Section |V - Problens, Needs, Opportunities
and Study Objectives

This section introduces the probl ens, needs,
opportunities and objectives that have led to the
production of this report.

1. Ceneral

The Tennessee Valley Authority conpleted construction
of Chi ckamauga Lock and Damin 1940. The U. S. Arny Corps
of Engi neers designed the | ock while TVA designed the
remai nder of the project. Both agencies share jurisdiction
for various activities, including navigation, in the
Tennessee River Valley. Periodic inspections of the dam

and power house are nmade by TVA personnel. However, both
Cor ps of Engi neers and TVA personnel are involved in the
periodic inspection of the lock. |In addition, the Corps of

Engi neers, through a January 2000 nenorandum of agreenent
with TVA, is responsible for operation and nmai ntenance
costs associated with the existing | ock.

2. Probl em

a. Structural Problenms. The entire Chickamauga
project is plagued with “concrete growth” that results from
an al kali-aggregate reaction (AAR). This is a chem ca
reaction in concrete that occurs when the alkali in the
cement reacts with certain silicate or carbonate mnerals in
t he aggregate (rock). This reaction fornms a gel that
absorbs moisture and swells causing the concrete to expand.
For this reaction to occur the aggregate nmust react with the
cenment and there nust be npisture present. |[If the concrete
is free to expand (like in the | ock approach walls), the
vol ume of the concrete increases. Wen the concrete is
restrained (like at the bottomof a lock wall nonolith), the
growh results in increased internal stresses in the
concrete. This irreversible expansion is causing internal
stresses throughout the | ock that cause cracking and
nmovenment of concrete nonoliths. This novenment causes
equi pnent alignnent problens to such itens as the nmter gate
operating machinery and fl oating nooring bitts and
structural stability problenms to such portions of the |ock
as the approach wall support piers or lock wall rnonoliths.
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The trend in growth does not appear to be sl ow ng;
therefore, major maintenance not normally associated with a
typical lock is increasing causing significant expense and
| ock outages. These mmi ntenance itenms may range from
sinple work |ike patching spalling concrete and repl acing
access grating to major maintenance |like realigning the
mter gates, realigning the floating nmooring bitt channels

and replacenment of the mporing bitt. |In addition to
conti nui ng mai ntenance to resol ve operational problens,
preventive/ advance mai ntenance will be required to maintain

the structural integrity of the lock walls and gates to
safely function as the water barrier. These naintenance
itenms could be additional anchoring of nonoliths or slot
cutting. Figures 1 through 6 at the end of this section
show sone of the AAR inpacts on the | ock.

The cracking within the nonoliths not only affects the
| ock’s stability but it also affects its operation. One
concern results fromthe uncontrolled flow of water into
and out of the lock chamber. As this flow of water
i ncreases as the cracking worsens, one of several things
may occur. The flow of water into the chanber through the
upstream nonoliths may exceed the ability of the discharge
culverts making it inpossible to enpty the chanber. NMdre
i kely, however, would be the slow ng of the | ocking
process as inflow approaches di scharge capabilities.

Anot her concern is the uncontrolled flow of water out of
t he chanmber through the downstream nonoliths, which my

make it inmpossible to fill the chanmber (flow through the
|l ock walls exceeds the filling capabilities).

Currently, flow out of the chanber through the |ower
 and wal |l nonoliths (downstream of the enmbanknent) is such
that the water level within the chanber is not maintained
wi t hout opening a filling valve (adding water)
occasionally. To reduce the flow through the |and wall,
the water level in the chanmber is kept about hal fway
bet ween the tailwater and headwater el evations.

The contact surfaces of several upstream nonoliths
with the adjacent earth enmbanknment dam provide a critical
link in the water barrier. Seepage of water through cracks
in these nonoliths could result in internal erosion of the

enbanknent along the interface. |f undetected and all owed
to progress, an erosion failure of the enmbankment coul d
occur. This is the nost serious of all |ock-induced

failure scenarios since it would result in rapid and
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conplete |l oss of the reservoir. For this reason seepage is
cl osely nonitored.

