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‘A 
ABSTRACT 4 

» 

' Models MOBED -and HEC-6 were comparedi in this study. The 

comparison consisted of two steps. In step one, the major differences 
between the models were identified by examining the theoretical base of 

both models.’ In step two, the predictive capabilities of the nmdels 
were compared by applying the models to an.identical data set. The 
data set comes from the South Saskatchewan River reach below Gardiner 
Dan and relates to the degradation process that has taken place since 
the creation of Lake Diefenbaker. Comparison of model predictions with 
measurements reveals that MOBED has superior predictive capability than 
HEC-6 and use of HEC-6 as a predictive tool requires an extensive model 
calibration by the adjustment of Manning's 'n' and moveable bed width. 

RESUME 

» 

_ 
Cette etude compare les modeles MOBED et HEC-6. ‘ La 

comparaison comporte deux étapes. La premiere consiste a idenfifier les 

differences' majeures entre les modeles en examinant les fondements 
theoriques de chacun. Dans une deuxieme étape on a compare les 

capacites de prevision des modeles en les appliquant a un meme ensemble 
de données. Ces données proviennent‘ du tronqon de la riviere 
Saskatchewan-Sud situé a l'aval du barrage Gardiner et sont reliées au 

phénomene de degradation observé depuis la creation du lac Diefenbaker. 
La comparaison des previsions des modeles aux mesures revele que -le 

MOBED présente des capacités de prévision supérieures au HEC-6 et que 
l'utilisation du HEC-6 comme instrument de prévision nécessite un 
étalonnage complet du modele par ajustement du "n9 de Manning et de la 

largeur du fond mobile.
_

i



' MANAGEENT PERSPECTIVE 

'This very useful comparison of two models using the same data 
is not done often enough. Results of this test reveal that the MOBED 
river model, developed at NNRI, predicts the reaction of the river bed 

to a change in regime better than HEC-6. It also does it with no 

recourse to repeated calibrtion adjustments. The report shows 
conclusively that the MOBED model is better and that it should be 

adopted by the Department as the best way to investigate the behaviour 
of rivers with a mobile bed subject to environmental changes in regime. 

T. Milne Dick 
Chief 
Hydraulics Division

_ 

- PERSPECTIVE DE GESTION 

Cette comparaison tres utile de deux modeles a l'aide des 
memes données n'est pas effectuée assez souvent. Les résultats de cet 

essai révelent que le modele MOBED, mis au point a l'1NRE, prédit mieux 
les réactions du lit d'un cours d'eau a un changement de regime que le 

HEC-6. Ces prévisions sont Ide plus obtenues sans recours a des 
ajustements .repétés d'étalonnage. Le“ rapport monte d'une maniere 
concluante que le modele MOBED est meilleur et qu'il devrait etre 
adopté par le ministere comme étant la meilleure maniere d‘étudier le 

comportement des cours d'eau a lit mobile sujets a des changements 
ecologiques de régime.

E

/
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_ 1 . 

1.0’ 
I INTRODUCTION_ 

At the request of the Sediment Survey Section of the water 
Resources Branch, IUD, the Hydraulics Division of the National water 
Research Lnstitute at Burlington, Ontario, undertook a study to compare 
the two river flow models, MOBED and HEC-6. Both the models are useful 
tools for solving a number of river engineering problems. However, 
their range of applicability and" their predictive abilities are 
different. A comparative study focussing on the relative merits and 
weaknesses of these models will be useful for practising engineers in 

\ . 

selecting models for their particular needs. In this study, the major 
differences between MOBED and HEC-6 were. identified- and their 
predictive abilities were investigated by applyfing both models to an 

identical data set. ,

I 

2.0 
_ 

MAJOR DIfFERENCES BETHEEN MDBED AND HEC-6 

The differences between MOBED and HECe6 become apparent when 
the details of the models are examined. ‘MOBED is an unsteady, mobile 
boundary flow model based on the numerical solution of St. Venant's 
equations and a sediment continuity equation. The -forms of the 
equations solved in MOBED are given below: 

Q Q Q Q2 8 a _ - » 

-Z? 
+ 21 <5‘-X) - 

B7; (5%) + 9%’-> 5 gA<s,<-sf) + q,<vq- t 

Y 2 V
_ 

\ 
_ 

+ gr Ayx (la) 

§§+s B<§-11> + P<-2%) = 
<1, (lb) 

s _8QS 32 3y 3CaVo 
. -37- + ' 

P(5'€) Pf B CaV(fi) + A (T ) g=_ qs (1¢~)



where 
; "x is~ the 

t is the 

Q5 is the 

. Q is the 
‘ y is the 

the 
the 
the 

B is the 
the 

z is 

P is 

A 

p is 

Cav_1s 

._2.. 

longitudinal axis measured along the length of.the_ 
4 stream (see Fig. 1)

_ 

time axis
V 

volumetric sediment transport rate (total load) 

flow rate 
flow depth 
bed elevation 
wetted perimeter 

A 

p

~ 

volume of sediment per unit volume of bed layer 

top width 
average suspended sediment concentration over a 

cross section ‘

. 

