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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," betweéen the U.S. Army
Engineer Waterways Experiment Statlon (WES), Vieksburg, Mississippi, and The
University of Arizona, College of Engineering and Minea, Department of Civil
Engineering and Engineering Mechaniocs, Tucson, Arizona. The researnh was
sponsored by the Hydraulios Laboratory (HL), WES, for the U.S. Army Engineer
Distriot, Vioksburg (LMK).

This report descoribes part one of a two-part study to evaluate the
affeactiveness of design oriteria used for atabilization and rectiflcation of
the Arkansas River Navigation Project, Arkansas, and to modify those c¢riteria,
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 davelopment 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 8. E. Elansary, Ssree Chanyotha and Steve M. Cooke.

The contract was monitored by Mr., Robert W. MecCarley, 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 G. Combs, LMKED~
HH, Max S. Lamb, Lower Mississippl Valley Division (LMVED-RP), and Tasaso
Schmidgall, Scuthwestern 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 Distrlet 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 G.
Lee, CE, is the present Commander and Director, Dr. Robert W. Whalin is

Teohnieal Director.
Commander.

COL Patrick M. Stevens 1V is the V!oksburg Distriot
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EVALUATION OF ARKANSAS RIVER DESIGN CRITERIA FOR
_STABILIZATION AND RECTIFICATION OF THE CHANNEL

CHAPTER 1 - INTRODUCTION

A-1 OBJECTIVES OF STUDY

Objectives of the research program funded by the U.S.A.E. Waterways
Experiment Station in January 19868, 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 1060'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 crosa sections, water surface profiles,
maintenance dredging, and additional contraction works eadded 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 Pools 9 cthrough 2 downstream of

Dardanelle Dam are described, with particular attention given to problem




areas requiring significant maintenance dredging. Terms having specialized

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

1-2 STUDY AREA

Locations of components of the Arkansas River waterway, including
the low-1lift navigation locks and dams, are shown in Figure 1-1. The
natural sgediment 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 1in 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 Danm.

1- up

Archives of the Little Rock Digtrict contained much data from the
original design studies four the Arkansam River project; however, field data
under project conditione in the study area are somewhat limited. Recent

field data included the following:

1-2
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- Surveyed cross sections in various years, 1969-198!
(not all pools were surveyed in all years)

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

- Measurements of suspended sediment load in various 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, mdditional measurements of sediment load,
and more racent cross section data would have been helpful in this study;

however, available information was generally adequate.

1-4__ARKANSAS RIVER 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 nther purposes, but no funds were appropriated for
the project until 1849, The navigation channel has a minimum depth of
9 ft with 17 locks and dama (12 Ln 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 facilities were installed
at four of the navigation locks and dame (including Dardanelle and Ozark
Dams in Arkansas); additional power facilities are now {1986) under study by

local entities, Also, elght 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 locka and dams in Arkansas are listed in Table 1-2.

The project was delayed by the Korean War in the early 1850's, and it
was not until 1956 that construction was initiated on Keystone and Eufaula
Reservoirs in Oklahoma. Those reservoirs significantly decreased the
natural sediment load of <the Arkansas River prior to construction of
Dardanelle Dam begun in 19658. Construction of Lock and Dam 1 and 2 was
initiated in 1863, 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 1988, to Fort Smith in December 1969 and to Cataoaa-Tﬁlsa
in December 1970, |

Hydrauli¢ Characteristics, Preproject Conditions ~ In J{ts 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 36,100 cfs, and the annual sediment load was 97.2 million tons, ar 2,690
tons per cfs. Between Van Buren and Little Rock, Arkansas (188 miles) there
was relatively 1little sediment production. ‘At Little Rock, the average
annual discharge was 47,300 cfs, 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 0.88 ft
per mile, and from Pine Bluff to the confluence of the Arkansas with the
Mississippl (110 miles) river width was about 2,000 réet. and the slope
about 0.7 ft per mile. There are no major tributaries below Little Rock.

The meander belt of the aArkansas River varies in width, but is
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 thalweg
level wae 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 predomihant size of bed material 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 greateat 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 te 680,000 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 735,900 to 6,370 cfs (35 to 4.6 million
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acre feet per year) prior to construction of the upscream 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 flows experienced lesa than 10 percent of the
time.

Under natural conditions about 25 percent of the gsuspended Joad of the
lower Arkansas River was sand, with very fine sand (0.082 to 0.125 mm)
predominating. The remaining suspended load was silts and clays, The bed
load was estimated to pe somewhat less than 10 percent of the total load and
was predominantly sand and gravel,

Estimated Project Modification of Hydraulfc Charagteristics - 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 atudies) was expectad to be trapped in the upstreanm
storage resvrvoirs, 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 sadiment load moving into the lower Arkansas River
navigation reach, the upstream storage reservoirs were closed prior to or

ghortly after c¢losure of Dardanelle Dam in 1963, Studies indicated that




sadiment deposition in Dardanelle Reservoir would reduce reservoir storage
by 38 pergant 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 aight percent
between 1864 and 1981, Additional contraction structuree (extending for
about three miles downatream from initial work) were constructed in 1973
primarily to realign the navigation channel to provide a better approach to
a proposed bridge crosaing.

Under preproject conditions the suspended sediment load at Dardanelle
averaged 100.4 million tons per year; this was estimated to be reduced to
18 million tons per year under project oconditions with the upstream
medium-1ift navigation doms (Webbera Falls, Robert S. Kerr, and Ozark) on
the Arkansas River closed snd the Oklahoma storage reservoirs in operation.
In the 13-year period 1965-1977, with most of the upstream reservairs {n
operation, the average annual suspended sediment inflow into Dardanelle
Reservoir was about 8 million tons per year, Suspended sediment outflow
from Dardanelle Reservoir averaged about 3.5 million tons per year over the
18~year period 1964-1981, Sediment transport under project conditions 1is
discussed further in Chapter 8.

In design studies, the sand load at Dardanelle was projected to
decrease as source material from the riverbed upstream coarsened, but the
ailt-clay load was projected to increase over time as storage in the
medium-1i{ft navigation dams upstream of Dardanelle became depleted by

deposition and more fine material passed through the pools.




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 silt-clay load would pass through. With the downstream banka
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 downatream low-1lift
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 suapended load downstreanm
of Dardanells.)

i on_an ficatio rk = 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 suitabls depths and
slopes 80 a8 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 dround the bends, with low
flows following a sinuous path in the main channel and higher flows cutting
acrnoss the point bars. From Robert 8. Kerr Dam, Oklahoma, to the river

mouth, radius of curvature ranged from 1,000 ft to about 36,000 ft;




50 percent of the concave banks had radii of 6,000 ft or less, and 80
percent had radil of 10,000 ft or leas. 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 cfs at Fort 8mith 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 ia also influenced by slope of the atream,
sediment load, and relative erodibility of bed and banks.

For deaign 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 gcould be expected to maintain
without developing center bars and split channels. Average values of
cross-sectional area and carrying capacity (Adz/a) were determined for a
range of flows in the utable sections and used as a guide for design of
rectified sections at other nearby locationa. Studies were also mande of
average wmaximum 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 decremsed from about 20 ‘v 10 ft below the construction reference
plane® as radius increased from 5,000 to 35,000 ft. Depths in croseings
decreased from 10 to § ft below the construction referenne plaine as width
increased from about 1,100 to 1,800 ft, as shown on Figure 1-3.

e
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 cfs for preproject
condltions 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 es the width. The layout followed the natural configuration of the

-river as much as practicable s8p 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 poaaible aince there is a tendency for flows to shift from aide to
side in such reaches, making maintenance expensive and creating difficulcties
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 80 the high sediment load in the river prior to closure
of the Oklahoma atorage 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 fliows that would have tended to daeposit

material in the excavated cuis were prevented from entering the pilot
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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 cutas,

It a sufficiently high bed~shear ratio to ensure eniargement of the
pilot channel could not be obtained with an eccnomical excavated cross
section, the slope through the cut was increased by rajising 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
cuteff. 1In most cases, the structure initially extended across only a part
of the old channel. If it ¢traversed the entire cross section, it was
desjgned with a long spillway section at a Jlow elevation so that a
subatantial 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 conatructing them
shortly after a cutoff was opened, they mlso promoted more rapid development
of the cutoff than would naturally occur. A revetment was constructed along
the ructified channelrcontrol line on the concave bank of the cutoff to
l1imit and control enlargement of the channel.

Major realignment of the river in Arkensas involved construction of
18 cutoffs (11 downstream of Dardanelle Dam). The river between Dardanelle
Dam and Dam 2 was Bhortened by 36 miles, or 18 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 crnsaings, and the revetments were
laid out free of irragularities and false points to avoid separation of flow
and localized scour from eddy action. The original layout required rather
extensive control structures an 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*s control line was along concave banks, the banks were stabillzed by
construction of revetments. The original trace width design ranged from
1,000 to 1,500 feet in croasings. In bends, the stream had more flexibility
In developing its own optimum width, and the spur structures 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 coats, and additional contraction (additional narrowing) was
provided at the heads of pools to produce and mainiain 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 Chepter 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
iroffactive 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 structurea 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 diacharge (which 1s 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 strugtures to an elevation of 10 feet
abave 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 used at a specific location depending on
purpose of the structure, depth to bed rock below th? stream bed (which
sometimes precluded driving piling), and the relative coat of stones and pile
structures. Where exiating concave banks were to be protected from erosion,
either standard treichfill revetment or standard revetment with mattress was

used, depending on relative cost. On low banks, low bars, and where the
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rectifled channel control line crossed the existing channel, either pile
revetment or stone-fill reveiment was used, depending on the elevation of
top nf rock and relative cost. These two types of revetment were designed
to induce deposition of sediment to create new bank linea or build up
existing banks and to encourage willow growth on the accretions. Where the
rectified controli 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, 1060.

