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Executive Sunwnary 

The bed of the Missouri River between Gavi ns Point Dam and Omaha has 

undergone extensive bed degradation since 1950. This scouring has had severe 

consequences, including potential undermining of structures, loss of wildlife 

habitat, and 1 oweri ng of the water tab 1 e with associated increased pumping 

costs and dropping of water levels in oxbow lakes used for recreation. 

River bed degradation is a comp 1 ex process which, before the advent of 

the computer and associated computational-hydraulics techniques, was not 

subject to rational, deterministic analysis. 
However, now that such 

techniques are available, it has become possible to simulate long term river 

bed evo 1 ut ion in response to changed river geometry, hydro 1 ogi c regime, and 

sediment supply. The IALLUVIAL computer program, developed in 1981-82 at the · 

Iowa Institute of Hydraulic Research, has been applied in previous studies to 

simulation of the past twenty years of Missouri River bed degradation. 

The success of !ALLUVIAL in reproducing past bed degradation laid the 

groundwork for the present study, whose goals included modification of 

IALLUVIAL to treat more realistic river conditions, including tributaries, 

bank erosion, and vert i ca 1 nonhomogenei ty of bed sediments, and then use of 

the improved version of !ALLUVIAL to simulate bed degradation over the next 

twenty years, 1980-2000. These prognosis simulations, performed for various 

hypothetical scenarios of river management, showed the sensitivity of Missouri 

River bed degradation to geometric, hydrologic, and sediment variables, and 

furnished indications of the expected pattern of future degradation. 

The simulations of this study suggest that the worst of the degradation 

is over. An additional three to four feet might be expected, but the rate of 

degradation is decreasing, as the river approaches a new equilibrium between 
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sediment supply and transport capacity. Prognosis runs assuming a wider 

channe 1 suggest that it is primarily the channe 1 i zat ion of the Missouri, 

rather than the shut-off of sediment supply at Gavi ns Point Dam, which is 

res pons i b 1 e for the severe degradation. Other runs suggest that further 

modulation of Gavins Point Dam water releases could reduce ultimate 

degradation by about one foot. 

Application of !ALLUVIAL to this prototype problem has made it possible 

to identify several areas of the methodology which need further development 

and refinement. The simulations have also clearly demonstrated the importance 

of collecting bed sediment size distribution data which includes as much 

detail as possible on the coarser size fractions, as these fractions play a 

critical role in limiting the rate and ultimate extent of degradation. 
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I. INTRODUCTION 

The history of the channel changes which have been experienced by Iowa 1 s 

reach of the Missouri River since the closure of Gavins Point Dam, in 1955, is 

so we 11 known that it is not necessary to recount it here. The interested 

reader can obtain an overview l>f the channe 1 changes and their consequences 

from Chapters 2 and 3 of Reference 6. The problems attendant to river 

degradation that have emerged to date include, among others, loss of wildlife 

habitat, loss of public lands, difficulty in diverting water during low flows, 

falling ground-water levels, shrinking ox-bow lakes, and loss of foundation 

support for bridge piers and shoreline structures. It is to be expected that 

after a major alteration of the hydraulic, hydrologic, and sedimentary regimes 

of a river, such as resulted from navigation channel narrowing and the closure 

of Gavi ns Point Dam, the affected river channe 1 eventua 1 ly wi 11 reach a new 

equi 1 i bri um. However, the time seal e of the approach to equilibrium is not 

known, and therefore considerable uncertainty surrounds the future of Missouri 

River channe 1 changes. Has equilibrium been nearly attained? Or is the 

degradation in its early or intermediate stages? The economic, environmental, 

and other consequences of further degradation are enormous, and therefore an 

accurate prediction of the future rates, amounts, and spatial distribution of 

channel degradation would be invaluable in planning the future utilization and 

management of the Missouri River. 

The responses of a river to major alterations in its hydraulic and 

hydrologic regime and virtually complete curtailment of its sediment supply 

involve so many complex factors that accurate prediction of the morphology of 

disturbed streams cannot be approached by means of classical mathematical 
• 

analysis. Moreover, the time periods (typically decades) involved are so 
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great and the affected channe 1 reaches so 1 ong ( often hundred of mi 1 es) that 

recourse to phys i ca 1, 1 aboratory mode 11 i ng is out of the question. As a 

result, prediction of channe 1 changes downstream from reservoirs heretofore 

have generally been made on the basis of either highly simplified analyses or 

"engineering judgment". Neither has been particularly reliable, and the 

resultant misleading predictions have given rise in numerous instances to 

extremely expensive problems. Furthermore, because of the highly 

individualistic character of each river, experience gained with others has not 

been particularly helpful. The recent development of computer-based 

numerical-simulation techniques, which permit faithful mathematical modelling 

of the numerous, complex, interrelated factors constituent to river-channel 

changes is making it possible to produce surprisingly accurate predictions of 

long-term river-channel changes. The Institute of Hydraulic Research recently 

completed development of such a model, named !ALLUVIAL, which was especially 

designed for the Missouri River. Funding for development of !ALLUVIAL was 

provided by the National Science Foundation and the U.S. Army Corps of 

Engineers' Omaha District. In the course of its deve 1 opment, an extensive 

study was made of the sediment-transport and friction-factor characteristics 

of the Missouri River, and a new, analytically based, predictive formulation 

for these key elements of any flow- and sediment-routing model was 

incorporated into !ALLUVIAL. These features are described in References 4 and 

5. Reference 5 in particular documents the agreement that has been achieved 

between observed and predicted Missouri River water-surface changes during the 

20-year period following closure of Gavins Point Dam. 

The Corps of Engineers Contract under which !ALLUVIAL was produced called 

for development of its constituent components (sediment-discharge predictor by 
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size fraction, friction-factor predictor, bed-armoring model, and flow- and 

sediment-routing subroutines); their synthesis into a skeletal computer 

program which could be used to make preliminary evaluations of the capability 

and reliability of the program; and for conduct of a few "postdictive" 

computer runs to demonstrate that even the skeletal model could reproduce, at 

least qualitatively, the changes that have been observed. 

The primary objectives of the present research project were refinement of 

!ALLUVIAL to incorporate channel and flow features not included in its 

development under the Corps contract; further verification of its predictive 

capabilities, and calibration of its key constituent parts against field data; 

and, most important, utilization of the refined version of !ALLUVIAL to obtain 

predictions of the anticipated future degradation of the Missouri River 

upstream from Iowa's southern border. These aspects are described in greater_ 

detail below. 

1. Refinement of IALLUVIAL. The first version of IALLUV IAL did not 

include detailed variations of channel width, bed-material size, and river 

slope along the study reach. Instead, because of limited time and funding, 

the study reach was broken down into four separate reaches, each of which was 

treated as having uniform width, initial bed material size, and slope. It is 

likely that no river reach of comparable length has been studied more 

intensively that the Missouri River along Iowa's boundary, and a wealth of 

data has been accumulated and is on file at the Institute of Hydraulic 

Research. Additional detail incorporated into !ALLUVIAL would permit it to 

more faithfully reproduce observed and expected river behavior. More detail 

concerning channel width and historical streamwise and vertical (subsurface) 

sediment-size distributions would be used. 
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2. Sediment Inputs. In its original form, !ALLUVIAL did not include 

sediment contributions from bank erosion or from tributaries . The capability 

to do so had been programmed, but time and funding limitations did not permit 

the extensive data analysis required to include the sediment inflows and their 

effects. It was judged to be important to include these features, because 

they represent the major sources of fine sediment entering the Missouri River 

below Gavins Point Dam. 

3. Improvement of Coding. It is invariably the case that in the course 

of developing a complex computer program, changes are made and additions are 

incorporated on an as-needed basis. There comes a time when it is in order to 

reprogram much of the code, with extensive commenting, to facilitate future 

use of the program and to reduce computer-time and memory requirements. 

I ALLUVIAL had reached that stage, and this activity was pursued under the 

present project. 

4. Predictive Simulations. The principal activity to be pursued under 

this project was the conduct of a number of predictive, simulation runs to 

provide a prognosis for the future course of Missouri River channe 1 changes 

along Iowa's border. The first runs were to be directed toward determining 

the expected time seal e of the process, to answer questions concerning the 

1 ength of ti me required for the river to reach its new equi 1 i bri um. Other 

detailed simulation runs were to be made to and beyond this date to provide 

predictions of the temporal and spatial distributions of future Missouri River 

changes for different hydrologic and river-management scenarios. The results 

of these computer simulations were to provide projections of the future 

temporal and spatial changes in river-bed elevation, water-surface elevation 

for different discharges, bed-material-size distribution, and degree of bed 
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armoring. Additionally, simulation runs were to be made to examine the 

effectiveness of any proposed (by the State of Iowa, the Corps of Engineers, 

or others) measures which might be taken to retard degradation, as suggested 

by the Advisory Panel for the study (see Acknowledgements). 

The goal of this project was to develop a reliable predictive tool which 

could be updated in the future and used to examine the consequences to the 

river's channel and flow regime of practically any proposed modifications to 

its inputs or geometry. 
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II. IALLUVIAL COMPUTER PROGRAM 

II.A. General Remarks. !ALLUVIAL is a computer-based fl ow- and sediment

routing model for simulation of the long-term bed evolution of alluvial 

streams. It treats the flow as one-dimensional and quasi-steady, solving the 

following governing equations: 

1. Equation of motion of water flow; 

2. Equation of continuity for water flow; 

3. A friction-fractor equation that takes into account the variable 

roughness of sediment-transporting streams; 

4. Equation for sediment discharge; 

5. Equation of continuity for sediment. 

A river reach is divided into subreaches, and the computations for each 

are performed for successive, discrete time intervals. In each time interval, 

!ALLUVIAL solves the governing equations in two steps: the relations in 1 

through 4 above are solved in the first "backwater" step to obtain water

surface elevation, depth, velocity, and sediment discharge at each 

computational point; in the second step, the sediment continuity equation is 

solved to yi e 1 d depths of degradation/ aggradat ion, changes in bed-materi a 1 

composition, and changes in armoring of the bed surface. The initial and 

boundary conditions required for a solution are: known initial bed elevation 

and sediment size distribution at all computation points; known water and 

sediment discharge hydrographs at the upstream limit of the model; and a known 

stage (water-surface elevation) hydrograph, or discharge-stage relationship, 

at the downstream limit of the model. 



For a detailed description of the principal features of !ALLUVIAL, 

reference is made to the IIHR (Iowa Institute of Hydraulic Research) Report 

No. 250 prepared in August, 1982 under the sponsorship of the U.S. Army Corps 

of Engineers, Omaha District (5). A brief review of these features, plus the 

\ modi fi cations and additions to the ori gi na 1 porgram incorporated under the 

scope of the present study, are presented in the following sections. 

11.B. Sediment-discharge and friction-factor predictors. The Tota 1-Load 

Transp,ort Mode 1 ( TL TM) deve 1 oped by Karim and Kennedy ( 4) is used for the 

sediment-discharge and friction-factor predictors. The formulation of TLTM 

takes into account the we 11-known fact that the f ri ct ion factors of a 11 uvi a 1 

streams are heavily dependent on their sediment discharges, and avoids the 

need to specify a fixed hydraulic roughness, such as Manning's coefficient, a -
priori. In keeping with this concept, the friction-factor relation includes 

sediment discharge as one of the independent va ri ab 1 es, and an iteration 

scheme is used to calculate sediment discharge and friction factor from the 

following pair of simultaneous relations: 

Sediment-discharge predictor 

Log 
qs 

(----) - -2.2786 + 2.9719 Log v1 + 1.0600 Log v1 Log v6 
✓ 3 g(s-1) 050 

+ o.2989 Log v2 Log v6 ( 1) 
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Friction-factor predictor 

u Log(-----) - 0.9045 + 0.1665 Log v7 
✓ g (s-1) 050 

+ 0.0831 Log v4 Log v5 Log v7 + 0.2166 Log v4 Log v5 

- o.0411 Log v2 Log v3 Log v4 

where 

u d 3 u* 
Vl - V2 = D ' V3 - s • 10, v4 =-

(s-1) ' w 
✓ g D50 50 

vs 
wD50 

, v6 
u* - u*c 

V7 
qs 

- - ' 
-

V ✓ g (s-1) 050 ✓ g (s-1) 3 
D50 

q5 - volumetric bed-material discharge/unit width 

U - mean flow velocity 

d - mean flow depth 

050 = median size of bed material 

S - energy slope 

w - fall velocity of sediment particles 

v - kinematic viscosity of water 

s - specific gravity of sediment particles 

u* - bed shear velocity= ✓ gdS 

u*c - critical shear velocity obtained from Shields ' diagram 

(2) 

The numerical coefficients of Eqs. (1) and (2) were obtained through nonlinear 

regression analysis of extensive field and laboratory data (4). 
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11.c. ,Water-surface-profi 1 e calculations. 
tr > 

Computations for sediment 

discharge and water surface profile in one time interval proceed 

simultaneously, because of the interdependence between f ri ct ion factor and 

~ sediment discharge incorporated in Eqs. (1) and (2). Starting from a known or 

specified water-surface elevation at the downstream end, the calculation 

scheme solves simultaneously Eqs. (1), (2), and the steady-state continuity 

and energy equations of flow, by an iteration scheme analogous to the standard 

step method for backwater computations. This procedure calculates depth, 

velocity, energy slope, and sediment discharge at successive upstream sections 

in a single computational sweep, downstream to upstream. 

11.D. Change in be~ elevation. The depth of degradation or aggradation in a 
~ ., 

subreach of length 6X during a time interval bt is calculated by applying the 

sediment-continuity equation between the two bounding computation points, 

aq 
( 1-p) il + s - O ( 3) at ax 

where p = porosity, and z = bed elevation. Equation (3) may be discretized to 

calculate the change in bed elevation for a reach, 6Z, from 

(4) 

1n which (qs)i and (qs)i+l are sediment-transport capacities per unit width at 

downstream and upstream ends of the subreach respectively. A positive value 

of ~z indicates degradation when (qs)i > (qs)i+l' i.e., a deficit in sediment

transport capacities exists between the downstream and upstream sections of 
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the subreach. When (qs)i < (qs)i+l, llz is negative, and its absolute value 

gives the depth of aggradation in the subreach. In the present version of 

!ALLUVIAL, the entire wetted perimeter is shifted up or down by llz. 

11.E. Changes in bed-material composition. The composition of an alluvial 

river bed undergoes continuous change in response to degradation or 

aggradation occurring due to imbalance in sediment transport capacities at the 

two ends of a reach. The depths ( or volumes) of sediments of each size 

fraction scoured from or deposited in a reach are determined by applying the 

sediment continuity equation by size fraction. The fraction of sediment 

discharge in size interval k and reach i, Pdi,k, is calculated from the 

relation given by Karim and Kennedy (4): 

(D50i)x 
p . k D 

1 , k 
(5) 

where Pi ,k = fraction of size interval k in bed material of reach i; D5oi = 

median bed-material size in subreach i; Dk = geometric mean size of fraction 

k; m = total number of sediment size intervals; and xis given by 

X = 0.0316 
d . 

( 1 ) 

D50i 
0.5 (6) 

where di = average flow depth in subreach i. 

The size distribution of the bed sediments is updated at the end of each 

time interval by taking out the calculated depths of degradation from, or 

adding the deposited volumes to, the mixed layer, and then accounting for the 

proportionate change in each sediment size interval. The horizon of bed 

material immediately below the bed surface undergoing continual mixing due to 
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agitation, overturning, bed-form migration, etc. is referred to herein as the 

mixed layer, and is assumed to have a thickness equal to the average bed-form 

(or dune) height and to be homogeneous in size distribution at any given 

, time. The dune height Hd, is estimated from the following relation (1): 

(7) 

where .a= non-dimensional bed-shear stress; b0 = 0.079865, b1 = 2.23897, b2 = 

-18.1264, b3 = 70.9001, and b4 = - 88.3293. This relation accounts for both 

the growth and decay of bed-form heights with variation in bed-shear stresses. 

11.F. Bed armoring. In a degrading river, the finer sediment particles are 

transported preferentially from the bed, resulting in gradual coarsening of 

the bed surface. If the bed material contains sediments which are 

sufficiently large that they cannot be transported by the fl ow, then coarser 

particles gradually accumulate on the bed surface forming an "armor coat 11 

which protects the underlying finer sediments which would otherwise be 

transported. The fraction of the bed surface, Af, covered by these immobile 

sediment particles is expressed by the following relation, developed from 

volumetric considerations: 

m 
!: 
k=l 

(8) 

where p = porosity; ds(t) = depth of degradation to time t; Pk= fraction of 

bed material with size Dk; l = sediment-size interval containing the smallest 

size which remains immobile on the bed; and c1 = constant determined by the 
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shape of the particles and their array on the bed. C1 = 1.90 for ellipsoidal 

particles of shape factor 0.70 laying flat in a one-diameter-thick armor 

layer. 

Bed armoring plays an important ro 1 e in restoring ba 1 ance between the 

sediment-transport capacity of the fl ow and the reduced sediment-supply rate 

into a reach. Armoring assists the river in seeking a new equilibrium by 

reducing sediment discharge and also by changing the hydraulic roughness. It 

is assumed in the present study that sediment discharge is reduced in direct 

proportion to the fraction of the bed surface that is armored (Af)• 

Si mi 1 ar ly, the f ri ct ion factor is taken equa 1 to a weighted average of the 

fixed-bed roughness for the armored portion (Ar) and the movable bed roughness 

( l - Af). The thickness of the mixed 1 ayer is assumed to decrease linearly 

with increasing armoring of the bed surface. 

11.G. Variation of bed material with depth. For a r1ver degrading into its 

alluvium, the rate of degradation and its ultimate value are greatly 

influenced by the composition of underlying materials encountered by the 

degrading river bed. Underlying coarser materials result in in~reased 

coarsening of bed material and armoring of the bed surface, reducing both the 

time scale of evolution and the final depth of degradation; the reverse is 

true in the case of underlying finer materials. Variation in the composition 

of subsurface materials has been accounted for in !ALLUVIAL as part of this 

study, by defining different layers of subsurface sediments (each layer 

defined by its thickness and sediment size distribution) below the initial bed 

elevation at the start of the simulation, as shown in Figure II.l. The 

thickness of each layer, (tL), and size distribution of each layer Pi,k,L are 
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defined as shown; other quantities shown in this figure are: ds == depth of 

degradation, de= depth of materials entering mixed layer, (Tm)t - mi xed-layer 

thickness at time step t, and (Eb)t = bottom elevation of mi xed layer at time 

t. At the end of each time step during the simulation, the top and bottom 

elevations of the mixed layer are continuously tracked to determine their 

positions relative to the subsurface layers. The amounts of materi a 1 s of 

different size di stri but ions entering the mi xed 1 ayer are computed 

accordingly, then are used to update the composition of the mixed-layer 

material. The amounts of coarser fractions which are responsible for armoring 

of the bed surface are also continuously updated. For example, referring to 

Figure II.l, the amount of material entering the mixed layer consist of a 

weighted average of three different layers of composition Pi,k,S (partial), 

Pi,k,g, and Pi,k,lO (partial). 

11.H. Sediment inputs from tributaries and bank erosion. The 1 ong-term 

evolution of alluvial river bed profiles is influenced by the tributaries in 

two ways: first, increased mainstream water discharge at the mouth of the 

tributary creates a backwater effect which alters the water surface elevations 

and sediment discharge capacities both upstream and downstream of the mouth; 

secondly, sediments brought in by the t ri but a ri es a re added to the ma i nstem 

sediment load delivered to the downstream reaches, often resulting in 

deposition of coarser particles near the tributary mouth in the short term. 

In the long term, however, water and sediment inflows from tributaries may 

lead to either degradation or aggradation in the neighboring reaches depending 

on the relative amounts of water and sediment discharges of the main river and 

the tributaries, and the relative size distribution of sediments transported 

by the main river and tributaries. 
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The influence of tributary inflows is cons idered in !ALLUVIAL in two 

stages. First, the water surface profi 1 e i s computed in the same way as 

described in section II.C, with water discharges at computation points 

'-- adjusted to account for tributary water inflows. In the second stage, the 

application of the sediment continuity equation is modified as follows. 

Consider Figure II.2, where Qi and Os,i = mainstem water and sediment 

discharges at node i; and Q~, o;,i = mainstem water and sediment discharges in 

the tributary entering at node i. With known flow depths, velocities, 

sediment discharges, and friction factors calculated in the first stage at the 

downstream side of each node, velocity and energy slope are recomputed at the 

upstream side of each node with mainstem discharge reduced by the amount of 

tributary inflow. For example, the modified velocity {Ui ') and energy slope 

{Si') at the upstream side of node i in Figure II.2 are calculated assuming 

the same water surface elevation (or depth, di) and friction factor {f;) as at 

the downstream side: 

where 

f. • U'. 2 
s • 1 1 1 , - a g • a. 

1 

A· 1 cross-sectional area 

{9) 

{10) 

corresponding to depth di, and g 

acceleration due to gravity. Sediment discharges are computed at points of 

tributary inflow from Eq. (1), e.g., at node i: 

I 

Q~, i - f ( U1 , di , Si , DSOi ) {11) 
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Figure II.2 Schematic Representation of Tributary Inflows 
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where Q'. = recomputed value of Os,i• and o50i = median bed-material size at 
S , i 

node i. The depths of degradation or aggradation for sediment fraction 

k (oi,k) in the three reaches shown in Figure 11.2 are obtained (for Os,i > 

Os i+ll from: 
'-. ' 

6 . k 
(Q's,i - Qs,i+l) ll t 

p di, k (12) - (1 - p) B -· 1 , t, X 

(Q~,i-1 Q~, i ) 
t 

ll t Qs, i ll t t (13) 0 i-l,k - (1 - p) • - . pdi-1,k - ( 1 - p) 
- . p k B t, X • B ll x i , 

(Qs i-2 - Q~ i-1) 
0 i-2,k = !1 - p) • 's 

ll t . - . 
t, X 

p 
d. 2 k i - , 

t 
os,i-1 

-(1-p)• 
ll t 

B. /!..X. 
t 

p 1 k i - , 
( 14) 

where r,t = time interval, r,x = reach length, p = porosity, B = channel width, 

Pdi,k = fraction of sediment discharge in size interval k and reach i 

(Eq. (5)), and pti ,k = fraction of sediment discharge in size interval k for 

the tributary at node i. Positive values of 6. k in the above relations (12, 
i , 

13, and 14) indicate net degradation, and negative values indicate net 

aggradation. The second term in Eqs. (13) and (14) gives the contribution 

from the tributary, and its magnitude relative to the first term (contribution 

from the main stream) determines the net amount of degradation or 

aggradation. A check on the consistency of sediment continuity (given by l::qs. 

(13) and (14)) is made for all fractions such that sediments brought in by 

tributaries are allowed to pass as suspended load (provided sufficient 

transport capacity is available at the downstream section), even though a 

negative value of 6. k is given by Eq. (13) or (14). This situation may arise 
i • 
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when a finer-size fraction of bed material is removed completel y in a prev1ous 

time step, which makes Pdi-l,k = 0 in Eq. (13), for example, and oi-l,k 

becomes negative (deposition) even though the flow is capable of transporting 

sediments in that size interval. This procedure allows a partial check on the 

consistency of the sediment-continuity equation, a full treatment of which 

requires strict preservation of continuity of each sediment-size interval 

(contemplated in future refinement of !ALLUVIAL). It may be noted that in the 

absence of tributaries, Q's, i = Os, i for a 11 i and the second term disappears 

in Eqs. (13) and (14). The above formulations take into account, though 

indirectly, the variations in the size distribution of sediment discharge 

between the main channel and tributaries. 

For the cases when Os,i < Os,i+l' Eqs. (12), (13), and (14) are modified 

by replacing Pdi,k's with Pi,k's, where Pi,k = fraction of bed material in 

s1ze interval k in reach i. 

Sediment inflows from tributaries are given as inputs to the program and 

are expressed as power-law functions of water discharge: 

t 
Q s' i -

t a.(Q.) 
l 1 

b . 
1 (15) 

where ai and bi are coefficients obtained from the sediment rating curve for 

the tributary at node i as determined by analysis of available data, see 

Figures III-6 though III-12; Qt . = tributary sediment discharge (tons/day); s,1 

and ol = tributary water discharge (cfs). Values of ai, bi are entered as 

inputs to the program and are assumed to be constant in time, see Section 

III.F. In considering sediment inflow at the upstream boundary, I ALLUVIAL 

treats the upstream fl ow as one of the t ri but a ri es. Size dis tri but ions of 
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tributary sediment inflows, pti,k, are given as inputs to the program, see 

again Section III.F. 

Erosion of bank materials at high flows supplies a part of the sediment 

transport capacity of streamflow. This contribution is perhaps mi nor for 

natural river reaches, but may become significant in a reach downstream of a 

reservoir which traps vi rtua 1 ly a 11 incoming sediment load. The Missouri 

River reach between the Gavi ns Point Dam and Ponca (a 1 ength of about 57 

miles) is essentially a meandering stream with erodible bankline and 

experiences 

acres/year). 

considerable loss of land due to bank . erosion (about 200 

!ALLUVIAL was, therefore, modified as part of this study to 

incorporate the effects of bank erosion on the evolution of the river bed. 

The mechanics of bank erosion are complex and involve many controlling 

factors. Some important factors are stream discharge and water surface . 

elevation and their rates of variation with time, composition of bank 

materials, channel location and alignment, wave heights, and groundwater 

elevation relative to the stream water surface elevation and rate of 

seepage. Quantification of the entire process, even if possible, would 

involve going beyond the one-dimensional framework of !ALLUVIAL. Consequently 

the present formulation in !ALLUVIAL adopts the following simple approach: 

b 
Q . k -i , 

(16) 

b 
Q . k -i , 

( 17) 

where Qbi,k = rate of bank erosion 1n reach i for sediment s1ze interval k; Qi 

= water discharge in reach i; Qmin = minimum water discharge (cfs) above which 
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eros1on ocurrs; Eb; = user-specified bank eros1on rate in reach 1 (cu. 

ft./mile/day); and pbi,k = fraction of bank-eroded material in reach i for 

size interval k. The values of Eb;, Omin and pbi,k are given as inputs to the 

program. An option to take pb i, k as equal to that of the bed-material size 

distribution has also been provided in the program. The sediment continuity 

equations, given by Eqs. (12) through (14), are modified due to bank erosion 

as follows: 

b tit 
oi,k = oi,k(by 12, 13, or 14) - Ebip i,k {l-p) B (18) 

A check is made on sediment continuity, Eq. (18), as described earlier to 

assure that the eroded bank material of each size interval k is not deposited 

when the flow is capable of transporting it. 

I I. I. Program organization. The computer code of !ALLUVIAL has been 

reorganized and considerably extended to incorporate addi ti ona 1 features as 

we 11 as to imp rove computational efficiency under the scope of the present 

study. Dynamic storage allocation of a large number of dimensioned arrays has 

been incorporated in the present code to optimize memory requirements and thus 

to enhance ope rat i ona 1 ease. The new version of IALLUV IAL consists of MAIN 

and 16 subroutines: SMAIN, SEOBED, START, CHANGE, DREDGE, WATPRO, RESISl, 

TRASF, SEC PRO, SLOAD, ARMOR, HY SORT, VS ORT, SH I ELD, TR IB, and ERRORl. An 

abbreviated block diagram of the program is shown 1n Figure II.3, which 

describes briefly the function of each subroutine and the flow of information 

among them. 
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Appendix A describes the input data structure of !ALLUVIAL, and Appendix 

B presents the scheme used for dynamic allocation of memory. Appendix C is a 

complete listing of the FORTRAN IV source program. 



III. CONSTRUCTION OF MISSOURI RIVER MODEL 

III.A. Introductory remarks. The objective of this chapter is to present the 

construction of an input data set representing the 258-mi 1 e reach of the 

Missouri River between Gavins Point Dam (G.P.D.) and the Iowa-Missouri border, 
. 

with geometrical and bed-sediment characteristics prevailing in the year 

1980. These input data are used by !ALLUVIAL to predict future evolution of 

the river bed; the results are presented in Chapter IV. 

111.B. Description of study reach. The study reach extends from G.P.D. (RM 

811.0) to the Iowa-Missouri border (RM 553.0), a total distance of 258 

miles. A map of the Missouri River basin and a schematic representation of 

the study reach are shown in Figures III.land III.2, respectively. Nine 

major tributaries, including the Platte at RM 594.8, join the Missouri within 

the study reach and contribute a s i gni fi cant amount of water and sediment 

discharge to the mainstem flow. Gavins Point Dam, constructed in 1956, 

controls the upstream water discharge and practically shuts off the entire 

sediment inflow to the reach. 

The 57-mile subreach from G.P.D. to Ponca State Park, river mile 811.0 to 

754.0, is in a quasi-natural state, with the flow channel meandering between 

high banks. The river width varies from 600 feet to 4,000 feet, and bank 

stabilization is limited to a few areas of severe erosion. Construction 

activities have stabilized both banks in the reach from Ponca to Sioux City, 

river mile 754.0 to 734.0, to limit the width to about 700 feet in most areas; 

however, the river width exceeds 1200 feet in some 1 ocat ions, a 11 owing the 

thalweg to meander between the stabilized high banks. In the remaining part 
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of the study reach, below Sioux City, extensive bank stabilization and channel 

alignment works have confined the river to a width of about 600 feet, with the 

objective of development and maintenance of a 9-foot deep navigation channel. 

The reach between G.P.D. and Blair, river mile 811.0 to 648.0, has 

experienced considerable ~ed degradation between the time the G.P.D. began 

operation in 1956 and 1980, in contrast to the downstream reaches below Omaha 

which have undergone very little change in bed e 1 evat ions during the same 

period. A maximum degradation of about eight feet has been observed near 

Sioux City. Gradual coarsening of bed material has taken place throughout the 

reach, from a mean sediment size (D50) of about 0.2 - 0.3 mm in 1956 to about 

0.4 - 0.5 mm in 1974. A short subreach (about 4 miles) immediately downstream 

of G.P.D., however, experienced much more coarsening (D50 changed from about 

0.3 mm to about 2 mm) and extensive armoring of the bed surface. 

111.C. Computational points. The numerical scheme of !ALLUVIAL requires that 

the entire reach be divided into a certain number of discrete computat i ona 1 

points, or computational subreaches, each of length 6x. The selection of the 

subreach 1 ength, 6 x, depends on several i nterre 1 ated factors, inc 1 udi ng 

location and frequency of available cross-sectional data, spatial variability 

of cross-sectional properties along the channel length, desired accuracy, 

stability of the computational scheme, cost of computing, and most important 

of all, the time increment, 6t, used in the simulation. Based on a careful 

review of all these factors, and the experieince gained from previous 

applications of !ALLUVIAL to the Missouri River, it was concluded that a 

subreach length of about 10 miles, along with 6t = 15 days, is a satisfactory 

compromise among all the competing criteria. This selection was particularly 
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dictated by the computation cost, which increases exponentially with 

decreasing 6X (which, in turn, requires even smaller 6t for convergence of the 

numerical scheme). 

A review of the location of available cross-sectional data from the 

Hydrographic Survey Map (10) indicated that a constant value of 6X • 10 miles 

could not be used for all subreaches. Accordingly, a variable 6X, ranging 

from about 8 to 12 miles depending on actual locations of measured cross-

sections and tributaries, was used. A total number of 27 computational 

points, 

miles). 

or 26 subreaches, were required to cover the entire reach (258 

The location of each computational point is described in Table 111-1. 
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Table 111-1 

List of Computational Points 

Computational River Mile Remarks 
Point (1960) 

1 553.0 Iowa-Missouri border 
2 561.0 Nebraska City gauge 
3 571.0 Lower Civil bend 
4 581.0 Calumet Bartlett bend 
5 591.0 Lower Plattsmouth bend 
6 600.0 Upper Bellevue reach 
7 610.5 Gibson bend 
8 620.0 Omaha gauge (RM 615.0) 
9 630.0 Upper Pigeon Creek bend 
10 640.0 Upper Calhoun bend (Desoto cutoff) 
11 648.2 Blair Highway Bridge 
12 658.2 Peterson Cut off 
13 669.5 Little Sioux bend 
14 680.0 Upper Blencoe bend 
15 690.0 Upper Decatur bend 
16 700.0 Lower Monona bend 
17 710.0 Winnebago bend 
18 720.0 Omadi bend 
19 731.2 Sioux City gauge (RM 731.1) 
20 740.0 McCook Lake bend 
21 750.0 Ponca bend 
22 760.9 50.1 miles d/s of GPO 
23 772.9 38.1 miles d/s of GPO 
24 782.1 28.9 miles d/s of GPO 
25 792.0 19 miles d/s of GPO 
26 801.9 Yankton gauge (RM 805.8) 
27 811.0 Gavins Point Dam 
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111.D. Cross-s~ctions. Extensive data on cross-sectional properties along 

the study reach of the Missouri River have been co 11 ected by the U.S. Army 

Corps of Engineers, Omaha District. As described in section III.B, the reach 

from the Iowa-Missouri border (RM 553.0) to Ponca (RM 750.0) is essentially 

constricted between stabi 1 i zed banks separated by 550 to 700 feet. Fl ow 

channels in this reach can be reasonably approximated by rectangular cross

sections. Accordingly, each cross-section in this reach (Ponca to Missouri 

border) is defined completely by a width and an average bed elevation. The 

Hydrographic Survey Map (10) was utilized to obtain the values of channel 

widths and average bed elevations at computational point 1 (RM 553.0) through 

computat i ona 1 point 21 ( RM 750. O). From these input values, the program 

computes hydraulic radius and cross-sectional areas at different elevations 

above the bed. 

The river reach above Ponca (RM 750.0) to the upstream boundary (G.P.D., 

RM 811.0) is characterized by irregular cross-sections and great variability 

1 n cross-sect i ona 1 p rope rt i es from point to point. In recognition of this 

fact, the Corps of Engineers, Omaha District, conducted in 1980 (and before) 

extensive field surveys in this reach to obtain detailed cross-sectional 

measurements at intervals of approximately 1 mile or more {14). From this 

survey the values of channel width, hydraulic radius and cross-sectional area 

at different elevations above the thalweg were calculated at each 

computational point and entered as inputs to the program (for computational 

points 22 through 27). This procedure preserves the variability of cross

sectional properties of any irregular shape from the point of view of 

hydraulic calculations. A summary of cross-sectional data used in the program 

is presented in Table III-2. Figures III.3 and III.4 show the longitudinal 
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Table 111-2 

Summary of Cross-Sectional Data, 1980 

Computational River Mile Width Bed Elevation Remarks 
Point (1960) (feet) (feet) 

1 553.0 600 889.85 Rectangular channel 
2 561.0 675 900.82 Rectangular channel 
3 571.0 575 910.25 Rectangular channel 
4 581.0 575 919.93 Rectangular channel 
5 591.0 550 930.12 Rectangular channel 
6 600.0 575 938.39 Rectangular channel 
7 610.5 600 946.80 Rectangular channel 
8 620.0 600 956.11 Rectangular channel 
9 630.0 600 965.13 Rectangular channel 
10 640.0 600 973.78 Rectangular channel 
11 648.2 600 981.06 Rectangular channel 
12 658.5 650 988.99 Rectangular channel 
13 669.5 600 1002.21 Rectangular channel 
14 680.0 600 1010.69 Rectangular channel 
15 690.0 600 1019.18 Rectangular channel 
16 700.0 600 1028.93 Rectangular channel 
17 710.0 600 1039.47 Rectangular channel 
18 720.0 600 1050.46 Rectangular channel 
19 731.2 600 1061.03 Rectangular channel 
20 740.0 700 1070.02 Rectangular channel 
21 750.0 700 1081.66 Rectangular channel 
22 760.9 -- -- Irregular shape (details used) 
23 772.9 -- -- Irregular shape (details used) 
24 782.1 -- -- Irregular shape (details used) 
25 792.0 -- -- Irregular shape (details used) 
26 801.9 -- -- Irregular shape (details used) 
27 811.0 -- -- Irregular shape (details used) 
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variations of width at the water surface, average depth, and average velocity 

for spring flow conditions (see Section 111.H) which result from the chosen 

cross-section representations. 
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111.E. Bed-sediment COfl!>OSition. 

distribution data for the study 

A large volume of bed-material size 

reach was obtained from the Corps of 

Engineers, Omaha District. It was, however, necessary to invest a major 

amount of time and effort to process and analyze this large collection of 

tables and graphs to obtain suitable longitudinal and vertical profiles of 

bed-sediment composition which reflect the bed condition of the study reach as 

of 1980 and are consistent with the formulation of IALLUVIAL. Two major 

difficulties encountered in this effort were: first, the resolution was poor, 

or non-existent, in the upper tail-end (coarser sediments) of the size 

distributions, yet these tails are known to be important in the development of 

bed armoring; secondly, in the case of core-drill data for subsurface sediment 

gradation, the variations in size distribution with depth and across a given 

cross-section were too great to make a meaningful estimate of the cross

section-averaged vertical variation of bed-sediment composition. These two 

difficulties led to the adoption of the procedures described in the following 

paragraphs. 

