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Abstract

Since 1996the Washingtorstate Department of Ecologk¢ology) hasdetermined 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 ® fish and other native species that depend on cool, clearpxyglénated water.

To address this issue Ecology, Nooksack Indian Tribe, the Lummi Nation, andsthe U
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 ArEae01.
Nooksack River watershed, including the South Fork Nooksack River, Middle Forls&tdok
River, North Fork Nooksack River, and associated tributaries, provides migration spawning,
incubation, rearing, and foraging habitats fomatle native Pacific Northwest salmmhspecies.

This water quality improvement repdaliscusses the technludy and analysjslong with
recommendations for restoring the water hdtdincludesan implementation plan that lays out
roles potential fundingandresponsibilities 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 tributarieShe report includes wasteload allocation for

tempergure for one fish hatcheryAn additionalnumber of activities are recommended
includingforestry best management practicésod plain reconnectigrand instream restoration
activities that will help provide cool water refugia.

This TMDL studyalsoincorporates the results of an EPA pilot research project to consider how
projected climate change impacts can be incorporated into tid TEvid implementation plans.
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Executive Summary

Introduction

The 2012 water quality assessmenthry Washington State Department of Ecoldggalogy)
determined thgportions of theSouth Fork Nooksack RivéSFNR)andsome of its tributaries
hadtemperatire levels greater than what Washington State allows in its fresh \(sders of
these portions were determined to be impaired during prior assessments in 1996 anHityh98)
water temperatures are detrimental to fish and other native species that depewol, clean,
well-oxygenated water. To address this issue, Ecoldgpksack Indian Tribeéhe Lummi

Nation and theJ.S. Environmental Protection Agency (EP£9goperated on development of a
temperature total maximum daily load (TMDL) for tBENR.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 responsibilinespotential funding sourcés 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 designatedises are restorexhd protected

More specifically, the goal is for the river and its tributarieseet the Washington State water
quality standardgor 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 allocatiomasteload allocations, and a margin of safety.

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

ThefederalClean Water Ac(CWA) requires that a TMDL be developed for each of the water
bodies on the 303(d) listThe 303(d) list isa list of watebodies, which the CWA requires states
to prepare, that do not meet state water quality stand@ildsTMDL studyidentifies pollution
problems in the watersheand then specifies how much pollution needs to be reduced or
eliminated to achieve clean watérhis TMDL focuses on temperatur@otential ine sediments
impairments were not addressed amaly affect water temperatur©nce the TMDL is
developedEcolagy, with the assistance ¢dcal governments, agencies, and the community
preparesn implementatiomplanthat describes actioig control the pollutionand a monitoring
plan to assess the effectiveness of the water quality improvement activities

Watershed description

The TMDL study area encompasses $ffdNRwatershed, which is in Whatcom and Skagit
Counties of Washington (Figure BS and in Water Resource Inventory Area (WRIA) 01. The
river flows to the mainstem Nooksack River, which flalw®ugh Nodxsack Indian Tribe trust
lands andhrough the LummNation Reservation before sicharging 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 fariad native Pacific Nathwest salmon
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and trout species. These fish species are highly valued by the many state residents that depend
on them forsubsistencegultural, recreational, or economic reasomfe Lummi Nation and

Nooksack Indian Tribe rglon salmonin the NooksacIRiver watershed for ceremonial,

subsistence, and commercial purpodescal residents rely on salmafsa Yet, many salmonid
populations have diminished 8%of levelsin late 19" century. (ackey, R. 2000).

Nooksack River early run (a.k.a. spri@ginook salmon) Chinook, bull trout, and steelhead
populations comprise components of the Puget Sound Chinook Evolutionarily Significant Unit
(ESU), Puget Sound Steelhead ESU, and CoeBRsigét Sound Distinct Population Segment
(DPS), all of which are lted as threatened under the federal Endangered Species Act (ESA).
Improving water quality in th&FNRwatershed 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 thBFNRwatershed and to support development Wfater Quality

Improvanent Report\WQIR) andimplementation PlanR). The analysis utilized steady state
models (Shade and QUAL2Kw) thiaracterize stream temperatures and processes governing the
thermal regime during critical summer conditions, system potential vegetatiditicos
(approximating the natural temperature conditions), and for a number of additional scenarios
based on technical information provided by the Nooksack Indian.Triemodels form the
technical foundation for determining loading capacity to meepé&zature water quality criteria

and protectlesignatedises, and allocation of those loads to point and nonpoint sources.

What needs to be done in this watershed?

The temperature TMDL for th8FNRrepresents 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 fortte SFNRtemperature TMDL establish limits on the allowable heat load
from nonpoint sources. The TMDL quantifiesatioads in terms of Watts/fand as effective
shade. Effective shade allocations control delivery of direct solar radiation to the séaio,
the mainstem and its tributaries. THigect solar radiatiors considered the largest source of
heat. Load allocations (both effective shade and heat load) for the mainstem are provided in
AppendixD. The effective shade defi¢the difference between existing and target effective
shade)long the mainstem beginning at the confluence with Wanlick Creek by-th000
increments is shown graphically in Figure-ESLoad allocations (both effective shade and heat
load) for the tributdes are provided in AppendD.

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 relship between shade, channel width, and stream aspect

at the assumed maximum 198ar system potential vegetation (SPV) conditions. They®a®

system potential vegetation is used because there are published values for tree heights based on
soil type at pecific locations for 100 years of growth. When shade targets are met, Ecology will
assess whether or not timerease in shade results in achievement ofvdter quality criteria

and whether further action is needed. The shade targets and thermaj foadlie maistem are
provided in Appendix C The shade targets and thermal loading for the tributaries are provided

in AppendixD of this document.
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Figure ES-2. Effective shade deficit by 1,000-m increments.

The shade allocations for the SFMRtershed represent shade levels produced byda0

riparian vegetation. The riparian vegetation will reduce direct solar radiation to the stream and
riparian arearesulting in lower stream temperatures. An additional benefit of an improved
microclimé&e 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 ofriesigatering 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 exbange, and result in lower stream temperatures, are also recommended to reduce
stream temperatures

Discharges to state waters are regulated througNatienal Pollutant Discharge Elimination
System NPDES. Facilities with an NPDES permit are consetepoint sources. The

Washington State water quality standaM&ghington Administrative Cod®{AC] 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 criteri/asteloadallocations( TwepesO jor the oneNPDES
discharger in th&FNRwatershed are shown in Table-ES

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)

aHatchery discharges upstream frah8. Geological Survegt Saxon Road. Value used for wasteload allocation is assumed to
be the 7Q10 from USGS 12209000 at Wickersham plus USGS 12209490 at Skookum.
bBased on the highest average monthly summer flow for 2010 and 2011, which occurred in September.

CWA section 303(d) (1)
the applicabl e water

requires that TMDLs fdbe
gual i The cwsrénaregdiaiofrdnsthewi t h s
Code of Federal Regulations (CFR) so st ates that determinati on
account <critical conditions for streamflow, |
130.7(c)(2)]. ThesFNRwatershedxperieres seasonal variation with cooler temperatures
occurring in the winter and warmer temperatures in the sumitenitoring data show thahe
highest temperatures typically occur from rdigdy through midAugust. This time frame is
used as the critical ped for development of the TMDLA check against temperatures when
the more stringent temperature applies in fall through spring confirmed that meeting mid
summer temperature criteria is the critical conditi@easonal estimates for streamflow, solar
flux, and climatic variables for the TMDL are taken into account to develop cdtinditions
for the TMDL model.

Implementation summary

An implementation strategy and plan was developed to implement this TMDL fSFR It
describes the roles and authorities of cleanup paripetential funding sources, monitoring,
adaptive management, and timeframes for implementationg with the programs or other
means through which they will address these water quality issugsoritizes specific actions
planned to improve water quality anchave water quality standards.

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

1. Whatcom County (regulatory authty): enforcement of Critical Areas codend Shoreline
Master Program

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

3. Nooksack Indian Tribe: technical assistance, research and problem identifigktrming
implementatiorandmonitoringof salmon recovery actionas well asvatershedind water
guality monitoring projected climate change response and adaptive management
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4. Lummi Nation: technical assistance and special project support for ripeutiainstream
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,
regulationof NPDES permitted discharges.

6. Department of Natural Resourcéstplementatiorof Forest Practic@VAC 222)Rules which
have adoptedoals of the forest and fish reppursuant t(RCW 77.85requiring protectiorof
riparianzones, and land management

7. EPA(regulatory authority): technical assistance, regulation of NPDES permitted discloatrges
facilities located in within Indian Country.

8. U.S. Forest ServicUSFS) technical assistance, management of forest service lands
A wide range of implementation aties will be necessary to achieve compliance with water

guality standards in tf@FNRwatershedTable ES2 listsongoing and anticipated
implementation activities. Each of thasa&liscussed imore 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 plansncluding salmon habitat restoration planniagd ESA recovery plans

The pilot project was conducted by EPA Regi on
Development (ORD) and Office of Water (OWWhe Nooksack Indian Tribend its partners

and consists of a Quantitative Assessnagit a Qualitative ssessmentach of whichare

summarizedn this TMDL.
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In the Quantitative Assessment, the calibrated QUAL2Kw stream temperature model developed
for theTMDL wasused to estimate the impacts of potential future climate changes on the stream
temperature wit and without the restoration of riparian forest vegetaflonew set of boundary
conditions were developed for QUAL2Klny downsizing data from low, medium and high

impact Global Climate Model scenarios for 2020, 2040 and 2080.