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 costa, Either type was satisfactory to control the river, train it
to the rectified alignment, promote the development of new banks, close off
srcondary 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 overhanks, primarily upstream from Lock and Dam 13,

Dike wystems on concave banks usually consisted of a leadoff structure
at the upstream end (approximately parallel to the flow and far enough
upstream so thiat flanking did not tﬁreaten integrity of the syatem) 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
18 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 dikes did
not attack the bank between them. Where the dikes were longer and the
degree of attack more ssvere, 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 get relatively
closer together. The cloeer 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 axtended 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)
becaune several years usually eiapsed betwesn stages, and good control was
required throughout the entire realignment periovd. Dikes were used on the
convex side of bendas to promote accretion on convex bars, close off chutes
and wwales, and prevent development of new chutes, In general, they had a
much greater spacing than dikee on the concave side and were used primarily
in the upper fhird of a bend. Design standards for dikes are dlso discussed
in Project Design Memorandum No. 8 referenced above,

Operation of Navigation Dams -~ Spillway crests for the low-lift
navigation deams were set at about the estimated future stable bed level. Cn

rising stages, planned operation provided for uvpening the spillway gates as
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rapidly as possible, consistent with maintaining navigable deptha, 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 Chaptaers 2 and 8§,

Bacause 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 flowa was expected to be
entrained and moved downstream on the next rise during open-river
conditions. Thus, longer periods between flood avents 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-14ift 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 vused at ~ome dams to increase slaopes and
velocities in the lower portion of a pool mo that any depomited material
will be acoured out: flow conditions in the upper portion of the pool are
not affected. The pool is drawn down from 2 to 85 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 pocl 1s at about project design depth through
controlling shallow obatructive 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  GENERAL
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 mi 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 Pools 3 and 4 to
7.8 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
-13.8 £t just upstream from Dams 2 and 8, respectively.

-  Minimum discharge at which all spillway gatea 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 Au listed in Table 2-2. The
figures show initial stabilization and rectification work and structures

added after the reach became operational in December 19268 to further narrow

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

4 Years For Which Basic Date Were Available

High Water Profile(1l)

Pool Cross Sections Discharge (cfs) Date Bed Material Composition
‘9 © 1078, 79, 81 460,000 May 87 1971, 72, 74, 8
330,000 Nov 18
83,700 Apr 78
8. 1975, 79, 80 480,000 May 87 1971, 78
330, 000 Nov 73
s 98,500 Apr 78
'..»"’ LEFAPE .
s 7 1969, 75, 79, 80 460,000 May 87 1971, 18
A 320,000 Nov 78
' ' 98,800 Apr 78
‘ 8 1974, 78, 78, 80 460,000 Jun 87 . 1870, 72, 78
310,000 Nov 78 N
: 88,000 Apr 18
5 1972, 78, 78, 80 460,000 Jun 87 1970, "6
350,000 Apr 73
i 4 1971, 75, 79, 80 430,000 Jun 87 1972, 16
1 380,000 Apr 73
3 1871, 78, 80, 81 450,000 Jun 57 1072
380,000 Apr 73
z 1972, 78, 80 480,000 Jun 57 1674
9 300,000 Nov 72

o—————

(1) Profile dnta for the November 19835 [lood (discharge in the order of
220,000 cfs) became available after baain studies wore compieced,




navigation depth. The profiles show the highest elevation in the deapesat
280-foct wide preproject channel (from the latest surveys prior to 19060),
thalweg ‘elevations in various years under project conditions, and
representative hign-water profiles, Location and volume of maintenance
dredging by years are shown.

It wshould be noted that all cutoffs from Dardanelle Dam to Dam 6 that
sigrificantly shortened the river were in place prior to the upring 1687
high-flow period; that all other major cutoffs downstream of Dam & were in
plaba by the fall of 1082; that construction of Dardan@lle Dam began in 1989
and the dam wag closed in - 1863; and that cohatruction of downatream low-lift
navigation dams began with Dams 1 and 2 in 1983 and proceeded upstrean. By
1968 all locks and dams throughout the system in Arkansae and Oklahoma ware
under construction, and the entire project was completed and operational in
December 1870, The sequence of dates is Iimportant because project
construction was expedited in the mid-1860's and there was not sufficient
time for the rectified channel in some reaches to become fully stabilized
prior to nlosure of the uavigation dama as originally planned.

The characteristics of Pools 9 through 2 (based on available data) and
historical maintenance dredging in each pool arve diacunnad in the following
secclong. Maintenance dredging is discussed in detail in Chapter 1.  Open-

river 2low conditions are discussed further in Chapter 8.

_Degradation -~ Pool 9 is a long pool (28,68 mi): only Pools 7 and 2

{30.5 mi and 33.2 mi{, respectively, ars longer, and other pools range in

=12
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length from 21.8 to 18.8 mi. From Dardanelle Dam (N Mile 208.5) to
N Mile 108 the bed was dredged initially and degraded in the order of 15 to
20 feet between 1980 and 1975, and there was no additional degradation in
the reach between 1675 and 1981, Figure 2-1, Degradation was to be expected
because of: (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 {injtial 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 183 is, at places, near
the 1973-1081 thalweg. It 18 not clear from availahle datn whether rock now
controls the bed elevation in the upper half of Pool § or rock is below an
armored bed.

In the ten miles downstream of the cutoffs (to N Mile 184) the bed
appearn to have lowered from a few faeet to ten ft. The bed ia generally
little changed and is at about spillway crest level for six miles
immediately above Dam 9 (N Mile 183-177); the splllway crest appears to
control the bed elevation in £hat reach.

Contraction worka 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 80O ft).

= In the long flat crosaing at N Mile 166 (from 1,000 ft
to 750 ft).

- In the flat crossing at N Mile 180 (from 1,200 £t to 800
ft).

- In the very {flat bend from N Mile 189 to 197 (from 1,200
ft to 800 ft).

The pattern of bed lowering in Pool 9 supporta the conclusion that the
primary causes of degradation are the draatic reduction in sediment load {n
outflow from Dardanelle Dam, shortening the reach by cutoffs, and narrowing
the channel.

_Bed Material - Measured median grain size of bed material through Pool 9
for years 1871 through 1978 is ahown in Figure 2-8. The data indicate that
bed material becomes finer with diatance 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 bstween 1971 and 18785.

Water Surface Slope - The overall water surface profile of the November
1973 rlqw of 330,000 cfs is alightly less steep (0.84 ft per mile) than that
of the 1857 flow of 460,000 cfs (0.88 ft per mile) under preimpoundment
conditions, as is to be expected with degradation, and about the same as
that of the 1983 flood (0.83 ft per mile), The flat water surface slope
{0.49 ft per mile) for the April 1878 flow of 83,700 cfs was probably
influenced by apillway gate control since the dlschurge is less than that

for open river conditions at Dam 9.

2-14
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[ Maintenance Dredging - There has been no maintenance dredging in the

vy

first ten miles below Dardanelle Dam except minor amounts at N Mile 208 in
1872 (80,600 cu yd) and N Mile 198 in 1884 (7,900 cu yd), Figure 2-1. There
was considerable dredging (265,800 cu yd) in the 3-mile relatively straight
reach (crossing) at the lower end of Holla Bend Cutoff at N Mile 184 in the
1970's, and e very minor amount at N Mile 183 in 19084, A total of
728,800 cu yd was dredged in the 1970's (76 percent prior to 19078) from
the seven-mile reach between N Miles 189 and 182; the reach has very little
sinuosity. Since 1978 there has besen only a modest amount of dredging in
Pool 9, mostly in the downstream portion of the pool, In 1882 and 1984,
68,000 cu yd of mntérial was dredged at N Mile 186 and 42,200 cu yd in the
long crosaing at N Mile 181. The only other recent dredging in the pool was
7,900 cu yd in 1984 at N Mile 188 noted above. It should be noted that 18673
through 1875 were years of above naverage Zlow, as discussed further in
Chapter 4.

Discumaion - Pool 8 is m long pool (28.6 mi), and normal pool elevation
in the downstream 17 miles of the pool {s set below the conatruction
reference plane, Rigure 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 melin channel at discharges up
to the range of 130,000 cfa (or for about 90 percent of the time).

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

lett and right banks, and the rectified channel alignment has very little

2-16




sinuosity in the upper 22 miles of the pool, with long and poorly defined
crossing reaches.

It ia 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 Dardanelle Dam in operation and to the fact that open-river flow
conditions prevail for discharges at or sabove 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 cloasure of Dardanelle Dam, ns

discuseed {n Chupter 8.

2- 0]

Degradation - Pool 8 d4a 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 & part of praject constmiction, totaled
4.9 million cu yd. 1In the five miles below Dam 0 the thalweg lowered about
8 to 10 ft between 1960 and 1976. In the downstream 13 miles of Pool 8 bed
change varied from section to aection., The bed overall did not change
significantly from 1960 to 1980 although at some places it might be aaveral
feat higher or lower. It is probable that the apillway croust 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 generrlly modeat, After the project was in operation,




some reaches of river were narrowed further to as 1little as @00 ft, as

follows:

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

- The long flat crossing at N Mile 167 (frem 1,200 ft to
780 ft).