A is the 

qs is the 

q£ the 
=g the 

Sx is the 
is the 

is 

is 

y . 

AX 1S the 

flow cross-sectional area 
lateral sediment input rate 
lateral inflow rate 
acceleration due to gravity 
slope of the river bed

_ 

slope of the energy grade line 

rate of change of A with respect to x when y is held 
constant. 

The first two equations are different versions of St. Venant 

equations and they express the. conservation of momentum and mass 
respectively. The third equation is the sediment continuity equation 
which expresses the sediment mass balance. 

The slope of the energy grade line Sf appearing in equation 

(la) can be evaluted once the friction factor of the flow is known; In 

MOBED, a general expression for Sf was derived which permits the use 

of different friction-factor relations wfithout affecting the model 

structure. The form of the general expression for Sf uSed in MOBED 

is 
'A Rmv2n 

sf = Const - (__) (_~_> (2) 
. Des QR
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F 4 - 

where Const, m.and n are constants whose values depend on the friction 

_factor relation employed; 
_ 

-l 
_ 

~ 
V

T 

R is the hydraulic radius; 
' 

T

_ 

'D55 is the sediment size for which 65% of the material is finer 

and V is the averge flow velocity. - 

' 

_

, 

~ The form of Equation (2) covers a wide range of flow 
conditions ranging from laminar to turbulent flows both in rigid and 

mobile boundaries. The‘ values of Const, m and n for a number of 
friction factors corresponding to different flow regimes are summarized 
in Table 1. . 

_

' 

_ 

~ Because of such ~a general expression‘ for .Sf, the model 

MOBED has become one of the most versatile of~ the existing flow 
models. Itr can be used for ‘flows in different river types. For 

example, it can be used for steep rivers with gravel beds and for 

rivers with milder slopes and carrying fine sediments, The modellcan 
also be upgraded as new knowledge on friction factor of natural river 
"fl ows becomes avail able. -

- 

' The sediment transport rate, Q5 appearing in Equation (lc) 

is evaluated using the equations of Ackers and White (1973). Other 
equations can also be used without affecting the structure of the model 
as these calculations are carried out in a separate subroutine. 
in 

_ 

‘The model output comprises of the flow rate, the flow depth; 
the average lflow velocity, thei sediment transport" rate, the gbed 
elevations and the friction factors as functions of time and distance 
along the river reach. The considerations of tributary‘ inflows, 
lateral input of sediments and storage basins_ are also possible in 

MOBED. For further details aof the model the users manual (198l.) 
published by the National water Research Institute can be consulted.i 

i 

HEC—6 is a steady state model and it considers an unsteady 
flow as a series of steady flows of certain durations and predicts the



I .’ - 

TABLE 1. - ‘Values of the Parameters const, H and N for 
Various Friction Factor Relations 

Name of 
Formulae 

Type of Bed Form ' 

C0nst' M N 

Engelund's 
Original 
Formula 

DuneS 1.asx1o“(vS/Y) 41/s u 1.8 

Anti-dunes (O.1Z)6'(Y/Y )5/3 —7/3- -3 
Y = specific weight 8r fluid 
Y5 é submerged specific weight of sediment 

Garde &
_ Rm@aRfiu 

Dunes & ripples 

Transition regime 
Anti-dunes 

- .098 -1/3 1 

.028 -1/3 1 

Kishi &.‘ 
Kuroki 

Dune I » 

Dune II 

Transition I 

Flat bed 
Anti-dunes 

.0052 - 1.0 
, 

'3 
.013 0 1.0 

.018 (vs/v)6/7 
. -3/7 1/7 

.021 -1/3 1 
.0021 (Y/Y )2 1/s 3 

Griffiths Gravel bed .026 +0.340 0.66 

Manning's' 
Equation 

Rigid.bed ~ +1/3 1.0 

n = Manning's coefficient 

nlg/D1/3 _ 

Chezy's 
Equation 

Rigid bed g/C2 ~ 0 1.0 
c = Chezy's coefficient 

Laminar flow Rigid or Mobile 
Boundary 

_-_-§!-__- -1.5 I 0.5 
Dd/2 /9 
v = kinematic viscosity .

