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A STUDY OF VEGETATION ON REVETMENTS
SACRAMENTO RIVER BANK PROTECTION PROJECT

PHASE 1: LITERATURE REVIEW AND PILOT STUDY

PART I: INTRODUCTION

Background

The Sacramento River Bank Protection Project (SRBPP), authorized in
1960, is currently under construction and consists of bank protection along
the Sacramento River and its sloughs from Collinsville (river mile (RM) Q) to
Chico Landing (RM 194), and along the lower Feather River, Bear River, Yolo
Bypass, and Colusa Basin drainage canal. The SRBPP is authorized as a local
cooperation project, and the US Army Corps of Engineers (CE) shares responsi-
bility for the project with the State of California Reclamation Board. As of
1987 the project was about 90 percent complete. Bank protection works in the
project reach of the Sacramento River are primarily quarry stone or river
cobble revetments. Quarry stone is hereinafter referred to as riprap.

The SRBPP has been planned and constructed in phases, which are further
subdivided into parts. During required coordination of the environmental
studies for the Butte Basin Reach of the project (the upstream limits of the
levee system to RM 194), the US Army Engineer District (USAED), Sacramento,
provided a biclogical data report to the US Figh and Wildlife Service (USFWS)
that identified the valley elderberry longhorn beetle (VELB) as a Federally
listed endangered species in the project reach. The report stated that the
project might adversely impact the VELB. Accordingly, the USFWS issued a
Biological Opinion requiring that the Sacramento District implement several
"reasonable and prudent alternatives" along with the project. One of these
alternatives was that the CE conduct a 2-year study to determine the need for
vegetation removal from banks protected by revetment. They further requested
that emphasis be placed on sites where changes in shear stress and turbulence
adjacent to the banks have occurred as a result of river morphology changes or
the presence of the revetment. As part of the reasonable and prudent alterna-
tive, the CE was to prepare a new operation and maintenance manual for the

Sacramento River Flood Gontrol Project (SRFCP) that incorporated findings of



the study. This report describes findings of the first phase (pilot study) of

the required 2-year study.

Purpose

The purpose of this report is to present the methods developed and the
results obtained during the pilot phase of the allowable vegetation study.
This information will be used to decide whether to continue the study. If the
study is to be continued, the recommendations presented in Part VII will be

used as the basis for the scope, approach, and methods of the second phase.

Scope

This report contains a literature review, a description of a survey of
files and records for documentation of revetment damage, and presentation of
the pilot study approach, methods, and results. The literature review
included both manual and electronic searches for references dealing with the
effect of vegetation on revetment durability.

Since the 1986 flood was both large and recent, Sacramento District
records were searched to identify Sacramento River revetments located between
RM 0 and 194 damaged during the flood. Only six damaged sites were located,
and five of the six sites were located between RM 84.5 and RM 99.5. Accord-
ingly, the hydrologic reach* containing these five sites was selected for a
pilot study of vegetation-damage association.

Semiannual inspection records and aerial photographs were carefully
studied to determine the location and size of vegetation on all the known
revetments in the pilot study reach at the time of the flood. Historic data
from files and photographs were supplemented by two visual inspections of the
pilot reach: the first by Harvey, Watson, and Schumm (1989) as part of a
geomorphic study separate from this effort, in April 1989, and the second in
September 1989. Data bases were constructed to contain a record for each
100 ft** of revetted bank line in the pilot reach. Data base fields included

revetment material, construction date, and information about vegetation and

* This reach extends from the Fremont Weir (RM 84.5) to the Tisdale Weir
(RM 119). A description of the reach is provided in Part III.

*% A table of factors for converting non-SI units of measurement to SI
(metric) units is presented on page 7.
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damage from various sources. Statistical and graphical techniques were used
to investigate relationships among data base variables.

These procedures and results are presented in detail below, along with
recommendations for the methods best suited for the proposed second phase of
this effort. A synthesis of findings of the literature review and pilot study

is also presented.

