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ABSTRACT 

To test the applicability of various one-dimensional sec:iirrent

transport numerical rrod.els of roovable-bed channels to Pool 20 of the Missis

sippi River, detailed field data were first collected, and several numerical 

roodels were subsequently evaluated using these field data. 

Chapter I describes the detailed results fran a sediment sampling 

field study conducted in 1978 near Buzzard Island (RM 347-55) in Pool 20 of 

the Mississippi River. Variations in the longitudinal and transverse dis

tributions are presented for various flow quantities and sediment character

istics, and are analyzed in connection with the prevalent shoaling problan 

in the Buzzard Island study reach. 

Chapter II evaluates the perfo:rnance of four mathematical simula

tion roodels which used the data fran a canplimentary field study conducted 

in 1976 to establish the initial conditions when predicting the 1978 condi

tions. The four roodels evaluated were: (1) the HEC-6 roodel provided by the 

Hydrologic Engineering Center, U.S. Anny Corps of Engineers; (2) the SUSR 

and (3) UUWSR roodels employed at the Colorado State University; and (4) the 

CHAP..2 roodel used by the Sogreah consulting firm in Grenoble, France. 
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FIEI.D STUDY AND TESTS OF SEVERAL ONE-DIMENSIONAL 
SEDIMENT-TRANSI-ORI' (ll,fPUI'ER MJDEIS FDR 

IWL 20, MISSISSIPPI RIVER 

I. 1978 FIEID STUDY AND DATA PRESENrATION 

A. Introduction. The field study was conducted to obtain 

detailed infonmtion concerning the flow and sedirrent-transport charac

teristics along the Mississippi River reach near Buzzard Island (river 

mile (RM) 349-51). The location of the study reach is shown in figure 

I-A.l. The field data collected during the study were obtained to help 

explain and lead to a better understanding of the river processes that 

create a shoaling problem in the vicinity of the downstream tip of Buz

zard Island. There are several related adverse consequences of this 

shoaling problem. Forenost is the adverse effect that the shoaling has 

on the navigation channel. Significant rises in the bed elevation due 

to sediment deposition can obstruct barge traffic within the navi~ation 

channel, which rrust then be dredged to rmintain the required 9-ft depth 

along the passageway. The cost of dredging has risen sharply in recent 

years, making dredging an expensive rreans of alleviating the shoaling 

problem. Another problem that rrust then be faced pertains to the disposal 

of the dredged rmterial. This dredged rmterial nR1St be disposed of in 

accordance with the standards established by the various enviroI1IIBntal 

and conservation agencies, so as not to be detrimental to the surrounding 

enviroI1IIBnt or wildlife. 

There are three general features of the Mississippi River (MR) 

in the study reach that lead to the shoaling problem. First, the flow bi

furcates at tv.o locations near the downstream tip of Buzzard Island. The 

bifurcation of flow reduces the rmin channel flow and diminishes the 

sediment-transport capacity of the river. Second, the river widens in 

the shoaling area, which decreases the rrean flow velocity and diminishes 

the sediment-tr:msport capacity. Finally, the thalweg crosses the river 

ln th:Ls reach. 'I'h:i.s so-called "cross-over" reach lacks the strong sccon

d:rry currents that arc produced in river bends which signlJicnntly 
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increase the sedirrent-transport capacity of the flow. The sedirrent 

being deposited in the study reach is thought to originate primarily 

from the Des MJines River (DMR), whose confluence with the MR is roughly 

10 mi upstream from Buzzard Island. The snaller energy slope and veloc

ity of the MR, in comparison to that of the DMR, are unable to c2..rry the 

sedirrent load that the DMR transports to the MR, and sedirrent deposition 

OCcurs downstream. 

The three rm.in objectives of this study v.Bre as follows. The 

prllmry objective was to collect data on the transverse and stream.vise 

variations of the flow depth, flow velocity, suspended-sedirrent and bed

load discharges, and bed-nRterial properties. This inforrmtion could be 

used to analyze the previously metioned shottling problen. The second 

objective was to employ these data to formulate power-law relation-

ships between the water and sedirrent discharges. These relationships v.Bre 

then applied to estirmte the change expected in the sedirrent discharge as 

a result of any change in the flow discharge, for example, ·the effect of 

the :implerrentation of any corrective reasure designed to relieve the shoaling 

problen. The final objective was to obtain complete and reliable field 

data which could be utiliz.ed in the forrmtion and testing of rmthermtical 

sedirrent-transport simulation rmdels. 

The final objective, regarding the evaluation of nurrerical sirm

lation rmdels, is the topic presented in Chapter II. It should be rrentioned 

that the 1978 field study near Buzzard Island was done to complerrent an 

earlier field study conducted in 1976. The earlier study (Nakato and 

Kennedy, 1977) investigated the sedirrent transport characteristics of the 

MR near Fox Island (RM 355-6) and Buzzard Island (RM 449-50). As will be 

discussed in Chapter II, the data collected during the 1976 field study 

v.Bre used to establish the initial conditions for four nurrerical rmdels. 

The rmdels v.Bre then run for the 28-rronth tirre period between the 1976 and 

1978 field studies, and the rmdel predictions of the river characteristics 

were compared to results found during the latter study. 

The text that follows presents a condensed version of the origi

nal report that was prepared for the 1978 field study (Vaclnal, 1978). 

Readers who desire further clarification or rrore detail conccrnin~ the 

various subjects discussed herein should refer to the ori.ginal reporL. 
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B. Equipnent and Field-Laboratory Procedure. Data collection 

on the MR was conducted from the Iowa Institute of Hydraulic Research 

(IIHR) 18-foot Jon-Boat. A Price AA bucket-type current rreter was used 

to obtain flow velocities, while the bed-material, depth-integrated 

suspended-sedirrent, and bed-load samples were collected using a US BM-54, 

US P-61, and Helley-Smith sampler, respectively. Sedirrent samples were 

taken at eight verticals that were fairly evenly spaced across the main

channel cross sections of the MR, while typically 3 or 4 verticals were 

sufficient for sampling the side-channel sections and the DMR. Consequently, 

these verticals established an identical number of subsections at each 

cross section for which the flow and sedirrent discharge characteristics 

v.Duld be detennined. In addit~on to the sedirrent samples, flow velocities 

were rreasured at each vertical at tv.o-tenths and eight-tenths of the flow 

depth, which were then averaged to obtain a rrean subsection flow velocity. 

Detailed rreasurerrents of flow velocities and suspended-sedirrent concentra

tions were made at one vertical for each main-channel section in the MR 

and for the DMR. 

Analyses of all sedirrent samples were perforrred at the IIHR 

according to recomrended laboratory procedures (Guy, 1969). The analyses 

of the suspended-sedirrent samples gave the suspended-sedirrent concentrations, 

in parts per million (~/1). Analyses of the bed-load samples gave the 

bed-load discharges and the ooh-load particle-size graduations, while the 

bed-material analyses gave the bed-material particle-size distributions. 

The results of the particle-size analyses of all the bed-material samples 

collected during the tv.o trips of the 1978 field study are tabulated in 

Appendix A. 

C. Presentation and Discussion of Field Data. 

1. Data analysis. locations of twelve sampling sections were 

chosen in an arrangerrent that v.ould enable the detennination of the flow 

and sedirrent characteristics of the MR in the Buzzard Island study reach. 

Tho data-col lectj_ng trips which gathered a total of 961 sed:irrent samples 

wen) nude d11r inp; Lile 1978 f"icl d sludy: the l'i rst trtp duri_ng 26 ,June -

12 July and the second trip during 11- 25 Aup1st. The Lotal disch,-trbrc at 

each cross section, Q, was determined by surmring the products of each 

average subsection flow velocity and the subsection area, detennined 
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from the cross-section plot. Similar procedures were used to compute 

the suspended-sedirrent discharge, Qs' and bed-load discharge, ~- The 

resulting size distributions of the bed--IJRterial samples were plotted on 

semi-logarithmic graphs to evaluate the rredian dirureter, n50 , georretric 

mean dirureter, Dg (= /n84n16), and georretric standard deviation, og 

(= ✓n84/D16 ). The value of n50 represents the particle size for which 

50 percent of the sample by weight is finer; similar definitions apply 

to D84 and D16 . 

A smrrnary of the principal quantities obtained from the field 

data is presented in table I-G-1.1. River cross sections are labelled 

with three digits. The first refers to the physical location of the 

cross section. The second digit locates the cross section with regard 

to passage around an island. The channel closer to the right river bank 

is (1) and the one closer to the left is (2). The third digit describes 

whether data were measured on the first or second trip. The first and 

second sampling trips are identified by 1 and 2, respectively, as the 

third digit in sequence and are listed on separate pages. Other para

meters listed include water temperature, T, energy slope, S (detennined 

fran the upstream and downstream pool elevations recorded at lock and 

Dams (L&D) 19 and 20, respectively), top river width, W, rrean flow depth, 

d(=A/W), and mean flow velocity U(=Q/A), where A is total cross-section 

flow area. 

2. Cross-section profiles. Cross-sectional profiles of the 

main- and side-channel sections compiled from the first and second trips are 

shown in figure I-C-2.1. Five cross sections, which will be used later 

to evaluate mathematical rrodel perfonnances, were selected out of the 12 

cross sections for their proximity to the 1976 field-study cross sections. 

These cross sections were used to fix the initial conditions in the IIDdels. 

Table I-C-2.1 lists the locations of the cross sections from the 1976 and 

1978 field studies that will serve as the bases for comparisons in Chapter 

II. 



- - - - - - - - - - - - - - - - - - -
Table l-C-1.1 Summary of Principal Quantities Obtained from the Field Data (1st Trip) 

Date Sec. T s w ci u Q QB Qs i\o D 0 

l °F) (ft) (ft) (ft /s) 
g g No. (cfs) (tons/day) (tons/day) (mm) . (mm) 

062678 1-1-1 77 7.125xl0 -5 331 8.0 1. 86 · 4,902 3 10,062 0.25 cannot determine 

062678 1-2-1 78 7 .125xl.O -5 2,799 12.6 3.06 ]07,869 497 96,110 0.65 0.80 2.16 

062778 1-3-1 78 7.179xl0 -5 482 8.0 2.89 11,208 2,762 4,847 0,39 0.43 1. 44 

062i78 2-1-1 78 7.179xl0-5 2,556 12.J 3.38 106,559 4,932 53,965 0.50 0;54 1.69 
062978 3-1-1 80 7. 513xl0 -5 

669 5.2 2.34 8,076 28 6,186 0.61 0.59 1.58 

062778 3-2-1 79 7.179xl0 -5 2,575 15.1 3.04 117,870 3,700 47,598 0.45 0.45 1.66 

062978 4-1-1 80 7 .513xl0 -5 2,159 18.4 3.57 142,010 1,832 180,058 0.54 0.76 2.52 

063078 5-l-l 81 7.089xl0 -5 2,064 19.J 3.40 135,596 1,317 154,829 0.56 2.37 7.08 

0705 713 6-1-1 81 -5 2,172 18.0 3.16 123,949 414 118,541 0.54 0.56 1.71 7.287xl0 
' -5 

-..J 

07057/l 7-1-1 81 7.28,xlO 2,257 14.0 3.22 lOl,830 1,958 89,467 0.61 0.70 2.12 

070678 7-2-1 81 7.422xl0 -5 801 9.3 2.16 16,155 102 13,280 o. 38 0.40 1.53 

07067 8 8-1-1 82 7.422xl0 -5 
410 10.0 2.24 9,173 1 6,126 0.36 0.39 1.38 

070673 8-2-1 81 7.422xl0 -5 2,625 13.6 3.04 108,694 681 75,436 0.52 0.57 1.79 

070778 9-1-1 81 7.846xl0 -5 2,375 13. 7 2.98 96,800 630 62,925 0.53 0.61 1.98 

070778 9-2-1 81 7.846xl0 
-5 

722 11.8 3.55 30,271 77 22,956 0.61 0.74 1.97 

071178 10-1-1 77 7. 215xl0 -5 
2,290 15.7 3.23 · 115,767 712 123,647 0.57 o. 72 2.10 

071078 11-1-1 78 7 .143x10 -5 1,398 22.9 3. 71 118,558 733 188,646 0.47 0.34 2.15 

071078 11-2-1 78 7.143xl0 -5 1,752 11.8 3.12 64, 772 864 91,1154 0.60 o. 72 2.04 

071] 78 12-1-1 78 7.215xl0 -5 
2,871 17.1 3.25 159,183 516 202,245 0.46 0.52 1.73 

062678 13-1-1 77 2,436xl0 -4 
545 7.4 3.51 14,120 833 62,770 0.85 0.93 2.46 

062978 13-1-1 80 2.189x10 -4 571 8.6 3.75 18,444 74 149,178 0.51 0,55 1.73 

071278 13-1-1 76 l.840xl0 -4 
574 9.3 2.]7 11,574 7 9,547 0.68 0.76 2.17 



Ta bl e I-C-1.1 (cont'd) (2nd Trip) 

Date Sec. T s w d u Q QB -Qs ii D (J 

No. <°F) (ft) (ft) (ft/s) (cfs) 50 .. g g 
(tons/day) (tons/day) (mm) (mm) 

0815; 8 1-1-2 79 l.840xl0 -5 295 5.2 0.29 445 0.02 61 0.36 0.38 1.58 

0816 ,B 1-2-2 77 1. 759xl.O 
-5 2, 7119 10.0 1. 77 48,687 27 4,351 0.58 0. 70 2.07 

os1 s; s 1-3-2 79 1. 840xl0 -5 492 6.1 1.76 5,273 81 658 0.44 0.49 1.49 
os1.; ,s 2-1-2 81 l.515xl0 -5 2,523 10.5 1.79 47,257 9.4 5,014 0.56 0.58 1.74 

081 678 3-1-2 79 1. 759x10 -5 646 2.5 0.98 1,604 0.3 161 0.74 o. 77 2.39 

os1&; s 3-2-2 79 1. 759x10 -5 2,585 14.1 1.29 46,899 2.8 3,657 0.45 0.49 1.60 

081 778 4-1-2 77 1.127xl0-5 2,251 14.6 1. 20 39,283 5 2,296 0.46 0.52 1.68 

0817i8 5-1-2 78 l.127xl0 -5 1,978 16.7 1.15 38,077 0.5 2,781 0.49 0.62 3.20 

0818i8 6-1-2 77 1.163x10 -5 
2,133 16.1 1.16 39,790 3.2 4,046 0.49 0.53 2.14 CX) 

OP.21 78 7-1-2 77 1.46lxl0 -5 2,231 13.5 1.48 44,509 30 13,458 0.50 0.60 1.81 

082178 7-2-2 75 1.461x10 -5 
774 6.4 0.81 4,010 0.07 467 0.35 0.35 1.41 

08227 8 8-1-2 79 1. 723x10 -5 371 6.8 0.54 1,363 0.3 243 0.54 0.62 1. 94 
082178 8-2-2 77 1.46lxl0 -5 2,595 12.0 1.48 46,400 21 8,523 0.49 0.61 2.64 
082 2ii3 9-1-2 79 1. 723xl0 -5 2,316 10.7 1.24 30,703 1.4 4,281 0.46 0.53 1.85 
08 227 8 9-2-2 79 -5 686 9.4 1.18 7,592 0.3 669 0.52 1. 723xl0 0.51 1.39 
082278 10-1-2 79 1. 723x10 -5 2,267 10.9 1.12 27,469 1.7 3,651 0.49 0.57 1.96 
082378 11-1-2 77 l.389x10 -5 1,365 19.1 1.03 26,840 1.5 2,565 0.53 2 . 72 9. 38 
082378 11-2-2 77 1.389x10 -5 1,722 8.0 0.93 12,747 0.1 992 0.50 0.53 1.56 

082478 12-1-2 78 l.383x10 -5 2,710 12.7 1.24 42,727 3.4 4,188 0.54 0.66 1.95 

08H78 13-1-2 79 2,17lx10 -4 
554 3.0 0.96 1,575 1.6 397 0.53 0.62 1.87 

082578 13-1-2 79 2,132xl0 -4 551 2,9 0.66 1,058 0.04 131 0.48 0.47 2.02 

- - - - - - - - - - - - - - - - - - -
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Table I-C-2.1 

Comparable Cross Sections from the 1976 and 1978 Field Studies 

1978 RM 1976 RM 

1-2 354.89 3-2 354.93 

6-1 349.75 5-1 349.82 

7-1 349.50 6-1 349.45 

8-2 349.24 7-2 349.29 

9-1 348.98 8-1 348.96 

3. Lateral distributions. Figures I-C-3.1 through I-C-3.26 

present the lateral (cross-channel) variations in depth, d; mean flow 

velocity, u; unit water discharge, q; mean suspended-sedirrent concentra

tion, C; unit suspended-sedirrent discharge, q; unit bed-load discharge, 
s 

ciB; and median bed-material diarreter, n50 , obtained from the field data 

collected during both trips at the rm.in-channel sections. Note again 

that when referring to any specific section (e.g., 1-2-1), the third 

number in the sequence denotes the trip number. All cross sections 

are plotted so that the right bank is on the left side of the figure, as 

if being viewed fran downstream. 

The lateral distributions deternrined for the first trip are 

shown in figures I-C-3.1 through I-C-3.13. Figure I-C-3.1 of section 

1-2-1 shows a high mean concentration of suspended sedirrent near the right 

bank. This high concentration was caused by the confluence of the I].ffi 

and the MR roughly 6 mi upstream from this section. The large MR flow 

velocities S\rept the inflow fran the DMR downstream without causing IIR.lch 

cross-stream mixing. The IMR inflow carried a high concentration of sus

pended sedirrent (appro:xinntely 1,800 ppm when measured earlier on the srure 

day). The river reach between the confluence and section 1-2-1 is fairly 

straight, oo that lateral mixing due to curvature effects is minirml. The 

figure shows that the concentration of about 600 ppn near the right bank 

drops across the channel to a nearly constant concentration of about 200 

ppm. Note that the concentration of roughly 600 ppn measured near the 

right bank was one-third of the concentration measured in the I].ffi, The 

concentration becarre alrrost unifonn across the channel at the downstream 

section 3-2-1, as seen in figure I-C-3.3. 
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The lateral distributions at section 2-1-1 are shown in figure 

I-C-3.2. This section was located downstream from a bend in the river. 

The centrifugal eff£ct of the bend and secondary currents have carved a 

steep right bank. Note that the rrean flow velocity near this bank for the 

first trip was alrrost 5 ft/s. The slight increases in depth and rean veloc

ity near the left bank were due to the effect of the flow behind the 

ffila.1.1 island downstream from Taylor Island. The large drop of rrean 

concentration seen in the shallow center of the section was due to the 

bifurcation of flow downstream at section 3, where roughly 12 percent 

of the total suspended-sediment load occurred in the side channel section 

3-1-1. 

The lateral distributions at section 3-2-1 are shown in figure 

I-C-3.3. The right bank of this section is located on the upstream tip of 

Buzzard Island. Large flow velocities, over 4 ft/s near the right bank, 

produced a strong scouring action, making the tip unstable and washing 

large concentrations of sediment downstream. The cross-sectional profile 

of section 3-2 in figure I-C-2.1 shows that a lot of scouring had occurred 

near the right bank of the island between the first and second trips. 

During both trips, the tip of the island was wedge-shaped and had very 

steep banks. 

TI1e lateral distributions at section 4-1-1 in figure I-C-3.4 

show extrerooly high suspended-sediment concentrations near the right bank, 

sorre of which were caused by the scouring action near the tip of Buzzard 

Island. Hov.ever, the extent of the lateral dispersion of suspended 

sediment (seen to occur over 1000 ft in a longitudinal distance of 1900 

ft between sections 3-2 and 4-1) seems unrealistic, so another sediment 

source, in addition to the scouring of the island, is presurred. Conse

quently, the major cause of the high sediment concentrations was rrost likely 

the suspended-sediment inflow from the ~1R, approximately 10 mi upstream. 

A rrean suspended-sedirrent concentration of 3,300 ppm for the DMR was 

rreasured approximately one hour after the sampling at section 4-1-1 was 

canpleted. Note that the rrean suspended-sediment concentrations of roughly 

1,100 ppm rreasured near the right bank of section 4-1-1 are one-third of 

the sedirrent concentration rrea1:,""1.l.J:"ed in the IML Note also the similar 

trend described for section 1-2-1. Although the unit flow discharge was 

high near the left bank, the unit suspended-sediment discharge was rrru.ch 
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larger near the right bank where the high mean concentrations were 

measured. These higher concentrations near the right bank continued for 

approximately two miles downstream, and finally becrure uniformly distri

buted across the transect at section 8-2-1. Note that the effect of the 

LMR sediment outflow was observed to extend roughly 12 mi downstream 

fran the conf luence. 

Another pattern that developed in the first five sections was 

that the lateral distributions of unit bed load, qB' were all single

peaked, and the rra.ximum values followed the navigation channel of the MR. 

The distributions becrure multi-peaked farther downstream, where the flow 

bifurcated at transects 7 and 9. 

The lateral distributions at sections 5 through 8 are shown in 

figures I-C-3.5 through I-C-3.8. At these locations, the deepest 

parts of the cross sections consistently occurred near the left banl<, 

away from the navigation channel \vhich crosses the river to the right 

bank. The major bed-load rrnvement at section 6-1-1, as shown in figure 

I-C-3.6, occurred in the right half of the section, especially in the 

region just beyond the sul:marged wing dam that extended from the left bank. 

The bed-load rrnvement appeared restricted in the left half of the section 

while the flow velocities and unit flow discharges decreased quickly 

towards the l eft bank. Note the increase in the magnitude of the bed-load 

discharge from section 6-1-1 to 7-1-1 shown in figures I-C-3.6 and I-C-3.7, 

r espectively, with a similar decrease in rrn.gnitude from section 7-1-1 to 

8-2-1 in figures I-C-3.7 and I-C-3.8. Sections 6-1-1 and 7-1-1 were 

sampled on the srure day, while section 8-2-1 was sampled on the following 

day. The reach between sections 6-1 and 7-1 will be discussed later con

cerning scouring, and the reach between sections 7-1 and 8-2 will be 

discussed with shoaling. 

The bifurcation of flow occurring at transect 9 is apparent 

from figures I-C-3.7 and I-C-3.8 for sections 7-1-1 and 8-2-1, respectively. 

The largest values of depth, mean flow velocity, unit water discharge, 

and unit suspended-sediment discharge all occurred close to the left 

bank. Note that the navigation channel is along the right banl<. Figure 

I-C-3.9 shows the l ateral distr i but ion at section 9-1- 1 , where the deepest 

par t of the tTIU1sect i.s n<)ar t he r i ght hank when ! the navi gat i on c h:um<! I 
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is located. Table I-C-3.1 SUl111'RI'izes the percentages of water discharges 

and sed.ilrent discharges through side channels 7-2-1 and 9-2-1. 

Section 

7-1-1 

7-2-1 

9-1-1 

9-2-1 

Table I-C-3.1 

Water and Sedilrent Discharges at Sections 7 and 9 

Date 

070578 

070678 

070778 

070778 

Q 
(cfs) 

101,830 

161155 
~/~=16% 

96,800 

301271 
Q2/~=31% 

Qs QB 
(tons/day) (tons/day) 

89,467 1,958 

131280 102 
Qs2/Qs1=15% '932/QB1=5% 

62,925 630 

221956 77 
Qs2/Qs1=36% QB2/~1=12% 

Figures I-C-3.9 and I-C-3.10, which depict sections 9-1-1 and 

10-1-1, respectively, show that the rmximum unit bed-load discharges occurred 

near the left bank. The flow was very turbulent near the upstream tip 

of Huff Island during the first trip. The splitting of the flow around 

Huff Island and the presence of a suhnerged wing dam extending from the 

left bank upstream from section 9-1 created turbulence which caused the 

large bed-load IIDvement. The figure of section 10-1-1 shows that the mean 

velocity was fairly unifonn across the transect, although the depth changed 

significantly. The rmximum unit flow discharge occurred near the right 

banlc ,vhere the channel was the deepest, but the largest flow concentrations 

and unit bed-load discharges were found in the shallower area near the 

left bank. 