= The upper lock approach at N Mile 186.8 (from 1,200 ft to
800 ft).

Bed Material - Measured median grain slze of bed material through Pool

8 in 1871 and 1975 is shown in Rigure 2-10, The data indicate that in 1971
median grain size throughout the pool was about the same, 0.385 mm. Data from
1978, however, indicate a coarsening of bed material throughout the pool, as
compared to 1971, with a Dgg grain size in the order of 4 mm at the head of
the pool decreasing to about 0.5 to 1.0 mm i{n the downstream portion of the
pool,

MWator _Surface Slope ~ 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 dilscharge of 480,000 cfs in 1957 (0.9 ft per mile). The 1978
profile for a discharge of 96 300 cfs wae about parallesl to that of the 1873
flood, with a slope of 0.74 per mile. Since Dam 8 spillway gates are fully
open at a diacharge of about 80,000 cfs, the 1973 profile (as well as the
1878 profile) appears to reflect open-river project conditions. Slope of
the 1985 profile was also about 0.78 ft per mile, the same as for the

November 1873 flood.
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s Dredgi - All dredging in Pool 8 waa done prior to 1078
and was almost entirely in the upstream half of the pool, totaling about
2.8 million cu yd over esight yeara,

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 ocourred eventually due to degradation and long-centraction ecour.
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 c¢onsiderable dredging in the 1870-1876 period indicates Pocl 9 was
supplying a significant load throughout those years., Lack of need for
maintenance aince that time would seem to indicute that sediment supply and
tranaport 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
net known,

In the early 1970's, the channel was narrowed from 1,200 to 730 ft over
a short reach to increase sinuoaity at N Mile 187 just upstream of Morrilton
cutoff and vane dikes were used at N Mile 172-171 to narrow the crossing.

_Discussion - Pool 8 ie a short pool (21 mi), and novmal puol elevation
is wsat higher than Pool ® with respect to the construction reference plane,
Figure 2-2. Top of atone in control structures is generally abave 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 1s bordered by rock

escarpments at intervals along both the left and right banks, and the

2-20




rectified channel has little sinuosity in the reaches N Mile 174-170 and
168-160.

1t 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 cofs
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 cofs or higher appears to have occurred in 20 of the 22 years

following closure of Dardanelle Dam, as discussed in Chapter 8.

24 POOL 7

Degradation - Initial dredging of 8.3 million cu yd, as a part of
project construction, and contraction works lowered the bed from 3 to 10 ft
for about five miles through the long flat bend at the head of the pool
between 1960 and 1868, Post-project surveys in 1969, 1975, and 1880 do not
indicate significant trands in change of thalweg elevation throughout the
pool iu that period, Figure 2-3,

Lack of the need for maintenance dredging since 19876 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 conditiona. The bed alope is
slightly adverse downsatream 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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{ ] ' fluctuating between scour and fill with changinz “flow rates and poul
operation

Y A
. S

-g. _ In the carly 1970¢'s, after the navigation p}oJect became Opéfdtidﬁql.

much of the channel in the upper half (;4 miles) of Pool 7‘wns‘,naprowqdh to

T3 W

800 o 700 ft, as fo]lows. o

- Inmediately dowustraam from Lock 8 (from 4,200 ft to . 700
£t).

In the long riai cross;ne and long radiud bpnd between N
Mlles 131 and 147 5 (from 1, 100 ‘t Lo 800 ft)

- In the flat bend between N Hiles 147.5 and 145 (from
1 000 ft to 700 ft) o

[

-~ In the very long crosainz nt N Mlle 142 © (frum 1,400 ft
L 0 700 ft). . . ,

g ded Material - Meaiured.vmadlan grain selze of bed .aterial through
Pool 7 in 1971 and iST; 1s shown in Figure 2-11. The data do not indicate

any trend In coarsening of hed material during that time. except perhaps a

slight cuvarsening nea: the head of the pool. Median grain aize generally

X bacowea finer ihrough the pool, from about 0.6 mm near the head of the pool

to about 0.28 at Dam 7.

Water Surface Slope - The overall water surface slope through the pool

for 320,000 c¢fs 1in 15878 (0.71 ft per mile) is about the same as for

460,000 cfs through the reuch in 1957 (0.72 ¢t per mile) prior to

cunstruction of thy project. Wates surface slopes in this reach were not

unifore undev preimpoundment or projert vonditions. In the upstream portion

, af Pool 7, the 1978 water surface profile for 95,300 cifs was about parallel
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" to' the profile for 320,000 cts, but the Dam 7 sepillway crest controlled

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

cunditiohq do not occur in Pool 7 below flows in the order of 189,000 to ‘

ZOO,OOOI'Ara. 'The mlope for ;he‘19§6[pgofiio;wus somewhat steeper, qboﬁi
. 0.80 ft per nile. | | | . o
| juggj_ggggg D;egg;gg Abnut 2 8 millxnn‘vu yd ware dredged from the
vhead end of Pool 7 An the 1970'q and another 0 84 in the early 1980's. Most

drudzing waa in tha uppar 10 mxles of tnn ponl It appears that'a wedge of

bed matqriul haa been removed with tvq apux sen miles downttream of Dam 8;

'
A

the bed slopo was a;lghtly adverae in thig raach“in 1980, However. dredging

was not {n that au;e wedge pattern; by tar .he'heaviest dredging was three
to nine milen donnstream rrom Dam 8. e

As 4 rouzh ppprnximnttan. the qnantity of dredged materinl was about
equal to the Dbed lowerinz. vbut the difforence betweerni the dredging and
lowering patterns would ludicate active sediment transport and sediment
supplv 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 from Dam 8 could mean
that degradaiion due to eediment being trapped behind Dardanselle Dam had not
reached Pool 7 to any signifinant degree by 1984.

Disgussion - Poel 7 is 30.5 miles long, the second longest 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 £t ut normal} pool level. However, because it s long, depths are

2-24
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adequate in the lower jottion of»thé ponl. vOpaq-river conditions begin,at
an elevation that is hizh with reapect to top 6f:c0ntrol structures (ut a
flow of about 190 000 gfs) so that oy k 1n boﬁtroi atruuturea s submerged
about 10 ft when. open«river tlow begina. | |

It is not clear hydrau;ichlly why eight ot the 14 mlles at the head and'

"
v

of Pool 7 had to be nurrowed te 600 or 700 ft in’ tha early 1970‘8. and

[ !

requirements for r atinued maintanance'dredgine thrduzn the’ early- 1980's
suggest that even suc“ exirems na'rowing wus not effective 1n tranaportinz'
sediment tnrough thn paal. Maintanancn drengtng 1 Pobl 7 through 1984

totaled 17.3 pernent, af4 all maimtanance dredging an Povla 9 thrcugb

Possible reasnn may bn rks relative frequency ot upen river rlow cénuition»,

through Pools 6 and a4, aa compared to °ool T ard the tact that -tuno in

o i
l [ i

control atructuren ln Pool 7 xu‘submergad about 10 ft when open rivar rlow
begins, as diucuuaed in Chnptar 6.

Pool 7 is bordered Ly rock escarpments af several locatlons, and while
the upper reach od the pool uaa fairly good sinuosity, crossings in the
upper half of the ponl'are several m1ln||long. torage capurity of Pool 7
at normal pool elevation is 88,000 a¢ ft, au cdhpered to 56,000 ac ft in
Pool 8 and 32 GUO ac ft in Poel 8.

Because Pocol 7 1is gate-controlled up to flows of 190 000 to 200,000
cfs, open-river cnnditlons through the pool can be ezperted to occur on the
average only about une percent of tie time and appear to have occurred in
only 9 of the 22 years following closure of Dardanelle Dam, as discussad In

Chapter 8. With oplllway getes at Dam 8 fully open in 20 years of the
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22-year period and good sediment transport through Poul 8 and jnto Pool 7,
the longer detention time in Pool 7 may make it an effective sediment trap.
With Pool 7 controlled for all but the largest flows and open-river
coﬁditiona occuffinz infrequently, deposition wouldvbu expected in the upper
half of the pool, and the area of heavieat dredging may be a backwater area
where sands and any gravels that had deposited were later dredged out. In
this case, only filne matérial would reach the lowap end of the pool, and
this has notbdepoaitéd to any ireat extent. It may alsa he that degradation
due to Dardanelle Dam was effective in lowering the bed in Pools § and 8 to
provide ;dequate navigation depth but that such degradetion has not yet been

effactive in Posl 7. In such a case, it would be necesary to rely on

,lnnémcontéaution scour to achleve greater depth, and a narrower channel

would be needed in Pool 7 than {n Pools 9 cnd 8.

2-5 __POOL 6

_gggggdgtioﬁ - Available data indicate the bed has lowered about 10 to
20 ft immediatelv below Dam 7 where the channel was contracted and realigned
and that at N Miies 112-110 through Fourche Place cutoff the channel bed is
now 10 to 18 ft lower than in the old bend, Figure 2-4. There has been some
lowering in the middle reach of the pocl where the channel wus narrowed in
1968 from 1,200 to 800 ft betwsen N Miies 119 and 118 to guide navigation
through the numercus bridges in the reach. In that stretch the 1980 bed

profile was several feet below the 1974 profile and 8 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 Material] - Data on median grain size distribution shown in
Figure 2-12 indicate that there was some coarsening of the bed material
between 1870 and 1973 in the downstream half of the pool. In the easrly
1970's median grain aize was about 0.5 mm at the head of the pool,
decreasing to about 0.25 mm at Dam 6. In 1975, the Dgy size was about
0.5 mm for about 13 miles downstream from Dam 7, but was significantly
coarser (in the range of 0.7 mm) in the ﬁext four miles downstream to Dam 6.

