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Executive Summary

hat Registered Professional Foresters (RPFs) can use when

potentlal impacts of proposed.timber operations for these areas between timberland

managers and reviewing agencies, and sometimes among the reviewing state and

federal agencies responsible for regulating timber harvesting on private and State-

owned timberlands, led to the formation of the interagency Riparian Protection

Committee (RPC) and the need for this paper. The existing California Forest Practice
les (F '

In the past
of Fores ry and Fire Protection (CDF),

p p
the California Department of Fish and Game (DFG), the California Geological Survey
(CGS), and the North Coast Regional Water Quality Control Board (NCRWQCB).

flood prone

movement with near-term loss of riparian function and assocnated habitat adjacent to
the stream, proposed practices will require more detailed analyses and additional
mitigation than required for those channels that have remained laterally stable over
many decades and can reasonably be expected to continue to exhibit stablhty in the
future.

Numerous studies have been published showing that significant thinning of coast
redwood stands on hillslope areas can substantially increase tree growth over time, but
the RPC was not aware of any published studies that have examined stand growth with -
varying stocking levels on alluvial floodplains. Therefore, the RPC requested that an
experienced timber harvest scheduling expert model three silvicultural systems
commonly employed in high productivity timber site flood prone areas, along with a no
harvest alternative. These alternatives included no harvest, conservative sanitation
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(harvest of intermediate and suppressed trees), thinning from below, and standard
single tree selection (approaching the minimum standards under the FPRs). The four

While an understanding of flood prone area functions is necessary for project-level
planning, this paper also stresses that Timber Harvesting Plans (THPs), Nonindustrial
' g i ing P )

so that the effects of large
disturbances on landscape diversity can occur. While large channel-influencing floods,
landslides, and other disturbances can radically change channel characteristics, these
changes are natural processes under which fluvial systems have evolved over long time
frames. Within the spatial context of watersheds, timber management of flood prone
areas must consi i nel migrati i

élSwEanC§S-

Recommendations by the RPC include: (1) removing separate definitions in the FPRs .
for confined and unconfined channels, (2) pre-consultation with state and federal
agencies when appropriate, (3) reliance on programmatic approaches such as Habitat
Conservation Plans (HCPs), Natural Communities Conservation Plans (NCCPs),
Programmatic Timber Environmental Impact Reports (PTEIRs), and watershed-wide
Waste Discharge Requirements (WDRs) for a longer-term perspective on large tree
retention in flood prone areas and watershed-scale issues, and (4) broad training on
flood prone area functions and assessment techniques for RPFs and agency personnel.
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Riparian Protection Committee

Flood Prone Area Considerations in the
Coast Redwood Zone

l._Introduction and Background

Land management activities, including timber operations, on floodplains, riparian zones,
watercourse and lake protection zones, and other flood prone areas can affect flooding,
aquatic and riparian terrestrial habitats, water quality and other environmental and
public safety concerns. In the northern California coastal redwood region, these flood
prone areas are also often the highest productivity timberlands. This situation leads to
potential disagreements between timberland managers and reviewing agencies, and

~ sometimes among the reviewing state and federal agencies responsible for regulating
timber harvesting on private and State-owned timberlands. The primary issues relate to
identifying flood prone areas and determining the types and intensities of timber
harvesting activities that will not adversely impact both the ecological characteristics of
the floodplain and the ability of the floodplain to influence its adjacent channel (Benda
2004).

In response to a recommendation by the California Department of Fish and Game
(DFG), California Department of Forestry and.Fire Protection (CDF) Assistant Deputy
Director Duane Shintaku formed the interagency Riparian Protection Committee (RPC)
to work collaboratively to reach common understandings on riparian issues related to
logging operations on coast redwood-dominated floodplains and flood prone areas
(Figure 1). The group was asked to identify problems with the Timber Harvesting Plan
(THP), Nonindustrial Timber Management Plan (NTMP), and Program Timber
Harvesting Plan (PTHP) [referred to collectively as “plan” in this document] Review
Team process and to document substantial evidence where these problems are not
being adequately addressed by the current process. More specifically, the committee
was asked to determine the items that are being missed with use of the Threatened and
Impaired Watersheds Rule Package (part of the California Forest Practice Rules), which
was implemented in July 2000 and covers the entire coast redwood region (Figure 2).
For purposes of discussion, issues raised for recent THPs in the Gualala River and Big
River watersheds were reviewed in order to develop a better understanding of how to
address related areas of concern in future plans.

