MEMORANDUM
Date:

May 13, 2016

To:

File

From:

Clean Water Services

Subject:

Thermal Load Management Plan Package

The Oregon Department of Environmental Quality (DEQ) renewed the District’s watershed-based
National Pollutant Discharge Elimination System (NPDES) permit on April 22, 2016. The District
submitted a Thermal Load Management Plan (TLMP) in August 2015 as a supporting document for
permit renewal. The TLMP summarizes the District’s water quality trading program for temperature
which consists of flow enhancement and riparian planting activities. Credits from flow enhancement
and riparian planting activities are used to offset the thermal load from the District’s wastewater
treatment facilities (WWTFs). Shortly after the District’s submission of the TLMP, in December 2015, the
DEQ adopted new rules for Water Quality Trading (OAR 340-039). Additional requirements for water
quality trading plans were presented in the new water quality trading rules. The District submitted a
Thermal Load Management Plan Summary document in March 2016 that contained the additional
elements required for trading plans as specified in the new water quality trading rules including Best
Management Practice (BMP) Quality Standards. DEQ incorporated a permit condition into the District’s
watershed-based NPDES permit that contains key elements from the District’s TLMP and TLMP
Summary as well as additional requirements, including a credit retirement ratio and an annual target for
credit generation.
The District has consolidated the documents that constitute the DEQ-approved water quality trading
program. The District’s DEQ-approved water quality trading program consists of the following
documents:
•
•
•

Water Quality Trading Conditions from the Watershed-based NPDES Permit
Thermal Load Management Plan Summary, which includes the BMP Quality Standards (March
2016)
Thermal Load Management Plan (August 2015)

Water Quality Trading Conditions from the Watershed-based NPDES Permit

14. Minimum Reporting Requirements

Thermal Load Management
Plan Summary
February 2016

Thermal Load Management Plan Summary
Background
Clean Water Services (District) is a county service district that provides wastewater treatment, stormwater
management, and watershed enhancement activities to more than 560,000 customers in the urban portion
of Washington County. The District has twelve member cities and owns and operates four wastewater
treatment facilities (WWTFs). The District’s four WWTFs are the Forest Grove WWTF, the Hillsboro
WWTF, the Rock Creek Advanced Wastewater Treatment Facility (AWTF), and the Durham AWTF. All
four WWTFs discharge to the Tualatin River. The District also implements the municipal separate storm
sewer system (MS4) program in the urban portion of the Tualatin River watershed. The four WWTFs and
the MS4 program are permitted by the Oregon Department of Environmental Quality (DEQ) under the
District’s watershed-based National Pollutant Discharge Elimination System (NPDES) permit.
The 2001 Tualatin River Sub-basin Total Maximum Daily Load (TMDL) included strict thermal load
allocations for the Rock Creek and Durham AWTFs. The District explored several technology and
discharge based alternatives to meet these allocations. The District concluded that the technology based
alternatives were resource intensive, cost prohibitive, and would do little to improve watershed health; the
discharge based alternatives were also cost prohibitive and would further exacerbate water quality
problems by reducing base flows in the Tualatin River. Instead, the District selected an approach to
reduce the thermal load from the AWTFs where feasible and implemented a water quality trading
program to offset the remaining thermal load from the AWTFs. The thermal waste load allocations from
the 2001 Tualatin River Sub-basin TMDL were incorporated into the District’s 2004 watershed-based
NPDES permit; the watershed-based NPDES permit also included provisions to develop and implement a
Temperature Management Plan (TMP) to offset the thermal load from its AWTFs. Since 2004, the
District has successfully implemented a temperature trading program as outlined in its TMP to offset
thermal loads from the AWTFs.
In 2009, DEQ developed an Internal Management Directive (IMD) for water quality trading programs
(WQ Trading IMD) and subsequently updated it in 2012. As part of its permit renewal, the District
updated its TMP (now called Thermal Load Management Plan (TLMP)) and submitted it to DEQ in
August 2015. The TLMP reflected several enhancements that were made to the trading program over
more than a decade of implementation and was prepared in accordance with the 2012 WQ Trading IMD.
The TLMP was among the documents that were made available during the public comment period for the
District’s draft watershed-based NPDES Permit, which ended on December 2, 2015. Shortly thereafter,
on December 10, 2015, DEQ adopted new rules on the Water Quality Trading Program (Oregon
Administrative Rules (OAR) 340-039). OAR 340-039 specifies the key elements of a water quality
trading plan. The District is providing a summary of its TLMP to address the key elements of the trading
plan specified in OAR 340-039. The District is also using this opportunity to update certain elements of
the TLMP to reflect the new trading rules.
The following is a brief summary of the key elements of the District’s TLMP. Refer to the TLMP for
additional details.

1) Parameters
The District is proposing to offset excess thermal loads (i.e., temperature) from the Rock Creek
AWTF, Durham AWTF, and Forest Grove WWTF with thermal credits from water quality trading
activities. The Hillsboro WWTF does not currently discharge to the Tualatin River during the dry
season (~May to October).
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2) Trading Area
Thermal credits from water quality trading activities are generated by conducting flow enhancement
in the mainstem Tualatin River and key tributaries. Thermal credits are also generated by conducting
riparian shade planting in the Tualatin River watershed. The District’s water quality trading activities
and project prioritization criteria are geared towards supporting beneficial uses in the Tualatin River
watershed including salmonid spawning, rearing and migration.

3) Best Management Practices
Flow enhancement and riparian shade planting programs are the management practices that the
District implements to offset thermal loads from the WWTFs. These management practices are
discussed below.

Flow Enhancement
The District releases stored water from Hagg Lake and Barney Reservoir to the Tualatin River during
the summer and fall periods. The District also releases stored water into key tributaries of the
Tualatin River including Gales Creek, East Fork Dairy Creek, West Fork Dairy Creek, and McKay
Creek. Water quality benefits from flow enhancement include lower stream temperature as a result of
the additional stream flow, reduced residence time, and cold water that is released from the reservoirs.
The District used the DEQ Heat Source model from the 2001 Tualatin River Sub-basin TMDL to
develop empirical equations to calculate temperature reduction immediately above the Rock Creek,
Durham, and Forest Grove WWTFs as a function of stored water releases and stream flow conditions.
The equations for calculating temperature changes due to flow enhancement above each WWTF are
presented below:
Temperature change above the Rock Creek AWTF (°C):

Where:
ΔT = temperature change above the Rock Creek AWTF (°C)
Flow Enhancement = CWS Release from Hagg Lake + CWS Release from Barney Reservoir (cfs)
Farmington Flow = Tualatin River Flow at Farmington Gage (cfs)
Rock Creek AWTF = Rock Creek AWTF Effluent Flow (cfs)
Temperature change above the Durham AWTF (°C):

Where:
ΔT = temperature change above the Durham AWTF (°C)
Flow Enhancement = CWS Release from Hagg Lake + CWS Release from Barney Reservoir (cfs)
Farmington Flow = Tualatin River Flow at Farmington Gage (cfs)
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Temperature change above the Forest Grove WWTF (°C):

Where:
ΔT = temperature change above the Forest Grove WWTF (°C)
Flow Enhancement = Flow Enhancement as Percentage of Flow Upstream of the Forest Grove
WWTF (%) ((CWS release from Hagg Lake and Barney Reservoir/Tualatin River flow above Forest Grove)*100)
The following equation is used to calculate thermal credits from flow enhancement at the Rock
Creek, Durham, and Forest Grove WWTFs. Note that the temperature change above each WWTF
(calculated using the equations above) is shown in the following equation as ΔTFlowAug.

Where:
HFlowAug = the thermal credit from flow enhancement activities
For the Rock Creek AWTF, QRiver= Tualatin River Flow at the Farmington Gage – Rock Creek
AWTF flow (cfs)
For the Durham AWTF, QRiver = Tualatin River Flow at the Farmington Gage (cfs)
For the Forest Grove WWTF, QRiver = Tualatin River Flow at the Golf Course Road Gage –
Forest Grove WWTF flow (cfs)
ΔTFlowAug = temperature change above each WWTF calculated using the equations specified
above
Consistent with the 2001 Tualatin River Sub-basin TMDL, the time period for credit calculations are
the months of July and August because it is the time of year when river temperatures are warmest and
therefore most likely to exceed the temperature criterion. Even though the flow enhancement credit
generation period is limited to the months of July and August, the District continues its stored water
releases from the two reservoirs through September, October, and at times into early November, until
the onset of the high flow period.

Riparian Shade
The riparian shade program is the other key strategy that the District utilizes to offset the thermal load
from its WWTFs. As noted in the 2001 Tualatin River Sub-basin TMDL, solar radiation is a
significant component of the overall thermal energy input into the Tualatin River watershed. Riparian
shade prevents streams from heating by blocking solar radiation (i.e., sunlight) that might otherwise
increase water temperatures.
Riparian project prioritization is conducted at the landscape, program, and project scale.
Prioritization criteria include presence of existing riparian vegetation, the potential for cold water fish
habitat enhancement, aquatic and terrestrial habitat connectivity, the proximity of projects to other
natural/conservation areas and to existing projects, and the potential for vegetation to filter sediment
and nutrients from agricultural practices or urban runoff.
The District implements a riparian shade program that consists of a Capital Program and landowner
incentive programs.
Riparian shade projects implemented under the District’s Capital Program mostly occur on public
lands. Project activities under this program include site preparation activities, planting, monitoring,
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and maintenance. Additional project enhancement activities such as channel reconfiguration, large
wood placement, off-channel habitat creation, and wetland enhancement are performed on a sitespecific basis to improve a broader range of site water quality and ecological functions.
The District also funds landowner incentive programs that enroll agricultural lands in riparian shade
programs. The landowner incentive programs are implemented by the Tualatin Soil and Water
Conservation District (SWCD) in coordination with the Natural Resources Conservation Service
(NRCS) and Farm Service Agency (FSA) for Washington County. Current landowner incentive
programs include the following:
• Enhanced Conservation Reserve Enhancement Program (ECREP), which establishes native trees
and shrubs along priority reaches of the Tualatin River and its tributaries to increase riparian
shade.
• Vegetated Buffer Areas for Conservation (VEGBAC), which provides incentives for rural
landowners to plant native trees and shrubs along stream corridors within portions of Washington
and Multnomah Counties in the Tualatin River watershed. VEGBAC offers a restoration
alternative to landowners who either do not qualify for ECREP or prefer more flexibility.
A site plan is prepared for each riparian shade project. The site plan contains a map showing the
project area and water resources, a schedule and timeline for planting, site preparation protocols, a
description of planting goals, and measures to control non-native species, invasive species and
damage from wildlife.
Through its experience, the District found that site preparation is essential to rapid and cost effective
achievement of planting goals and objectives. Site preparation activities typically include mechanical
and chemical control of non-native invasive species, including Himalayan blackberry and reed canary
grass, and seeding with native grasses to provide both cover and weed competition. Once the site is
prepared, planting plans are developed based on soil type, moisture, exposure, and reference
information from nearby native plant communities. Plant types (whether containerized, plug, bare
root or pole cutting) are selected depending on site conditions, season, availability and cost. The
District conducts high density plantings (~2,500 stems per acre) to provide rapid cover and successful
competition from weeds and wildlife, and to reflect reference site conditions.
The District uses a component of the DEQ Heat Source temperature model called Shade-A-Lator to
perform shade calculations. The model uses site-specific data including stream length and width,
stream aspect, incision, canopy density, riparian vegetation width and height to determine the
effective shade, which is a measure of the amount of sunlight blocked by riparian vegetation. The
July/August time period is used to calculate the thermal load blocked by riparian vegetation. This is
consistent with the 2001 Tualatin River Sub-basin TMDL and corresponds to the time of the year
when river temperatures are warmest and most likely to exceed the temperature criterion.

4) Trading Baseline
Riparian shade projects under the District’s TLMP are implemented in rural and urban areas of the
watershed. In rural areas, agricultural landowners are required to protect riparian areas under the
local water quality management rules developed by the Oregon Department of Agriculture (also
known as Senate Bill (SB) 1010). In urban areas, property developers are required to protect riparian
areas under the District’s Design and Construction Standards. Project sites that are in compliance
with applicable rules governing riparian areas will be considered in the riparian shade program.
Because project sites are in compliance with applicable rules, existing vegetation at the project site is
used to define baseline conditions for calculating thermal credits. Baseline conditions for calculating
thermal credits are determined at project initiation prior to taking credit.
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5) Trading Ratios
The difference between the thermal load blocked after project implementation (with a 20-year shade
establishment period) and the thermal load blocked with existing vegetation represents the reduction
in thermal load (i.e., environmental benefit) associated with the riparian shade project. To calculate
thermal credit, a trading ratio is applied to the environmental benefit associated with the riparian
shade project. The District applies a 2:1 trading ratio for calculating thermal credit (i.e., the thermal
credit is equal to 50% of the environmental benefit associated with the project) for all projects. This
means that twice as much thermal load will be blocked than is needed to offset the thermal load from
the WWTFs. The trading ratio was conceptually derived as the amount of thermal load that would be
offset by riparian shade which would be equivalent to the amount of thermal load discharged over a
20-year period. The 20-year period was used to define the time it takes for riparian plantings to
generate effective shade. As the riparian shade matures beyond 20-years even greater shade may be
generated.
The trading ratio is primarily used to account for the time lag between initial planting and shade
establishment. While a 20-year shade establishment period was envisioned in the TMP, the District’s
focus on conducting riparian shade projects on narrow, tributary streams has resulted in a much
shorter period for establishing effective shade. From 2004–2014, the District has implemented 98
riparian shade projects. Sixty-nine of the 98 projects (70%) have stream widths of ≤20 feet; ninetytwo of the 98 projects (94%) have wetted stream widths of ≤50 feet; and the median stream width for
the projects was < 12 feet. Field monitoring of shade at the riparian shade projects shows that a high
level of riparian shade is provided within 5 years at many sites. Recognizing the shorter time needed
to shade narrower streams, the TMP allowed a 1:1 trading ratio for narrower, high priority streams.
Although the District continues to select priority streams, the District did not utilize the 1:1 trading
ratio for its riparian shade projects; all projects were credited using the 2:1 trading ratio. The District
has also utilized light detection and ranging (LiDAR) to measure tree height and shading on select
projects. The LiDAR data shows that the tree growth rate is equivalent or greater than the 20 year
shade establishment period specified in the TMP. Additionally, the District intends to generate the
necessary thermal credits to offset growth related increases in thermal load from the WWTFs before
the anticipated growth occurs further reducing the shade establishment period. Thus, the District’s
focus on narrow tributary streams where effective shade can be developed quickly, along with its
strategy to develop thermal credits before they are needed, enables the District to reduce the time
between initial planting and shade establishment to much less than the 20 years.
The District also undertakes significant steps to improve the success of its riparian shade program;
these include developing a variety of land stewardship agreements, designing ecologicallyappropriate planting plans, extending site preparation, conducting high density riparian shade
plantings, implementing robust monitoring and maintenance programs, and conducting inter-planting
as necessary to ensure project functions are achieved.
For the reasons noted above, the 2:1 trading ratio used by the District to determine thermal credits is
conservative. As more information becomes available in the future and DEQ develops additional
guidance, the District may modify the trading ratio to provide incentives for narrow streams and for
stream enhancement activities.

6) Credits
The District’s implementation strategy consists of reducing the thermal load from the WWTFs, and
continuing to implement a water quality trading program to offset any additional thermal load from
the WWTFs.
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The following equations are used to calculate the anticipated thermal load from the WWTFs based on
design year 2025 flow conditions, the anticipated reduction in thermal load associated with the
implementation of thermal load reduction strategies, the allowable thermal load based on the 2001
Tualatin River Sub-basin TMDL and the thermal credits necessary to offset the remaining thermal
load from the WWTFs.
Thermal load from WWTFs
In accordance with the 2001 Tualatin River Sub-basin TMDL, the thermal load contributed by each
WWTF is defined as the amount of thermal energy gained by the Tualatin River from the WWTF
effluent. The thermal energy gained by the river is obtained by assuming that the effluent mixes
completely within the mixing zone. The temperature change of the river can be calculated using the
following equation:

Where:
ΔTMixZone+effluent = the temperature change in the Tualatin River (ºC)
QMixZone = the mixing zone flow which equals one quarter of the median daily river flow just
upstream of the outfall; and
TSysPot = the system potential river temperature just upstream of the outfall (11.1°C for Forest
Grove; 14.7°C for Rock Creek; and 18.1°C for Durham)
The thermal load from each WWTF is calculated using the following equation:

Where:
HWWTP = the thermal load discharged from the WWTF
QMixZone+ Qeffluent = flow in the mixing zone below the outfall (cfs); and
ΔTMixZone+effluent = the temperature change in the Tualatin River (ºC) calculated as shown above
Thermal Load Reduction Strategies
The District’s thermal load reduction strategies include the construction of a natural treatment system
adjacent to the Forest Grove WWTF and the expanded use of recycled water. The reduction in
thermal load from the implementation of these strategies is calculated as follows.
Forest Grove Natural Treatment System
Currently, the Forest Grove and Hillsboro WWTFs transfer wastewater through twin, 24-inch
pipelines to the Rock Creek AWTF for treatment and discharge during the dry season. The District is
proposing to provide advanced secondary treatment at the Forest Grove WWTF during the dry season
and direct the treated wastewater through a 95-acre natural treatment system (NTS) in Forest Grove
for further treatment prior to discharge to the Tualatin River.
Effluent temperatures from the Forest Grove NTS are anticipated to be about 3.8°C cooler in July and
5.6°C cooler in August on a monthly average basis compared to the Rock Creek AWTF. These
temperature differences along with the year 2025 design flow (6.3 mgd) were used to calculate the
thermal load reduction associated with the Forest Grove NTS using the following equation:

6

Where:
HTR FG NTS = the thermal load reduction associated with the Forest Grove NTS (kcal/day);
QFG NTS = the 2025 design flow associated with the Forest Grove NTS (cfs); and
𝛥𝛥𝑇𝑇 = the anticipated temperature reduction associated with the Forest Grove NTS (°C)

Recycled Water Use
The District anticipates implementing a 1-mgd Class A recycled water use program at both the Rock
Creek and Durham AWTFs. Because recycled water use represents a direct reduction in the thermal
load discharged to the Tualatin River, this represents a 79 million kcal/day reduction in the thermal
load at each facility. The equation for calculating the thermal load reduction associated with a
recycled water use program is as follows:

Where:
HTR RW =the thermal load reduction associated with a recycled water program (kcal/day);
QRW = the flow associated with the recycled water program (cfs); and
𝑇𝑇 = the WWTF effluent temperature (°C)

Allowable Thermal Load
In accordance with the 2001 Tualatin River Sub-basin TMDL, the allowable thermal load (i.e.,
wasteload allocation) is based on “no measurable change above system potential temperature.”
Measurable change is defined as no more than a 0.25ºF change in temperature at the edge of the
mixing zone. The allowable thermal load is expressed as a negative number because it is an
allowance that is subtracted from the thermal load to offset at each WWTF.
TP

Where:
HWWTF Allowance = the thermal load allocated under the 2001 Tualatin Sub-basin TMDL (kcal/day);
and
QMixzone+ Qeffluent = flow in the mixing zone below the discharge location (cfs)
Thermal Credits
From 2004-2014, the District has implemented a total of 98 riparian shade projects. Fifty projects
have been implemented in the urban portion of the Tualatin River watershed and have resulted in the
restoration of 20.6 stream miles of riparian vegetation. Forty-eight projects have been implemented
in the rural portion of the Tualatin River watershed and have resulted in the restoration of 25.7 stream
miles of riparian vegetation. The District has generated 400 million kcal/day of thermal credits with
the implementation of these riparian shade projects. As discussed below, the District conducts
routine monitoring at project sites to ensure project success. Since the riparian shade projects
continue to provide shade, the thermal credits from the projects continue to be available for use in
offsetting the thermal loads from the WWTFs.
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The District also released an average of 35.8 cfs of stored water annually from 2004-2014. Flow
enhancement activities have generated an average of 511 million kcal/day of credits at the Rock
Creek AWTF and 392 million kcal/day of credits at the Durham AWTF during this period.
Anticipated credits from flow enhancement were calculated to be 111 million kcal/day at the Forest
Grove WWTF based on the 2004-2014 average release rate.
Summary
The following equations were used to determine the thermal load to offset and the additional credits
needed based on year 2025 flow conditions at the Rock Creek, Durham, and Forest Grove WWTFs:
𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡𝑡𝑡 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂
= 𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 − 𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿 𝑅𝑅𝑒𝑒𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 𝑎𝑎𝑎𝑎 𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊
− 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑓𝑓𝑓𝑓𝑓𝑓 2025 𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐
= 𝑇𝑇ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 𝑡𝑡𝑡𝑡 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 − 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
− 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝑓𝑓𝑓𝑓𝑓𝑓𝑓𝑓 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑆𝑆ℎ𝑎𝑎𝑎𝑎𝑎𝑎 𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔 𝑓𝑓𝑓𝑓𝑓𝑓𝑚𝑚 2004 − 2014

The following table presents the anticipated 2025 design flows for each WWTF , the thermal loads
from the WWTFs based on 2025 flows, the thermal load reduction based on the implementation of
the strategies noted above, the thermal loads to offset, and the additional credits needed based on
2025 design flows.
Table 2: Thermal Loads and Credits (2025 conditions)
(based on 2025 conditions with lower growth rate)
Flow
Allowable
Thermal Enhancement Riparian
Riparian
Thermal
Additional
2025 Flows Thermal Load
Thermal Load Load to Credit
Shade Credits Credits to meet Program Scale
Facility
(MGD)
Load
(2004-14)
Reduction (2001 TMDL) Offset
2025 conditions (miles/year)
(on-going)
Forest Grove
6.1
180
0
-8
172
-111
------Rock Creek
42.3
1438
-192
-32
1213
-511
------Durham
23.5
392
-79
-28
363
-392
------Cumulative Totals
71.9
2009
-271
-69
1748
-1014
-400
334
3.3
Except as noted, all values in million kcal/day

The District estimates that the thermal load reduction strategies will result in a 271 million kcals/day
total thermal load reduction at the three WWTFs. Flow enhancement activities are estimated to
generate 1,014 million kcals/day of thermal credit based on an 11-year average (2004-2014); the
District has generated 400 million kcal/day of thermal credits from riparian shade projects through
2014. With the projected growth rate, the District will need to obtain an additional 334 million
kcal/day of thermal credit by 2025 to offset anticipated growth-related increases of thermal load from
the WWTFs for 2025 flow conditions. This equates to approximately 3.3 miles per year of additional
riparian shade planting in the watershed over the next 10 years.
The projections in Table 1 above are based on an average pre-recession growth rate. The District
conducted a similar assessment based on a higher growth rate. The results of the assessment are
presented in the TLMP. It is likely that the average pre-recession growth rate provides a better
estimate of the future thermal loads. Thus, the District is anticipating that it will need an additional
334 million kcal/day of thermal credit over the next 10 years. The District will continue to generate
thermal credits to offset any increase in thermal loads from the WWTFs. At this stage, the District
will target generating an additional 33.4 million kcal/day of thermal credit per year through flow
enhancement and riparian shading. Note that the District also anticipates reducing thermal loads
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discharged from the WWTFs through actions such as recycled water use and industrial pretreatment
controls. The thermal credit targets will be reviewed and updated in the annual report based on actual
thermal load growth in the service area.
Credit Duration
Sites are eligible for credit enrollment after initial planting has been completed. Credits are effective
as long as the ecological functions (i.e., shade) are documented and sustained.

7) Monitoring and Verification
Flow Enhancement Program Monitoring
The District, in collaboration with its partner agencies, operates 19 stream flow monitoring stations in the
watershed. Many of these monitoring stations provide near real-time flow data in the Tualatin River and
key tributaries. The District uses this information to manage its stored water releases and to ensure that
stored water releases are enhancing stream flow.
Riparian Shade Program Monitoring
At each riparian shade planting project, the District conducts baseline, routine, and shade monitoring.
These elements are described below:
Baseline Monitoring
Baseline conditions are assessed to serve as a benchmark for calculating the reduction in thermal load
associated with the implementation of the riparian shade project. Baseline monitoring is conducted
prior to initial planting at the project site. The District documents existing vegetation and other site
characteristics (e.g., stream aspect, wetted width, and incision) by conducting field measurements and
through the use of remotely sensed datasets, such as LiDAR and aerial photos.
Routine Monitoring
The District conducts qualitative and quantitative monitoring at all riparian planting projects that are
enrolled for thermal credit. Typically, monitoring is conducted during early fall prior to leaf drop.
Site assessment reports document site conditions and include site specific management actions.
Qualitative monitoring is conducted on an annual basis and is used to assess overall project health and
project phase. The District implements a functional component-based assessment process to
determine if a riparian planting project is in a transitional, established, or stewardship phase. This
assessment approach assists in determining the necessary level of ongoing maintenance needed for
riparian planting projects (e.g., inter-planting, seeding, weed control, herbivore protections) and
project phase. This assessment methodology is designed to mimic the dynamic nature of riparian
planting projects as they mature from initial plantings to stable riparian ecosystems. Quantitative
monitoring is conducted biennially and includes information regarding native tree and shrub counts,
species composition, stem density, and riparian structure (i.e., canopy).
Data collected during qualitative and quantitative monitoring is used in conjunction with functionbased success criteria to gauge the success of a project. Function-based success criteria are developed
from appropriate reference site monitoring and data analysis. Success criteria were developed for the
following components: species composition (both woody and herbaceous, native and non-native),
density (trees and shrubs), structure (overstory, understory, and groundcover), and riparian shade.
Shade Monitoring
Shade is monitored at all project sites to assess the development of shade-producing canopy. Shade
monitoring occurs five years following initial enrollment for thermal credit and every five years
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thereafter until year twenty. The District will either use a densiometer or remotely sensed datasets,
such as LiDAR and aerial photos, to evaluate canopy cover.

8) Tracking and Reporting
A site assessment report is prepared for each site and is used to document site conditions, identify
management actions taken, and to identify proposed actions for the following year. Each site
assessment report contains project specific information including project location, acreage, the initial
planting year, the year when thermal credit was taken, and the stream length associated with the
project. Site assessment reports also contain information regarding each plant community (e.g.,
riparian forest, forested wetland, upland forest, scrub-shrub) within a project. This information
contains a list of categorized plant species, stem densities, and the phase of each plant community.
The District maintains the following information for each riparian shade project: project description,
site plan, thermal credit calculations (including thermal load blocked by baseline conditions, the
anticipated thermal load blocked by enhanced vegetation, and the thermal credits from each riparian
planting project), and site assessment reports.
The District will report the thermal credits that are generated from its on-going flow enhancement
activities and new riparian shade planting projects during the months of July and August in the
monthly Discharge Monitoring Reports. On an annual basis, the District will submit a report
specifying the actions taken to reduce thermal loads from the WWTFs, the thermal loads to offset, the
thermal credits generated from water quality trading activities, and the net thermal load to the
Tualatin River watershed. The annual report of credit trading activities will be uploaded onto the
District’s website and made available to the public.

9) Adaptive Management
Adaptive management is a key component of the District’s riparian shade program. The District’s
current riparian shade program has evolved over the last decade through the implementation of
adaptive management. For example, the District has found that site preparation is essential to rapid
achievement of planting goals and objectives. The District conducts extended site preparation
activities that last up to two years and include the removal of non-native invasive species, including
Himalayan blackberry and reed canary grass, and seeding with native grasses to provide both cover
and weed competition. The District has also found that high density planting provide rapid cover and
successful competition from weeds and herbivores. The District’s approach utilizes high density
plantings at all its riparian shade project sites. The District found that establishing defensible
ecological and physical boundaries well beyond those needed to generate thermal credits reduce edge
effects, and increase the resiliency and likelihood of project success. The District has incorporated a
number of such strategies into its riparian shade program through an adaptive management approach.
The District also implements an adaptive management strategy at the project scale because natural
processes can alter the initial actions taken at project sites. For example, recolonization by beavers
and the creation of beaver ponds result in broad ecological benefits including an improved riparian
structure and canopy. The District recognizes that forcing project sites to develop pre-ordained
attributes that conflict with natural ecological processes occurring at the site can limit broader
ecological benefits. As a result, the District employs adaptive management strategies to address
challenges and opportunities that arise at each site.
Additionally, the District implements a robust monitoring and maintenance program and conducts
inter-planting as necessary to ensure project functions are achieved. The District may adjust the
credits based on project functionality or remove the project and associated thermal credits from its
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portfolio of riparian shade projects if the project is unsuccessful. If necessary, the District will
substitute other non-credited (i.e., reserve) project sites to its portfolio of riparian shade projects.

10) Additional Elements
Public conservation funds
The District utilizes a collaborative partnership-based approach to implement the riparian shade
planting program. This approach enables the District and its partners to generate greater
environmental benefits than those possible through individual efforts. These actions go well beyond
providing shade. The District’s approach encourages broader landscape restoration to simultaneously
achieve multiple objectives including nutrient reduction, integrated pest management, erosion control,
increased channel complexity, wider stream buffers, floodplain access, wetland restoration, and
improved irrigation efficiency. The partners that may provide public conservation funds include
NRCS, FSA, Metro, and others. Where public conservations funds are used, the District will seek
credit based on the District’s contribution to credit generating activities. Credit generating activities
for riparian shade programs would include site preparation, planting, monitoring, and maintenance.
For the projects where public conservation funds are used, the District will demonstrate in the annual
report that the thermal credits for riparian shade projects that are being claimed are based on the
District’s contribution towards credit generating activities.
Ecological benefits
The District’s trading program supports numerous ecosystem benefits beyond temperature benefits.
The ecosystem benefits of riparian shading activities may include improved stream functions (e.g.,
floodplain roughness, bank stabilization, peak flow attenuation, habitat creation), increased diversity
of aquatic and terrestrial plant and animal species, filtering of stormwater runoff, and improved water
quality. The increased complexity of structure and diversity of restored riparian forests and scrubshrub wetlands support many important ecosystem functions for the aquatic environment. One
example of this is the colonization of some stream reaches by beavers, a keystone species for stream
function in the basin. By raising the water table, beavers promote floodplain wetlands with enhanced
plant, animal, and geomorphic diversity in comparison to the original simplified stream channel.
These features and the resultant geomorphic complexity enhance fish habitat quality and may also
provide cold water refuges. Furthermore, the enhancement of riparian areas within and outside the
District’s service area improves the overall health of the Tualatin River watershed and creates
partnerships with positive outcomes for water quality.
The District’s release of stored water also provides multiple ecosystem benefits. Flow enhancement
provides cooling effects, buffers against temperature changes, and results in higher dissolved oxygen
levels to support aquatic life. The release of stored water, along with the release of the highly treated
discharges from the District’s Rock Creek and Durham AWTFs, provides a sustainable base flow to
the mainstem Tualatin River during the dry season.

Appendix
Appendix A: BMP Quality Standards
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Appendix A: BMP Quality Standards

DEQ’s trading rules require that BMPs eligible for credit generation must be quantifiable and have BMP
quality standards. A BMP quality standard includes information necessary to ensure that the appropriate
BMP is selected for a trading project and properly implemented. This appendix describes elements of the
District’s thermal load management program that address BMP quality standards. Note that most
elements of the BMP quality standards are already described in the District’s 2015 Thermal Load
Management Plan (TLMP) and in the TLMP Summary. This document provides a brief response to the
BMP quality standard elements specified by DEQ and references specific chapters of the TLMP for
additional details.
A BMP quality standard should include the following elements:
i.

A description of the practice and pollutant sources addressed by the BMP;
The District is proposing to offset thermal loads (i.e., temperature) from the Rock Creek AWTF,
Durham AWTF, and Forest Grove WWTF with thermal credits from water quality trading
activities. Thermal credits from water quality trading activities are generated by conducting flow
enhancement in the mainstem Tualatin River and key tributaries. Thermal credits are also
generated by conducting riparian shade planting in the Tualatin River watershed. The practices
and pollutant sources are discussed in the District’s 2015 TLMP. Chapter 2, Alternatives
Analysis, discusses the pollutant sources addressed by the BMPs; Chapter 4, Flow Enhancement,
and Chapter 5, Riparian Shade Program Framework, discuss the management practices that the
District implements to offset thermal loads from the WWTFs.

ii.

A quantitative description of the BMP’s effectiveness at reducing the pollutant;
Flow enhancement and riparian shade planting are effective management practices for
addressing temperature issues in the Tualatin River watershed. The importance of these
management practices is discussed in the 2001 Tualatin River Subbasin TMDL and the District’s
TLMP. Chapter 4 of the TLMP, which contains a discussion of the flow enhancement program,
presents empirical equations based on the 2001 Tualatin River Subbasin TMDL that are used to
quantify the benefits of flow enhancement. Chapter 5 contains a discussion of the riparian shade
program and the DEQ Shad-A-Lator model, which is used to quantify benefits from riparian
shade projects.

iii.

Suitability of the BMP for different situations and when it should be used, including eligible land
uses, site conditions, practices, or locations in watersheds where BMPs are applicable;
For the flow enhancement program, the District releases stored water from Hagg Lake and
Barney Reservoir to the Tualatin River and key tributaries during the summer and fall. The time
period of interest is the months of July and August because it is the time of year when river
temperatures are warmest. Note that the District continues its stored water releases from the two
reservoirs through September, October, and at times into early November, until the onset of the
high flow period. Thermal benefits from flow enhancement are derived from the additional
stream flow, reduced residence time, and colder water that is released from the reservoirs.
Additional information regarding the District’s flow enhancement program is presented in
Chapter 4 of the TLMP.
For the District’s riparian shade program, riparian plant communities are selected based on site
conditions, including soil type and hydrology (Table 1). Prioritization criteria for project
locations include the presence of existing riparian vegetation, the potential for cold water fish
habitat enhancement, aquatic and terrestrial habitat connectivity, the proximity of projects to

other natural/conservation areas and to existing projects, and the potential for vegetation to filter
sediment and nutrients from agricultural practices or urban runoff.
A site plan is prepared for each riparian shade project. The site plan contains a map showing the
project area and water resources, a description of the planting goals and customized planting
plan based on site conditions, a schedule and timeline for planting, site preparation protocols,
and measures to control non-native species, invasive species and damage from wildlife. Because
of the dynamic nature of riparian shade projects and the uniqueness of each site, adaptive
management strategies are used to address the challenges and opportunities that arise at each
site. Additional details regarding the District’s riparian shade program framework and riparian
shade program implementation are presented in Chapters 5 and 6 of the TLMP.
Table 1. Clean Water Services Plant Community Types within the Tualatin Basin

Plant
Community
Riparian
Forest (RF)
Upland
Forest (UF)
Forested
Wetland
(FW)
Emergent
Wetland
(EM)

Scrub-Shrub
Wetland (SS)
Oak
Woodland
(OW)

Oak Savanna
(OS)
Wet Prairie
(WP)

1

Hydrology

Soils

within
floodplain,
occasionally
flooded
outside
floodplain, only
flooded during
extreme events
within
floodplain,
seasonally
flooded, meets
wetland criteria
within
floodplain,
seasonally
flooded, meets
wetland criteria
within
floodplain,
seasonally
flooded, meets
wetland criteria
outside
floodplain,
upland

hydric/
nonhydric

Min. Map
Unit (ac)
0.50

nonhydric

0.50

hydric

0.50

hydric

0.25

Sample Plant Associations 1

A. Fraxinus latifolia-Thuja plicata-Populus
trichocarpa-Physocarpus capitatus
B. Abies grandis-Acer macrophyllum-Alnus
rubra-Mahonia aquifolium-Rosa pisocarpa
A. Pseudotsuga menziesii-Acer macrophyllumAcer circinatum
B. Quercus garryana-Arbutus menziesiiHolodiscus discolor
A. Fraxinus latifolia-Symphoricarpos
albus/Cornus sericea/Rosa pisocarpa
B. Alnus rubra-Thuja plicata-Rubus spectabilis
A.
B.

