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OOI{ALO H. GRAY

Frofessor of Ctvfl fnglneerl,ng .

llnlyerslty of Htchtgan
Ann Arbor, lf'lchlgan

0r. Gray recelved hls B.S. and tl.S. degrees from the Unlverslty of Callfornla
at Eertelcy" Aftsr graduatlon la 196l hs sa.t.,€nploycd it a ftetearch EnElneer
by Chsvron Ressarch toryany. He, subsequeilt:ly returned ts the llnlverslty of
Caltfornta and co@leted requlrenents fo:r a Fh.S" lr,Ctvll finglfieerlng tn 1966.

After graduatlon 0r. 6ray lotn*d the 0e.partnent of Cfvll [nglneertng rt, tha
Unlverslty of lllchlgan. He ls eumsntly a Profe$sor of Ctvtl Englnaerlng at .

.lltchtgan wlth resgonslblllty for research a$d teachlng in the fteld of .

geotechnlcal englneerlng.

0r. Gray ls a mrtber and past Chalrman of the Envlronmntal Concefn's
Comlttee of the Geotechnlcal tnglneerlng |llvlslon of ASGE. He ls also a
me$ber of the Olvlston Publtcatlons Gomlttee" He r.is the prlnclpal organlzsr
and chalrman of a Sympoclun on Soll troslon for thc ltlghury Sesrnrch Board ln
1973. He has alro organlred rnid lnttructcd !n a ersffir lhort course on
ersslon contrsl rt cofistrurtlon rltel gponsored by the,tllchlgrn Collegt of
tnglneerlng. In addltlon, 0r. ,Bray has baen a contultant to tha State of
illchlgan, Oepartment of llatural Resources In preparatlon of a nanuel ,on soll
eroslon and sedlnent co*trol, and norc recntly ls t$e llatfonal Ptrk Servlca
adlvsing them on slope protectlon neasure$ for rehabllttatton of dtsturbed
sltes ln Redyood lfatlonal Park

gr. 6ray.ha:s conducted research for a decade o,n thC rola of .v*getatlon ln
relnforclng solls and stablllzlng llopes. Lately ile has b*en lnvolted ln
blotechnlca'l sartlr support and Elope protectton systers rdrtch pfitall the
comblne$ sr lntegratod use of plants s-nd structurcr, lle hrs-nrbltrbrd save,rll
artlcles on thsse tsplcs aad is authsr of a bsok on ,blotechnlcrl rlope
protectlon and eroslon control.
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ROEBII{ B. SOTIR

Pres I dent,
Soll Bloenglneerlng Corporatlon
llarletta, M

Robbln 5ot1r r€celved her Bachelsr of Landscape Archltecture from thE
Unlversity of Guelgh In t9?2. ller educatton lnc:ludes Soll
Bloenglne.erlBlotechnlcal Consultent--Soll tsloenglneer Apprentlceship, Europe
and Canada, 1976-19?9. She ls a mder of the Canadlar.r Land *eclanatlon
Assoclatlon aad Soll Conservatlon Soclety of Amrlca. ller^ terhnlcal
speclaltltes related to goll bloenglneerfng servlees arc ProJect
llanagement/Constructlon lfanagenent; Envlronnentol Stte Analysts" 0e:lgn and
Plannlng; Elotechnlcal Deslgn; Sfte and [,ecreatfon plannl,ngi
fteclamatlon/flehabtlltatlon; Ersslon and sedlmntatlon Goatrol; and
Specl flcatlon l{rltf ng/eost Estlmatlng.

Robbtn Sotlr, the presldent of Soll Bloenglneerlng Corporatlon, ilis
successfully conpleted over 140 projects ln the past l0 yerns In llorth rnd
CentralAmer|ca,Europeand$,E.As|a.lttssSottrhasro'r|toda3an
tnternatilonal soll bloenglneer/landrcape archltectural consultant In: slte
analysls, deslgn, constructlgn proJcrt ffinagaFent, rrsearchn s.peslf'lcatlon
wrltlng, cost ettlmattng and geoeral csntractlng, tn prolects ln excecs of 1

mtlllsn dsllars. Robbtn Sottr has mrked r,llth uorld*retnswr sotl blsenglnecr''
to study these speclallred eroslon csntrol technlques, In thls vay she
apprentleed for thls uork and doveloped her oxpertlte for tha technlques. To
our knouledge she ls the only Eunopean tralned soll bloenglneqr practlclng ln
the S.t. Unlted States. Sotl Eloenglneerlng Corpsratlon. She has dsveloped
soll bloengilneerlng csnstructlsn speclflcatlons f,or ths tlorth Amertcan
cont I nent .

Robbln Sotlr's mrk has besn recelvfng more attentlon fr.on the U.S. lnay Cor'pt
of Englneers In the past ycar. $ho har rmrked r*lth thm on s$vtral Fhase l:&
? reconnalssance, cost estlmatlng, destgn and spsclflcrtlon *rttlng grsJects
and slte tnspectlon groJsrl managetrc,nt, The ,tl.S, Arny for$s of tnglngers,
Hoblle, has lnstalled Soll Etsenglnoerlng ty tems on the Tennsssee Tonblgbee
l{ateruay undor the dlrectlon of gotl Btoengfneerlng Corporatlon. It appears
that thls agency ls serlous lR conslderlng and devels,ping thls type of
technologyln the Unlted States, to solye certaln Instablllty prsblems that
cannot be solyed by uslng convantlonaX rmafis alone. They haye recognlred the
lrrnedlate cost effect'lveners as yelll as the,lor long term malntenanance cost
savlngs and beautlful products,

BIOTIIflHICAL sI-OPT PROTTCTIOIT AITO EROSIOt{ COI{TROL
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I{ILLIA}I E. hITAVER
Geologl st
Redwood ilatlonal Park
Arcata, CA

lftlllam tleaver recefved hts 8.S. ln geologl, Un,tverslty of lfashtirgton; and hts
Ph.D. ln geology {geomrphology), Colorado State Unlverslty" Slnce lS?6 he
has sgeclaltred tn applled geomrphlc research related ts th* causes and
effects of accelerated eroslon on cutover lands ln northern Callforn,la
tncludlng l) techntcal revlers of tlnrber. haryrst proposals,2) evalrntlon of
forest practlce regulattons (as they InflueRce eroslon pr,ocetres), 3) €roilon
control technlgues uscd on steep, hlghly troslve terraln, and f) gully eroElon
on logged lands, He ls also servlng hls second terrn as an aspolnted neder of
the Coast 0lstrlct Technlcal Advlsory Cormlttee to the State Esard of
Forestry. The Comlttee ts responslble for changes and addltlont to
the/Staters Forst Practlce rules. Hfs most recent pu,bllcatlsns deal ytth
1) the cau$e$ and rates of sedlnent produetlon fron logged land In the Reduosd
Creek basln, 2) the effectlven€rs and cost-effectlveness sf sroslsn control
technlques used ln Redrood ttatlonal Park, and 3) ths appr:srches and techntgues
to uatershed reiabll ttatlon.
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C. ALLEII IIORTTEY

Professor-Engtneerlng and Applled Sclence
Unlvers tty of l{lscons ln-Extensl on
Englneerlng and Applted $clance
flad l son, ldl scons ln

Allen lfortley recelved the usual protracted englneerlng edueatlon and after
exhaustfve study of esotertlc subJects of no prractlcal value, recelved a degree frgm
Cal tech.

f{e is a llcensed pr,ofesslonal englneer and land surveyor, but evar glnce he learned
from tfebste'r's that the tnltfals P"E. are an a,bbreviatlon for. phystcal educatlon,
probable errorr prlce-earnlngs rat'lo, Protestant fptscspal, And lastly, professlonal
englneer, he does not use them after hls nafie. F,or slmflar reasons he does not use
1"S., as lt stands for U.S. llavy landlng shlp or place of the seal {locus stgllln}.
tlouever, he uses C. before hls nane as most people understand tt ts an ibbrevlatlsn
for a ftrst name, Charles, rather than capacltairce, carat, Centfgrade, csnt, ceqtur'y,
chapter, circa, clty, col'lege, cycle or hundredtretght. 

(

He left eallfornla and moved east to begln *orklng for a ttvtng. As a consu'ltlr\g
englneer he lnspected old reu€r manholes !n Plttsburgh. Thls agstgtmnt proved',to be
very deep but by no npans dry.

Later he mved up, north to Hlsconsln, uhere he began to cllnb thc tecbnltal
professlonal ladder. rorklng on zers-bouyancy fl'oatlng boat dot,ks, french gat'bage
grlnders, Erld lavn wrterlng systens for penltentlarles, tle outraced gtlentlfic
obsolescence by achlevlng appolntment as chlef englneer of hts contu:ltlng flrm,

Then, lnstead of-norklng for a llvlng, he becane a uRlverslty pr.ofessor. tft ilas
pursued tbe Peter Prlnc'lple earnlng a Professlonal llevelopmnt degree and becootlng'
0epartment Chalrman.

He teaches ssll mechanlcs and foundatlon englneerlng and hat unearthed ttie fact that
although nany people thtnk soll is stlmly dlrtn geotechnlca'l ellglneera havs found lt
ls real'ly bread and butter.

Hls research ls beautlflcatlon of rater tanks ln comblnatlon nlth restaurants,
dlscothegucs, and hockey r"lnks; and lce englneertng nhere he has found that lake
vater ls very esld In the ulnte,rl e,Dd ln fact freezes at all tenperatures belov
thlrty-tro degrees Fahrenhelt.

Tte snst notable acconpllslunent of Allen t{ortley, holder of elght certlflcates sf
appreclatlon and of-the-yaar awards, ls rccelpt of tuo lfho's Hlro rlthout pr,rrchase of
thelr Ilmlted editlon Irectorles.

Professor Hortley boasts the usual afftllatlons that carry arcane Greek lstter and
acroRym deslgnatlqns ln return for the payment of anoua:l dues, as uel,l ar membershlp
In socletles that gresent awards and offer cheap ll e Insurance.

Hls hobby ls blmonthly golf outlngs on ralny day$, and although not a scratch golfer,
he has bsen scratched uhlle nasterlng nearly al1 tha tadlron areas nlneteenth holet.

llhen not a'dnlnlsterlng, teachlng, researchlng, studylng or golfln8, he elther eutl
grass, shovels tnou oti conducts Extenston lnstltutes. As course dlrector hl matn
task ls to keep speakers on schedule and avold runnlng over lnto soclal hour.s,
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Redrtood f{atlonal Fark**I977 to Fresent

TAB 13 Technlcal Speclflcatlons for fland-Labor Eroslsn Control llethods

TAB l4 Slbllography of Redwood t{atlonal Park Publlcatlons, Septs$er :1983

TAB 15 B]ank
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WORTLEY, C. ALLEN
PROGRAM DI RECTOR
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CONFERENCE LEADERS & PLANNING COMMITTEE

GRAY, DONALD H. LEISER, ANDREId T.
PROFESSOR PROFESSOR
UNIV.OF MICHIGAN UNIV.OF CALIFORNXA
CIVIL ENGINEERING DEPT. ENVL. HORTICULTURE DEPT.
3O7 W. ENGINEERING BLDG. DAVIS, CA 95616
ANN ARBOR, MI 48109 916-752-0379
313-764-9420

SOTIR, ROBBIN B. WEAVER. WILLIAM E.
PRESIDENT GEOLOGIST
SOIL BIOENGINEERING REDI,OOD NATL.PARK
CORP., SUITE 20 1111 SEOCOND ST.
627 CHEROKEE STREET CRESCENT CITY. CA 95531
MARIETTA, GA 30060 707-a22-7611
4o,4-424-O7 19

I',ORTLEY, C. ALLEN
DEPT. CHAIRMAN
UNIV.OF WI-EXTENSION
ENGINEERING & APPLIED SCIENCE
432 NORTH LAKE STREET
MADISON, WI 53706
608 - 252 -206 1
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BERGSTROM, FRANK W.
HYDROLOGI ST
NERCO MINING CO.
P.0. BCIX 4000
SHERIDAN, WY

FERREIRA, dEAN
STATE PARK RES. ECOL.
CALI F DEPT. OF PARKS
& RECREATION
P. O. BoX 2390

916 -322-8565

GONZALES, SAM
FACI LITY MANAGER
BUR. OF RECLAMATION
P. O. BOX 9332
SPANISH SLAT STATION

PAGE 2

95616

9581 1

BENNETTS, DAVID
F I ELD MAINT . SUPVR .

URBAN DRAINAGE &
FLOOD CONTROL , SUITE 1 568
2480 WEST 26TH AVE. 8280 1

DENVER, CO
303 - 455-6 277

802 1 1 307 -672-O45 1

BRAY, MOLLY BROSIUS, MYRA
MARYLAND IIATER HORTICULTURIST
RESOURCES ADMIN. SOIL BIOENGINEERING
TAT',ES STATE OFFICE BLDG. CORP.
ANNAPOLIS, MD 21401 627 CHEROKEE ST. #2O
301-269-2224 MARIETTA, cA 30060

4o,4-424-O7 19

CAREY, DEBRA
GEO LOG I ST
ENGEO INC.
2280 DIAMOND BLVD , #2OO
CONCORD, CA
4 1 5-697-9700

CHAINEY, STEVE
STUDENT
UNIV. OF CAL-DAVIS
% 2116 ESPANA CCIURT

94520 DAVIS, CA
916-758*3819

DEUSEN, MILLARD DUNKIN, J. T.
BIOLOGIST URBAN PLANNER
WA DEPT.OF FISHERIES J.T. DUNKIN & ASSOCS
GENERAL ADMIN.BUILDING URBAN PLANNERS & LANDS.ARCH.
ROOM 115 I54O E-GATE DR.,SUITE 206
OLYMPIA, WA 98506 GARLAND. TX 75041
206-753-2984 214-270-7661

DUNKIN, PHYLLIS EUGE, KENNETH I,I .
J.T.DUNKIN & ASSOCS. MGR,/ARIZ.OPERS.
URBAN PLANNERS & LANDS,ARCH. THE EARTH TECHNOLOGY
I54O E.GATE DR.,SUITE 206 CORP.
GARLAND. TX 75041 3116 TJ,THOMAS RD/STE.6O1
214-270-7661 PHOENIX. AZ 85017

602-269-7501

SAN FRANCISCO, CA 94 1O5 SACRAMENTO, CA

FARMER, RON
GEOTECH'L. ENGINEER
U. S. ARMY CORPS
OF ENGINEERS
21 1 MAIN ST / SPNPE-D

415 -97 4-0369

GOETTLER, BRIAN
CIVIL ENGINEER
U. S. COAST GUARD
BLDG. 1 A7 /CIVI L ENGRG. BRANCH
GOVERNORS I SLAND
NEW YORK, NY
212-688-7010

iOOO4 NAPA, CA
707-956-2111

94558
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HENDRICKS, dOHN W.
ENVL . PROTECTI ON
U. S. COAST GUARD
CCIMMANDER ( DPL )
GOVERNMENT ISLAND,
ALAMEDA, CA
415-437-3570

HORDER, EDT'JARD
MGMT . AGRONOMI ST
U. S. ARMY CORPS OF
ENGI NE E RS
P. O. BoX 22gg
MOBILE, AL
205 *694 - 3870

IWANAGA, RUSSELL
OWNER/PRESIDENT
II{ANAGA SEIDEL
ASSOCIATES
15O EAST MAIN ST.
TUSTIN, CA
7 14-731-8877

KING, JAMES R .

\tR . LANDSCAPE ARCH.
CA DEPT. OF WATER
RESOURCES
14 16 gTH ST / ROOM 2c,4-3
SACRAMENTO, CA
916-322-3741

LANSDALE, MICHAEL
OIilNER
METAMORPHOS I S
P. O. BOX 213
SOQUEL, CA
408-475-4869

HOOKER , WAYNE 'I BUD I'

LANDSCAPE ARCH.
LANDTECH-ALASKA, INC.
P. O. BOX 694 1

ANCHORAGE, AK
94501 9A7 - 562 - 4170

HUDDLESTON, JIM
GEOTECHNICAL ENGR.
USDA FOREST SERVICE
3O3 1 MAIN STREET
SWEET HOME, OR

36628 503-367 -5 1 1 1

KARR, LESLI E

ENVL. ENGINEER
NAVAL CIVI L ENGRG.
LAB
CODE L7 1

92680 PORT HUENEME, CA
805-982-4191

LANE, SUSAN
CIVIL ENGINEER
CORPS OF ENGINEERS
650 CAPITAL MALL
ATTN: SPKPO-T

958 14 SACRAMENTO, CA
916-448-3375

LEBEDA, CHARLES S.
SOI L CONSERV.
NATIONAL PARK SERV.
1561O VAUGHN ROAD

95073 BRECKSVI LLE , OH
216-526-5256

MAHONEY, WALTER
LANDSCAPE DESIGNER
SKYWALKER DEVEL. CO.
Box 2009
SAN RAFAEL, CA

93043

95814

44 141

LLOYD, DAVID
PROJECT ENGINEER
URBAN DRAINAGE &
FLOCID CONTROL, SUITE 1568
2480 WEST 26TH AVE. 94912
DENVER, CO
303 - 455*6277

802 1 1 415 -66 2- 17 17

MC CREA, MARY MC CULLY. DOYLE W.
FISH BIOLOGIST CHIEF/ENGRG. DIV.
WA DEPT.OF FISHERIES U.S.ARMY CORPS OF
GENERAL ADF1IN.BLDG., RM.115 ENGINEERSICLOCK TOWER BLDG.
OLYMPIA, WA 98504 P.O. BOX 2OO4
206-753-4'159 ROCK ISLAND, IL 612c,4

309-788-636 I
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NEUMANN, PETER C .
GEOLDGICAL ENGR.
PROFSL. ENGINEERING
CONSULTANTS
3340 MT. DIABLO BLVD.
LAFAYETTE, CA
415-283-3402

ROGERS, d. DAVID
PRINCIPAL
PROFSL. ENGINEERING
CONSU LTANT S
3340 MT. DIABLO BLVD.
LAFAYETTE, CA
415-293-3402

SCHLOSSER, GORDY
PRESIDENT
LANDTECH-ALASKA, INC.
P. O. BoX 694 1

ANCHORAGE, AK
907-562 -417c-

SHI RLEY , SAMUEL O.
ENGINEERING TECH.
U. S. ARMY CORPS OF
ENGINEERS /WAT ERUJAYS EXP . STN.
BOX 53 1

VICKSBURG, MS
601 -634-3239

PAGE 4

PAYNE, BRIAN
PROJECT ENGtrNEER
CHEVRON PIPELINE CO.
P. O. BOX 4006
CONCORD, CA

94549 415-674-4013
945?*

SALINAS, GABRI EL
CIVI L ENGINEER
U. S. COAST GUARD
COMMANDER ( ECV )
TWELFTH COAST GUARD DISTR

94549 GOVT " ISLAND, ALAMEDA, CA 94501
415-437-3663

"SHIPLEY, SALLY A.
LANDSCAPE ARCH.
1744 W. 11TH AVE_
ANCHORAGE, AK

99502 907 -279-4742
9950 1

SING, EDWARD
HYDRAULIC ENGINEER
CORPS OF ENGINEERS
55O CAPITAL MALL
ATTN: SPKED-D
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MUNN, dOHN
PROGRAM MANAGER
CA DEPT. OF FORESTRY
1416 NINTH STREET

98504 R00M 1516-29
SACRAMENTO, CA
916-445-9378

MC KEAN, JIM MILLS, KEITH
CIVIL ENGINEER GEOTECH. SPECIALIST
USDA FOREST SERVICE ORE.DEPT.OF FORESTRY
690 SANSOME ST- 2600 STATE STREET
sAN FRANCISCO, CA 94111 SALEM, OR 97310
415-556-6832 503-378-2143

MUDD, DAVID
PROGRAM MANAGER
WASHINGTON GAME DEPT
600 N. CAPITAL WAY
OLYilIPTA, WA

206-753-3319 95814

MURDOUGH, DAVID NESIdOOD, NOLANDO
USDA CIVIL ENGINEER
I,IILLAMETT NATIONAL FOREST THE NAvAJo TRIBEp.o. Box 10607 DIV.OF WATER RESOURCES
EUGENE, OR 97440 BOX 3O8
503-782-2291 WINDOW ROCK, AZ 86515

602-729-5283

39 1 80 SACRAMENTO , CA
916-448-3375

95814
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SPAHR, LI,NDA STRAUB, PETER
GRAD. STUDENT LANDSCAPE ARCH.
UNIV.OF CAL-DAVIS U.S.ARMY
% 524 C ST. DIR.gF ENGRG. & HOUSIN6
DAVIS, CA 95616 BLDG. 28O - PRESIDIO
916-758-1796 sAN FRANCISCO, CA 94129

415-561-5t76

STURMAN, dOHN
ENGRG. GEOLOGI ST
PROFSL. ENGINEERING
CONSU LT ANT S
3340 MT. DIABLO BLVD.
LAFAYETTE, CA
415-283-3402

WE IGAND, GEORGE T .
DESIGN SUPVR.
SAN DIEGO GAS &
ELECTRIC CO.
P.O. BOX 1831
SAN DI EGO, CA
619-235-7459

THOMAS, KATHRYN
GRAD. STUDENT
UNIV. OF CAL-DAVIS
% 522 C ST.
DAVI S, CA

94549 916-758-3396

WINN, BEVERLY
SOI LS ENGINEER
U. S. ARMY CORPS OF
ENGINEERS
P. O. BOX 2288

921 10 MOBI LE, AL
205 -GsO- 3438

VAN DEVENTER, SHEILA WEEKS, NICHOLAS E.
INSPECTOR LANDSCAPE ARCH.
CITY OF TORONTO GOLDEN GATE NATIONAL
DEPT.OF BLDGS.& INSPECS. RECREATION AREA
433 EASTERN AVE.,2ND FLR. FORT MASON, BLDG. 2O1
TORONTO, ONT. M4M tB7 SAN FRANCISCO, CA 94123
416-469-5996 415-556- 1009

36628

ZEIBAK, ROBERT L. ZILLGES, GORDON
SR.DIR/INFRASTRUCTUR BIOLOGIST
THE IRVINE CO, WA DEPT.OF FISHERIES
55O NEI.,PORT CENTER DRIVE GENERAL ADMIN. BUILDING
P.O. BOX I ROOM 115
NEWPORT BEACH, CA 92660 0LYMPIA, lrJA 98506
714-720-2822 206-753-2984
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(a) Colterent Gravity Structure
Hypothesis
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(b) Tie'Back Structure
Hypothesis
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Design Hypotheses for Heinforced Earth Walls
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DESIGN OF GRAVITY TYPE

) RETAINTNG WALLS
Bin-Type Retaining Wall is a gravity retaining !vall in
rvhich an earth mass inside bins acts as the gravity wall
and the steel mernbers hold the earth rnass intact. These
tlvo components combine to resist overturning and sliding
forces imposed by the retained soil and other superimposed
loads, Because of this design,support for the wail is
needed under the earth mass. on rigid foundations, provi-
sion must be made to allotv slight settlement of the vertical
corner members. lrlorrnal practice is to provide a compres-
sible cushion under the base plates rvith approximately g

inches of loose fill.
Individual walls should be designed for stability in ac-

cordance with established criteria for gravity walls. Recog-
nized texts ate available rvhich thoroughly cover the design
of gravity retaining rvalls, and these should be consulted
by the engineer responsible for the design of the wall. De-
sign Chart A, while no substitute for individual site design,
presents long-used gravity wall criteria for width-to-height
ratio under the t3''pical loading conditions listed in Table I.
Horver'er, they are presented here only as suggested guide-
Iines.

A critical factor in rvall design is the adequacy of the
foundatioR. The resistance of the foundation to the over-
turning and sliding forces acting on t,he wall is a s,ophisti-
cated engineering evaluation. Proper si te in yestigatlons
ond analyses should be corried out f or any retoining wall.

BATTEB US" UERTICAL. While batter r,r'alls should
alrvays be considered first, the advantages of vertical
Bin-Walls, where other considerotions permit their use,
should not be overlooked. Careful analysis of a given situ-
ation rvill sornetime$ shorv a vertical rvall of the same
thickness as a batter wall will be structurally adequate,
Even a thicker vertical wall will sometimes prove BCo-

nomical, land values considered,
Invariably, it is easier to construct a vertical Bin-Wall

on a curt'e. Short stringers can be used in adjacent bins,

CHART A

34.67

36,00'
BCDE

Wnll Design

for example, rvithout restriction. If sharp bends ate rB-

quired, the special plates required are much sirnplified
and more economical.

Under some circumstances, the obvious gain in usable
space, by use of a vertical wall, will assume importance.
For example, a vertical z{-foot-high wall will provide 4

square feet of valuable land for every foot of wall, as cofit-
pared to a L to 6 batter rvall with its toe in the same loca-
tion.

It must be remembered that Armco Bin-l//alls are flexible
structures that will adjus't to rninor ground movements. To
allow for this, os well as normal construction tolerances,
vertical walls are frequently installed on a slight batter.

Wall Hcight
4.00'
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Bf,AUITY WALL EE3l6tU. Bin-type gfavity wall design

should include conputatious to detemine tbe stability of
the wall for (1) overturuin$ (2) soil bearing resistance lrll-
der the bage; (3) sliding; and (a) bin internal pressures"

The foruulae which foUorr are typical of thoge found in
msst engpneering texts on retaining wall design. Substitu-
tion factors can be found for the nec€ssary design computa'
tione in thess samg texte. A. Checlr for suot'tunning

tFr={F'= o (r*oR)

{,Mh**f a o (rrxo e)

p=*'* WHEFE Wr SO|LWHB$T

h r ttALL HEI€+fT

0 K..**[
GO8 $'

--

itlOtg! Assumptions used in computing loads are
based on soil construction in which no hydrostatic
conclitions exist. The installation of subdrains does
help elirnina te potentially dangerous hydrostatic
situa tions.

$ r S$n€Hrneg ASIBLE

O t AHGLE OF |I|TERTAL SOIL FRICTIOTI

FOR TltE CISE OF o> . Oe(tfo SOIL gUnG,flARGEt TlfEll r(
K . Ttt{ e( 45o- 0a} F

l-
B. Chcck for supPorti'ng eoil prsaaure

Pt . V6+ ewr/Ua

Ph : Vu- 6se/be

C. Gheck for aliding Fesistansa

€Fr, = o

f s wTAtt6(

wt{EHE c{ " AilGLg OF SLlOlil0 FRlCTlOlf

FON TfiE SALL EASE AilO TIOIL. FOR

ARilCO Bfil-UAtAs { HAY BE TAKeil TO

EQUAL 0r AflBLt oF FtTEFtfAL FRICTItt]f

OF THE SOIL.

coeZ €D - cosE

cos? '.t* coaa 0
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FlC. 8*O, Bearing capacity number$ for founda-
tions with inclined loads" [After Meyerhoff ('1953)"J
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TABTE 5.1 COEFFICIENT OF ACTIVE
OF WALI AND BACKTILL
AND ** = O.

EARTH FRESSIIRE AS A FTTNCTION
INCLINATION, FOR s*' e o(.*90r

(from Lambe and Whitman, 1969)

J

-

a
*S *l?

.RrtlEtrnhilifi,,

| 'asA'to | +12'
wr*frirrdn I i;4.7

+30
l.l:7

fc2$

dt +m. 9.

4'* + l0' V
q,Lto. 

E

"rl -tff F
o(n* *2f S

0.57

0.50

0.44

o38

0,32

0.65

0.55

0.49

0.42

03s

0.81

o68

o60

0.50

0.40

6-n3f

s('r +8tr q

&'*+1S n

C, rltf 
E

g('= -lgt E
.r *2f S

&3il

o30

0-25

42J

o18

odl

036

0.30

0,25

o20

o50

0.41

0J3

0-27

0^?1

o59

&,,[8

0-39

0.31

034

t"ll
0,gn

0J5

0.61

950

rf r* 40'

*t+ao' E I an i o.ss l-o.ge
sct+ro. V I or. I o.r, | 0..,
d'= r(p E I o.r, I o.ro I o.r, .

ort-lo. E I o.n I o.rs I o.tt
xt-2(F E I o.ro I o.ro I o.r,

0.43

0.32

0.24

0.17

0Je

0,59

0.4f1

0.32

4J4

ol6



tabf,r 7,O3a
Ptupomd €orfficlrnrr of gkln Frferlon hcnrcm Solfr

. ond Constructlon fllstorisl*-sftpr Fotyondy

[J{ : El +, lc -'}, f"mar( : "i lS ; without factor of safetyt
c max'

Conrtrrrction rnaterial Saad Cohccioahss sitt I Cohcsitrc i Clay

Surfacc firiish of constnrctisn marcriat

!

i _ | granular rcil 
I

I rr r . , i li rr r t. r, r,t ,.r, -.gqi+ .*.rl**t

i o.ry< D< i o.ooz< D<0.06 so%Clay-' :

i 2.0 mtn ! : SOqo SanC

l-f -;-.*.**#-
I Dry I Sat. I DrV i Sat. i Consist. I
| .*. ' - , l-l , ,, , .,,-- =1.0-O.f It-

D<0"06 mn

CoruiEt. Indcr:
I,0t{}.?3

fc /crril

0.25 0.J{l

0,50 0.t0

0.60 0.t5

oTtl 0.50 0.85

0.69 0.4{l 1,00

0.80 0.50 1.00

0.95 0.6{l 1.00

Dense , Densc i Loosc Drnsc '

ll,
1......'..T-.|-+'.+

foif+if6 fo IQ fq i
,i

--l 

*-l 
-*.-- 

.,..ra-.*, 

-#: 

*ri-r

f,
Steef i

t

--- -;
Wec,cl :

Srng.tn ; Pslished

R usted

tuttlti,:ll to Frain

At righr .rgles to grain
-.;..-+ *|k-

.$rnooth M'ade in iron form

-l-l-lri*r*;- i.*.---*r+.r-..-Gr* -

| 0.54 i 0.64 i 0.7e i 0.f | 0.58 i 0.10 :-|o;-i;;-] *-fil "" J-ffi-;, itl

lo.ro ,0.85 lO.*'z io.ss lo.ar g.Eo 0.20 
|rl*- 

-gdt*--"*'|ii--*l ,, !-.*--l 

-..--f*-lI o.so i o.re j o.ra I o:el i o.ls j o.* i o.+o 
i

0.76 , o.s;*i on iffiiFi r.* i:"*
T1T- *i.=.-*i---l--'* 

-l-. 
*

0.88 io.ur io.eg 10.62 10.e( lo.so lo.sa
-t 

;-l- 

-

f$

-0.50

-r0.50

Grained I Mar|t in "vood form

Rough I Madc on adjusrcd ground

Fi*. 9.3. Relationship between earth pressure and wall deflection. [After
Terzaghi (1954).1
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D/1& 4 /S/ e4

T. CLASS/FKATTON

CtnssFlCATloN i CAUSES Otr SL2PE Fauu'?ES

a. Yo&r,a/s
/, Tce
a. Fo"k ( ptnfed, u'+ahered, kded,
3. 5o, I (ai, ,n saluraleel , sondy ua.

8. Ve/oc, t'q
)d (secauds --+ ttdthul?s )
,iri*tii, 4 ttQ la nc hes, e anhl/c'^4, "Q t' Qts/rnon' s/'Jes

e Tnk)ard,;i; (i,"ules + hau's )'
debds s/,des, b/ek /,de, slunt's

3, S/e'*; ( Ca.qs ---> qears )
c reet',' so/, fL.'r[f,o,., (a /eru / st'rrcd' n 

7

Lldud )
claVe7 )

a\r,

D, trar'/ure Mechqrlt srT?

/, S/ides Mauneat' a./*re c,'et! de/,ned- s/rdtne
o't sAeartnQ eu/zlhce 4[.farqeU 'ntact 'b/ock 61 t wu% 4 da/z/'{; drd Yock-

a) Phnar: Q.cu,.s /n ,r/o/es atfu'"e llr"^4 ts so/,4(

fe"tqf ,c auho/, ,'f , hid,r?, t'b.nes) 1o,n11, .'*tt--r* naitteq.' A/s6 ! AL //euu'sZdes G/" / \

rh hou+mz*ds, sand-/ slofus (5ee fiq, 4',,ffu''7/
, | :

0 &/"/'ouo/: &cuts w s/o/es atfoted,af ,lrnqenro@ soils //7 athrcht ,esrcfhnce lo s/,/,pq
/. r,h/aAan)o^* o{./oA/1- (rrf <,Htrn g*z{ /
bds Uo fu- ut C. fua's*op d<le4e .uudut
s /obe .ou h u-e. tr /teut / ,res/\ /dry ee .' ( ,s

/acemen l-

s/obe ouha?_a. sheatt' ,res/\fdnce ' (rs
/oLes/ atad -s 

h ea't slne-taen /"qh.(See F? 2'a)



2. F/crls.a - O.^,tasi \n^ (€\.r.a t^€^^y , " ,^rt ah
drF[rc<,,tf &o d.l..l- a d'tl'ncb
sl ,d, ",q S'4:,;.{oag. Mol -,r. dres q,^f
r^-.11.n Lt f"n . Te,ads hD occL'ls ;
qV^alJd €or tr . 

(sa nds,silk, cta^1s)
u-'<Nl c.. hql" t^tate^ co"f',r'tt'

a , trc I ls fall,'"q wa,* q$ vuaV"n^a\ l-e^
cohc.er,,l zo.^lact r^r'-*\ s{e bl<',
twtwrli'lg lcrrse. -Tearrds [6 ocau
vi^ Jo r vn f"jc{ , bn tf le. troc k lazvrtvq

= k"P sloie:

E. C/as:r /, c ah q Srls fr,rz

See c /assrh.crhon s7s/rn- (re ) el lat;znes
ouhr;/z c /asstfrcs accet?rle b-

Qrqo/ Houc,trerzf- k?/t, by't'ks, s/rdes (rohhoral+ *assb/roiit s,'sfrds, f-/",rtt<
T" ^ ot" /L/o/e,b/ - rock, soi/ '(coarse h f,ne )

t
E trACToRS CovrRlBor/NG ro rdsT,+Blltry otr €4PW

5/"CP€s
,!ee su6dur,d, c/ k,cbs (TaL/e Z,/c) eccqdrn?

'rb f,rm tt+af Co/? h,i6uk b:
Mshffi',t S/rw' at?€trn qft,

HT

sbles /c-r^0 a;lta<r s/uaa s,h"4 >" s he,o s h*g/t,
obf q cmhcq/ -:/tc/,n1 S1*{.h<-p

E /DE2r)T/F/cAT/o/v Op ,N,TABLE sLoPEg

-Ueni/rcoho,. o{ u#s& 6/e
c/ Lrah la,udslde fr/ttlhal i*t, 6e
,bh,,a4r;, f?e /d/Aie, hqeaL,
/lTdriar&s ( ye frL/e e77;'7/( '

s/o/q st s6/* k*,tfr,
wrAe e/s/HE eLfuw

awrl7teb7;{



TYPE OF
MOVEMENT

FALTS

TYPE OF MATERIAL

IBED-
ROCK

I
I
I

ENGINEERIN(

Predonninantly 
Icoarse I

i SOILS

Predominantly
f ine

I nock
I ta11 Debris fal1 Earth fall

TOPPLES Rock
topple Debr is toppl€ Earth topple

SL IDES

'ROTA-
TIONAL FEIY

TTN IT

- 

* a

MANY
UNITS

Rock
s lump Debris slump Ear th s lump

TRANS-
LATIONAL

rt,L'(JTS

block
slide
Rock
slide

Debr is btoek
slide

Debris slide

Earth block
slide

Ear th s li de

LATERAT SPREADS
Rock
spre ad Debr is spread Earth spread

FLOWS Rock
f 1ow

Debris flow i Earth flow
(soil creep)

COMPtEX Combination of two or more pri.ncipal types
of movenent

Flgure 2.IO Abbreviated classification of slope movements (from
Varnes, 1978)
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ROTATIONAL SLIDE

Schematic illustration of rotational, earth slunp.
( f rotn Rogrter., lq?8 )

-.il ft/({

Ftgure 2.L2.

TRANSLATIONAL
SLIDE

Figure 2,LL. schemati.c illustration b{ translat*onal, debris
slide( $rotn Rclrter, tq?8).



TABLE 2.11

\

FEASURES INDICATING LAI{DSIIDES OR
AREAS WITII TIIGTI LANDSLIDE POTEMTIAL

l.
FEATURE

tlunmocky, dissected
topography

Ahrupt change in slope?.

)5.

3. Scarps and cracks

4, Grahens or " s tair I t,ep "
topography

Lobate slope forntE

HillsiCe ponds

7. Hillside Eeepsr

fncongruent vegetat,ion

"Jackstrawed" treeE

Bedding planes anC j oint,s
dipping downslope

8.

IO

S IGNIFICANCE

Conurron feature in old and aetive
progressive slideE (slides witfi
many individual eomponents) . Slide
mass le prone to gullying.

May ind,icate either an old landslide
area or a change in the erosion
characteristics of underlYing
material . Portion r*i th lot* s lope
angle is generally weaker and often
has higher t*at,er content.

Definite indication of an active or
recentty active landslide- Age of
scarp can usually be estimated by the
amount of vegetation estabtished
upon it. width of cracks nay be
monitored to estinate relative rates
of movement.

Indication
Complex or
slides can
to appear

of progresEive failure.
fl€sted eerieE of rotation
also cause suff,ase sf El

stepped or tiered.
Indication of former earthflow or
solif luction area.

Local catchments or dePressions
f ormed as result of ( 4 ) above
infiltration source which can e
bate or aceelerate landslidingi -

Common in lands lide masses . Area with
high landslide potential. Can usuallv
identify by associated presence of
deneer or phreatophyte rr€getation
(cattails, eguisetun, alder, etc) in
vicinity of seep.

Patches or areas of much Younger or
very dif f erent vegetation ' e.9 . ,
alder thickets; may indicate recent
IandstiCeE or unstable grounC.

Leaning or canted t,rees on a slope -areindicators of previous episodes of
s lope movement or soi I creeP -

Potential surfece of sliCing for
trans lational s loPe rnovenent,s -

act
xarc

asi
.']
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Mk55-STAEtLtTY

A 5 fa h'shcal (orce /afrons
8. 5t'ab/r'fq Ana14vJ

/rh
2. ltmtl
3 ;E,4

i-4'r- t<ra d7, e+\W ke

4. Proha bhshc /4e thocls
C- Pheoloqtca t Sfuches
D. ta h/,1, Analqses

/. ' A cc,vtale dtacrrab f,tcl ", o{- ' s lop+ 1"o*WJ2 P<.liabte sar I ilcrp^f,bs - c,o, f,
3. Ccrrnec* def,rnrlrorzr 4!urr.o\ Loads- $.Lr^chaaqe,

-t<r,{,.J._ tdla,cli, <O,t\ l,t^ q&to Ke
4 . Cgryr*c{ ,
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A D€ f ,""ti + tc)rr\

MoEf
La ba \.n- d

F= s/t tr)
t-ula--q g= gLaa^ .sf'e.aqho ot*1 c"t"'F err*{-

f = sLea-. *|'',ca,-s rr rr rl

Pot-o f rot-r6i I s lrclr vne ,'J^$o..u .,

CF .j ltra dt,c-C^ \ c<-r,.Fc,.-E o[ E \,d tvr1 '

t^ AAA*,r ru.fCl I
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CONCLUSIONS

EXAMPTE DESIGN PROBLEII

A low bluff shoreline will be examined (Figure 25). the
nine-foot bluff face is steep and there is no fronting beach except
at Low t'ide when A gravel-covered shoreline is expoeed. At high
tide, the water is, just above the toe of the bluf,f. The bLuff
soils are Eandy-silt and the of,fshore sJ.ope is mild. The shoreline
has steadiLy receded for years as is evident by the fallen trees
alonE the shore.

FiEure 25 Exanple Design Problen Site

The olrner purchased the Land to construct a retirement home
(no structures have yet been built). lle intends to extend a dock
out to deeper water but he has no otlrer plans f,or the shoreline.
After exanining the site, he determines that no slope stability or
groundwater seepage problems exist and erosion i.s being caused by
lrave action undercutting the bluff toe (Figure 251.

Eroded Bluff
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Desicnr Parameters

Figure 27.-is a profire of the site. As shown on the fiqrure,the.water.-deptlr was measured, the depths at spring tide and th;design stillwater level were calculated (usinq tire tiae Ta.bles) andthe.'de5i9m-qave.heightwasdetertrrinedfo1iowingffifiFse;:
scribed earlier in the text. The bluff toe i; iusceptiure toerosion_d$1n9. the design storn when it is srOmergaA undef approxi-mately 3.0 feet of, watei. A prorective device mujt.ue init.iiia ioprevent further erosion
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Feylqg_ F;elpplipn

Profife and Physical Conditions at the Site

Bulkheads are applicable to low bluffs if frequent access totfie shore i.s not reErired. At rhis ;ii;; i u-u-t-tiieaa woutd notinterfere with t!. pfinnea q'se-of -{[. property and once backfilledto .tlt.. height of the existing bluff,, -th; amiunt of useable ranal'toulo De rncreased. Any of -the sheet pile bulkheads would easilymeet the deeign laye and other criteria. rt is liiely, -rrowiv6i,
that their naterial and installation costs at this sili would bisignificaltly. greater than other devices that, wouLd 

"f 
so ***l-t'[.clesigm criteria..- The post supported bulkhead using treated tirnbersheeting is weLl suitid and 'wi.rr be illustraiea--in- -th1; d;;1;;exanple. The Longard tube was not s"tected for: aesthetic reisoiJand its short lifa .expectancy when exposed to water-borne aeliii.The stacked used tire and u-sed lonci-ell pipi burxrreaas were re-jected because they did not meet trre allign-wiveliiieria.

EXIS TING OFFSHORE
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Regrading is acceptabler ds the land is undeveJ.oped, so rev€t-
r$ents atre a possibility. Little useable land would be lost in this
lase because of, the low bluff height" A rubble revetnent is a
-Likely alternative because stone iE available irr the area at a
. reasonabLE price. A tlpical design will be shown. Concrete blocks

wouLd al.so be applicable. The steps involved in desiEning concrete
bloclr and stone revetments are similar and tlrerefore w{11 not be

. repeated, _but in a reaL design, the comparative costs of stone and
concre e bloqk reveturents shbuld be developed. Stacked bags and
mats were eliminatad for acsthet,ic reasons- and because of - shortLife expectancy when exposed to water-borne debris and bonrbarftnent
!y s!'oges |nd cobbles. Gabions \rere also judged to be too Ehort-lived in this situation. Materials for fuel -barrel and concrete
slab revetnents were unavailable.

A breakwater does not provide positive protection to the bluf,f,toe. To avoid downdrift, drosion iroblerns, 
- sand uould have to be

inported f,rom a borrow area nearby-. This would require additionalelpense and wouLd still not piovide positive ioe protection.
therefore, aLL breakwaters wer-e elirnin-ated. Groins were also
rejected f,or the same reasons.

A beach fill and a perched beach were considered as possi-bilities because the off,sliore sLope is rnild. Holrever, they bo notpositively protect the bluf,f toe -ana enhanced recreiiionaf use ofshoreline w4-s no-t a high priority of the olrner. Because neither
would- -provide the needed -proteciion, they were not seleeted as

4ossible aLternatives. Slofe flattening or infiltration and drain-
Ig" controls_ we-re inappropfiate. slope- f,lattening, however, would
-e -a- Par! of the revetment design and proper groundwater drainage

would be included in alL desigFns.*

_ Vegetation, if used alone, would be ineffective. Co,rnpletionof _t!te vegetation Stabilization Site Evaluation Form (Figure 2S)yields a score of 32, which pl,aces the site just beyond ihe-accept-
able range

_ One - possible csnrbination approach wiLl be developed that
enploys devices that rtere rejected when considered alonei a gabion
revetment, a perched beach retained by a sand bag sil], and vegeta-tion. The vCgetation will provide ; buffer zo-ne to'inhibit,-waveaction against the bluff toe. The existing gravel beach will not
gupport plantings so the perched sand beac'h ind sill are provided
to encouraEE plant growth while also protecting the new plant,ings
agarnst lrave action. A recomputation of the Evaluation Form (Fig-
ufg ?8), yitlr-a perched beachbf, rnediuR sand, yields a score oi 25,vhich is in the acceptabLe range.
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Desim Exanple,Nq. 1 -, Treqted Tinrber Fulkhead (Ftqtrre 29)

.RFnEp galguration.. FIoq Tabte 4, with the desigrn wave height,
E = 4.0 feet for a vertical face

R = 2.0 H = 1.0 x 4.0 = g.0 feet
rhe desigm top of stnrcture is at the crest of tl-le bluff,, er +g
f,eet I'lLl{. The runup abeve the designr stillwater level sould be to+11.6 f,eet MLt{ (8.0t + 3.5'). The structure, therefore, will be
ovbrtopped during design conditj.ons, and a splash apron nrrst beprovided at the ctreet.

-HFE4I$-. oqfy granular backfill naterial should be uged.
The fiII must be placed and compacted around the deadmen before anv
is_pJ.aced behind ttle walr. othenrise, load would be appriea to [116ral'l without support of, ttre anchoring systen and fiiluii -couia
result.

4+fg g]99b. - A continuous filter cloth is provided behindtlre pranl<s and under ttre overtopping apron. rt, is- needed to pre-vent the backfill and natural blutf mat6rial f,rom being washed but.Additional holes in tlre watr were not 1n"1"ala- in -irie d;;ift-;;:cause the snall spacing between tlre planks will piovide iuiliEiintdrainage.

rog pfotection., 
Tg,e protection is provided to insure stabil-

- 

-- - F-Y' ev 
-..-g-E -bq--5-

|pY a9alnst scour. A filter cloth is used to prevent settle;nent oft-ha rar:lr- ttiuan s rrni{ a'^i-l^* ^c -!-r- a.? '-- ,--15 -- -' -lthe rsck. - Gj.ven- a unit weight, of stonl, w_ = 16s rG7;t3" *-a -idesigna lrave height, fi = a.0- feet; -fa6;'f#tes -B;. B-Z and B-39::igl_ Iav,g hgis{r,_ H = a.0- feer; -f'o;'ra$res -B-l,-E:; -u"f i-i
{APPENDIX 81, f,ind the required stone $eight,; w.

From Table B-1, with It '= 4.0 feet, tf = 390 pogrds.

The toe -protec-tion - is placed on an essentially .flat, surface soenter Table B-2 wittr the-flattest slope shown (1:6) to correct W.

Fron Table E-2, for a 1 on 6 slope (l:6), the correctionfactor, Kl = 0.3. Therefore,

trrt = 390 x 0.3 = I20 pounds

The range of allswabl.e stone weights is o.zsw to 1.25w with js%
greater than W, ttrerefore,

= 0.75 x
= I.25 x

120 = 90 pounds
I?0 = 150 pounds

exceed 120 pounds and
dimension is more than

no stone should
three times the

existing bluff.F1an\ina. The bulkhead witl be tied inro the



RIGINAL GROUN.O SURFACE

TIE.ROD
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QUARRYSTONE OVERTOPPING APRON

_+9.0. TULW (OESIGN CREST EL.}

+3.6'MLW MESIGN WATER LEVEU)

+t.6'MLWCONCRETE DEADMAN
ANcHoR 

Ex rs tNG
SLOPE

ffin
-+n

I

TREATE D
T IT!4BER
PLAN'KS

FILTE R CTOTH

r RE ATED TIMBER
POST

NOT ES:
#

.ffi

l. PO ST Sr;E; | 2"x | 2"x 2 4'
2. PLAilt( SIZE.' 3"rl2"xl2'
3. POSr SPACtn/6.' 6' ' fvlLW (rtP OF POST)

Figrrre 29 Treated, TiuEer Bulkhea ,

DeFicrn Exa$ple !qg, 2 - Ouarrvp+,gne 4evetme4t (Fijrure ?01

Fg.n*r.4. Flqps- , The serected stope angle iepenos on theamount of available land at the top of the bluff, tfre amount of
ryngP expected and ttre cost of nraterials. A milder angle resultsin less -rungp, snaLleri stone sizes, greater slope lengtf,, and rnoreLoss of land,. A I on 2.5 slope was's6lected.

Runup cal@. From Table 4, for a rough face structurewith ffie, -trr. runup, R = 1.0 H or +5i.1T.---;;:revetrnent must extend verticaffy 1i.'o feet above the aesign-"tiff-vrater level- There is enough lieight avairaurt a6.+ reeiy ana-nosplash apron is required.

. Use Tables B-l and, B-2.
Atlnqr Stone. Given: II = 4.0 feet

W = 390 pounds (Table B*1)
K1 = 0,8 (Table B-?) for a I on

Il 2.5 slope
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Therefore: Use W =390x0.8=310pounds.
Underlaver S.tonE. Use w/LO 

= 
30 pounds.

Ranqe of Alloltab1e Stone Weigh'Eri. The range
armor and underlayer is 0.75w to I.25w wittr 75%
weighing nore tlran W. All stones should be sized
is greater than 3 tines its least dinension"

for both the
of the stones

so that no side

Ar:nqf [.eyef. iV*** = 0.75 x 310 = 235 pounds.
1rl*:3 = 1.25 x 310 = Jgo bounds-max
75?6 must exceed 310 pounds.

Underlaver. w*in = 0-75 x 30 = 20 Pounds-Wi:: = 1. ?5 lc 30 s 40 pounds.
max

75ff iltust exceed 3q pounds.

rilFf clgt{. A properly sj.zed filter cloth will alIow water
to pass while retaining the bluff soil. When }aying the filter
clotlt,, insure continrrous coverage by overJ.apping the cloth edges at
Least 18 inches.

Tqq BrqgeCtiqn. Bury
shore design
Add an additional layer of

F.tare Protection. The
ting bank.

ARM'OR STOFIE W = 3lO tbs.

the toe (extend the slope down into
wave height below the existing bottollt.
affiror stone to $ricken the toe section.

revetment will be tied into the exis*

+ 9.O'MLVy (TOP OF STRUCTURE)T
\\sur\

UNDERLAYER
W" 3O f br.

ORIGINAL GROUND
SURFACE

\r s.6o' MLw oEsfGN sLw
\

I.6O' MLIry SPRING TIDE

FILTER CLOTH

BURY TOE 4 FEET
(ONE IYAVE I.{EIGHT)
EELOW EOTTOM FOR
SCOUR PROTECTION

Quarrystone Reve@ent.
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Table 4 Runup Heights
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oparrYstone

l{ave Height, Range: Above five feet.
Runup Characteristic: Rough slope.

Stone revetments, a proveR nethod of shoreline protection, are
durable and can be relatively inexpensive with a locaL source of
suitable armor stone. Sueh stone should be clean, hard, deRse,
durable, and f,ree of cracks and cleavages. Figrure B-3 shows a
tylpical cross section of a stone' n$b1e revetment. TabLe B-1,
which gives the .required weight of ar.mor units for a given design
lrave heiErht, was devploped fbr a L:2 bank slope and a stone unit
weight of 165 lbs/fts. If your bank slope is something other than
LzZ, find the value on Table g-2 and nrultipy the stone weiEht frsm
Table ts-l by this factor. FLatter slopes require snaller rock
sizes. Table B*3 contains a second correction factor to be appligd
when the unit weight (density) of tlre rock varies fron 165 lbs,/ft".
the tabLes contain an illustiative exanple of their use.

ARMOR 12 LAYERS }
}T'E IGHT gWI( STONE

GRADED STONE /

NO f t. Use eithcr ston6 or
filler tobriet8ofh oro
shown to it uslrsfe
their use - orrly one is
needed)

ML}Y
FILTER {IF US€D IN
PLACE OF FI UTER FAERICI

FILTER FASRIC

TOE FROT ECTION.
BURY AT LEAST
THREE FEET OR
ONE DESI GN WAVE
HEIGHT BELOW THE

(IF U$ED IN PLACE OF
EOTTOM

GRAOED STONE FILTER}

Figure B-3 $pical Quarrlrgtone Revetment

Since it is not possible to obtain quarrystones of exactly the
sene weight, one must specif,y a range of pernissible sizes. For
any given required weight, w, stones ranging from 0.75VJ to 1.25W
can be used, but at, Least 751 should weigh W or more. For example,
if 100-pound stones are required, the armor stones may range from
75 to I25 pounds, as J.ong as 751 weigh at least 100 pounds.

If graded stone filter material,is used, it generally will be
nuch finer ttran the arnor stone. An interrnediate J.ayer of stone,

FIRST UNDERLAI'ER (STONE WEIGFIT =W/ IO)

r05



betrreen the amor and filter, one-tenth as healry as the armor units
( 100,/10 . = l0 pounds in the exam_ple ) , should piovide tlre necessarytranEition to the filter materiai. -' + -

TABLE B- 1

ESTIttfATED WETGHT

OF ARMOR STONE

TABLE B-2
CORRECTION

FOR SLOPE

TABLE B-3
CORRECTION FOR

UNIT WEIGHT

WAVE E$TIMATED
HEIGHT WEIGHT

HW
(ft) (tb)

SLOPE CORRECTION
FACTOR

(ft/ft) K 
1

UNIT CORRECTION
WEIGHT FACTOR

W7

(tb/ft3) K?

0.5
1.0
1.5
?.0

3.6
4.0
4.5
5.0
5.5
6.0
6.5
7.0

I

10
20
50

2.5 tgg ,rl
S.0srnrrrrF>l OO'/' I

260
390
550
750

1 000
r 300
1650
2100

-- 3--rr-l}:1'J o.6taV1:3&
I 1:4 0.5 \*
I r:4h 0"4

1:5 0.4
1:5h O.4
1: 6 0.3

1:2
1:2\

1.0
0.9

1 45 1.7
1.5\r so

'1 5Sr::rl);;f .$

120
130
135
140

160
165
170
175
180
195
190

4.3
2.9
2,4
2.Q

1.1
1.0
0.9
0.9
0.7
0.6
0.6

EXAtvfPlE

GIVEN: The wave height (H) is 3.0 feet and the structureslope is 1 on g ( 1 verticar oR o Horizontat) ano onecubic f oot of rock weighs t S5 lbs (wr)

FIND : The reer_rred wcight of armor stone (w) from thetables (Dashed Ltne)
W = 160 lbs x 0.7 x 1.3 = 145 lbs

--
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PROBLEM NO. $ I SOIL LOSS ESTIMATES

Assume Ann Arbor, Michigan as the locale of a qonstruction
or development site. The site is 40 acres in size, howevetr,
only 20 acres wiLl be d,isturbed by grading and construction.

The foLlowing soil and topographic conditions are @ncoun-
tered at the site:

disturbed area undisturbed area

ave" Slope length, ft
ave, slope gradient n t
soil type
vegetation factor

Success ive
Time Units-hrs

400
6

Miami si lt loam
1.0

Proportion of
Tqt4l . FrqFlp: q

24
14.5
10.9
I
6
5
4

00
10

(X:F 0.37)
0.12

QUESTION #f - Compute the total, annual Eoil tross from the site
in the abeence of any soil erosion control mea-
sures. Give answer in both tons and cubic fL.
of soiL. t e

AEsune the eonstruction period lasts LZ months during which
time the disturbed areaa lie fallow and exposed for 3 months.
Seed, ferti.lizer, and stralr mulch are then applied. the vegeta-
tion establishnent period lasts another 3 nonths.during which
the representative vegetation (or C-factor) value is 0.4. The
vegetation f,actor for the balance of the construction period
is 0. 2.

In addition to seeding and muJ.ching, a snall. sediment basin
is also constructed at the site with a total capacity of ,137
acre-ft. The relationship between trap efficiency and capacity/
infLow ratio is shown in FiEure 1. The basin receives sediment
from only 708 of the construction area.

Storm runof,f or inflow to the basin can be estirnated f,rompreeipitatj.on data for the area. Assurne the worst eonditions
occur during the winter-spring. A typical, hourly rainfalL
distributlon for a S-year freguency rain is shown in the tablebelow. The tabulat rates of hourly rain-faLl in terns of percent of 24 hour :rainfaLL. Figure 2-givestotal 24-hour precipitation as a function of storrn frequency.

I (max)
2
3
4

5
6
7



-2-

rn southeast Michigan the average value of infirtration
eapacity is 0.1 inrlhr in winter-spring. The retentlon is
appr?xlTately 0.10 in. (rn sumnei the values change to 0.4
and 0.15 respectively). Assume the effective draiiage areaat the construction site is 50 acres.

QUEsrroN *2 - Estimate the total soil loss from the si.te with
the erosion control system and the percent ef-
fectiveness of the control system (for the dis-
turbed area only). Note: If you are unable to
calculate the runoff from the precipitation data,
use a rule*of,-thunb estimate of, 0.1 acre ft,/acreof drainage area.

AUf,STION # 3

What will be the ratio of
sites in Ann Arbor vthich
tions. Assume both have

site No. I
soilr

site:

Uee Lha Wit'(h fi€,rr

soi I los se s at two con st'ruct ion
following site and soil condi*
areas. .

site No. 2

-

soil:

annual
have the
the sarne

sand
rnm)

sand

o
( 40% silt + very f ine
l+W" sand (0.1 to 2'0
t 4% organic rnatter

(65% silt + very fine
{ 5% sand (0.I to 2.O
( 3% organic matter

f completely di stu rbed
( 600' av€, slope length
I rof ave. slope gradient

site: ( weeds & witd grass cover
t l0oo' av€. sloPe length
( 8/o ave - sloPe gradient

|e sc1 *r( +/k;:) F*bl ewr,- 
"noruoqto Pt-,
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Sornpte-
Co,lc'l letions

I

80
Yamhi I I
45000'

I 23030'

&Y3fqqF F, fqglgr, E]'qwI!S

tffectf va f,a,nopy Cover Per.cent
fiffectfve Canopy Height feet
Root Heturcr'k Percent

Aver"age Transect Data

Present

$Yql:q,qg-9!rtfef qa,ta

Percent Sl ope to Channel
Slope length to channal
Future Sl opa length/channel

42
200
?20

P.llesgnt Futur,gT -o-44
70 9l

Future

5.0
3.7

34
t33
9.7

5,3
3.0

30
55

8.3

3.0
3.7

34
107
6.7

2.5
?.0

5

30
5"5

3.5
3.0

30
20

5,5

3.0
2.A

5
40

5.0

lI

78.0

-
79.0

Un- ;

dist. I

*1' t
-

Bl .3

2.2-l Prese'nt Conditlons

nuassampledandthedatarecor.ded(display3.3.lit rt
Recorded elements are totaled and averaged. Slope and length of sater travel
are properly weighted to reflect the area in various dfsturbance$, The buffer
data pertains to the distance and slopa betr*een a given disturbance and the

f'.' ", u sDA Sc-$, h.lert Te,:h,aYr^ ?ji+hnd.

sHFFT.R. ILI. FROSIOil$ Afl-IM

SEDIffiFT'{T YIFLN OTd DISTURBM

WESTFR,fl\T FOREST A${D WOONLANilS

Display 3.3-I
Transect

Highlead Logging Data

Locatlon and Size

f,cres
fiounty
Lat. lf
Long. W

Transect
El ernents

f, Bare Grsund
% Protected Ground
% Slope
SIope Length
% Area

Log I Road I Fi re I Un-
paths I Land lTrail I dist,



t(f, functloning channel. These elernents are used to devalop a simple sedimsnt
delivery ritio. The cover factors are averaged and recorded'

In the example used for this discussion ?2 percent of the transect-paces
fell on log-paths, Foads, or" fire trails. All otierr hits ware on forest
duff. Elemehts are recorded in a.simp'le way. Display 3.3-l .

Percent Slope and Length Feet

l. The percent at'ea based on transect hits for each disturtance class is
recoided in disptay 3,3-1. For log paths th{i is 5+ 3.7 = t.] Percent.

2. Bare ground in this example is 5 + 3.0 + 5.3 = 13.3 or 13 peltent.

3. Heigtrted averages of percent slope and lengths are developed for each
distultance class

Heighted s Slope = f(s+)(8.2)+(s)(5.0)+(30)(8.3) tlI?, = 2s perceni

lteishted Slspe Length feer 't(lgs)(8.7)+(40)(5.0)+(55)(8.3ltltZ " 82 ft.
LS Factor - The slopa length factor is provided in table fonnat, tables 3"24,
ffi-38 or figurbs 3.1:6 & 3.1-7.

For the exanple, d'isplay 3"3-1, tJre present llgpg gltd length were calculated
lo be 25-and'82'respbct-ively. Using'figure 3.1-5 the area for the sample

is located in the Xbric moiiture relime-and I'lesic and Thernic tgnPerature_
zone reouirinq the use of table 3.215 for tjre estimate of LS' .The LS factor
;;''ililile'fi Ue-*.t. Enter the lS into the erosion computation (see
pages I and 9.

GOvEr: Facto,f (C)

Type I effect - figure 3.I-l percent pr.otected_ground-for th.1,lfrole operation
is 100 legs the paiient bare brounA. hnter bottom of figure with 100-13 = 87

and read 0.08.

L

Type I I effect .D f i gure 3. I -2. The TVPg I I
fiit energy intercepted by the canopy (REc)
ground min,us I '

{Type II = l-1nrc)(X Br. G".} l

lt Per.cent canopy cover is 60 percent. Enter figure.at bo.t!?ttt t*ith 60.

and read f;;- i nreter line'42 percent on right side-of figure- .Enter
0.42, ttre gioss'reauition in enlrgy by the cinopy (Rtc), in eqr:at{on'

effect is the Pl'oduce of rtin-
and the decimal Percent bare



2t Percent bare ground is thirteen hundredths and entered into the
equation.

