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ABSTRACT OF THESIS 

KNOWN DISCHARGE UNCOUPLED SEDIMENT ROUTING 

A known discharge, uncoupled, sediment routing model, KUWASER has 

been developed. The model sequentially solves the steady fl ow and 

sediment continuity equations. This procedure allov.'s for efficient 

solut ion of sediment routing problems on large river systems. The 

model can perform backwater calculations and sediment routing in 
I 

ma ins tem and mu l tiple tributaries including di vided fl ow reaches. The 

user can determine river resp onse t o river management practices such as 

channel i mprovement, realignment, dredging or tributary mod ificati ons . 

The model wa s tested against t~o other models , a stage-discharge 

relationship and a fixed bed model by comparing the frequency of mo del 

errors i n stage prediction. A sens itivity analysis was performed t o 

determine the sensitivity of the models results t o varia tions in six 

input parameters. The Yazoo River Basin in Mississippi was used as a 

case study to demonstrate the model capabilities. The model can be an 

effective tool in the prediction of river respons e. 

Glenn Ov;en Brown 
Civi l Engineering Department 
Colora do State Univer s i t v 
Fort Collins, Colorado 805 23 
Summer, 198 2 
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Chapter 1 

INTRODUCTI ON 

Man's association with alluvial rivers extends back past the start 

of recorded history. The civilizations in anc ient China, Mesopotamia 

and Egypt were all tied to the rivers they resided next to . 

Unfortunately the relationship between man and rivers has not been 

peaceful. It is the rule not the exception in alluvial river systems 

that blanks wil l erode, channels will silt in and floodplains will be 

flooded. Rivers follow the laws of hydraulics, not man 's, thus many 

times to the unintiated they seem to act in a capricious fashion. A 

river may take years to make a small change in alignment, wh il e a large 

bendway can be cut off and abandoned overnight. This study is a very 

modes l effort toward improving our understanding of, and thus our 

association with the rivers we depend on so much t o transport us, 

provid e power, supply water, remove our effluent and to carry the rain 

out of our backyards. 

Th e method by which this thesis tries t o improve the understanding 

of rivers is in the prediction of river response. A river's response 

can be determined by either physical or mathematica l physical process 

models. Physical models are limited by size and cannot model large 

systems or long periods of time . There are several process models 

pres ently in use such as RIVER (Chen, 1975) and HEC-6 (U.S. Army Corps 

of Engineers, 1976). While mathemat ical models do not have a size 

limitation they are usually limited to simulation periods of a year or 
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two, because of computer costs. With complex problems involved in 

large basin analysis, it was necessary to develop a new model, KUWASER, 

in the Sedimentation Study of the Yazoo River Basin for the United 

States Army Corps of Engineers, Vicksburg District (Simons, Li, Brown, 

Chen, Ward, Doung, and Ponce, 1978). The model KUWASER is the subject 

of this thesis. 

In determining long-term river system response, sediment movement 

through a river system is of primary concern and detailed information 

on flood wave movement is of secondary importance. Except when lateral 

infl ow occurs, it is reasonable to assume the discharge is constant 

along a river reach during an individual computational time-interval. 

In this case the complete flow routing equations of St. Venant reduce 

to the equation of spatially varied steady flow. This equation can be 

solved along traditional lines provided significant changes in bed 

elevations are not occurring during the time interval. This approach, 

involv i ng sequential (uncoupled) application of steady flow and 

sediment equations, is the basis of the present model, KUWASER. 

Programs of this type are called kno~n discharge, uncoupled, sediment 

routing models. The known discharge, uncoupled, sediment routing 

formulation has allowed development of an extremely fast and effic i ent 

model, that makes the long-term simulat ion of sediment movement 

feasible. 

Known-discharge formulation requires the user to identify for the 

mathematical model water di scha rge th r oughout the system for the ent ire 

mode ling period. Wat.er discharge is determined by either assum ing 

steady flow or using a separate unsteady flow r outing model. The model 

computes the water surface profile by assumi ng gradually varied steady 
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flow. Since it does not linearize the momentum equation, the model 

accurately simulates unsteady flow profiles when coupled with an 

acceptable unsteady flow water routing model. Most routing programs 

presently used utilize a trial and error standard step method to 

calculate the backwater curve. However, KUWASER differs from these 

models in that it 

analytical, first 

ba ckwater profile. 

error algorithm. 

utilizes channel geometry relationships in an 

order Newton's approximation to solve for the 

This method is more efficient than the trial and 

The program can perform backwater calculations and sediment 

routing in mainstem and multiple tr ibutaries including divided flo..,· 

reaches. With this feature it is possible to determine the response of 

tributar ies t o changes on the mainstem, such as channel improvement, 

realignment, or dredging and to determine response of the mainstem 

ri ver t o tributary modifications . Therefore, ·the most efficient 

tributary management procedures can be determined to mini mize the 

mainstem sedimentation problems. 

The model uses a method that relates the change in bed elevat ion 

at a point to the flow conveyance above the point. This method 

predicts more accurately the distribution of aggradation or degradation 

in the cross section and estimates channel response more adequately 

than a conventional one -dimensiona l mod el. 

Chapter II presents a review of the l itera ture and the governing 

equat ions of sediment routing. Chap ter III contains the model 

formulation, while Chapter IV presents model applications and a model 
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sensi ti vi ty analysis comprises Chapter V. Conclusions are contained 

in Chapter VI. The appendices present a user's manual for the model 

KUWASER. 



Chapter 2 

GOVERNING EQUATIONS AND LITERATURE 

Governing Equations 

Many authors have presented the equations governing open channel 

flow. The best general purpose presentations included Chow (1959), 

Henderson (1966), and Liggett (1975). Chen (1973) developed the one-

dimensional differential equations of gradually varied, unsteady flow 

applicable to non-uniform alluvial channels in their least restricted 

forms . Chen's equations are presented here. In the equations the 

following assumptions are made. 

l. The flow is one-dimensional 

2 . The vertical pressure distribution is hydrostatic. 

3. The flow can be described by values that are averaged over 

the cross section. 

4. The momentum coefficient is equal to one. 

5. The water surface slope is small. 

6. The water sediment mixture is incompressible and of constant 

density. 

Figure 2.1 shows an alluvial channel where: 

A' = the channel cross sectional area of total flow (water and 

sediment) 

Ab = the cross section bed area 

D = depth of flow 

Q' = the stream total discharge (water and sediment ) 



I 

i 

91 

6 

D 

A' 
c 

~~ 
Q' 

Os 

X 

Figure 2. 1 . Open channe J all uvi al flow. 

Sf ) 
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q' = the lateral total discharge (water and sediment ) 

Qs = the stream sediment discharge 

qs.Q = the lateral sediment discharge 

g = acceleration of gravi ty 

c = concentration o f sed i ment in flow 

s = bed slope 
0 

sf = friction slope 

t = time 

X = distance al ong channe l 

p' = deposit e d sediment density 

Water Continuity 

The equation of water continuity for sed iment -laden water is: 

oQ' oA ' aAb 
+ + - q' = 0 (2.1) ax at at 

The f i rst term on the left i s the change in discharge along the 

channel, or the "channel storage," the second is the change i n flow 

area over time, or the "rate of r ise, " the third is t he change in 

sediment eroded or dep osited over time from the bed or the "rate of 

channel erosion," an d the four t h is latera l inf l o"' · This equation 

assumes an incompressible fluid but allo"'S for a nonhomogene ou s 

sediment content . 

Sed i ment Continuity 

Th e equation of sedimen t c ontinuity is: 

aQ aAb 3 
oxs + p' at +at (A' C) - qs .Q = 0 (2.2 ) 

The firs t term on the left is the change in sediment discharge 

along the reach, or "the channel sediment storage", the second is the 
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change in sediment eroded or deposited over time, or the "rate of 

erosion," the third is the change in sediment suspended over time or 

the "rate of suspension" and the fourth is the lateral sediment infl ow. 

Equation of Motion 

The equation of moti on for sediment laden water based on momentum 

principles is: 

'2 
1 oQ ' + 1 a CQ ) + an = s _ s 

gA' at gA' ox A' ox o f (2.3) 

The first term on the l eft is the force ca used by the "local 

acceleration," the second is the force caused by the "convective 

accelerati on," and t he third is the pressure forces acting along the 

channel or the "pressure gradient." On the right side of the equati on 

the first term represents gravitat ional forces or the "bottom slope " 

and the second shear forces, or the "friction slope." 

Manning 's Equation 

Many equations have been developed to determine channel resistance . 

The Manning equation is the most well kno~n and used, and is thus used 

here. The ~tanning equation is an empirical, uniform, steady flo~,· 

equat ion. Errors are made when it is applied t o non -p rismatic natural 

channels with unsteady fl ow . It is believed that these errors are 

small when compared \o.' ith those ordinarily occurring in the use of an 

uniform flow formula in natural channels (C how, 1959). Likewise , i t is 

believed there is no need to differentiate between t otal fl o~ and ~a t er 

The Manning equati on is: 

Q = 1·486 A R213 S l / 2 (Engli sh un i t s) n f (2 . 4) 
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where Q = water discharge 

A = water flow area 

R = hydraulic radius 

n = Manning channel roughness factor 

The channel conveyance K, is defined by: 

K = l. 49 A R2/ 3 
n 

Combining Equations 2.4 and 2.5 yields: 

(2.5) 

Q = K S l / 2 (2.6) 
f 

Thus channel discharge is proportional to conveyance. Solving for 

the friction slope: 

(2. 7) 

Equation 2.7 can be directly solve d only for steady, uniform flo~. 

In all other cases it must be solved in an iterative proces s . 

Sediment Transport 

No theoretically exa ct equation for sed iment transport has been 

developed. The reason for this lack is two - f old. First, the proce sses 

by which flowing water imparts energy t o sediment parti cles is poorly 

quantified. Second, not all sediment particl es are created equal. 

Th ey vary in size, shape, and density. Some particles in th e clay 

sizes are influenced strongly by ionic f orces, some are not . In a 

given flow some particles travel ent irely in suspension, some entirely 

by rolling along the bed, and others by a combination. Some part icles 

can be supply limited at a given moment whil e at the same time other 

size part ides are transport limited. Considering the complexity and 

variability of alluvial systems a complete, theoretical solution to 

the sediment transport equati on may evade us for a l ong time. For the 
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present, the engineer can select from numerous empirical equations. 

Simons and Sentiirk (1977) present a review of the most widely knovm 

equations . Laursen (1956) showed that several bed load formulas can be 

reduced to the form: 

(2.8) 

where V is the stream velocity, and c is an empirical coefficient which 

is a function of the characteristics of the channel and sediment. The 

exponent r is assumed greater than 0 and s less than 0. In the most 

wi dely used equations, 3 < r < 6, and -2 ~ s ~ - 2/3 . Equations such as 

2. 8 are only valid for particle sizes which are transport limited. 

Solution Methods 

The solution of Equations 2 .1, 2.2, 2 . 3, 2.4 and 2.8 will provide 

the characteristics of a gradually varied, unsteady flow in an alluvial 

channel. An exact solution requires the simultaneous solution of 

Equations 2.1, 2. 2 and 2.3 \•lith Equations 2.4 and 2.8 evaluated on a 

continuous temporal and spatial bas is. Because of t he complexities 

involved, no such complete solution has been accomplished. Application 

of this theory requires the development of simplified solutions. There 

are almost as many simplifying solution methods for these equations as 

there are researchers in the field. This section will review the 

different soluti on techniques that have been tried. 

Solution meth ods can be cJassified by three criteria: (1) the 

number of terms that are solved in each of Equat ons 2.1, 2.2. and 2 .3; 

(2) the order i n Y.'hich Equations 2. 1, 2 . 2 and 2. 3 are solved ; and 

(3) whether Manning's equation is linearized in the solution of th e 

equat ion of motion. 
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Reducing Terms 

Equation 2.1 can be rearranged to show an overview of the 

different approximations: 

oA ' d oA' oQ' 
at + at + ax - q = 0 

\steady flow 
unsteady flow 
uncou led sediment 

unsteady flow 
cou led sediment 

(2.10) 

With all terms the equati on considers unsteady fl ow of water and 

sediment. By dropping the first term the sediment continuity is 
11 Uncoupled 11 from the water continuity. The variables A 1 and Q', total 

flow area and volume are reduced to A and Q water flow area and volume. 

The errors ma de in the uncoupled form are reduced by decreasing 

sediment concentration. Dropping the second term reduces the equation 

to the simple steady flo"'' formulat ion . In the last case the partial 

derivative becomes a full derivative . The errors mad e in the steady 

flow form are reduced as 3A'/3 t decreases. 

Equa tion 2.2 rearranged to show an overviev.' of the different 

approximations appears as f ollows: 

a aAd oQs 
~ t (A'C) + p' ~ + ~ - q n = 0 o o t oX Sx. 

(2. 11 ) 

I . . kedu ced continuity 
st r1ct cont1nu1ty 

Droppi ng the first term which accounts for the change in volume of 

sediment in mot ion redu ces Equat ion 2 . l 1 from strict continuity t o a 

redu ced continuity form. The errcr made in the reduced continuity form 

de creases as the time increment in a finite difference sol ution 

increases. 
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Equation 2.3 can be rearranged to show an overview of the different 

approximations. 

' 2 
1 aQ' + 1 a CQ ) 

gA' at gA' ax ~ + ~~ - S0 + sf = o 

I 
lsteady uniform flow 

steady nonuniform non-inertial 

unstead 
steady nonuniform flow 

nonuniform flow 

(2.12) 

flow 

The momentum contribution of lateral inflow has been dropped for 

clarity, but it can be added to either of the first two forms. Again 

as in the water continuity equation, by uncoupling the water and 

sediment the variables Q' and A' are reduced to Q and A. Dropping the 

first term of the equation yields the steady nonuniform flow equation . 

The errors mad e using this approximation decrease with decreasing 

aq;at. Dropping the second term yields the steady nonuniform non-

inertial f orm. This form assumes the inertia term is negligible when 

compared to the pressure gradient, friction and gravity terms. 

Dropping the third term yields the steady uniform flow form. This form 

assumes only the friction and gravity terms are important. 

Order of Solution 

The order by which Equations 2.1, 2.2 and 2.3 are solved directly 

affects the solution. The three equations are solved most accurately 

by simultaneous solution . Sequential or "uncoupled" solutions ¥:hi ch 

solve the equations one or two at a time greatly reduce computation 

effort but reduce accuracy. 

The sediment continuity equation is often un coupled from the water 

continuity and motion equations. When this is done the soluti on of 

Equations 2. 1 and 2. 3 (in whatever form ) is used to calculate the 

sediment transport and continuity f or a given time pe riod . Thus the 



13 

stream channel is considered to have constant geometry during a time 

period. 

Coupling of the various form s of the equations of motion and water 

continuity yield several approximations. Table 2.1 presents the 

different approximations. Garb recht (1981) explains each of the 

unsteady methods . Two combinations are not named. While the combina-

tions are possible no application of them is known. 

When the equations of motion and water continuity are uncoupled 

the solution is classed as a "known discharge" method. The term known 

discharge refers to computation order where water continuity is solved 

before th e equat ion of motion. In known discharge solutions the equa -

tion of motion can be coup led or uncoupled with the sediment continuity 

equations. Knwn discharge solutions can be unsteady if the local 

acceleration t erm is used in the equation of moti on or steady if 

it is deleted . 

Mann i ng's Equation Soluti on 

The equation of motion requ i res the solution of Manning's equation 

f or the fricti on slope. In finite dif ference method the friction slope 

term is replaced by Equati on 2. 7. For exac t solutions the fr iction 

slope must be evaluated at each time-spa ce point. The friction slope 

is a quadratic function of Q and K and contributes a considerable 

amou nt of computations t o any method. Exact soluti ons are sometimes 

dropp ed for computing savings . In th e linear - implicit scheme (Chen, 

197 3), the fri ction slope is evaluated only on a specific time line 

and is estimated on the next. This is required t o assure stability. 
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Table 2.1. Approximations Yielded by Various Combinations of the 
Equations of Motion and Water Continuity 

Equation of Moti on 

Unsteady Nonuniform Flow 

Steady Nonuniform Flow 

Steady Nonuniform 
Noninertial Flow 

Steady Uniform Flow 

Water Continui ty 
Unsteady Flow Steady Flow 

Dynamic Wave 

Quasi-steady 
Dynamic Wave 

Diffusion Wave 

Kinematic Wave 

Gradually Varied, 
Steady Flow 

Steady, 
Uniform Flow 
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Litera ture 

As stated above there are almost as many solution methods for the 

t hree basic equations of alluvial flow as there are researchers in the 

field . This sect ion wi ll outline solutions that are kno~~. 

Chen (19 73) developed an unsteady , uncoupled, sediment rou ting 

model which us ed a linear implicited, finite difference solut ion. 

Sediment transport, was calculated by Einstein's (1950) bed load 

function and Toffaleti' s ( 1969) method. Erosion and deposi tion were 

distributed uniformly across a secti on. The effects of bed armoring 

were considered. The model was successfully applied to the Neuse, 

Mississippi and Missouri Rivers. The applications covered less than a 

year each. Chang and Richards (1971) presented a similar model us ing a 

method of characteristics solution. 

Dass (1975) developed an unsteady, uncoupled, compound stream 

model. The model was applied to Pool 4 of the Mississippi Rive r . 

Simons and Chen (1976) developed a unsteady, coupled model us ing a 

linear imp l icient soluti on also applied to Pool 4 . Mahmood (1975 ) and 

Mahmood and Ponce (1976) used a unsteady, uncoupled, linear implicit 

method to model simple bed transients . 

The U. S. Army Corps of Enginee rs (1976) developed a kno~n 

discharge, steady fl ow, un coupled, sed i ment r outing model, HEC-6. 

Sediment transport is calculated by the Toffaleti method and erosi on 

and deposi ti on are distributed evenl y across the \\'etted channel. Th e 

effects of bed armoring were considered. Amar and Thomas (1976) used 

the model on the Atchof al oya River. App roxima t ely 150 miles of channel 

were modeled f or ten years. The model gave good results but requi re s 

excessive computer time. 



16 

Chang and Hill (1976) developed a known discharge, steady flow, 

uncoupled, sediment routing model. The water surface profile was 

calculated by a variation of HEC-2 by the U.S. Army Corps of Engineers 

(1973) . Erosion and deposition were distributed by a shear stress 

weighted function. The model was applied to a small drainage channel 

with success. Since the model uses the HEC-2 backwater calculations it 

requires excessive computer time. 

Owens (1977) developed an unsteady, known discharge, coupled water 

and sediment model. His model included the rate of rise term in the 

equation of motion and coupled the sediment continuity and motion 

equations. The model allowed for compound stream geometry where main 

channe l and overbank flows were differentiated. The model was applied 

to Pool 4 in the Upper Mississippi and Lower Chippewa Rivers, (approx i -

mately 10 miles). Sediment transport was calculated by an equation 

similar to Equation 2 . 8. Owens concluded that the known discharge, 

coupl ed, solution 1s nearly the same as Simons and Chen (1976) 

unsteady, coupled solution. Computati on time was about the same. Two 

methods f or distributing erosion and deposition ~'ere evaluated, one 

conveyance weighted and one velocity weighted. The conveyance weight ed 

was generally better. 

Garcia (1977) developed a known discharge, unsteady, coupled bed 

transient model. The mod el used an impli cit solution of the sediment 

continuity and motion equation. The model was appl i ed to a simple , 

prismat i c channel for short time peri ods. wbile successful, no real 

world applications were proposed. 
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Selection of Model 

The only model formulation which has been applied successfully t o 

a case study near the size and duration required for this research is 

the known discharge, uncoupled, sediment routing model (the U.S. Army 

Corps of Engineers, 1976 ). The known discharge uncoupled formulation 

is not as elegant as other models but Owens (1977) has stated there is 

no evidence available to show one model superior to another. Because 

of its simplicity the known discharge, steady flow, uncoupled method is 

the easiest to apply, most economical to use, and possibility the most 

accurate, since it does not have the numerical solution problems of 

unstea dy or coupled methods and it does not linearize the Manning's 

equation. Since water routing 1s of only secondary concern the 

unsteady known discharge formulati on does not impose any severe limita-

tions. Ho\o.'ever with uncoupling the equations of motion and sediment 

continuity care mu st be taken that the bed change during any single 

t ime period does not effect the water surfa ce profile. In the 

necessary application to a large mild slope river, that limitation 

would not be a hinderance. 

None of the previously mentioned models are very computationally 

eff icient. HEC-6 has a very slow backwater method and it is felt that 

the sediment routing methods ca n be improved . It was therefore 

concluded that a new known discharge, steady flow, uncoup led, sediment 

routing model would be developed. 



Chapter 3 

MODEL FORMULATION 

Water Surface Profile Computations 

General 

The water surface profile is computed assuming one-dimensional, 

spatially varied, steady flow . This implies the following assumptions: 

1) the hydraulic characteristics of flow remain constant for the time 

interval under consideration; 2) the flow streamlines are practically 

parallel, i.e., a hydrostatic pressure distribution prevails over the 

channel sec tion, and 3) the secondary flow (lateral or cross-stream ) is 

negligibl e when compared t o the longitudinal flow. A further assump-

tion is that the frictional loss at a section is the same as for 

uniform flow with th e same veloci ty and hydraulic radius. In add i tion 

t o these basic assumptions, others wil l be made when appropriate, the 

most i mp ortant being that the slope of the channel is so small that the 

depth of flow is assumed the same whether vertical or normal to the 

channel bottom. 

Dynamic equati ons for spatially varied flow can be obtained for 

th ree different approaches . These approaches are: 1) momentum, 2) 

total head, and 3) energy. While the water surface profiles computed 

by each method are identical, the derived equations themselves are only 

identical for the special conditions of steady, uniform flow. Beca use 

of difficulties in using the momentum and energy equations on non-

prismatic channels, the tot a l head approach is used in the program. 
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The following is a brief derivation of the one dimensional dynamic 

equation for spatially varied flow from the total head equation. Yen 

and Wenzel (1970) and Li (1972) contain completed derivations of the 

spatially varied flow equations by all three methods and comparison of 

the results. 

Continuity Equation 

Figure 3. 1 shows an incremental length dx of an open channel 

with a spatially varied flow profile. The continuity equation for the 

increment is: 

dQ = q 
dx (3 -1 ) 

where Q is the channel discharge and q is the lateral inflov.' per 

un it channel length. Considering the incompressibility of water, 

Q = VA and: 

d(VA ) = q 
dx 

Dynamic Equation of Spatially Varied Flow 

(3 - 2) 

The total hydraulic head above a selected datum at the upstream 

section is given by 

v2 
H = z + d cos e + a --2g 

where H is the total head above the horizontal datum, 

(3 - 3) 

Z is the 

elevation of the channel bottom above the datum, d is the depth of 
3 flow, a is the velocity head correction factor, defined as f v dA, 

Av3 
where v is the local mean temporal velocity of flow, e is the bottom 

slope angle, and g is the acceleration due to gravity. By tak ing the 

bottom of the channel as the x axis and differentiating Equat i on 3- 3 

with respect to x, the following equation is obtained: 
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Horizontal Datum 

Figure 3.1 Incremental length of channel. 
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dx 

= dZ + 
dx cos 
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2 e dd + ~ (a ~) 
dx dx 2g 

The total head slope Sh is then defined as : 

dH s =--h dx 

and the bed slope, 

s = 
0 

dZ 
dx 

S is expressed as: 
0 

(3-4) 

(3 -5 ) 

(3-6) 

Substituting Equations 3-5 and 3-6 into Equation 3-4 and solving for 

dd/dx yields: 

dd 
dx = cos8 

1 (3-7) 

which is the general differential equation for spatially varied steady 

flow derived from the total head . It represents the slope of the water 

surface with respect to the channel bottom . In mo st cases the angle 8 

is so small that cos 8 : 1, and d : D. Placing . these approximations 

into Equation 3-7 results in: 

dD = S _ S _ d 
dx o h dx 

v2 
(Ci -) 2g (3-8) 

where D is the depth of flow measured vertically from the bed. In 

irregul ar channels D is the thalweg depth. Chow (1959 ) and Henders on 

(1966) present additional spatially and gradually varied flow theories. 

Manning's Equation 

Total head slope Sh is computed by Sh = Sf + SQv where Sf is 

the fr i ction slope, and SQv is the slope of head losses due to other 

factors. 

The friction slope is eval uated using the empirical Manning's 

equation: 
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S = ( Qn )2 
f 1.49A R2/ 3 (English units) (3-9) 

where R is the hydraulic radius of flow and n is the Manning's 

coefficient of channel roughness . 

Manning's equation was developed for uniform steady flow, 

therefore, using Equation 3-9 for spat ially varied flow produces 

errors. However, the errors are believed to be small compared with 

those ordinarily incurred using the uniform-flow formula and in the 

selection of the roughness coefficient (Chow 1959). 

Manning's n-value for alluvial streams is not constant but is a 

funct i on of discharge and depth (Simons and Sentiirk, 1977) . Wh i le 

there are complicated procedures to determine channel roughness, which 

are fairly exact, in the mathematical 

a simple function of discharge, n = 
model Manning's n-value is made 

b 
n a Q n where a and b are o n n n 

empirically determined coefficients, and n 
0 

is the i nitial va lue of 

Manning' s n. The channel conveyance is defined by 

(3-10) 
q 

whe re K is the conveyance. Combining Equations 3- 10 and 3- }1 yield s: 
2 

sf = (~) 
Eddy Los ses 

(3 -11 ) 

The slope SQv is the slope of the head l os ses due to all factors 

except fricti on and is nomi nally referred t o as the eddy loss slope. 

o rational method is available t o evaluate eddy losses. Ed dy loss 

depends mainly on velocit y head change and may be expressed as a part of 

it or: 
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(3-12) 

where C is an empirical coefficient. For gradually converging and e 

diverging reaches, C = 0 to 0.1 and 0.2 respectively. e 

Standard Step Method 

The mathematical mode l uses a finite difference standard step 

method t o solve Equation 3-8 for the water surfa ce profile. The cornpu-

tati ons are carried out moving ups tream cross section by cross se ction 

from a known water surface. Figure 3.2 shows a t ypical channel reach. 

The t otal head and head l oss between the t wo cross sections are 

equated: 

(3 - 13) 

wh ere HQ is the f ric tion l oss . HQ may be written as: 

(3 - 14) 

where t:;X is the horizontal dista nce betv.'een cross sections, and HQv 

is the loss due to all other fa ctors . H£v ma y be written as: 

(3 - 15) 

The average of th e friction slopes at the two cross sec ti ons is 

us ed to compu te the fricti on l oss . Thu s combining Equa t ions 3- 11 and 

3-14 results in : 

(3 - 16 ) 

The continuity equation can be written 

Q = VA (3 - 17) 
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Figure 3.2 Channel reach for standard step method. 
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Total head at the downstream cross section, H1 , is known and is 

determined by: 

Combining Equations 3-9, 3-12, 3-16, 3-17 and 3-18 yields: 

1 
2g 

(3-18) 

(3-19) 

By starting at a known downstream water surface and proceeding upstream 

one cross section at a time, the water surface profile is computed. 

Computation of Hydraulic Properties 

The solution of Equation 3-19 requires determination of channel 

hydrauli c properties, area, conveyance, and velocity coefficient at 

various depths . In backwater computations the hydrauli c properties are 

computed ~ith relationships developed using digitized channel geometry. 

Coordinate Po ints. Channel cross sections are defined by (x, z) 

sets of coordinates. Figure 3. 3 shows a typical cross section. To 

allow for different Manning's n-values across the se ction three sub-

divis ions are made: Right Over Bank, Main Channel, and Left Over Bank. 

The subsections are divided by the two stations Dlob and Drob· The 

Manning's n-value at each coordinate point is set according to its 

location. 

Area. Area of flow for a given ~a ter surface elevation is computed 

by summing incremental areas between consecutive coordinates of th e 

cross section . Figure 3.4 illustrates this technique. Total area of 

flow i s the summation of the increment areas, a . : 
1 
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Figure 3.3 Typical channel cross section with subdivisions. 

Surface 

Figure 3.4 Incremental areas in a cross se ction. 



N 
A = .L 

i=1 
a. 
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(3-20) 

where N is the total number of cross section incremental areas. 

Incremental areas are computed by: 

a . = Xb D 
1 a 

where Xb is defined in Figure 3.5. 
1 I I 

Da = 2 (D 1 + D 2) 

I 

D is defined as: a 

(3-21) 

(3-22) 

where D 1 and D 2 are defined in Figure 3 .5. If the water surface 

intercepts the cross section between coordinate points as shown by 

increment 4 in Figure 3. 4, straight line interpolation between the 

points is used t o compute the triangul ar area. If the water surfa ce is 

above a coo r dinate end point (first or last points) , the area of flow 

is determined by extending a vertical line to the wate r surface from 

the end point as shown in Figure 3 . 6. 

In many rivers, especially those with small gradients, man-made or 

natural levees reduce the area of flow until they are topped. Overbank 

flow area is not considered unt il the water surface exceeds the 

elevation Z
0
b shown in Figure 3.3. 

Wetted Perimeter . The wetted perimeter p . 
1 

is the length of the 

cross section bel ow the water surface and is computed in increments by: 

(3-2 3) 

where Zb is defined in Figure 3.5 . 

Hydraulic Radius . The in cremental hydraulic radius, is 

calculated by: 
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Surface 

Figure 3.5 Incrementa l cross section area . 

Water Surface 

t 
End Point 

Figure 3.6 Flow area at end of cross section . 
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(3 -24) 

Conveyance. The total cross section conveyance is computed by 

summing the incremental conveyance: 

N 
K = I 

i=l 
k . 

1 

where k . is the incremental conveyance and is computed by: 
l. 

k . = 
1 

1.49 
n a . 

1 

a . r . 
1 1 

2/3 

(3 - 25) 

(3 -26) 

where n is the average Manning's n value at the two coordinate points a. 
1 

wh ich define the increment . 

Alpha . Alpha, the velocity distribution factor, is used t o 

a ccount for distribution of fl ow across the cross section and not 

vertical shape of the veloci ty prof il e. Alpha is cal culated by: 

N k .3 
I (-1-) 

i=l 2 a. 
Ci = 1 

(3-27) 

K3/A2 

Effective Depth and Effective Width. Two conveyance weighed 

parameters, effective depth, D , and effective width, W , are used in e e 

the sediment transport calcu lations to represent the average hydraul ic 

properties and are calculated as: 

N D 5/3 a 
I a . i 1 

i=l n a . (3 - 28 ) 

D 1 = e 2/3 
N D a . 
L: a . 1 

1 

i=l D a 
i 
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N 2/3 
.L D a. 

i=l a . 1 (3-29) w 1 = e D 5/3 
e 

The effective depth and effective width values are not used in the 

water surface profile calculations. 

Channel Hydraulic Property Relationship. Hydraulic property 

relationships are computed to relate area of flow, conveyance, alpha, 

effective depth, and effective width to the thalweg depth. Two separate 

sets are calculated: one set for main channel flow and a second for 

overbank flow. The hydraulic property relations are: 

Main Channel Flow (D ~ zob) 

w bl 
= al D e (3-30) 

D 
b2 

= a2 D e (3-31) 

A 
b3 

= a3 D (3-32) 

K 
b4 

= a4 D (3-33) 

b5 
a = a D 5 (3-34) 

Overbank Flow (D > 2ob) 

w b6 
= a6 D e (3-35) 

D 
b7 

= a7 D e (3-36) 

A 
b8 

= aB D (3-37) 
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K = ag D 
bg 

(3-38) 

b10 
(3-39) CJ. = a10 D 

where D is the thalweg depth and to are 

computed coefficients. The overbank relationship includes both the 

overbank and main channel flow for depths greater than Z
0
b. 

Coefficients of the hydraulic properties relations are determined 

by 1) calculating the hydraulic properties of each cross section for 

ten evenly spaced incremental depth s of flow in the main channel and 

for ten increments of depths above the overbank elevati on, Z
0
b. Then 

2) coefficients of the re lations are computed by a lea st squares 

r egression. To ma i nta in continuity in the backwater computation , 

overbank relati ons for area and conveya nce are forced t o have the same 

value as the main channel relations at the overbank elevation. 

Newton -Raphson Solution for the Total Head Equati on 

Th e model solves the equation of spatially varied steady fl ow by 

using an analytical first order Newton-Raphson (N -R ) method to give 

succe ss ive app roximati ons in the standard step calculation . Combining 
~ 

Equat ions 3-).l', 3- 32, 3-33 and 3- 34 yields the spatially varied flow 

equation as a sole function of D2 : 

(1 - c ) e 

(3 - 40 ) 
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From the Taylor series expansion of an arbitrary function F(~), 

the first order N-R approximation to F(~) can be obtained by: 

(3 -41 ) 

where ~-:, is the root of F(~) and ~O is the estimate of ~.,·,. When 

applying Equation 3-41 to the solution of the backwater equation ~ is 

the depth of flow, D2 , at the upstream cross section, and F(~) is the 

total head equation evaluated at that location as computed by Equation 

3-40. For the N-R solution the first derivative of the total bead 

equation must be obtained. 
;. 

Differentiating Equation X-40 with respect to D2 yields: 

(b - 2b ) D (b5 - 2b3-l) + 1 + ~ b 
5 3 2 4 

t 

Q2 -( 2b4+1) 
2 - D (3-42) 2 2 a 

Equation 3-42 is F (~) in the first order N-R. When Equation 

3-40 i s evaluated at depths other than its roots, the equation is not 

equal to zero, but is instead equal to the error in the total head. 

Figure 3. 7 is a qualitative plot of Equation 3-40. The shape of the 

curve can be verified by consideration of Equation 3-19. As the depth 

approaches zero the area of flow goes to zero and the velocity goes to 

infinity. With a large velocity the velocity head term dominates the 

equation and causes a large positive error. Conversely, as the depth 

bec omes large the depth itself dominates, and again the error becomes 

large and positive. At critical depth the specific head is at a 

min imum and the error is negative. 

Care must be taken in using Equation 3- 41 . If the total head 

equat i on is not exactly convex, it takes many interactions to converge 
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Figure 3.7 Error in t otal bead equation as a function 
of depth of flow. 
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to a root. Also, if the initial guess is on the supercritical side of 

the curve, the N-R method drives the solution to the supercri tical 

root, even if the flow is subcri ti ca 1. By using simple logic the 

convergence of the N-R method has been greatly improved. 

The curve in Figure 3. 7 is broken into four different regions 

according to the signs of the error and first derivative. 

regions are: 

1. error positive, first derivat ive positive, 

2. error negative, first derivative positive, 

3 . error negative, first derivative negative, and 

4. error positive, first derivative negative. 

These 

The computer program's simple logic statements can detect in which 

region the estimate of D2 is. 

I n most applications the subcritical root is desired, and logic in 

the computer program insure s it will be found. If the estimate is in 

region 1 or 2 the N-R method finds the subcritical root, but if it is 

in regions 3 or 4, the N-R method is forced to the subcritical root. 

In region 3, simply taking the negative of the first derivative forces 

the solution t o the subcritical root . In region 4, a new estimate is 

determined by computing critical depth and adding a constant to insure 

that the new estimate of D2 is in regi on 1 or 2 . 

This approa ch di Hers from the Newton-Raphson outlined by 

Henderson (1966 ) . The use of the hydraulic property relationships in 

this method imp roves the nexl estima t e since it incorporates th e change 

in the hydraulic prop e rties Y.'ith depth. Henders on' s method uses onl y 

the conveyance and area at the estimated depth in computing the next 

gues s. 
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Divided Flow 

In cases where divided flow occurs, the program has the ability 

to determine the percentage of the total flow going down each of the 

divided flow reaches. Using an initial guess of the percenage of total 

flow in each reach the program calculates a water surface profile up 

each reach. If the upstream water surface elevations match within the 

define d backwater accuracy tolerance the calculations stop. If not the 

program uses a numerical second order curve fitting routine developed 

by Li (1972) to determine new estimates of the flow percentage. The 

program then repeats itself until the upstream stream water surface 

converges. 

Wei r Flow 

Two flow conditions can occur at a single weir. If the weir 

height is small compared to the depth of flow the weir has no signifi-

cant effe ct and the water surface profile is computed with the standard 

backwater cur ve . If the weir is not submerged the depth at the weir is 

computed by a broad crested weir formula 

D = Q 
W 11 

(3-43 ) 

where I 1 and 12 are constants depending on the shape and surfa ce of 

the weir. 

In the program the depth at the we ir is computed by both methods 

and the gre ater of the two is used. 

Sedimen t Routing 

General 

Once the backwater profile is determined for a given time 

per iod, sediment is route d through the system . Sediment routing is 
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accomplished in three separate steps. The first step is calculation 

of the sediment transport at each eros s section in the river, which 

requires knowledge of the velocity, depth, and width of flow obtained 

by the backwater calculations. The second step is routing of the 

sediment to determine change in cross section area due to sediment 

movement. The third step is distribution of the change 1n area through 

the cross section to obtain a new channel geometry. 

Sediment Transport 

In the mathematical simulation of stream bed aggradation-

degradation, conventional algorithms f or calculating sediment transport 

require large amounts of computer time. This excessive use of computer 

time makes these methods impractical . It is also difficult to 

calibrate conventional methods for observed data. Therefore, empiri cal 

relations hips are often used in mathematical modeling. In the Sedi-

mentation Study of the Yazo.o River Basin (Simons, et al., 1978 ) a 

relationship of the following form was used 

Q = 4.48 x 10-6 v3·16 D 0·94 W 
s e e 

(3-44) 

where Qs is the bed material sediment transport in cfs . Although this 

equati on is not applicable to other rive rs, it fits data for the Yazoo 

River Basin. The coefficients in Equation 3-44 \\'ere determined by: 

1) taking suspended sediment mea s urements, 2) applying the ~1odified 

Einstein procedure to obtain the bed material load, and 3) using 

standard least squares regression t o obtain the coefficients. Data 

does not always fit theory, as the exponent forD shoul d be negat ive. e 
It is important to note that Equation 3-44 is only for the bed 

material load . In most cases the wash load is supply limited an d all 

wash load entering a system will pa ss through i t . An exception t o this 
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is when sedimentation behind a large dam is of interest. In this case, 

calculation of the wash load is required. It i s also interesting to 

note in Equation 3-44 that the bed material size does not enter into 

sediment calculations. This is due to the limited range of data from 

which the equation was derived . In cases when there is insignificant 

data to develop relationships such as Equation 3-44, Colby 's and 

Meyer-Pete r, Mueller ' s methods have been used with success at minimal 

cost in computer time. 

Sediment Routing 

Channel aggradation-degradation is determined by solving the 

sediment continuity equation: 

aq aAb 
_s + (1 - p) ax at = qs Q (3 -45) 

where Ab is the cross-sectional area of the bed, qsQ is the lateral 

tributary sediment inflow and p is the porosity that is the volume 

of voids per unit volume of sediment in place. The first term i n 

Equat i on 3- 45 represents the change in sediment transport along the 

river, while the second term represents the change in bed area with 

time. A negative value of the se cond term signifies degradation .,,hile 

a positive value signifies aggradation. 

I nterior Sediment Routing . Figure 3 . 8 sho.,·s a typical interior 

sediment routing cond i ti on. Equation 3-45 is s olved by a t'-'O step, 

fi nit e difference algorithm. The first step is ca l culation of change 

in sediment volume between cross sections. The change in volume is 

computed by 

t,V. 
1 

= (Q 
si+l 

(3 - 46 ) 
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Figure 3.8 Finite difference sediment routing scheme. 
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where AV . is the change in sediment volume between sections i and 
1 

i +1. The second step in the sediment routing is determination of 

change in area at each cross section, that requires knowledge of the 

location of sediment erosion or deposition between cross sections. 

Modeling of sediment dispersion is required to compute exactly where in 

the reach between sections the sediment is eroded or depos i ted. 

Unfortunately, modeling of sediment dispersion requires a non-potential 

transport equation, excessive amounts of computer time, and consider-

able effort to calibrate. Therefore, an empirical distribution is 

used . A triangular distribution weighted downstream as shown in Figure 

3 . 8, is used. One-quarter of the volume is dep osi ted or eroded in the 

upstream half of the segment between sections, while ~hree-quarters of 

the volume is deposited or eroded in the downstream half. This simply 

places more weight of sediment transport rate at the downstream section 

for determini ng the degradation and aggradation. With this assumption 

the change in bed area at a section is equal to 

ili\b.= 
1 

1 
(1 - p) (3 - 47) 

where APo. is the change in bed area at the cross se ction. The 
1 

physical significanc e of t ri angular distr ibution is seen if Equation 

3-46 (neg lecting lateral sediment infl o~ ) is substituted into Equation 

3-47: 
1 - Q ) + 1 (Q Qs . ) 4(Qs . -

1 si-1 4 si+1 
'~"\ . 

1 1 dt = (1 - p) 1 
(AXi-1 + AX . ) 1 2 1 

(3 -48) 

cl Q Qs . 
1 Q ) -

l 2 si+l 2 si-1 
AAb . 

1 dt = (1 - p) A.X . 1 + AX . 
1 1- 1 

(3 - 49 ) 
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As expected, the coefficient for sediment inflow, Q is positive and 
si+l 

Q is negative. An important fact 
si-1 

the coefficient for the outflow 

to note is that the multiplying fact or for the sediment transport at 

the cross section is negative . This is physically logical. If the 

upstream and downstream transport is held constant, a reduction in the 

sediment transport at the section causes the section to aggrade while 

an increase in the transport causes it to degrade. If a triangular 

distr ibution weighted upstream were used the coefficient for sedi ment 

transport at the section would be pos itive. Thus as sediment transport 

at the section i ncreased the section would aggrade. If a rectangular 

distribution were used the coefficient would be zero, and sed iment 

transport at a section would have no effect on aggradation or 

deposition at the section. 

Boundary Sediment Routing. At the upstream and downstream boundary 

cross secti ons Equation 3-47 cannot be used to compute the change in 

area at the section. This is usually not a problem since the upstream 

boundaries are always fixed, i .e . unchanged with time, and downstream 

boundar ie s are usually fixed to maintain numeri cal stability in the 

model. But in cases when a ma jor tributary flows into the ma instem, 

the tributary's downstream cross se ction can be allowed to "float". 

Change in bed area for a downstream tributary section is compute d by: 

1 ~vi 
= (1 - p) ~ . 

1 

(3-50) 

Distribut ion of Eros ion and Depos i tion Across the Cross Sect ion 

Once the change in area at a cross section is computed the are a 

must be distributed across the section to determine the new channel 

geometry. With a one di mensional model the exact location of scour or 
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deposition can not be determined since the program does not compute the 

lateral flow effects. Therefore, empirical procedures are used to 

distribute the bed area change. A method that relates the change in 

bed elevation at a point to the hydraulic property of conveyance is 

used in the model. This method as shovm in Figure 3. 9 is considered 

appropriate because conveyance is directly related to velocity and thus 

sediment transport. 

