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| NTRODUCTI ON

Land nanager s have a conti nui ng need t o neasur e streanfil owand sedi nent, bot h
inunal tered settings and for noni tori ng response t o nanagenent activities. @llecting
di scharge and sedi nent data at hi gh fl ows nay be negl ected i n sone situations. This
nay be due t o saf ety consi derati ons associ at ed wthwadi ng, or duetoalack of bridges
or other avail abl e structure craossi ngthe stream Ahand-operat ed cabl evay with
travel i ng bl ock syst emhas been used by t he Nez Perce Nati onal Forest si nce 1977.
Theseinsta lations al | owhydrographerstosafely call ect streanfil owand sedi nent dat a
during highflowconditions. Qperatedfromthe bank, this cabl enay systemprovi des a
safe, | owcost, and effecti ve net hod t 0 acqui re year - r ound neasur enent s.

Asriver stagerises, safety of the hydrographer who cal | ect's dat a becones an
i ncreasi ng concern. The common rul e-of -thunb i s to avoi d wadi ng i n st reans when
theproduct of thedepth(infeet) andthewater vel ocity (infeet per second) exceeds
10. The use of tenporary bridges and pl at f orng can reduce the ri sk of an acci dent
occurring during i n-streamneasurenents, but at the sanetineit nay provide forest
visitors wth ahazardous setting. The systemdescribedinthis paper hel ps avoi d both
o thesesituatians.

The systemi n use onthe
Nez Perce Nati onal Forest
consi sts of al ooped cabl e
stretched across a stream
channel and suspended f rom
two support poststhat are
pernanently instal l ed on
opposi t e streambanks. The
cabl etravel s around a crank-
oper at ed dri ve on one bank and
apuleyontheother end. This
al | ows neasur enent equi pnent
t o be noved out over the
desired|ocationinthe stream

onatraveling bl ock (Figure 1). Figuel Gablevay

: : ready for
Thi s travel i ng bl ock syst emhas di scharge
simlar goeratingprinciplesto neasur enent .
the runni ng skyl i ne usedin Qurent neter and
| oggi ng operations. Sream vei ght are

suspended from
thetravel i ng bl ock
on t he soundi ng
red cade (N
Grhardt)

neasurenents are takenwth
nuch of the sane equi pnent
and net hods t hat night be used
wthabridgecrane. Smlarto
data col | ected fromot her
suspensi on syst ens, a degr ee of
accuracy islost inconparisonto
vadi ng dat a.

USDA Forest Service RMRS GTR RM--000. 1999. “




ABalk-QHatedTra/dirg-BkahUaay/fd S reamD schar ge and Sedi nent Measur enent s

The systemis general ly applicabl etostreans | essthan 100 feet wde. This
limtationiscontroll edby the cabl el ength of the soundingreel used. Present
instal lations onthe Nez Rerce Nati onal Forest are on 50-60 feet wde streans. Recent
peak neasur enent s recor ded on t hese st reans wer e a di schar ge of about 990 cf s
(RapidRver, 5/16/96) andavelocity of 9.2fps (Little Sate Geek, 5 16/97).

Wi | e hand- oper at ed cabl eway equi pnent descri bed inthi s publicationwas not
devel oped by the Nez Perce National Forest, its docunentationis obscure. TheUS
Bureau of Recl anation’ s Vet er Measurenent Mainual (1967) contai ns a one par agr aph
descriptionand photo of asinilar cablevay inoperation, but littlenore. The British
Departnent of the Environnent, Véter Data Lhit (1978), has published a revi ewof
three portabl e w nches desi gned for use wth portabl e or pernanent cabl evays.
Descri bed as portabl e, these w nches wei gh 80 t 0o 160 pounds.

Mechani cal draw ngs of cabl enay systens fromthe Lol o Nati onal Forest (1979)
and t he Mbnt ana Depart nent of Natural Resources and Gonservati on (1976) are
reproduced here, wth slight nodifications.

S nil ar bank- oper at ed cabl evay systens are i nuse across the country. Ashort
summary of four of these systensisincludedfor conpl eteness. Each has advant ages
and d sadvantages inease of insta lation, ease of use, portability, andcost. The
eval uation of these other systens i s by no neans conprehensi ve, as the author has no
first-hand experiencewththeir operati on.

Ecqu PveNTt NEEDED

The cabl eway i s constructed of parts nanuf act ured at a nachi ne shop, wth
additiond partsfromahardwrestore. Installaionrequiresreadilyavail ad e
constructi on suppl i es i ncl udi ng concrete, cabl e, cabl e ¢l anps, and turnbuckl es.

The cabl evay partsrequiringfalricationaredescribedindetail inconstruction
pl ans contai ned i n Appendix B The posts and pul | eys are steel andanaj ority of the
renai ning parts are nade of al unhnumto resi st rust.

Measurenent s are taken w t h st andar d st reamgagi ng or sedi nent sanpl i ng
equi prent. (perationrequires asoundingreel torai se and| over the equi pnent .
Gabl e- suspended equi pnent coul d i ncl ude a current neter w t h soundi ng wei ght ,
bed oad sanpl er, or suspended sedi nent sanpl er, depending onthe datadesired. A
list of suppliersandestinatedcostsis contai nedin Append x A
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Desi N

The cabl evay consi sts of sixparts (Fguwe2). Auright sted post isinstdledon
each bank. (nhthe shorewth easy access, apul | ey-drive housi ngis nounted atop the
post. Ohthefar shorethe post supportsapulley, thetailhod Qeratedwthahand
crank, the pul | ey-drive control s the novenent of al ooped cabl ethat is stretched bet ween
the posts. Atravelingbl ock rides onthe upper cableloopandisattachedtothe | oner
cabl el oop. Suspended fromthi s travel i ng bl ock, the hydrographers’ equi pnent nay be
posi ti oned and oper at ed anywhere i Nt he cross secti on.

