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Review of Sections 1.1.1 and 1.2 ¢f the Micro-Model Report

gt of Dr. Steve Maynord, | reviewdd the subject sections relative to WES
modeling and a comparison of m{cro-model and WES model

fes. This document includes my g
ijts of the document Steve provided|me.

neral comments. Specific comments ar

d, agitated, and insulted that anytme, other than a WES physical, movable
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# the last 30 years spent virtually qur entire careers performing physical,

8 as much an art as it is a science, but then
bus portions of the report why wedid what we did and the impacts of thos
any of those points were so far fijpm reality that T almost wanted to laugh, |if

y impression all along that the mi¢ro-model evaluation being performed

Research Program was to be an
w of the micro-model techniques to

enda and purpose in the presentation.
movable-bed models were degraded to

t of micro-models. I had to ask myself several times the question — if the
¢ were 50 far from reality and the|science of modeling, how come the Corgis

ical, movable-bed models? 1'm talking

projects, like the Old River Contrgl Structures, Locks and Dam No. 26

nd Dam, the vast majority of the
stem, the majority of the Red River
ississippi River site-specific studies.
the last 40 years or so.

grapes” about micro-models, but I have

always thoujht, believed, and stated that microfmodels have a place in the field of river

sad day when Corps employee(s) put
themselves look good to others.

Thomas J. Pokrefke, Jr., PE

Hydraulic Engineer
Coastal and Hydraulics Laboratory

RLZEHSOLOO B

y the end of the first paragraph of the two -

3
'

NNJ




o~ 1.1. Basic Methodology of WES Movable Bed Models

e large movable bed models einployed by the Corps of Engineers dt the
Waterwdys Experiment Station (WES) in Vicksburg, Mississippi, as stated previ usfy,
were clagsified as loose-bed models that jused an empirical modeling approach. | The

madels dtilized relatively large horizontal jscales (t{pxcally 1:120 to 1:600) and v
V.5 4 e AW s g T\ JVOUIE i, S vy “3Pvecal wor

distortiof) (typicully ¥ to 18). ;Z‘he models did not utilize established similitude cfterfa >

during thie design or operation of a model.| Warnock (1949) stated that the pri

in the detelopment of a movable bed modg! involved the selection of suitable scal

2
bed matgrial which would result in twg phase flow similar to the prototype.| To m.'.}_z(
Fhos

hydrauligiand hydrographic survey data wag required. [n addition, experience in t
au]ic models was needed for proper

field

del
bed model used at WES.

of river mechanics and movable bed hy

calibratign. Figure 2-1 is a typical movabls¢

o
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Figure 2-14: Large Movable Bed Mo¢

el at WES, Middie Mississippi River at
l)ogllooth Bend, Miles 39.2 ¢o 20.2, Sd

ales 1:400 Horizontal & 1:100 Vertica
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Kigure 2-33: Discharge Relation Curve, WES Coal Bed Model, Scale 1:]20 - I
PN 1:80
discharge of the model incn:.Ised, the scale discharge ratios applied to
represent the prototype increasgd exponentially. According to Franc h the
discharge scale relation must be|such that movement of model bed matetial is
similar to prototype bed movethent for the range of flows in the simylated
hydrograph. Models are generally too small to develop the forces required to
move typical model bed materigis, especially at lower flows. The additjonal
forces needed to move the sediment must be provided through discharge|scale
relations that are greater than the theoretical scale derived from the njodel
horizontal end vertical scales,
P va¥r Jenew qs."»/m% this exponential di harge scale, the water stages in the
s Shede mald would not correspond to the appropriate stages in the prototype. As a ry

Coo v L caw

the smaller discharges in the Inodel would result in reduced stages.
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Typically a mode! operates yery near the critical tractive force whilg the
prototype operates considerably lnb(we the critical level. Vertical distort !’. is
an adaptation to increase tractivg force in a model. However, in most [pose
bed models supplementary slofle is also required to develop the necey sary
forces for bed movement.

