Introduction

Introduction

Managing wetlands and associated buffers on forest land requires
careful assessment of site conditions, application of basic forest
ecology principles, creativity and planning. Decisions made by
foresters will influence the ability of wetlands to clean and control
water and provide habitat for years to come.

Managing Wetlands on State Lands in Washington provides
guidance to interpret and apply the Washington State
Department of Natural Resources wetland management strategy.
This strategy is outlined in two documents; the Forest Resources
Plan (FRP) and the Habitat Conservation Plan (HCP). The
specific guidance in Managing wetlands is a first attempt to
translate the FRP and HCP into techniques and procedures to use
in designing wetland management.

Correctly applying wetland definitions and determining
appropriate wetland management will determine the success of
the wetland management strategy on state lands.

Managing Wetlands is a companion volume to the publication
Recognizing Wetlands and Wetland Indicator Plants on Forest
Lands in Washington (Bigley and Hull, 2000). The objectives of
Recognizing Wetlands are to assist forest managers in identifying
and delineating wetlands and to provide a general introduction to
wetland functions and considerations for designing wetland
buffers.

Managing Wetlands includes field aids for the layout and
management of wetland buffers. Graphic illustrations of several
management scenarios are provided to help managers interpret
the written policy.
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Applying Wetland
Regulations and Policies

Wetlands in the state of Washington are protected under an
umbrella of federal, state and local regulations. For regulations
applying to forest practices activities in all wetlands in the state of
Washington, please refer to the 1995 Forest Practices Rules '.

In addition, The Washington State Department of Natural
Resources is required to abide by a wetland policy, a Forest
Resource Plan (FRP) and a Habitat Conservation Plan (HCP) for
all activities in or around wetlands on state trust lands.

The DNR wetland policy (Forest Resource Plan policy #21) states
that there will be no net loss of wetland acreage or function on
state trust lands. This policy is implemented through the FRP
and HCP. The management objective and guidance is the same
for the FRP and HCP, and is detailed below. It is recommended
that forest managers read all the materials in Recognizing
Wetlands on wetland soils, plants, hydrology, wetland types and
considerations for buffer placement before designing management
to comply with the HCP and FRP.?

FIELD GUIDANCE FOR THE HABITAT CONSERVATION PLAN
AND FOREST RESOURCES PLAN

In order to maintain the integrity of wetland acreage and function,
the first priority is to maintain wetland hydrology. This is to be
accomplished by:

(1) continuously maintaining a plant canopy that provides
a sufficient transpiration surface and established rooting;

(2) maintaining natural water flow (e.g. no channelization
of surface or subsurface water flow); and

(3) ensuring stand regeneration.

1 Washington Forest Practice Rules, WAC 222,1995.

2 For full language of the HCP and FRP wetlands strategy, see Appendix A.
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Wetland hydrology can be altered significantly by excessive
harvest within and adjacent to the wetland. This is because
reductions in tree and understory leaf area reduce
evapotranspiration and result in increased ground water flow,
altering the amount of water removed from the wetland and the
rate at which it is removed. Wetland hydrology can also be easily
disrupted by soil disturbance, which can channelize water flow,
transform subsurface to surface flow, and make the wetland and
downstream ecosystems susceptible to scouring during flood
events. Ensuring that forested wetlands are able to regenerate
after harvest is an important part of protecting wetland hydrology
in the long-term because the tree leaf area is required to transpire
water. In some cases when the canopy has been removed, the
water level rises, preventing conifer establishment. Inability of
forested wetlands to regenerate is considered a loss of wetland
function.

The requirements of the HCP and FRP are summarized below.
Buffers

Under the HCP and FRP requirements, any wetland 0.25 acre or
larger will be protected by a buffer. For wetlands between 0.25
and 1 acre, the buffer will be 100 feet wide; for wetlands larger
than 1 acre, the buffer will be determined using site index tables,
and will be equal to the height of a dominant conifer in the stand
adjacent to the wetland at 100 years of age, or 100 feet, whichever
is larger. Buffers should be measured as horizontal distance,
perpendicular to the edge of the wetland.

Ground disturbance

Great care must be taken to avoid ground disturbance such as
rutting and compaction in wetland areas. This usually precludes
the use of ground-based equipment within wetlands. If it is
necessary to use ground based equipment within wetland buffers,
use low ground pressure equipment and directional falling to keep
equipment at least 50 feet from the wetland edge. The HCP and
FRP require that wetland drainage be restored to its natural
condition if it is altered during management activities.
Restoration can be difficult and costly, thus impacts to wetland
drainage should be avoided whenever possible. Maintenance of




Managing Wetlands

understory vegetation is also key in reducing impacts to wetland
functions and hydrology. Harvest activities should be designed to
minimize disturbance of understory vegetation in both wetland
and buffer areas.

Wetland Mitigation

Wetland mitigation means compensating for impacts to wetlands
through the restoration of an existing, degraded wetland or the
creation of a new wetland. Mitigating the effects of forest
management on wetland areas usually involves time consuming
and expensive procedures that often fail to achieve the objectives
of replacing or restoring wetland habitat or functions. The
department’s Forest Resource Plan emphasizes avoiding the loss
of wetlands and allows for mitigation if loss occurs. If mitigation
is necessary, the policy states that preference will be given to on-
site and in-kind replacement of acreage and function.

Department wetland protection procedures do not require buffers
for wetlands under 0.25 acre in size. This limitation was based on
operational feasibility, because wetlands under 0.25 acre are
difficult to find on an air photo. This 0.25 acre exemption applies
only to buffers, and does not mean, for instance, that roads can be
built across wetlands if less than 0.25 acre is filled, or that
functional impacts to less than 0.25 acre of a larger wetland are
acceptable without mitigation.

Road building around wetlands can pose particular problems. The
HCP and FRP state that there will not be road building in
wetlands without mitigation. DNR road network implementation
procedures identify action steps in road layout and design for road
sensitive areas, including wetlands.

