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A PRIMER ON EXISTING AND EMERGING MARKETS FOR ENVIRONMENTAL
OFF-SET CREDITS IN THE WILLAMETTE RIVER BASIN

Wetlands mitigation banking

Market driver

Section 404 fill permits from the Clean Water Act, and Section 10 of the
Rivers and Harbors Act

Federal regulating
agencies

US Army Corps of Engineers, US EPA

Oregon regulating

Department of State Lands

agencies

Other involved US Fish and Wildlife Service, NOAA Fisheries, ODFW, and other
agencies members of the mitigation banking review team

Summary When a land developer fills or otherwise impacts a wetland they may buy

offsets from a mitigation banker. The mitigation banker restores or creates
an area of wetland (or multiple sites under an umbrella agreement) to
generate credits.

The number of credits generated by a restoration project is related to the
area of wetland as well as the functional value of the wetland. In many
instances the number of credits available for sale is less than the number of
acres of restored. Further, a ratio is applied to the mitigation transaction
typically in the range of one acre of impacted wetland to between one and
three acres of restored wetland. Ratios increase to one to ten acres for
wetland preservation projects that do not create or improve wetlands.

A mitigation banker is responsible for establishing a wetland bank
following financial and environmental guidelines before credits are
released to the bank for subsequent sale. The Mitigation Banking
Instrument which constitutes approval to build/preserve or enhance the
wetland can take between 6 and 18 months to complete in some states, but
can take considerably longer in some Army Corps districts.

Mitigation is expected to take place before the impact on the wetland
occurs, nonetheless credits are released to the bank sponsor over a period
of a few years after the wetland is planned and authorized, and before 5
years of project monitoring concludes. In many instances up to 15 percent
of the expected credits from a bank can be released before construction is
complete.

To secure the long-term success of the mitigation bank, a performance
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bond and contingency security are required to cover construction and 5
year post construction monitoring of wetland quality and function. Long
term management of the site must be guaranteed and endowed by the bank
sponsor. Wetland mitigation credits must ensure that the wetland functions
will be guaranteed to endure to perpetuity. The regulatory authority can
exercise random audits and inspections of the compensation wetlands
project (www.ecosystemmarketplace.net).

US EPA his issued a new draft rule on compensatory mitigation that favors
offsite mitigation and contains many elements favoring mitigation banking.
The new rule will replace the existing EPA guidance issued in 1995. IN
2005, there were 31 states with active mitigation banks. From 1992 to
2005, the number of active banks grew from 46 to 330 banks (ELI 2005).
More than 31% of all compensatory mitigation in the country is done by
mitigation banks, representing one of the fastest growing ecosystem
markets. The price of mitigation credits vary widely, ranging on the low
end from $3,000-$15,000 per acre and on the high end from $60,000-
$150,000 per acre (ELI 2005).

OR buyers

Dept. of Transportation, Public Works Projects- including shovel-ready
industrial lands, major corporations, commercial and residential real-estate
developers. State Lands has identified the following areas as needing bank
sites: Clackamas County-northwestern segment; Multnomah County-
western segment; Jackson County - Medford area; Roseburg area; The
entire Oregon coast.

OR sellers

Farmers, private bankers, land trusts. There are currently more than 8
operational private banks in the Willamette Valley.

OR potential

High: already active with growing demand along I-5 corridor and
Washington County. First streambank mitigation bank in approval in 2006.
State Lands is exploring the option of building a state clearinghouse
(similar to the NC Ecosystem Enhancement Program) for wetland
mitigation credits tied to industrial site development.

Endangered species

conservation banking

Market driver

Section 7 (consultations) and Section 10 (incidental take) of the
Endangered Species Act

Federal regulating
agencies

US Fish and Wildlife Service, National Marine Fisheries Service

Oregon regulating

Not determined

agencies

Other involved Future members of the conservation banking review team.

agencies

Summary The US conservation banking market is a biodiversity offset system that

allows for the sales and purchase of endangered species credits to offset
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negative impacts to endangered species and their habitat. Banks are created
by permanently protecting endangered species habitat on private land.
Conservation banking was pioneered in the state of California and is
becoming increasingly popular in other states since the passage of federal
guideline of their establishment, use, and operation in 2003
(www.ecosystemmarketplace.net).

A bank can be created in a number of different ways: (1) acquisition of
existing habitat; (2) protection of existing habitat through conservation
easements; (3) restoration or enhancements of disturbed habitat; (4)
creation of new habitat in some situations; and (5) prescriptive
management of habitats for specified biological characteristics.

USFWS and NMFS are each responsible for conservation banking for their
species. NMFS has approved a salmon bank in California, and USFWS has
just approved the first two bank sites in Oregon for Oregon chub. USFWS
is currently developing conservation banking policy for Oregon and initial
public review drafts should be available for review in late 2006, early
2007,

As of 2005, there were 76 properties in 10 states identified as conservation
banks, 35 of which were under conservation banking agreements with the
USFWS (Fox and Nino-Murcia 2005). Credit prices range from $3,000 to
$125,000 per acre and 91% are breaking even or making money. On
average, banking agreements took 2.18 years to establish, and there is still
a lot of uncertainty surrounding the rules and practices for conservation
banking.

OR buyers Dept. of Transportation, Public Works Projects, major corporations,
commercial and residential real-estate developers

OR sellers Farmers, private bankers, land trusts

OR potential Medium: USFWS has approved the first to conservation banks for OR

chub for the Dept. of Transportation. There is still no formal process for
conservation bank approval. There are no standards for anadromous fish
banking. The recovery plans for the Willamette Basin species will enhance
banking. There is also a need to authorize low impact incidental take
permits as an additional driver of banking in OR.

Water quality trading

Market driver

NPDES permits, TMDLs, and MS4 permits

Federal regulating
agencies

US EPA

Oregon regulating
agencies

Dept. of Environmental Quality
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Other involved
agencies

Summary

Most water quality markets are established to assist industrial and
municipal waste water dischargers that must reduce the amount of
pollutants they release to natural. Trading allows polluters with high costs
of pollutant reduction to contract with other entities with lower cost of
reduction to meet their pollutant reduction requirements.

Credits can be purchased from other industrial dischargers that have lower
cost for pollutant reduction or unregulated land-based pollutant sources
such as farmers. In most cases the liability for reducing pollutant loading
resides with the permitted discharger even after the trade has been
approved. Bilateral contracting mechanisms may mitigate some of the risk
in these transactions.

Pollutant trading programs are most commonly established for water
bodies that do not meet water quality standards. US EPA requires most
states to develop pollutant control strategies, known as Total Maximum
Daily Loads or TMDLs, for these impaired waters. A TMDL determines
the daily, seasonal or annual maximum amount of a particular pollutant
that a water body may receive and still meet the required pollutant limits
for that water body. Once a TMDL is established regulators must tighten
pollutant discharge restrictions to reduce pollutant loads. Pollutant trading
programs are looked to as the way to minimize the cost of achieving water
quality goals in these impaired waters (www.ecosystemmarketplace.net).

In 2005, there 39 water quality trading programs around the country. Many
of these are not actively trading due to lack of demand for credits. State
water quality agencies and publicly operated treatement works play an
important role in launched trading programs, but local coalitions have
launched some of the most successful programs. Most programs trade in
nutrients, but there are trading programs for temperature, heavy metals,
total dissolved solids, selenium, sediment, and flow. Markets are set up as
bilateral agreements, brokered trades, and clearinghouses. Trading ratios
range from 3:1 to 1:1, with most point/point trades getting a 1:1 ration and
most point/nonpoint trades a 2:1 ratio.

The three biggest obstacles to trading are thin markets with little demand,
no regulatory driver, and early problems with negotiation and conflict.

OR buyers

NPDES permit holders

OR sellers

POTWs, farmers

OR potential

High: already active in the Tualatin Basin with grant monies in place to
expand temperature trading in the Willamette. There is a need to authorize
trading for other constituents like phosphorous, dissolved oxygen, and
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| bacteria.

Air quality trading

Market driver

Kyoto protocol, state emissions standards, federal acid rain programs

Federal regulating
agencies

US EPA, Dept. of Energy maintains a registry

Oregon regulating
agencies

OR Dept. of Environmental Quality, OR Dept. of Energy

Other involved
agencies

Summary

In 1997 Oregon became the first state in the nation to adopt legislation
regulating greenhouse gases. The law requires new Oregon power plants
(and other large energy facilities) to offset a significant portion of their
carbon dioxide emissions. While emitters may choose to offset the
emissions through their own investments, all of the regulated power plants
to date have utilized the Oregon Climate Trust to achieve compliance. As
of 2006, the Climate trust had invested $4 million in energy efficiency,
renewable energy, sequestration, transportation efficiency, cogeneration,
and material substitution projects. The three funding sequestration projects
include forest on tribal lands in Washington, along the Deschutes River,
and in Equador.

Voluntary carbon trading schemes have also emerged in the United States.
The Chicago Climate Exchange (CCX) is a pilot greenhouse gas (GHG)
cap-and-trade program running from 2003 to 2006. The 24 Members of the
CCX have made a voluntary, legally-binding commitment to reduce their
emissions of greenhouse gases (CO2, CH4, N20O, PFCs, HFCs, SF6) by
four percent below the average of their 1998-2001 emissions baseline by
2006 (www.ecosystemmarketplace.net). Many of the current offset projects
come from Midwest agricultural soil carbon offsets. Other projects include
forestry, agricultural methane, landfill methane, and renewable energy.
Offsets have been purchased in Washington and California, but none in
Oregon.

