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SWLED-PD (SWLGW-5, 5 Mar 65) 10th Ind
SUBJECT: Design Memorandum No. 1, General, Lock and Dam No. 9, Arkansas
ver and Tributaries, Arkensas end Oklahoma

DA, Little Rock District, Corps of Engineers, P. 0. Box &9?, Little Rock,
Arksnsas ?2?03 23 Oct 69

,T0: Division Engineer, Southwestarn

=

1. In compliance with instructions in subparagraph b of the 9th Indorsement,
the following information concerning further coordination with the U. 5. Fish
and Wildlife Service iz furnishad. '

2. Copies of preliminary plans for the closure structure (Plates 1A, 2, end
3 of Supplement No. 2) were furnished to the U. S. Fish and Wildlife Service
for comment in March 1969. In April 1969 the Regional Director of the U. S,
Fish and Wildlife Service, Atlanta, Georgla, stated that the plans for the
proposed closurs structure will meet the needs of his agency as designed.
After receipt of thais information, & representative of the Fish and Wild-
iife Service was aidvised that the plaz for the structure was developed to
rdtigate demeges witaout any comsideration of functional improvemsnts that
rdght be justified. He was slso advised that the authority of the Calef of
Engineers permits the inclusion of appropriate additions and modifications
for improvement of fish and wildlife resources that can be justified. After
consideration of these possibilities by the Fish and Wildlife Service, this
olfice was sdyvised that the plens furnished in March are satisfactory.

3. In view of ths decision of the Fish end Wildlife Service, this office

is proceeding with the preparation of the plans and specifications for the
alosure structure at the Holla Bend Fational Wildlife Refuge on the basis of
the design presented in Supplement No. 2 to the subject design memorandunm.

FOR THE DISTRICT ERIGINEER:

A

E. F. RUIT
Chief, Enginsering Division



SWDED-T (SWLGW-5, S Mar 65) 9th Ind .
SUBJECT: Dezign Memorandum No. 1, General, Lock and Dam No. 9, Arkansas
River and Tributaries, Arkansas end Oklahoma

DA, Southwestern Division, Corps of Engineers, 1114 Commerce Street,
Dallas, Texas 75202 & Mar 69

TO: District Engineer, Little Rock
For necessary action in accordance with the following comments:

a. Par 2 of the 8th Ind. When you submit plens and specifications,
furnish the information necessary for us to approve the design of the
riprap.

b. Par b of the 8th Ind., As soon as practicable, furnish the
results of your further study and coordination with the FPish & Wildlife
Service. Any proposed changes in desipgn should be submitted for review.

FOR THE DIVISION ENGINEER:

1 2E)
L AT/ ~
ASA V., BHARLION
Chief, Engincering Division

-

Copy furn:
OCE (ENGCW-EZ) 10 cy
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ENCCW-EZ (SWLGW-5, 5 Mar 65) 8th Ind .
SUBJECT: Design Memorandum No. 1, General, Lock and Dam No. 9,
Arkansas River and Tributaries, Arkansas and Oklahoma

DA, Office of the Chief of Engineers, Washington, D. C. 20315 3 February 1
TO:* Division Engineer, Southwestern
1. Supplement No. 2 is approved, subject to the following comments.

2. Paragraph 4.07aand 5-03c. Sufficient information as to the hydraulic
forces on the proposed riprap and the riprap characteristics such as
specifiec weight, shape, durability, and pgradation limits is not Furnished
on which to base a fudgment asto the adequacy of the design., As the cost
of riprap is nearly one-third of the total construction cost and the integ-
rity of the project depends on its ability to resist the hydraulie forces,
this matter should be presented in sufficient detail to allow an independenc
review of the design. The Division Engineer should assure himself of the
adequacy of the riprap design during review of the plans and specifications
and that future design memorandums include more detailed presentations of
the riprap design.

3. Paragraph 4-10b and Plate 4. The proposed top grade of the riverside

_';

cofferdam at elevation 298 feet msl {s stated to protect the work area again:

a flow of 150,000 cfs with a freeboard of 0.5 feet. However, the rating
curve shown on plate & for the Arkansas River at river mile 241, which is
adjacent to the cofferdam, indicates that a discharge of 150,000 cfs would
produce a water surface elevation at about 299.2 feet msl, This apparent
discrepancy should be clarified.

4. As presented, the supplement plan has been developed for the mitigation
of project detrimental effects upon the Holla Hend Hational Wildlife Refuge
without any mentioned consideration for the functional improvement of the
Refuge. While serving to mitigate project damege, the embankment dam and
welr will be a project structure. Under authority of Section 2c of the

Fish and Wildlife Coordinatlon Act (P.L. B5-624), additions to and modifi-
cations of project structures and operations cen be provided at project
expense for the development or improvement of wildlife resources to the
extent jJustifiable, Based upon expetience with similar situations at other
projects, wildlife area panagement agencies usually desire that a controlle
drawdown capability be incorporated in their subimpoundments and pools,
especially those used by waterfowl, It is unusval that no such capability
has been discusszd in this presentation. Accordingly, the Division Engineer
should ascertain whether additions and modifications for the improvement of
the fish and wildlife resource (e.g. minor raise in weir and embankment
height, addition of controlled drawdown capability) are justifiable or are
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ENGCW-EZ (SWLCW-5, 5 Mar 65) 8th Ind 3 February 1969‘
SUBJECT: Design Memorandum No. 1, General, Lo:k and Dam No. 9, Arkansas

River and Tributaries, Arkansas nnd Oklahoma

desired by the Regional Director of the U, 5§, Fish and Wildlife Service.
Appropriate revislon or amendment of the supplement, to incorporate
Service-requested minor additions and medifications deemed justifiable
by the Corps, may be approved by the Division Englneer. Project funds
may not be used to acquire any lands in connection with such additions
and sodifications.

