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TheFirgt Sino—U.S. Joint Workshop on Sediment Transport
and Sediment Induced Disasters

Abstract

The Firg Sino — U.S. Joint Workshop on Sediment was organized with strong support
from both the United States and China, with the intention to strengthen information
exchange and cooperation on research on emerging hydro-environmentad problems. The
Natura Science Foundation of China has established a national key research project,
Sudy on Mechanisms of River Sedimentation, Disasters, and Control Srategiesin China,
and is interested in establishing a bilateral cooperation program with the United States on
sediment transport and sediment-induced disasters. A joint workshop was considered to
be an effective approach for scientists and engineers from both countries to exchange
knowledge and experience, to explore research and educationd needs, and to initiate
future collaborations. In a three-day meeting in Bajing, China, following by a five-day
fidld dudy in the Loess Plateau dong the middle reech of the Ydlow River, the
participants exchanged their knowledge and experience on sediment-related topics and
identified opportunities for future research and cooperation. A mgor emphass of the
workshop was to promote direct discussons. The workshop sessons were therefore
dructured to have al presentations at the beginning of each sesson and have more than
haf of the sesson time for discussons. The forma worked very wedl and resulted in
ample exchanges of experiences and needs for future studies. The purposes of this report
ae to report on the workshop and the discussons summarized from the meeting in

Beijing.
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OVERALL SUMMARIES

The three-day workshop meeting in Beijing on March 15 — 17 conssted of 9 sessons
and presentations of 39 papers. A five-day dte vigt dong the Middle Reach of the
Yelow River in the Loess Plateau was dso conducted on March 18 — 22 as part of this
collaboration. Twelve U.S. and approximately 50 Chinese scientists/engineersmanagers
participated in the workshop, and 37 workshop members, including dl U.S. participants,
paticipated in the fieddd study trip. The U.S. team from diverse disciplines had mixed
degrees of expeience and included five sediment hydrologists, five sediment
hydraulicians, one sediment ecologist, and one geomophologist.

The workshop format was specificdly desgned to dlow more time for discusson
than for presentation. More than haf of the time in each sesson was dlotted for open
discusson led by the Chinese and U.S. co-chairs of each sesson. Co-chairs of each
sesson were dso asked to summarize discussons for each sesson. The sesson
summaries and sesson co-chars ae lised beow. Through the extensve in-depth
discussons among workshop participants, Chinese excdlence was confirmed in reservoir
operation in conjunction with sediment duicing, in developing trangport mechanics for
hyper-concentrated flows, in extensve laboratory modd testing skills, and in applying
laboratory experiments to large-scde prototype problems in  various environments.
Through higtorical development, Chinee scientits and engineers have accumulated
broad prospects on the effectiveness and weakness of man-made measures in countering
sediment-related disagters. On the other hand, U.S. scientists and engineers are leading in
laboratory indrumentation and in numericd modd devdopment including building
process-oriented models or sysems applications. The U.S. dso pays more atention to
environmental issues.

The fidd study was in the eastern part of the Loess Plateau through which the middle
reech of the Ydlow River flows The Ydlow River is known for sediment-related issues,
and this region is the mgor sediment source for the Yedlow River and the origin of
Chinese dvilization.

By traveling on mountainous roads on two buses the fiedd team had an excdlent
opportunity to observe eroson paterns in the wel-known Loess Plateau. It is hard to
conceive that these vast, bare lands were covered by forests some 2,000 years ago.
Human digurbances have dgnificantly contributed to the current poverty-stricken
consequences. Field trip participants observed astonishing land eroson forms, ultimete
head cut, bank eroson and sedimentation, terraced fields, sdlf-sustained agriculture, and
loca use of sediment.

The fidd team dso vidted the Hukou waterfdls Sanmenxia Reservoir, and
Xiaolongdi Dam. The Hukou waterfdls are located a a sSgnificant condriction of the
Yelow River. Because of its geologicd formation, the waterfdls have withstood erosive
forces of the river flow and formed a control section that has prevented the propagation
of bed eroson downstream. At Sanmenxia Reservoir, the fidd team learned from
reservoir director Mr. Lu that about 2/3 of the reservoir was lost due to gltation within
the firs year after initid ponding. A dgnificant number of studies have been done a the
dam, and informetion acquired has been adopted or gpplied to other reservoirs in China
Recently, the dam has been successfully modified for sediment duicing. With its duicing



dructures and designated operationd modes, the Sanmenxia Reservoir can essentidly
mantan a balance between the annua incoming and outgoing sediment loads. Impacts of
sediment-laden  flows on turbine and powerhouse dructures were discussed. The
Xiaolangdi Reservoir is currently under congruction. It is the most downstream dam and
will control 93 percent of the drainage aea of the Ydlow River. Besdes flood
prevention, its sediment duicing desgn has consdered desirable morphological changes
in the Lower Yelow River. The team was fortunate to have the opportunity to observe
the entire gte, vidt a demondration modd, and discuss with dte engineers the future
joint operation modd of the Sanmenxia and Xiaolangdi Reservoirs.

In addition to their practica field experience, Chinee scientists and engineers have
collected a large amount of data for potentid studies of the mechanisms of sediment
movement. From the workshop, it was apparent that in sediment studies, the United
States emphasizes issues and impacts, while China emphasizes problems and solutions.
Thereis potentid for future cooperation between both countries.

This Frsg Workshop was organized by Dr. ZhaoYin Wang of the Internationd
Research and Training Center for Eroson and Sedimentation, Ching; Dr. David T. Soong
of the lllinois State Water Survey; and Professor Ben C. Yen of the Universty of Illinois
a Urbana-Champaign. At the concluding session, dl participants consdered the efforts
were worthwhile and strongly recommended the formation of an organizing committee to
prepare a second workshop to be held in the United States in 2001. Professor Panos
Diplas of the Virginia Polytechnic Inditute is the chair of that committee.

List of Workshop Sessions and Schedules

Workshop at Beijing
March 15, 1999 Monday
Session 1: Physical and Numericd Modding of Sedimentation
Session 2: Morphological Changes and Disasters
Sesson 3: River training and Strategies for Sediment Disaster Reduction
March 16, 1999 Tuesday
Sesson 4: Alluvid Sedimentation
Sesson 5: Sediment Movement in Rivers
Sesson 6: Huvid Hydraulics and Sediment Transport
Sesson 7: Siope and Channd Erosion Control
March 17, 1999 Wednesday
Sesson 8: Human Activities Induced Sediment Problem
Sesson 9: Reservoir Sedimentation and Irrigation
Sesson 10: Concluding sesson.

Field Study Trip

March 18, 1999: Vigt Xian and vicinity

March 19, 1999: Xian — Loess Platesu — HuKou Water Fdls

March 20, 1999: HuKou Water Falls— Loess Plateau — TungGung — SanMenXia
March 21, 1999: SsnMenXia— XiaoLangDi — ZhengZhou (take night train to Beijing)
March 22, 1999: Bdijing: it and sghtseeing



SESSION SUMMARIES

Session 1. Physical and Numerical M odeling of Sedimentation
Misganaw Demissie and Jenren Ni

Keynote lecture by Ben C.Yen: From Modeling the Yellow River to River Modeling

Professor Yen provided a historicd perspective on modding in generd and
goplication to the Ydlow River in paticular. Professor Yen traced the start of modern
river hydraulic modding to Louis Jerome Fargue of France, who built a 1:100 scae
modd of the Garonne in 1875. However, it was German hydraulic engineers who
developed hydraulic models for the Ydlow River dating with Herbert Engles (1854-
1945), and then followed by his former student Otto Franzius (1878-1936). The studies
in Germany resulted in opposing management opinions for the Yelow River: a narrow
dike for the mean flow channe vs. dikes far gpart. Leading Chinese hydraulic engineers
were traned in Germany under Engels, who is conddered the father of river hydraulic
modding.

Then Professor Yen presented important facts doout the Yelow River and compared
it to other rivers in the world. Even though the Yelow River does not have the highest
discharge or largest drainage area, it produces the highest sediment discharge (1610° 10°
tonglyr) of any other mgor river in the world.

Professor Yen pointed out that the Yelow River is sometimes referred as the
“Sorrow of China’ because of the destruction it has caused over the years. Efforts to
manage the Ydlow River have a long history, going back to 2278 B.C. when Emperor
Yu darted the Yellow works. Even though there have been some disastrous floods, the
Ydlow River has been managed successfully for many years. Recent trends in reduced
flow and sediment load have created a new chdlenge.

Finaly, Professor Yen discussed the limitations of both physcd and numerica
models. He pointed out that physicd modding has been neglected in recent years in
favor of numericd modding. He beieves tha both physcd and numericad modds
should be applied carefully with correct underganding of the phenomenon that is being
modeled.

Xugin Shao: Dynamic and Kinematic Wave Models of 1-D Rill Flow: A Comparison

Professor Shao smulated hilldope overland flows due to rainfal excess by the two
methods. Results showed that the Kinematic Wave could gpproximate the Dynamic
Wave for broad sheet overland flows and moderate rainfal. However, for smdl rill
width and high rainfdl intengty, there is a Sgnificant difference between the two models.
In generd, the Kinematic Wave tends to underestimate flow depth and overestimate
velocity.

Wing Hong Wai: Three-dimensional Numerical Modeling of Cohesive Sediment
Transport by Tidal Current in the Pear| River Estuary

Initidly, Professor Wa dressed the fact that they were deding with fine cohesve
sediments, and that the use of proper settling velocity, reference concentrations near the



sea bed, and the criticad shear stress were very important factors. They obtained vaues
for the parameters from research conducted in China  The modd solution scheme was
the splitting method that partitions a time step into three fractiond time steps according to
physicd phenomena. The modd results were compared to observations from a number
of tidd gauging dations in the estuary. Professor Wa and co-authors fet their results
matched the observed data reasonably well for water eevation, but not as wel for
velocity.

Yitian Li: Numerical Modeling of Flood Detention Basins Operation in Complex River
Network System

Professor Li invedtigated the detention basn operations in the multiply connected
network of the Dongting Lake region of the Yangtze River. The results show that the
model predicted the water level and discharge correctly.

Discussions and Comments

Hall to Wai: You showed the development of sediment concentration over time in the
estuary. However, your initid concentration started at zero. That is not redly the case in
the estuary. What would the true initid concentration be? How you interpret your
depositiond rate?

Reply: The initial suspended sediment concentrations used in the morphologica
amulation are based on the equilibrium concentrations obtained after a certain spin-up
period. The spin-up period for the concentration from initidly zero to reach an
equilibrium stage is aout one month in this area.

Ghidaoui to Wai: Given the uncertainties in data, modd, etc., what is the time scae
beyond which the predictive cgpability of sedimentation numericd modds becomes
unreligble?

Reply: When we are gpplying seabed evolution modding & a particular region, we may
firs try to get some ideas about the return period of some known seabed features such as
a sand bar in tha region. If the mode can reproduce the seabed feature within the
anticipated period of time, than the sediment smulation may be considered rdigble or the
results are trustworthy.

Comment by Ghidaoui: Climate modders have accepted that long time smulaions are
amply impossible because of the nonlinear character of the modd and the inaccuracies in
both modd and data. Yet, water resources and hydraulic engineers seem to run models
over long time scdes, i.e, wdl beyond the predictive capability of the modd, and forget
the fact that the results obtained by the modd ae in this case, nonrdiable and
meaningless. To the mathematicd modeers of sediment transport, what and how should
we decide the reasonable modding time?

Comment by Hotchkiss: In multidimensond modding, and physcad modding as well,
very often we paid too much atention to smply reproducing observed data. In the
process we neglected to think about large changes that have not been seen. For example,
who would have expected the Ydlow River to dry up? Who would anticipate such an



event decades ago? But had we anticipated that event, then we probably could physicaly
modd the depogtion and decreased conveyance in the main channel, and begin to answer
questions about what happens if such occurrences would happen. That ability of models,
to predict beyond what has been observed recently, is one we probably have not used to
its best advantages. It seems that if we have predicted the latest difficulty, then we
respond to that. It seems that for the numericd and physca modds, we should be
looking into changing watershed conditions, and changing dimate conditions, and try to
anticipate beyond short-term problems.

Bhowmik to Yen What isyour view on the future of physical and numericad modeding?

Reply: My sncere hope is tha both physcd modding and numericd modding will
flourish. Both physcd and numericd modds are necessary, they are complementary, and
they are equdly important. It would give a distorted view if we look into one and neglect
the other. As | tried to say earlier, we are not God, we don’t know everything. The danger
of trying to play God is more with numericd models than with physca modeds, and the
results of physca modds should be more red. As a very smple example, for the Navier-
Stokes equation, without perturbation you will have laminar flow forever, and we dl
know tha is not true. To Ghidaoui’s chalenge, the answer is very smple If God
developed the modd, it could run forever. If we human deveop the modd, it would
collapse before we die.

Comment by ZhaoYin Wang: Modding of the Ydlow River is paticulaly difficult
from other rivers because of fine sediment. One cannot use genera sediment transport
formulas to cdculate the sediment in the Ydlow River. For example, a very common
phenomenon, the more sediment comes from upstream, the more sediment can be
transported downstream. Therefore there is amost no theoretical formula that can be used
on the Yelow River. Also because the river is very shdlow and the channe is very wide,
it is difficult to scde in physcd modds Therefore we have to use a distorted modd. In
the laboratory modding the fine sediment is dso a problem. There are no generd rules
that can gpply to the Yelow River. But we have many data and experiences in adjusting
or determining coefficients for modd verifications.