Bed Material Size Distributions Bed-material size distributions for 1979 

(latest) are available for the reach from Ponca to the downstream boundary at 

5-mile intervals. Unfortunately, these distributions do not include sediment 

sizes in the coarest 10%; this was considered inadequate from the point of 

view of bed armoring which usually involves the coarser sediments included 1n 

the coarsest few percent of a distribution. Fortunately, there were available 

a few detailed sediment size distributions, though at large longitudinal 

intervals, which included upto 99% of the material. As a compromise, these 

five detailed distributions were used to extend the 5-mile distributions 
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beyond the 90% size by the procedure sketched on Fig. III.5. The 99% size was 

estimated as a constant multiple of the 90% size, the constant being 

calculated by linear interpolation from the closest two detailed 

distributions; the 100 % size was fixed at 19.10 mm (on the basis of earlier 

detailed analyses of bed material size in the twelve-mile reach below Gavins 

Point Dam); and actual deta i 1 ed di st ri but ions were used for computat i ona 1 

points close to their locations. For the reach upstream of Ponca, linear 

interpolations between the detailed distributions available at Ponca (RM 

750.0) and Yankton (RM 805.8) were used to estimate the initial bed-material 

size distributions at all computational points in this reach. Bed-material 

size distributions, thus estimated to represent the bed condition of the river 

as of 1980, are summarized in Table III-3 (see also Curve 1 of Fig. IV.4). 

Subsurface Size Di stri but ion Core-dri 11 1 ogs were prepared by the Corps of 

Engineers in 1980 at five locations: river miles 752.5, 709.6, 685.0, 680.0, 

and 640.5. At each location, five drillings were made at five closely-spaced 

sites. From a ca refu 1 examination of the core-dri 11 1 ogs, which indicated 

extreme variations in sediment-size distributions with depth and among 

different holes at the same location, and from consideration of the fact that 

only five data points in a reach of 258 miles were available, it was concluded 

that available data are inadequate for a reliable representation of the 

vertical variation of sediment composition in the study reach. It was, 

therefore, assumed that the bed-materi a 1 compositions as presented in Tab 1 e 

III-3 extend to indefinite depths below the bed. 
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Table 111-3 

Summary of Ini t i al Bed -Mater i al Size Di str ibut i on (1980) 

Down -
Sub- st ream 
reach Ri ver D5~ 

Cumulat i ve di st ri but i on f un ct i on fo r indicated sedi ment s i ze (mm) 
No . Mi le (mm (fraction f ine r ) 

. 062 .149 .297 .590 1.19 2. 40 4. 80 9. 52 * 19 . 10* 

1 553.0 . 251 0 .040 . 710 . 970 . 990 . 996 . 998 .999 1. 00 
2 561 . 0 . 228 0 .100 . 850 . 973 . 991 . 996 . 998 . 999 1. 00 
3 571 . 0 .535 0 . 016 . 200 . 570 . 802 .944 . 986 . 996 1.00 
4 581 . 0 . 470 0 .018 . 200 . 708 .920 . 982 . 995 .998 1. 00 
5 591 . 0 . 235 0 .086 . 800 . 976 . 991 . 996 . 998 . 999 1. 00 
6 600 . 0 . 256 0 . 030 . 680 . 970 . 989 . 995 . 997 . 998 1. 00 
7 610 . 5 . 235 0 . 070 . 790 . 970 .990 .995 .997 .999 1. 00 
8 620 . 0 . 241 0 . 070 . 760 . 968 .990 .995 . 997 .998 1. 00 
9 630.0 • 357 0 . 032 .380 .996 . 998 . 995 . 997 .998 1. 00 
10 640.0 .354 0 . 022 . 390 . 960 . 987 .995 . 997 . 998 1. 00 
11 648 . 2 . 404 0 .018 . 300 .850 . 968 . 990 .996 .998 1.00 
12 658. 5 . 332 0 . 040 . 440 . 940 .984 . 994 .997 .998 1.00 
13 669 . 5 . 355 0 .040 . 400 . 905 . 978 . 992 .997 .998 1.00 
14 680. 0 . 421 0 . 202 . 230 . 870 . 963 .983 . 992 .996 1. 00 
15 690 . 0 . 391 0 . 030 . 300 . 925 . 970 .985 . 992 .997 1.00 
15 700. 0 . 428 0 . 029 . 240 . 820 . 950 . 979 .990 .996 1.00 
17 710 . 0 . 353 0 . 024 . 400 . 925 . 970 .987 .992 .997 1.00 
18 720 . 0 . 403 0 . 020 . 290 . 870 . 960 . 982 .991 .997 1.00 
19 731 . 2 . 446 0 . 016 . 240 . 750 . 915 . 965 . 984 . 994 1. 00 
20 740 . 0 . 343 0 . 028 . 420 . 930 . 973 . 988 . 994 .997 1.00 
21 750 . 0 . 400 0 . 032 . 350 . 777 . 906 . 953 .980 1.00 1.00 
22 760. 9 .385 0 . 041 . 379 . 782 . 905 .956 .976 1. 00 1.00 
23 772 . 9 . 369 0 • 050 .410 . 787 . 904 . 960 .981 . 999 1. 00 
2~ 782. 1 . 351 0 . 057 . 435 .791 . 903 . 963 .984 . 999 1. 00 
25 792 . 0 .331 0 . 065 . 461 . 795 .902 . 966 .988 . 999 1. 00 
25 801.9 . 309 0 . 073 .487 . 799 . 901 . 969 . 991 . 999 1. 00 

; 

* assumed to be immobile at all discharges used i n this study 



111.F. Tributary sediment inflows. Tributary sediment discharges are 

computed from power-law relations of the form given by Eq. (15). The values 

of the coefficients ai and bi in Eq. ( 15) were obtained by p 1 ott i ng observed 

monthly total suspended discharges (including wash load) against average 

monthly water discharge (7, 12), as shown in Figures III.6-III.12. The values 

of ai were further adjusted to exclude sediment fractions of less than sand 

size (0.062 mm), as these are transported as wash load with no effect on the 

bed. The computed values of ai and bi for each tributary are listed in Table 

III-4. As no data were available for the James and Vermillion, their sediment 

rating curves were assumed to be the same as the Big Sioux. Nine major 

tributaries join the study reach, as shown in Figure III-2. Because of the 

large subreach length (8-12 miles, Table III-1), all tributaries could not be 

represented separately. Due to the small distance separating them, the Big 

Sioux and Floyd were combined and represented as one tributary located at RM 

731.2. In the same way, the Little Sioux and Monona-Harrison were combined at 

RM 669.5. Average size distributions of sediment discharge for each 

tributary, derived from the limited available data for the Floyd, Little 

Sioux, Boyer, and Platte (15) are presented in Table III-5. 
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Table III-4 

Summary of Sediment Rating Curves Data for Tributaries 

Sediment discharge coefficients Location 
Name of River ** (RM of 
tributary mile a. b· computational 1 1 

(1960) 
All Sand size 

section) 

fractions only 

James 800.5 .0299* .002652* 1.5790* 801.9 

Vermillion 772.2 .0299* .002652* 1.5790* 782.1 

Big Sioux 734.2 .0299 .002652 1.5790 ---

Floyd 731.2 .01327 .001177 1.9776 ---

Big Sioux 
+ Floyd --- .01534 .001360 1.6400 731.2 

Monona-
Harri son 670.0 .0371 .003345 2.1893 ---
Little Sioux 669.2 .004707 .003431 2.0328 ---
Monona-
Harri son + 
Little Sioux --- .00363 .0002634 2.1220 669.5 

Soldier 664.0 .002690 .0001963 2.8553 658.5 

Boyer ,635. 2 .001427 .00002854 2.6633 630.0 

Platte 594.8 .0001192 .00004542 2.1422 591.0 

Total Annual Sediment load:3,765,940 tons/year 

*Assumed values 
**Corresponds to sediment discharge in tons/day and water discharge 1n ft 3;sec (cfs) 
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Table 111-5 

Size Distributions of Tributary Sediment Discharge 

Sediment discharge (in percent) for each 

size fraction, excluding washload 
Name of tributary % of total_. 

sed. disch. .062 mm- .149- .297-
>.062 mm .149 mm .297 .590 

James* 8.87 39.0 43.3 12.7 
Vermillion* 8.87 39.0 43.3 12.7 
Big Sioux* 8.87 39.0 43.3 12.7 
Floyd 8.87 39.0 43.3 12.7 
Monona-Harrison* 8.87 39.0 43.3 12.7 
Little Sioux 7.30 65.0 28.4 6.6 
Soldier* 7.30 65.0 28.4 6.6 
Boyer 2.00 100.0 o.o o.o 
Platte 38.10 40.2 46.0 12.3 

* Assumed values 
** Total measured load, including washload 

Table 111-6 
Rates of Bank Erosion 

.590- 1.19-
1.19 2.40 

5.0 o.o 
5.0 o.o 
5.0 o.o 
5.0 o.o 
5.0 o.o 
o.o o.o 
o.o o.o 
o.o o.o 
1.2 0.3 

Physical Quantity Miles below G.P. Dam 
0-20 21-40 41-60 

Erosion rate (acres/mile/year) 2.12 3.77 5.58 
Volumetric erosion rate assuming 10 ft • 

bank height (cft/mile/day) 2630 4680 6930 
Volumetric erosion rate assuming 25% in 

sand . 
( cft/mi 1 e/day) size 657 1170 1732 

Location (RM) 811.0- 792.0 772.9 

792.0 772.9 750.0 
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2.40-
4.80 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
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111.G. Bank erosion. The study reach below Ponca has been protected from 

bank erosion by extensive bank stabilization works. Bank erosion in this 

reach is assumed to be zero in the present simulations. The 58-mile reach 

between Gavins Point Dam and Ponca is in a quasi-natural state, and is 

considered to be subject to bank erosion during the simulation periods. 

Future rates of bank erosion have been estimated from observed (1959-75) rates 

for the reach, varying from 2.12 to 5.58 acres/mile/year (9). Assuming a bank 

height of ten feet containing 25% of sand-size material or coarser (based on 

Reference 2), the volumetric rate of bank erosion varies from 657 to 1732 

cft/mile/day. Table III-6 presents the rates of bank erosion adopted for each 

reach. Due to the lack of availability of more precise data, the size 

distribution of eroded bank materials has been assumed to be the same as that 

of the adjacent bed material. 

111.H. Discharge hydrographs. The water discharge hydrograph at the upstream 

boundary has been taken to be equa 1 to the rates of re 1 ease from the Ga vi ns 

Point Dam, which have been approximated by a two-stage hydrograph: 36,000 cfs 

during the navigation season (Ap ri 1 to November); and 15,000 cfs during the 

non-navigation season (December to March). The water discharge hydrograph for 

each tributary was assumed to consist of two constant components: a high 

discharge (Q1) for the first four months (April to July) of the navigation 

season and a low flow (02) for the remaining eight months of the year. The 

values of Q1 and Q2 were computed such that 02 = 01/4 while yielding an 

average annual volume equal to the observed value for the available period of 

record (11, 16). The discharge hydrographs can be combined to yield the 

compos ite annual hydrograph for the entire reach, consisting of constant 
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discharges in each of the three trimesters (April to July, August to November, 

and December to March) of the year, as summarized in Table 111-7 and Figure 

111.13. The annual hydrograph was repeated for each year of simulation as 

shown in Fig. 111.14, 1n most runs, except as modified for certain prognosis 

scenarios as described in Section IV.A. 
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Table 111-7 

Summary of Discharge Hydrograph 

Inflow Point River Discharae (cfs) in each trimester 
Mile Apri 1 Aug. Dec. 

to July to Nov. to March 

Upstream (G.P.D.) 811.0 36,000 36,000 15,000 

Tributaries 

James 800.5 776 192 192 

Vermillion 772.2 240 60 60 

Big Sioux 734.2 1,668 417 417 

Floyd 731.2 348 87 87 

Monona-Harrison 670.0 432 108 108 

Little Sioux 669.2 1,560 390 390 

Soldier 664.0 248 62 62 

Boyer 635.2 590 147 147 

Platte 594.8 10,800 2,700 2,700 

Total for all tributaries 16,662 4,163 4,163 

Total (upstream & tributaries) 52,662 40,163 19,163 
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III.I. Downstream boundary condition. The water-surface-profile calculation 

in !ALLUVIAL requires the direct or indirect specification of a stage 

hydrograph, i.e., of the water-surface elevation at the downstream boundary 1n 

each time step of the simulation. It is 1 i ke ly, and has been indicated by 

previous applications of !ALLUVIAL, that the pattern of 

degradat i on/aggradat ion in a few upstream reaches wi 11 be inf 1 uenced by the 

specified lower computat i ona 1 boundary condition. Because the true boundary 

condition at the Iowa-Missouri border is not known (no natu ra 1 control ) , the 

water-surface elevation at the downstream end of the study reach during the 

simulation period can only be estimated approximately. The errors induced by 

an approximate boundary condition rapidly diminish in the upstream direction, 

and, therefore, can be minimized (for the reach of interest) by moving the 

downstream boundary further downstream. Accardi ngly, the downstream end of 

the study reach (RM 553. 0) was extended by three sub reaches, each 10-mi 1 es 

long, to RM 523.0, which is 30 miles downstream of the Iowa-Missouri border. 

At this fictitious boundary (RM 523.0), a water-surface elevation 

approximately equal to the TLTM uniform-flow depth corresponding to the water 

-discharge in each time step was imposed, and both backwater and sediment-

continuity calculations were performed for this extended reach. However, 

results have been analyzed only for the reach of interest, river miles 811.0 

to 553. 0. 
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IV. APPLICATION OF MISSOURI RIVER MODEL 

The primary purpose of this study was to predict future bed degradation 

in the Missouri River for a range of schematic river management scenarios. 

These scenarios, suggested by the Advisory Panel in several meetings, are not 

specific proposed plans of action; they are idealized situations chosen to 

reveal the physical and hydrological factors which are of primary importance 

in determining the rate and amount of future bed degradation. Section IV.A 

describes each scenario in detail; Section IV.B analyzes the prognosis 

simulations for each scenario; and Section IV.C draws several general 

conclusions on future degradation based on the prognosis runs. 

IV.A Description of Prognosis Scenarios. All the scenarios are based on the 

general Missouri River data described in Section III; only modifications of 

the basic data are described below. 

IV.A.I Scenario Sl: 2O-year Prognosis, Present Co~ditions. This is the base 
i 

run with which a 11 subsequent ones are compared. Run Sl is intended to 

predict river bed evolution from 1980 to 2000 under present conditions, i.e., 

if there is no change in hydrologic regime and if the channel is maintained in 

its present geometry and alignment. These conditions correspond to a natural 

continuation of Run V in Reference (5), although the present study 

incorporates much more detailed data. 

IV.A.2 Scenario S2: Upper Basin Diversion. Since the sediment transport 

capacity of the Missouri is directly related to its water discharge, any 

reduction in the mean annual flow could potentially reduce the degradation. 
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Run S2 was designed to test the effect of a constant out-of-basin diversion of 

3 million acre-feet per year (about 4,100 cfs) on bed degradation. 

Accordingly the mainstem inflow hydrograph at Gavins Point Dam (See Se ction 

111.H) was uniformly reduced by 4,100 cfs; tributary discharges were left at 

their normal values. 

IV.A.3 Scenario SJ: Constant Flow of 65,000 cfs. Under the assumptions used 

for this study (vertically homogeneous bed material, no rock controls) the 

only natural mechanisms for stopping degradation are a flattening of the 

overall river slope (which is an insignificant mechanism) and the coarsening 

of bed material, including development of a stable armor coat on the bed. 

This armor coat develops as finer sediments are entrained into suspension and 

transported downstream, leaving behind the coarser, or armoring, material. · 

Since a certain amount of degradation (removal of finer material) must occur 

before an armor coat can form, the ultimate degradation can be thought of as 

independent of the time required to attain it. In other words, the amount of 

degradation which must occur before a new, stable bed elevation is reached 

would be about the same whether it was attained over a long period of time at 

a low discharge, or over a short period of time at a high discharge. 

Therefore the purpose of Run S3 was to simulate a fictitious, constant, high 

discharge of 65,000 cfs released continuously from Gavins Point Dam (this 

represents roughly the diked channel capacity at Omaha), in order to predic't 

the ultimate degradation with out having to run the model for an inordinate 

amount of time. Tributary water and sediment discharges were kept at their 

usual values for this run. 
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IV.A.4 Scenario 54: 200-ft widening of navigation channel. There are three 

possible invnediate causes for the exce_ssive degradation in the Missouri: shut

off of sediment supply by Gavins Point Dam, increase in channel slope due to 

cutoffs, and increase in depths and velocities due to channel narrowing. Run 

S4 is designed to isolate the effect of channel narrowing (diking) by 

repeating Run Sl with the channel in the controlled reach (downstream of RM 

750) widened by 200 feet, with the same initial bed elevations and sediment 

size distribution. 

IV.A.5 Scenario S5: 400-foot widening of navigation channel. Run S5 is an 

extension of S4 to 400-foot widening of the channel in the controlled reach. 

IV.A.6 Scenario S6: Sediaent Input fr0111 Gavins Point Dam. The purpose of RuM 

S6 was to ascertain the extent to which the shut-off of sediment supply by 

Gavins Point Dam is responsible for degradation in the controlled reach. This 

was accomplished by repeating Run S1, but with the sediment load at Gavins 

Point Dam assumed to be at its equilibrium value (as determined by the TLTM 

computation) rather than zero as in all other runs. The resulting equilibrium 

inflow load was about one million tons per year. 

IV.A. 7 Scenario S7: Artificial ~ring 
0
of Control led Reach. As has been 

discussed in Section IV.A.3, degradation can ultimately be limited only by a 

gradual coarsening and armoring of the bed as finer materi a 1 s are entrained 

into the flow. The- term "artifical armoring" refers to the dumping of 

imported coarse material onto the bed in an attempt to accelerate the 

coarsening/armoring process by artificial means. The purpose of Run S7 ;snot 
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to simulate any particular artificial armoring plan studied by the U.S. Army 

Corps of Engineers or others, but rather to determine the sensitivity of 

degradation to an idealized artificial coarsening of the bed material. This 

was accomplished by repeating Run Sl with the cumulative distribution function 

for bed material size distributions in the controlled reach shifted up to 1% 

downward for sizes greater than 2. 40 mm, but with no change in the maxi mum 

size found on the bed, as shown schematically in Figure IV.l (the idealized 

di stri but ion shown does not represent actual Missouri River data). 

Interpreted physically, this represents an increase of about 10% in the amount 

of material coarser than 2.40 mm but finer than 19.1 mm. 

IV.A.8 Scenario S8: Localized Artificial Armoring. The purpose of Run S8 was 

to follow up a suggestion made at the last Advisory Panel meeting, involving 

localized artificial armoring. If any such armoring project were ever to be 

undertaken, it would involve not the entire controlled reach, as in Run S7, 

but rather a small portion of it, where degradation problems were acute. Run 

S8 followed the general conditions of Run S7, except that the artificial 

coarsening of bed materi a 1 was done only in the 10-mi le reaches immediately 

upstream and downstream of Sioux City (RM 731.2). 

IV.A.9 Scenario S9: Constant Discharge 29,000 cfs. Analysis of Run Sl 

(discussed in Section IV.B) show~d that most of the degradation was occurring 

during the spring, when navigation releases of 36,000 cfs plus spring runoff 

in the tributaries combined to yield annual maximum discharges in the model. 

During winter low flows, very little degradation occurred. This suggest that 

any decrease in . maximum flows could have a significant impact on 
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degradation. Now, the t ri but a ry discharges are not subject to control, and 

Gavins Point Dam must, on the average, release the mean annual flow of the 

Missouri Basin above Yankton. Run S9 used the conditions of Run Sl, but with 

a constant release of 29,000 cfs from Gavins Point Dam (which produces the 

same annual volume as the two-stage hydrograph described in Section III.H). 

IV.A.IO Scenario S10: 1952 Flood Hydrograph. It 1s axiomatic 1n river 

engi nee ring that in natural rive rs, changes in channel a 1 i gnment and bed 

elevation occur primarily during major hydrologic events. While the upstream 

control reservoirs on the Missouri have largely precluded the possibility of 

major flooding below Gavins Point Dam, it is nonetheless of interest to know 

how much degradation might have occurred during major historical floods. 

Si nee the data set used in this study represents the Missouri in its present 

(1980) configuration, it cannot be used to reproduce an actual natural-river 

situation. However it is possible to simulate a historical flood hydrograph 

entering the present-day river, in order to obtain some idea of the amount of 

degradation that could occur during such an event. Accordingly, Run SlO 

simulates the 1952 Yankton, S.D. flood hydrograph (1952 water year, 17) 

entering the present model at Gavins Point Dam. A computational time step of 

5 days was used to allow detailed resolution of the shape of the hydrograph, 

which is shown on Figure IV.2. Actual 1952 tributary discharge hydrographs 

were also used for this run (17). 

IV.B Analysis of Simulated Scenarios. 

IV.B.l Introduction. The primary variable of interest in the prognosis runs 

is the progression of bed degradation with time all along the study reach of 
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the Missouri. However the degradation is but one representation of a complex 

process invovling many hydraulic variables. Accordingly it appears 

appropriate first to analyze the basic prognosis Run Sl in some detail to 

obtain an overview of the interrelationships among the more important 

variables. Subsequent analysis of the other runs will consist in proceeding 

from Gavins Point Dam downstream, noting the effects of the various scenarios 

as compared to Run Sl. 

separately. 

Finally, the one-year Run S10 will be analyzed 

IV.B.2 Analysis of Run Sl. The overall results of this base 20-year prognosis 

run are shown on Fig. IV.3, which compares water surface and bed elevation 

profiles from Gavins Point Dam to the Iowa-Missouri border at the beginning 

(curves 1 and 2) and at the end (curves 3 and 4) of the simulation. The 

maximum future degradation in the uncontrolled reach is about two feet j~st 

below Gavins Point Dam, where there is no sediment inflow to supply the 

river's transport capacity. There is virtually no degradation from RM 780 to 

770, but the effects of the contro 11 ed reach begin to be seen at RM 760. 9, 

where about three feet of degradation is predicted. 

Degradation occurs in the controlled reach from its upstream end down to 

the vi ci ni ty of Omaha. The maxi mum degradation is about four feet near RM 

680; the average throughout this reach is roughly two feet. 

From Omaha to the Platte River confluence there is general deposition, 

approaching three feet near RM 610; this appears to be due to the Platte 

River, whose fairly coarse sediment load cannot readily be transported by the 

Missouri, and whose large water inflow causes a backwater effect upstream of 

the confluence. 
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Below the Platte River confluence there is a general trend of 

degradation, attaining a maximum of about two feet near RM 570. The apparent 

deposition below the Iowa-Missouri border should be discounted, as this reach 

of the river is strongly influenced by the approximate downstream boundary 

condition employed. 

The water surface profiles on Fig. IV.3 (corresponding to springtime 

conditions) exhibit the same general behavior as the bed profiles; the maximum 

additional lowering in twenty years is somewhat less than four feet, near RM 

740. it should be noted that the water surface elevation is affected by both 

the bed elevation and bed material size, so that in general there is no reason 

to expect maximum bed degradation and maximum water surface lowering to occur 

at the same point along the river. 

Figure IV.4 shows another aspect of the results of Run Sl, namely, the 

changes 1n bed material size and the concomitant development of bed 

armoring. Curve 1 shows the median bed material size at the beginning of the 

simulation. From Gavins Point Dam down to Omaha the median size is relatively 

constant, varying between 0.30 and 0.45 mm. From Omaha to near the Platte 

River confluence the material is somewhat finer, reflecting the deposition in 

this reach caused by the Platte's backwater effect. The rapid increase in 050 

to about 0.5 mm below the Platte reflects the local steepening of the 

Missouri's energy slope due to the Platte's water inflow. 

Curve 2 of Figure IV.4 shows the computed median bed material size after 

twenty years. The most notable change in 050 occurred just below Gavins Point 

Dam, where the absence of any sediment inflow caused a fairly rapid coarsening 

of the bed material, finer sizes being preferentially removed to satisfy the 

Missouri's transport capacity. The coarsening is much less dramatic in the 
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remainder of the model. There is no significant net change in D50 from about 

Sioux City to Omaha, this being the reach of systematic degradation as 

discussed earlier. Below Omaha the apparent slight 20-year coarsening of the 

bed material is not significant, as a more detailed analysis of the time

history of D50 in this reach has shown that the random variations in D50 from 

one year to the next can be greater than the apparent 20-year change suggested 

by curves 1 and 2 of Figure IV-4. 

Curve 3 of Figure IV-4 shows the armoring factor (fraction of bed area 

covered by armoring-size material, Eq. (8)) after the first time step of 15 

days. This factor was set to zero initially; the small positive values shown 

in the figure represent the beginnings of the armoring process as computed by 

I ALLUVIAL. Curve 4 shows the armoring factor after 20 years of simu 1 at ion. 

The roughly 0.2 armoring factor just below Gavins Point Dam may seem low in · 

view of the two feet of degradation there. This is explained by referring 

again to curve 2 of Figure IV.4, showing that it was the considerable 

coarsening of the bed material, rather than the development of a stable armor 

coat, which limited the degradation below the dam. It is known from on-site 

observations (see for examp 1 e Fig. 2. 87, page 182 of Reference 8) that a 

stable armor coat probably exists at the present time below the dam, but this 

was not taken into account in the initial conditions for the prognosis runs of 

this study. In future studies it may be useful to simulate this initial 

armoring condition where it is known to exist. 

The 20-year armoring factor decreases to about 0.1 in the uncontro 11 ed 

reach below Gavins Point Dam, reflecting the fact that little or no additional 

degradation occurs in that reach. Then it rises to nearly 0.6 in the upstream 

portions of the controlled reach, consistent with the computed three-to-four 
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feet of degradation as noted earlier, and availability of armoring size 

fractions. It is in fact the approach of the armoring factor to 1.0 that 

represents, or is the mechanism for, arresting the ultimate degradation in the 

controlled reach (as-suming no bedrock or other controls, as is the case in 

this study}. From about Sioux City on downstream the armoring factor 

progressively decreases to a low of about 0.03 below Omaha, reflecting the 

decreased degradation and even deposition observed as one moves downstream. 

The armoring factor increases once more from the Platte confluence at RM 

591.5, attaining 0.2 above Nebraska City. This local increase reflects the 

availability of more armoring size freactions than in other portions of the 

studied river, as seen in the bed material size distribution data of Table 

111-3 (RM 571.0 in particular}. 

The many additional dependent variables whose computed variations with 

time constitute the complete results of Run Sl could be analyzed in detail; 

but this analysis would add little to the basic understanding of the dynamics 

of the Missouri model given by bed and water surface elevations, median bed 

material size, and armoring factor. Appendix D contains listings of all 

computed variables for Run Sl after 5,10,15, and 20 years of simulation. The 

time-variation of bed elevations for Run S1 as well as the other runs are 

analyzed in detail in the following sections. 

Table IV-1 summarizes the computed degradations for all runs of this 

study, as well as Runs IV-A and IV-B of Reference 3. These two runs simulated 

past degradation, 1955 to 1975, using a simplified data set for the Missouri 

River, and the same Gavi ns Point Dam rel eases as Run Sl. Case I V-B differs 

from IV-A in its inclusion of tributaries and erosion of relatively coarse 

bank material, having the same composition as the local bed sediments. One 
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Table IV-1 

Summary of Degradation Computations 

Computed Degradation for Indi cated Period and Run, in feet 

RM 1955-1975* 1980-2000 1980- 1980- 1980 
( 1960) 1990 1990 1981 

IV-A IV-8 Sl** S2 S4 S5 S6 S8 S9 S3 S7 S10 

811.0 2.0 1.6 1.6 2.1 -1.0 2. 1 2.1 1.4 1.4 0.5 
810.9 4.2 3.6 
801.9 2.0 1.8 1.9 1.3 -0.3 2.0 1.9 2.5 1.2 0.7 
801.2 3.5 3.0 
792.0 1.0 1.1 1.4 1.2 0 1.0 0.7 1. 5 0.6 0.2 
791.4 1.3 0.9 
782.1 0.3 -0.4 -0.2 -0.2 0.1 0.3 -0.3 -0.7 -0.1 -0.2 
781.7 1.6 1.0 
772.9 -0. 1 -0.7 -0.3 0.2 -0.1 -0.1 -0.3 -0.4 -0.2 0.1 
771.9 3.3 2. 1 • 
762.2 4.7 3.3 . 

760.9 2.7 2.3 2.2 2.3 2.7 2.5 1.6 2.6 1. 5 0.6 
752.4 6.2 5.1 
750.0 2.9 2.4 2.1 0.8 2.9 2.6 1.5 2.2 1.4 0.2 
742.7 5.6 5.8 
740.0 2.6 2.4 1.7 0.4 2.7 1. 9 2.1 2.7 1.1 -0.2 
732.9 6.6 6.7 
736.2 3.0 2.8 2.0 1.1 3. 1 2. 1 2. 5 3.3 1.4 1. 0 
723.2 7.2 7.3 
720.0 2.7 2.2 1. 7 1.5 2.8 2.8 2.6 4.0 2. 0 1. 0 
713.4 6.1 6.7 
710.0 1.1 0.6 0.5 0.6 1.1 1.6 1.2 2.1 1.2 0 
703.7 5.3 5.9 
700.0 1. 4 0.9 0.8 0.6 1.4 1.7 1. 5 2.4 1.3 -0.7 
693.9 5.8 6.9 
690.0 1.8 1.1 0.9 0.8 1. 7 1.9 1. 5 1.6 1.0 0.3 
684.2 5.9 7.6 
680.0 3.7 3.0 2.7 2.3 3.4 3.7 3.5 4.8 2.4 0.7 
674.4 4.4 5.7 
669.5 3.4 3.0 1.9 0.9 3.2 3.6 3.2 1. 3 1.4 -0.l 
664.7 4.0 4.2 
658.5 0.2 0.5 -0.4 -1.1 0.3 0.6 0 -2.9 -1.4 0.1 
654.9 3.8 4.4 
648.2 1.9 2.2 1.3 0.9 2.3 2.1 1.7 -3.5 -1.0 1. 2 
645.2 3.8 5.8 
640.0 2.0 2.5 2.0 1. 7 2.4 2.1 2.0 -3.0 0.6 1.1 
635.4 1.2 2.6 
630.0 2.0 2.6 2.2 1.4 2.2 2.4 2.2 -2.0 0.1 1. 5 
625.7 -1.8 -1.0 
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Table IV-1 (cont.) 

Summary of Degradation Computations 

Computed Degradation for Indicated Period and Run, in feet 

RM 1955-1975* 1980-2000 1980- 1980- 1980 
(1960) 1990 1990 1981 

.. 
IV-A IV-B Sl** S2 S4 S5 S6 S8 S9 S3 S7 S10 

620.0 -0.6 0.5 0.3 0.1 -0.5 0 0.6 -2.5 -0.9 0.6 
615.9 -0.9 0.3 
610.5 -2.7 -1.1 -1.7 -0.8 -2.9 -2.1 -0.2 -0.7 -5.0 -0.7 
606.2 0.3 0.9 
600.0 -1.3 -0.5 -1.4 -0.9 -1.6 -1.2 0 0.6 -5.2 -0.2 
591.0 0.9 0.8 0.4 -0.3 1.0 0.4 0 -14.7 -11.5 0.4 
581.0 0.3 0.5 0.1 -1.2 0.9 0.3 -0.9 -21.3 -13.7 1.4 
571.0 1.7 2.3 2.3 2.1 2.1 2.1 0.7 -1.5 -0.2 2.9 
561.0 1.7 2.3 2.7 2.9 1.8 1.8 0.7 0 1.1 1.9 
553.0 0.5 0.8 1.0 1.1 0.5 0.5 -0.9 -0.1 0.1 0.1 

*runs IV-A and IV-8 taken from Reference 3 

** Run Sl: Present condition 
Run S2: Upper basin diversion of 3 MAF/yr 
Run S3: Constant discharge of 65,000 cfs 
Run S4: 200 ft wider navigation channel 
Run S5: 400 ft wider navigation channel 
Run S6: Gavins Point Dam absent 
Run S7: Artificial armoring in controlled reach 
Run S8: Localized artifical armoring 
Run S9: Constant discharge of 29,000 cfs 
Run S10: With 1952 flood hydrograph 

68 



expects the bed response to be affected by two distinct factors; the increase 

in water discharge due to tributary inflow, and the supply of sediment from 

tributaries and bank erosion. Tributaries increase the average annual 

discharge at Omaha by about 21%, whereas the annual bank and tributary 

sediment supply corresponds to only about 4% of the average annua 1 tota 1 

sediment load at Omaha. Comparison of the simulation results for Runs IV-A 

and IV-B tends to confirm that the increased discharges are the predominant 

influence. In the uncontrolled reach above Sioux City, the supply of sediment 

from the banks and tributaries is apparently sufficient to more than 

compensate for the increased water discharge (and transport capacity), as seen 

in the net decrease in degradation of the order of one foot. Downstream of 

Sioux City, the stabilized banks supply no additional sediment, and the 

increased discharges cause up to 1.9 feet of additional degradation. 

IV.B.3 Bed Evolution in the Uncontrolled Reach. 

Figures IV.5-IV.10 show the computed bed elevation changes at the six 

computational points between Gavins Point Dam and Ponca Bend, for Runs Sl 

through S9. One characteristic feature of a 11 the runs and points is a 

relatively rapid change in bed levels during the first several years, followed 

by a more gradual evolution approaching equilibrium. The inital rapid changes 

reflect the fact the the computation assumed no bed armoring at the beginning 

of the simulations, so that it was necessary for some initial degradation to 

occur before enough armor-size material could accumulate on the bed to begin 

to slow down further degradation. 

At Gavins Point Dam {Figure IV.5) the nine runs exhibit three distinct 

kinds of bed responses. Runs S1, S3, S5, S7, S8, and S9 differ very little 
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among themselves, showing about two feet of degradation over 20 years, at a 

rate which is diminishing to less than 0.1 ft/year at 20 years. This behavior 

is fairly insensitive to changes in discharge and to artificial armoring, 
. 

which begins 50 miles further downstream. 

Runs S2 and S4 suggest a slightly slower rate of degradation for the out-

of-basin diversion and the 200-ft downstream channel widening. Close 

examination of Run S4 revealed that the channel had inadvertently been widened 

a 11 the way up to Gavi ns Point Dam, whereas the 400-ft widening of Run S5 

occurred only downstream of Ponca. Run S4 1 s widening at the dam i tse 1 f 

reduced the velocity and, consequently, the degradation. As for Run S2, it 

would appear that its 14% reduction in annual water release from Gavins Point 

Dam has a greater effect on reducing local degradation at the dam than the 20% 

decrease in peak discharge, for the same volume, of Run S9. 

Run S6, on the other hand, shows a clear shift from degradation to 

aggradat ion when Gavi ns Point Dam is assumed not to shut off the sediment 

supply. This aggradat ion is sma 11, approaching just a foot over twenty 

years. It should be remembered that Run S6 assumed that the sediment inflow 

at Gavi ns Point Dam was just the TL TM equ i 1 i bri um va 1 ue of about one mi 11 ion 

tons/year, much smaller than the pre-construction load of the order of about 

18 million tons/year. The value of Run S6 is in demonstrating that 

degradation just below the dam is cl early caused by the dam I s shut-off of 

sediment supply. 

Figure IV.6 shows that the bed response 9.1 miles below Gavins Point Dam 

is quite similar to that predicted at the dam itself. The one major 

difference is the increased degradation of Run S3, whose high discharge of 

65,000 cfs has little effect at the dam itself {due to rapid coarsening of the 

76 



\ 

bed material there) but roughly doubles the degradation at the next section 

downstream, where both the median bed material size and the armoring factor 

are lower (see Fig. IV.4). 

Figure IV.7 shows that the general response at Gavins Point Dam decreases 

in the downstream direction; 19 miles from the dam, the degradation ranges 

from zero to about one foot for all the runs, with a clear approach to 

equilibrium conditions beyond 15 years. 

Figures IV.8 and IV.9 show that the sections 28.9 and 38.1 miles 

downstream of the dam are influenced neither by degradation at the dam, nor by 

degradation in the controlled reach downstream. All runs exhibit slight 

degradation and/or aggradation of less than 0.5 feet. 

Figure IV.10 shows the bed response at RM 760.9, which is the location of 

the last computational section in the uncontrolled reach. The effects of bed . 

response in the adjacent controlled reach are clearly visible; degradation 

approaches 2.5 feet for all runs except S9, whose decrease in peak discharges 

appears to reduce degradation by about one foot compared to the other runs. 

Runs S1, S6, and S8 do not appear to reach equilibrium in 20 years, continuing 

to degrade at a rate of about one foot in 15 years. 
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IV.B.4 Bed Evolution in the Controlled Reach Above <-aha. Figures IV.11 -
• 

IV.24 show the computed degradation at the 14 computational sections of the 

controlled reach above Gibson Bend. 

The bed responses of Runs S3 and S7, which differ markedly from the other 

runs, are considered separately in Section IV.B.6 after analysis and 

discussion of the non-anomalous cases. 