A qualitative analysis was performed to test the validity of the 

sediment distribution scheme based on conveyance (which is directly 

related to depth if Manning's roughness is the same across the whole 

cross section). Three cross sections were taken from the Greenwood 

Bendway of the Yazoo River. At several points in each cross se ction 

the percen t of maximum depth of flow, and the percent of maximum change 

in bed elevation (from February 2 to February 18, 1977) were deter-

mined. The results are plotted on Figure 3.10. As one can see, change 

i n bed eleva tion is roughly proportional t o depth . The sediment dis-

tribution method based on the hydraulic properties at each point in the 

cross section more accurately represents the natural cross-sectional 

changes. 

The model computes change in elevat i on f or each cross section 

point by : 

!Q. = 
J 

(3 -51 ) 

where llZ . 
J 

is the change in elevation for point (j), k.£ and k.£+ 1 

are the conveyance of the incremental areas to the right and left of 

the point, and xj+l and X . ] r are the horizontal coordinates of the 
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Figure 3 .9 Sediment distribution based on depth of flo~. 
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cross section points adjacent to (j) and Ki and ~b . are the total 
1 

conveyance and bed area change at the ith cross section. 

To save computer time sediment is not distributed at a cross 

section until a significant change in cross section area has occurred . 

This threshold can be determined according to the physical environment 

and the object i ve of study . 

Weir Sediment 

The sediment transport over a weir is assumed to be a percentage 

of the upstream sediment transport. The concept used in determining 

the percentage is shown in Figure 3-11. A suspended bed material curve 

at the cross sect ion directly ab ove the weir is shown. The mater i al in 

the shade d portion of the curve is assumed to pass ove r the weir. The 

percentage is computed using the Lane-Kalinske 1 s relat ionsh i p (Simons 

and Senturk , 1977) for sediment concentrat i on : 

whe re c y 

C = C exp y a 

~ 
D 

is the concentration at an arbitra r y dep t h 

(3 -5 2) 

y, c a is a 

reference concentrat i on at a depth a, K is the von Ka rman constant, w 

is the particle fall velocity, and U* is the shear vel ocity. 

By assumi ng a dep th a which is cl ose t o t he bed and much smal ler 

than y , Equa t ion 3-5 2 re duces t o 

-6 \o.· y 

C = C exp y a 
KU,., D (3 - 53) 
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Integrating Equation 3-53 with respect to y yields 

-6w y_ 
KU* D 

fC d = c exp (3-5 4) y y a -6w 
KU;~D 

Evaluating Equation 3-54 for the shaded portion of the suspended 

sediment curve results in the percentage of upstream sediment transport 

P , which passes over the weir: c 

p = c 

D 
J c d 

(D-D )y y 
w 

D 
J c d 
0 y y 

(3-55 ) 

whe re D is the depth of flow at the weir. The reference w 

concentrati on C cancels from the equation. a 

The shear velocity is computed us i ng the Darcy-Weisbach resistance 

formula: 

U..,,, = v 
./8/f 

(3-56) 

The von Karman cons tan t has a value much higher than i n uniform 

fl ow, since the weir causes a large vert ical turbulence. In the 

Sedimentation Study of the Yazoo River Basin, K was set equal t o 0 . 70. 



General 

Chapter 4 

MODEL APPLICATIONS 

This section presents applications of the model KUWASER. All 

of the applications described here were performed as part of the 

Sed i mentation Study of the Yazoo River Basin (Simons et al., 1978 ) . 

The following sections present examples of model calibration on two 

different river reaches, a comparison of model performance (as measured 

by sta ge predi c tion ) between KUWASER, a stage discharge relation , and 

a fix bed model and the results of two of the actual Yazoo design 

alternative runs . The results are presented t o demonstrate the wide 

range of information that can be determined through use of KUWASER. 

Calibration 

Descripti on of Calibration Reach es 

Two reaches of the Yazoo River were calibrated in the Sedimenta-

tion Study of the Ya zoo River Basin. The reaches were the Ft. 

Pemberton cutoff at Greenwo od Bendway and a reach on the Tallahatchie 

Rive r from s.._·an Lake to upstream of Locopolis. These t"'·o reaches and 

the cross section use d in the mode l are sho~n in Figure 4.1 and shown 

schematically in Figures 4 . 2 a nd 4. 3 . 

These two reaches are quite different since the Swan Lake-

Loc opolis reach is stable and expe rience s little bed profile change. 

The Ft . Pemberton rea ch , however, is unsta ble and experien ced a 

20-foot degradat ion during 1973 and 1974. 
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Figure 4.1. Locat ion of calibration river reaches. 
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Figure 4 .2. Ft. Pember t on calibration reach . 
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231.44 

Locopolis Gage 230.65 

228.02 

225.14 

222.30 

Swan Lake Gage 219.08 

Figure 4 .3. Swan Lake-Locopol i s calibration reach. 
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For the Ft. Pemberton reach, backwater computations were carried 

upstream, starting with a known stage-discharge relationship at the 

Belzoni gage continuing to the Ft. Pemberton gage. It was also 

necessary to carry computations a short distance up the Greenwood 

Bendway to obtain the correct sediment input from the bendway. For the 

Swan Lake-Locopolis reach, backwater computations were carried upstream 

starting with a known stage-discharge relationship at the Swan Lake 

gage to upstream of Locopolis gage (river mile 231.44). 

Pro cedure 

For t Pemberton. In the cutoff there were two sets of measurements. 

The mode l was calibrated to reproduce these values. These measurements 

were the stage at the Ft. Pemberton gage (Yaz oo -Tallahatchie) and the 

bed elevation at four se ctions directly downstream of the weir in the 

cutoff. 

Bed elevation was calibrated by adjusting the sediment transpor t 

over th e weir at the upstream se ction, and the water surface elevation 

was calibrated by adjusting Manning ' s n. Since the two quantities are 

not independent, an iterative method was used where on ly one of the 

quantities was adjusted at a time. 

First, Manning 's n was calibrated by multiplying the estimated n 

value f or the main cha nnel and overban ks by a constant. Then, the 

model wa s run wi th the flows from April 12, 1973 t o February 23 , 1974 

(318 days) , and th e error between the observed and computed water 

su rfaces was mi nimi zed until no fu rther r educ-tion in error could be 

obtained. Dur ing t hes e runs the sediment transpor t ¥l as set t o zero, 

therefore, the bed was assumed fixed. 
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The model was then run for the same time period with the sediment 

transport in the river set to its normal value. With the initial bed 

profile of April 12, 1973, the sediment transport over the weir, which 

was computed with the same relationship as the river's, was adjusted by 

changing a constant unt il the computed bed at the end of the time 

period was matched as closely as possible with the observed value. 

Manning 's n was then read jus ted . 

Results of the calibration suggested the Manning ' s n values of 

0 . 030 for the main channel and 0. 150 f or the overbank flows. With 

these values of n, the average error between observed and computed 

stages at Ft. Pemberton for the cal ib rat ion period was 0. 87 fo ot wi th 

a maximum error of 3 .7 2 feet. Figure 4.4 shows a pl ot of the observed 

and computed stage hydrographs for the calibration. Figure 4.5 shows a 

plot of obs erved and computed bed elevations at the four cross se ctions 

downstream of the weir . As indicated, the computed bed profile for 

February 23, 1974 closely mat ches the observed bed profile . Even 

through this was only calibration, the model was able to simulate the 

large degradation at Permanent Range (P.R.) 162.5 0, Station 16+50 and 

Station 4+90, and the hump that was f ormed at Station 10+20 by 

adjusting only one parameter describing sedimen t input to the cut off . 

Sed i ment input to the cutoff should be modifid because of the presence 

of the weir. In addition, simulated changes in cr oss-sect ional shapes 

are compared with measured changes (Fi gures 4.6 t o 4.9 ) . The model 

simulated the changes in the cross sect io ns adequately . 

Swan Lake-Locopolis. Jn the Swan Lake-Locopolis reach there 

wa s not enough cross -secti onal data to calibrate sediment transport, 

therefore, only Manning's n vias calibrated and sediment transport y,•as 
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assumed equal to its normal value. In this reach it was necessary to 

allow Manning's n to vary with discharge since there appears to be 

large differences in the headless from Swan Lake to Locopolis for 

different flow levels. The period used for calibration was January 1, 

1971 to December 31, 1972 (731 days). Results of the calibration are 

shown in Table 4.1 . Manning's n varies as a power function of 

discharge. As indicated in the table, Manning's n is about 0.02 for 

the extreme high flow and approximately 0. 042 for low flows. These 

values are very reasonable considering the hydraulics of the fluvial 

system. With these values of n, the average error between observed 

an d computed stages at Locopolis for the calibration time period was 

0.34 foot, with a maximum error of 2.12 feet. Figure 4 . 10 shows the 

observed and computed stage hydrographs for the calibration. As 

indicated, the error between the two is quite small. 

Mod el Verificat ion 

To verify the applicability of the model, an additional run was 

ma de f or each reach using the calibrated values of Manning's n and 

sediment transport equations. These runs were made for time period s 

immediately f o llowing calibration. At Ft. Pemberton the verification 

was from February 24, 1974 t o December 31, 1974 (311 days ). At 

Locopoli s the period used was from January 1, 1973 to December 31, 1974 

(730 days) . At Ft. Pemberton the average error between the computed 

and measured stage f or the ver ificati on period was 1 . 10 feet with a 

maximum error of 2.48 feet; and at Locopolis, the average was 0.74 fo ot 

with a maximum error of 2 . 21 feet. Figures 4.11 and 4.12 show pl ots of 

the measured and computed stages at Ft. Pemberton and Locopolis. In 
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Table 4.1. Manning's n Calibration for Swan Lake 

Discharge at Manning's n 
Swan Lake Main Channel Overbank 

2,000 . 042 .210 

10,000 .035 .175 

35,000 .020 .100 

addition, Figure 4.13 shows measured and computed bed elevations for 

June 1, 1974 between Swan Lake and Locopolis. As seen in Figure 4.14, 

the two bed profiles match adequately. The prediction is for the 

entire period January 1, 1971 to December 31, 1974. A sununary of the 

calibration and verification results for KUWASER is given in Table 4.2. 

Table 4.2. Calibration and Verification for KUWASER 

Reach Calibration Error Verification Error 
Mean (ft) Max Mean (ft) Max 

Fort Pemberton 0.88 3.60 0.45 1. 78 

Locopolis 0.34 2.12 0.74 2.21 

Comparison with Other Models 

General 

In this section, frequency and magnitude of error associated with 

KUWASER and two other mod els are examined. The first comparison model 

is an empirical stage-discharge relationship or rating curve model. 

The second model is a steady, spatially varied flow rigid boundary 

model. The comparison of the three models provides more than a 

ve rification of the model developed here. The comparison also provides 

guidelines for application of each model 
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Description of Comparison Models 

Empirical Stage-Discharge Relationship Hodel. The relation-

-ship between stage and discharge is often called a rating curve. 

Generally, a rating curve is obtained by plotting the observed stage 

data against measured discharge . In reality, experience indicates that 

measurements of stage and discharge do not form a single valued 

relationship. Many rivers, especially those wi tb a flatter gradient, 

display a hysteres i s loop in the stage-discharge relationship due in 

part to dynamic effects and changing bed forms. Since these relation-

ships can normally only be determined using water and sediment routing 

models, the foll owi ng relation is commonly used to determine the stages 

at a given location along the r iver from the corresponding di scharges : 

b 
Q = a (s-c ) x 

X 
( 4 . 1) 

where Q = discharge, s = stage, c = cons tant, usuall y gage zero , and 

a and b are time-variant coefficients. The unkno\\'n coefficients a 
X X X 

and b are evaluated by leas t - squares re gression te chniques bas ed on 
X 

his t ori ca l re cord s. 

Rig i d Bound ary Hod el. A knO\\'n discharge , spat ially var ied fl o\-' 

mode l \\'ritten by the author \\'as use d in the comparis on. The mode l i s 

ident ical in theory and operat ion t o the mod el devel oped here except 

f or the exclus ion of sediment r out ing. 

Calib r at ion of Comparison Mode ls 

The comp ar i son model s were cal i brat ed f or t he same lo cations and 

per iods describe in the previ ous se ct ion . Thes e are Ft. Pember ton fr om 

Ap ril 12, 1973 t o February 23, 1974 (318 days) and Locopolis fro m 

January 1, 1971 to December 31 , 1972 (731 days ) . 
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Empir ical Stage-Discharge Relationship. Measured discharge and 

observed stage data from the two test reaches for the specified times 

were used to estimate the unknown parameters, a and b , that minimi zed X X 

the mean-square-error of the estimates. Regression constants and the 

coeffi cient of cor relation, R , are as follows: c 

Ft. Pemberton: a = 1783, 
X 

Lo copolis: a = 0 .2872 
X 

b = 0.7538 and R = 0.901 
X C 

b = 3.140 and R = 0.991 X C 

The observed and computed stage hydrographs for the calibration periods 

are sho~~ in Figures 4.14 and 4.15. 

It is clear that the stage-dis charge relationship is very easy to 

calibrate and use, but the figur es show that even for the calibration 

periods the stage discharge has large errors. Thus, while the correla-

tion coefficients are high, the model has a poor fit to the data. 

Rig id Boundary Model. The river stage computed by this rigid 

boundary mod el was cal ibrated by adj usting the estimated channel 

r oughness coefficient, Manning's n. Manning's n was calibrated by 

mu ltiplyi ng a constant with the estimated n value for the main channel 

and overbanks cross sections . The model ~· as run with flo~' data from 

the calibration periods and error bet~'een the observed and computed 

water surface was determined. The process was repeated with different 

values of the constant until no reduction in error resulted . 

Manning's n for the Fort Pemberton reach was determined t o be 

0.031. At the Locopolis reach it was necessary to allo~ Manning ' s n to 

vary ~' ith discharge, since there appeared to be large differences in 

headloss in the reach at different f l ow levels. The calibrated 

Manning 's n va rie s as a po~· er function of di scharge, and is about 0 .01 8 

for the ex treme high flow and approximately 0.040 for the lo~ fl o~. 
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These values are reasonable considering the frictional characteristics 

of the system . Figures 4. 16 and 4. 17 show the observed and computed 

stage hydrographs for the calibration period. As can be seen the rigid 

boundary model fit is much better than the stage-discharge and is 

similar to the sediment routing model. 

Verifica t ion of Comparison on Models 

To test the three models, an addit ional run utilizing the 

comparison model s was made for each reach using the calibration 

results. These runs were made for the same periods des cribed in 

Section 4.2. At Fort Pemberton, the verification period was from 

February 24, 19 74 to December 31, 1974 (311 days). At Locopolis, the 

peri od was from January 1, 1973 to December 31, 1974 (730 days). 

Figures 4.18 through 4 . 21 sho~ plots of the measured and computed stage 

at Fort Pemberton and Locopolis f or the verification period . 

Comparison of Methods 

For comparison purposes, model error is defined as the difference 

between observed and predicted stage for each day. Figures 4 . 22 and 

4.23 show the relative frequency distribution of error for the verifi-

cation periods and Table 4.3 lists the statistics of the absolute error 

for each method. 

As indicated in the figures and table, all three methods have 

approximately the same mean error for Locopol is , but the process models 

have much lower maximum errors than the stage-discharge relat ionships . 

Since there are few channel changes in this r each , the results of th e 

two theoretical models, rigid boundary and movabl e bed, are essenti ally 

the same. At Fort Pemberton the sediment routing model is clearly 
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Table 4.3. Statistics of Absolute Model Errors 
Error in Feet 

Calibration Verification 
Mean Maximum Mean Maximum 

Stage-Discharge Model 
Fort Pemberton 2.56 10.38 3.47 7.27 
Locopolis 0.33 2.56 0.80 5.48 

Rigid Boundary Model 
Fort Pemberton 0.30 3.97 0 .92 2.39 
Locopolis 0.29 2.27 0.62 1. 91 

Sediment Routing Model 
Fort Pemberton 0.88 3.60 0.45 1. 78 
Locopoli s 0.34 2. 12 0.74 2 . 21 

better than the simple bach'ater model and superior to the emp irical 

one. The reason for this is that the model can predict and adapt 

itself t o changes in river conditions related to sediment movement and 

depositi on. In contrast the empirical and rigid boundary models assume 

an invariant setting and hence they cannot detect and adapt themselves 

to a changing environment. 

Appli cati on 

General 

This section presents the results of two Yaz oo River Basin 

sedimentation study design alternative runs (Simons et al . , 19 78). 

These results are presented to demonstrate the models complete capabili-

ties and to show the wid e range of information that can be determined 

through use of the model . Figure 4 .24 sho\\'S the Yazoo River Basin. 

The ba sin is divided int o two regions. The first region is the delta . 

The delta extends from the l oe ss bluffs to the ea st to the natural and 

artifi cial levi es of the Mississippi River to the west. The delta is 

characteri zed by numerous ol d ri ve r channels, natural levies and mild 

slope streams whi ch experience severe flooding and sedimentation. The 
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main stem of the Yazoo River lies completely in the delta region. The 

second region is the uplands. The uplands extend from the loess bluffs 

to the west to Pontotac Ridge in the northeast. The uplands va ry in 

age and composition but are characterized by relatively steep streams 

whi ch experience severe erosion and sedimentation problems. The 

maj ority of the Yazoo River tributaries originate in the uplands . 

The Yazoo Basin Sedimentation Study involved an analysis of the 

main channel and its tributaries from which water and sediment is 

routed through the main channel. The purpose of the analysis was to 

determine the effect iveness of the proposed system considering flood 

control, navigation, and the locati on of aggradation and degradation 

problems in the ma i n channel and its tributaries. Methods of 

minimizing operation and maintenance problems were also evaluated. The 

analysis provided a method fo r evaluating the Upper Yazoo Project 

system and the various des ign alternatives outlined by the U.S. Army 

Corps of Engineers (1975). 

In the Phase I study the emphasis was to evaluate the river 

response to the various design alternatives on the main stem Yazoo -

Tallahatchie-Coldwater River system and principal tributaries such as 

the Little Tallahat chie, Yocona, and Yalobusha Rivers. The Sunflower 

River Basin was excluded from the ana lysi s. Utili zing the model, the 

effe cts of channel enlargement on flowline, sediment depositional 

rates, and othe r aspec t s of river response we re eva luated . 

Alternative Run s 

Thirteen alternative study runs were made using the kno~n 

dis charge sediment routing model. These al terna tive study runs were 

conducted by routing sediment through th e tributaries and the Yazoo 



81 

River main stem for a selected hydrograph utiliz ir~g the various 

alternative plans. 

here. 

Two of the alternative study runs are described 

Run No. 1. Simulation run utilizing a 50-year synthetic hydrograph 

(11 years of recorded data and 39 years of generated data with natural 

(existing) river conditions. The Greenwood Cutoff \\'as assumed closed 

for flows less than 25,000 cfs and open for flows greater than 25,000 

cfs. It was further assumed that Abiaca Creek would only deliver about 

20 percent of the sediment inflow at the hill line to the Yazoo River . 

Figure 4 .25 shows the spatial design use in the run . 

Run No. 2. Simulation run utilizing a SO-year synthetic hydrograph 

with Plane E conditions and Greenwood Cutoff operated as in Run No. 1. 

It was assumed that Abiaca Creek would be a leveed floodway that would 

delive r all of the sediment contributed at the hill line t o the Yazoo 

River. Figure 4.26 shows the spatial design use in the alternative 

run . 

Resu l t s 

The spatial designs for various study runs differed. Neverthe-

less, it is worthwhi le to identify the rive r segments utilizing t he 

same designation system. Hence, referring back to Figure 4 . 25, River 

Segment No . 1 extends from the mouth of Big Sunfl owe r to Belzoni . 

Rive r Segment No. 2 extends f rom Belzoni t o just below the Green'-''OOd 

Bendway. Ri ver Segment No . 3 includes the Gre enwood Bendway, and River 

Segment No. 4 extends from i mmediately upstream of the Greenwood 

Bendway t o Arkabutla Dam. The Yal obu sha River is identified as Rve r 

Segmen t No. 5 . River Segment No . 6 i nclud es the Little Tallahatchie 

and the P- Q Floodway. The Yo con a River is defi ned as River Segment 
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No. 7 and the Greenwood Cutoff is identified as River Segment No. 8. 

Simulated results for different river conditions for a 50-year 

synthetic hydrograph are summarized in Table 4 . 4. 

Table 4.4. Summary of Net Degradation and Aggradation for 50 years . 

Alternative Net Degradation and Aggradation in 103 cubic yards 
Runs No. Reaches 

1 2 3 4 5 6 7 8 

1 1,941 445 8,097 1,242 -2,078 908 -48 
2 22,075 2,846 16,909 4,181 -2,809 658 3 

Run No. 1. For the main stem from Belzoni to Arkabutla Dam (River 

Segments No . 2, 3, 4, and 8), the estimated rate of pet filling (net 

degradation and aggradation ) is about 210,000 cubic yards per year with 

natura l condit ions . Figure 4. 27 shows the beginning and final bed 

profiles after 50 years under na tural conditions . 

The maximum water surface elevations at each cross section are 

als o pl otted in Figure 4.27. These maximum water surface elevations 

are the maximum values at each cross secti on considering the 50-year 

simulation per iod . These values do not ne cessarily occur at the same 

time for all of the cross sections and ma y not take place du ring the 

per iod of maximum discharge. The dovmstream wat er surface elevations 

and the long-term sediment moveme nt in th e system will dictate local 

water surface elevations . 

The cumulative net aggradation volumes in the ma in stem f or the 50 

years of simulation are shown in Figu re 4.28 . Generally, the ma in stem 

segments, except the Green"'ot. d Cut off , are. depositing for the 50-year 

simulation cycle. River Segment No. 4 (from Greenwood to Arkabu tl a 
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Dam) is filling, particularly below the P-Q Floodway. 

severe degradation in the P-Q Floodway. 

The cumulative degradation and aggradation 

This is due to 

in the major 

tributaries (River Segments No. 5, 6, and 7) is shown in Figure 4.29. 

As indicated by model results, the Yalobusha River (River Segment 

No. 5) is aggrading which agrees with observations by the U.S. Army 

Corps of Engineers (Design Memorandum No. 41). This river has been 

fill ing with sediment since the enlargement of the channel cross 

sect ion in 1954. River Segment No . 6 (P-Q Floodway and the Little 

Tallahatchie Rive r) is degrading according to model calculations. This 

also agrees with observations by the U.S. Army Corps of Engineers. The 

r iver bed gradient of the Little Tallahatchie River is about fou r times 

that of the main stem river due to construction of the P-Q Floodway. 

Degradat ion in the P-Q Floodway was so severe that extensive emergency 

dredging was required to mainta in the Tallahatchie River below the 

mouth of the P-Q Floodway. The Yocona River (River Segment No. 7) is 

sensitive to the water surface in the P- Q Floodway. The simulated 

results show that the Yocona River is almost in a state of equilibrium. 

Examples of the stage-dischar ge relationship just below Greenwood 

Bendway (river mile 162.5) and at Swa n Lake (river mile 219.08) during 

the first year, lOth year, 30th year, and 47th year are displayed in 

Figures 4 . 30 and 4. 31. The 47th year was selected because it closely 

approximated the 1973 flood. These figures indicate the stage -

d ischarge re lat ionship at both stations are consistent with time for 

the natural condition. 

Run No. 2. The net rate of sediment deposition in the ma in stem 

ut ilizing Plan E conditions i ncreased approximately 400 percent . That 
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is, the net depositional rate in the main stem is about 840,000 cubic 

yards per year . This is due to the enlargement of the channel, the 

increase in the sediment supply from Abiaca Creek (about 500 percent), 

and the increase in the degradation along the P-Q Floodway (about 40 

percent). Lowering the water surface levels in the Tallahatchie 

enhances degradation in the P-Q Floodway. 

Figure 4.32 shows the beginning and final bed profiles as well as 

the maximum water surface elevations along the main stem under Plan E 

conditions cons ide ring 50 years of simulation . This figure clearl y 

indicates that the most important areas causing maintenance problems 

are the reaches below Ab i aca Creek and below the mouth of the P-Q 

Floodway. The maximum water su rface levels are generally higher than 

those under natural conditions for reaches downstream of Money . 

Cumulative aggradation volumes in the main stem for 50 years is shown 

in Figure 4. 33. The study shows that deposition rates of Plan E are 

much larger than those for natural river conditions. Th e computed 

average rate of dep osition for Plan E decreases \•; ith time, which is 

consistent with changes in hydraulic conditions. 

For a deta i led examination of Plan E, Figure 4. 34 prov ides the 

max imum water surface elevations under b o th the natural and Plan E 

conditions f or the 50-year simulation per iod. Generally, the maximum 

water surface elevations are higher f o r Plan E in the main stem except 

in the reach near and upstream of Swan Lake (river mile 219.908) . The 

higher water surface elevations in the rea ch downstream of river mil e 

200 . 0 are due t o ac c umu lation of sedimen t for 50 years wi thou t 

maintenance, and the significant increase of sed iment supply to the 

ma in stem from Abiaca and the P- Q Floodwa y. The reduction in s tage 
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near and upstream of Swan Lake is primarily the result of the Craigside 

Cutoff. 

It is important to mention that if the Plan E channel is allowed 

to accumulate sediment for 50 years without maintenance, the effic iency 

of flood stage reduction of Plan E would be significantly decreased . 

This is further demonstrated in Figures 4. 35 and 4. 36 . In these 

figures , the annual maximum water surface elevations just below the 

Greenwood Bendway (river mi le 162 .5) and at Swan Lake (river mile 

219.08 ) for both natural and PlanE conditions are plotted. The river 

stage reduc ti on by implementation of Plan E is only good in the first 

two years at river mile 162 .5, but is ahays effective at Swan Lake. 

After the channel fills with sufficient sediment, river stage reduction 

is significantly decreased and finally terminated in some reaches. The 

stage frequency curves just belo\o.' the Greenwood Bend\o.·ay and at Swan 

Lake (river mile 219.08) for natural and PlanE conditions are shown in 

Figures 4. 37 and 4. 38, respectively. These curves indicate that the 

propos ed Plan E can only be effective i f maintenance measures such as 

dredging and /o r control of sediment inflows from major sediment 

contributing tributaries are implemented. This is particularly true 

for the reach downstream of Money. 

The stage-discharge re lati onship belo\o.' Greenwood Bend\o.·ay (river 

mile 162.5) an d at S\o.·an Lake (river mile 219.08) for different time 

periods are shown in Fi gu res 4.39 and 4.40, respectively. Again, these 

figu res indicate that the proposed Plan E can only be effective f or 

flood control if maintenance dredging, control of sediment suppl y from 

tributa ries, or othe r mea ns of maintenance are implemented. 
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Conclusions from Calibration, Comparison and Application 

From the calibration , comparison and application of the model 

KUWASER the following conclusions can be made . The known discharge, 

uncoupled sediment routing formulation is a viable method of modeling 

open channel flow in alluvial channels over great areas and long times. 

The application performed in the sedimentation study of the Yazoo River 

Ba sin (Simons et al., 1978 ) is the largest and longest application of a 

sediment routing model known . 

Two features of the model may need additional work. First, the 

hydraulic property relationships for alpha, effe ctive depth and 

effe ctive v.'idth may be unnecessary. The value of alpha varied very 

little in the Yazoo cross se ctions. Since the hydraulic prope rty 

relati onship f or alpha adds computations t o the backwater calculations 

it may be better to use constant values. Two values of alpha would be 

needed at each section, one for main channel and one for overbank. The 

constant values could be reevaluated after distributing deposition. 

Eff ective depth and effective width are used as representative values 

of depth and width in the sediment transport calculations. In th e 

review of the applications it became doubtful if thes e va r iables added 

any accuracy to the model . It is felt that top width and hyd raulic 

dep th (area divided by t op width) could be used to calculate sed i ment 

transport which would achieve a reduction in computations. The second 

feature which may need add i tional work is the cross section distribu-

ti on of erosion and deposition. While Figures 4.6 th ro ugh 4.9 show the 

current method is adequate, it is felt that additional work is needed . 

One possible improvement would be a cross channel weighing function 

ba sed on longitudinal curvature, channel shape and up stream conditions. 
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Chapter 5 

SENSITIVITY ANALYSIS 

A sensitivity analysis was performed on the model KUWASER. The 

anal ys is has two objectives. The first objective is to test the 

analytical sensitivity of the model results to changes in the input 

parameters. For example by evaluating channel sediment transport 

sensitivity it can be determined how accurat e the sediment transport 

function must be to achieve any given level of accuracy in an output, 

such a s vol ume of aggradation. The second objective is t o provide 

users of this model or similar models with a design aid. For example, 

by comparing the effect on water surface profile and volume of aggrada-

tion by varying channel b ottom width, side slope and thalwag slope the 

design engineer wi ll be aided in determining which channel designs will 

me et requ i red performance in flood contro l \o.' ithout causing excessive 

aggradation. 

Procedure 

Test Case 

The sens itivity analysis was carried out by first selecting a 

"bas e" channel. The base channel is desi gned to be as simple as 

poss ible but t o still 

will be applied t o. 

retain similarity \o.' ith channels that the model 

Figu re 5. 1 shows the base channel. The base 

channel is trapezoidal in shape with a 150 foot b ottom, 3:1 side 

slopes, and 30 foot depth at ove rban k . The overbank area extends for 
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Figure 5.1. Sensitivity base channel. 
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1000 feet on either side. The Manning's n values are 0. 030 for the 

main channel and 0.10 for the overbanks. The thalweg slope is 0. 0075 

percent (0 . 4 feet per mile). Figure 5. 2 shows the test reach. The 

channel is 40 miles long with 21 cross sections spaced at two mile 

intervals . At river mile 13 between Sections 7 and 8 a point source 

tributary confluences. the initial downstream water surface is 

computed using a stage discharge relationship at Section 1 wh i ch 

mainta i ns depth of flow greater than normal depth . This is similar to 

cases where a stream experiences a slight backwater effect from a down-

stream river or sea. The tributary bas a ve ry high sediment rat i ng 

curve . The channel and tributary are not in balance. The tributary 

wil l cau se severe aggradat i on in the channel under most circumstances . 

The channel i s roughly similar t o the Yazoo River between Belzoni and 

Greenwood , Miss i ssippi, with the tributary being Abiaca Creek. 

Dis char ge Sets 

The model was run with three sets of discharges. These discharges 

are ac t ual fl ows for the Yazoo Ri ver and Abiaca Creek. The flows are 

avera ge weekly discharges computed from dail y records . The first set 

is from 1964, a normal flow year. The second set is from 19 73 , a high 

flaY.' year . The third set is the entire 10 year period 1964 through 

1973 . Thes e th r ee sets of discharges allow the evaluation of the model 

sensi ti vi t y over short t e rm high and normal flows and a long term 

per iod . 

Sens i tivity Parame te rs 

Si x input pa ramete rs were sel ec t ed f or t he sens itivity analysi s . 

They are: (1 ) channel bottom wi dt h, (2) channel bottom slope, (3) 

channel s i de slope (4) Ma nning ' s n va l ue, (5) tributa ry sediment input, 
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and (6) channel sediment transport. The ranges given each parameter 

were chosen to reflect the normal variance of the parameter or the 

typical range a designer could utilize in this case. The values of 

each parameter were given are des cribed below: 

Bottom Width. Channel bottom width is the most important design 

parameter in nver mechanics . The channel bottom width was given 

values of 100,125, 150 (base), 175, and 200 feet. This represents a 

range of -33 percent to +33 percent from the base. 

Bottom Slope. The bottom (thalweg) slope was given values of 

0.0050 percent, 0.0063 percent, 0.0075 percent (base ), 0.0088 percent, 

and 0. 0100 percent. This represents a range of - 33 percent t o +3 3 

percent of the base value. The overbanks were kept constant and the 

main channel was rotated about river mile 20 , Section 11. Thus, 

decreasing the slope raised the downstream end and lowered the upstream 

end, ~hile increasing the slope lowered the downstream end and raised 

the upstream end. At Se ction 11 the bed elevation remained constant. 

The downstre am stage-discharge rel a tion was held constant also. This 

relat i vely complicated procedure was used since it more accurately 

models a man-induced river slope change such as cutoff construction or 

dredg i ng. 

Side Slope. The channel side slope was given values of 2:1 , 3 :1 

(base), 4:1, and 5:1. This r epresents a range of -40 percent (5 :1) t o 

+5 0 percent (2:1) in the side slope. 

Manning's n. Manning's n is both a design parameter which can be 

modified by channel snagging or flood plain management and an unkno~n 

variable which must be estimated. Manning's n value for the main 

channel was given values of 0.020, 0.025, 0.030 (base), 0.035 and 
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0. 040. This represents a range of - 33 percent to +33 percent of the 

base value. The overbank n values were not varied . 

Tributary Sediment. Tributary sediment, like Manning's n is both 

a design parameter and an unknown variable. The tributary sediment was 

var ied linearly by multiplying the base value for a given flow by a 

constant. The constant was given values of 0.0, 0.5, 1.0 (ba se ), 1.5 

and 2. 0. This represents a range of -100 percent to +100 percent. 

Channel Sediment. The channel sediment transport rate cannot be 

is the least well-known of all the input managed directly. It 

variables. The channel sediment transport rate was varied linearly by 

mu ltiply ing the normal value as computed by the transport function by a 

constant. The constant was given value s of 0.5, 0.75, 1.00 (base) , 

1. 25 and 1. 50. This represents a range of - 50 percent to +50 percent 

from the base . 

Results 

The effects of input parameter variance was evaluated for five 

values in the outp ut. The five values are: (1) t ot al volume of 

aggradat ion in the reach, (2) depth of flow at Secti on 7, (3) depth of 

flow at Section 14, (4) aggradation at Secti on 7, and (5) aggradation 

at Section 14. These five values were s e lected for the i r ease of 

evaluation and general importance. The total volume of aggradati on is 

a overall measure of the effec t iveness of sedimentati on control 

alternatives. The depth of flow and aggradation at Secti on 7 are 

measures of the impac t of the design parameters to the reach downs tream 

of a tributary which generally flows at greater than normal depth. The 

depth of flow and aggradation at Section 14 are measures of the impact 

of the design parameters to an upst ream reach which generally fl ows 
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near normal depth. Before the quan titative results are presented it 

will be helpful to present a qualitative assessment based on the 

understanding of physical processor governing alluvial channel flow. 

The qualitative analysis will be helpful in explaining the quantitative 

results, as on first glance they may be confusing. Table 5.1 presents 

the qualitative sensitivity analysis for volume of agg radation. In the 

table two t)Tes of downstream control are listed, fixed stage-discharge 

relationship as used here and normal depth. For volume of aggradation, 

increasing bottom width increases aggradation for both control 

condit ions, since the increased area will decrease sediment transpor t 

out of the reach. Increasing bottom slope will increase aggra da tion 

for the fixed stage - discharge case since increasing slope drops the bed 

at the downstream station while maintaining a constant stage. Thus it 

increases flow area, and reduces velocity and sediment transport out of 

the reach. For the normal depth control, increasing bottom slope will 

decrease aggradation since veloci ty , and thus sediment transport out of 

the reach will increase . Increasing channel side slope, making the 

banks steeper, will reduce flow area increase sediment transport out of 

the reach and reduce aggradation for both contro l cases . Increasing 

Manning's n for the fixed stage discharge case, will have no effect on 

sediment leaving the reach since it will not change the fl ow depth or 

velocity at the downstream section, but it will decrease sediment 

coming into the reach at the upstream reach because of the greater 

depth of flow and reduced vel oc ity. Thus increasing Manning's n will 

decrease aggradation. For the normal depth case, inc rea sing the n 

value will reduce sediment out of the reach and thus increase aggrada-

tion. Increas ing tributary sediment will, of course, for both cases 
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Table 5.1. Qualitative Sensitivity Analysis 

Downstream 
Control 

Fixed Stage 
Discharge 

Normal Depth 

Bottom 
Width 

+ 

+ 

Bottom 
Slope 

+ 

Side Manning's 
Slope n 

+ 

Tributary 
Sediment 

+ 

+ 

Channel 
Sediment 

+ 

0 

increase aggradation. Increasing channel sediment on the fixed stage 

discharge control will tend to increase aggradation. The downstream 

end is under backwater conditions with a low sediment transport while 

the upstream end is near normal depth with a high sediment transport. 

A straight percentage increase in transport will have the effect of 

causing a net increase of sediment inpu t t o the reach. For the normal 

depth case changes in channel sediment transpor t v.'ill have little 

effect on aggradation since both upstream and downstream sections are 

near normal depth and will have the equal transport rates. By simil ar 

analysis the sensitivity of other outp uts can be determined. The 

following sections describe the results of the sensitivity analysis. A 

sensitivity analysis will vary from river to river and year t o year . 

Thus, care must be taken in applying these results to other river 

environments. 

Total Volume of Agg rada ti on 

Figures 5.3, 5.4 and 5 .5 present the sensitivity of total volume 

of aggradation for short - term normal and high flows and long - term, 

respectively. For short-term, normal flow all parameters except 

Manning' s n have positive slope. That is, an increase in the parameter 

increases agg radation. The tributary sediment transport rate is the 
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most dominant followed by bottom width, bottom slope, and Manning's n. 

Channel sediment transport has only slight impact while side slope has 

a negligible impact. All of the parameters show uniform, relatively 

symmetrical curves except for bottom width. Bottom width shows a step 

funct ion on all curves . It is believed that the steps are caused by 

the large changes in cross section area which affect fl ow velocity, 

sediment transport and the frequency of overbank flow . For short-term, 

high flow the sensitivity to the parameters are similar except that the 

sensitivity to Manning's n increases dramically, as could be expected. 

In addition, sensitivity to side slope is no longer negligible, and 

sensitivity channel sediment increases. For the long-term period, 

tributa ry sediment is the most dominant parameter and channel sediment 

is the leas t. Channe l side slope reverses but remains only slightly 

sensitive. 

Depth of Flow at Secti on Seven 

Figures 5.6, 5.7 and 5.8 present the sensitivity of the ma ximum 

depth of flow at Section 7 f or short-term normal and high flows and 

long-term, respectively. For short-term, normal flow the sensi ti vi ty 

to Manning's n, side slope and tributary sediment have positive slope 

while bottom width sensitivity has a negative slope. Bottom width and 

Manning's n are the most dominant parameters v.•hile bot t om slope and 

channel sediment are negligible. For short-term, high flow parameter 

sensitivi ty is similar to normal flow except t ributary sediment 

sensitivity is negligible. For the long-term per iod all parameters are 

significant. While Manning ' s n and bottom width are still the most 

dominant, tributary sediment becomes more dominant than the remainder 

of the parameters. 
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Depth of Flow At Section Fourteen 

Figures 5.9, 5.10 and 5.11 present the sensitivity of the maximum 

depth of flow at Section 14 for short-term normal, and high flow and 

long-term, respectively. For short term, normal flow the sensitivity 

to side slope, Manning's n and tributary sediment have positive slopes 

while the remainer have negative. Bottom width and Manning's n are the 

most dominant parameters while channel sediment has negligible effects. 

For short-term, high flow the parameter sensitivity is similar except 

that channel sediment reverses slope, but remains negligible and 

tributary sediment sensitivity becomes negligible. For the long-term 

period the parameter sensitivity is similar to short-term, high fl ow 

except tributary sediment sensitivity increases. 

Aggradation at Section Seven 

Figures 5.12, 5.13 and 5.14 present the sensitivity of aggradation 

at Section 7 for short-term normal and high flows and long-term, 

respectively. For short-term, normal flow all of the parameter 

sensitivities have positive slope. Tributary sediment has the greatest 

effect on aggradation while bottom slope and Manning ' s have negligible 

impact . For short-term, high flow the sensitivity to the parameters 

is similar except channel sediment reverses slope. For the long-term 

period significant changes in sensitivity occur. Bottom wi dth creates 

the largest impact to aggradation. Side slope reverses its effects, 

though it remains small in magnitude. All parameters have significant 

impact. 

Aggradation at Section Fourteen 

Figure 5.15 presents the sensitivity of aggradation at Section 14. 

Analyses for the short-term discharge were not performed. No 
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significant aggradation occurs at Section 14 during the one year 

periods. For the long-term period the sensitivity to Manning's n and 

channel sediment have negative slopes while the remainder are positive. 

All parameters are significant with bottom slope and Manning's n having 

the greatest importance. 

Conclusions on Sensitivity 

From the results of the sensitivity analysis the following 

conclusions are made concerning the model sensitivity to variations 

in the six input and design parameters. Since t he results of a 

sensitivity analysis will vary for different channels and dis charges, 

these conclusions may not be valid for other cases. But the conclu-

Slons rea ched here should provide a general guide for most river 

environments. The following sections list the conclusion dra1·m by 

parameter. 

Bottom Width 

Bottom wid th is a moderately to very dominant parameter. 

Increasing bottom ~<>idth increases aggradation and decreases depth of 

fl o1-; at all l ocat ions. There is no signifi cant variation in th e 

sensi tivity to bottom width with the different dis charges. Bottom 

width exhibits a step function which is believed to be caused by the 

large changes in cross secti on area that affec t flow velocity, sed i ment 

transport and the frequency of overbank flow. The steps offer an 

opportunity to optimize to a fine degree channel design. 

Bottom Sl ope 

Bottom slope ranges from a negligible to a very dominant 

parameter. Increasing bottom slope increases aggradation at the 

downstream end of the reach. This is due to the increased depth of 
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flow and reduced velocity caused by dropping the thalweg while keeping 

a constant stage discharge relationship at the downstream control. The 

significance of bottom slope increase with discharge and time. 

Side Slope 

Side slope ranges from a negligible to a very dominant parameter. 

Generally, increasing side slope increases aggradation, but the changes 

is usually small. The principle exceptions are the long-term aggrada-

tion at Sections 7 and 14. At Secti on 7 the long-term aggradation was 

reduced slightly by increasing the side slope while at Section 14 side 

slope is the most significant parameter. As can be expected, 

increasing the side slope reduces the flow area and increases depth of 

flow in all cases. 

Hanning's n 

Hanning's n is the most dominant parameter for depth of flow. As 

can be expe cted, increasing Hanning ' s n increases flow depth in all 

cases. Hanning's n only moderately effects aggradation . It has only 

a s li ght t o negligible impa ct on volume of aggradation. Its importance 

to aggradation increases with the discharge and time period. 

Increasing Hanning's n increases downstream aggradation and decreases 

aggradation upstream. 