TYPe II = {l-(0.42)(0.13} 1= s.95

Type III effect - figure 3.1-3. Since this is a fsrest floor the forest
duff curve is used. The root netuork was estimated in 70 percent. Enter
with 70 at bottorn of figure and read 0.I3. Enter 0.I3 into the equation.

The C factor is the produc! of Types I, II, and III effects. (See graphic
descriptiondisplay3.3-4.}C=(0.08(0.95)(o.t3)=0.0.|.

Additional c factors ara available for consideration in tabte 3.e-1 "

I Fagtor - The erodibility of the soil is taken from soil suryey information,
developed by the soil scientist on the project, or estimated using tahle
3.2-2. Th'is table requires the use of a wetting bottle and the procedure
outlined on display 3.3-2. For the example, use a K of 0.32.

R Fqcto!'- l{here no R value charts are available, use the procedures outlined
ffi-Tedfifrical Hotg, conservation Agronony Ho. gz,-a.teo seplenrber l9l4
(Rev. I'hrch 1975), to compute the-total-R factoi (Rr). Fbr our example
tbe R factor sas taken from a map provided by the 0*e9on State Consei.yationist,
Soil Csnservation Servicen figurl 3.1*4. Thi) R of 47-was entered into the
Erosion Computation, page 14. 

- It should be noted that if snonrnelt adds to
tie water available f,or erosive activity, a snownelt Rs must be added
to the R to form a total RT.

For forested'landg there are few areas where & is a problern. These ar^e
isolated on those sites where concrete frgst dBvelops'sr other factsrs

prevent the nelt uaters fron percolating into the soil. t'there this does
occtll it is sugEested that the R1 be wiigtrted for the site in proportion
to its occurence, or erosion and sediment calculations be kept sbpar.ate.

The procedur? f0r developing EI factors for individual storms is presented
in the Appendix. A sarnple of the procedure is shown in display r,3-r.
Erosion Estimate

Rate Per Acre

A = RT KLSC

t47) (0. 32) (+.1 ) (o.ot )

0.6? tons I acre/year

For the 80-Acre Hi gtrl ead Operati on

A * (0.62'l(AO1

s 49.6 tons/year I
-B-



$edjtr.qn! Y! ql q--Fstiil'aqe. lrlhere:

L !r Slope length of
buffer" stt'ip to
channel .

5 z percent sl ope of
the buffer stri P "

,(

The sedinnnt yield estimated by this procedure takes the materlal
;;iy-;i tir ui i iunctionlng l-nannet.' Routing sediment through the

ii"lam system-ii noi ionilOired. It should also be noted thtt
permanenl roaO,-siit'e,-gutly, streatnbtn!' ?$ channel sedimants

il;i bi added where nece3sary to complete the sedimant picture'

= I itzoo t @*(4) (42tr l

= 0.08

Estimated Sediment Yie'l d B (0- 6?I(0'08)

= 0.05 tons/acre/year

Sedin€nt Yield for Highlead 0peration

= (0.05) (80)

:E 4.0 tons/year

L
?.2-? Future Conditions

tC({, Seven elements witj,rin the computation pnocess allo* for anticipated. change.

These are in order of their appearance'in the usLE: K, L, S' C. .The
thl.ee 

"errining-J"e 
the'totai'Lines of disturbance typen percent b1.9,,

ground wii6ln ir," atsto"ued=ureu, and the changes expected in the buffer
widths.

The following elemnts in the exanple are adiusted for the nan estimate:

Bareground: reduced frrrm 13 to 9 percent by improved management- .

Rootnet: increased fron 70 to 9l percent by new plant growth

Slope Lengtht all changes are due to improved management..

Lsgpaths frorn 133 to 107 feet - a better highlead setting

Road and Landings from 40 to 30 feet - increased drainage

Fire tr.ails from 55 to 20 feet - by increasing waterbars

Percent Slope-: No change anticipated-

Buffen: a ?Z0-fost wide strip is set.to assure there would be litt'le or
fr5'3'Eil'iment yield.

Introducing these changes then will glye a ileu estimate of the erosion and

sedirnent yield for this example as follows:

Sedirnent detivery ratio = I ..]L/GO*(4)(B t$

Ls
-9-
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Table 3.2-Z
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GUTDE rOA ESTIHATIHC ERODIBITITY (K) VATUES

Q
F'%

t

fl

So11 Surface P ernaeb 11 I r

It Gravally, channcry, ahaly, aiaty, chcrry, cobblyr 01' flaggy {i""",
ilrili"" lertursa are nornally ieduccd Lne or .i: ctaEsel-i"'"*-il

el .e, GX,ay;8X, Sl.Lt; S., Ssnd; I, loerr; vf, ycry f,!.ar; f,, flac

REFERE!|CE: So11 Gsnganretlon Senrice, 1969, Hydrologlc Sroup K lrd T PectorE of
Serdec llavLng !5rpc Locatlona ls tha South Regl:ll Souttr Begloaal
Technlcgl Servlce Gentern Fort lforth, Tesa-

' 
i.f" r19-

fexture A/ Very
SIorr

S lotr Hod" Slowr lHod-Hodersts I TeEy- Reptd

&l
c, e{gn Be g,37 0,32 o.28 o.C4

acl, Bt Gl, cl

Bllr I, vf,sl

o. 43 o. 3.7 o. 32 0.29

0.49 0. 43 o:3? 0.3 3

fsl, al o.37 o. 32 0" 24 0.20
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Figure.3-l-6- lpp!fcaute to ail soir Ftoisture - soll renoerature
Reglnes except A-3, and A-l ln Hlt, 0R, 

'and'ID.

$L0PE-EFFECT 0HART (Topograplri c iactor, Ls)"

10.0

t0

6,0

{r0

Slope Lengh (Feet)
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OBTAINING PLANTS AND TIANDLING OF

PLANT MATERIALS

andrew T. Leiser
Department of Environmental Horticulture

University of Callfornia, Davls , California

INTRODUCTION

Durlng tbe planning step for a revegetation proJeet the choice
of the pLant species will have been made on the basls of the lnfor-
matiou obtained ia the slte analysis and on the various Llmiting
componeats of tbe total proJect: biologj.cal, environnental' physical
and economic.

Tbe procurement and handling of plant materlale is of para-
mount importance to a successfuL revegetation proJect. Plants ane

llvtng tbings and must be grown and handled properly i.f success is
to be obtalned. Many fallures are due to ttre poor quaLity of pLanting

natertal and to i.mproper handllng during shipping, storage or holdlng
period and on the planting slte. .

' Tbe procurement of tbe proper plants, properly grown, of tbe
proper slze, coadltlon (e.g. aCelimatized or "hardened off")' of
good vigor, ln sufficient quantity, and at tbe proper tlme for the
planting project 1s one of the most difficult aspects of tbe re-
vegetatlon project. There are a nrrmber of reasons this is true.
lilany of the plaat species desired may not be avallable froo
eOmmercial or governmental nurserie$. Available plants may not
bave been propagated fron seeds or vegetatlve materials collected
from climatic areas slmilar to that of the proiect. Thls is
especially true of those species which grow over wlde geographic

areas. Of the total plant spectrum grown in nurseries, relativeLy
few species are g:rown in deep ttrbes which are often nost sultable
for pLantings under difficult site conditions, Natlve plants'
especialLy shrubby species, are of,ten lmpossible to obtain because

the commerclal nurseries grow prinarily for ornamental use - the

urban narket. Nurserymen bave had relatlvely little experlence
growing many of the native plants beeause of lack of demand. The

-1-



quantities of nati.ve and lntroduced plants needed may be insufficj-ent
even if tbe speeies are grown. Interstate plant quarantines may

restrlct shipmerlt f rom nurseries where the plants are available, g.€,.
oak, spesles may not be noved from tbe midwest to California.

The procurement process, therefore, of,ten must be started at
an early stage'in the project. Seed or cuttings may have to be

obtained. Contract growlng often must be amanged in advanqe and

tbe soil Bix, container slze, and plant size and quality must be

speclf,ied. $uch contracts may have to be made as long as 18 to 24

nonths bef,ore planned plaating dates.

Some explanations of tbese probLems and suggestions f,or
solving tbem wiLl be suggested in this paper.

PROCUREMENT AND PLANT SELECTION

Importance of Ecotypes or Provenances

Tbe existence of, ecotypes or provetranee (souree) variation
for many speeles ls not known. Most studies of plants wlth a

wide geographlcal range (altttudinal, latltudinal, cllmatlc) have

shown wide differenees in response annong plants collected through-
out the range to a variety of, eavLronmental- factors: heat, eo1d,

drought, sol.ls, and floodiug tolerance.

Co{nus stolonifera, red-osier or American dogwood is a riparian
speci.es ranglng j.n the lfest from Alaska to California to Newfoundland

south to Vi.rginia, Kentucky and Nebraska ln the East and Mid*we,st.
Extensive studies on this species indleate large differences in
bardiness. Some of the differencee atre due to latitudinal dlstri-
buti.on. $ome are due to clinatic dlfferences as in the case of
collecti.ons from Western Washington and Minnesota which are about the
same latitude. In the latter case, absolute hardlnees in nid-winter
was similar but the Washington eollection did not attaJ.n thls degree

of hardiness until mucb later in the Eeason.

ACer rubrum, red or swagp rnaple, another riparian speeies'
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t is found from Newfoundland south to .FLorida and west to Mi.nneEota

to Texas. ColLections f,rom many parts of its range leere grown in
teets conducted slmultaneously in several states wlth e wide range
ln cl.imate, Large differeoces were sborrn Ln grow"th rater fa11
color and hardiness. Differences ln hardi.Ress \f,ere sometimes due

to plants growing too late in the faLl or breaklng doruancy too
early in the spring.

Acer EacropFyXluu is a West Coast, soroetiues riparian species.
Col.leetions f,rom a wlde range of California habitatsr when grown

at Davi.s ln the Sacra^nento VaIX.ey 1 exhlbited Large dif ferences in
growth rates and tol.erarces to sunner heat and winds. Tbe best
seleetion for Davis conditlons were from a dry, Southern Cal-ifornia
location at about a S'OOO foot elevation.

FfpflllllF pe,a.nEy11a9+cp is cousidered by older botanj.sts to
constst of two varieties, F. pennqylvaniqa, red ash, on upland
sltes and F. peqqFy]van+qa vatr. }anceql-ata, green ash. The total
Species ranges from Cape Breton Island and Nova Scotia west to
Alberta and Montana.and south to Central Texas and Nortbern FLorlda.
Provenance etudies show pronounced ecotypic dlfferences i.n moisture
and low temperature tol,erances. The varietas, F. pqBn$y1v4llic4 var.
lanc.eoLpta bas'gJ.abrous rather than pubescent petloles and seems

to inhabj.t more riparian babj.tats. This varj.etas or type &ppears

to have a wider tolerance to wet soils. More studies are
warranted of possible ecotypes of this flood*tolerant species.

Studies on Sqculplqq cpni4ldulepsis, rtver red-gum in IsraeL
and elsewhere have shown large differences in tolerance to soiLs
and available water among ecotypes. This species 1s fLood tolerant
but our studies were not of sufficient scope to permit testing of
ecotypes f,or flood tolerance.

SimiLar studies have not been made as far as I know on

QuergUs 'lqbat,a, vatLey oak. Thj.s species has a wide geographlc

range from Northern to Soutbern Cali.f,ornia and sltes range from

dry foothllls to riparlan where annual flooding occurs in winter
-3-



aud spring. It is very probable that ecotypic variatj-oas occur
withLn tbj.s species. Many of our losses of the species wheu

urbanization occurs seem to be due to Lack or water rather than
too much water.

The best rule to follow with native plants is, when

infornation on eeotypes is not known, use seeds of otber propa-
gatlon naterial froa as near slte conditions as posslble. When

studles have sbown ecotypic dlffereaces, use seed sources ehown

to most closely fit eLte conditlons. This may require the contractor
to produee proof of orlgln of the propagatlon naterials.

Tlni.ng: Timlng of plant productiou and of plaotlng season

is crltieal, For nost sites there w111 be a tine or times wben

plantlngs w111 be nost successful.. Drought, cold (including time
of saow melt), season of flooding, annual seasonal varj"atlons
and the choice of deciduous and bare-root plants vs. containerized
plants all affect the cboi.ce of planting time, soaetl.mes called
the "plantlng wl.ndow". Tbis "planting wiRdow" is the time or
tfunes wben conditions are best suited for plant establlshnent.
Tbis timlng affeets both the growing schedule and the planting
contract epecifLcatj.ons. Timing should be such that plants are
of optimun slze and top: root rati.o, and eondition for plantlng;
during tbe "pLantLng window". The decision must be made on 4
site-to-site basis,

Advance Planning: A large advaneed lead time is required
for specles not readily avaiLable. Seed of some speeies are
available frorn seed dealers but others may hav.e to be collected,
Many species do not set a reliable seed crop every year. Thls 15

an important factor in plant selectlon as well as in obtainlng seed

from the most desirable ecotypes,

Fal1 Versus Spring Planting: Fal1 plantings may be preferred
1n areas'with late growing seasons, winter rains and summer drought.
Tbis aLlows a longer period of establishment bef,ore late spring when

floodlng or drought occur. However, bare-root pLants may not be
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availabl.e until late fall or evea mid winter. Late fal1 plantings
m&y not be deslrable where late faLL droughts occurr of where

frost heaving ls severe before nerr root growth occurs'

Spring planting dates are usually required for bare-root
stock, wbere sites are subJect to late ta1l and wlnter frost heaving
problerns, or where flooding occurs ln late fall to early spring.
$prlng planting shouLd be scbeduLed as early as sLte conditions
pernlt. Sunner plautings Ehould be avoided unLess adequate

ralnfall or supplemental irrj.gatlon is assured.

Types of Plant Materials

Direct "sti.eking" of unrooted cuttings of easy-to*root native
or lntroduced species is often successful and is one of the nost
economj.cal methode of, plant eetablish&ent.

Direct seeding of, woody specles may be successful if proper
care Ls used ln selection of species, preparing planting "spots",
and plantlng. Direct seedlng is more economical than transplanting.(Chair, g! aI ) .

Bare root transplants are succesbtul for many species. The

"planti.ng wlndow" is more restricted aod survival- may be lower
tban for transplantlng container-grown stock,

"Tub1lngs", plants girown in relatively small and deep corr-
talners, bave proven very usefuL on difficult sites. Root-top
ratios are favorable when properly gronn. Boots are deep to allow
maximun use of linited water supplies and root disturbance at
plantlng time is minimal. Tree species used j.n reforestation
and some Euealpptu.F may be readily availabLe but shrub species
are frequentLy not available unless grown under contr4ct.

Plants in gallon or larger cans are often available for
species in regular comnerctal produetlon but are limited in
variety of species best suited for revegetatj.on projects. Pl.ants
in larger containers increase the cost for pufchase and ptranting
substanti.ally. Survival is frequentJ.y reduced because of limited
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root systems ln relation to si.ze of the tops of the plants.

Growf.ng Quality Tubling or Other Container Plants

Boots of, contalnel-glown plants should be well developed,
adequateLy filling the eoil mass so that |t holds together when

renOved from tbe contaj.ner but not so overgrown aS to be "pot-
boundtt.

A corunon fault of cOntalner-grown stock |s the presense

of kinked or g!.rdling roots. These poor root systems result
from Xloor transplauting of seedllngs or rooted cuttings and from

fEl.lUre to r€nove clrcling roots when shifting pLants to larger
coutainera, Such roots have been sb6wn to reduce growth and

sonetlnes ultj.mate survival because of glrdling of the crown

or lose due to wind throw, (Ilarris, g! gI).

Tine does not permit a detaj.led descriptlon of tbe topic.
It J.s covered quite thoroughly in the references listed f,or Harris, el 3I
Baker el Al. and Tinqs. Many deslgns and si.zes of glowing tubes

are available. Many are designed to mlnintge or elimlnate kiaked
and girdling roots.

SolLs or growing media must be well*drained beqause, ltt
sontainers a perched uater table exists after Xrrigation. Plants
stroul.d be of good vigor and nutrient status.

Ilardening-off and Holding Plants

Plartts shouLd be adequately "hardened-otf " and "acclirnatized".
This is particuLarly cfitical when the environment of the growing

nursery ls dlfferent from the planting site. Tbis can often be

done by moving; the plants near tbe site as long as possibLe before

plantlng tine, of,r with bare-root materlals, holdlng under

refrlgeration until plantlng tlme when the plantlng season starts
late in .the spring at the site than in the nursery '

During the holding period and shen noved on site, plants
nust be carefulLy watered and refertilized 1f necessary. Plants

-6-
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must be thoroughly watered inmediately prior to p1,anti.ng. On hot
sites plaats may need to be partlally shaded to prevent overheatlng
of root systems and should be removed from such protection only as

the work progresses and plaoted lurediately. Lethal ternperatures
can occur in dark colored eontainers in a few houre under hot,
sunny conditions.

Planting

Plaats sbould be renoved from containers at planting ti.ne
unless tbe contalners are biodegradeable, BiodegradeabLe contai.ners
shouLd be "shouldered off" to prevent drytng of tbe root eystem
tbrough t'wicklngrt actj.on. These should also be renoved if roots
have not penetrated tbe container sufficiently to have intinate
contact with the site soi1s"

Clreling roots on tbe outside of'tbe root ball must be

renoved at pLaat:isg time.

Plants should be planted pronptly as holes are dug to miaimize
drying of the bold and backfill soLl. The backfill shouLd be

thoroughly tamped to obtaln intimate contact with the plant roots.

Handling Live Brush and Cuttings

Ltve brugh and sutt ings have been severe
systems. Careful handltng to prevent drying
may be stored in the adjacent lake or stream
and kept rnoist if not stored ln water. No nno

be cut than can be planted within one or two

be exposed during the planting process as sho

Like contalner plants they should be moved on

progresses if hot or dry condit ions exist .
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Pl.ants e'd plant materlar.s are liviag organisms and nust
be treated as sueh. Tbey nay need to be fed (fertilized) and
Bust never suffer drought or otber undue stress. The success
or fallure of any revegetation project r Do trs,tter bow well
planned, depends on the proper selectlon, trlroduction, ear€, and
handlhg of tbe plaat nateriars at each step of, the project.
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Landslide Analysis Concepts for Management of
O forest Lands on Residual and Colluvial Soils

ftODNCY W" PBEN;LWITZ; TEARY R" HOVltAnD, Afil0 l,V. DALE WIL$ON

A fcrsft tond ilsregGfiictrt rnatyrh scfirrm ir ditqlcred for dtrlilg with len&
stldog tftrt ocrur $n rcddpd end cEl,Nuuial :oiNr. No onl gnotechnicel or ststirti.
cet aredsl cao be GnFq{tcd to apgly tB afl lgrelr of frnd msnaggoEnt tuherc aR

arEcsrmcnt o the po'.turtid tor fqnddid; ir ritaf to e ratbnd deciriortmaking
proceDr' Ttrr U,$. Depnnment oil Agricrdturo Fotcrt $erviee in coopwatisn with
ttrc Unlrsr.sity of fddlo b derelopilrg a rcheme for eralusting roil-rmantfo fand.
ilid! pEtentid to,groridr infornatlcil st thrcr lcuolr af land m.nag€ment re
tiririel; tal re*auru plswring; i.c-, rclatiye landslide haaard evaluetion for to.
rorrr*i dlocrtion; {b} proiast pleaning; L6,n evahration of meRagrnent impaqtr
for mmFsing alternano transpr otion routet and titnb€t hartest techaiqger;
and {cl road dorign end fanddidt stabilieation: i.a, cvaluation d ahernate rosd
stabitiEation urfunlqrcr at r spocilic critical itc. Both gcotechnical and Sa.
tfutiaaf *nalyEir t*+finiqgor irc idrosatd ro thst th; information can be in gGo+

tcdlnical form {fEgtwnf rrtcty Emin* failurc'or critical height of rlope} or in
3rrtis,ticil-l form brobsbility af lsnddidt occurrsncal wittr fnndrfids inusntoder
urcd ar a link bstreon tfrc two. A hypothetical erarnple of thc threc'levd
aoalysir b giritn

Uarry forest lands ln thE tTeat' parttcularly thoee on
resl.dual and colrluvial Eoilsl iirG elaEstfted ts uln-
stablc ard' harrs s htgh potentlal for masa fai,lure.
Tinber-hsfoesttng operationsr Eoad eonetruetion, and
other a€soufc€*snanagernent act,ivitles ln ttrese areas
cAn acselerate mass eroe lon and eause signif icant
degradatlon of sater quali$ un[eEs earefully
ptrnned rnd erceeuted. Successful management of
theee lards rreqgirce developnent of a spectallzed
body c.f knouJ.edqe to guantify and trnteErate thosa
eLte f,acEe"ra that influerrcc stope stabil.lty. $tte
factors that regulre spcclal attentlon are slope,
sstl dePthr €oil ehear etrength, seasonal grsunri
rater t'evele, and the strength derlved from v€g€t6r
tlon (effegtlve toot str€ngthl. Geoteehnlcal char-
aeteriaatlon of these slte faetore can then be the
basls for r landslide hazard analysls taLlored to a
sSrceific manaE€ment decision lerrel.

URT{AGET{ENT @F{PI.TI(ITY

The Brtnaqanent of lands thet lrave a hlgh potentlal
for landsllde lE tnherently compl.err not only ba-
eause of the nature of the interaetthg natural Pfo-
eesses and nanaEament *tlvltieg but aleo beeause of
the numbef of p€rsona of vari.ed dlsclpl.inee ttho must
Ilosscss rt Oegt,ee of understandi'rrg of the slope fail-
ure p{ae€ssen and b€ able to contrlbute to the total,
stablllzatltrn ef fort. Conetderablc overlaP and
tnteractlon bettreen members of key dlsclPlfnes must
b€ coordinated.

tdenbere of diff,erent dtscipllnes muet deal wlth
probl.erae of elape stabl,llty at several levels of
lntensity. Sor erauqflen the resouree planner nust
reqoEnlse high*haeard arcasr but only on a general
seale- The road locator needs to reeognlae poten-
tlally un,qtable ar€aa along proposed routes and to
asoid the problen through adjustment in alfgnnrent.
fhe eniiXneer muet be able to uge soll neehanics in
the stability analysls of remedlal measur€s beforer

- durlrqr and after coostructlon to prevent of, eorrect
specific road cut oE fill slope failures.

FAILTINE il.OD}I

Consl,stent with Varnes (Il , landslldee may be
grouped into ttlo broad categorlee, dependlng on the
tlee of sllde mass rnateri.al-=eittrer sotl (detrrls or
earthl or bedroct- Thls Eroupinq enables orderly

selectlon of stabllttY enaly ls
data reqrrl,red" Thc concePt ehou
bedros'k }andslldes rrlth the
slope analysle teshni,qlues and
evetr, thie dlecuaslsn ls dlr
uhere the fallure ls conflned to
marlly of eslluvts1 ot resldual o

The ueual settlng for thts t
relativelY trooser cohesionlese
orrerlles a lcse Pcrmeable bed
maset. An exceptlon to thiE ls
bedrock or re$i.dua1 soll r€or tho
lfeg a less altered bedro€k at
thesq conditl,one ean result tn e

can b€ anal,Yzed ln the sarn€

with the undertrYlng r lese Perme
' a dratnage barrier for t'hc norm4
of ground wat,er that, oriqinates
rnelt r or both" Grou'nd water le
drainage barrler andr if sufflc
ava[Ia,ble, the soil nantla d
perched water table wtth seePag
barrier. ThE dralneEe barrler
(water tablel , and ground su:rfdc
or nearly so. SeePage of thls f
stdered to b€ of the lnfl'ni.te el
thle patatlellsn.

Fallure of the entlre Eotl ma

rally due to htE'her-than*nognel
tratlone that result from unusua
snorpnelt. Fallure also nay r€
whleh destroy$ vegetation and
ef,f eete of evapotransPlratlon
Fallure nore of ten ocsutrti thr
acti,vftleg such as tinber hErve
t lonr whl,ch ln sonie manner
eor-rc€ntrattonr' destroy root stre
natural paral,lellsn of the Er
attc surface ln relatlon to ths d!

Fallures arq of ten corf tned
becauEe tho underlying matertal
strength and the crltleal faLl.ur
at the maxlmum dePth o-f fhe
(tanEent to the contact with
The fallure susfacE nay b€ cireu'tional tn shaper dePendlng
transl,ational falluree may begln
arc and progtress lnto a tranel
serles of elrcular atre falluree
nantle ls nobilized.

IDEATIEED LAlfDSf,fDE EVALIJATIO!$

A cornple'te systero of landEllde
needed that beEins earl-Y ln th
phas-e, follows through l,nto ProJ
provldes lnformation back to t
inprove f uture hazard analYses.
b€ structured on a com$fion sche
lnto elther soil-mantle landsli
rock landallde analYses and use
ysts teehntqpes and data. fn e
plete system shoufd be etructur
analysls form that iE eimPlls
plannlrrg phase and reguiree Pr

I
source lnventorY data and mor€ eonrplex and
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ult from *i.ldf lrer
s the beneflctal

nd root atrength.
h land nan$qement
and road conetr!(!*

r@aBG ground wats,f
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gurfaee or Phre-
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resource plannlng
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Table l. ldoaliead analyrir 3ystom.

Translrcrtatlon Researeh Reeord 919'

Item Level l, Rcsource Allocation Levcl 2, Project Planning Lcaret 3, Critical Site I
Base map

I

Stability analysis

Drta display

Requir*d drta

Prime ugs

Landslide hazard map on t€source inventory
scale; l:24,000; I in. - 2,000 ft

Infinitc slope equation requires values for
geotechnical variablcs and thcir inhercnt
vatiance

Rcsourq€ irventory mep ovcrlsy of faetor
of safety against failure or probability of
land3lide oc€urrsnco

Available forcct resour€e inventory datan
rslusi for geotechnical vrriablcs and vafi-
taca through brond ch ,aracterizatisn of
fsrcst hnd forrrg, veriablea and analyuis
msdcl testtd rrrd rellnd through ssco€i'
atioa sith land*lidc inventorf and sub-
rcqucnt cratuation in levels 2 rnd 3

To detineete areag cusceptiblc to landslides
on broad scalc to alert land rnaneger to
land unitE where haeard intensity is. great'
cst; through statiotical correlation to land-
didE inventory, to predict numbet and
magniilde of landslides ac a renrlt of ts-
source developrnent

Project map of larger scale; I in. = 500 ft

Combination of infinite slope analysis from
level I but used to model effccts sf tree
removal and critical height analysis of
rnticipated road cut and fill slopes

Same as level I but for more localired proi'
jcct arca that has potentially unstable lo'
ceti,ons of road cut and fill slopes shown
oa propo$d route

[*rsl I data, data from timber and route
rcrcnnais$an€e to delineatc local areas

within project rvhere failurcs are most
likcly

To arscss severity of instability more ac-
orrately as local islands of instability are
predicted through reconnaissance; to make
decisions to limit development or to con-
tinue tolevql 3 analysis based on improred
agsessment of probable failure magnitude
and intensity; to better evaluate transpor-
portation planning, tirnber harrest tech'
niques, rnd route locations for Project so-

criiical sites can be isolated along selected
routeg where level 3 analysis will have most
bcncfit

Critical site map oR eren larger rcalel I in' = 20
ftto t in.= l00ft

Critical failure path analysis b'y computer Pro-
Sfern with search routi,ne for circular alc' trans-
iarion failures, or both; antlcipa'ted drainnd
phreatic zurfaces genciated through cornputer
analysis to prcdict effects of road with and
without various stabiliz ation techniqtles on
in fini te *lop e'rG cha r g ad p h re-at ic su rf a c e {-1'1 I

Cross-sections of cririeal site rosditions with
proposed mad and alternate stabilie*tisn tesh-
nigucs srperimPqsed

Surfacs and subsrrface citical site date; $rb-
srrfsce data from geophysical methods rnd
drilling if seYerity sarrir$t$ soils and ground
satgr hydrologlc datr fnrm seil satnplint asd

tding *nd ground watcr ruoaitoring

To sctect and desigrr road ttabilieation mes-
sur€$ through rsl ative rtabilitygrobability of
failure cost anclysis of fsasible alternatives

rc$ttreE npfe exact data only ts the lntended ulte
dcrnands greatcr acquracyo

For sol,l-nanttrc landlsl'fde anaf,ysls the ldeal syg-
ten ahsuld! be ttructured to 

.

l. Froulde landsllde harard evaluatlon to gulde
nanagemcnt deCislons oR unetable lands at tftree cru-
clal phasesl ragourcG E!.locatlonr ProJeet Flannlnq'
and road -deslgni

2. tnclude 8oi11 vag'Qtatl.onr sloper and Eround
nat€r hydrolcgle vartables together wlth. thelr In-
herent natural varlalrce ln a Ecotechntcal analYsls
tfactor of aafe$ sgalnst fall.ure or cri'tlcal helght
of elope! ; 6 statlstlcal analysl (probabillty of
landall'de ocsurtsnccl r or bot'hl

3. BsEtn nlth a slnrpllf tad analye le that EG-
gu{rea prlnirrtly anallabla rasource lnventor,y data
ard progrcssas lnts lmre eoilrplerr a1ralyues that, F€-
qrlre nore exact data (the selgctlon ef technlqpe
ehould be coffittonssrate wlth the level. of nanag€nent
declal$nr thusr thc user at any leval la faeed only
slth the codplextty ard need for data reqrrlred at
that level) t and

nolOgy. The progran recently de'treloped b'y Siusner
Ll, ard tfard (-4t for tsappirrg ltotenttal landsll'des ls
based on an Gf tnttE e lope enalysls and lrmludae'
both faetor of aafety sgainst f,allure and probabll-
tty of landsllde occutrrence optLonE fsr a leusl X

analysls. $tabllity numbig Eharts thaL hatre selepaga
correction factors sre being developed for lnflnlte
slope seepage condlt,lons (gl and eonverted . to con-
puter programs for the crltical helght analysis of
tl4pical rosd eut and fi$ slopes ln a level 2 analy-
sis. til.unerou5 programs are avsilable and in us€ bfi
geoteehnlcal sPEci,allebs ln stabiliEy analysig for
the eorrsgtlon of e*i,stlng landslldee thEt have
elther elreular arc and translattonal fal]ure suf*
faeee. The nost wldely ueed n€thoda of sllleas
(prlmartly tha Fellenlus, the Etryttfted Bishop' and
the Janbu lnethod l can be tntegrated lnto one Fro-
gran to sover a variety of fail.ure surfaEle analy$es
f,,or level 3, Statletical counterParte for the ttrob'-
abtltty of lardsLlde occurr€nce optlon used ln leuel-
1 are planned for levelE 2 arrd 3 baeed alR methcdss

eurrenLly used ln geotechnieal erytineertng (g'g) -

Exletinq Data Base

One eurrent restrictlon oR uslng the systeil is the
stnalt exlstlnE data baEe for nost fsrests. ltlany
forest managers have (or are ln the Pro€ess of de-
velopingl resouree Lnventory nraps for aollsr bed-
rockl topographyr tlntrer ty?er and other features.
These maps eould provlde thg etart of a level 1 data
baee through prop€r characterlzation of Eeoteehnical
variablee fer ttre Lnventorled ssndltionsr Statlstl,-
eal analysea used ry $lmons and tilard f3! ttttd Decraff
(Jt ntlI prove lnvaluable for linklng tnventssied
pEyetcal faEturE such as bedroclt. aspectr and slope
to lnventorted landslldcs. The EcEuracy of the
values asslgned f,or geo-technisal varlablegr analysis
trcdeler End the probabtltty of landsllde occutrrcnce

4. Factlltate the lnventoqy of
th€y occur and sloPa failures E8
ani f,eed back thc data gathered

trew landelldes as
they ar€ eorrected

eesses to funProve the pl.annlng of
cets.

lnto earlier pro-
subsegrrcnt, proJ -

Shrec lerpls of analysls eomplexi,ty and data are
vleuallzod fs-r the Ldeatlted systen ln lfable 1"

RESTRIETIONS OII T'SE

Exlstlncr Stabllttv &nalvses

Current resttletlons on the use of an ldeallzed
cvalu,atlon syeten for Eoll-nantle landelides are not
due to thc lack of slope atabllity analysis tech-
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ean be taetcd through eesoel,qtion with c6rreepondlng
physlcal factorc. Cutrently, enly a ferr forest's
ha,.vc l*ndeltde lrwentory datl. Gcsmrphlc lardtypc
natrs (91 , vherc auallebler EhSrIil bc thc tllost useful
tspl for geot€ehnlcal varlable eht'racterlcatton brc*
cauaG tlt+ landty?e slaegiflcation lneludeA thc rnaJor
phyalca!, factors srr *bleh to assLgn valu+s for thc
sarlablec-

Existins Variable Def inl,tion DfethodoloqY

Tfp naln reetrlctibn to l@trcmenti,nE ths sry'stcln Le
the eurrsnt etate of the art ln deftnlng csrtaln
g€$tgcbnlcal varfablet. TaChniqucs for def l,nlng
slopc, gqtl. deptlr, and Spll shecr s,trength have
progrGssed to a etgts r*rnre thc values and th€lr
varlance ean bG ugcd rlth sotnc degree of, conf l-
dencc. Thts ls !ro-t tf Ua fot thc tso nroet dynanlc
varlablGryround water conc€ntratlon and trce root
strength.

lftre part of thc soll- ranntlc that ean bG expected
to bG balos tlp phreatle surfqsc at arry polnt ln
ttne i,s perhaps thc lmet dynanlc of the Yarlables.
ft eso fluetuats eonsta$t!? ln r€aPenFG to prcclpl-
tatl.on. Praetical ard lnertpenslvs nethods afe
accded to develop locat cosrelatlona bo:tween ral,n-

29

f all and slpwfirelt and the r€ LrrE riec tn ground
water. Although general knw
ralated effects of trEe roqt

o thc tlma-
strength on foreet

slope etabllttY hae been throrrgh regclfchr
curr€ntly no eostitffeetlve Itatfvc rmthods art

ffcctlvo trae root
uae th€ sryetem noflt

avalla'blc for de termlntng the

late ts dctermfne
strength to UFG ln analysls.
tt, naf b€ neces€ary to begh-ca
valucs for these tvo lnwortant
etate of thc art Pragrcss€s.

T TJJISTNATIVE PROET+EU

fhe fot Lo*rtng hlPothe tlcal P
eoncept of the three-IctrcX.
avallabler aetual Enahtsle f,

varlublec untll tha

em Lllustrate,E thc
,yslg sy,steu. wlrere
ts rra uscd to dlsn-
studics tllthln ths

bym d*1985"
on:Stratc eurrent pto$'f*sse
proJect slpuld bG comrylctsd

Etep I
F lgureg 1-3
ouerlays for
ln northern

A1

Els for Deve

ehw drarrlfigs of hree lnvcntorY map
ter tfiat,lsngl Foreetpart of thc Cle

fdaho-qthe transpor atlon $oPr Lardsli.de

Iiigurc L Tramportstisl MutV fitsp of dcnclopGd p*rt sf Cloamnrlw fr|*tionsl Forast, ldeho.
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Figrs e Lm*lidr iweraorl me of arar in Figurr 1.
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Figutc 3. Geo,rnqrphic landtypo invantory map of arsa in Figurr 1.
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lnvrntory m6pr and georsorPhlc landttrPe rsPr E€6$G-
ttvely. The aase€tatl,on of these t nventorleg [E the
uogt useful f,or this forest es an lnlttal level I
data base" She tranoportation and landsllde maps
show thp Loeatlon of all existlng rnads and land-
glldes. The landty?e naP sholrs the boundarlEs of
distlnctlve g€omrphtc landfofllls. The Codod land-
tysre ElEselftcatlsn lncludes the maJor geonwrphtc
phyaleal faEtere that nake thts napplng unlt dls-
t lnettva tgl . Phy'aleal f actors such a$ parent roek
typer a$p{!€tr alope, and tlnber tJrxle atre ueed ln the
Clasgtflcatlon and eorrespondirrg values for Eeot,eeh-
nleal varlables such as soll shear strengthr soll
depthr alope, &nd ground water eoncentratlonr and
sre eharaeterlaed and stored lnto an tnitlal level I
data baEe, This data base slll be uPdated by ustng
ne$ data fron levcls 2 and 3.

$tep 2

The leval 1 (inf lnl,te elopel analysls l esmplet€d.
the reeults rt[! be nither ln rang?s of factor of
safety agalnst failure or probahtltty of landsllde
ocsurrence. Fi.gure * shors the Prlntout of the
SXtUonsr Li, and Ward program by uslng the option of
ranges af probabilf gg of lar,rdetlde 6ccurrepca f,or
the data fron stcp 1. This analysis ftpr developed
arsas san be r€P€ated as n€ees,sary to test and !€-
f lne the model and varl.able values untll tlt€ planner
le eatlsfied ttrat the resultE eorrelate rcalf sti-
eally to the landslide inventorY' In thtrs PEo-
ceduier ,the planner nnret remember that tha rralues
are to bo usefl tn conJunction ulth the lnfinlte
slopa eguatlon. Thls model ls seleeted for thls
leval af snalysis beeause of lts sirnpliclty but not

I
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r1ec€aaarlLy beCause of ltg a€Guttgfr Accuracy de-
pende largely on hon re[1 ths model flts the qround
uat€r eoneentrat{on neehanisn eDtl rtrethcr transla-
t lonal f alluree developi even then the nndel w111
probably be appllcabLc only to partt of, tny landtype
(uhcrc the *rorst condltLons ertf stl .

Level 1 Analvsis for Undeveloped Area

Stcp 3

$tep 3 tE sin{}ar to etepe 1 and 2 fqr adJacent un-
dcvelopad ar€&a *lth e inilar lendlty?ea. Flgurc 5

shors- thc tranrgnttqtton map of the undevoloped
,&fEN. FlEurs 6 la tt lerrel 1 anElyets pr{ntout of
landsltda hazard probabtllff. By bcql,nntng the
analysl.s in thls rtrill€tr the planncr can callbrate
the ane lysl.s by uslng th€ developed areea for Pf€-
dlctions a,hout the undevelsged arcas to aXd the land
rs€nag€r ln reaourcc plannlng deClglsne trn whet'hcr or
not to developr bw lntenEely to develoPr tnd tlre
landsllde rlsk tntolved as € result of developnant.
in addtltiott, thc foLlowi$g advantagce arc avallable
througb E level I anslYslss

L--t*-

FigurG 6. f,erultr qf lerel I rarlvrlr for udstctoftd rca in Ftguru 5.

3l-

1. The land manager ean be given a colnParlson of
landslida nagnltude and csnseqRrencec by relating to
experlences l'n the developed ar€€lsr

2. The aseuracy of at least $ont€ of the level I
data bage can be lmproved throuqh the feedbaek loop
fron levels 2 and 3, rhi.ch ;6f,l6rrsr

3. Thq lntenstty End locatlein of the !,evel 2'

analysls ean be planned c6ffi$ensurate rr[th the ant{s-
lpated landsllde hasard.

L,evel 2 Analysls

Step {

F igurea 5 and 7 strorr thc arcf, selected for level 2

analysls on levele 1 and 2 seales. fn thtE CtF€7

the tevel 2 analyslg lE usc-d to Evaluate t*m poasl-
ble routeg ts a proposed IEg land{nE sita' Secon-
nalsgattca data ars gathered at seleeted Gfoss-sgC-
ttons along each route for better aasessment gf the
extent of 'tha anttcl,Pated problem areas and esttrna-
tton of, valueg for geotechni,eal varlabl€g.
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Stsp 5

Tlpieat road template e€ctlons are supcrinposed on
the selected Cross-eaetions and eut slope helght,
fttt slope he.i,ght, and the relatlon of cut and ftlf
to the grog6d water level r root 8oh€1 and dralnage
barrier Cofttaet are deternined by eomputer analy-
sf,g. FlgUre I shsre a self,-balance road tenPlate
cWonly used on fo,rest rOadE (cut volume balances
ftlt voh$€ wlth approtrriate compaetlon faetorl .
The erl,t'lcal helghtE sf the cut and ftll slopes are
thGn deternined and conpared with the antlclpated
slope helghtr, Figure I shoug the prototlFe pfogram
prlntout frm a Pro{tra$ilable ealcut atof for a €Odt-

bl,nad leveLg t, and 2 a,nalysls of tha sross*eeetlon
of, Fl,gurc g, The ccrqlsetloa f actor can Eleo be

enaluatd by thls anafyele. A full-beneh road tem-
plete my alao bc uscd on stecg atropes shcrc a fflt
stop€ rl11 rtot cateh or rlould ba too high.

Transportation Researeh Reeord 919

Step 5

A Progran stnllar to that used for Figrure g trlll be

developed as a subroutl"ne for a qomputer analysi'g
that rePresents ttre ressLts as ei,ttier S for etable
or u for unstable Qn a proiect ilaP. In sdditiotlr a

stat,lstieal Eubroutins sill be devElap€d ginilar to
that ln levcl I f,or 4n optlonal output ln terns of
probablllty of rlope fatlure. Pl.gur€ lO lE a tn/FoF-

LUetieat dratr[ng glf th'e antietpated dlsplay'

SteP ?

To asagss thc trrupaCt $f tfuber hErvaEt (tree rGrF

rilovall on tha stabtllw of the natu:fal tlopesr se
level I aniiyets r[l[ ba repcatcd at }errol 2 rlth
chanEes nade ln tree+ro6t atrengtJrr trea $uf6haEgar
and Ironnct rat f, gonc-sstratlein ta rcflact tbe rnFa*:t

Fltt HElGffr, h

t

fbD'r t. LryC 2 rndrnh |'rr rbwing lrc|do.t oil dr.rn|n ratE ro pitfo{d lgrdirrg rnd rdrctd rrqd*ds loc.do- o.r rdf rutrr

figu6 8. $eff.helancing rord tamplete ffo$h!ffition frorn lswl 2 anrlyris tummarized on Figure 9-
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(gl . Thc uses of the lev*l 2, analWtr are thcn aE

fOLlq,rg f

1.. To f ac ll'ltate maaa{tercnt d€Elslong tlt! devcl-
ogxnent tht:ough €valuatlon of altcrnate transpsrta-
tl,on rout{ls and alt*rnst,e tlnbet hanrrcst teehnl$lcg
ard

2. To loeate the ertt!.cal eltes rhere lerrcI 3

arElys€B ar€ n€cEasEry o{t the sclegtcd toutGlt-

Ievel 3 Analysls

Step I

FXgnrca l} anil t2 etffi sns erltteal attc eeleet'ed
for lsrrel 3 analygls on levets 2 a{d 3 scales. A

critlcal elte Lnveetigatlon (botl slrlrfgtr€ and gub-

-gurfaee) ls nade for Gacb eite s,el€Gtad. The extsnt
of, thts lnvestlqatlon arrd the subsequent anatysls
ar€ planned bV 'the geotechntcal sp€elsltst ln the
sanc nanncr as a larrdslidc corr€ction ProJeCt l,E

glanned.

Stcp 9

fho antletpated toad sectioa lE suPerlnposed on

Croeg-sectlons 6f the crltlcal e{te end the stabll'q
lty of th€ antlcipatad cut and ftll slopes ara 6ilt-
lyaed for etrcular are, translatton6l fallurar oE

Uttn. . Thls step dlffera frou rtep 5 ln that the
rrcde sf f,allurc ts analyzed to deterrnlne the fallure
surface that hae the least faetor of, ssfety and !!G
anttcl,Fatcd sxtent of the sli.dc m4g8. llany etabll-
tty anllysls psograns are ln use that would EGrTc tg
a -ievel 3 analyele for elther shape of fallure 6ur-
fass. Plane aie to formlrlatc tha firogt, furl0tlenaL of
these as subfout[nsg for one ma,gter Ptgqran. Flgure
t3 ahows poestble translatlonEl and cirEular arc
failU're surf aces for the Cut slope on the Grsss-
seetlon of the crltical Eite. Figure 1{ sho$g a

Progralttstable carlc-ulator prlntout for a progran that
combinee the Fellenlus (ordlnary nrethod of sllces] r

sirnpllfted Bfshop, and ilanbu raethode of sliees solu-
tion for failure along these Eurfac€g. The naster
Computer ProgrA,n slll eom,b{,ne analyees eUch as

thele, whleh can b€ preseleeted by the de'eLg,ner !n
conJunctlon wlth f allure sutf Ece trredtctt flg t sllce
genlratir{t r and optional search for mlnl"mun f actor
of eafety subroutlnes. Subroutlnes for pred'icttn{t
the steady-stat€ dratned phreatlc surface to be Gx-
pected f rom an. lnf lnl.te slope seepag€ sourc€ vl'll
Itro be progranmed to €valuatG the varloue dralnage
conditlone ln stePs 9 and 10.

ROtrD DRTN
CUt L0Pts 1.00:l

tltTili
gL{lPf $EPTH BOT.T

3.$,1 1.9 4.0
R0S0 ltBfil' l6'0FT.
FltL 5L0Ptc 1.58't
C0ff. FACI.' lt.l

tffi 50.? L0ss lll dr,
ttrS. Fml.ol2.l

sfLr-8fitff*Ct s[itfil

cur
htutf
l{.{ {.{ -3.6
tt S lic

le.8 0.:2 la.7
STRBLE

flrL
!Elf. PHt G$l

ll0.t il.'0 {t'f
hfials
l;.3 -l.f -l?.t
lt g llc

l3l.g 0.13 34.C
STABLE

--.*iP* il
A
I



34

Step 10

Thc analysle of the unetabtllzed caao ln step 9

S6rvss aa a star,ldard of conpar lgon for the rclatlve
stabl}lzatldn techniSre analysls that beg lns with
atep 10. fn steP 10 all feaslble stabi.llzation aI-
ternatluss tr€ analyaed to determlna the ralative
lncreasc ln faCtor sf safety ov€r the unstabilited
eagG.

Step 11

DG€tslori analysls eemponents (gl are deternined for
egch albernatltrc r

Trareportatsion Researeh Record gtg

1. ProbabilttY of f,allurea
2. €onstruction and nalntenanc€ CoStE'
3. Consequenees of f,allure tcost of failurel .

tevel 3 analyeis pronides the deglgn engineer e

declslon analysis throsgh which to seleet the opti-
toum stabillaation alternatlve fOr the eurrent coll*
g traints.

Feedbaek to Level 1

Step 12

The da[a gethered f,sc levelE 2 andl t arc' f€d baek
lnto thc Larrel 1 data basg' to ftaprove fatUre a$&ly*

. .-t

L
v

I

Fignrc lf. Lwol 3 rndytit tros rhowing propored rod.
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Figurc lN, Lcurf e barr map rhoryi$S sne a?Gt selaeted for fctd 3 anrtyria
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Brnaft€nent doelelons at that lcval only' fha l6v'e!
o,f a-nalyela connplexlty, dat6 reguiredr and accufasy
nust bc conill6nEurate rith the tf@G of nanagenent
dcclslon thcy tre lntcndled to suppott,

2. A loW tha}, channels levels 2 and 3 data back
lnto the lcvel I data baee 11,11 upgrada th6 accuractl
fsr futurs anElyg€c.

3, Although the systgn dcserlbed ts for soll-
na,ntle fallures cotnnnn tn rasl.dual and eolluvl'al
sofls, the'cons6pt la a s€rles of buLldlnq blocks
that nay b€ made apPllcable to rock elope fal,lurse
by the propsr subetltutlons.

{. Currcnt restrlctlsne on uss of thls sryatenr

ar6 not ln thc analysto techniqnlgg that arc elt'her
tn g:t1stelp€ or at least feaslblc fsr develogxrlent.
lfhe eurtent rgstrl,etione arG (al the general lsek of
r dynanic and eaelly upgradefr stordg€ systen and (b)
the preetnt gtate sf the art for determlnlng thc
values for certaln g€ote€hnl,sal, varlables sucJr 8a
ground nater eoilsentrat,l,on and e f fectlvC tfae fSOt
strcngth. , '
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STREAMBANK PROTECTION MEASURES

$qil gigengir-reeJ.inq {,r-e!hqde aqq {ee}gn*|*- +
criteria
ffierosLon

rqr
pr,qlesting {tTqFrTlbanlcs e3g qqplFq}}+qq

Definitions I

Soil Bioenqineerj.ng is a method which uses specific
i-rve ffiacerrals as r-Es maln scr-uccurai
components. Live plant, materials which are unrooted
cuttingsr dtr€ placed on or in the ground, i.e., on
streambank slopes in such a manner that they s€rve
as erosion and sedimentation controlling devices.
These pJ.ants are able to grow and assist j,n
strearnbank stabi lization.
Branches or tive Cut Branches refer to mat,erial that
Eas-EGn-uffioiiTa€iffiowing material. rhis
live cut plant material is intended to root and
grow. tive rootable plant material is used in all
soil bioengineering structures, 1.€. r live
cribwalls, U.ve stakes, joint, plantingr, live soft
gabions, bfushlayering, brushrnattress and live
fascines. These are uged eithe.r singularly or in
conjunction with dead conventional parts.

Growinq TipS refer to the top ends of the Live cut
branches which are expected to produee leaf
development.

Basal Cut, Ends refer to t,hb base or butt end 0f
the live branches which are expect.ed to produce
root development.

Biotechnically Suitable Pl-ants ref,ers to the
ffit a-Fiffina lffiot formarion for
soil bioengineering purposes' (live constructions),
eg. its ability to root through cuttings, its
ability to withstand dry or wet conditj.ons etc.
Fioqeer Plants are plants that normally colonize or
invade a disturbed land site or raw nineral soils
and modify or prepare them for succeeding plants.

Vegetative Propagation is propagation without
pollination by way of seperating vegetative parts
(branches, stolons, buds) from the mother plant and
planting them so that they may take root and grow.
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--Bank Sl.ope is an artificially established site
having a certain angle with flattened or steepened
sections on the top and bottom.

Cut Slope is a bank or area excavated or eroded to a
certain angle.

Fill Slqpe is an embankment, that is created by the
placernent of earth at a certain angJ.e.
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4 . Brushlayering ( fitl slopes )
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IIVE SYSTEMS

Live Stakes :. ( Figure located on sheet No. I )

Live Stakes are sticks that have been cut and pruned
from living plant material. All of t,he side
branches are trimmed. They shall root and grow' to
consolidat,e soil particles, remove moisture from a
bank and create siltation deposition. These live
pieces of plant naterial are uEed singul.arly or in
combination to join parts wit,hin other systerns 1

i.e. r brushmattess or fascine construction.

Joint Ple,r-r3,+Fq i { Figure located on sheet No - I }

,Ioint Planting is eimilar to live staking work
except that the live stakes are tamped into the
ground between riprap stones. These live stakes are
intended to root and form a "l,ive root matt' in the
base upon which the ri.prap stone has been placed.
This shaLl allow f,or the nat,ural release of wat,ers
frorn the bank. The top growth shal-l cause siltation
to occur on the bank.

B_rushla,yeri-nq s {ctrt slqpeF ) (Figure located on
sheet No.2)

Brushlayer construction on cr.lt slopes, is a
proceedure used that consists of cutting , terraces
in a sJ-ope. Live cut plant materialsr in the form
of live branches, are placed on the terraces to form
a brushlayer. The portions of the brush that
protrudes irom the terrace on the slope will assist
.in retarding surficial runoff erosion.

EruEhlqyerino: (fiff sloqes) (Figure located on
sheet No.2)

Brushlayer construction on fill slopes, is a
proceedure used that consists of plaeing live plant
mateial, in the fonn of living branchesr or1

terraces. These terraces are created as the fill is
conventionally placed. When the fill operations are
completed, the protruding sections of the
bruihlayers shall assist in retarding surficiaL
runoff erosion. The branch glarts in the fill shall
serve immediately as soil reinforcinE units-



Live grow'ing brug\]4ver systems are intendedr
through the l.ive rooL-system to consolidate the soil
particJ.esr and through transpirationr "Pump" wat,er
out of the bank. The pioneer species used in the
brushlayers shalL improve and stabilize the soils.
This shall encourage the invasion of the surroundj.ng
plant species, thus increasing the strength of the
live system with age.

Live Fascine 3 ( figure located on sheet No. 3 )

A Live Fascine is a collection of live cut branches
grouped together into a sausage or cigar-like
Etructure, with the growing tips all placed j.n the
same direction. The unit is placed in a dug trench
and serves inmediately as a pole drain, and as a
seeuring device. The live structuraL parts shall
root and "pr:llrr water out of the bankr through
transpiration.

Live Soft Gabions: ( Figure located on sheet No. 3 )

Live Soft Gabions are gabion*like structures that
are made of geogrids t d polymer mateiial. They are
used for rapid repairs, in conjunction with granuJ-ar
fil1s, where immediate reinforcement is required.
These are of,ten usef,ul j.n areas where heavy loads
are to be appJ-ied to an upper surface. This greogrid
is used in conjunction with live branch J.ayers. The
live plant stock serves to give i.mmediate mechanical
reinforcement, and long ternr soil consolidation,
that is, osoil binding" and water pumping
capabilities. Addit,ionally the f inal growing
product is beautiful.

Live Cribwall: ( figure located on sheet No. 4 )

A Live Cribwall consists of a hollow' boxlike 'interl"ocking arrangement of 1ogs, timbers etc. 'filled with soil/granular fiIl, and cut' living'
unrooted plant materiaL. The plants are intended to
root., This wiLl consolidate soil parti.cLes and
through transpiration remove water out of the slope,
and cause siltat,ion to occur. It is capabJ.e of
binding the toe structure to the natural bank. Fhis
creates a complete, natural and flexible unit.
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Branchpacl,<inqi (Figure located on sheet No.4)

Branchpacking is a proceedure used to repair
gullies, washouts and scour . This is especially
useful to repair damage adjacent to bridge wing wall
units. It is similar to brushlayering except tbat
the live branches or live brush is "packed" closer
together. It functions immediately, to become tfie
nerr edge of the bank. During the flood stage it
shall capture debris and sediments.

Live Siltation: ( figure located on sheet No.5 )

x,ive Siltation construction is a proceedure used to
capt,rrre si-lts and sediments during flood conditions.
It is therefore necessary that it be constructed in
an area that the waters during flood stages will
pass over. The systern is used to rebuild a lost
bank or land eection al.ong a stream bank. It
eonsists of several live bru,sh layer barrierer over
which the f,Lood waters will flow. The i-ntent is
that the velocity shall be slowed in this immediate
zone, and the sediments will be droppedr thus
naturally rebuilding the site.

Brushmattress l ( figure located on sheet No. 5 )

Brushmattress refers to a live construction that
places living unrooted branches close t,ogether to
form a "mattre$s" or cover over the ground. This
brushmattress immediately serves to cover and
protect the bank. The live branches shall root and
produce leaves along their entire lenEth. The
brushmattre$s shall- grow and aff,ord greater
prot,ection as it ages. Under nornal conditions it
wiLl function immediately and cause sedi.nente to be
dropped during flood conditions. This will then
febuild the bank naturally. During flood eonditions
the soft flexible live naterial lies down' against
the bank. ttris creates a natural flexibLe layer
that further protects the bank. VeLocit,ies are
lowered in this immediate zone, thus bank protection
is rendered.
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627 Cherokee Street N.E., Suite 20

Mariettan Georgia 3frm0

(404) 42+0Tr9

A BRIEF HISTORY OF SOIL BIOE.NGINEERING

Soil bioengineering is an applied science that combines engineering,

biological, and ecological concepts to cgnstruct living structures for erosion,

sediment and flood contr.ol. lt is a tested and prtoven systern. Written

proclamatlons and directives to use live plants to control flooding, river

meandering, erosion and sedimentation problems, on river and strearn banks,

dikes, etc,, date back to the l500ts. The techniques have steadily developed

and improved since these times. Today soil bioengineering is a widely accepted

biotechnical discipline, one which is rapidly gaininE respect in the United

States. Soit bioengineering 'is used in over thirty countries in the w'rrld at

this time.

These early natural materials construction rnethods of erosion control,

practiced for centuries in Europe, Asia and America, became unpopular as the

mechanization that rnarked the progress of the lndustriaf Ravolution continued

into the 20th Century. The age of machines and the development of concrete

and steel technology encouraged the use of rigid, dead construction materiats

in engineered proiects. These materials allowed for exact geometric meagure-

ments and designs and suited precise hydraulic and stress calculations.

The hard syst€ms also initially promised to be longer lasting, cheaper and

safer.

In the United States the abandonment of vegetation and living structures

for erosion and sediment control was rapid and complete. The low cost of

en€rgy, the high cost of labor, and the wide distribution and abundance of

Biotechnical Design & Project Management:
Land Stabilization, Erosion & Sedimentation Control, Site and Recreation Planning
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raw materials needed in the fabrication of steel and concrete, encouraged

this trend in America and other countries.

Europe, on the other hand, continued to use and improve live con-

struction methods. By the 1930's, professionals in various disciplines, such

as Atwin Seiffert and Alexander Von Kruedner, held that natural construction,

the use of biological strengths, and the careful consideration of natural

existing relationships, was the most reasonable method of erosion and sedi-

m€ntation coiltrol. In 1937, Eduard Keller of Austria undertoqk the first

recorderC scientific experiment rvith willsws used as a live construction element

and originated the terrn "Living Constrruction.rr ln 1936 similar work was being

done by Krabet in the United States. tn Europe in 1943, the termrrNatural

Construction'r was used in print by another group of scientists ts describe

methods of'water retention, water distribution and protectionof inflexible

structures with planted materiats. Fr.om thcse early experirnents and proiects 
I

evolved the concepts of what is'now referred to as "Soil Bioengineering.r'

One of the first maior advances in the area of Soil BioenEineering occurred

during the Great Depression while Wilhelm Hassenteufel was cQnstruction

supervisor for mountain stream and avalanche protection at Reiutte in the

Tyrol/Austria. At the same tirne that other areas were using lean-mix concrete,

Flassenteufel systematically inve-stigated the Potential of natural tnaterials

located near the construction gites. They were free and required minimum

transportation costs. Accor.ding to Hugo Schiecthl, a world renowned Soil

Bioengineer, these em€rEency measures rnet with almost complete suceess and

resulted in new construction methods such as the planting of drry stone wall

ioints with woody cuttings, cribwall constr.uction with branchlayerinE and

vegetation wall construction.

I
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After llYorld War t | , a number of investigators including Schiechtl,

Henson, Pruckner, Kirwald, Kruedener and Bittrnan studied, developed and

evaluated 'tLiving Constructionn and published their experiences. During

this period a comprehensive co,nstruction technoloEy using live materials was

developed, and numerous experirnents and proiects utilizing current biological

researsh ware carried out, to determine the permanence and maintenance

requirements of each technique,

In or.der to develop a uniform nomenclature for what was variously

called trliving COn,structiotl,n rlBiological ConStruction,fr and |tLandsCape

ConStr.rrction,r'and to enable this concept to be easily adopted by public

agencieS, a Committee of experienced persons was formed in 1950. This

committee which represented several of the German, Austrian and Swiss

stat€s, worked to place all rnethods of shoreline protection, *ith both dead

and live materials, into the German system of standards and measurerients

(DlNl.
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U.S Army Corps of Engin€€ls' Mgbile District
June 1gg* -Volume IV Number S

$oil bioengineering tested by District
By Winnic L Smith

Desigpated reaches of t'iverbank and
canal slopes on the Tennesme.Tombigbee
Waterway at Aliceville, Aberdeen, and Pool

,A have undergom intensive erosion control
'rfr*""urus thislear in 

" 
ptogt'ahr to test the

efbctivene$s of soil bimngineefng to control
erosion and sedimentation.

Soil bioengineering is relatively new in
this country although it hss hrcn used exten'
sively in Burope. Nothing of'the magnitude
of what the Mobile Di.strict, is doing on the
Tenn-Tom has been undettaken in the United
States. However, some w<rrk on a smaller
scale has been going on out west.

Soil birengineering is a construetion
method which initially reqlfres t:eshaping
er,oded slopes to a practical wirkable degee,
contro,lling top of slope drainage, and using
live plant material in coqiunetion with tradi'
tional struc{,uml materials. The District's test
project has aroused interetrt in the South
Atlantic Divi'sion {SRD}. Re,presentatives of
the Savannah and Jacksonville Districts and
frorn Memphis visit€d the area to see the
work in progreas in the sPring.

More than 15 acres of slopes are involv"
ed in this test proiect. They include the left
bank of the river belowcAliceville in the
Gainesville Pool," the left bank of the canal
in Pool A, and the left trank of the r:iver in
tfte Columbus Pml below the Aherdeen lffk.
The three ar€ts were selected to determine
effectiv€ness in geveral types of rrnil and for
accessibili,ty to contl'actors and Conps
nepresentat ives muking inspctiorus.

The slopes wtet"c in bacl condition and were
selected to show wh'lrt this svstent can dll fol'
a severely eroding river httnk, rvith the iden
that if it worked on the wot'rit, it .should work
on others. Aliceville and Abeldeen sites are
highly sutrject to floding in the spring, while
Pool A is nst. Ahrdtxrn had a massive
amount of earthwork to tle done to lill deep
gullies, provide drainage .qrvales and lay the
slopes back befole wtrrk trl instalt the systent
could begrn.

