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1. Purpose

Initial dam rating (headwater rating) curves are required as inputs to TVA’s SOCH and TRBROUTE models, used in performing
flood-routing calculations for the Tennessee River. The initial dam rating curves provide total dam discharge as a function of
headwater elevation and are used to define the beginning conditions for the hydraulic analysis. The final dam rating curve is
confirmed and documented in the SOCH Probable Maximum Flood model calculation (Reference 38) by validating the
headwater-tailwater relationship across the modeled dam configuration.

TVA developed methods of analysis, procedures, and computer programs for determining design basis flood levels for nuclear
plant sites in the 1970’s. Determination of maximum flood levels included consideration of the most severe flood conditions that
may be reasonably predicted to occur at a site as a result of both severe hydrometerological conditions and seismic activity. This
process was followed to meet Nuclear Regulatory Guide 1.59. At that time, there were no computer programs available that
would handle unsteady flow and dam failure analysis. As a result of this early work and method development TVA developed a
runoff and stream course modeling process for the TVA reservoir system. This process provided a basis for currently licensed
plants (Sequoyah Nuclear Plant, Watts Bar Nuclear Plant, and Browns Ferry Nuclear Plant). The Bellefonte Nuclear Plant (BLN)
Units 1 & 2 Final Safety Analysis Report (FSAR) was also based on this process.

BLN Unit 3 & 4 Combined Operating License Application (COLA) was submitted using data and analysis that was determined for
the original BLN FSAR (Unit 1 and Unit 2) and was documented in a 1998 reassessment. In 1998, the analysis process and
documentation was brought under the nuclear quality assurance process for the first time. A quality assurance audit conducted by
NRC staff in early 2007 raised several questions related to past work regarding design basis flood level determinations. This
calculation supports a portion of the effort to improve the design basis documentation.

Preparation of all calculations supporting nuclear development and licensing are subject to TVA Standard Department Procedure
NEDP-2. This standard dictates the process in which calculation are prepared, checked, verified, stored, and cross referenced in a
goal to provide the highest quality nuclear design input and output possible.

Figure 1 is a plan and elevation view of Watts Bar dam (a portion of Attachment 1). For headwaters in the normal operating
range, discharge is passed through the turbines, the spillway, or the trashway. The spillway consists of twenty spillway bays, each
with a radial, or tainter, gate to control discharge (see Attachments 1, 7, A1, and A10). The trashway discharge is controlled by
vertical lift gates (see Attachment 7). If, as during a probable maximum flood (PMF) event, headwater rises above the normal
operating range, discharge may pass also over the nonoverflow section, the navigation lock, the tops of the open spillway gates,
and the tops of the spillway piers. In addition, as indicated in Figure 2, discharge may also pass over an earth dike saddle dam
(the “west saddle dam”) that closes a low point in the reservoir rim west of the dam (see Attachment 2).

Rating curves are provided for four cases (Figure 8). All cases assume that all spillway gates remain fully open.

1. Pre-failure condition with turbine discharge -- west saddle dam (overflow elevation 757 feet [4.12.2]) and east
embankment (overflow elevation 770 feet [4.11.2]) remain intact. For a rising hydrograph, this rating curve is used ‘
from the maximum headwater drawdown elevation (733 feet, see Attachment 1) and higher. If the headwater or
tailwater rises far enough for water to enter the powerhouse (headwater elevation 752 feet [4.16.4] or tailwater elevation
740 feet [4.16.3]), turbine operation is suspended ‘and this rating curve is no longer valid. The dam rating shifts to the
Case 2 rating curve.

2. Pre-failure condition without turbine discharge -- west saddle dam and east embankment remain intact. This rating curve
is used for both rising and falling headwaters after turbine operation has been suspended and before failure of the west
saddle dam or east embankment. If the headwater rises far enough above the crest of the west saddle dam to cause its
failure, this rating curve is no longer valid and the dam rating shifts to the Case 3 rating curve.

3. West saddle dam fails -- east embankment remains intact. For a rising hydrograph, this rating curve is used from the
headwater elevation at which the west saddle dam fails and higher. The full curve is used for both rising and falling
headwaters after failure of the west saddle dam. If the headwater rises far enough above the crest of the east
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embankment to cause its failure, this rating curve is no longer valid and the dam rating shifts to the Case 4 rating curve.
4. East embankment fails -- west saddle dam previously failed. For a rising hydrograph, this rating curve is used from the

elevation at which the east embankment fails and higher. The full curve is used for both rising and falling headwaters
after failure of both the east embankment and west saddle dam.

The initial dam rating curves are based on the current configuration of Watts Bar Dam as defined on the current design drawings.l
The purpose of this calculation does not evaluate the design loading conditions for the dam or embankments.
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Figure 1 — Watts Bar Dam, General Plan and Elevation (Ref. 1; also refer to Attachments 15-4 to 15-8 for 1997 modifications to
east embankment, as constructed, and Attachment 52 for 2009 modifications to east embankment, as proposed.). |



TVA

Calculation No. ©DQ000020080020 Rev: 0 Plant: GEN | Page: 10
Subject: Initial Dam Rating Curves, Watts Bar Prepped | G. Schohl
Checked | D. Adams

Arrows indicate flow direction of
i |west saddle dam discharge.

Figure 2 — Topo Map Showing West Saddle Dam (Ref. 32 and 33, Attachment 21).
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3. Assumptions & Methodology

The initial dam rating curves developed in these calculations will be used in simulations of probable maximum flood events and |
other river operations evaluations. Consequently, the rating curves have been calculated well above the normal operating range
and several feet above the top of the dam.

3.1 Assumptions

3.1.1 Assumption: Both gate leaves will be removed from the trashway.

Technical Justification: It is expected that the trashway gate leaves would be removed during a flood event large enough to
require that all spillway gates are fully open. This assumption is conservative for predicting flood levels at the Bellefonte site
since an open trashway increases the total dam discharge, but the added discharge due to the trashway is extremely small (less .
than 1 percent of the total dam discharge).

3.1.2 Assumption: If overtopped, the west saddlé dam and east embankment of the main dam will fail to original ground elevation.
The length of the failure section will be 750 feet.

Technical Justification: Original ground elevation represents the most probable extent to which the west saddle dam and east
embankment would fail. They may erode less than this but would not be expected to erode further. The assumed length of the
failure section is justified in paragraph 4.19.,

3.1.3 Assumption: For calculating overflow discharge at the west saddle dam, the reservoir water elevation may be assumed to
equal the headwater elevation at Watts Bar Dam.

Technical Justification: The west saddle dam is about two miles west of Watts Bar Dam at the end of a branch that connects to the
main reservoir less than a mile upstream from the dam (see Figure 2). The differences between the water level at the west saddle
dam and the Watts Bar headwater during flood flows up to and including a PMF event are not significant and will not impact the
calculation results. :

3.1.4 Assumption: The effect of tailwater elevations on the discharge from the west saddle dam may be neglected for computing
tailwater effects on discharges.

Technical Justification: Discharge from the west saddle dam will enter the tailwater about three miles downstream from the dam
(see Figure 2). This discharge will cause the Watts Bar tailwater elevation to be somewhat higher than if there were no west
saddle dam discharge, but not as high as if the discharge entered the tailwater directly below the dam. Tailwater affects discharges
at some headwaters for all four rating curve cases if the west saddle dam discharge is included in the tailwater determination.
Neglect of the west saddle dam discharge for the tailwater calculations results in slightly lower tailwaters than expected and
slightly high estimates of those discharges affected by tailwater. This is a conservative result since higher discharge past Watts
Bar dam after the west saddle dam (Cases 3 and 4) and east embankment (Case 4) have failed will result in higher flood levels at
the Bellefonte site downstream. The Case 1 and Case 2 rating curves are affected by tailwater only for headwater elevations
above 767 feet (if saddle dam discharge is included in the tailwater determination), which will not be reached before the west
saddle dam has failed.

3.1.5 Assumption: Turbine discharge is included in the rating curve for headwater and tailwater conditions under which
generation is possible.

Technical Justification: Turbine discharge may or may not be coincident with the flood flows considered in this calculation. The
Watts Bar hydro plant operators may operate the turbine-generators during a flood if they determine that it is safe to do so. Since
this would add to the total discharge, a scenario is included in the calculation that includes turbine discharge. This is considered
only for the pre-failure case (west saddle dam and east embankment intact), and only up to a headwater or tailwater elevation
below the powerhouse deck. If operating, turbine-generator operation will be discontinued if the powerhouse is threatened with
submergence. Existing performance data for the turbines does not extend into the zone of operating conditions that would exist
during the floods contemplated in this calculation. Consequently, an estimate of the possiblé turbine discharge is used in the
calculation, based on an extrapolation of the existing turbine performance curves. This estimate is undoubtedly high, but this
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provides a conservative result since higher discharge past Watts Bar Dam will result in higher flood levels at TVA Nuclear plant
sites downstream. The inclusion of a scenario that includes turbine discharge thus allows the calculation to bracket the exposure
of the Bellefonte site to all conceivable flood flow conditions. (See paragraph 4.25 for further discussion).