Tributary Sediment 

Overall, the parameter with the most effect is tributary sediment. 

Aggradati on is most sensitive to it in all cases. The volume of 

aggradation and the depth of aggradat ion at Sections 7 and 14 increase 

with tributary sediment. Depth of floY.' at both sections also increase 

significantly with tribu tary sediment. The effects of tributary 
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sediment are reduced by i ncreases in main channel discharge, time of 

simulation and distance from the tributary confluence. 

Channel Sediment 

Overall, the parameter with the least effect is channel sediment. 

It has only negligible effect on depth of flow and negligible to slight 

effect on aggradation. The last point is most important, it shows that 

sediment transport while a very troublesome variable to define, need 

only be approximately near its true value to produce accurate results 

in simulation. The effect of channel sediment increase with discharge 

and t i me of simulation. 
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SUMMARY, CONCLUSIONS AND RECOMMENDATIONS 

Summary 

A known discharge, uncoupled, sediment routing model that 

sequentially solves the equations of sediment continuity and water 

motion has been developed. The equation of motion is solved by 

standard step backwater calculations. The backwater calculations have 

been improved by the addition of a Newton-Raphson method . The method 

uses channel hydraulic property relationships to improve the depth 

estimate. This method differs from other ewton-Raphson backwater 

a lgori thrns in that the change in a rea and conveyance with depth are 

incorporated into the estimates. The model also allows for divided 

flow and flow over weirs. The equation of sediment continuity is 

solved by a standard, finite difference method. Sediment transp ort is 

calculated by a simple power function of velocity and depth . Eroded 

and deposited sediment are distributed across the cross section by a 

conveyance weighted method. The model is limited to subcritical flow 

and cannot predict channel armoring or two-dimensional flow effects. 

The knO\o.'n discharge, uncoupled formulation limits the model to cases 

where the change in the bed is small dur i ng any one time period, and 

the rate of change of the water hydrograph is small. 

The model was tested against two other models using the frequency 

and magnitude of error in the prediction of stage at two locations. 
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The two comparison models were an empirical stage-discharge 

relationship and a steady, spatially varied flow, rigid boundary model. 

The comparison of the three models provided a verification of the model 

developed here and guidelines for application of each model. The known 

discharge, uncoupled, sediment routing model was applied to the Yazoo 

River Basin to determine the river response t o existing conditions and 

a proposed channel improvement. The application cases covered over 300 

miles of mainst em river and tributaries for a 50 year period. A 

sensitivity analysis was performed on the model. The sensitivity of 

five output values to changes in six input parameters was determined. 

Conclusions 

The known discharge, uncoupled, sediment routing f ormulation is a 

viable method of modeling open channel flow in alluvial channels. The 

unc oupling of the three basic equations of alluvial flow has allol.'ed 

the devel opment of a relatively simple model. While the model is 

theor i cally simple, several features have been incorporated that reduce 

comp ut er time. The most important time savings features are the 

hydraulic power relationships, the Ne~.·ton-Raphson back'\o;ater algorithm 

and the simple sediment transport function. The conveyan c e-~.·eighted 

function for distributing erosion and deposition was adequate, but 

could be improved . 

The model had the lowest frequency and magnitude of error in stage 

prediction of three models tested. The model developed here has much 

lower error than the empirical stage-discharge relationship for both 

stable and unstable rea ches. The rigid boundary model performed 

about as well as the sediment routing model in the stable reach. In 

the unstable reach the sediment routing model l.'hich can predict and 
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adapt itself to changes in river conditions related to sediment 

movement, is superior. The model was successful in its application 

to the Yazoo River Basin. The model predicted differences in river 

response between existing conditions and a proposed channel modifica-

tions. Because the model is a physical process program it can quantify 

to the extent of its accuracy, the river environment. This is an 

important feature. The engineer will not only know that one alterna-

tive will have greater channel aggradation than another, but also the 

volumes, timing and impact to the channel hydraulics at any given 

location. 

The sensitivity analysis showed that tributary sediment has the 

greatest effect on channel aggradation. This implies that great care 

should be taken in the estimation of this parameter and that any 

mainstem sediment management program should look first at the 

tributaries. Aggradation and depth of flow was moderately to very 

sensitive to channel bottom width. Bottom width exhibits a step 

funct i on which is believed to be caused by the fre quency of overbank 

flow. The steps offer an opportunity to optimize channel design. The 

sensitivity of aggradation to channel bottom slope increases with 

discharge and time and increases in significance upstream. Increasing 

channel side slope decreases long-term aggradation and increase depth 

of flow. Manning's n was very s i gn i ficant to depth of flow, but only 

moderately effects aggra dati on. Thus, if only sediment information is 

needed Manning's n need only be approximated. Channel sediment 

transport had negligible to slight effect on depth of flow and 

aggradation. Therefore, the channel sediment transport function need 

only be somewhere in the same order of magnitude of its true value. 
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Recommendations 

The following work is recommended to extend the applicability of 

the known discharge, uncoupled sediment routing model: 

1. Upgrade the water surface profile algorithm to handle 

supercritical water surface profiles; 

2. Expand the sediment routing routines to account for bed 

armoring, and control points; and 

3 . Integrate a storage routing model to supply the known 

discharge values. 

The following work is recommended to improve and better define the 

performance of the model: 

4. Explore the mechanism of lateral erosion and deposition to 

determine the significance of shear stress and conveyance on 

erosion and deposition; 

5. Perform additional sens i t i vi ty analyse s t o better define 

fact ors, such as overbank flow and backwater that effect 

parameter sensitivity, particularly on bottom wi dth. 
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APPENDIX A 

KUWASER USER MANUAL 

This and the following appendices constitute an user's manual for 

the program KUWASER. This appendix describes the application theory of 

temporal and spatial design, program operation and an example applica-

tion. Appendix B contains program flow charts, Appendix C contains 

variable definitions, and Appendix D contains a program list i ng. 

A.2 Temporal and Spatial Designi 

General 

Spatial and temporal designs are necessary to provide a realistic 

representation of the space-time structure for the simulation model . 

Information on the river and its tributaries, their location, and the 

locati on of all pertinent gaging stations, structures and confluences 

allow the spatial design of a large river 

Spatial designs should also consider the 

Temporal design of a system is made using 

basin to be developed. 

purposes of the study. 

the historic hydrologic 

records of the wat ':! rshed or river basin. The records should include 

water flows, river stages, sediment transport and effect of man's 

activities, such as reservoir construction, on the hydrologic record. 

Temporal designs must be compatible with the spatial design. There-

fore, only those records pertinent to areas and river reaches included 

in the spatial design need to be analyzed. 
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Fi gure A.l. A typical reach of river. 
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Temporal design refers to the model's representation of changes in 

water and sediment input to the river system with time as well as the 

changes in water discharge and the sediment transport throughout the 

system. Temporal design should be as realistic as possible considering 

the system being modeled. Because river systems differ greatly in 

their temporal characteristics and data availability, KUWASER was 

designed to require that the user supply the water discharge at each 

cross section for each time period. While this requires additional 

user time and effort, it allows the user to more accurately model the 

system. 

While the user may define water discharge in any way he chooses, 

three methods described here to illustrate temporal designs are, 

constant discharge, flow continuity, and unsteady flow routing. 

The program also requires a reasonably accurate sediment rating 

curve for each point source tributary. Tributary sediment is deter-

mined by measurements or by an empirical method. In addition the 

relationship between the Manning n-value and the discharge is required. 

The following describes the three methods of computing water discharge, 

two methods for determining the tributary rating curve, and an explana-

tion of the determination of the Manning n-value relationship. 

Computation of Discharge 

Constant Discharge 

Figure A.l shows a typical river reach. The reach extends from A 

to C and has a point source of water and sediment at B. When steady 

flow is assumed, the discharge is considered constant in a river reach 
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except where lateral inflow occurs. In this example, if the discharge 

is known at two points, the discharge anywhere in the river can be 

computed. Thus, if and are the discharges at the 

respective points and QA and QB are known, the discharge in the 

river from point A to B is equal to QA and the discharge from 

point B to C is equal to QC and is computed by: 

(A. 1) 

The flow at each cross section during each time period can thus be 

dete rmined. 

Flow Continuity 

If the discharge is known at all three points in Figure 1 the 

system is over defined for the constant discharge assumpti on. Usuall y 

in a na tural r iver QC + QB 1 QA. In thes e cases a non- point source, 

QNPS is defined as: 

(A.2) 

The sign of the non-point source is e i ther positive or negat i ve. 

Non-point sources are usually distributed thro ughou t t he rea ch in a 

uniform manner based on the river distance. If XA and XC are the 

ri ver distances of the respective points and x0 is the rive r distance 

of a point D, between points A and B, then the discha rge at the 

point, Q0 is computed by: 

( A.3 ) 

This type of approach is used in the Sedimentati on Study of the Yazoo 

River Basin (Simons, Li, Ward, and Duong, 1978), that also contains a 

detailed description of the temporal design used. 
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Unsteady Routing 

Unsteady flow effects can be modeled i f the known discharge model 

is coupled with an acceptable unsteady flow routing model. Acceptable 

unsteady models include but are not limited t o simple storage routing 

models and kinematic wave models . 

When coupling an unsteady flow model to the known discharge model, 

the user uses a separate program to generate the discharge at each 

cross section, for each time period. These discharges are then fed to 

KUWASER which computes the water surface profile for the particular 

time interva l. 

Tributary Sediment Rating Curves 

Measured Curves 

Each point source tributary requ i res a sediment rating curve of 

the form : 

(A.4) 

-;.:here is the tributary bed material discharge, QQ is the 

t ributary water discharge and at and bt are the coefficients of the 

rating curve. 

The best way to determine the rat i ng curve for a stream is t o take 

several measurements of the tributary water and sediment dis charge, and 

then determine by least squares analysis the coefficients of the rating 

curve . When the rating curve is determined in this manner ca re must be 

taken to ensure on ly bed material is included in the sediment discharge 

and that measurements cover the full range of tributary flows. 
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Synthetic Curves 

When it is not possible to obtain tributary sediment measurements 

the rating · curve for a particular stream can be determined by a 

theoretical method using the tributary's cross-sectional shape, thalweg 

slope, bed material size and estimated Manning's n value. There are 

five basic steps to the process. Fi rst the r ange of the tributaries' 

water discharge is determined and at least ten flow l evels over the 

whole range are selected. Second, Manning's equation is applied using 

the channel shape and slope, to determine the depth, width, and 

velocity of flow for each flow level. Third, using a sediment 

transpo rt equation such as Einstein 's or a combination Meyer-Peter, 

Muller's and Einstein's the bed material transport is dete rmined for 

each flow level . Fourth, a curve is fitted either by hand or least 

squares regression, t o the computed sediment and wa ter discharge values 

to obtain the coefficients at and bt. Finally, the coefficient at 

is calibra ted by running the model and observing the short term change 

in the mainstem bed elevation near the tr ibuta r y. If the bed degrades 

then the coefficient is probably too low . at 

aggrades at should be decreased . 

However, if the bed 

Manning 's n-Value Rating Cu rve 

Manning's n-value for an alluvial stream i s not constant but is a 

function of discharge and depth of flow (Simons and Senturk, 19 77) . In 

the pr ogram Manning ' s n-value is made a s i mple func tion of discharge: 

b 
n = n a Q n 

o n 

where n is the actual Manning's n-value, 

(A. 5) 

n is the initial value of 
0 

Manning's n that is input with the cross sections, Q is the discharge 
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and a and b are the coefficients of the relationship. The values n n 

of the coefficients are a function of the stream's hydraulics and range 

of discharge. 

To determine the values of a n and b n first estimate the 

n-value for a high and low flow discharge . With the initial n-value, 

by solving simultaneous equations, the values of a n and b n can be 

determined. The program can then be run for several discharge levels 

that have known water surface profiles and the error for each discharge 

determi ned. New values of a and b can then be computed which n n 

reduce the error in the water surface profile through the whole range 

of flows. The new value of the coefficients ma y be either estimated or 

calculated by least squares analysis . The process is then repeated 

until no reduction in error is obtained. It should be remembered that 

from physical s i gnificance the coefficient a will be a small posi-n 

tive number and the coefficient b should be negative. n 

Spatial Design 

General 

Spatial design refers to the model's representati on of the 

physical characteristics of the river system. It includes relative 

information on the location of the various river reaches and 

tributaries, as well as data on channel properties. 

Data required for the spatial design are: 

1. digit ized channel cross sections with over bank stations and 
Manning's n values; 

2. division of river system into reaches; 

3. river distance between cross sections; 

4. tributary locations; and 

5. locations of any structures. 
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In addition historical cross section measurements are necessary to 

calibrate the model . 

The following describes considerations to be made in data 

development of spatial designs. 

River Reaches 

For program operation a river system is divided into reaches. A 

river reach is used as a basic computational unit, and as such should 

represent a single channel with the following hydraulic and sediment 

properties almost constant: 

1. sediment transport, 

2 . cross section size, 

3. channel roughness, and 

4. discharge. 

The necessary reach divisions required for program operation are 

described in Section A.4. 

Tributa rie s 

Tributaries supply water and sediment input to the mainstem river . 

The program allows for four different types of tributaries 

1. point source in, 

2. major tributary in, 

3. point source out, and 

4. major tributary out. 

Point source tributaries are tributaries for which no backwater or 

,sediment routing calculations are made. The water discharge (either in 

or out) is read, and the tributary sediment is computed using a rating 

curve. 
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Major tributaries are tributa ries to the mainstem that are 

separate river reaches on which backwater and sediment transport 

calculations are conducted. There is no limit on the level of 

tributaries that can be mode led. Therefore the mainstem may have major 

tributaries, that in turn have major tributaries, and so on . 

For divided flow sediment rout ing , the model assumes that two 

reaches act as tributaries to one another . The secondary reach will 

act as a major tributary out of the primary reach at the t op, and as a 

majo r tr ibutary into the primary reach at the bottom. Likewise the 

primary reach will act as a major tributary into and out of the 

secondary reach. 

The discharge for each point source tributary is read with the 

cross section discharges. Point s ource discharge locations are termed 

discharge sect ions and are defined by the user. Discharge sections do 

not have digit ized cross sections associated with them, only a 

dis charge val ue in the fl ow array . 

Cross Sections 

Geomet.ry 

Channel cross sections are def ined by (x,z) sets of coordinates. 

Figure A. 2 shows a typical cro ss section. To allow for different 

Manning ' s n-values across the sec t ion three subdivisions are made: 

Right Over Bank, Main Channel, and Left Over Bank . Subs ec tions are 

divided by two stations and D as shown in Figure A.2. r ob' The 

Mann i ng 's n- value at each coo rdinate point is determined by its loca-

tion in either the over banks or main cha nnel. 

Hydraulic property relationships are computed to relate area of 

flo"'' • conveyance , alpha, effective depth, and effective width t o the 
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thalweg depth. Two separate sets are calculated: one set for main 

channel flow and a second for overbank flow . The division between main 

channel and overbank flow is the user defined elevation Z
0
b. If the 

overbank elevation is different for the left and right banks the lower 

of the bank elevations should be used as Z
0
b. If the water surface is 

above a coordinate end point (first or last points), the area of flow 

is determined by extending a vertical line to the water surface from 

the end point. 

Cross Section Spacing 

To help maintain numerical stability in the sediment r outing, 

channel cross sections should be evenly spaced. Als o it should be 

remembered t hat the present model cannot simulate differences among 

actual and potent ial sediment transport (calculated by Equation A.6) as 

well as sediment dispersion and other processes particular to a small 

simulation space interval . Therefore the minimum cross section spacing 

should be based on the river hydraulics and bed material size. 

Dispersion effects are not usually significant when cross section 

spacing exceeds the average downstream distance when bed material 

particles settle if released from the water surface. Generally, the 

following procedure can be used. 

Figure A.3 shows the principle used in estimating particle fall 

distance. First, estimate the average depth and flow velocity. 

Second, determine fall velocity for the d50 bed material particle 

size (the particle size for which 50% of the sediment mixture is 

finer ) . Sediment fall velocity can be determined by several methods 

(Simons and Sun turk, 1977) but for this purpose Rubey's formu la for 

particles less than 1 mm in size is adequate. 
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-6v 
w = (A.6) 

where w is the fall velocity, g is the exceleration of gravity, S s 

is the sediment specific weight (2.65 for quartz sand), and v is the 

kinematic viscosity of water. Particle settling length X, is then 

computed by: 

X = Q V 
w 

(A . 7) 

The above procedure is only general and as such tighter spacing may 

be used with discretion. There is no numerical upper limit on spacing 

but for experience, it is reconunended that maximum spacing does not 

exceed 10 X. Cros s secti ons should also be located in areas of 

interest, control points, and at l ocations of sudden water surface 

profile changes . 

Weirs 

Weirs are represented in the mo de l by a double cross section in a 

reach with the same river mile. The program computes the water surface 

eleva tion at the weir by both backwater and broad crested weir f ormula, 

and uses the greater of the two. 

The amount of sediment over the weir is computed as a percentage 

of the sediment transport at the next upstream cross section. 

A. 3 Input Data 

General 

This sect ion lists important input variables by the data type 

along with suggested values, ~hi le the next section defines structure 

and format of actual input files . The suggested values for the input 
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variables are presented to help the first time user in operating the 

program. With experience, the user should be able to determine the 

best values of the input for his problem. 

The program can operate in either English or Metric (SI) unit 

systems. When using the English system dimensional input variables 

should be in feet and seconds, except for river distances of cross 

sections and tributaries that are in miles and time period lengths 

that are in days. When using the SI system input variables are in 

meters and seconds, with the exception of river distances that are in 

kilometers, and time period lengths that are in days. 

General Data 

The following variable must be defined for each run. 

TITLE 

IPRNT 

MST 

The job title 

The print controls, see Section A.S 

Maximum number of iterations for backwater calculations 

(MST ~ 10) 

EPS The convergence limit for backwater (EPS < 0. 10 ft. ) 

PORM 

CE 

cc 
I UNIT 

Counters 

The sediment deposit porosity (PORJ1 : .3) 

The coefficient of expansion losses (CE : .3) 

The coefficient of contraction losses (CC : .1) 

The unit system: 1 - ENGLISH; 0 - METRIC 

The foll owing counters must be defined. 

NSEC 

NTIM 

NRIV 

Number of cross sections 

Number of time periods 

Number of river reaches 
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NQI Number of input discharges 

NCALL Number of subroutine calling sequence (see following) 

Subroutine Calling Sequence 

The program requires the user to input the order in which the 

various backwater and sediment routing routines are called. The 

calling sequence is a function of spatial design and thus differs from 

river to river. To develop the calling sequence the user needs a basic 

understanding of the program operation. Figure A.4 shows the gross 

program flow and the order that each operation should be carried out. 

For each subroutine call (NC) the following variables must be defined. 

ICALL(NC,l) Subroutine number code 

ICALL(NC,2&3) Dependent on subroutine 

Table A.l gives an explanation of the variable !CALL. 

Calling Sequence Order 

The foll owing is a set of guidelines for determining the order in 

which the various subroutines are called . While the sequence of sub-

rout i ne calls is not str ic tly order dependent, the user must have a 

through knowledge of the program operation be fore attempting t o vary 

from these guidelines. 

1. FLOW is called first to determine discharges. 

2 . The water surfa ce profile is determined by calling SUBPF or 
DIVDE, starting with the downstream river reach and working 
upstream. The profile is calculated for the mainstem first 
and then for any tributaries . 

3. After determining the water surface profiles for all reaches 
SED is called to calculate sediment transport at each cross 
section. 

4. If there are any weirs in the system WEIRS is called after 
SED. 

5. After SED and WEIRS if there are any point source tributaries 
TRIBS is called to calculate sediment transport in 
tributaries. 



FLOW . . • 

SUBPF ... 
DIVDE 

SED .•. 

WEIRS ..• 

TRIBS ... 

SROUT •.• 

DUP . •. 

OUT I .. . 

DREG •.• 
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READ IN 
CHANNEL GEOMETRY 

CALCULATE INITIAL 
CHANNEL RELAT IONSHIPS 

ITERATE OVER EACH 
TIME INCREMENT 

READ KNOWN DISCHARGES 

CALCULATE WATER 
SURFACE PROFILE 

CALCULATE SEDIMEN T TRANSPORT 

CALCULATE WE I R SED I MENT 

CALCULATE TRIBUTARY SED IMENT 

ROUTE SEDIMENT ,CALCULATE AGGRADAT I ON 
AND DEGRADATION, AND 

UPDATE CHANNEL RELATIONSHIPS 

DUPLICATE PROPERTIES 
FOR DOUBLE SECTIONS 

OUTPUT RESULTS 

DREDGE CHANNEL 

ITE RA TION OVER NO 

Figure A.4. Subroutine used in operations. 



Table A.l. Subroutine Calling Sequence 

Value of 
ICALL(NC,l) 

- -
1 

2 
3 
4 

5 

6 

7 
8 

9 
10 

-,', 
Explanation of 

A - Number 
B - Number 
C - Numue r 
D - Number 
E - Number 
F - Number 
G - Number 
H - Number 
I - Number 

Subroutine 
Called Operation Per formed 

FLOW Determine discharge at each cross 
section 

SUBPF Calcula te water s urfa ce profile 
DIVIDE Compute divided flow reach 
SED Calculate sediment transport at each 

sec tion 
WEIRS Calculate sediment transport over 

weir 
TRIBS Calculate all tributary sediment 

transport 
SROUT Route sediment for reach 
DUP Duplicate properties at 

double cross sections 
OUTl Output r esults 
DREDG Dredge river reach 

codes 
of reach to compute water surface 
of primary reach in divided flow 
of secondary reach in divided flow 
of upst ream weir cross section 
of cross section upstream of weir 
of reach to compute sediment routing 
of primary cros s section 
of dupli cate c ross section 
of river reach to perform dredging 

Value of .. k 
ICALL(NC 1 2&3) 

2 3 

A 
B c 

D E 

F 
G H 

f-' .,.. 
"' 

I 
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6. SROUT is called to route the sediment, starting with the 
downstream reach and working upstream. The sediment for the 
mainstem is routed first and then for any tributaries. In 
cases with divided flow, the sediment for the primary reach 
is routed first and then for the secondary reach. 

7. DUP is called after all sediment routing for each duplicated 
cross section, if any. 

8. If routing results are desired OUTl is called, after SROUT 
and DUP. 

9 . After calling OUT1, if any dredging is to be performed DREDG 
is called. 

10. DUP is called again for any duplicate cross secti ons in 
dredged reaches. 

River Reach 

For each river reach the user must define the following variables. 

l(UP, KDOWN 

NTRIB 

ICONT 

KCONT 

I ROUT 

The numbers for the upstream and downstream cross 
sections 

The number of tributaries t o the reach 

The type of downstream water surface control 

1. Stage-discharge relationship 

2. Stage-hydrograph 

3. Downstream water surface 

4. Greatest of #1 and #2 

5 . Greatest of #1 and #3 

6 . Normal depth 

The number of the downstream control cross section 
(enter 0 if ICONT 1 3 or 5) 

The type of d o~ns tream cross section sediment 
routing 

1. Fixed section (use on lowermost reach and for 
secondary reach in divided flow, bed does not 
aggrade or degrade ). 

2. Cross s ec tion downstream (use when there is 
another reach directly downstream). 



AX, BX, ex 

AN, BN 

SB 

Tributa£Y 
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3. Floating section (use for lowest reach on 
major tributaries). 

The coefficients of the downstream control stage-
discharge relationship 

WS = ex + AX TQBX 

where TQ is the downstream discharge (set to zero 
if IeONT t 1 or 4) -

The coefficients of the reach Manning ' s n-value 
function 

n = n AN TQBN 
0 

(set, AN= 1.0 and BN = 0.0 i f the function is 
not known and calibrate on known data) 

Normal depth slope (use average bed slope). 

For each tributary the user must define the following variables. 

RDT 

ITRIB 

KTRIB 

AT, BT 

Cross Section 

The mainstem river distance at the tributaries' 
confluence 

The type of tributary 

1. Point source in 

2. Major tributary in 

3. Point source out 

4. Majo r tributary out 

The tributary's water discharge section 

The coefficient of the po i nt source tributary 
sediment rating curve 

QSL = AT TQBT 

(enter zeros for major tributaries) 

For each cros s section the following variables must be defined. 

ND 

RD 

The number of cross section points (x,z pairs) 

The cross section river distance . Must be measured 
in upstream direction 



Flow 

X 

z 
DROB, DLOB 

FROB, FMC, 
FLOB 

ZOB 
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The array of cross section point stations 
(horizontal di stance) negative values are allowed, 
but the stations cannot decrease in value from one 
point to the next 

The array of cross section point elevations 

Overbank stat i ons. To define the start of overbank 
conditions, the stations do not have to correspond 
to points in the x array 

Manning's n-value for right overbank, main channel, 
and left overbank 

The overbank elevation used to divide ma i n channel 
and overbank hydraul ic propert ies relationships 

For each time period the following variables must be defined. 

Q 

QT 

DT 

STAGE 

The upstream discharge tons of each cross river 
reach 

The discharge tons of each point source tributary 

The time pe r iod length in days 

The stage at the downstream control(set to 0.0 if 
not used ) 

A.4 I nput Formats 

All input da ta is read into the program from subroutines INl and 

FLOW. The input data are divided into three files t o ease the task of 

assembling and debugging. When the user is evaluating several alterna-

ti ves, usually only one or two of the input files need changing for 

each r un . The three files are: 

IS - General Data 

I7 - Cross Section Data 

IS - Discharge Data 

The user must define the device number for each of these files in the 

main program. 
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While it is recommended that the input data are kept separate, all 

three files can be combined into one file as when cards are used as 

input. To accomplish this the user defines the three files as the same 

device and then assembles the data cards with the general data first, 

cross sections second, and discharge data third. 

The following describes order and formats for data input. 

FILE IS --GENERAL DATA 

General Information Cards 

Three information cards are required for the title, the print 

controls, and the convergence limits. 

Card 
Number 

1 

2 

3 

Format 
20A4 

8!2 

IS, 4FlO.S, IS 

Counter Cards 

Des cript ion 
(TITLE (M2), M2 = 1, 20) 
Job Title. 
(IPRNT (m), m = 1, 8) 
Print control (see output section for 
explanation). 
MST, EPS, PORM, CE, CC, !UNIT 
Maximum number of iterations for the 
backwater curve (MST); maximum error 
in total head, (EPS). Sediment deposit 
porosity (PORM), expansion loss 
coefficient (CE), contraction loss 
coefficient (CC), and un i t system flag 
(!UNIT). 

The two counter cards give the number of elements (cross sections), 

time periods, river rea ches etc.) of the system and the computation 

sequence. 

Card 
Number 

1 SIS 
Format Description 

NSEC, NTIM, ~'RIV, NQI, NCALL 
Number of cross sections (NSEC); number 
of time peri ods, NTIM; the number of 
river reaches , NRIV; number of input 
discharges, (NQI) ; number of subroutine 
(NCALL). 
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River Reach Cards 

154 

(1CALL (NC, NN), NN = 1, 3) 
Sequence of subroutine calls. 
The number of input cards for 1CALL 
is the same as NCALL. 

Repeat card 2 for eac h subroutine call, 
NC. 

The river reach cards give information on each river reach (number 

of cross sections, number of tributaries, etc.) and on tributaries. 

The number of river reach cards depends on the number of river reaches 

and tributaries. 

Card 
Number 

1 

2 

Format 
615, 5F8.4, F8.6 

F10.2, 215, 
2E10.2 

Descript ion 
KDOWN (NR), KUP (NR), NTR1B(NR), 
1CONT(NR), KCONT(NR), IROUT(NR), 
AX(R), BX(NR), CX(NR), AN(NR ) , 
BN(NR), SB(NR). 
Number of downstream cross section, 
(KDOWN(NR)); Number of tributaires, 
(NTR1B(R)); type of downstream control, 
(ICONT(NR)); number of downstream water 
surface control cross section, (KCONT 
(N~)); type of downstream sediment 
routing (1ROUT(NR)); the coefficients 
of the downstream stage discharge 
relationship, (AX(NR), BX(NR), CX 
(NR)); coefficients of the conveyance 
equation , (AN(NR), BN (NR)), the normal 
depth slope, (SB (NR)). 

RDT(NR,J), 1TR1B(NR,J), KTR1B(~~.J). 
AT(NR,J), BT(NR,T) 
Main stem river distance of the 
confluence, (RDT(NR,J)); type of 
tributary, (ITRIB(NR,J)); number of 
discharge cross section for tributary, 
(KTRIB(NR,)). The coefficients of the 
tributary sediment input (AT(NR,J), 
BT (NR,J) . 
(Repeated for each tributary in river 
reach.) 

Repeat ca rds 1 and 2 for each 
additional river reach. 
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FILE I7 --CROSS SECTION DATA 

Cross Section Cards 

The cross section cards give information on the river cross 

sections, i ncluding the number of cross section po i nts, river distance, 

and elevation, and station of each point. 

Card 
Number 

1 

2 

3 

Format 

2X, I3, F7. 2 

8X, 6(F6.0, 
F6.1) 

6Fl0. 4 

FILE IS --DISCHARGE DATA 

Dis cha rge Cards 

Description 

ND (K) , RD(K ) 
Number of cross section points in this 
section, (ND (K) ) ; river distance, 
(RD (K)) . 

X(K,L), Z(K,L) 
Horizontal distance of cross secti on 
points, (X(K,L) ) ; elevat i on of c ro ss 
section points (Z (K,L ) ) in pairs . 
(Card is repeated f or each set of s ix 
points. ) 

DROB(K ) , DLOB(K) , FROB, FMC, FLOB, 
ZOB(K ) 
D i st~nc e of ri ght and left overbank, 
(DROB(K) , DLOB(K)) ; Manning ' s n f or 
right overbank, main channel, left 
ove rbank (FROB, FMC, FLOB ) ; overbank 
elevation, ( ZOB (K) ). 
Repeat card 1 to 3 for ea ch addit ional 
cross sect io n . 

The discharge cards give t he discharges for ea ch cr os s section and 

each di s charge section and the time period l ength . 

Card 
Number 

1 

Format 

Binary 

Desc r i pt i on 

(TQ(K), K = l,NQI) , DT, STAGE, IDREG 
Dis charge TQ (K) fo r each cross section. 
Discharge section, and the time period 
l ength (DT) . If a stage hydrograph is 
used as a downstream cont rol the stage 
(STAGE) must be read i n. If dredg i ng 
is to be done the dredging flag IDRG 
also must be read in. 
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A.S Results Outputs 

General 

Output is user controlled and may vary from no output to output 

of most intermediate resul t s . Output is controlled by the array IPRNT 

discussed in this section. An example of the output is found in 

Section VI. Output is written to three files I6, I9, and IlO. File I6 

is for printed output and files I9 and IlO are binary files. Binary 

files are designed so that the detailed intermediate results can be 

saved. Once the user reviews the printed results, the binary files can 

be accessed with a used supplied program and any additi onal information 

of interest is printed out. 

The user must define the device number for ea ch of the outp ut 

files in t he ma in program. 

Print Controls 

The foll owing output is controlled by the array IPRNT. The print 

controls are turned on Qy i nputing ~ value of .!_ for the respective 

variables. In addition, if a t least one of the following print 

controls IPR.NT (1, 2, 3, 4, 5, 6 or 7) is turned on, the title will be 

printed out. 

1. If the print control IPRNT(l) is turned on, all the input data 
fro m File IS and 17 are printed out . 

2. If the print control IPRNT (2) is turned on, the foll owing 
coefficients for the hydraulic properties equation are 
printed out for the effective width, the effective depth, the 
total area, the total conveyance, and for alpha, for bo t h 
flow situations, channel flow and overbank flow : 

the cross section number 
the coefficient A of the hydraul i c properties 

equation 
the power B of the hydraulic property equation 
the correlati on coefficient 
the standard error 
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3. If the print control IPRNT(3) is turned on the final bed 
elevations and the change in elevation at each cross section 
point is printed out. 

4. If the print control IPRNT(4) is turned on, the maximum water 
elevation and the time period of occurrence at each cross 
section is output. 

5. If the print control IPRNT(S) is turned on, the final minimum 
bed elevation at each point is printed out. 

6. If the print control IPRNT(6) is turned on, following cross 
section properties are printed out for each cross section and 
each time period. 

time period 
effective width 
effective depth 
total area 
total conveyance 
alpha 
velocity 
wate r surface 
discharge 
sediment transport 
thalweg elevation 

7. If the print control IPRNT (7) is turned on, the following 
data are output in binary on file IlO. 

effective width 
effective depth 
tota l area 
total conveyance 
alpha 
velocity 
water surface elevation 
discharge 
sediment transport 
thalweg elevation 

Also the elevation of each cross section point a t the end of 
each year is output in binary to Fi le I9. 

8. If the print cont r ol IPRNT(8) is turned on, error messages 
are printed when the ba ckwater or divided flow calculations 
do not converge. These messages include: 

the max imum error in total head 
the number of iterations 
the cross se ction number 
the time period of occurrence 
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The user should carefully select the desired output and turn off 

unnecessary output. Generally, print controls IPRNT (1, 2, 6, and 8) 

provide the best output for initial debugging while IPRNT (1, 3, 4, 5 

and 7) provide the best output for production runs. Print controls 

IPRNT (2 and 6) should not be turned on if a run has several time 

periods as voluminous amounts of printed output are produced. 

A.6 Example Application 

General 

The following is an example application of the program KUWASER. 

A portion of the Yazoo River Basin near Greemwod, Mississippi was 

selec ted and is shown in Figure A.S. In the example, besides the main-

stem cal cula ti ons, there is a divided flow cau sed by a cutoff, a major 

tributary, the Yalobusha River, three-point source tributaries, and a 

weir. The example gives the step by step procedure necessary to model 

the case. To simplify the example, actual temporal and spatial designs 

used in the Sedimentation Study of the Yazoo River Basin for the area 

were not used. 

Temporal Design 

The continuity approach is used in the example temporal design. 

Locations of known discharge are shown in Figure A. 6. The discharge 

at ea ch section (except in divided reaches) is computed by summing all 

inflows above the section. Any difference between the inflows and the 

outflows at Belzoni is distributed between Abiaca Creek and Belzoni. 

Discharge at any cross section between Abiaca Creek and Belzoni is 

computed by an equation similar to Equation A.2. 

Point source sediment routing curves were determined by the 

empirical method. 
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Creek 

Belzoni 0 

Figure A.S. Example case. 
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loool._.~-- Pelucio Creek 

~ooo~ ..... ~-- Abiaca Creek 

Belzoni 

• Locat ion of 
Known DischarQe 

Figure A.6. Example temporal design. 



161 

Spatial Design 

Figure A.7 shows the example spatial design. The mainstem river 

is broken into three segments, Reaches I, II, and III. The cutoff 

where divided flow occurs is Reach IV and the Yalobusha River is Reach 

V. These divisions were made based on the consistent river character-

istics in each reach with consideration of the computational sequence. 

Fi gure A.8 shows the locations of se l ected cross sections. The 

cross sections are identified by river mi le and number. The cros s 

sections are fairly even spaced at two to three miles except in the 

cutoff where the short length of the reach has forced tighter spa cing . 

Figure A.8 also shows the discharge section location and number for 

each point source tributary. 

The value of the variables associated with each river reach is 

shown i n Table A.2. 

The subroutine computation sequence for the example is 

1. call FLOW 

2. ca-ll SUBPF for Reach I 

3. call DIVDE f or Reach II and IV 

4. call SUBPF for Reach III 

5. call SUBPF for Reach v 

6. call SED 

7. call WEIRS 

8. call TRIBS 

9. call SROUT for Reach I 

10. call SROUT for Reach II 

11. call SROUT for Reach IV 

12. call SROUT for Reach III 
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Reach 1 .. :c ... 
0 .r. 
E 
0 ..... .._ ___ _ 

116.2---<D Belzoni 

Pelucio Creek 

Abioco Creek 

Figure A.7 . Example spatial design 



31 (192 .90) 

30 (188 .24) 

29 
28 
27 

36, 37 

35 (0.39) 

34 (0.28) 

33 (0 . 16 ) 

32 ( 0 .00) 

18 (160.96) 

17 (158.60) 

16 (154.24) 

15 ( 150. 18) 

14 (147.70) 

13 ( 146.50) 

12 ( 144.42) 

II (14 1. 60) 

10 (139.90) 

9 (138 .20) 

8 (133 .98) 

7 (131 . 10) 

6 ( 128.50) 

5 ( 126.50) 

4 ( 124.20) 

3 ( 12 1. 80) 
2 ( 119 .30) 

I (116 .20) 

16 3 

40 (3.0 5) 

23(170.19) 

21 (166 .00) 

'26 (163.90) 
19 (162.50) 

42 (1 55 .70) 

41 (140 .34) 

Peluc io Creek 

Ab ioco Creek 

= Weir Location 

X Dischoroe Sect ion 

Cross Section Locat ion 

( l River Distance 

F i gure A. B. Example c r o ss sect i on locat i ons . 



Table A.2. Input Variable Value s for Example 

Rea ch KDOWN KUP NTRIB ICONT KeONT AX, BX, ex AN, BN I ROUT SB TRIBUTARY RDT ITRIB KTRJB AT 

19 2 I - AX = 0 .0336 AN = 1.0 I . 00005 I 140 . 34 I 41 1.5 X 10 - 8 

BX = 0 . 6868 BN = 0.0 2 155.7 I 42 7. 5 X 10 -8 

ex = 76 . 02 

II 19 25 3 3 19 - AN = 1.0 2 . 00007 1 162 . 51 2 33 

BN = 0.0 2 169 . 0 2 39 
3 173 . 9 4 37 

III 25 31 0 3 25 - AN = 1.0 2 . 0001 4 

BN = 0 . 0 t-' 
0\ 

IV 32 38 2 3 19 - AN = 1.0 I . 0002 1 0 . 01 2 20 - -""" 

BN = 0 . 0 2 0 . 59 4 24 

v 39 40 1 3 22 AN= 1.0 3 . 0002 1 1. OS I 43 I. 0 X 10 -8 

BN = 0 . 0 
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13. call SROUT for Reach V 

14. call DUP for cross sections 19 and 32 

15. call DUP for cross sections 28 and 38 

16. call OUTPUT 

Example Input 

Figures A.9, A.10 and A.11, and Table A.3 show input data for the 

example. 

Example Output 

Figure A.11 shows the output generated by the example run. 
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E X A H P L E F 0 R f• R 0 G R A H 1\ u W A S E R 
0 0 1 1 1 1 0 0 

10 0.10000 0.30000 0.30000 0.10000 1 
40 1 s 43 16 

1 0 0 
2 1 0 
3 2 4 
2 3 0 
2 5 0 
4 0 0 
s 37 39 
6 0 0 
7 1 0 
7 2 0 
7 4 0 
7 3 0 
7 5 0 
9 19 32 
9 25 39 
9 0 0 
1 19 2 0 1 0.0336 0.6969 76.0200 1.0000 o.oooo .000050 
140.34 1 41 1.50£-0B 2.40£+00 
155.70 1 42 1.50£-09 2.40£+00 

19 .,., ,_, 3 3 19 2 o.oooo o.oooo o.oooo 1. 0000 o.oooo .000070 
162.51 2 33 o.oo o.oo 
169.00 2 39 o.oo o.oo 
173.90 4 37 o.oo o.oo 

.,~ 31 0 3 .,., 2 o.oooo o.oooo O.Q-000 1.0000 o.oooo .000100 ... .., 
\ 32 :rs 2 3 19 1 o.oooo o.oooo o.oooo 1.0000 o.oooo ,000200 
I-- 0,01 2 20 o.oo o.oo 

0.:'.9 4 24 o.oo o.oo 
39 40 1 3 22 3· o.oooo o.oooo o.oooo 1.0000 o.oooo .000200 

1.05 1 43 1. 0£-09 2.4£+00 

Figure A.9. Example input data for File IS. 
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Figure A. 10 . (Continued). 
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Table A.3. Example Input Data for File I8 (*the values of the 
unformated data appear in this column). 

Water~'<' 

Discharge Discharge 
or cross in cfs 

Reach Section Name (and time) Comments 

I 1 116 . 20 11335 
2 119 . 30 11423 
3 121 . 80 11494 
4 124.20 11561 
5 126.50 11626 NPS = -671 cfs 
6 128.50 11683 
7 131.10 11757 = 28.3 cfs/mile 
8 133.98 11838 
9 138.20 11958 

10 139.90 12006 
Abiaca Creek 

11 141.60 11529 
12 144.42 11529 
13 146.50 11529 
14 147.70 11529 
15 . 150.18 11529 

Pelucia Creek 
16 154.24 11321 
17 158.60 11321 
18 160.96 11321 

II 19 162.50 1132 1 
20 163.90 0 
21 166.00 0 Divided flow 
22 168.70 0 discharges set 
23 170.19 0 to zero 
24 173.00 0 

III 25 173.91 8145 
26 176.20 8145 
27 180 . 52 8145 
28 183 . 52 8145 
29 185.64 8145 
30 188.24 8145 
31 192.90 8145 
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Table A.3. Continued . 

Water* 
Discharge Discharge 
or cross in cfs 

Reach Section Name (and time) Conunents 

IV 32 0.00 11321 

33 0.16 0 
34 0.28 0 Divided flow 
35 0.39 0 discharges set 
36 0 .50 0 to zero 
37 0.50 0 

38 0.60 8145 

v 39 0.00 3176 
Big Sand Creek 

40 3.05 2884 

41 ABIACA 477 
42 PELUCIA 208 
43 BIG SAND 292 

DT 7 . 0 
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POINT 

1 
2 
3 
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5 
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8 
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10 
11 
12 
13 
14 
15 
16 
17 
11 
19 
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MIN 
!EO 

SECTION E~EVATJON 

1 '75. TO 
2 '72.95 
3 14.24 
4 66.79 
5 76.84 
6 '74.94 
., 75.00 
8 73.32 
9 79.22 

10 75.67 
11 81.19 
12 75.63 
13 82.95 
14 83.68 
15 84.24 
16 91.03 
17 91.93 
18 86o90 
19 81.03 
20 96.03 
21 89.96 
22 78.49 
23 97.17 
24 89.98 
25 94 • 0 I 
26 91.51 
27 97.01 
28 95.03 
29 97.46 
30 92.0!' 
31 96.70 
32 u. 03 
33 81.31 
34 95.16 
3!1 ., •• 41 
36 106.00 
37 106.00 
38 94 • 0 I 
39 97.59 
40 108.00 

E 0 E L E v A T I 0 N St 
C M A N G E A T ~ A C M 

A 
p 0 

SECTION ~0~ 1 
HORIZONTAL. E~EVATION OE~TA EL.EVo 

8086. 108.2 o.o 
9542. 108.2 o.o 
9550. 111. 0 o.o 
9598. 118.5 o.o 
9598. 118.5 o.o 
9607. 118.4 o.o 
9658. 99.7 o.o 
9662. 96.5 o.o 
9736. 80.9 o.o 
9806. 76.9 o.o 
9836, 75.7 o.o 
9935. 8o.5 o.o 
9946. 84.1 o.o 
9946. 86.8 o.o 
9966. 92.0 o.o 
9970. 99.6 o.o 
9979. 104.4 o.o 
9979. 104.4 c.o 

10026. 105.9 o.o 
10034. 101.2 o.o 
10045. 98.5 o.o 
11586. 98.5 o.o 

F i gure A. ll. ( Cont i nued ). 