Reply by Yen The problem with the Ydlow River is that we don't know the boundary
for the modds The whole bed is moving rheologicaly during high flows. | would like to
supplement two more points. The first one is sediment backwater profile computation for
the Sanmenxia Reservoir. The sediment backwater profile has gradudly migrated up to
Xian. China is very unique in terms of data avalable, and | encourage the Chinese
counterparts to look into the sediment backwater effect because any human interference
with rivers would impose such backwater effects of different degrees. The second is the
effect of time-varying flow on the channd and sediment, particularly, the resdud effect
of mgor floods. The channe configurations, particularly the bed forms, crafted by maor
floods are not compatible with smdler norma flows and yet the much more frequent
gndler flows ae undble to make any dgnificant modification on the mgor-flood
features. Therefore, the norma and low flows in a channd are not necessarily the best
representation for the flow. What are we doing now? Either we conduct a laboratory
experiment with a steady flow over a long time to observe the changes in the channd, or



we do the cdculaion, try to smulate the flow, and hope the prediction for the future is
true. The problem is that we don't know enough on how to modd very fine sediment
because its settling property is affected by flow ungteadiness, On the opposte sde, we
don't know how to modd very large sediment ether. Rivers in Taiwan and many other
places, sediment Szes can be the szes of a house or bigger. These large rocks and
boulders are moved only occasondly by extremdy large floods and stay in place for a

long time.

To Wai: It seemed that your grid Sze and time scde are fairly large. How are the vertical
vaiations?

Reply: The verticd variaion may not be as important as the horizonta variation in large-
scde seebed morphologicd modeing, especidly when we're comparing the residence
time of a paticle in a horizonta plane and within a modeled layer. The verticd variation
may be averaged ouit.

Garcia to Wai: There are quite some discrepancies between what we measured in the
laboratory or in the fidd and what we can smulaie usng the modd. What is most
importart is the physics of the processes.

Reply: This is true. Vey often we find many discrepancies between computed results
from models and laboratory measurements or field observations. Every region may have
its unique contralling physics that govern the locd sediment transport processes. We il
have a long way to go in the devdopment of a comprehensve multidimensond sediment
transport modd. Just like Dr. Garcia mentioned verticd drdification in the bay, in the
summer verticd dratification in some parts of the Pearl River estuary is very intense. The
gamulaion | presented here is just based on one tida cycle, only without dratification
effects, and we refer this condition to a representative tidal cycle in a wet season. So the
goplication of the computed results is 4ill very limited, and we should not over
generdize the modd as wel. | would like to follow up Professor Yen's comments. In
numerica modeling, we (modelers) have incorporated a lot of results determined from
laboratory experiments in parameterizing what we cdl the cdosure terms in numerica
models. For example in my smulaions the vadues of sdtling veocity, reference
concentration, threshold shear dress, ae dl based on a large extent from physcd and
laboratory experiments. Actudly we (modders and experimenters) should work hand in
hand in this area. The current trend right now is to use laboratory experiments to focus on
the functions of important parameters, and use numericd modds to smulate large-scale
long-term seabed variations.

Comment by Zhaoyin Wang: The current trend right now is to use laboratory
experiments to focus on determining the parameters of important functions, and use lab-
determined parameters in numericd modds to smulate large-scde long-term  seabed
varigions.



Session 2: Morphological Changes and Disasters
Brad Hall and Guangian Wang

Keynote lecture by Nani Bhowmik: Morphological Variability of the Upper Mississippi
River

Dr. Bhowmik’'s presentation focused on the naurd and humanrinduced
geomorphological  characteristics of the Missssppi River and its  floodplain.
Representative characteristics of the river's discharge, dope, sediment transport, and
floodplain dimensons were provided. Highlighted in Dr. Bhowmik's presentation was
the ggnificant increese in loss of floodplan acreage due to levee condruction with
digance downgream from the river's source.  Implications for flood hazards and
opportunities for floodplain restoration were described. An interesting proposa from Dr.
Bhowmik's experience and andyss of the Missssppi and lllinois River sysems is that
the Illinois River could potentidly be used to assess floodplain restoration concepts prior
to larger scde implementation on the Missssippi River.

Desheng Jin: A Preiminary Experimental Sudy on Non-Lineal Relations of Sediment
Yield to Drainage Network Devel opment

Dr. Jn's work was an extenson of the classcad experiments completed by Dr. Stan
Schumm on dranage network development. Important conclusons of Dr. Jn's
experiments indicate a marked reduction in sediment load as time progressed during each
experiment, as wel as the sgnificant morphologica variability of the dranage network
reached after each experiment.

Fazle Karim: Channel Erosion Damages and Protection Measures in Southeast Arizona

Dr. Kaim's pogtion with the locd flood control authority in Pima County, Arizona,
provides him with a unique perspective on the flood control needs and performance of
dructures consgtructed in a geomorphologicad regime dominated by severe monsoons and
thunderstorm events. Soil cement bank protection works very wdl in this environment,
and has resulted in dggnificant reductions of flood damages to properties and
infragtructure in Fima County.

Changxing Shi: Characteristics of Hazard-prone Environment and Types of Sedimentary
Hazards on the Lower Yellow River

Sedimentary hazards highlighted during Dr. Shi's presentation included flooding,
desartification, bank eroson, and water logging and sdinization of adjacent floodplain
soils.  The perched channd characteridics of the Yelow River only aggraveate dl of the
above processes. Reducing sediment discharge to the Ydlow River through watershed
management and sediment trgpping in reservoirs will hdp dleviste some of these
problems, but as Dr. Shi noted in his discusson, reducing sediment inflow is “an arduous
and time-consuming task.”

Ouyang Zhang: An Experimental Study on Temporal and Spatial Processes of
Wandering Braided River Channel Evolution



Mr. Zhang's measurements included an assessment of the “ergodic’ nature of
braded and meandering channd evolution — that space and time subgtitutions for
measurements can be incorporated in the experimental design.

Discussions and Comments

Discussions after the presentations focused primarily on information brought forth during
Dr. Bhowmik's presentation. “Regtoration” of floodplains, aguatic habitat, and other
features associated with rivers is becoming a mgor activity in severd water management
organizations. Hood contral is 4ill vitdly important, however, society is demanding that
environmenta vaues be given higher priority in desgn. Dr. Marcdo Garcia indicated
that society demands that expertise from a sociologist, Mr. Brad Hal recommended the
expertise of an economist, and Dr. Panos Diplas indicated that fisheries ecologists are
becoming much more sophidicated in ther hydrodynamic and hydraulic data
requirements. Dr. Bhowmik echoed these comments and indicated that multidiscipline
study approaches are routindy used on the Upper Missssppi River. Dr. Karim indicated
that “greening” of soil cement bank protection measures are now utilized as standard
parts of thelr designs.

Mr. Hdl atempted to dicit discusson on the morphologica experiments completed by
Ouyang Zhang and Desheng Jn. Mr. Hal's thoughts were that the ergodic nature of
Ouyang's experiments could be brought to bear on Desheng's experiment. The authors
replied that the physicd scale of the experiments must be taken into consderation, so a
direct mixing of the techniques must be wel planned.

Hall to Bhowmik: We tak about the needs to bring in environmental issues, which |
heartily agree with. But we aso need to bring in the dollar or the aids for doing the
projects and have economic views a so.

Reply: You are right. The money will make a difference in what can be or cannot be
done. The reason | emphasze bringing in environmentd scientigs is because the
environmenta concerns are very important issues now in many countries incduding the
U.S, but we cannot put dollar values on a lot of environmentd issues. That is the mgor
problem. The other factor | want to address is that most current biologicd models use
essantidly two parameters, a velocity with a biologicd parameter or the substrate (bed
materid characteristics) with another biological parameter. The purposes of those modes
ae addressng fish habitats or if certan types of fish will be susaned. So even
hydraulicians have very good high-quality modds, but the gap between the two aress is
there. Biologists certainly want to know what is happening. The economics is certainly
very important but | want to caution us, especidly when ill in school, do not forget to
address the environmenta issues.

Comment by Garciaz Dr. Bhowmik has a point, we engineers need to have broader
views and work with other disciplines that we are not familiar with, so that we can be
more successful. Currently, 1 am working on a project funded by the NSFHEPA watershed
program that involves economists, geomorphologists, and sociologists. | don't think we



would have the opportunity to get this project if we were not working together with other
scientific disciplines.

Comment by Diplas: Today fish biologists become more sophisticated. They are looking
beyond information like what is the substrate or beyond what can be provided by the
models. One of the sills they are using is the fish tanks for sudying fish activities and
the interaction with other parameters. For example, | am collaborating with fish biologists
to investigate why in two smilar streams one has abundant fish and the other has very
little. If we look into more details, we find the one with abundant fish has obstructions,
and the fish are hiding behind these obgructions. Now in the two-dimensond modding
we are looking into hydraulic structures behind a single obgtruction. What we are trying
to do is follow generad topogrephy and study what net effects make sense to the fish
biologists, and then we didribute the effect to the entire stream to study the overdl
effects. We need to learn from fish biologists about what we are missing. In this way we
can learn alot from scientigts of different disciplines.

Response by Bhowmik: By working with biologists on research projects for the Upper
Missssppi and lllinois Rivers | have learned new knowledge from the biologists about
the rivers, which was known to them for many years. For example, the mussds orient
themsdves downgream to filter the flow for food, which certainly has reasons in
hydraulics. Now we are studying navigation traffic effects on the river environment. Then
it makes sense that the physcd effects such as flow reversds or the return flows can
disorient the mussds intake habit. In the gate of Illinois and many parts of the U.S,, the
managers ae now biological scientits. We need to work together to produce good
science. Without engineering science, many biologicd activities in the fidd won't work
out either.

Ghidaoui to Bhowmik: There are a number of factors for a river to change its course
such as change in land use, sedimentation problems, climate changes, the runoff finds a
more dable course etc. What are the main factors behind the Missssppi River changing
its course?

Reply: Geologicd and geomorphologic changes occur in a farly long time Wha
hydraulic engineers try to do has to be done within a given time frame, we are making
predictions within a timeframe. Therefore connection between these areas has to go
through data And that is one of the difficuties in prediction, which is true to dl parts of
the world. For the Missssppi and lllinois Rivers we are fortunate to have farly long-
teem data, including rainfal, discharge, sediment, stage, etc. Some dream discharge
records are more than a hundred years long now. However, for a mgor event like the
1993 FHood, we cannot say it is the record flood based on what we have now, and maor
floods can 4ill happen. We can only predict what is going to hgppen within what we
know. It is a pogtulation. However, what has happened in the past is generdly a good
indication for the future So <udies by geologicd and morphologic scientists ae
important because they can tell us what has happened in the past. All over the world,
many things are changing such as the land uses, the climate, agricultural practices,
engineering techniques, these can dl affect the morphologic changes of the rivers.
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Hsu to Bhowmik: It will be interesing to compare the large rivers, like the Ydlow River
in China with the Upper Missssppi River in the U.S, especidly on the effects of man+
made changes.

Reply: This will be an interesting topic. However, | would like to emphesze that the
Upper Missssppi, the Illinois, the Missouri, and the Ohio Rivers are regulated for
navigation purposes. They are maintained to have a least 9 feet navigation depth. It will
be unlikely to have flow drying up Stuations except for extreme conditions. Other than
that fact, | believe we have many amilar cases and it will be a very interesting subject.
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Session 3: River Training and Strategies for Sediment Disaster Reduction
Grace Brush and Yitian Li

Keynote lecture by Diankui Li: Sediment Carrying Capacity of Sea Current and the
Training of the Yellow River Mouth

Mr. Diankui Li emphasized that ddta formation is a naturd process, and tha the
river channd or the river mouth region will certainly change its course over time. Li
proposed to congruct a defined channd, possibly guided by submerged dikes or other
means, a the mouth of the Lower Ydlow River and to extend it into a deeper part of the
sea. In this way, stronger sea currents could move sediment transported to the sea away
and therefore a delta would not form so rapidly at the river’'s mouth. Sediment deposition
a the river's mouth is a man reason for repeated flooding a nearby cities. The channd
could be extended to repeat the process when needed.

Professor Marcdo Garcia compared the Ydlow River to the human circulatory
sysem. The Ydlow River can be conddered as bringing blood (water) and cholesterol
(sediment) to the Boha Sea (heart). When there is too much sediment, the river finds it
easer to go in another direction (analogous to bypass surgery). However, bypass surgery
works for a limited number of years. Smilarly, the river can change course agan
depending on the flow and sediment loads.

Professor Shou-Shan Fan remarked that there is coastd eroson downstream in the
north Yedlow River, the Missssppi River, and the Nile River. Sedimentation in river
mouths is an intensdve problem throughout the world and many drategies are used to
control sedimentation.

Misganaw Demissie: Sediment Management Strategies for the Illinois River

In response to a question on how much sediment must be moved by dredging in
order to keep the navigationa channds open, Dr. Demisse answered that most of the
dredging by the U.S. Army Corps of Engineers is limited to where the tributaries enter
the Illinois River. This varies from year to year depending on the particular Stuation.
Hushing sediment out of the lower lllinois River has been consdered. This would
require condricting the area to increase the velocity. There are a lot of difficulties dso
because much of the sediment deposited since the 1930s and 1940s is contaminated.
Radlin  Hotchkiss commented that regulations regarding removing sediments from
reservoirs differ from state to sate inthe U.S.

Zhigang Shen Influences of Nature-friendly River Training Works on Bed Load
Transport

Increesing or introducing roughness can reduce the flow velocity that may result in
reduction of riverbed scouring. But increasing roughness can aso increase turbulence,
which can increase riverbed scouring, especidly of fine sediment. The scde of the
submerged dike also has to be reasonable or otherwise scouring may be increased and the
flood levd devated. The importance of human activity as wdl as tidd currents on
sediment transport was a so discussed.

Shixiong Hu: Shrinkage of the Estuarine Channels of the Haihe Drainage System and Its
Influences on Flood Hazard.
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Dr. Hu reported that overusng water in the upper and middle reaches of the Haihe
River has caused serious flood hazards for the lower reaches because the discharging
capacity of estuarine channels are reduced. The lower reaches dry up in spring and early
summer, and sediment deposited at the river's mouth is rarely scoured away. He andyzed
the sources of the sediment and flooding damages if the current depostion rate remans
unchanged. Severd preventive and mitigation measures were suggested

Discussions and Comments

To Demissie: How much sediment is dredged annualy? Could you describe the dredging
techniques? It seems tha dredging is gopplied to maintain the channd depth only, but the
channd width is gill narow. This cannot solve the problems of deposition, and flood
stage can become higher. Has sediment flushing been considered?