3.1.6 Assumption: All spillway gates will be set to the maximum openings specified in the spillway discharge tables.
Technical Justification: For technical justification, see Reference 35, “Basis for Dam Spillway Gate/Outlet Open Configuration
for Flood Analysis”

3.1.7 Assumption: All spillway gates will remain operable in the closed position and in the maximum opened position as
specified in the spillway discharge tables.

Technical Justification: The radial gates will remain operable in the maximum opened position based on the findings of the
“Watts Bar Dam — Flood and Eartliquake Analysis on Radial Spillway Gates” (Reference B1). Appendix B uses the same
assumptions, methodology, and approach as the Watts Bar radial gate analysis to compare forces on the gates in a closed
position with forces on the gates in the maximum open position to provide technical justification for the gates to remain
operable in the maximum open position during a PMF.

3.1.8 Assumption: The upper gates of the main and auxiliary navigation locks will not fail when overflowed.
Technical Justification: See Reference 36, “Dam Lock Gate Technical Evaluation for the PMF.”

3.1.9 Assumption: The tailwater rating curve provided in Reference 37 is acceptable for use in development of the initial dam
rating curve, ‘ '

Technical Justification: The final tailwater curve is validated in the unsteady SOCH PMF calculation (Reference 38) by ensuring
consistency with the headwater-tailwater relationship across the modeled dam configuration. This calculation provides the initial
dam rating curve for the SOCH PMF calculation. '

3.1.10 Assumption: The east earth embankment will remain intact and will not overflow at headwater elevations up to 770 feet.
Technical Justification: Recent improvements to the east earth embankment will effectively raise the overflow elevation to 770
feet during a PMF event. Reference 39 depicts the details of these improvements.

3.1.11 Assumption: The paved parking area will not be overtopped following the failure of the east embankment.

Technical Justification: The east embankment would fail near the peak of a major flood and would act as a fuse-plug spillway
that lowers the headwater elevation and thereby prevents overtopping of the paved parking area. In addition, as evident in Att.
15-3, the natural topography under and around the parking area is considerably higher than the natural ground elevation of 700
feet under the earth embankment.

3.2 Unverified Assumptions (UVA)
None. . ' |
3.3 Methodology -- Discharge quuations

Discharges past the dam are computed as either “free” discharge or “orifice” discharge. Free discharge refers to free surface
overflow and is computed using a weir-type equation as follows (Reference 4 shows weir flow equations for overflow discharges):

Q, =C(LH." m
~ in which Q; = free discharge (cfs), C; = free discharge coefficient (ft*/s -- may vary with HW), L = length of overflowing section

" (ft), H. = head on crest (ft) = HW - Z.,, HW = headwater elevation (ft), and Z_ = top, or crest, elevation of overflowing section (ft).
This equation is modified to account for tailwater submergence as follows:

Qfs = Qfsf )
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in which Qg = “corrected” free discharge (cfs) and S¢= tailwater submergence factor (dimensionless -- varies between 0 and ‘1).
S¢ varies with d/H, where d = TW - Z_ (ft) and TW = tailwater clevation (ft).

Flow over the nonoverflow section, the navigation lock, the tops of the open spillway gates, the tops of the spillway piers, the
trashway, the east embankment, and the west saddle dam is treated as free discharge. Flow over the spillway crest is treated as
free discharge for headwater elevations below H, = Hy i, the head at which the overflowing nappe first touches the bottoms of the
open gates (see Attachment A4). H, ., varies with gate opening, V, defined as the vertical distance between the bottom of the
gate and the spillway crest.

For headwater elevations above H, = Hy i, flow through the spillway gates is treated as orifice discharge. Orifice discharge refers
to flow passing through a contracted opening and is computed using an orifice-type equation as follows (e.g., Reference 4,
Hydraulic Design Chart 311-1):

Q, =C,G,Ly2elH. -H,,) ®

in which Q, = orifice discharge (cfs), C, = orifice discharge cocfficient (dimensionless -- varies with gate opening and H,), G, =
effective gate opening = minimum distance between the gate lip and the crest (1), g = acceleration of gravity, and Hy,, = vertical
distance between the mid-point of G, and the crest. This equation is modified to account for tailwater submergence as follows:

Qgs = SgQg (4)

in which Qg = “corrected” orifice discharge (cfs) and S, = tailwater submergence factor (dimensionless -- varies with d/H. and
gate opening, G,). ’

3.4 Methodology -- Spillway Discharge Calculations

The discharge coefficient, Cy, for free discharge over a spillway crest varies with head, H. (References 4 and 5 both provide this
kind of data). For the Watts Bar spillway crest, the relationships Hy yin(V), C{(H,), and Si(d/H,) are available from model test data
(Appendix A). The relationship between orifice discharge coefficient, C,, and head, H,, for various gate openings, V (up to V =
23.83 feet), is also available from the model test data. The crest length, L, and crest elevation, Z,, are shown on TVA drawings
(e.g., Attachment 1). The parameters G, and H,,, are determined from geometry (Appendix A). Model data for Nickajack Dam
and Tellico Dam are used to estimate Sy(d/H,,G,) for Watts Bar Dam (Appendix A, Reference A6).

The physical model used to measure spillway discharge included several bays and the piers between them. Consequently, pier
contraction effects are implicitly included in the discharge coefficients derived from the model test data.

Under the assumption that all spillway gates are fully open, the two end bays (first and last) are the only spillway bays subject to
end contraction effects. These effects, which may reduce discharge through these two bays by a few percent, are neglected in this
calculation. Neglecting this minor effect has negligible impact on the dam rating curve.

3.5 Methodology -- Discharge Coefficients and Submergence Factors for Overflow Sections

Values of the discharge coefficient, Cy, and the submergence factor, Sy, for flows over the nonoverflow section, the navigation

_ lock, the tops of the spillway piers, the trashway, the east embankment, the west saddle dam, and the failed east embankment are
estimated using Hydraulic Design Chart 711, which is included as Attachment 4. Length, L, and crest elevation, Z, in each case
is determined from TVA drawings (all relevant drawings are listed as References).

The upper plot of HDC 711 (Attachment 4) shows that Cs is about 2.65 for very broad crests (H;/B < 0.4 where H; = Hc and B =
streamwise length of the crest) and gradually increases to 3.1, the maximum value for a “broad-crested” weir, as H,/B increases to
about 1.2. As H,/B increases above 1.2, Cr continues to increase as the weir transitions from broad-crested to sharp-crested at
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about H,/B =2.0. For the rating curve calculations, a single value for C; is used based on the geometry of the overflow section
and the range of H,/B considered. Also, the effects of end contractions are neglected. Neglecting minor variations in Cy values
and end contractions for overflow sections has negligible impact on the dam rating curve.

The lower plot of HDC 711 shows several curves of Cy/Cs (equivalent to Sy) versus Hy/H; (equivalent to d/H,). As illustrated in
Attachment 5, the curve labeled “suggested for design (broad crests)” is well-represented by the following polynomial:

for 0<0<0.37 broad crest

S; =1.0+0.0236 -5.02596> +18.2666° —44.658¢" )

in which 6 = d/H, - 0.6. According to this relationship, submergence affects discharge over a broad-crested weir for d/H, > 0.6.

Values of the discharge coefficient, Cy, for flow over the tops of the open spillway gates are determined from experimental data
(Reference 8) for drum gates, which present the same circular surface to overflow as the gate tops. Details are provided in
Attachments 8-1 through 8-3. The tailwater elevation remains below the overflow elevation of the gate tops for all headwaters
included in the rating curves (see results in section 6).  Consequently, flow over the gate tops is not affected by tailwater
submergence.