Water Surface Slope - Opening of Fourche Place and Willow Bar cutoffa
in 1062 in the lower end of Pool 8 shortened the reach by about 1.5 miles.
The water surface slope for the 1987 flow of 460,000 cfs through the reach
was 0,85 ft per mile, somewhat flatter than the profile for the 1973 flow of
310,000 cfs of 1.08 ft per mile, but ahout the same as the profile for the
1085 flood (0.83 ft per mile).

Maintenance Dredging - Maintenance dredging was required in Pool 6 only
in the early years of operation (1970-1873) and totaled only 189,000 cu yd.
Dredging was required at only three locationa:

= In the lower approach to Lock 7.
- In the crosaing at N Mile 122.

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

Since 1873, the two crossings at the head of the pool have performed

well as designed.
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Disgussion - Pool 6, with a length of 17.3 miles, is one of the two
shortest pools downstream of Dardanelle Dam and has an average depth at
normal pool of 10.8 ft. The pool is saset high with reapect to the
construction reference plane, Figure 6~1, but because the pool is short, top
of piling in c¢ontrol 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 850,000 ac ft, and flows
are gate-controlled up to a discharge of about 155,000 cfs. Open-river
conditions can be expected to prevail on the average about three percent of
the time and appesr to have ococurred in 13 of the 22 yeart following closure
of Dardanelle Dam, as discuszed in Chapter 8.

The upper partion of Pool & 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 8 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 performances of structures in Poo] 6 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 frequescy, and to the decrease in

sediment transport through the reach with Dardareile Dam in operation.
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g:6  POOLS

Degradation - There has been significant lowering of the bed throughout
Pool 5§ between preproject conditionu prior to 1960 and 1872-1980 conditions,
Figure 2-8. The spillway crest elevetion for Dam 6 was set at slevation 208
which was about the 1960 bed elevationu. In 1980 the thalweg at the head of
Pool 8 (immediately downstream of Dam 8) was about 10 ft below the Dam 8
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 58-93 and a Jittle lower eluewhare.. 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 1657 and enlarged significantly
during the April 1687 flood, shortening the river by 5.585 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 8, and Case Bar
cutoff is at about the midpoint of Pocl 5. Preproject bed slope through the
reach was about 0.8 ft per mile., In contrast, the 1972 and 1980 thalweg
profiles ares almost flat at an average elevation of about 183 from Dam 8 for
11 miles downstream to N Mile 97, and the average slope from N Mile 87 to
Dam 8 is about 1.8 ft per mile.

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

limited, but 1978 data indicute the Dgg of the bed material appears to




decrease somewhat in a downstream direction., Median grein size mt the head
of the pool is about 0.6 mm, and it is about 0.3 mm Just upstream from
Dam 8, Figure 2-13.

Water Surface Slope - Water surface drop through the reach was 17 ft
for the 1857 flow of 480,000 cfs, and the slope was 0,57 ft per mile,
Brodie Bend and Case Bar cutoffs shortened the river 8.35 miles between 1987
and 1862, and the water surface slope in 1973 was 0.8 ft per mile for a
discharge of 380,000 cfs, as would be expectad with the degradation that had
occurred. The slope of the 1885 profile was somewhat steeper, about 0,90 ft
per mile.

e e D ~ There was cons!derable maintenance dredging
(829,000 cu yd) in the upatream halt of the pool prior to 1875, but no
dredging has been required upstream of N Mile 98 since then. 1In the late
1070's and in 1982 dredging was required only in the long crossing at
N Miles 97-85 (420,000 cu yd).
iscussion - Pool 8 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 shalloweat pooles 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 depths in 1972 and 1880 were a
minimum of 17 ft btelow normal pool. The pooli has good sinuosity, and
crossings in the upper portion of the pool, except for the long crossing at
N Miles §7-88, appear to have performed well In recant years with the

additional contraction provided. Top of piling is above normal pool level
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throughout moat of the pbol. and depths in the lower portion of the pool are
generally greater than 20 ft.

Storage capacity at normal pool level iQ 61,000 ac ft; this is almost
twice the ;torn@e of Pool 8 which {s about the same length. The pool is
gate~conirolled up to a diachurge of 145,000 to 180,000 cfe; flows of this
magnituds and higher are expecteda to prevaill on the ~.ge about four

percent of the time and appear to have occurred i{n .68 of the 22 years

fnl;owlnz clolurg of Dardanelle Dam, zs discussed in Chapter 6,

=7 P00l 4

Degradation - Data indicate little change in the thalweg profile
through Pool 4 between 1960 and 1080: however, the 1971 and 18980 profiles
appear to have an adverse slope in the seven-mile c¢ontragcted reach
downstream of Dam 5, Figure 2-8, The thalweg lowerud 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,
operied in 1962, that shortened the river by B.78 miles. In 1969, 232,000 cu
yd of material was dredged from the channel downstream of the cutoff at
N Mile 70; however, the thalweg remained high in that area in 1971 and 1980,
Figure 2-68, Avalleble data do not indicate eny additional contraction was
required in Pool 4 ufter the project became operational,

Ded Material - Limited data available on bed material composition

indicate median grain size was about 0.33 mm and was approximately constant
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throughout the pool, Figure 2-~14., Data do not indicate any coarsening of
the bed between 1972 and 1978.

jﬂg;gg__ggg;;gg_glgnj_- Water surface drop through the reach was 20.5 ft
for the 1987 flow of 480,000 cfs and 17.0 ft for the 1873 flow of 380,000
cfa. Water surface slopes for the 1957, 1873, and 1985 high flows were
about the same, 0.78, 0.83, and 0.82 ft per mile, respectively.

Maintepance Dredging - About 218,000 cu yd was dredged immediately
bslow Lock and Dam 8 from 1969 through 1975, and only 13,000 ¢u yd in tha
eight years following. About 243,000 cu yd was dredged downstream of Boyd
Point cutoff, moat of it in 1969; no dredging has béen required in that area
since 18972,

Disguasion - Pool 4 ia 20.3 miles long, with storage ocapacity 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 18 set higher with respect to the
construction reference plane than Pool 3, Figure 8-1, but top of plling in
control structures (at about 16 ft above the referance plane) would be at or
above normal pool level except in the lower six miles of the pool.

Again, there is no indication of depoaition in recent years. No
maintenance dredging has been required in Pool 4 since 1878 except for
13,000 cu yd dredged in the lower approach to Lock 3 in 1983. No additional
contraction works were needed. Pool 4 has been one of the three pools

downstream of Dardanelle Dam reguiring the least amount of maintenance
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dredging in the 1969-1984 period. If the dredging downstrmam of Boyd Point
cutoff in 19890 is disregarded (on the basis that it would not have been
raquired 1if the channel had become stabiiized prior to impoundment of the
poel), dredging would have totaled only 179,000 cu yd or about the same as
for Pool 6.

Pool 4 18 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 18 of

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

2-8  POOL 38

Degradation - Dnata indicate 1little 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 35 in the downstream portion of the
poal, Figure 2-~7,

.Bed Material ~Information on bed material composition is avuilable only
for 1972. These data indicate the Dgg of the ted material was about 0.3 mm
and was approximately uniform throughout the pool at that ti{me, Figure 2-18§.

Water Surface Slopre - The water surface slope for a flow of 350,000 cts
in 1973 of 0.65 ft per mile is somewhat flatter than the slope of ¢.72 ft
per mile {n 1957 far a flow of 450,000 cfs but about ithe same as for the

1985 profile (0.67 ft per mile).

Maintenance LUredging - There has been almost annual maintenance

dredgins at N Miles 66-65 immediately downstream of Lock and Dam 4. A total
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of ahout 380,000 cu yd of material has been removed from the area,
72 percent of jt in the eight years 1969 through 1876, 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 indicates
that maintenance dredging begins when flow on the recession side of the
hydrograph recaches 120,000 cfa (about the discharge at which gates can be
operated to maintain the poal) without waiting for natural scour to occur as
the flow continues to drop. Dredging in other areas of the pool has been
minor: 30,300 cu yd in the crossing at N Mile 84 in 1973 and 36,000 cu yd
at N Mile 851 just upstream of Lock and Dam 3 in 1969,

Discussion - Pool 3 ia 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 ponl with respect to
CRP in the system, Figure 8-1. (The head of Pools 6 and 4 are 3.5 and 4 ft,
respectively, above CRP.)

Storage at normaol pool is 46,000 ac ft. Only Pool 8 has lesser storage
(32,000 ac ft) at normal pool. Pool 3 im 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 in 18 of the
22 years following closure of Dardanelle Dam, as discussed in Chapter 6.

Normal pool 1a set very high with respect to CRPK and flows greater

than about 80,000 cfs appear to be over the top of stone in the coptroi
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atructures; thus, the satructures are not erractive_in constricting the

channel at modarntalto high flews, The pool has Jittle sinuosity in the

~nine-mile reach from N'Hile 64 to 85, and the crossing at N Miles 55-82 is

‘vary long: however, no maintenance dredging or additional contraction have

been required in those areas.

