Appendix B

Survey of Stream Alterations and
Restoration Measures and Techniques

By Doug Delgado
Introduction

Virtualy al watercoursesin Southern Cdiforniahave been
significantly engineered or otherwiseatered. Thesewatercourse
modifications have been designed and constructed a most without
exceptionto satisfy anarrow range of objectives. Themain objective
hastypicaly been flood control; thus streams have been engineered to
rapidly convey ssormwater, utilizing aslittleland aspossiblewith
minimal construction and maintenance costs. Historicaly, other
consderations, such asnatural stream function, native vegetation,
wildlife, recreation, and visua appeal havereceivedlittleor no
attentioninthe designsof stream courses. Astime has passed,
communitieshave sometimesgrown dissati sfied with the condition

of their loca waterwaysandinthelast severa decades many stream
restoration projects have been undertaken throughout the United
Statesand other partsof theworld. Many stream restoration
techniquesaswdll asfloodplain and watershed management
strategies have emerged through these stream restoration efforts.

A growing body of researchindicatesthat many of thesenew
techniquesand strategiesare moreeffectivefor flood control, and
more cost effective than the purely structural approachesto flood
control relied uponinthepast. Thefollowing paper presentsasurvey
of stream alterationsand the restorati on techni ques and management
strategiescurrently replacing traditional flood control techniqueson
modified watercourses.

Restoring Channel Morphology and Natural
Function

The shape of astream channel and itsfloodplain arenearly always
altered to someextent in any sort of flood control manipulation.
Typically achanne isengineered to convey alarger amount of storm
water morequickly than could beaccommodated naturally. Typically
a0, thechannel isdesigned to contain theentireflow in aslittle space
aspossibleinaflood event, thuseliminating thefloodplain. Restoring
the stream channd entailseither restoring the origina formand flows
of thechannel or designing thechannel to restoreoriginal stream

function asclosdaly aspossible given permanent changesinthe
watershed inwhich thestreamissituated (Riley 1998).

Oneof themain functionsof anatura watercourseisto convey water
and sediments. These sedimentsare constantly shiftinginacycleof
deposition and erosion. Over time, awatercoursewill reach astate
of equilibriumwhereitisneither rapidly eroding nor aggrading (Riley
1998). Suchequilibriumischaracterized by roughly equa amountsof
erosion and deposition onayear to year basis. Any stream
restoration project must either recreateastream’shistoric equilibrium,
or it must account for permanent changesin awatershed and createa
new “quasi-equilibrium” that will achievethe sameba anceof eroson
and deposition (Riley 1998). Water velocity isthe key determinant of
astream’seros on-deposition pattern.

M ogt engineering projects mani pul ate water velocity to some extent.
Flood control isthereason most often cited, but movements of
sedimentsare also akey consideration. Where sedimentsare coarse
and heavy, higher water vel ocitiesare needed to movethe sediments
down thechannel. Otherwise, the channel will require constant
dredgingtokeepit fromfilling with debris. Very fine, suspended
sedimentsarealso aconcern. Inorder to prevent thesetiny particles
from precipitating out of dow moving water and depositing in stream
channels, water velocitiesareincreased. Rapid flowswill tendto
scour thechannel invert, however, eroding stream banks, undercutting
concrete levees and washing out bridgesand other structures. Water
vel ocity, then, becomesthe key to balancing erosion and deposition
along astream course. Water velocity inastream channel is
determined by theflow regime of astream, thewidth-depth ratio of
thechannel, the dope of the channel invert and theroughness
coefficient of thechannd (Riley 1998). All four of these parameters
arefrequently manipulated for flood control purposes.

Flow regimesarenaturally controlled by precipitation patterns, dope
of thelandscape, infiltrationratesof the soils, aswell asthedensity,
type and amount of vegetative cover. Flow regimesareconscioudy
atered by damming stream courses, diverting water from streamsfor
urban or agricultura use, and discharging urban runoff and waste-
watersinto stream channels. Flow regimesareinadvertently atered
by lowering groundwater tables, increasingimpervioussurfaces
through carel essand unregul ated devel opment, removal of vegetation
fromthe stream channel andinvasion of the stream channel by exotic
plant species. Thesealterationsto astream’sflow regime can affect
not only thetota amount of water passing through astream channel,
but a so the pattern of flow volumes. Seasonsof flow are sometimes
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ateredaswell. A larger quantity of water in astream channel of a
givensizewill flow morerapidly than the sameamount of water ina
larger channdl.