Entrance and Exit Conditions. | The entrance condition was constructed
modified 5o as to dissipate excegsive energy and bed scour resulting fro :EI
discharge introduction point at tt upstream portion of the model. 1n addii
modifications were _made to emsure t t_direction of flow int
model. Baﬁles,(;ﬁﬁcrete, screenﬁfm%@were used to acco

this. The exit condition was conptructed far enough downstream from thq
of interest in the model study to gnsure minimal negative model influence

Bank Alignment and Overban
banks in the model, or ¢
deveclopment of the resultant
necessary to acquire accurate
accurate horizontal boundary ¢«

Roughness. The accurate alignmen
afinel planform, was critical to the p
ed configuration. For this reason, i
nps, drawings, or photos of the prototyps
ditions in the model. in addition, oved]

associated with vegetation, etc. [n most WES models, a small, parallel
of the floodplain or overbank was usuall y included in the model.

Erosion Resistant Boundlries
that occur in the prototype in the
rock strata, sunken vessels, de

There are many erosion resistant matg
form of gravel and cobble bars, clay
is, etc. The WES models utilized saye
different materials in the mode} to simulate resistance to erosion incl
haydite, screen, gravel, and f ncrete. Figures 2-5 and 2-6 are pl
illustrating some of the different materials used. In Figure 2-5, concrete was
used to simulate both a rock feature and dikes in the model. In Figure| 2-6,
haydite wag used to simulate an erosion resistant bar (Boston Bar). | The
determination of erosion resista nt boundaries in the model was usually
during model verification based upon either information obtained fro
ad by the modeler.

s
prototype or upon judgment ms
d rock structures of the prototype

In addition, pile dikes a
represented in the model by a Variety of materials, includingpervious|ghin-
walled metal screepand impervjous material in the form of thin-walled heet
metal, concrete, and pea gravel. Figures 2-7 and 2-8 illustrate impe i
structures used in the WES modg

Regulating Structure Elevation and Condition. Critical to the perforrance

of the WES models was the ai ount of available information describing the
condition of existing channel

gulating structures in the prototype. |This
included basic information on dike elevation and dike length, dike type) pile

Is.
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Figure 2-77: Pea Gravel-Cone
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Adjustments of Rails. Localiz
the models were employed in t
were placed on either side of t
rails, the datum of selected aj

ed adjustments in the referepce datum
e WES Models. A series of adjustable
e modet banks. By raising or loweri

eas of the model bed were shifted (et
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o , decreased or increased in elevatjon), depending upon the requirements gf the
% ogaconeh wos particular model. In this manper, localized areas of the model whe l bed
evia ¥ be wred movement was either too great pr too low were adjusted by either raisi-g or
e cosou savei e lowering the molding template in that area. Conversely, the elevations ¢f the

shogusy wwaeve v ‘“‘:" ‘M model bed would then increase pr decrease. The rail adjustments were | ade
iv A he F“"“\" * T ol during the verification process ahd then held constant throughout the d htion
ey e " Cl of the model study. Figure 2- is a photo showing the location of rails for
could wa Jdadisces || datum elevation adjustments.
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Figure 2:99: Mississippi River, Boston jar Model. The Photo Ilustrates the
afl Adjustable Rxil System for Lodalized Control of a Variable Datum.
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ce the bed was molded, the mojdel was ready for testing. The proced at
WES forl the initial adjustment or calibration of the model bed behavior was te d
“model ygrification” (Franco 1968). Each of the above 9 parameters were adjjisted

during the verification phase of the model|study. Franco (1968) states that the ndrmal

verificatifjn is an intricate process of adjugting the various hydraulic forces and model
operating ltcchniquc until the model demondtrates its ability to reproduce with acceplable

accuracy the changes in bed formations thaf are known to have occurred in the protatype
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during agiven period. Franco (1978) adds
of movahle-bed models should be that th

move the material forming the bed in simhilation of prototype sediment moveme
p prototype

that the

objectivey sediment movement was guided

odel is capable of defining the

[y

bed movement.

[

Movement should be mostly in
channels during low flows.

Sediment movement should be
channe! areas will be greater

Resultant bed conditions are dep
cycle when a survey is made (y
indicate deeper channels in ben
at the end of a low-flow peri
deeper crossings).

Model bed movement should dcur during all flows that produce proty
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ared to the prototype survey, tl

i simulated and the process repe

this poi
subseque
and was |
average d
model.

This bas{ test bed configuration was the be
design alfernative tests. When a particular

hydrographs were usually simulated, depen
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the modgj.
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was achieved with the ending pro|

design was installed in the model, two to
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dt general conclusions were made or
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otype survey. Special attention was givgn to
Jode] bed stability.
At

all
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w visualization was also used i many movable bed model studies at WES.