Distri* personne,l wot'king oR the project
include: Ray Gustin and Beverly Winn, of
Engineering Division's soil design section;
Don Graham, project m&nager, of Engineer'
ing Division's civil works project manage-
ment section; Edward J. Horder, Lynn Brad-
ford and Carsl Cronrer, of Flanning Division's
recreation resources section; Joe Clark, Paul
Perkins and Alberl [,ee of Construction Divi-
sion's Aberdeen Resident, Office. In addition,
John Lambrt, Ongineering f)ivison, SAD,
has been extremely strppottive o the project

and is a rnembet' of the erosion contnol task
foi'ce for the Tenn-Tom.

ln this pafi.icular test. proiect hundleds of
flrrrbed [ruckloads of black willow tree cut-
tings, branche.s, $nd poles rvet'e u-sed. Th,est"

ranged fi'onr 6 to 15 lbet in length and welt
one to f'our inches in dinmt'tel'. S.ttno cott'tln-
,,vrxrd, sycam()t'e, t'ivel' trirch ilnd t'ed nraples,
ilnufng othet's, wer€t also used, Hot'der said.
but fhere wpre not nearlv enough of these
trvailable to he signilicant.

ln addition to the nrarisive planting of trce
cuttinlls, "lVe't't'ttsing as many soil
bioengineering systenrs as possible," Horder
.srrid. ttre result will be tr varied amount of
cl'o.sioR contr"ol nreasut€s and a controlled
situat,ion lbr running cost evaluations on the
difl'erent kinds of systenrs.

He outlined the vat'ious svstems a$

tirllorvs:

r Live stakes - pieces of one'and'a'half to
thrrxl-inch caliper willow trunks, abtlut two
{L'et long which are dt'iven into the soil for
rlh0ut three{ourths of their lengths t'tl root in
place.

I Live cribwalls - wooden stt'uctures
[:.rst,ened togettrer in a cage-like fashion and

contlining soil and live pl.lnt t'rrnterial, in
lavt't's thrtughout the st t'ttctul'e'

r Live ruft gabirms-a systernl composed tf
Iirlter fabl'ic, griddeYl "Ten$tlr" and rvillnrv
bundles held togethet' using the reinftrrced
r.iu't'h principle.

r Joint plnntinf$s- livt' .st'ahe$ dl'il''t'tr inttr
riprap.

r Bntrsh layers'lonH l'()wt+ rl{' hrltttch.l'
wilkrw cutting"s covertxl with srlil exec'pt {irr
the enel.s, rvhich ptrilt'urlt' into strnlight.

r Br.ush nlilttrts.q(rs- live rt'illos' ctltt inus
Itnd llt'itnches 'llid ptr tht' grrrttnd in cl'iss cl'{*is

{ashion, covet'ed lightly with vril trnd held
down with wire netting and live stakes.

r Fae,ines'bundles of u'il low cuttings
bound [ogether and laid in ttenches in
various confi,gurations on fl slope-

r Wattles-$afile as facine$ except using
longer trunks without leaving'hrushy tops
intact.

r Lorenz dl"airus-dl'ainage swale covet'ed

with rocks one layer deep" choked u'ith cob'

bles, and then provided with {acines along the

edges and live stakes at randonr.
The rvork is trcing done undet'a .$964.000

cost t'einrbut'sable pet{tn"'manct' contract rvilh
Jack l,armour's Nut'sery of Caledonia. I\tis-s-.

near Columtrus, in partnership with Ron
Ragland of Ragland Constt'uction, Co.. of
Tupelo, Miss. The cotttt"act l.:t'gan the flrrst

u'eek in March arnd continued trl l\{a.v J'
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Brueh layering. Beverly Winn checks slope s€€psge at bsee of a crib wall.
a

Live gahion sftcr n flood.

Corrsultnqt on the projeet is Robbin $otir,
president of Soil B ioe n g neeri r rg Corporation,
Marietta, Ga.

Graham said the cooperation of Edward
M. Slana of fuurement and Supply Divi-
sion's procurernent branch in working out the
mst reimbursable ettntract has been bendicial
in a nurnber of ways. '"This type of csnt"ract
allows uB to actually pin down the exact cssts
on every aspect of the project so that in future
work we will have accurate financial data to
use in our planniRg," he said.

The Distriet expcts some of the soil
bieengineering systems to be less expensive
than frevious erosion control measures and
csst effective thrsugh the expected value in
redwing sedimentation, thus cutting dorrtn on
the amount of dredging needed in the

watenuay. ,

"Most of the riverbanks can be expmted
to stabiliue naturally," Gugtin said, "how€ver,
some will need help, and bioengineering can
be expected tro play a signi{icant role in pro
viding bank stabilization.

"several side benefits of bioengineering
may result. Healy strcambank vegetation
prwides good cover and food sources for f'rsh

and wild tife. Heary root mats add stability
to the bank slopes by tying the soil together
and reducing the saturation level in the
banks: Reduced water velocities adjacent to
the bank reduce erosion dwing high water'
$ome t1ryes of grasses and other plants at the
shoreline are e-ffective in dissipating wave
wash enersr from river tra{fic- Additionally,
one sf the rcasons bioengineering is so attrac-

L.onenil drrin'

tive is that it is labor intensive (little or no

heavy equiprnent required I' crrt be done in
srnali i*rements, can tre easily repaired,
cleans up water$tays by catching debris, and
can be done by private individuals with very
little cash outlay and with only minimal
guidance. This type of prugram gets land
o*'ners to thinking ahut soil conservat'ion
m€as,ures not only as they rnay apply to a
river bank but as they may apply on other
portions sf their land.

"It should be recognized that, we in the
District do not want to indicat'e that
bioengineering is a panacea but rather is

another tool that can possibly be used to con'
trol erosion," Gustin said-

Other work is Planned in the fall.

Mr, Jolrn Lambert
Engineering Division SAD

404 22L - 6720
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1882 Archer Road
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I. Factors affecting erosion in strearn channels.

I I . Gul ly neb,rorks .

A. Continuous and discontinuor.rs gully systems.

B. Gully developtent and grcwth.

IIl. Gra e stabilizatlon: eontrrlling erosion in channels n small
$treans and adJacent hillslopeE.

A. Treatrnnt of gul1y netuorks: prioritizing tr€atment sites.
8. SinEle channel treatments.

1. Primary stabillization practices

a. definition and advantages of primary practices

b. utilizing natural baseleveis

c. use of heavy earth motinE equipment for achieving
stable grade

d. rule of vegetation in grade stabilizatiott
2. Secondary technlques for stabilizing natural or artlfical

channel grades

a. purpose and function of secondary grade control
measur€s

b. cholce and design of stabilization systems and
structures

c. techniques (checkdams, armor, other structures),
applicdticns, design criteria, costs, operation
and maintenance

I'1, . Summary and concl usion.
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AbstEact

Heede, Brrrchard H.
19?6. Gully developnent and control The status of our knowl.

edgp. USDA For. Serv. Res. Pap. RM-169,42 p. Rocky Mt For.
and Rangp Exp. Stn , Fort Qellins, Colo. 80521

9ol|y foruation is discussed in tems of mechanics, process€s,
morpholog[, and grourth models. Design of gillly conr6b should
draw on our understanding of these aspects.-Esiablishment of an
effective rregetation cover is the tongitern objective. Stnrctrrres
art oftcn rcquired The least erpensive, simply 6uitt stnrctures are
loos€'rock check darnq, rrsrrallytoustructed-with singile or double'
Fire fences. hefabricated soncnegg rfanrs arE also effective. Func.
tional relationships betweea dams, sedinent catch and costs, as
Fall ag a critical tevies of constnrction procedrrres, should aid the
land rn'neg€r in design and instaUiation oi gutty treaiments.

Kcyrrordc Gullie, erosion, geonorphology, erosion contrpl danrs.
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GUI,IY DEVELOPMEN:T AND CONTROL:
The Status of Our Knowledge

Burchard H. Heede

HISTORICAT BACKGROUND

Early man was less mobile and more depen-
dent on the snrrounding land than his modern
descendant. In rqeny desert and semidesert re-
gio_ns, he not only learned to live with gu[ies, but
utilized them for the collection of water and the
production of food. Such desert a$dculture was
practiced in North Africa, Syria, Transjordan,
southern Arabia, and North and South America.
Thus, many areas in the world once supportd
nore people than today. The Sierra Madre Occi
{ental, Mexieo, had a much higher poputation
density 1,000 years agp than at preselt-(Dennis
and Griffin 197U, as did the Negev Desert in
Israel (Evenari 1974).

Gully control on these ancient farms was not
qn end in itself, but a means for food production.
Evenari et al. (1961) forrnd welldefined " nnoff
farus" in the Negev Desert of Israel dating back
to the Iron Age, 3,000 years ago. The climate,
undoubtedly not different today, is characterizd
by 4n averagp yearly precipitation of 95 ''rm(3.? inches), most of which fails in relatively srnafl
showers. Preipitation exceeds 10 mm (0.39 inch)
on an averagp of only 2 days per year. StiU, runoff
farms, using check dams and water spreaders in
wadis, gu[ies, and on hillsides, were able to sup
port dense populations until the Negev was occu-
pid by nomadic Bedouins after the Arab conquest
in the ?th century A.D.

At least 900 yearc ago, the aborigines of the
northenr Sierra Madre Mountains of-Ctrihuahua
and Sonora, Mexico, developed an intensive field
system by altering the natural environment with
the help of trincheras {Herold 1965}. Thincheras
of the Sierran tlpe-check dams built from loose
rsck*cr"eat€d field and garden plots within gullies
and valleys by sediment acctrmulatioo, incrLased
water storage within the deposits, and spread the
flows on the deposits during storms. Similar but
less developed systems were built sporadically
in Arizona, New Mexico, and southwestenr Colo
rado. About 1450 A.D. this flourishing agricul-
ture disappeared.

With the age 'of industrialization, rnan lost
his close dependence on the land. Population
densities increasedn land was fenced, and roads
and communication systems mushroomed. This
rapid change caused a difterent philosophy in the
approach to gullies. Gullies were vieualized as
destroyers of lives and property, and as barriers
to speedy communication. It is not rurprising,
therefore, that the frrst textbook on gullies or
torrents, published in th€ 1860's in France, dealt
with control only. Others followed guickly in
Austria, Italy, Geruany, and later in Japf,n.

It is not srrrprising that our knowledge on
the mechanics of SuUying is meagpr if we consider
that, during the last 100 ysars, torrent and gxrlly
control were emphasized. Gully control research
focused on engineering aspects-stnrctural di-
mensionsr, tlpes of structrrres, and adaptation of
advances in civil engineering elsewhere. When in
the middle 1950's interest was awakened in gu[y
processes, efforts concentrated on mathematicat
and statisdcal, rather than physical, relationships.

The time has come to concentrate our efforts
on understanding gully mechanicg, and to re-
assess our philosophy on gully control. The objec-
tives must be broadened beyond those of defense,
and incorporate those of agricultrrral production,
water yield, and environmental values. Thig task
wiil not be easy, and in many cases tradeoffs will
be required.

In areas of food shortage, the most pressing
objective in gully control may be agricultural
production. Food-short areas are often arid or
semiarid, where gullies are the only streambeds
supporting flow at times, and grdty bottoms are
closest to the low-lying water table. Gully flows
as well as moisture storage both were utilized for
plant growth by ancient rnsn. Mdern man may
have to relearn the forgotten art of Sutly manage"
ment in desert farming. This possibility is better
for rnany developing countries; in highly indus-
trialized countries, the present cost-price stnrctwe
will seldom permit successful Slrlty rnanagement
for food production in deserts and mountain lands.t

\



In the Uuited Stat€E, however, gully E*nagq
nsnl nas been succetsfully prasticid on agrictrl'
tur"t towhnas at least sincs the 1930's, wheu

conscrryation fanning was introduced on a largB
.ctta Farners conJerted gutli€s into grassed

watelrays to serv€ the fual purposs of safe CoD'

rtryanse of snrrplus irrigation rratcr and forage

oriduction Off,?n tbe Fed€ral Govemment sub
frdirrd tbis work by ertending technical and

noaetary belp.
In ci'nnast to agrisulh$al loslands, wG know

vwy-Uttls abqrt ntlif oerpgenel$ on nountain
1g3i$-;hss we hivqbe€n nainly concemed with
contrif In ths Unit€d Stat6, a firut approach to

nrtly rnanogetnsnt bn morrntain slope was

itEts's {lgdga} instauadon of vegetrtiorlinsd
watelrayr in ths Colorado Bocky Morrntain$
CouvertiA a$Bas lost 91 P€rc€Bt less soil than
rrutreated gulies, 8!d tb rlnpalatabh plant Gover,

consicting-Inainly of sagebrusb' was cbangBd to
a palatable o!s, adding to th€ gpadng nenounee

Iu ltaly, intpnrsiw hsnd labor, plowing, and
rrranprads torent streaEs reshaped gg+ied Eg-uF
ffip"g;f rb Aponines inio sentle hiusid€s
tf"t d'un $rypori pastures,- vin€yar&, and
ffihsrds. Tho ilit"piig, called hydnulic recls'
nation H€€d€ 19658), was irrstified by efforts to
Dt"* Italian agfistrlttue on a competist" basis
;bs it wou|dloin t!3 Common Market Con'
Eunity in the late 19fl)'s'2

M'odsn check d.- systens can atso benefit
watcr yiatd. Brorn {1963} reported on the conr
versioi of epbemsal flows to permnial streanlf
b,Blov eh€C! dans. Heedet obtained pereunid
flow 7 yealI aft€r hstallatioq of a check do"'
systom whstp only epheneral flow had occurred
dru:ing tbe prertidrrs- 50 years. It is postulated
that fhb charrge is due to water storage in-tho
gdirunt accumulstions above tho dang. Cou'
OaeraUte vegetation devclops within the-gullies
ag *eU as oi the wat*rsbed" Althotrgh this addi'
tionat vegetation undoubtedly uses water, the
wapotrairpiratioa logg is more than gffse! by
incrssed ilit infiltration rates, resulting from
vegEtation cover improvement" w_hich benefit soil
wats storagE at tirneg of higb flowg. The dnru
tioa of siggifrcant floss increased' but total watBr
yield didnoL

2nccdt, Butehafd H., lffiL A nlort on.a vtsit ol re
srerei gtaitons, tcrfl'r,t cantrol, tnd lend reclamatlon

r*lot*tt-ii fnnbr' Itaty .rtd lustyla. ftl P. Pn il,o, Rodty
i}i.'For. and Rrngr Exp.Sln, Fon Colllnq Cold)

tHocAA Bunehard H. Evttuttton ol an carty soll^end
rilrtcf nnsiittnttg4. Nolcct-Atktlt Ct6161tc wg/tqshcd, @le-fr;.ficJarrctr paryr in prspentlon.t Rg6l(y Ht. For' and

Htngo Exg.Sla", Fort@lllns, @la)

Th€ environnental value of gpllies is assess€d

Oferentti by different- p€gPle. ao sone, .E1!ies
Eay repwot a tJQrFl landiorm of tbe Old West
a ae"r ientimena iiaing to environmental qrrality'
T; them" nttty coutrot snoUa be attempted only
U-"*A.a [o -e"t pressing land E4nlgpneut ob
j*r$;.- To othdr, gullies Eay offgr only 3n
ir*iInUV sceoe, an{ dhe conversion of raw gutty
wa[s into erten stable slopes is a d€sirable F*t
O,tt 

"pptoftneg 
Ig StI[y -i"agpment must there'

forp rellain flexible.
it lg the objective of this pqPer ry shg! Prog;

ror-rna Ut"it*i in our knowtldle of gullies and
thoir control and thrrs to help t'he land Eanagpr
achieve his goals-

SCOPE

ltis pap€r at@mpts to.nrmmarize the avail'
able b"dy ;ik"&ita}t andtlryotheses on gully
foruation and controf As illGirat€d by the his'
torical dwelopment of Sutly manageme+ pUf
;;rt"l cu;;dy compiises tlt larger body.of
kdbdgc. of necessiiy, !h" discrrssion of eully
*"t 

"lGii 
b" b"r"d niinly on works in the colo

;6oR*ky rvro.t"taior, whene considerable effort
h"r-b€"" ih".tt a sincg ths work of the civilia8
Conserttation CorPs in the 1930's'-- Gollt i"t-"tion will b€ divid€d into thre€

aspect€: necnanics, p-rroces?ss and regul$nq
nSrpnrid; ""d-f"*ih 

models. Th€ individral
aspects ofituy iornation nust b€ considered

ili-oJy by-th"'control Sgbe€r, but also Fy ttr-
l""d dd'er;ho may dedde nor ro inrerfere. If
ffi is tbs-decision-End it wiltbe in
nost cattt-tbe contt€quenees should be Con'

Ad"rrd in ths manaspmiut plan to avoid future
;$upris6.- Sho,rld dull{ mlpagement be planned

f;iood or tot"gp -prcfructio:' however, kuow'
ilregr oi tU"s. a;p€sts of gutlying,tl{ upployq
;E-d"ris;-Th"iihis repott should be a-helptul
Iool *iffi"it- rhe land Eanagpment decision
Dray b€.

flII.LY FORIT,TATION

Gulliec develop in different YeeeFtion qllt{e3'

I11 th-West, gullies often de'relopin 9p91 Pol.
d*t* pin" ioiests {fig. 1} 9r grasslands (4g. 21.,

the radlr ott"u heavily Eixfr with sagebnrsh
(Hede 19?0).'----d"ttt divelopaent and pnocess€s have been

studied-Sy r""iinvestigators. A basic question

,"ir€d wis, whi did gtrly mtting accelsrate in ao



,l

the 1880's in the West, as documented for many
locations? Schurt m and Hadley (1957) argued
that the sudden rapid development of gullies
followed the sharp increase in cattle grffiing
around 1870. Leopold (195U cited an additional
influential factor-exceptionally frequent high-
btensity storms at this time. Thus overgraaing
may only have been the trigger. Yet Peterson
(1950) stated that gu[y formation started in some
locations before they were overgrazed, while
other areas never experienced SuUy erosion after
gazing. Other investigators stressed climatic
change as the chief cause (Gregory 1917, Bryan
1925, Richardson 1945).

Neither the short-time cl imatological records,
nor other approaches such as tree ring studies
and pollen analysis, permit us to realistically
assess the possible relationship between climatic
change and SuUy cutting. I agee with Hastings
(1959) that, recognizing the fragil,e condition of
much western plant cover, any trigger effect
could damage the cover to an extent where bare
soil and rrrnoff could increase drastically. Over-
grazing and other land abuses such as poor road
constnrction and location certainly were triggers.
Once gully scarps fomed, the development of
gully networks was inevitable, because during
the last half of the 19th centrrry, the a$dcultural
industry of the West was one of exploitation"
not conservation.

Figure Z.-This gully developed
on a valley bottom covered
by a fine stand of bunch-
grasses on the Manitou Ex-
perimental Forest, Colorado
Front Range. The view is
across the reach close to the
gully mouth.

Figure 1.-This discontinuous guf ly advances through a ponderosa. pine forest with an understory of grasses and other herbac@us
vegetation. Location is the Manitou Experimental Forest on
the eastern slope of the Hocky Mountains in the Colorado
Front Range.
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Mcchanicg

Piest et aL (19?3, 19?5) desente the credit for
bednling 

-gutly 
Bechs"ica inveqliSatioru o9 agn'

c,lffi'"i Hoptioar. Their shrdies showed that
tra;Efi forci and stream Pover of 3he flow were

;"t sufficient for a significant detachment of

;;fih. 6ess roil o"erlying slacial tttl b the

;Ui"g .o,tottytidg of i'est€nl [owa" Tlactive
fotcs [t] *as defined as:

?rfB,Sr (1)

where y is ths sP€dfie weight of tbe f,ui{ Br is
rh" hyi*"ti"-taii*, -4F; Ppr€Ylnts tle slope

of ths 
"""rgy 

gradienL Th3 il1v6Iig3tors deten

;i"a thg streaE power per unit length of suly
((.llbY

indicator than sediment discharge for testing

erOsiOB.cauging variables. Two mAit nBaSOng were

siven: {1) Sdiment di.rcharge is the product of

fi;;e sedimenr coucenrration, whi+ intro'
duces 

" 
,t tirtiot ui.r into any relationship. thst

;t G *"oti.ott"t"t€* (2) ninoff is not a basic

ffi"ule, and-*o"ta mask other, rnom basic vatri'

ables sin;it rtr"aly ir well correlated with tbe

irosion condition of [he watershed
In th; I"*" itray, mass- wasting of qry

banks and headcuts werrg tbe prine gtosron

proCecs{E[], not traCtive fOrcc or stren'n ltow€r'
piesr et "t irgzgl found rhar rpigtrr of warer

U6i; soif co[esive strengtlt, -and rate of waten

infrltrauon-irera the EJn factors controltins
rt bi5ty of gully banks. At Alkali Creek in west'

e* C"lbrad6, dhere soils have uP to eP p"ryent

c6y, 16r ;"ad"g if g_utlV baiks takes placg

;i"ty d"ri"g r"iniatts t-hae are sufficient to wet

and tbus;ffigr tht cohsiveness of the banks'

bdionttficieoito cause gtrlty flows (frg. 3l'

Processc! and MorPhologY

Dircontinuous Gu[ies

Leopold and Miller (1996) classified gullieo

as discontinuous or continuous' Discontinuous
g,tli* ;tb;-f",-d at gny-location on a hill'
;f"p". '1b& t-t tt tFg"ifi*i b{ * abnrpt head'

cuL xorfraulr gu$-aepq ilecreases rapidly
downstrea' I f;" iotms- where tlp gutly inten
s*d&" 

"A1gy. 
Digcontinuous gullies.E?y ocsur

rioely ot in a ql'qts; of chains- (Heede 196?l in
which on€ gttttti;ttoft the nert downsloPe' ltresg

;rlti* ffy-ib incorpora$ inr,o a concinuous

syst€E ettlet by fusion with a tribuEar;r, or Eay
become a ttiUut"ry to the continuous strea6 net

tU"-*f""t Uy a process similar to strea6- "ca1ts

tunE " In tbe latt€r cater shifts on tbe dluvial fan

cause the flow from a discontinuous g1rlly.t" tr
diverted ifi ; grtuy, faUiog-gfef the gutly bank"

Ai thi"-e"iit, i-Ui"ac*tt will develop th+t Prq
cee& optil"- i"6-tue discontinuous cbannd

whse it will form a nickpointlleadward advance

of the nickpointwil had to sulty 4*p"ning'-- ; dt-;i dir.onrinuolrs gullies can b€ €rE'

D€cted to fuse inro a single continuotrs channel

ffi;;(rgdn a.sib"d dC c,as€ historvpf such a

iiiHil wftii"-rhre€ srom evenrs of less thnn

exceptionai uagrrinrae, th€ hesdelt of the dowB'

ffii;r[rdffi".d 13 m ro rh€ nerr uphill cban'

nel r*"i& zo d of soil and forming one gully.

vegetationtypes on the eastern and westenr

fl*iJtiT;b6tirado Rocky Mountary" have

not coot"ou.d the advance of headfirts of discon'

a

q; rtPV (21

where P is the wetted perimet€r and V is the

Esan ,t"rr-Grocity.-s'ince flow width (w) and

;;tt"d- p,erineter w€q9 ?pPryximately equal w'

th" tac6r usnally inctudid in th€ eguation was

rubstihltsd with P.
- - 

C"tort"tions of unit stEsan Power gave esti'
rtma -taffi only, since ths rg|rghn€tg coefEcient

111) h"d to b" estiiat€d in t53 l,Ianning's equation"

S6ggdischsrgE records as well 4t su6gnt meter

m@ werle us€d as checks, however'
Tb*" cslcrltations erplain much of th€ "abnor'
mal;- Uefatrior of flob and sedinent relations
obr*-rA Uy He*" (l$i4.t 19?5a) and Piest et al.

irbzg. fg?sl: flow and ssdinent concentration in
guUies are not neoessarily r€l+ted.
'E - 

Concent*?Uion is retarca to th€ tinre since

bednning of tbe particular flow evenq however
(361bh U.-Drrring early flow, sediment concentra'
li;* ariAJo"a.t-tre hish and tben decrease with
;ir" ,t"tU ifi"-easily ;vailable sediment derived
from nass-*"sUod procersGs within ths glly
Uat Uin rcmoved.-Tf,e last recegsion f,ows Eay
br 

"*rty 
ctear water. This tingdepende3t char'

actsistil of sediment coucentration nakes it
possible that a higft stream discharqg +a{ carry
;;""*natler b;d than a snall one if tht former
oceurs at; brcr date. Thrrs, if concentration is

;il;rt"d .;"* dischargB, a hysteresis effect be'

cones visible.--- 
Piest et at {fg?S} gtress that a sediment con'

ceotsation pararneter is unrally a better sosion

.Hndc, Surehard H., l!fr1. A st!d! tP Invcsllgatc

til# 
^,tr: 

E:n::; 
",33 

*'i",,!:::!' #ft i:"'!.W
(On ttte tt Aj;ii fitt. ior. nd Rhngc Exg. Sln, Fort Col'

lrn8, &lo.) I
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Table l.--Suspcnded scdimGnt samplcc frorn gul f y f lows on Alkal i
iountains, l95trt and lgTiz

Creck watershcd, Colorado Rocky

Fl ow

Average
vclocity 0lscharge

Concen-
tration Dischargc Sand Silt

Sd iment
Sarnp I i ng
stat ion

tla ter shed
area Date

Clay

Gul ly 3

llain Gully A

|iain Gul ly B

Gul ly 3

llain Gul ly A

I q64

April l6
April 29

Apri I l4
Apri I l6
April 28
ltay 26

April l5
April l6
April 29
l{ay 26

t97 5

April 25
April 26

April 24
Apri | 26
April 28

-- ---- --
-- ---- ---- --

7q7P

0.5

2.8

26.9

0,5

2.8

n/s

0.7
.5

.3

.4

.5

.3

1.5
2.0
1.0

.4

.lt

.6

.7

.7

.6

n3 /e

0.20
.02

.23

.55

.lg

.02

2.25
3 .04

.99

.03

.06

.04

.19

.25

.04

P.P.m. kg/e

35,706 7 .17
12,402 .23

z0 ,766 4 .8 |

l3 ,432 7 ,39
4,499 .86

I g .0003

63 ,855 t\3 "52
35, t 34 t 06. 59

4 ,628 4 .58
l2 .000tf

2,775
| ,255
2,377

932
t78

.18

.05

.44

.23

.01

Pereent

12.g 53 .4 33 .7
7 ,5 54.6 37 .g

f.5 57.9 40.6
2,5 62.3 35.2
5:2 63:1 3o:1

34.1 45.1 20.8
5f.4 2\.9 23.7
17 .3 73 .8 8.9

rThc floy of 1964, csu3ed by 3nomrclt, wes precedcd by a dry channel pcriod of I y:ar.
zSlncc 1971, thc flors are pcrennial but dccrease to magnitudes of lcis th€n 0.028 m3/s by midsumncr,
cxcept efter intcnsc rains. Tha 1975 flow was mainly snownclt runoff.

Figure..3.-Bank sloughing in
gully on Alkali Greek w-ater.
shed, western Colorado, dur-
ing a period with no channel
flow.

I



dnuorrs gulies (!g. 41. Ponderosa pine and

D""d"*ffEno*, tilrtu with understory of gras"

il-ffi-oE"ff,etti.c.o,rs wgBtationt F3w on the

*tt * f,t"h tr"* and sigBbrush-dqr"i"{t"{
tbs *ffi-Since dsns€ root mats of all

tbsss species occur a! I depth below gfprrnd sllt'
f.c, 

-oio"ri 
0.g to 0.6 m. rrndercuttins by the

*"t*f"tt o*req ths headqrt tip renders t'he mats

ineff€sth/€.
f"tts6s"tion of vallry fiU pro6les and dis"

coutinuousFuii in wyohing and New Mexico

shffi- uHt discmtinirou grdups fonnd on

r6chg! of rt€.'pcr Sradioi ritfin a rralley

iSchnEE and Hidl€Dt-196?). The authors pf$;
i;t€d th"t *otv rr""i, gradientr withis alluyist€d
16ltqp crnd ti"*p[Ed by defrciency of rater
friltdon to ;ai6r In aria and semiarid arga$

*rt€" to"r€ rt"g stEeEE couttl€s are wdl knowa

ii{rrrph"y A rt rEzzLThs maintenance of stablo

t[*'idiffi rebt€d to ths qrrantity of
rstcr .nd tho qusnti$ *q -byPE of^gfinent
;*iog .'g! rh" glsq (schnrnm 1969).

d' th" 
-;Ikati ereef watprsh€d. evidsncg

su*Ists -tfat discoBtinrrcus gUllies -b€gan. qiffi;bcations on tb morntain slopes that
wgr" ctffi by a brsak in sloPs gradienL

Thf,t oUs.rrrati'on cr,inaaes with SihuEIIl 8nd

il"d.y;J tt95?) supr€y oq 4l€y 4*t and diE

continrrcus S"iiy gofiies in Wyoming qod New

MGdco, and-;'iitb Pattpn erd 
-schumm's (1975)

ttr€sdiado'r of 
-gulliia 

inJfu oil'ghelo Eor,!'
t"itt d ;tttu* C-olorado' Th€rq tbe br€ks itr
,ralby grsdi€nt8 @nstihted a critical overstsepar
i"r ,itTrs ttatts-y sbps- Tho overstcepeaing yaf
ffi;rd".r "f-triht"ty 

streans rhat {epositea
ffi'"ttr"i"t fans on tf,s vdley fl@r.jsin'se flow
da[a g'|EnB uot available, Pation and Schumm
td"tod th" vOey ilope to drainage area' Dis"

criminant firnction analysis showed that' for

"*"" 
l*gtt than 10 kit, q higttly .gigTrficant

,"r"uo*rlJ.Jrt"d u"t*..q slops gFadien[ drain'

agB are.a. ';d gullyiog. 
. Pqantinuous gulties

oceur€d ooty "5""i 
a 

-ctitic"t slope Y"13" for a
given .*;Tfautrhors 9ug-gest€d that the Ret

sults Eay b" 
"ppUc"Ute 

ontyl-or th9 shrdy region'

rirc" clift"tp, vigptati'on aqq geolo.gy,*"t jli'
sid€red constants. Yct for this partictlar E$on'
tr" r*a ,"".grt ;btain€d a v-alrrable tool thst
t€lls hin *hrr"?l"conginuous gullies mayfor6'

Ths i"i,Urtio" of a discon-iinuous 4!f .F4y
slso be ."pl"i"a by piping collapse (Hanilton
rgzbr. 

-Ld"td;rat 
tt964) reporredsoil prpes to

hr ; i-pr:tt""i .tin"ut iB the headward extcr
siou of thi-FV syp", Sinct soil-piping maya6
retat€d to soil sodid; soil chemistry must also

ilr"g"tdJ "s 
t factor F -guqy fotustion'' as

demonstrated on fi;-Atkati ireek watersh€d
(Heede f9nf. Pipi"i gttq {fi* 5}' which caused

iilil'rid;d iod-th" formation of tributarv

ffitrffi
soi!* Tbs sodiG ad#na rhe^ta-yen p€rEenbilitv

of ths soib-LtgE to gg pcrcent ou[€r prsnequisit€g

i* th" @ of pipes qry{9 low gfpsun Goll'

r€n* fin;te;ftted 
-;tits with montmorillonit€

.t"t: and hYdrautic hcad"
OHer;)il pipioi a"ets showeri that ertensiw

pr.r""""_oiJiid'.dd" to . karstlike topography
(fig. ?1. TH;;hanicat breakdown of-the soils

und€r *"r .o"otio* facilitst€t leaching of !F
ffi--from the soib, which in hrrn benefits

;i;-t* 'il" nsr *tp"g"phy, characterized by

morE gdtl; g,tff' ;i-ilitoiei.compared with th€

fomen vertiial *"lls of sodirrm 
-soils, perEits

increased water i"fitt*tioq and natural rehabili'

t"tioo of the g.dly by vegetation'

-,
.j

Figure 4.-UPstreenr view of hed'. v 
cut in iullY 4, Alkali Greelt
watershed, before trEatmont'
Length of rod is t'7 m'

-,
- ta

J



I
Figure 5.- Soil pipes on the Alkali Creek

watershed drain runoff into the gully.

Figure 7.- After the collapse of
the soil pipes, lining several
reaches of gulf ies on the
Alkali Creek watershed, the
vertical gully walls have be.
gun to break down. The re.
sultant topography begins to
resemble that of a karst sur.
face of mature to old.age
stage.

s\
... f- 'r.-
41 1

3

Figure 6.-This tributary to the
rnain gully of Alkali Greek
developed after the roof of
the soil pipe collapsed.

'. 't' ins-

ffiit * -;



Continuonr Gullicr

Thp ontinrrous Sdly b€girc with mFny

finrutike ext€nsions into ths headwater arsa.

It ;ti* depth rapidly in ths downstrean dir€c'
dot and '-"intaiis approxinately this-deqth to
tU" iuUV mouth Contiriuorrs guli'gt uearly dways
forli systems (strean nets).- They are fonnd in
aifceit vegetation fins, but q1c prominent in
th€ s€Eisrid asd arid-rcgio4. It aPpearu that
iocatizsd or regional depletion of a+y Tgetation
cotrer catr l€od to guly fornadon and guly streanr
;tc6 if otfer fact6rr fuch as topography and soils
are-ionducirre to gptly initiation 

-several shrdies
ha-r" denonstrate4 

- 
hffigver, tbat vegetaeion

and soil tJrpo ptedominantly influence the Eor
phology of gullies.5--- 

SeuEB (1960) fsurd that in wes!€qa ctlan'
Del& thp B,rpo of mat€rial in banks and bottoms
conirots ths' 

'srqtsesestional 
'htq"el sbapg. When

tfs m analysis of tbs soils was relsted
to th widthdepth- ratio Fpper width versul
Eean depthl, liiear FegpIsion indicat€d that
incresos in tUs ratio conformed with the increases

;i ths av€ragp pencent sand iB ths neasur€d load.

Thir tGt"tioiship was also e$ablished by the Soil
Cons€r.tation &nrice at Chickash& Oklahoma
(unpubHshd reportl. On Alkali Creek' where
ergtl;sive sampling showed no significant dif'
ietstffi in t$ textura of ths goils, meaningful
conet"tfos between tbe widthdept'h ratio and
th"d* Iengtb could not be establish€d (He€do

19701,
Tuan {19€6} reporte4 in a cridcal review of

titerature ou gUllieiin Nerr Merico, tbat channets
devdopad in i semiarid upland environment were

of moderats depttU and ctrt into sandy dluvhrm"
D*p trenches'were, !1F. Tlre, influence of sand
i" S.tlly bank Eaterial on sediment production
*"i ino*n when upiand gullies were sildied in
ths loess hills of M-isdsdPpi (Miller et aL 19621.

tt"y forrnd that the annriil volrrme of sediment
pfr"c.d-ranged -from 0.091 to 0-426 B3 pg
hectare of expos€d grrlly surfaco. Ths lower rate
was associatfi with 8n average &n vertical gtlU{
;att 

-havins a low percentage of uPgenented
;nd" *Utiths high.i rate was forrnd in eullies
with L2 m vertical walls and a tti$ p€rc€ntage
of rrncsmented sand. As iUr5trated by gully 610'

sion on the Alksli Creek watershed sedin€nt
producdon ryy. also b€ retatBd to the chemical
conposition of the soils (Heede 1971)-

ttat rr€getation rurrorrnding q gull{ Eay
€xert strondir inf,uences on tha ch'qnel Eor'
pnltugy tlfn the soils was showa for srYrall

streatus in northera Vermont (Zimmerman et aL

rgez), and also for a largB grrlly in califomia
IQn* and Baitey 19?1).-1Se California gully

ocqrpied a 354.ha watershed in the san Gabriel
Moritains. In an erperiment to bcreas€ water
ydt4 tUe riparlan wbodand was removed and
;6t".J Uy 

'gasses. I\tro yeanl Later, a wildfrre
deitroyed'ali vegetation oi the watershed and

ti G 6t side slopec (16 p€r,cent of total area) we3e

i""a"O to grass. Thq vbgetative conversion was

."io-tai*a-uy aeriel sprays with selective herbi'
dd.s. WUen higbigtedsigy storms hit the wat€r-

;tA O ane g yinrg after tonver''sioq stream dis'
cf"rge ;3gt 

-and 
s€dbent loads increased to

n-t"ttigrt"ty unknown magpitudes. Cbnnges- in
t"Ettaiir.t profile and CbaEel sro{ts sections

wens sp"ctaai"t. The nrlly "survived" as a relict
featgri p"tU.tty clogge{ with storm debris, but
bsd ooC;46"d its hydraulic effrcieucv bv
Eid.197L.

I; thL Vernont stt€amg' encroachnent and

disftrbancs by vegetation elininated th€ {eo'
-orptti. .f.cd of cfann€l width increase in the
dodstrean directioni a nomal strcaE behavioa
in contr"sa on the Alkali CrB* watershed where I

gttttfi Aia not exp*ience- ssnerre encroaehment
6t Ott*U""te by ihe ssgebrusbgrass eover, thi+
gFoEorpuc effeit was etiminat€d br-l*l rock
outcrops and soils with low per6eabiligy duc to
hish sodium lHe€dg 19?01.
--T; establbf gdry morpholgy an{_po.ssibte
stages of gully divelopmena lleede {19741 ElDs'

itfi-ril fiyaiaotic spoqeqr of 1? AJkati creek

6rtU.s. Sh';am order-analysis showed that 9Z.po:
;*t of the 

"rc" 
of a forrrthorden badn was dmrined

bt-fi*torder streans. This i,s contrastcd to-l P?r
6"t t!3 averagp for eir*rilnr riven bssins i11 the
Urided Stateg Tleopold et at 19641. Since the
Atkati Creek nrlly system is still in the-prcpultl
;f t"t*.g.-*t tdwaid headwaterg, the drainagp

"16 
of lhe first.order streanrlt will decrease with

d-;. Tf,g bngihrrlinal profrles of the gullies
erfiUit d weak- concaviti-es, and it was ar$r€d
thst concattity would increase with future gulty
developmenL

theihape factor of the gutlies, relatinq -rlsi:
rnIIE to ;An deptb and- expressing channel

t[p", had relatively higb values (avemgp-2.0)'

Ttrese ntatues represent cross secbions lft\ t*g"
*"tt"a p"tL"t€i's thst in turn indicate hydraulic
inefficiency of tbe gullies.

Th, tcsted uiarautic paranerere:drainage
uet, profile, and iU"p" faCtor-Yyefg interpreJed
; 'itt?iaai"g juveniie stsgplt of grrlly develop
mmt (t€rnfr youtbfui and early mature). Thus
it ."" be argdd that gglly dwelopment should
be reco$rizft iD t€nns ol landform evolutiog
;raceedfrg froB young to old ag' stages. If stages
5i develoiment coutd be erpngssed in terEs of
erosioo ritcs and sediment yields, a ussful tool
would be providsd fqf the watershed Eanag3r.

8-,

l.
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when the hydraulic geometry of the gulties
was co-rpared with that of rivers, it was sug-
ggsted that the mature eully stage should 5e
characterized by dynamic eguilibrftin" The condi-
tion of dynamic equilibrium does not represent a
true balance between the opposing fioices, but
includes the capability to adjust to changes in
short timespans, and thus regain equilibirum
{Heede 1975b). Although some gpllies of the
Alkau Creek watershed approach& this condi.
tion, it must be realized that in ephemeral gullies,
a mature stage may not be defrned by stream
equilibrium alone, but rnay include othel aspects
of stabiHty such as channel vegetation- Invision
of vegetation into the gullv is stimulated during
dry channel periods.

During the youthftrl stage, guUy processeg
prceed toward the attainment of dynamic equi-
litrium, while in the old agp etage, a grrlly loses
the characteristics for which it is named, and
resembles a river or "not'rt rt" stream- Gully
development qay not end with old oge, however.
Environmental changes such as induced by new
tand use {Nir and Klein 19?4) and climatic fluc-
trrstion or uplift, BBy lead to rejuvenation, throw-
ing the Sully back into the youthfrrl stage.

The condition of steady state, r'epresenting
tnre equilibriun, is a theoretical one and can
hardly be conceivd to apply to gu[y systems,
with the possible exception of very short time
spans. Schumn and Lichty (1965) expressed a
simila'view when they stated that only certain
components of a drainage basin na/ be in steady
gtate.

We must also recognize that gully develop
ment is not necessarily an "orderly" process,
proceeding from one condition to tho next "ad.
vanced" one. Erosion processes accelerate at
certain times, and at others apparently stand
still. For example, Harris (1959) established four
epicydes of erosion during tho last 8,000 years
for Boxelder Creek in northern Colorado. During
the int€rims, the stream was in dynamic equi-
librium most of the time. In a case study on
ephemeral gulties, it was demoustrat€d that flows
alter ths chnnnel, tt times leaving a more stable,
at others a very unstable, condition (Heede 196?).
The latt€r intenul condition leads to the well-
knowu erplosive ttehavior of geonorphic systems
(Thomes 1974). Ertsasl events, however, such
as flooding in natrrral gtreams, mBX also lead to
rapi4 drastic changes (Schumm and Lichty 1968).

Models

At present, no physical formula or model is
avail,able that describes the advancement of gul-

lies, although several statistical models have
been devised. In the badlands of southern Israel"
which are severely dissected by gulties, freld data
were statistically analyzed and a simple model
for edly advance established (seginer 19661.
Segiper tested three gwmetric parameters of the
watershed that can easily be measured: water-
shed area, length of watershed along the rnain
depregsion, and maxinrrm elevation difference in
the watershed. Of course, these parameters are
interrelated Regression analyses for several
combinations indicat€d that watershed area was
the most important single factor explaining the
deviations about the mean; additional factors did
not supply mone information.

The prediction equation derived was as fol-
lows:

B = CrAo'to

where E is the advancement rate of the gully
headcut, A is the watershed area draining into
the headmt, and C, is a constant that varies from
watershed to watershed.

It is obvious that a simplifred approach to
the quantification of Sutly processes, euch as
descriH atxrve, of best pnesents empirical rela-
tionships valid for a given watershed at a grven
point in time, Assumptions of uniform distribu.
tion of rainfall {expressed by watershed tres),
rurifom geolory, $lils, BDd vegetation" uncha4ged
land uses, to name just a few, do not p€rmit for.
mulati'on of meaningfut predictions.

The lirnitation of prediction equations bas€d
on statistical relations of a few selested parameters
and factors was dso illustrated by other studies.
Thompson (1964) investigated the quantitative
effect of independent watershed variables on rate
of gully-head advancement. Variables wffi: drain
agp area gbove !h" eplly head, slope of approach
clrannel above the glrlly head, summationof rain-
fall fiom 24-hour rains egual to or greater tlun
13 mm, and a soil factor-the approximate clay
content (0.005 mrrr or smaller) of the soil profile
through which the head cut is advancing. Regres.
sion analysis showed that 7? percent of the var-
iance was erylained by the fotrr variables. The
t-test indicated that only drainage area, procipita-
tion, and soils werg higtrly sigrdfrcant in- the
regression equation at the 5 percent level to
eqrress the rate of headcut advancement. An
Ra value of 0.?7 appears to siguiry an efficient
relationship, yet about one.fourth of the variance
is due to other, not measured variables. firis
unexplained fourth will prohibit the use of the
prediction eguation for most prrjects.

W"hile Thompon (19641-chose the tinear ad-
vancement of SUUV headcuts, Beer and Johnson
(1963) selected the changps in SuUy surface area

(3)



sl the depodent variable tn addition to the
inasp€ndeit variables us€d in the 1964 study,
Been sDd Jobnsou induded an egtinats of an
indgr of surdacs runoff. Ths results showed that
th€ gu[ying Procws was begt bY 

-a
hsafthiric-ridel as contEast€d n'ith Thompson's
lii€sr nodel All varirables wenc evduat€il from
thg pEet growth of ths gu[i'g8. No controUed
ghrdi€s of th€ idividust co-pnents rwponsible
for th gullyingpro€asr bave been Dndo-

m; aUoneneuUonsa statistical investi$8'
tiom thrss light on tbc inPortant variables in
nillv ttrofih.;Dd thu addei to our understand'
Lb 6tEuUVtuS. But quantificatiou asd predibtion
of-growth still tack precision becauss past rates
of Sullying do not Besescarity indicats futur€
rati. StagEI can bs tlcofiz€d in the develop
Emt of gUllies, ind erosion and sedi4gent prodrre
tion changp betweeu the stagps (Heede 19?41.

Gully growth preaicdons with$t remgnition of
ragb&velopuent Eaylot be nsaninflt-e aet3loinistic growth model fq, gulIie3 was
ororued bas€d on investigEtions in the badlands
it S:S. Alberta, Canada, where climat€, lithologf,
and total avaihble rslief arc rmiforu (Faulloer
19?41. Vegetation is pctically abse6L Ths Goll'
gtraists oi t&e EodGI aro qtrito dnstic in view of
ths variabilitf of environnelrts nrpporting +lly
systema TId model is an ertension of Wolder
*rg's {19661 gradient derived from the dlometric
gfowth hw {HurleY 1964), defined as

r a cd/r' H)

whsre r is ths siza of an or83q y repruents tb€
dzs of tbg orgEnisn to which th€ organ belongt'
ald cr end dr argconstant$

tisnratty, nonraifoturity of envirpnnental fae
tors srrch iJ soits ad vegBtatibn is the rule. The
irt€rnitt€nt f,ow of epGmeral gullies adds 8Il'
otb€r fornidabte task in Esking-the preent law
guffisi€Btly flerible to t8lre sare of ths ilrnerous
niia combinations. For most sitrrations, the
Dro€nt modd will therefore not yield renrlts
L$ful to the hnd Eanager.

Ths sborru compenilium illustrat€E thst our
Lnowledgp on gully- nechanics and -pnocesses 

is
llnritp{ as wJ erill recognize in the foltowing
.b"p,or, 8r! qfd judgpent are still requir€d in
Es$f phasec of gullY control

ORTECTIYES IIT GIILTY CONTROL

Msilr Proccgscs of GullY Eroeion
fu BclatedTo Control

Tb; nechanics of guly erosion calr bG reduced
to two Eain procelses: dowaetrtting aad hea&

ortting. Dowucutting o-f th-q nrlly Ettop leads

rc ffy deepening ana widenin-g- Headcutting
;ffd the'chaniel into unsuUied hesdwater

"*"t, ""d 
increases th€ stream net and its den'

rity 
-irt 

developing tributaries. Thus, effective
g,tify-iontrot iust stabilize both the channel
gtradient and chPunel headcuts.

Long{er:'-' Obiective of Coutrols-- Vegetation

In gully control iB is of benefit to recogniae
bng.;;6 s-hort t€r6 objectives hause often it
ii 

"l"y-Omcutt 
or imposgible- to reach the-tgog.

t€fi ;oahvegetation-airectflt gully. conditions

-,oti. "tt 
t f, srgt. R€quired alterations ars the

innediate objectiv€-
$rhere n effective vegetation cov€r will

gtow, g3adients uay be conao+ed by qhs estab
EsUnent of plantr without nrpplemental mechan'
icat measrrrb. Only rarely can vegeta{on done
it Uitirt headctrts, howwer, becarrs€ of the coB'

e"A"t"a forces of flow at these locations. tbe
-*t ittecU*te cov€r in gu[ies is characterized
by great Plant density, 4e"P and dens€ root sys'
6tr;, and low plant nligha lpn& f,erible plants'
on tt3 other h3!d" such as stain ta[ g5asses'

Ua dowa on the ggly bottorn under impact of
flo-. TheV provide a snooth interface between
f,o* and-oiiginal bed" q4d Esy substantially
incrase f,ownebcities. Thss€ higher velocitie
r"y indanepr meandering g1tlly.b"d* an4 in
rpit" of bot6u protectio*-widGB-tbs gully. T3geg,

einecialty if grom beyond gapligg stary' q*y
GtEict iUe fl6w and catrse diversion agEi:nst the
b""k lfhere nrch rotrictions arg concentrated
the flows Esy leave the gUlly. This is v€31r--ull'

d"ritable b€cLusd, iE nany sases, uew gullies
aettitop and uew headnrts fonn where the flow
reenters the origiDal channel

Eaginccm' Measttreg-An Aid
to Vcgctation Reeovery

If growius onditions do not Pstnit.F. diret
esablGhmeai of vegetation (drre to climatic or
sit€ testrictions, oF b severity of gully erosionl
engllr,eertng Bea!ilrr{er3 wiU b€ 

- 
required- Thege

Eer1gures am nearly always requir€d at the critical
locaUoos where Cdalna-charyes invariably takg
phce. Exanples are nickpoints-on the gPUy trt'
[iacuts, aid grrlly reaCbes_ cloEe to the- gufiy
noutb wbere &epening, wideainE, a36 dcFosi'
d66 alt€rnst€ frequently with different flows
(.* fig.2). Niclrpoints sigify longitudinal gradi'
ilot,cbEnge$ a *ntter gradient k being ertended
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toward headwaters by headcutting on the bed
(frg. 8). Normally, critical locations are easily
definable since the active stage of erosion at these
sites leaves bed and banks in a raw, disturbed
condition.

The designer must keep in mind that well-
established vegetation perpetuates itself and
thus represents a permanent t1rye of control. In
contrast, engineering measures always require
some degree of maintenance. Because mainte-
nance costs time and money, projects should be
planned so that maintenanci ii not required
indefinitely.

An effective engineering design must help
establish and rehabilitate vegetation. Revegeta-
tion of a site can be aided in different ways. If the
gully gradient is stabilized, vegetation can be-

Figure 8.-The nickpoint, located
on the gully bottom and indi-
cated by a survey rodn has a
depth of about 0.5 m. Al.
though this gully appears to
be stabilized by the invasion
of vegetation, rejuvenation
must be expected by the up.
stream advance of the nick-
point. The root systems will
be undercut and gully depth
and width will increase.
Length of the rod is 1.7 m.

Figure g.-The bank of Main gulfy,
Alkali Creek watershed, 12
years after installation of
check dams. Stabilization of
the gully bottom made pos.
sible the invasion of dense
vegetation that now is creep.
ing up the bank. The man
stands at the toe of the bank.

come established on the bed. S'taUitizea eully
bottoms will make possible the stabilization of
banks, since the toe of the SrrUy side slopes is at
rest (tig. 9). This process can be speeded up
mectranically by sloughing eully banks where
steep banks would prevent vegetation establish-
ment. Banks should be sloughed only after the
bottom is stable, however.

Vegetation rehabilitation ie also sp€eded if
largp and deep deposits of sediment accumulate
in the gully above engineering works. Such allu-
vial deposits make excellent aquifers, increase
channel storage capacity, decrease channel gradi-
ents, and thus, decrease peak flows. Ctrannel
deposits may also raise the water table on the
land outside the gully. They may reactivate
dried-up springs, or may convert ephemeral

ffi
ffi!": ,ffi
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sprinse to perennid f,ow. All tfieso resutts create
c6nditions 

-much 
mone fanorable to plant growth

than thos€ eristing befone control

Watcrshed Restoration Aidt
Gully Control Meenlrcr

Meagures tolqen outside the cbannel can also
aid rer/€gptation processlat in tho gUlly. Improve'
uents m the watershed that (U increas€ infiltra'
tion and decreas€ ovsland f,ow, and l2l spred
in$ead of oncenFate this flow, will bcn€frt gu[y
hosling pnocexls{Et. A shrdy on sedinsnt conbol
EsBsurut showed tbat sedinent ylelds weFe
redlrcod 25 to 60 percent by land hatment and
land ulte adjustments, alt nrweyed at 15' to 2U
y'ur-old flmdsatenretarding stnrctrrres in the
bouthem Great plai+q (Rgfro 19?2). But when
combind land treateent and stnrrtu:al tnea$rrgg
w€re applie4 s€din€nt yields were reduced 60 to
75pemt

Nomally, howwer, gully inpruvements can
be attaind guichr within tbe gulty than ortside,
becarrs of concentr:ation of treatment and avail.
abili$ of highen soil noisture in the defined
lrhfnn€L

Many tlT6 of watenshd restoration EQI'
surE! harrc bce! dsttis€4 and the litenature on
t&e nrbject ig abrrndanc Pouet (1965) d€rcribed
an integrat€d approach to erogion contrcl on the
watershed and in gullie$ Copeland (1960] pre'
sentd a photo.rcwrd of watgrsh€d slope stabili'
zation in-tlt€ Wagetch Morrntains of Utab and
Bailey and Copeland (1961) analfzed the behavior
of slope stabilization stntctureg.

Since watmhed restoration Eeasur$t are
onty supplemental to gplty control sone erarnples
wili suf$ce herq seeding and planting with and
without land preparation and fertilizatioq vegF
tation cover conversions; and engineering works
nrch as resertroirs, wat€n diversiong, benches,
tetracgg, trencheg, and furrows.

Innodtatc Obicctivcr of Contrcl

Differrent [4pes of Eea$rres benefit plants
iB different ways. It is therefore important to
clarify th€ brp€ of help vegptation establbhnent
requirg nrost Qgestions should b€ answered
snrch as: Is tbe present moighrre regime of the
eutly bottom $iffici€nt to support plants, or
imUa the bottom be rais€d to increase Eoisture
anailabiliby? One must recogpize that a eontfur.
uous, €ven raising of the bottom ig not possible.
Due to ths pnrcess€Ef of sedinentation above

check dam,s. deposits have a wedgeshaped qross

s€ction if ptotted dong the thalweg'
The irng€diate objectives of a g11lly mat'

ment mtrst consider other aspects in addition to
ptaot eover. usrrally, these considerations involve
fiyat"utics, sedimentation" goils, and sometiges
tfiffd"d* requir€d for the Eanagg6ent of t'he

*"t"dtt*,. For'instance, managpnent may call
foi deposits of med-rqln Po:Fible {gnth at sttra'

;d;6*dons to provide ghsUow-gully crossingp.
ffits, it s€dinend catch is a desirable objective'
t*g" dans should be built But if esthetic oon'

rid;r"dons nale check dans undegirable (and

ft"*h"d togistics and revegetation offer no
ptoble-s), tG grrlly bottom may tr stabilized
firh Cb subt€rb€d into rhe b€d" and thrrs

invbible Io the casual observer.
- These erample itlustrate how inportant it
is to clarify t-he innertiate and ovetall objective
of " 

ptaniea treatrnent before deciding on 1pn
pto".[ti 

""a 
Eeasunes. The obiectives detcmine

[m me"s,t*$ tbe Eeasrrres, tho type of resula

GT'I.IY CONTROL STRU TURES
AITDSYSTEMS

Typcs of Porons Chcck D"'s

The most commonly applied engineering
Eeasure is the check da- Forces acting on a
cUecl da'n depend on desigp an{ b}'fPe of cor
stnrction matLrial Nonporous 'tams rrith no
we€p holes, such as those built from concrete
{Poncet 1968, Heede 1965b, I(roufellnenl(raus
tgZU, sheet gteeL wet Easonry, and fiberglass'
receiw a strong impact from the- dynamic and
hyd*static forces of the f,ow ({g.- 10}. Tbese
f6rces require strong anchori:ng of-t\e darrr into
tbe grdly-baDks, to-which most of the pressurs
is trEnsfuittea In contrasL porous dans release
p"tt of tbe f,ow through the shnrchrre, and theneby
iecrease the head oiflow otter tbe spillway and
th" d1'namic and hydrostatie forces against the
d"- [fig. l1]. Mucf, less preszure is rccreived at
the tinfu th.,n with nonponous dans. Sin@ guliet
Selrerally are eroded fron relatively soft soils, it
L- easio to desi$t effective Porcus check 'la'n'g
tha! nonporoutt ones. Once the catch basin of
eithet porors or nonlxrous doms is frUed-b-f- sedi'
ment ieposits, however, stJructural stability is
less.cridaal because the darn crEst has become a
new lwel of the uPstream guUY floon

Loose rock can be used in different tlpes of
check dans. Dt-'s Eay be buitt of loose rcck
only, or the rock Eay be reinforcedl,y *iry mesb
steil posts, or other mat€rials" The lpinfarnc'---f- I

-- .-/
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Figure 10.-This prefabricated,
prestressed concrete check
dam accumulated sediment
readily because the structure
is not porous. At the same
time' dynamic and hydro
static forces of the flow on
the dam are much stronger
than those at a porous rock
check dam. The discharge
over the spillway of this struc-
ture, installed on the Alkali
Creek watershed, is about
0.4 m3/s.

Figure 11.-As contrasted to im-
pervious dams, rock check
dams such as this double-
fence structure release much
of the flow, and hence hydro-
static pressure, through the
gtructure.

ments Eay it!fluence rock size reguirements. If
wire mesh with small openings is uJed, rocks may
be snaller than otherwise required by the desigi
flow.

some different t1ryes of check dams wiu be
descriH, but the freld of check dam design is
wide op€n- Many variationsr are possible.-The
torent+ontrol engineers of Europ have been
especially successful with frlts or op€n dans.
Moet of their designs are for largp torrents whene
stresses on the structurw are much gpeater than
those in gullies, gpnerally. Clauzel 

-and 
Poncet

(19631 develoEed a concrete dam whose spillway
is a concnete chute with a steel grid as th€ chute
bottom" This grid acts as a filter for the bedload.
Periodic cleaning of the dam is require4 however.

Other t1ryes of filter dams have vertical grids,
or grids insta[ed at an angle to the vertical. Such
da'ns are described by hrglisi (196?1, I(ronfellner-
Kraus (19701, BBd Fattorelli {19?U.

AII the torrent control dams are quite sophis-
ticate4 and thus costly. Such high costs are
often justifred in Europe, however, since popula-
tion densities require the nost effective and last.
rng control measures. These qualities are especially
important if the basic geologic instability of the
alpine torrents is considered. In contrast, most
gullies in the westem Unit€d States are caused
by soil fuilure, and life and high-cost property
arre not usually endangered. Simpler, low-cost
stnrctures will therefore be preferable. fome of
the most effective and inexpensive damg are built
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oainly from loose rock. They will therefore, b€
emphasized in the &scriptions that follow.

Loosc nock

The basic design of a loose.rock check dam
is illnstrat€d in figure L2. If faeilities are not
availrble to us€ ths conput€r progfiln developed
by Heeds and Mufich (1974), volume of ercava'
tion and of rocks required in the constnuction
can be calsutated from tb€ drawings. Bock vol'
urn6 can also be obtained fttm an eguation dis-
suEsGd in th€ sectiou on Eqrrations for Volrrme
Calsrrlrtions. In a Color:ado project, tho drawingg
also s€n/ed well in the fisld at souttnrctioa plnns
He€& 19661.'

Sincs looserock dans arte not reinforce4
the angle of rest of the rock should det€mine
ths dop€s of ths dr- side+ Thfu angle dcpends
on tbe tJrpc of rock, the weighq gize, and shape
of tbo hdividusl rocks, ad thsir size distribution
If thp d'nr sides are constnrcted at an ande
rt€€Bcr thar thet of rcsL the stnrcture will bo
unstable and Eay loso its shape during the frrst
hearaf nrnoff. For the decip of check dams, the
folloring rule of thumb can b€ use& the angle of
rwt for anguler rock correcponds to a slope ratio
of 1.25 to 1.00; for round roch 1.50 to 1.00. Figt
ure 13 illnstrat€ a dam built from angular loose
rocls

WirGBoundloorc nock

A wireborrnd ch€ck d'''. is idsnticsl in shape
to tbat of a loosarock dan, but th€ loos€ rock is
enclosd in wire megh to reinforse the stntcture.
Ths f,etEibility within the wire mesh is sufficient

d
,ttt'-ft"

ts p"*it.adiustments in the structural shspe,,il I,
tfe dan sidei are not initially sloped to the angle -r :

of resL Therefore, the same rcck design criteria
are required for a rire.borrnd dam as for a loos€'
rock gtntcture.

The wire mesh should: (1) h resistant to con
rosion, (21 be of suffrcient strength to withstand
the pr$sure ererted by flow and rocks' and
(31 have openingp not largpr than the averagp
rock size in fte daln" Wire mesh may not be effec'
tive in boulderstrewn gullies supporting flows
with hear{y, coars€ loads.

Single Fencc

Singlefence rcck check dams {figs. 14. 15}
differ greatly in shap€ and requirements of con:
stnrction materids fron the looserock and wire'
brrnd dams. These stnrstures consist of {1) a
wire-megh fence, fastened to steel fenceposts and
stnrng at right angles across tbe gully, and l2l a
loose.iock filL pild from upatreaur against the
fence. The rock fiU can be constructed at aD angle
steeper tban thst of rcst for two naasons:

l. The impact of flows will tend to push thc
individuat rccti into tbe fill and aeainst ths dan

?^ Sediment deposits will add stability to the I
fill and will eventrrally cover it. J..,

l

The desigF of this uJrpe of check dam should '/

enphasize stirdficatioas for the wire mesb and
tb€- setting-spacing and securing of the steel
fenceposts. Tf,e wire mesh specifretions wiU be
the sane as those for the wtrc'bound dams.

The steel fenceposts should be suffrciently
strong b resist the pnE$sure of the rock fill and
the flows, and must be driven into the gully bot'

flow

-

Figure l?.-Congtruction .
pfans for e looserock
check dam.
A, Section of the dam

paralfel to the cco.
terline of thE gully.

I, Section of thg dam
at ths cross Eection
of the gully. B = orig-
inal gully bottom; b
= originaf gulfy cross
sectisn; c = spill"
way; d tE crest of
freeboardi € = exc+
vation lor apron; g
ar €fid sill.

l.
I
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Figure 13.-Upstream view of a
. loose-rock check dam. The

catchment basin filled with
sediment during the f irst
spring runoff after construc.
tion. Rod is 1.7 m high.

A

t I o"'
ts'

---dd
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Figure 14.-Construction plans
for a single-f ence rock
check dam.
A, Section of the dam

parallel to the center.
line of the gully.

8, Section of the dam at
the cross section of the
gully. a = original gully
bottom; b = original
gully cro$s section; c
= spillway; d = crest
of freeboard; e = exca-'
vation for key; f = ex-
cavation for apron; g =endsill; h = steel
fencepost; k = guys;
j = rebar, 13 mm in
diameter.
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Figule 1S.-View across a single
fence dam. Apron and gutty
bank protection are to the
left of the dam crest.