The cracking of the concrete nmonoliths is inmpacting
their structural stability and margi ns of safety. Water
entering open cracks increases uplift above those assuned
in the original design and reduce the nonoliths capability
to resist overturning and sliding fromthe forces of the
water retained in the reservoir. Steel anchoring tendons
have been added to all nonoliths to restore safety margins.
The tendons, however, have a finite life. Failure of
significant nunbers of tendons will reduce the margins to
unacceptable levels. Additional post-tensioning or |ock
cl osure woul d be required when margins fall bel ow
acceptable levels. Data frominstrunmentation installed on
many tendons will allow assessnent of tendon condition

b. Structural Condition of Chickamauga Spillway and
Power house. The spillway and power house are all concrete
structures and both are exhibiting the effects of AAR The
spillway segnent is a concrete gravity structure with 18
spillway gates separated by 8 w de concrete piers. The
piers are topped with an operating deck, which is primarily
a work platformfor operating the spillway gates. The weir
sections are | ow conpact sections with a height of about 40
feet and a base width of about 35 feet. The upstream side
is about 20" feet below rock. The rock was excavated from
t he downstream side. The ends of the weir sections are
confined by the powerhouse on the south end and the | ock
junction block (Block 44) on the north end.

The spillway piers are also founded on rock with a
total height of about 100 feet. The spillway piers support
the reactions fromthe 40-foot wide spillway |ift gates.
They al so support the operating deck and the gantry crane.
Along the | ongitudinal axis of the dam the piers are
relatively tall slender structures nuch |ike a cantilever
sl ab.

AAR in the spillway weir section would have its npst
significant effect along the |ongitudinal axis of the dam
However, the spillway weir sections are highly restrained.
The south end is restrained by the massive concrete of the
power house. The north end is restrained by the massive
junction block of the |ock. Additionally, the weir
sections are continuously restrained by the underlying rock
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and by an approximately 25 foot high vertical rock face on
t he upstream side.

The spillway weir sections are solid concrete with no
internal galleries or culverts. This elimnates one of the
primary causes for the extensive cracking that exists in
the |l ock walls. Horizontal cracks have devel oped in the
weir sections, which are simlar to those in the |ock and
ot her TVA projects with concrete growth problens. Highly
restrai ned nenbers al so develop significant internal
stresses.

The effects of AAR on the spillway sections are being
continuously nonitored by approximately 200 instrunents.
These instrunents all ow engi neers to assess the effects of
growth on the operability of the spillway gates and on the
overall condition and stability of the spillway.

Significant renediation and |ife extension activities
have been conmpleted for the spillway by TVA. Expansion
sl ots have been cut between the spillway section and the
power house and four of the weir sections adjacent to the
power house have been post-tensioned.

Many options remain for |life extension of the spillway
weir sections. These include additional post-tensioning
and additional slot cutting. Due to the conpact
configuration of the weir sections, these rehabilitation
activities can be repeated many tines. These options are
al so relatively inexpensive. Therefore, it is expected
that the life of weir sections could be extended well
beyond 50 years.

Many options also remain for the piers and operating
deck. These include both slot cutting and post-tensioning.
Neither of the activities has been necessary to date.
However, these renedi ati on nmet hods may not be effective for
a |life extension beyond 50 years. Replacenent of the piers
and operating deck in the future may be necessary.
However, the cost for this replacement would not be
prohibitive in relation to other options.

The power house section of the damis a concrete
gravity structure. The substructure of the powerhouse is a
rectangul ar box section with formed openings for the
i ntake, scroll case, and draft tube. The 400" foot |ong
power house section is simlar to the weir sections of the
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spillway. It is enbedded in rock excavation and is highly
restrai ned by the rock.