Using time exposure or time lapse photogfaphy, confetti streaks or lighted dronesfiwere

capturedilunder certain flow conditions i

compara
“Thwis Shao
OPAPINR TN Y
wea ©ravtded forapar
? 1 wedelawe
e ¢ P ;“c""“‘\&?mwl

»”;’ Nt = g “o‘s “’-a

was used

S J"f-"":" % e gt
65"‘" W -0--# wit ed +r7e

+4 & ey, ).‘w‘-*e_&
Yo sca Fhe pla- e

visualizafiion used in some of the WES mo ! Is.

jve design alternative tests. In t

for a general indication of the rel

-4
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FI%H‘I‘C 2-1010: Flow Visualization ¢

Figure

Pattgrns theough Multiple Bridge C

Mississippi River, Vertical Scale Distortion of 3.6

-114+: Flow Visualization of tHe St. Louis Harbor Model to Assess Flﬁw

pssings, Vertical Scale Distortion of 2.
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the model usually during the base tes] and

v

model study results, the flow visuali tic})n
tive effects of the main concentration of|flow

cular design as compared to the base test. Figures 2-10 thru 2-13 illustrate|flow
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Figurg 2-1212: Flow Visvalization of \ e Arkansas River Model, Vertical Scale
Distortion of 4
Figure §-1313: Flow Visaalization of thf Grand Tower Model, Middle Mississjppi l
River, Vertical Scale Distortion of 4
1.2 Mi;[emodel Methodology Compared With WES Model Methodology.
development of the micromodqﬂ was based upon observation and experjence
with mary of the same operational considefations established in the WES models. |Both
models Have historically been used for studying similar river dynamics and for designing
solutionsjto similar types of problems. Simjlarities and differences in methodology are as
follows,
e 1}l Size. Typically, the horizontal r:ales of micromodels are approximately one
f’-@':f“ S goeded 10 two orders of magnitude smalfer than most WES models. Horizontal gpales
- ;’o e in the micromodel have normally ranged between 1:3600 to 1:1R2000.
’ Horizontal scales in the WES \models normally ranged between 1:100 to
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Crelationship) was prepared for |

purposcs. However, this non-ling
odels at the higher points in

A PN
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1:600. Volumetrically, the WEB models are approximately 16 millio:aﬂmcs

smaller than the prototype and approximately 3000 times larger t
typical micromodel. T 42 ¥

scale. Inthe micromodels, the distortion has ranged between 5 and 20. |

Vertical Scale Distortion, Bo{ models rely upon distortion of the
ged betweendand 10.

WES models, distortions have r
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the

ical
the

Determination of the Vertical| Scale and Datum. In the micromode
vertical scale is determined durfng the calibration phase of the model ~-:I
The vertical scale is estimated by the modeler and applied mathematical
multiplying a single scale factor o all model bed elevations. A parallel dg
is then shifted up or down injan attempt to match model and prot
clevations. Varying scale factofs and shifts are applied to the mode
configuration in order to deternjine which combination of vertical scale

model is determined to be cali
then used for the duration of |

WES models, an initial vertical|scale an@ established during ihiti

to moid of the model
cs are made at loca
r increased or decrease

However, during verification
along the the|

ion using rail adjustments The end result is a model that contai

on-parallel datumywhich varies pver the length of the model.

and Stage to the Prototype. The discharge
es not correspond(directly }o the protafype.

the micromodel is to obtain a represent}

Correspongdence of Discharge
and stage in the micromodel 'i
Because the primary purposc of

thc

udy.
|| by

sediment response of the mode
not included in the procedure.

sar discharge scale rédiiced Hows in the

created disproportionate stages without the use of a varying tailbay loca |
the end of the model which was used to manipulate the stages to hj
elevations. This effect combined with localized datum adjustments wnt

all design alternative tesling, S
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response was necessary in both models for the proper development of the

- J..,: \qwdﬂr‘

+\a model bed. Typically, stages in he micromodel approach 2/3 bankfull. ’ €3€ . sk
"*‘:‘:_; c) veave« || lower stages in the micromode] reduce the energy of the model assocjated w: .
verl 7Y 7 === || with the distortion effects, thout the use of the variable tailbay, lhwer 7 € 2=
A cstages would result in the WES rhodels as compared to the prototype. GRS Al

