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THE WATERSHED IM BRIEF

The portion of the Elk River invelved in this study is
the lower portion just upstream from the confluence with the
Yampa River, in Routt County, Colorado [SEE ATTACHED MAP].
The drainage area of the Elk River (a part of the Colorado
River Basin) is approximately 480 square miies. Elevations
range from 6,515 feet at the confluence of the Yampa and Elk
Rivers to 12,180 feet at the top of the watershed.

The annuai precipitation in the study area is i8 to 25
inches and the average frost~free period is 40 to B%5 days.

GEQLOGY

Glacial deposits of Pleistocene age are widespread in
the Park Range and the White River Plateau. Moraines
representing severail intervals of glaciation are present
along most of the major valleys in the higher portions of
these areas. Several levels of Pleistocene stream terraces
underiain by sandy and gravelly deposits occur along the Elk
River. Recent alluvium occurs in floodplains of most
smaller tributaries as well|l as along the larger streams.



WATERSHED PROBLEMS AND NEEDS

Streambank erosion has been # continuing problem far
this area. The loss of arable and farmed land, loss of
riparian areas, lfoss of and damage to irrigation structures,
and damage to bridge embankments are examples of types of
damages occurring approximately 2 miles of the study arsa.
Approximately 91 acres of pastureland, hayland, tress,
homesteads, and riparian areas that are adjacent to the
study areas, including 1 bridge, ! house, and 1 divers:an
[SEE LOCATION MAP AND TABLE 113.

Earth moving equipment has bearn used in the past at
several locations. This has disturbed the gravels and
cobbles armoring the bottom and sides of the channel
allowing materials ta be moved dowastream. These deposition
areas also affect tha stream wherever they occur,

Streambank erosion also contributes to the loss of riparian
habitat and vegetation as wel! as farmable |land.

The new deposition areas are without vegetation. Older
deposition areas are becoming slowly vegetated. Severa!
landowners along the river have applied Dr. Donald R.
Reichmuth's raock drop practices tc cenmtrol the rivars
direction of fiow. These rock drop practices are being used
to keep the water turned away from eroding banks and have so
far been effective at relatively lcw spring runeff fiows.

There stiil is the need, alonyg the streambanrks, to
control or stabilize the erosion and reduce the damages that
have not been corrected as well as to protect the farmablae

lands, irrigation structures, bridges, riparian areas, and
farmsteads.
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WORKS OF IMPROVEMENT FOR PCGTENTIAL DEVELOPMENT

Possible measures for improvement include rock riprap,
anchored trees, rock jetties, Jsacks, vegetated buffer
strips, vegetative sprig revetment, and riparian zones.

Rock riprap is an effective mathod of controlling
streambank erosion on nearly all streams. Rock can be
placed on straight to severely meandering streambanks.

Anchored trees can be used as an effective methad of
streambank protection on moest streawrs. Thevy can be used con
streams with any degree of meandering.

Rock jetties are an effective method of controliing
streambank ercsion on slight to moderately meandering
curves. Because jetties function by deflecting the flow
away from the streambank they are not practical on sharp
curves.

Jacks can be used to stabilize most eroding banks.
They are especially useful in streams which have wids
sections due to streambank meandering. The Jjacks can be
tocated to allow eroded areas to silt in behind the row of
Jacks.

Vegetated buffer strips for bank protection is
primarily related to cropland which is tilled up to the edge
of stream channels without leaving a vegetative zone.

Vegetative sprig revetment is one of the most effective
methods of controlling streambank erasion under natural
conditions. It is also the least costly method avail!able
when the vegetation is maintained in good condition.

Riparian zones along the river Sanks will reduce much
of the damage associated with streambank erosion. The raot
systems developed from tress and brush provide protaction
from the cutting action of water flowing against the banks.
The rock drop practices introduced by Dr. Denald R.
Reichmuth, PE/LS GEOMAX, PC in his "Living with Fluvial
Systems a Short Course on River Mechanics,'" were not
examined because of the lack of info-mation on
effectiveness, cost data, and design.

11



NATURE AND ESTIMATE OF COSY AND IMPROVEMENT

USGS topographic maps as well as aerial photos wers
used in making field reconnaissance of the proposed study
area and in determining problem areas.

Quantities, along with present costs, were used to
develop an estimated engineers cost. Two percent was added
for mobilization, and 15 percent was added for contingencies

to obtain estimated construction cost. Engineering services
and project administration are 14 ard 17 percent,
respectively, of the construction cost. The estimated
instailation cost is the total of these costs (SEE TABLES
2A, 2B, 2C, 2D, 2E, 2F, 2G3. Average annual cost includes
cperation and maintenance costs.

STRUCTURAL EFFECTS AND ECONOMIC FEASIBILITY

The use of rock riprap, anchored trees, rock Jjetties,
Jacks, vegetated buffer strips, vegetative sprig revetment,

and riparian zones are some of the treatment measures that
would be used to help stabilize ths river banks. This wi |
allow continued production on haylands, rangeland, and

pasture fands. These measures coula aiso protect
established riparian areas from being destroyed. Bridges
and diversion areas could be protected from the encroachment
of the eroding riverbeds.

Feasibility anaiysis indicate that no altsrrnatives ware
economical ly feasible for project-type action on any of the
sites in which agricultural land alune was being protectad.

The costs to protect the sites were too excessive when
compared with the benefits received using projesct—type
mathods of aevaluation. Landowners ¢r groups of tandownars
would not recoup their expenditures, Feasibility is shown
by caomparing the annua! benefits to the annua! cost for each
alternative and for gach site.



TABLE ZA
EiK RiVER
ROUTT COUNTY, COLORADO
STHEAMBANK EROSION STUDY
COST LSTIMATE - COMPARISON OF BENEFITS AND COST (Dollars) (1)

Structural Measures Construction Progect Land

' H H ¢ Engineering ! H H Total i 0& i Average | Total i Average |
H H Rock Riprap H Ceost H ! Administration ! Rights | Instailation { (2%}  Annual ! Average Annual | Annual :
P Site : H H i H H H i Cost ! Cost with 0O& | Benefits |
: : 2) : : : I &) I : : ' 4) ¢ (5) :
: d T T e e :
H H Cy H s H % H - H % i H i k] : $ i $ H $ H
T T T o e e e e e e e :
: ' : ; : : : ' ' ' ! !
H 1 : 3,800 H 222,300 H 31,122 H 37,791 H 0 i 291,213 : 4,400 ; 25,525 i 29,925 H ] H
: : ! : ' | : : : : : :
H ¥d i Existing bridge is in geod condition H H H H H H H H
H : i H i ! H H H H H H
P30 6,400 I 374,400 3 5Z,416 63,648 1 o 490,484 1 7,500 i 42,989 | 50,489 ! 970 !
H H H H H H ' i H H H H
P4 4,400 i 257,400 i 36,036 43,758 & 0 & 337,194 ¢ 5,100 ; 29,555 ! 34,655 1 3,330 !
H H H H ' H H H H H H H
R e :
i Totas 14,600 H 894,100 H 119,574 H 145,197 B Lt} H 1,818,871 1 17,000 {7 89,069 i 115,069 H -

£33 Frize Bans: 3 r 3987 amnriirad 2% 8 B9 Fos vEars

143 instalisd {with base! 2 v 2y fool hank 2t 65 par - RPN per foel il o (iTE sApEiGaniy wi LK years

i
135 Lorps of Engineers 404 per#ii o work 3a river
{4) Inciudes cost fTor structurai measures &o protect riparian habital and 2X 02M
{5} Benefits for riparian habitat protection were not analyzed
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H i Structural! Measures § i Engineering Progect i Land ! Total 0% M 1 Average | Total

