
IN

US Army Corps
of Engineers

. Vicksburg District

Evaluation of Arkansas River.
Design Criteria for Stabilization
and Rectification of the Channel

sy Margaret S. Petersen, Emmett M. Laursen

The University of Arizona
College of Engineering and Mines
Tucson, Arizona 85721

December 1986

u-. , .,I :,I l o; it s

Monitored by Hydraulics Laboratory
US Army Engineer Waterways Experiment Station
PO Box 631
Vicksburg, Mississippi 39180-U631

Under Contract No. DACW39-86-C-0027



Destroy this report when no longer needed. Do not return
It to the originator.

Trhe findings in this repo•t are nat to be construed as an official
Department of the Army position unless so designated,

by other authorized documents.

The contents of this report are not to be used for
advertising, publication, or promotional purposes.
Citation of trade names does not constitute an
official endorsement or approval of the use of

such commercial products.



Unclassified

ECURITY CLASSIFICATION OF THIS PAGE ..,__........._
Form 4pproved

REPORT DOCUMENTATION PAGE OMB No 0704.0188
1Emp Date .tun 30. t986

Ia.. REPORT SECURITY CLASSIFICATION ' b. RESTRICTIVE MARKINGS

Unclassified
2s. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION IAVAILABILITY OF REPORT

Approved for public release; distribution
2b, DECLASSIFICATION / DOWNGRADING SCHEDULE unlimi ted.

4. PERFoRMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)

"6a, NAME OF PERFORMING ORGANIZATION I• b-OFFICE SYMBOL 7a, NAME OF MONITORING ORGANIZATION

'The Ilniversity of Arizona Col- If applicable) USAEWES
legcl of Engineering and Mines Hydraulics Laboratory

, 61- Ar,341ESS (C/ty, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)

Tucaon, AZ 85721 P0 Box 631
Vicksburg, MS 39180-0631

NAME OF FUNDINSPONSORING Bb. OFFICE SYMBOL 9. PROCUhEMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION OIf applicable)

USAED, Vicksburg LMKED-HH DACW39-86-C-0027

8c, ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT ' TASK .WORK UNIT

PO Box 60 ELEMENT NO, NO. NO, ACCESSION NO.

Vicksburg, MS 39180-0060
11, TITLE (Include Security Classi~f-cation)

Evaluation of Arkansas River Design Criteria for Stabilization and Rectification of the
Qhin l,

12. PERSONAL AUTHOR(S)
Petersen, Margaret S., and Laursen, Emmett M.

1Ia, TYPE OF REPORT 13b. TIME COVERED 14, DATE OF REPORT (Year, Month, Day) I PAGE COUNT
Final report FROM TO December 1986 127

1. SUPPLEMENTARY NOTATION
Available from National Technical Information Service, 5285 Port Royal Road,
Springfield, VA 22161.

17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse i' ncessary rand Identitfy by block number)
FPELD GROUP SUe-GROUP Arkansas River Channel stabilization

Navigation Project Dikes
Canalization Degradation (ContinuedO.)

19. ABSTRACT (Continue on reverse if necessary and identify by block number)

>4This report covers work under part one of a two-part study for the Vicksburg District
as part of their design studies for stabilization and canalization of the Lower Red
River, Louisiana. Studies summarized in this report are limited to evaluation of the ef-
feqtiveness of criteria used for similar stabilization work in providing navigable depths
in the Lower Arkansas River, Arkansas, a similar project that has been in operation since
1969.

Studies indicate that criteria used for stabilization in Arkansas River Pools 9
through 3 have been very successful in providing design depths, and that required mainte-
nance dredging in the period 1976-1984 has been negligible, averaging about 150,000 cubic
yards per year. Studies further indicated that deposition problems in Pool 2 (where main-
tenance dredging had averaged 430,000 cubic yards per year in the 1978-1984 period)

(Continued)

20. DISTRIBUTION /AVAILABILI Y OF ABSTRACT 211. ABSTRACT SECLJRITY CLASSIFICATION

W UNCLASSIFIED/UNLIMITED El SAME AS RPT. U OTIC USERS Unclassified

22a. NAME OF RESPONSIAI 0 0IIDIVIDUAL 22b. TELEPHONE (include Area Cod#) 22c. OFFICE SYMBOL

DD FORM 1473, 84MAR 83 APR edition may be used until exhausted, SEC(JRITY CLASbIFILA71ON OF THIS PAGE
All other editioni are obsolete. !Jncl1ass tf ied



UNCLASS IrIED
"C6UNS1 C1AA1114ICAVION OF 1418 PAGN

18. SUBJECT TEEMS (Cont~inued).

inland waterways (Ark R.) Post-construction evaluation Sedimentation
Locks and Dams (Ark R. canalization) Sediment transport
Maintenance dredging (Ark R.) River profiles Waterways
Navigable rivers River regulation

1'9. ABSTRACT (Continued).

ýprobably are more related to pool characteristics than to design of stabilization work.
Pool 2 is significantly longer and has more storage at normal pool level than Pools 9-3,
and it is subject to open-river flow conditions more rarely than the other pools (spillway
gates fully open about once in coven years, on the average, compared to annually at the
other pools. V-.-

UNCLASSIFIED
14CURIY C16A1111SIC~A~TIN 00 ?Nil VAoI



PREFACE

The work described in this report was performed during the period

January to December 1986 under Contract DACW39-86-C-0027, titled, "Evaluation

of Channel Design Criteria - Arkansas River, Arkansas," between the U.S. Army
Engineer Waterways Experiment Station (WES), Vicksburg, Mississippi, and The

University of Arizona, College of Engineering and Mines, Department of Civil

Engineering and Engineering Meohanios, Tucson, Arizona. The research was

sponsored by the Hydraulics Laboratory (HL), WES, for the U.S. Army Engineer

District, Vicksburg (LMK).

This report describes part one of a two-part study to evaluate the

effectiveness of design criteria used for stabilization and reotifloation of

the Arkansas River Navigation Project, Arkansas, and to modify those criteria,
as appropriate, for application in a similar project on the Red River in

Louisiana. Part one is limited to evaluation of the Arkansas River work and

to development of an understanding of the basic river processes involved in

adjustment of Arkansas River morphology to project conditions.

The study was performed and the report written by Professor Margaret S.
Petersen and Dr. Emmett M. Laursen. Graduate assistants for the study were

Amgad S. E. Elansary, Seree Chanyotha and Steve M. Cooke.

The contract was monitored by Mr. Robert W. McCarley, who served as the

Contracting Officer's Representative, under the general supervision of Mr.

Marden B. Boyd, Chief of the Hydraulic Analysis Division, HL, and Mr. William

A. Thomas of the Hydraulic Analysis Division. Messrs. Phil 0. Combs, LMKED-

HH, Max S. Lamb, Lower Mississippi Valley Division (LMVED-RP), and Tasso
Schmidgall, Southwestern Division (SWDED-WA) reviewed the report in detail and

provided valuable comments. Messrs. Jack Woolfolk and Gist Wilbur and Ms.
Margaret Rohan of the Little Rock District provided much of the necessary

information and data on the Arkansas River for study and evaluation.



COL Allen F. Grum, USA, was the previous Director of WES. COL Dwayne 0.

Lee, CE, is the present Commander and Director. Dr. Robert W. Whalin is

Technical Director. COL Patrick M. Stevens IV is the Vicksburg District

Commander.
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EVALUATION OF ARKANSAS RIVER DESIGN CRITERIA FOR

STABILIZATION AND RECTIFICATION OF THE CHANNEL

CHAPTER 1 - INTRODUCTION

1-1 OBJECTIVES OF STUDY

Objectives of the research program funded by the U.SA.E. Waterways

Experiment Station in January 1986, at The University of Arizona, Department

of Civil Engineering and Engineering Mechanics were as follows;

1, Evaluate the effectiveness of design criteria used for
stabilization and rectification of the Arkansas River

Navigation Project since the project became operational in the
late 1980's.

2. Evaluate the applicability of those criteria to the Red River
Navigation Project by conducting an analysis of the hydrology,
geomorphology, planned layout of the navigation channel, and
hydraulic design of navigation structures for the Red River.

This report covers Item 1. Item 2 work will be conducted In the future

when approved and funded.

Work reported on herein included evaluating the Arkansas River

rectified alignment, control structures, and design channel widths and

depths; study of surveyed cross sections, water surface profiles,

maintenance dredging, and ndditional contraction works added to maintain

navigation depth during the time the project has been in operation; and

examination of the basic river processes involved in adjustment of Arkansas

River morphology to project conditions. Arkansas River design criteria are

summarized, and present characteristics of PoolN 9 through 2 downstream of

Dardanelle Dam are described, with particular attention given to problem

1-1



areas requiring significant maintenance dredging. Terms having specialized

meaning in river engineering are defined in Appendix A, Glossary.

1-2 STUDY AREA

Locations of components of the Arkansas River waterway, including

the low-lift navigation locks and dams, are shown in Figure 1-1. The

natural sediment load and flow regime of the lower Arkansas River

have been modified significantly by construction of major storage dams on

the main stem and tributaries In Oklahoma. Additionally, sediment is

trapped In the Ozark and Dardanelle pools in Western Arkansas, Figure 1-1,

The suspended sediment load contributed by tributaries in Oklahoma

is indicated schematically by band width in Figure 1-2. Tributary

inflow in Arkansas Is minor, with the only significant Inflows

contributed by the Petit Jean River and Fourche Le Fave River that enter the

Arkansas along the south bank downstream of Dardanelle Dam, Figure 1-2,

The canalized Arkansas River reach downstream of Dardanelle Dam most

closely resembles the Red River navigation project reach downstream of

Shreveport. Accordingly, current work was largely limited to evaluation of

Arkansas River criteria downstream of Dardanelle Dam.

1-3 STUDY LIMITATIONS

Archives of the Little Rock District contained much data from the

original design studies fur the Arkansas River project; however, field data

under project condition@ In the study area are somewhat limited. Recent

field data included the following:
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- Surveyed cross sectionn in various years, 1989-1981
(not all pools were surveyed in all years)

- Measurements of bed material size composition in various years,
1970-1976

- Measurements of suspended sediment load in variouo years

- Computed daily sediment transport at Van Buren, Ozark,
Dardanelle, and Little Rock under project conditions

- Aerial mosaics flown in 1984 showing stabilization and

rectification structures

- Records of maintenance dredging

- Limited water surface profile data

Water surface profiles subsequent to 1978, additional Information on bed

material composition over time, additional measurements of sediment load,

and more recent cross section data would have been helpful in this study;

however, available information was generally adequate.

1-4 ARKANSAS RvER PROJECT

The Arkansas River Navigation Project was authorized by Congress in the

River and Harbor Act of July 1946 (later amended by the Flood Control Acts

of 1948 and 1950) for development of navigation, flood control,

hydroelectric power, and ether purposes, but no funds were appropriated for

the project until 1949. The navigation channel has a minimum depth of

9 ft with 17 locks and dams (12 In Arkansas and 5 in Oklahoma) to enable

navigating the 420-ft rise in elevation from the Mississippi River to the

vicinity of Tulsa, Oklahoma. In addition, power facillties were installed

at four of the navigation locks and dams (including Dardanelle and Ozark

Dams in Arkansas); additional power facilities are now (1986) under study by

local entities. Also, eight large multiple-purpose reservoirs were
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constructed in Eastern Oklahoma, Figure 1-1 and Table 1-1. Pertinent data

for the navigation locks and dams in Arkansas are listed in Table 1-2.

The project was delayed by the Korean War in the early 1950's, and it

was not until 1956 that construction was initiated on Keystone and Eufaula

Reservoirs in Oklahoma. Those reservotra significantly decreased the

natural sediment load of the Arkansas River prior to construction of

Dardanelle Dam begun in 1959. Construction of Lock and Dam I and 2 was

initiated in 1963, and construction of the navigation structures proceeded

upstream. By 1968, all the navigation locks and dams in Arkansas and

Oklahoma were under construction. The project was completed to Little

Rock In December 1986, to Fort Smith in December 1969 and to Catoosa-Tulsa

In December 1970.

Hydraulic Characteristics, Prenroject Conditions - In its natural

state, the Arkansas River carried a very large sediment load, with a mean

sediment content by weight of about 0.3 percent. The suspended total loads

of the Arkansas River and Red River are compared to those of other rivers in

the United States In Table 1-3. The preproject sediment load and discharge

of the Arkansas River and major tributaries are shown schematically on

Figure 1-2,

At Van Buren, near the Arkansas-Oklahoma border, natural average flow

was 38,100 cfe, and the annual sediment load was 97.2 million tons, or 2,690

tons per cfe. Between Van Buren and Little Rock, Arkansas (188 miles) there

was relatively little sediment production. 'At Little Rock, the average

annual discharge was 47,500 cf8, and the annual sediment load was 104.9

million tons, or 2,200 tons per cfs. The river channel was about 2,000 ft

1-7
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wide, and average slope was about 0.8 ft per mile, Downstream from Little

Rock to Pine Bluff (55 miles) the slope steepened somewhat, to about 0.86 ft

per mile, and from Pine Bluff to the confluence of the Arkansas with the

Mississippi (110 miles) river width was about 2,000 feet, and the slope

about 0.7 ft per mile. There are no major tributaries below Little Rock.

The meander belt of the Arkansas River varies in width, but in

r generally from one to five miles wide. There are a number of rock outcrops

and stable points along the river in Arkansas, and prior to stabilization

the river meandered between them, Alluvium in the river bed above thaiweg

level was naturally about 70 percent sand (2.0 to 0.004 mm) and 30 percent

silt and clay (<0.004 mm). Downstream to Little Rock the river bed was

composed of sands and gravels from a few feet to 30 feet deep over

underlying rock; downstream of Little Rock bedrock Is at great depth.

The predominant size of bed materianl was medium sand (0.25 to 0.50 mm),

with the material generally becoming finer in a downstream direction and

coarser with depth below the river bed, Some gravel was mixed with sand

throughout the alluvial bed and was found in greatest concentration near the

bed rock. Gravel was primarily visible on the river bed near the upstream

ends of sand bars. For design of the Arkansas River navigation project, 286

bed load samples were taken at Van Buren, Dardanelle, and Little Rock. The

maximum sizes of gravels trapped with discharges up to 650,000 cfa ranged

from about 90 mm (3.5 inches) at Van Buren tu 50 mm (2 inches) at Little

Rock.

At Van Buren, the discharge had ranged from 850,000 to 300 cfs, and

average annual flow ranged from 75,900 to 6,370 cfs (55 to 4,6 million
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acre feet per year) prior to construction of the uppcream storage

reservoirs. Maximum and minimum sediment loads at Van Buren were estimated

to be 137.7 and 9.35 million tons per year, respectively. About half of the

total load was carried by high flow. experienced less than 10 percent of the

time.

Under natural conditions about 25 pernent of the suspended load of the

lower Arkansas River was sand, with very fine sand (0.0e2 to 0.125 mm)

predominating. The remaining suspended load was silts and clays. The bed

load was estimated to be somewhat loes than 10 percent of the total load and

was predominantly sand and gravel.

Estimated Prolect Modification of lydraullo Characteristics - Large

storage reservoirs in the Upper Arkansas River Basin in Oklahomr., listed in

Table 1-1 and shown in Figure 1-1, have modified the sediment regime of the

river significantly. Essentially all the silt-clay load (termed wash load

in the Arkansas River studies) was expectod to be trapped in the upstream

storage reservoirs, and it was expected that under project conditions the

wash load in the lower river would be derived from tributary inflows and

from bed and bank erosion. Wash load is not closely related to discharge,

but is indirectly related through rainfall washing eroded material into the

streams and through bank caving. Studies during project design indicated it

was unlikely that any of the clay load would be deposited in the navigation

system.