The QUALK2w model simulatins suggest that, without restoration of riparian shade, maximum
water temperatures during critical summerbow conditions could increasby almost 6C by

the 2080s. Restoration of full system potential riparian shatia§0 yearsan help buffer

aganst temperature increas¢towever, even with system potential shade, the critical condition
maximum 7#day average stream water temperatures arectgto increase by 1.1 to 3.6 by

the 2080s. Irconjunction withthis increase, the pant of stream rtes in which critical
conditionwater temperaturesxceed levels identified as potentially letrmbkalmon is predicted

by the moeél simulations to increase dramaticalliyom about 18% at present to between 60%
and 90% in the 2080s.

TheQualitative Assessment evaluaegsting limiting physical factorghat limit salmonid
habitat and survival Those factors includegacy impacts of land use and management, impacts
of climate change on salmonid speci€ossible mitigating factors arestoration potential and
opportunity, anchdditional restoration actions and strategies, beyond aipahading, that are
expected tenhance salmon recovery under future climate change condiffomse restoration
actions that have the highest potdrttieplay an important role in protecting and improving
salmon habitat in the SFNR include:

promote river longitudinal connectivity

improve floodplain reconnection

restore streamflow r@ges

reduce erosion argediment delivery to the river

restorewatersked function and process

restore riparian functions

continue to implement instrearastoration and rehabilitation

develop and implement plangmctivities for the watershed

monitoring of restoratioactions and adaptive management

= =4 =4 -8 _8_9_9_°_-2

Why this matters

Water tenperature influences what types of organisms can live in a imadigr 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 coldatézdo survive.

One way to cool water temperature is to shade the wathrand tributariedy adding or

retaining streamside vegetatidn.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 streaaswell as recommended strategies for

restoraion in the face of climate change

Modeling of the effects of climate change indicate that stream temperatures will warm further
between 3.4 to 5.9C by the 2080s without any change. Providing System Potential shade
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reduces that increase to 1.1 to 3% ‘Additional measures such as deeper channels, improved
hyporheic flow and improved groundwater connectivity could maintain current temperatures
into the futureallowing fish additional time to adapt to warming conditions.
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Wh at |l s a Tot al Maxi mum Da

A TMDL is a numerical value representing the highest pollutant load a surface water body can
receive and still meet water qualgtandards. 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 AQCWA) established a process to identify and clean up polluted watkes.

CWA requireseach state to have its own water quality standards designed to protect, restore, and
preserve water qualityWater quality standards consist of (1) designated uses for protection,

such as cold water biota and drinking water supply, and (2) critedallyigaumeric criteria, to

achieve those uses.

The water quality assessment and the 303(d) list

Every two years, states are required to prepare a hgateh bodieshat do not meet water
guality standardsThis list is called th&€ WA 303(d) list In WashingtorState this listis part of
the WaterQuality Assessmern(tWQA) process

To develop th&VQA, the Washington State Department of Ecology (Eco)agpmpiles its own
water quality data along with data from local, state, and federal governingas industries
and citizen monitoring groups. All datathisWQA are reviewed to ensure that they were
collected using appropriate scientific methods befong déine used to develop tlassessment.
The WQA divides water bodies into five categeriefhose not meeting standards are given a
Category 5 designation, which collectively becomes the 303(d) list.

Category I Meets standards for parameter(s) for which it has been tested
Category 2 Waters of concetn
Category 3 Waters with no datar insufficient datavailable
Category 4 Polluted waters that do not require a TMDL becahsg
4ai Have an approvedTMDL projectbeing implemented
4b1 Have a pollution contropbrogramin place that should solve the problem
4ci Areimpaired by a nopollutant such as low water flow, danes culverts

Category 5 Polluted waters that require a TMDLthe 303d) list.

Further information is available at Ecol ogybs
(www.ecy.wa.gov/programs/wgp3d/).

The CWA requires that a TMDL be developed for each ofvaer bodie®n the 303(d) list.
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TMDL process overview

Ecology uses the 303(d) list to prioritize and initiate TMDL stud@®ss the stateThe TMDL

study identifies pollution problems in the watershed and specifies how much pollution needs to
be reduced or eliminated to achieve clean water. Ecolagythe assistance tdcal
governmentstribes,agencies, and the communitievelofs a planto control and reduce

pollution sourcess well asa monitoring plan to assess effectiveness of the water quality
improvement activitiesThis comprise thewater quality improvement repoftVQIR) and
implementation plaiP). The IP section idenidés specific tasks, responsible parties, and
timelines for reducing or eliminating pollution sources and achieving clean water.

After the public comment pericah the draft TMDL.Ecology addresses the comments as
appropriate. Then, Ecology submits the IRQP tothe U.S. Environmental Protection Agency
(EPA) for review andappro\al.

Who should participate in this TMDL process?

Nonpointsource pllutant load targets have been set in this TMDL. Becaasgointpollution
comes from diffuse sources, all upstream watershed laagathe potential to affect
downstreanwater quality Therefore, all potential nonpoint sources in the waterghgstuse
the appropriate best management pras{(iB&Ps)to reducesffects an water quality The area
subject to the TMDLthe South Fork Nooksack River (SFNR) watersigedhown in Figurd.

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

Awat er I|dading gapasitysthe amount of a given pollutant tredvater bodycan receive
and still meetvater qualitystandards The loading capacity pvides a referengdor calculating
the amount of pollution reduction needed to brivga¢er bodyinto compliance wittihe
standards.

The portion of the receiving watwastefoabribadadi ng
allocation. If the pollutant comes from a discrete (point) source subject to a National Pollutant

Di scharge Elimination System (NPDES) permit,
di scharge pipe, that f aci blledtayadtsloagdiiccatienlfof t he
the pollutant comes from diffuse (nonpoint) sources not subject to an NPDES permit, such as
general urban (non MS4), residentfakestry,or farm runoff, the cumulative share is called a

load allocation

South ForliNooksack River Temperature TMDLs
Page2 - DRAFT



Whatcom County

Hutchinson Creek

-

\)“ﬁ
=] |Wanlick Creek
iy

Cavanaugh

) Creek
Wickersham

Legend

D Watershed Boundary
\:l County Boundary
- Water

Major Road

Aquatic Life Use Designations (Temp. Standard)

§
\ |Deer Creek

Plumbago Creek

Core Summer Salmonid Habitat (16°C)

/I
———— Char Spawning and Rearing (12°C) \ .

Supplemental Spawning/Incubation (13°C)

! Skagit County
Applicable from September to July
South Fork Nooksack River: Temperature Standards N F : - ¢ Kilometers @ TETRA TECH
NAD_1983_HARN_StatePlane_Washington_South_FIPS_4602_Feet A 0 2 4 8 .
Map produced 09-05-2012 - C. Carter Miles

Figure 1. Study area and temperature standards for the South Fork Nooksack River watershed.
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The TMDL must also consideeasonal variationand include anargin of safetyhat takes into
account any lack of knowledge about the causes of the water quality problem or its loading
capacity. Areserve capacitjor futurepollutantsourcess sometimes included as wéthis
TMDL does not include a reserve capacity).

Therefore a TMDL is thesum of the wasteload and load allocatiarsymargin of safetyand
any reserve capacityrhe TMDL must be equal to or less than the loading capacity.

Surrogate measures

EPA regulations [40 Code of Federal Regulations (CFR) 130.2(i)y aiMDLs to be expressed

in terms of mass per time, toxicilitfisTMDL, ot her
high temperatures thewater qualityparameteof concernandheat is thealutant of concern

Ecology has determined thHagat fromhumancaused increases in solar radiat®the major

source otemperature impairmesiin the SF Nooksack watershedkeat loads can be measured

in energy per area or the shading needed to block the energy from reaching the Istaaer.

to establishmeaningfulandmeasurable pollutasibading targets, this TMDLontains

allocationsfor heatloadsexpressed as units bfe n e (wattg /nf) aswellasief f ect i ve s hz
targets. Effective shade targets are useful in translating solar radiation lmeskeamside

vegetation objectives.
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Why EcoGoongdyedat T MBtLudy
I n tWaite®r shed

Background

The SFNRwatershed is impaired by high water temperatures. High water temperatures are
detrimental to fish and other native species that depend on cool, cleaoxygdhated water.
The EPA, Ecology, Nooksack Indian Tribe, and the Lummi Nation are cooperating o
developinga temperature TMDL for thBFNR

The TMDL study area encompasses $ffdNRwatershed, which is in Whatcom and Skagit
Countiesof Washington (Figure 1). The river flows to the mainstem Nooksack River, which
flows throughNooksack Indian Trib&ust lands anthe Lummi Indian Reservation before
discharging into Bellingham Bay.

The Nooksack River watershed, including 8feNR Middle Fork Nooksack River, North Fork
Nooksack River, and associated tributaries, provides migration spawning,tiaoubearing,
and foraging habitats farine native Pacific Northwestalmonid These fish species are highly
valued by the many state residents that depend on thesuldsistence;ultural, recreational, or
economic reasond.ummi Nation and Nooksadkdian Tribe rey on salmonin the Nooksack
Riverwatershed foceremonial, subsistence, and commercial purptseslresidentsalsorely
on salmon. Yetnany salmonid populations have diminished to 8% of levels in |&ted@ury.
(Lackey, R. 2000.