Study Area

Sacramento River

The Sacramento River Basin occupies about 26,300 square miles in
northern California, as shown in Figure 1. The basin is about 250 miles long
and up to 140 miles wide and consists of a relatively flat valley about
50 miles wide flanked by abruptly rising mountain ranges. The Sacramento
River is roughly 310 miles long, running from tributary creeks in the upper
basin to Collinsville, where it joins the San Joaquin River and flows into
Suisun Bay. Average discharge at Sacramento is about 25,000 cfs; average
annual runoff is 18 million acre-feet. Flows are regulated by storage reser-
voirs located on the upper reaches of the Sacramento and major tributaries.

The character of the Sacramento River changes radically from headwaters
to the mouth. From RM 194 (the upper limit of the Sacramento River Bank Pro-
tection Project) to RM 145 (Colusa), the river actively meanders between
widely spaced levees. Levees are absent above RM 184 (west side) and RM 176
(east side). Gravel bars are found on convex points and midchannel, but
gravel gradually grades to sand downstream. Between Colusa and RM 60
(Sacramento) the bed is fine sand, and banks are primarily composed of
cohesive materials., Levees closely border the channel, usually separated from
it by 50- to 100-ft berms. The channel has a meandering planform, but lateral
migration is generally very slow relative to project time scale. Below Sacra-
mento (RM 0-60), the river experiences tidal influence. This region is called
the delta. Velocities even during floods are modest, and the primary erosion
mechanism appears to be wave wash erosion due to wind- and boat-generated
waves (Jones and Stokes Associates, Inc. 1987). A number of distributaries
(sloughs) carry part of the flow. Both the river and the sloughs are very
closely bordered by levees; in many reaches the levee water-side slope and the

riverbank are one and the same.

10
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Sacramento River Flood Control Project

The SRFCP, authorized by the Flood Control Act of 1917, incorporated
some of the levees and other structures built earlier, as described by Kelley
(1989). Presently the SRFCP includes 977 miles of levees, overflow weirs,
pumping plants and bypass channels along the Sacramento River and its sloughs
from RM O to 194 and along lower reaches of several major tributaries. The
system of bypass channels that is shown schematically in Figure 2 is based
upon a natural system of overflow areas that predated the project. During
floods, the bypass channels convey most of the discharge, and only a fraction
of the flow remains in the river itself. The SRFCP provides protection to
about 800,000 acres of agricultural and urban lands.

Sacramento River Bank Protection Project

Because so many of the SRFCP levees are very close to riverbanks that
are eroding or have the potential to erode, bank protection has been necessary
to ensure the integrity of the flood control system. In addition, stability
of the river channel in the vicinity of the overflow weirs is essential to
maintain the distribution of flood flows between the river and the bypasses so
that the river channel capacity will not be exceeded. The Sacramento River
Bank Protection Project was authorized to provide protection for the levees
and flood control facilities of the SRFCP. Authorization for the SRBPP has

occurred in phases as shown below:

Authorized Constructed
Phase ____ Date lin ft (milesg) 1in ft (miles)
I 1960-1975 430,000 (81.4) 430,000 (81.4)
II 1974-1989 405,000 (76.7) 300,000 (56.7)

IIT Under study

The SRBPP has been implemented primarily by construction of continuous
revetments along eroding banks. A comprehensive bank protection program has
not been used; instead, revetments have been constructed to correct site-
specific problems of levee erosion or to control channel migration where
effective operation of the weirs might be jeopardized by migration. Most
revetments constructed prior to about 1974 were built from river cobble;
angular quarry stone riprap has been used for most revetments since then.
Cobble revetments were typically placed on a 1V:3H slope, while rock has
typically been placed on 1V:2.5H or 1V:2H. Most of the cobble revetments were

12
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constructed with a blanket thickness of 12 in. above the low water* and 15 in.
below low water. At the toe of the bank slope the revetment was extended an
additional 10 ft to provide protection against toe scour. A rock toe wall
(longitudinal toe dike) was used in locations where fill material was being
used to raise the bank grade.

Newer rock riprap revetments have typical blanket thicknesses of 12 in.
above low water and 18 in. below low water. Toe trenches are used with many
of these revetments. Typical design details for Sacramento River revetments
are shown in Figure 3.