Reply: Dredging activities on the lllinois River occur modly a locations where the
mouth of the tributaries is and where there is coarse sediment. Dredging is not done
regularly because the tributary inputs vary from year to year depending on different
events that could have occurred in the waersheds. As for the sediment flushing, the
average channd gradient of the lower lllinois River is very mild. Therefore the velocity is
low, generdly about 1 foot per second. That puts sgnificant limitation on the flushing
cgpacities of the river unless mgor engineering works like condricting the main channd
are done. Another mgor problem with flushing and dredging is the fact that most of the
sediment deposited in the 1930s through 1950s is contaminated. Flushing contaminated
sediment downstream can cause more pollution problems for other locations.

Comment: Contaminated sediment and eroson downdream can be problems for the
Three Gorges Dam.

Response by Zhaoyin Wang: Contaminated sediment is not a serious problem for the
Three Gorges Project because there are not many pollutant industries in the upsiream, and
the state has begun to control the development of such indudtries. Downdiream erosion is
more chdlenging, and tha can cause navigation and irrigetion problems. The regulation
capecity of the lakes downstream of the reservoir will be reduced because of the channe
eroson. The main draegy is “dore clear and release turbidity,” which may mitigate the
problems. Other strategies are till under study.

Response: In the U.S, if a resavoir darts to flush sediment now, it has to face
environmental regulations dipulated by the U.S. Environmental Protection Agency
because it becomes a point source. However, if in a reservoir design the regular flushing
is included, then it is not a mgor problem. So any future desgn can consder flushing as
one of its activities.

Comment by Hotchkiss: Regarding removing sediments from reservoirs in the U.S,, the
policies differ region by region. For example, in the Centra pat of the U.S. dams have
retained sediments and make water clearer downstream. That has changed habitat for the
fish. The EPA therefore stopped conddering sediment as a point-source pollution. And
they dong with the Corps of Engineers will dlow sediment to be reintroduced into the
river. This has been done in the centra part of the U.S. where sediment intercepted by the
reservoirs and is dlowed to by-pass the dam and enters the river downstream in
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maintaining some semblance of naturd rivers. In this case, however, sediments have not
been contaminated, and it isjust a matter of preserving sediment continuity.

Gary Li to Zhigang Shen Your experiments have demondrated reductions in sediment
trangport with increasing channel roughness. Have you observed the cases of increasing
sediment transport due to the introduction of roughness? Severa studies done in Europe
have shown tha when flow depth is shalow, the introduction of roughness can actudly
increase sediment transport due to introduced vortices behind the roughness elements.

Reply: We did observe turbulence eddy behind roughness eements in our laboratory
flume. But the activity is limited to that narrow zone, and this narrow zone diminished as
the discharge of flow depth increases. The diameters of the roughness dements used in
the flume range from 5 to 6 cm, and the water depths tested range from 5 to 13 cm.
Increased sediment transport was observed when the water depth is lower than the
roughness dements.

To Hu: There were a lot of dructures constructed along the coast of the Bohai Sea by
loca governments. These dructures have induced tremendous sediment deposition aong
the coad. The drinkage of the river may be caused by human activities. Locd
governments should share the responghilities for repairing the damages.

Reply: Some work has been done dready, such as rebuilding the beach dikes, but the
results are not very pomisng. The impacts are not limited to human societies but dso on
the water environment, and that part is very difficult to evaduate. We adso need to be
cautious about what approaches we take to repair the damages so that we can minimize
secondary impacts.

Fan to Hu: Your presentation showed that water and sediment from the Ydlow River are
moving northward into the sea, but the sea current is moving southward. Is this a
permanent Stuation? Also how will reduction in sediment loads in the Ydlow River from
reservoir operations upsream affect your study? The estuaries of the Missssppi River
and the Nile River illugtrate the problems you may face in the future.

Reply: Sedimentation at the rivers mouth is a mgor problem to many countries around
the world. We have done experimentad studies using tida gates like those used in Europe
but the results were not very good. The sea currents change with season, for example, the
sea current is moving southward in the fdl, but northward in the summer. Sediment
transport is influenced by factors including sea current, resdud flow, and tida current.
As a conseguence, mogt of the sediment from the Yedlow River is moving northward and
eastward into the sea, which has been observed from satelite images. Reduction in
sediment loads of the Ydlow River due to reservoir operations upstream will have little
influences to my sudy. Sedimentation & the river mouth is a mgor problem to many
countries around the world. We have done experimental studies on tidd gates to stop
tidd water, like those used in Europe, but the results were not very good. We will learn
more from river mouth training in other countries.

Comment by Fan: Sedimentation a coadd regions is a very important and difficult

issue. There are two different problems that have to be addressed by engineers: littord
drift dong the coast and sediment supply in the river. When waves hit the shore with an
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angle, they divide into two components, one norma to the shore and another pardld to
the shore. Their directions and magnitudes depend on many factors including the
direction of the wind, depth of the water, and magnitudes of the waves. When flows and
sediment from the river meet with the tide a the river’'s mouth, the sediment becomes
unbalanced. So depending on the sediment loads from the river and the littora drift dong
the coast, the sediment movements in an eduary could go in ether direction. Such
problems occur a the mouth of the Yangtze River, the Missssppi River, the Nile River,
and many other rivers. One good example is the 1942 diverson of the Santee River into
the Cooper River to help lessen the required sediment dredging from the Charleston
Harbor downstream. After the diverson, however, the annua dredging required a the
harbor was increased from 80,000 to 10,000,000 cubic yards. One explanation found by
the dudy at the Massachusetts Inditute of Technology was that the flow regime a the
harbor had been changed from completely mixed to dratified after the diverson.
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Session 4: Alluvial Sedimentation
Shou Shan Fan and Shuyou Cao

Keynote lecture by Jinren Ni: Particle Suspension in Sediment-laden Flow

This paper is composed of five mgor sections. comparison of exising theories,
integration of exiging formulas, interpretation of various verticd profiles, applications of
the kinetic theory, and conclusions.

Firg, the authors examined and compared the sx most popular theories of suspended
sediment  didribution in sediment-laden flow: diffuson theory, mixing theory, two-phase
flow theory, stochadtic theory, energy theory, and smilarity theory. They found that each
theory has its advantages and disadvantages, and each produces a corresponding formula
for verticad sediment digtribution. However, the theories examined by the authors gave
nealy the same form as the diffuson eguation even though they have undergone
different mathematical treatment. In Table #1, 13 representative formulas deduced from
different theories for vertica sediment distribution are listed.

Secondly, the authors developed a generd formula from which mogt formulas in
Table #1 can be reproduced. At present, the data used for the cdibration of the genera
formula are limited. More precisdly measured data are needed for the accurae
determination of key parameters in the generd formula Dr. Ni concluded with the
following points.

1. The continuum concept, which has been proved very successful for describing liquid
flud motion, seems inadequate for describing motions of discrete solid particles in
two-phase flow. Although stochastic modes can be used to describe the motion of a
gngular paticle in the fluid, it cannot be agpplied to the interactions among the solid
particles.

2. The authors propose to apply the kinetic theory to the hyper-concentrated flows
where collision interactions become mgor mechanisms.

3. There exis two mgor types of sediment vertical profile digtribution: Pettern | and 1.
The Pettern | digribution can be explaned by the ordinary theory, whereas the
Pattern 11 cannot. A proper description of the Patern Il digtribution requires full
undergtanding of the motion of individud particles, interactions among particles, and
the near-wdl dynamics of turbulent flow.

4. Many theories, incduding diffuson theory, mixture theory, two-phase flow theory,
energy theory, and dmilarity theory were dl originated from the continuum concept.
The find eguations that were deduced from these theories are dl gmilar as the
diffuson equations except for dight differences in appearance in expressng the
sediment diffuson coefficients.

5. Many formulas for Pettern | verticd sediment distributions can be integrated into a
genadized formula in which each of the previous formulas is Smply a specid case
of the integrated formula

TaWe Soong: Fine Sediment of the Upper Mississippi and Illinois Rivers and Its
Disastrous Consequences

This paper was written to address. (1) the increasing sediment depostion in streams
and lakes of the Upper Missssppi River (UMR) and lllinois River (ILR) watersheds, (2)
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the severe environmentd impacts of the sediment depostion; and (3) optima methods
required for removing the sediments and mitigating the associate impacts.

Physical Impacts of Sedimentation

Due to rapid changes in land-use patterns in the UMR and ILR watersheds since the
completion of the lock and dam system in 1930, the upland erosion and sediment delivery
to tributaries and main Streams have been accderated. The 1993 U.S. Geologica
Survey’'s andyss of 14 hydrologicd regions has shown that the annud sediment yieds
of the UMR was 102 tons per square miles, which ranked second only to the 110 tons per
square miles of the Lower Misssdppi River. It was predicted that a the current
sedimentation raete, many channel border areas of navigation pools of the UMR would
soon befilled.

Environmental Impacts of Sedimentation

It was aso found that sediments deposited in channd border and backwater lakes
were modly fine sediment. In addition, sediment particle Sze is one of the most
important physical controls affecting the fraction of heavy metds found in sediment.
High meta concentrations are usudly associated with finer particle Szes.

At the ILR, the overdl sedimentation rate was about 3 to 7 centimeters per year. In
gengd, fine sediments of the UMR contain traces of PCBs and high concentraions of
metals, nitrate, and total phosphorus for which disposd is difficult.

Suspended sediments increase water turbidity that could impair reproduction and
reduce growth of mature aguatic plants and affect the survivd and growth of buds and
seeds. Also, turbidity could reduce light transmission that is needed for photosynthesis.

Case Sudy: Peoria Lake on the Illinois River

Peoria Lake is the largest flow-through lake of the ILR. It covers 14,000 ares and is
subdivided into Upper and Lower portions by a naurd condriction with a narrow
congricted outlet at the lower part. In 1985, the lake volume was only 39,000 acre-feet
as compared to 120,000 acre-feet in 1903.

The river was deep and wide following the completion of Peoria Lock & Dam in
1930. Presently, the man channd is a narrow, deep navigation channd between flat
submerged plains, with channe border areas on both sides filled with fine sediments.

Removing sediment to improve the aguatic environment and downstream water
qudity and aguatic community has been consdered for Peoria Lake. Due to concerns
regarding contamingtion in the sediment, conventiond dredging techniques ae
consdered to be inadequate. At present, different dry dredge methods have been
examined. However, they are limited by factors such as the excavation depth, dredging
capacity, deivery length, disposa dtes, and more importantly, the overdl cos.
Underganding bed sediment characteristics, hydrodynamic forces, inter-reations of
sediment with pollutant trangport, and biologic responses is necessary for providing
proper management solutions to such problems.

Zhao-Yin Wang: Effects of Shape on Incipient Motion of Sediment Particles

This paper discussed an expeimentd study of the effects of particle shape on the
initigtion of motion. The study was conducted in a tilting flume 10 meters long, 0.3

17



meters wide, and 0.5 meters high. In the middle of the flume, the bed of a test section 2
meters long was made up with movable gravel particles 0.1 meters deep. The remaining
portion of the flume bed was covered with plagic plates on which grains were glued to
obtain the same roughness as the test section. Immediately downstream from the test
section, a holed box was ingdled to collect the particles entrained from the test section.
Hat, dliptica, and round grains were used in the experiments.

Forty-eight experiments were conducted. During the tests, water depth and surface
dope were measured with three stage gauges. Vdocity digtributions were measured with
a 1-D LDA in the middle, upsiream, and downstream of the test section. Movement of
the grains was observed through the glass sdewals of the flume. The rate of bed load
trangport was measured by the sediments trgpped in the collection box. There were two
concluding remarks.

1. Experiments demondrated that before an imbricate cluster structure is developed,
the patide shgpe has indgnificat influence on the initition of motion of
individud paticle  After the imbricate cluster Srructure has developed, however,
the criticd Shidds parameter for initiagtion of flat particle motion is 65 percent
higher than for round particles.

2. The effect of the length of the test section was aso studied. It was concluded that
the influence of the test section length is negligible when the test section is longer
than 1.4 meters. This suggests that the results of partice motion initiation found
from a 2 meter long section were compatible to those from river flows.

Panayiotis Diplas: Regime Morphology of Equilibrium Alluvial Channels

This paper employed a concept of turbulent diffuson of downstream momentum in
the laterd direction to develop a modd for obtaining shear dress gpplied by the flow
upon the boundary of channels. Such a modd can reconcile the coexistence of sable
banks with active beds, which represents the typical scenario encountered in natura
streams during floods.

This modd represents a refinement of Dr. Gary Parker’s singular perturbation stable
channd modd that was limited to the flat bed region, while the bank was assumed to
follow a cosne profile.  The modd determines the bank profile by solving the coupled
equaions of flud momentum diffuson and paticle force baance with a Runge-Kutta
Merson Scheme. For channels trangporting bed load, the width of the flat bed region can
be determined by numericdly solving the momentum diffuson equation over the centrd
region of the channel and matching the flat bed and bank solutions at the junction point.

The present gpplication of the modd is limited to threshold channels, and to channels
with gatic banks and dynamic beds. The channed dimensions predicted by the modd for
such cases are in good agreement with available field and |aboratory data.

In a typica design problem, the inputs needed are: (1) ether the flow rate or the
channd bed dope, (2) the propeties of channd materid (dze, coefficient of dtic
friction, etc.), (3) lift-to-drag ratio, and (4) the vaue of the critical bed stress. The modd
can determine the remaining design parameters. top channel width, center channe depth,
either channed dope or flow rate, or the shgpe of the channd perimeter. The modd was
developed based on the assumptions that the channd is Straight, secondary currents are
ignored, bank materid is non-cohesive, the contribution of bed forms to the overdl
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channd resistance during floods is andl, and that bed maerid is coase enough to
preclude suspension.

Discussions and Comments

To Ni: Could you characterize to what conditions does the Type |1 Didtribution apply?