Of the many different aspects of bed response as predicted by the 

prognosis runs, perhaps the most important one is the approach to equilibrium 

conditions, i.e., the tendancy toward cessation of further degradation and/or 

deposition. Examination of the trends at the end of the various simulations 

shows that the sections at and below Omadi Bend (RM 720.0, Figure IV.14) 

reach, after about 10-12 years, a state of quasi-equilibrium for all the runs 

(except S3 and S7, see earlier remarks). We say 11quasi 11 equilibrium because 

Figures IV.19 to IV.24 show that short-term degradation and/or aggradation 

cycles of a year or two duration persist below Little Sioux Bend (RM 669.5) at 

20 years, even though there appear to be no persistent long-term net bed level 

changes occurring. On the other hand the first three sections of the 

controlled reach, at Ponca Bend (RM 750.0), McCook Lake Bend (RM 740.0) and 

Sioux City (RM 731.2) do not appear, with the exception of Run S5, to have 

reached equilibrium in twenty years. The rate of degradation is decreasing at 

McCook Lake Bend and Sioux City, suggesting that an equilibrium situation is 

indeed being approached, but the degradation rate is still constant and as 

high as 0.1 ft/year at Ponca Bend for Run Sl. These observations about time 

to equilibrium apply, with a few exceptions, to all the prognosis runs except 

S3 and S7. We now turn to a more detailed consideration of the effect of the 

various scenarios. 
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Run S1 (present conditions) has been discussed in Section IV.B.1, in 

terms of the state of the bed at 20 years. Curve 1 of Figures IV.11-IV.24 

shows the time-history of bed evolution leading to the final state of Figure 

IV.3. Examination of the various figures shows that the degradation is 

generally greater for present conditions than for the other scenarios, 

although this is not always the case. The maximum degradation is seen to be 

about four feet at Upper Blencoe Bend, and about three feet at Sioux City. 

Run S2 (out-of-basin diversion) resembles S1 quite closely. Upstream of 

Litt 1 e Sioux Bend it generally shows from o. 25 to o. 5 feet 1 ess degradation, 

whereas below this point it tends to show slightly more degradation. The 

decreased degradation in the upper reach resu 1 ts in 1 ess scoured sediment 

being delivered to the lower reach, which then must take more material from 

its bed to satisfy the transport capacity. 

Run S4 {200-foot widening) results in systematically less degradation 

throughout the reach with the exception of the downstream section at Omaha {RM 

620.0), where no net long-term bed elevation changes occur. The decrease in 

degradation is from 0.5 feet to 1 foot, the larger reductions occurring at the 

upstream sections of the reach. Channel widening tends to decrease depths, 

velocities, and thus sediment transport capacity, but of course this is at the 

detriment of navigation, as discussed in Section IV.C below. 

Run S5 (400-foot widening) quite dramatically reduces degradation at all 

sections of the controlled reach above Omaha. The maximum 20-year degradation 

is only 2.5 feet at Upper Blencoe Bend, and degradation is virtually 

eliminated at Ponca Bend and McCook Lake Bend; an equilibrium degradation of 

just one foot is rapidly attained at Sioux City. Of course the 400-foot 

widening results in a channel width of about 1000 feet, approaching the pre-
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channelization width which presumably represented a near-equilibrium 

condition. 

Run S6 (sediment input from Gavins Point Dam) has virtually the same 

response as Sl. Figure IV.5 showed a shift from degradation to aggradation 

between Runs Sl and S6, but this effect is primarily local, extending less 

than 20 miles downstream of the dam. The different responses of Runs Sl, S4, 

S5, and S6 clearly suggest that it is the channel narrowing, and not the 

shutoff of sediment supply at Gavins Point Dam, which is primarily responsible 

for degradation in the controlled reach. 

Run S8 (localized armoring) shows a decrease in degradation of the order 

of one foot at Sioux City and McCook Lake Bend, and a sma 11 er decrease of 

about 0.25 feet at Ponca Bend. These are the only three sections directly 

affected by the slight coarsening of bed material in the two computational 

reaches above and below Sioux City, as described in Section IV.A.a. However, 

this 1 oca 1 decrease in degradation has an indirect effect at Lower Monona 

Bend, (RM 700.0), and Upper Decatur Bend, where a slight increase in 

degradation results from the diminished sediment supply arriving from the now

partially-stabl ized Sioux City area. In short, Run SB suggests that local 

artificial armoring in an area of severe degradation will not have a major 

effect on downstream reaches. 

Run S9 (constant mean annual mainstem flow of 29,000 cfs) shows a general 

decrease in degradation, attributable to the decrease of about 20% in 

navigation season (annual maximum) discharges above Omaha. The decrease 

compared to Run S1 is greatest at Ponca Bend, amounting to about 1.5 feet, 

although it ranges from negligible to 0.5 feet at other downstream sections. 

This run tends to confirm that degradation occurs primarily during the 

navigation season, when discharges exceed the mean annual flow. 
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IV. 8.5 Bed Evo 1 ut ion in the Contro 11 ed Reach !le 1 ow <naha. Figures IV. 25-

I V. 31 show the computed bed elevations from Gibson Bend (RM 610.5) to the 

Iowa-Missouri border (RM 553.0). As noted earlier, the mathematical model 

actually extended an additional 30 miles downstream, so as to ensure that the 

influence of the approximate downstream boundary condition would not extend up 

into Iowa. 

Bed response below Omaha is heavily influenced by the sediment and water 

inflow of the Platte River (RM 591.0 in the model). In particular, the 

general trend of aggradation from Omaha down to Calumet Bartlett Bend would 

appear to be entirely due to the Platte; when the model is run without the 

Platte, degradation occurs both above and below Omaha. Moreover, observations 

of water surface changes from 1957 to 1979 ( see Fig. 39 of Reference 5) 

clearly show a change from degradation (decline in water level) to aggradation 

(rise in water level) between Blair and Omaha. While it is still an open 

question as to what causes Omaha to act as an apparent degradation control 

point, the computations of this study present strong evidence that the Platte 

is providing the control. 

The osci 11 atory behavior of bed elevations at Lower Plattsmouth and 

Calumet Bartlett Bends reflects the seasonal variations of mainstem and 

tributary discharges. Figures III.13 and III.14 show that below the Platte 

confluence, the water discharge varies from 52,662 cfs to 40,163 to 19,163 cfs 

at four-month intervals. Bed response is especially sensitive to these 

changes because of the concomitant important changes in the Platte's sediment 

inflow. Using the sediment rating curve coefficients of Table III.4, it can 

be shown that the Platte I s sediment 1 oad varies by a factor of 20 from high 

flow to low flow. During the first trimester of each year, the Platte's heavy 
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sediment inflow tends to cause aggradation in the Missouri. The reduced 

sediment inflows in the second and third trimesters a 11 ow degradation to 

occur. 

Quasi-equilibrium GOnditions appear to develop below Lower Civil Bend 

after only about five years for most runs. But from Lower Civil Bend up to 

Omaha a general trend of aggradation for about five years is followed by about 

ten years of compensating degradation before an approach to equilibrium can be 

clearly identified. 

Run Sl (present conditions) attains a 20-year aggradation of nearly three 

feet at Omaha, and aggradation appears to be continuing at the end of the 

simulation. This aggradation progressively decreases downstream, changing to 

a maximum degradation of about 1.5 feet at Nebraska City. 

Bed response below Omaha seems to be more sensitive to the various

prognosis scenarios than is the case upstream of Omaha. Run S2 (out-of-basin 

diversion) shows about 1. 5 feet less than Run S1 at Omaha, and has slightly 

less aggradation, or more degradation, at sections farther downstream. Run S2 

picked up slightly less material upstream of Omaha, and this deficiency is 

satisfied by less aggradation and more degradation downstream of Omaha. 

Runs S4 and S5 {channel widening) tend to have the opposite response from 

that observed upstream of Omaha, showing reduced aggradat ion and increased 

degradation. This is explained, as in the case of Run S2 above, by the 

decreased degradation above Omaha introducing a deficiency in transported 

material which must be made up for by accelerated scouring downstream as time 

progresses. 

Runs S6 and S8 (sediment input from Gavins Point Dam and localized 

armoring) show only mi nor deviations from Run S1, which is to be expected 
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since both scenarios involve modifications which are so far upstream as to be 

irrelevant for bed response below Omaha • 

. Run S9 ( constant discharge at mean annua 1 fl ow) tends to show nearly 

equilibrium behavior below . Omaha, resulting in bed elevation changes of less 

than one foot at the end of the simulations. This shows once again the 

sensitivity of bed evolution to changes in peak discharges. 

IV.8.6 Analysis of Runs S3 and S7. Runs S3 (constant 65,000 cfs discharge) 

and S7 (artificial armoring) failed to yield consistent and useful results. 

However they are of great va 1 ue in bringing out an area of deficiency in the 

methodology of !ALLUVIAL: treatment of rapid aggradation. The problem 

originates at Lower Plattsmouth Bend, where the Platte River influence is most 

important. The extremely high discharge of Run S3 causes sever a 1 feet of 

degradation throughout the model upstream of the Platte in the first few 

years, as can be seen on Figures IV.11-IV.24. This results in a fairly rapid 

coarsening of the bed material and increase in armoring factor which, through 

Eqs. {1), (2), and (6), rapidly reduces the sediment transport capacity. Thus 

a large portion of the heavy sediment inflow from the Platte cannot be carried 

away by the flow, and must be deposited. In the present formulation of 

!ALLUVIAL, neither the armoring factor nor the median bed material size are 

significantly changed by deposition of finer material over underlying coarser 

material. Accordingly, deposition of the Platte's sediment load continues 

indefinitely, building a sort of dam which, after 10 years, causes upstream 

water 1 eve ls to overf 1 ow the top of the sections as defined in the model , 

aborting the calculation. 
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The 1983-1984 continuation of this study will be devoted to the 

resolution of various methodology and numerical analysis problems in 

IALLUV IAL, inc 1 udi ng the above-described deposition anomaly. Meanwh i 1 e it 

would appear that Run S3 yielded valid results sufficiently far upstream from 

the Platte, say above RM 680. The maximum degradation over ten years is about 

five feet, at Upper Blencoe Bend. A certain equilibrium appears to be reached 

between RM 710.0 and RM 680.0, but upstream of this reach the degradation is 

st i 11 continuing at ten yea rs. However one must be prudent in attaching too 

much importance to even these limited observations, in view of the known 

deposition problems downstream. 

Run S7 (artificial armoring) was subject to the same kind of problem as 

Run S3; the artificial increase in coarser sediment size fractions provoked 

more rapid armoring (as expected), thus initiating the unbounded deposition at 

the Platte, as described above. Upstream of Upper Blencoe Bend (RM 680.0), 

the effect of art i fi ci a 1 armoring is roughly comparable to that of Runs S2 

(out-of-basin diversion) and S4 (200-foot widening) in reducing degradation by 

the order of one foot or less. But once again, prudence is advisable in 

evaluating this run. 

Runs S3 and S7 may not have been successful in terms of their specific 

purposes in this study, but they are indirectly extremely valuable in pointing 

out the need for further work on deposition methodology in !ALLUVIAL. This 

must be considered as a priority area of investigation, for as long as the 

methodology is known to be inadequate in cases of extreme deposition, caution 

must be exercised in interpreting the results when only slight deposition 

occurs. 
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IV.B.7 Analysis of Run S10. Run SlO, as described in Section IV.A.lo, 

simulates the effect of a single-year hydrograph corresponding to the 1952 

flood. Figure IV.32 shows the computed bed evolution with time at selected 

sections along the Missouri. 

Earlier difficulties encountered when deposition occurred under high flow 

conditions, described in Section IV.B.6, made it seem prudent to neglect the 

effect of tributary sediment inflows (in particular those of the Platte) for 

this run. The effect of this shut-off of the Platte 1s sediment load can be 

clearly seen on Curve 6 of Fig. IV.32, wich shows that at RM 571.0 (20 miles 

downstream of the Platte), degradation occurred even during the quite low flow 

periods of the 1952 hydrograph (see Fig. IV.2). The transport capacity was 

greater than the incoming sediment supply, requiring that the capacity be 

satisfied by removing material from the bed, and quite rapidly: three feet of 

degradation in a single year. Of course this is unrealistically high, for 1n 

actual conditions the Platte would be delivering a considerable sediment 

load. Curve 5 shows that removal of the Platte control also caused 

accelerated degradation at RM 630.0, where 1.5 feet occurred, more or less 

evenly distributed throughout the year. 

The curves for the remaining sections shown on Fig. IV.32 show an initial 

period of degradation caused by the lack of any armoring in the initial state, 

then an approximately equilibrium state until the high flows occur at about 

0.53 years. During the three weeks or so of extremely high flows (see again 

Fig. IV.2) Curves 3 and 4 (Sioux City and Upper Blencoe Bend) show about an 

additional half-foot of degradation, then stabilize once more until the end of 

the year. Curves 1 and 2, at Gav ins Point Dam and the 1 ast section of the 

uncontrolled reach, as well as the remaining sections not plotted, show 

basically the same behavior. 
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The main value of Run S10 is in showing that short-duration high 

discharges induce a relatively small amount of degradation. Of course the 

local scour at bridges and near other structures may greatly exceed the 

amounts shown on Fig. IV.32, but such scour is usually filled by deposition 

after passage of the flood wave. 

IV.C Discussion of Progn9sis Si111.1lations. It · is important to reiterate at 

the outset that while the Missouri River model is based on the best available 

data and governing equations, it is still a schematic, one-dimensional 

simplification of a complex three-dimensional process. Model predictions 

should not be interpreted as definitive, quantitative forecasts of future bed 

levels, since these may turn out to be in error by, perhaps, several feet. On 

the other hand, the prognosis runs can reliably be interpreted as quantitative 

indicators of the sensitivity of bed response to the various scenarios 

described. Put another way, the 20-year degradation at Sioux City under 

present condtions may or may not be close to the three feet predicted by the 

model (Run Sl); but it could be reduced by something very close to 0.5 feet if 

Gavins Point Dam released a constant 29,000 cfs discharge (Run S9), other 

factors remaining unchanged. 

Of the various 20-year prognosis runs performed, only those involving 

channel widening (Runs S4 and S5) and reduction of peak discharges (Run S9) 

show consistent significant decreases in degradation, of the order of from 0.5 

to 1.5 feet. An immediate question which arises is whether such scenarios 

would cause detrimental decreases in navigation depths. Figure IV.33 shows 

the computed navigation season average depth profiles after 20 years for Runs 

Sl, S4, S5 and S9. The maximum decrease in depth is about four feet, for the 

108 



60l 

l 'LOT I 16.16 . 58 rR! 21 JUN, l983 JOB-AEGMRB72? UNIV or IOWA OISSPLA 9.0 

I 

0 . 0 4.0 8 . 0 12 . 0 16.0 20 .0 24 . 0 I I 
ro GIIVIN> ~TORM ' ' __,,--=-_,., '" 

"T1 D ,, 

=1F 
l'J ~-

<O C""J v C: [ '1 ....., .., 
::r: "' ·o " a, 

" l '" -- • 
< _[_ 0 ...,., 
• 
w ....., 
w 7J -

:;.o 
" c::, 

"' LJ u-, 
-0 'l u, I PONCA BEND 
rt C, ::,- '--' 

-0 I .., I 'l I SIOUX CITY 0 ..., ,, ~- rJ " ' ~ '" "' I ,, 
V, 

"' I\J :;o ..., 
) ,~ 

rt ~---"' I 11 ~ .., 
1 /~J]IJI 

UPP[R DCCATUR BENO N I ' I - .. \. ) i " 0 I I )/ -< ' < 

"' ,....LI I /-

"' i'_f'l I '1 .., 
m V, 

'" • '-" • 

"' 0 
I " C: I BLA[R HWY BR[OGE 

::, 
V, 

V, 
~ m 
• 

,, 
u, 

V, cc, ... 
• 
V1 I 
"' I 

I OMAHA 

• ' en 

' ' ~I '" 
' ' 

~ t.,..J l\) 1----'L 
I I I I I ,.,, _, 

(rl I //~)_ I > 
:::::0 ::::0 ::::0 ::::0 
C C C: C 

NEBRASKA C!TY zz zz 

IA-MO BOROCR Ul Ul Ul Ul 
CD Ul ,-t,. I-> 

~J \ 
• 

<JI 
[\_) ~ [\_) u 

. (.0 0 0 ::::0 ,:-, 000{'] 

\ 
0 (.fl 
C1'1'1l'1 ....., ....., z 
n ....., 
...,., ::,:: :>:: 
(J) ,__, I--< lD 

D D >-3 
rTJ ['J ::0 
z z. t---'i 
~ ~ C'1 

( 



400-foot widening, which results in a minimum average depth of 9.4 feet at 

navigation season flows in the controlled reach. The 200-foot widening and 

reduction of peak discharges cause only about half as much depth reduction as 

the 400-foot widening, maintaining depths of ten feet or greater in the 

contro 11 ed reach. Figure IV. 34 shows that the decreases in degradation are 

reflected in decreases in velocity of from 0.5 to 1.0 ft/sec in Runs S4, S5 

and S9. 
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V. SUMMARY AND CONCLUSIONS 

V.A Uti 1 ity of IALLUVIAL. This study has demonstrated that the !ALLUVIAL 

computer program is a powerful tool for determination of river bed response to 

changes in hydraulic, hydrologic, and sediment regime. Ongoing program 

refinement begun dur.i ng this study is rendering !ALLUVIAL more and more 

economical in terms of required computer resources and data preparation; as a 

result, !ALLUVIAL is well on the way in its transition from a research vehicle 

to a reliable engineering tool. 

As !ALLUVIAL matures, it becomes all the more necessary not to lose sight 

of its inherent limitations. First of all, it is a one-dimensional 

formulation, which cannot recognize variation in sedimentation processes 

across a given cross section. Put another way, IALLUVIAL's vision of the 

river is limited to cross-sectional-average values of sediment size, shear 

stress, velocity, etc.; transverse heterogeneity is taken into account only 

indirectly. Secondly, !ALLUVIAL is based on the nonlinear TLTM sediment 

transport function, whose repetitive computer evaluation is relatively 

expensive compared to more simplified methods, though it may even be cheaper 

than other complex methods such as Einstein's Bed Load Function, Toffaletti's 

method, etc. For this reason the number of computational points cannot be 

arbitrarily large, as this would entail excessive computational costs. As a 

result, the number of computational points must be kept to a reasonable number 

by using computational sub reach 1 engths of the order of several mil es, once 

again limiting the detail with which !ALLUVIAL "sees" the river. The 

implications of the above two limitations are that !ALLUVIAL is a tool for 

prediction of long-term, spatially averaged bed evolution, and not a 
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substitute for physical model studies, or two-dimensional numerical models, to 

predict the local details of bed changes in a short reach or around a 

structure. However I ALLUVIAL can supply the boundary conditions for such 

detailed studies. 

Another general limitation of !ALLUVIAL is its assumption of quasi-steady 

flow in each time increment. This does not disallow the introduction of a 

true hydrograph, as in Run S10, but it does mean that any wave propagation 

effects are ignored insofar as they affect stages, velocities, and thus the 

sediment transport process. This is not generally a serious deficiency in 

most problems of long-term bed degradation, as the time scale of flood wave 

propagation is so much smaller than the time scale for bed level changes. 

The armoring process, as has been brought out severa 1 ti mes in this 

report, is of fundamental importance for the 1 ong term bed evo 1 ut ion in a 

river whose bed is composed of non-uniform sediments. !ALLUVIAL incorporates 

a state-of-the-art formulation of the armoring process, yet the state-of-the

art is at this juncture not too far advanced. The physical process itself is 

poorly understood, and available data on surface and subsurface sediment size 

distributions are seldom adequate. This uncertainty as to the viability of 

the armoring simulations, along with the other limitations described earlier, 

have the combined effect of rendering !ALLUVIAL primarily a sensitivity tool 

rather than a forecasting tool. While it can indeed be used with prudence to 

forecast ultimate degradation, its natural strength is rather in indicating 

the time scale of approach to equilibrium and the sensitivity of bed response 

to alternative river management scenarios. 
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V.B. Prognosis of Missouri River Bed Evolution. The single most important 

conclusion to be drawn from the prognosis simulations of Chapter IV is that 

the worst of the degradation appears to be over. Field observations and 

previous IALLUVIAL simulations show about seven feet of degradation at Sioux 

City for the period 1955-1975; Run Sl of the present study predicts about 

three addi ti ona 1 feet of degradation for the period 1980-2000, under present 

conditions. The maximum predicted additional degradation is about four feet 

near Upper Blencoe Bend, Rm 680.0. Equilibrium conditions are attained after 

about ten years below Omadi Bend (RM 720.0), but slowing degradation is 

predicted to continue to and beyond twenty years between Ponca and 0madi 

Bend. These ultimate degradation amounts must not be taken as definitive for 

the reasons given in the previous section; nonetheless, IALLUVIAL's close 

agreement with actua 1 degradation over the past twenty years justifies some 

confidence in these predictions. 

The most interesting of the prognosis runs were S4 and S5, simulating the 

effects of a 200-foot and 400-foot widening of the navigation channel. Run S4 

predicted a reduction of from half a foot to one foot in ultimate degration, 

while Run S5 showed up to a two-foot reduction, i.e. a near-elimination of 

further degradation. These results, among others, suggest that it is 

primarily the channel narrowing, and not the shut-off of sediment supply by 

Gavins Point Dam, which causes degradation below Ponca Bend. 

Run S9 was also of considerable interest, showing that release of water 

from Gavi ns Point Dam at a constant rate, rather than the present modulation 

scheme for the navigation and non-navigation seasons, could reduce the 

ultimate degradation by up to one foot, at the expense of a decrease of about 

one foot in water depths during the navigation season . 
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The uncontrolled reach between Gavins Point Dam and Ponca Bend appears to 

be essentially in equilibrium, except in the twenty miles just below the Dam, 

where an additional two feet of degradation may occur. From Omaha down to 

Plattsmouth, the sediment brought in by the Platte River acts as an effective 

control, effectively preventing degradation and even causing some 

deposition. Below Plattsmouth, degradation again occurs, reaching an ultimate 

additional one to two feet after less than ten years. 

Since available bed-sediment data were insufficiently detailed to provide 

a coherent picture of subsurface bed material composition, the prognosis runs 

assumed vertical homogeneity of sediments. This allowed for no possible 

control of degradation by coarser subsurface material, so in this sense this 

study may have predicted the upper limit of ultimate degradation. 

V.C Future Research Needs. During the course of this study, several data 

inadequacies and deficiencies in IALLUVIAL's formulation became apparent. 

This is not surprising; part of the development of any mathematical model 

destined to become a re 1 i ab 1 e engineering too 1 is its confrontation with 

reality on a prototype engineering problem. The following paragraphs discuss 

some of the areas needing further attention, with no attempt to set priorities 

or estimate the effort required. 

Bed Sediment Data. This study has shown how important it is to have bed 

material size distributions including the small amounts of coarse material; 

not only on the surf ace but be 1 ow it. Whi 1 e this study was indeed fortunate 

to have access to the extensive bed-sediment data made available by the Corps 

of Engineers, many assumptions and simplifying procedures had to be employed 
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to develop an adequately detailed description of the study reach. Future bed

sediment sampling programs should be designed with the needs of a one

dimensional model in mind, and size distribution analyses should include the 

coarse fractions. 

Multi-Channel Fl ow above Ponca State Park. In the one-di mens i ona l framework 

of !ALLUVIAL, river cross-sections are presented simply as relations giving 

the water-surface width and flow area as functions of water surface 

elevation. The detailed shape of the cross-section is used to construct these 

functions, but is "forgotten" during the actual computation. In particular, 

when the hydraulic radius is needed in the calculation, it is reconstituted as 

the ratio of the fl ow area to surf ace width, i.e., average depth. This 

procedure, while adequate for the well-defined controlled sections below 

Ponca, can be expected to underestimate the actual depths (and thus sediment 

transport capacity) in the mu 1 tip l e-channe 1, uncontro 11 ed reach above Ponca. 

A fully adequate treatment of such reaches must await the anticipated 

extension of !ALLUVIAL to quasi-two-dimensional capability. In the meantime, 

it should be possible to improve the way local depths are taken into account 

in the present one-dimensional formulation, and thus render prognosis 

simulations more realistic in the uncontrolled reach. 
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Figure V.l Schematic Multi-Channel Cross-Section 

The proposed approach would involve dividing the cross-sections into two 

parts--the main channel with a movable bed and the two side channels with non

movable beds (see Figure V.l). When flood discharge flows over the top (BB') 

of the main channel , the computation of water surf ace elevation would take 

into account the entire cross-section including the side channels, but the 

sediment discharge would be calculated from the mean depth and velocity of the 

extended main channel or the "effective" cross-section (ABCC'B'A') as shown in 

Figure V. l. The deve 1 opment of armoring due to continued bed aggradat ion 

would be assumed to occur only in the main channel. 
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Conservation of Sediment by Size Fraction. In !ALLUVIAL, scour and deposition 

are based on total sediment load, as determined by the median size of 

sediments in the mixed layer. If the total load imbalance . requires 

degradation in a reach, then all size fractions entering the reach are assumed 

to be transportable, even though in reality some of the coarser material could 

have been deposited, other transported through the reach, and still other fine 

1naterial removed from the bed. Individual size fraction are considered only 

in the computation of changes in the mixed-layer composition due to selective 

removal or addition of material. 

The above procedure, whi 1 e not rigorous physically, has proven to be 

generally adequate for Missouri River computations. However, when tributary 

and bank erosion sediment supply a re important, or when the bed material is 

less uniform than in the Missouri, it is necessary to introduce a rigorous 

accounting of sediment by size fraction. This could be done in IALLUVIAL by 

computing sediment load by size fraction, yet constraining the total amount of 

scour or deposition to be that given by the present total-load calculation 

procedure. This would require careful analysis of the conditions under which 

the Total Load Transport Model could be applied to individual size fractions, 

and would involve testing of developed procedures on both schematic and 

Missouri River data sets. 

Degradation Time Scale. the computational scheme in !ALLUVIAL is based on 

subdivision of time and distance into short intervals called time steps 

(usually about 15 days) and reach lengths (five to ten miles). At a given 

time the physics of flow, sediment transport, and degradation are applied to 

each reach individually, thereby taking into account local conditions in 

118 



computing the overall response of the river to water and sediment loads in a 

given time step. The repetition of this process over many time steps 

simulates long term river bed evolution. 

The simulation of natural, continuous processes such as sediment 

transport, bed degradation, and sediment sorting in a numerical model like 

!ALLUVIAL must respect the essential physical laws governing the process. The 

present version of !ALLUVIAL attempts to satisfy two basic laws: conservation 

of sediment and conservation of energy. However these laws are di ffi cult to 

satisfy exactly when finite time steps and reach lengths are employed. In 

particular, conservation of sediment is violated whenever time steps are 

larger than about one day. This violation is minor in most cases, but its 

cumulative effect is to underestimate the amount of degradation which can 

occur in a given period of time--or, equivalently, to overestimate the time 

needed to attain a given amount of degradation. 

The obvious solution to this problem, which is to reduce the time step 

to, say, one day, is not a viable one because of the greatly increased 

computational costs this would entail. An alternative solution, which should 

be explored, is to maintain the usual large time step of about 15 days for the 

relatively expensive computation of flow conditions, but use a much smaller 

step for the reach-by-reach degradation process described above. Use of this 

procedure would require a careful analysis of conditions under which bed level 

changes, armoring, and sediment sorting can be momentarily uncoupled from 

changes in water flow conditions. 

A second apparent source of time-scale distortion in !ALLUVIAL involves 

the rate at which degradation, initiated locally by the shut-off of sediment 

supply by Gavin's Point Dam and/or the channel constriction at Ponca State 
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Park, propagates downstream. In nature, bed perturbations (such as an 

advancing degradation wave) proceed downstream at a speed which depends on the 

flow conditions, sediment size distribution, and water and sediment 

properties. But in I ALLUVIAL bed perturbations must necessarily be spread 

over an entire computational subreach, meaning that the perturbation can 

advance at a rate no faster than one subreach length per time step, or about 

120 miles/year, for example, in the numerical model. Figure V.2 shows 

schematically how the degradation computed for a subreach may reflect the 

proper volume of material removed, but spread the effects of degradation too 

far downstream. 

---
DAM AND 

RESERVOIR 
(SEDIMENT 

TRAP) 

ACTUAL BED LEVEL 

A. COMPUTATIONAL SUB
REACH TOO LONG 

--
------- ORIGINAL 

BED LEVEL 

DUE TO DEGRADATION __ ........,, 
AFTER DAM CLOSURE 

COMPUTED BED LEVELS IN 
COMPUTATIONAL SUB-REACH 

B. COMPUTATIONAL SUB
REACH TOO SHORT 

Figure V.2 Schematic Representation of Physical and Numerical 
Degradation Waves 

This discrepancy between the actual propagation speed and the numerical 

propagation speed imposed in the computational model introduces another source 

of distortion of time in Missouri River degradation prognosis computations. 

The solution to this problem would involve developing a modified version of 

the present reach-by-reach cal cu 1 at ion which would specifically incorporate, 
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and be constrained to agree with, physical bed-perturbation propagation speeds 

as estimated using recent research results. 

Incorporation of these two improvements into !ALLUVIAL would complement 

its demonstrated ability to simulate channel degradation with improved 

reliability as to prediction of the time scales involved. 

Critical Assessment of Armoring Formulation. Reference has often been made 1n 

this report to the critical role of bed armoring in arresting degradation. As 

discussed 1n Section V.A, IALLUVIAL's armoring formulation cannot be 

considered as optimum or definitive at this juncture. The authors are 

currently involved in a study of ways to improve the armoring forrnulation, 

under the sponsorship of the Omaha District, U.S. Army Corps of Engineers. 
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APPENDIX A. IALLUVIAL INPUT DATA STRUCTURE 

Superscript digits refer to notes at the end of the Appendix. Cards 

which are always required are marked by an asterisk(*). 

* 

* 

* 

* 

Card 
No. 

1 

2 

3 

4 

Variable 
Name 

TITLE 

N 

Nl 
NT 

MAXMA 

NTRIB 
NBANK 

!BED 

MAXBE0 1 

IDREJ 
NTY 

KDIA 
!DIA 
IUF 

INPR 

lR0C~ 
!BUG 

lCHB 

IC0F§ 
NRES 

Format, 
Columns 

15A4(1-60) 

15(1-5) 

15(11-15) 
15(16-20) 
15(21-25) 

15(41-45) 
15(46-50) 

15(51-55) 

15(1-5) 

15(11-15) 
15(16-20) 

15(1-5) 
15(6-10) 
15(11-15) 
15(16-20) 

15(21-25) 
15(36-40) 

15(41-45) 

15(46-50) 
15(56-60) 

Variable Description and Remarks 

Title of the study or run 

Number of computational points, or cross
sections 
Number of sediment size intervals 
Number of time steps 
Max. no. of elevations used to define 
cross sections 
Number of tributaries; NTRlB) 1 
Number of reaches with erodible bank 
materials 
0 if vertically homogeneous bed material; 
1 otherwise 

Max. no. of nonhomogeneous vertical 
layers in a reach 
0 if no dredging; 1 otherwise 
No. of time steps in a 360-day year 

Required value= 0 
Required value= 0 
Required value= 0 
Frequency of printed output, in time 
steps 
O if no rock outcrops; 1 otherwise 
0 for normal output; 1 for extensive 
diagnostic messages 
0 for no width changes with time; 1 
otherwise 
0 for no cutoffs with time; 1 otherwise 
Results file reference number; 0 for no 
results file 
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* 

* 

* 

Card 
No. 

5 

6 

7 

Variable 
Name 

IRES 
!SEO 

INDEX 
INDEX! 
!NOSS 

!LIMIT 
IEQ 

rosws 4 

ALFA 
BETA 
C21 
C22 
FMI~ 

CARM 

STR6 

Format, 
Columns 

15(1-5) 
15(6-10) 
15(11-15) 
15(16-20) 
15(21-25) 
15(26-30) 
15(31-35) 
15(36-40) 

Fl0.4(1-10) 
Fl0.4(11-20) 
Fl0.4(21-30) 
Fl0.4(31-40) 
Fl0.4(41-50) 
Fl0.4(51-60) 

Fl4.7(1-14) 

87 DMZ(I),I=l,N 6Fl0.4 

* 9 !UPS 

CPPMUP 

* 11 LOCTR(L), 

L=l,NTRIB 

129 AC(L),BC(L) 

* 13 

L=l,NTRIB 

PTRIB(L,K) 

K=l,Nl; 
L=l,NTRIB 

IBSED 

QMIN 

15(1-5) 

Fl4.8(1-14) 

1215 

2F14.8 

6Fl0.2 

15(1-5) 

Fl0.1(6-15) 

Variable Description and Remarks 

Required value= 1 
Required value= 1 
Required value= 1 
Required value= O 
Required value= 1 
Required value= 5 
Required value= 1 
0 if downstream w.s. elev. given as 
input; 1 otherwise 

Parameter C2 in Eq. (4) of Ref. (4) 
Parameter C3 in Eq. (8) of Ref. (4) 
Required value= 1.0 
Required value= 1.0 
Required value= 1.0 
Parameter Cl in Eq. (8) 

Energy slope for d.s. boundary and 
initial estimate 

Depth of rock outcrop below initial bed, 
by point 

O for constant upstream sediment inflow; 
1 for upstream sediment inflow rating 
curve 

Upstream sediment concentration, ppm 

Locations (point numbers) of tributaries, 
upstream 
to downstream. LOCTR(l) = N always 

Sediment rating curve coefficients, 
Eq. (13). 
One card for each tributary 

Probability distribution function for 
tributary 
sediment loads; K varies first 

O if eroded bank material same as bed; 
1 otherwise 
Water discharge (cfs) below which no bank 
erosion occurs 
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Card Variable Format, Variable Description and Remarks 
No. Name Columns 

1510 LOCBER(M), 1215 Number of reaches subject to bank 
M=l,NBANK erosion, upstream to downstream 

1611 PBANK(M,K) 6Fl0.2 Cummulative distribution function for 
K=l,Nl;M=l,NBANK eroded bank material; k varies first, M 

varies upstream to downstream 

1710 BEROS(M), 6Fl0.2 Bank erosion rates, ft 3/mile/day, in 
M=l,NBANK reaches LOCBER(M) 

* 18 GAMA Fl0.4(1-10) Unit weight of sediment (use 165.0) 

* 19 DS(K),K=l 6Fl0.4 Sediment sizes ( mm ) de 1 i mi ti n g the Nl 
Nl+l size intervals 

Card types 20,21,22 are read for each of N computation points, I=l, N-1, 
downstream to upstream; types 20,21 are read for I=N. 

* 20 

* 21 

RMILE(I) 
MA( I) 

STAGE(I,L) 
AREA(I,L) 
Rl(I,L) 
81(1,L) 

L= l ,MA( I) 

Fl0.2(1-10) 
110(11-20) 

Fl0.3(1-10) 
Fl0.3(11-20) 
Fl0.3(21-30) 
Fl0.3(31-40) 

* 22 CDF(K), K=l, 6F10.4 
Nl+l 

NBEL(I) 
I=l,N-1 

THBED(I), 
I= 1, N-1 

14 ) 25 PBED(I,K,J , 

* 26 

K=l,Nl;J=l,NBEL; 
I=l,N-1 

SSC(N,K), 15 
K=l,Nl 

1215 

6Fl0.3 

8F10.4 

River mile of computational point 112 
Number of levels used to define cross 
section; MA( I) ( MAXMA 

Reference elevation, ft 213 
Cross-sectional area 13ft 
Hydraulic radius, ft 
Surface width, ft 
(lowest to highest level, one level per 
card) 

Cumulative distribution function for bed 
sediment in the reach between points I 
and I+l; CDF(K) corresponds to DS(K) 

Number of elevations at which bed 
material changes in reach I, 
I from downstream to upstream 

Constant thickness {ft) of subsurface 
layers in reach I 

Probability distribution function for 
sediment in subsurface layer J of reach I 

Sediment concentration {ppm) by size 
fraction at the upstream boundary 
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Card 
No. 

* 27 

on 

Variable 
Name 

Format, 
Columns 

!ARMOR 15(1-5) 

MIND 15(6-10) 

QMAX Fl0.0(11-20) 

IQMAX 15(21-25) 

Variable Description and Remarks 

0 for direct specification of 
armoring size; 1 otherwise 
If IARMOR=O, number of smallest sediment 
size fraction in armor coat 
If IARMOR=l, and IQMAX=O, constant 
discharge used to determine armoring 
size, cfs 
If IARMOR=l, 0 for determination of 
armor size based on QMAX, 1 if based 
local discharge 

The input data structures for width changes, cutoffs, and dredging are 
presently being revised. The user should therefore adopt IDREJ=ICOFF=O to 
suppress use of these features. 

ITDAT 

TFREAD 
QTRIB(L), 

L=l,NT~~B 
YREAD 

14 

F4.0 
9F8.0 

Date (day number) associated with 
the list of time-dependent data to follow 
Water temperature (°F) on day ITDAT 
Tributary water discharges (cfs) on day 
ITDAT 
(recall QTRIB(l) = mainstem inflow) 
Downstream water level on day ITDAT (ft) 
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Notes 

1. Used only if IBED=l. 
2. The diagnostic messages are lengthy and of use only to the user who knows 

the detailed workings of the program. 
3. NRES is the FORTRAN reference number of a sequential file onto which is 

written, without format, all results at each time step. This file can be 

used for off-line analysis of the computation . See Appendix E for the 
structure of this file. 