Other air quality markets exist under EPA’s Acid Rain Program (1990),
Clean Air Interstate Rule (2005), and Clean Air Mercury Rule (2005). State
and regional programs such as the Regional Greenhouse Gas Initiative in
the Northeast, Emissions Reduction Market System in Illinois, and a
program in Houston have also grown. Currently, OR does not allow
emissions trading for other emissions beyond those of new power plants.
California is working on a climate change registry, and has recently
developed an agreement to trade carbon credits with the British
government. New standards shared by California, Oregon, and Washington
could create new opportunities for greenhouse gas markets.
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OR buyers Power utilities, businesses, private individual offsetters

OR sellers Forest landowners, riparian forest restoration projects

OR potential High: already active through the Oregon climate trust. The Chicago
Climate Exchange has not bought any carbon from Oregon yet. There is a
need to connect carbon markets with other ecosystem goals.

Water supply trading

Market driver

Water quality goals under the Clean Water Act, Endangered Species Act,
other water supply needs

Federal regulating
agencies

Oregon regulating
agencies

Dept. of Water Resources

Other involved
agencies

Summary

Most water quantity trades have involved urban water users leasing water
from agricultural water rights holders in the Western United States.
California, the Columbia Basin, and the Great Lakes have increased trading
for environmental purposes in recent years. Flows are also getting attention
related to meeting water quality goals and stormwater discharge
requirements.

In many places, the property rights for water are established, but there is
less experience in the legalities of transfers and environmental uses. The
Deschutes Basin has seen some of the most active trading in water supply
in an effort to restore natural flows. The Deschutes Water Alliance has
created a Water Bank, which allows for temporary lease of unused water
for instream flow, development of a groundwater mitigation bank, and
water reserves.

The Oregon Water Trust acquires, purchases, and develops agreement to
provide water in-stream. Large portions of their funds come from
Bonneville Power Administration.

OR buyers

POTWs, state agencies, municipal water suppliers, new farmers,
environmental groups

OR sellers

Farmers, irrigation districts

OR potential

High: already active throughout the country. Trading for environmental
purposes has been facilitated by the OR Water Trust. Property rights are
already well established. There is a need to expand the drivers for
environmental trading and to link water quantity more closely with water

quality goals.

Transferable development rights

Market driver

| Local zoning
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Federal regulating
agencies

Oregon regulating
agencies

Local governments, Metro

Other involved
agencies

Summary

Transferable development rights are a tool to make zoning rules more
equitable and predictable. They separate the development rights from the
land and other bundles of property rights. In a local comprehensive plan,
areas are designated as “sending areas”, or those places where low density
or conservation are desired. These areas are given tradable credits that they
can sell to “receiving areas” where higher density development is
demanded by the market or required by local government.

Transferable development rights has its roots in New York City’s 1916
zoning law capping the height of buildings, but allowing skyscrapers to
purchase air rights from adjacent open space. Some of the successful TDR
programs include King County, WA, The Pinelands, New Jersey, Boulder
County, Colorado, and Montgomery County, Maryland. As of 2005, the
King County program had protected 143 square miles of land.

In King County, a sending site might expect to receive between $10,000
and $24,500 for their development right. A sending site must be placed in a
conservation easement before transfers can occur. The land must be
unincorporated. Credits can be sold directly to buyers or a “TDR Bank”
operated by the County to purchase high priority credits. The Bank was
capitalized with $1.5 million from the County in 1999. Receiving sites can
be: Unincorporated King County urban areas zoned R-4 through R-48, NB,
CB, RB, or O; Incorporated cities where allowed by the local jurisdiction;
Some rural areas zoned RA-2.5.

A version of transferable development rights might be used in association
with new lands coming into the urban growth boundary and with Goal 5
implementation.

OR buyers

Developers in high density areas

OR sellers

Landowners in low density areas

OR potential

Medium: already active in Washington, but is likely to run into obstacles in
OR’s current land use planning environment. There is an opportunity to
incorporate trading into the Big Look or at a smaller scale for the Bethany
or Damascus UGB expansions.

Renewable energy trading

Market driver

Large capital management firms wanting to “green” portfolios

Federal regulating
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agencies

Oregon regulating
agencies

Other involved
agencies

Summary

Large capital investment firms and energy companies purchase renewable
energy credits from those providers to offset other investments.

OR buyers

OR sellers

OR potential

POTENTIAL MARKETS

Green certification habitat markets

Market driver

Green certification requirements

Federal regulating
agencies

Oregon regulating

agencies

Other involved

agencies

Summary Many of the green certification programs for food and timber products,
such as Food Alliance and others, include provisions for fish and wildlife
habitat as a condition for certifying products. There is interest and potential
here for allowing farmers and foresters to purchase habitat offsets from
banks or other farmers to meet certification requirements.

OR buyers Farm and forest owners

OR sellers Farmers, foresters, private bankers, land trusts

OR potential Medium: Certification rules already ask for habitat, but there is no system

in place for authorizing trading. Certification programs are supportive of
the offset idea. Farmers are getting certified now based on current
activities, so there may not be enough of an incentive to trade.

Stormwater Trading

Market driver

Local regulations, MS4 permit, Clean Water Act

Federal regulating
agencies

US EPA

Oregon regulating
agencies

Dept. of Environmental Quality

Other involved

Municipal governments, special districts
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agencies

Summary The City of Portland is conducting a stormwater trading feasibility study.
They cannot trade directly within the bounds of their MS4 permit. They are
using a local ordinance focusing on flows as a driver for trade. The
Portland program is also tied to its Combined Sewer Outflow issues.
Trading might occur around impervious pavement, where a green street
installation might create credits that could be traded to developers in the
same watershed.

OR buyers Cities, developers, and other stormwater dischargers

OR sellers Private residences, farms, developers, cities

OR potential Low: Even though Portland may be creating the first stormwater trading

program, it may be unique to Portland. The regulatory drivers are not very
clear and a lot of work with DEQ and EPA would need to be done to make
room for trading.

Tradable recreation permits

Market driver

Capped supply of recreation permits for fishing, hunting, and other
activities

Federal regulating
agencies

Oregon regulating

agencies

Other involved

agencies

Summary Could cap the number of permits and trade them. This runs counter to
many current systems of a lottery, which keeps prices affordable. Could
also involve a payment scheme that would pay private or public
landowners to provide recreational opportunities.

OR buyers Recreationists

OR sellers Private landowners, public agencies

OR potential Low: Given the political support for current lottery systems and the desire

to keep fees for using public lands low, recreation permits are not highly
feasible on public lands. However, there is more potential for private
landowners looking to provide recreational opportunities, which would
require coordination with state agencies who manage public land and
wildlife resources.

Natural resource damage assessments

Market driver

CERCLA, Oil Pollution Act, Clean Water Act

Federal regulating

US EPA, USDA, NOAA Fisheries, Dept of Defense, Dept. of Energy,
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agencies

Dept of Interior

Oregon regulating
agencies

Dept. of Fish and Wildlife, Dept. of Environmental Quality

Other involved
agencies

Tribes

Summary

Injuries to natural resources from oil spills or other pollutant releases are
assessed, and appropriate restoration projects are identified in
contemplation of negotiated settlements or legal actions (in rare cases) with
potentially responsible parties. Recoveries, in cash or in-kind services,
from the potentially responsible parties are then used to finance or
implement the restoration of the injured resources, pursuant to a publicly
reviewed restoration plan.

The federal trustees listed above are responsible for managing damage
assessment programs for the resources they manage. State and tribal
trustees can also be designated.

It is feasible that NRDA damages could be offset by the purchase of
restoration credits, but there is limited ability to create credits in advance of
spills. Federal trustees have talked about creating regional restoration
plans, which could be designated from existing plans.

DEQ maintains a database of contaminated sites, but it seems like the only
feasible opportunities in the short term relate to the cleanup of the GASCO
and T4 Slips at the Port of Portland. NOAA is the lead trustee on these
projects.

OR buyers

Polluting corporations, government agencies

OR sellers

Farmers, foresters, private bankers, land trusts

OR potential

High: There is already a system in place to generate funding from potential
buyers. Trustee agencies would just need to adopt the practice of buying
credits rather than using in-lieu fees. This market could generate funding
from Portland’s port facilities for upstream restoration projects.

Flood hazard mitigation

Market driver

Flood insurance, others?

Federal regulating
agencies

US Army Corps of Engineers, FEMA

Oregon regulating

agencies

Other involved Local governments and flood management agencies

agencies

Summary FEMA requires flood insurance for those landowners located within the

100-yr floodplain. Several states have also limited growth in these
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floodplains.

New Jersey has a rule that says any new development in several flood-prone
basins must have no net increase in peak flow runoff. Under the program
they are allowed to buy fill credits. The fill credits were generated by using
former gravel pits as flood hazard mitigation.

The Community Rating System under FEMA’s National Flood Insurance
Program can reduce premium payments for communities where flood
hazard mitigation has been completed.

OR buyers Developers
OR sellers Park developers, private landowners
OR potential ?

Pollinator habitat

Market driver

Need for food crop pollination

Federal regulating
agencies

Oregon regulating

agencies

Other involved

agencies

Summary Farmers spend millions of dollars annually to lease bees and other
pollinators to support fruit, nut, and other crops reliant on pollination. The
services provided by native pollinators have moved on as suitable habitat
has also disappeared.
It is feasible that farmers associations, conservation districts, fruit packing
companies, or others could sponsor a voluntary market for purchasing
pollinator habitat enhancement. Farmers with significant habitat and/or
central locations could sell credits to their neighbors for the pollination
services provided by insects on that habitat.