N Ot 
I N T 



174 

CltOSS SECTION NO~ z 
II'OINT HORJZONTAC [LE¥ATION D[~TA [~[Yo 

1 •1S10. uo.o o.o 
2 -zoo. 110.0 o.o 
3 •30. 112.0 o.o 
4 60. 105,0 o.o 
s 75. 106,0 o.o 
6 as. 100.0 o.o 
T 119. 100,0 •• o • 160, 76,0 •• o 
9 230. 73,0 .,o 

10 250. 72,9 ··1 
11 28o. 76.0 •• o 
12 290. T9,0 ··0 
13 300, 79,0 •• o 
14 310. 81.0 •• o 
15 318. 118,o •• o 
16 362. 99,0 •• o 
lT 380. 98.0 o.o 
18 390. 100.0 o.o 
19 425. 94,0 o.o 
20 4T5, 105.0 o.o 
21 Too. 104,0 o.o 
22 1990. 104.0 o.o 

CROSS SECTION NO~ 3 
POINT HORIZONTAL: [~EYATION DE~Tl E~EY ; 

1 •692. 107.0 o.o 
2 -sao. 107,0 o.o 
3 ·370. 108,0 o.o 
4 ·340. 107.0 o.o 
5 •3211. 104,0 o.o 
6 •310. 103.0 .o 
7 •272. 112.0 .o 
8 •262, 112.2 .z 
9 •215. 75.2 .z 

10 ·192. 74.2 ·2 
11 ·120. 79.2 · 2 
12 •110. 78,2 ,z 
13 •95. 111.2 ,z 
14 •85. 81.1 o1 
15 •77. 114.0 .o 
16 •25. 95,0 .o 
lT ·5. 106,0 o.o 
18 15. 109.0 o.o 
19 40, 11 o.o o.o 
20 175. 106.0 o.o 
21 300, 109.0 o.o 
22 3011. 109.0 o.o 

CROSS SECTION NO~ 4 
POINT HORIZONTAL: [~[YATION DELTA ELEVe 

1 •170S. 108,0 o.o 
2 •560. 108.0 o.o 
3 •550. 101.0 o.o 
4 •S32. 99,0 o.o 
5 •508, 100,0 •• o 
6 •475. 116,0 •• o 
7 •460, 114,9 - ·1 
8 •445, 71.8 ··2 
9 •425. 67,8 ··2 

10 ·415. 67,7 -.3 
11 •405, 66,8 •• z 
12 -310. 17,9 -·1 
13 •355. 119,0 •• o 
14 •340. 92.0 -.o 
15 •318. 100,0 •• o 
16 -za5. 104,0 o.o 
lT •260. 99,0 o.o 
18 ·240. 98,0 o.o 
19 •22S. 95,0 o.o 
20 •205, 100.0 o.o 
21 -uo. uo. 0 o.o 
lZ 1195. 110.0 o.o 

F i gure A. 11. (Cont i nued ). 



CROSS SECTION NO~ 5 
POINT HORIZONTAL: ELEVATION DELTA ELEVo CROSS SECTION NO~ ., 

1 -1520. 108.0 o.o POINT HORIZONTAL! ELEVATION DELTA ELEVo 
l -soo. 108.0 o.o 1 •130. 111o 0 o.o 3 •460. 11 o.o o.o l •130. 111o 0 o.o 4 •440. 104.0 o.o 3 ·120. 108.0 o.o 5 •420. 102.0 o.o 4 •60. 108.0 o.o 6 -4oo. 105.0 -.o 5 •30. 110.0 o.o 1 •360. a2.o -.o 6 20. 108.0 o.o I ·35o. 18.9 -.1 7 30. 107.0 -.o 9 -32o. 79.9 -.1 8 so. 90.0 -.o 10 •300. 79.8 ··2 9 zoo. ao.o -.o 11 •260. 11.8 -.2 10 270. 75.0 -.o 12 •22'0. ?6.1 -.2 11 350. 100.0 ..o 13 •110. 13.9 -.1 12 350. 112.0 o.o 14 •140. 106.0 -.o 13 370. 116.0 o.o 15 •120. 105.0 o.o 14 600. 116.0 o.o 16 •100. 101.0 o.o 15 670. 123.0 o.o 11 •60. 108.0 o.o 16 670. 123.0 o.o 11 •40. 109.0 o.o 

19 o. 101.0 o.o CROSS SECTION NO~ I 20 1080. 101.0 o.o POINT HORIZONTAL: ELEVATION DELTA ELEVo 
t-' CROSS SECTION NO~ 6 1 •1642. 116.4 o.o ...... DELTA ELEVo lJ1 POINT HORIZONTAL: ELEVATION 2 •525. 116.4 o.o 

3 -351. 111· 0 o.o 1 •1195. l11o0 o.o 4 -344. 101.1 o.o l -zoo. 111.0 o.o 5 •306. 110.5 .o 3 •90. 109.0 o.o 6 •263. 84.6 .o 4 -•o. 110.0 o.o 1 •221. 11.0 .o 5 •40. 101.0 o.o 8 •183. T5.s .o 6 o. 101.0 o.o 9 •163. 11.1 .o 1 10. 110.0 o.o 10 •142. 73.3 .o • 40. 111o 0 -.o ll •liTo T5.a .o 9 90. TS.O ..o 12 ·101. 12.2 .o 10 uo. 74.9 ··1 13 •11. 92.6 .o 11 uo. 15.9 ··1 14 •37. 115.5 .o 12 220. 11.0 -.o 15 201. 116.0 o.o 13 210. 99.0 -.o 16 1358. 116.0 o.o l4 300. 102.0 o.o 
15 320. 110.0 o.o 
16 340o 108.0 o.o 
11 400. }01.0 o.o· 
II 460. 112.0 o.o 
19 1405. 112.0 o.o 

Figure A.ll . (Continued). 
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CltOSS S£CTIO.. NO~ • ,OINT 1t01t lZOHT AC [L[YATION DlLTA [L[Yo 

1 •1767, l04o1 o.o 
2 •516. 104.1 o.o 
3 •341o 1lllo2 .o 
4 •267, 79.2 o1 
5 •141o 86.4 • 1 
6 •67, 91.5 o1 ., •15 • 1l6o3 .o 
8 25. 115.4 o.o 
9 29. 113.7 o.o 

10 16Zo 1l3o 7 o.o 
11 169. 115.4 o.o 
12 264o 115.2 o.o 
13 1233, 115.2 o.o 

CROSS SECTION NO~ 10 
POINT HORIZONTAL: [LEYATION DELTA £LEVo 

1 •1130. 124.0 o.o 
z •10. 124,0 o.o 
3 20, 118.0 o.o • 40, 119o 0 o.o 
5 too. 1 u.o o.o 
6 130. us. 0 o.o 
7 210. 113.0 .o 
8 240, 96.0 .o 
9 270. 95,5 .s 

10 370. 75.7 . • 1 
11 410. 89.6 .6 
12 440, 89.3 .3 
13 460. 98.1 o1 
H 470. us. 0 .o 
15 560. 113.0 o.o 
16 590. 115.0 o.o 
17 600. 120.0 o.o 
18 1870. uo.o o.o 

CROSS SECTION NO~ ll 
POINT HORIZONTAL: [LEVATlON DELTA ELEVo 

1 -uso. 123.0 o.o 
2 •390. 123.0 o.o 
3 •370. 114.0 o.o • •330, 113.0 o.o 
5 •300, 102.0 .o 
6 -zso. 95,0 .o 
7 •1110. 83,1 o1 
8 •170. es.2 .z 
9 •160, 11.2 .2 

10 •140, 11.2 ol 
11 •140o 84.1 • 1 
12 •110. 85.1 o1 
13 •10. 93.1 ol 
14 o. 97,0 .o 15 30, 111.0 .o 
16 70, us. 0 o.o 17 uo. 1Ho0 o.o u uso. 11•· 0 o.o 

CROSS SECTION NO~ 12 
POINT HORIZONTAL: [L[VATION D[LU ELEVo 

1 •1206, 117,3 o.o 
2 •37. 117.3 o.o 3 se. 114.7 .o • 105, 97,9 .o 
5 170. 93.6 .o 6 268, 75.8 .o 
1 272. 78,9 • 1 
8 277. 78.7 ol 
9 294, 75,6 .o 10 346, 101.3 .o 

11 364, 104,5 .o 
12 371. 103,1 o.o 
13 386. 109,4 o.o 
14 417. 107.1 o.o 
15 451. 119.2 o.o 
16 54], 117.3 o.o 17 1794, 117.3 o.o 

Figure A. 11 . (Continued ) . 
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CROSS SECTIOH NO~ 13 
~OINT MOIU ZONUL: [L.£YATION DELTA £L£Yo 

1 •1220. 121.0 o.o 
2 •100. 121.0 o.o 
3 •10. 121.0 o.o 
4 o. 124.0 o.o 
5 5. 124.0 o.o 
6 10. 123.0 o.o 
7 70. 113.0 o.o 
8 100o 115.0 o.o 
9 uo. 112.0 -.o 

10 210. 85.0 •• o 
11 240. 87.0 -.o 
12 260. 84.0 -.o 
13 28o. 83.0 -.o 
H 3lo. 85.o -.o 
15 390. 96.0 -.o 
16 420. 114.0 -.o 
17 560. 118. o o.o 
18 1780. 118.0 o.o 

CROSS SECTION NO~ 14 
POINT HORllONUC [L.EIIATlON DEL.U EL.£\Io 

1 •1242o 122.8 o.o 
2 •96. 122.8 o.o 
3 •29. 122.6 o.o 
4 •211. 125.3 o.o 
5 64. 115.8 o.o 
6 159. 113.7 o.o 
7 207. 117.2 -.o 
II 258. 113.7 -.o 
9 329. 116.7 -.o 

10 389. 113.8 -.o 
11 414. 114.8 •• o 
12 493. 117.4 •• o 
13 646. IZ1o6 o.o 
14 727. 121.5 o.o 
15 17511. 121.5 o.o 

CROSS SECTION NO~ 15 
POINT HORIZONTAL: ELEVATION DEL. TA EL.EIIo 

1 •1376. 123.4 o.o 
2 •196. 123.4 o.o 
3 •16. 124.1 o.o 4 22. 114.7 o.o 
5 65. 116.1 .o 
6 124. 84.2 .o 7 zoo. 86.6 • 1 
II 279. 118.7 • 1 9 290. 115.6 .o 

10 357. 116.11 .o 
11 422. 117.5 o.o 
12 450. 115.6 o.o 
13 503. 121.5 o.o 
14 543. 122.2 o.o 
15 595. 114.0 o.o 
l6 1624. 1U.o o.o 

CROSS SECTION NO~ 16 
POINT HORIZONTAl: EL.EIIATION DEL.U EL.Ev. 

1 •1670. 122.0 o.o 
2 ·570. 122.0 o.o 
3 •480. 118.0 o.o 
4 •460. 116.0 o.o 
5 •420. 116.0 .o 
6 ·360. 9 .... o .o 
7 •310. 94.0 .o 
II •300. 93.0 .o 
9 ·180. 93.0 .o 

10 -170. 91.0 .o 
11 •160. 92.0 .o 
12 •HO. 92.0 .o 
13 •100. 108.0 .o 
14 •70. 116.0 o.o 
15 -so. us. 0 o.o 
16 -zo. 118.0 o.o 
17 o. 125.0 o.o 
111 U30o us. 0 o.o 

Figure A.l l. (Cont i nued ). 
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CROSS S£CTION NO~ IT 
POINT HORIZONTAL: [L.[YATJON DEL.U ELEVo 

1 •15•o. 111.0 o.o 
2 •500. 111.0 o.o 
3 -3ao. 116.0 o.o 
4 •350. 121.0 o.o 

' 5 •320. uo.o o.o • •310. 117.0 o.o 
1 -3oo. 116.0 -.o 
a •240. 99.9 ··1 
9 -•o. 91.9 ··1 

10 •10. 101.0 -.o 
11 20. 1Ho0 -.o 
12 30. 124.0 o.o 
13 1460. 124.0 o.o 

CROSS SECTION NO~ 111 
POINT HORIZONTAL: ELEVATION DELTA ELEvo 

1 -uoo. 133.0 o.o 
2 •560. 133.0 o.o 
3 •4ao. 119.0 o.o 
4 •420. ua. 0 ..o 
5 ·360. 9S.o •eO 
6 •320. 94.9 -.1 
7 •210. 93.9 ··1 
a •260. 91.9 -.1 
9 •240. 90.9 ··1 

10 ·230. 92.9 ··1 
11 -zoo. 16.9 ••I 
12 •170. 94.9 ··1 
13 •140. 96.0 -.o 
14 •90. 117.0 •• o 
15 •70. 121.0 o.o 
16 •40. 119.0 o.o 
17 -zo. 12•.o o.o 
111 o. 127,0 o.o 
19 1300. 127.0 o.o 

CROSS SECTION NO~ 19 
POINT HORIZONTAL: ELEVATION DELTA EL[Vo 

1 •1230. 130.0 o.o 
2 o. 130.0 o.o 
3 10. 129.5 o.o 
4 15. 125.0 o.o 
5 lZOo 119.0 .o 
6 uo. 100.0 .o 
7 zoo. 19.0 .o 
a 230. 83.5 .o 
9 260. 11.0 .o 

10 zao. 81.0 .o 
11 340. 90.0 .o 
12 360. 91.0 .o 
13 3ao. 99.0 .o 
14 395. 114.0 .o 
15 405. 119.0 o.o 
16 1770. 119.0 o.o 

CROSS SECTION NO~ 20 
POINT HOAIZONUr.; ELEVATION OEL.U EL.Ev. 

1 •1764. 121.9 o.o 
2 •443. 121.9 o.o 
3 •432. UO.l o.o 
4 •415. 112.1 o.o 
5 •406. 109.a •• o 
6 •375. 9a.a -.o 
7 •316. 99.3 ··I 
a •264. 96.0 ••• 9 ·245. 99,0 -.1 

10 •213. 99.a ··1 
11 •207. 97,9 •• o 
12 •1ST. 107,4 •• o 
13 •140. uo.a ..o 
14 1236. 120,8 ~.o 

Figure A.ll. (C ontinued). 
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CROSS S£CTJON NO~ 21 
!JOINT HOAllONUC [L[VATION D£LTA £LE11o 

1 •1016. uo.3 o.o 
2 340. 120,3 -.o 
3 364, 108,4 -.o 
4 395, 106.1 -.o 
5 407. 104,1 •• o 
6 437. 104,1 -.o 
7 4114, 90,0 -.o 
8 5o e. 92.11 -.1 
9 526. 90,6 ··1 

10 545. 97.2 •• o 
11 5711. 911,9 •• o 
12 616, 911.1 -.o 
13 636. 99,0 •• o 
14 669, 112.11 •• o 
15 674, 121.1 o.o 
16 6113, 123,4 o.o 
17 1984. 123,4 o.o 

CROSS SECTION NO~ 22 
POINT HORJZONUI! [LE\IATJON D[L TA ELEVe 

1 •1197. 125.5 o.o 
2 -502. 125,5 o.o 
3 •4611. 122.5 o.o 
4 -461, 112.8 .o 
5 ·436, 105.2 .o 
6 ·396, 95,3 .o 
7 •3!16, 94,7 .2 
II ·381, 91.1 .3 
9 •347, 84,3 .3 

10 •337. 83,7 .4 
11 -324. 110.1 .s 
12 -297, 78,5 .5 
13 •267, 112,5 ,4 
14 •229. 94,7 • 1 
15 ·193, 106,0 .o 
16 •165. 108,5 .o 
17 •163, 119.8 .o 
18 •118. 119,8 o.o 
19 -eo. 126.1 o.o 
20 -1. 127.8 o.o 
21 1203, 127,8 o.o 

CROSS SECTION NO~ 23 
POINT HORIZONTAl,; ELEVATION DELTA ELEVo 

1 •1650, 120.6 o.o 
2 -299, 120,6 o.o 
3 -290, 120,6 .o 
4 -25o, 105,9 .o 
5 ·232. 103,0 .o 
6 ·204, 105.6 o1 
7 •172. 97,9 ·1 
8 •150, 97,2 ·2 
9 •122. 103,5 ol 

10 •109, 103,6 • 1 
11 •90. 102,2 • 1 
12 •!11, 104,2 • 1 
13 •72, 104,2 .o 
14 •21. 120.3 .o 
15 -s. 119,2 o.o 
16 1350. 119.2 o.o 

CROSS SECTION NO~ 24 
POINT HORIZONTAL: [LEVATJON DELTA ELEVo 

1 •1149. 129,0 o.o 
2 •302. 129,0 o.o 
3 •216. 121.7 o.o 
4 ·265, 1l6o 3 o.o 
5 ·246, 114.7 .o 
6 -217. 99,8 • 1 
7 •149, 90,0 • 1 
8 •lOS, 100.1 .o 
9 •66, 104,6 .o 

10 •34, 112.5 .o 
11 •25. 120,2 o.o 
12 •15. 123.3 o.o 
\3 o. 122.8 o.o 
14 851. 1Z2.1 o.o 

Figure A. 11. (C ontinued ) . 
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CltOSS SECTION NO~ l!'i 
'OINT HORIZOHTAC ELEVATION DELTA ELEYo 

I 21. 125.2 o.o 
2 Sl. 121.1 o.o 
3 115. 121.9 .o 
4 124. 108.11 .o 
5 Ill. 108.8 .o 
6 161. 9s.s .o 
1 228. 94.0 .o 
e 244. 96.5 .o 
9 291. 97.9 .o 

10 311. 101.9 .o 
11 320. 101.2 .o 
12 364. 120.3 .o 
1l 374. 120.7 o.o 
14 381. 126.2 o.o 
15 406. 124.7 o.o 

CROSS SECTION NO. 26 
POINT HORIZONTAC ELEVATION DELTA ELEVo 

I -1040. 126.5 o.o 
2 295. 126.5 o.o 
l 310. 122.0 o.o 
4 360. 122.0 o.o 
5 380. 119.0 o.o 
6 l90. 11!5.0 .o 
7 400. 107.0 .o 
e 440. 9!5.0 .o 
9 460. 91.5 .o 

10 500. 92.5 .o 
11 520. 92.5 .o 
12 540. 95.0 .o 
13 560. 95.5 .o 
14 580. 112.0 .o 
lS 61 o. 121.0 o.o 
16 1960. 121.0 o.o 

CROSS SECTION NO. 27 
POINT HORIZONTAl: ELEVATION DELTA ELEV. 

1 -1650. 126.0 o.o 
2 -5oo. 126.0 o.o 
3 -l90. 127.0 o.o 
4 -310. 125.0 .o 
!i -295. 108.0 .o 
6 -2so. 99.0 .o 
7 -170. 97.0 .o 
8 -ISO. 98.0 .o 
9 -130. 97.0 .o 

10 -uo. 99.0 .o 
11 -75. ue. o .o 
12 -so. 122.0 o.o 
ll -4o. 120.0 ·o.o 
14 o. 1l2.0 o.o 
15 100. ll2.0 o.o 
16 1350. 132.0 o.o 

CROSS SECTION NO. ze 
POINT HORIZONTAl: ELEVATION DELTA ELEVo 

1 -11110. 136.0 o.o 
2 -zoo. ll6.0 o.o 
3 •100. 135.0 o.o 
4 o. 134.0 o.o 
5 140. 124.0 o.o 
6 160. 120.0 o.o 
7 zoo. 119.0 o.o 
II 235. 122.0 .o 
9 3 10. 98.0 .o 

10 320. 95.0 .o 
11 390. 99.0 .o 
12 410. 98.0 .o 
13 430. 100.0 .o 
14 4110. 122.0 .o 
15 soc. 122.0 o.o 
16 530. 128.0 o.o 
17 600. 127.0 o.o 
u 1820. 127.0 o.o 

Fi gure A. ll. (Cont i nued ). 
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CROSS SE:CTIO.. NO~ " POINT HORIZONTAL: [L.[YATlON DEL.TA EL.£Yo 

1 •llllo lZ4oll o.o 
l •16. 124.11 o.o 
3 1o U5.5 o.o 
4 22. 118,4 -.o 5 63. 100.1 -.o 6 111. 100.4 -.o 
1 162. 97.5 -.o 
II 192. 99.1 -.o 9 222. tl5.2 -.o 

10 233. 125.11 o.o 
11 252. 125.9 o.o 
12 270. lZ4o 7 o.o 
13 1662. 124.7 o.o 

CROSS SECTION NO~ 30 
POINT HORIZONTAL: [L.[YATION DEL.TA EL.EYo 

1 •1270. 135.0 o.o 
2 •150. 135,0 o.o 
3 o. 132.0 o.o 
4 30, 126.0 o.o 
5 90. 126.0 o.o 
6 120. 122.0 .o 
1 160, 95.0 .o 
II 190. 99.0 .o 
9 210. 92o0 .o 

10 250. 92.0 .o 
11 290. 109.0 .o 
12 300. 108,0 .o 
13 330. 124,0 .o 
14 400. 129.0 o.o 
15 430. us. 0 o.o 
16 440o uo. 0 o.o 
11 470. uo. 0 o.o 
18 500. 129.0 o.o 
19 l130o 129,0 o.o 

CROSS SECTION NOi 31 
POINT HORIZONTAL: EL.EYATION OEL.U EL.EYo 

1 •1323. 130.11 o.o 
2 ·2· 130.11 o.o 
3 35. 127.6 o.o 
4 36. 125.5 o.o 
5 49o 125.9 o.o 
6 65. 1l9o2 o.o 
1 75. 115.7 o.o 
8 127. 96,9 o.o 
9 117. 96.7 o.o 

10 195. 99.6 o.o 
ll 230o 99.8 o.o 
12 Z64o ll 5.7 o.o 
13 2116. 120,4 o.o 
14 294o 127,5 o.o 
15 336. 126.6 o.o 
16 395. uo.o o.o 
11 407. 132.6 o.o 
18 1617. 132.6 o.o 

CROSS SECTION NO~ 32 
POINT HORIZONTAL: EL.EVATION DEL.TA EL.EVo 

1 •1230. 130.0 o.o 
2 o. 130.0 o.o 
3 1 0. 129.5 o.o 
4 15. 125.0 o.o 
5 120. 119.0 .o 
6 160. 100.0 .o 
1 zoo. 119.0 .o 
8 230. 83,5 .o 
9 260, 111.0 .o 

10 2150. 81.0 .o 
11 340, 90,0 .o 
12 360. 91.0 .o 
13 380. 99.0 .o 
14 395. 114· 0 .o 
15 405. 119.0 o.o 
16 1110. 119.0 o.o 

F i gure A. ll. (Continued ). 



CROSS SECTION NO• 33 
POINT HORIZONTAL; ELEVATION DELTA ELEv. 

1 •607. 129.9 o.o 
2 •192. 129.9 .o l •151. 99.6 • I 
4 ·107. 81.3 o4 
5 •211. 88.4 o4 
6 -s. 97.2 ol · 
7 ll. 105.0 .o CROSS SECTION NO~ 36 I 75. 104o 0 .o POINT HORIZONTAL: [l[VATIDN DELTA ELEVo 9 96o 9S.I .2 

10 131. 93.2 o2 1 •491. 131.9 o.o 11 156. 94.2 •• 2 •261. 131.9 o.o 12 l24o 1llo5 .o l •209. 112.11 o.o ll l46o 130ol o.o 4 •l69o 119.9 o.o l4 393. 1l0ol o.o 5 •109. lllo2 o.o 
6 •74. lllol o.o CROSS SECTION NO~ 34 7 9. 106.0 o.o POINT HORIZONTAL: ELEVATION DELTA ELEVo II :u. 106.0 o.o 

127.6 o.o 9 86. 106.0 o.o 1 •l9lo 10 Ill. 106.0 z •210. 127o6 o.o o.o 
l •163. 115.7 .o 11 ISO. 106.0 o.o 12 217. 130.4 4 •lllo 10lol .o o.o 
5 -st. 99.0 .o ll 251. ll0o4 o.o 
6 -·· 98.9 .o CROSS SECTION NO~ 37 r-' 7 so. 98.1 ol POINT HOAIZONTAC ELEVATION DELTA ELEVo 00 
II 107. 95.11 ol N 
9 uo. 97.7 .o I •491. 131.9 o.o 

10 l51o 112.1 .o 2 •261. 131.9 o.o 
11 l94o IZ6ol o.o J •209. 132.8 o.o 12 607. 126.1 o.o 4 •l69o 119.9 o.o 

CROSS SECTION NO~ JS 5 •109. 11l.2 o.o 
POINT HDAIZONTAC ELEVATION DELTA ELEVo 6 •74. lll.J o.o 

1 9o 106.0 o.o 
1 •491. 131.9 o.o II 31. 106.0 o.o 
2 ·261. 1ll.9 o.o 9 86. 106.0 o.o 
l •209. 132.11 o.o 10 Ill. 106.0 o.o 
4 ·169. 119.9 o.o II ISO. 106.0 o.o s •109. 11l.2 o.o 12 217. 130.4 o.o 
6 •74. 113.1 •o2 ll 251. 130.4 o.o 
7 9o 19.4 •ol 
II llo 94.8 ··l 
9 86. 10lo0 ··I 

10 Ill. 102.0 -.I 
II ISO. 99.1 •oO 
12 217. 130.4 -.o 
13 2S1. 130.4 o.o 
14 509. ll0.4 o.o 

Figure A . 11. (Continued). 
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CROSS S[CTIOH NO~ ,. 
'OINT H<mllONTAC £LEVAT10111 OfLTA £LEVo 

1 21. 125.2 o.o 
2 53. 1Z1.1 o.o 
3 as. 121.9 .o 
4 124. 108.8 .o 
5 133. 108.1 .o 
6 161. 95.5 .o ., 228. 94.0 .o 
8 244. 96.5 .o 
9 291. 97.9 .o 

10 311. 101.9 .o 
11 320. 101.2 .o 
12 364. lZOo3 .o 
13 314. uo.T o.o 
14 381. 126.2 o.o 
15 406. 124.7 o.o 

CROSS SECTION NO~ 39 
POINT HORllONTAC ELEVATION DELTA EL.EV. 

1 ·737. 129.1 o.o 
2 1. 129.1 o.o 
3 30. 121.6 o.o 
4 59. 121.3 -.o 
5 ee. 105.4 -.o 
6 101. 104.2 -.o 
1 111. 99.7 -·1 
8 138. 97.6 -.1 
9 162. 105.0 ··1 

10 118. 106.8 -.o 
11 192. 106.6 -.o 
12 197. 109.2 -.o 
13 214. 110.5 o.o 
14 231. 116.5 o.o 
15 250. 111.2 o.o 
16 259. 120.7 o.o 
11 273. 122.0 o.o 
18 283. 126.2 o.o 
19 371. 127.6 o.o 
20 1013. 127.6 o.o 

CROSS SECTION NO~ 40 
POINT HORIZONTAl,; ELEVATION DELTA ELEV. 

1 •965. 126.0 o.o 
2 •600. 126.0 o.o 
3 ·485. 126.0 o.o 
4 -450. 123. o o.o 
5 ·370. 123.0 o.o 
6 •325. 122.0 o.o 
7 •300. 123.0 o.o 
8 ·28o. 124.0 o.o 
9 •250. 124.0 o.o 

10 •204. 126.0 o.o 
11 -190. 117.0 o.o 
12 -uo. 114.0 o.o 
13 •90. 10e.o o.o .. •41. 127.0 o.o 
15 so. 126.0 o.o 
16 150. 123.0 o.o 
17 250. 122.0 o.o 
18 350. 125.0 o.o 
19 460. 126.0 o.o 
20 785. 126.0 o.o 

Figure A.l l . ( Cont inued ) . 
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APPENDIX B 

PROGRAM FLOW CHARTS 

The following are subroutine flow charts for the program KL~ASER. 

To aid the user in understanding the program the flow charts have been 

designed to show the overall program operation and not the actual 

FORTRAN statements. 

alphabetical order. 

The flow charts are presented by subroutine in 
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Program KUWASER 

This program is a known discharge, water and sediment routing 
model. 

c START 

~ I DEFI NE DEVICE NUMBERS J 

l 
READ SED IMENT AND GEOMETRY DATA 

CALL IN I 

l 
SET CONSTANTS ACCORDING TO UNIT SYSTEM 

CALL UNIT 

~ 
CO f'.;V ERT RIVER DISTANCES TO APPROPR I ATE UN I T 

CALL RIVDS 

~ 
l SET IN ITIAL VALUES TO ZERO I 

~ 
I SET ORIGINAL BED ELE VATION INTO ARRAY 

J 

l 
COMPUTE HYDRAULIC PROPERT I ES OF 

EACH CROSS SECTION 
CALL CHNGM 

4 
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Program KUWASER (continued) 

D 

ITERATE OVER EACH TIME PERIOD 

COMPUTE BED SLOPE OVER EACH RIVER REACH 

ITERATE OVER EACH SUBROUT IN E CALL 

DETERMINE FLOW AT EACH CROSS SECTION 
CALL FLOW 

COMPUTE WATER SURFACE PROFILE FOR REACH 
CALL SUBPF 

COMPUTE FLOWS AND WATER SURFACE PROFILES 
FOR DIVIDED FLOW REACHES 

CALL DIVDE 

COMPUTE SEDIMENT TRANSPORT AT EACH CROSS SECTION 
CALL SED 
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Program KUWASER (continued) 

c 8 

CO M PUTE SED I MENT TRANSPORT OVER THE WEIR : 5 
CALL WE I RS 

COMP UT E TR I B UTAR Y SEDIMENT DISCHARGE =6 
CALL TRIBS 

ROUTE THE SED IM ENT IN THE Rl VER REACH =7 
CALL SRO UT 

DUPL ICATE PROPERTIES AT DOUBLE CROSS SECT I ONS =8 
CALL DU P 

PR IN T OUT RES ULTS =9 
CALL OUT I 

DREDGE RIVE R REACH = 10 
CALL DREDG 

ITERAT ION OVER SUBRO UTIN E CALLS NO 

OVER? 
0 

JYES 

ITERAT ION OVE R T IME PER IOD S NO 
E 

OVER? 

~YES 

STOP 
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Subroutine BKWAT 

This subroutine calculates the water surface elevation at a cross 
section once the conditions at the downstream section are known. The 
routine uses a first order Newton-Raphson solution to solve the total 
head equation. 

COMPUTE TOTAL HEAD DOWNSTREAM 

ESTIMATE UPSTREAM WATER SURFACE ELEVATION 

NO WATER ELEVATION= 

YES 

COMPUTE HYDRAULIC PROPERTIES 
OF CROSS SECT I ON 

CALL HYDPR 

THALWEG + FET 

. COMPUIE VELOCITY HEAD, HEAD LOSSES, TOTAL HEAD 
AND ERROR (ERl FOR ESTIMATE 

RETURN 

CRITICAL DEPTH 
ASSUMED 
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Subroutine BKWAT (continued) 

® 

® 

YES 

COMPUTE FIRST DER IVATIVE (DER) AT 
ESTIMATED DEPTH USING MAIN CHANNEL 

RELATIONSH I PS 

COMPU TE F IRST DERIVATIVE ( DER) AT 
EST IMATED DEPTH USING OV ERBANK 

RELAT IO NSHIPS 

YES 

COMPUTE NEW DEPTH ESTIMATE 
USING NEWTON-RAPHS ON 

COMPUTE NEW DEPTH ,. 
CRITI CAL DEPTH + FET 
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Subroutine CHNGM 

This subroutine computes power relations that are used to calculate 
effective depth (ED), effective width (EW ) , alpha (ALP), total area 
(TA), and total conveyance (TK), for a cross section, as a function of 
the water surface elevation (WS). 

c START 

l 
ITERATE OVER EVENLY SPACED WATER 

SURFACE ELEVATIONS IN MAIN CHANNEL 

l 
DETERM I NE CROSS SECTION PROPERTIES AT 

GIVEN WATER SURFACE ELEVATIONS 
CALL GEOM 

~ 
ITERATION OVER 

NO 

' YES 
~ 

COMPUTE MAIN CHANNEL HYDRAUL I C RELATIONSH I PS 
CALL LSQ 

~ 
ITERATE OVER EVENLY SPACED WATER 
SURFACE ELEVATIONS ON OVERBANK 

~ 
DETERMINE CROSS SECTION PROPERTIES AT 

GIVEN WATER SURFACE ELEVAT I ONS 
CALL GEOM 

~ 
ITERATION OVER NO 

~YES 

COMPUTE OVERBANK HYDRAULIC RELATIONSHIPS 
CALL LSQ I CALL LSQF 

~ 
( RETURN 



191 

Subroutine CONT 

This subroutine is used to compute the water surface elevation at 
the downstream control . 

RET URN 

DETERM INE TYPE OF 
DOWN STREAM CO NT ROL 

(b) STAGE-HYDROGRAPH CONTROL 

= 1,4,5 

=2 

RETURN 

TA KE GR EA TE ST OF { o ) AND ( b) 
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Subroutine CONT (continued) 

8 

=3 (c) DOWNSTREAM 
WATER SURFACE CONTROL 

NO 
RETURN 

TAKE GREATEST OF ( o ) AND (c) RETURN 

=6 COMPUTE NORMAL DEPTH 
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Subroutine DIVDE 

This subroutine determines the fraction of the total flow go ing 
down each side of divided flow reaches. 

CALCULATE WATER 
SURFACE PROF ILES FOR 
DIVI DED FLOW REACHES 
W ITH THE RAT IO "p .. 

CAL L SPL IT 

CALCULATE DIFFERENCE 
BETWEEN UPSTREAM 

WATER SURFACE ELE VAT IONS 

EST IMATE NEW VA LUE 
OF RAT IO " p " US ING 

SECOND ORDER CURVE FIT 

RET URN 

RET URN 



194 

Subroutine DREDG 

This subroutine simulates dredging by lowering each cross section 
in a reach to its original elevation (ZO). Only cross section points in 
the main channel are lowered . 

ITERATE OVER EACH CROSS SECT I ON IN REACH 

ITERATE OVER EACH CROSS SECT ION POI NT 

YES 

YES 

YES 

SET ELEVATION OF POINT EQUAL TO OR IGIN AL ELEVAT ION 

ITERATION OVER EACH CROSS SECT ION POINT OVER 
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Subroutine DREDG (continued) 

YES 

COMPUTE THALWEG ELEVATION 
CALL THAL 

COMPUTE HYDRAULIC PROPERTIES OF CROSS SECTION 
CALL CH NGM 

I TERATION OVER EACH CROSS SECTION OVER 

RETURN 

WR IT E TO B I NARY FILE 19 THE ELEVAT I ON OF 
EACH CROSS SECTION POINT IN THE REACH 
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Subroutine DUP 

This subroutine is used in divided flow problems when a cross 
section is used by two different river reaches. It changes the bed 
elevation of the duplicate cross section, K2 , to match the bed elevati on 
of the original sect i on, (K1), after sediment routing. 

( START ) 

l 
SET THE DUPLICATE CROSS SECT ION, K2, TO 

MATCH THE BED ELEVAT IO N OF THE 
OR I GINAL SECTION, Kl 

~ 
SET ALL THE COEFFICIENTS AND POWERS 

OF THE CHANNEL RELATIONS EQUAL 

1 
( RETURN 
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Subroutine FLOW 

This subroutine calculates the water discharge at each cross 
section. 

READ FLOWS AND 
T IME PERIOD LENGTH 

PRINT FILE NUMBER 
AND TIME PERIOD 
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Subroutine GEOH 

This subroutine calculate s the exa c t hydraulic properties of a 
cross section, once given the channel geometry and the water surface 
elevation. 

START 

~ 
I SET INITIAL VALUES TO ZER O I 

~ 
I ITERATE OVER EACH CROSS SECTION PO I NT I r 

l 
COMPUTE DI STANCE AND MAN N ING 'S n 

BETWEEN CROSS SECTIO N PO I NTS 

l 
COMP UTE AREA OF FLOW , WETTE D PE RIM ETER , 

HYDRAU LI C RAD IUS , AND CON VEYANCE 
BETWEEN TWO CROSS SECT I ON PO IN TS 

~ ·-
SUM THE AREA INCREMENTS AND T H E 

CONVEYANCE INCREMENTS 

~ 
ITERAT ION OV ER ~ 

~YES 

I COMP UTE ALPHA, EFFECTIVE DEPTH AND EFFECTIVE WI DT H l 
~ 

COM PUTE T HE PERCENT AGE OF TOT A L C C~J\' E Y A N CE B E T W EE ~~ 

TWO CR OSS SECTION POINTS FOR THE WH OLE CROSS SECT ION 

1 
( RETURN 
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Subroutine HYDPR 

This subroutine calculates the hydraulic properties of the (K)TH 
cross section given the water surface elevation (WS). 

COMPUTE DEPTH OF FLOW 

NO 

USE OVERBANK FLOW EQUATIONS 

COMPUTE EFFECT I VE WIDTH 

COMPUTE EFFECTIVE DEPTH 

COMPUTE CONVEYANCE 

COMPUTE :ELOCITY 

USE CHANNEL FLOW 
EQUATIONS 
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Subroutine !Nl 

This subroutine reads in the sediment and geometry data. 

( START ) 
l 

(READ TITLE l 
J c READ PRINT CONTROLS I 
l 

READ THE MAXIMUM NUMBER OF ITERATIONS FOR THE 
BACKWATER CURVE, THE MAXIMUM ERROR IN THE TOTAL LOAD, 
THE SEDIMENT DEPOSIT POROS I TY, THE COEFF ICIENTS OF 

EXPANSION AND CONTRACT ION LOSSES AND THE UNIT 
SYSTEM FLAG 

READ THE NUMBER OF CROSS SECTIONS, THE NUI-t~BER 
OF TIME PERIODS, THE NUMBER OF RIVER SEGMENTS, THE 

NUMBER OF INPUT DISCHARGES AND THE NUMBER OF 
SUBROUTINE CALLS 

( READ THE SEQUENCE OF THE SUBROUTINE CALLS I 
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Subroutine INl (continued) 

ITERATE OVER EACH RIV ER SEGMENT 

READ THE NUMBER OF THE DOWNSTREAM 
CROSS SECTION, THE NUMBER OF THE 

UPSTREAM CROSS SECTION, THE NUMBER OF 
TR IBUTARIES , THE TYPE OF DOWNSTREAM CONTROL , THE 

NUMBER OF THE DOWNSTREAM WATER SURFACE CONTROL 
CROSS SECTION, THE COEFFICIENTS OF THE DOWNSTREAM 

STAGE DISCHARGE RELATIONSHIP, THE COEFFICIENTS OF T HE 
CONVEYANCE EQUATION AND THE COEFFICIENT 

OF SEDIMENT TRANSPORT 

FOR EACH TR I BUTARY READ THE MA IN STEM 
RIVER DISTANCE OF THE CONFLUENCE , THE 
TYPE OF TRIBUTARY, THE NUMBER OF THE 

DISCHARGE CROSS SECTION FOR THE TR I BUTARY 
AND THE COEFFICIENTS OF THE TRIBUTARY 

SEDIMENT RATING CURVE 

ITERATION OVER NO 
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Subroutine INl (continued) 

ITERATE OVER EACH CROSS SECT ION 

READ THE NUMBER OF SECTION 
POINTS AND THE RIVER DISTANCE 

FOR EACH SECTION PO IN T RE AD THE HOR IZONTAL 
DISTANCE AND THE ELEVAT IO N 

READ THE DISTANCE OF THE RIGHT AND LEFT OVERBANKS, 
THE MANNING'S n FOR THE RIGHT OVERBANK, MA IN CHA NN EL, 

AND LEFT OVERBANK AND THE OVERBANK ELEVATION 

ITERATION OVER EACH CROSS SECTION OVER NO 
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Subroutine INl (continued) 

PRINT OUT THE INPUT DATA FROM 
FILE 5 AND F ILE 7 

PRINT TITLE FOR CHANNEL 
RELAT ICN OUTPUT 

RETURN 

RETURN 
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Subroutine LSQ 

This subroutine derives the coefficients of the hydraulic po.,.·er 
functions, by using a least squares regression. 

( START 

l 
SET INITIAL VALUES 

TO ZERO 

l 
SUM FOR x,y,xx,xy AND COMPUTE 

AVERAGE VALUE - -X I y 

l 
COMPUTE COEFFICIENT AND IrHERCE PT 

OF LEAST SQUARES EQUATION 

l 
COMPUTE COEFFI Cl E NT OF CORRELATION 

l 
COMPUTE STANDARD ERROR OF ESTIMATE 
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Subroutine LSQF 

This subroutine derives the coefficients of the hydraulic power 
functions, for overbank flow, by using a least squares regression forced 
through the point (XO, YO). 

( START 

~ 
I SET INITIAL VALUES TO ZERO I 

~ 
ITERATE OVER EACH DEPTH INCREMENT 

I i 
COMPUTE XP AND YP VAL UE 

CONS IDERING X AND Y AT OVERBANK ELEVATION 

~ 
I SUM THE X AND Y VALUES l 

l 
I SUM THE XP · XP AND XP·YP VALUES I 

~ 
NO 

ITERATION OVER 

~YES 

COMPUTE COEFFICIENT AND INTERCEPT 
OF LEAST SQUARES EQ U ATIO N S 

~. 
I CO M PUTE COEFFICIENT OF CORRELATION 

l 
I COMPUTE STANDARD ERROR OF EST I MATE I 

i 
RETURN 
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Subroutine NVAL 

This subroutine calculates the 
equation for the current discharge. 
function of discharge . 

coefficient of the conveyance 
This allows Manning's n to be a 

ITERATE OVER EACH CROSS 
SECT I ON IN THE REACH 

YES 

COMPuTE CORRECTION VALUE FOR 
COEFFICIENT OF CONVEYANCE EQ UATIO N 

YES 

SET CORRECTION VALUE 
TO BOUNDARY VALUE 

COMPUTE CORRECTED COEFF I CIENT AND 
POWER OF POWER FUNCTION FOR THE 

CONVEYANCE EQUATION 

ITERATION OVER NO 
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Subr outine OUTl 

This subroutine outputs the var i ous res ults of the s i mu la t ion 
model. 