Thisrel ationship between volume of water, channdl sizeand water
velocity servesasthebasi sfor much of stream channel engineering
andisa sothebasisfor much stream restoration. A wide, shallow,
dow moving channel will typically beengineered to be degper and
narrower in order to accel erate the conveyance of water away from
thelandscape. Narrow fast moving stream coursesarewidened to
alow theflowing water to spread out and flow moredowly. Ina
restoration project the natural width-depth ratio of thechannel is
restored either toitsorigina parameters, or to arelationship that
can hydraulicaly attain roughly the same eros on-deposition balance
that existed inthe channd prior to engineering of the stream course
(Riley 1998).

Another critical and often mani pul ated determinant of water velocity
inastream channd isthe dope of the channel invert. Water runs
morerapidly down asteeper grade. Whereerosionisaconcern,
engineerswill employ ahost of structural remediesdesigned to
decreasethe slope of the stream course. Concretewelrsarejetties
that protrudelateraly into achannel forcing thewater inthe channel
tomaketurns. Thisincreasesthedistancethewater travelsto
accommodate el evation change, thusreducing thed ope of the
watercourse. Drop structure, chutesand flumesareusedin
conjunctionwith re-grading of the streaminvert to createflatter
terraces of stream bottom. Drop structuresare small waterfallsthat
areincorporated to accomplish the elevation changes. Chutesand
flumesareinclined didesthat accommodatethe el evation changesless
abruptly. Onthedownstream side of these structures, astone apron
isdesigned to absorb the energy of thewater asit movesrapidly
downthefalls. After theelevation change hasbeen accommodated,
thedopeof thechannel invert will again convey thewater at the
desired design velocity until it reachesthe next elevation change.

Wherewater movesso dowly that silt precipitates out of thewater
and depositsinthe stream channel, engineerswill acceleratethe
movement of thewater by increasing thed opeof thechannel. The
most common approach isto straighten thechannel. Thisremoves
themeandersof astream, which increasesthedope. The streamwill
make the same el evation changein ashorter distance, thusflowing
morerapidly. Channel straightening, however, disruptsthenormal
pattern of erosion and deposition of sediments, which can
dramatically dter theform of thechannel invert. Inanatural stream,

the outer edge of acurveinameander will erodeand scour. This
createsadeeper pool. Theinner edge of acurveinameander will be
anareaof deposition, and thus, shallower water. Straightening of a
watercoursewill homogenizewater depths. Theseaterationsaffect
emergent and riparian vegetation and have devastatingimpactsonfish
and other aquatic animal species. Most fish species, for example, will
spend thebulk of their livesswimming and feeding inthe cooler
waters of the deeper pools (Hunter 1991). Many fish species,
however, will spawn andlay their eggsintheshalow riffleswhich
form ontheinsde curvesof meanders (Hunter 1991). Whena
channel isstraightened and these natural featuresare destroyed,
critical fish habitat iseliminated.

Thefina parameter inwater velocity isdefined by aroughness
coefficient. Most natural stream channelswill bepartidly filled with
stones, fallen treesand other debris. Natura channelsaso usually
have emergent vegetationinthe actua stream channel aswell as
riparian vegetation hugging the stream banks. All of thesenatura
featureswill createfriction against themoving water and dow its
passage. Engineersuse several methodsto decreasetheroughness
coefficient of astream channel. Snagging and clearing arethemost
common. Snagging involvesdredging the channel toremovelarge
stones, fallentrees, uprooted rootwads and any other debrisinthe
channd. Unfortunately, thisdebrisiscritical habitat for many fishand
invertebrate species. Clearing typicaly involvesthewholesde
elimination of aguatic and sometimeseven theriparian vegetation
growing on the stream banks. Clearing can cause considerable
stream bank instability and erosion, however. Furthermore, exposing
astream courseto full sun can elevate water temperatures, killing fish
and other aguati c speciesand encouraging growth of reedy
vegetation, which traps sedimentsand ultimately decreaseswater
velocities. |nextremesituations, wherewater movesso dowly that
suspended sediments preci pitate out of thewater and collectina
streambed, engineerswill completely concreteastream course. A
concreted stream channel hasthelowest roughness coefficient
achievable, and will convey water themost rapidly. Occasiondly,
engineerswill manipulateachannd’ sroughness coefficient inorder to
dow the movement of water. Riprapping isarough stoneand
concrete surface used on channel banksor invertsto createfriction
against flowing water and dow itsmovement. Emergent or riparian
vegetation can a so be planted in astream for the same purpose.