Figures I-C-3.11, I-C-3.12, and I-C-3.13 show the lateral distri

butions at sections 11-1-1, 11-2-1, and 12-1-1, respectively. The width of 

the main channel decreases considerably between sections 9-1 and 11-1, 

with a corresponding increase in flow depth. The figure of section 11-1-1 

shows that depths of over 35 f t were measured near the right bank. As 

seen in figure I-A.l, section 11-2 could be treated as three smaller sub

sections. Flow from the two subsections nearer the right bank reentered 

the main channel upstream from section 12, but the flow through the sub

section nearer the left bank continued along the back side of an island 
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and re-entered the main channel downstream from section 12. The largest 

depths, mean flow velocities, and unit water and suspended-sediment dis

charges at section 11-2-1 v..ere measured in the subsection nearer the left 

bank, but the largest unit bed-load discharge occurred in the center sub

section and thereafter joined the nnin channel flow upstream from section 

12-1. Al though the flow qu.anti ties varied considerably across section 

11-2-1, the median bed-material size and mean concentration v..ere practi

cally constant. The width of the main channel doubled from section 11-1 

to section 12-1 which was the widest main-channel section of the study 

reach. For section 12-1-1, shown in figure I-C-3.13, the two distinct 

peaks in the unit bed-load-discharge distribution each represent the down

stream effect of the sediment discharged through sections 11-1-1 and 11-2-1. 

Figures I-C-3.14 through I-C-3.26 for sections 1-2-2 through 

12-1-2, respectively, present the lateral distributions computed from the 

data obtained during the second trip. Water discharges for the second trip 

were low, typically one-third of those during the first trip. Bed-load 

discharges were also extrerrely s:nall and therefore large percentage dif

ferences resulted, which were subject to error. 

Figure I-C-3.14 shows the lateral distributions at section 1-2-2. 

Similar to the first trip, the largest value for mean suspended-sediment 

concentration was measured near the right bank. This concentration was 

the downstream effect from the confluence of the DMR and :MR. The mean 

sediment concentration in the Il.ffi. on the previous day was roughly 100 ppm. 

Another possible effect on the sediment concentration and bed-load measure

ments taken near the right bank of this section was the dredge-spoil

rEm:>val operation being done by the Corps of Engineers, Rock Island District 

(CDE(RI)). Sand was being taken off near the south end of Fox Island by 

crane and transported upstream in barges to L&D 19 for cofferdam construc

tion. Minor anounts of sand being spilled into the river may have affected 

the measurerrents taken near this location. 

The lateral distributions at sections 2-1-2 and 3-2-2 are shown 

in figures I-C-3.15 and I-C-3.16, respectively. The increases in the 

depth, mean velocity, and unit bed-load discharge observed near the left 

bank of section 2-1-2 compared with section 1-2-2 were caused by the flow 

betv..een the srmll downstream i s land and Taylor Island. The mean concentra

tion wc1,.s fIID.l l cr i n t he center o f t he section , as w,1s seen f'or Lh< : r i r~-;t, 
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trip. The decreased flow velocities :in the shallow center of the section, 

which reduced the suspended-sedilrent transport capacity, and the downstream 

bifurcation of flow at section 3 caused the low mean concentration observed. 

At section 3-2-2, the larger unit bed-load discharge measured near the 

right bank was produced by the unstable upstream tip of Buzzard Island. 

The source of the high mean concentration observed near the left bank was 

caused by a flow with rrore suspended sedilrent from the side channel beh:ind 

Taylor Island, or by the :increased sediment-transport capacity of the secon

dary currents fonned as the thalweg crossed the river between sections 2-1 

and 3-2. 

Figures I-C-3.17 and I-C-3.18 present the lateral distributions at 

sections 4-1-2 and 5-1-2, respectively. The highest mean suspended-sedilrent 

concentration at section 4-1-2 occurred at the right bank, as was the 

case :in the first trip, due to the combination of the unstable upstream 

tip of Buzzard Island and the downstream :influence of the suspended-sediment 

:inflow from the Thffi. At section 5-1-2, very coarse meuian particle sizes 

cont:inued to be found roughly 400 feet from the left bank, as seen :in figure 

I-C-3.18. Close to the left bank at this section, where the flow depth 

was only 2.9 ft, the surface flow was upstream and thus gave negative 

values for the mean flow velocity and suspended-sedilrent load. 

The lateral variations at sections 6-1-2 through 9-1-2 are 

presented :in figures I-C-3.19 through I-C-3.22, respectively. This area 

near the downstream tip of Buzzard Island is regarded as a problem shoal:ing 

area that requires occasional dredg:ing. The figures show that although 

the magnitude of the unit flow discharge rema:ined nearly constant from sec

tion 6-1-2 through section 7-1-2, the rm.xi.mum unit suspended-sedilrent dis

charge doubled, while the unit bed-load discharge rena:ined :insignificant 

at section 7-1-2. The :increased suspended-sediment load suggests that 

scour:ing was occurring between these tv.D sections. Precise :interpreta-

tion is difficult since the measurements at these tv.D stations were made 

on different days (section 6-1-2 on 18 August 1978; section 7-1-2 on 21 

August 1978). Between these dates, the water discharge :increased by an 

estimated 22 percent. However, TTX)::tsurerrents at sections 7-1-2 and 8-2-2 

were taken on the srure day. 111e figures for these sections reveal that the! 

rmximum unit suspended-sedilrent discharge at section 8-2-2 was roughly 

one-half of its rmxinrum value at section 7-1-2. The observed reduction :in 

the sediment-transport capacity of the river is attributable to the shoaling 

problem observed :in this area. 
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There are three general features of the MR in this shoaling 

area that reduce the sediment-transport capacity of the flow. First, 

the river width increases from section 7-1 to section 8-2, which increases 

the cross-sectional flow area. For the srure discharge, the increased flow 

area decreases the rrean flow velocity, resulting in a decrease in the 

sediment-transport capacity. Consequently, the excess sediment is deposited 

until an equilibrium is achieved between the sediment-transport capacity and 

sediment input. Second, the thahreg crosses the river from the left bank 

at section 5-1 to the right bank at section 9-1. Near the middle of this 

crossing an inflection, or so-called 11cross-over11
, results. The cross-, 

over region generally lacks the strong secondary currents produced by 

bends in the river that significantly increase the sediment-transport capa

city of the flow. Finally, the bifurcation of the flow between transects 

6 and 9 reduces the main channel flow and therefore diminishes the 

sediment transport capacity. 

Specific features of sections 7-1-2 to 9-1-2 will now be dis

cussed. Figures I-C-3.20 and I-C-3.21 of sections 7-1-2 and 8-2-2 show that 

the larger depths and unit water discharges occurred near the left bank 

of Hunt Island, although the larger rrean suspended-sediment concentrations 

and unit suspended-sediment discharges occurred over the navigation 

channel near the right bank of Buzzard Island. During the first trip, 

the larger unit suspended-sediment discharges were measured near the 

left bank at sections 7-1-1 and 8-2-1. It is surmised that the larger 

flow discharges during the first trip caused a greater extent of lateral 

dispersion of suspended sediment around Buzzard Island than the smaller 

discharges during the second trip. The tv.o peaks seen in the unit bed-load

discharge distribution over the shallower central part of section 8-2-2 

were due to the effect of the bifurcation downstream at transect 9. The 

figure for section 9-1-2 shows that the largest depths, unit water, and 

suspended-sediment discharges occurred along the navigation channel near 

the right bank. Note, though, that the largest rrean velocities were rreas

ured near the left bank where the flow bifurcated around the upstream 

tip of Huff Island. The bed load samples collected at this section were 

negligible. Table I-C-3.2 surrrnarizes the percentages of water and sediment 

discharges that flowed into the side-channel sections 7-2-2 and 9-2-2. 
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Table I-C-3.2 

Water and Sediment Discharg;es at Sections 7 and 9 

Section Date Q Qs QB 
(cfs) (tons/day) (tons/day) 

7-1-2 082178 44,509 13,458 30 

7-2-2 082178 4 1010 467 0.07 
Qs2/Qs1=3% '½1~=9% QB2/~1=0.2% 

9-1-2 082278 30,703 
, 

4,281 1.4 

9-2-2 082278 7,592 669 0.3 
'½/~=25% Qs2/Qsl=l6% ~7~1=21% 

The lateral distributions at sections 10-1-2, 11-1-2, 11-2-2, 

and 12-1-2 are presented in figures I-C-3.23 through I-C-3.26, respectively. 

The figure of section 10-1-2 shows that the larg;est flow quantities were 

measured near the right bank where the navigation channel was located. 

At section 11-1-2, bed-material samples near the right bank consisted 

mainly of coarse gravels, while samples near the left bank were mainly 

silt and clay. The figure of section 11-2-2 shows that the larg;est unit 

bed-load discharg;e (although negligible) was measured in the middle sub

section of the transect, as was seen for the first trip. However, the 

mean flow velocities were slightly greater in this middle subsection instead 

of in the subsection nearest the left bank, as was the case for the first 

trip. Note that the figure of section 12-1-2 (figure I-C-3.26) shows 

that the bed-material composition near the right bank chang;ed appreciably 

from the first trip and was due to the deposition that occurred here between 

trips, which will be discussed later. 

4. longitudinal distributions. longitudinal distributions of 

the rrajor flow and sediment quantities are plotted for the main-channel 

sections in figures I-C--4.1 and I-C.4.2, and for the complete river 

cross sections in figure I-C--4.3. The longitudinal variations of water 

discharge, Q; suspended-sediment discharge, Q
8

; and bed-load discharge, 

C~; aro µrcscntc~d :Ln Liguros T-C--1\. l and I-C.1.:3, whHc the variations of' 
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unit water discharge q ( =Q/W) , mean flow velocity U (=-OJA) , unit suspended

sediment discharge qs (==Q,s/W), unit bed-load discharge qB (=QB/W), and mean 

median bed-material size, :550 , are presinted in figure I-C-4.2. 

The flow and sediment discharges for the caiplete river width were 

approximated by adding the flow and sediment discharges of the appropriate 

side-channel section(s) to the discharges measured in the main-channel 

section. Side channels were chosen according to their location and the day 

that their discharges were measured. Since the flow and sediment discharges 

estimated for the canplete river sections, shown in figure I-C-4.3, vary 

little fran the discharges in the main-channel sections, shown in figure 

I-C-4.1, the following discussions will focus on the latter figure, with 

similar results implied from the figure I-C-4.3. When comparing the general 

trends bet~n the figures I-C-4.1 and I-C-4.3, note that several of the 

scales have been changed. In these figures, the sections are equally spaced 

on the horizontal scale, which is not intended to represent actual distances 

between stations. Also, sections ·were not always sampled in order; samples 

from section 11-1-1 were collected on 10 July 1978, while samples fran 

section 10-1-1 were collected on 11 July 1981. Interpretation of the longi

tudinal variations along the study reach is difficult since the MR or any 

other natural river is not a steady-state systan. The quantities calculated 

and plotted for each section were measured during a time of roughly 4 hours, 

while the canplete set of data for each trip was collected over a period of 

approximately 2 weeks, during which a number of outside influences could 

alter the river flow and sediment characteristics. The longitudinal dis

tributions will be discussed next . Note the use of subscripts and different 

scales to denote the tv.D trips (e.g. , QBl and Q132 ) . 

For the first trip, a sharp increase in the bed-load discharge 

was observed between sections 1-2-1 and 2-1-1. The measurements v.~re 

made on consecutive days (section l-~-1 on 26 June 1978; section 2-1-1 on 

27 June 1978). Although the bed-load discharge increased, the water and 

suspended-sediment discharges decreased. As seen in figure I-A.1, section 

2-1 was located at a river bend, where the r.iain channel width was narrower 

tlmn at sectjon 1-2. The narrower river width reducc"d the cross-secUon 

area and jncrcas<'d the rrcan r low v<~ lo<'. i Ly, wl1 kh, Lo a mi nor c)xL<mt, 
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increased the bed- load-transport capacity. The strong secondary currents 

occurring in the river bend are the primary cause of the bed- load nnverrent. 

The entirely different cross-sectional profiles of sections 1- 2 and 2- 1 

shown in figure I-C-2 .1 illustrate the effect the secondary currents have 

had along the right bank of section 2-1. The tributary inflow from the 

Fox River, which entered the MR approximately 1.5 mi upstream from section 

2- 1, might have also contributed to the large bed-load nnverrent. No flow 

rooasurerrents were taken in the Fox River, so a comparioon was not possible. 

The bed- load discharge decreased at the next several sections downstream 

from section 2-1- 1. 

Heavy rains throughout Iowa during the first trip on 25 and 27 

June 1978 caused the increased water and suspended- sedirrent discharges rreasured 

at section 4-1-1 on 29 June 1978. These high discharges gradually diminished 

over the following week. 

Although the water and suspended- sedirrent discharges continued 

to decrease at sections 6- 1-1 and 7- 1-1, the bed- load discharge displayed 

a significant rise at section 7-1-1 and then decreased at section 8- 2- 1 . 

Table I-C-4.1 swrmarizes the flow and sediroont discharges rooasured during 

the first trip at sections 6, 7, and 8 . The bed- load discharge increased by 

a factor of 5 at transects 6 and 7, which suggests that scouring was taking 

place along this reach. The cross-sectional profiles of section 7- 1 in 

figure I-C-2.1 indicate that sorre scouring had occurred here between trips. 

Although roughly 16 percent of the main channel flow entered the side channel 

(section 7- 2) and the river width increased between sections 6- 1 and 7-1, 

the cross-sectional area decreased from an estimated 39,200 ft2 at section 

6- 1-1 to 31,600 ft
2 

at section 7-1- 1. Estimation of the percentage of 

water discharge from section 6- 1 that muld flow through section 7- 1, based 

on the first-trip rreasurerrents, gives a 7 percent increase in the rrean 

flow velocity. This increased rrean flow velocity \\Ould increase the amount 

of bed load being transported at section 7-1, although not to the extent 

that was observed during the first trip. 
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Table I-C-4.1 

Water and Sedi.rrent Discharges at Sections 6, 7, and 8 

Section Date Q Qs QB 
(cfs) (tonsLday) (tonsLday) 

6-1-1 070578 123,949 118,541 414 

7-1-1 070578 101,830 88,467 1,958 
7-2-1 070678 16,155 13,280 102 

117,985 102,747 2,060 

8-2-1 070678 108,694 75,43e 681 

Since measurements for sections 7-1-1 and 8-2-1 were taken on con-

secutive days, flow discharges should canpare favorably. Although the flow 

discharge increased slightly fran 7-1-1 to 8-2-1, the suspended-sedirnent dis

charge decreased and the bed-load discharge at 8-2-1 was only one-third of 

that at 7-1-1. The mean velocity, U, had a slight reduction fran 3.22 ft/s 

to 3.04 ft/s as the cross-sectional area increased fran 31,600 ft2 to 35,700 

ft2 . For the same discharge, the mean flow velocity ,rould decrease roughly 

10 percent fran sections 7-1 to 8-2. This reduced mean velocity v.ould decrease 

the sediment-transport capacity of the river, thus causing the deposition of 

sediment in the reach betv.een sections 7-1 and 8-2. This area located near 

the downstream tip of Buzzard Island, as discussed earlier, is known for its 

frequent shoaling problans (Nakato and Kennedy,1977). 

During 7-9 July 1978, heavy rain and flooding in northv.Bst Iowa 

caused an increase in flow along the MR. The effect of this rain is seen in 

the large water and suspended-sediment discharges at sections 10-1, 11-1, and 

12-1. Note that part of the large increase observed in the water discharge 

betv.Ben sections 11-1 and 12-1 was due to the incaning flow through section 

11-2. Table I-C-4.2 surrmarizes the water and sediment discharges through 

sections 11 and 12 for the first trip. The numbers in parentheses indicate 

the percentage of the respective total discharge passing through side channel 

11-2. 
A water discharge of 115,767 cfs v.as measured on 11 July 1978 

at sectj_on 10-1. Since the water discharge measured on the previous day 

at section Jl-1 wc-1.s approximately 2 percent larr.;cr, there was practj_calJy 

no (·.hangc in t.lH' !'low <·.oncliLiom, l'r<rn 10 Lo 11 ,T11ly 1078, clurin~•: wllic:ll 

Lrunsccts 11 and 12 \V{~rc mca.c.;u1·<'<.I. 'J'hc..m l'rc.xn <0.ot1LirndLy co11:--;iclc i rat.lons, 

the water or sed:i..rrcnt discharges at section 12-1-1 should cl osc] y approxJmaLc I 

I 
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Section 

11-1-1 

11-2-1 

12-1-1 

Table I--C-4.2 Water and Sediment Dischargses at Stations 11 and 12 

Date 

071078 

071078 

071178 

Q 

(cfs) 

Q1 = 118,558 

~= 64,772 (35%) 

Qs 

(tons/day) 

Qsl = 188,646 

Qs2 = 91,454 (33%) 

Q1 + 0'2 = 183,330 Qsl + Qs2 = 280,100 

159,183 202,245 

QB 

(tons/ day) 

QBl = 733 

QB2 = 864 (54%) 

QBl + Q132 = 1,597 

516 

V, 
w 
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the discharge measured at section 11-1-1 plus part of the incoming dis-

charge from section 11-2-1. ApproxirrRtely 54 percent of the water, sus

pended-secl.ilrent, and bed-load discharges measured at section 11-2-1 entered 

the main channel upstream from section 12-1-1. Using this 54 percent approxi

mation, the main-channel water discharge at section 12-1, estirrRted frorn 

section 11, differed by less than 4 percent from the water discharge meas

ured at section 12-1. However, the bed-load discharge measured at section 

12-1-1 was less than that measured at section 11-1-1, without considering 

the extra bed-load discharge passed through section 11-2-1 into the main 

channel. In addition, an estirrRted 49,800 tons/day of the suspended-sediment 

discharge at section 11-2-1 entered the main channel upstream from section 

12-1 through the tv.o subsections nearer the right bank of section 11-2-1. 

When added to the suspended-secl.ilrent discharge through section 11-1-1, 

the total exceeds the suspended-secl.ilrent discharge measured at section 

12-1-1 by nearly 20 percent. The reduction in bed-load discharge resulted 

from the smaller flow velocity at section 12-1, compared to those at 

sections 11-1 and 11-2. The mean velocity, U, shown in figure I-C-4.2, 

decreased from 3.71 ft/sat section 11-1-1 to 3.25 ft/sat section 12-1-1 

due to the increased river width. The lateral distributions at sections 

11-1-1, 11-2-1, and 12-1-1 in figures I-C-3.11, I-C-3.12, and I-C-3.13, 

respectively, show this velocity decrease in greater detail across the 

transects. The lower flow velocities across section 12-1-1 diminished the 

secl.ilrent-transport capacity of the river, which, therefore, reduced the 

suspended-sedim2nt and bed-load discharges. The cross-section profiles 

of section 12-1 in figure I-C-2.1 show that deposition occurred over rrost 

of the bed, with up to 7-ft rises in the bed elevation. This reach of the 

MR is sufficiently wide and deep that large anounts of secl.ilrent deposition 

presently do not critically affect the navigation channel. According to 

COE (RI), depths of over 60 ft have been measured in the main channel tv.o 

miles downstream, at RM 345. 

TI1e water discharge during the second trip showed only minor 

fluctuations, as seen in figures I-C-4.1 and I-C-4.2. Note that part o[ 

the drop in water discharge downstream rrom section 8-2-2 w..1s clue to the 

f low bifurcation at transect 9. Most of the flow through the side channc I , 

section 8-2-2, reentered the main channel through section 11-2-2 and 

caused some of the subsequent rise in water discharge at section 12-1-2. 
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Distinct peaks occurred in the suspended-sediment and bed-load 

discharg-es at section 7-1-2. This coincidence of peaks is interesting, 

since these sediment quantities were calculated independently of each other. 

This peaking occurred in the sarr.e shoaling area that was discussed for 

the first trip except now the sediment discharg-es decreased toward trans

ect 9, instead of transect 8. Table I--C-4.3 surrmu'izes the measured 

flow quantities and sampling dates for sections 6 through 9. 

Table I-C-4.3 

Water and Sediment Discharges at Sections 6 through 9 

Section Date Q Qs ~ (cfs) (tons/day) (tons/day) 

6-1-2 081878 39,790 4,046 3.2 

7-1-2 082178 44,509 13,458 30.0 
7-2-2 082178 4,010 467 0.07 

48,519 13,925 30.07 

8-1-2 082278 1,363 243 0.3 
8-2-2 082178 46,400 8,523 21.0 

47,763 8,766 21.3 

9-1-2 082278 30,703 4,281 1.4 
9-2-2 082278 7,592 669 0.3 

38,295 4,950 1.7 

Due to the chang-es in flow conditions between the days when 

sections 6 and 7 were measured, the primary cause of the increased sedi

ment discharge observed at section 7 cannot be resolved. Since measure

ments at sections 7-1-2 and 8-2-2 were completed on the sarr.e day, the water 

and sediment dischargses should compare closely. The 4 percent difference 

seen in the water discharg-e was due to inaccuracies of the measurements 

and any minor flow fluctuations that occurred during the 8-hr sampling 

period. The significant reduction in the suspended-sediment discharge 

illustrates the decreased sediment-transport capacity of the flow at sec

tion 8-2-2. The overnight decrease in flow conditions from 21 to 22 August 

1978 is believed to have caused the diminished sediment discharges that 

were measured at transect 9. 
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The longitudinal profile of the composite median diarreter, D50 , 

shows that the particle sizes were generally finer during the second trip. 

This decrease in i550 was likely due to the frequent rains throughout the 

1:lidwest during June and July, which produced high water discharges and flow 

velocities in the MR that transported large annunts of fine sediment. These 

high flow conditions were evident during the first trip. The second 

trip in August, however, found water discharges and flow velocities roughly 

one-third and one-half, respectively, of those measured during the first 

trip. This reduction in flow significantly decreased the river's sediment

transport capacity oo that the suspended-sediment discharges during the 

second trip were only approximately 4 percent of those during the first 

trip. Consequently, part of the sediment that was in suspension during the 

first trip settled out of the flow and becarre bed material. The sedir.12nt 

deposited fran the lower flows was finer than the median particle size in 

the existing bed, which resulted in a higher proportion of fine sediment, 

and therefore a finer median bed-material size. 

One final observation was that the composite median diarreter, D50 , 

at section 12-1 was larger during the second trip than the first trip. 

This observation is in ~O"I"eement with the previous discussion, since the 

bed load deposited at section 12-1 carre frcxn upstream reaches where the 

mean particle size was larger. 

5. Velocity and suspended-sediment-concentration profiles. 

Velocity and concentration profiles were constructed for the DMR and the 

main-channel sections of the MR where detailed flow velocity and suspended

sediment-concentration measurements were taken. The method of least 

squares was used to calculate the equation of the line representing each 

velocity and suspended-sediment-concentration profile. Representative 

profiles are shown in figure I-C-5.1 for the vertical 141 m from the right 

bank of section 9-1-1. 

The velocity profiles were represented by the well-known loga-

rithmic relation: 

LI = 
~.:;ti* 

K 
log ( y / d) + < ·.ons L. ( I . I ) 

where u* = lgd.S; g is the gravitational constant; S is the energy slope; 
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and K is the Kannan constant. The quantity 2.3 u*,k was detennined for 

each velocity profile as the increrrent in velocity over a logarithmic 

cycle of y. The shear velocity, u*, was computed using the water-surface 

slope between the upstream and downstream pool elevations at Keokuk, Iowa, 

and Canton, }fissouri, respectively, and the depth of flow at the vertical. 

Finally, K was obtained fran the calculated values of 2. 3u*/K and u*. 

The velocity profiles of the first trip exhibited a steeper 

slope than the velocity profiles of the second trip. The energy gradients 

of the first trip were greater than those of the second trip by a factor 

of approximately 5. Since the 1rean flow depth in the pool was rraintained 

fairly constant by the downstream gate operation, the larger energy gra

dients caused larger values of u*. Qmsequently, the quantity 2. 3¾ jK in 

(1.1) was larger which caused the velocity profiles of the first trip to 

be inclined rrore than those for the second trip. 