- 00

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 13 ft below 1861 conditions, and
in the lower 10 miles of the pool from N Mile 27 to Dam 2, Figure 2-8. In
the lnier reach, the thalweg had lowered in the order of 5 to 18 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 28
and 20. Construction of Little Bayou Meto cutoff in 1882 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 Dgg of the bed material decreased
alightly through the pool at that time, ranging from about 0.3 mm at the
head end to about 0.2 near Dawm 2, Figure 2-16.

Water furface Slope - The overall water surface slope through the reach

for the June 1957 flow of 450,000 cf's was 0.62 ft per mile, or less ateep
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than the @slope of 0.68 ft per mile for the April 1973 flow of
350,000 cfs and the slope of the 1985 profile (0.70 ft per mile)}

Maintenance Dredging - 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 1988-April 1988,
Total volume dredged in that reach was about 7.6 million cu yds. There has
also been maintenance dredging at a number of other lécationu throughout the
pool, including : about one million cu yde in recent years at the following
locations:

- 1985, N Mile 43, downstream end of a long crossing -
29,000 cu yd

- 1982, N Mille 33, downstream end of a long crossing -
76,800 cu yd

- 1983-84, N Mile 32, bend - 745,800 cu yd
- 1983, N Mile 28, crossing - 57,600 cu yd

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

- 1988, N Mile 18, bend - 29,200 cu vd

Discussion - Pool 2 has a length of 33.2 miles and is the longest pool
downstream of Dardanelle Danm. It has a storage volume at normal pool of
110,000 ac ft and is the largest poocl 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.
Downatrean of Dardanelle, only Pool 7 with a length of 30.5 milea and
storage volume of 88,000 ac ft approaches conditions in Pool 2, Table 2-1.

The five-mile reach immedlately below Lock and Dam 3 war 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 'tha pool, the channel has generally good
sinuosity and crossing are not abnormally long.

At the head of the pool, normal pool level {8 (.6 ft belaw CRP.
Because of the length of the pool, CRP is 28 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 cfs) 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 constriciing flow and confining it to the
main channel,

Flow through Poal 2 is gate controlled far discharges up to about
280,000 cfs (a flow expected to occur leas than onelporcent of the time) for
a2 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 effecta extend upstream on the Arkansaes River into
Pool 2. The tact that the pool is controlled for discharges up to about
280,000 cfs indicates that open-river conditions rarely exiet 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 ba very helpful to know the aize distribution of bed
material throughcut Pool 2 under present (19868) conditions in hypothesizing
on sediment transport through the pool.] As the lower end 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 decreaaing 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 _ OENERAL

Discussion of deposition problem areas in Chapter 2 indicates that,
axcept for Pool 9 and a few other minor isolated exceptions, all maintenance
dredging required has been in the heads of the low-1ift pools in the reach
downstream from Dardanelle Dam, and that except for Pool 2, the bulk of the
mointenance dredging (83 percent) was performed in the early years of
project operation, prior to 1876. There was significant {nitial 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
channe! 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 poocls were
generally relatively long straight reaches, reacher of flat curvature,
and long crossings. The channel was constricted in some local areas in
Poola 9 through & after the project went into operation to minimize

deposition and to Iimprove the reliability of adequuate navigation depth.

-2 CAL P AREAS
Lacal areas of deposition requiring maintenance dredging, with the
exception of areas immediately downatream of the locks and dams, are

described below.
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Pool 3, N Mile 193-188 - A seven-mile esasentially straight reach with

little sinuosity, a poorly defined crossing at miles 193-192, and a asecond
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 ch;nnel 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 effecta of Darvdanelle Dam
upstream, It is unlikely a similar layout at a site farther downstream
would have functionud as well.

Pool 8 N Mile 173-170 - A long, poorly defined crossing that was
contracted from a design width of 1,200 to 800 £t in 1078, No dredging has
been required since the reach wes narrowed, Figure 2-2.

Pool 7, N Mile 183-149.8 ~ A long, poorly defined crossing downstreanm
of a large radiua bend. Downstream from mile 181, channel was narrowed from
1,100 to 600 ft in 1970, Pigure 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 deaign,
except possibly atructure height in relation to initiation of open-river
conditions, are discussed in Chapter 8. The effects of pool
c¢haracteriutics, including the frequency of occurrence of open-river flow
conditions on depoaition in the navigation pocls, is discussed further in

Chapter 6.
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high with reapect to normal pool elevation at head of pool;

maintenance dredging has been

Pool 7, N Mile 147-145 - 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 sauch as length, dept!;, and storage than of

stabilization and rectification design.

Pool 7, N Mile 144-14] - A three-mile long crossing at about mid-pool.
Channel was narrowed from miles 142.5 to 141.3 by L-heads and vane dikes
from 1,400 to 700 £t in 1972, and no dredging has been required since.

Pool 6, No Problem Areas ~ Reach from N mile 118.8 to 116 was narrowed

from 1,200 to 800 ft in 1968 to gulde navigation through the aserles of

bridges at Little Rock, not to increase depth, Figure 2-4.
Pool 8,

N Mile 108-103.8 ~ 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 8,

N Mile 100-88.5 - A 1.5-mile crosaing narrowed at downstream

end from 1,400 to 1,000 ft in 1971, No dredging required after 1972.

Pool &, N Mile 97-98 - A two-mile long crosaing at mid-paint of pool.

No drudging required since 1979,
Pool 4, No Prablem Areas ~ Figure 2-86.

Pool 3, No Problem Areas - Figure 2-7.

Pool 2, N Mils 30-44 - This six-mile reach haa good winuosity; CRP ia

but excessaive

required from 1968 to present, Figure 2-8.
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Deposition problems in the reach appear to be related to paol

characteristics, not tc design of stabilization and recitification work

except possibly structure height in relation to initiation of open-river

conditions, as discussed in Chapter 6.
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4-1 GENE

Sediment deposition and maintenance dredging in each pool are diascussed
in Chapter 2. This chapter is limited to a more general discussion of the
overall dredging problem downstream from Dardanelle Dam.

The authorized navigation channel on the Arkansas River is 260 ft wide
and nine feet deep. Initial dredging at the heads of some pools, Table 4-1,
was included a; arpnrt of project construction to hasten development of an
equilibrium degraded channhel that would provide navigable depfh with a
minimum of maintenance dredging and meet tho scheduled dates for initiating
navigation to Little Rock in 1968, to Fort Smith in 1969, aud to
Catoosa-Tulsa in 1970, [Initial dredging limitas often were conaiderably 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 & depth of 12 ft, including 3 ft of
overdepth dredging for "advance maintenance" to allow a time period for
sediment bulldup before the 9-ft authorized depth is no longer available and
maintenance drodging must be repeated.

In the design phase of tha project, it was recognized that the upper
ends of both Pools 2 and 7 would ba problem shoaling reaches. Consequently,
movable bed physical model studies were Initiated at Waterways Experiment

Station in the early 1960's to develop effective bank stabilization and

4-1
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rectification aeystema 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
ldentification of problem pools (1). While the impact of pool
characteriaticea on maintenance dredging requirements has been recognized,
this aspect does not appear to have been addreased in detalil, Current
studies indicate that pool length and depth and frequency of open-channel
flow conditions may be the primary causes of atypical deposition and
maintenance dredging requirements in Pools 2 and 7, as diacussed further in

Chaptera 2 and 8.

4-2  INITIAL DRENGING

In design studies for the Arkansas River projsct, estimates were made of
progressive degradation and armoring of the bed downstream from Dardanelle
Dam. Spillway sills of the low-lift navigation dams downstrean 'were get
near thea computed future degraded bed levels, and in some casves those
elevations were significantly lower than current bed elevation at time of
construction. Accordlingly, to provide adequate navigable depth {n the ecarly

yoars of operation in the downstream lock approaches, initial dredging was

1. Maintenance Dredging on the Arkansas River, T, Schmidgall, in
Sedimentation, H. W. Shen, ed., 1976,
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required as a part of project constuction for a distance of several
miles downsatream frcm the low-1ift structures, Initial volumes dredged in
each pool as a part of project construction are tabulated in Table 4-1.
Initial dredging removed essentially u 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 dams in most pools,

Table 4-1

Anitial Drediing Volumes

Pool Volume (1,000 cu yd)

17,000
4,800
8,800
2,300
2,800

100
100
30200

W DT mC

n

4-3 RELATIONSHI? OF STREAMFLOW AND MAINTENANCE DREDGING

As discussed in Chapter i, rtreamflow in the lower Arkansas River, for
example at Little Rock, was highly variable under preproject conditions.
Flow has cnntinued to be variable under project conditions, but with less
extreme high and low flows, as indicated by stage datn at Little Rock and

Lock end Dam 6, Figure 4-i1, and by dischurge data in Tablc 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'as data (2). Maintenance dredging by years in Pools 8 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 8-2 indicate that:

1. In early years of project operation (1870-1072) discharge was
near average,

2. The next two years (1973-1974) were years of abnormally high
stream flow, requiring large volumes of maintenance dredging,
and in 1975 flow as 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.

8. Flows in 1082-1984 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 Systenm,
An Engineering Evaluation, Schmidgall, 1 June 1881,
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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 factoras obscure a clear-cut relationship hetween

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 pollcy of providing authorized navigable depth
100 percent of the time to the ecxtent feasible. To execute this policy.
dredging begins on the hydrograph recession at flowa in the order of 120,000
to 70,000 cfs (flows that carry a saignificant sediment load with depths
considerably in excess of authorized depth) to minimize potential
interruption of navigation. As a result, deposition often continues as flow
decreasas, and repeated dredging 1is sometimes required on one

hydrograph recession, particularly in reacheas in thn head of Pool 2.