Reply: | believe that a present it is very difficult to derive a solution to judge the
goplicability of Type | digribution. Type Il digribution extends into the boundary and
depends on particle motions especidly near the wall. From our research and laboratory
results, we think Type Il didribution has more opportunity to apply to light particles, or
for light particles near launch.

Ghidaoui to Ni: Your findings included thet different theories led to the diffuson
equation. This is not surprisng! From a macroscopic point of view, there are two
physcad mechanisms for the trangport of matters: advection and diffuson. In fact, | think
what you have proved is the different gpproaches and formulations to the same theory.

Reply: (Cannot be retrieved due to background noise.)

Garcia to Ni: For the diffuson and re-suspenson pat, you seemed to have diluted
concentration by volume so your suspended sediment concentration was less than 1
percent. It seems that one can't get such answer using the diffuson-dispersion theory.
Have you used any theory or data to explan the Type Il digtribution? The Type Il
digribution seemed to be applicable to pipe flows or hyper-concentrated flows! The
reason why concentration decreases away from the bed is because there is a fluidized bed
where sediment concentration is very large. Then none of the theory you showed will
work for Type Il digtribution. | believe Type | is gpplicable to diluted suspenson and
Type Il is gpplicable to very large sediment concentrations. It will be hepful to find
where the bed id If you move into the bed region, the concentration may be diluted
agan.

Reply: These two types of didribution are derived after we studied many theories and
functions. At firda we dso thought they depended on sediment concentrations. But after
andyzing data from both laboratory and fidd, we found even in very low sediment
concentrations Type 1l didribution was Hill gpplicable. The sediment concentration is not
the only factor.

Ghidaoui to Ni: | want to follow up Dr. Garcids question. For smal concentrations,
you've investigated the concentration a the bed. Can you describe what your findings
ae? Do you know if other researchers found the concentration near the bed? Have
Chinese scientists found Smilar results?

Reply: | know Professor Sumer and aso Professor Wang Guanggian have done some
work. | have some verticd data of very low concentrations for light particles that can be
used for this problem. | think it should be very clear for the low concentration profile, and
into digtributions.

ShaoHua Hsu to Ni: What isthe limitation of your generdized formula?
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Reply: Because the generaized formula depends on severd parameters, we have to know
in advance the vaues for those parameters. Initidly the generdized formula was in a very
gmple form that we derived directly from the theory. Laer on we have made many
modifications and come up to its present form. For future work | think the function of
generdized formula can be concentrated on studying how parameter “a” will vary with
partticles properties. At present we are encountering the difficulties of available data
Experimentd data are limited, and we can only use data from the fiddd and some data
from Russa Maybe in the future studies we shdl investigate how the parameters will
change with fluid and sediment properties.

Hall to Wang: It is great to look into particle incipient motion using particle shape factor
as a criterion. The insrumentation and measurement criteria, according to my past
experience, s;emingly can make differences on the incipient motion. In one of your dides
you showed the relationship between shear stresses and transport rate is a step function
for the fla particles. | wonder if there are some initid inflow conditions, bed sorting, and
time devdopment of both the flow fidd and the bed characterisics to hdp the
interpretation of the trangport rates?

Reply: The devdopment chart is not showing the rdationship for a long time. However
when the flow rate is lower, the development of imbrication will need a long time or not
developed a dl. In our experiments we tested each discharge as long as 4 hours, or a
leest 1 hour. So we need a very long time to complete the experiments. However, when
the flow rate or the shear stresses are larger, the imbrication can be developed.

Comment by Diplas. Dr. Wang's experiment brings up a very interesting point thet |
think may have been ovely violaed. The notion is thet many experiments used hand-
placed maerids and tested agang different discharges until they got the incipient
motion, and derived criteria for incipient motions. The fact that these were hand-placed
materias was forgotten. It is very important to run the experiments for hours, and be able
to smulae natura conditions by ether recyding the materids or introducing sSmilar
materids into the flume to smulate naturally based condruction of the bed. Then dart
measurements to precede the incipient motion experiment.

Reply: Very good point. In our experiments we did run each test for a long time before
taking measurements.

Comment by Fan: There are severd items that may be useful to the audience. The
American Society of Civil Engineers has a task group looking for methods to verify
computer models. Dr. Sam Wang currently chairs this group. There is aso a new book
that addresses this particular issue. In addition, there is an inter-agency study on bank
erosion, and | believe areport is under preparation now.

Gray Li to Zhaoyin Wang: My question is on armoring processes. For flat particles, you
reported a significant increase in critical shear stress, about 65 percent. In order for others
to use your results, you may want to define that armament quantitatively.

Reply: To quantitatively describe the armament may be difficult. Our results do fit our
current set-up, but more work is necessary.
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Hu to Soong: We have fine sediment problems in the Haihe River and Boha Bay. At
present, some sediment is dredged, and the dredged sediments have been placed on the
land, especidly the farmland to make use of the materids. The sediment is difficult to de-
water, however. In any case, sediment does not cause only troubles, sediment is aso an
important resource. In the U.S,, do you try the fine sediment for land use? Are there any
ways to use the sediment?

Reply: Thanks for pointing out the issue on beneficid use of sediment. It is an important
concept, and | believe it is wdl looked into in China especidly br the Yedlow River. The
beneficia use of sediment is a mgor subject in the lllinois River Task Forces. However,
the sediment we are facing in the Upper Missssppi and lllinois Rivers may contain
contaminants & some locations. These sediments are mostly deposited in backwater lakes
and dde channes. If there are pollutants, reusng the sediments will be difficult. On the
other hand, sediments from the main channd are mosly larger paticles and mosly are
clean and can be reused for road congtruction or other purposes. Currently, an idea has
been looked into serioudy is dredging sediment to improve locd habitats, such as
building artificid idands and deeper aress, for fish and aquatic plants and animas.

Comment by Demisse. There are chemicd andyses done for sediment cores from the
Illinois River by another agency. In the andyses they andyzed water content, organic
carbon, and concentrations of various contaminants in various layers. These sediments
were aso dated by Cesium 137 procedure. The results showed that sediments in the top
layers are cleaner than those in the lower layers, which were deposited in the 1930s to
1950s.

Hall to Diplas: | an vey interested in the dable channd desgn procedure tha you
presented. Your formula looks into cross-sectional characteristics. Do you have any
recommendations for longitudind variaions in cross-sectiond characteristics  for
curvatures or dternate bar formations?

Reply: Obvioudy, | darted with a smple case, and then we can handle from there on.
The theory and methodology presented here are suiteble for gravel sreams. In such
sreams under bankful, or formative discharges, bedforms tend to be poorly formed and
therefore do not contribute sgnificantly to the overdl channd resstance. However, |
believe that the same formulation could be extended to the case of sandy Streams, and
provison could be made for the bedform resstance. In this case though, the problem
might become a bit more complicated because the large amounts of suspended load need
to be accounted for, and the present theory dlows only for bed load movement. Efforts to
generdize the mode to include sediment trangport are currently under way.

Comment by Yen An important purpose of this workshop is discusson. Through the
discussons, hopefully we can bring out the assumptions and views. Actudly the
problems we look into are the same problems from different prospectives. Dr. Wang, you
could have answered Dr. Li's quesion by saying that this is a probabilistic problem.
Although there has been much work done before on sediment behavior, we did not ook
enough into the fundamentals. Dr. Wang and Dr. Ni, | congratulate you for looking into
the fundamentds agan. What needs to be looked into more is the science. This is
something very important because our bass of knowledge on sediment motion darts
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from a single sphere. Beyond the single sphere we need to look into, for example, what
are the effects of the particle shape, its orientation relative to the flow, etc., and then take
the probability into consderation by looking into the dochestic nature of flow and
sedimentation. Armed with the basc underganding of single particle behavior, we will be
ready to look into the effects of nearby particles and boundaries. If we can make good
efforts and able to formulate something very smple for applications, then we will be in
good shape. So you both have taken a very good beginning step; but that may not be fast
enough for others who are looking for results for gpplications now.

Likewise, in Dr. Ni's work, you try to look into the problem aong the line of
energy; perhgps the momentum idea is dso supplementary. Right now we dill lack full
understanding when paticle interactions are important. We need such understanding
from the scientific 9de. If we are looking from the engineering sde, then we try to lump
things into a coefficient or a condant or an index. In your presentation, you gpplied the
termind fdl veocity to determine the disperson coefficient b, which is then treated as a
congant. In redity, due to the velocity gradient and turbulence fluctuaion, the true
sediment fdl veodty is different from its idedized termind fdl veocity. If you use the
true fdl veocity, you may get different results and may get closer to redity. The termind
fdl velocity that is determined from the graph based on Rouse's experiment gpplies to
dill water and assumes infinite water body, and is generdly larger than the true fal
veocity. This fdl veocity difference is dso a problem in the design of settling basins for
which we usudly use the temind fal veocity. As a result, mogt of the sediment
genadly won't settle within the length of the basin and therefore the tank efficiency is
not very good.
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Session 5: Sediment M ovement in Rivers
Marcelo Garcia and Onyx Wing Hong Wal

Keynote lecture by Donald W. Knight: Flow Mechanisms and Sediment Transport in
Compound Channels

Professor Knight presented an overview and some published results of a
collaborative project in the United Kingdom on flow mechanisms and sediment trangport
in naturd channels.

Shigi Zhang: A 1-D and 2D Combined Sediment Model for the Estuary of the Yellow
River

Prof. Zhang demondrated the coupling between a one-dimensond (1-D) tributary
mode and atwo-dimensiond (2-D) open-seamodd for the study of sltation patterns.

Brad Hall: Quantifying and Mitigating Flood Risk in Rapidly Aggrading Fluvial Systems
Mr. Hal, a principd of a consulting company in the State of Cdifornia, reviewed
their findings of an extensive flood risk investigation in southern Cdifornia, USA.

Discussions and Comments

Professor Ben Yen raised a question to Professor Zhang on the numerical coupling tactics
employed to link between (i) the flow fidd and the sediment fidd and (ii) the 1-D
tributary modd and the 2-D opentsea mode. The remaning questions and comments in
this sesson were mainly on Professor Knight's channe hydraulics project. Because the
project covers various aspects of fluid mechanics and sediment transport in naturd
channds, the quedions and comments were dso farly diverse from inquiring about
bottom shear stress measurements, bedload and suspended load transport between
floodplains and main channds Froude number in compound channels, smilarity scales
in modding meanders, to suggesting publication of a compilation of the project reports.
In view of the accomplishment of Professor Knight's project, the Chinese deegates
believed that the experience learned from this project was vauable. With this experience,
gmilar indepth and sysematicd invedtigations of rivers in China can be organized such
that effort will not be overlapped and data can be shared for the benefit of any future
research advancementsin this area

Yen to Knight: The boundary shears siress measurements you have shown in the graph,
were they the truly direct shear measurements? Or they were deduced from velocity
distribution, such as the velocity impact type Preston gage measurement?

Reply: The shear stresses were direct measurement based on Preston tube, and they were
integrated up to check with energy. We aways tried to check with Reynolds shear stress
to assure qudity. We dso checked with verticd Reynolds sress measurement that we
measured within arigid boundary.

Yen to Zhang: You have essntidly two sets of equations, one st for the channd

portion and another st for the sea portion. In each st you have the flow
momenturm/continuity equations and the sediment equation, and you try to couple them.
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To couple these equaions numericaly you face severd leves. One portion is the channd
part and sea part, and another portion isthe flow part and the sediment part.

There are saverd levels of coupling techniques one can use:

1. Solve the differentid equations dtogether. This is physcdly sound but numericaly
difficult. I cdl this true coupling, but | have not seen anybody use such an gpproach
yet.

2. Alternatively, one can solve for the flow part and then, a the same time gep, for the
sediment part in the channd and then to the ocean part. Then use an ADI (or ADE)
technique to couple the 2D solution to 2D. One goes back and forth between the 1-
D and 2D until the solution is reached. And then move on to the next time step. This
isthe dternative coupling.

3. The third one is externd coupling in which case one solves the flow for the whole
domain and then solves for sediment in the river and sea for that time step. Use the
modified geometry to re-compute the flow until one reaches a solution.

4. The nontcoupled model is the one where flow is computed for al space and time
steps and then solves for the sediment and no feedback.

So my questions to you are: #1) For the 1-D part or the 2-D part, were the coupling of the

momentum/continuity equations with sediment equation the true coupling or the dternate

coupling? and #2) Were the coupling of your 1-D and 2-D domain the dterndive
coupling or externd coupling?

Reply: ----- . The flow fidd was separately cadculated and the hydrodynamic results were

used as driving force for the transport of sediments. The junctions between tributaries and

the open sea were numericdly connected in the modd by an dternating direction implicit
scheme.

To Knight: My questions are relaed to sediment trangport between the main channd and
floodplains. The sediment transport you discussed was the bed load mode or the
sugpended load mode? Did you feed the sediment both in the man channd and
floodplains or jus in the man channd? Was there any longitudind sorting or the
sediment became equilibrium between the main channel and floodplains?

Reply: Firg of dl, sediment was injected upstream and was very fine sediment. The
interests were laterd disperson and  longitudind  disperson measurement  and
smultaneous turbulence measurements with fluorescent dye and aso very fine sediment.
In dides | showed there was very fine sediment induced on top of a fluorescent sand bed
where the bed roughness was known. They have kept the laterd eddy diffugtivity of the
dye with the fine sediment. A paper published by Dr. Garrener showed the topic to be
vey interesing.

Comment by Knight: We are deding with fully developed shear layers so there is no
continued latera spreading in the longitudind direction. It is purdy uniform up to the
initid length. The flow is laminar so the dability we are sure the shear layers were fixed.
As for the Froude number of the experiments, with large channd facility the Froude
numbers if | remembered correctly, typicdly are in the range of 0.4-0.7. | have done
compound channel work with the Froude number up to 3.5 looking a detailled boundary
shear and the definition of critical flow. | am aware that you can get Smultaneous sub-
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critic and super-criticd flows in the same cross section. It is indeed a problem with the
practice. 1 have a paper published on the subject few years ago and | can show you too
later.