To limit the sediment load moving into the lower Arkansas River

navigation reach, the upstream storage reservoirs were closed prior to or

shortly after closure of Dardanelle Dam in 1963. Studies indicated that
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sediment deposition in Dardanelle Reservoir would reduce reservoir storage

by 38 percent in 50 years and that contraction works would be required

eventually throughout the Dardanelle pool to maintain a navigation channel.

Available information indicates that storage decreased about eight percent

between 1984 and 1981. Additional contraction structures (extending for

about three miles downstream from initial work) were constructed In 1973

primarily to realign the navigation channel to provide a better approach to

a proposed bridge crossing,

Under preproject conditions the suspended sediment load at Dardanelle

averaged 100,4 million tons per year; this was estimated to be reduced to

16 million tons per year under project conditions with the upstream

medium-lift navigation dams (Webbers Palls, Robert S. Kerr, and Ozark) on

the Arkansas River closed and the Oklahoma storage reservoirs in operation,

In the 13-year period 1985-1977, with most of the upstream reservoirs in

operation, the average annual suspended sediment inflow Into Dardanelle

Reservoir was about 8 million tons per year. Suspended sediment outflow

from Dardenelle Reservoir averaged about 3.5 million tons per year over the

18-year period 1984-1981. Sediment transport under project conditions is

discussed further in Chapter 5.

In design studies, the sand load at Dardanelle was projected to

decrease as source material from the riverbed upstream coarsened, but the

silt-clay load was projected to increase over time as storage in the

medium-lift navigation dame upstream of Dardanelle became depleted by

deposition and more fine material passed through the pools.
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It was estimated that about 60 percent of the sand load entering

Dardanelle Reservoir would be deposited in the pool, but that 90 percent of

the slit-clay load would pass through, With the downstream banks

stabilized, this reduction in wash load was expected to be maintained

throughout the lower river downstream of Dardanelle, The wash load was

considered to be too fine to be deposited in any of the downstream low-lift

pools. The river was, however, projected to pick up an appreciable part of

its normal sand load by the time it reached Pine Bluff. (No post-project

data were available on size distribution of the suspended load downstream

of Dardanelle,)

Stabilization and Rectification Work - The low-lift navigation dams

were sited with the objective of limiting dredging to the heads of the

pools, and special contraction works were designed for reaches immediately

downstream of the dams and locks to aid in providing suitable depths and

slopes so is to minimize loss of sediment transport capacity immediately

below the structures. It was, however, considered essential that

contraction works not raise water-surface elevations significantly and

reduce preproject flood-carrying capacity of the river.

In its natural state, the Arkansas River meandered freely through its

flood plain, with bends of alternating curvature that generally migrated

downstream, elongating their loops to where natural cutoffs occurred. High

and low flows generally took different paths around the bends, with low

flows following a sinuous path in the main channel and higher flows cutting

across the point bars. From Robert S. Kerr Dam, Oklahoma, to the river

mouth, radius of curvature ranged from 1,000 ft to about 36,000 ft;
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50 percent of the concave banks had radii of 6,000 ft or less, and 80

percent had radii of 10,000 ft or less. The meander pattern of an alluvial

stream has been associated with a "dominant" discharge. On the Arkansas

River that flow was considered to be the discharge at approximately bankfull

stage, ranging from 150,000 cfm at Fort Smith to about 275,000 cfs below

Pine Bluff, discharges equaled or exceeded about five percent of the time

and with approximately an annual recurrence interval under natural

conditions, The meander pattern is also influenced by slope of the stream,

sediment load, and relative erodibility of bed and banks.

For design of the Arkansas River project, studies were made of the

shape of naturally stable bends and crossings at various points on the river

to determine what design widths the stream could be expected to maintain

without developing center bars and split channels. Average values of

cross-sectional area and carrying capacity (Ad2 /3) were determined for a

range of flows in the stable sections and used as a guide for design of

rectified sections at other nearby locations. Studies were also made of

average maximum depth of channel cross section In bends as a function of

radius of curvature of the bend and of depths in crossings as a function of

width. For example, in the Little Rock to Pine Bluff reach, maximum depth In

bends decreased from about 20 ýo 10 ft below the construction reference

plane* as radius increased from 5,000 to 35,000 ft. Depths in crossings

decreased from 10 to 8 ft below the construction reference plane as width

increased from about 1,100 to 1,600 ft, as shown on Figure 1-3.

The construction reference plane (CRP) is the vertical control line on
the Arkansas River, a sloping plane corresponding approximately to the
mean low-water profile for a flow of 10,000 cfe for preproject
conditions and adjusted for river shortening under project conditions,
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The Arkansas River was stabilized in a single channel along an

alignment consisting of a series of easy bends of alternating curvature,

usually connected by straight crossing reaches about two to four times as

long as the width. The layout followed the natural configuration of the

river as much as practicable so as to minimize disturbance of the river

regime and minimize cost. Where bends were very sharp, cutoffs were

constructed because initial and maintenance costs would be lower than for

stabilization of the natural bends and navigation conditions would be

improved. Development of long, relatively straight reaches was avoided

where possible since there is a tendency for flows to shift from aide to

side in such reaches, making maintenance expensive and creating difficulties

for navigation.

Since realignment involved local scour and deposition along much of the

river over a period of several years (depending on the extent of realignment

in a given reach and future flow magnitude), that work was programmed for

early construction so the high sediment load in the river prior to closure

of the Oklahoma storage reservoirs could be utilized in reshaping the

channel.

Cutoffs were constructed by excavating a pilot channel of relatively

small cross section which was later enlarged by the river itself. The pilot

channel cross section was designed to be self-scouring, that is, so the

sediment transporting capacity of the cut was greater than required to

transport sediment entering the cut and the pilot channel would degrade and

enlarge. For initial cutoffs, low flows that would have tended to deposit

material in the excavated cuts were prevented from entering the pilot

1-16



channels immediately after excavation by leaving an earth plug near the

upstream end that was designed to be overtopped and washed out at a flow of

about 100,000 cfs. For the later cutoffs, when time for development prior

to Impoundment of the navigation pools became short, the excavated cuts were

opened to the river immediately after construction so that all flows would

contribute to enlargement of the cuts.

If a sufficiently high bed-shear ratio to ensure enlargement of the

pilot channel could not be obtained with an economical excavated cross

section, the slope through the cut was increased by raising the water

surface elevation at the head of the cut by construction of a control

structure across the old channel just downstream from the entrance to the

cutoff. In most cases, the structure initially extended across only a part

of the old channel, If it traversed the entire cross section, it was

designed with a long spillway section at a low elevation so that a

substantial portion of the flow continued through the old bend for a time,

depositing sediment in the old bendway. Such structures are required

ultimately to control alignment of the channel, but by constructing them

shortly after a cutoff was opened, they also promoted more rapid development

of the cutoff than would naturally occur. A revetment was constructed along

the ructif ed channel control line on the concave bank of the cutoff to

limit and control enlargement of the channel.

Major realignment of the river in Arkansas involved construction of

15 cutoffs (11 downstream of Dardanelle Dam). The river between Dardanelle

Dam and Dam 2 was shortened by 35 miles, or 16 percent. Table 1-4

summarizes information on cutoffs and pilot channels on the Arkansas River
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in Arkansas. It will be noted that all cutoffs were opened by the end of

1962, or prior to closure of Dardanelle Dam and the low-lift navigation dams

downstream, permitting much of the material eroded as the pilot channels

enlarged to move through the system prior to impoundment of the pools.

In layout of the rectification work, the bends were designed with

smooth transitions to tangents in the crossings, and the revetments were

laid out free of irregularities and false points to avoid separation of flow

and localized scour from eddy action. The original layout required rather

extensive control structures on the concave bank in bends, minor work on

convex bars,'and work on both banks through crossings.

In general, the rectified alignment was achieved by spur dikes

extending out from existing banks to the rectified channel control line.

Where t'l control line was along concave banks, the banks were stabilized by

construction of revetments. The original trace width design ranged from

1,000 to 1,500 feet in crossings. In bends, the stream had more flexibility

In developing its own optimum width, and the spur structuves on the convex

banks were designed to be extended out into the channel in the future as

required.

The low-head navigation dams were spaced as far apart as feasible

to minimize costs, and additional contraction (additional narrowing) was

provided at the heads of pools to produce and maintain the design navigation

depth.

Operating experience later indicated the need for additional

contraction in some reaches to minimize maintenance dredging and provide

more reliable navigation depths, as discussed by pool in Chapter 2.
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Experience had shown that stabilization of an alluvial stream such as

the Arkansas must be achieved by systems of protective works extending from

one fixed point on the stream to another because isolated structures become

ineffective in a short time as changes in flow direction destroy the

structures or migration of the river bypasses the structures and shifts the

attack to a new location requiring work in another area. The location and

composition of the systems of structures used on the Arkansas were

determined largely on the basis of experience, judgment, and the application

of rules deduced from years of river observation.

In general, protection was provided to the stage corresponding to about

half-bankfull discharge (which is a flow equaled or exceeded about

10 percent of the time). Bank paving was carried generally either to about

mid-bank height (16 ft above the construction reference plane) or to the top

of bank. Top of piling was usually set At from 13 to 17 ft above the

construction reference plane, and as piling deteriorated over time,

additional stone was added to pile structures to an elevation of 10 feet

above CRP. The specific criteria used at a particular site depended on

local conditions.

Four types of revetment were used for bank stabilization on the

Arkansas River, with the type uised at a specific location depending on

purpose of the structure, depth to bed rock below the stream bed (which

sometimes precluded driving piling), and the relative cost of stone and pile

structures. Where existing concave banks were to be protected from erosion,

either standard treachfill revetment or standard revetment with mattress was

used, depending on relative cost. On low banks, low bars, and where the
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rectified channel control line crossed the existing channel, either pile

revetment or stone-fill revetment was used, depending on the elevation of

top nf rock and relative cost. These two types of revetmenit were designed

to induce deposition of sediment to create new bank lines or build up

existing banks and to encourage willow growth on the accretions. Where the

rectified control line was a considerable distance from the existing bank,

baffle dikes were used landward of the revetment to provide additional

screening effect. Design of revetments was based on standards described in

Project Design Memorandum No. 8, Bank Stabilization and Channel Rectifi-

cation, Arkansas River, 1960.

Both stone-fill and pile dikes were used, with the type used in a

specific location depending on depth of bed rock below the stream bed and

relative costs. Either type was satisfactory to control the river, train it

to the rectified alignment, promote the development of new banks, close off

secondary channels, and serve as baffles landward of pile or stone-fill

revetments. Steel jetties were used to a very limited extent to expedite

accretion and growth of willows in chutes, on the upstream ends of bars, and

on low overbanks, primarily upstream from Lock and Dam 13.

Dike systems on concave banks usually consisted of a leadoff structure

at the upstream end (approximately parallel to the flow and far enough

upstream so that flanking did not threaten Integrity of the system) and a

series of spur dikes extending out from the natural bank to the rectified

channel control line. The spur dikes were angled downstream about

15 degrees from normal to the current to direct flow away from the dike root

and back to the channel. Where spur dikes were short and the degree of
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attack was not severe, as in a relatively straight reach or flat bend, the

maximum spacing of dikes was such that flow around the ends of the dikeR did

not attack the bank between them. Where the dikes were longer and the

degree of attack more severe, as in bends of moderate to sharp radius, the

spacing was usually from one to 2.5 times the dike length, with the maximum

spacing such that not more than the outer 20 to 25 percent of any dike was

subject to direct attack by the current. Longer dikes were set relatively

closer together. The closer spacing resulted in lower maintenance costs and

minimized the scalloped bankline pattern that accretions form behind dikes,

reduced turbulence, and improved flow conditions for navigation. Where an

existing concave bank was faired out riverward a considerable distance to

the rectified control line, the dikes sometimes were extended in stages to

allow time for the new channel to develop past the ends of the dikes at each

stage. When this was done, dikes were spaced to meet the above criteria at

the intermediate construction stages (as well as for the ultimate alignment)

becautse several years usually elapsed between stages, and good control was

required throughout the entire realignment period. Dikes were used on the

convex side of bends to promote accretion on convex bars, close off chutes

and swales, and prevent development of new chutea. In general, they had a

much greater spacing than dikee on the concave side and were used primarily

in the upper third of a bend. Design standards for dikes are also discussed

in Project Design Memorandum No. 8 referenced above,

Oneration of Navigation Dame - Spillway crests for the low-lift

navigation dams were set at about the estimated future stable bed level. On

rising stages, planned operation provided for opening the spillway gates as
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rapidly as possible, consistent with maintaining navigable depths, so that

essentially open-river conditions would prevail at medium-to-high

discharges. Thus, the river at higher flows (with spillway gates fully

open) was projected to retain approximately its natural sediment transport

capacity, with no overall tendency for deposition in the navigation channel

in the lower river. On falling stages, spillway gates were to be closed to

maintain navigable depths, detention time through the pools would be

increased, and an increased percentage of the sediment load would be

deposited, The minimum flow at which open-river conditions prevail are

discussed further in Chapters 2 and S.

Because low flows carried a low sediment load, deposition in the pools

of the low-lift navigation dams was expected to be minor, and some of the

material deposited in the pools during low flows was expected to be

entrained and moved downstream on the next rise during open-river

conditions. Thus, longer periods between flood events were expected to

increase maintenance dredging. It was estimated that the silt-clay load

passing Dardanelle Dam would be too fine to be deposited in the downstream

low-lift pools, as noted earlier.

Spillway operating criteria generally call for all gates to be open

uniformly when passing flows in excess of thcse required for lockage. A

hinged pool operation has been used at Pome dams to increase slopes and

velocities in the lower portion of a pool co that any deposited material

will be scoured out: flow conditions in the upper portion of the pool are

not affected, The pool is drawn down from 2 to 5 ft below normal navigation

pool level at the dam by opening the spillway gates when river discharge
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is increasing. The amount of drawdown is limited so that the water surface

profile through the pool is at about project design depth through

controlling shallow obstructive reaches and velocities are not so high as

to restrict navigation In -the lower reach of the pool, An alternative

operating procedure to maintain project depth In shoaled areas is to raise

the pool above normal elevation temporarily until the shoaled area can be

dredged. The permissible increase in pool level is controlled by the extent

of flooding of adjacent lands and freeboard (1 to 2 ft) on the spillway

gates,
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CHAPTER 2 - LOW-LIFT NAVIGATION POOLS BELOW DARDANELLE DAM

2-1 ,ERAL

Pools 9 through 2 downstream from Dardanelle Dam have very different

characteristics at normal pool with regard to:

- Storage, ranging from 110,000 ac ft at Pool 2 to 32,000
ac ft at Pool 8,

- Pool length, ranging from 33,2 mi at Pool 2 to 15.8 ml at
Pool 3.

- Surface area, ranging from 10,500 ac at Pool 2 to 3,700
ac at Pool 3.

- Average pool depth, (storage divided by area at normal
pool level), ranging from 12.4 ft at Poole 3 and 4 to
7.6 ft at Pool 8.

- Elevation of the construction reference plane (CRP) with
respect to pool elevation, ranging from +8 ft to -8,5 ft
at the head of Pools 9 and 3, respectively, and -26 ft to
-13,5 ft Just upstream from Dams 2 and 8, respectively.

- Minimum discharge at which all spillway gates are fully
open, ranging from 80,000 cfs at Dam 8 to 280,000 cfs at
Dam 2 .