The RPC met four times in the winter and spring of 2005, prior to development and
review of this paper, to discuss issues of concern related to flood prone area timber
operations. These meetings included one field trip to the Coast Range in western
Mendocino County. While several issues were identified during these discussions, one
of the most significant related to the current practice of beginning the Class |
watercourse and lake protection zone (WLPZ) for unconfined channels where trees are
at least 25 years in age at breast height. This location is known as the watercourse
transition line (WTL) and typically occurs near the active channel edge at bankfull stage.
While the current Forest Practice Rules allow for expansion of the Class | WLPZ width
and application of appropriate mitigation measures as required for adequate protection
and/or restoration of aquatic habitat, it was stated by some of the public trust agencies
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in the RPC meetings that there has been inadequate use of protection measures
beyond the minimum standards described in the Forest Practice Rules in flood prone
areas. These agencies stated that standard WLPZ widths have been used and have
been inadequate for flood prone area protection/restoration. In some cases, flood prone
areas that exist outside the WLPZ edges have been treated silviculturally similarly to
areas on hillslopes located above the floodplain (i.e., the Class | WLPZ has not been
extended to the edge of the flood prone area, or the WTL has not been established at
the landward edge of the flood prone area—making the channel zone the entire flood
prone area, mstead of only a small part).

This issue and others are addressed in the current paper. Our approach is to show
resource professionals how to adequately document existing flood prone area functions,
analyze potential impacts, and develop appropriate mitigation measures to protect or
restore these functions. The report was written to provide direction to agency staff,
RPFs, and the public on the type of plan information needed to address concerns over
harvesting in flood prone areas in California. In addition, it is to assist in training and
provide a reference for those people involved in Forest Practice plan review.

This document is not meant to endorse a ban on harvesting big trees within flood prone
areas, but to provide guidance when these harvest objectives are proposed. In some
cases, existing and anticipated future conditions may support harvest of big trees in
flood prone areas. In other cases, conditions support retaining these trees for flood
prone area function.

List of Participants

 The Riparian Protection Committee included the following participants:

Staff Environmental Scientist '

Environmental Scientist
Division Chief, Timber Harvest Division

enior Environmental Scientist

Tom Spittler, CGS, Senior Engineering Geologist

Kris Vyverberg, DFG, Senior Engineering Geologist

Christine Wright-Shacklett, NCRWQCB, Senior Engineering Geologist
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Figures 1 and 2. California Vegetation (CAL VEG) data layer for northwestern California, with the
redwood-Douglas-fir region shown in red (ICEMAPS 2.0, UC Davis |ICE website); Boundaries for
watersheds with threatened or impaired values for coho salmon, Chinook salmon, and steelhead ESUs
(Salmon and Watershed Mapping Tool, CDF—FRAP website).
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" Flood Prone Area Regulation Authorities

A brief listing of state agency authorities related to timber operations on flood prone
areas is provided below.

CDF—Numerous sections of the 2005 California Forest Practice Rules (FPRs) relate
to flood prone area protection. Many of these rules (or additional rule language)
originated in the Threatened and Impaired Watersheds Rule Package that went into
effect on July 1, 2000. In particular, Title 14, California Code of Regulations § 916.9,
Protection and Restoration in Watersheds with Threatened or Impaired Values, is a
critical section when considering flood prone area protection measures and is a
significant part of the Threatened and Impaired Watersheds Rule Package CCR§
916.4(a)(1) is older language, but is highly significant since it requires the RPF to
evaluate areas near and areas with the potential to directly impact watercourses and
lakes for sensitive conditions, including changeable channels, overflow channels, flood
prone areas, and riparian zones. It further requires that the RPF consider these
conditions and those measures needed to maintain and restore for, among other things,
spawning and rearing habitat for salmonids, when proposing WLPZ widths and
protection measures.

CGS—Under the California Environmental Quality Act (CEQA), CGS and the
Department of Conservation are listed with %ther State Agencies as having statutory
authorlty for, among other things, géand watersheds, mineral land reclamation,
erosion and hydrologic conditions, water quality and water pollution control, and open
space policy. Additionally, the Surface Mining and Reclamation Act (SMARA)
applies when dealing with removal of gravel or rock materials in or near watercourses.

