
Formation of a Bed} ()ad Research International Cooperative

JoIlatbalJ B. LaroIlncl and Jobn R. Gray

Summary

lne state of the science in bedlo.~d research and monitoring in the last quarter cent;W"y has
prog-ressed at a much slower rate than tl1at for susperJded sediment. Some new

insU'uments and measurin~ tech liques are avaiwble. b\Jt they arc functionally sinlilar to
earlier methods in that they requi.rc routinc manual coJlection and subsequent analyses of

pbysicaJ samples. Many of tht, old problems related to bedload measurement remain,
including sampler limitations, y;.garies as~ociated ~ith manual deployment, and a lack of
temporal continuity in measureI)lects. Acceptably and quantifiably accurate measurement
of bcdJoad discharge at djscret~ time intcrvals, Ict alone as a time ~eries, is often an

lw~t~j1)abl~ goal. The accuracy of equatj()~S for estimating be.dload transport, predic3ted

on aCCUl'3.te bedJoad calibT'4tion ,nd verification data, remains unquantifiable.

On-going Iesearch on bt:dload-Jneasurcment instruments and measwing techniques bas
be~n taking place on an ad hoc basis within and betwecn various couutrics.. \\"ith little

coordination among researchers Bedload studies t)-pically are underfunded and often

l,~ck adequate local or inStitutiOD ~l scientific support. Some bedload and ancillary data are
available, albeit in piecemeal fashjon. These issues are exacerbated by the fact that the

b'edload-tran~ort process is co 1'\plcx and charactcrizcd by large temporaJ Rt'.d spatia!

variability The authors arc con'rinced that progre!;!; in bed1oad research and monitoring

could be: enhanced and that mOlC ac.curate measurements of bedload transport, includ;.ng
time-series data., could be obt lined as 8. consequence of better commUDi~tion and

coordination aDJOng the ~orld's bedload.research and monitoring community.

To this end, we propose estal.lishiug a Bedload Res~rch International Cooperative
(BRlC). The BRIC wiJl be by, for, and responsive to the international bedload research

community. It will provide an ir1tcmational focal point. for bedload rcsearch. methods

development, and data sharing. MembeIship win be free, as wil! be acquisition of 8RlC

daLa. Information compiloo t nd disseminated a~, part of the BRIC would enable

coordination of research to fill C.j iucal gaps in our WlderstaI1ding of bedload processes and

measurement techniques. The concept of the BRIC is cvolvi11g, and suggestioDs of
potential collaoorators are sough t as the concept mature~.

Introduction

World-w;de l"Ieeds for fluvial scdiment data continue to increase with the realization of
ilie ubiquitous in.fluence t/).at 81 ~diment has on the environment. "Clean sediD1ent" -

sediment without cocsidern.tioD ror sorbed chemical or biological c:onstitue-a~ - is j-jstcd

as OJ)



E~dload is the most complex tlIlvial.sediment tran~port process requiring quantification

l'his i1> dl~e to a combination 0" factor1> related \() U1C spat:ally and ten1porall}' variablc
nature of the bedioad-transpol t process, and lnnitat:ons in t!'le samplers, sampjing
tel":hniques. and resources ava lab!e to collect ac-=uratc b~dload data. ProgToss in
kno\vledge about bedload-tta.rls])QIt prQC~~~~~ aWl."ar$ to be slugl,-ish for "'Qnt of more
rel iable alro Clccurate bedload dal a.

There are many fact[)~ aIld ob~ tacles that impinge on our ability to accurately monitr.r
be<iJoad discharge. TDes~ arise ~S a con~equence ofnccl.is to determine:

(1) bed low discharge ur!der unstable bed cODditions (aggradation or degradation), but
also under equilibrium CI mditions;

(2) bedload di$cbarge UDder supply- or tr.msport-lim;ted conditious;
(3) bedload discharge in san i-bed, gravel-bed, and mixed-bed systems;
(4) bed1oad fluxes entering leservoirs, lakes, t1oodplains and coastal outlets;
(5) scour ch~te\-istics at bridge piers, abutnlcnts, and other in-stream structures;
(6) tbc extent of varia1ion (f bedload discharge and partic.Je-size distribution due to

varying land us=;
(7) reliable I~lalions betwetn bedload discharge and explanatory variables, such as

water discharge; and lastly,
(8) the nature or' bedload pr~ !cesses and bed activity.

