Committee, Olympia, WA, by Nooksack Indian Tribe, Natural Resources Department,
Deming, WA.

Steinblums, 1., H. Froehlich, and J. Lyons. 1984. Designing Stable Buffer Strips for Stream
Protection. Journal of Forestry 821(1):49-52.

Stohr, A., J. Kardouni, and R. Svrjcek. 2011. Snoqualmie River basin Temperature Total
Maximum Daily Load: Water Quality Improvement Report and Implementation Plan.
Publication No. 11-10-041. Washington State Department of Ecology, Olympia, WA, and
Washington State Department of Ecology Water Quality Program, Bellevue, WA.

Tarboton, D.G., R. Woods, and I. Tcherednichenko. 2007a. WRIA 1 Watershed Management
Project Phase 111, Task 4.1 Report: Surface Water Quantity Model Development and
Calibration. Utah State University, Utah Water Research Laboratory, Logan, UT.

Tarboton, D.G., R. Woods, and I. Tcherednichenko. 2007b. WRIA 1 Watershed Management
Project Phase 11, Task 4.2 Report: Validation of Surface Water Quantity Model through
Analyses of Scenarios. Utah State University, Utah Water Research Laboratory, Logan, UT.

USFS (U.S. Forest Service). 1995. North Fork Nooksack River Watershed Analysis. Mount
Baker Ranger District, Sedro Woolley, WA.

USFS (U.S. Forest Service). 2006. Middle Fork and South Fork Nooksack Rivers Watershed
Analysis. Mount Baker Ranger District, Sedro Woolley, WA.

USGS (U.S. Geological Survey). 2000a. Mean Annual Precipitation in the WRIA 1 Study Area
(1961-1990). Accessed July 31, 2012. http://wa.water.usgs.gov/projects/wria01/maps.htm.

South Fork Nooksack River Temperature TMDLs
Page 187 - DRAFT



USGS (U.S. Geological Survey). 2000b. Mean Annual Temperature in the WRIA 1 Study Area
(1961-1990). Accessed July 31, 2012. http://wa.water.usgs.gov/projects/wria01/maps.htm.

USGS (U.S. Geological Survey). 2012. Dunite, Twin Sisters Mountain DTS-2b. Accessed
September 5, 2012. http://crustal.usgs.gov/geochemical_reference_standards/dunitedts2.html.

WAC 173-201A. Water Quality Standards for Surface Waters in the State of Washington.
Washington State Department of Ecology, Olympia, WA.
https://fortress.wa.gov/ecy/publications/summarypages/wac173201a.html

Washington Geological Survey. 2012. Washington Interactive Geological Map. Accessed July
20, 2012. https://fortress.wa.gov/dnr/geology/?Site=wigm..

Watershed Sciences, LLC. 2002. Aerial Remote Sensing Surveys in the Nooksack River Basin,
Thermal Infrared and Color Videography. Prepared for Nooksack Indian Tribe, Deming, WA,
by Watershed Sciences, Portland, OR.

WFPB (Washington Forest Practices Board). 1997. Standard methodology for conducting
watershed analysis, Version 4.0. Appendix D: Riparian function assessment.
Timber/Fish/Wildlife Agreement on WFPB. Olympia, WA.

Whatcom County Planning and Development Services. 2005. Whatcom County Shoreline
Management Program Update Background Information — VVolume 11, Scientific Literature
Review and Recommendations for Code Update. Prepared by Parametrix in association with
Adolfson Associates, Inc., Coastal Geologic Services, Earth Systems, and Jennifer Thomas
and Associates for Whatcom County Planning and Development Services, Bellingham, WA.

Winkelaar, M. 2004. Preliminary Draft: Mapping Methodology and Data Sources for Historic
Conditions Landuse/Landcover Within Water Resource Inventory Area 1 (WRIA1)
Washington, U.S.A. Utah State University, Institute for Natural Systems Engineering, Utah
Water Research Laboratory, Logan, UT.

Wu, H., J.S. Kimball, M.M. Elsner, N. Mantua, R.F. Adler, and J. Stanford. 2012. Projected
Climate Change Impacts on the Hydrology and Temperature of Pacific Northwest Rivers.
Water Resources Research, 48:W11530.

Yohe, G. 2011. Incorporating (Iterative) Risk Management into the National Climate
Assessment, presentation by Gary Yohe, Vice-Chair of the NCADAC, July 12, 2011,
Regional Working Group Background Document, Climate Assessment.

Zalewsky, B., and D. Bilhimer. 2004. Lower Skagit River Tributaries Temperature Total
Maximum Daily Load. Publication No. 04-03-001. Washington State Department of Ecology,
Olympia, WA. https://fortress.wa.gov/ecy/publications/SummaryPages/0403001.html

South Fork Nooksack River Temperature TMDLs
Page 188 - DRAFT



Appendices

South Fork Nooksack River Temperature TMDLs
Page 189 - DRAFT



Appendix A Glossary, acronyms, and abbreviations

1-DMax or 1-day maximum temperature: The highest water temperature reached on any
given day. This measure can be obtained using calibrated maximum and minimum
thermometers or continuous monitoring probes having sampling intervals of 30 minutes or less.

303(d) List: Section 303(d) of the federal Clean Water Act requires Washington State
periodically to prepare a list of all surface waters in the state for which designated uses of the
water — such as for drinking, recreation, aquatic habitat, and industrial use — are impaired by
pollutants. These are water quality-limited water bodies (ocean waters, estuaries, lakes, and
streams) that fall short of state surface water quality standards and are not expected to improve
within the next two years.

60Q2: the 60-day average low flow with an occurrence interval of 2 years.

7-DADMax or 7-day average of the daily maximum temperatures: The arithmetic average
of seven consecutive measures of daily maximum temperatures. The 7-DADMax for any
individual day is calculated by averaging that day's daily maximum temperature with the daily
maximum temperatures of the three days prior and the three days after that date.

7Q2 flow: A typical low-flow condition. The 7Q2 is a statistical estimate of the lowest 7-day
average flow that can be expected to occur once every other year on average. The 7Q2 flow is
commonly used to represent the average low-flow condition in a water body and is typically
calculated from long-term flow data collected in each basin. For temperature TMDL work, the
7Q2 is usually calculated for the months of July and August as these typically represent the
critical months for temperature in our state.

7Q10 flow: A critical low-flow condition. The 7Q10 is a statistical estimate of the lowest 7-day
average flow that can be expected to occur once every 10 years on average. The 7Q10 flow is
commonly used to represent the critical flow condition in a water body and is typically
calculated from long-term flow data collected in each basin. For temperature TMDL work, the
7Q10 is usually calculated for the months of July and August as these typically represent the
critical months for temperature in our state.

90th percentile: A statistical number obtained from a distribution of a data set, above which
10% of the data exists and below which 90% of the data exists.

Anastomosing: Reconnecting of previously separated streams.
Analyte: Water quality constituent being measured (parameter).

Anadromous: A term describing fish which migrate upstream to spawn.
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Angular canopy density (ACD): The percentage of time that a given point on a stream will be
shaded from direct beam solar radiation between 10 a.m. to 2 p.m. local solar time. For
example, if a point on a stream is always shaded from 10 a.m. to 2 p.m. in August, then August
ACD at that point is 100%. If that point is never shaded between 10 a.m. to 2 p.m., then ACD at
that point is zero. Average ACD of a stream reach is estimated by sampling it over the width and
length of the reach. Typical values of the ACD for old-growth stands in western Oregon have
been reported to range from 80 to 90%.

