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Continuous Vertical Grain Sorting
for TELEMAC & SISYPHE v6p2
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Karlsruhe, Gemany
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Abstrad— Vertical grain sorting is one of the leading processes
for many hydrodynamic and momphodynamic simulations.
Like most hydraulic & morphological software padckages
TELEMAC & SISYPHE calculate sediment transport,
saliment sorting and development of bed forms depending on
the activelayer of the bed. The empric active layer thickness
concept has been developeid 1971 by Hirano and expanded
by Ribberink among othes to fit the numerical modds and
demands of ther time. With new high performance computers
and the here presented cortinuous vertical grain sorting
models with dynamically estimated active layer thickness it is
now possble to overcone several limitations of this mearwhile
40 year dd concept. Results othis model arecompared to the
classic Hirano-Ribberink implemertations using measired
data off 3 flume experiments performed at the Unversities of
Delft, Zlrich and lllinois to validate and proof this concept

I.  THE HIRANO-RIBBERINK VERTICAL GRAIN SORTING
MoDEL (HR-VSM)

A. Moativation

Many medium and bng term hydrodynamic nunerical
simulations ofrivers canot be operagd successfuly without
considering the flow-sedment interacton. Sedmert layer
thickness andgran size dstibutons nfluence he ked
roughress andhe flow field. Vice versa thdlow field sorts
sedinments and devedps bedforms. TELEMAC-2D/3D ard
SISYFHE endles interactive couping of morphodynamic
and hylrodynamic sinulations and ricludes he sate of he
art gran sating aborithm for numerical morphodynamic
modek. The Hrano (1971) concept with extensions of
Ribbernk (1987 ard other research gvups.

The tesic ideaof Hiranois the ineractian of flow with a
fully mixed op-nost layer of the sedinent, while the deeper
sediment stratigraghy remeins unbuched The hicknessof
this acive layer descrbes bhe canmon deph of
morphological processesiithe riverbed periime step, whch
equas the maximum impact of he hydradic shear forces.
The enpirical variable active layer thimess (ALT) is
usually chosen as a uttiple of the daracteristic grain
diameter and he mean hegjht of bed brms. For mmerical
reasonstiis the maximum deph that canbe eroded in one
time dep Below the actiwe layer fdlows ancther enpirical

Rebekka Kopmann

Depatment of Hydraulic Engineerng
Bundesanstalt fir Wassebau
Karlsruhe, Gemany
rebekka kopmann@baw.de

layer, the adive stratm, which has ro measwalde equivalent
in nature. It is wsed to refill or redwce the actiwe layer tothe
predefined thickness after ewlution catulations darged he
active layer thickness.

The inplementation in ELEMAC / SISYPHE v6pl
adds p to 7 more sbrage éyers bebw these 2 dyers. They
keepdifferent sedmert mixtures wntil they are adwvatedby
erosive proceses.Within 1 time step evoltion only affeds
the active layer ard the actiwe stratum.

B. Limitations

This meanwhie 40 year ot conceptwasdeveloped as a
averaging empirical approach aa time where the available
computational perbrmance was Q10 times kss than n
2012. Saing conputational resouces byspata averagng
was necessatyut conprehers severalimitations:

X  The number o discrete lagrs is Imitedto 9.

X  The a prori chosendyer thickness dperds on dune
heights, gain roughness,depth of the rigid bed,
mesh dendly andotherparangters.

X The activelayer + active satum concept in fad
mixes he seconddyer as wel, Fig. 2.

x  Contary requess of the actve layer conceptcannot
be fufilled in every case. e.gthe theaeticd adive
layer filing is honbgenais aml cannot be
subdiided. If he bpnost byer is used © repraluce
the statigraply, it cannotbe used 6ér the naural
impactdeph of the driving shear forces athe same
time.

While the first two limitations could be eadiy removed
the last tworequre a rew corcept with less averaging effect
on the bookkeepig.