NO 

PRINT TO FILE 16 CROSS SECT ION 
NUMBER, EFFECT I VE WIDTH, EFFECTIVE DEPTH, TOTAL AREA, 

TOTAL CONVEYANCE, ALPHA , VELOC ITY , WATER SURFACE 
ELEVATION, SED I MENT TRANSPORT, D I SCHARGE AN D 

MIN IMUM BED ELEVAT I ON FOR EACH T I ME PER IO D 

PRINT TO F I LE 16 MAX IMUM WA T ER SUR FACE 
ELEVATION A ND TIME PERIOD OF OCCURANCE FOR 

EACH CROSS SECTION 

PRINT TO F I LE 16 MINIM UM 2E D 
ELE VAT ION FOR EACH CROSS SECT ION 
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Subroutine RIVDS 

This subroutine converts the river distance of each cross section 
and tributary to proper unit. 

( START ) 

ITERATE OVER EACH REACH 

ITERATE OVER EACH CROSS 
SECTION OF THE REACH 

CONV ERT MILE TO FEET 
OR KILOMETER TO METER 
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Subroutine OUT 1 (continued) 

FOR EACH CROSS SECTION PRINT TO F I LE I6 
THE BED ELEVATION AND THE CHANGE IN 

BED ELEVATION AT EACH POINT 

RETUR:"J 

WRITE IN BINARY TO FILE !10 CROSS SECT ION 
NUMBER, EFFECTIVE WIDTH, EFFECT IVE DEPTH, TOTAL AREA , 

TOTAL CONVEYANCE, ALPHA, VELOCITY, WATER SU RFACE 
ELEVATION, SEDIMENT TRANSPORT, DISCHARGE AND 

MINIMUM BED ELEVATION FOR EACH TIME PER IOD 

RET UR N 

FOR EACH CROSS SECTION WRITE TO FILE I9 
THE BED ELEVATION AT EACH PO I NT 
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Subroutine SED 

This subroutine calculates sediment transport using the generalized 
formu l a developed for the Yazoo River. 

ITERATE OVER EACH RIVER REACH 

ITERATE OVER EACH CROSS SECTION 
IN THE REACH 

YES 

COMPUTE THE SEDIMENT DISCHARGE 
FOR THE CROSS SECTION 

SEDIMENT TRANSPORT= 0 

ITERATION OVER CROSS SECTION OVER 

YES 

ITERATION OVER RIVER REACH OVER 

' YES 

~ 
NO 
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Subroutine SPLIT 

This subroutine is used in divided flow problems to split the 
discharge between two channels. 

COMPUTE FLOW IN THE FIRST REACH 

NO 

ADD TRIBUTARY FLOW 

SET UPSTREAM ANO DOWNSTREAM 
DISCHARGE OF BOTH REACHES EQUAL 

COMPUTE FLOW IN THE 
SECOND REACH 
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Subroutine SPLIT (continued) 

NO 

ADO TR I BUTARY FLOW 

COMPU T E WATER SURFACE 
PR OFILE IN BOTH REACHES 

CALL SUBPF 

COMP UTE THE ERROR IN THE 
WATER SURFACE ELE VATION OF 

BOTH REACHES 
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Subroutine SROUT 

This subroutine routes the sediment, calculates the approximate bed 
elevation change, and if necessary, distributes the aggradation or 
degradation through the cross section. 

ITERATE OVER EACH CROSS SECTION 
IN THE RIVER SEGMENT 

COMPUTE THE VOLUME OF SEDIMENT DEPOSITED 
OR ERODED ABOVE CROSS SECT ION 

ADD LATERAL SED IM ENT IN- OR OUTFLOW IF ANY 

I TERATION OVER EACH CROSS SECT ION OVER 

YES 

ITERATE OVER EACH CROSS SEC TION 

NO 
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Subroutine SROUT (continued) 

NO 

8 

COMPUTE BED AREA CHANGE WITH NORMAL 
INTER I OR ALGORITHM 

=I 

=2 

COMPUTE BED AREA CHANGE WITH FLOATING ...__=_3 _ _, 
SECTION ALGORITHM 

COMPUTE THE APPROXIMATED BED 
ELEVATION CHANGE SINCE LAST 

DISTRIBUTION OF SEDIMENT 
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Subroutine SROUT (continued) 

USE WE IGHTED AVERAGE OF 
WATER SURFACE ELEVATION FOR 

DISTR I BU TI NG THE SEDIMENT 
CALL GEO M 

DETERMINE THE NUMBER OF DISTR I BUTIONS 
REQUIRED AT CROSS SECTION 

ITERATE OVER EACH REQU IRED DIS TR 16U T ION 

A DD CHA NGE IN BED ELEVAT ION AT EACH 
PO I NT, TO CROSS SECT ION GEOMETRY 



216 

Subroutine SROUT (continued) 

COMPUTE NEW THALWEG 
CALL THAL 

ITERATION OVER 
DISTRIBUTIONS OVER 

YES 

COMPUTE POWER FUNCTIONS FOR 
THE CHANGED SECTION 

CALL CHNGM 

ITERATIO N OVER EACH 
CROSS SECT ION OVER 
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Subroutine SUBPF 

This 
calculate 

subroutine calls the various 
the subcritical water surface 

c START 

~ 

other subroutines needed to 
elevation at each section. 

DETERMINE COEFFICIENT OF CONVEYANCE EQUATION 
FOR CURRENT DISCHARGE 

CALL NVALUE 

l 
COMPUTE WATER SURFACE ELEVATION 

AT DOWNSTREAM CROSS SECT ION 
CALL CONT 

~ 
COMPUTE HYDRAULIC PROPERT I ES 

CALL HYDPR 

COMPUTE CRIT ICAL SECTIO N FACTOR 

COMPUTE CR ITICAL DEPTH 

COMPUTE HYDRAULIC PR OPERT IES 

SET HYDRAULIC 
PROPERTIES TO 

2ERO 
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Subroutine SUBPF (continued) 

ITERATE OVER THE REMAINDER OF THE 
SECTIONS BY WORKING UPSTREAM ONE SECTION AT A TIME 

SET THE LAST SECTIONS HYDRAULIC 
PROPERTIES AS THE DOWNSTREAM CONDITIONS 

COMPUTE HYDRAULIC PROPERTIES 
CALL HYDPR 

COMPUTE WATER SURFACE ELEVATION AT UPSTREAM WEIR SECTI ON 
CALL WE I R 
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Subroutine SUBPF (continued) 

COMPUTE WATER SURFACE ELEVATION AT SECTION 
CALL BKWAT 

COMPUTE CRITICAL DEPTH 

COMPUTE HYDRAULIC PROPERT IES 
CALL HYDPR 
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Subroutine SUBPF (continued) 

COMPUTE NORMAL DEPTH 

COMPUTE HYDRAULIC PROPERT IES 
CALL HYDPR 

COMPUTE FLOW DEPTH WITH 
LIMITING VELOC IT Y 

COMPUTE HYDRAULIC PROPERTIES 
CALL HYDPR 

SET CROSS SECTION HYDRAULIC 
PROPERTIES INTO ARRAY 

ITERATION OVER CROSS SECT IO NS OVER 
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Subroutine TIIAL 

This subroutine determines the cross section thah•eg elevation . 

ITERATE OVER ALL CROSS SECTION POINTS 

YES 

MINIMUM ELEVATION 

" ELEVAT I ON 

ITERATION OVER 
NO 
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Subroutine TRIBS 

This subroutine determines the sediment discharge for each 
tributary. 

ITERATE OVER EACH RIVER SEGMENT 

ITERATE OVER EACH TRIB UTARY 

COMPUTE SED IMENT DI SCHARGE BY RATING CURVE 

SEDIMENT DISCHARGE EQUAL SED I MENT 
TRANSPORT AT DOWNSTREAM TRIBUTARY SEC ION 

FOR POINT SOURCE OUT COMPUTE SED IMENT 
DI SCHARGE BY RAT I NG CURV E 

FOR MAJOR TRIBUTARY OUT THE SED IM ENT 
DISCHARGE EQ UAL THE SED I MENT 

TRANSPORT AT THE UPSTREAM TRIBUTARY SECT I ON 

ITERATION OVER EACH TR I BUT ARY OVER 
YES 

ITERAT ION OVER EACH RI V ER SEGME NT OVER 

=I 

=2 

=3 

:4 
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Subroutine UNIT 

This subroutine assigns the correct values to the constants 
according to the unit-system used. 

NO 

CONSTANTS IN Sl UNIT -SYSTEM 

CONSTANTS IN ENGLISH UNIT-SYST~M 
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Subroutine WEIR 

This subroutine is used to calculate the greater of the downstream 
water surfaces or the critical depth at the weir . 

( START 

l 
COMPUTE DEPTH 

WI TH WE IR FOR MUL A 

J 
TA KE GREATEST OF WATER SUR FACE ELEVAT ION 

AT WEIR OR DOW NSTREAM OF WE I R 

~ 
COMPUTE HYDRAULIC PROPERT IES 

CALL HYDPR 

~ 
SET HYDRAULIC PROPERT IES EQ UAL AT 

THE DOUBLE CROSS SECT ION OF THE WE IR 

l 
RETURN 
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Subroutine WEIRS 

This subroutine calculates the percentage of the upstream sediment 
transport (G(KU)), which is transported over a weir. It uses the Lane-
Kalinske sediment distribution. 

COMPUTE SHEA t< V E !....~ CITY 

COMPUTE THE SEDIMENT DI STRIB UT ION 
USING LANE-KALINSKE APPROACH 

RETURN 

COMPUTE SEDIMENT TRANSPORT OVER THE WE I R 
IN PERCENTAGE OF THE UPSTREAM 

SEDIMENT TRA N SPORT 
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APPEI\1HX C 

LIST OF PROGRA.H VARIABLES 

The following is a list of the variables used in the program 

K~ASER. For each variable there is a definition, common block name 

(if applicable) and array size. If the variable is not in a common 

block, the sub routine (s) in which the variable is used is shotm in 

brackets under the definition. Terms in the definition which appear 

in parentheses are other variable names. If a variable's dimension is 

problem dependent, the array size is given as the name of a program 

variable that the array size should equal or exceed. 



Variable 

A 

A 

AALP 

AD 

ADO 

ADZ 

AID 

ALP 

AU'i( 

AT 

ATA 

ATAO 

AT~!P 

ATK 

AT KO 

Array 
size 

10 

10 

10 

10 

~SIC 

NRIV 

;n~IB 

10 

10 

Common 
block 

SICl 

RIV 

RIV 

227 

Definition 

Area between two cross section 
points. (GEOM] 

Value of intercept. [LSQ] 

Log value of alpha (ALP). (CHNGM] 

Log value of depth. [CHNGH ] 

Log value of overbank depth. 
(CH~GM ] 

Absolute value of approximate bed 
elevation change. [ SROVT] 

Log value of effective depth (ED). 
[CH::Gl'-1] 

Log value of effective width {ED). 
[ CH~Ot ] 

Velocity head correction coeffici-
ent, for the given cross section 
2nd for the given water surface 
elevation. 

Storage array for velocity head 
correction c o effic ie~ t. 

Coefficient that ch2nges Manning's 
K value as function of discharge. 

Coefficient of tributary sediment 
rating curve. 

Log value of total area (TA). 
[ CH!';G~t] 

Log value of area at overbank 
elevation. [CH::G}!] 

Temporary value used in equation 
of first derivative in Kewton-
Raphs on ap?roxima tion. [BKh'AT] 

Log value of total conveyance (TK). 
[CH~GH] 

Log value of conveyan ce at over-
bank. [ CH~G~t] 



Varbble 

Al 

A2 

A3 

A4 

AS 

A6 

A7 

AS 

A9 

AlO 

B 

BDE~ 

BN 

Array 
size 

NRIV 

NSEC 

NSEC 

KSEC 

NSEC 

::SEC 

:\SEC 

;\SEC 

:\SEC 

;\SEC 

KSEC 

NRIV 

Common 
block 

RIV 

SECl 

SEC! 

SECl 

SEC! 

SECl 

SECl 

s::c1 

SECl 

s::c1 

SECl 

RIV 
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Definition 

Coefficient of stage-discharge 
relationship. 

Coefficient of hydraulic power 
function for effective width in 
main channel. 

Coefficient of hydraulic power 
fun ction for effective depth in 
main channel. 

Coefficient of hydraulic po~er 
function for total area in main 
channel. 

Coefficient of hyd raulic power 
function for total conveyance in 
nain channel. 

Coefficient of hydraulic po~e r 

fun c tion for a:?ha in wai n ch3 ~nel. 

Coefficient of hy~ra u lic po~er 

fu nc tion for effective width for 
overbank f loh' . 

Coefficient of hydraulic po~er 
func tion for effective depth fo r 
ove::-bank f lO\,' . 

Coefficient of hydra1lic po~er 
function for tctal area for over-
bank f lm .. ' . 

Coefficient of hydraulic power 
functi on for t otal conveyance for 
overbank flO'-''· 

Co ef ficient of hydraulic po~er 
function for alpha for overbank 
flo...,·. 

Slope of the least squared regres-
sion (log value). fLS Q] 

Temporary value for calculation 
of first deriva tive in Newton-
Raphson appr ox imation. [BKh'AT] 

Po~er that changes Manning's N 
value as function of discharge. 



Variable 

B~UM 

BT 

BX 

Bl 

B2 

B3 

B4 

B5 

B6 

B7 

B8 

B9 

BlO 

c 

cc 

CCE 

CE 

Array 
size 

NTRIB 

NRIV 

NSEC 

NSEC 

NSEC 

NSEC 

~~SEC 

:\SEC 

NSEC 

NSEC 

NSEC 

NSEC 

Common 
block 

RIV 

RIV 

SECl 

SECl 

SECl 

SECl 

SECl 

SEC l 

SECl 

SECl 

SECl 

SECl 

I :\F 

INF 
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Definition 

Temporary value for calculation of 
first derivative in Newton-Raphson 
approximation. [BKWAT] 

Power of tributary sediment rating 
curve. 

Power of stage discharge relation-
ship. 

Power of hydraulic power function 
for effective width in main channel. 

Power of hydraulic power function 
for effective depth in main channel. 

Power of hydraulic power function 
for total area in main channel. 

Power of hydraulic power function 
for total conveyance in main channel. 

Power of hydraulic power function 
for alpha in main channel. 

Power of hydraulic power functi on 
for effective width for overbank 
flow. 

Power of hydraulic power function 
for effective depth f or overbank 
flow. 

Power of hydraulic power function 
for total area for overbank flow. 

Power of hydraulic power function 
for total conveyance for overbank 
flow. 

Power of hydraulic power function 
for a lpha for overbank flow. 

Conveyance. [GEO~l), [CONT], [Sl:BPF) 

Coefficient f o r contraction head 
loss. 

Coefficient for contraction or 
expansion losses. [BKWAT] 

Coefficient for expansion loss. 



Variable 

CONV 

CORDS 

CRT 

ex 

D 

D 

D 

DA 

DA 

DEPTH 

DER 

DEX 

DEXCP 

DF 

DIS 

DLOB 

DO 

DROB 

Array 
size 

NR IV 

Common 
block 

UN ITS 

UNITS 

RIV 

SYS 
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Definition 

Constant for English or metric 
units in Manning's N equation. 

Correction factor to convert river 
dist anc es from miles or kilometer, 
to feet respectively meters. 

Critical section factor 
CRT = Q/lg/2 . (SUBPF) 

Constant of stage dis cha r ge 
relationship. 

Depth used in first derivative 
calcula t ion in Newton-Ra phson 
appro xima tion . [BK\,'AT ) 

Critica l depth. (SUBPFJ, p,·EIR) 

~o rnal depth. [CO:\T] 

Average depth between cross section 
points . [GEml] 

Change i n bed area. [ SROUT J 

Cross section depth used in cal-
c ulations for hydraulic properties. 
(HYD?R J 

Te~porary deriva t ive value . 
[BKi·:ATJ 

River distance between two cross 
s ect i ons . 

Rive r distan ce between cross sec-
tion and next cross section up-
stream. [SUBPFJ 

Darc y -~eisbach fiction fac t or . 
(KEIRSJ 

Rive r distance. [KL'\o.'ASER), [R IVDSJ 

Station of left ove rbank. [I ~l] 

Depth at overbank. [CHNGM ] 

Station of ri gh t overbank. [I ~l] 



Variable 

DT 

DV 

DWS 

DX 

DXDY.'N 

DXUP 

DZF 

EA 

ED 

EuK 

EL 

EO 

EPS 

ER 

ER 

ERROR 

Array 
size 

NSEC 

:\D 

~SEC 

Common 
block 

INF 

HYD 
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Definition 

Time period length in days. 

Change in volume between cross 
sections. [SROUT] 

Increment of water surface eleva-
tion. [CHNQ-1] 

Horizonta l distance between cross 
section points. (SROUT] 

River distance to do~~stream sec-
t ion. (SROUT ] 

River distance to upstream section. 
[SROUT ] 

Change in cross section point ele-
vation. [OCTl ] 

Maximum change in bed elevation 
all owed before cistributing change. 

Intercept of the least squared re-
gression (log scale ) . [LSQ] 

Effective depth for the given cross 
se ction and for the given water 
surface elevation . 

SECl Storage array for effective depth 
at cross section. 

Error in computed water surface ele-
vation for le f t point. [DIV!lE] 

Temporary value. [HEIRS] 

INF Maximum allowable error in total 
head used in ba ckwater calculations. 

Error in total head for estimation. 
(BKi-.'AT] 

Error in computed water surface ele -
vation f or right point. [DI VDE] 

Difference in water surface elevation 
in divided flow situation. (SPLIT], 
(DIVDE ], (SPTGW] 



Variable 

EW 

EY 

F 

FET 

FLOB 

NC 

FROB 

FX 

FY 

G 

GC 

GRAV 

H 

HL 

HLV 

I 

I CALL 

I CALl 

ICAL2 

I CANT 

Array 
size 

NSEC, ND 

."SEC 

KRIV 

(~CALL , 5) 

Common 
block 

HYD 

SEC2 

UK ITS 

SEC2 

RIV 

UNITS 

RIV 
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Definition 

Effective width for the cross sec-
tion and for the given water surface 
elevation. 

Temporary value. (WEIRS] 

Manning's ~ for point in a cross 
section. 

Increment of water surface elevation. 

Manning's N for the left overbank. 
[I~l] 

Average Manning's N between cross 
section points. ~EO~] 

Manning 's N for main channel . [I~l] 

Manning 's N of right overbank . [1~1] 

Average x values in linear regres-
sion. [LSQ] 

Average y values in linear regres-
sion. [LSQ] 

Sediment transport in cfs. 

Coefficient of sediment transport 
for river sediment. 

Value of gravitation acceleration. 

Interval between points. [DIVDE] 

Head losses. (BKI~AT], (BRIDGE] 

Head losses due to contraction and 
expansion. [BKWAT] 

Increment and loop counter. 

Sequence of subroutine calls. 

ICALL (KC, 1). [1\'UWASER] 

I CALL (~C, 2) . (KUWASER] 

ICA..';T .. ICO~T (!\R). [COKT] 

I CALl 

ICAL2 



Variable 

ICONT 

ICRI 

ID:\G 

I?LAG 

IF LAG 

IFLG 

II 

r:wc 

I ' !l 

Array 
size 

NRIV 

NSEC 

Common 
block 

RIV 

SEC1 
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Definit ion 

Type of downstream control. 

= 1 stage-dis charge relationship. 

2 stage-hydrograph. 

3 downstreaM water surface . 

4 greatest of 01 and [ 2. 

= 5 greatest of 01 and 03. 

6 No!1Tlal depth . 

Critical flow fla g . 
[SlBPF] 

[BKI~AT], 

ICRI 0 subc riti cal flow . 

ICRI = 1 supercritical flow . 

Flag fo r dred ging. 

IDRG 0 no dred ging . 

IDRG 1 dred ging. 

Dumb ie variable. [ Kn:ASERl 

Flag for convergence of divided 
flow calculations . JKlh'ASERl, 
[Dl\"DE], [Gl~B:\D], [SPLIT], lSPTGh'] 

1 solution found. 

= 2 no solution found. 

3 s olution bounded on maximum. 

4 s olution bounded on min i mum. 

Flag for over bank flow . [GEO:!] 

Flag for dredging . [DREDG] 

Increment and loop counter. 
[GE 0~1] 

Time per iod of maximum water 
surface at section. 

In c re~en t and looo cou~ter. 

[ GEO~! ) 



Variable 

IPRNT 

I ROOT 

IROGT 

IT I ME 

Array 
size 

8 

t\RIV 

Conunon 
block 

PRT 

RIV 

1:\F 
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Definition 

Print controls. !PRINT (Ml) = 0 
or 1. If equal 0 no printout, if 
equal to 1 printout. 

(1) All input data read from files 
IS and 17 are printed. 

(2) Coefficients, correlation 
coefficient, and standard error of 
each of the hydraulic propert y 
equations are printed for each 
cross section. 

(3) The final elevation and 
change in elevation at each cross 
section point are printed. 

(4) Maximum ~ater surface 
elevation and the tine period of 
occurrence are print ed for ea ch 
cross s ection . 

(5) Minimum bed elevation at 
each cross section is printed at 
t he end of simulati on . 

(6) Cros s section properties 
(time period, e ffective ~idth, 
effective depth, total area, 
total conveyan ce, a lpha, velocity, 
~ater s urface, elevation, dis-
char ge) are printed. 

(7) Binary out put for all data. 

(8) Error messages are printed. 

I ROOT = I ROUT (~R). ( SROVT ) 

Type of downstream cross se c tion 
s ediment routing or river r each. 

I ROL'T 1 

I ROUT 2 

IROL'T 3 

fi xed , no routing. 

cross section down-
stream , normal rout ing. 

floati ng, no section 
downstream 

Current time period. 



Array Common 
Variable size block 

ITRIB NRIV, NTRIB RIV 

ITRYB 

ru::n u::ns 

I z:n:: ::SEC SEC 2 

IS PRT 

I6 PRT 

I7 PRT 

I8 PRT 

I9 PRT 

no PRT 

J 

JT 

K 

Kl 

K2 

KCONT NRIV RIV 
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Definition 

Type of tributary. 

= 1 point source in. 

= 2 major tributary in (c onsider ed 
as a se gment) . 

3 point source out. 

= 4 major tributary out (considered 
as a s egment). 

ITRYB = ITRIB (NR, J ) . [TRIBSJ 

Value for selecting unit-system. 

IL'!\IT = 1 English . 

Iu::n 2 Het ric-S I . 

Cross section thalweg point . 

File used fo r general data input . 

File used for output to printer. 

File used fo r cross sectional dat a 
inpu t. 

File used for di s charge data 
input. 

Fi le used fo r binary outpu t. 

Fi le used fo r binary output . 

Incremen t and loop coun ter. 

Increment and loop counter. 

Increment and loop counter for 
cross section numbe r. 

Cross section number. IDVPJ 

Cross s ection number. [DUPJ 

Number of sections which wa ter 
s urfa ce control . 



Variable 

KD 

KDC 

KDCPl 

KDPl 

KDT 

KDTPl 

KDTR 

KDY 

KDPl 

KDl 

KD2 

KFLAG 

KI 

10!1 

KOL~T 

K.Pl 

Array 
size 

t-;RIV 

Common 
block 

RIV 
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Definition 

Number of do~~stream cross section. 
(KUWASERJ, (CONI], (FLOW], (NVAL], 
(SUBPF) 

Downstream cross section in cut-
off. ( SPTGh1 ) 

KDPCl = KDC + 1. (SPTGh') 

Downstream cross section for 
river segmen t. 

KDPl = KD + l. (SPLIT], (Sl:BPE), 
(SROt.:T ) 

Dow~stream cross section for 
Tallahatchie River. [STPGh' J 

KDTPl = KDT + 1. • (S TPG,,'J 

Dow~stream cross section for 
reve rse flow Tallahatchie River. 
[ SP TGI-.' J 

Dow~st ream cross section fo r 
Yalobusha. [SPTG,~ ) 

KDYPl = KDY + l. [STPGh') 

KDPl = KD +1. [SPLIT), (SYST) 

~umbe r of dowmst rearn cross sect ion 
of first river s e~en t in divided 
flow' situation. [SPLIT] 

~umber of do\mstrean cress section 
of second river segnen t in divi ded 
flow situation. [SPLIT] 

Flag for reverse flow in Talla-
h at chi e . [ G .,rs ~,;n] 

Increment and loop counter. 
[OVTl ] 

!0!1 = K - 1. f SUBPF] , p,'EIR) , 
[ SROCT] 

Iteration counter. IBK,\AT], fDI\'DE] 

K.Pl = K + l. fSV:SPT], fSROt.:TJ 



Variable 

KT 

KTR 

KTRIB 

KU 

KVC 

KU:!l 

KUP 

KCT 

KUTR 

KCY 

KUl 

KC2 

KW 

KYAL 

L 

Array 
size 

NRIV, ~TRIB 

NRIV 

Common 
block 

RIV 

RIV 
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Definition 

KT = KTRIB (NR, J). (FLOW), 
(SPLIT] 

Discharge cross section for 
tributary. 

~umb er of upstream cross section. 
(KL11,1ASER), (FLOh'J, (NVAL ), (SUBPF) , 
(SED]' (S ROl'T] ' P-'EIR] 

Numbe r of upstream cross section 
in cut-off. (SPTG\v] 

Kl'Hl = KU - 1. (SPLIT), (SROUT) 

Upstream cross section for river 
s egr.ent . 

~ur.b er of upstream cross section 
in Tallahatchie River. (G~BXDJ , 
(SPTGh'] 

Xur.ber of upstream cross section 
in reversed Tallahatchie River. 
(G .-.' E~:DJ, (SPTGh'J 

Kur.be r of upst ream cross section 
in Yazoo River. ISPTG~J 

Xumber of upstream cross section 
for the first river segme~t in 
divided flow situation. [DIVDE], 
[SPLIT] 

Nunber of upstream cross section 
for the second river segment in 
divided flow situation. [DIVDEJ, 
[SPLIT) 

~eir cross section number. [WEIRS] 

DC\·."11Streal:'. sec tion on Yalobusha. 
[ STPG~·!J 

Increment and loop counter for 
cross sectional points. 



Variable 

1-!ST 

Ml 

~12 

N 

NAP 

~c 

:\CALL 

KDIS 

~;n s 

:\P 

:\QI 

NR 

NRC 

NRIV 

NRl 

Array 
size 

KSEC 

Common 
block 

SEC2 

I :\F 

RIV 
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Definition 

Number of cross section points 
M = ND (K). (INl), (CHNGM], 
(Kffi,'ASER] 

Max imum number of iterations for 
backwater curve. 

Loop counter. [INl] 

Loop counter. (I!\1] 

Increment and loop counter. 

Numb er of water surface elevations 
used for linear regression of 
hydraulic-properties relationship. 
[ CP:\C::!] 

In c rement and loop counter. 
(KL .. h'ASER) 

~umb er of s ubroutine calls for 
each time period. 

:\umb er of points in each cross 
se c t ion. 

Nu~b er of sedi ment distributions. 
[ SROU ] 

Loop counter. [ SROrT] 

In crement and loop counter. 
[1:\1] 

Numb er of i n cre~ental subareas. 
[CEO:-! ], (SROCT] 

Number of discharge sections. 

I ncr e~ent and loop counter for 
number of river segment. 

River se gme t number for Ft. 
Pemberton cut-off. [G\,TB:\D], 
( SPTGI~] 

Number of river segments. 

Number of fir s t river segment in 
di\·ided flow situation. fDI\"DE], 
(SPLIT] 



Variable 

NR2 

KR3 

NR4 

~RT 

:\RY 

:\SEC 

:\T 

!\II:! 

!':TRIB 

OA4 

OA9 

p 

p 

PC 

Array 
size 

:\RIV 

:\SEC 

NSEC 

Common 
block 

I !'JF 

I:\F 

RIV 

SECl 

SECl 
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Definition 

Number of second river segment in 
divided flow situation. [DIVDE), 
[SPLIT] 

River segment number. [DIVDE), 
[SPLIT) 

River segment number. [DIVDE), 
[SPLIT) 

NR.'11 = NR - 1. (KU1{ASER) , [N\'AL) 

River segment number for Talla-
hatchie. [SPTGW), (Gl~B!\D ) 

River segment number for reverse 
Tallahatchie. [SPTGl~J , [Gh'B:\D) 

River se gment number for Yal obusha . 
[ SPTGV.' ) , [G ·!BXD) 

~umber of cross sections . 

NT = .'TRIB (:\R). [ P:l) , fFLOF) , 
[KL"h'ASER], [SPLIT], (TRIES) 

~umber of ti~e periods . 

:\umber of tributaries for each 
river segment. 

Initial value of A4 . 

Initial value of A9 . 

Wetter peri!:le ter. fGE O:l) 

Distribution factor for divide 
flow situation. [Ktn~ASER], 
[DIVDE], [I '!'-! 1), [SPLIT], fGltB\"D], 
fSPTG',.,'] 

Percentage of sedimen t going over 
the weir . [l{EIRS] 

Vp per limit for divided flow 
ratio P. P~1A.'\ = 1. [DI\'DE] 

Lower limit for divided flow 
r a tio P. Pm N = 0. (DIVDE) 



Variable 

PNR 

QSL 

QTAL 

QYAL 

R 

RC 

RCK 

RD 

RDT 

Rl 

R~ 

SB 

SEAR 

SD 

SDA 

SL 

SNADA 

S}1Z\\S 

Array 
size 

NRIV 

NRIV, NTRIB 

10 

Connnon 
block 

RIV 

~SEC SECl 

KRIV , ~TRIB RIV 

!\RIV RIV 

10 

NSEC SEC2 

NSEC SEC~ 
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Definition 

Distribution factor for divided 
flow situation. [Km~ASER] 

Tributary sediment discharge 

Tallahatchie discharge. [SPTGWJ 

Yalobusha discharge. (SPTGV-1) 

Hydraulic radius. [GEm!] 

Correlation coefficient of 
hydraulic properties relaticnsh i ps. 
[CH~G~·1), [LSQ), (LSQF] 

Correlation coe fficient for hy-
draulic properties relationships . 
[ CH;;0.1) 

River distance for cross se ction . 

~a in stem river distance f or each 
tributary. 

RI = FLOAT (I). [Ot:Tl] 

Coefficient used to correct the 
conveyance for the current dis-
charge. [~'YAL] 

,-.ax1mum va ue or ·' . " "' . 1 f R'' [',"'\'AL) 

t-!inimurn value for R~. [l-.'YALJ 

Average river s egment slope. 

Standard error of the estimate 
for hyd raulic properties rela-
tionship . [LSQ], [cH:;G~!] , ILSQF] 

SDA = SlP.'illA/:-.1HS. [SROl!TJ 

Slope use d in divided flow. 
[DI\"DEJ 

Sum of absolute bed area chan ge . 
(SROUTJ 

Sum of water surface elevations. 
I SROl?T] 



Variable 

STAGE 

SUHA 

S1.;~1B 

se:-~c 

SC'lD 

sr~rnA 

sc:mz 

SL':!Dl 

Sill !XX 

SL~IXY 

SilllY 

TA 

TAK 

Array 
size 

NSEC 

NSEC 

Common 
block 

RIV 

SEC2 

HYD 

SECl 
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Definition 

Value of stage used for downstream 
control. 

Sum used in least squares regres-
sion I(xi- x)·(Yi- y). [LSQ) 

Sum used in least squares regres-
sion I(xi- x) 2 • (LSQ) 

Sum used in least squares regres-
sion I (y i - y) 2 • (LS Q] 

Sum used in least squares re gre s-
sion I(yi -A+ ~xi) 2 or 
I(y i - Yicorr) 2 • [LSQ] 

Sum of the bed area change . 

Approximate change in bed 
elevation. [SROUT] 

Sum us ed to cowpute effective 
depth. [GEO~I] 

Sum used to compute effective 
depth. [GEO~I) 

Sum used to compute effective 
\.:idth. fGE OH] 

Sum us ed to calculate alpha . 
(GEm!] 

Sum used in least squares regres-
sion . [LSQ] 

Sum used in least squares regres-
sion. [LSQJ 

Sum used i n least squares regres-
sion. [LSC')] 

Sum used in least squares regres-
sion. [LSQ] 

Total area at the cross section 
and for the given ~ater surface 
elevation . 

Storage array for total area at 
the cross section (K) . 



Variable 

TEDl 

TED2 

THD 

TITLE 

TK 

TKA 

TKD 

TKK 

TOL 

TQ 

u 

r s 

v 

\ 'H 

VHD 

VK 

Array 
size 

20 

:\SEC 

~Q I 

NSEC 

NSEC 

Common 
block 

HYD 

SYS 

SECl 

SEC 

HYD 

SYS 

SECl 

SECl 

242 

Definition 

Temporary value used for derivation 
of Newton-Raphson approximation. 
(BK\,'AT ] 

Temporary value used for derivation 
of Newton-Raphson approximation. 
(BK\,'AT] 

Total head downstream. [BKh'AT ] 

Array for the title of the program 
run. [I ~ l] 

Total cross s ect i on conveyance at 
the cross section for the given 
water elevation. 

Average conveyance used i n head-
loss cal culations. [ BK1,'AT] 

Total conveyance at dm;n streat:l 
cross s ec tion. 

St o r a~e array for total conve y-
anc e at cross section. 

Tolerance in divided flo~ calc u-
lations. [DI\'DEJ 

Storage array fo r total dischar ge 
at cross secti on. 

Fl ow velocity. [ ~EIRSJ 

Shear velocit y . f !-'EIRSJ 

Velocity. 

Velocity head. [ BJ....~,'AT] 

Vel ocity head at dm:r.s trear. cress 
sec tion. 

Storage array for velocity at 
cross section. 

Storage array for effective ~i dth 
at cross section. 

\,' idth of the r;..•eir. f\..'EI RJ 



Variable 

\~S 

\-.'SA 

\\' SB 

\·.'SC 

FSD 

I..'SK 

I·.'S:'L-\X 

v 
-~ 

XB 

XL 

XP 

XR 

XX 

y 

YB 

YO 

yp 

z 

Array 
size 

l\SEC 

l\SEC 

~SEC , l\D 

10 

10 

10 

l\SEC, ND 

Common 
block 

SYS 

SECl 

SECl 

SEC2 

SEC2 
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Definition 

\-.Tater surface elevation. [BKWAT], 
(CHNGHJ, (CONT), (GEOM), (HYDPR), 
[SUBPF), [wEIR) 

\-.'ater surface elevation of stage 
discharge relationship. [CO 'T] 

Water surface elevation of stage-
hydrograph. [CO}\T) 

Water sur fac e elevation at dovn-
strearn cross section. [CONI) 

Do~~strearn vater surface elevation. 

Storage array for ~ater surface 
at cross section. 

Maximum ~ater surface elevation 
at each cross section. 

Array of horizontal distcnces for 
each cross section. 

Increment of channel vidth. (CEO:'!) 

X- va lue for forced point . [LSQF] 

Temporary value of P use d in 
divided flov situation. [DI\"DE) 

Ter::po rary value. [LSQF] 

Te~porary value of P used in 
divided flow situation. [DI VDEJ 

~X = AD array of log values of 
depth used in least squares re gres-
sion . [LS Q] 

Arra Y used in least squares r egres -
sion . [LSQ] 

Array us ed in least squa r es re gres -
sion. [LSQ) 

Y-value for forced point. [LSQF] 

Temporary value. fLS QFJ 

Array of bed elevation. 
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Array Common 
Variable size block Definition 

ZB Increment of channel depth. (GEOM] 

ZDIF Difference between maximum and 
minimum elevation for each cross 
section. [ CH\G~t] 

ZDIP.1 UK ITS Inc rement of water surfa ce eleva-
tion, for the calculation of the 
hyd raulic properties relations. 

z~n~ ~SEC 11 Minimum elevation for cross 
sec tion. 

z:rP3 z:n}i + 3. o. (SROVT ] 

zo NSEC , ~D SEC2 Orig inal bed elevations . 

ZOB !\SEC SEC2 Over bank elevation. 

ZSQ Comp uted section facto r. 
[S t:BP F) 



• 245 

APPENDIX D 

LISTING OF PROGRAM KUWASER 

The following is a list of the program KUWASER. The listings are 

presented by subroutine in alphabetical order. 
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Program KUWASER 

c c c c c c c c 

c 
c c c 
l c c c c c c c 

c c c 
c c c 
c c c 

t'WI)I,jWAM KUWA)tR 
11l~t'UitUUI~JI•b~tT-t'~b•U~It'UTtlA ... t~&b)tTAt'lf•bSt1At'fb•)1JtTAt'fY•Sl 
t!.Jt i At'~10&~1Jl 

!MIS ... WOu"AM 15 A K~O•N UlSC~ARuft WAlt~ ANU sEU!MtNI ~UUilNu 
MUUt.Lo 
IMl~ MU0£L ~AS UtL~tLUt'lU ~y uLtNN Uo o~U•N ANU WUM·~lN~ Llt 
AI IMt lNbiNttRl~u Wl)lAN~N Ct.NifNt CU~U~AIJU ~IAT~ U~l~t~SIIYt 
~vNT CvLLlNSt CULUWAUu. 
CUI'IMUN /StCl/ WUllll 

1 WS~(1001 t Wtl1UU) 
t! A 1 l 1 v u l t At! l lUll l 
J ASllUOI t AbllUOl 
• AYI100l t AlV(lOOl 
S tlJ(}UV) rito(1liU) 
b tlll}Ulll tltllliJOl 
7 UA,.(lUOl t UA~IIOOI 
tl T~~(IOOl t ALt'~(!UUI 
'I 1MA)(\!0Ul 

LU"!I'IUN /St.C21 
1 ULUyllOOI 
t! SU~QAllOUI 
J ullOU l 

I.OI'II'IUN /UNIT~/ 
1 uk AV 
t! IJli'IA~ 

CUM!o1UN /l~Ft 
1 lUW G 
t! ~I AGt 
3 1CALLl3l.ldl 

lU"'I•IUil< /N 1 Y I 
1 NlklollOI 
l 11AllUI 
J ~INIUllOtSI 
• 1Muul <llll 
~U.,.MUN /1-'Nl/ 

1 If 
UlM[N~lON 

UAIA IOIJM~IOI 

All0Ut22l 
t UW Ud ( I u u I 
t SMAUA(1ll01 

lU •H I 
t V~AL 

NStl 
' Lt. t 1l{Mt. 
t MS l 

NN!V 
t 1Lu ~l(J OI 

(.All Ul 
All1Ut~l 

' )tl ( ' v) 
l"'N N I ( M) 

t 1 H 
t'N k ( 1 V) 

UtFINl UtYI(t NUI'IutWS 

~U<lUOl 
ll'll .~ I 1 0 0 I 
A3 11UO I 
A7111i01 
tllllllul 
d::ll1liUI 

t a'III1UUI 
t t.OC.l10iil 
, v~lluul 

lllOUtt!t!l 
~ I!UUtccl 

, :>l'll•::d!Oill 
t CUNU~ 
, rt:l 
, -. r 11'1 
' cc 

'ljlJ 1 
C. I":> 
C.U"'llill 
.lSI. 11 IJ t ::>I 
"(UillVt:ll 

• :;! 11 u. ::>) 
AN l 1Ul 
1::> 

t 1Y 

l~t'UT Utv!CE FON bEN[MAL L)AIA ~ILt 
OtVIC~ tUN t'NI~It U UUI~ u l 

• l"'llt!Sl 
t £Uoi1UVI 
, A"IIUIJI 
t Ar!llUIJI 

dt!llUUI 
dCilUU I 

t :!IUllUUI 
t IAI\llOUI 
, •:>"'AA IIOU I 
t lUI lUUtll l 
, 'IUI1Uu l 
t 1l"1111jli0Ul 

lulFM 
(1.)'\j'f' 

t 0 I 
' 1"0~ .. 
t i'IICALL 
t C.U J wN ll VI 
t AA(tV I 

11Nlt!l1Uo)l 
C.C i.IN I l 1 U l 

, or.<tu > 
• lb 
• 110 

15 
1b 
I 1 
It; 
{'ol 

ll U 

lN~ ~ ~ U[w1Ct ~UN C~USS ~t.L I IUN fiLt 
lN~ U T UlVILt. ~U~ ui~CMA~b~ t1Ll 
Otj lr'U T Ut.VICt f-U~ YlANLY LNlJ::>!:> ~C:CilON ELtVAI10N5t 
lijiNA~Y UUII"Uil 

I>IJ I ... Ul 1Jt:. Y1(t. tuH Cto~OSS St.Ll!UN MTUNAULlC t'H,>f.>HllSt 
I H 1 · ~ ANY UU I"'"' I l 

lUU 

llu 

l~ U 

~~ = ';) 
1b = c 
I 1 "' 1 
ld • d 
jy = ._ 
llU :: 10 

N[A U 1N TME St:Ol"'fNT ANU btU~t:T~Y OAIA. 

L>~LL INI 
~VIS LU~Nt.CT VALUtS IU l~l CUN5 1 AN1::. ALCUM01 ~G TU IHE UNI I -~Y::.TEI'I, 

LALL UNll 
lUNVt.HI MIVEM OISl~NCt:~. 

uu 1JO N~ a 1tN~lll 
..- 14~ INM I • IJ,::> 
KU : 1\•J"' (NHI 
KU : I\U Uw •4 I NH l 
~~ INH.to.t 1 b \l ru 1 uu 
N~P'11 " NR • 1 
1t CIHI,t.Qo~UP l ·4NI'I1) I 1\U 
UU 11V 1\ a KUti\U 

Ul::> "' Mll (fl:l 
LALL RlYO!:> lo~WtlJl~l 
Ml)(l\) :: l)j~ 

CON I 1 l'oUt. 
Nl • Nll'l}t:llNNI 
lt INI.t.(JoUI I>U IU 1JU 
uu 1lu .J & l•"'' 

L-1~ " Wilfl i•Nt.Jl 
LALL ~ 1 w0~ I"'Holl l:> l 
HOIIN~•..II c Ul~ 

CliN I I Nut. 