H H Anchored Trqes H LCost H i Administration ! Rights } Installation ¢ (1%) ! Anpual ! Average Annuai
P Site H H H H H : i« Cost i Cost with OSM
: H (2) H H ! H (3 ' i H (4)

i h Ft H $ i $ i ] 4 ] ' $ H 4 H % H $

H H 1.900 H 44 440 H £.224 : 7,658 ! o 58,242 H 3006 ; {047 1 7467

; i H i i H H B H H

4 ¢ Existing bridge is in good condition ' H ' H : H

H i H H H H ' H : H

H H 3,200 H 74,880 10,483 ' 12,730 H o 98,093 : 700 1 11,902 ! 12,602

i H : i H H H H ' :

H : 2,200 H 64,480 H 7,207 H 8,752 i 0o 67,439 H 500 | 8,182 8,482

: : H i : H H H H i

i Total | 7,306 H 170,820 H 23,915 H 29,039 H o i 223,774 i 1,600+ 27,151 ¢ 28,751
{1) Price Base: September 1987 amortized at 8 5/8X for 50 years

{Z) Installed at $20 per foot of bank protected with a life expectancy of 15 years

(3) Corps of Engineers 404 permit to work in river

§4) Includes cost for structurai measures to protect riparian habitat and 1% 0SM

{5) Eenefits for riparian habitat protection were not analyzed

TABLE ZR

ELK RIVER
ROUTT COUNTY, COLORADO
STREAMBANK EROSION SYuDY

COST ESTIMATE - COMPARISON OF BENEFITS AND COST (Doliars) (1)

Average
Annual
Benefits
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H i Structural Measures | Construction | Engineering | ProJgect i Land Total i 08 M ! Average ! Total i Average
H H Rock Jetty i Cost H ! Administration | Rights | Instalfation i (4XZ) i Annua! | Average Annual ! Aonuai
i Srte . H H H H H H i Cost + Cost with O8M : Benefits
H H (2} ' ' H H 3 1 H H H {4) H (5)

H H Cy H 3 H L] H 3 H $ H % H k) H $ ' ) ] H %

H H H i H ' H H H i H

H H 800 ! 46,800 H 6,552 1 7,956 H 0 i 61,308 P1,900 65,374 7,274 i 0

H H H i H t H E B ' H

{ i Existing bridge is in good condition : i H H H ; i

H H i i H i H H H H H

H H 1,280 H 74,880 i 10,483 i 12,730 : o H 98,093 i 3,000 ¢ 8,598 | 11,598 H 970
H H H H H i i i i H !

H : 880 H 51,480 : 7,207 H 8,752 H 0 i 67,439 12,100 1 5,911 ¢ 8,011 i 3,330
H H H H H H H H H i H

i Total | 2,960 i 173,140 H 24,240 H 29,039 H Q i 226,840 V7,000 7 19,883 1 26,883 H -
43 zmortizaed a5 U BB Tor 58 yearn

i feet 2t 3RO pgr oy = $Z0L per fori wilh & [ife @xpEciaady ofF TG yedrs

133 Torps of Engineers 404 permit 1o work in raver

{4} includes tost for structura!l aeasures to protect riparsan habitat and 4X 08M

(5} Benefits §or riparian habitat protection were pot analyzed

TABLE 2C
ELK RIVEHR
ROUTT COUNTY, COLORADOC
STREAMBANK EROSTON STUDY
COST EGTIHAYTE - COMPARISON UF BENEFITS AND COST (Dollars) (1)

- mE e ws



81

TABLE 2D
ELK RIVER
ROUTT COUNTY, COLORADOD
STREAMEANK EROSION STUDY
COST ESTIMATE - COMPARISON OF BENEFITS AND

: i Structuratl Measures } Construction ! Engineering ! Prosject i lLand
H H Jacks H Cost H P Administivation § Rights |
i Bite H i : : :
H : 2 ¢ H H H {3y i
! ' Ft H Y H % H $ H s H
; : : ! : ! ;
A 1,900 ! 23,230 i 3,117t 2,779 : o

H i i i H H
| 2 + £xi1s5ting braidge 15 1n good condstion H : H
: H : H H H H
VL3 H 3,200 H I7 440 H 5,242 i 6,365 H 0 '
. . ‘ . ' . .
" [ L] L] . L] []
H 4 H 2,200 H 25,740 5 3,604 i 4,374 ' 0 H
H H H H H H i
i Total ! 7,300 H 85,410 ' 11,997 i 14,520 H LU
(1) Price Rase: September 1987 amortized at 8 5/8% for 50 years

(2} Installed at %10 per foot bank protected with a life eéxpectancy of 40 years

(3) Corps of Engineers 404 permit to work in viver

{4) Includes ¢oast for structural seasures to protect riparian habstat and 3% OSM

(5) Benefits for riparian habitat protection were not apatyzed

COST (Doldars) (1)

Total
instatiation

Average
Annual
Lost

Totai
Average Annual
Cost with O3M

4)

Averaye

Annual

Benefits
(5}
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TABLE 2E
ELK RIVER
ROUTT COUNTY, COLORADD
STREAMBANK EROSION STuQY
COST ESTIMATE -~ COMPARISON OF BENEFITS AND COST (Doilars) (D)

: ' Structural Measures : Construction | Engineering : Project ! Land Totai i0&aN
: : Buffer Strips ' Cost : ¢ Administration . Rights : Instattation ! (2%}
i Site | (Vegetated) (2) | : ; : H : H
H H 2) H H : H 3 H H
H H Ft ' $ H 3 H $ H $ H $ 4 $

: : 1,900 $ 23,230 3,112 ! 3,779 . 0 29,121 ¢ 400 !
: ! Existing bridge is in good condition H B ' ' :
: : 3,200 ;37,440 5,242 ! 6,35 : 0 ! 49,047 @ 700 !
; \ 2,200 : 25,740 ' 3,604 1 4,376 | [V 33,720 500
: Totail | 7,300 : 85,410 11,97 14,520 ¢ 0 ! 111,887 | 1,600

{3
{4)
{5)

Prica Base: Ssptambar 1987 amortized a1t B 5/B% for 350 years

inviaiied at 30,10 pear sq. ft. {50 ft. on each sids of siream or 100 fi. for one side}

far a fotatl of 100 sgq. ft. for aach foot of stream or $10 per fool of stream with a 1ife expectancy of 50
Corps of Enginesrs 404 permit to work in river and easement from iandownsr

includes cost for structural measures to protect riparian habitat and 2% O8M

Benefits fer riparian habitat protection wars not analyzad

Average | Total + Average
Annual | Averags Apnual | Annuai

Cost i Cost with D8M ! Benefits
H (4) i {5
$ : $ : $
2,550 2,950 ; 0
4,300 5,000 : 0
2,960 3,460 H 0
8,810 i1,410 H -

years
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TABLE 2F
ELK RIVER
ROUTT COUNTY, COLORADO
STREAMBANK EROSTON STUDY
COST ESTIMATE - COMPARISON OF BENEFETS AND COST {Dollars) (1)

'
*

¢« Structural Measures | Construction | Engineering | Project + Land ! Totad i O0&HM | Average ! Total i Average
: . i Vegetative Sprig H Cost : ;s Administration | Rights : Ianstaliation | (5% | Annual i Average Annual | Annual
P Site Revatment (2) H : . . : ) ¢ Cost » Cost with DBM ! Benefits
) (2) ) H . ' (3 H H 4 . {5)
: : Ft H $ h $ : $ : $ 3 : $ s : $ : $
: 1,500 i 11,138 : 1,338 : i,89¢ : & 14,561 ; 660 © 1,280 i,880 H 0
: 2 i Existing bridge is in good condition : ; : : ; ; ;
: 3 : 3,200 : 18,720 ] 2,621 ' 3,182 . o 24,523 H 900 § 2,150 3,050 . 0
: ' 2,200 ' 12,870 i 1,802 : 2,188 : o 16,860 H 600 | 1,480 2,080 ! 0
i Total ¢ 7,300 . 42,705 ; 5,979 : 7,260 H 0 55,944 2,100 ¢ 4,910 7,010 : -