Mitigation plans need to include an assessment of the wetland
functions and values that are to be lost through the project, and a
description of how those functions and any acreage lost are to be
restored. Consult region engineers early in the planning phase
concerning economic analysis, mitigation and monitoring
requirements, to ensure that existing wetland functions and
acreage are maintained over time. Region engineers will seek
guidance from wetland professionals as necessary.
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Salvage logging

Salvage operations are permitted in forested wetlands (except
bogs) in areas where there is not evidence of prolonged and
periodic flooding. As with any management activity within
wetlands, ground disturbance should be avoided as much as
possible.

Forested wetlands

Harvesting is permitted in forested wetlands and their buffers
under the HCP and FRP, as long as harvest is designed to
maintain and perpetuate a stand that is as windfirm as possible,
and retains at least 120 ft?> of basal area per acre. The most
windfirm trees are generally the dominant and codominant
conifers.

The purpose of the leave trees is to maintain a canopy and large
root systems for the uptake and evapotranspiration of ground
water, in order to maintain the natural hydrology of the wetland.

Mineral springs

Mineral springs are an important habitat element for band-tailed
pigeons. Activities within 200 feet of mineral springs must be
planned in cooperation with the U.S. Department of Fish and
Wildlife to ensure wildlife needs are met.

Seeps

Seeps over 0.25 acre will be treated as forested wetlands. Those
under 0.25 acre will receive the same protection as type 5 streams.
At the time of writing, this means that buffers should be placed
around seeps if necessary to protect fisheries, water quality, bank
stability or other important elements of the aquatic system. For
instance, if a seep is part of the inflow of a wetland or other
aquatic system, or if it occurs on an unstable slope, it should be
buffered however necessary to protect downstream ecosystems.

Research on the effects of management activities on type 5 waters
may yield new guidelines for their management in the future, but
for now, the protection of seeps relies on professional judgment.
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Steps 1n Implementing the
FRP and HCP for Wetlands

1) Identify the wetland

a) Read Applying wetland criteria in Recognizing Wetlands.
Confirm that you can observe at least one of the field indicators
for each of the wetland criteria.

b) Confirm that it meets the Forest Practices wetland definition.
(Also see Defining wetlands in Recognizing Wetlands.)

¢) Determine the wetland type, and find out if there are special
management considerations for this wetland type (see Recognizing
wetland types in Recognizing Wetlands).

2) Locate the wetland boundary

a) When locating a wetland boundary, remember that it is a
water body. Wetlands follow intuitive drainage patterns,
although the water may be beneath the surface much of the year.

b) Use the guidelines and technical criteria in the Forest Practices
Board Manual, pages M43-66.

¢) Note location and type of all inflows and outflows. Is drainage
channelized or occupying a broad swale? Is it surface or
subsurface drainage? Is there a hydraulic connection to other
aquatic systems downstream? The answers to these questions will
help you design an effective buffer. See Considerations for buffer
placement in Recognizing Wetlands.

d) Estimate the wetland size. If it is close to either 0.25 acre or 1
acre measure the wetland because of the regulatory consequences
under the FRP and HCP.

3) Design the buffer

a) Use the method described under Buffers (above, page 3) to
determine the buffer width if the wetland is 1 acre or greater (see
Appendix Bl for determining height at 100 years). If the wetland
is greater than 0.25 acre and less than 1 acre, the buffer will be
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100 feet wide, measured in horizontal distance perpendicular to
the wetland edge (see Appendix B4 for aid in converting slope
distance to horizontal distance).

b) Include in the buffer any areas you discovered in step 2c that
may require extra protection to avoid negative impacts to wetland
hydrology, or other aspects of wetland function (see
Considerations for buffer placement in Recognizing Wetlands).

¢) Evaluate the adequacy of protection afforded by the required
buffer. Step back and imagine how the water flows through the
wetland and consider the objectives of the buffer function and
placement. Do the buffers fall in areas where they will not
contribute to the stability of the wetland? Are there significant
small isolated wetlands that are not encompassed by the buffer?
You have the flexibility under the HCP to position the buffer area
for the wetland’s maximum benefit. If the buffer does not
encompass small isolated wetlands that you feel may have some
importance, consider clumping some leave trees to give the
wetlands some protection.

4) Design management activities

a) In forested wetlands and buffers, measure the basal area of the
most windfirm dominant and codominant conifers. At least 120 ft?
of basal area per acre of these most robust and windfirm trees
must be maintained (see Appendix B3 for aid in determining leave
tree basal area). In windthrow prone areas, consider leaving extra
trees in buffers and wetlands to anticipate future windthrow.

b) In considering the specific thinning within forested wetlands
and wetland buffers remember the target of 120 ft* per acre basal
area is a minimum average. Small patch cuts and various levels
of thinning need to be considered in concert with unmanaged
forest to best reach the conservation goal of developing and
maintaining wetland forest and buffer canopy integrity and also
provide habitat complexity. Consider using variable density
thinning to achieve conservation goals and provide operational
flexibility.

¢) Avoid ground disturbance such as compaction and rutting in
wetlands and their buffers (see Ground disturbance, pg. 3).
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Wetland drainage must be restored to its natural condition if it is
altered in the course of management activities.

d) Be sure that any new roads are designed to avoid impacts to
wetland hydrology. Culvert placement is very important. No
roads can be built in wetlands or their buffers without mitigation.

e) If the wetland is a bog, consider clustering leave trees up slope
of the wetland, to avoid releasing sediments from harvest
activities into the wetland (see Recognizing wetland types in
Recognizing Wetlands). Do not harvest trees from within bogs.

f) Salvage operations are permitted in wetlands that are not
periodically flooded with surface water. Do not salvage timber
from bogs.

g) Activities within 200 feet of mineral springs must be
coordinated with the U.S. Department of Fish and Wildlife to
ensure the needs of wildlife are adequately met.

h) Seeps greater than 0.25 acre will be treated as forested
wetlands. Those under a quarter of an acre will be given the same
consideration as type 5 streams (see Forest Resource Plan, page
35).

