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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, Al, 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 suspendedand 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.
The purpose of this calculation does not evaluate the design loading conditions for the dam or embankments.

NON-OVERFLOW .STION

482.0' 20-40*32' GATES & 20-65' PIERS - 930.0' 11.7' lOGs' "It

DOWNSTREAM ELEVATION

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.). I
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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 ofprobablemaximum flood events and I
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 saddle 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 possible 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 Earthquake Analysis on Radial Spillway Gates" (Reference B 1). 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 Equations

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, =CfLHC,5 (1)

in which Qf = free discharge (cfs), Cf = free discharge coefficient (ft° 5/s -- may vary with HW), L = length of overflowing section
(ft), He = head on crest (ft) = HW - Zc, HW = headwater elevation (1t), and Zc = top, or crest, elevation of overflowing section (ft).
This equation is modified to account for tailwater submergence as follows:

Qrý =Qf Sf (2)
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in which Qf, = "corrected" free discharge (cfs) and Sf = tailwater submergence factor (dimensionless -- varies between 0 and 1).
Sf varies with d/H, where d = TW - Zc (ft) and TW = tailwater elevation (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, = HLmin, the head at which the overflowing nappe first touches the bottoms of the
open gates (see Attachment A4). HLmin varies with gate opening, V, defined as the vertical distance between the bottom of the
gate and the spillway crest.

For headwater elevations above Hc = HLmin 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):

Qg = CgGnLt2g(Hc -Hnp (3)

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

Qgs = SgQg (4)

in which Qgs = "corrected" orifice discharge (cfs) and Sg = tailwater submergence factor (dimensionless -- varies with d/Hc and
gate opening, G,).

3.4 Methodology -- Spillway Discharge Calculations

The discharge coefficient, Cf, 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 HLmin(V), Cf(Hc), and Sf(d/Hc) are available from model test data
(Appendix A). The relationship between orifice discharge coefficient, Cg, and head, Hc, 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 Hmp are determined from geometry (Appendix A). Model data for Nickajack Dam
and Tellico Dam are used to estimate Sg(d/Hc,Gn) 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, Cf, and the submergence factor, Sf, 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 Cf is about 2.65 for very broad crests (HI/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 H1/B increases to
about 1.2. As H1/B increases above 1.2, Cf continues to increase as the weir transitions from broad-crested to sharp-crested at
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about H1/B = 2.0. For the rating curve calculations, a single value for Cf 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 Cf 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 Cs/Cf (equivalent to Sf) versus H2/H1 (equivalent to dIH,). As illustrated in
Attachment 5, the curve labeled "suggested for design (broad crests)" is well-represented by the following polynomial:

S, =1.0+0.023o -5.0259G2 + 18.266( 3 -44.658CY4 for 0<a<0.37 broadcrest (5)

in which cy = d/Hc - 0.6. According to this relationship, submergence affects discharge over a broad-crested weir for d/1-I > 0.6.

Values of the discharge coefficient, Cf, 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, e.g., Ref. 4, sheet. 000-1 9 32.2 ft/sec2

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 Zc 713 feet
4.2.3 Free discharge coefficient Polynomial fit to model data given in Att. A13 and C1(H,) Equation A5

discussed in Appendix A
4.2.4 Submergence factor for free Curve fit to model data given in Att. A14 and discussed St(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 Gn 29.305 feet
4.3.3 Mid-point elevation of Computed in Appendix A H., 14.371 feet

opening relative to crest
4.3.4 Headwater elevation at which HLm,, estimated in Appendix A HLn + Zc 749.64 feet

nappe touches gates
4.3.5 Orifice discharge coefficient Extrapolated data listed in Table A3, plotted in Att. Cg(Hc) Interpolate between

A16, and discussed in Appendix A points in Table A3
4.3.6 Submergence factors for Family of curves developed in Ref. A6, given in Sg(d/Hc, Interpolate between

orifice discharge Att. A5-3, and discussed in Appendix A Hc/G0) points in Table Al
4.4 Trashway
4.4.1 Free discharge coefficient Justification in Att. 6 Cf 3.0
4.4.2 Crest elevation Att. 7 Zc 733 feet
4.4.3 Crest length Att.7 L 16.33 feet
4.4.4 Submergence factor Att. 4 and Att. 5. Justification in Att. 6 Sf 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 C1 3.4
4.5.2 Overflow elevation Computed in Appendix A Z, 759.84 feet
4.5.3 Overflow length Same as spillway crest, Att. I or Att. 7 Lo 800 feet
4.6 Screen house overflow
4.6.1 Discharge coefficient Justification in Att. 9 Cf 2.65
4.6.2 Overflow elevation Att. 10 Z, 767 feet
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Sect. Input Parameter Source Symbol Value
4.6.3 Overflow length Att. 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. I and Att. 7 Z' 752 feet
4.7.3 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 Cf 3.0
4.8.2 Overflow elevation Att. I and Att. 7 Zo 752 feet
4.8.3 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 Cf 3.3
4.9.2 Overflow elevation Att. 9-5 Zc 648.67 feet
4.9.3 Overflow length Determined in Att. 9 L 60 feet
4.10 East Emb. Floodwall
4.10.1 Discharge coefficient Justification in Att. 15 Cr 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 Cf 2.65
4.11.2 Overflow elevation Att. 15-6 (justified in Att. 15-1 and Att. 15-2) Zc 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: Cf 2.75

0 <= Hj=H1 <=770-757=13 feet,
B = 16 feet (Att. 2)

0 <= HI/B <= 13/16 = 0.81
2.65 <= Cf<= 2.85

Use Cf = 2.75 (average)

4.12.2 Overflow elevation Attachment 2 ZQ 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 Cf 2.65
4.13.2 Overflow elevation Paragraph 4.19 Zý 700 feet
4.13.3 Overflow length Paragraph 4.19 L 750 feet
4.13.4 Submergence factor Paragraph 3.5 Sf Equation 5
4.14 Intact E. Emb. after Failure
4.14.1 Discharge coefficient Paragraph 4.19 Cf 2.65
4.14.2 Overflow elevation Paragraph 4.19 Zý 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~d, Paragraph 4.20 Qsd(HW) Interpolate between

vs. headwater, HW points in Table 1
4.16 Turbine Discharge
4.16.1 Discharge, Case 1 Paragraph 4.25 40,000 cfs
4.16.2 Discharge, Case 2, 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 Upper limit on headwater Paragraph 4,22 770 feet

elevation 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 access
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 nt at an elevation of 770
feet. These improvements are further described in Reference 39 (Attachment 52).

However, should the east earth embankment overtop, it is expected to fail. Attachme a t failure sectioni
which extends from the navigation lock to a streamwise line passing through sta io edge of the paved parking area.
The total length of 750 feet for the failure section was postulated in the FSAf, Be Units l and 2 and is adopted here as
a reasonable approximation of the extent of the failure. It is expected t i aved ortion of the earth embankment would
erode soon after overtopping, well before the paved parking area d, and once the earth embankment had eroded,
the headwater level would soon drop below the level of the p .a~ain a concrete flood wall is included in the failure section
because flow over top of it and around it will erode its f 1I to eventual failure. Similarly, the non-overflow section
shown in Attachment 15-1 between the concrete floh 4 1 earth embankment is included in the failure section because
flow around it will undercut it leading to event, E tier failure flow would initially be channeled between the lock and
the east abutment of the highway bridge p_ r J . The abutment and east roadway might fail under these conditions,
but the extent would be limited beca auataro'tind slopes up to the east of the postulated failure section (see Attachments
15-3 and 15-4). The embankmen •\ 1.2] to fail to the original ground elevation under it, which is approximately
700 feet, estimated from topogra -c (Att. 15-3).

For the purpose of curve calculation the following parameter values are used for the failed portion of the east
embankment: e n, Z, = 700 feet; overflow length, L = 750 feet; and Cf = 2.65. A value for Cf of 2.65 is used in
accordance wi Attachment 4 since the crest is broad compared to the depth of water flowing 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, Zc = 770 feet [4.11.2];
overflow length, L = 792 feet; and Cf = 2.65 [4.11.1 ], where Z, and Cf 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
elevation 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 Cf =
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
Cf = 2.65, L =1300 feet, and Zc = 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 Rating Curve for Failed West Saddle Dam

HW, feet Qsd, 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/l-t, 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 5 Q2 + 2.8568x10SQ3 - 5.0597x10-12Q4
(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, QTI = 1,456,640 cfs
Screen house overflow at elevation 767 feet, Qshl = 1185 cfs
Overflow at EL. 752, Q0o = 129,581 + 56,751 = 186,332 cfs

If the screen house and lock operations building were removed:

Overflow at EL. 752, Qo2 = (758.2+66)/758.2*186,332 cfs = 202,552 cfs
Total discharge, QT2 = QT1 - Qsh + (Q.2 - 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 Hc, = 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, QT, at gross head, HG = 30 feet is as follows: Using linear extrapolation and
linear interpolation, estimate QT at HG = 49 feet and 30 feet from Attachments 19-1 and 19-2. Scale QT 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 M = 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 Hc, = 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 Hc, = 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

QT49, cfs QT30, cfs
Unit Attachment (QT @ HG=4 9') (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"), HI, CdCg, d/Hc, SdSg and QflQg.
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 Cf [4.2.3] computed from Equation (A5) and the submergence factor is Sf [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
Sg [4.3.6] computed by bilinear interpolation between the points in Table Al. Column QfdQg 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 "Cf=", "Zc='", 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 Cf or Co ([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 Zo ([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 Lo
([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 = 32.2 ft/s,

a
Total

HW Discharge

feet 1000 cfs
713 0.00
715 7.22
718 29.65
721 61.76
724 101.84

727 148.92

730 202.40
733 301.97
734 323.21
736 367.78
738 415.10
740 465.17
742 517.99
744 573.55
746 631.81
748 692.67
749 724.07

750 743.45

752 734.86
753 691.15
755 724.45
757 760.56
759 808.77

760 839.03
761 874.34
762 913.40
763 955.45
764 1000.11
765 1047.14
766 1096.35
767 1147.59

Spillway Parameters
L = 800 feet

Zc = 713 feet
G, = 29.305 feet

Hmu= 14.371 feet

Spillway(2
1

TW
1

•' feet cfs
feet Hc CfIC, d/H, SfIS, QfI Q
682.90 0 3.090 1 0
683.51 2 3.191 1 7221
685.36 5 3.315 1 29651
687.91 8 3.412 1 61764
690.94 11 3.489 1 101845
694.29 14 3.554 1 148918
697.85 17 3.609 1 202398
703.83 20 3.661 1 261970
705.00 21 3.678 1 283158
707.38 23 3.712 1 327523
709.76 25 3.746 1 374552
712.14 27 3.780 1 424262
714.51 29 3.815 1 476668
716.87 31 3.851 0.125 1 531764
719.21 33 3.887 0.188 1 589512
721.53 35 3.923 0.244 1 649826
722.69 36 3.940 0.269 1 680901

723.39 37 0.782 0.281 1 699712
723.08 39 0.739 0.258 1 689603
721.48 40 0.717 0.212 1 682901
722.70 42 0.713 0.231 1 705420
724.00 44 0.710 0.250 1 726751
725.34 46 0.706 0.268 1 747003
726.09 47 0.706 0.278 1 758719
726.95 48 0.706 0.291 1 770258
727.88 49 0.706 0.304 1 781627
728.86 50 0.706 0.317 1 792832
729.87 51 0.706 0.331 1 803881
730.92 52 0.706 0.345 1 814781
732.00 53 0.706 0.358 1 825536

733.11 54 0.706 0.372 1 836153

Trash
Gate 0

Overflow Discharge, Of in cfs
Spill P-house Nonover Upper East

Turbine Cf= 3.0
Q Zc = 733

cfs L = 16.33

40000
40000

40000

40000
40000

40000

40000
40000

40000
40000

40000
40000

0
0

0
0
0

0
0
0

49

255

548
907

1323
1787

2296

2846
3135

3434
4057

4382
5055

5760

6495
6873
7258
7651

8050

8456

8868
9287

9712

10144

10582

11026

East West
Gate Screen & Spill
verflow House Piers

3.4 2.65 2.65
759.84 767 752
800 40 546.7

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 0
0 0 0
0 0 0

0 0 0
0 0 0
0 0 1449
0 0 7528
0 0 16198

0 0 26831
174 0 32782

3398 0 39116
8635 0 45814

15279 0 52855

23079 0 60224
31882 0 67906
41585 0 75890
52112 0 84165
63402 106 92720
75407 300 101547

88087 551 110638

& Lock Lock Emb.
Walls Gate Wall
3.0 3.3 3,0

752 748.67 767

Emb.
Earth
2.65

770

211.5
0
0

0
0
0
0

0
0
0

0

0
0

0

0
0

0
0

0
0

635
3297
7094

11751

14357

17132
20065
23148

26376

29740
33237

36861
40608
44474

48455

60 487.7
0 0
0 0

0 0
0 0
0 0

0 0

0 0
0 0
0 0

0 0

0 0
0 0

0 0

0 0

0 0
0 0

38 0

304 0
1203 0

1784 0
3153 0
4760 0
6574 0

7551 0

8573 0
9636 0

10741 0

11884 0

13066 0
14284 0

15538 0

16827 1463
18150 4138

19505 7602

1325.2 1300 d/Hf
0 0
0 0

0 0

0 0
0 0

0 0

0 0
0 0

0 0

0 0

0 0
0 0
0 0

0 0

0 0
0 0
0 0

0 0
0 0

0 0
0 0
0 0
0 10112

0 18576

0 28600
0 39970
0 52542

0 66210

0 80893
0 96525
0 113051

0 130426 0.037
0 148610 0.070

0 167568 0.103

Saddle
Dam
2.75

757

Trash

Gate

768
769
770

1202.33 734.29 55 0.706 0.387 1 846637
1259.34 735.51 56 0.706 0.402 0.999 856136
1319.43 736.80 57 0.706 0.418 0.999 865999

(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 = 32.2 ft/s,

Total
HW Discharge TWi"

Spillway Parameters
L = 800 feet

Zc= 713 feet

Gn = 29.305 feet

Hmp = 14.371 feet

Spillway(2) Cf =

feet cfs Zc =

Overflow Discharge, Qf in cfs

feet
713
715
718
721
724
727
730
733
734
736
738
740
742
744
746
748
749

750
752
753
755
757
759
760
761
762
763
764
765
766
767
768
769
770

1000cfs feet H, C ICg d/He SfIS, QfIQ,
0.00 682.90 0 3.090 1 0
7.22 683.51 2 3.191 1 7221

29.65 685.36 5 3.315 1 29651
61.76 687.91 8 3.412 1 61764

101.84 690.94 11 3.489 1 101845
148.92 694.29 14 3.554 1 148918
202.40 697.85 17 3.609 1 202398
261.97 701.52 20 3.661 1 261970
283.21 702.76 21 3.678 1 283158
327.78 705.25 23 3.712 1 327523
375.10 707.76 25 3.746 1 374552
425.17 710.25 27 3.780 1 424262
477.99 712.73 29 3.815 1 476668
533.55 715.19 31 3.851 0.071 1 531764
591.81 717.62 33 3.887 0.140 1 589512
652.67 720.02 35 3.923 0.201 1 649826
684.07 721.21 36 3.940 0.228 1 680901

703.45 721.93 37 0.782 0.241 1 699712
694.86 721.62 39 0.739 0.221 1 689603
691.15 721.48 40 0.717 0.212 1 682901
724.45 722.70 42 0.713 0.231 1 705420
760.56 724.00 44 0.710 0.250 1 726751
808.77 725.34 46 0.706 0.268 1 747003
839.03 726.09 47 0.706 0.278 1 758719
874.34 726.95 48 0.706 0.291 1 770258
913.40 727.88 49 0.706 0.304 1 781627
955.45 728.86 50 0.706 0.317 1 792832

1000.11 729.87 51 0.706 0.331 1 803881
1047.14 730.92 52 0.706 0.345 1 814781
1096.35 732.00 53 0.706 0.358 1 825536
1147.59 733.11 54 0.706 0.372 1 836153
1202.33 734.29 55 0.706 0.387 1 846637
1259.34 735.51 56 0.706 0.402 0.999 856136
1319.43 736.80 57 0.706 0.418 0.999 865999

L =

Trash
Gate

3.0
733

16.33
0
0
0
0
0
0
0
0

49
255
548
907

1323
1787
2296
2846
3135

3434
4057
4382
5055
5760
6495
6873
7258
7651
8050
8456
8868
9287
9712

10144
10582
11026

Spill
Gate

Overflow
3.4

759.84
800

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0

174
3398
8635

15279
23079
31882
41585
52112
63402
75407
88087

Screen
House
2.65
767
40

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

106
300
551

P-house
& Spill
Piers
2.65
752

546.7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

1449
7528

16198
26831
32782
39116
45814
52855
60224
67906
75890
84165
92720

101547
110638

Nonover
& Lock
Walls
3.0
752

211.5
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

.0
0

635
3297
7094

11751
14357
17132
20065
23148
26376
29740
33237
36861
40608
44474
48455

Upper
Lock
Gate
3.3

748.67
60

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

38

304
1203
1784
3153
4760
6574
7551
8573
9636

10741
11884
13066
14284
15538
16827
18150
19505

East
Emb.
Wall
3.0
767

487.7
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0

1463
4138
7602

East
Emb.
Earth
2.65
770

1325.2
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

West
Saddle

Dam
2.75
757

1300

Trash
Gate
d/H,

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0

10112
18576
28600
39970
52542
66210
80893
96525

113051
130426 0.037
148610 0.070
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-Failure Condition without Turbine Discharge



TVA
Calculation No. CDQ000020080020 Rev: 1 Plant: GEN Page: 25
Subject: Initial Dam Rating Curves, Watts Bar Prepped CJG

Checked WBB

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 ratingd
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 5, spillway discharge is computed in the five columns, H•, CtICg, d/Hc, SdSg and QfQg. 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 thel
double horizontal line indicating the transition from free discharge to orifice discharge, the listed discharge coefficient is Cf
[4.2.3] computed from Equation (A5) and the submergence factor is Sf [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 Sg [4.3.6] computed by
bilinear interpolation between the points in Table Al. Column QdQg 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 "Cg", "Zc,=", 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 Cf or Co ([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 Zc 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/Hc 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!Hc < 0.6 [3.5].
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After West Saddle Dam Failure
g = 32.2 ft/as Spillway Parameters Overflow Discharge, Qf in cfs

L = 800 feet Failed
Zý = 713 feet West
Gn= 29.305 feet Spill P-house Nonover Upper East East Saddle

Hmn= 14.371 feet Trash Gate Screen & Spill & Lock Lock Emb. Emb. Dam
Gate Overflow House Piers Walls Gate Wall Earth Q,

Total Spillway(2) Cf = 3.0 3.4 2.65 2.65 3.0 3.3 3.0 2.65 from Trash
HW Discharge TW -feet cfs Zc = 733 759.84 .767 752 752 748.67 767 770 ratino Gate
feet 1000 cfs feet Hc Cf I Cg d/Hc Sf I S5 Q• I Qgs L = 16.33 800 40 546.7 211.5 60 487.7 1325.2 curve d/Hc
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 0 0 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 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
727 148.92 694.29 14 31554 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
733 261.97 701.52 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
736 327.78 705.25 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
740 425.17 710.25 27 3.780 1 424262 907 0 0 0 0 0 0 0 0
742 477.99 712.73 29 3,815 1 476668 1323 0 0 0 0 0 0 0 0
744 533.55 715.19 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
749 684.15 721.21 36 3.940 0.228 1 680901 3135 0 0 0 0 38 0 0 77
750 703.90 721.93 37 0.782 0.241 1 699712 3434 0 0 0 0 304 0 0 452
752 699.65 721.62 39 0.739 0.221 1 689603 4057 0 0 0 0 1203 0 0 4791
753 699.53 721.48 40 0.717 0.212 1 682901 4382 0 0 1449 635 1784 0 0 8382
755 747.85 722.70 42 0.713 0.231 1 705420 5055 0 0 7528 3297 3153 0 0 23392
757 803.04 724.00 44 0,710 0.250 1 726751 5760 0 0 16198 7094 4760 0 0 42482
759 868.69 725.34 46 0.706 0.268 1 747003 6495 0 0 26831 11751 6574 0 0 70037
760 907.20 726.09 47 0.706 0.278 1 758719 6873 174 0 32782 14357 7551 0 0 86740
761 951.79 726.95 48 0.706 0.291 1 770258 7258 3398 0 39116 17132 8573 0 0 106052
762 1001.61 727.88 49 0,706 0.304 1 781627 7651 8635 0 45814 20065 9636 0 0 128180
763 1053.21 728.86 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 1166.38 730.92 52 0.706 0.345 1 814781 8868 31882 0 67906 29740 13066 0 0 200136
766 1220.94 732.00 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 1334.99 734.29 55 0.706 0.387 1 846637 10144 63402 106 92720 40608 16827 1463 0 263086 0.037
769 1396.34 735.51 56 0.706 0.402 0.999 856136 10582 75407 300 101547 44474 18150 4138 0 285608 0.070
770 1459.99 736.80 57 0.706 0.418 0.999 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 discharge 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 te total discharge,
and then making sure the listed tailwater and total discharge minus the saddle dam discharge [4. ee t e tailwater rating
curve.
In Figure 6, spillway discharge is computed in the five columns, Hc, I 1 QdQg Ale horizontal line

indicating the transition from free discharge to orifice dischg the li-sed `h ge oe fficient id [2,3] rd the submergence
factor is Sf [4.2.4]. Below this line, the listed r e coe ici n t d ubmer ae i .is- [4.3.6]. Column
QdQg is the spillway discharge co d f ti n 2 fo r is a e o ua Frifi charge. Tailwater
affects the discharge for ele ions- r a 734 feeti ta ln .40 [4.2.4]. o

The column foll in th sh shows" 's nd ree rows to indicate the meaning of the

values included i h s n` e"ve fb D 5charge" col

Trash gate dischý rgý n c i d i the i'ex three columns. Tailwater affects the discharge for HW elevations greater
than 763 feet, as nd c ted b t 'e h tat li Discharges above the horizontal line are not affected by tailwater submergence.
Discharges belothh riznta `--re reduced (multiplied by Sf) by tailwater submergence.

The next six colu ns 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/I-I
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 Sf)
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 ].
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After West Saddle Dam and East Embankment Failure
g = 32.2

Total
HW Discharge
feet 1000 cfs
700 0.00
702 5.62
704 15.90
706 29.21
708 44.97
710 62.85
713 93.16
715 122.68
718 181.43
721 253.03
724 335.53
727 427.76
730 528.98
733 638.74
734 676.90
736 751.45
738 826.03
740 901.39
742 977.44
744 1053.78
746 1129.97

748 1205.58
749 1243.14

750 1244.19

752 1287.92

753 1311.62
755 1385.46
757 1462.15

759 1550.72
760 1586.15
761 1637.94

762 1693.04

763 1748.05
764 1806.26
765 1865.27
766 1920.66
767 1976.50
768 2032.85
769 2091.21

ft/s,

TW

Spillway Parameters
L = 800 feet

= 713 feet
G = 29.305 feet

H_, = 14.371 feet

Spillway"
2

) Cf =
ff feet cfs Z. =

Overflow Discharge, Qf in cfs

Trash Gate
d/H, Sf Qf

3.0
733

feet H, CfI C, d/H. SfSI OS I QOs L = 16.33 80
682.90 0
683.37 0
684.23 0
685.32 0
686.59 0
688.00 0
690.30 0 3.090 1 0 0
692.45 2 3.191 1 7221 0
696.48 5 3.315 1 29651 0
700.98 8 3.412 1 61764 0
705.67 11 3.489 1 101845 0
710.38 14 3.554 1 148918 0
714.99 17 3.609 0.117 1 202398 0
719.48 20 3.661 0.324 1 261970 1 0
720.94 21 3.678 0.378 1 283158 1 49
723.68 23 3.712 0.464 0.999 327214 1 255
726.28 25 3.746 0.531 0.997 373472 1 548
728.81 27 3.780 0.585 0.994 421515 1 907
731.28 29 3.815 0.630 0.988 470949 1 1323
733.71 31 3.851 0.668 0.980 521378 7878
736.12 33 3.887 0.700 0.971 572422 :.024

738.49 35 3923 0.728 06
739.66 36 3 0 0 4 493 4418

739.68 37 (782 0.21 086 6 53 .393 1 344.ý
740.92 39 1 8681 96 -. 417

741.55 40 .717 14 :88 6 33 428 1
743.41 42 7872 860 07 9 .473 1 5055
745.23 44 71 73 0 64.62 62 0.510 1 5760
747.17 46 743 08 37489 0.545 1 6495
747.77 47 7 0.40 0.820 622193 0.547 1 6873
748.81 48 0.706 0.746 0.811 625018 0.565 1 7258
749.87 49 0.706 0.752 0.801 626148 0.582 1 7651
750.92 50 0,706 0.758 0.789 625300 0.597 1 8050 1
752.00 51 0.706 0.765 0.776 623833 0.613 1.000 8451 2
753.09 52 0.706 0.771 0.763 621852 0.628 0.997 8843 3
754.19 53 0.706 0.777 0.750 619441 0.642 0.993 9224 4
755.31 54 0.706 0.784 0.738 616674 0.656 0.988 9598 5
756.44 55 0,706 0.790 0.725 613645 0.670 0.982 9965 6
757.58 56 0,706 0.796 0.712 610323 0.683 0.976 10326 7

Failed
West

ill P-house Nonover Upper Intact Saddle
te Screen & Spill & Lock Lock East Failed East Embankment Dam
rfow House Piem Walls Gate Emb. d/H. Sf 0Q Q Upper
4 2.65 2.65 3.0 3.3 2.65 2.65 from Lock
84 767 752 752 748.67 770 700 ratin Gate

0 40 546.7 211.5 60 792 750 curve d/H,
0 0 0 0 0 1 0 0
0 0 0 0 0 1 5621 0
0 0 0 0 0 1 15900 0
0 0 0 0 0 1 29210 0
0 0 0 0 0 1 44972 0
0 0 0 0 0 1 62850 0
0 0 0 0 0 1 93158 0
0 0 0 0 0 1 115463 0
0 0 0 0 0 1 151780 0
0 0 0 0 0 0.047 1 191265 0
0 0 0 0 0 0,236 1 233681 0
0 0 0 0 0 0.384 1 278839 0
0 0 0 0 0 0.500 1 326580 0
0 0 0 0 0 0.590 1 376772 0
0 0 0 0. 0 0.616 0.999 393693 0

0-0 0 0 0.658 0.988 423983 0
0° ° 2.._ 0 0.692 0.971 452006 0

dl 0 05-- 0 0.720 0.953 478967 0
0 )7 0 0.745 0.934 505165 0

0 0.766 0.915 530615 0
0 0.785 0.895 555252 0

0 0.802 0.876 579018 0
38 0 0.809 0.866 590559 77

304 0 0.794 0.886 622469 452
174 0 3 1203 0 0.787 0.894 665904 4791

0 0 1449 635 1784 0 0.784 0.897 687658 8382
0 0 7528 3297 3153 0 0.789 0.891 722276 23392
0 0 16198 7094 4760 0 0.794 0.886 757794 42482
0 0 26831 11751 6574 0 0.800 0.879 791545 70037

174 0 32782 14357 75510 0 0.796 0.883 815484 86740
3398 0 39116 17132 8573 0 0.800 0.878 831395 106052
8635 0 45814 20065 9636 0 0.804 0.873 846908 128180
5279 0 52855 23148 10741 0 0.808 0.868 862366 150309 0.157
3079 0 60224 26376 11884 0 0.812 0.862 877338 175076 0.217
1882 0 67906 29740 13066 0 0.817 0.856 891843 200136 0.271
1585 0 75890 33237 14284 0 0,821 0.850 905878 221119 0.319
2112 0 84165 36861 15538 0 0.826 0.844 919447 242103 0.362
3402 106 92720 40608 16827 0 0.830 0.837 932494 263086 0.402
5407 300 101547 44474 18150 0 0.834 0.830 945073 285608 0.438
8087 551 110638 48455 19505 0 0.839 0.822 957231 308130 0.471770 2150.60 758.72 57 0,706 0.802 0.700 606726 0.695 0.969 10682

(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 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 require all of the spillway gates to be fully raised and
both gate leaves to be removed from the trashway.

The Case 1 (pre-failure with turbine discharge) curve is used for both rising and falling headwaters until the headwater elevation
rises above 752 feet at which time the turbines would be shut down. Then the Case 2 (pre-failure without turbine discharge)
curve is used for both rising and falling headwaters until the west saddle dam is judged to fail, sometime after the headwater rises
above its overflow elevation of 757 feet. Then the Case 3 (failed west saddle dam) curve is used for both rising and falling
headwaters until up to an elevation of 770 feet, the top of the east earth embankment.

As discussed in Section 5.0, the dam rating curves provided in Figures 3, 4, 5, 7 and 8 are limited in applicability to headwater
elevations no greater than 768.50 feet. The dam rating curve provided in Figure 6 is not valid for current conditions at Watts Bar
Dam.
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Case 1
Pre-Failure with
Turbine Discharge

Total
HW Discharge
feet 1000 cfs

713 0.00
715 7.22
718 29.65
721 61.76
724 101.84
727 148.92
730 202.40
733 301.97
734 323.21
736 367.78
738 415.10
740 465.17
742 517.99
744 573.55
746 631.81
748 692.67
749 724.07
750 743.45
752 734.86
753 691.15
755 724.45
757 760.56
759 808.77
760 839.03
761 874.34
762 913.40
763 955.45
764 1000.11
765 1047.14
766 1096.35
767 1147.59
768 1202.33
769 1259.34
770 1319.43

Case 2
Pre-Failure without
Turbine Discharge

Total
HW Discharge
feet 1000 cfs

713 0.00
715 7.22
718 29.65
721 61.76
724 101.84
727 148.92
730 202.40
733 261.97
734 283.21
736 327.78
738 375.10
740 425.17
742 477.99
744 533.55
746 591.81
748 652.67
749 684.07
750 703.45
752 694.86
753 691.15
755 724.45
757 760.56
759 808.77
760 839.03
761 874.34
762 913.40
763 955.45
764 1000.11
765 1047.14
766 1096.35
767 1147.59
768 1202.33
769 1259.34
770 1319.43

Case 3
Failed West
Saddle Dam

Total
HW Discharge
feet 1000 cfs

713 0.00
715 7.22
718 29.65
721 61.76
724 101.84
727 148.92
730 202.40
733 261.97
734 283.21
736 327.78
738 375.10
740 . 425.17
742 477.99
744 533.55
746 591.81
748 652.67
749 684.15
750 703.90
752 699.65
753 699.53
755 747.85
757 803.04
759 868.69
760 907.20
761 951.79
762 1001.61
763 1053.21
764 1108.98
765 1166.38
766 1220.94
767 1276.65
768 1334.99
769 1396.34
770 1459.99

Case 4
Failed W. Saddle Dam
and East Embankment

Total
HW Discharge
feet 1000 cfs

700 0.00
702 5.62
704 15.90
706 29.21
708 44.97
710 62.85
713 93.16
715 122.68
718 181.43
721 253.03
724 335.53
727 427.76
730 528.98
733 638.74
734 676.90
736 751.45
738 826.03
740 901.39
742 977.44
744 1053.78
746 1129.97
748 1205.58
749 1243.14
750 1244.19
752 1287.92
753 1311.62
755 1385.46
757 1462.15
759 1550.72
760 1586.15
761 1637.94
762 1693.014
763 1748.05
764 1806.26
765 1865.27
766 1920.66
767 1976.50
768 2032.85
769 2091.21
770 2150.00

Figure 7 - Initial Dam Rating Results for Cases 1, 2, 3, and 4
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Appendix A: Spillway Discharge Coefficients and Submergence Factors for Watts Bar Dam
from 1:35 Scale Model Test Data

TVA has model test data describing the relationships between discharge, headwater, tailwater, and gate opening for most of its
spillways. These data, which are the basis for the spillway discharge tables developed for each dam, are used in the dam rating
curve calculations. Use of reference book discharge coefficients for standard crests would result in inferior results because TVA's
spillway crests are not standard.

Watts Bar dam has twenty spillway bays, each controlled by a radial (tainter) gate as illustrated in Attachment Al. For dam rating
curve calculations the gates are assumed to be open to their maximum opening position as specified in the Spillway Gate
Arrangements table included as Attachment A2. As shown in this table, the maximum opening corresponds to reading "UP" on
the gate position indicators for the spillway. Field measurements of V, the vertical distance between the bottom lip of a raised
spillway gate and the spillway crest, are summarized in Attachment A3. For gate position indicator reading "UP" the average
value of V for the twenty gates is 28.92 feet.

Test data from a 1:35 scale model (circa 1950) are available for free discharge conditions (Attachments A6-3, A6-4, and A7-6)
and for orifice discharge conditions for nine different gate openings varying from V = 1.82 feet to V = 23.83 feet (Attachments
A74 and A7-5). Orifice discharge data were not collected for gate openings as large as V = 28.92 feet, however, because under
normal operating conditions the overflowing nappe will never touch the bottom of a gate open this far. But under certain high
flood conditions considered for the dam rating curves the nappe will touch the gate in this position. Consequently, the data for
gate openings V = 23.83, 19.84, 15.86, 11.83, and 7.80 feet are used here to estimate orifice flow discharge characteristics for V
28.92 feet.

Fort Loudoun, Douglas, and Cherokee Dams all have spillway gates and crests identical to Watts Bar Dam. Consequently, the
orifice flow discharge characteristics for these four dams are identical and the orifice relationships provided below apply to all
four dams (for the same vertical openings, V, of the gates). The free discharge characteristics vary somewhat with upstream
reservoir depth. The free discharge relationships provided below apply to both Watts Bar and Fort Loudoun Dams because they
have similar upstream depths, but not to Douglas and Cherokee Dams, which have greater upstream reservoir depths.

A. I References

A I. "Watts Bar Dam Spillway Discharge Tables," River Operations, Tennessee Valley Authority, 2004 (Attachment 22).
A2. TVA Files, binder "Watts Bar, Spillway Rating, 1990" (Attachment A3)
A3. "Discharge Coefficients for Spillways at TVA Dams," Kenneth W. Kirkpatrick, Paper No. 2855, Transactions of the

American Society of Civil Engineers, vol. 22, pp. 190-210, 1957 (Attachment A19)
A4. "Tainter Gate Rating Data Determined from Eight TVA Model Studies," Tennessee Valley Authority, Division of Water

Control Planning, Engineering Laboratory, Norris, TN, 1962, RIMS No. L58 080821 001 (Attachment A20)
A5. "Hydraulic Design Criteria," USACE (U. S. Army Engineer Waterways Experiment Station), Eighteenth issue, Vicksburg,

MS, 1988
A6: Dam Rating Curves, Nickajack, TVA Calculation CDQ 000020080014, Appendix A
AT Oven Channel Flow, F. M. Henderson, Macmillan, New York, 1966.
A8. TVA drawing no: 54W200, R6 (Attachments A 10 and A2 1)
A9. TVA drawing no: 5 1 N205, R4 (Attachments A I I and A22)
A 10: Dam Rating Curves, Tellico, TVA Calculation CDQ 000020080018, Appendix A

A.2 Discharge Equations

Attachment A4 is a definition sketch for flow over the Watts Bar Dam spillway. Free discharge occurs for headwater elevations
below the elevation at which the overflowing nappe first touches the bottom lip of the gate, or H, <= HLmin, and is computed using
a weir equation (e.g., Reference A5):
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Q, = CfLHc,' 5  
(Al)

in which Qf = free discharge (cfs), Cf= free discharge coefficient (ft' 5/s -- varies with 1%), L = length of overflowing section (ft),
1% = head on crest (ft) = HW - Z, HW = headwater elevation (ft), and Zc = top, or crest, elevation of overflowing section (fit).
This equation is modified to account for tailwater submergence as follows:

Qf =QfSf (A2)

in which Qf, = "corrected" free discharge (cfs), Sf = tailwater submergence factor (dimensionless -- varies with d / 1%), d = height
of tailwater above crest (ft) = TW - Z•, and TW = tailwater elevation (ft).

For headwater elevations above the elevation at which the nappe touches the gate lip, or H% > HLmin,' orifice flow occurs and is
computed from (e.g., Reference A5)

Qg =CgG.nLV2g(Hc -Hmp (A3)

in which Qg = orifice discharge (cfs), Cg = orifice discharge coefficient (dimensionless -- varies with gate opening and 1i), GQ,
effective gate opening = minimum distance between the gate lip and the crest (ft), g = acceleration of gravity (32.2 ft/s2 

-- common
knowledge, Reference A5, sheet. 000-1 for example), and Hmp = vertical distance between the mid-point of G. and the crest. This
equation is modified to account for tailwater submergence as follows:

Qgs = SgQg (A4)

in which in which Qgs = "corrected" orifice discharge (cfs) and Sg = tailwater submergence factor (dimensionless -- varies with d /
1i and gate opening, V).