All these factors affect the efficiency of stabilization and

rectification work in providing a stable navigable channel of adequate

depth. Pertinent characteristics of the pools are summarized in Table 2-1.

The layout and profile for Pools 9 through 2 are shown on Figures 2-1

through 2-8, based on available Information as listed in Table 2-2. The

figures show initial stabilization and rectification work and structures

added after the reach became operational in December 1968 to further narrow

the channel to reduce maintenance dredging and provide more reliable
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Table 2-2

Years For Which Basic Date Were Available

High Water Profile(l)
Pool Cross Sections Discharge (cf.) Date Bed Material Composition

0 1975, 79, 81 460,000 May 57 1971, 72, 74, 75
330,000 Nov 73
83,700 Apr 78

S. 1975, 79, 80 460,000 May 57 1971, 7a
"330,000 Nov 73
95,500 Apr 78

7 1969, 75, 79, 80 460,000 May 57 ;971, 75
320,000 Nov 73
95,500 Apr 78

6 '.1974, 75, 78, 80 460,000 Jun 87 1970, 7R, 75
310,000 Nov 73
88,000 Apr 78

5 1972, 75, 78, 80 460,000 Jun 57 1910, 70
330,000 Apr 73

4 1971, 75, 79, 80 450,000 Jun 57 1972. 76
350,000 Apr 73

3 1971, 78, 80, 81 450,000 Jun 57 1972
350,000 Apr 73

2 1972, 78, 80 450,000 Jun 57 1072
300,000 Nov 73

(1) Profile data for the November 1985 :lood (discharge in the order of
220,000 cf) became available after basin 3tudies wore completed,
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navigation depth. The profiles show the highest elevation in the deepest

250-foot wide preproject channel (from the latest surveys prior to 1960),

thalwog 'elevations in various years under project conditions, and

representative hign-water profiles, Location and volume of maintenance

dredging by years are shown.

It should be noted that all cutoffs from Dardanelle Dam to Dam 6 that

signJficantly shortened the river were in place prior to the ispring 1957

high-flow period; that all other major cutoffs downstream of Dam 8 were in

place by the fall of 1962; that construction of Dardanelle Dam began in 1959

and the dam was closed In 1963; and that construction of downstream low-lift

navigation dams began with Dams 1 and 2 in 1963 and proceeded upstream. By

198 all locks and dams throughout the system in Arkansas and Oklahoma were

under construction, and the entire project was completed and operational in

December, 1970. The sequence of dates is important because project

construction was expedited in the mid-1960's and there was not sufficient

time for the rectified channel in some reaches to become fully stabilized

prior to Plosure of the navigation dams as originally planned.

The charucteristics of Poole 9 through 3 (based on available data) and

historical maintenance dredging in each pool are discussed In the following

senssons. Maintenance dredging in discussed in detail in Chapter 1. Open-

river :low conditions are discussed further in Calepter 6.

R-2POOL 9

.radation - Pool 9 is a long pool (28.6 ml); only Pools 7 and 2

(30.5 mi and 33,2 mi, respectively, are longer, and other pools range in
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length from 21.8 to 15.8 ml. From Dardanelle Dam (N Mile 205,5) to

N Mile 198 the bed was dredged initially and degraded in the order of 15 to

20 feet between 1960 and 1975, and there was no additional degradation in

the reach between 1975 and 1981, Figure 2-1. Degradation was to be expected

because oft (1) trapping of sediment in Dardanelle reservoir,

(2) construction works at the head of Pool 9 and (3) Point Bar and Holla

Bend cutoffs that shortened the river by about seven miles. Verbal

communication indicated there was 17 million cu yd of initial dredging

downstream of Dardanelle Lock and Dam as a part of project construction;

only minor maintenance dredging has been required immediately downstream of

the lock. Top of rock from Dardanelle Dam to N Mile 193 is, at places, near

the 1975-1981 thalweg. It is not clear from available data whether rock now

controls the bed elevation in the upper half of Pool 9 or rock is below an

armored bed.

In the ten miles downstream of the cutoffs (to N Mile 184) the bed

appearm to have lowered from a few feet to ten ft. The bed is generally

little changed and In at about spillway crest level for six miles

immediately above Dam 9 (N Mile 183-177); the spillway crest appears to

control the bed elevation in that reach.

Contraction works have narrowed the river somewhat throughout the pool,

and the bed has lowered perhaps about three feet as a result of contraction,

After the project was in operation, additional narrowing was provided at

several locations:

2-13



- In the relatively straight 3-mile reach below Dardanelle
Dam (from 1,000 ft to 800 ft).

- In the long flat crossing at N Mile 196 (from 1,000 ft
to 750 ft).

- In the flat crossing at N Mile 190 (from 1,200 ft to 800
ft).

- In the very flat bend from N Mile 189 to 197 (from 1,200
ft to 900 ft).

The pattern of bed lowering in Pool 9 supports the conclusion that the

primary causes of degradation are the drastic reduction In sediment load in

outflow from Dardanelle Dam, shortening the reach by cutoffs, and narrowing

the channel.

.frd Material - Measured median grain size of bed material through Pool 9

for years 1971 through 1978 Is shown In Figure 2-9. The data Indicate that

bed material becomes finer with distance downstream from Dardanelle Dam

(from in the order of 3 mm at the head of the pool to 0.4 mm In the lower

part of the pool). Material In the lower portion of the pool appears to

have coarsened from about 0.4 to 0.5 mm between 1971 and 1975.

Water Surfage Slope - The overall water surface profile of the November

1973 flow of 330,000 cfs Is slightly less steep (0.84 ft per mile) than that

of the 1957 flow of 460,000 cfe (0.88 ft per mile) under preimpoundment

conditions, as is to be expected with degradation, and about the same as

that of the 1985 flood (0.85 ft per mile). The flat water surface slope

(0.49 ft per mile) for the April 1978 flow of 83,700 cfs was probably

influenced by spillway gate control since the discharge Is less than that

for open river conditions at Dam 9.
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MIlIntenance Dredglng - There has been no maintenance dredging in the

first ten miles below Dardanealle Dam except minor amounts at N Mile 205 in

1972 (30,600 cu yd) and N Mile 198 in 1984 (7,900 cu yd), Figure 2-1. There

was considerable dredging (285,800 cu yd) In the 3-mile relatively straight

reach (crossing) at the lower end of Holla Bend Cutoff at N Mile 194 In the

1 9Q0ts, and a very minor amount at N Mile 193 in 1984, A total of

725,800 cu yd was dredged in the 1970's (76 percent prior to 1975) from

the seven-mile reach between N Miles 189 and 182 the reach has very little

sinuosity. Since 1975 there has been only a modest amount of dredging in

Pool 9, mostly In the downstream portion of the pool. In 1982 and 1984,

08,000 cu yd of material was dredged at N Mile 186 and 42,200 cu yd in the

long crossing at N Mile 181. The only other recent dredging in the pool was

7,900 cu yd in 1984 at N Mile 198 noted above. it should be noted that 1973

through 1973 were years of above average flow, as discussed further in

Chapter 4.

Discussion.- Pool 9 to a long pool (28.6 ml), and normal pool elevation

In the downstream 17 miles of the pool is set below the construction

reference plane, Figure 2-1, as discussed further in Section 6-2. Top of

piling and top of stonefill in control structures are generally above normal

pool elevation except In the immediate vicinity of Dam 9. The structures

appear to offectively control flows within the main ',hannel at discharges up

to the range of 130,000 cfa (or for about 90 percent of the time).

The pool iu bordered by rock eacarpments at intervals along both the

left and right banks, aid the rectified channel alignment has very little
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sinuosity in the upper 22 miles of the pool, with long and poorly defined

crossing reaches,

It is likely that the good performance of structures in Pool 9 and the

relatively modest maintenance dredging required in the past ten years are

related to the significant decrease in sediment transport through the reach

with Dardanalle Dam in operation and to the fact that open-river flow

conditions prevail for discharges at or above 137,000 cfs, a flow that

exists, on the average, five percent of the time, and that appears to have

occurred in 17 of the 22 years following closure of Dardanelle Dam, as

discussed in Chapter 8,

2-3 Pool, -8

Degradation - Pool 8 is relatively short, about 21 miles long.

Morrilton Cutoff, which was opened in 1980, is located about midway along

the pool and shortened the river by about 5.2 miles, Figure 2-2, Initial

dredging at the head of Pool 8, as a part of project construction, totaled

4,9 million cu yd. In the five miles below Dam 9 the thalweg lowered about

5 to 10 ft between 1960 and 1975. In the downstream 15 miles of Pool 8 bed

change varied from section to section, The bed overall did not change

significantly from 1960 to 1980 although at some places it might be several

feet higher or lower, It is probable that the spillway crust exerts at

least partial control on bed and water surface elevations through the

downstream portion of Pool 8,

Structures narrow the river throughout most of the pool, but the

initial narrowing was genermlly modest, After the project was in operatton,
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some reaches of river were narrowed further to as little as 600 ft, as

follows:

- The flat crossing at N Mile 171 (from 1,200 ft to 600
ft).

- The long flat crossing at N Mile 167 (from 1,2nO ft to
750 ft).

- The upper look approach at N Mile 1586.8 (from 1,200 ft to
800 ft),

led Material - Measured median grain size of bed material through Pool

8 in 19'71 and 1975 is shown in Pigura 2-10, The data indicate that in 1971

median grain size throughout the pool was about the same, 0.35 mm, Data from

1978, however, indicate a coarsening of bed materiel throughout the pool, as

compared to 1971, with a D50 graAn size In the order of 4 mm at the head of

the pool decreasing to about 0.8 to 1.0 mm in the downstream portion of the

pool,

Watq.•.• jifice Slone - The water surface slope (0.78 ft per mile)

through the pool for a discharge of 320,000 cfs In November 1973 was less

than for a discharge of 460,000 cfs in 1957 (0.9 ft per mile). The 1978

profile for a discharge of 95,500 cfe wee about parallel to that of the 1973

flood, with a slope of 0.74 per mile. Since Dam 8 spillway gates are fully

open at a discharge of about 80,000 cfs, the 1973 profile (as well as the

1978 profile) appears to reflect open-river project conditions. Slope of

the 1988 profile was also about 0.78 ft per mile, the same as for the

November 1973 flood.
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Maintenance Dredaing - All dredging in Pool 8 was done prior to 1978

and was almost entirely in the upstream half of the pool, totaling about

2.8 million cu yd over eight years.

Dredging in the upper half of the pool amounts to about 8 ft over a

300-ft width, and probably is about equal to the lowering that would have

naturally occurred eventually due to degradatton and long-contraction rcour,

The fact that this dredged material was disposed of outside the main channel

could account for the lack of need to dredge in the lower half of Pool 8.

The considerable dredging in the 1970-1976 period indicates Pool 9 was

supplying a significant load throughout those years. Lack of need for

maintenance since Lhat time would seem to indicate that sediment supply and

transport capacity were in balance in the later 70's and early 80's, Whether

the head of Pool 8 is now degrading because of a meager sediment supply is

not known.

In the early 1970's, the channel was narrowed from 1,200 to 750 ft over

a short reach to increase sinuosity at N Mile 167 just upstream of Morrilton

cutoff and vane dikes were used at N Mile 172-171 to narrow the crossing.

.Discussion - Pool 8 is a short pool (21 ml), and normal pool elevation

is set higher than Pool 9 with respect to the construction reference plane,

Figure 2-2. Top of stone in control structures is generally above normal

pool elevation except immediately upstream from the dam. Thus the

structures effectively control flows within the main channel about

90 percent of the time, as in Pool 9. The pool Is bordered by rock

escarpments at intervals along both the left and right banks, and the
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rectified channel has little sinuosity in the reaches N Mile 174-170 and

188-160.

It is likely that the good performance of structures in Pool 8 and the

lack of need for maintenance dredging in the 1978 - 1984 period are related

to the decrease in sediment transport through the reach due tc Dardanelle

Dam, to removal of sediment by dredging from the main channel in Pool 9, and

to the fact that open-river conditions prevail at discharges of 80,000 Cfs

and higher, conditions that exist on the average about 15 percent of the

time and can be expected to occur annually, A mean daily discharge of

80,000 cfs or higher appears to have occurred in 20 of the 22 years

following closure of Dardanelle Dam, as discussed in Chapter 6,

A-4 POOL 7

Dagradation - Initial dredging of 8A3 million cu yd, as a part of

project const-ruction, and contraction works lowered the bed from a to 10 ft

for about five miles through the long flat bend at the head of the pool

between 1960 and 1969, Post-project surveys in 1969, 1975, and 1980 do not

indicate significant trands in change of thalweg elevation throughout the

pool Wit that period, Figure 2-3,

Lack of the need for maintenance dredging since 1976 in the first five

miles at the head end of the pool may mean that the bed has degraded to a

stable elevation in that reach for present conditions. The bed slope is

slightly adverse downstream of Dam 8 for about 8 miles and then horizontal

for about 10 miles, Figure 2-3. The bed will probably continue to degrade,
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i 1 fluctuating between scour and ftll with changing flow rates 3nd pool

operation.

In the early 19701s, after the navigation project became opret ai,

much of the channel in the upper half (14 milee) Of Pool 7 Was na~rowed•, to

800 all 700 ft, as follows.

- Immediately dowuistream from Lock18 (from ,,200 ft tp ,700

I- n the lohg flat, cros$•ig and long radmil bpnd between N
Miles !51 and 14'7.8'(irom1,1 60 ýt to 600 ft).

- In the fliat bead between N Miles1 147.5' and 145 (from
1,000 ft to 700 .4t).

- 'A the very long crossing rt N Mile 142 ,(frum 1,400 ft
to 700 ft).

ded Hatriak - Measured madian grain size of bed o.lte.ial through

Pool 7 in 1971 and 19ýY 10 shown in Figure 2-Il. The data do not Indicate

any trend In coarsenling of bed material during that time. except perhaps a

slight cuarsening neat the head of the p~oo. Median grain size generally

bscomem finer Ohrough the poo), from about 0.6 mm near the head of the pool

to about 0.26 at Dam 7,

Water Surfaoe SlopsM- The overall water aurface slope through the pool

for 320,000 cf& in 1978 (0.71 ft per mije) is about the same as for

460,000 cfe through thu re&ch in 1957 (0.72 ft per mile) prior to

construction of thoi project. Wate: surface slopes in this reach were not

uniform under prelmpoundment or projert uonditlons. In the upstream portion

of Pool 7. the 1978 water surface profile for 95,500 cfs was about parallel
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to'the profile for 320,000 cfs, but the Dam 7 spillway crest controlled

'the water surface elevation in the downstream half of the pool. Open-river

cutditioits do not occur in Pool 7 below f'lowa in the order of' 190,000 to

200,000 qfra. The elope for the iP85, profile was somewhat steeper, about

0.80 ft'per mile.

.NaI.tenang DredgInR - Abd'lt 2,8 mtli A A .u yd' were dredged from the

head efd of Pool 7 In the 1970'. and another 0.34 in the early 1980's. Most

dredging was in the upper 10 m'iles of t4ot poo.l It appears that s wedge of

bed matqeial has been removed, wlth tit apex tan miles downstream of Dam 8;

the bed slope was slightly adverse in this teachýiIn 1980, However, dredging

was not in that same wedge pattern; by far the heaviest dredg.ing was three

to nine miles downhtretm from Dam 8.

As a rough rpproximatlon, the qpantity of dredged material was about

equal to the bed lowering, but the difference betweei the dredging and

lowering patterns would indicate active sediment transport and sediment

supply through Dam 8 In the 19/0's. The continued need for dredging in the

1980's in the reach three to nine miles downstream frum Dam 8 could mean

that degradation due to sediment being trapped behind Dardanelle Dam had not

reached Pool I to any signifinant degree by 1904.