4. If IDSWS=l, the program uses TLTM to compute the water surface elevation 
at the downstream boundary, for an imposed energy slope of STR (see Card 

7). 
5. The Missouri River model uses c1 = 0.5. 
6. The Missouri River model uses STR=0. 00189. 
7. Card 8 is read only if IROCK=l. 
8. Card 10 is read only if IUPS=O. 
9. AC has units of tons/day; BC is dimensionless. AC(l), BC(l) are read only 

if IUPS=l. 
10. Card(s) read only if NBANK 1 O. 
11. Cards 10 are read only if NBANK t O and IBSED=l. 
12. River miles increase from downstream to upstream, and must represent 

actual distances along the mainstem. 

13. If AREA(I,MA(I) is left blank, both the areas and hydraulic radii (average 
depths) will be calculated automatically by the trapezoidal rule. 

Otherwise the user must furnish consistent values. 
14. Card(s) read only if IBED=l. 
15. SSC(N,K) is not used, but must be read. 
16. !ALLUVIAL obtains time-dependent data by linear interpolation (in time) 

between successive data lists of type 27 cards. At least two type 27 

cards are required; ITDAT < O on the first, ITDAT ) NT*360/NTY on the 
last. 

17. TFREAD is used only if IDSWS=O. 
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APPENDIX .B. IALLUVIAL MEMORY STRUCTURE 

Justification 

Any computer program which is used as a vehicle for developing new, 

innovative techniques 1s destined to go through two distinct phases of 

evolution. In the early stages of research, when new formulations are being 

tried and modified, the program is used as a test-bed. It is adapted as 

necessary to conform to expedient data input needs and special output 

requirements, incorporating tentative procedures which may or may not be 

retained depending on their performance. As a result the program takes on the 

appearance of a Rube Goldberg contraption, with redundant operations, a 

proliferation of working arrays, remnants of special procedures, etc. But if 

the new techniques prove to be successful, the program enters a mature phase 

of evolution in which the basic methods remain essentially unchanged, but are 

supplemented by generalizations and extensions, for practical use. The 

problem is that the program code at the end of the research phase is often 

poorly adapted to further orderly development, especially when programmers and 

users other than the original developer are involved. 

!ALLUVIAL is now in its second phase of evolution. Although it completed 

the deve 1 opment phase in relatively good shape thanks to the efforts of its 

developer, one aspect of the code presented a potential stumbling block to the 

incorporation of new methodologies: organization of working arrays, or 

tables. !ALLUVIAL had some 115 arrays, some unused, all dimensioned locally 

and not always consistently. This meant that to perform a calculation in 

which some dimension of the problem increases (e.g., number of computational 

points, or number of sediment size intervals, etc.) one had to check very 
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carefully to be sure that no pre-programmed limitation on this dimension would 

be exceeded, leading to disastrous results. If such a check revea 1 ed that 

some pre-programmed dimension had to be changed, this required reviewing all 

sixteen subroutines, making the change, and then recompiling them, a tedious 

process and one fraught with possibilities for making an error. 

It can be argued that one can avoid this dimension problem by pre

programming dimensions which are larger than the maximum expected ones. 

However this procedure is flawed for two reasons. First, experience has shown 

that there always will be a larger dimension needed than had been previously 

anticipated. Second, excessive dimensioning wastes computer memory when it is 

not fully used. It is true that most computers available today can accomodate 

virtually any reasonable memory requirements; on the other hand, run 

priorities and computer resource billings both take memory use into account in 

most computing centers, so it remains desirable not to waste memory. 

These cons i de rations, along with the need to add severa 1 new arrays in 

conjunction with tributary, bank erosion, and vertical size distribution 

developments, made this an obvious time to restructure memory use in 

!ALLUVIAL. The following sections give a general description of the 

principles used and their implementation in the program. 

Principles of Method 

The basic technique emplyed 
. 
1n !ALLUVIAL, referred to as "dynamic 

allocation," involves the use of just one working array, called T. All 

working arrays are stored inside T, and dimensioned automatically at execution 

time according to the specific size of the problem being solved (number of 

points, number of channel segments, etc.) Tis itself dimensioned once in the 
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MAIN program. Therefore to change the amount of required memory, the user 

need only change the dimension of T and recompile the MAIN, without having to 

worry about the dimensions of the 95 working arrays. Based on the general 

input data to the program, the space needed for each array can be calculated 

at execution time, and the position of each array inside T can then be 

computed. Through the use of the dummy argument feature of FORTRAN, the 

arrays can be used exactly as if they were dimensioned locally, using their 

proper names. 

This system, which uses standard features of FORTRAN, allows the user to 

choose the way he uses memory to conform to the constraints of his computer 

center. He may dimension T by excess once and for all, and hopefully never 

have to change it, accepting the wasted space. Or he can tailor the dimension 

of T to the size of each model to be run using the formula described later on, 

thus using no more computer memory than actually needed. In either case, only 

one numerical dimension (instead of 95) 1s involved. (It should be noted that 

on certain computing equipment, even T can be dimensioned automatically, 

requiring no additional compilation of the MAIN). 

Implement.a~ion in IALLUVIAL 

In view of previous program documentation and the need not to disrupt 

ongoing program use, the changes to IALLUV IAL were made in such a way as to 

leave most of the code untouched. The principal structural change involved 

changing the old MAIN to SUBROUTINE SMAIN, and creating a new, shorter MAIN 

for the dynamic allocation. With reference to the program listing in Appendix 

C, it may be seen that array T is dimensioned numerically to a value which 

must also be assigned to the scalar MEMO as shown. This is essential for 

subsequent verification of memory size. 
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As soon as the MAIN reads the first data card, containing all information 

necessary to determine the required size of working arrays, it proceeds to 

compute the 1 ocat ion of each array with T, stored consecutively one after 

another. Thus 11 = 1, meaning that the first word of the first array (VOLIN) 

coincides with the first word of T. Since the required length of VOLIN is the 

product of its two maximum dimensions, N • Nl, the next array (REACH) has its 

first word stored just after the last word of VOLIN, i.e., 12 = 11 + N • Nl, 

and so on. Thus to each working array corresponds a unique index lxx, each 

displaced from the previous one by the required length of that array. Table 

C.l shows the names of the working arrays, the corresponding indexes, the 

dimensions, and a brief description of each. 

At the completion of this operation, the position inside T of each 

working array has been assigned. At this point it is essential to verify that 

Tis large enough, i.e., that the position of the last word of the last array 

is less than the dimension of T, MEMO. 

The final stage in the dynamic allocation involves establishing the 

correspondance between the computed locations in T and the names of the 

arrays, i.e., T(Il) is equivalent to VOLIN (1,1), T(I28) = W(l), etc. This is 

done through a matching of argument lists in a call to SUBROUTINE SMAIN from 

the MAIN (note that actually this is broken into two calls, to SMAIN and ENTRY 

SMAINl, to avoid having too long an argument list). This call, which 

transfers control to SMAIN for the duration of the computation, establishes 

once and for a 11 the desired correspondance. In a 11 subsequent use of the 

working arrays, their proper names are used exactly as before. The arrays are 

dummy-dimensioned using the same scalar variables used to compute their space 

allocation in T, no further dimensioning is required. 
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A potential drawback to this procedure is the need to transmit all arrays 

from one subroutine to another by argument lists, rather than in common 

blocks, which cannot be dummy-dimensioned on some computers. However, the 

expense of transmitting these long argument lists in repetitive calls is 

easily avoided by making one initial call to transmit the list once and for 

all, then calling an entry point (with no arguments) for all subsequent calls, 

as has been done in IALLUVIAL. For example one call to DAHYSO transmits all 

needed array addresses; all subsequent calls are to ENTRY HYSORT with no 

arguments. 

Estimation of Required Memory The program itself, exclusive of space required 

for array storage (array T), required about 95K bytes of core storage when 

compiled in IBM FORTRAN H, option 2. The additional space required for array 

storage, i.e. the value of MEMO, can be estimatd by the following formula: 

MEMO = N(38+17Nl+7MAXMA+2NYR) + N1(2NTRIB) + 5NTRIB + NBANK(2+Nl) + 3NYR + 

IDREJ(2NT+N+NNT) + 71 

where MEMO is in 4-byte words, NVR is the number of years simulated, and all 

other variables are defined in appendix B, Cards 1 and 2. The Missouri River 

model of this study required MEMO= 10,000 words. 
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Table B. 1 
IALLUVIAL Memory Structure 

Variable Dimensions Description 
Name l 2 3 

Q N Water discharge@ each point 
QTR NTRIB Tributary water discharge 

LOCTR NTRIB Location (node no.) of tributary 
STAGE N Water surface elevation@ each point 
VOLIN N Nl Depth of sediment entering mixing layer 
REACH NN Reach length 

DMZ N Depth of rock outcrop below initial bed 
MA N No. of definition levels for each section 

STAGE l N MAXMA Levels@ which section properties defined 
Bl N MAXMA Width@ section definition levels 
SLl NN Initial bed slopes 
Rl N MAXMA Hydraulic radius@ section definition levels 

AREA N MAXMA Cross-sectional area 
AREAi . N MAXMA Initial cross-sectional area, before updating 

RI N MAXMA Initial hydraulic radius, before updating 
STAGE! N MAXMA Initial section definition levels 

OS NlPl Particle size diamters defining size fractions 
050 NN Median sediment size by reach 
CUF NlPl cdf for initial bed sediment by reach 
OMS N 050 by section, aberaging of adjacent reaches 

p Nl Porosity of sediment by size fraction 
D Nl Geometric mean sediment size of each fraction 
PT NN Nl Sediment fraction in bed 
PTT NN Nl Initial sediment fraction in bed 
TF 72 Temperatures@ which water viscosity defined 
w Nl Fall velocity for each size fraction 

SSC N Nl Susp. sed. cone" by size interval 
SS l Nl Susp. sed. conc0 @ u/s section 
PTI NN Nl Initial storage for PT 

XAREA N Total cross-sectional area 
R N Hydraulic radius 
8 N Width at water surface 

CTO N Mean sed. cone" per volume 
SF N Energy slope 

ACF N Fraction of bed surface, which is annored 
CIN N Initial values of mean sed. cone" 
FR N Fri ction factor 
GS Nl Specific wt by size fraction 

VAV N Mean water velocity 
SE N Energy slope 

*indicates use of the array in the indicated subroutine 

~ 

-.... 
17 

186 
189 
16 
11 
12 
13 
19 
110 
Ill 
112 
113 
114 
115 
116 
117 
118 
119 
120 
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122 
123 
124 
125 
126 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
I 38 
139 
140 
147 
148 

::;: z :::> z 0 0 ..... 0 .... C -0 - w .... < w 0:: V) I.I.. 0:: 0 ex 0:: .... ...J 0:: 
z ...J < co 0:: :c 0:: a.. - V) a.. < 0 0 0:: w :0 0 - I.I.. :c 0 < u 0 .... V) < u 0 :::E: V) 0 - - 0:: 
< z w .... < < < w 0:: w ...J 0:: > V) :c 0:: ,x: 
::E: - V) V) V) 0 0 3: 0:: .... V) VI < :c > V, .... w 

0 0 0 0 0 0 0 0 
0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 

0 0 0 
0 0 0 0 0 0 
0 
0 0 0 0 0 
0 0 0 0 0 0 0 0 0 
0 0 0 0 
0 
0 0 0 0 0 
0 0 0 0 0 
0 
0 
0 
0 
0 0 0 0 0 
0 
0 0 0 0 
0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 
0 
0 
0 0 0 0 
0 
0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 
0 0 
0 0 
0 
0 0 
0 



__, 
w 
c.n 

ow 
DELOS 
TOELO 
CUEP 

KA 
BZ 
y 

VOLOUT 
RMILE 
LLIM 

ELT 
OH 

Tl 
TH 

THl 
PTP 
Ell 
EL2 
PTU 
BML 
PQS 
PON 

COEPl 
TB 

ACFl 
QSTR 

TOELTR 
PTRIB 

AC 
BC 

LOCBER 
BEROS 
NBEL 

THBED 
PBEU 

ICHBT 
ICOFFT 
ICHBL 
ICOFFL 
NCHBL 

NCOFFL 

PBANK 
PTA 

N 
N Nl 
N Nl 
H 
H Nl 
N Nl 
N 
N 
N 
'C 
N Nl 
H 

N Nl 
H 
N 
H Nl 
H 
H 
H Nl 
H 
H Nl 
N Nl 
H 
H Nl 
N 

NTRIB 
NTRIB Nl 
NTRIB Nl 
NTRIB 
NTRIB 
NBANK 
NBANK 

NN 
NN 
NN Nl 

NT3651 
NT3651 
NT36Sl N 
NT36Sl NN 
NT365l 

NT3651 

~BJ.HK Nl 
NH Nl 

Table B. 1 (cont ) -
-I-

Mean water depth 149 
Bed Elev" change due to suspended load 150 
Bed Elev" change due to total load I51 
Cumulative sum of TDELD 152 
Scour limit index 153 
Mixed layer thickness 154 
Cumulative degradation at points 155 
Depth of degr. in a time step 156 
River mile 157 
Index of enhaustion of sediment supply 162 
Computed Wt to satisfy stability criterion 163 
Cumputed cumulative water surface 
elevation change 166 
Mixed layer thickness, uncorrected 173 
Mixed layer thickness, corrected 174 
Temporary storage for TH 175 
Sediment size fractions, previous time period 176 
Intermediate working variable 177 
Intermediate working variable 178 
Updated sediment size distribution 179 
Mixed layer bottom elevation 180 
% of QS in each size fraction 181 
% of deposition in each size fraction 182 
Temporary storage for CDEP 183 
Mixed layer thickness, corrected 184 
Temporary storage for ACF 185 
Tributary sediment discharge 187 
Depth of sediment supplied by tributary 188 
Tributary sed. discharge size distribution 190 
Coefficient in sed. discharge rating curve 191 
Exponent in sed. discharge rating curve 192 
Location (reach no.) of bank erosion 193 
Bank erosion rate 194 
No. of sed. layers in a reach 195 
Thickness of sediment layers in a reach 196 

MAXBED Fraction of sediment in each size interval, [97 
each layer 
No. of time intervals in which widths can change 198 
No. of time intervals in which cutoffs can occur 199 
Location of width changes (node number) 1100 
Location of cutoffs (reach no. ) 1101 
No. of nodes undergoing width change in 1102 
a time step 
No. of reaches undergoing cutoffs in a 1103 
time step 
Size distirbution of eroded bank material 1104 
Updated size distribution of original material 1105 

3: z 0 z 0 0 - 0 I- 0 ..... 
0 - w I- <( w ex: V'I u. ex: 0 ex: ex: I- ...J ex: 

z ...J <( co ex: ::c ex: 0.. - V'I 0.. <( 0 0 ex: w co 0 - u. ::E 0 <( u 0 I- V'I <( u 0 ::E V'I 0 - - ex: 
<( z w I- <( <( <( w ex: w ...J ex: >- V'I ::c ex: ex: 
::E - V'I V'I V'I ~ 0 3: ex: I- V'I V'I <( :::c: > V'I I- w 

0 0 
0 0 
0 0 0 
0 0 0 0 0 0 
0 0 
0 0 
0 
0 0 0 0 

0 
0 0 

0 0 0 

0 
0 0 
0 0 
0 0 
0 0 

0 0 0 0 0 
0 0 
0 0 0 

0 0 
0 0 0 
0 0 0 
0 0 
0 0 0 
0 0 0 
0 0 0 

0 0 0 

0 0 0 
0 0 
0 0 
0 0 0 
0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

0 0 0 
0 0 0 
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IORT 
IORL 

IIURL 
VOREJ 
OARM 

RA 
BB 

(JSDP 

tH 
NT N 

NT 
N 
N 
N 
N 

N-1 

Table B. l (cont ) 
- 3 

0 
z: ~ - ..._ - ~ z: 

I- T -
List of t ime steps in whi ch dredging occurs 110b 
List of locations (reach no. ) of dredging , 1107 
each t ime step 
tlo. of dredging reaches in each t ime period 1108 
Volumetric rate of dredging@ each reach 1109 
Cumulative depth of deg radation fo r armoring 1110 
Pseudonym for R 133 
Pseudonym for 8 134 
Total load deficit in previous time step 14 

"' 

z 0 z 0 0 .... 0 I- 0 -- w I- c( w IX V'I ... °' !::) °' °' I- ~ °' c( a) IX :c :x Q. - V'I Q. c( C 0 0:: w ,:,0 0 
~ 0 c( u 0 I- V'I c( u 0 ~ V'I 0 - - °' w I- c( c( c( w :x ..... ~ :x >- V'I :c 0:: :x 
V'I V'I V'I 0 0 ::i: ~ I- .,., /> < :c > V'I ,_ .., 
0 0 
0 0 

0 0 
0 0 
0 0 0 0 

0 0 0 
0 0 
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C ****************************************** 
C 
C 
C 

P~OGRAft I A L L U V I A L 

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 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DEFINITION OF VAHIABLES 

SBCTlON I, 
SIZE FHACTION ~, 
.EL.EYATION L, 
TIME INTERVAL IT, 

.I=l,N 
K=-1,N1 
L=1, MA (I) 
r ·r=l, NT 

IRES= .IND~X VA8IA3L8 TO LSDICATE METhOD OP COhP.FLOW RESISTANCE 
IRES;::: 1 FOR 1I!ih rif!THOD ; IRES= ~ FOR A-L-K i!!ETliOD 

ISE~= INOEX VARIA8LE TO IND1CATE METHOD OF CO~PUTING SEDlaENT 
DISCHARGE ; ISEU= 1 FOR 1ltlB METHOD; ISED= 2 FOR EINSTEIN 
11 l::'.l' HOD 

.INUEX=INDE1 VARlaHLE TO INDICATE NO.OF SUBSECTIONS OS~D IN 
BACKWATER CALCULATLON~ (=1 FOR SINGLE CHANNEL,=2 FOR 
2 SU6~ECTIUN5, =3 FOR 3 SUBSECTIONS) 

IdU~Xl:INDEX VARIABLE TO INDICATE WHETHER NO. OF ~UBCHANNELS 
USED IN 5EDiaENT CALCULATIONS IS THE SAftE OR MORE THAN 
THAT USED iN 6ACKwATE~ CALCULATIONS (=O,SAnE; =1, aORE) 

INDSS=INDEX VARIABLE TO SPECUJ OPS~REAM SEDIMENT DISCHARGE; 
INDSS=O If COMPOT~D Bl TH~ PROGRAM AS EQUAL TO THB 
TRANSPU~T CAPACITY; =1 IF GIVEN AS IHPUT 

IDSWS=I~D~X VARIABLE ~O SPECIFY DOWHSTREAN WATER SUBPACE 
ELEVATION;lDSWS=O IF GIVEN AS INPUT; =1 IF COKPOTED 
INTERNALLY ASSU~ING UMIFOrtM FLOi 

N=NO. OF S&CTIO~S,I~ LONGITUDINAL DIRECTION 
Nl=MO. OP SEDI~~NT ~IZE FRACTIONS 
NT= YO. OF TirtE IhTERVALS 
NTRIB=NOMBER Oi ~RlBUTARIES 
NBANK= HUftdER 0~ R£AC1iES WITH BANK EROSION 
18ED = IND,t;X fAHlABLE Tu INDICATl!: VERTICAL VARIATION OF BED-tiAT. 

SIZE Dl~T. BELOW ORIGINAL CHANNEL BED; IBED=O FOR NO 
VARIATION; =1 FOR VARIATION. 

NrlED= NO. OP liEACH~S WHEliE SEOIMENT-dED conPOSITION VARIES 
IM V~RT~CAL DIRECTION 

NTP=NO.OP Tlti.6 INTERVALS AT W!llCd BED-EL.EVATLON CHANGES WILL BE 
PLOTTED AT A GIVEN SECTION 

ICH8= IND~X VAkIABLE ~OR CHANGE IN CliAhNEL WIDTH WITH TIHE; 
ICHB=O FOR NO CtlANGE; =1 FOR CHANGE. 

ICOFF= l.NDEX YA.ttlAti.l.E FOR INCORPORA'rlNG CHANNEL CUTOFF AT 
SPBCIFIED -J'Il1ES 

IOREJ=INDEX VA~IA8LL ¥Ort DREDGING; IUHEJ=O FOR NO DR~DGING; 
=1 FOR DtlEOGISG. 

IBUG=INDEI VARIABLE FOR PttIHTING DETAILED OOTPOT FOR DEBUGGING 
IBUG=O FOR NO PRINT; =1 FOR PRINTING. 

ILIMIT=W.MITING NUMtlEli uF VIOLATIONS OF SPECIFIED CRITERIA FOR 
RECOaPUTIMG BACK~ATER PROFILE AND/OR SEDIMENT LOADS 
IN EACtt TI~E P~RIOD 

lEQ= INDEX VA~IABLE TO INDICATE EQUILloRIUM OB NON-EQUILIBBIOM 
SEDIMENT CALCULAiIONS ( IEQ=l FOR EQM., IEQ=O FOR NON-EQM.) 

IDELT=Trag INTtnVAL,DAYS 
NTY=NO. OF TldE STEPS IN ONE YEAR {JbODAYS) 
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C ITLftE=TOTAL PEkIOD,DAYS 
C GAaA=SPECIFIC WEIGttr{LBS/CFT) OF SEDI~ENT 
C IFLAG=IHD£X VAHiA"LE TO INDICATE hECOMPUTATIOH UF liACK~ATER 
C PROPl~E ( lFLAG=O: DO NOT kECOMPOTE; 1FLAG=1: ~BCO~PUTE) 
C lFLAGl=INDEX VAHIABLE TO INDICATE RECO~P. OF SElllM~NT LOADS 
C IN EACH 'l'IL1E PERIOD (IPLAG 1=0, !JO NOT RECOMPUTE. 
C IFLAG1=1, RECOMPUTE) 
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 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

MA(I)=NO.O~ IN~£l hLEVATIONS FOR COMPUTING GEOMETdlC PRUPEMTIES 
AT SECTION l 

STAGE (I)= WATEh SU r,FACr: EL.~VATION A 'l' SECT .iuH 1, IN T .rr1.r.: l N'l'. I'r 
REACri(l)=LEMG~tt OP REACtt(PT.) BETWEEN SECTIONS I ANU 1+1 
Q(I)='ruTAL DISCliARGE{CPS.) AT SBCTIO~ l,IN Tl.ME l.NTBHVAL 1·r 
STAGEl(l,L},AlitA(I,L) ,«1(1,L),Bl(I,L)=STAGE,AREA,HYD.RADIOS,AND 

W.S.WIDT'tl ,RE.SPEC'l'IVELY,OF THE WHOLE SECTION AT S~C1l' ION I, 
.r;LEV. IblD~X L 

D~O (I)=~EDIA~ ~EDI~ENT SIZE (Me) AT SECTION I 
D6SG(l)=D65(ftM) A~ SECtION l,SEG~ENT J 
DLI~(I)= dAXK. ~EDIME~T DEPTtl(PT) AT START ON BED AT ~ECTLON I, 

SE<.:ia~u·r J 
O(K),P(K) ,W(K)=~ED.SIZE(MM.),POROSITI,AND FALL VELOCITY (¥T/S), 

R.c;SPECTIV.r;Lr,Foft $1ZE FRACTION K 
PT (l., K) =SEO. FRACTION FOR SECTION l, SEGMEN'l' J, SlZE K, IN THE BED 
l?T1'(1,K)=INITIA1.. '/ALOE OF PT(I,K) 
PTI(l,K)=INITIAL STORAGE FOR PT(l,K) 
TF(I) ,VISC(l)= Ak~AY OF T~MP~RaTUH~ AND VISCOSITY OF WATEH , 

RESPECTIVELY, AT l~DEX I 
TBKPF= TEMP~RATUH~(P) UF WATER IN TIME PERIOD IT 
GS (K) =SPECIFIC -,.r;IGri '£ (l..rl!i/CJ!T) , FOrl Sll.E FRACTION K 
SSC(l,K)=SED.CO~LN.(PPM) OF fRACTION K,AT SEGMENT J,SELTION I 
S51 (K.) =-SSC (N, K) 
B (I) =w .s • .-rn·r H 
SF(I)=ESERGY SLOPE 
CTO(l)=MEAN SED. ~ONC~NTRATION PER VOLU~E, AT SECTION I 
FR(I)=FdICTION ¥ACTOR 
PSD(K)=FRACTIUN u~ oATERIAL OP SIZE KIN THE DISCHARGE 
RA(I)=HXD. RADlUS AT SECTIOB I,SEGM~~T J 
XA(I)=C8OSS SECTIO~ AHEA AT SECTION I,SEGME~T J 
BB (I) =W .s. WIDTJ-1 
DSOG (1) =SED.DlA. (HM.) AT SECTION I, .SEGI!ENT J 
QST(I)=TOTAL O~SCHARGE OP SEGMENT J,AT SECTIO8 I 
VAV(I)=MEAN VJ.il.OCITY AT ~ECTION I,SEGa~NT J 
SE(I)=~MRRGX SLOP~ AT SECTION I, SEGMENT J 
OW(I)=MEAd WAThk OEPT11 0F SEGSENT J, AT SECTION I 
DELDB (I,K)=CHAt1GE IN BED r;LEVATION A11 SECTION I, StGMt!N1' J, POR 

SED. FRACTION K,DUE TO BED LOAD 
DELDS (I,K)=CHANGt IN BED ELEVATION A·r SECTION I, S.C:GL1EN1' J, f'OH 

SLD. ¥RACTIOM K,DOE TO SUSPEND£D LUAU 
'fDELD (l,K)=CiiANGE IN brlD ELEVA 'flON AT SECTION I., SEGl'iENT J, FO.t-< 

SEtl. FRACTION K,DOE TO SUSPENDED LOAD AND dED LOAD 
CDEP(l)=S0M INK AHD TIM~ OF TDELD(I,K) 
CC(J)=SUa lN K OF TDELD(l,K) 
AREAl(l,K)=CROSS .SEC'I'IOMAL ANEA AT SEC·rION I,SEGM. J,eLJ::V.IND.K 
R11{1,K)=dYDliAULIC RADIUS AT SECTION l,SEGMENT J,ELEq.IHD. K 
BB11(I,K) =w.s. Wl.lJ 'l'tJ AT SEC'f10N I,SEGl'.'!EN'f J,f.LEV.INU. K 

XABEA (I) , XARJ:..AL (1) , XA REAR (I) ,XAREAM (l) = 
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C DSOL (I) , D50li (I), D:>Ofi (1) =SED .DIA. {Mrt .) • FOB: L~P'T, RIGIIT AND 
C MAIN SUBSECTIOS,~ESPECTIVELY 
C 
C OYNAMlC ALLOCATION OF ARBAYS 
C 
C 
C 
C 
C 

C 
C 

ATTEN '£10ti : ARBAY 'r MUS 'f ALWAYS BE DIKEHSIUNED l' (tl.BBO) 
-------- __ ,... __ 

$$$$$$$$$$$$$~$~$$$$$$$$$$$$$$$$$ 
DIMENSLON T(20000 ) ,TITL£{15} 
l!EI10=20000 

$$$$$$$$$$$$$$$$$$$$$$$$~$$$$$$$$ 

CO"MO~/U1HS/H,N1,HT,n1,dAXMA,MN,MEHO,NX,IGH,N1P1,NTONX,NOBS, 
1 NT3b~1,NT3b5L,NTRld,NbAHK,IbED,MAXBED,NBED,HTP,NT1,ID8EJ,NTY 

C 
READ (5,1000) TLTLE 

1000 YORMAT(l~A4) 
WRITE(6,2000) TI~LE 

2000 POli~AT( 1 l 1 ,////,10x,1ot•*'),/,1ox,•*•,oax,•••,1,1ux,•••,4x, 
$ 1~A4,41,'* 1 ,/,10l,'*',o8X,'*',/,10X,70( 1 * 1 ),////) 

(.. 

C READ DIMENSIONING PARAMETERS 
C 

READ(S,1001} N,dl,Nl,NT,MAXMA,NOBS,NI,IGB,NTRIB,NBANK,IBED,NBED 
liEAD(S,1001) NAXbED,NTP,IDREJ,NT~ 

1001 FORrtAT(l~l~) 
NN=N-1 
Nt1A=N*MAXMA 
NN1=-N*N1 
N1P1::::N1+1 
H1' 3bS 1= 1 
NT3b52=1 
11'' (NTX.NE.O) N'£Jb~l=-t.JT/NTJ+1 
1¥ (NTY.NE.O) NTJo~2=NT/RTY+2 
NT 1=- 1 
IF (NTP.NH.0) NT1=HT/NT~+2 

C 
C DYNAMIC ALLOCATIOH OP WORKING AliRAYS WITHIN ARRAY T 
C 

I 1= 1 
12=-I1+NN1 
I3=1l+NN 
I4=13+N 
15=14+NN 
I6=I~ 
I 7=I6+N 
I8=-I7+N 
19=.l.U 
I10.:::I9+N 
l11=-I10+HttA 
I12=I11-t-NMA 
113=112+NN 
114=-113+NflA 
I15=I14+NMA 
I16=I1!:>+N11A 
I17=1.16+NMA 
118=117+.N~A 
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I19=I18+N1+1 
I20=I19+NH 
121=-120-+ (N 1+ 1) 
I22=I~l-+N 
I23=I22+N1 
124=I23+N1 
I25=124+NN*N1 
I26=I25+NN*Nl 
l.27=126 ♦ 72 

128=IL7 
I29=I28+N1 
I30=I29+NN1 
131=-IJO+.N 1 
132=I31+NN*N1 
133=13.l+N 
I34=I33+N 
I35=I34+N 
I36=-I35+N 
I37=I36+N 
I38=I37+N 
I39=I38+N 
l.40=-I39+M 
I41=-l40+N1 
142=141 
143=142 
I44=-I43 
.I45=I44 
146=145 
I47=I4t> 
148=147+-N 
149=I48+N 
150=I49+N 
I51=-I50+NN 1 
I52=I51+NN1 
I.53=.IS:l+'N 
I~4=I.53+NN 1 
I55=I54 +NN 1 
156=-ISS+N 
I57=I5b+N 
I~8=.£57+N 
I59=I58 
I.60=-I59 
l.61=160 
I62=I61 
Ib3=-Ib2i-N 
164=-It>3+NH 1 
I65=-Ib4 
166::;;165 
16 7=-I bo+N 
lb8=-I67 
I69=It>8 
170=169 
171=170 
I72=-I71 
173=172 
17ij=I73+NN1 
I75=-I74+N 
I7b=I75+N 
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C 

I77=I76+NN1 
I78=I77+N 
I79=I78+N 
.L80=-I79+NN1 
Idl=I80+N 
182=I81+N.N1 
I83=I82+NN1 
I84=I83+M 
I85;.I.b4+NN1 
I86=I85+N 
It37=I86+NTRIB 
IB8=I87+NTR111 
ld9=188+NTRIB*N1 
I90=I89+NTRIB 
191=I90+NTRIB•N 1 
I92=I91+NTRI.B 
I93=I92+NTR18 
194=I93+NBAHK 
I95=I94+NBANK 
I96=I9~+NN 
I97=-I96+NN 
I98=I97+(NN*Nl*MAXBED)*lBED 
I99=I98+NT3651 
I100=I99+liT3651 
I101=I100+NT3651*N 
Il02=I101+NT3o~l*NN 
I103=I102+NT3o~1 
I104=1103+NT3651 
L1Q~;I104+NHANK*Nl 
I10t>=I105+NN•~l 
I107=I106+NT*IOHEJ 
1108=I107+NT*N*IDHEJ 
1109=I108+NT*IDH~J 
1110=I10~+N*IURHJ 
I111=I110+N 
IEND=I 111 

C VERIFICATION OF SOFFIC1£NT MEMORY 
C 

IF(IE~D.LT.ME~O) GO TO 10 
CALL ERROli1( IE~D,ME~O,N,81,Nl,NT,MAX~A,NOBS,HX,lGR) 

C 
C ~EMORY O.K. TrtANSPER CONTROL AND ARRAY ADDRESSES TO SMAIN 
C 
10 WRITE(6,2002) I~ND,nEMO 
L002 FOHaAT(T20, 1 M£~0HX USED =•,ra,• WOR~s•,3X, 1 ME~ORY AVAILABLE= 1 ,I8) 

CALL SMAIM(TITLh,T(ll) ,T{I2),T(I3) ,T(Ib) ,T(I7), 
1 T(l9) ,T(I10) ,T(I11) ,T{I12) ,'.l'(I13) ,T(I14) ,T(I15) ,T(I16), 
2 T (I 17) ,T (118), T (119) ,T (120) ,T (I21) ,T (122} ,T (123) ,T (I2q) ,T (125), 
3 ·r ( 12 t>) , ·r ( I 2 8) , T ( 12 9) , T ( I 3 0 ) , T ( I3 1) , T ( 13 L) , T ( I jj) , T ( I 3 4) , 
4 T(l35) ,T(I36) , '.r(I37) ,'1' (138) ,T(I39) ,T(I40) ,T{I4)) 

CALL SMAINl (T (l~7) ,T(I'l8) ,T(lq9) ,T (150} ,T (ISl) ,T (152), 
o T(l53) ,T(I54) ,T(l~~) , 'r(I56) ,T(I57), 
7 T (162) ,T (I63) ,T (166), 
8 T(I73) ,T(I74),T(I7~) ,T{I7b) ,T(I71) ,T{I78),T(I79), 
9 ·r (180) ,T (181) ,'I' (18.l) ,'l' (I83) ,T (I84) ,T (185) ,T (I86) ,T (187) ,T (188), 
8 T (Id Y) , T ( 19 0) , r ( I ~ 1) , 'I' ( I 9 2) , T ( I 9 3) , T ( .l 9 q) , T ( l. 9 5) , T ( I 96) , T ( I 9 7) , 
9 T ( I 9 8) , 'r ( I 9 9) , '1" ( l 10 0) , ·r ( I 10 1} , T ( l 10 2) , T ( I 10 3) , T ( I 10 q) , T ( I 10 5) , 
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C 

C 

C 

C 

C 

i T ( 110 6) , T ( I 10 7) , T ( I 10 d) , T { I 10 9) , 'f ( I 11 0) ) 
STOP 
END 

SUBROUTINE INFLOW (Q, ~TH,LOCTR,TLJPF,S~AG£) 

DIMENSION Q(N),~~~(~TRirl) ,LOCTR(wrRIB) ,QTRIB(O),STAG b (d) 

COMMON/~IeS/N,N1,dT,M1,~AXrtA,NN,~EMO,NX,lGR,N1P1,NTOWX,NUBS, 
1 NT3651,NT3b~2,~rtlIB,NBANK,IBED, h A1BED,~BED,NTP,NT1,1UHHJ,NTY 
co~~ON/SCALR/INuEX,1,IDELT,VIS,ITIME,GA~A,IPl.AG,lT,INDSS,IPLAGl, 

1 ILinIT,aM1,ItQ,1ttES,lS~D,ALFA,BE1A,Ll1,~22,FMIX,IPR,IPHINT, 
2IOF,STR,CARft,~PPMOP,IB06,ICrlB,ICOFF 

C READ NEW 18FLOWS IF NlEv&D 
C 
25 IF (ITIME.U.ITDAT) GO rO 100 

DO 30 LT=l,NTklB 
QTR(LT)=-QT~IB(LT) 

30 CONTINUE 
TEMPF=TFREAU 
!>TAGE (1) =I.READ 
ITIH.EP=ITDAT 
HEAD {5,1000,~Nb=900) ITDAT, TFRtAv,QTlilb,YREAD 
bO TO 2~ 

1000 FOHMAT (Iq,F4.0,9PU.0) 
C 
C INTERPOLATE Be rwggN VAL□ rlS AT PHEVIOUS fldE STEP A~D TliOSH 
C MOST RECENTLl REAU 
C 
100 PTIM&=ITittE 

FINT={FTIKE-ITIMEP)/(LTDAT-ITIME~) 
DO 125 LT=l,NTRIB 

QTR(LT)=QTH(LT)+YlHT*(QTRlB(LT)-QTH(LT)) 
1L5 CONTINUE 

C 

TEMPF=TEMPP+PINT*(TPBEAD-TE~PF) 
STAGE(l)=STAGE(l)+FINT*(YHEAD-STA~E(1)) 
ITIMEP=ITIME 

C COMPOTE WATER DI3CHARG~S lT ALL COMPUrATlONAL P01NTS BY 
C ACCOftULATION OF TliIBUTARY INFLOWS 
C 

Q (N) =QTB (1) 
LT=2 
LM=N 

10 LM=J..t.1-1 

C 

IF (LM.EQ.O) GO TO 301 
Q (LM) =Q (Lft+l) 
IF (LM.S&.LOCTB(LT)) GO TO 10 
Q (LM) =Q (LM) +Q·r R (L'f) 
LT:LT+l 
GO TO 10 

C PRINT dAIHSTB8 ~ISCrlAHGES AT T816UTARY INFLOW POINTS 
C 
301 IP (IBUG.NE.O) WRITg (6,2000) IT,ITl~E,NTrlIM, 
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1 (Q(LOCTR(K)),K:1,NTHid) · 
2000 PORKAT (1X,'IT=',I4,• 1TlftE= 1 ,Iq,• NTRIM=',11, 1 PLOWS:•, 