Bankfull stage: Formally defined as the stream level that “corresponds to the discharge at
which channel maintenance is most effective, that is, the discharge at which moving sediment,
forming or removing bars, forming or changing bends and meanders, and generally doing work
that results in the average morphologic characteristics of channels” (Dunne and Leopold, 1978).

Best management practices (BMPs): Physical, structural, or operational practices that, when
used singularly or in combination, prevent or reduce pollutant discharges.

Char: Char (genus Salvelinus) are distinguished from trout and salmon by the absence of teeth
in the roof of the mouth, presence of light colored spots on a dark background, absence of spots
on the dorsal fin, small scales, and differences in the structure of their skeleton. (Trout and
salmon have dark spots on a lighter background.)

Chronic critical effluent concentration: The maximum concentration of effluent during
critical conditions at the boundary of the mixing zone assigned in accordance with WAC
173-201A-100. The boundary may be based on distance or a percentage of flow. Where no
mixing zone is allowed, the chronic critical effluent concentration shall be 100% effluent.

Clean Water Act: A federal act passed in 1972 that contains provisions to restore and maintain
the quality of the nation’s waters. Section 303(d) of the Clean Water Act establishes the TMDL
program.

Conductivity: A measure of water’s ability to conduct an electrical current. Conductivity is
related to the concentration and charge of dissolved ions in water.

Critical condition: When the physical, chemical, and biological characteristics of the receiving
water environment interact with the effluent to produce the greatest potential adverse impact on
aquatic biota and existing or designated water uses. For steady-state discharges to riverine
systems, the critical condition may be assumed to be equal to the 7Q10 (see definition) flow
event unless determined otherwise by the department.

Designated uses: Those uses specified in Chapter 173-201A WAC (Water Quality Standards
for Surface Waters of the State of Washington) for each water body or segment, regardless of
whether or not the uses are currently attained.

Diel: Of, or pertaining to, a 24-hour period.

Digitize: to convert an image to a digital format to allow for computer processing.

South Fork Nooksack River Temperature TMDLs
Page A-191 - DRAFT


http://www.nrcs.usda.gov/programs/ewp/index.html?cite=173-201A-100

Dilution factor: The relative proportion of effluent to stream (receiving water) flows occurring
at the edge of a mixing zone during critical discharge conditions as authorized in accordance
with the state’s mixing zone regulations at WAC 173-201A-100.
http://apps.leg.wa.gov/WAC/default.aspx?cite=173-201A-020

Diurnal: Of, or pertaining to, a day or each day; daily. (1) Occurring during the daytime only,
as different from nocturnal or crepuscular, or (2) Daily; related to actions which are completed in
the course of a calendar day, and which typically recur every calendar day (for example, diurnal
temperature rises during the day and falls during the night.)

Effective shade: The fraction of incoming solar shortwave radiation that is blocked from
reaching the surface of a stream or other defined area.

Exceeded criteria: Did not meet criteria.

Existing uses: Those uses actually attained in fresh and marine waters on or after November 28,
1975, whether or not they are designated uses. Introduced species that are not native to
Washington, and put-and-take fisheries comprised of non-self-replicating introduced native
species, do not need to receive full support as an existing use.

Hyporheic: The area beneath and adjacent to a stream where surface water and groundwater
intermix.

Load allocation: The portion of a receiving water’s loading capacity attributed to one or more
of its existing or future sources of nonpoint pollution or to natural background sources.

Loading capacity: The greatest amount of a substance that a water body can receive and still
meet water quality standards.

Longitudinal Connectivity: Connectivity of habitat along the length of a river.

Margin of safety: Required component of TMDLSs that accounts for uncertainty about the
relationship between pollutant loads and quality of the receiving water body.

Microclimate: local atmospheric zone where the climate is different from the surrounding area,
namely in this case due to the impact of the stream.

Municipal separate storm sewer systems (MS4): A conveyance or system of conveyances
(including roads with drainage systems, municipal streets, catch basins, curbs, gutters, ditches,
manmade channels, or storm drains): (1) owned or operated by a state, city, town, borough,
county, parish, district, association, or other public body having jurisdiction over disposal of
wastes, stormwater, or other wastes and (2) designed or used for collecting or conveying
stormwater; (3) which is not a combined sewer; and (4) which is not part of a Publicly Owned
Treatment Works (POTW) as defined in the Code of Federal Regulations at 40 CFR 122.2.
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National Pollutant Discharge Elimination System (NPDES): National program for issuing
and revising permits, as well as imposing and enforcing pretreatment requirements, under the
Clean Water Act. The NPDES permit program regulates discharges from wastewater treatment
plants, large factories, and other facilities that use, process, and discharge water back into lakes,
streams, rivers, bays, and oceans.

"Natural conditions™ or ""natural background levels': Natural conditions means surface
water quality that was present before any human-caused pollution. When estimating natural
conditions in the headwaters of a disturbed watershed it may be necessary to use the less
disturbed conditions of a neighboring or similar watershed as a reference condition. (See also
WAC 173-201A-260(1).)

Near-stream disturbance zone (NSDZ): The active channel area without riparian vegetation
that includes features such as gravel bars.

Nonpoint source: Pollution that enters any waters of the state from any dispersed land-based or
water-based activities, including but not limited to, atmospheric deposition; surface water runoff
from agricultural lands; urban areas; or forest lands; subsurface or underground sources; or
discharges from boats or marine vessels not otherwise regulated under the National Pollutant
Discharge Elimination System Program. Generally, any unconfined and diffuse source of
contamination. Legally, any source of water pollution that does not meet the legal definition of
point source in section 502(14) of the Clean Water Act.

Parameter: Water quality constituent being measured (analyte). A physical, chemical, or
biological property whose values determine environmental characteristics or behavior.

Pathogen: Disease-causing microorganisms such as bacteria, protozoa, viruses.

pH: A measure of the acidity or alkalinity of water. A low pH value (0 to 7) indicates that an
acidic condition is present, while a high pH (7 to 14) indicates a basic or alkaline condition. A
pH of 7 is considered to be neutral. Since the pH scale is logarithmic, a water sample with a pH
of 8 is ten times more basic than one with a pH of 7.

Phase | stormwater permit: The first phase of stormwater regulation required under the federal
Clean Water Act. The permit is issued to medium and large municipal separate storm sewer
systems (MS4s) and construction sites of five or more acres.

Phase Il stormwater permit: The second phase of stormwater regulation required under the
federal Clean Water Act. The permit is issued to smaller municipal separate storm sewer
systems (MS4s) and construction sites over one acre.

Point source: Sources of pollution that discharge at a specific location from pipes, outfalls, and
conveyance channels to a surface water. Examples of point source discharges include municipal
wastewater treatment plants, municipal stormwater systems, industrial waste treatment facilities,
and construction sites that clear more than five acres of land.
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Pollution: Such contamination, or other alteration of the physical, chemical, or biological
properties, of any waters of the state. This includes change in temperature, taste, color, turbidity,
or odor of the waters. It also includes discharge of any liquid, gaseous, solid, radioactive, or
other substance into any waters of the state. This definition assumes that these changes will, or
are likely to, create a nuisance or render such waters harmful, detrimental, or injurious to (1)
public health, safety, or welfare, or (2) domestic, commercial, industrial, agricultural,
recreational, or other legitimate beneficial uses, or (3) livestock, wild animals, birds, fish, or
other aquatic life.