Diplas to Knight: My question is about the interactions between main channd and
floodplain in the case of meandering channds. You have shown there is secondary
circulation developing. | imagine tha on the other pat of the bed vdue you ae
enhancing the strength of secondary currents.  In one pat of the bank we may have
agriculture, but on the other part of the bank we may have increased srength. | was
wondering if that has any dgnificance in the generation of cutoffs that we have during
such floods.

Reply: The reason for very little enhancement of second currents further downstream.
What tends to happen is the very large injection of fluids from the main channd to the
floodplains. Tha interaction introduced quite large shear dress, which corrdated with
vegetaion nearby. But the changes in secondary circulation are very dependent,
especidly dependent on the floodplain roughness. We have looked at different vegetation
on sediment transport and geomorphology. It is a very complicated process just
surfacing, the mgor mechanisms. Clearly more work needs to be done.

ShaoHua Hsu to Knight: Have you compared the river bed profiles for the meandering
channel in the modd and in the red rivers? What is the smilarity so that your results can
be used in engineering gpplications?

Reply: The experiments we have done were purdy scientificaly based without reference
to natura rivers. We have looked the gmilaity laws by virtudly looking into the
mechanisms, which | think is quite right to sart with the physcs. If the physcs is right,
then we understand what is going on. We have been involved with lots of other studies
including Japanese Rivers with very low snuosty. They are very concerned about bank
protection, vegetation, and flood protections. They have contented, as we have, with
some of the laboratory results without terrific data As dl physca experiments do, there
are some discrepancies, but the generd picture is very good.
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Session 6: Fluvial Hydraulics and Sediment Transport
Rallin Hotchkissand Gary Li

The five speskers in this sesson discussed sediment behavior and modeling in rivers
vaying from the fine-sediment-dominated Ydlow River to very coarse-sediment-
dominated mountain streams.

Keynote lecture by Jongxin Xu: Complicated Behavior of Erosion and Sltation of the
Yellow River and the Fluvial Processes

Professor Xu described how the behavior of hyper-concentrations of fine sediment
differs from our intuitive hypotheses.  Hyper-concentrated flow can occur with less
dream energy than non-hyper-concentrations.  Applications to scour, meandering, and
braiding were illusrated with the Yelow River as an example.

Jinme Liu: Effect of Coarsening of Surface Bed Material on Non-equilibrium Sediment
Transport in Process of River Degradation

Jnme Liu discussed the effects of sediment gradation on the non-equilibrium
sediment transport lag.  Using equations and computer andyses, Ms. Liu showed tha the
distance for equilibrium sediment transport rate increases with the heterogeneity of the
sediment mixture.  The key to the analyss is the concept of a sediment mixing layer in
the bed.

Shuyou Cao: Sability of the Nianchu River after Regulation by Sraightening

Dr. Shuyou Cao discussed what happened when 200 km of the Nianchu River in
Tibet were draghtened and condraned to flow between rdatively narrow levees
Within four years of congruction, there were two bresks in the levees due to the river re-
edablishing a meandering pattern within the channd. Computer smulations of the river
indicated that the placement of groins could induce a deep, meandering, stable channd
within the levees. Ingdlation of the groins has so far been successful.

Ellen Wohl: Boulders on the Move: Geomorphic Hazards from Floods and Debris Flows
along Mountain Rivers

Dr. Ellen Wohl discussed the postive contribution that geomorphologists can make
to enginegring dudies. Feld traning and experience dlows a geomorphologist to
recognize paeoflood evidence that engineers would likely not recognize and teke into
consderation when estimating hazards. Dr. Wohl explained a method that can be used to
differenticte between hazard leves in the fiedd due to, for example, debris flows. The
method was illusrated usng a case sudy from a community in Glen Canyon, located a a
confluence with the Colorado River.

Hongwu Zhang: Two-dimensional Sediment Mathematical Model for Unsteady Flow in
the Lower Yellow River

Dr. Yuxin Xu, spesking on behdf of Dr. Hongwu Zhang, explaned a two-
dimensona modd for ungeady flow for water and sediment. The bads of the modd
was explaned and applied to the Ydlow River in China The agreement between the
measured and computed eros on/deposition was good across the cross section.
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The sesson is an example of how we need to collaborate more closdy in our work. For
example, the pioneering work on hyper-concentrated flow on the Ydlow River was not
incduded in the two-dimensond modd of the same river. And the work and nor+
equilibrium sediment trangport in mixtures was not included in the computer modd
aoplied to the Nianchu River. The sesson, therefore, is a beginning point for future
collaboration.

Discussions and Comments

Bhowmik to Wohl: In 1976 there was a severe flood in Big Thompson Canyon of
Colorado. The flood adso had hyper-concentrated flow smilar to the conditions at the
Ydlow River. What isyour thought?

Reply: There were actudly two different events dong the Big Thompson River: there
was a ranfdl-generated flood in 1976 in which 141 people were killed, and a dam-burst
flood in 1982 during which 3 people were killed. The passage of these flood waves was
andogous to glacier-lake outburst floods that | have dudied in Nepd. During the
Nepdese floods, downdream changes in channd and valey geometry and sediment
supply caused the flow to dternate between hyper-concentrated flow, debris flow, and
water flood dong the length of the channd. These types of changes make the flow very
difficut to hydraulicdly modd. The geomorphic effects associated with the Big
Thompson River floods were smilar to those described Nepd; steep, narrow channe
reaches were dominated by eroson, whereas wider, lower gradient reaches were
primarily depostiond. An interesting point was that the US Geologicd Survey conducted
a dudy immediately after the 1976 Big Thompson flood and estimated a recurrence
interva on the order of 10,000 years. This estimate was based on a misnterpretation of
radiocarbon-dated materials. They recurrence interval has subsequently been revised to
more on the order of 300 years. This type of changes in recurrence interva estimate has
ggnificant implications for hazard engineering.

ZhaoYin Wang to Wohl: Your sudy involves the movement of boulders. Have you
goplied techniques such as usng radio tracking of rocks or using color tracking? There
were some studies done in Germany applying those techniques.

Reply: The experiments you described mostly dedt with supercritical flows associated
with storm hydrographs or snowmdt events, as in the work of Peter Ergenzinger and
others, who examined a snowmedt-dominated channd in Montana. These dtudies have
examined wha might be consdered “norma” pesk annua flows, as opposed to extreme
events. It will be more difficult to edtimate the degree of coarse clag or boulder
movement that occurs during extreme flows which occur only rardy. In the case of
infrequent flows, you may have to wat many years before a marked clast move. To my
knowledge, no one has yet tried to do this type of work with redly coarse particles. It
would certainly be worthwhile, but would require a very long-term study.

Regarding the movement of very large boulders, another gpproach is to reconstruct the
flood profiles and hydraulics usng appropriate flow-routing models, map the locations of
very coarse sediment deposition, and relate flood hydraulics to boulder depostion. The
implication is that this gpproach works only if the channd and valey geometry do not
change subgtantialy during the flood (as for example via scour and fill), and one can
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recongruct the geometry present during the flood. People have used this approach to
develop depostiona regimes for coarse sediment for various channds. What they cannot
do is examine entranment conditions.

ShaoHua Hsu to Wohl: You have crested the hazard map for debris flow especidly
linearized for some rdaionship usng the weighting function. The fird quedion is that
the debris flow will move and deposit on some places which may be hazardous to people.
S0 does your map show those places or just show where the debris flow occurs?

Reply: That's a good question, and my map is actudly smplified for presentation. There
are two parts to be consdered. The firs part is where debris flow initiates;, the second
part is where the deposition occurs. In case one doesn't want people to live on debris-
flow fans or a the base of the flow zone, we can examine past depostiond patterns and
edimate where depostion will be occurring in the future. That is of the most concern,
because people don’'t generdly live on the very steep dopes where debris flow initiates.
The map that | showed focused on zone of deposition.

To Wohl: My second question is how do you decide the weighing factors for each
parameter? And why do you use the linearized form?

Reply: We thought that the best gpproximation of the reationship between debris flow
controls and occurrence was linear, but this is a fird, subjective approximation. We
subdivide the dataset so that we assgn the weighing factors from one portion of the set
and test them againg another portion of the set, and thus determine the accuracy of the
weightings againg actud field data.

Soong to Xu: There ae different methods for determining the suspended sediment
concentration in the laboratory. Like the filtration method set by the U.S. Geologicd
Survey using 1.5 nm filter paper. That means particles with sze less than 1.5 nm are not
considered in the find results. Could you tell me how suspended sediment concentration
for the Yellow River is measured? |s the method standard for other riversin China?

Reply by Z.Y. Wang: We take the samples from the river, dry and weigh them in the
laboratory. So we use the whole sediment to determine the weight of suspended
sediment, and then caculate the concentration for the Yellow River.

Diplas to Wohl: Do you have the opportunity to collect samples to see if there is any sze
draification in the deposit? During debris flows would one see dratification, or armoring
or others?

Reply: We did not collect samples of the debris flows a Glenwood Springs. We mostly
used higtorical records for debris flow occurrence because the study sSite was an urban
area from which debris-flow deposits had been cleared. For the work at Nepa, we spent a
lot of time looking a clagt fabric and clagt orientation. We examined two channds in
Napel. In both cases there was evidence that as flow went downstream, it aternated
between hyper-concentrated flow, debris flow, and water flow, so characteristics such as
dratification wold vary depending on locations. | have observed sze draification, but
this varies as a function of the location dong the channd because it relates to where flow
trangtions are occurring. Debris flow deposts generdly are not dratified, sorted, or
armored.
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Diplas: | have seen from severd rivers that fine materias gopear on top of coarse
materials. It seems contradictory to what we have seen previoudy.

Reply: The dominant festure we saw in Nepa was extensve depodtion across the
floodplain. Superimposed on this were longitudind boulder bars or boulder berms, in
which the clas was much coarser than clast moving across the floodplain as a whole. We
don't know too much about the hydrograph characteristics in rdation to sediment supply,
but the sediment depodtion present after flow probably occurs primarily during
recessona flows. So, yes, we do see “coarsening upward” sequences on the foodplain
associated with these boulder bars.

Gary Li to Wohl: Your modd for predicting possble debris flow involves severd
variables, and you used vaue weight for each variable. My question is how confident you
are about those value weights and your predicting equation?

Reply: We actudly fed quite comfortable about the equation because badcdly the
weighting factors were derived from one subset of data and tested againgt a different set
of data and higtorica data. The equation did pretty well in pedicting where would occur
but at a coarse spatiad resolution. If one wants to use the equation somewhere dse, then it
would be necessary to adjust the weighing factors. The limitation then is that the modd
needs more data for further caibration and verification.

Hotchkiss to Xu and Zhang: In this sesson, the first paper mentioned the differences
between flow modeling and concentration, and talked about hyper-concentrations. Our
last spesker then talked about the application of a two-dimensond sediment transport
mode for the same river. So the quedtion is. Dr. Xu. Did you incorporate Dr. Zhang's
work on hyper-concentration in the computer model?

Reply: We dudy the same issue from different directions We dudied from a
geomorphologic approach, whereas Dr. Zhang was using the hydraulic gpproach. It
seems like a perfect opportunity to work closdly.

ShaoHua Hsu to Xu: You mentioned that there are two possibilities to route the channdl.
One is the regular routing and the other is the hyper-concentrated flow routing. But we
know that in creating the hyper-concentrated flow, the channd will be eroded. How are
you going to create the man-made hyper-concentrated flow?

Reply: Our suggedtion is provided by Professor Qi Pu of the Yelow River Commission.
In my opinion, it is a very good idea. But before putting it into practice we ill have a
long way to go. | think it is very difficult to make hyper-concentrated flow on large scales
in the fidd, like the Xiaolangdi Reservair, in such a short time. But we @n try to find out
the technology.

Comment by Yudan Liu: When sediment comes to the reservoir, there is a dratified
reservoir formed because of the turbidity. If the reservoir operation is designed properly,
then the hyper-concentrated flow can be released. That is one method to create hyper-
concentrated flow. Another method is to use dredges to atificidly erode riverbanks and
bed during flood periods. But it is ill a suggestion, not yet redly applied. | did
experiments on this subject and aso observed from reservoirs in Shannxi Province. When
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they released the water and draw down the reservoir, the drawdown-induced rapid flows
and flow caught sediment, hence devel oped into hyper-concentrated flows.
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Session 7: Slope and Channel Erosion Control
Panayiotis Diplas and Shaochua Marko Hsu

Keynote lecture by Marcelo Garcia: Navigation-Induced Flow Forces and Sediment
Erosion in the Upper Mississippi River Basin

Professor Garcia presented a mode for computing sediment entrainment in unsteady
flows, which are gmilar to those induced by inland navigaion traffic. The modd was
obtained on the bass of a series of flume tests that examined the differences in shear
stresses observed between steady and ungteady flows. Tempord and spatia distributions
of bed shear dress beneath a 1:25 scde inland barge-tow mode were measured for a
vaiety of flow and maneuvering conditions. A large number of data were dso gathered
for a sat of flow and maneuvering conditions (PDF test) so that Setistica properties of
the bed shear stress below the propeller axis could be observed. It was concluded that
dthough the presented stochastic model does not offer a large improvement over existing
determinisic models, fluctuations in bed shear dress play an important role in the
suspenson of sediment. Furthermore, the timing of sediment entranment in unsteady
flows is more closdy related to shear dtress fluctuations than it is to the ensemble average
Stresses.

Zhanbin Li: Modeling on the Inter-rill Erosion Processes on Field Plot in the Loess
Plateau of China
Professor Li presented a method to calculate the kinetic energy of rainfdl, which was
developed on a theoreticd modd derived for evauating the kinetic energy of a single
raindrop. Both methods are presented, and the overall conclusons are:
- The pesk rate of inter-rill erosons related to ranfdl intengty, ranfdl kinetic energy,
and dope.
The average rate of inter-rill eroson during individud time period for varigble
ranfal intengty vaies with the ranfdl intendty and ranfdl duration or runoff
production area.