4. Design Input

Sect. Input Parameter Source Symbol Value
4.1 Acceleration of gravity Common knowledge, ¢.g., Ref. 4, sheet. 000-1 g 32.2 fi/sec?
4.2 Spillway crest parameters
4.2.1 Crest length 20 40-foot wide bays; Att. 1 or Att. 7 L 800 feet
4.2.2 Crest elevation Att. 1 or Att. 7 Z. 713 feet
423 Free discharge coefficient Polynomial fit to model data given in Att. A13 and C{(H) Equation AS
discussed in Appendix A
424 Submergence factor for free Curve fit to model data given in Att. A14 and discussed S¢(d/H,) Equation A6
discharge in Appendix A
4.3 Spillway gate parameters
4.3.1 Vertical opening Average value from field measurements given in Att. A3 v 28.92 feet
and discussed in Appendix A
4.3.2 Effective gate opening Computed in Appendix A G, 29.305 feet
433 Mid-point elevation of Computed in Appendix A- Hpp 14.371 feet
opening relative to crest
434 Headwater elevation at which | Hy i, estimated in Appendix A Hiwin + Zc 749.64 feet
nappe touches gates :
4.3.5 Orifice discharge coefficient Extrapolated data listed in Table A3, plotted in Att. Cy(Ho) Interpolate between
Al6, and discussed in Appendix A points in Table A3
4.3.6 Submergence factors for Family of curves developed in Ref. A6, given in Sy(d/H,, Interpolate between
orifice discharge Att. AS-3, and discussed in Appendix A H/Gp) points in Table Al
4.4 Trashway
44.1 Free discharge coefficient Justification in Att. 6 C 3.0
4.4.2 Crest elevation Att. 7 Z. 733 feet
443 Crest length Att.7 L 16.33 feet
444 Submergence factor Att. 4 and Att. 5. Justification in Att. 6 S¢ Equation 5
4.5 Spillway gate overflow Symbol notation is defined in Att. 8-1
4.5.1 Overflow discharge coeff. Justification in Att. 8 C, 34
452 Overflow elevation Computed in Appendix A Z, 759.84 feet
4.53 Overflow length Same as spillway crest, Att. 1 or Att. 7 L, 800 feet
4.6 Screen house overflow
4.6.1 Discharge coefficient Justification in Att. 9 Cr 2.65
4.6.2 Overflow elevation Att. 10 Z, 767 feet
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463 | Overflow length [ At 10 L 40 feet
4.7 Powerhouse and spillway piers overflow
4.7.1 Discharge coefficient Justification in Att. 9 C; 2.65
4.7.2 Overflow elevation Att. 1 and Att. 7 Z. 752 feet
473 Overflow length | Determined in Att. 9; see also paragraph 4.24 L 546.7 feet
4.8 Nonoverflow and lock overflow
4.8.1 Discharge coefficient Justification in Att. 9 Cs 3.0
4.8.2 Overflow elevation Att. 1 and Att. 7 Z. 752 feet
4.83 Overflow length Determined in Att. 9; see also paragraph 4.24 L 211.5 feet
4.9 Upper lock gate overflow
4.9.1 Discharge coefficient Justification in Att. 9 Ce 3.3
4.9.2 Overflow elevation Att. 9-5 Z. 648.67 feet
4.93 Overflow length Determined in Att. 9 L 60 feet
4.10 East Emb. Floodwall
4.10.1 | Discharge coefficient Justification in Att. 15 Cs 3.0
4.10.2 | Overflow elevation Att. 15-7 and Att. 15-8 Z, 767 feet
4.10.3 | Overflow length Determined in Att. 15 L 487.7 feet
4.11 East Earth Emb.
4.11.1 | Discharge coefficient Justification in Att. 15 Ce 2.65
4.11.2 | Overflow elevation Att. 15-6 (justified in Att. 15-1 and Att. 15-2) Z, 770 feet
4.11.3 | Overflow length Determined in Att. 15-1 and Att. 15-2 L 1325.2 feet
4.12 West Saddle Dam
4.12.1 | Discharge coefficient Att. 2 and Att. 4: Ce 2.75

0 <=H=H, <=770-757=13 feet,
B = 16 feet (Att. 2)
0<=H,/B<=13/16=0.81
2.65 <=Cp<=2.85
Use C;=2.75 (average)
4.12.2 | Overflow elevation Attachment 2 Z, 757 feet
4.12.3 | Overflow length Approx. length of “dike” in Att. 2 L 1300 feet
4.13 East Earth Emb. Failure
4.13.1 | Discharge coefficient Paragraph 4.19 Cr 2.65
4.13.2 | Overflow elevation Paragraph 4.19 Z 700 feet
4.13.3 | Overflow length Paragraph 4.19 L 750 feet
4.13.4 | Submergence factor Paragraph 3.5 S¢ Equation §
4.14 Intact E. Emb. after Failure
4.14.1 | Discharge coefficient Paragraph 4.19 Cy 2.65
4.14.2 | Overflow elevation Paragraph 4.19 Z, 770 feet
4.14.3 | Overflow length Paragraph 4.19 L 792 feet
4.15 West Saddle Dam Failure
4.15.1 | Rating curve, discharge, Q, | Paragraph 4.20 Q(HW) Interpolate between
vs. headwater, HW points in Table [
4.16 Turbine Discharge
4.16.1 Discharge, Case | Paragraph 4.25 40,000 cfs
4.16.2 | Discharge, Case2,3,& 4 Paragraph 4.25 0
4.16.3 | Maximum TW Elev. Paragraph 4.25 740 feet
4.16.4 | Maximum HW Elev.. Paragraph 4.25 752 feet
4.17 Tailwater Rating Curve
4.17.1 | TW vs. total discharge, Q Paragraph 4.21 TW(Q) Equation 6
4.18 Uppér limit on headwater Paragraph 4.22 770 feet
clevation for rating
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4.19 East Embankment Failure

Recent improvements to the east earth embankment have raised the overflow elevation from 767 feet to 770 feet. These
improvements include the installation of sand-filled HESCO baskets along the top of the embankment. Three public accéss
openings were left in place along public roads and parking areas. In the event of a probable maximum flood (PMF), additional
cells will be added to close off these areas and create an impervious vertical extension of the emba pkhent at an elevation of 770
feet. These improvements are further described in Reference 39 (Attachment 52). % '

erode soon after overtopping, well before the paved parkmg arca yau

AttR¢ NN i
@ . " ‘ : ;
the headwater level would soon drop below the level of the pa 0@ concrete ﬂood wall is included in the failure section

&after failure flow would initially be channeled between the lock and

dein. The abutment and east roadway might fail under these conditions,
but the extent would be limited beca A& otind slopes up to the east of the postulated failure section (see Attachments
15-3 and 15-4). The embankmengiSR§SHe 1 2] to fail to the original ground elevation under it, which is approximately

For the purpose of ghe\dax\rati; curve calculation the following parameter values are used for the failed portion of the east
embankment: g ¢ % Yo, Z, = 700 feet; overflow length, L = 750 feet; and C;=2.65. A value for C; of 2.65 is used in
accordance with\the d Attachment 4 since the crest is broad compared to the depth of water ﬂowmg over it.

Attachment 16 also shows the overflow length for the paved parking area and remainder of the embankment to the east. For the
dam rating curve calculation, this portion of the east embankment remains intact with overflow elevation, Z, = 770 feet [4.11.2]; |
overflow length, L = 792 feet; and C;=2.65 [4.11.1], where Z, and C; are the same as determined for the embankment before
failure.

4.20 West Saddle Dam Failure

Soon after overtopping, the west saddle dam is assumed to fail to the original ground elevation under it [3.1.2], which is at an
clevation of approximately 750 feet. Critical flow through a cross-section near the saddle dam location will control the discharge
through the gap but exactly which cross-section will act as the control is not obvious from the topography shown in Attachment 2
~or in Figure 2. Discharge could be computed simply by using the broad-crested weir overflow equation (Equation 1) with C¢=
2.65 (wide crest compared to depth; see Att. 4), L =1300 feet (length of the failed saddle dam [4.12.3]), and Z, = 750 feet.
However, the topography around the saddle dam includes three small hills, or mounds, with top elevations of about 753, 757 and
760 feet, making it unlikely that the saddle dam cross-section would control the flow at headwaters below the tops of these hills.
Given a choice of several cross-sections to consider as possible critical flow control sections, the cross-section that provides the
smallest discharge will be the actual control. With this in mind, critical flow through a segmented cross section connecting the
high points, as indicated in Attachment 2, was computed for a range of water levels as a possible rating curve for the failed saddle
dam gap.