About 99 of the 158 miles of SRBPP revetments are located on the
Sacramento River itself; about 14 miles of these remain to be constructed., Of
the total 158 miles of the SRBPP, 20 miles remain to be constructed,
Ninety-six percent of the Sacramento River SRBPP revetments are below Colusa
(RM 144); 40 percent are below Sacramento.

Many miles of revetment along the Sacramento River were not constructed
as part of the SRBPP. These structures are the result of earlier Federal
projects and private efforts. Jones and Stokes Associates, Inc. (1987)
provide the following description of cumulative revetment length:

Cumulative past and proposed SRBPP bank protection has been esti-
mated to occupy 44 percent of the river banks in the lower reach
(RM 0-60) below Sacramento, 39 percent of the banks between Sacramento
and Colusa (RM 60-145), and 30 percent from Colusa to Chico Landing
(RM 145-194). Many individual river miles are more than 50 percent
occupied by SRBPP bank protection, particularly in RM 10-50 below Sacra-
mento. When non-project riprap (i.e., by private interests or reclama-
tion districts) is added, as much as 75 percent of the banks below
Sacramento may be occupied by some form of bank protection.

Figure 4a shows the cumulative length of SRBPP revetments along the
SRBPP reach of the Sacramento River as a function of time. Cumulative length
was computed by summing the constructed or "project" length for each revet-
ment. The actual length of revetted bank line is less than the project length
because of overlap and replacement of failed areas. Figure 4b shows cumula-
tive revetment length versus year of construction for all revetments (SRBPP)
and all others) located between RM 78 and 177 as of 1987. Figures 4c and 4d
present the cumulative revetment lengths as of 1989 plotted against river

mile.

% The term low water refers to elevation shown as "M.L.L.W. or L.W." in
Figure 3 and in the General Design Memorandum (USAED, Sacramento 1957).
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Figure 4. Cumulative revetment lengths versus construction
date and river mile for all revetments and SRBPP revetments.
"ALl revetments" includes those constructed by non-Federal
interests and those constructed under pre-SRBPP
authorities
Comparison of the curves in Figure 4 representing all revetments with
those representing only SRBPP revetments shows that the latter comprise only
about half of the revetments along the project reach of the Sacramento River.
Both sets of curves show a total length of nearly 500,000 ft, but the curves
for all revetments are for a reach only about half as long. However, the
curve for all revetments includes some revetments that have been destroyed
and/or replaced. Both curves show that the fraction of the bank line covered
by revetment decreases sharply above Colusa.
Curves of cumulative revetment length versus construction date show that
few revetments with known construction dates predate 1940. The SRBPP revet-

ments are dated 1963 or later. The rate of construction has declined some
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since about 1978. The period of most rapid construction occurred in the late

1950s and early 1960s.
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PART II: LITERATURE REVIEW

Methods for Literature Review

Manual search

A review of available literature on the effects of vegetation on riprap
revetment and related issues was conducted. A manual search was first made
using information on hand from previous related studies. The bibliographies
from these documents were also searched. Most of the relevant literature was
found in CE and California Department of Water Resources reports.

Dialog search

An electronic literature search was conducted using Dialog Information
Services, Inc., on-line data bases. Key words were combined as shown in
Figure 5, and the following data bases were searched:

NTIS 64-88/15S09

COMPENDIX PLUS 70-88/MAR

BIOSIS PREVIEWS 69-88/APR

AGRICOLA 79-88/APR & 70-78/DEC

ISMEC: MECHANICAL ENGINEERING 73-88/JAN

OCEANIC ABSTRACTS 64-87/JAN

SCISEARCH 84-88, 78-80, 74-77, & 81-83

DISSERTATION ABSTRACTS ONLINE 1861-APR 88

ENVIRONLINE 70-88/MAR

POLLUTION ABSTRACTS 70-88/JAN

AQUATIC SCIENCE ABSTRACTS 78-88/JAN

CAB ABSTRACTS 84-88/JAN & 72-83

GEOARCHIVE 74-88/MAR

GEOREF 1785-1988/MAR

GEOBASE 80-MAR 88

SPIN 75-88/APR

TRIS 70-87/FEB

GPO MONTHLY CATALOG JUL 76 TO APR 88

ENVIRONMENTAL BIBLIOGRAPHY 74-88/FEB

CONFERENCE PAPERS INDEX 73-88/JAN

FLUIDEX 73/88 FEB

AQUACULTURE 70-84/JAN

WATER RESOURCES ABSTRACTS 68-88/APR
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CURRENT TECHNOLOGY INDEX 81-88/FEB
SUPERTECH 73-88/MAR