A

tom and si& slopes to a depth that insutes their
stability in satrrrat€d soil If it is inpractical to
drive posts to nrfficient deptfis, tbs stability of
tho posts should b€ enhanced by guys. These
guys should be anchored to oths posts that will
bo covered and thus held in place by the rcck frlt

In general spacing between the feneposts
should not be morc thnn 1.2 m to prevent Grcss-
sin€ pouching (stretching, of thp wir€ mesh. Where
conditions do not allow thfu spacin& a me-imum
of 1.5 B can b uged but the fence must be rein
forced by steel posts fastened horizoutally be
tween ths vertical postr. Elcegsive pouching of
the wiro mesh reduces the structural height and
inpairs ths stability of the daE

Double Fencc

The double'fence rock check da-' has two
wire mesh fences, stnug at a distance from each
other asnolts the channet (fig. 16). In this t1rye of
dan' a well.graded supply of rocks is essential
othervise the relatirre thinness of the stnrcture
would pernit rapid throughflow, rcsultryg in
water jbts. Doublefence dans should only be
built if an effective rock gradation can be obtained

In Colorado, parallel fences wens spaced
0.6 E {Heede 19661. Peak flows did not exceed
0.7 Bs/s, and loads consisted ,a.inty of finer
material Dams were no taller th'n 1.8 m (frg. l?)-
At Eany d'- sit6, maintenance and repairs

Figure l6.-Construction
pfans for a doubl+
fence roclc check
dani.
A, S€ction of th€ dam

paraf lel to th€
centerlins of the
guf fy'

A Section of the darn
at the cross sBG-
tion of the gulfy.
8 s original gully
bottom; b a orig-
inal gully cross
s€ction; c a spifb
wa$d 3 cregtof
freeboardi I = Bx-
cavation for key;
f s exCaratiOn
forapron; g r= crd
Sill; h a steel
fenceposti i = re.
ber, 13 mm in
diamet€r.

Figure l7.-Upstream view of a
doubf+fence datn. Note the
bank protection work. The
apron is covered by wat€r.
Length of rod is t.7 m.
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were required because excessive water jetting
through the structures caused bank damage. The
percentage of small rock sizes was too low.

When flows of large rnagnitude, say 2 m3/s, or
gullies on steep hillsides are encountered, the
base of the double'fence da'n should be wider
than the crest. This will add structural stability
and increase the length of the flow through ttre
lower part of the dam.

Gabion

A gabion check dam consists of prefabricated
wire cages that are tilled with loose rock. Indi-
vidual cages are placed beside and onto each
other to obtain the dam shape. Normally, this
dam is more esthetically pleasing, but it is more
costly than loos€'rock or wirebound rock check
dams.

Headcut Control

Headcuts can be stabilized by different types
of structures, but all have two important require-
ments: (1) porosity in order to avoid excessive
pressures and thus eliminate the need for large,
healy structural foundations; and IZ) some tlTe

of inverted tilter that leads the seepagp gradually
from srnaller to the larger openings in the stmc-
ture. Otherwise, the soils will be carried through
the control, resulting in erosion. An inverted
filter can be obtained if the headcut wall is
sloughed to such an angle that materid can h
placed in layers of increasing particle size, from
fine to coarse sand and on to tine and coarse
gravel. Good results may also be obtained by use
of erosion cloth, a plastic sheet available in two
degrees of porosity.

If rock walls reinforced by wire mesh and
steel posts are used, site preparation can be mini-
mized. Loose rock can be an effective headcut
control (Heede 1966) if the flow through the struc-
ture is controlled also. As in loose-rock check
dams, the size, shape, and size distribution of
the rock are of special importance to the success
of the stnrcture. 'fhe wall of the headcut must be
sloped back sb the rock can be placed agpinst it.- If the toe of the rock fill should be eroded
away, the fill wotild be lost. Therefore, stabilius'
tion of this toe must be emphasized in the desigu.
A loose-rock dam can be designed to dissipate
energy from the chuting flows, and to catch sedi'
menf (fig. 18). Sediment depositions will further
stabili'e the toe of the rock frll by encouragtng
vegetation during periods with no or low ehannel
flow.

ala

meters

0 l5 3

Figure l8.-Constructlon plan for a gully headcut contrcl with a loos+rock check dam. The sectircn of the structure
is parallel to the centerlin-e of the gully. a = original gully bottom; b = oxcgvated area of headcut wall;
c=spillway;d=crestoffreeboard;e=excavationforkey;f=excavallonforapron;g=endslll;h='
rock fill.
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Gcncsal Dcdgl Criterir

LoocG noch

Looso rock h8s proved to be a very nritable
onstnrction matprial if us€d corne{ctly. Often it
is found on the |and and thrrs eliminat€s GXp€D'

ditures for long hauls. Machine and/or hand labor
Esy b€ uEed. 

-The qualiby' shape, size' aad size
disdbution of tbs rock us€d in constnrction of a
ch€ch dEB affect ths sueee$t and lifespan of the
stnrghrre.

Obviously, rock tht disintsgratas rapidly
whm €rpoEod to water and atuosp!€ts wiU have
a shtrt struGfural life. nuther, if only sEaU rocks
r$e us€d in a dsn, th€y Eay bG novcd by the
inpast of the first largB sats f,ow, and t,hs d"-
qui*ly destroy€d. Iubontrast, a chsck datn G€D'

sinrcted of only largr rocks tbat lesvo largc voids
i! tbs stsrrchrrg wili offer rcsirtanca to th€ f,ow,
but ulay ctuta water iets throus th€ noi&
(fig. 191. Tbege jets ca! be highly destnrctive if
dirocted tosard openingr in tho benk protectiou
work c otbsn rrnprotecled paru of the chnnneln
Large voids iD cbock dIEI also prerrent the acr
currulstioo of scdinent above thg stntchtres.
In gBncat tlis asumutation is desirable because
it frcruses tbs gtabi[ty of stnrchlrw and €B'
hancor gtabilization of tbs gully.

Largp voids will be avoided if tbs rocls is well
SFad€d.-gr4lgaded rock wil pcrait son€ flow
itrougf the structure. The najority of tbe rock
shfirld be hrge euougb to trsist the flos.

silco requfusd irise and gradatisn of roek
depend on drc of d+n and mggnihde of f,sw,
strist rules for effectiw rock gradation cannot

be given The recommendations-Fven below aTe

emiUcat values derived from grilty trpatpents iln
tht Colorado Rocky Mountains, and should be

evaluat€d accordin gly. The desigRer should use
these values only all a gtride for his decision

As a general nrle,-rock dianeters should not
be lms dln 10 cm' and 25 percent of all rocks
should fall into the 10. to la'cm siae cliass. The
uDD€r size liwri! will be detcrmined by the size of
d;dan; large dams can includelarger-rcck than
s'roll ones. Ftat and round roch nrch as river
material sbould be avoided- Both t1ryec slip gut
of a stnrchrre EorB msily than bnoken rocks,
which anchor wdl with eacb other.

In general largB design peak flows wi[ nE

quile targer rock sizeE than snall flows. As an
&ranpl€,-assune tbat &e d"qptd total dam
h€,ighi nangpr htween 1 and 2 m, where total
UriEm is deastlred fuom the bottom of the dan
tp ;he crest of the freeboard- Tlpe of dam is loos€
rock witbout reinfotcemenL Design peak f,ow is
-tiEsted uot to erceed I m3/s. AII effeetive rock

ffaaadon would call for a distribution of siza
ilasses as follows:

Pcrcclt
26
20
26
g0

n on the other h8n4 dsn height vould b€ in'
crbsr€d to 3 m' rock up to 1 E diamet€r, cotr'
sdhrdng 15 pertent ol the volune, could b€
phc.d iito tho bas€ of the da-' and ths second
iirt clags deqessed by this portion If peak flow

Slzc
10-14 cE
15-19 cE
20-90 qn
31-45 sB q

Figura lg.-BecausE thia doubl+
fence rock check dam wes
built with an insufflcient Por
tion of small rocks, many
large voids allow water iets
through the structure. Note
that water is not running
over the spillway. The fets
endanger the gtabiflty of the
structural ltsys and bank Pro'
tection worfc
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was estimatd not to exceed 0.?5 m3/s, the 31' to
45-cm size class could be eliminated and 55 per'
cent of the volume could h in the 20'to 30'cm
clags.

In ephemeral gullies, only in exceptionnl
case$ will meaningful flow infornration be avail'
able that permits a realistic estimate of average
velocities at the dam sites" If flow inforrnation
is available, an equation developed by Isbach and
quoted by Leliavsky (1957) may be usd to check
the $uitability of the larger gizes. The eguation
relates the weight of rock to the mean velocity
of the flow as followsl

\ff = 2.441I0-t)Vt (5)

where W is the weight of rock related to D* of the
rocks, and V is stream velocity. D.. is the sieve
size that allows 65 percent of the material to pass
through This equation states that 65 percent of
the rocks can be smaller and 35 percent larger
than the calculated weight. As stated above, the
smallest size should have a diameter of 10 cm.

Spacing

The location of a check dam wiU be deter'
mined primarily by the required spacing of the
struchues. Requireruents for spacing depend on
the gradients of the sediment deposits expcted
to acctrmulatc above the dams, the effective
heights of the dams, th€ available funds, and the
objective of the SuUy treatment. If, for instance,
the objective is to achieve the featest possible
deposition of sediment, high, widely spaced dams
would be constnrctd. On the other hand, if the
objective is mai'rly to stabilize the eully gradient,
the spacing would be relatirrely close and the
dams low. ,

In generd, the most effrcient and most ect>
nomical spacing is obtained if a check dam is
placed at the upstream toe of the final sediment
deposits of the nert dem downstream" This ideal
spacirlg can only be estimated, of cours€, to obtain
guidelines for construction plans.

Normally, objectives of gully control reguire
spacings of check dams great enough to dlow
the full utilization of the sedimenbholding capacity
of the gtntctureg. Determination of this spacing
reqnires defrnite knowledge of the relationship
between the orisinal gradient of the gslly clrannel
and that of sediment deposits above check dams
placed in the gully. This reJationship has been
hlpothesized by several authors.

Kaetz and Bichs urere the frrst known inves'
tigators to propose a relationship between the
slope of sediment deposits above structures and
that of the orisinal thahreg. They concluded that
the ratio varied between 0.3 and 0.6. The steeper
deposition slopes were found in ctrannels carrying
coarse gravel, in contrast to the fhtter slopes
associafu with fine loads. When some of the
salne structures were nesurveyd 22 years later
(IVI)'rick Strrvey, ss quoted by Leopold et a[ 1964]'
the sediment wedgs hsd lengthened only slightly
since the time of the frrst survey. The increase
in tength was accompanied by a slight steepening
of the deposition slope.

Th€ Los Angeles County nod Control Dis'
trict, engaged in gully control since the 1930's,
used anlmpirically established ratio of 0.7 be'
tween depoJition and original bed slgpe {Ferrell
1959, Ferrell and Barr 1963). In a sediment trend
study, conducted I years after installation of a
check dam treatment, the validity of this ratio
could not be confinned (Ruby 1973). It appears
that a 9-year perid is not sufficiently long to
prove or disprove the nrle of thumb.

Deposition of sediment above dams is a
d]'namic process dependent on regimen and
dagaitudel of flows dLring the trmtment peri$,.
In a laboratory shrdy on low'drop shrrctures for
alluvial fiood channels, it was demonstrated that
the regimen of flow exerts an overriding influence
on channel grade (Vanoni and Polhk 1959). Also,
Ruby (19?gt stated thnt the system is constantly
changing. But it is important to note that in the
Los AnEeles treatment, all sediment deposits
have consistently aggfaded and not one has yet
degraded. This suggests that sediment is still
accumulating above the check dam*

Heede (1960) evaluated 20- to 26'year'old
check dams in the colorado Front Rangp {eastem
flank) of the Rocky Mountains, and found the
ratio of deposition to original bed slope fluctuat'
ing betwCn 0.5 and 0.65. The soils had I large
amount of coarse partides, slrd clay content was
low. A check of l$.year.old earth check dams and
stock pond structures on the western fiank of
the Colorado Rocky Mountains showed 8rr av€r'
agp ratio of 0.7 (Heede 19661. This ratio was
afplied to an ertensive watershed restoration

sKaetz, A. O., and L fl, Rlch, tgilp. Report of survey
made to determlne gnde af dqposJtlon abave sitf and
gnval barrlers. (lJnpubltshed memq dated DEc. 5, 1939,

bn ftle, U,S, SOil COnsgtY. SOrv. llbrary, Albuquerq4e, N.M.)
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proiest eB the w€lltern tlgp" oJ the Rocky Motttt'
[-rii in 196g. That projeet is now bebg evd'
uated.c

Crran"el stnrcturcs w€FE investiga0ed in Ari'
zona wasbm by Hadley (1963). Hs concluded that
; .fu" in basi letrel as represented by a dan
redrrcea the chrn"el slope and caused aggradation
upstrean to a higher elevation than tbst of tle
cir"'el control (iaml. Frpm tho field observa'
tions, ho infe!rcd that the ertent of deposition
n dstnruined by valley width' elran"el slope,
particle size of the material and vegetation A
iatio wres not establishcd"

Thp deposition slopes bohind ths inperueable
stnrchrres'ot tfp eriz6us washsg wers ompared
with those of pormeable stnrctures ili th€ upP€r
Rio hrerco Biudg of New Merico &usby and
Hadley 196?1. Ths lstt€r developed stnepa slopes
tbs$ th€ inperneable dans. Impermeable stnre
tllre+ pl,acei on gentle hifl rlopes,-congist€d of
woodsi fenceposts and wov€r'wire fencing P4te'
riat and were set into th ground go that 0.3 D
was above the original land srrrfac€-

A gpneral ftaat€ning of tlp d€pcition slope,
as conpared with ths crridnst thalweg' was also
found ii nAA investigadons on 26.year'old gtl[Jt
controt stnrs{rrer in Wisconsin (Woolhiser and
Uilts 1963). Ths ratio ranged benreen 0.29 and
L.WL Int€restbgly, ths authorc recogfdzed th€
ctasEic aggradationdegrada$on pattem between
strncttrresJ it showed degfadation and tJre asso'
sist€d ftattening of ths c[annel slope caused by a
redtrction h tho s€dinent load"

Woolhis€r and l*en2(1965) atso denonstmt€d
tbat not only tho originsl eb"o4 gradient influ'
€nses the debosition-stops' but also the width of
the ch.nnel it the stnrcturq and the crest height
of the spillw?y above the original channd bottpm-
These iutbois forrnd 8Ir averagp slope rabio of
0.52. Wh*e original dopes wera lecs than 11 pgt
c*t" ths averagp ratio was rais€d to 0.66; ths
rati,os tcnded to Ue smsller as the original slope
increas€d.

As the above disstrssion demonstrat€4 re}a'
tionships dweloled s,o far have been entirely
empiri&L and furthr r$carch b n€cg(I3ary to
estaUlisU th€ theoretical basis.

In Colorado, earth dams w€rs erarnined for

ntid"oo in determining thg spacing of dans
fH..d" fgeel. Data isdicatcd tEat' P gultiet 9{
E; than 20 percent gradienL ti9 dans would

uot interfene'ittf s€dinent etch if theh -spacing
;; 6ag6 on the sryected slopo of the deposits

CHccdc, Burchard t[. Evaluation ol tn aarly soll-and
wator nheb'i t t tati on Pro icct- A t Ral t @cck watershcd, Cole
ido.(Fcsearch Pador in Pnqntlon at Rrcky Mt. Fon and

Rengo fuP.Sm., Fon Colllas, Colo-)

being 0.7 of the original grrlty gradient" For nttly
Sf"di"nts erceeding 20 

-percenq- erpec-ted sedi'
ilent deposits woul-d h"y" a_gradient of 0.5 that
of-th" gi[y. Heede and Mufrih (1973) developed

"" 
reGtioi to simplify the cal$lation of spacing

as follows:

$- Hg

t(r0.3forG s 0.20
t(r0.5forG > 0"20

K G cos'c

where S is the spacing, HE is effective dan height
as Eeasured ftdm ntlly Fttom to spillway crest'
C t pres€nts the g"ttlt Efadient as a ratio, c is
rh;EA; conrespondini to theerlly gradient
(G = 131[ o), ud ti is a constauL The equation is

Uas"d on the assunption that the Sadient of
th" s"a-*"t depositi r (l-K)G. In tbe colorado
erample, vdues for K wete:

t,
(6)

(7)
(Et

The seneralized equation (6) can-be used-by
the a"tifio, atter thL applicable K value bas

U*o-a"E .i""a for the t*atment area. Works
orao ln"" 10 years should be inspected for this
aeiirnin"tion Figure 20 illustrates thc relaciou'

;hit b"t*..n dah spasn&. heishq agd 4Ur
FIO"* F;" given irutty, the nquired numben

;i da-s decreas€s uritl increasing spacing or
increasinJlttrcu"e da- heig[t and increises
with incrEasing grrltv eradient. An exanple for a
600 m gully segpent is given in figure 21.

Keye

Keying I check da6 into tbe side slopes.Sd
boftod;Eh" g,ttty grearry enbances the stabiusy

of the stmdure.'S-uch [eying is inportant q
gtttti* tnere erpected PTk flow is Largp' and

where roil" rtr tti?uy erisive (such-as soils with
hG[ iand contenfr. l"oqqrock check drrn'e with'
o.it-r.yr w€BB ntc"ssfully installed in mils d€'

;"ed ffi-pikes peak fanite, bgt estimated

o""l n"*iaia nor erceed 6"9 ms/s {Ireede 1960}.
'lG oUi*ti"t of ertendtng lhe key- into ths
grrtty .ia"-Jtop"r.is !o prEv€Bt degtnrctivg f,ows

6t *Ltpo-rromid the dan an4goqpequent scouring

;i $" t""kt:S*onring could haq tg Fps b€tween

da' ""a 
bank that woutd render ths stnrcture

inEffective. tue keys minirri-6 the d+nger. of
r.o*l"S Ad innneiing arotmd chgck dams b€'

cause the rcute of seepigp is considerably lensth'
;.d" Ar ;;idt in t$ k6ys becone pluegp4 tl"
f*gtf of the eeepagp r6ute increalps. Thig in'
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Figure Z0.-Spacing of check dams, installed in
gullies with different gradients, as a function of
effective dam height. 

,

crease causes a d*;se in the flow velocity of
the seepagB water md, in turn, a decrease of the
erosion enerw.

The part of the key placed into the gu[y
bottom is designed to safeguad the check dam
agpinst rrnderortting at the downstream side,
Thercforg the base of the key, which constitutes
the footing of the dan, must be designed to be
below the $rrface of the apron This is of por-
tisular irnportance for fenc+type and impenrious
stnrctures because of the greater danger of scour-
ing at the foot of thes€ dams. The water flowing
over the spillway forms a chute that creates a
Fain critical area of i-pact where the hydraulic
junp strikes th€ SuUy bottom. fris location is
ailay from the stnrcture. The sides of loos€'rcck
and *4rs-bound check dans slope onto the apron,
on the other hand, aud no freefall of water ocsurs.

o.3 0.6 09 1.2 l5 1.8

Effccfivc dom hcight (metsrs)

Figure z.|.-Number of dams reguired in gullieS,
600 m long and with different gradients, as a
function of effective dam height.

Th€ design of the keys calls for a treuch,
uzually 0.6 m deep and wide, dug across the
clrannel Where ex,cessive instability is demon'
strated by largp anounts of loose materials on
the lower part of the chanrrel side slopes or by
large cracks and fis$rres in the bank arnlls, the
depth of the trench should be increased to t.2
or 1.8 m.

Dam construction starts with the fi[ing of
the key with loose rock" Then the dam is erected
on the rock filt Bwk size distribution in the key
should be watched carefully. If voids in the key
ars l"tgt, velocities of flow urithin, the key may
lead to washouts of the bank materials. Since
the rock of the keys ig embedded in the trench
and therefore cannot be easily moved, it is advan-
tageous to use smaller materials, such as a thix.
ture with 80 percent sealler than L4 cm.

Height

The effective height of a check dsm {Hgl is
the elevation of the crest of the spillway above
the original $dly bottom. The height not only
igflnences structural spacing but also volume
of sediment depositg.
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Heede and Mufich (19?81 develop€d lo €Qrl8'

tion thst relates the volrrne of s€diEent deposits
to spacing and effective heigbt of dam:

Vg -t/2 Hg S cog o LHE (9)

where Vg is the sediment voltrmo' S represents
th€ spa&g, agd Lffn is the average l"Tgth of
daE,'consldered fonJffective d-n' height and
calculst€d by tbe eguation:

Lg-Ltr
LHg'LB*-6-Hg (1ol

where Lg is the botton width a"4 Lq th€ bank
width of the gully, Easurd fron brink to brink'
ad D is t'he-ileptb of the gully' If S in eqrration
(91 iE nrbstihrt€4 then

vs-Hlss (11)

shers the constant K hsI tbg vdueg found to
bs applicabl€ to ths trcEtnont are+ Eqnation (11)

indiiiter thot s€diEs!$ d€Posit€ increase as the
qrurcof effective dprn hight (fig. A2l.

For practical pru,pollEll -F"t"d on the sedi'

-"ot aefrtlt modil lne sedinent Gurre -q -frg'
.tr" gz is valia for treatnent€ in gulties with iden'
tic.t cnoss s€ctions and gradients rqPgng fr"P
i to gO pereent. At t'tr;s ranser the difference is

4.A percint with snaller deposits on the steeper
gr"ii"o*, a negligible fraction in such estimates-
Tbe volume of-de-posits, compared with that oa

a 1 p,ereent gfadienb decreases by 10 percent on

. giO""U oI ,15 peTcent, if the cnoss sectionst are

Lilt"nt" Magnl[udes of cross sestions, of course'

exert strong iif,ueaces on sedigent deposition
ln moI cas"s, dam beight will be restricted

bv one or dl of the following crr'terie (1) costs;
(a ,t"tiliuy, and (gl channel gpoqery in.reliation
6,piu*;i iequirements" coit relrtions between

different t'Jrp* of rock check darns wifl b€ dis"

ctt"r.d t"6: Shbility of inrpenrious check dams

;ho"td bs calculated where life atqor- pT9P94t

;"td be €tda"gered by tailure. Heede (1966b)

;*r*t"d an errtpte toi these etsulntions which

[|f, b" e""ity foll6wed Penriorrs dan's sr'rch asl

t*k-ch.ck da-rs cannot b€ easily analrzed for
;t bilfi,- however, becagee of uirknowns nrch

as ths porositY of a stnrchlre.
Sorcrely t€sted check dags in Colorado

(Hee& fgebl had rnarilntrn heights as followg:
i@gt"ck *a wir+borrnd dans, 2.2m; and fencs'

hrp€ dams {thickness of 0.6 B}, 1'8 m,.'' --[o ggllio *itn spell widtry and depths but
l"rgt uLgnihtdos of flow, tbe effective h"igFt of
da;a E"j'-b" geady restricted by the qPillway
M this iestriction EsY result from
iil rpit[Ct depth n€cg3;tary to accomnodate
erp€c{€d OeUris'laden flwg.

Spillwey

sincs spillways of rock ch€ck dams Eay-F
cor1gids€d tto"a-c"etted weirs (fig. 28), the dis'
cbargp.q,r"tioo for that tylp€ of weir is applicabh

Q = cLHr'! (12)

whers Q ll discbargp in-ml/s, C E coefficient of
thg eei;, L lqg effilive length of the weir in m'
r"d tI - had of f,ow above the weir crest in n" ,

Tb€ tt"hr" of C rraries. Ths escast nalue d€p€ndE

on ths reugtrnegs as well as th€ breadth an{ shape

;f th, t# and the depth of flow. Sirrcs in rock
ch"ck d--e, breadth of weir changes within a
stnrchre fron otr€ spi[way gid€ to the other' an-{

shap€ and ruughnesi of tbe rocks lining the Pill:
tr"tso changq C would have to be deterpined
elfretim"ota[t tot each dnm. This' of courge, is
;i practical ina it is recommende4 thercforp' to

I
.',)

E t cfhr. dorn lrighf (tnctcnl

Ffgure EL-Expectad s€dlmcnt Oepgits retaiFd by
checlt dam treatment as a functlon of effective
danr height. The ssdlment deposit ratlo relat€3
ths volutne of ssdimant depositg to the volume
of sediment deposits at effective darn height
Of 0.3 ttl. Thug, deposits in a treatment with
12 m dams are mgre than s€ven times larger
then thoss caught bY 0.3 m datn!.
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s4#
Figure Z3.-Upstream view of a

loose-rock check dam sup-
porting a discharge of about
0.3 m3/s. Effect,ive dam height
is 1.7 m.

use a mean value of 1.65. This value appears
reasonable in the light of other inacgtrracies that
are introduced in calculating the design storm
and its expected peak flow. For this reason also,
the discharge cdculations would not be signifi'
cantly improved if they were corrected for th€
velocity of approach above a dam. Such I cotrec'
tion would amount to an increase of 5 percent of
the calculated discharge at a head of flow of 0.6 m
over a dam 0.?5 m high, or 8 prcent if the flow
hada0.9mhead.

Most gullies have either trapezoidal, rEC-

t,ang;trlar, or V-shap€d cnoss sectiotts. Heede and
Mufrch (1973) develo@ equatiorut for the calsu'
lation of spillway dimensions for check dams
placed in these grilly sllapes. In trapezoidal gullies,
lhe equation for length of spillway can b€ adjusted
to prevent the water overfall from hitting the
SuUy side slopes, thus sliminating the need for
ixtensive barrk protection. In V'shaped gullies
this is not possible, generall3r. In rectangular
ones, adjustment of the equation is not required
because the freeboard requirement prevents the
water from falting directly on the banks. One
equation was established therefore, for V'shaped
and rectangular gulties as follows:

(13)

where HSV is spillway depth, the constant C is
taken as-1.65, and LAS, the effective length of
spillway, was derived fron the equation

(14)

in which f is a constant, referring to the length
of the freehard. In gullies with a depth of L-5 m
or less, the f value should not be less than 0-3 m;
in SUUies deeper ttnn 1.5 m" the n'inimurn value
should be at least 0.6 m.

For structural SuUy control, d*qigtt storms
should be of 25 years magpitude, andn as a mitli'
mum, spillways should accomrnodate the €x'
pected fieaf flow from such a storm. In lnoun'
iainous watersheds, however, where forests and
brushlands often contribute large amounts of
debris to th€ flow, the size and the shape of spill'
ways shoutd b€ determined by tFt. exlp9ted
otgfrnic material. As a result, requir*{ tpiU*1{
siz-es wiil be much larger than if the flow could
b considered alone. Spillways designed with
great lengths relative to theil depths arq very
Important here. Yet, spillwgf length can be €x'
E;ded only within lim'ts because a sutficient
contractionof the flow over the spillway is needed

to fonn larger depths of flows to floa.t larfr
loads over fie creit. The obstruction of a spiil'
way by debris is undesirable since it may qauqe
the fl6w to overtop the freeboard of the check
dam and lead to its destruction.

The characteristics of the sides of a spillway
are also important for the release of debris over
the stnrcture. Spillways with perpendicular sides
wiU retain debris much easier than those with
sloping sides; in other words, trapezoidal crosg
seclions are preferable to rectangrrlar ones. A
trapezoidat shape introduces another benefit by

Les=|9HE-f

Hsv:(r*J"
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increasing the effective length of the spillway
with increasing magnihrdes of flow.

Tbs lgngtt of-ths spillway relative to tho
ridth of thJ grrlly bottom is inportant for the
protnction of the channel and the stntsture. Nor'
batp, it ig dsirable to design spillways.with a

t€ngt[ not greater th'n tb€ available guttf bottom
si&U tn tlat the waterfall from the da-' will
striks the gully bottom. There, due to the stilling
bEsin effCts dt tUe dan apnon' the trrrbulence of
tb€ flow is better conmlled than if the rater
fu striker againrt the banb. Splashing of watpn
EgEingt tbe cf,annel side slopes should be kept-at
a-Dininun to prerrant now erogion Gensrally,
spi[wsy tengtb-wil errd.gully Fotto- width
in gutti€s wi[h V-shaped gtgt! sections, or where
large flows of watsr and dsbris.aF glrP€c -t€d 

rela'
tivE to the available bottom widtJr" In such caltqir
intensivs ptotcction of tbs gtl[y side slopes below
ths stnrchrrcs is required.

Eguation t13l inctudes a safety Esrgi+ b?
causo iho effective length of the spillway is cal'
gtrlatd with referencc to tbe width of ths gu[y
at tho elsvation of the spillway botton inst€ad
of that at helf ths depth bf tne spillway. A! spi['
ray bottom elevatioL guliw qrs genenally {f-'
ro*un tban at the location of the effective spill'
way l€ngth. This rpsults in so6eshat smaller
spiilwaylengths, which wil benefit the fit of thg
spillway into the da''" and the gully.

If th€ spillway sid3s ars sloped 1:1, it follows
that in V.itapd and rcctangular gullies' tho
botton length of ths spillway &gsv) is derived
from the eguation

Lgw - L+s - Elsv (15)

and the length between the brinks of the spillway
EUW) is given bY theequation

Lusv - LAS + Hsv (16)

In trapezoidnl gulieg, ths effectirrc lengt!-of
th€ rpillwiy equalslUe botton width of ths guUyt
Frod th€ 

-discharge 
eguation for broad'crested

weirs, it follows tFBt tf,e depth of spillway (HSt

in thffs gullies is givo by ths eqrration

2tg

Hs=[g\ (1?]' \crs /
in which the coefficient of the weh {C} is taken
as 1.85.

I€ngtbs at the bttom &gSl and between the
brinb of the spillway &USJ are calsulated by
ths equations

Lgs=LB-Hg (18) I
and

Lus = LB + Hs (19)

respectively.'Rock'fril dans werB abo designed with buittin
spilhrays (Parkin 19631. At minimum dgnth of
f,bw, t[o f,ow passes on a plane through the crcst
of the apillway and inctin* at 45o to the vertical
at ths dowustrean sida The desiga does not aP
pear to be suitablc for_most g"[y control situa'
lions drre to tbs high sedinsnt toa&. which rapidly
cl€ the struchrral voids. The detail€d dfucussions
anJ dcsigp eguations could be helpfuL howevor,
iD tstiJg rdk stability as related to specific

Fvily aua dian€ter of rock as well as inestimst:
Lg t$ void raBio. Th€ int€rested readw shoul{
hoiwer, be awarrE tbat th€ dsigR criteria are for
largB dans, suppo_rting dischargw between 28
and aO m3/t, and that f,ow information must be
availirble. [n most situationtrt, corurcrration ptb
graml have to bc started to meet public demand
Cven t&ough adegnate hydrologic daq.are not
available. ffot much has changed since this obs€r
vation waE ursde by Peterson and Hadley {1960}-

Apron

Aprons must be instslled on the sr|lr bottom
ard pbtective works on tbe qpf side sloqp
b"tdths check dnmr, otherwise f,ows Eay easily
und€rcut the stnrchres frou dorrastraE and
destroy them.

eiron tengtU below a loos€'rcck ch€ck dan
oo"o[ be calclltated withoqt freld and laboratory
investigptions on pnototlDs. Different sfirrctures
E"tffi; diff"retit rgu!finess co€ffreients of the

6 rid" rtop" that forns a chute to the flow if
Aiftater ae6tU is low. Differeuces in rock-Fada'
tion Eay ue-maioty respo'rsible for the different
toughnegs values.

Ths desip procedrrres for tbe loos€nrock
aDrons w€re lheretore simplified and a rule of
tfurnb adopted: th€ length of the aproq was taken
as 1.5 dnti the heigbt of ths sElrcture in ch'nt'els
whers th€ $adi€nt-did aot exceed 15 percent, g1d

1.?5 dnEJwhere the gradient was steeper tlaq
15 percent The r€st4ting apron lenglhg.ineluded
a sifficient margin of safety to prevent thc water'
fatl from hittin- the unprotected gullf bottom.

. T}3 desig! provided for embedding lhs aprqq
into the Channel floor so that its surface would
be roughly level and about 0.15 m below the oris
i4al bottom elevation

I
- II

I
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In contrast, for straightdrop stnrctures such
as dams built from steel sheets or fence-t1rye
dams, apron length san be calculated if gully
flows are known. fn such a case, the trajectory
of the nappe can be computed as follows:

vo: x (20)

in which x and z are the horizontal and vertical
coordinates of a point on the trajectory referred
to the midpoint of the spillway as the origin, and
g is the acceleration due to gravity, taken as
9.81 m/s2 {Howe 1950). Thus, if Vo is substituted
for Vc, the sritical velocity at dam crest, and z is
the effective dam height, r, will yield the distance
from the structure at which the waterfall will hit
the apron. Depending on maguitude of flow, one
or spveral meters should be added to this distance.

The procedtrre for calculating critical depth
and critical velocity over a check dpm is as fol-
lows: fire critical depth equation is

vl v'c ^c
- = -29, 2

where Vg is the critical velocity, and Ys is the
critical depth. The continuity equation for open
ctrannel flow is

q= AV l22l

where q is the flow rate of rrnit width of flow, A is
the cross section of flow, and V nepresents the
average velocity in the cross section. q is derived
from the estimat€d rate of flow Q by dividing Q
by LAS, the effective length of spiUway. Since
q refers to unit width of flow, A can h replaced
by Yc and equation l22l becomes

sill This end still creates a pool in which the wats
will cushion the impact of the waterfall.

The installation of an end sill provides 8D'
other benefit for the structure. Generally, aPronst
are endangered by the so.ca[ed grorrnd roller that
develops where the hydraulic jump of the water
hits the Sully bottom. These vertical ground
rollers of the flow rotate upstream, and where
they strike the guly floor, scorrring takes place.
Thus, if the hydraulic jtrmp is close to the apnon,
the ground roller may undermine the apron and
destroy it {Vanoni and Pollak 1959}. The end siil
wiU shift the hydraulic jump farther dowrrstream,
and with it the dangerous gronnd roller. The
higher the end sill, the farther downstream the
jump witl ocsur. Since data on sediment and flow
are not usnally available, a unifom height of sill
may be used for all stnrctures.

Ephemeral gullies carry frequent flows of
smsll magxdtudes. Therefore, it is advisable not
to raise the crest of the end sills Inore than 0.15 to
0.25 m abve the gUlly bottom. End sills, if not
nrbmerged by the water, ane dams and create
waterfalls that may scour the grorrnd below the
sill At higher flows, some tailqnater usnraly Eists
below a sill and crrshions to some extent the iE
pact from the waterfall over the sill.

Where the downstream nature of the gxrlly
is such that appreciable depth of tailwater is
expectcd, th€ installation of end sills is not criti
caliy importarrt The hydraulic jump !4tt strike
the watei srrrface and ground rollers wilt be weak.

Bnnlr Protestion

InvestigEtions have shown (Heede 1960) that
check dams may be destroyed if flows scour the
gtilly side slopes below the structures and pro'
duce a gap between the dam and the bank. Since
water below a check dam is ttrrbrrlent, eddies
develop that flow upstream along each gulty
side slo1re. These eddies are the cutting forces.

Several tlryes of material are suitable for
bank protection Loose rock is effective, but
should be reinforced with wire'mesh fence, se"
curd to steel posts, on atl slops steeper than
1.25 to 1.00 (see fig. 17). The design should pro'
vide for srcavation of the side slopes to a depth
of abut 0.3 m so that the rock can be placed flush
with the sllrrttrnding side slope surface to intrease
stability of the protection Excavation of strrface
roaterials also asstrres that the rock would not be
set on vegptation Bqnks should be protected for
the fuil lenglh of the apron.

The height of the bank protection depends
on the characteristics of channel, flow, and sttalc.
ture. Where gullies have wide bottoms and spiU-

(21)

(23)

124l

v^= q
r' Yc

If Vc in equati,on (21) is replaced by {23},

d = y,.,
gv

By placing the value of Y6, the depth of flow over
the spillwsX, into equation (93), the critical
velocity ffd can be obtained.

At the downstrcam end of the aprou, a loose
rock siil should b built 0.15 m high, measnred
from channel bottom elevation to the crest of the

g
2l-zl
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ways arrE designed to shed the water onl.y on the
charnel floor, the height should eqnal total da"'
bight at ths gtntcture" but can rapidly decrease
with distancs from the stntcture. ID contrast,
where the ratorfdl frtm a check daur will strike
against the gu[y banks, the height of the bank
pro@tion should not decrease with distance
hom dp'n to prevent the water from splashing
ageinet rrnprot€ct€d banks.

In gutlies with V.shaped cro!ilf sections, the
height of ths bank protection should be equal to
tbs-dwatloq of t'hs upp€r edgpr of the freeboards
of thp dan tD gen€ral tho h€ight of the bank
protection caa decreas€ with increasing distance
frOrn thg darrr.

Equrtioue for Yolumc Cslmhtione

Aft€r the rlnrn locations bave b€en deter'
Einsd in the fi€14 bas€d on spacing requirements
and $dtability of tbe sito for a d'-, gully sross
sections at thes€ locations sbsuld b€ nrrveyed
and plotted. If possibla usG the soqput€r Pro'
gran dsvdoped by Heede and Mufich (19?4) to
design the &ms. Oth€rwis€ the dans mnst b€
dsdg€d fron the plotted gully cnoss sectioug.
Structural and gully dinenaions ean be us€d in
eqnations d€velop€d by ths above authors.

Loofcnock and WhlBoud Delnr

The volume eqqation for tbe d"'. proper of
loosc'rock and wipborud drns considens eitber
angtdar c torrnd rock, becarrse th gngle of ra
p"* yaries with rock shaPc and influences the
ii& dop€t of the da- The gpn€ralizd eqrration is

vtr11 = ;fl*+o.oHls-vsp (25)

whers Vln is ths volume of the drwr Proper'
HO rcprwuts dnn height, 0.6 is a constant tbat
rrefers to the breadth of dam, LA is the averagp
l€ngth of the dan, t8n Ai, is the tangent of tfre
ande of repos€ of tbs rock tylt€, and VSP is ths
volune of 

-ths spillray. It is assun€d tbat the
angle of repoce for angtilar rock is represented by
a slope of 1.25:1.00, eorrenponding to a tangeat qf
0.8fi)2; for rorrnd rock the slope is 1.50:1.00 with
a tangent of 0.65fi). La is given by the egrratiou

where Lg is tfie length of 4"+ at Bhe bottom'
Lg reprAents tbe l*qtLof dam measured at
ti"Uoara ehvation, and D is the depth of the
gully. VSp is calculated by the equation

vsP = HsLasBa l27l

where HS is tbe depth and LnS ,P the effective
length ofthe spillqlyl Pe is the breadth of the
dai' Eeasured at half the depth of the spillway
and derived from tlre equation

BA=
Hg

+ 0.3 (281
0.70?11 tan Ag

where 0.?0?11 is ths sine of 45o, and 0.3 is a con'
stant derivd from a breadth of dam of 0.6 m.

Angtdar rock is pr-efmble to round ruck b€'
caus€ liss is requiie4 and it enhances d"n
stability.- --'Ihi equation for volrrmes of loose'ruch and
rrtlr'bg113d boserock d-F. (eq. 25) was simpli-
fied by asgtrming a sGro -nrlly gradient ThiE
isrrgirti,on results in arr underestigate of volnmea
in gutiies with steep Sadients. To offset this
unJerestilnste on gradients larger fh"n 15- Per:
ceuA 10 percent should bc ad&d to the calculat€d
volnmg.

If the desigB peak flon is largel tha+ 0-3 -t{t, n,
aU types of clilcl dsns must be keyed intg-the L
g*rttibanrc and bottom. Under varied conditiout - )
in iolorado, it was fouud that a bottom key of -/

0.6 n depth and width was suffrcient for check
drr1ggupTJz m hisb A wldth of 0.6 E was also
a@uate for ths b""I keys- Tbq depth of the
k€ys-, horever, must be adiqsted according. to
chiracteristics of ths soils. Thus, th€ equation
fon the volune of the key is gpn€ralized as follows:

VK=(Le+gRl (0.6Hp+0.36)-0.6HOLa (29)

where B reyresuts the depth of key aqd 0.6 and
0.36 are constants in nets urits, referring to
depth and width of bottom key and width of bank'
key, resp€ctively.- In ihe constnrction plan, the volnne Vg
should b€ kept separate hom thst of ths 'lo*n
prop€r b€caus€, generally, a frner rock gpad&
Hoa is required for the keYs.

Aprcn and ba.L protection bdow the struc'
hrre de always required at check dans. The equ&
Hon dwetoped for the volrrne calsrrlations is:

v4 = cHDLg + dH3 (3ol

in which Vg is the rock volume of the aProu and
bank protection, and c and d are constants whose

l,
L4=LB *ttt#t Hp (26)
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I values depend on Sully gradient. For gradients
s 15 percent, c = 1.5 and d = 3.0; for gradients

The total rock volume required for a loose'
rock dam with keys is the sum of equations (25),
(29), and (30).

Besides rock, wire mesh and steel fenceposts
are used in most of the dams. If dam height is
equal to or larger than !.2 m, reinforcement of
the bank protection work by wire mesh and fence-
posts will generally be requird. The eqrration
for amount of wire mesh and number of posts
includes a margin of safety to offset unforeseen
additional needs. To assist in constnrction" dimen'
sions of the mesh are given in length and width.
The length measured along the thalweg is

MLg = 3.50 HP (31)

where Mlg is the length of the wire mesh for
the [nnk protection, and 3.50 is a constant. The
width of the wire mesh, rrleasured frorn the apron
to the top of the bank protection at the dam,
equals the total dam height.

The number of fenceposts is calctrlated by the
eqnation '

Ng=3HD+2 (32)

where Ng is the number of fenceposts for the
bank protection, rounded up to a whole even
numbern and 2 and 3 are constants, the latter
derivd from a 1.2 m spacing. Of the total number
of posts, half should be 0.75 m taller than the
dan; the other half are of dam height.

For wire'bound dams, the lgngth of the wire
mesh is taken as that of the dnn crest, which
includes a safety margin and is'calculated by the
equation + 

\Lrr_Lr
M1 =='ffH (33)

where M1 is the length of the wire mesh. The
width of the mesh, measured parallel to the thal'
wsg, depnds not only on dam height but also
on rock shap. The equation for the width of the
wire mesh is

33o 25', representing 4 slope of 1.50:1.00. The
term 3 is ; consbant, in meter unitg. Equation
(3+) provides for an overlapping of the mesh by
1.8 m.

Single-Fence Dntns

A zero Sulty gradient was assumed for cal'
culating roc[ volume for the darn prop€r of single'
fence dlms. This results foi overestimates that
compensate for simplification of the equatlot
for volume calculation. If the construction plan
calls for a dam with a 0.6 m breadth, for ease of
calculiation, the cross section of the dam parallel
to the thalweg is taken as a right triangle with a
dam side slope of 1 .25:1.00 in the equation:

where VSf,is the rock volume of the dam proper,
2 is constant, and 0.80020 represents the tangent
of a slope of t .2521.00. VSSp is the volume of the
spillway, calculated by the equation

VSSf,: HSLnSBSF (36)

where BSp is the breadth of the darn, measured
at half the depth of the spillway and given by
the equation

vsF'=#)LA-vssF

BsF=,rok,

(35)

(37)

where Mql is the width and AR the angle of re
pose of the rock. For angrrlar rock, this anglg is
issumed to be 38o 4O', corresponding to a dam
side slope of 1.25:1.00, and for round rocks

The length of wire mesh for a single'fence
dam is grven by equation (33), while the width
equals dam height. The number of fenceposts is
calculated by the equation

Nsr:H.#Hp+1 (s8)

where NSf is the numbei of posts of the dam
proper of a singlefence dam, rounded up to a
whole number: 1.2 signifres a distance of L.2 m
between the posts; 2.4 and 1 are constants. Of the
total number of posts, half are 0.75 m taller than
the dam; the other half are dam height. This
equation contrasts with the original (Heede and
Mufich 197 41, because the high safety margin
for number of posts was reduced.

zHD ! ?Hp +BMw= r"*fr *;*Aj (34)
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DoublaFence Damg

The eqUation for rock volume of a double
fence dam iltith vertical fences, 0.6 m apart, is:

Vpp = o.6HOLn - VSDF '(39)

where Vpf. is the volrrne, 0.6 is a constanb, and
niOf is-the volrrme of the spillw?Y, comPuted
by t&e eqrration

vsor = o'6Hsl,es (4ol

whene 0.6 r€presents the standard breadth of the
dan" in metgrg.

Ttre lenglh of wire mesh is given bY

Msp=2L8.#2Ho (41)

where MIO is the length of the meslr. The width
of the wiiimesb equals dan heighe The number
of fencrysts is computed by the equation

Nor',H.#Hp +2 (4zl

whene NOf is the number of posts of tlre dan
prop€r of a double'fence d't-, rounded up to a
whole sven nunber, and 0.6, t.2, and 2 are cotF
stants. Th€ equation ig based on a post spacing
of 1.2 m. Half-of the pocts are dam height while
the other hnlf are 0.?5 m taller than the dam"
Reduction of the hiqh safety Earsin contained in
the original equation (Heede'and Mufrch 19741

resulted in a new equatiotl

Headeut Control

T e rrolume requirenents for a headcut con'
trol stnrcture arre grven by the eqrration

/ D2 \ (Lu+3Ls\,n'1-11t= I :- |u- 
\ztosaaaal/ \ 4 l'--'

where VttC is the rock volume, D is th9 S"p-th
of tle gttttt at the headcuL and 0.33333 is the
tangent of the angle that refers to a stnrcture
witf, a sbpe gradient of 3:1. If a slope graSqnt
different from 3:1 is select€d, lhe vdue of the
tangent in the equation should be changed to
coraespond to that FadienL

Rock Volume Relations Anong Dep Types

ln the colorado project (Heede and Mufrch
19?3), rock volunes required for the various
typeJ of check dams were expres-sed Eaphigally
(iia. 24l.If this graph is used for decisionnaking'
it -nust be recogpizea that double'fence dams
had parallel faces 016 m apart. Where double'
fence structures with bases wider th^n the breadth
of dam are required, rock volume requirements
*ill be larger. ttie graph shows that a loose'rock
or Wire'boqnd darwith effective height.of 2 B
reguires 5.5 times rnore rock bhan a double'fence
d?m.
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Figure Z4.-Reguired vOlumeg of angular. rock fOr

four diffelpnt dam types as a function of effective
dam height. ThE rock volume ratio relates the
roclt vohJme to that of a loos+rock dam 0.3 m
high.

Constnrction Procedurcs

Before conshrction starts, the -folowing
desifo featrrres should be staked and flagged
conspictrouslP

1. Mark the centerline of the dam and the
key trencheg,-trasPectivell, oo.each banlt. Set the
stikeg away frod the Stlbt edep to prot€ct them
during constnrction"

Loose rock a
wire - bound
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2. Designate the crest of the spillway by a
temporary bench-mark in the guUV side slope
sufficiently close to be of value for the installa'
tion of the dam.

3. Mark the downstream end of the apron.
4. For loose'rock and wire'bound dams, flag

the upstream and downstream toes of the dam
proper.

Caution is required during excavation to avoid
destroying the stakes before the main work of
installation begins.

The constmction of all dams should start
with the excavation for the structural key (fig. 261,
the apron, and the bank protection. This very
irnportant work can be pbrformed by a backhoe
or hand labor. Vegetation and loose material
should be cleaned from the site at the same time.

The trenches for the structrrral keys will
usually have a width of 0.6 m, therefore a 0.5.m'
wide bucket can be used on the backhoe. If the
constmction plan calls for motoriaed equipment,
two tlpes of backhoes can be used. One, mounted
on a nrbber-wheeled vehicle and operating from
a turntable, permits the backhoe to rotate 360o.
This machine travels rapidly tietween locations
where the ground surfaces are not rough, and
works very efficiently in gulties whose side slops
and bottoms can be excavated from one or both
channel be"ks. The other type can be attached
to a crawler trdctor. This tlpe proves to be advatrr'
tageous at gullies that are difficult to reach, and
with widths and depths so large that the back'
hoe has to descend into the channel to excavate.
In deep gullies urith V-shaped cross sectiorls,
temporary benches on the side slopes may be
necessary. Often, the bench can be constructed
by a tractor with blade before the backhoe artives.

The excavated material should be placd uP
streah from the dam site in the grrlly. The €xca'
vated trench and apron should then be filed with
rock. Since a special graded rock is required for
the keys, rock piles for keys must be separate
from those used in the apron and dam proper.
Excavations can be frUed by dumping from a
dump truck or by hand labor. During dumpi+g
operitiorut, the fiil rrust be checked for voids,
which should be eliminated.

If dump tnrcks are loaded by a bucket loader,
some soil may be scooped up along with the rock.
Soil is undesirable in a rock structure because of
the danger of washouts. To avoid soil additions,
use a b[cket with a gri[ed bottom that can be
shaken before the truck is loaded. Other d,evices
such as a gri[ed loading chute would also be

appropriate.- - 
Dirmping rock into the d"!q propgr has two

advantages: 
- 
The structure witl attain SrQatel

density,-and rocks will be closer to their angle of
repose than if placed by hand. Hand labor can
ndver b€ comfletely avoided, however, since
pluggrng la"eet voids and the final dam s$f
itq&e landplacement. Where gullies are deep
and dumpingl is impractical, rock chutes may
be used.

Often, gully control projects are planned to
provide employment for nurnbers olpgople. This
oUjective can easily be accomplished if sufficient
supen'ision is available for the individual stgPl
in ihe constmction. Special attention is needed
at the spillway and fteeboard. In loose'rock and
wire,bound structures, where the shape of the
dam is not outlined by a fence as in the other
t1pes, experience shows there is a tendency to
cbnstructlhe spillways smaller than designed.

Figure 25.-The key for a rock
check dam is efficiently oX-
cavated with a backhoe.
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In wirebqnd dans, a commercial galvaniz€d
stock fmcq rrsually about 1.2 m wide, can b€ used.
THs stay and line wires should not be less than
LLt/rgage low.carbon st€el th€ top aDd bottom
wber l&gage low-carbon steeL and tbe openings
in tho mesh 0.15 m. To connect ends of the fence
or to attach the feuce to steel posts, a gSlvanized
IZVr gage coil wire is nrfficiently strtng.

Thswire mesh of required length and widtb
ghould be placed o\ter the gu[y bottom and side
slopes aftci the trench and apron have been fiUed
witb rock (fig. 26). Generally, wveral widths of
mpgh will b€ needed to cover th€ surfac€ from
lnnk to bank" If seveml widths arlg required they
should bs wired together with coil wire where
they sill be covered with rocks. Tbs parts not to
be covered should be left rrnattached to facilitats
the fence'striaging op*ations arorrnd the struc'
hrrg.

Before the rock is plsc€d on the wire mesh
for the iutallation of the dartr proper, the mesh
shouH be tenpomrily attached to the gpUV hnks.
Otheffiisa the wire nesh lying on the gully side
slopes wiil bc prrshd into tbe ptly bottom by
tbs fa[ing rock and buried" Uwally, stakes arre

used to hold tbe rirs mesh on ths banks"
Af.t€r the &E proper is placd atd shape4

tb€ f€nce can b€ bound around tle strrtcturs.
Fencs stret€h€rs ghorld b€ applid to pull the
uprtream ends of ths fencs materrid down dgFqly
oier the dowastrean endg, where they will b€
fastsned together with coil wber Then tbs bsnk
pnotection tilow the dpr. should b€ instslled

Ths installation of single. and double'fence
dams b€giru with ths constnrslion of the feuces
aft€r ercavation is coupl€t€d (fig. ?fll. Construc'

a
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Figure 27.-P,araflef fences fOr doubfe'fance dam
(see fig. 11) ars being installsd. Note the €xcave'
iions ior ltey, apron, and bank protection (the
latter tvuo to right of the structure)-

Figure 26.-UPstream view of a
construction site for a wir+
bound dam. Note that key
and aPron excavations t tore
filled with rock before wire
mesh was Placed on thE bsd
banks. The site is Prepared
for the constructlon of tlre
dam Proper.
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tion drawings should be followed closely here,
because the final shape of the dams will be deter'
mined by the fences. Conventional steel fence-
posts can be used. In some locations, the great
height of posts may offer difficulties for the oper.
ator of the driving equipment, and scaffolds
should be improvised-. A pneumatically driven
pavement breaker with an attachment designed
by Heede (1964) can be used to ease the job of
driving. Since relatively great lengths of hose
may be attached this tool may be used in deep
gullies and on sites with difficult access.

At singlefence dams, dumping of rock is
practical if the SuUy is not excessively deep or
wide. At double-fence structures, hand labor, or
a backhoe or clamshell (fig. 28) will be required.
The rock should be placed in layers and each
layer inspected for large voids, which should be
closed manually by rearrangrng rocks.

Much time and effort can be saved during
construction if a realistic equipment plan is estab
lished beforehand. Such a plan requires an inti-
mate knowledp of the cross-sectional dimensions
of the guilies and their accessibility to motorized
equipment. Pioneer roads thst might be needed

' because of lack of accessf are not only important
for equipment considerations, but will also enter
int,o the cost of the construction.

If equipm€nt is to be used, as a general ntle,
it appears to be advantagpous to use heavier and
larger rnachines if their mobility is adequate.
Although hourly costs for heavier machines are
usually greater, the total cost for a job is reduced.

With few exceptions, conventional constnrc-
tion equipment is not sufticiently mobile to oper-
ate in rough topography without pioneer roads.

In watershed rehabilitation projects such as gully
control, road constnrction is undesirable because
it disturbs the ground surJace and may lead to
new erosion. It is therefore desirable to consider
crawler-t34le equipment only.

Coet Relationg

Relationships between the installation costs
of the four different t1ryes of rock check dams
described here are based on research in Colorado
(Heede 1966). The relationships ar€ expressed by
ratios (fig. 291 to avoid specitic dollar compari-
sons. When considering the cost ratio, one must
kep in mind that diffeiential inflation may have
offset some finer differences in cost. It is advis-
able, therefore, to test the cost of individual
structures by using material and volume requir+
ments as given by the equations. The cost ratios
in frgure 29 can then be adjusted, if necessary.

In a grven gully, for example, a double'fence
dam with an effeclive height of 1.8 m costs only
about four bines as much as a 0.3 m loos€"rock
dam, while a wire'bound dam 1.8 m high costs
8.5 times as much. Costs witl change urith dif-
ferent sizes and gradients of gullies, but the
general relationships will not change.

It is obvious that the cost of installing a
complete gully treatment increases with guily
gradient tiecause the required number of dams
increases. Figure 30 indicates there is one effec.
tive dam height at which the cost is lowest. In

. the sample grrlly, this optimum height for loose-
rock darns is about 0.6 m, for singl+fence dams
0.7 m, and for doublefence dams 1.1 m. A coll-

Figure ?&.-Uqing clamshell to
place rock into a double
fence dam. The man steadies
the clamshell with a long
rope.
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Elfccfivr dErn h.ight (rnrtrnl
Figurc 29.-lnstallation cost of four different types

of checlt darns as a function of effective dam
height. Th€ cost ftrtio is thc cost of a dam related
to the cogt of a looseroclr dant, O.3-fit-high, built
with angular rock.

stant gutly crort section was as$Eed. [n redity,
of cqrrse, gilUy cross sections usudly cbange
betweea d"t gites. Tbe optimum height for
lowgct htaEent costr is not a constanL but
changps bstween gullies, depending on shspe and
magnitude of the gully cnoss sections at the dam
gites.

Since the cost of the dnm,is directly propor.
tioual to the rmk volrrme, figrrre 30 also expresses
th€ relationstup benreen rock requirement and
effetive dsm beight. This Eeans that, in a given
gully, tlrsre is one .l?- height at which rock re-
quirements for a tteatment ars stn^llest.

A treatment cannot be evaluat€d on the
basis of cet of installation done, because recogr
nition of benefits is part of the decisionwr-kiFg
pncrcess. Sedinent deposits retained by check
asns can be incorporat€d into a cost ratio that
brings one tandble benefrt into D€rsfctive.
Sedimut has been dted as the naiion's most
gorious pollutant hllen and Welch l9?1). The
s€dinenl-cost ratio increases (treatment is in'
creasingly benefrciall wi& dam h€igbt and de
creas€s with increasing gradient (frg. 31). The
example iB figrrre g1 shows that e treatment
consisting of loose.rock ,latttg on a 2 percent
gradient has a ost ratio larfr than
1.0 for effective dam heights of 0.?5 m and above.

Locl.'Cr olll

0lth gopr*t Z?'lt

3ref,.frcr cn

l%

ot o.c ot t.2 15 ft
€ttrctlil dor tr bff (mrrrrl

Figure 30.-Relative cost of instaltation of check.
dam treatments and reletivs angular rock volume
requirements in gullies with different gradientg
es a function of bttective darn height. Ths cost
and roctt volume ratios relate the cost and rock
volume of a treatment to those of a treatm€nt
with loos+rock dams 0.3 m high installed on a
2 percent gradi€nt.

The lareB ratio is explained by th€ fasl that a
grrlly w{th a 2 prcent gradient requires o.nly a
Jnail nrrmber of dams (ses fig. zLl, while volumes
of sediment deposits do not decrease sig3ificantly
with number of da'"rs or with gradient.

Since single.fence and double.fence darrs cost
less than loose'rock and wirebound loose'rock
da-s for an effective heigbt greater than 0.3 n,
the s€diment+ost ratio is mor€ favorable for the
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Gulll guttrnl 27r

Figure 31.-The sediment-cost
ratio relates the value of the
expected sediment deposits
to the cost of treatment. The
graphs show this ratio as a
function of effective darn
height on gulf y gradients
ranging from 2 to 22 percent.
The base cost was taken as
$20/rnr of angular rock dam;
the value of 1 mr of sediment
deposits was assumed to be
on+tenth of that cost.

fence-t1rye structures. The ratios remain srnaller
than 1.0 on all gradients larger than 5 percent for
treatments with loose'rock and wire-bound loose
rock dams, and on gradients larger than ? and 9
percent for treatments with singlefence and
double.fence dams, respectively.

The importance of sediment-cost ratios in
relation to $illy gradient and effective daur height
becomes apparent in situations where not all
grrllies of a watershed can be treated. Gullies
with the smallest gradient and largest depth,
and highest possible fence-t1pe dams should be
chosen if other aspects such as access or esthetic
value are not dominant.

Other Gully Control Structures and Systems

Nonporous Check Da'ns

Rock can be used for the constmction of wet
masoily dams. T itnitations in available masoruy

09 1.2 1.5 1.8 0.6 0.9 t.2

Effcctlur dom hrlghf (mrtlru)

skills, however, may not permit this approach.
A prefabricated concrete dam was designed
(Helde 1965b) and a prototlpe installed in Colo-
rado (see fig. 10). It required very little time and
no special skitls for installation (fig. 3Zl. The
capital investment for this dam is larger than
foi a rock structure, however. A prestressed Cotl'
crete manufacturer must be available reasonably
close to the project area, and the constnrction
sites must be accessible to motorized equipment.
Where esthetic considerations and land values
are high-necreational sites and parks, fol example

-a prestressed, prefabricated concrete check dam
may be the answer.

Many different designs _ofToncrete de'ns for
torent control were published in recent years.
Some references are: Fattorelli (1970, 1971),
Puglisi (19?0), Benini et al. (19?2), IUFRO-Work'
ing Group on Torrents, Snour and Avalanches
(19?3). Nearly all torent dams would be ovgr.
designed if installed in western gUllies, however.

€4o
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l.

Check d'Ets Eay also b€ built from coEru'
gpt€d sheet steel For suseessful appHgtion a

Fite driver is re$ft€d to asstrrc ProPer fit of the
ineets. Etcavating trelrches for the sheets jeopar'
dizes dnrn stability if tbe rcfill is not conpacted
sufEsi€ntly. Quits-ofteu, in$rfficient depth of soil
aborrc the bedrock dos not pemit this drm t14re.

EafthCtcckDans

Earth check doons should be us€d for 8ilrllv
conml only irexceptional caieg. Basically, it
was tho tailrrre of thaconstnrctiou materid, goil,

that-in conrbination with concentrated surface
rungtf-caused tbs gully. Gullies with very littlg
flow Eay be au erqtion if the energpncy spill'
way safely releases tbe flos onto the land out'
dd€ the gully. The released flow should not gon'
centrate,-but should spread out on an area stabil.
iued by an effective vegetation cover or by sone
other brpe of protection $rch as a gravel field
Mogt ggnied watersh€ds do not suppott areas
for safe water discharge.

Standpipes or crrlverts in earth eheck dans
g€nffa[y create problems, becaus€ of the danger
of ctogging ths plpe or crrlvert inleL and the diffi'
eulgy in estlnadng peak f,ow!. Therefore, addi'
tiongl apillways ars requir€d.

If ioil is the only d4E materid availabte,
additionsl waterthed restoration Ee,asures (such
as y€getation cover improven€nt work and GoD'

tour trenches) should be installed to improve soil
infiltratiou rates, to enhance water retention and
Itoragp, and tfrrrs decrease msgFitude and peak
of gully flows.

Figure 32.-Placement of a Pre'
str€s€d concrete slab against
the buttresses of a Prefabri'
cated dam on Alkali Creek
watershed. Bacfthoe Proved
to be sufficient for excava'
tion of key and tor structuraf
installation. View is. down'
gtream.

Vcgctatiorlined ltatenrays

With the excepcion of earth check dams"
gtrlly control measurss described _preFously
treat the flow whete iS is-in the gnlly. In colt'
trast, treatments by waierways take the water
out of the guly by changing the topography
(frgs. 38, 341. Check dartls and wa,tenrays both
modilv tbe regrmen of the flow by decreasing the
erosive forces of the flow to a level that permits
vegetation to gfow. [n waternrafe, howgver, flow
is Bodified ctmpared with the origrnal gully, in
two waylt (Heede 1968a): (1) Lengthening the
watercorrrse results in a gentler bed gradient;
and (A widening the crnss section of f,ow provides
very gentle channel side slopes. This latter E€8'
sure lbads to shallow flows with a large wetted
perirn*er (inctese in roughness parameter). Both
Eeasures substantially decrease flow velocities,
which in turn decrease the erosive forceg.