Nooksack River early run faa. springChinook salmon)Chinook, bull trout, and steelhead
populations comprise components of the Puget Sound Chinook Evolutionarily Significant Unit
(ESU), Puget Sound Steelhead ESU, and CoeBsigét Sound Distinct Population Segment
(DPS), all of which are listed as threateneder the federal Endangered Species Act (ESA).
Improving water quality in th&€ FNRwatershed is necessary to support the recovery of
threatened cold water fish species that migrate, spawn, rear, or live there.

Each study conducted by Ecology requiresipproved Quality Assurance Project Plan (QAPP).

The plan describes the objectives of the study and the procedures to be followed to achieve those
objectivegLombard and Kirchmer, 2004)A QAPP for this project was finalized in 2012

(Kennedy and Butche012). 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 TMDWQIR and IP. Tloese 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 pdetghatedises. On the basis of
existing datal4 segments on thEFNRand8 tributarysegments are identified as being
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i mpaired for tempe01a303(d) st (Tabiel, Mbure B)i These o n 6 s
impairments are addressed in this TMBIs. is typical fora watershedbased TMDL,
identification of impaired waters is limited by avaikllata; and there are portionstioé
watershed for which no data are available. It is possible du#i@nal segments of the river and
tributaries may also be impairegor that reason, asteload allocations and load allocation are
set to ensure all genents will achieve water quality standards.

Limited sampling data indicate that temperature impairnmarght also exist in Standard Creek,
Jones Creek, and Tawes Cregkese three tributaries to the South Fork Nooksack are identified
asWaters ofConcern(i.e., Category 2) on th2012303(d) list. Figure 2 shows the distribution

of 303(d) listed segments in tB&NRwatershed.

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

Township
Water Body Listing ID i Range

i 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 SBumedacdd%amlaqgeé

The Washington State water quality standards, set forth in Chapt@0123of the Washington
Administrative Code (WAC), are the basis for protecting and regulating the quality of surface
waters in Washington ®stantlaedsincludehe St ateds wate

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

This section provides Washington State water quality information and those standards applicable
to theSFNRwatershed.

I n July 2003, Ecology made significant revi si
(Chapter 17201A WAC). Thes 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 taovaters
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 approveti¢ majority of the revised standards on February 11, 2008. The
revisions to the existing standards are onlin
WWWw.ecy.wa.gov/programs/wag/swgs

Segments o8FNRand its tributaries are identified on the Wasfion State 2010 303(d) list as
being impaired by excess temperatufemperature affects the physiology and behavior of fish
and other aquatic life. It also affects the physical and biological properties of thdodyer

For example, higher streanmperatures are generally associated with lower levels of dissolved
oxygen in the water. Temperature is an influential factor limiting the distribution and health of
aqguatic life and can be greatly influenced by human activities.

Temperatures in streansdtuate over the day and year in response to changes in solar energy
inputs, meteorological conditions, river flows, groundwater input, and other factors.
Washingtonds water qual ity -dayaverageroittedaly e expr e
maximumtemperatures (DADMax) occurring in a watebody. The YDADMax metric was
determined by scientists involved in the deve
Northwest State and Tribal Temperature Water Quality Standards'{2008clude an agquate

magnitude and duration (averaging period) to protect salmonids. -DA®Rax temperatures

represent conditions in tltminant aquatic habitaherefore it is assumed that aquatic species

have access to cold water refugia where they can reswiatén that is cooler than the 7

DADMax temperatures. TheDADMax temperature criterion also assume that colder

temperatures are avalile 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 lesy(spgci
salmonid or char versus wanwater species) and IHgtage conditions (e.g., spawning versus
rearing) [WAC 173201A-200]. The temperature criteria established to protect these uses are
described in Table 200 (1)(c) of the water quality standamdsnclude numeric criteria of 22

for Char Spawning and Rearing; 46 for Core Summer Salmonid Habitat; both of which are
appledthroughout the entire yeanless the supplemental criteria also appliese 13°C
supplemental standard for spawnargl 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 fequency of more than once every 10 years on average (WAQILA3200

(1)(c)ii)).

Special consideration is also required to prateespawning and incubation season of salmonid
species. Where it has been determined that the lower temperaturtesessary to protect
spawning and incubation, the following criteria apply: (A) MaximwDADMax 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 (55.4°F) at the intiation of spawning for salmon and at fry
emergence for salmon and trout. Currently, Chapter2DA2\ WAC specified3°C in the

South Fork and Hutchinson Creek from September 1 to JBcblogy Publication 040-038)

While the criteria apply througlib a watetbody, there may be sHspecific 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
waterbody.

For the area of thEFNRWatershed covered by thiMDL, the designated aquatic life uses to
be protected areore summer salmonid habitahar spawning and rearing@ndsalmonid
spawning and incubationThe numeric water quality criteria established to protect those uses
are summarized imable 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 1i Jul 1)
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Washington State uses the criteria descriiredliouslyto 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 watmaarthe numeric

criteria The water quality standardefinea natural condition as the condition before any
humancaused pollutionWhenthe natural conditions @& waterbodyarewarmer than the
previouslydescribed numeric criteria, the state limits the allowance for additional warming due
to human activies. In this case, the combined effects of all human activities must not cause
more than a 0.3C (0.54°F) increase above the warmmeturaltemperature condition.

This TMDL reportestimates whether the watavdy is naturally warmer or naturally cootaan
the criteria, using a computer model that simulates the physical and atmospheric processes
affecting stream temperatures. When a wadely does not meet its assigned criteria due to
natural climatic or landscape attributes, the standards statbe¢hzdtural conditions constitute
the water quality criteria (WAC 17301A-260 (1)(a). This provision of the water quality
standards is implemented by usthg modeled naturabndition as the TMDL target. Ecology
will consider a formaiule change to apt sitespecific criteria, as provided by WAC 1-2B1A-
430. This will happerafter significant implementation of the measures outlined in this TMDL
at which point the natural condition, determined by empirical and modelectdakadbe used to
set newwater quality criteria through a public ruteaking processrhis processvouldinvolve
updatedanalysis of natural conditions atedjacy impacts, and all measures tfzatilitate

bringing the river into water quality compliance.

Modeling natural conditions

Temperature modeling is generally a tatep processFirst, the current river temperatures are
measured through field monitorin@hes t r ecarmeit physical characteristics (e.g., amount

of shade provided by the canopy, river geometry, sourcésves fsignificant cold water flows,

point source inputs) are alsteasured and documentddsing this information, a river model is
developedhat simulates current temperature conditions. The model is calibrated by comparing

the simulated temperaturestivin-stream measuremerdaad adjusting model parameters to
achieve a fibest fitod,. based on model quality

Second, the calibrated model is used to evaluate different sceinariosc | udi ng a fisyst
t her mal potenti al 0 othatepegents thematyrad corditidn ofahke rivers ¢ e n
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 geometrip 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 datdl fpatentid non-disturbed

reference conditions.

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

on the 106year site index conditiontherefore a degree of uncertainty is inherent in the model
results. Ecology address uncertainty in model applicatioegaluatingstatistical measusdor
goodnes=f-fit and incorporatig of an implicit margin of safetyCritical 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 6s tHheTMBL t i vit
Analysis section on ASensitivitylaterméissemits f or
Values for these parameters were provided by the No#kdadian Tribe based on their

knowledge othe South Fork Nooksack River and watershed

(1) Coolerheadwater and tributary temperatures
(2) Decreasedhannel width

(3) Increasedsystem potential vegetati¢g8PV) height and riparian buffer widttonsistent with
climax vegetation conditions

(4) Enhancedyporheic exchange.

(5) Thecombined impact athe abovdour alterations.

To the extent that these (nalischarge) influences on temperataxistedunder natural
conditions,or can be put in place now, these sensitivity analyses provide estimates of the

variability associated with the natural condition estimatepairment, lanelse, permittig, or
restoration decisions.
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Watershed Descriptdi

The SFNRwatershed is in Whatcom and Skagit counties, WashingtoRIA 1 and HUC
17110004 (Figure 1). THeFNRwatersheatovers approximately 186 square miles. It
originates in the snosdominated Twin Sistensange, Loomis Mountain, and Park Butfethe
Cas@de Mountaisand discharges into the Nooksack River mainstbout36 river miles (RM)
upstream from where the Nooksack River mainstem discharges to Bellingham Bay.

The SFNRwatershed is dominated by forest and shrubland with small amouadfsred tunda

and fellfields(places where freeze/thaw cycles and wind shape plant commuamtese

slopes) agriculture and development in the lower portibhe predominant land use in the
watershed is commercial forestry, which is regulated by the Washingjosrttnent of Natural
Resourcedt includes portions of thilownsof 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 IndiareTaiso owns land and other facilities in the
watershed. The headwaters are lands managed byShEddest Servic€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 SFNRIs fed by numerous tributaries as it flows down from the Cascade Mountains. Major
tributariesare Wanlick Creek, Howard Creek, Cavanaugh Creek, Skookum Creek, Hutchinson
Creek, and Black Slough. The river has aerage annual discharge of 1,032 cubic feet per
second (cfs)based on Ecology data at gaging station 01F070 (WY-20049). Figure 3 shows
monthly averages as well as the range of monthly averages. The statidhésleft bank of the
SFNRat the PotteRoad Bridge crossing near the town of Van Zandt.