WATERNET 71-88/MAR

SOVIET SCIENCE & TECHNOLOGY 75-86/JAN 88
LC MARC 79-88/FEB

BRITISH BOOKS IN PRINT MAR 88

BOOKS IN PRINT THRU 1988/MAR

WILEY CATALOG/ONLINE - JAN 88

vegetation
or
grass revetment
or or
river flower riprap
or or or
stream and plant and rip rap
or or or
channel weed bank stability
or or
bush slope stability
or
shrub

Figure 5. Keyword combinations used for electronic literature search

Roughly 327 hits were obtained using the search strategy shown in Figure 5.
Many of these were duplicates, and only a small number of these documents were
relevant to this study.
Review

Documents deemed to be relevant based on review of title and abstract
were studied, and a one-page abstract was prepared for each document. Aspects
germane to this study (i.e., effects of naturally occurring vegetation on rip-
rap revetment durability) were emphasized. The one-page abstracts were then
sorted according to the topics they treated, and an outline for a synthesis
was composed. A draft synthesis was prepared and expanded as new sources of

information came to light during the study.
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Overview of Synthesis

A synthesis of the findings of the literature review is presented below.
Three peripheral topics are briefly discussed first: environmental value of
revetment vegetation, vegetation and streambank erosion, and intentional use
of vegetation in revetments. Next, potential undesirable effects of revetment
vegetation are identified, and current maintenance standards and practices
that apply to revetment vegetation are reviewed, particularly for areas of the
Sacramento River Bank Protection Project. The last section summarizes recent
vegetation surveys along the Sacramento River and discusses the current status

of Sacramento River revetment vegetation.

Environmental Value of Revetment Vegetation

Riparian vegetation

Riparian vegetation is an important component of terrestrial and aquatic
riparian habitat. A study of nesting birds in the alluvial corridor of the
River Garonne showed that the riparian woodlands are the richest and most
densely populated woodlands because they provide an inland corridor for
migrating birds (Decamps, Joachim, and Lauga 1987). A comparison of avian
density and diversity found on naturally vegetated and riprap-covered banks
along the Sacramento River showed that avian communities are heavily
influenced in a positive manner by riparian vegetation (Henke and Stone 1978).
This influence extended into adjacent agricultural areas up to 440 yd from the
river.

Construction impacts

Revetment construction destroys riparian vegetation and prevents the use
of the bank for nesting and denning. Over the long term, elimination of
erosion by revetments halts the continuous process of floodplain habitat
destruction and replacement. In portions of the floodplain that are not
revetted or cleared, the successive vegetation stages of the riparian zone are
replaced by climax vegetation. The diversity of habitat and animal species
decreases. However, the population of individual species suited to the domi-
nant vegetation habitat increases (Fletcher and Davidson 1988).

Revetment vegetation

After placement of riprap, natural vegetation from adjacent stands or

from waterborne or windblown seeds usually invades sediment deposits in the
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bank protection materials or underlying soils (Figure 6). If vegetation is
not removed by maintenance activities, a community of large trees may
eventually develop, and biological effects of revetment construction will be
reduced. Bank line habitat wvalue for birds and other small wildlife species
can be substantially improved by allowing vegetation to establish and remain
on riprap. Dennis, Ellis, and Arnold (1981) pointed out the habitat value of
brushy riprap in the Sacramento delta relative to unvegetated riprap. Brushy
plant communities (blackberries, shrubby alders, stinging nettles, willows,
wild radish, and smartweed) developed on riprapped banks nét disturbed by
maintenance for several years. Forbes et al. (1976) observed 2.6 times as
many birds and 1.4 times as many bird species on revegetated revetments along
the Willamette River as on recently cleared revetments. Jones and Stokes
Associates, Inc. (1987) reported that adverse impacts of SRBPP revetment con-
struction on juvenile salmon habitat could be partially addressed by planting
woody vegetation in revetments.