Carex stipata-Carex unilateralis-Juncus
ensifolius-Deschampsia cespitosa-Scirpus
microcarpus
Sagittaria latifolia-Scirpus validus-Beckmania
syzigachne-Leersia oryzoides
Salix lasiandra-S. sitchensis-Spiraea douglasiiCornus sericea
Physocarpus capitatus-Rosa pisocarpa-Malus
fusca

hydric

0.25

A.

nonhydric

2.5

outside
floodplain,
upland

nonhydric

5.0

within
floodplain,
ponding during
winter/spring

hydric

0.25

A. Quercus garryana-Symphoricarpos albusRubus parviflorus-Rhamnus purshiana
B. Quercus garryana-Pinus ponderosaSymphoricarpos albus-Acer circinatum
A. Quercus garryana-Rosa pisocarpa-Elymus
glaucus- Camassia quamashB.
B. Quercus garryana-Symphoricarpos albusAmelanchier alnifolia-Bromus vulgarisDanthonia californica
A. Glyceria elata-Camassia quamashPlagiobothrys figuratus-Hordeum
brachyantherum-Eriophyllum lanatum
B. Danthonia californica-Deschampsia cespitosaLupinus polyphyllus-Potentilla gracilisSidalcea campestris

Plant associations are neither comprehensive nor exclusive

B.

iv.

Project duration and useful lifetime expectancy, including: cumulative, annual, and seasonal
practices;
The District releases stored water from Hagg Lake and Barney Reservoir each year. Thermal
credits from the stored water releases are calculated on a daily basis during July and August
based on the temperature reduction above the WWTFs. Thermal credits from this activity would
be available as long as the District continues to release stored water. Details of the flow
enhancement program are described in Chapter 4 of the District’s TLMP.
Riparian shade projects will deliver environmental benefits for several decades. The District
conducts routine monitoring of site conditions and riparian shade to ensure that anticipated
environmental benefits are being delivered. Projects are deemed to be successful as long as the
environmental benefits (i.e., shade) at the site are documented and sustained. The District may
adjust the credits based on project functionality or remove the project and associated thermal
credits from its portfolio of riparian shade projects if the project is unsuccessful. If necessary,
the District will substitute other non-credited (i.e., reserve) project sites to its portfolio of
riparian shade projects.

v.

Factors affecting temporal performance such as time lag between BMP establishment and
realization of water quality benefits; and

vi.

Potential interactions with other practices;
As noted above, the thermal credits from flow enhancement are derived based on the thermal
benefits accrued above each WWTF using empirical equations that account for the stored water
release rate and stream flow conditions. Location and attenuation factors are taken into account
when calculating the thermal credits from flow enhancement activities.
The District applies a 2:1 trading ratio for calculating thermal credits from riparian shade
projects. This means that twice as much thermal load will be blocked than is needed to offset the
thermal load from the WWTFs. The trading ratio is primarily used to account for the time lag
between initial planting and shade establishment, which was envisioned to be 20 years. The
District’s focus on conducting riparian shade projects on smaller tributary streams has resulted
in a much shorter period for shade establishment. Additionally, the District intends to generate
the necessary thermal credits to offset growth related increases in thermal load from the WWTFs
before the anticipated growth occurs, further reducing the shade establishment period. Thus, the
District’s focus on smaller tributary streams where shade can be developed quickly, along with a
strategy to develop thermal credits before they are needed, enables the District to reduce the time
between initial planting and shade establishment to much less than the 20 years.
The District also undertakes significant steps to improve the success of its riparian shade
program; these include developing a variety of land stewardship agreements, designing
ecologically-appropriate planting plans, extending site preparation, conducting high density
riparian shade plantings, implementing robust monitoring and maintenance programs, and
conducting inter-planting as necessary to ensure project functions are achieved.

vii.

Identification of ancillary benefits and unintended consequences; and a description of conditions
or risk factors where a BMP will not function (e.g., large storms);
The District’s trading program supports numerous ecosystem benefits beyond temperature
benefits. Flow enhancement provides cooling effects, buffers against temperature changes, and
results in higher dissolved oxygen levels and better overall water quality to support aquatic life.
The release of stored water, along with the release of the highly treated water from the District’s
Rock Creek and Durham AWTFs, also provides a sustainable base flow to the mainstem Tualatin
River during the dry season.

The ecosystem benefits of riparian shading activities include improved stream functions (e.g.,
floodplain roughness, bank stabilization, peak flow attenuation, habitat creation), increased
diversity of aquatic and terrestrial plant and animal species, filtering of stormwater runoff, and
improved water quality. The increased complexity of structure and diversity of restored riparian
forests and scrub-shrub wetlands support many important ecosystem functions for the aquatic
environment. One example is the colonization of some stream reaches by beavers, a keystone
species for stream function in the Tualatin River watershed. By raising the water table, beavers
promote floodplain wetlands with enhanced plant, animal, and geomorphic diversity. These
features and the resultant geomorphic complexity enhance fish habitat quality and may also
provide cold water refuges. Thus, the enhancement of riparian areas within and outside the
District’s service area improves the overall health of the Tualatin River watershed and creates
partnerships with positive outcomes for water quality.
Additional details regarding ecosystem benefits of the District’s flow enhancement and riparian
shade programs is provided in Chapter 7 of the TLMP.
The District has developed programmatic tools to address many risks to credit effectiveness
including strong partnerships with many community organizations, land preservation instruments
or easements, land owner stewardship agreements, and contract provisions for liquidated
damages. However, unforeseen events such as floods, fires, or other acts of God may result in a
reduction in riparian shade across projects. The District may substitute another project from its
reserve pool to address loss of riparian shade due to unforeseen events. If a reduction occurs
and the District is not able to substitute with reserve riparian shade projects, the District and
DEQ, with public input, will develop an action plan to address the loss of riparian shade due to
unforeseen events.
viii.

BMP design criteria, including installation instructions; verifiable installation criteria (e.g., 100
foot minimum buffer width); qualitative installation criteria (e.g., fence material type);
management instructions (e.g., seeding rate);
The District’s design criteria for the flow enhancement program is to provide sustainable base
flows in the upper Tualatin River, maintain minimum dilutions for WWTF discharges, offset the
thermal load from the District’s WWTFs, and improve dissolved oxygen and overall water quality
in the lower Tualatin River.
For the riparian shade program, the District utilizes a rapid riparian restoration strategy to
generate shade cover quickly. Under this approach, the District targets wide buffers (up to 135feet) well in excess of buffer widths necessary for thermal credits, establishes defensible site
boundaries well beyond those necessary to generate thermal credits, conducts extended site
preparation activities to increase the likelihood of project success, conducts ecologically
appropriate plantings with a diverse plant community that are appropriate for the site, conducts
initial plantings at very high densities (~2,500 stems per acre), and implements a robust
monitoring and maintenance program to ensure riparian shade projects succeed. Additional
details regarding the implementation of the riparian shade program are presented in Chapter 6
of the TLMP.

ix.

BMP monitoring criteria, and the specific metrics to be monitored to ensure the BMP is effective
at reducing pollutants and installed correctly;
The District, in collaboration with its partner agencies in the Tualatin River watershed, operates
19 stream flow monitoring stations in the watershed. Many of these monitoring stations provide
near real-time flow data in the Tualatin River and key tributaries. The District uses this

information to manage its stored water releases and to ensure the effectiveness of its flow
enhancement program.
At each riparian shade planting project, the District conducts baseline monitoring, routine
monitoring, and shade monitoring to promote project success. Baseline monitoring is conducted
prior to initial planting at the project site. Baseline conditions are assessed to serve as a
benchmark for calculating the reduction in thermal load associated with the implementation of
the riparian shade project. The District documents existing vegetation and other site
characteristics (e.g., stream aspect, wetted width, and incision) by conducting field measurements
and through the use of remotely sensed datasets, such as LiDAR and aerial photos.
The District conducts routine monitoring that consists of qualitative and quantitative assessments
at all riparian planting projects. Monitoring is typically conducted during early fall prior to leaf
drop. Qualitative monitoring is conducted on an annual basis and is used to assess overall
project health and project phase. Quantitative monitoring is conducted every two years and
includes information regarding native tree and shrub counts, species composition, stem density,
and riparian structure (i.e., canopy).
Shade is monitored at all riparian project sites to assess the development of shade-producing
canopy. Shade monitoring occurs five years following initial enrollment of the project for
thermal credit and every five years thereafter until year twenty. A densiometer or remotely
sensed datasets, such as LiDAR and aerial photos, are used to evaluate canopy cover and stream
shade.
Additional information regarding the District’s riparian shade monitoring protocols is provided
in Chapter 6 of the TLMP.
x.

Description of BMP operation and maintenance requirements;
As noted above, the District, in collaboration with its partner agencies in the Tualatin River
watershed, operates 19 stream flow monitoring stations in the watershed. Many of these
monitoring stations provide near real-time flow data in the Tualatin River and key tributaries.
The District uses this information to manage its stored water releases and to ensure the
effectiveness of its flow enhancement program.
With regards to its riparian shade planting program, the District applies a functional-based
assessment process to determine if a riparian planting project is in a transitional, establishment,
or stewardship phase. This assessment approach assists in determining the necessary level of
ongoing maintenance needed for riparian planting projects (e.g., inter-planting, seeding, weed
control, herbivore protections). This assessment methodology is designed to mimic the dynamic
nature of riparian planting projects as they mature from initial plantings to stable riparian
ecosystems.
The transitional phase is defined as the period between initial planting and plant establishment.
Typically, this takes four to five (4-5) years and requires aggressive maintenance actions
including herbivore protection, weed control and inter-planting. Criteria for transitioning the
sites to the “establishment” phase are based on the plant community type and include target stem
density, percent native aerial cover, and prevalence index (Table 2). Note that it is typical for
stem densities to decrease from the transitional phase to the establishment phase. Depending on
plant community type, the District typically targets stem densities of about 2,300 - 2,500 per acre
at project sites with the goal of achieving a target stem density of 1,400 – 1,600 per acre in the
establishment phase. Projects that do not meet the establishment criteria after five (5) years are
evaluated and then modified as necessary to promote project success.

Table 2. Criteria for Transition from Transitional to Establishment Phase
Plant Community
Initial2
Target
Native Aerial
Type
Stems/Acre
Stems/ Acre
Cover (%)
Emergent Wetland
NA
NA
≥ 60 herbaceous
Scrub-Shrub
2500
≥ 1600
≥ 60 woody
Wetland
Forested Wetland
2500
≥ 1600
≥ 60 woody
Riparian Forest
2500
≥1600
≥ 60 woody
Upland Forest
2300
≥ 1400
≥ 60 woody
Oak Woodland
NA
NA
≥ 60 woody
Oak Savanna
NA
NA
NA
Wet Prairie
NA
NA
≥ 60 herbaceous

Prevalence
Index3
<3.0
<3.0
<3.0
NA
NA
NA
NA
<3.0

The establishment phase is characterized by vigorous growth and reduced competition from nonnative vegetation. Typically, the establishment phase takes two to three (2-3) years and requires
a reduced maintenance level. Maintenance actions include herbivore protection, weed control
and inter-planting. Once a project is deemed to be ecologically stable, it enters the stewardship
phase where the maturing plant communities are monitored and maintained. The criteria for
transitioning to the stewardship phase are presented in Table 3.

0.01 trees/sq. ft., 0.05 shrubs/sq. ft.
prevalence index is calculated using methods outlined in the 1987 USACOE Wetland Delineation Manual
Supplements. When averaged across the plant community type, the prevalence index can provide a picture of the
moisture tolerance of the wetland.

2

3The

Table 3. Criteria for Transition from Establishment to Stewardship
Plant Community
Invasive Composition/
Canopy
Native Aerial Cover
Type
Species Diversity
(%)
(%)
/Structure
(# native species)
Emergent Wetland
≤ 20
≥ 5 herbaceous
NA
≥ 90 herbaceous
Scrub-Shrub
≤ 20
≥ 5 shrubs
≥85 %
NA
Wetland
≥ 3 herbaceous
Forested Wetland

≤ 20

Riparian Forest

≤ 20

Upland Forest

≤ 20

Oak Woodland

≤ 20

Oak Savanna

≤ 20

Wet Prairie

≤ 20

≥ 5 shrubs
≥ 3 trees
≥ 3 herbaceous

≥85 %

NA

≥ 5 shrubs
≥ 3 trees
≥ 5 herbaceous
≥ 5 shrubs
≥ 3 trees
≥ 5 herbaceous
≥ 5 shrubs
≥ 1 trees
≥ 3 herbaceous

≥85 %

NA

≥85 %

NA

≥85 %

NA

NA

≥ 80 herbaceous

≥ 5 herbaceous

NA

≥ 80 herbaceous

≥ 1 trees
≥ 5 herbaceous

xi.

BMP Quantification methods, including: units of measure; technical documentation of
quantification approaches/tools, including assumptions and documentation of BMP
implementation monitoring and effectiveness measurement accuracy and precision; alternative
quantification approaches/tools; and effectiveness estimates, including justifications and
references;
As noted above, the District has developed empirical equations based on the 2001 Tualatin River
Subbasin TMDL to quantify the thermal benefits of flow enhancement. The District uses the DEQ
Shad-A-Lator model to quantify benefits from riparian shade projects. The approach and
methodology are presented in Appendix A of the TLMP.

xii.

Objective and verifiable BMP performance criteria (e.g., no more than 20% cover invasive
species) and procedures for documenting those results;
See response to item x above.

xiii.

Credit calculation guidelines, including guidelines for: applying methodology to pre-project site
conditions after trading baseline conditions are satisfied, measuring/predicting future conditions,
and documenting assumptions and data used in quantifying water quality benefits;
Thermal credits calculation methodology for the flow enhancement program and riparian shade
program are presented in Chapters 4 and 5 of the TLMP, respectively.

xiv.

Ratio considerations, including a description of the types of ratios that might apply to the BMP
and under what circumstances; and
The District applies a 2:1 trading ratio for calculating thermal credit for riparian shade projects.
This means that twice as much thermal load will be blocked than is needed to offset the thermal
load from the WWTFs. Chapter 5 of the TLMP includes a discussion of the trading ratio.

xv.

Citations of scientific journals or reports from which the BMP quality standards or guidelines
were derived.
A number of scientific journal articles have been written regarding the effectiveness of riparian
shade in addressing stream temperature issues. Here is a brief sampling of the articles:
Bowler, D.E., R. Mant, H. Orr, D.M. Hannah and A.S. Pullin. 2012. What are the effects of
wooded riparian zones on stream temperature? Environmental Evidence 1:1-9.
Burbidge, A.H., M. Maron, M.F. Clarke, J. Baker, D.L. Oliver and G. Ford. 2011. Linking
science and practice in ecological research and management: How can we do it better?
Ecological Management & Restoration 12(1):54-60.
Butler, S. and J. Long. 2005. Economics and Survival of Hand-Planted Riparian Forest Buffers in
West Central Maine. U.S. Department of Agriculture, Natural Resource Conservation
Service.
Carter, K. 2005. The effects of temperature on steelhead trout, Coho salmon, and Chinook
Salmon biology and function by life stage: implications for Klamath basin TMDLs.
California Regional Water Quality Control Board, North Coast Region.
Christy, J.A. and E.R. Alverson 2011. Historical vegetation of the Willamette Valley, Oregon,
circa 1850. Northwest Science 85:93-107.
Fierke, M.K. and J.B. Kauffman. 2006. Invasive species influence riparian plant diversity along a
successional gradient, Willamette River, Oregon. Natural Areas Journal 26:376-382.

Guillozet, P., K. Smith and K. Guillozet. 2014. The Rapid Riparian Revegetation Approach.
Ecological Restoration 32(2):113-124.
Lancaster, S., R. Haggerty, S. Gregory, K.T. Farthing, L. Ashkenas and S. Biorn-Hansen. 2005.
Investigation of the temperature impact of hyporheic flow: using groundwater and heat
flow modeling and GIS analysis to evaluate temperature migration strategies on the
Willamette River. Oregon State University, Corvallis, OR.
Seavy, N.E., T. Gardali, G.H. Golet, F.T. Griggs, C.A. Howell, R. Kelsey, S.L. Small, J.H. Viers
and J.F. Weigand. 2009. Why climate change makes riparian restoration more important
than ever: Recommendations for practice and research. Ecological Restoration 27:330338.
Suding, K.N., K.L. Gross and G. Houseman. 2004. Alternative states and positive feedbacks in
restoration ecology. Trends in Ecology and Evolution 19:46-53.
Sweeney, B.W. and J.D. Newbold. 2014. Streamside forest buffer width needed to protect stream
water quality, habitat, and organisms: a literature review. JAWRA 50:560-584.
doi:10.111/jawr.12203.
Weisberg, P.J., S.G. Mortensen and T.E. Dilts. 2012. Gallery Forest or Herbaceous Wetland? The
Need for Multi-Target Perspectives in Riparian Restoration Planning. Restoration
Ecology 21(1):12-16.
Withrow-Robinson, B., M. Bennet and G. Ahrens. 2011. A Guide to Riparian Tree and Shrub
Planting in the Willamette Valley: Steps to Success. Oregon State University Extension.
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Executive Summary
Background
Clean Water Services (District) is a County service district that provides wastewater
treatment, stormwater management, and watershed management to more than 550,000
customers in the urban portion of Washington County. The District has twelve member
cities, and owns and operates four wastewater treatment facilities (WWTFs) at sites in
Forest Grove, Hillsboro, and Tigard. The District’s four WWTFs are the Forest Grove
WWTF, the Hillsboro WWTF, the Rock Creek Advanced Wastewater Treatment Facility
(AWTF), and the Durham AWTF.
The District also implements the municipal separate storm sewer system (MS4) program
in the urban portion of the Tualatin River watershed. The four WWTFs and the MS4
program are permitted by the Oregon Department of Environmental Quality (DEQ) under
the watershed-based National Pollutant Discharge Elimination System (NPDES) permit.
The District’s four WWTFs discharge to the Tualatin River. Stream flow in the Tualatin
River reflects the regional climate with higher flow during the wet winter season
(November – April) and lower flow during the dry summer season (May – October). Most
water quality concerns in the mainstem Tualatin River occur during the dry summer and
early fall periods. As a result of water quality issues in the Tualatin River, DEQ
developed Total Maximum Daily Loads (TMDLs) for ammonia, phosphorus, temperature,
bacteria, and dissolved oxygen.

Alternatives Analysis
The 2001 Tualatin River Subbasin TMDL included strict thermal waste load allocations
for the Rock Creek and Durham AWTFs. The thermal waste load allocations were
incorporated into the District’s watershed-based NPDES permit, which was issued in
2004. The District explored several alternatives to meet the thermal load limits for the
two AWTFs. The District evaluated the following options: source control, covering
treatment units at the WWTFs, evaporative cooling, mechanical cooling (i.e.,
refrigeration), wetland treatment, recycled water use, and exporting WWTF effluent out of
the basin. These options were originally evaluated as part of the 2005 Temperature
Management Plan (TMP) and a summary of the original evaluation is presented in this
document. Of the strategies evaluated, only mechanical cooling and exporting the water
out of the basin provided a reliable mechanism to meet the thermal load limits.
Mechanical cooling, however, has very high capital and operating costs and high energy
use. Exporting the treated water out of the basin to either the Willamette River or the
Columbia River also has very high capital costs; additionally, this alternative would
significantly deplete flow in the Tualatin River and exacerbate water quality problems in
the lower Tualatin River. Furthermore, both the Columbia and Willamette Rivers are
water quality limited for temperature, which complicates permitting and may require the
implementation of thermal load reduction strategies.
Rather than implement a technology that was resource intensive, cost prohibitive, and
would do little to improve watershed health, or an approach that was not only cost
prohibitive but would further exacerbate water quality problems, the District selected an
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approach to reduce the thermal load discharged from the AWTFs where feasible, and
implement a water quality trading program to offset the remaining thermal load from the
AWTFs.
According to EPA, “water quality trading is an innovative approach that can achieve
water quality goals more efficiently.” Water quality trading programs have been
implemented via NPDES permits in the lower Boise River watershed and in the midSnake River watershed. Large scale nutrient trading programs have been established in
the Ohio River Basin and in the Chesapeake Bay.

Implementation Strategy
The District’s implementation strategy consists of reducing thermal loads from the
WWTFs, and implementing a water quality trading program, which consists of enhancing
stream flow in the mainstem Tualatin River and key tributaries, and restoring riparian
vegetation in the urban and rural portions of the watershed.
Thermal load reduction strategies include the construction of a natural treatment system
adjacent to the Forest Grove WWTF, continued use of recycled water, and WWTF
improvements.
The District has taken an integrated and collaborative approach in implementing its water
quality trading program to induce landscape level changes that improve watershed
health. The District works with a large network of partners to implement projects,
resulting in pooled resources, coordinated implementation, and a shared vision that
collectively provides greater environmental benefits. The District’s water quality trading
program consists of flow enhancement and riparian shade planting.
The District’s flow enhancement program offsets a portion of the thermal load from the
WWTFs; the flow enhancement program is also critical in providing sustainable base
flows, and improving dissolved oxygen and overall water quality in the mainstem Tualatin
River. The District is expanding its flow enhancement program to include the key
tributaries to the Tualatin River. Pilot studies have shown that tributary flow
enhancement increases seasonal base flows, and improves overall water quality.
The District also implements a riparian shade program in both the urban and rural
portions of the watershed. The District’s approach focuses on restoring riparian shade
on smaller streams where shade can be quickly developed; these smaller streams often
tend to support sensitive beneficial uses such as salmonid spawning and rearing.
The District’s strategy of reducing the thermal load from the AWTFs, where feasible, and
implementing a trading program consisting of flow enhancement and riparian shade has
been effective in offsetting the current thermal load from the Rock Creek and Durham
AWTFs. The District will continue to utilize these strategies during the next permit cycle
to offset any additional thermal load from the WWTFs as a result of growth in the basin.

Flow Enhancement
Flow enhancement is one of the strategies that the District utilizes to offset the thermal
load from its WWTFs. The District is capable of offsetting the current thermal load from
its WWTFs with flow enhancement. However, the District has taken an integrated
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approach that includes flow enhancement and riparian shade restoration to improve
watershed health. Annually, the District has 12,618 acre-feet of available stored water in
Hagg Lake and 1,667 acre-feet in Barney Reservoir. The District releases stored water
to the Tualatin River during the summer and fall period. The District’s stored water
releases serve multiple functions that include providing sustainable base flow,
maintaining minimum dilutions for WWTF discharges, offsetting the thermal load from the
WWTFs, and improving overall water quality in the Tualatin River. Thermal benefits from
flow enhancement are derived from the additional flow, reduced residence time, and
colder available water.
The District has also implemented pilot projects to enhance stream flow in Tualatin River
tributaries. The District has worked with Tualatin Valley Irrigation District (TVID) and
local farmers to deliver its stored water to key tributaries of the Tualatin River. The
District has released stored water into Gales Creek, East Fork Dairy Creek, West Fork
Dairy Creek, and McKay Creek. The District often targets tributaries where riparian
restoration projects have been implemented to provide multiple ecosystem benefits. The
pilot studies have shown that enhanced flow in the tributaries has resulted in improved
water quality (i.e., lower temperatures and higher dissolved oxygen levels).
Using the DEQ Heat Source model from the 2001 Tualatin TMDL, the District developed
empirical equations to calculate temperature reduction above the Forest Grove, Rock
Creek and Durham WWTFs as a function of stored water releases and stream flow
conditions. The temperature reductions above each WWTF are used to calculate
thermal credits associated with the stored water releases. The time period of interest for
credit calculations are the months of July and August because it is the time of year when
river temperatures are warmest and most likely to exceed the temperature criterion as
noted in the 2001 Tualatin TMDL. Even though the flow enhancement credit generation
period is limited to the months of July and August, the District continues its stored water
releases from the two reservoirs through September, October, and at times into early
November until the onset of the high flow period (defined as a flow of at least 350 cfs as
measured at the Oregon Water Resources Department (OWRD) Farmington Gage).
During the cooler fall period, the District’s stored water releases continue to offset
thermal load from the WWTFs, provide sustainable base flows in the Tualatin River and
improve dissolved oxygen conditions in the Tualatin River watershed.

Riparian Shade Program Framework
The riparian shade program is another key strategy that the District utilizes to offset the
thermal load from its WWTFs. The geographic extent of the District’s riparian shade
program is the entire Tualatin River watershed. Projects eligible for thermal credit under
the District’s riparian shade program must exceed requirements established in existing
regulations pertaining to riparian areas.
The District implements a Capital Program, and landowner incentive programs to
generate thermal credits from riparian shade. Riparian shade projects implemented
under the Capital Program mostly occur on public lands where large scale restoration
opportunities are available and multiple water quality and ecological benefits can be
achieved. Project activities under this program include securing easements or
stewardship agreements with property owners, site preparation activities, re-vegetation,
monitoring, and maintenance. Additional enhancement activities such as channel
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reconfiguration, large wood placement, off-channel habitat creation, and in-stream pond
removal are performed on a site-specific basis to improve a broader range of site
functions.
The District also supports landowner incentive programs that enroll agricultural lands in
riparian shade programs. The landowner incentive programs are implemented by the
Tualatin Soil and Water Conservation District (SWCD) in coordination with Natural
Resources Conservation Service (NRCS) and Farm Service Agency (FSA) for
Washington County. This approach provides an important management option for
implementing watershed improvements on private lands of high ecological potential and
value outside of the District’s service area. Current landowner incentive programs
include the following:
•

Enhanced Conservation Reserve Enhancement Program (ECREP), which
establishes native trees and shrubs along priority reaches of the Tualatin River
and its tributaries to increase riparian shade. Landowners enter into 10 to 15year ECREP contracts with SWCD.

•

Vegetated Buffer Areas for Conservation (VEGBAC), which provides incentives
for rural landowners to plant native trees and shrubs along stream corridors
within portions of Washington and Multnomah Counties in the Tualatin River
watershed. VEGBAC offers a restoration alternative to landowners who either do
not qualify for ECREP or prefer more flexibility. Landowners enter into 10-year
contracts with SWCD. Landowners also have the option to enter into a 15 or 30year stewardship agreement with SWCD.

Re-enrolling landowners into the ECREP and VEGBAC programs is a key component of
the District’s riparian shade program strategy. The District also actively works to
maintain agreements with governmental organizations to access public lands for riparian
shade projects. The District takes thermal credits for those projects for which a valid
contract or agreement is in place. The District’s collaborative approach has resulted in a
program delivery model that produces ecological benefits beyond riparian shade.
Additional benefits are achieved by pairing programs and leveraging resources for
landowner incentives to maximize water quality and ecological benefits. Examples of
complimentary programs include leasing water rights for in-stream use, and water
conservation and nutrient management practice incentives through the Agricultural Water
Enhancement Program and the Environmental Quality Incentive Program.
Project prioritization is conducted at the landscape, program, and project scale.
Prioritization criteria include presence of existing riparian vegetation, the potential for
cold water fish habitat enhancement, aquatic and terrestrial habitat connectivity, the
proximity of projects to other natural/conservation areas and to existing projects, and the
potential for vegetation to filter sediment and nutrients from agricultural practices or
urban runoff. The District is also conducting research collaboratively with the Tualatin
Watershed Council to assess specific habitat features, such as cold water refuges
(CWR), to better understand the characteristics and processes associated with these
ecologically important areas. The District anticipates incorporating CWR as a criterion
for future project selection.
Shade-A-Lator, which is a component of the DEQ Heat Source temperature model, is
used to perform shade calculations. The model uses site-specific data including project
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dimensions, stream width, orientation to the sun, and canopy density and height to
determine the effective shade. "Effective shade" is a measure of the amount of sunlight
blocked by riparian vegetation. The July/August time period is used to calculate thermal
credits from riparian shade. This is consistent with the 2001 TMDL and corresponds to
the time of the year when river temperatures are warmest and most likely to exceed the
temperature criterion.
Consistent with DEQ’s Water Quality Trading Internal Management Directive (IMD), the
District utilizes existing vegetation (which can vary substantially) as baseline conditions
for calculating thermal credits for eligible project sites (DEQ, 2012). The presence of
existing vegetation is one of the criteria the District uses to evaluate sites for project
selection. The difference between the thermal load blocked with the enhanced
vegetation conditions (with 20-year shade establishment period) and the thermal load
blocked with baseline vegetation conditions represents the reduction in thermal load (i.e.,
environmental benefit) associated with the riparian shade project.
To calculate thermal credit, a trading ratio is applied to the environmental benefit
associated with the riparian shade project. The District applies a 2:1 trading ratio for
calculating thermal credit (i.e., the thermal credit is equal to 50% of the environmental
benefit associated with the project). The trading ratio is primarily used to account for the
time lag between initial planting and shade establishment. While a 20-year shade
establishment period was envisioned in the 2005 TMP, the District’s focus on conducting
riparian shade projects on smaller, tributary streams has resulted in much shorter period
for establishing shade. Additionally, the District intends to generate the necessary
thermal credits to offset growth related increases in thermal load from the WWTFs before
the anticipated growth occurs. Thus, the District’s focus on smaller tributary streams
where shade can be developed quickly, along with its strategy to develop thermal credits
before they are needed, enables the District to reduce the time between initial planting
and shade establishment to much less than the 20 years used to establish the 2:1
trading ratio.
With the 2:1 trading ratio, offsetting the thermal load via riparian shading means that the
overall reduction in thermal load to the Tualatin River will be significantly greater than
through the implementation of technology-based solutions. Additionally, the trading ratio
does not account for the broader ecosystem benefits of the riparian shade program, such
as improved stream functions (e.g., bank stabilization, peak flow attenuation, and habitat
creation), increased diversity of aquatic and terrestrial plant and animal species, and
improved water quality.
Sites are eligible for credit enrollment after initial planting has been completed. Credits
are effective as long as the ecological functions (i.e., shade) are sustained and
documented. The District will take follow-up actions to improve project site functions on
an on-going basis. The District may adjust the credits based on project functionality or
remove the project and associated thermal credits from its portfolio of riparian shade
projects if follow-up actions are not successful. If necessary, the District will substitute
other non-credited (i.e., reserve) project sites to its portfolio of riparian shade projects.
The District undertakes significant steps to reduce the uncertainty associated with the
success of its riparian shade program; these include developing a variety of land
stewardship agreements, designing ecologically-appropriate planting plans, extending
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site preparation, conducting high density riparian shade plantings, implementing robust
monitoring and maintenance programs, and conducting inter-planting as necessary to
ensure project functions are achieved.
Unforeseen events such as floods, fires, or other acts of God may result in a reduction in
riparian shade. The District will substitute reserve projects to address the loss of riparian
shade due to unforeseen events. If a reduction occurs and the District is not able to
substitute with reserve projects, the District and DEQ, with public input, will develop an
action plan to address the loss of riparian shade due to unforeseen events.

Riparian Shade Program Implementation
The District’s approach to implementing the riparian shade program has evolved through
practical experience and adaptive management over the last decade. This experience is
captured in the District’s preparation of site plans to guide ongoing management and
extensive site preparation to ensure project success. A site plan is prepared for each
riparian shade project. The site plan contains a map showing the project area and water
resources, a schedule and timeline for planting, site preparation protocols, a description
of planting goals, and measures to control non-native species, invasive species and
damage from wildlife consistent with the District’s Integrated Pest Management Plan.
Because of the dynamic nature of riparian shade projects and the uniqueness of each
site, adaptive management strategies are used to address the challenges and
opportunities that arise at each site.
The District has multi-year contracts with commercial growers of native plants to secure
an adequate supply of native plants. The District has helped develop a network of
vegetation management contractors who specialize in reforestation and restoration work.
The District also has developed master contracts with numerous contractors to
implement the majority of the activities associated with riparian shade projects. These
contracts contain detailed standards for the performance of work tasks including site
preparation, planting, maintenance, and related activities.
Site preparation is essential to rapidly and cost effectively achieve planting goals and
objectives. Site preparation activities typically include mechanical and chemical control
of non-native invasive species, including Himalayan blackberry and reed canary grass,
and seeding with native grasses to provide both cover and weed competition. Once the
site is prepared, planting plans are developed based on soil type, moisture, exposure,
and reference information from nearby native plant communities. Plant types (whether
containerized, plug, bare root or pole cutting) are selected depending on site conditions,
season, availability and cost. The District takes an aggressive approach to restoring
degraded plant communities by planting high stem densities (~2500 stems per acre).
The District conducts high density plantings to provide rapid cover and successful
competition from weeds and wildlife, and to reflect reference site conditions.
The District conducts baseline monitoring, routine monitoring, and shade monitoring at
each project site. Baseline monitoring is conducted prior to site preparation activities; the
District documents existing vegetation and other site characteristics (e.g., stream aspect,
wetted width, and incision) by conducting field measurements and/or through the use of
remotely sensed datasets. The District conducts routine monitoring at all sites that are
enrolled for thermal credit. Monitoring results from each project site are documented in a
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site assessment report that specifies site conditions, identifies management actions
taken during the year, and specifies proposed actions for the following year. Site
assessment reports also contain information regarding each plant community (e.g.,
riparian forest, forested wetland, upland forest, scrub-shrub) within a project.
Additionally, site assessment reports describe the project phase (i.e., Transitional,
Establishment, and Stewardship), which is used to determine the level of oversight
needed at each site. Shade is monitored at all project sites to assess the development
of shade-producing canopy. Shade monitoring occurs five years following initial
enrollment for thermal credit and every five years thereafter until year twenty. The
District will either use a densiometer or remotely sensed datasets, such as LiDAR and
aerial photos, to evaluate canopy cover.
Recordkeeping is an essential element of the riparian shade program. The District
maintains the following information for each riparian shade project: project description,
site plan, thermal credit calculations, and site assessment reports.