Restoring astream course’ snatural morphol ogy, roughness coefficient
andflow regimeiscrucid if thestreamisto again performitshistoric
natura functionsand be sdf-sustaining. Of dl themanipulations
inflicted upon streams, alteration of anatural flow regimeisthemost



difficult torestore (Riley 1998). Changesthroughout awatershed, as
awhole, typicaly cause most of the changesto astream’sflow
regime. Increased urbanization increasesimpervioussurfaces,
diverting water from streams. Groundwater extracted for urbanand
agricultural use, discharged urban runoff, and wastewatersall affect
theflow regimesin thewatercourse, and can only be addressed ona
watershed-widebasis. Often onastream-specific basis, little can be
donetorestore natural flows. If astream hasbeen dammed, removal
of thedamisoftentheonly way to significantly restorenatural flows
through thechannel. Damshave been demolished, however, inonly a
very few instances. Inaridregionslike Southern Cdifornia,
populations havefrequently grown to the extent that dam removal is
unfeasiblefromawater supply perspective. Inother instances,
recreational or economicinterestsdevel opin conjunction with the
bodiesof water created by dams, such that their demolition would be
politically or economicaly unfeasible. Finaly, from aflood control
standpoint, dams have encouraged urban development right to the
banksof the diminished stream channel sthat resulted from holding
flowsbehind thedam. Inafew cases, however, dam removal, may
bean option.

Another possibility istowork with flood control authoritiesto regulate
dischargesfrom damsto moreclosely approximate natural flow
regimes, usudly involvingasmaler quantity of water thanthenatura
regime. Authoritiescan attempt to dischargewatersduring thesame
monthsof historica flow and to fluctuate discharge quantitiesto
approximatethe natural cycleof inundation and normal flow. These
measures have been tried on several watercourses, notably the
Colorado River inthe Grand Canyon (Riley 1998). Pulsesof water
arenecessary for the scouring and depositing that areresponsiblefor
the maintenance of achannel’smeandersand their associated pools
andriffles

Another stream-specific measurefor restoring anatura flow regime
onastream courseiscontrol of invasive exotic plant species. Some
plant species, notably tamarisk inthe Southwest, quickly invade,
consuming groundwater so aggressively, that they lower the
groundwater table bel ow theroot zones of native plant species. This
aterstheflow regime of the groundwater, but may also reduce or
eliminate surfaceflows, killing native plants (Riley 1998).

Other exotic speciesmay proliferateto the extent that they constrict
or evendam anatural stream course. Arundo donax, or giant reed,
in Southern Cdiforniainvadesrampantly, choking out native plant
speciesrichinwildlifevaueand eventudly dtering astream’sflow

regime. Sometimes, restoration will involvenothing but removal of
oneor moreinvasveexotic plant species.

Unlikeflow regimes, dtered stream channel morphology can often
readily berestored on astream-specificbasis. Old aeria
photographs can often be used to determineachannel’sorigina
sinuosity, width and vegetative cover. Also, depending upontheentity
that designed the channel dterations, it might be possibleto locatethe
actua design documentsthat discussthe natura state of the stream
courseand thedesignfor itsateration. Oncearestoration design has
been created, therestoration of thechannel itself involvesre-
contouring the channel asclosely aspossibletoitsorigina shape.
Bulldozersand other earthmoving equipment can recreatethe
channe’ sorigina meanders, poals, riffles, width-depthratio, dopes,
terracesand floodplain. Somelandscapearchitects, environmental
plannersand engineers speciaizeinthissort of restoration work.

A stream’snatural roughness coefficient can aso bereadily restored.
Large stones, fallen treesand debristhat have been removed froma
stream channel can also bereplaced. Where vegetation hasbeen
cleared, it can bereplanted. It can even bemaintained and selectively
cleared to minimizeitsdowing effect on water flow, but allowed to
provide habitat to awide range of animal species. Concreteand
riprap can aso beremoved. Whilenone of theserestoration
measuresrequire exceptiona techniquesor equipment, they al require
considerableexpertiseintheir design. Eachrestoration measure has
impactson the stream course asawhol e, and improperly designed,
theserestoration efforts can have disastrous effects.