Even though revetments occupy a relatively small acreage, the vegetation
they support (if allowed to vegetate) is important and valuable. Riparian
vegetation now occupies only 1 or 2 percent of the area it occupied in the

Sacramento Basin in the 1850s, and much of this remaining area is affected by

Figure 6. Volunteer vegetation in riprap revetment,
South Platte River below Chatfield Reservoir, near
Denver, CO, September 1989
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SRBPP activities (King 1984). Frayer, Peters, and Pywell (1989) found that
California Central Valley freshwater wetland acreage (which includes riparian

vegetation) decreased 43 percent between 1939 and the mid-1980s.

Vegetation and Streambank Erosion

A number of investigators have studied the relationship between erosion
of unrevetted streambanks and naturally occurring vegetation. Some of this
work is summarized below. When applying these findings to the problem at hand
(effects of vegetation growing on revetment), it should be noted that
vegetated natural banks often tend to be steeper than revetted banks. It
stands to reason that the effect of woody vegetation growing on top of a
steep, unprotected bank would be different than the effect of vegetation grow-
ing on a graded, low-angle revetted bank. Furthermore, effects would tend to
be most divergent for steeper, higher natural banks.

Hey and Thorne (1986) obtained data from 62 stable gravel-bed river
reaches in the United Kingdom with bankfull discharges ranging from about
250 to 16,000 cfs. Bank vegetation for each reach was classified into four
categories based on the fraction of the bank line covered by trees and shrubs.
Using regression, they determined that channels without trees or shrubs were
roughly twice as wide as channels that had more than 50 percent of their bank
lines covered by trees and shrubs.

Harvey, Watson and Schumm (1989) presented a literature review on
vegetation and streambank erosion. Two investigations noted that the effect
of vegetation on streambank erosion varies with the size of the river system
(Zimmerman, Goodlett, and Comer 1967; Shifflett 1973). Studies conducted on
small rivers have shown that riparian vegetation significantly reduced the
rates of bank erosion (Smith 1976, Odgaard 1987), but those that studied
larger rivers concluded that riparian vegetation had very little effect on
bank erosion (Nanson and Hickin 1986). Conversely, Brice (1977) concluded
that the Sacramento River was more sinuous and stable prior to the removal of
riparian vegetation. Thompson (1957, as cited in Whitlow, Harris, and Leiser
1981) suggested that the natural levees in the Sacramento River delta prior to
reclamation were "stabilized" by the presence of vegetation, but these levees
are very different from concave banks upstream.

Harvey, Watson, and Schumm (1988a) conducted a geomorphic study of the

Sacramento River between RM 174 and 194 and concluded that riparian vegetation
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has little or no effect on preventing erosion of unrevetted banks on the
studied reach of the Sacramento River, disproving the earlier work by Brice
(1977). Where substantial vegetation was observed along concave banks, it was
always associated with abandoned channel fill deposits that consisted of clay
material. These clay deposits were more resistant to erosion than the sur-
rounding sediments, which consisted of unconsolidated sandy material. Evi-
dently, vegetation was present because of the resistance of the underlying

soils to erosion.

Use of Vegetation Within Bank Protection Structures

Because of perceived positive effects of vegetation on environmental
resources and bank stability, vegetation is sometimes planted in or allowed to
invade bank protection structures. Despite the fact that civil engineers
often lack expertise in using plant materials to achieve engineering objec-
tives (Bache and Coppin 1986), there are several examples of streambank pro-
tection methods that involve vegetation. Among these were CE projects in the
US Army Engineer Districts, Portland, Mobile, Vicksburg, and Omaha. These
projects are described in Part VI. 1In addition to the documents describing CE
projects, references such as Schultze and Wilcox (1985), Schiechtl (1980),
Gray and Leiser (1982), and the Pennsylvania Department of Environmental
Resources (1986) describe planting woody vegetation such as willow stakes in
riprap revetments to increase revetment strength. The Final Report of the
Section 32 Program* (US Army Corps of Engineers (USACE) 1981) noted that, "If
riprap is exposed to freshwater, vegetation will often grow through among the
rocks, adding structural and aesthetic wvalue to the bank." Jones and Stokes
Associates, Inc. (1987) also noted that vegetation could potentially be used
within riprap revetment to add strength.