FOR THE CHIEF OF ENGIMNEERS:

Wy IR A

wd all inel EFDELL E. JOINSON
Chief, Engineering Division
Civil Works

1
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SWDED-T (SWICW-5, 5 Mor 65) Tth Ind ¥
SUDJECT: Desipn Memorandum No. 1, General, Lock and Dam No. 9, Arkansas
River and Tributaries, Arkansas and Oklehonmn

DA, Bouthwestern Divislon, Corps of Engincers, 1114 Commerce Street,
Dallas, Texas 75202 18 December 1988

T0: Chief of Engincers
Recommend epproval.

FOR THE DIVISION ENCINEER:

—
e

1 Inecl I. M. RICE
wd 5 cys Colonel, CE
Deputy Division Engineer

Coplec furnished:
District Engincer
Little Rock Distri
&
18




SWILED-FA (3WIOW-5, 5 Mar 65 oth Ind
SUBJECT: Desiprn Memorandum lio. 1, General, Lock and Dam No. 9, Arkansas
Mver and Tributeries, Arkanszas and Oklahoms

DA, Little Rock District, Corps of Engineers, ?. 0. Box 867, Little Rock,
Arkansas 72203 27 November 1968

T0: Divisicn Engineer, Southwestern

1. Reference is made to ER 1165-2-104, Responsibilities of the Corps of
Engineers for the Preservation and Improvements of the Fish and Wildlife
Resource, dated 19 January 196E.

2. In compliance with the shove reference, and paragraph d of the 24 Ind.,
Supplement No. £ concerning the development of fish and wildlife facilities
at the Holla Bend National Wildlife Hefuge is submitted for review.
Questions concerning the supplement should be referred to Mr. D. R. Rippey,
Chief, Arkansas River Jection.

3. It is recommended that the supplement be approved as a basis for
preparantion of plans and apecifications.

~ Y

N\ ) <
’-\( 'Lb—uk;—‘: L. SUE
1 Incl (15 cys) CHARLES L. STEEL
B8 Colocnel, CE
Districet Englineer
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AFANSAS RIVER AND TRIBUTARIES
AINSAS AND OKTAHOMA

AMKARSAS RIVER
LOCK AND. DAM HO, 9

SUPPLEMENT NO. 2
0
DESIGH MEMORANTAM NO. 1, GENERAL

FISH AD WILDLIFE FACILITIES AT HOLIA BEND
HATIORAL WILDLIFE REFUGE

SECTICH I
INTRODUCTION

1-01, Purpose and scope. - This supplement is prepared in compliance
with inastructions included dn 24 indorsement ENGCW-EZ dated 9 June 1965 to
the trangmittal letter for Design Memorandum No. 1, General, lLock and Dam
No. 9, Arkansas River and Tributaries. It inecludes an evaluation of the
effects of the Arkansas River plan cn the Holla Bend Hational Wildlife
Refuge cperated by the U, 3. Pish ard Wildlife Service; a recommended plan
for mitigating wildlife losses attributable to the Arkansas River plan;

alternative plans congidered for mitigating the wildlife losses; and design
criterla, economic evaluntion, and a construction schedule for the proposed
construction.

1-02. Ioeation. - The Holla Bend National Wildlife Refuge i3 located
in Pope County, Arkansas, on the right bank of the Arkansas River between
miles 241 and 249, about 15 miles upctresm from lock and Dam Bo. 9 end
about 9 miles downstrear from the Derdanelle Iock and Dam., The location of
the Wildlife Refuge {5 shown on Plate 1.

1-03, Previous reports., =

a. Design Memorandum lo. 1, General, Lock and Dem No.
February 1955, - A letter from the Fish and Wildlife Service dated
189 September 17654, included in Exhitit B of the design memorandue, contains
the original recoomendetlion by the Fish and Wildlife Service that a closure
structure be comstructed at Holla Bend., The dlscussion of this recommendatic
contained in parsgraph 5-06n of the design memorandum stated that the low
vater dam is not an intezra) part of the project and cannot be constructed
a3 & part of Lock &nd Deam Mo, 5. Resscons for reconsidering the request
for the closure structure are stated in paragraph d of the 24 Ind ENGCW-EZ
dated 9 June 1359 which approved the design memarandum as a basis for
further planning.

dated

b. Desion Mesorardum o, 3-2, Real Estate-Navigation Pool, Lock
lI and Dam Ho. 9. This design memcrandum was submitted 9 March 1966 and

approved by lst indorsement SWIEP dnted 25 April 1366. It shows that no




interest in real estate 13 required for the Arkansas Piver Project at the
location of the Holle Bend Naticnal Wildlife Refuge.

1-0k, Existing facilities. -

a. The liolla Pend Naticnal Wildlife Refuge 1 & unit in the
network of national waterfowl menasement facilitles.

b. The area was created by the construction of a cutoff on the
Arkansas River at Holla Bend between river miles 24l and 249, The area is
generally semi-circular bounded on three aides by the old cutoff river bend
and on the fourth side b5y the Arkansas River cutoff channel. The old river
lake thua formed was about eight miles long at the beginning. However, it
haa filled in at the upper end until it is row only about six milee long.
Since the Dardanelle powerplant hag been in operation, the surface area of
the lake has fluctuated on a daily bagis between shout 350 and 700 acres
during periods of low flow in acecordance with the power generation schedule.
The “otal land and water area in the refuge is about 4,083 scres including
the origiral secquisition of 4,068 acres and 15 acres of accreted riparian
land., In addition, the U, 8, Fish and Wildlife Bervice is acquiring 3,700
aceres of land in the bendwny area to include the outside stream banks and a
buffer zone. This area will also include all additional land required for
the closure structure site, impounded water, and borrow areas.