South ForliNooksack River Temperature TMDLs
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Average Montly Flow for Potter Road Gage
Station 01F070
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Figure 3. Mean monthly hydrograph showing range of monthly averages measured.

The upstream portion of ti&FNRis 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 oatheshed adjacent to

the streamand consists of mostly unconsolidated sediments of sand, silt, gradatlay

deposits from Vashon glacial till and outwash (Washington Geological Survey, 2012). Also
present are recessional and proglacial stratified gaith gravel and cobbles and with minor silt
and clay interbeds). Adjacent to the downstream reach &RNR sorted combinations of silt,
sand, and gravel dominate in streambeds and alluvial fans. The Lower South Fork Nooksack
River is a wide allu\al valley flanked by Stewart Mountain to the west and the Van Zandt Dike
to the east (Soicher et al., 2006). Upland areas include Jurasbiedagekmaterial consisting

of muscovite, quartz, anghyllite, interbedded with greenschist, sandstone, anelsihist.

There are also pockets of prertiary ultramafic rocks and Permi&revonian metamorphic

rocks.

Geology of the upper watershed (headwaters oB#NR) is dominated by the Twin Sisters

Range. The Twin Sisterangeis made up of ultrabasic (uétmafic) 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, coarsgraned 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 fl@ansund the Twin Sisterange 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 geneeatige moreasly because the

movement alog 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 undtatés hil

(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 MuRiesolution Land Characteristics Consortium, a group of federal
agencies that coepate to create a consistent land cgemgraphical information systerGiS)
grid-based product for the entire United States. The data are based on interpretation of multi
seasonal Landsat satellite images-if@&er[m] grid cells) and were developedarthree

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 dataets are updated about evBryears. Year 2006 land use/land cover is shown

in Figure4. The most prevalent land covers in the watershed are three forestispeésdus,
evergreen, and ixed) and Shrub/Scrub
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Figure 4. South Fork Nooksack River land cover (2006 NLCD).

The USFS/@partment of Interiot ANDFIRE dataset, which provides a high level of detalil

about vegetation for wildfire management, is another useful resource for characterizing land
cover (LANDFIRE, 2012). Like NLCD, LANDFIRE uses 30 grid cells. LANDFIRE

provides several data products including vegetation height, vegetation cover (percent canopy),
vegetation type, and others. The first LANDFIRE dat(LF 1.0.0) represents conditions circa
2001; the most recent (LF 1.1.0, nickredRefresh used data from a variety of sources to

update the 2001 classification to conditions circa 2008. The Existing Vegetation Type (EVT)
dataset provides a high level of detail about plant communities, and some spatial information
indicating areasf 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 (Fgure
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Figure 5. South Fork Nooksack River land cover (LANDFIRE). LANDFIRE 2008 land use/land cover
using preliminary vegetation groups.

NAD_1983_HARN_StatePlane_Washington_South_FIPS_4602_Feet
Map produced 04-10-2012 - S. Job

LANDFIRE and NLCD differ markedly in their interpretation of forest types and shrubland
(Figure6). Some of thelifference 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 20DAND&IRE

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.

TheNational Oceanic and Atmospheric AdministratibdifOAA) Coastal Change Analysis

Program (CCAP) produces land cover and land cover change data products for coastal areas of the
United States TheSFNRwatershed is in the regial land cover zone, where-80grid cell

resolution is available. Datsts 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
robustin CCAP; the CCAP datset classifies both palustrine and estuarine wetlands separately and
further classifies each of these as either forested, scrub/shrub, or emergent weltarids.
watershed, CCAP 2006 is almost identical toNIL2006 outside wettal areas.

Figure 7 displays the CCAP land cover dagat in which forested and scrub/shrub wetlands are
combined into a woody wetlands category for a spatial comparison with the NLC&etaamall
amount of variationexists between the two dataets & a local scale, but the overall spatial
distribution of land cover is essentially the same as NLCD 2006.

The CCAP land cover datzt has been previously selected for use in studies of the Lower
Nooksack River and it is advisory to rely on the same @tfor this work. Therefore, CCAP is

the selected land cover datet to accompany the use of aerial imagery in characterizing the land
use and land cover of the watershed required for model development (e.qg., for selecting areas of
urban development aradeas covered by wetlands that cannot be vegetated as one step in
determinng system potential shade).

Legend
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South Fork Nooksack River: CCAP Land Cover
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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 activéorest practices and fire history were obtained from the Washington
Department of Natural ResourceBhe forest practices data set includes Forest Practices
Application/Notification harvest unit boundaries and the number of acres associated with active
Forest Practices Application/Notification3.he 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 harvestingghoau the
watershed for this approximately-y@ar period.This data set does not include forest practices
that were active in the past and that are currently inacliliese past forest practices have

created legacy impacts that may continue to effedemtemperatures today.

Five significant forest fires occurred in the watershed in the past 30 years (Figliree8argest

fire occurred in 1979 when 130 acres of forest burAedther major debris burn occurred in

2004 just outside the watershed bdary, affecting 100 acre#\side 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 wéee selec
for stream temperature monitoringhe 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 temperegdgimes among streamBhe

team considered the condition of thear upstream riparian foresthe condition of the entire
upstreanriparian forest networkand the condition of thital basin forest areaThe near
upstream riparian forest was defihas 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 [Dggers.
riparian forest network was defined as a band 30 meter wide on each side of all channels that
were upstream dhe temperature logger3.hetotal basin forest arewas 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) explai@89% of the variation in the average daily maximum temperature

The percentage of harvested riparian forest network upstream from temperature monitoring
locations explaia33% of the variation in average daily maximum temperatux® significant
correlations were found between the percentages of near upstream riparian forest recently clear
cut and aveage daily maximum temperature.

The researchers observed a relatively strong relationship between maximum daily stream
temperatues and the total amount of harvest in the total forested area of theTdaesin

observed &trong but slightly weaker relationship between maximum daily stream temperatures
and the total amount of harvest in the riparian forest network of a Bagipsuggested that the
likely causal mechanism was mass wasting altering channel morphology, with possible
contributions related to bank erosio@n the basis of these findings, the researchers concluded
that the probability of a stream exceeding the wataltyustandard 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 watershtile most of the
harvested areas shown in Figure 8 are not directly adjacent to known tempienpired

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 waters
addition to potential imp

hed zoned for commercial orgpei forest harvesting (Figure 9n
acts of active harvest, previously harvested areas recovering from

canopy removal may affect stream temperatéreobust analysis of past harvest is beyond the
scopeof this TMDL because ahe 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 SFNRwatershed isn a zonewhereArctic weather from the norttonverges withPacific
weather systems from the south (USE®)6. In the summer, the Pacific systems dominate

with mild, clear weather and low levels of precipitation. In the winter, Arctic systems move into
the aredringing 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. Adrévationsn the watershed,
annual average precipitation ranges fromid@025 inches (USGS, 2000a). Monthly average
precipitation is at its highest November through January; however, extreme storm events
resulting in more than 4 inches of preaion 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 Sistergrange rain-on-snow events typically occur from late October through January and
are charactezed 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-tat48wer eleations and 40
to 45F 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 chandetajor tributaries contain accessible
habitat The smaller tributariesupport numerous species of anadromous and resident salmon
and trout. These include early (spring) Chinook, late (fall) Chinook, coho, pink, chum and
sockeye salmon, summemd wintefrun steelhead, bull trout, cutthroedut, rainbow trout, and
Dolly Varden trout. Winter steelhead, coho, early andtiated Chinook, pink, sockeye and

chum salmon use these waters for spawning, rearing, migration, and holding. Steelhead, coho,
some Chinook, and sockeye juveniles also ireghese waters yeaound (Brown and Maudlin,
2007)

All species of the&SFNRsalmonids require cold, clean water and a complex, connected habitat
structure to survive. Chinook salmddr(corhynchus tshawytschaull trout Salvelinus
confluentu}, andsteelhead@ncorhynchusnykis$ are federally listed as threatened under the
Endangered Species Act.