Primary contact recreation: Activities where a person would have direct contact with water to
the point of complete submergence including, but not limited to, skin diving, swimming, and
water skiing.

Reach: A specific portion or segment of a stream.

Refugia: Isolated areas of protection provided to a species of interest. In context of this report,
“cold water refugia” refer to the refuges created by unique factors along a river, such as root
systems, eddies, etc.

Riparian: Relating to the banks along a natural course of water.
Salmonid: Fish that belong to the family Salmonidae. Any species of salmon, trout, or char.

Stormwater: The portion of precipitation that does not naturally percolate into the ground or
evaporate but instead runs off roads, pavement, and roofs during rainfall or snow melt.
Stormwater can also come from hard or saturated grass surfaces such as lawns, pastures,
playfields, and from gravel roads and parking lots.

Surface waters of the state: Lakes, rivers, ponds, streams, inland waters, salt waters, wetlands
and all other surface waters and water courses within the jurisdiction of Washington State.

Surrogate measures: To provide more meaningful and measurable pollutant loading targets,
EPA regulations [40 CFR 130.2(i)] allow other appropriate measures, or surrogate measures in a
TMDL. The Report of the Federal Advisory Committee on the TMDL Program (EPA, 1998)
includes the following guidance on the use of surrogate measures for TMDL development:

When the impairment is tied to a pollutant for which a numeric criterion is not possible, or
where the impairment is identified but cannot be attributed to a single traditional “pollutant,”
the state should try to identify another (surrogate) environmental indicator that can be used to
develop a quantified TMDL, using numeric analytical techniques where they are available,
and best professional judgment (BPJ) where they are not.

System potential: The design condition used for TMDL analysis.

System potential channel morphology: The more stable configuration that would occur with
less human disturbance.
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System potential mature riparian vegetation: Vegetation which can grow and reproduce on a
site, given climate, elevation, soil properties, plant biology, and hydrologic processes.

System potential riparian microclimate: The best estimate of air temperature reductions that
are expected under mature riparian vegetation. System potential riparian microclimate can also
include expected changes to wind speed and relative humidity.

System potential temperature: An approximation of the temperatures that would occur under
natural conditions. System potential is our best understanding of natural conditions that can be
supported by available analytical methods. The simulation of the system potential condition uses
best estimates of mature riparian vegetation, system potential channel morphology, and system
potential riparian microclimate that would occur absent any human alteration.

Thalweg: The line of lowest elevation within a river.

Total maximum daily load (TMDL): A distribution of a substance in a water body designed to
protect it from exceeding water quality standards. A TMDL is equal to the sum of all of the
following: (1) individual wasteload allocations for point sources, (2) the load allocations for
nonpoint sources, (3) the contribution of natural sources, and (4) a Margin of Safety to allow for
uncertainty in the wasteload determination. A reserve for future growth is also generally
provided.

Total suspended solids (TSS): The suspended particulate matter in a water sample as retained
by a filter.

Turbidity: A measure of water clarity. High levels of turbidity can have a negative impact on
aquatic life.

Wasteload allocation: The portion of a receiving water’s loading capacity allocated to existing
or future point sources of pollution. Wasteload allocations constitute one type of water quality-
based effluent limitation.

Watershed: A drainage area or basin in which all land and water areas drain or flow toward a
central collector such as a stream, river, or lake at a lower elevation.
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Acronyms and abbreviations

BMP best management practice

CCAP Coastal Change Analysis Program

CFR Code of Federal Regulations

CID Climate Information Group

CWA Clean Water Act

DPS distinct population segment

DTS distributed temperature sensors

Ecology Washington State Department of Ecology
ELJ engineered log jam

EPA United States Environmental Protection Agency
ESA Endangered Species Act

ESU evolutionarily significant unit

EVH existing vegetation height

EVT existing vegetation type

FEMAT Forest Management Assessment Team

FLIR Forward Looking Infrared thermal imagery
GCM global climate model

GIS geographic information system software

HPD hourly precipitation data

IGAP Indian General Assistance Grant

IP implementation plan

IPCC International Panel on Climate Change

LFS low-flow frequency statistic

LiDAR Light Detection and Ranging

MS4 municipal separate storm sewer systems
NAIP National Agricultural Imagery Program
NCAP North Cascadia Adaptation Partnership
NCDC National Climatic Data Center

NLCD National Land Cover Dataset

NOAA National Oceanic and Atmospheric Administration
NPDES National Pollutant Discharge Elimination System
NRCS Natural Resources Conservation Service
NSDZ near-stream disturbance zone

ODEQ Oregon Department of Environmental Quality
ORD Office of Research and Development

OTIS One-dimensional transport with inflow and storage
ow Office of Water

Precip precipitation

PNW Pacific Northwest

QA/QC quality assurance/quality control

QAPP quality assurance project plan

RCU riparian condition units

RCW Revised Code of Washington

RM river mile
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RMSE root mean square error

RPD relative perfect difference

SEPA State Environmental Policy Act

SFNR South Fork Nooksack River

SNOTEL SNOwpack and TELemetry

SOD summary of the day

SPV system potential vegetation

SSURGO Soil Survey Geographic database

TIR thermal infrared radiation

TMDL total maximum daily load (water cleanup plan)
Trib tributary stream

TSS total suspended solids

USDA United States Department of Agriculture
USFS United States Forest Service

USGS United States Geological Survey

VIC variable infiltration capacity

WAC Washington Administrative Code

WDNR Washington Department of Natural Resources
WQ water quality

WQA water quality assessment

WQIR water quality improvement report

WQS water quality standard

WRIA Water Resource Inventory Area

WSDOT Washington State Department of Transportation
WSU Washington State University

WWTP wastewater treatment plant

Units of Measurement

% percent

# number, count

°C degrees centigrade

°F degrees Fahrenheit

cfs cubic feet per second

cm centimeter

cm?/s square centimeter per second
ft feet

ft/s feet per second, velocity

m/s meters per second, velocity
kcfs 1,000 cubic feet per second
km kilometer, a unit of length equal to 1,000 meters.
m meter

mi mile

mi? square mile

mg million gallons

mgd million gallons per day
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RM river mile, distance along river from mouth
wyY water year, 12-month period from October 1 to September 30
W/m? Watts per square meters, heat load units
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Appendix B Stream temperatures and criteria exceedances

Table B-1. 7-DADMax of stream temperatures in 2007 in the South Fork Nooksack River subbasin (collected by Nooksack Indian Tribe).

January 1 - July 1

July 2 - August 31

September 1 - December 31

Stallgon S N Station Description #Days Temperature (°C) # Days #Days Temperature (°C) # Days #Days Temperature (°C) # Days
Monitored i Szl Monitored i ezl Monitored i EeaEilg
Kiighest e Criteria Highest e Standard Highest e Criteria
7-DADMax Criteria 7-DADMax Criteria 7-DADMax Criteria

2007 Monitoring

SF0200 SFNR Upstream of Wanlick Creek 25 11.0 12 0 61 16.0 12 56 42 14.9 12 17

SF0210 Wanlick Creek Near SFNR confluence 25 10.1 12 0 61 14.3 12 50 42 13.0 12 15

SF0190 SENR Seattle City Light bridge 9 12.2 12 1 61 16.2 12 61 26 13.8 12 16

SF0180 SFNR 200 Rd Bridge 9 12.8 12 2 61 17.3 12 61 42 15.7 12 19

SF0153 SENR Larson’s bridge 11 13.7 12 6 61 18.6 12 61 26 16.6 12 25

SF0135 Deer Creek 140 Rd Bridge 11 13.3 12 3 61 16.3 12 61 36 13.7 12 16

SF0134 SFNR New Bridge 9 14.3 13 3 53 19.5 16 47 21 17.8 13 21

SFT016 Cavanaugh Creek 1000 Puddles Trail 18 12.1 13 0 61 15.7 16 0 41 13.3 13 6

SFT015 Edfro Creek 1000 Puddles Trail 18 12.9 13 0 61 15.7 16 0 41 13.9 13 15

SF0130 Skookum Creek USGS gage station 10 12.4 12 1 61 15.5 12 61 24 13.5 12 16
Downstream of Hutchinson

SF0075 SFNR Creek 24 15.2 13 11 61 19.9 16 57 34 18.6 13 26
Upstream of Turkington Rd.