¢. Through the natural sedimentaticn process, the upatream end of
the o0ld river channel hag filled in to about elevation 300 feet above mean
sefA level. In addition, the U. S, Fish and Wildlife Service has constructed
an earth levee across this end of the old channel with a top elevation varying
from 314 to 317 feet mrl. This structure gervee R fn access road and
clogure structure to retard further filling of the 0ld river lake by sedirent.

d. The dovnatrean end of the old channel has remained open dowm
to about elevation 279 feet mal. As this iz geveral feet below the ordinary
gtages of the river, the pool elevetion in the old river lake varies with
the river stages.

e, The refuge is managed as a reating and feeding area for
waterfowl, chiefly geese and ducks, The old river lake provides a resting
place and the contained island is managed for food production.

1-05. Effects of the navization pool. -

a. lock and Dam “o. 9 will be operated to provide adequate depths
for navigation upstrean to Derdanelle Iock and Dem and reregulate the releases
from the Dardanelle powerplant. Tt would also serve as an afterbay for the
Petit Jean pumped-gtorage liydrcelectric project if it is authorized and built.

b, During periods of nommel flow, reregulation of power releases

from Dardanelle will cause the pool elevations at lock and Dam No. 9, mile
224.9, to fluctuate between 2684 and 237 feet msl. Correspondingly, pool
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elevations at the wildlife refuge, mile 241, will fluctuate between 284 and
ahout 290 feet mal. The lower eilevations will result during periods of low
power demand which may last more than 2 days on weekends, The higher ele-
vations will result when the powarplant is operated at overload capacity.
Under these conditions, the river water-surface fluctuation at Holla Bend

-

will be about b feet when Lock and Dam No. 9 is placed in operation.

¢, Until TLock and Dam Ho. 9 becomes operative in the summer
of 1969, the range of water-surface fluctuation at the wildlife refuge
will be grester than 6 feet beceuse the minimm elevation will not be
limited by the impoundment of Pool ©. Hecords from a2 water level recording
gage located about 2 miles upetream from the refuge showed an average daily
finctuation of 5.4 feet with & miximum of about 10 feet for the period
June through Hovember 1G67.

d. The pool fluctuations create a wide fringe of mud flats
arcound the lake which will not produce waterfowl food plants. In addition,
increased river traffic and disturbance in the main navigation channel
paat Holla Bend will prevent = high rate of waterfowl use in the pool area
unleseg it iz protected by a closure structure.
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SECTION II
COORDINATION WITH THE U, 8. FISH AND WILDLIFE SERVICE

2-01l. Losses from fluctuating pool levels. -

a. ‘The U. 8. Fish and Wildlife Service estimates a reduction by
the Arkansas River Project in the average annual waterfowl use on the Refuge
from 10,000,000 duck-days and 1,000,000 gocse-days to 6,000,000 duck-days and
400,000 goose-days (Appendix A, sheets 3-6). Therefore, losses of 4,000,000
duck-days and 600,000 goose-tlays are atiributabls to the project. It is the
opinion of the Jervice that the closure structure would prevent these losses.

b. Although the closure structure is primarily a mitigation
measure for waterfowl, it would enhance sport fishery. The U. S. Flsh and
Wildlife Service estimates that the sverage mnnual sport fishery use of the
refuge would be increased from 1,000 man-days to 3,000 man-days by the projeci
and closure structure, resulting in an enhancement of 2,000 average annual
man-days.

2-02, Deslim requirements. - The U, 8. Fish and Wildlife Service
requested that the closure structure be designed to stabilize the water level
in the Holla Bend Refuge lake at about the highest elevation experienced
with full power generation at Dardanelle when such power generation releases
are equal to or less than the natural flow of the river, which is asbout
80 percent of the time, Thie is about elevation 290 feet msl.

2-03. Adequacy of prooosed plan. - The proposed plan presented in
Section ITI meets the desipn requirement deseribed in paragraph 2-02. When
the naturel flows in the river exceed the releases required for full power
generation the closure structure would be overtopped and the level of the
lake would be ahout the same as the river stages. This condition will
preveil about 20 percent of the time, generally during the spring months.
During these floodirg pericds, the Dardanelle spillwey would be passing flows
end the total outflew Inecluding power generation discharges would equal the
flow into the Dardarelle pool. FRiver atage fluctuations at Holla Bend would,
therefore, be no greater than for pre-power generation conditions.

2-0l, lands. - The 1. 5. Pish and Wildlife Service has agreed to

- provide all lands and rights-of-way necessary for access, borrow areas, and

congtruction of the closure structure, 'Therefore, no interest in lands would
be required from project funds. Accordihg to its letter dated U November 1966
gsheet 6 of Appendix A, acquisition wes thea under way. Such acquisition will
be completed in time o permit construction of the structure during the
sumner and fall of 1969,

& & W
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SECTION IIIX
"TOH OF ITOPOSED PLAN

e proporec plan conasists of an embankment dam

with an overflow welr. A plan and elevation of the structure are shown

on Plate 2.
F-02,
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Plate 3.
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turs, - Design of the embaniment and overflow
ructie ig digcussed in Sections IV and V and
: sections of the structure are shown on

The diversion plan 42 shown on Flate 2,
ferdmm structure will be built to elevatlon

gurface elevation for & once in 3-year
od frore July to November, inclusive, The
brsilt elevation 297, which is about 1 foot
will result from a once in 3-year ruroff volume
rziraze area., A 36-inch CMP with a flapgate
of & 2butme for diversion of storm runoff will
rigms are removed,




SECTION IV
HYDROTOGIC AND HYDRAULIC ANALYSIE

4-01. Welr crest elevation., - The maximm power release from
Dardanelle Dam is 52,000 cfs with four turbines running at 15 percent
overload. This corresponds to elevation 290 feet msl at the welir site, as
gshowm on Plate 4, To eliminate power wave fluctuations in the waterfowl
maragement area up wo this elevatioan, it ig proposed that the welr crest be
set at elevation 290.