4-8 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
flqod control by making releases to limit discharge at the Oklahoma-Arkansas
state line to from 105,000 to 130,000 cfs (depending on the degree of
encroachment in the flood control apace 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




capacity and extensive shoaling in crossings in the lower river. Schmidgall
(1) discusses modification of the operating plan to control flow to 40,000
ctfs at the state line for about two weeks on the recession side of flood
hydrographs until flood storage is completely evacuated to Jessen shoaling
in the lower river and allow time to identify shoaled reaches and mobilize
dredging equipment. Although benefits are not easily identified, flood
recessinn release achedules from upstream reservolrs are still (1986) being
studied In an effort to develop a scliedule that will minimize shoaling

tendencies in the Arkansas River navigation channel.

4-68 FRFFECT OF UPSTREAM POOL

In project design studies, pools with high lift and significant atorage
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 yeurs, Table 4-2, Available data {ndicate
that annual sediment discharge at Little Rock is about three t:mes the load
carried by releases from Dardanelle Dam, as discussed in Sectiun 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

49




sediment traps; howaever, 1t appears this is occurring, as discussed in
§~irtlon 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, haa
the smallest storage capacity, and is operated under open-river conditions
aimosat annually, more frequently than any other pool. In contrast,
open-river flow conditions through Pool 7 occur less {frequently, having a
return period of about 2.4 yeara. There has been no maintenance dredging in
Pool 8 since 1977, indicating that sediment supply and transport through the
pool have baen 1{n equilibrium in recent yeara, Howsver, the volume of
material transported through Pool 8 apparently generally exceede transport
capacity in the wupper ten miles of Pool 7 where 3.14 million cu yds of
deposited material wore dredged from 16870 through 1984, 90 percent of it in
the 1870's,

Effert of Pool 17 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 stubilize the disposal
areas, removal of that material from transport through Poal 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 6 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 6-1.

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 ntorage capacity, and open-river conditions prevail with relative
frequency, appearing to have occurred in 18 of the 22 years following
clogure of Dardanelle Dam, Table 6-1, Thus, 1t 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 ia 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
material dredged from Pool 3 in the 19869-1984 period totaled was about
447,000 cu yds, but 8,852,000 cu yds was dredged from Pool 2 in the same

period.

4-7 __CURRENT STUDIES OF DREDGING IN POOLS 9 THROUGH 2

As discussed in Chapter 2, Pool 2 is clearly the pool experlencing the
most severe deposition problems and requiring the most maintenance dredging
(48.1 percent of all dredging downstream of Dardanelle Dam in the 1989-1984
period). Pools 7 and 8, with 17.3 and 15.1 percent of the maintenance

dredging, rank second and third, respectively, in terms of severity of

4-11




deposition problems in the 1969-1984 period, but deposition in Pool 8 haa
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 diasregards 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 ag ft of
flow (or 180,000 cu ydy per year) for the period 1978-1984., However, {f
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 98 through 3, Considering
Pools ¢ through &, annual Aredging has decreasad with 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 pec 100,000 ac ft of flow (or 580,000 cu yds

per year) for the period 1978-1984,

4=12
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_CHAPTER 6 - SLOPES_AND SEDIMENYT TRANSPORT

5-1__ GENERAL

Water surface slopes in Pools 9 through 2 and losses tlirough the dams
are summarized in Table G§-1. Water sucrface slopes for post-project
conditions are average longitudinal slopes through each poal 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 1is due to water surface elevations taken on rising or falling
stages at different times and possibly due to water surface elevations
foected by dynamic variations. Random scatter is ignored in the following
discussion.

The preimpoundment (and essentially preproject) slopes of 1987 ranged
from about 0.92 ft per mile in Pool 9 below Dardanelle Dam to about 0.59 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. Tor the purpose of this study, it 118 the
changes resulting from the project that'are of speclal interest, not local
varlations.

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 §-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 8

Pool 9 slopes appear to have changed little in the period 1957-1870
(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 0.54
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 alao be a factor tending ta
lessen the slope.

The scatter of sediment concentration data for Pool 8, Figure 5-1, 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 6 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 mést. 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 1978 suggest that fine material is not completely

5-2
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trapped. This might explain the scatter of recent sediment loads by a
factor of two or three, Unless there I8 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
amall 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 ® has nc muterial coarser than
50-gieve s8ize, and over 98 percent is finer thanh 200-sieve size. This ls
very fine material and is compatible with an essentially degraded stream
downatream of a reservoir.

5-3  POOL 8

The alope in Pool 8 ls le=ss than through Pool 8, 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 5-1.

Sediment concentration measurements are available only for the 1870's
and do not show any trend with time, but do show scatter by a factor of
five, twice that at Pool 9, Figure 5-2.

Concentration in Pool 8 is perhaps 25 percent higher than In Pool 8,
and composition of +the sediment load 1is quite different. In different
floods, material is as fine as 90 percent passing £he 200 sieve with 30

sleve the maximum size, and as coarse as oniy 16 percent pasaing the 200

3=5
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sleve and 4 sieve the maximum size. All Pool 8 samples are definitely
coarser than the Pool 8 samples.

Comparing and explaining variationa in concentrations and composition
in individual floods is difficult. For example, for two floods in 1875 and
1076 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 avallable information,

5-4 POOL 7

The preproject slope in Pool 7 was about 0.73 f{ per mile, about the
qame as in Pool 8, By 1973 the slope had decreased to a value of 0.71 ft
per mile, or by O percent, Table 5-1. Other samples of known compocition
scatter, but behave reasonably as would be expected.

The sediment concentration ju essentially the same as in Pool 8, with
somewhat less scatter (which may be because there is lesa data), Figure 5-3,
The concentration vs 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 reascnably as would be expected.

-8 0QL 6
The preproject slope in Pool 6 (0.81 ft per mile) was greater than that

of Pool 7 or Pool 8, but lesa than that of Pool 9, Table 5-1, S8ince project

5-7
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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 larger in Pool 6, a concentration
in the order of 0.02 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 welght in Pool 9. In the late 19680's, the concentrﬁtlon in
what is now Pool 6 was flve timea 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 this greater quantity of fine
sediment come from?"

Pool 8 is conaidered to be one of the two best pools in the lower river
in terms of effectiveness of the structures in providing reliable navigable
depth. Why the post-project slope is 33 percunt zrentqr than the preproject
slope {s a bit of a myatery.

Pool 6 seems to be an anomaly: (1) 1t is relatively steep, with no

apparent reasons for a higher n value than other pools; (2) it has a higher
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a

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 &2 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 8

Pool 8 had been shortened from 30.1 miles to 24.85 and to 21.8 miles (or
a total of about 28 percent) before construction of Lock and Dam §, but the
drop in water surface through the pool remained about constant, resulting in
a total alope increase of about 50 percent between 1657 and 10868, In the
four years after project completion (1969 through 1973), the average slope
decrvased about 10 percent, Table 5-1,

The slope changes are as would be expected in Pool 5, and while
degradation as a resuit of the cutoffs could account to some extent for the
concentration being higher in Pool 8 than in Pools 7 and 8, the nutoffs were
constructed in 1987 and 1962.

Pool 8 delivers a flow to Pool B with the same concentration as that in

Pool 8, Figure 5-5,
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5-7 _POOL 4

The preproject slope in Pool 4 was somewhat greater than in Pool 8§, but
a little less than in Pool 68, Table 5-1. The 25 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 B and 8 immediately upstream, Figure 5-6,

5-8 _ 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 alope decreased slightly,
from Q.70 to 0,69 ft per mile, In 1973, Pool 3 had a slope 23 percent less

than that {n Pool 4, but carried the same sediment load, Figure 8-7,

5-9 POOL 2

Under preproject conditiona Pool 2 had an average slope of about 0.69
ft per mile, about the same ag that in Pool 3, but 11 percent less than in
Pool 4, Table 5-~1. The reach was shortened 3.4 miles (14 percent) by the
project, which increased the average preimpoundment slope from 0.61 to 0.8l
ft per mile, or 33 percent. A few years later, in 1971-1973, the slope was
conslderably flatter, 0.5 ft per mile, but this probably had more to do

with deposition and dredging than other factors.
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Only a few suspended sediment samples seem to have been taken in Pool
2, al)l in 1973, Figure 5-8. Indications are that concentrations in Pool 2
are lower than in the four pools immediately wupstreanm. Apparently the
capacity for transport in Pool 2 4is half that of the pools upstream;
sediment has been depoasiting at the head of Pool 2; and continuous dredging

has besn required to maintain navigable depths in the upper portion of the

pool,

5-10 DISCUSSION

There are some questions about Pools 8 through 3 that cannot be
answered satis“actorily. However, in general those pools are behaving
adequately, and the sediment load carried 18 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
cacry 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, Avallable data do not include data for recent years (after
1981), and it would be interesting to know what conditions are at present
(1986).

The differences 1in 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 Dam
and Little Rock. The sediment locad and the fraction deposited in the
regservoirs are affected by the annual discharge, varlation in discharge
through the water year, and reservoir operation. 1In the period 1972-1977,
deposition in Ozark ranged from 12 percent to 34 percent (averaging about 25
percent) of the jncoming sediment for loads of 108 to 107 tons per year,
In Dardanslle in the period 1985-1977 depos{ition was about 50 percent of the
incoming load, with only a slight increase as the sediment load increased
from 108 to 107 tons per year. For reservoirs and reservoir operation such
ag these, this is the behavior to be expected.