1 (T35, 12F8 .O)) 
C 
999 
900 
2001 

C 
C 

RETUR.N 
iRITE (6,L001) ITI~E, ITDAT 
PORftAT (/,20(1H*),' EdHOR: IT1ME= 1 ,l5, 

1 1 EXCEEDS LAST I~iLUW DATA ITDAT=',IS) 
STOP 
ENO 

J ----------------------
C SU8ROOT1NE S~AIN ,. ""' ---------------------
C 

C 

C 

SU8ROUT1N~ SMAIN (TlTLB,VOLlN,krlACH,DaZ,STAGE,Q, 
1 ~A,STAGE1,li1,SL1,fi1,AREA,AREAI,RI,STAGEI,DS,D~O,CDF,DMS,P,D, 
2 PT,PTT,TP,W,SSC,S51,PTI,XAREA,H,B,CTO,SP,ACP,CIN,FR,GS,QSDP) 

1NT~GER I~OD~/ 1 1AL1'/ 
LOGlCAL !:>ECCAL 
DIMENSION VOLIN (N,Nl) ,fiEACH(NN),TITL£(15) ,DM~(N), 

1 STAGE (ti) , Q (N), jA {N), S'l AGE 1 (Ill, 
~ ~AX~A) ,rll(N,~AX~h) ,~Ll(NN),Bl(N,MAA~A),AREA(N,KAIMA) ,AREAI(N, 
J l'!AXL'1A) ,RI (N,l'1AX:'!A), s·rAGEL (N ,MAXMA} ,DS (Ii 1P1) ,oso (NN) ,CDP ( 
4 t.ilPl) ,OMS(N) ,P(~l) ,D (.hl) ,PT(NN,Nl) ,PTT(NN,Nl) ,TP(72), 
5 VISC(7l) ,W(Nl) ,SSC{N,Nl) ,SS1(N1) ,PTI(NN,Nl) ,XAREA {N), 
b h'.(H) ,b(N) ,CTO(d) ,SP(N) ,ACF(N) ,CIN (N) ,FR{N) ,GS(Wl), 
7 VAV(N) ,QSDP(NN), 
8 S.E(N) ,DW(N) ,DELDS(N,~1) 

l>IMtNSION TDE.L.D (N,Nl) ,CJEP(N) ,KA(N,Nl), Y (N), 
1 VOLOUT(N),RMIL~(H),L1~I~(H) ,DELT(N, 
L N 1) , DH ( N) , 
J 'l' I ( N , N 1) , TH ( N) , •r 11 1 ( N) , i>T P ( N , 
4 H 1) , tL I(~), ~1.2 (N) , P'l'U (N, N 1), BML (N), PQ!:i (N, Nl}, PDN (H, 
S N1) ,CDEP1(14) ,TH(N,i.1) ,ACFl(I) ,Bl (N,Nl), 
b QTR(NT~Ib),QSTH(NTHIM) ,TDELTR(NTRIH,Nl) ,LOCTR(NTKIB), 
7 PTRIB(dTRIB,Nl),AC(~lHIB),BC{NTRIB) ,LOCBER(HBAHK), 
8 rl&ROS(NBANK) ,NBEL(NN) ,THBED(NN),PBED(NM,N1,ftAXBED) 

DlMENSION ICHhT(NT3b~l),ICOPFT(NT3b51),ICHBL(RT3651,B), 
1 l.COPFL(NT3651,UN) ,NCdBL(N'T3651),NCOPPL(HT3651), 
2 PBANK(N8ANK,N1), 
J PTA(NN,Nl),IORT(N~),IDdL(NT,N),NDRL(NT),VDREJ(N),DARn(N) 

DATA VISC /1.9l,l.U9,1.85,1.82,1.79,1.76,1.72,1.69,1.66,1.64, 
61.61,1.~8,1.55,1.SJ,1.50,1.4d,1.q5,1.43,1.41,1.39,1.37,1.34, 
& 1.32,1.J0,1.L8,1.~o,1.25,1.23,1.21,1.19,1.17,1.16,1.lij,l.13, 
& 1.11,1.10,1.oa,1.01,1.o~,1.04,1.oJ,1.01,.999,.986,.974,.961, 
& .949,.Y3d,.~L6,.915,.904,.893,.d83,.873,.862,.852,.843,.833, 
& .a2q,.a14,.aos,.79b,.738,.779,.771,.7o2,.754,.746,.738,.731, 
f, .7i3,.71b / 

CO"MON/U1KS/N,N1,MT,N1,~AX~A,H~,MEeO,NX,IGR,N1P1,NTOffX,NOBS, 
1 NT3b51,N~36~2,HTrl~B,~BANK,IBED,dAX8~D,HdED,NTP,NT1,IDREJ,NTY 

COJ.1t10N/SCALR/I'N DBX, I., IDELT, VIS, I1I'IaE,GAMA, IP LAG, IT, INDSS ,IFLAG 1, 
1 iLIMIT,Ma1,I£~,IRt~,iSED,ALPA,8ETA,C21,C22,PaIX,lYR,lPRINT, 
21UF, S'l'.ti, CARt1, CP PMU I!, IUUG, ICHB, IC.:OP F, VI SLOG 

COM~ON/UR~J/KDR8J 

BETU8N 
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C 
C 

Eii'rRY SMAIN 1 (VA V, SE, OW, D.t:LOS, TD.l!!LD, CDEP, KA, BZ, Y, 
4 VOLOUT,R~ILE,~LIM,DELT,DH, 
5 TI,TH,TH1,PTP,EL1,ELL,PTU,BML,PQS,PDN,CDEP1,TB,ACP1, 
b QTH,QSTR,TDELTR,LOCTR,PTRIB,AC,BC,LOCBER,BEROS,NBEL,TttBED,PB£D, 
7 1Cd8T,ICOPPT,1CdBL,ICOFFL,NCJBL,NCOPFL,PBANK,PTA,IDRT,lDHL, 
8 NDRL,VDREJ.,DARM) 

C DATA INPUT 
C 

C LFR=INDEX VAHIAuLE ro l~iliCATE tlODE OF CALCULATING FR. FACTOR 
C IFR=O FOR CONSlUErllNG F&.Ftl. AS FUN. OF QS IN CUHRENT PERIOD 
C IFR:1 FOR CONSIVEHING PR.FR. AS PUN. OP QS IN PBEfIOOS PERIOD 
C lDlA=INUEX VAtllAdLE Tu lNOICATB PROCEDURE OF FINDiffG 050 AT 
C A SECT ION PROl1 Ai)JACENT REACH VALUES 
C IOIA=U POH CALCULATING D~O BY AV J!RAGIJfG l\UJ. REACH VALOt:S 
C lDIA:1 PUH CALCOLATlNG D50 A~ THE 0/~ HBACrl VALUE 
C IUF=INOEX YAdlAHL~ TO INDICAT~ PROC. TO SPECIFY W.S. ELEVATI08 
C Af TUE MOS~ D/S SrlCTiuN 
C lU.F=O r'Oh SPE,;IFIED W .S .ELEV. AT THE !O!::iT D/S SECTION 
C IOF=l FUR CAL~ULATING W.S.ELEV. FOR UHIPOaa PLOW 
C IHPd.:.IffDEX VAlilABLE Tu INDICAT~ PREQUENCY(<.I 110. OF TI,1E IMTERYALS) 
C OP PR1NTINb RESULTS 
C KDIA=INOEX VA~IAbLE POR CONSIDERING ARMOhINb EFFECT IN CALC. 050 
C KDIA=O FOR NOT CONSIDERING ARKORING EPPECT 
C KDIA;1 FOR CON~IDEHlNb ARMORING EFFECT 
C IGR=INDEX VAdIABL~ ro INDICATE ~LOTTING OPTION 
C 1GR~u fOff NO PLOT; IGR=l FOR PLOT 
C lPLOT=lHUEX VARLAB~E POR TlPE OF PLOTS; I?LOT=O FOH PLOTTING 
C A~SOLUT~ VALUES OF BED W.S. ELEVATIONS; =1 FOR PLOTTING 
C INCREll.l:.N'l'.AL C!IAl'lGBS IN BED AtitD W .S. ELHVA'.tIONS 
C ltlOCK=lNDEX VARIABLE rOR LIMITING D£GRADATIOR OOE TO ROCK OUTCROP 
C IROCK=O FOd ~U A~JUSTM£NT OUh TO ROCK OUTCkOP 
C IROCK=l FOR AUJUSTMENT DUE TO ROCK OUTCROP 
C 
C ~oas=INDEX VAUl&dLE FUR LHCLUOING OBSERVED CHANGE IN w.s. 
C PHOPIL~ LN PLU~S 
C IOH~=U FOH NOT INCLUDING OBSERVED VALUES 
C lOdS=l ~Ud LNCLUOING OJ~ERVEO VALUES 
C lNPOT=IHDEl VARIAbLE fO DESCRIBE DATA INPUT 
C INPUT~O FOR Sl~Ll?IBV DATA INPUT FOR THE MO. RIVER 
C lkPUT=l Yuh G£SEliAL DATA IN.PUT 
C 

C READ CONTROL VAhlABLE~ 
C 

C 

READ(5,L) KDIA,~DIA,IUF,lHPa, 
a, ,lPLOT,NRES 

IROCK,IOBS, INPU'l•, IBCJG,ICIIB, ICOFF 

C OP~N RESULTS ?LLE,WR~~E GENERAL DATA ON IT 
C 

IP (NRES.GT.0) WliIT~(1•R~S)ICOD~ 
IF (akES.GT.0) WRITE(~R~~)TITLE 
IF (NRES.GT.O) t1thl'.f£ (NI1ES) 

1 N, N 1 , NT, M 1, HA Xti A, N' N, l'1 E i"lO, NX, lb R, N 1.P 1 , N •ro N X., N 08 S, 
L NTJo~1,NTJo5i,NTrlIB,NBANK,l~~D,~AXBED,NBED,MTP,NT1,IDREJ,NTY 

tti:!AD ( ~, 1) IR L!:>, I!>l"D, IN DLX, I NDE.K. l, lNDSS, ILliiIT, IEQ, IDS .. S 

C READ CALIBBATIU~ ~ARArteT~RS AND DIVERSE PHYSICAL PARA~ETERS 
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C 

C 

READ(S,~) ALFA,B£TA,C~1,L22,FalX,CARM 
READ(S,3) STR,R~DS 
SP ( 1) =STR 
IF(IROCK.EQ.1) RE:AD(S,5) (DMZ(I),1=1,N) 
IDELT=360/NT1 
IPR;;Q 
WRITr; (b,~4) lli.r:!>,lSED,I~DEl.,INDBX1,l.NDSS, N,M1,M1,N·r,IL1KIT,IEQ, 

* IFR,IDIA,Ia¥,1NPR,KDIA,IGR,IROCK,108~,I~PUT,NTRIB,N8AH~, 
* IBED,NBED,ttAl BED,HAX~A,MOBS,NX,~~P,IBUG,lCHB,ICOfP,IPLOT, 
* IDRBJ,NTY,lOSWS,IOt~T,NRES 

WRITE(6,31) A!.f'A,bETA,CL1,C22,FMIX,CAHM 
WRITE(b,L9) STR,RdD!> 

C CALL TRIB TO RLAO TRIBUTARl DATA 
C 

C 

CALL TRIB(QTR,QS~rt,TDELrR,LOCTB,~rRIB,AC,BC,Q,LOCBER,BEROS, 
@ PdA~K,CTO,IiPUT) 

NN1=M1+1 
C 
C BEAD STANDARD SEDI~BNT SIZES 
C 

h.EAD(S,51) GA.MA 
RE AD ( S, 5) { D .S ( K ) , K = 1, N N 1) 
ilRI'.rE (6 ,20) 

C 
C READ SECTION DATA, CO~PUTB RIVER ~IL~,AREAS, HVD~AULIC 
C H.AlJII {LAs·r Alt.EA=O .o 1NTERPRET1:.U AS REQUEST TO CALCULATE 
C ALL AH~AS) 
C 

DO 100 I=l,H 
4110 FORMAT (?10.2,110) 

READ (:>,4110) lit:iILE(l.), MA(I) 
IP (I.GT.1) REACU(l-l)=(RMILE(I)-ft~ILE{I-1))*5280.0 
f1M=HA (I) 
IP(~M.GT.nAXHA) CALL EttROft2(1,M~ ,MAXMA) 
WRITE (6,8) l,Rn lLElI),MA(I) 
liEAD(S,4) (STAG~lll,L),AHEA{L,L),Rl{l,L), 

1 B 1 (I, L) , L= 1, K~) 
S~CCAL=.TRUE. 
lP(AREA(l,MM) .Nt.O.) SECCAL=.FALSE. 
DO 312 1.=1,atl 
I.F (L. EQ. 1.0R • • H U'l ' .SECCAL) GO ·ro 7 50 
AREA(I,L)=AR~A(I,L-1)+0.5*(B1(I,L-1)+B1(1,L)) 

1 *(STAG81(1,L)-STAGE1(I,L-1)) 
Bl (I,L) =AREA (1, J..) /Bl (l,L) 

7 50 AREA I (I, L) =Al<.t;A (I, L) 
RI ( I , L) =tt 1 ( l , 1.) 
STAG EI (I, L) =S'!'A GB 1 (I, L) 

3 ll CON'f IN U.E 

C 

WHITE(b,1b) (S 'fAl:t~l (I,L) ,AHEA (I,L) ,Hl (I,L) ,Bl (I,L) ,L=1,1'1t1) 
IP (I.EU.N) GO TO 100 

C RHAD SEDIMENT CttAHACTEHISTICS FOh REACH 
C 

READ(S,S) (CDF(K) ,K=1,NN1) 
C 
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C COMPUTE 050 FllOH GIVEN C:DF 
C 

DO 25 K=l,11111 
IF (CDF (K) .GT .O .5) GO TO 35 

25 CONTINUE 
K=NNl 

35 050 (I) =DS (K-1) + (DS (K)-!JS (K-1)) * (U.5-CDF(I<-1)) / 
1 (CDF (K) -CDF (K-1)) 

C 
C TRI!.NSLA1'E 1 050 1 FR0/1 RJ,;ACH TO SEC'fION 
C 

IF (I.NE.1) Dl!S(I)=(D50(I)+D50(I-1))/2.0 
IF (IDIA .EQ. 1) DMS (I) =050 (I) 
DO 108 K=l,Nl 
;> (K) =O .110 
D (K) =SQRT (OS (K) *DS (K + 1)) 
PT (I, K) =CDF (K+l) -<:DY (K) 

108 PTT(I,K)= PT(I,K) 
WRITE (6, 11190) I ,l)50 (I) 

1 ,(C!JF(K),K=l,lillll) 
';IRITE(6,61) (PT(l.,l\) ,K=l,Nl) 

C 
C INITIALI~E QSDP FOR REACH I 
C 

QSDP (I) =O .O 
100 CONTINUE 
C 
C WRITE RIVER aILES ON RESULTS FILE 
C 

C 

IF (liRES.GT.0) WRI'TE (liRES) (RMILE (I) ,I=l, ti) 
Dl!S (1) =D50 (1) 
OKS (N) =D50 (N-1) 

C GENERATE STANDARD TrlMPERATURES FOR VISCOSITY TABLE 
C 

113=72 
TF (1) =32.0 
DO 203 1=2,113 

203 TF(I)=TF(I-1)+1.0 
C 
C CALL SED8ED TO READ DATA ON VERTICAL VARIATION OF BED 
C SEDIHENT COMPOSITION 
C 

IF (IBED .EQ. 1) CALL SEDBHD (NBEL, TllBED ,PBED) 
C 
C 
C CALCOLATION OF UNIT iEIGHTS OF SEDIHENT FRACTIONS 
C 

211 
C 

G1=30.0 
G2=65.0 
G3=93.0 
DO 211 K=1,li1 
A=D(K) 
IF (A.LE •• 004 
IF (A .GT •• 004 
IF(A.GT •• 062 
CONTIIIOE 

) GS (K) =Gl 
.AND.A.LE •• 062) GS(K)=G2 

) GS (K) = GJ 
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C PRINT DIVERSL GEN~dAL DATA 
C 
2 0 4 WRITE ( 6 , 4 4) ( .tl ~AC H (I) , I= 1 , H N) 

lF(iROCK.EQ.1) WliITE(6,30) 

C 

IF (IHOCK.EQ.1) WliITE {b,33) (DMZ (I]) ,I3=1,N) 
WRIT~(b,48) (P(K) ,K=l,Nl) 
WRITE (6, 79) (lJS (K) , K= 1, NN 1) 
WHITE (6,b2) 
WRITE(b,37) ( U(t<),K=-1,Nl) 
WRITE (6 ,63) (;;AMA 
WRI .rE (6, 1.t.1) 
WRITE(6,33) (TF(I) ,I=1,N3) 
WRITE (6, 122) 
WHIT~ (b,37 ) (Vl~C(l} ,I=1,N3) 
WRITE (6,88) 

C CONiERSI08 OP ilSC(I) TO (SQ.FT./S) 
C 

00 935 I=-1,NJ 
935 VISC(I)=VISC(I)*l.E-5 
C 
C CONV~HSI08 OP s~o. SIZ~ FROM nM TO PT. 
C 

DO 111 K=l,NNl 
IP (K .NE.NN1) U (K) =D (K) /304 .8 

111 DS(K)=DS(K)/304.ti 
UO 814 I=l,N 
D"S(I)=DMS(l)/304.d 
IF(1.EQ.N) GO TO Hlq 
DSO(I)=DSO(I)/304.8 

814 CONTINUE 
C 
C 
C HEAD U/S SEDI~ENT INFLOW DATA 
C 

READ (5,6,ENJ.>=900u) (SSC (N,K) ,K=l,N 1) 
C 
C lNlrIAL SUtlliOOTlNE CALLS TO TRANSMIT ARRAY ADDRESSES 
C 

C 

CALL UAWATP(RhACH,STAGE,Q,STAGE1,D,IABEA,R,B,CTO,SP,PR,ACF, 
1 LOCTH,YT8,DM.S) 

CALL DAR~Sl(Q,DMS,D,XA&EA,R,CTO,SY,ACY,CIN) 
CALL DA~RAS(DSO,~,PT,5SC,R,Cl0,SF,PQS,PDN) 
CALL DAsgcP(STAGE,~A,STAGE1,B1,R1,AREA,XAREA,H,B) 
CALL DASLOA(REACH,P,D,PT,PTT,SSC,CTO,SF,ACP,H,B,DW, 

1 DELDS,TDHLD,CDLP,KA,VOLOOT,DELT,PQS,PDN,COEP1,TB,ACF1, 
2 LOCTR,JSTR,PTRIB,TD~LTR,LOCBER,BEROS,PBANK,Q,PTA, D50, 
3 .rHbED,NBEL,STAbEl,PBED,DARft,ELl,VAV,QSDP) 

CALL OAHYSO(VOLIN,STAGEl,D50,P,PT,PTT,SSL,CTO,SF,ACP,R,BZ, 
1 TDELD,VOLOUT,LLia,D~LT,T1,TH,TH1,PTP,EL1,EL2,PTO,BML,T8,NBEL, 
2 THBED,~bED,CDEP,D) 

CALL DAARaO(ACF,ACF1,PT,D,P,CDEP,PTT,VOLOUT,B,SF,D50,THBBD, 
1 PTA,N~EL,~TAGE1,PBEO,Q,R,DARM,EL1) 
IF(ICHd.EQ.1.0k.lCOFF.EQ.l)CALL DACHAM (ICHBT,ICOFFT,ICHBL, 

m 1COPPL,REACrl,B1,AREA,NCHBL,RCOFFL,~A,Rl} 
lP(IDR&J.EQ.1) CALL OAORED (IDRT,IDRL,NDRL,VDREJ,REACH,B,STAGE1' 

~ CDEP,ArtEA,R1,N8EL,THBED,PT,PTT,PBE~,DARH,EL1,~A) 

148 



C BEGIN LOOP ON T1ME STEPS 
C 

C 

IFLAG=O 
r·rraE=O 
KYB=-0 
DO 5000 IT=l,NT 
ITIME=ITittE+lDBLT 

C LOAD NEW DISCliAdGES,TEMPERATURE,AND 0/S STAGE(lF IDSWS.N~.1) 
C 

CALL INFLOi(Q,JT8,LOCTli,T~HPF,STAGE) 
i C 

C COMPU~E NEW TnlBUTAdY SBD1HEBT LOADS 
C 

CA.LL TRIBQS 
C 
C LOAO D/S BOUNDARY CONDITION 
C 

IF (IDSWS.BQ.1) CALL START(STAGE,Q,STAGE1,DMS,B,XAREA,Ma,B1, 
~ Rl,REACH,SF,AREA) 

KORE J =O 
C 
C CALL DREDGE TO EXECUTE DREDGING 
C 

C 
C 
C 

900 

910 

C 
C 
C 

34 
214 
C 
C 
C 
C 

602 
C 
102 

IF (IDHEJ.EQ.1) CALL OHEDGE 

CALCOLATE VISCOSITY FRO~ GIVEN TEMPHRATOKE IN EACH TIME PERIOD 

DO YOO I=1,N3 
1F(T~HPF.LE.TP(l)) GO TO 910 
CONTINUE 
CALL ERROR3(IT,ITIME,TEKPP,TP{N3)) 
l=N3 
VIS=VISC (I) 
VISLOG=ALOGlO(VIS) 

ESTI~ATING FALJ.. VELOCITt BY ROBEY EQN. 

DO 214 K=1,M1 
P11=36.0*VIS**2/(32.2*D(K)**3*1.o5) 
P 1=-SQf<T (2 .0/3 .O +1' 11} -SQRT (F 11) 
W(K}=F1*SQRT(1.65*32.20*D(K)) 
IP(I~UG.EQ.1) W&ITE(6,34) K,W(K) 
FORftAT(lOx,•w (1 ,12, 1 )=•,Pl0.4,• (FT/S) ') 
CONTINUE 

CONV~RSION OF CONCENT~ATION PROM PPM TO CPr./CPT. 

DO 602 K=1,N1 
SSC(N,K)=SSC(N,K)*1v.e-b/2.bS 

IPJ:ll1iT=2 
IP(l~.LE.~) 1NTP=1 
IP(IT.GT.2) INTP=I~PR 
IF(ITiaE.EQ.3oO) INTP=l 
IF((IT/INTP}*LNTP.NE.IT) IPRIBT=O 
IF(IT.EQ.RT) l~~lHT=2 

149 



C 
C CALL TO WATPBO FOR BACKWATER COMPUTATIOH IN EACH TI!E STEP 
C 

CALL WATPRO 
C 
C CALCULATION OP ctAIN PLOW PROPERTIES AT EACH SECTION 
C 

00 700 I=l,M 
VAV (I) =Q (I) /XAR&a (I) 
~E(l)=PH(I)*(VAV(I)**2)/(8.0*l2.2•R(I}) 
DW(I)=IAREA(I)/B(I) 

700 CONTINUE 
C 
C CALL TO SLOAD FOR SEDIMENT COHTINUITY COKPOTATIOH 
C 

CALL SLOAD 
C 
C 
C ~ODIPICATION OF SECTION PROPERTIES AFTBR SRD1MENTATIOH IN EACH 
C TIME PB&IOD 
C 

DO 726 13=2, NN 
7~b !(I3)=(CDEP(I3-l)+CDEP(I3))/2.0 

Y ( l) =-CDEP ( 1) 
Y (N) =CDEP (H-1) 

C 
C MODIFICATION oLCAUSE OF ROCK OUTCROP 
C 

11'' (IBOCK.EQ.0) liO TO 737 
DO 736 13=1,N 

736 IP (Y (13) .GT.DMZ (IJ)) Y (I3) =DftZ (13) 
737 CONTI HU~ 
C 
C MOOIPICATION BY CHAMGING INDEX ELeVATIONS OF X-SECTIOSS 
C 

DO 720 I=l,N 
Mt,=-ftA (1) 
00 720 L=l,MM 
S~AGEl(I,L)=STAGEl(I,L)-Y(l) 

7 L.0 CON'tINU E 
C 
C TRASSLATR D50(I) AMO ACF(I) Faoa REACHES 1'0 SECTIONS 
C 

IY(l8UG.EQ.1) WRl"l'.B(6, 711) (ACF (I) ,I=-1,NH) 
711 E'ORMAT(5X, 1 ACF: 1 ,8£12.5) 

ACP (1) =ACF (1) 
ACF (N) =ACF (N-1) 
OMS ( 1) =050 (1) 
Dl!S (N) =D:,0 (N-1) 
DO 731 l.=1,NN 
UH (I) =ACF (I) 
IF (I.BQ.1) GO TO 731 
D~S(I}=(D50(I)+D50(I-1))/~.0 
IF(IDIA.EQ.1) DHS(I}=D50(1) 
ACP(I)=( DH(I)+ Dll(I-1))/2. 

731 CONTINUE 
lf'(lbUG.EQ.1) WltITE(6, 711) (ACP(I) ,I=l,N ) 

C 
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IF(IBUG.&y.O) GO TO 5021 
713 WliITE(6,82) ITLrtE 

DO ·7 '2 5 I= 1, H 
WRITE (o, 27) I 
DO 72':, L=l,ft,i 
WRITE(6,84)STAGE1(1,L) ,ARRA(l,L),Hl(I,L) 

72':> CONTINUE 
C 
C PRINT OUT RESULTS 
C 

5021 YR=ITIKE/3o~.o 

C 

N2=NTP*.IDELT 
NLiliE=27 
N5=N/8L.INE+1 
tl6=1 
N7=N6+iiLINE-1 
IF(N7.GT.N) N7=j 
ITl=IT*IDELT 
IDAY=Ir1-KYR*36U 
IF((IT1/J6U)*~o0.EQ.IT1) KYR=KYH+l 

C WRI:rE TIK.E .l:iEA1JldG Ol'i .ttESULTS YILE 
C 

IF(NRES.GT.O) ittITE(NRES) IT,ITLME,IDAY,KYH 
DO 811 I3=1,NS 
IF (IP~INT.NE.O) iRITE(o,70) ITIME,YR 
IF (lPRINT.NE.0) wRITG(b,71) 
DO 810 Il=N6,B7 
I=N+l-Il 
DMM=DKS(I}*304. 6 
DEP=Q (I}/ (8 (I)* VA V (I) ) 
FFR=8.0*32.2*DE~*SE(l)/(VAV(I)**2) 
CBAR=CTO(I)*2.b~H6 
IF(l.EQ.N) GO TO 809 
IF(IPRINT.NE.0.AND.LLIM(l) .EQ.0) WRITE(o,75) VOLOUT(l) 
U (IPRINT .NE. 0. AND .LL IM (I) .EQ. 1) W 1.-tl'l\E (b, 76) VOLUUT (I) 

809 IP (IPRiNT.HE.U) WRITE (6,72) 
1 I,RMILE(I},ti(I),STAGE(I} ,Q(I),DEP,VAV(I), 
2 SE(I),t(I),DU(I), STAGBl(I,1) ,DMM,ACP(I),CBAR,FPR 

IP (NRES.LE.O) GU TO &10 
C 

C WRITE CURRENT VALUES 0~ RESULTS FILE 
C 

WRITE (~RES) 8(1),STAGE(I),Q(I) ,DEP,VAV(I),SB(I) • 
lY(I),OH(I),STAGhl(l,1) ,DMM,ACF(I) ,CBAB,FFR 

WRITE (NHES) (P'l' (I,K) ,K=-1,Nl) 
810 CONTINO& 

N6=N7+1 
N7=N6+NLitiE-1 
IF{N7.GT.8) N7=M 
IF (86.bT.N7) GO TO 10':> 

811 CONTI.NU~ 
10~ LP (NBE5.~T.O) WRIT~(NkES) (QTR(l) ,1=1,NrRIB), 

l(QSTli(I),I=l,NTHib) 
C 

C RECALCULATION OP SEDIMENT DIA. A.FTE~ SEDIMENTATION 1~ EACli PERIOD 
C 
ij 5 6 0 00 11 10 I= 1, N N 
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1112 
1113 

1111 
1110 
C 
C 
C 

128 
C 
C 
C 
C 
C 
q999 

753 

43 

5000 

C 
C 
1 
7~9 
2 
3 

" 5 
6 
7 
8 

CDF(l)=O.O 
00 1112 K=2,NN1 
CDF(K)=COF(K-l)+PT(I,K-1) 
IF(CDF(K) .bE.O.~O} GO TO 1113 
CONTINUE 
DSO(l)=DS(K-l)+(O.Sv-CUF(K-1))/(CDF(K)-CDF(K-1)) 

* * (OS (K) -DS (K-1)) 
If' (CDF' (K) .t:Q .o. 50) D50 (I) =DS (K) 
DSO~M=D~O(I)*30Q.d 
l.F(lt3UG.EQ.1) WRI11 E(6, 1111) l,D501111, (PT(l,K) ,K=1,N1) 
PORMAT(5X, 1 1= 1 ,13,2X,'D~0= 1 ,F6.J,2X, 1 PT: •,9F9.5) 
.CONTINUE 

TRANSLATES D50 FROM R EAC1i TO SECTION 

OMS (1) =U~O (1) 
01!S (N) =D50 (N-l) 
DO 728 I=2,NN 
DffS {I)= (050 (I) +D50 {I-1)) / L.O 
IF(IDIA.EQ.1) DMS{I}=OSO(I) 
CONTINUE 

CALCULATING ~hX~. VALUE OF TiftE INTERVAL WHICH WILL HOT VIOLATE 
SEOinENT CONTINUITY THROUGH REACHES 

DfitIN=DE.LT ( 1, 1) 
IF(IT.EQ.1} NVI=O 
00 753 I1=1,NN 
DO 753 Kl=-1,Nl 
DINT=FLOAT(IDELT) 
lP(DlNT.GT.D&LT(I1,K1)) NVI=NVI+1 
IF(DELT(Il,Kl) .G~.D~IH) GO TO 753 
DHIN=OELT (I 1, K 1} 
CONTIHOE 
IF(IPRINT.EQ.~) WRITE(b,q]) DMIN,NVI 
FORttAT{ /,15X,70('*'},/,15X,'*',68X,'*',/,151,'*',68X, 1 *1 , 

* /,15X, 1 * 1 ,9i, 1 MAX~. VALOE OF TI~E INTERVAL WHICH WILL ROT 1 , 

• •VIOLATE 1 ,8X,'* 1 ,/,15X,'*',23X, 1 SEDIMENT CONTINUITY IS', 
* 231, '*',/,15X, '* 1 ,28X,Pb.2,21, 1 0AYS 1 ,28X.,•••,/,15l, 1 * 1 , 

* 28X,13( 1 - 1 ),~7X,'*',/,15X,'*',20X, 1 TOTAL NO. OF VIOLATIONS=•, 
* I4,19X, 1 *', /,15X, 1 * 1 ,o8X, 1 *1 ,/,15X,70('* 1 ),///) 

CONTINUE 
WRITE (6, 7) 

POHMAT (1015) 
FORMAT ( 111.5) 
FORMAT ( 12I5) 
F0Hl1AT (2.F14. 7) 
FORf!AT (4.Fl0.3) 
I-'OR.ftAT (6!110.4) 
.f'Otl PIAT (8P 10 .4) 
FORMAT( 1 1 1 ) 

PORMAT(//,5X,•~ECTIO~',I3, 1 RMILE= 1 ,F7.2, 
m • MA= 1 ,I3,T40, 1 STAGE 1 ,9X, 1 ABEA 1 ,11X, 
1 'HYO. kAD. • ,jX, 'SURF. WIDTH• ,/,TOS, 93 (lrl-)) 

.fURliA1' (201, 1 NU. OF S EC.TI08S= 1, 13, //) 
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10 r·ORMAT(///,i!OX, 1 N0. 0~ SUHCtlANNELS = 1 ,15,//) 
11 ~ORffAT(lOX, 1 Wtt0LL ~fCT10N 1 ,//,6X, 1 STAGE 1 ,9X, 1 ARhA 1 ,11X,•ttYD. liA 

*D. 1 ,5A, 1 WAT.SUR.WIDTH 1 ,/) 

12 FORMAT(/,51, 1 DHO(L,I) ',/) 
13 FORdAT(/,~x,•u~O(I) 1 ,/) 

14 FOR~A~(15A4) 
lj EOrt~AT( 1 1 1 ,////,luX,70( 1 * 1 ),/,10X, 1 * 1 ,68X, 1 * 1 ,/,10X,'*',4X, 

$ 15A~,4X, 1 * 1 ,/,10X, 1 * 1 ,b8X, 1 * 1 ,/,10X,70( 1 * 1 ) ,////) 

16 FORMA1.' ( (T37, ij (P' 10. 3, SA))) 
17 FORMAT(/,15x,•o~o =',F6.q,1x, 1 MM. 1 ) 

18 PO.RaA1· (201., 1 .RHACll L~NGTtlS (PT.) : 1 ,/) 

19 FOH8AT(25X, 1 RLACH •• 1 ,13, 1 : 1 ,2X,P10.2,/) 
20 FORftAT{///) 
21 FORIIAT (20X, 1 D ISCtlARGE (CPS) : 1 ,/) 

22 FORMAT(30X,8~10.0) 
23 PORMAT(/,SX, 1 ITOB(L) •,n 
30 PORMAT(/,5X, 1 Dfii(I) ',/) 
31 PORftAT(//,5X, 1 ALFA= 1 ,t6.3,2X, 1 8ETA= 1 ,F6.J,2X,'C21= 1 ,Fb.3, 

# 2l, 1 C22= 1 ,Fo.3,2X, 1 1''MIX=- 1 ,F6.J,2X,'CARt1= 1 ,P'6.3,//) 
33 FORMAT (1SX,8¥10.1) 
51 PORMAT(3F10.4) 
53 FORMAT(/,SX,'Q(Nl) '} 
54 PORllAr ( //, 5X, •IRES=-•, Il, 2X, 'ISED=- 1 , Il, 3X, 1 ItiDEX= 1 , 1·1, 3X, 

w1 INOEX1= 1 ,Il,3X,'INDSS= 1 ,I1,4X, 1 N= 1 ,I3,4X, 1 M1= 1 ,12,4X,'N1= 1 ,I2 
<J,2X, 1 .NT= 1 ,IS,2X, 1 1Llt1IT= 1 ,ll,2X,'1EQ=',I2,2X, 1 IF'H= 1 ,12,//, 
m ~X,'IDIA= 1 ,12,2t,'IOF= 1 ,I2,2X, 1 INPH= 1 ,14,2X, 1 KUIA= 1 ,12, 
~ 21, 1 IGR= 1 ,I2,il, 1 IROCK=•,12,2x,•1oss=•,12,2x, 1 1NPUT=•,12, 
~ 2X, 1 NTRid= 1 ,12,2X, 1 NrlANK= 1 ,I3,2X, 1 IBED-•,I2,//,5X,'NBED= 1

, 

@ I2,2X, 'MAXBED= 1 ,I2,lX, 1 MAXaA=•,12,2x,•NOBS= 1 ,12,2x,•Nx=•,12,· 
~ LX, 1 hTP=- 1 ,I4,2A, 1 IBUG= 1 ,I2,2X, 1 ICtla=•,12,2x,•1coPF= 1 ,I~, 
~ 2x,•1e1.0T= 1 ,12,2X, 1 ID&EJ= 1 ,12,2X, 1 NTY=',I3,//,5X, 1 IDSWS= 1 ,I2, 
@ 1 ID1Lr= 1 ,I3,2X,'NRES= 1 ,I3) 

56 FOR~AT(//////,SX, 1 MA(l)') 
58 FORMAT(12X,1015) 
68 PORMAT(l5X,•S~CTION ••• 1 ,I3,/) 
74 POR.t!AT(/,20.t, 1 Tl.l1E IN•rErlVAl.= 1 ,I4,2X, 1 DAYS 1 ,//) 

88 FORHA'I' (///,2dX., 'SEDIMENT C0NCENTRA'fI0N IS GIVr!N 
*AT 3O5T UPSTR~A b SECTLON AS INP0T 1 ,/,28X,b~(•-•) ,//) 

~1 FORMAT(8F10.2) 
9L FOR.MAT(8P10.7) 
121 .FO8MA'l (/, 51, 1 1'.r' (P) 1 ) 

122 FOR~AT(/,5X, 1 VISC(5Q.FT./S *~05)',/) 
125 PORMA~{/,5X, 1 TEttPP 1 ) 

27 YORMAT(//,20x,• s ~CTIO~---',I3,//,7X, 1 STAGE 1 ,7X, 1 AH~A•,9x, 
*'HYO.BAD.•,/) 

29 PORftA1' (// ,sx, 1 S'£R= 1 ,Flo. 7,4X, 'BMDS=' ,P8.1,//) 
36 .F0Rf1AT(/,~X,•ssc(I,K} 1 ) 

37 POHMAT(15X,F10.4,1X,P10.4,1X,F10.4,1X,P10.4,1X,F1U.4,1X,F10.4, 
*1X,Pl0.~,1X,FlO.4,1X,Fl0.4) 

38 F0RMA1 (/,5X, 'BB (1) ') 
39 FORMAT(12X,I5) 
40 FORM.A'l' (/, 5X, 1 OW (I) 1 ) 

41 FORttAT(/,5X, 1 CDF(I,~) :•, (T17,10P10.4)) 
42 FORKAT(/,5X, 1 QS~(l) 1 ) 

44 ¥0HKAT(/,T2, 1 kEACH LENGTH5: 1 ,(T17,10F10.0)) 
'l5 f'OBtlAT(/,~X, 1 IJ50G(I) 1 ) 

