Total Maximum Daily Loads (TMDLs): Temperature
TMDL Replacement project: Willamette Subbasins

March. 22, 2023, 1 p.m.
Technical Informational Webinar
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Webinar purpose

* Provide background information on the technical work
supporting the TMDL and TMDL allocations

* Answer questions on the technical work

Temperature TMDL Replacement project: Willamette Subbasins




Agenda

Time Topic

1 p.m. Welcome

1:05 p.m. Agenda

1:10 p.m. Zoom logistics, ground rules

1:15 p.m. Willamette Subbasins Total Maximum Daily Load (TMDL)

 Model Setup and Calibration
 Model Scenarios

2:25 p.m. Wrap-up
2:30 p.m. Adjourn

Temperature TMDL Replacement project: Willamette Subbasins K} m



Zoom logistics and meeting ground rules

Raise hand to be recognized for questions or comments; please
speak for yourself when recognized, let others speak without
interruptions

Use chat to: Ask questions, provide informational resources

Mute when not speaking

\\
\\ If using phone: press *9 to raise hand, *6 to mute/unmute
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HEAT SOURCE

 Mechanistic model

« Simulates 1D open channel hydraulics, heat flux, mass transfer, and
stream temperature

« Developed in 1996 at Oregon State University

* Independently peer reviewed, applied in multiple published studies all over
the world.
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Heat Transfer Processes

Solar Solar
Longwave  (Direct) (Diffuse) Cornvection Ewvaporation

/ [/

Stream Cross
Section

+—Bed
Conduction

Water
Surface Mass Transfer Processes

Advection Dispersion Groundwater
Downstream transport Turbulent mixing Mixing with
associated with -} associated with - Tributaries -} subsurface

flowing water flowing water Mixing with waters
‘ - other surface
' . Ny o waters *

Channel Bottom
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Heat Source model inputs and parameters

Land Use/Land Cover Boundary Conditions & In/Out Flows
« Height / Elevation « Stream Temperature
« Canopy Closure + Stream Flow
« Overhang
« Topographic Shade Angles Met Data
* Cloudiness
Stream Position Wind Speed
« Longitude * Wind Coefficients “a” & “b”
« Latitude * Relative Humidity
Solar Modeling « Air Temperature
Channel Morphology
» Stream Elevation Substrate
« Gradient * Deep Alluvium Temperature
« Bottom Width » Sediment Thermal Conductivity

« Sediment Thermal Diffusivity

* Hyporheic zone thickness

* Percent Hyporheic exchange
Porosity

Temperature TMDL Replacement project: Willamette Subbasins m
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Heat Source model outputs

Temperature Hydraulics

= Stream Temperature » Flow Rate

= Sediment Temperature = Hyporheic Exchange (cms)
= Flow Velocity

Flux =  Top Wetted Width

=  Streambed Conduction = Average Wetted Depth

= Convection =  Maximum Wetted Depth

.« Evaporation Solar Modeling

= Solar Radiation (Above Topography) Others

= Solar Radiation (Blocked by LULC) = Hydraulic Dispersion (square
= Solar Radiation (Above Stream Surface) meters/second)

= Solar Radiation (Penetrating Stream) = Evaporation Rate (mm/hour)
= Effective Shade = View To Sky

= Thermal Radiation (Total)

Temperature TMDL Replacement project: Willamette Subbasins 9 m



Effective shade

Solar, — Potential daily direct beam solar radiation load adjusted for
julian day, solar altitude, solar azimuth and site elevation.

(Solar, - Solar,)
Solar,

Effective Shade =

Where,
Solar,: Potential Daily Direct Beam Solar Radiation Load
Solar,: Daily Direct Beam Solar Radiation Load Received at
the Stream Surface

Temperature TMDL Replacement project: Willamette Subbasins




Measuring effective shade
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Digitize

« Stream Centerline
» Left Bank

* Right Bank

Model Node
Stream Position
Land Cover
Stream Elevation
Gradient
Channel Shape
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Digitize Landcover
100 meters from each bank

Land Cover
|:| Pastures/Cultivated Field - Barren - Forest Road
[ | water - Non Active Channel [ | mixed coniferHardwood - High Dense
- Water - Active Channel Bottom |:| Mixed Conifer/Hardwood - Medium Dense
[ | Barren — Embankment || conifer - High Dense
Barren — Clearcut - Upland Shrubs - High Dense
[ | Barren —soi [ | upiand shrubs - Low Dense
- Development - Residential I:l Grasses - U pland
- Development - Industrial/Commercial - Grasses - Wetland
Il s:ren - Road
i : . 4 n 0125 0.25 0.5 N
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MAD_1583_Oregon_SEEwide Lambert Fest [ntl 022-1_0-2““5 T /"“Q_
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Derive vegetation height from
LiDAR

e

g S ﬁ'%iﬁ R Mg ; % ey & 5
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Example of model constructed land cover
elevations for the West — East transect
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Topographic shade angles

Ly — 7
O; = tan™? ( ! 7 S) Topographic Shade Angle
where,
Op = The topographic shade angle (degrees)
Zp = The elevation (meters) at the topographic feature.
Zs = The elevation (meters) at the stream node.

