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Thermal Load Management Plan  
1.0 Background 

Clean Water Services (District) is a county service district that serves the urban portion of 
Washington County. There are 12 cities in the service area — Banks, Beaverton, Cornelius, Durham, 
Forest Grove, Gaston, Hillsboro, King City, North Plains, Sherwood, Tigard, Tualatin — and 
Washington County. The District owns and operates four wastewater treatment facilities (WWTFs or 
facilities), and the cities and the county work with the District to operate the collection system. The 
District’s four WWTFs are the Forest Grove WWTF, the Hillsboro WWTF, the Rock Creek 
Advanced Wastewater Treatment Facility, and the Durham Advanced Wastewater Treatment Facility. 
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 Washington County in cooperation with 
the county and all the cities in the service area except Gaston, which is not within the designated MS4 
program area. 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 (NPDES Permit).  

The 2001 Tualatin River Subbasin Total Maximum Daily Load (2001 TMDL) includes strict thermal 
load allocations for the District WWTFs (DEQ, 2001). The District explored several technology and 
discharge-based alternatives to meet these allocations. The District concluded that the technology-
based alternatives were resource intensive, too expensive, and would do little to improve watershed 
health; the alternative discharge locations were also too expensive and would further exacerbate water 
quality problems by reducing base flows in the Tualatin River. The District instead selected an 
approach to reduce the thermal load from the WWTFs where feasible and implemented a water 
quality credit trading program to offset the remaining thermal load from the WWTFs.  

The NPDES Permit includes thermal load limits for the District’s Rock Creek, Durham, and Forest 
Grove facilities. The NPDES Permit also includes a provision to implement a water quality trading 
program to offset the thermal load from the WWTFs. The Thermal Load Management Plan (TLMP) 
documents the District’s approach and programs for offsetting the thermal load from the Rock Creek, 
Durham, and Forest Grove facilities. The TLMP specifies the methodology for calculating the 
thermal credits associated with the riparian planting and flow enhancement programs.   

The District submitted its NPDES Permit renewal application in December 2020. The District is 
updating its TLMP to more closely reflect the Water Quality Trading Rules that were adopted by 
DEQ in 2015, incorporate adaptive management changes and additional management practices that 
have been made since 2016, and ensure consistency between the permit requirements and the TLMP. 
The District is also proposing modifications to the monitoring for riparian planting projects.  

2.0 Thermal Load Management Program (2004 – 2020) 
The District began implementing a thermal load management program (referred to originally as the 
Temperature Management Plan) when the first watershed-based NPDES permit was issued in 2004. 
The District implemented thermal load reduction strategies to reduce thermal load from the WWTFs 
and implemented a water quality trading program that generates thermal credits to offset the 
remaining thermal load from the WWTFs. The following is a summary of the thermal load reduction 
strategies and the thermal credits generated through the implementation of the water quality trading 
program.  
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2.1 Thermal Load Reduction Strategies 
The thermal load reduction strategies implemented by the District include source control, treatment 
facility improvements and recycled water. The following is a summary of the strategies. 

Source Control 
The District implements an industrial pretreatment program that regulates discharges from significant 
industrial users into the sanitary sewer system. Two significant industrial dischargers installed cooling 
systems at their facilities that reduced the thermal load being discharged to the WWTFs.  

Treatment Facility Improvements  
The temperature change across the WWTFs is not significant (about 1 – 2°C) and as such there are 
limited opportunities to reduce thermal heating. Nonetheless, the District has implemented capital 
improvements to reduce thermal heating at the WWTFs. After the 2001 TMDL was finalized, but 
before the 2004 watershed-based NPDES Permit was issued, the District covered the primary 
clarifiers at the Durham and Rock Creek WWTFs to control odors and to reduce solar heating of 
wastewater.  

The District built a cogeneration facility at the Durham WWTF that included air-cooled radiators to 
dissipate excess heat to the atmosphere and avoid discharging excess heat to the treatment facility 
effluent. The District implemented several projects to expand the utilization of heat recovered from 
the operation of the cogeneration facility and reduce natural gas usage. Additionally, the District 
completed a project that replaced a water-cooled chiller that used plant effluent to absorb the rejected 
heat from an office building with high efficiency air-cooled condensing units. 

Historically, the Forest Grove and Hillsboro WWTFs transferred wastewater through twin 24-inch 
pipelines to the Rock Creek WWTF for treatment and discharge during the dry season. In 2012, the 
District began constructing a 95-acre natural treatment system (NTS) at the Forest Grove WWTF. 
The District began discharging treated effluent from the Forest Grove and Hillsboro WWTFs through 
the NTS in 2017. Wastewater from the Forest Grove and Hillsboro service areas is now treated at the 
Forest Grove WWTF during the dry season; the treated effluent from the Forest Grove WWTF is then 
directed through the NTS for further treatment prior to discharge to the Tualatin River. The NTS is 
effective at reducing effluent temperature; the average effluent temperature from the NTS is lower 
than the average effluent temperature from the Rock Creek WWTF.   

Recycled Water Program 
The District produced an average of 61.8 million gallons of Class A recycled water on an annual basis 
(2016-2020) at the Durham WWTF. Recycled water from the Durham WWTF is used at golf courses, 
public school athletic fields, a City of Tigard natural area, Durham City Park, and for onsite 
irrigation. This volume of recycled water represents a direct reduction in the thermal load discharged 
by the District’s WWTFs to the Tualatin River.  

2.2 Thermal Crediting Strategies 
The District was able to offset the remaining load from the WWTFs with the implementation of a 
water quality trading program. The District’s water quality trading program consists of flow 
enhancement with the release of stored water that cools the Tualatin River and tributaries, and 
riparian shade projects that reduce solar heating of surface waters.   

During the permit cycle (2016-2020), the District released an average of 45 cfs of stored water during 
the months of July and August. Flow enhancement activities have generated an average of 1,160 
million kcal/day of thermal credits in July and August during 2016-2020.    
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Since the inception of the water quality trading program, the District has implemented 172 riparian 
shade projects and restored 77 stream miles of riparian vegetation in urban and rural areas of the 
Tualatin River Watershed. These shade projects have generated 530 million kcal/day of thermal 
credits (Clean Water Services, 2021).  

Figure 1 
Thermal Load Management Program Summary 
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Table 1 presents the cumulative thermal loads from the District’s WWTFs, the thermal credits 
generated from flow enhancement and riparian planting, and the extra thermal credits (beyond those 
needed to offset the thermal loads from the WWTFs) generated by the District’s thermal crediting 
program from 2016-2020.  

Table 1 
Thermal Loads and Credits (2016-2020) 

Year 
Thermal Load to 

Offset 
(million kcal/day) 

Thermal Credits from 
Stored Water 

(million kcal/day) 

Thermal Credits from 
Riparian Planting 
(million kcal/day) 

Extra Thermal 
Credits 

(million kcal/day) 
July 2016 
August 2016 

1,205 
1,267 

1,075 
1,282 

410 
410 

280 
425 

July 2017 
August 2017 

1,278 
1,428 

1,099 
1,307 

429 
429 

250 
308 

July 2018 
August 2018 

1,112 
1,180 

1,086 
1,395 

465 
465 

439 
680 

July 2019 
August 2019 

937 
1,006 

1,047 
1,187 

481 
481 

591 
662 

July 2020 
August 2020 

934 
1,036 

920 
1,205 

520* 
520* 

506 
689 

July Average 
August Average 

1,093 
1,183 

1,045 
1,275 

-- 413 
553 

*530 million kcal/day of thermal credit available in 2021 
 

With the implementation of thermal crediting strategies, the District has successfully offset the 
thermal loads from the WWTFs. Additionally, the District has generated significantly more thermal 
credits than necessary to offset the thermal loads from the WWTFs. For 2016-2020, the District has 
averaged 413 million kcal/day and 553 million kcal/day of extra thermal credits for July and August, 
respectively.  

3.0 Thermal Load Management Program  
The District will continue to implement thermal load reduction strategies to reduce thermal load from 
the WWTFs and implement a water quality trading program that generates thermal credits to offset 
the remaining thermal load from the WWTFs. The following is a description of the District’s thermal 
load reduction strategies and thermal crediting generating strategies.   

3.1 Thermal Load Reduction Strategies 
The District will continue to implement industrial pretreatment program requirements and, where 
appropriate, require significant industrial users to implement additional controls to reduce thermal 
discharges to the District’s WWTFs.  

The District is also proposing to significantly expand its recycled water use program. Under the 
current program, the District produces about 1 million gallons per day (MGD) of recycled water at the 
Durham WWTF. The District is planning to increase recycled water use at the Rock Creek and Forest 
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Grove WWTFs, and wants to produce 5 MGD of recycled water by 2025. This represents a 
significant increase in the scope and scale of the recycled water use program and would result in a 
direct reduction in the thermal load discharged by the District’s WWTFs.  

3.2 Thermal Crediting Strategies (Water Quality Trading) 
The DEQ rules governing water quality trading (Oregon Administrative Rules (OAR) 340-039) 
specify the key elements of a water quality trading plan. Following the requirements of OAR 340-
039, the key elements of the District’s water quality trading plan are presented below.  

3.2.1 Parameters  
OAR 340-039-0025(5)(a) requires that the water quality trading plan specify the parameters for which 
trading is proposed. The District is proposing to offset excess thermal loads (i.e., temperature) from 
the Forest Grove WWTF (RM 53.8), Rock Creek WWTF (RM 37.7), and Durham WWTF (RM 9.2) 
with thermal credits from water quality trading activities. The Hillsboro WWTF does not discharge to 
the Tualatin River during the dry season (typically May through October); flows from its service area 
are directed to either the Rock Creek WWTF or Forest Grove WWTF for treatment and discharge 
during the dry season. 

