
















































































































































































CITY OF ASTORIA

Founded 1811 e Incorporated 1856

April 30, 2014
MEMORANDUM
TO: IAYOR AND CITY COUNCIL

13

FROM} BRETT ESTES, CITY MANAGER PRO TEM

SUBJECT: MAINLINE IMPROVEMENT HARVEST 2014

DISCUSSION/ANALYSIS

On October 7, 2013 the City Council awarded a contract to have an inventory of forest resources
conducted in order to update the watershed forest management plan. A copy of the inventory is
attached to this memorandum. Consistent with the management plan, a harvest is proposed to
remove select mature timber within the watershed. The removal of the selected trees will allow for
the planting of seedlings to create a diversity of tree species and age classes as identified in the
management plan, and to sustainably generate revenue for the Capital Improvement Fund.

The patch-cut/thinning units identified are located in areas that will have no impact on water quality.
The areas have a considerable presence of Douglas-fir that is infected with Swiss Needle Cast,
and consequently have lost vigor and growth potential. The units will be replanted with disease
resistant species to include hemlock and cedar.

The improvement project includes the placing of crushed rock and culverts on the Watershed
Mainline. The mainline is the major road that traverses from the Headworks area to the radio
transmission towers on Wickiup Ridge. The majority of the rocking will occur from the Headworks
area to Wickiup reservoir. All additional watershed roads are accessed from the mainline.

The net revenue after road improvement and reforestation costs is estimated to be $200,000.00.
The budget for the improvement projects is not to exceed $36,000.00. Revenues generated from
this project would be deposited in the Capital Improvement Fund.

RECOMMENDATION

It is recommended that Astoria City Council approve the solicitation of bids for the Mainline

Improvement Harvest. 4

Ken P. Cook, Public Works Director

IVIIKE [BARAES //é

Mike Barnes, City Forrester -

Prepared By:

CITY HALL #1095 DUANE STREET e ASTORIA, OREGON 97103 ¢« WWW.ASTORIA.OR.US
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FOREST RESOURCE MANAGEMENT PLAN

This Plan provides a description of The Astoria (Bear Creek) Watershed and Statement of objectives and
polices for the forest. The plan is intended to be flexible and adaptive.

Property Description

The Bear Creek Watershed is located about 10 miles southeast of Astoria and contains approximately 3700
Acres. Primary access is via Bear Creek county road from Highway 30 near Svensen. All access routes
into the watershed are gated.

The terrain is dominated by Wickiup Mountain (elevation 2700 feet) and Wickiup Ridge which form the
southern boundary of the watershed. The terrain slopes west and north from the ridge toward the
Columbia River. Bear Creek and Cedar Creek (sometimes referred to as Waterworks Creek) are the
dominant drainages that provide water resources.

The watershed is bordered by private lands; Hampton Tree Farms, Campbell Group and a number of non-
industrial ownerships surround the watershed.

Historically the areas use as a watershed dates to 1880’s. Through the years the city has increased its
ownership and control to its present state. Crown Zellerbach Corporation owned most of the forest within
the watershed prior to city ownership. Under their management and harvest program the majority of the
land was logged from the 1930’s to the 1950’s. The reforestation efforts that followed harvest were mixed
between planting, seeding and natural regeneration. The current forest is the result of the early
management and logging process and has resulted in a forest with a mixture of species, density and age
classes.

1. MANAGEMENT OBJECTIVES

1.1 The watershed will be managed to provide the very best quality and quantity of potable water for the
customers it serves.

1.2 The watershed (forest) will contain a diversity of native tree and plant species, age classes and
stand composition.

1.3 Unique areas will be identified, managed and protected to enhance the diversity of the forest.

1.4 The watershed (forest) will contribute to the economic and social vitality of the communities and
industries it serves though its primary resource; water, and secondary resource; timber.

1.5  The production of forest products will contribute to forest health, fire safety and diversity and will
in no way adversely affect water quality or quantity.

1.6 The watershed will support and enhance habitat for native wildlife, consistent with water quality
objectives.

1.7 The watershed will maintain an ecosystem that has the capacity across the watershed for renewal,
recovery from disturbances and retention of ecological diversity.



1.8  Proceeds from the sale of products from the forest will be utilized by the City to purchase or
improve vital materials or infrastructure.

2. MANAGEMENT POLICES

To achieve the objectives the following policies have been established. These policies are intended to
create the framework for specific practices to be implemented. The policies established herein
demonstrate commitment to the principles and criteria established within the Forest Stewardship Council
(FSC) standards.

2.1 Regulatory Requirements

All activities will comply with national, state and local laws. Specifically the following laws will be
followed.

The Safe Drinking Water Act (SWDA\) establishes the mandate for maintaining safe supplies of water.
The Oregon Drinking Water Quality Act of 1981 directs the state’s efforts to implement and comply with
water quality mandate set by SWDA.

The Oregon Forest Practices Act regulates management practices on forest lands to protect resources such
as water, timber, fish and wildlife.

All practices implemented within the watershed will comply with these and any other applicable laws.

2.2 Silvicultural (Management) Practices

Forest Conditions- Present and Future

Diverse forest structure is essential to maintaining and/or improving a healthy forest ecosystem. To attain
this diversity, specific forest conditions have been identified and target levels for a mix of those
conditions is recommended. This system seeks to emulate nature, acknowledging that forest landscapes are
constantly changing over time - from old to new to old again. Historically, these varying stand types were
the result of natural disturbances such as fire, wind , insect or disease infestation, floods and landslides.

Leaving key structure components such as snags , and decaying logs after harvest helps the next
generation of forest to begin or attain structural complexity. Harvesting is based on long range goals for
naturally diverse forest types across the landscape. These range from open areas to dense stands to thinned
stands in which residual trees are allowed to grow larger. Native wildlife depend these forest conditions.
Residual forest components of a stand are identified for retention and will allow a continued and maturing
forest component to remain after each forest entry. Old growth like stands which contain multiple canopies
of large and small trees can be developed over time. The following stand structure types describe the
forest conditions which exist or will be developed over time.

Regeneration- 5% of the managed forest area.

These sites are occupied by primarily by tree seedlings or saplings, herbs or shrubs. The trees can be
conifers or hardwoods. Herbs , shrubs, and/or grasses are widespread and vigorous, covering 20 to 80
percent of the ground. This type includes first-year regenerated stands, and continues to the stage when
trees approach crown closure. These stands develop through a stand initiation process, which begins when
a disturbance such as timber harvest, fire or wind has killed or removed most, or all of the larger trees, or
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when vegetation has been cleared for panting. Herbs, shrubs, and some live trees will remain from the
previous stand, as well as snags and down wood. New plants( trees, shrubs, and herbs) begin growing from
seed, artificial regeneration. In later years of these condition , increasing crown closure shades the ground
and herbs, shrubs , and grasses begin to die out or lose vigor.

Closed Canopy- Approximately 70% of the watershed.

Trees fully occupy the site and form a single , main canopy layer. There is little or no understory
development. Where understory vegetation exists, there is low shrub and herb diversity. The shrub or herb
layers may be completely absent or may be short and dominated by one or two shade - tolerant species,
such as sword fern, Oregon grape, Salal, or other species. These stands may include sapling stands, un-
thinned stands, or thinned stands where the overstory still occupies most of the stand.

The stem exclusion process begins when new trees, shrubs, herbs no longer appear and existing ones
begin to die, due to competition. Later in the stage shrubs and herbs may essentially die out of the stand
altogether. The trees begin show decreasing limb sizes, diameter growth rate, and crown length. Later, less
competitive trees die. As some trees die, snags and down wood begin to appear in the stand. Near the end
of stage, enough trees have died and living trees have enough variation that small gaps form the understory
trees, shrubs, and herbs begin to appear.

Older Forest Structure- Approximately 10% of the watershed.

