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CHAPTER 6
PROQIECT CONSTRUCTI ON
Section |. Gener al

6-1. Flow Diversion Schenmes. Lock and dam construction normally requires a
dry construction site. As these structures are usually located across or near
streams, cofferdams are required for site dewatering and a reasonabl e degree
of flood protection. The construction cofferdam usually creates a restriction
in the river cross section. Usually several alternate diversion schemes are
investigated before the nost feasible and economical solution is found.  Sev-
eral factors need to be considered in devel oping a diversion schene.

a. Flooding. \Wen designing a cofferdam scheme, an inportant design
consideration is to limt upstream flooding to acceptable levels. A though
the flooding is only for the duration of construction, increased flooding may
cause dammge to agricultural, commercial, or other interests. An "acceptable"
| evel depends on the general features and type of devel opnents upstream from
the construction site, cost of diversion structures, and cost of flooding the
construction site

h. Erosion. Another consideration is scour in erodible bed streans.
Scour must not endanger the stability and/or constructibility of temporary
structures (cofferdans) or create conditions that would differ substantially
from design assunptions at the permanent structure. Deflector cells are
sonetinmes constructed adjoining the upper armof the cofferdamto direct flow
away and thereby protect the main cofferdam  Scouring increases the cross-
sectional area of the restriction and thus decreases the anount of induced
upstream flooding. This nmay be taken into consideration during the cofferdam
design. The stability of the riverbank at the restricted section nmust be
anal yzed. Tenporary protection nmay have to be provided agai nst induced
erosive velocities.

6-2. Maintenance of-Navigation. D version schemes should take into account
that during construction, navigation may have to be maintained on the river.
The restriction caused by the construction cofferdam nust not create condi -
tions hazardous to navigation by introducing currents that tows cannot nego-
tiate. Tenporary locks may be needed. A value of 4 nph (6 ft/sec) has been
used to approxi mate velocities that tows can generally negotiate, although
this depends to a great extent on the power of the towboat. Hel per boats may
be considered in sone situations to assist underpowered tows. In addition to
currents, towboats nust be able to enter and | eave the restricted section
safely wi thout damage to the structure. It is preferable to naintain an open
navi gation section as long as possible to minimze traffic delays. However

at sonme construction sites this may not prove to be feasible, since the inclu-
sion even of a relatively small portion of the damin the first stage of the

work may result in unacceptable navigation conditions. In this case, the con-
struction sequence nust usually begin with the lock so that it will be avail-
able for the passage of river traffic as soon as possible. In either case

special measures (reduced speed, helper boats, etc.) may have to be taken to
ensure navigation safety. Alternatives of a navigation bypass channel

6-1



EM 1110-2-1605

12 May 87

tenmporary lock, or portage system may be considered. In some cases navigation
i mprovenents can be constructed without interference to existing river traf-
fic, by using a cut across a bendway. In this case, no special provisions for

flow diversion are necessary. General hydraulic nodels with nmodel towboats or
navigation sinulators are usually recommended for major navigation structures
to evaluate various diversion schenes.