The Department of Water Resources (DWR) performed a study on the
Sacramento River in the mid-1960s in which four designs involving vegetation
in revetment were tested (DWR 1967). Based on these four experiments, the DWR
(1967) concluded that planting vegetation in revetment can be very expensive

and difficult, but that the establishment of native vegetation in revetments

* Conducted by the CE under the authority of the Streambank Erosion Control
Evaluation and Demonstration Act of 1974, this was a research and demonstra-
tion program addressing streambank erosion problems.
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should be encouraged. Test sites were located at Garcia Bend, at the town of
Hood, and near the town of Ryde. Results are summarized below and in Table 1.

Grasses and forbs

At the Garcia site, a section of berm was cleared of all vegetation,
graded, and covered with cobble rock revetment in June 1963. One year later
the revetment was covered with 6 in. of fill and planted with various types of
grass. The vegetation prevented the fill from being washed away the following
winter. The following spring, native vegetation began to grow into the test
plots. A similar test was done at Hood on a section of existing rock riprap
revetment. The revetment was covered with 12 in., of dredged material and
seeded in the fall of 1964. During the winter of 1963-64, floodwaters com-
pletely destroyed the test site. The ground cover never had a chance to
become established, and as a result, the fill material was completely washed
away .

At the Ryde test site, a specially fabricated concrete block revetment
was installed. The rectangular blocks had built-in openings to allow vegeta-
tion to grow through. The blocks were placed in a continuous mat from the top
of the berm to a point below the low summer water level. Various species were
planted into the voids to determine if they would grow in this tidal fluctua-
tion zone. Shortly after the blocks were installed, certain portions of the
mat were undermined by river currents, and the continuity of the mat was
broken. The majority of the plantings failed to propagate through the voids,
and the blocks were not fully effective in controlling erosion.

Irees

A test involving the placement of cobble stone around existing trees was
also conducted at Garcia Bend. A section of berm area was selectively cleared
(leaving several trees), graded, and revetted with 660 tons of 4-in. minimum
cobble stone. Most of the rock was placed by hand because the existing trees
prevented the use of equipment normally used for such work. The hand-placed
revetment cost $1.51 per square foot, compared with $0.37 per square foot for
normal rock placement. The history of the performance of this site is

unknown.

Revetment Vegetation--Issues and Concerns

Although revetment vegetation can reduce adverse environmental impacts

and possibly improve bank stability, there are several concerns with regard to
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undesirable effects. The main concerns involve the potential hazards of
allowing native vegetation to invade and establish on revetments. Current
maintenance standards are based on concerns for adverse effects of revetment
vegetation or channel conveyance, revetment visibility for inspection, and
revetment durability. Only durability is addressed herein. This study
examines whether existing standards for revetment vegetation for the
SRBPP (USAED, Sacramento 1955) can be modified without increasing the risk of
revetment failure, and if so, what type and how much vegetation is allowable.
Potential effects of vegetation on durability involve several hypothet-
ical mechanisms. For example, trees and shrubs growing in riprap may displace
stones and create a weak spot in the revetment that could lead to failure
(Riley 1981). Observations of many SRBPP revetments indicate that vegetation
is growing on and within sediments that have accumulated on top of the
revetments. The effect of this type of vegetation on revetment integrity is
unknown. There is also concern that holes created when trees are uprooted by
forces of wind or water (Figure 7) will lead to progressive failure (Riley
1981). It has also been suggested that flow around large stems and associated

trapped debris could lead to local scour of riprap.