SF0033 McCarty Creek bridge 24 12.8 16 0 61 15.8 16 0 34 135 16 0
Upstream of Kalsbeek not

SF0031 SFNR along riprap monitored -- 13 - 29 20.2 16 29 31 18.7 13 26
Kalsbeek above culvert- not

SF0030 SFENR downstream end monitored - 13 -- 58 20.2 16 55 31 18.4 13 26

not
SF0025 SFNR Upstream of Todd Creek 7 15.8 13 7 26 20.2 16 23 monitored - 13 -
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Table B-2. 2007 exceedances of water quality criteria (WQC) by location (collected by
Nooksack Indian Tribe).

. Total Days
. Station " Total Days Percent

SE) (1D SUCET) NENIE Description Exc\‘ﬁg%mg Monitored Exceedance?

2007 Monitoring

SF0200 SFNR Upstream of 73 128 57%
Wanlick Creek

SF0210 | Wanlick Creek | Né&r SFNR 65 128 51%
confluence

SF0190 | SFNR Seattle City Light 78 96 81%
Bridge

SF0180 SFNR 200 Rd Bridge 82 112 73%

SF0153 SFNR Larson’s Bridge 92 98 94%

SF0135 Deer Creek 140 Rd Bridge 80 108 74%

SF0134 SENR New Bridge 71 83 86%

SETO16 Cavanaugh 100_0 Puddles 6 120 5%

Creek Trail

SFT015 Edfro Creek %?‘g? Puddles 15 120 13%

SF0130 Skookum Creek | USCS 9age 78 95 82%
station

SF0075 SFNR Downstream of 94 119 79%
Hutchinson Creek
Upstream of

SF0033 McCarty Creek | Turkington Rd. 0 119 0%
Bridge
Upstream of

SF0031 SFNR Kalsbeek along 55 60 92%
riprap
Kalsbeek above

SF0030 SFNR culvert- 81 89 91%
downstream end

SF0025 | SFNR Upstream of Todd 30 33 91%
Creek

aPercent Exceedance = (number of days exceeding WQC) / (total days monitored) x 100
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Table B-3. Stream temperature as 7-DADMax for 2008 in the South Fork Nooksack subbasin (collected by Nooksack Indian Tribe).

January 1 - July 1 July 2 - August 31 September 1 - December 31
i Temperature ( C Temperature (C Temperature (C

SEm S Station Description? P © # Days P © # Days £ (© # Days

2 DTS i DV Exceeding i [DEVS Exceeding i IDEYS Exceeding

Monitored Highest wQ Criteria Monitored Highest wQ Criteria Monitored Highest wQ Standard
7-DADMax Criteria 7-DADMax Criteria 7-DADMax Criteria

2008 Monitoring
08SF01 SFNR Kalsbeek ELJ#1 3 13.2 13 1 61 19.8 16 33 21 18.8 13 21

Downstream of
08SF02 SFNR Kalsbeek ELJ#1 3 13.2 13 1 61 20.1 16 33 21 16.1 13 20

not

08SF03 | SFNR Kalsbeek side channel 3 133 13 3 14 17.9 16 7 momto e - 13 -
08SF04 | SFNR Kalsbeek ELJ#3 3 13.0 13 1 61 19.3 16 8 21 15.8 13 20
08SF06 | SFNR Eﬁ;ﬁﬁi‘;ﬁgﬁﬁcm 3 13.2 13 1 61 19.8 16 33 21 15.8 13 20
08SF08 | SFNR gf:éfgﬂ“;;odd mo:i?ére J - 13 - 52 20.0 16 34 9 15.9 13 9
08SFO7 | SFNR Downstream of Todd 3 134 13 2 61 20.0 16 34 21 15.4 13 20

Creek

a ELJ = engineered log jam projects that were implemented by the Nooksack Indian Tribe and designed in part to create temperature refuges for holding spring Chinook.
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Table B-4. 2008 exceedances of Water Quality Criteria (WQC) by location (collected by
Nooksack Indian Tribe).

. Total Days
. Station " Total Days Percent
SEWLE) ([8) - S MBI Description® ST Monitored | Exceedance?
wWQC
2008 Monitoring
08SF01 SFNR Kalsbeek ELJ#1 55 85 65%
Downstream of 0
08SF02 SFNR Kalsbeek ELJ#1 54 85 64%
08SFO3 | SFAR Kalsbeek side 10 17 59%
channel
08SF04 SFNR Kalsbeek ELJ#3 29 85 34%
Kalsbeek bank 0
08SF06 SFNR roughness structure 54 85 64%
Upstream of Todd 0
08SF08 SFNR Creek ELJ site 43 61 70%
Downstream of 0
08SF07 SFNR Todd Creek 56 85 66%

2Percent Exceedance = (number of days exceeding WQC) / (total days monitored) x 100

b ELJ = engineered log jam projects that were implemented by the Nooksack Indian Tribe and designed in part to create
temperature refuges for holding spring Chinook.
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Table B-5. Stream temperature as 7-DADMax for 2009 in the South Fork Nooksack subbasin (collected by Nooksack Indian Tribe).

January 1 - July 1 July 2 - August 31 September 1 - December 31
Sta”tDlon Stream Name Station Description Temperature ( C) # Days Temperature ( C) # Days Temperature ( C) #Days
i DEYS . Exceeding i DEVS . Exceeding £ DEVS . Exceeding
Monitored Highest wQ Criteria Monitored Highest wQ Criteria Monitored Highest wQ Criteria
7-DADMax Criteria 7-DADMax Criteria 7-DADMax Criteria

2009 Monitoring

405 SFNR 200 Rd Bridge 21 13.4 12 7 17 18.3 12 17 15 17.8 12 8

09SFO1 | SFNR Downstream right bank 21 155 12 13 61 224 12 61 14 17.8 12 14
erosion area (RM 24.2)

412 Deer Creek 140 Rd Bridge 21 14.0 12 16 61 18.0 12 61 14 14.1 12 14

South Fork Right bank at Kalsbeek not

09KBO1 Nooksack River on ELJ monitored - 13 - 44 24.4 16 44 31 19.6 13 28

09KBO2 | SFNR Right bank at Kalsbeek not - 13 - 44 243 16 44 31 195 13 28
on small wood pile monitored

09TK02 | SFNR Right bank Tenaska at not - 13 - 44 252 16 44 11 205 13 11
ELJ monitored
Left bank at Tenaska at not

09TKO3 SFNR ELJ3 monitored - 13 - 44 13.7 16 0 31 13.7 13 11
Left bank at Tenaska at not

09TKO1 SFNR ELJ 1in eddy monitored - 13 - 32 238 16 32 31 19.9 13 28
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Table B-6. 2009 exceedances of water quality criteria (WQC), by location (collected by
Nooksack Indian Tribe).