These stands occur when stands develop a variety of structural characteristics which are linked to older
forests or old growth. These forest have at least 8 or more live trees per acre that are at least 32 inches in
diameter at breast height. Two or more canopy layer are present often with one layer of shade tolerant
species. Snags are present at 3- 6 per acre, 2 of which are at least 24 inches in diameter. A substantial
amount of down wood ( 600 to 900 cubic feet) per acre. At least one large remnant tree per 5 acres is
present over 32 inches in diameter. These trees exhibit deeply fissured bark, large limbs or platforms,
broken tops, evidence of decay, or other evidence of decadence. Multiple tree species (at least 2) are
present at least one of which is shade tolerant species. A diverse understory layer is present to include
shrubs, herbs and regeneration of tree species.

Riparian Zones- 15% of Watershed.

Riparian zones will be managed to maintain healthy conditions for water quality and associated aquatic
species. These areas will be managed or maintained so that over time average conditions become similar to
those of mature streamside stands. Conifer stands dominate mature streamside stands over time. Mature
stands will provide ample shade over the stream, an abundance of large woody debris in the channel, snags
and regular inputs of nutrients through litter fall. These conditions will support the presence of fish.
Streams that are not fish bearing will be managed to support functions and processes that are essential to
downstream uses. Such processes include; maintenance of cool water temperatures influences on sediment
production and bank stability. All streams shall be identified and managed to meet these conditions. The
three main reservoirs will be protected to maintain water quality and quantity.

To attain the target conditions

Forest conditions will be identified and be documented and updated over time. The target levels will be
reviewed on an annual basis and management activities will be addressed consistent with these condition
targets.

A variety of stand conditions and species mix now exists within the watershed. The watershed has been
divided into units (stands) which exhibit certain characteristics of species, age and density. These
individual stands are described in Attachment D.
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The Stands will be managed and harvested on a stand by stand basis to preserve or enhance natural stand
conditions.

Forest management and harvest activities will be directed to enhance conditions that maintain high quality
water flowing from the forest, minimize conditions which can lead to catastrophic events (i.e. fire or
disease) and provide timber resources for economic activity.

Stands that exhibit a diversity of age classes or species will be managed to encourage a forest with a
variety of structure. For purposes of this plan, the following forest characteristics enhance structures:

A variety in the number of trees per acre or stand densities by species and by stand.
A mixture of understory plants and shrubs.

A diversity of tree diameters and age classes per stand.

A variety of seedling species and numbers per acre.

To achieve this variety in stand structure the stands will be harvested using a combination of individual
tree selection and patch cuts. Within a stand individual, trees will be selected for removal that are mature
dominant or co-dominant trees and will benefit residual trees and encourage reproduction. Minor species
within a stand such as cedar should be considered for retention. To encourage the establishment of
reproduction understory vegetation may be removed in certain areas by mechanical methods.

Small patch cuts of 2 to 15 acres in size will be used to facilitate the establishment of young stands through
natural regeneration or planting where necessary. These small cuts will be scattered throughout a stand to
create a mosaic of stand structure. The number of the cuts will be depend upon the total acreage of the
stand and will be created at 3 to 7 year intervals.

Avreas of steep slopes will be managed to minimize water quality impacts. Areas with slopes greater then
35% for a distance greater 200 feet will be evaluated on a case by case basis to determine the potential for
adverse effects. These areas will be managed and thinned using cable systems to minimize impact on the
ground. Frequency of harvests will be minimized.

Young forest stands with a high density (number of trees) of a single species will be managed to move the
stands toward a stand of mixed species and age classes. The initial entries into these stands will remove
defective trees (crooks, double tops, etc.) and provide adequate crown spacing for remaining trees.
Subsequent harvests will create opportunities for natural or planted regeneration or a combination of both.
This may be done by creating openings large enough to promote natural seeding and planting which will
seek to replicate the diversity of the natural forest. Certain species such as cedar will be established as
soon as possible to create a diversity of species.

2.3 Stream Protection

All perennial and intermittent streams within the watershed will be protected to maximize water quality
and quantity.

Riparian zones equal to or greater than required under The Oregon Forest Practices Act will be established
along each stream. Activities within the riparian zones will be limited to stream crossings required for
access and to improve water quality. Attached guidelines are identified in Section 2.11

No equipment will be placed within the riparian zones during periods of wet weather.
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2.4 Large Woody Debris.

Large woody debris is considered to be large wood, limbs and tops, left on the forest floor for the purpose
of providing centers for biological activity and habitat for small birds and mammals, to support decay
mechanisms and bacteria activity which will contribute to the health and diversity of future forests, and to
provide protection from erosion. To provide this resource the following practices shall be followed in
management areas:

Whenever possible, limbs and tops should be left evenly distributed throughout the area, while leaving
sufficient areas exposed to provide for planting seedlings where they are called for or to encourage natural
regeneration.

Non-merchantable logs will be identified for retention prior to yarding operations, should not be taken to
the landing, and wherever possible will be distributed throughout the area when harvests is complete.

In harvesting younger stands, down material and stumps from prior operations will be left undisturbed. In
the case of pre-commercial thinning the thinned material will be left in place.

25 Transition Trees

Transition trees are intended to transition one age or stand composition to the next. These trees provide
large tree representation in a young plantation or natural stand. They possess desirable characteristics of
species, size and location. Transitions trees will be selected using the following criteria:

Trees with a diameter equal to or greater than the average for the stand.

In the case of a natural stand, trees representative of current stand composition.

Trees that appear vigorous, with healthy crown ratios of 40% to 50%.

At least four trees per acre should be selected prior to harvest. At least one of these trees should be in the
top quartile of the stand’s diameter distribution. The selected trees may be clumped whenever possible.

Transition trees should be marked for retention prior to harvest and they may be described in the
management record for the unit in which they are located.

Transition trees may be removed in ongoing management operations if replacement trees meeting the
above criteria can be identified.

2.6 Snags.
Snags are defined as dead trees greater than 11 inches in diameter or more than 30 feet tall, and should be

retained to provide habitat for wildlife. In scheduling an area for harvest, the following guidelines should
be followed:

Existing snags will be identified and marked for retention.

Snags selected for retention should reflect the species composition of the stand being thinned and should
be as large as possible.
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If there are no snags within the stand, they may be provided for by increasing the number of transition
trees per acre, giving preference to those with defects (such as disease and snowbreaks) which may cause
them to enter the snag category in the future.

A minimum of 3 snags or potential snags per acre will be identified and marked for retention.

Snags must comply with current health and safety regulations. No tree or snag will be left in an unsafe or
threatening position.

2.7 Forest Health.

The health of the forest will be maintained or enhanced by the following general principles:
By encouraging a diversity of species within the plant and tree communities.

By encouraging vigorous trees through pre-commercial and commercial thinnings to assure good crown
spacing.

By promoting natural regeneration of conifer species.

In the case of plantings, by using appropriate seed sources.

By avoiding tree removal and travel patterns which cause soil compaction.

By promoting the viable animal, bird and insect population which will contribute to a healthy forest.
By the following treatment of existing threats:

Swiss Needle Cast has affected a large percentage of the Douglas-fir throughout the watershed. This
disease has increased throughout the coastal forest zone. The disease infects the needles and causes severe
needle loss in many cases. This affects the vigor of the tree resulting in significant decrease in diameter
growth. The Douglas-fir in the watershed are in the zone of moderate infection. Visual observations
indicate the disease may have peaked with improved growth. The Douglas-fir generally occurs with a
mixture of hemlock and other conifers enabling the area to remain productive. Effective management
options for this health concern are currently being developed. Selective harvest of the most severely
affected trees may result in more vigorous growth of remaining Douglas-fir.

Sitka Spruce Tip Weevil is present in young Sitka Spruce. The larvae of this weevil Kills the terminal
leader of the spruce resulting in reduced height growth and deformed stems. Planting of spruce should be
conducted only in areas not adjacent to spruce affected by the weevil.