Thermal Load Reduction Activities and Trading
Program (2004-2014)
Since the issuance of the watershed-based NPDES permit in 2004, the District has
undertaken actions to reduce the thermal load from the Rock Creek and Durham AWTFs
and implemented a water quality trading program to offset the remaining thermal load
from these facilities. The actions undertaken to reduce the thermal load from the AWTFs
include the covering of treatment units to reduce the temperature increase across the
AWTFs and the implementation of a recycled water program. The recycled water from
the Durham AWTF is used to irrigate golf courses and athletic fields, and for on-site
irrigation; the District has recycled more than 80 million gallons of water annually from
the Durham AWTF. The recycled water from the Rock Creek AWTF is being used to
establish and sustain plants at the Forest Grove Natural Treatment System. The
recycled water use at the Durham and Rock Creek AWTFs represents a direct reduction
in the thermal load discharged to the Tualatin River.
The water quality trading program established a 5-year schedule to offset the thermal
load from the AWTFs. During the 5-year period following the issuance of the watershedbased NPDES permit (i.e., 2004-2008), the District was able to offset the excess thermal
loads from the Rock Creek and Durham AWTFs using a combination of flow
enhancement and riparian shade projects. The District restored more than 30 miles of
riparian vegetation, and released an average of 35 cfs of stored water annually during
the 5-year period.
The District has continued to implement its water quality trading program even after
offsetting the thermal load from the AWTFs. From 2009-2014, the District has released
an average of 38 cfs of stored water annually and has restored an additional 15.7 miles
of riparian vegetation. Thermal credits from riparian shade projects conducted from 2009
onwards are banked for future use to offset any growth related increases in thermal
loads at the WWTFs.
The District has implemented a total of 98 riparian shade projects that have resulted in
the restoration of more than 46 stream miles of riparian vegetation from 2004-2014. Of
the 98 projects, 50 projects have been implemented in the urban portion of the Tualatin
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River watershed and have resulted in the restoration of 20.6 stream miles of riparian
vegetation. Forty-eight projects have been implemented in the rural portion of the
Tualatin River watershed and have resulted in the restoration of 25.7 stream miles of
riparian vegetation. A significant number of the riparian shade projects have been
conducted on tributary streams in the watershed, where shade is generated rapidly and
provides broad ecological benefits. More than 70% of the District’s riparian shade
projects were conducted on streams with wetted width ≤20 feet; 94% of projects were
conducted on streams with wetted width ≤50 feet.
As previously noted, the District conducts shade monitoring at project sites five years
after initial crediting. To date, 62 projects have been monitored for shade; monitoring
shows that 39 projects (63%) have 70% or greater shade and 50 projects (81%) have
greater than 50% shade after 5 years. Where project performance has not met
expectations, the District has taken follow-up actions including aggressive inter-planting
and invasive weed treatment to improve project performance.

Proposed Thermal Load Reduction Activities and
Trading Program
During the next permit cycle, the District will implement thermal load reduction strategies
to further reduce the thermal load from the WWTFs, and continue to implement a water
quality trading program to offset any additional thermal load from the WWTFs associated
with growth in the basin.
Thermal load reduction strategies include the implementation of a natural treatment
system at Forest Grove, improvements to the WWTFs, and the continued
implementation of a recycled water use program. The District is pursuing treatment
facility improvements to reduce the thermal load discharged by the WWTFs. The District
is constructing a 95-acre natural treatment system in Forest Grove to treat wastewater
from the Forest Grove and Hillsboro WWTF service areas, which is currently transferred
to the Rock Creek AWTF for treatment and discharge during the dry season.
Temperature modeling predicts substantial cooling across the natural treatment system.
Implementation of this project will result in substantive reduction in the thermal load to
the Tualatin River. The District is also implementing cogeneration projects at the Rock
Creek and Durham AWTFs. Following implementation of these projects, waste heat that
is currently discharged to the treatment facility will be dissipated to the atmosphere.
The District will continue to implement a recycled water program at the Durham and
Rock Creek AWTFs. The District plans to continue to use recycled water from the
Durham AWTF to irrigate golf courses and athletic fields, and for on-site irrigation. The
District is exploring opportunities to expand the recycled water program at the Rock
Creek AWTF to potential nearby customers (i.e., City of Hillsboro (Rood Bridge Park),
Hillsboro High School, Meriwether Golf Course). The recycled water use program at the
Durham and Rock Creek AWTFs represents a direct reduction in the thermal load
discharged to the Tualatin River.
The District will continue to implement a water quality trading program consisting of flow
enhancement and riparian shade to offset any growth related increases in thermal load
from the WWTFs. The District will release stored water from Hagg Lake and Barney
Reservoir to enhance stream flows in the mainstem Tualatin River and key tributaries.

8 |

August 2015
Clean Water Services

The District will implement a watershed-wide riparian shade program consisting of a
Capital Program and landowner incentive programs. The District will implement these
programs as described above.
Based on the projected growth rates in the service area, the District anticipates
generating between 334 and 488 million kcal/day of thermal credit for year 2025 flow
conditions. This equates to approximately 3 to 5 miles of additional riparian planting per
year for the next 10 years. Note that the additional riparian shade estimate is based on
pre-recession facilities planning growth rates in the District’s service area; actual
increases in WWTF flows will be used to determine riparian shade credit targets.
The thermal load allocations in the 2001 Tualatin River Subbasin TMDL are based on
system potential temperatures. At the Rock Creek AWTF and the Forest Grove WWTF,
system potential temperatures are much lower than the biologically based numeric
criteria (i.e., 18ºC) and the system potential temperature at the Durham AWTF is
approximately equal to the biologically based numeric criteria. Thus, the 2001 Tualatin
River Subbasin TMDL results in a conservative estimate of the number of thermal credits
that are needed to offset the thermal load from the WWTFs.
The District intends to generate the necessary credits to offset growth related increases
in thermal load from the WWTFs before the growth occurs. The District will generate
thermal credits such that the net thermal load from the WWTFs is zero.
An adaptive management strategy will be implemented to assess the effectiveness and
to make improvements to the water quality trading program. The District will evaluate the
effectiveness of the water quality trading program on an annual basis and any updates to
the trading program will be documented in the annual report.

Monitoring and Reporting
The District conducts a comprehensive, watershed-based program that includes
monitoring of water quality, stream flow and temperature, and physical and biological
conditions. The District also conducts extensive monitoring of the influent, effluent and
biosolids at its four WWTFs. It is anticipated that several elements of the District’s
watershed-based monitoring program will be incorporated into the watershed-based
NPDES permit.
The District will conduct an evaluation on either a reach scale or on a sub-watershed
scale to assess the effectiveness of the riparian shade program in restoring effective
shade in the watershed.
The District will maintain the following information for each riparian shade project: project
description, site plan, baseline conditions assessment, thermal credit calculations, and
site assessment reports.
The District will continue to submit an annual report on its thermal load management
activities. The annual report summarizes the thermal load reduction strategies and the
thermal load credit trading activities undertaken by the District during the year.
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1

Background

1.1

Tualatin River Watershed
The 712-square mile Tualatin River watershed is situated in the northwest corner of
Oregon and is a subbasin of the Willamette River (Figure 1). The headwaters are in the
Coast Range and flow in a generally easterly direction to the confluence with the
Willamette River. The watershed lies almost entirely in Washington County although
there are small portions in Multnomah, Clackamas, and Yamhill counties.

Figure 1: Location Map

The Tualatin River is about 80 miles long and changes dramatically from its headwaters
to its mouth. The mountain or headwater reach (upstream of River Mile [RM] 55) is
narrow (about 15 feet [ft]) and steep with an average slope of about 74 ft per mile (ft/mi).
The meander reach (RM 55–33) is wider with an average slope of about 1.3 ft/mi. The
reservoir reach (RM 33–3.4) is very wide (up to 150 ft), has an estimated slope of only
0.08 ft/mi, and includes several deep pools. Travel times through this reservoir reach are
very long and the slower water current causes this reach to act much like a lake. In the
riffle reach (RM 3.4–0), the Tualatin River flows through a short reservoir section and
then drops into a narrow gorge near the City of West Linn before it enters the Willamette
River just upstream of Willamette Falls. The average slope in this reach is 10 ft/mi
(Clean Water Services, 2013).
Major tributaries to the Tualatin River include: Scoggins Creek, Gales Creek, Dairy Creek
(which includes East Fork Dairy Creek, West Fork Dairy Creek, and McKay Creek), Rock
Creek (which includes Beaverton Creek), and Fanno Creek (Figure 2).
The Tualatin River watershed supports a wide range of land uses including forestry,
agriculture, and urban. The headwaters of the Tualatin River watershed are forested.
Agricultural activities become prevalent in the upper and middle portion of the watershed
as the river tends to flatten out. The urban section is mostly in the middle and lower
portion of the watershed. The Tualatin River watershed includes the cities of Banks,
Beaverton, Cornelius, Durham, Forest Grove, Gaston, Hillsboro, King City, Lake

10 |

August 2015
Clean Water Services

Oswego, North Plains, Sherwood, Tigard, Tualatin, West Linn and portions of Portland
(Figure 2). The Tualatin River is the primary source of municipal drinking water in urban
Washington County and is also utilized by agricultural producers for irrigation.

Figure 2: Tualatin River Watershed

The urban area, which makes up approximately 26% of the basin, has experienced
steady growth over the last 30 years. Agricultural land use makes up approximately 35%
of the basin with forestry making up the remaining 39%. Approximately 92% of the basin
is in private ownership with state and federal lands making up the remaining 8% (Oregon
Department of Environmental Quality [DEQ], 2001).
The climate of the subbasin is characterized by mild, wet winters and warm, dry
summers. The area experiences little, if any, snow accumulation. Temperature and
precipitation are directly affected by air masses moving in from the Pacific Ocean.
Rainfall ranges from 110 inches on the western slope of the Coast Range to 35-40
inches in the southeastern area. The peak months for rainfall are November through
February while the driest months, based on the percentage of precipitation occurring, are
generally June through October. Municipal and agricultural demand for water peaks
during the driest months of the year (i.e., July - September), when air temperatures are
highest and in-stream flows are low.
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1.2

Clean Water Services
Clean Water Services (District) is a County service district that provides wastewater
treatment, stormwater management, and watershed management to more than 550,000
customers in the urban portion of Washington County. The District has twelve member
cities, and owns and operates four wastewater treatment facilities (WWTFs) in the
Tualatin River watershed at sites in Forest Grove, Hillsboro, and Tigard (Figure 3).
The District’s four WWTFs are the Forest Grove WWTF, the Hillsboro WWTF, the Rock
Creek Advanced Wastewater Treatment Facility (AWTF), and the Durham AWTF. Rock
Creek and Durham are referred to as AWTFs because they provide a higher level of
treatment (e.g., tertiary filtration) than Forest Grove and Hillsboro. When referring to a
mix or group of both WWTFs and AWTFs, the term WWTF is used. The District’s four
WWTFs discharge to the Tualatin River and are permitted under the watershed-based
National Pollutant Discharge Elimination System (NPDES) discharge permit.

Figure 3: Location of Clean Water Services’ Treatment Facilities

The Rock Creek and Durham AWTFs discharge to the Tualatin River on a year-round
basis, while the Forest Grove and Hillsboro WWTFs currently discharge to the Tualatin
River only during the wet season (generally from November to April). During the dry
season, the Rock Creek and Durham AWTFs employ advanced treatment technologies
that include phosphorus and ammonia removal. Wastewater from the Forest Grove and
Hillsboro WWTFs is conveyed to the Rock Creek AWTF through twin, 24-inch pipelines
for treatment and discharge during the dry season.
The District implements the municipal separate storm sewer system (MS4) program
within the Washington County urban area in cooperation with its co-implementers
(Washington County, and the cities of Banks, Beaverton, Cornelius, Durham, Forest
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Grove, Hillsboro, King City, North Plains, Sherwood, Tigard, and Tualatin). The
watershed-based NPDES permit integrated the MS4 requirements with the District’s
NPDES permits for the WWTFs in the watershed.

1.3

Tualatin River Flows
Stream flow in the Tualatin River reflects the regional climate with higher flow during the
winter rainy season (approximately November through April) and the lowest flow during
the dry summer season (May through October). Typical peak annual flows are greater
than 5,000 cubic feet per second (cfs) whereas typical summer low flows are less than
200 cfs (Figure 4).

Figure 4: Tualatin River @ Farmington Bridge (2012 and 2013)

Source: Clean Water Services, 2013

Tualatin River flows during the dry season are strongly influenced by management
actions in the upper watershed and AWTF releases in the lower watershed. Flow
management is provided in part by two reservoirs. Hagg Lake has an active storage
capacity of 53,640 acre feet and regulates Scoggins Creek, a major tributary entering the
Tualatin River at RM 60.0. Barney Reservoir is an impoundment on the Trask River
which has a storage capacity of 20,000 acre-feet. The District releases stored water
from Hagg Lake and Barney Reservoir to enhance stream flows. Treated wastewater
from the Rock Creek and Durham AWTFs also add a substantial amount of flow to the
river. During the late summer, treated wastewater and reservoir releases can account
for 50 to 75 percent of the flow in the Tualatin River (Clean Water Services, 2013).
Figure 5 illustrates the flow contributions from the District’s activities in the watershed
during critical low flow conditions. This figure is a stylized illustration that shows flows at
key gauging stations on the Tualatin River based on typical stored water releases from
the reservoirs, and typical flows discharged from the Rock Creek and Durham AWTFs.
Note that Figure 5 does not illustrate stored water releases and withdrawals for municipal
use and irrigation that occur in the upper portion of the watershed.
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Figure 5: Schematic of Clean Water Services’ Flow Contributions During
Critical Summer Low Flow Conditions

1.4

Tualatin River Water Quality
Historically, water quality concerns in the mainstem Tualatin River occurred during the
warm and relatively dry summer period and during the fall if stream flows remained low.
In the reservoir-like reach of the river, (RM 33 to RM 3.4), the long travel times, nutrients
(phosphorus and nitrogen), and sunny summer weather resulted in algal growth, which
historically exceeded DEQ’s action level for chlorophyll-a of 15 micrograms per liter
(μg/L). The algal activity provided a substantial amount of dissolved oxygen to the river
via algal photosynthesis during the dry summer period. This source of oxygen offset the
loss of oxygen resulting from organic sediments on the bottom of the river exerting a
demand on dissolved oxygen in the water column (sediment oxygen demand [SOD]). In
the fall, algal productivity is inhibited by shorter days and cooler temperatures and SOD
can lead to a reduction in dissolved oxygen levels in this reach. Consequently, algae (as
measured by chlorophyll-a), pH, temperature, total phosphorus, and dissolved oxygen
concentrations have historically been parameters of concern in the Tualatin River.

1.5

Tualatin Subbasin Total Maximum Daily Loads and
Allocations
In 1970, Clean Water Services was formed as the Unified Sewerage Agency of
Washington County to address serious health and pollution problems in the Tualatin
River and its tributaries. During the early to mid-1970s, operations of 20 separately
owned and operated WWTFs, and collection systems were consolidated. In 1976, the
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Durham AWTF began operating and replaced 14 small treatment plants; the Rock Creek
AWTF began operating in 1977 and replaced 6 more small WWTFs. Both the Durham
and Rock Creek AWTFs provided advanced wastewater treatment including phosphorus
removal. With the completion of Scoggins Dam, the flow enhancement water was first
released in 1975. The closure of the small treatment plants, construction of the Durham
and Rock Creek AWTFs, and enhancement flows from Hagg Lake improved water
quality in the Tualatin River subbasin.
The improvements in the Tualatin River sub-basin in the 1970s were insufficient to meet
water quality standards and support beneficial uses in the Tualatin River. Section 303(d)
of the Federal Water Pollution Control Act Amendments (i.e., Clean Water Act [CWA])
requires that a list be developed of all waters within each state that do not meet water
quality standards. This list is called the 303(d) list for the section of the CWA that
requires it. If a river or stream does not meet water quality standards, it is identified as
being “water quality limited” and is placed on Oregon's 303(d) list. A watershed scale
analysis is conducted to evaluate the sources of the pollutant, and develop allowable
loads for each pollutant for which the stream is listed. The watershed scale analysis and
allowable loads for point and non-point sources are known as Total Maximum Daily
Loads (TMDLs). TMDLs describe the amount of each pollutant a waterway can receive
and still meet water quality standards. For point sources, the allowable loads are called
wasteload allocations (WLAs) and are implemented through NPDES permits.
TMDLs were first established in the Tualatin River subbasin in 1988 for ammonia and
total phosphorus to address low dissolved oxygen and elevated pH levels in the
mainstem Tualatin River. The ammonia and total phosphorus TMDLs were among the
first TMDLs in the nation. The purpose of the ammonia TMDL was to reduce ammonia
loads from the Rock Creek and Durham AWTFs and improve dissolved oxygen levels in
the Tualatin River. The purpose of the total phosphorus TMDL was to reduce the
nuisance algal growth and resulting high pH levels in the lower portion of the Tualatin
River. Unlike the ammonia TMDL, the total phosphorus TMDL had both point source
and non-point source components. The point source WLAs for ammonia and
phosphorus were incorporated into the NDPES permits for the Rock Creek and Durham
AWTFs and were applicable during the dry season.
In the early 1990s, the Durham and Rock Creek AWTFs were upgraded to include
nitrification (i.e., ammonia removal) and enhance phosphorus removal. These upgrades
produced significant water quality improvements in the mainstem Tualatin River. The pH
exceedances associated with nuisance algal growth were eliminated and the dissolved
oxygen levels in the mainstem Tualatin River improved. These improvements were the
result of not only the dramatic reductions in the ammonia and phosphorus loadings from
the Rock Creek and Durham AWTFs, but also from management of stored water
releases from Hagg Lake for water quality purposes and implementation of non-point
source controls for agriculture, forestry, and urban runoff.
In 2001, DEQ developed TMDLs for additional parameters and updated the 1988
ammonia and phosphorus TMDLs. Temperature, bacteria, and dissolved oxygen (in the
tributaries) were among the parameters for which new TMDLs were developed (DEQ,
2001).
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The 2001 Tualatin River Subbasin TMDL included strict temperature WLAs for the Rock
Creek and Durham AWTFs. The WLAs in the TMDL were based on preventing
increases in river temperature above the “system potential temperature” (DEQ, 2001).
The 2001 Tualatin River Subbasin TMDL noted that “maximum temperatures typically
occur in July and August in the Tualatin River Subbasin. The TMDL focuses the analysis
during the July period as a critical condition as identified by 1998 temperature data.”
(DEQ, 2001). System potential temperatures were determined for a single day in late
July based on current flow conditions and riparian vegetation without human disturbance.
The system potential stream temperatures above the Rock Creek and Durham AWTFs
were predicted to be 14.7° Celsius (C), (58.5º Fahrenheit [F]) and 18.1ºC (64.6ºF),
respectively. WLAs were calculated for the Rock Creek and Durham AWTFs based on
“no measureable increase above system potential temperatures” (DEQ, 2001). A
measurable increase was defined as an increase greater than 0.14ºC (0.25ºF) at the
edge of the mixing zone using the applicable stream temperature standard (DEQ, 2004).
Since the system potential temperatures at the Rock Creek AWTF and the Forest Grove
WWTF are much lower than the biologically based numeric criteria (i.e., 18ºC) and the
system potential temperature at the Durham AWTF is approximately equal to the
biologically based numeric criteria, the resulting allocations are conservative.
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2

Alternatives Analysis
This chapter describes the efforts undertaken by the District to evaluate alternatives to
meet the WLAs established in the 2001 TMDL as implemented in the 2004 watershedbased NPDES permit. The watershed-based NPDES permit included provisions to
develop and implement a Temperature Management Plan (TMP) that would document
the District’s approach to address thermal loads from the Rock Creek and Durham
AWTFs. The District evaluated several alternatives to assess their feasibility in meeting
the thermal WLAs. Sections 2.1 and 2.2 present a summary of the alternatives analysis
that was conducted in the TMP (Clean Water Services, 2005). The results of this
analysis are still applicable because the technical information, basis for evaluation, and
the relative costs associated with the alternatives have not changed substantially since
2005.
Since the thermal WLAs could not feasibly be met utilizing available alternatives, the
District’s approach to offset the thermal load from the AWTFs was described in the TMP.
Note that the term “Thermal Load Management Plan” is used to describe the District’s
trading activities in the next watershed-based NPDES permit whereas the term
“Temperature Management Plan” was used to describe trading activities in the 2004
watershed-based NPDES permit.

2.1

Screening of Available Alternatives
A wide range of technologies, strategies, and approaches were evaluated to determine
their feasibility in enabling the District to meet the thermal WLAs specified in the 2001
TMDL. These strategies are broadly categorized as source control, in-plant controls,
and discharge alternati ves. Strategies that were untested and speculative, such as
"groundwater heat sink," or that require large areas of land, such as storage ponds,
were not developed in this evaluation. Based on these general guidelines, the following
strategies were initially considered:
•

Source control

•

Covering of treatment units

•

Mechanical aeration instead of diffused aeration

•

Evaporative cooling

•

Mechanical cooling

•

Wetlands treatment

•

Export out of basin

Previous investigations have shown that the increase in temperature through the
Durham and Rock Creek AWTFs is relatively small. The strategies that seek to
minimize temperature rise through the facilities (i.e., covering of treatment units, and
mechanical aeration instead of diffused aeration) would therefore yield little benefit but
would have a high cost. Therefore, these strategies were eliminated from further
development specifically for temperature reduction. However, the covering of treatment
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units has been pursued for other reasons and has resulted in temperature benefits.
Applicability of the remaining strategies is discussed in Section 2.2.

2.2

Development of Potential Solutions

2.2.1

Source Control
Source control involves setting limits on the temperature of the wastewater entering the
sewer system. Sources fall under two major categories: residential/commercial and
industrial. Temperature reduction from residential/commercial sources would require an
intensive public education campaign and is difficult to implement or enforce. Also, the
expected temperature reduction from residential/commercial sources is relatively small.
Because industrial dischargers are already regulated under a pretreatment program,
implementation of an industrial temperature limit may be easier. Data evaluated for the
2005 TMP showed that effluent temperatures from several of the highest flow industries
discharging to the Durham and Rock Creek systems exceeded plant effluent
temperatures. However, the analysis concluded that regulating industrial sources for
temperature would not result in a meaningful reduction in thermal load to the AWTFs.
Source control was therefore not considered an effective strategy by itself for the District
to meet the temperature TMDLs.

2.2.2

Covering of Treatment Units
In the last expansion of the Durham and Rock Creek AWTFs, the existing primary
clarifiers at Durham and the new primary clarifiers at Rock Creek were covered to
provide odor control. This also reduced some of the solar heating at the AWTFs.
Covering of the primary clarifiers was found to be cost effective because it addressed
odor issues and reduced solar heating. However, the District concluded that additional
covers for its treatment units would yield little benefit and would not be cost effective if
implemented solely for temperature control.

2.2.3

Evaporative Cooling
Several forms of evaporative cooling are available including cooling towers, spray
ponds, and cooling ponds. A common limitation to all evaporative cooling systems is
that the lower limit of achievable temperature is represented by the wet-bulb
temperature, which depends primarily on the air temperature and relative humidity.
Because the difference between the water temperature and the wet-bulb temperature is
the driving force for evaporative cooling, this technology usually will not cool water to
the wet-bulb temperature, but rather some temperature above it. The evaluation
concluded that as a result of the local climate, evaporative cooling systems will not lower
effluent temperature sufficiently to consistently comply with the thermal WLAs specified in
the 2001 TMDL.

2.2.4

Mechanical Cooling
Mechanical cooling using refrigeration technology is the most reliable means of
consistently meeting the thermal WLAs specified in the 2001 TMDL under any climatic
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condition. It is also one of the most expensive and energy-intensive options. It
involves an effluent pump station, two heat exchangers, and a cooling liquid or
refrigerant loop. The plant effluent (or a portion of it) is pumped to one of the heat
exchangers, the "chiller station," where it is cooled by the cooling liquid. The cooled
effluent is then blended with the portion of the effluent bypassing the chiller station, if
any, and discharged to the stream. The cooling liquid must reject the heat collected
from the plant effluent in the second heat exchanger before it can be recirculated to the
cooling loop. Water is the most likely cooling liquid in effluent cooling applications, and
the reject heat exchanger i s a cooling tower. Figure 6 provides an example schematic
of such a system.

Figure 6: Mechanical Cooling Example Schematic – Rock Creek Year 2020

Source: Temperature Management Plan - Clean Water Services, 2005

For Rock Creek, the 2005 TMP utilized year 2020 maximum day dry weather (MDDW)
flow of 93 million gallons per day (mgd). Assuming the worst-case effluent temperature
of 24°C (75°F), approximately 46,000 tons of cooling is required to cool this flow to the
14°C (58°F) specified in the 2001 TMDL. The estimated capital cost for a cooling
system of this capacity was $40 million to $100 million, with annual operational cost
ranging from $2 million to $5 million. The estimated capital and operational cost ranges
for Durham were $20 million to $50 million and $0.5 million to $1 million, respectively.
(Note: cost values provided in this report were developed for the 2005 TMP, current day
costs would be substantially higher.) Mechanical cooling has high capital and operating
costs, and high energy usage, and was therefore not considered an effective strategy to
meet the thermal WLAs specified in the 2001 TMDL.

2.2.5

Wetlands Treatment
Use of natural and treatment wetlands for treated wastewater effluent polishing and
removal of constituents such as nutrients have been studied and documented for many
years. However, use of wetlands designed specifically for effluent temperature reduction
is a more recent and emerging concept. W hen the 2005 T MP was being
developed, there was little information or data about the magnitude of temperature
reduction that could be expected through a wetland system. Thus, a wetland system
was not selected for implementation at that time. Since then however, additional
information and data have become available, including pilot and full-scale applications.
Effective computer modeling of such systems has also been developed. As discussed in
Chapter 8, the District is currently developing a natural wetland treatment system at the
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Forest Grove WWTF site and anticipates substantial thermal load reduction through that
system.

2.2.6

Discharge Alternatives
Another alternative to meet the thermal WLAs specified in the 2001 TMDL is to cease
discharge to the Tualatin River. Two discharge alternatives were evaluated in response
to the 2001 TMDL: recycled water use and exporting treated water out of the basin.

2.2.6.1

Recycled Water Use

Recycled water use can directly reduce the thermal load being discharged to the Tualatin
River. The District currently implements a recycled water use program at the Durham
and Rock Creek AWTFs. A much larger scale recycled water use program would be
necessary to meet the thermal load limits. Even with a larger scale recycled water use
program, the District would have to contend with the fact that recycled water use is
severely limited during the late summer/early fall period. Furthermore, the District was
concerned that a large scale recycled water use program would exacerbate water quality
problems in the Tualatin River by depleting stream flow during critical low flow periods.
Therefore, the District concluded that a large scale recycled water use program is not an
effective strategy to meet the thermal WLAs specified in the 2001 TMDL.

2.2.6.2

Export Out of Basin

Under this alternative, the District considered discharging treated water from the Rock
Creek AWTF to the Columbia River and treated water from the Durham AWTF to either
the Willamette River or Columbia River.

Rock Creek Facility
For the Rock Creek facility, effluent would need to be pumped for the entire Junethrough-October period. For the purpose of estimating capital costs, it was assumed
that “maximum-day” flows must be pumped. Extreme peak hour flows would either be
partially equalized at the plant or allowed to discharge to the Tualatin River. Analyses
of export options for the Rock Creek service area were conducted during preparation of
the 1990 Wastewater Facilities Plan and 1995 North Hillsboro Study. The preliminary
assessment involved routing a force main from the Rock Creek facility along an existing
power line easement that extends from North Hillsboro through Forest Park to the
Willamette River. The force main would then be extended along the eastern edge of
Sauvie Island to an outfall in the Columbia River near the Willamette confluence. With
this route, the approximate force main length would be 16 miles. Because of the high
static lift (about 700 feet) between Rock Creek AWTF and Skyline Boulevard, one or
two booster stations would be needed between the treatment plant and the crest of the
ridge. East of the ridge, the pipeline could be converted to gravity flow. Special design
provisions such as pressure reducing valves or turbines would be needed to dissipate
the high pipeline pressures that could develop. The estimated capital and operational
costs are provided in Table 1.
The District concluded that ceasing discharge to the Tualatin River and exporting
treated water from the Rock Creek AWTF to the Columbia River is not only cost
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prohibitive but would also further exacerbate water quality issues in the Tualatin River.
Furthermore, the Columbia River is water quality limited for temperature, which
complicates permitting and may require the implementation of temperature reduction
strategies.

Durham Facility
Prior analyses for export of Durham AW TF effluent have assumed the receiving
stream would be the Willamette River rather than the Columbia River due to proximity.
Discharge to the Willamette River would require a 5- to 6-mile pipeline. Sufficient
hydraulic head is available to convey the flow by gravity. Design would be based on the
maximum-day summer flow. At current, 2020, and buildout conditions, the maximumday, dry-season flows are 42, 52, and 88 mgd, respectively (2005 TMP estimates). To
meet the buildout condition with a gravity pipe would require a 72-inch pipeline. The
estimated capital cost included in Table 1 for the sewer and outfall, excludes costs for
mitigation along the route.
For export of Durham AW T F effluent to the Columbia River, a preliminary route was
identified that would result in a 22-mile pipeline, of which 17 miles would be a force
main. The elevation gain would be slightly greater than that for Rock Creek. The
estimated capital and operational costs are provided in Table 1.
The District concluded that ceasing discharge to the Tualatin River and exporting treated
water from the Durham AWTF to either the Willamette River or the Columbia River is
cost prohibitive and would further exacerbate water quality issues in the Tualatin River.
Both the Columbia and Willamette Rivers are water quality limited for temperature, which
complicates permitting and may require the implementation of temperature reduction
strategies.

2.2.7

Strategies to Reduce Rock Creek and Durham AWTF Thermal
Loads
Table 1 summarizes the strategies that were evaluated in response to the 2001 TMDL,
their benefits and limitations, and order of magnitude capital and operational costs.
(Note: cost values provided in Table 1 were developed for the 2005 TMP; current day
costs would be substantially higher.)
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Table 1. Strategies to Reduce Rock Creek (RC) and Durham (DM) AWTF Thermal Loads
Order-of-Magnitude
Capital Cost

Order-of-Magnitude
Operational Cost

Description

Potential Benefits

Limitations

Source
control

Reduce wastewater temperature at
residential, commercial, or industrial
generation sources.

Less overall cost as move
toward source. Greatly reduced
volume for treatment. Potential
energy demand reduction.

Difficult to implement and enforce.
Regulating industrial temp "loads"
would not result in meaningful load
reduction.

Low:
$5K -30K for residential
awareness program

Med:
$20K-40K per year

Evaporative
cooling

This includes cooling towers, spray
ponds, and cooling ponds.

Relatively simple option for
active cooling. Lowest cost of all
the active cooling options.

Effectiveness is limited by air
contact time, air temperature, and
humidity. Local climate will not
allow full TMDL compliance for DM
or RC.

Med:
$10K-15K per mgd per °F, not
including cost of land or
pumping

Med:
$10K per mgd per year

Mechanical
cooling, heat
source
variation

Mechanical cooling of effluent using
refrigeration technology

Highly effective and reliable in
any climate. Can cool below wet
bulb temperature. Only
technology that can reliably
meet numeric limits. Can
leverage existing or planned
heating systems.

High cost. Significant additional
maintenance. High energy use.
Heat source variation practical
only for on -site use such as
digester heating.

High:
$25K -60K per mgd per °F.

High:
$5K-10K per mgd per °F per
year.

Wetland
systems

Through a combination of
evapotranspiration and shaded
storage, wetlands may help reduce
effluent temperature and volume.

Environmentally friendly
alternative. Recreational and
educational benefits.

Emerging technology for
temperature control. Large land
area required. Land not available
near DM

Med

Low

Export out of
basin

Pump plant effluent to either the
Willamette or Columbia River when
temperature exceeds TMDL. For
RC, a 16-mile, 72-inch diameter
force main followed by a gravity
section would be constructed to
carry the buildout maximum day
flow of 182 mgd at 10 feet per
second (fps). For DM, a 5/6–mile,
72-inch gravity pipeline to the
Willamette River or a 22-mile, 72inch force main-gravity combination
to the Columbia River would be
required.

Avoids expense and uncertainty
of temperature reduction
treatment.

Further reduces flow and
potentially compromises water
quality in the Tualatin River during
critical summer months. Both the
Willamette and Columbia Rivers
have TMDLs which complicates
permitting.

High:

High

RC: $78M to $101M.
DM to Willamette: $25M to
$30M,
DM to Columbia: $80M to
$90M.

RC: $0.6M to $3.3M per year.
DM to Columbia: $0.7M to
$0.9M per year.

Strategy

Source: Clean Water Services, 2005
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2.3

Selected Approach
Of the strategies evaluated to reduce thermal load discharged by the WWTFs, only
mechanical cooling and exporting the water out of the basin provided a reliable
mechanism to meet the WLAs in the 2001 TMDL. Mechanical cooling, however, has
very high capital and operating costs and high energy use. Capital costs for mechanical
cooling of effluent at the Rock Creek and Durham AWTFs ranged from $60 to $150
million and operation and maintenance costs ranged from $2.5 to $6 million per year.
Exporting the treated water out of the basin also has very high capital costs - higher than
the capital costs for mechanical cooling systems. Additionally, exporting highly treated
water out of the basin would significantly deplete flow in the Tualatin River and
exacerbate water quality problems in the lower Tualatin River. Furthermore, both the
Columbia and Willamette Rivers are water quality limited for temperature, which
complicates permitting and may require the implementation of thermal load reduction
strategies.
Rather than implement technologies that were resource intensive, cost prohibitive, and
would do little to improve watershed health, or an approach that was not only cost
prohibitive but would further exacerbate water quality problems, the District selected an
approach to reduce thermal load discharged from the AWTFs where feasible, and
implemented a water quality trading program to offset the remaining thermal load. The
District’s thermal load management strategy is further described in the following
chapters.