4-02. Hydraulic desisn conditions. - The type weir studied was
limited to impervious embarlments with stone protection because of the
foundation conditions. The three conditions for design of the weir are:
(1) interior runoff with low Arkansas River, (2) rapid rise on the Arkansas
River, and (3) repid fall on the Arkansas River. Studies of the three
conditions indicated condition (2), the rapid rise on the Arkansas River,
to be the most critical; thus, it controlled the welr design.

4-03. Arkansas river rating curve. - The Arkansas River rating curve
for present conditions at mile 241, shown on Plate 4, was derived from
experienced water-surface profiles for a range of discharges. This curve
is applicable at the weir site as channel losses between the weir and
river are insignificant.

4-04. Area-canacity. - The erea and capacity curves for the waterfowl
management pool are shown on Plate 5. These curves were developed from
contour maps surveyad in 1966.

4-05. Arkansas river rapid rise. - The Arkansas River rapid rise
uged in the weir de:zign was the experienced May 1957 flood at the Damdanelle
gage. This is the maximm rate of rise in the period of record 1942 through
1965, A stage hydrograpn of & section of the repid rise developed for the
welr gite 1s shown on Plate 6.

4-06, Weir_ discharge rating., - The weir wes rated using the submerged
gnd free flow heed-discharge relationshipe for nongccess type embankments
in WES Technical ZFeport llo. 2-650, "Stability of Riprap and Discharge
Characteristics, Overflow Bebankments," Arkancas River, Arkansas, dated
June 1964, The discharge capeoity of the weir was only needed for a limited
nunber of headwmter-tallvnter relations; therefore, no general rating curve
was derived. Fouations used for dlscharge computations are showm under the
inflow colwms in Table lio. 1.

4-07.. Weir length. -

a. The Arkansas Hiver rapid rise was routed into the waterfowl
management pool using various assumed welr lengths. Stage hydrographs
plotted from the routings for weir lengths of 500, 600, 300, and 1,250 feet
are shown on Plaetz €. Using the relationa between heed, tailwater, weir
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crest, and dischargs taken from the routings end the stone stability
curves (Plate LB) of the gbove reference, the minimum weir length at which
stone graduntion A (Riprap 5) would be stable wes 600 feet. Routing
computations of the rapid rise for the 600-foot selected weir length is
shown on Table Fo. 1.

b. Elevation 288.5 feet msl is the minimm starting wvaterfowl
pool elevation at which Riprap 5 is stable through the rapid rise. 'The
probabllity of the repld rise colncident with a 286.6 waterfowl management
pool elevation is remote as the river excecds the welr crest about 20
percent of the time and sbout 2 months of evaporation and leakage with no
inflow would be required to lower the pool to elevation 288.6.

4-08. Abutment embaniment elevations. - The sbutment embankments were
set at elevation 293 feet msl. As shown on Plate & for the 600-foot welr,
this is the elevation at which there fs no head differential between the
river and the waterfowl nmenagement pool during the Arkansas River rapid rise.

4-09. Abutment embeniment protection from wave action. - In lieu of
the usual riprep nrotection from wave action, it is proposed to protect the
embankments on both the river and waterfowl pool sides with turfed berms.
The berms would extend = minimm ef 60 feet fivm each side of the embankments.

They would have & 1 on 17 alope from elevation 293 feet msl at the embank-
ments to elevation 239 feet msl. The slope belcw elevation 209 feet msl
would be 1 on 3. The beims would be constructed from material in the coffer-

dams after the weir has Jeen completed.

4-10. Cofferdam elevations and diversion during construction. -

a. The weir is scheduled to he congtructed during the months of
July through Novembar, inclusive. Therefore, cofferdam elevations and the
divergion capacity were based on frequency studies for thie 5-month period.

b, The top of the riverside cofferdam is set at elevation 298
feet msl, whick corresponds to the Ariansas River regulating discharge of
150,000 efe plus 0.5-foot of fresboard. The 150,000 cfs flow can be
expected about once every 3 years during the S-month construction periocd.

c. The cofferdam elevation on the waterfowl pocl side is based
on routing & 3-year runoff volume on the 63 sguare-mile tributary area
through a 36-1nch CMP diversion pipe, invert elevation 203 feet mszl. The

3-year runoff yolums of 1.44 inclies was derived from frequency analysis of
20 y2ars of experiesced tributhry runoff between gaging stations on the
Arkenses River duriag ths S-month construction perlod. The runoff from 53

gquare miles within the leveed area tributary tc the bendwey was routed
through the drainage structures in the levees and the outflow comblned with
the runoff from the unlevesd aAren to fo>rm the inflow to the waterfowl pool.
The madmuam panding elevation of the 3-year Muncff volume was 291.9 feet msl.
The top of the co’ferdmm on the wmterfowl pool side was set at elevation
2493, which allows for 1.1 feet of frecbroard.
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3-11. Effects cf welr on draina = The lowest culverts
that drain into the wat 1 rent monl are four B- by B-foot RCB's,
invert elewmtion 292 fert msl, and & 36-inch CMP, irvert elevation 297 feet
mal. The 600-foot weir has sufflieclent capacity to discharge all expected
interior runcoff with ponding limited to elavation 292-294 Teet msl. Ponding

Q ot afl'ect dreinagze tloough the culverts that
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to these elevations w
drair into the wvaterfowl pool.
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SECTION V
FOINTATIONS AND MATERIALS

5-01. Investigations, explorations, and tests. -

e. General. - The plan of borings is shown on Plate T+ logs
of borings are shown on Flatea 8 and 9.

b. 3tructure foundation, soils., - Eight borings were made
along the centerline of the proposed structure with a Failing 1500 truck-
mounted drill rig. These borings, except for boring HB-U, were approximately
30 feet deep. Boring HE-4 was 4O feet deep and extended to shale at
elevation 249 fest above mean ses level. Impervious materials were
sampled with a J-inch-diameter power auger. Fenetration testa with &
split-spoon sampler were performed in the sands in all holes except HB-2
and 3, and the penetration resistance in blows per foot was recorded. The
elevation of the water table was obtained approximately 18 hours sefter the
completion of each boring. Leboratory tests included water content for
goils above the water table, mechanical analyses on pervious materials, and
Atterberg limits on typical clays.