Forested wetland with skunk cabbage
understory. RICHARD BIGLEY.
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Illustrations of Selected
Management Scenarios

Example 1: Small wetlands associated with surface waters

If wetlands <0.25 acre are associated by a surface connection to a
protected stream, extend the buffer (shaded area) of the stream to
include the wetland. Use the same buffer width as is used on the
stream, measured from the wetland’s high water mark. Protect
other small (<0.25 acre) wetlands as you would type 5 streams to
ensure water quality and fish and other wildlife habitat as
needed. Keep ground equipment from type 5 streams and
unprotected wetlands. (Drawing not to scale.)
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Example 2: Abandoned road beds impound water

The old railroad grade has small patches of wetland every 60 feet.
These wetlands are smaller than 0.25 acre and probably result
from historic soil compaction on the railroad grade. Less than
50% of the railroad grade is wetland. If possible, clump leave
trees around the small isolated wetlands on the railroad grade, to
avoid the inadvertant creation of more wetlands and promoting
overland flow. No specific buffering is required for these isolated
wetlands because of their size. (Drawing not to scale.)

120'
F&-

3 acres

Example 3: Topographic breaks within wetland buffers

Based on the site index, the dominant trees in the stand adjacent
to this wetland will be 150 feet tall at 100 years of age. The HCP
buffer requirement would be a 150 foot buffer around this 3 acre
wetland. The horizontal distance to the top of the hill is 120 feet.
Buffer located beyond the crest of the hill may contribute to
habitat benefits of the buffer, but is unlikely to serve any of the
intended hydrological functions. Managers should consider
reducing the buffer dimension to the crest of the hill and
compensating with added area on the remaining buffer, or opting
not to harvest within the buffer. (Drawing not to scale.)
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Example 4: Protecting bogs from ground disturbance

Bogs are sensitive to overland flow. Managers should consider
expanding buffers on the upslope side of bogs to increase filtration
of runoff from road or harvest activities. (Drawing not to scale.)

Example 5: Small isolated wetlands

This small, isolated wetland is under 0.25 acre in size, and is not
required to have a buffer under the HCP. If possible, clump leave
trees around the perimeter to help maintain the soil and water
table recharge and discharge relationships and protect soil and
vegetation at the wetland edge. (Drawing not to scale.)
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Example 6: Wetlands bordering roads

This wetland was inadvertantly created during road construction.
A wetland buffer on the opposite side of the road from the wetland
is required by the HCP so that the outer edge of the buffer is a
minimum of 100 feet from the wetland edge. (Drawing not to
scale.)

D Buffer

Clumped leave trees

Example 7: Wetlands contiguous with wetland buffers

A small wetland laps over the edge of the wetland buffer.
Managers should consider extending the buffer to include the
small wetland, or clumping leave trees on the outer edge to protect
water quality and reduce soil displacement. (Drawing not to
scale.)
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0.1- < 0.25 acre’
ALz

The wetland area within the polygon is
—- less than 50%, therefore buffering of the
wetlands is at the discretion of the local

manager.

The wetland area within the
polygon is greater than 50%,
therefore leave a 100" buffer
surrounding the entire group of
wetlands.

Example 8: Small associated wetlands

Without extensive study, it is not possible to determine to what
extent closely situated wetlands are hydrologically connected and
what impact timber harvest and ground traffic have on water flow
and quality. In the absence of scientifically based guidance,
protect groups of wetlands between 0.1 and 0.25 acre by
measuring the area that encompasses the group of wetlands. If
the wetland area within the polygon containing wetlands is
greater than 50% of the total area, then protect the wetlands by
leaving a 100 foot buffer around the entire group of wetlands. The
above figures are two separate examples of this idea. (Drawing
not to scale.)
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Example 9: Small associated wetlands

This topographic channel is a headwater area, characterized by
seasonal surface and year-round subsurface flow. The 0.5 acre
wetland requires a 100 foot buffer because its size exceeds 0.25
acre. The 50% wetland area rule (see example 8) applies to some
parts of the area included in the extended buffer. The remaining
wetlands are included in this buffer because they are
hydrologically all part of the same watercourse, and within close
proximity of each other.

The objective of this extended buffer is to avoid disrupting
waterflow through the soil. Soil disturbance in this case could
easily force subsurface water to the surface. Harvesting is allowed
within the buffer to a minimum of 120 ft?> of basal area per acre of
buffer. No ground equipment should enter the required or
extended buffer area. (Drawing not to scale.)
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Shovel yarding routes

Road

Example 10: Patch thinning in wetland buffers

When harvesting timber from wetland buffers, it may be
advantageous in some cases to thin patches within the buffer
rather than thin the buffer uniformly. Some individual areas
within the thinned buffer may end up with less than 120 ft> of
basal area per acre, but the average basal area in the buffer as a
whole will be at least 120 ft? per acre.

This approach has several advantages:

It can minimize ground equipment in the outer buffer
It allows the harvest of problem areas such as root rot pockets
It leaves some areas in the buffer undisturbed

It allows a more efficient harvest design

Ground equipment must be kept at least 50 feet from the wetland
edge. (Drawing not to scale.)
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Appendix A: Complete
language of DNR wetland
regulations and policies

FOREST RESOURCES PLAN POLICY NO. 21: WETLANDS'

The department will allow no overall net loss of naturally
occurring wetland acreage and function.

DISCUSSION

This policy represents a continuation of current department
policy, adopted in 1991.

Wetlands are transition areas between water and land, where the
water is at or near the surface of the soil. Some wetlands, such as
marshes and estuaries, are easy to identify, while others are less
obvious and may require knowledge of plants or soil testing to
provide positive identification.

Wetlands have many functions and values, including flood water
storage, fish and wildlife habitat and plant diversity. The area of
wetlands on state forest lands varies with each region.

In January 1991, the department adopted a policy of “no overall
net loss of wetlands on state lands.” The department’s policy
recognizes that some loss of function may occur in the course of
its forest management activities. The policy emphasizes avoiding
the loss of wetlands and allows for mitigation of loss if it occurs. If
mitigation is necessary, preference will be given to on-site and in-
kind replacement of acreage and function.