II.  THE NEw CONTINUOUS VERTICAL GRAIN SORTING
MODEL (C-VSM)

A. Dividedin bookkeeping mi® and transportmodel

One d the main disadvarages of he Hirano nethod &
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Figure 1. Legend forall following diagiams: Imagine the neweontinuas
vertical grain sie sortingmodel GV SM as thedrilling profiles probabiliy
densityfunctions n polyline form, where gmins are saed from fine to
coasse, left toright, resulting in 100%at any depthThe widespead Hiano
/ Ribbeink layer sorting modelHR-VSM is a simplified version.

the contnuaus mixing of he actve layer and he acive
stratun after every time dep, ewen with minor or without
evolution.

This is done d nunerically refill or reduce the active
layer catert with active straum cantert

x  for exanple torestore thdull theareticalthickness of
the actiwe layer after ewlution,

X or even when just a dynanic actve layer thickness
formula restes he thickness based noturbulence
shufled flow condtions.

But it is not necessaly a processhat happas in naure.
Fig. 2 showshe dynanic formula effect to the ALTdueto
turbulence influencedhsar stress ariaklity in between?2
time step (ALT i=+/- 0.000001* ALTi-1), but with a long
term equlibrium state (E ~ 0). After 1 000 000 refill and
reduction cycles for an aligrent of the active layernd
active stratm each time, the contéeof both layers is alrst
fully mixed, without any chagein bed level. Even though
this is mathematicdly carect it lead towrong vertical gain
soring. Hiranodenandedmorphological acivity ends bedw
the active Iger, but here the mixing reaches one layer
deeper.

The solition is to separat the gran sbragemodel from
the evoltion catulation model This means hat 2 dassets
are used for the grairoding. Dataset 1 ig storage mdel
that kees the information about the \ertical grain sating,
without regardto any layer bandary, like the drilling profile,
with as much resdution as pasibde. Datase?2 is agin the
Hirano aadtve layer, newy filled with the actual avage
grain mixture of he euivalent top sedibnsof the Dataset1.
It is newly aveaged at each tienstep and sl for evolution
calcdations. This waks nd different than the aiginal
Hirano oncept. But how any evolution is not shited to he
active stratun, but to the fine resdution starage nodd,

# of steps: 100 # of steps: 1000  # of steps: 10000 # of steps: 100000 # of steps: 1000000

Figure 2. Development ofan acadeic sortingprofile in HR-VSM
(SISYPHE v6p0). For a channel witkqulibrium transprt, but short ten
evolution d 0,0001% of the active lagr thickness.

which ges anaddtion or sibtracion of voumes. Exchange
goes fom top 0 botom as deep as necessduoy get the
needed vlumes. Itis notanynorea shiting of fractons oer
the ful strergth of a trearetical layer.

B. The newbookleephg malel

We dectddl to add a dept dgpendat bodkkeeping nodel
for each grain size fraction withunlimited nunericd
resolution foreach node of the 2D arphological model. As
the ransprt model remains unchaged anddoesnot direcly
interact with the bakkeepng nodel bah are keptin
separat software modules without knowing the exstence of
each other.

As stown in Fig. 1 a dilling cae is the physical
equivalent to the sbrage nodel The mmerical
implemertation is a sé of depth dependert probaklity
densty funcions (FDF) for each gram size facion. The sm
of all gran fracion PDFs is alays 100% at any deph.
These PDFs are stored as polylines. Teber of line
sectims is theareticaly unlimited Far viswalisatian, the grain
size fractions of eacprofile ae always drawn additive from

Figure 3. In case oimmobile coarse fadions within the active iger, the
active layeritself can develop a subrdinary stratigraphy which isrelevant
for the develoment of bed érms ard arnoring effects. Tis figure shows
themean gain dianeter dso (green tored) in themiddle of a laboatory
flume and theorespondag hydraulic impact,shown as sheatress(blue).
Fine gains sepate from themixture andmove on top of the cose ones,
which staybehind as aimmobile undedayer.
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fine (left) to coarse (ridt) (Fig. 1 is the legerd to all other
figures) In cantrast to the clsst HiranoRibbernk layer
model there are o thearetical limitations to the dscretisatio
of thicknesseexcept the cahilities d the hardvare.