2.8 Watershed Forest Road Management

Roads are recognized as a valuable and primary component for managing the watershed. There are
approximately 28 miles of roads within the watershed, which represents an average road density of about
4.8 miles per square mile. The majority of these roads were constructed many years ago to provide access
for timber removal. The roads were constructed to sustain low volume use. The road surface was rocked
with “pit run” material. The roads were constructed for use by log trucks and other rugged vehicles.
Although basic in design and construction, these roads represent a significant economic asset.
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The roads have features of low volume road systems to include a solid running surface, cleared right of
way, ditching and culverts as needed. Road segments used infrequently are now covered with grass and
local vegetation.

Main road systems have been upgraded to provide access to improvements such as the water resources and
transmission towers. Crushed rock has been placed on most of these road segments.

3 locked gates maintained by the City control access to the watershed. These gates are located at entrances
to neighboring forest ownerships.

The City will upgrade and improve the main road systems through integrating in forest harvest projects.
All roads are travelled periodically. Mowing of road and roadside vegetation occurs annually.

A comprehensive survey of the road systems and associated culverts is attached to this policy (see
Attachment A).

The City will monitor all forest roads within the watershed on a continual basis (daily or weekly patrols)
by watershed staff. Any significant concerns will be noted and addressed as required.

29 Soils.

According to the 2012 soil survey, all areas containing merchantable timber are suitable for harvest. The
soils are all well drained.

The upper ridge soils (largely rock) has a shallow depth to bedrock and is not suited for commercial forest
activities. This area does contain a source of rock which has been used in the past. A complete soil survey
is attached (see Attachment B).

2.10 Invasive Species.

The presence of invasive species is currently minimal within the watershed. The most prevalent species
found in the Astoria area are Himalayan Blackberry and Scotch Broom. Both of these species have been
expanding in certain forest areas within several miles of the watershed.

To minimize the opportunity for spread of these species into the watershed, all equipment moved in to the
watershed for harvest activities must be cleaned and inspected prior to moving in to the watershed. This
requirement is a provision within the contract.

It is recognized that certain species can be introduced or found on the watershed over time. The control of
any significant invasive species will be handled with mechanical methods. These methods will generally
be hand control by contract. No chemicals are used on the watershed for control of any vegetation so the
control will require hand control methods.

Watershed staff will note the presence of any invasive species and control methods will be implemented
as required.
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2.11 Water Resources

The Bear Creek Watershed provides water for consumption by the citizens and businesses of the City of
Astoria and surrounding users. The primary asset of the watershed is quantity and quality of water.

The watershed has an extensive stream network and three large artificial impoundments. There are about
32 miles of major streams and tributaries on the city ownership, which represent a drainage density of
about 5.5 miles per square mile. This stream density contributes to a relatively rapid runoff response.
Stream flows rise and fall quickly with individual storms and dry periods. The three main impoundments
total about 53 acres or 1.7 percent of the watershed area. The estimated capacity of these reservoirs is
about 300 million gallons. These three reservoirs as well as water diverted from Cedar Creek have the
capacity to meet the needs of the users of the water.

The Bear Creek dam and the diversion dam on cedar creek prevent the upstream movement of fish species.
A resident population of cutthroat trout can be seen in all three reservoirs and are present in available
stream reaches above the reservoirs.

Due to the entire watershed being classified as a community water source all streams are considered to be
category A under the Pacific Coast Region Standards.

Therefore the following guidelines will be applied during all forest resource activities.

An inner buffer of 50 feet wide (slope distance) from the high water mark shall be applied to both sides of
the stream Specific stream characteristics such as slope stability and steepness may require additional
widths.

Management activities within the inner buffer will maintain the native vegetation. Only singe tree
selection removal will be used. All activities will retain or recruit large live trees and large woody debris
for stream structure. No vegetation will be removed within 25 feet of the stream.

Heavy equipment will not be used within the inner zone unless prior approval is granted for specific
crossing sites.

New road construction will be minimized with any riparian area. All alternatives will be examined to
minimized stream disturbance.

The outer buffer zone will extend from the outer edge of the inner zone for 150 feet. Single tree or group
selection methods will be used in this zone. Each harvest activity will be determined on a case-by-case
basis to adhere to this policy and be within a reasonable management objective. The objective of the
management in this outer zone is to ensure the post harvest shading relevant to the stream being protected
and to maintain and acceptable habitat for aquatic and terrestrial species.

New road construction in this outer zone will be minimized. Any road improvements will minimize
sediment delivery.

Alder species contributes to the degradation of water quality. Certain portions of the main streams may be
managed to replace alder with conifer species. This may require deviation from stream-side buffer zones.

\
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2.12 Wildlife and Fish Resources.

Habitat for wildlife and fish shall be protected and enhanced through management objectives and
activities.
1) Environmentally unique areas have been identified for retention. Other will be added to this status
as they are identified.
2) Minimum access within the watershed offers a level of protection from hunting and other man
caused pressures.
3) Management activities will increase forage opportunities, snags, down woody debris and other
elements critical to a diverse wildlife population.
4) Riparian zones will be managed in accordance with FSC criteria. Native populations of fish will
be protected through these practices.

The Bear Creek Watershed provides habitat for many of the species of wildlife that are commonly found
in or near the forests of northwest Oregon, including Roosevelt elk, black tailed deer, cougar, black bear,
beaver and mink. No formal surveys of these relatively common species have been conducted on the
watershed. Their specific activity and abundance have not been specifically identified. Due to the closure
of the watershed to all outside traffic, the level of these species is probably higher than the surrounding
forested areas within the constraints of acceptable habitat types for specific species.

The presence of threatened, endangered, or sensitive species as defined by federal law is important because
this can significantly affect management plans and decisions. Several different species have been observed
in neighboring watersheds and may occur within the Bear Creek Watershed in the future. Bald Eagles have
been observed near the Columbia River with specific nest sites having been identified. Marbled Murrelets
were found on State Forestry lands southeast of the watershed. A murrelet study conducted in the
spring/summer of 1999 found no flights into the canopy of the watershed. Northern Spotted Owls were
traced into the Columbia slope are to the west of the watershed but to this date (2007), no resident
populations have been observed in the watershed.

ODFW is in the process of surveying the Bear Creek Watershed for Anadromous fish populations from the
watershed to the Columbia River. The initial focus of this study was on the presence and life cycle of sea
run cutthroat trout. During the summer of 2007, a number of fish presence observations were taken along
Bear Creek and Cedar Creek inside the watershed. None were found within the watershed.

The barriers to fish passage on Bear Creek and Cedar Creek have been in place for decades. The 100 foot
high dam on Bear Creek was built in 1913. It presents a significant barrier that would require funding
beyond the capacity of the city to allow for upstream passage. The barrier on Cedar Creek is less
formidable. The City will continue to explore funding opportunities to develop fish passage into the upper
reaches of Cedar Creek.

A comprehensive evaluation was conducted in 2012 by the Nature Conservancy. The evaluation is

watershed based. The potential wildlife and plant communities for the Bear Creek Watershed is found in
Attachment C.

Page | 9



2.13 Environmentally Unique Areas.

Stand 23. This 34 acre unit contains characteristics of a late successional forest and will be managed as an
FSC Type 2 old growth stand. The trees vary in age from less than 30 to greater than 200 years.
Numerous snags of varying height and diameter are found within the stand. Species composition is
dominated by hemlock and Sitka Spruce with cedar and certain hardwoods also present. This area will be
protected to the extent possible to enhance its value as a unique area. No harvest activities or road
construction will be conducted in this area.

Wickiup Ridge Stand 73. The higher slopes of the Wickiup Ridge contain a unique combination of non-
forested rock out croppings and low height tree and shrub vegetation. This site is host to a variety of flora
and fauna. The area will not be scheduled for any harvesting or rehabilitation activities. The current rock
pit may be used to produce rock for use in the watershed.