The concentration profiles were represented by the Rouse equa

tion: 

_g_ = (d-y ~ )z 
Ca y d-a (1.2) 

where z = -8w is the Rouse number; w is the particle fall velocity; s is 
KU* 

the ratio between the sedilrent and rro1renturn turbulence exchange coeffi-

cients; and c.a represents the suspended-sedilrent concentration at so1re 

reference level, a, above the river bed. The values of the Rouse number 

detennined from the concentration profiles of the first and second trips 

are tabulated in table I-C-4.4. As can be seen in the table, the values 

of z were generally smaller during the first trip than the second trip. 

The smaller values of z that resulted from the near-vertical concentration 

profiles indicate that the suspended-sedilrent concentration was unifonnly 

distributed over the deeper, highly turbulent flows of the first trip. 

All but t\ID of the concentration profiles had positive values for z, which 

indicate the generally observed increase of suspended-sediment concentration 

fran the water surface to the river bed (increasing (d-y)/y). The tv.o 

negative values calculated for z resulted from the least-squares analysis 

of inexact suspended-sedilrent concentration rreasure1rents, which \I.ere less 

than 50 ppn at both sections and varied less than 7 ppm over the flow 

depth. The table aloo lists the values of the Karrran constant, K , 
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I 
I Table I-C-4.4 

I Calculated Values of u*' K, C, and z for the Major Verticals 

I 
Section and Distance from u* K c z 
Trip No. R.B. (m) (ft/ s) (ppm) 

I 13-1-1 99 0.241 0.30 1791 0.0076 
1-2-1 162 0.170 0.26 621 0.032 
2-1-1 174 0.168 0.31 218 0.037 

I 3-2-1 353 0.187 0.42 142 0.161 
4-1-1 183 0.211 0.44 1193 0.018 
5-1-1 260 0.210 0.52 690 0.015 

I 
6-1-1 206 0.206 0.26 428 0.016 
7-1-1 111 0.181 0.46 431 0.0081 
8-2-1 151 0.179 0.53 258 0.051 
9-1-1 141 0.186 0.55 292 0.030 

I 10-1-1 36 0.191 0.32 422 0.015 
11-1-1 30 0.230 0.29 679 0.0094 
12-1-1 294 0.199 0.40 465 0.0018 

I 
13-1-1 80 0.235 0.98 358 0.024 

13-1-2 86 0.145 0.82 101 0 .175 
1-2-2 170 0.075 0.25 35 0.036 

I 2-1-2 56 0.072 0.32 84 0.163 
3-2-2 262 0.089 0.21 21 0.126 
4-1-2 305 0.073 0.46 26 0.081 

I 5-1-2 246 0.078 0.66 26 0.063 
6-1-2 188 0.078 0.60 31 0.038 
7-1-2 119 0.080 0.40 182 0.013 

I 
8-2-2 141 0.075 0.46 147 0.073 
9-1-2 124 0.077 0.35 72 0.041 

10-1-2 44 0.078 0.25 69 0.168 
11-1-2 19 0.092 0.65 31 -0.012 

I 12-1-2 291 0.075 0.35 47 -0.0026 

I 
I 
I 
I 
I 
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calculated from the logarithmic velocity profiles, and the mean suspended

sediment concentration, C, detennined from depth-integrated suspended

sedilrent samples. These values exhibit a large anount of scatter, espe

cial ly f or the sm.ller concentrations observed during the second trip and 

for tbose points representing the DJR. Computed values of K ranged from 

0.21 to 0.98, while for clear fluids, the value of K is approximately 0.4. 

One last observation was that the calculated values of z at 

section 7-1 for both trips were consistently lov.Br than those at nearby 

sections. l.ov.Br values of z signify IIDre unifonnly distributed suspended

sediment-concentration profiles. Note that section 7-1 also had consis

tently high bed-load discharges, as seen in figures I-C-4.1 and I-C-4.2. 

This section is just upstream from the problem shoaling region near the 

downstream tip of Buzzard Island. 

6. Flow and sediment-discharge relationships. Figures I-C-6 .1 

and I-C-6.2 ill ustrate the empirical power-law relationships that were 

formulated between the unit bed-load discharge, qB' and water discharge, 

Q, using the method of least squares. Figure I-C-6.1 presents the correla

tion between qB and U for the main- and side-channel sections along the MR 
study reach. Note that only sections with values of qB greater than 10-3 

tons/ft/day were included. Although the side-channel sections were gen

erally much snaller in cross-sectional area and had smaller water and 

sedilrent discharges than the main-channel sections, the unit bed-load dis

charges and mean flow velocities for both the main- and side-channel sec

tions were of comparable magnitude. The result for the least-squares analy

sis yielded 

qB = 6.36 x 10-4 u5.5 (1. 3) 

Figure I-C-6.2 illustrates the re~ationship between qB and U 

for the main-channel sections (including section 11- 2- 1), which is r epr e-

sented by 

qB = 5.66 X 10-4 u5.7 (1.4) 

'l'lt i:--; <'l )lt ,11 ion ~,hllw:--; t.h:1 !. q
1
; i :--; V<'t 'Y :--;c•Jl~; i Li vc• Lo d 1. 1.11i~c•s i11 l l , :1 1H I U1:tl . :1 l 

l 'l't ·v 1•n l. i ll(' l '(': t~,l' i 11 1 lt(' llll':111 !'low vvlO\ · i Ly \~H1lrl lx· c•x.pc·c· l.c·<I l.1> p 1·c>(h l('.<• 
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approxirmtely a 6-percent increase in the unit bect-loc>,d c:1.ischarge. The 

expected increase in the unit bed-load discharge for an increase in the 

rrean flow velocity can be estimated from (1.4). For example, closing 
side channel 9-2 '\IDuld increase the rrean flow velocity through section 

9-1 by an estimated 28 percent (the average of the values of 31 percent 

during the first trip and 25 percent during the second trip, as listed 

in tables I-C-3 .1 and I-C-3. 2, respectively) , assuming the cross-sectional 

area rerrained constant. From (1.4),this increased flow velocity would 

be expected to increase the unit bed-load discharge in section 9-1 by 

a factor of approximately 2.6. Similarly, the closure of section 7-2 

v.ould increase U in section 7-1 by an estimated 12 percent (the average 

of the values of 16 percent during the first trip and 9 percent during 

the second trip , as shown in tables I-C-3.1 and I-C-3.2, respectively), 

assuming a constant cross-sectional area. This increased U v.ould be 

expected to increase the bed-load discharge through section 7-1 by approxi

mately 68 percent. 

Figure I-C-6.3 shows the correlation between the suspended-sedi

rrent discharge, Q , and the water discharge, Q, for the MR rrain-channel 
s 

sections (note that section 11-2 was included due to its large flow dis-

charge) . The power-law relation is 

QS = 1.44 X 10-8 Q2.5 (1.5) 

The suspended-sedirr:Ent discharge is not as sensitive to changes in the 

water discharge as the unit bed-load discharge is to changes in the rrean 

flow velocity. It is shown by (1.5) that for the 28 percent average 

increase in Q expected if section 9-2 v.ere closed, the suspended-sediment 

discharge through section 9-1 v.ould increase by 70 percent. The 12 per

cent average increase in Q through section 7-1 expected if section 7-2 

-were closed v.ould increase the suspended-sedilrent discharge through secti on 

7-1 by approxirrately 30 percent. Therefore, the closure of section 7-2 

or 9-2 v.ould significantly increase both the bed-load and suspended

scdfoDnt discharges t hrough tho rrai n c:hanne l. /\ee.o r cli..nr;ly, i L can be 

c.ond uded LhaL Lile c l.os trrl~ o r c i Lllt)t" :,; idti sc<:L ion \\Oul u h<'lp a l l l!Vi a l.c 

t he shoali ng probloo near t he downstream tip of Buzzard Isl;md . 
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One final point v.Drth rrentioning is the portion that the bed

load discharge contributed to the rreasured total-load discharge,~= 

~ + Qs. From the data collected during this study, it appeared that in 

all but a few sections the bed-load discharge constituted less than 1 per

cent of the total rreasured sediment discharge, especially for the low dis

charges during the second trip. Note that the suspended-sediment los,cl 

was considered to be prin:arily wash load. 

D. CDnclusions. The principal conclusions derived from the 

present study are sumnarized as follows: 

1. There are three general features of the MR near the shoaling 

reach at Buzzard Island to which the shoaling problem is attributed. First, 

the rm.in-channel flow bifurcates at t\.\D locations in this reach. Second, 

the river widens and reduces the sediment-transport capacity since the 

increased cross-sectional flow area decreases the rrean flow velocity. Finally, 

located near the downstream tip of Buzzard Island is a cross--0ver reach 

which generally lacks the strong secondary currents that are produced by 

bends in the river and significantly increase the sediment-transport capa

city of the flow there. 

2. The sedirrent causing the shoaling problem originates prin:arily 

from the IMR. The smaJ.ler energy slope and velocity of the MR, in compari

son with those of the Thl.R, are unable to transport the coarse sediment 

inflow from the DMR, and deposition results. 

3. During the high discharges typical of the first trip, the 

large flow velocities in the MR swept the sedirrent inflow from the DMR 

abruptly downstream fran the confluence. Since the river exhibits little 

curvature downstream from the confluence, the cross-stream mixing was grad

ual. CDnsequently, the rrean suspended-sedirrent concentrations rreasured 

at the dovvnstream sections were considerably higher near the right bank, 

and continued so for roughly 12 mi. In addition, the first-trip rreasure

ments revealed that the right bank suspended-sedirrent concentrations 6 to 

10 mi downstream from the confluence v.ere roughly one-third of ihc conc<m

trations measured in the DMR. 
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4. The velocity profiles of the rrnjor verticals along the 

study reach were described well by the logarithmic relation, given by 

(1.1). The Karman constant, K, was found to vary widely for concentra

tions less than 1,800 ppn, when plotted against the rrean suspended

sediment concentrations measured at the respective verticals. This 

variation was especially true for the DMR and the sna.11 concentrations 

found in the MR during the second trip. The suspended-sedirrent-concen

tration profiles for the rrnjor verticals were generally well-described by 

the Rouse distribution, given by (1.2). 

5. Measurerr.ents revealed a significant increase in the bed.

load discharge at section 7-1, upstream from the shoaling area, with a 

subsequent decrease in the bed-load discharge at section 8-2 imrediately 

downstream from the shoaling area. It was also found that the river bed 

had been scoured at section 7-1 between the tirre that the tv.D trips 

were conducted. 

6. Power-law relations fonnulated for the rrnin-channel sections, 

given by (1.4) and (1.5), show that the unit bed-load discharge, qB' varies 

as the 5.7-power of the rrean flow velocity, U, while the suspended-sedirrent 

discharge, Q, varies as the 2.5-power of the water discharge, Q. 
s 

7. Flow rreasurerrents showed that approximately 12 percent of 

the main-channel flow entered the side channel, section 7-2, while IIDre 

than 25 percent of the rrnin-channel flow entered the side channel, section 

9-2. This flow bifurcation reduces the main-channel rrean velocity, ,;,mich 

in turn diminishes the sedirrent-transport capacity and causes sedirrent 

deposition. Application of the power-law relation leads to estirrntes that 

closure of section 7-2 v.ould increase the bed-load discharge and suspended

sedirrent discharge through section 7-1 by approxirrntely 70 percent and 

30 percent, respectively. Similarly, the closure of section 9-2 v.ould in

crease the bed-load discharge by a factor of 2.6, and increase the suspended

sedirrent discharge by roughly 70 percent . Hence, it v.ould appear that 

closure o[ either section 7-2 or 9-2 v.ould significantly help in alleviating 

the shoal inp.: prolJlern. Noto that the nsL.irmtrn-; !'or L:x:rth so.et ions wc•re oh-

L:1 i nnl liy ;1~;:--a11ni1w; 1.llnL Lh(• crm-;:;- ::1!1 : l.inn;il l'low ar<•a:: l'or :;c:l'.l.io11:: 7 -- 1 i1t11I 

~J-:2 \\\Hild t'<'11ni11 nilaLivt)ly ('om;l.:1.11L :11'L1•1· 1·l!l::t11·1!. 
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8. The effect that the increased sed:im:mt discharge v.ould 

have on the reach downstream from the shoaling area after the closure 

of the side channels appears minor. In spite of the low flow reg:ime during 

the second trip, depths rreasured along the navigation channel at section 

12-1 v.ere v.ell over 25 ft, and thus posed no problem to navigation. More

over, flow depths of over 60 ft have been recorded in the zm.in channel 

by CDE (RI) 2 mi farther downstream, at RM 345. Thus, it v.ould appear 

that the extra sediment being transported and possibly deposited through 

this downstream reach as a result of the closure of sections 7-2 or 9-2 

muld not critically affect the navigation channel. 
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II. AN EVAUJATION OF FOOR NUMERICAL !.ODEI.S 

Pool 20 of the MR, extending upstream from L&D 20 at Canton, 

Missouri, to L&D 19 at Keokuk, Iowa, was the site of t\\D recent field 

studies conducted by the IIHR (Nakato and Kennedy, 1977; Vadnal, 1979) . 

localized areas of shoaling near Fox Island, RM 355-56, and Buzzard Is

land, RM 349-50, presented troublesorre conditions for barge navigation due 

to the shallow water depths that resulted. A mathermtical, computer-based 

m:xiel able to simulate the flow conditions in this reach \\Duld be extremely 

useful for the prediction of future deposition and scour trends, as v-Bll 

as for a comparison of the predicted consequences resulting from the imple

mentation of various proposed corrective measures. Nurmrous mathematical 

m:xiels representing the state of the art are currently available. This 

section of the report evaluates the performance of four nurmrical rrodels 

that v.Bre applied to the Pool 20 reach of the MR (RM 343.2 - 364.2). These 

m::xlels include: the HEC-6 rrodel developed by the Hydrologic Engineering 

Center, U.S. Anny Corps of Engineers; the UUWSR and SUSR m::xlels developed 

at Colorado State University; and the CHAR2 rrodel developed by Sogreah, a 

consulting finn in Grenoble, France. 

A. The HEC-6 :Mathematical 1Wel. 

1. General rrodel description. The HEC-6 mathematical rrodel was 

supplied by the Hydrologic Engineering Center (HEC) , U.S. Army Corps of 

Engineers. The rrodel is a one--dirrensional steady-flow simulation program 

designed to analyze scour and deposition in rivers and reservoirs. Cross 

sections are each subdivided into a part which has a rrovable bed, and a 

Part with a fixed bed. The entire rrovable-bed portion rroves vertically, 

due to degradation and aggradation, while the other part rermins fixed 

throughout the simulation. The rrodel cannot simulate the developrrent of 

meanders, the lateral distribution of sediment load across a cross section, 

or density and secondary currents. Bed fonns are considered only indirectly 

by varying :Manning's roughness coefficient (n) with water discharge or 

stage elevation. Additional features of the rrodel include its ability to 

account for sedirrent particle a.mnri.ng and drcdgjng operations. 
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The initial IIHR field study took place from May through September 

1976, while the canplerrentary study occurred frCT.1 June through August 1978. 

Consequently, the data from the 1978 study provided the basis for evaluating 

the results sought from a mathermtical program that utilized the 1976 data 

for its initial conditions. Thus, the mxlel-study procedure first required 

the conversion of the infonnation gathered from the 1976 field study into 

data that v.rere used for the initial conditions of the rrodel. The HEC-6 

simulation rrodel program was then run using rronthly-, v.reekly-, and daily

averaged flow quantities for the 28-rronth period from May 1976 through 

August 1978. The results of the three runs are discussed and, where pos

sible, compared to the infonnation gathered during the 1978 field study. 

Finally, an evaluation of the applicability of the HEX::-6 mathermtical rrodel 

for predicting deposition and scour trends is made. 

Figure II-A-1.1 shows a detailed index map of the study reach along 

the MR. Figure II-A-1.2 presents a schematic IIDdel outline of the reach. 

Twenty-seven cross sections v.rere included over the 21-mile reach betv.reen 

the upstream boundary at Keokuk, Iowa (l&D 19) and the downstream boundary 

at Canton, Missouri (1.&D 20). Note that the tributary entry point for 

the D:MR is at RM 361.4. 

The description of the data required for the rrodel is presented 

in section 2, while section 3 describes the rrodel calibration. Section 4 

explains several sensitivity tests that were made, and section 5 presents the 

results of the simulation runs. 

2. Data availability. 

a. Georretric data. Cross sections within the problem-shoaling 

areas near Fox and Buzzard Islands v.rere obtained from the 1976 field study. 

Other cross sections v.rere obtained from topographic maps of the area that 

were canpiled in a 1945 survey by the CDE(RI) . The cross sections taken 

directly from the 1976 field-study report were rrore detailed and included 

the cross-sectional areas of adjacent side channels. Reach lengths betv.reen 

cross sections vary from 0.16 mi in one of the shoaling areas to 1.2 mi at 

the upstrenrn rrodel boundary, with a typical reach length of 1. 0 mi. The 

rrovable-bed portion of each of the field- study cross sections was chosen 

to correspond to that portion of the bed with a bed-rmterial particle-

size distribution primariJy in the sand range. For other cross sections, 

the rrovabJ e-bcd port ion Wd.S ehoscn on the basis of engj nccri Df( ,j udr,mcmt and 

cx[)<Jrj <mc.c. 
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b. Sediment data. The sediment data required for the rrodel con

sist of the boundary inflowing sediment loads and their size gradations 

for the DMR and MR, along with the bed-rraterial size gradation for each 

cross section. A 10-year record of water and suspended-sediment discharges 

measured directly downstream from l&D 19 was used to formulate a logarithmic 

water-sediment-inflow relationship. Figure II-A-2.1 shows the least

squares fit of the rronthly-averaged data and the derived transport rela

tionship: 

QS = 2.39 X 10-8 Q2.44 (2.1) 

in which Q (tons/day) is suspended-load discharge and Q(cfs) is water 
s 

discharge. Table II-A-2 .1 presents the breakdown of the suspended-sediment 

load into standard size classifications and percentages of total load for 

the MR. Note that only one size fraction of silt was considered, although 

four sizes are available in the HEC-6 program. Transport relationships 

vtere then formulated for each size fraction. Since the upstream boundary 

of the rrodel is directly downstream from a lock and dam, the bed-load 

discharge was asswred to be negligible due to the settling effect of par

ticles in the backwater area approaching the dam. In general, the sus

pended load of the MR in the study reach consists aJ.rrost entirely of wash 

load. The sediment-discharge records used are considered to be reliable, 

and thus, the equation from the least-squares fit was applied throughout 

the study without rrodification. 

Table II-A-2.1 

Particle-Size Distribution as Percent of Suspended load 
(Mississippi River at Keokuk, IA) 

Classification and Size 

Clay 
( < O. 004 mn) 

Silt (medium) 
(0.016-0.031 rrm) 

Very Fine Sand 
(0.0625-0.125 rrm) 

Percent of Suspended load 

25.6 

73.8 

0.6 
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Sed:irrent-discharge records for the DMR near Keokuk, Iowa, are 

not as complete as those ·records for the MR. Therefore, only an approxi

mate water-sediment-discharge relationship was formulated from four rrnnths 

of daily suspended-sedi.rrent rreasurerrents taken at St. Francisville, Mis

oouri, by the USGS. The initial water-sedirrent-discharge relation obtained 

from a least-squares analysis is 

QS = 5.284 X 10-5 Q2.10 (2.2) 

Similarly, a least-squares analysis of the bed-load discharge versus the 

water discharge gives the relation: 

~ = 1.19 X 10-8 Q2.59 (2.3) 

in which ~ (tons/day) is the bed-load discharge. Table II-A.2.2 shows 

the size fractions and their percentages of the suspended-sediment dis

charge and bed-load discharge for the DMR, which are of considerable impor

tance when analyzing the sedirrent-transport capacity of the MR downstream 

from the confluence of the tv.o rivers. The larger energy gradient of the 

DMR permits it to transport much coarser particles than the MR, as can be 

seen by comparing tables II-A-2.1 and 2. The larger-sized particles 

that are discharged into the MR from the DMR are consequently deposited in 

the areas where other features of the MR, such as cross-overs, interact to 

decrease the sedirrent-transport capacity of the flow. 

As rrentioned previously, the sediment data on which the two 

IMR relationships for the suspended- and bed-load discharges are based 

do not represent complete records, and oo the derived relationships are 

questionable and may require rrndification to better simulate conditions 

observed during the field studies. 

The bed-material composition of each cross section was obtained 

either directly from the 1976 field study, or by assuming that nearby 

cross sections had identical compositions to those cross sections surveyed 

in the 1976 study. The five sections from RM 343.2 to RM 347.0 used the 

bed-material compositions from the 1978 study, since the 1976 s tudy reach 

did not extend that far downstream. 
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Table 11 - A- 2 . 2 

Particle- Size Distribution as Percent of Suspended and Bed Loads 
(Des Moines Ri ver) 

Classification and Size 

Clay 
(< 0.004 mm) 

S i It ( med i um) 
<0 . 016- 0 . 031 mm) 

Very Fine Sand 
(0.0625-0 . 125 mm) 

Fine Sand 
(0 . 125-0 . 250 mm) 

Medium Sand 
(0.25- 0 . 50 mm) 

Coarse Sand 
( 0 . 5- I . 0 mm) 

Very Coarse Sand 
( I . 0- 2 • 0 mm) 

Very Fine Gravel 
(2.0- 4.0 mm) 

Fine Grave I 
(4 . 0- 8 . 0 mm) 

Percent of Suspended Load 

15 . 0 

60 . 0 

25 . 0 

Pe rcent of Bed Load 

I .-6 

8 . 0 

50 . 0 

25.6 

10.2 

4 .6 
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c. Hydrologic data. The required hydrologic data consist of 

the :MR water-discharge hydrograph, the water-surface elevation, and the 

water temperature at L&D 20. This location and its flow conditions repre

sent the downstream boundary and the downstream boundary conditions of the 

m::x:lel. In addition, the water-discharge hydrograph of the DMR rrrust be 

known. This hydrograph was used as a boundary condition for the tributary 

inflow :[X)int. 

The water-discharge hydrographs of the MR at L&D 20 and the 

Il.ffi were employed to compile the rronthly-, weekly-, and daily-averaged 

flow conditions that were used for the rrodel study. The same averaging 

was done for the water-surface elevations at L&D 20. However, only rronthly

averaged water temperatures were employed during the study. The tempera

tures are necessary for the computation of sedim:::)nt particle fall veloc

ities. 

3. M'.:>del calibrations. There are three general features of an 

alluvial stream that a calibrated mathermtical m::x:lel should reproduce at least 

approximately, when compared with actual field observations. These features 

are: 

(1) Water-surface profiles for a range of flow discharges, 

(2) Sedim:::)nt-tranS:[X)rt quantities, and 

(3) General bed-profile trends. 

The first step was to develop a rating curve that \IDuld give 

Manning's n of the main-channel sections in the study reach for the complete 

range of flow discharges expected in the MR. Using the daily-averaged 

quantities for the D.ffi flow discharge, plus the water-surface elevation 

and the flow discharge at Canton, the HEC-6 rrodel was run for one-day 

tim:::) intervals using a wide range of flow discharges. For each daily

averaged discharge used, a value of n was selected so that the computed 

upstream water-surface elevation would correctly match the rreasured value 

at L&D 19. A linear inter:[X)lation of the results using the least-squares 

rrethod was made, the result of which is shown in figure II-A-3.1, and the 

relation is expressed by 

-8 n = 9.50 x 10 Q + 0.0101 for Q ::_ 118,000 cfs 

n = 0.0213 for Q _:::._ 118,000 cfs 

(2.4) 

(2.5) 
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Note that these relations v.Bre used to describe the Ira.in channel only. 

A constant value of n = 0.06 was selected for use in the rrodel for all 

overbank subsections. 