¢. Borrow materisls. - Forty-three borings in potential
borrow areas wers made with a U-inch Twan smuger. The borings generally
extended to or slightly below the water table elevation. The water table
elevation was recorded after the completicn of each hole, Laboratory tests
included water content for soils above the water table and mechanical
analyses of pervicus materials,

5-02. Results of investizations, explorations, and tests. -

a. Structure foundationg. - The foundation clays are soft, wet,
recent alluvial deposits. The estimated shear strength of these saturated
partly consolidated clays ranges from 0.2 to 0.4 ton per square foot.

The natural water content of the clay ranged from 19 to €7 percent with an
average of 37 percent. The averages water table was at elevation 282. The
average liquid limit of the clays (CH) was 61 and the average plastic limit
was 18. ‘The pervious materials which underlie the clays are generally
below the water teble, and consist of silty sand (SM) and poorly graded

., sand (SP) with varying amounts of gravel. Standard penetration resistance
of the pervious material ronged from 10 to 59 blows per foot. Generally,
the blows increased with depth. Tae Dyn of the pervious materials ranged
from 0.08 to 0.33 millimeter. The pervious materials were encountered
between elevation 279 snd 249 fest mel.

b, 3Zorrow materisls. - Generally, the impervious materials
encountered in the recent alluvial deposits consist of soft clays (CL) and
(CH). Some firmer drier clays occurred in the top 3 feet of the borings.
The water content of the clays ranged from 25 to U8 percent with an average
of 30 percent. The aversge water table was at elevation 282 feet msl.




Drying of the clay materials in the borrow pit or on the £ill would de
necesgsary in order to obtain satisfactory compaction. Adequate impervious
material 4s available for the core of the permanent embankment and also for
the core of the cofferdams, The wet impervious clays would have to be placed
in thin layers and dried to remove 1C to 15 percentage points of water in
order to obtaln proper compaction. Impervious clays stockpiled under the
dredging contract would also require drying to obtain a compactible water
eontent. Random £i11 materials consisting of sandy silts (ML) and silty
sands (8M) were encountered in the alluvial deposits above elevation 300
faet msl. The mixture of random materisls would be gemipervious and may
require sdditional moiature for proper compaction.

£-03, Materinls for embankment constructisn, -

a. Soils borrow. - The borrow areas are located on the west
slde of the old bendway channel on land which i3 part of the Holla Bend
refuge. The proposed stockpile of lmpervious borrow materials would be

located on the bank of the active channel north of the alinement.

b. Gravel for bedding. - Gravel for bedding is available fron
the Mobley Sand and Gravel Co. plant at Dardanelle on the east side of the
river. Processed crushed stone would be required to meet the gradation
gpecifications for bedding material.

¢. Rock for outlet welr and embantment protection. - The
quarries from which greded stone of the size {ur Riprap No. 5 can be
produced are limited in nurber, Iarge ston= can be produced from the quarry
on the west side of the river adjacent to the Iardanelle acceas road.

5-0O4. Structure design. -

a. Generel. - The proposed facility would consist of a sheet
File cutoff incased in earth and riprap. Adjacent nomoverflow earth dikes
would be provided with wide bermms for resistance to wave erosion. The
gheet pille cutoff would he necessgary to reduce the seepage through the
riprap to a rate which would allow the waterfowl pool to remain at spproxi-
mate elevation 290 feet msl. The sheet pile cutoff would elso protect the
underlying clay embankment from degradation by seepage and reduce under-
seepage through the exigting pervicus foundation material. Flans and typical
gections for the structures are shown on Plates 2 and 3.

b. Overfiow weir., - The sheet pile cutoff section of the welr would
have & uniform top elevation of 290.0 f=et msl. The pile would be driven
to & bottom elevation of 279.C feat msl except in the o¢ld bendway channel
aree vhere 1t would be driven to elevation 275.0 Teet msl. It would be
corrosion protected by & cosl tar epoxy peirt applied on both sides from
the top down to 5 feet below the top of the impervious core in which 1
would be embedded. It would be necessary to excavate to elevation 277-
feet =gl In the old active bendway channel in order to remove the soft
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mucky material. Backfill in the channel sbove elevation 277% feet msl
weuld be & minimum of & feet in widsh and would consist of compacted clay.
The compacted cley would envelop the sheet pile wall to elevation 286 feet
mel. Riprap 5 with s suitable transition would be used to embed the
balance of the sheet pile will to 1%5 crest, which is elevation 290 feet
mal. 7The crest wiith of the overflow welr would be 12 feet.

¢c. Fmbarnkment. - The embankment would consist of an impervious
clay core to elevation £95 fect msl with 1 on 2 side slopes. The outer
shells would have 1 on 3 slopss and would congist of random f11] materials
which are suitable for the iritial embankment constructicn. The apcil
materials from the cofferdam would be used to construct a berm 60 feet
wide starting at elevation 203.0 feet msl on both sides of the embariment.
The section of the embaniment above elevation 290 feet msl would be
protected from erosion by seedirg, mulching, and fertilizing, and possibly
some localized scdding. The impervious surface of the embaniment foundation
for a digtance of 250 feet upstream and downstream of the embankment toe
would be left intact to act ss an underseepage barrier.

d. Stability. - In the overflow welr section the contrclling
criterion for stebility is adequate resistance of the materials to
hydraulic sttack from overflow a.nﬂjnr wave action. In the embankments at
each end of the cverflow weir the proposed sections would be even more
stable than the existing flood proteciion (project levees) in the general
area which has similar materials and compection, and have greater maximum
heights and head differentials. Therefore, particular stability analyses
s to shear failure in these embaniments ere considersd to be unnecessary.