3.2.2 Trading Area 
OAR 340-039-0025(5)(c) requires that the water quality trading plan include a description of the 
trading area. The trading area is the Tualatin River Watershed. Thermal credits are generated by 
conducting flow enhancement in the mainstem Tualatin River and key tributaries. Thermal credits are 
also generated by conducting riparian planting in the Tualatin River Watershed. Thermal credits 
generated from flow enhancement and riparian planting will be used to offset thermal loads from the 
Forest Grove, Rock Creek, and Durham WWTFs. 

3.2.3 Best Management Practices (BMPs) 
OAR 340-039-0025(5)(d) requires that the water quality trading plan include a description of the 
water quality benefits that will be generated, the BMPs that will be used to generate water quality 
benefits, and applicable BMP quality standards. The District implements flow enhancement and 
riparian planting programs management practices to offset thermal loads from the WWTFs.  

3.2.3.1 FLOW ENHANCEMENT 
Stored Water Releases 
The District has rights to 24% of the stored water in Hagg Lake, which equates to 12,618 acre-feet. 
The District also owns 10% of the stored water in Barney Reservoir, which equates to 1,654 acre-feet. 
In all, the District has 14,272 acre-feet of stored water available for use. 

The District releases stored water from Hagg Lake and Barney Reservoir to the Tualatin River during 
the summer and fall. 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 cold-
water releases from the reservoirs, additional stream flow, reduced residence time (which reduces 
solar heating and resulting temperature increases), and improved water quality.  

Instream Lease 
The District leases United States Fish and Wildlife Service (USFWS) natural flow water rights for 
instream use. The water rights date to 1928 and are located at the Wapato Lake Wildlife Refuge in the 
upper Tualatin River and, therefore, can be protected over the entire downstream length of the 
Tualatin River. There are two different water rights, both dated 1928, that total 1,644 acre-feet. The 
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instream lease application was approved by the Oregon Water Resources Department (OWRD) on 
May 6, 2020. The certificate number, priority date, volume, and instream rate are presented in the 
table below.  

Table 2 
Instream Lease Water Right Information 

 
 
 
 

Certificate  Priority Date Volume Instream Rate 
14092 December 29, 1928 1,243 acre-feet 4.10 cfs 
14093 December 29, 1928 401 acre-feet 1.32 cfs 

 

The protection period for the instream lease is from May 1 to September 30. The District has worked 
with the OWRD District 18 Watermaster’s office to ensure that the instream lease is protected and 
considered in the natural flow calculations for the Tualatin River. Thus, the instream lease represents 
additional water that serves to increase the base flow in the Tualatin River. Water quality benefits 
from the instream lease include additional stream flow, lower stream temperatures and improved 
water quality.  

3.2.3.2 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 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.  

The District implements a riparian shade program that consists of a capital program and landowner 
incentive programs. 

Riparian planting projects implemented under the District’s 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, invasive species 
management, re-vegetation, monitoring and maintenance. Additional enhancement activities such as 
channel reconfiguration, large wood placement, gravel-boulder placement, and off-channel habitat 
creation are performed on a site-specific basis to improve a broader range of ecosystem 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. Riparian planting projects in rural 
areas primarily consist of securing agreements, preparing sites, re-vegetation, invasive species 
management, monitoring and maintenance. Current landowner incentive programs include the 
following:  

• Enhanced Conservation Reserve Enhancement Program (ECREP), which is a version of the 
U.S. Department of Agriculture’s (USDA) Conservation Reserve Enhancement Program. 
This program 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 
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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 the 
flexibility offered by a local program.  

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 undertakes several steps to improve the success of its riparian shade program. These 
include developing a variety of land stewardship agreements, designing ecologically-appropriate 
planting plans, site planning, extending site preparation, conducting high density riparian plantings, 
implementing robust monitoring and maintenance programs, and conducting inter-planting as 
necessary to ensure project functions are achieved.  

Site planning 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. Site 
planning takes into consideration the project area and water resources, schedule and timeline for 
planting, site preparation protocols, planting goals, and measures to control non-native species, 
invasive species and damage from wildlife consistent with the District’s Integrated Pest Management 
Plan. 

The District’s monitoring and maintenance program is discussed in Section 3.2.7 below. The 
District’s approach for implementing riparian planting projects is discussed in Appendix B.  

A discussion of the ecological benefits of the riparian plating program is discussed in Section 
3.2.10.2.  

3.2.4 Trading Baseline 
OAR 340-039-0025(5)(b) requires that the water quality trading plan identify any applicable 
regulatory requirements that apply within the trading area and that must be implemented to achieve 
baseline requirements. Riparian shade projects under the District’s TLMP are implemented in rural 
and urban areas of the Tualatin River Watershed. Baseline conditions for calculating thermal credits 
are determined at project initiation prior to taking credit.  

In rural areas, agricultural landowners are required to protect riparian areas under the Oregon 
Department of Agriculture’s local water quality management rules (OAR chapter 603, division 95) 
and the Tualatin SWCD verifies compliance with applicable rules. For sites in compliance with 
applicable rules, existing vegetation is used to define baseline conditions for determining thermal 
credit.  

The twelve cities in the service area and Washington County have regulations regarding riparian 
protection in urban natural resource areas. These regulations are voluntary and do not require active 
riparian planting. Therefore, existing vegetation is used as baseline conditions for determining 
thermal credit.  

Additionally, for riparian planting projects in urban areas, the District’s Design and Construction 
Standards (Clean Water Services, 2019) apply to all active construction sites. The Design & 
Construction Standards require the enhancement and maintenance of a vegetated stream corridor. 



CWS Thermal Load Management Plan: July 2021  10 
 

Only work conducted beyond the required vegetated stream corridor enhancement requirements are 
eligible for thermal credit. Where additional work is conducted beyond the required vegetated stream 
corridor enhancement requirements, existing conditions are used as baseline to determine thermal 
credits. 

There are urban and rural areas where there are no specific requirements that apply to riparian areas. 
These include sites located outside the urban area but where agricultural activities do not occur and 
thus, are not subject to Oregon Department of Agriculture’s local water quality management rules. 
Since these areas are within Washington County, the County’s regulations would apply. As noted 
above, these regulations are voluntary and do not require active riparian planting. Therefore, existing 
vegetation is used as baseline conditions for determining thermal credit. Additionally, there are 
jurisdictions whose development codes do not include requirements for urban natural resource areas. 
In these situations, existing conditions are used as baseline for determining thermal credits. 

3.2.5 Trading Ratios  
OAR 340-039-0025(5)(e) requires that the water quality trading plan include a description of 
applicable trading ratios, the basis for each applicable trading ratio, including underlying assumptions 
for the ratio, and a statement indicating whether those ratios increase or decrease the size of a credit 
obligation or the number of credits generated from an individual trading project.  

For riparian shade projects, the difference between the thermal load blocked after project 
implementation and shade establishment (enhanced conditions), and the thermal load blocked with 
existing vegetation (i.e., trading baseline) 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 trading ratio is primarily used to account for the time between initial planting and shade 
establishment. A 20-year shade establishment period was envisioned in the District’s water quality 
trading program. In practice, 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-
2020, the District has implemented 172 riparian shade projects. Of the 172 projects, 106 projects 
(62%) have wetted stream widths of ≤20 feet; 154 (90%) have wetted stream widths of ≤50 feet; and 
the median stream width for the 172 projects is < 15 feet (Clean Water Services, 2021).  

Additionally, the District generates 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. This is evident in Table 1 in Section 2.2 that highlights the substantial amount 
of extra thermal credits that have been generated by the District’s water quality trading program. 
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. The District will continue to use 
a 2:1 trading ratio to calculate thermal credit.  

3.2.6 Credits 
OAR 340-039-0025(5)(f) requires that the water quality trading plan include a description of the 
credits needed to meet water quality-based requirements of an NPDES permit or 401 water quality 
certification, including methods used to quantify credits, the quantity and timing of credits, and credit 
duration. 



CWS Thermal Load Management Plan: July 2021  11 
 

3.2.6.1 FLOW ENHANCEMENT 
The District used the DEQ Heat Source model from the 2001 TMDL to develop empirical equations 
to calculate temperature reduction immediately above the Forest Grove, Rock Creek and Durham 
WWTFs as a function of stored water releases and stream flow conditions. Appendixes B and C 
present the thermal credit calculations for stored water releases from Hagg Lake and Barney 
Reservoir, respectively. These are summarized below. 

Hagg Lake 
For the stored water releases from Hagg Lake, the equations for calculating temperature changes due 
to flow enhancement above each WWTF are presented below: 

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 /Tualatin River flow above Forest Grove) *100) 

 

Temperature change above the Rock Creek WWTF (°C): 

Where:  
ΔT = temperature change above the Rock Creek WWTF (°C) 
Flow Enhancement = District Release from Hagg Lake (cfs)  
Farmington Flow = Tualatin River Flow at Farmington Gage (cfs)  
Rock Creek AWWTF = Rock Creek WWTF Effluent Flow (cfs) 

 

Temperature change above the Durham WWTF (°C): 

Where:  
ΔT = temperature change above the Durham WWTF (°C) 
Flow Enhancement = District Release from Hagg Lake (cfs)  
Farmington Flow = Tualatin River Flow at Farmington Gage (cfs)  

 

Barney Reservoir  
For the stored water releases from Barney Reservoir, the equations for calculating temperature 
changes due to flow enhancement above each WWTF are presented below: 

Temperature change above the Rock Creek WWTF due to Barney Reservoir releases (°C): 
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∆TRC = (3.5896) *(Flow Enhancement/River FlowRC) 

Where:  
∆TRC  = temperature change above the Rock Creek WWTF (°C) 
Flow Enhancement = District Release from Barney Reservoir (cfs) 
River FlowRC = Tualatin River flow at Farmington Gage (cfs) – Rock Creek WWTF effluent 
flow (cfs)  

 
 

Temperature change above the Durham WWTF due to Barney Reservoir releases (°C): 

 

∆TDM = (4.796) *(Flow Enhancement/River FlowDM) 

Where:  
∆TDM = temperature change above the Durham AWWTF (°C) 
Flow Enhancement = District Release from Barney Reservoir (cfs)  
River FlowDM = Tualatin River flow at Farmington Gage (cfs) 

 

The DEQ Heat Source model does not show a temperature benefit at the Forest Grove WWTF from 
Barney Reservoir releases due to its proximity to the large stored water releases from Hagg Lake that 
enter the Tualatin River just upstream of Forest Grove. Thus, an equation for determining the 
temperature benefit above the Forest Grove WWTF from stored water releases from Barney 
Reservoir is not included. 