6
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'
> 

water nsurface -elevations for these‘ steady_ flows by solving the 

following one-dimensional energy equation of a steady flow. 
_

' 

"Y-la! L2. = s -s 3 3x+3x<<=2g> (X f) y<> 

where a is a coefficient representing the horizontal distribution of 

velocity. After solving the water surface elevations and the flow 

velocities using the above equation, the bed elevations are predicted 

by solving the following sediment continuity equation: i 

iQ_$+B'2 = q 
8x, "lat .5

' 

where Bm is.the width of the moveable bed. - 

_ 

-For calculating the slope of the energy ‘grade line which 

appears in Equation (3), the Manning's equation is adopted in HEC-6 and 

for computing the sediment transport rate Q5 ,1" Equation (4) there 

are four equations built into HEC-6. These equations.are: 
X

v 

,1) Toffaletti's equation,
_ 

2) Madden's modification of Laursen's relationship, 
3) Yang's stream power, and 

4) DuBoy's equation. 

The user has the option to choose any of the above four equations. 
Complete details of the model can be found in the users 

manual (I977). . 

i

g 

Since HEC-6 neglects the dynamic effects (compare Equations 

(la and 3) it cannot be applied to cases where the flow rate changes 
are rapid such as flood flows and flows influenced by tides.
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" at The“ sediment. continuity .equation mused in HEC-6, i,e., 

Equation (4), does not account for sediment stordge in the water column 

due to changes in suspended sediment concentration and, for this reason 

also, HEC<6 cannot be applied when the flow intensity variations are 

rapid. 
g

‘ 

'- 
- The Manning's equation used to 'calculate the slope of the 

energy grade line in HEC-6, is’ a reasonable representation of the 

frictional characteristics of rigid boundary flows. For mobile 
boundary flows, whose bed may be covered with sand waves, Manning's 

equation is not very convenient because in such flows, the Manning's 

roughness coefficient would depend on the stage of the flow which the 

model endeavours to predict. This means that the model would require 
extensive and tedious calibrations. 

A A positive aspect of HEC~6 in comparison to MOBED is the 
treatment of the armouring of the river bed. By considering sediment 
material in different size fractions, HEC-6 predicts the development 
and stability of the armour layers for each flow rate. In MOBED, no 

such analysis is performed and the sediment material is represented 
only by two sizes, D50 and D65. The median grain size D50 is utilized 
for the computation of sediment transport rate and D55 is used in the 
determination of the flow friction factors.

_ 

, 

‘_Frun the above discussions, it is clear that there are major 
differences between the two models. These differences are summarized 
in_a Tabular fohn in Table 2 by comparing different aspects of MOBED 

and HEC-6. It is obvious from this comparison that MOBED has a wider 
range of applicability than HEC-6. 

3.0 COMPARISON OF PREDICTIVE ABILITIES 

To compare the predictive abilities of MOBED and HEC-6, both 
models were applied to the same data set. Since HEC-6 cannot handle 
unsteady flows, the selected data set should correspond to problems 
where the time variation of flow properties is not significant. For
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this reason, ‘the problem of predicting the degradation ‘of the‘ South 
Saskatchewan River ,below ’Gardiner~ Dam was selected. The .flow rate 
released from Lake Diefenbaker into the river downstream does vary with 
time, but the variations are not large.- Also, both HEC-6 and MOBED 
have already been applied to ithis river reach. The application of 
HEC-6 was carried out by Northwest .Hydraulic Consultants Ltd. for 
Saskatchewan Environment and Environment Canada in 1980. The details 
of the applicaton were described in a report (1980). The application 
of MOBED was carried out by $.G. Krishnappan (1981b) as part of the 
verification phase in the development of MOBED. »’ 

~ 

' .The data set available for the South Saskatchewan River below 
Gardiner Dan is very comprehensive and is suitable for both models. 
The data set comprises of annual surveys of flow cross-sections and 
samples of bed materials at a number of stations in the reach between 
the Gardiner Dam and Saskatoon starting from the year 1967; the year of 
completion of the Gardiner Dam. Fig. 2 is the location map showing the 
river reach and the locations of cross-sections (or ranges) where the 
profiles were surveyed. Each cross-section is denoted by a number 
which, in_ fact, is the distance in river miles downstream from the 
dam. 'There are a total of »27 ranges between Gardiner Dm and 
Saskatoon. Within this reach there are three hydrometric stations, one 
at range number five, the second at range number 51 and the third at 
Saskatoon. The water level recordings were made continuously at these 
stations. The flow rates released fran the Gardiner Dan are measured 
and recorded as daily average values. 