Price Base: September 1987 amortized at B 5/8% for 50 years

Installed at $5 per foot of bank protected (10 ft. on each side of stream channel or 20 ft. for one side
sprigs set at approximately two foot centers) with a life expectancy of 50 Years

Carps of Engineers 404 pormit to work in river and easement from landowner

Includes cost for structural measures to protect riparian habitat and 5% O8N

Benefits for riparian habitat protection were not analyzed
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H i Structural Measures i Construction | Engineering ! Project i Land Total + 08 M | Average ! Total { Average
H H Riparian Z¢ne H Cost H i Administration | Rights ! Instaliation ! ! Annual |} Average Annual! ! Anpual

P Site  } : H ' H H ! P (8%) t Cost i Cost with D3M | Benefits
i i {2) H H H H {3 ¢ H H g %) H {5}

H b T T e e e e e e e e
: : Ft H $ i $ ' $ : $ ' $ ' $ H ] H k H $

H H i H H : H i H i H

H H 1,900 H 4,446 H 622 H 756 H [+] H 5,824 H 200 510 ¢ 110 H 0

H H H i H H i H H H H

H 2 H Existing bridge is in good condition : i i H H i H

H H H H H H H H H H H

P03 3,200 H 7,488 : 1,048 : 1,273 : o 9,809 i 400 | 840 ! 1,260 : 0

H H H H H H H i H : H

H 4 H 2,200 H 5,148 H 721 H 875 H (4] H 6,744 H 3006 i 590 ¢ 890 : 0

H H H H H H H ' H H H

t Totay o 7,306 H i7,082 H 2,394 h 2,904 i L] H 22,377 : 60 1,960 Z,860 : 4]

TABLE 2G
ELK RIVER
ROUTT COUNTY, COLORADO
STREAMBANK EROSION STUOY
COST ESTIMATE - COMPARISON OF BENEFITS AND COST (Dodtars) €1}

Price Base: September 1987 amortized at 8 5/8% for 50 vears

LToprns of
int ludes
Bznafits

stznd S0-i00 Tesil up bank - B per fooi of bank protected with 2 Jife expecianty of B0 vears
ngintsrs 304 per2:t o Work in TiVer and easemeni Trom iandogner
o5t For structurai measures to protert riparian habitat and BX 08W

for riparian habitat protection were not analyzed




ENVIRONMENTAL CONDITIONS AND IMPACTS

A field review of the Elk River was conducted on May 1,
1987. Comparison of old maps/photos along with rewer
maps/photos was made to determine the movement of the
stream. A good portion of the land adjacent to the river
itself is used for hay production cr |ivestock grazing.

Installing altermatives will effectively reduce the
ercsion and sediment problems for the erosive areas and to
the river. The alternatives would alsc enahle the landowner
to maintain the present land use or change the land use as
needed. In some areas, fish, wildlife, and wetland habitat
may be maintained or in some cases improved., Installation
may also help maintain the diversity of habitat in the basin
area.

There are also aesthatic and social benefits to
implementing practices. Tha area ftends to look more
pleasing to the eye. There is also pride of ownership that
comes into play. Landowners like having their property look
good and are willing to spend substantial amounts to make it
more pleasing to the eye.

All of the alternative treatments analyzed in this
study will improve riparian habitat by reducing damages
caused by erosion and sedimentation. However, vegetated
buffer strips, vagetative sprig revetment, and riparian
zones will return the habjitat to native conditions mare
completely and rapidiy.

A comparison between the alternatives of the ecanomic,
environmental, and social factors are |isted in TABLE 3,
These factors are rated as to benefizial, adverse, or no
effect due to the type of treatment used.



Se

TABLE 3

LLK KIVER
ROUT T COUNTY, COLORADO
STREAMBANK EROSION STuDy

ANALYSGIS OF ECONOMIC, ENVIRONMENTAL, AND SOCIAL FACTORS

Alternative Treatment (]
! Rock ! Anchored | Rock i Jdacks | Duffer | Sprig . Riparian | Remarks
Factors ! Riprap i Trees ¢ Jetties ¢ Stripe | Revetment Zone 5
o : H H ) H H H
trosion Reduced s ++ H + : + : + H + : : :
H H : : ' H + H +t { Streambank
Sedimentation : : : : : . : H
Reducad : ++ 3 + H + : + H + H + H i+ :
! H : H . H , :
Flouvdwater H H H H . ' ’ H
Reduced : o H - : - : - : - : - ) - . Roughness coefficient
' H - : : H ; i of stream
Wetiands H 0 i o : o ) ) . + . + ! +
H : : H H H ; :
Wild!life : o : + H o H + H ++ : + : ++ « Habitat
: H H B H : : :
H i H H : H H H
Groundwatler Y o g o Y o S o B - i - H - : Recharge and water use
N ¥ . . i ) * 1
H 1 . . H . v .
Hater Quality : ++ . + H ¥ : + H ++ H 44 H 4+ » Reduces erosion
: H H H H i H i and sedimentation
3 . v 1 ¥ 1 . P
. B Al [l * [ ’ 1
irra'jatéor: H T+ . i : - k3 : R : L : 7 D Protecia ﬁrr!gg_'gign
: : : : : : : Doviiuciures
fadongered Planis | ; : : i ; : :
and Animals : o : o : ° : + . ++ : + ; ++ i Increases habitat
4 , : : H H H :
Net Fconomic : H H : : ; : :
Hensfits : - ' - . - H - H - : - H - « High installation cost
. H : . i : H H
Recreation : - H o H - H - h + H + H ++ ¢ Reduces erosion
: : : : : : H H and sedimentation
: ' : : : : ' :
‘;rans,por!’ation : + 4+ : + ) + ' + H + H ++ H ++ ! Heduces damaga to
: : : ' : : ; i roads and bridges
i . ; H : : H .
tish Habs:tat ; . + ' - i + : + : + : + . Reduces sedimentation
' H H H H N ' '
Sucsal Hesourceas : o : =} : ™ : Il . a H o ' 0 }
; : N , ) : \ :
V:ivual! Hewouruses . ! - H - B . + H + : + v Reducas cutbank grsas
) . . . , . . .
HE Lounsidered Yalue Watinygs: 5 No Efifect
¥ tienet 1cial ttiect
T Vory Denwivoral et

Adverse Fffoct
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CONCLUSIONS & RECOMMENDATIONS

Based upon the staffs field inspection of the total
river reach and study of four sites, the following
coenclusions have been reached.

1. Dedication of riparian zones along river banks
will reduce much of the damage associated with streambank
eraosion., The root system developed from trees and brush
along the streambank provide protection from the cutting
action of water flowing against the banks. Protection from
bank slioughing will also be sbtainad.

Other benefits, such as increased wildlife habitat,
increased numbers of alt wildlife, and diversity of scerery,
will also be realized from ripartan zaones. These zores will
also move the high value agricultural crops away from the
streambanks, therefore, reducing the !ikelihood of damage ta
these crops.

Where eligible, landowners can receive assistance
through the Conservation Resarve Program (CRP) administered
by the Agricultural Stabilization and Conservation Service
(ASCS) to develop a 66 to 99 foot wide riparian zone along
streams or water bodies. To be eligible, the fand would
have had to be used to produce agricultural commoditises 2 of
the O years between 1981 and 1885. Rental payments for 10
years are offered as an incentive %o convert the cropland to
grass or trees,

Riparian zones will provide protection from the lower
frequency flows. HMHowever, large flows can produce bank
erosion which will destroy them. #hen this happens, the up-
rooted trees can block the c¢hannel a-sd cause additional bank
cutting.