Contrasted with check dam control, water.
way projects strive to eetablish a vggetation
cover-when land reshaping is frnished Indee{ a
quick establishment of an effective vegetation
Euing is the key to successful watenra]tg. tt fol'
lows that ths prime requisites for a successful
application arg Precipitation, ternperature, and
fi*ility of soils, all favorable to plant groqrth"
Other requisites are:

1. Size of gu[y should not be largpr than tbe
available fill volumes;

2. Width of valley bottom must be sufficient
for the placement of a watenray with greater
leng3h ttnn that of the gullY;

]
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Figure 33.-Looking upstream on
gully No. 6 of Alkali Creek
watershed before treatment,
November "14, 1961. Mean
gully depth was 0.9 m and
mean width from bank to
bank 4.0 m.

Figure 34.-Repeat photograPh
of figure 33 taken on Sep-
tember 2, 1964, three grow-
ing seasons after conversion
of gully to vegetation-lined
watenray. The annual pioneer
cover, consisting mainly ot
ryegrass (Lolium sP., annual
variety) has been replaced
by perennial herbaceous
plants - smooth brome
(Bromus inermisl and inter-
mediate wheatgrass (Agr+-
pyron intermedium) are the
main species.

3. Depth of soil mantle adequate to permit
shaping of the topography; and

4. Depth of topsoil sufficient to permit later
spreading on all disturbed areas (fig. 35).

Design criteria or prerequisites in terms of
hydraulic geometry are not yet available, but the
literature discussed below is relevant.

Few studies are available on flow in vegeta'
tion-lined charurels or waterways. The investiga'
tion by Ree and Palmer (1949) may be a classic.
They planted grasses that are widespread in the
southeastern and southcentral States. Outdoor
test channels and flumes were located in the Pid'
mont plateau, South Carolina. Permissible vF
locities (threshold values before beginning of

erosion) were established. The study gained
valuable insight into the change of the roughne-ss
parameter (n) with the growth of t_lt" grasses. The
ipecies they used do not normally grow in the
West, however.

Parsons (1963), basing his work on that of
Ree and Pal'r'er (1949), established equivalent
stone sizes for Bemudagfass streambank linings
by relating the allowable shear stress on the grasg
littiog to equivalent stone diameter. Useful guid.
ing principles for successful appticalion of vegeta'
tion for stream bank erosion control were given.

Kouwen et al. (1969) avoided the Ree and
Palmer (1949) methd of empirically representing
the functional relationships between Manning's
(n) and the relevant flow parameters. Instead,

{a*
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I

tbey dsrived a qnasi'theoretical eqrratioq {or flow
and vegetatiou condition la a channel as follows:

where V is the Eean velociqy of f,ow, -and u1 is
the shear velocity defrned as (gR,S,lr'z (g repre
g€Dts acceleration due to gravity, R, is the hy'
draulic rading, and Sr is the enersr gradient).
C, is a param€ter thst depends on the densi8y of
t[€ vefttation, while Ct fu a Paranst€r thst de'
pends on the stiffness of the vegEtation A is 0he

Figure 35.-Topsoil is removed- from the construction area
and sev€d, to be spread later
on the finished watenraY.

area of the channel cross sectio$ Av represents
the ar{ea of the vegetated part of the cnoss section

Tbe investigatolle could not establi"h {"tig3
suryes or tabt€s, thus practical application is not
y€t feasible.

VegBtaiion lined waterways reqldre exact
onstnrction and therefore close constnrction
ruperrrision (fig. 36), and fuquent.TtPrytions
dGing the first treatn€nt years. The rish inherent
to ndrty all tyPes of erosion control worh is
greater ior watnrways at the b€ginning of treat'
ient than for check dam systems. To offset this
rish in Colorado 19 percent of the original cost

. - ..-.- 
..,,:, 

- . c, 
-

Figure 36.-A sheep'foot roller
pulled by a small tractor
compacts the fifl in the gully-
Fill was Placed in laYers 0.15
to 0.30 m thick.

i-cr +cern(i) (44)
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of instailation was expended for maintenance,
while for the same period of time, only 4 percent
wag required at check dams (Heede 1968b).

Eight percent less firnds were expended per
linear meter of gully for construction and mainte'
nance of grassed waterways than for check dams.
This cost difference is not sigpificant, especially
if the greater involvement in watenray mninte'
nance is recognized" In deciding on the t1rye of
gully control, one should consider not only con'

struction costs but also risk of and prerequisites
for vegetation'lined waterways.

Summary of Design Criteria
and Recommendatione

Spacing decreases with increasing guUV gra'
dient and increases with effective dam height
(see frg. 20). Number of check dams increases
with gUUV gradient and decreases with increasing
effective dam height (see frg. 21). Expected vol'
umes of sediment deposits increases with effec'
tive height (see fig. 221.

For practical purposes, $tly gradients rang'
ing from 1 to 30 percent do not influence volumes
of sediment deposits in a treatment. On gradients
larger than 30'percent, sediment catch decreases
more distinctly with increasing gradient.

Rock voluure requirements are much larger
for loos€'rock and wire-bound loose'rock dams
than for fencetlpe dams. At effective dan heights
larger than 0.6 m, trreatments with double'fence
dams require smallest anounts of rock (see frg. 241.

At effective dam heights larger than about
0,5 m, loose'rock and w,lre'bound'loose'rock dams
are more expensive than fence'$pe dams. The
difference in iost increases with hefuht (see fig. 29).

Single'fence dams are less expensive than double'
fence dams at effective heights up to 1.0 n.

Regardless of gradient, in a given gtrlly,
there is on€ effective dam height for each t1rye

. of structure at which the cost of treatment is
lowest (see fig. 30). For each tlpe of treatment,
rock requirements are smallest at the optimum
effective dam heights for least costs (see frg. 30).
The sediment-cost ratio (the value of expected
sediment deposits divided by the cost of treat'
ment) increases with effective dam height and
decreases wr-th insreasing gully gradient (see

frg. gl). At effective dam heights of about 0.6 m
and larger, single"fence dams have a more pro'
norrnced beneficial sedimentcost ratio than loose'
rock or wire-bound loose'rock dams. At effective
dam heights of 1.1 m and larger, treatments with
doublefence dams have the largest sediment*ost
ratios (see fig. 3U.

LITERATURECITED

Allen, Paul 8., and Norman H. Welch.
1971. Sediment yield reductions on watersheds

treated with flood-retarding stnrctures. Ttans.
ASAE 14{5}:814-81?.

Bailey, Reed 1V., and Otis L. Copeland.
1961. Vegetation and engineering stnrctures

in flood and erosion control. Int. Union For.
Res. Organ., 13th Congr. [Vienna, Austria,
Sept. 196U. Proc. Pap. 1l'1., nP. [23 p.l

Beer, C. E., and H. P. Johnsoll.
1963. Factors in nrlly growth in the deep loess

anea of westem lowa. Trans. ASAE 6(3):
237-240.

Benini, G., S. Rrglisi, G. C. Calabri, and S. Fat'
torelli.

L972. Opere per la correzione dei torrenti.
Modeme techniche costnrttive e nuovi pro'
cedimenti di calcolo, [Stnrctgres for torrent
control. Modenr construction designs and
new stability cal$lations.f Rrbl. Dep- Sis'
ternazioni idraulico.forestali, Univ. Padua,
Italy, I72p;

Brown, J. B.
1963. The role of geology in a unified conServs'

tion progranL Flat Top Ranch _Bo-qgUe
County, Texas. Baylor Geol. Stud. Bull. 5,
29 p. Baylor Univ.n Waco, Tex.

Bryan, Kirk.
1925. Date of charurel trenching (arroyoctttting)

in the arid Southwest. Science 622344-388.
Clauzelo L., and A. Poncet.

1963. Barragps filtrants et cot"ection torren'
tielle par sdgr6gation des matdriaur charriEs.

lFilt€i dams and torrent control by bd load
ietention.f Rev. For. Fr. (Nancy) 15(4):280-292.

Copeland Otis L.
1960. Watershed restoratiorr. A photo.record

of consenration practices applied in the 'Wa'

satch lVlountains of Utah. J. Soil Water
Consenr. 1 5(3): 1 05-1 20.

psnnis, Howard lry., and Ernest C. Griffin.
19?1. Some effects of trincheras on small river

basin hydrolo W, J. Soil Water Consenr.
26(6):2 40-242.

Evenari, Michael
19?4. Desert famers: Ancient and modera,

Nat. Hist. 83(7):aZ-49.
Evenari, M., L. Shanan, N. Tadnor, Srtd Y.
Aharoni.

1961. Ancient agncultrrre in the Negev. Science
133(3457):9?9-996.

3?



Fattordll Sergio.
19?0. Sul dimensionanento delle briglie in

conglonerato cementizio. [Desigtr of concrete
ch€ck dans.f Monts e Boschl 21:3-20.

Fattorelll Sergio.
19?1. Opers p€r la correzione dei tonenti nelle

Alpi francesl fforent control stnrchrres in
ths Frelrch Alpsl Monte e Boschi 22(5):3il-44.

Faulkner, Patricia H.
19?4. Arr dlonetric grourth model for competi'

tivs guUiB.T* Geomorphol Suppl 21:76-87.
Ferrell Willianr R.

1969. Report on debris reduction shrdies for
norntaia watersheds. 164 p. I.os Angeles
Coruty Flood Conaol DisL, Parnr and
Conscrrr. Branch, Los Ang€l€s. Calif.

Felretl, W. B., and W. R Batr.
1963. Crit€ria and nethods for use of chck

rfarnr in stabili-ing channel banks and beds.
Jn Proc. Fed. lnt€r.AgBnqf SedimenL Conf.,
1963. [t.S. Dql. Agic., Misc. hbl 970,
p.3?6-386.

Gregory, H. E.
1917. Golog;r of tho Navajo County. It.S.

GcoL Sunr. P!of. Pap.93, 161 p.
Iladley, R. F.

190i1. Charactsistics of s€dinent deposilr
aborru channcl stnrchrres iD Polacca Wasb
Arizona. In Proc. Fed. Int€r-Agency Sedi.
nmL Conf., 1963. [J.S. Detl Agic., Misc.
hrbl 9?0, p.806-810.

Hamilton Thomas M.
lg?0. @ formatbn h westem North

Dalrcta. ff.S. GeoL Surnr. Prof. Pap. 700€,
9.C229-C232.

Ilalrir, DavidVsaou.
1969. Lat€ quaternary alluviatioa and erosion

in Borelder Creek valley, Larimer County,
Colorado. Pb.D. Diss., Univ. Colo., Boulder.
104 P. '

Hastingp, James Bodney.
1969. Vegetation change and arroyo ctttting

in southsast€nr Arizona. J. Ariz. Acad. Sci.
1(2[60€7.

HedgBrrrcbardH.
1960. A study of early gully-contrd struchrres

h th€ Colondo Front Rangp. ft.S. Dep"
Agic., For. S€nr., nocky Mt For. and Range
Exp St&, Stn" Pap. 55, 42 p. Fort Collins,
Colo.

Hedq Brrrchard H.
1964. A pavenent breaker attachment to drive

steel fencepoEts. J. Soil Water Consenr.
1fl5):181-182.

Heede, Burchard H.
1965a. Hydraulic reclanation: A uniWe ltalian

metbod in watershed rehabilitation" J. Soil
Water Cons€rtt . 2A:216-2 I 9.

Heede, Burchard H.
1965b. Multipurpose prefabricated concrete

check dam. U.S: For. Senr. Res. PaP. RM'12,
16 p. nocky M!. For. and RangF Exp. Stn-'
Fort Collins, Colo.

Hede, Brrrchard H.- 
fgee. Desigp" coffttruction and cost of rock

check dais. [J.S. For. Senr. Reg. Pap. RM.20,
24 p. Rocky Mt For. and Range Exp. Stu.,
Fo* Qsllins, Colo.

Heede, Burchard H.
196?. The fusion of discontinuous gullies-a

cas€ shrdy. BulL Int. Assoc- ScL Hydrol
L2242-50.

Heede, Burchard H.
19684- Conversion of gUllies to vegetation'

lined watertrays on mountain slopes. USDA
For. Senr. Res. Pap. RM40, 11 p. Rocky-IYIt-
For. and Range Exp. Stn, Fort Collins, Colo.

Heede, Burchard H.
1968b. Enginecring techniques an{ principles

applied to soil erpsion control U.S. For. Serv.
RlL. Note RIvl-102, 7 g. Racky Mt. For. and
Rsnge Erp. Stn , Fort Collins, Colo.

Heede, Burchard H.
l9?0. Morphololy of gutlies in the Colorado

Rocky Morrntains. BulL Int- Assoc. Sci.
Hydrol 15:79-89.

Heede, Burchard H.
19?1. Charactcristics and processelt of soil

pipbg in ggllies. USDA Fon Serrt. Res. I"p.
hMeE, ldp. Rocky Mt For. and Range Exp.
Stn , Fort Qsllinc, Colo.

He€de, Burchard H.
1974. Stages of development of gullies iD

western United States of America. Z. Geo-
norphol 18(3]:260- 27 t.

Heede, Burthard H.
19?5a. Stages of development of gpllies in the

WesL In Present and prosp€ctive technolory
for predicting sedinent nelds and sources.
tt.S. Dep. Agric., Agric. ns. Sew,, AR9S-10,
p. 155-161.

HeGds, Burcbard H.
19?5b. Mountain watersheds and dynamic

equilibrirrn lVatershed Managts. Symp.,
ASCE, Irrig:. Drai& Div. [Logan, Utah Aug.
19751 hoc, 1975:407 -420.

Heode, Burchard H., andJohn G. Mufich.
1973. Frrnstioual relrtionships and a computer

progran for stnrctural plly sontrol J. En
viron Maoage. I:32L-944.

Heede, Brrrchard H., and John G. MuficlL
1974. Field and conputer procednres for gp[y

conffil by check dans. J. Environ Msnage.
2:1-49.

38



Herold, Laurance C.
1965. Tlincheras and physicd environment

along the Rio Gavilan, Chihuahua, Mexico.
Rrbl. Geogr., Tech. Pap. 65'1, 233 p. Dep.
Geogr., Lfniv. Denver.

Howe, J. \ry.
1950. Flow measurement. p. L77-228. In Hunter

Bouse, €d. Engrneering hydraulics. 1039 p.
John lViley & Sons, Inc., New York.

Huxley, J. $, '

1954, Constant differentid growth ratios and
their sigxdficance. Nature 1 1 4:895-896.

IUFRO. Working Group on Torrents, Snow and
Avalanches.

19?3. Kolloquiu* llb*, Wildbachsperen. [Col'
loquium on toment dams.l [Vieruta, _Austria,
Apr. 19?2.1 Mitt. Forstl. Bundes-Versuchs'
anst. Wien, Austria. (1021, 419 p. (parts in
Geruran, others in Frb.nch).

Kouwen" Nicholas, T. E. Unny, slrd Harry M. [IilL
1969. Flow retardance in vegetated channels.

Proc. ASCE J. Irrig. Drain. Div. 95(IR2):
329-3 42.

Kronfellqer- Kraus, Gottfried.
19?0. UUer offene Wildbachsperren. [Open tor'

rent control dams.l Mitt. Forstl. Bundes'
Versuchsanst. Wien, Austria. (88) z7 -7 6.

Kronfellner- Kraus, G ottfried,
19?1. Unterzuchungpn and Messungpn an Wild'

bachspeffen. [Studies and measurerrlents on
torrenl check dams.l Forstl. Brrndes'Versuch'
sanst. Wien, Austria. Pap. presented at Int.
Union For. Res. Orgarr., 15th Congr. [Gaines'
ville, FLB., Mar. 19?1.1 63 p.

Leliavsky, Serge.
1957. Irrigation and hydraulic design. Vol. 2,

Irrigation Works. p. 330. Chaprnan and Hall
Ltd., London .

Leopold, Luna B.
1951. Rainfall frequdncy: An aspect of climatic

variatiorr. TranJ. A;. Geopf,ys. Union 32:
347-357.

Leopold, Luna 8., and J. P. Miller.
1956. Ephemeral streans-hydraulic factors

and their relation to.the drainage net. IJ.S.
Geol. Surtr. Prof. Pap. 282-A, 3? p.

Leopold, Luna 8., M. Gordon Wolman, and John
P. Miller.

1964. Fluvial processes in geomor?hology.
522 p. W. H. Freeman and Co,, San Fran-
cisgo, London.

Lusby, G. C., and R. F. Hadley.
1967, Deposition behind low dams and barriers

in the southwestern United States. J. Hydrol.
(N.2.) 6(2):89-105.

Miller, Carl R., Russell Woodburn, and Herschel
R. T\rrner.

1962. Upland gully sediment production. S5rmp.
of Bari, Comrn. of Land Erosion. Int. Assoc.
Sci. Hydrol. Publ. 59, p. 83-104.

Murphey, J. 8., L. J. Lane, and M. H. Diskin.
L972. Bed material characteristics and trans'

mission losses in an ephemeral stream. In
Hydrology and Water Resources in Arizona
and the Southwest, Proc. Ariz. Sect. Amer.
Water. Resour. Assoc., Hydrol. fut. Ariz.
Acad. Sci. 22465'472.

Nir, D., and M. Klein.
L974. Gully erosion induced in land use in a

semi-arid terain {Nahal Shigma, Israel}. Z.
Geornorphol. Suppl . 2l: 191-201.

Orme, Antony R., and Robert G. Bailey.
L971. Vegetation conversion and channel geom'

etry in Monr@ Canyon, southern California.
Assoc. Pac. Coast Geogr. Y@rb, 33:65-82.

Parkin, A, K.
1963. Rocktill dams with inbuilt spillways.

Part I. Hydraulic characteristics. Dep. Civil
Etg., Univ. Melbounle, Australia, 88 p.
(mimeogr.).

ParsoBS, Donald A.
1963. Vegetative control of streambank enr.

sion. In Proc. Fed. Inter'Agency Sediment.
Conf., 1963. fJ.S. Dep. Agric., Misc. PubL
9?0, p. 130-136.

Patton, Peter C., and Stanley A. Schutrtrrt.
19?5. Gutly erosion, northwestem Colorado:

A threshold phenornenon. Geolory 312):88-90.
Peterson, H. V.

1950. The problem of gu[ying in western valleys.
. p. 407-433, In P. D. Trask, ed., Applied

sedimentption. 707 p. John Wiley & Sons,
fnc., New York.

Peterson, H. V., and R. F. Hadley.
1960. Effectiveness of erosion abatement prac'

tices on seuriarid rangehnds in western
United States. Bull. Int. Assoc. Sci. Hydrol.
53:182-191.

Piest, Robert F., Joe M. Bradford, and George
M. Wyatt. ,

19?3. goil erosion and sediment transport from
gullies. Am. Soc. Civil Eng. Aruru. and Natl.
Eng. Meet., [New York City, Oct.-Nov.
19731 20 p. (mimeogr.).

Piest, R. F., J. M. Bradford" and R. G. Spomer.
1975. Mechanisms of erosion and sediment

movencent from grrllies. In Present and pros-
pective technology for predicting sediment
yields and sources, u.S. Dep. Agric., Agric.
Res. Serv., ARS-S40, p. 162-1?6.

39



Poncet A-
1968. Teudances autrichiennes en matiEre de

cat$l dc banag€s de correction torrentielle.
[Arrstrisn approacbes to stab,lfty cal$lations
bt torrent control dams.l Rev. Foa Fr. (Nancy)

15{3}:208-216.
Poncet A-

1965. Notos sur ta lutte contre fdrosion et
I'anenagegcnt des bassins vbrsants montag
nards au nord de la Mfditenanfie. [Notcs on
erpsion control and watershed qanagpment
in th€ mountains north of the Mediterranean l
RGY. Foa Fn lNancyl 17(101:6il?-661'

Rrstisi Sdvatore.
196?. L'impiego di dispositivi frltsanti nella

onezione dei torrentl Fte use of filter dans
in torrent controLl LTtalia Forestale e Mon'
talta 22llFl2-24.

hgtisi Sdvatore.
19?0. Rapport sur la pr€fabrication des ouv.

ragw de mrrection des torrents. [Report on
the prefabrication of torrenl control stnrc'
tur6.l FAO and Eur. Foa Comm., gth Sesg.

Municb Juns 19?01 30 p. lmimeogr.).
Ree, lilf. O., and V. J. Palner.

1949. Florr of wat€r is chcnrrefu prot€cted by
vegetative lininp. [t.S. Dep. Agric., T€cb"
BulL 967, 115 p.

Retrfro,GrahanW.
L972. Sediment control Eeesunet and effects,

routhern Great Plains. In ConEol of agricul-
M pollution in the Great Plains.
Water Racour. Comm., Senin", [Lincolq
Neba, July 19?21 Great PJains Agris Counc.
Pub|. 60, p. 41-48.

Richardson,H.L ' '

1945. Dissussion: The significance of tertaceg
due to elimatic ogcillatiou GeoL Mag. 822
16-18.

Ruby, Earl C.
19?3. Sediment trend shrdy, Log Angeles River

watershed. An analysis of the rrwponse of
flnnsmore Canyon to check dan treatment.
USDA For. Serv., Calif. Reg., Angptes Nac.
For., Pasadena. 130 p. (mirneogr.l.

Schunm, S. A.
1960. The shap€ of dluvial channels in re}rtion

to gediment type. IJ.S. Geol. Surv. Prof. PaP.
352.8:16-30.

Schrrmm, StanleyA. 
^ --- - I1969. River metanorBhosis. Proc. ASCE, J. - :

Hydraul Div., 95(HY1 ):25 6-27 g.

Schrrmn, S. A., and R. F. HadleY.
195?. Arroyos and the semi'arid cycle of ero'

sion AE" J. Sci- 255:161-174.
Schumm, S. A., and R. F. LichtY.

1963. Channel widening and flood plain cor
struction dong the Cinslron River in south'
wstem Kansag. IJ.S. GeoL Surv. Prof. Pap-
352.D:71-88.

Schumm, S. A., and R. W. Lichty.
1965. Tire, space, and errsality in geomorphol'

ogf. A.m J. ScL 263:110-119.
Seginen, Ido.

1966. Gully development and s€din€nt yield-
J. Hydrol (Anst,erdaml a:236-258-

Thompso&James B.
1964. qpndtative effect of watemhed variabl€s

on rate of Srlly'head advancemenL Trans-
ASAE 7:54-55.

Thorues, John B.
19?4. Spesulations oB the behavior of stream

channel width. Disctlss. Pap. 49, l7 p- Grad
Schml Geogp., London School Econ, EnSL
(mimeogr.l.

TUan, Yi-Fu
1966. New Mexican gU[ies: A critical review

and sone rccent obsentations. Ann Assoc- .-
A- c.ogt s6(4):57g-6g?.;.; O,

Vanonl Vito A, and Rober3 B- Psllak -
igsg. E+;;e"tal b.tis" of to* reetangular

drops for allurrial flood channels. Calif. InsL
Technol Tech. Bep. E'82, 122 P.

Woldenberg, MichadY.
1966. Horton's lsws iustified in terns of dlo'

metric growth and steady state in open sys'
t€Es. GeoL Soc. Am BulL 77:431-484.

$roohis€r, David A., and Carl R. Miller.
1963. Case hktories of gully control stnrctureg

in southwestera Wisconsln. (t.S. Dep. Agric-'
Agnc. Res. S€rv., ARS 41€q' ?8 P.

Wooltfu€r, David A., and Arno T. Lena
1965. Channel gradients above guly'control

stntctures. Proc. ASCE, J. Hydraul Div.
91{HY3}:165-18?.

M R. C., J. C. Goodlett, and G. H.
Comer.

196?. The influence of vegetation on cbannel
foru of sEaU strreams. Symp. River Motphol,
Int. Assoc. Sct Hydrot hrbl ?5, p. 255'215.

40



SYMBOLS

;
Ag
Ay

angle corresponding to the SuUy gra-
dient.
area of the channel cross section.
angle of repose of rock.
area of the vegetated part of the cross
section.

E! breadth of loose rock or wire-bound
lmserock dams, measured at one'half
of the depth of the spillway.Bsr = Hffi;l :?ffiflrt 

umi;Tff'f"f

Hg

=! discharge coefficient, taken at 1.65.
- constant whose value depends on the

waters hed confi guration.
= parameter depending on density of

vegetation.
= paranreter depending on stiffness of

vegetation.
: constant whose value changes with

groups of gully gradients.
=E constant in Huxley's growth law.
= depth of gully.
= sieve size which allows 65 percent of

rocks to pass through.
= constant whose value changes with

groups of gully gradients.
= constant in Htrxley's growth law.
'r advancement rate of the gully.
== constant whose value changes with

groups of gully gradients.
= g1r[y gradient in percent.
:= acceleration due to grar"ity, taken as

9.81 rn/s2. '

= specific weigbt of the fluid.

r= head of flow ibove weir crest.
= total height of dam.
= effective height of dam, the elevation

of the crest of the spillway above the
original SuUy bottom.

= depth of spillway of a dam installed in
a rectan$ilar or trapezoidal gully.

Hsv EE 

fflt+Jff:f;,ilr:* a dam insta'ed

K = constant, referring to the ex,pected
sediment gradient.

L !B effective length of the weir.
L6 lEB average leugth of dann.
LnS =3 effective length of spillway.
Lg EE bottom width of the gully.
LgS = bottom length of the spillway of a dam

installed in a rectangular or trapezoidal
gully.

LBSV !E bottom length of the spillway of a dam
installed in a V-shaped gully.

LUp = averagp length of dam.
LU - = width of the eutly between the gutlv

brinks.
LUS '= length between the brinks of the spill'

way of a dam installed in a rectangular
or trapezoidal gully.

LUSV = length between the brinks of the spill'
way of a dam installed in a V'shaPed
gullY.

M1 :!s length of the wire mesh of a wire-bound
dam.

MLg = length of the wire mesh of the bank
protection, measured parallel to the
thalweg.

MIO =s length of the wire mesh for a double'
fence dam-

Mq, := width of the wire mesh of a wire'bound
dam, measured parallel to the thalweg.

Ng = number of fenceposts of the bnnk pro'
tection work.

Npf = number of fenceposbs of the dan proper
of a double-fence dam.

NSf' := npmber of fenceposts of the dam props
of a singlefence dam.

= Maruring's roughness coeffrcient.
= wettbd perirneter.
= rate of the fak flow in m3/s, based on

the design storm-
E rate of [he peak flow in m3/s psr unit

width of spillway.
:= shear velocity [(S R,S,)t'1.
=B constant, representing the depth of key.

=3 hydraulic radius.
= stream pow€r per unit length of gUlly.
= spacing of check damg.
= energy gradient.
= tractive force.
= urean stream velocity.
:= volume of rock for the apron and bank

protection.
= critical velocity at dam crest.
= volume of a headcut control structure.
= volume of the dam proper of a double"

fence dam-
:E volume of the key.
= volume of the dam proper of a loose'

rock dam.
= approach velocitY of flow.
- vblume of sediment depsits above

check dams.
s volume of the dam proper of a single'

fence dam.
= volume of the spillway of loose rck

and wirebound loose-rock dams.

-
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-

B6

c
ct

cr

c2

c

o

C1
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d

dt
E
f

G
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Hp
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e
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s
sr

v
V6

vc
VHc
vor'

V6
vln
Vg
Vg

vsr'

vsp
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vssr'

w
w
x
x

VSptr - volume of the spillway of a double.
fenCe dArn,

between the downstrearn side of the O
spillway and the point where the water'
fall hits the apnon
size of an organism.
critical depth of flow at dam crest.
vertical coordinate of a point on the
trajectory, here the effective dam
height.

r volume of the spi[ntay of a single'fence
d"-

- weight of rock related to Des.
!r f,ow widtb.
r size of a biological organ
r horizontal coordinate of a point on the

trajectory, h€ra the horizontal distance

y'
Yg-
zr

o
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RESEARCH
I Designing Gully Control Systems for Eroding Watersheds

BURCI{ARD H. HEEDE
Rocky Mountain Forest and Range Experirnent Station
Forestry Sciences Laboratory
Arizona state University
Tempe, Arizona 85281

ABSTRACT / Effective design of guily control systems must
consider the gully network as a whole and be based on

geomorphologic indicators such as type of netwod<, strsam
order, and stage of devefopment. Consideration of
geomorphologic characteristics alfows a ranking of gufly
treatment priorities thal in trrn, pnornises the highest retum for
expenditures. Relationships between sEdimont catch, chinnel
gradient, treatment cost and height of check darns in a
treatment systern arg presented. Hetum is considered within a
physical rather than economic framework" Future soil savings
are the main focus.

The Problem

Past reffi,rlch on engineered gully control emphasized
the detigt ana consruction of individual srrucrune$. YeL
the individud hvdraulk insralladon r€presenrs only one
cornponent of a F€arrnenr sysrcm; rhe qtrality of the
treatment as a whole deternrine$ succes$ or failure. One
gully on a watenshcd crnnot be singled our for trearment
and the Felr of rhe gtully nenuork neglected. Recenr
research has demonstrarcd stnong rehtionships among
the gullies in a nerwork (Heede 1977). Furtherrnore, rhis
reseanch showed that by a combination gf vegetarion and
engineering measur€s, a deterioraed warershed ryas
restored wirhin l2 )'cars (fig. l). Perennial srneamffow
resumed aftet 7 yaru rnearment.

Another imponant finding was that some triburar,v
gullies can be connolled by vegention managernenr alone
if their base lercls are conrolled by gu[ies rhar are srmG-
turally rearcd (Flg. 2). This findirg caq sa!'e considerable
money, since gcnerallv onl/ one-ttrira'of rhe rotal gully
network length rvill require Structures.

This repon, rherrfore, rreats gulty conmol fmm a
systems approach rhar combine$ vegeBtion managemenr
ancl suuctunes.

Anafysis of Gully NEtwork

Bcfore designirg a restoration s!'stem, lhe stream net-
rrork must be analvzed ro determine gully rypes. Each
t)'Pe has its orvn characteristics rhat indicate the cridcal
lmations rvithin rhe sysr€m and relarionships anrong the
gullies. This informadon is esscntial ro a sound design.

Gully srsfcner Three qrpcs of frll:r nenvorks cin be
differendarcd. one consists of continuous gullies onl.v-;
another consisrs of clisconrinuous gullies only; and rhe
KFr WORDS; Gully cottrol, Sil Conssrvation, Erosion, Sodimenntion.

Sote: This rcPort was pnelrnted ar the Tenth Imernational Congresr on
-rdimenrologl'. Jenrsalern, Israel Julv g- l{. lg?g.

Environmental Managernent vot. 2, No. 6 pp. sOg-szz

rhird consists of a mixture where the discontinuons gul-
lies may be in various suges of lirsion with the nenyork
(Fig. 3).

In a network of continuous gullies. each gully is con-
ne-cted with the adjacenu downstream one. The gullies
always start high up on *re mountainside beginning with
many small rills. Gully depth i$ quickly reached and
maintained undl the lowe$ srgment above the gully
mouth is approached. Theru, depth dccreases rapidly
along a concave profile. In the lowest ssgm€nL rhallow€r
depth leads to channel widening, to frequent depooidon
of scdiment (Hg. 4), and to less frequent reuanspon of
the deporidons (extrernc high florvs). Pronounced chan-
nel changss must, be erpected, therefore, in this section
close to the gutly rnouth. Since the lo€l bas€ level of a
tributary gully is the bed level of the higher'order stream
at the point ofjuncdon" changes of this bod level invaria-
blv influencs el'enw in the tributar-v"

If a gully sy$srn consists of discominuous gulliet only,
the tcrrn nenvork may not be endrely appropriare,
dthough these gullier also occur in series along the lengh
of the drainagervay, forming a systcm (Heede 1960). In
conrast to the continuour$ gully, the discondnuous cor,l[-
rerpart begins its downstrearn cours€ rvith an abrupt
headcut at any locarion on the mountainside or valley
floor (Fig. 5). The depth decreascs rapidll' dorvnsrearn
(Fig. 6), and thus Cer-elops a plly bottom gradient mr.rch
gender than that of the original vallel' floor. Where both
gradiena inrcrsect, a sediment fan develops. This fan
represenm the local base letel of the gully. If the fan
becomes overlv steep, the threshold value for safe con-
veyance of the florv is surpassed, and a headcut and new
disconrinuous gull)'rvill forrn (Panon and Schumm 1975).
Headctrts advance upsffei$r, fusing the discondnuous
gullies (Fig. 7)" With time. a continuous gulll' may erolve
from fusion of several discontinuous gullies (Heede
1967). Thus a discondnuous gullv has nvo rnain cridcal

0964- 1 1?f/tfigiffie.0so goa a0
@ 1978 Springer-Verlag New York Inc.

Dcpenmenr of Agriadturc. for ofi,cill urc.Purchasal by thc Forst Scrvicc. fJ.S.
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510 Burchard H. Heede

Figurc 1. Tr'el'e 
'ears atter u-earnlenr ar Alhali cr.eek

rvatershecl in the colorado Rockv'Ilorrntains, a dense
herbaceot$ cover Protects the gullt' l'rottoms ancl rnosr sreep
gtrlh' banks. Treatment consisted of constnrcting lrnse r*L
check darns, regulating grazing. and reseecli,rg oi.os ctisrurbecl
bu consruction.

Iocations-one at rhe headcur, rhe orher ar rhe gullr-
rnouth.

In less dereloped continuous gullv nerlrorks. discon-
tinuous gtrllies mal' occur in dre fringe areas. Allurial
fians form Lrelow the molrths of these grrllies. Where rhe
tallel' bottom is narrorr, linriting rhe shifting of florus on
the fan (delm formarion), rapid oversreepening of the
degrsits leads to the formadon of a nerr, disconcinqous
chantrel. Tlre process recurs dorsn rhe vallev until rhe
lorr'est channel reaches a gullv of the conrinuous nerrvork.
At the junctioll. the overflorr inro rhe nerrsork channel
crearcs il headctrt rhar in rurn adrances upsrream ancl

Figure 2. A 25 rn bank-wicle tribtrran gullv of Alkali Cr.eek
rvhere no structures rr'ere installecl btrt the rnain stem lr'iui
trearccl l'rv check clartrs 13 r'ears ago. The rrell vegenrecl gullr'
bottom and banks inclicate tlrat erosion lra.s alnxrst stopperl.

tuses the inclividtral cliscontinu()us gullies into one conrin-
uorls channel joinirg rhe n€rltork (Fig. S).

If discontinttotts gullies ilr e locared on relarivelr broacl
vallet' bortoms. these processes either rake a relarivelr-
long rime, or the pl'ocess rvill be modifiecl br. excessive
deln formadon belorr the gullv morrrh. Dtrring errcep-
tional florvs. large concenrarions of florn' mal. derelop a
heaclcut rvhere rhis florv joins rhe nex,[ gullv of the ner-
r.'ork. setting the snge for ftrsion rrith the nerrvork
(Heede 1976).

As a result of the intricate processes of gullr tusion. a
continttoLts gttllv rletrrork mat incltrde disconrinuous gr.rl-
lies in different smges of developrnenr. Some disconiin-
tlotls channels tnav still be ftrllv irtclepenclen[. rrlrile orhers
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Flgurc 3. A gully network containing both continuous and discontinuous gullies where the discontinuous gullies are in
various stages of fusion. At .{ a discontinuous gully hasjoined the netrvork. At B a disconrinuous gully is still inde pendent
of the nenvork.
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Flgwr t Downstream ticrs of a dirondnuoru gtrllr. Gultr.deprh dccreaser rapidlr rorr.ard gullr mourh. Rod in middle
ground ir 1.7 m high.
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Flgurc 7. A headcut advancing upatream has fuwd two dirontinuous gullies producing one channel and a bed scarp.
Fututc advarrcing bed xarpc will cut the upstream channel enough that the gradienr of the upper channel adjusts to that
of the lower. Stake in foreground is I m high'.

\
k

I
show beginnirg base level changes introduced by an adja-
cent, dorvnsffeam gull)'. Still orhers rnay have joined the
network, but the headcur signifies its former smge. Thus,
the critical locations in discontinuous gullies in differenr
smges of developrnenr may he ar different sires. These
critical locations need special attention in rhe rrearmenr
plan.

Ranking of Gullies

Stream Ordering

Stream ordering is a sysrem of ranking the relarion-
ships arnong gullies. A first-order gully does nor control
another tributary, but a second-order gully influences the
local base level of one or more first-order gullies. The
highest-order gully of a sysrem influences all other gul-
lies. The higher rhe order, the larger the number of
gullies controlled bv one gully. Horron's rnerhod ( lg45),
although subjective in rhe selection of rhe headrvard
eKtension of rhe higher-order srream, is superior for
control purposes ro Srrahler's (1957, p. 914), rvhich con-
fines orders to stream segmen$ onlv.

Each gulll' should k' designated by a letter and a

number represendng the number of tribumries depen-
dent on the gull)' tsuch as F3 or Kro). Tabuladon of the
gullies by sream orders and dependent tributaries gives a
measure of the impact of one gully on others. Figure 8
presenrc a sample gully nenvork and Table I is based on
this netlvork.

Stage of Development

Stages of gully development must be recognized in rhe
design of control measures, because these smges indicate
future changes in channel morphology and expecred
rates of erosion (Heede 1974), The second srep in rank-
irg netlvork gullies should, therefore, be based on srag€s
of del'elopment, determined not orrly from aerial photo-
graphs b-ut also verified at the site. This step brings a nerv
aspect into the rank evaluation, because it considers
future erosion and the benefit to be derired from treat-
ment. The best rvay to rank gullies is to compare the
channel morphology" of the network gullies. Three or
mor€ stages ma,v be differendated (for exarnple, voung,
mature, and old, each signifvirg relatirelv large,o
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Table 1. Stream orders of gullies shown in Fig. 8.

Stream orders
3{

K,.

Sulucripr irdicarc number uf uihrarier,
tcullig ru fuscd uith nrurorlr-

medium, and small rolumes of expccrd erosioo. FGSpGC-
tively). tf applicable and desirablc. each sage .o.,ki be
divided funher (earlv marurr. lare rutune. arid so fonh).

G*lly classcs (condnuou,s, dirontinuous. former{y dir
continlx)us but in process of fusion) provide an objecrirc
m€asune to dercrmine the cri&d locations where evdrril-
don muil foctrs. For example, pronounced headcur of a

Table 2. Stages of dEvelopment
of gullies shown in Fig. 1.

IF t'rxrng Ilature Olcl

ributarv indicater that a discontinuotrs gully- joined rhe
nenyork. Frequent bcd sfarpr demonsrrate rhar gradienr
is still adjrrsting to rhe local t asc level ( FiS. g). The head-
cu: is locarcd onlv half-wav upstream on the lzllev floor.

We may conclude thar a formerlv discontinuous plly has
reached an earlv marure su4fe. and subsnndal headrvard
advance mu$ be expcrted. Its r'oung $tage would harc
been chamcterized bv lack of tirsion within the s,vsrem.
ruhile its old agc stage ruould exlribit ferv bed scarps and a
headcut relatively close to the drainage divide.

ln continuous gullics, srage indicarors nray be foundl
on gullv bottonrs and banks. F e.t.renr and pronounced It)
bcd scarp6, and beginnirg rneandering in reladvelv '/
straight reachcs shown bv ncw. st€ep. and undercut Goo-
c:lrc pll:r walls rulv signifv vourhful stage (Fig. l0). A
gull!' rvith bednxk or r€gemted botrom and sloped, r'Ggc-
urcd banks could be safelv classecl as old agc (Fig. I l):
reladvelv small future erosion rares would h expected.
Table 2 summarizes rhe st:tg€s of derelopmenr tbr dre
nenrork illrrstrared in Fig. 8.

Treatmgnt PotEntial

Step three detelops rhe final rrearmenr prioritl' of rhe
inditidual gullies $'ithin rhe nensork hierarchv. The
bars for rhis final ranking arc $ream order. number of
cributaries. and smge of derelopmenr ( turure erosircn
rat6).

Treatment of gullies with espected large erosion rares
rvill 1"icld larger returns than those rvirh iruignificanr
rittci This relationship demonstrates thar highe* nerurns
can be expcced from the conffiol of discondnuous gullies
that hate not vetjoined the nerh'ork. and ruhose headcus
are located in a sizable rallev ( Fig. 5). Gutlies r.*irh sloped
and vegerared bankr. and bocroms on bedrock. must bc
classed :N lors prioriq', unless secondan' consideradorrs
strch as infucnce on tribumries call for higher priorin.
Strch a case mav exist" for insurnce. if local base ler'el raises
in che ributarier are desirable.
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Flgurc 8- A rhemasic gully nenrork consisting of continuous
gullicr. ildcpcndent digcontinuoug gullitr t I. Ql. and clisconrin-
uout Sdli$ in tusion rtirh rhe netrrork (C. G. L). Furd discon.
tinuour gullics are indicarcd bt the headcut svmbol
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Flgulo 9. Severe lowering of the local channel base level has produccd a bed sarp at the rvarcrfall, rvhich will adrance
upctream and cause deep cutting in the upper channel. This deep cutting causes channel widening, as indicated in the
lorver section of the channel.o
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Flgurc 10. Irr voung stages of gullt developurent. rneauders rnat'undercut banks and cause bank clearage and fall. Iarge
amounts of sediment rnust be removed and bank slope gradients reduced before some kind of equilibriunr can esist
betrteeu florr' and channel.
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Flgun f 1. This nrllt'bcd is proccted bv a r.igomus *ancl of
qETs and mo$ banks arc srabilized at rhe anglg of rcpsc.
Stabh banlis and channcl bcd indicrre an adrinced stite of
gulll' derelopmenr. ' ,

Assigning Priorities

Although all arailable rnorphologic indicaronr should
lre examincd. individual judgmenr iJ needed ro scr rnsar-
mllt prioritica' Priorin' lisu allow intdligenr selecrion of
gultics for reauncnr rrith limircd fundl.

Table 5. bascd on infbrmadon gained from Fig. g and
Tables I and 2. illusrnrres both obiectire as nell as-subjec.

$o- approaches !o S"tly tte"rmitrr ranking. Onlv itr.
highest tlro priorities rrere recordcd. becatrsl indicaors
suggested that effectit'e tegetarion managemenr rr-ill lead
to xabilization of the remaining gullies. once their local
basq levels are maintained br stnrcruraltv urared gullies.

Table 3. Ranking of guflies by treatment
priorities.

Priuin
Hercleut tre:ltnrcnt onlv

In this cAlie. tirur gullies lvere selecrecl lbr firsr priorirr.
ll'eiltttlellt. .\ltlxltrgh gtlllv K,. ltiur reached rhe olcl-lr1ge
$tage of detehrpnrent. it represen$ ttre nrain srern ot'the
nenvork. Ir treatmcnt rvill benefit all rxlrer iprllies. Gullv
86. rlf trcxt lower !ilreilm ottler. also har s€lcral tributerries
and is srill in rhe marure srage. Gullies I ancl a are
clirontinunus, rvitlr he'adcutn locatecl haltluav trp rhe val-
ley bottoms. For second prioritv. l4ullv F,, rr.iu chosel
lrccau:ie of sererie' of expecred enrsion and a grearer
trttttrlxt' of tribtruries cromputcl rvirh gtrllr' )i1. Tlre leruer
could hate hen classed as lare nlanlrc. lltitlrin the prior-
in' classcs. rank decreases trrlnr top rtr bonr)rn.

Table 3 also lists tirrrnerlv dirontinuous grrllies rhar
t'tlscd rvith the nenvork btrt are scill in the process of
headcuning toryard tlre rvAterrhecl divicle. Only the head-l
cuts re{quire treatnrent. ' ' J,)

Cost Anafysis

Funds arailable tbr the nesrorarion of a deplered
waterrhed are usuallv limitecl. To determine horv manr
gullies can be trearccl rtith the available resources. a shon-
cut procedure. proposed bv Heede and }Iufich t I g7{}.
catl be tued to qtricklr esnblislr an estimare of dre cosrs of
reatmcnt rvirh check dams, Fronr rhe priorirv lisr (Table
3). rePresentadle gullies ma!' bc selected. and rhe ferr
t'ata required for Phase I of rhe compurer program mav
be obtained. Considering Table 3 as an e:tampie. gullv I
rvould be selerred tbr drc dirondnuous group and gprlly
K,. fior the grrllies of che nenrork protrxlsed tbr rrearrnenr.
Since costs for a headcut conuol srucrure will ln part of
the compur€r ourpur tbr gullt, I, an esrimare tbr headcut
controls in gullies C, G. and L can be ohained. [n rhe
final schcdon of rhe gullies ro be rearedi m leasr all
headcuts, all disconrinuotrs gullies. and rhe mainsrem
gulF should be included. These are given in order of
trearmcnr prioritv. lftirh rhe e$,ceprion of rhe mainsrem.
discontinuotrs gullies should ruke rreatmenr priority or.er
conrinuous grrllies. because large gains can be expecrcd
frorn rhe rreatmenr. Not all trearmenr rreed be done at
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Figurr 12. A dirontinuous gullt is conrened to a regetation-lined rvarenvav by- (a) removing brush arxl scadt'r'iug the
gully'rvalls and bottom, (b) filling and smoothing the botrom, and (c) planting and esrablishing a perenrrial grass.oi-er, as
indicated bv rhis 2-vear-old stand.
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once' but it is of ultimare importance rhar .'sarmenl
procds from the highest to:the lorryer.order gullies
because of local basc level conurrb.

Discondnrrou$- gullhs" located independentlv of rhe
nerwork on broad talle,v boaoms and of small or mcdium
size (not more than 5 m dcep and 8 m rvide), often are
suinble for conr€nlion ro l-egehtion-lined ryatenyays
(Fig.t. lza. b. c)- Field tffut shor*'ld rhar,rhe itrtoUo,i"n-"f
such lraterivars cost I perc'ent less per merer of channel
lengrh than check darn reaiments (Heede lgtig).

Anafysis of watershed Vegetative cover
conditions and Potentiat ior Rehabifitation

_: 
Aerial ph-o.togaphs. supplemenred bv field inspe-

uons. gerrerallv Present an oterall viers of the differenr
t'egeration compleses of a rratershed. rhat is sufficienr fbr
managemel! purposes (Fig. 3). lyirhin rhese comphxes.
areas of different r?gstadon denrities arie easilr ieline-
arcd on rhe photographs and mapped fior rearmenr.

If feasible. planring should be linsidered for ser-erelr
d.epler$ sirm. Reduction of grazirg or remporan' exclu-
sion of the animals should be coruiaered. Orher uses.
sttch as animal drirelravs. recTear,io'. and major thor-
oughfarcs- musE be adjusted to confiorm rtith rhi goals of
regelarion managemenr for rehabilitadon.

Plandns methods ancl fenilizadon require*.O)
largelv depend on rhe natuml porcnrials tbr r€gctarioF-'
resr)tzrion. Ar harsh sires. cvrnaincr plandng rnay be
selected. orhers mal'.require disking and riiling of seed.
ruhile broadcasdng of seed mav suffice on noads and arttls
disturH brt rhe tneatment opcratioru. N urrient soit resut
wilt field informarilcn on fe 

'ilizer 
requiremensi.

lVhere infiltradon data are arailable. rares of infilrra-
don can be used as indices of relarive porenrials for
orerland flors and erosion. Generallr', rvell establishecl.
dense. vigorou vegenrire corcrT hare higtr infiltrarion
ftltes. rshile bare arear nlar shed pracricallt' all tr'arer
(Dortignac and Lore lgttl. Ileirrran 1975). If possible. rlre
most hvdrologicallv hneficial r.eg€ultion cornple:(es
should nor be disturbed during rearmenr in orcter ro
rnaintain rhe full porcntial of rhese sires. One rnal. argue
thar dtese sircs can retol'er rnore quickv rlran rhosc *i'irh
lesser- porenriats and" dreretbre. should receir-e pret'er-
encc for locagion of pioneer roads. erc. lbt. their role as
nuclei for larcr I'eg€tatiorr increases on rhe irarerrhecl
mal' ounr'eigh rhis argument manvfold.

Disturbcd_ground surface$ musr be planrcd atter coil-
struction is finished. Gcnerallr'. herbaceous species are
preferable in the lf est. because such corer controls soil
erosiort faster and tnore etficienrlr rhan tres.s or llrtph.

'J*' '''. --.'-<E
. i a r? '-{.1 ,! oZ' ,
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o 2 4 6 I tO t2 t4 16 t8 20?2?4re28 30
Originof gulfy grodient (percenll

Figurc 14. The relatirenship benveen original gully and
sediment deposit gradients at Alkali Creek watershed,
Colorado.

Q6 0.9 t2 t.5 f8
Effective dom height (meters)

Figure 15. Expeaed sedirnent deposits renined bv check
darn treatment as a function of effectire dam height. The
sediment deposit rario relates the volume of sediment
deposits to the volum€ of sec{iment deposi$ at effective dam
heighr of 0.3 m. Thus, deposiu in a treatment rvith 1.2 nr
dams are more than $et'en dmes larger than those caught bv
0.3 m dams.
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control rystem, Before treatrnent at the rnouth of this gully,
the maximurn depth of the reach rvas l2 m and maximum
bank ryidth 15 m. 

t

Design of Treatments

Check Dam Systerns

Rarely will a single check dam suffice for gully conrrol.
In fact, one dam installed alone may do more harm than
god, because the future sediment deposits above the
dam ma)r cause a break in gradienr (nickpoint) where the
deposits intersefi the original bed. Depsir gradients are
gender than the original gully gradient. A scarp may
del'elop that, like a headcut, advances upstream, thereby
increasitg gull:r depth and with. Only in exceprional cases
rvill it be possible to design for a smoorh transirion
between deposit and plly gradienrs. It follorvs thar, gen-
erally, check darns must be installed in svstems (Fig. l3),
proceeding upstream frorn the mouth undl a narural
conrol, such as given bv bedrock outcrop, has been

,O reached. Obvio.rrll''. the required ,r.,*bi, of clams
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increases rvith increasing grll:r graclient. but decrerues
rvirh increasirg dam heighr ( Heede and llufich l,gTg).

The dererminarion of dam .spacing usuallv rcquires
individual j$s"r€nr, unless Heede's ftgzzl equarion is
applicable (Fig. l.l). This erluation c:ln be used to calcu-
larc thl gradient of the erpected sediment deposir ahrve
check darns fiom the original grrlly gradient for projects
located in the Colorado Plateau- Province of wesrern Cob-
rado. bur not nece$rarily elsewhere. tn other regions.
field sutrcvs of older allurial deposirs above natutal or
anificial barriensr strch as eanh dams tbr rvarcr cliversion
and stock ponds. will be required ro ernblislr a ratio
bcnt'Gcn original and deposit gradicn.. If rhis rado can
not bc obtained confidendv, Atkali creek expericnce
(Heede 1977) sugggsts it is bener ro usc larger rarher
than smaller spacings. Too srnall sprcingr ma:r prevenr
full urilization of the clam catchmenr poteiU"ls. Trxr large
sPacinfip' on the other hand,. mav causc seriotu bect scarp$
abore the upsmearn roe of the scdinrent deposic. As a
secondarv reatmenL these can easilv be contnollcd bv
small sffuctunes.

lVhere it is advanageous to conrnol rhe graclient ot'a
given rmch only. avoiding the accumularion of rcdimenr
deposiur ar dams, rhe desigrrcr may appl:r a submergd
structure. fa spilhvav should be shapcd like the channel.
cre$ and side slopes lerel rvidr rhe bed and banks. F€spGG-
ril'ely. Srrch a structutt, submerged ro a cenain depth,
rvill prevem a bed scarp ftrom advancing upsrream, 

'utrfill not accumulate sediment. An exam--pls of effective
use of thc strufiure is a siruadon in rvhich dep:h cutting is
exPcfied in a triburala', caused by erosion oi'the highlr-
order strcamed. The itrt cture. installed cfore ro rhe rib-
u[aIT'3 mOUrh, rr'ill maintain, the local base lerel and pre-
vcnr headward cuning.

cenerallu. conrcndonal check dams should be
designed. If sedimenr accumulation b one of rhe objec-
ril'es. it must be realized rhar a svsrem of high clims
itccumulates more {eposits than one of lorv dims (Fig.
l5)- l'et. snbilir.r'and cost considerations lirnir rhe heighfu
of simply buik dams. As Eg, to shorvs. loosc rock dams
fQuirg more rock than fence-rype $ructurcs of the same
height and xrc, rhercfore. more cosrlv. .{lthough loose
rock darns could safely be built higher than the other
n'pes' the higher_cogrs could ourGigh rhe sartngs in
number of darns. This is illusrated br the sedimetti*orr
rario, which includ$ expected deposits abo$e rhe clams as
benefit. Loosc rock and rsirt-bound $ructures hare less
beneficial rados than tence*t'pe dams (Fig. l7). I'eq
derpite lower tatios, phrsical trsarmenr reqtrirernens
should take precedence orer initial cosr. because immedi-
ate sarins mal' lead to high rnainrenance cosrs larer.

f'

I

l.
I

/5|'f - g{turr€

r€cff rccr cgia
,aett rctro ottttt

Adfr failhrrf ,r7

Co,,Cl-.trGt !!tft
;\
I
I
II

L
I
I

L

!Er
ot
!!-t,gl

T
!fto-ir?
rJ

Artbgcr o;
I
I

f'
i

r
I
I

I

|l

fl

9

ll et; ABr

03 or 99 r.t t! r.t o5 -ffi
Etfrcilvr rttn i.*cir (Grrrrrl

Flgure 1& Reladve co$t of installing check danr n?aun€nrs
and relative anrnrlar rrx'k rolunre retluirenreurs in gtrllies
rsirh ditferenr gradienrs :rs a tunctirxr of ett'ecrire danr
heighr Tlre cosr, aud rcclir'rnlunre rasiog relarc rhe cost of a
treatnrcnt to thor of a treatnunt rt'irh loote rrxk darns 0.3 rn
high installed on a 3t gndienr.

The Alkali Creek experilnent clemonsrraeed rhat loose
rock and rsire-txlund dams are superior ro fence-n"pe
stl'tlcturc$. if an etfectire gradarion of rock rizes is n()t
arailable tHeede 19771. Lncler ruch condirion$. rhe less
exPensire fence danrs shotrlcl not be desigrred. irncl nrot-n
ruck and more nronel' rrill lre needecl. JJ.



€1o
b
{Da

ies
tF
C
O
3
€5o
6

?s

t2 ut 't8 06 q9
Effrctfri' dqrn hrlebf ( nrrnl

Insalladon cosr is also a funcrion of gufiy gradienr
(Hg. 16), since steeper gradienu demand mori dams.
Yet, more sreeplv sloped gullies often erode faster rhan
gentler ones, and are in a vounger stage of derelopment.
The.v, therefore, have high priorit,v for reatment. .{gain,
the phy'sical aspefis should be overriding. Whene funds
arc seriously limited, a steprvise approach ol'er dme is
preferable to a one-shot but less effective one.

For deails of individud check dam design, sGC Heede
1965 and 1966.

Vegetatio n-Li ned Wateruvays

Design of regetadon-lined tvatenvavs will be consid-
ered within a nenvork of gullies, either consistirg of

Systems Approach to Gully Control 521

Flgurc 17. The sediment{o$t rado
relares the value of the expected
sediment deposits to the cost of
trearment. The graphs show this
ratio :u a funcrion of effecrive dam
height on gulll' gradients ransrng
from 2-22Vc. The basc cost rvas

taken as $20rnl of angular rock
dam; the ralue of storing I mr of
sediment was assurned to be 52.00

condnuous channels rvith discondnuous ones in the net-
rvork fringe areali, or a sl'$tem of discontinuous gullies
onlJr. Deail design criteria wer€ published earlier (Heede
1968).

ln general, discontinuous gulfies are better suited for
reatment by waterwaJis than continuous gullies. The lat-
ter start high up on mountain slopes where it is mor€
difhcult to design for smooth transidon into the waterway
than on the valley or depression floor. Also, discontin-
uorut gullies are often still small. If a condnuous gully' or
former discontinuous gully of a nenvork is reated b1'

topogra,phic reshaping, the design must include a check
dam ac the mouth of the rvaterway to safelv discharge the
flow into the netlrork. This design mar- lead to undesira-

I
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ble flow conccntrations on the rraleni'av ahr.lre the clam.
beause warerrvav cross scctions shoulcl be broacl and
shallow to spread rhe florv. 

' 
'

Treatmenl of individual discondnuous gtrllies of rhe
nenvork fringe areas otfers no difhculties if basic design
criteria ane obsened and enough fill marerial ancl ,optlrit
are atailable. Whcne these gullhs appear in series. liorv-
el'er. the sedirnent fans below the motrrh of rhe gtrllies
need special acentbn. These fans nulv show eirher small
individual gullies or jusr small headcum. rnarking rhe

Fgttt irg stage of a channel. The design tbr reshiping
the toPography should, thereforc. include rhe alluvial
t'ans.

-vegetadon-lined watenyays musr be designed for inef-
ficient sediment Fansport. because. until an effecrive
pbnt cover has been e*ablishcd. che reshaped ground is
exme-melv sureptiblc to rcnewed emsion. irrc,rmpcrence
ma:r best be achieved bv reladtelv low gradhnts and rvide
cross se'ctioru that lead to small depth of florv and rhus ro
high rgughtfs_ panmeters. tt follows that seclimenr rnav
collcu in undesirable arnoung on the ruarenvav, if sounce
areilt s*bt neartrv. The deposits mal' lead to flow collGcl-
radons. and maintenancc must, thercfore. be
anticipared.

Conctusion

Effettirc gully conmol design recognizes geornorphol-
o$c indicatont such as rl'pc of Sulll' nenvorh sream
grder.. stage of detelopment. and l*pe.,ed erosion rare.
But. lrecause knowledge of gullv mechanicr is limired.*T: degrT ofju!$menr it r.q,rirsd ro nrnk rhe gullies
within rhe hierarchv of ribtruries and ro esrablish rrct-
ment priorities. Earlier research has shorvn thar nor all
gtrllies of a nent'ork require trearmenj. if the r.ege'riol
corgl is effecitell' managed for rehabilitarion. Stirguralutd vegetadre treaunenr should. supplemfnt each '

othgr. r .

. - Since gullt' ncnrorks can be trearccl sreprsise or€r rimeif treaunent stans ar rhe oGflt:ork *ot,rh, rvithin limits.
the phvsical requiremenn for conrol should override
insmllarion costs.

Dirontinuous gullies should genenllv be rarrked fircr
priorir for contrcl. bsrause thei' hare Srea*r po*ntial
for rapid grorvrh than do continuout guili.r. 

,
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TIEASURED{trIT OF ENOSION T{IITTIN CATCTTUtrITS

Sadiment Sourcee

''\@rPT 
fru,vt_ 

fo?i 
t,"ir:Q, 

#r rT; ;
l\rrrnKtre * far*s,eAs.

C h .3. . E:wl ua*rir,t cf &o I rn eq/di+ta\f ard Tr€hJ

\ TTvwws.fu?n

9"iLlf !Eh1utr,^ryfh '6&)l-'5c{'
brur-,wA. 90r qg

Scttlncnt yiclda fron ilralnagu bastna providc c uccful lnd.cr of crosion conditionsend trcnd,o. oftcnr-honevcr, ttra lana nanagcr nrcds mrc dctellcd lnfonnation ebout rdrcrctho rldimcnt 6omag fronr ritliin r oatchrnentl t*tet thc najor procsssG! arq that nrobilizc thercdincntr and *rat thc rrlatl'on is bctuccn'thc lntenaity of-croalon and va,rioua poaslblrcoqtrofling factora. Tbc tccbnlqrca uacd for ncasurinjcroeion rtthln catclncnte varyrlth.thc- croalon Proccrsc! thcnaClvca. Thc proocllrs to bc dtscusecd hcrc inoludc:ghcltnaab croaion; rllring anil gullying; rivcr channcl otrangca; *" *.r"r.at8 and rlndcrogLon.

J.2 S,heetwesh ero6 ion

3.2.1 Plote

Currsnt ah91;tna1h rroglon can br nonitorsd $r ncaeurlng thc snolnt of s:dinrcntrashcd fron biuaid'c plotsr or bv Pglurtng thc rctr of lorcring otitre ground eurfecc atEtakag' ln sroalon plot cm tc l!tautr"1"i -rii.lrv-by in?t.lllng a collccting trougtr alongthc ooatour end oor,nccting it to a tank in *trci ihe crodqd sedlncnt anil nuroff can bcnl|lut'd' llco aot-c eraopla glvcn tn thr D8p!r by DJorovtk tn thl,a publicatlon. Thglcngth of tho trougtr rnay vary-rscordlng to'tfrc rrllee of thc inwettgator. Longcr trou6hsaarrylc e I'argur rcctioa of hl'llelopc, r*rl,cl mlnlnriaer.norr duo to {ha epatiel narlabllltyof moglon carccd by niaor rllle. -Srnelt plota arc oftcn dcfincit ry t"."tfng nretal orplartio rallc e fer ocnt&nctrcr into thc iotl. such anall protar-i'"tyas in rldth fronebort 0'5 nr to 2 n lrc oftcn ugod for etuqybg roir-itt"tion and aotl crogion und,cr con-trollsd ertlflcirl rainfall- (35). Largrr ifoi"-|'" uauerty lcft unbourdcd mil alc dcftnsdelprorinatcly by e topograSric aunray.