2.4

Water Quality Trading
According to EPA, “water quality trading is an innovative approach that can achieve
water quality goals more efficiently. Trading programs allow facilities facing higher
pollution control costs to meet their regulatory obligations by purchasing environmentally
equivalent (or superior) pollution reductions from another source at lower cost, thus
achieving the same water quality improvement at lower overall cost. Where watershed
circumstances favor trading, it can be a powerful tool for achieving pollutant reductions
faster and at lower cost. Trading works best when there is a driver that motivates
facilities to seek pollutant reductions; sources within the watershed have significantly
different costs to control the pollutant of concern; and watershed stakeholders and the
state regulatory agency are willing to try an innovative approach and engage in trading
design and implementation issues.” (http://water.epa.gov/type/watersheds/trading.cfm).
Trading can also be more cost-effective because it allows credit users to optimize the
size and schedule of their own control efforts.
While still an innovative approach, the concept of water quality trading has been
implemented in the Northwest states and elsewhere in the U.S. Examples of trading
implemented via NPDES permits include phosphorus trading in the lower Boise River
watershed and suspended solids trading in the mid-Snake watershed.
Large scale nutrient trading programs have been established in the Ohio River Basin and
in the Chesapeake Bay. Water quality in the Ohio River Basin is impacted by many
sources including power plants, WWTFs, and agricultural and urban stormwater runoff.
The Ohio River Basin water quality trading program could ultimately span eight states
and potentially create a market for 46 power plants, thousands of wastewater utilities,
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and approximately 230,000 farmers. In 2012, the states of Ohio, Indiana, and Kentucky
signed an interstate pilot nutrient trading plan making the Ohio River Basin water quality
program the largest in the world (EPRI, 2014).
The Chesapeake Bay, which includes portions of six states plus the District of Columbia,
receives millions of pounds of nitrogen and phosphorus each year that originate from a
wide variety of sources including agricultural and urban stormwater runoff and WWTF
discharges. In order to offset these loads, four of the six states – Virginia, Maryland,
Pennsylvania, and West Virginia – have implemented state-specific nutrient credit trading
systems (Chesapeake Bay Watershed, 2011).
The District’s water quality trading program provides a number of benefits including:
•

Ecosystem benefits: Trading provides a variety of ecosystem benefits including
improved stream functions, improved water quality, and enhanced summer flows.

•

Watershed scale improvements: Trading can result in broad, watershed scale
improvements rather than the localized improvements associated with point
source oriented solutions.

•

Point and Nonpoint Sources: Trading can reduce both point and nonpoint
sources of pollution and enable the implementation of a holistic approach to
improve watershed health.

•

Targeted improvements: Trading can be used to prioritize improvements in the
watershed by focusing on projects where the expected ecological response
would be greatest. Trading can encourage pollutant reductions in locations
where they might not otherwise occur and can provide incentives for
implementing multi-objective projects that otherwise might not be economically
feasible.

•

Resiliency: Trading can result in the implementation of resilient solutions that can
withstand potential climate change impacts.

•

Carbon footprint: Trading can result in the implementation of solutions that have
a much lower carbon footprint than a traditional technology based solution.

•

Partnerships: Trading can provide an incentive for urban/rural partnerships to
restore watershed health. It can also enable partnerships with cities, counties,
state, and non-governmental organizations.

As described in Chapter 3, the District implements a collaborative, ecosystem-based
water quality trading program to improve watershed health.
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3

Implementation Strategy
The District’s implementation strategy consists of reducing thermal loads from the
WWTFs, enhancing stream flow in the mainstem Tualatin River and key tributaries, and
restoring riparian areas in the urban and rural portions of the watershed. This chapter
provides an overview of the District’s implementation strategy and its collaborative,
ecosystem-based approach to water quality trading.
Thermal load reduction strategies include the construction of a natural treatment system
adjacent to the Forest Grove WWTF, continued use of recycled water, and WWTF
improvements. Chapter 8 describes the District’s thermal load reduction strategies in
more detail.
The District’s water quality trading program consists of flow enhancement and riparian
shade programs. As discussed in Chapter 4, the District’s flow enhancement program
not only offsets a portion of the thermal load from the WWTFs, it is also critical in
providing sustainable base flows, and improving dissolved oxygen and overall water
quality in the mainstem Tualatin River. The District is expanding its flow enhancement
program to include the key tributaries to the Tualatin River. Pilot studies have shown
that tributary flow enhancement increases seasonal base flows, and improves overall
water quality.
The riparian shade program consists of a Capital Program that focuses mostly on the
urban areas and landowner incentive-based programs that focus on the rural portions of
the watershed. Under its Capital Program, the District conducts additional enhancement
activities such as channel reconfiguration, large wood placement, off-channel habitat,
and in-stream pond removal on a site specific basis. Additional benefits in the landowner
incentive-based program are achieved by pairing programs and leveraging resources to
maximize water quality and ecological benefits. Examples of complimentary programs
include securing water rights for in-stream use, the Agricultural Water Enhancement
Program, and the Environmental Quality Incentive Program.
The District prioritizes riparian shade projects to emphasize the most sensitive beneficial
uses in the Tualatin River watershed including salmonid spawning and rearing.
Prioritization criteria include expanding existing habitat, enhancing aquatic and terrestrial
habitat, and connecting projects to other natural/conservation areas and to existing
projects to provide watershed-scale improvements. The District’s approach focuses on
restoring riparian shade on smaller streams where shade can be quickly developed;
these smaller streams often tend to support salmonid spawning and rearing habitat. The
District’s riparian shade program is described in more detail in Chapters 5 and 6.
As described in Chapter 7, the District’s strategy of reducing the thermal load from the
AWTFs, where feasible, and implementing a trading program consisting of flow
enhancement and riparian shade has been effective in offsetting the current thermal load
from the Rock Creek and Durham AWTFs. As described in Chapter 8, the District will
continue to utilize these strategies during the next permit cycle to offset any additional
thermal load from the WWTFs as a result of growth in the basin.
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3.1

Ecosystem-Based Approach to Water Quality Trading
The Tualatin River and its tributaries have experienced landscape level changes as a
result of anthropogenic activities in the watershed. These changes have negatively
impacted the ecology, resiliency, and overall health of the watershed. The District has
taken an integrated and collaborative approach in implementing its water quality trading
program to induce landscape level changes that improve watershed health. The District
works with a large network of partners to implement projects, resulting in pooled
resources, coordinated implementation, and a shared vision that collectively provides
greater environmental benefits.
The District believes that a resilient natural environment is more capable of providing the
ecosystem services that urban populations rely upon, such as clean drinking water,
conveyance of storm flows, flood attenuation and storage, water quality treatment, and
wildlife habitat. The District designs and completes projects as part of its trading
program that actively build ecological resiliency and ensure that natural resources are
better equipped to withstand the pressures of urbanization and other forms of
disturbance. Often that means restoring ecosystem functions and processes that have
been adversely impacted by human activities.
The following table summarizes watershed health categories, their ecological functions,
and the beneficial outcomes for communities.
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Table 2. Summary of Watershed Health Categories, Ecological Functions and
Beneficial Outcomes (Harman and Starr et al., 2012)
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3.2

Partnering for Collective Impact
The Tualatin River watershed supports a mix of land uses and has an active and diverse
set of stakeholders that are heavily invested in protecting the water quality of the Tualatin
River and the economic viability of Washington County. Building on these on-going
efforts, the District has developed an approach to trading that has a wider set of
ecological, social and economic goals. Because these goals are inclusive and address
multiple sources of environmental pollution, the District’s approach brings partners to the
table in supporting shared goals. The District’s partnership model has resulted in a
greater collective impact in the watershed than a traditional trading program.
Table 3 presents the District’s partners in the watershed and describes the benefits and
drivers associated with these partnerships.
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Table 3. District’s Partners for Ecological Enhancement Activities
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4

Flow Enhancement
Flow enhancement is one of the strategies that the District utilizes to offset the thermal
load from its WWTFs. This chapter contains a brief summary of stream flow and its
effect on stream temperature, discusses the District’s mainstem and tributary flow
enhancement programs, and describes the methodology used to calculate thermal credit
for flow enhancement activities.

4.1

Background
Streams gain thermal energy by a variety of processes including radiation from the sun,
infrared radiation from the atmosphere, inputs of warm water, and the conduction of heat
from warmer air or earth. Similarly, streams lose thermal energy from evaporation,
infrared radiation from the stream, inputs of cool water, convection currents, and
conduction of heat to cooler air or earth. These processes occur simultaneously and
continuously, so the temperature of a stream is constantly changing as thermal energy is
gained and lost.
Stream flow plays an important part in determining stream temperature in two basic
ways. Stream flow influences the relationship between energy transfers and temperature
change. If two streams gain the same amount of thermal energy, the temperature of the
stream with lower flow will increase more than the temperature of the one with higher
flow. This is because the thermal energy gained by the stream with the higher flow is
distributed over a larger volume of water, and therefore, the temperature change is
smaller.
Stream flow also affects temperature in another important manner. For many streams,
including the Tualatin River, a large part of the thermal energy budget is the heat gained
from solar radiation. Increased flow often results in greater velocities that move water
downstream faster. Headwater streams are typically cooler and more shaded than
downstream sections. As streams become larger and wider, riparian shading will not be
as effective at blocking solar radiation and streams tend to warm. Higher velocities can
act to move the cooler water further downstream increasing the benefits of cool water
and shade creation in the smaller headwaters and tributaries. Water in streams with
lower flows moves slower, and therefore gains more thermal energy from the sun, than
water in streams with higher flows. Consequently, streams with lower flows tend to have
higher temperatures than streams with higher flows (other factors being the same).

Table 4 presents travel times associated with a range of stream flows in the Tualatin
River. Travel times were estimated using a flow ratio based on a baseline flow of 120 cfs
from the fall 1992 low flow period. At lower flow regimes, water in the lower Tualatin
River is exposed to sunlight for several more days thereby increasing the solar energy
absorbed by the water.
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Table 4: River Flows and Travel Times
River Flow at Rock Creek
AWTF (cfs)

Approximate Travel Time
to the Mouth (days)

120

15

175

10

200

9

250

7

300

6

350

5

Source: USGS, 1999

The effects of water volume and travel time are also illustrated in Figure 7, which
presents a longitudinal temperature profile of the Tualatin River at two different flow
regimes. The flow regime without flow enhancement results in a higher stream
temperature because of the lower volume of water and longer travel time.

Figure 7: Tualatin River Temperature Profile

Source: DEQ, 2001

Streams in the Tualatin River watershed typically experience low flows during the
summer months. This occurs naturally because the summer season in Western Oregon
tends to be dry. Summer stream flows, however, are probably lower than they would be
naturally because of water withdrawals for municipal and irrigation uses. Low flows in
the Tualatin River are associated with higher temperatures and poorer overall water
quality. To help solve this problem, watershed managers have been looking for ways to
restore adequate stream flows. One way to do this is to release additional water from
another source; this is called “flow enhancement.”
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4.2

Stored Water
Tualatin River stream flows during the dry season are strongly influenced by
management actions in the upper watershed. Flows in the watershed are managed for
flood control, irrigation, water supply, and water quality uses. Flow management is
provided in part by two reservoirs - Barney Reservoir and Hagg Lake. Barney Reservoir
is located in the Trask River Basin and stored water is transported to the upper Tualatin
River through a pipeline. The Barney Reservoir Joint Ownership Commission, which
consists of the cities of Forest Grove, Hillsboro and Beaverton, Tualatin Valley Water
District, and Clean Water Services, owns, operates and manages the reservoir. Barney
Reservoir has a storage capacity of 20,000 acre-feet. The ownership and allocation of
water in Barney Reservoir are presented in Table 5.

Table 5: Reservoir Ownership and Water Allocation for Barney Reservoir

Source: Clean Water Services, 2013

Henry Hagg Lake is located on Scoggins Creek in the Tualatin River watershed and
provides storage capacity of 53,640 acre-feet. Scoggins Dam and reservoir are owned
by the U.S. Bureau of Reclamation (USBR). Stored water in the reservoir is contracted
to Tualatin Valley Irrigation District (TVID), the Joint Water Commission (which consists
of the cities of Forest Grove, Hillsboro and Beaverton), Clean Water Services and Lake
Oswego Corporation. The allocation of water in Scoggins Reservoir (Hagg Lake) is
presented in Table 6.

Table 6: Allocation of Water in Hagg Lake

Source: Clean Water Services, 2013
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4.3

Mainstem Flow Enhancement
Annually, the District contracts 12,618 acre-feet of stored water from Hagg Lake and
about 1,650 acre-feet of stored water from Barney Reservoir for use in maintaining water
quality in the Tualatin River. Stored water from Barney Reservoir is conveyed by a
pipeline that discharges to the Tualatin River at RM 78. Stored water released from
Hagg Lake is conveyed to the mainstem Tualatin River via Scoggins Creek. Much of the
irrigation and municipal/ industrial water released from Barney Reservoir and Hagg Lake
is withdrawn at the Springhill Pump Plant at RM 56.1; whereas, the District’s stored water
releases continue to the mouth of the Tualatin River.
During the dry season, the District releases stored water from Hagg Lake and Barney
Reservoir to enhance Tualatin River flow. During most of the year, the water released
from the reservoirs is much cooler than water in the Tualatin River. Water is released
from Hagg Lake at a rate that varies based on river and anticipated weather conditions.
Water from Barney Reservoir is usually released at a constant rate because of
operational limitations. The District releases stored water through the summer and into
early fall (typically from July to October).
The District’s stored water releases serve multiple purposes and include the following:
•

Maintain minimum dilutions for WWTF discharges: Minimum dilutions for the
District’s WWTFs were developed based on “managed” low flow conditions in the
Tualatin River. One of the purposes of the stored water releases is to maintain
stream flows to ensure that the minimum dilutions at the WWTFs are met during
summer and fall low flow conditions.

•

Offset thermal load from the District’s WWTFs: The District offsets a portion of the
thermal load discharged from the Rock Creek and Durham AWTFs (and in the future
from the Forest Grove NTS) with stored water releases (i.e., flow enhancement).
From 2004 to 2014, the District released an average of 35.8 cfs of its stored water
during the critical months of July and August to enhance stream flows in the Tualatin
River.

•

Provide sustainable base flows in the upper Tualatin River: During the dry season,
flow enhancement from Scoggins and Barney Reservoirs can account for more than
half of the flow in the Tualatin River in the 20-mile stretch between the Springhill
Pump Plant (where water is withdrawn for municipal and irrigation uses) and the
Rock Creek AWTF (where highly treated water from the Rock Creek AWTF enters
the river). River temperatures are several degrees cooler as a result of this flow
enhancement.

•

Improve dissolved oxygen in the lower Tualatin River: Oxygen levels in the lower
Tualatin River are heavily influenced by the oxygen consumed by decaying
substances in river sediment during the summer and early fall. During early summer,
photosynthetic production of oxygen by algae tends to offset the oxygen consumed
by decaying substances in the river sediment. During the late summer/early fall
period (September-October), photosynthetic oxygen production is reduced and
oxygen levels in the lower Tualatin River are impacted by sediment oxygen demand.
The District releases significant quantities of stored water from both Hagg Lake and
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Barney Reservoir to offset sediment oxygen demand and maintain higher dissolved
oxygen levels in the lower Tualatin River during the late summer/early fall period.
In addition, the District’s stored water releases enhance overall water quality in the
Tualatin River. Specifically, the District’s stored water releases result in increased
stream flow, increased dissolved oxygen, lower nutrient levels and lower stream
temperatures by both increasing the quantity of water in the lower river and increasing
the velocity (which reduces travel time and thereby exposure to solar radiation). These
improvements are essential to sustaining the overall health of the Tualatin River.
To meet these goals, the District has established flow targets for the Tualatin River (as
measured at Farmington Bridge [RM 33.3]). The flow targets are as follows: 150 cfs
during the summer (July-August); and 180 cfs during the late summer and early fall
(September-October).

4.4

Tributary Flow Enhancement
The District’s efforts to improve water quality in the Tualatin River have made it quite
apparent that water quantity is a key element to improving water quality. In the
mainstem Tualatin River, flow enhancement from Hagg Lake and Barney Reservoir has
enhanced the water quality of the Tualatin River as noted above. Historically, flow
enhancement has primarily benefitted the mainstem Tualatin River. Many of the
tributaries of the Tualatin River lack sufficient flow during summer and early fall to
provide good water quality and support aquatic habitat. The District explored
opportunities to enhance stream flow in tributaries to the Tualatin River. The District
believed that adding water to tributaries has potential to not only benefit the tributaries
but would also continue to enhance water quality in the mainstem Tualatin River.
As an initial step to evaluate the feasibility and water quality benefits of enhancing flow in
the tributaries, the District coordinated with DEQ and conducted a pilot study by
releasing its stored water from Hagg Lake into McKay Creek (a tributary of Dairy Creek).
As noted above, the water released from the reservoirs is much cooler than water in the
Tualatin River and its tributaries during most of the year. The District began the pilot
study in 2005 by contracting with TVID to utilize its distribution system and worked with a
local farmer to release the District’s stored water into McKay Creek. Stored water from
Hagg Lake was released into Scoggins Creek, which then flowed into the mainstem
Tualatin River. A small portion of the District’s stored water releases was pumped out of
the river at the Springhill Pump Plant (RM 56.3). TVID infrastructure was utilized to
deliver the stored water via a pressure pipeline to a farm, where it was released into
McKay Creek. The pilot study demonstrated that enhancing flow in McKay Creek
resulted in improved water quality - lower temperatures and higher dissolved oxygen
levels.
The District has since expanded the pilot program to enhance stream flow in several key
Tualatin River tributaries. The District often targets tributaries where riparian restoration
projects have been implemented to provide multiple ecosystem benefits. Figure 8 shows
the recent tributary flow enhancement site locations; these are generally located near the
upper extent of TVID’s distribution system boundary. The District has released stored
water into Gales Creek, East Fork Dairy Creek, West Fork Dairy Creek, and McKay
Creek – all agricultural sub-basins with high value aquatic habitat. The District
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anticipates continuing to release water into key tributaries of the Tualatin River as a
means of enhancing water quality and aquatic habitat in the watershed. Additional
information regarding the District’s tributary flow enhancement program is presented in
Chapter 7.

Figure 8: Tributary Flow Enhancement Sites

4.5

Calculating Thermal Credits for Flow Enhancement
A credit is the unit of trade that represents the amount (e.g., mass, kilocalorie) of
pollutant reduced over a specified time period (e.g., day) by a particular action (e.g., flow
enhancement, riparian shade planting) at eligible project sites.
Flow enhancement results in lower summer temperatures in the mainstem Tualatin River
by several processes, as described earlier in this chapter. To calculate thermal credits
associated with flow enhancement, a predictive methodology was developed to
determine how much cooler the river will be at key locations (i.e., just upstream of
WWTFs) as a result of a given enhancement flow.
River temperatures vary with location and time of day and are determined by weather,
shade, river width and depth, wind, water inflows and withdrawals, and other factors.
Energy is gained and lost by the river system relatively quickly through a variety of
processes. Predicting river temperatures requires keeping track of all of these processes.
DEQ used the Heat Source model for the temperature component of the 2001 Tualatin River
Subbasin TMDL. Heat Source was designed solely to predict stream temperatures.
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Unlike many models, it does not simulate stream flow; rather, steady-state stream flow
must be supplied by the user as model input. It has been used extensively by DEQ to
develop TMDLs related to temperature. It has particularly detailed capability regarding
riparian shade and its effect on stream temperature. For the 2005 Temperature
Management Plan, the District used the Heat Source model to predict stream
temperatures for a given enhancement flow. The District again used the Heat Source
model for this update of the water quality trading plan.
The method for examining model results for this update was the same as used for the
2005 TMP. Although flow enhancement water decreases temperatures of the entire
mainstream Tualatin River (downstream of the flow enhancement discharge point), only
the effects near the Forest Grove, Rock Creek and Durham WWTFs were evaluated for
credit. A series of simulations with varying flow enhancement rates and stream flow
conditions were run to determine the effect on temperature. The Heat Source model
produces a table containing hourly temperatures at locations along the mainstem
Tualatin River. The maximum hourly temperature at the closest location upstream of
each WWTF was determined for each simulation. Baseline model runs were conducted
for each stream flow condition but with no enhancement flows. In addition, the baseline
model runs included the discharges from the WWTFs. The effect of flow enhancement
was calculated as the maximum temperature with a particular flow enhancement rate
minus the maximum temperature with no flow enhancement - all other conditions were
identical. Thus, the temperature benefit (cooling) predicted is based only on the flow
enhancement.
Some of the model inputs were updated to reflect WWTF discharge conditions
anticipated for the upcoming permit cycle. These included design flows for year 2025,
recent effluent temperatures for the Rock Creek and Durham AWTFs, and estimated
effluent temperatures from the NTS at Forest Grove.
Figure 9 shows an illustrative example of modeling results for a flow enhancement rate of
40 cfs during low flow conditions in the river. This figure shows that flow enhancement
improves river temperature conditions along the entire mainstem downstream of
Scoggins Creek and at each WWTF. The shaded area between the two temperature
lines in the figure is indicative of the overall temperature reduction associated with the
enhanced flow conditions.
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Figure 9: Example of Model Predicted Flow and Temperature Conditions in the
Tualatin River Mainstem
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For planning and reporting purposes, it is desirable to be able to predict the temperature
difference associated with various flow enhancement rates and stream flow conditions
without re-running the model. This was accomplished by mathematically transforming the
flow enhancement rate as a function of stream flow so that a single curve could be fitted to
the data at each WWTF. An empirical equation was developed to determine the
resulting temperature change at each WWTF (Rock Creek, Durham and Forest Grove).
The temperature differences predicted by the model simulations near the Rock Creek
and Durham WWTFs with the various flow enhancement rates were cooler than the
previous results. This is likely because of the updated WWTF inputs noted in the
previous paragraph. Because the previous results provide a more conservative
prediction of the cooling effect of flow enhancement compared to the updated
simulations, and because the existing equations have been used since the outset of the
trading program, the District will continue to use the existing equations for the Rock
Creek and Durham AWTFs. The equations for calculating temperature changes due to
flow enhancement for the Rock Creek and Durham AWTFs are presented below:
Temperature Change at the Rock Creek AWTF (°C):

𝛥𝛥𝛥𝛥 = (5.014) �1 − 𝑒𝑒

�

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
�
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹−𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 �

Temperature Change at the Durham AWTF (°C):

𝛥𝛥𝛥𝛥 = (−0.02636)

1

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎

+ 𝑒𝑒 [(−0.03941)(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹−145.5)]
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Where:
Flow Enhancement at Rock Creek AWTF = Flow Enhancement as Percent of River Flow Just
Upstream of the AWTF (%)
Flow Enhancement at Durham AWTF = Transformed Flow Enhancement (cfs)
Farmington Flow = Flow at OWRD Farmington Gage (cfs)
Rock Creek AWTF = Rock Creek AWTF Flow (cfs)

Temperature changes as a result of flow enhancement at the Forest Grove WWTF were
not developed for the 2005 TMP because dry season discharge at Forest Grove was not
anticipated at that time. A new equation relating flow enhancement to temperature
change was developed for the discharge from the Forest Grove facility. The following
empirical equation was derived for the Forest Grove discharge:

𝛥𝛥𝛥𝛥 = (0.2349)(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)2 − 1.2906(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎) − 0.0838
Where:
ΔT = Temperature Change (°C)
Flow Enhancement = Flow Enhancement as Percent of River Flow Just Upstream of the
Forest Grove WWTF (%)

The District, in collaboration with its partner agencies, operates 19 flow monitoring
stations in the watershed. Many of these monitoring stations provide near real-time flow
data in the Tualatin River and key tributaries. The District uses this information to
manage its stored water releases and to ensure that stored water releases are reaching
their designated locations.
The temperature change at each WWTF as a result of flow enhancement is calculated
for each day in July and August. The river flow used to calculate the daily temperature
change at the Rock Creek AWTF is the measured daily flow at the OWRD Farmington
Gage minus the measured daily Rock Creek AWTF effluent flow (the gage is
downstream of the AWTF). For the Durham AWTF, the applicable river flow is the
measured daily flow at the OWRD Farmington Gage; this is a conservative estimate of
river flow at the Durham AWTF because it does not account for inflows to the river
between the gage and the AWTF. For the Forest Grove discharge, the river flow used
for the calculation is the daily flow measured at the OWRD Golf Course Road Gage
minus the measured daily Forest Grove WWTF effluent flow (the gage is downstream of
the WWTF).
The thermal credit for flow enhancement for each WWTF is calculated for each day in
July and August and is based on the temperature change caused by flow enhancement
just upstream of each WWTF. Using the empirical equation for temperature changes at
each WWTF, the thermal credit associated with flow enhancement at each WWTF is
calculated as follows:
𝐻𝐻𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝐴𝐴 =

1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
1 𝑚𝑚3
1000 𝑘𝑘𝑘𝑘 86400 𝑠𝑠𝑠𝑠𝑠𝑠
𝑥𝑥 𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑥𝑥
𝑥𝑥
𝑥𝑥
𝑥𝑥 ∆𝑇𝑇𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
3
35.3 𝑓𝑓𝑓𝑓
1 𝑘𝑘𝑘𝑘°𝐶𝐶
1 𝑚𝑚3
1 𝑑𝑑𝑑𝑑𝑑𝑑

Where:
For the Rock Creek AWTF, QRiver = Flow at the OWRD Farmington Gage – Rock Creek AWTF
flow (cfs)
For the Durham AWTF, QRiver = Flow at the OWRD Farmington Gage (cfs)

For the Forest Grove WWTF, QRiver = Flow at the OWRD Golf Course Road Gage – Forest
Grove WWTF flow (cfs)
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Additional information regarding the development of the empirical equations for
calculating temperature changes from flow enhancement, thermal credits, and the
reconciliation methodology for the thermal loads from the WWTFs and the thermal
credits is presented in Appendix A.

4.5.1

Time Period of Interest/Credit Calculation
The thermal load from each WWTF is based on average daily temperature and flow
conditions in July and August. It is calculated with respect to the system potential
temperatures at each WWTF as defined by the 2001 Tualatin River Subbasin TMDL.
The system potential temperatures at the WWTFs are as follows: 11.1°C (51.9°F) at
Forest Grove, 14.7°C (58.5°F) at Rock Creek and 18.1°C (64.6°F) at Durham. The
months of July and August are the time period of interest because it is the time of year
when river temperatures are warmest and most likely to exceed the temperature
criterion. The time period is consistent with the 2001 Tualatin River Subbasin TMDL
which states that “maximum temperatures typically occur in July and August in the
Tualatin River Subbasin. The TMDL focuses the analysis during the July period as a
critical condition as identified by 1998 temperature data.” (DEQ, 2001).
The thermal credit calculated uses the predicted change in temperature in the river at
each WWTF as a result of daily river flows and daily flow enhancement rates (using the
empirical equations identified above) in July and August. Even though the flow
enhancement credit generation period is limited to July and August, the District continues
its stored water releases from the two reservoirs through September, October and at
times into early November until the onset of the high flow period (defined as a flow of at
least 350 cfs as measured at the OWRD Farmington Gage). As noted above, the 2001
Tualatin River Subbasin TMDL for temperature focused on worst case conditions for high
stream temperature in the July/August time period. Wasteload allocations (and the
resulting thermal load to offset) for the District’s WWTFs were calculated for this time
period using system potential temperatures, which are at or below the biologically
numeric based criteria. Consistent with the TMDL, the District developed its thermal
credit calculation methodology to focus on this time period. Once the TMDL is updated
to include the late summer/early fall period, the District will update its methods to account
for thermal credits for this time period. It should be noted that the District typically
increases its stored water release rates in September and October to offset naturally
occurring sediment oxygen demand impacts and improve dissolved oxygen levels in the
lower Tualatin River. Over the last 5 years, the District has released an average of 48
cfs in September and 42 cfs in October – more than what is typically released in July and
August. The District believes that the continued release of stored water in September
and October will offset the thermal loads from the WWTFs.
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5

Riparian Shade Program Framework
The riparian shade program is one of the strategies that the District utilizes to offset the
thermal load from its WWTFs. Riparian shade planting stimulates additional water
quality and ecological benefits across large landscapes throughout the Tualatin River
watershed. Riparian shade projects address multiple problems across the spectrum of
watershed land uses by inducing changes to hydrologic, hydraulic, geomorphic,
physicochemical and biological factors in the landscape. These changes add complexity
and resiliency to watershed conditions and are critical to addressing water quality
concerns.
This chapter presents an overview of how riparian shade effects stream temperature,
discusses project eligibility, presents the riparian shade programs implemented by the
District, outlines approaches to project selection and restoration priorities, and explains
shade credit calculation methodology and thermal credit portfolio management.

5.1

Background
The geographic extent of the District’s riparian shade program is the entire Tualatin River
watershed. Riparian shade prevents stream heating and keeps water cool by blocking
solar radiation (i.e., sunlight) that might otherwise increase water temperatures. Solar
radiation represents a significant component of the overall thermal energy input into the
Tualatin River watershed. Depending on the stream, the 2001 Tualatin River Subbasin
TMDL estimates that 40- 90% of the current solar radiation heat loading is from
anthropogenic nonpoint sources (i.e., from lack of shade) as shown in Figure 10.

Figure 10: Portion of Current Solar Radiation from Anthropogenic Nonpoint
Sources

Source: DEQ, 2001
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The amount of energy that is blocked by shade along a particular water body is a
function of the orientation of the stream with respect to the sun (i.e., aspect), wetted
width, tree height and vegetation density, and other physical characteristics. These
factors are taken into account when determining the thermal load reduction produced by
riparian shade projects.

5.2

Project Eligibility
Water quality trading, like all forms of environmental trading, is based on the principle
that environmental performance which exceeds regulatory requirements has economic
value and can be traded. In the Tualatin River watershed, landowners in some areas are
required to maintain vegetated buffer areas. Specifically, forest landowners are required
to do so under the Forest Practices Act, agricultural landowners are required to do so
under the local water quality management rules developed by the Oregon Department of
Agriculture (also known as Senate Bill (SB) 1010), and property developers are required
to do so under the District’s Design and Construction Standards.
Below are examples of scenarios that would be eligible for thermal credit:
• Landowner incentive programs where shade is created and sustained in
agricultural areas as a direct result of active management measures aimed at
increasing riparian shade by establishing or enhancing vegetation. These
activities exceed SB 1010 requirements, which have a non-disturbance standard
and give landowners the option of allowing riparian vegetation to regenerate
naturally.
• Landowner incentive programs where shade is created in forested areas under
circumstances where the amount of shade either exceeds the requirements of the
Oregon Forest Practices Act or the Act does not require shade.
• Shade created under other District programs that furthers the District’s
environmental stewardship mission, but is not required by law, such as, shade
created under a program that implements ecological enhancement activities on
public land.

5.3

Riparian Shade Programs
The District implements programs to increase riparian shade and enhance ecological
conditions throughout the Tualatin River watershed. These programs are categorized
into a Capital Program and landowner incentive-based programs. The Capital Program
mostly focuses on public lands whereas the landowner incentive-based programs focus
on private lands in rural areas.

5.3.1

Capital Program
The District will continue to generate thermal credits through its Capital Program.
Riparian shade projects implemented under this program will be part of ongoing efforts
to restore overall watershed health, improve habitat for aquatic and terrestrial
species, and increase the resiliency of the Tualatin River and tributaries to environmental
change. Most projects will occur on public lands where large scale restoration
opportunities are available and multiple water quality and ecological benefits can be
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achieved. The District will seek to leverage additional resources from partner
organizations to expand the environmental benefits of the project. These lands include
Metro Natural Areas, U.S. Fish and Wildlife National Wildlife Refuges, Tualatin Hills Park
and Recreation District (THPRD) lands, member city properties and other public lands.
Often these projects leverage the District’s investment in riparian shade with additional
resources to improve fish and wildlife habitat, water quality, watershed processes and
public access. In addition, these lands often overlap with the highest value areas
identified by the Oregon Conservation Strategy, the Regional Conservation Strategy and
other biodiversity conservation plans.
Riparian shade projects implemented under the Capital Program include administrative
activities such as securing easements or stewardship agreements with property owners;
site preparation activities; and re-vegetation, monitoring, and maintenance. Additional
enhancement activities such as channel reconfiguration, large wood placement, offchannel habitat, and in-stream pond removal are performed on a site specific basis to
improve a broader range of site functions.

5.3.2

Landowner Incentive Programs
5.3.2.1

Overview

The District will also continue to generate thermal credits through its existing landowner
incentive programs. Incentive programs are intended to attract landowners to enroll in
riparian shade programs by providing benefits in the form of cash payments, contributed
labor, donated materials, or a combination of these. Incentive programs are an important
management option for implementing watershed improvements outside of the District’s
service area. These programs have produced superior results by generating beneficial
outcomes for landowners and management agencies, and improving watershed health.
Approximately one-third of the land in the Tualatin River watershed is primarily managed
for agricultural production, and much of the floodplain land in farming areas has been
cleared and drained for growing crops. Hence, these areas present significant
opportunities for increasing riparian shade and river functions, including expanding
spawning and rearing habitat for salmonids.
The District has collaboratively developed programs with the Tualatin SWCD, Natural
Resources Conservation Service (NRCS), Farm Service Agency (FSA), Oregon
Watershed Enhancement Board (OWEB), and other partners for the purpose of
engaging and enrolling agricultural landowners in enhancing riparian shade and
ecological conditions on their properties. These programs are complementary---each
has a unique set of benefits and requirements, and is intended for landowners with
specific needs and preferences. Current landowner incentive programs include the
following:
•
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Enhanced Conservation Reserve Enhancement Program (ECREP) establishes
native trees and shrubs along priority reaches of the Tualatin River and its
tributaries to increase riparian shade. Land owners enter into 10 to 15 year
ECREP contracts with the Tualatin SWCD. Program enrollment must follow all
rules and regulations stated in the USDA Farm Service Agency Conservation
Reserve Program Handbook.
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•

Vegetated Buffer Areas for Conservation (VEGBAC) provides incentives for rural
landowners to plant native trees and shrubs along stream corridors within
portions of Washington and Multnomah Counties in the Tualatin River watershed.
VEGBAC offers a restoration alternative to landowners who either do not qualify
for ECREP or prefer more flexibility. Landowners enter into 10 year contracts
with SWCD. Landowners also have the option to enter into a 15 or 30 year
stewardship agreement with the Tualatin SWCD.