DFEG— The DFG is the trustee agency for fish and wildlife of the state (14 CCR §
15386, CEQA Guidelines). The DFG implements and enforces the California
Endangered Species Act (CESA) (Fish and Game Code 1600 et seq.), Streambed
Alteration Agreements (Fish and Game Code 1600 ef seq.), and consults on projects
that may affect Threatened and Endangered Species (PRC 21104.2). At present,
coastal coho salmon are listed as endangered south of Punta Gorda and threatened
north of Punta Gorda. No other fish species are presently state-listed in areas that are
the focus of this report. Several state-listed animals and plants do exist within or near
the focus area. Several Fish and Game code sections relate to floodplains and
riparian protection, including: 1385, 1600, 5650, and 6920, 6902(a). Pursuant to Fish
and Game Code Section 1600 et seq., the DFG may issue agreements under their
authority for projects or activities within or near lakes and watercourses that
substantially diverts or obstructs the natural flow of, or substantially changes or uses
any material from the bed, channel, bank of, any river, stream, or lake.

NCRWQCB—The NCRWQCB'’s mandate and authorities to protect, maintain, and
restore water quality and the beneficial uses of water are derived from the federal Clean
Water Act (CWA), the state Porter-Cologne Water Quality Control Act, and the
Water Quality Control Plan for the North Coast Basin (Basin Plan). The State Water
Board and regional water boards implement the CWA under the oversight of Region X
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of the U.S. Environmental Protection Agency (EPA). The federal Clean Water Act

(CWA, section 303, 33 U.S.C. § 1313) requires states to adopt water quality standards
(state water quali jecti fici
friennial basis

"and numeric
objectives for pollutants such as prohibitions such as the waste
discharge prohibitions contained in the Action Plan for Logging Construction, and
Associated Activities; and the anti-degradation policy.
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Il. Flood Prone Area Definitions

of aflood prone area in the Big River watershed. The
is estimated to occur on average approximately once

Washington Forest Practices Board (WFPB 2001) defines a floodplain as a generally
flat landscape feature immediately adjacent to most strea i
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Figure 4. Example of overbank flooding on the lower Elk River floodplain in Humboldt County during
February 2004. CDF file photo.

probability of a certain size ﬂood oocurrmg in any given year. One-hundred year
floodplains are commonly referenced, since the Federal Emergency Management
Agency (FEMA) places restrictions on building in these areas and requires pre-existing
structures to have federally subsidized flood insurance. Since the 100-year floodplain is
statistically determined with a small data set, it changes over time. Mount (1995) states
that in California, where historic data is limited, the 100-year estimated dlscharge will

increase foIIowmg a maj
year floodplain.” Any ‘
on the degree of risk that is selected for evaluation (e.g., 5-year, 20-year, 50-year
floodplains). In the North and Central C ions, the most biologically critical
area is generally considered b : sts to be that area inundated at
less than or equal to every ‘

requirements.

' As an example, the Merced River at Happy Isles Bridge in Yosemite National Park experienced a flood
flow of 10,000 cfs on January 2, 1997. The recurrence interval of this discharge in 1996 was 92 years,
while it was only 65 years following the runoff event in 1997 (Hunrichs and others 1998). Therefore, the
100-year discharge was elevated considerably and the 100-year floodplain expanded in Yosemite Valley.
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For the purposes of this report, the RPC has defined flood prone area frequency of
inundation as follows:

nfrequent 50+ year recurrence interval

There is some suggestion in the literature that these intervals are reasonable, although
there is no standard for categorizing flood sizes. Ziemer (1998) reported that the .
minimum return interval for a flood event is about once a decade

Upper Mississippi River basin: 10 to 50 years, 50 to 100 years, and greater than 100
years. Ziemer and Lisle (1998) state that high flows occurring on average every one to
five years are most important for transporting sediment and forming channels in many
regions, but that less frequent large floods can have greater geomorphic effect in the
Pacific coastal ecoregion, particularly in mountain channels.

The following additional definitions are provided, since they are terms used in this
paper:

Bankfull stage is the river stage that occurs when discharge fills the entire channel
cross section without significant inundation of the adjacent floodplain, and generally
occurs with a frequency of 1.5 to 2 years for natural, undammed rivers (Mount 1995).