AAR has been causing significant problems with the
hydr opower units for over 20 years. Problens include
throat ring clearance, w cket gate closing, and
m sal i gnment of the head cover and distributor ring. The
four units have been disassenbl ed and rehabilitated several
times by TVA

The effects of AAR are being nonitored by
approxi mately 100 instrunents in the concrete.
Addi tionally, the clearance and alignnment of the units is
bei ng nonitored.

Rehabilitation of the units for realignnment is
i nevitable. Post-tensioning of the concrete may al so be
needed. Slot cutting poses significant problens due to
enbedded itens but may ultimtely be necessary. These
rehabilitation activities may all ow t he hydropower units to
extend the life of the hydropower units beyond 50 years.
However, if it became uneconom cal to continue the
operation of the units, the powerhouse section could stil
be mai ntained as a water barrier for the damfor nore than
50 years.

c. Historical AAR Related Problenms. VWhile the future
is sonmewhat hard to predict, we can learn fromthe past.
Following is a historical discussion of AAR rel ated
probl enms and activities over that past 60 years.

The Chi ckamauga project has suffered fromthe effects
of AAR since shortly after conpletion in 1940. The first
i nspection of the dam was nmade in 1943, about 3 Y years
after construction was conpleted. Initially, surface
cracking devel oped in the spillway deck and a portion of
t he navigation | ock and eventually spread over nost of the
project. At the lock, major structural cracks have
devel oped in the chanber and approach walls and have
requi red extensive repairs (See Figures IV-1 though |V=-3).
| nstrunmentati on was also installed to nonitor structural
novenments and internal stresses.

Extensi ve structural repairs and nmai ntenance
activities have been necessary over the past 35-40 years to
alleviate problens resulting from AAR at the lock. In
1967, three vertical slots were cut in the upper approach

IV 5



wall to decrease stress in the concrete (See Figure |V-4).
Tensi oned steel bars were used to strengthen the support
pi ers, and the cracks in the concrete were grouted. By
1977, the expansion slots had closed due to conti nued
concrete growh, and the three slots were re-cut in 1979-
1980. A fourth slot was al so added, and additional steel
bars were installed in the upper approach wall support

pi ers.

In 1977, a slot was cut in the | ower approach wall to
isolate it fromthe lock. Cracks in the |ower approach
wall piers were repaired in 1982 by grouting steel bars
t hrough the piers between the di scharge ports.

Ext ensi ve pl acenment of post-tensioned tendons has been
conducted over the entirety of the | ock. These tendons tie
the concrete nonoliths together and tie the nmonoliths to
the lock’s rock foundation (See Figures IV-5 and |V-6).

Two significant events in 1995 indicate that AAR
continues to cause structural and operational problens at
the lock. In June of 1995, the lower |and wall gate hinge
assembly pin alnost failed, causing an unschedul ed | ock
closure for repairs. The |ock wall had grown in height
al nrost pulling the hinge pin fromthe gate. |If the pin had
been fully renoved, the gate could have fallen resulting in
an extended | ock outage of six nonths or nore.

I n 1995, studies were conpleted that eval uated the
condition of the powerhouse, spillway, and |ock. The
results of this study have caused consi derabl e concern
about the long-term structural integrity of the |ock and
have indicated that the lock has a finite life. Additional
studies indicate that the probability of an event with
unaccept abl e, possibly even catastrophic, results is
increasing. At sone point, the probability of such an
event woul d becone so great that the | ock would be
permanently closed to protect the public downstream of the
project and the investnent in the other features of the
project. Such a closure of the Chickamuga Lock woul d halt
comrerci al navigation on the upper Tennessee River. A
catastrophic failure of the | ock (possible but highly
unli kely) could result in partial |oss of the Chickamuga
pool and interruption of public and industrial water
supplies. A loss or a mpj or drawdown of the pool woul d
have catastrophic inmpact on the two TVA nucl ear power
pl ants that depend on the Chickamauga pool for cooling



water. Lowering the pool would result in these plants
having to shut down at a consi derabl e expense to TVA and
the region serviced by TVA power production. Additionally
t he hydropower operations of the Chickamuga Project as
wel | as upstream projects would al so be drastically

i npact ed.