5.3.2.2

Agricultural Partnership Development

In partnership with the Tualatin SWCD, the District worked with the Local Area
Committee composed of farmers, foresters, and various stakeholder groups to develop
voluntary incentive-based tools which address water quality needs in agricultural areas of
the Tualatin River watershed. The process of working together on a partnership program
spawned “Enhanced CREP” - a modified version of USDA’s Conservation Reserve
Enhancement Program (CREP).
CREP had been available to farmers in the Tualatin River watershed since the late
1990’s, but no landowners had signed up for the program. The program did not provide
the type and level of incentives needed for it to be successful in the Tualatin River
watershed. Two studies were conducted to determine what was needed to increase its
popularity (Viatella, 2002; ODA, 2002).
The Local Area Committee reviewed these studies and looked at how CREP had been
modified in other states to make it more successful. On the basis of this information, four
things became clear. First, the annual per acre payments to farmers for farmland
converted to buffer areas were too low, especially in areas like the Tualatin River
watershed, with highly productive land. Second, farmers were not compensated enough
to maintain buffer areas after the site clearing and planting work was completed. Most
farmers received less than ten dollars per acre per year for maintenance, but the actual
cost, especially during the first five years, could be several hundred dollars per acre.
Third, there was insufficient agency staff available to market the program and process
enrollment applications. Finally, additional tools were needed to provide for the various
needs of a diverse agricultural community.
In designing ECREP, the Local Committee made changes that reflected the information it
had collected. ECREP increased annual payments and Tualatin SWCD hired staff to
market and manage the program. The Tualatin SWCD board of directors is composed of
farmers and small woodland owners, and its staff works closely with landowners on a
daily basis. Tualatin SWCD also shared office space with local USDA staff. Under
ECREP, USDA retained many of the responsibilities it had under CREP. The shared
office promoted coordination between all those involved in operating the program.
Finally, while the District supported the program financially and performed a general
oversight function, most of the program was implemented by the agricultural community.
The next program the Local Committee developed was VEGBAC, which provides
incentives for rural landowners to plant native trees and shrubs in stream buffer areas.
This program is also administered by the Tualatin SWCD. VEGBAC offers a restoration
alternative to landowners who either do not qualify for ECREP or prefer more flexibility.
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Under VEGBAC, a landowner has the option of entering into either a restoration contract
or stewardship agreement with Tualatin SWCD. A stewardship agreement is a term
specific easement that is recorded with the county. Tualatin SWCD provides all
necessary conservation planning, specifications, and planting material at no charge to
the landowner. With landowner input, Tualatin SWCD, in conjunction with USDA’s
NRCS, develops a conservation plan for the site. All restoration activities, including site
preparation, seeding, planting, and maintenance are implemented by Tualatin SWCD.
The landowner is required to share a small portion of these restoration expenses.
Unlike ECREP, VEGBAC is a strictly local program; the federal and state governments
have no role in its funding or management, and the landowner does not receive annual
payments for the riparian restoration activities. As a result, landowners can participate in
other stream buffer programs while participating in VEGBAC. In addition, landowners
can qualify for a one-time bonus payment if 50% or more of the stream bank within a
two-mile segment of stream is enrolled in VEGBAC or ECREP. Landowners can also
qualify for additional lump sum payments by electing a stewardship agreement.

5.3.2.3

Collective Impact

The aforementioned collaborative approach with the Tualatin SWCD, NRCS, FSA,
OWEB, and other partners has resulted in a program delivery model that produces
ecological benefits that extend far beyond riparian shade. The most common
mechanism for achieving these additional benefits involves pairing programs and
leveraging resources for landowner incentives. Coupling various programs enables the
incentives to be marketed in ways that reach more landowners, resulting in larger areas
of high-priority lands enrolled in enhancement programs. The enrollment of larger areas
of land often leads to the implementation of best management practices across the
landowner’s entire property rather than just along the narrow riparian buffer next to the
stream. The ability to utilize multiple programs on a single property provides a more
holistic approach to improving overall watershed health. Examples of complimentary
programs used to maximize water quality and ecological benefits include the following:
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The Agricultural Water Enhancement Program (AWEP) is administered by NRCS
and provides incentives for farmers in the Gales Creek and Upper Tualatin River
watersheds to implement practices that reduce nonpoint source pollution
(nutrients, sediment, and pesticides) to surface water; increase stream flows by
improving irrigation efficiency; or reduce stream temperatures by providing
riparian shade. NRCS provides cost-sharing incentives via AWEP for practices
such as nutrient management, drip irrigation, filter strips, no-till farming practices,
and tree/shrub establishment. AWEP is typically paired with VEGBAC.

•

The Environmental Quality Incentive Program (EQIP) is administered by NRCS
and provides assistance to growers and landowners who want to install
measures to protect the soil, water, air, and other natural resources on their
working land. Conservation practices include tree planting, drip irrigation, soil
moisture sensors, fish screens, pest consultants, and erosion control. EQIP is
typically paired with VEGBAC.

•

Stream flow enhancement is also achieved through the District’s Landowner
Incentive Program. Landowners choosing to enroll in one or more of the
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programs have the option to lease water rights to the State of Oregon for instream use. Historically, these transactions were performed by the Fresh Water
Trust and Bonneville Power Administration, who paid the transaction costs and
landowner payments. To date, approximately 5 cfs have been returned to
streams in the Tualatin Basin through in-stream leasing. The District may take
on the role of transacting in-stream leases and making incentive payments to
landowners directly. If the District takes on this role, the in-stream leasing
program will be integrated into the District’s flow enhancement program.

5.4

Project Selection Criteria
The District’s approach to project prioritization starts with a broad vision of meeting
ecological needs through opportunities that are anchored by the development of mutually
beneficial relationships with a variety of community partners. Utilizing this approach,
project prioritization is conducted at the landscape, program, and project scale as
described in the following sections.

5.4.1

Landscape Scale
To prioritize projects at a landscape scale, the District uses the Regional Conservation
Strategy, which provides high resolution, current land cover data for the Tualatin River
watershed. LiDAR and aerial photography are combined to derive riparian forest cover
at a fine scale. By adding spatial data for streams, wetlands, and other habitat features
in the Tualatin River watershed, the resulting maps frame ecological priorities for sites,
reaches, and sub-basins, and also provide a platform for strategic coordination of various
programmatic approaches. The District and Intertwine partners have collaboratively
developed a mapping application to publish and share these datasets
(http://www.regionalconservationstrategy.org/page/home) and regularly coordinate with
partners to provide consistent updated prioritization information. Data from the Regional
Conservation Strategy are also being used in conjunction with existing models (i.e.,
RESTORE, ODFW StreamNet, and others) to emphasize the most sensitive beneficial
uses in the Tualatin River watershed, including salmonid rearing, salmonid spawning,
and other ecological values.

5.4.2

Program Scale
At a program level, the District’s focus on partnerships within the urban and agricultural
areas has targeted shade investment in areas most in need of riparian re-vegetation and
landscapes that contain high value natural resources for conservation. The District and
its partners will continue to use landowner outreach in specific priority areas to generate
new projects. When project opportunities are identified, the District and our partners
utilize program-specific criteria that reflect the strategic purpose of the program and
resource improvement opportunities inherent with the geography.
For example, project selection criteria for ECREP are specific to the issues and
opportunities in agricultural lands. When landowner incentive programs were being
launched in 2005, the program accepted applications in the order received as is currently
done with CREP nationally. However, as applications grew rapidly, the District and the
Tualatin SWCD adapted the program using broad ecological metrics to maximize the
ecological benefits of the riparian shade planting projects. Since obtaining special
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approval from federal administrators, ECREP applications are currently screened using a
matrix of nine criteria including fish habitat type and quality, riparian condition, wildlife
habitat connectivity, nutrient filtering capacity, connectivity to existing projects, and
connectivity to natural/conservation areas. The ECREP prioritization matrix is a
program-level tool used by the District and our partners to focus riparian planting projects
around priority streams that have sensitive beneficial uses.

5.4.3

Project Scale
Deriving high environmental value from shade investments requires strong project level
planning. Project-scale priorities are developed within the landscape context with
consideration of current site conditions and natural processes. Together with its
partners, the District identifies key ecological attributes that support resource
management goals as well as threats and strategies for success.
Prioritization criteria at the project scale include presence of existing riparian vegetation,
potential for cold water fish habitat enhancement, maximization of aquatic and terrestrial
habitat connectivity, proximity of projects to other natural/conservation areas and to
existing projects, and the potential for the vegetation to filter sediment and nutrients from
agricultural practices or urban runoff.
Additionally, the District is conducting research and collaborating by providing funding for
the Tualatin Watershed Council to assess specific habitat features, such as cold water
refuges (CWR), to better understand the characteristics and processes associated with
these ecologically important areas. The District has conducted a technical assessment
and field research on the identification of CWR in the Tualatin River watershed. The
technical assessment included the development of a methodology for CWR identification
and a weighted index of key characteristics inherent to sites with existing CWR. The
District anticipates incorporating CWR as a criterion for future project selection.

5.5

Calculating Thermal Credit
The Heat Source model, which was used by DEQ for the temperature component of the
2001 Tualatin River Subbasin TMDL, includes a detailed representation of stream
characteristics and riparian vegetation. The subroutine of the Heat Source model that
performs shade calculations is called the “Shade-A-Lator.” Thermal credits for each
project will be calculated using the "Shade-A-Lator" model. The July/August time period
is used to calculate thermal credits from riparian shade. This is consistent with the 2001
TMDL and corresponds to the time of the year when river temperatures exceed the
temperature criterion. The model requires site-specific data including project
dimensions, stream width, orientation to the sun, and the estimated canopy height and
overhang upon maturation. The estimated canopy height and overhang upon maturation
are based on a 20-year shade establishment period. The model uses these data to
determine the effective shade produced by the project. "Effective shade" is a measure of
the amount of sunlight blocked by riparian vegetation. The potential solar load and the
effective shade are used to calculate the solar load blocked by riparian shade planting
projects. A detailed description of how thermal credits from riparian shade are calculated
is presented in Appendix A.
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5.5.1

Baseline Conditions
Existing vegetation at project sites varies substantially; the District uses the presence of
existing vegetation as one of the criteria to evaluate sites for project selection. In
accordance with DEQ’s Water Quality Trading IMD, the TMDL implementation plans for
designated management agencies serve as the baseline conditions for nonpoint sources
(DEQ, 2012). TMDL implementation plans do not require active planting and restoration
of riparian areas; instead they limit vegetation removal and other disturbances in riparian
areas. Active planting, invasive species management and other enhancement activities
generate faster and more successful riparian shade restoration than non-disturbance
actions. Therefore, the District will utilize existing vegetation to define baseline
conditions.

5.5.2

Trading Ratio
In accordance with the recommendations in DEQ’s Water Quality Trading IMD, the
District will utilize a 2:1 trading ratio primarily to account for the time between initial
planting and shade establishment (DEQ, 2012).
The 2:1 trading ratio was established based on a 20-year shade establishment period.
The shade establishment period for smaller streams is much less than the 20 years. For
example, Bishaw et al. (2000) measured the growth rate of newly planted riparian trees
in select streams in western Oregon and showed that vegetation provided substantial
riparian shade (80%+) in 5-6 years on a stream 8-12 feet wide. Smith (2013), evaluating
the State of Washington’s CREP program, showed that greater than 70% riparian shade
was produced by 5 – 10 year old projects on streams with widths less than or equal to 25
feet.
The District has focused its riparian shade program on smaller streams as shown in
Figure 11:

Figure 11: Stream Width of District’s Riparian Shade Projects
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From 2004–2014, the District has implemented 98 riparian shade projects. Sixty-nine of
the 98 projects (70%) have stream widths of ≤20 feet; ninety-two of the 98 projects (94%)
have wetted stream widths of ≤50 feet. Field monitoring of shade at the riparian shade
projects (Chapter 6, Figure 12) shows that high level of riparian shade is provided within
5 years at many sites. Recognizing the shorter time needed to shade smaller streams,
the 2005 TMP allowed a 1:1 trading ratio for streams less than 7 feet wide. The District
did not utilize the 1:1 trading ratio for its riparian shade projects. All projects were
credited using the 2:1 trading ratio.
The 20-year shade establishment period provides time for vegetation to grow to a height
where it will provide substantial shade. It also provides an upward limit on the amount of
shade credit that can be generated. Vegetation is expected to continue to grow after 20
years, and it should provide increasing amounts of shade on wider streams.
Nevertheless, the credit amount is fixed by the modeled calculation of shade based on a
20-year shade establishment period. This provides an additional layer of
conservativeness beyond those provided by the 2:1 trading ratio for the thermal credits
generated by the riparian shade program.
The DEQ Water Quality Trading IMD also notes that the trading ratio is used to account
for uncertainty associated with riparian shade planting projects (DEQ, 2012). There is no
objective measure (metric) associated with uncertainty in the 2:1 ratio. The uncertainty
described by the IMD includes components of variability in project effectiveness,
predictability of forecasted conditions, precision of understanding surrogate measures for
nonpoint source loads, and the dynamic nature of riparian ecosystems. The District
implements explicit protocols to ensure the success of its riparian shade projects and
effectively limit uncertainty. These include developing a variety of land stewardship
agreements, designing ecologically-appropriate planting plans, extending site
preparation, conducting high density riparian shade plantings, implementing robust
monitoring and maintenance programs, and conducting inter-planting as necessary to
ensure project functions are achieved.
Additionally, it should be noted that the District intends to generate the necessary
thermal credits to offset growth related increases in thermal load from the WWTFs before
the anticipated growth occurs in its service area. As discussed in Chapter 8.3, the
District is already employing this strategy to develop thermal credits to offset future
increases associated with growth in the basin. The District’s focus on smaller tributary
streams where shade can be developed quickly along with its strategy to develop
thermal credits before they are needed enables the District to reduce the time between
initial planting and shade establishment to much less than the 20 years used to establish
the 2:1 trading ratio.
With the 2:1 trading ratio and the conservative assumptions used to calculate thermal
credits, offsetting the thermal load via riparian shading means that in the long run the
overall reduction in thermal load to the Tualatin River should be significantly greater than
through the implementation of technology-based solutions.
It should also be noted that the trading ratio does not account for the broader ecological
benefits of the riparian shade program. As previously noted, the riparian shade activities
are often only a component of the District’s multiple-objective ecological enhancement
projects. The District’s general approach to riparian shade programs is geared toward
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improving overall watershed health by inducing landscape level changes to hydrologic,
hydraulic, geomorphic, physicochemical and biological conditions in the watershed.

5.6

Thermal Credit Portfolio Management
Re-enrolling landowners into the ECREP and VEGBAC programs is a key component of
the District’s riparian shade program strategy. The District also actively works to
maintain agreements with governmental organizations to access public lands. The
District takes thermal credits for those projects for which a valid contract or agreement is
in place. Securing long-term function through stewardship activities at the riparian shade
project sites is consistent with the District’s ecological goals and objectives for the
Tualatin River watershed. There are multiple ways to secure access and protect the
effectiveness of ecological functions. Public lands are accessed through a special use
permit, intergovernmental agreement, easement or other grant of rights. On private
lands, the District has worked with its partners to update the existing programs to provide
farmers with options for renewing their incentives when ECREP and VEGBAC contracts
expire. With recent updates to VEGBAC, an additional incentive is provided for land
owners who record a stewardship agreement with their property deeds.

5.6.1

Credit Accounting and Duration
Sites are eligible for credit enrollment after initial planting has been completed. Credits
will continue to be documented in the District’s annual report on thermal load
management activities. In accordance with the DEQ Water Quality Trading IMD, credits
are effective for as long as the ecological functions (e.g., shade) are sustained and
documented in the annual report (DEQ, 2012). The documentation of ecological
functions may use field and/or remote based approaches (e.g., densiometer, LiDAR) to
assess vegetation height, density and shade.
On an on-going basis, the District will take follow-up actions to improve project function
including inter-planting with appropriate native plants and invasive species management.
If the project is still not functioning as anticipated after multiple efforts, the District may
adjust the credits based on project functionality or remove the project and associated
thermal credits from its portfolio of riparian shade projects. Thermal credits generated
from other non-credited (i.e., reserve) project sites may be added to the portfolio of
riparian shade projects.

5.6.2

Unforeseen Events
The District monitors riparian shade projects during the 20-year shade establishment
period. Unforeseen events such as floods, fires, or other acts of God may result in a
reduction in riparian shade across projects. The District has developed programmatic
tools to address many other risks to credit effectiveness, such as, strong partnerships
with many community organizations, land preservation instruments or easements, land
owner stewardship agreements, and contract provisions for liquidated damages.
The District also conducts additional riparian shade projects beyond those enrolled in its
water quality trading program. These projects include riparian restoration projects
undertaken with member cities, and other District supported projects. These projects do
not have the same level of oversight (i.e. site planning, maintenance and monitoring) as
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projects enrolled in the water quality trading program. But these projects do represent a
reserve pool of projects that are available for incorporation into the District’s water quality
trading program. Before enrolling a project from the reserve pool into its water quality
trading program, the District will ensure that the project meets riparian shade program
criteria specified in Chapter 6. The District will then substitute the project from its reserve
pool to address loss of riparian shade due to unforeseen events.
If a reduction occurs and the District is not able to substitute with reserve riparian shade
projects, the District and DEQ, with public input, will develop an action plan to address
the loss of riparian shade due to unforeseen events.
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6

Riparian Shade Program Implementation

6.1

General Approach
The District’s approach to implementing the riparian shade program has evolved through
practical experience and adaptive management over the last 10 years. The riparian
shade program is designed to align with the large scale implementation of projects
through a wide variety of programs and partnerships. Scientific research and practitioner
experience of watershed restoration, while still nascent, has grown exponentially in the
last 10 years. These experiences have informed programmatic approaches by
highlighting the dynamic nature of ecological processes. Riparian shade projects often
involve drastic changes to entire natural communities. Recognizing the indicators of
system states and transitions is essential for determining appropriate management
actions. Forcing sites to develop pre-ordained attributes that potentially contradict
natural ecological processes may shortchange much broader ecological outcomes.
Drawing on the experience and framework built over 10 years of large scale riparian
restoration, the District has derived an adaptive management model to guide project
management through phases of planning, implementation, establishment and
stewardship.
This chapter presents an overview of the key aspects of implementing a riparian shade
program including site planning, site preparation, riparian planting, monitoring, and
reporting.

6.2

Site Planning
The site plan sets a framework for successful implementation of the riparian shade
project. Because of the dynamic nature of riparian shade projects, and the uniqueness
of each site, adaptive management strategies are used to address challenges and
opportunities that arise at each site. A site plan is developed for each project and
includes the following information:
1. Map showing project area and water resources
2. Schedule and timeline for planting
3. Site preparation protocols
4. Description of planting goals
5. Measures to control non-native species, invasive species and damage from
wildlife consistent with the District’s Integrated Pest Management Plan.
A typical sequence of activities for riparian shade projects is summarized in Figure 12.
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Figure 12: Typical Revegetation Activity Sequence and Schedule

6.3

Riparian Shade Project Elements

6.3.1

Native Plant Supply
Given the lead time required for sourcing seed across a broad diversity of native plants
and nursery stock production, the District has multi-year contracts with commercial
growers of native plants. Under these contracts, growers collect seed, propagate, grow
and supply more than 30 species of trees, shrubs and herbaceous plants. Most contract
growers are located in the Tualatin River watershed, and the contracts specify
appropriate seed zones to ensure that plants are adapted to local growing conditions. To
minimize the risk of supply shortages, key species that are used more frequently across
sites have multiple growers for redundancy. Contract growing offers the highest possible
degree of certainty that plant demand will be met and results in lower prices for plant
material.
The plants are delivered to centralized plant handling facilities for distribution. The
majority of plants are purchased in 1-year bare root form and distributed from a storage
facility during winter months. Some plants are grown in containers and handled at the
District’s Stream Operations Center (SOC) and Tualatin River Farm (TRF) facilities.
Depending on site conditions, certain plant species that are well adapted to growing from
cuttings in moist soils will be planted. Cuttings may be procured from on-site parent
plants or off-site sources, including past projects or cutting rows at the District’s SOC and
TRF facilities.
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6.3.2

Vegetation Management Contractors
Through implementation of the last 10 years of riparian shade projects, the District has
helped develop a network of vegetation management contractors who specialize in
reforestation and restoration work. The District has developed master contracts with
numerous contractors to implement the majority of the activities involved with planting
and maintenance. The partner organizations tasked by the District to carry out work,
such as the Tualatin SWCD, also maintain similar agreements. The contracts contain
detailed standards for performance of work tasks including site preparation, planting,
maintenance, and related activities. The District and/or partner organizations provide
oversight of work tasks to review contracted work and ensure performance is on track to
meet the planting goals identified in the site plan.

6.3.3

Rapid Riparian Restoration Approach
Riparian areas are dynamic, process-influenced ecosystems where disturbance and
biogeochemical processes drive them between complex and simple states.
Anthropogenic changes in soils, hydrology and competition by invasive plants and
animals have driven Willamette Valley riparian ecosystems into stable but diminished
states. To counter this, the District takes an aggressive approach to restoring
degraded plant communities by conducting high density riparian plantings.
As a part of its rapid riparian restoration (R3) strategy (Guillozet et al., 2014), the
District conducts intensive site preparation activities at project sites to eliminate the
majority of competition. The high density plantings and the use of pioneering species
selected from local materials result in generating shade cover rapidly. Once site
preparation is completed in a 1-3 year cycle, District contractors focus on planting
thousands of small bare-root, live stake, plug or containerized woody and herbaceous
plants in order to establish a density of about 2,500 stems per acre. Woody plants are
selected to form shrub-tree assemblages that reflect a multi-story structure. During
periods of implementation and establishment (5-10 years), plants are tended to in
several seasonal visits by contractors who mow and treat competing herbaceous and
woody invasive species. Investment in site stewardship continues into succeeding
years, but at a diminished rate as growing plant communities suppress weeds and
begin to generate water quality and ecological benefits. An overview of how the
District’s R3 approach addresses multiple limiting factors can be found in Table 7.
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Table 7. Selected Revegetation Project Elements, Common Limiting Factors and the
R3 Approach (Guillozet et al., 2014).
Project Element
Site dynamics

Limiting Factor
Lack of attention to disturbance regimes and
ecological boundary conditions.

Reference site data

Sites planted and managed out of context
often revert to degraded alternate stable
states.
Irregular or illogical site boundaries can
increase unit costs and lead to reduced
forest resilience.
Large equipment can disrupt soils and
eliminate existing vegetation.

Site boundary
establishment
Site preparation

Ground cover
establishment
Species diversity
Tree-shrub ratios

Planting approach

Planting density
Plant mortality

Planting layout

Seed sourcing
Stock type selection
Plant handling and
installation
Moisture conservation
and irrigation

Site use by wildlife

Rodent damage control

Vegetation monitoring
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Bare ground allows colonization of broadleaf
weeds; tall grasses harbor voles and
compete with plantings.
Species lists are often divorced from local
plant communities.
Lack of appropriate vegetation layers (i.e.,
structural diversity) can facilitate invasion by
weeds.
Phased planting (e.g., trees first, shrubs
later) extends establishment time and
increases costs.
Planting density is often drawn from forestry
or climax community data.
Mortality among widely spaced plants
creates large gaps; mortality of large
planting stock can be costly.
Random layouts interfere with maintenance,
while straight rows result in unnatural looking
forests.
Poor seed sourcing can introduce
inappropriate species or genotypes.
Nursery stock often have inappropriate root
to shoot ratios.
Planters lack familiarity with proper plant
handling and installation techniques.
Moisture stress is a major cause of plant
mortality; irrigation systems are costly,
unreliable, water intensive, and they water
weeds.
Wildlife can kill or damage a large
percentage of planted trees and shrubs;
protecting individual plants is costly and
often ineffective.
Tubing and caging are costly, often produce
plastic waste or float away and can be
ineffective.
Monitoring methods often evaluate progress
towards goals with no ecological basis

Approach
Conduct detailed evaluation of site conditions.
Select flood resistant stock sizes and avoid
using plant protection and irrigation systems.
Use reference site data as a ‘guiding image’ in
the context of site conditions and surrounding
land uses.
Establish defensible ecological or physical
boundaries to reduce edge effects.
Protect existing native vegetation through
targeted chainsaw clearing and backpack
herbicide application.
Seed with small-stature native grasses to
establish effective cover without swamping
plantings.
Develop species lists informed by reference site
diversity.
Distinguish between trees, arborescent shrubs,
small shrubs and thicket-forming shrubs; base
ratios on reference site data and key threats.
Plant all species appropriate for site during the
initial planting with appropriate spacing and
ratios.
Derive plant density from early- and mid-seral
reference sites.
Plant at reference densities to account for
normal mortality; inter-plant to adjust
composition and density.
Plant in meandering rows to facilitate
maintenance and create more natural looking
plant assemblages.
Establish nursery contracts with designated
seed collection zones.
Plant 1-2-year-old bare-root seedlings grown to
specifications.
Establish detailed specifications for nurseries,
cooler operators, and revegetation contractors.
Employ early ring spray treatment to reduce
competition from grasses.

Account for historic, current and anticipated
wildlife use in species selection and layout;
inter-plant with less palatable species.
Employ ring spray treatment to prevent damage
by voles and other rodents.
Evaluate revegetation trajectories against
ecologically based criteria derived from
reference sites.
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6.3.4

Project Planning
For riparian shade projects to be successful, the site must be evaluated carefully in order
to understand local conditions and dynamics. Site boundaries are determined by site
constraints and opportunities to create more resilient results. The District uses an
approach based on a combination of field observation, soil mapping, LiDAR mapping,
observations of hydrology and stream channel migration or change, as well as research
on wildlife presence and history of land use.
Local reference sites are identified near the project area. These provide project planners
with information on species composition at the enhancement site, desired future
condition, and wildlife use. In many cases, reference sites give project planners a
“guiding image” for the project that incorporates local species diversity, stem densities,
tree-to-shrub ratios, non-native invasive cover goals, and site constraints that anchor site
plans in an ecological context. In most cases and where feasible, the project will be
planned with at least two reference sites. Project planners also use historic landscapelevel data to determine what the ultimate desired future condition could be on a site.
The District takes a flexible approach in establishing project boundaries to meet multiple
goals. Since riparian shade projects are often in highly disturbed and invaded areas,
“defensible boundaries” need to be determined and established. This can mean defining
site boundaries where weed populations are limited by land uses or structures such as
roads. Project planners will often include adjacent areas in the project boundary even if
these areas have limited shade potential to provide larger-scale uplift and increase the
resiliency of the shade-producing area.
Where feasible, site boundaries may also include landscape features that can be
enhanced to provide hydrologic, geomorphic or wildlife benefits, which often support
planting success. For example, site enhancement activities often include placement of
large wood and will sometimes include channel modification to reconnect the stream with
its floodplain. This reduces the need for expensive and sometimes ineffective dryseason irrigation.

6.3.5

Site Preparation and Planting
Site preparation is essential to rapidly and cost effectively achieve planting goals and
objectives. Site preparation activities are specific to individual site needs, but typically
involve mechanical and chemical control of non-native invasive species including
Himalayan blackberry and reed canary grass, and seeding with native grasses to provide
both cover and weed competition. Depending on site access, disking is another
treatment option that has proven to be extremely effective in controlling reed canary
grass, flushing additional weeds from the seedbank, and preparing the soil for planting.
The duration of site preparation typically ranges from one to three years depending on
initial site conditions. This extended approach to site preparation has led to better weed
control, more rapid growth of planted vegetation, reduced herbicide use and
maintenance expenses, and more resilient plant communities.
Once the site is prepared, planting plans are developed based on soil type, moisture,
exposure, and reference information from nearby native plant communities. Plant types
(whether containerized, plug, bare root or pole cutting) are selected depending on a
variety of criteria including site conditions, season, availability, and cost. For example,
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pole cuttings are well suited to moist, streamside areas where erosion is a concern
because they can be planted without digging. In areas where erosion is less of a
concern, bare root or containerized plants are often the preferred choice. While planting
densities vary with site conditions, most sites are planted at a density of about 2,500
stems per acre. The District conducts high density plantings in order to: closely mimic
reference site conditions; provide rapid cover and competition for weeds; and withstand
mortality due to wildlife use (Table 7). High density plantings also create assemblages of
native plants that will create structural diversity (shrubs, trees, herbaceous ground cover
plants) that are resistant to reinvasion by non-native weeds.
Plant establishment treatments consist mainly of herbivory and competition reduction,
inter-planting, and invasive species control. High density plantings and inter-planting are
the primary ways to combat plant loss through herbivory from mice, nutria, beaver, deer
and other herbivores. Inter-plantings also provide increased species diversity and
structure, and allow for ongoing customization of suitable native species as site
conditions change in response to disturbances such as flooding, wind throw, beaver, and
hydromodification. Properly-timed ring sprays reduce competition around the newly
planted woody vegetation and also discourage herbivory by rodents. Invasive species of
concern are managed through periodic spot spraying before flowering and seed set.

6.4

Monitoring

6.4.1

Baseline Conditions Monitoring
Baseline conditions are monitored prior to initial planting work at a site. Often this can
occur 1-2 years before planting and prior to site preparation activities. Baseline
conditions are assessed to serve as a benchmark for calculating the reduction in thermal
load associated with the implementation of the riparian shade project. The District
documents existing vegetation and other site characteristics (e.g., stream aspect, wetted
width, and incision) by conducting field measurements and through the use of remotely
sensed datasets, such as LiDAR and aerial photos. The Shade-A-Lator model is used to
calculate baseline shade conditions. Monitoring is documented in the Thermal Credit
Calculation Information specified in Section 6.5.

6.4.2

Routine Monitoring
Site monitoring and maintenance play a critical role in ensuring the success of the
riparian planting projects because re-vegetated sites need protection from a variety of
threats including invasive species, herbivores, and dry weather. Thus, the District
implements a robust monitoring and maintenance program. Qualitative and
quantitative monitoring is conducted at all riparian planting projects that are enrolled
for thermal credit; site conditions are documented and recommendations regarding
maintenance or other activities are made.
The level of revegetation effort varies from site to site due to many factors including initial
site conditions, invasive species, weather conditions, influence of beaver, and other
dynamic processes. Based on experience, the forecasted trajectory is described herein
as Transitional > Establishment > Stewardship. An assessment of project phase is used
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to determine the frequency of quantitative monitoring and the level of on-going effort
necessary to ensure project functions are achieved.
The Transitional phase is defined as the period between initial planting and plant
establishment. At a minimum, this is a four to five (4-5) year period that requires
aggressive site preparation, planting, and maintenance activities. During this initial
phase, project managers utilize monitoring data to determine whether target stem
densities have been achieved, assess invasive species cover, and determine whether
additional planting and/or invasive species control is necessary. Monitoring during the
Transitional phase provides project managers with data used to determine any
necessary treatments needed to keep the project on the trajectory toward
Establishment. Projects that do not transition to the Establishment phase five (5)
years after initial planting are evaluated and modified as necessary to improve project
function to the extent practicable.
The Establishment phase is characterized by vigorous growth and a trend toward
reduced competition from non-native vegetation. The establishment phase may
extend for several years and involves seasonal maintenance. During the
Establishment phase, project managers utilize monitoring data to determine whether
the desired level of species diversity has been achieved. Project management
activities may include inter-plantings or the introduction of an herbaceous layer to add
structural complexity.
The criteria utilized to determine transition from Establishment to Stewardship is focused
on substantiating the presence of a diverse palette of vegetative species that provide the
desired canopy and aerial cover. Once a project meets the criteria for the Stewardship
phase, it is considered ecologically stable and is shifted to a stewardship program that
monitors and maintains the maturing plant communities.
Qualitative and Quantitative Monitoring
Qualitative monitoring is conducted on an annual basis during the summer and early fall
prior to leaf drop and is used to assess overall project health and project phase.
Qualitative vegetation monitoring consists of a visual assessment of plant growth and
mortality, invasive species cover, natural recruitment, herbivory protection strategies and
other factors that limit plant growth, and photo points. This assessment provides a basis
for determining the necessary level of ongoing maintenance needed for riparian planting
projects (e.g., inter-planting, seeding, weed control, herbivore protections). Qualitative
monitoring is designed to support the dynamic nature of riparian planting projects as they
mature from initial plantings to stable riparian ecosystems.
Quantitative monitoring is conducted every two years for projects in the Transitional and
Establishment phases, and every five years for projects in the Stewardship phase.
Quantitative monitoring consists of obtaining information regarding native tree and shrub
counts, species composition, density, and percent canopy cover. Data collection and
analysis is generally consistent with the Oregon Department of State Lands’ Routine
Monitoring Guidance for Vegetation.
Site Assessment Reports
A site assessment report is prepared for each site and is used to determine site specific
management actions. Each site assessment report contains project specific information
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including project acreage, the initial planting year, the year when thermal credit was
taken, and the stream length associated with the project. Site assessment reports also
contain information regarding each plant community (e.g., riparian forest, forested
wetland, upland forest, scrub-shrub) within a project. This information contains a list of
categorized plant species, stem densities, and the phase of each plant community.
Appendix C contains an example of a site assessment report.

6.4.3

Shade Monitoring
The District monitors riparian shade to demonstrate the development of shade-producing
canopy at each site. Following enrollment in the trading program, shade levels are
monitored every 5 years thereafter until year 20 to assess the development of shadeproducing canopy over time. The District may continue to use a densiometer to evaluate
canopy cover; specific protocols are dependent on stream wadeability, bank incision, and
accessibility. The District may substitute alternative methods to shade monitoring
through the use of remotely sensed datasets such as LiDAR and aerial photos. In this
case, data would be collected and analyzed for all projects across the watershed in the
same year and updated every 5 years.

6.4.4

Adaptive Management
Natural processes can alter the initial actions taken at project sites. For example,
recolonization by beavers and the creation of beaver ponds result in broad ecological
benefits including an improved riparian structure and canopy. The District recognizes
that forcing project sites to develop pre-ordained attributes that conflict with natural
ecological processes occurring at the site can limit broader ecological benefits. As a
result, the District employs adaptive management strategies to address challenges and
opportunities that arise at each site.