A.3 Model Test Data

The 1:35 scale Watts Bar model test data (Attachments A6 and A7) are used to determine

* CK(1-) and Sf(d/Hc)
* HLmin and Cg(Hc) for V = 28.92 ft.

The 1:35 scale Nickajack Dam model test data (Reference A6) and the 1:72 scale Tellico Dam model test data (Reference A10)
are used to estimate

* Sg(d/Hc) for V = 28.92 ft

Submergence effects on orifice discharge were not evaluated in the Watts Bar model study because under normal operating
conditions the tailwater is never high enough to affect orifice discharge. Model data for estimating submergence effects on orifice
discharge through radial gates on a spillway crest are available for the spillways at Nickajack Dam (Reference A6) and for the
spillways at Tellico Dam (Reference A10). These spillways are similar to Watts Bar, both having radial gates controlling flow
over a spillway crest. Their crest and gate parameters are somewhat different than those at Watts Bar, but the submergence data
are normalized in a way that permits their use at any dam with radial gates on a spillway crest. Curve fits for Sg(d/Hc, Hc/Gn) are
included as Attachment A5-1 for Nickajack Dam and as Attachment A5-2 for Tellico Dam. One consequence of the parameter
and geometry differences between Nickajack and Tellico Dams is that the value of the submergence ratio, d/IH, at which
submergence effects begins differs, being 0.6 for Nickajack and 0.2 for Tellico. Attachment A14 indicates that the value of d/14
at which submergence effects begin at Watts Bar is 0.4. Because this value of d/Hc is halfway between the corresponding values
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for Nickajack and Tellico, an Sg(d/Hc, Hc/Gn) relationship for Watts Bar was developed by averaging the values for Nickajack and
Tellico Dams. The resulting curve fits are included as Attachment A5-3 and the coordinates defining the curve fits are given in
Table Al.

Table AI: Points Defining Curves through averaged Nickajack and Tellico Sg data (Ref. A6, Ref A10)

HjG= 1.35 H/Gn 1.50 HýG= 1.70
d/Hc S, d / Hc Sý d/lH S,
0.00 1.000 0.00 1.000 0.00 1.000
0.40 1.000 0.40 1.000 0.40 1.000
0.45 0.990 0.45 0.990 0.45 0.988
0.50 0.984 0.50 0.984 0.50 0.978
0.55 0.973 0.55 0.973 0.55 0.967
0.60 0.961 0.60 0.960 0.60 0.951
0.65 0.938 0.65 0.938 0.65 0.920
0.70 0.902 0.70 0.898 0.70 0.875
0.75 0.856 0.75 0.846 0.75 0.806
0.80 0.794 0.80 0.766 0.80 0.704
0.85 0.697 0.85 0.651 0.85 0.598
0.90 0.570 0.90 0.523 0.90 0.482
0.96 0.350 0.95 0.358 0.94 0.363

H/Gn= 2.0 H/G,= 2.30
d/H. Sj d/ H S'

o0.00 1.000 0.00 1.000
0.40 1.000 0.40 1.000
0.45 0.986 0.45 0.980
0.50 0.974 0.50 0.957
0.55 0.953 0.55 0.929
0.60 0.917 0.60 0.893
0.65 0.877 0.65 0.828
0.70 0.807 0.70 0.748
0.75 0.714 0.75 0.668
0.80 0.635 0.80 0.588
0.85 0.545 0.85 0.505
0.90 0.444 0.90 0.412
0.93 0.367 0.92 0.365

The Watts Bar model test results for Cf(Hc) and Sf(HC) were published in graphical form in Reference A3. Reference A3 includes
results also for orifice discharge but in terms of a different discharge coefficient than the coefficient Cg used here, and
Reference A3 includes no information on the relationship between HLmin and gate opening. However, the model test data for both
orifice and free discharge are tabulated in Reference A4 and these data are used in paragraphs A.5, A.6, and A.7 to estimate HLrin
and Cg(Hc) for V = 28.92 feet and to establish a curve fit for Cf(Hc).

Attachment A6 provides the pages from Reference A3 that are relevant to these calculations. Attachment A7 provides the pages
from Reference A4 that are relevant to these calculations. Reference A4 includes a few pages (Attachment A7-4, for example)
with penciled corrections by the original author.

Model data are scaled to prototype values using the following scale ratios from Attachment A8:

* Vp/Vm and Hp/Hm = 35
SQp/Q = (35)2.5 = 7247.2
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in which H is "head" in feet and represents any water level difference (d or I-IH, for example), the p-subscript denotes prototype,
and the m-subscript denotes model.

A.4 Geometry

Parameters G,, Hmp, Zo (gate overflow elevation), and 3 (angle plotted against discharge coefficient in Attachment A 17) are
computed from crest and gate geometry as described in Attachment A9. Table A2 gives the values of these parameters for V
7.80, 11.83, 15.86, 19.84, 23.83, and 28.92 feet.

Table A2: Geometrical Parameters for Relevant Gate Openings

V, feet G., feet Hmp, feet Z., feet deg.
7.80 7.865 3.881 751.27 78.4
11.83 11.868 5.906 753.76 86.4
15.86 15.904 7.921 755.86 93.1
19.84 19.919 9.906 757.56 98.9
23.83 23.994 11.892 758.85 104.0
28.92 29.305 14.371 759.84 112.1

As an example, the procedure for computing the geometrical parameters for V = 28.92 feet is given here. From Attachment A10,

" R 35 feet
* Z,=713 feet
* Ztr 725 feet

z = 725 - 712.636 = 12.364 feet
* z2 =745 - 725 = 20.0 feet

where the parameters are defined in Attachment A9-2. Referring to Attachment A9:

Angle 0: 0 =sin' 12.364) + -sin-(20.0) = 55.537'

Angle (x: t= tan-' 725-713-28.92 = -28.9100
/352 -(725-713-28.92)2

Overflow elevation Z.:

Gate lip y-coordinate:

Gate lip x-coordinate:

Z. -725+35sin[55.537-(-28.910)]= 759.836 feet

yt =725-713-28.92=-16.92 feet

x, = /352 -(-16.92)2 = 30.6384 feet

From Attachment Al 1, the equation for the spillway crest is:

y: = f(x,)= 0.045+ + -83 - 8 forx: >80

10 127
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in which y: = y -12 and x4=43.708-x . In terms ofy, and x,:

y, =f(xs)--25.4051-83.356ý L - +127 for x, <35.328feet

and

dy _-0.65635+ x-
dx, 63.5

To get effective gate opening, Gn, solve the following equation for x,,:

xsn -30.6384+ 25.4051-83.356(•7j+ 127(s7f- (- 16.92)1[- 0.65635 +X.. =0

Solution:

Xsn = 34.1076 feet (by iteration)
= Ysn 25.4051 - 83.356(34.1076/127)+127(34.1076/127)2 = 12.1788

Gn =%/(34.1076-30.6384)2 +(12.1788- (-16.92))2 =29.305 feet

and

* Hmp = 28.92-[12.1788 - (-16.92)]/2 = 14.371 feet

= =t-tan' ( -16.92 ta- t 1 34.1076-30.6384 9
2 ,30.6384) K,12.1788-(-16.92))

A.5 Determination Of HLmin(V)

Attachment A12 shows the model test data (from Attachments A7-4 and A7-5) for HLrmin and a polynomial curve fit to the data
(spreadsheet included as Attachment A 18). A value of HLmin for V = 28.92 feet is established by using the polynomial to
extrapolate the data. The following is used for the dam rating curve calculations:

HLmin = 36.64 feet for V = 28.92 feet.

A.6 Determination of Cf(HJ) and Sf(d/HC)

Attachment A13 shows the model test data for free discharge (from Attachment A7-6) and a polynomial curve fit to the data. The
"6.866" in the "Definition" was the length of the model crest in feet (Attachment A7-1). The polynomial indicated in
Attachment A13 is used for the dam rating curve calculations:

Cf = 3.09 + 0.055033Hc - 0.0022844H, 2 + 5.9044x0IHc3 - 5.507x10-7 HC4  (A5)

A plot of CS/C(Sf) vs. d/H(d/Hc) for Watts Bar Dam is provided in Attachment A6-4. The points listed in Attachment A14 were
scaled off this plot and, as shown on the plot of Sf vs. d / Hc in Attachment A14, the following equation was fit to the scaled
points:
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Sf d 8.3 055 (A6)

This equation is used for the dam rating calculations.

A.7 Determination of Cg(Hc) for V = 28.92 feet

Attachment A15 shows the calculations and results for extrapolating Cg(Hc) for V = 28.92 feet from the model data for other gate
openings. The first column in Attachment Al 5 indicates the data for which H, = HLmin, at which Hc is just high enough to touch
the bottom of the gate. The discharge indicated for V = 28.92 feet at H, = HLmin is the free discharge computed from Equation Al
using CK(HJ) from the polynomial in Attachment A13. The first three numerical columns list the model data (scaled to prototype
dimensions) for V = 7.8, 11.83, 15.86, 19.84, and 23.83 feet as listed in Attachments A7-4 and A7-5. The rows that do not
include values of discharge, Q, were added to extrapolate the data. The next two columns after the model data list prototype
geometrical parameters. The next column after the geometrical parameters lists the Cg values computed from the data. The last
numerical column lists values used for drawing lines through the data points and extending them to 1-L = 60 feet (Attachment
A16). Values outside the data range that were estimated for extrapolation purposes are labeled as such to the right of the last
column.

Attachment A16 shows Cg plotted against I-k for all gate openings. The model data points are shown along with lines drawn
through the data and extended to HI- = 60 feet. The estimated curve for V = 28.92 feet starts with the value for I-H = HLmin and runs
approximately parallel to the curve for V = 23.83 feet. Given the absence of data, this extrapolated line segment fit for Cg(1H) at
V = 28.92 feet is used for the dam rating calculations. Table A3 lists the points describing the extrapolated relationship.

Table A3: Points Defining Extrapolated Curve for Cg(Hc) at V = 28.92 feet.

Hc, feet C_
36.64 0.790

40 0.717
46 0.706
60 0.706

As justification for the extrapolation, Attachment A17 shows the Watts Bar Cg values at He = 60 feet plotted against angle P3 on
Hydraulic Design Chart 311-1 from Reference A5 showing U.S. Army Corps of Engineers data for tainter gates on standard
crests. The value of X/Hd for Watts Bar is 0.15 (X = 3.43 feet, Attachment AlO, and Hd = 23.5, Attachment A7-1). Because
TVA's spillway crests are not standard, TVA data always lie to the left of the suggested design curves on this chart. Note that
Cg = 0.706 at H- = 60 feet and V = 28.92 feet (P3 = 112.1 degrees) is a satisfactory extrapolation of the Watts Bar data curve and
that the Watts Bar curve is in excellent agreement with the trends exhibited by the Corps curves in HDC 311-1, particularly
considering the overall scatter in the Corps experimental data.
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Appendix B: Hydrostatic Loads on the Spillway Tainter Gates

The hydrostatic loads on the spillway tainter gates for Watts Bar Dam can be found in the following calculations.

BI References

B 1. "Watts Bar Dam - Flood and Earthquake Analysis on Radial Spillway Gates, pages 76-100" Tennessee Valley Authority,
HEPE3WBHSQN-WBNBLNBFN.

B2. Calculations

Reference BI evaluates the structural capacity of the radial spillway gates at Watts Bar Dam. This reference was used as a basis
for evaluating the margin between the forces on the closed gates (FRPosed) when the headwater elevation is at the top of the gate
(745 feet) and when the gates are completely open (FRopen) and the headwater elevation is at 768.50 feet. The margin is defined a
the ration of FR&pen to FRclosed . The calculation of these forces and the results of this comparison are shown in Figure B 1.
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Figure B 1: Watts Bar Spillway Gate Margin Evaluation
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Figure B2: Diagram of Hydrostatic Forces
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been able to check the discharge measurements of Bazin, However, the
actual values are not So important for the case at hand as is the significance
of the trend.
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DRVM (;AT-- 413

The method for combining results from the eleven drum g'9
(Table 2) consisted of first plotting the coefficient of discharge data

C

total headl, in'icluding the velocity head of approach, measured above the high
point of thep.e;-vrun-ne.M radius of the gate. In Fig. 5, Cc is based on therelationshi Q= C, L 1i11) For positive values of 6, the head was measurabove ther for negative angles it wa s observed shove

the high point, or crest, of the gate proper. The method of measuring thehead is illustrated in Fig. 2.
Upon completion of a similar set of curves for each gate tested, thle elevensets of curves were replotted and combined into the chart exhibited aS Fig. 6.The results troll the various gates showed good general agreement; aind thecurves in Fig. 6 constitute the general experimental information needed fordetermining the discharge coefficients for gates in raised or partly raisedpositions. The supportinig points are not shown in Fig. 6, but tihe individualinformation for each gate is listed in Table 2.

ANALYSIS OF TEST R•SULTS

The curves in Fig. 6 show a tendency toward reversal, similar:to that ex-hibited by the Biazin curve in Fig. 4, but the points of inflection very from0 = 20' to 0 = 30', depending on the value of I1/r. Fig. 4 showed the co-efficients to vary only slightly with the bead, but in this case the coefficientsdefinitely vary with the head.
A matter of significance is the reversal of the (II/r)-order which occurs at29" (Fig. 0). The coefficient of discharge has but one value, 3.88, when 0 ap-proximates 290; thius, it is insensitive to both the radius and the head on thegate for this angle. The curve for 1i/r - 0 approximates a drum gate ofinfinite radius and was obtained from the data of Bazin (Fig. 4) by apply-ing a uniform adjustment.

As stated previously, similitude is valid for small negative angles of 0, aswell as for positive angles up to 90'; thus, the curves in Fig, 6 are shownand recommended for use down to 8 = -15'. As the gate is lowered beyondthis angle, the curves double back hnd converge, finally terminating in thefree flow coefficient.
The discharge coefficients in the region between 0 = -15' and the gatecompletely down are determined by graphical interpolation. Interpolation isaccomplished by plotting head-disc•i•arge curves for several gate angles between-15° and the maximum positive angle. Also the head-discharge curve isplotted for the free crest. This information is then cross-plotted to obtainvalues in the transition zone. The method will be explained in the examplethat follows. It will be discovered that negative angles, greater than -15'(with the exception of tie free crest) are not particularly important from anoperator's standpoint, as a change in gate position has little effect on the dis-charge in this range.

It must be assumed that the coefficient of discharge is known for at leastone value of the head on the free crest (gate completely down) for the partic-ular spillway under consideration. With the coefficient known for one ormore heads, the complete coefficient curve for the free crest can be plotted byconsulting Fig. 7, in which 11. and C. are the designed head and the coefficient

2.8 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6
Discharge Coefficlen, Cq

FG. O.-Or.EAL, CURVES FOR TRE DRTERtIIrJATIOV OF Dzecnt.no CO'EFFICIENT8

for eich gate as illustrated by the sheet for the Shasta Dam gate (Fig. 5).
With the coefficient of discharge as the abscissa and if/r as the ordinate, each
curve in Fig. 5 represents a different gate angle 0, which the tangent to the
do.wnstre lip of the gate makes with the horizontal. In all cases, H is the

IF
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SECTIONAL ELEVArION A -A
;*P. t--ý,o-

FRAAI/NG PLAN PLAN O SLA8

WIP~S IfI

4*rpr~. os~j'j~.5jCT/ON DO-

HALF SECT/NAL Et.EVATION 8-49.

CPOSS SEC 7flO OP SLAB

TnAo flSSSq &stOtMsflk LAtenT

DETAIL F
50o44(5) 55754:5

r qifitni 44SJ eat 60545.
~neletekin Ao canal, ape -cii*ecfag
S/4sisa~.
411 &4a 5' kMarvnaatOflS)

801050 ACPOOS WATTS RAR DAM
TflJNESSCE -Mo, WCA S MSOO WOS TENN

TOWER DTZ - SHEET -

DEWtL 6
MONOW5

DETAIL H
00o-11

DETAIL I-
480#s1)

ROJECT
MITnHOCJY

,-.



I Attachment 14-8 1
I Calculation No: CDQ000020080020 I

ISource: Reference 21
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Attachment 17-1 I Calculation No: CDQ000020080020

Distance along
cross-section

from
west Ground
end Elevation
x, ft z, ft

0 770
58 765

115 760
150 758
160 757
184 755
217 753
230 752
317 750
425 750
560 752
583 753
635 755

g = 32.2 f/s2
Water level
at critical
section

y
feet

Top Width Area
T A

feet feet2

Critical
Discharge Headwater

Q HW
cfs feet

748
749
750
752
753
755
757
758
760

762.5
765
770

0
50

153
705
886

1031
1395
1470
1715
1760
1805
1895

0
25

127
985

1780
3697
6123
7556

10741
15084
19541
28791

0
100
653

6602
14317
39726
72793
97200

152522
250586
364832
636791

748.0
749.3
750.4
752.7
754.0
756.8
759.2
760.6
763.1
766.8
770.4
777.6

727
835
910
940
985

1015
1130
1160
1215
1260
1275
1345
1380
1420
1465
1535
1580
1622
1635
1660
1685
1700
1765
1780
1795
1805
1810
1830
1863
1895

757
755
757
758
760
760
758
757
755
753
752
750
749
750
752
753
752
750
749
748
749
750
752
753
755
757
758
760
765
770

The x-coordinates were scaled from Attachment 5 using the
distance between stations 0+00 and 15+00 along the saddle
dam axis as 1500 feet.

Area, A: segment-by-segment for each water elevation, y

A(y 2) = A(yl) + .5*(T1+T 2)*(y2-Y1) for Y2 > Yi

Critical discharge, Q2 = gA 3/T (Ref. 29)

Headwater, HW = y + Q2 / (2gA2) (Ref. 29)

Compute discharge for broad-crested weir at elevation 750 feet
Cf = 2.65
L = 1300

Z, = 750

Discharge Headwater

Q HW
cfs feet

0 750
9744 752

38516 755
77951 758

143206 762
200136 765
263086 768
308130 770



I Attachment 17-2 I Calculation No: CDQ000020080020 I

Segmented Cross Section Downstream from West Saddle Dam
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TW from SOCH
TW

1000 cfs feet
0 683.00

100 690.42
200 697.86
300 704.02
400 709.13
600 717.55
800 725.17

1000 732.20
1100 735.39
1200 738.50
1300 741.46
1400 744.44

Polynomial Curve Fit: TW =682.90 + 0.084671Q - 5.9075x10-5Q2 
+ 2.8568x10-8 Q3

-

5.0597xl 0"12Q4

where TW = tajiwater elevation in feet and Q = discharge in 1000 cfs

1500 747.5(1)

1750 756.0 (1)

2000 763.5 (1)

(1)These estimated points are added to achieve a polynomial that fits the known points and can be used
to extrapolate the curve for discharges above 1,400,000 cfs.
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August 1999 Source: Reference 34 Watts Bar 19

POWER FACILITIES (CONT.)

HYDRAULIC TURBINES

Number . ................................................... 5
Manufacturer ..................... Baldwin-Lima-Hamilton Corp.
Type ....................... Kaplan adjustable-blade propeller
Rated capacity (each) ........... 42,000 hp at 52-ft net head
Rated speed ...................................... 94.7 r/min
Maximum runaway speed ............................. 243 r/min
Specific speed at rating ................................ 139
Value of sigma at rating ............................... 0.89
Diameter of runner .................................. 234 in.
Diameter of guide vane circle ...................... 276.5 in.
Diameter of lower pit ............................... 27.0 ft
Spacing of turbines, center to center of units ........ 73 ft
Draft tubes (see Powerhouse) ..................... Elbow type
Governors .................... Woodward, cabinet actuator type
Heaviest assembly to be lifted by crane .......... 434,000 lb



Attachment 19-6 F Calculation No: CDQ000020080020

August 1999 Source: Reference 34 Watts Bar 17

POWER FACILITIES (CONT.)

CONTROL BUILDING

Location ......... West of powerhouse, adjacent to switchyard
Type of construction ........ Reinforced concrete, structural

steel, limestone and brick
Floor area .................................... 17,500 sq. ft
Volume ....................................... 181,500 cu. ft

GENERATOR AND TURBINE MODERNIZATION

This project, scheduled to start in June 2003 and complete
in September 2007, will modernize the power train. Principal
components to be replaced are the existing runners, main
transformers generator breakers (including addititon of a
generator breaker to unit 3 ), pilot/main exciters,
protective relays , current and potential transformers
generator leads, and critical components of the cooling
water system including generator air coolers, thrust bearing
oil coolers, proportioning valves, strainers, and manual
valves. Principal components to be rehabilitated are the
generator and turbine bearings and shafts, rotor poles,
,stator windings, and wicket gates.



Aftachment Al

Source: Reference Al

I Calculation No: CDQ000020080020 I 3
WATTS BAR DAM

LOCATION OF SPILLWAY GATES

Gate Numbers

Spillway -- Downstream Elevation

KEY TO GATE ARRANGEMENT TABLE

Numbers Under Gate Operating Conditions Shown Below Refer To Numbers Marked On Gate Position

Indicator And Used In Gate Arrangement Table, Pages 4 And 5

Top of Gate Elevation 745.0

Crest Elevation 713.0

Gate Closed
Gate Position Indicated by Dash

Headwater Above Bottom of Gate
Possible Gate Position Indicator Numbers

2. 6. 10, 14, 18, 22, 26, 30, or 34

Bottom of Gate Raised Above Water Surface
Possible Gate Position Indicator Numbers

26, 30, 34, or UP, Depending on Headwater Elevation
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Source: Reference Al WATTS BAR DAM

SP I LLWAY GATE ARRAN GEM EN TS

Gete Nu m ber
Gat e

Arrange
ment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

57 6 10 6 10 10 6 10 10 10 10 10 10 10 10 10 10 10 10 10 10
58 10 10 6 10 10 6 10 10, 10 10 10 10 10 10 10 10 10 10 10 10
59 10 10 10 10 10 6 10 10 10 10 10 10 10 10 10 10 10 10 10 10
60 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

61 10 10 10 10 10 14 10 14 10 10 10 10 10 10 10 10 10 10 10 10
62 10 10 10 10 10 14 10 14 10 14 10 14 10 10 10 10 10 10 10 10
63 10 10 10 10 10 14 10 14 10 14 10 14 10 14 10 14 10 10 10 10
64 10 10 10 10 10 14 10 14 10 14 10 14 10 14 10 14 10 14 10 14

65 10 10 10 10 10 14 10 14 10 14 10 14 10 14 10 14 14 14 14 14
66 10 10 10 10 10 14 10 14 10 14 10 14 14 14 14 14 14 14 14 14
67 10 10 10 10 10 14 10 14 14 14 14 14 14 14 14 14 14 14 14 14
68 10 10 10 14 10 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14

69 14 14 10 14 10 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14
70 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14
71 14 14 14 14 18 14 18 14 14 14 14 14 14 14 14 14 14 14 14 14
72 14 14 14 14 18 14 18 14 18 14 18 14 14 14 14 14 14 14 14 14

73 14 14 14 14 18 14 18 14 18 14 18 14 18 14 18 14 14 14 14 14
74 14 14 14 14 18 14 18 14 18 14 18 14 18 14 18 14 18 14 18 14
75 14 14 14 14 18 14 18 14 18 14 18 14 18 14 18 14 18 18 18 18
76 14 14 14 14 18 14 18 14 18 14 18 14 18 18 18 18 18 18 18 18

77 14 14 14 14 18 14 18 14 18 18 18 18 18 18 18 18 18 18 18 18
78 14 14 14 18 18 14 18 18 18 18 18 18 18 18 18 18 18 18 18 18
79 14 14 14 18 18 22 18 18 18 18 18 18 18 18 18 18 18 18 18 18
80 14 14 14 18 18 22 18 22 18 22 18 18 18 18 18 18 18 18 18 18

81 14 14 14 18 18 22 111 22 18 22 18 22 18 22 18 18 18 18 18 18
82 14 14 14 18 18 22 18 22 18 22 18 22 18 22 18 22 18 22 18 18
83 14 14 14 18 18 22 18 22 18 22 18 22 18 22 18 22 18 22 22 22

Gate Number
Gat e

Arrange
ment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

84 14 14 14 18 18 22 18 22 18 22 18 22 18 22 22 22 22 22 22 22
85 14 14 14 18 18 22 18 22 22 22 22 22 22 22 22 22 22 22 22 22
86 14 14 14 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
87 14 14 14 22 26 22 26 22 26 22 22 22 22 22 22 22 22 22 22 22

88 14 14 14 22 26 22 26 22 26 22 26 22 26 22 26 22 22 22 22 22
89 14 14 14 22 26 22 26 22 26 22 26 22 26 22 26 22 26 22 26 26
90 14 14 14 22 26 22 26 22 26 22 26 22 26 26 26 26 26 26 26 26
91 14 14 14 22 26 22 26 26 26 26 26 26 26 26 26 26 26 26 26 26

92 14 14 14 26 26 30 26 26 26 26 26 26 26 26 26 26 26 26 26 26
93 14 14 14 26 26 30 26 30 26 30 26 30 26 26 26 26 26 26 26 26
94 14 14 14 26 26 30 26 30 26 30 26 30 26 30 26 30 26 30 26 30
95 14 14 14 26 26 30 26 30 26 30 26 30 30 30 30 30 30 30 30 30

96 14 14 14 30 26 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
97 14 14 14 30 34 30 34 30 34 30 30 30 30 30 30 30 30 30 30 30
98 14 14 14 30 34 30 34 30 34 30 34 30 34 30 34 30 34 30 34 30
99 14 14 14 30 34 30 34 30 34 30 34 34 34 34 34 34 34 34 34 34

100 14 14 14 34 34 UP 34 34 34 34 34 34 34 34 34 34 34 34 34 34
101 14 14 14 34 34 UP 34 UP 34 UP 34 UP 34 UP 34 34 34 34 34 34
102 14 14 14 34 34 UP 34 UP 34 UP 34 UP 34 UP 34 UP 34 UP UP UP
103 14 14 14 34 34 UP 34 UP 34 UP UP UP UP UP UP UP UP UP UP UP

104 14 14 14 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP
105 18 18 18 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP
106 22 22 22 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP
107 26 26 26 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP

108 30 30 30 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP
109 34 34 34 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP
110 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP

GATE OPENINGS

Figures in colum ns under each gate nurn ber refer to gate opening indicator reading
dash (-) indicates closed gate
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Submergence Factors for Radial Gates on Spillway Crests
Nickajack Dam 1:35 scale model data
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Submergence Factors for Radial Gates on Spillway Crests
Tellico Dam 1:72 scale model dataAttachment A5-2

Source: Reference A10 0 F Calculation No: CDQ000020080020
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Submergence Factors for Radial Gates on Spillway Crests
Average Between Tellico Dam and Nickajack Model Data

d/Hc >.4
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TRANSACTIONS

" Paper No. 2855

DISCHARGE COEFFICIENTS. FOR SPILLWAYS
AT TVA -DAMS'

By KENNETH W. KIRKPATuI4'K A. M. ASCE

SYNoPsSIS

Spillway ratings derived frommodel studies have been used in the prepara-
tion of spillway rating tables for the Tennessee Valley Authority dams. As a
result of these studies, discharge coefficients for eleven of the Tennessee Valley
Authority dams are given in this paper. Coefficients for both submerged and
free discharge conditions are presented for discharges over standard spillway
crests, irregular spillway crests, and a vertical-lift spillway'gate. Discharge
coefficients for Tainter gates placed on curved spillway crests are also given
for various gate openings under free discharge conditions. In addition, data
on the effect of model scale on the disoharge coefficient and the effect of closing
adjacent spillway bays and gates are presented. The coefficient relationships
are shown in a form that may be used by designers as a guide in making de-
terminations of the discharges for future, spillways.

NOTATION

The letter symbols adopted for use in this paper are defined where they
first appear, in the illustrations or in the text, and are arranged alphabetically,
for convenience of reference, in the Appendix.

INTRODUCTION

The Tennessee Valley Authority (TVA) operates a system of nine dams on
the Tennessee River and twenty-three on the tributary rivers. The successful
operation of such a system requires accurate discharge ratings for each struc-
ture. Although enough' water is seldom available to make complete ratings
for most spillways from measurements conducted on the prototype structure,
ratings can be determined from scale. model tests. Therefore, the necessary
ratings for the TVA spillways have been determined by this means, Model
studies have been made at the TVA Hydraulic Laboratory at Norris, Tenn.,

NoTr.-Published. essentially as printed here, in February. 1955, as Prcceeding.sSeporaLt No. 628.
Positions and titles piven are those in effect when the paper was approved for publication i" Tranactions.

3 Hydr. Eogr., Hydr. Lab.. Tennesseo valley Authority, Norris, Tenn.
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on nine different spillway crest shapes equipped with three types of control
gates..

Seven of the nine crests were curved sections which approximated the shape
of the lower nappe of a sharp-crested weir. The other two crests were flat.
The two flat-crested weirs and one of the curved crests were equipped with
double-leaf vertical lift gates. Five of the curved crests were equipped with
Tainter gates and the other with vertical lift gates.

Data Presented.-Data are presented for the following conditions: (1) Free,
ungated flow through a series of spillway' bays; (2) submerged, ungated flow
through a series of spillway bays; (3) free, ungated.flow through .a series of
spillway bays, with adjacent bays fully open or closed; (4) free flow over.a
vertical lift gate; (5) submerged flow over a vertical lift gate; (6) flow under a
series of Tainter gates set with equal openings; and (7) flow under a series of
Taintergates with adjacent gates closed .-

Data are also presented to show the effect of model scale for the condition
of free, ungated flow through a series of spillway bays.

General Model Arrangement.-The models were tested in flumes either 3.5
ft wide or 8 ft wide. Models installed in the smaller flume usually consisted
of a reproduction of three of the prototype spillway bays. In the larger
flume five or six spillway bays were reproduced. Each of these flumes was
provided with glass panels for observation purposes. The models placed in
the larger flume were constructed at scale ratios of from 1:28.72 to 1:50 with
a ratio of approximately 1:35 generally used. Those tested in the smaller
flume were built at scale ratios of 1:50, 1:100, and 1:200.

The models were usually provided with concrete crests and concrete piers
to insure dimensional stability. Half piers were constructed on the ends of
each model. If the model did not completely fill the flume one side was placed
against the glass side of the flume and the other against a false wall. The
river bed upstream and downstream from the model was reproduced at the
elevation of the prototype river bed. Suitable baffling was provided toobtain
a uniform distribution of flow in the spillway approach channel. The tail-
water level was controlled at the end of the flumes bymeans .of slat gates.
Model discharges were determined from readings of 'a carefully calibrated
diaphragm orifice located in the water supply line;

Headwater heights were measured at two piezometers ae'distances equal
to approximately 5 and 8 times the design head upstream forn the spillway
crest. Tailwater heights were obtained at 2 piezorneters at distances equal
t6 approximately 9 and 12 times the design head downstream from the spill-
way crest-in all cases, sufficiently far enough downstream to eliminate' the
effect of the spillway apron,

In most studies the headwater and tailwater levels' wer'determined by
means of hook gages reading to 0.001 ft. For the'1/200-scale 'model the heads
were measured with a micrometer point gage reading to 0.0001 ft.

Discharge Equationsm-The model data have been reduced by the use of
two commonly accepted discharge equations. For both 'free and submerged
flow over a spillway crest the equation, ...- - " .

Q = C L H1 ... . . . . . . . . . .I . . . . . . . . . . . . (1)
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was used, in whichQ is the discharge in cubic feet per sec6nd, C is the coefficient
of discharge determined from the model tests, L is the length of the crest,
and; H is the total head as shown in, Fig.; 1(a).' 'Use was made "of the same
equation in the reductibn of the data for free and submerged flows over- a
,ertidal gate with P, Hi ;d, and P (Fig. 1 (a)) being measured frbm" the topof, the gate.. - .,, :. . :, .- , 14,.: .••

For flow under a gate the equation for a rectangular orifice under low head,

Q C L [R" - (.. t 2  .............. .2

was used, in which'Di is the'depth of water to the bott~nd of the gate as defined
in Fig. 1(b) and his the approach velocity head.

.... .. ". .... . .. __ Energy grade line.._

.-atssuac

..(a) /(.

Fagý. l.-fiarnaak-Ca2T. DL)eA42RA

FRss-Dxsc n-AxaEi Conrticinrrs, FoWw OVER SPILLWAY 'CEEST&ý.
i,.ti_.common practice for engineers to. design spillway crests .to approx-

imate. closely the, shape .of. the lower portion of a jet issping from a sharp-
crested. weig, and this type of -crest is designated a standard crest?1 Because
the shape, of the, jet changes with the head on the weir, some particular head
must be used for each design. 'This head for, which a particulDr crest is designed
is termed the design head., At this head, pressures approximating atmospheric
pressure are developed, at. the. piliway surface. At smaller heads1 pressures
.are greater thanatmopheric. Seven of -the nine TVA crests for ,which data
are available .approximate standar'd crests in shape whereas the, other, two
crests, which are.flab, 4o, not.: Fig. 2..shows the basic details and dimen-
sions of each of these crests. Fig. 3 presents the coefficient data obtained
on the :qrests. of..Fig. :2. :Pertinent design data, concerning. each crest,, to-
gether, with, the scale to which; each. wa•. modeled,:appear in Table 1. Eleven
spillways are. also listed in. Table.1.. -Two pairs o•of,these, .the: Ocoee. No. 3-
Apalachia set, and. the Douglas-Watts Bar set, both in Tenneseee, have crest
shapes that 'are identical, within the, pair. but wWch were tested for different
values of the approach depth, P.

2 "Hydroelectric Handbook," by W. P. Cýra"er ýa'd J. D. Justin, John Wiley & Sons, Io., Now
York, N. Y., 2d Ed.. 1950.
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The accuracy of the data is evidenced by the plotting of the data points in
Fig. 3; Except in some cases at low heads, the deviation of any plotted
point from the coefficient curve does not exceed 0.5%. : " . .. :

Standard Crests.-It has beenshown by various authors that the discharge
coefficients for all standard crests can be related to each other and that, con-
versely, the coefficients to be used for a new design can be taken from previous
test data.3.3,4." Unfortunately, in most crest designs, due to other design
considerations, it is necessary that the shape be varied from the standard form.
Nevertheless, satisfactory coefficients can be obtained as sufficient data are
now available on a range of crest shapes. By comparison of crest shapes
designers may select a coefficient for any particular crest.

Dimensionless plotting provides a means for comparison of crest shapes.
This method is used in Fig. 4 on which seven TVA crests which closely approxi-
mate standard crests are shown by -the solid lines, with the dashed line repre-
senting a standard crest shape.2 The horizontal coordinate, z, and the vertical
coordinate, y, of the crest curve have been divided by the design head, He.

TABLE 1.-DESiaN DATA FOR ELDVEN MODELS OF TVA SPILLWAYS

Project del Design Upstream f., Pier nose

Mo head, H.. depth P, - radus
in feet in feet P in feet

Hales Bar ...................... 1:34.76 is 32 0.58 3.00
Ocoee No. 3 .................... 1:,2.72 23 67 0.35 8.00
Apa•e]i ................... 1:28.72 23 97 0.24 3.00
Fort Patrick Hay.....1:50 35 43 0.8 3.25
Wheeler ...................... 1:34.36 16.5 43 0.38 2.50
Wilson ........................ 1:39.4 19 75 0.25- 4.00
Dougla ........................ 1:35 23.3 133 0,18 3.2a
Watts Bar ..................... 1:35 23.5 52 0.45 3.25
Pickwick Landing ............... 1:50 31.5 32 0.98 3.75
Chiokamauga .................... 1:50 20 4.00
Guntrsaville ..................... 1:50 18 4.00

The design head was determined by fitting the real and standard curves at the
crest point (z = 0) and at the intersection of the curve with the upstream
vertical face. These design-head values, are presented in Table 1. The
design-head discharge coefficients (C.) determined from Fig. 3 are shown in
Fig. 4. L

The TVA crests all fairly closely approximate the standard curve from the
upstream spillway face to a point somewhere downstream from the crest which
was determined by the position of the gate seal. Below this latter point,
the crest shape was modified to fit the trajectory of a jet issuing from under
the gate when set at a small opening. The upstream face for a standard
crest is vertical. The upstream face of the TVA crests, as shown in Fig. 4,
deviates from the vertical. Other experimenters have established the fact
that the shape of the upstream face generally has little influence on the dis-
charge coefficient.8

.'Tinal Reports of Boulder Canyon Project," Buifain Ne. 8, Part VI. Hydraulic Inveatigatiops,
Bureau of Reclamation, U, S. Dept. of the Interior. Washington, D. C-, 1947.