From the rating curve for a test set of daily discharges, it 

was found that the maxirrrum error introduced in the upstream water-surface 

elevation at Keokuk was of the order ±0.5 ft. Because the water-surface 

elevation at the I<eokuk hydroelectric plant varies ±0.5 ft during the 

day due to varying pov.Br generating demmds, the rating curve ,vas judged 

to be adequate and ,vas employed throughout the study. 

After determination of the prediction for n, the next step was 

to reproduce the sediment-transport quantities obtained from field measure

rrents. The ~-6 program was run using flow conditions typical of those 

found during the 1978 field study. 

The program significantly underestiimted the sedirrent discharges 

measured in the field. Consequently, the water-sedirrent-inflow relation

ship for the DMR, which was questionable from the start, was rrodified as 

follows. On the days that sediment- and water-discharge measurements v-Bre 

taken on the DMR during the 1978 study, another cross section that was 

measured downstream on the sane or a consecutive day was chosen. The simu

lated sediment-discharge input from the D.1R was compared with the sedi.rrent 

discharge measured in the field. M::>dified suspended-sediment and bed-load 

discharges -rere then computed by multiplying each of the suspended-sedirrent 

and bed-load discharges predicted from the original relationship by the ratio 

of the field--rreasured and simulated quantities. This calculation yielded 

a rrodified set of water- and sediment-discharge quantities, through which 

least-squares fits gave the following altered water-sediment-inflow 

formulas: 
QS = 8.27 X 10-6 Q2.40 

~ = 1.87 X 10-9 Q2.89 
(2.6) 

(2.7) 

The program was run again utilizing the new formulas, and the 

computed total sedirrent loads,~= Qs +~'that resulted were found to 

be in Im1ch better agreerr:ent with the field measurements. Table II-A-3.1 

shows the original and rrodified sets of sedirrent-inflow relations used 

for the llffi in the~ computation of sedirrent discharge at specific 

locations in the MR study reach. The difference at RM 346.97 was expected 
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because the rrodel cannot adequately simulate the significant sedilrent 

contribution from a side channel upstream from this section. In other 

v,ords, the rrodel cannot account for effects due to channel bifurcation . 

In addition, the rrodel underestimated the sedilrent discharges during the 

tv.o low-flow periods. However, the MR is in a comparatively static or 

stable condition during low flows, so the discrepancies occuring during 

similar periods of low flow are not considered critical to the rrodel per

fonnance. 

River 
Mile 

346.97 

350.83 

354.89 

351.87 

346.97 

Table II-A-3.1 

Comparison of Total SedinBnt Discharges Using Original 
and Modified Des Moines River Rating Curves 

Water Field Original ivbdified 
Discharge Measured ~ (tons/day) ~ (tons/day) 
Q(cfs) ~ (tons/day) 

159,183 223,544 126,997 157,872 

142,010 200,534 124,916 210,273 

107,869 106,509 61,125 103,335 

47,257 5,538 1,783 1,816 

42,727 4,621 563 565 

Finally, the calibrated rrodel should reproduce general bed-profile 

trends. A 4-m:mth run frcm .May through August 1978 was compiled to acquire 

a rough idea of how well the rrodel results v.ould approximate the 1978 field 

study results. Figure II-A-3.2 shows the simulated-bed fluctuation of the 

rronthly-averaged flo\vs of June and August 1978 compared to the results from 

the tv.o different sampling periods during the 1978 field study. This 

run employed general cross sections obtained from the topographic maps. 

The detailed cross sections from the 1976 field study v.Bre included in 

the rrodel during later runs. The rrrxlel shows fairly good agreerrent with 

field rreasurernents. The bed elevation from field rreasurernents was approxi

mated by subtracting the rrean depth (i.e., cross-sectional area divided by 

river width) frcm the water-surface elevation. The bed elevation of the 

second trip (14-24 August 1978) was then subtracted from the bed elevation 

of the first trip (26 June-11 July 1978) at the respective study sections 

to obtain the points plotted in the figure. The figure displays the fairly 
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erratic changes that \rere found over short distances during the field 

study. The differences clearly derronstrate the problem that is encoun

tered when trying to compare three-dilrensional phenoirena and ireasureirents 

acquired from field studies to simulated results that are obtained from 

one-di.nensional rmtharatical m:xiels. Note that after the raxlel calibration, 

additional cross sections \rere compiled from the 1976 field study to in

clude rrore detail with respect to side channels and cross- section geon-etry 

in the m:xiel. 

In Sl.lIIIII:l.rY, the calibration procedure entailed first fonnulating a 

rating curve that \\Ould give an indication of the rmin-channel roughness 

through a value of Manning's n for a given flow discharge. The resulting 

relation produced a ma.ximum error between the computed and daily-averaged 

upstream boundary VJ'ater-surface elevation of not rrore than ±0.5 ft. This 

error was felt to be insignificant since varying power dermnds throughout 

the day at the hydro-electric plant produced fluctuations of ±o.5 ft in 

the VJ'ater-surface elevation. 

Next, sedilrent discharges computed from simulation runs were found 

to be much less than the sedilrent discharges ireasured in the field. Con

sequently the VJ'ater-sedilrent-inflow fonnula for the DMR, which was initially 

questionable, was revised to better approxirmte the field ireasureirents, 

while the MR VJ'ater-sediirent-inflow relation at 1.&D 19 was left unchanged 

since it was based on a 10-year record and was considered to be accurate. 

Sediirent discharges computed from simulation runs with the new DMR rela

tions better approxirmted sedi.nent discharges ireasured in the MR, although 

the discharges were still underestirmted during low-flow :periods. Because 

the higher flow regilres seeired to be adequately rrodeled and are considered 

rrore important when trying to represent a dynamic river system, while lower 

flow regiires \rere relatively stable with little change in river conditions, 

no further revisions \rere made. 

The final check was to observe the general trends of the bed-profile 

variation with tilre. Results from a simulation run showed scour and depo

sition trends similar to the 1978 f ield-study observations. The final 

r evisions of the calibrated rrodel were inclusion of additional and rrore 

detailed cross sections at locations identical to those studied during 

the 1976 study, and incorporation of a dredging o:peration that the CDE (RI) 

perJ'omcd on 4 September 1978 noar the tip o f Buzzard I s land between nM :Yt9 

:uitl :~!lO. 
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It should be mentioned that nnre research into the effects of varying 

the bed-material compositions, the percentages of the various size frac

tions composing the total transported sediment load, and water-sediment

inflow formulas could produce a better-calibrated r.ndel. 

4. Sensitivity analysis. 

a. Values of Manning' s n. The effect of values of Manning' s n on 

the water-surface profile can be seen in figure II-A-4.1. Varying n from 

0.0164 to 0.0210 changes the upstream water-surface elevation by only 1.4 

ft for a flow discharge of 80,600 cfs in a 21-mi reach. However, the impor

tance of the water-surface elevation is in its involverrent in the calcula

tion of the capacity of the flow to transport the sand-sized particles. 

Figure II-A-4.2 shows, for identical water discharge, how much the sand

sized-sediment discharge may vary depending on the value of n used in 

calculating the sediment-transport rate. The silt- and clay-sized sedi

rrent discharges depend alnnst entirely on the water discharge, and so are 

not affected by n. The ar:rount of sand being transported, deposited, 

and scoured determines the consequent thalweg--elevation shift, which in 

turn affects the sand-transport capacity of the flow. Hence, because 

of the intricate dependence ar:rong the variables described here, the rela

tionship involving n should be formulated from reliable field data. 

b. Water temperatures. Water temperatures are used by the computer 

program in the calculation of fall velocities. The emphasis is placed 

on the sand-sized sediment particles, which determine the resulting bed 

profile. Figure II-A-4.3 exhibits the difference in the transported sand 

discharges for tv.o fairly extrerre temperatures. However, the water tem

perature seldom undergues large fluctuations within a week, so rough esti

mates of temperatures may be used with reasonable confidence. 

c. Bed-material profiles. Several short sirrulation runs were 

made using different bed-material compositions to examine the effects of 

the bcd-rrutcriaJ si.½e distributton on th<, <X>mputational results. Four 

signi.fican tly di.[ [crent bed-material profiles v,urc produced w:i. Lh the 

median size, D
50

, ranging from 0.35 rrm to 1.12 rrm. One profile was 
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inserted into five cross sections covering a four-mile reach and run for 

a seven-day trial period using a flow discharge of 42,727 cfs. The other 

three bed-material profiles were then alternately inserted, and similar 

trial runs were made. The results obtained showed that the coarser bed.

material profile (larger D50) produced greater sand discharges, in the 

vicinity of the test reach. However, the differences in these sand dis

charges were not significant, and the thalweg elevation and silt and clay 

discharges remained practically constant for all runs. Note that a low 

water discharge was used and that the use of higher water discharges v.ould 

possibly have produced rrore significant differences. In the example 

cited above, it did not appear that the program was particularly sensi

tive to the bed-material compositions initially used as input data. This 

lack of sensitivity is advantageous since there is no standard procedure 

available to guide selection of the number of bed-material samples fran a 

field study necessary to ccmpile a canposite size-distribution profile 

for the entire cross section. However, the ability of the HEC--6 program 

to incorporate a full bed-material profile places it above rrost other rmthe

matical rrodels that generally require only one representative size, commnly 

taken as n50 . 

The HEC--6 program's ability to include a full bed-material pro

file seems to pennit it to better simulate the scouring and deposition 

process, and the arnoring process. Furthernore, although the initial bed

material compositions need not be particularly accurate, the final profiles 

obtained after long-run durations v.ould indeed embody the deposition and 

scouring effects fran the nurrerous sedirrent-size fractions input to the 

rrodel. Hov.ever, as will be seen, the characteristic parameters describing 

the bed-material profiles can vary widely over short periods of tim2 

and over slx:>rt distances. Hence, the advantage of a rrodel' s capability to 

include a full bed-material profile is that the interaction of a wide range 

of particle sizes will be represented during the simulation of the depo

sition and scouring processes. Therefore , the rrodel v,ould be able to r e

flect actual river phenorrena to a rrore realistic extent. 

5. Discussion of results from the simulation runs. 

Bed profiles. Fi~e II-A-5.1 shows the final thalweg elc-a. -
vations obtained from the runs us in~ t he rmnthly-, weckl y-, and clan y-
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averaged flow quantities for the period May 1976 through August 1978. The 

thalweg is defined as the deepest point in a channel cross section . In gen

eral, there are only sna.11 differences rurong the results of the three simu

lation runs. The similarity is valuable since the cost of running 

the program using the \reekly- and daily-averaged quantities was roughly 

too and eight tin:es the cost of the IIDnthly-averaged run, respectively. 

The agreerrent between the !IDdel results and the 1978 field- study results is 

gcx:>d in those areas where the 1IDdel was constructed fran the cross sections 

surveyed during the 1976 field study, but poor in the other areas where 

the cross sections were established from the old topographic rmps. This 

outcome stresses the importance of having accurate cross- section georretries 

obtained from field surveys, from \vhich the initial conditions of a rmthe

rmtical rrodel can be detennined. 

Figure II-A-5.2 shows the net change between the final and initial 

bed profiles for each of the three runs. A positive change denotes depo

sition, while a negative change denotes scouring. The rrodel 's overall trends 

agree \rell with the observations fran the 1976 and 1978 field studies. The 

areas near Fox Island (Rm 355) and Buzzard Island (RM 349.5) are known for 

their recurring shoaling problems, which are indicated by the 1IDdel re

sults, although the 7.6 ft of deposition computed using the 1IDnthly-averaged 

quantities is unreasonable. Deposition was also particularly dominant 

at RM 347 during the 1978 field study, and it is also exhibited by the 

!IDdel results. Finally, deposition oould be expected to occur at the down

stream boundary of the rrodel at L&D 20, due to the particle settling effect 

of the backwater pool. For a supplerrentary comparison, the differences 

in the thal\reg elevations and the rrean bed elevations (i.e., water-surface 

elevation minus the rrean flow depth, d = A/W) between the 1976 and 1978 fiel d 

studies are shown in figure II-A-5.3. 

b. Water-surface profiles. Figure II-A-5.4 shows the varia

tion in the recorded and computed upstream water-surface elevations at 

J..,_lill 19 olJLai_m}d from the simulation run using t he daj] y-averagcd n ow 

quant ities. No te t hat only one rnint pm· week has lxXJn pl otted. The : aµ; r< )<:-

1rent is guod except near days 580 t o 700 , represent ing 1 December 1977 to 

1 April 1978. This disagreerrent is believed to be due to the effect of 

the ice cover in Pool 20 , which prevented the water surface from rising to 
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its free-surface level. Consequently, a larg;er storag;e volurre is required 

in the upstream reach of the pool, thus causing the actual recorded water 

surface elevation at 1.&D 19 to be much higher than muld be nonnally expect
ed f 6r these flow conditions. The overall agreanent derronstrates the 

adequacy of the n-Q relation that was formulated. 

Figure II-A-5.5 presents three representative water-surface pro

files for a high, intermediate, and low water discharg;e obtained from a 

simulation run using daily-averag;ed flow quantities. Similar profiles 

were obtained using the rmnthly- and weekly-averaged flow quantities. As 

seen in the figure, the fonn of a dip in the water-surface profile occured 

at RM 356 for all water-surface profiles. The exact cause of this dip is 

not known, although it is thought to be caused by the sudden channel con

traction experienced between RM 357 and 356, with a subsequent channel ex

pansion between RM 356 and 355. 59. The dip did not appear prior to the 

inclusion of the additional cross sections. 

c. Trap efficiencies, computer titre, and dredging volurres. 

Table II-A-5.1 lists for each of the three runs the total seditrent inflow 

and outflow volurres, the resulting trap efficiency, and the computer titre 

required for the simulation. As can be seen by comparing the three runs, 

the anount of inflowing seditrent volurres increased when shorter titre steps 

were used. Although the sand discharg;e composed only ten percent of the 

total secti.rrent volurre, the sand fraction had an influential role in 

detennining deposition and scour of the river bed. Note that the HEC-6 

program does not consider the rerroval of silt and clay from the bed 

once deposition occurs. 

The ,reekly- and daily-averag;ed flow runs required roughly one

third rrore and four titres, respectively, the anount of computer titre re

quired by the rronthly-averaged-flow runs. In tenns of final cost, however, 

the weekly and daily runs were approximately too and eight titres the cost 

of the rmnthly runs, respectively. However, the results from the three 

different runs do not vary significantly. Therefore, to save titre and 

rroney, the rmnthly- and weekly-averag;ed flow quantities should suffice 

in simulating scour and deposition trends, although during peak flows it 

is advisable to include several periods of daily-averaged flow quantities. 
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Run Type Entry 
Point 

Month I y- 364.2 
Averaged 361 .o 
Quantities 343.2 

Weekly- 364.2 
Averaged 361 .o 
Ouantities 343.2 

Oa i I y- 364.2 
~veraged 361 .0 
Ouantities 343.2 

Table 11-A-5.I 

Comparison of the Simulation Runs Using Monthly-, 
Weekly-, and D~l ly-Averaged Flow Quantities 

Clay Si It 
(ac-ft) (ac-ft) 

Sand 
(ac-ft) 

Inf low Outflow Trap Inf low Outflow Trap Inflow Outflow Trap 
Eff. Eff. Eff. 

4,970 6,609 38 
4,020 7,422 2,368 
8,990 8,233 0.08 14,031 11,286 0.20 2,406 I ,895 0.21 

5,376 7, 150 41 
5,056 9,334 3,008 

10,432 9,673 0.07 16,484 13,722 o. 17 3,049 2, 31 I 0.24 

5,497 7 ,31 I 42 
6, 198 I I ,442 3,731 

I I ,695 10,932 0.07 18,753 15,887 0. 15 3,773 2,452 0.35 

Computer 
Time 

(CPU 
sec) 

765 

I ,053 

3,331 

"' (j\ 

-------------------
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d. Bed-material profiles. The bed-material profiles are 

probably the rmst difficult river characteristic to simulate and to 

canpare with profiles derived f rom field studies. The size distribu-

tion of bed material can vary significantly across a section, ,vhere depo

sition may be occurring in one area, while another area may be undergoing 

scour. NWTErous samples \\ere taken at a cross section in an attempt to 

obtain a representative composite bed-material profile. The HEC-6 program 

is able to incorporate a full bed-material profile at each cross section. 

Hov.Bver, table II-A-5.2 shows how much variation can be expected in the 

fundarrental bed-material parameters over tine and distance. The data 

representing the three sampling trips made during the 1976 field study 

indicate the variations that can be expected due to: (1) the changes that 

the bed-material composition undergoes with tine (in this case, the four

rrPnth period from May to September, 1976) and, (2) the changes resulting 

from the different locations of sampling sites at a particular channel 

cross section. The colurms labeled HEC-6 denote the resulting parameters 

of the three 28-rmnth simulation runs. The last t\\O colurms represent 

the results of the 1978 field study. Ideally, one \\Ould expect the HEC-6 

results to be similar to the 1978 field-study results, although the 

slightly different cross-section locations could cause a difference. 

Overall, these results derronstrate the difficulty in rmdeling and comparing 

the various bed-material parameters, which have been shown to vary with tine 

and location. 

One final point \\Orth mentioning refers to differences obtained 

from the use of different computer systems and languages. Running an 

identical sample program supplied by the HEC on an I:Bt1 370 system yielded 

slightly different results than those obtained by the HEC. Also, the use 

of standard FDRTRAN and :Minnesota FDRTRAN gave slightly different results. 

However, the variations found were of the order of 2: 2 percent, and thus 

are not considered to be significant. 

B. The CSU Mathematical Models. 

1. General rmdel description. 'I\ro mathematical simulation 

nodel s , developed at Colorado State University (CSU), Fort Collins, Color

ado (Chen ruid SiJmns , 1980), ha ve been appl i ed to t he Fbol 20 st udy r each 

at Lh< : r eq u<.:s t or t h<i I Jlal t(J inv< :sL i gaLc t h<! c: l'J'c)c:tivc ncss of' Lil<' nnd< i l s 



'Pa rc rete r River Mi le (mi) 

1976 1978 
Study Study 

Medi 2, 354.93 
Pa rtic le 354.89 
S ize 349.82 
D i:; n (MM ) 349.75 .,,._, 

349.50 
349.45 
349.29 

349.24 
348.98 

348.96 

Gecr:12tric 354.93 
Mear, 354.89 
Part ic le 349.82 
Si ze 349.75 
D C r.iri ) 349.50 

s: 349.45 
349.29 

349. 24 
348.98 

348. 96 

Geornet r i c 354.93 
Sta "csrd 354.89 
Dev is7i on 349.82 
o-f ~2,-:- i c I e 349.75 
Si zs 349.50 
C 349.45 -::: 349.29 

I 

349.24 
348.98 

348 . 96 

Table 11-A-5. 2 

Comparison of Bed-Material Properties 

1976 Study Run Results (HEC-6) 

1st 2nd 3rd 
Trip Trip Trip Month I y Week I y Daily 
0.65 0.60 0.52 0.66 0.66 0.66 

0.38 0.45 0.60 0.43 0.43 0.43 

0.50 0.43 0.44 0.35 0.42 0.42 
0.54 0.74 0.57 0.48 0.50 0.48 

0.45 0.43 0.57 0.44 0.42 0.42 

0.74 0. 66 0.59 0.70 0.68 0.68 

0.41 0.46 0.66 0.36 0.33 0.34 

0.70 0.46 0.43 0.23 0.27 0.26 
0.60 0.89 0.64 0.44 0.54 0.50 

0.50 0.52 0.67 0.48 0.47 0.46 

1.86 I .87 I. 70 I. 94 I. 99 I. 99 

2 .79 I .65 1.69 3.09 3.02 2.95 

2 .20 I. 77 I. 97 3.92 3.82 4.05 
I .81 2.29 I. 84 2.26 I .86 2.00 

I. 77 I .83 I. 93 I . 82 I . 85 I. 90 

1978 Study 

1st 2nd 
Trip Trip 

0.65 0.58 

0.54 0.49 
0.61 0.50 

0.52 0 .49 
0.53 0.46 

0.80 0.70 

0.56 0.53 
0.70 0.60 

0.57 0.61 
0.61 0.53 

2. 16 2.07 

I. 71 2. 14 
2. 12 I .81 

I. 79 2.64 
I. 98 I .85 

'° CXl 

-------------------
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in simulating flow conditions and phenorrena. The first nodel, a one

dirrensional uncoupled-unsteady water and sedirrent routing nodel (UUWSR 

1bdel) employs an implicit nurrerical method for water routing to solve 

the water continuity and rrr:xrentum equations assuming a fixed bed. The 

sedirrent continuity equation for sedirrent routing is then solved at the 

srure time step. The UUWSR rmdel has been applied previously to Pools 

4 through 8 in the Upper MR system ( Sirmns et al. , 1979) . The second 

nodel, a one-dirrensional steady-uncoupled sedirrent routing nodel (SUSR 

1bdel) also assurres a fixed bed, then computes the backwater profile for 

a step discharge by solving the energy equation. The bed-elevation changes 

are detennined at the end of the ti.Ire step by solving the sedirrent con

tinuity equation. The SUSR nodel has been applied to the Yazoo River 

Basin (Sirmns et al. 1978) and has been found to be excellent in studying 

long-term changes in a canplex river system. 

As seen with the HEC-6 rmdel, the first objective was to use 

historical records in addition to data collected from the 1976 field study 

(Nakato and Kennedy, 1977) to establish the initial conditions for the 

1mdels. Simulation runs were then carried out through the ti.Ire of comple

tion of the 1978 field study (Vadnal, 1979), thereby allowing a comparison 

between the field results and those obtained from the nodel predictions. 

Section 2 reports on the construction of the tv.o rmdels using 

the available geometric, sedirrent, and hydrologic data, while section 3 

discusses the calibration of the nodels. Section 4 analyzes the sensitivi

ties of the two rrodels, and section 5 evallW.tes the performance of the two 

rmdels and the results obtained. 

2. Construction of the rmdels. 

a. Data availability. Field data from the tv.o field studies 

conducted by the IIHR v.ere used along with historical records to compile 

the input conditions for the nodels. Geometric data were obtained from 

the 1977 report for cross sections in the problem shoaling area, while 

the other rrodel cross sections v.ere obtained from a 1945 survey conducted 

by CDE(IU). Water ~U1d scdimmt in nows [or the DMn v.erc obtained l'rom 

records and ircasurcrrcnts at St. Fr~mcisvillc, Missouri. Ilydro 1 ogic data 

(water discharge and stage elevations) for LJ',d) 19 and l&D 20 were com-

piled from discharge and stage hydrographs. Sedirrent-discharge relationships 
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at L&D 19 were obtained from rreasurerrents taken there. A preliminary 

relationship was derived for the study reach using the previously discussed 

IIBC-6 program (U.S. Anny Corps of Engineers, 1977). Details of dredging 

operations perfo:rrred during the rrodel study period (May 1976 through August 

1978) also \rere available. 

b. Model c.onstruction. The Pool 20 river reach was divided 

into 27 cross sections with space intervals ranging from 0.2 mi in the 

Fox Island shoaling area to 1.2 mi at L&D 19. Figure II-A-1.1 displays 

the locations of the chosen cross sections and a map of the study area. 

Since the wash loads typical in the MR are generally c.onsidered 

to be transported continually throughout the main flow, only the bed

material discharges affect the river-bed-elevation changes. Consequently, 

only the bed-rraterial discharges were c.onsidered in the rrodels for sedirrent 

routing. However, the 1976 field study found that roughly 10 percent of the 

suspended-load samples c.ollected near the shoaling areas was in the sand-size 

range, while roughly 1 percent of the suspended-load samples c.ollected 

near l&D 19 was in the sand-size range, and approximately 25 percent of 

similar samples taken in the Il.1R c.ontained sand-size particles. 'Thus, 

bed-rraterial-transport relationships \rere derived from the available data 

which inc.orporated the appropriate fraction of the sand-sized particles 

found in suspension. The relation for the general study reach is 

g~i = 9.82 X 10-6 v3.58 (2 . 8) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

where ge.1 is the unit width bed-material discharge in cfs/ft, and V is 

the mean flow velocity in ft/s. This equation was used in both the UUWSR I 
and SUSR rrodels to obtain the sediment-transport rate in Pool 20 by multi-

plying ge.1 by the top channel width. I 
For the sediment input from L&D 19, 

1 

~(1Dl9) = 8.42 x 10-7 V3.5 (2.9) 

where g]]\
1
(1J)lg) is the unit width bed-rrnterial discharge at L&D 19 in 

l'f"s/1'1., :in<I Vis the ' ITI< ' ;1n l'lciw v<·l<H'il.y in f'l./s. 