Attachment 17-1 lists the elevations and x-coordinates scaled off from Attachment 2 to define the segmented cross section and
shows the calculation of top width, T, area, A, critical discharge, Q, and headwater elevation, HW for water level elevations
ranging from 748 to 770 feet (the spreadsheet is included in electronic Attachment 20). Discharge for a broad-crested weir with
Cr=2.65, L =1300 feet, and Z. = 750 feet is also computed in Attachment 17-1, for comparison. Attachment 17-2 includes a plot
of the segmented cross-section as well as a headwater vs. discharge plot comparing the rating curves for the segmented cross
section and broad-crested weir. The rating curve for the segmented cross-section passes less discharge for HW < 765 and more
discharge for HW > 765. Because the section passing the least discharge is considered the control, the dam rating curve used for
the failed saddle dam includes points from the curve labeled “Segmented Cross-Section” to HW = 765 and points from the curve
labeled “Broad-Crested Weir” for HW >765. The resulting rating curve is tabulated in Table 1.
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Table 1: Points Defining Initial Dam Raﬁng Curve for Failed West Saddle Dam

HW, feet Qq4, cfs
748.0 0
749.3 100
750.4 653
752.7 6602
754.0 14317
756.8 39726
759.2 72793
760.6 97200
763.1 152522
765.0 200136
768.0 263086
770.0 308130

In determining elevations along the segmented cross section, the presence of the highway was ignored because elevations for its
surface are not readily available. Since the highway crosses a very small portion of the cross section (about 6 to 7%), exclusion of
the highway will have negligible effect on the rating curves.

The rating curve in Table 1 is not affected by tailwater submergence effects for the range of headwaters included in the Watts Bar
dam rating curve calculations because d/H, is always less than 0.6 [3.5].

4.21 Tailwater rating curve

The values used to create a tailwater rating curve for use in this calculation [3.1.9] are listed in Table 24 of Reference 37.
Attachment 18 lists points taken from this table and shows a polynomial fit to the result that is also useful for extrapolation to
discharges as high as 2,000,000 cfs. The polynomial indicated in Attachment 18 and repeated below is used in the dam rating
curve calculations for all dam discharges: As noted previously, the dam rating curve, including the validated headwater tailwater
relationship, is confirmed and documented in Reference 38.

TW = 682.90 + 0.084671Q - 5.9075X10°Q? + 2.8568x10°Q* - 5.0597x107'*Q* (6) |

in which Q = total discharge past the dam (not including the west saddle dam discharge [3.18] for Case 3 and Case 4) in cfs
divided by 1000 (“1000 cfs”).

4.22 Upper Limit on Headwater Elevation Included in Rating Curves

The dam rating curves need to include all headwater elevations that may occur during a major flood up to and including a PMF
event. The 2009 improvements to the east embankment effectively raised the embankment top from an elevation of 767 feet to
770 feet. The west saddle dam (overflow elevation of 757 feet) is expected to fail soon after overtopping (as discussed in [4.20]).
Therefore, the headwater elevation at Watts Bar Dam is not expected to rise past 770 feet. Users of this calculation should note
that Section 5.0 limits the applicability of this curve to the headwater elevation defined in Section 5.0.

4.23 Highway Bridge over Dam
The overflow lengths for the powerhouse and spillway piers [4.7.3], nonoverflow and navigation lock [4.8.3], and east

embankment floodwall [4.10.3] all reflect the presence of structural support columns for the highway bridge over the dam. The
overflow blockage lengths associated with the support columns are determined in Attachment 14.
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4.24 Lock Operations Building and Screen House

The overflow length [4.7.3] for the “powerhouse and spillway piers” does not include a portion blocked by the screen house at the
west end of the dam. Similarly, the overflow length {4.8.3] for the “nonoverflow and lock™ does not include a portion blocked by
the lock operations building. Calculations showing that these two structures would survive the water levels and flows associated
with the a major flood event are not available. However, the effect of these two structures on rating curve discharges is extremely
small, less than 1 percent as shown below.

With reference to Attachment 9-1, the overflow elevation below the screen house and lock operations building is 752 feet. If
these two building were to fail, the total overflow length for elevation 752 feet, which is 758.2 feet, would increase by 66 feet, 40
feet for the screen house and 26 feet for the lock operations building. The overflow discharge at elevation 752 feet is a larger
percentage of the total discharge for the pre-failure cases 1 and 2, than for cases 3 and 4, so the effect of the screen house and lock
operations building on discharge is largest in the pre-failure cases. Consider the Case 1 results in Figure 3 for headwater elevation
770 feet:

Total discharge, Qr; = 1,456,640 cfs

Screen house overflow at elevation 767 feet, Qg = 1185 cfs
Overflow at EL. 752, Q. = 129,581 + 56,751 = 186,332 cfs

If the screen house and lock operations building were removed:

Overflow at EL. 752, Q,, = (758.2+66)/758.2*186,332 cfs = 202,552 cfs
Total discharge, Qr; = Qry - Qi + (Qoz2 - Qo) = 1,471,675 cfs

in which the slight effect of submergence on the total discharge at headwater 770 feet is neglected. The percentage increase in
discharge due to removal of the screen house and lock operations building is

(1,471,675 — 1,456,640)/1,456,640*100 = 1.03 percent.
The effect is largest at headwater elevation 770 feet.
4.25 Turbine Discharge

Watts Bar Dam has five turbines (see Attachment 1). The turbines will be operated during flood flow conditions ramping up to
the PMF until the tailwater or headwater reaches a level at which electrical components will get wet or excessive vibration occurs.
The occurrence of excessive vibration is not predictable without complete performance characteristics so for the purpose of this
calculation turbine discharge is added to the total dam discharge until the limiting tailwater or headwater elevations are reached.

Electrical components may get wet if the tailwater rises above the level of the switchyard or if the tailwater or headwater rise to a
level where water may enter the powerhouse. Once water enters the powerhouse, generation will be suspended and the units will
not be restarted until a thorough inspection of the electrical equipment is done. Attachment 1 indicates that the switch yard
elevation is 836 feet, well above the upper headwater limit (770 feet [4.18]) for the rating curves. For tailwater elevations above
740 feet, water can enter the powerhouse as illustrated in Section A-A on Attachment 1. Therefore, the maximum tailwater
elevation for turbine operation is 740 feet. For headwater elevations above 752 feet, water will flow over the intake deck and can
enter the powerhouse as illustrated in Section A-A. Therefore, the maximum headwater elevation for turbine operation is 752
feet.

The results (see [6.1]) show that the headwater limit for turbine operation is reached long before the tailwater limit is reached.
Because the headwater limit is 5 feet below the crest elevation of the saddle dam, turbine operation is suspended before the west
saddle dam is overtopped. Consequently, the conclusion that the headwater limit is reached before the tailwater limit is reached is
not affected by the neglect of west saddle dam discharge [3.1.4] in determining the tailwater elevation.

Turbine discharge is included for Case 1, but not for Cases 2, 3, or 4. The Case 2 rating curve is used when turbine discharge has
been suspended before either the west saddle dam or east embankment has failed. The Case 3 and Case 4 rating curves are used

\
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only after the west saddle dam has failed (and the east embankment for Case 4), which occurs after the headwater elevation rises a
few feet above its crest at 757 feet. Turbine generation would be suspended before the failure since water can enter the
powerhouse for headwater elevations above 752 feet, 5 feet below the west saddle dam crest. As stated above, the units will not
be restarted after water has threatened the electrical components until a thorough inspection indicates that all components are
undamaged.

Turbine discharge versus gross head, where gross head is the difference between the headwater elevation and the tailwater
elevation, is estimated from the operating characteristics included as Attachments 19-1 through 19-4. Attachments 19-1 and 19-2
are characteristics for Units 4 and 5 based on index tests conducted in 1944, Similar characteristics for Units 1, 2, and 3 are not
available, but all five units are nominally identical (see Attachment 19-5). The turbines at Watts Bar are being rehabilitated and
upgraded as described in Attachment 19-6. Currently, Units 1, 2, and 3 have been upgraded and Units 4 and 5 will be upgraded in
the next few years. Attachments 19-3 and 19-4 are preliminary characteristics (not yet published but provided by TVA River
Operations) based on index tests conducted in 2004 and 2003 for the upgraded Units 2 and 3, respectively.

Under high flood conditions, the turbines are expected to be operated for maximum capacity, with the wicket gates open as far as
possible (“full gate” on Attachments 19-1 and 19-2 and 100% on Attachments 19-3 and 19-4). The lowest gross head included in
the characteristics is 35 feet in Attachments 19-1 and 19-2 and 49 feet in Attachments 19-3 and 19-4. Because the dam rating
curves are used only when all spillway gates are fully open, resulting in much higher than normal tailwater elevations, turbine
discharges for gross heads lower than 35 feet are needed for the rating curves. The turbine discharges for lower values of gross
head are estimated by linear extrapolation from the points given for maximum gate opening.