The riparian corridors of th8FNRprovide a potential for northouth wildlife habitat

connectivity and serve as important wildlife corridors that gtewccess to higher elevations in
the watershed. Portions of tBENRwatershed 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 theSFNRprovide foraging and wintering areas for a resident heRloafsevelelk

(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. THakagitEstuary to the south supports the highest numbers of
wintering waterfowl in Puget Sound. The FraBstuary to the north is the most important
waterfowl wintering area in western Canada. Waterfowl and shorebirds often move between
these two estuiges passing through or stoppimgthe SFNRwatershed 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 nestormwater point source identified in the SFNR watershed (Tabld8).
Lummi Nation operates the Skookum Creek Fish Haiclon Saxon Rad, 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 purdgem six wells) to th&&FNRupstream 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 5.6nillion gdlons per dayrfgd), 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 W@hatcom Farm Friends arldeir
directorHenry Bierlink A consumptive use calculator was used to translate daily estimated
irrigation (assuming an alfalfa crop and average irrigation efficiency) to an equivaleat 21&w
cfs (Thomas Buroker, May 29, 20J&ersonal communication The 7Q10 value for U.S.
Geological Survey (USGS) gage 12209000 over the past 24 years is about @6c®dsg to
USGS calculationsand?2.8 cfs represents less the 4f the 7Q10 flow. The 2.8 cfs value is
likely overestimatd,becausesome irrigation use is from groundwatdro the extent that
irrigation does reduce flows in the critical season it will cause increasgérianres

Point source stormwater pollution

Two active point sources of stormwater pollution were identified irstFldRwatershed (Table

4). Concrete Norwest Saxon Pit is about 5 miles southeast of Acme and is on the watershed
border, about a half mile west 8FNR stormwater generated by theifdg discharges to
groundwater. A construction stormwater general permit was issued in early 2eptatera
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;ainwater 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 qutboiyever rainfall in the

critical period is rare, and when rainfall occtlretemperature drops. Stormwater from point
sources generally @snot contribute to thermal impairment&cology issuedlational Pollutant
Discharge Elimination SysterNPDES permits to lager 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 Stormwatet, Readrthe

Western Washington Phase Il 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 orthe WSDOT permits at
www.ecy.wa.gov/programs/waq/stormwater/municipal/wsdot.html

WSDOT has 2011 Highway Runoff Manu#tat provides tools for designing stormwater
collection, conveyance, and treatment systems for transporaiated facilities. This manual
has been approved by Ecology as functionally equivalent t8ttrenwater Management
Manual for Western Washingtamd 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 specificalbpeseavarmer
temperatures includée following

1 Loss of vegetatioim the riparian zonalong the mainstem and tributaresused byermanent
clearing for road railroads, farm fields and temporarily forest practicegcluding harvest
roads.

Temperature is also affected by human activities which change how watepflemthe surface
such as:

1 Mass earth failures and debris flows frtand development including forest roads and
clearings.

Human activities that have changed stream channel morphology and geometry
Reduction in baseflows, istream flows, groundwater flovesxd hyporheic exchange flows
Changes in timing and intensity of runoff

Alteredchannekonditionscaused by land use and management

= =4 -4 A
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Both forest practices and agricultural activities contribute to the nonpoint sources listed above.
Nonpoint sourceantributions are important to understand because theydmeg#et 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 racBattbing the
stream surface. This reduction of riparian zone vegetation reduces the available shade, which
increases sunlight to the stream surface and subsequently increases water tempédsagure.
there is some evidence that exsge forest harveséway from tributariesmay also increase
surface and subsurface flows to streams with elevated temperatiresy increase

temperatures if mass wasting has adverse effects of channel morphology.

Groundwater influences, -stream flows, watewithdrawals, 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 suif@eaidaszek, 2014)

Conversion of forest tdeveloped and open agricultural landdremoval of forest cover

through harvesting operations, cdfeet watershed hydrology and sediment loading. These land
conversions contribute to upland sediment load. Taeylso 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. Thisin turn, couldcontribute to loss ofvetlands, 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 sedament

also reduce cootényporheic flowsSediment 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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Hi st ori cal Data Revi e

The SFNRwatershed is monitored regularly by the USGS, the Nooksati&ri Tribe, Lummi

Nation, and Ecology for many reasons, such as-E$#ted fisheries enhancement projects

support, existing TMDL implementation, water quality and quantity trend analysis, and flood

control activities.Following is available and pertindrdata on existing water temperatures and

river flows from these agenci@sources. Data are presented to characterize historical and recent

flow, water quality conditionsand general temporal and spatial resolution of available data.

These data are assed sufficient for this purpose and have not been subject to detailed
secondaryjuality assurance and quality contr@QIA/QC) in addition to the QA/QC conducted

by the datariginators The data have been checkedcompliancewittEc ol ogy 6s Cr edi kb
Data Policy (vww.ecy.wa.gov/programs/wg/qa/wqpQl1-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 qualiieria Three periods were selected

for analysis for each yeawn the basis dhe effective dates faupplemental spawnirend

incubation of salmonid species (September 1 through July 1). The three periods are as follows:

1 January 1 through July 1
1 July 2through August 31
1 Sepember 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 @& Mooksack Indian Tribe has a program to monitor
summerand yearroundwater temperatures in Chinook salmon habitats of the Nooksack River
watershed. This ongoing work is funded through ERXA sections 106 and 319, and Indian
General Assistance Grant (B) grant programs that constitute a component of the Nooksack
|l ndian Tribebs Performance Partnership Grant
monitoring locations the Nooksack Indian Tribe recorded continuous data records of stream
temperature, wittthe majority of data collectad June through October (every 30 minutes). In
this section, continuous data have been summarized as higiegtiverage of daily maximum
temperatures (DADMax) to be consistent with the water qualityteria The ZDADMax for

any day was calculated by averaging thatslayily maximum temperature with the daily
maximum temperatures of tlBalays prior and th8 days after that date.

In 2007 nine locations were monitored for temperature alon§fNR and six locatioa were
monitored on tributaries to the South Fork (Figl@eFigure 1., andAppendixB). Sites were
selected to monitor water temperature throughout the range of Nooksack early run Chinook
salmon habitats. In 2007 thexas a general increase in stremperature -DADMax from
upstream to downstream monitoring locations. The boxplots in Figuepresent the
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distribution (25th, 50th, and 75th percentiles) of tHeADMax temperatures for each station.
The whiskers represent the minimum and maxinTddADMax 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 (R2yure 1
Temperatures recorded at the South Rvakion locatios show that these watezsceeded the
applicable water qualitgriteriaduring the 2007 monitoring peripdnd that tributary

temperatures were generally cooler than temperatures in the South Fork. Of the seven sites
monitored in 2007 thiaare designated as char habitat, all exceeded th€ téterion for at least

a portion of the monitoring period; the total number of days temperatures exceeded the criterion
ranged from 65 to 92. Of tleghtsites designated as core summer salmorfiidtaonly the

site on McCarty Creek did not exceed the 13 ot@@riteria. For the remainder, the total

number of monitored days temperatures exceeded the criteria ranged from 8pp&ddixB).

South ForliNooksack River Temperature TMDLs
Page27- DRAFT



09TKO1

Map 1

Map produced 09-05-2012 - C. Carter

NAD_1983_HARN_StatePlane_Washington_South_FIPS_4602_Feet

Miles

09TKO3 Ny
08SEO07,
08SFK08
00
09TK02
08SFO3 0030 Hutchinson Creek
08SF02 08SF06
R OééF04
09KBO02 0031 Whatcom County
09KBO1 5
00
Sudden 00
Valley Acme
402
408
9 403
Legend 413 uswanlick e
D Watershed Boundary 409 016 é;_%? lg
|| county Boundary 2410 I ONE y < ; Wanlick104
I water = 0 DSWanlick 0210
Major Road 2 405 2 A%
Aquatic Life Use Designations (Temp. Standard) 411 0 ‘ZIOS' [ 1
Core Summer Salmonid Habitat (16°C) 496
——— Char Spawning and Rearing (12°C) 0190
018
Supplemental Spawning/Incubation (13°C) 412
Stream Temperature Monitoring 412 09SEO1
B>00-, @ 2009 ¢ 2011 SF0135] .
Skagit County
A 2008 A 2010
South Fork Nooksack River: Temperature Monitoring N 0 4 Kilometers

@ TETRA TECH

Figure 10. Nooksack Indian Tribe stream temperature monitoring station locations 1 Map 1.
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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.

I n 2008 t he Nook s alection dhifted to anplemieitsindwéVater Resoutces s
Monitoring Program StrategfCoe and Doremus, 2007This 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 20@8foerature along the
SFNR(see AppendiB) were placed in the deepest sections of the loggssociated pools. As

a result, the spatial variation in 2008 (FigiB temperature monitoring is not as great as it was

in 2007; the 2008 stations are clusteretivo reaches where thigbe had constructed log jam
projects and all are on the downstream portion of the South Fork where the 130@nider

quality criteriaapply (depending on location and date).

All stations show exceedances of the applicable tempemitegathroughout the 2008
monitoring period; the total number of monitored days that temperatures exceedeig tize
ranged from 10 to 56AppendixB). Becausesome ofthese stations were selected to represent
the enhanced condition (pools formed in areas ofa@dér influence) rather than reaalierage
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 alor§RN& and one station was on
theDeer Creek tributary at the same location as station SF0135 from the 2007 monitoring period
(AppendixB and Figurel4). As in 2007, a general stream temperaitucesase occurreom

upstream to downstream locatiortdowever, station 09TKO03, near thewinstream 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 naesmtative of reachverage 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 akattitat, all exceeded the 1€

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 (exding site 09TK03), all exceeded the°L3or 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 201Q 22 locations on the South FadooksackRiver and 8 locations atmibutaries to the

South Fork were monitored for stream temperature. Of the 9 sites designated as char habitat, all
exceeded the 1ZC criterion for at least a portion of the monitoring period; the total number of
monitored days temperatures exceededtierion ranged from 36 to 82. Of the 21 sites
designated as core summer salmonid habitat, all exceeded the 13ofdEpending on location

and date) criteria; the total number of monitored days temperatures exceeded the criteria ranged
from 7 to 85 AppendixB). The box and whisker plot for 2010 (Figur® demonstratethe

upstream to downstream warming trend teatisible during previous year$n general,

tributaries have lower stream temperatures than the South Fork. One exception is Gavanaug
Creek (site 410), where the highest and medi@ADMax for the 2010 monitoring period

appear to be higher than many of the South Fork monitoring locations.
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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#NR Of these 30 sites, all are desated as core
summer salmonid habitat and all exceeded the 13 &€ X8epending on location and date)
criteria. The total number of days temperatures exceeded the criteria ranged from Z&& 65 (
AppendixB).