I 
I 
I 
I 
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For the sedirrent input from the DMR, 

QPM(DMR) = 5. 7 x 10-S Ql. 74 (2.10) 

where ~-1(DMR) is the bed-material discharge :in cfs, and Q is the flow 

discharge :in cfs for the DMR. 

The preliminary n-Q relationship for Pool 20 obta:ined by the 

HEC-6 program was given previously as: 

-8 n = 9.502 x 10 Q + 0.01 for Q .2. 118,000 cfs (2.4) 

n = 0.0213 for Q _:::. 118,000 cfs (2.5) 

Hov.ever, the UUWSR and SUSR rrodels require a power relation of the form: 

b 
n = n (aQ) 

0 

Thus, ( 2 .4) was approximated by 

n = 0.0213 (0.0324)Q0 ·29 

(2.11) 

(2.12) 

At the beginn:ing of the calibration procedure (2.5) and (2.12) were used, 

but \.\ere later nndified to obtain better agreement between measured and 

canputed stage elevations at I.&D 19. 

3. Calibration of the m:xiels. A calibrated mathematical rrodel 

should be able to simulate flow characteristics and georrorphic changes :in 

the m:xieled study reach. Three important factors for simulation are: 

(1) The water discharge and water-surface elevation at computa

tional cross sections, 

(2) The cross-sectional changes, and 

(3) The sedirrent-transport rates. 
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a. Calibration of the UUWSR rrodel. The relations involving n 

\\ere m:xiified to obtain better agreerrent between the measured and computed 

stage hydrographs at the upstream boundary, 1.&D 19, from 1 May 1976 to 

31 August 1976. The rrodifications yielded: 

n = 0.0213 (0.2ll)QO.l3 for Q .:::_ 180,000 cfs (2.13) 

n = 0.0219 for Q ..::_ 180,000 cfs (2.14) 

The utilization of these relations gave differences in stage elevation 

at the upstream boundary typically less than 1 ft , except during the period 

from December 1977 to March 1978 where ice-jam effects caused larger dif

ferences. 

Cross-sectional changes were computed at one Fox Island location 

and at four locations near Buzzard Island. The nod.el was calibrated to 

reproduce the georrorphic changes at these locations. The results of the 

canputations at the five locations are shown in figures II-B-3.1 through 

II-B-3.5 together with the cross-sectional shapes found at the completion 

of the field study in August 1978. Note that for this one-dimensional rrodel, 

the overall bed-area changes were computed at each cross section, and then 

distributed according to relative conveyance to compute the new cross-section 

shapes shown in the figures. This sediment-distribution rrethod is de

scribed by Sirrons and Chen ( 1979) . 

Modifications of the sediment-transport relations, (2.8); (2.9); 

and (2.10), to produce a better calibrated m:xiel were not attempted due to 

the lack of rrore recent detailed information regarding cross-section 

shapes, and the fact that the 1976 and 1973 field studies surveyed dif

ferent cross sections. However, correct trends in the thalweg elevations 

were predicted by the rrndel in the recurrent shoaling areas near Fox Island 

and Buzzard Island, as can be seen in fivrre II-B-3.6. Thus, it appears 

that the calibrated rrodel does adequately simulate georrorphic changes over 

the study reach. 

b. Ca.libration or the~ susn rrodel. /\. similm- proccdLtrc to that 

<l<':-w1·ihed 1'1w Lilt' lllJWSll Mo<l<!l w:1.: , t1 s< ·<I in Lil<• 11ndi f'i<:al.ion:-; 01· l.11<• 1·c ! l:tl.irn1: : 
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involving n. The revised fornrulas are given by 

n = 0.0213 (0.211) QO.l4 for Q 2 133,000 cfs 

n = 0.0234 for Q _:_ 133,000 cfs 

(2.15) 

(2.16) 

These values calculated for n using (2.15) and (2.16) are 

al:xmt 7 percent larger than those values calculated using (2.13) and (2.14) 

in the UUWSR rrodel. The difference is due to: 

(1) The SUSR rrodel uses an energy equation for backwater compu

tations, while the unsteady water-continuity and rrorrentum equations are 

used in the UUWSR rrndel. 

(2) The SUSR rrndel approximates the georretric properties at a 

computational cross section using a povrer relation, while the UUWSR rrodel 

uses linear interpolation of stages versus georrBtric variables (cross

sectional area, top width, and conveyance). 

As ,vith the UUWSR model, differences between the recorded and 

computed stage elevations at l&D 19 for the study period were typically 

less than 1 ft, although ice-jam effects caused larger differences between 

December 1977 and March 1978. 

Cross-sectional shapes that v~re computed using the SUSR rrodel 

are aloo displayed in figures II-B-3.1 through II-B-3.5, and they were com

pared to the final shapes detennined during the 1978 field study. As 

discussed earlier, no further alterations were made to the sedirrent-transport 

equations to obtain a better calibrated rrodel. However, figure II-B-3. 7 

shows that the SUSR rrodel also correctly predicted general aggradation 

trends in the vicinity of the recurrent shoaling area near Fox Island. 

Hence, it appears that the SUSR rrodel also may be used to simulate georror

phic changes over the study reach. 

4. Sensitivity analysis. 

a. Spatial design. Spatial design r efers to a nndel' s repre

sentation of the physical characteristics of a river system, including 

such information as the location of tributaries and data on channel 

properties. In sedirrent studies, the spacing of cross sections can be 

estimated in terms of a particle settling length which is given by 
D 

x=-V (2.17) 
w 
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where xis the particle settling length; Dis the depth of flow; Vis 

the velocity of flow; and w is the fall velocity of the rredian bed-material 

sediment size, n50 . Since the largest anounts of secli!rent are transported 

during high flows, typical high-flow values should be used in (2.17). Using 

a recanrended spacing from lx to lOx (Sinons et al., 1979a), the spacing 

of 0.2 mi to 1.2 mi employed in the rrndels was found to be adequate, although 

effects from varying the cross-section spacing were not investigated. Note, 

hov.Bver, that cross sections should be located in areas of interest, at 

control points, and at places of sudden changes in water-surface profiles. 

b. Temrx>ral design and operational discharge. Temporal design 

refers to a rrndel's ability to simulate changes in the water and sediment 

inputs to a river system with tine, as v.Bll as representing the changes in 

the water and sediment discharges that occur throughout the river system. 

Temporal variations are generally mild in the Pool 20 study reach of the 

MR, and since discharge hydrographs are given on a daily basis, the use of 

a basic one-day time step was considered sufficient and convenient for 

the rrndel. Horever , because changes occurring along the river bed are mini

mal during low flows when sediment-transport rates are SI1Rll, larger time 

steps may be used or smaller discharges can be bypassed to increase the 

effectiveness of the rrndel. As a result of an analysis perforrred on the 

aboolute values of the changes in thal\reg elevations with various discharges, 

those portions of the discharge hydrograph having flows less than 40,000 cfs 

rere bypassed. 

c. Effects of time steps. The average of the aboolute values 

of the differences betv.Ben the canputed and recorded stage elevations at 

I.&D 19 were canpared for four different time intervals (1 day, 3 days, 5 

days, and 10 days). The results indicated that the maximum time step that 

can be used in the UUWSR rrndel without losing significant accuracy is about 

5 days. Similar results rere obtained when the aboolute currulative changes 

of the computed thalweg elevations at each cross section versus tine i,rere 

canpared for the different tine intervals. 

Similar canparioons VvBre made using the SUSR rrndel, but with 

t ime intervals of 1 day, 5 days , 10 days , and 30 days . Computed results 
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\.rere poor when the 30-day tine interval was used. However, the utilization 

of a variable tine step employing longer intervals for sm.ller discharges and 

smrter intervals for larger discharges produced good agreenent with the 

results from a 1-day tine step. Hence, it was shown that the SUSR m:xlel 

could adequately use a variable tine step and still produce accurate results. 

It should be noted that the SUSR rrodel required less canputer tine than the 

UUWSR nod.el. 

5. Discussion of results. Ibth the UUWSR and SUSR rrodels show 

promise in their ability to predict river changes in Pcx::>l 20 of the Upper 

MR. The UUWSR rrodel provided a better stage-elevation prediction, and both 

m:xlels calculated comparable bed-elevation changes. The SUSR rrodel was able 

to use a longer tine step and required less computer tine, implying that the 

SUSR rrodel is better suited than the UUWSR m:xlel for studying long-term 

impacts. 

C. The aIAR2 Mathematical M:ldel. 

1. General m:xlel description. A one-dinensional rr.athematical 

nod.el, OIAR2, was developed by Sogreah, a consulting firm in Grenoble, 

France (Cunge and Perdreau, 1972; Sogreah, 1981). The rrodel consists of 

a one-dllrensional steady-flow equation and a sedinent-continuity equation: 

.L caQ + gy) + g Q\ ~I = o 
ax aA2 D 

(2.18) 

az 1 aG 
(1 - p) at+ b ax= o, G = G(y,z,b,d, ... ) (2.19) 

where Q = Q(x) = flow discharge; A= A(x) = cross-sectional area; y = y(x,t) 

= water-surface elevation; z = z(x,t) = river-bed elevation; D = conveyance 

factor; p = porosity of river-bed sedllrent; b = river-bed width associated 

with a rrovable bed; G = G(x,t) = sedinent discharge; d = sedinent character

istics; and g = gravitational acceleration. It is assurred that flow celer

ities are rrru.ch greater than bed-fonn ,rroverrent, and the flow resistance 

is given by the Manning roughness coefficient which is considered constant 

in tinl=. The bed material is assurred to be horrogeneous. The rrodel considers 

only bed-load transport, allowing the use of one of the Meyer-Peter, Enge] w1<1-

l hnscn, Dtffbys , or l•'.instcin-Brown ronnulas. The numerical schcrm util i7.cd 
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to solve the system of nonlinear hyperbolic partial differential equations 

is an :implicit finite-difference method ,vith a double-sweep procedure 

developed by Cunge and Perdreau ( 1972) • 

2. CHAR2 m:xlel construction. Application of the CHAR2 rrodel 

for Ibol 20 of the .MR first required a general rrodel layout which is shown 

in figure II-C-2 .1. The reach between RM 348 and RM 357, which includes 

tw:> major shoaling area, used a spatial interval of 0.5 mile, while the 

spatial interval for the rest of the reach ranged from 0.8 mile to 1.5 
I 

mile. The input data and boundary conditions utilized were as follows: 

(1) Input data. At each computational point, the main-channel 

cross-section geometry was constructed such that the cross-section profile 

varied laterally in a stepwise manner. Note that only main-channel cross 

sections -were used in the 1mdel construction. At each subsection, median 

bed-material size and bed elevation -were given using available data. The 

porosity of river-bed sediment (0.49) and the kinematic viscosity of water 
-5 2 

(1.08 x 10 ft /s) were assumed to be constant throughout the rrodel cali-

bration period. The constant value of n = 0.023 f t -l/3s was adopted; this 

value was based on the calibration result of the HEC-6 program. The 

Einstein-Brown formula was used to rmdel bed load. 

(2 ) :Boundary conditions. The following boundary conditions were 

given for the m:xlel construction: 

a. At l&D 19 (upstream boundary), the rronthly-averaged MR dis

charge, Q, was given as a function of time, t, for the rmdel calibration 

period. Since 1.&D 19 trapped rrost of the coarse sediments , no sediment 

input at this upstream boundary was considered (note that the CHAR2 program 

considers only bed-load transport). 

b. At the DMR rrouth, the rronthly-averaged DMR discharge was 

given. Total sediment input, ~' from the DMR was calculated as a sum of 

partial suspended-l oad discharge, Qs ' and bed-load discharge, °'B: 

~, ~ c~3 + 0. 25 Qs (2 . 20) 

in which t he factor of 0.25 was employed s ince approxinntely 25 per cent of 

t he ~'l1spcndcd load i n t he um contains sand nntcrials . The quantit ies Q 
s 
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and~ were detennined as functions of Q based on the UffiS and the IIHR 

field data: 

Qs = 3.10 x 10-3 Ql.66 (2.21) 

and 
~ = 1.19 X 10-8 Q2.59 (2.22) 

where Q is in units of cfs, and Qs and~ are in units of tons/day. 

c. At 1&D 20 ( downstream boundary) , the rronthly-averaged pool 

elevation, y, was given as a function oft. 

3. Results of the CHAR2 rrodel calibration. The computer simula

tion was conducted by Sogreah for the ti.Ire period from 1 May 1976 to 31 

August 1978 (28 rronths). As described in the preceding section, rronthly

averaged input data were employed. The computer run utilized a temporal 

computation interval ranging betv.Ben 6 hrs. and 5 days. The computer print

out provided information on water-surface and thalweg elevations, rrean 

velocity, flow discharge, and sedirrent-transport rate at each cross section 

of the study reach. FiQITe II-C-3.1 illustrates the initial longitudinal 

thalweg profile and calculated water-surface profile. The observed water

surface elevation at the upstream boundary (RM 364.2) agrees very well with 

the calculated value. Note that the water-surface elevation at the downstream 

end was given as a boundary condition. Figures II-C-3.2 and II-C-3.3 show 

similar plots fort= 185 days and t = 543 days, respectively. Since there 

are no field data available on thalweg elevations for these days, it is diffi

cult to judge the accuracy of the longitudinal bed-profile prediction. How

ever, the overall prediction of the water-surface profiles seems to be quite 

satisfactory. Figure II-C-3.4 provides both the initial and calculated 

(t = 850 days) thalweg elevations at all computation points as well as 

those which were rreasured by I II-IR and (X)E. Al though the m:xlel considered 

only the bed-load-transport rate, the overall prediction of the thalweg 

elevation seans to be satisfactory except at certain computational points. 

A rough canparison was rmde between the MR bed-load discharges computed from 

the OU\112 program and the approxirmtely equjvalent bed-load disehar12,"c;s rmrn 

Lil< ) 1D78 f'i<'ld ~.;Ludy, co111pt1l.< )d l>y ~-ammin;•: 1.h<· m ia~;urc~<I l,nd-lo;uJ di ~;C'.11:i.ri•:1·:: 



500.0 t = 0 days 
o Observed water surf ace elevations 

490. 0 

r'\ 

I-
LL 480. 0 6= -=: V 

(.f) ~ L 
0 

I 
I-' 

470. 0 ~ I-' 
~ 

/ Q\ I-
< 
> 
w 
_J 

w 460.0 

450.0 

4 40. 0 '-------''------''-----'---'- --'----'-- -~-~-~-~-~-~--_J - __j______J _ _ ~-~~ 
343.0 346.0 349.0 352.0 355.0 358.0 361. 0 364.0 367. 0 370. 0 

RIVER MILE CMI) 
Figure II- C-3.1 Computed water-surface and thalweg profiles (t=O) 

-------------------



-------------------
r---
1 

r--. 
f
LL 
\,J 

(J) 

z 
0 
1--i 

f
< 
> 
w 
_j 

500. 0 r 
I 

1190. 0 L 
I 

I 
L 
' 

I 
480. 0 -=-

i -

L... 
I 

J70 . o L 

t = 185 days 
o Observed. water surface elevations 

\ 
W 460.0 

450. 0 

440.0L__J1_____j _ _j_ _ _l_ _ _1_ _ _1_ _ _t_ _ _j_ _ _L__..J..____..L__L_____Ji.__J_ _ __._----:=-~---=--_._~:::'. 
343.0 346. 0 349. 0 352.0 355.0 358.0 361. 0 364.0 367. 0 370. 0 

RIVER MILE CMI) 
Figure II-C-3.2 Computed water-surface and thalweg profiles (t=l85 days) 

,_. 
,_. 
-..J 



s:~. 0 r- t = 543 days 
o Observed water surface elevations 

~ 
I 
I 

I 
I 4 9~. 0 i-
I· 

I 

" 
i-

I- I '<'7 0 
0----

LL 480. (1 t--'-/ 

(f; 

z 
0 
I--< .! 7C. 0 l.-

I 
I-' 
I-' 

I- I cc 
< i 

~ > ~ I\ (\ LL I\ 
_j 

lJ..J 450. 0 

J50. 0 

4 4 0. 0 t t I t I t I t I t I I I t I I J t I 
343.0 346. 0 349.0 352.0 355.0 358. 0 361. 0 364.0 367.0 370.0 

RIV E R MILE CMI) 
Fi g ur e II-C-3 . 3 Comput ed wate r- su rf a c e a nd tha lweg profil e s (t=543 days ) 

-------------------



-------------------

r'\ 

f
LL 
\,._/ 

(f) 

z 
0 -f-
<( 

> 
w 
_J 

w 

4 70. 0 

465. 0 

460.0 

455. 0 

450. 0 

445. 0 

440. 0 
343.0 

~ 

+ 

* + 

MAY 1976 (INITIAL CONDITION) 
AUG 1978 (CALCULATED: CHAR2) 
AUG 1978 (MEASURED: IIHR) 
SEP 1978 (MEASURED: COE) 

_L. ____ ~-~-~-~-~-~-~- l-~-~-~-~~-~-----~~ 
346.0 349. 0 352.0 355.0 358.0 361. 0 364. 0 367.0 370. 0 

RIVER MILE CMI) 
Figure II-C-3.4 Comparison of computed thalweg elevations with field data (CHAR2) 

----------~ 

...... 

...... 
\.0 



120 

and 25 percent of the rreasured suspended-load discharges. The comparison 

is shown in table II--C-3.1. The 1978 study cross sections chosen ..rere 

those closest to the cross sections rrodeled by CHAR2. The CHAR2 values, 

al though reasonable, generally underestimated the field study values. How

ever, the accuracy of the comparison when adding 25 percent of the suspended

load discharge to the bed-load discharge is unknown. 

River 
Mile 
(HM) 

355.0 
350.0 
349.5 
349.0 
347.0 

355.0 
350.0 
349.5 
349.0 
347.0 

Table II-C-3.1 

Comparison of Bed-load Discharges bet..reen the CHAR2 
Program and 1978 Field Study at Selected locations 

Date Q ~+.25Qs 
(cfs) (tons/day) 

Q(CHAR.2) = 148,842 cfs Date: 29 June 1978 

26 June 107,869 24,524 
30 June 135,596 40,024 
5 July 101,830 24,325 
7 July 96,800 16,361 

11 July 159,133 51,077 

Q(CHAR2) = 62,004 cfs Date: 29 August 1978 

16 Aug 48,687 1,11~· 
17 Aug 38,077 696 
21 Aug 44,509 3,394 
22 Aug 30,703 1,072 
24 Aug 42,727 1,050 

~(CHAR.2) 
(tons/day) 

20,148 
34,573 
29,765 
27,704 
28,391 

1,603 
458 
687 
687 
458 
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D. Surrmary and Reconmendations . The present study consisted of 

t\\O principal parts. PHASE A of the investigation included t\\O campaigns 

to collect and analyze detailed field data in the Rx)l 20 study reach of 

the Mississippi River (MR) between RM 34 7 and 355 and in the Des I1bines 

River (DMR) near its rrouth. These data were used to make diagnoses of 

the recurrent sooaling problan.s in the vicinities of Fox Island and Buzzard 

Island. The anpirical flow-sediment-discharge relationships formulated 

using the data enabled the determination of approximate increases in sediment

transport capacity when side channels were closed to abate shoaling activities 

of the main channel. The data were also utilized to calibrate various numeri

cal rrodels in PHASE B of the study. 

PHASE B included testing of the HEC-6 rrodel (Hydrologic Engineering 

Center, CDrps of Engineers), the UUWSR and SUSR rrodels (CDlorado State 

University), and the CHAR2 rrodel (Sogreah). The HEC-6 program was run at 

The University of Iowa, and the other three rrodels were run by the developers 

using the basic initial and 1:xmndary input data rrodel constructed by the 

Iowa Institute of Hydraulic Research (IIHR) . Although each one-dimensional 

rrodel has its own numerical rrodel characteristics, accurate prediction of 

a longitudinal river- bed profile required them to have in comron the fol

lowing four major factors: (1) accurate initial conditions, including a 

cross-section profile and bed-material size distributions at each computa

tional cross section; (2) accurate boundary conditions such as water and 

sediment inflows along the rrodel boundaries, quantitative expressions of 

suspended- and bed- load discharges and infonra.tion on the size of the sedi

rrent inputs, and stage hydrographs at the upstream and downstream boundaries; 

(3) bed-roughness characteristics at each computational point; and (4) 

reliable sediment-transport fonnulas which describe the sediment-transport 

characteristics in the study reach . It is extrerrely important to understand 

the interrelationship between these factors; an accurate estimate of sediment

transport rate depends entirely on accurate estimates of river- flow charac

teristics which require dctai 1 <xl gcorrctri.c infornntion as \vell as on j n ror

nntion eonecrning bed rouglmcss, which adjusLs it.self' according Lo Lile 

sediment-transport rate. The interaction between the flow and the rrovable 

river bed is a continual, dynamic activity. Therefore, the exclusion of 

even one item listed above can lead to serious errors in computer simula

tions. However, since one can hardly be provided with a complete set of 
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input data in a practical nurrerical application, a number of assumptions 

often have to be made to close the gap in the input information. 

Unfortunately, the study reach lacked certain input data in 

varying degrees; the rrost serious one was a lack of information on georretric 

configurations of the initial MR bed profiles, sedirrent-inflow rates from 

the DMR, and bed-naterial size distributions along the river. 

Sinrulation runs of the aforementioned rrodels all \\Bre rm.de f or a 

28-rronth ti.Ire period bet\\Ben May 1976 and August 1978. The initial 

longitudinal river-bed profiles for the HEC-6, UUSWR, and SUSR rrodels \\Bre 

constructed rrainly using CDE's 1945 topographic naps, except for the cross 

sections measured in 1976 by IIHR. In the CHAR2 rrodel, rrore recent topographic 

data, obtained by CDE in 1974 and 1976, were incorporated for several 

sections. Therefore, the initial conditions for the CHAR2 rrodel and the 

other rrodels were slightly different. The predicted tbalweg elevations 

by the four rrodels were compared with the treasured 1978 values. The 

degree of agreetrent between the computed and treasured values seerrE to be 

alrrost of the sane order for each rrodel. Better agreement was generally 

found in the areas with sufficient input data. As far as the averaging 

period for the input data was concerned, rronthly-averaged input data were 

sufficient in both the HEC-6 and CHAR2 rrodels; whereas the two CSU rrodels 

required a 5-day ti.Ire step for a flow discharge over 100,000 cfs, a 10-day 

ti.Ire step for a discharge between 50,000 cfs and 100,000 cfs, anc. 9., 30-day 

ti.Ire step for a discharge below 50,000 cfs. 

The application of these nurrerical nod.els to predict and evaluate 

rrore accurately the river-bed changes in the study reach requires the 

establishrrent of initial bed profiles at all computation points. This task 

can be accomplished easily by detailed soundings including side channels 

along the reach. Concerning the sedirrent-input infonnation in the DMR, 

sedirrent SaIJI>ling should be continued at st. Francisville, Missouri, to 

establish a meaningful and reliable flow-sedirrent rating curve since the 

um is the maj or source of seclir.Ent r es1xmsible for t he r ecurrent shoal i n~. 