46 FOR8AT(/,5X, 1 VAV(l) 1 ) 

47 FOHKAT(/,~X, 1 10~Lr 1 ) 
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48 FORMAT(/,5X, 1 POROSITY: 1 , (T17,10F10.4)) 
49 FORftAT(/////,10X, 1 NO.OF SECTIONS:=: 1 ,I3,//,10X, 1 NO.OF SBG8ENTS= 1 , 

*I2,//,10X, 1 BO. OP SED.SI~E FkACTIOBS= 1 ,I2,///) 
50 FOHftAT(/,Sl, 1 S!' (1) 1 ) 

~7 POReAT(/,5X, 1 5TAGE(Nl) ') 
~9 FORHAT(/////////////,L5X,75('*'),///,27I, 1 WATER SORPACE PROFILE RE 

•~AINS THE SAMt. AS 1N 'tliE PRJsVIOUS TIME PERIOD 1 ,///,25X,./5('* 1 ),//) 

bl FORdAT((T53,11f6.3)) 
62 fORMA 'r(/,~X,'O(K) ') 
bj FUH~AT(/,~l, 1 bAaA~•,r10.J,1X,'LBS./CPT. 1 ,/) 

bq !'ORMA'l' (/, 51, 1 VJ~: 1 ,I"10. ·1, 2X, 1 SQ • .t·T ./SEC 1 ,/) 

66 FORMAT(1Sl,P10.b,1X,F10.6,1l,Flu.b,11,F10.b,1X,Y10.b,11,F10.6,1l, 
*F10.6,1X,F10.b,1X,Y10.b) 

b7 PORMAT(/////,lOX,2~( 1 * 1 ),qX,'WATEH SURFACE PROPIL~ CALCULATIONS 
*AFTER 1 ,1X,I4,LX, 1 DAYS 1 ,ijX,25('*') ,///) 

70 FORKAT{ 1 1 1 ,/ ,30X, 1 WATER SURFACE AND BED PROFILE AFTER 1 ,1X,I4,2X, 
*'DAYS 1 ,1X, 1 { 1 ,Fb.~,1X, 1 Y~ARS) 1 ,/,30X,62( 1 - 1 ),/) 

71 FORMAT( 1x, 1 sEc.•,2x,•R~•,Jx, 1 B(FT.) 1 ,2x,•sTAGE 1 ,2X,'Q(CFS.)' , 
•1X, 1 DEP(PT)',1X, 
*'V(PT/5) •,11., 1 Etf.SLOP.c.'.JX, 1 DZ(FT) •,21:,•oH(FT) •,1x,•BED EL(PT) •, 
*2X, 1 D50(llM) 1 ,2X, 1 AC¥' ,3X, 1 ADEP(PT.) •,2x, 1 cBAR(PPM) •,2x, 1 P'RI.FR. 1 , 

• /,1X,130(1H-)) 
1L ~ORMAT(1X,I3,1X,F5.1,L!,P5.0,2X, 

* F7.2,1X,P7.0,1X,F6.2,2X,P6.3,11,F9.6, 
*ll,F7.3, 2X,F7.3,2X,FU.2,2X,P6.3,2X,F6.3,12X,P8.2,4X,P6.4) 

75 FORMAT(lu2l,E12.4) 
76 P'ORf1A'I' ( 1021,.B12 .4, li, '*') 
79 FOR~AT(/,lx,•~AHTlCLE Sl~ES: 1 , (T17,10F10.4)) 
8L FORaAT(//// ,10X, 1 ttOOIFlED SECTION PROPERTIES AFTER', 11,14,lX, 

••oAis•,/,lOX,41 ('-') ,/) 
84 POHaAT(3X,Fl0.3,3X,Fl0.3,3X,F10.3,3X,Pl0.3,3X,F10.3,3X,FB.3,3X, 

*F8.3,3X,P8.3,3X,F8.3) 
413 FORtlAT(/,SX, 1 SL1(I) (8ED SLOPg*lOOOO) 1 ,/) 

1490 F08MAT(/,T20, 1 RLACH 1 ,l3, 1 D50= 1 ,F7.3, 1 CDF,PDP: 1 ,(T51,12F6.3)) 
C 
9000 RETURN 

f.ND 
C 
C ---------------------------·-------

SUBHOOTINE S~D~~D (NBEL,THBED,PBED) 
C --------------------------------
C 
C THI~ SUBROOT!N~ B~ADS ADDITIONAL SEDiaENT CHARAC.;rERISTICS 
C IM CASh OF VERTlCAL VARIATION OF ORIGINAL BED MATERIAL 
C 
C NBEL(l)= NO. OP EL~VA~IONS AT WrlICH SEO.SIZE DISTR. CHANGES 
C AT R~ACH I 
C TH~BD(l)= TlilCKMES5 OF UOMOGEN80US SEO.SIZE D1ST. IN REACH I 
C PBED(I,K,L)= SEO.SIZE DISTR.(IN FRACTION) ATHEACH I, 
C FliACTIOH KIN SEuIMENT LAYEB L 
C 
C 

DIMBMSION HbEL(hN) ,THttED(kN) ,PdBD(NN,Nl,KAXSED) 
COMMON/DIKS/N,N1,MT,Ml,~AXMA,HN,MEKO,NI,IGR,N1P1,MTONX,NOBS, 

1 8T3651,NT36S2,~TRIH,NBABK,IBED,MAXBED,NBED,HTP,NT1,IDREJ,RTY 

ltEAD (5, 10) (NBKL (l) , 1=1, IN) 
WRITE (6, 15) 
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C 

C 

WRITE (6 ,20) (NBEL (I) , 1=1, NN) 

READ (5,25) ('fHB.BO (I), I=-1, RN') 
WRITE (6, 30) 
WRITE (6,35) ('l•HuED (I) ,I=-1,NN) 

WRITE (6, 40) 
00 100 I:::1,NN 
LL=NBEL(I) 
IF{LL.RQ.0) GO TO 100 
00 100 L::1,LL 
READ(S,25) (PaED(I,K,.L) ,K=l,81) 
WRI'fE (6, 3~) (PB .r,;l) (I, K, L) , K=l, .N 1) 

100 CONTINUE 
C 
10 POHMAT(1215) 
15 PORMAT(/,~X,'~d~L(I) :',/) 
lO FORMAT(lOX,llIS} 
2~ PORMAT(6P10.3) 
30 P0.RJ.1AT (/,SX, 'THStD (1) : 1 ,/} 

35 FORSAT(10X,8F10.~) 
40 .PORl'lAT (/, 51., 1 PBE.O (I, K, L) : 1 ,/) 

C 

C 
C 
C 

C 
C 

RETURN 
ElllD 

---------------------------...---·--------------------
SUBRou·rr NE STA11'1' (STAGE, Q, STAGE 1, Di1S, B, XA REA, P!A, B 1,111, REACH, 

1 SP,ArtEA) 

----------------------------------------------------
C THIS SUSROUTINI!. CALCULATES WATF.;N SORFACE ELEVATIONS A'l' TUE' 
C DOWNSTREAM BOO~DARY ASSUrtING UNIPOR~ PLOW 
C 

C 

D!MENSION STAG£(N),~(N) ,STAGEl(N,MAXMA),DMS(d),B{N), 
a> XAR~A (N) ,rtA (.N) ,rll (ll, 'iAX"1A), R1 (N, MAXrtA), REACH (ti~), SF (N) 
~ ,AftEA(H,MAXMA) 

COMMON/DIMS/N,N1,NT,M1,HAXMA,NN,6EMO,NX,IGR,N1P1,NTONX,NOBS, 
1 NT3651,NT3o52,~TRIB,NBAM~,IBED,MAXBBD,N8BD,NTP,NT1,IDREJ,HTY 

COMMON/SCALR/INDEX,l,IDELT,VIS,ITirtH,GAMA,IPLAG,IT,INDSS,IPLAG1, 
1 ILIMIT,MM1,IZQ,IliES,ISBD,ALPA,BETA,C21,C22,PMIX,IFR,IPRINT, 
2IOF,STR,CARM,CPPftOP,IBUG,ICHB,lCOFP 

I=l 
S1=S'.rR 
A2=ALOG10(S1*1000.0) 
I l=MA (I) 
BTR=ti1 (I., 11) 
ITEli::O 
D50P=DfiS (1) 

100 QO=Q(l)/8TR 
Al=ALOG10(QU/~JrtT(1.65*J2.2•D~Of ••J)) 
VPD=10.0**(-0.4d12+0.37bl*A1+0.3106•A2) 
VEL=VFD*SQRT(~2.2*1.65*D50P ) 
A.8E=Q(I)/VEL 
DO 150 L=l,11 
IF(AREA(I,L) .GT.aRE) GO TO 200 
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150 CONTINUE 
200 C;(ARE-AREA(I,L-1))/(AR~A(I,L)-AREA(I,L-l)) 

STAGB(I)=STAGE1(1,L-1)+-C*(STAGE1(I,L)-STAGE1(I,L-1)) 
B (I ) =Bl (I,L-1) +C* (81 (I,L) -Bl (I,L-1)) 
BTR l=B (I) 
ERR=A8$(8Tlil/8TH-1.0) 
ITEH=ITER+1 
If(ERR.LE.O.OL) GO TO ~00 
IP(ITER.GT.LO) ~OTO ~00 
nTR=BTli 1 
GO ·ro 100 

5 0 0 CON 'r IN lJ.B 
aETURN 
END 

C 
C 

C 
C 
C 
C 
C 

C 

-------------------------------------------
SUbROOTLNE DACHAN (ICHdT,ICOFFT,ICHBL,ICOPFL,REACH,Bl, 

AREA,NCHBL,NCOFPL,MA,R1) 
--------------------- -------------------
THIS SUBROUTINE READS AND COMPUTES ~HE EPPECTS OF CHANNEL-WIDTH 

CHANGES A~D CHANNEL CUTOFF AS FUNCTION OF TiftE 

DIMENSION 1CHBT(NT3651),ICOFPT(NT3b~1) ,ICHBL(NT3651,NJ, 
~ ICOYFL(YTlb~l,NN) ,Bl(N,KAXftA) ,REACH(NN) ,AREA(N,aAXMA), 
~ N~HHL(NT3651),~COYFL(NT3b51),MA(N),Rl(N,MAXHA) 

COMMON/DiaS/N,N1,NT,M1,MAXMA,NN,JEKO,NX,IGR,N1P1,NTONX,NOBS, 
1 NT36~1,NTJo52,NTttib,NBANK,IBED,MAXBHO,NBED,NTP,NT1,IOR~J,NTY 
COdKON/SCAL8/INDEX,L6,IDHLT,JIS,ITIME,GAMA,IPLAG,IT,INDSS,IPLAG1, 

1 ILI~IT,MM1,ItQ,lR&S,ISED,ALFA,BETA,C21,C22,FftIX,IFR,1PRINT, 
21UF,STR,CARM,CPPMUP,IBUG,ICHli,ICOFF 

C ICH8r(IT)=TiaE INTERVALS IH WHICH CHANNEL WIDTHS ARE CHARGED 
C ICOFFT(IT)~TIME STEPS IN WHICB CUTOFFS ARB IVCORPOBATZD 
C ICHBL(NI)=LOCATION (NODE NO.) OF CHAINEL-~IDTH CHANGES 
C IN TI~E INTERVA~ IT 
C ICOPFL(NI)=LOCATION (HEACil HO.) OF CUTOFFS IR TIME STEP IT 
C ~COFPT=TOTAL NO. OP TIME STEPS IN WHICH ~0TOFPS ARE ftADE 
C NCOFFL(ll)= TOTA~ ffO. OF CUTOFF-HEACHES IN TiftB STEP 11 
C NCHBT= TOTAL NO. OF TINE STEPS IN WHICH CHANNEL WIDTHS 
C ARE CHANGED 
C NCHBL(ll)= TOTAL NO. OF NODES OF CHANNiL-ilDTH CliANGES 
C I~ TIME STEP Il 
C 
C READ PARAMETERS YOH CllAtiGING W lDTH 
C 

IF(ICHB.EQ.0) GO TO 100 
WRITE(6,19) 
HEAD(S,10) NCHBT 
READ (5, 10) (NCH liL ( I 1) , I 1=1, NCH BT) 
WRITE(b,12)NCliBT 
WBITE (6, 14) 
WHITE (6, 15) (NCHHL {I 1) ,I 1=1,NCHBT) 

10 ¥0R8AT(12IS) 
12 FORMAT(//,10X, 1 NCijBT= 1 ,13,//) 
14 F08~AT(//,5X,'NCHBL(I1J •,/) 
15 ~ORftAT(lSX,1~1~) 
C 
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READ (5, 10) (ICH dT (I 1) , I 1= 1, NCHB'r) 
WRITE (b, lb) 
WRITE(6,15) {lCHd'f(Il) ,I1=1,liCriBT) 
WRITE (b, 18) 
DO 50 I1=1,liCH8'.l: 
L=liCHBL (I 1) 
READ(5,10) (ICl!hL(Il ,I),I=l,L) 

50 WRITE (6, 15) (IC HBL (I 1, I) , I=l, L) 
lb FORl!AT(//,5X, 1 ICHBT(Il) 1 ,/) 

18 FORl!AT(//,5X, 'ICJil:IL(Il,.l.) 1 ,/) 

19 FORMAT(//,lOX,•I!IPUT VALUES FOR Ct{A!INEL-\IIDTH CllANGES WITH •, 
<, <f 'TII\E : 1 ,//) 

100 COIi TI!I IJE 
C 
C READ PARAMETERS FOR CHANNEL CUTOFF 
C 

IF(ICOFF.EQ.0) GO TO 200 
WRITE (6,29) 
READ (5, 10) NCOF'FT 
READ (5, 10) (NCOFFL (Il) ,I 1=1,NCOFPT) 
WRITE(6,22) !ICOFFT 
ilRITE(b,L'I) 
\IRITE (6, 15) (JICUFPL (Il), 11=1,NCOFPT) 

22 FORl!AT(//,lOX,•11coFFT= 1 ,I3,//) 
24 FORI\AT(//,5X, 1 NCO.PFL(I1) 1 ,/) 

C 
READ (5, 10) (ICOJ'.PT (11) , I1=1, liCUPFT) 
ii RITE (6 ,26) 
ii RITE (6, 15) (ICUFPT (I 1) , I 1=1,l!ICOF FT) 
liRITE(b,28) 
DO 150 11=1,NCOFFT 
L=NCOFFL (I 1) 
READ(5,10) (ICOFFL(ll,I) ,1=1,L) 

150 liRITE(6,15) (ICOPFL(I1,I),I=1,L) 
26 FORMAT(// ,SX, 'ICUFF'l' (I 1) • ,/) 
28 FURMAT(//,5x,•1coFFL{Il,l) ',/) 
29 .PORl!AT(//,lOX,'IHl'U'r VALUES FOR CHANNEL CUTOFF:',//) 
200 CONTINUE 
C 
C ADJUSTl!ENT FOR CliANNEL-!/Il>Tll CJIANG.t:S 
C 

RETURN 
C ************* 

ENTRY CllANGE 

C ************* 
IF(lC/18.EQ.O) GO TO 500 
ITEST=O 
DO 210 Il=l,NCHBT 
ITl=IC/lBT (11) 
IF (IT 1.EQ .IT) I 'fEST=ITEST+l 
IF(ITl.EQ.IT) GU TO 215 

210 CONTINUE 
215 IF (ITEST.EQ.O) bO 1'0 500 

L=NCHBL (Il) 
DO 220 12=1,L 
I=ICHllL(Il ,12) 
f111=11A (I) 
RJ::AD (5,30) (ell (I,l'lAl) ,liAI=l,f1M) 
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WRITE(6,32) ITl,I 
WHITE (b, 35) (B 1 (L, i5AI), ftAI=1, lif1) 
DO 120 ftAI=-1,Mfl'J 
ARlA(I,aAI)=Bl(I,MAI)*Rl(l,MAI) 

220 CONTINUE 
30 FORaAT(8P10.1) 
32 PORMAT(//,10A,60( 1 * 1 ),//,15X, 1 NEw CHANNEL VIDTHS (FT.), 

m 1 IT= 1 ,I3,2X, 1 I~•,I3,//,10X,o0( 1 *•) ,//) 
35 t'URM.AT (10X,8F10 .1) 
500 CONTINUE 
C 
C 
C 

310 
315 

320 
C 
i+2 

1000 

C 
C 
C 

ADJUSTMENT FOR CHANNEL CUTOFF 

IF{ICOPP.EQ.O) GO TO 1000 
I 'fEST=O 

.DO 310 11=1,NCOfFT 
ITl=ICOFFT (1.1) 
IF(IT1.EQ.IT) ITEST=ITEST+l 
IP(ITl.EQ.IT) GU TO 31~ 
CONTINO£ 
IF(ITEST.EQ.O) ~OTO 1000 
L=NCOF .FL (11} 
DO 320 12=1,L 
I=ICOFFL (I 1 , 12) 
H!AD(S,30) RKAC,i(I) 
WRITE(6,42) ITl,I 
WRITE(6,35) REACH(I) 
CONTINUE 

FORMAT(//,10X,b5( 1 *'),//,15X,•NEw REACH LEHGTli (f'T.) FOR', 
~ 'COTOPP AT IT= 1 ,13,2X, 1 REACH= 1 ,I3,//,10X,65( 1 *1 ),//) 

CONTINUg 
RETURN 
EtlD 

-----------------------------------------------------
SUBROUTINE DADR~D (lU~T,IDRL,NDRL,VDRBJ,REACH,B,STAG&l, 

~ CDEP,AREA,kl,HBEL,THBED,PT,PTT,PBED,DARM,EL1,MA) 
,. 
~ -------------------------- -------------------------
c 
C THIS SUBROUTINE ~EADS AND COftPOTES THE RFFBCT OF DREDGING 
C 

UIHEN SION IDRT ( .cl'r) , IDHL (HT, H) , N DRL (NT) , 'l DREJ (N) , REACH (NN) , 
1 o(N) ,STAGEl(M,rtAXMA) ,CDEP(N),DARK(N),ARRA(N,BAXftA), 
2 Rl(N,MAXHA),HB~L(NN),THBED(NN) ,PT(MM,Hl),PTT(NH,Nl), 
3 PBED(NN,11,ftAXUED),ELl(H),"A(N) 

COMftOM/DIHS/N,Nl,NT,M1,dAX"A,NN,MEMO,HX,IGR,81P1,NTONI,NOBS, 
1 tiT3651,MT36!:>2,r.TRIB,MBANK,IBED,t1AXBED,HBBD,NTP,MT1,IDREJ,RTY 
COftKON/SCALB/IND£X,L6,IOELT,V1~,ITIME,GAMA,IFLAG,IT,IBDSS,IFLAG 

1 IL1KIT,~M1,IEQ,IR~S,ISLD,ALFA,BETA,C21,C2 2,FMIX,IFR,IPRINT, 
LIUP,STB,CARtt,CPPMUP,IBOG,ICHB,ICOPF 

CO~MOM/DhEJ/KDHEJ 
C 
C lVkf(IT)=TIME ST~PS I~ WHICH DREDGIMGS ABE DOME 
C IDRL(NI)=LOCA~ION (REACH NO.) Ut' DREDGING IN TlftE STBP IT 
C NDRT=TOTAL NO. OP TI~E STEPS IN WHICH DRBOGIMGS ARE ~ADE 
C NDRL (11') =TOTAL NO. OF REACHES OP DREDGING IN TIME STEP IT 
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C VDREJ(I)=VOLO"E OF DREDGING (CUBIC iARDS/DAY) IN REACH 1 
C 
C READ DREDGING PARAMETERS 
C 

illiITE (6,119) 
READ(5,10) NDRT 
RI,;A0(5, 10) (NDRL(Il) ,11=1,NDllT) 
WRITE (6,5.l) Nllll'l' 
WRITE (6,SII) 
WRITE(6,15) (NORL(Il) ,11=1,NDRT) 

10 FORMAT ( 1215) 
, 15 FORllAT (15X, 121'>) 

30 FORMAT(8F10.1) 
119 FORllAT(ll,lOX,'INPOT VALUES FOll DtlEDGING : 1 ,//) 

52 FORllAT(//,10X, 1 dDRT= 1 ,I3,I/) 
511 FORl!AT (//, 5X, 1 Nl1RL (I 1) 1 ,/) 

C 
READ(S,10) (Il>R1'(11) ,11=1,!!l>B'f) 
ilRITE(6,56) 
WRITE (6, 15) (IDRT(Il} ,11=1,NDRT) 
ii RITE (6 ,58) 
DO 350 11=1,NDRT 
L=NDRL (11) 
REA0(5,l0} (IDRL(ll,I},I=l,L} 

350 ~RITE(6,15) (IDRL(Il,I),1=1,L} 
56 FORl!AT(//,5X, 1 IDRT(I1) ',/) 
58 FORllAT(/l,5X, 1 IIJRL(I1,I) 1 ,/) 

1100 l:ONTINUE 
RETURN 

C ************ 
r;NTRY DliEDGE 

C ************ 
C 
C COMPUTES Tli:E. J:.FfECT OF DREDGING ON GEOl!ETRIC PROPER 'flES 
C 

ITEST=O 
DO 810 11=1,NDRT 
I'l'l=IORT (Il} 
IF (IT1.EQ.I'r) ITEST=I·fEST+l 
1F(IT1.EQ.1T} GO TO 81S 

810 CONTINUE 
815 IF(ITEST.EQ.0} GU TO 1000 

KDREJ=l 
l.=NDRL (I 1) 
00 890 12=1,L 
I=IORL(Il,12) 
HEAD (5, 30) V OliJ,;,J (l) 
WRITE(6 1 b2) 1T1,l,VDHEJ(l) 
UDREJ=VDREJ(l)/(HEACH(I}*(B(I)+b(I+1))/.l.U)*27.0•IDELT 
CDE~(I)=CDE~(I)+DDREJ 
OAR!! (I) =0.0 
M!l=l'!A (I) 
DU 820 L=l,MM 

820 STAGE1(I,L)=STAGE1(I,L)-DDREJ 
62 FORHAT(ll,lOX,70('*') ,ll,15X,'VOLUME or DREDGING AT IT~•,Iq, 

t 2X, 1 I=',I3,.2X, 'IS: 1 ,1'12.0,2X, 'CU.YOS./DAY ',II, lOX, 70 ('*') ,//) 
C 
C CO!IPU:tE THE EFFLCT OF DREDGING ON BED-llA'l'ERIAL SIZE DISTR. 
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C 
lP(IBED.~Q.1.A~O.NBEL(l) .~B.O) GO TO 8~5 
BELIH=STAGEl(I,l}+CDEV(l) 
DO 852 K=l,81 
IF(ELl(l) .GE.STAbEl(I,1)) PT(I,K)=PTT(l,K) 

852 CONTliOE 
855 IF(I8ED.~Q.0) Gu TO 890 

IP(NBEL(l) .EQ.O) GU TU 890 
NB=Nl:3BL (1) 
00 860 L=1, NU 
Tl=BELIN-L*THllEu(l) 
lF(Tl.GT.~TAGEl(l,1)) GO TO 8b5 

tJbO COH"rI NU E 
8t>S CON TIN Uh 

DO 890 K=1,N1 
lF(ELl(I) .GE.!:iTAb.El(l,1)) PT(I,K)=PdBD(I,K,L) 
PTT (I, K) =PT (I,K) 

890 COMTIMUE 
1000 CONTINUE 

RETURN 
END 

C 
,~ 
'- -----------------------------------------c 508HOOTIN£ WATPHO 
C ---------------------------------------
C 

C THIS SUBROUTINE CUMPOtES iATER SURFACE PROFlLH, AVERAGE VELOCITY 
C AND FRICTION SLOP~ BY STANDAhD STEP K&~HOD 
C 
C 
C OHFINlTlOH UF VAUIABL~S 
C 
C S¥(I)=E8ERGY GRa~lEHT AT SECTION I 
C CONVP=CONYEYANCE FACTOR FOR WHOLE SECTION 
C CONVPL,C08YFR,CONVFM=COHYKYANCE FACTORS FOR LEFT,RIGHT AND 
C ftAIN SOBSECTlOH, RE~PECTIVeLY 
C VHL=VELOCITY ¥Oh THE WHOLE SECTION 
C VELCOF=VELOCITY COEFFICIENT 
C VH=VELOCITY liEAU 
C 'fHEAOl=TOTAL HEAD, OBTA1NE1' iJY ADDINti VEI..OCITY HEAD TO STAGE 
C THEAU2=TOTAL aEAD,OdTAINED BY ADDING FRICTION HEAD 
C O~=COBRECTIO~ TO BE A?PLIBD TO THE ASSUMED STAGE .VALUE 
C ITER=NO. OF IT~RATION~ uEQUIRED FOR BACKWATEli COMPUTATIONS 
C 0LOH2=f£H~OHAR1 LUCATION FOR STOliING THEADL OP PREVIOUS SECTION 
C CL,CR,Cr!,Al,AL=-lNTHRnhDlATE VARIABLES FOli f:iACKWATER CALCULATIONS 
C 
C 

C 
C 

-------------------------------------------------------
SUBHUUTINE DAWATP(liEACH,STAGE,Q,STAGE1,D,lAREA,R,B,CTO,SF,PR, 

1 ACP,LOC?R,UTR,O~S) 
------------------------------------------------------
Ul"ENSION ~EAOt(HN),STA~B(N),Q(N) ,STAGEl(N,!AXHA),D(Hl), 

1 XAREA(N),R(N),B(N),CTO(N),SP(N),FR(N) ,OMS(N) ,AC~(N), 
2 LOCTtt(NTlilB) ,VT~(NTRlB) 

COK~ON/DIMS/N,N1,~T,M1,MAXMA,NN,MEMO,NX,IGR,N1P1,NTONX,HOBS, 
1 MT3b51,NT3b5L,~TRIB,NBA~K,IBED,nALBED,MBED,NTP,NT1,IDREJ,NTY 
COMMO~/SCALR/1NDLX,l,1D~LT,YI5,ITI~E,GA~A,IFLAG,IT,INDSS,IFLAG1, 

1 ILidlT,MM1,IEQ,lRES,ISBu,ALPA,BETA,C21,C22,FttIX,IFR,IPRIBT, 
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21UP,STR,CAaa,CP?~UP,I8UG,IC~B,ICOFF 
COM~ON/WATRES/PFCW,CPPM,P0,IhEP,CPBEV,PF 
VELCOF=l .O 
CONl=VELCOF/2.0/32.L 
hRtt=0.05 
<.:ONi:=-1./8./32.L 
CON3==32.2*1.65 
CON q: 1./COH2 
liETORN 

C ************ 
ENTl-<t WATPRO 

~ C ************ 
C 
C COiiPlJTATION SYA h'.f!i A.T 'rd& CONTROL SECTION 
C (f!OS '.r OOWNSTR.EA rt OR SECTION 1) 
C 

I=1 
C 
C TLT~ ITERATION MANAGEHrl~T FOR SlCTION •i• 
C 
C 
C CALL S£CPRO TO OBTAIN SECTION PROPERT1liS 
C 
101 CALL SECPRO 

IF(IBOG.GT.0.AND.I.GT.1.AND.IPlilNT.EQ.1) WRITE(&,~~) l,lTER 
C 
C CALL BESISl ~OH TLT~ Ca~C0LATION 
C 

CALL RESISl 
FR (I) =-PF 
XAREA (I) =-R (I) *B (I) 
CONVF=SQHT(CON4*H(I)/fF)*lAkEA(l) 
VEL=Q(I)/XAREA(l) 
VH=VEL•VEL*CONl 
THEADl=STAGE(I)+VH 
IP (I. EU. l} TllEADL =TllEAD 1 

C 
C CO8PUTATION STAh~S AT TUE NEXT SHCTION 
C 

IP(I.EQ.1) GO TU 135 
THEAD2=0LDH~ +(SF(l)+SF(I-1))*0.S*RBACH(I-1) 
DEL= ABS(THBA01-THEAD2) 

135 IF (IBUG.GT.0.AND.IPRINT.BQ.1) 
1 WhITE{6,50) I,XAREA(I),R(I),STAGE(I),Q(I), 
* SF(l),VEL,THEAu1,THEA02,ALPHA 

IF(l.EQ.1) GO TO 140 
T 1=-'I'HEAD 1-TH.&AD2 
XSIGN=SIGH(l.,Tl) 
IF(DEL.LT.ERR) bO TO 140 
IF(lTER.EQ.30) GO TO lijQ 

Al=-2 .0*Vli/R(I) 
A2=3. o•sP ( I) * R£ACH (1-1) / (.l. O*R ( I) ) 
DY=(THEAD1-THEA0i)/(1.0-Al+A2) 
IP ( l li U G • G •1• • 0 • AN O. l t,) HIN ·r • I:! CJ. 1) 

1 W R IT E ( 6 , 2 0) 1 , UY , H ( 1) , 'I EL , S 1' ( I) , .r' P , C PM 
STAGE(I)=STAGh(l)-DY 
ITEH=ITER+1 
GO TO 101 
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lijO IF (IBOG.GT.0.AND.IPRINT.BQ.2) 
1 WR IT E ( 6 • 5 2) .r , H (I) , VE L, Q (BI } , SF (I) , THE AD 1 , 
* THEAD2,PPCW,YO,CPPM,ITE8 

IF (lTER.GT.30) CALL ERROR4(I,IT,ITIHE,ITER,DEL} 
C 
~ ~A~KwATER ITERATION COMPLETED 
C Dl~TRIBUTt TOrAL SEDIMENT DISCHARGE AftOMG SIZH FRACTIONS 
C 

C 

CALL TRASF 
l=I+1 

C INITIAL ESTiaATE OP STAGE OP NEXT U/S SBCTIOH 
C 

IP {I.LB.N) STAGE(I)=STAGE(I-l)+SF(I-1)*BEACH(I-1) 
ITE.R=l 
OLDH2=TBEAD2 
IF (I.LE.R) GO Tu 101 

20 YORMAT(5X, 1 I=•,~J,2X,'DY= 1 ,F8.4,2X, 1 D=•,F7.3,2I, 1 V= 1 ,P7.3, 
• 2X, 1 S= 1 ,F8.6,21,'FP= 1 ,P7.4,2X, 1 CBAR=1 ,P8.3) 

50 FORMAT(/,5I, 1 I~ 1 ,I3,2X, 1 A= 1 ,F10.2,2X, 1 R= 1 ,P5.2,2I,'d~ 1 ,P9.4,2X, 
* 1 Q= 1 ,F9.2,2X, 1 SF= 1 ,F10.8,2X, 1 V= 1 ,FS.2,2X, 1 H1=1 ,P9.~,2X, 1 H2= 1 , 

*f9.q,2X,'ALPttA= 1 ,Pb.3,/) 
5L PORnAT(5X, 1 I=',I4,2X, 1 D= 1 ,F6.3,2X, 1 V= 1 ,F6.3,21, 1 Q= 1 ,F8.1, 

• 2X, 1 S= 1 ,F8.6,LX, 1 H1= 1 ,FH.3,2X, 1 H2~•,FB.3,2I, 1 FCW= 1 ,Fo.q,2x, 
* 1 FU=1 ,F6.4,2X, 1 CBAR=•,P8.~,2X, 1 ITBR= 1 ,13,/) 

55 FOR~AT(/,151,15( 1 * 1 ),2X,•I= 1 ,I3,2X, 1 ITERATION •••• 1 ,I3, 
• 2X,15( 1 * 1

),//) 

C 
C RECALCULATING SEOI~ENT DlSCliARGE IM CASE OP TRIB0TlBlES 
C 

IP(UTRIB.EQ.1} GU TO 800 
00 700 L2;2,NTliIB 
ILJ=LOCTR (12) 
QMAlN=Q (14) -QTR (l.l} 
VL=QMAIN/(XAR~A(l4)) 
SLN=FR(I4)*VL**l.O*CON2/R(l4) 
A3=ALOG10(R(I4)/DHS(l4)) 
A4=ALOG 10 (SLM) 
UST=SQRT(32.2*k(l4)*SLN) 
RS=OST*DMS(I4)/V1S 
CALL ~HIELD(R5,SHP) 
VAR1=SQRT(CON3*DrtS(14)) 
USC=S~R~(SHP)*VARl 
TEaP=AMAXl(UST-USC,0.001) 
A12=ALOG10(VL/ VARl) 
A17=ALOG10(TEMP/VAH1) 
QS=10.0**(-2.27 8b+A12*~-9719+A12*A17*1.006+A3*A17*0.2989) 
CTO(I4)=QS*DMS(lq)*VAR1/(VL*R(I4)) 
IP (l'r.EQ.1) ACT (I4) =0.0 
CTO(l4)=(1.0-ALFA*ACF(IQ))*CTO(I4) 

700 CONTINUE 
800 CONTIMUE 

RETURN 
END 

C 

C -------------------------------------------
C 
C 

SUBROUTINE RESISl 
------------------------------------------
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C 
C THIS SUBROUTINE CALCULATES SEDIMENT DISCdARGE AND FRICTION FACTOrl 
C USING THE TOTAL J..OAll TRANSPOli.T MODEL (Tl.TM) DEVELOPED A'f IIHH 
C 

C -----------------------------------------
SUBROUTINE DARESI(Q,DMS,D,XABEA,R,CTO,SF,ACF,CIN) 

C ------------------------------------------
C 

DIMENSION Q(l!l),DMS(N),D(Nl),XAREA(N),R(N),CTO(N),SF(N), 
1 ACF (N) ,CIN (N) 

COMMON/Dil!S/N, N 1, HT, l11, 11AIMA, NN, IIEMO, NX, IGR, N 1P 1,NTON X, liOBS, 
,. 1 NT3651,NT365L,NTRIB,NBANK,IBED,MAXBED,NBED,NTP,NT1,IDREJ,NTY 

C 

COl!l!ON/SCALR/ INDEX, I, IDE LT, VIS, l'l'I !IE ,GAltA, I FLAG, IT, IN DSS, I FLAG 1, 
1 ILIIIIT ,11111, IEQ, Ii<ES, ISED, ALFA, BETA ,C21, C22, Fl1Ill, IFH, !PRINT, 
2IUF,STR,CARll,CPPIIUP,IBOG,ICHB,ICOFF,VISLOG 

COM!iON/WATRES/FFCW,CPPlf,FU,IREP,CPREV,FF 
COlf!iON/ARII/MIND,QIIAX,IAR!iOR 
liA!iELIST/RATS/I'l', I ,IT2, Sl, Vl ,D 1,1'11,Fl, VAR 1, II, A 12, A3, IILOG, 

1 Dl!SLOG,A4,T1P,S1P,UST,A6,A10,RS,USC,TEIIP,A17,QS, 
2 A1,RIGHT,V1,V2,T1,T,TT,S10LD 

ERRP=0.01 
ERRA=0.05 
CON3=32.2*1.65 
CON5=32.2/1000.U 
CON4=8.0*32.2 

C ************ 
ENTRI RESISl 

C *******~*** 
C 

C 

IT2=0 
Sl=STR*lOOO.O 
IF(IT.GT.1) Sl=SF(I)*lOOO.O 
V l=Q (I) /XAREA (1) 
D l=R (l) 
F11=36.0*VIS**2/(COdJ*Dl1S(I)**3) 
Fl=SQRT (2 .O/J .O +Fl 1) -SQRT (Fl 1) 
VAR1=SQRT(CON3*0dS(I)) 
W =Fl*SQRT(l.o5*32.2•DaS(I)) 
A12=ALOG10(V1/VA&1) 
A3 =ALOGlO(D1/DMS(l)) 
WLOG=Al.OG10 (W) 
Dl!SLUG=ALOGlO (Dl!S (I)) 

C bEGIN ITERATIVL SOLUTION 
C 
100 A4=ALOG10(Sl) 

TlP=T 1 
S1P=S10LD 
UST=SQRl' (D l*S l*CON 5) 
A6=ALOG10(UST/II) 
AlO=WLOG+DdSLOG-VlSLOG 
RS=UST•DaS(l)/VIS 
CALL SHIELD(RS,SHP) 
USC=SQRT(SHP)*VARl 
TEMP=AMAXl(UST-USC,0.001) 
A17=ALOG10(TEl1P/VAR1) 
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C 
C QS COMPUTED PHOM EQ. 1, IIHB 250 
C 

120 
C 
C 
C 
212 

C 
C 
C 
l14 

C 
C 
C 

15 

C 
C 
C 

C 
C 
C 

150 

152 

154 

QS=10.0**(-2.l7do+A12 
~ A3 *A17 •.~~89) 

A 1 =ALOG 10 (QS) 

*2.9719+A12 

U COMPUTHLJ FROtt EQ. 2, IIHR 250 

RIGHT:10.0**(-~04S+A1 •.1665+A1 
~ A6 *A10 •.L166+A3 *l4 *A6 

ITERATION MAdAGE~~~T 

V2=RIGHT*VAR1 
·r l=V 1-V 2 
T=AUS (T1) 
Tr=T/Vl 

*A 17 *1.0600+ 

*A6 *AlO •.0831+ 
*(-.0411)) 