OR buyers Farmers

OR sellers Farmers, foresters, land trusts, other owners of habitat

OR potential Unknown: There is clearly a link between pollinators and economic

production for crops like fruit and nuts. There is not a mechanism in place
to pay people for pollinator habitat, but it may not be hard to design. Many
farmers know how much they spend to rent bees, which could indicate the
potential market size for pollinator habitat.
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UNDERSTANDING SUPPLY AND DEMAND FOR ENVIRONMENTAL OFF-SET
CREDITS IN THE WILLAMETTE RIVER BASIN

INTRODUCTION

Assessing supply and demand for the potential Willamette Ecosystem Marketplace is
challenging. Supply and demand work differently in ecosystem markets than in markets for
other kinds of goods and services. Supply is driven by the existing natural resource base and
the willingness of landowners to manage their lands to produce ecosystem services or leave a
portion of the landscape to function naturally without interference. Demand is largely linked
to rules and regulations requiring people who impact the environment to buy credits to offset
those damages, but in some cases can emerge from voluntary action such as carbon offset
demand or a chance for avoided costs such as the New York City water supply headwaters
restoration example.

There are many factors in ecosystem markets shaping supply and demand beyond the
exchange value of ecosystem credits. These include transaction costs, uncertainty, ecosystem
dynamics, and politics. With these factors in mind, the market appraisal explored supply and
demand, investigating the initial buyers in the market for the Willamette Ecosystem
Marketplace, what their drivers are, and where there is the most likely availability of credits
for these stakeholders.

Surveying supply

We thoroughly assessed several options for to the best way to identify the priority restoration
areas in the Willamette River Basin to assess supply of potential ecosystem credits. There have
been a number of efforts to set priorities by different groups in the basin (The Nature
Conservancy, Oregon Department of Fish and Wildlife, Oregon State Parks, and Oregon
State University to name just a few). After meeting with The Nature Conservancy, Oregon
State University, and the Institute for Natural Resources, it seemed there was consensus that
the layers compiled by Oregon State University for the Willamette River Basin Planning
Atlas (2004) and subsequent work provide the most comprehensive dataset for priority
restoration areas.
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0 We focused on providing a quick inventory based on this
X dataset of the potential supply of restoration areas in the
10 Willamette River Basin. We initially focused on whether there
is available supply to serve the very immediate need of
municipalities responding to the temperature TMDL. We used
o the Atlas dataset to survey potential supply in the WRB. The
A Atlas includes those areas within the floodplain of the
mainstem of the Willamette River, but does not include

D A N5 information about uplands, which have been taken into
0 N, account by other prioritization efforts. It is our understanding
that The Nature Conservancy is proceeding with work to
O compile priority restoration areas including those outside of

the floodplain into a single synthesis map available for future
phases of this project.

100

110

The Atlas identifies all of the high, medium and low priority
§ | oo restoration areas in one kilometer increments (identified as
: % slices) along the entire length of the Willamette River
spanning the floodplain.

120

The methodology for defining priority restoration areas is

explained in detail in the Atlas and demonstrates these areas

were selected based on the potential for maximizing

biological, social, and economic interests. For quick

identification, the high and medium priority slices were

compiled in a spreadsheet. There are 65 kilometers of high

Gk priority restoration areas and 108 kilometers of medium

-+ priority restoration areas identified. The majority of high
priority areas are upstream of the Salem/Keizer area and the
majority of medium priority areas are downstream of

w0 Salem/Keizer

0.50
Biophysical Potential Index

s
|

| 1 -
| Slice 190 Slice 189

- Quantifying supply requires identifying restoration activities
e —— that would be applied to priority areas and what benefits these

activities would generate relative to desired credits such as
water temperature reduction (kilocalories), wetland creation (acres), habitat creation (acres),
and carbon sequestration (tons of CO2) (See the simple diagram of this assessment of supply
below). A matrix was created listing the five restoration actions identified by the Willamette
Partnership and describing the general benefits that could be quantified when these actions are
applied to priority restoration areas.
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Green Island has been flagged for consideration as the potential location of Transaction #1 and
falls within the high priority areas identified in the Atlas. Working with the McKenzie River
Trust, information was gathered on current and future conditions. The ecosystem benefits
potentially generated by the restoration activities identified for Green Island are being assessed
relative to desired credits (e.g. water temperature reduction (kcal), wetland creation (acres),
habitat creation (acres), flood control, carbon sequestration (tons of COz), and air pollution
reduction.) By testing this assessment of ecosystem benefits for a specific restoration site, we
will be able to calibrate assessment tools and conduct a more comprehensive assessment of the
potential supply of ecosystem credits in the basin. This will require a base set of assumptions
about the future restored condition and applying the method quantifying benefits used for
Green lIsland.

Digging into demand
In Oregon, and specifically the Willamette Basin, there are certain regulatory drivers
generating demand for ecosystem credits and this demand is being met to varying degrees by
market mechanisms already established:

e Wetland and stream mitigation banking (very active)

e Carbon emissions trading (active)

e Renewable energy credits and green tags (active)

e Water quality trading (one example)

e Endangered species mitigation banking (one example)

e Water supply trading (one example)

The Partnership has developed a primer on each of these markets, which will be included in
analysis of trading frameworks under Task 4. Overall, it seems that most potential ecosystem
buyers need small increments of credits at irregular intervals. This fluctuation in demand can
lead to mismatches with supply in new markets. Most buyers are looking to transfer
regulatory liability and their demand is tied closely to their estimates of complying with
regulations on their own. Demand in the Willamette River Basin is characterized below in
terms of the regulatory drivers to which potential buyers are currently responding.
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Significant Regulatory Drivers

Demand for water quality credits to meet Clean Water Act standards is driven by newly
established Total Maximum Daily Loads in Oregon for water quality parameters such as
temperature, dissolved oxygen, bacteria, and more. To evaluate demand for water temperature
reduction, the Partnership with its consultants evaluated the Final TMDL (Oregon DEQ,
September 2006) in relation to the temperature wasteload allocations (WLAS) for point
sources and load allocations (LASs) for nonpoint sources. These allocations are expected to
serve as the baselines for thermal credit trading in the Willamette basin. This evaluation of the
TMDL assists in understanding demand for thermal load credits, as well as supply that may be
created for sources named in the TMDL that might achieve loadings below their assigned
caps. Thus, this effort identifies, evaluates, and summarizes temperature related
responsibilities outlined in the final TMDL as defined by assigned WLASs and LAs.

Point Sources (WLAs)

The key information associated with this TMDL evaluation is a spreadsheet summary of
point source WLAs, their existing “excess” thermal loads (ETLs), and their thermal loads to
offset (see Tables 1 through 4 below). The thermal load to offset for each point source is the
calculated by subtracting the WLA from the ETL. A negative number indicates that offset
credits might be available for trading. A positive values indicates that offset credits may need
to be acquired via trading.

Table 1 shows actual existing thermal loads for each point source as calculated and listed in the
TMDL itself. Table 2 shows future anticipated ETLs for Albany, Corvallis and MWMC.
Information on future loads was only readily available for these three point sources based on
their petitions to DEQ for allocation of some of the reserve capacity.

The WLA:s are substantially different for the “a=0" case and “a=0" cases (“a” is an adjustment
factor in the TMDL that is applied when the 7-day maximum river temperature exceeds the
biological criteria but the 7-day mean river temperature does not). The adjustment factor
reduces the WLAs, making them more stringent.

The WLAs in Tables 3 and 4 (one with “a=0" and one with “a=0") pertain when river flows
are at or below the 7-day, 10-year flow low flow (7Q10) condition. Thus, this evaluation of
possible offset credits needed or generated is based on critical low flows. Because the WLAS
are river flow tiered (higher, less stringent WLAs at higher flows), the need to trade will
largely be driven by the need to prepare to meet WLAs during lower flow conditions. Also
note that the WLASs do not become substantially greater until very high river flows; thus this
approach to identify likely debtors and creditors is appropriate.

This evaluation indicates which point sources will likely need to reduce loads or acquire
credits, and the magnitude of the reductions or credits needed (in units of million kilocalories
per day [mill. kc/d]), based directly on methods and data in the final TMDL. In general, the
analysis suggests that all the major point sources in the Upper Willamette reach (upstream of
river mile 108) have ETLs that exceed WLAS and thus may have an interest in acquiring
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thermal credits. Another way to think about this is that all the major point sources on the
Upper Willamette will need to reduce or offset their loads, and those that are able to reduce
loads more than required by their WLASs could generate credits for others. On the other hand,
point sources in the middle and Lower Willamette reaches have ETLs at or below their
WLAs. A more detailed evaluation of how point source trading might occur, including
temporal and spatial considerations, is included in the TM for Subtask 2.2.

Nonpoint Sources (LAs)

Nonpoint sources for the Willamette TMDL consist of landowners where existing riparian
shade is less than would be present under Natural Thermal Potential (NTP) shade conditions.
For these nonpoint sources ODEQ simply calculated the LA based on river flow and an
assumed portion of the Human Use Allowance (HUA). The lumped LA is shown in the
TMDL figure below. DEQ’s expectation is that LAs will be met by each landowner by
restoring or protecting riparian shade to meet effective shade targets. The opportunity and
precedent in terms of supply and demand for thermal credit trading for riparian shade
restoration has been established for the Tualatin Basin, and is described in the TM for Sub-
Task 2.2.