With t hese s imple , supplerrentary data t he calibr ation of onc-<lirrcnsiona1 

rrrxlc l s will ecrLa i.nl y txx~orrc rrr n ·< : r< !l i:i.bl c , and Lhc ·1on1.;-Lc rrn <) l'l'< x·.L or 

s iclc chunnc l e I o s 1..ir(::--; r < x_;c m rK;nu< !d i n Cll: LP Le r I < :: ui I ><: Lei~ L< !cl. /\ I I.I 1m wl 1 :i. 

t ,\0-dirrens ional rrodel has been recently dcvelorx~d by CSU ~mu LcsLed ro r 
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Pool 4 of the MR, the future of such rrodels is still in the dark because 

of the lack of sufficient field data to calibrate (note here that there are 

not sufficient input data for even a ONE-DIMENSIONAL rrodel) and the high 

cost of canputation. It should be emphasized that nl.lIIErical rrodeling 

technology is such that it could predict accurately changes in rrovable river

bed profiles only if sufficiently accurate input data 'IM:lre given. 

Based on the present study, several recomrendations concerning 

the applicability of the tested rrodels to the GREAT-II study reach can be 

nnde. First, the usage of CP..AR.2 is not practical because the program is 

not readily available (a contract with the Sogreah is necessary). However, 

the CHAR2 rrodel is attractive because of the simplicity of its rrodel 

construction, requiring the least input infonmtion anong those rrodels 

tested, and its economic advantages. Second, the CSU rrodels should be 

used in predicting local shoaling areas because of their capability to pre

dict lateral changes in river-bed elevations which neither CIMR2 nor IIBC-6 

is able to provide. Third, HEC-6 should also be used for its capability of 

analyzing river-bed a.nroring processes, although it cannot predict lateral 

changes of bed elevations. Finally, it is strongly recoIIIrended that these 

rrodels be retested for Pool 20 upon compilation of a new set of detailed 

cross-section data. 
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Appendix A Bed-Material Size Distributions 

Table Al Results of Particle-Size Analyses of Bed-Material Samples 

Sec. & Dist. from Sieve Size (mm) & Sample Weight Retained (gm) 

'!'rip No. R.B. (m) 16 8 4 2 1 0.5 0.25 0.125 0.062 PAN TOTAL 

1-1-1 48 0.4 5.0 23.4 64.5 81.0 19.1 3.2 150.1 203.1 

1-2-1 162 5.9 12.9 30.7 133. 3 163.5 13.1 0.4 0.2 360.0 
1-2-1 271 3.0 16.5 47.4 75.8 113.6 86.3 16.4 0.9 0.3 360.2 
1-2-1 473 20.3 48.1 44.1 70.4 109.0 62.8 7.8 0.3 0.1 359.9 
1-2-1 696 0.6 5.1 43.0 191. 3 114. 7 5.1 0.1 0.1 360.0 

1-3-1 50 0.3 0.4 2.1 78.7 359.1 22.4 0.1 463.1 
1-3-1 72 4.3 7.9 23.3 147.1 271.6 8.9 0.1 463.2 

- :> 
f--' 

2-1-1 174 0.8 1.7 3.5 18.3 84.4 112 .1 8.9 0.1 229.8 
2-1-1 227 2.3 16.7 59.0 99.4 44.0 8.1 0.3 229.8 
2-1-1 440 0.8 2.9 15.6 97.5 105.3 7.5 0.1 229.7 
2-1-1 627 0.7 5.0 57.7 152.7 13.6 0.1 0.1 229.9 

3-1-1 107 0.6 6.5 40.3 191. 7 109.3 9.3 3.9 4.5 366.1 

3-2-1 150 1.4 17.7 34.7 56.4 127.0 161. 9 13.6 0.5 0.2 413.4 
3-2-1 353 0 . 4 1.0 6 . 5 183 . 9 211 . 4 10.0 0.2 413.4 
3-2-1 442 2.4 1.8 10.6 158.1 221.5 18.6 0.3 413.3 
3-2-1 623 1.3 1.7 3.2 34.9 202.0 152.1 17.8 0.4 413.4 

4-1-1 115 14.1 50.5 94.7 149.7 144.6 39.1 2.6 0.9 496.2 
4-1-1 183 6.1 5.9 9.3 49.7 327.2 93.9 3.7 0.4 496.2 
4-1-1 373 2.2 13. l 23.6 65.8 209.1 172. 4 9.8 0.2 496.2 
4-1-1 527 116. 5 33.7 33.1 56.0 132.9 111. 9 11.5 0.7 496.3 

5-1-1 122 0.5 1. 2 4.3 84.1 356.l 31.1 0.6 0.1 478.0 

5-1-1 260 3.1 7.9 21. 3 59.6 168.8 185.7 30.0 1.3 0.4 478.1 

5-1-1 346 2.4 3.5 35.5 257.3 164.9 13. 3 0.9 0.2 478.0 

-------------------
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Table Al (cont'd) 

Sec. & Dist. fron 
rI'rip No. R.B. (m) 16 8 
5-1-1 515 322.4 59.l 

6-1-1 61 2.5 
6-1-1 132 5.5 
6-1-1 206 
6-1-1 298 6.3 10.1 
6-1-1 353 3.9 
6-1-1 449 0.9 
6-1-1 531 9.2 
6-1-1 615 

7-1-1 36 1.1 
7-1-1 111 
7-1-1 210 
7-1-1 302 0.9 
7-1-1 385 2.1 
7-1-1 468 11.0 
7-1-1 543 
7-1-1 629 4.8 

7-2-1 125 

8-1-1 54 

8-2-1 63 0.4 
8-2-1 151 
8-2-1 228 0.9 
8-2-1 349 0.7 

Sieve Size (mm) & Sample Weight Retained (gm) 

4 2 1 0.5 0.25 0.125 0.062 
22.6 5.8 6.1 16.0 31.1 13.1 1. 2 

3.2 7.7 20.1 106.2 262.5 25.9 1. 2 
23.1 46.4 57.3 88.1 169.5 36.7 2.4 

2.6 8.6 51.4 171.6 170.5 22.7 1.7 
8.1 10.6 42.9 252.3 84.1 11.9 2.6 
6.8 16.6 38.6 181.3 172.2 9.7 0.3 
0.5 1.0 18.1 261.9 141. 5 4.2 0.5 

12.4 4.7 3.4 15.5 76.4 43.2 4.0 
0.6 0.2 0.3 1. 4 58.7 170.2 43.6 

0.8 1.1 6.4 25.2 56.4 11.6 4.2 
1.6 5.7 23.8 89.2 202.3 21.9 1. 3 
3.4 1.8 8.2 51.3 258.3 23.3 0.8 

15.5 34.1 48.6 108.2 125.5 13.9 0.4 
10.8 37.2 84.2 143.1 63.5 5.6 0.5 
25.8 45.2 61.9 132.8 66.3 3.7 0.3 
4.8 17.0 66.6 164.3 91.0 3.2 0.1 
8.3 36.0 110.7 142.1 34.1 6.1 1.1 

0.1 1.9 12.7 116.1 296.6 56.1 3.0 

1.0 5.2 6.1 78.5 359.1 39.3 4.6 

1. 2 4.4 23.4 122.0 284.0 37.1 1.5 
1. 2 9.7 50.3 174.3 215.4 22.3 0.9 

11.6 37.8 64.2 122.6 202.6 33.2 1.1 
1.6 8.3 37.6 173.6 230.4 21.3 0.8 

PAN 

0.5 

0.2 
0.5 
0.3 
0.7 

1.0 
260.7 
154.5 

240.3 
1.4 
0.1 

0.1 

0.1 
3.9 

1. 3 

0.9 

0.2 
0.2 
0.1 

TOTAL 

477 .9 

429.5 
429.5 
429.4 
429.6 
429.4 
429.6 
429.5 
429.5 

347.1 
347.2 
347.2 
347.1 
347.1 
347.0 
347.1 
347.1 

487 .8 

494.7 

474.2 
474.3 
474.1 
474.3 

:i> 
N 
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Table Al (cont'd) 

Sec. & Dist. fron Sieve Size (mm) & Sample Weight Retained (gm) 
Trip No. R.B. (m) 

16 8 4 2 1 0.5 0.25 0.125 0.062 PAN TOTAL 

8-2-1 437 2.3 14.1 41. 5 85.5 177.1 129. 4 21. 7 2.2 0.5 474.3 
8-2-1 550 3.6 9.2 26.5 92.2 241. 5 98.1 3.1 474.2 
8-2-1 661 2.2 3.0 20.4 212.4 229.6 6.5 0.1 0.1 474.3 
8-2-1 751 1.1 1.4 4.6 99.8 250.l 17.6 2.1 97.4 474.1 

9-1-1 44 0.8 14.0 104.6 303.0 64.6 7.5 0.9 495.4 
9-1-1 141 9.9 33.6 47.3 23.1 40.4 137 .9 134.1 36.6 7.3 25.2 495.4 
9-1-1 228 0.8 7.9 40.9 162.9 249.5 32. 4 1.0 495.4 
9-1-1 327 0.4 9.6 18.6 45.6 114.6 224.5 79.0 3.0 0.1 495.4 
9-1-1 339 3.2 4.8 14.2 50.0 184.6 206.8 31.l 0.8 495.5 
9-1-1 417 5.2 24.9 73.0 156.3 190.l 43.7 2.0 0.1 495.3 
9-1-1 495 2.3 2.8 36.7 265.2 176.2 11.7 0.5 0.1 495.5 
9-1-1 597 2.3 24.5 89.7 138.0 147.1 81.6 11.8 0.5 495.5 
9-1-1 676 8.0 48.2 115.2 179.1 133.4 11.1 0.5 0.1 495.6 

9-2-1 101 2.1 20.9 34.2 72.6 203.l 172.5 7.4 0.1 0.1 513.0 

10-1-1 36 0.9 14.0 66.9 223.7 165.1 12.9 1.8 1. 9 487.2 
10-1-1 107 74.l 99.l 60.4 37.0 24.3 52.5 107.2 29.5 2.3 0 . 7 487.l 
10-1-1 215 5.1 10.9 39.0 145.2 273.3 12.8 0.8 0.1 487.2 
10-1-1 289 0.7 2.2 13.9 55.7 193.4 181. 7 37.2 2.3 0.1 487.2 
10-1-1 378 12.8 23.7 68.8 243.3 122.8 14.8 0.7 0.2 487.l 
10-1-1 479 10. 2 32.6 54.l 85.5 156.3 127.7 18.3 2.2 0.3 487.2 
10-1-1 572 0.4 7.6 28.6 84.9 181. 7 166.3 11.6 5.9 0.2 487.2 
10-1-1 660 1.0 3.5 12.1 48.6 153.6 209.5 55.9 2.7 0.3 487.2 

11-1-1 30 3.6 5.8 41.6 321. 3 110.9 2.2 0.2 485.6 

------------------

P> 
w 
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Table Al (cont'd) 

Sec. & Dist. from 
lrrip No. R.B. (m) 16 8 

111-1-1 83 0.9 
11-1-1 146 
111-1-1 196 
11-1-1 254 
11-1-1 296 
11-1-1 344 
11-1-1 396 

11-2-1 77 
11-2-1 267 15.9 
11-2-1 449 4.0 

12-1-1 52 
12-1-1 161 3.1 
12-1-1 294 
12-1-1 405 0.7 
12-1-1 490 
12-1-1 602 0.5 
12-1-1 700 
12-1-1 816 

13-1-1 34 14.0 
13-1-1 99 2.5 
13-1-1 136 0.8 

13-1-1 95 

13-1-1 45 2.1 

Sieve Size (mm) & Sample Weight Retained (gm) 

4 2 1 0.5 0.25 0.125 0.062 
3.8 16.8 54.5 220.7 185.4 3.1 0.3 
2.3 8.2 30.0 143.0 260.6 39.2 2.3 
0.6 1.5 13. 4 217.7 222.2 28.3 1.8 
0.9 1. 9 12.3 76.1 126.5 55.9 13.1 

0.6 2.3 114. 9 46.8 43.0 
1.0 77.9 77.9 69.3 58.4 

0.2 5.0 10.0 20.3 102.5 270.1 

2.1 19.2 58.3 163.2 136.9 15.5 0.7 
26.9 31.2 51.5 126.5 133.5 10.0 0.3 
11. 9 27.1 54.1 165.3 125.8 7.4 0.2 

0.1 20.4 72.0 35.7 27.0 15.6 
8.9 21.0 36.2 91. 4 77.2 3.1 b. 2 
3.5 3.1 7.1 56.0 153.3 16.8 1.3 
3.2 8.0 20.5 80.3 111.1 16.9 0.6 
0.5 3.7 18.0 75.1 108.2 15.4 2.9 
8.7 14.6 28.3 77.0 97.0 14.5 0.5 
2.0 5.5 12.4 66.9 130.3 23.1 1.0 
0.7 2.3 11. 2 64.7 125.2 36.0 1.0 

45.2 100.1 119.4 69.3 31.8 4.4 1. 7 
11.9 35.8 74.5 96.5 107.6 38.4 17.7 

3.5 12.6 75.4 202.0 73.1 11.7 6.0 

3.5 11.0 53.2 178.7 196. 7 32.3 2.9 

13. 7 35.3 84.4 185.0 152.1 8.3 2.8 

PAN 

0.1 
0.1 
0.3 

199.0 
278.0 
201.1 

77. 4 

0.1 
0.1 
0.1 

70.5 
0.2 
0.2 

17.7 
0.1 
0.1 
0.1 

0.8 
1.9 
1.6 

0.6 

13.6 

TOTAL 
485.6 
485.7 
485.8 
485.7 
485.6 
485.6 
485.5 

396.0 
395.9 
395.9 

241. 3 
241.3 
241.3 
241.3 
241. 5 
241.2 
241.3 
241.2 

386.7 
386.8 
386.7 

478.9 

497.3 

:i:> 
~ 
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[ 

I 
Table A 1 (cont'd) 

pee. & Dist. fron 
fl'rip No. R.B. (rn) 

16 8 

~ 3-1-1 80 23.0 
'13-1-1 136 6.6 
I 

' 1-1-2 51 
I 
11-2-2 46 
I 

'1-2-2 
I 

170 0.8 
!1-2-2 273 
:1-2-2 364 18.0 
1-2-2 482 
1-2-2 566 8.2 
1-2-2 668 
1-2-2 779 

1-3-2 72 

2-1-2 56 

! 
2-1-2 128 3.8 
2-1-2 214 
2-1-2 335 
2-1-2 436 
2-1-2 526 1.0 

12-1-2 621 
12-1-2 I 716 

' 
13-1-2 96 
i 
I 
13-2-2 59 4.7 
'3-2-2 155 2.9 

I 

Sieve Size (mm) & Sample Weight Retained (gm) 

4 2 1 0.5 0.25 0.125 0.062 
28.5 55.6 97.1 141.7 125.6 14.4 2.4 
7.4 17.0 76.3 255.3 103.5 13.2 2.8 

0.7 6.5 48.2 129.1 38.0 1.0 

5.5 4.7 8.2 66.9 161. 5 22.5 0.9 
6.5 23.l 43.8 69.2 80.7 44.1 1. 9 
3.2 9.0 24.7 93.5 129.0 10.8 0.1 

40.9 18.8 23.7 61.7 83.9 22.2 0.8 
10.8 43.8 85.0 82.6 39.5 8.3 0.3 
16.8 15.8 30.0 127.3 65.3 6.7 0.1 

2.8 20.7 49.5 114.0 70.9 12.3 0.1 
2.1 21.7 129.4 107.8 9.0 0.2 

1.2 3.6 11.l 93.9 163.6 5.4 

2.6 12.8 48.5 137.0 47.7 1.1 0.2 
0.5 1.8 13.2 100. 3 123.l 7.0 0.2 
5.2 20.0 39.4 98.0 74.1 12.8 0.3 
0.2 0.6 5.3 98.8 130.2 14.5 0.3 

1.8 25.7 117.5 97.6 7.0 0.2 
1.1 10.5 21.6 69.8 129.7 15.9 0.3 
2.2 9.8 33.2 118. 5 80.9 5.2 0.1 
2.4 16.4 49.8 105.1 70.0 6.1 0.1 

4.0 37.7 80.8 92.6 79.9 23.5 2.2 

18.2 7.8 10.6 79.1 119.4 13.0 1.0 
18.4 12.2 9.7 53.2 143.2 12.8 1.4 

PAN 

9.0 
15.1 

0.2 

0.1 
0.1 

0.2 
0.1 

0.1 

0.7 

0.2 
0.2 

TOTAL 

497.3 
497.2 

223.7 

270.3 
270.2 
270.3 
270.2 
270.4 
270.2 
270.3 
270.2 

278.8 

249.9 
249.9 
249.9 
249.9 
249.8 
249.9 
249.9 
249.9 

321.4 

254.0 
254.0 

> 
V, 

-------------------
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Table Al (cont'd) 

~ec. & Dist. frorr 
ttrip No. R.B. (m) 

16 8 
3-2-2 262 5.5 
3-2-2 364 
3-2-2 461 
3-2-2 568 
3-2-2 667 1.2 
3-2-2 729 1. 3 

4-1-2 37 
4-1-2 117 
4-1-2 221 
14-1-2 305 1.4 
4-1-2 365 
4-1-2 432 
4-1-2 526 
4-1-2 634 

5-1-2 23 4.6 
5-1-2 93 1.0 
5-1-2 180 2.2 
5-1-2 246 0.6 
5-1-2 342 
5-1-2 407 0.9 
5-1-2 496 87.4 63.8 
5-1-2 550 

6-1-2 43 

Sieve Size (mm) & Sample Weight Retained (gm) 

4 2 1 0.5 0.25 0.125 0.062 
9.9 5.8 2.7 34.0 165.4 29.5 1.2 
0.4 0.7 5.6 77. 7 136.6 32.1 0.8 
0.4 1.5 11. 5 77. 2 139.9 23.2 0.4 
0.5 4.5 27.3 114.1 95.2 12.3 0.2 
7.3 8.1 16.7 87.1 123.8 9.4 0.4 
2.3 3.8 5.9 53.2 160.6 26.0 0.9 

0.1 2.6 3.2 10.9 65.1 34.9 2.9 
1.0 7.6 14.4 35.2 56.9 4.9 0.2 
0.5 2.8 12.0 46.7 49.2 8.8 0.2 
5.1 9.3 19.2 40.6 38.6 5.7 0.3 
2.7 1.8 7.4 47.4 56.6 4.2 0.2 

1.6 6.7 34.0 69.5 8.1 0.3 
1.7 0.8 4.0 39.6 66.1 8.0 0.1 

0.4 8.0 46.4 61.8 3.6 

8.7 4.1 4.7 13.8 53.9 106.2 54.0 
1. 9 5.9 4.6 68.7 158.7 20.1 0.3 

14.3 41.9 65.4 75.0 52.3 9.3 0.8 
12.0 27.0 52.5 95.4 57.6 14.8 1.2 
0.4 4.2 25.1 109. 8 112.2 8.6 1.1 
0.2 5.0 29.7 130.4 92.8 2.1 

37.0 11.8 6.3 9.4 26.8 16.5 1.6 
0.2 1.0 21.3 145.2 85.7 

1.1 2.4 10.5 55.7 122.0 16. 4 0.2 

PAN 

0.1 
0.1 

0.1 
0.1 

0.5 
0.1 

0.1 

0.1 

11.4 
0.1 
0.2 
0.2 

0.8 
8.0 

0.1 

TOTAL 
254.1 
254.0 
254.1 
254.1 
254.1 
254.1 

120.2 
120.3 
120.2 
120.3 
120.3 
120.3 
120.3 
120.2 

261.4 
261.3 
261.4 
261.3 
261.4 
261.1 
261.4 
261. 4 

208.4 

:> 
°' 
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Table Al (cont'd) 

Sec. & Dist. fron 
Trip No. R.B. (m) 16 8 

6-1-2 127 
6-1-2 188 2.1 

6 -1-2 277 5.1 

6 -1-2 358 4.4 

6-1-2 438 
6-1-2 524 
6-1-2 592 

7-1-2 31 
7-1-2 119 
7-1-2 190 1.3 
7-1-2 289 1. 7 

7-1-2 358 
7-1-2 472 5.8 

17-1-2 560 
7-1-2 641 5.7 

I 7- 2-2 120 

8-1-2 50 

8- 2-2 41 
8 - 2-2 141 
8- 2-2 233 
8- 2-2 329 
8 - 2-2 432 1.6 
8- 2-2 543 

Sieve Size (mm) & Sample Weight Retained (gm) 

4 2 1 0.5 0.25 0.125 0.062 

0.4 3.6 17.4 80.4 95.8 10.5 0.2 

12.2 39.2 50.8 49.9 42.6 11.2 0.4 

4.3 5.9 18.4 63.9 87.4 22.3 1.0 

15.2 18.0 40.3 72. 9 53.2 3.9 0.3 

0.1 1.8 58.9 ll2 3. o 23.6 0.8 0.1 
0.1 0.4 7.1 58.8 tl.34. 2 6.7 0.8 

0.4 2.8 21.9 tl.47.9 33.8 

--
2.7 0.7 1.0 2.7 7.2 4.4 1.4 

1.0 14.8 88.7 136.1 11. 3 0.2 

3.8 0.6 3.2 35.3 162.5 42.0 3.0 
25.3 26.3 28.8 59.1 91.1 18.1 0.9 

1.3 5.8 17.5 00.9 n.20.8 5.6 0.2 
7.9 8.3 25.5 25.2 74.3 4.8 0.3 

0.1 2.3 12.6 79.0 0-50.2 7.8 0.1 
35.9 37.8 42.7 63.0 45.2 18.0 3.6 

0.4 1.6 38.4 U.63.0 41.l 1.0 

2.8 17.6 36.2 93.1 96. 9 18.7 2.2 

0.2 3.8 25.4 n.11. 3 40.4 0.3 
2 .6 6.1 18.l 39.9 14.4 98.9 1.5 
1. 4 6.0 21. 7 51.2 86.8 14.4 0.2 
0.2 0.9 11.8 53.5 96.6 18.4 0.3 
8.7 29.7 48.3 52.6 31. 7 8.4 0.6 
7.1 18.5 29.0 70.7 50.6 5.6 0.1 

PAN 

0.1 

0.1 

0.1 
1.6 

232.2 
0.1 
0.5 
1.0 

0.3 

0.2 

0.7 

0.3 
0.2 

0.1 

TOTAL 
LUl:j • .:S 

208.5 
208.3 
208.3 
208.3 
208.2 
208.4 

252.3 
252.2 
252 .2 
252.3 
252.1 
252.1 
252.1 
252.2 

245.7 

268.2 

181.7 
181.7 
181.7 
181.7 
181. 7 
181.6 

:i> 
-..J 

-------------------
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Table Al (cont'd) 

Sec. & Dist. fron 
Trip No. R.B. (m) 16 8 
8-2-2 634 37.8 39.5 
8-2-2 741 

9-1-2 36 
9-1-2 124 11.4 
9-1-2 224 
9-1-2 297 0.9 
9-1-2 380 
9-1-2 461 
9-1-2 567 
9-1-2 660 

9-2-2 90 

10-1-2 44 7.1 19.0 
10-1-2 149 1. 2 
10-1-2 208 4.6 
10-1-2 290 0.7 
10-1-2 376 
10-1-2 488 
10-1-2 573 
10-1-2 651 

11-1-2 19 164.7 7.1 
11-1-2 82 143.9 27.1 
11-1-2 142 
11-1-2 193 

Sieve Size (mm) & Sample Weight Retained (gm) 

4 2 1 0.5 0.25 0.125 0.062 
21.4 10.2 7.6 25.4 35.4 4.2 0.2 

1.7 17.2 54.0 29.0 79.6 0.1 

0.2 2.0 12.8 67.1 106.8 17.0 0.5 
54.1 34.5 22.7 22.8 24.4 31.1 4.9 
0.6 3.9 10.8 47.4 116.0 27.5 0.5 
2.4 9.1 20.0 45.7 78.1 48.1 2.2 
0.8 6.1 22.4 81.3 83.1 12.6 0.3 -0.5 4.6 13. 5 61. 3 103.9 22.6 0.3 

0.8 12.5 88.9 97.2 7.2 0.1 
0.1 2.3 10.0 53.9 128.9 11.3 0.1 

0.2 8.4 151.9 143.8 3.0 0.1 

10.8 7.1 8.9 45.2 69.6 8.8 2.7 
5.2 4.6 13.0 59.0 85.9 11.1 0.6 
4 . 6 4.5 17.5 63.9 70.l 12.7 2.3 
3.2 4.9 10.6 41.1 86.4 32.1 1.6 
0.2 3.1 16.0 61.9 74.8 23.2 1.1 
4.2 10.0 18.2 57.0 75.3 15.3 0.5 
2.4 19.1 29.8 53.2 60.3 14.8 0.8 