• 1\U • I 

U010 
UUcO 
UUJ\J uo .. u 
UO!:>l.l uuou 
OU/0 
OUtiU uu-;o 
u1v0 
Ul!V 
Ult!O 
UIJO 
U1ooU 
01::>0 ulou 
u I I u 
Ldau 
01.,\J 
Ut!JO 
LillO ozcv 
UcJO 
Ocoou 
u2:~u 

,ucco 
Uclu 
Uct10 ut .. o 
OJuO 
UJ!IJ 
OJ cO 
03 JV 
uJ .. u 
UJ:~O U3oo 
UJIU 
UJou 
(13-; 0 
u•uu 
0410 
u•.:::u 
04JO 
U•oou 
u•::.o 
U4cU 
(.)4 (\) 
U"t:IIJ 
u•.,u 
u:>vo 
U:>10 
O::>cJ 
O!:> .. HJ 
U!:>1tO 
0~!:>0 u::.c o 
uStu u::.o o 
u:>., v 
UbUO 
Ublu 
uo.::: u 
UCJ V 
Ub" V 
UO:IU 
uoou 
Ubi U 
Ubo O 
uo-.u 
u7uu 
UllU 
ul~ u 
VIJIJ 
U/ .. u 
ur:~ u U7ou u, ( u 
u7o o 
Uf'IU 
Vt:I UU 
Ut; IU 
Ut:I<: U 
VOJ U 
Ut;oo l) 
Uti:> U 
uo ou 
Ut:I /U 
Ud o<~ 
uc:b u 
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Program KUWASER continued 

c c c 

c c c 

c c 
(. 

c c c 

c c c 

c c c 

c c c 
c c c 

c c c 

c c c 

c c c 
c c c 

c c c 

!Ju ~Oo>jfJNUI:. 

lov 

::.U lNIT lAL ULIJt.S 
OU l~U K a }tNSEC 

W~Mol)((K) : OoV 
SM£•SCKI z O.U 
SMAUACKI a OoV 
SUMUAIKI: OoU 
II~KIKI : 11.0 
I v t r<. I a 0 • iJ 
\It<. II\ I : 0• U 
t.u" '"' "' v.o · tit.ll\1 a O•V 
ALI ... I\(1\1 o: u.O 
li\KIKI = u.o 
[AI\ II\) a UoO 

SET U~lGNAL ~~0 lLl\IAI lUNS 1~10 ZU(KtLI A~~Ar. 

M : ... UIK) 
UU 1411 L a 

LUIKtLI 
CUN II NUt:. 

CUN T I rouE 

1 t M 
: LCI\tLI 

CALCULATt:. THt. lNITlAL HfU~AUL!C P~O~~wl lt.S Uf EACH ~ROSS SECTION 
UU lbU K a \tN~t.C 

l"LL lHAL IKI 
CaLL CHNG"' CKI 

l:UN f !NUE 
ll~~alt. U~tH I:.ACH T!H~ ~t:.RlUO. 

11' lo•T )M,,..t:.,UI I.>U IU 1 fV 
wMIT~ C)bt.i!UI 
ST.JI" 

ltv uo Juo 1 = t•Nll"' 
lTIHf."' I 

1dU 

l'1U 

zuv 

Zlv 

llt.Halt. OYER ~UdMUUTlNl CA~~S 

OU i9U N( : ltNLALL 
!CALl = ICALLINCtll 
I.>U TU CldUtl~lltciiU•clUt22Vtc3v•c~Utc~Vt2bUtc~UI • lCALl 

Ut.ltMMJNt:. fLUII AT EaLH LMU~S ~t:.LllU~ 

l:ALL F"L.Uiol 
liU TU c ·10 

CALLUL~ l t. WAII:.R SliOo<fACI:. f'MUf!LE fUH o<t:.ACH 
(.ALL SUd~f (!CALLINl:tcll 
~>U ru c'iV 

Cl)MjJUfl:. fLUW~ ANU •Alt:.N ~UMfACE ~wUflL~S ~OM OIVlUEu f~u• ~t:.~CMt:.S 

!CALc = ICALLCNCtcl 
jJ: 1"1'\jNilCALcl 
!fLAI.> : 0 
LALL Ol't'UE Cll:ALL(NCtlltlCALLC'OCtJl tlU.JMr3tlUJMdolf~AI.>tl"l 
r'N"' I!CIIL21 = "' 
1.>0 IU c'iO 

LALCULATt SE UIH[NT TNAN~f'UMT AT EACH L.CU~S St.CIION. 
l:ALL StU 
I.>U IU ~'11) 

CALCULAII:. SEUlMENT TwAN~"'Uwl UVER THt Wt!MI~I 

l.cU CALL wtl~S ClLALLCNCocltiCALLI~C ,jl I 
uu ru ~'10 

LALCULAT[ l~ldUTAMY SEU!Mt.NI UlSCHAM ut.o 
lJu ~ALL TMIHS 

uU IU c'i O 

2~u 

t<UUTt. IHt ~EUl~1ENl )N IHt Mlllt.~ lolt.AL-1 
CALL SMUU T Cl CALL I NL t 2 II 
uu ro co;u 

UU~LlCAlE ~RUI"fRTJ~S AI UVUdLt CRUS~ ~~Cf)UN ~ 

(.ALL QUIJ IICALLCNCocldlALLINLdll 
1.>0 IU c-111 

UYVV 
(IYIU 
u<.~cu 
UYJU 
u<.~ .. u 
U'li':1V 
U9,1.1 
0"'/1.) 
Oo,lc!U 
UY~V 
lUVV 
lUlu 
!O~V 
!VjU 
lii"U 
HI':>O 
lllcv 
!OfU 
lUe!U 
lU.,O 
11 vu 
!flU 1 c::o 
if;~ 
11':111 uco 
1l (() 
lloiJ 
11YO 
levu 
1210 12cu 
JcJu lc .. v 
Jc=>u lcou 
lifO 
!coo 
12..10 
JJuo 
1 J l 0 
lJc::u 
13JO 
13 .. u 
13::>0 
1Jt>O JJ rv 
13oo 
lJ~U 
l•vu 
1•1 0 
14c'IJ 
l4JO 
l••U 
14 :> V 
J•oo J ,., I) 
1•ov 
1•'10 
!':IOU 
l':11U 
l':lt'U 
1':1JU 
1~ .. v 
1':1::>0 
1~t>U 
1::~/u 
I ':lou 
l~'iU 
lbo.IV 
JCIIO 
lc.:u 
1CI.) U 
1c. .. u 
lC:l U 
lbc u 
1bfU 
lcoO 
H >Yll 
1 /11 1.1 
1 I I U 
lieu 
17 J u 
11 .. v 
1 r => u 
17ou 
1 7 /I) 
1 rou 
1 r..v 
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Program KUWASER continued 

c ltiiiO c lbT Fuk MAXIMUM •aT£H SU~fACt U £ACI1 CHO!t::t SECTION ltl! I) c lt!cu 
c!t>U 00 ii!"IO K • ltN::.t::C lt.!JO 

H I•::.I((II.I.Ll •• ~MA.UI\1) GO IU cru ltSO.U 
wS~o~A.-.111.1 a WSI'\II\1 ld::OO 
lMAI>(K) • llll'lt. iDoU 

Uu CONllNu£ lt!IU c lt!dU c "'"I NT our lHl Rt::::.ULT::O. id'IIU c '1UU 
CALL nu r 1 i'1!U 
uO 10 c-;o l'1tu c 19JO c U"EOu£ ~lV[R HEAtH ,., .. 0 

c l'li::OO 
l9C>U 

tALL n"t.uu tlCALL(Nl:tcll 1"' /, 0 
l'1u CON I I NUt. l'lldU 
Juu c CON I lNUl l'1¥U 

c!O •J 0 
~TUP cOlu c cocv c cUJO c co .. u 

Jlu tU"MAT (//t}UAtri:IHTHt NUMnt.~ Uf Tl"'t:. 1-'t.~tuu:, EYUAL it:.M0ot/tlUAt .. 2H cU?O 
lNU •All" U" :,tO ~tNT WUUIIN~ iS ~t."~"J""'tU.I cOe>U 

t:.Nu ZUlU 

• 
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Subroutine BKWAT 

c 
c 
c 
c 
c 
c 

c 
c 
c 
c 
c 
c 
c 

c 
c 
c 
c 

c 
c 
c 

c 
c 
c 

c 
c 
c 
c 
c 
c 

8UJROUTINE I«WAT CKtWS,ICRI> 

THIS SUBROUTINE CALCULATES THE WATER SURFACE ELEVATION AT A 
CROSS SECTION ONCE THE CONDITIONS AT THE DOWNSTREA~ SECTION 
ARE KNOWN. THE ROUTINE USES A FIRST ORDER NEWTON-RAPHSON 
SOLUTION TO THE SOLVE TH£ TOTAL HEAD EQUATION. 

COI'tl'tON 
1 
2 
3 • 5 
6 
7 
8 
9 

COI'tHON 
1 
2 

COI'tl'tON 
1 
2 
3 

COMMON 
1 

COMMON 
1 

COI'tHON 
1 

/SEC1/ 
WSI\ < 100 > 
1111(100> 
A5<100> 
jll!'i'(100) 
113<100> 
117<100) 
OA4<100> 
TKK<100> 
Il'tAX< 100 > 

/UNITS/ 
GRAV 
DZI1AX 

/INF/ 
II!RG 
STAGE 
I CALL< 30' 3 > 

/SYS/ 
DEX 

/HYil/ 
ALF' 

/F'RT/ 
I7 

WD<22> 
t WE<lOO> 
• 112<100) 
' 1116<100) 

111110( 100) 
11-4<100) 

, 118 ( 100) 
OA9(100) 
ALPK <100) 

IUNIT 
r VVAL 

NSEC 
' CE 
• ITJI'tE 
, l'tST 

VHD 

v 
, TK 

IPRNT<8> 
, IS 

t RD<100> 
r Zl'tiNC 100) 
r A3<100> 
, 117(100) 

81(100) 
11:5<100> 

• 119<100> 
r EDK<100> 
r VKC100> 

t CORDS 
t FET 

, NTII't 
• cc 
, NDJ 
, EPS 
' WSD 

, ED 
, TA 
j IS 
' I9 

CALCULATE THE TOTAL HEAD POWNSTREAH, 

THO • VHD + WSD 

, T0<12:5> 
r ZOP<100> 
' 1111-4 <100) 
' A8<100) 
' 82 ( 100) 
' 16<100) 
' 1110<100) 
, TAKClOO> 
, WSI1AX<100> 

' ZDIFH 
• CONV 

, DT 
' PORI't 
, NCALL 

, TKD 

, EW 

' I 6 
' 110 

ESTIMATE THE UPSTREAM WATER SURFACE ELEVATION BASED ON THE 
IlOWNST~EAH CONDITIONS, 

1\0UNT • 0 
WS • WSD + DEX ' <TOCKl/TKD> * CTOCKl/TKD> 

100 KOUNT • KOUNT + 1 

DETERMINE IF ESTIMATE IS GREATER THAN THALWEG . 

I~ CWS.LE.ZMIN<K>> WS • Zl'tiN<K> + FET 
CALL HYPPR (KoWS> 
IF <KOUNT.GT. MST> GO TO 1-40 

CALCULATE VELOCITY HEAD• CVH>, 

VH • ALP ' V * V/<2, ' ORAV> 
CCE • CE 
IF <VH . LT.VHD> CCE • CC 

CALCULATE THE HEAD LOSSr CHL>. 

TKA • <TKO + TKl/2 , 
HLU • A85CVH - VHD> ' CCE 
HL • DEX' <<TO<K> 'TO<Kll/CTI\A • TKA>> 

CALCULATE THE ERROR. 

ER • VH + WS - HL - THD - HLV 

TEST FOR ERROR TOLERANCE. 

JW 0010 
... 0020 
JW 0030 
... 00-40 
aw oo5o 
JW 0060 
8W 0070 
JW 0080 
8W 0090 
JW 0100 
JW 0110 
IIW 0120 
JW 0130 
8W OJ-40 
IIW 0150 
IIW 0160 
... 0170 
IIW 0180 
IIW 0190 
IIW 0200 
IIW 0210 
IIW 0220 
JIW 0230 
JIW <'2-40 
IIW 0250 
IIW 0260 
IIW 0270 
IIW 0280 
IIW 0290 
llW 0300 
llW 0310 
BW 0320 
IIW 0330 
JW 03-40 
PW 03:50 
IIW 0360 
IIW 03 70 
JW 0380 
8W 0390 
IIW 0-400 
IIW 0-410 
JW 0-420 
I<W 0430 
BW 044 0 
IIW 04~ 0 
IIW 0-460 
JW 0470 
8W 04c3 0 
IIW 0490 
8W 0~00 
liW 0~10 
8W 052 0 
JW 0530 
IIW 0540 
IIW 0~~0 
8W 056 0 
IIW 0~ 70 
IIW 0580 
IIW 0~90 
IIW 0600 
IIW 061 0 
IIW 06 ::'0 
IIW 063 0 
8W 0640 
8W 0650 
aw ouo 
8W 0670 
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Subroutine BKWAT continued 

c 
IF (APS<ER> oLE.EPSl GO TO 1:50 BW 0680 
IF CKOUNT.GT.MST> GO TO 140 8W 0690 

c ... 0700 
C CALCULATE THE FIRST DERIVATIVE AT THE ESTIMATED DEPTH, BW 0710 
c ... 0720 

D • WS - 2MIN<Kl 8W 0730 
IF <WS,GT.208<Kll GO TO 110 BW 0740 
TED! • 15<Kl - 2,0' B3<Kl - 1.0 BW 07~0 
ATEMP • <TO(Kl. TO<Kl/(2, 'GRAVll I (CA:S<Kli<AJ<Kl 'A3(Klll * ( BW 0760 

1BS<Kl - 2.0 I PJ<Klll I D * I TED1 JW 0770 
A TEMP • < 1, - CCE l * A TEMP JW 0790 
TED! • 84<Kl - 1.0 BW 0790 
TED2 • 2.0 * 84<Kl - 1 . 0 PW 0900 
8NUI1 • (4,0. DEX * TO<Kl * TO<K>l I <2.0 * TKD * A4<Kl * 84(Kl * PW 0910 

10 * I TED1 + (A4<Kl * A4<Kll a 2 . 0 a 841Kl a 0 * * TED2> BW 0820 
TED1 • 84<K> 8W 0930 
TE02 • 2.0 • B4 <K> aw 0940 
BOEN • <TKD • TKO) + 2 . 0 * TKD a A4<Kl * D • * TED1 + (A4<Kl • a BW 0950 

1 2 > * D * * TED2 BW 0960 
GO TO 120 8W 0970 

110 TED1 • BlO<Kl - 2.0 I 89<Kl - 1.0 8W 0880 
ATEMP • (TO< Kl * TQ<Kl/(2, a GRAVll * <<A10 <Kl/(A8 <Kl * AS<Klll * 8W 0990 

1<P10<Kl- 2.0 * 89<Klll * D * a TED1 8W 0900 
ATE11P • <1, - CCEl * ATEMP BW 0910 
TED! • 89<K> - 1.0 BW 0920 
TED2 • 2,0 * 89<Kl - 1.0 BW 0930 
BNUM • (4,0 I DEX I TO <K> * TO <K>> * <2.0' TKO* A9 <Kl * 89<Kl a BW 0940 

1D t t TED1 + (A9<Kl a A9<K l l * 2.0 * 89<K l I D I ' TED2> BW 0950 
TEI•l c 1!9<Kl BW 09 6 0 
T£02 • 2.0 * P9 <Kl BW 0970 
BDEN • <TKO ' T ~ Ol + 2.0 * TKO t A9(K) I D * I TED1 + <A9<Kl * * PW 098 0 

1 2> I 0 * * TED2 BW 0990 
120 DER • ATE11P + 1.0 + ( JNUI1/(8DEN * * 2ll BW 1000 

C JW 1010 
C ESTIMATE CORRECT WATER SURFACE BY NEWTO~-RAPHSON METHOD BW 1020 
C 8W 1030 

JF tOEF!.U ,O.O .. AHD.ER.IU.O.Ql GO lD U.Q.. BW ..104 0 
WS • WS - ER/ ABS <OERl PW 1050 
GO TO 100 BW 1060 

130 D • <TO<K> * TO <Kl a A500 l / (A3<K > * A300 a GRAV l PW 1070 
D • D * ' <J , / (J , t 2. * 83<K l - 85< Klll BW 1080 
WS c D + ZMI N<Kl + FET BW 10 90 
IF <WS.LT,ZO &<Kl l GO TO 100 BW 1100 
D • <TOOO * TQOO I A1000 li <AB <K > * ABOO * GRA Vl BW 1110 
D "' 0 t * (1 ,/ (1, + 2, * 88 <Kl- 8100\ ll l BW 11 2 0 
WS "' 0 t ZHIN<Kl + FET l!W 1130 
GO TO 100 BW 1140 

140 I CRI • 1 JW 1150 
I F <IPRNT<Bl.NE.1l GO TO 1 ~ 0 BW 11 6 0 
WRITE <I6r160 l EPSr115TrKriTI11E BW 1170 

150 IF <WS.LT.WS Ol WS • WSD BW 1 180 
RETURN PW 1190 

c sw t=oo 
C BW 1 210 
C BW 1~2 0 

160 FO RMA T <110Xr41HPACKWATER CALCULAT I ON DID NOT CONVERGE TOrF4.1r4H BW 1230 
li N rl3r11H I TE RATIONSr/r10Xr16 HAT CROSS SE CT IONrl4r19H DURING TIME BW 12 40 
2 PERI OOrl5 r/ r10Xr26HCRITICAL DEPTH IS AS SUME D.> PW 1250 

END BW 1260 



251 

Subroutine CHNGM 

c c c c 
~ c 

c c c 

c c c c 

c c c c c 

c c c c 

c c c 

c c c c 
(. 

100 

)Ud~uuTt~E C"~G~ 1~1 

THl~ )U~MUUTIN( CU~~UTtS ~U~E~ M[LAilU~~ fHAT A~~ JStU lJ 
l.ALLULAlt t.ntCilVt 1Jt.~lr1 ltUit t:.FFtCilwt. wlUTH ((lilt 
ALI'H>~ IALI-'1, IOIAL AWtA (fAit ANU TUIAL. LUNYt.TAN(t:. llll.lt 
~UN A LMUSS ~t.CTlONt A~ A ~U~LTlUN uF IHt IIAit.~ )U~fALt:. 
tLtYAI!O"' lw~l. 

LU04MUN /SECt/ 
1 w~rqlOOl c Al(lUU) 
J A!:l(lU~;) 
4 A~(tuU) : 
5 bJ\lVV) 
b bf(lUUl 
1 0A .. (l00l 
~ Tll.l\(lUOl 
~ l~A-Ilulll 

LUM""VN /UNIT~/ 
1 uNAy 
i U.!MA.O. 

lU,..MUN /HYUt 
1 ALl-' 

COI'IMI)N /I'NT/ 
1 11 
U1~"~t · 'IS!Ut~ 

1 ATA(IVJ 
C SUI luI 

UATA NAI-'/!Ut 

•ucccl 
, •t<lvul 

Ac I l VOl 
Ab l lVIll 

t AlvllllUI 
t t' .. llUO) 
t t'dllVO) 

UA<.II!OOI 
ALio'll.llOVl 

v 
t I" 

l~MNl (1:11 
• 11:! 

At w (ill I 
t Alll.(lVl 

~UIIUUl 
LMlNllVIll 

t A..;I!UV) 
t AfllUOl 
t dii!UU) 

:bl llJU) 
o'1IIOUI 
t.U'\ I 1 Ulll 

t Vl\llVU) 

t CU·W~ 
, rtf 

• c:u 
t I A 

IS 
~~ 

t AAL.PilOl 
t AU l 1 U l 

IY(lc!:ll 
tUtHIOOI 

t A"llOVI 
t Ad(!VVl 

rU(IVUl 
db ( l 0 u) 

t dlOI!Ovl 
t IAI<-11001 
t liS"'AA (l llOl 
t tUlHI 
' CU •.,.V 

• Ew 
• lb 

11 \) 
AtLl l 10 l 

t ~C"llul 

CALCULATt THt k[LAilUNSHllo'~ FU~ IH£ "'AIN LHANN(Lo 

LUlF c ZUHI~l - LMINIII.l 
1 r I L iJ 1 F • L T • L Ll I F M l L li H :: .£ Lll f M 
U•S = LUlt/fLUATIN>~I-'l 
·~ :: LM!Nir\) 
CA CULATE lHt [.UCT HYUI<AULlC Po<Ur>C:oo!llt.S AI (NA_,l EYtNLT Sr>ACEU 
•ATE.N ~UHfA(t ELtYAllUN~. 

UU lU U N:: 1tNA~ 
W:> :: wS • litiS 
lALL 1.>t.ll~1 IKolltSl 

IA~t:. Tnt:. LUG UF IHt:. HTUo<AUL!C P~o~ O r>too!llt.So THESE VALUC:S wiLL t'£ 
USE.U IN Trlt Ll~lAM ~ti.>Ht.~~~U~j ~UHNUvfJ\jtt SU IMAI A ~Uwt.N 
fuN(IiuN •ILL ~t:. UolAI NtU. 

Al•!Nl :: AL0~1£wl 
At U INI : AL Uvl~Ul 
AlA IN) : ALOvl fA) 
AII\INI • ALOulTI\l 
AALr'(Nl : >~LOI.>I~L~l 
AUI Nl : ALUtiC•S - ,£M!NII\l l 

LU!IIfl tiUl 
LALL Lt:.AST SYUAklS LlNtAo< ktGK£551UN 5Jooo!Uul1NE Tu CALCuLATt 
IHt HYU~AVLIC ~U•Ew ~UNCilO~jS. 
LALL LSU (NAI"tA U tAtWoAl(l\ltc!!IIUtNC"(llt~LJ(i ll 
CA LL L~" INAt"•A UoA t.O oA,II\Itdt'IIO to!lll. liO oSI)Icl l 
CALL L~U CNAr>tA UtA I AtAJCII.l odJltO •"C" Ult~LJ\.>1 l 
LALL L::i'-1 lNA~-'•AIJoA I II.tol"ll\1 te!i.lll.l •"l"'" ' t::>u("ll 
C.IILL L~U CNAI"tAUt~IILr'tA~ll\) td~(I\J.,.IlC.I:>) o:>LH :>l l 
UA• It\ l a: A it (I\ I 
H tNCII.\~tl.r,t.o.t!J <>u ru 110 
11::>11\ J = loc 5 
o~lf"l = u.ut 

1 1 v 

LALCULATt T~t. ~ELAilU~SM!I":> Fu~ U¥tK~A~I\ ~LU•• 

Uu a: Lu~ll\1 - 7~tNIII.l 
~~ lUU.Lt..u.ul I)U: V.l 
A~O : ALUI.>!Qvl 
oi i >~U a ALVI.>(AJ(~l • UU • • oJll\l l 
~ l i\U a: .t.LUI.>IA"(II.l • UU • • oitll\ll 
LuI~ a: ZU H t~ 
U•~ a: LUIFIFLUhTINAr'l 
UU leU N:: l• ••Aio' 

ws :: ·~ • uws 
LALL l.>t.U~ li"••SI 

(AI\t lHl LUG UF THt. HYUMAULIC P"Ur>tot ll ~~. lnt ~t. vA~Ut.~ II{LL tiE 
U~~l) IN IHt LlN[A~ MtuK~~Sl V~ SUoK uUI! ~tt ~U I~AI A ~U•t.~ 
I'U~CIIUN wiLL ~t UoiAl~t. U . 

AtWINI c ALO~lt•l 
AtUINI a ALOvlt Ul 
AlAIN) a ALOGIIII) 
AI II. INI a ALObl l l\l 
AALr>(!'ol a ALUu(ALr' l 
AUINt a: ALUG(a::> - l~!NIII. ) I 

CG 
CG 
Cu 
CG 
C\1 
C.:G 
CG 
Cu 
CG 
CG 
LG 
Cu 
Cu 
Cu 
CG 
CG 
CG 
CG 
cu 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG cc.; 
C\1 
CG 
CG 
CG 
Eg 
CG 
CG 
CG 
CG 
Cu cu 
Cu 
cu 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
CG 
Cu 
CG 
CG 
CG cc. 
CG cu 
CG 
CG 
CG 
Cu 
Cb 
CG 
CG 
((, 
cu 
LG Cu 
cr. 
CG 
CG 
((, 
cu 
CG c<> 
Cl.i 
Cu 
CG 
Ct. 
CG 
CG 
Cu 
Cu 
Lu 
cu cu 
Cu 
CG 
Cb 
Cu 

UOlO 
UOcO 
UllJO 
UOitO 
UU!:)O 
Ol.lt>O 
UOfO 
ooou 
00'110 
OluO 
OlJU 
OleO o Uu 
u ... 0 
u l:lo 
lllt>O 
II 1 I U 
UldO 
01'110 
ucuo 
UclO 
ozco 
IRJO 
Ol•u 
Uc~O 
UcbU 
UcfO 
ucou 
uc-1o 
uJuu 
11310 
OJ cO 
U3JU 
VJ"O 
oJ~o 
03t>\J 
VJIO 
03d0 
OJ<,~O 
V4UO 
U410 
o"co 
u"-'o u• .. o 
ll"~u 
0"b0 
U<il/0 
U4oU 
04"JJO 
U!:)UO 
0!::>10 
o~co 
U!::>Jll 
us .. o 
0~!:)0 
U!:)t>O 
u!::>fu 
u~ou 
0!::>'!10 
ot~vo 
06!0 
IJb~U 
Ub.>U 
ub .. o 
IJb:>U 
U6bll 
Ubf\J 
UbcO 
Ub.,U 
utuu 
U It 0 
U7<1U 
U7_,u 
u1 .. o 
lJ/!:) 0 
U/t>U 
IJ 1 '0 
071:10 
vho 
IJOUU 
UO!U 
UO~l} 
IJti.J\) 
ut! ~v 
Ut!:>U 
Ut!f:>U 
\10/J 
Uc!eu 
Uti.,.U 
o9uu 
0<,110 
u9.:::u 
O<,~JO 
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Subroutine CHNGM continued 

c c c c 

c 
c c c 

l"U CONTlNUl 

CALL LtAST SYUARtS Ll"lA~ ~fGwESSlON S~H~O~llN~ TO C~LCU~ATE 
IHt "YU~AULJC ~Owtw fUNCilUNSo 

CALL L~U (NA~tAOtAlWtAbl~ltdbiKitWC~Iblt~Uibll 
CA~L LSIJ INAt'tAUtAtUo~f(ll.lto71t<l t.-!C~I flo::.UI ll I 
(.ALL L~l.l~ INolt'oAUtAIAoAtHII.I oHtllll.ltloiC-.Itl/ t~UI!:IItAOOoAIAOI 
CALL L!:>Yf (N14t'oAUtAIKtA"'I"'I ttS.,(I\1 oto~C~IY/ t:>UI"'I tAOUoAIMII 
CALL L!:>U INAt'tAUtAALt'tAIU(II./odlUIII./t~C~Ilulo::.U!lU/1 
U~"'lrU a AY(I\1 
11' I loll~ 1.,1 •GI .O.tll uU IU 1JU 
AIU("'I • lo2~ 
t11U(KI : UoOl . 

lJU H ""'""Hic)orl(,l) ~UUI'IN 
•"ITt:. 1lboi4UI "''"''"''•tsll"'l,to~C~~olllt::oUilloAliKitd~lr\I,_.CKicloSUicl 

leAJ(I\IobJ(II.)ti'ICI\!JI t~UI.Jlo104(1\l ori't(l\loloiCII.I•Io~U(4tltA~(I\I td!)(fl.lti'ILII. 
c I tl I t :>LI I~ I 
•wilt. !lt>ol4Vl KtAblll.lttiOII\IoHCKit>loSOit>loAIIKiotj71~1tl'({~(71tSOI71 

loAo!Kitt:H:l(l'.) tlol(l\1!:1 1 tSUIHI tA"'IKI ot:i"'l~ltl'l(ll.('lll tSUio,l/tAIUir\1 ttHUIK i ow 
cL"-IIUitSUIIOI 

wt:TliWN 

l4U ~Oio/MAI (~AoJ3tl~tft>,2ol~•~••ZtlAt~4octlAof5,JolAolHltFT.2tlXoF4e2t 
1 1 A t F 4 • c t p, t f ~, 3 o 1 A o 1 1'1 I t t I , c • I A • ~ 4 • lo 1 A t f 4 • c t u, o ~ 5 • J • I X t 1 1'11 t ~ T • 0 t 1 A 
2oF4,colXoF•,colAtf~.3t1Atll'll•~7.JoiA•~"·"•l.C.oF4,coiAoF::..JolAolH11 

tNU 

~~ 
~~ 
CG 
CG 
CG 
((; 

Eg 
CG 
CG 
((; 
CG 

~g 
Cu 
CG 
C<> 
((; 
((; 
((; 
CG 
CG 
CG 
Cu cc; 
CG 
Cu 

oo; .. u 
Uo,I:;,U 
Uo,lbO 
U9/0 
Oo,I~O 
Uo,I"'O 
10uu 
lUlu 
lOcO 
lUJU 
IU"Il 
IUSO 
IUbO 
1010 
lObU 
IU.,U 
11 uo 
1110 
11 "u 
llJO u .. u 
ll!::oU 
llbU 
1!10 
ll!:IU 11.,u 
12uo 
1210 
12co 
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~<t.TU~ N 
UL a A~SIAIN~ - A5 1 Al 
H CULoLioLJX l OA a UL 
AA & Afi:.M 
uu TU I Ov 

A M!Nl~UM HA~ H([N FUUNU 
210 ~uu ... N 

ccu ~U~MAI ClolOA• 4t'HulVlUt. U !'LOll CAL.CIJ-AI ! Ur"S iJI O NUl CUNV[Htit.tlolOX 
it IIHI'UH ~t.A~H[StlJo 4H ANUol3o ldHJ U ~l~ti f!Mf ... I:.~IUUolJI 

t. NU 

ov ov 
011 
0\' ov ov ov 
011 ov ov ov ov ov 
011 ov ov ov 
011 ov ov ov ov ov ov 
8~ ov ov ov 
ov 
8~ 

· g~ 
Ov ov ov ov ov ov ov ov ov ov ov ov ov 
Ov ov 
8~ 
011 .ov 
011 
1)\1 ov 
DV ov ov 
OV 
011 
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Subroutine DREDG 

~Vd~OUIINt OWlOG (N~l OR UU!O 
c 8~ 

OUcO 
c ~HIS ~u~~OUTlNE Sl~VLAitS uwEOGIN~ DY LO•t::tot1 •~G EACoi C"O~S UU.lU 
c SlCT!O~ IN A wt::ACh tu liS O~IuiNAL t.Lt.VAilOIII I lUI • UIIIL'I' uu .. u 
c twJSS SECTION PU1NIS IN lnl MAIN ~HA~~t.L Alotl LOWEwEOo OR OIJ:.U 
c OR UOoO 

CUMMUN /SHtl WUil~l ' ~U I 1 OIJI • IW I lZSI ' Ok UUIO 

l WS~" tlOO l • Wt.I!UUI ' l.~l~tlOUl • LUdllOUI ' 0~ UOtiO 
Ali}U ill ' A#tlluUl • A311UVI A•I!UVI • 0~ 00'110 

J A~(} V.Jl AbllVUl • llfllVUl AdllVUI ' 0~ OluO 
• A'tl I I JU l A1UilUOl d!llUUl • dttllUVl OR UllU 
~ tD(}uu l • 1:14(1UVI d~llUVI • db I IIJU l D" ulcv 
tl ~I (t 110 l • ~til I U v l • o~ I1V UI dlllllOOl OW U1JO 
I o•• 1 1 uo 1 OA.,IlUUl t.OI( 11 uOl I A 'I. I 10 U l 0" (Jl .. 0 
8 Ill. II 1 I i.l 0 l AL~I\IlOUl VI\ 11 U V l ll::t'4AA (1001 D" 01::10 
9 IMAXIIOUl 0~ lllt>U 
~01"11•1\.)N /Si.<:?l AIIOOti:'ll lllUUti:'Cl • lUIIUU•l2l OR OliO 

1 ULU~IIOOI • OWUrlll ll V l F'llUVtctl .'\10 (I UUI OR OltsO 
l 51J"'OA I 10Ul • SI'IAUA(IOOI • :>I"'L•::tl1VUI 1L1t11~1100l 0~ 01't1U 
J u (lou l OR 02uo 

COIIIMUPII I~ lVI NWlV • 1(1.)., I 1 U) • 1(0J•"'I1LII 0~ UtiLI 
1 NfWltlllO) ' lLU •~IIlOl • ioiSi.llUt::>l Ul lUI OR uzco 
i. j; A ( }ll) CAI1VI -iUIIlUt::>l ll~ldllUt~l ' [)J.I ut.lU 
3 1\ll<fd( 10•~1 AII!Ut~l :!1 IIUtSl I(CJ •'III l I Ul 0~ ut .. o .. lwuut 1101 Sd 11 U l • Alii I lUI ' d~IIUI OR Uc:>O 
"'u • l'-1..1., I .~w I OFI UloO 
"'L) & 1\UO••'<ilt~WI 0" vc1o 
uu 110 K a KLJtKU OA U2t10 

1 ~ Lu • ll Ok Ul'1U 
1'4 : r.UII\J OR UJuu 
ou IUO L : 

1 '"' 
ow 0310 

IF (A(I\tlloLT oUWlhHI(.I) tiO ru IUO 0~ uJcu 
IF I A ( 1\ t Ll • u T ollL Ud I 1(. l I uo TU 1 00 OR U3JO 
IF IL (1\tll oLt.oLU lll.tLll uo ru IIJV 0~ uJ .. u 
li"•LI : lUlP\tLl ow U.bO 
Lru; : 1 0~ 03o0 

lUO tuN! lNut 01-1 UJIO 
IF' IHLu,t.U,OI ~0 10 llV ow 031:10 
(.;ALL I1'1AL IPO Ok UJ'IIO 
CALL CH~ r,M (1(.) 0~< li41VO 

11 u (.;UNllNU[ OR U4110 
•~'< 1 It ll ~~ (IL(I(.olltl\ • 1\Utl\lJltL : ltlcl ow u•cu 
WliUK~ 0~ ll"JO 

c OR ~.~ .... o 
lNU OH U":>U 
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Subroutine DUP 

c c c c c c c 
~ 
J • !) 
6 
7 
d 
'# 

1 z 
J c 

IOU 

c 

SUbMUUfl"lE ou,. t~lo~cl 

IHIS S~S~UUTI~E IS USEO 1~ OIVIOE f~~- ~HOB~E~S wHfN 
A C~US~ ~lCTIUN lS U~tU bY I•O Ulff~~l~l ~~V~M HlACHtSo 
lf C"ANij[S Thl blU t~EVAIIU~ Of THt UU"LI~~It CHU~S 
SlCTivNt 1~21t TU MAICH TH~ 8t0 lLtVAIJUN OF THt U~lijlNAL 
Sl~T!UNt (~}It AtTtH Stul~~NT ~OUIIN~. 
COM,.. ON /SEC\/ 

WSI\(IUOI 
AI quul 
A:!(JUUI 
AY 1\ UU I 
tljll VU I 
b quul 
Oh(JUOI 
IKK(1UOI 
l~AXIlOOI 

(.;UMMUN /StC21 
ULU~I 1001 
:)IJI'IOA (IOU) 
bllovl 

1'1 : NU (t(JI 
00 JUU L : }tN 

ZIII.Ctll z llt(ltLI 
CONI !NUl 

• 
' ' • 

• • 

L ~~~~~~ l 1\ c I "' Z ~ 1 N I " I I 
lL>~IIIIll\cl ~ · lLMJNII\}1 
All !I.e I "' AI I" 1 I 
All~";.:') • Ac(ll.]) 
AJIII.c l a A3t"'ll '"'"'' .... ,"" 
·~ '" "' . ·~ '"' ' At>l~";c l a Atl(l\11 
Afl!';c) • A7(1\l) 
At:ll!';cl a Ad (l\ 11 
'"''"l ' & "'-~1"'11 AlUIII.oO z A 1111(11 
tSllr<.cl z ril(l\11 

t~c<""' • "''"'' cJir<.cl • tU t"J I 
d .. IKe) = b .. (I\ 11 
tl~(1';21 • d~ ('\11 
tto<r~.cl "tlb<" ll 
t~7<Kcl "~:~r'"" 
tSt~l!';c l = r;d '"" 
d"''""' = ""' '"" bl llii\ C I : H}Uir";J l 
UA .. II'.CI z UA4olr<ll 
UAYII\c l & UAYlKl l 

H~TUI"IN 
tNLJ 

wulccl • ~01 IUVI ' IW I 1Z51 
Wt.llUVI lP'IIN(lOVI lOdllUOI 
AcllVUI AJIIUUI A•IIUUI 
AOIIUUI • A71!VVI A811UUI 
AlO I 1001 • dlliUUI dell VOl 
tf .. IJUUI • d:l I 1 V U I dotlVVl 
brliiUVl • ~'!I I! u U I dJUilO UI 
OAo,l I 1 CJlll • tUII.IJJOI IA'-IluUI 
AL~II. llOUI • ¥11.1lUUl IIS"'AAIIUOI 

All0Vt2o:'l • liJOOtZo:'l • lUilOUtcc?l 
UHUtlllllUI flluu.ccl • 1\jl)IJUOI 
SI'IAUA(JUV) ~MLw::>l IOVI ' ll"11NIJUVI 

• • 

' 

01-' 
Of' 
OP 
OP 
Of' 
Of' 
01-' 
01-' 
OP 
OP 
OP 
OP 
OP 
01-' 
OP 
01-' 
OP 
01-' 
01-' 
01-' 
01-' 
OP 
01-' 
01-' 
OP 
01> 
o~> 
01-' 
OP 
L)lo' 
OP 
OP 
UP 
OP 
[)I' 
OP 
01> 
OP 
01> 
OP 
L)P 
OP 
L)P 

8~ 
OP 
01> 
OP 
OP 
8~ 
0~> 
01-' 
01-' 

0010 oucv 
VUJO uv .. o 
uu~o uoou 
0010 
UUdO 
00'110 
VIVO 
0110 
Oleo uuo 
\ll .. \1 
Vl~O 
UloO 
OliO 
Ulou 
Vl'llu ucuo 
Uc!U uao 
U2JV uc .. u 
02:;,0 ucou uctv 
ucou oc..,o 
OJuO 
U.Jiu u3cu 
U33U 
u3"1J 
03:::.0 
OJoO 
OJ IU 
UJt:lO 
uJ'10 u .. uv 
iJ"1U 
o~co 
U4.JV 
u•-v 
U":::>O 
V4oO 
U4fll u .. oo 
0-'1U vsuu 
OSlO 
U~cO 
U~JV 
U~4U 
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Subroutine FLOW 

c c c c 

E c 

E c 

lOU 
111.1 

~UdiWUT I I'll fLVIII 
Tt-~JS SU~HIJUTlNE l:ALCULAlt.S I I'll •AIEl'! OlSCHA"GE 

· C~<VSS l»E CJ 1 QN. 

1 c 
J 
4 
5 
b 
7 
~ 
'J 

1 
l 
J 

1 

CUM,.. UN 1~£(11 •UIZ21 • OCOilOUI 
•S~<c100I • .,t I 1 U U I • HIJN11001 
AlllUU) • Ac 11 U\J I • AJilUU) 
A~ (lUll) • Ab I 1 u 0 J Al(!UO) 
A"' I l vO I • AlUilUOI dllfUOJ 
tsJ I uu I • tltollUU) d~ I UUI 
tsl(lUV) • tstii!UIJ) • :1'1 I 1 U U I 
UA4(!U01 • UA~(!UO) • t:.OII.I!UOI 
IK~<tlUOI • All" I\(! UU I • Vl'l.llUUI 
I"'AX ll OUI 

CU,..MUN /INf/ l'f:,t.L • 'Oji!M 
!U"G • l:t CL 

fAG!:. ' 1 I 1 1'1t: 'OjiJ! 
ICALLI3Ut31 • 1'4~1 t.~~ 

LUMMUN /t'lol.l/ !t'WNI!cll • ~~ 17 • HI ' 1'>1 

~tAD IN THE fLO•S ~NO (Ht ll"'t ~EHlU~ ~E~GTH. 
K(AU llt!l (fi.IIKiol\: loN.JlJovl 
H lt.U~Ilt!J) lOUol!UtlUU 
•oillt llb•lcUI l~o!TlMt. 
SIUI-' 
l<tlUoiN 

AT EACH 

• fQ! llSI • • l0c3!1UOI • Atoi1UUI 
Atl!lUUJ 

• dci1UOI • tiO 11 U U) 
• d1UC100J 
• I AI\ I 1 U U I 
' •SI'IAAilUOI 

IH 
t>Ufo/104 

• !~~CALL 

• 10 
• 110 

leO fU~M~I llUX, c4HtNU OF fli..E AtAO UN Fl~EolZo lt!HUv~l~G f!Mt: ~EAlvU 
1 oJ ~) 

tNU 

fL 
FL 
Fl.. 
Fl.. 
FL. 
Fl.. 
Fl.. 
Fl.. 
Fl.. 
FL 
FL 
fL 
FL 
Fl.. 
Fl.. 
FL 
FL. 
F'L 
F'L 
fl 
fl 
FL 
Fl.. 
Fl.. 
fl.. 
F'L 
fl 
fl.. 
fl.. 
fl.. 
F'L 
FL 
Fl.. 
fl 
fl 

UU!O 
OOcO 
OUJO uu .. o 
UO:>U uoou 
0010 
UOc!U uu.;u 
oluu 0 10 
01,0 
UlJO 
ol .. u ubu 
uloo 
OliO 
UloO 
U1'l'O 
ocuu 
Oc!U 
0220 
02JU 
oc .. u 
UC:;,U ucou 
Uc 7C ocoo Uc"JJO 
uJuo 
OJ!U 
UJ'O 
03 .30 uJ .. o 
UJ:>O 
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Subroutine GEOM 

c c c c c 

c 

c c c 
c 
l c 

c c c 

c c c c 

c c c 

~U~~UUTl~l Gt.UM CKow~l 

IHIS SU~~UUTl~E CALCULAIES IHE EXACI HYU~AULIC ~RU~f~flES Of 
A C~USS StCTlUNt U~Ct ~lVt~ THE C~AN~t.L ~tUMti~Y ANU fHf 
••lEH ~u"~•ct ELl~AI!ON. 
CUHHUN /SECt/ WUC22l t oiUiiiiOI t Hille~) • 

1 wSI<.(iOOI t wtllUOI Lf'll~llOUI t LUtsllVOI 
2 Al(lUUI t Acl!UOI A31lu01 UllOUI 
J A~(luUI t At.Ciu\11 t AlllUUI AclliUUI • 
4 A'll(\001 t AlUiiOOl t dlllOUl dcllOUI 
S ~J(\00) t d4{1UUI t r:ISiiUUl dbllOUl t 
b t11(lUU) t ddliuOl t t1'1lilJUl t dlUliUOl t 
( 04,.(1001 o U~<YliUOl t t.UII.Ii\101 o IAI(.llUUI 
d IP<r<(l\101 t ALI"'I'.llUU) t ~"llUU) t •=>~'~AAllUOl 
9 (HAx<IOUl 

CUMMUN /S~C21 All0Ut2ll t LliUUt~ll t lUl100t2~l 
1 ULUHllOUl t uHUdllUUI F'liUUtlCI t "'UllOul 
~ SUHQAllUOI t SHAUAllOOl t ::OM£w~l1UUl t 1LHANI1UO) 
J u<ln v l 

CUHHUN /UNIT::OI 1U~ll o (Uo(US t Ll)lt'H 
! ~~AV t IIIIAL t H:.l t CIJIH' 
2 ULMAA 
CUMMv~ /lr~f'/ NSEC , 11111"1 ' Of 

1 lUHc; ' Cl • LC i"U~"' 
2 SlfiGt. li!Mt ~loll ~CALL 
J ICALLI30o3l H::ol t."';) 

CUI'IHUN /HYU/ V o t. l) t Ew 
1 AU' t I"- t I A 

~ a ~UII':l 
~I"' : N - 1 
I~ Au : U 
lA : u. 
I" ::o o. 
~UM•K = O. 
':IU"'Ul = u. 
SU"1Uc : u. 
::>U ·"1U.J z U • 
uu 1 u u 1 • l. ,.,.p 

•ulil ,. O• 
lUV CU'4TlNUt. 