3 MANAGEMENT ACTIVITIES

3.1 Monitoring

Watershed Units. The forested areas of the watershed have been divided into stands (units of common
species, age etc.) which are identified in the Watershed Inventory. The units will be marked to indicate
environmentally unique areas, roads and other important features. The units will be reviewed annually to
ensure its continued accuracy (see Attachment D).

Permanent Plots. Permanent plots may be established within selected stands to be used in providing stand
growth and composition information. Plots will vary in size according to the age and composition of the
stand. Plots will be marked on the ground using GPS coordinates and on the map and be evaluated at least
once every 5 years.

Stand Management Records.

A record shall be kept for each stand to include:

Description of stand

Management and harvest activities

Plantings by seedling type and source

Description of transition trees and snags

Forest Health issue

Other Observations

All management unit records should be reviewed periodically for accuracy and compliance with the
management policies in this plan and to access experience and progress toward achieving management
objectives.

Resident water resource manager monitors the road, forest and water conditions on a daily basis. Any
concerns are addressed as needed.

3.2 Timber and Carbon Inventory. A comprehensive inventory was completed in January
2014 (see Attachment D).
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3.3 Allowable Annual Harvest.

The 2014 Inventory indicated a standing volume of one hundred million board feet. The conservative
growth projections indicate an annual growth rate of 4%. The annual harvest level could be set at three
million board feet per year which would retain the current standing volume.

The annual allowable harvest shall not exceed 50% of growth. Based on current information, the annual
harvest shall not exceed 1.5 million board feet per year. This will increase the average age to 65 years and
higher in future years.

The primary purpose of the Bear Creek Watershed is to supply quantity and quality of water to the city of
Astoria and other users. Forest management activities as described under this plan are undertaken to
improve the health and maintenance of the watershed and provide funding for approved projects.

All forest areas designated for tree removal shall use the following guidelines when selecting trees for
removal and retention. Specific circumstances may require deviation from these guidelines and will be
documented prior to implementation.

Guidelines for the selection of trees to be harvested from Bear Creek Watershed:

Closed Canopy- These stands consist of fully stocked stands of conifers that have a common age of 40- 60
years. These stands are the result of previous management and have components of natural and planted
regeneration. The dominant species are Douglas-fir and Hemlock. In these stands, the removal and
retention guidelines shall include:

1) Basal area targets shall be established appropriate for each removal area. They will vary from 110
to 170 square feet of basal area. Operators will be trained and have appropriate tools to assist
with meeting the selected basal are target. Operators will be given the responsibility of selecting
the appropriate trees for removal and retention after training. Monitoring shall ensure compliance
with the guidelines.

2) Trees selected for removal shall include injured (bear) or diseased (swiss needle cast) trees.

3) Species that occur infrequently within the stand shall be retained if possible. These may include
cedar, spruce or true firs.

4) Older stand components from previous stands shall be retained

5) Non-merchantable segments and debris shall be left within the area

6) Dead trees shall be left to meet snag retention goals.

7) Large non merchantable log segments that meet course woody debris criteria shall be left within
the harvest areas.

8) Patch cuts may be designated for harvest. These will vary in size from a two to fifteen acres.
These patch cuts will contribute to the regeneration component of the desired future forest
condition. All trees within the patch cut shall be removed unless marked for retention.

Mature Forest Stands - These stands have developed or will develop characteristics described under forest
conditions. Current stands have been thinned in the past. They are dominated by Hemlock with a mix of
Douglas-fir, Spruce and True Firs. The larger and older segments of these forests have significant defect
and low quality log characteristics. In these stands the removal and retention guidelines shall include:

1) Areas selected for removal shall be marked by City representative.
2) Areas selected for removal shall improve or maintain the condition of residual trees
3) Areas may be selected for removal to improve the growth of or encourage the emergence of
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natural regeneration.

4) Segments of the current stand shall be identified for retention. This shall include species and age
distribution. This will allow for the stand to move toward an older forest condition.

5) Areas of natural regeneration shall be protected to the extent possible.

6) Trees exhibiting old forest conditions shall be considered for retention. The characteristics may
include large diameter, limb structures that form platforms and dead tops.

7) Debris from harvest shall be left distributed in the area.

8) Large non-merchantable segments shall be left to meet large wood goals.

9) Snags or dead trees shall be left to meet snag goals.

10) Patch cuts may be designated for harvest. These patch cuts will vary in size from two to fifteen
acres. All trees within the patch cuts will be removed unless designated for retention. Patch cuts
will contribute to the regeneration segment of the desired forest conditions.

3.4 Pre-Operation Review.

Before operating in any unit an assessment of the unit and its surroundings will be conducted to
determine the most economical method of operation and requirements for resource protection. This
should include retention of transition trees and snags, and the development of coarse woody debris.
Wildlife and unique tree and plant communities should be identified, and their protection considered
before tree removal is started.

3.5  Harvest Practices. These guidelines should be observed:

Slopes under 35%: Ground based systems should be used, with methods and type of equipment
appropriate to the slope and soil conditions. Ground based yarding should be done during periods of
dry weather. Skid trails will be laid out in advance, keeping in mind the life of the stand and the need
for repeated entries. At the conclusion of operations skid trails susceptible to runoff will be water
barred.

Slopes over 35%: If the yarding distance is more than 200 feet along the slope, a cable system should
be considered to avoid soil disturbance and compaction.

3.6 Planting and Regeneration.

All reforestation activities will comply with Oregon Forest Practices Act.

Natural regeneration will be encouraged after harvest in a variety of ways, including the exposure of
mineral soil during tree removal and site preparation.

Where planting is necessary to assure regeneration or to encourage diversity only seedlings of a
species and size appropriate to the site grown from a seed source matching the site, will be used.
Certain species such as western red cedar which were present in greater numbers in previous
conditions will be planted to increase current stocking. Planting and protection techniques will be
developed to increase success of seedlings.

3.7 Chemical Use.

Chemicals will not be used for forest management activities within the watershed. Alternative
methods (mechanical or hand work) will be used to control undesirable vegetation or pre-commercial
harvest activities.
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3.8  Adaptive Management.

The objectives outlined in this plan can best be accomplished through an adaptive approach to
management. Through information acquired by the owners and manager, and with assistance from
specific professionals, the plan may be modified from time to time to reflect current data, science and
processes.

3.9 Stakeholder and Public Involvement.

The City of Astoria as a public entity provides an open process related to all decisions impacting the
management of the Bear Creek Watershed.

The management plan is maintained on the City of Astoria website and can be accessed by any person
or entity for review. Any interested party can contact the City and obtain access to the management
plan if they do not have web access.

All harvest projects are submitted to City Council for review at a regularly scheduled meeting of the
council. The information relative to the project is published for review prior to the meeting on the City
website and notice of the meeting agenda is posted in the local paper prior to the meeting. Council
accepts public comment prior to any decision regarding the project. The project is distributed to
qualifying parties for review and opportunity to bid on the project. The project notice is also posted in
the local paper. All responses are brought before Council for review and decision to award a contract.
Public involvement is considered in all phases of the decision process.

3.10 FSC Chain Of Custody.

The following policy will provide procedures for the operations pertaining to the sale of certified
products.

1) Notice of timber sales shall include documentation that the timber is certified under FSC. All
eligible purchasers have equal opportunity to bid on timber sales. Effort will be made to ensure that all
potential FSC certified purchasers are aware of scheduled timber sales.

2) The city of Astoria Public Works Department is responsible for the control of all timber sales
including those sold to FSC purchasers. Public Works Director or his appointed representative shall br
responsible for all control procedures.

