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INSTRUCTIONS FOR AMENDMENT EIGHTEEN PAGE.CHANGES

The . followlng 1nstruct10nal 1nformatlon and check llst is furnlshed to

e help you insert Amendment Number Elghteen into the Watts Bar Nuclear Plant

. "PSAR,

©Since in most cases the original PSAR contalns 1nformat10n prlnted on both
sides of a sheet of loose leaf paper, & new sheet is furnished to replace'
sheets containing superseded materlal As a result the front or back of
a sheet mey contaln informatlon that is merely reprlnted rather than

changed.

Oﬁly peges which contain amended (i.e., edded; deleted, orirevised)
information are identified with the cipher1"WBNP—18".at théetop of the
page.' Further, #here amended information is new or revised, ’e vertical
bar has been inscrlbed adJacent to the 1nformatlon in the outside margln

- of the. page.

" Discard the old sheets and insert the new sheets, as listed below. Keep
these instrucﬁion sheete'in the front,of,Volume_I to serve as a record.

-of changes..
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EERITRS T oRgE
woed—gr-feaaoyelr, Hmﬁere is a difference in the anal; tlcal techniquas o
used to show r.hat the structures nmeat the.eriteria. ~The! seisuic des:.gtx

of ‘Watts Bar structures will be based on dynamzc analyses with the structure
response, baing - computed by t;he tesponse specz:nr:a ‘pethod. The setemic design
for Saquoyah is based en dynemc aaalyses with the scructu:e response computad

; The_ cont.aizme.nt panetracions are designed ali}:.e for: Hatts Bar and Sequoyah.'_ )
‘ The panst;rations differ in minor details and pregsure ratings, but they
basically provide the saze degree of protection f'o;a ﬁecham.cal themal,
N and pressure }nduced loads '
The same Loqtainmant isolanon criteria were appliad identicauy to S»quoyah
and &?atts Bzr.r for as:ablishing the particclar valving arrangements for pipes
that penstrate the conx:aimaent. There are no cbanges to systems that perfo“n
similax functious in t:hn two plant:s. oo e o

Contaiczant testiné' and reliabilitj' for bo.th:.plants is eﬁéur_ed by fdl'lgmii‘:g o .
similar procedures -ami'q.xality: assurance prograns. Cdntinu;i_tig prograas o '*'_"A _
will ba performed to ensure that deterioratxon below acceprable standards e
‘ doe.s not oceur and that a high standa*d of perfomance ia mmtaingd :hrougboux:
the apara:ina 11:.9_ of both plants. L

" _ Bng'ihee““é'd Séfetﬁ Feature-s-.' |

The engineered safety features of the Watrs Bar and Seguoyah Nucléar P t
will be essentially identical. The Energency Core Cooling, Containueq..

-4solation, leakage detection, and containzent spray Systems of both pL.%nts L

are designed . to essentially the sane cnterza and except for minor

.. .

capacity differences in the contain“ent spray syst.;x necessitated by the .-

Tnse Y‘.t

C Both the Sequoysh and Watts Bar Fuclear Plants are dcsigned for the

sene ground accelerations for the operating tagis .earthquake and the

design basis ecarthguake. Tne response.gpectra are éifferent, with ST
the Watts Par spectra having peek sxplification faclors greater than ’Fé&%ﬁ
the Sequoyeh spectra., : . L . R oo




"Initiai Tests apd Oper:at:icm

'f;.i“The preoperatiml and startupv te.sts for both the Vatts Bar and Sequoyah
“Nuclear Plants will be prepared and porforned by essentially the sane
btganizations vithin TVA and Westinghouse. Since the designg of these

Wplants parallel each other so closely, these tests will cover essentially L
* the same systems and require meeting similar acceptance criteria. In all .

cases the tests will follo-s the A..C's Gaide for the Planning of Preo?\.rational

ng.0f Trzl #al. Stertup Programs.

For both the Vatts Bar and 'Sequoyah Noclear Plants, all postulated accidents _
:tha:: wculd consequently release fission products to ‘the envirmeat vere -
' ‘»:_;.anal)'zed at an extx:apolated core pover level of 3582 }"é\?t. Si={ilar accidenm =
Cwere analyzed for both plants. 1In the Watts Bar safety analysis advamtage -_
x:as “taken of more. recent axivances in analvtical techniqueu. The consequenceé‘A_}";:'.:*"':_"(s \
‘of all ‘the accidents wa re found to bz within the 10 CFR 100 reference values. _ :
“‘;{'The st.fong simfilarity betweem corresponding systeus for the two plants, 3“’?@0
: .I_{“A;glorg with the larger exclu..,ion distgnce for the Hatts Bar plant ("“'”2? feet //Y

':'vez:sus 1920 fnet) results in lover offsite doses from pastulated accidents
at Hatta Rar than at Sequoysh T

CE2-le e e




_Containnem: Vessel Internal Design Pressure
Inftial LOCA Peak Pressure

Long Tera LOCA Peak Pressure _
:Sl..h'"cq/myax.‘ti’.ent Dasigu Px:esaur
Reactor Vessel Anmxlus :
f’ipa Sleeve
Coapartment Abave Reactor
Steata Geﬁetatm: Enclosure

Pressutizer Enclosure .
:_>CQzapartnents Outslde Crane ‘Hal_l In
" " Lower Compartnment
SRR prer Compartment EIRERES
Dlvider Barrier Pressure leferantial
} ' Uppar Crane ¥all Differential Pregsux:e B el ot
SR ‘' Rear Open End s .9 pslg - 9.2 psig

', L 7T .- Remainder S 8 psig . .

| ~ . Ice Condemser Compartmeat =~ . =" .. .12 psig = - - ... 15 psig =
| - Upper Compartment Design Temperature - 170°F L 190
’f"‘ Lower Compartuent Design Teaperature ‘ 244°F .'_250°F '

; Tce Condenser Design Teaperature } ' 240‘_‘? N . 250°FP

T 12 psdg.

Operating Conditions AT TR , A
. Pressure oL o R  _-0.3 Psié- o - 0.3 psig.
- ) Upper Compartment Ienperature. - 110°F o o 110°F
C " . lower Coxpartmeant Temperature E . 120°F T '120'1;.
: ' | Ice Condenser Teaperature o . 1S°F : . '15 F

- S Coe - . - 816,000
Mass Release During LOCA SRR - 846,640 lbs %&3";":@ ibs

l(g - 'Energy Release During LOCA _ Do 348 x 10 Bru 3-5&?; x 106 BtuIZ
- . Deign Leak Rat:e ~ Rt O aSW@Z/day 025%%2,/(1&
, - Containnment Vez;sel Ezternal Design Pressure - 0.5 psig ‘ o 05 psig

O : *SQNP PSAR gave 9.0 psig but later calculations give. tha value listed.