4 "Engineering Hydraulics," edited by Hunter Rouse. John Wiley & Sons, Inc,, New York, N. Y,,
1950.

"Discharge Coefficients for Irregular Overfall Spillwayea" b7 J. N. Bradley. Engineerino Monograph
No. 9, Bureau of Reclamation, U.S. Dept, of the Interior. washmngton, D. C., 1952.

I(c)IRREGULARCRESTSI I I I I I

8 12 16 20 24 28 32 36 40 44 48

Total head on crest, H, in feet
2.8 -1 I 1

0 4

FIG. 3,-D1c),eATWM COM14nmBNTS eOn FUZZ FLOW ovyr TXE SPILLWAY CRETe OF Fo. 2
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, . o _- - -In Fig. 8 the tour curves of Fig. 7 are shown on a single :plot. Although-. , .. .. ~ ... . t ,the maximum spread between curves is about 10%, this is to be expected7 , f• II...... . . . 'i1. considering the wide range of crest shapes used in the tests.

FREE-DISCHARGE COEYFIGINTS FOR FLow OVER VERTICAL LIFT GAtES
.- .. -,! -. 0 !......:The Pickwick Landing vertical lift gates are representative of this type of

gate, which has been used on several TVA projects. In Fig. 9(a) are shown". - " . .~ - .. ' "details of the lower spillway'gate leaf. For heads greater than 2 it, this gate.,.,: -" , is essentially a sharp-crested weir 40 ft long and 20 ft high with piers 7.5 ft0 - thick at each end of the gate. Air intakes were installed in the sides of theS.. -II... - . .. .. .. piers just below the top of the gate to ventilate the underside of the nappe.6
Model tests were conducted with the 1/50-scale, 3-bay spillway model.

,,w ....

r 
ci. - L:u ± . .. . . . 4• • o ' ¢
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-- s56
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00
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0 =%Lac--Gutrvie

I .-.- ,- , ,,P':k...k.aedingbam

"• .. -t"'- - -:- . .-.- 
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'e'e 
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14 d
S. . -.. S m g c LegendCO: in 0 Chickamauga Dam•"" '•'; • I• ' - • Guntersville D:am

. .17. 
- -- . c o s--- te ckwick Landin t Dam

.. ,,oSA isshow fr h Watts iar Dam t
• ' " • O .40.,

- , 
ttemde etcreso Submergence ration t c

8

011 whe the ha are approximtely4 ftan Sles. This"c ureakes

41! In Fig. 9(b) is shown the head-coefficient o relationship for flow over the. crest of the cfient cr e coefincdent, C, was computed from Eq. o using
wthe op of the gate as crest elevation. The poin lu define the head-coefrcient2 . •o ct .& -- .asimirelationship for heads between 3 fd and 28 ft.y Each point was determined... . . . '"Ae from the average of from 3 to 5 separate tests. A constant value of C equal< _.,•• i' to 3.428 is shown for heads in excess of 12 ft. For heads of from 12 -ft to aboutM , 4 ft the model test curve shows a gradual rise in the coefficient, with an abrupt• ". .... drop-off..when. the heads -are approximately 4 ft and less. This curve takes

. " the characteristic form for the coefficients of a sharp-crested weir, the rise and

• 'weir. This phenomenon is a function of the absolute head. Therefore,.: . •. • • , - o ,.• •similarity between.the model and prototype did not exist for prototype heads
. . ... . • " ;'. ' •". ' O "Aera+,on of Spillvm~ya," by G. H. MIekox, Traneadims,, ASCE, Vol. 109, p, 5,$7.

4- 'O,4e:
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discharge over the gate was thus increased, with a consequent lowering of the
headwater level.

The flow conditions of plunging nappe and flowing, nappe, previously
described, also occurred in this type of flow.. In this case the chinge .from
one to the other is apparent in the data. The dashed line in'Fig. 10 indicates
the approximate location of the change. At-these points the curves show-a
definite discontinuity in shape. The data of Fig. 10 can be reduced in coeffi-

.r-

4 8 12 16 20 24 28 32 36
Total head on spillway crei4 H, in feet

FMo. 13.-TA=TrRa•-OAT SmrLwA.y DhscHaao CozMoiTM ra
(Dmmt•eioNs oN Cuxtvza Ann GATx Omu•arns)

Z l I 2 El. 1257.0• |i -- 25 .. .

4 ~),AP.ALACHIA .DAM t-121205,;3.e . , , . I I I -I i ! '
,- o 4 8 1 2 16 20 Z4 28

- : Total head on spillway crest, H, in feel

P,' . 12.-TAMTrt-GAru SPILIWAY DiscaAtSoE CorxzNTS ... .:
(D-zxazone ow CumvEs Axit G.•i PPENINC18)

cient form to the single-curve representation shown in Fig. 11. In this illustra-
tion, a constant. value of C, equal to 3.428, was used in computing the ratio of
C.l/.

DISCHARGE CoEpIEIunF FoR FLow -UmNDE T. AETt,- GAT-ES

The flow under Tainter gates mounted on curved crests is -controlled by
the geometry of three interrelated variables-the crest shape, the gate, and
the gate setting. The major factors which influence the discharge relation-
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Tennessee Valley Authority

Tainter Gate Ratings

Basic Model and Prototype Data

Model
Project Scale

Apalachia 1:28.72

Boone 1:50

Ft. Patrick
Henry 1:15

Hales Bar 1:34.76

HiLvassee -*i:55

Watts Bar 1:35

Wheeler 1:34.35

No. of
Spill-

ray
Bays_

6

51

6

7

6

6

MODEL

Crest Approach
Length. Width

L W

6.684 '8.00

3.4o80 (1)

2.333(5)

6.908(6)
6.9o5(7)

4.050

6.866

6.984

2.77(5)

7,94

8.00

8.00

7.97

UP-
stream
Depth

P

3.38
(1)

2.29

0.921

6.35

1.5

1.253

I1

PROTOTYPE

Design Pier
Nose

Crest Head Radius
Elev. Ho R

257.0 23.0 3.00

1350.0 35.0 I-.275(2)
3 3. 25(3)
3.50(4)

228.0 35.0 3.25

616.0 18.0 3.00

1503.5

713.0

541. 3

23-.5

16.5

3.00

.3.25

2.50

(3)
.. I]. (3)

(4)
(5)

(6)

(7)

Variable because approach was reproduced in model.

Right end pier.

Left end pier.

Intermediate. piers.

Except as noted on data tabulations.

Gates partially opened.

Gates raised above vater surface.
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Tennessee Valley Authority

Definition of Symbols

Q = Total discharge in cubic feet per second.

D = Depth of flow above crest in feet.+

D1 = Depth, bottom of gate to water surface.*

H = Total head above crest, including velocity head of approach in feet.*

Ho Design head for standard crest, including velocity head of approach,
in feet.

h = Velocity head of approach in feet.

C = Coefficient of discharge for any head.

G.O. - Gate opening =-vertical distance above spillway crest in feet.

b = Shortest distance between spillway surface and gate lip in feet.*

L = Length of spillway crest in feet.

P = Depth of model approach channel, crest to river bed, in feet.+

W = Width of model approach in feet.

x = Horizontal distance from upstream face of dam in feet. *

y = Vertical distance above spillway crest in feet.

Discharge Equations

For flow under a gate:

S= L [H3/2- (D1 + h)3/2] (A)

For flow over a spillvay crest with the
spillway gate raised above the water surface:

S= 3/2 (B)

+See Figure l(a) on page 4.
*See Figure i(b)on page 4.
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Watts Bar Project

Tainter Gates Partially Opened

5':

)4

. a "

0-.0.
t..

ft.

MODEL TEST DATA
.D . Q.
ft. cfs

I

f/

0,052 o.168
O 301

-o. 463
o.65o
0.831
1.o68

oO?8 1.023
o.6o8
0,856
o.45i-
o.165o,0.299..•

0.1o.i 0.0346
* 0.576

0.842
1.056

0.803
1.119

.411
1.695
1.932
2,198

0. 7191I

3.024
2.278
2.746
1. 932
1.072
I. 523

2.196
2,962
3.703
4.161
4.1v2)

ft.
0.000
0.000
0.000
0.000
0.000
0.000

0.0001

0.000
0.000,
0.000
0.000
0.000
0.0

0.000
0.000

0.001
0.001
0. 00io0-ooi

1.82 5.88
10o.5
16.20
22.75.
29.08
37.38

-e~~--3.501

2,73 35.80
* 21,28

29.96
15.78

5.78

3.88• 12.11
20.16
29.50
37-62
37-00

*36.•"4

5,819
8,110

10,230
12,280
14, 000
15,930

21,920
16, 510
19,5900
14,000
7,769

11,040

15,910
21,470
26,840
30,160
30,000.
t113, -e?

EQUIVALENT PROTOTYPE
G.0, H -. Q
ft. ft. cfs

C

3.99
3.99
3.99
4.o1
4.03
4.02

3.o31w

3.79-
3.76
3.78
3.75
3.78
3.72÷
3, 3V

3.57
3.59-
3.65 -
3.61"
3 3.62'

.335

81=-ý36 ý58=zý30j070~;5.
o,6 0.271 2.679 o.001. .ol f/ 9.52 19,420 3.63

i.o68 6. l82 0.0o0 37.4p2 44,800 3.64
0.837 5.417. 0.001 29.33 39,26o 3.65
o.616 4.552 0.001 21.60 32,990 3.65
o.441 3.688 o. oo0 15.47 26,730 3-.61

0.223 0.280 3.538 0.001 7.80 9.84 25,640

0.356
o.54o.
0.702

4.102
5.436
6.396

*0.001
0.002
0.002

12.50 29,73018.9.7 39,400
24. 64 46,350.
30.10 52,100
37-31 59,330

3.46+
3.82*
3.64.
3.62
3.62
3.62
3.65

0.858 .189 0.002
D.o64 .186 0.002

+Gate lip touching nappe C from Equation B.
*Gate lip touching nappe C from Equation A..
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Watts Bar Project

Tainter Gates Partially Opened

.G.0.
ft.

0.338

MODEL TEST DATA
D. Q

ft. cfs

1.o61 :11.98
0.854 1O.49
0.663 8--89•
o.484 7.14.:
0.420 6.78:

4
L

h
ft.

0.005.
0.005

0.003
0.003

EQUIVALENT PROTOTYPE
O.O.__ .. H . .Q .

ft. ft. cfs

11.83 37.28 86,820
30.06 76,02o
23.34 64,46o
17.04 51,750
1.449 49, j401 91

16.76. 51,'470
36.92 86,530

15.86 21.77 78,41o0
20.02 78,630

0.476 7.102 0.003
1.050 11.94 0.005

0.453 0.616 lO.82 0.006
0.565 1o.85 0.007

0.679
o.84o
1.047

13.33
15.50

0 0.007
0.008
o0.009

24 .ol
29.68
36.96

83,200
96,600

112, 300

C

3.6k-'
3.64-1.

3.644
3.68j
3.59+
3.95*4'
3.70
3.65j

3.714.
3.65+
4-o4*
3.67.-
3.65
3.66

3.75+
4 .09*
3.81/
3-73,/
3.69.J
3.67

3.84+4; l*
*3.84•~

3.80.'
3.78v'
3.85,J

0.5o67 0.688 15•07 0.012 19,84. 24.50 109,200

0.765

0.957
1.035

15.391 6.46
17.72
18. 60

0.011
0.012
0.013
0.013

27.16
-30.31
33.95
36.68

3.11,500
119,300
128,400
134,800

o.681 0.833 20.71 0.019 23.83 29.82 150,100

0.937
1.007
1.048
0.928

20.81
21.82
22.36
20.69

0.018
0.018
0.019
0.018

33-42
35.88
37.34
33.-11

150,800
158,1oo
162,000
149,900

*Gate lip touching nappe
*Gate lip touching nappe

C from Eqation A.
C from Equation B.
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Tennessee Valley Authority

3."

I..

f-.

f

&,

Watts Bar Project

Tainter Gates Raised Above Water Surface

MODEL TEST DATA
D . h

EQUIVAi=NT PROTOTYPE

ft. - fs

0.100
0.183
0.280
0.420
0.565

0.688
0.833
0.920
0.561
0.703

0.127
0.900
0.699
0.498
0.080

0.717
1.803
3.538
6.781

10.85

15.07
20.71
24.51
10.73

1O. 24.
23.64
15.34.
8.833
-0. 527

0. O00
0.000
0.001
0.003
0.007

0.012
0.019
0.025
0.007
0.012

0.000
o.o24
0.012
0.005
0.000

3.50
6.40
9.84
14.8o
20.02

24.o50
29.82
33.08
19.88
25.02

4.44
32.34

. 24.88
17.61
1.82

5,2i1
13,070
25,640
49,14o78, 630

109,l200
150,100.
177, 6oo
77,760

113,300

7, 421
171,300
113.,200

64, 010
3,819

C

3.31
3.35
3.46
3.59
3.65

'3.75
3.84
3.89
3.65
3.77

3.30
3.88
3.73
3.61"3.4o

"0

4
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BASIC PRINCIPLESSec. 11.2] 491

' The state of kinematic similarity can be maintained if, and only if, the cor-
responding force rat...... "ain cost..t. That is, ifFr and F, are the net forces

exerted on the fluid elements at A and B,

(Fa)p = (Fb), (11-3)
(Fa). (Fb).

Each of these net forces may be thought of as an inertia force, mass x accel-
eration. It is made up of a number of different forces (those due to gravity,

AA

• - o "8

Figure 11-1. Basic Model-Prototype Relationships

viscosity, etc.), all of which vary in different ways with v, L, p, etc. If each of
the ratios in Eq. (11-3) is to be kept constant at all. points in the field of flow,
then the various components of force must bear a constant ratio to one an- "
other. Now it can be shown (Prob. 11.1) that the Froude number is the ratio
of inertia force to gravitational force, expressed in general dimensional form;
similarly, that the Reynolds, Weber, and Cauchy numbers are the ratios of the
inertia force to viscous, capillary, and compression forces respectively. The
final conclusion is the same as that already drawn from Eq. (11-1): that if a
certain type of force is effective in a certain flow situation, the appropriate,
dimensionless number must be given the same value in the model as in the
prototype.

Secondary Scale Ratios

The detailed interpretation of model measurements requires that scale.
ratios be available for translating model Values of various quantities, e.g.,
.velocity, discharge, etc., into the corresponding prototype values. Scales can be•_
deduced for all physical quantities if scales are known for mass, length, time,.
and the physical properties of prototype and model fluids. It is convenient to
introduce here the subscript r to indicate the ratio of prototype :model

,todel lengths are one4enth those of the protoype, then,,
K1" LpLm = L' = 10, tpe subscripts p and m indicating prototype and model as,
,, before. Noww i always true that the mass ratio Mr = pL,3 , so we have

scale ratios for mass and length. The time scale T, is deduced indirectly from
the relationship between velocity scale and length scale dictated by the fact
that the appropriate dimensionless number, e.g., the Froude number, must
be kept constant.

In open channel flow the presence of a free surface means that the Froude
numberFr is always significant, indeed dominant. The secondary scale ratios
based on the constancy of Fr and its corollary

v, = L,1/2 (11-4)
will therefore be applicable, although they may be modified in some case by
the action of influences other than gravity. A complete list of scale ratios is
therefore as follows

Mass Mr

_. ~ i 4.••. 'Length L4
Y "W. • Velocity v,

Time T = L,v,-

.- . Discharge Qr - vrL' 2

* . Force F, = Mr.LrT,- 2

Pressure *P, = FL,. -2

as the reader can verify (Prob. 11.2).

PrL, 3

=Lr1/2

= prLY
3

= P'L

(11-5)

The Influence of Forces Other Than Gravity

C Compressibility effects are never significant in open channel flow models.
Surface tension effects are appreciable only when radii of curvature of the
liquid surface, and the distances from solid boundaries, are very small. They
will therefore be negligible in all real prototype situations, and care must be
taken to keep them negligible in model situations. This is accomplished by
keeping model water depths no less than an inch or two, and similarly for
channel widths. Beyond the taking of this precaution, capillary effects do
not warrant any further attention.

Viscosity is much more important, and exerts its influence in many different.
situations. The term scale effect can be introduced here; it is the name given
to the slight distortions introduced by forces-for example, viscosity-other
than the dominant one, such as gravity. Such effects are often slight without
being altogether negligible. For example, the flow over a spillway will encoun-
ter some slight viscous resistance down the face of the spillway, although
resistance will be negligible at the crest itself, where the discharge-head relation
is determined.

The only perfect way of dealing with the effect of viscosity is to keep both
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I Attachment A12 I Calculation No: CDQ000020080020 I

Watts Bar Project
Tainter Gates Partially Opened

Data from 1:35 scale model (Reference A4)
EQUIVALENT PROTOTYPE
V HLmin

(data)
feet feet

1.82 3.5
2.73 4.44
7.80 9.84

11.83 14.8
15.86 20.02
19.84 24.5
23.83 29.82
28.92

HLmin

(fit)
feet

3.42
4.41

10.10
14.81
19.68
24.66
29.82
36.64 extrapolated using polynomial shown on plot

Watts Bar 1:35 Scale Model
HLmin vs V

40

35

30

25

E 20

15

10

5

0
0 5 10 15 20 25 30

V

from: Watts Bar Model Data for Dam Ratings.xls, HLmin Determination



I Attachment A13 I Calculation No: CDQ000020080020 I

Watts Bar Project
Tainter Gates Raised Above the Water Surface

Data from 1:35 scale model (Reference A4)

(equivalent prototype)

HC
ft.

2.82
3.50
4.44
6.40
9.84

14.80
17.61
19.88
20.02
24.50
24.88
25.02
29.82
32.34
33.08

Q Cf
cfs
3,819
5,211
7,421

13,070
25,640
49,140
64,010
77,760
78,630

109,200
111,200
113,300
150,100
171,300
177,600

3.36
3.31
3.30
3.36
3.46
3.59
3.60
3.65
3.65
3.75
3.73
3.77
3.84
3.88
3.88

Definition: Cf = Q/(35*6.866*Hc1'5 )

Hc 4th-order curve fit (see plot)
ft. Cf

0 3.090
0.25 3.104

0.5 3.117
0.75 3.130

1 3.143
2 3.191
3 3.236
4 3.277
6 3.350
8 3.412

10 3.465
12 3.512
14 3.554
16 3.591
19 3.644
22 3.695
25 3.746
28 3.798
31 3.851
34 3.905
37 3.958
40 4.005

Free Discharge Coefficient, Cf(Hc)
Watts Bar (and Fort Loudoun which has an identical crest)

4.05

3.95

3.85

3.75

3.65

U 3.55

3.45

3.35

3.25

3.15

3.05

0 5 10 15 20
H,

25 30 35 40

Cf = -5.5070x10,7 Hc4 + 5.9044x' 5HC3 - .0022844Hc2
+ .055033Hc + 3.09 1

from: Watts Bar Model Data for Dam Ratings.xls, Free Discharge



I Attachment A14 I
A eCalculation No: CDQ000020080020 I

Data Scaled from plot of Cs/C vs d/H in Reference A3
Curve fit

d / H, Sf to Sf exponents (see chart)
0 1.000 1.000 8.3

0.4 1.000 1.000 0.55
0.5 0.992 0.998
0.6 0.982 0.992
0.7 0.961 0.971

0.75 0.943 0.948
0.8 0.917 0.910

0.85 0.856 0.848
0.9 0.742 0.743

0.95 0.571 0.558
0.97 0.420 0.439
0.98 0.300 0.358

1 0.000

Submergence Effect on Free Discha
Watts Bar (and Fort Loudoun which has an i

1.1

1j

0.9

0.8

0.7 d

U)• 0.6 Equation of curve fit to scaled points

0.5 ------ Sf =[1 - (d/Hc)8"3]0 55

0.4
•Scaled from Fig. 7 in Reference A3

0.3 "-"-curve fit to scaled points

02

0.1.

0 0.1 0.2 0.3 0.4 0.5 0.6

d / Hc

rge, Sf(d/Hc)
dentical crest)

0.7 0.8 0.9 1

from: Watts Bar Model Data for Dam Ratings.xls, Free Discharge



I Attachment Al5 I Calculation No: CDQ000020080020 I

Watts Bar Project, Tainter Gates Partially Opened
Data from 1:35 scale model as published in Reference A4

"Tainter Gate Rating Data Determined from Eight TVA Model Studies," Norris, Tennessee, March 1962

Model Scale = 35
Lrmoe•e= 6.866 ft

Lprototype = 240.31 ft

Model Test Crata In

Prototype Dimensions
V Hc Q
ft ft

Hc=HLr,,, 7.80 9.84
7.80 12.50
7.80 18.97
7.80 24.64
7.80 30.10
7.80 37.31
7.80 60.00

Hc=HLmin 11.83 14.81
11.83 16.76
11.83 17.04
11.83 23.34
11.83 30.06
11.83 36.92
11.83 37.28
11.83 60.00

Hc=HLrin 15.86 20.02
15.86 21.77
15.86 24.01
15.86 29.68
15.86 36.96
15.86 60

Hc=HLmin 19.84 24.50
19.84 27.16

19.84 30.31
19.84 33.95
19.84 36.68
19.84 60

Hc=HLmjn 23.83 29.82
23.83 33.11
23.83 33,42
23.83 35.88
23.83 37.34
23.83 40
23.83 60

Hc=HLrin 28.92 36,64
28.92 40
28.92 46
28.92 60

cfs
25640
29730
39400
46350
52100
59330

49140
51470
51750
64460
76020
86530
86820

78630
78410
83200
96600

112300

109200
111500

119300
128400
134800

150100
149900
150800
158100
162000

Attachment A7-1
35*Lmd.d

Geometry
G, Hmp
ft ft

7.865 3.881
7.865 3.881
7.865 3.881
7.865 3.881
7.865 3.881
7.865 3.881

11.868 5.906
11.868 5.906
11.868 5.906
11.868 5.906
11.868 5.906
11.868 5.906
11.868 5.906

15.904 7.921
15.904 7.921
15.904 7.921
15.904 7.921
15.904 7.921

19.919 9.906
19.919 9.906
19.919 9.906
19.919 9.906

19.919 9.906

23.994 11.892
23.994 11.892
23.994 11.892
23.994 11.892
23.994 11.892

g = 32.2 ft/s2

Definition: C6 = Q / {Gn*L*sqrt[2*g*(Hc-Hmp)]}

Cg Cg Line

0.692 0.692
0.668 0.668
0.669 0.669
0.671 0.671
0.671 0.671
0.677 0.671

0.671 (1)
0.720 0.720
0.683 0.683
0.678 0.678
0.675 0.675
0.676 0.676
0.679 0.678
0.677 0.678

0.678 (1)
0.737 0.737
0.687 0.687
0.676 0.676
0.675 0.675
0.679 0.680

0.680 (1)
0.744 0.744
0.699 0.699

0.688 0.688
0.682 0.682
0.678 0.678

0.678 (1)
0.766 0.766
0.703 0.703
0.702 0.702
0.698 0.698
0.694 0.694

0.690 (1)
0.690 (1)

0.790 0.790
0.717 (1)
0.706 (1)
0.706 (1)

210600 29.305 14.371

(1) Value of Cg is estimated; no model data, so no value for Q; geometrical parameters not needed

from: Watts Bar Model Data for Dam Ratings.xls, Gated Discharge



Attachment Al 6 I Calculation No: CDQ000020080020 I

Watts Bar 1:35 Scale Model
C9 vs. Hc

AO
V.0 X V = 7.80 ft, Model data points

"--V = 7.80 ft, Line through data extended to constant Cg
0 V = 11.83 ft, Model data points

V = 11.83, Line through data extended to constant Cg
0.78 A V = 15.86 ft, Model data points

-V = 15.86, Line through data extended to constant Cg
0 V = 19.84 ft, Model data points

-V = 19.84, Line through data extended to constant Cg
A V = 23.83 ft, Model data points

0.76 - v = 23.83 ft, Line through data extended to constant Cg
A V = 28.92 ft, Cg for Extrapolated HLmin
-V = 28.92 ft. Fxtranlatinn tn rnntant rn

0.74

C.)

0.72

0.7

0.68

0.66
0 10 20 30 40 50

Hc, feet

60

from: Watts Bar Model Data for Dam Ratings.xls, Cg vs. Hc-HLmin



I Calculation No: CDQ000020080020 I

Attachment A17

Source: Reference A5

r Red circles indicate Watts Bar
values determined or estimated
from 1:35 scale model data

I10

105

100

95

90

II

-I

I1

85

hi
In

75

POOL

?H. A TE sE -

DEFINITION SKETCH
f

65

I

50 •
0.55 0.60 0.65 0.70

DISCHA

FORMULA

0 = CG.B V2--9 H
WHERE:

Go=NET GATE OPENING
B=GATE WIDTH
H=HEAD TO CENTER OF GATE OPENING

0,75 0.80

RGE COEFFICIENT (C)

0.85 0.90 0.95

TAINTER GATES ON
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402 HOPKINS ON VLEXIBLE BULKHEADS

inlt-AMERICAN SOCIETY OF CIVIL ENGINEERS
3. Free earth-support analyses which compensate for too fixity by includ- 

5

ing a bending moment reduction factor are liable to be misleading; fixed earth TRAN oACTIONS
support methods should always be used. TRANSACTIONS

4. Design analyses should be suitable for practical design use. In view of

the -approximations involved in "idealizing" geologic sections land assessing

soil properties, design computations should not dependl on arithmetical accU- Paper No. 2677 •\11, 1'
racy to several decimal places.

RATING CURVES FOR FLOW OVER
DRUM GATES

BY JosEPu N. BRADLEY,' A. M. ASCE

WITH DiscussIoN BY MESSRS. GUIDO WYSS; SAM SHULITS; BOB BUEHLER;
F. B. CAMPBELL AND A. A. MCCOOL; AND JOSEPH N. BRADLEY

SYNOPSIS

With water becoming more valuable in the western states each year, there is
an increasing demand for better methods of measurement and additionalrating structures. This condition applies not only to the requirements for
main canals and laterals of irrigation works but also to the regulation and
measurement of flow at dams. In fact, the need has reached the point at
which operators are desirous of metering the flow at nearly all control devices
in irrigation systems, and in other water supply or control systems.

The primary purpose of this paper is to point out that there are numerouscontrol structures in existence that will serve a dual purpose-that of a metering
station as well as that ot a regulating device. Examples of such structures in-
clude spillways, with or without gates; outlet works for dams using gates orvalves; and canal regulating structures using gates. With the accumulation
of information from hydraulic model studies made by the Bureau of Reclama-
tion (USBR), United States Department of the Interior, it is now possible to
prepare reasonably accurate rating curves for many such structures withoutthe construction of models and without access to the prototypes. The method
is especially useful for the rating of existing structures. This paper describes
the method as it applies to the rating of drum gates and the paper is concluded
with an engineering example. The method is also applicable to the rating of
the Volet gate used in France, the bascule gate manufactured in the United
States, and others in which the sector of a circle is hinged at or.near the crest,
of a spillway.

NoTr.-Publislhed, essentially as printed here, in February, 1953, as Proceedings-Separate No. 169.Positions and titles givon ame those in effect when the paper or discussion was received for publication.I Hydr. Engr.. Bureau of Reclamation, U. S. Dept. of the Interior. Denveri Colo.
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404 DRUM GATES

INTRODUCTION

The drum gate is a type of gate that floats in a chamber and is buoyed into
position by regulating the water level in that chamber. A medium-sized gate
of this type is shown in Fig. 1. To use drum gates as metering devices, it is
essential that each gate be equipped with an accurate position indicator.
This indicator may consist of an arm or pointer connected directly to one of
the gate pins, and is usually located inside an adjacent pier. The scale, which
commonly indicates "position of high polnt of gate," may be a cast-mnetal arc
mounted on the wall under the pointer, or a scale painted on the wall.

This paper presents a method of computing rating curves for all positions
of the gate with an accuracy comparable to that which can be obtained from
an average current-meter traverse of the river. The information reqitired for
rating a drum gate consists of the over-all dimensions of the gate and overflow
crest, the information contained in this paper, and the coefficient of disclarge

-..... 405

sce-ft, is questionable. Measurement of the flow over the druin gates, which isnow possible, would have afforded a continuous record and one thlit would heas accurate for floods as for normal flows.

CHARACTERISTICS OF THE DitUMf GATE

As a measuring device, the drum gate reseml)les a sharp-crested weir witha curved upstream face over the greater part of its travel. With an adequate
positioning indicator, the drum gate can serve as a very satisfactory meteringdevice.

When the drum gate simulates a sharp-crested weir-that is, when a linedrawn tangent to the downstream lip of the gate makes a positive angle withthe horizontal, as in Fig. 2(a), four principal factors are involved. These factorsare II, the total head above the high point of the gate; 0, the angle made by aline drawn tangent to the downstream lip of the gate and the horizontal; r,the radius of the gate or an equivalent radius, should the curvature of the

(a) POSITIVE ANGLE, . (b) NEGATIVE ANGLE, 0

Fie. 
2
.- DIIU•AI-ATI POSITIONS

(c) CONTROL POINr

Fie. 1.-DRUM OATE, 100 FT BY 16 FT. AT HOOVER DA.%, (ARIZOmA-NEVADA)

for any appreciable head on the spillway with the gate in the completely lowered
position. Should the coefficient data be lacking, the coefficient of discharge
for the designed head can be estimated for nearly any overflow section by a
method previously published.1

The method of rating described here is not intended to replace the mea-
surements taken at river gaging stations. However, it has the. following
advantages: (1).The gates can be set in a few minutes to pass a desired dis-
charge and (2) in time of flood, the gaging station may be out of order but the
gate calibration is as accurate as usual. The flood that passed over Grand
Coulee Dam (Washington) in 1948 is an example. The river gage, in the pier
of a bridge downstream, was in error because of a drawdown in the water
surface, adjacent to the pier, at the higher flows. Current-meter measurements
were also attempted during the flood, but the swiftness of the current and
other difficulties rendered these only partially successful. As a result, the
Adischarge at the peak of. the flood, which was finally estimated as 638,000

"'Dischajin~efficente for Irregular Overfall Spillway Sections," by J. N. Bradley, Enginecring
Mownoraph PNjureu of Reclamation. U. S. Dept. of the Interior, Deaver, Colo., March, 1952.

gate involve a parabola; and C5, the coefficient of discharge in Q = C, L III,in which Q is the discharge in second-feet, and L is the length of the gate.The depth of approach was not included as a variable because drum-gateinstallations. studiled were for medium and high dams at which approach effectswere negligible. When the approach depth, measured below the high pointof the gate, is equal to or greater than twice the head on the gate, it has beenshown' that a further increase in approach depth produces very little increasein the coefficient of discharge.. Most drum-gate installations satisfy thiscondition, especially when the gate is in a raised position. Therefore, withadequate approach depth the four variables H, 0, r, and C, completely definethe flow over this type of gate for positive angles of 0, Fig. 2(a).For negative values of 0, Fig: 2(b), the downstream lip of the gate no longercontrols the flow. Rather, the control point shifts upstream to the vicinityof the high point, of the gate for each Setting as illustrated in Fig. 2(c), andflow conditions gradually approach. those of the free crest (as the gate islowered). Although other factors enter the problem, the similitude also holdsfor this case down to an angle of approximately - 15*.. 'StudJje. of Cra•te for Overfafl )Da, BuV, IeHn Na V. v oulder Canyon Final Reports, Iur.a""of Ieeanation. U. S.. Dept. of the Interior, Denver, Colo. 1 4•.q
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DRUM GATES -107.

SOURE11S OF INFORMATION

The data for this drum-gate study were obtained from hydraulic models of
various sizes and scales. The experiments were performed over a period of
about eighteen years' The spillway drum gates tested, the principal dimen-
sions of each, the model scale, the laboratory where the tests were conducted,
and other information are given in Table 1. Gates for the first three dams

TABLE 1.-PRINCIPAI DIMENSIONS OF DRuM GATES TESTED

N, Length Height Radius Approach imum M Xl draulie
Dam gatesotate, ofgate, of gate depth, ihead onsce I I ynoratory
il ft in ft in it in it crest Beatr

infIt

Grand Coulee Fort Collins
(Washington) 11 135 28 (16.25 360 31.65 1:30 (Colo.)
ihakra Customhouse

(India) 2 135 28 66.25 410 28 1:t80 (Denver, Colo.)
Shasta
(California) 3 110 28 66.25 400 28 1:08 Customnhou~e
Hamilton
(Texas) 1 300 28 74.1 50 32 1:30 Fort Collins
Hoover Shape

4-M35
(Ariz.-Nev.) .4 100 16 26.8 50 26.6 1:20 Montrose, Colo.
Hoover, Shape

8-M56
(Ariz,.Nev.) 4 100 16 36.0 so 20.6 1:20 Montrose
Hoover, Shape

7-C46
(Ariz.-Nov.) 4 100 16 26.0 50 26.6 1:60 Fort Collins
Friant
(California) 3 100 18 47.0 11 o 19.0 1:25 Fort Collins
Norris
(Tennessee)e3 100 14 34.0 200 27.0 1:72 Fort Collins
Madden
(Canal Zone) 4 100 is 30.0 120 30.0 1:72 Fort Collins
lCspilano
(British Columbia) 1 70 23 71.0 .1 200 23.0 1:60 Denver Federal Center

.* Gate down. I Refers to the shape of the spillway cross section.

listed in the table-Grand Coulee Dam (Washington), Blhakra Dam (India),
and Shasta Dam (California)--ire identical except. for the length and number.
The models of each were tested at different times by different personnel. Tihe
results of the tests are nearly identical, which fact indicates the consistency
possible in this type of test. Although identical gates are of value in indi-
eating the consistency of results, test results on dissimilar gates are desirable
because they can give assurance that all factors involved in the establishment
of similitude have been considered. The study includes only eleven gates
(Table 1), but the dimensions of these vary over a fairly wide range, and the
consistency indicated in compiling the results was quite satisfactory.
* Cross sections of representative examples of the spillway overflow sections

and drum. gates listed in. Table I are shown in Fig. 3. For Hoover Dam,
Shape 4-M3 is shown. The data relating the coefficient, C,, to the head for
the model drum gates tested are tabulated in Table 2.

.RsuLTs or BAziN ON STRAIMRT INCLINED WEIRS

The straight inclined weir is comparable to a drum gate, having infinite
radius, thus the results Of Bazin serve as an introduction to this study.

3z12iu iF his classical experiments, studied inclined shnrp-crested wveirs.4
I'lie I 0gle of tile weir was varied ill ineincrements from 145 to Q° with the hori-
zontal, and each wcir wa 3.7 ft high (vertical dinmension). The head on tile
crest of the weirs ranged from 0.32 ft to l.4S ft. The results, presented in Fig. 4,
show 0 plotted ngninst the ]3all coellicient, C6 (in the formula, Q - C6 L h
V/12j•h, in which A does not include the velocity head of approach (h.). The

(c) NORRIS OAMf 100-FT BlY 14-FT DRUM GATE

Manmum Water Surface El 1047.00

Axis of Darn0

El 482,8 0~. t.~e
- 1150 Ft

r1Q. 
3

.U-XAMrLaS OP DnUsM-GATE CROSS SCrIION.s

angle 0 is also plotted with respect to C5 (in the expression, Q = Ct L HI) in
which i1 is the total head. This latter expression will be used throughout
the paper.