‘ K
|| :

5)| Water Surface Profile. The nicromodel does not use a changing taiaf(,

$Vhow w+ ye-c | therefore the water surface profile stays relatively constant as the flow|and
Aeya wa=d AT stug ging tailbay in the WES models, the Water

:_u ﬂ.‘ 2)1)' ‘i“‘:‘;::‘\t_ J hux('l ¢ profile had a tendendy to flatten out at higher points onj the
e | rograp ’
agvec S - y R, G yva : PR, o s -
oY ::::é . ‘\7..;«1 s ow stoga 4 disctory \‘"t“"""' eh * chenrpl copligeoad
Fe. .. 6)| Maximum Water Stages. In the micromodel, maximum water stages are
avd : ---—,' :ﬂ:\s‘h contained within the confines ﬁ: the river channel. In the WES magels,
"*:’f ‘:':_; ;’ < maximum water stages were somjetimes run higher than the top of bank of the
ce e channel over designated narrow| strips of the overbank on either side of the y1. J» 7 <
channel. Many of these areas contained steel mesh thaepm Ented ¥

roughness induced by vegetation|(Figure 2-14).

verification are used synonymously. However, in the WES
verification represents reprodugtion of a specific period of time i
prototype by the model. Yet both models end up arriving at a similar basg
condition. In the micromodel] the calibrated bed is naturally devel
without molding through a ser
serier ¥ e*¢=%* || molded bed is formed from a p&evious historical hydrographic survey a
PR the starting condition for the natyral development of a given ending cond}
(e o ™ es) Both models are gdjusted during ja series of @csponses in order to dev}

7| Calibration and Veril'icatio%.‘D In the micromodel, calibration || an

P Figure 2-1414: Steel Mesh Roug ness in Overbank Arcas (Flow Pattep
are Shown|in the Main Channel)
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bathymelry consistent with the

at the time of the model study|.

model is declared verified or
contains an additional step wh
successive average annual hydr

accomplished in the micromod¢l during model calibration. In both mu
the bed configuration at the end jof these tests then serve as the base test :|
representative of the general trends that can be expected to occur l

prototype from no imposed
changes in bankline alignment.

for all future design alternative tgsts.

Model Sediment. [f scaled to

sediment used in the micromddels and WES models would translate] i

approximate diameters of 2 to 4

o 9 inches in the WES Models.

micromodels, with a SG = 1.4
0.01 fi/ft. The crushed coal use

slopes use for these models are gnknown.
icromodel and the WES models include

Similarity of Friction. The
provision for providing similar
should be explained further for 1

v Sarce o CPH;«.‘o\' b

rta¥a veladla- gry
bon:position of Model ﬁlkes.

rock structures were initially rd
flume experiments conducted
structures were eventually used
depositiona] patterns around st
problem of exaggerated scour

models (Figure 2-15). One of t]IemOSt important aspects of the micro

the ability to make qualitative 1
on the bathymetry or sediment
methodology of achieving this 1
in the model in the form of stee

imost recent hydrographic survey informs

However, while the WES model mus
continually remolded, the micfomodel bed forms are allowed teTe-Adj
In both models a conyparison is made of the resultant ending
bed versus the prototype bed, ahd by observation, if the beds are simil y

calibrated. The WES model metho logy

ereby a

. . |
fest i3 egtablished by ru
"’Jz%;eﬁed Slablity fsreached T

J
+
I

|

ure changes, including dike construct
This base test then serves as the comps

prototype dimensions, the average size ¢
feet in the micromodel and approximate
The plastic bed material used i
[, has resulted in average slopes to be §

in most WES models had a SG=1.3, b

y in prototype friction (or roughness).
oth the micromodel and WES model.
edoeih y

In the micromodel, dikes, weirs, and

presented by thin-walled sheet metal.
in 1998, porous thin-walled steel
10 minimize scour to simulate more
fuctures. These porous structures sol
around dikes that occur in most di

dictions on the effects of training stru
response of a river or stream. The p
esponse involves the use of porous
mesh. The porosity of these mesh stru

is critical for reducing turbu
reduction in shear stress at the

In the WIS models, solid, non-gorous structures in the form of concrete

gravel, or thin sheet metal were
found on the study of these type
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i