In stable, unaltered alluvial streams, this stage is often delineated by the presence of a
floodplain at the elevation of incipient flooding and indicated by deposits of fine
sediment such as sand or silt at the active scour mark, break in stream bank slope,
and/or perennial vegetation limit. Bankfull stage can be difficult to identify, particularly in
steep cobble-boulder streams, in alluvial channels with a strong bedrock influence, and
along braided, incised, or aggraded channels (Simon and Castro 2003).

Bankfull depth is the average vertical distance between the channel bed and the
estimated water surface elevation required to completely fill the channel (WFPB 2001).

Bankfull width is the channel width at bankfull dis'charge (Figure 5).

constructed by the river under

nse to changes in land management
practices. Terraces are infrequently mundated by floodwaters associated with the
current climactic period (Dunne and Leopold 1978; Simon and Castro 2003).

Channel migration zones (CMZs) are areas where the active channel of a stream is

prone to move, resulting in a potential near-term loss of riparian function and associated
habitat adjacent to the stream, except as modified by a permanent levee or dike. For
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this purpose, near-term means the time scale required to grow forest trees that will
provide properly functioning conditions.

channels are cut or older ones are reoccupied.

Channel zone includes the bankfull channel and floodplain, encompassing the area
between the watercourse transition lines (WTLs) (Ligon and others 1999).

Riparian forest is defined as extending laterally from the active channel to include both
the active floodplain and adjacent terraces (Naiman and others 1998).

p
Schneider, undated).w
stream channels, bu
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Figure 5. Diagram of stream channel and flood prone area cross-section (Figure IlI.1 in California
Salmonid Stream Habitat Restoration Manual, Third Edition;
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lll. Flood Prone Area Functions

The Riparian Protection Committee reviewed the existing literature to develop a list of
floodplain/flood prone area hydrologic, geomorphic, and biological processes and
functions (Welsh and others 2000 Naiman and others 1998, US .

. imilar tables
could be developed for other beneficial uses of water. A brief narrative description of
these functions and processes follows.

It is important to note that while the literature has abundant information on riparian zone
functions, little of the reported research has been conducted along larger river systems
with extensive floodplains—especially within the coast redwood zone.

Hydrologic Processes and Functions of Flood Prone Areas

Floodplains and flood prone areas in forested watershed affect or be affected by

rom the channel. Thls%:gé% ] '

Ve and can modify the hydrog ( would
ownstream flood flows. As displayed in Figure 6, once flow is over the floodplain
surface, the slope of line defining the relationship between river stage and discharge

markedly decreases due to increased surface roughness and shallow water depth. The

21
B
£ 11
W 9 Lo T
4 bankfullstage
5 7
b .
5
4
3
i
| ! |
100 1,000 10,000
Discharge (cfs)

Figure 8. Hypothetical stage-discharge relationships for both the main river channel and for the floodplain
surface. Bankfull stage can be determined from this rating curve [Figure 7.4 in Stream Corridor
Restoration, FISRWG (1998)].

10
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Table 1. List of flood prone area functions.

Hydrologic Processes/Functions/Properties and Role of Vegetation

Accommodation of floods above bankfull or channel-full flow

Modification of the flood hydrt
Storage of runoff to allow for i
Roughness to a floodplain th
flood water velocity)

e.g., slowing

Temporary storage of water to moderate downstream flood flows

Hyporheic zone function

Geomorphic and Geologic Processes/Functions/Properties and Role of
Vegetation

Biological Processes/Functions/Properties and Role of Vegetation

structure and

Migratory corridors for wildlife species

:VOverhaning bank cover

Alluvial aquifers that moderate surface water temperatures

Possible support of species of concern

g t (e.g., nests, dens,
for wildlife species. Also, colonization sites for some

water/moisture sources)
coniferous species

Filtration of agricultural nutrients (nitrogen and phosphorus) and pesticides

Hyporheic zone function

11
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Table 2. [Fd@
influences of ti

y
stream environments and on potential consequences for salmonid growth and survival

are displayed (modified from Welsh and others 2000, Table 6.2). Note that while timber

harvesting operations may be designed to enhance the physical environmental factors

considered in this table, only the potential negative impacts are identified here.