Fgure 22 Shenatic of the cabl enay systemw th soundi ngreel and current neter in
use. (1) near post ithpul |l ey drive housing, (2) soundingreel, (3) cabl evay cabl e,
(4 soundingred cade (5 travelinghbl ock, (6) current neter, and(7) tailhd donfar
post. (J. VanDeVéter)
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Astandard soundingreel, suchasan A550r B 56, isasoattachedtofittings on
the near post (Hgure 3). The cabl e fromt he soundi ng reel is usedto suspendthe
neasuri ng equi pnent, such as acurrent neter. The cabl e i s supported by the | over
pul l ey of thetraveling bl ock. Usingthe soundingreel, the equi pnent nay be rai sed
and | overed as needed for datacall ection. Thus, the horizontal positionof the current

neter iscontrol | ed by the cabl enay crank, whilethe vertical novenent is control | ed by
the soundi ng reel .

Figure3: Key conponents of the cabl enay. Travel i ng bl ock, soundingreel,
and crank-pul | ey nechani sm (N Gerhardt)
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OrER Desians 1N UsE

Alighter version cabl enay nade wth aboat wnchisinuseonthe Qearvater and
| daho Panhandl e Nati onal ForestsinNorthldaho. Thisinstallationis very
i nexpensi ve. Aboat w nch nay be purchased for aslittleas $40.00torep ace the
crank-pul l ey drive housi ng. The systemi s oftenattachedtotrees, rock or ot her
availabl estructures, reducingsetuptine. (B ooks Beegl e, Gearvater Nati onal Forest,
Qofino, 1D

Aconpl etel y portabl e systemhas beenused by the US Forest Service Pacific
Sout hvest Experinent Sation. |nstead of pernanent posts, tripods wthguylines
support the equipnent. Inthisway the entire cabl enay can be noved to tenporary,
renctelocations. Itisset upprior tohighfloms andthenleft inplacefor the season.
(TomLi sl e, Redwood <ci ences Laboratory, Arcata, Y

Asinplevariationof our cablevay isbuilt toaUS Gl ogical Survey (LB
desi gn, and nar ket ed by a hydrol ogi cal equi pnent supplier. The “USGS Bank-

Qper at ed Gabl evay” uses astatic lineto suspendthe equi pnent fromthe traveling

bl ock. Ahand-operatedtowcabl eis strung beneaththe staticlineontwo pul |l eys and
isusedtopositionthetraveling bl ock and equi pnent. Asoundi ngreel contral s the
vertical notionof the equi pnent, sinilar toour design. Qe advantage of this design
isthe ease of usingguy-lines onthe posts, providi nganorestabl e system A100-f oot
spanversionof thissystemgenera ly sellsfor | essthan $2,500, nat includi ngthe
soundi ng reel or neasurenent equi pnent. (R ckly Hydrol ogi cal Gonpany, Gol untus,
H.)

The US Geol ogi cal Survey i n Véishi ngt on has desi gned a cabl eway that wor ks
closelywththe B56 soundingreel . Instead of being separate, the cabl enay control
unit attachesdirectlytothe soundingree wthout nodification. It providesvertica or
hori zontal control wththeonereel hand e. Duringhorizontal positioning, the
soundi ng cabl ei s sinul taneousl y control I ed, nakingthisjobeasier axdfaster. The
installationisestinatedtocost about $2,000. Sill inthe desi gnphase, thi s egqui pnent
ispresently being nanufacturedfor US Geol ogi cal Survey use, but presentlyitis
unavai | abl e for other agenci es and private organi zations. (John Bowdy, US
Geol ogi cal Qrvey, Tachona FH el d Gfice, VWA)

For larger instal |l ations, doubl e drumw nches are avai | abl e. The cabl evay t overs
and nai n cabl e are a heavy-duty versi on of the desi gndescribedinthis paper and cost
about $10, 000. Doubl e drumw nches start at $7,500, replacingthe needfor aBreel.
Qe nanufacturer is Qt Msstechni k, Germany. These systens are avai | abl e t hrough
Rckly and through Sientific Instrunents of MIwaukee.
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CaBLEMWY SITE SELECTI ON

Jte sel ectiondepends bothonthe qualities needed for a good di schar ge or
sedi nent neasurenent and onfactors affectingtheinstal | ati on and operation of the
cabl enay. Buchanan and Soners (1969) di scuss sel ection of di schar ge neasur enent
sites. Qher neasurenents t o be taken nay have addi ti onal requirenents, suchasthe
channel substrates andtheir effect on bed oad neasurenents. Adiscussionof site
factorsthat canaffect theoperationandstrength of the cabl evay fd | ovs.

Sibstrates nay affect thestability of theposts andresu ting cadl evay strength.
Rock or boul der sites w | provi de anore secure foundati on for the posts than sands or
gravel . Rost stability canbeincreasedwthadditional concrete, anchors, and braci ng.
Posts nay be nodi fiedand bolted directly tosaidrock.