11 u 

l~U 

1J IJ 

l"u 

1~U 

!bU 

lT[HAlt OVER tACH C~USS StCTIUN ~UlNI 

OU llV I : Z• ·~ 

CALCULATt UI::OfANCt:: ANU MA~Nl\j~S N ~t.l•tt~ CHvSS SECI!UN POlNIS. 

Ad: LUI(tll- All<.t!- ill • loOt.- b 
FH = u.~ • <Fl"'tl- 11 • r!l<.olll 
H lll~<.op.Gt::.w::ol 110 lu l2U 
If lll!<:tJ- ll.~t.oii::Ol uv IU llU 

CALCULAlt ARt.A OF fLOIIo •ETTEU P~~ll'lilt.Ho A~~ OtPI~. 

UA" wS- u.S • lll~tl- ll • Lll(.tlll 
A • '-ti • UA 
Lo "AdS(t:lKtil • ll~ol • ll I 
P • s~~TC4d • ~b • lc • ldl 
GU 10 lbO 
lti • ~~~- LC~tll 
.llo "Atl • l~/lliKo!- 11 • Zll\olll 
~v TO 1~0 
H lt:l"•l - ll.r..toll':ll l>U TU 17U 
If liolf.!lMINII\Io.:.NUoll':lolloiZvt!l~l • .UUill GU fl.) !30 
ld" ·~- Ll~<.ol - ll 
~n:; AI':! • Ldlllll(tll- LlKtl • 111 
H lw~.LTollOoll\l • .uuill lfLAG" 
GU fU l!)O 

Stf UVt~ HANK fLOw~ 10 lfMU I~ w41£~ SU~F~Ct. IS ~01 AdOV£ 
Ull~~ oANI\ lL~YATlU~ . 

T A : 0 
'" .. u. SUM .. K = 0• 
SUM IJl • 0 • 
SUMUc " 0• 
~UI'I U J : r,. 
I "11 " 1 l 
OU 1~0 11 " 1olM1 

•U l J II : 0 • 
(I)N I (floUt 
~u To 1 7 o 
A : u.~ • A~ • Ld 
P " sw~r cAn • A~ • lo • t:~l 
OA " u.~ • l.~ 
I( a A/,.. 
C: 1ootdf! • A • H • • ll.IJ.I/F~ 

6M 
6M 
GM 
GM 
GM 
GM 
GM 
bM 
liM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
C,M 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
liM 
Gl'l 
liM 
GM 
GM 
liM 
GM 
GM 
Gf'l 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
GM 
liM 
GM 
Gl'l 
GM 
GM 
GM 
GM 
GM 
Gl'l 
GM 
61'1 
GM 
GM 
GM 
liM 
GM 
()M 
GM 
GH 
uM 
G,.. 
uM 
GM 
GM 
GP" 
GM 
GM 

"" GM 
GH 
GM 
(jl'l 
(jH 
GM 
IJM 
GM 
GM 
GM 
(iM 
GM 
~M 
GM 
(il"' 
GM 
GM 

0010 
UUcO 
OUJO vu .. o 
uo~o 
OVt>O 
UOIO 
uoco 
UV'IIlJ 
UlUU 
0110 
UlcU 
0 l.SO 
OlotU 
UbO 
ulou 
01 I 0 
01dO 
Ul'IIU 
u~uo 
UClO 
uccu 
02JO 
uc .. u 
Ul!:lO 
Uccu 
OliO 
oct~u 
Uc'!IO 
UJuu 
uJtu 
UJcU 
03JU oJ .. o 
UJ::.u 
OJ cO 
UJIO 
OJtsU 
UJ'!Iu 
v•uo o•to 
u•co u .. .so u .... o 
04~0 
V"bO 
II" IV u•cu 
ll"'fO 
u~oo 
U~iO 
u!)cO 
U!)JO 
o~ .. o 
u5~0 
U~cO 
U:>IO 
U~dO 
u~ ... o 
Clt>UO 
OblO 
Ub~O 
UO.JU 
Ub•O 
Ub::>O 
Ubou 
uo'O 
UboU 
Oo-10 
UluO 
U7i0 
0 7CO 
uuu ur .. o u7::.o 
u7e.u 
u 710 
07o0 or ... u 
Ud uO 
UdJO 
ud~U 
UC.J IJ 
utl .. u 
Ud::>O 
VtlOO 
Ud/0 
Ut!o O 
Od'II O 
u~uo 
O'IIIJ 
IJ<,IC:IJ 
IJC,.J O 
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Subroutine GEOM continued 

c 

lfO 
lt!U 

1'10 

lA • TA • A 
Jl\ a TK • C 
SUM•K • su~~" • c • 
~U~U1 • SUMUl • UA • 
SU~Ul • SUM02 • UA • 
SU"UJ • SU~OJ • UA • 
wU I 1 • 1 I : C 

• Jo/A • • t!o 
• lobbbb • AlfM 
• UobbbO • AI~" 
• Uobbbb • A 

lt- I lfLAuot.Q.ll \iU TU lt!O 
CUNilNUE 
AL~ a ~uMwK • TA • • ~.IJK • 
tU • SUMIJliS UI'I Ol 
t• a SUMUJIE U • • lobbbb 
1)1) hiO 1 • JtNP 

•ulll = wu lliiTI<. 
CON llNUE 

• J. 

GM 
GM 
6M 
GM 
GM 
(;M 
GM 
GM 
GM 
GM 
GM 
(;M 
GM 
GM 
GM 
GM 
GM 
GM 

II'HO 
uo;~o 

U9o0 
U9f0 
11\lt!O 
U9';i) 
lOVU 
10lU 
lOc:U 
IUJO 
tu .. u 
0~0 

10t>O 
1Uf0 
lOtiO 
111'1111 
llvo 
1110 



261 

Subroutine BYDPR 

SUdROUflNE HYUPR C~tWSI c c c c 
fHlS SU8~UUT1NE CALCULAI~S IME HYU~AJLiC ~~V~E~flES Uf T"E 
C~lfM LRUSS ~tCTlU~ ~lVt~ fHE ~Aft~ )U~~ACE ELEVAflU~ (~~~. 

CO"'MON i'StC}I WUiill ,.U C 1 UUI 
1 wSI\( 100 I • wt.llUUI ll'llNilOOI 
2 Al(}UOI • Ai ( 11101 • tlJClUUI 
3 A5(lUOl • AI)ClUUI 11711UUI .. A,_C}VU) • AlUilUOI olllUUI 
5 tl3 I 1 V 0 I • D'tll UO I • cs5 I 1 UUI 
b tlfC\UUl • Dlii1VUI ~YilOUI 
7 OA't(lUOI • Uol'llllOOI t;OII.IlUOl 
tl f~I'.(1UOl • All"ll.llOUl • V"' I !liO l 
~ lMAI( (lOU I 

CO"'I'IUN /HYU/ ¥ • t.u 
1 ALl" • '" • lA 

E c CALCULATE THt DEPTH 0~ f"LUW 
OE.~TH a WS • tMlNI"'l c c c c 
lf THt WATtR SURFACt jS AriUVE THt OV~~dANI\ 
USE rnt. Uwt.RdANII. [VUA lUNSo 

c c c 
c c c 
c c c 
c c c 
c c c 

c c c 

c 

l f CwSoGfolOcHKll uO TO 1UU 
CALCULATE lFftCTlVt wlUIH 
tw a Al (1\) • UEPIH • • Bl II<. I 
CALCULATE. Er~tCTlVt OEI"lH 
t O a Aill\l • UE~IH • • bclll.l 
CALCULAfE. ARt.A 
TA a AJ(I'.l • UEPTH • • tiJIII.I 
lALCULATt THt. CONVt.YANCt. 
II'. a A't(ll.l • UE~IH • • o'tlll.l 
c.;ALCULATE ALI"MA 
ALl-' a ASI"'I • Oli ' TH • • ts':lll<.l 
iF (AL,...oi.JT •1•':1 ) AL,... = lo!:> 
1 f ( AL,... o L T • 1 ol5 I AL.I" : 1 o 1 ':1 
CAL(VLAlt lHt. VELUCllY 
V: TU i r<IITA 
"lfU~I\j 

C (ALCULATt lrFtCTlVt WlUIH c 
lOU tw a Ae(l'.l • UEPIH • ~ btllll.l c 

C CALCULATE. lFflCTlVt U£1"11'1 c 
c c c 
c 

tO a A7tll.l • Uf.I"IH • • t:S711<.1 
lALCULATt ARt.A 
lA a AVII\1 • U[PIH • • tiiSIII.I 

C CALCULATl THt. CONV[1AN(t c 
c c c 

c c c 
c 

Ill. a A~ll'.l • UEPIH • • tl~ll<.l 

CAL.lULAit:: ALr'HA 
AL.I" a Allil ll. l • Ot.~TH • • d10111.1 
H tAL~ ouT o 1•!:>1 ALl" • l.~ 
1f (ALI"oLfol•l51 ALl" & lol~ 

lALlUL~Tt. lHt. VlLUlllf 
II c IUII<.IIfA 
~t.TU~"' 
t.IIIL) 

• fiH 1i51 
• tUcH lUUI 
• A-. ( 1 Ull I 

AISClUUI 
tliC!UVI 

• tiC! I lUUI 
• tflUilUU) 
• IAII.ClUUI 
• WS'IAJ.IlOUl 

• fw 

• • 

HY 0010 
HY IIUcO 
HY UUJU 
HY OU"O 
HY 110!:>0 
HY uueo 
HY OU70 
HY UUoU 
HY UUo;O 
HY UlUO 
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c 

c c c 

c c c c 
c 
c.. c 

c c c 

c 

lou 

llu 

SU~HUUTIN£ LS~ CNt•A•Y • ~Atdt~CtS~A~l 

T~l~ SU~WuUTlNf. UEwlVES Tr1~ CUErFIC!tNIS OF T"E HTOWAJ~lC 
~Ualw tUNCTIUNSt ~~ USINb A L~A~T ~~JA~~S i'ltb~[SSIO~. 
Ul,..Ei'4S l ON 
:tU"'A • Oo 
SU1'1 ... A a Uo 
SUOIY • Oo 
SUMAT a Oo 
SUOIA o: Oo 
SUM~ " Oo 
~U"'(.. a Oo 
~UOIU a Oo 
uu 100 1 • 1•"" 

oUilUl 

SuMA • SUMA • XXIII 
S..JMY • Su"~Y • Till 
SU,..AA a SUOIXX • AAII l • X ... l ll 
SU,..AT : SUMXT • ~Aill • Till 

CUNII 1'4U[ 
tX a SUMXI~LUAT I NI 
fT • SU,..YI~LU~TINl 

U~Wlvt TH~ [YUATIUN. 

t T ( 10 l e Ttii!Ol 

tS: CSuMXT. f-L UATINl • ~A • fTl/ISoJ~XX • fi.UAII"'l • fX • fXl 
A a fT • tS • ~ .. 

WAISt. 1:. TIJ fHt:: (A) jo>Uwti'lo T"E. VALUt.t (~AI • •ILL tst. IJSt:U IN 
IHt. 1"U10I:.W ~I}NCTlUNSo 

t.A " I:.XtJIIIl 
CALCULATt IHI:. CO~FFlCltN I UF CURRI:.LA11JN. 
uu 11 u 1 :: 1 • "' SUMA : Su~"~A • IUIJJ - f II.) • ( T( j) - t Y l 

SUMtl = Su "'d • ( ... ,.Ill - f II.) • • c 
Ttl I l l a A • t! • ...... ( 1 1 
Su~>~l. = Sur1C • ( Y( ll - fT l • • 2 

Cu ·~ll r .. u E we .. SUMA/SI)HIISUMc • SUMCl 

CALCULATI:. THI:. STANlJA~U ~w~<u..l uf (Sll«~Ait.o 

Uu llO I :o: }till 
~UMU = SuMLJ • ( Y I l I • Ttl I I ) l • • c 

leU CUIIITl l•ut. 
SbA~ = :»~o~T(~UMU/HLUAI<IIIl • Col l 

"ETUWN 
I:. IW 

~~ 
LS 
LS 
LS 
LS 
t~ 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
t~ 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
LS 
I.S 
t~ 
I.S 
LS 
I.S 
1.5 
LS 
LS 
LS 
LS 
L.S 
LS 
LS 
LS 
LS 
LS 
LS 
L.S 
LS 
LS 
1.5 
LS 

0010 ooco 
UOJU 
004t0 
UU:;,O uuoo 
UO/u 
OOdO 
00'110 
0100 
0110 
OleO uuo o1 .. u 
01:;,0 
Ult>O 
u l/ 0 
OleO u1.,o 
021!0 
UclO uuo 
UlJU 
uc~o 
Uc~O ucou ucro 
UcdO 
Uc.YO 
031!0 
OJlO oJco 03Jo 
OJ"o 
OJ~O 
OJt>O 
0370 
03dO 
UJ'liiJ o•uo 
0410 04cu 
U~JO 
u" .. u 
o~so 
04C>U 
04(0 
04t1U u4.,.o usoo 
OSlO 
uscu us.,o 
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Subroutine LSQF 

~ c 
<.; c 
c 

c c c 

c c 
<.; 
c 
c c c 

c c c 

c 

lOU 

llu 

SueRUUllNE LSUF CNtXXt'l'tEAtdtHCtSdAWt~UtfOl 

IMJS ~u~~UUT1NE PEHJVES THt CUEFFIC1EN1S UF THE Hf~HAULlC 
~UwEw ~U~CTyUNS} Fu~ Ovtw~AN~ FLOw, ~r · u~!Nb A LEAST 
~w~AHtS k(U~t.SS U~ fuHCtU IHRUUbH TH~ ~01~! IAOtYUle 
Ul"'lN~lON A.lllUI t HJUI t 'I'~IHll 

su"'x • o. 
~UI'I~A a Uo 
~u·n : o. 
~UM~f 1: 0 0 
~UMA : Oo 
:::tU"'I'l a Oo 
~U I'I (.; : Oo 
~U MU : O. 
UU lU O 1 • 1•1\j 

AI" 1: A.liJl - .J.U 
H' a f I 1 J - YU 
~uM A • su"'x • .J..J.III 
SuM Y a SUMT • Yl!l 
SUMA.J. a SUM.J.X • AI" • X~ 
SU"'AY • SU"'.J.Y • AI" • ll" 

CUIIIT!NUt 
r.J. o: SUMAIFLUATIN) 
tT a ~UMT/fLUATI ~l 

Utwlvt THE EUUATIUNo 
ts o: SUMX,/SI)MllX 
A o: YU - U • AO 
HA!SE t TU PI!:. (A) ~Uwt.Wo THt:: VALUt.t lt.Alt WILL&~ U:>f.l) jllj 
THE I"Uii( H fUN ~TJUNSo 
t.A a t.APIA) 
CALCULATt 1Ht COt.f~! C ltNl Uf CO R ~ELA I JO~~j. 

IJU 110 1 : l• ' j 
SUMA • SU"'A • lAX (I l - ~X) • ( T ( J) - F y l 
SUMt:! o: SI)Mr< • C XX C I) - t X) • • ,; 
'l'n 1 11 = A • 8 • XX Ill 
SUMl 1: Su"~C • ( T ( J) - fT) • • c 

CONTINUE 
Hl.: & SUI'IA/SQWI(SUMtj • SUM (. ) 
CALCUL.IIll THt STANUAHL) tHH U ~ Uf E::.1!'1A i lo 
UU It \1 I a 1 t ~ ~ 

SuM O • Su~'~ U • ( Y I 1) - Yts (I) ) • • Z 
ltll CUN f l NUt 

:::ttsA~: SloiWT(:::tUMUIII' LUAICN l • J,)) 

wt.Tuw~ 
t.NU 

LF 0010 
Lf 00.::0 
Lf Uli-'U 
LF uo .. u 
Lf uo::.u 
Lf ooe:.o 
Lf 11010 
Lf UOdu 
LF 00110 
Lf lllliU 
Lf OlJO 
LF Olt:O 
Lf OJJu 
Lf 111"0 
Lf lll!lO 
Lf Olt>U 
LF Ul/11 
L.F UltSO 
L.f 111110 
L.f ucuo 
L.f OcJO 
LF U2CO 
Lf UcJO 
Lf 02 .. 0 
LF 02:::.0 
Lf Uct>O 
L.F OctO 
Lf UctSU 
Lf DeliO 
LF uJuu 
Lf uJJu 
Lf UJ<'O 
L.f OJJO 
LF UJ'"u 
Lf OJ:::.O 
LF OJt>O 
Lf OJIO 
LF UJdO 
Lf UJ'llll 
Lf U40tl 
Lf 0 .. 1.11 
Lf OlocO 
Lf UloJU 
LF o~o .. o 
L.F Olo~ll 
Lf Ulot>O 
Lf 0410 
Lf UlodO 
LF 0"'1U 
L.f u~uu 
LF O~JO 
Lf o~~u 
LF U!lJU 
L.F o::. .. o 
L.f u~~u 
L.f U~t>l) 
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Subroutine NVAL 

SUt:IHIJUllN£ NVAL (NWI Nil UU!O c NV 00.!0 

' THIS ~UdHUUTlNE CAL..CULAit.S hit COtHltlt.l'fT UF THE NV UUJII 
c ~UNIIAYt.NCE EWUATlU~ fUW lHt: CURkt.NT iJl::.CHA~b!:.o NV uu-o c NV UU::JU 
<.: Tril s AL..LOwS ~ANNlNu"~ N TU tiE A FUNL:IlUN OF LHSCI"tA~l,;Eo NV uuou 
c N\1 UUIU 

CUMI'IUN /~f.C)I WLHicl • oCL)tlUUI lloltll51 • NV UUt!U 
1 wS!';t!OOI • WtliUUI • ll'llNIIUUI iiJDIIUIII • NV 00~0 z Al(lVU) • AZ II u II I • AJIIUUI • A•ClUUI NV OlUO 
J A~(}UU) • AtlliUUI • A/ C!UU I Adi!UUI Nil OliO .. A'1(1 UU) • Al\ltlUOI oltlUUI ~cClU UI • Nil lllCU 
:) bJ(} VIII • t:llt II UU I D~ tiUU) • dOtlU ul • NV UlJO 
6 t:l It I Ull I • dDI J UUI • d9 (!UUI dllltl u UI NV UlltO , Uh (!VOl UA~tJOOI • t.U"- ti U\11 IAII.IIUOI Nil Ul::Ju 
t4 Jpc;pc; t1 ;JO I AL..,..,._ t 1 Ou) • Vl\(}00) • wSIIIA,IU}UUI NV ulou 
9 [MAJtllOOl NV u II 0 

CU"1f'IUN IH!Vt NHIV • "-U"' t I 0 I • IWOIII'ftlUI NV Olcsu 
1 IIIIHlt:ltiUl • lCUI'IItlUI .IS ~ tlllt::Jl • AA t I U) NV lll~U z ttA(lOI • CA C1 0 I ~ Uit iOt~l ll~ldtlUt!:ll • NV uzuo 
J 1\IW[Ut)Ot~) t AI t1Ut51 :1 I II Ut :.I J(( IJ ,Ijf( 11)1 NV UclO • lHUUitlO) t )CSilUI ANt IIJ) • dt'l ( lll) NV U~cO 

UATA WNMAAtRNH Nllo•tOo07/ NV 0 JO c N\1 uc. .. u 
!';IJ :: "UOII•'IINH l Nil UZ::JU 
MJ a 1\ Uio'(IIIW) Nil ucoo 

c NV uc.ru 
c lTtHATt:. UlltR tACH CHUSS ~ECTIUN IN IP'it. Wt.ACH NV UcCSU 
c NV Oc..,O 

uu lOU II. = II.IJo!';U NV uJuu 
H tl<.~t,.;> .c.a.o.ol bU TU IOIJ NV OJlU 

c IIIII OJcu c LALCULATt CQMH[CilUN FAClUW 111\1 I)JJI) 
c NV uJ .. u 

Rill : ANINI"!) • AtJStTiitl\ 1) • • tiN I '1>1 I NV OJ::.u 
c NV OJoo 
c lt:.ST 1'0~ VAL,.Ut wl THIN LIM! IS NV OJ/0 
c NV 1131:10 

IF (kN GT e>INI'IAX I HN a Hill>( AA N\1 UJ¥0 
~~ (WN LTeHN,..iNI HN : MNI'IIN NV 11400 ... "" OA .. II\ )/011'1 NV OltiO 
A-Yi t<.) QA~ trU /o< N NV 04c.'O 

luu CUN r i t~UE f'i\1 04JO 
c Nil 04 .. 1) 

M~ r UW t~ Nil 04::>0 
t.NU NV 0400 
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Subroutine OUTl 

( c c 
' 

~UtHWU 1 1 Nt. QU T 1 

T~JS ~UdHOUTINE OUI~UTS '"~ VARIOUS ~f~U~TS UF JHE Sl~U~ATlON 
f'IUUI:.~. 

CUI'If'4UN /S~Cll 
1 ws~ciOOl 
Z Al(lUOl 
3 A!)(liJOI 
4 A'Y(}II\1) 
!) t!J(lUill 
b tif(liJOl 
1 UA4(10Ul 
d TKK(luOI 
Y lHAXliOUl 

CO .. MUN /SI:.C?./ 
1 ULURllOUl Z SUMQAilOUl 
3 (;(}QUI 

LOMMU,.., /1M/ 
1 IUI-IG 
l S I AGt 
3 lCAL~I30t31 

tUI'II'IUr. h<l VI 
1 ~'"1Hl10I 
C ts~(lVI 
J ~IHicl1Ut51 
4 uwur 1101 

CUI'IMUN /t'Wl/ 
1 I 7 

Uli'II:.NSlON 

wUicZI 
t Wt.llvUl 
t AcllUUI 
t AC 11 UU I 
t UUllUOl 
t d411UUI 
t tstlllllOI 

UAYllOOI 
AL.-PI.IlOUI 

"tluo.zc> 
t UHUt:ll10UI 
t SI'IAUAllUOl 

NSE.C 
t Lt. 
t lllMI:. 
' 1'1:::.1 

NHI\1 
t lCUNIClOl 

LA ( i U l 
A I l Uo51 
St:! l 1 Ul 
lt'HN I IHI 

' It! 1)/.f ( l2) 

, ~Ol1v0l 
ti'IJNI.lUOI 
AJilUUl 
AfllUIJI 
d111Uvl 
:15 I 1 UU I 
:f9110Ul 
I:. I) !I. l 1 UO I 

t HdlUUl 

tCIUOtlcl 
fiiUOtCCI 

t ~Mtw::tllOUl 

"''"' cc 
• 't1.11 
t tt'::t 

!(Uo'I1UI 
OIS1. I! IJ •:::. I 

, ojL)IIIUt:>l 
dlllUo~:tl 
AN ( 1 U I 
1!:> 

' I 'Y 

Tlol l llSI t 
tUdliUill t 
A411 00 I t 
AtHIOUI t 

t dclJOUI t 
t dt>(JOUI t 

dlUllulll , 
IA~IlOOl 

t WSII!Alll1UOI 

t l0110U•ZZl 
t NIJIIUUI 
' ltl'll'-11001 

or 
P'Uolf'l 

t NCA~L 

t I(IJUWIIIClUI 
UllOI 
lTI'Ilt!lfUtSI t I(CUNf( U) 
t:!N ( 101 

' It> 
t llO 

c 
C .. HINT CHUSS SECTION NUI'I~I:.HtE.FfE.CTIVt •lUIHot.fFE.CTlVE. OE.~IHoTUIAL 
C AHI:.AoTUTAL CU~V [YANtl:.oALt'HAoVtLOC11YowA i tH ::tUHFACt l:.~tVATlUNt 
C St.UI..,t.NT IHA ••SPOI'<I tUlSlHAHI.>t. ANI) l'llNII'I.II'I ~I:.U I:.LtVAilUN fOI'I EACH 
t 111'1t. ~t.HlL>U. c 

c c c c 

c c 
~ 

JF llt'~NII'>I•t'jEt!l uU 10 lUll 
WH!It. lloocOU) I !MI:.oUI 
•HlTE llbectlll liKo~t.lPI.Iot.UI((,._I,TAPI.I~ItlPI.~(PI.ItALio)f((f(ltVPI.II(It"'S"'l"'l 

lol.>(~l t 1011\l 0 .£MlNI~)t~ & loN::tt::LII 
1UO H l111Mt.or.f..1'4TIMI uU IU l:>U 

110 

llu 

r'I'I!Nl MH1MlJM IIIAIE.w ~U~~A<.:t [Lf.VAT11.11i AN() THt. TIME. t'fHlUO U~ 
UCLUHANCt fOM [ALH CHO::t::t ::tt.CI1U~. 

1 f ( 1.-w~ I (" 1 • NE • l I CJO IU llll 
•w1ft. 1lbt2;>UI 
wMlll:. llbocjul (K,•S~'~AAIII.ItlMA~l~l•"' • ltNStCI 

r'HlNT Ml~IMUM REU t.Lf.VAilU~ FUW EACH CI'IU::tS SECTION aT T~E. [NU OF 
IHI:. ::>l"~ULA110N, 

H llt'~'<NII!:>)e~E.ll (;U TU leO 
wHITt ll0t~4UI 
•HIT~ llt>tcSUI l"'tLMlNIPI.ItK • 1tNSE.Ll 
LUNl !NUl c C ... wlNI OUI T~t ~LD ELEVATIU~ A~~ THE. CHANGE 1111 ~EO E~f.VATION 

C AT I:.AC1'1 t'U1NI• 

c 

c c c 

1,.- ll~o<NTIJ)oNE.ll uU 10 1:>0 
efo< 1 Tt. I lOt lQVl 
Uv 1 .. 0 Pl. a 1•NSE.C 

N & Nt) (I\) 
UU 1JU L : 1olll 

UL~ ILl • ll"-tU • [O(I(,U 
CUNf lt< 'J[ 
llwil£ ll6ol7Ul I\ 
wo<llt. 11e,d6UI lLtlll~tLitllKtUoUUlLio~ a 1•NI 

(.;U"' I illjUI:. 

t11NAHY OUir'Ulo 

~wlNI CUU::.S ~ECTIUw NUM~:~twot:FFECTlVt. w!UIHttFF~CTlVl Of~fHtTUIAL 
awc.AoiUli'IL (U o~ Vt.YANCt.oALI"'HAoVtLULilto•Aitw ::tvH~A(.;f ~I.~~AT!UNo 
:>tv!MtNT oi-'A • <::tPU~'<ToUI~L1'1A~'<I>t M~U M!Nil'l.l:-1 t!I:.U t.~o.t.IIAI!UIII fUN tACH 
liMt. l"'t.HlUU. 
wwllt:: lll OI lllol[lr<lot.U"'I"'IoTAIO.(I<IolPI."-I"I•ALIJI((I(IoVI((~ItlfS~(KitGI"'I 

l • .£ '11 << I r< I t "' a I , N St.. C I o l I 1.1 I" 1 I , I\ I : 1 t \j 1.1 I I • II lol:::. L IN • .II t .J a I t S I t N a 1 
lor.-< 11/ l ) c 

C ui:.TI:.wMlNt. IF TH[ Cu~NENl Tl~E. PE.RlOI.I 1~ IH[ ENU OF A YE.AI'I 
c 

WI a fLOATI}I1MEI 
wl • 1'11/:::>c.ltl w l a H I • A I •• I I W 1 I 
H lwi.uT.u • .,.,o ... uw.wJ.~T.v.Ou'Y!)t!l uJ IU lt>O 
Hf.IUH t• 

01 

81 
01 
01 

81 
81 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 
01 

81 
01 
01 
81 
8l 

0010 
UU{U 
OUJO ou .. o 
110~0 
OObO 
0070 
UOt!O 
UU'10 
v1uo 
0110 
OleO 
Ill JO 
U140 
UbU 
01e>O 
0170 
01t!O 
01'11J 
u~uo 
UclO 
uzco 
Ot::JO 
uc .. o 
Ot:::>O 
Oct>O 
OCTU 
UcciO 
Uc'1U 

01 (J3UO 
ot ·oJto 
01 OJot::O 
01 OJJU 
01 uJ .. o 

81 03::>0 
UJe>O 

01 o31u 

81 ~~$~ 
01 04110 
01 0410 
01 U4C:U 
01 U4JU o 1 U4 .. u 
01 04:>0 
01 U4e>O 
01 U4 I 0 
01 04oi:IU 
01 0490 
01 U!)IJU 
o 1 u~ 1 o 
01 u~.:u 
01 O!)JU 
01 o~ .. o 
01 US:>Il 
01 osou 
01 05 I 0 ol u~oo 
0 U!)~O 
01 oouo 
01 ObiO 
01 Ot>C:O 
01 Ut>.JO 
01 uo .. o 
01 UC:>O 
0
0

1 UboO 
1 Ot>IO 

01 Ubt!O 
01 Ub~O 
01 07uo 
01 U1i0 
01 U7C:O 
01 U7JO 
01 u , .. u 
01 u 7:::.0 
01 ufe.u 
01 IJ71U 
01 uloU 
01 uT.,o 
0 l IJtjUO 
01 Uti I U 
01 Utjot::IJ 
01 UI:IJO 
01 ud .. u 
01 Ut!:>U 
01 UtlbU 
01 OtjlU 

0
01 IJ8oU 

Utj'11J 
01 U'luU 
01 V91U 
01 09cU 
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Subroutine OUTl continued 

c 
C ~~1NT OUI lHl 8£U lLlVAI1UN AT EACH ~UJNI c 

c c c 

.l611 CONllNUt: 
•~"~lit. 11~1 (CLC"'•L.Itl'. • .ltNSECitL. • ltcll .ctrUI'IN 

01 ll9,jU 
01 U'i<t 0 
01 09:,1) 

81 09t>O 
1 0'11 fO 

01 U9thl 
01 09'10 
01 lOOU o0 l 1010 

10~0 
01 lOJO 
81 ts;~ 
01 lUt>O 
01 JOIIJ 
o
0
l 1 UllO 

JQI;I) 
01 l1UO 
01 ll!U 
01 11~0 
01 1 1 JO 
81 i !;8 
01 J1t>O 
OJ 1110 
OJ 11 tlO 



270 

Subroutine RIVDS 

c c.; 
c c 
( 
c c 

c 
c 

~U~HOUilNE RIVOS (~~tUl~l 

IMJS SUbHOUT!NE CONVtHIS THt "lVE" ~lSIANCE FHO~ ~lLES TO f£ift 
U~ FWUM ~llQM~T[~S JU M~Tt~S. 
11 MAY~£ UStO TO CUHHE~T FOQ CuTTOfFS 0~ CHANGES IN W1VEH 
AlluNMtNf dy A001~~ SP~ClAL LU~lC. 
tUoiMUN /UNIT~/ 

1 uHAv 
2 U.li'IA-' 

UlS • UlS • tUHOS 
Rt.Tu~N 
tNI) 

lUNll 
t VVAL 

t tO•WS 
• ftl 

t lOlflll 
t CUNY • • 

AD 0010 
~8 UIJc:U "' UUJO 
AO oo .. o 
IW ou:~u 
AD OUbU 
AU 001 0 
AD OOe O 
AD OIJ-i O 
AU UlvO 
AU 011 0 
AD Ole O 
AD OlJ O 
RO 01" 0 
AD 01:10 
AD OlbO 
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Subroutine SED 