Additionaly afracton gralient overdept is modeled as
a shgle trapezoil instead ofan appoximation with many
rectingubr layers. Ths save resowces. he nain beneit
can be fand in simulations wherete reallayering is finer
thanthe ALT (Fig. 4).

This is espdally helpful for fine grain lertils or
amouring layers within the sedirent body which might
significantly influence the caldation in a subsegenttime
step. Fg. 4 shows he mein advanage ¢ the poyline G
VSM versbn aganst the fine layer C-VSM versbns. To
descrbe dedhning fracions of a gigle naterial only few

points (= dbulde precsion varahbes) are necessary while the

fine byer soring profile need many dabsetsmore.

1) Depaiting sedimets: Sedmentation can occur in 2
modes. The fist mode 5 a phin sedimentation of one a all
fractions. The already lying sediments are not moved
incomng s&iments caronly be placed ortop. Numerically
this is a rew pdyline sectim on top of the C-VSM. The bed
level is lifted while storing the new material. SeeFig. 5c,
which isFig. B plus sedimentaton o top.

The second wde b sedinentation of sone coarse gra
fractions while finer facions ae erodedrom the active part
of the bed.Here the sedinents within the active layer are as
in motion. Thereforedepositonsare placeds an addition to
the actve partof the bed, mside te exsting top sedbn. See
Fig. 5 which adds naterial in the top sedion o Fig. 5a.

2) Eroding seliments: Erosion aways starts from bed
level ard ends where the transprt cagacity is satisfiedThis
leads to complete @ partial erosion of grains wthin C-VSM
polyline sections. Ifa gran class witlin a sectio (which
equasb avolume!) is eroded completely, like gran class2 in
Figs. 6b and 6¢, ally the bed ével elevaton has ¢ be
updakd ard the fracton variables of the remaining sediment

PDF
(measured)

HRa&¥'SM Ca'sm Ca&'sM
(Sisyphe vépl)

(finelayer) (Sisyphe v6p2)

Figure 4. Comparison of stratigraphy abstractionodelswith actve laye

(red dotted) Measured Pofil (far left); Hirano/Ribbeink (eft), Continuows

model based on vefiine layers (middle) , Continuousnodel based on
polylines fight).

f , t s

Figure 5. Eroding a cetain wolume of grain fraction No2 ¢rey) from the
storagemodel. Example in 4 Seps: & Initial state; b) & c).Erosion of
sorting profle section 1 and 2 leads &dowering ofthe suréce, while the
sum of all fractions is nordised t0100%.d) & e) Section 3 is not eded
completely, but split into two sectionghere only the upper partésoded.

0,1 m [ grain sizes:
0,05 m
Om

f .

Figure 6. There ae 2modesof addirg fractions a) a trandam profile in its
initial state; b)Sedmentation of fration #4mixed in the topmostsection of
(a); c) Only sedmentation of fiaction #4 on top dthe pofile (b), without
mixing in the top sction.

have b be nomalised b 100%. If the sedbn cmtains more
material than can be erodf only the necessaryolume is
extracted This forces a slitting into two parts (Fig 6d). It
remains one se@bn without grain class 2and bebw anoher
secton with grain class 2 (Fj. 6e).

3) Avoiding excssive fragmentation:After a longer
seres d sedmentaion ard eroson cycles the GVSM is
fragmentedin mary very small sectims, which is sanetimes
only 10-15 m stong. To avoid too ex@essve nmemory
corsumption a conpresson algorithm rediwces he rumber
of sectios basedon user defined quality threshdd values.
This algarithm is a modified verson of the Doudas Peuler
line cereralisatin algorithm. It works iterative wntil a
maximum fracion eror or a nminimum point number is
reache. See Fig. 7.
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Figure 7. The yellow points nark the polyine PDF sections of the C-
VSM. The intialprofile (left) is smplified with the linegeneralisation
algoiithm without significant chage in volume.