5-05. Cofferdams and devatering. -

2. Cofferdsms. - Tee core of the cofferdams would be
constructed of irpervious material on the undisturbed surface clay.

Random materia’s wvould be used for the outer shells, The upstream coffer-
dam would be eonctructed with a erowm width adeguate to serve as a haul
and access road, A 36-inch CMP with a flapgste would provide temporary
outlet for the numaff from the €14 bendway drainage area, The location of
the cofferdams and 35-inch CNZ &re shown on Flate 2,

b. Dewmtering. - The amount of water to be pumped from the
sunp inside the cofferdan would depend on the heads outside and the permea-
bility of the cofferdam materials. It is estimated that dewatering below
elevation Z77 feet msl in the area of the old river channel could be
accomplished by & single stage system of well points. It is further
estimated that elsowhere dewatering csuld be satisfectorily accomplished
by & system of collesting sumps and the sump pumps used for removing
surface runoff.
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SECTION VI
ECOWOMIC ANALYSIB

6-01. Estimated first cost. - The estimated first cost of the closure
structure is $207,000. Land costs are excluded because the U, 8, Fish and
Wildlife Service is purchasing additional land for the Holla Bend Refuge and
hes agreed to provide that necessary for construction and operation of the
project, The detalled estimate based on July 1968 price levels is presented
in Table No. 2.

TABLE NO, 2

DETATLED COST FSTIMATE

Unit :Estimated
cost : cont

Acct. !
Yo.

Ttem ‘Unit’ Quantity’

06. :Sheet piling - MA 22 (M-115) Epoxy - : -
: paint :8.F.:  7,960: $5.16: $41,100
:Stripping :£.Y.: 6,500: 0.30: 1,950
:Excavation, channel muack tdo : 1,200: 0O.70: 840
:Impervious fill tdo 9,000: 1,00: 4,000
tInpervious £ill - random :do : 22,500: 0.85: 16,135
:Bedding meteris :do : 600: 6.00: 3,600

:Riprap No. 5 1do 4,000: 8.50: 34,000
tRiprap No. 2 sdo :  3,100: 6.25: 19,375
tTurfing (scedi-s or sodding) Acre: 2.7:400.00: 1,080
:Cofferdams - Random impervicus £i'l :C.Y.: 31,000: 0.40: 12,400
< Dewatering :1..S.: Job: : 16,000
:Degrade cofferdam to El, 290 and : : -

: place material on slopes BEeX .t 6,900: 0.20: 1,380
:Excavation - dlteh apd trench for : - : -

: pipe tdo @ L,500: 0.25: 1,135
:Corrugated metal pive = 36-inch tL.F,: 100: 14,00: 1,400

:Flapgate - 3C-ineh : Bach: 1:450.00; 150
Subtotal - : : : 162,845

Contingencies, 12% - : - : 20,155
Estimated nayment to contractor : : : 183,000

30. :Enginecring &nd design : 3 t - 2,000

:Bupervision and adminigtration - - : ;12,000

Total estinated Federzl Firss E - : i
cosgt - ; : : 207,000




' G=-02., Estimated annual charges. - The estimated average annual charges
include interest and smortization on the estimated investment, for an

interest rate of 2-1/2 percent and an amortization period of 100 years, and
the average annual cost of operatlon and maintenance. The estimated invest-
ment is the game as the Tirst cost because the estimated construction period
is less than 2 years and, therefore, there would be no interest during
congtruction. The aversge annual cost of operation and maintenance was
astimated by the U. S. Fish and Wildlife Service to be §$5,000. There are no
nejor items in the project with a useful life legs than that of the overall
development, therefore, major replacement costs are not applicable. A
sumpary of cost and annual charges is presented in Table Ne. 3.

TABLE NO. 3

SUMMARY OF COSTS AND ANNUAL CHARGES

First cost $207,000
Interest during construction (Constructicn

period lesa than 2 yeers) 0
Investment 207,000

Annual charges:
Interezt and smortization

(2-1/2 percent, 100 years) 5,700
’ Operation and maintenance 5,000
Total 10,700

6-03. BEenefits. -

a. The U. £. Figh and Wildlife Service estimates that the
closure structure would prevent the loss of 4,000,000 duck-days and 600,000
goose-days on an average annual basis, This estimate was furnished by
latter deted 4 lNovember 1566 and is presented on sheet 4 of Appendix A.

A unit value of $0.0045 per duck-day and $0.008C per goose-day was used in
eatimatirg the average eomual benefits. These are the same values used in
an econcoiec analysis for develermment of a national wildlife refuge on the
Walter F. George Reservoir in <he lMoblle District (Senate Document No. 109,
87th ' Congress, 2d session). Averase annual logses prevented by the closure
structure (benefits) on this besis are as follows:

4,000,000 duck-cdays & $0.0045 = $18,000
600,000 goose-days @ $0.0089 = _ 5,300

Totel tenefits 23,300




b. The U. 5. Fish and Wildlife Service also estimates that the
clospure structure wonld enhance sport fighing in the old river lake by
2,000 man-days on an average annual basis. This estimate is also shown on
sheet U of Appendix A. Bared on a unit value of $1. per man-day, which is
within the values sugpested in Supplement Ne. 1 to Senate Document No. 97,
87th Congress, 24 session, the ernhancerent benefit is $2,000. This incidental
benef'it is not considered applicable for econcmic evaluation of the closure
gtructure because the structure is for mitigating losses and thus should be
Justified sclely on the basis of losses prevented,