Aperson experi enced wththe channel andits historic stages can provi de val uabl e
know edge and i nsi ght. Gnsi der the 100-year fl oodpl ainto protect the posts from
possi bl e fl ood danage. The approachto the site nay becone nore difficult at high
vater, but accessis only neededtoone sidetooperatethe cabl evay. The posts wil |
needto be positioned sothe cabl ei s perpendi cul ar tothewater flow

The di st ance between t he posts nay af f ect the operati on of the cabl evay. Soan
wdthislimtedbythelengthof cable onthetype of soundingreel used and by t he sag
of aweighted cable. The A 55 soundi ng reel comes equi pped wth 75 feet of cabl e,
whilethe B-56reel nay be equippedwth either 115 or 144 feet of cable. As the span
appr oaches the | engt h of the soundi ng cabl e, the di stance the posts are set back from
the hi gh wat er nark and t he hei ght above t he hi gh wat er nark nay becone i nport ant
factorsindetermni ng post pl acenent .

The optinal post positionresultsinthecablebeingat ahei ght of sixfeet abovethe
vater | evel duringthe use period, whichis comonly highflows. Thewater | evel at
bankful | isagoodstartingpoint, wth consi deration gi vento hownuch hi gher peak
flons mght be. Aterrace, or abandoned fl oodpl ai n, nay provi de agoodsite.
Grerdly, thehigher thecabl eisabovethevater, thelesstheeffort that wll be needed
tohorizontal |y positionthe equi pnent at the desiredlocation. Fosts set just above
highwater wil work; theyjust require nore effort and coordi nation during operati on.
Awei ght ed cabl e conmonl y sags one or two feet and even nore for 1 ong spans. In
bor derl i ne condi ti ons, conputation of cabl e sag by astructura engi neer nay be
bedfidd.

Thepositionof thecablere ativetovater levelsisespecialyinportant toconsi der
inriversusedfor recreational boating. Gabl es needto be hi gh enoughto avoi d
creating dangerous situations for recreati onal users. Appropriate considerations are a
function of the type and anount of use and nay i ncl ude neasur es such as si gni ng or
posti ng out | ooks duri ng neasur enent peri ods.

Avork areawthgood footingw | ease operati onandinprove safety at thesite.
The cabl evay i s operat ed frombehi nd and t o t he si des of the head bl ock post. Al evel
space between t he head bl ock post and t he streami s desi rabl e so neasur enent
equi pnent nay nost easi |y be transported and attached to t he cabl enay. Avoi d pl aci ng
the cabl evhere youw || have toduck under it toaccesstheriver’s edge, either when
usi ng t he cabl evay or during other tines of theyear. Atrail nay be needed t o nove
equi pnent fromyour vehi cl e t ot he cabl evay.
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| NSTALLATI ON oF Posts AnD CasLEWAY

Installationshouldoccur wentheriver canbewvaded. Qrsiteinstallationtine
for one personis approxi natel y four hours toset posts andtwo hourstoinstall the
pul | ey nechani sns, cabl e and carriage. The use of concretew || requireadrying
period bet ween each of these steps. For those | ess experiencedin construction
projects, instalationtine nay doubl e.

The post s nust be firnhy anchored. They need to be set pl uni, at a conveni ent
vwork height, andsothepulleys arelevel andaignedwtheachother. Forcesappliedto
the posts can qui ckly reach highl evel s. Rocky subst rat es provi de t he nost secure
foundati on. Mbst conmonly, thepost isset inahoeandfilledwthconcretefor a
securefoating Mreconcreteisneededfor siteswthlittlerock. Aslittleastw bags
of concrete mght be used, but a poor site night requireacubicyardor nore. Atie
back w t h anchor (s) nay be used to support the tail hol d but shoul d be avoi ded at the
pul | ey housi ngend, whereit nay interfere wth operati ons.

Rost Insta | aian

The top of the head bl ock post shouldbeinstalled at ahei ght of about four
feet, alowngthecrankstobe operatedeasily by bothtal | and short persons.
St thetail post soitstopisabout nineinches above thetop of the head bl ock
post. Aignthepostssothe pull eyswll be directedtovards each ot her,

nini nhzi ng bi ndi ng of the cable. Bracethe posts until the concrete has dried.

Measur e t he di st ance between t he posts for the cabl e.

Al owconcrete to cure seven days or nore, dependi ng upon the type of
concr et e used.

Installationof the pul | ey nechani sns, cabl e and carri age:

Bolt thenainpul | ey housi ngatop the near post andthetail pulley onthe far
post .

Atachaturnbuckl etoeachend of the center tiebar of thetraveling bl ock.
G anp the cabl e to one of the turnbuckl es using athintl e and two cl anps.
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Feedthe free end of the cabl e around the drive pul | ey and bet ween t he two
ider puleys of the nai nhousing. The cabl e commng of f the top of the drive
puleyisfedthroughthetravel i ngbl ock, stretched acrossthe stream and over
thetopof thetail hddpuley (Foured).

Atachthe other cableend. Wththe turnbuckl es opened w de, feedthe free
cabl e end through t he near turnbuckl e, stretch the cabl e as nuch as possi bl g,
andclanpit inplacewththe renai ni ng two cl anps and t hi ntol e.