USGS stream temperature monitoring

Three USGS streamflow gage locatiamshe SFNRwatershed have continuous monitoring data
for stream temperature, evennonrsummer months, between 2001 and 2011 (though specific
years differ among these stations). Two stations are alor@FKRand tte third is on

Skookum Creek, a tributary to the South Fork (FigiBe 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 ForlRiver gage at Saxon Bridge, WA (12210000) is downstream of the South Fork
Rivergage near Wickershaiashington(12209000). The confluence of Skookum Creek is
between the two South Fork gage locations. The Skookum Creek station (12209490) is on water
desgnated for Char spawning and rearing where the temperature criteriofGs 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 Greehk Began

monitoring temperature in April 2008. As a result, there is a relatively shorirtiwigich

temperature was monitored simultaneously at all three stations. Stream temperature for each
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gage location was summarized BYpADMax for the entiranonitoring period for each year
where data were availablsufnmary table provided in Appendsy.

The Skookum Creek station (12209490) showed signs of exceedance of the watecopesiéy
for all monitored years, 2008 through 2011. Waters monitoygdébSouth Fork gage at Saxon
Bridge station (12210000) had periodic exceedances of the applicable temperistiagrom
2007 through 2011. Waters monitored at 12209000 (on the South Fork upstream from

12210000) exceeded the water quaditiyeriafor all monitored years, 2001 through 200&lfle
5).
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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 ti#=NRwatershed were monitored continuously for

stream temperature between 2003 through 2010 or 2011. One station is albRy R the

Potter Road bridge (RM 1.8, Site 01FQ#thded by the Nooksack Indian Tr)kend the second

is on Hutchinson Creek (SiBC070). Station 01F070 is on waters designated for Core Summer
Salmonid Habitat where the temperature criteria are 13 o€ pending on the date. Station
01CO070 is on waters designated for Char Spawning and Rearing where’@erit2rion

applies Stream temperature for each gage location was summarizeDARW¥ax for the

entire monitoring period of each year where data were availsddesimmary table in Appendix

B).

The waters monitored by the Hutchinson Creek gage location near the t&wmef WA

(01C070) showed no sign of exceeding the water quaiiigriafor the years from 2007 to 2011;
however, there were periodic exceedances of the applicable temperaéui@from 2003 to
2006(Table6). The South Fork gage (01F070), farthestdstream along the South Fork in
relation to other stream temperature monitoring stations in the watershed, provides evidence of
exceedance of the temperature water quatitgriafor years 2003 through 2009. There was no
sign of exceedance of the teempturecriteriafor 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 temperateDADMax are shown in Figur&7 through
Figure20for four monitoring stations along the lower half of South Fork Nooksack River. The
plots are not directly comparable to each other since monitored pefiogicord vary within a

given year among the stations. However, the plots are useful for showing annual variation in the
ranges of IDADMax values at each station.

Two of the stations were monitored by the Nooksack Indian Tribe (SF0031, Eyanel

SF0025, Figurel8) during the summers of each year, geneffatisn early June through early
October. At both stations;DADMax ranges are higher in 2007, 2009, and 2010, and lower in
2008 and 2011. Note that in the years with higher values, the majortipADMax values

exceed the Core Summer Salmonid Habitat ¢oiteof 16 C. Monitoring at the USGS station
12210000 Figure19) occurred throughout the yéabut 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 01F@¥ (Figure20) which also moniired throughout the entire yéar-

DADMax values appear to have been higher during the first four years of monitoring.

Nooksack RM 6.5 TDADMAX Water Temperature
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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 7 August 31, blue boxes were sampled September 1 i 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 i August 31, blue boxes were sampled September 17 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 i August 31, blue boxes were sampled September 17 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 i August 31, blue boxes were sampled September 1 7 July 1. The width
of each box is proportional to the number of samples.

Streamflow data

Recentaily or subdaily streamflow monitoringlata arevailable from the three USGS and the

two Ecology monitoring stations, shown previously in Figue As shown inTable7, 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

01F070 is farther down the South Fork, 1.8 miles upstream &RN&R confluencewith the

mainstem Nooksack River. Monitoring was suspended at the end of September 2010 but was
reinstated irApril 2012 with Nooksack Indian Tribe funding.

Two tributaries are also monitored: Skookum Creek by the USGS (12209490) and Hutchinson
Creek ly Ecology (01C070). Longerm 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 anndéalay average lolow at 12209000 appear

relatively stable with no apparent trends (FigRite A comparison of average annual flow

across all the gages can be seen in FiglreFlow statistics are generally consistent with
contributing drainage areas, noting that ddéfe periods were used to generate the measures
(Table8). 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 chga apparently occurrinig fall 2009. Ecology reported extensive scour
at the siteaftera major storm in January 2009, which could result in an inaccurate stage
discharge relation for the gaging station and a cumulative potential error3®4-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
USGS 12209490 fggf\'j\‘jlrgkecrff; n?b\?v\f diversion 23 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 \/\

£ 600 VAV !
400
- -\,\_,\/\,j\/\/\«,./\/\,./\ ‘/\W\_J
O T T T T T T T 1
1930 1940 1950 1960 1970 1980 1990 2000 2010
Water Year

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 @rFtiRthat the USG$onducted in

August and September 1998. The data indicate the river is typicallyiaggsystem, though

some short losing reaches were thought to be preBentinstance, review of stornelated

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 flo@plbetween the two gages is being recharged.
reportdoesnot 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 tHeANR 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) neadteorological datto
calculatesurface heat flux for the temperature madsology, 2003h) Four data types are

required: air temperature, dew point temperature, wind speed, and percent cloud cover.
Observed solar radiation can be specified, bstaptionalbecaus¢he 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 spatialvariation between reaches. Hourly or daily values can be entered for up to 365 days.

Potential data sources were screened and are shown in Egamd presented ihable9. A
brief description of each follows.

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

1 SNOTELstations (for SNOwpack TELemetry) are operated by the Natural Resources
Conservation Service and collect snowpack and related climatic damwestern United
States

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

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

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

1 Surface Airways stations are major weather data collection stg@mesally 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 datependedn a number of factors including data quality,
proximity to the watershed, period of record, and available param8tances 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 200271 Current X X X X X X
Nooksack 200271 Current X X X X X X
Ten Mile 20081 Current X X X X X X
wsu Lawrence 2008 Current 15 minute | x X | X | x| x| X
Sakuma 20067 Current X X X X X X
WSU Mt 199371 Current X X X X X X
Vernon
21A09S 20061 Current X X X X X
21A31S 199571 Current X | X | X X X
SNOTEL Hourly
21A32S 19957 Current X X X X X
21A36S 20021 Current X | X | X X X
01A140 2003171 2010 X
01C070 200371 Current X
Ecology 01F070 20037 2010 15 minute X
03C060 2005171 Current X
03K070 200571 Current X
450176 19057 Current X X X
450566 19981 2006 X | X X
450587 19857 Current X X X
NCDC 451484 1903 Current _ X | X | x
Coop - Daily
SOD 451679 1905171 Current X | X | X
455678 1956 1 2005 X | X X
457507 18961 Current X | X X
458715 19657 Current X X X
WA0986 194871 TBD X
NCDC WA3160 195271 TBD X
Hourly
Precip. WA4999 19481 TBD Hourly X
Data -
(HPD) WA5876 19641 TBD X
WAS8715 196417 TBD X
NCDC 04223 2007 1 Current X X X X X | X
Surface 24217 1998 Current Hourly X X X X X | X
Alnways 94585 20031 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 Depantmpevided data on ripariazondition

units (RCUsYor the South ForlRiverand major tributaries throughout tBENR watershed
Riparian data were discussed in a report produced by the Nooksack Indian Tribe (Coe, 2001).
The following is a brief synopsiof 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 sabeanity and
contiguous streams in the Nooksack River watershed. Wsli2g000 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 10&-wide units beyon@pparent channel migration zones along both right
and left banks of relevant stream segments. Ptlassification was grountfuthed in

numerous locations. Riparian function assessment was based on Watershed Analysis
methods (WFPB1997) with some moditation for norforested 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 h88§Btnot reflect more current
conditions being analyzed for the TMDL toolSigure24 displays percent canopading
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 kthe USDA National Agricultural Imagery Program (NAIP) for both

Whatcom and Skagit Countie$his 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 flightsised for the modeling analysiscurred June 24 through August
18 in 2006, and on October®.t 2009 for both Whatcom and Skagit Counties.

Coastal Change Analysis Program

The Coastal Change Analysis Program (CCAP) was createc iNational Oceanic and
Atmospheric Administration (NOAA) which defines land cover and land change along the U.S.
coastlines using remote imagery and rabsed land cover map$he CCAP data from 2006

was the most recent land use raster avaifablase to inform classifications of existing near

stream vegetation.