6-04, Economic justificeticn, - The total average annual charges from
paragraph 6-02 are §10,700 and the 4o%al average annual benefits from para-
graph 6-03 epplicable for justification of the mitigation structure are
$23,300. Thus, the benefit-to-cost ratio for the mitigation structure is
2.2 to 1. This shows that the structure is well justified economically from
a benefit-to-cosy standpoint. The U. 8. Fish and Wildlife Service estimated
the first cost of an alternative structure to accomplish the same purpose
as the closure structure to be $500,000, &g shown on sheet 5 of Appendix A.
It further estimatec the averapge annuel operation and maintenance cost for
such a structure to ve $15,000. Therefore, the proposed closure structure
would be the most economical way of mitigating the fish and wildlife losses.

G-—*G"‘:. ~ ﬂ‘th I.-Er r._'] a8

A. Several plans gimilar to the one proyosed but with different
welr lengths were econsidered. Howover, the welr section is more expensive
than emberlamont sectlong; therefore, plans with longer weirs are more costly
than the pronosed plarn. "lans with weir lengths of less than 600 feet, which
ig the lepgth o the weir for the proposed plan, were found to be unstable
under eritie=l hyéraulic design conditions.

‘s K plan similer to the proposed plan except with a concrete
ingtead of eheet pile cutoff wull weas considered. It would be slightly more
expensive than <he proposed plan to construct and meintain. It would also
be more rigid and thus subject to failures that would require exvensive
repaira. Further, the sheet pile cutoff of the proposed plan would extend
further into the foundation material than the concrete cutoff wall and thus
be more effective sgainst underseepage.

c. Thne proposed plan vas selected over others considered because

it is better from an engineering standpeint and more economical,

# F A % »
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SECTION VIII

CONCLUSIONS AND HECOMMENTATIONS

8-01. Conclusions. =

structure at the Holl:
Tfish and wildiile

estimated averaze al

suged by operation of the Arkansas River FProject.
nual damages are

a, The U. 8. Pish and Wildlife Service has requested a closure
in Bend lNaticnal Wildlife Refuge to mitigate damages to

The
he, 300,

b, Investigations reveal that the estimate of damages is
reasonehlie and that s closure ztrusture 1s economically justified and the
most econcmical means of mitigation.

oo The damapes result from water-surface fluctuations in the old
river lake at t refMpe canged by flows released through the upstream
Dardanelle project powerplant durisg periods of normel and low flow
conditions in tae Arkansas River. 'These river flow conditions prevail about
80 percent of tne time. Flows relszased through the powerplant vary from
0 to about 52,000 cfs eccording to the power generation schedule. Ccnsequent-

ly, the wmter-suris
fluctuate about o I
ig in operation, the

2l # Il'l..

e elevation in

iatl

flucti

the cld river lake at the refuge will
Pool 9 in operation. Uatil lock and Tam No. 5
e will bhe even greater.

d. The clogure atructure vas designed in close coordination
with the U, S. Fish and Wildlife Service. Therefore, no difficulty is
anticipated in aining approval of that agency for construction of the

etructure.

8-02,

approved as a basis for design
Nationnl Wildlife Refuge as a part of Lock and Dem No. 9

at the Holla Bend

Recommendations,. -

It is recommended that this supplement be
and constrection of the closure structure

at an estimated cost of 5207,000.
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SWLOW-5 11 August 1965

jonal Director

U. 8. Figh and Wildlife Searvice
Poacshtree-Seventh Duilding

-~

Atlanta, Georgia ~0323

Dear 3ir:

Reference is made to your letter CE-SM=-a dated 18 September 1964,
wiich outlined recommendations regarding the fish and wildlife aspects
of pool No. 9 of the Arkansas Eiver Multiple-Purpose Plan.

Review of the General Design Memorandum has been completed and it
his been found necessary to obtaln additional information to evaluate
the recommendation that a closure structure be constructed across the
downastream ocutlet of the old channel at Holla Bend, The data desired
from the Pish and Wildlife Service for this evaluation are as follows:

a., The estimeted damages that will oceour without the closure
s<ruchture,

. The estimated damages that will be prevented by construction
of the closure structure and also any benefits that it would provide.

e I -

We are aware of your position that measures to mitigate fish and
wildlife losses need not be justified in the strict sense of an economic
benefit-cost ratio. Fowever, if you can provide sufficient data on the
entimated damages to compare with the cost of the structure it will be
appreciated.

Sincerely yours,

FRAMNE F. BANE
Colonel, CE
District Engineer

AFFENDIX A
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SWIGW=-5 29 April 1966

Regional Director

Bureau of Sport Fisherles and Wildlife
U. 5. Fish and Wildlife Service
Peachtree-Seventh Building

Atlanta, Georgia 30327

Dear S8ir:

This is in reply %o vour letter dated 19 April 1966 regerding
the effects of the Arkansas River Multiple-Purpose Flan on the Holla
Bend National Wildlife Refuge.

e design and cost studies which you requested wlll soon be
initieted. As the studles progress, we will request any additional
information necded from your staff as found necessary.