3) All logs sold to an FSC market shall be identified on the log load form as certified under the FSC
Chain of Custody number. Such forms shall identify the date the logs left city forests, species, logger,
trucker and destination. Copies of the forms shall be distributed to the logger, purchaser, and trucker.
One copy of the form shall be retained by the city. Forms shall be retained for a minimum of 5 years.
4) The city shall not allow products not originating from city certified FSC forests to be sold or
distributed under city FSC Chain of Custody Certificate.

5) FSC purchaser shall be required to provide sale information to the city. Information shall include
but not be limited to:

A) report of each load of logs received

B) quantity (bd ft or other measure)

C) species of products

D) log grades or other quality documentation

E) summary of quantity delivered for each reporting period as established in the contract of sale

6) Records of the entire sale process shall be retained for a minimum of 5 years. Records shall include
but not be limited to the following :
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A) presale information

B) sale bid packet

C) contract and other sale documents

D) record of log load documents

E) purchaser log load and summary documents

F) record of all correspondence relevant to the sale
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Attachment A

Bear Creek Watershed Road Status and Improvement Plan

The roads in this review are divided in to 2 major categories, the main road systems and
the spur roads from the main roads. All of the roads are travelled at least annually to
remove the overtopping vegetation and to note any concerns that may need immediate
attention. Annual Watershed road maintenance and improvement budget is estimated to
be $40,000 per year. Additional significant improvements are considered during harvest
activities.

A-Line

This is the main road system that enters the watershed and accesses the 3 reservoirs and
the transmission towers on Wickiup Ridge. The road is well travelled and has been
rocked with a layer of crushed rock for most of the distance. The mainline is
approximately 7.5 miles in length.

This road is scheduled to be rocked with additional crushed rock during the summer of
2014. All culverts will be analyzed and improved or replaced as needed. The intent is to
rock the road to allow for periodic grading in future years.

Bridge Spur- This spur is approximately 0.5 miles in length. The road crosses Bear
creek on a bridge constructed several years prior. The Bridge will be analyzed to ensure
passage by heave traffic (log trucks) remains to be safe. The road surface is pit run rock.
The surface will be improved in future years as harvest activities are scheduled to use the
road. The road will be mowed at least annually to control grass and other vegetation.

Clatskanie Cross Over- This spur connects with a road system accessing industrial
lands to the west of the Watershed. It is gated at the entrance to the Watershed. The spur
is approximately 0.7 miles to the boundary. It crosses a branch of Bear Creek. The road
surface is pit run rock. The culverts are currently functioning. This spur is mowed
annually to control vegetation.

M Spur- A short spur accessing a portion of the watershed. Road surface is pit run rock.
This spur will be mowed annually to control vegetation.

Spur 17- A short spur accessing area between Middle and Wickiup Lakes. It is a pit run
road surface and will be scheduled for additional rock in 2016 during a harvest operation.
The road will be mowed annually to control vegetation.

Spur 18- This spur is approximately 0.7 miles in length. It crosses upper Bear Creek. The

culvert is functioning and will be monitored to ensure proper flow. The road surface is pit
run rock and the road will be mowed annually to control vegetation. Additional rock may
be applied as harvest activities are scheduled.

Spur 20- A short spur at the upper end of Wickiup Lake. It is a pit run rock surface. No
activities other than annual mowing are scheduled for this spur.
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Spur 19 — A short spur that is covered with pit run rock for approximately .3 mikes. This
spur connected with industrial lands to the west but is no longer usable due to the recent
harvest activities on both sides of the boundary. Additional grass seeding is scheduled for
the spring of 2014

Spur A-1- This spur originates from the industrial ownership to the west. It is gated at
the entrance. It accesses the ridgeline above Wikiup Lake. It is approximately 1.1 miles
in length. The road is covered with a pit run rock surface. It has not been used for several
years and will be scheduled for improvement as harvest activities are scheduled.

N Line- This is an extension of the A Line that accesses the Transmission towers on top
of Wikiup Ridge. The road was recently used for harvest activities by the City and the
industrial ownership (Campbell Group). The road surface is pit run rock with some
crushed rock placed on specific portions. The road is solid due to the rock ridge it travels
along.

11 Line

11- This road system is dived in to the 11A and 11B road systems. The 11A is
approximately 2.5 miles in length and the 11B is approximately 1.5 miles in length

11A — This road system was improved in 2008/9 to access areas that experienced severe
damage from the windstorm of 2007. The road has been rocked with crushed rock and 2

main culverts have been replaced. It is scheduled for additional improvement in 2014 to

repair or replace specific culverts. Additional rock will placed on the road surface.

11A-1- A short spur accessing area above Main Lake. It will not be used unless needed
for access during future harvest activities. It is currently not accessible.

11A-2- Spur accessing areas above Main Lake. It has a pit run surface. Wet areas along
the road make this spur unusable during any wet periods. The road will be upgraded
during future harvest activities.

11A-3- This spur was used during the 2008 harvest. It has a thin layer of pit run rock. It
will be mowed to control competing vegetation. Due to the young age of the trees, this
spur will not have commercial use for many years.

11B- This spur is approximately 1.5 miles in length. It has a solid pit run surface. It will
be rocked with crushed rock during future harvest activities. It accesses considerable area
above Bear Creek. It will be mowed annually to control vegetation.

11B-1- A short spur 0.3 miles in length. Pit run road surface. It will be mowed annually.

11B-2 — A short spur 0.3 miles in length. Pit run road surface. It will be mowed annually
to control vegetation.
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11B-3- A short spur 0.4 miles in length. Pit run road surface to be mowed annually to
control vegetation.

Spur 1 — A main spur approximately 2 miles in length that crosses Cedar Creek and Fat
Buck Creek. It accesses the diversion dam on Cedar Creek which is where water is
diverted from the stream to the sand filters. A large fill crosses Cedar Creek. This spur is
crushed rock to the diversion dam area and pit run surface on the remaining portions of
the system. A rock pit, which has been used in the past, is located at the 1.5-mile mark on
the road. This pit is no longer in use but may be developed in the future. A large blockage
has been dug at the 2 mile mark prior to where the road crosses Fat Buck Creek. The City
does not use water from Fat Buck Creek but the Wickiup Water district does take water
from the creek.

Spur 1A- This spur is approximately 1 mile in length. It follows the Power transmission
lines for a distance. It is a pit run rock surface. A portion of the road surface was
improved during a blow down harvest in 2010. The road crosses a small branch of Cedar
Creek. This road system may be improved during future harvest activities.

Spur 1B- A short 0.2 mile spur that is surfaced with pit run rock. It will be mowed
annually to control vegetation.

Spur 1C and 1E- two short spurs that are pit run roads. They will be mowed annually to
control vegetation.

SpurlD- This spur is blocked prior to the crossing of Fat Buck Creek. The Culvert on
Fat Buck Creek will be evaluated to ensure proper flow in the future. The road may be
improved to allow for future harvest activities.

Spur 12 — Spur 12 and 12A access a significant portion of the Watershed. Spur 12 is
approximately 2.7 miles in length and spur 12A is approximately 2 miles in length. Both
of these spurs have been improved in the recent past.

Spur 12 was improved in 2013. The majority of the road was rocked with crushed rock
and 6 additional cross drainage culverts were installed. All culverts were inspected and
cleaned as needed. The road crosses the upper reach of Cedar Creek. This culvert was
replaced approximately 10 years ago. A gate was installed at the end of spur 12 where the
road enters industrial ownership. Additional rock may be placed on spur 12 as future
harvest activities are scheduled.

Spurl2A was improved in 2010 and 2006. Crushed rock was place over the pit run
surface. A thinning activity and several patch cuts were completed along this spur.
Additional crushed rock will be needed at the end of spur 12A and placed along the entire
length to upgrade the road surface.

Spur 12B- A short spur 0.7 miles in length. It crosses a tributary of Bear Creek. The road
surface is pit run rock. This spur will be improved in the future as harvest activities are
scheduled.
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Spur 12C- A short spur 0.3 miles in length. It accesses a ridge above a branch of Cedar
creek. It is a pit run surface and will be mowed to control vegetation.