Adj ust the cabl enay housi ng usingthe sl ottedho einthe post plate, aigning
thehousingpard |l el tothestretchedcableandtail pull ey.

Adjust thefinal tensionof the cablewththe twoturnbuckl es toreduce sag.
Végner (1995) recomnmends an unl oaded sag of 2 percent of thelinelength
for cabl enays wth nanned cabl e cars. Qi of f the excess cabl e.

Readj ust the tension of the newcabl e after several usesif necessary, usingthe

t ur nbuckl es.
Crank .
mechanism : Tc?élt
on post Traveling Tall post
' block pullsy
0220 &
IV w
i)
o L)
v "o 2 Sounding Velocity
e reel —= meter and
° sounding
weight

Fogre4 Shenatico thecablerouing. Thetravelinghbl ock rides onthe upper spanof the
naincable. Theends of thenaincableare attachedtothetravel ing bl ock, contralingits
novenent. Equi pnent i s suspended fromthe travel i ng bl ock wth the soundi ng reel cabl e.
(J. VanDeVdter)
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CaBLEway CALI BRATI ON

Wedf thelinecounter fittingdescribedinthe constructionplansis not
reconmended. Aneanstoidentifythe horizontal |ocationof thetravelingblockis
needed, but previ ous use of theline counter onthe counter pul | ey shaft (Appendi x B
sheet 5, part 16) provedunreliable. Sippingof thecableresutedininaccurate
readi ngs, and year-round exposure t ot he weat her caused the counter tofail .

Instead, thelocationof i nstrunentsinthe cross sectionis gauged by pre-narki ng
thecablewthpaint. Thecableis nost effectivel y narked duri ng t he wadabl e peri od
usi ng a neasuri ng t ape stret ched under the cabl evhileasoundingreel isinplaceanda
soundi ng wei ght i s attached. Wth the soundi ng wei ght al i gned with the desired
locati ononthe tape, the upper cabl eis narked wth enanel pai nt wherethe cabl e
enters the pul I ey housi ng (H gure 5a &5b).

hcross sections that are nornal |y neasured at | owfl ows directly under the cabl e,
the author prefersto have the neasuring tape attached to t he sane bank pi ns
custonari | y used duri ng wadi ng neasurenents. This al | ows cross sections to be
conpar ed nor e easi | y.

Two-foot narkings are appropriate for streans about 50 feet wde. Ten-foot
inervalsarenarkedinoneco or, andtwo-foot interval sinasecondcol or. During
operation, distances are estinated bet ween t he narks.

Paint pens, simlar tonarking pens, areneat andefficient. Soraypaint isal so
effective when usedwthacardboard stencil. Paint narks nay need to be refreshed
amud ly.

Fgure5a&5h: Mrkingcablefor horizontal location. Paint narks onthe cabl e a | owthe
equi pnent to be positioned accuratel y inthe cross section. a) Hydrographer positions the
travelingbl ock at desired|ocationprior tonarkingcable. b) Mrkingthe cablewthapaint
pen. (J. Rrad so)
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CaBLEway OPERATI ON

D schar ge neasur enent s and sedi nent sanpl e col | ecti ons are t aken usi ng st andar d
equi pnent and t echni ques (Buchanan and Soners, 1969). The operation protocol s
used on the Nez Perce National Forest areincl uded i n Appendi x C

The soundingreel is attachedtothe nount onthe head bl ock post (Fgure6). It
isinstaledandrenoved oneachvisit toallowuseat other sitesandavoidtheft or
vandalism Thereel cableisattachedtothetravelingbl ock by renovi ng the | oner
sheave, feedi ngthe soundi ng cabl ethrough, andreplacingit (Fgure7). For discharge
neasurenent s, the current neter and soundi ng wei ght are used, attachingthemtothe
end of the soundi ng cabl e. The current neter and soundi ng wei ght can be repl aced
wthanintegrated depth sanpl er or bed oad sanpl er, for suspended sedi nent or
bedl oad neasur enent s.

Figue6: Head bl ock post. Rull ey housi ng
renai nsonsitebetweenvisits, but the
soundingred isrenaved. (J. Rarad so)

m USDA Forest Service RMRS GTR RM-000. 1999.



ABank- Qper at ed Travel i ng-B ock Gl evm)\for S reamD schar ge and Sedi nent Measur enent s

Fgure7 Atachingthesoundingcabletotravelinghbl ock. The sheaveis
renoved and repl acedto attachthe cableprior touse. (B Beegl e)

The equi pnent i s positioned at the
partia sectionto be neasured, usingthe
narki ngs onthe cable. Thisrequires
operat i ng bot h t he cabl eway and r eel
handl es, feedinglineout wth the soundi ng
reel asthebl ockis noved out wththe
cabl evay crank (Fgure 8). ordinationis
requi red t o nove t he equi pnent into
posi tion, turni ngthetwo cranks
si nul taneousl y. Wien usi ng 50 pound or
heavi er soundi ng wei ght's, setting and
retrieving sanpl i ng equi pnent fromw de
streans nay be sl owand tiring. The
operationis best shared by two persons
wor ki ng i n uni son, each on one of the
contra hand es.