The predictions made in the earlier.application of HEC-6 and 
MOBED were not used to compare the two models because there were some 
differences in the manner of application of the models. For example, 
HEC-6 was applied only to the first 12 miles of the river reach whereas 
MOBED was applied to the reach up to range 51.0. Also, in the 
application of HEC-6, the model was calibrated by adjusting the movable 
bed widths and Manning's 'n' so as to yield agreement with the measured 
bed levels of 1977 survey before using the model as a predictive tool.
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In the case of MOBED, since it does not require calibration, the model 

awas applied- as a _predictive. tool using ‘the -1967‘ data as initial 

condition. Predictions of bed levels up to 1970 were carried out and 

the results of 1970 were then compared with the measured bed levels for 

that year. 1
" 

V 

- In order to make a realistic comparison of the predictive 

abilities of these models, it is therfore necessary to re-apply the 

models using the same initial condition for both models and to run the 

models covering the same simulation period. 
In the present simulations, the data of 1967 were used as 

initial conditions for both the models. The river reach between range 

1.0 and range 51.0 was selected and a simulation period of 10 years was 

chosen so that the predictions of both models corresponding to the year 

1977 can be compared with data measured during that year. 
» 

L 
For preparing input data of HEC-6, extensive use of the 

Northwest Hydraulic Consultants‘ Reports (1980)) was made. The annual 

flow-duration data, the bed material gradation and Manning's 'n' values 

reported by Northwest Hydraulic Consultants were adopted without any 

modification. The moveable bed width adjustment described in the 

Northwest Hydraulic Conulstants report (1980) was not used because, no 

such adjustments were made in the application of MOBED. The input data 

set used for running HEC-6 is shown in Appendix A. t 

.For using MOBED, the procedure described in Krishnappan 

(1981b) was adopted. ,The predictions of MOBED up to 1970 described in 

Krishnappan (1981b) were retained for this study and predicitons beyond 
1970 and up to 1977 were obtained by continuing the simulation. A copy 
of the input data file used for MOBED are shown in Appendix B. 

4.0 RESULTS AND DISCUSSION 

The bed levels predicted by both models for 1977 are shown in 

Fig._ 3 _together with the measured data. 
V 

The initial _bed> levels 

measured in 1967 are also shown in this figure to give an indication of 

the extent of degradation. It can be seen from this figure that the
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predictions of the models are very different especially near the 

upstrean section of the river reach.’ MOBED predicts degradation right 
from range 1.0, but HEC-6 predictions show no significant bed level 

reduction up to range 3.0 and show degradation only beyond range 3.0. 
Measurements do indicate degradation right» from range 1.0 giving 
support for the predictions of MOBED. MOBED predictions are somewhat 
higher than the measured degradation. Between ranges 3.0 and 9.0, the 
predictions of both models are close and agree well with measurement. 
Downstream of range 9.0, measured bed levels indicate degradation up to 
range 21.0 and aggradation between range 21.0 and range 29.0. These 
processes are predicted well by MOBED. _The predictions of HEC-6 do 

indicate certain amount of degradation and aggradation in this reach 
but the magnitudes are not as close to neasurement as those of MOBED. 
Downstrean of range 29.0 the strean bed was not affected by the dam as 
of 1977. But with the passage of time, the changes would propogate 
further downstremn. .The rate of such propogation can be predicted by 
_MOBED realistically. 

In the simulations carried out by Northwest Hydraulics 
Consultants Ltd. with HEC-6, the model predictions were made to 
coincide with the measured degradation by considering the movable bed 
width to_increase progressively from 115 metres at range 1.0 to 200 
metres at range 10.0. Such an adjustment would have the effect of 
bringing the maximum degradation back to range 1.0 from range 5.0. If 

measured data are not available, then it is not possible to make such 
adjustments and to predict_realistic degradation patterns.-g 

f Fran the comparison carried out in the present study, it can 
be concluded that the predictions of AMOBED are more. realistic and 
closer to measured values than those of HEC-6. To make realistic 
predictings using HEC-6, the model has to be calibrated by adjusting 
both the Manning's 'n' and the moveable bed widths.

\
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In this comparative study, models HEC-6 and MOBED were 
compared pand the major differences between them were identified by 
examining the basis of both models. The differences between the two 
models are summarized in Table 1. It has been established that MOBED 
has a wider range of applicability than HEC-6. MOBED is an unsteady 
flow model whereas HEC-6 is a steady state model. Since HEC-6 neglects 
dynamic effects it cannot be applied to flows whose conditions change 
rapidly such as flood flows and flows with tidal influences. MOBED 
considers the mobile boundary roughness characteristics explicitly and 
therefore it is well suited for flows transporting sediment. HEC-6 
uses Manning's 'n‘ and requires elaborate calibration. T 

The predictive abilities of these models were also compared 
by applying both models to same data set. The data set corresponds to 
the South Saskatchewan River reach below Gardiner Dam and is useful for 
investigating the degradation of the strean bed due to the creation of 
Lake, Diefenbaker upstream of Gardiner Dam. Comparison of model 
predictions with measurements reveals that MOBED. has superior 
predictive capability than HEC-6. It is evident from the comparison 
that.extensive calibration is required for HEC-6 before it can be used 
as a predictive-tool. "

,
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