Gary Li: Initiation of sediment motion in laminar overland flow

Professor Li investigated the initiation of sediment motion in laminar overland flow.
He examined closdy the effect of the following three factors: surface roughness, raindrop
impact, and fluid viscosty. Andyzing sediment data from a 2 degree dope, he found the
critical dimensonless shear dress in laminar overland flow is much smdler when surface
roughness and ranfdl ae present than when they are not. Disturbances generated by
surface roughness or rainfal entrain otherwise immobile sediment. Thus the threshold of
sediment motion in laminar flow on a rough surface in the presence of rainfdl is smilar
to that in turbulert flow. He dso discussed the finding that criticd flow power in laminar
flow on rough surfaces is pogtively correlated to fluid viscosty and negetively correlated
to rainfd| intengty and surface roughness.

Jinfa Lu: Effect of River Basin Scale on Sediment Yield in the Middle Yellow River Basin
Professor Lu organized the bioclimatic and morphologic festures of the Middle
Yedlow River according to downstream variation of specific sediment yied. Through this
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process, he found that the bio-dimaic and morphologica features are important control
factors on the relationship between sediment yield and drainage basin area.

Zhongli Zhu: Rivers' Features on Alluvial Fansin Northwest China

Professor Zhu analyzed and corrdated morphologic characterigtics from more than
10 rivers in northwestern China and found that the dtraight channe is the man river
pattern of this region. Braided rivers only develop on the middle segment of therivers.

Rallin Hotchkiss: Reservoir Sedimentation: Research Needs and Re-focusing
Per spectives

Professor Hotchkiss deivered his research findings and view on reservoir
sedimentation and reservoir management. The shortcomings of  traditional  cost- benefit
andyses were illudrated. Traditiondly short design life is assgned to dams and
resrvoirs A short design life is incompetible with sudainability. Sustainability is not
only desrable but dso necessxcty when deding with non-renewable resources. He
described recent advances in  cost-benefit andyses for long-term  sudtainability
development. He dso gave avery detailed list of suggested areas for future research.

Discussions and Comments

Karim to Hotchkiss What methods are avaldble for predicting sedimentation in
reservoirs?

Reply: At the present time, we do a rather poor job in predicting sediment inflows to
reservoirs. For example, in India 21 out of 24 reservoirs have been under designed for
sediment; some by an order of magnitude. What we need to do is to look into the
assumptions in our soil yidd equations that we use If the present watershed is well
forested, we must assume that the forest at least a some place will dissppear, and then
increase the sediment yields based on uncertainty in the watershed land uses. It is not a
fallure of the equations; it'safallure in our ability to change input vaues on uncertainty.

Karim to Hotchkiss. In reservoir sedimentation, it is important to predict total volume of
deposited sediments as well as digtribution of deposited sediments at different locations. |
would like you to comment on the avalable computer-based sediment deposition models.
What isthe satus of their development?

Reply: We can predict the distribution of sediment within the reservoir rather accurately.
Tools like hydrodynamic modes are avalable But the issues are smpler than that.
Bascaly there are coarse sediment loads and fine sediment loads. The coarse loads will
sttle and form ddtas in the dtream, and the fine loads will be caried by turbidity
currents to the dam. So there are two conditions in a Smplified manner; the sediment will
be in ether one place or the other. With models, we can predict the sedimentation more
accurately. But so far we have used neither in building a dam. That is where the problem
IS.

Comment by Fan: There are a number of reasons for some of the confuson regarding

sedimentation problems in many of the non-Federd reservoirs in the U.S. (1) We do not
understand the reservoir sedimentation problems that involve a great ded of
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uncertainties, (2) the models avalable are heavily data-dependent; and (3) most
importantly, we lack adequate data to cdlibrate, verify, and implement the models.

Zhaoyin Wang to Gary Li: Shdlow or film flows over dope are usudly ungtable and
often develop into a series of roll waves. Such a phenomenon is affected mainly by the
Froude number. Did you observe such roll waves in the experiments? How did the roll
waves affect the initiation of sediment, and how do you teke the wave disturbances into
account in your model?

Comment by Garcia (in response to Zhaoyin Wang's question): The timeline concept
is very interesting. What is mog interesting is that the timeline works opposite to what
we thought. In sediment trangport, usudly coarse materid has more energy than fine
materid. In sediment suspension, we find finer materids easly shdltered in the viscous
sub-layer. That makes it more difficult for turbulence to pick them up. We know there is
much research on turbulence picking up individud particles, but not much on mass
paticles. Your experiment is eye-opening, paticulaly for naturadly occurring flows
because you are accounting for those, but we do very little. | aso have a comment on
Gay Li's explanation regarding viscous effects With viscosty you assumed laminar
flow in the viscous sub-layer, but | don't think it is laminar in there. It is a flow with
viscous effects. We gill have turbulence there. Your experimental flume showed a lot of
scouring; that is why you have cdculated a higher shear dress vdue. But there is a lot of
drag from the obgacles in the flume. They cause skin friction as wel as form drag thus
increasing your calculated shear stresses. Those are not viscous effects.

Reply by Gary Li: In the ssudy we usad the Reynolds number to define laminar flow.
We dso noticed during the experiments that the flow was redly disturbed by raindrops or
dones. We cannot say the flow is turbulent because flows between sones are dill
laminar. To be more precise, the sub-title could be laminar flows disturbed surface stones
and raindrops. As for Dr. Wang's question on rolling waves, we did not observe rolling
waves forming in very shdlow flows. But we did observe rolling waves when the flow is
desp, in severd centimeters, and in another experiment for Smulaing gully or rill
eroson.

Comment by Yen: There are severd developments in dam and reservoir design worth
noting. The U.S. Army Corps of Engineers are contemplating of looking into dams or
reservoirs for a 30-50 year life span — shorter than the old days — on a risk andysis base.
They are dso contemplating, in view of today’'s difficulty to get approvad and get the
project going, the sediment-duicing plan, which | learned recently that privete companies
and countries around the world in dam design are darting to consider. This is an excdlent
thing. In this way we just give the rivers a little more room to operate, less environmenta
impact.

My fird comment to Gary's work is tha, if we jus work with a sngle, smal
gphere in the laminar flow range, we can get solutions. With the smplified conditions in
laminar flows, we can get andytical solutions for certain cases, but in most cases it's no
problem to get solutions numericaly. In your case of a homogeneous smdl sphere its
incipient motion is a function of the depth to Sze ratio, and aso a function of embedment
(buried depth) ratio. If you want to congder more than one sphere, it can ill be done
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numericadly as long as the flow is laminar. However, if we look beyond the particles we
should understand that:
- Laminar flow resgance factor does not goply with rainfdl — when raindrops are
present it modifies flow resistance.
If one uses the momentum gpproach in his study, the difference in the vaues of the
resdance coefficient under different rain intengties is not much. However, if the
energy gpproach is used the differences will be obvious.
The Kinematic wave is a momentum equetion.
Gay tadked about energy leve of raindrops, but in fact it is momentum. Because it is
the impact force acting on particles. If Gary could work out raindrop as a momentum
input, that would be more appropriate.
Paticle incipient moation is totaly probabiligic. Loca shear dress is quite different
during and &fter the raindrop fdls.

As to the quedion whether the flow is laminar or not? Under the impact from

randrops, the flow is actudly indantaneoudy and continuoudy ungeady. Although the
flow may be laminar, your criticd Reynolds number of 500 or 2000 (with R or 4R) is
redly not applicable. Ingantaneoudy the flow fidd is more like a cross flow around an
impinging jet. You should look a the raindrop didtribution as a probabilistic issue. So
you have a continuous probabilistic eddy flow. Professor Hans Eingein learned the
probabilistic aspect about the raindrops when he was a child, way before he worked on
determinigtic solution of hydraulic problems.
Reply: Yes if the flow is laminar without disurbance, eguations are avalable and for
ome there exig andyticad solutions or numerical solutions. We actudly have some
equations derived. For ingance, for laminar flow the friction factor and Froude number
can be related together. If you plot friction factor against Froude numbers on the log-log
scde itisadraght line for the very smple case of truly laminar flow.

For the probabiligic issue of sediment initiaion, one may ask: Does initiation
condition redly exig? Some discussons ae sying that the initiation condition of
sediment movement does not exis because we cant determinigticdly define that
condition a dl. It is a probabilidic dtuaion, not a determinigic Stuation. But my study
is amply trying to look a the initiation condition defined in my way to the surface
conditions.

In the equation | used the flow power to relate sediment movement to flow power
that is actudly an energy term. The reason to use flow power, which was defined by
Bagnold in 1966, is because flow power is more compatible to two aspects of the
sediment movement. In sediment movement both the volume and the speed of moving
sediment are important. When we try to modd the sediment movement, one should, on
one dde of the equation, have sediment transport capacity or rate, on the other sde of the
equation, both force, which is shear stress, and some sort of variable to represent the
gpeed, which is veocity; in the ampligic term. How power actudly combines both shear
dress and flow velocity in just one term. So Bagnold introduced this term years ago. In
my sudy, | Smply adopted his term. We think initiation of sediment motion is a specid
case of sediment movement where sediment transport was equd to zero. So in that way,
we judtify the use of flow power instead of shear stress or other force terms.



Session 8. Human Activities Induced Sediment Problem
Nani Bhowmik and X. Shao

Keynote lecture by Grace Brush: A 300 year History of Land Use and Sedimentation in
the Chesapeake Bay Water shed and Estuary

Dr. Brush's tak concentrated on the depostiond characteristics of pollen grains and
the use of pollen grains as indicators of the time frames within which sediments are
deposted. The Chesgpeske Bay in the USA was used as an illudration of the effects of
increased sedimentation due to deforestation and agriculture on the ecology of an estuary.

Lianyuan You: Effect of Coal Mining on River Sedimentation — A Case Study from the
Shenfu-Dongsheng Coal Field in the Loess Plateau, North China

Professor You discussed the sedimentation patterns and magnitudes of sediment
depogtion in rivers due to cod mining activities in the Shenfu-Dongsheng codfield.

Huapeng Qin: A Case Study of Sediment Impact on the Ecosystem
The impacts of sediment depostion to the ecosysem on the Shenzheu Bay in
Shenzheu Economic Specid Zone were presented by Dr. Hugpeng et d.

Shaochua M arko Hsu: Phenomena and Controlling Factors in Drawdown Flushing
Processes

The last paper in the sesson was by Dr. Hsu. It was discussed that a volume erosion
factor could be quite useful to define the percent of erosion from the deposited sediments
due to flushing activities,

Discussions and Comments

There were several questions from the participants to the presenters. Questions and
answers are asfollows:

Severd participants asked questions of Professor Hsu on the sediment flushing research.
Quedtions related to the downstream impacts of flushed sediments, fate of the flushed
sediments, scales used for the experimenta work, and whether or not the stream/river can
cary the flushed slit were asked. Prof. Hsu answered as follows. dope needs to be
increased to assg the flushing, flushed sediment will be washed away to the downstream
channd, and the river should be able to trangport the sediment and sediment should not
block the channd. There were dso some discussons on an experimenta set up in
Tawan where naturdly available sands were used in the |aboratory experiment.

A question was aso asked of Professor You relaied to the conceptua difference in
opinion between the Ydlow River commisson and the Cod Mine Authority on the
impacts of human activity on the potentia increase in eroson and its relationship to cod
mining activities. Professor You responded that even though he and others are fully
aware of these different opinions, they do not have sufficient information to sdtle these
differences.
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It was a lively discussion, and probably more questions would have been directed to the
peskers if more time were available.

Wohl to ShaoHua Hsu One of the issues we faced in the U.S. is because of the
reservoirs there is not enough sediment downstream and hence generdly there are
channd incison and bank eroson. On the other hand, sediment is released in a large
volume so we have pool volume losses or fish habitat losses. With the scheme you have
shown, could you mimic actud sediment flow in naud rivers by timing the flushing of
sediment? |s the timing important?

Reply: | believe there is a posshility to do that. But there is a baance between how much
and when we can do the sediment flushing. Your point is correct, the timing is very
importart.

Gary Li to ShaoHua Hsu Two questions to Dr. Hsu. The fird one is. Do you consider
sediment flushing an impact to downsream? The second one is What is the sediment
Sze digribution in the experiment?

Reply: To your fird question, since the sediment is coming from the upsream, | don't
condder it conditutes any impacts to downsream. In our experiment, the sediment did
not clog the downsream channd dther. Of course, if the sediment is polluted, it is
another issue. To your second question, | used uniformrszed sediment in my experiment.
In the red world, it is not the case. But what | showed is only for sediment basins, not
reservoirs. The water will bypass, then go to the reservoirs. The channelized section is
only used in sediment basins

Gary Li to Brush Do you have data for the Chesapeske Bay for the last 30 years in
terms of fishery productivity and sediment load?

Reply: We have sedimentation rates and have the fishery harvest records, which is not
redly the fishery population. So we know what the fishery production is in tons. There is
over fishing occurring too. In the 1970's, fishery harvest began declining and has not
recovered.

Hall to Brush: What is the specific gravity of pollen grans? Do pollen grans exhibit
hydrophobic characteristics?

Reply: Mog pollen grains are more or less buoyant, but upon entering an aguatic system,
they are quickly immersed into the water column and then settle into the bottom of the
sysem.

Hall to Brush | have another question regarding the gpplicability of your techniques to
other aress. In the western U.S,, most large storms over large basin areas (thunderstorm
events excluded) occur in winter months. Is the runoff season not in phase with the
pollen generation season?

Reply: My agument is tha the pollen is not coming in with runoff; it comes in
amosphericdly. Some of the pollen may come in with runoff but the mgority of the
pollen is coming in a@amosphericaly.
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Demissie to Brush: One of the problems we face in usng sediment cores to determine
sedimentation rate is the variability among different locations Another problem when
usng sediment dating is the disurbances in the sediment layers resulting in mixed
sediment samples. How did you digtinguish between disturbed sediment cores in the
anayses?

Reply: Those are the red problems anywhere. For your first question, the technique we
have worked out is to take multiple cores at a location. | could not take one sediment core
and expect to have the representative sedimentation rate. The second question with
respect to sediment disturbance is dso important. What | generdly do is estimate the
probability of getting intact sediment core or continuous cores a a location. In a fresh
water location we have to take up to Sx sediment cores to get one tha is intact; in more
sdine areas we take 10 or more cores to get one that is intact because there is so much
biologicd activity from burrowing warms, etc. So we do have to take multiple cores from
one location.