Spur 12D - This spur connect with the spur 21 road system. The total length including
spur 21 is approximately 3 miles. The road has a pit run surface but will need
considerable improvement prior to any all weather use.

Spur 12A1- A short spur 0.7 miles in length. It is a pit run surface and has been used for
harvest activities. It will be mowed annually to control vegetation.

Spur 21-This main spur is approximately 3 miles in length. It crosses the upper branches
of Cedar Creek and Bear Creek. Both of these crossings are blocked with significant
washouts. The road surface is Pit run rock. This spur was used extensively for earlier
harvest so the roadbed is very solid. The road across the first culvert will be improved
during the summer of 2014. The stream crossing will be evaluated to determine the cost
comparison for a culvert or a bridge. The road surface will be covered with crushed rock.
All culverts along the improved portion will be evaluated. Culverts will be improved or
replaced. Additional cross culverts will be installed as needed.

Spur 21 to spur 12D- This portion of spur 21 will be improved with future activities. The
washout on Cedar Creek will require the placement of a large culvert or a bridge. The
road will require considerable rock to provide for all weather access. This road system is
needed to provide access to the upper portions of Cedar Creek.
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Relative
Analysis Abundanc
Unit Taxanomic Species or Habitat Common Name Species Scientific Name e Dist. GRank SRank ESA
17 Amphibians Columbia Torrent Salamander (modeled dist) Rhyacotriton kezeri 2.9 L G3 NA
17 Amphibians Cope's Giant Salamander (modeled dist) Dicamptodon copei 1.5 L G3 NA
17 Amphibians Western Toad (modeled dist) Bufo boreas 11 w G4 NA
17 Amphibians Coastal Tailed Frog (modeled dist) Ascaphus truei 0.8 w G4 NA
17 Birds Bald Eagle Haliaeetus leucocephalus 2.3 W G5 S4B,SAN NA
17 Birds Marbled Murrelet (modeled dist) Brachyramphus marmoratus 1.8 w G3 PS:LT
17 Birds Osprey (modeled dist) Pandion haliaetus 13 w G5 NA
17 Birds Marbled Murrelet Brachyramphus marmoratus 1.2 w G3 S2 PS:LT
17 Birds Great Blue Heron (modeled dist) Ardea herodias 1 W G5 NA
17 Birds Olive-sided Flycatcher (modeled dist) Contopus cooperi 1 w G4 NA
17 Birds Ruffed Grouse (modeled dist) Bonasa umbellus 1 U G5 NA
17 Birds Willow Flycatcher (modeled dist) Empidonax traillii 1 W G5 NA
17 Birds Band-tailed Pigeon (modeled dist) Patagioenas fasciata 1 w G4 NA
17 Birds Bald Eagle (modeled dist) Haliaeetus leucocephalus 1 W G5 NA
17 Birds Northern Spotted Owl (modeled dist) Strix occidentalis caurina 1 W T3 LT
17 Birds Mountain Quail (modeled dist) Oreortyx pictus 1 W G5 NA
17 Birds Pileated Woodpecker (modeled dist) Dryocopus pileatus 0.9 w G5 NA
17 Fishes Steelhead - Southwest Washington Winter Run Oncorhynchus mykiss pop. 35 2.4 E T3 LT
17 Fishes Chinook Salmon - Lower Columbia River Fall Run Oncorhynchus tshawytscha pop. 22 2.1 E T2 LT
17 Fishes Coho Salmon - Lower Columbia River Oncorhynchus kisutch pop. 1 1.6 E T2 LT
17 Mammals Red Tree Vole (modeled dist) Arborimus longicaudus 1.9 L G3 NA
17 Mammals Fringed Myotis (modeled dist) Myotis thysanodes 1 W G4 NA
17 Mammals Mule Deer (modeled dist) Odocoileus hemionus 1 U G5 NA
17 Mammals Long-legged Myotis (modeled dist) Myotis volans 1 W G5 NA
17 Mammals Californian Myotis (modeled dist) Myotis californicus 1 w G5 NA
17 Mammals Silver-haired Bat (modeled dist) Lasionycteris noctivagans 1 w G5 NA
17 Mammals Hoary Bat (modeled dist) Lasiurus cinereus 1 W G5 NA
17 Mammals Elk (modeled dist) Cervus canadensis 1 u G5 NA
17 Plant Assembly  Temperate Pacific Freshwater Mudflat NA 3.5 L T1 NA
17 Plant Assembly  Temperate Pacific Freshwater Emergent Marsh NA 2.5 w T3 NA
17 Plant Assembly  North Pacific Hardwood-Conifer Swamp NA 1.7 W T2 NA
17 Plant Assembly  North Pacific Broadleaf Landslide Forest and Shrubland NA 1.7 w T4 NA
17 Plant Assembly ~ Willamette Valley Wet Prairie NA 1.7 w T2 NA
17 Plant Assembly  North Pacific Maritime Dry-Mesic Douglas-fir-Western Hemlock Forest NA 1.6 w T5 NA
17 Plant Assembly  North Pacific Hypermaritime Sitka Spruce Forest NA 1.6 L T4 NA
17 Plant Assembly  North Pacific Oak Woodland NA 13 w T4 NA
17 Plant Assembly  North Pacific Montane Riparian Woodland and Shrubland NA 1.1 w T3 NA
17 Plant Assembly  North Pacific Lowland Riparian Forest and Shrubland NA 1 w T4 NA
17 Plant Assembly  North Pacific Maritime Mesic-Wet Douglas-fir-Western Hemlock Forest NA 1 w T5 NA
17 Plant Assembly  North Pacific Herbaceous Bald and Bluff NA 0.9 w T2 NA
17 Plant Assembly  North Pacific Lowland Mixed Hardwood Conifer Forest and Woodland NA 0.8 L T4 NA
17 Plant Assembly  Mediterranean California Red Fir Forest NA 0.7 w T4 NA
17 Plant Assembly  North Pacific Shrub Swamp NA 0.4 w T2 NA
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2013 Forest Inventory of the Bear Creek
Watershed for the City of Astoria

1.0 Introduction

The City of Astoria owns and manages the Bear Creek Watershed, approximately 3,680 acres of well-
stocked timberland in northwest Oregon. In the fall of 2013 the City hired Mason, Bruce & Girard, Inc.
(MB&G) to design and conduct a stand-based inventory of the ownership, including the estimation of
sawtimber volumes, tons of carbon, and an estimated sustainable annual allowable cut. This report
describes the methodology and results for the project.

2.0 Project Approach

The entire project progressed according to the following steps:
1. Delineate stands that appeared fairly uniform in terms of species mix, tree density, and tree
size.
Cruise each stand.
Compile the cruise data, and generate estimates of sawtimber volume and tons of carbon.
Grow each stand using a growth model to develop yield projections.
Use the vyield projections in a harvest scheduling model to determine an average annual
allowable harvest.

ukwnN

2.1 Stand Delineation
We used NAIP imagery from July 7, 2012, to delineate stands that appeared to be fairly uniform in terms
of species composition, tree size, and density. Figure 1 illustrates this step with “before and after”

Figure 1a. View from NAIP imagery before stand delineation. Figure 1b. View of same area after stand delineation.

imagery in one area of the watershed. After preliminary delineations were done in the office, field
reconnaissance was done to make adjustments. The final stand delineations are in an ArcView
shapefile.
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In all, 129 stands were delineated, and each stand received a unique identification number. Table 1
shows the distribution of stands and acres in each of three categories. Recently clearcut stands were
assumed to have no merchantable trees, and were excluded from the 2013 inventory effort. Nonforest
stands, such as water, rock pits, etc., were also not included in the current inventory project.

Stand Category Number | Gross Acres Net Acres
Nonforest 12 207.7 205.4
Recent Clearcut 6 83.1 81.8
Commercial Forest 111 3,385.7 3,340.9
All Stands 129 3,676.5 3,628.2

Table 1. Distribution of stands and acres by stand category.