. Total Days
. Station " Total Days Percent
SEWLE) 12 SUTEETI NENLS Description ST Monitored | Exceedance?
WQC

2009 Monitoring

405 SFNR 200 Rd Bridge 32 53 60%
Downstream right

09SF01 SFNR bank erosion area 88 96 92%
(RM 24.2)

412 Deer Creek 140 Rd Bridge 91 96 95%
Right bank at 0

09KBO1 SFNR Kalsbeek on ELJ 72 75 96%
Right bank at

09KBO02 SFNR Kalsbeek on small 72 75 96%
wood pile

09TKO2 | SFNR Right bank Tenaska 55 55 100%
at ELJ
Left bank at 0

09TKO03 SFNR Tenaska at ELJ 3 11 75 15%
Left bank at

09TKO1 SFNR Tenaska at ELJ 1in 60 63 95%
eddy

2Percent Exceedance = (number of days exceeding WQC) / (total days monitored) x 100
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Table B-7. Stream temperature as 7-DADMax for 2010 in the South Fork Nooksack subbasin (collected by Nooksack Indian Tribe).

January 1 -July 1

July 2 - August 31

September 1 - December 31

Station Temperature ( C) Temperature ( C) Temperature ( C)
Station ID Stream Name Besaisiion # Days —— # Days #Days T— # Days #Days —_— # Days
ighes i ighes i ighes i
Monitored 7_9 wQ E:(:ceed.'ng Monitored 7_9 wWQ Exceeding | o oiiored 7_g wWQ Exceeding
Criteria fitefla Criteria Criteria Criteria Criteria
DADMax DADMax DADMax
2010 Monitoring
) Upstream of not
USWanlick SFNR Wanlick Creek monitored -- 12 - 45 18.3 12 45 33 13.1 12 9
Wanlick10 Wanlick Creek Wanlick Creek not - 12 - 45 15.9 12 43 33 11.9 12 0
monitored
. Downstream of not
DSWanlick SFNR Wanlick Creek monitored -- 12 - 45 17.4 12 45 33 12.7 12 3
South Fork at
406 SFNR Seattle City 34 11.6 12 - 54 17.2 12 50 31 12.9 12 9
Light property
South Fork at
405 SFNR 200 Road 34 12.8 12 6 54 19.5 12 51 31 12.4 12 1
Bridge
412 Deer Creek Deer Creek 33 12.9 12 7 54 16.5 12 52 31 13.0 12 23
411 Plumbago Creek Plumbago Creek 4 8.8 12 - 25 16.6 12 25 31 12.5 12 11
410 Cavanaugh Cavanaugh not - 13 - 44 223 16 44 34 165 13 27
Creek Creek monitored
409 Edfro Creek Edfro Creek 32 12.3 13 - 59 16.3 16 4 48 13.4 13 8
413 Skookum Creek Skookum Creek 25 11.6 12 - 54 14.7 12 50 53 12.2 12 3
South Fork
Nooksack
403 SFNR Upstream Saxon 35 13.6 13 5 54 20.2 16 45 27 15.5 13 19
Br.
Hutchinson Hutchinson
408 Creek Creek 34 12.8 12 8 54 15.2 12 52 27 12.9 12 20
SF Nooksack
402 SFNR DS of 25 143 13 9 54 217 16 49 27 171 13 20
Hutchinson
Creek
Kalsbeek not
KALSUS10 SFNR Upstream of monitored -- 13 - 51 22.0 16 51 40 17.4 13 28
upper most ELJ
Kalsbeek at not
KALSELJ110S SFNR upper logjam monitored -- 13 - 51 22.2 16 51 39 17.3 13 30
SURFACE
Kalsbeek at not
KALSELJ110D SFNR upper logjam itored - 13 - 51 21.4 16 51 39 16.9 13 29
DEPTH monitore
Kalsbeek #2 not
KALSBA210S SFNR Bank Armor . d -- 13 - 51 216 16 51 39 16.9 13 30
SURFACE monitore
Kalsbeek at #2 not
KALSBA210D SFNR Bank Armor . -- 13 - 51 216 16 51 39 16.8 13 29
DEPTH monitored
Kalsbeek #4 not
KALSBA410 SFNR Bank Armor monitored -- 13 - 51 217 16 51 39 16.9 13 30
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January 1 -July 1

July 2 - August 31

September 1 - December 31

Station Temperature ( C) Temperature ( C) Temperature ( C)
Station ID Stream Name e # Days —— # Days # Days T # Days # Days —_ # Days
ighes i ighes i ighes i
Monitored 7_g wQ Exceeding | )0 itored 7_g wWQ Exceeding | o i ored 7_g wWQ Bzt
Criteria Criteria Criteria Criteria Criteria Criteria
DADMax DADMax DADMax
2010 Monitoring
Kalsbeek #6 not
KALSBA610S SFNR Bank Armor monitored -- 13 - 51 21.6 16 51 39 16.8 13 30
SURFACE
Kalsbeek #6 not
KALSBAG610D SFNR Bank Armor R -- 13 - 51 21.6 16 51 39 16.9 13 20
monitored
DEPTH
Tenaska Right
bank Upstream not
TENASKUS10 SFNR of ELJ cabled to monitored - 13 - 51 22.4 16 51 41 17.6 13 34
root wad
Tenaska cabled
TENASKELJ310S | SFNR o 3rd ELJ in not - 13 - 51 17.6 16 35 38 15.4 13 30
back water monitored
SURFACE
Tenaska cabled
TENASKELJ310D | SFNR to 3rd ELJin not - 13 - 51 125 16 0 38 142 13 7
backwater monitored
DEPTH
Tenaska cabled
TENASKELJ110D | SFNR to IstELY in not - 13 - 51 187 16 42 38 15.4 13 29
back water monitored
Depth
Van Zandt not
VANZANUS10S SFNR Upstream of ELJ monitored -- 13 - 46 22.1 16 46 48 17.3 13 34
site SURFACE
407 Black Slough Black Slough 35 15.0 13 23 50 16.7 16 12 39 14.6 13 30
Van Zandt
Downstream of not
VANZANDS10S SFNR ELJ sites monitored -- 13 - 46 25.7 16 46 39 17.4 13 34
SURFACE
Van Zandt not
VANZANDS10D SFNR Downstream of . -- 13 - 46 22.1 16 46 48 17.3 13 33
) monitored
ELJ sites Depth
Van Zandt
Downstream of not
SF SFNR ELJ sites monitored -- 13 - 46 22.3 16 46 14 17.5 13 14
DEPTH
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Table B-8. 2010 exceedances of water quality standards (WQC), by location (collected by
Nooksack Indian Tribe).