2. This study recommends the formation of a state
coordinator position. The need for 3 person to coordinate
activities relating to stream channel improvements was
identified. Many examples of work b2ing donme without
consideration of the effects, both upstream and downstream,
were noted during the study. This showed the lack of
knowledge about river mechanics and flow patterns by the
people doing the work.

The coordinator should be someone that |landowners
could ask for advice about the effects of work in streams
before construction is started. The coordirmator could
provide the assistance or direct tre iandowrer to an agency
that could heip., This would not repliace the U.S, Army,
Corps of Engineers, Section 404 permitting process, but the
coordinator could provide assistance to streamlins the
process.
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The coordinator could work with landowners to solve
problems along a stream reach. By working :n the total
reach, the problem solutions could be coordinated for
maximum efficiency. Development of riparian zones which
include areas owned by several people could alsec be
addressed by the coordinator.

This type of "streambank aerosien coordinator” should be
assigned to a state agency such as the C3SSCB, to provide
assistance state wide, and act as a moderator in the
argument between davelopment and environmental preservation.

3. When individual streambank erosion contral
projects are undertaken, a thorough study of the total
stream reach is neaded to predict the effects of the project
action upstream and deownstream from the site of
censtruction. If work is te be carried on in the riverbed
the damage to the rivers armor needs to be considered as to
what will take piace upstream and downstream. A Saction 404
permit to work in the river needs to be obtained from the
Corps of Engineers to assure all persons invoived have had
an opportunity to respond. In areas where bianket permits
have been granted a review system may need to be established
to prevent urneeded damage to the river system.

4. It i3 not cost effective to use rock riprap cor
rock jetties to protect agricultural land. These types of
bank protection may be cost effective where structures such
as roads, homes, bridges, irrigation diversians, or other
high value improvements are threatened. Anchored trees and
Jacks are in genersal the most cost effective structural
control measures and may be viable only in some specific
locations.

5. Vegetated buffer strips, vegetative sprig
revetment (bamk slaoping and revegetation), and riparian
zZones were considared viable alternatives in this study.
High velocity flows on the river may require structural
practices such as jacks in conjunction with a vegetative
practice.

6. Anglad rock structures (placing of large rocks
with approximately 1 to 1.5 feet of drop in the river) as
introduced by Dr. Donald R. Reichmuth, PE/LS GEQOMAX, PC, in
his short coursae "l.iving With Fluvial Systems a Short Course
on River Mechanics,"” were not considered in the anaiysis
because of the lack of specific cost data, effectivensss,
and design,

These type structures are possible for the landowners
to install at their own initiative with the use of technical
assistance from consultants. They have a high maintenance
and may rot be as effective during high flows,
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7. In the eariy 1960°'s an Agricultural
Conservation Program (ACP) was availabte to provide
financial and technical assistance %o landowners who appiied
treatment to streambank erosion problems. This approach
might be possible again. It would &ncourage proper des:gned
treatment measures as well as finmancial incentive.
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STREAMBANK PROTECTION EXAMPLES

Streambank protection practices are generally used in
reaches of a stream which have a stable channe! bottom. I[¥
the channel bottem is not stabie, other types of practices
may be more beneficial. Streambank protection practices are
used to keep a streambank from eroding and causing meanders
in a stream. Some of these types of practices can also be
used to help heal existing meanders by slowing the valocity
and allowing sedimentations to occur in the erocded area.

The practices described in the following pages (see
"Summary of Practices”) are some types of measures which can
be used to protect streambanks. Alsc included are measures
that were not considered, in this study, yet may be a
possible solution to streambank problems.

A few requirements are common to all types of
streambank protection. The toe of any kind of bank
protection must extend below the cannel to a depth which
will ensure that scouring will not undercut the toe of the
practice. The upstream and downstream ends of the bank
protection must be stable. This can be accomplished by
tying the ends of the practice intc stable reaches of the
top of the bank. However, it is usually acceptable *to
extend it only up the bank to one foot above the high water
elevation, This elevation must be destermined by a detailed
hydrologic and hydraulic analysis of the stream.

SUMMARY OF PRACTICES
Streambank Protection Practice

Cost Par Expected

Structural Practices Fogt Life (yrs) Q&M
1/

Rock Riprap 100 S0 2
Anchored Trees 20 1S i
Rock Jatty 200 S0 4
Jacks 10 40 3

Veqetative Practices

Vegetated Buffer Strips 10 <0 2
Vegetative Sprig Revetment 5 50 5
Riparian Zone 2 =0 S

1/ 0&M is expressed as a percentage of the original
construction cost.

31



Struc ;ural Practices

Rock Rigrag

Rock tiprap is an affactive method of controlling stream hank erosicn on
nearly all streams. Rock can be placed on stream banks which are stralght to
severaly meandering. Rock for tiprap should be material which i3 dense,
angular, and durable, Rock should ba well graded to mliaimize alr volds {a the
riprap blanket, The rock should be sized to withstand the force of the watar
in a stream without displacing the rock. Depending oa the type of soil in the
bank, a riprap blanket may vequire a filter of sand and/or zravel. The filtag
will prevent the piping of soil particles from the bank through the riprap
blanket due to groundwater movement. The stream bank is shaped to a alepe no
steeper than 2.7 horizontal to L.0 vartical prior to placement of the rock.
The toe of a riprap bdlanket must be deep encugh Lo prevent the stream from
undercutting the bank below the riprap and causing the bank to fail. The
upstream and downstream ends of the rviprap blanket must be tied [nto the Hank

at a stable point.

Soma stream banka may not require the riprap blanket to extend to the top of
the bank. An example of this could be Lf the bank on one side of the streanm
is significantly higher than the bank on the other side. The blanket should
extend up the bank to a height of one foot above the high water elevation,
The area abova the tock should be shaped and seeded with appropriate
vegetation.

A variation of this practice is to use wire-bouad rock. The cross section
would be similar to the rock riprap cross section. However, since the rock fs
held in place with anchored, wire~fencing matertal, the rock can be a smaller
size. This will allow the thickness of the blanket to be reduced. 'Wire-uound
rock {s not recommanded on channels with high banks ot streams with a “igh
flow velocity,

Maintenance rvequirezments for a riprap blanket include replacing or reposi-
tioning rock {f it is displaced by high flows. The upstream and downstreaa
ends of the blankat should be checksd to make sure erosion is not occurriag,
If scour holes hava developed, the erodad areas should be filled and protected
with additional riprap.
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Ancho ed Tree Revetment

Anchored trees can de used as an effective method of stream vank protection on
mogt streams. They can be used on streams with any dazree of meandering., The
trees can be placed perpendicular or parallel to the bank. The trees should
be as bushy as possible. Juaniper and brushy willow work well. The trees ire
placed with the burt end of the tree against the tank and/or upstream. The
treas are anchored with cable and deadmen to hold them {n place. The anchors
are located on tha bank at least 10 feet from thea edge of zhe bank. The area
behind the treses {4 sometimes fiiled with gravel or other material, This
helps hold the trees in place and also provides a surface which can be

seeded. EZvan when the arsa behlnd the trees is not backfilled, some type of
vegetation should bs established, The upstream and downstream end of the
reach must be protacted to minimize the chance of water getting behind the
trees and causing erosion. The most effective long-term result from this
practice occurs when vegetation has beean established along the entire reach.,

Maintenance requirements for this practice includa repairing damaged cable or
anchors., Disturbed spots or scour holes behind the trees or on the ends

should be repaired aad protected.
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Jetty Stream Bank Zrosion Contral

Jetties are an effective method of controlling stream bank evosion on slizht
to moderately meandaring curves, Jetties typically acve not feasible on snarcy
curves, Jetties function by deflecting the flow from the stream away from tne
stream bank. Jattias caa be constructed completely from rock or they can have
a dirt, sand or gravel core With rock on the surface for erosion protection,
Rock must be large enough to Wwithstand the force ¢f the water without teing
displaced. The size and spacing of the jetties depeads on the physical char-
actatistics of the stream; for example, the channel width and the sharpness of
the curve, A jetty should not extend into the stream from the bank more than
20 percent of the channel width, The design of jatties requires an evaluation
of the downstream channel and bank conditions to avoid causiag erosion aad

other problems.