Potential Change in
Physical

Potential Change in
Quality of

Potential Consequences for
Salmonid Growth and
Survival

Reduced growth efficiency;
increased susceptibility to

‘Reduced cover; loss

of pool habitat;
reduced protection
from peak flows;
reduced storage of
gravel and organic
matter, loss of
hydraulic complexity

Increased vulnerability to
predation; lower winter
survival; reduced carrying
capacity; less spawning
gravel; reduced food
proeduction; loss of species
diversity

Addition of 1 slash
(needles, bark, branches)

Short-term increase
in dissolved oxygen
demand;

increased amount of
fine particulate
organic matter;
increased cover

Reduced spawning success;
short-term increase in food
production; increased survival
of juveniles

Erosion of streambanks

Loss of cover along
edge of channel;
increased stream
width; reduced
depth; increased fine
sediment in
spawning gravels
and food production
areas

Increased vulnerability to
predation; increased carrying
capacity for age-0 fish, but
reduced carrying capacity for
age-1 and older fish; reduced
spawning success; reduced
food supply

12
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Functions of Flood Prone Areas

Increases in channel cross-sectional areas, declines in channel gradients, and

significant increases in bed roughness all result in decreases in flow velocities on

floodplains and flood prone areas (Mount 1995). This allows floodplains to be
. 2

areas. In many locations, levees constructed in
g y ed natural floodplain functions for larger river
systems in California and the Pacific Northwest (Bolton and Shellberg 2001).

Since floodplain surfaces are nearly flat, the ' and act as
fi . moving colluvially downslope from
ic and naturally-caused rills, gullies, and mass wasting features. The ability

Figure 7. Coast redwood tree located on the Navarro River floodplain in the vicinity of the USGS gaging
station at the 4.5 mile marker on State Highway 128. Note th ear the
base of the tree from a flood event estimated to have
approximately 6 feet high. DFG file photo.

The silt line is

2 Nolan and others (1987) reported that for five rivers in northwestern California, floodplain formation
appears to be due more to overbank deposition _during large discharges than to lateral channel migration.

13
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of riparian buffers to control sediment inputs from surface erosion depends on several
site characteristics, including the presence of vegetation or organic litter, slope, soil
type, and drainage characteristics. These factors influence the ability of buffers to trap
sediments by determining the infiltration rate of water and the velocity (and hence the -
erosive energy) of overland flow. Timber harvesting operations will need to complement
riparian protection measures with practices for minimizing sediment contributions from
outside the riparian area, partlcularly those from roads and associated drainage

. , removing large
downed wood, or otherwise reducing the effectiveness of riparian buffers as sediment
filters (Spence and others 1996).

rovide on the flood prone area
surface, and greatly aids in bank stabilization. Roots of vegetation help to develop soil
structure, stabilize stream banks by binding soil in place, and provide resistance to
erosive forces of flowing waters (Beschta 1991). Root-stabilized banks may facilitate
bank building during high flow events by slowing stream velocities, which in turn helps
to filter sediment and debris from suspension (Swanston 1991; Spence and others
1996). Most root strength at streambanks is from vegetation growing near the channel.
Buffer widths for protecting other riparian functions (e.g., large wood recruitment,
shading) are likely adequate to maintain bank stability, provided that trees near the
channel edge are not cut.

In addition,%\ that may reduce the
potential for significant changes in channel morphology, such as possible large-scale
channel migration or channel avulsion (Ligon and others 1999). Channel avulsion is a
rapid channel shift during flood flows from a main channel into side channels (Figure 8).
An example of recent channel avulsion in a forested watershed is provided by Weiland
and Schwab (1996) for the Copper River in British Columbia.

While vegetation immediately adjacent to a stream channel is most important in
maintaining bank integrity (FEMAT 1993), in floodplains with actively shifting stream
channels or floodplains adjacent to streams with a high poten’ual for channel avuISIon

e main alned to guarantee that large wood will be available
for recruitment wherever the new channels form.’

and others 1999).
the highest biodiver yp

landscape at the watershed scale (Naiman and others 1998). In light of this high
biodiversity, the California Forest Practice Rules require that native aquatic and riparian-
associated species and the beneficial functions of riparian zones must be maintained
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