Instream Lease 
Temperature change above each WWTF as a result of the instream lease will be calculated using the 
formulae for the stored water releases from Hagg Lake. This is a reasonable approach due to the 
proximity of the Wapato Lake Wildlife Refuge to Hagg Lake and because stored water releases from 
Hagg Lake will likely be the source of the additional water in the Tualatin River. Thermal credits 
from the instream lease would be available as long as the District maintains an agreement with the 
USFWS and Tualatin Valley Irrigation District for the instream lease and the 1928 priority date is not 
regulated off. While the instream lease would be effective from May 1 to September 30, thermal 
credits will be calculated for July and August.  

3.2.6.2 THERMAL CREDITS FROM FLOW ENHANCEMENT 
The following equation is used to calculate thermal credits from flow enhancement (stored water 
releases and instream lease) at the Forest Grove, Rock Creek and Durham WWTFs. Note that the 
temperature change above each WWTF 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 
WWTF flow (cfs)  
For the Durham AWWTF, QRiver = Tualatin River Flow at the Farmington Gage (cfs)  
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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 TMDL, credit will be calculated in July and August because that is 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 July and August, the District 
typically releases stored water from the two reservoirs from June through October, and at times into 
November and December, until the onset of fall rains. Additionally, the protection period for the 
instream lease is from May 1 to September 30; thus, this water is available well beyond the period 
used to calculate thermal credits (Clean Water Services, 2020).   

3.2.6.3 RIPARIAN PLANTING 
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 width, stream aspect, 
incision, canopy density, and riparian vegetation width and height to determine the effective shade, a 
measure of the amount of sunlight blocked by riparian vegetation. The District calculates shade in 
July and August, which is consistent with the 2001 TMDL and corresponds to the time of the year 
when temperatures are warmest and most likely to exceed the temperature criterion. 

3.2.6.4 QUANTITY AND TIMING OF CREDITS 
The NPDES Permit requires the District to offset thermal loads from its WWTFs. As noted in Section 
2.2, thermal credits generated by flow enhancement and riparian planting have enabled the District to 
successfully offset the thermal loads from the WWTFs. The following table presents the anticipated 
thermal loads from the District’s WWTFs, thermal load reduction strategies, and the thermal credits 
necessary to offset the thermal loads for 2030 conditions.  

Table 3 
Estimated Thermal Load and Credits (2030 Conditions) 

 
 

Based on the 2030 flow projections, the cumulative excess thermal load to offset from the WWTFs is 
1,760 million kcal/day. Assuming a flow enhancement rate of 40 cfs during July and August, flow 
enhancement activities are estimated to generate 1,039 million kcals/day of thermal credit; 
additionally, the District has generated 530 million kcal/day of thermal credits from riparian shade 
projects. Based on these projections, it is estimated that the District will need to obtain an additional 
191 million kcal/day of thermal credit by 2030 to offset anticipated growth-related increases of 
thermal load from the WWTFs, which equates to about 19 million kcal/day annually. The District 
would generate additional thermal credits necessary to continue to offset the thermal loads from the 
WWTFs with a higher flow enhancement rate and/or additional riparian shade project. The District 
also expects to maintain a cushion of thermal credits to ensure that the thermal load from the WWTFs 
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can be consistently offset. As such, the District expects to generate additional credits beyond those 
stated above with its flow enhancement and riparian shade program. The District will review and 
update thermal credit targets in the annual report based on actual thermal load growth in the service 
area. 

As previously noted, the District expects to significantly expand its recycled water program, which 
results in a direct reduction in thermal loads from the WWTF. The expansion of the recycled water 
program and the reduction in thermal load is not reflected in Table 3. The District expects to continue 
to offset thermal loads from the WWTFs by reducing thermal loads from the WWTFs and generating 
thermal credits from the flow enhancement and riparian planting programs. 

3.2.6.5 CREDIT DURATION 
Sites are eligible for credit enrollment after initial planting has been completed. Credits are effective 
as long as ecological functions are documented and sustained. 

3.2.6.6 UNFORESEEN EVENTS 
An extended drought that severely limits the availability of stored water in Hagg Lake and Barney 
Reservoir may limit the District’s ability to release stored water and offset thermal loads. Under these 
circumstances, the District will notify DEQ and prioritize the use of available stored water to offset 
thermal loads from the WWTFs to the extent feasible.  

Unforeseen events such as floods, fires, or other acts of God may result in a reduction in riparian 
shade across projects. The District conducts additional riparian shade projects beyond those enrolled 
in its water quality trading program. Before enrolling a project, the District will ensure that the project 
meets riparian shade program criteria. The District will then substitute the project 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. 

3.2.7 Monitoring and Verification  
OAR 340-039-0025(5)(g) requires that the water quality trading plan include a description of 
methods and frequency of trading project BMP monitoring. Additionally, OAR 340-039-0025(5)(h) 
requires that the trading plan include a description of how the entity will verify and document for 
each trading project that BMPs are conforming to applicable quality standards and credits are 
generated as planned.  

 
3.2.7.1 FLOW ENHANCEMENT PROGRAM MONITORING 

The District funds the operation of more than 20 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. These data are available 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. The District uses this 
information to manage its stored water releases and to ensure that stored water releases are enhancing 
stream flow. The District also uses the data gathered from the stream flow monitoring stations and 
stored water releases to calculate thermal credits from flow enhancement. 

3.2.7.2 RIPARIAN SHADE PROGRAM MONITORING 
Project monitoring is critical to ensure the success of the riparian planting projects. Revegetated sites 
often need ongoing treatments to address a variety of stressors including invasive species, herbivores 

http://or.water.usgs.gov/tualatin/monitors/
http://apps.wrd.state.or.us/apps/sw/hydro_near_real_time/Default.aspx
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and dry weather. The District implements a robust program to inform maintenance activities and 
verify performance of riparian project sites.  

Visual assessments are conducted at a minimum on an annual basis. These assessments are conducted 
to assess overall project condition, plant growth and mortality, invasive species cover, natural 
recruitment, as well as herbivory protection strategies and other factors that limit plant growth. 
Vegetation-specific data, which consists of species composition, stem density and cover, is collected 
one, three and five years after initial enrollment, and then every five years until year 20. Visual 
assessments and vegetation data are used to address needed maintenance (e.g., interplanting, seeding 
and weed control) and treatment timing. 

Canopy Monitoring 
The District monitors all project sites to assess the development of shade-producing canopy. Canopy 
monitoring is conducted using field measurements and remotely sensed datasets, including Light 
Detection and Ranging (LiDAR) and aerial photos. The District expects that remotely sensed datasets 
will be updated at five-year intervals. Canopy data at project sites will be updated every five years 
based on the most recently available remote sensed or other available data until year 20.  

3.2.8 Tracking and Reporting  
OAR 340-039-0025(5)(i) requires that the water quality trading plan include a description of how 
credit generation, acquisition and usage will be tracked and how this information will be made 
available to the public. The District maintains the following information for each riparian shade 
project:  

1. Project description  
a. Project name  
b. Project location  
c. Land ownership information  
d. Year planted and year enrolled 

2. Site planning information (as described in Section 3.2.3.2)  
3. Baseline compliance assessment 
4. 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. Use of public conservation funds (if any) 
f. Thermal credits from each riparian planting project  

5. Annual site assessment information  
 

In the July and August Discharge Monitoring Reports, the District will report the thermal loads from 
the WWTFs, the thermal credits from water quality trading activities (flow enhancement and riparian 
planting) and the net thermal load to the Tualatin River.  

The District will submit an annual report to DEQ that identifies new riparian shade projects that have 
been implemented during the calendar year and associated information including stream length 
planted, thermal load blocked and thermal credits generated. The annual report of credit trading 
activities will be uploaded onto the District’s website and made available to the public. 
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3.2.9 Adaptive Management 
OAR 340-039-0025(6) requires that the water quality trading plan include an adaptive management 
component that describes how monitoring and other information may be used to adjust trading 
projects. Adaptive management is a key component of the District’s riparian shade program. The 
District’s riparian shade program has evolved significantly since 2004 through the implementation of 
adaptive management practices. For example, the District has found that site preparation is essential 
to rapidly achieve 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 such as 
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 provides rapid cover and 
successful competition from weeds and herbivores. The District found that establishing defensible 
ecological and physical boundaries well beyond those needed to generate thermal credits reduces 
edge effects and increases 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 preordained 
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 
portfolio of riparian projects if the project is not functioning as expected.  

3.2.10 Additional Elements 
3.2.10.1 PUBLIC CONSERVATION FUNDS 

The District collaborates with partners to implement the riparian 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. For 
projects that use public conservations funds, the District seeks credit based on its contribution to 
credit generating activities, which include site preparation, planting, monitoring and maintenance.  

3.2.10.2 ECOLOGICAL BENEFITS  
The District’s water quality 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 scrub-shrub 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 
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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, enhancing riparian areas in 
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 WWTFs, provides a sustainable base flow to 
the mainstem Tualatin River during the dry season. 
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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) watershed-based National Pollutant 
Discharge Elimination System (NPDES) permit. The protocols for determining temperature 
benefits and thermal credits from stored water releases from Hagg Lake, and calculating thermal 
credits from the riparian planting program are the same as in the 2016 NPDES permit. New 
protocols for calculating temperature benefits and thermal credits are included for stored water 
releases from Barney Reservoir.  