VO USRS A APPSR S P
3 =g 9T



CWBNP=LT o

TABLE 14.5-4 oo

"CALCULATED'MAXIMIM DIFFERENTIAL‘ PRESSURES ACROSS UPPER CRANE WALL
' B ' Peak AP (psi)

Element | ‘7-8-9 10-11-12 13-14-15 16-17-18  19-20-21  22-23-24

DECL. | 7.0 5.8 4.5 4.7 5.9 6.8
DEHL . 8.4 6.8 5.4 5.4 . 6.9 8.2

" TABLE 14.5-5
" INITIAL PEAK PRESSURE IN CONIAINMENT

P ' ~GuillTotine ‘Break “in Compartment 1

" BREAK S coMENTS . Thlt -

DECL . FSAR Data 0l1d TMD T 9.8

I R 0 .~ . €y = 1.0 100% Entrainment - ‘ )/fi2.21
P DEHL ¢ " ¢ = 1.0 100% Entrainment o a3
1.0 50% Entrainment S 11424

DEHL

14.5-11(c)

T RIS A A P

. . .
e e amecaperTe veee =+ e e et e
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In additiqn to the above, the following will be tested periodically;at'
shutdown: ' ' » ' '

1. - Reactor Coolant Pump Breakers (open to trip)

2. Manual Trip

The ‘reactor coolant pump ‘breakers cannot ‘be tripped at power without

causing a plant upset by loss of power. to a coolant pump. However,

..thesreactor..coolant .pump:breaker-open .trip.-logic can be:tested at

power. Manual trip cannot be tested at power .without causing‘a

" reactor trip -since operation of either manual trip switch actuates

both Train A and Train B. These two trips, however, only provide

backup prbtection to other trip functions.  Note, however, that

-manual trip‘cbuld also be initiated from outside the control room by

such means as manually tripping the turbine which would then initiate

reactor trip, or manually tripping one of the reactor trip breakers.

.The- pump bus undervoltage, pump bus underfrequency, turbine trip--

reactor trip, and safety injeétion tripvcannot be tested at powe;-without
possibly causing a ﬁlant'upset or damage to equipment; however, the KLH!L
reactor protection logic trains for the above reactor trips are-
to=be—tested completely at power. Annunciation is provided in the
control room to indicate when a train is in test (which results in

the tested train being bypassed), and when a reactor trip breaker o

is bypassed. Details of the logic system testing are given in WCAP‘

7672,

. ‘-The design of the protection system as &efined by IEEE 279-1971 will-

comply with'our understanding of the intent of Safety-Gdide 22, Periodic

 Testing of Protection System Actuation Functions.

Logic Channel Testability

The general design features and testability of the logic Systém are
described in Reference (1).

7.2-30
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| INSTANTANEOUS DAM FAILURE COMPUTATIONS - WATTS BAR
0 el lUiiol 1963 Flobd Sumer Levels

Initlal condrtlons

'-:‘\

. . PR .,

B Bottom elevation . TR 665,0 ' 665 o - -
.~ Headwater elevation k3.0 S 7.0 o
" Tailwater elevation - 697.0 S 681+ 5
. Headwater depth, feet - 18,0 o 76,0
Tailwater depth feet e 32,0 0 T s 19 5

HB * feet '
T L JTheory"
Model
VW ¥ feet per second

Theory
. Model .

UB * feet per second S

Theory
- Model

O T *‘LB is the wave helgh«,, is the wave velocity,
o .Y gnd U, is the velocity oI the water after the vave
ﬁ‘ontﬂhas pa,ssed. .

\ "':ff‘ For practﬁ cal use the TVA model accomoiates mrt:.al flcws S
S at tlme of failure -and also failures that are gra.dua:l. and pa.rtla.l
" _The theoretlcal relatlonshlps do not F:Lgure 30 shows in detail the A.

| ‘short segment ‘of the maximum poss:.ble flood wh:.ch is :Lnflueaced by

average { Y
the Watts Bar embankment fallure. Both flow end resultlng/ stages at - .

r-—

.Wat’cs Bar Dam tailwater ‘and at Watts Bar Nuclear Plant site are sho:-rn -

for a 7T-hour period. a2s solved by the refined unsteady flowr model. ‘ . S -

b4
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o :_was 1nvest1gated.

S pla.nts:Lte.

for a bore or wave front created by the gradual erosion followed 'by

. the relatlvely rapld last staoe of failure of the ea_rth embankmenu

ba.nk and a part of it be reflected across the s»ream tcrfard the nuclear N

E ditlons tabulated below would ex1st

| In this case of the maxim possible flood, the potential

A bore so generated could str:.ke a rldge on the left

At a tme Jjust prior to the last stao'e of fallure, the con- ’

CONDITIONS PRIOR TO RAPID, LAST STAGE OF FAILURE
.~ OF WATTS BAR EARTH RMBANQZENT -
~ DURING MAXIMUM POSSIBLE FIOOD - -

" Elevation

Over- Head-
. bank Water

~ Tajlwater o
Velocity,

Debtﬁ, Feet
water water water . bank

63.5 28.5'

- 700t 760.9 _728.5

1,o3o,ooo_

The approx:Lma.te flow field strea.mllnes Just prlor 'co the last

stage ef fa.llure are shown by solld lines on n.gure 31

E -'_’complete failure of the earth emban.kment the dlscharge wlll have 1ncreased |
rapldly to l 310 OOO cfs.

: mated to spread laterally at about 10 degrees.
' '-"_pattern for a bore is also showm on f:Lgure 31 by arrcmed lines.

: bore height at the dam would be at most about 2.5 feet. ThlS helght
:would be reduced as the wave travels downs‘cream and expa_nds. ,

. 'helght would be about 1 foot vhen it strikes Blalock R:Ldoe 0;1 the

lef't bank. The rldc,e is heavily wooded and the trees would abaoro

" mach of the wave energy.

e o mees s
——T

'.reflectlon of double the 1nc1der1t amplitude vas al_owed

At the end of 8

Any bore thus generated is conservatlvely est:.—

'I’he appronmate streamllne -
average B

To be conserve.tlve, however, a perfect

O \--T"e local helg,‘l’c over the 750-foot length of the failed embankment |

would be about 12 feet.

ﬂ-:—,.,w.. S EUENPRpITR S
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GUESTION 2.11.3

The ability of Watts Bar Dam to withstand severe earthquakes without
causing a loss of any nuclear power plant safety functions may be .
deronstrated in either of two ways; either by showing in detail that the
dam can withstand severe earthquake induced stresses, or by proving its
arbitrarily assumed failure would not cause a loss of safety-related
functions. The PSAR indicated the assumption was made to postulate the
arbitrary fallure of the dam, but a detailed analysis of +he effects on -
safety~related structures and equipment was not presented. - Substantiate |
tnat sufficient protection will be provided to aneﬁv-related structures -
and equipnent to prevent a loss of function due to the: sbatlc and dynamlc
effects of the pthulated failure.

ANSWER

As a'result‘of the reguirement that'the Sequoyah Nuclear Plant Final

_ Safety Analysis Report must conform to the AEC proposed "Standard Format
‘and Content of Safety Analysis Reports for nuclear Power Plants K issued
Februaxry 1972, with elaboration and clarification bJ the AEC staffy TVA
has completed a detailed flood and seismic analysis for all dams upstream
from Sequoyéh Nuclear Plant to determine the pdtential for flooding as

a result of seismic failures, .This Same program also-determines.the;

potential for flcoding at the Watts Bar Nuclear Plant.

TVA has considered what is thought to be the worst conditions of flooding
for which the nuclear planu can be subjected to, both as a result of

postulated failure of 51ngle dams or comb1na+1ons of dams.'f

It should be cleérly undeistood that these studies have been made solély
to ensure the safety of the Watts Bar Nuclear Plent against failure by‘_
floods caused from excessive rainfall or by the assumed failure of dams -
due to seismic forces. TVA is of the strong oplnlon that the. chances of .
“the assumed events occﬁrring"approach zero probability. But to'assurevthatj
safe shutdowm of the Wattis Bar Nuclear Plant is not impaired by flood w?ters
TVA has in theqe studies added conservatlve assurptlong to conservatlve
assurptions to be able to show that the plant can pe safely'conurolled »
even in the event that all these uniikely events:occur injus£~the proper:

sequence, -

Q2,11.3~1
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By furnishingAthis information TVA does not iﬁfer or concedé that its a
are 1na&ﬁquate to ultnatand gtreat floods ‘and/or- eartaouakes that maj ‘be
reasonably. expected to occur in the TVA region under con31deratlon. TVA
has a program of inspection and maintenance carried out on_a regular’ .
schedule, to keep its dams safe. Instrumentation of ‘the dams tonhelp keep
cnech on their behaflor Was installed in many of the dams durlnv original
constructlon. Other 1nstrunentatlon has been added s1nce and is still
being added as . the need may’annear or as new ﬁechn1ques bocome avalwaole.~
In short, TVA has confidence that its dams are safe agalnstﬁcatastropnlc -
desiruction-by any natural erces thaﬁ could te expécted ﬁo occur. 