To determine the range of gross heads that would occur during a major flood, the pre-failure rating curve was computed first
without turbine discharge (Case 2 [6.2]). For headwaters between the maximum headwater drawdown elevation (733 feet, see
Attachment 1) and the maximum headwater elevation for turbine operation (752 feet), gross heads between 29.5 feet and 32.1 |
feet would occur. For the purpose of adding turbine discharge to the rating curve, a fixed gross head of 30 feet is used. This
value is chosen rather than, say, 31 feet, since the turbine discharge will increase the tailwater elevation, resulting in slightly lower
values of gross head than those with no turbine discharge. The results for Case 1 [6.1] verify that 30 feet is a good value to use for
gross head. Use of a nominal gross head within the range of variation to estimate turbine discharge for all headwater elevations
does not significantly affect the results since the turbine discharge is a small percentage of the total dam discharge.

Results determined by extrapolating turbine characteristics from Hg = 35 feet to Hg = 30 feet should be more reliable than results
determined by extrapolating characteristics from Hg = 49 feet to Hg = 30 feet. Therefore, the data in Attachments 19-1 and 19-2
are used for the extrapolation, and the preliminary data in Attachments 19-3 and 19-4 are used only to estimate the difference in
discharge between the upgraded units and the original units.

The procedure for estimating turbine discharge, Qr, at gross head, Hg = 30 feet is as follows: Using linear extrapolation and
linear interpolation, estimate Qr at Hg = 49 feet and 30 feet from Attachments 19-1 and 19-2. Scale Qr at Hg = 49 feet from
Attachments 19-3 and 19-4. See Table 2 (following page) for results.

The average discharge from the original units at Hg = 30 feet is (7,800 + 7,630)/2 = 7,715 cfs per unit. The average increase in
discharge through the upgraded units compared to the original units at Hg = 49 feet is [(9,560 + 9,670 - 9,240 - 9,260)/2 = 365 cfs
per unit. Add this difference to the average discharge for the original units at Hg = 30 feet to obtain an estimate of the discharge
through the updated units at Hg =30 feet: 7,715 + 365 = 8,080 cfs per unit.
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Table 2: Turbine Discharges from 1944, 2003, and 2004 Characteristics

Qra, cfs Qrsg, cfs
Unit Attachment (QT @ HG=49’) (QT @ HG=30’)
4 19-1 9,260 7,800
5 19-2 9,240 7,630
2 19-3 9,670
3 19-4 9,560

Based on this analysis, 40,000 cfs (5 times 8,080 cfs, rounded) is added to the rating curve discharges for headwater elevations
between 733 feet and 752 feet, inclusive. Rounding the turbine discharge does not significantly affect the results since the turbine
discharge is a small percentage of the total dam discharge.

This undoubtedly overstates the discharge by some amount. Actual efficiencies of the turbines at the lower net heads cannot be
ascertained from these curves, but it is well known from typical turbine performance characteristics that efficiency will decline at
the lower net heads, which will tend to reduce the flow. Consequently, the estimated values of flow used in the calculation are
expected to be higher than would actually be experienced. This provides a conservative result since higher discharge past Watts
Bar dam will result in higher flood levels at the Bellefonte site downstream.

5. Special Requirements/Limiting Conditions

Calculations performed in Appendix B demonstrate that the spillway gate PMF hydrostatic loads in the expected fully open
position are comparable to the normal spillway gate design loads in the fully closed position. Although a detailed gate analysis
could potentially demonstrate the capability of the gate to withstand higher headwater elevations, the applicability of this
calculation is limited to headwater elevations no greater than 768.50 feet, the maximum expected headwater elevation for the
PMF at the Watts Bar Dam. If PMF headwater elevations at the Watts Bar Dam exceed 768.50 feet, a revision of this calculation
will be required. .
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6. Calculations

The calculations consist of computing spillway and overflow discharges (from Equations 1 through 4) for a list of headwater
elevations ranging from the minimum for which discharge exceeds zero up to 770 feet [4.18], which the elevation of the top of
the extended east embankment. Turbine discharge is added to the total discharge where applicable. Headwater values are
terminated at an elevation of 770 feet. See Section 4.22 and Section 5.0 for further discussion. The dam rating curve for each

case is a plot of headwater elevation versus total dam discharge. The spreadsheet in which the calculations were made is included
as Attachment 20 (electronic attachment).

6.1 Case 1, Pre-Failure Condition with Turbine Discharge

For the pre-failure condition, discharges are computed for headwater elevations ranging from 713 feet, the spillway crest
elevation, to 770 feet which is equal to the east embankment crest elevation (see Reference 39). Discharge passes through the
spillway section, the trashway, and the various overflow sections as headwater rises above the crest elevations in each case. The
turbines pass discharge for a limited range of headwater elevations between the maximum drawdown elevation (733 feet, see
Attachment 1) and the maximum headwater elevation for turbine operation (752 feet [4.16.4]). Total discharge, given in “1000 |
cfs” is the sum of all discharges in cfs past the dam plus discharge in cfs past the west saddle dam divided by 1000.

Figure 3 shows the spreadsheet calculations for the pre-failure dam rating curve (spreadsheet included as Attachment 20). The
final result, the rating curve, is defined by the first two columns, HW vs. Total Discharge. The third column (TW) gives the
tailwater associated with the “Total Discharge” (not including the west saddle dam discharge) from the tailwater rating curve
polynomial fit [4.17.1]. This is computed to check for tailwater submergence effects on the discharge.

Spillway discharge in cfs is computed in the next five columns (under the header “Spillway”), H,, C{C,, d/H, S{4S, and Q{Q,.
Free discharge occurs for headwater elevations below 749.6 feet [4.3.4] and orifice discharge occurs for headwater elevations
above 749.6 feet. The transition point is indicated by a double horizontal line. Above the double horizontal line, the listed
discharge coefficient is Cy [4.2.3] computed from Equation (AS) and the submergence factor is S¢ [4.2.4]. Below this line, the
listed discharge coefficient is C, [4.3.5] computed by interpolation between the points in Table A3 and the submergence factor is
S; [4.3.6] computed by bilinear interpolation between the points in Table Al. Column Q4Q, is the spillway discharge computed
from Equation 2 for free discharge and from Equation 4 for orifice discharge. Tailwater affects the discharge for HW elevations
greater than 768 feet (indicated by horizontal line) for which d/H, > 0.40 [4.2.4].

Turbine discharge [4.16.1] is listed in the column following the spillway discharge column. Turbine discharge is included only
for headwaters between the maximum drawdown elevation and the elevation at which water would enter the powerhouse [4.16.4].

The next column shows “C=", “Z.=", and “L=""in three rows to indicate the meaning of the values included in those rows in the
“Overflow Discharge” columns.

The next nine columns are overflow discharges in cfs for the trash gate, spillway gates, screen house, powerhouse and spillway
piers, nonoverflow and navigation lock sections, upper lock gate, east embankment flood wall, east embankment earth section, and
west-saddle dam. The overflow discharge coefficient Cy or C, ([4.4.1], [4.5.1], [4.6.1], [4.7.1], [4.8.1], [4.9.1], [4.10.1], [4.11.1],
[4.12.1]), elevation Z, or Z, ([4.4.2], [4.5.2], [4.6.2], [4.7.2], [4.8.2], [4.9.2], [4.10.2], [4.11.2], [4.12.2]), and length L or L,
([4.4.3],[4.5.3], [4.6.3], [4.7.3], [4.8.3],[4.9.3], [4.10.3], [4.11.3], [4.12.3]) in each case is indicated in the three rows above the
computed discharges. All overflow discharges are computed using Equation 1.