Thl constnrction of thc oollector trough te usually simplc, but thc trough nnret becantul\r lnrtallcil.,if tt is to firnctlon propirry. Figuri ? eior; "ir, *gg"etcd dcaigns.Tha anroial factor leJo PTovld" gootl coniaci bei"scn tbc lip of the trough and thc gollsutfroc' ao that nuroff cnters tni tro"gh "itl"i"riirflv enit-dorr-not crods thc llp andby-?.. the troustr. ocelqck us:e a-iffi (5o-;; r;;iil.[']ti"i.i-i*"a placrd ln arballor tranch (Ftguro 7s). rhc trouglr.F;-; nt;a tid to prcvent thc ingrcre of raln-fallt tltq.3.5 an -rtdc llp rdrich'ra prrilca undcribc roll curfscc. A draln fron onceolmcr of thc teough oondtretl ecillmcni ledcn nuroff to e storagc tank. suoh a ghort trouglrle latigfrotow lf thcrc dg no^aigrifloant apaiiai verrebility acroee thc elopc. Thccace of oongtnrcilon and lagteltafion ellous crvcral troughc to bc lngtallcd, cn cohclondorm a htllridc tb atu{y thc cffccta of billsioei-fineth upon olocion.
If gnall rllle.lre.Dftscnt, thc inveatlgator liry wish to uBG E longer trough. Acollcator can bc coastnrctidr as 

"tro* ln Figuie Tb, bt iriving rtrkig into the eoll elongthl rloper $d neiling to thin zo-orn ridc boled.".' ih"-boardr ian thcn bc uecd to rupporta collcctor' rf ths ptot i'a only scvcral fact long and tf ths croar-rcetional profilc ofthc billglopc re rngoth, rcotloni of ahect ncter oL u tald aidc-by-eldc and colderedtogcthar' lftrcir uphlll c{gr oan bc inrcrtcd lnto thc topaoll as etrora. rf tha hilrairlcla-not- rnooth, borcvcr, ana rr thc oollcctor ncsdr io tc e long onc, thick lniluatrialpolyrthyhnr drsct can-bc uacd,. onc rcge of thc rtrcrt cen be iastrrira to thc arpportiugbsskbos!'l end ths {"?t rprcad ilonn thr bocd and uphtll along thc grorr,n6. I ahort sllt .tl ord: rbout 2 sn lnto thc rotl aurfacr, ;d th; ;{R" of thc aolycthytcnc rboct ia tuckrdlnto thlg rllt rtth a glcoc of nood. Thi tesc of thr go\rcthylcnc'dreancr oan thcn bcoovcrcd rith e blturninoue rooflng oornpound to kccp rt .roottr. rt i.r e!,ro rdvlgobla toprovida f,or r oonsidcreblo gradtlnt on ruch o chtinoi ro thet Lt draina thc nrnoff raterend radlncnt rfflckntly toia,rrl thc rtoregr tuk. I plretto oolhcior of, tbg t;rpc lebac fureblo than othcr latcrlala, tut ls-ehc"e.i a"a oelar to inrtell lf long teougbr$c ngcdcd. Ingrrtlng e lip undcr thc topaoll-;rk! nll tf thr rcil bas a nod,cratelySood vlgctatlvc oo?Glr hrt rilcrc thc root nrt la not rtrong, thc ro11 trndr to dlrintcgratc
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tolriLtetcly ebovt t'lrr trough' In ruch oasse, it le bcttcr to tnstall e ooacrctc teough; asrbour ia Flgurc ?o. Ttrc ddth rnrl ilcpth or ine ooncrctr obanarl nrlt very rlth thc nagnt-tuils of flom to bs uprctcd fron thc-plot.
tlbarc rroslon rrtca lsr crtrrnoly high and rircrc qrgilail dsbria nay bc vr*:r corrrc,r lerscr oolbattag trorytr tr-rrqutrcd.- tadcraon ct-g! (ii;;-ilii_"o,-e atcrl troushrto ortab dcbrie froa ate-p hrrlrioper r" t;ih;; Eit_rfornra (rcc Frsuillil.'t"';;:i.p.eilgp of thc trougb rrt oonnootrd to thc roll 

",rrr""i by a oonerctc aprron, and, onc-nctrchllb $taf,orocd rcodca boardt rrrc aoeitlonrd bdlrnd thc trough to ortch bonaolag 1.ockr.

.*^ --.ll^ll?.1*t 
*tt F largc, thc dcrtgn of thc rtore6: tantc rnst tslca tnto aoeountthl potoatlally r$gr voluncc if 'rcdlnent 

arrd nrnoff to ba col.lcctgd. onr inoh of, ngrofffTt : hiltrfulc-ptol 49 fcct- rong rnd 5o foct vidc nould totat 6!o oubic fcct of natcr(onc foot ' 0'30 notrc). Rath:r ihm oonrtnrot euoh a Lergr atoregc tenl(, aonc lnvcati-trtom tnrtall dsviore thet illvcrt oal5r r .;;ii eortl* of thc nuroff urd esdlncnt into thcnceeurlag tsrk (3?). .

3.2.2 Statccr and pinr

An altrmotlvr uctbod of nrafurlng ahoctrash rroalo ravolvu rcpcatod nGarur.n.ntof thr hcight of P? 3tolrnc-*trrco rt r{dcrr or *orlon glna. Thc lngtnrnrntatlon rhor*ntn Figurc 8a conalria-of -r ?J on-ioag agll and " i*e. rarhcr. tt tba ttna of lnrtalletloa,tbr na'll end' mrbcr |8c drtvia tnto {hr ro11. rui airt*cc froa thc hred of tbc nail tothc top of trbl r:rhor lr thrn ncarurrc rlth e rlllinctrc rcalc. Erorion rGnovc! rnrtcrtelfron arouad urd' bcnlrth trrr nrrrcr 6iah rr roraicJ to thc poattlon ghorn in Ftgurc 6b.Brncarurcrncnt of tho dlatrn"" t"io.o thr top oi-ih" neil ud tbc top of thc reshir provldcsr mtsut' of thc $orion ratr &rrlag thc raiirv."i"; pcrlod,. rf thc-ruhor hrr protcctadthc aoll fron ralnrlrop tnpaot, rc1uat rt nor-rianJl oo-" aaall pcdcrtel, thc pcdcdalmrt bc rrmovcd' brfori oeesulirrotr to that thr ,""ir" ricr et thr grncral lcvrl of tbcSround lurflcs' Tu! $vantlqr of ualng thc rsrhii ir that it gtvcr e ftrn rurfecc fromtillcb to ncerurr'-lT* nontiortng ac"Lcr ari;{.; end:rry to iagtalr tn largr nunbcra.I rtdc rrnga of oondltionE orn tulliaorc b.;*pi;"at rnarl Gost. Thc nort viluablclllurtretlon of thr urc of ruch d;" ln uadomtildl"t rrorton Droscracr and thrlr .htion-rbtp to thr rd.j,nrnt b,rdpt of r-anraqr bartn irJrro rcrr or-ii"e"ia ct rl (33).
tlerkiag tho plnr rtth brlgb1-t:l.piint rad, plrcinc lhc! in r grld pattcrn or rtonga liac facllltetrr irlocrtiott. $r" .di gror.p or-prrrrr-rhould u-d rerily roeatrd bcnohnatkt crrarly lilcntlftsrl tv " ",.hu"rra teg'or tgt;a pratr. Thc naor6a of lnetclletlonrboulil lacluile drtrlrrit'l"itnnitriia on hor to .16oetc thc brach a*k, rnd hor to locetctbr Sroupl of plnr froa thl uaarnarr. [br vrlui-oi ta"r" rinph D.rrur.n rtr llu lnthrlr rrpotltton,'rno tho rcrk iiLt.a lf noordr of, tbr pln looetlonr tg lort rdontbe orlgtnal lnvrrt-lgator +;s.; il" 3ot. rt tli-tr.nr or lacn-oroiton-prn rurvry, thorlmtlon of thc top-of,.raorr eii-*r3fi F cl,*k:.i by r.nntng r llao of lrvelr fron tbr

HS.H:'. lrhle rttt iaato.i. 
-*t-.tl.r 'u'.;!t;-;; uon air!r*"i iy f,roet brarins or

3"e.3 Other Eroslon In0toetore

rn edd'ltton to alrrurbg orrrcnt rttcr of toll lorr, lt tg aho eonrtlura porrtblcto rrooartnrct thr r'oGnt crorionit !!.atory ir-t-erc" fron tnrlro.tl*. of roil lnoflhr,fron thr hrtght ol,l::td}.r iori-e.a.ltrhl i" rroitl. .apornrr of trr root!. t rot of,o$r n.tt br G$c-lr:d.*:" u-lrnsiilc-. ;aih;l.;-Iie tocrt rlr{lrturbrd rottr srd t*r roorsn[t br c:rolard ls-drtatl. rodei rgntlrl vrrirtlonr or aoti-lroiiii eretrr rrtth bllllogr3rrdhnt rnd othcr-flotorrr ror-*Lp-lc, rhourd-to-ilnrracrrd rira urlag o.rfiro.!.ltr oftnrnartcd roll nroftl[. Iir3$.t;-( r6t-;.;;; frsionturd tb!,eb$r of tbr t rnd E .lorlrcnr of r roll sn tbr riirrcctioni of rropr. ir.t rg urn-jG;;i to cor!. ia lrarfr.ly oonp$laoa rith.lrnuu-iiarurrl"tr uncc-nceruy nndlrturbod forut, br nr rb' to rborthrt 20 ot (t 5 ct) of roil b;-b.;" rrwod, froa tie culttvrtrd rloprr riaor tEJo. Ioo'Drrlfon of tbc trrtu$r of tbc tro rrtr or rirr -lroft 
hr ooaflnri thb ooaolullon.
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Partlcula,rly tf go11 crosion ia rapid folloning thc dcatnrction of a vcattativcoovlrr rannanta of the fonncr lurfacc rnay bc lcft, as ehorn in Figure !a. A rril*, frama,or tapc laid acrorg thc forrncr aurfece cat uc o""i t" a rsfcrcncc fron lrhioh to ncasurcthc averagr dcpth of ctorion' vatlouc othcr lndlocr, euch c,E tbc nrcrage digtenoc batrccnrrnurants or thc lvtra€" uidth of rcmranta elong a trrnscet can el:o provide gcneitlvc
lnformation that will lndicetc clrangeg betresn repiatcd rurrcy! of tic sarne !r.e. 111rcGrt'osur! of trac roote can bc naasuicd, ac shoilr in Hgura 9t-. Bcforc guclr rnslsurcncntserc nEdq' thc inveatigetor ahoulil eranlne rootg of treer frrorn thc aanc apeclcg tn ncigh-bouring srGiro Sona trccer Gvcn on und,ieturbod eltcsr grou rith part of tbclr roote abovethc ground gurf,acc. llhc average ilapth of thc basal frarc of thc inrn* bclor grormrl chouldalso bc ararincd et rurdleturbcd aitlg; h Figurc !b, only e ni,nfurnrn itcpth of grcalon 1lindioatcd for a trac lpccicc tdroa: rootr lic-rfroliy'ylthin thc soil at rrndlrturbcd. sitcs.Thc ncthodologr and ltnttations of. ueing.trce-root c:posures for rneasuring crorion hasbccn dlscuegcd tn.dctail by Lanarcha (2r). ueaaurcncnts of root crposutls at va.rloursitce produoee data of thq kind chorm-in'Figulc lo arril allona thc i.Breetigator to rclatcsroeion ratcs to thclr oontrolling varleblci.

A mlnfunun datc for the duration of thc acccleret:d eroeion cerr gonctincs aleo beobteincd frorn thc 
"8"..of 

thc trce, ritich Ln gomc clinatee can be ncasurcd by corurting thenunbcr of annual grorth ringa on n:yly-out atrunps, or in cores talccn fron tlc living-trcevlth a srcdish increnent borcr (obtaiirablc.rroi-naJir c_nginccrrng eugpiy-rro"i""i.--in-i*vtropical regions, hortvcr, annuil Fort! rlngs aolot foinr, aaa ilc ii.""" rnrst be eged byrorc othcr ncthod guch as ncastranlnt of thsfr dianstcr. ihc rclatlonahip bctrccn diarnctcrand a6c can br obtained by ncarurlng anaual lncrsilcntg of ilienatcr on r ranple to trcar.Padcctela can elso bc drtcd from t"hi a6re of, longrllved *rn is *ricu grou on tbcn, bnrtths tcchn-iglrcc for e€t$g ahnrbs arc not as nelr dcvelopcd as thosc for trccs. rf qrctrec hEs bccn cut dorm, _thi ass of thc surfacc crn gonctinrce bc obtaiacd fron acrlal-photographic svidencc of thc lata of dcgtnrctionlr tl. rcod,land, fron locel 
'ccor6r, 

orfron local oral tradition. Bough estltnetas cen ba nad,e from thc crtcat of rcathcring ofthc rood'r or f::on the naturc of thc eharcoal tf thc rtunp has bcen burnt. AII uatrcgtirnates rould bc affectc! tv 
-sucu varl,abler as the clinate enil tbc netrirc of thc nood,(i'c' the trce aocciea). l" ila.G tht crtinatcrl thcrcforc, th;rc is no Bubstitutc forlocel ficlit e:pcricncc.

1.2.1 Claesifioetion Aooroech

rn eomc etudicr therc it'not euffioient tinc or nenpo$cr to nrekc dctailcd nGarurg-mcnte of crosion depthe. Thc intcnalty of arosion la cctinEtrd by inrpcctlon of rargcar€s8t and ia nan15d onto acrial photogreghe. llrle tcchnretc u"r.fury-uvotvce thooctabrishEsnt of thry. ir four caia€ortce of crogion lntrnsity. areas of pcrtrape lo-aoolorGt' or intlivldual hillslopcg r,rc thcn clasgiflcd into onc lf tlcsc categorlca (notc1 acre ' 0'4 ha)' Thc sroelon-oi*"." choulal tc rcrr-acfinea qnJiarerurry dccorlbcd.Photographlo doc'nsntetion ?f tvp" ri"iiii;;;ili-;i* othcr invertlgatorc, trand, nanat€rrand plann:rs a olca$ tdca of thl-croaion condltion"-rpt.""ntcd by cach catcgory, Thccleseification rnry varSr rith the fonr thet crosion taksg ln a partlculer rcgion, but itia useful to scek'agrccnent bctnecn all thc norkcrs aunrcying croaion ln e region. Ae eneranple' thc classiflcetion adoptci by thc u.s. soit conelnitton scnrice (+g) ror elasgi_fying rater crosion ie lictcd b;i;;.
clase f: !n to 2J pcrcent of the orr-ginal A horiaon, or originar prouglrcilraycr in sorlc rith thin l [ortzong, o**ia fron noet of thc c?Gro

crasc 2: App:oxinatirv a5 u 75 pcrocnt of thc orlginal I horlzon or rurfaccrcll loet fron nogt oi itr. cr!*
clrso 3: llorc than J! pcrocnt of tbs orrginal A horlzon or rurfepc eoir, aodconmonly Pett or all of thc B hJrizon or othcr -tccirvrni laycrr, toatfron noat of thc trGB.
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Clatg 4l Thc lantl has bcen dceply crodcd untll tt has an intricatc pattcrn
of rnodcratoly decp or d,rcp gullles. Soll profilcs havc bGen
dcetroycd crccpt in rnEll arees bctrccn thc gulllcs.

Bccauss of thc ascooiatlon bctwssn thc tlanrlty of thc vcgctativc covtr arrd croEion retct
thc vcgctation caa gonctimes be uscd a.s rn lndicator of croslon lf e1l othcr inportant
controll are fairly oonstant. Ttrus, the gcrccntagu of barc roil, thc oanopy dcnsityr or
dcneity of grourtl covcr havc all bcen uscd as indices. Thcy do not, of couraer take into
rcoount that for a fircil covcr d;naity, croaion rill bc fastcr on etecper rlopcs end tnorc
crcdlblc rolla. Thcy arc, howcwr, casy to ncaaur. rcpcatedly and atc gencrally incorpo-
retcd into my lnvcntory of rangc conditlon. l,Ithough thc uee of croslon indicators is
a rglativsly cnrdc tcchniquc lt oan bc ugcd to deftne quantitativcly the conditlonr of
geologrr goilsr topography climete and lanil uac utrich rcta.rd or accclcrate eroaion. llcasu-
rcn nt of thsae ooatrolling fectore for cech gitc et *tlich eroeion conditions arc claseified
allous thc lnvcstigator to etudgr thc asaociEtion bstrecn varioue dcgrcea of erogion and
valucs of thc controlling varlablce using statistical tcchniguee that are appropriate for
orilinal and nornlnel rcalc variablcs (2Or 26). ([otc alao papcr by Stwcns in this
prblication).

3.3 Rtlllag and Gullying

Xf la,rgc gulllca hevc grour or .,re grorlng rapidly in a rcglon, thcir devclopncnt
can bc ncasurcd on scqusncca of $rial photogaphs (3144). the date of lnitietlon of
gullytng oan eleo oftcn bc cetablisheal fron acrial photographa. ttlany gully aystems,
howevarr can generatc largr anounts of ccdimant \r only emall enlargernents of thcir
hcedcutg or by minor rctrcat of tlrctr eidcralls. tho nsasurcncnt of thcsc proceasee is
aot lnaelblc from acriel jhotographs. Evcn planc-table napa or pacc-and-conpass naps ere
not gcncrally accuretr cnough for tbis purpoae. Charrgca in gulliccr and in srnellcr feetures
auch la rilltr rhould bc ncagurcil by rcpcatcd levcl-Eunrcys at benclrrna,rkcd qrosg-section
and along thc profilc of thc gully.. Iron atdccg driven 20 co lnto the ground ptovidc
edcquate bsnchmarke for thls prgoeGo tlld^rning, dccpeniag, srd thc nigration of headsuts
can bs quantificd in thle uay. ln cxarnplc of thc rctultg of rcpcatcd sunrcya lE ehowr.ln
flgure lle. Scvcrel ruch crore-goctlons should bc lnetallcd elong thc grrlly. Thc
wGrr€p nct charrgc et tno edjecent ctols-s.ctlonc shoulil bc nultiplicil $r thc dittanac
bctrcan tbc oroga-ractionr to obtain the nct volumc of croaloa or dcpoeition.

For ihtEilcd, nonitorlng of thc behavlour of vcrtioal headsutal tur'&Etangcment of
stalccar such a8 that ghom in Fl6ur: llb rill allor rcpoatctl tapc measurenonta to bc made.
In thla nayr rctreat avcraging a fon lnctrcs pcr ycar oan bc mcasurcd rith cssc. Thc anrount
of rcillnent nobilizcil by rllla csD bc ncasurcd, cither et liner of erosion pine, or by
rtpcatctlly nrnniag llnca of lcvrlg elong tha contour bctrccn bcncbmarkg (acc Flgura l2).

3.4 Rlvcr charurcl clranles

Sonc clrangas ln ri?cr ohannels can bc obesnrcd fron scgucnccs of acrlal ghotograSre.
Dlaappce'rancc'of rtparlan vcgctation, bank oaving, or dlrcct Dcrsurcnolts of rtdth and
rinuouri.ty auy all prwtde gtrantltativc cvidcnoc of nct crogion tf lt la luge. 0n thc
SrorurCn rcpcatod naDplng of rivcr ohanncla onto acrial-photographio noraiogr or bV planc-
tebhr ohalnlngr or ptcc-dnd-aonp$s nepping can ind,ioatc largr incroarcg of chanacl width,
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BIOTECHI{TCAL SLOPE PROTECTIOH AND EROSION COilTROL

Outline of presentation on Case Histories and Applications of Biotechnical
Slope Protection: l'fATERStl€D REHAtsILITATIO|I IN RE0tl000 NAII0NAL PARK

hli 1 I iarn !{eaver, geol ogi s t
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!&TEq$!18r0 E,EH4!IlUTArr0N. rN 8EpHp00 N4TIqNAL PARK
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?. labor intensive
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2. formula for suceess (in'the Redrood Region)

G. Overview of ertsion control treatment costs and effectiveness
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I. Time lapse movies of primary treatnents (time allowing)
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RELATIVE COST.EFFECTIVENESS OF EROSION CONTROL

FOR FOREST LAND REHABILITATION,

REDIdOOD NATIONAL PARK, NORTHERN CAL I FORN IA

t,lilliam t^leau.rl and Ronald A. Sonnevill

ABSTRACT

In 1978 the U.S. Congress expanded Redwood National Park. About 35,000 acres

of this area, which had previously been modified by road building and timber

harvest, is now the focus of a large-scale rehabilitation program aimed at

reducing accelerated erosion rates and speeding the vegetative recovery of

cutover 'lands.

For each rehabilitation site, detailed geomorphic maps delineated natural and

disturbed drainages, slope instabilities, and other erosional problems. Ne1t,

heavy equipment disaggregated and outsloped logging roads, excavated road fill
from stream channels, removed unstab'le road fitl from road prisms, and

restored altered drainages to their natural patterns. After heavy equipment

work was completed, labor-intensive work crews constructed erosion control

structures to stabil ize gu'l'lies and stream channel s, minimize rainsp'lash

erosion and ril'ling, and promote revegetation of disturbed areas. Checkdams,

water ladders and flumes, wattling, contour trenches, wooded terraces, ravel

catchers, mulches and vegetative techniques were used.

Redwood National Park, 791 Eighth Street, Arcata, CA 95521,



Unfortunately, traditional cost-benefit analyses cannot be routinely applied

to such forest land rehabilitation practices because soil and many other

watershed amentities have little conventional net economic value. Thus, at

Redwood National Park a quantitative measure of erosion control

cost-effectiveness has been developed which evaluates individual techniques on

the basis of treatment costs and the amount of sediment prevented from

entering and being transported by stream systems.

Erosion control work at the park is divided into primary and secondary

treatments. Most primary practices (those aimed at controlling erosion caused

by past I oggi ng or road bu'i I di ng acti vi ti es ) are accompl i shed at a

cost-effectiveness of from $t to $10/yd3 of sediment "saved". Secondary

erosion control practices (those designed to minimize erosion on areas

disturbed during primary treatment) are from one to three orders of magnitude

less cost-effective than primary treatments. Primary practices, typically

performed by heavy earth-moving machinery, are intended to minimize stream

channel erosion and. landsliding while secondary treatments, consisting of

heavy equipment or'labor intensive work, are intended to control stream

channel scour or surface erosion and promote revegetation on areas disturbed

during primary treatment.

0n logged land in Redwood National Park, secondary treatments used to control

stream channel erosion are genera'tly much more cost-effective than treatments

designed to control surface erosion. This is primarily a reflection of the

relative contribution of the two erosion processes to total sediment yield.

Even treatments designed to control similar erosional problems display

cost-effectiveness differences of over one order of magnitude. Whether in

conjunction with the original land use or as part of subsequent rehabilitation



activ'i ties, prevention is clearly the rnost

minim'i zing sediment production and yield.

cost-effective techn i que for

I I. INTRODUCTION

Redwood National Park was established by P.1.90-245 in 1968 to preserve

significant examp'les of primeval coastal redwood forests and the streams and

seashores with which they are associated. The Park's redwood forests include

the world's tal'lest measured tree along with several others nearly as tall on

alluvial flats adjacent to Redwood Creek. From the moment of Park creation,

timber harvesting and road construction disturbances in the Redwood Creek

watershed outside the park combined with natural processes to pose imminent

threats to Park resources. Interactions between inherent'ly unstable, highly

erodible hillslopes, exceptionally severe storms and intensive land use

practices caused Redwood Creek and many of its major tributaries to transport

far more sediment than natura'l .

Roughly 90% of the forests in the Redwood Creek basin have been 'logged since

1945. Logging practices resu'lting in vegetation removal, pervasive alteration

of hil'lside drainages, development of an extensive'logging road network, and

construction of thousands of miles of tractor 1og-skidding trai'ls, greatly

accelerated erosional processes (Janda and others, 1975). Changes included

increased runoff, modification of the natural hydrologic regime and increased

sediment yield. Other prob'lems such as increased landsliding, filling and

widening of stream beds, erosion of stream banks, damage to streamside

vegetation, and overall degradation of natural aquatic ecosystems have been

documented (Nolan and others, 1976; Harden and others, 1978).



Congress, in establishing Park boundaries in the 1968 Act, had not anticipated

the magnitude of adverse impacts resulting from continued logging in the

watershed upstream from parklands. In 1978, Congress amended the Redwood

National Park Act through P.1.95-250 to enlarge the Park by 19,500 ha (48'000

ac). It al so mandated preparation and implementation of a watershed

rehabilitation program aimed at acce'lerating erosional recovery of lands

within the Redwood Creek basin, thereby eventually diminishing threats to Park

resources (fig. 1).

Thi s paper wi I I revi ew the

National Park has employed

accel erated eros i on on I ands

road building. In the second

post-rehabi 1 i tati on erosi onal

methodology and specific techniques Redwood

i n i ts rehabi I i tati on program to control

whi ch have been impacted by timber harvest and

part of the paper, resuJts from cost analys€S,

inventories and plot studies have been combined

measure of short term eros i on control

I and restorati on Practi ces.

to yiel d a quanti tative

cost-effecti veness for forest

I I I . GENERAL DESCRI PTION OF AREA

Redwood Creek drains a725 knz (280 mi2) watershed in the mountainous' coastal

region of Northern California. The headwaters begin near elevations of I,5?5

m (5,000 tt.) and the creek flows north-northwest to the Pacific 0cean near

grick, California. Through most of the parklands, Redwood Creek fol'lows the

trace of a major geologic structure, the Grogan Fault, which divides the land

into two different terrain types. The basin's westside is underlain by

wel l -fol iated, fiica-quartz-feldspar schist, and general ly has steeper



hillslopes and a higher drainage density than the east slope. In contrast,

the east side is primarily underlain by pervasively sheared sandstones and

siltstones and it supports more gent'le slopes, loamy soil, loca'l1y large

earthflow prairie areas, and a lower drainage density.

Annual precipitation in the lower one-third of the Redwood Creek basin between

1938 and 1980 has averaged approximately 2000 mm (79 in.). Four major storms

(1964, L972 (2),1975) have occumed since logging began on most of the area.

Harvesting and road construction on many sites occurred after 1.964, but prior

to or imrnediately after the storms of L972. While the magnitudes of the 1972

storms were probably less than either the 1964 or 1975 rainfall events (Harden

and others,1978), their erosive impact appears to have been greatest, perhaps

because c'learcutting and tractor yarding on many of the areas had been just

compl eted.

IV. LANDUSE AND EROSION

A s i gn i f i cant probl ern as soc i ated wi th

mountainous terrain is an increase

timber harvesti ng and road bui 1 di ng i n

i n soi I eros i on rates and resul tant

sediment yield (Anderson, 7979; Kelsey, 1980; Swanson, 1981). Few places in

North America display this more graphically than the Redwood Creek basin where

physiographic, geologic and climatic factors, together with complex land use

patterns, have contributed to exceptionally high rates of erosion (Janda and

others,1975). For example, during six years of record beginning in I97L,

Redwood Creek at Ori ck , Cal i forni a , transported mean annua I sus pended

sediment load of 2,619 tlknz (7,500 ton/mi2), 32 percent higher than the Eel

River at Scotia, Cal ifornia (Janda, 1978) , which has previously been



characterized as the most rapid'ly eroding, non-glaciated basin. of comparable

size in North America (Brown and Ritter, 1969). t,'Jhile Redwood Creek's

suspended sediment discharge has been estimated to be 8.6 times greater than

the expected normal rate of delivery (Anderson,1979), synoptic storm sampling

indicates that some tributary basins displaying severe ground disruption from

recent timber harvesting have yielded as much as 17 times the suspended

sediment, p€r unit area, as nearby unharvested basins (Janda, 1978).

Logg i rlg Methods

I'lhen in private ownership, cutover lands now a part of Redwood National Park

were logged by one of three methods. Early logging (c. 1930's) utilized

"steam donkey" winches to yard (drag) trees over great distances to ridge top

areas. Logs were then loaded and hauled to nearby mills over railroad

systems. Although this early clear cut logging left behind great quantities

of logging slash and removed most of the vegetation of cutover areas, soil

disturbance and drainage pattern disruption were not severe.

'

More modern cable yarding practices required extensive road construction, yet

such logging became common in Redwood Creek only after the last maior storm in

L975. Fie'ld-observations and data from erosiona'l inventories suggests that

although sediment production from these recently clear cut, cable yarded

hillslopes has also been negligible so far, landslides and gully erosion could

become important within the next several decades.

In total, steam donkey and recent cable yarded clear cut lands comprise 23

percent of the 13,000 ha (32,000 ac.) of cutover area in the Redwood Creek
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When logging was done by tractors, felled trees were yarded downhill to the

nearest logging road and loaded on trucks. In the process, yarding tractors

constructed a network of interconnecting skid trails which crossed nearly

every hi11s1ope stream channel at frequent intervals. In every case, this

method of logging was marked by extreme ground disturbance (fig. 2).

Typically, upon completion of clear-cut operations, from 80 to 85 percent of

the ground surface had been bared and roughly 40 percent of the site was

covered by areas of severe ground disturbance inc'luding roads, landings and

skid trails (Janda and others,1975). The effect was a near total disruption

of the microtopographic features of a site and obliteration of all but the

major channe'ls of the original drainage network (fig. 3). Compacted areas

(roads, trails and,'landings) generated rapid surface runoff during winter

storms and diverted'streams find new paths over the disrupted 'landscape.

Erosion Problems on Logged Land in Redwood National Park

The primary erosional impacts of timber harvesting and related activities

were: (1) massive soil disturbance on steep s'lopes logged by craw'ler

tractors, (2) road cuts and fi'lls which are prone to mass failure, (3)

widespread alteration of natural drainage networks, (4) cutbank interception

of groundwater, and an increase in impermeable bare soi'l areas associated with

logging roads, causing increased runoff during storms, (5) surface runoff



Figure 2. Oblique aerial photograph of tractor logged clear cut area
now within Redvlood National Park. Note logging road traversing
lorer slope and the intricate web of recently constructed skid trails.
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Figure 3. Close-up oblique aerial view of tractor logged hillslope
which was clear cut in 1975-L976. By 1978 (date of photo), areas
between skid trails had already begun to revegetate. Photograph
shows two road crossings and at least seven skid trail crossings
of the intennittent stream which flows fron top-center to bottom-
center of the hillslope. Note uncut, old growth forest below the
lower road.



disruption leading to development of extensive gully systems, particular'ly on

areas with deep, fine grained soils, and (6) direct deposition of sediment and

organic debris in stream channels. In addition, stream channels adjusting to

the above impacts have shown an increase in streamside landsliding.

Because of the tremendous size of the trees in old growth redwood and

Douglas-fir forests, tractors created deep cuts while making skid roads to

drag out the logs. These deep tractor cuts on the hillslopes created major

erosion problems and hampered revegetation. Skid roads frequently became

gu1 ly courses when they intercepted and concentrated ground water and

increased surface runoff during rain storms. The spider-web network of

bul'ldozer skid roads severely disrupted the natural drainage network. Gullies

formed from diverted streams flowing over bare hil'lslopes. Concentrated water

a'lso caused saturation of soil fills and led to destructive debris avalanches

and debris torrents moving down steep stream channels.

Logging roads and.their effect on diverting surface runoff constitute one of

the greatest erosion problems on the logged watersheds in Redwood National

Park (Weaver and others, 1984). Roads have increased erosion principally

through the mass failure of cut and fill slopes and by diverting streams and

concentrating surface erosion to produce hillslope gully systems (fig. 4).

Stream si de I andsl i des , as wel I as sl ope fai I ures tri ggered by road

construction and logging-related disturbances, have accounted for substantial

quantities of sediment directly delivered to perennial streams (LaHusen, 1984;

Kelsey and others, 1984).

Redwood National Park also has 800 ha (2,000 acres) of grass prairie, and
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Figure 4. Planimetric map of typical gul'ly developed on logged land in Redwood
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when organic debris plugged the culvert entrance. Once water spilled over
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below. 0ccassional channel cross-sections are shown. Total measured erosion
from this gully was 3660 cubic yards (2e00 m3).



practically a1'l these prairies are traversed by ranch or'logging roads. Many

of the roads have altered natural drainage patterns established on these

erosionally sensitive slopes by intercepting and diverting upslope runoff.

Gullies several tens of feet deep and thousands of feet'long, as we'l'l as new'ly

activated slumps and earthflows, formed as slopes adjusted to a'l tered

hydrologic conditions.

v. ERosIoN C0NTR0L TECHNIQUES USED IN REDW0oD NATI0NAL PARK

The rehabilitation program, begun in 1978, is a multifaceted effort designed

to meet the following objectives: (1) to minimize the amount of sediment

de]ivered to stream channels from areas disturbed by logging, (2) to remove

over 400 km (250 mi) of logging roads, (3) to protect or restore aquatic and

riparian resources, (4) to accelerate the conversion of logged timberlands to

a reasonable mimic of old growth coastal redwood forests, and (5) to encourage

the prevention and control of accelerated erosion on private lands where

timber is still being harvested upstream from the park (U.S.D.I.,1981a).

:

The rehabilitation program, expected to span approximately 15 years, is

addressing each of the above objectives. During the first five years, erosion

control efforts were concentrated on recently cutover temain where

severe erosional problems were found adjacent to streams or threatened to

deliver sediment direct'ly to streams. Rehabilitation on such sites progressed

in three stages: (1) geomorphic mapping and erosion inventory, (2) major

earth moving using mechanized heavy equipment, and (3) insta'llation of erosion

control structures and revegetation by manual labor.



The first phase, detai'led geomorphic mapping, delineated surface drainage

patterns and gu1'ly systems, areas of emerging groundwater, active and inactive

landslides, culvert locations along roads, tractor-constructed fill crossings

of stream channels, and excessive organic or inorganic debris in streams.

Erosion mapping was done during the wet winter months, at a rate of roughly 6

ha (15 ac.) per person-day. This information was then used to prioritize

potential work sites, prescribe site specific erosion control treatments and

prepare cost estimates for the work to follow.

Heqvy Equ i pryent Rehab i l.i tati on Work

The second major stage of each rehabilitation project occurred in the dry

summer months. In this phase, heavy equipment was used for major earth moving

tasks. Bulldozers, dragline cranes, hydraulic excavators and backhoes removed

road fill crossings from stream channels and reestablished the approximate

pre-road channel confi gurati on and gradi ent ( fi g. 5 ) . Bul I dozers and

hydraulic excavators,or backhoes worked'in tandem or alone to excavate debris

and skid trail fill'from incised stream channels. Where streams had been

artificially diverted by logging activity, or where groundwater emerged from

cutbanks, this same equipment nedirected water to natural channels. Backhoes

and excavators also placed 'large rock in the bottom of newly excavated

channels to protect the streambed from downcutting during winter flows (fig.

6).

Heavy earth moving equipment was used extensively to remove logging roads and

stabilize log landings. Typically, the rock-surfaced road bench was first
decompacted using chisel teeth rippers mounted on a bulldozer (fig. 7).
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Figure 5. Hydraul i c excavator and
cross i ng excavati on on a former
removed soil and organic debris
tfie bulldozer distributed spoil
farther down the road.

bul I dozer conpl eti ng stream
logging road. The excavator
from the stream channeJ while
materi a] to stab] e J ocat ions



Figure 6. Before and after photographs of skid trail crossing excavation
on tractor logged hillslbpe. -Tob picture shows wedge shaped mass of
soil and logging slash which was bulldozed into the channel dytllg .
logging opeiations in 1975. In lower photo, taken after rehabilitation
woik wis completed in 1980, debris has been removed frsn the watercourse.
Straw mulch iryas applied to the bare sideslopes and the channel was

armoredwithcoarierockfragmentstocontro1post-rehabilitation
erosion.



Figune 7. Photographs showing mechan-
i cal ri ppi ng of fortpr I oggi ng roads
in Redwood National Park. Compacted
road surfaces are di saggregated to a
depth of 30 i nches (75 cm) by seve ral
passes of I arge, speci al ly equi pped
bul I dozeFS . Ri ppi ng res ul ts i n i n-
creased i nfi I tration, decreased
surface runoff and quicker revegeta-'
tion.



Several passes of the tractor successfully disaggregated the upper 0.5 m (1.5

ft. ) of material and increased the infiltration rate of the previously

impermeable surface. Then, oversteepened fill material and organic debris

from the outside edge of the road or landing was p'laced by a dragline crane or

excavator, or pushed by a bulldozer, onto the stable inside half of the road

bench (fig.8). To "outslope" a road, a bulldozer then graded this material

against the cutbank at a 3o to 20o gradient, obliterating the inboard ditch

and directing surface runoff across the former road alignment (fig.9). For

road segments located on extremely steep, unstable slopes, excavated road fill
was loaded into dump trucks and "end-hauled" to a stable disposal site. In

contrast, decompaction (ripping) of the road surface , together with the

construction of irregularly spaced cross road drains, or ditches, was the main

treatment for many roads and landings found on gently s'loped or stable

hillslope locations. Roads accounted for less than five per cent of the area

of rehabilitation sites, but often required up to 90 percent of total

equipment time for correction of erosiona'l problems.

Labor Intensive Rehabil itation Work

Following the geomorphic mapping and heavy equipment earthmoving phases of

rehabilitation, labor crews refined the earthwork, constructed erosion control

devices and replanted areas bared during earlier heavy equipment operations.

At locat'ions inappropriate for heavy equipment activity, labor crews

constructed waterbars or ditches to disperse concentrated surface runoff or

redirect diverted water. Hand constructed erosion control devices, instal'led

prior to the first heavy winter rains, dissipated the erosive force of falling

rain and flowing water in order to control rainsplash, and sheet, rill and

gully erosion.
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These structures included wooded terraces, contour trenches, wattles, ravel

catchers, mulches check dams rock aggregate, water ladders, flumes and energy

di ss i pators .

Techniques for contro'lling erosion in gullies and small stream channels. Bank

erosion and channel downcutting in gully systems and recently excavated stream

channels were a substantial source of sediment production from rehabilitated

clear cut areas. Both check dams and rock armor were used to protect highly

erodible channel banks and beds. In 1978-1980, check dams were confined to

streams with less than about 0.6 cms (20 cfs), mean annual peak winter

discharge. Most structures were constructed from redwood slabs which were

split or milled at each work site (fig. 10).

Installed in a sequence such that the sediment basin behind one dam abuted the

base of the next upstream, check dams effectively prevented further channel

downcutting, helped stabilize adjacent stream banks and provided a fertile

substrate for vegetation (fig. 11). 0nce erosion was retarded, vegetation

will become reestablished and provide root support and surface protection when

the check dams begin to deteriorate after their minimum expected lifetime of

10 years. Periodic maintenance inspections following winter storms has

largely prevented premature failure of check dams.

Check dams were typically 0.25-1.0 m (0.75-3.0 ft.) high, and 0.5-3.0 m (1-10

ft.) wide, depending on stream gradient and width (fig. 12). They required

5-15 person-hours, or more, to construct and install. Compared to other

erosion control techniques, check dams were relative]y expensive, but their

high effectiveness in stabilizing rapidly eroding watercourses warrented their

use in many cases.
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Armoring newly excavated stream channe'ls with rocks also inhibited downcutting

and lateral erosion (fig. 13). Like check dams, rocking promoted immediate

channel bank and bed stabilization while allowing time for vegetation to

become estab'lished. Typical'ly, rock aggregate was quarried, transported and

placed in channels by heavy equipment. Stream crossings required 10-300 m3

(15-400 yds) of rock ranging from 20-100 cm (0.5-3.5 ft.) in diameter. Manual

rocking was used in channel s inaccessible to dump trucks and in

first order streams where large boulders were not essential. Although rocks

shifted slight'ly in the first winter season until they were firmly bedded in

the channel, minor erosion occurred during this adiustment period.

In channe'ls that were too steep to use check dams or rocking, water ladders or

flumes were used instead to arrest headcut erosion at stream knickpoints.

Water ladders are stair-stepped wooden structures that convey concentrated

runoff over short reaches of steep, unstable slopes, while dissipating the

kinetic energy of the water (fig. 14). Water flumes are analogous structures

which convey water in wooden chutes with baffles instead of ladder treads.

Both were effective erosion controt tools in small watercourses, provided that

1) al'l flow was diverted into the structures,2) they could accornnodate peak

flows, and 3) energy dissipators were installed at the outlets. Because of

their high cost ($300-$800 per structure), water ladders, and flumes were only

used where less expensive methods were not feasible.

To prevent erosion by flowing water at the outlets of structures' wood boards,

coarse rock, and anchored logging slash were used to dissipate the energy of



Fi gure 13. Ex'cavated
coars e rock armor.
wi dth correspondi ng
use rock wh i ch wi I l

stream channel protected by a bl anket of
Care must be taken to protect a channel
to the desi gn uretted perimeter and to
remain in place during the design flood.



Figure 14. Typical water. ladder design and installation.



cascading water. Energy dissipators were an integral part of the design and

cost of structures such as water ladders, checkdams and flumes.

Techniques for control I ing surface erosion. Two general categories of

treatments were appl ied to control surface erosion. These included: 1 )

treatments consisting of contour terracing structures intended to disperse

concentrated runoff and cause deposition of eroded sediment (wooded terraces,

contour trenches, ravel catchers and wattles) and 2) treatments applied as a

protective ground cover to prevent soil from eroding (mu'lches and seeding).

While waterbars diverted concentrated surface runoff, wooded terraces, watt'les

and contour trenches acted to disperse runoff or prevent surface water from

concentrating (fig. 15). Wooded terraces (soi'l benches constructed on a

contour and supported on the downslope edge by woody material) dispersed

runoff, and through the terracing effect, trapped soil particles transported

from bare upslope areas. Contour trenches, discontinuous ditches dug on

contour into bare hillslopes, acted as smal'l trap basfns for surface runoff

and eroded sediment.' Both structures promoted infiltration of surface runoff

into the soil, but were relatively expensive to install. Because prelim'inary

data suggested that rainsplash, sheet and rill erosion played a minor role in

total sediment de'livery from rehabilitation sites, these structures were only

used on critical areas during early years of the program.

Physical erosion contro'l structures eventually deteriorate. Vegetation must

be reestablished on disturbed sites to assure a'long-term reduction in

sediment yield. Wattling combines physical and vegetative protection for
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disturbed slopes. Wattles, bundles of smal'l branches and stems partia'l'ly

buried in contour trenches on hillslopes, formed sma'll terraces that trapped

fine sediment derived from slope wash and dispersed runoff before it began to

rill (fig.16). If composed of sprouting species such as willow (Salix spp),

wattles provided the added stability of a root structure as we'll as ground

cover. Watt'les were effective on moist, steep fine-grained soils, but also

proved relatively expensive to install.

Mulches were applied to disturbed ground to provide imrnediate protection from

sheet and rill erosion, as well as to preserve an open soil structure' high

infiltration rates and moist soil conditions. Wood chips, logging debris

(slash), straw, jute netting (1oose1y woven hemp), and excelsior blankets

(shredded wood covered by a plastic netting), were used alone and in

combination (fig. L7).

Broadcast grass-legume seeding and fertilization were used in some areas to

provide a temporary ground'cover as protection from rainfall. Application

rates varied from 45 to 100 kg/ha (250-550 lbs/ac). Locally, vigorous grass

growth bound loose surface soil and retarded ravelling and rill development;

however, due to the seasonal occurrance of heavy rains, a complete ground

cover was usually not established until late winter. The effectiveness of

grass as a surface erosion control treatment was strongly corre'lated with

cover density at the time significant winter rainfall began.

0ther revegetation efforts included dense plantings of stem cuttings of

sprouting species, and transplanting and seeding ground cover, brush and tree

species (Reed and others,1984). The primary purpose of these efforts was to

accelerate the development of a cohesive root system to stabilize stream



Figure 16. Before and after photos
al ong an unstabl e I oggi ng road.
slide. In lower photo, unstable
excavated. -The bare hi 1 1 sl ope was
sprouting pl ant speci es ,

of rehabil itation work comPleted
Top picture shows developing land-
soil and logging debris has been
contour wattled with a varietY of



Figure 17. Straw mulch has been routinely used to cover'bare soil areas
on reshaped logging roads (top photo) and at excavated strtam crossing
sites (lower photo). It acts to control erosion and improve site
conditions for revegetation. In the lower photo, strdam channel'side-
slopes were wattled, mulched with straw and covered by iute netting.



banks and beds, and shallow slope instabilities. Although revegetation

success of early projects has been studied (Reed and Hektner, 1984),

evaluation of the effectiveness of revegetation for erosion control must

necessarily await several more years of observation.

VI . COST-EFFECTIVENESS OF WATERSHED REHABILITATION

The effectiveness of watershed rehabilitation, like any other work, is

primarily dependent upon the degree to which stated goals have been obtained.

Success can only be judged when clearly defined objectives have been

established against which results can then be compared and evaluated.

In isolated situations where the end-product of such work has an immediate and

directly quantifiable market value, a cost-benefit analysis wi'l I help

detennine the advisabil ity of initiating, continuing and/or modifying

restoration activities. However, classic cost-benefit analyses cannot be

routinely assigned to erosion control practices because forest soils have no

easily quantifiable economic value.

Since unitless cost-benefit ratios for erosion control work at the park would

have require the assignment of unique monetary values to project benefits,

cost-effectiveness ratios were devel oped i nstead. Thus , rehabi I i tation

cost-effectiveness has been judged on the degree to which the stated goal of

keeping soil out of streams has been or is expected to be attained rather than

on economic return. In this manner, various techniques used to attain this

goal were compared on the basis of their cost and measured effectiveness.



ControJ s on Cost-Effecti veness

The control s on rehabil itation cost-effectiveness are derived from three

principal sources. First, the goals of the program are of greatest overall

importance in determining how cost-effectiveness wil I be measured and

eva'luated. The other two controls are, by definition, those factors which

inf]uence the effectiveness of treatments and work procedures, and those

factors which determine project costs. The remainder of this section will

describe the more important variables which have influenced each of the three

controlling elements, as they have related to erosion control work at Redwood

National Park.

Goals. The two fundamental goals of the park's watershed rehabilitation

program are: 1) to restore the acquired area to a natural, self-functioning

redwood forest ecosystem, and 2\ to reduce accelerated erosion rates and

sediment yields which continue to impact park resources (United States

Department of Interior, 1981a). Although revegetation and restoration of the

bio'logical system are important elements of the program, primary emphasis has

been placed on the reduction of accelerated sediment production and delivery.

!{ith this objective for the park's erosion control program, cost-effectiveness

has been measured, and techniques evaluated, on the basis of treatment costs

and the amount of sediment removed or prevented from entering active

watercourses where it could have been transported downstream. The measure of

cost-effectiveness used in the park's program is the unit cost-per-volume of

sediment "saved" from sediment yield ($/yd3) over a specified period of time.

The dynamic nature of immediate goals in a long-term rehabilitation program



sometimes makes cost-effectiveness eva'luations most app'licable to limited,

short-term objectives. For examp'le, in the park's program, the immediate

goal of erosion-control technique-development temporarily supplanted the 'long

range goal of minimizing increased sediment yield (Sonnevil and Weaver, L982).

Thus, in 1978, rehabilitation sites were selected to provide numerous

opportunities for control I ing a wide variety of erosional problems.

Cost-effectiveness during this experimental phase was not of overriding

importance in determining work site locations or technical prescriptions for

erosion control. When objectives and other conditions do not change through

time (as has been the case in the park program since 1979), technical

improvements, increased efficiency and experience aid in improving

effectiveness, decreasing costs and raising overal I level s of

cost-effecti veness.

Effectiveness. By definition, factors which influence the effectiveness of

erosion control work also partially determine the cost-effectiveness of these

techniques. Many treatrents may show I ittle or no change in their

effectiveness through time (e.g. road outsloping, channel excavations,

waterbars , rock armor) . Other treatments, however, exhibi t temporal

variability that ultimately affects the effectiveness (and cost-effectiveness)

of erosion control work. For example, successful revegetation will provide

additional stability and protection to a disturbed site as the plants increase

in size and number (Reed and Hektner,1981). Thus, revegetation represents an

erosion control treatment whose effectiveness increases through time, making

it one of the most cost-effective long-term treatments. In direct contrast'

some erosion contro'l treatments become less effective through time, especially

mulches and structural devices such as wood check-dams, flumes, and water



ladders. Even though some structural measures provide highly effective'

immediate protection against accelerated erosion, their limited life-spans

nesult in continuing maintenance costs and genera'l1y decreasing leve'ls of

effectiveness. For those treatments which display temporal variability in

effectiveness, only their short term effectiveness (1-2 years) was considered

for cost-effectiveness determinations in this report.

In addition to changes in the effectiveness of erosion control work through

time, the type and magnitude of erosion processes can also exert substantial

control on the effectiveness (and cost-effectiveness) of watershed

rehabilitation (e.g. see Kelsey and others, 1981). Some erosiona'l processes

(e.g. raindrop and sheet erosion) are highly amenab'le to treatment and

effective control, yet their relative contribution to sediment production and

yield may be minimal, 0n the other hand, deep-seated mass movement features,

while perhaps contributing a proportionately larger quantity of sediment

directly to the stream system, could require huge expenditures to treat. In

many cases, these sediment sources may not even be control'lable. Because of

this, cost-effectiveness should not be the only management tool used to

influence the deci sion-making process.

overriding importance depending on

compl ex'i ty of the del i very mechani sms.

Ei ther cost or effecti veness may be of

the importance , rel ative s ize and

Perhaps the greatest single factor determining the ultimate effectiveness (and

cost-effectiveness) of watershed rehabilitation relates to the relative timing

of the orig'inal land use or ground disturbance and the onset of erosion

control activities (Kelsey and others, 1981). A simplified, schematic

representation of this concept is shown in Figure 18. Some erosion features
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may be so far advanced by the time treatment is contemplated that they are

either beyond one's ability to effectively treat or they are no longer

generating significant quantities of sediment. For example, in the Copper

Creek drainage basin, eight years after logging, near'ly 50 percent of the

gu1ly systems were no longer active (l^leaver and others,1982). Those gu'llies

which still carried their channel-forming discharges were probably yielding

sediment at only a fraction of the initial rate following management-related

di sturbance.

Depending on the timing of major storms, if roads are not maintained, and

cutover hillslopes and erosional features in the park are a'llowed to remain

untreated for long periods of time (approximately 20-30 years), the

disturbance to soil and newly established vegetation caused by rehabi'litation

activities could potentially outweigh the benefits derived from these erosion

control efforts. This results from rapid revegetation and a rapid rise, and

then decline, in rates of elevated fluvial sediment production following

timber harvest and. road construction in the coastal region of northern

California. Where logging roads could continue to cause stream diversions and

consequent gu'llying in the park, treatment benefits may still outweigh impacts

for several decades. For these reasons, it is critical either to plan and

conduct land-use practices in a fashion to strictly minimize subsequent

erosion, or to initiate rehabilitation and erosion control work irunediately

upon completion of operations. In this manner, treatment costs can be

substantially reduced and the bulk of erosion may be altogether avoided.

Costs. Unlike factors which control the effectiveness of rehabilitation work,

those elements which influence costs are more amenable to quantification and



mani pul ati on . I n practi ce , rea'l i sti c proj ect obi ecti ves are frequentl y

developed only after available financial resources have been determined. The

stated program goal(s) indirect'ly assign a desired minimum level of erosion

contro'l protection the land manager is willing to accept. Specific objectives

to work towards the goal(s), as well as the intensity of work activity, are

then established in relationship to the funding available.

Several other considerations which affect the cost of rehabilitation work

include: 1) the magnitude of indirect costs (access, administrative overhead,

profit, supplies and materials, etc.) which do not specifically resu'lt in

attainment of objectives but which represent unavoidable costs;2) subjective

professional judgment used to outline the problems and the desired methods of

rehabilitation; and 3) the size or intensity of hydrologic event which erosion

control treatments are designed to successfully withstand.

Under some circumstances, indirect costs can become prohibitively large.

Depending on the method of contracting, costs not direct'ly involved with

onsite labor and heavy-equipment erosion control work can exceed 50 percent of

total rehabilitation expenditures for an area (Kelsey and Stroud,1981).

Similarly, but on a smaller scale, re-opening abandoned road systems to treat

continuing erosion problems along or adjacent to the roads can also increase

costs and have an adverse impact on the cost-effectiveness of the overall

effort.

Errors or differences in professional judgment (genera'lly the result of a lack

of relevant experience) can also result in rapid cost escalations which

thereby significantly reduce rehabilitation cost-effectiveness. For example,



in L977, and to a lesser extent in 1978, project supervisors in the park

perceived surface erosion to be a critical problem on rehabilitation sites.

Extensive treatments were app'lied to control this source of soil loss (Madei

and others, 1980). In actuality, after close measurement and subsequent field

observations it was not found to be as significant a process as originally

thought (Weaver and Seltenrich, 1981). While the treatments may have been

effective, they were a'lso of very 1ow cost-effectiveness ($/yds "saved").

Other professional judgments applied during field operations can also affect

levels of cost-effectiveness. For example, the use of drag-line cranes or

hydraulic excavators to perform stream-crossing excavations may be need'lessly

expensive if the same jobs could be done with equal effectiveness and at a

lower cost by more efficient machinery (e.g. bulldozers). Similarly, most

stream crossings in the Park, if excavated with 30 percent channe] sideslopes,

show few, if any, post-rehabilitation slope stability problems. However, if

the sideslopes would have been equally as stable at 50 percent steepness,

si gni f i cant'ly 'less soi'l coul d have been excavated at no measurabl e l oss of

effectiveness. Reductions in cost-effectiveness attributable to errors in

professional judgment can be largely eliminated through increased experience'

and regular and repeated peer review conducted before, during and after field

operati ons .

Due to the nature of physica'l and meterologic processes in northcoastal

Ca'lifornia, and high rates of sediment production and yield, the u'ltimate test

of erosion control effectiveness is the large hydr.ologic event. To account

for this, treatments must be designed to accormodate high stream flows while

still minimizing project expenditures. In the park, channe'l protection



devices and stream channe'l excavations are currently constructed to withstand

the calculated 20-year return period runoff event.

Significant increases in costs cornmonly associated with small increases in

treatment design standards or minor improvements in effectiveness will lower

rehabilitation cost-effectiveness. For example, 1500 cubic yards of fill
might be excavated from a stream crossing at a total cost of $4,500. Assuming

that all 1500 cubic yards would have been eroded if the crossing had not been

treated, the cost-effectiveness of this excavation was $3.00 per cubic yard.

To stabilize the new channel and prevent local downcutting and bank erosion,

rock armor or check dams can then be placed in the stream bed. To prevent an

estimated additional loss of 100 cubic yards, $2,500 might be spent on this

protective treatment. The comparable unit cost (cost-effectiveness) is then

$ZS per cubic yard "saved" from erosion. Clearly, the added protection is

accomplished at significantly reduced levels of cost-effectiveness. The

decision to pursue such cost'ly measures depends on a number of factors

including, but not limited to, the nature of downstream or on-site resources

being protected

Predi cting Cost-Effecti veness

Areas which display advanced erosion problems may have evolved to the point

where erosion control work is no longer justified. Also, an erosion problem

may be of lesser or greater significance than init'ially perceived. It is

important, therefore, to predict or estimate the cost-effectiveness of

rehabilitation work before it is conducted. In this way, the greatest results

can be achieved with the available funds.



The predi cti on process i nvol ves fi ve bas i c steps. They i ncl ude: 1 )

delineating active versus inactive erosion features; 2) identifying potential

sources of future erosion;3) defining those prob'lems which are technically

treatable;4) delineating those active or potential erosion sources which are

accessible by heavy equiprnent, oF whatever too'ls are needed to treat the

problems; and 5) estimating the cost-effectiveness of the proposed treatments.

The listed order of these steps is one which logically follows the intensive

geomorphic mapping and erosion inventory which must precede rehabilitation.

0f the currently active or potential erosion sources identified in a

watershed, it is 1ike1y that only a fraction of these will be both accessible

and controllable, and many may no 'longer be cost-effectively treated.

In erosion control work, prior determination of cost-effectiveness and the

decision whether or not to treat an area hinges on an evaluation of: 1) the

potential volume of sediment to be lost to erosion;2) the probability of

occurrence for this,sediment release;3) the expected rate of delivery or

amortization period over which soil loss would occur; 4) the expected delivery

ratio (tne ratio of sediment yield to sediment production); and finally,

5) the cost associated with access and effective treatment. Although many of

these factors can only be qualitatively determined for many sites, recognition

of their importance and usefulness in predicting the cost-effectiveness of

proposed erosion control work is paramount to making educated decisions and

defensible plans for watershed rehabilitation.



VII. RELATIVE COST-EFFECTIVENESS OF EROSION CONTROL AT REDWOOD NATIONAL PARK

Methods For Eval uating Cost-Effecti veness

Post-rehabilitation evaluation of completed work is the greatest available

tool for improving the effectiveness and cost-effectiveness of general

approaches and specific techniques for erosion control, For maximum benefit,

it is thus critical to maintain detailed accounting of work performance and

costs during every readily distinguishable phase or element of a project.

During the heavy equipment phase of rehabilitation work in the park, project

supervisors keep hourly and daily records of where work is being done, the

pieces of equipment used, the job tasks (e.g., outsloping, waterbar

construction, etc.), the rate work is completed (€.9., ft/day, yd!/hr, etc.),

the cost of each task (e.g., $/yd3), and overall task performance and quality.

These detailed records are used to determine the pieces or combinations of

equipment which are most cost-effective for each task and the operators who

are most adept at this work. Similarly, work and cost documentation are

integral parks of aJl labor-intensive rehabilitation work performed in the

park (e.9. United States Department of Interior, 1981b).

The most useful tools for evaluating the effectiveness of erosion contro'l

techniques are those derived from field data and experience. Repeated

photo-documentation, written notes and sketches based on field observations

collected during storms and periods of high runoff, and group discussions and

recommendations generated during organized peer review sessions are

qual itative methods of evaluation which corunonly result in changes in

operating procedures.

Technical changes in erosion control work general'ly evolve in response to a



quantitative evaluation of physica'l processes. Techniques which have been

used to measure erosion and evaluate the physical effectiveness of erosion

control work in the park are straight-fonnrard and numerous. For example,

surface erosion on treated and untreated sites has been documented with

detailed hillslope cross-sections and rainfa'll-runoff/erosion plots involving

the use of sediment collection troughs. Pre- and post-rehabilitation channel

erosion is measured with cross-sections and longitudinal profiles, accurate

morphologic maps and winter-storm discharge measurements. Additionally,

detailed check'lists have been used to document the effectiveness of measures

used to prevent or control both surface and channel erosion. Accurate

topographic surveys, stake lines, groundwater wells, piezometers and detailed

mapping have been used to monitor the response of mass movement features to

rehabilitation and other environmental controls.

A modest program designed to measure the absolute or relative effectiveness of

various procedures and techniques can pay for itself many times over. In the

Redwood National Park rehabilitation program,'less than five percent of the

total budget is allocated to an evaluation program, yet the results of

monitoring costs and effectiveness have provided a substantive basis for

making major changes in the direction, approach and details of on-the-ground

restoration (Sonnevil and Weaver, 1982; Hektner and others, 1982).

Cost Effectiveness of Primary Erosion Control Treatments

Erosion control work in Redwood Nationa'l Park is div'ided into primary and

secondary treatments. Those elements designed to provide for the inunediate

reduction of management-caused sediment production or yield are considered



primary treatments. They are most closely associated with the u'ltimate

objectives of erosion control and landscape rehabi'litation. They general'ly

consist of heavy equipment treatments such as outsloping, road ripping,

construction of cross-road drains and waterbars, removal of soil and logging

debris from stream channels, landslide stabilization and stream channel

rediversions. Most primary erosion control practices used in the park were

accomplished at a cost-effectiveness of from one to ten dollars per cubic yard

($lyd3) of sediment removed or prevented from entering local channels and

being transported downstream (table 1).

Disregarding the fact that the sources of increased erosion are associated

with a variety of failure probabilities and subsequent delivery ratios, the

cost-effectiveness of treating these erosion problems can vary over a range of

two orders of magnitude, or more. For example, by excavating fill-crossings

on natural stream channels, each cubic yard physically removed represents an

equal volume saved from future erosion and sediment yield. However, in

diverting streams out of rapidly eroding gullies and back into their natural

channels, each cubic yard excavated at the diversion point could ultimately

result in 10, 100 or more tires the savings in potential future erosion that

might have been generated by the untreated, active gully system. Large,

rapidly eroding gully systems can be totally dewatered through simple'

comparatively inexpensive excavations at the source of the diversion (Teti '
1932). It may also be technically possible to treat some large landslides at

cost-effectiveness levels better than $t - $tO per cubic yard. However,

stabilization is typically difficult and/or prohibitive'ly expensive regardless

of overall cost-effectiveness.



fable 1. Cost-effecttveneEg of prlnary eroslon control treatDents used to
prevent or nlnlnlze sedlnent productlon and yleld ln Redwood
Nattonal Park, 1978-1980.