Fgure8 Hydrographer’s view
(perati on of the two handl es needs
t o be coordi nat ed t o nove t he
equi pnent. (N Gerhardt)
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Saf ety precauti ons need t o be t aken when operating the cabl enay. H gh fl ows and
novi ng debris can appl y | arge stresses to t he conponent s of the system The rat chet
paw | ockingthe harizonta locationof thetraveingpuley nust operatefredy. If it
sticksintheuppositionwilenovingthenaincable, thehand enay spinwldy, wth
force, wenrel eased

The vertical placenent, or depth, of thecurrent neter isset wththe depth
indicator of thesoundingreel. Thedepthindi cator is set tozeroasthe bottomof the
vei ght (or the current neter cups) touches the vater surface. It isreadagainwhenit
touches the streambottom Theneter isthenrai sedtothe appropriate depth,
accounting for the di stance separatingthe neter and t he wei ght .

The horizontal angl e of the current neter i s hardto assess and nust be esti nat ed
fromt he shore.

Duri ng peak fl ows, highwvater vel ocities andfloatingdebris canfurther conplicate
operations. Eratic novenent of the sanpl ers can be reduced by novi ng t hemqui ckl y
throughthefaster, upper level s of thestream Largeboul derscaninterfereviththe
pl acenent of sanpl ers, and sone w | causethe sanpl erstotilt andruinthe sanpl e.
These | ocat i ons need t o be avoi ded. Vet ch upstreamfor floating debris, bei ng
preparedtolift the sanpl er to avoi d bel ng snagged.

Transit rates for dept h-i nt egrat ed suspended- sedi nent neasur enent s can be
calculated usingrevol utions of the soundingreel. The A55reel has adrum
circunfierence of 1foot, the B56reel acircunierence of 1.5feet. Thus when using a
B56red, thehand eisturned once eachsecondfor al 5fpstransit rate.

Bedl oad sanpl es col | ectedwth a Hel Iy Smth sanpl er i nvol ve t he sane chal | enges
for the operator as any cabl e system Hghfl ows can cause rapi d errati c novenent as
the sanpl er is|oneredthroughthe vater col unm. Fast vel ocities near the surface wll
pul | the sanpl er downstream As the sanpl er passesintothe sl ower vel ocities near the
bottom it wll swnginunder the suspensi onpoint, potentially scoopi ng bottom
nat erial s and contaminating the sanpl e, The operator nust learnto | ower t he sanpl er
toavoidthis. Wileexperiencewl!| bethe best teacher, ingenera thesanpler is
lovered qui ckly throughthe fast water, or toabout 2/3 of thedepth. Thenitis
| overed nore slowy i nthe deeper, sl owwater, al | ow ngthe sanpl er to sw ng back
upstream Fnally, itisloweredthelast i ncrenent tothe bottom

Fol | ow ng use, the soundi ng equi pnent, i ncl udi ng the sounding reel, is renoved
fromthesite. Thetraveling bl ock nay be positioned near the nidd e of the stream
and the cabl e | ocked i n pl ace wth a cabl e cl anp, or a chai n and padl ock nay be used
tolock thetravel i ng bl ock tothe nai n housi ng.
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MbDI FI CATI ONS

Inconstructingthe pul | ey housi ng, bl ock andtail hol d, consider the needs of your
si tuat i on and nake nodi fi cati ons when appropriate. Sone suggesti ons bel oware
untried. The described parts are ref erenced by nuner s as t hey appear onthe
constructiondraw ngs i n Appendi x B These suggest i ons i ncl ude:

1 W dthesides of the housing, reducingthetine and expense of drillingand
tappi ngfor fasteni ng screvs (7).

2 Himnatetheider pulley (9 and/or the counter pull ey (10) i nthe housi ng.
Thisnayresult inthecabl eslipping, but aircraft grade cabl e nay hel p reduce
this. Thegrooveinthedrivepulley (8), soundi ng sheave (52), andtail sheave
(60) nust natchthe cabl e di angter.

3 One-eighthinch cabl e has been used successful |y for the applicati ons onthe
Nez Perce National Forest. Larger streans nay require aheavier cable. A
structural engi neer can deternine the forces exerted for asystem The breaki ng
strength of the sounding cabl eis consideredindesigningthel ocadappliedto
the system refl ectingthe possibility of snaggi ngfloating debris during
neasur enents.  The breaki ng strength of the B-56 soundi ng cabl ei s 1, 600
pounds. For a nore conpl et e di scussi on, see Végner (1995).

4 Acover for the pull ey housi ng nay be desirabl e to prevent debris, such as
coni fer need es, fromaccumil atinginthe nechani sm and al so deter vandal i sm
An open-ended box that slips over the pul | ey housi ng fromt he t op woul d
prevent the handl e frombei ngturned. Atachnents to hol d a padl ock beneat h
t he cabl e woul d secure thi s cover tothe housi ng.

5 Wthnolinecounter, the counter shaft (16) coudbesinplifiedby el innating
the portionof the counter shaft that protrudes fromtheright housi ng si de.

6 Mdifythe cabl e sheaves (49) of thetravel i ng bl ock assentl y. The sheave on
the near side bears nost of theweight andresulting stress andwear. A3/ 8"
IDbal | bearing coul drepl ace t he bronze beari ng (51) specified. The cabl e
pul I ey (50) woul d need t o be nachi ned t o accept the bal | bearing.

7 The designof thetraveling bl ock assenl y (35) coul d be nodi fied. As
picturedinfigure 7, the bottomspacer (43) has been dropped, and t he si des
sinplified Parts (37), (38), (45), (46), and (47) have been conbi ned i nt o one
piece. Theback (36) isnodifiedandsinlar tothefront plate.