. Total Days
. Station " Total Days Percent
SE (1o SUTEETI NENLS Description Exwg((i:mg Monitored | Exceedance?®
2010 Monitoring
USWanlick SFNR Upstream of 54 78 69%
Wanlick Creek
Wanlick10 Wanlick Creek Wanlick Creek 43 78 55%
. Downstream of o
DSWanlick SFNR Wanlick Creek 48 78 62%
South Fork at
406 SFNR Seattle City 59 119 50%
Light property
South Fork at
405 SFNR 200 Road 58 119 49%
Bridge
412 Deer Creek Deer Creek 82 118 69%
411 Plumbago Creek | Plumbago 36 60 60%
Creek
Cavanaugh Cavanaugh
410 Creek Creek 71 78 91%
409 Edfro Creek Edfro Creek 12 139 9%
413 Skookum Creek Skookum Creek 53 132 40%
South Fork
403 SFNR Nooksack 69 116 59%
Upstream
Saxon Br.
Hutchinson Hutchinson 0
408 Creek Creek 80 115 70%
SF Nooksack
402 SFENR DS of 78 106 74%
Hutchinson
Creek
Kalsbeek
KALSUS10 SFNR Upstream of 79 91 87%
upper most ELJ
Kalsbeek at
KALSELJ110S SFNR upper ELJ 81 90 90%
SURFACE
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Station ID

Stream Name

Station
Description

Total Days
Exceeding
WQC

Total Days
Monitored

Percent
Exceedance?

2010 Monitoring

KALSELJ110D

SFNR

Kalsbeek at
upper ELJ
DEPTH

80

90

89%

KALSBA210S

SFNR

Kalsbeek #2
Bank Armor
SURFACE

81

90

90%

KALSBA210D

SFNR

Kalsbeek at #2
Bank Armor
DEPTH

80

90

89%

KALSBA410

SFNR

Kalsbeek #4
Bank Armor

81

90

90%

KALSBAG610S

SFNR

Kalsbeek #6
Bank Armor
SURFACE

81

90

90%

KALSBAG610D

SFNR

Kalsbeek #6
Bank Armor
DEPTH

71

90

79%

TENASKUS10

SFNR

Tenaska Right
bank Upstream
of ELJ cabled to
root wad

85

92

92%

TENASKELJ310S

SFNR

Tenaska cabled
to 3rd ELJ in
back water
SURFACE

65

89

73%

TENASKELJ310D

SFNR

Tenaska cabled
to 3rd ELJ in
backwater
DEPTH

89

8%

TENASKELJ110D

SFNR

Tenaska cabled
to 1st ELJ in
back water
Depth

71

89

80%

VANZANUS10S

SFNR

Van Zandt
Upstream of
ELJ site
SURFACE

80

94

85%

407

Black Slough

Black Slough

65

124

52%
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Station ID

Stream Name

Station
Description

Total Days
Exceeding
WQC

Total Days
Monitored

Percent
Exceedance?

2010 Monitoring

VANZANDS10S

SFNR

Van Zandt
Downstream of
ELJ sites
SURFACE

80

85

94%

VANZANDS10D

SFNR

Van Zandt
Downstream of
ELJ sites Depth

79

94

84%

SF

SFNR

Van Zandt
Downstream of
ELJ sites
DEPTH

60

60

100%

2Percent Exceedance = (# days exceeding WQC) / (total days monitored) x 100
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Table B-9. Stream temperature as 7-DADMax for 2011 in the South Fork Nooksack subbasin (collected by Nooksack Indian Tribe).

January 1 -July 1 July 2 - August 31 September 1 - December 31
f Temperature (C Temperature ( C, Temperature (C
Station ID Stream Name Sl £ © # Days E © # Days 2 © # Days
Description # Days A # Days N # Days q
p ; Exceeding ; Exceeding ; Exceeding
Monitored Highest WQ St Monitored Highest wQ e Monitored Highest wQ et
7-DADMax Criteria (RS 7-DADMax Criteria (e 7-DADMax Criteria (Rt
2011 Monitoring
SFDSHUTC11 SFNR Downstream of not - 13 - 39 18.1 16 27 51 18.2 13 27
Hutchinson monitored
Kalsbeek not
KALSBA711D SFNR KBA7Depth monitored - 13 - 34 17.6 16 31 52 18.1 13 28
KALSBA311S SFNR Kalsbeek KBO3 not - 13 - 27 183 16 25 40 16.5 13 16
Surface monitored
KALSBA311D SENR Kalsbeek KBO3 not - 13 - 34 18.4 16 32 52 18.0 13 28
Depth monitored
not
KALSUS11 SFNR Kalsbeek US 11 monitored - 13 - 34 185 16 32 52 18.2 13 28
KALSBA111S SFNR Kalsbeek ELJ 1 not - 13 - 34 19.0 16 32 52 18.8 13 28
Surface monitored
KALSDS11 SFNR Kalsbeek DS not - 13 - 34 18.4 16 31 52 18.0 13 28
monitored
Kalsbeek ELJ 1 not
KALSBA111D SFNRSFNR Depth monitored - 13 - 40 19.0 16 33 54 18.8 13 29
KALSBA711S SFNRSFNR Kalsbeek KBA7 not - 13 - 34 185 16 32 52 18.2 13 28
Surface monitored
HRDSBLUS11 SFNR Hardscrabble US not - 13 - 33 18.7 16 32 53 18.1 13 28
monitored
not
HRDSBLDS11 SFNR Hardscrabble DS monitored - 13 - 33 18.6 16 32 53 18.1 13 28
Tenaska US ELJ not
TENASKUS11 SFNR 4 monitored - 13 - 32 18.6 16 32 53 18.1 13 29
Tenaska B4 not
TENASKB411S SFNR Surface monitored - 13 - 32 18.6 16 32 52 18.2 13 28
Tenaska B4 not
TENASKB411D SFNR Depth monitored - 13 - 32 18.6 16 32 53 18.1 13 28
TENASKA711S SFNR Tenaska A7 not - 13 - 32 18.7 16 32 52 183 13 29
Surface monitored
TENASKA711D SFNR Tenaska A7 not - 13 - 32 186 16 32 52 18.3 13 28
Depth monitored
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Station

January 1 -July 1

July 2 - August 31

September 1 - December 31

Temperature ( C)

Temperature ( C)

Temperature ( C)

Station ID Stream Name L # Days # Days # Days
Description # Days A # Days q # Days A
P Monitored Highest wQ Exceeding | ;o nitored Highest wQ Exceeding | ;0 itored Highest wQ Bz
7-DADMax | Criteria Criteria 7-DADMax | Criteria Criteria 7-DADMax | Criteria Criteria

2011 Monitoring
Tenaska Al not

TENASKA111S SFNR Surface monitored - 13 - 32 18.1 16 17 52 19.9 13 29
Tenaska Al not

TENASKA111D SENR Depth monitored - 13 - 32 14.9 16 0 51 15.8 13 26

not

TENASKDS11 SENR Tenaska DS 11 monitored - 13 - 32 18.8 16 32 52 184 13 29
Van Zandt
upper/lower Black not

BLKZANT11 SFNR Slough BLKZANT monitored -- 13 - 40 18.7 16 32 54 18.6 13 29
Van Zandt
Cottonwood not

CTNWOOD11S SFNR Surface monitored - 13 - 40 19.1 16 33 53 18.7 13 29
Van Zandt
Cottonwood not

CTNWOOD11BW SFNR Backwater monitored -- 13 - 40 18.5 16 33 53 17.7 13 28
Van Zandt
Cottonwood not

CTNWOOD11D SFNR Depth monitored - 13 - 40 19.0 16 33 54 18.6 13 29
Van Zandt ELJ 4 not

ELJ4VAN11S SENR Surface monitored - 13 - 34 18.7 16 32 52 185 13 28
Van Zandt ELJ 4 not

ELJ4VAN11D SFNR Depth monitored -= 13 - 40 19.0 16 33 54 18.7 13 29
Van Zandt ELJ6 not