The analysis consisted of the following:

1. Determination of the flood level at the nuclear plant site feSulting' 
from one-half the maximum ?oésible'flood as defined in Appendix 2,74
of the PSAR, with the a53001ated flood levels at upstream‘reserv01rs
coincident with an increase in the flood level at the nuclear plant -':> 

' site rasultina‘fron the postulated seismic failure of an upstream damii,
or dams (simult aneously) caused by an Operating Ba51s Earthquake as |
"defined in Section 2, 9 2 of the PSAR, ' ‘

2, Deﬁerminatioﬁ of the flood level at the nucleér plant sife reéﬁlting; -'
from a 25-year flood, with tﬁe'associated'flood'levels at upstream
reser&oirs, coincident with an iné*ease'in the flood level at the nuéléarv;
plant site resulting from the postulated seismic failure of an upstream
dam or dams (simultaneously) caused by a Design BaolS Eartnqnake as
defined in Section 2,9.2 of the PSAR.

It is to be noted that the Operating Basis Earthquake identified in Condition I
. : P g A , .

is definéd in thé PSAR as having a peak'horizontal accéleration value of

In Section 2,9.2 of'the.PSAR, TVA has 1dent1f;ed that. the maxlmum_lnten31ty

which has been felt at the site in the redorded,history,of ﬁhe area is.

Q201-103"’2
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probably MM V.and. certainly no.more than MM VI. 'Horlzonta_ vround
accelera tlon valaes are 0,015z and 0.03g rn°pectlvaly for these earth-
quakes, It is to be noted that this is ground surface acceleration
and is greater than the aécompanying acceleratibn'of the rock surface
on which the dams are founded. - This comparison 31rply relteraies tne
ohtremc conservatvod conualnea in tne analysis.

.

ne analyses for these two conditions is.

=l

A summery of the results of

given in Table Q2,11,3-1, Watts Bar Nuclear Plant and upstream dams are
located as shown on Figure Q2,11.3-1,

The sunmary shows that the effect on downstream dars from flood waves
resulting from pos ulauea seismic failure of upstream dams. has been

investig ated and it has been de+erm1ned that no doxnstream dan wlth.

s}

eservoirs of significant volume would fail, However, because of a

close margln of safety egeinst overtopping in one postulated selsnic -
failure situation, Fort Loudoun embankment was falled arbltrarwlj to
determine the consequences. This, in turn, led %o a close margin of

safety against failure ¢rom.overtovnln" lor the Watts Bar emb anﬁmeﬁu, and

it also was failed arbi itrarily to determine the conse uences.
q

The effect of postulated bridge fallure of the spillway gates at Eatts

Bar and Port Loudoun Daﬁ is 1ncluded in the analyges.
A general discussion of the analyses follows,

Concrete Structures

.The standard - met hod of bOﬁputlng SE&Dllluy‘lo used. The maXimum vase
compressive stress, average base shear stress, the factor of safety agalrst
overturning, and the shear su*ength required for & snear-Lrlctlon factor
of safety of 1 are determined, " To Tind the shear strength requlred to
provide a safety Lacto_ of 1, a coefficient of friction of 0, 05 is asulgned

at the clevaulon of the “ase under con31derat10n.

@2.11.3-3
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The analyses for earthqpake are oased on the otatlc analysws mEuhOd -as

. glven-in Enulneerlng for Daép bf Hlnds, Creuger' apd Justln w1th 1ncreased

hydrodynamic pfessureé determined by the method developed by Jorge I.
Bustamante and Armando-Flores as contained in their paper entitled ° Water

Pressure on Dams. Subgecb to na:thquakes,' Tournal of the Englneerlng

Meﬂhan*cs D1v131on,-ASC“ Proceedlnos October 1960. These analyses

‘ 1nclude -epplying masonry inertia forces and 1ncrea§ed wate” pressure to S L

the structure result ing from the acceleration of the stru;ture horlzontally
in the upstream direction and simultaneously 1n ‘an upward direction., The
masonry inertia forces are determlned by ‘a dynamic analysis of the SQructure
.Uhlch takes into account umpllflcatwon of the’ acceleratlons above the .
foundation rock, ' '

No reduction of hyd;ostatic or hydrodynamic forCes due t6 the decrease of
the unit weight of water from the dounward acceleration o; tne reservoir

bottom is 1ncluded in this analysis.

Waves created at the free surface of the reservoir by an earthquake are
. : q

considered of no importance. In the paper "Hydrodynamic Pressures on Dams

"t

During Earthquake,” by Anil K, Chopra, Journal of the Engineering lMechanics

Division, ASCE Proceedings, December 1967, it is stated that Bustamante

and others concluded that surface waves may be neglected vithout introducing
- significant error. 0. C. Zienkiewicz in Water Power, September 106h stated'
that surface waves are normallj only possible if catastronhlcallJ Tarﬁe ;
displacements of the earth's surface occur, and cannot be generated,;n_any
magnitude by tremors‘alone; It is our judzﬁént that before waves of any .
significant height have time to develop the earthquake will be over. ~The
~duration of eart:~uane u;ed in this Canalysis is i tue rap”e of 20 to 3Q'

seconds.,

The eiIect of vertlcally travellng vaves wﬂll tend to be dampe ned oy tha :

silt accumulation on the reservoir botuon.

Q2.11.3-k



Effects of silt on structures is not considered. There iz only a Small‘ E
amount o; 51lt now present and the. accuuuleclon 7.'eJ:e is very slow. v
Reservoir sedimentation has been measured by TVA for many years, and it -

has been determlned that the annual rate of accumulatlon of 81ilt. in the
reservoirs under consldnratlon is very low, varylng from a low of 0,026 <ff’”
perceﬁt to a maximum of 0,142 percent ("Sedlmentatlon in TVA Resérvoirs,

TVA Report Io. 0—0693; Division of Water Control Elannlng,,February‘l968);
Embanlanent :

The standard slip circle analysis is used. ‘The effect'of the earthquake
is taken into account by applying the appropriate statlc inertia force to

the dam mass wwthln the assumed Sllp circle,

In the analysis, the e;bankrent‘desi”n constants used, including the Shear
‘strength of the materisls in the dam and the foundaulon, are the same as

tnooe used in the orlclnal °tab111ty analysis.,

Although detailed dynamic éoil properties are not available, a value for

_selsmic viplification through the soil has been assumed based on previous’
studies pertaining to TVA's nuclear plants. These studies have indicated
maxjmnm'amplification‘values Slightly in'excess of two for a‘rather wide ‘
Irange of shear wave velocity fo soil height ratios.r-For these analjses, P
a straight line variation is used with an acceleration at the top of the

embankment being two times the top of rock acceleration.