Figure 2-1516: Fxaggerated Scofir Pattern Around a Non-Porous Dikejin a |
'WES Model

1l. Time Scales and Sequencing.| In the micromodel, hydrograph duratipn is
usually on the order of 5 to 1 minutes, Hydrographs are usually 1| n in
— succession until bed stability is gbserved. Thus, one particular model tes |( may
‘ employ 4 or 5 successive hydrographs equaling 1 hour in total duration pased
upon whether the model bed rejponsc has completely or fully develop .
the WES model, durations of individual hydrographs were as long as 40 |
and were sometimes run mjltiple times without re-molding the H
Equilibtium of sediment transpoft (the amount of sediment placed in the

end of the model should be equal to the amount of sediment discharged 4
the lower end of the model) is 4 key factor in both modeling methodolg

In either method, the time in {he model was not used for the purpo of
predicting the bed response titne|in the prototype.
12. Relative Depth of Model Bed Within Flume. In the micromode), the bed is
Gver» exedse«ti=ail gllowed to move freely in the vertical directio ausc of adequate vertical

Tow ~veoaliky ALrE e
o Mevy wessd
coese. Liw vweda)
desiyn we vaviewd
e-’e‘-"' 4% Aa*u ’
'l'-ol"- L T Jetze,ﬁ-
0"-‘»05’-‘7‘1‘ eVayadine
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;\-d\- Fuah 'g'\""'" e’

3 e\ o oo 1]} Erosion Resistant Materials, I@Oth the micromodels and the WES
‘ G V2 vches models, various materials ha\l: been used to represent erosion resistant
iaw $L.s material in the prototype, including clay, screen, and pea gravel. In the WES

Mlume dir n the WES Models,
provided by the flume. The|unrestricted depth was based upon gpa
considerations and the cost of
timey the modelers would have

problems to the model study in the downstream direction.
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models, a variety of non-porpus materialy were used to represent| rock
structures including concrete, sheet metal, and pea gravel. Knowledge of
where these areas exist%in the ototype and to what extent has always been a
major challenge to the,modele. Most of the time, reliable data depicting
erosion resistant materials in thy prototype does not exist and is too exp hsive
to collect. Therefore, it is usgally the modelers judgment that deteghines
where to locate such material wighin the model.
1it. Details in Design Alternative Effects in Dikes called out in the Model In
both the micromodels and the [WES models, various details in the rel tive
effects of dike alternative plansE compared to the base test £gere called ¢
the model study. Details such ps incremental changes in length, heigh
angle were tested, and the relajive effect of these measures on the bed and
sometimes the flow response ay compared to the base test were described in
both models. ;
19. Flow Visualization. As discusged previously, time-exposure or time-e gpsed
photography to capture and enEmine general surface flow trends has|jbeen
used in both modeling methodolpgies.
1.2, MIGROMODELS CONTRASTED WITH OTHER LOOSE-BED MODELS
At this point, if the team decides to cortrast the micromodels with other loosd-bed
models beyond the WES models, we should be specific about what type models wé are
contrastifgy them with. This means docushenting how these models operate and [Wwhat
kind of problems they are attempting to|solve. Since these models apparently are
individugjly different, do all of them des¢rve to be generically lumped together} In
addition, jhow extensive are each of these models being used. .. hundreds of time per|) ear,
once per year?, ... .for example, if a particular mode! in Canada followed strict similitude
criteria, Yut was used only once in the last § years, this should be called out. ....pleae be
more specific. Reading the thesis, only| the relative theory of the methodology is
discussed| but a description of the operations of the models and how they were II is
lacking. || The contrasting of other models is_also needed. This section will be uch
reduced. im_the suggested section (MM&T;TEQ_\L“LWES)JS added, but there are bther
differencéis for the non-WES large-scale motlels as well.
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1:600. Volumetrically, the WES
smaller than the prototype and
typical micromodel.

Vertical Scale Distortion. Bot

WES models, distortions have raj

Determination of the Vertical

The vertical scale is estimated b
multiplying a single scale factor
is then shified up or down in
elevations. Varying scale facto

a trial and error procedure that &

scale. In the micromodels, the djstortion has ranged between 5 and 20. I

o all model bed elevations. A paraliel df

B> 3
N, ;

e
Yy ¥ '
iﬂ\ﬂla\- e L4 15

models are approximately 16 million I
approximately 3000 times larger thar

Qs-a bt

h models rely upon distortion of the ve

CS

" ical
the

hged betw 10.