Jetties can be used to protect a stream bank without using any other prac-
tices, However, i is generally recommended to shape and seed the bank

reaches between jettles,

Maintenance tequirements for this practice includs replacing or repesitioning
any rock which has been displaced, Over a period of a few years, sediment
bars may develop near the downstream end of the jetty. These graval bars
should be removed o keep the jatty system functioning properly. A mainten-
ance inspection should include a look at the downstream bank to check for
arosiocn which could have been caysed as a result of the jetties.
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Serean 3ank Efrosion Control With Jacks

Jacks can be used to stabilize most sroding banks. Jacks are especially use-
ful La streams which have wide sections due to streaam dank @eandering. The
jacks can be located to allow eroded areas to silt in behind the row of
Jacks, On smaller gtreams and streams with fairly low flow valocities, a
single row of jJacks 1is all that would be required. The jacks can be fabrica-
ted from wood, concrate or metal, Individual jacks are fabricated by tying
three posts or beams in & cross shape with wire. The jacks are placed along
the toe of the bank. Rock {3 plaged on and around the base of wood jacks to
xeep them from floating. The }acks are anchored to the bank with cable and
deadman anchors. Vagetation should be established in the area behind the

jacks.,

Maintenance requirements for this practice include {aspecting the jacks and
repairing any loose ot broken wires., Any movement of the jacks or rock should
be corrected by returning it to its original location. Any scour holes or
othar erosion which has occurred behind the jacks should be reshaped and

revegetated.,
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Vegethtive Practices

Vegetated Byffer Strip Bank Protection

This practice i3 primarily related to cropland which is tilled up to the edgze
of stream channels without leaving a vegetative zone. These areas commonly
contribute to stream bank erosion hecause the perannial vegatation needed ot
protection and stabilization i3 not present,

This practice would leave at least a 50 foot, and preferably a 120 foot wiie,
strip on each side of the stream channel. This would effectively create a
buffer strip for trapping sesdiment coming from off channel sites and raduce
erosion along the streanm bYank. In no case should overstory brush and tree
vageration along or within 30 feet of the stream channel be elimiated to
lacrease crop or livestock forage production,

Yaintenance requirements for this practice fnclude Brush removal in channel
and periodic checks of vegetation to ensure understory vegetation s peren-
atal, 1If understorvy vegetation is annual specles, the area should be farmed

and reseeded to adapted perennial species.
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Willow/Alder/Dogwnoaq Sprigs Revetment

Stream bank vegetation {3 one of the most effective methods of controlling
stream bank erosion under natural conditions. 1I: (s also the least costly
method available when maintalned in good condition. “hen streams begin ro
meander, bank erosion can occuT If the vegatarive protection i3 not {n roper

condition.

When this occurs, sprigs of adapted woody species such as willows, alders, aad
dogwood can be used in the wetter zone of the' stream bank., Thls method works
best on the straight stream sections where water pressyre s not atcenptiang to
scour the banks, A criti{cal requirement of this method Ls to spriz the cute
tings deep enough or close enough to ground water to ensure moisturs for ac
least 60 days. If water levels decrease too fast for the cuttiags to root and
follow the declining water table, they will die, The stream banks above tqe
sprigged cuctings should be seeded to grass and btanks may require shaping tn

at least 1.5 to l slopa,

Maintenance for this practice will require replacement of dead sprigs and
reshaping and seeding baaks which davelop scour holes.
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Riparian Zone

Dedicatron of riparian zones along the river anks will
reduce much of the damage associated with strazambank
sargsion, Riparian zones will provide protaction fram +ha
lower fraquency fFilows. Howaver, large flows can praduces
bank ercs. . on. Structural practices may te needed 'n some

locatiaons.

This practice waould leave at feast a 50 foot ard preferab!ly
a 100 foot wide riparian zZone along the stream., The root
system developed from trees and brush alcng the streambank
provide protect -on from the cutting acticm of water flowing
against “re banks. Protection from bank sloughing will alse
be cbtainad.

Other benefits, such as increased wiidlifa habitat, and

diversity of scenery will be realized frem riparian zones.
These zones will also move the high valua aqgricul tural crops
away from the streambanks, therefore reducing the likalihaood

of damage to *these crops.

Mainternance requirements for this practice include tree and
brush removal that can block channel and cause additicnmal
bank cutting. Fencing to keep livestack out of the riparian
areas dur:ng ce-tain timas of plant growth.
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Gablou Revetment

Gabions can be used to stabilize stream banks In nearly every situation.
Gabions consist of wire baskets filled with tock. 3ank protaction using
zablons can be constructed using either a nattress revetment or a retaining
wall., Tha {nstallation of gabions must consider the potential scour depta i1
the channel, The gabloa baskets usually require a fllter between the haskers
and the base material., The filter can be either a sand or zravel filter or 1
filter fabric. 1If a mattress revetment {s used, the banks should be shaped o
a slope no steeper than ! horizonal to 1 vertical prior to placing the
gabions. If a retaining wall {3 used, the banks may be vertical,

Maintenance requirements for this practice include inspecting the gabion
bagkets and repairing any broken wires,
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Sack tongcrets Ravetment

Sack concrate revatments can be usad 2o contrel bank erosion in nearly every
The stream bank should be shaped to a slopa no steeper than 1
horizontal to L vartical. Burlap or plastic sacks are filled with soil-cement
or sand-cemant mixtures. The sacks are then stacked along the bank. The 232
for the sacks should be placed balow the channel tottom to prevent any under-
cutting of the sacks, After thae sacks have been piaced, they can Se hosed
down to gebt a quick set or they can be left to harden from natural precipita-
tion. The durablllity of this practice will depend on the quaility and propor-
tions of the mixture {n the sacks. The sacks should extend up the bank to at
least ona foot above the high watarline, 1If the sacks do not extend to tha
tep of the bank, the bank should be shaped and seeded.

situation.

This practice should be maintained by inspecting for “rokea~-up concrete and
arosion at the ends of the revetment, Any broken~up concrete should be
patched. Scoured areas at either and of the reveiment should be shaped and

nrotected.
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Anchoraed Tire Revetment

Anchored tires can be used to control bank erosion in streams which do not
have high flow velocities. High flow velocities make it diff{cult to get
vegatation established. High velocities alsoc increasa the chance of arosiosn
occurring around the tires. The stream banks are shaped to a slope no steeper
than 2 horizontal to L vertical, Tires are then tied together and placed on
the slope, They should extend up the bank to a haight of one foot above the
high water elevation. The area above the tires should be shaped and seeded t>
appropriate vegetation. The mat of tires is anchored to the slope to keep (¢
from floating when it is submerzed. The toe of the tire mat should be pro-
tected with rock to prevent the stream from undercutting the tires. YVegeta-
tion should be established over the tire nmat,

Maintenance raquirements for this practice {aclude replacement aor repair of
broken tire wires or anchors. Vegetation which has been damaged due to hizh

flows should be reestablished,
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Posts and Planks Bank Protection

This practice consists of building a pest and plank or pole barrier along the
toe of the channel bank. This practice can be used on most streams with
noderate to low flow velocities, 1Tt 1s especially useful {n streams which
have wide sections due to stream bank meandering. The post and plank or pole
barriers can be located to allow eroded areas to silt in behind the bhacrrier.
Posts are placed at approximately a 12 foot spacing., Three-ianch thick planks
are bolted to the channel side of the posts. The bank behind the barrisr

should be shaped to a slope no ateepar than L.5 horizontal to | vertical and
then seeded. :

This practice is maintained by repairing or replacing aay broken or loose
olanks. 3Iroded areas or scour holes should be reshaped and seeded,
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Yovan Wire Fence Revetment

Woven wire fenca can be used to stabil{ze stream banks with velativaly low
velocitias, Posts are driven into the channel along the toe of the bank a:
six to eight feet spacings. Woven wire-fencing material {s attached to the
posts on the channai side of the posts. The bank behind the fenciag should %e
shaped to a slope no steeper than 1.5 horizontal to L vertical and then
seaded. This practice has achieved (ts intended results whea the bank “ehizi
the fance has been completely stabilized with vegetation.