Hydrologic Routing -

'Flow as a result of flood and postulated dam failure is routed by steady
flow methods in the bulk of the analy51s, with upsteady mecnods belng used
only downecrean from rapid earth embankment failures, ' Further use of :
unsteady flow methods is not conoldered necessary because tne margln between L
_ plant grade and flood levels (7 feet or more as shown in Table Q2.11,3-1) A
is more than adequaue to account for possible differences in results from

the two methods,

02,11.3-5
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Where: Watts Ba; Dag erbanxment is overtoppedv unsteady flow methods are

used Ior routing ouon the Natts Bar reserv01r

~ The cuSuona:y nethods of flood routlng, steady or unsteady, (1de tlfled
below as single unlt *outlﬁo) make no allozance for the pOSSlbllluy tnat
flow in the deeper, smootner channel: oectlons of a stream valleJ may

outrun the flow in the more shallow, less "mooth sections of the overflow -

plain,

In a method of approximate test flows are divided between channel and

',overbank and a conparable division 6f‘valley storage is also made, . The”'
_cnannel flow is then routed through its part ‘of the total valley. storage,, T”
and the overbank flow is routed through its part The resultlng two

outfloWs are then added together for comp arison to the single unlt‘routing.  "

Available backwater curves mahe it p0551ble to separate total flcw into _ 
chamnel and overbank flow 1n a satlsfactory vay. ‘A curve plot of these |

respective flows allows a sensible auprox1matlon of tne flow division to
be nade for each routlng 1nuerval The flow genaratlon is based on

cross section geometry. The Valley snorage separaulon is also accorpllshed‘

in a oaulufacto*y way by typlcal cross section geometry.

There is a Qecond cholce of flow separatwoﬁ at the upstream end of routlpg;'?""

the point 1rmed1ately below the dam for which Failure is postulated,
identified below as failure geopetry. It con81sts of a best e8u1mate ox'
where water under the posbulated mode of fallure w1ll be dwrected as a
_resudt of failure, ?otu sepa*atxons are computed througn thalr separaue

va;leyhstprage-
The varlatlon in routlng technlques was tested on two reaches totaling. 29.;;'

miles of the Holston River below Cheﬂo tee Dam, Following 1s,a,suﬁ&a:y of

results of the tnree routing technlques:

Q2.11.3-6 ¢



Crest Flow (Cubic Feet Per Second)
. : _ Separated Routing »
Mile Single Unit Routing Failure CGeometry _ Cross Section Geometry

52,3 1,951,000 - 1,951,000 1,951,000
4o 1,200,000 - | 1,010,000 - . 1,090,000 . .

30 980,000 . 630,000¢ . . 750,000%

*¥Highest of a broad,_doublé'crest.

As can be seen by the above tabulation both separation téchniqueé produced o
lower routed results than the single unit technique.¢ The cause is Clearly}
explainable, Acceleration influences of the deeper, smoother part of the -
crbss'section‘and drag influence of the more shallow, rougher part of the :
cross section cause a time separation of the two crests with avrgsulting lower

total crest than with rcouting accomplished in a single unit.. .
Despite the lower crests resulting from flow-storage routing separation,

TVA believes that the single unit technique is the more correct solutibn

and has used this technique throughout'the snalysis,

Q2.11.3-7
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Details of Analysis for Conditien l‘(l/Z;Maximum”?ossibleeFlQod + QEE)A

Watts Bar Dam

Stablllty analyses for the powerhouse and spillway sections. result 1n ‘the
concluolon that - thege structures are Judged not. to fail, ‘The analyses Cn
. show lcw streuses with 2ll the splllvay base in compre331on and ‘ghout
75 pe reent of the powefnouse‘base in compre351on. Results are glven 1n.
Figure Q2,11.3-2. Dynamlc analy31s of the concrete structures resulted

in the determination that the base acceleration is not ampllfled at levels
-above the base,

~ Slip cirecle analysie of the earth embankment eectionbresults in a factor
of safety of 1. 52,and the embankment is Judged not to- fall - Results are‘vuv
given in Figure Q2.11,3- 3. ' T

' For the condition of neak diSCharge at'the dam fof ene-half maximnm nossible:
flood, the spillway gates are in the wide onen position (see Figure G2. ll 3~ h)
with the bottom of the gates above the water., The forces in the gate
‘mewmbers resulting from an BE, including amplification of acceleration .-

- appropriate for the period of the gate, are a small nercentage'of‘the-

forces for which the eates are designed, 1i. €., forces resulting from the

gates belng in the closed DOSltlon w1th water to the top of the gates._

_ Analysis”of the bridge structure for forces resulting from_anVOBE, including
amplification of acceleration'appropriate for the peiiod of the stfucture, _
results in the,'detezm'nation ‘that the bridge will not fail in the upstream.
or downstrean direction.. In the direction of the brwdbe onan, across the’ '
reservoir on top of the dam, .the bridge will fail as a result of_shearlng .

’the~anchorAbolte COnnectingxthe bridge girdens'to the towers at eech end‘ef o
the spillway. The downstream bridge girders will strike the spillway gates
with thevupstream girders striking‘the concrete Spillway piers an instant

later, The impact of the girders striking the gates will fail the bolts

Q2.11,3-8
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wn1ch lnChOL the gate trunnlons to the pier anc norages allowl the 5ates‘

to fall on the splllvay crest and be Wa@hed 1nto “the channel below tne~aam, ::-*

e flow over the spi llwad crest will be bne oame as that prlor to bridge o
and gate fallure, i.e,, peak dischar rge for one-half maximun p0331ole flood

with gates in the w1de open position,

The above condltlon results in a water level at the nuclear plant 31te of
: elevatlon 71¢ 7, well below the 728 plant grade.,

TVA considers the nost severe condition imaginable‘is'one in wﬁiéh the OBE .-
occurs at the onset of the main portion of the one-half maximum possible :

flood flow into Watts Bar Reservoir. For. pracblcal purposes, spillway

. gates would be in the closed 3031t10ﬁ at the time of the OBE with coqsequent

‘bridge failure as described above. The gate hoisting machinery would be _
-'inonérable as a result of being struck by the bridge with the result - that
the peak dlacnarge would occur with ‘the gates closed and the bridge deck A
and girders lying on too of the snlllwaJ‘plers. Analysis of the concrete -
portions of the dam for the headwater for this condition show uhat tney
will not fall

For the condition described éboVe with the most probable embankment'breaching -
from overflow, the outflow. of Watts Bar Dam would increase rapidly from about
200,000 cfs prior to tne breach’ to about 660,000 cfs when breach_ng is

complete. Breach time would be about five hours.

' The 660,000‘cfs breach flow is the crest. By unsteady flow routing the
tailwater level at Watts Bar Dam would rise to elevation 717.5. The flood
level would, of course, be sonewhat lower at the plaﬂt site and safely_:

below plant grade, elevation 728,

For flow conditions between the 25-year flood and one-half naximum possible"

- flood, when the bottom of the gates are in the water, failure of the bridge

during an OBE, with consequent striking of the gates by the downstream S
bridgé girders will result in failure of the gate 1lifting chains, The gatés

will rotate to the closed position. This condition is less severe than

g2.11.3-9
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'tbat descrlbed above for. gates remﬂlnlng closed: durlpg‘one~half max1ma4

poaqlble flood, consequenﬁly the resulting flood levels were not determlned )

Fort Loudoun Dam

Stability-analyses for the powerhouse and spillway sebﬁions'resﬁlt in the" -~
conclusion that these strucﬁures are judged not,toffail. 'ThefanalySes~i i
show low base stresses, with near two-thirds of the base in compression.

Results are given in Figure Q2,11.3-5.

Slip’circle analysis of the-earth. embaniment fesulté in a factor of safety-' ’
of 1.26, and the embankment 1is Judged not to fall Results are given in‘?:‘
Figure Q2 1. 3-6 o S

The spillway gates and bridge are of the same design as those at Wabtts Bar
Dam,. Conditions of.failure during an OBE are the $ame. 'However,_coincident

failure at Fort Loudoun and Watts Bar does not occur.