The last column is d/H,, for the trash gate since the tailwater elevation is higher than its crest elevation for headwater elevations
of 768 feet and above. The trash gate discharge is not affected by tailwater because d/Hc < 0.6 [3.5].
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Pre-Failure with Turbine Discharge, West Saddle Dam and East Embankment Intact

g=322 ft/s®

Spillway Parameters

L =800 feet

Z.=713 feet Overflow Discharge, Q in cfs

G, = 29.305 feet Spill P-house Nonover Upper East East West

Hup = 14.371 feet Trash Gate  Screen & Spill  &lock Lock Emb. Emb. Saddle

Q Gate Overflow House  Piers Walls Gate Wall Earth Dam
Total Spillway® Turbine C,= 3.0 3.4 2.65 2.65 3.0 3.3 30 265 275 Trash

HW Discharge TW'" feet cfs Q Z.= 733 759.84 767 752 752 74867 767 770 757  Gate
feet 1000 cfs feet H, CIC, dH. SIS, &|Q, cfs L= 16.33 800 40 546.7 2115 60 4877 13252 1300 diH,
713 0.00 68290 0 3.080 1 0 0 0 0 0 0 0 0 0 0
715 7.22 68351 2 3.191 1 7221 0 0 0 0 0 0 0 0 0
718 2965 68536 5 3.315 1 29651 0 0 0 0 0 0 0 0 0
721 61.76 687.91 8 3.412 1 61764 0 0 0 0 0 0 0 0 0
724 101.84 690.94 11 3.489 1 101845 0 0 0 0 0 0 0 0 0
727 148.92 69429 14 3,554 1 148918 0 0 0 0 0 0 0 0 0
730 20240 '697.85 17 3.609 1202398 0 0 0 0 0 0 0 0 0
733 301.97 703.83 20 3.661 1 261970 40000 0 0 0 0 0 0 0 0 0
734 32321 70500 21 3.678 1 283158 40000 49 0 0 0 0 0 0 0 0
736 367.78 707.38 23 3.712 1 327523 40000 255 0 0 0 0 0 0 0 0
738 41510 709.76 25 3.746 1 374552 40000 548 0 0 0 0 0 0 0 0
740 46517 71214 27 3.780 1 424262 40000 907 0 0 ] 0 0 0 0 0
742 51799 71451 29 3.815 1 476668 40000 1323 0 0 0 0 0 0 0 0
744 573.55 716.87 31 3.851 0.125 1 531764 40000 1787 0 0 0 0 0 0 0 0
746 631.81 71921 33 3.887 0.188 1 589512 40000 229 0 0 0 0 0 0 0 ]
748 692,67 721.53 35 3.923 0.244 1 649826 40000 2846 0 0 0 0 0 0 0 0
749 72407 72269 36 3.940 0.269 1 680901 40000 3135 0 0 0 0 38 0 0 0
750 743.45 72339 37 0.782 0281 1 699712 40000 3434 0 0 0 0 304 0 0 0
752 734.86 72308 39 0.739 0.258 1 689603 40000 4057 0 0 0 0 1203 0 0 0
753 69115 72148 40 0.717 0.212 1 682901 4382 0 0 1449 635 1784 0 0 0
755 72445 72270 42 0.713 0.231 1 705420 5055 0 0 7528 3297 3153 0 0 0
757 760.56 724.00 44 0.710 0.250 1 726751 5760 0 0 16198 7094 4760 0 0 0
759 808.77 72534 46 0.706 0.268 1 747003 6495 0 0 26831 11751 6574 0 0 10112
760 839.03 726.09 47 0.706 0.278 1 758719 6873 174 0 32782 14357 7551 0 0 18576
761 874.34 72695 48 0.706 0.291 1 770258 7258 3398 0 39116 17132 8573 0 0 28600
762 913.40 727.88 49 0.706 0.304 1 781627 7651 8635 0 45814 20065 9636 0 0 39970
763 95545 72886 50 0.706 0.317 1 792832 8050 15279 0 52855 23148 10741 0 0 52542
764 1000.11 729.87 51 0.706 0.331 1 803881 8456 23079 0 60224 26376 11884 0 0 66210
765 104714 73092 52 0.706 0.345 1 814781 8868 31882 0 67906 29740 13066 0 0 80893
766 1096.35 73200 53 0.706 0.358 1 825536 9287 41585 0 75880 33237 14284 0 0 96525
767 114759 73311 54 0.706 0.372 1 836153 9712 52112 0 84165 36861 15538 0 0 113051
768 1202.33 73429 55 0.706 0.387 1 846637 10144 63402 106 92720 40608 16827 1463 0 130426 0.037
769 1259.34 73551 56 0.706 0.402 0.999 856136 10582 75407 300 101547 44474 18150 4138 0 148610 0.070
770 1319.43 73680 57 0706 0.418 0.999 865999 11026 88087 551 110838 48455 19505 7602 0 167568 0.103

(1) Tailwater is computed using total discharge minus the discharge from the west saddle dam.
(2) Double horizontal line is boundary between free discharge (above the line} and orifice discharge (below the line).

Figure 3 — Calculations for Case 1, Pre-Failure Condition with Turbine Discharge
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6.2 Case 2, Pre-Failure Condition without Turbine Discharge

The calculations for the Case 2 rating curve are identical to those for the Case 1 rating curve, except that turbine discharge is zero
for all headwater elevations. Figure 4 shows the spreadsheet calculations.

Pre-Failure without Turbine Discharge, West Saddle Dam and East Embankment Intact

g=322 ft/s
Spillway Parameters
L= 800 feet
Z.=713 feet Overflow Discharge, Qy in cfs
G, = 29.305 feet Spil} P-house Nonover Upper East East West
Hmp = 14.371 feet Trash Gate Screen & Spill  &Llock Lock Emb. Emb. Saddie
Q Gate Overflow House  Piers Walls Gate Wall Earth Dam
Total Spiliway® Ci= 30 34 265 265 3.0 33 30 265 275 Trash

HW Discharge TW'"! “feet cfs Z,= 733 759.84 767 752 752. 74867 767 770 757 Gate
feet 1000 cfs feet He Ci|Cq dH.  §¢Sy Q| Qq = 16.33 800 40 546.7 211.5 60 487.7 1325.2 1300 d/H,

713 0.00 682.90 0 3.090 1 0 0 0 0 0 0 0 0 0 0 :

715 7.22 683.51 2 3.191 1 7221 ] 0 0 0 0 0 0 4] 0

718 © 29.65 685.36 5 3.315 1 29651 0 0 0 0 0 0 0 0 0

721 61.76 687.91 8 3.412 1 61764 0 o] 0 0 0 0 0 0 0

724 101.84 690.94 11 3.489 1 101845 0 ] 0 0 0 0 0 0 0

727 148.92 694.29 14 3.554 1 148918 0 0 0 0 0 0 0 0 0

730 202.40 697.85 17 3.609 1 202398 0 0 0 0 0 0 0 0 0

733 26197 70152 20 3.661 1 261970 0 0 0 0 0 0 0 0 0

734 283.21 702.76 21 3.678 1 283158 49 0 0 0 0 0 0 0 0

736 3271.78 70525 23 3.712 1 327523 255 0 0 0 0 0 0 0 0

738 37510 707.76 25 3.746 1 374552 548 0 0 0 0 0 0 0 0

740 42517 710.25 27 3.780 1 424262 807 o} 0 0 0 0 0 0 0

742 47799 71273 29 3.815 1 476668 1323 0 o] 0 0 0 0 0 0

744 5§33.55 71519 31 3.851 0.071 1 531764 1787 0 0 0 0 [4] 0 0 0

746 59181 717.62 33 3.887 0.140 1 589512 2296 0 0 0 0 0 0 0 0

748 652.67 720.02 35 3.923 0.201 1 649826 2846 0 0 0 4] 0 0 0 0

749 684.07 721.21 36 3.940 0.228 1 680901 3135 0 0 0 0 38 0 0 0

750 703.45 72193 37 0.782 0.241 1 699712 3434 0 0 0 .0 304 0 0 0

752 694.86 72162 39 0739 0.221 1 689603 4057 0 0 0 0 1203 0 0 0

753 691.15 72148 40 0717 0.212 1 682901 4382 0 0 1449 635 1784 0 4] 0

755 72445 72270 42 0.713 0.231 1 705420 5055 [ 0 7528 3297 3153 0 0 0

757 760.56 724.00 44 0.710 0.250 1 726751 5760 0 0 16198 7094 4760 0 4] 0

759 808.77 72534 46 0.706 0.268 1 747003 6495 0 0 26831 11751 6574 0 0 10112

760 839.03 726.09 47 0.706 0.278 1 758719 6873 174 o] 32782 14357 7551 0 0 18576

761 874.34 726.95 48 0.706 0.291 1 770258 7258 3398 0 39116 17132 8573 0 0 28600

762 913.40 727.88 49 0.706 0.304 -1 781627 7651 8635 0 45814 20065 9636 0 0 39970

763 955.45 72886 50 0.706 0.317 1 792832 8050 15279 0 52855 23148 10741 0 0 52542

764 1000.11 729.87 51 0.706 0.331 1 803881 8456 23079 0 60224 26376 11884 0 0 66210

765 104714 730.92 52 0.706 0.345 1 814781 8868 31882 0 67906 29740 13066 Q 0 80893

766 1096.35 732.00 53 0.706 0.358 1 825536 9287 41585 0 75890 33237 14284 0 0 96525

767 1147.59 733.11 54 0706 0.372 1 836153 9712 52112 0 84165 36861 15538 0 0 113051

768 120233 73429 55 0.706 0.387 1 846637 10144 63402 106 92720 40608 16827 1463 0 130426 0.037

769 1259.34 73551 56 0.706 0.402 0.999 856136 10582 75407 300 101547 44474 18150 4138 0 148610 0.070

770 1319.43 736.80 57 0.706 0.418 0.999 865999 11026 88087 551 110638 48455 19505 7602 0 167568 0.103

(1) Tailwater is computed using total discharge minus the discharge from the west saddle dam.
(2) Double horizontal line is boundary between free discharge (above the line) and orifice discharge (below the line).