13edload monitoring in essentialy all env~onmen~l settings, but cspecially in gravel and
mixed graveL's3l1d bcdd~ stre8Jns, is complicated by the nature of the bed}o~d-tri!n$por1.
processes. B~load QCCW'S clos ~ to and in contact with the river bed, and the channel is
typicwly lhc priDcipal source 1Jt' sedime-Dt availabl~ for transport as bedload. Almost
\\'ithoul. exception, tbe nature of bedload movement bas necessitated deplo}ment of
samplers that coO{act the bed, or slot samplers arrayed in the bcd. Both types of devices

s,uffer from aLl assortment of r lOnitOring difficulties and errors. For direct monitoring

(le..;c~s, these includc but arc not limi~d to:

(1) ilie need to ba\it:: personn ~l pres~t at the: $i tC during ~dload transport;
(2) the use ~)f measuring tecl).niques that are laborious, tune con~umin&. rclativl,ly

expensive. pot~tiaUy dtpendent on the skill and knowledge of the operator, and
in some c~ potentialry hazardous;

(3) the presence of a physic at sampler on the bed, which may alter the very process
that is intended t() be me Isured; and

(4) a vanety of sampling .:rrors (repre~entativeness, repeabbility. bias, precision)
dcpcndenr on hydraulic .lDd sampling efficiency, bedload 'jize and $1J(ipe, sampler
stability issues. and i5s'les related to sampler d~loyment - all ~xacerb8.tcd by
typically large spatial an, i ten1poral variations ofbe



U.S. Deparunent of Agril-:ulrurel; forestry' (e.g., U.S. Forest Service); cnvironn1cnl (t:.g.,

U,S. Enviror'JIJICtJta.J Protcction Agency); navigation and flood protcctjon (c.g., U.S.

B~re~u of Reclamation and thc U.S. J\.-my Corp~ of Engineer~); highway (e.g., F~dernl

Highway Administration and U, S. Departnlent of Transportation). Organization~ in other

countries with bedload-monitoring responsibilities include Norn'ay's Water Resourc~$

. aDd Energy Directornte, Chin. 's ~inistry of Water Resources, and New Zealand'sNational1nstit~te. of\Vater & I\tmospberic Research.
Progress in bedload mea..'iuremellt would bcncfit from a conccrted and collaborative effort

among the ,,'orld's bedload. research and monitoring community. Advances in

technologies based 011 acoustic and optic teclwiques show proDuse for applications in

,'ontinuous monitoring of bedload. Instruments based on these and other surrogate

t~hnolo'.;1es do fJot require routine collection of a physical sample and provide a time

scri~s of dara heretofore unavail able, exc~l pcrhaps for daLa provided by slot samp1e~.

Additionally, these techniques n- ay enable derivation of reliable estimates ofunceminties

associared with the bedload-me2 surement process Such experimel'.tal instruments need to

be brought to mat\U'at1on and calibrated against both "ground truth;' and traditional-type

Salnplers. These end~a\'ors \vould be best acoomplj~hed through national and
iaternatio£Jal partnerships.

Developing ci!pabiliries to mon;',o{ bedload discharge more ecoDoJ;n.iCi!1.1y and accurately,

and with a ~ubstaI1tla.lly hi~bcr data density, ~hould encourage additional scientists to

vvork in ulis field. The authors have met and (or) have corresponded with individuals

~ctive in bedload moIlitoriDg in Austria, China., Germany, Israel, Italy, Japan, New

7.ealand. Nor\\'ay. Poland, Spall, Switzerland, TJnited Kingdom and the United S~tes,
who have shown interest in the f()t"U)ation of a Bedload Rcscar~h International

Coope-rauve. We surmjse iliat research ern in other countrics also will show such an
iloterest. to~'ard intemational coJ.1 ~boration.

Concept ora Bedload Itesearch .International Cooperative (BRIC)

We have ind~lldently conceiv ~d and jointly developcd th~ concept for a. BRIC, opting
to combine oW' views toward thc f()mlation of II world-wide organization for research that
will provide a better understa ,ding of bedload processes and improved means for
estimatiDg bedload discharge.