For ‘the critical case of Fort Loudoun bridge failure at the onset of the ‘2

main portion of one- nalf maximum ‘possible flood flow wnuo Fort Loudoun

Reservoir, it was found that the inflows are much less than the condition -

- resulting from simultaneous fallure of Cherokee and Douglas as described
on pabes Q2. 11,3-16 end -17. . '

‘No further analysis is made, for it is concluded that in the event of bridge
failure at Fort Loudoun, tnere is adequate time (more than 36 hours) to XE

place- Watts Bar Nuclear Plant in a shutdown mode to accept flooding.

Téllico Dam

No part of the dem is judged to fail, Results of the Su&blllty apalees for
a typlcal ‘nonoverflow block and a typical spillway block are shown i in. '

1 Figure Q2,11,3~-7. The result of the stability analysis of the earth embankment
-is shown in Figure Q2.11, 3 -8 and indicates a factor of safety of 1. 28 '

@2.11,3-10
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" Norris Danm

Results of the stablllty analyses for a typlcal splllway block and a typlcal
nonoverflow sectlon of maximum height are shown on Flgure Q2.11.3-9. Slpce _
only a small percenuage of the spillway base is in compression, thls '
'Suructure 1S»Judged to fail., The high nonoverflow sectlon w1th a- small
percenuage of the base in compre331on and Wlth high comnre551ve and

'shearlr stresses 1s Jud~ed tn fa 1l

Figure Q2.11.3-10 shows the condition of the dam after failure, Based on
steblllty analyses the nonoverflow blocks remalnlng in place are judged to
w1thstand‘the OBE. . Blocks 33 tnrough hh are Judaed to fall by overturning.

Tae locatlon of the—~debris is not based on any calculated procedure of Iallure,'
because it is believed that this is not 90051ble.- qowever it is TVA's

judgment that the fzilure mode shown is one logicel assuxpt1on, and

although there may he many other equally logical assumptions, tne amount

of channel obstruction would prooaDlJ be about tne same, - The sens 1t1v1*y

to lodgment of debris wes not calculated for Norris because sueh.an analysis

~for Fontana as discussed on pages Q2,11.3-1h and -15 was considered representative,

The hydrologic routing for this failure'ignores-the likely'failure'of

Helton Hill Danm beceuse of the small canacity dflits reservoir. ‘The

vheadwaﬁef at Watts Bar Dam does not exceed the top of” tne concrete or

earth portion, and hence no additional failure from the Norris flood vafe
occurs, The resxl ing water level atvthe nuclear plantlsite is elevation 719; o
“well below 728 plant grade. | | ‘

Cherokee Dan

Results of the stability enslysis for a typicsl spillway block are shown.
in Figure Q2.11,3-11., Based on this analysis, theISpillway is judged stable

.at the foundation base elevation 900. Analyses rade for other ele'auwops



above elevatidn 900 but not sh nown. in. FAgure Q2 11,3- ll, 1nd1cate tne '

Te ultant of Forces falls’ outswde Lhe base at elevation lOlO The splllway

e

s assumed to fail at thai elmvatlon."

~ The nonoverflow dam is erbedded in ?i_l’ﬁo elevafion 981.5 and is considered .
 stable below that elevation, However, stabll ity analjs1s 1nd1cates Iallure -

Wlll -oecur above the flll llne.»

The powerhouse intake is very massive and backed up by the powerhouse.

Thefefore, it is judged zble to.withstahd the OBE without failure.

Reéﬁlts‘of‘the analysis for the highest‘pbition>of the south embankment

is shown on‘Figure Q2.11.3-12, The ana.Jsis was made'usipg'thefsame shear
strnngths of material as were used ‘in the original analysis and shows a |
«actor of safety of O, 8;.‘ Therefore, the soutn embanﬁmenu is ausumed to .
fail during the OBE Since the north embankment and saddle dams 1, .2, a.d
3 are generally about one-half® or less as hlgn as the south embanﬁment,

they are judged to be staole for the OBE

Figure Q2 11.3 13 shows the assumed condition of the dam after failure, - o
A1l debris from the failure of the concrete portion is assumed to be -
located in the channel below .the failure elevations AMD u)ﬁf Po
coparbast o St in ot kuunetemTO (L), 7
iﬁo hydrologlc results are given for the glngle.Lallure of Chero&ee Dam
since simuwltaneous failure of Cherckee and Douolas is discussed on
pages Q2.11. 3-16 and -17.

Douglas Dam

Results of.the stability'analysié fér a typical ébillWay'Block aré shoﬁn‘
in Figuwre Q2.11.3-1k4, . The upper part o? the DouglaSHSPillway'is abproximateiyf
12 fcet higher than Chero&ee, but the anpllflcatlon of the rock Surface
acceluimtlon is the saxe. Therefore, based on the Cherokee analy31s, it i
is assumed that the Douglas spillway will fail at elevatloﬂ 937 which

corres ponds to the assumed failure elevation of the Cherohee splllway. :
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' The Douglas nonoverflov'da* 1s 31ﬂ1_ar to thau at Cﬁero cee and . is embedded“
Sviof elemaulen 927 5.

dcnevar, based on the Cherokee analy51s, it is assumed to fawl above the 1"
£i1l line., The abaument nonova“Tlow ‘blocks 1 throubh 5 and 29 throuon 35,
belng short bloc s, are con51dered able to resmat the OBE without fallure.

- Tne. powerhouse ,nuane 1s very m3331ve and backed P downstream. by the
powernouse."ThereLore, 1t ise cons1deved able to wi tﬁstand ‘the OBm w1thout5”
failure., =~

Resultg of the analy51s of the saddle dam shown on Flgure 2,11, 3-15
indicate a factor of safety of 1. Therefore, the saddle dam is con81dered
to be stable for the OBE,

" Figure Q2 11, 3-16 hows the nortlons of the dam 1udged to fail and tne
~ portlons judged to remain, All debris from the failed portlons is assumed
" to be’ den031ted in the channel below the fallure elevatwonsf‘qqugchrl
caw&*'</nvmkéhm&£‘fw
Ho hydrologic results are glven'for.the single failure of Douglas Dem 51ncé
it is detériined that the potentiel exists for simultaneous Lallure of.

‘Cherokee and Douglas as dlscusged on pabes Qa.ll 3-16 and -17
Fontana Dam

No stablllty analy51a was mwde for thlu daM to 1nclude the efzectg of the
' vOBE. Fontana is a hlgh dari constructed with three longltudlnal contraction . -
jbinto 1n fhe higher blocks. Although the Jjoints are keyed and grouted, '
it 1svpossible that the grouting was nct fully effective. Consequently,
there is some question aé to how this structure will respond to the-motlon'
of a severe earthquake, Therefore, it is assured ‘that Fontana Dam.w1ll

“not- TEolot ‘the OBE without fal_ure.~~-*

Q2,11.3-13 " °

s conswdered ‘stable: helow that elevaulon,nA“ R



Figure Q2,11 .3~l7 s 10WS uﬂe part ‘of tne dam Judged to re¢aln in 1ts orlglnal
'posifién_af ervfallure end tnp aosuﬁed locstion of the debris of the falled

porticn, The location of the debris after failure is’ one logical aasumpL;on
“based on an assumed failure of the dam at the TOngitudinal‘cdntraction joints.
There may e othe; loglcal assumptlons, but tne anount of channel obstruCulod

would - probably oe about bﬂe same.' 