4) Updaing the transport model: When thebed loal
formula is calclated the supfied active layer lasnt got the
contert of the activwe layerof the last tme step It is an
updaied contert from the GV SM by integraion of the grain
class valmes ove the newly estinated active layer
thickness.

C. Reduced snaeing effects

Fig. 8 $ows clearly how te high resoltion vertcal
soring is preerved &en howgh the trangort model itself
works with the avexged andherefore come Hirano active
layer. It shows 3 sub @ps of one itme sep for boh
deposiionand eroson.

X  The active layeis averagdfromthe bodkkeeping.

X Evolution is cakulated with any wdl known
transpet formula and he Exner ejuaton based o
the actie layer amd without impact on the
bookkeepig.

X  Evolution is addedor subtracted fromthe top of the
PDF.

The resultingC-VSM surfae is free fromeroded ad
buried mateials, whle the HR-VSMmixesin other materals
from the active stram as well.

D. Dynamic a&tive layer thickness

The orignal Hiraro idea assumes ¢hactive layer lottom
as he limit of the noving partof thebed. It is clear that a fix
active lager thickness can not account fohaaging
hydraulcs, norphology ard grain sortng.

This enpirical mean vale is hard b measure and

X has gowing uncertaities te carser the sputial
steps ge(mesh wilth),

X is semsitive to the lergth of
morphological actvity (time sep),

the obsened

X and sdependat on he hearsressmagnitude.

fof atte foof<e R

still fines
available !!!

++
8
J

Figure 8. The changed andrferbookkeepig of Conthuaus Vetical
Sotting Pofiles (C-VSM) avoids sneaing poblerns due to aveaging in
the classic Heno/Ribbeink layer method HR-VSM). This sketch shows
the behaviofor sedinentation and ession d both algoithms within one
time step.

Replacing these influenceadtors with mean values
increases he norphological uncersinties. A colecion of
formulas for dyamic ALT apprximatons dumg a
simulation are avaéble in Malcherek (207), usig the
bottom shear stressl,, the criticd shear stressy_, the
characteristic dimeters d,,d,,,d,,. and transport stage
parangter D*.

X Hunzike & Glnther
ALT 5*dyax

X  Fredsoe & eigaard, 1992

ALT 2 W
@ n-g ”(US Utan/

x

van Rijn, 193

ALT 03°D2’ N(VK—VKVK)OB ~dsg
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x Wong, 206

AT 5°(— K 0,0549%%¢~dq,
(L&

U~gd
X Malcherek, 203

oo ang K
ALT 1 nmaxq, l/g)

Othe paranaters: L ... density solid;¢ ... density water;
n ... porgsity; tan/ ... friction angle

The inplementation ofthese érmulae is possible fafiR-
VSP with very long morphological time steps. But it is
limited, due @ the snearirg problem stown in Fig. 2.
Especially in pulsating eddyzones the AT changesby
several 100%within few time steps instad of the &ove
shown 0.0001%. This increass the searirg problen.

With the newC-VSP this problems obsolete and the
formulas for a dpamic ALT can be sed over lmger
simulation periods in couded norphadynanic ard
hydrodynamic models.

No furtherrecanmendation iggiven a thesdormulas, as
their usability is strongly depdent to the project. Fig. 9
shows the strong varianad these formlas for the later
described Guaer flume.

E. Possble futureextensions

Another adantage of the qearate bokkeeping nmethod is
the possibiliy to add othegeotechnical algoritns like time
depewlent canpacting, shinking axd danges of the
porosity, as well. Futternrore we recommend the

——D50 D90 DMAX —tauB —tauC

oot F—”W*MMMPNWVWWV\MNWW\AW o,,a(,q.() \ H

/ AR AR N VYV
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o, P NN W
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Figure 9. Development ofthe shear stss, thecharacteristi dianeters and

the active Iger thicknesses for a ranigoint in themiddle of the Guenter

flume, calculateavith the five aboe mentioned fornulas.Strong varations
between thedrmulas force a ceeful selection.

developnent of a verticaimixing algorithmwhich accounts
for moving seliments without sdimentation or eosion.