Dis•c•sion - Pool 7 is 30.5 miles long, the second lotngest pool (after

Pool 2) downstream of Dardanelle Dam, and there were no cutoffs in the

reach. The pool is sot below the construction reference plane at the upper

end, Figure 6-1, and Is one of the shallowest pools, with an average depth

of 8.8 ft at normal pool level, However, becnuse it Is long, depths are
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adequate in the lower |'ortion of the poiol, Open-k.tver conditions begin at

an elevation that is high with rempect to top of control structures (ut a

flow of about 190,000 qrs) so that r6',k In ýontrl at.U'ctureh Jsi ubmer'ged

about 10 ft when, open-river flow begIn3.

It Is not clear hyd au;IcalIW why eight of the 14 miles at the head and

of Pool 7 had to be narroWed te 800 or 700 ft In the early 1970,1, and

requirements for r .ttlued Maintetiarce dredgAný thrbug,, the' early .,980's

suggest that eveg such eytreme na rrowiflý was not efP.•ctive in ttanaporting

sediment through the p ~ol, Maintenance, e~tng .in Pohl, I through 1984

totaled 17,3 perrent, of all" daliktxnarice dredging Ai Pouls 9 thrc•gh 2.

Possible reasonn, may b6t• relative frxquency of open-river flow cOnaltio

through Pools 9 and. 1, as compared to Pool 7, ard the tact that stone in

control strlictures In Pool 7 issubeeige, about 10 ft when opoen-river flow

begins, as disuussed In Ghaptor 6.

Pool I is bordered by r'ock oco.rpmenta at several !.ocatirns, and while

the :ipper reach OL' the pool *aa fairly good sinuosity, crossings In the

upper half of the pool are several milvos long. Storago cepecity of Pool 7

at normal pool elevation is 8$,000 ea ft, aw coipered to 56,000 ac ft In

Pool 9 and 39 000 ac ft in Pool B.

Because Pool 7 is gate-cunttrolled up to flown of J90.000 to 200,000

cfs, open-river cnnditions through the pool can be e.:per~ted to occur on the

average only about one percent of the time and appear to have occurred in

only 9 of the 22 years following closure of Dardanelle Dam, as discumaed An

Chapter 6. With aplllway getes at Dam 8 fully open In 20 years of the
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22-year period and good sediment transport through Pool 8 and into Pool 7,

the longer detention time in Pool 7 may make it an effective nediment trap.

With Pool 7 controlled for all but the largest flows and open-river

conditions occurring Infrequently, deposition would be expected In the upper

half of the pool, and the area of heaviest dredging may be a backwater area

'' where sands and any gravels that had deposited were later dredged out. In

this case, only flnb material would reach the lower end of the pool, amd

this has not deposited to any great extent. It may also be that degradation

due to Dardanelle Dam was effective In lowering the bed in Pool. 9 and 8 to

provide adequate navigation depth but that such degradation has not yet been

effective in Pool 7. In such a case, it would be necesary to rely on

long-contraction scour to achieve greater depth, and a narrower channel

would be needed in Pool 7 than In Pools 0 cnd 8.

2-5 POOL 6

Degradation - Available data indicate the bed has lowered about 10 to

20 ft Immediately below Dam 7 where •he channel was contracted and realigned

and that at N Miles 112-110 through Vourche Place cutoff the channel bed Is

now 10 to 15 ft lower than in the old bend, Figure 2-4, There has been some

lowering in the mlddle reach of the pool where the channel w"s narrowed in

1968 from 1,200 to 000 ft between N Milies 119 and 116 to guide navigation

through the numerous bridges In the reach. In that stretch the 1980 bed

profile was several feet below the 1974 profile and 5 to 10 ft below 1960
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conditions, indicating that long-contraction scour occured. The bed in the

downstream third of the pool was a few feet higher in 1980 than in 1974.

Bed Mat2rial - Data on median grain size distribution shown in

Figure 2-12 indicate that there was some coarsening of the bed material

between 1970 and 1975 in the downstream half of the pool. In the early

1970's median grain size was about 0.5 mm at the head of the pool,

decreasing to about 0.25 mm at Dam 8. In 1975, the D5 0 size was about

0.5 am for about 13 miles downstream from Dam 7, but was significantly

coarser (in the range of 0,7 am) in the next four miles downstream to Dam 6.

Water Surface Slope - Opening of Fourche Place and Willow Bar cutoffs

in 1962 in the lower end of Pool 6 shortened the reach by about 1.5 miles.

The water surface slope for the 1957 flow of 460,000 cfa through the reach

was 0,85 ft per mile, somewhat flatter than the profile for the 1973 flow of

310,000 cfs of 1.05 ft per mile, but about the same as the profile for the

1983 flood (0.83 tt per mile).

Maintenance Dredaing - Maintenance dredging was required in Pnol 6 only

in the early years of operation (1970-1973) and totaled only 169,000 cu yd.

Dredging was required at only three locations:

- In the lower approach to Lock 7.

- In the crossing at N Mile 122,

- In the straight reach through numerous bridges at N Mile
118.

Since 1973, the two crossings at the head of the pool have performed

well as designed.
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Discussion - Pool 6, with a length of 17,3 miles, is one of the two

shortest pools downstream of Dar1anelle Dam and has an average depth at

normal pool of 10,8 ft. The pool Is met high with respect to the

construction reference plane, Fig~ire 0-1, but because the pool is short, top

of piling in control structures Is above or at normal pool elevation

throughout the pool; thus the structures are effective in controlling flows

up to about 100,000 cfs within the main channel.

Storage capacity at normal pool elevation Is 30,000 ac ft, and flows

are gate-controlled up to a discharge of about 158,000 cfs. Open-river

conditions can be expected to prevail on the average about three percent of

the time and appear to have occurred in 13 of the 22 years following closure

of Dardanelle Dam, as discussed in Chapter 8.

The upper portion of Pool 6 has good sinuosity, and crossings are

short. Little Rock District considers the downstream approach to Lock 7 to

be the best in the system, and Pool 6 to be one of the two best pools in

terms of effectiveness of the structures in providing reliable navigable

depths,

It is likely that the good performance of structures in Pool 8 and the

lack of need for maintenance dredging In the 1974-1984 period are related to

the short length and relatively deep depth of the pool, the fact that

open-river conditions occur with relative frequency, and to the decrease in

sediment transport torough the reach with Dardarelle Dam in operation.
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Defradation - There has been s.gnificant lowering of the bed throughout

Pool 5 between preproject condition4 prior to 1Q60 and 1972-1980 conditions,

Figure 2-8. The spillway crest elevation for Dam 6 was set at elevation 206

which was about the 1980 bed elevation. In 1980 the thaluieg at the head of

Pool a (immediately downstream of Dam 8) was about 10 ft below the Dam 6

spillway crest which Is at about upstream bed level, The 1980 thalweg

profile throughout the pool Is not much different from the 1972 profile, a

little higher at N Mile 98-98 and a little lower elsewhere. The crossings

at N Miles 104 and '99 were narrowed after the project became operational

from 1,100 to 700 and from 1,400 to 1,000 ft, respectively, over relatively

short reaches,

Brodie Bend cutoff opened in April 1957 and enlarged significantly

during the April 1957 flood, shortening the river by a.58 miles. Case Bar

cutoff opened in 1962, shortening the river an additional 2.8 miles. Brodie

Bend cutoff is located about four miles upstream of Dam 5, and Case Bar

cutoff Is at about the midpoint of Pool 5. Preproject bed slope through the

reach was about 0.8 ft per mile. In contrast, the 1972 and 1980 thalweg

profiles are almost flat at an average elevation of about 193 from Dam 8 for

11 miles downstream to N Mile 97, and the average slope from N Mile 97 to

Dam 5 is about 1.6 ft per mile.

bed Material - Data on bed material composition in this pool are

limited, but 1976 data indicate the DO5 of the bed material appears to
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* aecrease somewhat In a downstreama direction, Median grain size at the head

of the pool is about 0.6 mm, and It is about 0.3 mm just upstream from

Dam 5, Pigure 2-13.

Water Surface S1ope - Water surface drop through the reach was 17 ft

for the 1957 flow of 460,000 cfe, and the slope was 0.57 ft per mile.

Brodie Bend and Case Bar cutoffs shortened the river 8,35 miles between 1957

and 1982, and the water surface slope in 1973 was 0.8 ft per mile for a

discharge of 350,000 efs, as would be expected with the degradation that had

occurred. The slope of the 1985 profile was somewhat steeper, about 0,90 ft

per mile.

Maintenance Dredifing - There was considerable maintenance dredging

(829,000 cu yd) in the upstream half of the pool prior to 1975, but no

dredging has been required upstream of N Mile 98 since then, In the late

1970's and in 1982 dredging was required only in the long crossing at

N Miles 97-95 (420,000 cu yd),

Discussion - Pool 5 Is 21.8 miles long, but is set lower than Pool 6

with respect to the construction reference plane, Figure 6-1 , It is one of

the three shallowest pools downstream of Dardanelle Dam, with an average

depth at normal pool level of 9.1 ft. However, the navigation channel Is

generally deep due to degradation. Thalweg depth. in 1972 and 1980 were a

minimum of 17 ft below normal pool. The pool has good sinuosity, and

crossings in the upper portion of the pool, except for the long crossing at

N Miles 97-95, appear to have performed well In rec3nt years with the

additional contraction provided. Top of piling Is above normal pool level
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throughout most of the pool, and depths in the lower portion of the pool are

generally greater than 20 ft.

Storage capacity at normal pool level is 61,000 ac ft; this is almost

twice the storage of Pool 8 which is about the same length, The pool is

gate-controlled up to a discharge of 145,000 to 150,000 cfe; flows of this

magnitude and higher are expected to prevail on the .ge about four

percent of the time and appear to have occurred In A6 of the 22 years

following closure of Dardanelle Dam, ts discussed in Chapter 6,

* 2-7 POOl 4

Deffradatnl.- Data Indicate little change in the thalweg profile

through Pool 4 between 1960 and 1980: however, the 1971 and 1980 profiles

appear to have an adverse slope in the seven-mile contracted reach

downstream of Dam 5, Figure 2-6. The thalweg lowered several feet at the

head of the pool between 1971 and 1980, but there was little aggradation at

the downstream part of the pool. This may be related to Boyd Point cutoff,

opened in 1962, that shortened the river by 5.75 miles. Tn 1969, 232,000 cu

yd of material was dredged ftom the channel downstream of the cutoff at

N Mile 70; however, the thalweg remained high in that area in 1971 and 1980,

Figure 2-6, Available data do not indicate any additional contraction was

required In Pool 4 after the project became opormt~onal.

BdMaterial - Limited data available on bed material composition

indicate median grain size was about 0.35 mm and was approximately constant
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throughout the pool, Figure 2-14. Data do not indicate any coarsening of

the bad between 1972 and 1976.

Water Surface Slove - Water surface drop through the reach was 20.5 ft

for the 1957 flow of 450,000 of* and 17,0 ft for the 1973 flow of 330,000

cfs. Water surface slopes for the 1957, 1973, and 1985 high flows were

about the same, 0.78, 0.88, and 0,82 ft per mile, respectively,

Maintenance Dredring - About 215,000 cu yd was dredged immediately

below Lock and Dam 5 from 1069 through 1975, and only 13,000 cu yd in the

eight years following. About 243,000 cu yd was dredged downstream of Boyd

Point cutoff, most of It in 1969; no dredging has been required in that area

since 1972.

Di-scussaon - Pool 4 is 20,3 miles long, with storage capacity of

70,000 ac ft at normal pool level, It is one of the deeper pools downstream

of Dardanelle Dam with an average depth of 12.4 ft at normal pool. Storage

of 70,000 ac ft at Pool 4 compares with storage of 86,000 ac ft at Pool 7

and 110,000 ac ft at Pool 2. Pool 4 Is set higher with respect to the

construction reference plane than Pool 5, Figure 6-1, but top of piling in

control structures (at about 16 ft above the reference plane) would be at or

above normal pool level except in the lower six miles of the pool.

Again, there is no indication of deposition in recent years. No

maintenance dredging has been required in Pool 4 since 1975 except for

13,000 cu yd dredged in the lower approach to Lock 5 in 1983. No additional

contraction works were needed. Pool 4 has been one of the three pools

downstream of Dardanelle Dam reqitiring the least amount of maintenance
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dredging in the 1989-1984 period. If the dredging downstream of Boyd Point

cutoff in 1969 is disregarded (on the basis that it would not have been

required if the channel had become stabilized prior to impoundment of the

pool), dredging would have totaled only 179,000 cu yd or about the same as

for Pool 6.

Pool 4 Is gate-controlled up to a discharge of 145,000 to 150,000 cfs,

and flows of this magnitude and higher are expected to prevail on the

average about four percent of the time and appear to have occurred in 16 of

the 22 years following closure of Dardanelle Dam, as discussed in Chapter 6.

2-8 POOL 3

Dezradation - Data indicate little change in thalweg elevation

throughout Pool 3 from 1960 to 1981 except that the rectified alignment has

deepened the crossings at N Miles 57 and 85 in the downstream portion of the

pool, Figure 2-7.

Bed Material -Information on bed material composition is available only

for 1972. These data indicate the 05s of the ted material was about 0,3 mm

and was approximately uniform throughout the pool at that time, Figure 2-15.

Water Surface Slope - The water surface slope for a flow of 350,000 cfs

in 1973 of 0.65 ft per mile is somewhat flatter than the slope of 0.72 ft

per mile in 1957 fnr a flow of 450,000 cfs but about the same as for the

1985 profile (0.67 ft per mile),

Maintcnance _L)red i•nLz - There hae been almost annual maintenance

dredginp at N Miles 06-65 immediately downstream of Lock and Dam 4. A total
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* .of about 360,000 cu yd of material has been removed from the area,

72 percent of It in the eight yenrs 1969 through 1976, and 28 percent in the

eight years 1977 through 1984. Although the amount of dredging has lessened

with time, it has continued, Indicating sediment is being supplied from the

pool upstream. Discussion with Little Rock District personnel Andicates

that maintenance dredging begins when flow on the recession side of the

hydrograph reaches 120,000 cfs (about the discharge at which gates can be

operated to maintain the pool) without waiting for natural scour to occur as

the flow continues to drop, Dredging in other areas of the pool has been

minor: 50,300 cu yd in the crossing at N Mile 64 in 1973 and 38,000 cu yd

at N Mile 81 just upstream of Lock and Dam 3 in 1969,

Discussion - Pool 3 is the shortest pool downstream of Dardanelle, with

a length of 15,8 miles and an average depth of 12.4 ft. At the head end,

the pool is set 8.5 ft above CRP, making it the highest pool with respect to

CRP in the system, Figure 6-1. (The head of Pools 6 and 4 are 3.5 and 4 ft,

respectively, above CRP,)

Storage at normal pool is 46,000 ac ft. Only Pool 8 has lesser storagn

(32,000 ac ft) at normal pool. Pool 3 Is gate-controlled up to a flow of

about 125,000, a flow equaled or exceeded on the average about seven percent

of the time, and open-river conditions appear to have occurred iii 18 of the

22 years following closure of Dardanelle Dam, as discussed in Chapter 6.

Normal pool is set very high with respect to CRP, and flows greater

than about 60,000 cfa appear to be over the top of stone in the controi
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structures; thus, the structures are not effective In constrIctIng the

channel at moderate to high flows. The pool has little sinuosity in the

nine-aile reach from N lile 64 to 85, and the crosaing at N Miles 55-52 is

very long; however, no maintenance dredging or additional contraction have

been required in those areas.