6.5

Recordkeeping
Recordkeeping is an essential element of the riparian shade program. For each riparian
shade project, the District maintains the following information:
(1) Project Description
a. Project Name
b. Project location
c. Land ownership information
(2) Site Plan (as described in Section 6.2)
(3) Thermal Credit Calculation Information
a. Baseline vegetation conditions (density and width)
b. Enhanced vegetation conditions (type, width, and anticipated density)
c. Stream characteristics (stream aspect, elevation, wetted width, near stream
disturbance zone, incision)
d. Baseline thermal load blocked by existing vegetation and anticipated thermal
load blocked by the enhanced vegetation (from Shade-a-Lator model)
e. Thermal credits from each riparian planting project
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(4) Annual Site Assessment Reports
Section 9.4 specifies the riparian shade data that would be submitted to DEQ on an
annual basis.
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7

Thermal Load Reduction Activities and Trading
Program (2004-2014)
The District has undertaken actions to reduce the thermal load discharged from the Rock
Creek and Durham AWTFs. The District also developed and implemented a water
quality trading program consisting of flow enhancement and riparian shade planting to
offset the thermal load from the AWTFs. The following chapter summarizes the actions
taken by the District to reduce the thermal load from the AWTFs, the water quality trading
activities from 2004-2014 to offset the thermal load from the AWTFs, and the
effectiveness of these actions.

7.1

Thermal Load Reduction Activities

7.1.1

Capital Projects at WWTFs to Reduce Temperature
The actions taken by the District to reduce the thermal load discharged from the AWTFs
include capital projects to reduce solar heating of wastewater at the treatment facilities.
The District evaluated temperature change across the Rock Creek and Durham AWTFs.
The analysis indicated that there was a slight increase in temperature across the
treatment facilities – about 1 to 2°C. After the 2001 Tualatin River Subbasin TMDL was
finalized, but prior to the issuance of the 2004 watershed-based NPDES permit, the
existing primary clarifiers at the Durham AWTF and three new primary clarifiers at the
Rock Creek AWTF were covered to provide odor control and to reduce solar heating of
the wastewater. Covering of the primary clarifiers was found to be cost effective
because it addressed odor issues and reduced solar heating. The District concluded that
additional covers for its treatment units are not cost effective if implemented solely for
temperature control.

7.1.2

Recycled Water Use
Recycled water use at the Durham and Rock Creek AWTFs represents a direct reduction
in the thermal load discharged to the Tualatin River. Both the Rock Creek and Durham
AWTFs produce the highest quality (i.e., Class A) recycled water. Recycled water from
the Durham AWTF is used at three golf courses, athletic fields at two public schools, and
for on-site irrigation. From 2004-2014, the District has recycled more than 80 million
gallons of water annually from the Durham AWTF. Recycled water from the Rock Creek
AWTF is being used to establish and sustain plants at the Forest Grove Natural
Treatment System (NTS) - about 2 to 5 million gallons are being used on an annual
basis.

7.2

Water Quality Trading Activities
To offset the thermal load from the AWTFs, the District implemented a water quality
trading program that consisted of flow enhancement and riparian shade planting. The
District’s 2005 TMP established a 5-year schedule to offset the excess thermal load from
the AWTFs. Table 8 presents the average flow enhancement rates for July and August,
the resulting thermal credits from flow enhancement at the Rock Creek and Durham

60 |

August 2015
Clean Water Services

AWTFs, the stream miles planted each year, and the thermal credits from riparian shade
planting from 2004-2008.

Table 8: Thermal Credits from Flow Enhancement and Riparian Shade (20042008)

During the five-year period following the issuance of the District’s watershed-based
NPDES permit (i.e., 2004-08), the District conducted more than 30 miles of riparian
shade planting. The riparian shade projects will result in blocking 590 million kcal/day of
solar energy to the watershed. The riparian shade projects generated 295 million
kcal/day of thermal credits using the 2:1 trading ratio specified in the 2005 TMP. The
District also released an average of 35 cfs of stored water annually during the 5-year
period; flow enhancement generated an average of 508 million kcal/day of credits at the
Rock Creek AWTF and 347 million kcal/day of credits at the Durham AWTF during the 5year period.
Table 9 presents the actual, allowable, and excess thermal loads from the Rock Creek
and Durham AWTFs, and thermal credits from flow enhancement and riparian shade
planting for the period from 2004 to 2008.

Table 9: Thermal Load Trading Program Summary (2004-2008)

Using a combination of flow enhancement and riparian shade, the District was able to
offset the excess thermal loads from the Rock Creek and Durham AWTFs during the
five-year period following the issuance of the District’s watershed-based NPDES permit.
The District has continued to implement its water quality trading program even after
offsetting the thermal load from the AWTFs. The District continued its stored water
release from Hagg Lake and Barney Reservoir and continued its riparian shade planting
program. Table 10 presents the average flow enhancement rates for July and August,
resulting thermal credits from flow enhancement at the Rock Creek and Durham AWTFs,
stream miles planted each year, and thermal credits from riparian shade plantings for
each year from 2004 to 2014.
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Table 10: Thermal Load Trading Program Summary (2004-2014)
Permit
Year
Year 1 (2004)
Year 2 (2005)
Year 3 (2006)
Year 4 (2007)
Year 5 (2008)
Year 6 (2009)
Year 7 (2010)
Year 8 (2011)
Year 9 (2012)
Year 10 (2013)
Year 11 (2014)

Mean Flow
Augmentation Rate
30.1 cfs
36.3 cfs
38.4 cfs
34.1 cfs
35.9 cfs
36.5 cfs
28.8 cfs
28.8 cfs
41.8 cfs
41.4 cfs
41.9 cfs

Flow Augmentation
Credit (Rock Creek)
429 million kcal/d
519 million kcal/d
567 million kcal/d
504 million kcal/d
523 million kcal/d
530 million kcal/d
416 million kcal/d
337 million kcal/d
601 million kcal/d
598 million kcal/d
602 million kcal/d

Flow Augmentation Stream Miles
Credit (Durham)
Planted
282 million kcal/d
3.79
407 million kcal/d
5.32
325 million kcal/d
8.52
329 million kcal/d
6.91
394 million kcal/d
5.78
337 million kcal/d
3.5
357 million kcal/d
2.76
416 million kcal/d
1.53
537 million kcal/d
2.1
454 million kcal/d
3.1
477 million kcal/d
2.7

Riparian Shade
Credit
27 million kcal/d
66 million kcal/d
76 million kcal/d
76 million kcal/d
50 million kcal/d
12 million kcal/d
22 million kcal/d
20 million kcal/d
8 million kcal/d
21 million kcal/d
21 million kcal/d

Banked Credits
12
22
20
8
21
21

million kcal/d
million kcal/d
million kcal/d
million kcal/d
million kcal/d
million kcal/d
million kcal/d
million kcal/d
million kcal/d
million kcal/d
million kcal/d

Thermal credits from riparian shade planting projects conducted from year 6 (i.e., 2009)
onwards are held (i.e., banked) for future use to offset growth related increases in
thermal loads at the WWTFs. From 2009-2014, the District has conducted an additional
15.7 miles of riparian shade plantings; the riparian shade projects will result in blocking
an additional 210 million kcal/day of solar energy to the watershed and have produced
105 million kcal/day of thermal credits.

7.2.1

Existing Portfolio of Riparian Projects
From 2004-2014, the District has implemented a total of 98 riparian shade projects. Fifty
projects have been implemented in the urban portion of the Tualatin River watershed and
have resulted in the restoration of 20.6 stream miles of riparian vegetation. Forty-eight
projects have been implemented in the rural portion of the Tualatin River watershed and
have resulted in the restoration of 25.7 stream miles of riparian vegetation. Table 11
presents a summary of the riparian shade projects from 2004-2014 implemented by the
District. The project name and project characteristics (i.e., number of plants initially
planted, wetted width, and stream length) along with thermal load blocked and the
thermal credit are presented in the table.
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Table 11: Riparian Shade Planting Projects (2004-2014)
Project Name

Credit
Number of Wetted Width Segment Length Thermal Load Blocked Thermal Credits
(feet)
(feet)**
(million Kcal/day) (million Kcal/day)
Year Stems Planted*
2004
1,568
2
1,800
1.21
0.60
2004
2,750
4
300
0.58
0.29
2004
31,645
5
5,400
6.30
3.15
2004
4,000
9
4,400
13.55
6.77
2004
150
9
1,300
4.07
2.04
2004
500
10
1,600
3.10
1.55
2004
6,195
14
1,500
8.15
4.08
2004
1,070
20
2,500
8.82
4.41
2004
67,832
22
700
1.68
0.84
2004
61,513
210
500
6.32
3.16
2005
20,900
2
2,700
1.94
0.97
2005
4,000
3
800
0.09
0.04
2005
31,645
6
900
2.12
1.06
2005
19,225
7
2,100
6.29
3.14
2005
26,238
8
1,800
2.73
1.36
2005
14,346
12
1,500
5.40
2.70
2005
7,962
13
900
3.38
1.69
2005
10,354
13
800
0.15
0.08
2005
7,930
14
2,900
15.25
7.62
2005
4,510
18
400
0.65
0.33
2005
1,070
20
3,400
17.37
8.69
2005
11,687
20
800
6.14
3.07
2005
17,905
21
2,100
12.89
6.45
2005
67,832
22
2,300
8.55
4.27
2005
2,800
26
4,000
29.23
14.61
2005
6,315
264
700
20.79
10.40
2006
3,765
1
600
0.22
0.11
2006
4,661
2
600
0.37
0.19
2006
6,315
5
500
0.22
0.11
2006
4,866
6
500
1.03
0.52
2006
16,870
8
1,300
0.42
0.21
2006
6,195
8
700
2.24
1.12
2006
21,743
9
4,900
18.73
9.36
2006
4,000
11
2,500
3.01
1.50
2006
10,610
12
1,300
2.86
1.43
2006
35,250
12
5,300
8.23
4.12
2006
37,990
20
2,400
8.27
4.13
2006
9,885
37
10,700
29.70
14.85
2006
13,000
42
4,900
9.53
4.76
2006
12,100
45
1,800
15.77
7.89
2006
18,255
47
6,300
50.64
25.32
2007
2,930
3
800
0.80
0.40
2007
51,600
4
6,100
9.08
4.54
2007
10,515
6
1,500
3.17
1.58
2007
6,195
7
700
0.67
0.33
2007
16,770
8
1,500
1.45
0.72
2007
16,600
9
1,100
4.35
2.18
2007
25,569
10
1,600
5.15
2.57
2007
16,520
20
1,600
5.11
2.55

Johnson Creek South - Summercrest
Butternut Creek - Bales Pond
Bronson Creek - W Union to Laidlaw
Fanno Creek - Englewood
Fanno Creek - OES Marsh
Summer Creek - Fowler
Cedar Creek - Stella Olsen
Rock Creek - Evergreen to Cornell
Rock Creek - WWTP
Tualatin River - Thomas Dairy
SWCD - Eggers
Willow Creek - Bronson Rd
Bronson Creek - W Union to Laidlaw
Sylvan Creek - Raleighwood Marsh
Dawson Creek - Evergreen Blvd
Beaverton Creek - Transit Center
Hedges Creek - Upper Marsh
North Johnson Creek - Cedar Mill Wetlands
Rock Creek - Golf Course to Bethany Pond
Rock Creek - Amberwood Natural Area
Rock Creek - Evergreen to Cornell
Rock Creek - Trail - Evergreen to Hwy 26
Fanno Creek - Hall Blvd to Ash Ave
Rock Creek - WWTP
Gales Creek - Tualatin River to Hwy 47
Council Creek - Beal Pond
Fanno Creek tributary - Downing to 125th
Banks Elementary
Council Creek - Beal Pond
Johnson Creek - Lowami Hart Woods
SWCD - Vandehey
Cedar Creek - Stella Olsen
Beaverton Creek - 153rd to St Marys
Fanno Creek - Englewood
Willow Creek - Beaverton Creek Confluence
SWCD - Duyck, R
SWCD - Krueger
NRCS - Hutchinson Wetland Reserve
Dairy Creek - Davis Tool
SWCD - Alexander
SWCD - Licorice Lane
SWCD - McBride
SWCD - Spiesschaert, L
SWCD - Rayhawk
Cedar Creek - Stella Olsen
SWCD - Lambing Acres
SWCD - Spiesschaert, G
SWCD - Brake
SWCD - G Evers
Notes
* Number of Stems Planted: Values are repeated in the event of multiple enrollment years.
** Segment Length: A few projects were enrolled over 2 years. The Segment Length planted each year is specified for these projects, therefore the total stream
length is greater than the mapped stream length.
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Table 11: Riparian Shade Planting Projects (2004-2014) (cont.)
Project Name

Credit
Number of Wetted Width Segment Length Thermal Load Blocked Thermal Credits
(feet)**
Year Stems Planted*
(feet)
(million Kcal/day) (million Kcal/day)
13.85
27.70
2007
4,600
23
7,300
5.81
2007
24,150
33
1,800
11.63
2007
78,296
43
8,200
62.64
31.32
2007
13,250
45
4,300
19.57
9.79
13,688
3
700
0.44
0.22
2008
2008
15,558
5
1,100
2.01
1.00
7
2,700
6.09
3.04
2008
52,845
8
900
3.03
1.51
2008
11,562
600
0.01
0.01
2008
10,842
10
2008
33,000
11
6,000
18.30
9.15
2008
33,380
13
6,300
9.95
4.97
2008
32,757
23
3,300
8.98
4.49
2008
42,275
44
8,100
43.57
21.78
2008
10,790
57
900
7.91
3.95
600
0.06
0.03
2009
11,917
5
2,600
5
500
0.52
0.26
2009
2009
33,000
9
1,100
1.43
0.71
0.81
2009
32,615
11
3,100
1.61
2009
42,420
15
2,800
1.39
0.70
2009
65,600
50
3,600
10.38
5.19
0.69
2009
17,600
120
2,100
1.38
120
2009
59,550
4,700
6.95
3.48
2010
43,250
5
2,700
4.72
2.36
1,200
4.78
2.39
2010
35,853
19
38,638
20
5,900
17.48
8.74
2010
2010
26,083
23
1,100
1.37
0.69
36
2,900
10.77
5.38
2010
31,800
2010
4,900
40
900
3.97
1.98
2011
67,832
8
3,100
4.30
2.15
5.25
2.62
2011
33,714
27
1,300
2011
57,100
75
3,800
31.44
15.72
2012
6,015
4
1,800
0.64
0.32
2012
9,885
6
3,300
6.39
3.20
2012
18,696
8
2,800
2.06
1.03
2012
75
8
1,200
3.11
1.55
2012
23,725
30
2,000
4.63
2.31
2013
6,900
2
600
0.34
0.17
2013
24,500
3
1,700
1.82
0.91
2013
21,500
3
1,700
2.14
1.07
2013
4,000
5
700
0.56
0.28
2013
7,100
5
700
0.91
0.45
2013
4,000
7
500
0.57
0.29
2013
20,900
12
4,300
5.52
2.76
2013
48,725
17
4,100
19.55
9.78
10.75
5.38
2013
8,400
40
2,100
2014
10,650
6
800
0.32
0.16
2014
18,469
20
4,193
26.10
13.05
2014
26,000
30
4,161
25.50
12.75
2014
42,000
35
5,052
44.70
22.35

Beaverton Creek - 170th to 231st - Quatama
SWCD - Riley
SWCD - Hering
Tualatin River - Gales Creek to Fernhill Rd
SWCD - Skade
SWCD - Daly
Bronson Creek - Tanasbrook Ponds
SWCD - Garrison
SWCD - Sungold Farms
Fanno Creek - Greenway Park
SWCD - Beardsley
Gales Creek - B St to Hwy 47
Metro - Lovejoy
Tualatin River - Metro King
SWCD - Reynolds
SWCD - Brooks
Fanno Creek - Greenway Park
SWCD - KV Farms
SWCD - VDS
SWCD - Waldorf
SWCD - Munger - Metro
SWCD - Tualatin River National Wildlife Refuge
SWCD - Cochran
Rock Creek - Noble Woods
SWCD - Echo Glen
Tualatin River - Eagle Woods at Fern Hill
SWCD - Fox
SWCD - Sahnow
Rock Creek - WWTP
Gales Creek - Half Mile Lane
SWCD - Howell
SWCD - Lichtner
NRCS - Hutchinson Wetland Reserve
SWCD - Parkin, LLC
Willow Creek Enhancement
SWCD - Nick Duyck
SWCD - Smith, R
SWCD - Oregon Berry
SWCD - N2K
SWCD - Hosey
SWCD - Fort, L
Willow Creek - Bronson Rd
SWCD - Gardner
SWCD - Hensel - Tualatin - Black Jack
SWCD - Oberg
Barrows Meadows
Durham City Park
SWCD - Dinsdale, A
SWCD - S&S Farms
Notes
* Number of Stems Planted: Values are repeated in the event of multiple enrollment years.
** Segment Length: A few projects were enrolled over 2 years. The Segment Length planted each year is specified for these projects, therefore the total stream
length is greater than the mapped stream length.
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Figure 13 presents a map of the Tualatin River watershed with the riparian project segments
planted from 2004-2014. The map shows the watershed scale changes that have resulted
from the District’s water quality trading program,

Figure 13: Riparian Project Segments (2004-2014)

7.2.2

Monitoring of Riparian Shade Projects
The District has prepared site assessment reports for all projects for which thermal credit
is taken. Site assessment reports include project specific information, document site
conditions, and recommendations regarding maintenance or other activities. Each site
assessment report contains project specific information including project acreage, the
initial planting year, the year when thermal credit was taken, and the stream length
associated with the project. The site assessment report also contains information
regarding each plant community (e.g., riparian forest, forested wetland, upland forest,
and scrub-shrub) within a project; for each plant community, stem density, project phase,
and a list of categorized plant species are identified. Site specific management actions
completed during the year and recommended for the next year are also presented in
each site assessment report. Site assessment reports are submitted to DEQ on an
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annual basis along with the District’s annual report on credit trading activities. An
example of a site assessment report is presented in Appendix C.
In addition to the ground reconnaissance activities documented in the site assessment
reports, the District collects data to assess shade at riparian projects every five years. A
densiometer is used to measure canopy cover at project sites every five years. One
monitoring point is created for each 500-foot stream segment of a project with a
minimum of three monitoring points per project. At each monitoring location, a
combination of photo points and densiometer readings are taken. Photo point monitoring
consists of upstream and downstream digital photographs. Specific protocols are
dependent on stream wadeability, bank incision and accessibility. Shade is measured as
densiometer readings mid-channel and/or at each stream bank.
To date, the District has conducted shade monitoring of projects that were implemented
from 2004 to 2009. A total of 62 projects were monitored for shade and the results of the
shade monitoring are summarized in Figure 14.
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Figure 14: Shade Monitoring Results
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Monitoring shows that 50 projects (81%) have greater than 50% shade and 39 projects
(63%) have 70% or greater shade after 5 years. Annual site assessment reports
document that these sites are functioning well.
Nine sites had less than 40% canopy cover. However, the waterbodies being shaded at
two of those eight sites were very wide; Council Creek Beal Pond and Sun Gold Farms
have a near-stream disturbance zone of 305 feet and 200 feet, respectively. As a result,
the canopy cover at these sites is not expected to be very high; this is reflected in the
effective shade value that was used to calculate the shade credit. At the remaining
seven sites, the District has taken a number of follow-up actions to improve performance
including re-planting significant portions of the projects. The actions taken at each
individual site are documented in the annual reports on credit trading activities. The
District expects that future shade monitoring will show improved performance at these
sites.

7.3

Effectiveness/Ecological Benefits
The District’s trading program supports numerous ecosystem benefits beyond
temperature benefits. The ecosystem benefits of riparian shading activities include
improved stream functions (e.g., floodplain roughness, bank stabilization, peak flow
attenuation, habitat creation), increased diversity of aquatic and terrestrial plant and
animal species, filtering of stormwater runoff, and improved water quality. The increased
complexity of structure and diversity of restored riparian forests and scrub-shrub
wetlands support many important ecosystem functions for the aquatic environment. One
example of this is colonization of some stream reaches by beavers, a keystone species
for stream function in the basin. By raising the water table, beavers promote floodplain
wetlands with enhanced plant, animal, and geomorphic diversity in comparison to the
original simplified stream channel. These features and the resultant geomorphic
complexity enhance fish habitat quality and may also provide cold water refuges.
Furthermore, the enhancement of riparian areas within and outside the District’s service
area improves the overall health of the Tualatin River watershed and creates
partnerships with positive outcomes for water quality.
The District’s release of stored water also provides multiple ecosystem benefits. The
water used for enhancement provides cooling effects, buffers against temperature
changes, and results in higher dissolved oxygen levels to support aquatic life. The
release of stored water, along with the release of the highly treated discharges from the
District’s Rock Creek and Durham AWTFs, provides a sustainable base flow to the
mainstem Tualatin River during the dry season.
Figure 15 shows the watershed-scale benefits resulting from the District’s mainstem
Tualatin River and tributary flow enhancement activities, and the District’s riparian
planting program.

68 |

August 2015
Clean Water Services

Figure 15: Watershed-scale Benefits of Flow Enhancement and Riparian Shade
Activities

| 69

August 2015
Clean Water Services

8

Proposed Thermal Load Reduction Activities
and Trading Program
As previously noted, the District’s strategy of reducing thermal load from the AWTFs and
implementing a water quality trading program consisting of flow enhancement and
riparian shade planting has been effective in offsetting the thermal load discharged from
the Rock Creek and Durham AWTFs. The District will continue to implement thermal
load reduction strategies and a water quality trading program during the upcoming permit
cycle to offset any additional thermal load from the WWTFs associated with growth in the
basin. The District’s thermal load reduction strategies and water quality trading program
for the upcoming permit cycle are discussed below.

8.1

Implementation Mechanism
The District’s current trading program has been implemented pursuant to the conditions
in the 2004 watershed-based NPDES permit. The permit required the development and
implementation of a TMP to offset the thermal load from the Rock Creek and Durham
AWTFs. The District will continue to implement its trading plan (now referred to as the
Thermal Load Management Plan (TLMP)) under the next watershed-based NPDES
permit. The TLMP specifies the thermal load reduction activities and water quality
trading program that the District will employ to reduce/offset the thermal load discharged
from the WWTFs.

8.2

Thermal Load Reduction Activities
The District proposes to employ the following strategies to reduce the thermal load
discharged from the WWTFs:
• Natural Treatment System at Forest Grove
• WWTF improvements
• Recycled water use
Each of the thermal load reduction strategies is discussed below.

8.2.1

Forest Grove Natural Treatment System
Currently, the Forest Grove and Hillsboro WWTFs transfer wastewater through twin, 24inch pipelines to the Rock Creek AWTF for treatment and discharge during the dry
season. The District is proposing to provide advanced secondary treatment at the Forest
Grove and Hillsboro WWTFs during the dry season, and direct the treated wastewater
from the two WWTFs through a 95-acre natural treatment system (NTS) in Forest Grove
for further treatment prior to discharge to the Tualatin River. Temperature modeling
predicts substantial cooling across the NTS. According to the model, average monthly
cooling through the NTS would range from 1.0°C in July to 6.4°C in November at a flow
rate of 5 mgd, which represents startup conditions. At estimated 2025 flow conditions
(i.e., 6.3 mgd), the average monthly cooling through the NTS is projected to range from
approximately 1.0°C in July to 5.9°C in November (Table 12).
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Table 12: Predicted Cooling Through the Forest Grove NTS at Various Flow
Rates

Source: Clean Water Services, 2014

Additionally, analysis has shown that effluent temperatures at the Forest Grove and
Hillsboro WWTFs are about 2 to 3°C cooler than the Rock Creek AWTF (Table 13).

Table 13: Monthly Average Effluent Temperatures at the Forest Grove,
Hillsboro and Rock Creek Treatment Facilities

Source: CH2M HILL, 2010

Thus, the overall temperature reduction associated with the discharge from the Forest
Grove NTS includes both the lower effluent temperatures associated with the Forest
Grove and Hillsboro WWTFs and the temperature reduction through the NTS. Figure 16
shows the anticipated effluent temperatures from the Forest Grove NTS compared to the
Rock Creek effluent temperatures.
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Figure 16: Forest Grove NTS and Rock Creek AWTF Temperatures

Compared to the effluent temperature from the Rock Creek AWTF, effluent temperatures
from the Forest Grove NTS are anticipated to be about 3-4°C cooler in the summer
months and 5-10°C cooler in the fall and winter months.
Table 14 presents the overall reduction in effluent temperatures on a monthly basis at
the NTS design flow of 6.3 mgd compared to the current condition of discharging from
the Rock Creek AWTF. By treating the wastewater generated within the Forest Grove
and Hillsboro WWTF service areas locally, and directing it through the 95-acre NTS in
Forest Grove, the District anticipates significant reduction in effluent temperatures and
thermal loads compared to the existing condition of treating the wastewater from these
service areas at the Rock Creek AWTF. Anticipated reduction in thermal loads for 2025
effluent flow conditions is presented in Table 14. July and August are highlighted in the
table because those are the months identified as the time period of interest.
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Table 14: Monthly Average Effluent Temperatures at the Forest Grove NTS and
Rock Creek Treatment Facilities and Anticipated Thermal Load
Reduction

The thermal loads from the Forest Grove NTS will be substantially lower than current
conditions where the Hillsboro and Forest Grove WWTF service area flows are directed
to the Rock Creek AWTF for treatment and discharge. This would result in a substantial
reduction in the thermal load discharged from the Rock Creek AWTF. An average
thermal load reduction of 112.5 million kcal/day is anticipated during July and August.
Note that much higher reductions in thermal load are anticipated through the fall and
winter months.
There are several additional benefits to natural treatment systems. An NTS is more
sustainable than conventional advanced treatment and has a reduced carbon footprint
per pound of pollutant removed. The Forest Grove NTS would be effective at reducing
WWTF effluent temperatures, and would further reduce total nitrogen, phosphorus, and
other pollutants. It would also provide ecosystem values that are greater than continued
use of advanced conventional treatment technology at the Rock Creek AWTF.
Additional benefits of an NTS include restoration of historic conditions, wildlife habitat,
ecosystems that could benefit threatened and endangered species of plants and
animals, educational opportunities, public acceptance, and sustainability. By performing
these functions, the Forest Grove NTS would improve the overall health of the Tualatin
River watershed.

8.2.2

WWTF Improvements
The District is also pursuing improvements to further reduce thermal loads discharged
from the WWTFs. For example, the District is implementing a cogeneration project at the
Durham AWTF that will dissipate excess heat to the atmosphere rather than to the
treatment facility. At the Rock Creek AWTF, the District is planning to replace the
existing cogeneration system with a new, larger system that will dissipate excess heat to
the atmosphere through radiators rather than to the treatment facility; alternatively, the
cogeneration system may be replaced with a compressed natural gas system.

| 73

August 2015
Clean Water Services

Implementation of either alternative will eliminate waste heat that is currently being
discharged to the treatment system.

8.2.3

Recycled Water Use
The District plans to continue to implement a recycled water use program at both the
Rock Creek and Durham AWTFs. Both AWTFs produce the highest quality (i.e., Class
A) recycled water. The District plans to provide recycled water from the Durham AWTF
to current customers, which equates to about a 1-mgd recycled water program.
Recycled water from the Rock Creek AWTF is currently being used to establish and
sustain plants at the Forest Grove NTS. The District is exploring opportunities to provide
recycled water from the Rock Creek AWTF to potential nearby customers (i.e., City of
Hillsboro (Rood Bridge Park), Hillsboro High School, Meriwether Golf Course).
Approximately 1-mgd summer average demand is the anticipated scale of the recycled
water program at the Rock Creek AWTF.
The recycled water use at the Durham and Rock Creek AWTFs represents a direct
reduction in the thermal load discharged to the Tualatin River. A 1-mgd recycled water
use program at the Rock Creek and Durham AWTFs represents a 79 million kcal/day
reduction in thermal load discharged by each facility.

8.2.4

Industrial Contributions
As described in Chapter 2, the District has previously investigated industrial contributions
of thermal loading within the collection system and determined that these inputs are
negligible compared to the overall thermal loadings from the AWTFs. Consequently, the
District concluded that source control was not an effective strategy at that time for the
District to meet the temperature TMDL WLAs. During the permit cycle, the District will
update the evaluation and determine if additional controls are warranted for industrial
discharges.

8.3

Water Quality Trading Activities
The District plans to continue to implement a water quality trading program during the
next permit cycle to offset any additional thermal load from the WWTFs associated with
growth in the basin. The trading program, which consists of flow enhancement and
riparian shade planting, is described below.

8.3.1

Flow Enhancement
The District will continue to enhance stream flow in the Tualatin River during the dry
season with stored water releases from Hagg Lake and Barney Reservoir. As previously
noted, the District’s stored water releases lower stream temperatures by both increasing
the quantity of water in the lower river and increasing the velocity (which reduces travel
time and thereby exposure to solar radiation). The District’s stored water releases also
provide sustainable base flows and improve dissolved oxygen levels and overall water
quality in the Tualatin River. These improvements are essential to sustaining the overall
health of the Tualatin River.
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The District is expanding its flow enhancement program to restore flow in Tualatin River
tributaries to improve water quality and support aquatic habitat. This is because many of
the tributaries of the Tualatin River lack sufficient flow during summer and early fall to
provide good water quality and support aquatic habitat. Adding water to tributaries would
not only benefit the tributaries but would also continue to enhance water quality in the
mainstem Tualatin River. The District anticipates releasing stored water into Gales
Creek, East Fork Dairy Creek, West Fork Dairy Creek, and McKay Creek. The District’s
flow enhancement program for the Tualatin River and tributary streams is discussed in
more detail in Chapter 4.

8.3.2

Riparian Shade Planting
The District will continue to implement a riparian shade planting program in the urban
and rural areas of the watershed. In the urban areas, the District will continue to conduct
riparian shade planting and, on a site-specific basis, stream enhancement activities such
as channel reconfiguration, large wood placement, floodplain reconnection, and offchannel habitat. In rural areas of the watershed, the District will continue to contract with
the Tualatin SWCD to provide incentives for enrolling landowners in the Enhanced CREP
and VEGBAC programs. The District’s riparian shade program is discussed in more
detail in Chapters 5 and 6.

8.4

Anticipated Need for Thermal Credits
Figure and 18 show the projected growth in population in the District’s service area and
the resulting increase in design flows at the WWTFs.

Figure 17: Washington County Population
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Figure 18: Dry Season Design Flows at WWTFs

As discussed previously, the District has offset the current excess thermal load from the
Rock Creek and Durham AWTFs. To address the thermal load associated with the
projected growth in its service area, the District plans to continue to implement a strategy
that includes thermal load reduction activities to reduce the thermal load discharged from
the WWTFs, and a water quality trading program to offset the remaining thermal load
from the WWTFs. Table 15 and 16 summarize anticipated thermal loads based on two
growth rate projections and credits for the WWTFs based on the design year 2025.
The District estimates that the thermal load reduction strategies will result in a 271 million
kcals/day total thermal load reduction at the three WWTFs. Flow enhancement activities
are estimated to generate 1,014 million kcals/day of thermal credit based on an 11-year
average (2004-2014); the District has generated 400 million kcal/day of thermal credits
from riparian shade projects through 2014. With the flows associated with the higher
growth rate projection (Table 15), the District will need to obtain an additional 488 million
kcal/day of thermal credit to offset anticipated growth-related increases of thermal load
from the WWTFs for 2025 flow conditions. This equates to approximately 5 miles per
year of additional riparian shade planting in the watershed over the next 10 years. With
the lower growth rate projection (Table 16), the District will need to obtain an additional
334 million kcal/day of thermal credit for 2025 flow conditions, which equates to
approximately 3 miles per year of additional riparian shade planting in the watershed
over the next 10 years. Note that the additional riparian shade estimates are based on
pre-recession facilities planning growth rates in the District’s service area. The District
will utilize actual growth rates to define the thermal load to offset (and thereby the
number of miles of riparian shade planting) associated with growth in the basin.
The thermal load allocations in the 2001 Tualatin River Subbasin TMDL are based on
system potential temperatures. At the Rock Creek AWTF and the Forest Grove WWTF,
system potential temperatures are much lower than the biologically based numeric
criteria (i.e., 18ºC) and the system potential temperature at the Durham AWTF is
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approximately equal to the biologically based numeric criteria. Thus, the 2001 Tualatin
River Subbasin TMDL results in a conservative estimate of the number of thermal credits
that are needed to offset the thermal load from the WWTFs.
The District intends to generate the necessary credits to offset growth related increases
in thermal load from the WWTFs before the growth occurs. As noted in Section 7.2, the
District has “banked” 105 million kcal/day of thermal credit from riparian shade plantings.
The District will apply the “banked” credits to offset any growth related increases in
thermal load from the WWTFs. The District will generate thermal credits at a rate such
that the net thermal load from the WWTFs (i.e., actual thermal load from WWTFs –
allowable thermal load – thermal load credits) will be zero.

8.5

Adaptive Management in Response to Actual Thermal
Load Offset Credits Required
The District plans to implement an adaptive management strategy to assess the
effectiveness of the trading plan and make improvements to the trading program. The
District will evaluate the effectiveness of the TLMP on an annual basis and any updates
to the trading program will be documented in the annual report on trading activities.
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Table 15. Summary of Thermal Load Reductions and Credits for Year 2025 WWTF Flows
(Illustrative, higher growth rate, all values in million kcals/day)
Forest Grove NTS

Rock Creek AWTF

Durham AWTF

Cumulative Total

180

1,558

507

2,245

- Forest Grove NTS Cooling

*

-113

0

-113

- Recycled Water Use

0

-79

-79

-158

- Total Reduction

0

-192

-79

-271

180

1,366

428

1,974

8

35

30

73

Thermal Loads to Offset

172

1,331

398

1,901

Flow Enhancement Thermal Credits (on-going)

-111

-511

-392

-1014

Riparian Shading Thermal Credits Through 2014

N/A

N/A

N/A

-400

Anticipated Riparian Shading Thermal Credits
Needed

N/A

N/A

N/A

-488

Anticipated Miles/Year of Shade Needed

N/A

N/A

N/A

~5.0***

Anticipated Thermal Load without Reductions
Thermal Load Reductions

Anticipated Thermal Loads with Reductions**
Allowable Thermal Loads (2001 TMDL)

*Shown at Rock Creek AWTF because flows from the Hillsboro and Forest Grove service areas are currently discharged at Rock Creek AWTF
**Anticipated thermal load based on higher growth rate projections
***Estimated based on 10 million kcal/mile & 10 year time period (2025 conditions)
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Table 16. Summary of Thermal Load Reductions and Credits for Year 2025 WWTF Flows
(Illustrative, lower growth rate, all values in million kcals/day)
Forest Grove NTS

Rock Creek AWTF

Durham AWTF

Cumulative Total

180

1438

459

2,077

- Forest Grove NTS Cooling

*

-113

0

-113

- Recycled Water Use

0

-79

-79

-158

- Total Reduction

0

-192

-79

-271

180

1,246

380

1,806

8

32

28

68

Thermal Loads to Offset

172

1,214

362

1,748

Flow Enhancement Thermal Credits (on-going)

-111

-511

-392

-1014

Riparian Shading Thermal Credits Through 2014

N/A

N/A

N/A

-400

Anticipated Riparian Shading Thermal Credits
Needed

N/A

N/A

N/A

-334

Anticipated Miles/Year of Shade Needed

N/A

N/A

N/A

~3.0***

Anticipated Thermal Load without Reductions
Thermal Load Reductions

Anticipated Thermal Loads with Reductions**
Allowable Thermal Loads (2001 TMDL)

*Shown at Rock Creek AWTF because flows from the Hillsboro and Forest Grove service areas are currently discharged at Rock Creek AWTF
**Anticipated thermal load based on lower growth rate projections
***Estimated based on 10 million kcal/mile & 10 year time period (2025 conditions)
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9

Monitoring and Reporting

9.1

Watershed Monitoring Program
The District conducts a comprehensive, watershed-based monitoring program that
includes monitoring in-stream water quality, stream flow and temperature using
continuous recording devices, and physical and biological conditions. These program
elements are described below.