1 ForestResource Plan, 1992. Pg. 36.
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HABITAT CONSERVATION PLAN RIPARIAN CONSERVATION
STRATEGY FOR FIVEWEST-SIDE PLANNING UNITS

Wetlands Protection?

Management activities in and around wetlands shall be consistent
with the Forest Resource Plan policy No. 21 (DNR 1992 p. 36)
which states that DNR “will allow no overall net loss of naturally
occurring acreage and function”. The primary conservation
objective of the wetlands protection strategy is to maintain
hydrologic function. This will be achieved through:

(1) continuously maintaining a plant canopy that provides
a sufficient transpiration surface and established rooting;

(2) maintaining natural water flow (e.g. no channelization
of surface or subsurface water flow); and

(3) ensuring stand regeneration.

The primary wetland functions that will be protected are the
augmentation of stream flow during low-flow seasons and the
attenuation of storm peak flow.

Wetlands to receive protection are those that fit the definition
used by the state Forest Practices Rules (WAC 222-16-010). All
wetlands 0.25 acre or larger shall be protected by a buffer. The
minimum size of wetlands to be protected was based on
operational feasibility because wetlands smaller than this are
difficult to locate. Wetlands that are larger than one acre shall
have a buffer width approximately equal to the site potential tree
height of trees in a mature conifer stand or 100 feet, whichever is
greater. For the purposes of this HCP, the height shall be derived
from standard site index tables (King, 1966) using 100 years as
the age at breast height of a mature conifer stand. Wetlands from
0.25 acre to 1 acre shall have a 100 foot wide buffer. In the field,
the width of the wetlands buffer shall be measured as the
horizontal distance from, and perpendicular to, the edge of the
wetland. Seeps and wetlands smaller than 0.25 acre will be
afforded the same protection as Type 5 waters. That is, such

2 Habitat Conservation Plan, 1997.Pg.1V69.
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features will be protected where part of an unstable hillslope.
Research to study the effects on aquatic resources of forest
management in and around seeps and small wetlands will be
included in research programs for Type 5 waters.

Timber harvest within the forested portions of forested wetlands
and wetland buffer areas shall be designed to maintain and
perpetuate a stand that:

(1) is as wind-firm as possible;

(2) has large root systems to maintain the uptake and
transpiration of ground water; and

(3) has a minimum basal area of 120 ft* per acre.

No road building shall occur in wetlands or wetland buffers
without mitigation. Roads constructed within wetlands or
wetland buffers shall require on-site and in-kind equal acreage
mitigation in accordance with DNR’s wetland policy. The effects
on natural surface and subsurface drainage shall be minimized.

Forestry operations in wetlands and wetland buffers shall be in
accordance with DNR’s policy of no overall net loss of wetland
function. Forest management in forested wetlands and in buffers
of nonforested wetlands will minimize entries into these areas and
utilize practices that minimize disturbance, such as directional
felling of timber away from wetlands and using equipment that
causes minimal soil disturbance (e.g. tractors with low pressure
tires). If ground disturbance caused by forest management
activities alters the natural surface or subsurface drainage of a
wetland, then restoration of the natural drainage shall be
required. Soil compaction and rutting usually preclude the use of
ground-based equipment in wetland areas. Salvage operations
will be allowed within wetland buffers in areas that are not
periodically flooded.
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Appendix B: Buffer Design

APPENDIX B.1: SITE INDEX TABLES FOR BUFFER WIDTH
DETERMINATIONS

DOUGLAS FIR
Eastern Washington
50-year site index table
Source: Cochran, 1979
Breast Site index
Height

Age 50 60 | 70 80 | 90 100 | 110
10 106 | 107 108 | 108 111 | 112 113
12 16.7 185 20.3 222 24.0 258 27.6
14 18.2 20.7 231 256 28.0 305 329
16 19.9 23.0 26.0 29.1 321 352 38.3
18 21.6 25.3 28.9 32.6 36.2 39.8 43.5
20 23.4 276 31.8 36.0 40.2 44.4 48.6
22 253 30.0 34,7 38.5 442 48.9 536
24 271 | 324 376 | 428 480 | 532 585
26 290 | 347 404 | 461 518 | 575 632
28 30.9 | 37.0 432 | 493 555 | 616 6738
30 327 383 459 525 591 657 723
32 346 41.6 48.6 558 626 69.6 76.6
34 36.4 43.8 51.2 | 5886 66.0 73.4 80.8
36 38.2 46,0 53.8 61.5 69.3 77 84,9
38 40.0 48.1 56.3 64.4 725 80.7 88.8
40 41.7 50.2 58.7 67.2 757 84.2 927
42 435 | 523 611 | 699 787 | 876 964
44 451 | 543 634 | 725 816 | 908 999
46 468 | 563 657 | 751 846 | 940 1035
48 48.4 58.4 67.8 V7.6 87.3 97.0 106.7
50 50.0 60.0 70.0 80.0 90.0 100.0 110.0
52 51.5 61.8 721 82.3 928 102.8 113.1
54 53.0 63.5 74.1 84.6 95.1 105.6 116.1
56 54.5 65.2 76.0 86.7 97.5 108.2 119.0
58 55.9 66.9 77.9 88.9 99.9 110.8 121.8
60 573 | 685 797 | 909 1021 | 113.3 1245
62 587 701 815 929 104.3 116.7 1271
64 60.0 | 716 832 | 948 1064 | 1181 1297
66 61.3 731 84.9 96.8 108.6 120.4 132.2
68 62.5 74.5 86.5 98.5 110.5 122.5 134.5
70 63.7 75.9 88.1 100.2 112.4 124.5 136.7
72 64.9 772 89.6 101.9 114.2 128.6 138.9
74 66.1 78.5 91.0 103.5 116.0 128.5 141.0
76 67.1 79.8 92.4 105.1 177 130.3 143.0
78 67.9 80.6 93.3 106.1 118.8 131.5 144.2
80 692 | 622 951 | 1080 1210 | 1339 1468
82 702 | 833 963 | 1094 1225 | 1355 1486
84 71.2 844 97.6 110.8 124.0 137.1 150.3
86 721 854 98.7 112.0 125.4 138.7 152.0
88 73.0 86.56 99.9 113.3 126.7 140.2 153.8
90 73.9 87.4 101.0 114.5 128.0 141.6 155.1
92 74.7 884 102.0 115.7 129.3 143.0 156.6
94 75.5 89.3 103.0 116.8 130.5 144.3 158.0
96 763 | 902 1040 | 117.9 1317 | 1456 159.4
98 77.0 91.0 104.9 118.8 132.8 146.7 160.7
100 778 | 918 1058 | 119.8 1339 | 1479 1619
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PONDEROSA PINE
Eastern Washington