3.2 28.0 66.4 57.6 23.5 1.6 

0.7 2.2 0.7 3.7 26.3 17.4 2.7 
11.6 6.4 3.6 9.4 21. 3 2.5 0.6 
1.2 3.6 17.8 66.9 116.0 20.l 0.7 

0.1 2.7 51. 3 139.9 32.C 0.4 

PAN 

0.1 

0.2 
0.7 

0 . 2 
0.1 - -

1.4 
0.1 
0.4 
0.1 
0.1 
0.1 
0.1 
0.2 

0.7 

0.1 
0.1 

TOTAL 
181. 7 
181. 7 

206.6 
206.6 
206.7 
206.7 
206.7 
206.7 
206.7 
206.6 

307.4 

180.6 
180.7 
180.6 
180.7 
180.4 
180.6 
180.5 
180.5 

226.2 
226.4 
226.4 
226.5 

► 00 
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Table Al (cont'd) 

Sec. & Dist. frorr 
Trip No. R.B. (m) 16 8 
11-1-2 237 
11-1-2 291 
11-1-2 338 

11-2-2 54 
11-2-2 235 
11-2-2 446 4.0 

--
12-1-2 45 
12-1-2 156 1.1 
12-1-2 291 43.6 52.0 
12-1-2 397 
12-1-2 507 
12-1-2 574 0.3 
12-1-2 654 
12-1-2 753 

13-1-2 54 7.1 
13-1-2 86 
13-1-2 127 

13-1-2 42 
13-1-2 82 
13-1-2 127 

Sieve Size (mm) & Sample Weight Retained (gm) 

4 2 1 0.5 0.25 0.125 0.062 
4.8 67.3 124.5 29.0 0.7 

1. 3 5.1 25.6 47.7 25.2 1.9 
0.2 2.2 14.7 63.3 16.7 

1. 9 5.0 83.2 147.3 12.5 0.1 
0.2 1.5 19.8 100.8 120.7 6.8 0.1 
9.7 12.8 27.6 98.9 89.3 7.4 0.2 

... 
0.1 0.6 2.1 4.2 4.6 2.1 

2.8 18.4 44.5 106.6 39.9 1.2 0.3 
21.6 17.2 13. 3 13. 5 34.7 16.3 2.4 

0.4 5.1 68.3 124.5 16.4 0.1 
0.1 2.1 18.8 137.8 50.7 5.2 0.1 
1.6 3.4 17.7 72.0 99.6 19.5 0.7 
0.9 5.4 17.9 86.7 95.7 8.0 0.2 

4.9 20.6 69.8 98.0 20.5 0.8 

8.9 20.1 54.5 115.2 77 .o 2.9 0.4 
1.8 18.0 42.1 85.2 115.8 18.0 3.2 
0.8 2.7 16.6 104.8 128.1 24.6 5.8 

0.5 3.5 10.5 21. 7 14.4 1.2 7.2 
0.6 3.5 17.9 65.6 115.7 14.3 6.5 
2.7 8.6 46.7 111.2 72.8 18.4 5.1 

PAN 
0.1 

119.5 
129.2 

0.1 

201.1 
0.1 
0.2 

0.2 

0.2 
2.2 
2.8 

209.6 
44.4 
3.0 

TOTAL 

226.4 
226.3 
226.3 

250.0 
249.9 
250.0 

214.8 
214.9 
214.8 
214.8 
214.8 
214.8 
214.8 
214.8 

286.3 
286.3 
286.2 

268.6 
268.5 
268.5 

:-i:,. 
\.0 

-------------------
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Appendix B Sample HEC-6 Input and Output Formats 

Input 
Tl IOWA INSTITUTE OF HY DR AULIC RESEARCH (G323) IIHROOl PAGE 0001 

I Tl IOWA INSTITUTE OF HYDRAULIC RESEARCH <G323) IIHROOl 

T2 APPLICATION OF H[C - 6 TO PCOL20 , MISSISSIPPI F.IVER <KEOKU K-CA NTON) 

T3 O~LY TRI BUTARY= DES MOINE~ PI VE R :T. ~AKATO,J .VA D~AL , s.wu Jf,'.UARY 1380 

I NC 0.06 r.06 • 0213 
NV 4 -0.0 2 13 200000 0.0213 ll !'-246 • 0 lf,14 6 64 CO 0 . 011015 10000 

Xl 343 ■ 2 12 0 2500 
GR 480 0 115 7 750 459 1000 456 1150 459 12 0 0 

I 
GR 457 15 0 0 '+ 51 1900 447 2000 45 7 22 0 0 461 24 0 0 

Gf<. 466 2450 4/l 0 250 0 
H 343.2 100 245 0 
Xl 344.0 13 0 3500 4224 4224 1122 4 

GR 4 8 0 0 469 100 473 400 471 eoo q 65 USO 

I GR 460 2050 464 2250 456 2 70 0 461 28 0 0 1163 23 50 

GR 4 6 0 3COO 467 3250 48 0 3500 

r' 344.C 50 3400 
Xl 345 . 0 11 0 2100 5280 528 0 5280 

I 
GR 4 80 0 477 150 451 20 0 444 350 '1% 4 50 

GR 463 850 469 1400 470 1600 473 1700 'IH lS 5 0 

GR 480 2100 
H 3'15.0 150 2050 
Xl 346.0 12 0 3000 5280 5?8 0 5 28 0 

I GR "e o 0 '16'1 ~00 462 '15 0 466 5 50 4 7t+ 1100 

GR 4 59 19 5 0 t+6 0 ;:> 3 0 0 45 5 240 0 462 265() 462 2750 

GR ,, 75 2e 5 o 4 80 3000 
H 346.0 100 2900 

I 
Xl 347 . 0 12 0 29 00 5280 ':',28 0 5280 

GR 4 80 0 468 100 462 200 468 400 466 6 0 0 

GR 4 63 650 1154 8 00 474 2450 47'5 26 0 0 473 2 7 0 Q 

GP 4 74 noo 118 0 2900 

I 
H 347.0 50 2&50 
Xl 348 .0 13 0 2100 5280 5280 5280 

GR 4 30 0 If 76 50 117 3 5 00 469 550 472 300 

GR 468 950 469 1100 465 135 0 45 4 l 1;, 0 0 450 1300 

GR 452 1950 477 2050 48 0 2100 

I H 348.0 50 2050 
X1348 ■ 96 17 0 4825 5069 5069 50 69 

GR 4 8 0.0 0 '170. 8 174 470 .2 ~0 5 'l /1? . 0 738 48.2.0 13 38 

G~ 467 . 3 1544 '17 2 . l 1797 473 . 8 20 00 4 8 2.0 21 35 '16 2 ■ 0 22 0 0 

I 
GR 472.6 24 1 0 470.5 2719 ,, 6 9 • 9 3627 %1! .3 395!:, '11.:2 . 8 4343 

GP 468.5 4661 4 80 . 0 4825 
H 34 &.'?6 1338 4825 
Xl349.29 15 0 4302 1742 1 H 2 1 742 
GR 480.0 0 471.0 174 '17 0 ■ 4 650 4 8 0.0 738 482.0 10 88 

I GR 4 30 .0 14 3 P 461 . 6 1599 4 6 4.6 2252 4 6 7.7 25 37 46 2 .3 22 0 6 

GR 4f6 ■ 5 3206 472 ■ 6 3725 4 f, 0 ■ 0 3S15 4(,8 . H 4069 '18 0 ■ 0 43 02 

H 349.29 1 '♦- 38 3915 4 (, 6 • 4 j265 .3!':i15 3515 

Xl3'!9 .45 18 0 4010 8'15 8 45 81!5 

I 
GR 480.0 0 471.0 174 4 70. 'I 505 4!10 • 0 738 41'2.0 8 38 

GR 4 8 0.0 848 4 5 7 ■ 4 1286 tq;E,. 2 2126 %5.6 2415 469.8 ?913 

G~ 480.0 3048 4k2.0 3148 480.0 3248 4 8 0.0 3323 '+ 8 4 • 0 31! 73 
GP. 4 80 .0 3623 46 9 . 0 3 777 4 e o . o 11 01 0 
H 349 .4 5 848 30 '18 4 (, 4 . 9 2 478 2728 2728 

I Xl349 . 82 17 0 4137 1954 , 1 95 4 1951+ 
Gk 480.0 0 47 8 . 2 183 451.5 44 9 4 5 0.9 675 455.3 9 61 
C, P '+ 63 . 2 1 ', 69 468.0 1738 470.0 1925 4 B O.O 209€- 484.0 22% 

G?. 4 f0 . 0 239 6 4 RO .~ '.?5 46 4 P. 4 • 0 ?696 4 ti 2 • 0 ?946 480.0 37 5 0 

I 
GP 4 69 .1 3'3 0 'I 4 HO. O 4137 
H 349.82 0 2096 
X 1 351 ■ 0 12 0 1 9 00 f,?3 0 (, ?3 0 6230 
l;R 4!10 0 '+ 7 2 1 0 0 116 8 ,, 0 0 4~11 ':>50 455 f, 50 

I 
I 



I 
B2 

I 
Appendix B Cont'd 

Input ool Tl IOWA INSTITUTE OF HYDRAULIC RESEARCH CG323) IIHR OOl P AG E 

GR 460 850 457 1000 464 1150 467 1450 469 15 0 0 I GR 469 lf- 0 0 4 8 0 1900 
H 351.0 1 0 0 1800 
Xl 352.0 12 0 2400 5280 528 0 5280 

I GR 480 0 1t 7 9 200 469 25 0 1t73 700 471 7 50 
GR 475 8 00 470 1&50 464 1750 456 2100 458 22 00 
GR 477 2300 480 2400 
H 352.0 200 23 0 0 

I Xl 353 .0 15 0 25 00 528 0 5213 0 528 0 
GH 480 0 470 150 469 25 0 465 350 4 71 5 50 
GR 1t66 60 0 4(:.8 1000 466 1500 1i68 1550 466 lS 50 
GR 466 2100 468 2150 467 2400 469 2 1t50 480 25 0 0 
H 353.0 100 2450 I X 1 35 4.0 12 0 2400 528 0 528 0 528 0 
GR '18 0 0 'i77 50 'i 76 30 0 477 950 'l 70 12 50 
GR 468 1450 46 2 1500 '157 210 0 46 0 2200 458 22 50 
GR '+59 2300 480 2 400 

I H 354.0 50 2350 
X135 4.54 17 0 3630 2851 2851 2851 
GP 4 8 0.0 0 471.6 26<l 480.0 5 15 4 /l 4. 0 615 4 eti. o 7 65 
GR 4 f 0.0 e65 ti 77. 3 515 1i~O.o c;r:,5 4 8 ~.o 1 09G 4 [l O • 0 12 15 
GR 477.3 1363 47 5 . 8 lf58 470.6 2 03 r, 464 .9 21385 460.5 31 74 I GP 459.3 3515 480 .0 36 30 
H 3 5q .54 1 2 15 36 30 
Xl354 .93 13 0 360 7 2059 2G59 2059 
GR 420.0 0 472.6 269 4 8C .O S 1 <; 1!i30.0 615 476.4 7 98 

I GR 46 7.9 18 38 464.3 204 5 ti65 • 2 2'•12 '+68.4 2773 470.4 3144 
<;R ~/lo .o 33 1 8 470.9 34 76 118 0 • 0 3607 
H 354.93 6i5 3313 
X1355 .39 15 C 36 40 2429 2429 2 '129 
GP. 480 .0 0 47 6 .7 128 473.2 39 0 471.9 [,82 468.0 3 '12 I r;R "66.0 1%5 46'1 • 5 1R44 1165 • 5 2:S98 47 2 .0 26 77 480.0 2792 
GR 4 23 .0 c:842 '1 88 . 0 32 92 480.0 334 2 46~.2 3500 480.0 35 31 
H 355.39 0 2792 
Xl355 .59 17 0 3380 1056 1 G5 (, 1056 

I GR '12 0 . 0 0 41 a.'+ 63 lt 63 • 1 266 4&6.4 791 465.1 10 24 
GR 1166. 1 1519 4 55 . 8 1700 4 6'.J ·• 6 1998 47 5 . 2 n 1e 4 PC .O 22 97 
GF 'lf:9.5 2 1t2: '17 4 • 4 2593 qp O • 0 2 {,'? 1 '1 88 .0 2H9 1 4 8 0.0 3(191 
GR 475.1 32'19 '1 8 0 • 0 3380 
H 355.59 0 2297 I Xl 356.0 7 0 1 80 0 2165 2165 2165 
GR 480 0 478 50 460 20 0 459 3 50 'l 78 15 50 
GR 4 78 1750 480 1 8 00 
H 356.0 50 1700 

I X l 357.0 18 0 30 00 5280 528 0 5280 
GR 480 0 '17'1 50 472 20 0 'l78 3 50 473 4 5 0 
GR 477 600 4 74 900 '177 1 00 0 466 1950 464 20 0 0 
GR 468 2050 %7 2200 465 225 0 467 2ti O 0 466 24 50 

I GR 467 2750 473 2900 480 3000 
H 357.0 50 2950 
)11 358.0 9 0 1300 5280 528 0 5280 
GR 479 0 '171 200 473 25 0 '16 5 350 464 4 50 
GR '159 750 4f,1 8 00 457 1 25 0 471 1300 I H 358.0 50 1300 
X 1 359.0 10 0 2300 5280 528 0 528 0 
GR '180 0 471 300 '174 45 0 472 1200 'I 70 12 5 0 
GR 472 1350 465 1700 456 1 '?5 0 469 2200 480 23 0 0 

I H 359.0 100 2250 
X 1 360.0 9 0 1300 528 0 528 0 5280 
GR 480 0 460 200 454 40 0 457 600 457 9 50 

I 
I 
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B3 

I Appendix B Cont'd 

I Input 
T 1 IOWA INSTITUTE OF HYDRAULIC RESEARCH <G323> llHROOl FAG[ 0003 

I GR 460 1100 458 1150 473 1200 48 0 1300 
H 360.0 50 1250 
Xl 361.0 1 0 0 1600 5280 528 0 528 0 

I GR 481 0 476 150 478 200 479 350 471 5 00 

GR 458 1100 467 H,50 466 1700 471 1750 48 l 1900 

H 361.0 400 1800 
QT 

I 
Xl 362.0 1 0 0 2900 5280 5 28 0 528 0 

GR 4 8 0 0 471 1200 47 2 150 0 471 1750 475 19 0 0 

GR 467 1950 470 2150 470 2 650 1+6 7 2750 480 23 0 0 

H 362.0 1200 2880 
Xl 363.0 8 0 2400 5280 ':,28 0 5280 

I GR 480 0 4 71 850 470 1000 '169 1200 4(,8 15 0 0 

GR 470 1950 472 2200 480 2400 

H 3U .o 8 50 2400 
Xl 36 '1 • 2 14 0 2100 6336 6 336 6336 

I 
GR 4 8 0 0 474 950 4 7 '• 1050 '+73 1150 474 12 50 

GH 473 135 0 4 72 1450 466 155 0 466 1600 4 7 0 1700 

GR 11(,9 1850 473 1950 475 2 050 490 2100 

H 364.2 9 5C 2050 
EJ 

I T4 ~·.oo EL Ill:CLU ~ES CLI.Y, S ILT, 5 M, D, AUD GP.AV[L. TOTAL S ECIV ENT LOAD INPUT 

T 5 AT L i":f1 l 'i I NCLU DES ONLY CLAY, S ILT, A'W VF S . GUT, C[ S MOINfS RIVER SEO. 

T6 P J PU T HAS CLAY, S ILT, VF S , FS , r, s . CS , vc s , VFG, All! D FG. 

T7 Tr' FF /, LETJ F O¼ '!UL A IS US[ G. ~ ODEL UTILIZES WEEKLY AVERAGED DI S CHA RGES 

I 
TB FO R WA TER AN D S EDIMENT. 
I 1 
12 CLAY 
13 S ILT 3 3 

I 
14 S AND 7 
L Q 10000 50000 150000 200000 

L CLAY 35 1790 2 [, 0 8 0 52620 
L SILT 102 5 150 7 5 18 0 1 5 1694 
L VFS 0.83 42 611 1233 

I L FS 0 • 0 o.o 0. 0 o.o 
L MS 0. 0 o.o o.o o.o 
L cs o.o 0 • 0 o.o o.o 
L vcs a.a o.o o.o o.o 

I 
L VFG o.o o.o o.o o.o 
L FG o.o o.o o.o o.o 
N 343.2 0.052 0.026 o.996 0. 0 0 5 0.005 0.004 0 .o 75 

N 0.475 0.303 0.079 0.034 0.016 
jJ 344.0 0.052 0.026 0. 9 % 0.005 0.005 0.004 0 .o 75 

I N 0. q 75 0.303 0.07'? o. □ 34 0 .016 
ri 3 q5. 0 0.052 0.026 o.996 0.005 0.005 0.004 0. 0 75 

N 0.475 0.303 0.079 ('.034 0.016 
N 346.0 0.052 0.026 G .996 o.oos 0.005 0.004 0 .o 75 

I 
N 0.475 0.303 0.079 0 • 0 3q 0 .OH, 
f l 3 q 7 • 0 0.052 0.026 C.996 0.005 0.005 0.0011 0 .o 75 

N 0 .'175 0 .303 0.019 0.034 0.016 
,._, 34 8 .0 0.052 0.026 0. '9 99 0.001 c.002 0.003 0.101 
N 0.477 0. 2&'3 0.085 0.028 0.010 

I ~: 3 4 8 . 96 0.052 o. ou, 0.'.:'9 .9 0.001 0.002 0.003 0.101 
~! 0 .4 77 0. <' '3 8 0.089 0.0211 0•01 0 
,., 3 4 9 • 29 0.052 O.C26 0 • <1 9') 0.000 0.000 0.001 0 .o 48 

0. 4 0 9 0.361 o.12Q 0.033 0.012 

I 
~- 3'19.45 0.0 5 2 0.0?6 0.978 0.000 0.001 0.001 o .a 5 t 

0. 1144 0. 2 79 O.C91 0.066 0.045 
N 349.82 o. □ 5 ? 0.026 0. ' j ') 3 0.047 o.047 0. 0 31\ 0 .1 66 
N 0.331 0 • l 9 2 Q • 08 11 o.05r, o. □ .56 

I 
I 
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Input 

OOOt+I IOWA INSTITUTE OF HYDRAULIC RESEARCH CG323) IIHROOl PAGE 

N 351.0 0.052 0.02(, 0.993 0.000 0.000 0.001 o .o 38 
I N o.~.35 0.335 0.179 0.083 0 • 02 2 

N 3 52 .0 0.052 0.026 0.993 0.000 0.000 0.001 0 .o 38 
N 0.335 o. :ns 0.179 o.oa3 0. 02 2 
N 353.0 0. 0':>2 0.026 0.993 0.000 0.000 0.001 0 .o 38 

I 
N 0.335 0.335 0.179 0.083 0.022 
N 354.0 0.052 o.ou, 0.993 0. 00 0 0.000 0.001 0 .o 38 
N 0.335 0. 335 0.179 o.oa3 0.022 
N 354.54 0.0 52 0.026 0.9CJ3 0.000 0.000 0.001 0 .o 38 

I 

~! 0. 3 35 0.335 0.179 0.083 0.022 
N 354.93 0.052 0.026 0.992 0.000 0.000 0.001 0 .o 2 0 
N 0. 28 4 0.444 0.158 0.059 0.026 
N 355.39 0.052 0.026 0.988 0.000 0.001 0.001 0 .o 18 

I 

0.331 0.432 0.134 0.049 0.022 
r~ 355.59 0.052 0.026 0.903 0.000 0.000 0.001 0 • 0 2 0 
N 0. 29 5 0. 33 1 0.12 9 C. • 0 65 0.061 
N 3~6.0 0.052 C. OU, 0.903 0. 0 0 0 0.000 0.001 C .a 20 
N 0. 295 0.331 0.12 9 0.065 0.061 

I 
N 357.0 0.052 0. (' 2 6 0 .90 3 0.000 0.000 0.001 0 • 0 2 0 
N 0.255 0.331 0 .1 2 'J 0.065 0.061 
N 358.0 0.0~ 2 0.026 0.903 0.000 0. C' 0 0 0.001 0 .o 2 0 
N 0.295 0.331 0.129 0 . 0 !',5 0 • 06 1 

I 

N 359.0 0.052 0. 026 0 .903 0.000 0.000 0.001 a. o 2 o 
N 0.295 0.331 0.125 0.065 0.061 
N 360.0 0.052 C. 026 0.90~ 0. 0 0 0 0. 0 00 0.001 0 . o 2 0 
II' 0. 295 0.331 0 • 1;.29 0.06~ 0 • 061 
N 36 1.0 0.052 0.026 0.903 0.000 0.000 c.001 C. 0 20 

I 
N 0 . 295 0.331 0.129 0.065 0.061 
N 362 .0 0 • 10 11 C.026 0 .723 0.007 0.008 0.010 a. o f,5 
1J 0. 233 0.097 0.876 0 . 097 0 .130 
N 30 .0 0.104 0.026 0.723 0.001 0.008 0.010 0. 0 65 

I 

N 0.233 0.897 0. 0 7 6 0.097 0 .130 
N 36 4. 2 0.104 0 . 026 0.72 3 O.C07 0.008 0.010 0 .o 65 
r.. 0.233 0.097 0.016 0.097 0.130 
1 TR I 3 

I L Q 200 300 50 00 10000 2 ODO O 30000 
L CLAY 0 .41 1.0 9 536 4939 26066 68974 
L S I LT 1•65 4.37 3 74 3 1'3754 10 1126 3 275898 
L VF S 0 .6 8 1.82 1 559 82 31 4 34113 114957 
L FS 0.0001 .0004 l • 1t6 10. 9 80 .5 260 

I L MS 0.0001 .0 022 7.33 5 4.3 403 1300 
L cs 0 .0 0 42 .013 ,, 5. 8 339 25 H, 8122 
L vc s o. 0021 .0069 23 .4 174 1 288 1\159 
L VFG 0.0008 .0027 9 .34 69.3 513 1657 

I L FG 0.0(104 .0012 4.21 31.2 ~32 7'17 
$ HYO 

* 8 RUN 1' MAY 1976 --- 1 <STARTI NG N = . 0 213) TEST RUN!! 
Q 1 8 7200 2 0611 
R 4 8 2.6 

I T 63 
1,/ 7 
HEND 

I 
I 
I 
I 
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App endix B Cont' d 

l l1Ut p u t 
• •••••••••••••••••••• ft • •• • • • • • •• ••••••••••••• • • • • 

r ~ - ~ PRG~ q~~ ~UMB ER 7 23 - X6 - L2 q70 
• 5 0~ ~ !f, J Gf PC5 lTI ON 1~ ~IVER~ ArJ~ 0 [S[~ V1 I~S • 
• \ ;syr~ 2 . 1 1 ~~v[~9~P 19 7& • 
• ••••••••• • ••••••• • ••••••••• • •• •• •• • • • ft •••• • •• •• • 

T: ! OWi ! N< T! TU T[ 
l?PL I CI TIO~ OF 
C~ LY TR! SUTAR Y 

OF HYDR AULI C RESEARCH CGJ23 l II H•OO I 
T2 
T: 

1-i[C - ~ TO POG L20 , r, J SS ISS!PP J RI VU. l l\ [ OKUK - 0 1!TO:d 
: DES ~OINES RI VER :T. NAKAT 'l , J . VI G~t,L, S. Wl l JA~UAR Y ! %0 

lL AS[ L 
o . cOO OO O 

A~£ L 

CE CC LFA NR TIN CR L 
1 . 000000 l. OOOGOO 1 . J CJ CJ 

~l ; CE CC LF I ~R T•N CRL 
1. 0 0 00 0 0 1 . 000000 

s ~ 

s 
< -

s '.: 
~ : 
s 
' . 
s -
~ : 
~ C 
S£ :: 
5~ ~ 

0 . 