By reference to Fig. 4 it can be observed (1) that the coefficient, Co, varies
only slightly with the observed head on the weir, (2) that there is a rather

S"Recent Experiments on the Flow of Water over W i f. Basin, Annale des uns e l eOctober, 1888. (Translation by Arth r W- " - Penl Cl ,
Club of Philadelphia, Pa., Vol. {X, No. 1..) " Trautwin, Jr., 12proceedtn31, Engineers'
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TABLE 2.-DteuM-GATE C0IE'7FFCl.TSd

GRAND COULEE DAM 8IA%.lA DAU SHASTA DAt HAMIIvLTON DAM
(Washington) (India) (California) (Te.mml)

Reervoir Coefli. Resnervoir CoeI- r~rvoir Coeffi- Total head Coefl-
elewation, I nient.. elevation, cieat, elesation, cient, on gate, eicnt,

in feet Cq in feet CG in feet C, in feet CG

GATE ELEVATION, 1260.0 GATE ELEVATI ON' 1552.0 GATE ELEV.rATIO 1037.0 GATR ELEVA110oN& 902.0

1295 3.920 1580 3.680 1075 3.895 35 3710
1290 3.842 1575 3.645 1 ?70 3.835 30 3.CA5
1285 3.745 1570 3.550 1005 3.70 25 3.580
1280 3.635 1565 3.420 1060 3.075 20 3500
1275 3.510 .1560 5.275 1055 3.575 15 3.400
1270 3.352 1555 3.120 1050 3.405 10 3,290
1265 3.220 1045 3.335 5 3.160

GATE ELEVATIO" 1263.51 GATE ELEVATION 1557.0 GATE ELEVATION 1039.0J 0ATE ELEVATION 99.5.52

1295 3.530 15804 3.430 • 1075. 3.037 30 . 3|00
1290 3.442 1575 3.380 1070 3.535 25 3.310
1285 8.360 1570 3.295 1065 U3.40 20 3.22:?
1280 3 .280 1565 13.170 1000 3.'?7 I s 3.150
1275 3.220 1660 3.040 1055 3.340 10 3,o85
1270 3.182 1- _1450 3.250 5 3,010

GATE ELEVATIoN 1267.02 CATE ELEVATION 1662.0 TGAT.ELEV^TIOV 1041.0 GA'E ,LA.FVATI(, D099.0

125 3.50 IM0 3.550 -: 107 350 25 3.4rA01290o 3.457 1570 3,355 1070 3.4,4 20 3.390
1285 3.380 1572 3.290 1065 3.432 15 3.300
1280 3.300 1568 3.345 1000 3.305 10 3,195
1275 3.213 1564 3.465 1055 I 3.1290 6 3.080
1270 1 3 ,120

GATE ELEVATION 1270.48 ~GATMELEVATON 1507.0 GATe ELEVATION 10B~.01 GATE ELFVATION 1006.0
1295 - 3.600 - 1580 1075 3037 is8 310
1290 3.530 1577 3.650 1070 3.565 15 3.035
1235 3.462 1573 3.600 1065 3.400 12 3,60512BO 3.410 1670 3;535 1060 3,415 J . 3ý560•
1275 3.375 " 1055 3.330 6 3.505

1050 3,220

GAE LEVATioN 1274.01 GkaT ELEVATION 1572.01 GATE ELEVATION 1050.01 GATE ELEVATION 1013.0
1300 3.725 1580 3780 1075 3.7 17 12 3.7181295 . 3.695 1579 3.755 1070 13670 1t 1.0(0
1290 3.662 1573 3.690 11065 3,615 8 3.645
12885 3.630 1577 3.500 1060 3.560 0 3.596
1280 3.600 . 1570 3.150 1055 3,495 4 3.530"

GATE ELEVATION 1277.50 jGATE ELEVATION 1055.0 CATE ELVY.ATION 1020.01295 37 1075 103.854 j 3.00
129 3.738 1070 3.827 5 3.610
1285 3.740 1065 3.800 4 3.540
1280 3.765 1000 3.780 3.5 3400

•___ 1055 3.7653 " .

GATE ELEVATIO 1281.021 _________ GATE1LPVATIONe 10oo.o

1295 - 3.730 I15075 1 3.4
1292 3.708 1072 3.083
1288 3.705 " 1069 3.740
1285 .3.725 ION 3.815

" 1063 3.920 -

GATE ELEVATION 1294,50 G___ ATE ELEVATION 1065.0

1300 I 3"840j 1078 1 3.810 I1295 - 3.830 1074 3.8651292 , 3.875 1072 3.910
1285 3.950 1070 3.950

GATE ELEVATION 1288.0

1296 3.750
1294 3.720
1292 . 3.67012•0 3.580 .

•oordinutes of curves prepared by plotting original data. 6 Gate down.

111t 116 GA'TTES ,409

TABLE 2.o•(Uonji2ed)

"FaANT D-,M lints DAM 48IAObEN DA" CAPTLANo DAM(California) oannewsee (Canal Zone) (British Columbia)

I eoI
ele eateen I!, elevationý le 

.

|i rent c f ineet U, -on7 , ln, e l e , lent.

GAT~rEVA1~W GATE RLFVATIoN, 1020.0 GAirg rLEVATtON6 232.0 U ATE ELEVATONS 547.0
580 3.60 10 1013 3.915 35 I 1)0 8 .75 ,7 3.025 1050 3.845 30 .. 3574 3 .650 1 1045 3.70 2 5. * 3.000 I 570 3.705571 3.460 I 1040 I 3.670 I 20 3.0 *. 5 I 3.53H595 / '•- | 1035 1 3550 | 55 [38 565 3 '3.35 3. ... 1035 3.30 1 5.00 3.415

35.-5 1030 j 3.390 | 10 3.575 j 5 3.25052 2.95 1025 31 25 5 3.280
GAT EtVATON O1.,GATE ELEVATION 1022.0 0ULLEVAIION 23600CT LVTIN65,

580I •:•o°° GAT 3.V /055 I 3 E 055.4
80 o 3.300 .10 3.785 30 3 3810 580 1 3.61557 3.30" 1050 3.725 25 3.750 577674 3.2o0 1045 3", I I 5 3..80

571 20 1'675• 50 I • I•.••• 574 I3.540

3.200 1040 3.570 1 1 3.5(53.5568 3.t25 1035 3,460 10l51 3.485

102 3..500 1 3.500 56 3.420

1030 3.300 5 3.540 508 3.320

580 I 3.320 1 1025 3 3.700 I 3003)0 830300

(a!-V EEzVATION •663.0 G ATC ELEVATION 1024.0 0 GATZ EL111A,,o, 24.0 GT E L VIU..6 1
50 3.320 1050 1 3.7 2 ° 3... 6 .53B74 3.240 1.5 1 3.720 20 30 f 3 1 3-1, 0

o71 3 .4 " .o70 20 3w .530

571 3.J75 1040 3.605 3.00 57 3.45 3080 1035 3.520 10 74 3.435SS 2.900 1030 3.380 5 .7740336
1025 3.5000' 54 /4 3.130

GAT rL:V~r<) 5 660 ATMOLEVA~ATION lo.0 GrRrrzo24. ATErELEVATION 568.5
58 .3.450 1055 13.835 3 " 3"7 410 1050 3.8(001 3.78557 3.340 1045 3.730 1 3.900 J 80 3-m5571 f 3.240 1040 3.74• .890 57 3.80568 j3,084, 1035 I3.685 L .910 874 3.925

103 . 3.580 3.935 _

GAE EL 3va T .oN 509.0 GATE -ELVATION 1028.0 GATE ELEV 250.0
580 3.2 1055 3.8,10 20 3.750S7 3.005 I 1050 3.880 is 3,750570 3.570 1045 3.805 J 10 380

574 j 3.550 1040 | 3.885
3.3.0 450453.9,883.500 1035 [ 3.875

70 3.400 10 30 3:745
GATE ELEVATION 572.0 GA TEELEVATION 1030.0

550 l 3..2,• 5 53 ... 3890 "578 I 3.70 ( o50 I 3390 ,570 3.8•0 1045 I 3885574 3.020 I o1040 3 .8/0
1035 / 3.875

C ATE ELEVATION 573.0 GATE ELEVATION 1032.0
580 3.770 1 - 3870678 I 3.7,00 10.50 I 3•275
576 I 3705 1045 I 3830576 3.780 1140 38q50~

67 3.9ulo 1035 1 3920

GATE ELEVATION 37,5.0 fGATE ELEVATION 1034.0 -----

578 3.790 . 1050 8335
3. 0 3.855~70 .950 1 100 13.83s
C i 035 o Pr p4i. 6 " "o.

• Cordiate ofcuresrepared by plottiog original data. 'Gale down,
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TABLE 2.a--(Continued)

HoovER DAM (Arizona-Nevada) HOovEn DAM (Arizona-Nevada) lloovF.n DAM, (Arizona-Nevada)
SHAPE 4-M3 SHAPE 8-M5 SHAPE 7-C4

Total head CocOf- Total head Coclii- Total head Coelli-
on gate, zie.t, , cient, on gate. cieit.
in feet Cc in

t
fet C, in feet C,

GATE ELEVATION6 1205.4 GATE ELEVATION' 1205.4 GATE ELFVATIONb 1205.4

20 3.670 28 3.735 26 3.6655
22 3.605 25 3.705 22 3.615
18 3.540 20 3.650 18 3.540
14 3.472 15 3.565 14 3.450
10 3.405 10 3.460 10 3.360

0 3.338 5 3.335 6 3.200

GATE ELEVATION 1209.4 GATO ELEVATION 1209.4 GATE ELEVATION 1209.0

20 3.575 I 24 3:;510 23 3.725
17 3.645 20 3.540 19 3.650
14 3.615 16 3.492 15 3.580
11 3.585 12 3.428 11 3.508
8 3.555 8 3.330 7 3.415

GATE ELEVATION 1213.4 j GATE ELEVATION 1213.4 dATE: ELEVATION 1213.0

20 3.880 20 3.765 19 3.800
17 3.875 16 3.765 16 3.845
14 3.876 12 3.725 13 3.825
11 3.870 8 3.O68 10 3.750
8 3.870 4 3.600 7 3.610

GATE ELEVATION 1217.4 GATE ELEVATION 1217.4 GATe ELEVATION 1217.0

14_ 3.960 15 IW 3.0 5 S 3A11;
12 3.980 12 . 3.8190 13 3.f:10
10 4.010 9 3.900 11 3,935
8 4.075 6 3.930 . 9 3.1170

1 7 4.020

GATE ELEVATION 1221.4 GATE ELEVATION 1221.4 GATE ELEVATION 1221.4

10 3.890 it1 3:830 1 14 I 3.8t5
8 3.930 9 3:840 " 12 3 ,820
6 4.020 7 3.875 10 3.823
5 4.100 5 3.935 j 8 3.825

a Coordinates of curves prepared by plotting original data. & Gate down.
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sharp reversal in the curve when the angle 0 approaches 28', and (3) that
the coefficient of. discharge is a maximum at this angle. As the angle 0 is in-
creased from 280 to 900, contraction of the jet gradually reduces the coefficient
to approximately 3.33, which occurs when the weir is vertical. As 0 is de-
creased from 280 to 0 the coefficient is gradually reduced-either by approach
conditions, friction, or both-to that for a broad-crested weir, which may be
some value between 2.8 and 3.1. -As the principal difference between the drum
gate and the straight inclined weir lies in the curvature of the gate, the trends
for the two should be similar.

An inconsistency exists in Fig. 4-namely, the coefficient of discharge for a
vertical sharp-crested weir should approximate 3.33, but Fig. 4 shows that
Bazin obtained 3.45. This conclusion is supported by the fact that the USBR,
Ernest W. Schoder, M.ASCE, and Kenneth B. Turner,b and others have not

a "Precise Weir Measurements." by Ernest W. Schoder and Kenneth B. Turner. Transactions, ASCE,
Vol. 93. 1929. p. 999.

R
s-a1s80 ul 'I



412 DRUM GATES DRUM OATES 413

been able to check the discharge measurements of Bazin. However, the
actual values are not so important for the case at hand as is the significance
of the trend.

METHOD OF COMBINING TEST REsULTS I

The method for combining results from the eleven drum gatcE
(Table 2) consisted of first plotting the coefficient of discharge data scB

I tested

,arately

61E

45-
Ratio;,

40 0.7 0

35o

Staih Inlie
30r " t . 'I •I- -7/TT•

Welf51-0) _1114

2-•5 *- ' • t I."

-150.2 0.3 0.4 0.5 0.6 0.7 0.S 0.9 1.0.Sa1 1 n e. T

total head, including the velocity head of approach, measured above the higahpoint of the gate, and r is the radius of the gate. In Fig, 5, C, is based on therelationship, Q .- C L Hl1. For positive values of 0, the head was measuredabove the lip of the gate, whereas for negative angles it was observed abovethe high point, or crest, of the gate proper. The method of measuring thehead is illustrated in Fig. 2.
Upon completion of a similar set of curves for each gate tested, tihe elevensets of curves were replotted and combined into the chart exhibited as Fig. 6.The results from the various gates showed good general agreement; and tilecurves in Fig. 6 constitute the general experimental information needed fordetermining the discharge coefficients for gates in raised or partly raisedpositions. The supporting points are not shown in Fig. 6, but the individualinformation for each gate is listed in Table 2.

ANALYSIS or TEST RESULTS
The curves in Fig. 6 show a tendency toward reversal, similar to that ex-hibited by the Bazin curve in Fig. 4, but the points of inflection vary from0 = 20' to 0 - 30', depending on the value of H/r. Fig. 4 slowed the co-efficients to vary only slightly with the head, but in this case the coefficientsdefinitely vary with the head.

A matter of significance is the reversal of the (II/r)-order which occurs at290 (Fig. 6). The coefficient of discharge has but one value, 3.88, when 0 ap-proximates 2 9 °;:thiuS, it is insensitive to both the radius and the head on thegate for this angle. The curve for Hlr = 0 approximates a drum gate ofinfinite radius and was obtained from the data of Bazin (Fig. 4) by apply-ing a uniform adjustment.
As stated previously, similitude is valid for small negative angles of 0, aswell as for positive angles up to 900; thus, the curves in Fig. 8 are shownand recommended for use down to B = -15°. As the gate is lowered beyondthis angle, the curves double, back and converge, finally terminating in thefree flow coefficient.

The discharge coefficients in the region between 0 = i15° and the gatecompletely down are determined by graphical interpolation. Interpolation isaccomplished by plotting head-discharge curves for several gate angles between-150 and the maximum positive angle. Also the head-discharge curve isplotted for the free crest. This information is then cross-plotted to obtainvalues in the transition zone. The method will be explained in the examplethat follows. It will be discovered that negative angles. greater than -150r (with the exception of the free crest) are not particularly important from anoperator's standpoint, as a change in gate position has little effect on the dis-charge in this range. tha t
Itmustbe assumed that the coefficient I discharge is known for at leastone value of the head on the free crest (gate completely down) for the partie-ular spillway- under consideration. With the coefficient known for one ormore heads, the complete coefficient curve for the free crest can be plotted byconsulting Fig. 7, in which H. and C, are the designed head and the coefficient

..

'2.8 9 2.9 3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.1 3.8
Discharge Coefficient, Cq

4.0

Fn(. 6.-GPNEA..b CURVEO•FOR THE DETER•INATION or DasCHAROz COEMCIaENTw

for each gate as illustrated by the sheet for the Shasta Dam gate (Fig. 5).
With the coefficient of discharge as the abscissa and H/r as the ordinate, each.
curve in-k 5 represents a. different gate angle 0, which the tangent to the
doWnjrtr1W p of the gate makes with the horizontal. In all cases, II is the
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for the designed head, respectively. This chart was reproduced from a pre-

vious publication
2 and represents a curve well supported by tests of some fifty

overf all spillway crests having wide variation in shape and operating conditions.

1.3 APpLICATLON OF 31ESUL:

1.2ot
1.1 From the plan and section of the Black

1.0 Canyon Diversion Dam (Idaho), shown in

o.9 Figs. S and 9, assume that it becomes ncc~s-
•o s sary to compute and construct a rating curve

06 for one drum gate for each 0.5 It of gate cle-

0.5 vation. The scale on the gate position indi-

0.4 cator is calibrated to show the elevation of

0.30.2 the high point of the gate, and the gate haes a

0.1 constant radius of 21.0 ft. The gate is 64 ft

0_ long. The coefficient of discharge for the free

0.7 o.s 0.9 1.0 
s.

.,: . Ratio, crest is Co = 3.48 for the designed head (Ho)

of 14.5 ft.

Fx. 7.-CoEr,,ctN" or DiscHA_ With the coefficient of discharge known for

FOR OTH : ER TEMN Tur DrWED HEAD free flow at the designed head, the entire free-

flow coefficient curve can be established by consulting Fig. 7. The Iree-flow

coefficient curve for Black Canyon Dam spillway (for which H. = 14.5 ft

and C. - 3.48) is constructed by arbitrarily assuming several values of IH/H1.and reading the corresponding values of C/C. from Fig, 7. The method is

ilhistrated in Table 3, and the head-coclicient curve for free flow (gate down),

obtained in this manner, is shown in Fig. 10.

•" Crest. (Gate Up) .EI 2497.0 .._ ~7
// .

/
/

/
/
/t I6.

FIo. .- S rILLWAY Cl" Esr D 1.?AIL, 1I3ACK CANTON D A IM IN ] PA VIO

TABLE 3.-HEAD AND DISCHARGE COMPUTATIONS FOrt A FR'EE CREST

(BLACK CANYON. DAM IN IDAHO)

Total head Ree rvoir Hlatio'. Ratio,' Coefficient, Q, in C " It

T o a[. 1 %. indlv onn/ c . C/ p e r .s e e

(1) (2) (31 (4) (S) (6)

17 2409.5 1.172 1,020 3.55 15,950

15 2498.5 1.104 1.012 3.62 14,420-

14.5 .2407.0 1.0 1.0 3.48 • 12.295

12 2494.5 0.827 0.080 3.41 9,072

10 2492.5 0.690 0.060 3.34 6,759

8 2400.5 0o.52 0.940 3.27 4,736

6 2488.5 0.414 0.905 a.135 2 ;949

4 2486.5 0.270 0.850 2.957 1,514

3 2485.5 0.207 0.816 2.835 943

2 2484.6 0.138 0.760 .2.642 478

11, 14.s ft. b C. - 3.48. * The discharge for one gate: Q - C, b Hi, in which L 64.0 ft

" /1)2

, . . .. "x / '

Eriv. --PeAWf Ow Bi..c CAjerOK D~voesioM DAM 1 lnAo Ia
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Before considering the rating of the spillway with gates in raised positions,

it is necessary to construct a diagram such as that shown in Fig. 11 to relate

gate elevation to the angle 0 for the Black Canyon Dam gate. The tabulation

in Fig. 11 shows the angle 0 for corresponding elevations of the downstream lip

of the gate at intervals of 2 ft.

20 Beginning with the maximum positive

angle of the gate, which is 34.883°, the

computations may be begun by choosing

16 a representative number of reservoir cle-

- vations as indicated in Col. 2, Table 4.

UThe difference between the reservoir ele-

S vation and* the high point of the gate

~ 12 (which is the downstream lip in this case)

constitutes the total head on the gate, and

values of head are recorded in Col. 3.
8 Col. 4 shows these same beads divided by

Zthe radius of the gate, which is 21.0 ft.

Entering the curves in Fig. 6 with

4 the values in Col. 4, Table 4, for 0 =

+34.883°,.the discharge coefficients, listed

in Col. 5 of the set of computations desig-.

nated "A," are obtained. The remainder

2.6 3.0 3.4 3.8 Of the procedure outlined in Cols. 6 and

coeffiCient, Cq 7, Table 4, consists of computing the dis-

Fi. 1Q.---ZLD-CorCn•T CURvZ, charge for one gate from the expression,
1LACK CANYloN DA, r IDAHo Q ý- C L H1. A similar procedure of

computation is repeated for other positive angles.of 0 as in sets B, C, and D of

Table 4.
As the angle 0 is given negative values, the procedure for determining the

discharge remains the same for angles between 0 and -15', except that thle

head on the gate is measured above the high point rather than above the lip.

Discharge computations for negative angles of the gate down to -- 15.017'

are tabulated in E, F, and G of Table 4.

Plotting values of discharge, reservoir elevation, and gate elevation from

Table 4 results in the seven curves in Fig. 12 for which the points are denoted

by. circles. The extreme lower curve, on which the points are identified by

x-marks, represents the discharge of the free crest with the gate completely

down. . The latter values were obtained from Table 3.

The discharge values shown in Fig. 12 are for one gate only. When more

than one gate is in operation, the discharges from the separate gates may be

totaled providing the gates are each raised the same amount. The experi-

mental models contained from one to four gates (with the exception of that of

Grand) Coulee Dam, which, contained eleven) so a reasonable allowance* for

*pier effect on the discharge is already present in the results.

The intervals between the eight curves identified by points (Fig. 12) are

too great for rating purposes, especially the gap between gate elevations,

2485.76 ft i2482.5 ft. This is remedied by cross-plotting the eight curves

for various constant values of the discharge as shown in Fig. 13. Fortunately,
the result is a straight-line variation for any constant value of discharge. The

lines in Fig. 13 are not quite parallel and there is no assurance that they will

be straight for every drum gate. Nevertheless, this will not detract appreci-

110. lI.-RELATION-"IJP Or GATE EMAVATION TO AmNLE e

ably from the accuracy obtained. Interpolated information from Fig. 13 isthen utilized to construct the additional curves in Fig. 12. If all curves are

considered, Fig. 12 shows the completed rating for the Black Canyon Dam

spillway for 0.5-ft gate intervals. For intermediate values, straight-line

interpolation is permissible.

CoNcLUSoINs

This paper has demonstrated how an existing control structure, such as

the Black Canyon Dam spillway, can also serve as a rating station. The

accuracy of rating curves obtained by the method is estimated. to approach

that of an average current-meter traverse of the river providing that (1) the

gate position indicators are made as large as possible and are accurately cali-
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brated, (2) the reservoir gage can be read to within 0.05 ft, (3) nearly atmos-

pheric pressure exists under the sheet of water after it springs from the gate,

and (4) all gates are set at approximately the same elevation.

TABLE 4.-HEAD AND DISCHARGE COMPUTATIONS Pon DRUMi GATES

IN RAISED PosrrioNs

StRes~et-[. 
, n Rc,-

voir- Ratio, Coeffi- 114, Q in vot.ir I , Ratio. Co, . Q, in

Set eleva- in H cientq, in cu ft Set eleva. in Ii ciet,, in . t ft

tion, it- 7 c peo it t C, ft p

in ft 
jin ft 

le

(1) (2) (3) (4) (5) (6) (7) (1) (2) (3) (4) (5) (6) (7)

GATE ELEVATION 2497.0; 0 + 34-8 GATE ELEVATION 2489.0: 0 - 1.28'

2498.0 1 0.048 3.85 1 247

A 2499.0 2 0,095 3.8, 2.828 699 2190.0 1 0.0-8 3.21 1 205

2500.0 3 0.143 3.86 5.196 1.283 2191.0 2 0.095 3.28 2,828 591

24920 3 0.143 3.34 5.196 1.111

E 2494.0 5 0.238 3.45 11.18 2.469

249(0. 7 0.333 3.545 18.52 4,202

CATE ELEVATIo" 2495.0; 0 = -23.43' 2498.0 9 0.42. 3.63 27.00 6.273

294s_ -- 2500.0 11 0.521 3.695 30.48 . 8,627

2496.0 1 0.048 3.85 1 246

2497.0 2 0.095 3.86 2.828 0 G98

B 2498.0 3 0.143 3.87 I 5.196 1,284

2499.040.190 3.87 8.00 1. 979 _ _

2500.0 5 0.238 3.88 11.18 2,770 189.0 0.8 0.038 3.02 0.716 138

2489.0 1.8 0.086 3.30 2.415 479

GATE ELEvATIoN 2493,0; 0 -+- 14.22* 2490.0 2.8 0.133 3.17 4.685 950

F 2192.0 4.8 0.229 3.31 10.52 2,229

2,194.0 6.8 0.324 3.13 17.73 3.892

0 2 0 37 2 2498.0 10.8 0.515 3.58 35.49 8,131

12495. 2 0.0 °:95 3.73 2.82s 675 f20,0•l" .1 :3 9•

C 2496.0 3 0.143 3.75 5.198 1,247 2500.0 12.8 0.010 3635 45.79 10,.53

2498.0 5 0.238 3.80 11.18 2,719

2500.01 7 0.333 3.8A 1-852 4.552
__ 

(lATE ELEVATION 2485.75; 0 - 15.02'

GATE ELEVATION 2491.0; 8 + 6.13' *

- -- -~ -________ 
2187.0 1.25 0.0110 3.00 1.398 268

2188.0 2.25 0.107 3.07 3.375 603

2492.0 1 0.048 3.47 1 222 2489.0 3.25 0.155 3.15 95.859 1,181

2493.0 2 0.095 3.51 2.828 635 G 2491.0 5.25 0.250 3.275 12.03 *2,522

2494.0 3 0.143 3.57 5.196 1,187 . 2493.0 7.25 0.345 3.375 19.52 4,216

2496.0 6 0.235 3.63 11.18 2,597 2495.0 9.25 0.440 3.405 28.13 o,238

2498.0 7 0.333 3.70 18.52 4,386 2197.0 11.25 0.536 3.54 37.73 8,548

2500.0 9 0.429 3.77 27.00 6,615 2499.0 13.25 0.631 3.595 48.23 11,937

* H is the total head on the gate. 6 The discharge for one gate: Q C. L ,Il.

'In connection with provision (3), the blunt piers on the Black Canyon Dam

spillway, Figs. 8 and 9, provide effective aeration under the overfalling sheet

of water for all but very small heads with gate completely raised. In the

case of provision (4), uniform operation of the gates is also most desirable from

the standpoint of stilling basin operation for minimum erosion downstream.

Discharge measurements on the prototype are desirable whenever possible

as: a check on the accuracy of the foregoing method. Sufficient observations

should be taken, however, to establish thefact that the prototype formation.

is consistent and reliable.; .

1::
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2249 3 4g -

ol~lo ofHg PitofGt. nFe

.2490 1

2488

2486

2484- - - - - - - - - - -

:Free Crest El 2482.5_ _ "___

242112483 2485 2487 2489. 2491 •2493 2495 .2497 29

Elevation of High Point of Gate% in Feet

FIo. 13.-CaOsse-PLOTTED INITIAL RATING Cunvze, BLACK CANTON DAM IN IDAHIO
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DJ SCUSS ION

GUIDO Wvss'.-TThe information presented by Mr. Bradley is of utmost

value for determining tile quantities of discharge over drum gates under various

heads for any gate position. This information will permit operators in tile.

field to ad(just the gate position from correspon(ling chart values in such a

manner as to obtain the desired flow. The use of drum gates as an actual

metering device for spillway quantity discharges is unique and the results

obtained are more practicable and reliable than those obtained by stream

g~aging, especially when this gaging is conducted during periods of high floods.

It would have been interesting if the author had presented an investigation

of the flow, profiles of the upper and lower nappe surfaces, as well as the actual

water pressures on the upstream plate of the drum gate by use of charts. This

would afford an opportunity to obtain the true loading conditions on the gate

during the cycle of operation from fully-raised gate to fully-lowered gate. This

information would be importint in the determination of the buoyancy and

loarding criteria of the gate structure.

SAM SULIvlrs,7 M. ASCE.-An outstanding contribution to the design and

operation of drum gates has been presented il this report of the author's work

at the UJSJR. The paper an1d its complement' fill a. great need.

Since 1 928, when the Freein an S IlhIus \i%''s were estahlished, theie Ires

been a treiendious dlevell•pment of hydraulic model research in the laboratories

of the United States. Although these laboratories are unexcelled in size and

quality, many hydraulic engineers have pondered the procession of models

(spillways, stilling pools, and river reaches) in the period from 1928 to 1953

with few, if any, summaries or proposals for design to reduce tile dependence

on models. In Mr. Bradley's work there is strong evidence that the laboratories

will produce correlations and syntheses-not more models.

When it is realized that many of the most famous and productive labora-

tories in tIle United States did not exist prior to 1928, the lack of correlation

and synthesis for general use is understandable. The hope is that other works

of similar quality will be added to engineering literature.

BOB BUEHLER,' A. Al. ASCE.-An interesting and clever use of data has

resulted in a method by which records of gate settings at dams can be made a

substitute for missing stream-flow records and can be used to augment existing

records. The construction of a dam and reservoir often floods all established

stream gage. Unless the gage is replaced below the dam or upstream from the

reservoir, subsequent stream flow usually is not accurately known. Sometimes

a series of dams (each causing the water.to back up to the dam above) prevents

continuing established gages at the strategic points where they had been

* Mech. Engr., Bureau of Reclamation, U. S. Dept. of the Interior, Denver, Colo.
SAsociate Prof., Director, Hydr. Lab., Civ. Eng. Dept., Pennsylvania State College, State College, Pa-

t Hydr. Engr.. TVA, Knoxville, Tenn.
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located. The less accurate-and more costly--slope stations are not com-

pletely satisfactory alternatives to the single-line rating stations.

If the spillway of a dam can be rated with an accuracy comparable to the

accuracy obtainable with a gage (as demonstrated by Mr. Bradley for certain

spillway types), and if allowance is made for flow through other wftter outlets

such as turbines, locks, and sluices, the structure is then superior in some

respects to the gage. For example, the rating of the darn should be permanent,

whereas the rating of a gage usually requires frequent checking.

Mr. Bradley's method for rating drum gates not only allows records for

ordinary stream. flow to be supplemented, but also probably gives a more

accurate determination of extreme flood rates than do most gages. lle has

made an important contribution to the planning and design of drum-gated

structures.
The author has presented a method for rating a spillway at all heads pro-

vided the coefficient for one appreciable head is known. He also states that

a coefficient for the designed head can be estimated for most spillways by a

method previously published.' The writer, on the other hand, offers a method

by which an ogee spillway can be rated, provided its profile shape is known.

The method is based on an equation derived by R. N. Brudenell, A. M. ASCU,

incidental to studies. made on radial gates.' Mr. Brudenell's equation is

3.97 L 116.
Q HO12 D .........

in which Q is the spillway discharge, in cubic feet per second; L denotes the

length of the spillway, in feet; H is the total head on the spillway crest, in feet;

TABLE 5.-FREE DISCHARGES FOR BLACK CANYON DAAI IN IDAIIO

UsING EQ. 1 Usto FIn. 14

Total head, Discharge.
in feet in cubic feet Discharge, - l)iflcrci,

per second- " is*harge, D)ifference, n iscuic Dent

in cubic eet iercent cubic t in percent
per second per second

(1) (2) (3) (4) (S) (6)

17 15,950 15,847 -0.65 15,910 -0.25

16 14,420 1,4363 -0.39 14,421 -0.01

14.5b 12,296 12,247' -0,40 12,296 0

12 9,072 9.013 -0.05 9,049 -0.25

10 6,759 6,708 -0.75 6,735 -0.30

8 4,736 4.673 -1.33 4,602 -0.93

6 2,949 2,932 -0.58 2,944 -0.20

4 1,514 1,521 +0.46 1,527 +0.86

3 943 954 +1.17 958 +1.59

2 478 494. +3.35 496 +3.76

'From Col. 6, TableS. b Head atwhich C, 3.48. Cq would be 3.466 for this discharge.

and RHD represents, the design head in feet. The design head is thlat head

which produces a standard lower nappe that agrees closely with the spillway

profile.

"Flow over Rounded Crests," by R. N. Brudenell, Engineeing Newvl-Record. July 18, 1935, p. 95.

I',q. I was initended to be used with heads greater than IHI/ 4, although the
equation has been found to agree closely with model data for somewhat lower

heads. Without knowing any coefficients, Eq. I gives discharges that agree

closely with those obtnined by Mr. Bradley for Black Canyon Dam. In the

case of Black Canyon Dam, Mr. Bradley used one known coefficient and the

curve of Fig. 7. Free-flow discharges computed by the two mnethods are shown

ill Cols. 2 and 3, Table 5. The procedure by which Eq. 1 was applied will be

described subsequently.

1.8

1.6

1.4

1.2

o 1,0

0.8

0.6

0,4

0.2

EF
Eq. 1 // •Fig. 7.

0.75 0.80 0.85 0.90 0.95 1.00
0.75 0.80 0.85 0.90 0.95 1 .00 1.05 1.10

Value of the Ratio CCO

Fia. 14.-Co.%IpARISON oF VALUES OBTAINED FROM Fia. 7 AND EQ. I

It is assumed that ill choosing Black Canyon Dam for his example, the

author knew that his method would yield discharges close to known values.

The good agreement for all- except the low heads shows that, in this example,

Eq. 1 (using only the shape of the spillway) also produces suitable results.
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This good agreement suggests, too, that there must be a close relationship

between the curve in Fig. 7 and a similar curve that can be derived from Eq. 1.

To examine the relationship, theoretical discharge coefficients were computed

by using Q = C• 1 H II32.................. ........ (2)
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and Eq. 1, from which

= 3.97 II1"A ..(3)

The design head, ID, was found (by a method to be described subsequently)

to be 45 ft for Black Canyon Dam, and this value was used in making the test.

Thus, for MD = 45 ft,
_ 2.5143 111-', 0)

H' • ........................ (.)

For several assumed values of total head, II, varying from 2 ft to 58.5 ft, cor-

responding C,-values were computed. The resulting C, of 3,97 for a head of

45 ft (He) was taken arbitrarily as the known coefficient, C.. Then the (1I/Iio)

-ratios and the (C,/C,)-ratios were computed for all other heads in the

assumed range. The resulting curve is the solid line in Fig. 14. The dashed

curve is from Fig. 7. The agreement is close-as expected. Still using HD

equal to 45 ft, the remainder of the process was repeated using the coefficient

for. the 25-ft head as Co, and then using tihe coefficient for the 12-ft head as Co.

There was no discernible difference in the curves resulting from the three

separate selections. A similar procedure, using HD equal to 20 ft in Eq. 1,

also showed no differences from Fig. 14. It can probably be proved that there

should be no difference.

Thecurve derived from Eq. 1 thenwasapplied to the Black Canyon Dani spill-

way, assuming (as did thie author) that the coefficient is 3.48 at a 14.5-ft head.

The resultant free discharges are shown in Col. 5, Table 5.

The free-flow coefficients in Table 2 invite further comparisons with Eq. 1

for the four projects for which spillway profiles are given in Fig. 3. It should

be remembered that this comparison tests the use of only the spillway shape as

a guide to free discharge.for the entire range of heads. Col. 4, Table 6, shows

that for appreciable heads the maximum error in the four cases is approxi-

mately 2% (Hamilton Dam). Observed coefficients in model tests often scatter

as much.
The same coefficients permit testing the curve in Fig. 7 for all eleven spill-

ways. This test is not as severe, however, because it is necessary to assume.

one known coefficient at which head agreement becomes perfect. At near-by

higher and lower heads, large divergences would not be expected. Col. 6,

Table 6, shows-that for appreciable heads the maximum error is slightly greater

than 2% (Hoover Dam, shape 8-M51. The base coefficient selected to obtain

C, from the (Go/Co)-ratios is designated by a footnote for each project.

These arbitrary selections were made for medium high heads.

The solid-line curve in Fig. 14 also was tested in this manner. The sanie
coefficient at each project was assumed to be known as when the curve in

Fig. 7 was tested. Col. 8, Table 6, shows that for appreciable heads the nmaxi-

mum error is slightly more than 2% (Madden Dam).

These comparisons show that the direct application of Eq. 1, Fig. 7 (or

Fig. 14) (derived from Eq. 1), all give highly accurate free-flow spillway dis-

TABLE 6.-Co.MPrARSON OF FnEE-FLow SPILLWAY COIEFFICI ENTS

T~sl h , coeSiieg L' EQ, I 63sm.ioa 1i..7 s'Bauv FIa. 14
Total hwad, Obtained

teo t , )ifference. Difference, es Difference,

tc-tin percent in percent, in percent

(i) (2) (3) (4) (5) (6) (7) (8)

GRAND COULEX DAM (WARIIINGTON)

35 3.920 3,914 - 0.15 3.902 r-0.
4 0

30 3.842 3.831 -- 0,29 3.827 -0.39

25 3.745 . 3.745- 0 3.745- 0

20 3.635 3.055 + 0.55 3.651 +0.41

15 3.510 3.550 + 1.14 3.524 +0.40

10 3.352 3.370 + 0.54 3.356 +0.12
5 3.220 3.138 - 2.54 3.168 -1.62

BIIAKRA DAI (INDIA)

28 3.030 3.730 + 1.52 3.732 +1.41

23 3.045 3.415 0 3.645 0

18 3.550 3.547 - 0.08 3.543 -0-20
13 3,420 3.434 + 0.41 3.401 -0.47

8 3.275 3.215 - 1.83 31208 -2-04

3 3.120 2.748 -1.92 2,854 -8.53

SHASTA DAM (CAUFORNIA)

38 3.895 3.910 + 0.39 3.899 +0.10

33 3.835 3.839 + 0.10 3,831 -0.10

28 3.760 3.7f0. 0 3,76W1 0
.23 3.675 . 3.077 +4 0,05 3,674 -- 0,3:1

18 3.575 3.591 , +. 0.45 3,56(8 -0.2

13 3.405 3.455 - 0.29 3.429 -1.01

a 3.335 3.215 - 3.60 3.230 -3.15

HASILTO m DAM (TEXAs) 11D - 52 FST

35 3.710 3.785 +2.02 3.741 .4- 0.84 3.730 1 +0.54
30 3.645 3.716 +1.95 3.662 + 0.47 3.659 +0.38

25 3.580 3.035 +1.54 3.580. 0 3.580•' 0
20 3.500 8.539 +1.11 3.494 - 0.17 3.490 --0.29

15 3,400 3.420 +0.59 3.394 - 0.18 3.369 --0.91

10 3.290 3.258 -0.97 3.222 2.07 3.208 -2.50

5 3.160 2,997 -5.16 3.000 5.06 3.029 -4.14

FIsAr DA•l (CAurosseLA)

20 .3.6o 3.717 + 1.84 3.706 +1.53

17 3.625 3.639 + 0,39 3.632 +0.19
14 3.550 3.550- 0 3.550. 0
11 3.460 3.458 - 0.06 3.452 -0.23

8 3.340 3.348 + 0.24 3.319 -0.63
6 3.175 3.142 - 1,04 3.131 -1.38

2 2.005 • ,2.723 -- 8.15 2.812 -5.16

* Coefieient assumed to be known. ___

4
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TABLE 6.-(Continued)
The comparisons in Table 6 show a tendency toward errors of some impor-

tance at low heads when Eq. 1 or its companion curve in Fig. 14 is used, as

well as when Fig. 7 is used. In most cases the errors are negative. These

errors are of little concern in planning the safety of a structure against extreme

floods, or in considering nmost other operations such as emptying the reservoir.