Maintenance Standards for Revetment Vegetation

Maintenance guidelines for CE flood control projects are generated under
the authority of Code of Federal Regulations, Title 33, Section 208.10 (CFR,
Title 33), as shown in Table 2. CFR, Title 33, does not clearly prohibit
woody vegetation on revetments. There are, however, subsections that address
removal of vegetation from levees, floodwalls, drainage structures, closure
structures, pumping plants, channels and floodways, and miscellaneous
facilities. Certain portions of subsections dealing with levees, channels,
and floodways may indirectly require maintenance of revetments to allow for
inspection, prevent floodway cobstruction, and prevent displacement of riprap.
The subsection on levees requires routine mowing of grass and weeds and the
removal of wild growth. The subsections on channels and floodways require
that the channel be kept clear of debris, weeds, and wild growth.

The Sacramento District has provided operation and maintenance (O&M)
manuals for each major unit of the Sacramento River Flood Control Project to
the State and to local interests, in accordance with CFR, Title 33, Section

208.10. Sections of these manuals dealing with maintenance of vegetation on
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Figure 7. Large cottonwood uprooted from cobble revet-
ment by wind, near Sacramento River, February 1989

revetment are based on a standard O&M manual (USAED, Sacramento 1955). The
standard manual is based on CE regulations (Engineer Regulations (ERs) 1130-
2-339 and 1130-2-303) and CFR, Title 33, Section 208.10 (Table 2). The USAED,
Sacramento (1955), does not clearly prohibit woody vegetation on revetments.
The SRBPP has been granted a waiver of the provision of Title 33 that
requires routine mowing and development of sod because climate conditions do
not allow sod-forming grass to grow without irrigation. Title 33 also directs
that measures be taken to retard bank erosion by planting willows or other
suitable growth on areas riverward of levees. ER 1130-2-339 contains a
separate section on maintenance of revetted areas that requires that these
areas be kept clear of undesirable growth, yet "undesirable growth" is not
defined in the regulation. There is also a section on control of wild growth
that requires clearing of "undesirable wild growth" and "brush cover or other
growth that interferes with inspection." Provisions for maintenance of
channel and floodway vegetation and levee vegetation are nearly identical to
the corresponding subsections of Title 33, Section 208.10. ER 1130-2-303
(Appendix I, paragraph 5.11) deals with inspection of bank protection for

displaced stone but does not mention vegetation.
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Table 2

Chain of Authorityv Regarding Removal of Vegetation from Revetments

Level

Controlling Document

National

Federal agency
(CE)

Specific CE project
(SRFCP)

State agency

(Reclamation
Board and DWR)

Local interest

CFR, Title 33, Sec. 208.10,
9 Aug 1944, in accordance
with authorities contained
in Sec. 3 of the Flood Con-
trol Act of 22 Jun 1936

(49 Stat. 1571), as amended.

ER 1130-2-339, 29 Oct 1973,
"Inspection of Local Flood
Protection Projects"

ER 1130-2-303, 15 Dec 1967,
"Maintenance Guide"

ER 1130-2-335, 5 Dec 1968,
"Levee Maintenance Standards
and Procedures"

Standard 0&M Manual, May 1955

Guide for Vegetation on Proj-
ect Levees, 1 Dec 1967,
revised 5 Sep 1969, 10 May
1974, 10 Dec 1976, 18 Dec
1981, and Interim Guide,

July 1988

Implements policy from higher
authorities; inspect revet-
ment and levees twice a

year.

Typical Language

Requires that the channel
or floodway be kept clear
of debris, weeds, and wild
growth and that riprap
sections and deflection
dikes and walls are in
good condition.

Requires that revetted
areas be kept clear of
undesirable growth and
other growth that inter-
feres with inspection.

Requires annual visual
inspection for revetment
damage or disarranged
stone but does not men-
tion vegetation.

Requires that levee
embankment be kept free

of brush, trees, and other
undesirable wild growth.
Levee slope protection to
be maintained in good
state of repair.

Based on ERs 1130-2-339
and 1130-2-303

Vegetation is allowed
within revetments, berms,
and levee slopes unless it
becomes a threat to the
integrity of the revetment
or flood control system.