The.highér blocks 9 through o7 éontaining either two or three longitudinal
joints are assumed to fail, Right abutment blocks 1 through 8 and left
“abutment blocks 28 and oeyond were Jjudged to be stable for the IOllOWlng

reason
a. Their heights are less than bne-half the masxirmm height of the dam.

b, Hone of these blocks have more tnan one longltudlnal conur@ct_on join

~ and some have. no loﬂgluudlnal joints,

c. The back slope of Foantana Dam is 1 on 0.76 which the original stability
_ analysis'shows is flatter than that requiréd~for stability for.ﬁhe

normal static loadings. S e

The hydrologic routing for thls failure 1ncludes the assurptlon tnat the ';3
Alcoa dams below Fontane fail completely, Volumes of thelv reservoirs are’ 

too small to influence results., The headwaters at Fort Loudoun, Telllco,-

and Watts Bar do not exceed the tops 01 the earth embankments and the cogcrete.'

'portlons are steble for this headwater condition, ‘Hence no addltlonalLallure »_"

from the Fontana flood wave occurs., The resulting water level at the nuclear o
lant site is elevation 718, well below 728, pTanf'ﬂrade."Op tﬁe»chancé that

Tellico Dam is never completed; the Fontana failure was repeated for that

situation, The water lerel at the nuclear plant then would reach elevatlon 720 .

To determine the sensitivity of the water level st the nuclear plant site
to the degree and mode of the Fontana failure, a routing was mede in which_ ;
the top three blocks showm in Sectioﬁ A=A 'Figure QZ 11. 3;17,'are>removéd o
- Triis amounts to lowerlnb he ob struction 83 fecb below the level Iormerly

Dostulafed over g distance of 500 feet

Q2.11.3-1h
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As g result, the initial flood wave would increase from a postulated peak

flow of 5,000,000 cfs to 7,500,000 cfs, -When routed the 61 miles to the . ~

nouth of the Little Tennessee River, however, the increase esmounts to only
about 50,000 cfs, Although continued routing through the Tellico-Fort Loudoun
Reservoirs COmpléx and through Watts Bar Reservoir would further decreasé.:
the difference, the entire 50,000 cfs can be applied directly to the: o
forner Watts Bar outflow hydrograph with the:resulting increase dfjonlj __ 

2 feet in elevation._ There remains an 8 foot margin-below plant g?ade;7
TVA concludes that this test has been spplied in a conservative manner and

that the results show a relatively low degree of sensitivity and that a

cornfortable margin of safelty remains.

@2.11.3-15
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Sinultaneous Dem Tailures. (Cne~Half Maximum Possible Flood + OBE)

sy

~ Bas ed on atuenuaclon studies of the OBE, only 51multaneous fal_ures of

Cherokee and Douglas Dams need be. considered 51nce'uhe danms are only

15 niles apert. For an OBE lbcated midway between these two dams, it

is asouaed thab both. dams could sall 31multaneouoly and the portlons

remainlng dudged to be as glven in Flgure 92 ll 3- 12 and -16 for 51ngle

@am fBriluresy

+

Te hydrologic routing for this postulated similtaneous failure results

in peak headwater at Fort Loudoun Dam of elevation 829. 5, dne-half,foot
below the top of the eartn embaniment, and resulting 1n headwauer -
elevation of 748.8 at Watts Bar Dam Uluh a water sur?ace of elevation 720
at the nuclear nlant site, 8 feet below plant grade. The routing shows.

that tae embaniment ab ro*t Louaoun is not overt oppod, having 6 1ncnes,'

- of x*eeooa*d The eﬂoanmrent at Watts Bar is n0u overtopped nav1ng

8.2 feeu of freeboard.

‘Because of the narrovw mergin of freeboard at Fort Loudoun, conservatisn

is proqldea by postulating the arbitrary failure of the earth embankﬂeﬁt
at approximately the peek headwater time., This reoul*" in a headwater _
elevation of 79,8 at Watts Bar Dam,-one‘foot higher then the elevation
or the routing with Fort Loudoun embankment intact. " This lével is V
.uwfeet,beloW the;earth.émoan_meﬁt at Watts Bar. However,-ﬁhis;level

is only tenths of a foot below the headwater elevation at which flow

. over the spillway changes from free flow to orifice flow as a result of the

lower po;tlon of the spillway. gauea being unmerged (see Flgure 17,
fippendix 2,7A to the PSAR This cna.ge in flpw_condltlons will sharply

increase .the headwater elevatlon.

Al*hough tho ‘routing, doeu Pot 1nd1cate thls p01nt is reached add1ulcnal_:
'conservatlsm is introduced, because of th@ narrov margﬁn, by postulatlng'

that the flow condulonu do change to orifice flow. The Watts Bar




0‘7-) ,,aee,dvater will increase to elevatlon (5u 5, 1.5 feex, above the top of tne '
- eartnh embankment. A fail lure analysis was. nade For ni ;vcondluvon, with the
result that, for this muall amount of overtopping, the'embankment would not’

fail even if the flow continued for more than four days.

Regardless of this finding, a third element of conservatism is introduced
- by arm.+ra.r11y fa:l_ ing’ _,’rfn_e Watts Bar ~eart31 embamunent Th:.s results- 1:1 a-
‘ water le\,el of- ele",fauiq;z: 732 2t the nuclear plant si ite, 4 Teet a.bove grade, -

- -,

As a result of the above described analysis, TVA concludes that it is . -

wtremely unlikely for water to exceed plant grade at Watts Bar Nuclear Plant
in one-half the maxirmum possible flood coupled with simultaneous seismic
(0BE) fallu_re of Cherokee and Douglas Dams. For grade to be exceeded allb
of three narrow factors of vsafety would have to te v:.olated . There is?
novever, more than 35 h'o;a.z's_' from the time of selsmlc failure to the time
at which the analysis determines plant gradeb could be exceeded. .It has
prurlougly been determined that the plant’ can be p1 aced in a Q.rmt:clo*m mode

O ' to acr'ept flooding within 36 hours after failure,

The hydrograph for T atus Bar Dam is i ren in Fl'*u_Le Q2.3. ll-J.8 jor this

flood condition.

Qr2 oll¢3-l_'7
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Details of Analysis for:Condition 2 (25-Year Flood + DBE) ..

- Watts Bar Dam

Based on stability analysis for the powerhouse and;spillway sec@ions.and.
slip;cifcle'analysis of .earth embankment;:it is jﬁdged that poStulated '
failure does not occur. Figure Q2.11.3- 19 prov1des results for max1mum
probablefhe dWater elevation T45 and mlnlmum.tallwater elevatlon 675 with:
water forces as deuermlned by Westergaa:d.‘ Flgure Q2. ll 3 20 prov1des
results fof the earth embankment. A reanalysis of the spillway section
using headwater elevation 745 and tailwater elevation 696 for a 25-year.:‘
flood and'hydrodynamic forces in'accordance with Bustamante and Fleres .
results in the determination that about 13 feet .of the splllway base 1s
‘1n compres31on w1th the stress on the rock at the toe being low, and the
factor of safety agalnst overturning is 1.03. However, even if the dam is"
.arbitrarily removed instantaneously, then the level at the‘nuclear_plantg

site is 723, 5 feet below plant grade.

Fort Loudoun Dam

Results of the stablllty analysis are shown on Flgure Q2 11. 3 21. Since -
the resultant of forces falls outside the base, a portion of the spillway o
is judged to fail. Based‘on previous modes of failure for Cherokee and | ,I\e

Douglas, the spillway is judged to fail above elevation 750. - v

The results.of the slip circle'anaiYSis‘for the ‘highest portion Qf'the
_embankment is shown on Figure Q2.11.3-22. Since the factor of safety is™ '

v léss than one, the embankment is assumed to fail.