I1l.  VALIDAT ION OF THE NEW C-VSM

The capabilities of the @SM were teted against 3
laboratory flume experinents with a total of 25 diffeent
parangter cambinations. Stabilty, usabilily and he
bandvidth of the GVSM is denonstratedn this chapter by
picking denonstrative aspects of one suitablenfey Even
though we did not calibrate h 25 setupsit is technictly
possible. The following exanples show soe new
possibilities and the mdel behaviour.

A. Validation cag: BLOM FLUME

1) Sety: Astrid Blom (2003, 2003, 2008a, 208b)
conducted flime experinents at Delft Hydrailic
Laboratories in 1998 to nvestigate vertical sorting
processesShe usal the measurel data todevebp he own
nunerical vertical sortig model. The athors decidd to wse
these gperiments asvalidation caseaswell.

This rectangwdr piofile laboratory flume was 50mong,
1m wide and filled with arartificial 3 modal grainmixture
(dsp = 0.00068 m, 0.002 m and 0.057 m, 33.3% eah).
Several flune configirations ca be found in her
publicatons, we calculateall with TELEMAC and the C-
VSM, but want to focuson the “Series B” fothis publication
(see Fig. 10 for a picture).

For a dischage of 0267 nt/s a slope of 0018 produced
a norna flow depth ¢ 0.386 m for case “R”. The sedimants
were recircudted. Both, the physical and nuercal
experinents require the first halbf the flume length to gin
undisturbed hydro- and norphodynanic conditions, this
only the secod half is usd for conrparison.

2) Results:Reslts o the C-VSM ae shownin Fig. 12
(averagd) ard Fig. 11 (2D top view). Bed forms occured
and fine material moved ove coarsematerial.

The C-VSM clearly shows thahe surfacematerid has
no coarse fraction angnore as the fineamove in form of
dunes on topof them This effect has been obsged ly
Astrid Blom (see Fig. 12), but islearly missing in the HR
VSM.

These results subssently show a better grain and form
roughress aproximation for the GVSM.

B. Validation cas: PARH.LI FLUME

1) Setw: Enrica Viparelli et al. setup a rectangular
profile flume of 17 m lengthand 0.61 m width with a slope
betwea 00046 ard 00079 A sediment mixture betwea 1
and Dmm (ds=7.8 mn) was filled in 18.5 cmstrong.9
Experiments were un with various disdarge aml duration
configurations resultingn water depths H between 6 &nd
8.7cm
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Figure 10. Pictures by Astid Blom (2003)of flume expement bebre
(left) ard after (right) experiment B2.

Figure 11.Top view a.k.aflume surface.Devebpment ofthe ine grain
fraction after 4h. Initial values (t3@or all grain fractims f and bdt
models have beein= 0.3333.

Transprt rates, water depthesulting slope and the shift

of surface graing lines aredowmentedwell in Viparelli
(2010).A TELEMAC-2D / 9SYPHE v6plmodel with 3®0
points was usd to calculatehe flume experinents. The
initial grain mkturewas set td® grain sizes with a fractioof
0.2 each.

2) ResultsViparelli describeshe results of the flumas
free frombed forns and lateal effects. This is the s for
the C-VSM results. Thee is no clear trendbf the grain
sorting n neither direction, maybe dued the equilibrum
conditions. Bit we have a sbng varianceon singlepoints
especially clos to theinflow and ouflow boundaries.

Fig. 13 shows 5 GVSM profiles from probing points in
the middle of the flune after3600 hydraulic time steps of
0.1s, what eqials 1h.Due to an extend# morpholagical
time step thisequals 720 aculations ofthe morphology.

These 5 profiles with totally flerent character are selected

because they show the capispiof the bookkeeping system
Each of the showprdfiles has its own delopment histaoy
out of epsionand sedirantationcyclesand consists of 12 to
48 sections.