Ireatment Average Costt"ttritrl*'k

f

Cost-Ef feetl.veness
Range / o\

(S/Yds frsavedtr)\4/

Road ripptng (decompactlon)

!::i::uq6|on 
of crossroad

llaterbar constructlon on
skid - trai 1s

nachlne constnrcted
hand-labor constructed

Forest road outslgntng for
eros ion cont,rol \ r"

Pralrte road outsloping

Excavation of ekld-trall
stre€un cross lngs

Excavatlon of logp+gg road
st,ream crossings \ ^-
- under 750 cublc yards
- 750-1500 cublc yards
- those requtrtng endhaullng

Redlverslon of stream flow
fron gulltes back lnto
Natural stream channels

Gully stabllizarlon(17)

350-450/ml

1000- 3000 lnL

5-50 ea tgl
30-300 e^r' )

2500-9500/d( 9)

Tooo/mi(11)

Lzs-1350 ea (13)

2000 ea
3000-3500 ea

4000 ea

125-4000 
""(15)

variab le

variable

looo-5ooo ea(8)

2O ,000- 30 r 000 
"" 

( 19 )

unquantfffeO(3)

unquanrieteo 
( 5 )

unquantirieafll
unquantlfied'-'

1_10( 10)

unquanrrfled 
( 12)

1_10( 
10)

1-1eIls]
l:l3i ioi

0.1-o.t(t6)

vartable

u,rguanrtf ied 
(12)

1_10( 10)

1_10( 10) ( 20)

Pratrie gully obllteratlon
t

Renoval of p"r"t *O debrts
fron the perimeter of yarder
pads and cable Landings

Large landslide excavations 
(18)

see succeedtng page for footnote explanatlons



Footnotes to Table

1. Cost based on 1-978, 1979 and 1980 unpubllshed data. rrAveragerr depends on slte conditlons.

2. Prinary goal of Redwood Natlonal Park progran is to urlninize nanagement-related sedlnent
productlon and yleld (1.e., to rrsaverr soil fron noving lnto strean channel systens and,
eventually, downstream); no tlne frane for the eventual occurrence of the erosion has been
speclfled for these calculatlons although complete loss ls anticipated over a period fron
one decade, or less, to one century. Cost-effectiveness calculation assunes total loss,
wlthout reference to tine.

3. Treatnent results ln tncreased rate of revegetation and reduced surface runoff, and produces
an unknown decrease tn road surface, ditch, gully, and downslope strean channel eroston.

. Road f111 failures nay also be reduced by an unknown quantity.

4. Assunes constnrctlon every 150 feet, on averagei cost range dependent on tyPe of equipnent
(tractor, backhoe and hydraullc excavator, ln order of increasing unlt costs).

5. Treatnent results 1n reduced concentration of surface runoff and an unknown reductlon ln
road gurface, dttch and gully erosion fron adjacent hlllslopes.

6. Iractor-coostructed waterbars, $5 to $ZO each;
for areas with good access and requlring llttle
nrhere access is poor (e.g., on steep slopes) and

backhoe-constructed ltaterbars, from $S each
travel, tlne between work sttesr to $SO each
results ln high travel time.

7. Average coet eras $50 each; range dependent on length and substrate hardness at each waterbar
location.

8. Costs depend upon the concentratlon of organlc debrie and the anount of endhaullng required;
generally, up to 75 percent of the cost nay be ln debrls renoval trhlle the renalning 25
percent 1s taken up by actual outsloplng of the landing.

9. Narrow roads ustng only tractor, $2500/n1; narrow roads uslng tractor and backhoe, $3000-
$4000/n1; roads across noderately steep terratn uslng tracaor and hydraultc excavatort
$5000-$7750/n1; roads bu1lt across steep, unstable ground using a dragllne crane and
tractor, wlth sooe endhauting requtred, up to $9500/nl (a11 figures tnclude rtpplng costs'
but do not include the expense of strean crosslng excavatlons).

10. Assr.rnes sedluent productton would have occurred had the excavatlon not been perfornedr and
that eroslon would have been translated into sedtnent yleld ln adJacent strenn channel
systelrs. Does not Lnclude beneftts reatrized fron preventing future strean dlverslons, and
associated gully eroslon, whlch nlght have occurred without treatnent. Unit costs for
excavatlons fron 1978-1980 varled fron $3-$7/yds whlle fron 1981-1983 costs ranged fron
$1-S5/yd5. ltrls difference is,a result of lncreased efficlency at performlng excavations.

Lt. Full outsloplng utiltaed tractor and hydraulic excavator.

L2. Ttre dual goals of rehabilltation on pral.rie or grassland areas lnclude: (1) eroslon control
and prevention, and (2) scenic or slte restoratlon of a hlgh visitor-use areai thus the
neasure of cost-effecttveness used ln thls table does noE apply.

13. Costs dependent upon slte accesslblllty; x = 5400 for tractor and backhoe conbinatlon; x =
5300 for tractor and excavator tandun.

14. Excavations prinarlty performed by tractor and hydraullc excavator; sone conpleted wtth
drag-llne crane.

15. Cost of re-dlverslon 1s typlcally assocleted wlth stream crosslng excavation at polnt of
dlversion.

16. Assunes dlverted strean flos would contlnue to cause increased eroslon and had not yet
forned a stable, non-erodlng channel. Reeults derlved fron letl (L982), lileaver and others,
(1982) and unpubllshed Redwood Natlonal Park data.

L7. Treatnents incl.ude armoring, check dams, bank protectlon and gully headcut stabllizatlon.
Costs and cost-effectlveness dependent on type and extent of treatnents applled, thelr
effectlveness, and the expected rate of erosion had the erosion control work not been
acconpllstred (see also table 3 for a more detalled dtscussion of the cost-effectiveness of
these nethods).

18. Streanside landslldes in the sLze class of 601000 to 1001000 cublc yards, of shlch
approxiurately 4500 to 7000 eublc yards (7%) are excavated from the cronn reglon. Other



remedlal measures may also be employed on a site-specific basis, but those ftgures are not
lncluded tn Ehts analysis.

19. Cost lncludes endhauling a short dlstance to a 1ocal storage area (0.25 mile).

20. Assunes a one-to-one soil loss potentlal; that ls, each cubic yard of materlal excavated
fron the sllde mass is consideied one iubic yard rrsavedtr fron eventual dellvery to an
adjacent strean channel.



The cost-effectiveness of some primary erosion control treatments is

unquantifiable (taUte 1). Conrmonly these treatments are intended to disperse

or restore concentrated surface runoff which can impact gul'ly and surface

erosion rates as well as slope stability. Treatments such as waterbars,

cross-road drains and some fonns of road outsloping are included in this

category. Some treatments are intended to fulfill other park goals in

addition to controlling erosion. These include road ripping, prairie road

outsloping, gully shaping on prairies, and work in areas which may receive

high visitor use.

Cost-Effectiveness of Secondary Erosion Control Treatments

Secondary erosion control practices are those designed to minimize erosion

from areas disturbed during primary treatment. They typically consist of a

variety of labor-intensive erosion control and revegetation techniques, as

we'|l as heavy equipment work needed to transport and place channel armor. A

listing of average,costs :nd the range of relative cost-effectiveness of

secondary erosion control techniques used in Redwood National Park is shown in

table 2 and table 3.

Perhaps the most important information to be gleaned from a comparison of the

three tables are the relative ranges of cost-effectiveness. Primary erosion

control techniques used in the park are from one to three orders of magnitude

more cost-effective than secondary treatments. Similar'ly, on logged lands in

Redwood National Park, secondary treatments used to control channel erosion

(taUte Z) are generally much more cost-effective than treatments designed to

control surface erosion (taOle 3). This difference ref'lects the greater



Ieble 2. Gost-effectlvenees of gecondary eroslon sontrol treatnents used ln
Redrcod Natlonsl Park to otnlnlzerg( ellulnate short-ter:r
post-rehabllltatton chennel scour\ ^/

Ctrannel lreatnent ( 2) Cost-Effectlveness n"og" 
( 3)

($/yds trs.ys6tr)
Coments

l{arer ladders 
(4)

Bnrsh check-danrs 
( 5)

Smal 1 board check-dans 
(4)

Large board check-d"r, (9)

Hand-praced rock armor(5)

llachine-placed rock ennor

20 - 70(5)

L0 - 30(7)

10 - 30 
(8)

30 _ 50(10)

20 - 70( 11)

ro - 50(12)

for short reaches

short llved; for
sna 11 gul 1les

hfghly effeetive;
Eay requlre
nalntenance

very expenslve;
require mal,ntenance

linited to small
ctrannels i low flos

very effectlve;
requlres good access

1. In certain clrcunstancee, these technlgues nay aleo be coneldered prinary treatnents. Inthe qark, they are typlcally enployed at &cavated skld-trell iaO lolging-road srrean
crosslngs.

2. The treatnents 118ted here are not lnterchangeable; each tee.holque ts best sulted to apartlcllar 
- situatlon. ltrus, treatEents are not dtrectly cirparable ln ter:os of

cos t-effectlveness .

3. Assuues treatnent ls 100% effectlve; nost nethods provide 608 to 90t effectlveness 1n theflrst year of av_erage _ra1nfall, and a reduced eff-ectlvenesg trlth tlne (?lEh the posstble
exceptlon of uachlne-placed rock armor). Cost-effectlveness rrctrld therefore be ionertratlotrer than thet ltsted (t.e. hlgher $/yds value). Flgures refer to flrst year
cost-effectlvenese.

4. As used tn the p-arkr'-stnrctures nork best wten confloed to channels rrtrlctr carry a 2o-year
peak dlscharge of 6 efs, or lese.

5. Average cost - S700 (1978 data) for 30 ft. etructure; eroslon prevented - l0 - 40 ydet. A
nore cost-effectlve treatncnt would be to excavate a s'natt chanall.

6- As used ln the Park, treatnents work best wlth florys of 2 cfs, or less. Bnrsh dans are used
Dostly Ln narrow gtrlIles, not ln excavated Btrean crossfngs.

7. rreatnent coet for 50 ft. channel (9 aans) - $135. (1991 vage rates); eroelon prevented = 5- 20 ydss.

8. Average cost for a 60 ft. chennel (9 Aans) - S320. (1929 - 1979 data); eroslon prevented =10 - 40 ydat.

9. As used ln the p-ar]<-' larg9-board dans work best shen used on channele nhlch carry a 20-year
peak dlscharge of 20-30 cfs, or lees.

10. cost to treat a 200 ft, channel = g9450. (13 dans on a 19g0 work sltel lncludes flrst year
ualntenance costs); eroslon prevented - 200-300 yds!, based on nearbyuitreated crosslngi.

11. Average_cost to ernor a 60 ft. channel = $370. (1978-1979 data); eroslon prevented - 5-20yds!. Cost aesunes rock ts available on Blte.
12. 1980 cost to rock a large, 275 tt.. channel = $4180. (lncludes blastlng and roek dellvery;

sl.ze - 6-18 h.)-3- eroslon prevented - 200-300 ydsf . llean cost to tresI 12 croealngs (av!.
65 ft long) - $5i0.; erosioh prevented = 10-40 ids3.



fable 3. Average costs and flrst year cost-effectlveness of secondary treatnents used to control
surfece eroslon ln Redsood Nattonal Park.

nean cost(I)

Cos t-effectlveness

li':fi":l5"filtzrcr
Cost-effectlveness
Eo """:illil*tb r'-l

Ireatnent (S/10,000ft2) (S/vo3 raavedrr) (S/ydl3 rrgavedr')

contour Trenches(5)

t{ooded Terraces 
( 5)

Ravel Catchers(5)

tfatEles 
(5)

Grass-Legume Seed
wlth Fertlllzer

Hydroseed

Straw nulch tt\
(8ooo lb/acr") *o'

Jute-secured strart
nulch (aooo lb/acre)

Excelslor Blankets

I{ood Grlps

430

568

590

2500

99

514

275

2360

Ie70( 8)

950

NO DAIA (ND)

t'lD

ND

I,ID

95

430

195

u75( 7)

uu(7)
I\tD

N0 DAIA (I'rD)

ND

ND

ND

5

45(71

40( 7)

145

ND

ND

3.

1.

2.

4.

5.

7.

8.

Based on 1978 and 1979 data.

Cost-effectlveness ls conputed by dtvtdtng Dean treet[ent cost by the product of potential
or estlnated eroslon and ueasured treatnent effectlveness. For exanpler grass-legune
seedlng cpst S99/10r000ft2 and, ln our plot studles controls about 70 percent of the ftrst
year surface eroston (cmpared to contrbl plots). If 1.5 yd! would have been eroded froo
ttre untreeted area, cost-effectlveness - 99/(1.5 x 0.7) - 95.

Cooputatlons based on treatlng a 100-foot-Iong streaD crossingr.excavatlon wlth bare,
50-foot-Iong slde-slopes at E 45t gradlent (tota1 area = 101000 ft'). Potentlal volune of
eroslon fron thts area ls assuned to be 1.5 yds" (a11 of trhlch would leave the slope and
enter the adJacent streao cha,nnel systeo) until llvtng ground cover ls establlshed. thts
voluoe ls gomewtrat ln excess of eroslon rates neasured fron Bedbent trouglt studles froo
slnllar settlngs ntthln the park and produces conservatlve or rrbetter-than'probablerr values
of cost-effecttveness.

Couputattons based on a 20o-foot-wfde by 5O-foot-long elope at a 50% gradlent {tOrOOO ft2)
subjected to concentrated surface runoff for qne wlnter. Volune of eroslon from thls area
without treatnent is assuned to be 50 yds". Ihese flgures were obtained frogt slope
treEtoent plots (20-foot-w1de X 50-foot-1ong) wtth neasured cross-sectlons.

Qnantttative deta concernlng the effecttveness of contour terrace structures ts not
avallable. tlowever, by deflnltlon these structures could not prevent ralnsplash eroslon.
Addlttonally, ftel( o5servatlons showed thet, although these'treatrn€nts ait caused the
deposltlon of sedinent, they often concentrated surface nrnoff sttlch resulted ln some rill
eroslon. 8rus, for thtr reason, and because of thelr hlgh lnstallatlon cost, the use of
contour terrace atructures was dlscontlnued before quantitatlve tests were establlshed.
freatuents are llsted for cost conparlson on1y.

6. Stras oulch ls routlnely applled at an appllcatton rate of 6OOO tU/acre and has been the
donlnate treatnent to cbntiirl surface erdSion slnce 1980. 8000 lb/acre lras lnadvertently
used for plot studles.

Jute-secured strew and excelslor blankets are of roughly equal effectlveness.

Based on 1980 purchase data and 1979 lnstallatlon costs.



i mportance and contri buti on of eros'i on f rom

and adjustment as compared to surficial soil

post-rehabi I itation channel scour

I oss from bare areas.

It is significant to note that even among methods designed

erosion prob'lems (e.g., sheet or ril I erosion), there may

to

be

treat similar

wel I over an

order of magnitude difference in their relative cost-effectiveness (taUte 3).

This usually arises from large variations in the cost of app'lication rather

than major differences in effectiveness. For example, in the park, straw

rrulch and jute-secured straw mulch have provided comparable protection to bare

slopes under 70 percent in steepness. However, the high cost of installing

jute makes this a much less cost-effective treatment. By definition,

maximizing cost-effectiveness entails a trade-off between maximum

effectiveness and minimum cost. In addressing erosion control prob'lems, it
must be recognized that maximizing cost-effectiveness may resu'l t in

unwarranted compromi ses.

Some techniques may be only marginally effective yet their cost-effectiveness

is high. Grass seedlng, an inexpensive erosion control treatment, is one such

example (table 3). If the objective is controlling surface erosion, a

slightly more effective, less cost-effective method could be chosen (e.g.

straw mulch). Likewise, jute-secured straw mulch may be the most

cost-effective technique in circumstances where other treatments provide an

unacceptably low level of effectiveness (e.g. on slopes steeper than 70

percent; Weaver and Seltenrich, 1981).

In general, secondary treatments are characterized by one or more factors

which significantly limits their ultimate cost-effectiveness. They include:



(1) the volume of potential erosion being prevented is usua'lly sma'll when

compared to the volume treated during primary or heavy equipment

rehabilitation work; (2) by nature, the total cost of a task performed by

manual labor can be extremely high when compared to costs for performing the

same types of work with machines; and (3) the products of labor techniques are

corunonly plagued by either limited life-spans, limited capacity or resiliency

or, in the case of revegetation, delayed effectiveness. If program objectives

demand short-, inmediate-, and long-term protection, such practices can be

iustified. If short-term increases in sediment production wou'ld endanger

downstream riparian or aquatic resources in need of protection, then

labor-intensive treatments are essential (Teti, 1982). However, if ultimate

concerns are only focused on the long-term reduction of accelerated sediment

yields' many of the secondary treatments listed in Tables 2 and 3 would not be

cost-effecti ve.

Final]y' labor costs, can represent a large percentage of watershed

rehabi I i tati on expendi tures; On four 50-acre to 200-acre cutover areas

treated in 1978 and 1979, labor costs along ranged from $20,000 to over

$80,000 each and comprised from 75 percent to 95 percent of the total project

cost (Madej and others,1980; Kelsey and Stroud,1981). Four nrethods have

been used to comp'lete labor work in the park (Sonnevil and Weaver, 1982). In

order of increasing cost-effectiveness, they are: (1) request for proposal

(RFP), cost-reimbursement contract; (2) request for proposal (RFP), fixed

price service contracti (3) direct labor hiring (if done on a temporary or

part-time basis); and (4) invitation for bid ( IFB) , fixed price service

contract. Although the incentive to do a rapid, inexpensive, and effective

iob is greatest with the competitively bid, IFB, fixed price service contract;



administrative delays and legal .requirements can sometimes make their use

impractical when erosion contro'l work must be completed prior to the

cormencement of winter rains. Hiring a part-time labor force allows the

application of secondary treatments irmediately following heavy equipment

operations. However, the need for training and a comparatively lesser

incentive to maximize work efficiency can increase the costs of this method.

Thus, in-house labor must be temporary, well trained and well supervised or

motivated to be cost-effective.

VI I I. SUMMARY AND CONCLUSION

A number of factors have affected the cost-effectiveness of erosion contro'l

work conducted at Redwood National Park. Here, as elsewhere,

cost-effectiveness can only be evaluated in terms of achieving clearly defined

objectives within the framework of overall program goals and available funds.

Controls on cost-effectiveness have been shown to depend upon the static or

dynamic nature of short-term objectives and long-tenn goals, the mechanisms

and "controlability"'of sediment sources, and a variety of factors which show

variation through time. These include the protection provided by revegetation

and structural erosion control measures, and rates of post-disturbance

sediment production and yield. Erosion control treatments can be selectively

prescribed to provide short-, intermediate- and long-term protection to a

site. Applications which ignore any of these time frames may fal'l short of

meeting the primary objectives.

Prevention is clearly the least costly and most effective method for
minimizing increased erosion and sediment yie'ld. However, where corrective



work is needed, quantitative predictions of erosion control cost-effectiveness

can result in significant savings. 0n1y those projects which can be completed

within acceptable levels of cost and with beneficial results need be carried

out. Cost-effectiveness calculations used in the park's program al'low

short-term comparisons between measures as widely divergent as the dewatering

of gully systems, stream channel excavations, channel armoring, check danrning,

mulching and grass seeding.

Evaluations of.ah. cost-effectiveness of specific primary and secondary

treatments used in Redwood National Park show in excess of three orders of

magnitude potential difference between the various techniques. Due to this

large variation, extra efforts are now taken on park projects to complete the

cost-effective primary treatments to the fullest extent possible. This

reduces the amount of secondary protection needed to attain maximum overall

cost-effectiveness. In many cases, adequate primary treatment may actually

obviate the need for further protection at little or no loss of effectiveness.

Work at the park has'shown that a successful erosion control program requires

a rigorous evaluation and monitoring program which continual ly feeds

infonnation and findings back into ongoing rehabilitation work. Acceptable

leve'ls of cost-effectiveness can only be assured through the quantitative

documentation of erosion processes and erosion control effectiveness.

Accurate, detailed accounting of procedures, work elements and associated unit

costs can then be used to establish the cost-effectiveness of watershed

rehabilitation for erosion control.
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A R'WIEW OF THE REVECETATION TREATIT{ENTS USED IN
REDWMD NATIONAL PARK - L977 TO PRESENT

M. M. Hektner, L. J. Reed, J. H. popenoe, R. J. Mastrogiuseppe,
D. J. Vezie, N. G. Sugihara, and S. D. Veirs, Jr.l

APstract. The revegetation prograa in Redwood National park
treats freshly reshaped surfaces following physical erosion control
w9rk. Revegetation prescriptions are coordinated with physical
site treatu€nts to addaess surficial erosion control, siole
stabilization and ecosyst€E restoration. Ttre program has evolved
fron early usc of uattles and rmrootd sten cultings to current
use of nursery-grown cutti.ngs" bare root and containerized
seedlings. Grass seeding for innediate erosion control is being
replaced by stran nulching. Experinantation continues for
technique refinencnts and the uider use of native species. The
nost successful results are atttihted to tfeatments which
ninic natural vegetation patterns.

INTRODT'CTION

Redwood National Park was established in 1968 to presenre significant
exanplcs of coastal reduood forests and the streans ind seashoris with which
th€y zrre associated. Tinber hanresting and related road construction in the
Redwood Creek natershed outside the park conbined with natural processes to
pose funinent threats to dounstrean Pirk resources (Agee 1980). 

-Naturally
high etosion rates w€re grea"tly accelerated by inteniive land use practites
and unusually sevete.storns, Vegetation removal, alteration of hiilslope
drainages and developtent of an extenlive logging mad/skid trail netwoik
caused increased runoff, sedinent yield, and accumrlation of sedinent deposits
!1 najot strean channels. Other problens inctuded increased landsliding,filling, and widening of stream blds, erosion of stresl banks, danage to
streanside vegetation and overall degradation of natural aquatic ecosystens
(Madej et al. 1980) .

In 1978, Congress anended the Redrood National Park Establishnent Act
through hrblic Law 95-250 to enlarge the park by 49,000 acres of nhich
36,000 acres Here recently logged. It diiected that a warershed rehabilitation
Proglm be developed to ninfuiize nan-induced erosion and to encourage the
return of a natural pattern of vegetation (see usDI lg8l, l{atershed
Rehabilitation Plan).

In anticipation of congressional authorization to rehabilitate cutove!
timberlands, a pilot program was begun in 1977. Ttre rehabilitation progran

r 

-
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has since noved fron the developnental phase into full scale implenentation in
1980, with continued nonitoring for technique effectiveness and refinenent.

Objectives of the Revegetation Progran are: 1) accelerate the lestoration
of redwood forests and associated vegetation systens, 2) contribute to long-
tern slope stability through vegetation re-establishment, and 3) aid in
reduction of surface erosion. Ttris paper describes the revegetation Portion
of the Vegetation Management progriu and exanines techniques of revegetation
which were inplenented in Redwood National Park fron 1977 to present.

SEQUENCE OF REHABILITATION ACTIVITIES

The sites chosen for rehabilitation include for:mer logging haul roads,
skid trails and strean crossings, logging decks and landings, and prairie
ranch roads. Park geologists and hydrologists assess the need for erosion
control, selecting the nost effective physical techniques to treat critical
area:t. In addition to erosion control, physical treatnents are designed to
pronote the establishnent of natural and planted vegetation by: 1) dis-
aggregating rocked roads, 2) spreading excavated fill or soil over exposed
bare rock, and 3) separating and returning buried topsoil to the surface.

Heavy equip'nent operations (strem crossing excavations, road outsloping
and ripping, and uater bars) result in freshly disturbed ground suscePtible
to surface erosion. In areas where strean crossings have the greatest
potential for contributing naterial to creeks, grasses, sh:rrbs, and mulches
are used to reduce streanside sedinent loss, with rmrlches providing imediate
covel until vegetation can becone established.

Vegetation is generally viewed as having a ninor role in initial erosion
control efforts, but over tine becomes the prinary defense against erosion on
fully rehabilitated sites. Species with fibrous root systeNns secure surface
soil and pronote soil aggregation. Rhizones bind larger blocks of'surface
soil. Large, deeply-penetrating foots give the subsoil greater shear strength.
Low groundcover plants reduce raindrop inpact, as do trees that produce
abundant Litter.

The vegetation staff develops site-specific vegetation prescriptions to
proilote long-tem etosion control by rapid revegetation. Infomation for
developing site-specific prescriptions is derived fron an inventoty of existing
vegetation, site relief, and soil characteristics (soil color, te:cture, depth
of groundwater or inperneable layers) of remrant and disturbed areas. Areas
of high erosion and wildlife depredation potential are noted for special
attention. Species and treatnents are selected for each area to naximize
survival and growth. Plant naterials include seed and seedlings supplied by
local nurseries and seed, transplants, and cuttings collected within the park.
!frrlches, seed, and fertilizer are applied after heavy equipnent uork. Wattles,
cuttings, transplants, rooted cuttings, seedlings, and tree and shnrb seeds
are planted in winter. Docrnentation and monitoring progftrlrs are conducted
thmughout rehabilitation, and continue for several years. Results are used
to evaluate the success of treatments and refine future prescriptions.
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TREATMENTS AI{D EVALUATION

Ttre develoPnent of the park revegetation ptogran is ref!,ected in both
species and techniques ernployed. Prescription iefinements have led to changesin quantities and ty?es of treatnents utiiized (Tabre r).

?r8LE l. Vcgetetlm tmltfoftt$, 197?-19t0.

Ycrt

Cmteincrizcd Sccdllngr rnd Rootrd Cuttlngs

tttrtroot;d Sltla Goyotc
Iettlcs St.| Otllntr ?rDrplatr f.&.!od Durglu-flr SEucr Ald.! Bn|th lhittDlc.

1977 1,830 ft
1978 2?,t53 ft

1979 2,E23 ft

19E0 0

1, EoO

301, f20 rq ft
(sst, 129,300)

?3,0oo

40

t, t00 t,90o
(67, 850) r (+5E16t0) '

30,700(1,0oo). 36, 820

too 7 r4?l 5,066

59,000 23,200 13, Eoo

00

00

496

0

9

64

?50

2,27O

450

2,650

t,919

t55

' Sccdlitrgs plentrd for rcfurrttrtls of c&-orr lrds.

I{ATTLING. Early erosion control and revegetation techniques, such aswatTiffilEere deviloped elsewhere and aaaptla for use in the Redwood NationalPark rehabilitation Ptogran. lfattles are Lrmdles of woody branches partiallyburied in contour trenches and are intended to revegetate the site whileproviding physical barriers to ravelling and rill dlvelopnent. Willows(9ali}' spP.l wete the primary spccies ised because they had been used
elsewhere and were abundant. t{itlow readily spmuted, Lut did not sunrivethe d:? conditions found on rcst rehabilititioir sites. t er.ge initialsunrival on 1978 sites ranged fron 48 to 93 percent rith vigoi decliningin subsequent years on arl but the wetrest sites. Thimbleb6rry (Buila -
Eg*Sl, ,salnonb:rry- (nPq gpeqtabilis) , blackberry (Rubus 

-Ftifolius) 
,

::I::l.l:1:h, (91!!h1Tis. pir@-ts@, 
"r,i iaa,."-"ateffi

blueblosson (ceanothus ltrgrsiflotprl: etderberry (sanbucus'fri";i;ffiriarhododendton 
""iti"l .ifffiF-pffi rn general,Uatt1esgrewwffiexposureswithfine-texturedsoi1s.However,

evgl on dry rehabilitation rmits, waitles placed close to springs or streansexhibited high sunival (Reed and Hektner igef).

- As a revegetation tcchnique, results show that rvattling can be effective
when restricted to readily sprouting species and placed ii areas of relativelyhigh sunmer moisture. Ttre potentiai glr successful use of wattling in RedwooiNational Park is litnited since nost of the rehabilitation areas are very dryduring surmer. wattles were used extensively in 1977 and 1978, rnore seiectivelyin 1979 and deleted entirely frm the prograra in lgg0. Due to high cost andincffectrveness, Weaver and Seltenrich (1981) reconnended that the use ofwattling as an erosion control technique also be discontinued. Other
techniques have Proven to be nore effective and economical for both revegetation
and erosion controt.
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UNROOTED STEM CUTTINGS. Unrooted sten cuttings were used in early efforts
to @d root growrh for stop- stability. Thinbleberry,
willow, salnonberry, blackberry, alder, blueblosson, coyote bnrsh,
rhododendron, elderberry, salal, big-Leaf naple (Acer rnacrophfllun),
everg?een hucklebeny (Vaccinium ovatrm), whipplea (Wtripplea nodesta) , and
bay lunrbettularia ""iiimd as unroote@ wiltow
and coyote bnrsh had the highest survival after one year on 1978 sites with
ranges of 41 to 89 percent and 25 to 47 percent, respectively. A11 other
species averaged less than 5 percent survival in the first year. Despite
initially high sunrival rates for willow and colote brush, vigor and sunrival
are declining on all but imediate streamside sites. l{illow stem cuttings are
non used only along streans. Unrooted stem cuttings have not been used
extensively since 1979. Other Dears of establishing these species are being
developed.

RO9TED F,fql CUTTINGS AI.ID SEEDLINGS. Large-scaled propagation allorrs dense
planting which is expected toEstE5lish vegetative cover nore rapidly. Coyote
brush seedlings and whipplea rooted sten cuttings are nowthenost frequently
used shnrb naterials. Hillow, thinbleberry, Sierra gooseberry (Ribes roezlii
.rar. cnrenttn), ocean spray (Holodiscus discolor), and hazel (Corylus cornuta
var. cai.jTiijca) cutting! ar@lly rooted to-EffiGn-fr-
spect;ffi-;mi-esies avai 1 ib I e for s ile - spec i f ic pre! cr ipt i ons .

Nursery-grown alder seedlings were successfully established on 1980
rehabilitation sites and will be planted on 1981 sites. Alder enhances soil
developent and restoration due to the associations it forms with nitrogen-
fixing .{ctinonycetes. Establishnrent of nodules on nursery stock prior to
out-Planting inproved sunrival and initial grourth of seedlings (Sugihara and
Cronack 1981). Other hardnoods that nay be nursery-growr include nadrone,
tanoak, big-leaf maple, and Oregon white oak (Qgercus garryana).

One-year old containerized redwood and Douglas-fir seedlings purchased
fron local nurseries have been used extensively in the revegetation progriiln.
Sitka spruce (licga sitchensis) has been used in linited amor.urts. In general,
initial survivET-has-E&fiG than 50 percent, however by the third yiar,
those seedlings surwiving have becone well established. Predation by black-
tail.ed deer and Roosevelt elk is high on conifers and shrubs, but does not
always cause nortality. Fertilizer pellets, nycorrhizal inoculation, nulching,
vexar tubes and Big Gane repellant afe being examined as nethods for increasing
suwival and establislment. Prelininary investigations indicate that sunrival
of two-year old bareroot D,ouglas-fir and redwood secdlings is much higher under
the harsh conditions tlryical of the park rehabilitation sites

FIELD TMNSPLANTS. Field transplanting pennits the establishnent of larger
praffi1opedrootsystemson-sitesuhererapidvegetativecover
and root expansion are desirable. Transplanting also allows greater use of
species where seed collection, propagation or rooting techniques have not
been successfully developed. Most transplants are obtained on-site and are
already adapted to the local environnent. Transplants have been successfully
used since L977 and include: alder, redwood, coyote brush, whipplea, salal,
evergreL'n huckl,eberry, rush (Juncus, spp.), sedge (t:are}, spp.), madrone
(Arbutus menziesii), f Alta' fescue (Fqs_tqgg 4ryn4llqggs) , cattail (Tvpha
tElTI6iTa)ffioot (Petasites pattffi Iffi spp.), deer fern
T@ srricant), braE'FEfr'ffi TElam aquilinr-un-Tar. 

- pubescens), and
sffin@."g- rnuniturn) . ffinsplailFfiEfrFdone welt
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and survival of whipplea and coyote brush increased with top-pruning. Cost
and sunrival conparisons for transplants, rooted cuttings, and seedlings are
planned for this yeat.

SEIDING. Establishnent of early successional vegetation can be accel.erated
uy irTiFGially seeding native trel, shrrrb, and rudlral species. Localized
dense stands of coyote bnrsh, alder, sedge, and nrsh have been successful.ly
established by direct seeding. Snall quantities of maple, tanoak, blueblossom,
cattail,.dg.I-(Rgnex crispus) and chinquapin (Castanopsis chrysolepis) were
seeded wlth rlttle success. continued technique developnent na)' allow these
and other species to be utilized nore extensively in the tevegetation program.

Grass seeding is widely used for erosion control on disturbed areas.
Annual ryegrass (Lolirm nultiflonrn), tBlando' brore (Bronus mollis), creeping
red fescue (restuffiIijllilr?Ech ryici", spp.) "";ffiaG-T9'zz sitel. -

Ryegrass dmrnated, with cover over 70. percent the first )rear. Grass coverage
has decreased each successive yea!, to ptesently less than 10 percent. Quailare thought to have eaten nost of the vetch seed.

Annual and perennial ryegrass, rPotonact orchard grass (Dactylis glonerata
'Potmac'), vervet grass (Holcus lanatus), barley (Hordeun frfE@,ffiGTt
fescue- (Festuc? anurg+nacgiJFi'dEjlirnson ctover (TlET-irnEEi-natr.u), were
used alone or in conFffiffin in 1978. Only ryegraffitEi@fi'e first
year in any anount. Initial coverage was spotty, varying from less than I up
to 40 percent.

The 1979 seed mix included perennial ryegrass, orchard grass, creeping red
fescue,- and 'Highland' colonial bentgrass (Agrostis tenuis 'Highlandf). Rye-
grass doninated the first year but wis repiiEd-iii6 6Ti6Ting lear by-
bentgrass with little change in overall cover. fn general, cover was less
than l0 Percent on unf,ertilized areas and greater than 50 percent on fertilized
areas. 0'n one unit, spring cover averaged 50 to 75 percent with 250 lbs/acre
and 75 to 90 percent with 500 lbs/acre amoniun phosphate/sulfate (16-20-1-l3S)
fertilizer, Fertilizer alsg stinulated nrderal species; cover averaged 35 to
50 percent with 250 lbs/acr,q fertilization compared to 2 to 4 percent on
conttol plots (Popenoe lg8f).

Bentgrass, creeping red fescue, fawn tall fescue, 'Blandot brone, 'Durarfhard fescue (L ovina var. durissglg) , Zocro fescue (f . megplu.ra), 'Mt. Barkerl
subclover (TriFpE-:ubterrEEiffif; iana' woolypad idtcE-Jliffi iasycarpa),
anc comnon vetch (vicia, spp.), were used on 1980 sites'. Grass cover increased
with fertilization;-t{ith brome th€ lrost successful. In the first season,
however, even without fertilization, the legrnes dominated, averaging 50 to
75 percent cover, with only vetch doing well on poorly-drained blue clay sites.

It has been noted that tining of fertilization significantly affects
rel.ative species composition. Fall applications of fertilizbr inprove stand
cover of sceded grasses while late winter applications favor woody invader
species such as coyote brush.

Grass has heen locally effective for
rainspl ash, sheet, and ril I erosion but
in wet areas, dense grass cover has not
rains. In 1981, limited trials of fall

contro I 1 ing frost heaving , as we 1 I as
not unt i 1 lat e in t he season. Except
been estab I ished prior to the first
hydroseeding of gresses with fertilizer
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and nulch produced a rapid ground cover of greater than 80 percent. l{ater
availability and vehicle access linit the potential of this technique in the
park. Hydroseeding is being done on roadcuts through prairies where
conventional nethods cannot be used. Grass is a vigorous conp€titor with
native woody vegetation and greatly reduces natural invasion, an objective
along prairie roads in Redwood Natiornal Park. Ttris sarne competition with
native woody species has led to nore restricted use of grass seeding in
forested units. Sme of the effects of grasses on invading and planted
species are being investigated on 1980 rehabilitation rmits.

llttCllEs. l,firlches, when spread imediately after heaqp equipnent work and
priffitre first rains, ari used to nininile surficial erosion. l,lulches also
reduce and disperse nrnoff (pronoting infiltration) and reduce evaporation.
On environnentally harsh sites, these factors favor re-establishment of
vegetation. Straw mrlches at 21000 and 4,000 lbs/acre were found to reduce
total herbaceous cover while increasing initial invading coyote bnrsh
seedling density. In addition to stray, redwood chips, hardwood bark,
rhol,e chipped Dotrglas-fir and l,frcntercy Pine (Pinus radiata) nulches wcre
used in 1979. Excessive handling costs and poor revegetation led to the
elinination of, all but strar mrlch for 1980. l{eedy contaninants frorn the
sttaw have been found but have not persisted into the second year.

cosrs

In 1978, $87,000 was spent for vegetation naterials and installation. Of
this, 74% ($U,353) was for wattles, 19t ($16,742) for rmrooted sten cuttings
and the renaining 7e, ($6,305) for all othet revegetation.

By 1980, a changing enphasis in treatnents and techniques enabled
revegetation of larger areas for sinilar costs. Of approxinately $77,000
sPent in 1980, less than ft ($40) was spent for unrooted stem cuttings,
2eo fot transplants ($f,42O), 26% ($20,200) for seeding and fertilizing and
723 ($55,500) for seedlings and rooted cuttings.

Table 2 shows the unit cost of raajor revegetation techniques used for 1978-
1980, including npterials and labor. Costs varied widely by site and by year

tAlll 2. lhlt cort coQ.tlt6 of rJor il.3.trtl6 t.cht$rrr ftcbdflS rtrrlrlr |id l.Dot, 197! - le!o..
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Iheootcd
Icer feltlc3 Sta errtlngs _ Eurplrntg Conlfcrs A,ldcr

CoFtc
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19t0

rJg. l?.tt 1;1 reg. tO. gt el
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!Yl. fl.t6/ft rr3. S0.26 ce
(81.0? - St"z91 (t6.19 - $o.ts)

S1.00 ce

t0.60 n

lvg. Sl.ft ce
(f0.49 - S2.21)
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labor end overhced )

$0.10 ce t0.125 Gl
( ptrus So.t37 - $0.216 ce for

t 1977 ltsoizcd trcrtacot cortr not rvrilebtc.
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depending upon labor.source and site conditions. Revegetation work was
performed by request for bid contracts, cost reinbursable contracts, in-house
labor and contract labor. Site accessibility, source of plant naterials
(obtained on-site vs. carried in) and difficurty of pranting influenced total
labor costs.

DISCI'SSION

The revegetation Progran in Redwood National Park treats freshly recontoured
surfaces following physical site treatment. In nost cases the suriaces arenutrient deficient subsoils lacking native seed and nicro-organisns.
Environnental stresses due to sr,mner drought and rvinter cold are intensified
by the lack of canoPy cover. Early rehabititation projects relied upon species
and techniques developed elsewhere for other conditioni. prescriptions suctr
as willow wattling and grass seeding had been intended for irmediite surficial
erosion control 4nd levegetation. These techniques often prwed unsatisfactoryin the euvironnent of rehabilitation sites. Mulches have iow been substitutedfor imediate surface protection while vegetative proscriptions address long-tem erosion control throtrgh native vegeiation re-establistrnent.

Current work concentrates on inparoving sunrival and establishnent of
planted vegetation and there is new enphasis on nanaging the seedbed
envirornent to Prmote nstural revegetition. nrtt nitive seed collection,
proc-essin8r propagation, and planting techniques are being refined. Trvo-yearold bare root conifer seedlings will be used nore extensiiely, particulariy
on the hsrsher sites. Field irials exanining the value of siorLrelea-sefertilizer pellets and tteatnents to nininize nildlife depredation are beingconducted. Broadcast fertilization will be tined to favoi establishnrent of-native species. Experinental use of coupost will begin next year and
hydroseeding of native strnrb species'wili be tested.

- Vegetation treatnents and techniques are nost successful when they ninic
the natural vegetation patterns adjacent to reh.abilitation sites. Utilizationof colonizfng spec-ies inprwes proipects for successful plant establistment
on harsh sites. l{el1-establishld nltive vegetation wil.1-assist in long-tem
slope stability and.erosion control.
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TECHNICAL SPECIFICATIONS FOR HAND-LABOR EROSION

CONTROL METHODS.

Introducti on

Erosion control works can be constructed by hand labor methods, by
heavy equipment, or by a combination of the two. For example, wattling
is largely done by hand'labor. Coarse rock armor, on the other hand, is
necessarily placed by heavy earthmoving machinery. Many techniques can
be accomplished entirely by hand or entirely by mechanized procedures
(e.9. spreading straw mulch). Other practices, such as constructing
rock check damsr cdn most effectively be done by a combination of hand
labor and mechanized procedures.

These technical specifications were developed for the application
of a variety of erosion control measures in relatively remote steepland
areas._ As such, with the exception of hydroseeding, they consist
entirely of labor intensive methods. All the procidures were initially
used in Redwood National Park's watershed rehabilitation program from
1978 to 1980. Because of the national park setting, they emphasize the
use of native, locally available raw materials which could be col'lected
on-s i te.

l4ore recent findings by National Park Service scientists indicate
that certain of these practices rnay be much more cost effective than
others for controlling sunface and channel erosion (the results of tests
and evaluations of erosion control cost effectiveness are avai'lable from
the National Park-service). However, local conditions may warrant ordictate the use of one or more methods deemed more succesiful elsewhere.

. If you plan-on using the attached specifications for erosion
control contracting, apply them loosely ind use professional judgement
and corrnon sense to adapt them to your local coniitions and
requirements. If you have the opp6rtunity, consult local experts andpractioners. A1so,-try to perfoi-in at leaii one trial applicition ot
each method, according to siecifications, that you intihh to employlater. This will tell you i tot about how the lontract will work and
where you must remain flexible in required methods or materiaii. Ingeneral, howevern the attached specifications shoula proviae-a-good
basis for deve'loping and implemehting a broad variety'ot erosion controlprescri pti ons .
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SECTION A: SURFACE ER0SION

MULCH SPECIFICATIONS



I. STRAW MULCH

A. Definition of job.

Straw from bales is spread over a predesignated area at an
application rate set by contract specifications. The straw
will protect the soil surface from rainfall impact and help to
retain soil moisture on biologically harsh sites.

Speci fi cati ons .

1. Straw shall be spread evenly within the flagged area.
The anount to be spread will be given in number of bales
(example: 3.5 balei.) or in dry iounds-per-acre.

2. Bales are provided on site but it will sometimes be
necessary to transport them to the specific work area.
Prospective contractors will be shown the location of the
straw during the pre-bid "show-me" inspection of site.

3. Baling wire shall be removed from the site and properly
disposed of.

4. Mulch shall be the last task performed on the work area,
following any contour terracing, wattling, wooded
terraces, transplants or grass and fertilr'zer
appl ication.

Comnents.

For large area!'_i!ls best to give a "lbs/acre" applicationrate. A rate of 6000 lbs/acre is good for erosion'control;
8000 lbs/acre covens the ground sirface completely. Foi imallor-irregul.ar areas it mayrbe easier to compute thl number ofbales needed and then-juit specify exact]y'tow much goes wtie.e
: .... II is your option whether to proviie the barei on-site-0r rer the contractor figure it out and do the l0gistics.
specify.whether hay, wit[ all its seed is a desir6able oracceptable substitute for straw.

B.

c.
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JUTE NETTING

A. Definition of job.

Jute netting (a'loosely woven hemp) is rolled over bare soil
areas to hold soil in place and prevent rilling. Since iute
is tacked or stapled onto the ground it is very resistant to
overland flow and disperses surface runoff. Rol1s are usually
4-5 ft. wide.

B. Specifications.

1. Smooth ground surface where iute netting is to be used.

2. For ease of installation, roll iute down the fall-'line of
the hil 1s1ope.

3. Staple iute, or secure it with stakes, on roughly 2 to 3

foot centers.

4. Staple all low points so iute is in continuous contact
with ground.

5. Roll down second strip of jute netting, overlapping
adiacent strip by at least 6 inches. Staple overlapping
areas.

6. Staple second roll to ground.

7. Repeat until ground is covered.

CommentF.

Jute is usually reserved for slopes that are too steep to wet
or too windy for loose straw to adhere to. As such, it is
usually used as a binding cover over other loose mulches (see
"Jute Secured Straw" specification). Laying strips of iute on
contour should usually be avoided because it may be difficult
to keep overlapping areas together under the downslope stress
of soil rnovement.

c.



III. JUTE-SECURED STRAW

A. Definition of job.

The bare soil is first covered with straw mulch ( 6000
lbs/acre) and then jute netting is secured on top. This
procedure combines the effective surface protection afforded
by straw mulch with the stability of the secured jute netting.

B. Specifications.

1. Apply straw mulch (as per "straw mulch" specification).

?. Secure jute netting on top of straw mulch (as per ',jute
netting" specification) being sure not to remove straw
and expose bare soil.

C. Corunents .

This has been found this to be the most effective treatment
for preventing rainsplash, sheet and rill erosion from bare
soil areas. Because it is much more labor intensive than
straw mulching, and therefore more expensive, its use should
be limited to steep (>70"/") slopes or areas where wind or
concentrated surface runoff would otherwise remove the straw
mul ch.



IV. CURLEX MULCH

A. Definition of job.

Curlex mulch, and other similar "bound mulches" are applied to
prevent surface erosion (rain splash, sheet and rill erosion).

B. Specification.

1. Same procedures as for Jute Netting.

C. Corments.

Curlex is composed of shredded aspen, bound between 2 layers
of biodegradable plastic netting. It lasts and performs
roughly equivalent to jute secured straw mulch. It is less
expensive to apply since only one step is required, but it is
more expensive to purchase. Curlex shou'ld be reserved for
erosion control on steep slopes.



V. t,lOOD CHIP MULCH

A. Definition of job.

Wood chips are spread over a designated bare soil area to
retard surface erosion. Application rates are set in the
contract specifications.

B. Specifications.

1. At least 50% of the wood chips used for mulching shall
have at least one dimension 2 inches in length. Smaller
pieces are unacceptable.

2. Wood chips shall be evenly spread over the designated
area so as to cover at least 95 percent of the underlying
soil surface.

C. Comments.

Wood chips are much more difficult to move and spread by hand
than straw mulch. Once on the ground, they tend to move
downhill by sliding or to blow across the surface during wind
gusts. Some evidence suggests thick applications may retard
natural revegetation. Variations of wood chips include
logging slash, tree limbs and branches or chopped brush.



VI. GRASS SEED AND FERTILIZER APPLICATION

A. Def_ld ti on of_ j ob .

Grass seed and fertilizer are hand spread with "belly
grinders" within flagged areas. Application rates are
predesignated and seed and fertilizer may be provided. Grass
will serve as an inunediate, temporary ground cover to. decrease
surface erosign.

B. Specifications.

1. When stored on-site, fertilizer is to be protected from
dew and rain by plastic tarps. Grass seed must be stored
under dry, cool conditions and protected from mice.

2. Application rates are listed as pounds of seed and pounds
of fertilizer to be used in a specified area or,
alternately, as pounds-per-acre of each.

3. Occasionally no fertilizer is to be applied. This will
be noted in the site-specific instructions.

4. Scales for weighing, buckets, "belly grinders" and rakes
are to be provided by the contractor.

5. When a mixture of seeds with very different sizes and
weights is to be applied care must be taken to ensure
that seeds are evenly distributed in the mix, insuring in
an even distribution on the ground. Since smaller seeds
will settle to the bottom it may be necessary to
periodical'ly shake the belly grinder to redistribute the
seeds.

6. Seed and fertilizer are to be applied as soon as possible
after slope work (contour terraces, wattling, wooded
terraces) is completed in order to take advantage of warm
temperatures accompanying the first fall rains. Seed and
fertilizer are to be applied before mulching.

7. Seed and fertilizer (applied separately) must be spread
uniformly over entire area.

8. Unless otherwise specified, seed and fertilizer are to be
raked into the soil irmediately after applicationo
covering them with 1/8 to L/4 inch of soil.
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IV. GRASS SEED AND FERTILIZER APPLICATION nued )

Corrnents.

Grass can be an effective erosion control technique provided a

thick, consistently uniform cover of grass is obtained prior
to the advent of erosive rains. Its erosion control
effectiveness is directly related to cover density. Unfortu-
nately high cover density also effectively prevents the
establishment of other planted or naturally seeded vegetation.
Where site conditions are dry, sandy or otherwise harsh' grass
may not be as successful or provide as inrnediate protection as
mulch'ing. The constituents of both the seed mix and
fertilizer needs to be specified.

( Conti

c.



VI I HYDROSEEDING

A. Definition of job.

A slurry of wood fiber, grass seed, fertilizer and water is
sprayed on bare soil areas. The mulch holds the seeds in
place' provides a cool, moist environment for germination and
protects the ground surface from erosion. specifications can
be complex.

from Ca I Trans Standard Speci fi cati ons ;B. ( excerpt

1. The work shall consist of hydro-seeding erosion control
material consisting of a mixture of fiber, seed,
commercial fertilizer and water to embankment slopes and
excavation slopes as shown on the plans.

Fiber shall be produced from non-recycled wood such as
wood chips or similar wood materials- and shall be of such
character that the fiber will disperse into a uniform
slumy when mixed with water. Fiber shalt not be
produced from sawdust or from paper, cardboard or other
recycled materials. Fiber shail'be colored to contrastwith the area on which the fiber is to be applied shall
be nontoxic to plant or animal life, and shiil not stain
concrete or painted surfaces.

seed shall consist of the following (names and amountsare for example only):

2.

3.

Botani caJ Name
(-Common Name )

Lol i um mul ti f I orum
(Annual ryegrass )Trifolium incarnatum
(Crimson cI over)
Festuca arundi nacea ,AJ ta '
[Al ta fescue )
Eschschol zi a cal i forni ca
(Cal ifornia poppy orange)

Percentage
(Mi nimunr) Pounds
Germi nati on per acre

Percentage
(Mi nimum)

Puri ty

99

98

98

90

85 51

85 L7

85 13

85 4

4. Before seeding, the Contractor shall furnish written
evidence (seed label or letter) to the rngineer that seednot.required to be labered under the caliiornia Food andAgricultural code conforms to the puriiy ana germination
requirements in these special provisioni

l"gu-designated without a purity or germination shail belabeled to include the name, Oaie (m6ntf, una i;.ri-

Spec i fi cati ons

5.
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collected, and the name and address of the seed supplier.
Seed at the time of sowing shall be from the previous or
current year's harvest.

Test methods specified in "Rules for Testing Seeds" from
the Proceedings of the Associatisn of Official Seed
Analysts will be acceptable for determining the
germination of seed

Al'l legumes shall be inoculated with a viable bacteria
compatible for use with that species of seed. The
application rate for seed shall be the weight exclusive
of inoculated materials. All inoculated sied shall be
labeled to show the weight of seed, the date of
inoculationr dfld the weight and source of inoculant
materi al s .

Inoculated seed sha'll be sown within 20 days of
inoculation or shall be reinoculated.

9. Itg_tegume seed shal'l be inocu'lated as provided in
Bulletin AXT-280, "Pellet Inoculation of Legume Seed,', of
the University of California, Agricultural Extension
Service' except the inoculant shalr be added at the rateof 5 times the amount recommended on the inoculant
package.

10. seed shall be mixed on the project site in the presence
of the Engineer.

11. commercia'l fertilizer shall have the following guaranteed
chemical analysis:

I ngred i ent Perc_entage (Mi nimum)

Nitrogen 16
Phosphoric Acid ZO
Water Soluble potash 0

L2. water shall be.of such qua'lity that it will promote
germination and growth of seeds and plants.

13. The erosion contror (Type D) materials shall be mixed andapplied in approximately the following proportions:

6.

7.

8.

Materi a I

Fi ber
Seed
Cornmerci al ferti I i zer
Water

Per Acre
(Slopffiment)

1 ,500 pounds
85 pounds

400 pounds
As needed for
appl i cati on



11

14,

15.

16.

17.

1.8 .

19.

C. Comments .

The proportion of erosion control
be changed by the Eng i neer to meet

(Type
field

D) materials may
condi ti ons .

Mixing of erosion control (Type D) materials shall be
performed in a tank with a bui'lt-in, continuous agitation
system of sufficient operating capacity to produce a
homogeneous slurry and a discharge system which will
apply the slurry to the slopes at a continuous and
uniform rate. The tank shal'l have a minimum capacity of
1.,000 gallons. The Engineer may authorize use of
equipment of smaller capacity if it is demonstrated that
such equipment is capable of performing all the
operations satisfactori ly.

A dispersing agent may be added provided the Contractor
furnishes evidence that the additive is not harmful to
the mixture. Any material considered harmful, as
determined by the Engineer, shall not be used.

The slurry shall be applied within 60 minutes after the
seed has been added to the slurry.

The weight of fiber to be paid for will be determined by
deducting from the weight of fiber, the weight of water
in the fiber at the time of weighing in excess of 15
percent of the dry weight of the fiber. The percentage
of water in the fiber shall be determined by Test Method
No. Calif. 226, in the same manner as provided for
determining the percentage of water in straw.
Cormercially packaged fiber shall have the moisture
content of,the fiber marked on the package.

Before using fiber a Certificate of Compliance as
provided in Section 6-1.07, "Certificates of Compliance,"
of the Standard Specifications, shall be furnished to the
Engi neer.

For al'l the effort, hydroseeding is not a great deal more
effective than broadcast seeding unless a very heavy
application of wood fiber (2000-3000 16/acre) is used. This
produces a true surface mulch. Stilt, application is
considerably less effective than straw mulch. For
hydroseeding to reach its optimum value considerab'le knowledge
or_experience in suitab'le grasses, fertilizer requirements and
mulching rates for local soils is desireable.



SECTI0N B: SURFACE EROSI0N

SPECIFICATIONS FOR DITCHES AND CONTOUR STRUCTURES



VI I I
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CONTOUR TRENCHES

A. Definition of job.

A contour trench is a structura'l measure used to control
surface runoff and retard erosion. Contour trenches are
discontinuous ditch-like structures dug on contour into the
hil'lslope. They act as small reservoirs which catch surface
runoff (and sediment in transport) before it has a chance to
concentrate and develop rills and gullys on a hillslope.
Runoff, generated during a storm, is stored in the trench
until the post-storm period. During this period, water seeps
through the trench into the soi'|. It is imperative that
trench dimensions (width. depth) acffiation

es.
Unexcavated spaces between trenches on the same contour are an
integral part of the trench. These spaces prevent excessive
concentrations of water should a portion of a trench fail n and
protects the remaining catch of a trench should only one
segment fail. The storage capacity of a trench is eventually
lost by slumping and sedimentation; however, it is hoped that
both surface runoff will be sufficiently reduced, and the
infiltration rate increased by established vegetation that the
trenches wi'l I no I onger be needed.

*Jgb spe.ci f i cati ons . (see

1. Work shall progress from the top of the slope to be
treated downward to prevent excessive soil compaction and
damage to the trenches.

B. sketch )

2.

3.

4.

5.

6.

The grade for contour trenches shall be absolutely level.
The grade shall be staked with Abney level, string level,
or similar devices, and shall follow slope contoui (i.e.
trenches shall be horizontal).

Contour trenches shall be 10 feet long and spaced 5 feet
apart on the contour.

between rows of contour trenches shal I be 6 feet
distance), or 3 feet vertically, whichever is

Spac i ng
( sl ope
less.

Trenches shal
i nches and a

1 be excavated to a
wi dth of 14 i nches

minimum depth of
across the top.

I

Trenches and unexcavated spaces shal I be spaced i n a
staggered pattern.
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c. Corments.

These specifications were developed for clay-loam soils;
annual precipitation of 80 inches and peak Z4-hour, Z-yeqr
rainfali of 5.5 inches. Designs should be modified to fit
site conditions (slope, soil) and climate (peak rainfall
rates ) .
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IX. DITCHES

A. Definition of job.

Hand dug ditches are used to drain wet areas and divert
surface runoff to stable areas. They are generally shallow
compared to those dug by machines and are genily sloping.

B. Specifications.

1. Ditches shall be excavated at 'least 8 inches into mineral
soil.

Top width of ditch shall be at least 12 inches.

The ditch shall slope gently towards direction of
discharge (not so steeply as to erode its bed.

Ditches shall be free and clear of organic debris, soil
or rocks which could block the flow of water.

Ditches shall discharge onto slash or rocks or similar
energy dissipating materials.

Soil excavated during ditch construction shall be piled
onto the downslope edge of ditch as a continuous berm so
as to contain excess flows within ditch area.

In swampy areas to be drained, a number of small ,,feeder,'
channels shall be etched into the soil to drain standing
water and saturated soils towards the beginning of the -

main drainage ditch.

Conrnents.

Drainage ditches constructed by hand are reratively expensive
and lack the capacity to carry significant discharges.'
However, in remote areas, ditches-can be usefur in-diverting
perennial spring flows away from sensitive hillslopes and
unstable areas.

2.

3.

4.

5.

6.

7.

c.



VI. WATERBARS

A. Definition of. job.

Waterbars serve to divert surface runoff from bare soil areas
(typically trails, skid trails and roads) onto vegetated areas
or other areas where the flowing water is less apt to cause
soil erosion. To satisfactorily accomplish this purpose'
waterbars shal I :

Be of sufficient dimensions to accommodate the surface
runoff they divert without being overtopped or otherwise
fai I i ng.

?. Be Iocated proper'ly to successfully divert all the water
they are intended to intercept (i.e., when used on a skid
trail, they sha'll extend from the inside edge of the
trail to slightly beyond the outside edge of the bare
soi I area. )

Be angled down the slope sufficiently to allow water to
drain through the trough of the waterbar and freely
discharge at the correct end of the structure. Thus, the
slope of the waterbar shall be sufficient to drain the
intercepted surface runoff without allowing ponding, yet
not so steep as to cause erosion or gullying of the
bottom of the trough.

4. Be constructed so the lower or discharging end of the
waterbar is clear and free from debris and allows for the
free discharge of runoff

5. Be'constructed so the point of discharge is onto slash
(organic debris), rock, or some other form of energy
dissipation. Runoff through the downslope end of the
waterbar trough shal'l not be allowed to erode the soil in
that location or within at least three feet irrnediately
downslope. Sufficient energy dissipation shall be
provided to prevent future eros'ion resulting from
diversion of flow by the waterbar. Waterbars which
discharge on steep bare slopes may cause erosional
problems if not installed with energy dissipation at
their discharge ends.

Speci-f i c.ati onF for New Cons trugFi on . ( see

3.

Waterbar trough shal I be
firm substrate (d = B").

Trough shal I be at 1 east
gentle uphill approach to

17

excavated at least I inches into

LZ inches wide (w = 12"), with a
the trough.

B. sketch )

1.

2.



length (average = 10
berm hei ght (mi nirnum
trough depth (mi nirnum
trough and berm wi dth

1B

phi11 approach to trough

-/t/

traiJ, skid trail or road surfac€,..

trou gh
berm

/v-

iit"i '
energy di ss i pator ( rock, s l ash , etc. )

point of
di scharge

L=
H=
D=
[l|=

feet )
= 6 in.)
= 6 in.)
(min. = 6 in.)

//./

SCHEMATIc DRAWING 0F WATERBARS wirh constructi on spec i fi cati ons )



3.

4.

t9

water.

rging
i nche s

of

inches high (h = 8") and Lz

Berm shall be composed of on-site inorganic sediment
(rock and subsoil, preferably that excavated fnom the
trough) and shall be tamped with shovel, feet or
otherwi se hand-compacted.

Point of discharge shall be free and clear of debris so
as to allow all water to drain freely from the trough.

Berm shall be constructed so as not to a'llow surface
runoff to flow over or around it.
From point of discharge for a distance of 3 feet (9lope
distahce) downslope, energy dissipation shall be place!-
in the path of the diverted surface runoff -- this shall
primariiy consist of rocks 5 to 12 inches in diameter and

secondarily (if sufficient numbers of rocks cannot be
found within 100 feet of site) of slash or other woody
debris no ,larger than 12 inches in diameter and 24 inches
in length.

Speci ti cati ons fo,r repa i f i ng waterbq[s '- 
( see

cl ear of debri s or other
i n freely wi thout Pondi ng

e s1 ope toward the dj scha
al drop of 6 i nches to 18

1 10-foot 1 ong trough ) .

bank of road or trai I or
to assure total di versi on

Trough shal I be free and
obstructi ons so as to dra

Trough shal I have a gentl
end ( there shal I be a tot
a I ong the run 0f a tYP i ca

Trough shal I abut i nsi de
otherwi se be constructed
runoff.

Berm shal I be at I east B

inches wide (w = 12").

5.

6.

7.

L

9.

1.0 .

c. etches )

(Open end of

sk

1. 0peni ng gr unbl oclsi ng poi nt_of .d.i scharge.
waterbar )

The discharging end of the waterbar shall be cleared of
organic debris, soil and rock which is preventing or
hindering the free flsw of water from the trough. Energy
dissipation shall be placed be'low the point of discharge
if there exists a gully over 8 inches deep and wide at
that point and extending at least 3 feet downslope.

2. Clean out trough of waterbar.

The trough shall be cleaned of organic debris, soil and
rock so as to allow free drainage through the trough and
across the point of discharge. If the bare slope below
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3.

the point of discharge displays a gully greater than 8
inches in width and depth and 36 inches in length, energy
dissipation shall be installed.

Extended end(s) of waterbar. ( see

Additions to the existing waterbar shall be built at one
or both ends of the waterbar so as to prevent water from
flowing around the waterbar structure rather than being
diverted by it. Typically, the upper end is not extended
far enough downslope, so the surface runoff entering the
trough presently flows around the downslope end of the
waterbar rather than through the point of djscharge. If
not present, energy dissipation shall be provided.

4. Breach waterbars ( see sketch )

Some waterbars are doing more damage than good at their
present location, and so shall be destroyed. To
accomplish this, a 4 foot wide cut shall be made directly
across the berm at the point opposite where most of the
surface runoff is entering the trough from upslope.
Excavated material shall be packed into the trough so as
to assure all the water entering the pre-existing
waterbar will now flow through the opened berm and not
down the former trough (ttrts point will likely be located
iust downslope in the trough below the new cut in the
berm, thereby acting as a dam to surface flow.) The berm
shall be cut down and the floor of the remaining trough
built up to the level of the former surface so the new
profile is smooth. The cuts in the berm should be sloped
toward each other with at least 2 feet of "flat" channel
between.

Cornnents.