 TNo anelyeis was made for the powerhouse under DBE;;”However,‘an analysie
'was made for the OBE with no water in the unifs, a condition believed to»Be,f
1extremely remote to occur during the ‘OBE. Since the stresses. were 1ow and
a large percentage of the base was in. comnres31on, 1t is con31dered that
the addition of water in the units would be a stablllzlng factor, and the

powezhouse is Judged not to fail.

Q2.11.3-18
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Figure Q2. ll 3 23 shovs the condntlon_of the dam.after assumed fallure._;.,'
'All debxls from the fallure of the concrete portlons is assumed to be

“located in the channel below the fallure elevations.

No hydrologic routing for'thevsingle failure of Fort Loudoun is”made’since o
‘simultaneous failure with Tellico'and_Fontane,Tas‘well as with.Tellico,

Norris,,andlDouglas is discussed on pages Q2.11.3-20 and -2L. .

‘Tellico ﬁam , ‘ _

No snalysis was made for Tellico for the DBE. Due to the 31m11ar1ty to- 
Fort Loudoun, the spillway and entire embankment are Judged to fail in a
manner similar to Fort Loudoun. Figure Q2 11.3-24 shows. the condition of
the dam after fallure with all debrls assumed located in the channel belowd

the falluxe elevatlon

No routlng for the single fallure of Tellico is made for the reasons glven

above for Fort Loudoun.

Single Fallure of Other Upstream Dams ’

It is 0bv1ous that the occurrence of a DBE will produce the same postulated
failure as identified for the occurrence of an OBE. It is obvious that for
a 51ngle dam failure, as well as the postulated s1multaneous failures of _
Cherokee and Douglas, that the flood levels ‘at the nuclear‘plant‘s1te»w1ll'
be less than that determined for the OBE + one-half maximum possible'flood;

Q2.11.3-19
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VSlmlltaneous Dam Fa17ures (25 Year Flood + DBF)

TVA Believes that multlple dam fallures are an extremely unllkely event

TVA's search of the literature reveals no record of failure of concrete dams -

from earthquake The postulation of‘a DBE of 0.18 g ecceleration is'a very L

fconservatlve upper limit in itself. (as stated in Sectlon 2. 9 2 TVA has-

. determlned thls as 0.1k g) “In addltlon, “the DBE must- be located ina’

very- prec1se reglon to have - the potentlal for: multlple dam- fallures.’_In't-
order to fail three dams, Norrls, Cherokee, and Douglas, the eplcenter of’

a DBE must be confined to a relatlvely small area, the shape of a football,
about 10 miles wide and 20 miles long. -In ordei to fail four dams, Norris,-'

”bouglas Fort'Loudoun, and Tellico; the epicenter of a DBE must be confined -

.to a trlangular area with sides of approximately one mile in length.

. postulated to fail as well as the comblnatlon of Fort Loudoun, Telllco, and.;a:*:

’

However, as ‘an extreme upper llmlt the above two comblnatlons of dams are

 Fontapa

BV

{Port Loudoun, Tellico, and Fontana Deme:

A DBE centered between the Fort Loudoun-Tellico complex and Fontana could.
be postulated to fail these three dams. Using the failure modes_givenuiﬁ

Figure Q2.11.3-17, -23, and'—2h, hydrologic rouﬁing results in a level at

~the nuclear plant site of less than elevation 718, 10 feet below plant

grade In tnls routing the Alcoa dams downstream from Fontana are assumed N
to not ex1st since thelr storage is 1ns1gn1f1cant with respect to the total 5

routed The concrete and earth dam at Watts Bar is not overtopped and no-

failure from flood wave occurs.

Tellico is pfesently under'conétruction_and, if for some feason,_the dam'
is not completed prior to the postulated event,,the‘simultaneous failure of;'
Fort Loudoun and Fontana would result in_a levelvat-the nﬁciear‘piant site

less. than that given above.

Norris, Cherokee, and Douglas Dams

Figure Q2. ll 3-25 shows the location of a DBE and 1ts attenuatlon, whlch

produces 0.15 g at Norris, 0.09 g at Cherokee and Douglas, 0.08 g at Fort -

- Q2.11.3-20
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Loudoun and Telllco, 0. 05 g at’ Fontana, and O 03 g at Watts Bar-i Fort T
'Loudoun, Tellioc, and Watts Bar have prev1ously been Jjudged to not fall for'>
the OBE (0.09 g). As stated before it is believed that multiple dam falluret

‘is extremely remote, and it seems reasonable to exclude Fontana on the ba31s
~of benng the most distant .in the cluster of dams under cons1derat10n. -
Norrlu, Cherokee and Douglas are postulated to fail 51multaneously, and. ':_
'the portlons Judced to remain are as glven in. Flgures Q2 ll 3 10, —l3,,and -

-16 forvslngle dam failure.

Hydrologlc routlnv for this postulated failure combination results in the
determination that the headwaters at Fort Loudoun and Watts Bar do not
exceed the top of the concrete and-earth portions of the dams._ Therefore,”
" no additional failure from the flood wave occurs. The resultiug water leVel:f
at the nuclear plant site is less than elevation-?Ql,_?tfeet‘below plant.

',grade.

Norris, Douglas Fort Loudoun, and Tellico Dams .

Figure Ql 11.3-26 shovs the location of a DBE, and its attenuatlon, which =
produces. 0.12

o -

at Norris, 0.08 g at Douglas, 0.12 g at Fort Loudoun and
Tellico, 0.07 g at Cherokee, 0.06 g at Fontana, and 0.0kh g at_Watts.Bar.-‘>
- Cherokee is judged'not to fail at 0.07 g; Watts'Bar has previously been
'judged.not.to fail at 0.08 g; and for the same reasons as given above, it

. seems reasonable to exclude Fontana in thisgfailure cambination. lNorrls,_

" Douglas, Fort Loudouu, and Tellico are postulated to fail simultaneously‘}/
and the portions Judged to remain are as given in.Figures Q2 ll 3 10, -16,".

-23, and Zh for single dam fallure.

Q2.11,3-21



Kerirucxv <

r NNESSEE—
CUMBERLAND \

" LAND BETW

THi E;
DEMONSTRATION

\ Miir \ " CUMB
I ‘ _ \ ; srf’&:

PICKWICK LANDING
DAM é

A

(U

o LLATIN |
‘ﬁ’“’i i’ﬁow STEAM PLANT
/ D “

C.I PERCY PRIEST DAM \

JOHNSONVILLE |
STEAM PLANT

LAUDE

\ HEAk CREEK
ROJECT S\Florence
constr)

T couBeRT
\ 1) sTEAM PLANT

WILSON D.
UCLEAR PLANT (Under cons

ALLATO

_ JOHN HOLLIS BANKHEA

r,(owfr)—f\ o
e

CHILHO
\\ CALDERVYOOD DAM

AP ALACHIA DAM
=N

vor.

ke »K(IIQ- GSPOR T

oHN ssvmz/ JOHN§0N ey g’

M’\‘

SPARTANBURG

o

C\ Z& R

N\

60

MAPS AND SURVEYS BRANCH

G-MS-453 B630 R10

R2.1.% =]}




SRR T (Added by Amendmeut 1K) - S
1" : “ B S TAB!I'QQ 11.3-1 o -_‘ o ‘I' A
VATTS BAR NUCLEAR PLANT | ' .
summuurr OF FLOOD RESULTING FROM POoTULATED SEISMIC FATLURE OF UPSTREA! DAM:
Fort’v : . Watts Barf_f