100-year site index table
Source: Barrett, 1978

Breast | Site Index
Height |
Age | 70 80 90 100 | 110 120 | 130 140
20 21.0 242 275 30,7 34.0 37.2 40.5 437
22 | 225 262 | 28B 334 | 37.0 406 | 442 4738
24 | 243 282 | 321 360 | 39.9 438 | 47.7 516
26 | 260 302 | 344 386 | 428 470 | 51.2 554
28 | 277 322 | 367 412 | 457 501 | 546  59.1
30 | 295 342 | 39.0 437 | 485 53.2 | 58.0 627
32 | 312 362 | 412 462 | 512 562 | 61.2 662
34 | 328 381 | 433 486 | 538 590 | 643 695
36 345 40.0 45.4 50.9 56.4 61.9 67.3 T2.8
38 | 361 418 | 475 532 | 58.9 646 | 70.3  76.0
40 | 37.8 437 | 496 555 | 614 673 | 73.3 79.2
42 | 394 455 | 518 577 | 63.8 699 | 76.0 B2.1
44 409 47 2 535 59.9 B66.2 72,5 78.8 B5.1
46 | 424 489 | 554 818 | 683 748 | 81.3 878
48 | 439 506 | 573 639 | 706 773 | 84.0 907
50 | 453 522 | 58.0 658 | 727 796 | 864 933
52 | 467 537 | 607 678 | 748 818 | 888 953
54 | 481 553 | 625 697 | 769 840 | 912 984
56 | 494 568 | 641 715 | 788 862 | 93.5 1009
58 | 507 582 | 657 732 | 807 882 | 957 1032
60 | 520 596 | 67.3 750 | 826 903 | 97.0 1056
62 | 532 610 | 688 766 | 844 922 | 100.0 1078
64 | 543 623 | 702 781 | 861 94.0 | 1020 109.9
66 | 555 636 | 716 797 | B7.8 959 | 1040 1120
68 | 566 648 | 731 813 | 89.5 977 | 1059 114.2
70 | 577 660 | 744 827 | 911 994 | 107.8 1161
72 | 587 672 | 757 842 | 926 1011 | 1096 118.1
74 | 597 683 | 769 855 | 941 1027 | 111.3 119.9
76 | 607 694 | 782 869 | 956 104.4 | 1131 1218
78 61.7 705 79.4 B88.2 97.1 1059 | 1148 1236
80 B2.5 715 B80.4 B9.4 98.4 107.3 | 116.3 125.2
82 | 634 725 | B1.6 907 | 997 1088 |117.9 127.0
B4 | 643 735 | B26 91.8 [101.0 110.2 | 1194 12856
86 | 651 744 | 837 93.0 [1023 1116 | 1209 130.2
88 | 658 752 | 845 940 | 103.4 1128 | 1222 1316
90 | 666 761 | 856 952 | 1047 114.2 | 1237 1332
92 | 673 769 | 866 962 | 1058 1154 | 1250 1346
94 | 680 777 | 875 972 | 1069 1166 | 1263 136.0
96 | 687 785 | 883 982 [108.0 117.8 | 1276 1374
98 | 694 793 | 892 991 [109.0 119.0 | 128.9 1388
100 | 70.0 800 | 90.0 100.0 | 110.0 120.0 | 130.0 140.0
102 | 706 807 | 908 1009 [ 111.0 121.0 | 131.1 1412
104 | 712 813 | 915 101.7 | 111.8 1221 | 1322 1424
106 | 717 820 | 923 1025 | 1128 123.1 | 133.4 1436
108 | 72.3 826 | 93.0 103.4 | 113.7 1241 | 1344 1448
110 | 72.8 833 | 937 1042 | 1146 1251 | 135.5 146.0
112 | 733 838 | 944 104.9 | 1154 1259 | 1365 147.0
114 | 738 844 | 950 1056 | 116.2 126.8 | 137.4 148.0
116 | 742 849 | 956 106.3 | 117.0 127.7 [ 138.3 149.0
118 | 746 854 | 962 107.0 | 117.7 128.5 [ 139.3 150.0
120 | 751 859 | 96.8 1076 | 1186 1293 | 140.2 151.0
122 | 755 864 | 974 1083 | 119.2 130.1 | 141.1 1520
124 | 758 86.8 | 97.8 108.8 | 119.8 130.8 | 141.8 1528
126 | 792 873 | 984 1085 | 1206 131.6 | 1427 153.8
128 | 766  87.7 | 989 110.0 | 121.2 132.3 | 143.5 1546
130 | 769 881 | 993 1106 [ 1218 133.0 | 1442 1554
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DOUGLAS FIR
Western Washington