The errors nonetheless affect the analytical rating of drum gates in the lowered

or slightly raised positions. The free-flow coefficients help to determine the

direction of the general curves at the large negative angles shown in Fig. 6.

Free discharges form the base curve of the rating curves in Fig. 12 and help

define the curvature of the low ends of the cross-plot curves in Fig. 13. Low

to ordinary heads, corresponding to normal stream flow, can exist for a large

part of the time at dams whose reservoir capacities are small. Further study

of data for low heads might lead to valuable refinements.

Nonnis DAM (TgV3sf§F•) RD 35 FT

55 3.915 399 +1.38 .3.934 + 0.49 3,923 +0.20

301 I 3.845 3.897 -}.35 3,852 + 0.18 3,818 +0.08

25 3.765 3.812 +1.25 3.765- 0 3.765- 0

20 3.670 3.711 +1;12 3.675 + 0.14 3.071 +0.03

20 3.660 3.586 +1.01 3.569 + 0.53 3.543 -0.20

10 3,390 3.4156 +077 3.385 -. 0.06 3.373 -0.50

3.125 3.143 +.58 3.156 + 0.96 3.185 +1.92

- -ADcENjj)AMj(CANAi, Z014P)

- 5 3.900 
3.V25 - 1.92 3.814 -2,20

.. 7 3.744 0.69 3.740 -0.80
2 8 3.770 3.L0 0 3.660. 0

20 3.660 3.572 + 0.34 3.5608 +0.2220 3.460 3.4 + 0.29 3.444. -0.10

10 3.365 
3.294 2.11 3.279 -2.55

0 3.25 3.067 6.49 3.096 -5.01

CAPELANO DAM (BRmISC1COLUhtutA) HP z 48 FT

33 . 3.775 3.797 +0.58 378-3 + 0.21 3,775 0

28 3.705 7 3.720 -O-O 3.705 0 3.705' 0

23 3.825 3.034 -0.26 3,623 -- 0.05 3.620 -0.14

3.530 3.529 -0.03 3.538 + 0.23 3.516 0,40

13 3.415 3.394 -0.62 3.405 - 0.29 3.379 -1 05

31250 3.201 -1.61 3.168 - 2.52 3.183 206

HoovEs DAA (Am0ZNA•-NrvAVA)'SIAPCE 4-M13, UD 50 Fe

26 I 3.,60 3.670 0 3.681 + 0.30 3.077 +019

.22 |. 3.605 3.597 -0.22 3.605- 0 3.605. 0

18 I 3.540 3.512 ] -0.79 3.526 - 0.40 .3.522 -0.51

14 | 3.472 3.408 -1.84 3.439 - 0.95 3.414 -1,117

10 I 3.405 - 3.273 I . -3.88 . 330 - 2.91 3.280 367

6 3.338 3.077 j -7.82 1 Z.064 8.21 3.082 767

• oovon DsA SAPP 8-M.5

-20 -10 0 10 20 30 40 50 60
Horizontal Distance From the Crest, in Feet

FMO. 15..--STww.o SPILLWA.r Sa&rze

Application of Eq. I.-Since the factor HD in Eq. I represents the head at

which a standard lower nappe shape is a reasonable approximation of the

spillway shape. (as designed or built), it is only necessary to find this head to

apply the formula. Spillway coordinates for a standard crest having a vertical

upstream face have been used to find this head.'* These coordinates are shown

in Table 7. The last column in Table 7 refers the horizontal (z) coordinates to

the spillway crest because this form is the simplest to apply. In Table 7, y

is the distance below the crest elevation.

Using these dimensionless coordinates, standard spillway shapes were

plotted (Fig. 15) for values of Hp from 10 ft to 60 ft. In Fig. 15 negative

I Hoovra DAM SOAFe 7-04

28 3."85 
3.691 + 0,71 3.687 +0.60

22 3653.61.5- 
0 3.515-

i2 3.515 3.5 - 0.14 3.532 -0.23

.46,3,449 -0.03 3.423 -0.78-

A.14 3.450 
20

.1 ,8.360 3.315 - 1,34 3.290 -23.•

" 50.200 .3.073 -3.97 .091 -3.41

chaarges for ogee dams at all but low heads. Eq. 1, applied directly to the

spillway shape, has the advantage that no coefficients need be known or esti-

mated in advance. I
".'Hydroelectrio Handbook." by William P. Creager and Joel ID. Justin, John Wiley & Sons. Inc..

New York, N. Y.. 2d Ed., 1950, p. 382.
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horizontal distances indicate the distance upstreamn from the crest. The spill-
way shape as designed or built is then drawn oln transparent paper. This
paperislaidover Fig. 15, and the value of HD which gives the best fit is selected.
In deciding the best fit it may be found that the profile upstream from the crest
indicates one value and the downstream profile indicates a different value.
The higher of the two indicated values of 1iD should he used. For example,

TABLE 7.-COORDINATES OF A STANDARD

SPILLWAY CREST

Value of Value of e
x y Value of-1

.fD - Hi referred to crest

0 0.126 -0.3
0.1 0.036 -0.2
0.2 0.007 -0.1
0.3 0 0
0.4 0.007 0.1
0.6 0.063 0.3
0.s 0.153 0.5
1.0 0.267 0.7
1.2 0.410 0.9
1.4 0.590 1.1
1.7 0.920 1.4
2.0 1.31 1.7

the shape of. Black Cam yon D'un
spillway upstream from the
*crest indicated a value of ap-
proximately 45 ft for .D. The
downstream shape indicated a
value of approximately 25 ft.
The larger-value was used.

The determination of the
IID-value which gives a reason-
able fit requires a certain amount
of judgment; When the profile
upstream from the crest is the
criterion, the lip of the dam will
sometimes be the determinant.
Sometimes, however, the lip

droops sharply downward and indicates a lower value than other parts of
the upstream profile. When the downstream shape is the criterion, good
results have been obtained by assigning a value of HD based on the average
fit in the zone between points on the spillway where tangents range from 20'
to 350 from the horizontal. The exact value of HD is not too important.
Since it enters Eq. 1 in the 0.12 power, a difference of 10% in its value affects
the discharge by only 1.15%.

'The writer's application of Eq. 1 has been limited to fairly high dams.
Although the total head used in Eq. 1 should include the approach velocity,
the accuracy of Eq. 1 when used for low dams, where approach velocity is
large, has not been tested.

So far as is known, the application of standard nappe shapes (for which
discharge coefficients are known) to actual spillways on a basis of reasonable
best fit was first suggested by W. M. Borlund." Mr. Borlund used a curve of
observed C0-value plotted against H/H.. In 1942, C. E. Kindsvater, M.
ASCE, suggested a similar procedure in which the curve of C, versus f/He
was-derived from Eq. 1. Mr. Kindsvater's work (not published) should give
results comparable to those obtained herein.

The material presented is regarded as an excellent check on that part of
Mr. Bradley's work which relates to free discharge over an ogee Spillway.

F'. B. CAMPBELL," M. ASCE, AND A. A. MCCooL," J. M. ASCE.-The
experimental data on discharge coefficients for flow over drum gates are a wel-
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cOmle addition to the published information on flow over spillways, or the ob-
servation and recording of the flow of streams. • A paper by Ilobert E. Horton hls
been a guide for the estimation of flows over spillways since its publication."
The basic information for tile discharge over curved, crests which fit the under
side of a nappe from a sharp-crested weir can be deduced from investigations
made by Bazin,11.ls although the published record of these experiments has not
been generally available to engineers in tile United States. The investigations
conducted by the USBR (proposed by E. W. Lane, M. ASCE) embraced andextended the scope of Bazim's work which is often used as the basis for overflow
spillway shapes.3 Although good estimates for discharge over free-overfloe,
crests can be accomplished rather simply, the problem becomes complicated
wh-en flow through partly opened crest gates is involved.

The comnmonly used types of erest gates are vertical lift gates, tainter orradial gates, and drurn gates. Tile coefficient for a partly opened vertical liftgate depends on tile location of the plane of the skin plate or lip with respect
to the axis of the curved crest. The discharge coefficient for tainter gates isaffected by the radius of tile skin plate, the elevation of the trunnion withrespect to the crest, and the location of the gate seat with respect. to tile axisas well as tile crest curvature. To complicate any investigations further,observers define the gate opening variously as (1) the length of the are from
the gate seat to the gate lip, (2) the vertical distance from the lip to the face,and (3) the distance from the lip to tile face measured normal to the face.
The last method is believed to give the proper dimension, whereas, the fore-going considerations are geometrical. The effective head for a partly opened
vertical lift or tainter gate depends on the pressures on the face of the concrete
and the pressures within the issuing jet. The author has given a good outline
of the geometrical variables and the head-measurement method for analyzing
partly raised drum gates.

The drum gate has the very attractive feature of requiring no mechanical
hoisting equipment for operation. Many of the dams constructed by the
USBR have spillways controlled by drum gates. For example the Arrowrock
Damn in Idaho (constructed in 1915) and the Tieton Dam in Washington (con-
structed in 1925) are both equipped with drum gates. 'B. F. Thomas and
D. A. Watt credit It. M. Crittenden with tile design of what is apparently the
first drum gate.17 The gates Were installed in Dam No. I on the Osage River
in Missouri in 1911. However, the refinements of the modern drum gate have
been developed principally by the USBR.

The discharge coefficients presented by the author are based on model
studies. There should be opportunity to check the coefficients for relatively
low heads with partly raised gates in the prototype by current-meter measure-

-""Weir Experiments, Coefficients and Formulas," by Robert R. Horton. Water Supf t and Irripat'ntPa•j•r No.•2•0• Cost aod CGeodetic Survey, V. S. Dept. of Commerce, Washigton, D C., 1907 (revisiono ZN.151]). 19 rvso-ý "Recent Experiments on the Flow of Wrater over Wer.'by H. Basin; A xnaleides Pants ChousashsOctober, l8. (Translation by Arthur Marichal and Joh V. Trautwine, Jr., Proceedings. EngineersClub of Thiladelphin, Pa., Vol. 1I1, No. 5, 1890, P. 259.)
:4 Ibid., Vol, IX, No. 3, 1-132, p. 231."The Improvement of Rivers." by B. F. Thomas and D. A. Watt, John Wiley & Sons, Inc., NewYork, N. Y., 2d lEd., 1913.

" "Flow over Roturided Crest Weirs." by W. M. Borlund, thesis presented to the University of Colo-
rado, at Boulder, Coo., in 1938, in partiw fufitrment of the requirement for the degree of Master of Science.

" .h"CM. Hydr. Fw&r., Analysis Branch, Corps of Engra., T. S. Waterways Epaeriment Station, Vicks-
bumrg, Miss.

"Hydr. 0 U. S. Waterways Experiment Station, Vicksburg, Miss.,

p4
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ments. Only on rare occasions with large floods is it possible to verify the
coefficients for high prototype heads over the drum gates in the lowered position.
The author's mention of the failure to obtain discharge measurements during
the 1948. flood over the Grand Coulee Dam spillway emphasizes the importance
of this condition. The writers have studied the basic data for high heads over
the drum gate in the lowered position.
* It' becomes evident from a study of Table 2 that the ratio of gate radius
to maximum head has a wide range. The writers use the ratio r/H1D, in which
11D is the design head for the spillway. This is the inverse of the ratio used
by Mr. Bradley, used so that circular arcs can be traced on dimensionless
profiles of z/lD and y/lHD.

A comparison has been made of the coefficients for various (r/HD)-values
with the gate down. Only the high-overflow sections with negligible velocity
of approach were selected from Table 2 for a study of discharge coefficients.
Table 8.shows the value of the discharge coefficients for the condition when the
drum gate is down. The percentage difference of the coefficient from that of
the Madden Dam coefficient is also shown. It is expected that the accuracy
of the discharge measurements and thus the coefficient of discharge is less than
1%.

Model studies for Madden Dam reported by Richard R. Randolph, Jr.,18 indi-
cate that the coefficient for such a condition is approximately 3.40. Such a
coefficient is not in agreement with that for Capilano Dam with r/HD equal
to 3.62 at full ]ead. The lack of agreement does not necessarily vitiate the
initial assumption. The difference in the coefficient may be caused by the

0.2

0.4

0.6
0 0.2 0.4 0.6

Value of
0.8 - 1.0

TABLE 8.-CoMPARISON or DISCHARGE

WITH THE GATE DOWN

COEFFICIENT

Difl'eronce, inamRadius Maximum Ratio, Coefficient., froinDam Of gate, head on crest, 1- C, n addent fmin feeto in feet- ifD

Madden 30.0 30.0 1.00 3.77 0.
(Canal Zone)

Norris : 34.0 27.0 1.26 3.80 0.8
(Tennessee)

Grand Coulee 66.2 31.6 2.09 3.87 2.6•h(Wtshington)

S .hast 66.2 28.0 2.37 3.7- -0.3
(California)

Friant 47.0 19.0 2.4• 3.64 -3.5
(California)

Capilano - 71.0 23.0 3.08 3.62 -4.0
(British Columbia)

: From Table I. 6 From Table 2.

The dams for which the data are listed in Table 8 are in the approximate
chronological order of the time of their design conception.
.,Because of the increase in the ratio of r/HID (Table 8), it is of interest to

plot the profile.for the lower surface of the nappe from a sharp-crested weir
with an approach slope of 2 on 3 in terms of x/HD and y/lID and to super-
impose on it the arcs of circles with radii of r/lID equal to 1, .2, and 3, as is
done in Fig. 16. The center of the radius is located on the axis of the crest.
It can be seen that the arc represented by r/lID equal to I is a fair approxi-
mation of the true nappe shape. The arcs of r/HD equal to 2 and 3 indicate
a very flat curvature in comparison to the shape of the nappe.

- One is tempted to assume, for a crest with a ratio r/HD .= 3, that the coeffi-
cient would be that for one third the design head of a crest with 4/HD = 1.

FiO. 16.-Lowen SuntFACe or NAPPC- FROM SLOPING WEIR COMIPARED WIT CIICICULARt ARcs

difference in shape of the two crests upstream from the circular arc. Further-
more, the scale ratio of the Madden Dam model was only 1:78, and a 10-ft
prototype head would be 0.128 ft on the model, which is near the lower limit
of reliability for conformity of the discharge coefficient.

JOSEPH1 N. BRADLEY," A.M. ASCE.-Mr. Shulits' statements regarding
the lack of correlation in laboratory studies are well founded, and the writer is
in complete agreement with his views.

Mr. Buehler's analysis for the determination of the designed head,
HD, for overflow sections formed by a single radius, or for a shape that conforms
closely to a single radius, gives satisfactory results. The comparison of discharge.
coefficients for free flow over various dams, using Eq. 3 with the method
offered in the paper, is gratifying. Mr. Buehler's method certainly has merit be-
cause following the determination of HD, coefficients of discharge can be com-
puted directly for all- heads.

Messrs. Campbell and MeCool undertook to show that a definite relation-
ship exists between the coefficient of discharge at the designed head and the
ratio r/HD for overflow shapes. This relationship is valid if the overflow shape
can be approximated by an arc of a single radius and if the approach conditions
are favorable-that is, if the -approach depth below the crest is at least twice
IID. This method results in a coefficient of discharge for the designed head only.
When overflow sections are encountered where a single radius does not approx-
imate the overflow shape, or when the approach conditions are unusual, an
engineering monograph' may prove helpful.

is "Hydraulic Testa on the Spifiway of the Madden Dam,." by Riehard R. Randolph, Jr., Transactions,
ASCE, Vol. 103, 1938, p. 1091.

if Hydr. Engr., Bureau of Reclamation, U. S. Dept. of the Interior, Denver, Colo.
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Mr. Wyss. suggested that pressures and water surfaces for drum gates at
various positions and reservoir levels would be useful to designers in computing
gate loadings. A limited amount of information is available, and this will
'be presented.

0.5

available for others. The broken lines represent pressure, measured vertically,
for the reservoir levels indicated at tile left of the charts. Upper water-surface
profiles are shown by solid lines; and lower water-surface profiles are identified
by dash lines. The charts represent a composite, in graphi'cal form, of informa-
tion from model tests performed on the Grand Coulee, Hamilton, Norris,
Friant, and Hoover dams.

To determine graphically thie most adverse water load on a particular gate,
it is necessary to investigate the pressures for several gate positions. Assuming
that the first position is 0-=41*, the gate is drawn in this position on a piece of
transparent paper to thle same scale as that used in Fig. 17. The maximum
expected reservoir is indicated for this gate position on the left side of the
transparent sheet.

The transparent sheet is then placed over Fig. 17(a), disregarding the origin
of coordinates, and matching only the downstream tips of the two gates.
The downstream part of all drum gates, regardless of size or radius, will coincide
for any given'value of 0. The height of the gate, or length of are, can be exp.ected
to vary; this will have a negligible effect on pressures or water-surface profiles
in the majority of cases. Should the gate under investigation differ from the
height shown in Fig. 17(a), a small increase or decrease in the approach-depth
results.

Beginning with the chosen reservoir level, the pressure curve is traced from
Fig. 17(a) onto the transparent paper. It may be necessary to interpolate
between two of the pressure curves. The result will be similar to that shown
in Fig. 17(f).

A similar procedure is then followed for gate positions of 238, 90, -3*, and
-35*, utilizing Figs. 17(b), 17(c), 17(d), and 17(e), respectively. The result is
a composite plot similar to that shown in Fig. 17(f). It should be noted that
the pressures shown for negative angles, of the gate are not as reliable as those
for positive angles. Fortunately, the greater water loads occur for positive
angles.

Water loads can be determined by scaling the pressures vertically over the
gate as indicated by point A in Fig. 17(U). If a gate angle other than those
shown is desired, interpolation can be made directly on the sheet corresponding
to Fig. 17(f). Following the establishment of the maximum-pressure curve,values of x/r and y/r are scaled from the sheet corresponding to Fig. 17(f)
and are transferred to dimhensional values by multiplying by r. *Should water-
surface profiles be desired, the same method of tracing and scaling can be used.

*

-0.5 0 0.5 10 -0.5 0 0.5 1.0
Value of -

OFi. i.--PRamaaUBE j. WATER-SD13FACE PROFILES

Becauge there was good correlation among tbe discharge coefficients, it was
reasoned that the pressures and related flow patterns would also be well corre-
lated through the same variables.

Pressures and water-surface profiles are plotted in dimensionless coordi-
nates (in terms of the radius of the gate) in Fig. 17. Five positions of the
gate are shown for various reservoir levels producing flow over the gate. Pres-
sures and water surfaces are shown for some levels whereas only pressures are
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Ba.sis for
Dam SpilIlway GatelOutlet Open Configuration

for Flod Analyses

Issue

TVA maintains that alt discharge outlets (spillway gates, sluice gates- and
-valves) for projects in the~reservoir system can be placed in the futly open
position for the passage of water whern" and as needed. The specific language
contained in theFinal Safety Analysis Report(FSAR) for the operating plants
(WN, SQN,- and BFN) and for the BLN COL ist - "All gates werIedetermined to
be; operable withoutfailures duringr the flood." This evaluation provides the
rationale and justificattion for this position.

Background

The TVA reservoir system rcon~sists of4,8 damslocated'w.thin.the Tennessee
River Basinm. There are a toa[ of,424,spillway gates at -the 28 dams with gates.
The sp~illway gates consist of af variety of types including: radial, verticallft,
fiXed-roller :lift, fixed-.wheel Lift, •side, drum,. hinge, and Stoney. There, are
also several project•s which have sluice gates rand,.valves for discharge of water
from the dam.

Basis. fr. the AllGates/Ouitlets-OPen

1. Inspection.of WAd4ams is an integral part of TVA's dam safetyprogram
ýto ensure :..their .safe and- reliable operation. Plant. operations staff- is
tasked' to perform monthly walk-through inspections on high' and
significarint hazard dams. Lowhazard dams are performed on a, quarterly
basis. Most of the largerdams are classified.as high.hazard, 10 dams iare
classified, significant hazard and, 3 dams are, classified low hazard..inspections are scheduled and tracked- in the TVAWide maintenance,
daabas'e (EMPAC) and a checklistis utiliz' to ensure a complete
'inspection.. The inspection includes atl clvi I,ý, mechanicaland electrical

Sfeatures. Scial inspections are 'talso ;completed'•after significant.
earthquake or severe food events. A "Dam .Safety Awareness Course" is
provided'to 'inspectors and !site pets6nnei. as part 'of theirtraining.-

'These6ihsp ht.ns provideconfidence that-obserable issues which'couldimpact the ability to ifullyopen gates/outtsfwh6en1 needed are
identified and are prioritized for resolution.commensurate~ withthe
potential impact of the deficiencies on dam safety,

2.. The Dam, Safety Engdneering staff: performs comprehensive'inspectionsiof
TVA dams every 5:years which arecohnsistent with the formal inspection
des cribed in the Federal.Guidelines for Dam. Safety. Preparation for
thes inspections iicludes reyieWing pr'yous, inspection ,ets, statUs.

,,of previous recommendations, history of the project, and a review of
available instrumentation data and analysis results. Aninitermediate
'walk through:inspectiOn'is performed every 15 months for, high and



significant hazard dams; For the low hazard dams the intermediate
inspection is performed every 2 1/2 years. Special unscheduled'
inspections are also performed when needed to resolve problems or
deficiencies identified at TVA dams. Rope access for close-up inspection
of spillway gates and decks, downstream faces of the dams and sloped
.sections0of penstocks and tunnels are a part of TVA's inspection.
Remote operated vehicle (ROV) inspections of 'toe drains, upstream rface
of dams, sluice gates and exterior lock walls are also employed.

All inspections are documented in a report, issued and archived in TVA
,Electronic Data Management System (EDMS) and Business Support Library
"(BSL). The Dam Safety Engineering staff. serve as emergency technical
contacts available on a 24 hour basis for emergency situations that could
affect the integrity of a dam. Follow-up maintenance associated with
the issues identified' from these inspections is prioritized commensurate
with the potential impact of the deficiencies on dam safety.

These thorough engineering inspections and subsequent maintenance
,provide confidence that existing and potentially eminent issues
associated with gate/outlet functionality are identified and are
prioritized for resolution.

3. Emergency Action Plans (EAP) are prepared by TVA-River Operations for
each project to minimize'life and'property loss by defining
responsibilities and providing emergency notification guidelines for TVA
personnel to follow upon indication of possible, impending, or actual
failure of a TA dam. The EAP is designed to provide, TVA personnel
with the information needed for a quick and effective response to a TWA
darn safety emergency.

In a dam safety emergency the River Operations Emergency Operations
Center (REOC) and the Knoxville Emergency Operations Center (KEOC)
'would be activated to coordinate overall emergency operations. Once
,the emergency operations centers are activated, clearly defined
-organizational responsibilities and resources from across the TA agency
"are available to deat with the emergency. The EAP clearly defines
'indicators of potential or actual emergency conditions that warrant
special attention and immediate evaluation. Among these indicators are
mechanical or electrical malfunctions which include: cranes, spillway

•gates, sluice gates, valves, spillway and~ sluice gate operating 'machinery
and generators (primary or emergency). During such emergencies on-
site TVA staff is authorized to contact any and all sources deemed
necessary to procure emergency equipment, materials and tabor to
prevent or lessen the magnitude of the impending emergency.

TA's staff is maintained in a readiness condition by. being
knowledgeable ofEAP and procedure requirements through a
comprehensive training and exercise program. The Dam Safety Exercise;
Program consists of four types of activities: Orientation Seminar, 'Drills,
Tabletop Exercises' and Functional Exercises. Orientation seminars,



drills and:tabletop exercises are, used .to train both TVA staff and outsideorganizations thatwoutd be involved withaTVA dam safety emergency,.
Seminars, drills, and tabletop exercises are developed andheld as
needed, and generally target specific groups.or organizations with
specific training -needs. Typicaltlyi one or two functional exercises are
held each year. Each funcýitonal exercise focuses on one dam in the -TVA
system and uses a scenario designed spetifically for that project. An
exercise critique:is" held after .each exercise -to provide, participants with
the opportunity to comment on the:exerclsezand to identify
improvements/changes needed in the EAP, the, notification. procedures.,
'and -the exercise process.

4. In the event that flooding conditions arise that have the potential to

impact any of the three. TVA operating nuclear plants, operations,,
maintenance and engineeirnig Nuclear Power Group, condi'tion response
.teams would be assembled. at-the nuclear plants ,and corporate offices to
assist in the identification ahd direction of resources required to address
-and resolve issues such as non-functional gates/outlets and crane
malfunctions as welt as to develop Contingency plans to mitigate
impacts. In:addition.: to the normal contingency of WVA maintenance and
operational personnel located at dam sites, TVA hasý substantial
additional internal• resources, includingthe Power-Services Shops, ýthe
Heavy Equipment Division and River :Operations EngineeringSupport
!Serices as' well. as externhalvendors,, which would 'be ,applied as needed
to resolve any issues that could impaict gatei/outlet function.

These, WA internal resources and external vendors have the.requisite
experience,..expertise and equipmernt t6oaccompish 'any needed
maintenance, repairs or workarounds to provide a, high level of
confidence that issues that may Prevent gateS from opening will be
resolved.

Conclusion

The TVA plantpersonnel periodic, nsPecti6ns, the ,intermediate and 5-year' dam
safety engineering,.inspections and the -significant capability of the emergency
response teams to direct and'manage resources-to ad~dress issues potentially
impactihnggate/outlet 'functionality provide a.high levelof confidence that the
all gates/outlets open configuration used in the flodanalysis is reasonableand
valid..
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DISCHARGE COEFFICIENTS, FOR SPILLWAYS
AT TVA -DAMS

BY KENNETH W. KIRKPATRICK,' A. M. ASCE

SYNoPsIs

Spillway ratings derived fromrmodel studies have been used in the prepara-
tion of spillway rating tables for the Tennessee Valley Authority dams. As a
result of these studies, discharge coefficients for eleven of the Tennessee Valley
Authority dams are given in this paper' Coefficients for both submerged and
free discharge conditions are presented for discharges over standard spillway
crests, irregular spillway crests, and a vertical-lift spillway gate. Discharge
coefficients for Tainter gates placed on curved spillway crests are also given
for various gate openings under free discharge conditions. In addition, data
on the effect of model scale on the discharge coefficient and the effect of closing
adjacent spillway bays and gates are presented. The coefficient relationships
are shown in a form that may be used by designers as a guide in making de-
terminations of the discharges for future, spillways.

NOTATION

The letter symbols adopted. for use in this' paper are defined where they
first appear, in the illustrations or in the text, and are arranged alphabetically,

for convenience of reference, in the Appendix.

II INTRODUTCTION

The Tennessee Valley Authority (TVA) operates a system of nine dams on

the Tennessee River and twenty-three on the tributary rivers. The' successful
operation of such a system requires accurate discharge ratings for each struc-
ture, Although enough water is seldom available to make complete ratings
for most spillways from measurements'conducted on the prototype structure,
ratings can be determined from scale, model tests. Therefore, the necessary
ratings for the TVA spillways have been determined by this means. Model
studies have been made at the TVA Hydraulic Laboratory at Norris, Tenn.,

NoTr,-Published. essentially as printed hereM in February, 1955, as ProeedinoqýSrats No. 6268.
Positions and titles siven are those in effect when tae paper was approved for publieation un Traaeaclone.

'Hydr. Engr., Hydr. Lab., Tennessee Valley Authority, Norris, Tenn.
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on nine different spillway crest shapes equipped with three types of control
gates..

Seven of the nine crests were curved sections which approximated the shape
of the lower nappe of a sharp-crested weir. The other two crests were flat.
The two flat-crested weirs and one of the curved crests were equipped with
double-leaf vertical lift gates. Five of the curved crests were equipped with
Tainter gates and the other with vertical lift gates.

Data Presented.,-Data are presented for the following conditions: (1) Free,
ungated flow through a series of spillway' bays; (2) submerged, ungated flow
through a series of spillway bays; (3) free, ungated. flow through.a series of
spillway bays, with adjacent bays fully open or closed; (4) free flow over a
vertical lift gate; (5) submerged flow over a vertical lift gate; (6) flow under a
series of Tainter gates set with equal openings; and (7) flow under a series of
Tainter "gates with adjacent gates closed.

Data are also presented to show the effect of model scale for the condition
of free, ungated flow through a series of spillway bays.

General Model Arrangement.-The models were tested in flumes either 3.5
ft wide or 8 ft wide. Models installed in the smaller flume usually consisted
of a reproduction of three of the prototype spillway bays. In the larger
flume five or six spillway bays were reproduced. Each of these flumes was
provided with glass panels for observation purposes. The models placed in
the larger flume were constructed at scale ratios of from 1: 28.72 to 1: 50 with
a ratio of approximately 1:35 generally used. Those tested in the smaller
flume were built at scale ratios of 1:50, 1:100, and 1:200.

The models were usually provided with concrete crests and concrete piers
to insure dimensional stability. Half piers were constructed on the ends of
each model, If the model did not completely fill the flume one side was placed
against the glass side of the flume and the other against a false wall. The
river bed upstream and downstream from the model was reproduced at the
elevation of the prototype river bed. Suitable baffling was provided to obtain
a uniform distribution of flow in the spillway approach Channiel. The tail-
water level was controlled at the end of the flumes by 'means. of slat gates.
Model discharges were determined from readings of 'a carefully calibrated
diaphragm orifice located in the water supply line-.

Headwater heights were measured at two piezometers ae'distances equal
to approximately 5 and 8 times the design head upstream'from the spillway
crest.' Tailwater heights were obtained at 2 piezorheters at' distahees equal
t6 approximately 9 and 12 times the' design head downstream from the spill-
way crest-in all cases, sufficiently far enough downstream to eliminate' the
effect of the spillway apron. "

In 'most studies the headwater and tsilwathr levels werhe'determined by
means of hook gages reading to 0,001 ft. For the 1/200-scale'model the heads
were measured with a micrometer point gage reading to 0.0001 ft.

Discharge Equatione.-The model data have been reduced by the use of
two commonly accepted discharge equations. For both 'free and submerged
flow over a spillway crest the equation,

Q = C L H 312 .......................... (1)
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was used, in whichQ is the discharge in cubic feet per second, C is the'coefficient
of discharge determined from the model' tests, L is the length of the crest,
and; H is the total head as shown. in, Fig."l -1 Use was mad6 bf the' same
equation in the reduction of the data for free- and submerged flows over. a
,vertidal gate with -P, Hd,, and P- (Fig. 1 (a)) .beingmeasured from' the top

of the gate. --. ' . ' .
For flow under a gate the equation for a rectangular orifice under low -head,

."..=CLH -(" hCLJ.. .... ....... (2)

was used, in' which'Di is the'depth of water to the bott6om of the gate as defined
in Fig. 1(b) and h'is the approach velocity head. ..

E.er.gy grade line' '

-afeWater utc

(a). (b.1)' _ ____

FnsB-Dxscýiaxb' OoZr~xCunWT,. 'FLww o'vm SPILLWAY OC1EEsTB"''
It,.is .common practice for engineers to, design, spillway crests to approx-

imate closely the,ishape,.of. the lower portion 'of a jet issuing from a. sharp-
crested. weW,, and this type of -crest is designated a standard crest? Because
the shape, of the.jet changes with the head on the weir, some particular head
must be used for each design. 'This head for. which a particular crest is designed
is termed the design head., At this head, pressures approximating atmospheric
pressure are developed, at. the spillway, surface. At smaller headsi pressures
aeire greater than atmospheric. Seven of-the nine TVA crests for which data
ae. available, approximate standard.crests in.shape whereas the other. two
crests, which are.flat, do. not.- Fig. 2.shows the basic details.and dimen-
sions of each of these crests. Fig. 3 presents the coefficient data obtained
on the :qrets. of ,ig. :2. Pertinent design data concerning, each crest; to-
gether with 'the scale to which; each' was modeled, appear in Table 1. Eleven
spillways are. also llisted in. Table. 1. -Two pairs ofjthese, .the: Ocoee. No. 3?
Apalachia set, and.;the ,Douglas-Watts Bar set, both in Tennessee, have crest
shapes that are identical, within the, pair. but which were tested for different
values of the approach depth, P. .. '

t "Hydsoeeetrao Handbook," by W. P. Cmager and J. D. Juatin John Wiley & Sons, Inc,, New
York, X. Y., 2d Ed.. o050. .

36.0-ft radius 49.251 Bt.0' i
Tainter gate, 35 ft1.35 ft 10.5 ft

El. 1 227.41~ .33 4 Crest El. 1228,0
0

59
2 

+ !2.•-. .. " _ F-E -1223,6
. 13 .t. 1217D.

12.0 ft

FORT PATRICK HENRY

22.5-itrada s , 3.9911
Tlainter gate, 23 ftx32 ft 6.90 ft

El. 1264.5-, A III
Eb. 1256.5 eCrest El. 1257.0

+•+•-. L % El. 12543.

s crest 1245.0

El. 1225.0
ID0.011*

30.21 It
26.28-ft radius .. Jih ainter gate, 19 nac40 ft

f>$crest
El. 615I

Et. 513.91 rv j~,5~ Y..O.0144X3
T ransitioncurrvej~ ý5.40 ft

Ra ft600-09.45 H
Y-0.04945z13.41ft,

HALES BAR

I

WHEELER

4-ft radius

Gate slat, 1.5 • 3.5 -
37.0 ftt

9 Two vertical lift gates,
IJ I- each 20 ittx40 it

El. 575.0
Vents 6 I Crst4l.W55,

El. 538.0 ± L El. 552.0
_ Ft. 537.0

I -El. 477z3

Ellipse

WILSON
4-ft redias

G a te slto 1.5 ftX 3.5 f • ',
... 37.0 ft•

Et 665.0- ./ 24,3 ft"
Vents. El. 642.0

5-t radius.O i Cra rest El. 645.0

'A 4-t radius
, 6 14.o -.-IC A EA . 625,0• • 6.95 ftt "

2.---,65 ft-. .

CHICKAMAUGAGUNTERSVILLE

PFia 2.rTVYA'Snaw Curar (DATA ar FiMe. 3.



Pr
194 S••A o mErssPLI, wAY OOEPPICIENTS 195

SPILLWAY COOBTICIENTS. PLWYCEFCET

The accuracy of the data is evidenced by the plotting of the data points in
Fig. 3. Except in some cases at low heads, the deviation of any -plotted
point from the coefficient curve does not exceed 0.5%. i " . :-:

Standard Cresd&.-It has beenshown by various authors that the discharge
coefficients for all standard crests can be related to each other and that, con-
versely, the coefficients to be used for a new design can be taken from previous
test data.', 3,4.' Unfortunately, in most crest designs, due to other design
considerations, it is necessary that the shape be varied from the standard form.
Nevertheless, satisfactory coefficients can be obtained as sufficient data are
now available on a range of crest shapes. By comparison of crest shapes
designers may select a coefficient for any particular crest.

Dimensionless plotting provides a means for comparison of crest shapes.
This method is used in Fig. 4 on which seven TVA crests which closely approxi-
mate standard crests are shown by .the solid lines, with the dashed line repre-

)ARD CRESTS I senting a standard crest shape.2  The horizontal coordinate, z, and the vertical
coordinate, y, of the crest curve have been divided by the design head, H,.