2-9 POOL 2

Degradation - There appears to have been little change in thalweg

elevation throughout Pool 2 except in the five miles immediately downstream

of Dam 3, where the 1980 thalweg was 10 to 15 ft below 1961 conditions, and

in the lower 10 miles of the pool from N Mile 27 to Dam 2, Figure 2-8. In

the lter reach, the thalweg had lowered in the order of 5 to 15 ft between

the early 1960's and 1972 due to contraction and rectification work.

However, there has been significant deposition (In the order of 10 to 30 ft)

in the lower end of the pool, particularly in the reach between N Miles 26

and 20. Construction of Little Bayou Meto cutoff In 1962 In the head of the

pool shortened the reach by 5.6 miles.

Bed Material - Information on bed material composition is available

only for 1972. These data indicate the D50 of the bed material decreased

slightly through the pool at that time, ranglnq from about 0.3 mm at the

head end to about 0.2 near Dain 2, Figure 2-16.

Water furface Slope The overall water surface slope through the reach

for the June 1957 flow of 450,000 cfs was 0.62 ft per mile, or less steep
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than the slope of 0,68 ft per mile for the April 1973 flow of

350,000 cfs and the elope of the 1985 profile (0.70 ft per mile).

Maintenance Dredfing - Dredging In Pool 2 totaled approximately 48

percent of all maintenance dredging downstream of Dardanelle Dam in the

1969-1984 period. In the six miles at the head of Pool 2 dredging has been

performed annually (except in the low-flow year of 1981), and in some cases

as many as eight times during a single year, in the period 1969-April 1988.

Total volume dredged In that reach was about 7.6 million cu ydm. There has

also been maintenance dredging at a number of other locations throughout the

pool, including about one million cu yds In recent years at the following

locations:

- 1985, N Mile 43, downstream end of a long crossing -

29,000 cu yd

- 1982, N Mile 33, downstream end of a long crossing -

78,800 cu yd

- 1983-84, N Mile 32, bend - 745,500 cu yd

1983, N Mile 28, crossing o. 57,600 cu yd

1982, N Mile 24, flat bend of little curvature -
98,100 cu yd

- 1985, N Mile 19, bend - 29,200 cu yd

Discussion - Pool 2 has a length of 33.2 miles And is the longest pool

downstream of Dardanelle Dam. It has a storage volume at normal pool of

110,000 ac ft and is the largest pool downstream of Dardanelle. In these

characteristics It resembles -the Ozark pool upstream of Dardanelle that has
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a length of 36 miles and storage volume of 148,000 ac ft at normal pool.

Downstream of Dardanelle, only Pool 7 with a length of 30.5 miles and

storage volume of 80,000 ac ft approaches conditions in Pool 2, Table 2-1.

The five-mile reach immediately below Lock and Dam 3 was relatively

straight under preproject conditions and was expected to be a difficult

reach in which to maintain adequate navigation depth during project design.

Accordingly, as much sinuosity and contraction were designed into the reach

as appeared feasible considering costs and impacts on flood heights.

Throughout the remainder of the pool, the channel has generally good

sinuosity and crossing are not abnormally long.

At the head of the pool, normal pool level Is 1.5 ft below CRP.

Because of the length of the pool, CRP is 20 ft below normal pool at Dam 2,

and the top of piling in the control structures is generally below pool

level in the lower 10 miles of the pool. Open-river conditions begin at an

elevation that Is high with respect to top of control structures (at a flow

of about 280,000 cfa) so that rock in the control structures is submerged

about 15 ft when open-river flow begins, Accordingly, structures in Pool 2

are not completely effective in conntricting flow and confining it to the

main channel,

Flow through Pool 2 is gate controlled for discharges up to about

280,000 cfs (a flow expected to occur less than one percent of the time) for

a low Mississippi River downstream. While design studies Indicated a flow

of that magnitude would have a recurrence interval on the average of about
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once in four years, a discharge of 270,000 cfs or higher at Little Rock

occurred in only 3 of the 22 years following closure of Dardanelle Dam,

indicating a return period of about seven years, With the Mississippi River

at high stage, backwater effects extend upstream on the Arkansas River into

Pool 2. The fact that the pool is controlled for discharges up to about

280,000 cfa Indicates that open-river conditions rarely exist through Pool 2

and that Pool 2 acts as a storage reservoir and a sediment trap. Under

these conditions deposition of coarser material Is to be expected at the

head of the pool, with finer material deposited in the lower portion of the

pool. (It would be very helpful to know the size distribution of bed

material throughout Pool 2 tinder present (1986) conditions in hypothesizing

on sediment transport through the pool.] As the lower and of the pool

aggrades, the water surface at the head end of the pool rises for a given

discharge, increasing the depth of flow and decreasing the velocity and

transport capacity, and thus causing aggradation at the head of the pool.

It appears that upstream pools are more or less in a state of

equilibrium with regard to sediment transport, but that detention time in

Pool 2 is sufficiently long to cause the pool to trap significant volumes of

sediment annually that have passed through the upstream navigation pools.
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CHAPTER 3 - REPRESENTATIVE DEPOSITION PROBLEMS

3-1 GONERAL

Discussion of deposition problem areas in Chapter 2 Indicates that,

-except f:or Pool 9 and a few other minor isolated exceptions, all maintenance

,dredging required has been in the heads of the low-lift pools In the reach

downstream from Dardanelle Dam, and that except for Pool 2, the bulk of the

maintenance dredging (83 percent) was performed In the early years of

project operation, prior to 1976. There was significant initial dredging as

a part of project construction at the heads of Pool 9 through 2, as

discussed in Chapters 2 and 4, (including 17 million cu yds in Pool 9),

that enlarged the natural cross section in those reaches. Initial excess

channel enlargement perhaps contributed to deposition for several years as

the rectified and canalized channel approached equilibrium.

Typical problem areas in the upper portions of the pools were

generally relatively long straight reaches, reaches of flat curvature,

and long crossings, The channel was constricted in some local areas in

Pools 9 through 5 after the project went into operation to minimize

deposition and to Improve the reliability of adequate navigation depth.

3-2 LOCAL PROBLEM AREAS

Local areas of deposition requiring maintenance dredging, with the

exception of areas immediately downstream of the locks and dams, are

described below.
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Pool 9. N Mile 195-188 - A seven-,mile essentially straight reach with

little sinuosity, a poorly defined crossing at miles 193-192, and a second

crossing at mile 190 narrowed to achieve better direction of flow after the

project became operational. Original design width ranged from 1,300 to

1,000 ft and was narrowed to 900 to 800 ft between miles 190 and 187.

Overall layout of the rectified channel was constrained by rock escarpments

on the left and right banks. There has been no maintenance dredging in this

reach since 1979, Figure 2-1, due largely to effects of Dardanelle Dam

upstream. It Is unlikely a similar layout at a site farther downstream

would have functioned as well,

Pool 8. N Mile 173-170 - A long, poorly defined crossing that was

contracted from a design width of 1,200 to 600 ft in 1978. No dredging has

been required since the reach was narrowed, Figure 2-2,

gool 7. N Mile 153-149,5 - A long, poorly defined crossing downstream

of a laege radius bend. Downstream from mile 151, channel was narrowed from

1,100 to 800 ft in 1970, Figure 2-3. Despite narrowing, dredging has

continued to be required; however, deposition appears to be more a problem

of pool characteristics than of the stabilization and rectification design,

except possibly structure height in relation to initiation of open-river

conditions, are discussed In Chapter 8. The effects of pool

characteristics, including the frequency of occurrence of open-river flow

conditions on deposition In the navigation pools, Is discussed further in

Chapter 6.
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Pool 7. N.ile M147-14S.- Downstream portion of a moderate radius bend

narrowed from 1,000 to 700 ft in 1971. Maintenance dredging has continued

to be required in the 1980's, but deposition appears to be more of a problem

of pool characteristics such as length, deptit, and storage than of

stabilization and rectification design.

Pool 7, N Mile 144-141 - A three-mile long crossing at about mid-pool.

Channel was narrowed from miles 142.5 to 141.5 by L-heads and vane dikes

from 1,400 to 700 ft in 1972, and no dredging has been required since.

- Pool 6. No Problem Areas - Reach from N mile 118,8 to 118 was narrowed

from 1,200 to 800 ft in 1988 to guide navigation through the aeries of

bridges at Little Rock, not to increase depth, Figure 2-4.

Pool 5. N Mile 105-103.5 - A long crossing near the head of the pool,

narrowed from 1,100 to 700 ft with vanes, No dredging has been required,

Figure 2-5,

Pool 5. _N Mile 100-98.5 - A 1.5-mile crossing narrowed at downstream

end from 1,400 to 1,000 ft in 1971, No dredging required after 1972.

Pool §. N Mle 9.7-95 - A two-mile long crossing at mid-point of pool.

No drudging required since 1979.

Pool 4. No Problem Areas - Figure 2-6.

Pool 3,. No Problem Areas - Figure 2-7.

Pool 2. N Mij 001.,144. - This six-mile reach has good ainuosity; CRP is

high with respect to normal pool elevation at head of pool; but excessive

maintenance dredging has been required from 1909 to present, Figure 2-8.
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Deposition problems in the reach appear to be related to pool

characteristics, not to design of stabilization and recitification work

except possibly structure height In relation to Initiation of open-river

conditiona, as discussed in Chapter 0.
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CHAPTER 4 -1MAINTENANCE DREDGING

4-I GENERAL

Sediment deposition and maintenance dredging In each pool are discussed

in Chapter 2. This chapter Is limited to a more general discussion ot the

overall dredging problem downstream from Dardanelle Dam.

The authorized navigation channel on the Arkansas River is 250 ft wide

and nine feet deep. Initial dredging at the heads of some pools, Table 4-1,

was included as a part of project construction to hasten development of an

equilibrium degraded channel that would provide navigable depth with a

minimum of maintenance dredging and meet the scheduled dates for initiating

navigation to Little Rock in 1968, to Fort Smith in 1969, aatd to

Catoosa-Tulsa in 1910. Initial dredging limits often were considerably more

than that needed for navigation, For example, in the upper end of Pools 9,

13 and 14, the channel was initially dredged up to 400 ft wide and 16 ft

deep.

Typical maintenance dredging Is to a depth of 12 ft, including 3 ft of

overdepth dredging for "advance maintenance" to allow a time period for,

sediment buildup before the 9-ft authorized depth is no longer available and

maintenance dredging must be repeated.

In the design phase of the project, it was recognized that the upper

ends of both Pools 2 and 7 would be problem shoaling reaches. Consequently,

movable bed physical model studies were initiated at Waterways Experiment

Station In the early 1960's to develop effective bank stahtlization and
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rectification systems for those reaches. However, even the structure

layouts developed in the models did not eliminate all channel maintenance

dredging requirements,

Prior analyses of maintenance dredging have focused on average values

of maintenance dredging with respect to pools and time, the effectiveness of

stabilization and contraction works at the heads of the pools, and the

identification of problem pools (1). While the impact of pool

characteristics on maintenance dredging requirements has been recognized,

this aspect does not appear to have been addressed in detail. Current

studies indicate that pool length and depth and frequency of open-channel

flow conditions may be the primary causes of atypical deposition arid

maintenance dredging requirements in Pools 2 and 7, as discussed further in

Chapters 2 and 8,

4-2 INITIAL DREPGINO

In design studies for the Arkansas River project, estimates were made of

progressive degradation and armoring of the bed downstream from Dardanelle

Dam. Spillway sills of the low-lift navigation dams downstream were set

near the computed future degraded bed levels, and in some cameo those

elevations were significantly lower than current bed elevation at time of

construction. Accordingly, to provi'e adequate navigable depth in the early

years of operation in the downstream lock approaches, initial dredgilig was

1. Maintenance Dredging on the Arkansas River, T. Schmidgall, In
SedimentatIon, K. W. Shen, ed., 1976.
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required as a part of project constuction for a distance of several

miles downstream frcm the low-lift structures. Initial volumes dredged in

each pool as a part of project construction are tabulated in Table 4-1.

Initial dredging removed essentially a wedge of material from the bed

downstream of the structures, with the apex of the wedge in the order of

three to five miles below the dome in most pools.

Table 4-1

Initial Dredging Volumes

Pool Volume (1,000 cu yd)

9 17,000
8 4,900
7 81300
S2,1$00

5 2,600
4 100
3 i0o

2 3,200

4-3 RULATIONSHIP OF STREAMFLOW AND MAINTENANCE DREDGING

As discussed In Chapter 1, streamflow in the lower A-'kanham River, for

example at Little Rock, was highly variable under preproject conditions.

Flow has continued to be vnriable under project conditions, but with less

extreme high and low flows, as indicated by stage data at Little Rock and

Lock und Dam 6, Figure 4-i, and 'ay dischurge data in Tabln 5-2.
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Schmidgall examined maintenance dredging requirements as related to

streamflow (1). He concluded that the amount of dredging required In most

pools is related to volume of flow. Annual maintenance dredging in the

State of Arkansas (the lower reach of Pool 13 through Pool 2) is related to

annual streamflow at Van Buren (in Pool 13) in Figure 4-2, based on

Schmidgall's data (2). Maintenance dredging by years in Pools 9 through 2

and annual runoff at Lock and Dam 13 (Van Buren) are shown in Table 4-2.

In the 46-year period 1928-1975, average annual discharge at Van Buren

was 22 million ac-ft and 20 million ac-ft at Little Rock. Data in Figure

4-2, Table 4-2, and Table 5-2 indicate that!

1. In early years of project operation (1970-1972) discharge was

near average.

2. The next two years (1973-1974) were years of abnormally high

stream flow, requiring large volumes of maintenance dredging,

aiid in 1975 flow an somewhat above average.

3. The years 1976-1979 were years of average flow.

4. The years 1980-1981 were years of abnormally low flow,

requiring essentially no maintenance dredging.

5. Flows in 1982-1984 were about average.

As Schmidgall noted (2), a year of median flow with several flood peaks

can require more maintenance dredging than a high volume year with only one

2. D.F, McClellan-Kerr Arkansas River Navigation System,
An Engineering Evaluation, Schmidgall, I June 1981,
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or two peaks and that if high flows occur late in the year, the

required dredging is usually accomplished and recorded In the following

calendar year. These factors obscure a clear-cut relationship between

annual discharge and required maintenance dredging in a given year.

4-4 MAINTENANCE DREDGING POLICY

Discussion with Little Rock District personnel indicates that the

District operates under a policy of providing authorized navigable depth

100 percent of the time to the extent feasible. To execute this policy,

dredging begins on the hydrograph recession at flows in the order of 120,000

to 70,000 cfs (flows that carry a significant sediment load with depths

considerably in excess of authorized depth) to minimize potential

interruption of navigation, As a result, deposition often continues as flow

decreases, and repeated dredging is sometimes required on one

hydrograph recession, particularly in reaches in tir? head of Pool 2.

4-5 MODIFICATION OF OPERATING CRITERIA FOR UPSTREAM STORAGE RESERVOIRS

Major floods on the lower Arkansas River have their source In the upper

basin In Oklahoma, Reservoirs in Oklahoma were originally operated for

flood control by making releases to limit discharge at the Oklahoma-Arkansas

state line to from 105,000 to 150,000 cfs (depending on the dearee of

encroachment in the flood control space in the reservoirs) until flood

control space was emptied; releases were then decreased abruptly. That

original operating procedure resulted In a sudden loss of sediment-transport
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capacity and extensive shoaling in crossings in the lower river. Schmidgall

(1) discusses modification of the operating plan to control flow to 40,000

cfs at the state line for about two weeks on the recession side of flood

hydrographs until flood storage is completely evacuated to lessen shoaling

in the lower river and allow time to identify shoaled reaches and mobilize

dredging equipment. Although benefits are not easily identified, flood

recession release schedules from upstream reservoirs are still (1986) being

studied In an effort to develop a schedule that will minimize shoaling

tendencies in the Arkansas River navigation channel.