Another variation to this practice is to use live willow posts. These poscs
should be three to fi{ve inches diameter and spaced on a four foot spacing,
Fiber necting 13 tied to the posts to provide protection at the toe until the
willows get established. The bank behind the willow posts should be shaped
and seaded.

Maintanance on these practices includes inspecting the fancing and vegata-

tion. Any loose or broken wires should ba repaired. Any seeded areas whlch
“ave been eroded should be reshaped and seaded,
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Willow Clymp Revetment

When meander erosion Ls occurring, clumps of live willows can be relocated
from local areas which have excass willows to protect either straighet or

meander type srosion.

The clumps can be dug and transported using a front end loader ot backhoe
tractor and placed directly into the stream bottom against the bank., Willows
should normally be placed in locations whera they receive perennial water/

moisture.

The clumps should be placed 3o stream flow can not get bdehind or bHetween
¢lumps. On meandars, c<lump protection such as steal posts with woven wire
fence should be installed to ensure the clumps stay in place until well rooted
(one year's protection is adequate)., This protectlon may also be necessary on
straight channal sections L{f stream flows are high enough to endaager washinag
out of Ffreshly placed clumps. The woven wire should be {nstalled high enough
up bank on the ends to ensure the clumps and fence are not washed out the
first season. The banks can then be sloped to L.3 to 1 or greater slope and
seeded with an adapted grass or local clumps of sod to speed up the total bank
rehabilitatioa., This may not be necessary as the :lump protected banks will
slough and revegetate naturally, but will help in wead control.

Maintenance requirements for this practice f{aclude replacing sections that
wash out and reseeding those sections that do not astablish adequate grass

stands.
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Seedinrg With Fabric Mat Revetment

On disturbed straam sections where vegetative type protection is desirable
without willows, seading grasses with fabric mat protection may be the solu-

tion.

Stream Sanks should be shaped to a 3:1 slope or greater and seeded with a nix
of adapted zrasses. The mix should include species capable of withstaading
excessive nolsture o species which are quite drought tolerant (l.e. canary-
grass/creeping foxtail - brome - wheatgrassas). Tha seedad section should
then be covered with erosfon countrol ravegetation mat and scaked down ¢
atabilize the saction until sod ts established. This practice can ba used
below the temporary high water line, but not normally where perennifal flows

occur.

Some straight reaches and reaches with a slight meander can be protected by
just shaping and seeding the baagks. This can be done In channels above the
water line and whera the flow velocity Ls low.

Maintenance requirenents for this practice include periodic checks to ensure
fabric mat is adequataly staked and additional seeding if necassary.

This practice may be applied along with structural stabilization projects.
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2ocek «nd Brush Revetment

Rock and brush mat revetments can be used to control stream bank erosion in
most areas whare rock riprap can be used., There ire two conditions when tais
practice would not e recommended. The first is >0 a sharp curve. The second
13 on raachas with large flows and a high velocity. The bank {3 sloped back
to a slope not steeper than 1.5 horizontal to 1 vertical. A cock toe {s
placed at the bottom of the slope to protect the bank from undercutting.

3rush is then laid with the butt ends up the slope and trangverse to the
straam bank. The brush {3 anchored in place with wire and stakes., 1f the nan
does not extend to the top of the bank, the unprotected area should be seeded.

A varifation to this practice is to use all bundled brush or willows. This
would not be recomnanded on channels with high flow velocities. The brush
would replace the rock in the toe and bottom part of the slope,

It is recommended to use live bruysh for the above practices., If live brush is
used, loose dirt should be placed over or around tha bundled brush. This w..i
enable more of the brush to sprout faster and form vegetative protection for

the bank.

These practices should be maintained by inspecting the wire anchors and the
rock toea. Any wiraes which have been pulled loose should be repaired. 3rush
or roek which has heen dislodged should be replaced.
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GLOSSARY

A iisting of terms commonly used to describe streambank erosion and
instability mechanisms, as well as terms related to streambank
protection and river mechanics, is provided below:

Abrasion - Removal of streambank material due to entrained sadiment,
ice or debris rubbing against the bank.

Angle of repose - The maximum angle {(as measured from the horizontal)
at which gravel or sand particles can stand.

Aggradation (bed) - A progressive buildup or raising of the channel
bed due to sediment depositioen. Aggradation is an ind:cator that
a change in the stream's discharge and sediment load
characteristics is taking place.

Alluvial fan - A cone-shaped deposit of sediment formed at +he
confliuence of a stream and its tributary. If the sedimant load
of the tributary cannot be carried zway by the stream, an
alluvial fan forms.

Armoring - (2> Natural process whereby ar ercsion-resistant layer of
relatively large particles is formed om a streambank dua to the
removal of finer products by streamf|ow. {b) Placemant of a
covering on a streambank or fiiter %o prevent erosion.

Articulated concrete mattress ~ Rigid concrete slabs usually hinged
tegether with corosion-resistant wira fasteners; primariiy placed
for lower bank protection.

Asphalt block — Precast or broken pieces of asphalt that carn be hand-
placed or dumped on a streambank or filter for protection against
arosion.

Asphalt (bulk) - Mass uncompacted asphalt usually dumped from a truck
(upper bank protection) or a barge (lower bank protectiony that
is placed to protect the bank against erosion.

Avulsion - A change in channel course that occurs when a stream
suddenly breaks through its banks; usually associated with a
catastrophic svent,

Backfiil - The material used to refill a ditch or other axcavaticn, or
the process of doing so.

Backwater area - The low—lying lands adjacent to a stream that may
become flooded during periods of high water.

Bank ~ The side siopes of a channe! between which the streamflow is
normally confined.

Bed - The bottom of a channel
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Bed load - Sediment. that moves by saltation (jumping), rolling or
stiding in the bed layer of a stream.

Bedrock -~ The solid rock underlying soils and overlying the mantle
rock, ranging from surface exposure to depths of several hundred
feet.

Bed slope - The inciination of the channel bottom.

Bituminous mattress — An impermeabls rock—, mesh-, or metal-reinforced
iayer of asphalt or other bituminous material placed on a
streambank to prevent erosion.

Blanket - Materiai covering all or portion of a streambank to prevent
erosion,

Braided stream -~ A relatively wide and shallow stream with multiple
channels formed by islands and bars in the waterway.

Buffer zones - Areas of trees, grass, or other vegetation located
between top bank and adjacent pastures or cultivated fields (alseo
called greenbeits?.

Buikhead - A vertical or nearly vertical retaining wall or structure
supporting a natural or artificial streambank.