IF(T.LE.BRRA .On.~T.LE.ERRP) GO TO 150 
IF (IT2.bT.b0) GO TO 150 

REGULA FALSI COBHECTION OF S1 

S101.D=S1 
IF(IT2.GT.0) ~1=S1-rl•(S1-S1P)/(~1-T1P) 
IF(IT2.EQ.O) 51=S1*(1.+0.3*SIGN(1.,~1)) 
S l=AMAX 1 (S 1, .001) 
1T2=IT2+1 
lF(l~UG.EQ.0) GO TO lu0 
IF(IT.EQ.1) GO TO 100 
IF(IPRIHT.EQ.O) GO TO 100 
CBAR=CTO(I)*2.6SR6 
IF (IT.l.EQ.1) WRI1'E (b, 15) IT2,Y1,V2,S1,CBAlt,QS 
11' ( IT 2 • EQ • 5) W H 11' H ( b, 15) IT 2, V 1 , V 2 , S 1 , CB AR, Q S 
IF(IT2.EQ.10) WhlTE(6,15) IT2,Vl,V2,S1,C8AR,QS 
IP(IT2.EQ.100) WRITE(b,1~) IT2,V1,Y2,S1,CBAR,QS 
FORMAT(SX,•IT2=',I4,2X,•V1=',F6.2,2X,'V2=',F6.2,2x,•s1=•,2x, 

* E1ij.7,~X, 1 C8Ah= 1 ,F9.2,2X, 1 QS=•,E14.7) 
GO TO 100 

ITERATION COftPLfTED 

IF (IT2.LE.10) GO TO 152 
CALL ~HRORS(I,IT,ITIHE,IT2,TT) 
WRITE (6 ,RATS) 
1F(IT2.GT.60) 5TOP 

COftPUfE TLTH FHICTIO& FACTOR 

SF (I) =S 1/1000 .0 
PP=CONq*D1*S1/(1000.0*V1**2) 
FO=FF 
AA=O.O 
IC=O 
IF(IT.EQ.1) 18=~1-1 
IP(IT.GT.1} IU=aIND 
DO 153 IA=I8 ,Nl 
IC=IC+1 
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153 AA=AA+D(IA} 
DA=AA/PLOAT (IC) 
IF(IPRINT.R,J.1) WliITE (6,25) I,D1, V1,S1,FF,CPl1 

C 
C COMPUTE COLEBROOK-WHITE FRICTION FACTOR 
C 

CRI=2.*ALOG10(l.O*D1/0A)+1.14 
IP(IBUG.EQ.1) WRITE(6,23} D(IA},DA,CB1,D1,S1,DHS(I) 

23 POR~AT(5X, 1 D=',B14.7,21, 1 0A= 1 ,E14.b, 2X, 1 CRI= 1 ,E14.7,2X, 
~ 1 Dl=1 ,E14.6,LX, 1 S1=1 ,E14.6,2X, 1 D50= 1 ,E14.6) 

FFCW=1.0/(CRI)**2 
IF(IPRINT.EQ.1) WRITE(6,22) FF,FFCW 

C 
C COMPOTE COMPOSITE FRICTION FACTOR (EQ.S IIHR 250) 
C 

C 
C 
C 
156 

165 

155 

10 

22 
25 

500 

C 
C 
C 
C 
C 
C 
C 
C 
C 

FF=C21*(1.-ACF(l))*PF+Cl2*ACF(I)*FPCW 
R (I) =D1 
SP(I)=FF*V1**2/(CON4*D1} 
Sl=SF(I)*lOOO.O 

UPDATE SEDIMENT DISCHARGE FOR COMPOSITE FRICTION FACTOR 

A4=ALOG 10 (S1) 
OST=SQRT(32.2*D1 *S1 /1000.0) 
A6=ALOG 10 (UST/W) 
RS=UST*Dl!S (I} /V rs 
CALL SHIELD(RS,SliP) 
USC=SQRT(SHP)*iAR1 
TEMP=AHAXl(0.001,UST-O~C) 
A17=ALOG10(TE~P/VAR1) 
QS=10.0**(-2.27d6+A12 •2.9719♦ A12 *A17 •1.0600+ 

m A3 •&17 *.2~89) 
CTO(I)=us•SQBT(C0~3•DftS(1)**3)/(V1*D1) 
IP(IT.EQ.1) ACF(I)=O 
IF (IT.EQ.1) CIM(l)=CTO(I) 
CTO(I)=(l.-ALFA*ACF(I))*CTO(l) 
CPPH=CTO(I)*2.65Eb 
IP(IPRIMT.EQ.1) wRITE(6,10) I,Dl,V1,V2,SP(I),FF,CPPM,IT2,ACP(I) 
FORSAT(//, 6X, 1 I=1 ,13,2X,•D= 1 ,F5.2,2X, 1 V1= 1 ,F5.2,2X, 1 V2= 1 ,F5.2, 

*2~,•SF= 1 ,P9.7,2X, 1 F= 1 ,F6.4,2X, 1 CBAR= 1 ,F9.2,2X, 1 IT=1 ,I4, 
*2X, 1 ACF= 1 ,P9.7,/} 

FORftAT(/,SX,'FF= 1 , F7.5,21, 1 FFCW= 1 ,F7.5) 
PORftAT(5X,•I= 1 ,I3,2X, 1 D1= 1 ,F7.3,2X, 1 V1=',F7.3,2X, 1 S1= 1 ,F8.6, 

* 2X,'FF= 1 ,P7.q,2x,•cBAR= 1 ,F8.3) 
RETURN 
.END 

--------------------------------------
SUBtiOUTINE TRASP 

------ -----------------------------
THIS SUBROUTINE CALCULATES SEDIMENT DISCHARGE ~y SIZE 
FRACTION BY IIHR ~ETHOD (EQ.20 IIHR 250) 

______ ..,.,._ ____ , __ ---------------------------
SUBROUTINE DATRAS(D50,D,PT,SSC,H,CTO,SP,PQS,PDN) 

C -------------------------------------------
C 
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C 

C 

C 
C 

160 

37 
200 

250 

260 
100 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DIMENSION D50 (KN) , D (N 1) , PT (NN, N 1) , SSC (H, H 1) , R (!I) ,CTO (M) , 
1 SF(N) ,PQS(R,H1),PDM(H,N1) 

COM!ON/DISS/N,81,NT,M1,MAXMA,NN,MEaO,IX,IGR,N1P1,NTOfl,HOBS, 
1 NT3651,NT3652,NTRIB,NBAYK,IBBD,MAIBED,HBED,HTP,HT1,IDREJ,NTY 

C0M!Off/SCALB/INDEX,l,IUELT,VIS,ITIME,GA~A,IFLAG,IT,INDSS,IFLAGl, 
1 ILIKIT,ft!1,I~Q,IRES,ISED,ALFA,BETA,C21,C22,PMIX,IFB,IPRIHT, 
~IUP,STB,CARM,CPPtt0P,IB0G,ICBB,ICOFP,VISLOG 

COftMON/WATRES/FFCij,CPPM,FU,IREP,CPREV,FF 
COMMON/BANK/IBSED,QHIN,IUPS 

kETORK 
*********** 
ENTRY TRASF 
*********** 

IF(I.EQ.N) GO TO 100 
SS=0 
X=0.0316*SQRT(R(l}/DS0(I)) 
UST=SQBT(32.2*R(I)*SP(I)) 
DO 160 K=1,N1 
RS=0ST*D (K) /VIS 
CALL SHIELD(BS,SHP) 
USC=SQRT(SHP*32.2*1.65*D(K)) 
PR0B=l.00 
IP(UST.LE.OSC) PROB=0.00 
SS=SS+PT(I,K)*((050(I)/O(K))**X)*PROB 
M2=Hl-1 
DO 200 K=1,N1 
RS=UST*D (K) /VIS 
CALL SHIELD(RS,SHP) 
USC=SQRT(SHP*32.2*1.6~•D(K)) 
PROB=l.00 
IF(UST.LE.DSC) PROB=0.00 
PSI=O.O 
IF (SS .NE .O .O) PSI=PT (1, K) * ( (D50 (I) /D (K)) **X) /SS*PROt3 
PQS(I,K)=PSI 
SSC(l,K)=CTO(l)*PSI 
lP(IliUG.EQ.1) ~RlTE(o,37) I,K,SSC(I,K) 
PORMAT(/,~X,•ssc(•,I2,•,•,11,•,•,12,•)=1 ,E14.6) 
CONTINUE 
Sl=0 
DO 250 K=1,N1 
~2=S2+P~S(I,K)*{D(~)/050(I))**X 
DO J.60 K=l,Rl 
l?OtJ (I,K) =PT (I,K) 
lP(lNDSS.EQ.1.ANO.IUPS.~Q.O) CTO(N)=CPPMUP/(2.65&b) 
RETORN 
END 

----------·--------------------------
SUBROUTINE SECPRO 
------------------------------- --·---

THIS SUB80UT~NE COftPOT~S CROSS S&CTIONAL AREA,HYD.RADIUS AND WATER 
SURFACE WIDTH AT SECTION I ¥OR A PARTICULAR ELEVATION 

----------------------------------------------

166 



l 
C 
C 

'C 

SUBROUTINE DASECP(STAGE,MA,STAGEl,Bl,81,AREA,XAREA,R,B) 
------------------------------------- ---------
DI~ENSIOM STAbE(N),~A(N),STAGBl(N,~AXftA) ,Bl(N,MAXKA), 

1 Rl(N,MAXMA),AREA(N,MAXMA),XAREA(N),R(N) ,B(N) 
COMaON/DlftS/N,N1,NT,M1,ttAXKA,HN,MBMO,NX,IGR,N1P1,NTONl,NOBS, 

1 NT3651,NT36S2,NTRIB,88ANK,IDED,~AXBED,NBED,NTP,NT1,IO&EJ,NTY 
COMMON/SCALR/INDEX,I,ID~LT,VIS,ITIME,GAMA,IFLAG,IT,IND~S,IFLAGl, 

1 ILIMIT,KM1,IEQ,IRBS,l~ED,ALFA,BETA,C21,C22,F~11,IFR,IPRINT, 
2IUP,STR,CABM,CPPrtUP,ISUG,ICHB,ICOFF,VISLOG 

COMMON/iATRBS/FPCW,CPPM,PU,IREP,CPREV,FF 

.RETURN 
C ************ 

EIITRY SECPRO 
C ************ 
C 
C DEFINITION OF VARIAaLES 
C 
C XAREA(I)=CROSS SECTION AREA OF TrlE WHOLE SECTION AT SECTION I 
C R(I)=HID. RADIUS OF THE WHOLE SECTION AT SECTION I 
C B(I)=WATER SUHFACE WIDTH OF WHOLE SECTION AT SECTION I 
C 
C XAREAL(I},IABEAH(I) ,XAREAM(I)=CROSS SECTION AREAS AT SECTION I OF 
C LEFT,RIGHT AND MAIN SUBSECTION,RESPECTIVELr 
C RL(I) ,BR(I),RH(i)=HlD. RADIUS AT SHCTlON I FOR LEFT,RlGHT AND MAIN 
C SUBSECT10~ 1 kESPECTIVELY 
C BBL(I),BBH(I),BBM(I}= iATER SURFACE WlDTtt AT SECTION 1 FOR LEP~, 
C HIGHT AND MAIN SOliSECTIOR, RESPECTIVELY. 
C 

A=STAGE (I) 
M!l=ftA (I) 
IP(A.LE.STAGEl(I,1)) GO TO 200 
DO 150 L=l,MK 
D=STAGE 1 (I, L) 
IF(IBUG.EQ.1) ~RITH(6,10) A,D,MM,L 

10 PORKAT(10X, 1 A=1 ,.F-10.2,2X, 'D=',F10.2,2X, 1 M.M=',I2,U, 'L=',12) 
IF(D.GT.A) GO TO 170 

150 CONTINO~ 
L=t!M 

170 C=(A-STAGE1(I,L-1))/(STAGE1(I,L)-STAGE1(I,L-1)) 
XAREA (I)=AREA (I,L-l)+(AREA (I,L)-ABEA {I,L-1))*C 
B(l)=Rl(I,L-1)+(Rl(I,L)-Rl(I,L-1))*C 
H(I)=Bl(I,L-l)+(hl(i,L)-61(1,L-l))*C 
IF (IBUG. HQ. 1) WRIT B ( o, 30) I, A, S'£AG B 1 (I, 1) , XAREA ( I) , R ( I) , B (I) 
IF(A.GT.STAGEl(I,rtM)) WH.1TE(6,20) l,IT,A,D 
GO TO 300 

200 WRITE(6,25) I,IT,A,D 
20 FOR~AT( sx. 8('*'J ,2x,•w.s. ELEV. EXCE~DS TOP ELEV. OP •, 

@ 'X-SECTIOH AT I=1 .I3,2X, 1 IT= 1 ,I4,2X, 1 WSE= 1 ,F8.2,2X, 
@ 1 D= 1 ,F8.2,21,8( 1 *')) 

25 FORMAT( 5X, 8( 1 * 1 ) ,2x,•w.s. ELEV. BELOW BOTTO" Of•, 
a 'X-SECTIOH AT I= 1 ,I3,2X,•IT= 1 ,I4,2X,'WSE= 1 ,P8.2,2X, 
@ 1 D= 1 ,P8.2,2I,8{'*')) 

30 FORftAT(5X,'I= 1 ,l4,2X, 1 WSE= 1 ,F9.3,2X, 1 BEL=1 ,F8.3,2X, 1 A=', 
~ P8.1,2X.'R= 1 ,F8.3,2l, 1 B=1 ,P8.3) 

STOi> 
300 RETURN 
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C 
C 
C 
C 

END 

-~--~-----------------------------~-~-----
SUBROUTINE SLOAD 

C -----------------------------------------------
C 
C THIS SUBROUTI~E APPIJ~S SEDIKENT CONTINUITY EQUATION ARD 
C CALCULATES DEPTHS OY DBGB./AGGR. 
C 
C DEFiNITIOI OF VARIABLES 
C 
C 
C SSC(I,K)= SUSPENDED SBDI~ENT CONCENTRATION AT SECTIOM I• 
C SEGMENT J, SEO. FRACTION K 
C dB(l)=WIDTH OF SrlCTIO~ I,SEGftENT J 
C W(K)= FALL VELOCITY OF SEDI!ENT PARTICLE OF FRACTION K 
C ~RVEL(I,K)=~BOSION VELOCITY AT SECTION I, SEG.J,SBD.FR. K 
C CB(I,K)= SEDI~~NT CONCtaTRATION IN BRD LAYER AT SECTION I, 
C SEGMENT J, SED. FRACTION K 
C EZ (I, K ) = TRAMS EV ERSE DIPFOSI.ON COEFFICIENT FOR SBDIJl!EN'.r IN 
C ~ECTION I, SEGMENT J, FOR SED. FR. K 
C H~ HO. OP SECTION~(1N LONGITUDINAL DIRECTION) 
C NN=NO. OF REACllES=N-1 
C Ml= NO. OY SEGKENTS 
C Nl=NO. OF SEDI~~NT SIZE FRACTIONS 
C HEACH(l)= LENGTfl OF HEACH BETWEEN SECTIONS I AND 1+1 
C MANG(I)= "ANNIMG 1 S COEFFICIEBT AT SECTION !,SEGMENT J 
C VAV(I)= AVERAGE VELOCIT~ AT SECTION I,SEGftEHT J 
C DELT=TIME 1HTERVAL(DAtS) 
C P(K)= POliOSITl FOB SEDIMENT FRACTION K 
C SI=PARAftBTBR POR TRANSEV&RSE SEDIHEBT TRANSFER 
C CC,CD,TR~T=INTgHM~DIATE VARIABLES FOR SUSP. SEDI"ENT CALCULATIOIS 
C KA(I,K)=IHDEX VAHIAbLE TO INDICATE WHETHER LIMITING SCOURING 
C DEPttl IS REACH~D AT SBCTIOH I,SBGMENT J, SED.PR. K(=O,LI!ITING 
C D&PTtt NUT R~ACH.KD; =1, LI~ITING DEPTH REACHED) 
C 
C NOTE: RA AND BB A~~ PSEUDONtas POH RAND B 
C ,~ 
'-' --·-----------------------------------------------

SUBBO0TINE DASLOA(REACH,P,D,PT,PTT,SSC,cro,sF,ACP,RA,BB, 
1 DW,DELDS,TD~LO,CDEP,KA,VOLOOT,DELT,PQS,PDM,CDEPl, 
2 TB,ACFl,LOCTR,QSTR,PTRIB,TDELTR,LOCBEB,BEBOS,PBANK,Q,PTA, 
3 D50,TliBED,N8EL,5TAGE1,PBED,DARM,EL1,YAV,QSDP) 

C --------------------------------------------------
C 

DIMBHSION REACtl(N8),P(N1) ,D(M1),PT(NN,M1},PTT(NN,N1), 
1 SSC(N,Nl) ,CTO(N} ,SF(N) ,ACF(N) ,RA (N) ,BB(H), 
2 DW(N) ,DELDS(M,Nl) ,TDLLD(H,Bl),CDEP(N), 
3 KA(N,N1),VOLOUT(N),DELT(N,H1),PQS(B,N1), 
4 PDN{N,M1),CDEP1(N},Tti (N,N1),ACF1(N),QSTH(RTHI8), 
~ PTRIB(HTBIB,M1),TD~LTR(MTRIB,M1) ,LOCTR(NTRIB), 
o LOCBER(HBANK),BEROS{MBANK),PBANK(NBANK,11),Q(N), 
7 PTA(NN,Nl), DSO(NN),THBED(NH) ,KBEL(KN),STAGEl(N,MAiftA), 
8 PBED(NM,N1,MAXBED) ,DAR~(N),ELl(N) ,VAV(N),QSDP(NN) 

COM~ON/DlftS/N,Nl,NT,~1,~AX~A,NN,MEftO,NI,IGR,N1P1,NTONX,NOBS, 
1 NTJ6~1,NTJ6Sl,NTdld,N8AHK,IBED,HAXBED,NBED,NTP,HT1,IOREJ,8TY 
COMaON/SCALli/lHDEA,Lb,IOBLT,VIS,ITIMH,GAMA,IFLAG,IT,I~DSS,IFLAGl, 
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C 

1 ILIMIT,M61,IEQ,IRES,ISiD,ALFA,BETA,C21,C22,FMIX,IFR,IPNINT, 
2IOF,STR,CARM,~PPftUP,I80G,ICHB,ICOPF 

COMMON/~ATRES/FPCw,CPPH,FO,IliEP,CPREV,FF 
COHMON/SLOHYS/I,K 
COMMON/BAdK/IBSED,QKIN,IUPS 
COMMON/ARft/MIND,QttAX,IAR~OR 

CON3=1.65*32.2 
THETA=1.0 
THETA1=1.0-THETA 
RETURN 

, " C *********** 
ENTRY SLOAD 

C *******~** 
C 
C LOOP ON REACdES, 0/S TO D/S 
C 
003 DO 1000 11=2,N 

I=N+l-Il 
IS=I 
16=1+1 
QSTU=~ (I+1)/( (BB (I) +BB (I+-1)) •O .S) 
DELCTO=CTO(I+l)-CTO(l) 
IF(I.BQ.N-1) DELCT0~0.0-CTO(I) 
QSD=TtlETA*DELCTO+'.rliETA 1$QSOP (I) 
QSDP (I) =DELCTu 

C 
C LOOP ON SEDIMENT SIZE FRACTIONS FOR EACH REACH 
C 
6Qq DO 800 K=1,N1 

VARl=SQI<f(CON]*D(K)) 
599 KA (I, K) =O 

WFAC=1.00 
C 
C COMPUTATION OF TRANSPORT CAPACITY BY SIZE FRACTION 
C IN EACH REACH 
C 

DO 200 12=IS,I6 
UST=SQRT(32.2*HA(l2)*~¥(12}) 
BS::OST*D (K) /VIS 
CALL SHIELD(RS,SHP) 
OSC=SQ~T(SHP)*VA&l 
F11=36.0*VIS**2/(CON3*D{K)**3) 
F1=SQRT(2.0/3.0+~11)-SQRT(F11) 
WI =Fl*VAHl 
A3=A~OG10(RA(I2)/D(K)} 
A4-ALOG10 (SF(I2) *1000.0) 
A12=ALOG10(VAV(12 )/VAR1) 
TEMP=AMAX 1 (UST-USC ,O .001} 
A17=ALOG10(TEMP/VAR1) 
QSK=10.0**(-2.2786+A12*L.9719+A12*A17*1.0600+A3*A17*0.29a9) 
IF(INDSS.EQ.1.AND.I2.EQ.N} QSK::CPPMUP/2.65E6 

@ *PTRIB(l,K} 
IP(I2.EQ.15) QSlK=QSK 

200 CONTINUE 
C QSK= U/S LOAU FRACTION K 
C QSIK= D/S LOAD FRACTION K 
C QSD= GLOBAL D~FICIT, REACH I ( +VE FOB AGGR.) 
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C WFAC= 1 FOR GLUBAL DEGR. ,K DEGR 
C WFAC= 0 POR OPPOSITE GLOBAL -K TREND 
C O<iPAC<1 FOR GLOBAL AGGR., K DEGB 
C 

C 

IF(QSD.GT.0.0) wFAC~l.00-QSlk/QSK 
IF(QSD.GT.O.O.ANU.WFAC.LT.O.O) WFAC=O.O 
IF(QSD.LT.0.0.AND.QSIK.LT.QSK) WPAC=O.O 
IP(ABS(QSD).LC.0.3778-6) WPAC=O 

C COKPUTATION OF DEGRADATION OB DEPOSITION IN 
C REACH I FOR FRACTION K , ADJUSTED F' OR INCOMSISTXNCY 
C WITH GLOBAL TREND USISG WFAC 
C 

IP(QSD.LE.0.0)D~LDS(l,K)=QSD*PQS(I,K)*QSTU/((1.-P(K))*REACH(I) ) 
1*ID~LT*86400.0•WFAC 
IF(QSD.GT.O.O) D~LDS(I,K)=QSD*PON(I,K)*QSTU/((1.0-P(K)) 

• *RgACH(I))*lDELT*86400.0*WPlC 
520 TDELD(I,K)=-DhLDS(I,K) 
C 
C ADUSTM£MT FOR tliidOTABY SEOIKENT INFLOWS 
C 

00 700 12=1,NThIB 
I4=LOCTit(I2)-1 
IF(I4.NK.I) GO ro 700 
IP(lND~S.EQ .. 0.AhD.I~.EQ.1) QSTR(I2)=CTO(I)*Q(N) 
TDELTR(I2,K)=us ~a(I2)*IDELT*86400.0/((BB(I4)+BB(I4+1)) 

1 /L.O*REACH(14))*PTRIB(l2,K)/(1.0-P(K}) 
TDELO(I4,K)=TDELD(lq,K)-TDELTR(I2,K) 

700 CONTINUE 
C 
C ADJUSTMENT FOH rlANK EHOSION 
C 

IP(NBANK.EQ.0) Gu TO BOO 
WF=O.O 
IF(Q(I) .GT.QMlN) WY=l.00 
DO 725 !3=1,NHANK 
I4=LOCBEH (13) 
IF(I4.NE.I) Gu TO 7LS 
BROS=BEROS(I3)*1D~LT*HEACll(Iij)/5280.0/(1.0-P(K))/((BB(Iij) 

1 +BB(I4+1))*0.5*REACli(l4))*WF 
IF (IBSED. EQ. 0) PBANK (l'J, K) =PTT (I4, K) 
'rDELD (14, K) =TUE.t...l> (14, K) -EROS*PBAN K (13, K) 

72':, CONTINUE 
C 
800 CONTINUE 
C 
C CHECK CONrINUITY IN CASE OF TRIBOTABIES OB BANK EROSION 
C 

IF(NTRIB.EQ.1.AND.N8ANK.EQ .. 0) GO TO 790 
IF(QSD.GE.0.0) GO TO 790 
DO 740 12=1,NTHIB 
13=.LOCTI-( (12) -1 
I~(I3.EQ.I) GO TO 746 

740 CONTI NUB 
742 DO 745 I2=1,NUANK 

I3=LOCBER (12) 
IF(13.EQ.L) GU TO 74b 

7q!) CONTINUE 
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746 

747 

GO TO 790 
QSDI.=0. 
DO 747 L=l,Nl 
QSDI=QSDI.+TDELD(l.,L) 
QSDO=QSDI. 
DO 765 L=l,111 
IF(TDELD(I,L) .GE.0.0) GO TO 765 
I.F(PQS(I.,L) .NE.0.0) GO TO 765 
I8=11IND 

765 

IF(IT.EQ.1) I8=N1-1 
I.F(L.GE.I.8 ) Gu TO 765 
QSDI=QSDI-ABS(TDELD(I,L)) 
TDELD(I,L)=O.O 
CONTI.NUB 
DO 77 5 L= 1, N 1 
IF(TDELD(I.,L) .!lf!.0.0} TDELD(I,L)=TUELD(I,L)+ 

775 
790 
C 

~ (QSDI-QSDO) *l'Q!> (I., L) 
CONTINUE 
CONTI.l'IOE 

C CALL li!SORT ·ro UPDATE l!IXED LAYER SIZE 
C DISTRIBUTIO.l'I FOR REACH l 
C 

CALL HYSORT 
C 
C COIIPUTE TOTAL DJ,;GRADATION IN REACli I 
c..: 
825 TOTAL=O 

11=0 
111-0 
DO 550 K=l,1111 

550 TOTAL=TO'fAL+TllELi.l (1, K) 
lF(ABS(TOTAL) .LE.0.001) TOTAL=O.O 
AB=TOTAL/DW (I) 
IF(AB.GT •• 08) ll=II+l 
IF(AB.GT •• 01) IlI=III+l 
IF (IT .EQ. 1) GO 'l'O 570 
CDEP (I) =CDEP (I.) +'fOTAL 
DARll(I)=DARll(l) +TOTAL 
GO TO 571 

570 CDEP(I)=TOTAL 
DARI! (I) =TOTAL 

C 
C 
C 

571 
900 
1000 
C 

CALL AR!IOR TO UPDATE ARMORING FACTON FOR REACH I 

CALL ARIIOR 
CONTINUE 
CONTI.NOE 

C CHECKING CRITERIA FOd RhCOl'IPOTING BACKWATER PROFILE 
C 

l.F(IT.EQ.1) GO TO 1001 
IF(IFLAG.EQ.0) GO TO 1004 

1001 DO 1002 I=l,NN 
1002 CDEP1(I)=CDEP(l) 
1004 IF(II.EQ.1.0R.III.GT.ILIIIIT) GO TO 1015 

IF LAG=O 
LL=O 
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1010 

1015 
C 
C 
C 
1005 

100b 

:>O ~ 
8b 
87 
ij8 
d9 
~o 

6!> 
98 

96 
99 
9~ 
~999 

C 
C 

DO 1010 I=l,Nli 
A4=CDEP (I) -CORP 1 (I) 
A4=ABS(A4)/DW(I) 
IF(A4.GT •• 01) LL=LL+l 
IF(A4.GT •• 08) IFLAG=1 
CONTINUE 
IF(LL.GT.ILI!!IT) IFLAG=l 
IF(IFLAG.EQ.0) GO TO 1005 
IFLAG=l 

PRINT OUT OF HESULTS 

IF(IBUG.EQ.0.0R.IPR!NT.EQ.O) GO TO 1006 
WRITE(6,99) IPLAG 
WRITB(6,98) !TIME 
00 500 Il:2,N 
I=N+l-11 
IF(IBUG.EQ.1) WHITE(6,SO) I,J 
DO 500 K=1,N1 
PCENT= PT(I,K) *100.0 
IF (D.ELT (I,K) .EQ .0) DELT (1,K) =900.0 
IF(ISED.EQ.1.AND.lBUG.EQ.1) iRITE(6,6~) K,TDELD(I,K),PCEHT 
CONTINUE. 
IF(iBUG.EQ.0.0H.IPHINT.EQ.O) GO TO 9999 
N4=N-1 
DO 502 I4=1,N4 
WHITE (6,8b) l'+, (TDELD(I4,K} ,K=1,N1) 
WHITE ( b , 8 7) I 4, ( i'T ( I 4 , K) , K = 1 , N 1) 
W RI'£ E ( 6 , 8 8) I 4 , ( PQ S ( I 4 , K) , K = 1, N 1) 
WHI~E(6,89) 14, (D&LT(I4,K),K=1,N1) 
WHITE (b, 9~} 
FORMAT(10X,'I= 1 ,I3,3X,'DEGR/AGGR. 1 ,2X,9P9.5) 
FORMAT(10l, 1 I= 1 ,IJ,3X,' S.D.(811) •,2X,9.P'9.5) 
PORMAT(lOX, 1 I= 1 ,I3,3X, 1 S.D.(QS) ',2X,9F9.S) 
FORrtA'r(lOX,'I=',13,JX,'DBLT(DAYS) 1 ,2X,9P9.2) 
FORrlAT (///, 10X, 'ltEACU •••• • ,13, SX, • SBGP!ENT •• 1 , 12 ,/, 101, 28 ( 1 - 1 ) ,//, 

*lOX,'SED.FBACTI0~•,1sx,•cHANGE IN BED ELBVATIOH(PT.) 1 //32X, 1 BED LO 
*AD',11X, 1 SUSP. LOAD',12X, 1 TOTAL',10X, 1 PERCENTAGE 1 ,/} 

FORftAT(1SX,I2,50X,E14.6,8X,Pa.4) 
POdMAT(/////,10X,30('* 1 ),4X, 1 SEDI11.ENT CALCULATIONS APTER 1 ,1X, 

*14,2X, 1 DAYS 1 ,qX,30('*'),///) 
FORtiAT(//, 10X, 1 A4= 1 ,Fo.4} 
FORHAT(////,lOX,'IFLAG=',12) 
PORHAT (/ ) 
RETOHN 
HND 

C ---------------------- -·- ----------------------
SUBROUTINE UAAdMO (ACF,ACFl,PT,D,P,CDEP,PTT,VOLOUT,BB,SF, 

m 050,THBRU,PTA,NBEL,STAG.E1,PBED,Q,RA,DARM,EL1) 
C ----------------- -----------------------------
C 
C THlS SUBROUTI~~ CALCULAT~S ABftORINb OP BED SURPACB 
C 
C IARttOR=INDEl VARIABLE TO SPECIFY OR DE~.ERHINB AliMOHIHG 
C SEDIMENT SIZE; IARMOR=O, SPECIFY; =1 FOR 
C OETElitllNING INTERNALLY 
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 
C 

rtIND= PRACTl.Otil HUaBBR FOR ·rtt.R MINIMOH SHDIME!iT ~IZE WHICH 
(AND COARSER FRACTIONS) FOh~ ARMOR COAT 

QHAl=aAXIMUa WATt~ UISCHARGE(CFS.) POR DETERaINING NON-MOVING 
ARaOttlNG FRALTIONS 

IQMAX=INOE! VARIABLE POtl SPECIFYING WAT£& DISCdAhGE POR ARMORING 
CALCU~ATIONS; LQMAI=O POR USING SPECiFI.ED CONSTANT 
QMAX I N rlACH TfME STEP AND REACH; =1 FOti USING WATER 
DlSCtIARbE FROM SPECIFIED HfDROGRAPH 

MOTE: tlB,HA a& t PS~ODONtas FOR B,R 

iJ 1 Mr.; N SI ON P ( N 1) , .i.> ( N 1) , I? T ( ~ N , N 1 ) , P ·r ·r ( H N , rl 1) , CD Bi> ( rJ) , 
1 VOLO UT (N) ,ACF(N), ACFl (N} ,BB (N) ,SF (N), D50 (NN) ,TH BED (NN), 
2 PTA(NN,M1),NdEL(MN),STAGE1{k,MAXMA),PdED(NU,N1,MAXBEU) 

DIMENSION Q(N) ,rtA(N),OARM(N) ,EL1(N) 
coaMON/OIHS/N,Nl,NT,Ml,ctAXMA,NN,nE~O,NX,IGR,NlPl,NTONX,NOBS, 

1 NT3bS1,NT365L,bTRIB,ffBANK,IBED,HAXBEU,NBED,NTP,NT1,lllRHJ,NTY 
COM~ON/SCALR/lffDhX,L6,ID&LT,VIS,lTIME,GAHA,IFLAG,IT,IHDSS,IFLAG1, 

1 IW.MIT,aM1,IEQ,IRLS,ISED,ALFA,rl~TA,C21,C22,FMIX,IPR,IPRINT, 
2IUF,STR,CARM,LPP~UP,IBUG,ICHB,ICOiF 

COMMON/~LOrlYS/1,L7 
coaKON/ARM/MIND,Q~AX,IARMOR,lQMAX 
CO~HON/DREJ/KDR&J 

READ AftftORING ldPUT ~AH~4ETERS DURING PREPARATORY PHASE 
OF rtUti. 