4-6 EFFECT OF UPSTREAM POOL

In project design studies, pools with high lift and significant storage

capacity, such as Ozark and Dardanelle, were expected to trap considerable

sediment and to release relatively clear water that would regain its normal

sediment load from the channel of the next pool (or pools) downstream. Such

sediment pick up from the bed and banks has occurred in Pool 9 below

Dardanelle Dam, and in recent years, in Pool 8, apparently as the effects of

Dardanelle have extended downstream. Dredging requirements in Pools 9 and 8

have been negligible in recent years, Table 4-2. Available data indicate

that annual sediment discharge at Little Rork is about three times the load

carried by releases from Dardanelle Dam, as discussed in Secti'n 5-10.

In design studies it was not considered that Pools 7 and 2 might

impound sufficient storage and reach open-river conditions at such

relatively infrequent intervals as to cause those two pools to act as
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sediment traps; however, it appears this is occurring, as discussed in

S9rtlon 6-4.

Effect of Pool 8 on Pool 7 Deposition - As discussed in Sections 2-3

and 6-4, Pool 8 is one of the shorter pools downstream of Dardanelle, has

the smallest storage capacity, and is operated under open-river conditions

almost annually, more frequently than any other pool. In contrast,

open-river flow conditions through Pool 7 occur leas frequently, having a

return period of about 2.4 years, There has been no maintenance dredging in

Pool 8 since 1977, indicating that sediment supply avd transport through the

pool have bjen in equilibrium in recent years, However, the volume of

material transported through Pool 8 apparently generally exceeds transport

capacity in the upper ten miles of Pool 7 where 3.14 million cu yds of

deposited material were dredged from 1970 through 1984, 90 percent of it in

the 1970's.

Effert of Pool 7 on Pool 6 Deposition -As discussed in Section 2-4,

significant sediment deposits (about 3,14 million cu yds) have been dredged

from the upper ten miles of Pool 7. Since that dredged material was

generally disposed of outside the main channel (between dikes and landward

of revetments) and vegetative growth has tended to stabilize the disposal

areas, removal of that material from transport through Pool 7 may be a major

contributing factor to the extremely small volume of sediment deposited in

and dredged from Pool 6. It should be noted that Pool 8 is one of the two

shortest pools In the system below Dardanelle, is one of the three smallest
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in terms of storage, and appears to have operated with open-river conditions

in 14 of the 22 years following closure of Dardanelle Dam (return period

about 1.8 years), Table 8-1,

-Effect of Pool 3 on. Pool 2 Deposition - As discussed in Section 2-8,

Pool 3 Is the shortest pool downstream of Dardanelle Dam, has the second

smallest storage capacity, and open-river conditions prevail with relative

frequency, appearing to have occurred in 18 of the 22 years following

closure of Dardanelle Dam, Table 6-1. Thus, It can be expected that

sediment transport through the pool would be good and that the lesser

transport capacity and longer retention time In Pool 2 downstream would

result in deposition problems at the head of Pool 2. Such conditions have

occurred. Pool 2 Is deeper and is set much higher with respect to CRP than

Pool 3. Also, Pool 2 appears to have operated at open-river conditions in

only three of the 22 years following closure of Dardanelle Dam. Total

matorial dredged from Pool 3 in the g989-1984 period totaled was about

447,000 cu yds, but 8,852,000 cu yds was dredged from Pool 2 in the saine

period.

4-7 -CURRENT STUDIES OF DREDGING IN POOLS 9 THROUGH 2

As discussed In Chapter 2, Pool 2 is cleavly the pool experiencing the

most severe deposition problems and requiring the most maintenance dredging

(48.1 percent of all dredging downstream of Dadanelle Dam In the 1989-1984

period), Pools 7 and 8, with 17.3 and 15.1 percent of the maintenance

dredging, rank senond and third, respectively, in terms of severity of
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deposition problems in the 1969-1984 period, but deposition in Pool 8 has

not been a problem since 1977, apparently as a result of the effects of

Dardanelle extending downstream with time.

Cumulative dredging volume since the project became operational in 1969

is shown in Figure 4-3 for two reaches: Pools 9 through 3 and Pools 9

through 2. Data in the figure indicate that if one disregards dredging in

Pool 2 (on the basis that in view of its size, It is atypical of pools

downstream of Dardanelle, as discussed in Section 2-9) annual dredging has

decreased significantly with time over the period of study and has been at a

relatively constant and negligible rate of 780 cu yds per 100,000 ac ft of

flow (or 150,000 cu yds per year) for the period 1978-1984, However, if

data for total dredging in Pools 9 through 2 are examined, it becomes clear

that Pool 2 deposition problems are of a different order of magnitude (and

probably of different origin) than those in Pools 9 through 3, Considering

Pools 9 through 2, annual dredging has decreased wi.th time, but at a far

lesser rate than for Pools 9 through 3, and has remained at the relatively

constant rate of 3,000 cu yds per 100,000 ac ft of flow (or 580,000 cu yds

per year) for the period 1978-1984,
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CHAPTER 5 - SLOPES AND SEDIMENT' TRANSPORT

5-I gENERAL

Wdter surface slopes In Pools 9 through 2 and losses th~rough the dams

arm summarized in Table S-1. Water surface slopes far post-project

conditions are average longitudinal slopes through each pool for discharges

of sufficient magnitude that spillway gates were fully open end river flow

was essentially at open-river conditions. Random scatter in the data

probably is due to water surface elevations taken on rising or falling

stages at different times and possibly due to water surface elevations

affected by dynamic variations. Random scatter is ignored in the following

discussion.

The preimpoundment (and essentially preproject) slopes of 1957 ranged

from about 0.92 ft per mile in Pool 9 below Dardanelle Dam to about 0.89 ft

per mile In Pool 2 above the Mississippi River, a general flattening of

slcpe in the downstream direction typical of alluvial rivers. Slopes in

individual pools vary from this general decrease somewhat for unknown

reasons. However, local variations in most pools are not large and can be

related to various factors. For the purpose of this study, it is the

changes resulting from the project that are of special interest, not local

variations.

Unfortunately, measurements of sediment transpo-t available for this

study were not extensive enough to trace change in sediment concentration

with time and with confidence. Measured concentration-discharge values are
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plotted in Figures 5-1 through 5-8. There is considerable scatter in the

data (probably both real and random error) and no systematic change except

that the few early values show larger concentrations than later ones.

5-2 POOL 9

Pool 9 slopes appear to have changed little in the period 1957-1970

(averaging about 0.92 ft per mile), Table 5-1. In the next three years, the

slopes became flatter and flatter until in November 1973 the slope was 0.84

ft per mile or 8 percent less than for preimpoundment conditions. This

lessening In slope was probably due largely to reduction in downstream

sediment load by Dardanelle reservoir and dredging and degradation below

Dardanelle Dam. Narrowing of the river could also be a factor tending to

lessen the slope.

The scatter of sediment concentration data for Pool 9, Figure 5-i, does

not reveal a trend, but it can be said that the concentration of about 0.01

percent by weight (100 ppm) at 100,000 cfs Is only 5 or 10 percent of the

concentration typical of the Arkansas River in preproject days before most

of the sediment supplied from the upper watershed was trapped by the many

reservoirs in the system.

By far the most, and the most Important, part of the post-project

sediment load in Ponl 9 must be coming from the bed and banks. It would be

Interesting to know how much fine material escapes being trapped by

Dardanelle. The two measurements with a size distribution determination at

Dardanelle gage in 1976 suggest that fine material is not completely
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TABLE 5- S
MEASURED WATER SURFACE SLOPES

POO.L POOL i P006 7 POOL 4 POOL 8 POOL 4 POOL 3 PooL 1
Q .u..... ...... . ..... ...... ...... --------- .. *... . ......... .... ----------- .............. ....

DATE (1000 df 1 H1 5 a At L a At 6 H8 or I At 1 8 Hr, 2 2 4, 2 8 H 1 2 HL1

1/"3/-7 ---,---- 21-0 ---- - - 30.,8 ..7 4 .. #, D ... ... 31 -,- . . * -

4/..... 101.0 -.-- --- -- -*. . ... *

4,11187 810.0 1.0 4 6I-
4/1:/871 210.0 30.0 .72 *..' to's .767 -S........ ............ ............... ....... I ... ,. ........ .... ,...........,. 1............ .............. ......... ............. ,,.... ..... ....... .... I..... ...........
8/24/21 342.8 28.6 .684 -- 36.6 .414 --
5/8........ 30 ...... ... ... ... .......... ....... ..................................................... 1.... .. ............ .. 16.. .61.. .-.-..

./31/SI 4 ;-,0 8..6 . --- -- ;,.0 .. 0. .; 
.... ... 

.I

/001/:l 460,0 8.2. .311 -. 30,2 .517
6/01/81 480,0 l6.08 .760 -- 14 .714 .-- 136.6 .61? *

0/14/82 286.0 02.0 .70o

-/--/8- 1--,- .4.. ..1 .. --
............ .... ............ ........................ .. ....... ..... .... ..... ,..,............ ................................................................

0/19/$1 I3sl 32.6 .600 --

...... ......... ...... ....... ................. .... ...... ,........ ...... ....... ...................-....... .... ...........-........ ,.......,............. .... ......4/00/61 108.0 24.2 .468

4/16/62 1 6?,8 06.6 .476 -*

?/10/31 1S?,2 86,06 1 6 ,e *-

2/04/68 36.2 2i.i .627 .

-/18/6. - - - - *4.2 . ..4 -- --,2--,--- -* 1-,- .-4-
-------------------------- -.... ....... ............. ..... ................ -------. 9"... ---- 6"0"..--------2"7as...1''0...------------ ..---.--.--.---.--.-...--

0/26/61 46,0 11,1 .727 -- .

;9ll.. .0i ..... i7-------------- ..... I~ .•..ltl....... l.l .... ---------------------------------............ ....l " . ......i .....llli~i............ i...

gig$/82 408 024,8 .640

10/02/61 46,0 so.0o .72 -
10/01/l1 40.0 10.6 .$$1 --

;/02/;3 --.- 6... $,00 -- .31. ..73 .- 0 . ..
7..?.4 -

8/80/6 8411. .766
V/14/43 46.1 3.0 3. 1 -

-/-7/-4 106.0 *-,6 .... -- 11.0 .720 -. 30.8 ,7.4 -- .

-/--/67 -- -- 12.0 .731 -- .6•1 . .0 .- "17,3 , --2 - - - 0,8 .*il -. 8 .. ,714 -- 3,.0 "- 61 --

3*24/62 il0,0 2.0 .161 17.3 ,1t -
V.'14/64 280.0 21.6 .06 -- 0,3 .714 *- 15.4 .644 -- 04.2 .14$ -S...... ..... ....... ... ........ .......... o.... ....... ... ....... .... ........ ..... o.... ........ ........... ..... o..... .................................. ........

.A... so.. p. .416 .744 ...06 .71 .770 .1. 6 .. .3

4. 21/70 016.0

4I17/70 80T,0 2.110 .711 als 30,3 .697 1,.
4/19'¶1 I2.0 a18 1202 J..6
4,89/?0 a0s.0 20.3 .662 0.1
2/30/70 838 0 10.6 .147 0.4

41i9/70 232.0

4.2a 170 216.) 21.0 .643 0.6
................. ............................. ................................................ - ............................

10/24,72 2*0.0 66.6 ,160 03,
0!l8/12 .�1280.0 2. 0 648 0.6 30,. .108 1.0

1011/1 2•03. 32.4 .1182 0.
I/, 11124.15 .40.3 .17 1.0
13,13,7 0. 1i,0 I 4 .217 0 '3.8 .644 0

4,94/03 130.0 16.6 .711 2.a 8I2. .631 0.6
2.14/173 370.0 30.8 .?11 0
4,86/11 38000 2.3 I,1l 0.4 ail. sill 0,8
4,6/73 100.0 80.3 634 0 18.1 .46 1.1 2034 .60S............... o.................................... ........... ................................................................... ............. ............

12 ( 31300.0 48.6 .648 2.0
22:.031 .10.0 2I.0 .166 2.0 30.2 .12I
117,73 310.0 i1.3 1203 0 03.1 .620 0 10.3 .1162 2.1
12/16/71 300.3 128. .101 1.0
----.. ----. - --- --- --....-.........---.- --- ---.-................................................ I ..... .... .... .... .... .... .... .... .... .... .... .... ........ .... ....
A4706l0 SLOP Ina0 773 708 1.04 .646 .464 .570 .021

I11.6 1 447 .104 .166 626 403 .621 .61 646
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trapped. This might explain the scatter of recent sediment loads by a

factor of two or three. Unless there is an occasional supply of fine

material from somewhere, that much scatter would not be expected. Individual

measurements can be in error by a considerable amount because samples are

small and concentration variations In the secondary-flow/large-scale

turbulence of river flow are large, but hardly enough to explain all the

scatter.

The suspended load composition in Pool 9 has no material coarser than

50-sieve size, and over 98 percent Is finer than 200-sieve size. This is

very fine material and is compatible with an essentially degraded stream

downstream of a reservoir.

.- 3 POOL_8

The slope in Pool 8 is less than through Pool 9, 0,74 and 0.77 ft per

mile for preproject and post-project conditions, respectively. Although

there has been essentially no change In slope, there has been considerable

variation from flood to flood, Table 5-1I

Sediment concentration measurements are available only for the 1970's

and do not show any trend with time, but do show scatter by a factor of

five, twice that at Pool 0, Figure 5-2.

Concentration in Pool 8 is perhaps 25 percent higher than In Poou 9,

and composition of the sediment load Is quite different. In different

floods, material is as fine as 90 ý)ercent passing the 200 sieve with 30

sieve the maximum size, and as coarse as only 15 percent pa!.4sing the 200
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sieve and 4 sieve the maximum size. All Pool 8 samples are definitely

coarser than the Pool 9 samples.

Comparing and explaining variations in concentrations and composition

In individual floods is difficult. For example, for two floods in 1975 and

1976 of about the same discharge, the coarsest suspended load had a

concentration about four times the concentration of the finest composition.

Something else, unknown, has to account for the situation as It cannot be

explained on the basis of available information.

5-4 POOL

The preproject slope In Pool 7 was about 0.75 ft per mile, about the

same as in Pool 8. By 1973 the slope had decreased to a value of 0.71 ft

per mile, or by 9 percent, Table 5-1. Other samples of known compovition

scatter, but behave reasonably as would be expected.

The sediment concentration is essentially the same as in Pool 8, with

somewhat less scatter (which may be because there is less data), Figure 5-3,

The concentration ve composition comparison makes more sense, with the

finest composition being a higher concentration of approximately the amount

that would be expected. Other samples of known composition scatter, but

behave reasonably as would be expected.

0-5 POOL 6

The preproject slope In Pool 6 (0.81 ft per mile) was greater than that

of Pool 7 or Pool 8, but less than that of Pool 9, Table 5-1. Since project
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completion, the slope has increased to about 1.1 ft per mile, a 33 percent

Increase. The reach was shortened about 8 percent, but this change cannot

explain the change in slope. The only obvious possibilities are an increase

in Manning's n or an increase in sediment load. There seems to be no reason

for the n value to Increase In Pool 6 and not in Pools 7, 8, and 9.