Table 4.17 Load allocations available to nonpoint sources.
- o -
Ui:?-?rr:;% Gﬁf::;nn% Rearing Spawning Migration
p aqmnm “auntlam Upstream Upstream Downstream
e — ) Yamhill River Yamhill River Yamhill River
River River , ) :
(Billion (Billion (Billion (Billion (Billion
Kcal/Da KcallDa Kcals/Day)
Kcal/Day) Kcal/Day) Y) ¥) y)
Background"’ 61.85 20.36 67.44 2473 135.72
Allocation”™ 0.34 0.36 0.69 0.80 0.38
(1) Background is based on solar loading with complete restoration of riparian vegetation. River reaches where rearing and migration
fish use apply is calculated in August. River reaches where spawning fish use apply is calculated in October.
(2) The portion of the HUA allocated to is based on an in-river temperature increase at 7Q10 river flow in the Albany area where
spawning and reanng fish use apply, and in the Portland harbor where migration fish use apply

Major reservoirs in the basin that alter temperature conditions compared to NTP
temperatures are also considered to be nonpoint sources. Reservoirs were not assigned LAS in
thermal load units (for example, mill. kc/d), but instead in terms of temperature targets to
meet downstream of the reservoir for each month, as shown in the TMDL figure below for
the Corps reservoirs. How this might be translated into supply and demand, and how credits
might be defined, is further discussed in the TM for Subtask 2.2.
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Table 418 Monthly target temperatures ( seven day average temperature) for USACE Willamette Basin Reservoirs (°C)
E
x . €. | ¥, € . B | ©
= a = 2 =] S c @ @ v c 2
Subbasin: CT |£F |v5 |+B “3 |8 N £ > 3
w E % E 2 E 2E 2 E ® o 3 = o E
o = o = oo oo o ST i = Qo
o= o= 0= = = U= % % g g o o=
o= (o= [=2 |[== == | = = |aa z o=
a0
R i Do | 2 T3 : = T c £ .
EServoirs: = H - =& ®
g8 |8 |28 (8.3 |3 |2 |%83 (2% |53
oo | o IO |oSa | & o m |[fod |mo e
Jan
Feb No Allocation Necessary
Mar
Apr 94 8.8 58 6.5 6.5 55 55 6.1 54 9.0
May 11.4 10.8 7.8 8.6 8.6 7.7 7.6 8.2 7.3 10.8
Jun 15.5. 16.5 1.0 132 122 100 99 124 97 146
0
Jul 19.9 223 142 174 159 11.7 11 18.4 12.8 16.7
>
Aug 18.3 204 136 16.5 158 109 10. 18.0 12.8 16.0
6
Sep 16.4 18.2 12.5 13.9 13.5 95 9.5 15.5 10.9 14.0
Oct 13.5 15.3 9.6 10.2 10.6 7.2 7.2 12.6 7.7 5.0
Nov 96 10.2 10.6 2. 747 126 177
Dec No Allocation Necessary
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TABLE 1
Summer Actual Current Thermal Loads, million kcal/day

River Flow River T Effluent T Effluent Flow

Point Source RM 7Q10, cfs Trc, C Tps, C Qps, cfs Actual ETL

Small PSs 0-50

Siltronics 6.3 6290 20 24.7 1.55 18
Kellogg Cr 18.7 6290 20 23.3 10.36 84
Oak Lodge 20.1 6290 20 235 3.87 33
Tryon Cr 20.2 6290 20 21.8 9.59 42
Tri-City 255 5440 20 24.8 10.57 124
Blue Heron Paper 2715 5440 20 32.2 16.24 485
West Linn Paper 271.7 5440 20 28.7 8.2 175
Wilsonville 39.0 5460 20 243 2.94 3l
Newberg 49.7 5460 20 249 2.94 35
Sp Newsprint 49.8 5460 20 285 21.04 438
Small PSs 50-108

Salem 78.1 5630 18 23 46.72 572
Small PSs 108-186

Wah Chang 116.5 3980 18 29.1 48 130
Weyerhaeuser Albany 116.5 3980 18 30 133 391
Albany 119.0 3980 18 23.7 8.51 119
Corvallis 130.8 3670 18 22.9 11.29 135
Evanite 132.2 3670 18 25.7 0.93 18
Pope and Talbot 148.3 3670 18 28.5 18.1 465
Fort James Halsey 148.4 3670 18 30 6.19 182
MWMC 178.0 1310 18 22.7 36.82 423
U of O Heat Plant 181.7 1310 18 24.1 15.78 236

Spawning Actual Current ETLs

Small PSs 50-108
Salem 78.1 6540 13 21 46.72 915
Small PSs 108-186
Wah Chang 116.5 4160 13 27.1 4.8 166
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TABLE 1
Summer Actual Current Thermal Loads, million kcal/day

River Flow River T Effluent T Effluent Flow

Point Source RM 7Q10, cfs Trc, C Tps, C Qps, cfs Actual ETL
Weyerhaeuser Albany 116.5 4160 13 28 13.3 488
Albany 119.0 4160 13 21.7 8.51 181
Corvallis 130.8 3810 13 20.9 11.29 218
Evanite 132.2 3810 13 23.7 0.93 24
Pope and Talbot 148.3 3810 13 26.5 18.1 598
Fort James Halsey 148.4 3810 13 28 6.19 227
MWMC 178.0 1340 13 20.7 36.82 694
U of O Heat Plant 181.7 1340 13 221 15.78 351
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TABLE 2
Summer Actual Future ETLs, million kcal/day
River Effluent
Flow River T  Effluent T Flow
Actual
Point Source RM 7Q10, cfs Trc, C Tps, C Qps, cfs ETL
Small PSs 0-50
Siltronics 6.3 6290 20
Kellogg Cr 18.7 6290 20
Oak Lodge 20.1 6290 20
Tryon Cr 20.2 6290 20
Tri-City 255 5440 20
Blue Heron Paper 27.5 5440 20
West Linn Paper 27.7 5440 20
Wilsonville 39.0 5460 20
Newberg 49.7 5460 20
Sp Newsprint 49.8 5460 20
Small PSs 50-108
Salem 78.1 5630 18
Small PSs 108-186
Wah Chang 116.5 3980 18
Weyerhaeuser Albany 116.5 3980 18
Albany 119.0 3980 18 23.7 19.07 266
Corvallis 130.8 3670 18 22.9 26.43 317
Evanite 132.2 3670 18
Pope and Talbot 148.3 3670 18
Fort James Halsey 148.4 3670 18
MWMC 178.0 1310 18 22.7 91.45 1052
U of O Heat Plant 181.7 1310 18
Spawning Actual Future ETLs
Small PSs 50-108
Salem 78.1 6540 13
Small PSs 108-186
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TABLE 2
Summer Actual Future ETLs, million kcal/day

River Effluent

Flow River T  Effluent T Flow

Actual
Point Source RM 7Q10, cfs Trc, C Tps, C Qps, cfs ETL

Wah Chang 116.5 4160 13
Weyerhaeuser Albany 116.5 4160 13
Albany 119.0 4160 13 21.7 19.07 406
Corvallis 130.8 3810 13 20.9 26.43 511
Evanite 132.2 3810 13
Pope and Talbot 148.3 3810 13
Fort James Halsey 148.4 3810 13
MWMC 178.0 1340 13 20.7 91.45 1723
U of O Heat Plant 181.7 1340 13
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TABLE 3
Current Conditions (a=0)

Summer @7Q10 & a = 0 (mill.

ke/d) Spawning @7Q10 & a = 0 (mill. ke/d)
Actual Load to
Point Source RM WLA ETL Offset WLA  Actual ETL Load to Offset

Small PSs 0-50 193 NA NA NA
Siltronics 6.3 22 18 -4 NA NA NA
Kellogg Cr 18.7 105 84 21 NA NA NA
Oak Lodge 20.1 42 33 -9 NA NA NA
Tryon Cr 20.2 52 42 -10 NA NA NA
Tri-City 25.5 156 124 -32 NA NA NA
Blue Heron Paper 2715 485 485 0 NA NA NA
West Linn Paper 21.7 197 175 -22 NA NA NA
Wilsonville 39.0 39 31 -8 NA NA NA
Newberg 49.7 44 35 -9 NA NA NA
Sp Newsprint 49.8 546 438 -108 NA NA NA
Small PSs 50-108 95 216

Salem 78.1 714 572 -142 1372 915 -457
Small PSs 108-186 93 56

Wah Chang 116.5 111 130 19 93 166 73
Weyerhaeuser Albany 116.5 332 391 59 271 488 217
Albany 119.0 111 119 8 173 181 8
Corvallis 130.8 127 135 8 213 218 5
Evanite 132.2 15 18 3 14 24 10
Pope and Talbot 148.3 395 465 70 337 598 261
Fort James Halsey 148.4 155 182 27 126 227 101
MWMC 178.0 398 423 25 428 694 266
U of O Heat Plant 181.7 200 236 36 210 351 141

Future Conditions

Small PSs 0-50 193 NA NA NA
Siltronics 6.3 22 NA NA NA
Kellogg Cr 18.7 105 NA NA NA
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TABLE 3
Current Conditions (a=0)

Summer @7Q10 & a = 0 (mill.

ke/d) Spawning @7Q10 & a = 0 (mill. ke/d)
Actual Load to
Point Source RM WLA ETL Offset WLA  Actual ETL Load to Offset

Oak Lodge 20.1 42 NA NA NA
Tryon Cr 20.2 52 NA NA NA
Tri-City 255 156 NA NA NA
Blue Heron Paper 27.5 485 NA NA NA
West Linn Paper 21.7 197 NA NA NA
Wilsonville 39.0 39 NA NA NA
Newberg 49.7 44 NA NA NA
Sp Newsprint 49.8 546 NA NA NA
Small PSs 50-108 95 216

Salem 78.1 714 1372

Small PSs 108-186 93 56

Wah Chang 116.5 111 93

Weyerhaeuser Albany 116.5 332 271

Albany 119.0 111 266 155 173 406 233
Corvallis 130.8 127 317 190 213 511 298
Evanite 132.2 15 14

Pope and Talbot 148.3 395 337

Fort James Halsey 148.4 155 126

MWMC 178.0 398 1052 654 428 1723 1295
U of O Heat Plant 181.7 200 210
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TABLE 4
Current Conditions (a=0)

Summer @7Q10 & a > 0 (mill. Spawning @7Q10 & a > 0 (mill.