. Loudoun  Watts Bar. Dam
Heaedwater Headwater Q, CFS - = Flow

| OBE Failures With One-Half Maximum Possible Flood

- Norris =~ IR o ; L S Y (- 650,000 - 650,000 719
Cherokee-Douglas - o T L B . R L
.. Fert Loudoun-Watts Bar embankments 1ntact 829.5 8.8 680,000 .+ 680,000 T 720
— Arbitrary Fort Loudoun-Waetts Bar embankment failure . - - 749..8 1,200,000 = %,150,000 ’ 732

o 'Fontana

With Tellico copstructed - - - o 823.8 T4T.6 630,000 .. 630,000 o m8
With Tellico not constructed P , . ‘ 8.5 . - 66k,000 = 664,000 - 720~
With certain debris removed? - ‘ S - : ' 680,000 - 680,000 - 720-

Watts Bar ’ ’ ‘ . S L ' o _ L 2
Gate opening prevented by brldge fallure . 8 62 - 660,000 .. LTSS
(M\?if e

DBE Failures With 254Year Flood

Fort Loudoun, Tellico, Fontana" ] -‘. . f;  oS "'7u7* ‘ 618,000 . 618,000 -?{;7i8—
'_Norrls, Cherokee, DougLas ”f _:, ,': R o 822 "_f'7h8.5.' ‘673,000 f,<A673,OOO" .1f_72l-

’:::,Norrls, Douglas, Fort Loudoun, Telllco : ‘i'_.' i -  fA? e 7#5-3_ | 570;000: 'ﬂ'SYO,QOO | o : 716~

.. Note 1. . Provides sensitivity of Water level at nuclear plant 81te
: to amount and p031t10n o: debris at failed Qam.v- :

" Note 2.° Elevation is given for Watts Bar Dam. I A PR AN

. Elevation at nuclear plant will be less. oo . Lo - ' RO \\\
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DI AL A

: where‘the bottom elevation is about 700 feet, the same elevation to

- Wthh the dam is finally eroded A’mathematical model channel

'Mpe N&\ - 2 7 @

| WAVE ANALYSIS FOLLOVING EMBANKMEVT FAILURE

" In the case of the.maximum possible flood, the possibility

-'*of a steepefronted wall of water caused by the final sudden failure
-~ of the Watﬁs Bar Dam earth embankment moving downstream and striking

the plant was investigated. Two aspects of the probiem vere examined:

..)A\

g The ‘ma"g“fiitiide““df‘ a'wave striking a ridge on the left

':tilﬁbank and belng reflected toward the plant on the rlght |
- '. :'.; bank. | DT | |
”?'L{2;  The @agnitude of a wave caueed by a rebié'rise Qf the

| '“ﬁatep surface'ih the middle of thexiive: adjacent to

. the plant. This wave would move from the middle of

" the river toward the plant31te.

At tho end of complete fallure of the earuh embenkmcnt the

:”'dlscharge would increase rapidly from 1,030, OOO cfs to 1, 310 OOO CIS,
"a‘sudden increase of 280,000 cfs. The portion of the earth embankment_

“”_1thaf fails is about 750 feet long and is located on the left overbenk |

._'750 feet w1de Fuglrelq produced a rapid rise of about 12.0 feet in

the tailwater with the 1ncremental discharge increase due to the

e

failure prescribed; This is shown onFigure é. Because the total




'5-3:fwidth of the séction is about 3,000 feet, the average tailwater rise

'over the entire section would be (750/3000) (12.0) = 3.0 feet. This’

e agrees well with the average 2.5-foot rise given in Appendix 2. YA.

Ignorlng any channel bottom elevatlon dlfferences which’ would

"-cause the wave to move faster or slower accordlnv to the local depth

’ 5Athe wave would -expand:at about hs laterally from each side of the

;750-foot-w1de breach. At the- plant-locatlon 2 miles downstream from

Juf:;*néebreach the wave would be expandea over the entire channel width |
\{.Fg:of.abcut 6,500'feet.: Thcs, the average rise in the river adjacent to
Legfhe p1an£ would be (750/6500)A(12.o) = 1,h~feet. This israbout fhé
:tjffeeme:rise shown on figure 30 ovanpeﬁdix 2.7A. It may, therefore, o
{’ff;be concluded that the analysis reporued in Appendlx 2. 7A 1n whlch the i

- “riaverage 2. 5 foot tallwater rise was used is valld.

As a further check on the analy81s, the follow1ns procedure

-~ was used with the detailed model (&x = 2125 feet).as shown on Fgure 3,

At the 1nstant before embankment fallure the flow from watts

. Bar Dam would be 1,030, OOO cfs. Following the fallure of the 750—root _

earth embankment the flow would increase to 1,310,000 cfs-~a AQ of }

-ri. 280,00Q cfs. From the 750-foot-wide model described above, it was _A

© . found that a AQ of 280,000 cf's caused a 12.0-foot rise in tailwater

over the breach width.
An ultraconservative result would be the stage rise>adjacent
t6 the plant caused by a hypothetical 12.0-foot rise in tailwater over

the entire 3,000-foot width. This procedure requires no assumption

B e TP R L T b Rk TS e s SNIITULE e T
-M.-g——-w—,- = [ Ty R LR L L LT L



" 760.9

- éﬁout the angle of lateral spreading of the failure wave because thé‘
.lé.O—foot rise is already artificially spread over the 3 ,'O0,0—foot

_-tailvater width. Because the bfeach width of 750 feet is one-fourth

of the total width of 3,000 feet, a AQ = h(280 ooo) = 1 120 OOO cfs

.was prescrlbed at the 3,000-.Loot-mde tailwater section of the model

. to produce a 12.0-foot rise. Conditions before and after the earth

. embankment failure for-this \;§;’gu;1y«,«;are‘,¢smnmari:‘zed:-and‘ -i1lustrated in

o f"-‘f»the following diagram.

i
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: The method outllned above accounts for the AQ caused by

'Tff;;jonly the 750—foot embankment fallure. .The stage rise at the downstreamf-.
‘*:;”boundary (plantsite) would be about 1.6 feet using this procedure, as
h'fﬁlbshoﬁn on Figure ki, This.figure is consefvative since-a lZ.O—foof‘rise
';',was used over the entire tailwater width, whereas in reality the:;_

;ff}s12 O-foot rise occurs only over the 750-foot embankment width.

" The second aspect of the problem 1nvolves the p0351b111ty of

--the rapid rise in water level in the river adjacent to the plant
“;i'produc1ng a transverse wave that would be dlrected toward the plant.
”;{_Th1s wave would be roughly c0mparable to the transverse flow which can

f77;:Occurvas a flood wave expands from the main channel into an overbank

b In the Watts Bar case, at the tlma of embankment fallure _"

T;illthe overoank water depth is already 20 to 25 feet (the average f1°°d‘
'ftpaa;n bottom is at elevation 700 feet?). Therefore, nothing comparable'
" to the transvefse flow described above can occur. However, this |
:-possibilify was studied using a model exteoding from the center of the»
k;: river channel to the adjacen£ plant waell, as shown on}ﬁguré.S-. Thé:

- ~upstream boundary condition for this model'was'the rapid stage rise

which would occur in the river opposite the plant resulting from the

 unsteady flow routing described in Appendix 2.7A, figure 30.

. The downstream boundary condition was zero flow to get the 
maximum rise at the plant. The outpuu from the model shoved a stage

rise equal to that which occurred at the upstream boundary as shown




Lo s ae "

e _ , . ‘ . :
~»;ﬁ"onF#gure 6. This analysis is valid only through the first reflection’
,: . :'.'atA "l'?he downstream boundary (about 6 minutes, 3 minutes in each -‘ |

;1ff'direction)Q However, the first reflection gives the maximum rise.

‘ Flood Control Branch
November 1972
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