The black linemarks the ative pat of the bed at the last

time step, caldated with van Rij formula. The active layer

Figure 12. Development of bed fornand gain orting within 4h fo the
Blom sefesB. Calculated witiTELEMAC / SISYPHEv6p1.C-VSM and
HR-VSM show aeraged values beten fume stage 25nto 47m.

thickness varies between 2ahd 45 cm asthe shear stress
varies and the different graimixtures of the active zone
have a differends, value. Aninteresting facts thatthe las 2
prafiles are notmixed in as dep as the average activgea
thickness reaches. Thiseansthatso far noerosion took the
maximum of the availablenaterial. Maybe the dynaic ALT
estinmetion accordig to vanRijn overestinatesthis caseand
one of the oter formulas slown in Fig. 9 would perform
better. This problenalso inspires to devegioa new érmula
for the ALT, dependat on the maximum impact thicknessf
the last tine steps rarphological processes.

3) Developmat of the C-VSM sections Another
important result proofs theolbustness of the dwanic C-
VSM data managenent. Initial fears thatan uncatrolled
fragmentation of the C-VSMmight increase thememory
denmands signifcantly can be disaned.

Starting with onlyl2 sections for the ¥SM in Fig. 14,
sedinent movenents fragnented the profiles and thember
of data pointgises until a threhold of 80 is reachedNow
the profile simplification algagthm merges righbauring line
sections in therofile while respecting anaximum fracion
error which is userdefinel 10-12 here. The number d
sections drops belowB0. As the Viparell flume is in
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equilibrium state the cycleof growing and shrinking is in
equilibriumaswell.

Figure 13.C-VSM profiles from 5 stationf the flume show a diffesnt
morphological historyeven thoughhe surfacemixture dso is aimost 3nm
for all of them. Pukating shear stresalues I/B(tau) of thelast time steps

are shown in Nf? and the resultingctive laye thickness according to the
van Rijn ormula is marked as a thiclblack line.

Figure 14.The number of sections in the G:SM, avernged oveall points
in themiddle ofthe fume, increasesnd decreases dnog changing erosion
and sedirentationcycles. f the number of sections gets too high,
recampression is prformed, but an accuacy theshold is kept.

C. ValidationCas: GUENTER FLUME

1) Setyp: Arthur Guenter published hislaboratory flume
expeiments at the ETH drich in 1971. The rectamgular
flume dirensions were X=40m / Y=1m / 1e~0.002 /
H<0.1m. Different to the dter 2 test cases he did use
recirculation. Therdore this flume is especially usefuto
obswe the devebprent of arnoring layers aml the
influenceof turbulenceon the critical sheastress.

We use a TELEMAC-2D +SISYPHE model based on a
5000 point irregular trianglemesh. All sirrulations are based
on a6 size fration sieve line.

2) Results:Fig. 15 shows a longtudinal ait for dsp
through the middle of the Guenteflume dong the X ais
andthe orreponding C-VSM chartsfor X=55n1 Y=0.5m.

Obviously only the 3 finer fractions anmoving in higher
percentage.

t =15 min
t=6h
t=24h
t=72h
1m  taw2.93% tau: 2.848
é tau: 2.271 D50 of Fractions:
| | — tau: 2.022
0.000501 [m]
0.00151 [m]
0,95 m M 0.00255 [m]
M 0.0036 [m]
M 0.00465 [m]
M 0.0056 [m]
15min 6h 24h 72h

Figure 15.Top: & [m] - longitudinal cut thouch the Guntheflume for
T=15min; 6h; 24h;72h.Bottom: According vetical soting profiles o
flume middle axisfor x =55m.

After 6h nost of the fine frattons are irmotion on t@ of
the coarser ones. A clearatigraphy canbe seen nowThe
available fine sedients are alreadgetting less in the ygar
half of the fume. At the end of the flum the coarse
intermediate lagr is strongest, aall the finematerial of this
part has reanwhile been erodednd out of the flme. The
fine materi& on topof this flume part ismainly originatel
from upperflume parts.