kc/d) ke/d)
Load to Load to
Point Source RM WLA  Actual ETL  Offset WLA  Actual ETL  Offset
Small PSs 0-50 193 NA NA NA
Siltronics 6.3 20 18 -2 NA NA NA
Kellogg Cr 18.7 98 84 -14 NA NA NA
Oak Lodge 20.1 39 33 -6 NA NA NA
Tryon Cr 20.2 49 42 -7 NA NA NA
Tri-City 25.5 144 124 -20 NA NA NA
Blue Heron Paper 27.5 485 485 0 NA NA NA
West Linn Paper 21.7 197 175 -22 NA NA NA
Wilsonville 39.0 36 31 -5 NA NA NA
Newberg 49.7 40 35 -5 NA NA NA
Sp Newsprint 49.8 503 438 -65 NA NA NA
Small PSs 50-108 95 216
Salem 78.1 635 572 -63 1019 915 -104
Small PSs 108-186 97 56
Wah Chang 116.5 93 130 37 35 166 131
Weyerhaeuser Albany 116.5 277 391 114 101 488 387
Albany 119.0 95 119 24 105 181 76
Corvallis 130.8 108 135 27 129 218 89
Evanite 132.2 13 18 5 6 24 18
Pope and Talbot 148.3 331 465 134 126 598 472
Fort James Halsey 148.4 129 182 53 47 227 180
MWMC 178.0 339 423 84 159 694 535
U of O Heat Plant 181.7 167 236 69 78 351 273
Future Conditions
Small PSs 0-50 193 NA NA NA
Siltronics 6.3 20 NA NA NA
Kellogg Cr 18.7 98 NA NA NA
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TABLE 4
Current Conditions (a=0)

Summer @7Q10 & a > 0 (mill. Spawning @7Q10 & a > 0 (mill.

kc/d) ke/d)
Load to Load to
Point Source RM WLA  Actual ETL  Offset WLA  Actual ETL  Offset

Oak Lodge 20.1 39 NA NA NA
Tryon Cr 20.2 49 NA NA NA
Tri-City 25.5 144 NA NA NA
Blue Heron Paper 27.5 485 NA NA NA
West Linn Paper 27.7 197 NA NA NA
Wilsonville 39.0 36 NA NA NA
Newberg 49.7 40 NA NA NA
Sp Newsprint 49.8 503 NA NA NA
Small PSs 50-108 95 216

Salem 78.1 635 1019

Small PSs 108-186 97 56

Wah Chang 116.5 93 35

Weyerhaeuser Albany 116.5 277 101

Albany 119.0 95 266 171 105 406 301
Corvallis 130.8 108 317 209 129 511 382
Evanite 132.2 13 6

Pope and Talbot 148.3 331 126

Fort James Halsey 148.4 129 47

MWMC 178.0 339 1052 713 159 1723 1564
U of O Heat Plant 181.7 167 78

Demand for wetland mitigation credits in Oregon is driven by various forms of
development such as industrial site development, high density residential development, and
public infrastructure projects, which are required by section 404 of Clean Water Act and State
Removal-Fill Law to mitigate permanent impacts to wetlands. One tool being used to project
demand is using the state Industrial Site Certification Program. The program, administered
by Oregon Economic and Community Development Department, certifies sites as being
“project ready” (i.e., able to initiate development within 180 days) once barriers to
development have been substantially addressed. Site assessment for wetlands is a key element
of the program. The current queue of industrial sites seeking state certification indicates that
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the demand for wetland mitigation is generally, and will continue to be, concentrated along
the I-5 corridor between Salem and Eugene, particularly around Corvallis, Albany, and
Lebanon. The current queue of sites additionally suggests the northwestern segment of
Clackamas County and the western segment of Multnomah County as areas with potentially
high demand and limited supply.

If all industrial sites currently in the certification queue within the Willamette Valley
developed all delineated and estimated wetland areas within them, then approximately 1,700
acres of wetland impact would result. Cursory estimates from the regional Economic
Revitalization Team suggest that after considering practicable impact avoidance and
minimization options, the current queue of industrial certification sites may result in a total a
potential mitigation demand of nearly 900 acres, concentrated largely in the Upper
Willamette around Eugene, Lebanon, and Corvallis. A significant portion of this demand is
for mitigation within the next five years, and primarily for palustrine emergent wetland. The
Oregon Department of Transportation is in the process of estimating its potential demand
over the next 5-7 years, and communities in the West Cascades Council of Governments are
working to collect their anticipated need for mitigation credits. In the next few years, these
three sources are likely to represent the largest consolidated demand for mitigation credits.
Current demand for credits tends to come in small increments of less than 1 acre. Credit
transactions need to be embodied within a removal/fill permit, so buyers are restricted from
acquiring and holding additional credits. Credit prices range significantly across the valley
based on land values. State Land’s current Payment to provide price is $60,000/acre of
wetland impact, which reflects the average credit price in the state. This price is a ballpark
figure for credit prices. Unconfirmed

negotiation prices for the Foster Creek { _

bank hover around $175’000 The prices & | Mitigation Banks in Western Oregon

in the Willamette valley range from CA

$50,000 at the West Eugene Wetlands to IS W 2 B R -
$76,000 per acre at Frazier bank. Existing M _.i"f f’
banks and banks in process are scheduled i Ll * v

to generate 292 acres of wetland credits. > WG 72y

Considering just the demand potentially ) ; I
generated from candidate industrial N :

certification sites in the Valley, this S emmemmes

suggests a shortfall of about 600 acre- f T~
credits. At an assumed average value of

$60,000 per acre, this equates a total
unmet demand value of $36 million. o
There are some significant policy changes
on the horizon for wetland mitigation.
The Economic Revitalization Team and )
cities are anxious to get quality mitigation

in place quickly to facilitate industrial &
0(9“0‘@(\
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development where there are unavoidable wetland impacts. One option the Economic
Revitalization Team is exploring is a resale program similar to the North Carolina Ecosystem
Enhancement program, where the state or other third party would buy credits and hold them
in advance of demand from buyers. The desired outcome is to create a more stable (in terms of
both quantity and price) and higher quality supply of wetland bank credits for projects of
regional or statewide economic importance. New federal mitigation rules due out in the next
year are also likely to increase demand for wetland mitigation credits.

Emerging Sources of Demand

Demand for carbon offset credits is emerging in Oregon. Growing out of the carbon dioxide
emissions standards for new energy facilities as regulated by the Energy Facility Siting
Council, the Climate Trust has purchased greenhouse gas emission offsets for new power
plants. Although Oregon is not likely to see new power plants in the near future, demand for
carbon offsets nationally is developing quickly. Regionally, California is leading with new
legislation that includes trading. The Pacific Forest Trust has a program to buy forest carbon
sequestration. The Climate Trust is actively seeking new sources of investment.

The Governor convened The Carbon Allocation Task Force in August 2005 to develop a
proposed cap-and-trade system and legislative proposal in time for the 2007 legislative session.
They have put in a very rough placeholder that mimics some of the earlier markets in sulfur
dioxide trading. Members of the Partnership have had little contact with members of this
Task Force, but have talked preliminarily with the Climate Trust. Another source of funds
for carbon credits may come from a proposal introduced for the 2007 legislative session by the
Dept. of Forestry. The bill authorizes payments for ecosystem services, which may be
targeted at carbon sequestration.

Demand for endangered species habitat conservation credits is being generated by state and
federal species listings under the Endangered Species Act (ESA). It is unclear how strong a
driver this will be and how much investment in conservation banking is likely given limited
reach of ESA regulations and fish and reluctance to accept trading to comply with ESA.
Conservation banking broke into Oregon with the Dept. of Transportation’s banks for
Oregon chub. The Oregon office of the US Fish and Wildlife Service is developing banking
policy for the entire state that is due to be complete in the next year. On the anadromous fish
side, National Marine Fisheries Service is still hesitant about trading, but they are closer to
authorizing a salmon habitat accounting system under the Dept. of Transportation’s bridges
program. Salmon banks have been formed in California.

Demand for stormwater infiltration and treatment credits is looming on the horizon as
growth of impervious area increases, regulation of municipalities and other entities to control
quantity and quality of stormwater becomes more onerous, and costs to manage stormwater
runoff increase. The City of Portland is exploring the feasibility of using a marketplace to
more cost effectively meet stormwater compliance challenges. The OR Dept. of
Transportation has convened a group to explore options for meeting regulatory requirements.
The demand for stormwater offsets is likely to be very high, but there are institutional
challenges to trading stormwater credits.

105 High street se, Salem, Oregon 97301, 503.434.8033



Willamette Partnership

Pace, Scope, Effectiveness

Implications
The markets with open check books today are wetlands mitigation banking and hopefully,

water quality trading. In terms of the demonstration project, the most marketable projects
will be geared toward generating credits for these markets. “Reserve” areas or actions in the
project could be held for carbon, species, or other credits, but the economic return will not be
immediate. There may be specific opportunities to meet the ecosystem credit needs of a
particular “client.” For example, the Port of Portland has a simultaneous need to mitigate for
wetland impacts, species impacts, and natural resource damages. The Willamette Partnership
could define a role there or not.

The priority, policy-level dialogues that will shape market demand into the future and where
the Partnership might be able to participate are the Governor’s Economic Revitalization
Team, the Governor’s Carbon Allocation Task Force, and US Fish and Wildlife Service’s
upcoming conservation banking policy. Partnership roles in each of these efforts could range
from tracking progress, commenting on draft proposals, to actively shaping program designs.
Each option requires commitment of staff time, but investing time now could reduce costs
created by inconsistent structures and rules later on.