In the period 19864-~1981, the sediment load between Nardanelle Dam und
Little Rock increased by a factor of about three; more at lesser discharges,
less at higher discharges. This varjation of transport with diacharge is
contrary to what would be expected, especially with the low-head pools (and
maintenance dredging) in the reach. However, this secondary effect may be
unreal and a result of random differences und scatter in behavior for
individual yaars. More important is the fact that, on ;he average, during a
water year the sediment load picked up from the bed and banks in the

Derdanelle-Little Kock reach was twice that supplied by releases from

5~18
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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 —--mmecmmdecccccasosceceon- ah e Annual Flow Daily Flow
Year Van Buren Ozark Dardanelle Little Rock (million ac ft) (1000 cfs )

1985 26.1 13.9 128
1956 9.1 8.1 100
1987 114.9 51.5 458
1958 75.3 35.7 184
10860 38.5 20.9 148
1860 110.5 45.3 348
1961 88.2 39.1 285
1962 46.1 31.0 161
_19ea(1) 16.9 12.4 83
1964 5.2 9.1 9.4 102
1068 15.6 11.7 21.8 21.0 127
1968 4.4 2.5 3.7 14.1 145
1967 6.2 0.7 3.3 12.6 86
1988 16.4 3.8 14.9 34.6 200
1989 17.1 6.8 13.8 30.3 178
1870 7.1 5.8 15.3 25.5 218
1971 2.0 1.9 7.8 19.4 186
1972 3.8 2.8 1.6 3.4 17.7 237
1973 20.2 11.4 11.3 28.8 84.4 322 X
1974 13.8 7.7 4.2 20,4 55.7 301
1975 14.4 11.4 4.1 21.9 56.0 286 J
1976 2.0 1.9 0.6 1.8 18.2 144 b
1977 1.3 1.0 0.5 1.7 168.4 203
1978 2.4 1.0 3.2 24,9 149
1979 2.3 1.2 3.8 28.8 173
1880 1.2 0.3 0.9 17.0 75
1881 0.3 0.1 0.4 9.3 70
1082 32.8 173 3
1983 34.1 271
1984 28.8 185
1985 83.0 218
58.8(2) 28.7(2) 208.1(2)
Average 7.8 8.1 3.8 9.7(3) " 28.7(4) 179.3(4)
28.7(8) 187.8(8)
29.0(8)

(1) Dardanelle Dam clomsed in 1063
(2) Average for years 1958-1963
(3) Aversge for years 1964-1881
(4) Average for years 1964-1988
(3) Average for years 1953-1088
(6) Average for years 1928-1978
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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
dropof? in the sediment load at Little Rock. These were quite low flow
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 conditlons decresse in
the downstream diresction below Dardanelle Dam, which is normal, but there
are deviations from this overall decrease in slope that cannot be explained
by available data,

After datm on the water-surface profile of the November 1985 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 ofs), bqt not an
extremely large flnod, In general, the 1988 water-aurface profile was
parallel to that of other floods, and as a result did not give any reason to
change the abservations made in thia 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, 1t should be emphasized that any questions
about slope are more of academic than practical Intereast. The alope is not
an lssue in performance of the project.

Pool 2 1is 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 longeat pool downatream of

Dardanelle; it appears to have operated under open-river condlitions very
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infrequently (in 3 of the 22 years following closure of Dardanelle Dam); and

it is at the downstream end of the system where the longest time would be

required to finally achieve a satisfactory equilibrium state. Perhapa these

are the basic reasons it has been, and atill is, troublesome,
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CHAPTER 6 - OTHER INFLUENCI:{G FACTORS

-1 ENERAL

This current study indicates that in addition to changed discharges and
sediment loads under project conditions, there are significant differences
in characteriatics of the eight Jlow-lift navigation pools downstream of
Dardanelle Dam that appear to be important factors ln determining whether or
not the stabilization and contraction works at the heads of the poola have
been effective in establishing channels of adequate and reliable depths for
navigation. Pool characteriatics described in Chapter 2 include reference
to potential effects of atorage capacity frequency of open-river flow
conditions, and height of stabilization structures on dredging requirements.
This chapter discusses in more detail posaible relationships between these

factors and maintenance dredging.

6-2 POOL _LEVEL WITH RESPECT TO CRP AT HEAD OF POQLS

Salf-maintaining navigation depths dupend on the width of channels.
Oiven a discharge and a sediment load (and a roughness value such as the
Manning n), there is some width that will result in the desired depth of
flow. If a pool level is set so low that conditions at the head of the pool
are those of an open river, thia width ia the width that must be established
by atabilization 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 leas than desired and

6-1




less than will be achieved in later years for the same flow and width when
the sediment load is reduced.

If a pool level {s 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 {s short,
depoaition may not be a problem as deposits that occur will be removed in
the next flood,

When examining sequential operating conditions alternating between
pooled low-watar flow and open-river high-water flow with spillway gates
fully open, the relative alevations of the stream bed under open-river
. conditions {or the oconstruction reference plane generally parallel to the
bed) and the water asurface under pooled conditions are the important
considerations, For a given diacharge and sediment load, there is an
equilibrium state, including the stream bed profile. As floods recede and
spillway gates control releases, the pooled condition {s then superimposed
on the state left behind by open~river flood flow. In general, a higher
pool elevation should require less maintenance dredging. Lesa maintenance
dredging can also be achieved by narrowing the channel 8o 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__the heads of Pools 9 through 2 are ahown

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 heads of ?
the pools. It will be noted that:

1, Pool 9 is set the loweat of the pools with respect to CRP
and has required essentially no dredging; however, the
fact that maintenance dredging was not required im |
probably due to extensive dredging done as a part of ?
project construction and the decrease in sediment content i
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 & part of project
construction, both required extensive dredging in the
early yeara of operation. Relatively modest dredging has
been required since the late 1870's, as the pools
apparently approached equilibrium under project
conditions.

3. Pool 6 is set high with respect ta CRP, but dredging
requirements were modest and occcurred in early years of
operation, prior to 1874.

4, Pool B is set lower than Pool 8, at about CRP elevation,
and required more dredging in the early years of
operation, but no dredging after 1974,

8. Pool 4 ilu set high with respect to CRP, and emuentially
no dredging has been required since 1874,

sgiipangie

8, Pool 3 is wet the highest of the pools, and while
dredging volumes have been modest some work has been
required in most years,

7. Pool 2 lavel is set about the same with respect to CRP as
Pools B8 and &, but about 10 ft lower than Pool 3
immediantely upstreanm. Dredging has bern required to
remove large volumes of deposited material almost avery
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.

6=4
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Analysis of these data indicates that for the range of pool elevations
used on the lower Arkansas River (from 8.5 ft abave 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 ia conaidered 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-river 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 FLOW LINES

The relationships between normal poo: levels, approximate structure
height, and elevations at heads of pools for discharges of 100,000 cfa,
180,000 cofs, and the approximate flow at which open-river conditions begin
are shown achematically in Figure 6-2, Structure height refers to top of
upper bank paving and to top of piling in longitudinal pile structures and
at the riverward end of spur dikes; top of piling 1in spur dikes is
frequently higher at the bankline than at the river end. It ghould be noted
that as piling deteriorates over time and additional stone ia 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 correspondiug 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 i{n 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 atone Is such that
structures probably are effective in 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 8; 70,000 cfs thruggh 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 acour 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 atructures in Pools 7 and 2 |is
significantly below flow leveis when spillway gates are fully open
(open-river conditions) on rising stagé 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 lesa effective
in confining open-river flows to the rectified channel and in flushing
sediment deposits through those poola than structures in other pools. When
open-river cnnditions are reached in Pools 7, 4, and 3, the top of pile

structures and upper bank paving would be submerzed about 5, 3, and 2 ft,
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reapectively; in Poel 2 they would be submerged about 10 ft. The 1981
aerial 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
malntenance dredge material deposition, but it alse 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 6-1.

6-4 OPEN-RIVER FLOW CONDITIONS AND POOL SIZE

As discussed in Chapter 1 and Section 4-8, design studies indicated
that esgsentially all the sediment load would be transported through the
low-11ift navigation pools. Material deposited when those pool levels ara
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
ather pools.

Minimum discharges at which spillway gatea 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 cfs at
Dam 8 to 280,000 cfs at Dam 2. These flows are discussed briefly by pool in
Chapter 2 and are summarized in Table 6-1. Related data in Table 8-1 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
containe a numborvof 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 represantativ? of frquency and duration of
discharges at all locks and dams downstream of Dardanelle Dam.

As noted previously, open-river conditiona in Pool 7 have a recurrence
interval of about 2.4 yeurs and occur about one percent of the time, on the
average, In Pool 2 the recurrence interval is about 7.3 yesars 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.

6-9



- -

TABLE 6-1

Frequency and Duration of Open-River Flow Events(l)

Approximate

Flow Duration Avg Number
os::;§i::: Dezi:imeEx;erzzzced Hiﬁﬁri}2g I§:::::1 i:fﬂgzgn;;ow AZ% g:;:er

Pool (cfs) Studies 1964-85(1) Number Number % (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 11.0(7)

7 190-200,000 2 1.1 9 4l 2.4 1.9 3.8(8)

6 155,000 6 3.0 1359 1.6 2.7 4,9(9)

5 145-150,000 5 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 An Little Rock mean daily discharge in the 22-yr period 1964~1985 following

(2)

(3)
(4)

(5)

(6)
(7]
(8)
(9)
(10)
(11)

¢lodure of Dardanelle Dam.