TTABLE 1,-DESIrN DATA FOR ELBVEN MODELS OP TVA SPILL•WAYs

Project Model Design Upstream F, Pier nose
scalt oe[ head, H., depth, ., d-scale. infect in feet - in feet

Hales Bar ...................... 1:34.76 1i 32 0.55 3.00
qee Not 3 .................... 1:28.72 23 67 0.35 a.00

Apalachia .......... 1:28.72 23 97 0.24 3.0
Fort Patrck Henry.... 1:.50 35 43 0.81 3.25
Wheeler ....................... 1:34.35 18.5 43 0.39 2.50
Wilson ......... ........ 1:39.4 19 75 0.25- 4c00
Douglas ....................... 1:35 23.5 133 0,18 8.25
Watts Bar.................... 1:35 23.5 82 0.45 3.25
Pickwick Landing ................ 1:50 81.5 32 0.98 3.75
Chiokanauga .................. 1:150 20 4.00
Gunaville .................... 1: 0 18 4.00

1The design head was determined by fitting the real and standard curves at the
7.K :-crest point (z = 0) and at the intersection of the curve with the upstream
(b) STANDARD CRESTS vertical face. These design-head values, are presented in Table 1. The

design-head discharge coefficients (Co) determined from Fig. 3 are shown in
i. Fig. 4.

The TVA crests all fairly closely approximate the standard curve from the
upstream spillway face to a point somewhere downstream from the crest which
was determined by the position of the gate seal. Below this latter point,
the crest shape was modified to fit the trajectory of a jet issuing from under
the gate when set at a small opening. The upstream face for a standard
crest is vertical. The upstream face of the TVA crests, as shown in Fig. 4,
deviates from the vertical. Other experimenters have established the fact
that the shape of the upstream face generally has little influence on the dis-

'(c) IRREGULAR CRESTS charge coefficient.8
.3 "Fna Reports of Boulder Canyon Project," ThAtdin Ne. 8, Part VI. Hydraulic Investigations,

Bureau of Reclamation, U. S. Dept. of the Interior, Washington, D. C., 1947.

0 4 12 16 20 24 28 32 36 40 44 48 ' "Engineering Hydraulics," edited by Hunter Rouse. John Wiley & Sons, Tao., New York, N. Y.,
Total head on crest, H. in feel 1950.

CIGT F 4 "Discharge Coefficients for Irregular Overfall Spitlays," by J. N. Bradley, Rnogfnnrfts Monograph
1Frn. 3.---Dcen• Colrbama won~' , P -,s P .W O $7wa THE pT,,wsA o 2 O No. 9, Bureau of Reclamation, U. S. Dept. of the Interior. washington, D. 0., 1952.

2.8
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:Fig. 4 indicates that the shape of the curve from the crest to a point some-

.vherlin' ,.the ,neighborh6od of x/1He' 0.5 materially ;affects the .coefficient.

As the curve is raised above the standard curve;ithe coefficient is decreased,

This 6an be seen by coinparing the (y/H&)-v'alues at z/Hfo = 0.5 with C.. " The

comparative crests in Fig. 4 have been placed in the order of decreasing (Y/H.)-

viilues.-. No'reasonable ̀orrelation of C0 with either- uipstreard shape of Ko/P

bnhe determined '

- () ALSBAR. (e) F. PATICIK HENRY

(C - 3.928) (C0  83

-=o. ,:s-- . I.
,, , 

0,14

0.5 ..- 7:

The relationships between:the discharge coefficient and the ratio of any.
head to the design head, H/He, are shown in Fig. 5.. -In Fig. ý5 (a) the value of.

C is plotted against H/H, fdr the four crests--.Apalachia, Ocoee No. 3, Hales.Bar

(Tennessee), and,Fort Patrick Henryý (Tennesse)---that most. closely.folldw thel

standard; crest shape. The maximum',variation of the. individual points- from
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the average curve for TVA crests is 0.5%. The standard-crest curve shown
by the dashed line in Fig. 5 is that of W. P. Creager 'nd J. D. Justin.2 This
curve is approximately 2 % higher than the TVA curve. Fi-g.f5 (b) is a dimen-
sionless plot of the data from Figs. 3(a) and 3(b). The deviation of the points
from.'the average curve is greater than in Fig. 5(a)-because all crests are

included, but for design purposes the curve should be useful. Actually, the

. 1.0 0.5' 0 -. 0.51215 2.0 1.5 1.0 0.5

RatiO1

Pte, 4.--CoMP&a Kv Cnzsms (1./P SnowN no Tj~mZ• 1)
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curve is more firmly established than it may appear because the curve itself
obliterates several test points. ....

:Irreular Spi/iway Crede.-The designation?' "irregular spillway crests"
is used'to distinguish;between standard spillway crests and other crest forms-.;
Only two of the TVA-spilhways,' those at Chickamauga, Tenn., and Gunters-
vle, Ala., have irregular spillway crests. Both are trapezoidal in cross section.
Details of these spillway crests and the discharge coefficients computed using

SPILLWAY CoOrflCrcl 199

Eq. 1 from the model-study data are shown in Fig. 3(c). The two crests differ'
chiefly in the shape of the upstream and downstream edges of the crest and
the height above the apron. Over the range of the tests of the Chiokamauga
spillway the coefficients are consistently from 3% to 5% greater'than those
for the Guntersville spillway, The :additional height of the crest above the
apron and the rounding of the near upstream edge of the Chickamauga crestwould operate to increase the discharge coefficients.

The Effect of Operating Adjacent Spilway Bays.-In the TVA water-
control operations, it is necessary to operate single spillway bays and groups
of consecutive spillway bays. Because a greater contraxtion forms at a pier
situated next to a closed bay, models of the Wilson and Wheeler spillways inTennessee were tested with adjacent spillway bays open and closed to determine
the difference in contraction effects at the piers.

Fig. 6 shows the head-coefficient relationships for the two conditions tested.
The discharge coefficient at the design head was 5.6% higher at Wheeler Dam
with adjacent bays opened and 4.4% higher at Wilson Dam than with these
bays closed. These relationships show the importance of spillway pierý• con-
traction effects in spillway discharge determinations.

SxmMxanixGE•i. flscAnuRE COEFraI-1UNTS ron FLOW
OVXR SPILLWAY CaREST

Chickamauga Dam, Ountersville Darn, Pickwick Landing Dam (Tennes-see), and Watts Bar Dam are subject to submergence of the crest at periods of
high discharge. To determine the effect of this submergence model tests wereconducted by establishing a constant rate of discharge and varying the tail-
water elevation to determine the relationship between the headwater and tail-water elevations. This procedure was repeated for several discharge rates
covering the operating range at the dam.

-Two flow conditions were observed in the model tests which are char-acterized as "plunging nappe" and "flowing nappe." In the condition of
plunging nappe the discharge issuing from the spillway plunges down into the
tailwater and appears to follow the boundary surface of the spillway.

'In the condition of flowing nappe the flow is nearly horizontal, producing
an undulating surface flow in 'the' tailrace" channel. The plunging nappe
usuaRy occurs with low submergence whereas the flowing nappe occurs with
high submergence. When the headwater and tailwater head relationship at a
constant rate of discharge was plotted for eac series of tests, it was found that
the change from plunging nappe to flowing nappe had no apparent effect on the
discharge coefficient.The results from these tests on the four spillwfays have been plotted in
Fig. 7 in the dimensionless form, d/H, against 0./C, in which d is the depth of
submergence and H is the total head above the crest. The coefficient, Q., was
computed from Eq. 1 using the H-value for the submerged conditions; C was
determined using the H-value for the free-flow condition.

No systematic variation of C./C could be determined for any variable
except the (d/H)-ratio for any of the conditions tested. However, no relativelylow discharges were tested because in practice the TVA installations can never
be submerged at low discharges.

,I
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! q - I In Fig. 8 the four curves of Fig. 7 are shown on a single tplot. Although
the maximum spread between curves is about 10%, this is to be expected
considering the wide range of crest shapes used in the tests.

FREE-DISCHARGE COEFI• ONTa FOR FLOW OVER VERTICAL Lrn GATES
I - : ii ! The Pickwick Landing vertical lift gates are representative of this type of

gate, which has been used on several TVA projects. In Fig. 9(a) are shown
details of the lower spillway gate leaf. For heads greater than 2 it, this gate
is essentially a sharp-crested weir 40 ft long and 20 ft high with piers 7,5 ft

" .thick at each end of the gate. Air intakes were installed in the sides of the
: . "piers just below the top of the gate to ventilate the underside of the nappeA

Model tests were conducted with the 1/50-scale, 3-bay spillway model.-
6

'a.
< .8-eed M

0., . rQ ., - Chickanisuga Dam6 9- "0,•• 
- - - Guntemsville O am... ." 

.'"'' . Pickwick Landtin8 Dam

/ ] . - - -Wetts~arOaml ' 't

., - - 00.2 0.4 0.6 0.8 1.0

0 Pr .• 'o. 5.-Ccuma,~oni or Svraanon•'~c E-nncn- ron V.&oua SPILL, -Wi=T C•.~•fnn~ue

- - - 1 . •:In Fig. 9(5) is shown the head-coefficient relationship for flow over the
o "['. . •!crest of the spiliway gate. The coefficient, C, was computed from Eq. 1 using.. .. . .° " " - ' the top of the gate as crest elevation. The points define the head-coefficient.... . z "relationship for beads between 3 ft and 28 ft. Each point was determined.. . ,from the average of from 3 to 5 separate tests. A constant value of C equal_- _- .- • 5.. to 3.428 is shown for heads in excess of 12 ft. For heads of from l2 ft to about"r" "• • ft the model test curve shows a gradual rise in the coefficient, with an abrupt- ' I •• drop-off.when ... the heads are approximately 4 ft and less. This curve takes

10-

Qq Chcamua)a

. . " - - the characteristic form for the coefficients of a sharp-crested weir, the rise andJ, ..- . fall in the coefficient curve being due to the nappe clinging to the surface of the
-.weir. This phenomenon is a function of the absolute head. Therefore,

. ., • . . . . ,similarity between the model and prototype did not exist for prototype heads
, c "Aeration of spilways," by g. H. coieffoi ciwuaets, AsCE, Vom t 109, p. I57...... 

to 3.... is shown fr h s io o†..." j ' - O " E
I JI oaem
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of less than 12 ft.-- Because the gate has a 10-in;-wide flat top, at low-heads the
prototype can-be expected to exhibit discharge characteristics similar-to those
of the model. However, for a head in excess of about 2 ft the prototype can be
expected to act similarly to a sharp-crested weir and to have a flat coelficient
curve. ' :"

117.8 ft. The discharge was for three spillway bays. These iurves illustrate
the characteristic flow phenomena associated with this type of gate. Each
constant-discharge curve begins with- a. horizontal lhne where the head-dis-
charge relationship is not affected by the tailwater level. Just before the
tailwater elevation reaches the gate.crest level there is a drop in the headwater

.375. ft

11

A

-1

SECTION A-A
(a) GATE DESIGN 24 -20 -16 -12 -8 -4 0 4 8 - 12 16.

Taitwaterhea d,, in feet

FIN. 10.--HEADwATsD-TAiLwAT•m ReLATIONS FOn VLOW OVSat A V 1MrxcAi.
Lxzt GATE (PnOVILS SKrTCH IX Fta. 11)

6 8 10 12 14 16 18 20 22
lotel head an ga tret :7i], In feel t

- Fra.o .- Vs.emrcAL LT OATS, PlcxwvcK LAwowG DA .

SU13MERGENCM D)ISCHARGE .COMMIrCIENTs FOR FLOW

ovzR A VERTICAL LFrr GATE

To obtain data on the effect of the submergence of flo'ww'over •vertical-lift

gates, model tests were conducted inflý& mannner simila~r to that uSed in deter-
mining submergence effects on spillway crests. " The cboefient, C., was com-
puted from Eq., I in a, manner similar to that iused. for t1Be slillway crest'data
but using the top of- gate as the crest elev'atidn.: ':Fig. 10 shows A plot of the
headwater-tailwater rehltionships' that Ave -been d'termined. The data
presented in Fig. 10 represent the rat ing;of a three-bbay,: '1/50-scale niodel of
the Pickwick Landing Dam. The total equivalent prototype crest width was

-1.4 - 1.2 -1.0 -0.8 -0.6 -0.4 -02 0 0.2 0.4 0.6 0.6 1.0

Submergente ratio,

FIG., 11.--SU9M •CM w , EMcr 0,, FLOW OvER A VERTcAL ITAF 8"WAT GA OAT (C - 2.428)

level for an increase in the tailwater level. Observations of the model opera-
tion showed that at this point the air vents, located in the sides of the piers
just below the crest of the spillway gate, became submerged by the tailwater,
reducing the contraction of the lower nappe issuing from the gate crest. The
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discharge over the gate was thus increased~with a consequent lowering of the
headwater level.

The flow conditions of plunging nappe and flowing, nappe, . previously
described, also occurred in this type of flow.. In this case the change .from
one to the other is apparent in the data. - The -dashed line in Fig. 10 indicates
the approximate location of the change. At these points the curves show -a
definite discontinuity in shape. The data of Fig.. 10 can be reduced in coeffi-

I I I
8 12 16 20 24 28 32

Total head on spillway creit, H, in feet

Fa. l3.--AmTx•t-ATim rmLL•,y Disomam Cogm torZW a
(DrataxomNs ox Coryva An, G&Tn Opzmetoa)

cient form to the single-curve representation shown in Fig. 11. In this illustra-
tion, a constant. value of C, equal to 3.428, was used in computing the ratio of
C./C.

DIscHAAGE Co •, ni r on Fow .UNnEi. Tmr"rT , GATS

The flow under Tainter gates mounted on curved crests is -controlled by
the geometry of three interrelated variables-the crest shape, the gate, and
the gate setting. The major factors which influence the discharge relation-

0. 4 8 12 16 20 24 28
SrTotal head an spillway crest. B in leet

FitO. 12.--TAwrza-GATz St'yacWAY DixscatoE COEr•caENTS... .-
(ThDaaz•aes olf Cit vis Aim GATn pPBPEMN44a)
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ships are the position of the gate seal point with respect to the highest poiint
of the spillway crest and the curvature of the upstream face df the gate. --In
obtaining the model! data on the various TVA Tainter-gate installations no
attempt has been made to determine. the quantitative effect of these factors
taken individually. The dats presented. in Figs. 12 and 13 for the gate settings
at Wheeler Dam, Apalachia Dam, Watts Bar, Dam, and Hales Bar Dam are
not, therefore, applicable to other installations unless the several variables
involved are similar.
* Data on Tainter-gate coefficients previously published have, in most
cases, been based on flow along a horizontal surface although many of these
gates are installed on curved crests. The tests reported herein are for Tainter
gates mounted on curved spillway crests where the pressure distribution differs
considerably from that in a horizontal channel. The coefficients obtained from
tests on a horizontal channel are. not applicable to installations on curved
crests.

The discharge coefficients for Figs. 12 and 13 were computed using Eq. 2,
with the heads measured above the crest elevation. The curves designated
"Gates raised above water surface" are the free-discharge curves taken from
Figs. 3(a) -and 3(b) for which C-values were computed using Eq. 1. The
points connected by the dashed lines represent the point at which the water
touched the bottom edge of the gate. The difference in the C-value• is,
of course, due to the use of Eq. 2 for the gate curve. The Hales Bar tests
were not conducted in a manner that allowed the -determination of the point
of contact of the gate with the free water surface.

The gate opening was measured as the vertical distance above the crest.
This definition leads to the somewhat peculiar variation in the coefficients for
small gate openings. In Fig. 12 (a) the data for Wheeler Dam are presented.
The Wheeler gate was positioned, as shown in the insert, with the seal at the
high point on the crest. With this design, .except at the smallest opening,
the coefficient curves for each gate position followed the general pattern of an
increase in C for an increase in gate opening. In Fig. 12(b) the data for
Apalachia Dam indicate that, when the gate seal is 3.99 ft downstream and
0.50 ft below the highest point an the crest, the coefficients for gate openings
of less than 6.45 ft are increased materially with a decrease in gate opening.
This is caused by an arbitrary use in Eq. 2 of an Hlvalue as measured above the
crest rather than as measured above the elevation of the spillway surface
below the gate. Thus, although the. H-value is consistently too small at the
smaller gate openings,' the effect becoines more appreciable and results in the
increase in, .,

T kT.inrr-GnTý DiscHARGR CozfrriciliNns WITEE ADJACENT
GATES OPENED OR CLOSED

The results 'of"tests" on the six-spillway-bay mbdel of Wheeler Dam with
one gate in operation -and with six gates in operation are shown in Fig. 14., In
bperating with all six' gates the eoxitraction effect of the end piers was the
same as that for the intermediate piers because the model was constructed

with half piers against the sidewalls of the flume. This operation thus repre-
sented the case in which all adjacent bays are open.

ErwnCr OF MODEL, SCALP, o FREz-DIsCHARGE COEFFICIENTS

In developing discharge ratings for prototype structures from model
data, it is important that the scale at which the model is built be such that the
coefficients determined are applicable to the prototype structure. One author
has presented data to indicate that with an increase in the model size the dis-
charge coefficients increase.7 To study this relationship, a series of precise

Aj

~4J

-5,

Ii
-C
4J3

-a

S(a

4 12 16 20
Total head on crest, U, in leet

Fr, 14.-TAtn-qwR9a-T DrSCHARoD CnoFr•cn•rxa, C, WgsnzR DAN

tests was made at the TVA Hydraulic Laboratory under the joint spon-
sorship of the American Society for Engineering Education, the University
of Tennessee (Knoxville) and the TVA.8 In this study three models of
Pickwick Landing spillway were constructed to scales of 1:60, 1:100,
and 1:200. Each model consisted of a reproduction of three spillway bays.
The shape of the spillway crest and the piers of Pickwick Landing Dam are
shown in Figs. 2 and. 9(a). Similar techniques were used in all tests with
one exception. Hook gages reading to 0.0001 ft were used for the 1/200-scale

lbeafslverauehe In Bersebledener Modeligrcese," by F. Eisner, The Prussian Expereiment Station
for Hydraulic Structures and shipbuilding, Berlin, 1933.

I'"A Study of the Effeet of Model Size on Spillway Coeffleaents," by C. R. Ownbey, thesis presented
in 1949 to the University of Tennessee at Knoxville, in partial fulfilment of the requirements for the
degree of Master of Sciencs.
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tests, and gages reading to 0.001:ft were ueed, in the.1/50-scale tests and 1/100-
scale tests. : ; . ' ,!, 1 ;;" -:

Discharge coefficients, for free flow over the crest: of each, model are shown
in Figs. 15(a), 15(b), and 15(c). The coefficients of. discharge, were computed
using Eq. 1. Each curve was drawn through the,-average'of the!plotted points.

A comparison of the three coefficient, curves is shown in;-Fig. ,15(d). The
maximum spread , of the curves ,does not exceed .2%. For.'prototype heads
between 2 ft and 8 ft, the three coefficient curves-are almost identical. : At 13 ft
the coefficient curve for the.1/100-seale model is approximately 1% lower than
those for the 1/50-scale model and the 1/200-scale model. . At 43 ft the curve
for the 1/100-scale model is 1% higher than the data for the 1/50-scale model,
and that of the 1/200-scale model is 1% lower than that of the 1/50-scale model.
Because there is no consistent relationship between the coefficient curves, it is
logical to conclude that these variations are merely the result of experimental
error and that the model scale did not affect the stage-coefficient relationship.
The close agreement of the coefficient curves at the three scales supports the
validity of the preparation of prototype ratings based on model tests.
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APPENDIX. NOTATION

The following letter symbols, adopted for use in the paper and for the
guidance of discussers, conform essentially with American Standard Letter
Symbols for Hydraulics (ASA-ZIO.2-1942), prepared by a committee of the
American Standards Association with Society representation, and approved

by the Association in 1942:
-= coefficient of discharge for any head:

C.0 = coefficient of discharge for the design head;
C. = coefficient of discharge for submerged flow;

D - depth of flow above the crest, in feet (Fig. 1 (a));
SDj = depth, bottom of gate to watersurface, in feet (Fig. 1 (b));

d = submergence tailwater, measured above the crest, in feet (Fig.
1 (a));

= acceleration due to gravity, in feet per second per second;C!

j b3 'b:lu ',e1'G2 4jq3SP 0 tM!30003

.r'i .a., a,...'• .1,N.4
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* H = total head above the crest, including the velocity head of approach',

in feet (Fig. 1);
H. = design' head for: a standard crest, including the velocity head of

approach, in: feet;...........
h = velocity head of-approach, v2/2 g, in feet (Fig. 1); .

L '• spillway crest length, in feet; . " ., : .

P = depth of the approach channel, crest to river bed, in feet (Fig. 1 (a));

'Q total discharge,-in'cubic feet p~r second;

' = average velocity of approach1 in feet per'second; and

X, Y = crest coordinates, in feet.

. . . .',: i % "

- -- j~''*
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WATER CONTROL IN CENTRAL AND
SOUTHERN FLORIDA

BY HAROLD A. SCoTTo M. ASCE

SYNOPSIS--

This paper describes the historical efforts made to provide drainage and
water control for central and southern Florida. Distribution and utilization of
water in the comprehensive plan for flood control and multiple purposes are
described. The need for a secondary water-control plan is emphasized.

INTMODUOTION

The area described in this paper (Fig. 1) lies south of an east-west line
through Lake Harney (about 35 miles north of Cocoa) in Florida in the St.
Johns River basin and east of the ridge that extends through Haines City and
Sebring. The ridge divides the waters which flow into the Atlantic Ocean and
those which flow into the Gulf of Mexico. Water-control problems are. quite
common throughout the area, although there are a few variations in topography
and soil. The area consists of approximately 15,000 sq miles of- grdveland,
pastures, rich agricultural lands, lakes, and marshlands. Elevations range from
approximately 7 ft in the vicinity of Miami and' 15 ft around Lake Okeechobee
to 80 ft in the area of the headwaters of the Kissimmee River basin. : (All
stages and elevations throughout this paper refer to mean sea level data.)
However, the lands of a large part of the area are extremely flat, and natural
water courses are not common. Except for the St. Johns River, the Kissimmee
River, Fisheating Creek, and a few minor streams, most of the water control is
accomplished by man-made canals and drainage districts. Soils in the! area
vary from sand to peat with a small amount of marl. The areas with higher.
elevations in the St. Johns and Kissimmee River basins consist of sand, mixed
with a small amount of organic material in the upper 6 in. to 12 in. In the low
areas and marshes, deposits of peat of thicknesses ranging to several feet are
found; The Everglades is covered with a layer of peat of thickness ranging to

tapproximately 15 ft at Lake Okeechobee and gradually diminishing to zero at
_Non.-Published, essentially as printed here, in October, 1954, as Proc"efno•s.-ý rate No. 621.

'fWtions and titlesglven are those in eect when the per was approved for publication tn 2raicmtline.
'Cons; Enr., Reynolds, Smith, and Blls, Jackaonville, Fla.
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Tennessee Valley Authority

Tainter Gate Ratioes
Basic Model and Prototype Data

MODEL

Model
Project Scale

Apalachia 1:28.72

Boone 1:50

Ft. Patrick
Henry 1:15

Hales Bar 1:34.76

Hivassee -':55

Watts Bar 1:35

Wheeler 1:34.35

No. of
Spill-
way

6

5,

1

6

7

6

6

Crest Approach
Length.

L

6.684

3.4.80

2.333(5)

6.908(6 )
6.905(7)

4.050

6.866

6.984

Width
W

*8.o0

(1)

2.77(5)

7.94

8.00

8.oo

7.97

Up-
stream
Depth

P

.3.38
(1)

2.29

0.921

6.35

1.5

1.253

C.
E

12

13

PROTOTYfF

Design

reat Head

lev. Ho

57.0 23.0

50.0 35.0

1228.0

616.o

1503.5

713.0

541.3

35.0

18.0

23.5

16.5

Pier
Nose

Radius
R

3.00

12.75 (2)
11.25(3)3.50(4)
3.25

3.00

3.00

.3.25

2.50

D (1)

,.- (3)

(4)

(5)

(6)

(7)

Variable because approach -was reproduced in model.

Right end- pier.

Left end pier.

Intermediate piers.

Except as noted on data tabulations.

Gates jpartially opened.

Gates raised above water surface.
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Definition of Symbols

= Total discharge in cubic feet per second.

D - Depth of flow above crest in feet.+

D1 =Depth, bottom of gate to water surface.*

H = Total head above crest, including velocity head of approach in feet.*

H0  - Design head for standard crest, including velocity head of approach,
in feet.

h = Velocity head of approach in feet.*

C Coefficient of discharge for any head.

G.O. Gate opening :.vertical distance above spillway crest in feet.

b = Shortest distance between spillway surface and gate lip in feet#*

L = Length of spiliway crest in feet.

P = Depth of model approach channel, crest to river bed, in feet. +

W = Width of model approach in feet.

x = Horizontal distance from upstream face of dam in feet.*

y = Vertical distance above spillway crest in feet.*

Discharge Equations

For flow under a gate:

Q = CL EH3/2 - (D1 + h)3/23 (A)

For flow over a spillway crest with the
spillway gate raised above the water surface:

= C3/2 (B)

+See Figure 1(a) on page 4.
*See Figure iX(b)on page 4.
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Tennessee Valley Authority

Apalachi. Project

Tainter Gates Partially Opened

MODEL TEST DATA
G.O. D. Q h
ft. ft. cfs fi.

0.0532 0.1-17 0.826 o.ooo

0.154 0.828 0.000
0.251 1.071 0.000
0.358 1.305 0.000
o.449 1.472 0.000
0.533 1.618 o.ooo
o.663 1.812 0.000
0.778 1,973 0.000
o..886 2.115 0.000

0.1107 0.190 1.796 0.000

EQUIVALENT PROTOTYPE
G.0.. H Q

.ft. ft. cfS

1.53 3.36 3,650
4.42 3,660

7.21 4,734
10.28 •5,769
12.90 6,507
15.31 7,,152
19.04 8,010
22.34 8,721
25.45 9,349

3.18 5.46 7,939

7.07 8,125
8.24 8,814

10.54 10,180
12.92 ii, 470
15-77 12,890
18.01 13,870
21.02 15,250
23.87 16,270
26.34 17,190

4.81 7.38 12,770

0.246
0.287
0.367
o.450

-0.549
0.627
0.732
0.831
0.917

o0.1676 0.257

0.303
0.393
0.469
0.545
0.631
0.739.
0.373
0.322
0.811
0.894

1.838 0.000
1.994 0.0oo
2.302 0.000
2.595 0.000
2.916 0.000
3.137 0.000
3.451: o.ooo
3.681 0.ooo
3.888 0.ooo

2.888 0.000

-C

3.09+
5.19*
4,38..
4.25
4.26
4'. 26
4.28
4.27
4.28
4.29

3.25+
4.43*
3.80
3.73
3.71
3.72
3.73
3.73
3.77
3.76
3.76

3.32+
4.17-
3.69-
3.57
3.57
3.56
3.57
3.57
3.57
3.64
3.57,
3.58

2.890
3.330
3.709
4.066
4.444.
4.866
3.221
2.977
5.124
5.418

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

8.70
11.29
13.47
15.65
18.12.
21.22
10.71
9.25

23.29
25.68

12,770
14,720
16,4o00
17,970
19,640
21,510
14,240
13,160
22,650
23,950

*Gate lip touching nappe
+Gate lip touching nappe

C from Equation A.
C from Equation B.
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Tennessee Valley Authority

Apalachia Project

Tainter Gates Partially OpenedI

MODEL EST DATA
G.0. D .Q
ft-- ft. cfs

o.2247 o,-364
0.318

0.411
o. 461
0.531
o.627
0.718
0.825
O.911

4.184
4.098

4.399
4.752
5.181
5.742
6.224
.6.79
7-.179

h
ft.

0.000
0.000

0.000
0.000
0.000
0.001
0.001
0- 001
0.001

0.001.

0.001
0.001
0.001
0.001
0.001
0.002

EQUIVALENT PROTOTMPE
G.O.. H. Q
ft. ft-. cfs

6.45 1o.45 18,49o
9.13 18,110

11.80
13. 24
15.25
18.o04
20.65
23,72
26.19

19,450
21,0O0
22,900
25,380
27, 51o
29,930
31,730

C

3-73
3.42+
4.o8-

3.59
3.58
3.56
3.54
3.55
3.56
3.56

3.55+
4.1]6*
3.72.
3.65
3.63
3.63
3.61.
3.62

0.3393 0.469 ý 7.647 9.74 13.50 33,800

0.526
0.574
o. 631
0.717
0.ý21
0.919

7.490
7.832
8.344
9.089
9.882

10.58

15.14
16.51
18.15
20.62
23.61
26.42

33,110
34,620
36,880
40,180
43,680
46,770

0.4541 o.6o4 11.54 0.002 .13.04 17.40 51,010

0 o.6l7
0.720
o.668
0.765
0.838•
0.915

11.84
11.84
1 .42
12.34
13.10
13.84

0.002
0.002
0.002
Ou; 002
0.002
0.003

17.78
20.74
19.24

* 22-03
26.23* 26.36

52,340
52,340
50,480
54, 550
57,910
61,180

73,160

75,770
73)910
71,790

3.66+.
4. .9-
4.22..
3.73
3.81
3.72
3.70
3.68

3.7T+
4.31*
3.87.
3.94
3-95

0.5677 0.751 16.55 0.004 16.30 21.68

0o.895
o.849
o.815

17.14
16.72
16.24

0.004
0.004
0.o4

25.82
24.50
23.52

*Gate lip touching- nappe C from Equation A.
+Gate lip touching nappe C from Equation B.
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Tennessee Valley Authority

Apalachia Project

Tainter Gates Raised Above Water Surface

MODEL TEST DATA
D _t-Q . h

-ft -, , fs ft.

EQUPALEWNT PROTOTYPE
SF Q

ft. efs

o. 117
0.190
0.257
0.318
0.397
o. 466
0.536..
0.592
O.o659
0.728

o.8oo
0.866
0.894
o.469
0.6o4.
0.751

0.826
1.796
2.888
4.098
5.813
7.542

9.512P
11.17
2.3.39
15.80
18.66
21.57
22.44
7.647

11.54
16.55

0.000
0.000
0.000
0.000
0,001
0.001
0.001
0.002
0.003
o.004
0.005
o. bo6
0.007
0.001
0.002
o.oo4

3.36
5.46
7.38
9.13

11.42
13.41
15.43
17.o6
19.00
21.01
23.-2
25.05
25.87
13.50
17.4o
Pi .68

3,651
7,939

12,770
.18,110
25,700
33,340
42,050
'49,380
59,190
69,840
82,480
95,350
99,190
33,800
51,010
73,160

C

3.09
3.25
3.32
3.42
3.46
3.54
3.62
3.65
3.72
3.77
3.86
3.96
3.93
3.55
3.66
3.77

.3;-
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Tennessee Valley Authority

Boone Project

Tainter Gates Partially Opened

.o0.

ft.
o.o4o

MODEL TEST DATA
.D

ft. cfs
0.085 0.28i0

EQUIVAIE PIT0t'O0TYPE
G.0. H Q
ft. ft. cfs

ý2.00 4.25 4,968

0.149
0.234
0.274
0.351
0.428,
o.5o4
0.581
o.626
0.700
0.110

043552
0.4567
0.4937
0.5661
o. 6285
0.6857
0.7385
0.7663
0.8087
0.3020

7.45.
11.70
13.70
17.55
21.4o
25.20
29.05
31.30
35.00
5.50

2

0,500 O.617 - 6.250

o.68o 6.598
o.721 6.715
o.633_ 6.456

0.400 0.493 4.355

.0)
H,-0

25o00 30.85

34.00
36.03
33.15

20.00 24.65

27..90
30.75
34.25
35.40

6,279
8,073
8,727
10,010
11,110
1.2, 120
13,050
13,550
14,300

5,339

110,500

u6,6oo
118,700
114,100

76,990

81,990
86,730
93,320
95,900

C

3.26+
.5.28*
4.74.,
4.72
4.70
4.7O
4.72
4.73
4.72
4.71
4.69
4.82

3.70+.
4.o-*
3.92.
3.80
3.91

3.61+
-393*
3"-77-.
3.69
3.,66
3.67

0.558
o. 615
o.685.
0.708

4.638
4.9o6
5.279
5.425

0.300 0.379 2.964 15.00 18.95''IV

0o.459
0.517
0.575

.o.648
0.724

3.175
*3.453
3.726
4.o44
4.344

22.95
25.85
28.75
32.4o
36.20

52,400 3.65+

56,i3o 3;68,
61, O40 3.67
65,870 3.67
71,490 3.67
76,790 3.67

*Gate lip touching nappe C from Equation A.
+Gate lip touching nappe C from Equation B.
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Tennessee Valley Authority

Boone Project

Tainter Gates Partially Opened

G.0.
ft.

MODEL TEST DATA
D

ft. cfs
h

ft.

EQUIVALENT PROTOTYPE
G.0. H . _.Q

ft. ft. cfs
C

0.200 0.270 1.672

0. 334
O.4O9
o.469
0.539
0.592
0.670
0.723

1.856
2.133
2,413
2.626
2.790
2.896
3. 035

0.100 0.152 0.70-015

0.218 0.8119
0.264 0.9232 Io. ý4 1. o61

10.00 13.50 29,560 3.42+
3.94*

16.70 32,810 3.71-
20.45 37,710 3.69
23.45 42,660 3.82
26.95 46,420 3.80
29.6o 49,320 3.82
33.50 51,200 3.68
36.15 53,650 3.69

5.00 7.6o 12,4o0 3.40+
4.25*

10.90 14,350 3-81-
13.20 16,320 3.83
16.70 18,760 3.82
19.55 20,750 3.86
23.70 23,180 3.86
29.95 26,450 3.87
26.85 24,800 3.85
31.50 27,170 3.87
35.95 29,240 3.87
8.85 12,940o 3.96

11.70 15,120 3.84
14.95 17,500 3.81

0.391
0.474
0.599
0.537
0.630
.0719

0.177
0.234
0.299

1.174
1.311
1.496
1.403
1.537
1.654
0.7320
0.8555
0.9897

*Gate lip touching nappe C
+Gate lip touching nappe C

from Equation A.
from Equation B.
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Tennessee Valley Authority

Boone Project

Tainter Gates Raised Above Water Surface

MODEL TEST DATA
D Q. h

ft. cfs ft.

EQUIVALENT PROTOTYPE
H Q

ft. cfs

0.323
0.367
0.432
0.492
o.545
0.609
0.664
0.7o6
0.252
0.190
0.135
0.088

m.o48

2.312
2.928
3.575
4.399
5.166
6.2.55
7.0o•
7.809
1.522
0.9783
0.5736
0.2952
0.1170

~0

16.15
18.35
21.6o
24.6o
27-25
30.45
33.20
35.30
12.6o
9.50
6.75
4.40
2.40

40,870
51,760
63,200
77,770
91,320

108,800
124.500
138,000
26,910
17,290
10,140

5,220
2,068

C

3.62
3.79
3.62
3.66
3.69
3.72.
3.74
3.78
3.46
3.39
3.33
3.25
3.21

a
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Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partiall2 y Opened

MODEL TEST DATA
G.0. D Q h
ft. ft. cfs ft.

EQUIVALENT PROTOTYPE
G.o. H . Q
ft. ft. cfs

.0.200 2.214
2.530
a. .714
1. 412
1.110
o.683
0.556
0.500
o.424
0.350
0.362
0.360

0.333 1.464
1.133
0.917
0.742
1.692
1.913

o.667 1.226
2.108

° 1. 556

1.915
0.995
2.186

1,133 1.625
1.947
2.124

' 2.361

1.4oo 1.966
2.105
2.359
1.925
1.925
1.828
1.807
1.786
1.766

4.040
4.332
3.511.
3.156
2.755
2.076
'1.831
1.731
1.552
1.515
1.510
1.578

4.895
4.218
3.692
3.217
5.331
5.716

7.822
11.21
9.169

10-.59
6.828

2a..46

15.23
17.28
18.33
19.68

21.05
22.08
23.67
20.72
20.83
20.11
20.03
19.94
19.92

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.003
0.003
0.003
0.002
0.004

0.0.10
0.0133

0.012.
0.013
0.009
0.013

0.030.
0.034
0.035
0.036

0.049
0.051
0.052
0.049
o.o49
o.o48
0-048
0.048
0.049

3.00 33.21
37.95
25.72.
'21.18
16.65
10.24
8.34
7.50
6.36
5.25..
5.43
5.40

5.00 22.00
17.o4
13.80
11_.16
25.44
28.76

2o0.0o 18.54
3-1.82
23.52
28.92
15.06
32.99

17.00 24.83
29.72
32.3935.96

21.-00 -30.22
32.34
36.16
29.61
29.661
28.14
27.82
27.51
27.22

3,520.
3,775
3,060
2,750
2,401
1,809
1,596
1, 491
1,352
1,320
1,316
1,375

4,266
3,676
3,217
2,803
4,646
4,981

6,816
9,768
7,990
9,230
5o950
9,986

13,270
15, o60
15,970
17,150

18,340.
19,240
20,630
18,o6o
18,150
17, 520
17,460
17,380
17,360

C

3.97
3.97
3.95
3.94
3.92
3.89
3.88
3.88
3.91
4.36
4.24
4.45

3.69
3.68
3.66
3.65
3.70
3.71

3-55
3.60
3.55
3.6o
3.61
3.60

3-73
3.69
3.68
3.68

3.79
3.77
3.72
3.80
3.82
3.84
3.87
3.89
3-92
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Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

MODEL TEST DATA
G.o. -D Q h
ft. ft. cfs ft.