Catlon—-exchange capacity (CEC) -~ The sum total of exchangesable cations
that a soil can absorb; expressed in +milliequivalents per gram
or 100 grams of soil.

Caving - The collapse of a bank by undercutting due to wearing away
of the toe or an erodible soil layer above the toe.
Cellular-block mattress - Reguliariy cavitated interconnected concrete

blocks placed diractly on a streambank or filter to prevent erosi
on. The cavities can permit bank drainage and the growth of
either volunteer or pianted vegetation when filter fabric is not
used between the mattress and bank.

Channel - A natural or man-made waterway that continuocusliy or
periodically passes flow.

Chemical stabilization - Streambank protection technique involving the
application of chemical substances to increase particle
cohesiveness and to shift the size distribution toward the
coarser fraction. The net effect is to improve the erosion
resistance of the material.

Cliay - Material passing the No. 200 ¢0.074 mm) U.S. Standard Sieve
that exhibits plasticity (putty-tike properties) within a range
of water contents and has considerable strength when air-dry
(Unified Soil Classification System).

Clay blanket — Layer of compacted clay placed ovar cohesionless bank
soils to protect them against erosive streamflow.
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Concrete block ~ Precast concrete material placed on a streambank or
filter to prevent erosion.

Confluence - The junction of two or more streams.

Constriction (flow) ~ A reduction in channel cross-sectional area +hat
resuits in greater stream velocities and/or water depth.

Crib - A frame structure, filled with earth or stone ballast, designed
to absorb energy and to deflect streamflow away from a bank.

Critical shear stress - The minimum amount of shear siress exerted by
passing stream currents required to initiate soil particle
motien.

Cross section - A diagram or drawing cut across a channel that
ilfustrates the banks, bed, and water surface.

Crossing - The retatively short and shaliow reach of a stream between L
ends; also called a crassover.

Current - Water flowing through a channel.
Cut bank - The concave wall of a meandering stream.

Cutoff - A new, relatively short channe! (natural or artificial)
formed when a stream cuts or is realigned through the neck of an
oxbow or horseshoe bend. A cutoff can also develop as successive
high-water flows develop a chute across the inside of a point
bar.

PDegradation (bed) - A progressive lowering of the channel bed due fo
scour. Degradation is an indicator that a change in the stream's
discharge and sediment load characteristics is taking place.

Dike (groin, spur, jetty) - A structure extending from a bank intc a
channel that is designed to (3) reduce the stream velocity as the
current passes through the dike, thus encouraging sediment
deposition along the bank (permeable dike) aor (b) deflect erosive
currents away from the streambank {(impermeabls dike).

Discharge -~ Volume of water passing through a channel during a given
time, usually measured in cubic feat per second,

Drainage basin - An area confined by drainage divides, often having
only one outlet for dischargs.

Eddy current - A vortex—type motion of & fluid flowing contrary to the
main current, such as the circular water movement that occurs

when the main flow becomes separated for the bank.

Energy grade slope — An inclined rapresenting the total energy of =
stream flowing from a higher to a iower elevation.
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Ephemeral stream - A stream that flows only in direct response to
precipitation and receives |ittle or now water from springs or no
sustained supply from snowmelt or other sources. An ephemeral
stream's channel is at ali times above the water tabls.

Erosion - Removal of soil particles from the land surface due to water
or wind action.

Erosion control matting — Fibrous matting (e.g. Jjute, paper, etc.’
placed or sprayed on a streambank fer the purpese of preventing
ergsion or providing temporary stabilization until vegetation is

established.

Fabriform - Grout-filled fabric mattress used for streambank
protection.

Fascine - A bundle of brush, sticks, or timber used to make a
foundation mat or to construct a revetment to protect a
streambank against erosion.

Fence - A streambank protection technique consisting of wire mesh or
timber attached teo a series of posts, sometimes in double rows;
the space between the rows may be filled with rock, brush, or

other materials. Fences may be placed eithar parallel to the
bank or extended intoc the stream, in either case these structures
decrease the stream velocity and encourage sediment deposition as
the flow passes through the fence.

Fetch - The area in which waves are generated by wind having a rather
constant direction and speed; sometimes used synonymously with
fetch length.

Fetch length - The horizontal distance (in the direction of the wind)
cver which wind generates waves and wind setup.

Fitter — Layer of fabric, sand, gravel, or graded rock placed, or
developed naturally where suitable in-place materials exist,
between the bank revetment and soil for one more of three
purposes: to prevent the soil from moving thkrough the revetment
by piping, extrusion, or erosion; to prevent the revetment from
sinking into the soil; and to permit natural seepage from the
streambank, thus preventing buildup of excessive hydrostatic
pressure,

Flanking - Erosion resulting from streamfiow between the bank and the
landward end of a river—-training or a grade-control structure.

Flow slide - Saturation of a bank to the point where the soil material
behaves more like a liquid than a solid; the soil/water mixture
may then move downslope resulting in a bank faiiure.

Gabion — A wickerwork or wire mesh basket or cage filled with stone or
other materials placed against a streambank to prevent erosion.
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Goebi Biock - Precast cellular concrete anlack often used as =a
substitute for riprap.

Geomorphology - That branch of both physiography and geciogy that
deals with the form of the earth, the general configuration aof
its surface, and the changes that take place due to erosion =f
the primary elements and in the buildup of ercsional debris.

Grade—control structure (sili, check dam) -~ Structure placed bank to
bank across a stream channel {(usualiy with its central ax| s
perpendicuiar to flow?> for the purpose of contrelling bed slope

and preventing scour or head-cutting.

Gravel - Rounded or semirounded particles of stone.
Grout - A fluid mixture of cement and watar or of cement, sand, and
water used to fill joints and voids.

Hard point -~ A streambank protection technique whereby "soft" ar
erodibie materials are removed frem a bank and replaced by stone
or compacted clay. Some hard points protrude a short distanca
into the channel to direct erosive currents away from the bank.
Hard points also occur naturaliy along streambanks as passing
currents remove erodiblie materials leaving nonarodible materials
exposed.

Head--cutting - Channe! bottom erosion moving upstream through a basin
indicating that a readjustment of the basin's slope and its
stream discharge and sediment load characteristics is taking
place. Head-cutting is evidenced by the presence of waterfalls
ar rapidly moving water through an otherwise placid stream.
Head-cutting often leaves streambanks in an unstable condition as
it progresses through a reach.

Helical flow - Three-dimensional movement of water particies along a
spiral path in the general direction of flow, These secondary-
type currents are of most significance as flow passes through a
bend; their net effect is to remove scil particies from the cut
bank and deposit this material on “*he point bar.

Hydraulic radius - The cross—-sectional srz2a of a stream divided by tts
wetted perimeter.

Jack (jackstraw, Kellner jack) - A component of a river training
structure consisting of wire or cablas strung on three mutua! v
perpendicular metal, wooden, or concr-ete struts.

lLaunching -~ Release of undercut material (stone riprap, rubble, stag,

etc.) downslope; if sufficient material accumulates on the
streambank face, the slope can becoma effectively armoraed.
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lLevee ~ An embankment generally landward of top bank that confines
flow during highwater periods, thus preventing overflow into
iowlands.

l.ongard tubing - Sand-filled tubes (synthetic material) placed either
parallel or at an angle to the streamflow for streambank
protection.

LLower bank — That portion of 3 streambank having a elevation less than
the mean water level of the stream.

Mattress - A covering of concrete, wood, stone, or cther material used
to protect a streambank against erosicon,

Meandering stream - A single channel waterway having a pattern of
successive deviations in alignment and flow direction.

Middle bank - That portion of a streambanmk having am elevation
approximately the same as that of the mean water level! of ths
stream.

Natural levee — A low, aliuvial ridge adjoining the channel of a
stream formed by sediment deposited by floodwaters that have
overfliowed the channel! banks.