Culvertsrepresent aspecial case of stream channel morphology
ateration, with uniqueimpactsto thewatercourse. Impactscaused
by culvertstypicaly stem from oneof three maintypesof problems.
Sometimes culvertsare placed either too high or too low relativeto
thechannel invert. Another typeof problemisrelated toinadequate
capacity of aculvert caused by an engineering mistake, changesinthe
watershed, or improper maintenanceof theculvert. Finaly, culverts
aresometimes placed inthewrong alignment relativeto thedirection
of flow of water inthechannel. If aculvertisplacedtoolow,
sediment will tend tofill theentranceto the culvert, sorm water will
tend to flow over thetop of the culvert, and the channel leading to the
low-lying culvert entrancewill erode aswater cascadesdown to the
opening of the culvert. Wheretheexit end of the culvert isplaced too
high, plunge poolsto form under the culvert, which can erode up hill,
undercutting the stream bank and washing out the structuresthe
culvert wasdesignedto protect. Anelevated culvert exitwill also
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increasewater velocitiesand lead to erosion downstream. Most of
these problemscan berectified.

A common remedy for aculvert placed either too high or toolow is
toraiseor lower theculvert. Culvert extenderscan beplaced either
upstream or downstream to help compensatefor the grade changes
caused by theimproper el evation of the culvert. Rock apronscan
also be constructed below culvert exitsthat aretoo highinorder to
absorb the energy of thefalling water and reduceitsvelocity and
erosion potential downstream. Another optionisto do away withthe
culvert altogether. A bridge crossing can bebuilt over the stream, or
an at-grade crossing or ford might be possiblein somesituations.
(Maddock 1976)

A second main cause of problemsassociated with culvertsisthat they
are, or become, too small to drain the quantity of water flowing to
them. Sometimesthe causeisan engineering mistakethat causesthe
selection of aculvert that istoo small. Sometimes, however, aculvert
isperfectly adequatein szewheningtaled, but subsequent

devel opment in thewatershed i ncreases the amount of impervious
surfacesresulting ingreater storm runoff, eventualy overwhemingthe
culvert. Improper maintenance, such asfailureto cleanout the culvert,
canasodiminishitscapacity. Inadequate culvert capacity can have
several impacts. Storm flows can back up and create upstream
drainage problems. Sedimentsand debriscan drop out infront of a
culvert, blocking the movement of scorm flows. Stormflowscan
overtop theculvert, or aculvert can buckleor “blow-out”.

(Maddock 1976)

An obviousremedy for culvertswith inadequate capacity isto replace
theculvertswithlarger ones. Another obviousremedy is

devel opment of aregular maintenanceregime. Culvertscanasobe
replaced with bridges, and in some cases, fords. (Maddock 1976)

Thethird main cause of problemsassociated with culvertsisimproper
alignment with the stream channel. Sometimesaculvertisimproperly
placed, and sometimesastream changes course causing aproperly
placed culvert to be undercut by erosion, or by-passed completely.
Erosionaround aculvert can causeadightly miss-aigned culvertto
shift toaworseaignment. Remediesincludereaignment of the
culvert or replacement of the culvert with abridge or ford.

(Maddock 1976)

Intermsof restoration, the most sustainable stream would haveits
origina, natura flow regime, itshistoric width-depth ratio and dope,
aswell asorigina meanders, poolsandriffles. It would also haveits

full array of in-stream debrisaswel asitsfull spectrum of emergent
and riparian plant speciesand associated wildlife. Unfortunately, itis
sometimesnot possibletorestoreall natural parametersof astream
course. Meandersand floodplains might sometimes occupy large
amountsof |and that have been extensively developed. Sometimes
development even occurswherethe channd itself once existed.
Similarly, restoring naturd flow vel ocitiesmight beincompatiblewith
structuresin and around the stream channel or with devel opment
downstream. Inthe case of adam, which traps sedimentsthat would
naturaly depositinan equilibrium Situation, restoring anatura higher
water vel ocity can case seriousscouring and erosion. Itis, therefore,
essentia that restoration designsbe carefully created by trained and
experienced designersand engineerswith expertisein stream
restoration. Theimpactsassociated with stream channel restoration
on thelandsadjacent to the channel, and particularly downstream,
must bethoroughly understood. Itisalso essential inachannel
restoration project to restore astream’ sfloodplain and to manage
effectively, thewatershed through which the stream flows.