EQUIVAJ=1 PtOTOTYPE
G.0. H Q
ft. ft. cfs

1.667 2.326
2.296
2.253
2.233
2.179
2.3-44
1.995

o.867 2.396
2.036
1.756
1.4o8
I.P-81
1.070
1.149
1.136.

0.-533 1.141
1.466
1.797
2.378

* 0.433 1.991.
1.595
1.238
0.765

27.84
27.65
27.4o
27.26
26.96
26.74
27.89

15.55
13.99
12.66
10.85

9.5041
9.582
9.548

6.240
7.389
8.391.
9.885

7.402
6,497
5.544
4.o36.

0.073
0.073
0.073
0.073
0.073
0.073
0.086

0.022
0.021
0.020
0.018
o.016
o.ox6
0.616
o.o16

0.007
0.008
0.008
0.009

o.oo6
o.oo6
0.005
o.oo4

25.00 35.98
35.49
34.89
34.59
33.78
33.26
31.22

13.00 36.27
30.86
26.64.
21.39
19.46
16.29
17.48
17.28

8.00 17.22
22.11
27.08
35.80

6.50 29.96
24.02
18.664-
12.54

24,260
24, 100
23,880
23,760
23,493
23, 300
24,304

13,550
22,190
11.,030
9,455
8,845
8, 282
8,350
8,320

5,438
6,439
7,322
8, 614-

6,450
5,662
4,831
3,517

C ,

3.86
3.88
3.89
3.91
3.94
3.96
4.37

3.65
3.63
3.62
3.62
3.64
3.96
3.75
3.77

3.58
3.61
3.63
3.64

3.66
3.65
3162-
3.61
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Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Raised Above Water Surface

,- Q
cfs

C

1.274 13.09 0.027
1.44o 16.17 0.038
1.691 21.55 0.059
1.890 26.26 o.o8o
1.972 28.34 0.090.
o.9916 8.551 o. o14
o.8o44 6.o45 . o008,
0.5831 3.578 0.003
0o361o 1,673 0.001

3.78
3.86
3.99
4.07
4.1o
3.63
3.54
3.42
3.29

15.

8.79
5.43

• •,• ,•6.,:L F, - t- wo- -- ••of rt.. P,

/
/

0

e



Tennessee Valley Authority

Fort Patrick Henry Project

-Tainter Gates Partially Opened

Gate Trunnion at Various Locations

4MODEL TEST DATA
Trunnion Locations..

b L x . D hQ

ft. ft. ft. ft. ft. ft. _f7

0.200 2.325 2.486 1.430 3.069 0.001 4.388
3.o48 0.001 4.374.

2,324 0.001 3.605
1.282 0.001 2.734
0.577 .0o001 1.700

0.283 0.000 0o999

0.203 2.325 2.808 0.550 o.6o0 0.001- 1.714,
1.361 0.001 2.757

2.240 0.001. 3.6oo
2.771 0.001 4.o16

0.200 2.325 2.808 0.550 0.217 0.000 0,745

0 o.402 0.001 1.309
0.934 0.001 2.210

1.882 0.001 3.244
2,720 0.001.' 3.912

0.200 2,325 2.822 --0.077 1.389 0.001 2.652

A 
2.444 0.001 3.590

1.945 0.001o 3_180
0.539 0.001 1. 556

0.701) 2.320 2.41o 1.924 2.959 0.017 15.14

2,374 0.017 13.27
-1 -.856 0.015 11. 32
•.970 0.009 6.688

1.393 0.0o3 .9.186

0.700 2.320 2.732 1.044 0.952 0.008 6.469

1.525 0.012 9.396
2.189 0.015 11-.95
3.047 0.015 14.52

0.700 2.320 2.746 0.417 0.795 0.007 5.691
0.893 O.o08 6.i4o

1.1+88 o0.012 9.080
*,2.150 o.o034 11.50

2.727 0.014 13.25 '

1.199 2.320 2-333 2.4a8 1.305 0,027 12.94

1.434 0.029 13.97
..1.6~ 0.035. 16.oo

2.117 O.o43 20.00

2.765 0.048 24.40

Width of model approach channel (w) = 2.74 ft.

Model layout is shown on page 44.
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Tennessee Valley Author'it:

Fort Patrick Henry Project

Tainter Gates Partiau. LOpenedc
Gate Trwanion at Various Locations

MODEL TEST DAT'A
Trunnion Locations

b
£t.

1.199

S199

L

2.32Q

2.320

1.698 2.320

1.701 2.320

2.3280.199

Sy D
t. ft. f.

2.655 1.538 2.746
2.337
1.787
21.444

2.669 o.911 1-500-
1.803
2.389
2.851'

2.579 2.032 1.926
2.173
2.465

2.593 1 .405 1.798
1.978
2.278
2.456

2.397 1.897 0.546
1.129
1.944
2.949

2.917 1.118 2.835
2.103
1.276
0.620

3.100 0.200 o.651
a.461
2.470
3.099

3.018 -o.142.]. o. 57o
3.-439
1.950
2.549

3.018 -0.421 0.293
0.424
1.022

ft,

0.045
0.,042
0.036
0.028
0,030
0.036
0.042
0.043
0.065
0.073
0.080
0.063
0.067
o.076
0.080
0.001
0.001
0.002
0.002
0.001
0.001
0,001
0.001.
0.001
0. 001
0.001
0.001-
0.001
0.001
0.001
0.001
0.000
0.001
0.001

Q
cfs

23.29
20.77
16.9o
13.89
14.34
16.92
20.84
23.43
23.58
26.47
29.47
22.55
24.25
27.62
29.49
1.699
2.698
3.668
4.594
4.102
3.501
2.661
1.731
1.-703
2.693
3.565
4.013

:1.583
2.645
3.112
3.534,
1.219
1.346
2.217

.." 0

0.199 2.328

0.197 2.329

0.198 2,329

.7.1

0 .200 2.328

Width of model approach channel (W) - 2.74- ft.Model layout is shown on page 44.



Ternessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Open&d

Gate Trunnion at Various Locations

MODEL TEST DATA
Trunnion Locations

b L x Y D
ft. ft. ft. ft. ft.

0.699 2.328 2.397 2.397 1.000
1.338
1.623
2.074
2.547
2.862

o.699 2.328 2.917 1.618 1.0o7
1.585
2.199• 2. 848

0.699 2.328 3.100 0.700 0.923
1.036
1.619
2.163
2.894

0.701, 2.328 3.018 0.079 1.028
1.663
2.234
2.911

1.199 2.328 2.917 2.118 1.628
1.944
2.349
2.804

1.198 2.328- 3.100 1.200 1.641
- 1.972

2.323
2.797

1.200 2.328 3.018 0.579 1.483
1.629
2.001
2.292
2.571

1.699 2.328 2.917 2.618 2.016
2.158
2.217

h
ft.-

0.010
0.013
0.016
0,018
0.019
0.019
0.010
o.o14
0.016
0.017
'0.010

0.013
0.14
0.015
0.010
0.012
0.013
0.014
0.035
0.04o
0.044
0.m46
.0.034
0.036
0.040
0.042
0.036
0.034
0.037
0.039
o.o40
0.083
0.078
0.079

Q
ef s

7.197
9.270

10.78
12.8614.64

15-71
7.094
9.894

12.31
14.48
7.094
7.133
9.6o9

11.6o

13.76
7.107
9.609

11.46
13.52
16.08
18.412
21.30
24.13
15.9o
18.05
20.31
22.93
15.88
15.87
18.08
19.86
21.43
27.31
27.28
27.83

Width of model approach channel (W)
Model layout is shown on page 44.

= 2.74 ft.
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Tennessee Valley Authority

Fort Patrick Henry Project.

Tainter Gates Partially Opened

Gate Trunniion at Various Locations

MODEL T=ST DATA

Trunnion Locations

b L x D i Q

ft. T. ft. ft. ft. ft. efs

0.200 2.333 3.115 1.451 0.415 -0.001 1.557
1.0o81 O.OO 2.723
'1.882 o. 002 3.677
3.083 0.0o2 4.760

0.200 2.333 3.456 0.578 o. 471. 0.001 1.594
1.164 o.ool 2.630
1.905 0.001 3.417
2.679 0.001 4.084

0.198 2.333 3.437 -0.357 0.497 0.001 1.587
0.923 0.001 2.201

1.692 0.001 3.010

2.584 Q.001o 3.737

o.194, 2-.333 3.224 -o.946 0.379 0.001 1.745
0.620 0.001 1.733

1.002 0.001 2.201

J, 550 o.0oo 2.727

2.047 0.001' 3.150

0,697 2,333 3.222 -1.94o0 1-372 0.015 9.915

1.947 0.018 12-53
2.472. 0.019 4.44
3.039 , 0-019 16.29

0-700- 2.333 3.563 -1.067 1.382 oM014 9.453
1.976 o0o16. 11.74
2.462 0.016 13.39'

2.983 0.017 14.93

0>697. 2-333- 3'544 .0.132 1o86 -o.o16 9.420
1.467 0.013 9,439.
1.940 O.m14 11. 09
2.459 0.015 12.60
2.-972 0.015 14.07

0.701 2,333, 3.331 -0o457 1,345 0 o013 8.977
1.739 0.014 10.32.
2,232 0.014 11.86

2.497 o.014. 12.57

Width of model approach channel (W) = 2.74 ft."

lvModel layout is shon' on page 44.



Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

Gate Trunnion at Various Locations

MODEL TEST DATA
Trunnion Locations

b L x yD h
ft. ft. ft., ft. f. . ft.. cfs

1.200 2.333 3.329 2.428 1.886 o.o48 20.08
2.2113 0.050 21.53
2.332 0.052 23.08
".666 0.054 25.26

1.3-98 2.333 3.670 1.555 1.863 .o0.045 19.30
2.134 o.o46 20.66
2.402 O.047 22.31
2.784 o.o48 24.4o

1.199 2.333 3.651 o.620 1.881 m.043 18.94
2.192 0.043 20.46
2.514 m.044 22.19
2.816 0.045 23.85

7 1.201 2.333 3.438 0.031 1.698 0.053 20.27
2.010 m.043 19.44

2.234 0.043 20.61
2.548 0.043 22.13
2.837 0.043 23.40

1.990 2.335 3.670 .0o04 o.0•" 0.001 1.877
0.442 0.001 2.247
o.949 O.001 2.695
1.779 0.002 3.678
P2.959 0.002 4.741

* 0.199 2.335 3.872. O,.090 0.512 0.001 1.880
1.156 0.001 2.735

. 2.046 0.001 .3.614
* 2.860 0.001 4.279

" 0.198 2.335 3.709 -0.832 o.443 0.001 1.705
6.834 0'.001 2.233

1.289 0.001 2.726
2.138 0.001 3.473

0.701 2.334 3.851 1.470 1.409- 0.018 10.65
1.510 0.018 11.0o5
1.795 0.019 12.16
-2.41.7 0.019 14.41
2.962 0.019 16.1o

Width of model approach channael (W) 2.74 ft.
Model layout is shown on page 44.



Tennessee Valley Authority

Fort Patrick Henry Project

Tainiter Gcates Partially 22ened

Gate Trunnion at Various Locations

MODEL TEST DATA
.Tru~nnion Locations

b L
ft. ft.

0.0700 2.334

0.697 2.334

1.199 2.334

1.198 2.334

ft.
ft.

m

4..053

3.890

4.033

4.235

4.072

4.101

4.233

YD h
ft. ft. ft.

0.556 1.495 0.015
2.o64 o.016
2.457 o 0.017
2.838 0.017

-0.366. 1.208 0.021
1.530 o.o14
1.911 0.015
2.208 0.015
2.602 0.015

1.936 1.825 o.065
2.071 0.054
2.210 0.055
2.404 0.055
2.585 0.056
2.731. 0.056

1.022 1.924 0.051
2.020 0.051
2.225 0 0.050
.2.467 0.050
2.704 0.050

0.100 2.141 m.046
2.260 0.048
2.577 0.046
2.797 o.046

0.677 0.518 0.001
1.082 .0.002
1.928 0.002
2.748 0.002

-0.250 0.492 0.002
0.512 0.001
1.293 0.002
2.007 0.002
2.678 0.002

cfs

10.34
12.28
13.45
14.59

*11. 16.
10.10
11.31
12.o6
13.12
22.95
22.37
23.16
24.20
25.33
26.10
21.00
21.22
22.02
23.22
24.42
21.14
P- .83
23.06
23.94
2.247
3.019
3.914
-4.626
2.673
2'.118
3.054
3.692
4.247

1.199 2.334

0.199 2.338

0.200 2.338

Width of model approach channel (W)
Model layout is shown on page 44.

= 2.74 ft.
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Tennessee Valley Authority

Hales Bar Project

Tainter Gates Partially Opened

MODEL TEST DATA
G.0. D Q h
ft. ft. cfs ft.

EQUIVAIENT PROTOTYPE
G.O. H Q
ft. ft. cfs

0.4529 0.595
o.666
0.869
0.527
0.561
0.526
0.612
0.548
0.588
0.565
0.669
o.628
0.712.
0.751

0.3991 0.588
0.558
0.-517
0-.1486
0.475

0.3438 ,o.6o4
0.562

. o0.518
o.457
o.430
0.414
o.422

11.53,
12.52
15.01
10.81
11.17
10.84
11.74
31.02
11.55
11.18
12.59
11.97
13.10
13.59

9.824
9.346

* 8.994
8.946

9.169
8.706
8.191
7.56o
7.269
7.135
7.235

6.723
7.928
5.938
6.809
6.o49
7.776

o0. O04
0.015
0.018
o. ol4o.o14

o.ol4
o. ol4o.o140. 014
0.014
0. o14
o.ol6
0.01.4
o.0o16
o.o16

0.015
0.011
0.016
0.010
0.011
0.010
0.0108

0.008
0.007
o.oo7
0.007
0.007

0.0o6
0.007
0.0050.006

o.oo70.0b05

0.007.

15.714 21.17
23.67
30 . 83
18.81
19.99
18.77
21.76
19.54
20.93
20.13
23.81
22.35
25.31
26.66

13.87 20.82
19.78
18.32
17.24
16.86

11.95 21.31
19.81
18.28-
16.13
15.19
14.63
14.91.

10.06 17.oo
21.27
14.18
17.35
14.74
20.82

82,140
89,190

106,900
77,010
79,570
77,220
83,630
78,500
82,280
79,640
89,700
85,270
93,320
96,810

72,520
69,980
66,580
64, 07o
63,730

65,320
62,020
58,350
53,850
51,780
50,830
51,540.

47,890
56,480
42,300
148,500
43,090.
55,390

C

4.04
4.0o
3.96
4.21
4.a3

4.02
4.14
4.08
4.09
4.o0
4.01
3.98,
3.97

3.94
3.96
4.02
4.08
4.14

*3.90
3.90
3.90
3.99
4.04
4. 0
4.09

3.85
3.88
3.91
3.84
3.86
3.86

V

0.2894 o.483
0.6o5
o.403
0.493
o. 4590. 592
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Tennessee Valley Authority

Hales Bar Project

Tainter Gates Partially Opened

0.0.
ft.

0.1818

MODEL TEST DATA
D. Q

ft. cfs

0.354
o.547
0.462
o.413
o.488

:0.580
0.559

3.650
4.915
4.393
4.o96
4.574
5.095
4.972

h
ft.

0.002
0.003
0.002
0.002
0.003
0.003
0 .003'

EQUIVALENT PROTOTYPE
G.o. H Q
ft. ft. cfs

6.319 12.37 26, 000
19.12 35,010
16.13 31,290
14.43 29,180-'
17.07 32,580
20.27 36,290
19.54 35,420

0.2342 o.41o 5.019
0.368 4.636
0.450 5.354
0.590 6.46i

o.1251 o.601 3.719
0.512 3.382
o.422 3.034
.0.348 2.693
0.466 3.215

o.o72o 0.475 2.•39
0.555 2.216
0.596 -2.330

-0.•18 2.153
0.365. 1.762

0.003
0.003
0.004
0.004

* 0.002
. 0.001
0.001
0.001
0.001

0.000
0.001o0.001

0.001
0.000

8.141 14.36
12.90
15.78
2o.65.

4.348 20.96
17.83
14.70
12.13
16.23

2.503 16.51
19.33
20.75
18.o4
12.69.

35,750
33,020
38,140
46,030

26,490
24,090
p1,6io
19,180
22,900

14,530
15,790
16,60o
15,340
12,550

C

3.78
3.86
3.83
3.83
3.85
3.86
3.85

3.83
3.83
3.82
3.86

3.91
3.89
3.90
3.89
3.90

4.12
4.12
4.17
4.16
4.12
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Tennessee Valley Authority

Hales Bar Project

Tainter Gates Raised Above the Water Surface

4

D
-ft

0.85
0.8
0.8:
0.T
0.77
0.5&
0.5
0.57

o. Q
o.440.4:

0.32

0. 610.25
0.65

MOfDEL TEST DAMA

c•fs

?6 27.80
51 25.43
L7 23.66
(5 21.6233 1'9.14-

34 17.26
T9 12.93
37 11.24

1.7 .7
33 9.387
30 7.647
r2 5.957
6 •4.321

12 21. 919
54 15-88
58 12.39

h
ft.

0.058
0.051m~460.04o
o.oho
0.034
0.028
0.018
0.015

0.022
0.011
0.008
0.005
0.003
0. 0Q2
0.025
0.017

EQUIVAITM PROWTYPS
H Q.

ft. t

33.16 198,000
31.35 181.,00
30.00 168,500
28.33 154,000
26.59 138,500
24.75 122,900
20.75 92,100
19.19 80,060.

C

4.32a
4.30
4.27
4.26
4.21

4. .6
4.o6
3.97

4.10
3.92
3.82
3.72
3.64
3.51-
4.11
4.01,

22.21
17.17
15.22
13.10
10-74
8.48

23.6o
20.33

103,100
66,87o
54,470
42, 4oo

.30,780
20,790

113, 100
88,260

a



23

Tennessee Valley Authority

r!.

"Y'

I(

-! ' f

I:

Hiwassee Project

Tainter Gates Partially Opened

MODEL TEST DATA
G.0. D . Q_ h
ft. ft. cfs ft..

EQUIVAIET2 PROTOTYFE
G.O. - Q
ft. ft. c'fs

0.0213 0.2800.1.85
0.070
0.310
o.449
0.385
0.o48
0.051
0.052
0.051
0.056
0.063
0.077
0.084
o. 124
0.229
0.322

O.0421 0.142
0.100
o.196
0.277
0.385
0. 473
o0.203

0.3292
0.2692
0.1636
0.3456
o . 416l
0.3849
o.1296
0.1372
o.1415
o.14o4
0.1520
0.1568
0.1725
0.1812
0.2188
0.3010
0.3555

0.3687
0.3133
0.4123
0 .5273
0.6276
o.6983
0.4465

1..17 15.40
0o.18
3.85

) 7,o 49 -r±"
24.70
21.18
2.64
2.80

.2.86
2.80
3.08
3.46
4.24
4.62
6.82

* 12..6o
17.71

2.32 7.81
5.50

10.78
15.24 J
-21.18 J
26.02 o
11.16 1

bI
-H

7,385
6,039
3,670
7,753
9,3358,635
2,907
3,078
3.174
3,150
3, 4io
3,518
3,870
4,065
4,909
6,753
7,975

8,271
7,029
9,250
.1,830
.4,080
.5;670

-0,020

.2,280

.5,450

.8,400
•o,61o
2,500
~4,54o

-4,690
.5,880

C

4.96

4.96
4.92

4.92
5.25
5.38
5.46
5.51
5.6]_
5.37
5.20
5.27
.5.15
5.06
5.01

4.16
4.39
3.86
4.08
4.o8
4.08
4.o10

4.13
3.82
3.72
3.72
3.71
3.69

3.88
3-78

o0.0767 O.12o
0.188
o.261.
0 0.318
0.3740o.44o

0.0762 0.172
0.203

0.5475
o.6886
0.8201
0.9188
1.003
1-.094

o.6546
0.7079

4.22 6.60
10. 34
14.36
17.49
20.57
24.20

4..19 9.46
1.16

2
2

1

:1
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Tennessee Valley Authority

Hivassee Project

Tainter Gates Partially Opened

I-,.

-~

4

MODEL TEST DKAT EQUIVAIENT PROTOTYPE
G.0. D Q
ft. ft. cfs

h
ft.

0.1302 0.229
0.277
0.389
o.447
o.483
o.425
0.346

0.3293 0.300
o..347
0.477
0.237
0.248

0.187 0.402
0.350
0.320
o.452
0.491

o.186 0.317
0.320

0.238 o.445
0.491
0.0381
0.388

0.294 0.501
o. 422
0.422
0.460
0.465

1.222
1. 344
1. 612
1.751
1.833
1.703
1.512

G.O.
ft.

7.16

H Q
ft. cfs

12.60 27,410
15.24 30,150
21.•0O 36,160
24.59 39,280
26.57 41,12o
23.38 38,210
19.03 33,920

C

3.85
3.71
3.59
3.59
3.59
3.60
3.62

1. 382
1.5051.817
1.229.
1.255

0,
2.282 " ,-
2.130o to
2.057
2.438
2.563

2.041-
2.037

7.11 16.50
19.08
26.24
13.04
13.64

10.28 22.11
19.25
17.60
24.86
27.00

10.23 i7.44
17.60

31,000
33,76d
40,760
27,570
28,150

51,190
47,780
46,150o
54,690
57,500

45,790
45,700,

68,45072 ,080
65,240
65,260

96*,48o
89,580
89,4 90 .
89,490
89,490

3.65
3.62
3.62
3.80
3.76

3.63
3.72
3.83
3.-59

.3.59

3.84
3.81

3.72
3.66
3.96
-4.o4

3.82
4.32
4.31
4.03.
4.00

3.o05
3.213
2.908
2.909

4.033
3-993
3.989
3.989
3.989

13.09 24.48
27. 00
20.96
21.34

16.17 27.56
23.21

.23.21
25.30
25.58
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Tennessee Valley Authority

Hiwassee Project

.Tainter Gates Raised Above Water Surface

D
ft.

0.199
0.238
0.303
0. 353
o. 463
0.083
0.081
0.150
0.1123
o. 147
0.157
0.217
0.252
0.283
0.293
0.319
0.371
0.289
0.498
0.314
0.426
0.054
0.120
o0.347
0.347
0. 422
0.280
o.o48
0.081

40DEL TEST DATA
Q

cfs

1.2241. 616
2.348
3.0024.673
0 .3053
0.2932
0.7790
o.4982
0. 7553
o.834o
.1.404
1.769
2.116
2.244
2.548
3.254
2.200
5.274.
2.498
4.059
0.-1572
0. 5475
2.893
2.911.
3.993
2.082
o. 1.296
0.2886.]

h
t.

EQUIVALENT PROTOTYPE
ftQ

ft. cf's

a)

0o.94
13.09
16.66
19.42
25.46
4.56
4.46
8.25
6.22
8.o8
8.64

11.94
13.86
15.56
16.1.2
1-7-54
20.40
15.90
27.39
17.27
23.43
2.97
6..60

19.08
19.08
23.21
15.40
2.64
4.46

27,460
36,250
52,680
67,350

l04,800
6,849
6,578

17,480
11, 180
16,940
18,710
31, 500
39,690
47,470
50,34O
57,16o
73,000
49,350

1]8,300
56,o4o
.91,060

3,527
12,280

-64,900
65,310
89,580
46,710
2,907
6,474

3.4o0
3.44
3.48
3.54
3.66
3 15
3.13
3.31
3.2k
3-31
3.31
3.43
3.45
3.47
3.49
3.49
3.56
3.50
3.71
3.50
3.60
3.11
3.25
3.49
3.52-
3.60
3.47
3.05
3.08.

e

F.'
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Tennessee Valley Authority

•'.

F,

4,- . ,

Watts. Bar Project

Tainter Gates Partially Opened

G.o.
MODEL TEST DATA

D- Q.
ft. cfs

EQUIVAIENT PROTOTYPE
h

ft.
G.0.
ft.

H -t. Q
ft. efs

0.052 o0168
0.301
o. 463
o.650
0.831

.. o68

0,o7 1.023
0.6o8
0.856o.451--
o.165
0.299-.
0,127

0.803 0.000
1.119 0.000
1,411~ 0.000
1.695 '0.000
1.932 0.000
2,198 0.000

0.-791; '0.-003;

3.024 0.000
2.278 0.000o
2.746 o.ooo
1.932 0.000
1.072 0.000
1.523 o2.99

1.82 5.88
10.54
16.20
22.75.
29.08
37.38

3.-5d

2-73 35.80
21.28
29.96
15.78

5.78
'io; 4

5,819
8,110

10,230
12,280
14.,000
15,930

5,21J

21,920
16,510
19,900
14,000
7,769

11,040
7, 31o-i

C

3.99
3.99
3.99
4.oi
4.03
4.02

3.79-
3.76
3-78
3.75
3.78
3.72.
33,0 !,, 9.

0.111 0.346 2.196 0.000 3.88- 12.11 15,910 3-57-
0.576 2,962 0.000 20.16 21,470 3.59"
0.842 3.703 0.001 29.50 26,840 3.65-
1.074 4.161 0.001 37.62 30,160 3.61"
1.056 4.14o 0.001 37.00 - 30,000 3.62'
Q- O.(M, 36.A 13,979 3.35

• .• ••,• •81 • 3oo~ ...... &6. =
:o,/ 0.271 2.679 0.001 L? .9.52 19,420 3.63.

i.068 6.182 0.001 37.42 44,8oo 3.64
0.837 5.417 0.001 29.33 39,260 3.65
o.616 4.552 0.001 21.60 32,990 3.65
o.441 3.688. 0.001 15.47 26,730 .. 3.61

0.223 0.280 3.538 0.001 7.80 9.84 25,640

0.356
0. o40.
0.702

4.102
5.436
6.396

0.001
0.002
0.002

0.002
0.002

12.50 29,730
18.7 39,400
P-4.6z 46,350
30.10 52,100
37.31 59,330

3.46+
3.82*
3. 64.
3.62
3.62
3.62
3.65

0.858.1i.o64 Z18.3.6

+Gate lip touching nappe C from .Equation B.
*Gate. lip touching nappe C from Equation A.

A
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Tennessee Valley Authority

Watts Bar Project

Tainter Gates Partially opened

-4.,

.7

G. 0.

0.338

MODEL TEST DATA

D . . . .Q .:R7 cgs

1.061
0.854
o.663
o.484
0.420

:.11.98
io ..49
8.894
7.141
6.781

h
ft.-

0.005
0,005
0.004
0.003
0.003

EQUIVALET PROTTYPE
O.O -.. H -. Q -

ft. ft. Ofs

11.83 37.28
30.06
23.34
17-.4

86,82o
76,020
64,46o
51,750
49,14o

o. 476
1.050

9.453 o.616
0.565

0.679
o.84o
1.047

7.102 0.003
11.94 0.005

16.76. 51,470
36.92 86,530

15.86 21.77 78,-410.20.02 78,630
o.82

10.85

11.48
13.33
15.50

o.oo6
0.007

0.0070.0O8
,0.009

24.01
29.68
36.96

83,200
96,600

112,300

C

3.64'
3.6V4
3.644
3.68-'
3.59+J
3.95-*j
3.70- .
3.65 j

3.74.
3.65+
4. o4*
3.67-.
3.65,
3.66

3.75+
4.09*
3.81!
3.73,
3.69 .V
3.67

3.84+
4:21*
3.84W
3.80-/
3.78v,
3.85,/

0.567 0.688 15.07 0.0o12 19.84. 24.50 109,200

0.765:

0.957
1.035

15.39
.16.46
17-72
18.60

0.011

0.013
0.013

27.16
30.31
33.95
36.68

111,500
119,300
i28,400
134, 800

a-

0.681 0.833 20.71 0.019 23.83 29.82 150,100

0.937
1.007
1.o48
0.928

20.81
21.82
22.36
20.69

0.018

0.018

33.42
35.88
37.34
33.11

150,800
158,100
162,000
109,9o0

*Gate lip touching nappe
t•ate 'lip touching nappe

C fron Equation A. .
C from Equation B.

.1



28

ZV.

.. .

-T

t . , , .

Tennessee Valley Authority

Watts Bar Project'

Tainter Gates Raised Above Water Surface

MODEL TEST DATA
D h
.. afsAt

EQUIVALENT PROTOTYPE
H __Q

ft. cfs

0.100
0.183
0.280
o.42o
0.565

0.688
0.833
0.920
0.561
0.703

0.127
0.900
0.699
o.498
0.080

0.717
1.803
3.538
6.781

10.85

15.07
20.71
24.51
10.73
15.63

10.24,
23.64
15.34
8.833
-O 527

0.000
0.000
0.001
0.003
0.007

0.012
0.019
0.025
0.007
0.012

0.000
o.o24
0.012
0.005
0.000

3.50
6.4o
9.84

14.8o
20.02

21. 50
29.82
33.08
19.. 88
25.02

4.144
32.34
24.88
S7.61
T.82

5,211
13,070
25,640
49,14o0
78,630

109,'200
150,100
177,600
77,760

113,300
. 7,421

171, 300
111,200

64, 010
3,819

C

3.31
3.35.
3.46
3.59
3.65

.3.75
3.84-
3.89
3.65
3.77

3.30•3.88
3.73
3.61
3.4o
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Tennessee Valley Authority

Wheeler Project

Tainter Gates PartialLy Opened

EQUIVAMEIT PROTOTYPE
G.o.

ft.

O.O286

MODEL TEST DATA
D Q

ft. cfs

0.096 0.3164
0.131 0.3794
0.240 0.5280
0.279 0.5704
o.417 0.6987
0.344 o.6346
0.184 0.4629
0.508 0.7730

h

0.000
O0.000
0.000.
0.000
0.000
0.000
0.000
0.000

0.000

0.000
0.000.
0.000
0.000
0.000
0.000
0.000

0.000o

ft.

0.98

H
ft.

3.30
4.5o
8.24
9.58

14.32
U_1,82
6.32

17.45

Q
cfs

2, 6882,624
3,651
3,945
4,832
4,389
3,201
5,346

5,341
6,083
4,282
7,019
7,690
8, 541
9,253

10,230

C

3.71
3.72
3.71
3.70
3.68
3.70 "
3.74
3.66

~1. *~.

0.0575 0.160
0.197
o.114
0.251
0.294
0.355
0. 412
0.497

0.7723
0.8797
o. 6192
1.015
1.112
1.235
1.338
1.480

1.98 5.50
6.77
3.92
8.62

10.10
12..19
14.15
17.o07i ,

o.0875 o .:16 0.8990 0.000 3.00 3.-98 6,,220

0. 151
0.195
0.229
0.269
0.310
0.379
o.447
0 .1478
O. 504

1.061
1.273
1.416
1.568
1.706
1.922
2.116
2.196
2.261

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.o166 0.151 1;385 0.000

5.19
6.707.87

9.24
i.d 65
13.02
15.35-
16.42

.17.31

4.oo 5.19

6.39
7.83
9.72

11.51
13.64
15.63
17.62
17,59

7,340
8,803
9,792

10,840.
11,800

* 13,290
14,630
15,190

.. 15,640

9,578

3.56
3.53
3.57
3.59
3.59
3.58
3.59

3.26+
3.71"-
3.56.
3.58
3.59
3.61
3.61
3.63
3.64
3.64,
3.64

3.38+
3-79*
3.61
3.59
3.60
3.62
3.63

:3.64
3.64
3.64

o. 186
0.228
0.283
0.334.
0.396;
o.454
0.512
0.511.

1.56o
1.796
2.080
2.320
2.576
2.793
2.997
2.990

0.000
0.000
0.000
0.001
0.001
0.001
0.001
0.001

10,790
12,420
14,380
16,040
17,810
19,310
20,730
20,680

*Gate lip touching nappe C from.-Equation A.
+Gate lip touching nappe C from Equation B.



30

Tennessee Valley Authority

Wheeler Project

Tainter Gates Partially Opened
.AI .

MODEL TEST DATA
G.0. D h
ft. ft. cfs ft.

0.2037 0.258 3.299 0.001

EQUIVALENT PROTOTYPE
G.0. H _ _

ft. ft. cfs

7.00 8.90 22,810

0.276
0.288
0.322
0.365
o. 418
0.456
0. 497
0.421

3.358
3.467
3.684
4.007
4.430
4.677
4.945
4.434

0.001
0.001
0.001
0.002
0.002
0.002
0.002
0.002

9.51
9.93
11.10
12.661
14.43
15.73
17.14
14.53

23,220
23,980
25,480
27,710
30,64o
32,340
34,200
30,66o

C

3 58+
3.98*
3.82.
3.80
3.70
3.67
3.70
3.68
3.69
3.68

3.76+
4.16*
3.88
3.85
3.82
3.81
3.77

0.2912 0.365 5.866 0.003 0.oo00 12.64

4k

"4 ,'

T .' .:,' -

o.4o4
o.418
o.436
0.461
0.500

5.977
6.081
6.243
6.502
6.841

0.003
0.003
0.003
0.004
o.0o4

13.98
14.46
15 08
15.97
17.31

4o; 57o

41,330
42,050
43,170
44,96o
47,310

*Gate
÷Gate

lip touching nappe
lip touching nappe

C from Equation A.
C from Equation B.
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Tennessee Valley Authority

Wheeler Project

Tainter Gates Raised Above Water Surface

I"

r..

,<,- .

_-.

MODEL TEST DATA
Dt. h ft,

ft. o.fs ft.

EQUIVALENT FROTOTYPE
H Q.
ft. efs

0.178
o .214.
0.281
0.307
0.347
0.390
o.44o
o.405
0.366
0.191
0.218
0.279
0.306
o. 416
o.465
o.499
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16, 9ob
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Background

During the course of preparing the Dam Rating Curves (DRC) for the TVA Nuclear Probable
Maximum Flood (PMF) documentation, the continued stability of the dam lock gates under
PMF conditions was documented in the DRC calculations as an Unverified Assumption (UVA).
While the initial design of the lock gates considered loading conditions that are typical of
normal operations (including barge impact loading), most cases neglected the significantly
increased headwater conditions that would be encountered in a PMF. The purpose of this
evaluation is to document the basis for maintaining the lock gates in a stable configuration
for the range of headwater elevations considered for the PMF and to support removal of
the UVA from the DRC calculations.

Assumptions

For the purpose of this evaluation, the following assumptions are made:

1. Assumption: The original gate design allowable stresses were based on the
Allowable Stress Design (ASD) method as provided in the Army Corps of Engineers
(COE) Design of Hydraulic Steel Structures and the 1989 AISC 9th edition ASD
Manual

Although the 1989 AISC manual post-dates the lock gate design, the concepts and
factors utilized from this manual have not changed. In addition, allowable stresses
as shown on Watts Bar Dam drawing 64W203-1 (Design Data) are consistent with
the allowable stresses provided in the design manuals.

2. Assumption: The lock gates are designed for a hydrostatic impact loading of 15
feet of water applied to the top 15 feet of the lock gate in addition to the
hydrostatic load due to design maximum headwater conditions.

This impact loading is required by the Army Corps of Engineers Lock Gate and
Operating Equipment Design Manual (Section 1-9(b)) and is typically shown in the
Water Load Diagram on the Lock Gate Design Data drawings (e.g., 64N202, RO).
During PMF conditions, navigation on the rivers will cease and barges are not likely
to be moored above the dams for barge operational safety considerations. In
addition, at the PMF headwater elevation considered, a large cushion of water exists
between the water surface and the top of the gates (e.g., Watts Bar and Melton Hill

have PMF elevations approximately 20 feet over the top of the gates considered in
this evaluation). As a result, major gate impacts from river borne objects are not
expected during the PMF1. Since major impacts are not expected, the design

'Impact loads were considered additive to design hydrostatic pressure loads up to approximately 5 feet
over the top of the gate (see Attachment 1). When the flood headwater is higher than 5 feet over the lock
gate, impact loads are not considered.



margin built into the gate design for impact loading can be utilized to off-set the
increased lock gate stresses due to the hydrostatic loads from the PMF.

3. Assumption: The headwater and tailwater elevations from the TVA Hydrology
Project DRC calculations can be utilized to determine the differential loading on the
lock gates.