The BRIC is to 'oc a non-profit £ roup of researchers, practitioners, resource managers and
()Ithers Interested in acqWsition a Ild use of bedload data for research and for application in

~tudie~ or maIJagement of river I:Y



'J~e ERIC will represent a roc, I point for this varied exrc'1i~e and a central sow'ce or-

infom1atic,n of COn11l10n interes TO its members and the scientific community at large,
Members will be encouraged 10 share iI1fonn.~tion on advanccs in bedl<.)3d ~ampJing
methods, bcdJoad databases and tJndjngs oncc these have been published.

. )~ fundamental component 01' the BRIC will be establishment of a pennancnt

clearinghouse for bedload and ancillary data relevaJu tJ, or developed as part of tile
BRlC. The data clearinghouse, :nd some other aspects of the BRlC are dependent on the
availability of appropriate opel uional funds, Initial organization and OV:-rslght of the

f~RIC. including development o1'thc tcxnplate for thc dala c1cari»ghou..,e, will bc provided
l"y the autho~ ~ithout the net:d for external tin;mcial compensation. Suggestions on
fUnding m~hanisms for the cl eliringhotL~e and other BIUC requirements bC)'ond thc
financial resourccs ofth~ author. are SOUgJlt.

Objectives

111e objective of the BRIG is to provide an organiZAluoDal torum and £I.,mework for the
mteroationa1 commucity to addJ: ~ss issues of bedload transport, which will be defined by
the membership. Topics that sltc:m to bc of considerable intlo:rest and immediate urgenc.y
wclude:

(1) Detem1ioro~ bedloQQ'-m('nilon'ng needs under varying-fluvial environmeDts. This
include~ accw-acy crireri ~ f()T h«Iloadsampler$. A range: of critcria based on bed
type and f1ow coDwtion may be necessary. 'these needs could reconsider marlual

sampling methodologies by comparing cormnonly used methods for deploying
bedload samplers, inclu<ling use of stay lines and tetherlines. These need.., could
alS() address temporat and spatial aspects ofbedload-transpon monitoring, as well
as those related to sediment supply with respect to the monitored cross section or
reach.

(2) Aiding in the de-,;eJopment of 11ovel (suYI'ogate) del-'ices for the monitormg 01
bedload. These includt samplers, traps, and ~specially indirect monitoring

techniques using seQS~, be they in situ or remote !lensing, as well as calibrati"f!

of devices in flumes an 1 under prototype conditions, A key goal is to provide

CQDtinUO~ (time.series) measurements of boo load,
(3) .4idiDg in the dis"seminalion olinformation on the design, deployment, a"d use of

bedload-monitoring devices through the data clearinghouse aIld other less fonT1al
n1CChanisms, As a first 5 !age, the BRIC will seek to gather this information to be
publisboo as an up-to~~tc and on-line n1al:.ual that may bc updatcd pcriodically.
Members will be inviteil to contribute as coauthors to this manual (see item 2:
'Historical InfoI1I1:1tion);

(4) Compiliag a bcdload-dscharge database (central or distributed) of rivers in
variol.lS hydrologic and



(I) Communication: Aid i~ thc jnteral.~tion ~mung ac(iy~ deYl:lop~~ of bedload-
monitoring dcviccs by;

(a) establishing a wel)pagc;
(b) publishing the naJnes and cmail addresscs oral! it!; members;
(c) c-stablishing an C111aillist tm1-intamed by a coordinator; and
(d) organizing: periodic conferences or workshops.

(2) Historlc.al Information: Publish a docu~tthat summarizes available bedload-
monitoring techniques, .lI1d addresses topics including <ksj~, construction, cost
of construction or purcbase, cost of deploymcnt, method of depJoymcnt, Jluvial
settings, and groups thai have used such devices, difficulties ia the use of such
devices, acciU'3cy and suggested conditions [hat may best suit th~m. This

document will also include the most current information available on novel

bedload-monitoring tecl1njques that are at various sbges of testing and
calibration.

(3) Bedload and Ancillary Data Sharin~: A fJndam~ntal component of \he BRIC'
will be est1blishmeDt of 1 pennarleJ1t cJcaringhou~e t()r bedload aI1d arlcillary dat.a
relevant to, or d~velope< l as pari of the BRIC. A template for storage of bedload

data will be developed is part of thc BRJC and placed on.line. Access to and

acqui~ition of databases through the clearinghouse ~il1 be tree. However,

publication right:) of ~utJ lOrs regarding access to their data- will be respected, aJ}d

contributor data will b': made pubJic only after receipt of the contributor's
consent.