Stream Bank Restoration

Recent restoration efforts haveresulted in animpressivearray of
stream bank restoration techniques. Most of these new techniques
are bioengineering approaches, but new and refined applications of
older structural approachesare also sometimes used.

Brush deflectors, treerevetments, and rootwads are bioengineering
stream bank restoration methods utilizing smpletechnol ogiesand
generdly readily availableandinexpensvematerids. Brush deflectors
arepilesof snags, downtreesor other vegetation, which are cabled
against an eroding stream bank (Riley 1998). Thebrush dowswater
velocitiesagainst thebank and createsaprotected environment in
which plant growth can bereestablished. A treerevetmentisa
refinement of thisapproach and involvesthe cabling of wholetrees
strung inalineaong abank erosion zone. Thisapproach hasbeen
used successfully by the Missouri Department of Conservationin
Jefferson City (Missouri Department of Conservation 1991). In
additionto dowing water vel ocity, thetrees catch sedimentsand
debrisand create asuitableenvironment for reintroduction of native

vegetation.

Yet another refinement of the brush deflector ideaisthe use of
rootwadsin conjunction with “vortex rocks’. Rootwadssow water
velocities, but more closaly smulatethefunction of ripariantreeroots
by creating eddying in the stream channel, keeping sediments



suspended and allowing themto be transported downstream. This
restoration gpproach would be desirablein situationswhere neither
erosion nor deposition of sedimentsisdesired. Vortex rocksare
rocks placed in the stream channel to direct flowsin order to create
stream meanders, and their associated poolsand riffles. Vortex rocks
can a so be used to narrow achannel in order to accel erate water
velocity or to create” step-pools’, which areamore natural
aternativeto the concrete drop structureswidely used in engineering
projects. Step poolsare sectionsof deeper, dower moving water
that are separated by smaller rocky segmentsof rapidsthat
accomplish needed e evation changes. (Rosgen 1994)

Most bank stabilization techniques are designed to provideinterim
bank stabilization whilerevegetation takesplace. Revegetation
usually providesthelong-term bank stabilization (Riley 1998).
Revegetation strategiesinvolvegathering and bundling live cuttings,
which are packed and cabled against eroding slopes, or using large
polecuttingsthat aredriven into eroding stream bankslike stakes.
Frequently both approaches are used in conjunction with one ancther.
While nursery-grown bareroot or potted stock can also be
purchased, cutting bundlesand poleshavethe advantage of providing
some bank protection even before the cuttingstake root.
Furthermore, cuttings gathered on siteare more apt to bethe
appropriate speciesor subspecies of plantssuitableto therestoration
site, and cuttingsarealso far lessexpensivethan nursery stock. Care
must betaken, however, in cutting selection, collection, preparation
andingdlation.

Even small restoration projectsutilizealargeamount of cuttings. To
restoreastretch of riverbank 100-200 feet long, aminimum of four or
fivetruckloads (three-quarter tontrucksor larger) are needed. (Riley
1998) Consequently, itisnecessary tolocateasufficiently large
quantity of thedesired vegetation for harvesting. Preferably, this
vegetation will betaken from alocation closeto therestoration site,
aslengthy transportstend to dry out cuttingsand greatly reducetheir
chancesof survival onceplanted. Cuttingsmust betakenfrom
appropriateriparian plant speciesthat are nativeto the stream and
that areableto root from cuttings. Thetree speciesmost commonly
used are Cottonwood and Willow species(Riley 1998). Thecuttings
that are harvested should be 18 inchesto 3 feet long and 1-3inchesin
diameter, while poletype cuttings should be 4-10feet long and 3-6
inchesindiameter. (Riley 1998)

Toinstall poles, the butt end of the cutting should becarvedinto a
point. Then, amallet isused to drivethe polesinto the stream bank.
If the streambed isdry, ahole must be prepared and the cuttings must

bewatered after installation and periodicaly irrigated until seasonal
rainsarrive, or until the plants have become established (Roseboom
1994). Although sometimesimpossiblealong dry streambeds, if the
poles can be placed deeply enough to reach thewater table, success
rateswill increaseand the need toirrigatewill bereduced or
eliminated. Insomecases, it may even bepossbletoingtal cuttings
and polesthrough holes on ariprapped stream bank. Thisisknown
as“joint” planting (Roseboom 1994).