Soil data
Soil data can be used to identify where spesystem potential vegetatioBRV) species are

most likely to occur due to soil type. Washington Department of Natural Resourc&RWD
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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 waterSbédlatais availablen GIS
formatfrom the Soil Survey Geographic Databas&SURGO whictwas 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 densitiediDAR data was commissioned and funded by the Nooksack Indian Tribe
and Lummi Nation; vegetation height derived from these data is displayed in EfyuFbe

LiDAR was flown by the Puget Sound LIDAR Consortium, with deliverable items including
bareearthelevation, topof-vegetation elevation, as well as vegetati@ight rastersThe

LiDAR for the downstream half of the watershed was flown in 2005 on a 6ft x 6ft resolution, and
the LIDAR for the upstream half of the watershed was flown in 2009 onxa38ftresolution.

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 thenastins related to SPV.
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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. Onffee@ng streams, were water columns are
generally well mixed, surface temperatures represent the temperature of the stream water
column. The exception is in thermally stratified areas, wbatoccur in slow, deep channels

or upstream of impoundmen®DEQ, 2001).

TheFLIR 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 tmh2 8nicrons
(long-wave) and records the level of emitted radiation as a digital im@agss 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 profilé&asper 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
thatare not associated with cooler tributaries joining the main channel. Interpreted data can be
usal to inform model development.

Watershed Sciences, LLC, conducted the FLIR survey for the South Fork Nooksack in 2001 for
the Nooksack Indian Tribe NaturakBources 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 surveg/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 Craglrgl)] 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] Oi 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.

Table10 summarizeshe 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 a 2 . 9 Mouth to mile 13.7
. . ° Multiple flight lines;
- -4 g

SF Nooksack River Floodplain | 2:44 - 4:37 1,500 528 ao0. ¢ RM O to 11.2

SF Nooksack River 4:46 - 5:43 1,500 528 4 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 meatheed by
thermal infrared (TIR) sensor usingstream temperature data loggers at 17 locations
throughout the Nooksack River Basilts findings suggest that on the higltitude survey

(5,000 ft) of theéSFNR no significant difference was observed betweertlinee inrstream

sensors and the radiant temperatures. However, a larger range of differences was noted on the
low altitude survey (1,500 ft) of tfteFNRwhere differences betweenstream sensors and the
radiant temperatures ranged frefn3 °C to 1.3°C, with an average difference of approximately
0.1°C (Watershed Sciences, LLC, 2002). The survey report esphanhthe difference between
radiant temperatures and temperatures measuredstrngam sensors could reflect inaccuracies
that occur whenat 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 Sciers, 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 variabilityTributaries and other surface water inflows playepgranounced

role in defining stream temperature patterns in the South.F8everal inflows detected
during the analysis were not documented on
7.4 miles, the imagery indicates several cool inflows/seepsdliatanfine scale influence on
stream temperatures although largeale 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 gesdurce 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.

Figure26illustrates TIR (FLIR image results) and visible band color images showing features
observed in th&FNRBasin. The stream temperatures presented with the images represent the
median ofL0 sample points taken longitudinally at the center of the apparentethatwheT IR

image. The given tributary temperatures are the media@ sdmple points taken at the mouth

of the tributary (Watershed Sciences, LLC, 2002). The survey report provides longitudinal
profiles of median channel temperatures veRMsfor the low-altitude survey (1,500 ft) of the
SFNR(mouth toRM 38.5) and of the highltitude survey (5,000 ft) of the lower 133/ of the
SFNR The profiles include median temperatures BMlilocation of all surface water inflows

(e.qg., tributaries, springdjtches) that were visible from the imagery.

In areas where the levand highaltitude surveys overlap along tBENR(i.e., mouth t(RM

13.5), median surface water temperatures from the two surveys are generallyaboinia °C

of one another with méah temperatures from the higittitude survey often lower than those

from the lowaltitude survey. Greatest differences between the two surveys are observed from
RM zero toRM 8, after which (fromrRM 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
aboutl °Cor 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.

4 7 S ; . A “' = g

| PN
N “.,1\,- * ¥

TIR Image Temperature Scale (deg C)

12,5 13.0 13.5 14.0 14.5 15.0 15.5 16.0 16,5 17.0 175 1810485 HOOHSSENN

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 8FNRand 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&ection. The following data were recorded for each cross section: flow (cfs),
wetted channel width (ft), average velocity'¢), 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 collecteddaty the two dates in 1998. Figu?& displays the

location of each cross sectionthe SFNRwatershed. Tablgl, Figure28, and Figure29

provide examples of typical data from the sites.

Additional channel morphology data were provided by the Lummi N&teinral Resources
Department. These data included channel positions for dates ranging from 1885 to 1998 for the
lower portion of theSFNR(Collins and Sheikh, 20@4 2004 and from 1885 to 2005 for the
upstream portion of the river (Brown and MaudlinQ2p) Data were generated from historic

survey map$efore1990 and aerial photographs for the remaining years. F3fudisplays

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 dataets are available representing historic conditions in the vicinity of the watershed
from 1880to 1938, using a combination of survey notes and land use maps, early topographic
maps, and aerial ptographs. A historical conditions datet was also created in support of the
WRIA 1 Watershed Management Project (Winkelaar, 2004). Historic conditionsedgtean be
used to support modeling of natural conditions during TMDL development and to reowifia
SPVestimates 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 RiBasin, 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. and0@: p.m., on 14 miles of the river between Skookum Creek and the
confluence with North Fork Nooksack River. The results suggativh reaches of the river
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wereinfluenced by the input of cooler groundwater. The locations appeared to be adjacent to
gedogic deposits possibly containing sufficient coagsained materials for aquifer formation.

No further study in th& FNRwatershed was conducted. The results are useful for identifying
areas where groundwater discharge is occurring. As a supplentieatRblR data, the
descriptions of the types of geologic and alluvial formatmmsddidentify reaches in other
locations where groundwater dischangghtbe occurring.

Ongoing Studies

Water Resource Inventory Area 1 Model

A hydrologic modeling efforti(e., water budget for the lower baswscompletedoy Silver

Tip Solutions, Christina Bandaragqdia update the WRIA 1 model previously developed by
Utah State University (Tarboton et al., 2007a; Tarboton et al., 2007b)SHtIRfalls within

the souern 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 websitelttp://wrialprogct.whatcomcounty.orjj/the goal of the project,i@t o hav e
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
harvestabled vel s, and the i mprovement of habitats
updated modetan be usetb establish drainageased estimates of precipitation,
evapotranspiration, streamflow, and groundwateltiafion.

While theSFNRis included in te WRIA TOPNET model, flow is forced at the Wickersham

gage. Difficulties with orographic precipitation estimation and glacier snowmelt resulted in
problems replicating flows in higalevation areas. As a result a number of gdagekiding the
Wickershamgage 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 8f@&NRwatershed. Flow was overgsated

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 includiihgatow

periods.

Therefore, though the model was indeed built ier $outh 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 mobeutput is available to characterize flow upstream of gaged locations
in the wateshed.

Nooksack Tribe and USGS Groundwater Study

A groundwatemodeling study began 2012 involving the USGS and the Nooksack Indian

Tribe. The reportwasreleased in 204 (Gendaszek?014). The goabf the study waso refine

the characterization of groundwatenface watemnteractionan the South Fork Nooksack valley
through developing a hydrogeologic framework of data collection and analysesstudy area
includedthe SFNR, its tributaries, and wetlands within its riparian corrittoaddition to

domestic, agricultural, and commercial uses of groundwater within the SFNR basin, groundwater
has the potential to provide ecological benefits by maintainingslatenerstream flows and
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buffering stream temperature€old-water refugia, created and maintained in part by
groundwater, have been identified by watsource managers as a key element to restore the
health and viability of threatened salmonids in SR

The SFNR valley is underlain by unconsolidated glacial and alluvial sediments deposited over
older sedimentary, metamorphic, and igneous bedrdbk. primary aquifer that interacts with

the South Fork Nooksack River was mapped within unconsolidatedlglatigash and alluvial
sediment.The lower extent of this unit is bounded by bedrock anddnaéned, poorlysorted
unconsolidated glacimarine and glacidacustrine sedimentdn places, these deposits overlie
and confine an aquifer within older glatsediments.The extent and thickness of the
hydrogeologic units were assembled from mapped geologic units and lithostratigogshof |
field-inventoried wells.

Generalized groundwatdéiow directions within the surficial aquifer were interpreted from
groundwater levels measured in August 2@@dundwater seepage gains and losses to the
SFNRwere calculated from synoptic streamflow measurements made $fiRand its

tributaries in September 2013ubsets of the fielthventoried wells were measuarat 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 groundiaatenodel of

the SFNR that may be used to investigate the potenteatefof future climate change, land use,
and groundwater pumping within the study area.