50-year site index table
Source: King, 1966

Breast | Site Index (top)/Site Class (bottom)
Height [ 60 70 1 80 90 ] 100 110 [ 120 130 | 140 150 |
Age v v 1} 1
6 10.7 11.8 12.8 14.1 152 16.5 17.8 18.1 205 219
8 13.1 14.7 16.3 18.0 19.7 215 233 25.2 27.2 29.1
10 157 178 | 200 223 | 245 268 | 292 316 | 341 366
12 18.7 214 241 28689 297 325 354 383 413 443
14 217 249 28.2 315 347 38.1 415 449 43.3 518
16 247 284 321 359 38.7 43.5 47.4 51.3 55.2 59.2
18 275 317 6.0 40.3 44,5 48.8 531 57.4 61.8 66.2
20 303 350 | 397 444 | 491 539 | 586 634 | 682 73.0
22 329 38.1 433 48 4 538 58.8 64.0 69.2 74.4 79.7
24 355 41.0 46.7 52.3 57.8 63.5 69.1 74.7 80.3 86.0
26 379 438 49.9 559 61.9 68.0 74.0 80.0 86.0 821
28 402 468 | 531 595 | 659 723 | 787 851 915 979
30 42.4 493 56.1 62.9 69.7 76.4 83.2 90.0 96.8 1035
32 44.5 51.8 58.9 66.1 73.3 80.4 87.5 94.7 | 101.8 108.0
34 466 541 | 617 692 | 768 842 | 917 993 | 1067 1143
36 485 56.4 643 722 80.1 87.9 958 1036 | 1114 1193
38 50.4 58.6 66.8 75.0 83.2 91.4 99.6 107.8 | 116.0 1241
40 522 607 | 693 778 | 863 948 | 1033 1119 | 1204 1288
42 538 62.7 7186 804 89.3 98.1 106.9 1157 | 1246 1334
44 555 64.6 73.8 83.0 92.1 101.3 | 1104 1195 | 1286 137.7
45 57.0 66.5 76.0 85.4 948 1043 | 1137 1231 | 1325 1420
48 58.5 68.3 78.0 87.7 974 1072 [ 1169 1266 | 1363 1460
50 60.0 70.0 80.0 90.0 | 100.0 110.0 | 1200 130.0 | 140.0 150.0
52 61.4 7.6 81.8 92.1 1024 1127 | 1229 1332 | 1435 1538
54 627 73.2 837 943 | 1047 1153 | 12568 1364 | 1470 1575
56 64.0 74.7 855 96.2 | 107.0 1178 | 1286 1394 | 150.2 1811
58 65.2 76.2 87.2 98.2 | 1082 1202 | 1313 1424 | 1534 1845
60 664 776 | 888 1001 | 1113 1226 | 1339 1452 | 1565 1679
62 67.5 79.0 904 1019 | 1134 1249 | 1364 1480 | 1596 1711
64 68.6 80.3 919 1036 | 1153 1271 | 1388 1506 | 1625 1743
66 69.7 815 934 1053 | 1172 1292 | 1412 1532 | 1653 1774
68 70.7 82.8 948 1069 | 1181 1313 | 1434 1557 | 168.0 1804
70 71.7 839 | 962 1085 | 1209 1332 | 1457 1582 | 170.7 183.3
72 726 85.1 976 1100 | 1226 1352 | 1478 1606 | 173.3 1861
74 736 86.2 98.8 1115 | 1243 1371 | 1499 1628 | 1758 1888
76 745 B7.2 | 1001 1130 | 1259 1389 | 151,89 18650 | 178.2 1914
78 753 883 | 1013 1144 | 1275 1406 | 1539 1672 | 1806 1940
80 76.2 883 | 1025 1157 | 1290 1424 | 1558 1693 | 1828 1965
a2 77.0 903 | 1036 1170 | 1305 1440 | 1576 171.3 | 1852 1980
84 778 91.2 | 1047 11B3 | 1319 1456 | 1594 1733 | 1873 2014
86 78.5 92.1 105.8 1195 | 1333 1472 | 161.2 1753 | 1894 2037
88 79.2 93.0 | 1068 1207 | 1347 1488 | 16289 177.2 | 1915 2060
90 80.0 939 | 1078 1219 | 1360 150.2 | 1645 179.0 | 1935 2082
92 80.7 94.7 | 1088 1230 | 1373 151.7 | 166.2 1808 | 1955 2103
94 81.3 955 | 1088 1241 | 1386 153.1 | 167.7 1825 | 1974 2124
96 820 963 | 1107 1252 | 1398 1545 | 1693 1843 | 1993 2145
98 826 971 1116 126.2 | 1410 1558 | 1708 1859 | 2011 2165
100 83.2 978 | 1125 127.2 | 1421 1571 | 1722 1875 | 2029 2184