Organic mixtures and mulches - Any of a number of agents (e.g.
petrochemicals or vegetative matter) used to stabilize a
streambank against erosion by providing protection and nutrients
while vegetation becomes established. These agents, which may be
in the form of liquids, emulisions, or slurries, are normally
applied by mechanical broadcasters.

Overbank flow — Water movement over top bank eithar due to a rising
stream stage or t¢o inland surface-water runcff,

Oxbow - The abandoned bow-shaped or horseshoe-shaped reach of a former
meander loop, that is left when the stream cuts a new sharter
channel across the narrow neck between two closely approaching
bends of the meander.

Pavement - Streambank surface covering, usually impermeable, designed
to serve as protection against erosion. Common pavements used on
streambanks are concrete, compacted asphalt, and soil cement.

Peaked stone dike — Riprap pltaced parallel to the toe of a streambank
{at the natural ange! or repose of the stone) to prevent erosion
of the toe and induce sediment deposition behind the dika.

Perennial stream - A channel that has continuous flow.

Phreatic line - The upper boundary of the seepage water surface
fandward of a streambank.
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Pile - An eniongated member, usually made of timber, concrete, or
steel, that serves as a structura! component of a river—-training

structure.

Piping - Removal of soil material through subsurface flow of seepage
water that develops channelis or "pipes” within the scil bank.

Peint bar - The convex side of a bend that is built up due to sadiment
deposition.

Quarry-run stone - Natural material uses for streambank protection as
received from a quarry without regard to gradation requirements.

Rapid drawdown ~ Lowering the water agairst a bank mare quickly than
the bank can drain, which can leave the bank in anm unstable
gondition,

Reach - A portion of a channel between ary two points.

Refusal ~ Erosion—-resistant material placed in a trench (excavated
tandward) at the upstream end of ravetment ot prevent flanking.

Reinforced~earth bulkhead —~ A retaining structures consisting of
vertical panels and attached to re:nforcing elements embedded in
compacted backfill for supporting a natural or artificial
streambank (a specific type of retaining wall).

Retaining wall - A vertical structure used to maintain an elevation
differential between the water surface and top banmk while at the
same time preventing bank erosion and instability.

Retard ~ Structure placed parallel to a streambank <o prevent erosive
currents from attacking the bank.

Revetment -~ Cover of srosion-resistant material placed to protect a
streambank.

Riparian - Pertaining to anything connected with or adjacent *o the
banks of a stream.

Riprap - See stone riprap

River training structure - Any configuration constructed in a stream
ar placed on, adjacent to, or in the vicinity of a streambank
that is intended to deflect currents, induce sediment deposition,
tnduce scour, or in some other way alter the flow and sediment
regimes of the stream

Rock-and-wire mattress - A flat or cylindrical wire cage or basket

filled with stone or other suitable material placed on =
streambank or filter as protection against erosion.
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Rubble - Rough, irregular fragments of random size placed on a
streambank to retard erosion. The fragments may consist of
broken concraete slabs, masanry, or other suitable refuse.

Runout — See discharge.

Sack revetment - Streambank protection consisting of sacks (e.g.
burlap, paper, or nylon) fiiled with mortar, concrete, sand,
stone, or other available material placed on a bank to serve as
protection against erosion.

Sand - Soil material that can pass the No. 4 (4.76 mm> U.S. Standard
Sieve and be retained on the Ne. 200 (Q0.075 mm)} sieve.

Sgour - Erosion due to flowing water; usually considered as being
localized as opposed to genera bed degradation.

Sediment load — The sediment carried through a channe!l by streamflow.

Sediment yield - The total sediment outflow from a drainage basin
during a specific period of time. The outflow includes bed load
as well as suspended load, and usually is expressed in terms of
waight or voiume per unit time.

Seepage - The slow movement of water through small cracks and porss of
the bank material.

Sill - A structure built across the bed of a stream to prevent scour
or head-cutting; see also grade-control structure.

Silt - Materiai passing No. 200 (0,074 mm> U.S. Standard Sieve that is
nonplastic or very slightly plastic and exhibits little or no
strength when air-dried (Unified Soil Classification System’

Sloughing - Shalilow movement of a soil mass down a streambank as the
result of an instability condition ocat or near the surface (aiso
called slumping?. Conditions leading to slcughing are: bed
degradation, attack at the bank toe, rapid drawdown, and slope
erosion to an angle greater than the angle of repose of the
material,

Soil-cement — A designed mixture of soi! and portiand cement compacted
a a proper water content to form a veneer or structure that can
prevent streambank erosion.

Spur dike - See dike,

Stable channel - A condition that exists when a =tream has developed
just the right bed slope and cross section for its channel to
transport the water and sediment delivered from the upstream
watershed without any of the sediment being deposited or without
any soil particles being removed from the bed or bank.
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Stage — Water-surface elevation of a stream with respect to a
raference elevation.

Stone riprap - Natural cobbfes, boulders, or rock dumped or placed on
a streambank or filter as protectior against erosion.

Streambank erosion - Removal of s0il particles or a mass of particles
from a bank surface due primarily to water action. OUOther factars
such as weathering, ice and debris abrasion, chemical reactions,
and land-use changes may also directly or indirectly leasd to
streambank erosion.

Streambank failure — Collapse of a bank due to am instabi ity
condition.

Streambank protection - Any technique used to prevent ercsion or
faiture of a streambank.

Suspended-sediment load - That part of u stream's total sediment load
which is transported within the boady of fluid and has very |:ttle
contact with the bed,

Synthetic mattress, matting, or tubing - A grout- or sand-filled,
manufactured, semiflexible ¢asing piaced on a streambank to
prevent erosion.

Tetrahedron - Component of river~training works made of six steel ar
concrete struts fabricated in the shape of a pyramid.

Tetrapod - Bank-protection comporent of precast concrete consisting of
four legs Jjoined at a central Joint, with sach leg making an
angle of 108.5 deg with the other thrase,

Thalweg - The |ine extending down a channa! that follows the lowest
elevation of the bed.

Tieback - Structure placed between revetmsnt and bank to prevent
flanking.

Timber or brush mattress - A revetment made of brush, poles, logs, or
fumber interwoven or otherwise lashed together. The completed
mattress is then placed on the bank of stream and weighted with
bal last.

Toe ~ That portion of a stream cross section where the |lower banx
terminates and the channe! bottom or the opposite lower bank
begins.

Toe—-fill -~ Break in slope between the bani and the overbank area.

Tractive force — The drag on a streambank caused by passing water
which tends to pull soil particles a ong with the streamf|ow.
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Trench—fill revetment - Stone, concrete, or masonry material placed in
a trench dug behind and parallel to an eroding streambank. When
the erosive action of the stream reaches the trench, the material
placed in the trench armors the bank and thus retards further

erosion.

Turbulence - Motion of fluids 1in which local velocities and pressures
fluctuate irregqularly in a random manner as opposed to laminar
flow where all particles of the fluid move in distinet and
separate lines.

Upper bank - The portion of a streambank bhaving an elevation greater
than the mean water level of the stream.

Van dikes - Structures desigrned to direct streamfiow away from an
eroding bank |line, but permitting limited amounts of both water
and sediment %to pass landward of the structura,

Vegetation — Woody or nonwoody plants used to stabilize a streambank
and retard erosion.

Vaelocity (of water in a stream) - The speed that water travels in a
given directicon; expressed as a distance traveled during an
interval of time.

Watershed — See drainage basin.

Wave attack - Impact of waves on a streambank.

Windrow revetment - A row of stone (called a windrow) placed on top
bank landward of an eroding streambank. As erosion continues the

windrow is eventually undercut, launching the stone downsliope,
thus armoring the bank face.
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