Properly constructed and functioning waterbars are very
effective in diverting and dispersing concentrated runoff from
trails and other bare soil areas. They are comnonly used on
unsurfaced forest roads and in logging areas. Unfortunately,
waterbars are both difficult and relatively expensive to
construct by hand, especially on compacted surfaces.

s ketch )

D.
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XI. I^IATTLING

A. Definition of job.

Wattles are bundles of flexible twigs and branches tied
together. Wattling is the process of placing wattles in
contour trenches on slopes, staking the watt'les in place, and
then covering the wattles with soil. 0nce in place, _wattles
serve to retard surface erosion and revegetate bare slopes
through sprouting of roots and branches from the bund'les.

Speci fi cati ons . ( seeB. fi gure )

1. Wattl i ng
nati ve to
preferred
sui tabl e
as al der
means of
will be d

3.

a

e

bundl es shoul d
the site. },lil
pl ant. Coyote

for dry si tes,
(Al nus ) may be
erosi on control
esignated in th

be prepared from I i ve materi al ,
low (Sal,ix spp.) is generally the
brush-G-cchari s ) may be

and non-m, species such
used for wattles as a physical

Speci fi c speci es for wattl i ng
s.0.l'l.

2. Wattl i ng bundl es may vary i n I ength,
the ends, and the 1 ongest stems shal I
I onger than the average 1 ength of the
the taper. Butts of i ndi vi dual stems
than 1 I/2 inches in diameter.

Stems shoul d be pl aced
approximately hal f the
wattl e.

al ternately i n
butt ends are

but must taper at
be 1 L/2 feet
stems to achi eve
shal I not be more

each bundl e so that
at each end of the

4. Bundles shall be tied at not more than L5-inch spacings
wi.th 2 wraps of binding twine, or heavy tying material ,
with a non-slipping knot. When compressed firmly and
tied, each bundle shall be approximate'ly 8 inches in
diameter (minimum, 5 inches; maximum, 12 inches.)

Bundles shall be cut and tied not more than one day in
advance of placement and the bund.les shall be kept
covered and wet between the time of cutting and
installation. Cutting, tying and placing in trenches on
the same day is desirable.

d be staked out
an Abney I eveJ ,

1 follow s'l ope

Trenches shall be spaced three feet apart, vertically,
unless otherwise specified in the S.0.W.

5.

6. The grade for the wattl i ng trenches shoul
(see specifications 10 and 11 below) with
string level, oF similar device, and shal
contouFS, ( i .€., horizontal trenches. )

7.
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Bundles shall be laid in trenches dug to a depth equal to
the diameter of the bundles, with ends of the bundles
overlapping at least 12 inches. The overlap shall be as
long as necessary to permit staking as specified below.

Bundles shall be staked firm'ly in place with vertical
stakes on the downhillside of the wattle at no more than
36-inch spacing or closen if stated in the S.0.W. and at
least one stake shall be driven through each bundlil In
any case, a bottom stake should be placed at the
mid-point of the bundle overlap.

Stakes shall be greater than L L/4 inches in diameter and
24 inches long.

All stakes shal] be driven to a firm hold and at least 1.5
inches deep. Where soils are soft and 24-inch stakes are
not soJid, longer stakes as necessary should be used.
Where soils are rocky and/or compacted, steel bars should
be used to open up stake holes for the stakes. Stake
depths may be waived by the Contracting Officer or
his/her representative on a site-specific basis at
difficult sites where it is impossible to always meet
minimum stake depths.

tXI.B. (Con't)

9.

10.

11.

C. Conunents .

8.

12. Work shall progress upward from the bottom of the slope
to be wattled. The buried wattles shall have soil firmly
tamped around them to minimize the possibility of drying
out, howev€r, the terracing effect created by the contour
trenchi ng Sha'l I be preserved.

The effectiveness of wattles is largely dependent: on 1)
choice of proper plant materia'ls, 2) proper installation
techniques, and 3) favorable soil and.environmental
conditions. In many areas wattling is an extremely effective
erosion control practice. In other localities, less expensive
procedures (e.9., straw mu]ch) can be more cost-effective.
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XII. I^JOODED TERRACES

Definition of job.

A wooded terrace is a terrace constructed on a contour and
supported by woody material. A wooded terrace is a structural
measure which can retard surface erosion and hasten the
establishment of vegetation.

Specifi cations .

Woody material is defined as limb, split product material
or bark.

Statement of Work (S.0.W.) shall specify spacing (slope
or vertical) of wooded terrace rows. If not specified a
vertical spacing of 3 feet shall be used.

The grade for wooded terraces shall be level. It shall
be staked with an Abney level, string level, or similar
device to follow slope contours (i.e., horizontal
terraces ) .

A"

B.

1.

2.

3.

4. Cumul ati ve di ameter of woody
shall be at least 8 inches.
for woody material; howeverr
al ong i ts enti re 1 ength.

materi al p1 aced i n a terrace
There is no maximum length
wood must contact the slope

5. Wooden stakes, driven vertically into the hillslopes,
shal'l anchor the wooded terraces. Stakes shal:l be
greater than 1 U4 inches in diameter and at least 24
inches long.

The maximum allowable spacing for stakes is 20 inches for
woody material less than 40 inches in 'length; 30 inches
for woody material greater than 40 inches in length. All
ends of woody material must overlap stakes a minimum of 1

foot.

All stakes should be drive to a firm hold and at least L5
inches deep. Where soils are soft and 24 inch stakes are
not solid, deeper stakes as necessary shall be used.
Stake depths may be waived by the Contracting 0fficer or
his/her representative on a site-specific basis at
difficult sites where it is impossib'le to always meet
minimum stake depths.

Procedure for constructing multiple level wooded
terraces:

a. begin at bottorn of slope to be terraced and work
upward.

6.

7.

8.
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XII.B. (Cont'd)

b. stake grade of the first terrace.

c. 1ay a row of woody material and drive stakes
against the downhill side along the entire row.

d. back fill and cover the row of woody material with
clean soil found inrnediately upslope from the row
until a flat terrace is formed. Tamp soil.

e. repeat on next ups'lope level .

C. Comnents .

A vertical spacing of 3 feet seems to work well (Spec. #2).
Vertical spacings ensure closer spacings on steep slopes and
wide spacings on gentle slopes. Stakes made of cuttings of
sprouting species (e.9. Willow) can aid in revegetation.
Because of their wide level benches, wooded terraces are
effective at trapping sediment eroded from upslope areas.
However, if they are not constructed absolutely on the contour
they may actually collect and concentrate hillslope runoff.
In addition, they are relatively expensive to install.



27

XIII. RAVEL CATCHERS

A. Definition of job.

Ravel catchers are boards, dug slight'ly into the hillside, and
placed on contour (see figure). They catch and store dry
ravel during the sununer and sheet and ri'll erosion products.
Ravel catchers can be placed on steep slopes where soil
dry-ravels or can be easily washed downhill. l.lhen pl'aced on
cutbanks and/or other exposed subsoil, and then partially
backfilled with fertile soil, ravel catchers can also act as
planting sites for woody vegetation.

B. Specifi cations.

1.

2.

3.

4.

C. Comnents .

5.

Ravel catchers shall be made of split or milled boards,
or other suitable material specified by the S.0.hJ.

Boards shall be 16 inches - 18 inches wide, at least L

U4 inches thick and 4 feet to 5 feet long. In some
cases, ravel catchers shall be continuous and the length
of boards will be determined by hillslope
mi cro-topographi c characteri sti cs .

A trench at least 3 inches deep shall be dug the length of
the board; the board shall be placed vertically and
anchored by wood stakes.

Stakes greater than 24 inches long shall be driven on the
downslope side of the board, spaced no greater than 30
inches apart.

0nce placed, the boards shall be partially backfilled
with soil.

Ravel catchers should not be constructed long enough to
collect and divert significant quantities of surface runoff.
Ten feet is an upper limit, with 3 to 5 feet lengths
preferable. They work best on steep slopes (>50%) which are
prone to dry ravel.
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XIV. STEI'I CUTTINGS

A . Def i nilion of j qb 
"

a.

b.

From healthy wood of a sprouting plant species
nati ve to the pl anti ng si te.

Reasonabl e strai ghtness .

Cl ean cuts wi th unspl i t ends .

Length: L?-i nch mi ni mum 1 ength .

Diameter L/4 - inch minimum diameter; the thicker
the cutti ng, the greater the reserves. Therefor€,
cuttings greater than 1 inch are desirable, though
thei r numbers may be I i mi ted by the suppl y .

Stem cuttings shall not be from the tips of branches
but rather farther bac[' on the stems. The top of
each cutti ng shal I be j ust above a 1 eaf bud , the
bottom cut just bel ow one.

Trim branches from cuttings as close as possible.

At 1 east 2 1 ateral buds shal I be above the ground
after pl anti ng. ( see sketch )

t
TOP bud

A stem cutting is a shoot, or cane, cut from a live tree or
shrub. Cuttings from sprouting plant species will grow if
planted in the ground under certain conditions

B. Specifications.

1. Prepared .gutlings sha.ll have the fo] lowing--T-
cha racter i s ti cs :

c,

d.

g.

f.

g.

h.

cut here

,/
,/
.- I eaf scar

BOTT

,l

=s\ stem cutti ng
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xIV.B. (Con',t)

2.

3.

4.

6.

5.

Leaves shall be stripped from cuttings used before normal'leaf fal I occurs .

Handling of cuttings between cutting and p'lanting:
Cuttings must not be allowed to dry out. Cuttings may be
planted the same day, and at all times must be kept
covered and moist during transport and storage before
planting. Under certain dry conditions of either the
cutting site or the planting site, the Contracting
Officer or his/her representative may require that
cuttings be soaked at least 1 day prior to planting,
though mandatory soaking will be uncomrnon. At no time
shall a cutting be left exposed to the air to dry out
prior to planting.

Planting of cuttings: Cuttings must be planted
right-side-up. At least 50% of the cuttings length
should be planted in the ground; it is preferabl e if 75%
of the cutting length is in the ground, but at least two
budding nodes shall be left exposed above ground. Deep
planting minimizes loss of water due to transpiration.
Soil shall be firmly pressed around cutting to reduce
moisture loss.

Time of cutting planting: Basically, planting time is
l; earlieii iossibl6 planting

time for wet sites is after first major storm in fall
(greater than 1 inch rain.) For dry-sites, earliest
planting time is after second major storm. Latest
possible date is dependent on the particular year, but
approximately March Lst. Additional soaking prior to
planting may be required for late plantings. 0ptimum
planting time is 0ctober through February, when ground is
wet and plant material is dormant.

Cutting Willow and othgr=blush.v species fgr planting:
gs

will be done to minimize disturbance of vegetation and
soil adjacent to the willow stands. Conifers must not be
damaged. Ground cover must be preserved as much as
possible; trails with bare soil from trampling the brush
must not occur. t,'lillows should be used as efficiently as
possible; i.e., when stakes for watiles are cut, excess
branches should be used as cuttings or watile bundle
materia'|. l'{illow shoots must be cut by either pruning
shears, hand saw or chain saw. Branches from willow must
be cut diagonally to expose more surface area to water
altd !9 provide g polnted end for stake driving and sprigplanting. The basal ends of the shoots must be markbd 

-
clearly in some manner so workers can determine which endto plant. Correct species identification is essential,



XIV. B. ( Con'd )
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particularly in the willows and alders which often look
similar but have different habitat requirements which in
!,trn ryq.y resul t i n different survival success. Species
identification should be confirmed by qua'lified pbrsonnel
before collection.

P]acgTent.gf.stem guttings and transplants: The required
prantrng distance between transplants and/or stem
cuttings wil'l be stated in the S.0.1,1. as ,,2 foot spacing',
or "3 foot spacing" etc. The rows must be staggerbd
rather than be in columns:

7.

o*2*
2:l6o 2f

6

2- foot spaci ng
Wrong !'lay

o

Comments.

?lunting stem cuttings of sprouting species can
i nexpens i ve , successfu l method for revegetati ng
si tes , especi a1 ly i f pl anti ng stock i s iomposea

Z*foot spaci ng
Right [r|ay

Where the contract specifies planting in a zigzag
pattern, T foot spacing, X. foot offs€t, a double-row is
desrred with x number of feet between each cutting or
transplant in that row and the second row y numbei offeet to the side,

Ex: z,igzag pattern, 3-foot spacing, 2-foot offset

o

3'Lr'n
J}

J

be an
d i s turbed
of locally

c.
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XIV.C. (Con't)

a bundant
speci es
taxonomy
Fl ora of

Stem cutti ngs are often pl anted
I ocati ons :

native species. Proper identification of native
can be assured by consul ti ng I ocal experts i n p1 ant
or by using references such as Abrams Illustrated
Ilre Pacific Statet (Stanford Univ. Prefl

It is imperative, for the success of any revegetation_ project
utilizing stem cuttings, (for example direct planting or
wattling), that you select only sprouting species which will
survive in the project area's micro-environment. It is
surprisingly easy to waste time and money by using species
which have low or no sprouting potential, or by planting
sprouting species where they will not survive. Corunon sense,
professional advice, and simple field or greenhouse
experiments can virtually eliminate these problems.

the f ol I owi ng types of

Slopes: bare soi'l areas that show evidence of recent
movement or active erosion of surface particles.
Especially well suited for cuttings are persistent wet
areas, road-cut slopes where soil conditions permit, and
raw soil areas on slumps.

Gullies and channels: areas best suited to use of
cuttings are the floors and banks of small incipient
gullies, sediment fill behind check dams, raw gully
banks, berms of waterbars and the area just below water-
bar outlets, if suitable soil conditions exist.

In addition, any other location where cuttings may be
deemed useful in establishing vegetation for-minimizing
erosi on.

in

1.

2.

3.



XV. TRANSPLANTS

A. Definition of job.

Transplanting is the intact removal of an individual plant
from one place and replanting it in another.

Speci fi cati ons .

1. Although determining the size of an adequate root ball is
necessarily a iudgementa'l decision best made on a plant-
by-plant basis in the field, all plants must be dug with
a ball of soil containing at least 60% of their roots.
If the soil is dry, the soil around the plant shall be

soaked prior to digging so that the root ball will hold
together. Plants must be transported to the site in such
a way that the root ball does not shatter' exposing the
roots. (Size of transplant and noot ball varies with
speciesi see species sbecific specifications below.)

B.

34

Al'l species shall be replanted within a maximum of 24
hours of being dug up. The root ball must be kept moist
at all times to keep the roots from drying out.

The planting hole shall be large enouEh to accommodate
the root ball easily, without cramping' bending or
cutting roots. Adjust planting depth so that the old
soil line (usually visible nean the base of trunk or
stems) is at the surface level of soil surrounding the
plantinE hole.

The hole shall then be refilled about 3/4 full with soil,
firmed around the roots and thoroughly watered. If
settling occurs, the plant shall be readiusted and the
remaining soil added, again firming the soil to eliminate
any air pockets.

3.

2.

4.

5. Transpl ants shal I be obtai ned i n
one hal f of the ori gi nal pl ants
scattered wi thi n the col I ection

such a way that at I east
of the speci es remai n

area. The source area

6.

7.

must not be denuded of pl ants

Holes created by removal of plants sha:ll be filled with
soil to the original soil surface.

Alder (Alnus oregana), coyote brush (Baccharis pilularis
var. c6fr3i'fr'6'uTiEi]-Tna rnoaoaendron @
macrophylTumFtransplants: Minimum size plants shall be 6
inches high; maximum, 24 inches high. The larger the
plant, the larger the root ball. At a minimum the
surface circumference of the root ball shall equal the
circle made at the drip 'line of the plant's canopy.



XV. B. (Con't)

8.

35

11

Deerferii (Blechnum spicatum) and sword fern (Pol=yltichum
munitum) ffium basal diameter of fern
dump sftall be 4 inches, root ball shall include a

minimum of 75% of plant's roots.

Rush "plugs": Correct species identification is
essential. Species identification shal'l be confirmed by
qualified personnel before collection. Juncus "plugs"
dach with ; 2 inch minimum basal diameteffi-ry be
obtained by dividing larger clumps.

Salal (gaultheria shallon) and yerba de selva (Whipp]ea
modesta) transplants: Both species root at the nodes
though salal does so less frequently. Transplants shall
have root balls at least 8 inches in diameter and it is
desirable to include at 'least 10 inches of the
underground stems whenever encountered. Large plants may
be divided, provided each division has the 8" root ball.

Placement of transp]s$!_: See XIV B. 7. P'lacement of
ants.

9.

10.

C. Cornments .

11

Transplant specifications used in #7, #8, and #9 above are
examples for species in north coastal California. Simi'lar
specifications can be prepared for virtually any native
species. Alternatives to field transplanting include direct
seeding of native species or, for nore rapid results,
contracting at least one year in advance for someone to grow
bulk numbers of containerized stock which can then be
out-planted with excellent success. Example contract
specifications for this method can be requested from Redwood
National Park or many agricultural collejes.





SECTI0N D: CHANNEL EROS ION
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XV I . R0CK ARMOR ( hand pl aced )

Definition of job.

Rock armor is placed in small stream channels, gullies or
other expected flow courses to increase turbulence and energy
expendituresn slow ve]ocities and eliminate scour of channel
banks and beds.

Specifications.

A.

B.

2.

Peak 20-year discharges for the channel reach shall be
calculated using acceptable formulas (Rational method,
SCS, etc.) Estimates must be substantiated by field
evidence.

For newly constructed channels, the channel bottom shall
be made wide enough to hand'le peak flows. Wide, shallow
channels are preferable to deep narrow cross sections.

When the 5.0.1,1. calls for channel excavation and rocking
channel bed, the channel w'i'll be excavated in such a way
that the bed is slightly concave, and rocks will be
placed far enough up the channel banks to contain
anticipated heavy flow. This is an effort to correct
failures due to flat-bottomed, rocked channels, where
bank cutting can occur during high water.

banks

THIS NOT THIS...

Sufficient quantities of rock shall be used to adequately
protect and armor the bed of the channel.

Rock sizes and/or securing techniques shall be employed
to assure that peak f'lows do not remove the protective
material. A heterogeneous mixture of rock sizes shall be
used which contains enough large rocks (rocks which
cannot be moved during peak flows) to keep smaller rocks
in place. Where only small rocks are availab'le, securing
techniques such as staking or wire reinforcing shall be 

-

used to anchor the armor material to the bed.

3.

4.

5.

\

\
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XVI B. (Con't)

6. Rocks shall not be so large as to deflect streamflow into
the banks.

C. Comments.

The successful application of hand p'laced rock armor is
limited by the maximum size of rock that can be moved-in the
channe'|. Rocks larger than 18 inches diameter are difficult
to handle. In addition, in remote areas adequate sources of
rock may not be locally available. Armoring with insufficient
rock coverage or with rocks which will be transported by peak
flows provides little channel protection. Finally, as with
most erosion control work, regular maintenance is needed for
several seasons following installation.
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XVII. CHECK DAMS

A. Definition of job.

Check dams are constructed in gullies and stream channels to
prevent scour of the bed and banks. By raising local base
levels, the sediment fill behind dams can stabilize the
adjacent channel bank by preventing gully downcutting.and
lateral cutting; provided runoff is directed through the
spillway of the check dam and the dam is not undermined by
channel downcutting from below the dam. The sediment fill
behind the check dams and the raw soils on the adjacent
channel banks (slopes) are planted heavily with cuttings or
transplants after the check dams have been installed.

B. Specifications.

42

Composition of check dams.

Check dams can be constructed from on-site materials,
such as split redwood or cedar boards from downed logs on
the site or on nearby areas, conifer boughs, rock, oi
other suitable material specified in the S.0.t'l. The
choice of material will be determined by availability of
the material at or near the site and the suitability of
the material for the particular gully or stream. Dbsign
criteria for check dams may only be altered with writtin
approval from the Contracting 0fficer, or his/her
representative. In all other cases, the 'listed
specifications shall be adhered to.

P!oper_plagement.of gbeck dams in a gull.v or stream
cnanner. (see sketch)

All check darns shall be placed properly in a gully or
stream channel, otherwise downcutting will continue andwill undermine the dams. Check dams shall be instal'led
as integrated units, each of which acts to stabilize
neighboring dams. Check dams shall be aligned
perpendicular to the channel. This will pievent
concentrating flow at either bank.

Dam construction shall begin from the bottom of a gully
or stream reach to be check dammed, and must begin-at i
"stable" point. Ideally, the lowermost check dim should
be constructed on a non-erodable material such as
bedrock, large boulders which the gully or stream cannot
transport, or large logs partially-buried in the gully or
stream bottom. All check dams constructed upstreim f-rom
the lowermost dam shall be placed so that thl sedimentfill behind the downstream dam (after it fills to the
spillway level) abuts.against the base of the upstream
check dam (see sketch).- ro assure this conditibn is met,

1.

2.
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XVII.B. (Con't)
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Thi ckness and t ength of check da Check dams
edar boards l ong

enough to span the enti re wi dth of the gul ly or
stream channel and shal I be keyed i nto the banks
( see h. bel ow) . Boards shal I be 1 i nch thi ck.
However, i f dams are from 6 to 10 feet i n l ength 'allowable thickness shall be at least 1 L/4 inches -
1. I/ 2 i nches .

Free-board hei ght. Check dam free-board hei ght i s
ce between the spillway level and

the I owest poi nt of the top of the check dam ( see
sketch ) . Free-board prevents hi gh fl ows from
cutti ng I atera'l ly i nto the channel banks and causi ng
a check dam to fail. Free-board height shall be at
I east 8 i nches .

c. Effec_ti ve lfei ght The ef fecti ve hei ght i s the
dam which actively traPs and

stores sediment (see sketch) It is the distance
between the channel bottom and the top of the
spi 1 lway. Effecti ve hei ght shal I be at J east B

i nches and maximi zed whenever possi bl e.

use a line level to place upstream dams. Stretch a level
line from the spillway leve1 until it contacts the
channel bottom upstream (see sketch). This point of
contact denotes the location of the next upstream check
dam. Construct that check dam and continue this process
up the gully or stream reach to be check daruned.- Each
check dam's spillway shall be constructed before the next
upstream check dam is placed.

3. Split or milled board check dams for small gul]ies and
streams.

a.

b.

d. Total height. Total check dam hei ght i s the sum of
effective height and free-board height, and is
dependent upon channel bank height. Generally, the
hi gher the banks, the hi gher total check dam hei ght
can be. Maximum total check dam hei ght shal I be 40
i nches .

Mu I ti pl e Loard qh.eck dlms . Two boards may be used
in order to attain maximum total check dam height.
However, the wi dest board shal I be pl aced on top and
shal 1 never be cut through enti rely i n order to
construct a spi11way.

e.
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Check dam sp i I I way . Board check darns mus t have
illways to accomnodate high

fJows in the gully or stream channel. The S.0.W.
shall specify the spjllway area for check dams to be
constructed in each channel reach.

Optimi zi ng spi I lway {qsi gn " 0ptimi zi ng spil lway
design is 'important to the efficient placement and
spacing of check dams in a channel. Spillway design
shal I proceed as fol I ows ( refer to sketch ) .

f.

1)

2)

3)

4)

5)

6)

7)

8)

e)

Mea s ure
(line c)

Based on channel confi gurati on determi ne the
maximum tota'l check dam height.

Pl ace check dam perpendi cul ar to channel and
secure to channel .

an 8 i nch free-board 1 i ne onto dam

Measure at I east 8 'i nches f rom both banks where
the check dam board enters the channel bank
(points "d").

Draw 450 to 75o sid€-wdlls frorn points '!rdr,

through line C.

Compute the spi 1 lway area.

,If spillway area is less than the specified
area, i ncrease trhe spi 1 lway si de-wal J angl e to
a maximum of 754. '

Compute the spi 1 lway area.

If spillway area is still not adequate, lower
the spillway level (1ine C) and vary side-wal1
angl e to attai n desi red spi 1 lway area.

An important point to remember about spil lway
desi gn i s that a spi I l Way- sloul d Jeyer. be ,qi de
enough to alloW flow 3o jmpagt upgn cha,fnel
banks at the base of a check dam.

Excavation into channel banks. Boards shall be
banks to provide

strength and prevent lateral breaching of the dam.
Banks shall be qgglJy excavated (notched) only
enough to insetThe E'oards to a minimum depth of 6
i nches. Excavate channel bottom to a mi nimum depth
of 3 inches. The only exception shall be if channel

h.
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bank excavation threatens to collapse the bank, or
if the bank is composed of rock, or wood. If bank
collapse is a problem, a compromise between enough
excavhti on to ilrevent I aterai breachi ng and a

mi nimum amount of excavati on to preserve the
i ntegri ty of the bank shal 1 be reached by on-si te
deci si ons wi th the Contracti ng 0ffi cer or hi s/her
representative. Once a dam has been placed and
inset into bankn clean fill material (j.€., fill
containing no large rocks and/or woody debris) shall
be packed j nto the channel bank where the dam i s
inset and along the upstream bottom of the dam.
Clean fill must be used to seal the dam.

Anchori Check dams shal l be
nnel by ei ther wood or

metal rebar stakes. Both shall be driven at least 2

feet i nto the channel bottom and / or banks , and sti I l
have suffi ci ent 1 ength to span at I east 3/ 4 of the
tota1 check dam height. A minimum of 4 stakes shall
be driven; two on each bank, with one against the
upstream and one against the downstream side of the
dam. Stakes shal I contact the surface of the check
dam and shal I not i nterfere wi th fl ow through the
spi 1 lway. When check dams exceed 6 feet i n 1 ength,
two additional stakes shall be driven against the
downstream side of the dam evenly spaced across i ts
1 ength .

Energv di ss-i pati_on . Al 1 board dams must have
adequate energy di ssi pation devi ces i nstal I ed i n the
channel bottorn immedi ately bel ow the spi 1 1way. The
energy dissipation can consist of rock, conifer or
hardwood boughs, smal I woody sl ash, spl i t or mi I I ed
boards or a combination of the above. Dissipators
shall be: 1) firmly secured to the channel bottom,
2) located immediately below the spillway; and 3) as
wide as the widest portion of the spillway notch.
There should be no gap between the check dam boards
and di ssi pators. Energy di ssi pators must extend
continuously downstream at least 1 L/2 times the
effective height of the check dam.

Rock check dams for" smal I channel s "

Si ze_ of rqck. The l argest rocks whi ch can be
nual ly anO whi ch are avai l abl e from

a nearby I ocal i ty shal 1 be used to bui I d up the
dams . Smal I er rocks shal I al so be used i n the rock
dam so that as many large holes as possible are
fi I I ed i n to reduce porosi ty.

a.

4.
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Rock da@ Rock dams shall be between I? and

Spillway. Rock dams shall be built with an adequate
ffi notch at least five inches deep and five
inches wide. Most importantly, the height of the
rock dam shall increase from the spillway toward the
gul ly bank so that al I fl ow i s channel ed through the
spillway region. It is recognized that spillway
notches wi I I be hi ghly i rregul ar and vari abl e
because of varyi ng rock si zes.

Excavation into gully banks and gully bgttom._ Side
CSS

the ground is too rocky, or unless excavation
threatens to col 1 apse the bank. Gul 1y bottoms shal I
be excavated at I east 3 i nches. These
specifications may be altered by the Contracting
Officer or his/her representative on a site-specific
basi s .

Energy di ssi pati on. The sl ope of the rock dam on
the downstream side generally provides adequate
energy di ssi pation bel ow the spi I lway. The
downstream si de of the rock dam shal 1 not be so
steep as to al low the free fal I of water from the
spillway notch onto the gully bott m, i.e., the rock
dam shall also serve as an energy dissipator.

Anchori

place using corrosion-resistant wire mesh. The wire
mesh shal I cover the rock dam, be fastened together
with baling wire, and be secured to the gully bottom
and side with wooden stakes or metal rebar. The
entire rock dam, including the base, ffioY also be
encl osed i n wi re mesh, thereby formi ng an i rregul ar
shaped gabion. The wire mesh shall in all cases be
securely anchored to the banks.

4. Bough dams f_or smal J channel s..

Util_i zat i on of bough da[!s . Bough dams can be an
i n certai n l ocal i ti es .

No speci fi cati ons for bough dams are gi ven; howev€r,
the use of bough dams i n a gul ly or stream reach
shal I be di scussed wi th, and approved by, the
Contracti ng Offi cer i n wri ti ng pri or to any bough
dam i nstal I ati on.

b.

c.

d.

e.

f.
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Anchori ng bqugh dFqs to Because bough dams

icklY as 4 months
after being cut and installed in gulJies, it is
important that the boughs be bound tightly together
and staked fi rmly i n the ground so that the bough
dam does not become I oose. Rocky gul I i es that do
not al I ow adequate staki ng are general ly unsui ted
for bough dams.

Corrnents.

The above specifications are applicable to channel
stabilization measures for small coastal streams (maximum
drainage area of about 50 to 100 acres) in Northern
California. A multitude of check dam construction techniques
have been developed for areas in the Western U.S., and
elsewhere. The following references provide a good starting
point for matching your particular situation with the proper
type of channel protection measure.

b.

C.

1, Heede, Burchard H., 1966, Design, Construction and Cost
of Rock Check Dams, U.S.D.A. Forest Service, Research
Paper RM-20, Rocky Mountain Forest and Range Experiment
Station, Fort Collins, Colorado.

Heede, Burchard H., 1965, Multipurpose Prefabricated
Concrete Check Dam, U.S.D.A. Forest Service, Research
Paper RM-12, Rocky Mountain Forest and Range Experiment
Stationn Fprt Collinso Colorado.

2.

(Dr. Heede is
Ari zona State

3. Heede, Burchard H., 1.968, Conversion of Gullies to
Vegetation Lined Waterways, U.S.D.A. Forest Service,
Research Paper RIlt-40, Rocky Mountar'n Forest and Range
Experiment Station, Fort Collins, Colorado.

now located at the Forest Sciences LaboratoFY,
Universi ty, Tempe, A7.)

U.S.D.A. Forest Service, L974, Forest Service Handbook,
FSH2509:1.2-Watershed Structural Measures Handbook,
Amendments 1-3n July 1969, 103 pages.

High Sierra Resource Conservation and Development
Council, 1981, Erosion and Sediment Control Guidelines
for Developing Areas of the Sierras, California Water
Resources Control Board - Central Valley Region, L70
pages.

4.

5.
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XVI I I . SUBMERGED SPILL},IAYS

A. Definition of job.

A submerged spillway is nothing more than a submerged check
dam placed with the spillway at streambed level. Like check
dams, they can stabilize the adiacent channel bank by
preventing downcutting and lateral cutting if runoff is
directed through the spillway, and the submerged spillway is
not undermined by channel downcutting from below the
structure. Submerged spillway construction is most
applicable in broad channels with shallow, poorly defined
channel banks and rock bottoms.

B. Specifications.

1. fhicfness ana tengt Submerged
or cedar

bbards ind shall be keyed into adiacent banks (see 8.6.).
Board thickness shall never be less than 1 inch and shall
be at least t ll4 inches thick if submerged spillways are
greater than 6 feet long.

Free-board height. (see sketch) Free-board height is
ffice between the spillway 'level and the
lowest point of the top of the submerged spillway.
Free-board height shall be at least 8 inches.

Tota'l height. (see sketch) The total height of a

submerged ipillway is the sum of the free-board height
and that portion of the structure which is keyed (buried)
into the channel bottom. Total height shall never be
less than 14 inches; i.e., 6 inches of board surface
keyed into the channel below the spillway level' plus 8
inches of free-board.

Spflllley,iIee. The S.0.W. shall specify the spil'lway
et€ffioFffierged spillways to be constructed within a
particular reach. A'spilliray can be cut into the board
prior to installing the submerged spillway into the
channel .

2.

3.

4.



53

tl
F-..q-FF-.F
a-
b

.F
l-F-

B
J
J
tr.f
a.
v1

alrl
C9&
u.l

=cct
-l-a
lJ-
O
(t
=l-a
=&o
(J
F{

F-

=trl
-CJ
cJ1

I
I
I

I

I
I

l

I

I
I

I

I)

;o
ll
?a--=sIF-.F
C

.F
p
F-
EL
G'o

-(J
I

(1,
(u
Lq-

F-
(u

(u
l-

'trto
.clp

l-
b

ftt
(u
L
+)
vl

{-t
.tt

E
(u
(.)
G'

F
o-

G'
3
--.F-

CL
tn

--€
tl

-l-bqt-?-b.F
tF
>

.l-
?ap-

I\- |
I

\t\
t\
I
I

I

.fii-
lilr-
I i ! :'lr
h\.\,

t,\\

)\\t
-



54

XVIII. B. (Con't)

5. Spi I I way desi gn . Construct
traperzoi d. The formuJ a to
is: A = LlZ (a+b) h

in a form of a

of a trapezoid

't- b-- t'

Excavation into channel banks and bottom. Boards shall
vide strength

and prevent lateral breaching of the submerged spillway.
Banks shall be neatly excavated (notched) only enough to
key the boards EFiFast 8 inches into the channel banks.
It will also be necessary to excavate the channel bottom
6 inches deep to receive the submerged spillway. 0nce a
spillway has been placed into the channel, clean fill
material (i.e., no large rocks or organics) shall be
packed into the channel bank and bottom where the
spillway is inset to create a seal.

Anchoring submerged spillways. Submerged spillways shall
be securely anchored to the channel by either wooden
stakes (l ll2 inches diameter) or metal rebar. Stakes
shall be driven at least 2 feet deep into channel bank
and/or bottom, and still have sufficient length to span
the free-board height. A minimum of 4 stakes shall be
drivenz 2 on each bank with 1 against the upstream and 1
against the downstream side of the spillway. When
submerged spillways exceed 6 feet in length, 2 additional
stakes shall be driven against the downstream side of the
spillway spaced evenly across its length. Stakes shall
not extend into the spillway area.

Submerged spillway placement. Submerged spillways are
always installed with the spillway at streambed level,
and perpendicular to the channel. No energy dissipation
is required downstream from the spillway. The S.O.IC.
shall specify the distance between each submerged spill-
way. Begin at the bottom of the channel to be treated.
Excavate channel banks and bottom to receive the lower-
most spillway, and stake into place. Measure channel
distance to next submerged spillway as specified in
S.0.W., and install the next structure. Channel areas
between structures can be rock amored for added
protection.

the spil lway
compute area

6.

7.

8.
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C. Comments .

Submerged spillways described here have only been tested on
very small streams (drainage area = 10-20 acres). They
essential'ly act to control local base levels and keep
streamflor near the center of the channel (away from the
banks )
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XIX. WATER LADDERS

A. Definition of job.

Water ladders are wooden structures, similar in appearance to
ladders, which serve to convey water across a steep slope
while preventing channel downcutting. They serve the same
purpose as half-round culverts that conduct ditched or
culverted water over steep road fills onto vegetated and/or
slash-covered slopes. Essentially, water ladders are energy
dissipation devices that can effectively handle concentrated
runoff, and which nork well in conjunction with strategically
placed slash and planting of stem cuttings.

Water ladders can be used in combination with check dams or at
the downstream end of cross road drains. Alternatively, water
ladders may be used in lieu of check dams where dam
installation is difficult because of unstable banks or
difficult excavation of channel beds.

B. Speci fi cations .

1. Construction of Ladder.
up to the di scretion of
criteria must be met in

Ladder constructi on wi I I be I eft
the contractor, but the fol I owi ng
cons tructi on :

a. Each ladder must be large enough to carry design
storm-fl ows . Each I adder must be at l east 18 i nches
wide unless it is to be placed in a well-defined
gully which is less than 18 inches in width. In all
cas€s, the ladder must be as wide as the bottom of
the d'i tch or drai nage channel di rectly above the
I adder.

Ladder treads must overlap and dip slightly downhill
once the I adder i s i nstal I ed. Grooves (about
one-half inch deep) may be cut into the top side of
the treads to help direct flow towards the center.
Bevelling of the leading edge of the treads and
nailing of slats under the treads may also be used
tg hel p prevent backfl ow under the treads ( see
illustrations).

Where necessary, wi ng wal I s shoul d be i nstal I ed at
the top of a I adder to i nsure that al I runoff i s
di rected i nto the I adder. Thi s may be especi al ly
important on wi de or poorly defi ned channel s .

0utl et areas bel ow I adders shoul d be defended uri th
adequate energy di ssi pati on measures ( rocks , sl aSh ,
etc. ) .

b.

c.

d.
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Placement of ladder. Ladders must be sufficiently inset
ffit runoff will course over the ladder
treads and not run under or around the ladder. Adequate
excavation and especially careful placernent of the top of
the ladder relative to the ditch or drain are crucial.
Irnproperly placed ladders that do not successful'ly convey
runoff ovLr'them (during the first winter season) must be
re-instETlElFn request-of the Contracting Officer.

TypS of ladder. Type and composition of water ladders
wnffargely-depend on availability of materials and
equipment at the site. Boards of rot resistant wood cut
on site with an Alaska mill or similar equipment are
preferable. Hand split and hand sawed boards can be used
but they may pose problems because of their uneven
surfaces. These permit water to leak through cracks thus
causing p$ssible undercutting of the structure. Dry wood
shims shorjld be harmered into all cracks and seams to
seal them off. The following are examples of water
ladders tlnat can be constructed:

Type 1 - llland split wood 1 adder wi th 1 og supports .

overl appi ng secti ons ,
gradient. Top tread of

a partially buried log

Type 2 rr

2.

3.

c. Corments .

-

i s cons tructed f rom m,i 1 I ed
Treads are supported on

sl ats ( see il lustration) .

sl abs and
stai r-

eto
would be large
n a moderately
ly and
. If access

hen be
-all, over the
ry
justified in

By nature, water ladders are relatively expensiv
construct. Thd constructi on of structures that
enough to cont$i n peak fl ows of streams wi th eve
high discharge (over 5 cfs) may also be physical
I ogi sti cal ly irhpossi bl e i n many remote I ocations
for heavy equipment is available, it may be more
cost-effective to excavate a channel which can t
protected wi th rock armor or check dams. Al 1 -i n
I i fe span of the structure, water I adders can ve
successful ly prevent soi I erosi on. Thei r use i s
rernot€ , sens i ti ve areas .
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RESERVOIR SHORELINE REVEGETATION

Andrew T. Leiser
Department of Environmental Horticulture

University of California, Davisr California

INTRODUCTION

Components for Successful Revegetation

Successful revegetations for reservoir and streambank sites
involves a number of interacting factors or components: biologi-
cal, environmental, physical, political, and economic.

The biological component includes: the selection of suitable
plant materi.als, the choice between native and introduced (or
nexotic") plants, their propagation, culture, planting, ind after-
care.

The environmental component j-ncludes: rainfall (amount and

seasonal distributlon), temperature (heat and cold, and time,
duration, and intensity), hunidity, day lengthr etc'

The physical component includes: slte stabilityt aspectt

i.e. eompass facing, (which influences the environmental component ) t

adjacent terrain (9.g. off-site water erosion), wave action' etc'

The political component includes restraints on use of plant

materials imposed by governmental jurisdictions or by public
pressures (e.g. Iimited to use of native materials), laek of
grazing controls, limitations on the use of chemlcals for rodent'

insect, disease, or weed control.

The economic eomponent invariably affects final decisions

on revegetation methods, planting densities, and the opportunities
for advance planning or experimentation.

AII of these components must be considered in the planning

of any revegetation Project.
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Bevegetation Project Steps

The revegetation project consists of three major steps.

The first is the planning stage. 'This step includes site
surveysr vegetation selection, selecting appropriate timetables,
and in general, answering questions raised under the various
components of the project. Portions of the second step, the
procurement steg may run concurrently with the planning stage.

The procurement stage includes collection of seeds and plant
materials, production of plant materials, g,etting growing contraets
lf needed, location of materials that will be used on-site for
stuck cuttings, wattling, and the writing of specifleations and
contracts.

The final stage is the i.mplementation of the project" A

portion of this stage will be discussed in the second talk. Some

of it will be covered in the field exercise.

PLANNING

Site Analysj-s

A number of factors are considered in the site analysis.

Climate and Microclimate: The overall climate of the site
must be considered. The selection of plant materials, planting
season, site preparation. and planting methods are very dependent
on this factor. Summer and winter temperbtures (intensities'
time, &nd duration), rainfall amounts and seasonal distribution'
season and duration of flooding will all enter lnto tbe final
revegetation decisi-ons. Fal1 rains and winter temperature infor-
mation will affect the choice of planting season ln part. Rain-
fal1 amounts and distribution will affect choice of plant materials,
choice of planti.ng season, and the decislons of whether or not to
irrigate. Al1 of the factors will affect the ultimate choice of
plant materials.
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vegetation spectrum: The vegetati.on existing on and near
the site and on similar areas nearby which have revegetated
naturally w111 help in the serection of the plant species to be
usedr whether these plants are nati.ve or lntroduced ("exotic").
The cboice must be made between natj.ves or introduced species.
Native species are often mandatory on regional, state or national
1ands. Native species have knorn adaptation to the climate and
soils of tbe area. For wattling, brush layering and sticking of
unrooted cuttings, materials are often growing nearby. However,
in many cases there may be a limited choice of native materials
which will be adapted to the rigorous conditions of the site.
For examPl€, on reservoir sj.tes in the Central Valley and foot-
hills of California, the extremes between late spring and early
sutDmer flooding and late sunmer and fall drought impose stresses
which linit the number of native species available for use.

The use of introduced species a1Iows the pqtential for
selecting plants from many other parts of the world, some of
which have similar situations to that found in these difficult
areas. The commercial availability of potential plant species
usually will be increased when introduced species may be used
as well as natives.

3ina1ly, the availability of plant materials will enter into
the flnal choices for the revegetation plan. This topic will be
discussed more at length in the second talk. Some other aspects
of plant selection, such as the importance of ecotypes or pro-
venances, will also be covered then.

Soils and Fertility: The nature and fertillty of soils w111

affeet both erosion potential and plant growth. Informatlon on

soil erodibility can be gained from observation and from such
sources as the U.S.D.A. Soil Conservation'Districts.

The need for fertilizers may be obtained from soil tests,
pot tests, and field trials. Soil analyses do not always indicate
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the plant response on the site to fertilizers. Pot tests done

in the greenhouse or out-of-doors may give a better indication of
plant response. The ultimate decision of whether or not to
fertilize is best made by field trials but lead time for a project
may not allow tbese trials. Pot tests are best run by the "sub-
tractive method". A complete fertiTJ-zer and a non-fertilized
treatment serve as the controls and one element is subtracted at
a time. Growth eomparisons are used to determine fertility needs.

Types of fertilizers may be placed into several categori-es.
Conventional fertilizers are soluble and may be primarily of one

or several of the essential plant uutrients. Slow release ferti-
Iizers may be subdivided into two general types, those with the
nutrient elements in the mi-neral form and those in wbich the nitro-
gen is in an organic form. The latter may be of little value on

very sterile soils such as sands because there is insufficient
biological activity in the soil to convert the organic nitrogen
compounds to the inorganic or mineral form.

Many woody plants, especially natives, may not really need

fertilizers even though grasses may respond in the pot tests. Too

much fertilizer may impair plant establj-shment. In colder areas

over-fertilizatj-on may produce too muctt growth late in the season

and result in excessive winter killing. If water is the limiting
factor for plant growth, additional fertilizer will be of little
va1ue.

Grass species usually used in revegetation work often perform

better or even require additional fertilj.zers for survival.

The water holding capaeity of the soi1s, season of flooding'
and seasonal rainfall distribution will affect the plant selection
and the possible need for irrigation for the first season or two.

Special Problems: Many other problems must be considered in
developing tbe final revegetation pl-an. Among these problems are

wave action from wind or boating, site terrain and the need for site
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preparation, the occurrence of seeps which may cause slope insta-
bility (or conversely aid plant survival), and otber erosion factors
including off-site run-off water. In stream, ri-ver and delta
situations the current flow at high water may be a severeLy limiting
factor for revegetati.on without the use of artificial protection
such as gabions, groins, wire fencing, gE.

Developing the Revegetation PIan

When all the information on the site analysis, including the
consj.deration of political and economic contraints, are in handr a
revegetation plan may be developed.

Plant species, total spectrum and quantities, can be determined.
Planning for procurement of the plant materials can be done. Season

of planting can be determined based on season of flooding, climate
and rainfall, avai-lability of irrigation, the size of the proiect,
etc. In large projeets, planting may require more than one season

and may have to be integrated with the construction of engineering
features.

Site preparation planning includes consideration of need for
supplemental protection. Severe erosion problems may have to be

corrected and minor erosion may be remedied as the planting progresses.

' Aesthetics should be considered in the project design but must

be considered in conjunction with other factors. A detailed land-
scape plan as used j.n urban situations usually is not needed. The

project layout may be generalized according to erosion control needs.

The natural grouping of plants may be illustrated by a sample of a

small section of the area. Usually it is best to avoid straight
rows, except in the placement of willow wattling, brush layering'
or other special circumstances. Randowm placement of plantsr within
and arnong species will help control surficial erosion as well as

result in a more pleasing design. Loss of some plants is a foregone

conclusion in this type of planting and this will add to the random

nature of the finished planting.
-5-
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Specifications must be wrltten rigorously and in considerable
detail. Some seemingly trivial details of planting techniques can
be all-important for a successful project. The enforcement of
speci-fications must be equally rigorous.

Procurement of the vegetation materials will be discussed in
detall in the later talk but must often be planned well in advance
of the actual i.mplenentation of the project.

IMPLEMENTATION

Planting Methods--cuttings and transplants

Tools: The t6ols required will depend upon the revegetation
plan, the size of plant materials, soils and size of the project.
We will see some of these this afternoon. They include picks,
mattocks and shovels for site preparation, shovels, spades or tile
spades for planting larger plants and trenching for wattling and

brush layering, and dlbbles for planting smaller plants and cuttings.
Star drills and hammers may be needed to plant cuttings in cemented
soils. Power augers may be useful on many sites for larger jobs.
Heavy hammers and sledges are needed for staking the job, driving
stakes for fencing or cages for plant protection, and driving
stakes in the installation of wattling which will be discussed
later. Chain saws, lopping and hand pruning shears, and hatchets
may be needed for preparatj.on of cuttings and materials forwattling'
brush trayering and brush matting.

Other materials may include fertilizers, fencing, wire for
plant protection cages, and stakes for holding plant proteetion
eages in place and for wattling, etc. Each iob wiLl bave its own

requirements.

Planting lloles and Methods: Size of the planting holes depend

on the size of material to be planted and sometimes on the soils.
When soils are friable the hold may not need to be much larger than
the plant material. In heavy or compacted soils, a larger hold to
allow backfilling of looser material may a1low better initial root
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penetration. The size also depends on whether fertilizer or soil
amenrlments are used.

when fertilizers are used the holes should be deeper than
needed for the plant size, the fertirizer mlxed thoroughly in
the bottom and cover with several inches of backfill to avoid
burni.ng of the plant roots. Use only the quantities of fertilizers
recommended by the manufacturer or as needed, determined by soil
or pot tests.

The use of soil amendments is currently in debate. Older
recommendations often called for amendments to loosen the soil
and increase water holding capacity. Some research indicates
that root growth may be increased in the amended soil but not
into the native, undisturbed soil. Amendments may increase
planting costs substantially.

Holes on slopes should be constructed as in the following
diagram to accumulate moisture and reduce burying of the plant
by loose soil.

Planting should be done irrmedlately after digging the
planting holes to reduce drying of the back fi1l. This is
especialJ-y important where supplemental irrigation is not
available. Plants should be removed from the containers unless
contaj.ners are bio-degradeable. With bio-degradeable pots,
especially peat pots, the pot rim should be removed weII below
soil Ieve1. ff the roots have not thoroughly penetrated, bio-
degradeable pots the material should be removed entirely.

t lrt,|'..t'.'t'|-'|tu'lLo 
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In revegetation projects it is usually desireable to set
the plants just below the level in which they were grown to
conserve soil moisture. This is contrary to the usual level
planting recommended for irrigated landscapes. Backfill should
be thoroughly tamped to insure good soil-rool contact and to
eliminate any air pockets. If irrigati-on is available, the
plants should be watered in to aid tbis compaction and supply
supplementary water.

The use of berms around the planting hole are often useful
to coneentrate rainfall or irrigatj.on. These should be two to
four inches high and of sufficient diarneter to perform this
function. On sloping ground it is desireable to leave the berm

open on tbe uphill slde to trap more run-off. The inside of the
berm should be tapered toward the plant to concentrate water
near the root system.

The use of mulches is of questionable value on sites subject
to flooding. Plastic muLches may reduce aeration when the plants
are flooded. Organic mulches will float away. However, if a

growing season will elapse between planting and flooding timet
mulches may increase plant survj.val. If plastie is used is should
be removed before flooding.

Planting Methods--seeding :

Hydroseeding: Grasses and forbs may be established by

hydroseeding where flooding does not coincide with the germination
stage. Woody species usually cannot be established this way

because seeds are not placed beneath the soil surface. Costs
vary with the ehoice of species, rates of seeding, choice of
mulch as blnders, size of job (and equipment)1 accessibilityt
etc. These costs may run to $7OO-1'OO0 per acre.

Range Drills: Grasses and forbs may be economicalLy seeded

on gentle sites with modified range drills.

V{ood spec ies may be est abl ished on
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some sltes by dlrect seeding. This technique requires fairly
intensive management, but where successful, it is more economj.cal

than using transplants.

Plant Protecti-on

On many sites it is essential to protect plantings from damage

by animals. Rodents will often girdle plants at ground level.
Rabbits, deer, and domestic animals can kiIl plants by browS5.ng

and the larger anj-mals can cause considerable damage by trarnpling.

Wire caging i.s usually used for this purpose. The mesh

size and beight of the cage will depend on the predator. Hard-
ware cloth is needed for mice and other small animals. Larger
mesh sizes are suitable for larger animals. The height will
depend upon the kind or kinds or predators. They may be fairly
low for rodents, of medium height for rabbits and as much as

three or four feet for larger animals. The larger animals may

browse the brancbes extending beyond the cage and even the tops
but the plants will usually out-grow the need for protection.
These cages may be anchored with wooden stakes or large "hair-
pi-ns" made of number 9 wire.

Fencing an entire site may be necessary in areas where deer

populations are heavy or where domestic animals graze.

Ilaintenance and After Care

Irrigatj.on: The use of irrigation w111 improve growth and

survival of plantings. The deeision must be made on eeonomics

contrasting overplanting and increased plant nortality vs. the
cost of irrigation. On many sites, irrigation may not be

necessary beeause of srunmer rainfall. On other sites the increase

in survival may be worth the cost. Some species which are both

flood and drought tolerant may be irrigated for one or two years

and then can survive without further irrigation.

Temporary irrigation systems may be used where soils and

-9-



o

o

o



choice of plant materials permit (e.g. Eucalyptus species on soils
@f adequate moisture holding capacity) or where plant roots can
eventuaLly reaeh moist soil near the water's edge. These systems
nay be moveable such as irrigation pipe or inexpensive plastic
which can be abandoned.

Permanent systems may be needed where choice of drought-flood
tolerant plants is very limited or where recreational use or
sensi.tivity of the site justify the costs.

Many types of systems are available. Underground systems
which are perforated have been used. Above-ground systems may

be conventional sprinklers or some of the newer types using drip,
trickle or emitter distribution.

Ileed Control: The control of weeds is desireable in any
revegetation planting. On riparian sites the use of cheruicals
often is not possible, Persi-stent chemicals such as pre-emergence
herbicides should never be used. Only those chemicals which degrade
rapldly into harmless compounds should be used and their use should
be limited to some dlstance from the water. The problems with
mulches has already been discussed. In many cases only manual weed

eontrol is acceptable.

Fert i ltzat ion :

for most woody plants
On some soils r Brass
to maintain adequate

Additlonal fertilLzer should not be needed
if the correct species have been selected.

vegetation cover may need to be fertilr,zed
stands.

Planting Methods--Ifattling, Brush Layering and Brush Matting

Wattling: The word wattle is derived from an Anglo-Saxon
word wate1, meaning interwoven twigs and hence a framework or
hurdle made of such. The word was adopted by Dr. Kraebel in the
1930ts to describe a process of erosion control where bundles of
wilIow or other naterials were tied and placed in trenches,
overlapped and staked and partially covered with soil.

For steep cuts and fills and other areas subject to downhill
-10-
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movement, wattling must be placed on contour. On r5-parian sites
subject to wave action they may be placed diagonally to the wave

action. This may be done in one direction if the waves come from
varied directions. The length of the "runs" will need to be deter-
mined by J.oca1 site conditions including such factors as the water
leve1 fluctuation. Te bave only used it to a limited extent to help
establish fish spawn habitat at Lake Oroviltre. I have not had an

opportunity to observe the long term effectiveness of this use.

Tbe methodology is best summarized by the following diagran
and set of specifications:

Prepare t{att ling: Cigar-chaped bundLes
of livc brush rrth brtts aiternat ing,
8-10' Cla., tred 12-I5' o.c. Spec:,is
vi:rch root ar! prcf e:red.

t I Stake
on contour

l2 Trench above
stakes, L/2 dia.
of brrndl e s

f3 Place bundleg
in trcnch

-]1.-\.
t I AdC stakcs

tt^.rough and
belou bundlee

t3 --ovcr wattlrng
'dttn go ii , ttop
f inoJ.y

NOIE: t{ork startt et
bottonl of cut or I ilf
rnd proceeds frsn
Step I ttrrcuEh SteP
5. This diagran
showr Progrress of
uork vhcre 5 or
nore reYs cf uettling
ltc Plaeed.

lTatt ling i.nstallat ionFigure 2

-1 1-
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Specifications are as follows:

_ L.- _wattling br:ndles shall be prepared from live, shrr.rbby r,aterial,preferably of species rhicb will root,-such as Salix spp. (uiil*.),
Baecbaris spp. (Coyote bush and l{ulefat), etc. 

-2. tJattling bundl.es Dry vary in lengt,h, depending on nlterial avail-a!]e. Burrdles shall reper rl tbc-crrde rnE shall-be I I I vz ft. (nax. 2ft.)_longer tban tbe average lengtb of stems to achieve thii taper.- Buttsshrll not be nore than ll l/2 in: j.rr dj.anreter.
3. Stens sball-be pleced alternately (rarrdclrrly) in each bundle Bo that

epproxirnately one-balf tbe butt cnds are lt cach ena of tlre brurdle.
1. [hen coqrressed finnly and tied, each bundle shall be +g in. inutt";: 

iili];''"n"r, be ried on not nore tban 15 in. centers lr.n.ro
uraPs of binder twine or hravicr tyinE Etterial with a non-slipping knot.

5. Bundfes rhal.l be prepared not rcre tlran lrro dryr in advance ofplacement except that if kept covcred a,nd uet tbey uay Le prepared up to
3eveD days in advance of plecernent.

7. Grede for _the sattling trenchcs elrall be staked with en lbneylerrcl' or sirnj.lar devicer lrd thaLl follcr elope contours (horizontalj.
8. Trencbcs aball b€ 3 ft. vertlcal rgacing (or ruch otber rpacingspecified. Econonrics nay dictate wider placeoent).
9. Bundles rhall be laid j.n trenches dug to approxinately one-halfttre dianeter of the bundl.es, uitlr end,s of lunitas ollrlapping it least 12in. .The overlap elrall be as long es Decessar)r to perriit itafi,ing asrpecified bel*r.
10. Burdles shall be stakcd firnly in place with verticrl rtakes onthe darn-hill side of ttre watt]ing not:nore ijran lg in. on ccnter and

diagonal stakes through tbe bundles on Dot mre tiarr 30 in. centers (aee
Fig. III-I). tfhere bundle overlap occurd betseer previously set bottqn otg:ide gtakes, trr additional b'ottqn Etake rtrall be irsed at tlre nidpoint of
t'.be overlap. Bundle-overl,aps ehall be "tied" wlth a diagonal stale througbtlre ends of both bundles.

made of live ryattling material greater than l l/z
rnay be construction stakes (2 " :( {' x 24" or 2,, x

Reinforcing bar may be substituted only as

12. Alf stakes shall be dri.ven to a finn hold arrd a mini.nurn of 18 in.
deep,. tlhere roils are soft and 2{ in. etakes are not solid (i.e. if they
can be noved by hand), 36 in. stakeg shall be used. ttbere roi.le ere Eo
conpfeted that 24 in. stakes cannot be driven lg in. deep, 3/8 - t/2 b.steel reinforcing bar ehall be used for staling.

13. .. nork shall progresr fron tbe bottco of tlre cut or fill tonard the
top trd tsech rcrr ghall be covereil wittr soil urd pacled fir:nly behind arrd onthe uphill side of tbe uattlj,Dg by tunping or by uailing on Lhe uattling a6
the rork progreales or by a combination of these nethods.

la. The downhill 'lip" of, tlre ulttling bundle shall be lcft exposed
uhen staking and covering are eoupleted. E*ever, rllre prcceding
:pecification lust be rigorously ad,hered to.

11 . Stales nay be
in. in dianeter or they
{" x 36", diagonal eut)
Epecif ied belotr.

Wattling has several advantages: energy dissapation,
temporary stabili.zation to allow establishnent of other veg-
etatlon, Sediment entrapment, and, lf easy-to-root species
are used, it becomes part of the vegetation component. It
rnay ultimately be crowded out by more dominant species.

- 12-



o

o

o



Costs and labor breakdown
wi llow cutt ings on a small
L973 are as follows:

l.

2.

of wattling andjob (+ 1 Acre)
st icking unrooted
at Lake Tahoe in

Prepared and Install tfattling (lrl{0 lf)
t, I"abor

fl $caling (L/2 total)
2l Cutt"ing
3) Prepare tstack, tie, Ioadlll Layout
5) InstaIS
6I Donn tjne (rain r L/Z total)7l Trave1 (fron SacranaDtor lrlarysvil1e, L/z

b. Irfaterial
** 1) g{0 con stalses (2x4x21., e 25c €r.2t ilisc. (twine, gra r etc. )3) nillows (obtained frm Forest senric€l

c. Equipnent
1) Chain daw
2^r- fransportation and tnrcking
3) Uisc. (aheare, uattock, sh;'vel; hamer, etc.)

notal
Unit Coet: $2r217't lr1{O - $1. g7/Lf . say g2.00r/If for
Prepare aad Plant tfillow Orttiaga (grOO0 Cuttings)
a. Labor

f) Scaling (L/2 total)
2l Cutting
3 ) Prepare
{ ) P1ant
5) Dwn time (rain, L/Z total)5) Travel (from sacramentor Marysville, L/z total)

I73 e

llanr Eotrre

2
I

3{
76
10
42

$e:Tf $t,s5z

$o
50

2
27
28

9
75
10
t2total)

te3 e $9.00i s $I'737

$2 10
50

0

25
200

25W
' lfattli.ng.
a

Mam Eours

b. l{aterial
1l Willoss (obtained frm Forest Service)2l lrf isc. ( twine , aunin sorution, etc . )

c. Eguipent
f) Transportation and trucking2l ltisc. ( sheara, drills, trametl t etc. )

Slttfi:.: $r,srz. + 8,000 13 g0. zzst/ea., say

or- 
I

6e/sq. f . (baEed on planting willows at about

* '$2. 
OO /lhr. + $2 . OO /hr , sul-rs.istenc€ ..** 1.36' o.c. for stakes (except doubled atprobably I.bt o.c. average).

200
25

bbatffi
23C /ea. for rlillow

Zt centers) .

overlap r so
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Brush Layering: This is a technique used 1n Europe for
years and to a limited extent in the unlted states. This
technique may be installed at the tine of construction of
f1lls but for most riparian work it would be installed in
a trenching operation. The generar principles are illustrated
in tbe following figure.

Liuo brorrhrr plorod
on ru(osriuo liftr of f ill

Z-
-t\-./-- \/(' rr y_3100G ____

Figure 3, Schenatic diagram of brush layering.
Brush may be laid on Lifts of fill or in
trenches cut in existing slope.

-14-



o

o

o



Cut, live material, preferably live plants of a species which

will root are laid either on the successive "lifts" of a fill or
1n trenches cut successively from the bottom to the top as in
wattling. Soil removed from each successively higher cut is used

to fill the cut below. The cut material will vary in length
depending on whether the use is in fill construction or on existing
banks. For fills, brush may be up to six feet or more long. For
trenching, leugths of two to three feet long are more suitable. Cut

branches should be laid in a criss-cross pattern for greater stability.
Avoid excessive lengths of protruding branch ends to avoid excessive
sediment build-up wbich can ultimately cause increased erosion.

Brush layering has the similar advantages of wattlings energy

dissapation, entrapment of sediments, temporary erosion control
and, if of rootable species, it adds to the vegetation component.

Brush Mattling: This procedure is the laying or brush secured

with stakes and wire. The brush may be laid on site and covered

wlth wire netting or a network of wj-resr or placed between two

layers of wire netting which are then tied together by wire to
make a mattress. A disadvantage of brush matting is that other
plants, cuttings or transplants are difficult or impossible to
plant through the matting. Matting must be throughly anchored or
it will float or wash away and it must be protected from under-

cutting.

SUMMARY

No vegetation techniques will resist severe erosj-on until
established. Auxj-Iiary methods such as rip-rap gabions, bulkheadsr and

groins often need to be used in ri.parian situations for protection
until establishment of vegetative cover. In areas of severe stream

or river flow they may be needed in addition to vegetation as a
permanent part of the control measures.

I have tried to describe a strategy for tbe solution of some

riparian revegetation problems. This strategy has worked well in
the solution of a wide variety of sltuations in addition to those
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of reservoir shoreline revegetation. The steps or components of
tbe overall revegetation plan are:

1) thorough analysis of the problem, considering the vari.ous
components and constraints, and biological, environmental,
physical, political and economj.c factors;

2) thorough planning includi.ng all of the information obtained
from the first step; and

3) careful implementation of the revegetation plan.
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