Managing Wetlands

WESTERN HEMLOCK
Western Washington

50-year site index table
Source: Flewelling, 1995

Breast Site Index (top)/Site Class (bottom)
Height T0 80 90 J_ 100 110 120 130 140 150
Age v Vi | 1} 1}
6 8.8 10.3 12.3 146 17.2 19.9 22.3 246 26.8
8 10.7 12.8 15.5 187 221 25.7 29.0 321 34.9
10 12.7 15.5 18.9 22.8 271 315 356 39.4 427
12 14.9 183 22.4 271 32.2 373 42.2 46.4 50.2
14 17.3 21.2 26.0 315 373 43.2 48.5 53.2 57.5
16 19.7 24.3 28.8 35.9 42.5 49.0 54.7 59.7 64.4
18 223 275 336 40.4 477 546 60.6 66.0 711
20 25.0 30.8 376 45.0 52.7 59.9 66.2 72.1 776
22 27.8 341 41.5 49.6 57.7 65.1 .7 77.9 83.8
24 30.7 376 4586 54.1 62.4 70.0 77.0 83.5 89.8
26 336 41.2 49,7 58.5 66.9 748 B82.0 88.9 955
28 36.7 448 53.7 62.7 713 79.4 86.9 94.1 101.1
30 39.8 48.4 57.7 66.8 755 83.8 916 89.1 106.4
32 43.0 521 61.5 70.7 79.6 88.1 96.1 1039 1115
34 46.2 587 65.2 745 83.5 892.2 1005 | 1086 1165
36 49.5 58.1 68.7 781 87.3 96.2 1047 | 1130 1213
38 52.7 62,5 72.1 816 909 | 1000 1087 | 1173 1258
40 559 65.7 75.4 B85.0 94.4 1036 1126 | 1215 1303
42 58.9 68.8 78.5 88.2 97.7 | 107.2 1164 | 12565 1345
44 61.8 7.7 816 913 101.0 | 1106 120.0 | 1293 1386
46 64,7 746 B84.5 94.3 104.1 | 1138 1234 | 1330 1428
48 67.4 77.3 87.3 972 1071 | 117.0 1268 | 1366 1464
50 70.0 80.0 90.0 | 100.0 110.0 | 120.0 130.0 | 140.0 150.0
52 725 B2.5 926 | 1027 1128 | 12289 133.1 | 1433 1535
54 749 85.0 95.1 1062 1154 | 1257 136.1 | 1465 1569
56 772 87.4 976 | 107.7 1180 | 1285 1389 | 1495 160.2
58 79.5 89.7 999 | 1101 1205 | 1311 1417 | 1525 1633
60 81.6 8918 1021 | 1124 1229 | 1336 1444 | 1553 1664
62 83.7 840 1043 | 1146 1252 | 1360 1469 | 158.0 1693
64 85.7 896.0 1064 | 1168 1274 | 1383 1494 | 160.7 1721
66 87.6 88.0 1084 | 118.8 1295 | 1406 1518 | 163.2 1748
68 89.5 89.8 1103 | 120.8 1316 | 1427 1541 | 1656 1774
70 91.3 101.7 1121 1227 1336 | 1448 1563 | 1680 1799
72 93.0 1034 1139 | 1246 13565 | 1468 1584 | 170.2 1823
74 94.7 1051 1156 | 1263 1373 | 1487 1604 | 1724 1846
76 96.3 1067 1173 | 1280 1381 | 1506 1624 | 1745 1868
78 97.8 1083 1188 | 129.7 1408 | 1523 1643 | 176,56 183.0
80 99.3 1088 1204 | 131.2 1424 | 1541 1661 | 1785 1911
82 100.7 1112 1219 | 1328 1440 | 1557 1679 | 1803 1931
84 102.1 1126 1233 | 1342 1455 | 1573 1695 | 1821 1950
86 103.4 1140 1247 | 1356 14689 | 1588 1712 | 1839 1968
88 104.6 1153 126.0 | 137.0 1484 | 1603 1727 | 1855 1986
90 106.9 116.5 1273 | 138.3 1497 | 161.7 1742 | 187.2 2003
92 107.0 117.7 1285 | 1395 151.0 | 163.1 1757 | 188.7 202.0
94 108.2 1188 129.7 | 1407 1523 | 1644 1771 | 190.2 2036
96 109.3 120.0 1308 | 1419 1535 | 1657 1784 | 1916 2051
98 110.3 121.0 1319 | 1430 1546 | 1668 179.7 | 193.0 206.6
100 111.3 1221 133.0 | 1441 1558 | 168.1  181.0 | 1943 208.0
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APPENDIX B.2: BUFFER SEGMENT LENGTHS THAT
ENCOMPASS 1 ACRE

The following table can be used to determine the horizontal
distance of buffer segments that encompass an acre (43,560 ft?).
For example, if a buffer has a horizontal width of 150 feet, 290
linear feet of the buffer is required to equal 1 acre of buffer area.
The segment length can be used as a guide for meeting leave tree
requirements within the buffer.

Buffer width (ft) Segment length (ft)’
100 436
110 396
120 363
130 335
140 311
150 290
160 272
170 256
180 242
190 229
200 218
210 207
220 198

1 Inlinear feet to equal one acre
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APPENDIX B.3: BASAL AREA BY TREE DIAMETER

Leave tree basal area requirements are intended to be averages
for the buffer and affected forested wetland, and need not be
rigorously applied to each acre. In cases where variable radius
plots might be impractical, tree tallies could be used to mark leave
trees.

The following table can be used to determine how many trees
must be left in forested wetlands and wetland buffers to satisfy
the leave tree requirement of 120 ft> of basal area per acre. Tally
the diameters of the most windfirm dominant and codominant
conifers and determine their area using this table.

Diameter | Area’ Diameter | Area’ Diameter | Area' Diameter Area’
(in) () (in) ") (in) %) (in) (1)
6.0 02 12.5 0.9 19.0 2.0 255 36
65 02 13.0 0.9 19.5 2.1 260 37
70 03 13.5 1.0 20.0 2.1 265 38
75 03 14.0 1.1 20.5 23 270 40
8.0 0.4 14.5 1.2 21.0 2.4 275 41
85 04 15.0 1.2 21.5 25 280 43
90 0.4 15.5 1.3 22.0 26 285 44
95 05 16.0 1.4 225 2.8 290 46
10.0 06 16.5 15! 23.0 2.9 295 48
10.5 06 17.0 1.6 23.5 3.0 300 49
11.0 0.7 17.5 1.7 24.0 3.1
11.5 07 18.0 1.8 24.5 3.3
12.0 08 18.5 1.9 25.0 3.4

1 Basalareainsquare feetequals DBHin square inches times 0.005454
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APPENDIX B.4: RELATIONSHIP OF BASAL AREA AND
SPACING TO RELATIVE DENSITY AND QUADRATIC MEAN
DIAMETER

Relative density provides the easiest way to prescribe selective
harvesting in appropriate forested wetlands and wetlands buffers.
The required leave tree basal area for wetland and wetland
buffers falls within existing department thinning guidelines in
most situations.

Variable density thinning could prove a good approach to
achieving the conservation strategy and providing operational
flexibility. The relative density ranges prescribed for heavy
thinnings as part of variable density thinnings (see department
Forestry Handbook) or for stands consisting of dense small
diameter trees, may need additional basal area constraints added
to the RD target. Keep the average basal area at or above 120 ft?
per acre.

The following method allows quick estimation of relative density
(RD) or quadratic mean diameter (Dq) of forested wetlands or
wetland buffers. Also in this appendix are 1) tables to aid in
checking borderline trees while using variable radius plots to
determine plot basal area and 2) tables to quickly estimate RD
and Dq once basal area and tree density are known.

Quick field method for determining relative density (RD)
and quadratic mean diameter (Dq)

1) Tools needed:
a prism or relaskop
a rewind diameter tape (50 ft. minimum).