c c 
c c 

c c c 

c 
( 
L 

c c 
c 

c 
1uo 
tl U 
lt v 

Sut~loluUTlNt: S~U 

TMl~ 5U~IoiUUTJNE CALULATtS St:OlM~NT I~A~S~OI'IT uSINij fM( 
~~~t:HALllEO fURMULA UEV~LU~~U FU~ TM~ YAiUO "1Vt~. 
CU .. MUN 

1 
t 
J • 5 
() 
7 
tl 
I.J 

(UI'IMUI• 
1 c 
J 
(U"''MU I~ 

1 c 
J • ClJI'IMUt1 
1 
2 
J 

t:,H!I 
w::.~ 11001 
Ali}UU) 
A~(l\10) 
AI.J(lUU) 
tiJ(}UU) 
tl7 q u o1 
UA4o(IUOI 
T 11."- 1 J 00 I 
1Mt.XIJI)I)) 

tst.cz' UL\JR I JI)Q) 
SliMO"IIOOI 
(.; ( I 0\1 I 

/I'll VI 
NHqt~I!IJI 
~A I I U I 
l<.f!-<J t . ll0•51 

l f.luui<10I 
I 'I~ I 

lUWG 
SIAGt. 
lt.:ALL 130dl 

wu <eel 
t Wt.IIUOI 
t At 11 U U) 

At>lluUl 
AIUIIUUl 

t ti"1111Ul 
t tlb(lUill 

OA<,i I I 001 
ALI"11.110Ul 

XIJ0Ut22l 
t OI'IUtj ll \IU) 
t SMAUAiluOl 

N~<IV 
t lLUNit101 
• L.ld lul 

A I 11 u • ~~ 
::.t~ I Ill I 
N::.t \.: 

' Ct. l111'1t 
M::>l 

11£MAit: UVt~ t:A(H MlVtM W~A(rl 

UU 1~U ~~oj : 1tN~1V 
~U " ~U,...(No( ) 
1\u :t: 1\U()~ N ('Ijlol) 

t '(L)I1UOI 
lMl111110U) 
AJIIVUI 

, AIIIUUl 
til I I U u I 
ti~IIUOI 

t d'llllUUI 
t ~U"Ilu U) 
• VKIIUOI 

£1JUUtc21 
FIJOlltCCI 

• ::.1'4£•:. 1 luul 
I'.U" I I Ill 
.IS L. I J u •::. I 

, ~UII IUt::OI 
::If I I 0 • ::0 l 
A"' II U I 

' ~ I J"' , CL 
--1.11 
£1"::. 

JIE~Ait UVt~ tACH CWUS ~ St:CTJUN lN IHt Wt:ACH 

ou 11u ~ = Ko.~u IF 1 rat~ I .tu.u.ul uo ro 100 

t Tl.llli~l 
t lUtlllUOI 
, A4IIUUI 

AtiiJUU) 
tlcllUUl 

t ti()(!UUI 
t tiJO(JOUl 

I ~I'. <III li l 
•::.I'IAJt.I100I 

t ZUI111U•22l 
NL) ( J U U I 
lll'llNIIUUI 
~C;L)O•NIIOI 
AA II Ul 
1T~Jdi1Ut~l 
IC;(UN I ( 10 I 
tiN I J II I 
1)1 
.-u~"' 
N(AL.L. 

CAL(LATt: THf St:OlMtNT IWANSPOI'IT FU" tHt CI'IOSS StCTIU~ 

• 
• 
• 
' 
• • 

• 

ull\) ,. ABSIVI\1~)) • • J,1() • f..LJI'.(f\) • • \1,9() • •ElK) • 4o4 
bE - Ot> 
IF ITU(II.IoLT.O,Dl u(l\) s - I• • uiKI 
uu 1 u J J o 
() ("') :: \1 . 

(UN I I ~4l.lt 
(UNII •..,.Ut 
l'lt 1\.J..(N 
t.N U 

so 
~g 
so so 
~2 so 
~g 
so so so so su so so su su 
~8 
~g 
~8 so so so so so su so so 
5() so 
~0 so so so so so 
~8 su so so su :,o su so 
5U su 

0010 
UUcO 
UOJO 
IIO .. o 
UU:>U 
UllbO 
UU/0 
UlltsO 
UO~tO 
U1UO 
UIJO 
OleO 
UlJO 
u1 .. u 
UbO 
lllbO 
UJiv 
111d0 
Ul~U ucuo 
11210 
uuo 
UcJO oz .. o 
u2:>0 
ll~t>O 
02/() 
OltiO 
U~'fO 
UJUU 
UJiO 
uJco 
03 :.' 0 
IIJ .. o 
OJ!lO 
UJbu 
UJIU 
IIJtsU 
UJ~u o .. uu 
11410 
o•cu 
U4oJU o ... o 
114:>0 
04bU 
U"IO 
U4otsll 
U4't0 
u~uo 
USI O 
U~cO 
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Subroutine SPLIT 

E 
~U~WUUilNE S~LIT (N~1tNW~tt~RORt~l SP 0010 
11'115 ~uewuurtNE: IS US[U !N UIVIOEU f ~o.O• ... ~0c:IL.E1'4S ro s~L.!r THE ~~ o<~so uu u 

c OlSlHA~u£ ~EiwE£N T•U CHANNEL~• ~~ OUttO 
( ou~o 

CU ... MUN /StC\/ WUI~cl t ~L>IIUOJ t r Q I 1 Z!l J Slo' Ollbll 
1 .,~~. 1001 t Wt.IIUUJ ' tM1N(l0UJ ' tUd I 10111 51' 1)1)(0 z Ali}UOJ • At!. I 1 Oil I ' AJilUUJ ' A• I 1 OIJ I SP OUI:IO 
J A~llUUJ ' olOI1UUI • Afi1UUI ' AtlllOUI 51' 00.,0 - A~liUO) A1UilOOJ • dllfilUJ c:~c t 1 uu 1 • ~~ OfuO 
~ tl.ll UU) e5a I I 0 U I :;~ ( UUI dO ( 1 U U I 0 10 
tl cH(lllUJ e5tH1UUI • d'illUOI dl<l!lllUI 5fo' Ult!.O 

' UU(lOOJ ' Ut.'f(JIJOI ' t.O'( I J OUJ ' (AI((JOUI 51-' 0130 
8 11<.1'.(11101 ' AL.P'I'd 1 UU) • WI< ( 1 U II I ' •S .. U.IIUOI 5P Ohu 
9 I "'AX! I UOI SP Obll 

CO ... MUN /wIll/ N~IV '(I) .. ( 101 ' I(I)OwN!lOI SP OlbU 
1 NIWtc:lllOI !Cu r~lllOJ J,l.!lOt:>J ' .... ( 101 51' o I fu 
c t;A (\ ~~I (.1.(1UI ~UI llUo~l ' lf~ldllOt,l ' SP 011:10 
J I<.IHJnll0o51 ' Alll1Jo~l dl I!Uo~l I((JNI Iiili SP Ul'liO .. lwuulllol ' ~b I I J I • A I~ I 10 I tit~ I 1 U I SP ozuo 

c 51-' Ut!.!U 
100 11.1.11 "' f(.UU<IN ( Nw 1 ) Slo' 0220 

I<.Ui .. "-U~INRll 51-' Ot!.JU 
I(U"l .. II.LJ1 • 1 51' Oc1tO 
"-UMl • ~Ul l 5"' (lt!.~O 
Nl : NIRll:lllll~"<ll SP OcbU 

c 5P Ut!.IO 
c CALCULATt THt. fLOw IN (Mt flHST lolt.A(.;"'' 51' Oci:IU 
c SP oc.,o 

uu f30 1<. • KU ... ltKUMI s ... IIJuU 
IJIII.I "'TI.III<.Ull • P' 51' UJlU 

c H IIIII ollot!.l GO Tu lJU Sl' OJt!.O 
SP OJJU c A LID TwJ~ulflwY fLUii IF A•~Y SP oJ .. o 

c SP UJ;)U 
NIMl • NT - 1 51o' OJoO 
uu leu ..J = ZoNTMl Sl-' UJf\J 

IF (WI) II\ I .ut..t-~OT (N>(1oJII uo TU lt!.O ~~ UJI:IU 
"'T o: ~<,lwlbiN~ltJI oJ-;u 
1f I J TwIrl I No( It ..J I .u I • t!. I c..o ru II u SP o-uu 
TCJII'.I .. TQII'.I • I 1J It'd I ~~ 0•10 
bO ru lt!.O o•t!.u 

llu ll.l II<. I : TQir<.l - IIJ I r<. I I 51o' U4JO 
Jcv CUNllNUt. SP 114ttU 
JJU l:U'IllNUt. SP U4::»U 

c 51' 04o0 
c SET THt:: Ulo'ST~EAI'1 ANU UU•N~I~£AI'1 FL.O• OF ~UIH W[At~ES t.QUAL 5P ua/U 
c 5P 041:10 

I<.Ui:' "' r<.UU•N (~H<21 Slo' U4t"O 
1<.1.1~ : 1\UI-'(N~t!.l SP' usuu 
ll. i.W I c r<.ui:' • I SP OSJU 
r<.U"~l = r<.uc - 1 51-' OSt!.O 
11.11"- UCI : TQ!I'\Oll Sf> USJO 
IUI I<.Ucl: TQII\Ull SP u~ .. o 
N 1 : Ill T ~ 11:1 I NK t!. I 51' 05~0 

c SP O~oo 

c CAI.LULATt. THt. FLUIO IN flit SECUNO H[ACH 5P USIO 
c Slo' UStlO 

uu lbU I( • I(UI-'lti<UMI 51' u,.,i! 
li.llr<.) a: TIJII(i.Jll • I 1 • - PI Sl-' UbVO 
lf INT oLF:•CI uO ru lOll 51' UtllO 

c 5~ UOt!.O 
c AUU ll<lbUIA~Y FLU• H ANY Slo' ObJO 
c ~~ Ub•O 

NIMI :: NT - 1 UO::»U 
I.) I) l!:>U .J • loNTMl 51' uoou 

If (H r)l ll.l .C..t.oH UI (N>(t!.o.JI l uo TU l;)U 51' Ob/0 
I<.T : I( 1 >I 1 ~ II•" ..- t J I Slo' OOdU 
11' IIT,..IE:I(N"'co..JiobTocl 1>0 TU l~>U 51o' uo-; u 
TOI"-l : TOir-.1 • IIJ i r-.11 SP UfuO 
bU ru 1~0 SP U/10 

J4U T \J I rO & 1 (J (") - IIJIKII SP o reo 
l=>v CuN I llloUt SP U7JU 
1bV <.:Or..TiNUt. ~~ u"f .. o 

c u7:;,u 
c <.:Ai...CULIITt: lt1t. ltiAI[H P'HUfJLt. lN t;U!H ~tACHES ~p 07ou 
c SP 01/1) 

CAI...L SUt:!t-'f ( •IIH 1) SP UfdO 
'-Ai...L Sut:~t"'F 1 r.w 2 l SP uro;u 

c 5P OdUO 
c C.U"1t"'Uft. THt:. t.loiRUH Jill IHt. wAlt:>< SU>(fA Ct:: tL E~ ATl UNS s ... UI:I!O 
l ~~ Ud~ O 

t.HI(UH o: w'!>r<. '"''-'1 1 - ws~<. 1 11.\Jc 1 Ud-'ll 
tHWUw o: tH>'I ')" • t.loi><Uf"( SP 01:1 .. 0 

c SP 01:!;)0 
Ht ruwr~ 51-' ut!oo 
tNI.I SP Utlfll 
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Subroutine SROUT 

c c c c c c 

c c c 

c 
t.: c 
c c c 

c c c 

c c c 

c c c. c 

1 
lUU 
i!U leu 

SU~HOOilNE §HUUT (NHI 
IMIS SUdHOUTIN[ HOUilS IHl SEOIMENTt CALCULATES THf 
A~~HUA!MATl ~~0 ELtVAI!UN CHANtil• A~J i~ NLLLSSA~Yt 
Ul~TH!~Uf[~ IHl A~~HAUAI!UN OM Ul~HAJAilUN IHHUUbn 
IHL LHUSS S(CliON. 

wu ( lZ) 
t Wt.l!UU) 
t A~I!U U ) , •o 1 1 u o 1 
t A1U l 10 0 1 
t tl•llUO l 
t tH! l 1UUJ 
• UA<; l !UOI 
t AL.I-'1\IlOUl 

.llllUilt2ll 
t UHU~llOUl 
t SM,.UA (I UUI 

1UN1f 
t \'VAL. 

NSt.C 
' Ct. 
t 1 I I Ht. . "'~' IIIHlV 
t lCUNTliU) 
t LAI!UI 
• Allluo5l 
t SUllUI 

L)VllUU) 

t .jl)llUOl 
t LMlNllOUI 
t ~JllUUl 
t AlllUOI 
t dll1UUI 
t d~ l 1 0 U I 

:191!UUI 
t:.UII.I!Uill , wr..tluul 

• LlillOtZll 
r'"Cluu.ccl 
:»M£11:>1100) 

t LO~I.lS 
, rt.t 
, .. .,. r 1"' 
' cc 

ljl)i 
t.l-':» 
II.U ... l 11)) 

t JSI.l1Ut:;,l 
t ~U I l I U t:;, I 

dTllUo!)l 
AN l 1 U) 

t 1Yl125l 
t lvd l lUUI t 
, ••<luul 

AtH1U OI t 
dci!UUI t 

t db I i 0 U I t 
!UU11UOI 
I All. I 1 UU I t 

t lfS"'AA(lU OI t 

t lvll0Uo2Zl 
'\jl) I! UUI 
1L"'lo'H 1001 

t LLllFM 
, cu .,..v 

• L)l 
t OIU~M t 
t ~ijLALL t 

"UUIIN I 10 I 
AA II Ul 

t IIH1tiiiOtSI t 
II.LJ •-41llUI 
8N l lUI 

1 T£"Ait. UVLR tACH CHOSS SlCIIUN I~ IH( H1VLH SE~Mt.Nio 

I(U a IC.UPINH ) 
1\l.l : I\ PO Il l ~ ( NM ) 
11.0"1 • 1\I.J • 1 
1\UMI a KU • I 
UU leU K : KUoiC.UMl 

IC.t" 1 • " • l 
CALC UL•Il THt. VOLUMt:. Uf St:.UIH( NT Dt.~ U :>Ilt:.Ut 0~ f,;Ovt.U. 

Ovlr.l : (l>IIC.Pll • \iii(. J I • bb4Uu. • vT 
AUU 1N LAr(R<lL SlOll'lt.NI 1N~· Ll)• If ANfo 

,J l a NTHJOINH) 
I~ I ..J l • t Q • U I bU I U 11 0 
ou I u U ..J = I, ..J I 

1f (H () I (NI<t..J) obfoHU(II.) 0 ANL)oHOI IN-Io,J) oL1.j:IL)(,<.;>lJI 
1\) • ~~L (NHo,J) • DC>4tUUo U • U 1 

CONI !NUt. 
Ovl"l: (UV(KI/IloO • 1"0~"111 

LUN 1 I~UE 
UAUt" • HU(KQt"i) • ~Ol~ U l 
uu c1u K .. Ku•KUMl 

IF (AdSITUIKll.t.u.UoUI bi:> IU c1U 
11.1'1 1 • K - 1 
~t" 1 ., "' • l 
UJ.UIIN : OAUIJ 
UA U ~ ~ HO I ~~11 • ~UI II. I 

lt.ST fO~ Wli~S 
If (([)JW1f"4/CO~U~I.LToO.UUll ti O TO 210 
I~ ((L)AUP/lu~lJSloLioU•UVll GO II) ~1U 
H ' (K.GI,r<. U) l>U lU , .. u 
I"UUT a J;.(UUl (N od 
(JU 10 lc}Uo}4tl.ldJIIlt 1HUU1 

~ALCULAlE THt:. CHANuE lN THt. A~EA AT IHt LHOSS SEC11~~ 

OvlKI • UVI 

lJu UA : 0.5 • OVl~I/UAU~ 
GU IU 1~0 

1•u Uk., 11.~ • OVI~I • u.~ • UVI!C.M111/lUAU~ • OAU•~ I 
l:;,v SUMUAll\1 . & SU~UA(~) • UA 

CALCUL.All TMt:. API-'~UAlHAil DiD ELE~AIIO'\j CHA~~( 
~~N~t IHt LAST UlSI~I~UI!UN Ut Sl U !Mt.~l. 

SUMUZ a §UMOAlKl/WliKI 
5ML•~IK) a SHL \1 ~1~ ) • w~II. I K) • ldSILJAI 
SHAU,.IK I • SHAU~IKI • Ae)IUA I 

SR 
5~ 
SR 
SR 
SH 
SH 
Sk 
5~ 
5~ 
Sk 
5~ 
5~ 
SR 
SR 
SH 
s~ 
SH 
SR 
SH 
SH 
s~ 
SH 
SH 
SH 
SR 
SH 
SH 
s~ 
s~ 
SH 
SR 
~~ 
SR 
SR 
~~ 
SH 
SR 
SR 
~~ 
SH 
s~ 
SH 
SR 
SR 
SR 
s~ 
5~ 
5~ 
SR 
5~ 
SH 
SR 
SH 
SH 
SR 
SH 
Sf<' 
SR 
SR 
SR 
SR 
~~ 
SH 
~~ 
SR 
Slol 
SR 
Sk 
s~ 
SH 
SH 
SH 
Sk 
~~ 
SH 
5~ 
SH 
SH 
SH 
~~ 

0010 uoco 
UOJO 
uu .. o 
00:»0 
UOt>O 
UOIU 
OOoO 
OU'iO uluu 
01!0 
OleO 
OlJO ui .. o 
01:»0 
OloO 
u 1 ( 0 
UloO 
UhO 
o~uu 
UclU ouo 
OcJO 
02 .. 0 
Uc!)u 
U2t>U 
uno 
021:!0 
ucvu 
UJUU 
OJIO 
UJ~O 
0330 
OJ"O 
UJ~O 
OJt>U 
U3f0 
JJI:!O 
oJ.,.v 
U4UO 
04!0 u•cu 
o .. Jo 
u••u 
o•!)o 
U4oO 
u•to 
04o 0 
u•~tu 
o~uu 
0~10 
o~c o 
OSJO 
u~ .. o 
U~':>U 
uso o 
OSlO 
0~1:!0 
0!)'110 
ObU O 
0610 
OblO 
UOJO oe. .. u 
Ub!)U 
UbbO 
Ub/U 
ObdO 
UO<;U 
U7UO 
01IU 
u7co 
07JO 
01•0 
0 7':>0 
utoo uno 
07oo 
U7~0 
UI:IUO 
0d1U 
Ud£0 
UI:I.JO 
VI:I"O 
Ud':>O 
UdbU 
UdfO 
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Subroutine SROUT continued 

c c c c 

c c c c 

c c c c 

c c c 
c c 
I: 

c 

llST TU ~EE lf THE ~tO tLEVAT1UN HA~ L~AN6EU (NUU6~ IU 
~tWUlkt Ul~T~1BUT!N6 f~~ S~~1~~NT ~~~0~~~ !Mt CHU~S ~tCllO~ 

AUl a ltjS I SUMUll 
H UUloGI.Ol-11\Al GU TU 16V 
IF llllM[otU,NTJMoANUo~MAUAI~l.GioOol GO TO 160 
(,IJ 10 ~10 

USE THt W~IGHIEO AVt~A~t Uf ~ATEM SU~fACt E~~VATIUNS FOM 
U1STM1~UT1Nu IHE ~tU1MtN(, 

16~ ~UlS • lFl~(AUl/IUlMAX • •• 11 
H INUl~,LI.ll ""UlS = 1 
~UA a ~UMUM(~I/rLUAilNUlSl 

1 '0 
1dO 

1C,.u 
tou 

W~ • ~MiW~IKl/SMAUA(~I 
uu tov ,.,.~~ a 1o,.,.U1S 

LM~.l : LM1NII\I • J, 
lF (WCjol. T ,it<lr'J) ·~ a l"1"'3 
CALL GtUM IKow~l 
N : NQll'.) 
~~~~ "' N - 1 

AUU lN CI1ANGt IN tH.U t::Lt.VAilUNo AI t.Alr1 I"UlNTo TO 
LMUSS ~tl110N G[UMtl~fo 

OX • XIKo21 - Xll'.tll 
1F CU.Ilot.'-lo 0,1 bO I U 110 
lll\ol) a lll\oll • ISUA • wUI111/vX 
UO 1tlO L a z,,.,.,.. 

UA = X I 1\ t L • 11 - .ll ( K t L - 11 
lF IUX,t.IJ,Ool bU 10 Hili 
llr<oll = lll\tLl • ISUA • (o~ ,,lll.l • WLI IL - 1111/LiA 

CONI l111Ut 
UA: Jl(l\oNI - A(l\oN- ll 
Jf IU.Ilot~.u.l uO IU lY O 
Ll"-or.l);:: lll\oNI • ISUA • wUIN • !ll/OA 
LALL Tr1AL 11'.1 

CUNilNJt:: 
CALCULATt:: ~ow£~ FUNCTIONS FO~ THE C~AN6lU St.C l lUN, 

CALL CHNGM (Kl 
~EI SMAUA lr<ltS~z-~ (~It ANU SU~ O AIKit tjACK 10 LE~O. 

SOIA UAII\) : O, 
SI'ILo.SI I\1 = Q, 
SUH UAII\1 = Oo 

tlO LUNTlN Ut 
wE 1 UK I~ 
U•U 

08d0 
Ud~O 
V'IIVO 
0<,110 
09~0 
U'II.HI 
U<;•O 
09:>0 
Uc.lt>O 
O'iiO 
llc.lciO 
Oc.l90 
10UO 
lUlU 
lUcO 
1U.Jil 
JO•O 
11.1:>0 
lUt>U 

UIU 
lOciO 
10"'0 
11 Ull 
1110 
lllO 
!l.JI) 
lf•U 1 :>0 
1 JbO 
1lfO 
11 cl 0 
!l"'u 1cuo 
ldO 
lUO 
lc.$0 

l£ .. o 
£~0 

12oo 
lclu 
1cco 
12'110 
1.3vu 
1310 
1.3co 
13JO 
1.3 .. 0 
1.3~0 
lJOO 
1J/u 
lJdO 
lJ~O 
"'uv 
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Subroutine SUBPF 

c c c c 

c c c c 
c c c c 

c c c 

c c c 

c c c 

c c 
l c 

c 
t c c 

1 
t!. 
J 
4 
~ 
tl , 
tt 
~ 

1 z 
1 
1 
t!. 
J 
4 

1 

1UU 

110 

1tu 
lJU 

SV~HuvllNl SUdPF C~HI 

f~lS SVb~UUTl~E CALLS l~l VARIOUS Ol~t~ SUbHUUTlN~S ~lEUEO TO 
LALCUL~Tt fH~ SU~C~lll~AL t11Aft" SUHfA~~ ELtVATlUN &f l&C" SECilUN, 
CUo4MUN /:tEC tl •UClZI • oCOClUOI • IW 11c51 

•SK(1001 ' • t. C 1 UOI • ll'llNilUOI ' l0di1UOI 
Al!!UOI • A£ I 1UUI AJilOOI • , .. Cluul 
A!:II!UUI ' Ao C 1 UUI A/llUUI • Ad I l U 0 I 
~~ q UU I • Al011UOI • ol11UUI • dt!.llUUI 
t13ll'J01 • tl•tliiUI • d~llOUI • dtlliOUI 
~lllUUI • tlo I 1 U 0 I ll'i 110 0 I • o1Uil001 
UA .. 1 1UOI • UA~I1001 t.Uf\11UUl t IAKI1001 
TK~clOOl • AL~I'UlUUI t WK llUUl • lltS~AAilUOl li'IAl( l lOUI 

CUo4o4UN /UNiTS/ lUNlT • cu~us • lUlf"' 
UHA\1 ' VVAL • ftl • CON~ OZM~.ll. 

c.;u"'"'IJ1'4 /HYUt v • ~I) t (Ill 
IlL~-' ' [I(. • I A 

COo4o4Uf'4 /Hl~/ NH1V • C.UI" 11 0 I • I(L)I)oO~ ( 10) 
N Il-l(~ ( 101 • lCUN I I lUI .IS1.11Ut~l • AA ll U l 
bA ( l VI • ~AI lUI otulllUt~l ' lf-lloClOtSI 
"' llq o c 1 0 • 5 I ' AlllUtSl ' ofllUt:>l ' M.UNII1Vl 
liW U Ill Ul ' Sl:l ( 1 VI ' APoillOI • 1:1~11\)) 

CUMMUN /SYS/ VHU ' wSiJ ' IK.J 
I)[ ,I. 

Uti(~M!Nt. T~t. COtFFlClt.NT Uf IH( COIIIVATlNCl (UiJATl0/11 
FvH IHt ~U~Rt.NI vlSLHA~ute 

~ALL NVAL (NHl 
CALCULATt THt WAltH SUHfACt. ELEVAI!I)~ AI THt. OOwNSIHtAM 
St~ftUN, dY US}Nu IHt. ~UNIHOL CUNU llU~S. 

(.;ALL CONT INHeiiSl 
1\ a "-UUwN(N~ l 
JF lws.Lt .• bdNCKI l uU IU lUO 
CA LL H~U~K l"'twSl 
lEST fUiol CHII1CAL FLUoi. 
CHI:: I(.ICKl/IIG"AV/ALI"l • • eSl 
lSI.I: lA • (IIA/t.llll • • .~l 
11' ICHI.LfeZSI.II uU TO 130 
LALCULATt CRiTICAL U£1-'IH, 
H- ITI.IIIu.ur.u.ol uU ru 11u 
w:, = wsu 
tu • v.o 
t.w = 0.0 
lA = OoO 
IK :: U.U 
ALl-' " V.V v .. u. u 
U: IIIJ(P'.I • lQ I"-1 • A~IP\II/(A31KI • AJIKI • GiU~l 
IJ aU • • (l.llle • lo • dJ(:\1- 1:1:>11\ l ll 
•::. a U • l11I•HP<l 
11' (oi:,.LT.ZotHKJI uO TU leU 
U "' ( I 1.1 I"- I • II} C 1'. I • Al U I"' I I I I At! I"- I • At! I 1\ I • I)I'C A Y I 
1J a u • • ( 1 .1 I 1 • • Z e • t18 I P\ I - d 1 U ( 1\ I I l 
•S "' U • LMJNIKI 
LALCULAT~ THt HYUHAULIL ~~UP(HTIES u> IM~ St.CTION. 
LALL MYUI"H (P\oWSI 
•t. (I() " t" 
W!>ll. ( P\ I a W$ 
I AI\'"' I a I A 
t.UP'.IP\1 a tU '"'"''"I = II\ ALI"KII\1 "'AL"' 
VI\ (I\ I " \1 
! T (HAT~ OVtR IHE I'CtMAINU~H Of THE St.Ll!O~St dY iiO~~~~u 
Uio':.lHt.AM UN[ St~T1uN AI A 11~~. 
"-U : "-UPIN~l 
"-c a "-UOw~INHl • 
UU cc U p( : KCtKU 

1 LI-I1 "' U 
SlT IHt. LAST sECliUNS HYuH~UL!C io'MUI"tHI lt.S A::. THl UUwNST~t.AM 
CVNU!IIO"'::.• 

• 
• t 

SB 

~~ 
SH 
SEl 
s~ 
SH 

~t 
s~ 
Sb 
Sb 
s~ 
St:! 
St:! 
St:! 
s~ 

~~ 
St:! 
51:1 
St4 
St:! 
St:! 
58 
SH 
s~ 
Sl:l 
St:! 
5!:! 
St:! 
Stl 
5!:! 
St:l 58 
St:! 
St:! 
SEl 
Sb 
~~ 
St:! 
St! 
St! 
Sd 
58 
St:! 
Stt 
St:l 

~~ 
St! 
St:! 
58 
5t:l 
s~ 
St:l 
St:! 
5t:l 
58 
58 
St:l 
St:! 
St:l 
5~ 
SH 
St:! 
SH 
Si:j 
S8 
~~ 
s~ 

~g 
51:1 
St:! 

~~ 
Sb 
Sb 
Sb 
St:l 
Sb 
s~ 
Sb 
S8 

UUlU 
UOcO 
UUJO 
uu .. o 
uu::.o 
UUt>U 
UUIO 
OOtiO 
UU'JIO 
UlUO 
Ul!O 
UlcO 
VlJU 
Ul~tU 
UbO 
Ult>U 
u 1/0 
Ult!O 
Ul'JIU 
ucuc 
0210 
v2cu 
OcJC 
UZ<tO 
Uc:>U 
Ucou onu 
OccJU 
Uc,O 
UJOO 
VJlO 
UJcO 
UJJO 
UJ<tO 
U.J::.O 
uJou 
UJIU 
UJtiO 
VJ'liO 
U'-110 
U-10 
u .. co 
O .. JO u .... o 
Ult:>U o .. oo 
U .. IU 
OltoO 
U .. "'U 
usvu 
US!O 
OS cO 
u!:I.JO 
us .. o us so 
IISbO 
USfO 
UStiO 
us ... u 
UbvO 
Ot>!O 
Ut>cU 
VbJO 
\lb~tu 
llb~O 
U6oo 
Ut:>fO 
Ot>tiO 
Ub'llll 
v7UU 
u 71 0 
u7cu 
11TJu 
~~r .. o 
0 7:::.0 
Oft:>U 
07fU 
V7tl0 
II 7 'I I' 
Ot!VO 
lit! Ill 
011(0 
OtiJO 
Vti•HI 
Oo::>O 
Ut!OU 
VlJIU 
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Subroutine SUBPF continued 

c c c 
c c c 

c c c 
c c c 

( 
c c 

c 
( 
c 

c c c 

c c c 

c 

1::>0 

1t1U 

l 'u 

lt!U 

1'11U 

cuo 

clu 

au 

I(L) a K - 1 
Ut~ a HU(~I - HviKOI 
VMU a ALP • V • VII~. • uwAVI 
w:>u a ·~ TII.U • f"-
1~ ITIJII':JoLIToOoOI GU 10 bO 
IllS a I'!>U 
H IIISoL(o.lMINII\1 I liU 10 l4t0 
CALL MYUP~ ll'.oW!>l 
bu 10 c1o 
[W & UoV 
t:u • u.u 
lA : UoU 
'"' • o.u AU' • u. 0 
"' • u.u 
GU TO llO 

ltST ~UH •tJM S~CT1UN 

IF IOt~.GieOoOOuUll (iiJ TU 160 

CALCULATE THl WAIEH !>UMfACE AI TH~ U~T~~AM W[l~ SECT1U~ 

CALL wEI~o~ IKoliSl 
(iU I (J c 1 0 

'ALCULATE IH~ WATEW SUM~AC~ fLEVAilU~ AT 5ECTION(II.Io 

CALL t:ll':lllal 11'\tW!>tlCMll 

ltST tO~ CHtlJCAL ~LUWo 

It' llCH l,tu,l I uU TO 170 
CMT :: IY(II.I/( luo<Aii/lol,_l • • o::>l 
.l~IJ: TA" lllA/~"1 • • o':>l 
lf ICtHoLtoZSUl \jiJ IU clO 

(AL(UL~Tt (RlflCAL Ut~lHo 

U a: (TIJlK l • fUll'.) • A::>(I(Jl/(Ajlll.l • A311'.) • GP'Ih' l 
U I: 0 • • llo/llo • i:!o • t!3111.) • t!~(K))) 
w::. : U • .li'IINIII.I 
H lwS.LToLUt;ll'.l I GU TO l!!U 
U a II:Jll(l • TU I "'I • AlUll<.li/IA!!l\1 • A!!IKJ • G~AVI 
U aU • • llolllo • Co • l:j!j(l\1 • tjlUIII.))) 
w::, : U • Ll'llN II<.I 
11' lwS,LToiiSU l w!> "' W!>U 
C .. LL HTU~w (l(ow!>l 
1 ~- IV o L T • V VALl LIU T U c 1 U 

CALCULATE NUMI'IAL Ul~ T H 

c"' TIJII\11~8(NMI ••• ::;, 
L) o: (L/A4tll'.) ) • • llo/O"I"'lJ 
W!> • li'IINII\1 • U • oUUl 
Jf IWSoLT••SOl w!>: aS U 
If lw:loLToLOdii(Jl l.iO IU 19U 
0"' (C/AQII\1) • • l1o/O'il"'ll 
WS a L~INII\1 • U • oUVl 
lf OtSoLTowSUl 11!> • •::.u 
CALL HTUPM (l(oW~) 
If IVoLI 0 11VALI (,U TO cHI 

V~LOCliT LlMliEU 

0 a (l<.lll(l/(VVAL • Ajll<.))) • • lloO/tjJlll.)) 
w::, "' U • il'llN II\) 
H (W':>oLToliSUl •S & •SU 
H lw~.LToLIItilll.)) (,U lu cOU 
U a llYII(l/(\IIIAL • Atll"lll • • l!oU/ddlll.)) 
W;) : l) • LI'IINl" l 
lf lw!>,LToWSUl •!> & wSU 
CALL HTUPM (l'.t•~l 

Stl CMOS::. SELIIO~ HTU~AULIL PMO~~MlltS INfO A~~AYS 

lit'"' l a E• 
WS"-l"'l & loS 
I AI'.(" I : I A 
~Ur<(I(J : t.U 
T "'II. I r<. l s I 1\ 
AU"I'.(I\) a ALP 
II"- I.._) z V 

LIJN I ! o~l• [ 

tolt.ll.IMN 
t.r.u 

SB 
Sb 
SB 
5t! 
5!:1 
5t! 
~g 
St! 
5b 
5t! 
5t1 
St! 
58 
St! 
58 
S& 
58 
St! 
5B 
5t1 
5t! 
5t! 
5t! 
5t! 
St! 
5t! 
St! 
5t! 
St! 
5B 
SB 
5tl 
St! 
~t 
SB 
St! 
5t! 
Sb 
Sti 
St! 
Sl:l 
58 
58 
58 
5t! 
5B 
Sl:! 
58 
58 
St:l 
51:! 
5t! 
5~ 
58 
St! 
5b 
58 
St! 
51:! 
SB 
51:! 
St~ 
Stl 
51:! 
Sl:l 
SB 
51:1 
Sl:l 
51:1 
Sc:l 
St! 
Sl:l 
51:! 
Stl 

~~ 
51:1 
51:1 
51:1 
Sti 
5t! 
Stl 
Stl 
St! 
!Jtl 
51::1 

Ut!e!O 
Ot!'ll) 
UYUU 
0~10 
U'>l£0 
IIYjO 
OY"O 
0'1::>0 
O'lloU 
09fO 
U'lit!O 
U9's'O 
10UO 
1010 lOco 
10j0 
1o .. u 
10::>0 
1UoU 
1070 
lOtiO 
lO't'O 
11UU 
1110 uto 
11 jU 
11 .. 0 
1bO 
11o0 
1110 
11 t! 0 
11'110 
levu 
1210 
lZC U lcjo 
lctto 
12~0 
lebO 
1cr o 
1ct~o 
li't'O 
lJUU 
ljlO 
13co 
13j0 
1J"u 
LbO 
1Jau 
1310 
1Jd0 
IJ't'U 
litvO 
1410 
t•c::o 
1•jO 
l• .. o 
1•::.o 
i•ou 

4t(U 
l4t!U 
1" YO 
15UO 
l::>lV 
15C:: U 
l!>j l) 
1~ .. o 
1~::> 0 
!::>au 
1~11) 
1~110 
l~YU 
lt>uO 
1b!O 
lt>cu 
lt>JO 
lt> .. o 
1t>::>U 
1t>t>O 
lb i U 
lot!O 
1t>'IIO 
Pvu 
lf 10 
11 .co 
1fj0 
1 r.u 
lf::>U 
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Subroutine THAL 

c 
<.: c 

c c c c 

c lou 

1 z 
J • 5 
b 
7 
d 
9 

1 
c 
J 

~V~~uUTlNE T~AL l~l 

IHlS SVB~OUT1~E UElt~~INtS TH~ (~US~ S~CIIUN TMAL•~~ (LfVATION 

C.O~I'ION /St:C 11 WUI2cl ' ~I) 11001 ' •S"I100l •t 11 u u) • L1'11NI 1001 t 
Al(lUU) Aci!UU) • AJ I 1 V 0 l t 
A~(lUU) ' AbllVUl t Af!JVOl • A'll(lVU) ' AJutlOOl ~111001 ' t;J(lUU) • t;4ttUUl !!!>I fOOl ' ell vu 1 ts!S( VOl :5'11 I UUI 
OA4t1UOI UA'IIIJUOI '-UII. I 1 UO I 
I~Kt11JOl AL,..~IliJUI ., ... '1 u u l ' l ·"' t.X (J OUI 

C0'41'1UN IS~Czl AllUUt?cl • LlliJUt2cl 
ULU!-111 00 I ' l)I<Utj ( I IJ U) FtlVUtCCl 
SUM[)IItlOOI ' SI'IAUA(lUOl :»I'IL•::OI1UUI • ut1oul 

Tt.~T tii(H tRU!:tS SHIION P'UliOT TO ~{NJ IHt. ~.iN1"1UI'I 
IL1'11Nlll.llo 

M & NUll() 
lM(N(r<.) = Ztl'.tll 
1LI'11Nl"l : 1 
UU 11.1 0 L c l•M 

IF IZIP\tLioGEoll'llNI~ll 1.)0 10 100 
Z-1111111\l • li!<:•Ll 
l.£M1NIP\) '" L 

CO iH H<UE 

wt. 1 uwr• 
t.Nu 

TIJ 11l~l 
LO~ I 1 Oil I 
·- 110111 
·~' 1 u u) sc t 1 v v 1 
!fbI 1U0l 
eHVI!OUI 
IAI\11001 
w::,>111AIJUOI 

LUI i\10• c?ZI 
!Ill) I J U U I 
IL1'4JNI1001 

~Lf:vA i lUNt 

t 

' t 
' ' 

0010 
OOcO 
UOJO 
0040 
01.1~0 
OUt>O 
0010 
UOdO ou ... o 
UfUO 0 10 
OJ cO 
VlJIJ 
01 .. 0 
ObO 
ult>u 
01 I 0 
OltW 
UIYU ocuo 
OliO 
o2co 
ocJn 
uc .. o 
02::!0 
UcbO 
OciO 
Oct!O 
Uc'IIO 
UJuU 
0310 
OJ cO 
UJJO 



278 

Subroutine TRIBS 

c 
( 
(. c c 
l 
l 
l 
( c c c c 

c c c 

c c c 
c c c c 

c c c 

c 
l c 

c 

SueHUuTINE THIBS 
f~!S SU~HOUTINE OEltHMlNtS THt SEUI~ENI UISCHA~~E ~0~ 
tACH IHHII.HAt<T, 
UtF1~1TlONS Uf TY~lS Uf 1~1~UIAH1tS 

ll~lt:IINHtJ) 

1 c 
j .. 

TY~t U~ T"lSUTA ~'~r 

.-oiNT ~OUwCE 1"4 
MA..JUw IP<I!t:IUIAt<T IN 
.-oiNT SOUI'ICE our 
MAJUw IH1t:IUIAHT OUI 

C01'4MUN 
1 

/SEC!/ 
W::tll.! l 00) 
AlllUU) 
A::t(lUOl 
A~I} UUI 
tU(lVUl 
tHI1UUl 
UA4(1UOl 

WUI2ll t 101100) 
t WtllVOl t tM!NilOOl c 

j .. 
5 
b 
7 
t! 
~ '"'"' ( I u 0) (MAXIIOUI 

t AtllUU) t A3 11UU) 
t AblluUl A111UO) 
t A!UI&OUI ~11100) 
t t:I .. I!VVI O!:lllUV) 

t:l~(lVUl t ~~IIUU) 
UA~IlOOl C::UII.IIOOI 

t A~~~llUU) Vll.llUUl 
COMMON 

1 
/StC21 
U~UAI10Ul 
SUMOAilUUl 
ullo vl 

AI1UOtlCl 
UHU~!lOVl 
~MAL)AiiUOl 

~ll0Utl2l 
H lUUtCCl 

t !)l'l~ll~llUOl c 
J 

COMI'4UN 
1 

11"-r 1 
lLIW G 

NHC 
(;~ 

2 111M~ 
J 

CUMMUPol 
1 

STAGt 
1CAL~I30t3l 

/~IV/ 
NIH(ullOl 
t!A\lV) 
II.II'II~IlOtSl 
lHUui1 1Ul 

t 1'4!::>1 
NrHv u .. ur. r 1 1 u 1 
(AI l UI c 

j • t AII !V t5l 
t ~tl i ! V l 

liERATt OVtR tACH t<lVtH ~tu~ENT, 
UU 1~0 NH c ltNHlV 

NT : NlkJlHN~l 
lf INT .tQ. Ol 1;0 TO l~v 
Ov l4v J • ltNT 

II. "' II. T ~ di I NH t J l 
Ut T E~MINt THt TY~E Of TH!t:IUIAHY, 

lTHTt:l • ITHlt:IINMtJ I 

t !ljf IM 
lC 
'IIJ! 
~~::. 
IC. U"' IlUl 
.J5LI1 Ut!:ll 
~ Ofi!U t::ll 
d ll lUt~l 
A I~ 11 U) 

uO I U I l 0 0, 1 1 U • 1 i v t l J 0 l t 1 T H T t:l 

, twlll~l 
t lOt!llU Ul 

A .. I 1 VII l 
AtHlU Ul 

t dciJUUl 
t tlb I I U u l 

!:llVI!OUl 
IA11.1100l 

t WS"1AAI100l 
t lOIJUUt~21 
t "'L.lllU Ol 
t lil'llNilUU) 
, or 

"'u""' llfl.:A~L 

t ltUUwNilUl 
t AA(!Ul 
t lT~lt:IIIUtSl t 
t ~( Q IIjii!Ul 
t !:IN (I 0) 

CA~CULAlE SEOlM(NT UlSCHA~~E fO~ ~01~1 SOu~CE BY HAliNG CUMVt 
lOU loiSL INRtJ) & AI INMtJ ) • fQ(Kl • • dl (NP<I,J) uo 10 l~to 

fUH MAJOw TR!t:IUTA~!tS ~tT ~lO!MtNI UlS CHAHGt TO SE01MtN1 
li'IAN~~Ukl AT UOwNSIHtAM lwlt:IUIAMT S~CTlUN, 

110 USLINRtJ) • ~111.1 
~u 10 ho 

~OlNI ~OUHCE OUT 
lev WSLINRtJ) c AIINHt..JI • 10111.) • • eiiN~tJl 

loiSL INRt ..l) • - U::t~ (NMtJl 
~0 I u l•O 

MAJOH THlt:IUTA ~ Y OUT 
lJ U USLINR•Jl c -Gill.) 
l" v cur~r Irwt:: 
l~v CO"CilNU£ 

Mt[IJI'IN 
t i~Ll 

TS n 
TS 
TS 
IS 
IS 
TS 
IS 
IS 
TS 
TS 
IS 
TS 
TS 
TS 
TS 
IS 
TS 
TS 
IS 
TS 
IS 
TS 
TS n 
TS 
TS 
TS 
IS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS n 
TS 
TS 
TS 
TS rs 
TS n 
TS 
TS 
TS 
IS n 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS 
TS a 
TS 
TS 
TS 
TS 
IS 
TS 
TS 
TS 
IS 

0010 
00~0 
UV.lU oo .. o 
oo::~u 
UVbO 
0010 
UOdU 
\10~11 ulvo 
IIllO oleo 
ulJu 
111 .. 0 
Obo 
U1bO 
Ol/0 
Ult!U 
01'110 
OcUil 
0210 
0220 
Oc.lO uc .. o 
UlSO 
UcbU 
Ul/0 
02d0 
Oc'IIO 
U..iUO 
uJ&O uJco 
UJJO oJ•o 
OJSO 
OJoO 
OJ7U 
UJt!O 
oJ~u 
04uO 
u•Jv 
u .. cu 
O•..ioJ 
04 .. u 
U4!::>0 
04!>0 
0411) 
u•ou 
u4~o osvu 
U!:llV 
o~co 
O!:IJO 
us .. u 
0!:1~0 
O!:lb <l 
OSlO 
US dO 
us~o 
UbVO 
Ub!O 
Ooco 
Vb.l O oe. .. o 
Ub:::~U 
llbou 
UbiO 
Ubt:IO oo ... u 
U7vU u 7 1\) 
UlcO 
U7..iO u7 .. o 
VT:::~O 
u7ou 
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Subroutine UNIT 

~udloiuUl INE u •~lT UN 0010 
( UN uu~o c lHlS ~Ud~OUTlNF. ASSlbN~S TH£ CORR~CT VALUlS TO rHt. UN UUJO 
(. ~U~SIA~TS AcCO~OlNu 10 IH~ UNlT•SYSIEH u~tOo UN 004t0 c UN 00:>0 c IUNll UNITS UN uoou c UN 00/U c 1 tNGLlSH uNli•SYSTEM UN uuco c ~ ME TIHL SYSit.l'l ISU UN UOYO c UN UlUO 
( UN 0110 

COI'IMUN /U .'~l TS/ 1 U:'-4 1 r • curo~o::. lO H '1 UN Of£0 1 u><Av • 'I VAL • "~' cu~v UN U .HI 
i. Ul"'A ·' UN U14t0 c ur-. U1:>U 

H 11UN!ToN£•ll GO ru lUO UN u1oo 
LU io! O::O a ~cdo• UN II 1 /0 
lUlff'l z 1Ut UN U1d0 
bWAV .. J~.c UN UhO 
VVAL a lU. UN ucuu 
t= ~ r = ~· UN ucto 
(1) 1~\1 = lo4t!6 UN u2cu 
LILMAA .. u.~ UN Oc.JO 
WtiUWN UN uc-u 

liiU Lupo~ u ::, = looo. UN Ol~U 
LU1H1 a J.(J UN OleO 
\.>WAll • YoHl UN Oc(U 
VIIAL = 3.3 UN ucoO ... ~ r 1:: 1 • :;, Ul~ Uc'IIU 
CU ·~V .. 1. v UN oJuu 
IJL!'4AA = uols UN OJ!I) 

c UN OJ cO 
w£ r u .. . ~ ur. u3JO 
~N U UN oJ .. o 
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Subroutine WEIR 

c c c 
c.: 

c c c 

c 
l. 
c.: 

c c 
' 

c 

~IJ!fiWUfJ1'4t: Wt.lR (Ktlll~l 

IHI~ SU~~OUTI~E 1~ U~Eu 10 CALCULATt. THt. G~~AIE~ uf IH£ OO•NST~t.AM 
· •AI£~ SUHFACt. OR THt: C~111CAL Ot.~IH AI IH£ •ll"• 

LUHMUN /S~C}/ •OIZZI t ~011001 
1 •SK(1001 t •t.llUOI t 4:1'11NI1001 
i A111UOI t Ai(lUOl t A311UIJI 
J A~(lUUl t AolliJOI t Afi1U0l 
4 A"ii}UIJI A1UI10Ul t 1:1111UUI 
5 ~llpiOI tf4IIUOI t tf51100l 
o tH(lllOI t tftH1001 t ll.,.llUUI 
7 0.14)!00) t UA'IIIlOUl t.UI(.t1U0l 
tS fl\1<(100) t AL.~I\IlUUl ""111101 
9 !MAXI10Ul 

'01'1MUN /SY5/ 
1 Ut. X 

CUMHIJN /HYU/ 
1 AL"' 

UATA 11110/iUQoU/ 

1/HU 

\1 
t I K 

CALCULATE O[~IH ~y lllt.1~ lYUATlON 

, •SO 
t.u 
I A 

0,. llt.liiU/(•10 • iotS5ll • • O.oobbbb 
•S a U • tMJNIKI • UoOUl 

' 'w ( 1251 
t lUd I 1001 
• A4 110 U I 
o Al:lllUVl 
, de 1 1 u u 1 
, do 11 ou 1 
t tHUI1UUl 
t I All. 11 U 0 I 
t ·~111Alli101JI 

t I Ku 

' hi 

' ' ' • 
' ' ' ' 
' 

~~~~ ~UR G"[AIEST Uf DUWNST"EAM U~ •El" •Alt." SUwFACt. ELEVATIONS 

H lwSoLioWSUI •S • wSU 
'AL.L HYU~~ (Kt.Sl 
SET HTU~AULJ~ PHUPtRTlt.S tWIJAL AT IHt •E1~ C.:"OSS S~CIIUNS 

10'11 :: " - 1 
·~1\(tl.l•'\11 .. loj;) 
\ll(.(ri.M11 a II 
T AI(. I""' 11 a Til 
fi(.I((I<.M11 : T" 
t.UK ("Mil o: fU 
•EC~<.•'\11 ,. t.w 
AL~I<(I<Mll a ALP 
~ETU~N 
t.I'IU 

0010 
OUcO 
UOJQ uu .. o 
UO:;,o ouoo 
UOIU 
OOtiO 
uu~o 
UlUO 
0110 
OleO 
Ol.JO 
01 .. 0 
UbO 
OlbO 
OliO 
011:10 
OhiO ucvo 
OilU uzco 
Ui.JO oc .. o 
Ui:;,O 
Uc?t>O 
UiiO 
021:10 
Uc-tO 
U3VO 
UJ1U oJco 
IIJ.JO 
uJ .. u 
03:;,0 
OJt>O 
UJ/0 
UJI:IU 
UJ"'U 
U4UU 
U•l U u•co 
u•JO 
u• .. u 
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KUWASER PROGRAM SPECIFICATIONS 

A. TITLE OF PROGRAM: KUWASER, known discharge, uncoupled, sediment 
routing. 

B. AUTHOR: Glenn 0. Brown 

C. DATE PROGRAM COMPLETED: July 1979 

D. PURPOSE OF PROGRAM: To compute the spatially varied flow profile, 
sediment transport, and aggradat ion-degradati on in rivers. The 
program can be applied to a single stream or an entire river 
bas in, accomodating divided flow rivers. 

E. EQUIPMENT REQUIREMENTS: 

Language: ANSI FORTRAN IV 

Central Memory Core Storage: Problem dependent (610008 on CDC 172, 
with arrays dimensioned for 100 cross sections, 10 river reaches 
and 10 tributaries per reach.) 
Central-Processor Time: 0.01 to 0.05 c.p. seconds on CDC 172 for 
one time-space calculation. 

Peripheral Equipment: Minimum requirements are printer and one 
input device, such as a card reader. The program has refined 
input-output features which utilize up to three input devices and 
three output devices. 

F. SIZE OF OBJECT CODE: 2300, 80 character lines. 

G. INPUT: Requirements include digitized channel cross sections, 
Hanning's n values for channel and overbank, river system config-
uration, downstream stage control, point source tributary sediment 
rating curves and the knoo;..'n discharge at each cross se ction. 

H. OUTPUT: Output is user controlled. Output options include 
aggradation-degradation at each cross section, maximum water 
surface elevations, m~n~mum bed elevations, and cross section 
hydraulic properties (area, depth, conveyance, velocity, sediment 
transport, alpha, discharge and water surface elevation) for ea ch 
time period. 

I. GENERAL EQUATIONS: The program solves the spatially varied flo~n· , 

Hanning's and sediment continu1ty equations. These equations are: 
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Spatially Varied Flow equation 

dD d (a 
v2 

= s - s - 2g) dx 0 h dx 

Manning's Equation 

v = 1.486 R2/3 
sf 

1/2 (English Units) n 

Sediment Continuity 
aq s + ax 

Where D 
channel, S 

0 

0'\ 
(1 - p) = qs.Q. at 

is the thalweg depth, 
is the bed slope, sh 

X is the distance along the 
is the total head slope, a is 

the velocity distribution coefficient, g is the acceleration of 
gravity, V is the average flow velocity, n is the Manning's 
n-value, Sf is the friction slope, R is the hydraulic radius, Q . s 
is the volume rate of sediment transport, p is the sediment 
deposit porosity, '\ is the area of bed area deposited or eroded, 

t is time , and qs.Q. is the latera l sediment input per unit 
lengt h of channel. 

J . RANGE OF APPLICATION: The program is presently limited to 
subcri tical flow, and cannot predict channel armoring or two-
dimens ional flow effects. The known discharge uncoupled 
formulation limits the model to cases where the change in the bed 
is small during any one time period, and the rate of change of the 
water hydrograph is small. 

K. DIMENSION SYSTEM: English or SI. 
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