(4) Seek FUDding~ A«cmpt to obtain fundsJ for the following specific objectives:
(a) develop novel 01<! oitoring techniques and their calib.t-ation;
(b) publish the historcal infonnation docwnent:
(c) aid young scient! ;ts as we!] as scientists from le~s developed coW1tries to

tAke part in activl,ly operating bedload-monitoring research groups and to
participate in con: :erences and workshops;

Cd) stm!uJale private-sector development ofin$truments and.methods needcd,
and

(~) fund projects for graduate and post doctoral fellows as resources permit.
The project~ fil!Y ;l'Jvolve theoreticai developments, but will likely
c{,\ncenlrdte on j(wne and field experimentation WIder diverse fiuvial
settiDgs.

- --
3 FU!JdiDg, collabor-d.tion, and iJ ltcra.ction between BRlC members may be national or

international. We shall provisiorJally contact one 1cdividuaJ to be a national representative

in matters tl'1at require national, rs.thcr than international, communjcation Or activity.
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h1dividuCiIs interec;ted in joinin!: Ihe HRlC will bc asked to ti:1 in a web-based C:>nn,

itldicating their experience with bedload monit.oring. T~, is foro"! ()r one other will include

questiolls regarding the availability ofbcdload data for the clearinghouse. The database of

thesc forms will be available puillicly upon entry to the databa~e. II1fonnalion that will be
sc'ught. on the form will incI-ude:

(1) nanle, institution, physl cal address, and email address;

(2) type(s) of mom to ring cevice, and for each type, the availability of narrative and
visual documentation, 1,articuIarly if on-line;

(3) method of deployment (e,g., in situ. wading, cable, from boat);
(4) name and location (cro;s-section, reach) of river, including latitude-longitude;
(5) type of river according to one or more sp~cified classification system!;
(6) drainage area, reach cl anncl s)op~, width of chanllfo'l allow W1c;l high flow, and

other hydrologic variat: les;

m liescription of cbarmel bed including texture, bedforms, single OJ multiple

channel. d~o, and d9u g-ain sizes, as well (1.0; the entire grain-size distribution, and
other sedimentologic Yiriables;

(8) hydraulic conditions ullder which monitoring was Wldertakec (range of depth

and average vertica! velocity, average cross-sectional shear stress).

(9) hydrologic regime SUC1 as nood. noImal flow, lo~' flow, rising phase, falling

phase, etc.;

(10) geneya{ climaxe such as semi-arid, hwnid, etc.;
(11.) ~gc of monitored be<1load dischul'ge (kgism - kg pe:r second per meter) ;

(12) detailed grdiD-size distJ 1buuon of sampled bedload;
(13) rauge of sampling tjr.1e tor individual samples; for continuous monitoring,

m~v.i!!1um duration dUJ'ing which device was operated and whether or not this
encompassed the duration ,)f bcdlood movement; cross-sectional location(s)
where sampling was ulldertaken;

(14) protocols by which the da~ were collected;

(15) measurement eITors and extent of uncertainty, if available, either quantifi~d or
qualified; and

(16) methods used to assess uncertainty,

I~ll inforIDatio/J rela.ted to rneasu rement~ wil! be in metric units.

Until the BRIC membership fonn is developed and placed on-line, we invite prospect,1ve

f~RIC members to \vrire to us wi th s'Jggcstions regarding the fonn, realizing that the fOmt

i!., intended in part to publici!e experj:nce with bedload research and monitoring

j~dditiona1Jy, suggestions on req jisite data types and Iormat.s for !.he. international bedload

d.atabase are sought" as well ,IS insi~hts regarding tl1e evolvIng BRIC concept, its
fonnation and implemccta.tion, aad potentia! collaborators.

PLU mternatioD31 meeting and/or a cyberspace meeting of the BRIC is planned for 2004 or

2005. Until !.hen. communication will be administered by Jonathan B. Laronne in an

active e-mail listing.

IJonathan B, Larowe 2jolm R. rJray

Dept. of Geogroiphy & Envir'ln



Beer Sheva 84105, Isrr.el Rest-on, VA, 20192, USA

Tel. 972 8 6472016 (fax 9i2 8647282]) Tc1. 703 6485318 (tax. 703 648 5722)

.iohn~~bg1lmajJ.b~'"U.ac.il jrgray@;usgs.gov
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