) . 
• C , , . 

• C • 

·. J . 

',0 . 
•, i:: . 
:. ~. 
·.o. 

~ ·, ;_, . 

~ C ', 0 . 
$ !: ,o. 
~ £ C 
~ ~ ~ t, : . 
~ £'.: ', ij . 

;: !'i.JT l'-V 
S £ C ':O . 

,', J . 
: ~. s . 

~•3 . 2GO 
3<4 . ~00 
3•~ . o o o 
3 ~~ - 010 
3;1 . 00J 
~ t: ;: • ,JC U 
31. ~ . cro 
~ -=~ , jSQ 

3 ':- l • C 'J 0 
~ c:.; . OJ O 
3 ~3 . lj O 0 
~ ': 4 . CO 0 
3 '; :- • 0 0 0 
3 :'6 . 0CO 
3 :' 7 . OCU 
3~o . o c o 
3 r. c . 0 JC 
~. '-C . CO C 
3 S l . CGO 
(.'; TRY POI NT 
3 &2 . 000 
3 ~~ - 000 
~64 . 2(,0 

OF c• oss SECT I O~S PEAD 
oc ;~ PU T DA TA MESSAGES : 

J OF G[C M[ TN! C DITA 

O. OCCURRS AT X- SEC TI ON 

I ~J : 22 
0 

NO . 2 c, 

1~ ~ocE L J\C LUC~S Cl £Y 9 ZIL T, SA 1~D , A~! D G9AV [L. TCTL L ~Ec t ~[IJ T LOtG I NPU T 
T~ I T L~n l 9 I NC LU9[S 01 LY CLAY , S ILT, -~o VFS . ~UT, ~rs HOI NES RI VER SED . 
T~ INPUT Ht~ CLA Y, S ILT, VFS , FS , MS , CS , VCS , VFG , 1110 FG . 
17 TO FFA LETI FO R~U LA I S USED . ~OOE L UTI LIZ ES ~Q~ THLY &VERA G[D DI SCHIRGES 
T~ FOR WAT ER AND SED IM EN T. 
E&!I C PIC• WAT ER TAPE 
!: .: !~ STI TUT[ CF HYDRAU LIC RESEA~CH 1$323 1 1 1 H, OG 1 

:•?LI CI TI D~ OF hEC - 6 TO POO L20 , ~ISS I SSIPPI RI VER CKEDKUK - Ct h TD~ l 
C~LY TR! " UTA~ Y : n[S MOI NES RI VER : T. NAKI TO, J . VADNA L, S. WU Jl~U<R Y 1580 
SECI H[ NT FA~ AMF. T[P DA TA 

i: 

. , 

SD J J BG 
o. 0 

ncL 
I 

VTC L !ASL 
! ~ l ~ 

HTC !A SA 
I l 

MNQ 
1 

L AS L 
3 

L.\S A 
7 

:L lO~ l ~G GRA I~ SIZES UTI LI ZE D 
LAY S I ZE= .O OOG 13 

SP GF 
1. 000 

SPGC 
2 . f 5 0 

SG, L 
2 . 650 

SPGS 
2 . 65 0 

AC:;R 
32 . I 7 4 

DTC L 
. '120 
DT~ L 
. 020 

(,Sf 
. t..f,7 

STCO 
. 02C 
;: T S'.J 
. 02G 
6S Af. 
. 5 00 

PUCD UWCL 
1~ . ro o 30 . 00C 

!-USO u~1sn 
e2. oac 65 . CC 0 

PS I U~D 
3C . COO 93 . COO 

- -PIG[ OCOI 

CCCD 
16 . 0CO 

ccso 
5 . 700 

- - - - -

t:;d 
V, 

-



Appendix B Cont' d 
PAGr: ~CO2 

Ou tput 
! L ~ 5IZ[5 : . 000 1 01 
: , : c l ES UP: . oon2a~ • ~ G iJ 5t- 0 . ro 11.., o • 0 0 2.1 1 ° . 00%39 . 009279 . 018560 
- c.s 0 tTPI G TtfL C 

1corr. . oo: 500GC . CC. 0 15oooc . ooo zooooc . oc:i 
CLtv 3 ~ . 000 1 750 . 00 C 2&oe.o . 003 52620 . coo 
SIL T 102 . oco !:> 1 50 . 00~ 75 160 . 0C;. 15 J 6S4 . r10 

.. '{ ;- s • 830 '+ 2 . ~ C !1 61 1. 000 1 23?, . COO 
FG r . r,c3 G. 000 o . oco 0 . (, co 

L Y'G 0 . 000 0 . 000 c . ooc o . cuo 
vcs c . cao c . oar :; • 0 0 G o . cr,o 

L cs O. OOG c . co n 0 . 000 0 . C GO 
" S o . aoo : • er~ o. oc o o . oc~ 
'S o . ccc c . coo 0 . 000 0 . C 0[, 

' : i.. L w ~ VS D[P TH OF ~[ ?OS I TS 
VC LUM[ MOV EAGL[ X EL[V t l I O•JS 

s::c i.c . SH APE FA CTOR D E □ \ll[TH l LEFT 5!DE RI GH T SIDE TH~L\;rG 
! .:. ! • £ C 2190 . 0 4 :"i7 . 00 4H . CO '- q 1 . a o 
~ "4 . : J 3 :.'- ;-~ . lJ q f,'"" . C 0 4 ~ 1. r. a 4~, b.C, O 
3 '- :, , : G I 9 :, J . O 477 . 00 1, 74. C 0 i. ~ i. • ~ G 
"''-I:; . : D 2 77 <; . 0 4 :- 4 . 0 0 .-. 1: . r· o A:' r.. . C 0 
~ '- 7 , C j U.;O . O 1; r~!! . C 0 , 74 . C 0 454 . cc 
! '-; • :· G 2 :1 sn. v 4 7 ,; • 0 0 4 77 . :;0 t. S C . 0:; 

?. '- 7 . ~ U 22 C 'j , :) n1 . oo 4 ~ '+ , 0 i, 'i ~ 9 . :} 0 
~ 5-: •) C 1 575 . 0 • ~~ .co 4 ~5 . Ci 0 45 1 . 00 
c 5 1 • . C 17 UG , G 472 . 00 4 f 'l . 0 0 4:>~ . oo 
, 'S 2 . '. C 2? ~0 . 0 4 7c; . oo 4 77 . CG ~% . OC 
! ':? . CC 24:0 . 0 nc . cc 4' C • P, Q '+ 6 '; . (, 0 
~=~ . cc 232:; . 0 477 . :iO 4 c, c . 0 0 , 5 7. 00 
~ 5S . :- C 2350 . 0 't 7 2 . UC 4 ', ': . Cr, '+ ~ <+ . G C 
~?::i . :o 1 62~ . G q 7.::> . D G 47? . nD 45q , r,:i 
! 5 7 . ': ~ 29:?S . O n:. . oc; 47 3 . 0~ 1, 6 4 . CC 
: 1:-.: • CC 1? 0 0 . 0 471 . GC 47 !. CC 457 . GO to 
!~9-00 2 1 00 . 0 471 . 00 , ~~ . 00 ,56 . CO a, 
?;c . c. o 11~0 . o 4 ()0 . 00 473 . :;o 454 . 00 
~ f, l . G C 13 75 . 0 471 . 00 • PI . CO 45A . CO 
"' 2 . :i C 222c,. 0 4 7 J. 0 0 457.00 4 !, 1 • C 0 
~~3 . GG 19 75 . 0 471 . CiO HO . 00 468 . 0(i 
36 4. 2 0 H J O. 0 474 . 00 4 7 5 . ~ 0 466 . 00 

! 1
, .LC TI V:: EEO, GR~IN SI ZE DI STRI~U TID N BY SIZE FRA CTI U~ ,< ~- CAPDS> 

: 1L! . 2 0 . 000 • 0 5? • 02(· . 9 1;',S 0 . "'0 G • 0 Qf"'J • OC!~ . 004 • :. 7r. 
. 4 7S • 3 0 .l . 0 79 • O 3~ • :J 1 r-

' ~4 4. 0 C. CO'.) . 052 • 0?.6 • ~- Cj'::) Ci • C ~ ~ • 0 0 5 . ocs . C04 . C7 S 
. 47 5 . 305 . on • G ~4 • 0 I 6 

! '- ~. 0 ~ . 0 0 0 • 0 c, ? . on • Q ~" .. c. ooo • 0 0 ~ • O CC.:. • r, 0 4 . 0 1 ~ 
. 4 7~ . 303 • 0 7'; • a~'+ . 0 16 

' !46 . U 0 . 0 0 0 . 05, . u?~ • ~•}!:;. O. GOO • 0 0 5 . oo~ . C0 4 . :75 
• 4 7 '", • 3 G 3 . 079 . 0:'4 • 0 l !1 

3 4 7 . ~ o . coc . 0 52 • 02 !, • I:} c. ~ c . ooc • 0 0 r; • 0 0 ~. . 00 4 . C75 
. 4 75 - ~J.3 .079 • o o4 . Cl~ ,. !.'-C . J o . o~o . 052 • 02', ,. :... c:-,,;. J . (: 0:, • O'.'ll . 002 . C03 • l O I 
.4 77 . 2bfl • {s r,, q • G 2R . 0 1(, 

~ ! ,. ~ . 0 0 . 0 0 0 . 05? • 0 ?.', . S9? o . coo • 0 0 l . 002 • ~ 0 3 • IC l 
.4 77 . 288 . oa~ • 02P, • ( I(. 

~ ! S :l • C o . on . 0~2 • fi;: r> . c,,:3 C. CG1 . on • 0"7 . 0!4 .J 6b 
. 331 .1 g2 • OS't . (155 . 03~ 

~ ! S l • :; 0 . 000 . 052 . O:> t> • q93 o . occ o. 0 0 0 ~. ooo • LO I • C38 
. 3 35 . 335 . lH . OAJ . 02 2 

352 . 0 0 . 000 . 052 . 02( . 593 :, • 0 0 0 C. 0 0 C c. oro . 001 • O?,b 
. 3 35 - ~3~ .1 7~ • OP3 . c22 

' !53 . 0 0 .0 00 . 052 . 021, . 993 0.000 o. 0 0 0 0 . oc 0 . 001 . cJn 

- - - - - - - - - - - - - - - - - - -
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Appendix B Cont'd PAGc CJ03 

Output 
. !35 .335 .179 . GE'~ • 0 2 :> 

~ 354 . 0 0 . 000 • 05 2 . ou . os::, r . f, 0 C C. COG 0 . 0 C 0 . co 1 . C3f 
-335 . 335 • l 7'l . CP3 • :\ 22 

~ 355 .C C. , O 0 . 052 • 0 ;'::, . 9c2 C. OLO C. 00 0 c . ooo • 0 0 l . c~o 
• 2r '4 . 444 • l 58 • o s~ • C;, •·• 

~ 356 . 0 o . coo . 052 .0 ~6 • 9 : ~~ C. ~(IC 0. 0 0 0 c.ooo . GO ! • C ✓ n 
• ?G? . 3~1 . 12 5 • !.. {:j . !'C l 

~ ~57.0 0 . CO o • 0 5?. . o~o • 5 u~ G. Cr, 0 0 . 0 CJ 0 . 000 . 001 . en . 2ss . 331 .1 2; • 0 6~ . r~ 1 
~ 358 . 0 c . ooo . OS? . 026 . 9 03 c . o,o o. 0 0 0 o.oco . 00 1 . r, C 

. 295 . 331 .1 ? ~ • G !,C. • 0 ~, l 
N .!59 . 0 0 . 000 • 05 2 . 02 6 • C 03 r . o o o 0. 0 0 0 0 . 000 . 0 01 .:::20 

. 295 -~31 .1 25 • o s ~ . O'l 
~ 360 . C c . ooo . 052 . 02 6 . ;; 03 r . ooo c . 0 0 0 o . oco . 00 1 . c2c 

. 295 • ~ 3 1 .1 25 . 065 . 061 
1-; !61. O o . coo . C5 2 . 026 • 5 U3 C. G G 0 C. 0 0 0 c.oco • CO 1 . c:c 

. 295 . 331 • l 29 • C t, 5 • 0'1 
362 . 0 o . cco .1 04 • 02!, . 723 o . no o • 0 0 7 . oca . r10 . H5 

. 23~ • 09 7 • 0 76 .0 ~ 7 .! 30 
363 . 0 0 . 000 • l O 4 . 026 . 7?3 0 . 0 0 0 • 007 . ocs . 01 0 • Cf,5 

.?33 • 09 7 .07& . C97 . 130 
3 6 t. • 2 C. CO o· .1 0 4 . on • 7 ~3 0 . 0 C 0 • 0 0 7 • 00 8 . c 10 .0 65 

. 233 .0 9 7 ,07 6 • C 57 .130 
ACTIVE S~POSITS , VO L. IN TONS 

... : SP[ C IF I EO, ASS U"".ED ZERO 
-;;;r -su 1:.qv l~FLCI. Cl. TA 
c- :s RAT ING TA RL~ 
L r; 30C. GC O 500 0 . 000 10000 . 000 2occ o . coo 
L CL I. Y 1. uo 46~.ooa 19 ° 4.00 0 855C . OOO 
L S !LT 5 . 050 1857.000 7963 . 000 34131 . CO O 
l VF$ 2 . l l 0 77 3 .0 00 3316.00 0 H21 5 . 0u~ ti:! L FS . 00 1 J. 0 0 0 4. 0 0 0 26 . G 00 --..J ~s . 002 4.000 22 . 000 131 . ooo 
~ cs • 0 J 5 23.00 0 13€..0Cu 82 1.0 GC 
L vc s • GOB l?.COO 70 . 000 4 20 . COC 
L VFG . 003 s . ooo 28 . 000 1 67 . ooc 
L FG . 001 2 .000 13. 000 76 .0 00 
';C: . OF !',PUT DATA ~ESSA GES= 
f'i G OF SE n I•E:iT OHA . R l;~/ J • 
cc~ ~STR[A~ ~O U~CARY OITA 
I. ATC:? 0l $CHAOGE= 11279 7. 00 

EL ':VA T 1011: 479. ?0 
TE~PC:RATUq(: 63 . 00 

FL: ., DU>ATJC l,!CHS> 31 . 00 . 
icc u~vLt T[ O AC-FT BY ENTRY . CLAY . ~!LT S A'.D 

O~ YS POINT . IIJFLO\I OUTFLOII TPAP EFF • l'JfLO•.; C,UTFL 011 TRAP [FF• INFLOII OUTFLOII TRAP LFF• . . . 
31 . 0 0 364 . 200 • • 21 . 27 . 560 . 05 . 3 .1 ; 

3£.1 . 000 • ?6f . ~f, . 4~ ~ . R5 . l ~. 7 . s2 
T GT AL= 343 .200 • 687 . f,3 68 7.63 -. OG • 1 C5 0 . 51 1 G '"; a. C? l 0 . 0 ::i • IU .O C 1 ';6. J 7 • ~ 3 .. . . . 

SECTlO '; BED CH41:GE 11 S f L[V THAL.EG Q S[r !~El, T LOAD I '. TO, S/Df.Y 
IC •:c FEET FEET EL F[ET CF <.. CLAY ~IL T S,\::o 

354 . 2~0 -.05 q ~5 .71 465 . 95 56 4?7. f c.7 9 . 2 5:.. 7 f- . 5~ 3 . 
363.0CO -.03 •8 5 .37 467.9 7 9642 7. &679 . 25576 . 1 O 15 . 
362 . 000 -.o, 4 !15 . 1 7 466. 98 96 427 . HH 79. 25~ 76 . 141 'l . 
361.000 -.05 'i 8 4. 86 457. 95 1127°7. 14 '1 5~ • 47 9'9 '· 12312. 
360.000 .os 48 4.62 454.0tl 1127 '; 7. 14'193. 47553. 11619 • 

• 
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Appendix B Cont'd 

output 
35° . ooo - . rs 46'• . 39 
3~& . CCO - • 1 l 4?~ . 9? 
?.. C. 7. : 00 • L, lt q,J .7 5 
J:,E- . COO -.D t; :-; ' . 1 2 
3~s . :ro • l R 4; 2 . 7 ~. 
3:• . :~o -.Ge v~ . sa 
~ 5~ • :1 (I 0 --~~ 4.-<~. ~'? 
!52 . CCC -.14 4f. J.7 ~ 
!': l. r:' C:, .J ;:> 4c1.?~ 
3~0 . :co • 1 l 421 . 05 
34~ . C r:'G -.i 4 •~0 .77 
~qJ.~0V . c~ 4?0 . 31 
~47 . CGO . 05 4 ;a .11 
346. QCC . G2 473 . 87 
~45 . cOO -. cc 479.49 
.! 4 4. (, C:, • CI •7',.31 
3<.3 . ,CO . :& ,, 7s, . 2 0 
c i·l.' , ? , 

:o~~S Tfi fA~ 0 ou ,:c: oy 
1/ITE~ ~I SChAOGE : 

DITA 
5~150.00 

479.40 
7 2. u 0 
30 . 00 

ELEVI TIC~ = 
T~~PE? ATL•E= 

FL GW DU"IT!ON I DIYS l 

ACC ~•L LITED AC-FT 8Y E~T; Y • 

45< . o<; 

4 :,f, . ?.'1 
f.; i-, 4 . ~ 4 
qr~- • p 1 
4 'jt. . 18 
'i ':6 • 9 4 
4 /, 4 . 'lf. 
4 55: . P.6 
4'\S . 12 
4 ~ l • l l 
45 • . f G 
4 5 C. !) 3 
454 . 05 
4~0 . r2 
4 4 4 • ~ J 
45S.CI 
447.28 

CLH 

• 1 I~ 7" 7 • 144~3 . 
112 7 1 7 . 1,,,, c<z: . 
11 21··'7 • J 'l"'•~. 
1 ! 2 7r: 7 . J4'1"' • 

112 7S 7 . l'-'• .,. ·, . 
l ! 27'7 . l "'4 ... ~ . 

112717 . 1 :.i" '. :' . 

11? 707 . l't~'-·:7 . 
l 12 7'' 7 . 1 ~ (. (" .! • 
1121,;1. 144~3 -
1127-7 . 14 4 c; ~ . 
! 12 7: 1. 14 <, "~ • 
1127 -? 7 . 1 .:+ 4°.,.. 
11,797 . l 't" ':<3. 
112 7'17. l't4'i3 • 
1127,7. 14 4 Cl~• 

!127 117. 1 4453 . 

DAYS ?0l~T • l~FLCI/ 

491.€1 
3?6 . JP. 
s1 a .i 9 

OUTFLOJ TRAP EFF• 1',FL0II 

U. 0 c 

TPTAL= 

%4 .2 00 • 
~S l. OCO• 
343 . 200• 

SECTir •. BED CHt:".G[ ~S LLEV 
I C ' ( FEET F [E T 
~ t 4. :, 0:) - • 0 ~. 4'! . C6 
~i:.! . :oo -. o~ 4 P0 . S7 
~62 . 0(0 .1 6 4,0 . 76 
}61 . CGO .21 4f,0 . 6 4 
3~0 . CCO • 21o 4~ (' . 5<] 

35,::.coo . 06 4 F0 . ~ 0 

35f . ~O O -. 1 l q :: 0 . ~ f 
35 7. '.CO .12 't f; (l • .31 
!5s.;co -. l 3 1; • C. 1 0 
~ 5:, . :i C !I • 30 '1 r G. 0 ° 
.! : 4. ".:: C -. C4 47~ . 9 7 
~'>3 . '.t ~O • 0 3 47 9 . 91 
~s2. co o -. I.'.. 475, 7 8 
.! '; 1. : CC • 14 '+7?.69 
~~c . rcc . 25 475 . 6f. 
.3 "9.::. i;, (• - • 13 4 79 . 61 
34P..~C~ . C3 479.~~ 
347 . :oo .11 47~.~2 
~%.cCO . 33 47':.48 
3 45. jO~ -. ao 4Vi . 42 
34 4. COO .03 479 .• 1 
~43.2CC . 30 479.40 

- - - -

THAU:[ c 
EL F[(T 

4'-S. ':~ 
467 . r;7 
4~7 . 16 
45~ . 2 1 
4 r,4 • 28 
4 ~l:; . C 6 
45(.~9 
4 64 .12 
45~.H7 
4 :, 4 . 3 0 
4rt; . ~6 
'465 . 03 
45~.07 
4 55 .1 '+ 
4 c l. 25 
45F. . f<7 
't 5C . O3 
4~4.11 
456.03 
444 . 00 
4 5E . 0 3 
447,30 

-

752.46 

'l 
CF' 

4$',71 . 
46'11 l • 
4 ,, '"• 71 . 
SS l ': 0 . 
':>51 ', u. 
c:c::, -
. J " V • 

r:.~ t [j . 

551 ~ 
~ 5 t . ~ • 
5r:. l J ~ . 
c:, ~- ! -, f . • 
55 1:: l' • 
551~ J . 
55 l ~'.) . 
!)5 1:,: . 
~515C. 
5515:l . 
ss1~n . 
55 15C . 
55 1')~ . 
55 150 . 
55 150 . 

-

~5-'. 77 
t;C 1. '4 q 

• O& • 12:.~ . 26 

S[LII~~i.T 
CU'/ 

LuA D 

j 5 ~' . 
1: ~ (, . 
14 .3c.. • 
2662 . 
2~Y~ . 
2 ,, .., ~· . 
24439 . 
23b2. . 
~ ~f-.P • 
2? 7 ': . 
2?G4 . 
; CH[._• • 
2 0 ! f, . 

lf;r•"• 
l • '•~ . 
I ~ (,9 . 
1 7 ~b • 
l f,•·G . 

1 570 . 
15~ .:> . 
1 4: •; • 
l '11 ~ • 

- -

p,,G: 330• 

4 7c. (,_'\ . } ;? S:. ::'C• • 
'i7~~-9 3 . 1 ~ c; ( 0 • 
➔ 7 -:;", 'i . l :?I" 7 4 . 
l; 7 · 1; ~ . 1 tJ :,7q . 
4 7'-- =-, 7 • l 'Jl.~.!:-' • 
c, 7 S -J' . 1:: 0 ~ b . 
4F'i3 . J;:><.Jl . 
4 7 c. 9 i:. l • ;, / 3 . 
479~~- l .', 1 '-:2 . 
47 95 -~ . 11 (' () 7 • 
4 J':J'1~ . 142& 0 • 

lf J l_ "j' • l ~.J'.-,: <. • 
t; 7cn-.. . 1:, ( t.,, . 
I., 7 ., :-, :! • 12~cs . 
41 9') '?. . 12?2° . 
~ 7 ~'j ~ . 12::. t. ~ . 
47 9GJ . l C?0• . 

S! LT . 
C~if ~O~ TPt.P (FF • 11.fLOJ 

♦ 3 .7 2 . I~?. 4 4 
1 0 '11 . 1 :! •I ::, • 1% .1 5 

Ji,. ro ·:s t DA Y 
< ll T s,. ' .IJ 
t, 4 2 ~ • ! F--i . 
H?3 . :'(, . 
23r~ . • 37 . 
:;::?6 . 24<; 5. 
4 :'':' l • ? t'~ '; ,=. . 
2~'. l . ?7<4 . 
2S;: I. ?77 l. 
1 72t . 3.DF. 1. 
17 ?6 . 3 r ~~ . 
l 1 f; ~ . l O , 1. 

f.i+r . ;, 1 ;:' 4. 

4a~. ? r, 5 . 
35q • 24~2 . 
;> ~-6. 2t. 0 7 . 
1 -,,, . O t', 4 • 

119. J I(,~ . 
~5 . 1?05. 
~o . 2 4 3 . 
2C; . 156 • 
22 . .)27 . 
12. I? 4. 
1 C. ~3 . 

- - -

s ~·.o 
OUTFLOII i PAP (FF• 

156.73 • 2 (. . 

- - - - -

t,:j 
(X) 

-
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