Vegetation shall be
thinned, pruned, topped,
removed, or stabilized to
correct any unsafe
condition.
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The authorized purpose of revetments on the Sacramento River is to pro-
£ect the levee system and other key components of the SRFCP. 1In some
locations the revetments and levees are so closely related in function and
proximity that confusion exists regarding the issues of allowable vegetation
on each structure type.¥ Although the same agencies are responsible for
inspection and maintenance of levees and revetments, Federal and state
documents contain different standards for levee and revetment vegetation.
Standards for levee vegetation are more stringent because of the possibility
of seepage and piping caused by plant roots. When revetment is constructed on
the water-side slope of a levee, and the revetment is above the elevation of
the land-side floodplain, the more stringent standards usually apply to both
the revetment and the levee.

Carter and Anderson (1981) reviewed CE and DWR guidelines for allowable
vegetation on central California levees and revetments and discussed some of
the issues concerning constraints on vegetation. They concluded that more
vegetation could be retained on and adjacent to flood control levees if the
levee sections were enlarged to provide a zone for roots that is outside the
basic structure required for flood control and if the levee and vegetation
were properly maintained.

In 1981 the Reclamation Board unilaterally adopted a revised maintenance
guide for allowable vegetation on SRFCP structures for use by local interests.
The proposed guidelines allowed trees and shrubs on revetments on either
levees or berms when the distance from the design freeboard elevation on the
landward levee shoulder to the top of the revetment was 150 ft or greater.
For relatively straight channels with velocities of 5 fps or less, the dis-
tance from the landward shoulder to the top of the revetment could be as
little as 75 ft.

In 1987, and again in 1988, the Reclamation Board issued a subsequent
version of the maintenance guidelines entitled "Draft Guide to Vegetation on
Project Levees." This draft guide was more lenient and more specific as to
species and sizes of allowable vegetation than the CE standards. The 1988
version directed that

Vegetation may be allowed within revetments on banks or levee
slopes unless or until, in the judgment of maintaining or

* There must be no confusion, however, regarding the scope of this report.
This study deals exclusively with revetments. Issues associated with levee
vegetation are not addressed.
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inspection agencies, it has become a threat teo the integrity of
the revetment or in some other way threatens the integrity of the
flood control system. Vegetation shall be thinned, pruned,
topped, removed, or stabilized in such a way as to correct any
unsafe condition.

The DWR requested approval of the 1988 Draft Guide from the CE. Nego-
tiations between the CE and DWR are in progress regarding the content of the

1988 Draft Guide.

Sacramento River Revetment Vegetation

Visual inspection of revetments in the SRBPP reach reveals a wide range
of maintenance levels and corresponding vegetation sizes and densities (DWR
1967, Riley 1981). Figure 8 depicts typical conditions observed at several
locations in September 1989. The presence of vegetation on Sacramento River
revetments is apparently controlled by maintenance practices (Harvey, Watson,
and Schumm 1989), and compliance with CE standards varies greatly along the
river.

Harvey, Watson, and Schumm (1989) observed vegetation growing through
riprap on many of the revetted bends of the Sacramento River reach between
RM 174 and 194. Deposition of sand in the riprap appeared to be a requirement
for vegetation growth. The older riprap contained the most dense growth and
formed a well-defined horizontal line. Hupp and Osterkamp (1985) suggested
that the elevation of such a line is related to specific flow conditions.

Harvey, Watson, and Schumm (1989) also inspected the Sacramento River
between RM 78 and 178 and for this reach concluded that sediment deposition in
the riprap was not required for vegetation growth. However, riparian woody
species flourished on riprap that was buried by laterally accreted sediment
berms. Harvey, Watson, and Schumm (1989) suggested that relaxation of revet-
ment maintenance standards would allow a large portion of the riparian habitat
destroyed by revetment construction to be regained, as shown in Figure 9. On
banks graded to 1V:2H, approximately 87 percent of the area removed from top
bank would be available on the revetment, but sediment deposition and vegeta-
tion growth would be minimal. On banks of 1V:3H, approximately 81 percent of
the top bank area lost would be regained as riparian habitat; sediment deposi-
tion would be extensive, and riparian habitat quality might be greater.

Harvey, Watson, and Schumm (1989) also concluded that riprap failure on

the Sacramento River appeared to be unrelated to the presence or absence of .
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