My letter to you dated 11 August 1965 outlined the need for date
on estimated damages without the structure and bernefits from its
construction, This information is still desired from your agency for
use in evaluating the results of design and cost studies. »

S8incerely yours,

FRANK P, BANE
Colonel, CE
District Engineer

APPENDIX A ‘
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UNITED STATES
DEPARTMENT OF THE INTERIOR
FISH AND WILDLIFE SERVICE
BUREAU OF SPORT FISHERIES AND WILDLIFE
PLACHTREL-SEVENTH BLILEING
ATLANTA GEORGIA 30323

November U, 1966

Digtyict Engineer

U. S8« Amgy, Corps of Englneel's
P. O« Box :."L:.{.

Little Bock, Arkmns:

Dear Sir:

Reference is made to ocur letter of Jwme 1, 1906, and prior corre-
spondence regarding th ffects of the Arkénsas River Multiple-
Purpose Project on the Holla Bend Hetlonal Wildlife Refuge, our
proposal for a clogure structure in the lower a2nd cof the Holla
Bend Cutoff Channel, and your need for omr estimate of damsges
prevented and any benef'its provided Uy the installstion of this
ptructure,

£ clopwre structioe, designed to stabllize bendway water levels

at about the highest elevation sxperientefl at Holls Bend with
full pover | ticn at Darda-e=1le De during normal and low
flow rive , Was reocamended in our report of
Eeptenbur 2d ; prepared in accordance with the Fish and
wildlife Coordinazion Act (A3 Stat. 401, as amended; 16 U.S.C.
661 et neq.). tnbilization of water levels in thoe bendwey 1s

considerad 1w 11 ¢ provent dempses to waterfowl hebitat at

Holia Bemd | 1 ti1 rom g Argmnoas FEilver project. We
balieve t the 1 Lt f a closire welr vould mitigate
project- ncl 1 dns 5, and additiosnlly would enhance the
port fishing | ! ' the refugs.

Our observation o' river conditions at Holla Pend during the
past y=ar, and analysi:= of project data provided us during
neatings and corrae; enca with your planning staflf, indicate
that vater lovels in Holla Pend have fluctusted in accordsnce
with pover generntion schedules and smter relcases at Dardanell
Dan. Durlng extended low fLow perlddls, dally differences in
vater lovels ot Holls Hend have varied a8 much as 7 fect mnder
ful) pover-ginesating conditions. Water surisce area in the
bendway has varied from about 270 acres to sbout 650 acres in
extent, and o wids fringe of mud flats that arc dally flocded
and exposed has failed to grow wvaterfowl food plants and has
otherwise resulted in an undesireble condition.
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¥We recognize that thin dadly fluctustion of vater levels will be
lessened froe 7.0 rt to about 5.4 feet after cospletion and

impoundment ¢f Lock and Dam Yo. 3. This degree of fluctuation will
continue to cau Imcnt as much dasage to Tish and wildlife,
however. Aftar pletion of ravigation features, increased river
traffic and dist noe 4n the main navigation channel past Holla
Bend will prevant high watertfowl use in this unprotected pool area.
The protected cutefl bondway sres will then sssume even greater
Importance in the melntecancs of waterfowl populations at Holla

Bend Refuge.

The cutcll bend I3

L

lized b na of the proposed closure
gtructare, woul {on to restoring a favorable wvaterfowl-
management cepaullilty, provile improved conditicns for sport
fishing and ¢thier vater-based recreation.

¥ e s T

The legisliative hlctoyy of the Flaoh and Wildalife Coordination Act
indicates thet veasures adopted to mitignte losses to fish and
vildlife rescurc necd not be Justified on & monetary basis. The
general policy of the Dwreau is in accord with this principle. In
this instance, we have made an evaluation of the waterfowl-day loso
at Holla Bend Rofuge attributable to the Arkesnses River project,

and have estimated waterfowl use expected with the structure in place.
We have also estimated an sxpected lncrease in sport fishing.

Average annusl vaterfowl use on the Refuge without effects induced
by the navigetion project is estimated to be 10,000,000 duck-days
and 1,000,000 goose-days. This usage will be reduced to 6,000,000
duck-days and LOC,000 poose-days by the project if the requested
closure structure {s not bullt. Thus, eonstructioa of the closure
will prevent a loos af' 4,000,000 duck-days and 600,000 goose-days
use annually.

Although the clopi tructure ie prima¥ily o mitisation measure
for waterfovl, 1t will provide en incidentsl cport fisheries

enhancement. Thio cntincement will amount to 2,000 man-days
annually, since use with the structure Is expected toc be 3,000
man-days while without the stracture {ﬂ:‘ without the project)

it is 1,000 man-days annually.

For purposes of comparison, we heve calculated the least altermative

cost of providing e unit of comparable hablitat with en average
annual capacity of 4,000,000 duck-days and 600,000 goose days.
This compariscn ie shown in Table 1,

i

A




Table 1
prlansas River Navigation Project
Holla Herd Netlonel Wildlife Refuge, Arkansas
of Comparative Costs
Impoumdment Structure and Least Costly fAlternative Development

Alternative Impoundment
Initial Coat Develoomant— Structurec

) . RE0 000 FHO0 4,000
Water supply pump
facilities 50,000 -

s

Supplementary developments __ 20,000 20,000

TOTAL $500,000 $420,000

An _|_t__J. ooet

Operation $ 6,000 -

Malntenance _ 10,000 £ 5,000

TOTAL g X c 8 200 2 5,-:":'(:!'

1. Levesd area on veiy md water-gimply facilities capable of

providing 4,000,000 duck-days use fand 00,000 goose-Cays use.

« J4nterim cost : ' ending completion of Corps' design and
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will be constructed, this

wean has initd lgition of about 3,700 acres of lands
in the bandway arras to ineclude all of the ocubslde stream banks
and a surround? buffer zone, This land acqulsition will in-

clos structure site

all bendway lar required Zor the

and impounded waters. At the upstream end of the bendway, the
Fureau has alread tructed a closure f111 and access road
at & cost of JlL 0y Wiich we b ve will be effective in

arresting i i | roliong the life of the bendway

iformation provided will serve your peeds in
studies for a closure structure.
effort to achieve =ffective develop-
0 the Holla Bend Naticnal
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