Horizontal distance (meters) from the stream node to the
topographic feature.
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Pudding River temperature model

Model Period: August 1 to August 14, 2004

Model Extent: 84.5 km (52.4 mi)
Heat Source version 8
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Thermal Infrared Radiometry (TIR)
August 11, 2004

Temperature TMDL Replacement project: Willamette Subbasins

ENE




Flow inputs
e Measured data

 Flow mass balance
» Accounted for points of
diversion and withdrawals
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Meteorological data

AgriMet — Aurora ARAO
e Air Temperature

* Wind Speed

« Relative Humidity

Aurora State Airport (NWS)
* Cloudiness

Temperature TMDL Replacement project: Willamette Subbasins




Flow calibration results

Pudding R at Aurora
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Temperature calibration results
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Temperature calibration results

Hourly Temperatures

/DADM Temperatures

(Barlow) DEQ Lasar
No. 10362

(Barlow) DEQ Lasar No.
10362

Station Location| Mean [ Mean | RMS | | Station Location | Mean Mean RMS

(model | Error ABS | Error (model Error ABS Error
km) Error km) Error

Node 3: Saratoga Road 66.3 18 21 25 Node 3: Saratoga Road 66.3 -0.1 0.5 0.5

DEQ Lasar No. 31877 DEQ Lasar No. 31877

Node 4: Monitor-McKee 517 05 08 0.9 Node 4: Monitor-McKee 51.7 -0.6 0.6 0.6

Rd

Rd

DEQ Lasar No. 11530 DEQ Lasar No. 11530

Node 5: Hwy 214 43.7 -0.5 0.8 0.9 | |Node 5: Hwy 214 43.7 -0.1 0.2 0.2

DEQ Lasar No. 10641 DEQ Lasar No. 10641

Node 6: Hwy 211 36.2 -0.6 0.7 0.8 | |Node 6: Hwy 211 36.2 -1.1 1.1 1.1

(Woodburn) (Woodburn)

DEQ Lasar No. 10640 DEQ Lasar No. 10640

Node 8: Hwy 99E 12.4 -0.1 0.8 1.0 Node 8: Hwy 99E 12.4 0.5 0.5 0.5

(Aurora) (Aurora)

DEQ Lasar No. 10917 DEQ Lasar No. 10917

Node 9: Arndt Road 7.7 -0.7 1.0 1.2 Node 9: Arndt Road 7.7 0.1 0.1 0.1
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Southern Willamette shade model

Model Period August 15, 2014
Distance Step: 200 meters
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Available LiDAR

2008/2009
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Ownership and Jurisdiction Mapping
2019 County Taxlot Records

Legend

County Boundary
DMA
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[ ciy

|:| County

|:| Federal
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E State

- Transportation/Other
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Lower Willamette shade model

Model Period July 1 — August 31,
2007, 2014, 2019

Legend Distance Step: 25 meters
Hoseasaches Stream Position: Metro

Model by City of Portland

>z

———- Urban Service Boundary

(Crystal Springs Gregk
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Lower Willamette A
(HUC8: 17090012)

Molalla-Pudding

65 effective shade measurements for
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Model scenarios

No point sources

Point sources at waste load allocations
Restored Vegetation

Protected Vegetation
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Pudding River Waste Load Allocations (WLA) modeling
assumptions

JLR (formerly known as Agripac/Brucepac)
Allocated HUA: 0.01 C

Gervais STP
NPDES permit condition of no discharge is maintained.
Allocated HUA: 0.0 C

Woodburn WWTP
Allocated HUA: 0.20 C

Aurora STP
NPDES permit condition of no discharge is maintained.
Allocated HUA: 0.0 C

Mt. Angel STP
NPDES permit condition of no discharge is maintained.
Allocated HUA: 0.0 C

Temperature TMDL Replacement project: Willamette Subbasins 33 m



Model results: Pudding River
Point source Waste Load Allocations impacts relative to No Point Source
conditions
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Model results: Pudding River
Point source Waste Load Allocations impacts relative to current conditions
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Southern Willamette shade gap

Restored minus Current
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Lower Willamette current and restored vegetation
(Johnson Creek)
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Protected vegetation scenario (Johnson Creek)
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Contacts and resources

Gene Foster, Water Quality Manager eugene.p.foster@deq.oregon.gov
Ryan Michie, Water Quality Analyst lead ryan.michie@deq.oregon.gov
Michele Martin, Project Manager Michele.martin@deqg.oregon.gov

Andrea Matzke, Basin Coordinator Andrea.matzke@deq.oregon.gov

Evan Haas, Basin Coordinator Evan.haas@deqg.oregon.gov

Nancy Gramlich, Basin Coordinator Nancy.h.gramlich@deq.oregon.gov
Priscilla Woolverton, Basin Coordinator Priscilla.woolverton@deq.oregon.gov

Web pages (links to rulemaking pages, Quality Assurance Project Plans, more)

Project page:
https://www.oregon.gov/deg/wg/tmdls/Pages/tmdIRwillamette.aspx
Rulemaking page:
https://www.oregon.gov/deqg/rulemaking/Pages/willamettetempTMDL.aspx
Committee input and rulemaking email:
Willamette.TemperatureTMDL@DEQ.oregon.gov

Temperature TMDL Replacement project: Willamette Subbasins 39 m
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