Next Steps
e Complete quantification of ecosystem benefits generated by restoration actions and

apply method to other restoration priority areas to assess basin-wide supply

e Get more detailed information on demand surrounding the area of selected
demonstration projects

e Complete work with the Dept. of Transportation, State Lands, and valley cities to get
information on projected demand for wetland credits

e Continue engaging US Fish and Wildlife Service on design of conservation banking
program

Trends to Track
e Watch for other large “clients” like the Port of Portland
e Get updates from the Carbon Allocation Task Force
e Get updates from the City of Portland’s stormwater trading pilot
e Track national policies on wetlands mitigation and carbon
e Track developments in Washington state related to wetlands banking, conservation
banking, and transferable development rights
e Watch how new Farm Bill might impact trading
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METHODS FOR DEFINING TEMPERATURE OFF-SETS CREDITS IN THE
WILLAMETTE RIVER BASIN

INTRODUCTION

A significant body of work exists that documents methods to calculate kilocalorie reductions
from various activities. This body includes the work conducted to support the CWS trading
program, as well as ongoing efforts by Oregon State University (OSU), Oregon University (OU)
and the United States Geological Survey (USGS). This report identifies and reviews relevant
documents to prepare a “gap analysis” for kilocalorie credit methodologies, focusing on five
potential sources of kilocalorie reduction: wastewater reclamation/reuse, flow augmentation,
riparian shading, floodplain/hyporheic restoration, and wetlands discharge/restoration. This
report assesses whether existing science and mathematical calculations are sufficient to propose
these kilocalorie reduction measures for crediting and wasteload allocation (WLA) compliance
purposes. Where one or more methods are sufficient for one or more actions, recommendations
have been given for how to proceed with formalizing a crediting protocol within the overall
framework. Where gaps exist, this report provides specific guidance (a “road map”) to focus
resources on research needed to support this definition of kilo-calorie reductions.

Methods for Defining Temperature Credits

It is assumed that kilocalories per unit of time will be the basic temperature currency for trading
purposes in the Willamette Basin. Formal temperature trading programs do not exist anywhere
else in the country other than Oregon. The primary example of a temperature trading program in
Oregon is that established for the Tualatin Basin, as formalized in the watershed NPDES permit
issued for CWS. No other restoration projects and temperature Total Maximum Daily Loads
(TMDLs) are completed or under way in Oregon in which temperature offsets or mitigation have
been or are being considered. The CWS program and other examples are described where
relevant in this TM.

The ways in which the currency units can be defined for various actions is described in
conceptual terms below.

Wastewater Reclamation/Reuse

WLASs in the Willamette TMDL for point sources are expressed in million kilocalories per day
(mkcal/d). Reductions in thermal loads below the WLAs that are achieved by reclamation/reuse
would generate credits that could be traded (subject to potential temporal and spatial constraints
that might be included in a fully developed trading program). These temporal and spatial
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considerations are applicable to other types of credit generating projects described below and
thus a separate subsection is devoted to this topic later in this TM.

USGS has recently developed a point source trading tool for the Willamette River for the Oregon
Association of Clean Water Agencies (ACWA) and the Willamette Partnership. The tool
provides a means by which potential trading partners can visualize the temperature effects of any
particular trade along the entire length of the river. The tool also shows how much the
temperature changes at the Point of Maximum Impact (POMI) as a result of any trade. Although
not included in the tool at this point, this change of temperature can be translated in kilocalories
per unit time based on the river flow at the POMI. This tool simulates temperature effects of
trades assuming that the point source discharges creating credits are doing so by
reclaiming/reusing some or all of their wastewater discharges.

Flow Augmentation

A precedent for defining flow augmentation temperature credit has been established for the
Tualatin River by CWS. A river temperature model (Heat Source) was used to predict how much
of a temperature change would occur at two critical locations just upstream of each of CWS’s
advanced wastewater treatment facilities (AWTFs) as a result of CWS’s flow augmentation
water released from Hagg Lake. July and August were determined to be the critical period for
reconciling the thermal load to offset (in mkcal/d) with credits from flow augmentation.
Attachment A is the summary sheet of CWS’s 2004 annual trading report which shows that the
augmentation flow of 30 cubic feet per second (cfs) more than offset the excess load from the
Durham AWTF and offset more than half of the excess load from the Rock Creek AWTF. The
credits were calculated by multiplying the reduction in temperature in the river upstream of each
AWTF by the seasonal river flow. A similar process could be used for the Willamette River,
taking into consideration the unique temporal and spatial aspects of the Willamette.

One issue unique to the Willamette TMDL is that reservoirs were not assigned load allocations
(LAs) in thermal load units (for example, mkc/d), but instead in terms of temperature targets to
meet downstream of the reservoir for each month. Thus, in order to generate credits, a reservoir
owner would not only have to achieve cooler temperatures than those in the LA tables, but there
also would have to be a technical translation of these temperatures into the kilocalorie currency.
This assumes that DEQ and others would see temperatures lower than LAs as a desirable
outcome. This may not be the case if the goal is for outflows to mimic Natural Thermal Potential
(NTP) temperatures rather than simply be as cold as possible. The ramifications of this issue are
further discussed in the “Data Gaps” and “Road Map” sections of this TM.

Riparian Shade Restoration

CWS also established a precedent for defining riparian shade restoration temperature credit for
the Tualatin River. Shade credits are defined using DEQ’s shade model to predict the effective
shade provided by a specific grouping of restoration plantings. These effective shade predictions
were used (along with estimates of the stream surface area affected by the shade) to calculate
how much of the summer solar insolation load would be blocked by the shade. Knowing the
number of kilocalories per day per square foot of stream that would be blocked and the number
of square feet of stream affected provides the number of kilocalories per day. Credits for a given
planting year are defined as those that would occur when the vegetation reaches full maturity.
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However, a ratio of 2:1 is used for offsetting current thermal loads from the AWTFs because it
will take years before the vegetation reaches full maturity (in other words, 2 miles of vegetation
has to be planted for every mile used for an offset credit). Attachments A and B show that the 5.5
miles of riparian planting credited in 2004 by CWS offset 30 mkcal/d of the excess load from the
AWTFs for that first annual report.

A similar process could be used for the Willamette River, although the unique temporal and
spatial aspects of the Willamette would have to be taken into consideration. These aspects are
further discussed in the “Spatial and Temporal Considerations of Importance for the Willamette
River” section of this TM.

Floodplain/Hyporheic Restoration

The descriptions of the floodplain/hyporheic restoration processes in this paragraph were taken
from Lancaster, et al. (2005).1 Floodplain restoration refers to reconnecting side channels in the
floodplain that have been cut off from the mainstem. This allows periodic inundation of these
side channels during higher river flow events in fall, winter and spring. This in turn leads to
recharge of the hyporheic zone, which then allows cooler water to seep into the mainstem on a
delayed basis during the lower flow, warmer summer months. The injection of warm wastewater
into the hyporheic zone of the river is another form of restoration considered here. The gravels,
sands and silt of the hyporheic zone would act as a heat exchange mechanism for the excess
wastewater thermal loads. In addition, this type of discharge could lead to a delay in the
movement of the wastewater so that the remaining thermal load might be delivered to the river
during a less critical time. Other floodplain restoration measures could include selective removal
of bank hardening structures to allow bank erosion, channel widening, and deposition of new
gravel bars, which could then lead to higher hydraulic conductivity and greater hyporheic flows.

Floodplain/hyporheic restoration also may occur in a fashion that would provide “stepping
stones” of cold water refugia along the mainstem Willamette River. This is the subject of
ongoing research at OSU and OU.

Credits for floodplain/hyporheic restorations would likely be defined in a manner similar to flow
augmentation in that the credits would be generated by knowledge of how a given project would
change flows and temperatures temporally and spatially in the river. This would have to be
established on a project-by-project basis. An agency and publicly accepted analytical framework
such as computer modeling likely would be needed to predict the flow and temperature changes
in the river as a result of a given project. This is because the temperature changes that would
occur involve extensive technical complexity and may be difficult to measure in the field after
the project is implemented. This is much like temperature trading between individual point
sources where the effects of a trade might not be measurable in the field and thus the trade
credits have to be established via river temperature modeling as was done for the TMDL and also
by USGS for the temperature trading tool.

The OSU study cited involved hypothetical situations, but suggests that development of
analytical tools should be possible. These tools need further development and validation prior to

1 “Investigation of the Temperature Impact of Hyporheic Flow: Using Groundwater and Heat Flow Modeling and GIS Analyses to
Evaluate Temperature Mitigation Strategies on the Willamette River, Oregon.” Oregon State University. December 2005.
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their use in a regulatory process such as credit trading for TMDL compliance. This kind of
research is ongoing at OSU and OU. The ramifications of this issue are further discussed in the
“Data Gaps” and “Road Map” sections of this TM.

Wetlands Discharge/Restoration

Wetlands treatment systems can be designed, constructed, and operated to achieve cost-effective
and efficient effluent cooling. Reductions in effluent temperature in such wetland systems occur
through both passive evaporative and radiant cooling. This can be accomplished using a
relatively large land area with shallow depths and dense emergent vegetation for shading. In
some situations, restoration of wetlands can also provide cooling benefits much in the same way
as described for floodplain/hyporheic restoration (increased and/or delayed seepage of water
through cooler shallow groundwater system).

The credit definition process for wetlands discharge/restoration would be similar to
floodplain/hyporheic restoration in that credits would have to be established project-by-project in
relation to how each would affect river flow and temperature on a temporal and spatial basis. For
wetland treatment systems this could be done using a modeling framework that includes the
wetland cooling mechanisms and the effects of the wetland discharge in the river. Heat Source
has been used for temperature modeling for a potential wetland system being considered by the
City of Albany (see Attachment C for illustrative results of thermal load reductions and
associated river temperature benefits). In this example (which currently contemplates inclusion
of Teledyne Wa Chang and Weyerhaueser as partners in the wetland cooling project), thermal
models of 160 acres of constructed wetlands show evaporative and radiant cooling would
significantly reduce temperatures, far exceeding the thermal reduction requirement in the TMDL,
thus providing tradable credits. This cooling in wetlands is also something that could be directly
measured in the field after the wetland system has been constructed or modified, much like
temperature and thermal loads can be measured at the end-of-pipe for a point source discharge.