2) Using the same plot center, take:
a variable plot to determine the basal area per acre
a fixed radius plot to determine the number of trees per acre

3) Choose either the look up or the calculation technique.

Look up technique (use table on page 27)
locate basal area on the left column,
locate trees per acre on the top,
read the value from the table which is common to your BA and
TPA
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Calculation technique
Calculate the average basal area per tree (BAPT):
BAPT = BA per acre + TPA,
Calculate the quadratic mean diameter (Dq) of a tree of
average basal area:
Dq = the square root of (BAPT =+ 0.005454)
Calculate the Relative Density (RD):
RD = BA =+ the square root of Dq

Calculating distance to borderline trees (for use with
variable radius plots)

1) Measure the distance from plot center to the face of the tree.
2) Measure the tree DBH to the nearest tenth.

3) Multiply the “limiting distance factor” from the table by the
DBH.

Basal area factor Limiting distance factor
10 2.708
20 1.903
30 1.333

4) If the measured distance is greater than the calculated distance
the tree is out. If the measured distance is /ess than the
calculated distance the tree is in.

Table of fixed plot radii measurements

Acreage of plot Radius o plotin feet Acreage o plot Radius of plotin feet
1 117.8 1/25 23.5
1/2 83.3 1/40 18.6
1/4 58.9 1450 16.7
1/5 52.7 1100 11.8
1710 37.2 17250 7.45
1/20 26.3

The formula for calculating fixed plot radii is:

Plot radius equals 117.8 times the square root of the acreage of
the plot.
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Basal Area

Basal Area

Relationship of Basal Area & Trees/acre or Spacing to Relative Density

Treelacre & Spacing
25 50 75 100 125 150 4175 200 225 250 275 300 325 350 375 400 425 450
42x42 30x30 24x24 21x21 19x19 17x17 16x16 15x15 14xi4 13x13 13x13 12x12 12x12 11x11 11x11 10x10 10x10 10x10
40 10 " 13 14 14 15 16 16 17 17 18 18 18 19 18 19 20 20
60 13 16 17 19 20 21 21 22 23 23 24 24 25 25 26 26 27 27
80 16 19 21 23 24 25 26 27 28 29 30 30 31 31 32 33 33 33

10019 25 850 2r . 29 30 34 92 3 a4l 3R 36 36 En BB es 3 W0
120f 22 26 29 31 33 34 36 37
140l 25 20 33 35
1600 27 33 38 39
180(| 30 36 38 42
200(| 32 38 43 46
220( 35 41 46 49
240|| 37 44 49 82
260\ 39 47 52 56
280f 42 49 55 59
300/ 44 .52 58 62
320f 46 55 61 865
30l 48 57 63 68
360f] 50 60 66 71
o)l 52 62 69 T4
40| 54 85 T2 77

41 42 43 43 44 45 45
47 48 49 49 50 51
52 53 64 55 56 56
57 58 59 60 61 62
61 63 64 65 66 67
Clp e i e |
70 72 73 74 75 T8
T TeL T e a0 B
79 80 82 83 B4 86
83 8 8 88 89 9
87 89 90 92 93 g5
91 93 95 9 98 99
95 97 99 100 102 103
99 101 103 105 106 108
94 97 99 101 103 105 107 108 110 112

Relationship of Basal Area & Trees/acre or Spacing to Quadratic Mean Diameter (Dg).

Treefacre & Spacing
25 50 75 100 125 150 175 200 225 250 275 300 325 350 375 400 425 450
42x42 30x30 24x24 21x21 19x19 17x17 16x16 15x15 14x14 13x13 13x13 12x12 12x12 11x11 11x11 10x10 10x10 10x10
401l 171 121 99 86 V7 70O 65 61 57 54 52 48 48 46 44 43 42 40
6011 210 148 121 105 &4 86 79 74 70 66 63 61 58 56 54 52 51 49
80| 242 171 140 121 108 98 92 86 81 77 73 70 67 65 63 61 59 57
100)1 271 191 156 135 121 111 102 96 90 86 82 78 765 72 70 68 66 64
120 287 210 171 148 133 121 112 105 99 94 89 86 82 79 77 74 72 70
14011 320 227 185 160 143 131 121 113 407 101 97 93 B9 86 83 80 78 76
160 343 242 198 1741 1.4 108 103 99 95 92 88 86 83 81
180)| 36.3 257 21.0 182 121 115 110 105 101 97 94 91 88 86
200 383 2v.1 221 191 106 102 98 86 93 90
22011 40.2 284 232 201 14 107 104 100 97 95
2401 420 297 242 210 116 112 108 105 102 99
260|) 43.7 3089 252 218 121 117 113 109 106 103
280|) 453 320 262 227 126 121 117 113 110 107
300|469 332 271 235 13.0 125 121 117 114 111
3200 484 343 280 242 g 134 129 125 121 117 114
340(1 499 353 288 250 223 204 189 138 133 129 125 121 118
360l 514 363 287 257 230 210 194 143 137 133 128 125 121
380|| 528 37.3 305 264 236 216 200 146 141 136 132 128 124
400 54.2 383 313 271 242 221 205 150 145 140 135 131 128
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APPENDIX B.5: TABLE FOR CONVERSION OF SLOPETO
HORIZONTALDISTANCE

Multiply the slope distance by the conversion factor to obtain
horizontal distance.

Slopepercent  Conversion factor Slope percent  Conversion factor

5 0.999 58 0.865
10 0.995 60 0.857
15 0.989 62 0.850
20 0.981 64 0.842
22 0.977 66 0.835
24 0.972 68 0.827
26 0.968 70 0.819
28 0.963 72 0.812
30 0.958 74 0.804
32 0.952 76 0.796
34 0.947 78 0.788
36 0.941 80 0.781
38 0.935 82 0.773
40 0.928 84 0.766
42 0.922 86 0.758
44 0.915 88 0.751
46 0.908 90 0.743
48 0.902 92 0.736
50 0.894 94 0.729
52 0.887 96 0.721
54 0.880 98 0.714
56 0.872 100 0.707
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