9.1.1

Ambient Water Quality Monitoring (Discrete Monitoring)
The District conducts water quality monitoring using grab sampling techniques at a
number of locations in the watershed. Monitoring is conducted for field parameters
(temperature, dissolved oxygen, pH, turbidity and specific conductance). Samples are
collected and analyzed for total suspended solids, total dissolved solids, nutrients
(phosphate, ortho-phosphate, ammonia, nitrite + nitrate, and total kjeldahl nitrogen), total
organic carbon, soluble organic carbon, and chloride. The District also conducts
monitoring for total and dissolved metals and total and dissolved mercury at select
locations in the watershed. In addition, the District conducts monitoring for priority
pollutant organics upstream of each of its WWTFs. Much of this data is submitted to
DEQ on an annual basis as part of the industrial pretreatment program annual report and
the MS4 annual report.

9.1.2

Ambient Water Quality Monitoring (Continuous Monitoring)
The District partners with the USGS to monitor water quality in the mainstem Tualatin
River and in key Tualatin River tributaries using continuous recording devices. Water
quality parameters that are monitored include temperature, dissolved oxygen, turbidity,
specific conductance, and pH. These parameters are monitored on an hourly basis and
the data is available near-real time on the USGS website:
http://or.water.usgs.gov/tualatin/monitors/.

9.1.3

Stream Flow Monitoring
The District partners with the USGS, OWRD District 18 Watermaster, and other partners
in the Tualatin River watershed to monitor stream flow. Stream flow is currently being
monitored at 19 locations in the watershed using continuous recording devices. Stream
flow data is collected every 15 minutes and much of this information is available on a
near-real time basis on the USGS and OWRD websites:
http://or.water.usgs.gov/tualatin/monitors/ and
http://apps.wrd.state.or.us/apps/sw/hydro_near_real_time/Default.aspx.
Stream flow data is published on an annual basis in the Tualatin Basin Flow
Management Committee Annual Report. These reports are available on the District 18
Watermaster’s website:
http://www.co.washington.or.us/Watermaster/SurfaceWater/tualatin-river-flow-technicalcommittee-annual-report.cfm.
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9.1.4

Temperature Monitoring
Over the last decade, the District has collected a wealth of temperature data in the
watershed using continuous recording devices. Annual summaries of temperature data
from the continuous recording devices are presented in the Tualatin Basin Flow
Management Committee Annual Report. Presently, the District conducts field monitoring
for temperature using grab sampling techniques at a number of locations in the Tualatin
River watershed as part of its ambient water quality monitoring program. The District, in
partnership with USGS, monitors temperature along with other water quality parameters
on the mainstem Tualatin River and key Tualatin River tributaries using continuous
recording devices. Temperature is monitored on an hourly basis and the data is
available near-real time on the USGS website:
http://or.water.usgs.gov/tualatin/monitors/.
Additionally, the District collects temperature data using continuous recorders at select
stream flow monitoring locations. Temperature and select water quality data will
continue to be summarized on an annual basis in the Tualatin Basin Flow Management
Committee Annual Report.

9.1.5

Biological and Physical Conditions Monitoring
The District conducts macro-invertebrate monitoring throughout the Tualatin River
watershed to determine the current condition of biological communities and ascertain
longer-term trends. Beginning in 2000, the District has conducted macroinvertebrate
monitoring at a number of locations in the Tualatin River watershed. In conjunction with
macroinvertebrate monitoring, the District also conducts physical conditions monitoring,
which includes wetted width, bank condition (eroding and undercut), percent canopy
cover, and large wood rating. Table 16 summarizes the year of study and the number of
sites that were monitored during the study.

Table 17: Macroinvertebrate Monitoring History
Year of Study

Report Year/Study Focus

Number of Samples

2000

Nov 2000
(current conditions assessment)

44 Sites

2001

April 2002
(current conditions assessment and trends)

63 Sites

2005-2006

August 2006
(current conditions assessment and trends)

66 Sites

2007

September 2008
(current conditions assessment and trends)

20 Sites

2009

Valley Bottom “reference” sites, 2010 (Special
Project)

13 Sites

Comparison of Riffles and Glides, 2010
(Special Project)

17 Sites

2010

November 2011
(current conditions assessment and trends)

32 Sites

2013

April 2014
(current conditions assessment and trends)

14 Sites
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9.1.6

Summary
In addition to the above, the District conducts rainfall monitoring at a number of locations
in the watershed. These elements constitute the District’s watershed-based monitoring
program. The District will continue to implement a comprehensive, watershed-based
monitoring program during the next permit cycle. It is anticipated that many of the
elements of the District’s monitoring program including the discrete ambient water quality
monitoring, and the biological and physical conditions monitoring will be incorporated into
the watershed-based NPDES permit.

9.2

Special Project
The District will conduct additional evaluations either on a reach scale or on a subwatershed scale to assess the effectiveness of the riparian shade plantings.
As shown in Figure 10 (Chapter 5), the 2001 Tualatin River Subbasin TMDL specified
the portion of current (at that time) solar radiation heat loading due to anthropogenic
nonpoint sources (i.e., due to human-related removal or degradation of riparian shade)
for the mainstem river and the major tributaries. This figure shows that 50 - 90% of the
thermal load in tributaries is from anthropogenic nonpoint sources.
The 2001 Tualatin River Subbasin TMDL also included longitudinal profiles of current (at
that time) and system potential shade (that would have been in place in the absence of
anthropogenic activities); refer to Figure 19 for an illustrative example for Gales Creek.
This pre-TMDL information for anthropogenic nonpoint sources of solar radiation and
effective shade provides a basis for comparison to these same quantitative shade
parameter goals for the Tualatin River and its tributaries with the implementation of the
District’s riparian shade program. As noted above, the District conducts temperature
monitoring as part of this TLMP. Direct, quantitative comparison to the TMDL
temperature goals will be more challenging than shade measurement because the
temperature goals reflect DEQ’s modeling for a single day in July of 1999. As discussed
in Chapters 5 and 6, many factors affect stream and river temperature on any given day
in any given location in a watershed. Thus, the most robust measures of achievement of
temperature TMDL goals will be direct measurement and quantification of solar radiation
and restored effective shade in the watershed. The District will conduct an evaluation to
assess the effectiveness of the District’s riparian shade program in restoring effective
shade in the watershed.
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Figure 19: Gales Creek Effective Shade (current and system potential
conditions)

Source: DEQ, 2001

9.3

Wastewater Treatment Facility Monitoring and
Reporting
The District conducts extensive monitoring of the influent, effluent and biosolids at its four
WWTFs. Influent wastewater is monitored for carbonaceous biochemical oxygen
demand (CBOD), suspended solids, nutrients (phosphorus and ammonia), pH, and
metals. Effluent from the wastewater treatment facilities are monitored for CBOD,
suspended solids, nutrients (phosphorus and ammonia), chlorine residual (at Rock Creek
and Durham AWTFs), pH, E. coli bacteria, temperature, metals, and priority pollutant
organics. Currently, the District monitors effluent temperature at the Rock Creek and
Durham AWTFs from May to October using a continuous recording device; once it is
operational, the District will also monitor the effluent temperature of the discharge from
the Forest Grove NTS from May to October using a continuous recording device. The
daily maximum temperature, the seven-day average of the daily maximum temperature,
and the thermal load will be reported in the monthly discharge monitoring reports.

9.4

Annual Report
The District will continue to submit the annual report for Credit Trading Activities that
summarizes the results of its thermal load credit trading activities. The annual report will
describe the activities the District undertook during a given year. Specifically, the annual
report will present the following information:
•

thermal loads discharged by the Rock Creek, Durham and Forest Grove WWTFs;
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•

allowed thermal loads for the Rock Creek, Durham and Forest Grove WWTFs;

•

thermal load reduction activities – recycled water use, treatment facility changes
including use of NTS at Forest Grove, and source control activities;

•

thermal load credits for flow enhancement; and

•

thermal load credits for riparian shade.

Rather than the “single day” criteria used in the 2001 Tualatin River Subbasin TMDL to
establish wasteload allocations for temperature, the District will continue to use the
warmest time of the year (July 1 – August 31) for the thermal load calculations. To
support these calculations the following information will continue to be included in the
annual report:
For Flow Enhancement Activities:
•

The average daily effluent flow from the Rock Creek, Durham, and Forest Grove
WWTFs for the period July 1 – August 31;

•

The average daily temperature of the effluent from the Rock Creek, Durham, and
Forest Grove WWTFs for the period July 1 – August 31;

•

The average daily Tualatin River flow at the Farmington Bridge (RM 33) for the
period July 1 – August 31; once the Forest Grove NTS is operational, the average
daily Tualatin River flow at Golf Course Road;

•

The average daily flow enhancement rate from Hagg Lake and Barney Reservoir for
the period July 1 - August 31;

•

Flow enhancement credits generated;

For Riparian Shade Activities (at each site):
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•

Baseline vegetation conditions (density and width);

•

Enhanced vegetation conditions (type, width, and anticipated density);

•

Stream characteristics (stream aspect, elevation, wetted width, near stream
disturbance zone, incision);

•

Baseline thermal load blocked by existing vegetation and the anticipated thermal
load blocked by the enhanced vegetation;

•

Thermal credits from each riparian planting project; and

•

Riparian vegetation monitoring and maintenance activities.
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Appendix A – Thermal Credit Calculations
This appendix provides documentation of how thermal credits for flow enhancement and riparian
shade will be calculated for Clean Water Services’ (District’s) renewed watershed-based National
Pollutant Discharge Elimination System (NPDES) permit.

1

Flow Enhancement Thermal Credit Calculation

Streams gain thermal energy by a variety of processes including radiation from the sun, infrared
radiation from the atmosphere, inputs of warm water, and conduction of heat from warmer air or
earth. Similarly, streams lose thermal energy through evaporation, infrared radiation from a
stream, inputs of cool water, convection currents, and conduction of heat to cooler air or earth.
These processes occur simultaneously and continuously, so the temperature of a stream is
constantly changing as thermal energy is gained and lost.
Stream flow plays an important role in determining stream temperature. Stream flow influences
the relationship between energy transfers and temperature change. If two streams gain the same
amount of thermal energy, the temperature of the stream with lower flow will increase more than
the temperature of the one with higher flow. This is because the thermal energy gained by the
stream with the higher flow is distributed over a larger volume of water, and therefore, the
temperature change is smaller.
Stream flow also affects temperature in another important manner. For many streams, including
the Tualatin River, a large part of the thermal energy budget is the heat gained from solar
radiation. Heat gains from solar radiation are directly related to the length of time the river surface
is in sunlight. The slower the water moves, the longer it is in sunlight and the more solar energy it
absorbs. Water in streams with lower flows moves slower, and therefore gains more thermal
energy from the sun than water in streams with higher flows. Consequently, it will tend to have a
higher temperature.
The updated methodology for calculating flow enhancement credits is consistent with the credit
calculations that have been used since 2004 under the current NPDES permit and associated
thermal load trading plan. The previous analyses were documented in the District’s Revised
Temperature Management Plan (TMP) (February 28, 2005); water temperature modeling is
specifically addressed in Appendix B, Thermal Budget Explained.

1.1

Model Used

River temperatures are not easy to predict - they vary with location and time of day, and are
determined by weather, shade, river width and depth, wind, water inflows and withdrawals, and
other factors. Energy is gained and lost by the river system relatively quickly by a variety of
processes. Predicting river temperatures requires keeping track of all of these processes. The
District relied on the use of a model called Heat Source for this update.
Heat Source model (Version 6.0) was used by the Oregon Department of Environmental Quality
(DEQ) for the 2001 Tualatin Subbasin Total Maximum Daily Load (TMDL). The mainstem and
tributary Calibrated Current Conditions (CCC) scenario from the 2001 Tualatin TMDL were used.
The mainstem Heat Source model simulated temperatures over a 24-hour period on July 27,
1999, while the tributary models simulated temperatures over a 24-hour period on
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July 28 or 29, 1999, depending on the tributary. This version of the Heat Source model uses a
Microsoft Excel platform. The mainstem Heat Source model extends from just upstream of the
Barney Reservoir input to the Tualatin River mouth at the Willamette River. The six tributary Heat
Source models used for the 2001 Tualatin TMDL included Gales Creek, East Fork Dairy Creek (a
tributary to Dairy Creek), McKay Creek (another tributary to Dairy Creek), Dairy Creek,
Rock/Beaverton Creek, and Fanno Creek. These tributary models do not extend upstream all the
way to their headwaters, nor do they include reaches of or inputs from many of the smaller
streams that flow into these major tributaries.
The complete description of the original model development, calibration, inputs and results is
provided in DEQ’s 2001 Tualatin TMDL report. For perspective, the Tualatin River flows on the
modeled date generally increased from approximately 20 to 150 cubic feet per second (cfs) from
near Barney Reservoir downstream to West Linn, which is just upstream of the mouth of the
Tualatin River. The width generally increased from approximately 30 to 150 feet. Depth
increased from about 1 to 14 feet. Current shade was calculated from a combination of
vegetation types, heights, widths, and densities. These shade characteristics were determined by
DEQ using aerial imagery and field verification. There are ten groundwater and tributary inputs to
the mainstem model with flow and hourly water temperatures: Barney Reservoir, Scoggins Creek,
Gales Creek, Forest Grove Wastewater Treatment Facility (WWTF), Matsushita (an industrial
discharge), Dairy Creek, Rock Creek, Rock Creek Advanced Wastewater Treatment Facility
(AWTF), Durham AWTF, and Fanno Creek. For the CCC condition, the Forest Grove WWTF
discharge flow was set to zero (as it should have been because the WWTF was not discharging
at the time). The Hillsboro WWTF was not included in the model. Flows for the CCC model from
the reservoir releases were set at 22 and 175 cfs for Barney and Scoggins, respectively, and the
Rock Creek and Durham AWTF flows were set at 21.9 and 17.5 million gallons per day (mgd),
respectively.

1.2

Model Inputs

For the additional model scenarios, alternative flow conditions were evaluated. The District’s
enhancement flow of 45 cfs to the mainstem model was removed from the CCC models to
provide the baseline (without enhancement) results. The distributed or incremental flows in the
models were not changed. Other model inputs were modified for this updated analysis to reflect
scenario conditions anticipated for the upcoming renewal permit cycle. Each of these
modifications is described below.

1.2.1 Effluent Flows for Durham, Forest Grove/Hillsboro, and Rock Creek WWTFs
Effluent flows from the WWTFs were updated to reflect current conditions in the model scenarios.
Flows input to the model represent the discharge to the river upon startup of the natural treatment
system (NTS) and reflect the combined discharge from the Forest Grove and Hillsboro WWTFs
discharged through the Forest Grove NTS site. Effluent flows are summarized in Table A1.
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Table A1: Dry Season Effluent Flows for the District’s WWTFs (MGD)
Flow to River
(upon startup of
NTS)

Dry Season Flows from
Service Area (current)

Dry Season Flows

Biosolids
Flows to RC

2.6

2.11

0.5 to RC

Hillsboro (HB)

3.4

2.91

0.5 to RC

Rock Creek (RC)

303

244

1.0 from
FG & HB

255

Durham (DM)

18

18

N/A

18

Facility

Forest Grove (FG)

4.82

1Difference

between service area flow and flow to NTS is the 0.5 MGD biosolids carrier water to Rock Creek AWTF
flow to the river following natural treatment, accounting for infiltration and evapotranspiration
3Including the dry season flows from FG and HB that are conveyed to RC for treatment and discharge
4Does not include dry season flows from FG and HB
5Includes 1.0 MGD of biosolids carrier water from the FG and HB facilities (0.5 MGD from each facility)
2Estimated

1.2.2 Diurnal Water Temperatures for Rock Creek and Durham WWTFs
The average hourly values for the last week in July 2013 were used in the model scenarios.

1.2.3 Diurnal Water Temperatures for Forest Grove Natural Treatment System
The effluent from the Forest Grove and the Hillsboro WWTFs will be further treated through the
Forest Grove NTS prior to discharge to the Tualatin River during the dry season. The average
hourly values for the last week in July from the NTS temperature modeling were used in the
model scenarios (South Wetlands Basis of Design Report, January 2014).

1.2.4 Riparian Shade Conditions
Riparian shade could be updated to reflect the riparian restoration work that the District has done
in the 2004 through 2014 period. However, updated shade data that reflects riparian conditions
across the watershed is not currently available. Furthermore, some of the restoration work in the
tributaries was located on smaller streams that were not included in the temperature models, or
were beyond the upstream extent of the tributary models; thus, the models would underestimate
the overall effect of the restoration work. Therefore, the current conditions (i.e., 1999 shade)
values were used in the model scenarios. This approach provides a conservative estimate of
tributary water temperatures entering the mainstem and is consistent with how the enhancement
credits have been calculated over the current permit cycle, per the text in Appendix B of the 2005
TMP.

1.2.5 Flow Enhancement
Background
Stream flow in the Tualatin River reflects the regional climate with higher flow during the rainy
winter season (approximately November to April) and the lowest flow during the dry summer
season (May to October). Typical peak annual flows are greater than 5,000 cfs, whereas typical
summer low flows are less than 200 cfs.
Tualatin River flows during the dry season are strongly influenced by management actions in the
upper watershed and AWTF releases in the lower portion of the watershed. Flow management is
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provided in part by two reservoirs. Hagg Lake has an active storage capacity of 53,640 acre-feet
(AF) and regulates Scoggins Creek, a major tributary entering the Tualatin River at river mile
(RM) 60.0. Of this storage capacity, 12,618 AF (25%) is allocated to the District. Barney
Reservoir is an impoundment on the Trask River that has a storage capacity of 20,000 AF (1,654
AF is allocated to the District). As discussed in more detail in the Thermal Load Management
Plan, summer flows in the Tualatin River watershed are enhanced by the District to improve water
quality through releases from Hagg Lake and Barney Reservoir.
Mainstem Tualatin River
Flow enhancement water to the mainstem Tualatin River is released from Hagg Lake and Barney
Reservoir. During the time period simulated (i.e., July 1999) and the time period for determining
thermal credits (July through August of each year), flow enhancement typically occurs with stored
water from Hagg Lake. Barney Reservoir water is typically used later in the year (September
onwards). Thus, the modeled source of enhancement water was from Hagg Lake via Scoggins
Creek. For defining the enhancement credits in the 2005 TMP, the District simulated a total of 45
mainstem scenarios. These scenarios included 9 flow enhancement rates, over a range of 0 to
80 cfs in 10 cfs increments, along with five river flow conditions (very low, low, medium, 1999, and
high) at Farmington. Water temperatures at Rock Creek and Durham WWTFs were determined
for each scenario simulated, and compared to water temperatures at those locations for the
baseline simulation.
Table A2 summarizes the updated Heat Source modeling scenarios for the five river flow
conditions. The condition identified as “1999” is the flow regime in DEQ’s CCC model. The other
flow conditions (from low flow to higher flow) have flows for the headwaters, major tributaries, and
“other” input as multiples of the 1999 condition using the “scale factor”. Scale factors are applied
only to flows that are shaded in Table A2 and are not applied to WWTF and the other non-shaded
flows. The tributary restoration flows identified above were used to evaluate and input potential
differences in temperatures at the mouth of the applicable tributaries. To be consistent with the
2005 methods, these additional tributary restoration flows were not explicitly included in the inputs
to the mainstem model runs (i.e., the tributary flows in Table A2 are consistent with the 2005
evaluation and were not changed for this updated evaluation). The other model inputs for
municipal and irrigation releases and withdrawals, and other distributed withdrawals and gains,
are the same as those used for the 2005 evaluation. The “CWS” notation in the table refers to the
enhancement water provided by the District; for each river flow condition, the model was run with
this “CWS” value set from 0 to 80 cfs in 10 cfs increments. The District’s WWTF discharge flows
were updated as noted earlier. The “very low” river flow condition previously simulated has not
been useful in practice because actual river flows in the 2004 through 2014 implementation period
have never been that low. The District’s target river flow conditions are higher than the very low
flow condition simulated previously. For this updated modeling, the “very low” flow condition was
replaced with a “higher flow” condition. Thus, a total of four tributary model simulations, 45
mainstem model simulations, and analysis of output from three WWTF locations were completed
to provide a matrix of results.
Tributary Flow Restoration
The District releases some of its stored water into tributaries of the Tualatin River to enhance
stream flow and water quality. The District added a total of 8 cfs distributed by Tualatin Valley
Irrigation District (TVID) system to several tributaries (Gales, East Fork Dairy, Dairy and McKay
Creeks). Accommodation of this additional flow was accomplished by increasing withdrawals by
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TVID at the Springhill Pump Plant (SHPP). Tributary models of each of these streams were
simulated with additional flow at the following locations:
•
•
•
•
•
•

McKay Creek (RM 7.0) – 2 cfs
McKay Creek (RM 6.5) – 1 cfs
EF Dairy Creek (RM 4.9) – 1 cfs
Dairy Creek (RM 7.5) – 1 cfs
Dairy Creek (RM 5.2) – 1 cfs
Gales Creek (RM 5.0) – 2 cfs

The CCC Heat Source version of the models does not readily support the addition of new discrete
source nodes for new inputs such as the tributary restoration flows. As a result, the tributary
restoration flow was manually added to applicable reaches in the hydrology worksheet in each
Excel model file. This increased the flow in each tributary as desired, but did not allow the
temperature of the enhancement water to be entered. Thus, the modeling simulated these
restoration flow inputs as if they were the same water temperature as the ambient stream
temperature at the point of input. This is a conservative approach because the actual
temperatures of the restoration water are expected to be considerably cooler than the ambient
stream water temperatures. This is based on the District’s direct measurement of temperatures
for a pilot flow enhancement study conducted in McKay Creek in 2006.
The restoration flows were used in the tributary Heat Source models. The water temperature
results from Gales and Dairy Creeks were then used in the mainstem model.
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Table A2: Updated Heat Source Model Scenarios Matrix
Low Flow

Medium
Flow

1999

High Flow

Higher Flow

0.588

0.729

1

1.154

1.5

Tualatin Headwaters

2.7

3.4

4.6

5.3

6.9

Total Barney release

21.4

21.7

22.4

22.8

23.6

Scoggins Creek total

134.3+CWS2

138.0+CWS

145.0+CWS

149.0+CWS

158.0+CWS

Gales Creek

10.5

13.0

17.9

20.7

26.9

Dairy Creek

23.8

29.5

40.5

46.7

60.8

Rock Creek

8.5

10.6

14.5

16.7

21.8

FG/HB combined WWTFs

7.4

7.4

7.4

7.4

7.4

RC AWTF

39.8

39.8

39.8

39.8

39.8

20.0

20.0

20.0

20.0

20.0

scale factor1
Model Inputs

Components of Barney Release
JWC (municipal use)
other

1.4

1.7

2.4

2.8

3.6

Components of Scoggins Creek total

134.3

138.0

145.0

149.0

158.0

TVID for irrigation

63.4

63.4

63.4

63.4

63.4

JWC for municipal use

55.6

55.6

55.6

55.6

55.6

CWS flow enhancement

CWS

CWS

CWS

CWS

CWS

other

15.3

19.0

26.0

30.0

39.0

Other gains and losses

-136.2

-136.2

-136.2

-136.2

-136.2

TVID Springhill withdrawal

-63.4

-63.4

-63.4

-63.4

-63.4

JWC distributed withdrawal

-75.6

-75.6

-75.6

-75.6

-75.6

Other distributed withdrawals

-17.0

-17.0

-17.0

-17.0

-17.0

other distributed gains

19.8

19.8

19.8

19.8

19.8

Just upstream of FG/HB WWTFs

29.9+CWS

37.1+CWS

50.9+CWS

58.7+CWS

76.4+CWS

Just upstream of RC AWTF

72.5+CWS

87.4+CWS

116.1+CWS

132.4+CWS

169.1+CWS

Farmington
112.3+CWS
127.2+CWS 155.9+CWS
(all values in cfs)
1The scale factor was applied to flow values in shaded rows.
2“CWS” represents the flow enhancement water provided by the District from Hagg Lake.

172.2+CWS

208.8+CWS

Calculated flows

1.3

Modeling Results

1.3.1 Tributary Models
The first part of the model scenario simulations is the tributary flow enhancement. Differences in
water temperature at the mouth of each of the applicable tributaries compared to CCC versions
for three-hour periods are shown in Table A3. There are differences in water temperature at the
mouth of some tributaries, possibly due to differences in flow velocity and total water mass along
with the additional flow delivery locations compared to the previous CCC model runs. As noted in
the model inputs discussion, the results in Table A3 are conservative because the actual
temperatures of restored flows to the tributaries will be cooler than the model input temperatures.
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Table A3: Example Water Temperature Results at the Mouth of Tributaries
Tributary
McKay
Creek
East Fork
Dairy Creek

Dairy Creek

Gales
Creek

Scenario

0:00

3:00

6:00

9:00

12:00

15:00

18:00

21:00

CCC

18.6

18.7

18.6

18.4

18.1

18.4

18.9

18.7

Augment

18.7

18.7

18.6

18.4

18.1

18.4

18.9

18.7

Delta

0.03

0.01

0

0

0

-0.01

-0.01

-0.01

CCC

19.2

18.7

17.9

17.6

18.0

19.4

19.3

19.2

Augment

19.2

18.7

17.9

17.7

18.0

19.4

19.3

19.2

Delta

0

0

0

0.01

0.03

0.03

0.03

0.02

CCC

20.5

20.4

20.1

19.8

20.0

20.7

21.1

21.1

Augment

20.2

20.0

19.7

19.5

19.8

20.4

21.0

20.7

Delta

-0.36

-0.41

-0.37

-0.26

-0.14

-0.19

-0.17

-0.39

CCC

20.6

19.8

19.0

19.0

19.7

22.2

22.1

21.1

Augment

20.7

19.8

19.2

19.2

19.8

22.1

22.0

21.1

Delta

0.07

0.06

0.23

0.20

0.08

-0.11

-0.08

0.02

1.3.2 Mainstem Model
Mainstem model results such as the location and calculation of temperature differences were
post-processed similar to the previous analysis. The method for examining model results for this
update was the same as used for the 2005 TMP. Although flow enhancement water tends to
decrease temperatures for the entire mainstem Tualatin River (downstream of the flow
enhancement discharge point), only the effects near the Forest Grove, Rock Creek and Durham
WWTFs were evaluated for credit. The Heat Source model produces a table containing hourly
temperatures at locations along the mainstem Tualatin River. The maximum hourly temperature
at the closest location upstream of each WWTF was determined for each simulation. The effect
of flow enhancement was calculated as the maximum temperature with a particular flow
enhancement rate minus the maximum temperature with no flow enhancement - all other
conditions were identical. In addition, the baseline model run (i.e., with no flow enhancement)
also included the discharges from the WWTFs. Thus, the temperature benefit (cooling) predicted
is based only on the flow enhancement.
The temperature differences predicted by the model scenarios near the Rock Creek and Durham
AWTFs are presented in Figure A1 and Figure A2, respectively. Updated results in the charts are
shown as solid points while the previous (2005) results are shown as outline points. For the Rock
Creek AWTF, the results of the updated runs are slightly cooler than the previous analysis at
comparable river flow conditions. This may be because the discharge from the Forest Grove NTS
increases flow in the river and hence reduces the amount of time the water is exposed to solar
warming in the reach between Forest Grove and Rock Creek. The updated results at the Durham
AWTF are substantially cooler than the previous analysis. This is likely because the updated
(substantially increased) flow from the Rock Creek AWTF further reduces travel time in the lower
section of the river between the Rock Creek and Durham AWTFs. Because the previous results
provide a more conservative prediction of the cooling effect of flow enhancement compared to
these updated simulations, and because these existing equations have been used since the
outset of the thermal load trading program, the District concluded that no further updates to these
previous results were necessary for the Rock Creek and Durham AWTFs.
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Figure A1: Temperature Difference upstream of Rock Creek WWTF due to Flow
Enhancement

Temperature Difference upstream Rock Creek AWTF
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Note: solid points from additional model scenarios and outline points from previous model scenarios

Figure A2: Temperature Difference upstream of Durham WWTF due to Flow
Enhancement

Temperature Difference upstream Durham AWTF
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The temperature differences predicted by the model scenarios near Forest Grove were not
established previously because the Forest Grove WWTF did not discharge to the river during the
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summer season. The District anticipates discharging from the Forest Grove NTS during this
permit cycle, and therefore, evaluated the temperature benefits from flow enhancement at Forest
Grove. The water temperature results from this latest modeling near Forest Grove are shown in
Table A4.

Table A4: Simulated Difference in Maximum Daily Temperature at Forest Grove WWTF
Flow
Enhancement
(cfs)
10

29.9 cfs

37.1 cfs

50.9 cfs

58.7 cfs

76.4 cfs

-0.44

-0.37

-0.29

-0.26

-0.22

20

-0.79

-0.67

-0.53

-0.49

-0.42

30

-1.06

-0.92

-0.75

-0.70

-0.61

40

-1.30

-1.13

-0.95

-0.88

-0.77

50

-1.49

-1.31

-1.13

-1.05

-0.92

60

-1.66

-1.48

-1.29

-1.21

-1.06

70

-1.80

-1.64

-1.44

-1.35

-1.19

80

-1.95

-1.79

-1.57

-1.47

-1.30

1.4

River Flow Upstream of Forest Grove WWTF without Flow Enhancement

Empirical Equations

For planning and reporting purposes, it is desirable to be able to predict the temperature
difference associated with various flow enhancement rates and stream flow conditions without rerunning the model. This was accomplished by mathematically transforming the flow
enhancement rate as a function of stream flow so that a single curve could be fitted to the data at
each WWTF. An empirical equation was developed to determine the resulting temperature
change at each WWTF (Rock Creek, Durham and Forest Grove).
Because the results for the Rock Creek and Durham AWTFs are similar or cooler for this updated
modeling effort, new equations are not proposed. The District will continue to use the same
equations to calculate thermal credit as specified in the 2005 TMP. To predict the temperature
differences due to flow enhancement just above the Rock Creek AWTF, a simple transformation
was required; flow enhancement was expressed as a percentage of the flow just above the
treatment facility as shown in the following equation:
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 𝑎𝑎𝑎𝑎 % 𝑜𝑜𝑜𝑜 𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂𝑂 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 − 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

Where:
Flow Enhancement = Release Rate from Hagg Lake + Release Rate from Barney Reservoir (cfs)
Farmington Flow = Flow at U.S. Geological Survey (USGS) Farmington Gage (cfs)
Rock Creek AWTF = Rock Creek AWTF Effluent Flow (cfs)

The flow enhancement transformation required to predict the temperature differences due to flow
enhancement just above the Durham AWTF was more complicated. Flow enhancement
appeared to make relatively little difference in temperature unless the total flow was above a
certain level. This probably indicates that below a certain river flow, temperatures in the Tualatin
River upstream of this location approach a steady-state value in which the losses due to
evaporation and infrared radiation from the river approximately offset solar energy gains.
Nevertheless, a transformation was devised for flow enhancement upstream of the Durham
AWTF as follows:
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𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎 =

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
1 + 𝑒𝑒^[(−0.03941)(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 − 145.5)]

Where:
Flow Enhancement and Farmington Flow are expressed in cfs.

These transformations were then used to derive empirical functions of temperature changes as a
function of the transformed flow enhancement. The equations for calculating temperature
changes due to flow enhancement for the Rock Creek and Durham AWTFs are presented below
and plotted in Figure A3.
Temperature Change at Rock Creek AWTF (°C):
𝛥𝛥𝛥𝛥 = (5.014) �1 − 𝑒𝑒

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
�
�
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹−𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 �

Temperature Change at Durham AWTF (°C):
𝛥𝛥𝛥𝛥 = (−0.02636)

𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎
(
1 + 𝑒𝑒^[ −0.03941)(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 − 145.5)]

Where:
Flow Enhancement at Rock Creek AWTF = Flow Enhancement as Percent of River Flow Just Upstream
of the AWTF (%)
Flow Enhancement at Durham AWTF = Transformed Flow Enhancement (as defined above, in cfs)
Farmington Flow = Flow at Oregon Water Resources Department (OWRD) Farmington Gage (cfs)
Rock Creek AWTF = Rock Creek AWTF Flow (cfs)

|95

August 2015
Clean Water Services

Figure A3: Plots of the Empirical Equations for the Temperature Difference Upstream
of the AWTF Due to Flow Enhancement for Rock Creek (A) and Durham (B)
AWTFs

Temperature changes as a result of flow enhancement at the Forest Grove WWTF were not
developed in an equation for the 2005 TMP because dry season discharge at that location was
not anticipated at that time. A new equation relating flow enhancement to temperature change
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was developed for the discharge from the Forest Grove NTS. The changes in water temperature
were used to derive an empirical equation for Forest Grove as follows:
𝛥𝛥𝛥𝛥 = (0.2349)(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎)2 − 1.2906 (𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎) − 0.0838

Where:
ΔT = temperature change (°C)
Flow Enhancement = Flow Enhancement as Percentage of Flow Upstream of the Forest Grove WWTF
(%)

The model results and the fitted empirical function are shown in Figure A4 for the upstream
location near Forest Grove. The empirical function fit the model results very well with an Rsquared value of 0.98.