Temporal and Spatial Considerations of Importance for the Willamette River

The CWS temperature trading program provides a number of relevant and useable precedents for
a Willamette program, as discussed above. There are, however, some temporal and spatial
considerations that need to be resolved specifically for the Willamette. This is due in part to the
larger geographic scope of the Willamette Basin compared to the Tualatin Basin. These temporal
and spatial considerations are discussed below.

Temporal Constraints

One temporal constraint that would likely be imposed would be that the credits would have to be
generated during the same time period in which they are traded. For the Willamette TMDL the
relevant time period can span spawning, rearing, and migration periods for a variety of specific
salmonids depending on location in the basin. One trading mechanism for addressing such
temporal considerations for trades involving point sources is the variable permit limit concept
developed for the Lower Boise River trading program. In that program, trade occurrence,
certification and reporting are done monthly along with submittal of the Discharge Monitoring
Reports.
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Another temporal consideration relates to the fact that the WLAs for point sources in the
Willamette TMDL are river flow tiered (less stringent WLAS as river flow increases). Thus,
during higher river flow periods the WLAs are more achievable and trading may not be needed
for compliance during these times. Again, a variable permit limit approach could potentially be
used for trades involving point sources. This issue will necessitate a trading environment that
accounts for the fact that trades may not be needed in all years; therefore, it may be in the
interests of a point source to ensure access to credits that would be made available only during
low-flow periods.

Spatial Constraints

One spatial consideration is related to the need to avoid localized impacts. Localized impact
evaluations have to be conducted on a site-specific basis. The specific regulatory decision-
making process to date related to localized impacts has not been developed. The Willamette
point source trading tool developed by USGS for ACWA provides a means by which potential
trading partners can visualize the temperature effects of any particular trade along the entire
length of the river. The tool also shows how much the temperature changes at the POMI as a
result of any trade. This change of temperature can be readily translated in kilocalories per unit
time based on the river flow at the POMI

Another spatial consideration relates to the location of the restoration activities. For example,
how are credits defined relative to offsetting mainstem thermal loads if shade restoration occurs
in a tributary rather than along the mainstem? In the Tualatin example, it is anticipated that most
of the riparian shade that will be restored will be along tributaries. An explicit policy decision
was made by DEQ that all such restoration should be directly creditable for thermal load offsets
for the mainstem river without application of any kind of location ratio or penalty. A similar
policy decision has not yet been made for the Willamette TMDL. Given the much larger
geographic scope of the Willamette, another approach would be to model the effects of riparian
restoration projects in the tributaries on the temperature of the tributary at its mouth. The benefits
(credits) associated with this change in temperature at the mouth could then be run through a
mainstem model (either the CE-QUAL-W2 models or with a trading tool similar to the USGS
tool developed for point source trading on the mainstem) to determine the temporal and spatial
benefits to the mainstem.

Another spatial consideration is to assess the length of river being benefited by a trade (say in
units of mkcal [or degrees Celsius] per river mile per day). This essentially would be an estimate
of the area between the before and after trade plots of longitudinal temperature or heat load
versus river mile. These calculations are included in the USGS point source trading tool. This, of
course, would be a somewhat more complex trading currency and has not yet been used formally
in Oregon for temperature trading. A similar concept, however, is currently being considered by
DEQ for the Clackamas River. Even if not selected as the currency, consideration of the
integrated benefit of magnitude and distance could be part of the decision-making framework for
defining credits and/or determining or prioritizing allowable trades.

One final spatial consideration relates to the fact that the TMDL separated the Willamette River
mainstem into three distinct segments or reaches, with a POMI identified within each reach. The
USGS trading tool, however, has revealed that temperature effects (e.g., cooling effects) from
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trades in the upper reach can extend into the middle reach and even the lower reach in some
cases. The trading tool also has revealed that the POMI can shift upstream or downstream as a
result of trades. As a result, the Willamette trading program will need to be able to accommodate
trades between the reaches and address the policy and technical aspects of shifting POMIs.

Gap Analysis

For the most part, the analytical tools needed to define temperature credits already exist; several
of which have received agency approval/support. Examples include the CE-QUAL-W2 models
for the Willamette mainstem and the Heat Source model for tributary shade restoration and
wetland treatment projects. Although running the CE-QUAL-W2 models can be cumbersome,
this should not be a major impediment to trading, especially if tools such as the Willamette point
source trading tool developed by USGS can be extended or further developed to include mkcal/d
calculations and to evaluate other types of trades (such as effects of tributary cooling on the
mainstem).

Although models are available for and have been applied to floodplain/hyporheic restoration,
these models and methods have not yet been formally validated with real world projects, or
adopted or deemed acceptable for regulatory decision-making such as trading to comply with
TMDLs. This modeling framework will be needed for proposed restoration projects where it will
be difficult to validate temperature benefits with post-implementation field data. Models will
also be needed for planning purposes for floodplain/hyporheic projects to provide some
assurance that costs will be justified by anticipated benefits.

Important regulatory decisions will be needed for several key aspects of temperature trading.
They are as follows:

e Temporal considerations. The timing of and mechanisms for credit creation and trading
need to be developed. It appears that the variable permit limit approach developed by EPA
Region 10 for the Idaho trading framework might have merit for Willamette temperature
trading involving one or more point sources and thus should be further explored.

e Spatial considerations

- Localized impacts. What decision criteria regarding localized impacts will define an
acceptable trade? One simple approach would be to conclude that a trade is approvable
as long as the temperature increase in the river at the POMI is not greater than under the
TMDL allocated condition. This however may be an overly simplistic approach in
several respects (for example, does not consider number of river miles benefited,
possible error in the analyses, or if the increase would materially affect designated uses,
etc.). Another approach would be for DEQ to retain discretionary judgment for
approving trades on a case-by-case basis. This is how the localized impacts issue was
resolved for the Lower Boise River trading program.

- Tributary projects. How will restoration projects on tributary rivers and streams be
handled with respect to offsetting thermal loads to the mainstem? Will the Tualatin
approach be used (for example, regarding shading) or will changes to tributaries have to
be modeled and input to the mainstem model(s) to be assessed in a similar fashion as
point source discharges?

105 High street se, Salem, Oregon 97301, 503.434.8033



Willamette Partnership

Pace, Scope, Effectiveness

- Integration of magnitude and extent of trade effects. Could a currency that includes
the length of river affected be developed and used?

- Trades affecting other river reaches and shift POMIs. How will the trading program
accommodate trades that affect other reaches and shift POMIs within a reach?

Flow augmentation from reservoirs. Flow augmentation from existing reservoirs in the
basin could presumably only be generated if releases are cooler than the LAs in the TMDL.
Assuming such cooler releases could be achieved, would that be a desirable outcome and
potentially creditable under a trading program?

Other environmental benefits of restoration projects. Most of the restoration project types
discussed in this TM will provide ancillary environmental benefits such as wildlife habitat
benefits from wetlands and riparian vegetation. How will these benefits be considered
within a temperature trading decision-making framework?

Road Map

The “road map” that should be followed to address the issues, gaps and unanswered questions
identified above is as follows:

A modeling and analytical framework needs to be further developed, validated, and
accepted for defining credits related to floodplain/hyporheic restoration projects. It is
assumed this effort would be led by OU/OSU researchers with technical and regulatory
input from DEQ and others. This effort would be beyond the scope of the consultant team’s
Task Order 4, and likely will take substantial effort and time to complete.

A framework for credit trading involving one or more point source (such as variable permit
limits should be developed). This would be included in Task Order 4, Subtask 2.4.

The USGS tool for Willamette point source trading should be further developed to include
kcal/d calculations and to include other types of trades (such as effects of tributary cooling).
The mechanisms for doing this will be included in Task Order 4, although any CE-QUAL-
W2 model runs to further develop the tool would not be conducted by the consultant team.

The process for working through the technical and policy aspects of the numerous
regulatory decisions regarding the key aspects of temperature trading, such as localized
impacts, trades that affect other reaches and/or shift POMIs, tributary credits applied to the
mainstem, how to integrate magnitude and extent of trade benefits, and how to consider
other environmental benefits need to be initiated. Willamette Partnership recommendations
to DEQ, and other interested parties such as ACWA, will be developed via Task 2 of TO 4.