Installation of smdler cuttings can bedone using severa methods.
Long ropesof cuttings, called“fascines’, can be planted intrenches
along the contoursof adope. Cuttingscan aso belayered
perpendicular to aslope and buried except for exposed growing tips.
Even beforethe cuttingshave rooted, the perpendicul ar layering will
reduce velocity of surfaceflowsand reduce erosion whilethe cuttings
establishthemsalves. Thismethod iscalled brushlayering (Roseboom
1994). Anolder approachisto plant the butt end of the cuttingsin
thesoil, fold the vegetation against the opeand wireitin place.
“Brush matting”, addsaprotectivelayer to reduce erosonwhilethe
cuttingsarerooting (Roseboom 1994). Yet another method, favored
for controlling gully formationiscaled“branch packing”. Inthis
method, layersof liveand dead cuttingsand soil are packed into
gullies, againto provide stability whilethelive cuttingsbecome
established (Roseboom 1994).

Inadditiontothearray of bioengineering approachesto stream bank
stabilization, thereareanumber of structural approachesthat might be
used to stabilize astream bank. Some of these structural approaches
have been used extensively for flood control. Intermsof restoration,
structural gpproachesare used primarily in more desperate Situations,
when bioengineering methodsfail, or wherefull restoration of astream
isnot possible. Rather thanincorporating structura approaches
wholesalealong an entirewatercourse, arestorationist appliesthese
structural remedies sparingly, and in conjunction with the many non-
structura approachesthat arenow available.

“Jacks’ arelarge stedl or concrete structures, shaped somewhat like
thejackssold astoys, that are used to stabilize d opeson medium
sized waterways (Roseboom 1994). Though largeand cumbersome,
jacksaremobileand can be used discretely on an especially erosion
prone section of ariverbank.

“Lunkers’ are boxes made of wood and rebar that are placed against
astream bank for stabilization. The cool shaded watersinsidethe
box can providetemporary fish habitat while other restoration
methods become established (Hunter 1991).
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Though historically grestly over-utilized in bank stabilization, gabions,
largewire cagesfilled with rocks, can beused sengitively in
restorationwork. Traditionaly, gabionshavebeen unsightly
aterationsto waterways, often being laid bare againgt astream bank
wherethey arevulnerableto blowouts, which scatter therocks
downstream. Inrestorationwork, astream bank isexcavated and
thegabionisfilled with both rock and soil. Thegabionisthenburied
and revegetated. (Roseboom 1994)

In certainlocations, where streams have been placed into very
narrow channels, and devel opment has advanced to the sides of the
channdl, extensiverestorationisnot possible, without sgnificant land
acquisitionand demoalition. Although more cosmeticthan meaningful,
restoration optionsdo exist for improvement of thevisual qualitiesof
these channelized stream courses. Rockwork and cribwallscan be
attractive urban alternativesto concrete and riprap. Therockwork
onthe San Antonio River iscons dered an amenity in downtown San
Antonio, Texas(Riley 1998). Infact, theentiredowntown
commercia district hasgrowninto arich and robust urban center
aroundthisfeature. Cribwallscan be planted and turned into hanging
gardensincity centers, greening and cooling the urban core, while
cleaning pollutionfromthecity air.

Floodplain Restoration and Buffer Zones

In addition to astream channel, waterways occupy afloodplain.
Because streamsoccupy floodplainsintermittently, floodplainshave
frequently been cons dered adispensable component of awaterway’s
structure. Furthermore, these areashave often homes. A large
percentage of stream alterations has been executed specificaly to
enablebeen deemed desirablelocationsfor construction of
“riverfront” developmentinfloodplains. Floodplains, however, arean
integral component of the structure of astream course. Floodplains
performasignificant groundwater rechargefunction, and also, often
host largeriparian habitatswith robust wildlife. Restoration projects
onstreamsshouldinclude, if at al possible, restoration of thestream’s
floodplainaswell. Infact, without restoration of thefloodplain,
restoration potentia of thestream channel issignificantly limited.
Floodplain management involvesland acquisition, land use planning,
zoning, channel and vegetation management, openspace buffering,

and flood damage reduction measures.