Scale and Datum. In the micromodel] the

vertical scale is determined duripg the calibration phase of the model sjudy.
| the modeler and applied mathematically by

!I m’n

an attempt to match model and pro ul

rs and shifts are applied to the model| bed
configuration in order to deternjine which combination of vertical scalg and
shifi results in a bed configuratign that most resembles the prototype.

forms and to adjust the heights

model is determined to be calibiated, the resulting vertical scale and shif;
then used for the duration of the model study.
constant throughowt all lengths ¢f the model. Likewise, the shift in refe

\plane or datum is held constan
WES models, an initial vertical

n using rail adjustmen

on-parallel datumywhich varies

Correspondence of Discharg
and stage in the micromodel
Becausc the primary purpose of
sediment response of the mode
not included in the procedure.
-relationghip’ was prepared for

purposes. n-lir

owever, this non-li

created disproportionate stages
the end of the model which

created stages that only super|
model§ Eitiploy

model design. This vertical scple i u
However, during verification, Adcalized datum es are made at loc i ions
W j[datufi 15 either increased or decreasgd in
io

. The end result is a model that conta s'a

;Imd Stage to the Prototype. The disc
es not correspond(directly }o the prot l

fiiodels at the higher points in fhe hydrograph. This would have effec]

elevations. This effect combingd with localized datum adjustments wi
L{T\ cially corresponded to the prototype. ¥|l' oth
1gn hiyc

s is

used in the calibration process to stud l‘ bed
f existing river training structures. Oncy the
are

The vertical scale isheld

ence

throughout the length of the model. [p the
scale nitial

@ established during i
sed to mold of the model

bed.

ver the length of the model.

H gc
Ype.
the micromodel is to obtain a represenjative
bed, the non-linear graphical relationsljip is
In the WES models, a graphical €on-lines

model operation and prototype compafison

ar discharge scalé rédiiced flows in the

ithout the use of a varying tailbay localt
s used to manipulate the stages to

craphused auring Ui base test and

all design alternative tegfing. S
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response was necessary in botll models for the proper development o]

model bed. Typically, stages in the micromodel approach 2/3 bankfull.
lower stages in the micromode :
with the distortion effects. /Wi

of the model assodijs

Water Surface Profile. The |
therefore the water surface pro
stage varies, /Due to the chang
irface profile had a tendenc
drograph,

A LW 9*"5"' 4 dlcchnrd, M""‘“‘"“ﬂ'“‘-‘; Chermmpl c4

contained within the confines pf the river channel. In the WES o
maximum water stages were sorhetimes run higher than the top of bank

roughness induced by vegetation (Figure 2-14).

verification represents reproduftion of a specific period of time i

condition. In the micromodel, the calibrated bed is naturally deve
without molding through a scrigs of flow responses. In the WES mos
molded bed is formed from a ptevious historical hydrographic survey @

igure 2-1414: Steel Mesh Rou I ness in Overbank Areas (Flow Patte
are Shows in the Main Channel.)

Maximum Water Stages. In the micromodel, maximum water stages
channel over designated narrow steips of the overbank on either side if
channel. Many of these areas cdntained steel mesh thaepre

Calibration and Veriflcation. In the micromodel, calibration|| an
verification are used synonymously. However, in the WES madels,

prototype by the model. Yet both models end up arriving at a similar basg

the starting condition for the natjiral development of a given ending condj
Both models are gdjusted during|a series of f@-esponscs in order to deye
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bathymetry consistent with the thost recent hydrographic survey informsg
at the time of the model study| However, while the WES model mus
continually remolded, the micrgmodel bed forms are allowed t< re-adj

"naturally.>In both models a comparison is made of the resultant ending mbdel
bed versus the prototype bed by observation, if the beds are simila | the

s| during model calibration. In bolh
fthese tests then serve as the base test af
representative of the general g i
prototype from no imposed fut
changes in banklme ahgnmcnt

If scaled to
sediment used in the micromo
approximate diameters of 2 to 4 |
to 9 inches in the WES Modg
micromodels, with a SG = 1.47,
0.01 ft/ft. The crushed coal used
slopes use for these models are

Similarity of Friction. The
provision for providing similarify in prototype friction (or roughness).
_ should be explained further for bpth the micromodel and WES model.