The sediment load does appear to be larqer In Pool 6, a concentration

in the order of 0.J2 percent by weight at a discharge of 100,000 cfs, Figure

5-4, compared to about 0.014 percent by weight In Pools 7 and 8 and to only

0,01 percent by weight In Pool 0. In the late 1980's, the concentration In

what is now Pool 6 was five times as high, 0.1 percent by weight. The

differences in sediment -load may explain the greater slope In Pool 6

compared to Pools 7 and 8, but it cannot explain the increase in slope under

post-project conditions compared to preproject conditions.

Not only Is the concentration higher In Pool 8 than In Pool 7, but the

composition appears to be finer. Finer sediment should result In higher

concentration, but the question is, "Where did thin greater quantity of fine

sediment come from?"

Pool 6 is considered to be one of the two best pools In the lower river

in terms of effectiveness of the structures In provid~ng reliable navigable

depth. Why the post-project slope Is 33 percent greater than the preproject

slope It a bit of a mystery.

Pool 6 seems to be an anomaly: (1) it is relatively steep, with no

apparent reasons for a higher n value than other pools; (2) it has a higher
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concentration of sediment than the upstream pools, with no apparent source

of supply for the Increase; and (3) it Is apparently a well-behaved,

well-designed pool with only a little dredging and some narrowing required,

The anomaly may be at least partially related to relatively high bedrock

levels and many bankline constrictions throughout the pool and to flow

concentrations due to piers and pier protection cells for the seven bridge

crossings in the vicinity of Little Rock In the middle portion of the pool.

5-6 POOL 0

Pool 5 had been shortened from 30.1 miles to 24.5 and to 21.8 miles (or

a total of about 28 percent) before construction of Lock and Dam 5, but the

drop in water surface through the pool remained about constant, resulting In

a total slope increase of about 50 percent between 1957 and 1968. In the

four years after project completion (1969 through 1973), the average slope

decreased about 10 percent, Table 5-1.

The slope changes are as would be expected in Pool 5, and while

degradation as a result of the cutoffs could account to some extent for the

concentration being higher in Pool 5 than In Pools 7 and 8, the cutoffs were

constructed in 1957 and 1962.

Pool 6 delivers a flow to Pool 5 with the same concentration as that In

Pool 5, Figure 6-5,
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5-7 POOL 4

The preproject slope in Pool 4 was somewhat greater than In Pool 5, but

a little less than in Pool 6, Table 5-1. The 28 percent decrease in length

of the reach with the project decreased the overall drop in water surface by

about 15 percent and increased the average slope about 12 percent as of

1973. The slope in 1973 was about the same as in Pools 9 and 6. but the

sediment load carried in Pool 4 was almost twice that of Pool 9 and very

nearly the same as In Pools 3 and 6 iminedlately upstream, Figure 5-6.

8-8 POOL 3

Average preproject slope in Pool 3 was 9 percent flatter than in Pool

4. Table 5-1. There was no change in reach length with the project, but the

overall drop decreased 5 percent and the average slope decreased slightly,

from 0.70 to 0,69 ft per mile. In 1973, Pool 3 had a slope 23 percent less

than that In Pool 4, but carried the same sediment load, Figure 5-7.

5-9 POOL 2

Under preproject conditions Pool 2 had an average slope of about 0.69

ft per mile, about the same as that: in Pool 3, but 11 percent less than in

Pool 4, Table 5-1. The reach was shortened 5.4 miles (14 percent) by the

project, which increased the average preimpoundment slope from 0,61 to 0,81

ft per mile, or 33 percent. A few years later, in 1971-1973, the slope was

considerably flatter, O,8 ft per mile, but this probably had more to do

with deposition and dredging than other factora.
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Only a few suspended sediment samples seem to have been taken in Pool

2, all in 1973, Figure 5-8. Indications are that concentrations In Pool 2

are lower than in the four pools immediately upstream. Apparently the

capacity for transport in Pool 2 is half that of the pools upstream;

sediment has been depositing at the head of Pool 2; and continuous dredging

has been required to maintain navigable depths in the upper portion of the

pool.

3-I0 DISCUSSION

There are some questions about Pools 9 through 3 that cannot be

answered satis'tctorily. However, in general those pools are behaving

adequately, and the sediment load carried is much reduced from that of

free-flowing, preproject conditions. The load carried through Pool 9

downstream of Dardanelle Dam is the smallest; the next two pools downstream

carry loads that are 30 to 40 percent higher, respectively; and the next

four pools carry a load that is twice that of Pool 9. The additional load

must come largely from the bed and banks of the pools themselves because

tributary Inflow downstream of Dardanelle Dam Is relatively minor and mostly

into Pool 9. Available data do not include data for recent years (after

1983), and it would be interesting to know what conditions are at present

(1986).

The differences in sediment load are as would be expected because of

the reservoirs upstream of Dardanelle Dam. As the sediment load decreased
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and the river through this set of pools approaches equilibrium state, the

need for dredging has decreased and has almost ceased.

Figure 5-9 and Table 5-2 illustrate the change in suspended sediment

load of the lower Arkansas River due to deposition in Ozark and Dardanelle

Reservoirs and the pick up in sediment in the river between Dardanelle Dom

and Little Rock. The sediment load and the fraction deposited in the

reservoirs are affected by the annual discharge, variation in discharge

through the water year, and reservoir operation. In the period 1972-1977,

deposition in Ozark ranged from 12 percent to 34 percent (averaging about 25

percent) of the incoming sediment for loads of 108 to 107 tons per year,

In Dardanelle in the period 1985-1977 deposition was about 50 percent of the

incoming load, with only a slight increase as the sediment load Increased

from 106 to 107 tons per year. For- reservoirs and reservoir operation such

as these, this is the behavior to be expected,

In the period 1964-1981, the sediment load between Dardanelle Dam and

Little Rock increased by a factor of about three; more at lesser discharges,

less at higher discharges. This variation of transport. with discharge is

contrary to what would be expected, especially with the low-head pools (and

maJiitenance dredging) in the reach. However, this secondary effect may be

unreal and a result of random differences and scatter in behavior for

individual years. More important is the fact that, on the average, during a

water year the sediment load picked up from the bed and banks in the

Derdanelle-Little Rock reach was twice that supplied by releases from
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Table 5-2
Measured Annual Suspended Sediment Load and Little Rock Discharge

Little Rock Discharge

Suspended Sediment Load (million tons/yr) Peak Avg
Water ------------------------------------------- Annual Flow Daily Flow
Year Van Buren Ozark Dardanelle Little Rock (million ac ft) (10QO cf a

1958 26.1 13.9 126
1956 9.1 8.1 100
1957 114.9 51.8 458
1958 75.3 35,7 184
1959 35.5 20.9 148
1960 110.5 45,3 348
1961 95.2 39.1 285
1962 46.1 31.0 161

1963(1) 16.9 12,4 83
1964 5.2 9.1 9,4 102
1965 15.6 11.7 21.8 21,0 127
1966 4.4 2.5 3.7 14.1 145
1967 6,2 0,7 3,3 12.6 86
1968 18,4 3,8 14,9 34.6 200
1969 17,1 6,8 13.8 39.3 178
1970 7.1 5,5 15.3 25,5 215
1971 2,0 1,9 7.6 19,4 158
1972 3.8 2.5 1.8 3.4 17.7 237
1973 20.2 11.4 11,3 28.6 64.4 322
J974 13.6 7.7 4,2 20.4 58.7 301
1975 14.4 11.4 4,1 21,9 56.0 236
1976 2.0 1.9 0.6 1.8 18.2 144
1977 1.3 1.0 0.5 1.7 16.4 203
1978 2.4 1.0 3.2 24.9 149
1979 2.3 1.2 3.8 28.8 173
1980 1.2 0,3 0.9 17.0 75
1981 0.3 0.1 0,4 9,3 70
1982 32.3 173
1983 34.1 271
1984 28.0 165
1985 83.0 218

58.8(2) 28.7(2) 208,1(2)

Average 7.8 8.1 3.5 9,7(3) 28.7(4) 179,3(4)
28.7(5) 187.8(0)

29.0(0)

(1) Dardanelle Dam closed in 1983

(2) Average for years 1955-1983
(3) Average for years 1964-1981
(4) Average for years 1964-1985
(5) Average for years 1955-1985
(6) Average for years 1928-1975
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Dardanelle Reservoir. Such action should be degrading the reach, and in the

last two years of record (1980 and 1981), there does seem to be a marked

dropoff in the sediment load at Little Rock. These were quite low flow

4 years, but the concentration seems to be half of what it was in earlier

post-project years of about the same annual discharge,

Overall the water surface slopes for open-river conditions decrease In

the downstream direction below Dardanelle Dam, which is normal, but there

are deviations from this overall decrease in slope that cannot be explained

by available data,

After data on the water-surface profile of the November 1983 flood

became available late in the study, they were added to Figures 2-1 through

2-8. That flood was sizable (in the order of 220,000 cf.), but not an

extremely large finod. In general, the 1985 water-surface profile was

parallel to that of other floods, and as a result did not give any reason to

change the observations made in this chapter. The 1988 flood confirmed the

fact that the slope of the Arkansas River has not flattened as much as could

have been expected. However, it should be emphasized that any questions

about slope are more of academic than practical interest. The slope is not

an issue in performance of the project,

Pool 2 is the only pool that continues to be troublesome with respect

to deposition and the need for maintenance dredging. It can be affected by

backwater from the Mississippi River; it Is the longest pool downstream of

Dardanelle; It appears to have operated under open-river conditions very
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infrequently (in 3 of the 22 years following closure of Dardanelle Dam); and

It is at the downstream end or the system where the longest time would be

required to finally achieve a satisfactory equilibrium state, Perhaps these

are the basic reasons it has been, and still is, troublesome.

I
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C_.PTR - OTHER INFLUENCIAG FACTORS

6-1 -GOENERAL

This current study Indicates that in addition to changed discharges and

sediment loads under project conditions, there are significant differences

In characteristics of the eight low-lift navigation pools downstream of

Dardanelle Dam that appear to be Important factors In determining whether or

not the stabilization and contraction works at the heads of the pools have

been effective in establishing channels of adequate and reliable depths for

navigation, Pool characteristics described in Chapter 2 include reference

to potential effects of storage capacity frequency of open-river flow

conditions, and height of stabilization structures on dredging requirements.

This chapter discusses in more detail possible relationships between these

factors and maintenance dredging.

6-2 POOL LEVEL, WITH RESPECT TO CRP AT HEAD OF POOLS

Self-maintaining navigation depths depend on the width of channels,

Given a discharge and a sediment load (and a roughness value such as the

Manning n), there ti some width that will result in the desired depth of

flow. If a pool level is met so low that conditions at the head of the pool

are those of an open river, this width in the width that must be established

by stabilization and contraction structures, In the early years of a

project, If the sediment load Is greater than It will be in later years, the

depth of flow for a given width and discharge will be less than desired and
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less than will be achieved in later years for the same flow and width when

the sediment load is reduced.

If a pool level Is set higher, greater depths of flow at the head of

the pool will be provided initially, but they will not be equilibrium

depths. There will be deposition at the head of the pool, gradually

reducing the depth, If the time that elapses between floods Is short,

deposition may not be a problem as deposits that occur will be removed in

the next flood,

When examJnlng sequential operating conditions alternating between

pooled low-water flow and open-river high-water flow with spillway gates

fully open, the relative elevations of the stream bed under open-river

conditions (or the construction reference plane generally parallel to the

bed) and the water surface under pooled conditions are the important

considerations, For a given discharge and sediment load, there is an

equilibrium state, Including the stream bed profile. An floods recede and

spillway gates control releases, the pooled condition is then superimposed

on the state left behind by open-river flood flow. In general, a higher

pool elevation should require less maintenance dredging. Less maintenance

dredging can also be achieved by narrowing the channel so that the flood

flow leaves a lower bed profile behInd because of both long-contraction

scour and the lesser elope in the contracted reach.

Pool elevations at...--he homds of Pool@ 9 through 2 are shown

schematically with respect to the construction reference plane In Figure 6-1
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together with notation of historical maintenance dredging at the heags of

the pools. It will be noted that:

1, Pool 9 is set the lowest of the pools with respect to CRP
and has required essentially no dredging; however, the
fact that maintenance dredging was not required is
probably due to extensive dredging done as a part of
project construction and the decrease in sediment content
of Dardanelle Dam releases.

2. Pools 8 and 7 are set higher than Pool 9, but below CRP.
Although there was considerable initial dredging done at
the heads of both pools as a part of project
construction, both required extensive dredging in the
early years of operation. Relatively modest dredging has
been required since the late 1970's, as the pools
apparently approached equilibrium under project
conditions,

3. Pool 6 is set hIgh with respect to CRP, but dredging
requirements were modest and occurred In early years of
operation, prior to 1974.

4. Pool 5 In set lower than Pool 8, at about CRP elevation,
and required more dredging in the early years of
operation, but no dredging after 1974,

S. Pool 4 iv set high with respect to CRP, and essentially
no dredging has been required since 1974.

6, Pool 3 is set the highest of the pools, and while
dredging volumes have been modest some work has been
required in most years.

7, Pool 2 level is set about the same with respect to CRP as
Pools 8 and 5, but about 10 ft lower than Pool 3
immediately upstream. Dredging has been required to
remove large volumes of deposited material almost every
year. The rectified channel design at the ,head of Pool 2
narrowed the reach to about 800 to 1,000 ft, and it does
not appear that extensive further narrowing could be
employed to increase depths without raising high-water
elevations,
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Analysis of these data indicates that for the range of pool elevations

used on the lower Arkansas River (from 8.3 ft above to 8 ft below CRP), the

pool elevation per se at the heads of the pools probably had little effect

on dredging requirements at the heads of the pools. (In this sense, pool

level at the heads of pools is considered an Isolated factor, separate from

pool storage capacity and average pool depth which are more functions of

length of pool.) It appears that other influencing factors, such as

submergence of structures under open-rivar flow conditions, pool

characteristics, and frequency of open-river flows, are probably more

important, as discussed later in this chapter,

6-3 POOL-LEVELS, STRUCTURE HEIGHT, AND FLWbI4 NE&

The relationships between normal pooi levels, approximate structure

height, and elevations at heads of pools for discharges of 100,000 cfs,

180,000 cfs, and the approximate flow at which open-river conditions begin

are shown schematically In Figure 6-2. Structure height refers to top of

upper bank paving and ýo top of piling in longitudinal pile structures and

at the riverward end of spur dikes; top of piling in spur dikes is

frequently higher at the bankline than at the river end. It should be noted

that as piling deteriorates over time and additional stone Is added to pile

structures, top of stone is at about 10 ft above CRP (or 3 to 8 ft lower

than the intial top of piling indicated on Figure 6-2).

Top of structures was set at elevations correspondlhg to approximately

half bankfull stage, a flow equaled or exceeded about ten percent of the
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time. It is evident that control structures in Pools 2 and 7 are much lower

with respect ot flow lines when open-river conditions begin than are

structures in other pools and that stone structures would be submerged in

the order of 15 and 10 ft, respectively, in Pools 2 and 7.

The data in Figure 6-2 indicate that top of stone Is such that

structures probably are effective 4n controlling the flow configuration up

to a discharge of about 130,000 cfs through Pool 9; 70,000 cfs through

Pool 8; 100,000 cfs through Pools 7, 6, and 5; 70,000 cfs through Pool 4;

60,000 cfs through Pool 3; and 85,000 cfs through Pool 2, It follows that

structures In Pool 3 are less effective In directing flows than are

structures in other pools and that more upper bank scour can be expected in

Pool 3 than in other pools (thus increasing the sediment load into Pool 2)

due both to the low elevation of top of bank protection and to poor

direction and control of moderate and high flows.