Number of years in 22-yr period in which peak mean daily discharge at Little Rock

exceeded open-rivar discharge.

Based on 22-yr period.

Total number

of flow events in which peak mean daily discharge at Little Rock
exceaded open-river discharge divided by number of high~flow ymars with open-
river conditions.

Average number of days per event in which mean daily discharge at Little Rock

exceaded open-river discharge.

Excluding one 82~day event

Excluding one
Excluding one
Excluding one
Excluding one

Excluding ane

87-day
25~day
67~day
§0=~day

84-day

evant

avent

avent

avent

event

in
in
in
in
in

in

1973; 57% of all events

1973; 31%
1973; 59%
1973; 59%
1973; 42%

1973 42%

of

all
all
all
all

all

everts

events

events

avents

evants

of 3-days duration
of 3-days duration
of 3-days duration
of 3-days duration
of 3-days duration

of 3=-days duration

or less.
ot less.
or less.
or less.
or less.

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 1s 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 ubout 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 1964-1088 period, as discussed in
Section 4~-6, sediment franaport through the pool has been good., It appears
that the material transported into Pool ¢ greatly exceeds the transport
capacity through Pool 2. Pool 2 has 2.2 times the storage volume of Pool 3
at normal pool, s more than twice as long as Pool 3, and appears to have
operated under open-river conditions for short periods of one tu 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
characteriatics are more different for Pool 2 than Pool 7, and Pool 2 has

more severe problems of sediment deposition and maintenance dredging than

Poal 7.



Additionally, with wspillway gates at Dam 2 fully open and hiﬁh
Mississippi River stages, backwater from the Mississippi extends upstream
inte Pool 2. This is a complex flow and stage situation, and virtually no
information was available relative to the effecta of Mississippl River
stagea on conditions in Pool 2 since the project became operational. 1In
general, Missisalppi backwater would reduce water surface slopes through
?ool 2 and decrease the sediment transport capacity of Arkansas River flowa,

contributing to deposition in Pool 2.

6-8 SPILLWAY GATE SILL ELEVATIONS

Design studies were based on setting spillway gate sill elevations for
Dams 9 through 2 at the elevation of the future degrad~d bed. In the
original plan, the sills were stepped in elevation acgross the channel to
conform to the predicted varied bed elevation. However, only Dam 4 was
constructed with a stll 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-1ift
navigation dams would be in the order of one foot at each structure for
open-river conditions. Available data indicate that losses in the early
1970's were of about that magnitude. The small losees at each dam add up to
about 8 ft downstream of Dardanelle, and this losa hasn been compensated for
by the decrsased slopes generally experienced and the decreased lengths due

to cutoffs.




—— -

In the future, if water surface slopes flatten..the apillway sills will

perhaps control the drop through the dams and the upstream bed elevations,

and losses through the dams in the future may be somewhat greater than at

preaent.,

6=13
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CHAPTER 7 - EVALUATION OF DESIGN CRITERIA

7-1 DESIGN CRITERIA

Design criteria for stablization and rectification work on the Arkansas

River can be summarized as follows:

1 »

ment

Follow easy bends of alternate curvature with as much
sinuosity as possible,

Follow the natural configuration of the river to
maximum extent practicable to minimize costs.

Avold long wstraight reaches and reaches of little
curvature,

Cut off short-radius bends to reduce revetment
maintenance and improve navigation conditions,

Use smooth tranaitions from bends to tangents in
crossinga.

Base rectified cross sections on characteriatics of
naturally stable reaches,

Crossings

Crossing length to be 2 to 4 times channel width
(1,000 to 18,000 ft),

Longitudinal setructures on one bank only to permit
future additional contraction if required.

Bends

Revetments to have no irregularities ur false points
that might induce local scour.

Use sapur dikes on convex bank in bends to contract

channel to permit future additional contraction if
required.

7-1
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" 4. Strugtures

-  Use the cheapast 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).

7-2._CRITIQUE OF DESIGN CRITERIA

In general,

conformance with the above criteria have performed remarkably

However, the criteria were not always

structures on the lower Arkansas River designed in

wall,

strictly adhered to because of

site~specific conditiona. General comments on denign criteria are as

follows:

1!

To minimize costs snd accomodate rock escarpments, less
than desired aeinuocsity was provided in aome reaches,
particularly in Pools 9. 8, 7, and 8. The adopted
alignment has generally provided adequate navigable depths
in the heads of the pools probably in large part due to
reducstion in sediment load with Dardanelle Reservolr in
operation.

Additional contraction has been provided in some crossings
and on the convex banka of somo bends. Such modifications
generally ocould be accommodated in the original layout.
Crossing widths of 700 to 1,000 ft appsar to be more
appropriate than the wider crossing widths of the original
design. Shorter corossings have given better performance
than longer crossings that sometimes greatly excesded
dewign criteria for length because of speacific local
conditions.

. Structures heights were generally adequate except in

Pools 7 and 2. For elfective 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,

7=2




4, Top of bank protection in Pool 3 corresponda to a
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__EFRECT QF POOL CHARAGTERISTICS ON STRUCTURE PERFORMANCE

Bank stabilization and channel rectification work was laid out and much
of it was constructed betore sites and pool elevations for the low-lift
navigation structures downatream of Dardanelle were finally eatablished,
Ahalysis of maintenance dredging 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 oocur frequently (probably
at least annually) {t is wunlikely that the channel can be contracted
sufficlently without raising flood helghts to ensure that all sediment
depowixs will be scoured out of thoas pools during open-river flow,

This study indicates that maintenance dredging volumes in Pools 2 and 7
probebly are more closaly related to: (1) storage capacity of the pool;
(2) detention time in the pool:; and (3) the infrequent and short duration of
periods when spillway gatea are fully open and open-river flow conditions
prevail thraugh the pool than to design of the stabillzation and
recitification structures. The degres of submmargence of structure in Pools
2 and 7 s probably a contributing factor. To more fuliy understand the

deposition problems in Pool 2, additional study and field data are needed.

7-3




1 CHAPTER 8 ~ CONCLUSIONS

Conclusions of this study are as follows:

1. Stabilization and rectiflcation structures constructed on the
Arkansas River downstream of Dardanelle Dam have performed
exceedingly wall with respect to providing design depths for
navigation, although:

a. Additional contragction of the channel was required in some

reaches; the poasibility of the need for additional ,

contraotion was recognized in project design because of the
many uncertalnties involved.

b. Major cutoffs in the reach downatream of Dardanelle were
opened and much of the stabilization and rectification work
had been conatructed smvaral years before closure of the
low-11ft navigation dams, but significant volumes of
maintenance dredging were required in most pools in the
first five years of oparation, 1960 - 1974,

¢. Significant volumss of material continue to be dredged from
Pool 2 each year, but it is likely this problem ls more ﬁ
directly related to characteristice 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 heads of

Pool 9 through 3, the design criteria used are appropriate for

free-flowing river conditions and in the heads of navigation

. 8-1




3,

poole where open-river flow begins at an elevation
approximately the same as the top of structures ln the hoads of
the pools and whers oﬁen-viver flow conditionas occur at least
annually.

A batter understanding is needed of sediment transport through
Eool 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,

Project design envisioned that as sediment is trapped in the
upper reuches of Dardanelle Reservoir, control structures would
be needed and would eventually extend essantially throughout
the reservoir, It appears that a better underatanding of the
deposition problems in Pool 2 might lead to a more effective
and more economical design for additional contraction worke in
Dardanelle Reservoir,

The performance of satabilization and rectification structures
on the Arkansas River indicutes that the baaic criteria on
which design of the structures was based are wound and probably
can bhe applied, using discretion, to work on other similar

alluvial rivers,
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APPENDIX A - GLOSSARY
! van eanance d -
% Dredging in excess of authorized project dimensions to allow
% t time for sediment buildup before the 9-ft authorlized depth is no
i longer avajlable and maintenanace dredging must be repeated.
1 Average pool depth -
The ratio of storage volume at normal pool level to surface area
at normal pool,
i Ca on -
Conversion of a free-flowing river to a series of navigation
pools by construction of locks and dams,
‘ ) tion refere lane (CRP) -
The vertical control line on the Arkansas River; a sloping plane
corrasponding approximately to the mean low-water profile for
preproject conditions (about 10,000 cfs) and adjusted for river
shortening under project conditions.
Crossing -
Relatively straight stream reach between bends of reverse
curvature,
Cutoff -

A new and wshorter channel acroms the neck of a longer,

shorter-radius bend, either natural or constructed.




Control structures at an angle to the stream flow.

Hinged pool operation -

Lowering the water surface profile below normal pool by

operation of spillway gates on the rising leg of a flood b

hydrograph to lower flood profiles. 1
initial dredging ~

Dredging to more than authorized channel dimensions at heads of

pools as a part of project contruction to hasteh establishment

of equilibrium channel conditions.

Natural stream flow -

Historical data prior to construction of regulating reservoirs

and later recorded data adjusted to eliminate the effects of

reservoir regulation,

Navigation mile (N mile) -
Mileage along navigation channel established In 1972; mile zero
is at mouth of White River.

Open-river gonditions -
No control of river flow or water aurface elevation by dams;

spillway gates on low-lift navigation dama are fully open,

The lake-like reach of a river upstream of a navigation dam.
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Revetments -

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).