6-3. Construction Phases. Since an opening nust be provided to divert
riverflows and in sone cases to maintain existing navigation, projects nmust be
constructed in two, three, or nore stages. In general, econony dictates as
few construction stages as possible, because of the cost and tinme delay asso-
ciated with renoval and replacing of earth enbanknments or sheet piling for
cof f erdam cel | s. However, the nunber of stages nust be consistent with vel oc-
ity limtations to prevent excessive scour and to nmmintain navigation. Also,
savings in initial costs sonetines offset the disadvantage of tinme del ay
provided the project can be constructed within the generally adopted schedul e.
As an exanple, in an analysis performed by the Little Rock District for the
proposed Dardanell e Lock and Dam project on the Arkansas River, it was deter-
mned that a four-stage diversion plan was the nobst econonical (Figure 6-1).
This plan required the construction of 62-foot-diameter cofferdamcells to a
maxi mum hei ght of 59 feet, requiring 7,400 tons of piling with a total esti-
mated cost of $6 mllion. Another alternative was a three-stage plan with a
stabilizing beaminside the cofferdamthat required the construction of
52.5-foot-dianeter cells to a maxinum height of 66 feet above bedrock. This
alternative required 10,200 tons of piling with a cost of $6.8 mllion. Thus
the four-stage plan required | ess sheet piling because of a smaller increase
in upstream stages and it was therefore recommended for construction. It also
had the advantage of the reduced headwater flooding. Navigation structures
can be constructed in a single phase cofferdam schene, resulting in signifi-
cant time and cost savings. Dam 2 Spillway on the Arkansas River is an
example. The existing river was not disturbed; the spillway was |ocated on
the alignment of a proposed river channel cutoff; the spillway was con-
structed; and finally the river was diverted to flow through the conpl eted
structure. Once diverted, an additional phase was required to construct the
closure structure across the old river channel. The time for raising of the
pool and the rate of rise nust be carefully chosen. From a project operation
standpoint, it is preferable to raise the pool as soon as conditions pernit;
however, environmental, commercial, recreational, and social considerations
must be taken into account also. In addition, adequate flow nust be main-
tained during the pool rise to prevent degradation of river water quality.
CGenerally, on rivers with existing open-river navigation, |ocks nust be
constructed while maintaining navigation at the sane time. To supplenent flow
capacity lost during later construction phases, the conpleted |ock can be used
as a floodway to reduce the effect of induced flooding, but only after careful
anal ysis of hydraulic and structural consequences of such action.

Section II. Cof f er dans

6-4. CGeneral Schenes. Cofferdans are tenporary structures in the river pro-
viding an enclosure to permit the construction of the entire or a part of the
navi gation dam In the following, a few typical cofferdam |ayout schemes are
presented as illustrations of possible solutions. However, this does not

6-2



EM 1110- 2- 1605
12 May 87

by 340 \ CUT-OFF 320 5
w
S o STAGELY STAGE IT STAGE I STAGE I m o
2= |+ EL320 " EL 319 v 320 zz
Qw 300 TOP OF RIVERBED - 300 2
<8 20 ' 5 S
§< ! TOP OF ROCK | %0 >3
@ 260 l 260 @
PROFILE
STAGEIT STAGE]
{*7oroF UPsTREAM CELLS l '
STAGE Iy | TOP OF UPSTRE [L5 sTAGED |'TOP OF UPSTREAMCELLS EL 319
1 TOPOF | TOP OF UPSTREAM CELLS
RIGHT UPSTREAM CELLS EL 320 ;
BANK EL 324 |
1
j“

et E
Lo Siw
NOTE: o 8l3
TOP OF ALL DOWNSTREAM s x|x
CELLS ISAT EL 318 1 o]
PN =iy
IS
LEGEND b ~J
I
@ STAGEICELLS Vx{ '
i
© STAGEICELLS s I
@ sTAcEmmCELLS ‘,“c, ¢ OF LOCK
-t
@ sTacEmceLLs &)
CELLS TO BE DRIVEN IN STAGE [ ot}
AND REMAIN FOR STAGE T [
CELLS TO BE DRIVEN IN STAGE II '
AND REMAIN FOR STAGE IT Le?
® CELLS TO BE DRIVEN IN STAGE I ;
AND REMAIN FOR STAGE I =
I } COMPLETION-OF-LOCK CELLS ~,‘.’~\
- Dty ™ g Tt Sy N
B TIMBER CRIB CONNECTION TO AR ,u,‘l\_i‘s_"
PERMANANT STRUCTURE s ¥