Figure 4 — Calculations for Case 2, Pre-F ailure Condition without Turbine Discharge
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6.3 Case 3, West Saddle Dam Failure

Figure 5 shows the spreadsheet calculations for the dam rating curve following failure of the west saddle dam. As for the pre-
failure condition, discharges are computed for headwater elevations ranging from 713 feet to 770 feet. The final result, the rating|
curve, is defined by the first two columns, HW vs. Total Discharge. The third column (TW) gives the tailwater associated with
the “Total Discharge” (not including the west saddle dam discharge) from the tailwater rating curve polynomial fit [4.17.1].
Tailwater submergence reduces the spillway discharge for a headwater elevation of 770 feet. The tailwater and spillway
discharges were determined by iteration for this headwater. The results are readily checked by computing all discharges and
making sure that the listed tailwater and total discharge minus the saddle dam discharge agree with the tailwater rating curve.

In Figure S, spillway discharge is computed in the five columns, H,, C4C,, d/H,, S4S, and Q4Q,. Free discharge occurs for
headwater elevations below 749.6 feet [4.3.4] and orifice discharge occurs for headwater elevations above 749.6 feet. Above the|
double horizontal line indicating the transition from free discharge to orifice discharge, the listed discharge coefficient is C¢
[4.2.3] computed from Equation (AS) and the submergence factor is Sy [4.2.4]. Below this line, the listed discharge coefficient is
Cg [4.3.5] computed by interpolation between the points in Table A3 and the submergence factor is S, [4.3.6] computed by
bilinear interpolation between the points in Table Al. Column Q{Q; is the spillway discharge computed from Equation 2 for free
discharge and from Equation 4 for orifice discharge. Tailwater affects the discharge for HW elevations greater than 768 feet |
(indicated by horizontal line) for which d/H, > 0.40 [4.2.4].

The column following the spillway discharge column shows “Ce=", “Z.=", and “L=""in three rows to indicate the meaning of the
values included in those rows in the “Overflow Discharge” columns.

The next eight columns are overflow discharges in cfs for the trash gate, spillway gates, screen house, powerhouse and spillway
piers, nonoverflow and navigation lock sections, upper lock gate, east embankment flood wall, and east embankment earth section.
The overflow discharge coefficient C;or C, ([4.4.1], [4.5.1], [4.6.1], [4.7.1], [4.8.1], [4.9.1], [4.10.1], [4.11.1]), elevation Z or Z,
([4.4.2],[4.5.2], [4.6.2], [4.7.2], [4.8.2], [4.9.2], [4.10.2], [4.11.2]), and length L or L, ([4.4.3], [4.5.3], [4.6.3], [4.7.3], [4.8.3],
[4.9.3], [4.10.3], [4.11.3]) in each case is indicated in the three rows above the computed discharges. All overflow discharges are
computed using Equation 1. Note that all overflow discharges are the same as computed for the pre-failure case.

The second-to-last column is the discharge in cfs past the failed west saddle dam determined by linear interpolation from the
rating curve developed for that purpose [4.15.1].

The last column is d/H, for the trash gate since the tailwater elevation is higher than its crest elevation for headwater elevations of
764 feet and above. The trash gate discharge is not affected by tailwater because d/He < 0.6 [3.5].
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After West Saddle Dam Failure
g=322 fU/s’ Spillway Parameters Overflow Discharge, Q; in cfs
L= 800 feet Failed
Z,=713 feet West
Gn=29.305 feet Spill P-house Nonover Upper East East Saddle
Hmp = 14.371 feet Trash Gate Screen & Spill  &Llock Lock Emb. Emb. Dam
Gate Overflow House  Piers Walls Gate Wall Earth Qs
Total Spillway? 3.0 3.4 2.65 2.65 3.0 3.3 30 265 from  Trash
HW Discharge TW'" Tfeet cfs .= 733 75984 767 752 752 74867 767 rating  Gate
feet 1000cfs feet H, C(|C; dH, S|S, Qu|Qg L= 16.33 800 40 546.7 2115 60 487.7 13252 curve diH,
713 0.00 68290 0 3.090 1 0 0 0 0 0 0 0 0 0 0
715 7.22 68351 2 3.191 1 7221 0 0 0 0 0 0 0 0 0
718 29.65 68536 5 3.315 1 29651 0 0 0 0 0 0 0 0 0
721 61.76 687.91 8 3412 1 61764 0 0 0 0 0 0 0 0 0
724 101.84 690.94 11  3.489 1 101845 0 0 0 0 0 0 0 0 0
727 14892 69429 14 3.554 1 148918 0 0 0 0 0 0 0 0 0
730 202.40 697.85 17  3.609 1 202398 0 0 0 0 0 0 0 0 0
733 261.97 70152 20 3.661 1 261970 0 0 0 0 0 0 0 0 0
734 283.21 70276 21 3.678 1 283158 49 0 0 0 0 0 0 0 0
736 327.78 70525 23 3.712 1 327523 255 0 0 0 0 0 0 0 0
738 375.10 707.76 25 3.746 1 374552 548 0 0 0 0 0 0 0 0
740 42517 71025 27 3.780 1424262 907 0 0 0 0 0 0 0 0
742 477.99 71273 29 3.815 1 476668 1323 0 0 0 0 0 0 0 0
744 533.55 71519 31 3.851 0.071 1 531764 1787 0 0 0 0 0 0 0 0
746 591.81 717.62 33 3.887 0.140 1 589512 2296 0 0 0 0 0 0 0 0
748 652.67 720.02 35 3.923 0.201 1 649826 2846 0 0 0 0 0 0 0 0
749 684.15 72121 36 3.940 0.228 1 680901 3135 0 0 0 0 38 0 0 77
750 703.90 72193 37 0782 0.241 1 699712 3434 0 0 0 0 304 0 ] 452
752 699.65 721.62 39 0.739 0.221 1 689603 4057 0 0 0 0 1203 0 0 4791
753 699.53. 72148 40 0717 0.212 1 682901 4382 0 0 1449 635 1784 0 0 8382
755 747.86 72270 42 0713 0.231 1 705420 5055 0 0 7528 3297 3153 0 0 23392
757 803.04 72400 44 0710 0.250 1726751 5760 0 0 16198 7094 4760 0 0 42482
759 868.69 72534 46 0706 0.268 1 747003 6495 0 0 26831 11751 6574 0 0 70037
760 907.20 72609 47 0706 0.278 1 758719 6873 174 0 32782 14357 7551 0 0 86740
761 951.79 72695 48 0706 0.291 1 770258 7258 3398 0 39116 17132 8573 0 0 106052
762 1001.61 727.88 49 0706 0.304 1 781627 7651 8635 0 45814 20065 9636 0 0 128180
763 1053.21 72886 50 0.706 0.317 1 792832 8050 15279 0 52855 23148 10741 0 0 150309
764 1108.98 729.87 51 0.706 0.331 1 803881 8456 23079 0 60224 26376 11884 0 0 175076
765 1166.38 73092 52 0.706 0.345 1 814781 8868 31882 0 67906 29740 13066 0 0 200136
766 1220.94 73200 53 0.706 0.358 1 825536 9287 41585 0 75890 33237 14284 0 0 221119
767 1276.65 733.11 54 0.706- 0.372 1 836153 9712 52112 0 84165 36861 15538 0 0 242103
768 133499 73429 55 0706 0.387 1 846637 10144 63402 106 92720 40608 16827 1463 0 263086 0.037
769 1396.34 73551 56 0.706 0.402 0.999 856136 10582 75407 300 101547 44474 18150 4138 0 285608 0.070
770 1459.99 73680 57 0.706 0.418 0999 865999 11026 © 88087 551 110638 48455 19505 7602 0 308130 0.103

(1) Tailwater is computed using total discharge minus the discharge from the failed west saddle dam.
(2) Double horizontal line is boundary between free discharge (above the line) and orifice discharge (below the line).