Demissie to Brush: Have you seen reduction in sedimentétion rate in the recent years
due to conservation practices in the watershed?

Reply: We have observed reductions rdated to conservation. But we dso find it difficult
to separate conservation practices from farmers abandonment since 1930s. But there is
certainly a reduction. In some places the reduction is down to where it was in the pre-
European time.

Zhaoyin Wang to Brush The most disastrous red tide occurred last year dong the coast
of the China seas, especidly in Hong Kong and the Bohai Bay. People believed that the
red tide is caused by increesng human activities and rdeasng too much pollutant and
nutrient into the sea. Two species of agae, like diatom, produce gicky liquid and so kill
other animas, and therefore caused great loss of fish. Do you know how to identify these
gpecies and how to mitigate red tide impact?

Reply: Diaoms are identifisble to species because of ther slica shel. They are very
useful indicators of many water quaity properties.

Jinchi Huang to ShaoHua Hsu: | have done some experiments on sediment flushing
from reservoirs. From our experiments, we found the effect of flushing is directly related
to the flushing time. This is because in the reservoir flushing processes, with the water
level lowering, intensty of the flow will decrease, and the dope will dso be changed.
Can you comment on this process?

Reply: Yes, in the flushing process, you get more flushing in the beginning and then you
et less and les So if you have longer flushing time, then you get less efficency, and
wade a lot of water. In our sediment basin desgn, we will have to have a base dope,
which will make it eeser to flush anything away fader. If you have a fla bed, then you
will have severa tons of depostion, which will take more time to flush awvay. So you
can't have control on the geometry. Then you need take more time, like in the navigation
channd in the Three-Gorges Project. But if you have a choice, you better have some base
dopetha will save you alot of time.
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Youshu Chao to ShaoHua Hsu: My question is on your scade modd. Firgt, what kind of
materia do you use in the laboratory smulation, natural sediment or processed meaterids?
Next | would like to know how do you consider the smilarity between the scour and the
depostion? | mean the depostion scae and scour scale in the same modd. 1t is difficult
in getting the same number.

Reply: The experiments were done a the Hydraulic Laboratory in the Water Bureau. |
think they used the red sediment from thet area. The next question is an important one. |
think the scade or the phenomenon for depogtion is very different from eroson. So for
the depostion, maybe the modd scae you need to consder is flow veocity, etc., for
eroson may be concentrated on the incipient motion. That is a different thing. So if you

want to use the mode, you should condder what you want to smulate. For this
presentation, | only ded with erosion.
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Session 9: Reservoir Sedimentation and Irrigation
Ellen Whol and Y eou-Koung Tung

Keynote lectur e by Shou-Shan Fan: Sediment Management in Hydropower Reservoirs

Professor Fan gave a comprehensve view on mgor sedimentation issues a some
hydropower reservoirs and the manner in which problems were codt-effectivdy mitigated
and managed. In the U.S, most of the nonFederal hydropower (NFHP) reservoirs
licensed by the Federd Energy Regulatory Commisson (FERC) was congructed only
within the past 100 years. However, many of them have dready become unussble due to
sedimentation or lack of maintenance. This paper is prepared on the basis of Dr. Fan's
many years of experience with the NFHP a FERC. Advances in appropriate design or
management practices can mitigate many, if not dl, of the adverse impacts of
sedimentation.

Jinchi Huang: A Study on the Warping near Irrigation Headwork of the Lower Reach of
the Yellow River

Professor Huang, an expert in water qudity, views the sediment in the Ydlow River
as a vduable naturd resource for the extendve area dong both sdes of the Lower
Ydlow River. Through proper retention and seitlement desgn, a large amount of
sediment-laden flow can be diverted out for warping. In his presentation, warping for
andioraing sine-akainized soils is discussed, a genera description on the warping for
s0il improvement has been provided, and a practicd desgn example on glt filling a
headwork of an irrigation project is examined.

Summary of Discussions by Session Chairs

Dr. Fan pointed out that, in generad, we lack the means to cdibraeverify numericd
modds and physcd modds, so one-dimensond modds may be more agppropriate for
use by regulatory agencies.

Dr. Wang Zhaoyin taked about the practice of removing reservoir sediment in China.  In
paticular, there are some downstream advantages due to flushing, such as the fine
materias could sed the leakage in cands.

Dr. Fan, however, pointed out the potentid ill effect of fine materids in reservoir
sediments on fish habitat or ecologica systems.

Dr. Mohamed Ghidaoui addressed the generd issues of sediment modding and pointed
out that the modd and data should be compatible with respect to their qudity and
accuracy.

Dr. Fan followed the comments dating that, a the present stage, the qudity of available
sediment data from the fidd may not be compatible with the level of sophidtication of
many sedimentation modds. He believed that a smpler modd would be more suitable
for the type of investigations done by regulatory agencies.
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Along the sediment data, Dr. Rollin Hotchkiss raised the issue on the difficulties in data
acquigtion and didribution. Namely, the data are not free of charge and sometimes very
expendve. On top of that, there is a wrong perception in genera that there is sufficient
amount of data available. Hence, requests for fundsto collect data are very difficult.

Dr. Grace Brush pointed out that the U.S. NSF has a long-term collection of ecologicd
data, which is centrdly archived and should be available to the public. Mr. Brad Hal
made the comment that the selection of a proper modd should be made in the context of
nature of the problem, experience of the modeder, and data availability.

Discussions and Comments

Ghidaoui to Fan: From your experience as both a practicing engineer and a lesearcher,
what is the time lag between research and practice in sediment transport, and how can
this time lag be reduced?

Reply: This is a very good question, and unfortunately there is no answer. Our big
problems are that we don’'t have good ways to sdect models, and we don't have good
data to cdibrate, to verify, and to implement the modd that we sdect. In the sediment
field, one of the biggest problems is the lack of adequate data. The problems associated
with data are two-fold. One is we don't have the data that we need. Another is we don't
have accurate ways to measure some data (roughness, etc). Also, we do not have
guidelines to sdect modds. My suggestion is that a research agencies, we can promote
very sophigticated models, from 1-D to 3-D modeds. But for regulatory agencies, | think
the ampler, the better. This is because a smpler modd would be less confusing, and the
regulatory agency would have an easer time of determining which oneis better.

Comment by Bhowmik: With respect to Dr. Fan's comment, | believe that he made an
extremely important point on data -- the avalability or nonavalability of sandard
sediment transport data This is one area the U.S. is extremdy lacking right now. Without
actud data, how can one judify if the modd is working correctly? So | think for any
future activities, | would like to put an emphass on red data collection. Somewhere,
somehow, the monitoring program should benefit from it.

Comment by Fan: Thank you for the comment. Severd years ago, | did tadk with
UNESCO regarding the posshility of devdoping a common internationd sedimentation
database. In the U.S,, mogt data used by the universities are often not readily available to
regulatory agencies.  As previoudy discussed, results will be dgnificantly different when
different data are used.

Comment by Zhaoyin Wang: For controlling sedimentation in reservoirs there are about
five srategiesin China. These gpproaches are to:
Sore clear water and release turbidity. This method is used for major, large
reservoirs including the Three Gorges Project.
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Draw down the reservoir during flood periods. This method dlows flow to cary
sediment downsiream and has been used in Shanxi and Shanxxi Provinces, especidly
in smdl reservoirs only.

Dredge the reservoir. Mechanicd dredging is feasble but is rady used in China
because of cogt. At approximate 20 yuan per cubic meter, the cost is too high for most
of the reservoir. Thanks to economic development, dredging becomes more and more
feegblein China

Release hyper-concentrated current. This method has been gpplied a many reservoirs
dong the Ydlow River. Sediment-laden flow carries mainly fine sediment, so it is not
directly deposted on the bottom of reservoirs. A turbidity sub-reservoir forms with
high sediment concentration but maintains fluidity. One opens the bottom outlets and
the high sediment concentration is released from the reservoir.

Use pipes. Sweden is udng flow flushing pipes on the bed of reservoirs. The pipe has
many smal holes on its wal so clear water and fine sediment can flow through. The
pipe flow can have higher carrying capacity. Thetll be a new chdlenge, but not used
in China

Comment by Fan: In the U.S. weve not redly caried out flushing, but there was a
flushing project in Cdifornia some years ago. The project was to cary out flushing for
different purpose. It used flushing to discharge fine materid such as sSit for stopping
seepage in irrigation cands. On the other hand, people are againg flushing because of
environmenta concerns. On the streambed, voids dlow fish to lay eggs and pray. The
fine sediment depodts would often plug the holes and kill the fish. Therefore, most
concearns on resarvoir flushing are actudly the fine materid carried by the flow. They are
less worried about coarser deposits.

Ghidaoui to Fan: Mogt of the discusson on data has been focusing on the needs for data
Sometimes one needs to be careful about not teking lots of data but smple modes.
Because, | think, then one is running nto the case of doing a lot of data fitting. A smple
modd tends to neglect lots of physics but detailed data contain a lot of physics Then we
are ether lucky or unlucky to have lots of parameters in the modd. You can dways
cdibrate them by using the data. Of course, sometimes we run into the dtuation that we
have only a couple of points, but too optimigtic to go to complex models. In fact, we can
make up many different parameters by using limited data My point is that the complexity
of the modd needs to go hand in hand with the qudity of the data But sometimes we
aso forget we collect data to understand the processes. We should be careful doing
extrgpolation with the data We don't believe them quantitatively, but we should look at
them quditatively.

Reply: | am not redly promoting smple modds. Let me explain why | said tha. Often a
scientific gpproach is to decompose a complex system into a number of linear sysems.
Why linear? Because one can superimpose its component linear solutions one over the
other. If you have severd systems that are not linear, then you cannot superimpose them
together. After you integrate the sub-systems by some gpproach you need to verify the
gpproach. For scientific research, complex models are often better. But a regulatory
agencies, we don't know how to sdect model or how to compare the results derived from
different moddsif the modds are too sophiticated.
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Comment by Hotchkiss: | wish | had better news about data collection. We have three
problems, maybe four problems that reduce our incoming data. The firs is high cost of
data. In the United States, budget reduction for data collection agencies renders less and
less data collected each year. Secondly in developing countries data is now for sde. It is
not free, just like here in China And that makes didribution of data difficult. The third
problem is increased concerns about different processes in the environment (for example,
ar pollution, acid ran, and digribution of aerosols) divert money to measure those
quantities from measuring basc waer quantity. The fourth problem is the fase fath
about the computer models, that now we no longer need data and that our computers are
ale to dmulate everything. So perhaps anything we can do is emphaszing to our
students, undergraduate students and graduate students. Our red needs for the real world
ae data Because we keep them running the computer modds, and ultimately believe
what the models say without ever seeing the data. On a large scae, | am not sure what we
can do because | don't know one research agency that will pay money to collect data.

Comment by Brush | don't know how gpplicable this is to engineering problems, but
the Nationd Science Foundation Mountain Ecologicl Research Center did collect data
over a long-term period. That data has been put into a database and is available to
everybody, and data has been put in the database after a year of collection.

Comment by Hall: With respect to the question on models and what is the best modd,
the big question is what are the physica processes you are trying to address, and not for
what “modd” should be used. | think that possibly the worst question to ask is whét is the
best “modd” to use or gpply. The correct question to be asked is what is the process you
are trying to smulate? Then one can properly say which code adequatedly smulates the
processes under condderation. | think another aspect we are neglecting is not just the
“modd” but is the “modde” too. Spesking for mysdf and my persona experience, | am
very confident in gpplication of HEC6. However, | lack experience in the use of other
models, such as FLUVIAL12, and | would have less confidence in the correctness of my
results. So again it is not just the modd, it is the mode er too.

42



Organization Committee of the Joint Workshop

Co-coordinators: Dr. Zhaoyin Wang (China)
Professor Ben Chie Yen and Dr. TaWe Soong (U.S))

u.sS. Affiliation
Ben Chie Yen Universty of Illinois at Urbana Champaign
TaWe Soong [llinois Stete Water Survey
Misganaw [llinois State Water Survey
Demisse
Shou- Shan Fan Univergty of Wisconsn - Milwaukee
China Affiliation
ZhaoYin Wang International Research and Training Center on Erosion and Sedimentation
Shihui Chen Natura Science Foundation of China
Yuling Tong International Research and Training
Center on Erosion and Sedimentation
Jnren Ni Department of Urban and Environmenta Sciences, Peking University
Sponsor ship:

The Nationa Science Foundation, U.S.
The Naturd Science Foundation of China

43



Ligt of Workshop Participants

Dr. Nani G. Bhowmik

Head, Watershed Science Section,
Illinois State Water Survey

2204 Griffith Drive

Champaign, IL 61820,USA

Tel: 217 3336775

Fax: 217333 2304

Email: nbhowmik @sws.uiuc.edu

Dr. Grace S. Brush

Prof. of Geographical &
Environmental Engineering, G.W.C.
Whiting School of Engineering
Johns Hopkins University

313 Ames Building

Bdtimore, MD 21218, USA

Tel: 410516 7107

Fax: 410 516 8996

Email: gbrush@jhuvms.hcf.jhu.edu

Dr. Misganaw Demissie

Assistant Section Head, Watershed
Science Section,

[llinois State Water Survey

2204 Griffith Drive

Champaign, IL 61820, USA

Tel: 217 3334753

Fax: 217 333 2304

Email: demissie@sws.uiuc.edu

Dr. Panayiotis Diplas
Department of Civil and
Environmental Engineering,
Virginia Polytechnic Institute and
State University, Blacksburg, VA
24061, USA

Tel: 540 231-6069

Fax:540 231 7532

Emall; pdiplas@vt.edu

Dr. Shou-Shan Fan

Adjunct Prof., Civil Engr. and
Mechanics, University of Wisconsin
at Milwaukee, EMS Bldg., 3200 N.
Cramer St. Milwaukee, WI 53211,
USA