Determinations regarding the feasibility, desirability, and technical aspects of flow
augmentation from existing reservoirs need to be made by reservoir owners, DEQ and other
agencies. These determinations are beyond the scope of TO 4, but relevant information that
might be developed by others will be incorporated into Task 2 deliverables.
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Attachment A
CWS Example of Thermal Credits Associated with River Flow Augmentation
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Table 5 - ANNUAL CWS THERMAL BUDGET YEAR: 2004
Year number of permit: 1
Rock Creek WWTP
Toading from VW TP Erfiuent
Mean effiuent flow: 441 cfs
Mean effluent temperature: 218°C Annual Thermal Load after Flow
Median river fiow at outfall 1134 cfs Augmentation Credit
Mixing zone flow: 283 cfs Thermal load from 765 million
System potential temperature 147°C WWTP: kecalid 312 million kcalid
Mixing Zone temperature change +4.3°C
owe ing from uent
Median river fiow at outfall 1134 cfs
Mixing zone flow 283 cfs Allowed t . million
Allowed lemperature ncrease 0.25°F dlat 25 kealld
System potential temperature 147 °C
Crean for T1ow Augmentation
Median river flow at outfall 1134 cfs
hermal ¢ i [l
Mean flow augmentation 30.1 cfs ;ﬂ:r;f mggtg.- 429 TEIB'IOS
Temperature change W's outfall -15C AL )
DURHAM WWTP
! oﬁlgg Trom W TP Eruent
Mean effiuent flow: 244 cfs
Mean effluent temperature 22°C Annual Thermal Load after Flow
Median river fiow at outfall 1575 cfs Augmentation Credit
Mixing zone fiow 304 cfs Thermal load from 244 million
System potential temperature 18.1°C WWTP: kcalid 0 million kcalid
Mixing zone temperature change +1.6°C
[ Allowe ing from uent
Median river fiow at outfall 157.5 cfs
Mixing zone fiow: 394 cfs ) million
Allowed temperature Increase 0.25°F owod fermal load: 22 kealld
System potential temperature 18.1°C
Crean for Flow Augmentation
Median Farmington flow 1575 cfs -
ermal cre Il
Mean fiow augmentaton 01 s hema i 22 e
Temperature change u's outfall 45%C SR TR R e
CREDIT FOR RIPARIAN SHADE RESTORATION/PRESERVATION
nemnal crean or - a0 mmon
Total stream miles this year 5.5 miles shade 3 keal/d

CUMULATIVE THERMAL BUDGET FOR CWS ACTIVITES IN THE TUALATIN BASIN

Thermal Load afier TA Credn Thermal Credn for shade Net Thermal Tput |
Annual Cumudative Average Annual Cumulative 1o Tualatin Basin
Year 1 312 mihon keal'd 311 milion keald -30 milion kcaid -30 miion kcald 282 millon kzavd
Year 2
Year 3
Year4
Year 5
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Attachment B
CWS Example of Thermal Credits Associated with Riparian Shade Restoration
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Thermal Credit Trading Activities
a) Identification of Trading Baselines

Table 1
THERMAL CREDIT FOR SHADE YEAR: 2004
Summary
Total miles stream: 5.49 1
Thermal load blocked : 60.3 mullion
kcal/d
Thermal credit this year: 30.2 million
keal/d
Average load blocked per ft: 1060.1 keal/d/ft
Restoration/Protection Record
Thermal
Stream Average | Acres Load Thermal Credit
Project Length Stream | Planted | Blocked Credit per
(ft) Width in 20 vrs (million Length
(ft) (million kcal/d) (kcal/d/ft)
kcal/d)
Bronson 8100 49 7.2 8.78 4.39 542
Butternut at Aloha 1400 9.0 1.9 481 241 1718
Butternut at Bales 400 44 15 0.77 039 967
Cedar Crk at Stella Olsen 1800 15.0 52 937 4.69 2604
Council Creek 1200 15.8 0.4 0.02 0.01 10
Fanno Creek at Englewood 4400 8.9 84 13.70 6.85 1557
Fanno Creek at OES 2700 93 43 2.01 1.01 373
Johnson Creek at Summercrest 1900 1.9 32 1.26 0.63 332
Rock Creek at Evergreen 2500 20.0 8.6 11.42 5.71 2285
Rock Creek at PCC 200 6.4 0.1 046 0.23 1139
Rock Creek WWTP 700 223 1.5 0.29 0.15 209
Summer at Fowler 1700 99 12 361 1.81 1062
Sylvan Creek 200 6.0 0.7 045 0.22 1113
Thomas Dairy 1800 210.0 1.6 3.35 1.67 930
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Attachment C
Potential City of Albany Wetlands Cooling Project
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Last updated June 19, 2008. For questions, contact: David
Primozich at Primozich@verizon.net.

Introduction

The Oregon Department of Environmental Quality (DEQ), working with other partners,
established a precedent in Clean Water Services’ NPDES permit for defining temperature credits
based on riparian restoration plantings on the Tualatin River. Shade credits are determined using
Department of Environmental Quality’s (DEQ) Shade-O-Later model to predict the thermal
benefit of increased shade provided by restoration plantings. Credits are defined as modeled
temperature reductions measured in kcal/day that would be generated from restoration plantings
at full maturity.

Approach to Credit Generation for the Willamette River Basin

The process used in the Tualatin River thermal credit program can be modified for application in
the Willamette basin. The Willamette TMDL developed and used various modeling tools for
evaluating riparian shade, including the Heat Source model for some of the tributaries, and the
CE-QUAL-W2 model for several major tributaries downstream of the Corps reservoirs. These
models can be used to evaluate the benefits of increased riparian shade for other tributary and
river reaches.

Both the spreadsheet developed by Clean Water Services for its annual thermal credit
verification and reporting to DEQ and the DEQ-approved program for the Tualatin River have
been adapted for use within the Willamette basin. The Willamette Partnership-developed credit
calculator includes screening and detailed evaluations of thermal credits applicable to wetlands,
riparian shade, wastewater reuse, and flow augmentation types or restoration activities.

This document provides 1) minimum riparian revegetation requirements for projects to be
eligible to generate credits, and 2) voluntary guidance and recommendations for successful
riparian revegetation based on Clean Water Services’ early experience with thermal credits, but
with modifications for to the broader Willamette basin.

Minimum Riparian Revegetation Requirements

To generate credits?:
1. All plant materials must come from Willamette Valley seed sources below 1,500 feet

1 These items are in other places in the Willamette temp protocol, but shouldn’t be forgotten. In order to
qualify, projects must 1) be able to generate credits to offset thermal load within NPDES permits under the
Willamette Temperature TMDL, and 2) maintain the viability of projects credits for the required life of the credit..
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7.

Plantings must be based on appropriate plant community determined by local
reference site

The site must support a minimum of 1,600 stems per acre (average) at project year
five

The site must have no more than 20 percent non-native cover (average) at project
year five

The site may have no fewer than five woody species and no single species may
represent more than 50 percent of the woody plants at project year five

Neither trees nor shrubs shall represent less than 20 percent of the total stems per
acre at project year five

The stream connected to the site must have perennial flow

Monitoring reports describing progress toward these eligibility criteria shall be submitted to the
Ecosystem Credit Registry registry on an annual basis. If annual reports indicate that a site is
unlikely to meet year five performance standards, the credit seller shall make efforts to improve
site conditions. If those efforts are made in good faith, but performance standards are still not
met, the seller will have the option of 1) substituting credits from another appropriate site, 2)
purchasing credits from the insurance pool, or 3) negotiating another agreement between the

buyer, seller, DEQ, and any other relevant partiesz.

2 This does not imply that the negotiations are an alternative to other options or that they will necessarily be successful.
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Elements of a successful riparian shade restoration project

Woody Plant Density Recommendations

Although woody plant stem densities vary widely among Willamette Valley plant communities,
the recommended range from Tualatin Basin projects is between 2,000 and 2,600 stems per acre.
Formulae for calculating densities are as follows:

tree stems = square footage of planting area x 0.01
shrub stems = square footage of planting area x 0.05

These formulae are intended to be used as a guide and stem density should be modified to reflect
site conditions and target community types.

Considerations for Establishing Native Riparian Plant Communities

Site Conditions

Hydrology
a. Consider the frequency and duration of water inundation. Divide the planting area

Soil

S

into hydrologic zones based on elevation. Most sites include one or more of the
following planting zones with respect to hydrology during the growing season:
Wet - standing or flowing water/nearly constant saturation; anaerobic soils
Moist - periodically saturated; anaerobic and/or aerobic soils
Dry - infrequent inundation/saturation, if any; aerobic soils

Unless soils are heavily compacted, tilling and disking disturb soils and are generally
unnecessary for successful revegetation
Rocky fill or heavily disturbed soil may be removed and replaced with native soil to

create appropriate conditions for planting3

Weeds and Site Context

a.

b.

Consider site preparation and future maintenance needs in light of
characteristics of current vegetation

Consider the current and potential influences of areas surrounding site and
select boundaries and all-season access points that facilitate maintenance

Plant Materials and Planting

a.

One to two-year old bare root seedlings yield excellent results at most sites.4
Containerized plants may be used, but practitioners report higher costs and
inconsistent results with containerized stock

Cuttings from native Salix, Cornus, Spiraea and Lonicera shrubs can effectively
supplement bare root plantings, especially on steep streambanks

Native grass and forb seed can help with erosion and weed control. Small-
stature native grasses are recommended to prevent excessive competition
with planted trees and shrubs for moisture and sunlight

3 Contact your local SWCD for more information about appropriate soil sources.
4 See www.plantnative.org for a listing of local Oregon nurseries
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Bare root seedlings should be protected from freezing and drying during
lifting, transport and planting

Planting in curved rows at regular spacing intervals can facilitate
maintenance

Planting season with bare root plants typically lasts from late January to mid-
March. Fall and spring plantings are also possible if using containerized stock
Plan to inter-plant at approximately 25 percent of original planting numbers
in project year two

Plant protection

a.
b.

d.

Consider potential for herbivory by beaver, nutria, deer, elk and voles
Before using plastic plant protectors and bamboo stakes, consider potential
for loss due to flooding and to vandalism along trails

In grassy areas, consider spring ring spray for vole protection and moisture
conservation. Voles will not likely girdle plants unless they are under the
cover of grass.

In areas with beaver activity, be prepared to replant

Maintenance

a.
b.

FORM ABCD

Visit site regularly

Minimum maintenance on most sites includes one spring ring spray, one
summer mow or cut and one fall spot spray.

The need for irrigation can usually be avoided in a typical summer with
proper plant selection and placement and good grass control (e.g., moisture
conservation ring spray) around plants. A 25 percent inter-plant of lost plants
in project year two is often more cost-effective than irrigation.
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