Idedlly, ariver would be given wide enough berth to permit al but the
most catastrophic floodsto spread naturally acrossitsfloodplain. In
redlity, |and adjacent to ariver, particularly in an urban situation has
usually been devel oped to the extent that such far-reaching restoration

isnot likely. Evenlessextensverestoration, however, permitting
occasiona, minor flooding, will greatly benefit ariver ecosystem.
Regular pulses of floodwaters do much to restore stream morphol ogy.
Aquatic plantsand animalsdepend on the natural formsthat are
created by theseinundations. Restoration of astream might, then,
involve de-channelization of the stream channel and formation of
vegetated, earthen levees constructed far enough away fromthe
stream that some design magnitude of flooding ispermitted. This
approach may entail significant land acquisition. (Maddock 1976)

Another floodplain management strategy more compatiblewith
restoration effortsis selective snagging and clearing. Often, all debris
insgdeastream channel and al vegetation in afloodplain areremoved
to maximize capacity for rapid conveyance of floodwaters. An
dternative approachisto snag thechannel sdlectively, whichwill entall
lesstotal maintenance, leaving somehabitat providing debrisinsdethe
channel. Sdectiveclearing, amilarly, involvesthinning riparian
vegetationinthefloodplain, rather than completely denudingit.
Thinning the vegetationincreasesthetotal capacity of thefloodplain,
increasing thevelocity of floodwaterspassing throughit. The
remaining vegetation, however, can still provide bank stabilization and
habitat. Some animal speciesrequire densevegetationand will be
impacted even by selective snagging and clearing practices, but
thinned vegetation certainly hasmorewildlifevauethan acompletely
barren landscape. (Shieldsand Nunnally 1984; Riley et al. 1982)

Another gpproach to floodplain management involvesthe use of
floodplainsasrelatively low impact openspace buffer zones between
development and the stream courseitsalf (Riley 1998). Passive
recreation such ashiking and horseback riding areland uses often
compatiblewith natural floodplainfunction. Evengreetly atered
land usessuch asgolf coursesand ball fields, or commercia uses
such asnurseriesmight serve as better transitionsthan tract homes
or stripmdls.

Thelast approach to floodplain management acceptsthe existence of
human devel opment insidethefloodplain and seeksto minimize
damagesthat result fromflooding. Oneoptionistorelocatebuildings.
Another optionisto eevate buildingsonto high foundationsor piers.
Floodwallsare common in some partsof the country and can be
designed aslandscapefeatures. Floodwalls can be used to protect
individua homes, awhole neighborhood or even an entiretown.
Essentidly, instead of confining theriver, the specific propertiesare
protected instead. Yet another damage control measureisthe
ingtalation of door and window damsonindividua structureswithin
thefloodplain. Depending upon the construction of thebuilding and



theingallation of the door and window dams, astructure might be
ableto sustain consderableinundation.

Watershed Management

Effective watershed management isthekey to preventing stream
aterationfromtaking placeinthefirst place. Watershed management
isalso an essentia component of astream restoration process.
Without effective watershed management, the best restoration efforts
will often not havelasting success, because changeson awatershed
basiswill eventualy underminetherestorationwork. Land use
planning and restoration must |eave enough space around astream
channel todlow itto performitsnatural functions. Appropriateland
usesare a so needed to buffer thetransition from anatura stream
courseto human development. That certainly doesnot mean that
waterwaysare necessarily off-limitsto human use. Passiverecreation
and educationa opportunitiescan be senstively sited and
incorporated into these scenic riparian |aboratories. (Leopold 1994)

Another component of watershed management involves storm water
management, Site design guiddinesfor new development aswell as
best management practices (BMPs) for construction. Stormwaters
do not haveto be shuttled off the landscape and dumped into the
ocean. Many opportunitiesexist for detention and infiltration of storm
waters. Wetlands could, in some cases, be created around these
detention facilitiesthat can purify polluted ssormwater and provide
habitat for wildlife. Guidelinesfor new devel opment must also be
ingtituted. If typica development, repletewithimpervioussurfaces
and stormdrains, occursrapidly inaregion, restoration effortscan
quickly become overwhelmed asthe quantitiesand velocities of storm
watersgradually exceed stream capacity. Finaly, BMPsmust be
adopted to control theincreased eros on associated with construction
activities(Leopold 1994).

A watershed isacompletely integrated system. A changeinany part
of thissystem necessarily impactsother portionsof thesystem. Itis,
therefore, essential to address hydrol ogic function on awatershed-
widebasis, preferably beforerestoration of stream channelsand
floodplainshasbegun. Not only will therestoration projectsthat
follow haveamuch higher rate of success, but also, effective
watershed management will greatly reduce or even diminate new
manifestationsof hydrologic dysfunction. Thebest restorations
recreate self-sustaining hydraulic systemsof entirewatershed.
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