1 Flow Enhancement Thermal Credit Calculation 
1.1 Model Used 

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) scenarios 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 
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 10 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 (AWWTF), Durham 
AWWTF, 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 AWWTF flows were set at 21.9 and 17.5 million gallons per day (mgd), respectively. 

1.2 Model Inputs 
For the 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 are the same as those included in the Thermal Load Management 
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Plan that was approved by DEQ with the District’s 2016 watershed-based NPDES permit. The 
District verified that the model inputs are still applicable. These inputs are 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 with the operation of the Forest Grove 
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 from the 
WWTFs are summarized in Table A1. 

Table A1 
July/August Effluent Flows for the District’s WWTFs (mgd) 

 

Facility 
July/August 

Flows 

Solids 
Flows to 

RC 

Flow to River  
(with FG NTS 

Discharge) 

Forest Grove (FG) 2.11 0.5 to RC 
4.82 

Hillsboro (HB) 2.91 0.5 to RC 

Rock Creek (RC) 243 1.0 from  
FG & HB 254 

Durham (DM) 18 N/A 18 
1 Difference between service area flow and flow to the Forest Grove natural 

treatment system is the 0.5 MGD solids carrier water to Rock Creek AWTF 
2 Estimated flow to the river from the Forest Grove natural treatment system 

accounting for infiltration and evapotranspiration 
3 Does not include dry season flows from FG and HB 
4 Includes 1.0 MGD of solids carrier water from the FG and HB facilities (0.5 

mgd from each facility) 
 

1.2.2 Diurnal Water Temperatures for Rock Creek and Durham AWWTFs 
The average hourly values for the last week in July 2013 were used in the model scenarios. These 
temperatures are representative of current (2020) conditions. 

1.2.3 Diurnal Water Temperatures for Forest Grove Natural Treatment System 
During the dry season, the effluent from the Forest Grove WWTF is further treated by the NTS 
prior to discharge to the Tualatin River. The discharge from the NTS was previously analyzed 
using average hourly values for the last week in July from the NTS temperature modeling (South 
Wetlands Basis of Design Report, January 2014). The NTS began operating in 2017; data gathered 
since 2017 suggests that the discharge temperatures are higher than the modeled data. However, 
effluent flows from the NTS are much lower than the flows used in the model scenarios. Table A2 
presents the model inputs from the previous evaluation, year 2020 effluent flows and temperatures, 
and the thermal loads.  
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Table A2 
Comparison of Previously Modeled and 2020 Effluent Flows and Temperatures  

Scenario  

Average 
Effluent 

Flow 

Average July 
Effluent 

Temperature 
Excess 

Thermal Load* 

Previously 
Modeled 4.8 MGD 18.5 ºC 123 Mkcal/day 

2020 
Conditions 2.6 MGD 22.1 ºC 102 Mkcal/day 
* Excess Thermal Load was calculated based on system potential 

temperatures from the 2001 TMDL. 

 

The 2020 thermal load to the river is lower than the previously modeled thermal load. Thus, no 
changes were made to the NTS inputs as the previous analysis was conservative when compared 
with 2020 conditions. 

1.2.4 Riparian Shade Conditions 
Riparian shade 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 riparian shade conditions from the 2001 Tualatin TMDL were used in the model 
scenarios.  

1.2.5 Flow Enhancement 
BACKGROUND 
Stream flow in the Tualatin River reflects the regional climate with higher flows during the rainy 
winter season (approximately November to April) and lower flows 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 AWWTF releases in the lower portion of the watershed. Flow management is 
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 (24%) 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). The District releases stored water from Hagg Lake and Barney 
Reservoir to enhance stream flows in the Tualatin River watershed and improve water quality.  

MAINSTEM TUALATIN RIVER  
Stored water to the mainstem Tualatin River is released from Hagg Lake and Barney Reservoir. 
During the period simulated (i.e., July 1999) and the 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 onward). 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 45 mainstem scenarios. These 
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scenarios included nine 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 the Rock Creek and Durham AWWTFs were determined for each scenario 
simulated and compared to water temperatures at those locations for the baseline simulation. 

Table A3 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 A3 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 previous 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 A3 are consistent with 
previous evaluations and were not changed for this evaluation). The other model inputs for 
municipal and irrigation releases and withdrawals, and other distributed withdrawals and gains, are 
the same as those used in the previous evaluations. 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 
from Table A1 were used in the evaluation. 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. This is done in partnership with the Tualatin Valley Irrigation 
District (TVID) and local farmers. The District adds a total of about 6 cfs to several tributaries 
(Gales, East Fork Dairy, Dairy and McKay creeks). TVID increases its withdrawals at the 
Springhill Pump Plant (SHPP), routes the additional water through its distribution system, and 
releases it into tributaries. Tributary models of each of these streams were simulated with 
additional flow at the following locations: 

• McKay Creek (RM 7.0) ............ 2 cfs 

• EF Dairy Creek (RM 4.9) ......... 1 cfs 

• WF 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 A3 
Heat Source Model Scenarios Matrix 

 
Low Flow 

Medium 
Flow 1999 High Flow Higher Flow 

scale factor1 0.588 0.729 1 1.154 1.5 
Model Inputs 
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 
Components of Barney 
Release      
JWC (municipal use) 20.0 20.0 20.0 20.0 20.0 
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 
Calculated flows 
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 172.2+CWS 208.8+CWS 
(all values in cfs except for scale factor) 
1 The scale factor was applied to flow values in shaded rows. 
2 “CWS” represents the flow enhancement water provided by the District from Hagg Lake. 
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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 A4. 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 A4 are conservative because the actual temperatures 
of restored flows to the tributaries will be cooler than the model input temperatures. 

Table A4 
Example Water Temperature Results at the Mouth of Tributaries 

Tributary Scenario 0:00 3:00 6:00 9:00 12:00 15:00 18:00 21:00 

McKay 
Creek 

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 

East Fork 
Dairy 
Creek 

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 

Dairy 
Creek 

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 

Gales 
Creek 

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. 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 
AWWTFs are presented in Figure A1 and Figure A2, respectively. Results in the charts are shown 
as solid points while the previous (2005) results are shown as outline points. For the Rock Creek 
AWWTF, the results show slightly cooler temperatures 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 
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the reach between the Forest Grove and Rock Creek WWTFs. The results at the Durham AWWTF 
are substantially cooler than the previous analysis. This is likely because the higher flow from the 
Rock Creek AWWTF further reduces travel time in the lower section of the river between the 
Rock Creek and Durham AWWTFs. 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 AWWTFs. 

Figure A1 
Temperature Difference Upstream of Rock Creek AWWTF  
Due to Flow Enhancement from Hagg Lake 

 
Note: Solid points from additional model scenarios and outline points from previous model scenarios 
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Figure A2 
Temperature Difference Upstream of Durham AWWTF  
Due to Flow Enhancement from Hagg Lake 
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The temperature differences predicted by the model scenarios near Forest Grove were defined in 
the 2016 TLMP. The water temperature results near Forest Grove are shown in Table A5. 

Table A5 
Simulated Difference in Maximum Daily Temperature at Forest Grove WWTF 

Flow 
Enhancement 

(cfs) 

River Flow Upstream of Forest Grove WWTF without Flow Enhancement 
29.9 cfs 37.1 cfs 50.9 cfs 58.7 cfs 76.4 cfs 

10 -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 

 

  



 
 

 
CWS Appendix A: Thermal Credit Calculations 9 
July 2021 

1.4 Empirical Equations for Stored Water Releases from Hagg Lake 
An empirical equation was developed to determine the resulting temperature change at each 
WWTF (Rock Creek, Durham and Forest Grove). The District will continue to use the same 
equations to calculate thermal credit as specified in the previous evaluations. To predict the 
temperature differences due to flow enhancement just above the Rock Creek AWWTF, 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 𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐹𝐹𝐴𝐴 𝐴𝐴𝑎𝑎 % 𝐹𝐹𝑜𝑜 𝑂𝑂𝑂𝑂𝐴𝐴𝑂𝑂𝐴𝐴𝐹𝐹𝐹𝐹 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =  
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐴𝐴ℎ𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

𝐹𝐹𝐴𝐴𝑂𝑂𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐹𝐹𝐴𝐴 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 − 𝑅𝑅𝐹𝐹𝑎𝑎𝑅𝑅 𝐶𝐶𝑂𝑂𝐴𝐴𝐴𝐴𝑅𝑅 𝐴𝐴𝐴𝐴𝐴𝐴𝐹𝐹 
 

Where: 
Flow Enhancement = Daily Average CWS Release Rate from Hagg Lake (cfs) 
Farmington Flow = Daily Average Tualatin River flow at Farmington Gage (cfs) 
Rock Creek AWTF = Daily Average Rock Creek AWWTF Effluent Flow (cfs) 
 

The flow enhancement transformation required to predict the temperature differences due to flow 
enhancement just above the Durham AWWTF 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 
AWWTF as follows: 

𝐴𝐴𝑂𝑂𝐴𝐴𝐴𝐴𝑎𝑎𝑜𝑜𝐹𝐹𝑂𝑂𝐴𝐴𝐴𝐴𝑇𝑇 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐴𝐴ℎ𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴 =
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐴𝐴ℎ𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

1 + 𝐴𝐴^[(−0.03941)(𝐹𝐹𝐴𝐴𝑂𝑂𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐹𝐹𝐴𝐴 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 − 145.5)]
 

Where:  
Flow Enhancement and Farmington Flow represent daily average flows 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 AWWTFs are presented below.  