ivw Sarce a¥ GridieaY Vedlueldy o Recum—@)Tghed i v
Te’q.*'\-'“&l\

Is. The plastic bed material used i
has resulted in average slopes to be 4
mmostWFgmodelshadaSG= 1.3, b

In the micromodel, dikes, weirs, and |
rock structures were initially represented by thin-walled sheet metal. |
flume experiments conducted | in 1998, porous thin-walled steel
structures were eventually used |lo minimize scour to simulate more regi
depositional patterns around stfuctures. These porous structures solvg
problem of exaggerated scour|around dikes that occur in most dist
models (Figure 2-15). One of the most important aspects of the mlcromo
the ability to make qualitative pfedictions on the effects of training strug
on the bathymetry or sediment response of a river or stream. The p
methodology of achieving this response involves the use of porous strug
in the model in the form of stec} mesh. The porosity of these mesh strug
is critical for reducing turbulent effects and provides a correspopding
reduction in shear stress at the njodel bed.

In the WES models, solid, non-
gravel, or thin sheet metal were
found on the study of these type

el is
l ures
I sent

rous structures in the form of concrete peé-
redominantly used. No information ’bc
tructures on the model bed response.
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“restricted in its vertical moveme

Timé» the modelers would have

___gE)blems to the model study in t
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upon whether the model bed re

and were sometimes run m
Equilibrium of sediment transpo
end of the model should be equ
the Jower end of the model) is

predicting the bed response time

Relative Depth of Model Bed
allowed to move freely in the
flume dimensiops relative to nK

provided by the flume. The

onto the concrete floor of the

o

. Erosion Resistant Materials.

models, various materials ha
material in the prototype, includ

employ 4 or 5 successive hydro d

the WES model, durations of indj

In either method, the time in {

ES Model

minutes. Hydrographs are usually

ponse has completely or fully
vidual hydrographs were as long as 40
Itiple times without re-molding the

to the amount of sediment discharged

in the prototype.

i’ithin Flume. In the micromodel, the b

Wofﬁequatev
n the WES Models, The bed

ht because of the minimal vertical dimeng

unrestricted depth was based upon

considerations and the cost of ¢onstructing a deeper concrete flume. ('}
to contend with scour patterns that exte
flume. This would sometimes cause |¢

he downstream direction.

ir Pattern Around a Non-Porous Dike |

{ In the micromodel, hydrograph duratig

t (the amount of sediment placed in the y

key factor in both modeling methodolag
he model was not used for the purpos
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ye been used to represent erosion re
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lfm Details in Design Alternative

s materials were used to represent
cet metal, and pea gravel. Knowledyg
totype and to what extent has always bg

Most of the time, reliable data depig
erosion resistant materials in the pprototype does not exist and is too expensi
to collect. Therefore, it is usuplly the modelers judgment that dete
where to locate such material within the model.
tfectn in Dikes called out in the Mnde
both the micromodels and the WES models, various details in the rel i
effects of dike alternative plans as compared to the base test &fete called dut
the model study. Details such ds incremental changes in length, height|

models, a variety of non-porc
structures including conggste, sk
where these areas exist™in the prd
major challenge to thé, niodeler|

15, Flow Visualization. As discusst

1.2. M1
At this

models

contrasti
kind of
individu
addition,
once per

criteria,

more spfcific. Reading the thesis, only| the relative theory of the methodolo

discusse

lacking.

angle were tested, and the re!atvc effect of these measures on the be -l

both models.

photography to capture and ¢

used in both modeling methodolggies.

OMODELS CONTRASTED WITH OTHER LOOSE-BED MODELH
int, if the team decides to conftrast the micromodels with other loosg
yond the WES models, we shou]L be specific about what type models

them with. This means docurhenting how these models operate and
roblems they are attempting to] solve. Since these models apparently
ly different, do all of them desgrve to be generically lumped togetherf]
ow extensive are each of these njodels being used...hundreds of time per

car?, ....for example, if a particular model in Canada followed strict simifjtude

t was used only once in the last p years, this should be called out.....ple

but a description of the operatigns of the models and how they were used is

The contrasting of gther models is also needed.  This section wyill

reduced IF the suggested section (MM contgasted with WES) is added, but there are pther

differcn

s for the non-WES large-scale myjdels as well,
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