After 24h theupperpart ofthe flume alnost reached the
final state. Tk lower partstill has a mall rest of fine
sediments caoning from the deepr zones below the coarse
surface layer nowperalically reached by turbulent pulses.
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After 72h the coarse zone nearly reached a constant

strength, wich equals alrost the mean value oweall points
of the maximum estimated active layer thickness (here:
Malcherek fomula; option 5). Sincewen the shear stss
peaks now dmot reach deepeavailablefine sedinents ary
more, erosionper tine is very small now. An arnouring
layer has developedndprotects the lower sedients.

We tried diffeent formulas, which lead to a different
strength of he arnouring layer. And of caurse otler
parangters like hidingeffect or the slopeeffect, estination
of the criticalshear stress armthers iffluence the resultm
sieve lines anthe time scales.

IV. SUMMARY AND RECOMMENDATION

The catinuaus vetical sorting nodel (GVSM)
overomes many limitations of the classic lagr
implementdion (HR-VSM).

Even thaigh this paper sbws a different vay to manage
the grain sorting, it isugt anotherinterpreation d Hiranos
original idea with fewer sipiifi caions. The new nodel
doesrt overacme the need tacarefully calibrate the sae
input parameters as all ther models, but the new
interpretation has the following advantages:

X It is possible to keep imor but pominent grain
mixture variations ¥en aftera highnunber of tine
steps. Smaing effects ad bookkeeping awracy is
defined by user defind thresholds or the
computational resources, har than thragh a fix
value.

X A dynanic active lagr thickness is notibsed by
these effects any ore. Variousfunctions for the
impact depth bthe shear stress can be @ the
projects derands.

X The result is anuch nore accurate vertical grain
sorting, which results in better progsesfor bed
roughnesshed forns and erosion stabijit

The modular inmplementation provides amterface for
important future developents. Further validadn in
practical projets is in progess.

V. How TOUSE IT IN SISYPHEV6P2

A cowple of nev keywords erables the &6/SM. Add the
lines of Fig.16 to your sis.cafile.

The full GVSM output can be fond in the Selafin files
VSPRES & VSPHYD in the tnp-folders As the higher
resolutionof the C-VSM needsesources, you careduce the
print output period, or suppressthe aitput at all. The
common SISYPHE result files onlyshow tle Hirano aitpuit.
Even nore disk space can be saved, ifyofdw points are
printed out as .VSP.CSV & in the subfolder /VSP/. &/
recommend using betwee200 and 1000 vertical sectios
More will not improve the accuracy uh, and leswvill lead
to increasingdata managenent, as the mfile compression
algorithns are callednore often.

/ New keywords for the Continuous VERTICAL SORTING MODEL by Uwe Merkel

i L

0 = Layer = HR-VSM (HIRANO + RIBBERINK as until SISYPHE v6p1)

1=C-VSM

Should be at least 4 + 4x Number of fractions,
better > 100, tested up to 10000

0 => GRAPHIC PRINTOUT PERIOD
Anything greater 0 => Sets an own printout period for the CVSP
useful to save disk space!!!

Add any 2D Mesh Point numbers for .CSV-Ascii output of the CVSP
Add 0 for full CVSP output as Selafin3D files
(called VSPRES + VSPHYD)
All files are saved to your working folder and
in /VSP & /LAY folders below

'MODEL FOR DYNMIC ACTIVE LAYER THICKNESS APROXIMATION’

0 = CONSTANT (Uses Keyword: ACTIVE LAYER THICKNESS)
1 = Hunziker & Guenther

2 = Fredsoe & Deigaard (1992)

3 =van RIJN (1993)

4 = Wong (2006)

5 = Malcharek (2003)

6 = 3*d50 within last time steps ALT'

Figure 16. Exanple configuation forSisyphe v2.
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Please feel free to reporbyr experiences with our we

developrent.
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