Figure 6-1. Four-stage diversion plan
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inply that these are the only possible alternatives; the design should be
tailored for specific local conditions. O interest to the hydraulic engineer
is the nethod of establishing the top el evation of the cofferdam based on the
di scharge and/or stage frequency-durationships of the river. This subject
frequency relationships will be nore fully discussed later in this chapter. A
typical cofferdamlayout for the construction of Greenup Lock and Dam on the
Chio River is shown in Figure 6-2. In this case, two- and three-stage coffer-
dam | ayouts were studied, and the three-stage |ayout was selected to avoid
high currents adversely affecting navigation. Another possibility is shown in
Figure 6-3 which indicates the construction plan for the replacement of Lock
and Dam 26 on the Mssissippi River. As shown, 6-1/2 gatebays were constructed
during the first stage. River traffic used the opening between the first

stage and the Illinois bank during this phase. The second stage involves the
construction of the lock, and the remnining one-half gatebay, during which
phase the river traffic uses the opening between the second stage cof ferdam

and the Illinois bank. Riverflows pass through the navigation opening between
t he second stage cofferdamand the Illinois bank and that portion of the
spillway conpleted during the first stage. In the third stage, the remaining

gatebays are constructed and the lock is available for river traffic. Another
exanpl e of a typical cofferdamscheme is shown in Figure 6-4, which is the
recommended | ayout for the Newburgh Lock and Dam project on the Chio River.

In this case, two alternatives were studied: a three-stage plan involving
partial construction of the dam and a two-stage plan which involves the con-
struction of all 10 gatebays in a single cofferdam It was found that the
recommended two-stage construction was nore econonical, in terns of initia
construction cost and resulted in a shorter construction period for the project.
River traffic used the opening between the first stage cofferdamand the |eft
riverbank during the first stage construction, and was directed to the | ocks
upon completion of the first stage. In the second stage, the fixed-weir section
of the project was constructed providing nine gatebays for flow passage.

6-5. Cofferdam Heights. Cofferdam | ayout and establishnment of the cofferdam
height are primarily oriented toward an economical plan to nininize hazards to
construction activity, minimze costs of flooding on adjacent properties, and
mnimze costs of cofferdam construction. An econonic analysis nust be done
for a range of cofferdam heights to find an optimum elevation. Factors which
i nfl uence the decision include cofferdam cost for various heights, damage
costs due to overtopping of the cofferdamby floods, costs due to delay in
construction when the cofferdam is overtopped, risk of flooding during the
anticipated construction period, cofferdam mai ntenance costs, construction and
diversion plan that is selected, and anticipated length of time required to
conpl ete construction. The determination of the probability of occurrence for
the various frequency floods may be based on the following formula:

Nipi(1 - p)Nt

P =

it(N - i)t
Were P is the probability of obtaining, in N trials, exactly i events
having a probability of p of occurring in a single trial. For the special
case where i =0 , the fornula becones:
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P=(1-p"

the probability of a flood event of magnitude p occurring zero times in N
trials. Therefore the probability of event p occurring one or nore tines
in Ntrials is:

P=1-(1-p"

For exanple, in a project with a three-year construction period, N =3 . To
anal yze the flooding for a lo-year flood, p = 0.1 . Therefore

P=1-(1-0.1)3%=0.271

or, a 27.1 percent chance that a lo-year flood will occur one or nore tines in
a given three-year period. The total probable flooding cost for each height
of cofferdam can be conputed by the formula

C = PI(D(G) + C]

wher e
G = probable total flooding cost
P = probability of flooding

D = nunber of days construction area is flooded before cl eanup operation
can begin

C, = investnent |osses per day while area is inaccessible

C, = fixed cost of cleanup

6-6. Cofferdam Preflooding Facilities. Wen developing floods are so severe
that cofferdam overtopping is predicted, scour damage and subsequent cleanup
within the cofferdam can be minimzed by preflooding the site. This can be
acconpl i shed by providing gated culverts or weir facilities with adequate
capacity to raise the interior water level to near the river level prior to
the time the river overtops the cofferdam

6-7. Exanple Determ nation of Cofferdam Heights. The follow ng exanple is
simlar to a design of the cofferdam height at the Col unbus Lock and Dam on
the Tennessee- Tonbi gbee Waterway. The estimated fl ooding costs, the flood
damage costs, the conparative cofferdam construction costs, the nethod of
duration analysis, and the high discharge duration curve are shown in Fig-
ures 6-5 to 6-9, respectively. In Figure 6-10, the estimated probable