d. Structural condition of upstream | ocks. The
upstream projects (Watts Bar, Fort Loudoun, and Melton
Hill) do not experience AAR. The aggregate used in the
construction of these projects canme froma different quarry

and does not react with the alkali in the cenment. Both
Watts Bar and Fort Loudoun Projects are about 60 years old
(Melton Hill is alnost 40-years old) and are in excellent

condition. While some significant maintenance activities
woul d be expected over the next 50-years, continued
utilization of the projects, including the |ocks, is not a
concern.

3. NEEDS

The need addressed in this study is to provide for
conti nued navi gation through the Chickamauga Project and to
i nsure continuation of Chickanauga's ot her project
pur poses. As discussed earlier, structural problens
associ ated with Chi ckamauga Lock are endangering navi gation
on the Upper Tennessee River.

4. COPPORTUN TI ES

The consideration of alternatives for solving the
existing lock’s structural problenms as addressed in TVA s
1996 Final Environnmental |npact Statenment (FEI'S) provides
the opportunity to address Chickamauga s poor reliability
and i nadequate | ock size. Through construction of a new
| ock (as recomended in TVA's FEIS), the reliability
probl ens associated with AAR problens woul d be eli m nated.
Al so, by providing a | ock chanber size, which could
accommodate mul tiple barges, (greater than the existing
60’ X360’ ) Chi ckamauga’ s i nadequate | ock size can also be
addr essed.

The Chi ckamauga Proj ect has only one chanber,
measuring 60 feet wide and 360 feet long (See Figure |IV-7).
The | ock was conpleted in 1940 to accommpdate four standard
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barges (26" x175’). As discussed in Section Ill, the tow ng
i ndustry has greatly increased its use of |arger, higher
capacity barges on the Tennessee River, such as the junbo
barge (35" x195) and the integrated, super junbo, or tanker
barge (52" x290°). The standard barge has virtually

di sappeared fromthe Tennessee River. The junbo barge is
designed primarily for the larger | ocks on the | ower
Tennessee River and the rest of the inland waterway system
While it is not efficient for the Upper Tennessee River,

t he econony of the junbo barge on the remai nder of the
wat erway offsets its costly use on the Upper Tennessee.
The Chi ckamauga Lock chanmber will handle only one junbo
barge at a tine.

The | ockage problenms at Chi ckamauga result fromthe
growth in traffic, barge sizes, and the size and
configuration of tows. The small |ock at Chickamuga
causes increased del ays due to congestion and an increase
in lock processing time due to nmulti-barge tow
configurations. These | ockage problens represent a
significant economc |loss to the shipping industry and,
ultimitely, to the consuner. Towi ng rates for the Upper
Tennessee River are about twice those for the remai nder of
t he Tennessee River system

Chi ckamauga Lock, as discussed in Section Ill, has an
average tow processing tine of 8 hours per tow. This is
t he hi ghest average locking time in the Chio River System
For conparison, the average processing time at N ckajack
Lock was only 1% hour per tow. Nickajack processed nore
than twi ce the nunmber of tows and al nbst twi ce the tonnage
of Chickamauga in 1998. Locking tinme is conprised of both
del ay and processing time. Only four locks in the Ohio
Ri ver System have a hi gher average delay tinme and none have
a higher processing tine. However, the average delay tine
is actually higher than shown in the Corps’ Lock
Performance Monitoring System (PMS) data. Because of the
close proximty of the Chattanooga harbor, up bound tows
will wait in the harbor when they know the lock is being
utilized by another tow. Since the towis not at the |ock
avai l able for a | ockage, the towis not entered into the
PMS dat abase, therefore underestimting the actual del ay
time.