8 Afurther sinplificationof thetravelinghbl ock assenly (35) istoeininate one
of the cabl e sheaves (49). The renai ni ng sheave woul d be positi onedinthe
ndd e of the center tiebar (40). Two plates would holdthe singl e cabl e
sheave above and t he soundi ng sheave bel ow

9 eof the 38" x 16" turnbuckl es coul d be el i ninated. Thi s cost -savi ng
neasur e woul d reduce t he range of adj ust nent avai | abl e and nay nake it
dfficut totigtenthecad e

USDA Forest Service RMRS GTR RM--000. 1999. m
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APPEND X A: SUPPLIES AND SUPPLI ERS

Insta | aionof posts:

M head bl ock post
M tail bl ock post
M (4) bags of redi nix concrete

M Tool s &niscel | aneous: Post hol e di gger or shovel s. Lunber nay be used to
bracethe posts astheconcretedries. Saws or axesif thesite needs tobe cl eared
of brush. Garpenter’slevel or plunbbob. Vdderstocrossthe stream Survey
led.

Installationof puleyhbl ocks and carri age:

M head bl ock, tail block, andcarriage

M 1/8inchwrerope/cable- aircraft grade cabl e tw cethe di stance bet veen the
posts, wthanaddi tional 5-10feet.

M (4) 1/ 8inch cabl e clanps

M (4) 1/ 8inchcablethinbles

M (2) ¥inch X16inch turnbuckl es
M Tod's: wenches, cablecutter

Glibration
M (2) coors of enanel paints (paint pens or spray cans)
M neasuringtape or tagline (100')
M soundi ng reel

M soundi ng wei ght

USDA Forest Service RMRS GTR RM--000. 1999. m
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(perati on:

Qher avai | abl e i nstrunent s and nodel s are conpati bl e wth our cabl enay. These
nay be used dependi ng on t he neasur enent s desi red and situation. Asuggested |ist:

Item Mbdel Esti nat ed Qost
soundi ng r eel B 56 $ 1, 900. 00
current neter Price AA $ 745.00
soundi ng wei ght 50C $ 275.00
suspended sedi nent sanpl er D74 $ 1, 370.00
bedl oad sanpl er BL84 $ 750.00

Hydrol ogi cal equi pnent suppl i ers:

Thesesuppliersarefor referenceonly. e of trade nanesis for the conveni ence of
the reader and does not constit ut e endorsenent by the USDAForest Service. These
products are nei ther tested nor endorsed by the aut hor.

R ckly Hydrol ogi cal Gonpany
2710 Joyce Avenue

Col unbus, CH 43211

(614) 475-8310

Sietificlnstrunents
518 Vést Cherry Sreet
M | waukee, W 53212
(414) 263- 1600

Federal agenci es may obt ai n equi prent t hr ough:

US Geological Qurvey

Hydra ogical Instrunentati on Facility
Bui | di ng 2101

S enni s Jace Center, M 39529- 6000
1- 800- 382- 0634

Federal | nteragency Sedinentati on P o ect
Vit erways Experinent Sation

3909 Hil | s Ferry Road

M cksburg, M5 39180- 2721

(601) 634-2721

m USDA Forest Service RMRS GTR RM-000. 1999.
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ArPEnD X B  CaBLEway PLans

A full-sized set of scaled AutoCAD plans (*.dwg format) as
wel | as standard graphics files (*.tif format) for printing
are avail able for downl oading fromthe internet fromthe
Stream Systens Technol ogy Center web page at http://
wwv. stream fs.fed. us. Copies of the plans can al so be
obtai ned fromthe USDA Forest Service, Rocky Muntain Research

USDA Forest Service RMRS GTR RM--000. 1999. m
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Station, Stream Systens Technol ogy Center, 240 West Prospect
Road, Fort Collins, CO 80526.

ArPEND X C
Using THE Bank- QPERATED
CaBLEWAY

SurFACcE WATER MINI TORI NG
Usi N THE Bank- OPERATED CABLEWAY

Nez Perce Nat i onal For est
FonTorretta, Ji mParadi so

Mar ch 1999

Backgr ound

Pr ot ocol s on t he For est have devel oped based upon st andar d docunent ed
procedur es such as Buchanan and Soners (1969). Additional refi nenents have been
nade after consultingwththelocal US Geo ogical Survey, adj acent Nitional Forests,
and t he UBFSBoi se Adj udi cation Team Beinglocal ly refined, the use of the protocol s
inthi s paper nay not beappropriateinall situations.

Surfacewater isnonitoredat eight | ocati ons onthe Nez Rerce Nati onal Forest.
Soneor all of thefolowngdataareco |l ectedat eachof thenonitoringsites:

di scharge, suspended sedi nent, turbidity, air andvater tenperature, conductivity, and
bedl oad.

Procedur es used when conduct i ng a cabl eway neasur enent i ncl ude nost of the
sane st andard st eps used for awadi ng neasurenent. Initia setupincl udes checki ng
theoperationof thestagerecorder. Thebeginningtineisrecorded, as well as stage
neasurenents ontherecorder, thestaff gage, andinsidethestillingwe | .