Temperature Change at Rock Creek AWWTF (°C): 

𝛥𝛥𝐴𝐴 = (5.014) �1− 𝐴𝐴�
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐸𝐸ℎ𝑎𝑎𝐸𝐸𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝑎𝐸𝐸𝑎𝑎

𝐹𝐹𝑎𝑎𝐹𝐹𝑎𝑎𝐹𝐹𝐸𝐸𝐹𝐹𝑎𝑎𝐹𝐹𝐸𝐸 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹−𝑅𝑅𝐹𝐹𝑎𝑎𝑅𝑅 𝐶𝐶𝐹𝐹𝑎𝑎𝑎𝑎𝑅𝑅 𝐴𝐴𝐴𝐴𝐴𝐴𝐹𝐹�� 

Temperature Change at Durham AWWTF (°C): 

𝛥𝛥𝐴𝐴 = (−0.02636)
𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐴𝐴ℎ𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴

1 + 𝐴𝐴^[(−0.03941)(𝐹𝐹𝐴𝐴𝑂𝑂𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐹𝐹𝐴𝐴 𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 − 145.5)]
 

Where: 
Flow Enhancement at Rock Creek AWWTF = Flow Enhancement as Percent of River Flow Just 

Upstream of the AWWTF (%) 
Flow Enhancement at Durham AWWTF = Transformed Flow Enhancement (as defined above, in cfs) 
Farmington Flow = Daily Average Tualatin River flow at Farmington Gage (cfs)  
Rock Creek AWWTF = Daily Average Rock Creek AWWTF Effluent Flow (cfs) 
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Temperature changes as a result of flow enhancement at the Forest Grove WWTF are calculated 
using the following equation: 

𝛥𝛥𝐴𝐴 = (0.2349)(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐴𝐴ℎ𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴)2 − 1.2906(𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 𝐸𝐸𝐴𝐴ℎ𝐴𝐴𝐴𝐴𝑎𝑎𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴)− 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 A3 for the upstream 
location near Forest Grove. The empirical function fit the model results very well with an 
R-squared value of 0.98. 

Figure A3 
Temperature Difference Upstream of Forest Grove WWTF  
Due to Flow Enhancement from Hagg Lake 
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1.5 Empirical Equations for Stored Water Releases from Barney Reservoir  
As noted in section 1.2.5, the District releases stored water from Barney Reservoir in September 
and October to supplement stream flows and enhance water quality. This section provides 
information on how thermal credits will be calculated for stored water releases from Barney 
Reservoir.  
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The mainstem and tributary CCC versions of the Heat Source models were used in this assessment. 
The CCC version specifies the inflow from Barney Reservoir, which represents stored water 
releases from Barney Reservoir for municipal water suppliers and does not include contributions 
from the District. To represent a range of potential District water releases, a series of scenarios 
were modeled in which the flow enhancement from Barney Reservoir was increased incrementally 
from 1 cfs to 20 cfs. In addition, the District modeled a series of scenarios that represent a range of 
Tualatin River flows that are typical of dry season conditions. The river flows were calculated 
upstream of the Rock Creek AWWTF and upstream of the Durham AWWTF. The gage at 
Farmington Road was used to represent river flow upstream of Durham AWWTF. The river flow 
upstream of Rock Creek AWWTF was calculated by subtracting the daily average effluent flow 
from Rock Creek AWWTF from the daily average flow measured at the gage at Farmington Road. 
The resulting temperatures and flows from these scenarios were used to calculate the instream 
temperature benefits (∆T) upstream of Forest Grove, Rock Creek and Durham WWTFs.  

The figure below shows an example longitudinal profile from the modeling results. Profiles 
labeled “CCC” represent the Current Calibrated Conditions water temperatures and flow, and 
profiles labeled “CCC +14 cfs” represent the flow enhancement of 14 cfs of stored water from 
Barney Reservoir. The temperature benefit is shaded in blue. The flow enhancement from 
additional stored water releases from Barney Reservoir provide significant cooling in the upper 
Tualatin River above the confluence with Scoggins Creek. At the Forest Grove WWTF, the 
modeling does not show temperature benefits, probably due to the proximity of the significant 
inflow from Hagg Lake via Scoggins Creek (about 6 miles upstream), which is cooler than the 
instream temperatures and more than quadruples the river flow at the confluence. At the Rock 
Creek and Durham AWWTFs, the flow enhancement from Barney Reservoir lowers the instream 
water temperature by the amount shaded blue.  

Figure A3 
Longitudinal Temperature Profile of Temperature Benefits from Barney Reservoir Releases 

 

The temperature benefits at the Rock Creek and Durham AWWTFs were plotted against the 
corresponding ratio of flow enhancement to river flow upstream of the AWWTFs (A5 and A6). 
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These plots showed linear relationships, with R2 values of 0.98 and 0.91, respectively. As flow 
enhancements increased at the Rock Creek and Durham AWWTFs, the temperature benefits 
increased.  

Figure A5 
Rock Creek AWWTF  
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Figure A6 
Durham AWWTF  
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The equations for calculating temperature changes due to flow enhancement and river flow 
upstream of each AWWTF are presented below.  
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Temperature change above the Rock Creek AWWTF due to additional Barney Reservoir 
releases (°C): 

 

∆TRC = (3.5896)*(Flow Enhancement/River FlowRC) 

Where:  
 ∆TRC  = temperature change above the Rock Creek AWTF (°C) 
 Flow Enhancement = Daily Average CWS Release from Barney Reservoir (cfs) 

River FlowRC = Daily Average Tualatin River flow at Farmington Gage (cfs) – Daily Average Rock 
Creek AWTF effluent flow (cfs)  

 
Temperature change above the Durham AWTF due to additional Barney Reservoir releases (°C): 

 

∆TDM = (4.796)*(Flow Enhancement/River FlowDM) 

Where:  
∆TDM = temperature change above the Durham AWTF (°C) 
Flow Enhancement = Daily Average CWS Release from Barney Reservoir (cfs)  
River FlowDM = Daily Average Tualatin River flow at Farmington gage (cfs) 

 
1.6 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 𝐴𝐴𝐴𝐴𝐹𝐹 =  
1 𝑅𝑅𝑎𝑎𝐴𝐴𝐹𝐹
1 𝑅𝑅𝐴𝐴°𝐶𝐶

 𝑥𝑥 𝑄𝑄𝑅𝑅𝐹𝐹𝑅𝑅𝑎𝑎𝐹𝐹 𝑥𝑥 
1 𝐴𝐴3

35.3 𝑜𝑜𝐴𝐴3
 𝑥𝑥 

1000 𝑅𝑅𝐴𝐴
1 𝐴𝐴3  𝑥𝑥 

86400 𝑎𝑎𝐴𝐴𝑎𝑎
1 𝑇𝑇𝐴𝐴𝑑𝑑

 𝑥𝑥 ∆𝐴𝐴𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐴𝐴𝐴𝐴𝐹𝐹 

 
Where: 
For the Rock Creek AWWTF, QRiver = Daily Average Tualatin River flow at Farmington gage – 

Daily Average Rock Creek AWWTF Effluent flow (cfs) 

For the Durham AWWTF, QRiver = Daily Average Tualatin River flow at Farmington gage (cfs) 

For the Forest Grove WWTF, QRiver = Daily Average Tualatin River flow at Golf Course Road 
gage – Daily Average Forest Grove WWTF Effluent 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 AWWTFs for 
August 2020 is shown in Table A6. 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 NTS.  
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Table A6 
Thermal Credits from Flow Enhancement (Daily) 

 

  

Date
Durham WWTF 
Effluent Flow

(MGD)

Durham 
WWTF 

Effluent 
Temperature 

(F)

Durham 
WWTF 

Effluent 
Temperature

(C)

Rock Creek 
WWTF 

Effluent Flow
(MGD)

Rock Creek 
WWTF 

Effluent 
Temperature 

(F)

Rock Creek 
WWTF 

Effluent 
Temperature

(C)

Forest Grove 
NTS Effluent 

Flow        
(MGD)

Forest Grove 
NTS Effluent 
Temperature 

(F)

Forest Grove 
NTS Effluent 

Temperature (C)

Thermal Credit 
for Flow 

Enhancement at 
Forest Grove 
(million kcal/d)

Thermal Credit 
for Flow 

Enhancement at 
Rock Creek 

(million kcal/d)

Thermal Credit 
for Flow 

Enhancement 
at Durham 

(million kcal/d)

8/1/2020 15.4 73.2 22.9 23.8 72.4 22.4 2.8 71.40 21.9 -157 -651 -399
8/2/2020 15.6 73.2 22.9 24.2 72.5 22.5 2.9 71.80 22.1 -158 -649 -416
8/3/2020 15.7 73.2 22.9 24.2 72.5 22.5 2.8 71.60 22.0 -158 -648 -427
8/4/2020 16.1 73.3 23.0 24.4 72.7 22.6 2.8 72.00 22.2 -140 -567 -365
8/5/2020 15.8 73.5 23.0 23.6 72.8 22.7 2.9 71.50 21.9 -136 -577 -286
8/6/2020 15.8 72.6 22.5 24.0 72.2 22.3 2.9 67.70 19.8 -136 -584 -237
8/7/2020 15.8 72.7 22.6 25.8 72.1 22.3 2.9 67.70 19.8 -136 -586 -242
8/8/2020 15.4 72.7 22.6 24.1 72.0 22.2 2.8 67.70 19.8 -136 -584 -242
8/9/2020 15.7 72.7 22.6 24.6 72.1 22.3 2.7 67.70 19.8 -137 -585 -237