Figure 5 — Calculations for Case 3, West Saddle Dam Failure
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6.4 Case 4, East Embankment Failure

For the east embankment failure condition, discharges are computed for headwater elevations ranging from 700 feet, the
overflow elevation of the failed embankment, to an elevation of 770 feet. Both the east embankment and the west saddle dam are|
treated as failed. The west saddle dam will fail first because its overflow elevation is 13 feet below the overflow elevation of the
east embankment.

Figure 6 shows the spreadsheet calculations for the dam rating curve following failure of the east embankment. Tailwater
submergence reduces the spillway, trash gate, and failed east embankment discharges for Case 4. Consequently, it is necessary to
iterate through different tailwater elevations until the total computed dlscharge fits the tailwater rating curve [4.17.1). Figure 6
shows the final results but does not show the iteration steps. The results are readily checked by computing the individual
discharges (only spillway, trash gate, and east embankment are affected by tailwater), adding them up to compyte total discharge,
and then making sure the listed tailwater and total discharge minus the saddle dam discharge [4.20%F

curve.

three columns. Tailwater affects the discharge for HW elevations greater
Dlscharges above the horlzontal line are not affected by tailwater submergence.

s are overflow discharges in cfs for the spillway gates, screen house, powerhouse and spillway piers,
nonoverflow and navigation lock sections, upper lock gate, and the non-failed portion of the east embankment. These discharges,
all computed using Equation 1, are not affected by tailwater submergence. This is verified in the last column, which shows d/H,
remaining less than 0.6 [3.5] for the upper lock gate, which has the lowest overflow elevation of this group.

The failed east embankment overflow discharge is computed in the three columns following the “Intact East Emb” column.
Tailwater affects the discharge for HW elevations greater than 733 feet, as indicated by the horizontal line. Discharges above |
the horizontal line are not affected by tailwater submergence. Discharges below the horizontal line are reduced (multiplied by S¢)
by tailwater submergence. ,

The second-to-last column is the discharge past the failed west saddle dam determined by linear interpolation from the rating
curve developed for that purpose [4.15.1].



TVA

Calculation No.  cD000020080020 Rev: 1 Plant: GEN | Page:28
Subject: Initial Dam Rating Curves, Watts Bar Prepped | CJG
Checked | WBB
After West Saddle Dam and East Embankment Failure
g=322 ft/s’
Spillway Parameters Overflow Discharge, Q in cfs
L = 800 feet Failed
Z.=713 feet West
G, = 29.305 feet Spill P-house Nonover Upper intact Saddle
Hp, = 14.371 feet Trash Gate Gate Screen & Spill & Lock Lock East Failed East Embankment Dam
dH, S Q; Overflow House Piers Walls Gate Emb. dH, S [e2 (o5 Upper
Total Spillway®® C = 3.0 34 265 265 3.0 33 2865 2.65 from  Lock
HW Discharge TW'" feet ofs 2= 733 759.84 767 752 752 74867 770 700  rating Gate
feet 1000cfs feet H, C|C, dH. S5, Qu|Q L= 16.33 800 40 5467 2115 60 792 750  cuve  diH,
700 0.00 682.90 0 0 0 0 0 0 1 0 0
702 5.62 683.37 0 0 0 0 o] [4] 1 5621 0
704 15.90 684.23 0 0 0 0 0 0 1 15900 0
706 29.21 68532 [ 0 0 0 0 0 1 29210 [
708 4487 686.59 0 0 0 0 0 0 1 44972 0
710 62.85 688.00 0 0 0 0 0 0 1 62850 0
713 93.16 690.30 0 3.090 1 0 0 0 0 0 0 0 1 93158 0
715 122,68 692.45 2 3191 1 7221 0 0 0 0 0 [ 1 115463 0
718 181.43 696.48 5 3.315 1 29651 0 0 [} 0 0 0 1 151780 0
721 253.03 700.98 8 3412 1 61764 0 0 0 0 0 0 0.047 1 191265 0
724 . 33553 70567 11 3.489 1 101845 0 0 0 0 0 0 0236 1 233681 0
727 42776 71038 14 3.554 1 148918 0 0 0 0 0 0 0.384 1 278839 0
730 528.98 71499 17 3.609 0.117 1 202398 0 0 0 0 0 0 0.500 1 326580 0
733 638.74 71948 20 3.661 0.324 1 261970 1 0 0 0 0 0 Q 0 0.590 1 376772 0
734 676.90 720.94 21 3.678 0.378 1 283158 1 49 0 0 0 0 0 0616 0.999 393693 0
736 75145 72368 23 3.712 0464 0.999 327214 1 255 0 0 0 0 0.658 0988 423983 0
738 826.03 726.28 25 3.746 0.531 0.997 373472 1 0 q 0 0 0.692 0.971 452006 0
740 901.39 72881 27 3.780 0.585 0.994 421515 1 0 0 0 0.720 0.953 478967 0
742 97744 73128 29 3.815 0.630 0.988 470949 1 0 0 0.745 0.934 505165 0
744 1053.78 7337t 31 3.851 0.668 0.980 521378 0 0 0.766 0.915 530615 0
746 1129.97 736.12 33 3.887 1 0 0 0.785 0.895 555252 0
748 120558 73849 35 3.923 1 0 0802 0.876 579018 0
749 124314 73966. 36 3.940 1 < 38 0 0.808 0.866 590559 77
750 124419 73968 37 (782 1 0 0~ 0 304 0 0.794 0.886 622489 452
752 1287.92 74092 39 B 0 0 0 1203 0 0787 0.894 665904 4791
753 1311.62 74155 40 1 0 0 1449 1784 0 0.784 0.897 687658 8382
755 1385.46 74341 42 1 0 0 7528 3297 3153 0 0.789 0.891 722276 23392
757 1462.15 74523 44 1 5760 0 0 16198 7094 4760 0 0.794 0.886 757794 42482
759 1550.72 747.17 46 ( 1 6495 0 0 26831 11751 6574 0 0.800 0.879 791545 70037
760 1586.15 747.77 47 (70b . 1 6873 174 0 32782 14357 7551 - 0 0.796 0.883 815484 86740
761 1637.94 74881 48 0.706 0.746 0.811 625018 1 7258 3398 0 39116 17132 8573 0 0.800 0.878 831395 106052
762 1693.04 74987 49 0.706 0.752 0.801 626148 1 7651 8635 0 45814 20065 9636 0 0.804 0.873 846908 128180
763 174805 75092 50 0706 0.758 0.789 625300 1 8050 15279 0 52855 23148 10741 0 0.808 0.868 862366 150309 0.157
764 1806.26 752.00 5t 0.706 0.765 0.776 623833 0.613 1.000 8451 23079 0 60224 26376 11884 0 0812 0.862 877338 175076 0.217
765 1865.27 753.09 52 0.706 0.771 0.763 621852 0.628 0.997 8843 31882 0 67906 29740 13066 0 0.817 0.856 891843 200136 0.271
766 1920.66 754.19 53 0.706 0.777 0.750 619441 0.642 0.993 9224 41585 0 75890 33237 14284 0 0.821 0.850 905878 221119 0.319
767 1976.50 75531 54 0.706 0.784 0.738 616674 0.656 0.988 9598 52112 0 84165 36861 15538 0 0.826 0.844 919447 242103 0.362
768 2032.85 75644 55 0706 0.790 0.725 613645 0.670 0982 9965 63402 106 92720 40608 16827 0 0.830 0.837 932494 263086 0.402
769 2091.21 757.58 56 0706 0.796 0.712 610323 0.683 0.976 10326 75407 300 101547 44474 18150 0 0.834 0.830 945073 285608 0.438
770 2150.00 75872 57 0.706 0.802 0.700 606726 0.695 0.969 10682 88087 551 110638 48455 19505 0 0.839 0.822 957231 308130 0.471

(1) Taitwater is computed using total discharge minus the discharge from the failed west saddle dam.
(2) Double harizontal line is boundary between free discharge (above the line) and orifice discharge (below the line).

Figure 6 — Calculations for Case 4, East Embankment Failure
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7. Results/Conclusions

For convenience, the initial dam rating results, separate from the calculation details provided above, are tabulated as total |
discharge in cfs vs. headwater elevation in feet in Figure 7. The dam rating curves (along with the tailwater rating curve) are
plotted in Figure 8.

The initial dam rating curves developed in this calculation provide Watts Bar total dam discharge vs. headwater elevation for use|
in TVA’s SOCH and TRBROUTE models for simulation conditions satisfying the assumptions in [3.1}, which apply to major
floods up to and including the PMF which are of sufficient magnitude to requi<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>