Site-specific hydrologic datavere measured to characterize the interaction between the SFNR,
surficial aquifersand riparian wetlandg:he data includedtime seres of longitudinal

temperature profiles measured with a fioetic distributed temperature sensor and continuous
monitoring of stream stage and water levels measured in wells in adjacent wetlands and aquifers

The Nooksack Indian Tribe contractedh University of Washingtorfglacier modulepand
Western Washington Universifiilydrology modelto model the hydrology of the Nooksack
River, including the South Forkising the Digibuted Hydrology, Soilsyegetation Model
(DHSVM) alongwith currentlydown-scaled climate data and projections developed by the
University of Washington Climate Impacts Grouphis modeling effortvas recently completed,
and will update and refine previoustharacterized hydrology of the river system, as well as
facilitate TMDL implementation
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Goal s and Objectives

Project goals

The goal of this water quality improvement plan is to address temperature problemSkiNtRe
watershed so that water quality is improved dasignatedises ar@rotected andestored.

More speifically, the goal is for the river and its tributaries to meet the Washington State water
quality standardgor temperature. The following sectioRMDL Analysis usesthe existing data
described previously teupportmodelng of temperature processesthre 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:

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

1 Develop a predtive temperature model. Using critical conditions in the model, determine the
SFNRbs capacity to assimilate heat, and evalu
(approximate natural temperature conditiossg the 108/ear SPV as aestimateof natural
conditiong for the river.

1 Determine the loading capacity that meets temperature water quality criteria andsprotect
designatedises.

Allocate the allowable load to point and nonpoint sources.

1 Provideanassessment of the potential impact of climate chang#ream temperature in the
SFNR.

91 Develop arimplementation plan for the TMDL.

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

Study area

The study area for this TMDL is tf&NRand its tributaries, encompassing approximately 186
squaremiles(M) ( Fi gure 1) . This watershed iIis i n Wa
Inventory Area No. 1 (WRIA 1) and the U.S. Hydrologinit Code (HUC) No. 17110004.

Modeling framework

Addressinghe 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 SHQUAL2Kw modeling approach was seledt

The approach consists of a @&sed Shade model that provides shade inputs to a QUAL2Kw
water quality model . The ATMDL Anal ysiso sec
modeling framework.

Quality assurance

Ecology sources

Ecology temperaturand flow data wereollected under a Quality Assurance Monitoring Plan
(QAMP). These aravailable atttp://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 appfba&dtiooksack

Tribe collecteddata according to a Quality Assurance Project Plan (QAPP) for the Nooksack
River Watershed Water Temperature Monitoring Program (NooKsdakn Tribe, 2009).

These datare consistentwitk c ol ogydés Credi bl e Data Policy
(http://www.ecy.wa.gov/programs/wg/ga/wgp@1-ch2_final090506.pdf

In addition,data $ed to support model development from standard sources such as NCDC and
USGS wereollected undeeach organizatidis standard quality assurance procedames is
assumed appropriate for use in this TMDL

Modeling QAPP

A modeling QAPP was developéal this projectandwas 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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TMDILA N a lisy s

A TMDL analysis was developed to evaluate compliance with state water quality standards for
temperature in thEFNRwatershed and to support development whéer quality improvement
report WQIR) andimplementation planiP). The analysissed steady ste models to

characterize stream temperatures and processes governing the thermairregiial

conditions, system potential conditions, doda number of additional scenarioBhe models

form the technical foundation for determining loading cépdo meet temperature water quality
criteria and protealesignatedisesand allocation of those loads to point and nonpoint sources.

Modeling and analysis framework

Addressing the principal study questions requires a modeling framework that canesfioulat
and thermal loading. To predict thermal conditions and to assess relationships with riparian
vegetation and topography, a combined SHRUAL2Kw modeling approactvasselected
Theapproach consists of a Gifaised Shade modeiat provides shadeputsto a QUAL2Kw

water quality model.Table12 summarizes the modeling components and their role in the
technical approactand 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 stnedeisg the
mainstem explicitlypsing watershedgpecific GISbased data derived with the TTools ArcView
extension, developed by Oregon Departmeriirofironmental Quality (ODEQ). TToolisses
input coverages and grids to develop vegetation and topography tlaasects along the
stream channel, and samples longitudinal stream channel characteristics such asstrearaar
disturbance zoneNSDZ) and elevation. TTools can sample spatial data within the riparian
zone. Typically, these include LiDARIatg digital elevation models, rgsian vegetation
digitized from aerial imagery (digital orthophoto quadrangles and rectified aeriakpharnal
FLIR temperature data.

For this project, TToolsvasused to sample stream width, aspect, topographic shade angles,
elevation, and riparian vetation for incorporation into the Shade model. The riparian
vegetation coverage contaifour specific attributes: vegetation height, general species type or
combinations of species, percent vegetation overhang, and average canopy density.
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E c ol o gdednsdel$Shade. dsa Microsoft Excel spreadsheet available at
http://www.ecy.wa.gov/programs/eap/models.htEdology, 2003a) was adapted from a

program that ODEQ developed as part of its HeatSouockehversion 6. Shade calculates

shade using one of two met hods. The first 1s
HSPF SHADE. Y.D. Chen developed it for his 1996 Ph.D. dissertation at the University of

Georgia (Chen, 1996), and it is furthecdmented in thdournal of Environmental Engineering
(Chen, 1998a, 1998b). The second method is O
model version 6. Document at htp:Aiwwe.heatdrée@dds He a
andhttp://www.deq.state.or.us/wg/TMDLs/TMDLs.htm

The Shade model quantifies the potentailydsolar 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
latitud€longitude, time of year, stream geometry, topography, and vegetative buffer
characteristics, such as height, width, overhang, and deilidst data inputs for the Shade

model arereadilyavailable (e.g., aerial imagery and digital elevation models)addiional

data (e.g., vegetation heiglegn bedeterminedrom other data sources discussed in the historic
data review sectionTTools outpuservesas input for the Shade mogdeihich is then usetb
generate longitudinal effective shade profiles. Reaaraged integrated hourly effective shade
(i.e., the fraction of potential solar radiation blocked by topography and vegetattamn)

servesas input into the QUAL2Kw modétiscussion follows)

Model calibration and assessment

Environmental simulation models are simplified mathematical representations of complex
realworld systems. Models cannfoily depict the multitude of processes occurring at all
physical and temporal scales. Models dawever, 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 investigatig 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 reabrld conditions should be demonstrated through a psoce
of model calibration andalidation(CREM, 2009).

Objectives ofmodel calibration and validation

Model calibration involves comparing how well model simulations match observedslata

model parameters are adjusted within reasonable ravigesl e | Avalidationo i s
where the results of thmlibratedmodel are evaluated with a separate, independeat set
environmental condition®odel calibrationand validation areesigned t@assess the adequacy

of the modeht providing necesaryinformationto meetstudyobjectives The model must be

able to provide credible representations of the movement of water and the generation and
transport of thermal load$he quality of those representations is assessed with the calibration

and vaidation metrics.

Model setup and calibration/ validation procedures

The QUAL2Kw and Shadmodel wasleveloped for the mainstem of t8&NRbeginning atts
confluence with Wanlick Creek (just upstream of the first impaired segment) and extending
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downstreamnto the confluence with themainstemiNooksack River. Tributaries are represented as
pointinflows into tre SFNR in QUAL2Kw.

Ecol ogy 0adelabusead & estimate effective shade along the mainstem segments.
Effective shadevascalculated al00-metrintervals along the streams and then averaged over
appropriate intervals for input to tiiUAL2Kw model. Estimated system potential shads

also developetbr use in analysis of loading capacity and allocatiofise TTools extension for
ArcView wasused to sample and process GIS data for input to the shade and temperature
models

The QUAL2Kw modelwasused to calculate the components of the heat budget and simulate

water temperatures under observed and critical conditions. Critical conditiaissaeterized

by a period of low flows and high water and air temperatures. The nvadehlibrated to

observed conditions fa critical day durin007using the available data anésvalidated

usinga critical day durin@010. These are the yeardiwihe greatest spatial and temporal

coverage of temperature datdensitivity analyseserec onduct ed t o det er mi ne
sensitivity to key parameters.

Selection of the simulation period

The QUAL2Kw model was developed for a calibrat{@007)and validation(2010)period
primarily based on data availabilityThe objectives of the modeling focus on simulating high
temperature conditioria the mainstemwhich occuiin late summer when air temperature is
high and flow is low.To select thesimulation period for each year, data from mainstem stations
were analyzed to determine a criticalDADMax temperature, the highest annual runniradpy
average of daily maximum temperatures. In 2007, station SFO031 had the hBAd3Max
occurring onAugust 3(Figure31). The highest instantaneous max contributing to this 7
DADMax was on August 2. For 2010, station VANZANDS10S was anomalously high
compared to the other statiofi8gure32). As a result, the next highest station was chosen:
TENASKUSI0. The highest-DADMax for this station was August 19.he associated highest
instantaneous max was on August Tterefore, August,2007and August 162010 were
selected as the simulatidiayfor 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 station8%€r and 25C,
respectively. On the validation date at the low and high elevation weather stations, the
maximum air temperatures were%®5and 28C, respectively. Compared to the"gercentile
maximum 7#day average maximum air temperatures basetthe periods of record (3C for at

low elevation and 29C at high elevation), 2007 and 2010 temperatures were higher at the low
elevation and 1 to 4 degrees cooler at the high elevation station.
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Figure 31. South Fork Nooksack River mainstem 7-DADMax temperature for 2007.
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