8/10/2020 15.8 73.0 22.8 24.3 72.5 22.5 2.7 69.60 20.9 -134 -582 -253
8/11/2020 15.6 72.9 22.7 23.7 72.2 22.3 2.7 67.60 19.8 -148 -681 -225
8/12/2020 15.8 72.5 22.5 23.5 71.9 22.2 2.7 66.10 18.9 -149 -681 -220
8/13/2020 15.7 72.6 22.5 24.0 71.9 22.2 2.6 66.20 19.0 -162 -771 -270
8/14/2020 15.2 72.9 22.7 23.9 72.3 22.4 2.6 67.90 19.9 -166 -769 -276
8/15/2020 14.4 73.6 23.1 23.0 73.0 22.8 2.6 72.00 22.2 -186 -841 -400
8/16/2020 15.1 73.7 23.2 24.5 73.3 22.9 2.6 73.60 23.1 -185 -825 -501
8/17/2020 15.7 74.0 23.3 24.3 73.7 23.2 2.7 74.70 23.7 -188 -826 -494
8/18/2020 15.7 74.2 23.5 23.9 73.5 23.1 2.7 73.90 23.3 -187 -820 -529
8/19/2020 15.6 74.2 23.4 23.8 73.4 23.0 2.8 73.50 23.1 -169 -732 -481
8/20/2020 15.4 74.1 23.4 24.2 73.4 23.0 2.9 72.40 22.4 -150 -659 -352
8/21/2020 15.6 73.9 23.3 26.5 73.1 22.8 2.2 70.10 21.2 -150 -665 -333
8/22/2020 15.8 73.8 23.2 25.0 72.8 22.7 1.4 68.80 20.4 -152 -661 -346
8/23/2020 15.5 73.7 23.2 26.1 72.6 22.6 0.7 69.80 21.0 -151 -661 -352
8/24/2020 17.1 73.6 23.1 24.0 72.6 22.6 0.7 69.80 21.0 -149 -661 -333
8/25/2020 16.6 73.6 23.1 23.5 72.4 22.4 1.4 70.60 21.4 -145 -674 -255
8/26/2020 15.9 73.5 23.1 23.7 72.4 22.4 2.1 71.20 21.8 -158 -782 -225
8/27/2020 15.7 73.5 23.0 23.7 72.5 22.5 2.7 72.10 22.3 -176 -871 -283
8/28/2020 15.0 73.5 23.1 24.0 72.8 22.7 2.7 69.80 21.0 -176 -853 -356
8/29/2020 14.8 73.3 22.9 23.0 72.5 22.5 2.7 66.20 19.0 -175 -847 -370
8/30/2020 15.5 72.8 22.7 24.0 72.2 22.3 2.7 65.20 18.4 -177 -851 -363
8/31/2020 15.1 73.1 22.8 24.0 72.3 22.4 2.6 66.50 19.2 -175 -840 -415
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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 are calculated in 
the District’s 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. 

• 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 (Version 6.0), 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 period used to calculate 
flow enhancement credits, thermal credits from riparian shade are calculated for the July/August 
time period. 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 local landscapers, foresters and nurseries, estimates of canopy height 
and density expected after a 20-year shade establishment period are summarized in Table A7. 
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Table A7 
Estimated Riparian Zone Characteristics in 20 Years 

Plant Community/ 
Restoration Type a Height in 20 years 

Canopy Density in  
20 years if fully planted Stream Overhang b 

Forest 60 ft (18.3 m) 75% 10 ft (3 m) 
Savanna 20 ft (6.1 m) 75% 3 ft (1 m) 
Wetland 20 ft (6.1 m) 75% 2 ft (0.6 m) 

Emergent Marsh 4 ft (1.2 m) 95% 1 ft (0.3 m) 
a. 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 A8 and A9. 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 A8 and A9 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 A8 
Example Baseline Shade Input Data to the Shade-A-Lator Model 

 
  

PROJECT
Segment 
Length

(ft)

Orientation
(0 deg=N)

Wetted 
Width

(ft)

NSDZ Width
(ft)

Channel 
Incision

(ft)

LB
0-15 ft 

LB
15-30 ft 

LB
30-45ft 

LB
45-60 ft 

LB
60-75 ft 

LB
75-90 ft 

LB
90-105 ft 

LB
105-120 ft 

LB
120-135 ft 

RB
0-15 ft 

RB
15-30 ft 

RB
30-45ft 

RB
45-60 ft 

RB
60-75 ft 

RB
75-90 ft 

RB
90-105 ft 

RB
105-120 ft 

RB
120-135 ft 

2365 - West Trib. Abbey Creek 100 319 14.7 27.7 1.6 1150 1150 1000 1000 1000 1000 1000 1000 1000 1125 1125 1125 1150 1150 1000 1000 1000 1000
2365 - West Trib. Abbey Creek 100 293 14.7 27.7 1.6 1175 1175 1175 1125 1000 1000 1000 1000 1000 1100 1100 1150 1175 1175 1175 1175 1175 1125
2365 - West Trib. Abbey Creek 100 278 14.7 27.7 1.6 1125 1150 1150 1000 1000 1000 1000 1000 1000 1325 1125 1125 1150 1175 1175 1175 1175 1125
2365 - West Trib. Abbey Creek 100 276 14.7 27.7 1.6 1150 1175 1175 1150 1000 1000 1000 1000 1000 1100 1125 1175 1175 1175 1175 1150 1125 1000
2365 - West Trib. Abbey Creek 100 269 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1100 1125 1175 1175 1175 1175 1125 1100 1000
2365 - West Trib. Abbey Creek 100 289 14.7 27.7 1.6 1325 1150 1175 1175 1000 1000 1000 1000 1000 1325 1150 1175 1175 1175 1175 1150 1100 1000
2365 - West Trib. Abbey Creek 100 304 14.7 27.7 1.6 1175 1175 1175 1175 1175 1000 1000 1000 1000 1175 1175 1125 1150 1175 1175 1125 1100 1000
2365 - West Trib. Abbey Creek 100 294 14.7 27.7 1.6 1175 1175 1175 1175 1000 1000 1000 1000 1000 1175 1175 1150 1125 1175 1175 1125 1000 1000
2365 - West Trib. Abbey Creek 100 297 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1175 1175 1175 1175 1175 1175 1175 1150 1000
2365 - West Trib. Abbey Creek 100 292 14.7 27.7 1.6 1175 1175 1175 1175 1000 1000 1000 1000 1000 1175 1175 1175 1000 1000 1000 1175 1175 1000
2365 - West Trib. Abbey Creek 100 299 14.7 27.7 1.6 1175 1175 1175 1175 1000 1000 1000 1000 1000 1175 1175 1150 1000 1000 1175 1175 1175 1000
2365 - West Trib. Abbey Creek 100 299 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1150 1150 1175 1000 1000 1150 1125 1000 1000
2365 - West Trib. Abbey Creek 100 306 14.7 27.7 1.6 1150 1175 1175 1000 1000 1000 1000 1000 1000 1125 1150 1000 1000 1000 1000 1000 1000 1000
2365 - West Trib. Abbey Creek 100 305 14.7 27.7 1.6 1175 1175 1000 1000 1000 1000 1000 1000 1000 1150 1175 1000 1000 1000 1000 1000 1000 1000
2365 - West Trib. Abbey Creek 100 317 14.7 27.7 1.6 1150 1150 1150 1000 1000 1000 1000 1000 1000 1125 1100 1150 1150 1125 1000 1000 1000 1000
2365 - West Trib. Abbey Creek 100 320 14.7 27.7 1.6 1175 1175 1175 1175 1175 1175 1150 1000 1000 1175 1325 1325 1375 1375 1175 1175 1175 1000
2365 - West Trib. Abbey Creek 66 353 14.7 27.7 1.6 1125 1000 1000 1000 1000 1000 1000 1000 1000 1150 1350 1350 1375 1375 1350 1350 1375 1375
2365 - West Trib. Abbey Creek 100 347 14.7 27.7 1.6 1175 1175 1150 1150 1000 1000 1000 1000 1000 1125 1300 1300 1300 1300 1300 1325 1325 1350
2365 - West Trib. Abbey Creek 100 318 14.7 27.7 1.6 1125 1175 1175 1175 1000 1000 1000 1000 1000 1125 1325 1325 1325 1300 1300 1300 1300 1325
2365 - West Trib. Abbey Creek 100 304 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1150 1350 1325 1350 1350 1350 1350 1300 1300
2365 - West Trib. Abbey Creek 100 289 14.7 27.7 1.6 1175 1175 1125 1000 1000 1000 1000 1000 1000 1175 1375 1375 1375 1375 1375 1375 1325 1325
2365 - West Trib. Abbey Creek 100 291 14.7 27.7 1.6 1175 1175 1175 1175 1175 1000 1000 1000 1000 1175 1375 1375 1375 1375 1375 1375 1175 1175
2365 - West Trib. Abbey Creek 100 288 14.7 27.7 1.6 1175 1175 1175 1175 1150 1150 1100 1125 1100 1175 1175 1175 1175 1175 1175 1175 1175 1175
2365 - West Trib. Abbey Creek 54 334 14.7 27.7 1.6 1175 1175 1175 1175 1175 1175 1175 1150 1150 1175 1150 1350 1375 1375 1175 1175 1150 1125
2365 - West Trib. Abbey Creek 100 299 14.7 27.7 1.6 1175 1175 1175 1175 1175 1175 1150 1150 1175 1175 1175 1350 1325 1350 1175 1175 1150 1125
2365 - West Trib. Abbey Creek 100 273 14.7 27.7 1.6 1150 1125 1125 1125 1175 1175 1175 1175 1150 1150 1100 1100 1125 1125 1125 1000 1000 1000
2365 - West Trib. Abbey Creek 100 308 14.7 27.7 1.6 1125 1125 1125 1150 1175 1175 1175 1175 1150 1175 1175 1175 1175 1175 1175 1125 1000 1000
2365 - West Trib. Abbey Creek 100 296 14.7 27.7 1.6 1175 1150 1175 1175 1175 1175 1175 1175 1150 1175 1175 1175 1175 1175 1175 1150 1100 1000