Net acres were defined as gross acres less area in roads and streams. Therefore, net acres represent
area actually available to grow trees.

2.2 Cruising

Every one of the 111 commercial
forest stands was cruised, as
were two of the recent clearcuts.
The clearcuts were cruised with
fixed radius 1/100™ acre plots,
whereas variable radius plot
sampling was used in the
commercial forest stands. The
small fixed radius plots were
used in some stands when the
average tree size was very small.
Appendix A has a list of
commercial forest stands

showing the number of plots and Figure 2. An MB&G cruiser on the Bear Creek Watershed.
plot types used in each stand. A

total of 865 cruise plots were established during the cruise.
The actual cruise specifications are included in Appendix B.
Most of the cruising was conducted by Rye Tree Services as a subcontractor to MB&G. MB&G
conducted check cruising during the project to assure quality control and consistency between cruisers,

and no substantive problems were found.

Figure 3 is an example cruise stand map, showing the location of, in this case, seven cruise plots in
stand number 27.
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Figure 3. Example cruise stand map showing plot locations.

2.3 Data Compilation

The cruise data were entered into an Access database' and compiled by the MBG Tools software
(Version 1.7.27). MB&G routinely uses MBG Tools to compile, merchandize, grow, and store inventory
data in projects across the U.S. and internationally. More information about MBG Tools is available at
www.dendrometrics.com.

Board foot volumes were computed using the following specifications:
e 32 foot nominal log length
e 16 foot minimum log length
e 6inch top diameter inside bark
1 foot stump
8 inch trim allowance
e 10 inch minimum dbh
e Scribner long-log scale
e 5% deduction for hidden defect and breakage, in addition to cruiser-called defect deductions.

MBG Tools allows the user to choose the taper system to be used to determine inside-bark stem
profiles, which in turn determines the amount of cubic and board-foot volume in the tree. For this
project we used the Stand Inventory System (SIS) taper system, and the Pacific Northwest library.

We used tree height and breast height age data on suitable site trees to estimate site index for each of
the 111 commercial forest stands. The site index species varies from stand to stand depending on the
predominant species in the stand.

! The name of the database is AstoriaWatershed_Inventory_2013.mdb.
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Tons of carbon above-ground in live trees were computed using the Forest and Fuels Extension (FFE) of
the Pacific Northwest geographic variant of the Forest Vegetation Simulator (FVS), Version 1108. The
model also reports tons of carbon below-ground, in down and dead wood, in the forest floor, and in
shrubs and herbs, but those values were not used to estimate total tons of carbon for the watershed.
The model allows the user to choose which estimation method to use for estimating biomass, and in
turn, tons of carbon. We used the FFE option, as opposed to the Jenkins option.

We used FVS to generate tons of carbon for 48 stands representing a range of stocking, and then
regressed tons of carbon per acre on total cubic feet per acre, in order to eventually generate an
estimate of total tons of above-ground carbon in live trees using a regression estimator. Figure 4
illustrates the tight relationship between tons of carbon and total cubic feet, based on the sample of 48
stands.

Carbon Tons as Function of Total Live Stem Cubic Foot
Volume in2013
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Figure 4. Tons of carbon per acre as a function of total cubic feet per acre in live trees.

2.4 Growth Projections

We used the growth projection capabilities of MBG Tools to generate 50-year yield curves for each of
the 111 commercial forest stands. We chose the FVS growth model, Pacific Northwest variant, to grow
the stands, and merchandized the grown stand at each 5 year interval of the projection. We produced
separate yield curves for Douglas-fir, Whitewoods (western hemlock and true firs), and Other Species,
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which included hardwoods, sitka spruce, and other conifers. Figure 5 shows the resulting projections for
a single stand with a western hemlock site index of 105. Over the first two periods of the projection the
growth rate for the ‘all species’ curve is 3.8%, and near the end of the projection the growth rate
decreases to 1.4%.

Yield Projection for Stand 113
Site Index =105
90,000
80,000 /
g
§ 70,000
3
£ 60,000 e || SpeCies
£ 50,000 / == Doug-fir
,E 40,000 / Whitewoods
£ 30000 -
&
= 20,000 -
-
10,000 ——
2010 2020 2030 2040 2050 2060 2070
Year

Figure 5. Example yield curves generated for one commercial forest stand using FVS.

2.5 Determine Average Annual Allowable Cut

We used a linear programming application in an Excel workbook to determine an average annual
allowable cut that would sustain the current inventory over a planning horizon of 50 years. Because the
application could not handle as many as 111 stands, we lumped similar stands into projection strata.
There were 32 projection strata used to represent the commercial forest acreage. For each stratum,
acres-weighted average yield curves were developed using the yield curves from the stands in the
stratum (Figure 6).

In the Excel workbook application we made two or three harvesting options available for each
projection stratum. Most of the options (“regimes”) were simply different points in time when the
stand could be clearcut, but some regimes also included thinning approximately 20 years prior to the
final clearcut. As the City generally has not done much thinning, this option was not made available very
often. Once the regimes were specified, the linear programming algorithm? found the best combination
of regimes to maximize the net present value of harvest revenues over time, while meeting constraints
designed to sustain the current inventory level over the planning horizon.

> We used the “What’s Best?” linear programming add-on to Excel, available from Lindo Systems.
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Example Derivation of Projection Stratum Average
from Two Contributing Stands in the Stratum
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Figure 6. Example derivation of a projection stratum yield curve for Douglas-fir.

3.0 Results

3.1 Sawtimber Inventory Estimates

Figure 7 shows estimated numbers of trees, basal area, and volumes by species over the entire
commercial forest area of 3,340.9 acres. Results in this table are basically the sum of similar results over
each of the 111 stands. Individual stand results are listed in Appendix C. Species-level results for each
stand can be derived from the data in the Access database, but an example report is shown in Figure 8.
All reports were produced by the MBG Tools software system.

Our estimate of total net board foot volume in the 111 stands is 100,284 mbf (Figure 7). The confidence
interval around the total volume estimates can be derived using standard stratified sampling formulas,
which is appropriate in this case because the sampling intensity varied from stand to stand. Therefore,
each stand can serve as a “stratum” for purposes of estimating the confidence intervals. The stratified
sampling standard error for net board feet per acre is 1.92%, resulting in a 95% confidence interval of
28,887 to 31,145 net board feet per acre, or 96,512 to 104,055 mbf.

Mason, Bruce & Girard, Inc. Page 6



The 95% confidence interval on total stem cubic feet is 8,394 to 8,971 cubic feet per acre. The standard
error as a percent of the mean cubic feet per acre is 1.69%. This is important to note, as it will be
indicative of the relative confidence interval around the estimate of carbon tons per acre.?

Summary Statistics By Species
City of Astoria Bear Creek Watershed we 2013
I Per Acre Values | Stand Totals
Bazal Stem Merch Cu Ft Board Fest MBF MBFE
Stand ID  Species Trses Area QMDD  SDI CuFt  Gross Net Gross Net Gross Net
All Stands Combined
DF 49 57 145 83 19356 1,773 1570 7472 6,600 249640 220508
WH 158 113 105 169 4027 3632 3297 15474 14000 51,6976 46,7730
5F 3 i 113 7 204 193 172 831 748 28441 24088
EM 0 0 6.0 0 1 0 0 0 0 0.0 0.0
NF 4 8 100 11 286 27 231 1,154 1,066 38564 3.562.5
GF 0 0157 0 4 4 3 14 13 474 451
RC 3 1 79 1 28 26 24 130 1% 433 .4 3002
WF 0 0 115 0 1 1 1 3 2 88 83
RA 55 24 8.8 41 128 525 436 2,105 1,738 70335 5,806.7
HX 0 0 19.0 0 1 1 0 2 0 6.0 0.0
CH 0 0 8.0 0 1 0 0 0 0 0.0 00
WI 0 0 162 0 6 6 3 23 20 71.0 68.3
58 31 37 148 49 1439 1357 1203 6438 5708 215078 190710
33 244 116 365 8682 7790 6962 33666 30,017 112476 100,284
Number of Stands 111
Total Acres 334009
Baszed On Net Acres

Figure 7. Year-End 2013 inventory estimates for the Bear Creek Watershed in commercial forest stands.