Tel: 202219 2703

Fax: 301 869 1883,
Emall:ssfan@erols.com

Mr. Brad Hall

Principal Engineer, Northwest
Hydraulic Consultants, Inc. 3950,
Industrial Blvd., Suite 100-C

West Sacramento, CA 95691-3430,
USA

Td: (916) 371-7400

Fax: 371-7475

Email: bhall @nhc-sac.com

Dr. Rollin H. Hotchkiss
Director, Albrook Hydraulic Lab.
Dept. of Civil & Env. Engineering
Washington State University

PO Box 642910 Pullman, WA
99164-2910, USA

Tel: 509 335-1927

Fax 509 335-7632

Emall: rhh@wsu.edu

Dr. FazleKarim

Pima County Dept. of
Transportation & Flood Control,
Flood Control Engr. Division, 201
N. Stone Avenue, Tucson, Arizona
85701, USA

Tel: 520 740 6371

Fax: 520 740 6883

Emall: fkarim@dot.co.pima.az.us

Dr. TaWei Soong
U.S. Co-Coordinator

Illinois State Water Survey

2204 Griffith Drive Champaign, 1L 6182(

USA

Tel: 217 333 1495

Fax: 217 333 2304

Email: dawei @sws.uiuc.edu

Dr. Ellen Whol

Department of Earth Resources,
College of Natural Resources,
Colorado State University, Ft
Coallins, CO 80523, USA

Tel: 970 491 5298

Fax: 970 4916307

Email: elenw@CNR.ColoState.edu

Prof. Donald W. Knight
School of Civil Engr., The
University of Birmingham
Edgbaston, Birmingham B15
2TT, UK

Td: 44-121-414

Fax: 44-121-4143675

Email:
d.w.knight@bham.ac.uk

Dr. Gary Li

Dept. of Geography &
Environmental Studies
Cdlifornia State University
Hayward, 25800 Carlos Bee
Boulevard, Hayward, CA
9542-3049, USA

Tel: (510) 885-3193

Fax: (510) 885-2353

Email: gli @csuhayward.edu

Dr. Onyx Wai

Department of Civil and
Structural Engineering

The Hong Kong Polytechnic
University, Hung Hum,
Kowloon, Hong Kong

Fax: 0085223346389

Email: ceonyx@yahoo.com

Dr.Tung Y.K.

Department of Civil
Engineering

Hong Kong Polytechnic
University of Science &
Technology, Kowloon, Hong
Kong

Td: 852 235 88764

Fax:852 23581534

Email: cetung@uxmail.ust.hk

Dr. Mohamed Ghidaoui
Department of Civil
Engineering

Hong Kong Polytechnic
University of Science &
Technology, Kowloon, Hong
Kong

Td: (852) 23588764

Fax: (852) 23581534

Email: GHIDAOUI @ust.hk



Dr. Ben ChieYen

U.S. Co-Coor dinator

Prof. of Civil Engineering

U of Illinois at Urbana-Champaign
205 North Mathews

Urbana, IL 61801, USA

Tel: 217 3334934

Fax: 217 333 0687

Email: b-yen@uiuc.edu

Prof. CAO, Shuyou

State Key Hydraulics Lab. Of High
Speed Flows

Sichuan University, Chengdu
610065, China

Td: +8528 5401148

Fax: +86 28 6491184

Email: caosy@mail.sc.cninfo.net

Mr. CHEN, Deming

Chinalnstitute of Water Resources
and Hydropower Research, P. O.
Box 366, Beijing 100044, China

Tel: 10 68415522-6644

Fax: 10 68416371

Mrs CHEN, Huai

Division Chief, Bureau of
International Cooperation, NSFC,
35 Huayuanbei Road, Beijing
100083, China

Td: 10 62026381

Mr. CHEN, Jiwel

Dept. of International Cooperation
and Science, Ministry of Water
Resources, Beijing 100053, China
Td: 10 63202829

Fax: 10 63202824

Email: jwchen@mwr.gov.cn

Prof. CHEN, Shihui

Dept. of Engineering and Material
Sciences, NSFC, 35 Huayuanbei
Road, Beijing 100083, China

Tel: 10 62016655-2080

Dr.Marcelo Garcia

Assoc. Prof. and Director of the
Hydrosystems L ab.

U of Illinois at Urbana-Champaign
205 North Mathews, Urbana, IL 6180:
USA

Tel: 217 244 4484

Fax: 217 333 0687,

Email: mhgarcia@uiuc.edu

Prof. HU, Chunhong

China Institute of Water Resources
and Hydropower Research, P. O.
Box 366, Beijing 100044, China

Td: +86 10 68415522-6659

Fax: +86 10 68416371

Dr. HU, Shixiong

International Research and
Training Center on Erosion and
Sedimentation, P. O. Box 366,
Beijing 100044, China

Td: +86 10 68415522-6579

Fax; +86 10 68411174

Email: sxhu@iwhr.com

Dr. HUANG, Jinchi

Chinalnstitute of Water Resources
and Hydropower Research, Beijing
100038, China

Tel: +86 10 68515511-1791

Fax: +86 10 68538685

Prof. HUANG, Yongjian

China Institute of Water Resources
and Hydropower Research, P. O.
Box 366, Beijing 100044, China

Td: +86 10 68415522-6640

Fax: +86 10 68416371

Mr. DENG, Chenglong
Institute of Geology, Chinese
Academy of Sciences

Beijing 100101, China

Tel: +86 10 64917242

Fax: +86 10 64911844

45

Dr. HSU, ShachuaMarko
Department of Hydraulic
Engineering Feng Chia
University, 100, Wen-Hua
Road, Taichung 407, Taiwan
Td: +886-4-451-0390
Fax:+886-4-451-4318

Email: shhsu@fcu.edu.tw

Mr. LI, Bailian

Nanjing Hydraulic Research
Institute

Nanjing 210024, China

Td: +86 25 6632341

Mr. LI, Diankui
Shangdong Provincial
Committee of CPPCC
Jinan 250011, China
Tel: 0531-6083445
Fax: 0531-6092758

Ms. LI, Rong

Wuhan University of Hydraulic
and Electric Engr.

Wuhan 430072, China

Td:+86 27 87882212-2207

Fax: +86 27 87654896

Dr. LI, Tianhong

Institute of Geology, Chinese
Academy of Sciences
Beijing 100101, China

Td: +86 10 64889321

Fax: +86 10 64911844

Prof. LI, Wanhong

Dept. of Engineering and
Material Sciences, NSFC, 35
Huayuanbei Road, Beijing
100083, China

Td: 10 62016655-2080



Mr. JIANG, Chao

International Research and Training
Center on Erosion and
Sedimentation, P. O. Box 366,
Beijing 100044, China

Te: +86 10 68415522-6411

Fax: +86 10 68411174

Email: irtces@public.bta.net.cn

Prof. LI, Zhanbin

Institute of Soil and Water
Conservation, CAS & MWR,
Xianyang 712100, Shan’xi, China
Tdl: (910)7012412

Fax: (910)7012210

Mr. LIANG, Lin

Dept. of Urban and Environment,
Peking University, Beljing 100871,
China

Td: +86 10 62751184,

Fax: +86 10 62751185

Prof. LIANG Ruiju

ChinaInstitute of Water Resources
and Hydropower Research, P. O.
Box 366, Beijing 100044, China

Td: 10 68415522-3311

Fax: 68412498

Mr. LIANG, Zhiyong

China Institute of Water Resources
and Hydropower Research

P. O. Box 366, Beijing 100044,
China

Td: 10 68415522-6644

Fax: 10 68416371

Ms. LIU, Jinmei

Dept. of Hydraulic Engineering
Tsinghua University

Beijing 100084, China

Td: +86 1062781750

Fax: +86 10 62782742

Prof. JIN, Desheng

Institute of Geology, Chinese
Academy of Sciences

Beijing 100101, China

Td: +86 10 64889321

Fax: +86 10 64911844

Prof. LU, Jinfa

Institute of Geology, Chinese
Academy of Sciences

Beijing 100101, China

Tel: +86 10 64917242

Fax; +86 10 64911844

emall: luif @mx.cel.gov.cn

Prof. LU, Zhongchen

Ecology Center, CAS, P. O. 8712,
Beijing 100080, China

Tel: 86 10 62542617

Prof. MO, Duowen

Director, Dept. of Urban and
Environment, Peking University,
Beijing 100871, China

Td: +86 10 62751170

Fax: +86 10 62751185

Prof. NI, Jinren

Dept. of Urban and Environment,
Peking University, Beijing 100871,
China

Td: +86 1062751184

Fax: +86 10 62751185

Email: njr@urban.pku.edu

Dr. QIN, Huapeng

Dept. of Urban and Environment
Peking University, Beijing 100871,
China

Te: +86 1062751184

Fax: +86 10 62751185

Email: njr@urban.pku.edu

46

Prof. LI, Yitian

Wuhan University of Hydrauli
and Electric Engr.

Wuhan 430072, China

Td: +86 27 87882212-2207,
Fax: +86 27 87654896

Mr. SHEN, Zhigang
Dept. of Mechanic Engr.
Shanghai Communication
University

Shanghai 200240, China
Tel: +86 21 54700942

Prof. SHI, Changxing
Institute of Geology, Chinese
Academy of Sciences
Beijing 100101, China

Td: +86 10 64917242

Fax: +86 10 64911844

Prof. TAN, Ying

International Research and
Training Center on Erosion and
Sedimentation, P. O. Box 366,
Beijing 100044, China

Tel: +86 10 68415522-6411,

Fax: +86 1068411174

Email: irtces@public.bta.net.cn

Mrs. TONG, Yuling

IRTCES, P. O. Box 366,

Beijing 100044, China

Te: +86 10 68415522-6579,

Fax: +86 10 68411174

Email: irtces@public.bta net.cn

Mr. WANG, Gang

IRTCES, P. O. Box 366,

Beijing 100044, China

Td: +86 10 68415522-6682

Fax: +86 1068411174

Email: irtces@public.bta.net.cn




Prof. LIU, Yudan

Institute of Hydraulic Engineering
Yellow River Conservancy
Commission

Zhengzhou 450003, China

Td: +86 371 6305443

Fax: +86 371 6225027

Prof. WANG, Zhaoyin
Chinese Coordinator
International Research and
Training Center on Erosion and
Sedimentation, P. O. Box 366,
Beijing 100044, China

Tel: +86 10 68415522-6579

Fax: +86 10 68411174

Email: zywang@sun.ihep.ac.cn

Prof. XU, Junxin

Institute of Geology, Chinese
Academy of Sciences
Beijing 100101, China

Td: +86 1064917242

Fax: +86 10 64911844

Prof. YANG, Xiaoging
IRTCES, P. O. Box 366, Beijing
100044, China

Te: +86 10 68415522-6683

Fax: +86 10 68411174

Email: xgyang@iwhr.com

Prof. YOU, Lianyuan
Institute of Geology, Chinese
Academy of Sciences

Beijing 100101, China

Tel: +86 10 64917242

Fax: +86 10 64911844

Prof. YUAN, Baoyin

Institute of Geology, Chinese
Academy of Sciences
Beijing 100101, China

Td: +86 10 64917242

Fax: +86 10 64911844

Dr.SHAO, Xugun

Dept. of Hydraulic Engineering
Tsinghua University

Beijing 100084, China

Td: +86 1062781750

Fax: +86 10 62782742

Mrs. ZHANG, Junhua

Institute of Hydraulic Engineering,
Yellow River Conservancy
Commission, Zhengzhou 450003,
China

Tel: +86 371 6304487

Fax: +86 371 6225027

Mr.ZHANG, Ouyang
Institute of Geology, Chinese
Academy of Sciences
Beijing 100101, China

Td: +86 10 64839321

Fax: +86 10 64911844

Prof. ZHANG, Ren

Dept. of Hydraulic Engineering,
Tsinghua University

Beijing 100084, China

Td: 1062783337

Fax: 10 62782742

Prof. ZHANG Shigi

ChinaInstitute of Water Resources

and Hydropower Research
P. O. Box 366, Beijing 100044,
China

Tel: +86 10 68415522-6627
Fax: +86 10 68416371

Prof. ZHAO, Chunian

Dept. of Geographic Sciences,
NSFC

35 Huayuanbei Road, Beijing
100083, China

Td: 10 62016126

47

Prof. WANG, Guanggian
Dept. of Hydraulic
Engineering, Tsinghua
University

Beijing 100084, China
Td: 10 62783337

Fax: 10 62782742

Mr. ZHU, Zhongli

Dept. of Urban and
Environment, Peking
University, Beijing 100871,
China

Te: +86 10 62751184

Fax: +86 10 62751185

Prof. ZHANG, Hongwu
Institute of Hydraulic
Engineering, Ydlow River
Conservancy Commission,
Zhengzhou 450003, China
Tel: +86 371 6304523

Fax: +86 371 6225027

Mr.ZHAO, Yongaing

Dept. of Hydraulic Engineering
Tsinghua University

Beijing 100084, China

Te: 1062781748

Fax: 10 62782742






Selected Photographs

FIRST SINO-US WORKSHOP ON SEDIMENT TRANSPORT AND |
Sponsored by NSFC and NSF-US_._;___.Beiiing. M

Ly
‘:fJ

Presentation by Dr. N.G. Bhowmik

Discussion by Professor Panos Diplas

49






Discussion by Professor P. Diplas

Discussion between Professor Dr. Zhaoyin Wang
and Professor Ellen Wohl

—

Discussion between Dr. F. Karim (left) and Dr. S.. Cao

51






JWENT TRANSPORT AND DISASTERS
US, Beijing, March :!.5-22:. 1999

Discussion between Professor B. Brush (seated)
and Dr. M. Demissie

Discussion by Professor M. Garcia






Workshop audience

55






Gully eroson in the Loess Plateau

A locd village on the Loess Plateau
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Terraced fidlds on the Loess Plateau

Gully erosion on the Loess Plateau

Ultimate head-cut formed by gully eroson
on the Loess Plateau
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Sanmenxia Reservoir looking from downstream
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