STREAM INFORMATION RIPARIAN CODES -- LEFT BANK-- code only vegetation that CWS is responsible for RIPARIAN CODES -- RIGHT BANK-- code only vegetation that CWS is responsible for
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Table A9 
Example Enhanced Shade Input Data to the Shade-A-Lator Model 

PROJECT
Segment 
Length

(ft)

Orientation
(0 deg=N)

Wetted 
Width

(ft)

NSDZ Width
(ft)

Channel 
Incision

(ft)

LB
0-15 ft 

LB
15-30 ft 

LB
30-45ft 

LB
45-60 ft 

LB
60-75 ft 

LB
75-90 ft 

LB
90-105 ft 

LB
105-120 ft 

LB
120-135 ft 

RB
0-15 ft 

RB
15-30 ft 

RB
30-45ft 

RB
45-60 ft 

RB
60-75 ft 

RB
75-90 ft 

RB
90-105 ft 

RB
105-120 ft 

RB
120-135 ft 

2365 - West Trib. Abbey Creek 100 319 14.7 27.7 1.6 1175 1175 1000 1000 1000 1000 1000 1000 1000 1175 1175 1175 1175 1175 1000 1000 1000 1000
2365 - West Trib. Abbey Creek 100 293 14.7 27.7 1.6 1175 1175 1175 1175 1000 1000 1000 1000 1000 1175 1175 1175 1175 1175 1175 1175 1175 1175
2365 - West Trib. Abbey Creek 100 278 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1375 1175 1175 1175 1175 1175 1175 1175 1175
2365 - West Trib. Abbey Creek 100 276 14.7 27.7 1.6 1175 1175 1175 1175 1000 1000 1000 1000 1000 1175 1175 1175 1175 1175 1175 1175 1175 1000
2365 - West Trib. Abbey Creek 100 269 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1175 1175 1175 1175 1175 1175 1175 1175 1000
2365 - West Trib. Abbey Creek 100 289 14.7 27.7 1.6 1375 1175 1175 1175 1000 1000 1000 1000 1000 1375 1175 1175 1175 1175 1175 1175 1175 1000
2365 - West Trib. Abbey Creek 100 304 14.7 27.7 1.6 1175 1175 1175 1175 1175 1000 1000 1000 1000 1175 1175 1175 1175 1175 1175 1175 1175 1000
2365 - West Trib. Abbey Creek 100 294 14.7 27.7 1.6 1175 1175 1175 1175 1000 1000 1000 1000 1000 1175 1175 1175 1175 1175 1175 1175 1000 1000
2365 - West Trib. Abbey Creek 100 297 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1175 1175 1175 1175 1175 1175 1175 1175 1000
2365 - West Trib. Abbey Creek 100 292 14.7 27.7 1.6 1175 1175 1175 1175 1000 1000 1000 1000 1000 1175 1175 1175 1000 1000 1000 1175 1175 1000
2365 - West Trib. Abbey Creek 100 299 14.7 27.7 1.6 1175 1175 1175 1175 1000 1000 1000 1000 1000 1175 1175 1175 1000 1000 1175 1175 1175 1000
2365 - West Trib. Abbey Creek 100 299 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1175 1175 1175 1000 1000 1175 1175 1000 1000
2365 - West Trib. Abbey Creek 100 306 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1175 1175 1000 1000 1000 1000 1000 1000 1000
2365 - West Trib. Abbey Creek 100 305 14.7 27.7 1.6 1175 1175 1000 1000 1000 1000 1000 1000 1000 1175 1175 1000 1000 1000 1000 1000 1000 1000
2365 - West Trib. Abbey Creek 100 317 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1175 1175 1175 1175 1175 1000 1000 1000 1000
2365 - West Trib. Abbey Creek 100 320 14.7 27.7 1.6 1175 1175 1175 1175 1175 1175 1175 1000 1000 1175 1375 1375 1375 1375 1175 1175 1175 1000
2365 - West Trib. Abbey Creek 66 353 14.7 27.7 1.6 1175 1000 1000 1000 1000 1000 1000 1000 1000 1175 1375 1375 1375 1375 1375 1375 1375 1375
2365 - West Trib. Abbey Creek 100 347 14.7 27.7 1.6 1175 1175 1175 1175 1000 1000 1000 1000 1000 1175 1375 1375 1375 1375 1375 1375 1375 1375
2365 - West Trib. Abbey Creek 100 318 14.7 27.7 1.6 1175 1175 1175 1175 1000 1000 1000 1000 1000 1175 1375 1375 1375 1375 1375 1375 1375 1375
2365 - West Trib. Abbey Creek 100 304 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1175 1375 1375 1375 1375 1375 1375 1375 1375
2365 - West Trib. Abbey Creek 100 289 14.7 27.7 1.6 1175 1175 1175 1000 1000 1000 1000 1000 1000 1175 1375 1375 1375 1375 1375 1375 1375 1375
2365 - West Trib. Abbey Creek 100 291 14.7 27.7 1.6 1175 1175 1175 1175 1175 1000 1000 1000 1000 1175 1375 1375 1375 1375 1375 1375 1175 1175
2365 - West Trib. Abbey Creek 100 288 14.7 27.7 1.6 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175
2365 - West Trib. Abbey Creek 54 334 14.7 27.7 1.6 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1375 1375 1375 1175 1175 1175 1175
2365 - West Trib. Abbey Creek 100 299 14.7 27.7 1.6 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1375 1375 1375 1175 1175 1175 1175
2365 - West Trib. Abbey Creek 100 273 14.7 27.7 1.6 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1000 1000 1000
2365 - West Trib. Abbey Creek 100 308 14.7 27.7 1.6 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1000 1000
2365 - West Trib. Abbey Creek 100 296 14.7 27.7 1.6 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1175 1000

STREAM INFORMATION RIPARIAN CODES -- LEFT BANK-- code only vegetation that CWS is responsible for RIPARIAN CODES -- RIGHT BANK-- code only vegetation that CWS is responsible for
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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 A10 and A11 present the effective shade from the Shad-A-Lator model and the 
thermal load blocked for each 100-foot segment for the West Tributary Abbey Creek project 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 A10 
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
Effective 

Shade
(%)

Thermal Load 
Blocked
(kcal/d)

Segment 
Length

(ft)

Orientation
(0 deg=N)

Wetted 
Width

(ft)

NSDZ Width
(ft)

Channel 
Incision

(ft)
2365 - West Trib Abbey Creek 49.9% 3.5E+05 100 319 14.7 27.7 1.6
2365 - West Trib Abbey Creek 65.8% 4.6E+05 100 293 14.7 27.7 1.6
2365 - West Trib Abbey Creek 36.4% 2.6E+05 100 278 14.7 27.7 1.6
2365 - West Trib Abbey Creek 57.7% 4.1E+05 100 276 14.7 27.7 1.6
2365 - West Trib Abbey Creek 77.2% 5.4E+05 100 269 14.7 27.7 1.6
2365 - West Trib Abbey Creek 26.2% 1.8E+05 100 289 14.7 27.7 1.6
2365 - West Trib Abbey Creek 78.4% 5.5E+05 100 304 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.3% 5.6E+05 100 294 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.3% 5.6E+05 100 297 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.5% 5.6E+05 100 292 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.0% 5.6E+05 100 299 14.7 27.7 1.6
2365 - West Trib Abbey Creek 76.5% 5.4E+05 100 299 14.7 27.7 1.6
2365 - West Trib Abbey Creek 59.4% 4.2E+05 100 306 14.7 27.7 1.6
2365 - West Trib Abbey Creek 73.5% 5.2E+05 100 305 14.7 27.7 1.6
2365 - West Trib Abbey Creek 52.1% 3.7E+05 100 317 14.7 27.7 1.6
2365 - West Trib Abbey Creek 77.7% 5.5E+05 100 320 14.7 27.7 1.6
2365 - West Trib Abbey Creek 36.9% 1.7E+05 66 353 14.7 27.7 1.6
2365 - West Trib Abbey Creek 58.2% 4.1E+05 100 347 14.7 27.7 1.6
2365 - West Trib Abbey Creek 46.9% 3.3E+05 100 318 14.7 27.7 1.6
2365 - West Trib Abbey Creek 72.8% 5.1E+05 100 304 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.5% 5.6E+05 100 289 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.2% 5.6E+05 100 291 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.7% 5.6E+05 100 288 14.7 27.7 1.6
2365 - West Trib Abbey Creek 82.6% 3.1E+05 54 334 14.7 27.7 1.6
2365 - West Trib Abbey Creek 78.9% 5.6E+05 100 299 14.7 27.7 1.6
2365 - West Trib Abbey Creek 58.1% 4.1E+05 100 273 14.7 27.7 1.6
2365 - West Trib Abbey Creek 47.9% 3.4E+05 100 308 14.7 27.7 1.6
2365 - West Trib Abbey Creek 77.3% 5.4E+05 100 296 14.7 27.7 1.6

SHADE & HEAT STREAM INFORMATION
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Table A11 
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
Effective 

Shade
(%)

Thermal Load 
Blocked
(kcal/d)

Segment 
Length

(ft)

Orientation
(0 deg=N)

Wetted 
Width

(ft)

NSDZ Width
(ft)

Channel 
Incision

(ft)