Figure A4: Temperature Difference upstream of Forest Grove WWTF due to Flow
Enhancement

Temperature Difference upstream Forest Grove WWTF
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1.5

Thermal Credits

The thermal credit for flow enhancement for each WWTF is calculated for each day in July and
August and is based on the temperature change caused by flow enhancement just upstream of
each WWTF. Using the empirical formulae for temperature changes at each WWTF, the thermal
credit associated with flow enhancement at each WWTF is calculated as follows:
𝐻𝐻𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐴𝐴𝐴𝐴𝐴𝐴 =

1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
1 𝑚𝑚3
1000 𝑘𝑘𝑘𝑘 86400 𝑠𝑠𝑠𝑠𝑠𝑠
𝑥𝑥 𝑄𝑄𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 𝑥𝑥
𝑥𝑥
𝑥𝑥
𝑥𝑥 ∆𝑇𝑇𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹
3
35.3 𝑓𝑓𝑓𝑓
1 𝑘𝑘𝑘𝑘°𝐶𝐶
1 𝑚𝑚3
1 𝑑𝑑𝑑𝑑𝑑𝑑

Where:
For the Rock Creek AWTF, QRiver = Flow at the OWRD Farmington Gage – Rock Creek AWTF
flow (cfs)
For the Durham AWTF, QRiver = Flow at the OWRD Farmington Gage (cfs)

For the Forest Grove WWTF, QRiver = Flow at the OWRD Golf Course Road Gage – Forest
Grove WWTF flow (cfs)

Thermal credits are calculated at the three WWTFs for each day in July and August. The thermal
credits at each WWTF are then averaged for each month. An example of the daily data used to
calculate thermal credit for flow enhancement at the Rock Creek and Durham AWTFs for July
2014 is shown in Table A5. The District will update the spreadsheet to reflect the thermal credit
generated from flow enhancement at the Forest Grove WWTF upon commencement of dry
season discharge from the Forest Grove Natural Treatment System.
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Table A5: Thermal Credits from Flow Enhancement (Daily)
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2

Riparian Shade Thermal Credit Calculation

Riparian vegetation prevents solar energy from reaching the stream surface and warming the
river. Inadequate riparian vegetation results in warmer stream temperatures. The District
conducts riparian shade planting to offset a portion of the thermal load from its wastewater
treatment facilities. This section documents how thermal credits for riparian shade projects will be
calculated for the District’s renewed watershed-based NPDES permit.

2.1

Effective Shade

For the purpose of the District’s thermal budget, effective shade is defined as the fraction of the
daily solar thermal energy flux that is prevented by vegetation from reaching the stream surface.
It is typically expressed as a percent of the solar flux.
The amount of solar energy that could reach the stream surface depends on the following factors
that determine the geometry of the system:
•
•
•
•

Day of the year—specifies the tilt of the Earth’s axis with respect to the Sun;
Time of day—specifies the rotation of the Earth on its axis;
Latitude and longitude—locates the stream on the surface of the Earth; and
Stream aspect (north-south, for example)—orients the stream with respect to the Earth’s
axis.

Together, these factors determine the position of the Sun relative to the stream and its riparian
area. The equations that govern the relationship among these variables and the resulting incident
solar energy are well established in the scientific literature.

2.2

Shade-A-Lator

The Heat Source model, which was used by DEQ for the temperature component of the 2001
Tualatin TMDL, includes a detailed representation of stream characteristics and riparian zone
vegetation. The subroutine of the Heat Source model that performs shade calculations is called
Shade-A-Lator. Consistent with the 2001 Tualatin TMDL and the time period used to calculate
flow enhancement credits, the July/August time period is used to calculate thermal credits from
riparian shade. The model requires site-specific data including project dimensions, stream width
and orientation to the sun, and the estimated canopy height and overhang upon maturation. The
estimated canopy height and overhang upon maturation are based on a 20-year shade
establishment period. The model uses these data to determine the effective shade produced by
the project. The Shade-A-Lator calculates effective shade for each 100-foot stream reach. The
potential solar load and the effective shade are used to calculate the solar load blocked by
riparian shade planting projects.

2.3

Expected Riparian Vegetation

Based on discussions with landscapers, foresters, and nurseries, estimates of canopy height and
density expected after a 20-year shade establishment period are summarized in Table A6.

100

|

August 2015
Clean Water Services

Table A6: Estimated Riparian Zone Characteristics in 20 Years
Plant Community/
Restoration Type a
Forest
Savanna
Wetland
Emergent Marsh
a.

Height in 20 years
60 ft (18.3 m)
20 ft (6.1 m)
20 ft (6.1 m)
4 ft (1.2 m)

Canopy Density in 20
years if fully planted
75%
75%
75%
95%

Stream Overhang b
10 ft (3 m)
3 ft (1 m)
2 ft (0.6 m)
1 ft (0.3 m)

See Appendix B for a list of plants for each community type.

b. “Stream overhang” is the vegetation directly above the stream surface.

2.4

Sample Input Data

Example input data to the Shade-A-Lator are shown in Tables A7 and A8. Physical
characteristics of the stream such as aspect (i.e., stream orientation), wetted width, near stream
disturbance zone (NSDZ) width, incision, overhang (OH), vegetation height, and vegetation
density are entered into the Shade-A-Lator model. The Shade-A-Lator includes nine, 15-foot
wide riparian zones for each bank, for a total of 135 feet on each side of the stream; note that only
a few of the nine 15-foot wide riparian zones are shown in the example below due to space
constraints.
The following approach is used to determine the thermal load blocked by the riparian shade
project. The Shade-A-Lator model is used to assess thermal load blocked by baseline vegetation
and thermal load blocked by future enhanced vegetation. The difference between thermal load
blocked by the future enhanced vegetation and the baseline vegetation represents the
environmental benefit associated with the riparian shade project. Tables A7 and A8 provide an
example of the inputs required for each riparian shade project to calculate effective shade for
baseline vegetation conditions and future enhanced vegetation conditions.
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Table A7: Example Baseline Shade Input Data to the Shade-A-Lator Model
Left Bank Riparian Vegetation Model Inputs
Restoration Project
Node
Identification

Durham City Park: 0-100 ft
Durham City Park: 100-200 ft
Durham City Park: 200-300 ft
Durham City Park: 300-400 ft
Durham City Park: 400-500 ft
Durham City Park: 500-600 ft
Durham City Park: 600-700 ft
Durham City Park: 700-800 ft
Durham City Park: 800-900 ft
Durham City Park: 900-1000 ft
Durham City Park: 1000-1100 ft
Durham City Park: 1100-1200 ft
Durham City Park: 1200-1300 ft
Durham City Park: 1300-1400 ft
Durham City Park: 1400-1500 ft
Durham City Park: 1500-1600 ft
Durham City Park: 1600-1700 ft
Barrows Meadows: 0-100 ft
Barrows Meadows: 100-200 ft
Barrows Meadows: 200-300 ft
Barrows Meadows: 300-400 ft
Barrows Meadows: 400-500 ft
Barrows Meadows: 500-600 ft
Barrows Meadows: 600-700 ft
Barrows Meadows: 700-800 ft
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Elev. Aspect
(meters) (Deg)

114.66
114.14
113.53
113.00
112.00
113.00
112.00
112.00
112.00
112.00
111.00
111.00
111.00
111.00
110.77
111.00
110.00
177.79
177.93
177.09
176.38
176.04
176.78
176.00
176.64

299
315
233
243
196
205
245
330
266
205
184
124
194
237
258
286
315
55
53
55
55
55
55
55
55

W etted

NSDZ Channel

0 - 15 ft

W idth
(m)

W idth
(m)

Hght W dth
(m)
(m)
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6

6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
1.83
1.83
1.83
1.83
1.83
1.83
1.83
1.83

9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
19.81
24.38
24.38
24.38
24.38
33.53
30.48
30.48

Incision OH
(meters) (m)
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 0.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 0.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
0.91 0.0
0.91 0.0
0.91 0.0
0.91 0.0
0.91 0.0
0.91 0.0
0.91 0.0
0.91 0.0

15-13 ft
Den.
(%)
50.0%
25.0%
50.0%
25.0%
0.0%
50.0%
75.0%
50.0%
0.0%
75.0%
25.0%
25.0%
75.0%
75.0%
75.0%
75.0%
50.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

Hght W dth
(m)
(m)
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6

30-45 ft
Den.
(%)
50.0%
25.0%
25.0%
50.0%
25.0%
75.0%
75.0%
75.0%
25.0%
75.0%
50.0%
25.0%
75.0%
75.0%
75.0%
25.0%
75.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

Hght W dth
(m)
(m)
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
18.3 4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6

Right Bank Riparian Vegetation Model Inputs
45-60 ft

Den.
(%)
50.0%
75.0%
50.0%
50.0%
25.0%
75.0%
75.0%
50.0%
75.0%
50.0%
75.0%
0.0%
75.0%
75.0%
25.0%
0.0%
50.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

Hght W dth
(m)
(m)
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
0.0
4.6
18.3 4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6

0 - 15 ft
Den. OH
(%)
(m)
75.0% 0.0
75.0% 0.0
50.0% 0.0
50.0% 0.0
75.0% 0.0
50.0% 0.0
75.0% 0.0
25.0% 0.0
75.0% 0.0
50.0% 0.0
75.0% 0.0
50.0% 3.0
75.0% 3.0
50.0% 3.0
0.0% 3.0
0.0% 3.0
25.0% 3.0
0.0% 0.0
0.0% 0.0
0.0% 0.0
0.0% 0.0
0.0% 0.0
0.0% 0.0
0.0% 0.0
0.0% 0.0

Hght W dth
(m)
(m)
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6

15-30 ft
Den.
(%)
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
75.0%
25.0%
75.0%
75.0%
75.0%
25.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

Hght W dth
(m)
(m)
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6

30-45 ft
Den.
(%)
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
50.0%
25.0%
50.0%
50.0%
75.0%
25.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

Hght W dth
(m)
(m)
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
18.3 4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6

45-60 ft
Den.
(%)
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
50.0%
0.0%
50.0%
50.0%
75.0%
75.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%

Hght W dth
(m)
(m)
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
18.3 4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6

Den.
(%)
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
75.0%
0.0%
75.0%
75.0%
75.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
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Table A8: Example Enhanced Shade Input Data to the Shade-A-Lator Model
Left Bank Riparian Vegetation Model Inputs
Restoration Project
Node
Identification

Durham City Park: 0-100 ft
Durham City Park: 100-200 ft
Durham City Park: 200-300 ft
Durham City Park: 300-400 ft
Durham City Park: 400-500 ft
Durham City Park: 500-600 ft
Durham City Park: 600-700 ft
Durham City Park: 700-800 ft
Durham City Park: 800-900 ft
Durham City Park: 900-1000 ft
Durham City Park: 1000-1100 ft
Durham City Park: 1100-1200 ft
Durham City Park: 1200-1300 ft
Durham City Park: 1300-1400 ft
Durham City Park: 1400-1500 ft
Durham City Park: 1500-1600 ft
Durham City Park: 1600-1700 ft
Barrows Meadows: 0-100 ft
Barrows Meadows: 100-200 ft
Barrows Meadows: 200-300 ft
Barrows Meadows: 300-400 ft
Barrows Meadows: 400-500 ft
Barrows Meadows: 500-600 ft
Barrows Meadows: 600-700 ft
Barrows Meadows: 700-800 ft

Elev. Aspect
(meters) (Deg)

114.66
114.14
113.53
113.00
112.00
113.00
112.00
112.00
112.00
112.00
111.00
111.00
111.00
111.00
110.77
111.00
110.00
177.79
177.93
177.09
176.38
176.04
176.78
176.00
176.64

299
315
233
243
196
205
245
330
266
205
184
124
194
237
258
286
315
55
53
55
55
55
55
55
55

W etted

NSDZ Channel

0 - 15 ft

W idth
(m)

W idth
(m)

Hght W dth
(m)
(m)
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6

6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
6.10
1.83
1.83
1.83
1.83
1.83
1.83
1.83
1.83

9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
9.14
19.81
24.38
24.38
24.38
24.38
33.53
30.48
30.48

Incision OH
(meters) (m)
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
2.13 3.0
0.91 0.6
0.91 0.6
0.91 0.6
0.91 0.6
0.91 0.6
0.91 0.6
0.91 0.6
0.91 0.6

15-30 ft
Den.
(%)
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%

Hght W dth
(m)
(m)
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6

30-45 ft
Den.
(%)
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%

Hght W dth
(m)
(m)
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6

Right Bank Riparian Vegetation Model Inputs
45-60 ft

Den.
(%)
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%

Hght W dth
(m)
(m)
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
0.0
4.6

0 - 15 ft
Den. OH
(%)
(m)
75.0% 0.0
75.0% 0.0
75.0% 0.0
75.0% 0.0
75.0% 0.0
75.0% 0.0
75.0% 0.0
75.0% 0.0
75.0% 0.0
75.0% 0.0
75.0% 0.0
75.0% 3.0
75.0% 3.0
75.0% 3.0
75.0% 3.0
75.0% 3.0
75.0% 3.0
75.0% 0.6
75.0% 0.6
75.0% 0.6
75.0% 0.6
75.0% 3.0
75.0% 3.0
75.0% 3.0
0.0% 3.0

Hght W dth
(m)
(m)
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6

15-30 ft
Den.
(%)
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%

Hght W dth
(m)
(m)
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6

30-45 ft
Den.
(%)
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%

Hght W dth
(m)
(m)
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
18.3 4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6
6.1
4.6
6.1
4.6
6.1
4.6
6.1
4.6
18.3 4.6
18.3 4.6
18.3 4.6
18.3 4.6

45-60 ft
Den.
(%)
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
75.0%
0.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%
75.0%

Hght W dth
(m)
(m)
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
0.0
4.6
18.3 4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
0.0
4.6
6.1
4.6
6.1
4.6
6.1
4.6
0.0
4.6
0.0
4.6
18.3 4.6
18.3 4.6
18.3 4.6
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Den.
(%)
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
0.0%
75.0%
0.0%
75.0%
75.0%
75.0%
0.0%
75.0%
75.0%
75.0%
0.0%
0.0%
75.0%
75.0%
75.0%
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2.5

Thermal Credit for Riparian Shade Planting Projects

The thermal load blocked for each project is equal to the solar energy prevented from reaching the
stream surface. Tables A9 and A10 present the effective shade from the Shad-A-Lator model and
the thermal load blocked for each 100-foot segment for the Durham City Park and Barrows
Meadows projects for baseline vegetation conditions and future enhanced vegetation conditions.
Note that the Shade-A-Lator model requires inputs in metric units whereas the output sheet
presented below specifies the stream characteristics in English units.

Table A9: Example Output Data for Baseline Shade from the Shade-A-Lator Model
CWS OUTPUT SHEET (copy to Thermal_Load_Account.xls, Shade details sheet)

PROJECT

SHADE & HEAT
Effective Thermal Load
Shade
Blocked
(% )
(kcal/d)

Durham City Park: 0-100 ft
Durham City Park: 100-200 ft
Durham City Park: 200-300 ft
Durham City Park: 300-400 ft
Durham City Park: 400-500 ft
Durham City Park: 500-600 ft
Durham City Park: 600-700 ft
Durham City Park: 700-800 ft
Durham City Park: 800-900 ft
Durham City Park: 900-1000 ft
Durham City Park: 1000-1100 ft
Durham City Park: 1100-1200 ft
Durham City Park: 1200-1300 ft
Durham City Park: 1300-1400 ft
Durham City Park: 1400-1500 ft
Durham City Park: 1500-1600 ft
Durham City Park: 1600-1700 ft

46.0%
31.1%
41.4%
33.9%
15.8%
35.0%
62.1%
43.6%
6.9%
38.3%
23.7%
66.2%
49.1%
76.1%
80.1%
73.6%
58.5%

4.1E+05
3.0E+05
4.0E+05
3.3E+05
1.5E+05
3.4E+05
6.0E+05
4.2E+05
6.6E+04
3.7E+05
2.3E+05
6.4E+05
4.7E+05
7.3E+05
7.7E+05
7.1E+05
5.6E+05

Barrows Meadows: 0-100 ft
Barrows Meadows: 100-200 ft
Barrows Meadows: 200-300 ft
Barrows Meadows: 300-400 ft
Barrows Meadows: 400-500 ft
Barrows Meadows: 500-600 ft
Barrows Meadows: 600-700 ft
Barrows Meadows: 700-800 ft

0.0%
0.0%
0.0%
0.0%
0.0%
0.1%
0.0%
0.0%

0.0E+00
0.0E+00
0.0E+00
0.0E+00
0.0E+00
4.1E+02
0.0E+00
0.0E+00
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Segment
Length
(ft)
93
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
0
100
100
100
100
100
100
100
100

STREAM INFORMATION
Wetted
NSDZ
Width
Width
(ft)
(ft)

Orientation
(0 deg=N)

Channel
Incision
(ft)

299
315
233
243
196
205
245
330
266
205
184
124
194
237
258
286
315

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0

7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0

55
53
55
55
55
55
55
55

6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0

65.0
80.0
80.0
80.0
80.0
110.0
100.0
100.0

3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
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Table A10: Example Output Data for Enhanced Shade from the Shade-A-Lator Model
CWS OUTPUT SHEET (copy to Thermal_Load_Account.xls, Shade details sheet)

PROJECT

SHADE & HEAT
Effective Thermal Load
Shade
Blocked
(% )
(kcal/d)

Durham City Park: 0-100 ft
Durham City Park: 100-200 ft
Durham City Park: 200-300 ft
Durham City Park: 300-400 ft
Durham City Park: 400-500 ft
Durham City Park: 500-600 ft
Durham City Park: 600-700 ft
Durham City Park: 700-800 ft
Durham City Park: 800-900 ft
Durham City Park: 900-1000 ft
Durham City Park: 1000-1100 ft
Durham City Park: 1100-1200 ft
Durham City Park: 1200-1300 ft
Durham City Park: 1300-1400 ft
Durham City Park: 1400-1500 ft
Durham City Park: 1500-1600 ft
Durham City Park: 1600-1700 ft

59.8%
55.1%
55.6%
61.2%
36.5%
39.8%
62.1%
53.3%
73.3%
39.8%
34.5%
77.5%
67.8%
76.9%
80.4%
76.6%
78.3%

5.3E+05
5.3E+05
5.3E+05
5.9E+05
3.5E+05
3.8E+05
6.0E+05
5.1E+05
7.0E+05
3.8E+05
3.3E+05
7.4E+05
6.5E+05
7.4E+05
7.7E+05
7.4E+05
7.5E+05

Barrows Meadows: 0-100 ft
Barrows Meadows: 100-200 ft
Barrows Meadows: 200-300 ft
Barrows Meadows: 300-400 ft
Barrows Meadows: 400-500 ft
Barrows Meadows: 500-600 ft
Barrows Meadows: 600-700 ft
Barrows Meadows: 700-800 ft

7.5%
5.5%
5.0%
5.0%
30.7%
16.0%
20.6%
20.4%

2.2E+04
1.6E+04
1.4E+04
1.4E+04
8.8E+04
4.6E+04
5.9E+04
5.9E+04

Segment
Length
(ft)
93
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
0
100
100
100
100
100
100
100
100

STREAM INFORMATION
NSDZ
Wetted
Width
Width
(ft)
(ft)

Orientation
(0 deg=N)

Channel
Incision
(ft)

299
315
233
243
196
205
245
330
266
205
184
124
194
237
258
286
315

20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0
20.0

30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0
30.0

7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0
7.0

55
53
55
55
55
55
55
55

6.0
6.0
6.0
6.0
6.0
6.0
6.0
6.0

65.0
80.0
80.0
80.0
80.0
110.0
100.0
100.0

3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0

The procedure for calculating thermal load blocked and thermal credits for riparian shade projects is
described in the section below.

2.6

Thermal (Solar) Load Blocked

Determining the amount of solar energy prevented from reaching the stream surface by riparian
shade is calculated by multiplying the effective shade (from the Shade-A-Lator) by the solar energy
that would have reached the stream in the absence of shade (potential solar load). The potential
solar load varies with weather and the day of year. The USGS operates a solar sensor at the
Durham AWTF. Average daily values during July and August for a 10-year period (2004-2013) are
shown in Figure A5. The average value during this period (505 kcal/ft2/day) is similar to the value
used by DEQ in the 2001 Tualatin TMDL (6 kWh/m2/day= 480 kcal/ft2/day). To calculate thermal
load blocked as a result of riparian shade, the District will continue to use 480 kcal/ft2/day as the
potential solar load, which is more conservative than the 2004-13 average presented in Figure A5.
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Figure A5: Solar Insolation at the Durham AWTF

The potential solar load and thermal (solar) load blocked for each stream reach is then calculated as
follows:

2.7

Trading Ratios

To calculate thermal credit, a trading ratio is applied to the environmental benefit associated with the
riparian shade project. The District applies a 2:1 trading ratio for calculating thermal credit (i.e., the
thermal credit is equal to 50% of the environmental benefit associated with the project).

2.8

Thermal Credit Calculation

The thermal credit for each project is equal to the environmental benefit multiplied by a trading ratio.
The thermal credit for each project is calculated as follows:
Thermal Credit for Project = (Thermal Load Blocked by future enhanced vegetation – Thermal load blocked
by baseline vegetation) x Trading Ratio

The thermal credits for all projects are then totaled to obtain the thermal credit for the year. The
District’s annual report contains a summary table of the thermal credits that were generated during
the year from riparian planting projects. The summary table specifies the length of stream that was
planted, the thermal load blocked by baseline vegetation conditions and future enhanced vegetation
conditions, and the thermal credit generated from the project. An example of a summary table is
presented in Table A11. Note that the environmental benefit associated with the riparian shade
project is labeled as “Thermal Load Reduction” in Table A11.
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Table A11: Example of Riparian Shade Thermal Credit Summary Table

3

Thermal Budget for the District’s Activities

Table A12 provides an example thermal budget for the District’s activities in the Tualatin Basin for
projected year 2025 conditions. Each year a new budget will be prepared that utilizes the actual
data associated with the discharge from the WWTFs, flow enhancement rates, and riparian planting
information.
3.1

Thermal Load from WWTFs

The thermal load from each WWTF is defined as the amount of thermal energy gained by the river
from the effluent. The thermal energy gained by the river is obtained by assuming that the effluent
mixes completely within the mixing zone, that mixing is instantaneous, and that no energy is lost.
Before mixing, the river and the effluent are at different temperatures; after mixing, they are at the
same temperature.
The temperature change of the river is calculated using the following equation:

∆𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀+𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 =

𝑄𝑄𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 + 𝑄𝑄𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 𝑇𝑇𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
− 𝑇𝑇𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑄𝑄𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 + 𝑄𝑄𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒

Where:
QMixZone = the mixing zone flow which equals one quarter of the median daily river flow just
upstream of the outfall
TSysPot = the system potential river temperature just upstream of the outfall (11.1°C for Forest
Grove; 14.7°C for Rock Creek; and 18.1°C for Durham)

Daily effluent flows and daily effluent temperatures at each WWTF are averaged for each month (i.e.
July and August) and the monthly average values are used to calculate the temperature change of
the river at each WWTF. The mixing zone flow is calculated using the median of the daily river flows
upstream of the WWTF outfall for each month. Note that unit conversions have been omitted
because it is assumed that all similar quantities will be expressed in the same units. The thermal
load associated with this temperature change is calculated using the following equation, which is
based on the specific heat of water:
𝐻𝐻𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 =

1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
1 𝑚𝑚3
1000 𝑘𝑘𝑘𝑘 86400 𝑠𝑠𝑠𝑠𝑠𝑠
𝑥𝑥 �𝑄𝑄𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 + 𝑄𝑄𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 � 𝑥𝑥
𝑥𝑥
𝑥𝑥
𝑥𝑥 ∆𝑇𝑇𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀+𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒
3
35.3 𝑓𝑓𝑓𝑓
1 𝑘𝑘𝑘𝑘°𝐶𝐶
1 𝑚𝑚3
1 𝑑𝑑𝑑𝑑𝑑𝑑
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Where:
The mixing zone and effluent flow are expressed in cfs and the temperature change is expressed in
ºC.

3.2

Allowable Thermal Load and Thermal Load to Offset

The wasteload allocations for temperature in the 2001 Tualatin TMDL are set to avoid causing a
temperature increase of more than 0.25ºF at the edge of the mixing zone. The allowable thermal
load is calculated using the following equation: (Note that the value is shown as a negative number
because it is an allowance that reduces the thermal load from the WWTFs.)
TP

𝐻𝐻𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 = −

1 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘
1 𝑚𝑚3
1000 𝑘𝑘𝑘𝑘 86400 𝑠𝑠𝑠𝑠𝑠𝑠
5℃
𝑥𝑥 �𝑄𝑄𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 + 𝑄𝑄𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 � 𝑥𝑥
𝑥𝑥
𝑥𝑥
𝑥𝑥 0.25℉ 𝑥𝑥
35.3 𝑓𝑓𝑓𝑓 3
1 𝑘𝑘𝑘𝑘°𝐶𝐶
1 𝑚𝑚3
1 𝑑𝑑𝑑𝑑𝑑𝑑
9℉

Where:
QMixZone = the mixing zone flow which equals one quarter of the median daily river flow just upstream of the
outfall
Qeffluent = the average of the daily effluent flows for each month

The thermal load to offset at each WWTF is the sum of the thermal load from the facility, and the
allowable thermal load calculated based on the 2001 Tualatin TMDL.
Thermal Credit for Flow Enhancement and Riparian Shade
The daily thermal credits from flow enhancement are averaged for each month and the monthly
average is used to calculate the remaining thermal load at each WWTF after flow enhancement
credit. The remaining thermal load after flow enhancement credit at each WWTF is summed to
determine the total thermal load from the WWTFs after flow enhancement credit. The thermal credit
for shade is then used to calculate the net thermal load to the Tualatin River.
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Table A12: Example Thermal Budget
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4

Summary

This document describes how thermal credits from flow enhancement and riparian shade are
calculated. It also presents a thermal budget that accounts for the District’s activities in the Tualatin
Basin. This information will be submitted to DEQ to document the District’s thermal load trading activities.
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Appendix B. Tree and Shrub Species List
Plant
Community Type
Wetland

Wetland

Upland

Generalized Plant
Community

Latin Name

Ash-Dominated Forested Fraxinus latifolia
Salix sitchensis
Wetland
Cornus sericea
Rosa pisocarpa
Physocarpus capitatus
Spiraea douglasii
Symphoricarpos albus
Cratageus douglasii
Malus fusca
Salix lasiandra
Salix hookeriana
Sambucus racemosa
Carex obnupta
Hordeum brachyantherum
Beckmania syzigachne
Deschampsia cespitosa
Shrub-Scrub Wetland
Fraxinus latifolia
Salix lasiandra
Salix sitchensis
Cornus sericea
Physocarpus capitatus
Rosa pisocarpa
Spiraea douglasii
Salix hookeriana
Alopecurus geniculatus
Carex obnupta
Juncus acuminatus
Juncus patens
Carex stipata
Carex unilateralis
Scirpus mircocarpus
Beckmania syzigachne
Leersia oryzoides
Deschampsia cespitosa
Pine-Oak Woodland
Amelanchier alnifolia
Pinus ponderosa
(excluding prairie)
Quercus garryana
Rhamnus purshiana
Mahonia aquifolium
Rosa pisocarpa
Symphoricarpos albus
Rubus parviflorus
Rubus ursinus
Oemleria cerasiformis
Sambucus racemosa
Holodiscus discolor
Arbutus menziesii
Pseudotsuga menziesii
Bromus sitkensis
Danthonia californica
Elymus glaucus
Hordeum brachyantherum

Common Name

Form

Oregon ash
Tree
Tree
Sitka willow
Shrub
Red-osier dogwood
Shrub
Swamp rose
Pacific ninebark
Shrub
Douglas spiraea
Shrub
Shrub
Snowberry
Tree
Douglas hawthorn
Shrub
Crabapple
Tree
Pacific willow
Hooker's willow
Tree
Red elderberry
Shrub
Sedge
Slough sedge
Meadow barley
Grass
Grass
Slough grass
Tufted hairgrass
Grass
Oregon ash
Tree
Tree
Pacific willow
Tree
Sitka willow
Red-osier dogwood
Shrub
Shrub
Pacific ninebark
Swamp rose
Shrub
Shrub
Douglas spiraea
Tree
Hooker's willow
Water foxtail
Grass
Slough sedge
Sedge
Tapertip rush
Rush
Soft rush
Rush
Sawbeak sedge
Sedge
Sedge
One sided sedge
Sedge
Small-fruited bullrush
Slough grass
Grass
Rice cut grass
Grass
Tufted hairgrass
Grass
Serviceberry
Tree
Willamette ponderosa pine Tree
Oregon white oak
Tree
Tree
Cascara
Tall Oregon grape
Shrub
Swamp rose
Shrub
Shrub
Snowberry
Thimbleberry
Shrub
Shrub
Osoberry
Indian plum
Shrub
Red elderberry
Shrub
Shrub
Oceanspray
Pacific Madrone
Tree
Douglas Fir
Tree
Sitka brome
Grass
California oatgrass
Grass
Blue wildrye
Grass
Meadow Barley
Grass

| 111

August 2015
Clean Water Services

Plant
Community Type
Upland

Riparian Forest

Riparian Forest

112 |

Generalized Plant
Community

Latin Name

Abies grandis
Acer circinatum
Acer macrophyllum
Alnus rubra
Populus trichocarpa
Pseudotsuga menziesii
Rhamnus purshiana
Thuja plicata
Rosa gymnocarpa
Sambucus racemosa
Symphoricarpos albus
Cratageus douglasii
Lonicera involcrata
Sambucus cerulea
Mahonia aquifolium
Mahonia nervosa
Festuca occidentalis
Carex deweyana spp. leptopoda
Elymus glaucus
Cottonwood-Dominated Acer macrophyllum
Fraxinus latifolia
Bottomland Forest
Pinus ponderosa
Populus trichocarpa
Cornus sericea
Oemleria cerasiformis
Physocarpus capitatus
Rosa pisocarpa
Rubus parviflorus
Sambucus racemosa
Symphoricarpos albus
Cratageus douglasii
Malus fusca
Acer circinatum
Abies grandis
Cornus nuttallii
Lonicera involcrata
Agrostis exarata
Deschampsia elongata
Mixed Foothills Riparian Abies grandis
Acer macrophyllum
Forest
Alnus rubra
Pseudotsuga menziesii
Salix scouleriana
Thuja plicata
Oemleria cerasiformis
Physocarpus capitatus
Rosa pisocarpa
Rubus spectabilis
Prunus emarginata
Prunus virginiana
Populus trichocarpa
Holodiscus discolor
Sambucus cerulea
Sambucus racemosa
Symphoricarpos albus
Gaultheria shallon
Rubus parviflorus
Agrostis exarata
Deschampsia elongata
Bigleaf Maple - Douglas
Fir - Vine Maple Upland
Forest

Common Name

Form

Grand Fir
Tree
Vine Maple
Shrub
Big-leaf Maple
Tree
Red Alder
Tree
Black Cottonwood
Tree
Douglas Fir
Tree
Cascara
Tree
Western Red Cedar
Tree
Baldhip Rose
Shrub
Red Elderberry
Shrub
Snowberry
Shrub
Black hawthorn
Tree
Black twinberry
Shrub
Blue elderberry
Shrub
Tall Oregon grape
Shrub
Dull Oregon grape
Shrub
Western fescue-grass
Grass
Dewey's sedge
Sedge
Blue wildrye
Grass
Big leaf maple
Tree
Oregon ash
Tree
Willamette ponderosa pine Tree
Black cottonwood
Tree
Red-osier dogwood
Shrub
Indian plum
Shrub
Pacific ninebark
Shrub
Swamp rose
Shrub
Thimbleberry
Shrub
Red elderberry
Shrub
Snowberry
Shrub
Douglas hawthorn
Tree
Crabapple
Tree
Vine Maple
Tree
Grand fir
Tree
Pacific dogwood
Tree
Black twinberry
Shrub
Spike bentgrass
Grass
Slender hairgrass
Grass
Grand fir
Tree
Big leaf maple
Tree
Red alder
Tree
Douglas Fir
Tree
Scouler's willow
Tree
Western red cedar
Tree
Indian plum
Shrub
Pacific ninebark
Shrub
Swamp rose
Shrub
Salmonberry
Shrub
Bitter cherry
Tree
Chokecherry
Tree
Black cottonwood
Tree
Oceanspray
Shrub
Blue elderberry
Shrub
Red elderberry
Shrub
Snowberry
Shrub
Salal
Shrub
Thimbleberry
Shrub
Spike bentgrass
Grass
Slender hairgrass
Grass
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Plant
Community Type
Riparian Forest

Generalized Plant
Community

Latin Name

Common Name

Form

Conifer-Dominated
Abies grandis
Foothills Riparian Forest Acer macrophyllum
Alnus rubra
Pseudotsuga menziesii
Thuja plicata
Oemleria cerasiformis
Mahonia nervosa
Rosa gymnocarpa
Rubus spectabilis
Sambucus cerulea
Symphoricarpos albus
Rubus parviflorus
Tsuga heterophylla
Prunus emarginata
Prunus virginiana
Populus trichocarpa
Populus tremuloides
Sambucus racemosa
Holodiscus discolor
Mahonia aquifolium
Ribes sanguineum
Philadelphus lewisii
Physocarpus capitatus
Acer circinatum
Euonymus occidentalis
Gaultheria shallon
Rosa nutkana
Agrostis exarata
Deschampsia elongata

Grand fir
Big leaf maple
Red alder
Douglas Fir
Western red cedar
Indian plum
Dull Oregon grape
Baldhip rose
Salmonberry
Blue elderberry
Snowberry
Thimbleberry
Western hemlock
Bitter cherry
Chokecherry
Black cottonwood
Quaking aspen
Red elderberry
Oceanspray
Tall Oregon grape
Red flowering currant
Mock orange
Pacific ninebark
Vine maple
Western wahoo
Salal
Nutka rose
Spike bentgrass
Slender hairgrass

Tree
Tree
Tree
Tree
Tree
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Tree
Tree
Tree
Tree
Tree
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Shrub
Grass
Grass
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Appendix C. Example of a Site Assessment Report
The District conducts annual monitoring of its riparian shade projects. Based on the monitoring, site
assessment reports are prepared for each riparian shade project. Each site assessment report
contains project specific information including project acreage, the initial planting year, the year
when thermal credit was taken, and the stream length associated with the project. The site
assessment report also contains information regarding each plant community (e.g., riparian forest,
forested wetland, upland forest, and scrub-shrub) within a project; for each plant community, stem
density, project phase, and a list of categorized plant species are identified. Site specific
management actions completed during the year and those recommended for the following year are
also presented in each site assessment report. Site assessment reports are submitted to DEQ as
part of the District’s annual report on temperature management and credit trading activities. The
following is an example of a project specific site assessment report.
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