® We understand the estimate and statistics around carbon will be provided by another firm, L&C Carbon, using the
cruise data collected in this project.
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Summary Statistics By Species
I Per Acre Vaues | Stand Totals
Bazal Stem Merch Cu Ft EBoard Fest MEF MEF
Stand ID  Species Trees Area QMD  SDI CuFt Gross Net Gross Net Giross Net
1
DF T 18 220 24 823 801 761 3712 3526 526 5000
WH 112 181 172 242 6,104 5,588 4837 21775 19445 308 8 2758
33 63 131 227 230 7378 7,182 5884 35132 30313 498 3 430.1
184 381 195 317 14305 13,571 11482 60,610 33206 8507 7359
e
DF 23 10 9.0 19 351 ] 1] 0 1] 0.0 0.0
WH 43 80 184 111 2606 2351 1434 9195 5326 195.9 1135
EA 32 80 213 108 2878 2733 2370 11406 0827 2430 2003
5 43 120 226 136 3668 3534 3227 14204 13020 3045 2713
141 200 194 394 9.502 8638 7031 34805 28173 7433 600_1
3
WH @ 20 197 28 738 748 667 32352 2873 547 483
EA 43 140 164 204 4 682 4410 3022 18513 11941 3113 2009
58 63 80 153 116 2020 2502 231 11,748 10,861 1977 1828
167 240 162 343 8400 7660 6010 33,513 23,675 5639 4321

Figure 8. Species-level detail is available for each stand in the database.

3.2 Carbon Estimates

In Figure 7, the value of 8,682 cubic feet per acre includes 132 cubic feet per acre of dead trees. The
regression estimator (Figure 4) relating volume to tons of carbon uses the volume of live trees only,
which would be 8,550 cubic feet per acre. Knowing this, we can estimate the tons of carbon per acre
using Equation 1 —

Carbon Tons = 3.1141 + 0.008*8,550 = 71.51 tons per acre. (Eq. 1)

On 3,340.9 acres, our estimate of the total tons of carbon would be 238,920 tons. This result should be
close to the estimate derived by L&C Carbon.

3.3 Average Annual Allowable Harvest

The City of Astoria desired an average annual allowable cut that would keep the inventory constant over
a planning horizon of 50 years. Using the 32 projection strata and harvest scheduling model described
earlier, we believe the watershed can generate an average annual harvest of about 3.0 million board
feet.

The results of the allowable cut calculation exercise are shown in Figure 9. This scenario cuts an average
of 2,924 mbf per year, and operates on an average of 60 acres per year. Most of the harvesting is by
clearcutting, although some volume is generated in commercial thins later in the planning horizon.

The estimated annual cut of about 3 million board feet is quite reasonable, given a current inventory of

about 100 million board feet. The harvest level is 3% of inventory, and keeps the inventory constant
over time, indicating net growth in the inventory is also 3%, which is reasonable.
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Forest Inventory, by Period
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Figure 9. Results of harvest schedule modeling to determine an allowable annual harvest volume.

4.0 Recommendations

The City of Astoria now has a statistically sound and up-to-date stand-based forest inventory for
the Bear Creek Watershed. Because the forest is changing all the time due to both natural
factors and man-caused events, the inventory will go out-of-date if it is not maintained. We
recommend that, within a few years, the City adopts a regular annual cruising program where
some portion of the ownership gets updated with new cruise data. Also, harvest activity needs
to be reflected by depleting volumes in the inventory database. And, finally, growth modeling
can be used to grow the stands in the inventory on an annual basis to reflect the changes due

to tree growth and mortality.
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The following table shows the net acres, number of cruise plots, and type of cruise plot used in
each stand. A plot type preceded with a P indicates a prism plot (variable radius), and the
associated basal area factor (BAF) that was used. A plot type preceded with an F indicates a
fixed radius (circular) plot, and the plot size; i.e., 100 indicates a 1/100™ acre plot.

Number
Stand ID Net Acres | of Plots | Plot Type

1 14.2 3 P54.44

2 21.3 4 P40

3 16.8 4 P40

4 67.7 13 P46.94

5 36.2 7 P40

6 44.9 9 P46.94

7 12.5 3 P40

9 3.7 5 F100
10 8.2 7 P40
12 47.1 10 P46.94
13 88.1 17 P40
16 13.1 3 P46.94
17 164.8 30 P40
18 125.5 25 P46.94
19 9.6 9 P46.94
20 2.6 5 F100
21 13.8 3 P46.94
23 35.6 7 P54.44
24 2.6 3  F100
25 19.8 4 P40
26 6.6 7 F100
27 36.3 7 P40
28 8.6 8 P46.94
29 3.3 5 F100
30 7.8 7 P46.94
31 0.8 3  F100
33 11.5 3 P54.44
34 9.5 9 P46.94
35 1.2 3 F100
36 10.7 11 F100
37 49.3 10 P40
38 28.2 6 P46.94
39 14.7 4 P20
40 9.2 9 P40
41 19.9 4 P40
42 18.3 3 P10
43 99.5 20 P46.94
44 6.2 6 F100
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Number

Stand ID Net Acres | of Plots | Plot Type
46 10.7 3 P40
47 8.6 8 P46.94
48 19.1 4 P40
49 43.2 8 P54.44
50 99.0 45 | F100
51 5.7 6 P40
52 3.7 4 P40
54 37.0 8 P46.94
55 12.2 3 P46.94
56 148.6 29 P46.94
58 26.0 5 P40
59 165.1 30 P54.44
60 32.0 6 P40
61 14.3 4 P20
62 49.7 10 P40
64 191.0 30 P54.44
65 6.5 6 P46.94
67 57.7 11 P46.94
68 13.0 3 P20
69 17.7 4  P46.94
70 5.7 6 P40
71 2.5 2 P46.94
72 12.6 3 P40
74 33.5 7 P46.94
75 35.8 7 P46.94
76 114.5 24 P40
77 126.4 25 P40
78 7.5 7 P40
79 14.1 3 P46.94
80 10.1 3 P40
81 10.8 3 P40
82 22.7 5 P40
83 11.0 3 P40
84 13.3 3 P40
85 24.2 5 P40
87 24.4 5 P40
88 5.0 5 P46.94
89 51.1 10 P40
90 179.6 30 P40
91 49.5 10 P40
92 2.9 3 P20
93 4.3 4  P46.94
94 4.7 5 P20

Mason, Bruce & Girard, Inc.

Page 12



Number

Stand ID Net Acres | of Plots | Plot Type

96 10.6 3 P40

97 15.1 4 P40

98 21.0 4 P40
102 30.3 6 P40
104 29.5 6 P40
105 14.1 3 P40
106 13.3 4 P40
107 4.1 4 P33.61
108 8.6 8 P40
109 5.6 5 P46.94
110 21.1 4 P20
111 12.0 3 P40
112 51.0 10 P40
113 28.9 6 P40
114 7.5 7 P46.94
115 13.3 3 P40
116 13.3 3 P40
117 21.9 4 P40
118 25.6 5 P46.94
119 154 4 P40
120 7.1 7 P46.94
121 9.4 3 P40
122 18.8 4 P40
123 74.8 15 P46.94
124 19.3 4 P40
126 11.9 11 P40
127 2.1 4  F100
128 2.2 3  F100
129 12.5 12 F100
130 4.7 5 P40

All Stands 3,340.9 865
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