ELJ6VAN11S SFNR Surface monitored -- 13 - 40 19.1 16 33 54 18.7 13 29
Van Zandt ELJ6 not

ELJ6VAN11D SFNR Depth monitored -- 13 - 40 18.8 16 33 54 18.4 13 28
Van Zandt ELJ8 not

ELJ8VAN11S SFNR Surface monitored -- 13 - 40 19.0 16 33 54 18.7 13 29
Van Zandt ELJ8 not

ELJ8VAN11D SFNR Depth monitored -= 13 - 40 19.0 16 33 54 18.7 13 29
Van Zandt not

DSVANZAN11 SENR downstream monitored - 13 - 40 19.0 16 33 53 18.7 13 32
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Table B-10. 2011 exceedances of water quality standards (WQC), by location (collected by Nooksack

Indian Tribe).
. Total Days
. Station " Total Days Percent
S SIS Description Exwg%mg Monitored | Exceedance?
2011 Monitoring
Downstream of o
SFDSHUTC11 SFNR ot 54 90 60%
Kalsbeek 0
KALSBA711D SFNR KBATDepth 59 86 69%
KALSBA311S SFNR Kalsbeek KBO3 41 67 61%
Surface
KALSBA311D SENR Kalsbeek KBO3 60 86 70%
Depth
KALSUS11 SFNR Kalsbeek US 11 60 86 70%
KALSBA111S SFNR Kalsbeek ELJ 1 60 86 70%
Surface
KALSDS11 SFNR Kalsbeek DS 59 86 69%
KALSBA111D SENR Kalsbeek ELJ 1 62 94 66%
Depth
KALSBA711S SENR Kalsbeek KBA7 60 86 70%
Surface
HRDSBLUS11 SFNR Hardscrabble US 60 86 70%
HRDSBLDS11 SFNR Hardscrabble DS 60 86 70%
TENASKUS11 SFNR Tenaska US ELJ #5 61 85 72%
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Total Days

. Station " Total Days Percent
Station ID Stream Name Description Exwg(g:mg Monitored | Exceedance?

2011 Monitoring

TENASKB411S | SFNR Tenaska B4 60 84 71%
Surface

TENASKB411D SFNR Tenaska B4 Depth 60 85 71%

TENASKA711S | SFNR Tenaska A7 61 84 73%
Surface

TENASKA711D SFNR Tenaska A7 Depth 60 84 71%

TENASKA111S | SFNR Tenaska A1 46 84 55%
Surface

TENASKA111D SFNR Tenaska Al Depth 26 83 31%

TENASKDS11 SFNR Tenaska DS 11 61 84 73%
Van Zandt

BLKZANT11 SFNR upper/lower Black 61 94 65%
Slough BLKZANT
Van Zandt

CTNWOOD11Ss SFNR Cottonwood 62 93 67%
Surface
Van Zandt

CTNWOOD11BW | SFNR Cottonwood 61 93 66%
Backwater
Van Zandt o

CTNWOOD11D SFNR Cottonwood Depth 62 94 66%

ELJ4VAN11S SFNR Van Zandt ELJ 4 60 86 70%

Surface
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. Total Days
Station 1D Stream Name Station Exceeding ezl Dy FEEES a
Description Monitored | Exceedance
WQC

2011 Monitoring

ELJAVAN1LD SENR Van Zandt ELJ 4 62 94 66%
Depth

ELJ6VAN1LS SENR Van Zandt ELJ6 62 94 66%
Surface

ELJ6VAN11D SENR van Zandt ELJ6 61 94 65%
Depth

ELJBVAN11S SENR Van Zandt ELJ8 62 94 66%
Surface

ELJBVAN1LD SENR Van Zandt ELJ8 62 94 66%
Depth

DSVANZAN11 | SENR Van Zandt 65 93 70%
downstream

2Percent Exceedance = (# days exceeding WQC) / (total days monitored) x 100
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Table B-11. Stream temperature summary for USGS gage stations.

January 1 - July 1 July 2 - August 31 September 1 - December 31
. Station Temperature (°C Temperature (°C Temperature (°C
Station ID o Year p o # Days P ) # Days P = # Days
Description # Days 2 # Days : # Days A
Monitored Highest Wi Exceeding Monitored Highest Wi Exceeding Monitored Highest Wi Bzt
FIpES Q Criteria f9RES Q Criteria f9RES Q Criteria
7-DADMax Criteria 7-DADMax Criteria 7-DADMax Criteria
2001 0 0 13 0 41 20.9 16 32 119 16.1 13 26
2002 180 12.9 13 0 61 19.7 16 40 118 16.9 13 26
2003 180 16.6 13 25 61 223 16 61 118 19.1 13 31
SFNR near 2004 173 18.2 13 16 61 23.0 16 53 119 14.9 13 11
12209000 Wickersham,
WA 2005 180 16.6 13 26 61 21.2 16 52 118 16.6 13 23
2006 180 16.9 13 11 61 215 16 56 62 18.3 13 26
2007 180 15.1 13 4 61 19.3 16 55 119 17.6 13 20
2008 180 12.6 13 0 61 19.0 16 5 27 15.0 13 16
Skookum Creek 2008 73 12.4 12 3 61 15.2 12 44 119 11.8 12 0
above diversion | 2009 179 12.8 12 8 61 18.3 12 61 119 14.9 12 24
12209490 near
Wickersham, 2010 179 11.6 12 0 61 15.6 12 57 91 12.3 12 4
WA 2011 179 9.6 12 0 61 13.7 12 32 87 13.3 12 20
2007 0 0 13 0 60 19.0 16 54 119 16.9 13 20
2008 179 12.7 13 0 61 19.3 16 19 103 14.6 13 16
12210000 SF_NR at Saxon 2009 179 17.1 13 17 61 23.9 16 56 119 19.0 13 27
Bridge, WA 2010 179 13.8 13 6 61 204 16 52 119 156 13 23
2011 179 10.8 13 0 61 17.2 16 11 104 16.6 13 26
2012 33 5.0 13 0 0 0 16 0 0 0 13 0
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Table B-12. Stream temperature summary for Ecology gage stations.

January 1-July 1 July 2 - August 31 September 1 - December 31
q Station Temperature (°C) Temperature (°C) Temperature (°C)
Sefiem 19 Description ke # Days # Days #Days # Days #Days # Days
s N Exceeding - . Exceeding - . Exceeding
Monitored Highest wQ Criteria Monitored Highest wQ Criteria Monitored Highest wQ Criteria
7-DADMax Criteria 7-DADMax Criteria 7-DADMax Criteria
2003 16 12.4 12 5 61 12.7 12 30 119 11.2 12 0
2004 168 13.0 12 15 61 135 12 61 119 12.7 12 7
2005 179 12.4 12 7 61 13.2 12 45 119 11.0 12 0
2006 165 13.6 12 13 61 13.6 12 49 119 114 12 0
Hutchinson
01C070 Creek near 2007 179 10.7 12 0 61 11.6 12 0 119 10.4 12 0
Acme
2008 180 10.9 12 0 61 11.4 12 0 119 10.6 12 0
2009 179 10.6 12 0 61 11.4 12 0 119 10.1 12 0
2010 179 10.5 12 0 61 11.4 12 0 119 11.0 12 0
2011 179 10.8 12 0 61 11.7 12 0 27 10.4 12 0
2003 16 18.1 13 16 61 23.1 16 61 119 20.7 13 37
2004 174 19.5 13 22 61 23.7 16 54 119 15.9 13 23
2005 179 18.0 13 45 61 22.6 16 54 119 18.2 13 29
01F070 SENR at Potter | 2006 179 18.9 13 12 61 23.0 16 61 119 19.8 13 40
Road 2007 179 15.1 13 12 61 19.2 16 49 119 15.7 13 24
2008 180 12.9 13 0 61 18.0 16 16 119 14.0 13 15
2009 179 15.6 13 31 61 14.9 16 0 119 14.2 13 18
2010 179 11.8 13 0 61 13.9 16 0 28 12.9 13 0
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Appendix C: Load allocations - South Fork Nooksack

River

Table C-1. Load allocations for the effective shade in the South Fork Nooksack River for
the condition of mature riparian vegetation for the calibration period (8/2/2007).