Recreational vessel |ockages al so conpete with
commercial tows for |ocking privileges. Nonconmerci al
| ockages, neaning recreation boat and other type |ockages,



conprise a larger share of |ockages at Chi ckanauga than at
ot her projects on the inland navigation system

Recreati onal boat and other type | ockages in 1998 conprised
44 percent of total | ockages at Chi ckamauga Lock. For
speci al events along Chattanooga s riverfront, the lock is
closed to comercial traffic for several hours requiring
commercial tows to schedule their operations around these
closures. Current |ocking policy is to | ock recreational
craft after three commercial |ocking cycles. For safety
reasons, recreational craft are not |ocked with commerci al
tows. Therefore, the |ocking procedure for a conmerci al
tow may be interrupted to allow | ockage of a recreationa
vessel .

The unreliability of Chickamauga Lock resulting from
t he AAR problem has resulted in industries, in many cases,
utilizing nore costly nodes of transportation. Through

traffic studies, TVA has identified 4.3 mllion tons of
commodi ties, which are noving overland, when they could be
nmovi ng by water at cost savings. By utilizing a nore

costly node of transportation, the cost of goods provided
to the nation is higher. Even though not included in the
econom ¢ analysis, it is possible that industries are
locating in other areas of the county at a greater expense
because of the lack of a reliable Upper Tennessee

navi gati on system

5. STUDY OBJECTI VES

The Principles and Gui delines, dated 22 March 1982,
stipulate that “The Federal objective on water- and rel ated
| and-resources planning is to contribute to national
econom ¢ devel opment (NED) consistent with protecting the
nation’s environment..” Contributions to NED are direct
benefits and costs that accrue to the planning (study) area
and the rest of the nation. The Federal objective is
further specified in ternms of alleviating problens,
sati sfying needs, and realizing opportunities within the
pl anning area or region. For the Chickamauga Lock
Feasibility Study, the specific planning objectives are
listed bel ow

a. Insure continued and reliable comrercial navigation
at the Chi ckanmauga Lock and Dam Proj ect.

b. Mnimze the adverse effects to the navigation
i ndustry of mai ntenance closures at Chi ckamauga
Lock.



C.

d.

Reduce | ockage-processing tinme (cost) to navigation
traffic currently using Chi ckanauga Lock.
Facilitate safe and efficient nmovenent of traffic
t hrough Chi ckanmauga Lock to the | evel of denmand
projected during the economc |life of a potential
new | ock project.

Conserve fish and wildlife, recreation, and cultural
and natural resources in the Upper Tennessee River
Val | ey.
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Figure V-1 — Crack in the upper end of river |ock
wal | during 1999 dewatering.

Figure V-2 - Crack in river wall filling and
enptying culvert during 1999 dewatering.
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Figure V-3 — inriver wall filling
port during 1999 dewatering.

8/17/1999
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Figure V-4 — Saw cut through upper guide wall to relieve
AAR stresses. Looking down fromtop of guide wall.
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Post-Tensioning Anchoring

Chickamauga Lock

Cross Section of Dewatered Lock with Pest Tensioning

How Post-Tensioning Anchoring Works and is Assembled

In 1988, pest-tensioral enchoring repais began, The lemporary repair measwra is usad 1o
slabdize and recluce movermant of the concrede lock sinaciure, Gracked concrete recuces
siakbifty nad produces sanous asfieciions. Snoe 10085, mone than 207 posi-lansoning anchons
hawa baen installed and capped et Chickemauge Look.

@ Borsholes, measuing 11-nches in diameter, arg drilled frough concrate into bedrock
The borehobs 8 teated for watertghtress,

Thi baaring plate of the encher head & placed end grouled.

Past-tensiening tendons are insarted no the barehols.

The post-tensioning assemidy & then anchored o the Dedrock by grouting.

Each tendon cable of the assembly is tensioned.

Excass tardon cabie is tmmed and the recess is filed with concrata,

Il #omox o Fepar fnchacing spgss mier el

Figure IV-5
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Figure |IV-6
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Chi ckamauga Lock, Tennessee River nmile 471.0

Figure IV-7
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