6-8



EM 1110-2- 1605

12 May 87

FI XED COST PER FLOODI NG
Downtime e 10 days @ $10, 500/ day = $105, 000
Punping and Cleanup ------------------- 10 days @$ 7,000/ day = $ 70, 000
Damage Cost ~ ctmmmemmssmmes---e- Lump sum = $ 50,000
Investment Cost ~  s----eei-iio-oa--- 10 days @ $ 3,000/ day = $ 30,000
Li qui dated Damages  =----- - ---cc------ 10 days @$ 500/day = $ 5,000

$260, 000

TOTAL COST PER FLOODI NG

$260,000 + [(D) x ($10,500 + $3,000 + $500)]

$260, 000 + (D x $14,000)

where D = Duration of flood in days before punping and cleanup can start

NOTES :  Experience and professional judgment were used in estimating the cost
for each of the itenms used in determining a realistic total cost for flooding
of the cofferdam The equi pment downtinme cost was based on the assunption
that the cofferdam flooding woul d occur during peak concrete placenent at
which time the maxi mum anount of equi pment would be on the job site. Punpi ng
and cl eanup cost was based on an average tine of 10 days to punp out and clean
up the protected area. This cost includes extra equipment for the punping and
cleanup crews. Danmage cost was estimated considering equi pnent |oss, duplica-
tion of work effort caused by berm and sl ope sloughing, wood form |l oss, and
damage to prepared foundations. Investnent cost is the estinated daily
interest cost to the Federal Governnment during construction. Since the
construction is on the critical path, downtime during the work phase wl|
extend the total project conpletion tinme. This cost was derived by dividing
the present estinmated value for interest during construction by the con-
struction period to get a one-day cost. The |iquidated damages cost is the
extra cost incurred by the Corps of Engineers for each day past the schedul e
conpl etion date.

Figure 6-5. Estimated flooding costs
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TOP OF COFFERDAM COVPACTED TOTAL COST OF
ELEVATI ON, FEET FILL STRI PPI NG VARI ABLES
UPSTREAM  DOWNSTREAM § $ $

169.5 168.5 406, 100 15, 400 421, 500
171.5 170.5 510, 500 17, 200 527, 700
173.5 172.5 626, 500 19, 000 645, 500
175.5 174.5 754, 400 20, 900 775, 300
177.5 176.5 893, 800 22, 700 916, 500
179.5 178.5 1,047, 200 24, 500 1,071, 700

Figure 6-7. Conparative cofferdam construction costs
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flooding cost is conpared with the total additional cofferdam cost required to
provide protection above the three-year frequency flood |evel. Visual inspec-
tion of the curves indicates that the nost econonical cofferdam el evation will

be near the 10-year flood level. It should be noted that the intersection of
the two curves in Figure 6-10 has no significance because the beginning ordi-
nate of the cofferdam cost curve is arbitrary. In Figure 6-11, the probable

flooding cost reduction and the additional cofferdam costs were established by
determning the slope of the total cost curves at increnmental cofferdam
heights.  The curves show the rate of change in probable flooding cost reduc-
tion and the additional cofferdamcost for various cofferdamtop el evations.
The upper intersection between the two cost curves in Figure 6-11 represents
the point of dimnishing returns. In this exanple, the point is at elevation
172.9 which was arbitrarily rounded to 173.0. The design flood frequency was
therefore set at 12 years.

6-8. Scour Protection. Each construction scheme nust be carefully anal yzed
to ensure that scour protection is provided where necessary. Successfu
protection has consisted of tinber mattresses or riprap both with and without
filter blankets, depending upon the soil types and flow conditions. Physical
and nunerical nodels have been useful to assist in devel opment of scour
protection designs. The upstreamriverward corner of the cofferdamis usually
the critical point of scour potential. Wng extensions are sonetinmes added to
the cofferdamto reduce velocity concentrations at this point.
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