USDA Forest Service RMRS GTR RM--000. 1999. m
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Cabl e neasurenent periods

Cabl e neasurenents are perforned whenever the stream or
river to be gaged has flows that nake gagi ng via the wadi ng
nmet hod i npossi ble, inpractical, or unsafe. The general rule
is to avoid wading in the water any tinme the product of the
velocity (feet per second) and the depth of the water (in
feet) is greater than ten.

Di schar ge

Conti nuous discharge is recorded at the sites with Stevens

A-71 or A-35 recorders nounted on stilling wells.

I nst ant aneous di scharge is nonitored using standard U. S.

Ceol ogi cal Survey (USGS) nethods as described in “Techni ques
of Water-Resource |Investigations of the USGS", Book 3,
Chapters A8 and A6. These data are collected by wadi ng
nmeasurenment during low flows, using either a Price AA or Pygny
current nmeter. The Price current nmeter is suspended froma
bri dge crane or cabl eway during high flows.

Thecurrent neter istested before and after usefor acceptabl e operation. For the
Price AAneter, mninumspintine of 1' 30" isneededinthefield D scharge
neasurenent s are recorded on the USGS f or m#9- 275-F, DO schar ge Measur enent
Notes, coomonly referredtoas ' g-notes.' Thestart andfinishtines arerecorded for
di scharge, bedl ocad, and suspended sedi nent neasurenents. Wil e taki ng di scharge
neasurenent s, thetineis a sorecorded every 10 mnutes, especid lyif thevater | evel s
appear tobe fluctuating. R ght Edge Veter (REVW or Left Edge Vdter (LB, as seen
when faci ng downstream is recorded onthe g-note next tothe partial sectiondata
The Dstance Fominitia Roint (AP, wdth, depth, velocity, area, and di scharge
neasur enent s are recorded and/ or cal cul at ed t he sane as for a wadi ng neasur enent .

The partial sections are neasured and then sunmed for thetota discharge, asina
wadi ng neasurenent . Each partial section shoul d contai n no nore t han 5%of the
total flow Thesectionwdths arevariedtoacconplishthis, bei ng narrower i n deeper-
hi gher vel ocity portions of the streamand w der i nthe shal | oner-sl ower portions of the
stream Wbsual |y 25-30total neasurenents are taken. Measurenents are taken
begi nni ng at one edge of water and continui ngto the other edge.

St wp

Duri ng peri ods of highflows, stations equi pped w th bank- oper at ed cabl evays
nost often use a Price AAcurrent neter suspended one foot above a 75 pound
@l unbbus vei ght. Duetothe highvel ocities, andresultingerrati c novenent wth
subsequent danage t 0 equi pnent, the use of a 30%# Cweight (0.5 suspension) israrely
used at thesesites. Set upthe cabl e soundi ng reel assenl y with t he Gl unibus wei ght
and Price AAneter suspended. Check t he headphones bef or e novi ng t he equi pnent
intoposition

m USDA Forest Service RMRS GTR RM-000. 1999.
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Cbservation depths

Gabl e neasurenent s onthe Nez Perce National Forest aretakeninpartia sections
w th depths that conmonl y range fromzeroto about fivefeet deep. el ocity
neasurenents aretypical ly takenat 6/10 of thedistancefromthe vater’ s surfaceto
the streambottom but nay be taken at the surface, 2/10, or 8/ 10 dependi ng on
Ci rcunst ances descri bed bel ow

* Inpatiad sectioslessthanl 2feet deep v ocitiesareestinated dueto
lintations of the neter/veight conbi nation e of thepriceneteris
avoi ded when t he cups cannot be conpl et el y subnerged. n t hese shal | ow
sections, thevel ocityis estinated by visual |y conpari ng the novenent of the
water toadeeper nearby sectionthat i s neasurable, andrecordingan'€ inthe
observation depth colum of the g-note. If that is not
possible, a surface velocity is taken with the Price
nmeter (recording an 's' in the observation depth col um
of the g-note). Measurenents taken at the surface are
corrected using a 0.87 correction factor.

* Inpartia sections betveen1. 2 and1 9 deep, the neasurengrt i s consi dered a
0. 2 dept h observat i on. Wen a 0.2 dept h observationi s the only neasur enent
inavertica, a0.87correctionfactor i s usedtoconvert the neasured vel ocity to
the average for the colunm. For exanpl e, avel ocity of 6.84 feet per second
(fps) neasured at thepoint iscorrectedtoavelocity of 5. 95 fpsastheneanin
vatic.

* Inpartia sections betveen2. 0 to2 3 deep, the neasurengrt is recorded as a
0.5depth observation. Nocorrectionis nade, but the notati on acknow edges
that the neasurenent i s not atrue 0.6 depth neasur enent .

e Inpartia sectionsbetween2.4 t05.0 deep, a0.6depth observationi s taken.
Nb correctionis necessary toconvert thereadingtothe neaninthe vertical .

e nhdepthsover 5.0feet, thevelocityis neasuredat boththe0.2and 0.8
observationpoints. These two readings are averaged for the neaninvertical .

The hydrographer may findit convenient to sunmari ze the above i nfornati on on a
tadetofadlitaefidduse

Setting the observati on depth
Thedepthof the Priceneter isset usingthedia indicator onthe soundingreel .

e Zerotheneter wththe bottomof the wei ght just touchingthewater’s surface.
Thi s has been found easi er in highvel ocity vater, than zeroingwth the neter
a thevaters suface.

e Lower the equi pnent tothe streambottom readi ng and recordi ng t he dept h
fromheda .