Note that the System Potential scenario here represents the condition in which the entire riparian
area reaches SPV except currently developed areas/roads.

Significant Reach Current System ——
Tgr)ibutar Location as Shade o);ential Increase in | allocation for
Reach or y Distance from Conditions pshade shade shortwave
Landmarks Headwaters (%) (%) needed solar
(km) (watts/m?)a
Wanlick 0-1 51.0% 65.1% 14.1% 174.2
1 Creek
2 1-2 50.0% 62.0% 12.0% 185.5
3 2-3 43.6% 62.3% 18.7% 178.9
4 3-4 57.2% 66.1% 8.9% 164.8
5 4-5 49.1% 59.6% 10.5% 179.4
6 5-6 65.6% 75.7% 10.1% 110.3
7 6-7 50.2% 60.5% 10.3% 176.7
8 7-8 44.9% 57.1% 12.2% 188.5
9 8-9 43.3% 54.7% 11.4% 191.0
10 9-10 43.8% 56.3% 12.6% 193.6
11 10-11 40.6% 60.2% 19.5% 180.3
12 11-12 43.9% 50.4% 6.5% 223.0
13 12-13 43.5% 53.4% 9.8% 191.6
14 13-14 43.4% 52.5% 9.1% 216.8
15 14-15 41.2% 54.2% 13.1% 202.5
16 15-16 52.6% 65.0% 12.4% 159.5
17 16-17 49.0% 61.0% 12.0% 179.7
18 17-18 34.9% 62.3% 27.5% 174.4
19 18-19 55.6% 69.1% 13.4% 143.9
20 19-20 45.5% 60.4% 14.8% 178.7
21 20-21 40.7% 56.4% 15.7% 194.6
22 21-22 35.1% 52.2% 17.1% 205.1
23 22-23 43.3% 56.7% 13.4% 195.2
24 23-24 39.1% 50.2% 11.1% 208.6
25 24-25 29.5% 41.8% 12.3% 245.8
26 25-26 38.4% 46.8% 8.4% 229.0
27 26-27 37.6% 51.6% 14.0% 214.8
28 27-28 39.8% 53.1% 13.3% 209.3
29 28-29 60.0% 67.3% 7.3% 159.2
30 29-30 54.1% 64.2% 10.1% 168.1
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L Reach Load
S|g.n|f|cant Location as G SVSte’.“ Increase in | allocation for
Tributary 2 Shade potential
Reach Distance from " shade shortwave
or Conditions shade
Landmarks Headwaters (%) (%) needed solar
(km) (watts/m?)a

31 30-31 55.5% 61.3% 5.8% 184.3
32 31-32 66.2% 73.5% 7.4% 127.0
33 32-33 52.6% 63.6% 11.0% 167.6
34 33-34 55.3% 65.8% 10.5% 164.6
35 34-35 42.9% 54.4% 11.5% 208.3

Skookum 35-36 48.3% 62.4% 14.1% 176.1
36 Creek
37 36-37 48.7% 57.8% 9.1% 180.3
38 37-38 29.7% 40.4% 10.7% 252.5
39 38-39 34.6% 39.7% 5.1% 251.2
40 39-40 44.5% 50.0% 5.5% 224.3
41 40-41 41.7% 50.7% 9.0% 220.8
2 H“g’ggion 41-42 34.7% 42.1% 7.5% 251.9
43 42-43 39.4% 48.1% 8.6% 221.1
44 43-44 35.1% 50.4% 15.3% 217.8
45 44-45 45.0% 52.6% 7.6% 200.8
46 45-46 44.1% 57.8% 13.7% 175.0
47 Acme 46-47 44.0% 57.2% 13.2% 189.1
48 47-48 39.0% 47.4% 8.4% 236.6
49 48-49 44.0% 47.9% 3.9% 227.4
50 49-50 43.2% 52.2% 9.0% 214.9
51 50-51 44.4% 50.9% 6.5% 220.3
52 51-52 48.3% 50.6% 2.3% 217.6
53 52-53 34.9% 46.0% 11.1% 236.4
54 53-54 39.7% 47.4% 7.7% 2235

Black ) o o o

55 Slough 54-55 38.4% 51.6% 13.2% 216.7
56 55-56 32.7% 40.8% 8.2% 249.7
57 56-57 47.0% 50.5% 3.5% 220.7
58 57-57.8 48.8% 55.7% 6.9% 199.7

2 These results are based on Shade Model outputs of daily average solar radiation below riparian vegetation.
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Appendix D : Load allocations - South Fork Nooksack
River tributaries

Table D-1. Load allocations for effective shade based on 100-year potential vegetation:
height=50.66 m, density=85%, overhang = 3 m.

Effective shade from vegetation (%) at Daily average global solar shortwave
the stream center at various stream radiation (W/m?) at the stream center at
aspects (degrees from N) various stream aspects (degrees from N)

Bankfull 45, 135, 225, 45, 135, 225,
width 0to 180 and 315 90 and 270 0to 180 and 315 90 and 270
(meters) deg aspect deg aspect | deg aspect | deg aspect deg aspect | deg aspect

1 97.3% 97.9% 98.3% 8 6 5

2 97.1% 97.8% 98.1% 9 7 6

3 97.0% 97.6% 97.9% 9 7 6

4 96.3% 97.0% 97.5% 11 9 7

5 95.5% 96.2% 97.2% 13 11 8

6 94.3% 95.2% 96.8% 17 14 9

7 92.6% 94.4% 96.2% 22 17 11

8 90.7% 93.4% 95.7% 28 19 13

9 88.6% 91.8% 94.6% 34 24 16

10 85.9% 89.2% 92.8% 42 32 21

11 82.8% 86.3% 90.8% 51 41 27

12 79.6% 83.7% 88.7% 61 48 34

13 76.9% 81.1% 86.4% 68 56 40

14 74.3% 78.7% 84.0% 76 63 48

15 72.1% 76.5% 81.6% 83 70 55

20 62.7% 66.6% 69.3% 111 99 91

25 55.6% 58.9% 56.2% 132 122 130

30 50.1% 52.5% 43.9% 148 141 166

35 45.3% 47.2% 38.4% 162 156 183

40 41.5% 42.7% 34.2% 173 170 195

Note: For streams with a channel width less than 6 m, 100-year vegetation of 50.66 m, 85% canopy cover, and 3 m
overhanging vegetation provide the required shading because the assumed overhanging vegetation will cover the

stream.
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Appendix E Record of public participation

This appendix will be completed after the Public Comment period.
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Appendix F Response to public comment

This appendix will be completed after the Public Comment period.
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