READ(S,1000) IARaou,~IND,QeAX,IQKAX 
1000 PORMAT(2IS,F10.0,I5) 

DARKOR=O. 
l.F (lAlitlOR .EQ. 0) I.JAH110R=O (HIND) *304. 8 
W&ITE(6,43) IA~noH,aIND,QMAX,IQ~AX,llABrtOh 

43 FORffAT(/,T10, 1 BtU ARMORING PARAMETERS: IAR~OR= 1 ,12, 1 ~IMD=', 
1 13, 1 ~MAX~ 1 ,F10.2, 1 IQMAX= 1 ,IL, 1 DAR~OR= 1 ,FlU.3,/, 
2 T10,24(1tt-)) 
C0Nj=32 .2*1.t>.':.t 
RETURN 

C************************************** 
ENTRY AH.MOR 

C************************************** 
C 
100 
C 
C 
C 
105 

170 

IF(IAHMOR.EQ.0) Gu TO LOO 

COMPOTE TliE AttMOlilNG SEDIHENT SIZ~ 

S1=(SF(I)+SP(I+l))/2.0 
IP(IQ~AX.EQ.1) bO TO 170 
Al=QKAX/(BB(I)+bB(l+1))*0.50/SQRT(CON3*D50(I)**3) 
A l=ALOG 10 (A 1) 
A2=ALOG10(S1 *1000.0) 
VYD=10.0*•(-U.4812+0.J7b10*Al+0.3106U~A2) 
VRL=VFD*SQRT(COM3*D~O(I)) 
DEP=QMAX/(bB(l)+tin(I+l))*0.50/V~L 
USTAH=SQRT(J2.~*DEP*S1) 
IF(IQMAX.~Q.1) U~TAR=SQRT{32.2*(RA(I)+RA(l+l))/2.0*S1) 
DO 180 K=l,Nl 
RS=OSTAR*D(K)/VIS 
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CALL SHIELD(RS,SttP) 
USC=SQRT(SHP*CON3*D(K)) 
IF(OSC.GT.USTAR) GO TO 18S 

180 CONTINUE 
185 MIND=K 

DARMOR=D(ftlND)*JOq.o 
IF' (IdUG .N:; .O) W ~.IT~ (b, lb) MINO, OAR MOR ,IT, I 

lo PORHAT(//,10X, 1 MIN0= 1 ,I2,3X, 1 DMIN= 1 ,F8.3, 1 MM. 1 ,3X, 1 IT=1 ,I4,4I, 
m I l::: 1 , I 3, /) 

200 CONTI~UE 
C 
C ADJUSTING SIZ i DlSTRIBUT10N OF ARMORING PRACTlONS IN CASB OP 
C VERTICAL VAhiATION OF B&D MATERIAL 
C 

BEDEL=STAGE1(I,1) 
LF(IliED.EQ.0) GO TO 410 
IF(MBEL(I) .EQ.0) GO TO 410 
IF(DAR~(l) .Le.O) GO TO q10 
CDEPP=CDEP (I} 
IF(I.GT.1) CDRPP={COEP{I)+~DEP(I-1))/2.0 
Tl=STAGEl(I,1)-TttBED(I)+CDBPP 
IF(Tl.LE.BEDEL) GO TO 410 

208 NB=NBEL (I) 
00 2 10 L= 1 , NB 
l' 1=-STAGE 1 {I, 1) - l.*T :IBED (1) +cDEP P 
IF(Tl.GT.BEUEL) GO TO 215 

210 CONTINUE 
L=Nli 

21~ UO 260 K=MIND,Nl 
ELL=STAbB1(1,1)-TtlBED(I}*L+CDEPP 
PlN=PTT(I,K)*THbED(l)+PdEO(I,K,L)*(ELL-BEDEL) 
L2=L-1 
IP(lBUG.EQ.1) WltITE(b,94) K,L2 

94 FORMAT(5X,'K= 1 ,13,2X,'L2=•,I6) 
IP(L2.EQ.O) GU TO 25~ 
DO :l4S LA=1,L2 

245 PIN=PIN+PBED(I,K,LA)*TilBED{L) 
L55 PTA(I,K)=PDI/DAk~(I) 
260 CUNTINUE 
400 CONTINUE 

IF (IBUG.EQ.1) WhITB (6,81) PTA (I,K) ,I,K 
81 PORMAT(5X, 1 PTA=',P10.6,2X, 1 1= 1 ,I3,2X, 1 K=•,I2) 
C 
C COMPUTING FRAC TION OF ARttOBED AREA 
C 

IF(iHED.EQ.1) Gu TO 450 
410 DO 420 K=MIMD,Nl 
420 PTA(I,K)=PTT(I,~) 
'450 CONTINO.& 

AC=O 
DO 455 i<=l,Ml 

'455 AC=AC+P'l• (I, K) /D {K) 
PARM=O 
DO 500 IA=MINu,~1 

500 PARM=PARM+(1.0-~(IA))*PTA(I,IA)/D(IA} 
ACF(I)=FA&M*C~dK*OARM(I) 
IP(VOLOOT{I) .bE.0.0) GO TO 550 
BC=O 
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DO 560 IA=aIND,Nl 
560 BC=BC+PT(I,IA}/O(IA) 

ACF(I)=O.O 
IP(AC.ME.0.0) ACF(l)=dC/AC 
IP (IHUG.EQ.1) WRITE {o,83) I,8C,AC¥ (I) ,PT {I,MIND) ,e·r (I,N1) 

550 ACF(I)=AaIN1(ArtAX1(O.O,ACP(I)) ,1.00) 
IF{IT.EQ.1) GO TO bOO 
IF(DARM(I) .Gh.0.0.AND.ACP(I) .EQ.0.0) GO TO 600 
IP(ACF(l).LT.ACFl(I).ANu.KDR~J.EQ.0) ACF(I)=ACFl(I) 

600 ACFl(l)=ACF(I) 
IF (IBOG .EQ. 1) WRITE {6, 32) AC¥ (I) , I 

82 FORMAT(SX, 1 ACF= 1 ,F10.4,2X,'1= 1 ,13) 
83 FOHMAT(~x.•1=•,LJ,2X, 1 8C= 1 ,E14.6,LX,'ACP= 1 ,E14.6,2X,'PT(~IND)= 1 , 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

C 
C 
C 

@ E14.6,2X, 1 PT(~1)= 1 , E14.6) 
RETURN 
END 

---------------------------- ■--

SUBROUTINE HYSORT 
---------------------------------------
THIS SUliROUTI~E RECO~PUTES 8ED-~ATERIAL SIZE llISTriIBUTION DUE TO 
DEGHADATION/AGG8ADATI0d IN EACH TIME PERIOD 

-------------------------------------------..---------------
!:>0BHOUTINE DAtiX so ( VOl.1N, S rAGB1, D!>O, P, PT, PTT, SSC, c·ro, Si', ACP, 

1 RA, Bt, TDELD, VO LOUT, LLl.M, DRLT, 'r I, ·rtt, TH 1, PTP, EL 1, .t:;Ll, 
2 PTO,BaL,TB,NBEL,THB~D,PB~D,CDEP,D) 
-------------------------------------------------

C NOTE: ftA IS A PSBUDO~YM POB R 

C 

DIMENSION VOLIN(H,N1),STAGE1(B,MAXaA),D50(&N),P{N1) ,PT(NN, 
1 Nl) ,PTT(NN,Nl) ,SSC(N,Ul) ,CTO(N) ,S.P(N) ,ACF(N}, 
2 RA(N) ,dZ(N,Nl) ,TUELD(N,M1),VOLOUT(N) ,LLlM(N) ,UELT(d, 
3 Bl) ,TI (N,Ml) ,T}j (N) ,Tttl (N) ,PTP (N,N 1) ,EL1 (N), 
q EL2(N) ,PTO(l.'tl,Nl),BML(N) ,TB(t.,Hl) ,NBEL(NH) ,THBED(NN), 
5 PBED(NN,ffl,BAXB~D) ,CDEP(N) ,D(N1) 

COMMO~/DIMS/N,N1,NT,M1,~AXMA,NN,~EMO,NX,IG&,N1P1,NTONX,NOBS, 
1 MT36~1,NT36~2,NTRIB,NBANK,IBEU,MAXBED,NBED,NTP,NT1,IDR~J,NTY 

coaMON/5CALR/l~DEx,L6,lOELT,VIS,lT1~E,GA~A,IPLAG,IT,INDSS,IFLAG1, 
1 ILI~IT,Mft1,IEQ,IHE S,IS1D,ALPA,BETA,C21,C22,F~IX,IFli,IPHIHT, 
2IUP,STB,CARM,CPPaUP,IBUG,lCHB,ICUfP 

COKMON/WATHES/FPCW,CPP~,FU,IREP,C~HEV,FF 
COMKON/SLOHYS/1,K 

RETURN 

C ************ 
ENTltY HlSORT 

C ************ 
C 
C WARNING:AftftORING PACTOH APPBOACHING UNITY 
C 

IP {ACF (I) .GT .0 .9b) WRITM (6, 2000) ACF (I), I, IT'IME, IT 
2000 FORMAT (TS, 1 WAli~ING:AHI'1ORING FACTOR =•,F~.3, 1 IN REAC li 1 , 

1 13,• AT TIME 1 ,I6, 1 IT=1 ,L5) 
ACF(l)=Aa1H1(0.~d,ACF(l)) 

• 
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C 

C 

MA=lf-1 
IADJ=O 
VOLOOT(1)=0 
TH (I) =O 
TOTAL=O 
LLIM (I) =O 

DM=(dA(I)+RA(I+l))*0.5 
SM=(SF(I)+SF(I+l))*0.5 
TflA=DM•~~/(1.o5*D50(I)) 
TIIA:TtlA*O .333333 

C MIXED LAYER THIC~NESS COMPUTED BY EQ.6, IIHR 250 
C 

Th=D!*(0.079do5~~.23d~7*THA-18.1264*TliA**2+70.90~HA**3 
J -88.3293•THA**2*TrlA**~)•0.50*FMIX 

DtlM =D 11*0. 1 
lP(T!.LT.Dft") TM=u~M 
Yt< l=T M/DtS 
~P(IBU~.EQ.1) WHIT~(6,12) I,TM,DM,FRl 

12 FORMAT(5X, 1 1= 1 ,I4,2t,•T~=•,E14.6,2X, 1 DM=',Etq.&,2X,'B/D=•,F6.3) 
C 
C ADJUSTMENT OF SlZl DIST. IF MIXED- LAYER THICANESS IS 
C ~ORE THAN TtlE TOP-LAYER SEDIMENT BED THICKNESS 
C 

IP(I8ED.EQ.0.0R.IT .GT.1) GO TO 31~ 
If(NBEL(I) .EQ.O) bO TO J15 
IF(TM.LE.TliHEO(l)) bO TO 315 
l.L=NBEL (I) 
DO 300 L=l,LL 
'f l=THBEO (I) *L 
IP(TM.GT.T1) GO TO 305 

300 CONTINUE 
L=LL 

305 L2=L-1 
.00 310 K=l,Nl 
PT (1, K) ==-PT (I, K) *'fti8£0 (I) /Tl!+ (T't'I-TH BED (I) *L) /TN*PBED (I, K, L) 
IF(L2.E~.O) GO TO 310 
DO 306 l.1=1,L2 

30b PT(L,K)=PT(I,K)+THBBU(l)/Tf1*PBED(l,K,L1) 
310 CON1'Il!IOE 
315 CONTIHUE 
C 
C 

00 75 K=l,Nl 
DELT (I, t<) =O 
~TP(I,K)=PT(I,K) 
IF' (IT .EQ. 1) PTU (I, K) :.PT (I,K) 

7~ TOTAL=TOTAL+TD~LO(I,K} 
DO 100 K=l,Nl 
TI (I, K) =TM• ( 1.0-P (K)} *PT (I, K) 
TB(I,K)=Tl(I,K) *(1.-BETA*ACF(l)) 

70 CONTINUE 
l.t (IBUG.EQ.1) W.RIT.E (6,56) I,K,TB (I,K) ,TDELD (I, n ) 

Sb FOkMAT(/,101,'T8( 1 ,I2,•,•,Il, 1 , 1 ,I2, 1 )= 1 ,E14.6,2X,•TD8LD=•,E1ij. 
TB (I, K) =At1AX 1 (0., 'f 8 (I, t<J ) 
~•H (I) =TH (I) +Tb (l,K) 
LF(TDBLO(I,K) .LT.0.0) GO TO 76 
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IF(IADJ.EQ.O) GO TO 72 
IF(lT.EQ.1.AND.TllELD(I,K) .GT.TB(l,K)) SSC(.f,K) = 

* TB(I,K)/TDELO(l,K)*SSC(I,K) 
72 CON1'.INUE 

IF(IT.EQ.1.ANO.TDELD(I,K) .GT.TB(I,K)) LLIM(I)=1 
11' (IT .EQ. 1.ANIJ. 'l'DELD (1, I\) .NE .O) UELT (I ,K) =IIJELT* 

* TB(l,K)/TllELll (I,K) 
ll'(TDELO(I,K) .KJ.0) DELT(I,K)=YOO.O 
OELT (I ,K) =AIII N I (Dr.LT (I, K) , 9000 .) 
IF(lT.EQ.1.AND.TDELD(I,K) .GT.TB(I,K)) TDELD(I,K) =1'1:J(I,K) 
IF(IT.EQ.1) GO TO ~0 

'· ABC=Tlil (I) *PT (l,K) 
IF(IADJ.EQ.0) GO TO 74 
IF(TDELD(l,K) .Gl'.ASC) SSC (l,K) =ABC/TDELO (I,K) *SSC(I,K) 

74 CONTINUE 
IF (.'l'DELD (I,K) .GT.ABC) LLIM (I)=l 
IF ('I' D ELD (I, K) .NE. 0) DELT (I, K) =IDEL'l'* ABC/'l'DELD (I, K) 
DELT (1, K) =AMIN 1 (DELT (I, K) , 9000 .) 
TOELD (I,K) =AlllNl (TDELO (I,K) ,ABC) 
IF(TDELD(l,K) .GE.0.0) GU TO 90 

76 CONTINUE 
DELT (I, K) =AMIN 1 (uELT (I, K) , 9000.) 
IF(IT.EQ.1) GO ·ro YO 
l.F (I .LT .NA) TBB='l' rl 1 (I+l) *t>TP (I+ 1, K) 
IP (l.EQ.tlA) Tl!B='l'rl1 (1) *PTP(I,K) 

90 VOLOUT(I) =VOLOOT(I)+TUELIJ(l,K) 
100 CONTINUE 

Il'(IADJ.EQ.0) GU TO 12~ 
CTO (I) =O. 
DO 120 K=l,Bl 

120 CTO (I) =CTO (I) +SSC(I,K) 
IF(I8UG.E11.l) WRI'l'E(o,16) VOLOUT(l) ,I,J 

16 FORMAT(5X,"*** VOLOUT = 1 ,E14.7,2X, 1 I= 1 ,12,2X,'J=',li) 
125 CONTINUE 

C 

C 

IF (VOLOOT (I) .LT .0) GO TO 800 
CCC=O 
IF(lT.BU.1) THl (l)=TH(I) 
DIN=Tll (l.) -t-VOLOUT (1) -TU 1 (l.) 
EL1I=STAGE1(I,l)-Tfl1(I) 
EL2l=EL 11-0IN 
i:lEL=B!'IL (I) 
IF(IT.EQ.l) BEL=EL21 
DO 200 K=l,Nl 

LINllEX=O 
LDEP=O 
IF(lBEll.EU-1) CALL V50RT(BEL,EL11,dL21,DIN,PTf,PT,PTU,VOLIN, 

i NBEL, THBED, PdE O, LIND EX, S'fAGEl, COEP, LDEP) 

IF (LIND EX .EQ. l) GO TO 13:> 
IF(IT.EQ.1) GO TO 130 
IF(EL2I.GT.EL1I) GO TO 1JO 
IF (BEL .GE.ELll) VOLIN (I,K) =DIN*P 'f'l' (l,K) 
IF(ELll.GE.BEL .AND.BEL .GT.EL2I) VOLIN(l,K)=(ELlI-BEL ) 

t *PTO(I,K)-t-(BEL -EL2I)*PTT(I,K) 
IF(EL21.GT.BEL ) VULIN(I,K)=Dld*PTU(l,K) 

130 IF(IT.EQ.1) VOLIN(I,K)=DIN*PTT(l,K) 
IF (EL2I .GT .EL 11) VOLIN (I, K) =DIN*P'f (I, K) 
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13~ CONTINUE 
VOLIN (l,K) =AMAX 1 (VOLIN (I,K) ,O.O) 
c3Z (I, K) = THl (1) *PT (l,K) -TO.ELD (1,K) +VOLIN (l,K) 
&Z (I,K) =AftAXl {Hl. (l,K) ,O.O) 

200 CCC=CCC+BZ(I,~ 
.E.Ll(I)=ELll. 
EL2(I)=Bl..2I 
El1IN=EL1I 
IF(EL2I.LT.EL11) tMIN~EL21 
HEL=AMIN1(tiEL,EMIN) 
'lHl {I) =O 
DO 220 K=1,N1 

149 TH1(I)=TH1(I)+Trl {l,K) 
PT(I,K):BZ(I,K)/CCC 
IF(i.NE.NA) GU TO ~LO 
IF(IT.EQ.1) GO TO 220 
IF (BEL.L'l'.BHL (I)) PTO (I,K) =P'l: (I,K) 
ll(IBUG.EQ.1) WlilT.E(6, 1~1) I,K,PT{l.,K) 

15 1 PO R ft AT (/, 1 OX , • t> T ( 1 , 12 , 1 , • , I 1 , 1 , 1 , I 2, 1 ) = • , F 1 O • 4) 
220 CONTINUE 

8llL(I)=BEL 
GO TO 900 

800 CCl==O 

C 

C 

IF (IT .EQ .1) rtt1 (l) =.rtt (I) 
DIN=THl(I)-VOLOUT(l)-Ttt (I) 
ELll:STAGBl(l,1)-THl(I) 
.EL2I=EL1l+DIN 
liEL:dML (I) 
IP(IT.EQ.1) BEL=ELll 
DO 850 K=1,N1 

LINDEX=O 
LDEJ:>=1 
IP(IbED.BQ.1) CaLI. VSOhT(c3EL,EL1I,EL2I,DIN,PTT,PT,PTU,VOLIN, 

j NBEL,THBED,P"E~,LINDEl,STAGEl,CDEP,LDEP) 

IF (LINDEX.EJ.1) VOLIN (I,K) = -VOLIN (l,K) 
IP(LIND~X.EQ.1) GO TO d32 
~P(IT.EQ.1) GO TU 830 
IF(~L21.GT.EL1I) GO TO 830 
IF (BEL .GE. l:!L 11) VOLIN (I, K) =DIN*PTT (I, K) 
IF(EL1I.G~.dRL.AND.8£L.bT.EL21) VOLIN(l,K)=-((~L1I-BEL} 

I •~TU(I,K)+(liEL -EL2I)*PTT(I,K)) 
IF(EL2I.GT.BEL ) VOLIN(I,K)=DIN*PTU(I,K) 

830 IF(IT.EQ.1) VOLLN(I,K)=DIH*PTT(I,K) 
IF(EL2I.GT.EL1I) VOLIN(I,K)=DIN*PT(I,K) 

83.£ CONTINUE 
VOLIN(l,K)=AMAX1(VOLIN(I,K) ,O.O) 
BZ(I,K)=THl(I)*~T(I,K)-TDELD(I,K)-VOLIN(I,K) 
BZ(l,K)=AMAXl(BZ(I,K) ,0.0) 

850 CCl=CCl+BZ(l,K) 
ELl(I)=ELll 
EL2 (I) =&L2 I 
Ef1 IN =-EL 11 
IF(EL2I.LT.ELll) EMIN=EL2I 
IF(EMIN.LT.BEL) BLL=EMI~ 
TH1(l)=O. 
DO doO K=l,Nl 
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858 TH1 (I) =-TII1 (I) +Tb (.l,K) 
PT(I,K)=BZ(I,K)/CCl 
IF(I.NE.NA) GO TO 860 
IP{IT.EQ.1) GU TO 860 
IF (BEL.L.T.BML (I)) p•ru (I,K) ==Pl'(l,K) 

860 CONTINUE 
B~L(I}=BEL 

900 RETURN 
END 

C 

C ---------------------------------------------------
~ SUBROUTINE YSOHT (BEL,EL.1I,ELLI,DIN,PTT,PT,PTU,VOLIN, 

ti) NBEL, Tl!HE.D, PbED, LIND EX, STAGE 1, CDEP, L.OE1?) 
C -----------------------------------------------
C 
C THIS SUBRO0TINE ADJUSTS dlXHD-LAYER COMPOSITION lN CASE OF 
C VERTICAL VAHIATIOd lN SEDIMENT-BED SIZE DISTRIBUTION 
C 

DIMENSION PT1' (NN,iil) ,P1•(HN,Nl) ,.PTU (N,Nl) ,VOLIN (N,Nl), 
1 NBEL(NN),THB~D(NN),PB~D(riN,jl,rtAXBED) ,STAGE1(H,MAXMA), 
L CDI-;P (N) 
COMMON/DIMS/d,Nl,NT,Ml,aAX~A,NN,MBMO,NX,IGR,NlPl,NTOMX,NUBS, 

1 NT3651,NT3652,NTHIB,NBAMK,IBBD,~Ald8D,NBHD,NTP,NT1,IDR~J,NTY 
co~aOM/SCALR/18DEX,L6,IDELT.VIS,lfI~E,GAMA,IFLAG,IT,INDSS,IFLAG1, 

l ILIMI~,MM1,IRv,IRiS,lSRO,ALPA,tlETA,C21,C22,PMIX,IPR,IPRINT, 
21OF,STR,CARa,CPPMUP,IBUG,ICHB,ICOFF 

C 

49 

50 

200 

C 

COMMON/SLOHYS/1,K 

IF(NBEL(I) .EQ.0) GO TU 1000 
IP(LDEP.EQ.1) DIN= -DIN 
LIND EX= 1 
NB=Nl:3EL (I) 
.Ll=O 
L2=0 
LB=O 
IP(I.EQ.1) CDtlP~=CUE~(I) 
IP(I.GT.1) CDBPP~(CUEP(l)+CUEP(I-1))/2.0 
00 LOO L.=1,NB 
Tl=STAGEl(I,1)-L*THBED(I)+CDEPP 
IP(NB.GT.1) GO TO 50 
IF(Tl.GT.ELlI) Ll=L 
IF(T1.GT.EL2I) LL=L 
IF{Tl.GT.BEL) LB=L 
IP(K.EQ.1.AND.IBUG.~Q.1) WRITE(6,49) I,EL11,EL21,BEL,T1 
PORMAT(5X,'I='IJ,2X, 1 ~L11=- 1 ,Elij.7,lX,'EL2I= 1 ,E14.7,2X, 

~ 1 BEL= 1 ,E14.7,2X, 1 T1== 1 ,E14.7) 
IF(NB.EQ.1) GO TU 200 
T2=STAGE1(I,1)-(L+l)*THHEO(I)+CDEPP 
1f(EL1I.LT.T1.A8.0.EL1I.GT.T2) Ll=L 
IP(ELlI.LT.Tl.AND.L.EQ.NB) Ll=L 
IF(EL2I.LT.T1.ANO.EL2I.GT.T2) L2=L 
IF(EL2I.LT.T1.A~D.L.EU.NB) L2=L 
1F(BRL.LT.T1.ANO.BEL.GT.T2) LB=L 
IF(BEL.LT.Tl.AND.L.EQ.NB) LB=L 
C0N1'INUE 
1P(L1.GT.0.ANU.L2.GB.L1) PTO(I,K)==PBED(I,K,L1) 

LL::::.L.2-1 
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IF(~L2I.GT.BEL) GO TO 990 
IF(EL2I.GT.EL11) GO TO 990 
IP(BEL.LT.ELlI} GO TO 2~0 

C THE CAS~ FOB BEL GT.ELlI 
IP(L1.EQ.O.AND.L2.EQ.0) VOLIB(I,K)=Dil*PTT(I,K) 
IF(L1.EQ.0.ANU.L2.BQ.O) GO TO 250 
IP(L1.GT.O) GO TO 220 
E~l=STAGBl(I,1)-THBED(l)+CDEPP 
BL2=STAGR1(I,1)-L2*THBBD(i)+CDEPP 
VIN=(BL1I-EL1)*PTT(I,F.)+(EL2-EL2I)*PBED(I,K,L2) 
IF(LL.EQ.O) GO TO 215 
DO 210 LA=l,LL 

210 VIN=VIN+THBED(1)*PBBD(l,K,LA) 
215 VOLIN(I,K)=VIN 
220 IP(L1.EQ.O.AND.L2.GT.0) GO TO 250 
C 

IF(L1.EQ.L2) VIM=DIH*PB~D(I,K,Ll) 
IP(L1.EQ.L2) GO TO 235 
EL1=STAGB1(I,1}-THB£D(I)*L1+CDEPP 
EL2=STAGE1(I,1)-THBED(I)*L2+CDEPP 
IF(L2.GT.L1) YIN=(EL1I-EL2)*PBED(I,K,Ll)+(EL2-EL2I)* 

ti P8ED(I,K,L2) 
Lll=L 1+1 
IP(LL.LT.LH) GO TO 235 
DO 230 LA=Ln, LL 

230 VIN=VIN+THBED(l)*~BED(I,K,LA) 
23~ VOLIN{l,K)=VIU 

GO TO 1000 
C 
250 CO~TINUE 
C TtlB CASR FOR BZL LT. EL1I 

IF(BEL.GT.EL1I) GO TO 1000 
IF(EL21.GT.BEL) GO TO 9~0 

C 

IF(L1.EQ.0.AND.L2.EQ.0) VOLIN(l,K)=(EL1I-BEL)*PTO(l,K)+ 
~ (~EL-£L2I)*PTT(I,K) 

IP{L1.BQ.O.A~D.L2.EQ.O) GO TO 1000 
VIN=(EL1I-BEL)*~T~(I,&} 
EL2=STAGE1 (I, 1) -L2*THBEU (I) +CDEPP 
8L3=STAGE1(I,1)-(LB+l)*THBED(I)+CDEPP 
IF{L~.EQ.L2) VOLIH(l,K)=VIN+(BE1-EL2I)*PBED(I,K,L2) 
IP(Lli.EQ.L2) GO TO 1000 

LLij=Ll-LB 
Ii" (LL4. EQ. 1.AID .Ld. gQ. 0) VOLIN (I, K) =VIM+ (BEL-ELJ) * 

1 PTT(l,K) + {EL3-EL2I)*PBED(I,K,L2) 
1F(I8UG.&Q.l) WhITE(6,252) I,L1,L2,LB,PTO(I,K) ,PTT(I,K), 

1 PBED (I ,K, L2) ,K 
252 FOR~AT(SX,'I=•,13,21, 1 Ll=•,12,2x,•L2=•,12,2x,•1B=1 ,I2,2X, 

1 •PTO=•,E14.6,2X, 1 PTT= 1 ,~14.6,2X,'PBED= 1 ,E14.6,2X, 1 K=•,I2) 
IF(LL4.EQ.1.AND.L8.EQ.O} GO TO 1000 
IF(LB.GT.O) VIN=VIN+(BEL-8L3)*PBED(I,K,LB)+(EL2-EL2I)* 

@ PBED (I,K, L2) 
LN::::LB+ 1 
IF{LL.LT.LN) GO TO 400 
DO 26 0 LA=l.N, LL 

loO VlN=VIN+THBED(I)*PBED{I,K,LA) 
400 VOLIH(I,K)=YIN 

GO TO 1000 
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C 
990 If(EL2I.GT.BEL} VOLIN(l,K):DIN*PTU(I,K) 

lf(E12I.GT.tL11) VOLIN(I,K):DIN*PT(I,K) 
1000 HE'fURN 

EllD 
C 
I • 
\,,, --------~----·---------------------

SUBROUTINE SlfIELl> (RS, SlfP) 
C -----------------------------------------
C 
C THIS SUBROUTINE APPBOXIdATES SHIELD•S CURVE 
C 

C 

IP(RS.GE •• 3.ANU.RS.LE.2.0) SltP=.118*(RS**(-.973)} 
IF(RS.GT.2.0.ANj.ftS.LE.4.0) SHP=.090*(liS**(-.585)) 
IP(R5.GT.4.0.ANO.RS.Le.10.o) SHP=.0434*(RS**(-.119)) 
LP(RS.GT.10 •• AND.RS.LH.30.0) SHP=.0275*{RS**(.0792)} 
IP(RS.GT.30 •• AND.RS.L£.500.) SHP=.0194*(RS**(.181)) 
IP(RS.Gr.500.0) SrlP=.UbU 
RETURN 
ENi> 

.~ 
"""" -----------------------------------------------

SU8ROUTIN~ ThlB (QTR,QSTR,TD~LTR,LOCTR,PTRIB,AC,BC,Q, 
1 LOCBER,BEBOS,PBANK,CTO,INPUT) 

C
• --------------------------------------------------

C 
C THIS SUrlROUTidE COMPUTh3 THE COTlil8UTION OF TRIBUTARIES 
C A~D BANK ttlOSlON 
C 

DIMBjSION QTH(N~Hld),~ST~(NTRib),TDELTB(NTRIB,Nl), 
1 LOCTR(NTRIB) ,PfRlB(NTRIB,N1),AC(NTdlB),BC(NTHIB),Q(N), 
l LOCBEH(NBANK),8EHOS(NbANK).PBANK(NBANK,N1),CTO(N) 

COM~UN/OI~S/N,N1,NT,M1,ttAXMA,NN,~E~U,NX,IGR,N1P1,NTORX,HOBS, 
1 NT3651,NT3652,NTRIB,NBANK,l~EO,~AIBED,NBBD,HTP,NT1,lDREJ,NTY 
COC'lnUN/SCALR/IN .t)f.X, L6, IuE LT, VI:i,I 'rI ME, GAMA, IFLAG, IT, I BOSS, I FLAG 1, 

1 ILISIT,MM1,IEQ,1HES,ISEO,ALPA,BETA,C21,C22,FK1X,IFR,IPRIHT, 
2IUF,STH,CARM,CPP~UP,ldUG,1CHB,ICOPF 

CO~MON/dANK/18SED,QMlN,IUPS 
C 

C IB~EO= l~DEX VarlLABLE FOR INDICATI~G SIZE DISTR. OF BANK EROSION; 
C IBSED=O FOR ASS0~ING SAME DISTh. AS BBD aATERIAL; =1 
C FOB SPECIFYING rH~IR VALUES AS INPUT 
C QMIN= MiNIMUM WAT~R DlSCHARGE(CPS.) ABOWB WHICH BAiK EROSION 
C OCCUtl~ 
C IUPS=INuEX VARIAB~E TU SPECIFY UPSTREAM SEDiaENT INFLOW; 
C IUPS=O FOh CONSTANT SZD.CONCN.; =1 FOB FUKCTIOH 
C OF WATER uI~CHARGE 
C NOT~ : OPSTREArt ~hDIME~T INPLOW IS TREATED IN TH£ SA~g WAI 
C ---- AS FOR TRI~UTARIES 
C 

REA1J (5, 10) llff>S 
IF(INDSS.EQ.1.AND.IUPS.EQ.O) READ(S,35) CPPH0P 
WH.LTE (6, 12) l.UeS 
IF(INDSS.EQ.1.ANU.IU~S.EQ.O) WRITE(6,17) CPPMUP 
READ (5, 10) (LUCTR (12), I2=1, MTRIB) 
WRITE (6, 15) 
WRITE (b,2.0) (l..OCTR (IL) ,i.~=1,NTlilB) 

lu PORMAT(12I5) 
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12 FOR~AT(//,10X, 1 IOPS=',I2,//) 
15 FORMAT(//,10X,'TRI8UTARY LOCATIONS (NODE N0M8ERS) : 1 ,//) 

17 FORMAT(/, 5x,•~EAN S£Ul~~Nr CONCN. AT U/S 80UNDARY=•,F7.1, 
1 2X,'P.P.a. 1 ,/) 

20 FORMAT{1~X,10Ie) 
C 
22 POi<llAT (//, 10.X, 1 Tttlt:J01'AR1 WATER DISCHARGES (CPS.) : 1 ,//) 

25 P08MAT(6F10.2} 
30 POR!AT(15X,10F~.O) 
C 
C BEAD TRI~.SEo.~lSCH. COE~PIC1EN£S AC,8C IN OS=AC*Q**UC 
C QS lN TONS/UAY, ~ lH CFS. 
C 

DO 10L. I~=l,dTRib · 
IP(I2.GT.1) bO TU 101 
lF(lNDSS.EQ.0) bO TO 102 
IF(IUPS.EQ.U) GO TO lOL 

101 READ(S,3:>) (AC(l2),bC(I2)) 
102 CONTINUE 

WRITE (6, 36) 
DO 104 12=1,NTHIB 
IP(I2.GT.1) bO ro 103 
IP(I~DSS.EQ.0} bU TO 104 
lP(IUP~-~Q.0) bO TO 1Qq 

103 WHITE (6,40) (AC (IL), BC (I2)) 
104 CONTINUE 
35 FOR~AT(2P14.3) 
Jo FO~MAT(//,lOX, 1 SEulM~Nr DISCHARbE COEFFICIENTS (FOR ThI~OTARIE', 

ci) I S) : I , / /) 

40 FOliftAT(lSX,2¥14.8) 
C 
C 
C READ SIZE DISTM. OP Tftlb. SED. INFLOWS 
C 
~10 WRITE(b,28) 

DO ~00 12=1,NTlild 
READ (5,25) (PT.lilB (12, K), K=1,N1) 

500 WRIT~(b,32) (P't.itIB(lL,K} ,K=-1,Nl) 
28 PORKAT(//.10l, 1 SIZE DISTRIBUTION OP TRIB. SED. IjFLOWS : 1

,//) 

32 FORMAT(15X,10P8.3) 
C 
C REAu PARAMET~R~ FOR hANK EROSION 
C 

IF(NBANK.EQ.v) GO TO 900 
READ(5,61) Io~£u,Q~IN 
WRITE(b,6S) l~SED,QMIN 
READ (5, 10) (LOC.t1ER (l.,j) ,I3=1,NBANK) 
WRI'f .E:; (6, 70) 
WliITL(6,20) (LUCBBR(l3),I3=1,NuANK) 
IP(I8SED.EQ.O) GO TO 700 
WRI'r E {o, bti) 
DO 600 12=1,NBANK 
Rf:AD (~,L~) (PBAN!( (12,K) ,K=l,N 1) 

600 WRITE(o,32) (PbANK(lL,K) ,K=1,N1) 
700 CONTI~U~ 
61 FOR11AT (15,.F 10. 1) 
65 FORMAT(//,lOx, 1 IbSED: 1 ,I2,4X, 1 QdIN= 1 ,Pl0.1, 1 ~FS. 1

,//) 

68 FORMAT(//,101,•~lZE uISTrt. OP BANK EROSION : 1
,//) 
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70 FORMAT(//, lOX, 1 LOCA.flON OF BANK EliOSION (REACH NUM81Stt) : 1 ,//) 

C 

C READ BANK EhOSluN HAT£,BER05 {IN CFT.,IMILE/DAi) 
C 

Rf!AD (5,25) (Bf..itOS (13) ,13=1,NBANK) 
WRITE(6, 72) 
WRITE (b, 74) (Bl!!ROS (lj) ,I3=1,NBANK) 

72 FORMAT(//, 101, •.BANK ~ROS ION COEFFICIENT (CFT/MILE/DA Y) : 1 , //) 

74 PORaAT(15X,tl~10.1) 
900 CONTINUE 

RETURN 
~ C ********************************* 

ENTB'i TRIBQS 
C ********************************* 
C lRIBQS CALLED AT BEGINNI~G OP EACH TltlE STEP TO LOAD 
C QSTR, TRIBUTARY SEDI!ENT INFLOWS 
C 
C COMPUTING SEu.OlSCH. Or TRIBOTARIES 
C 

UO 400 12=1,kThio 
IF(IL.GT.1) Gu TO 240 
I=LOCTR (12) 
IF (INDSS.EQ.1.ANU.IUPS.EQ.U) c·ro (l) =CPP11UP/ (L..t>5E6) 

2qO CONTINu·g 
IF(I2.GT.1) GO ~o l~u 
IF(lNDSS.BQ.O) GO TO 300 
IF (INDSS • .BQ.1.AND.IUPS.EQ.0) Q~'l'R (12) =CPPi'JUP/2.b5E6 

ii *QTR (I 2) 
IF(INDSS.~Q.1.A~D.IUPS.EQ.0) GO ~O 300 

250 QSTH(I2)=AC(l2)*QTR(l2)**(BC(I2))*2000.0/(62.5*8bqOO.O) 
IF(I2.GT.1) ~OTO ~00 
I::LOCTH (12) 
IF(INDSS.EQ.1.A~O.IUPS.EQ.1) CTO(I):QSTrl(I2)/QT~(l2) 

300 COkTINUE 
400 C08TISU.E 

IF (IBlJG.NE.0) \-l.liI·rE (o,200O) (-.,2!:>TR (12) ,12=1,N'fRIB) 
LOOO FORMAT ,~x,•rtlIBUT~d! S&DlaENT LOADS:•, (T35,12F8.2)) 

RETORti 
EliD 

C 

C ------------------------------------------------------
SUBROUTINE EliR0~1(I&dD,KE~O,M,M1,N1,NT,MAXMA,NOBS,NX,IGH) 

C --------------------------------------------------
C 

I ERR=1 
WliLTE(o,2000) lLHH 

1000 .r'Otl~AT (/, lX, 110 (lH*), 1 EdROH • ,12) 
WRit~(o,2001) IEWD,MEKO,N,Ml,Nl,NT,MAXMA,~OBS,NX,IGR 

2001 PORMAT(Ti0, 1 RB~UIR~D dEMOftY= 1 ,I7,• (WORDS) EXCBilDS DldENSION •, 
1 'OF ARRAY T( 1 ,I7, 1 ) 1 ,/,T20,•N,M1,N1,MT,~AXMA,NOBS,,x.•, 

C 

2 1 1 GR =: • , 8 I 5) 
s·roP 

ENTRY ERROR2(I,fiM,MAXrtA) 
I.ERB=-2 
WRITE(6.~000) IERH 
WRIT~(6,2002) I,MM,MAXMA 

2002 FORMAT(T20,•SBLTLON 1 ,1J, 1 :NO. OF DBFINIT10N LEV~LS',13, 
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1 1 EXCEEDS MAXIMU~ ALLOTTED ,MAXMA; 1 ,I4) 
STOl! 

C ************ 
EHTHi ~HBOR3(1T,ITIME,TEMPF,TFLAST) 

C ************ 
IERR=3 
WHITE (b,LOOO) IERH 
WRITE (b,l003) ~~ftPP,T¥LAST,IT,ITIME 

200J PORaAT (T20,•~AT~h TEMPERATUHE= 1 ,F10.3,• EXCEEDS nAI1ftUH 
1 ALLO~ED=',PlO.J,' IT=',15, 1 ITIME=',I5) 

RETUR~ 

C ************ 
ENT~Y Ek~OR4(I,IT,ITI~E,ITER,DEL) 

C ***•******** 
lERR="-
WRITli (o,2000) lEHR 
WRITE (6,2004) LT~R,I,IT,ITiaE,DEL 

2004 FORMAT (T20, 1 bACKwATER I~ERATIONS XECEED 1 ,I4, 1 SECTION 1 ,I4, 
1 1 IT= 1 ,l4, 1 1T1ME= 1 ,I4,' DELTA =•,P10.3) 

RE.rURN 

C ************ 
~NTRY BiROR~(I,lT,LTIME,IT2,TT) 

C ************ 
IBRR=S 
WRITE (6,2000) I£kR 
WHITE (6,2005) lTL,I,IT,iTIKE,TT 

200:> .f0Ri1AT (T20, 1 'l'L'fii ITE~{A'fIONS EXCEED' ,14, • SECTION• ,14, 1 IT= 1 , 

1 1q,t IT1rlE=',I4, 1 TT=',Pl0.3) 
hE·rURN 
.B8D 

184 



SEC. 
RM 
B(FT) 
STAGE 
Q(CFS.) 
DEP(FT) 
V(FT/S) 
EN.SLOPE 
DZ(FT) 

DH(FT) 
BED EL(FT) 
D50(MM) 

ACF 
ADEP(FT.) 

CBAR(PPM) 
FRI. FR. 

--

--

APPENDIX D 

RUN Sl RESULTS 

Results Headings Legend: 

computational section number 
river mile (1960) 

water surface width, ft 
water surface elevation, ft msl 
water discharge , cfs 

average flow depth, ft 

average water velocity, ft/sec 

energy slope, ft/ft 
cumulative change in bed elevation, ft (positive for 

degradation) 

not used 
thalweg elevation, ft msl 
median bed-material size, mm 
armoring factor (fraction of bed area armored) 
bed elevation change in most recent time step, ft 

(positive for degradation) 
mean sediment concentration, ppm by weight 

friction factor 
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Logical 
Record 
Number 

1 

2 

3 

8 

Not~s: 

APPENDIX E 

STRUCTURE OF NRES OUTPUT FILE 

Description 

1 IALl 1
; an identifying keyword 

TITLE (15); 60-character title of run (card 1) 

N,Nl,NT,Ml,MAXMA,NN,MEMO,NX,IGR,N1Pl,NTONX,NOBS,NT3651 
NT3652,NTRIB,NBANK,IBED,MAXBED,NBED,NTP,NT1,IDREJ,NTY 

(RMILE(I), I=l,N); River miles 

IT,ITIME,IDAY,KYR,VOLUME,CUMVOL 

B,STAGE,Q,DEP,VAV,SE,Y,DH,STAGEl(I,1),DMM,ACF,CBAR,FFR 

(PT(I,K), K=l,Nl); mixed layer probability 
distribution function 

(QTR(L), L=l, NTRIB), (QSTR(L), L=l, NTRIB); tributary 
water and sediment discharges 

1. For each time step, the file contains logical records of type 5,6,7, and 8. 

2. For each of N points, upstream to downstream, the file contains one type 6 
and one type 7 logical record. 
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