USDA Forest Service RMRS GTR RM--000. 1999. m
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* Raise the equipnment to the appropriate depth for the
nmeasurenment, using the dial on the neter.

Additional corrections to velocity

Quspensi on angl e coefficientstocorrect for downstreamdrift are assuned to be
10 Ghelengthisnat enoughtosignificatlyaffect actual streamdepthvs.
neasured depth. Hori zontal angl e corrections of thevater aredifficult todeternine
froma vantage poi nt onastreambank. This correctionis nadefor vater that i s not
f1 ow ng perpendi cul ar tothe cross section. The hori zontal angl e coefficient i s assuned
tobe 1. 0 unl ess t he observer can det ect a nore accurat e angl e fromt he observati on

posi ti on

Suspended sedi nent

Quspended sedi nent (SS) sanpl es are col | ect ed usi hg the Egual Wt h | ncr enent
(BW) nethod. Procedures are sinilar tothose used when conducting SS
neasur enent s whi | e wadi ng, and descri bed i n Edwar ds and G ysson (1988).

e Al partial sectionsfor sanpl i ng have t he sane wi dt h.

e @l lect 10 BN suspended sedi nent sanpl es for al | partia sectionswtha
downst r eamf | ow

* SHect anappropriate sizednozzleandestablishatransit ratefor | owering and
raisingthesanpl er tocd lect 24 battles of SSfor ad ysis. Thetrasit rate
nust be consi stent for a | sections and nust not al l owabattletooverfill inany
one secti on.

 Wethesoundingreel tolower and rai sethe Dr9 suspended sedi nent sanpl er.
Transit rates for dept h-i nt egrat ed suspended- sedi nent neasur enent s can be
calcul ated usingrevol utions of the soundingreel. The A55reel has adrum
circunierence of 1foot andthe B-56reel acircunierence of 1.5feet. Thus,
whenusingaB56reel, the hand eis turned once each secondfor a1l 5fps
trast rae

Ar/vater tenperatures and conductivity neasurenents are nade after the
suspended sedi nent sanpl es aretaken, sincethereis arel ati onshi p bet ween vat er
t enperat ure and anount of SSthat the water hol ds. The autonatic (1S3 sanpler, if
present, shoul d be servi ced/ changed next and an 1 S(0cal i brati on sanpl e col | ectedto
correl atewththe SSsanpl es cal | ected across t he st reamchannel .

Bed| oad

m USDA Forest Service RMRS GTR RM-000. 1999.
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The bedl oad sanple is also collected using the EW nethod.
The sounding reel is used to raise and | ower the bedl oad
sanpl er.

*  Approxinatel y twenty subsanpl es are col | ected. The subsanpl es are stored for
| ab anal ysi s as one sanpl e.

e The bedl oad sanpl er i s positioned ont he streambottomfor 60 seconds at each
| ocation

* Recordany specia circunstancesinthenotes. Subsanpl es aretakenonlyin
verticaswthpositiveve ocities. Inp aces vherethe sanpl er cannat be pl aced
on t he streanted due t o boul ders or ot her obstructi ons, the subsanpl e nay
have t o be f or egone.

CGosestation

Qelast recardof dl stageind cators (outsi degage, pulley, insidegage or
t apedown, and pen) shoul d be recorded, both onthe chart and the Q notes sheet,
beforeleavingthesite. Thestripchart shoul dbereset tocorrect tine and gage hei ght
before | eavi ng, if necessary. Record any adj ust nents nade on the l og and Qnote
Sheets.

Renove the soundi ng reel and | ock the cabl e to deter vandal i sm
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RMRS

ROCKY MOUNTAIN RESEARCH STATION

The Rocky Mountain Research Station develops scientific information
and technology to improve management, protection, and use of forests
and rangelands. Research is designed to meet the needs of National
Forest managers, federal and state agencies, public and private
organizations, academic institutions, industry, and individuals.

Studies accelerate solutions to problems involving ecosystems,
range, forests, water, recreation, fire, resource inventory, land
reclamation, community sustainability, forest engineering technology,
multiple use economics, wildlife and fish habitat, and forest insects and
diseases. Studies are conducted cooperatively, and applications can
be found worldwide.

Research Locations

Flagstaff, Arizona Reno, Nevada

Fort Collins, Colorado* Albuquerque, New Mexico
Boise, Idaho Rapid City, South Dakota
Moscow, Idaho Logan, Utah

Bozeman, Montana Ogden, Utah

Missoula, Montana Provo, Utah

Lincoln, Nebraska Laramie, Wyoming

* Station Headquarters, 240 West Prospect Road, Fort Collins, CO 80526

The U.S. Department of Agriculture (USDA) prohibits discrimination in
all its programs and activities on the basis of race, color, national origin,
gender, religion, age, disability, political beliefs, sexual orientation, and
marital or familial status. (Not all prohibited bases apply to all programs.)
Persons with disabilities who require alternative means for communication of
program information (Braille, large print, audiotape, etc.) should contact
USDA’s TARGET Center at (202) 720-2600 (voice and TDD).

To file a complaint of discrimination, write USDA, Director, Office of
Civil Rights, Room 326-W, Whitten Building, 14th and Independence Avenue,
SW, Washington, D.C. 20250-9410, or call (202) 720-5964 (voice or TDD).
USDA is an equal opportunity provider and employer.
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