As noted, the top of rock in structures in Pools 7 and 2 is

significantly below flow levels when spillway gates are fully open

(open-river conditions) on rising stage when water surface slopes can be

expected to be the steepest and conditions favorable for sediment transport.

Structures in those pools can, therefore, be expected to be less effective

in confining open-river flows to the rectified channel and in flushing

sediment deposits through those pools than structures in other pools. When

open-river conditions are reached in Pools 7, 4, and 3, the top of pile

structures and upper bank paving would be submerged about 5, 3, and 2 ft,
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respectively; In Pool 2 they would be submerged about 10 ft. The 1981

serial mosaics of the navigation project indicate that dike fields in Pool 2

downstream from Lock and Dam 3 generally have less vegetation growing on

them than other dike fields in the system. This may in part be due to

maintenance dredge material deposition, but it also could indicate that much

of this material is being washed into the navigation channel during flood

flows.

The adverse effects of submergence in Pool 3 are partially offset by

the fact that open-river conditions prevail for longer periods and somewhat

more frequently than in Pools 4 and 5 upstream, Table 0-1.

6-4 OPEN-RTVER FLOW CONDITIONS AND POOL SIZE

As discussed in Chapter I and Section 4-6, design studies indicated

that essentially all the sediment load would be transported through the

low-lift navigation pools. Material deposited when those pool levels are

controlled by spillway gates was expected to be resuspended and transported

downstream under open-river flow conditions on the next rise when gates

would be fully open. However, Pools 7 and 2 have somewhat different

characteristics than other pools downstream from Dardanelle Dam. They are

the largest pools In terms of storage, the longest, and are subject to

open-river flow conditions less frequently and for shorter periods than the

other pools.

Minimum discharges at which spillway gates are fully open and

open-river flow conditions prevail throughout the pools downstream of
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Dardanelle Dam vary greatly from pool to pool, ranging from 80,000 ofs at

Dam 8 to 280,000 ofs at Dam 2. These flows are discussed briefly by pool in

Chapter 2 and are summarized in Table 6-1. Related data in Table 6-1 on

frequency and duration of open-river flow are based on historical data at

Little Rock for the 22-year period 1964-1985 following closure of Dardanelle

Dam. Although that period Is not as long as desirable for statistical

analysis, it reflects operation of the upstream storage projects and

contains a number of high- and low-flow years. The average annual discharge

(28.7 million ac ft) is about the same as that for the 1928-1975 period

(29.0 million ac ft), Table 5-2. Peak average daily flow data at Little

Rock was assumed to be roughly representative of frquency and duration of

discharges at all locks and dams downstream of Dardanelle Dam.

As noted previously, open-river conditions in Pool 7 have a recurrence

interval of about 2.4 years and occur about one percent of the time, on the

average, In Pool 2 the recurrence interval is about 7.3 years and duration

about 0.1 percent of the time, on the average. Sediment transport through

Pools 7 and 2 can be expected to be much less efficient than through the

other pools because: (1) structures in Pools 7 and 2 probably do not

effectively confine flows to the narrowed rectified channel because of

submergence at the time open-river conditions are reached when water surface

slopes are steep and sediment transport rates are high, and (2) open-river

conditions occur less frequently (particularly in Pool 2) than in the other

pools where gates are fully open almost every year, Table 6-1.
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TABLE 6-1

Frequency and Duration of Open-River Flow Events(I)

Approximate Flow Duration Avg Number
Open-River Z Time (approx) High FMow Return of Events Avg Number

Discharge Design Experienced Year-- 2 Interval in High Flow of Days
Pool (c€s) Studies 1964"85<1) Number I (years)(3) Years( 4 ) Per Event(5)

9 137,000 6 5.0 17 77 1.3 3.2 6.0(6)

8 80,000 15 14.6 20 91 1.1 4.9 11.00)

7 190-200,000 2 1.1 9 41 2.4 1.9 3.8(8)

6 155,000 6 3.0 13 59 1.6 2.7 4.9(9)

5 145-150,000 6 4.2 16 73 1.4 2.4 6.9(10)

4 145-150,000 6 4.2 16 73 1.4 2.4 6.9(10)

3 125,000 8 6.8 18 82 1.3 2.9 8.9(11)

2 270-280,000 "- 0.1 3 14 7.4 1.0 2.7

(1) Based on Little Rock mean daily discharge in the 22-yr period 1964-1985 following
closure of Dardanelle Dam.

(2) Number of years in 22-yr period in which peak mean daily discharge at Little Rock

exceeded open-river discharge.

(3) Based on 12-yr period.

(4) Total number of flow events in which peak mean daily discharge at Little Rock
exceeded open-river discharge divided by number of high-flow years with open-
river conditions.

(5) Average number of days per event in which mean daily discharge at Little Rock
exceeded open-river discharge.

(6) Excluding one 82-day event in 1973; 57% of all events of 3-days duration or less.

(7) Excluding one 87-day event in 1973; 31% cf all events of 3-days duration or less.

(8) Excluding one 25-day event in 1973; 59% of all events of 3-days duration or less.

(9) Excluding one 67-day event in 1973; 59% of all events of 3-days duration or less.

(10) Excluding one 80-day event in 1973; 42% of all events of 3-days duration or less.

(11) Excluding one 84-day event in 1973; 42% of all events of 3-days duration or less.
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As discussed in Section 4-8 It appears likely that with Pool 8

operating at open-river conditions essentially annually and for long periods

of time, there is good transport of sediment through Pool 8 and into the

headwaters of Pool 7. Pool 7 has 2.7 times the storage volume of Pool 8 at

normal pool, is approximately 50 percent longer, and operates under

open-river conditions about once in 2.4 years for about four days, on the

average. Sediment inflow to Pool 7 apparently exceeds the capacity for

transport through the pool.

Likewise for Pool 3, which operated under open-river conditions in

73 percent of the years in the 1964-1985 period, as discussed in

Section 4-6, sediment transport through the pool has been good, It appears

that the material transported into Pool 2 greatly exceeds the transport

capacity through Pool 2. Pool 2 has 2.2 times the storage volume of Pool 3

at normal pool, Is more than twice as long as Pool 3, and appears to have

operated under open-river conditions for short periods of one to four days

about one year in seven, much less frequently than Pool 3.

For both Pools 7 and 2, available data indicate that factors that

distinguish those pool from other pools downstream of Dardanelle Dam are the

length and storage volume of the pools at normal pool level and the less

frequent occurrence of open-river flow through the pools. These

characteristics are more different for Pool 2 than Pool 7, and Pool 2 has

more severe problems of sediment deposition and maintenance dredging than

Pool 7.
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Additionally, with spillway gates at Dam 2 fully open and high

Mississippi River stages, backwater from the Mississippi extends upstream

Into Pool 2. This Is a complex flow and stage situation, and virtually no

information was available relative to the effects of Mississippi River

stages on conditions in Pool 2 since the project became operational. In

general, Mississippi backwater would reduce water surface slopes through

Pool 2 and decrease the sediment transport capacity of Arkansas River flows,

contributing to deposition in Pool 2.

8-5 SPILLWAY GATE SILL ELEVATIONS

Design studies were based on setting spillway gate sill elevations for

Dam# 9 through 2 at the elevation of the future degrad-d bed. In the

original plan, the sills were stepped in elevation across the channel to

conform to the predicted varied bed elevation. However, only Dam 4 was

constructed with a sill at two levels. Sills for the other dams are level

across the channel at an average bed elevation that is generally above the

thalweg level, as shown in Figures 2-1 through 2-8.

Design studies indicated that head losses through the low-lift

navigation dams would be in the order of one foot at each structure for

open-river conditions. Available data indicate that louses in the early

1970's were of about that magnitude. The small losses at each dam add up to

about 8 ft downstream of Dardanelle, and this losn has been compensated for

by the decreased slopes generally experienced and the decreased lengths due

to cutoffs.
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In the future, If water surface slopes flatten, the spillway sills will

perhaps control the drop through the dame and the upstream bed elevations,

and losses through the dams In the future may be somewhat greater than at

present.

64
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CHAPTER 7 -EVALUATION OF DESIGN CRITERIA

7-1 DESIGN CRITERIA

Design criteria for stablizatlon and rectification work on the Arkansas

River can be summarized as follows:

1. Rectified a]ignment

- Follow easy bands oe alternate curvature with as much
sinuosity as possible,

- Follow the natural configuration of the river to
maximum extent practicable to minimize costs.

- Avoid long straight reaches and reaches of little
curvature,

- Cut off short-radius bends to reduce revetment
maintenance and improve navigation conditions,

- Use smooth transitions from bends to tangents in
crossings.

- Base rectified cross sections an characteristics of

naturally stable reaches,

2. Crossings

- Crossing length to be 2 to 4 times channel width
(1,000 to 1,5000 ft),

- Longitudinal structures on one bank only to permit
future additional contraction if required.

- Revetments to have no irregularlties or false points
that might induce local scour,

- Use spur dikes an convex bank In bends to contract
channel to permit future additional contraction if
required.
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4. Structures

Use the cheapest type structure that Is appropriate for
a site.

Work from one fixed point downstream to another to
maintain control of the reach.

Protect upper banks to about half bankfull stage (stage
equaled or exceeded about ten percent of the time),

7-. CRITIQUE OP DESIGN CRITERIA

In general, structures on the lower Arkansas River designed in

conformance with the above criteria have performed remarkably well.

However, the criteria were not always strictly adhered to because of

site-specific conditions. General comments on design criteria are as

followel

1. To minimize costs and accomodate rock escarpments, less
than desired sinuosity was provided in some reaches,
particularly in Pools 9. 8, 7, and 6. The adopted
alignment has generally provided adequate navigable depths
in the heads of the pool. probably in large part due to
reduction in sediment load with Dardanelle Reservoir in
operation.

2. Additional contraction has been provided in some crossings
and on the convex banks of some bends, Such modifications
generally could be accommodated in the original layout.
Crossing widths of 700 to 1,000 ft appear to be more
appropriate than the wider crossing widths of the original
design, Shorter crossings have given better performance
than longer crossings that sometimes greatly exceeded
design criteria for length because of specific local
conditions.

3, Structure heights were generally adequate except in
Pools 7 and 2, Por efective control on a canalized
river, the stage corresponding to establishment of
open-river flow conditions probably should be at about the
elevation of top of control structures.
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4. Top of bank protection in Pool 3 corresponds to 4
discharge prevailing about 13 percent of the time, and
upper bank erosion is likely one source of the sediment
deposited in Pool 2, Protection probably should be

carried to a flow line having a duration of from 5 to 10
percent of time, as in the other pools, to minimize upper
bank erosion under open-river conditions.

7-3 E•SPCT OF POOL CHARACTORISTtOS ON STRUCTURE PERFPOMANCE

Bank stabilization and channel reutification work was laid out and much

of it was constructed before sites and pool elevations for the low-lift

navigation structures downstream of Dardanelle were finally established,

Analysis of maintenance dredgtng records and pool characteristics indicates

that long deep pools, In particular Pools 2 and 7, probably act as sediment

traps and that unless open-river flow conditions occur frequently (probably

at least annually) it is unlikely that the channel can be contractod

sufficiantly without raimin: flood befihte to ensure that all sediment

dejouzs will be scoured out of those pools during open-river flow,

This study indicates that maintenance dredging volumes in Pools 2 and 7

probably are more closely related to: (1) storage capacity of the pool:

(2) detention time in the paolo and (3) the Infrequent and short duration of

periods when spillway gates are fully open and open-river flow conditions

prevail through the pool than to design of the stabilization and

recitification structures, The degree of submnrgence of structure in Pool.

2 and 7 is probably a contributing factor, To more fully understand the

deposition problems in Pool 2, additional study and field data are needed.
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CHAPTER 8 - CONCLUSIO1S

Conclusions of this study are as follows:

1. Stabilization and rectification structures constructed on the

Arkansas River downstream of Dardanelle Dam have performed

exceedingly well with respect to providing design depths for

navigation, althoughý

a, Additional contraction of the channel was required in some

reachesi the possibility of the need for additional

contraction was recognized In project design because of the

many uncertainties involved.

b. Major cutoffs In the reach downstream of fardanelle were

opened and much of the stabilization and rectification work

had been constructed several years before closure of the

low-lift navigation dams, but significant volumes of

maintenance dredging were required In most pools in the

first five years of operation, 1969 - 1974,

c, Significant volumes of material continue to be dredged from

Pool 2 each year, but it is likely this problem is more

directly related to characteristics of the pool and the

infrequency of open-river flow conditions than to design of

the stabilization and rectification works,

2. On the basis of performance of the structures in the head. of

Pool 9 through 3, the design criteria used are appropriate for

free-flowing river conditions and in the heads of navigation
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pools where open-river flow begins at an elevation

approximately the same as the top of structures in the heads of

the pools and where open-river flow conditions occur at least

annually,

3. A better understanding Is needed of sediment transport through

Pool 2 to define the basic sources and composition of deposits

at the head of that pool. A more detailed study based on

additional field data is needed.

4. Project design envisioned that as sediment is trapped in the

upper reaches of Dardanelle Reservoir, control structures would

be needed and would eventually extend essentially throughout

the reservoir. It appears that a better understanding of the

deposition problems in Pool 2 might lead to a more effective

and more economical design for additional contraction works in

Dardanelle Reservoir.

5. The performance of stabilization and rectification structures

on the Arkansas River indicutes that the basic criteria on

which design of the structures was based are sound and probably

can be applied, using discretion, to work on other similar

alluvial rivers,
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APPENDIX A - GLOSSARY

Advance maintenance dredlnl -

Dredging in excess of authorized project dimensions to allow

time for sediment buildup before the 9-ft authorized depth is no

longer available and maintenanace dredging must be repeated.

Ayeraze pool denth -

The ratio of storage volume at normal pool level to surface area

at normal pool.

canalization,-

Conversion of a tree-flowing river to a series of navigation

pools by construction or locks and dams,

Construction referenceg lane ICRP) -

The vertical control line on the Arkansas River; a sloping plane

corresponding approximately to the mean low-water profile for

preproject conditions (about 10,000 cfs) and adjusted for river

shortening under project conditions.

Relatively straight stream reach between bends of reverse

curvature.

Ctoff -

A new and shorter channel across the neck of a longer,

shorter-radlus bend, either natural or constructed.
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Dikes -

Control structures at an angle to the stream flow.

Hinged pool oneration -

Lowering the water surface profile below normal pool by

operation of spillway gates on the rising leg of a flood

hydrograph to lower flood profiles,

Initial dredgIng -

Dredging to more than authorized channel dimensions at heads of

pools as a part of project contruction to hasten eutablishment

of equilibrium channel conditions.

Natural str'eam flrow

Historical data prior to construction of regulating reservoirs

and later recorded data adjusted to eliminate the effects of

reservoir regulation,

Nati•ation mile (N mile) -

Mileage along navigation channel established in 1972; mile zero

is at mouth of White River.

Onen-rver londAtions -

No control of river flow or water surface elevation by dame;

spillway gates on low-lift navigation dams are fully open,

Pool. -

The lake-like reach of a ri,,er upstream of a navigation dam.
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I Revetments -

e Structures parallel to the stream flow used to control stream

alignment and/or to stabilize stream banks and prevent bank

erosion.

Wash load -

That part of the suspended sediment load comprised of silts and

clays (diameter <0.004 mm).
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