2365 - West Trib Abbey Creek 77.3% 5.4E+05 100 319 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.4% 5.6E+05 100 293 14.7 27.7 1.6
2365 - West Trib Abbey Creek 72.2% 5.1E+05 100 278 14.7 27.7 1.6
2365 - West Trib Abbey Creek 76.5% 5.4E+05 100 276 14.7 27.7 1.6
2365 - West Trib Abbey Creek 81.6% 5.7E+05 100 269 14.7 27.7 1.6
2365 - West Trib Abbey Creek 40.4% 2.8E+05 100 289 14.7 27.7 1.6
2365 - West Trib Abbey Creek 78.8% 5.5E+05 100 304 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.3% 5.6E+05 100 294 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.3% 5.6E+05 100 297 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.4% 5.6E+05 100 292 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.0% 5.6E+05 100 299 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.0% 5.6E+05 100 299 14.7 27.7 1.6
2365 - West Trib Abbey Creek 77.4% 5.4E+05 100 306 14.7 27.7 1.6
2365 - West Trib Abbey Creek 76.3% 5.4E+05 100 305 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.2% 5.6E+05 100 317 14.7 27.7 1.6
2365 - West Trib Abbey Creek 78.3% 5.5E+05 100 320 14.7 27.7 1.6
2365 - West Trib Abbey Creek 68.8% 3.2E+05 66 353 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.9% 5.6E+05 100 347 14.7 27.7 1.6
2365 - West Trib Abbey Creek 77.4% 5.4E+05 100 318 14.7 27.7 1.6
2365 - West Trib Abbey Creek 76.8% 5.4E+05 100 304 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.4% 5.6E+05 100 289 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.2% 5.6E+05 100 291 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.6% 5.6E+05 100 288 14.7 27.7 1.6
2365 - West Trib Abbey Creek 83.8% 3.2E+05 54 334 14.7 27.7 1.6
2365 - West Trib Abbey Creek 78.9% 5.6E+05 100 299 14.7 27.7 1.6
2365 - West Trib Abbey Creek 77.5% 5.5E+05 100 273 14.7 27.7 1.6
2365 - West Trib Abbey Creek 78.9% 5.6E+05 100 308 14.7 27.7 1.6
2365 - West Trib Abbey Creek 79.4% 5.6E+05 100 296 14.7 27.7 1.6

SHADE & HEAT STREAM INFORMATION

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. To calculate thermal load blocked as a result of riparian 
shade, the District will continue to use the value from the 2001 Tualatin TMDL (6 kWh/m2/day = 480 
kcal/ft2/day) as the potential solar load. 
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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 for all 
projects.  

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 A12. Note that the environmental benefit associated with the riparian shade project 
is labeled as “Thermal Load Reduction.” 
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Table A12 
Example of Riparian Shade Thermal Credit Summary Table  
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Appendix B: Riparian Shade Program  
1.0  General Approach  

Clean Water Services’ (District) approach to implementing the riparian shade program has evolved 
through practical experience and adaptive management over the past 17 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 during this time. 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 
limit broader ecological outcomes. Drawing on the experience and framework built over the past 17 
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 appendix presents an overview of the key aspects of implementing a riparian shade program 
including project prioritization, site planning, site preparation and planting. Note that monitoring and 
maintenance activities are discussed in the Section 3.2.7 of the Thermal Load Management Plan. 

2.0 Project Prioritization  
The District approaches project prioritization with a broad vision of meeting ecological needs through 
opportunities that are anchored in developing 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. 

2.1  Landscape Scale  
To prioritize projects at a landscape scale, the District uses regional datasets developed in-house or by 
its partner agencies. Light Detection and Ranging (LiDAR) and aerial photography are combined to 
derive vegetation 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.  

2.2  Program Scale  
At a program level, the District and its partners target urban and rural areas most in need of riparian 
revegetation and landscapes that contain high value natural resources for conservation.  The District 
and its partners will continue to reach out to landowners in specific priority areas to generate new 
projects. When the District and partners identify project opportunities, they employ specific criteria 
that reflect the strategic purpose of the program and resource improvement opportunities inherent 
with the geography.  

2.3  Project Scale  
Deriving high environmental value from shade investments requires strong project level planning. 
Project-scale priorities are developed with consideration of current site conditions and natural 
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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.  

3.0  Site Planning  
Site planning 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. The 
following information is taken into consideration for site planning:  

1. Project area(s) and water resources. 
2. Identification of desired plant community types.  
3. Schedule and timeline for site preparation and planting.  
4. Site preparation protocols.  
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 B1. 

Figure B1: Typical Revegetation Activity Sequence and Schedule 

 

4.0  Riparian Shade Project Elements  
4.1  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 multiyear contracts with commercial growers of native plants. 
Under these contracts, growers collect seed, propagate, grow and supply more than 30 species of 
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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 Tualatin River Farm 
facility. 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 onsite parent plants or off-site 
sources.  

4.2  Vegetation Management Contractors  
As a result of the riparian planting projects implemented over the past 17 years, 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 Soil and Water 
Conservation District, 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.  

4.3  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 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 one- to three-year cycle, District contractors focus on planting 
thousands of small bare-root, live stake, plug or containerized woody and herbaceous plants 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), contractors perform appropriate seasonal treatments aimed at reducing 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 B1. 
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Table B1 
Selected Revegetation Project Elements, Common Limiting Factors and the R3 Approach 

Project Element Limiting Factor Approach 
Site dynamics Lack of attention to disturbance regimes and 

ecological boundary conditions. 
Conduct detailed evaluation of site conditions. 
Select flood resistant stock sizes and avoid 
using plant protection and irrigation systems.  

Reference site data Sites planted and managed out of context 
often revert to degraded alternate stable 
states. 

Use reference site data as a ‘guiding image’ in 
the context of site conditions and surrounding 
land uses.  

Site boundary 
establishment 

Irregular or illogical site boundaries can 
increase unit costs and lead to reduced 
forest resilience. 

Establish defensible ecological or physical 
boundaries to reduce edge effects. 

Site preparation Large equipment can disrupt soils and 
eliminate existing vegetation. 

Protect existing native vegetation through 
targeted chainsaw clearing and backpack 
herbicide application. 

Ground cover 
establishment 

Bare ground allows colonization of broadleaf 
weeds; tall grasses harbor voles and 
compete with plantings. 

Seed with small-stature native grasses to 
establish effective cover without swamping 
plantings.  

Species diversity Species lists are often divorced from local 
plant communities. 

Develop species lists informed by reference site 
diversity. 

Tree-shrub ratios Lack of appropriate vegetation layers (i.e., 
structural diversity) can facilitate invasion by 
weeds. 

Distinguish between trees, arborescent shrubs, 
small shrubs and thicket-forming shrubs; base 
ratios on reference site data and key threats.  

Planting approach Phased planting (e.g., trees first, shrubs 
later) extends establishment time and 
increases costs. 

Plant all species appropriate for site during the 
initial planting with appropriate spacing and 
ratios.  

Planting density Planting density is often drawn from forestry 
or climax community data. 

Derive plant density from early- and mid-seral 
reference sites.  

Plant mortality Mortality among widely spaced plants 
creates large gaps; mortality of large 
planting stock can be costly. 

Plant at reference densities to account for 
normal mortality; inter-plant to adjust 
composition and density.  

Planting layout Random layouts interfere with maintenance, 
while straight rows result in unnatural looking 
forests. 

Plant in meandering rows to facilitate 
maintenance and create more natural looking 
plant assemblages.  

Seed sourcing Poor seed sourcing can introduce 
inappropriate species or genotypes. 

Establish nursery contracts with designated 
seed collection zones.  

Stock type selection Nursery stock often have inappropriate root 
to shoot ratios. 

Plant 1-2-year-old bare-root seedlings grown to 
specifications.  

Plant handling and 
installation 

Planters lack familiarity with proper plant 
handling and installation techniques. 

Establish detailed specifications for nurseries, 
cooler operators, and revegetation contractors. 

Moisture conservation  
and irrigation 

Moisture stress is a major cause of plant 
mortality; irrigation systems are costly, 
unreliable, water intensive, and they water 
weeds. 

Employ early ring spray treatment to reduce 
competition from grasses. 

Site use by wildlife Wildlife can kill or damage a large 
percentage of planted trees and shrubs; 
protecting individual plants is costly and 
often ineffective. 

Account for historic, current and anticipated 
wildlife use in species selection and layout; 
inter-plant with less palatable species.  

Rodent damage control Tubing and caging are costly, often produce 
plastic waste or float away and can be 
ineffective. 

Employ ring spray treatment to prevent damage 
by voles and other rodents.  

Vegetation monitoring Monitoring methods often evaluate progress 
towards goals with no ecological basis 

Evaluate revegetation trajectories against 
ecologically based criteria derived from 
reference sites.  

*  Guillozet et al., 2014 
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4.4  Project Planning  
For riparian shade projects to be successful, the site must be evaluated carefully 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.  

Whenever possible, local reference sites are identified near the project area. These sites provide 
project planners with information on species composition at the enhancement site, desired plant 
community types, 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. 
Project planners also use historic landscape-level data to determine what the potential 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 dry-season irrigation.  

4.5  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, replanting with appropriate native vegetation can commence (Table B2). 
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, pole cuttings 
are well suited to moist, streambank 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. The District conducts high density plantings to closely mimic reference 
site conditions, provide rapid cover and competition for weeds, and withstand mortality due to 
wildlife use. 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.  
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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. 

Figure B2 
Clean Water Services Plant Community Types Within the Tualatin Basin 

 

Plant Community Hydrology Soils

Riparian Forest (RF) within floodplain, 
occasionally flooded

hydric/ non-hydric

Upland Forest (UF) outside floodplain, only 
flooded during extreme 
events

non-hydric

Forested Wetland (FW) within floodplain, 
seasonally flooded, meets 
wetland criteria

hydric

Emergent Marsh (EM) within floodplain, 
seasonally flooded, meets 
wetland criteria

hydric

Scrub-Shrub  (SS) within floodplain, 
seasonally flooded, meets 
wetland criteria

hydric

Oak Woodland (OW) outside floodplain, upland non-hydric

Oak Savanna (OS) outside floodplain, upland non-hydric

Wet Prairie (WP) within floodplain, ponding 
during winter/spring

hdyric

5.0  Reference  
Guillozet, et al. 2014. Guillozet, Peter, Smith, Kendra, and Guillozet, Kathleen. The Rapid Riparian 
Revegetation Approach. Ecological Restoration, June, 2014 
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