These calculations are independently documented as a QA record under the
calculations identifiers CDQ000020080001 through CDQ000020080020 and are
retrievable from EDMS. (Note: Following completion of the SOCH PMF analysis and
inclusion of the "loop tailwater rating effect", the headwater and tailwater
elevations used in this evaluation will be verified to be technically acceptable.)

4. Assumption: The operability of the gates a PMF is not a requirement.

Although lock gate operability is obviously a river navigational objective following a
PMF, no credit is taken in the Nuclear Plant safety analysis for river navigation
capability post-PMF. Inelastic but stable gate configurations are acceptable.

5. Assumption: The auxiliary gates at Nickajack are adequate since the gates were
analyzed and modified for PMF conditions.

The analysis of these gates is documented in River Operations Group calculation,
Upper Miter 6ate Analysis for Probable Maximum Flood (Letter from G. L.
Wimberly to J. H. Coulson, dated March 19, 1991, RIMS No. 865910322176)

6. Assumption: Downstream lock gates are assumed open for this evaluation

During a PMF, the upstream lock gates will be in their normal operational
configuration.

Evaluation

The cause of the overloading of the gates in a PMF event is the differential in headwater
and tailwater elevations. Once the elevation of the tailwater is above the sill of the gate,
the tailwater effectively cancels out some of the loading. All loads are treated as a static
hydrostatic loading which is justified in the TVA Report "Nickajack Auxiliary Lock: Forces
on Upstream Miter gate Due to Overflow during Probable Maximum Flood."



The impact loadings are added to the design load as shown on relevant TVA Upper Lock Gate
Design Data drawings. This load is considered a portion of the design capacity in
accordance with the second assumption noted above.2

The gates are evaluated by comparing PMF Design Margin Ratios for each dam. The PMF
Design Margin Ratio is defined in this evaluation as (Original Hydrostatic Lateral Design
Load + Impact Load)/ (PMF Critical Lateral Load). The PMF Critical Horizontal Load is the
combination of PMF headwater and tailwater (from the DRC calculations) that creates the
highest hydrostatic load on the lock gate (Note: A summary of the results of this evaluation
is provided in Attachment 1). ASD design limits stress to 60% of the specified yield
strength of the steel. As defined in Chapter 3 of the Sequoyah and Watts Bar Nuclear
Plant FSARs, the limiting stress can be increased by 50% to a total of 90% of the yield
capacity for extreme environmental load conditions such as severe seismic events, tornados
and internal/external flooding events as well as for severe accident pressurization. In
other words, this allows the numerator of the PMF Design Margin Ratio to be multiplied by
1.5. Reduction in allowable bending stresses due to compression flange buckling is not
required due to the lateral support the gate skin plate and adjacent structural members
provide the compression flange in areas of large compressive bending moment stresses.

The increase in allowable stress and the additional capacity for impact load shows that all
the lock gates except for the gates at Melton Hill and Watts Bar have a PMF Design Margin
Ratio greater than one (see Table 1). The PMF Design Margin Ratios at these two dams are
0.73 and 0.81, respectively. These low margins occur due to the height of the dams and the
rate at which the tailwater elevation rises.

The geometry of the gates adds a significant amount of load carrying capacity not
considered in these PMF Design Margin Ratios. The miter design will put large amounts of
compression into the gates. This compression reduces the tension due to bending moments
in the gate along the strong axis of the girders. The concrete lock wall has a large capacity
to absorb these forces. Also, even with the increase in design strength of 50%, the actual
stress is still 10% less than the specified yield strength of the steel. Due to these factors,
it is not uncommon for structures to carry loads much larger than the loads for which the
structures were designed. While there may be local failures such as skin plate yielding or
localized buckling, it is not expected that the gates will fail catastrophically.

2 As shown in Attachment 1, combining the hydrostatic water pressure load from the rising flood headwater

up to approximately 5 feet over the top of the gate with the design impact load will not result in lock gate
failure. For this condition, lock gate stresses are expected to be less than material yield strength.



Table 1: Summary - PMF Design Margin Ratio

TVA Damr Adjusted PMF Design Margin Ratio
Guntersville (main) 2.03

Guntersville (auxiliary) 2.26
Fort Loudon 1.16
Melton Hill 0.73
Watts Bar 0.81

Chickamauga 2.10

To analyze the gates at Watts Bar and Melton Hill in more detail, the operational stress
analysis drawings were utilized at both dams to obtain the existing calculated design
stresses in the upper lock gates. Using these originally calculated stresses, the design
stresses from the PMF loading scenarios can be extrapolated.

Analysis of the Watts Bar Lock gates was performed using the original loading
considerations and the lock gate stress analysis results provided on drawing 64W203-1, RO.
The maximum stress for the highest loaded lock gate structural component (bottom girder
in the lock gate) is 27.92 ksi. Other component stresses provided on the drawing are less in

magnitude than the lock gate girder stress. In addition, concrete stresses can be increased
by a factor greater than that permitted for structural steel stresses. Since there is at
least a 2 ksi margin to steel yielding, the lock gates will continue to function for the PMF
elevations considered in the DRC calculation.

The lock gates at the Melton Hill dam are more difficult to analyze since the stresses
developed during the PMF are closer to the steel yield stress. The original design basis
analysis for the PMF assumed that the total Melton Hill dam structure failed at an elevation
of 805 feet. As shown in Attachment 1 (for Melton Hill), for the PMF elevations at 809.27
feet and below, the allowable stresses in the structural steel gates will remain less than 0.9
x Fy, demonstrating that elastic response of the gate material and small deflections will be

maintained for the original FSAR Nuclear Plant PMF analysis. Using the original loading
considerations and the lock gate stress analysis results provided on drawing 64N202, RO,
the stress at the maximum elevation of the dam rating curve of 820 feet for the highest
loaded lock gate girder (bottom girder in the lock gate) is 29.4 ksi (Ref:
CDQ000020080013, EDMS No. L58090210002), slightly less than the 32 ksi yield strength
of the A373 girder steel. The stress in the skin plate and the girder/skin plate combination
(22.73 ksi and 38.6 ksi, respectively) indicates that some localized buckling may occur in the
skin plate at the 820 feet elevation.

The localized buckling in the skin plate of the Melton Hill lock gate for the 820 feet
elevation will not result in functional failure of the gate structure. The impact of the
localized buckling (caused by skin plate compression resulting from Poisson's ration of the
flexural tension in the skin plate) is limited due to restrained conditions provided by the
intercostal supports and the girder flanges and due to the localized nature of the skin plate

high stressed regions. The localized skin plate buckling would increase the calculated 29.4



ksi elastic stress of the composite girder/plate section due to the reduced flexural
effectiveness of the skin plate, potentially increasing the composite section stress slightly
above the 32 ksi yield stress. Since the ultimate strength of the A373 steel is at least a
factor of 1.8 higher than yield strength, the expected result will be Q stable, functional
gate with some increased deflection at the gate centerline and at the mitered joint with
the adjacent gate.

The other main problem encountered is the weight of the water f lowing over the gates.
Lock gates are not designed to take this type of load. The expected result is that the
weight of the water above the gate will fur ther compress the 1.5 inch rubber seal at the
bottom of the lock gate into the embedded steel plate on the concrete sill until the vertical
weight of the water head over the gate and the weight of the gate is equalized by the
resistance of the compressed rubber seal and concrete sill. Although the downward
deflection is self-limiting, the navigational functionality of the lock gates may be impaired.
As noted previously in Assumption 4, post-PMF navigational functionality is not required to
mitigate the consequences of the PMF event at the TVA Nuclear sites.

Conclusion

While the upper lock gates in this evaluation may have increased leakage and minor localized
skin pate buckling or yielding, it can be stated with a reasonable degree of engineering
judgment that the gates will not fail catastrophically during a PMF event. The upper lock
gates will potentially be inoperable at the conclusion of the PMF from the excessive
deflection the gates are likely to undergo.
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Adjusted
Dam FOS
Guntersville (main) 2.03
Guntersville (aux) 2.26
Ft. Loudoun 1.16
Melton Hill 0.73
Watts Bar 0.81
ChickamauQa 2.10

i



Summary of Gate Dimensions and Loading

Gate
Design HW Top of Gate Gate Sill Height

(ft) (ft) (ft) (ft)

Total
Design Load Impact Load Design Load

(lb/ft) (Ib/ft) (Ib/ft)

Critical Design
50% increase Load Margin

(Ib/ft) I (Ib/ft) RatioLock

Guntersville - Main 595 599.38 578 21.38 9017 11120 20136 30205 14889 2.03
Guntersville - Aux 595 597.11 570 27.11 19500 8995 28495 42742 18879 2.26
Ft. Loudoun 815 818.67 777 41.67 45053 10455 55508 83262 71862 1.16
Melton Hill 795 800.44 776.75 23.69 10392 12112 22503 33755 45979 0.73
Watts Bar 745 748.67 719.67 29 20018 10455 30473 45710 56410 0.81
Chickamauga 682.5 689.17 662 27.17 13112 13263 26375 39562 18820 2.10

Impact Ld +
Design Ld
5ft Cover %FY

Guntersville - Main
Guntersville - Aux
Ft. Loudoun
Melton Hill
Nickajack - Aux
Watts Bar
Chickamauga

9017
19500
45053
10392
7661

20018
13112

11120
8995
10455
12112
12243
10455
13263

20136
28495
55508
22503
19904
30473
26375

30205
42742
83262
33755
29856
45710
39562

20462 0.61
20179 0.42
78488 0.85
23296 0.62
30252 0.91
48091 0.95
31275 0.71



Guntersville Main Lock

Top of Gate*
Gate Sill*
HW Design*

599.38
578
595

Load HW Elev TW Elev HW-TW
Condition (ft) (ft) (ft)

Downstream Upstream
Force Force DS-US
(Ib/ft) (Ib/ft) (Ib/ft)

A
C
C
C
D
D
D
D
D
D
D
D
D
D

595 -
600 593.77

602.5 595.86
605 597.95
607 599.64

608.8 601.19
611 602.67
613 604
615 605.33

617.5 607.01
619 608.18
620 609.04
622 610.88
624 612.84

6.23
6.64
7.05
7.36
7.61
8.33

9
9.67

10.49
10.82
10.96
11.12
11.16

9017
15089
18424
21759
24428
26829
29764
32432
35100
38436
40437
41771
44439
47107

0 9017 Design Condition
7759 7330
9952 8472

12418 9342
14609 9819
16676 10153
18651 11113
20425 12007
22200 12901
24441 13995
26002 14435
27149 14622
29604 14835
32219 ý FOS= 0.605614

* Source: TVA Drawing 64N202, RO



Guntersville Auxiliary Lock

Top of Gate
Gate Sill
HW Design

597.11
570
595

Downstream Upstream
Load HW Elev TW Elev HW-TW Force Force DS-US

Condition (ft) (ft) (ft) (Ib/ft) (lb/ft) (lb/ft)
A
C
C
D
D
D
D
D
D
D
D
D
D
D

595 -
600 593.77

602.5 595.86
605 597.95
607 599.64

608.8 601.19
611 602.67
613 604
615 605.33

617.5 607.01
619 608.18
620 609.04
622 610.88
624 612.84

6.23
6.64
7.05
7.36
7.61
8.33

9
9.67

10.49
10.82
10.96
11.12
11.16

19500 0 19500 Design Condition
27819 17628 10191
32049 20865 11184
36278 24352 11926
39661 27210 12451
42706 29832 12874
46428 32336 14092
49811 34586 15225
53194 36836 16358
57424 39678 17746
59961 41657 18304
61653 43112 18541
65036 46225 18811
68419 49540 • FOS= 1.032895

* Source: Miscellaneous TVA Sources



Ft. Loudoun Lock

Case 1
Top of Gate* 818.67
Gate Sill* 777
HW Design* 815

Load HW Elev TW Elev HW-TW
Condition (ft) (ft) (ft)

Downstream Upstream Impact
Force Force Load DS-US
(lb/ft) (lb/ft) (Ib/ft) (Ib/ft)

A
C
C
C
C
C
C
C
C
C
C
C
C
C
D
D
D
D
D
D

Case 2
Top of Gate*
Gate Sill*
HW Design*

815
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837

799.4
800.7
802.3
803.3
804.4
805.7
807.0
808.7
810.5
812.3
813.9
815.6
817.8
820.3
822.9
825.7
828.6
831.6
834.3

19.62
19.327
18.729
18.71

18.569
18.337
18.048
17.313
16.507
15.75

15.092
14.414
13.205
11.654
10.057
8.337
6.378
4.433
2.739

45053 0 10455
55033 15627 -

57634 17485
60234 19925
62834 21564
65434 23477
68034 25633
70635 27990
73235 31327
75835 35000
78435 38768
81035 42501
83636 46453
86236 51924
88836 58533
91436 65286
94037 72359
96637 80053
99237 87710

101837 94715

55508 Design Condition
39406
40149
40309
41270
41957
42402

FOS=
41908
40835
39667
38535
37183
34312
30303
26150
21678
16564
11527
7122

1.301645

818.67
777
815

Load HW Elev TW Elev HW-TW
Condition (ft) (ft) (ft)

Downstream Upstream Impact
Force Force Load
(lb/ft) (Ib/ft) (Ib/ft)

DS-US
(lb/ft)

A
B
B
B
B
B
C
C
C
C
C
C
C
C
C
C
C
D
D
D

815
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837

766.5
768.9
771.1
773.7
773.7
777.2
780.8
784A4
788.3
791.9
795.3
798.7
802.9
807.6
812.3
817.1
822.3
827.3
832.0

52.458
51.054
49.912
48.313
49.254
46.789
44.197
41.574
38.715
36.139

33.66
31.337
28.105

24.43
20.743
16.859
12.741
8.693
5.003

45053
55033
57634
60234
62834
65434
68034
70635
73235
75835
78435
81035
83636
86236
88836
91436
94037
96637
99237

101837

0 10455
0
0
0
0
0
1

451
1721
3973
6890

10494
14642
20921
29157
38783
50273
63507
76633
88828

55508 Design Condition
55033
57634
60234
62834
65434
68033
70183
71514

FOS=
71545
70541
68994
65315
59679
52653
43764
33129
22604
13009

0.772427



* Source: TVA Drawing 64W204, RO



Melton Hill Lock

Top of Gate* 800.44
Gate Sill* 776.75
HW Design* 795

Downstream Upstream Impact
Load HW Elev TW Elev HW-TW Force Force Load DS-US

Condition (ft) (f) (ft) (lb/f lbft (lb/fl lb/fl
A 795 - 10392 0 12112 33755 Design Condition
B 800.44 765.4 35.1 17510 0 - 17510
B 802 765.9 36.1 19816 0 19816
B 803 766.3 36.7 21294 0 21294
B 804 766.9 37.1 22773 0 22773
B 804.95 767.6 37.4 24177 0 24177
B 805 767.6 37.4 24251 0 24251
B 805.48 768.0 37.5 24960 0 24960
B 806 768.4 37.6 25729 0 25729
B 807 769.2 37.8 27207 0 27207
B 808 770.2 37.8 28686 0 28686
B 809 771.1 37.9 30164 0 30164
B 810 772.1 37.9 31642 0 31642
B 811 773.2 37.8 33120 0 33120
B 811.7 773.9 37.8 34155 0 34155
B 812 774.2 37.8 34599 0 34599
B 813 773.1 39.9 36077 0 36077
B 814 774.3 39.7 37555 0 37555
B 815 775.5 39.5 39033 0 39033
B 816 776.7 39.3 40512 0 40512
C 816.46 777.2 39.2 41192 7 41185
C 818 778.9 39.1 43468 138 43330
C 819 779.8 39.2 44946 284 44662
C 820 780.5 39.5 46425 445

Source: TVA Drawing 64N202, RO

Alternative Analysis

Design HW* 795 ft
Hydrostatic Head on Highest Stressed Girder* 17.25 ft
Critical Combined Girder Stress 15.76 ksi
Critical Skin Plate Stress 9.28 ksl
Critical Combined Girder/Plate Stress 12.98 ksi
Maximum Girder Stress* 15.76 ksi
Allowable Steel Stress* 19.2 ksa
Maximum PMF Elevation- 820 ft

For PMF considerations, it is typical to increase the load carrying capacity of the steel by 50%.***
Therefore, Fy=28.8 ksi in this analysis.

This input produces a rough equation for estimating the headwater at which Fy will be exceeded.

[17.25ft+(PMFelev-795)]*(15.76ksi/17.25ft)=28.8 ksi

Solving this equation results in a PMF elevation of 809.27'.

The maximum stress (girder + skin plate)

[17.25ft+(820-795)j*(15.76ksi/17.25ft)=38.6 ksi at HW of 820'

Maximum Stress (girder)

[1 7.25ft+(820-795)]*(1 1.98ksl/1 7.25ft)=29.4 ksi at HW of 820'

Maximum Stress (plate)

[1 7.25ft+(820-795)]*(1 5.76ksi/1 7.25ft)=22.73 ksi at HW of 820'

See whitepaper for conclusions.

* Source: TVA Drawing 64N202, RO
**Source: TVA Calculation CDQ000020080013
-Source: WBN and SQN FSAR, Section 3.8.4.3.2



Watts Bar Lock

Top of Gate* 748.67
Gate Sill* 719.67
HW Design* 745

Load HW Elev TW Elev HW-TW
Condition (ft) (ft) (ft)

Downstream Upstream Impact
Force Force Load DS-US
(Ib/ft) (lb/ft) (lb/ft) (lb/ft)

A
B
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

745 -
749 719.49 29.5
750 720.23 29.8
752 719.90 32.1
753 719.76 33.2
755 721.03 34.0
757 722.38 34.6
759 723.78 35.2
760 724.57 35.4
761 725.47 35.5
762 726.45 35.6
763 727.47 35.5
764 728.53 35.5
765 729.62 35.4
766 730.74 35.3
767 731.87 35.1
768 733.18 34.8
769 734.62 34.4
770 736.11 33.9

20018
26836
28646
32265
34075
37694
41313
44932
46742
48552
50361
52171
53980
55790
57600
59409
61219
63028
64838

0 10455
0

10
2
0

58
229
527
749

1050
1433
1900
2451
3091
3821
4643
5691
6973
8428

30473 Design Condition
26836
28636
32263
34075
37636
41084
44405
45993
47501
48928
50271
51529
52699
53778
54766
55527
56055

FOS= 0.540215

* Source: TVA Drawing 64W203-1, RO

Alternative Analysis

Design HW*
Hydrostatic Head on Highest Stressed Girder*
Maximum Girder Stress*
Allowable Steel Stress*
Maximum PMF Elevation-

745 ft
24.33 ft
13.77 ksi

18 ksi
770 ft

For PMF considerations, it is typical to increase the load carrying capacity of the steel by 50%.***
Therefore, Fy=27 ksi in this analysis.

This input produces a rough equation for estimating the headwater at which Fy will be exceeded.

[24.33ft+(PMFelev-745)]*(13.77ksi/24.33ft)=27 ksi

At a PMF elevation of 770 feet, the stress in the girder is 27.92 ksi

* Source: TVA Drawing 64W203-1, RO
**Source: TVA Calculation CDQ000020080020
***Source: WBN and SQN FSAR, Section 3.8.4.3.2



Chickamauga Main Lock

Top of Gate* 689.17
Gate Sill* 662
HW Design* 682.5

Downstrean Upstream Impact
Load HW Elev TW Elev HW-TW Force Force Load DS-US

Condition (ft) (ft) (ft) (Ib/ft) (lb/ft) (lb/ft) (lb/ft)
682.5 -

690 678.553
692 680.524
694 682.576
696 684.676
698 686.796
700 688.943
702 691.181
704 693.512

704.8 694.474
706 695.499
708 697.619
710 700.347
712 703.414
714 706.704
716 710.073
718 713.43
720 716.391
722 719.038
724 721.511
726 723.858

- 13112 0 13263
11.447 24439 8549 -

11.476 27830 10706 -

11.424 31221 13209 -

11.324 34612 16043 -

11.204 38003 19183 -

11.057 41393 22649 -

10.819 44784 26442 -

10.488 48175 30394 -

10.326 49531 32025 -

10.501 51566 33762 -

10.381 54957 37357 -

9.653 58347 41982 -

8.586 61738 47182 -

7.296 65129 52759 -

5.927 68520 58471 -

4.57 71911 64163 -

3.609 75302 69183 -

2.962 78692 73671 -

2.489 82083 77863 -

2.142 85474 81842 -

13112 Design Condition
15890
17124
18012
18569

18745
18343
17781
17507
17803
17600
16366
14557
12370
10049
7748
6119
5022
4220
3632

FOS= 0.696713

* Source: Miscellaneous TVA Sources
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INSTRUCTIONS FOR USE OF TABLES

1. Tables Update 4. Arrangement of Tables

These tables supersede the tables dated September 1996. They differ from
those tables only in a few minor details. The September 1996 tables
superseded the tables dated March 1991. Those tables were revised to
increase the maximum headwater elevation covered in the tables from
747 feet to 750 feet. The computer code SPILLQ generated the tabulated
discharges.

Whenever the gate lifting chains are replaced or their ends are reversed, the
gate opening indicators must be reset, the opening heights under the
spillway gates at every indicator position must be re-measured, and the
spillway tables must be re-computed. As described below, the spillway
gates at Watts Bar Dam are set by "dogging" the gate lifting chains at
discrete positions marked by indicator pointers. When the chains are
replaced, or the ends of the chains are reversed, the opening heights under
the gates change for every indicator position and discharges computed
assuming the previous opening heights are no longer correct. The gate
openings on which these tables are based were measured in 1989.

2. Purpose of Tables

These tables provide a means for setting required spillway discharges and
for determining the discharge when a specific arrangement of gates is in
use. The tabulated discharges are based on test results from scale models.

The specific gate arrangements in the tables were determined by
considering erosion data obtained from spillway model studies together
with incremental discharge values for satisfactory spillway operation.

3. Range of Tables

The tables cover a discharge range from 0 to 690,300 cubic feet per second.
Headwater elevations range from 732 feet to 750 feet. The tailwater does
not affect the discharges from this spillway.

The tables show spillway discharges in cubic feet per second. Headwater
elevations in 0. 1 -foot increments are shown at the top of each column. The
headwater range is shown at the bottom of each page.

The discharge is tabulated under the headwater elevations for specific
arrangements of gate openings, which are indicated by number in the left
and right columns of each page. The numbered arrangements are defined in
the tables of Spillway Gate Arrangements on pages 4 and 5. Reference to
these tables and to the drawing showing the location of the gates on page 3
will determine the gate opening to which each gate is to be set for any
particular discharge given in the tables.

5. Discharge Intervals

The tables have been prepared so that the incremental discharge between
tabulated values for consecutive gate arrangements is generally less than 5
percent of the tabulated discharge. The incremental discharge between
tabulated values of consecutive headwater elevations is generally less than
1 percent. These increments are exceeded in some cases near the extreme
ends of the tables where operation is relatively infrequent. In general it is
possible to set any required discharge within 2-1/2 percent and to know the
actual discharge for any given set of conditions within I percent. These
tolerances are considered acceptable and therefore it will not be necessaKy
to inteEpolate between values given in these tables.

When the exact headwater elevation does not appear in the tables, the
discharge for the headwater elevation closest to it is used. For example, the
column headed 742.2 is used for actual headwater elevations between
742.15 feet and 742.24 feet inclusive. When the actual headwater elevation
is exactly halfway between tabular values, the larger value is used.

6. Raising and Lowering Gates

The gates are raised and lowered by traveling hoists that lift the gates by
chains attached to each end of the gates. Gate openings are set by dogging
each chain by means of a dogging arrangement located just below the deck
of the dam. Fastened to the dogging device is a gate opening indicator
pointer that revolves as the gate is raised or lowered. This indicator pointer
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can be observed from either end of the traveling hoist. Gate opening
positions have been marked on the gate opening indicator dials and
correspond to the openings described in the tables of Spillway Gate
Arrangements on pages 4 and 5. Gate opening indicator readings do not
represent gate opening in feet but only provide a gate opening position that
will give the desired discharge when used with the tables of Spillway Gate
Arrangements. Gate opening indicator readings'cannot be interchanged
between gates since a given indicator reading on one gate will not
necessarily give the same discharge as the same indicator reading on
another gate.

7. Special Instruction - Preventing Flow Over Top of Spillway Gates
When Headwater Elevation is Above 745 feet

If the headwater elevation exceeds 745 feet (actually, 744.8 feet to provide
a 0.2-foot margin of safety) the spillway gates must be set to one of the gate
arrangements listed in the tables to prevent flow over the tops of the gates.
The minimum gate openings are those corresponding to the lowest
numbered gate arrangement for which a discharge value is provided in the
tables.

8. Use of Tables

The tables can be used in two ways: (1) to determine the arTangement of
gates needed to pass a required discharge at a given headwater elevation,
and (2) to determine the discharge for a given arrangement of gates and
headwater elevation.

Example I -- What gate arrangement is necessary to pass a discharge of
80,000 cubic feet per second with the headwater at elevation 740.82 feet?

The first step is to find the table in which the headwater elevation appears.
Referring to the contents page, we find that headwater elevations between
740 feet and 742 feet are found on pages 14 and 15. The headwater
elevation closest to 740.82 feet is 740.8 feet. In the column headed 740.8
the discharge nearest to the required 80,000 cubic feet per second is 80,200
cubic feet per second located near the bottom of page 14. By tracing the
horizontal line in which 80,200 cubic feet per second appears, to either side
of the page, we find that gate arrangement 50 is the one for producing the
discharge closest to 80,000 cubic feet per second at headwater elevation
740.82 feet. Referring to page 4 it is found that the gates should be set with

the gate opening indicators reading as follows: Gates 1-4, 6, 8, 10, 12, 14,
and 16 at indicator reading 6; gates; Gates 5, 7, 9, 11, 13, 15, and 17-20 at
indicator reading 10.

After all the gates are set, changes in the headwater elevation may require
changes in the gate arrangement to maintain the desired discharge. For
example, if the headwater should rise to 741.98 feet, the discharge will be
found in the column headed 742.0. In this column the discharge closest to
80,000 cubic feet per second is 79,500 cubic feet per second for gate
arrangement 49. To change to gate arrangement 49 from gate arrangement
50, gate 18 would be set to an indicator reading of 6.

Example 2 -- Suppose the operating records show that the headwater is at
elevation 736.35 feet, and gate arrangement 97 is in use. The headwater is
found on pages 10 and 11, which are marked "Headwater 736 to 738." The
elevation given is exactly halfway between elevation 736.3 feet and 736.4
feet. The larger value, 736.4 feet, is used. In the column headed 736.4
opposite gate arrangement 97, the discharge is found to be 304,100 cubic
feet per second.

9. Trash Gate

The trash gate is located at the right end of the spillway between the
spillway and the powerhouse. It consists of two vertical leaves that can be
raised when necessary to pass trash. The top of the upper leaf is at
elevation 745 feet. Should the headwater exceed 745 feet with the leaves
closed, or when either the upper or lower gate leaf is raised, the discharge
through this gate must be added to the spillway discharge taken from Vages
6 through 22. Page 23 gives the discharge to be added at any headwater
elevation.



WATTS BAR DAM

LOCATION OF SPILLWAY GATES

Gate Numbers

Spillway -- Downstream Elevation

KEY TO GATE ARRANGEMENT TABLE

Numbers Under Gate Operating Conditions Shown Below Refer To Numbers Marked On Gate Position

Indicator And Used In Gate Arrangement Table, Pages 4 And 5

Top of Gate Elevation 745.0

Gate Closed
Gate Position Indicated by Dash

Headwater Above Bottom of Gate
Possible Gate Position Indicator Numbers

2, 6, 10, 14, 18, 22, 26, 30, or 34

Bottom of Gate Raised Above Water Surface
Possible Gate Position Indicator Numbers

26, 30, 34, or UP, Depending on Headwater Elevation
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WATTS BAR DAM

SPILLWAY GATE ARRANGEMENTS

Gate Number
Gate

Arrange
ment 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

29 - - 6 - 6 - 6 2 6 6 6 6 6 6 6 6 6 6 6
30 - - 6 - 6 - 6 6 6 6 6 6 6 6 6 6 6 6 6
31 - - 6 - 6 2 6 6 6 6 6 6 6 6 6 6 6 6 6
32 - - 6 - 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

33 - 2 - 6 - 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
34 -6 - 6 - 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
35 2 6 - 6 - 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
36 6 6 - 6 - 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

37 6 6 2 6 - 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
38 6 6 6 6 - 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
39 6 6 6 6 2 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
40 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6

41 6 6 6 6 10 6 6 6 6 6 6 6 6 6 6 6 6 6 6 6
42 6 6 6 6 10 6 10 6 6 6 6 6 6 6 6 6 6 6 6 6
43 6 6 6 6 10 6 10 6 10 6 6 6 6 6 6 6 6 6 6 6
44 6 6 6 6 10 6 10 6 10 6 10 6 6 6 6 6 6 6 6 6

45 6 6 6 6 10 6 10 6 10 6 10 6 10 6 6 6 6 6 6 6
46 6 6 6 6 10 6 10 6 10 6 10 6 10 6 10 6 6 6 6 6
47 6 6 6 6 10 6 10 6 10 6 10 6 10 6 10 6 10 6 6 6
48 6 6 6 6 10 6 10 6 10 6 10 6 10 6 10 6 10 6 10 6

49 6 6 6 6 10 6 10 6 10 6 10 6 10 6 10 6 10 6 10 10
50 6 6 6 6 10 6 10 6 10 6 10 6 10 6 10 6 10 10 10 10
51 6 6 6 6 10 6 10 6 10 6 10 6 10 6 10 10 10 10 10 10
52 6 6 6 6 10 6 10 6 10 6 10 6 1010 10 10 10 10 10 10

53 6 6 6 6 10 6106 10 101010 10 10 10 10 10 10
54 6 6 6 6 10610 6 1010 10 10 10 10 10 10 10 10 10 10
55 6 6 6 6 10 6 10 10 10 10 10 10 10 10 10 10 10 10 10 10
56 6 6 6 10 10 6 10 10 10 10 10 10 10 10 10 10 10 10 10 10

GATE OPENINGS

Figures in columns under each gate num ber refer to gate opening indicator reading
dash (-) indicates closed gate



5

WATrS BAR DAM

SP I LLWAY GATE ARRAN GEM EN TS

Gate Number
Gat e

Arrange
ment 17 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

57 6 10 6 10 10 6 10 10 110 10 10 10 10 10 10 10 10 10 10 10
58 10 1 0 6 10 10 6 10 10 10 10 10 10 10 10 10 10 10 10 10 10
59 10 10 10 10 10 6 10 10 10 10 10 10 10 10 10 10 10 10 10 10
60 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10 10

61 10 10 10 10 10 14 10 14 10 10 10 10 10 10 10 10 10 10 10 10
62 10 10 10 10 10 14 10 14 10 14 10 14 10 10 10 10 10 10 10 10
63 10 10 10 10 10 14 10 14 10 14 10 14 10 14 10 14 10 10 10 10
64 10 10 10 10 10 14 10 14 10 14 10 14 10 14 10 14 10 14 10 14

65 10 10 10 10 10 14 10 14 10 14 10 14 10 14 10 14 14 14 14 14
66 10 .10 10 10 10 14 10 14 10 14 10 14 14 14 14 14 14 14 14 14
67 10 10 10 10 10 14 10 14 14 14 14 14 14 14 14 14 14 14 14 14
68 10 10 10 14 10 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14

69 14 14 10 14 10 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14
70 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14 14
71 14 14 14 14 18 14 18 14 14 14 14 14 14 14 14 14 14 14 14 14
72 14 14 14 14 18 14 18 14 18 14 18 14 14 14 14 14 14 14 14 14

73 14 14 14 14 18 14 18 14 18 14 18 14 18 14 18 14 14 14 14 14
74 14 14 14 14 18 14 18 14 18 14 18 14 18 14 18 14 18 14 18 14
75 14 14 14 14 18 14 18 14 18 14 18 14 18 14 18 14 18 18 18 18
76 14 14 14 14 18 14 18 14 18 14 18 14 18 18 18 18 18 18 18 18

77 14 14 14 14 18 14 18 14 18 18 18 18 18 18 18 18 18 18 18 18
78 14 14 14 18 18 14 18 18 18 18 18 18 18 18 18 18 18 18 18 18
79 14 14 14 18 18 22 18 18 18 18 18 18 18 18 18 18 18 18 18 18
80 14 14 14 18 18 22 18 22 18 22 18 18 18 18 18 18 18 18 18 18

81 14 14 14 18 18 22 18 22 18 22 18 22 18 22 18 18 18 18 18 18
82 14 14 14 18 18 22 18 22 18 22 18 22 18 22 18 22 18 22 18 18
83 14 14 14 18 18 22 18 22 18 22 18 22 18 22 18 22 18 22 22 22

1 1 1 1 1 1 1 1

Gate Number
Gat a

Arrange
rn ent 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 ! 16 17 18 19 20

84 14 14 14 18 18 22 18 22 18 22 18 22 18 22 22 22 22 22 22 22
85 14 14 14 18 18 22 18 22 22 22 22 22 22 22 22 22 22 22 22 22
86 14 14 14 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22 22
87 14 14 14 22 26 22 26 22 26 22 22 22 22 22 22 22 22 22 22 22

88 14 14 14 22 26 22 26 22 26 22 26 22 26 22 26 22 22 22 22 22
89 14 14 14 22 26 22 26 22 26 22 26 22 26 22 26 22 26 22 26 26
90 14 14 14 22 26 22 26 22 26 22 26 22 26 26 26 26 26 26 26 26
91 14 14 14 22 26 22 26 26 26 26 26 26 26 26 26 26 26 26 26 26

92 14 14 14 26 26 30 26 26 26 26 26 26 26 26 26 26 26 26 26 26
93 14 14 14 26 26 30 26 30 26 30 26 30 26 26 26 26 26 26 26 26
94 14 14 14 26 26 30 26 30 26 30 26 30 26 30 26 30 26 30 26 30
95 14 14 14 26 26 30 26 30 26 30 26 30 30 30 30 30 30 30 30 30

96 14 14 14 30 26 30 30 30 30 30 30 30 30 30 30 30 30 30 30 30
97 14 14 14 30 34 30 34 30 34 30 30 30 30 30 30 30 30 30 30 30
98 14 14 14 30 34 30 34 30 34 30 34 30 34 30 34 30 34 30 34 30
99 14 14 14 30 34 30 34 30 34 30 34 34 34 34 34 34 34 34 34 34

100 14 14 14 34 34 UP 34 34 34 34 34 34 34 34 34 34 34 34 34 34
101 14 14 14 34 34 UP 34 UP 34 UP 34 UP 34 UP 34 34 34 34 34 34
102 14 14 14 34 34 UP 34 UP 34 UP 34 UP 34 UP 34 UP 34 UP UP UP
103 14 14 14 34 34 UP 34 UP 34 UP UP UP UP UP UP UP UP UP UP UP

104 14 14 14 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP
105 18 18 18 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP
106 22 22 22 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP
107 26 26 26 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP

108 30 30 30 UP UP UP UP U UP UP UP UP UP UP UP UP UP UP UP UP
109 34 34 34 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP
110 UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP UP

GATE OPENINGS

Figures in colurn ns under each gate nurn ber refer to gate opening indicator reading
dash (-)indicates closed gate



6 WATTS BAR DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

•.oo.• HEADWATER ELEVATION .01 732.0 732.1 732.2 732.3 732.4 732.5 732.6 732.7 732.8 732.9 733.0 733.1 733.2 733.3 733.4 733.5 733.6 733.7 733.8 733.9 734.0

1 720 720 730 730 730 730 730 740 740 740 740 740 740 750 750 750 750 750 760 760 760 1
2 2,020 2,030 2,030 2,040 2,040 2,050 2,050 2,060 2,070 2,070 2,080 2,080 2,090 2,090 2,100 2,100 2,110 2,110 2,120 2,120 2,130 2
3 3, 130 3,140 3, 150 3,160 3, 170 3,180 3,180 3, 190 3,200 3,210 3,220 3,230 3,230 3,240 3,250 3,260 3,270 3,280 3,280 3,290 3,300 3
4 4,430 4,440 4,450 4,460 4,480 4,490 4,500 4,510 4, 530 4, 540 4,550 4,560 4, 570 4, 590 4, 600 4, 610 4, 620 4, 630 4,640 4,660 4,670 4
5 5,460 5,480 5,490 5,510 5,520 5,540 5,550 5,570 5, 580 5, 590 5,610 5,620 5,640 5,650 5,670 5,680 5, 700 5, 710 5,730 5,740 5,750 5

6 6, 760 6,780 6,790 6,810 6,830 6,850 6,870 6, 890 6,910 6,920 6,940 6,960 6,980 7, 000 7,020 7,030 7, 050 7,070 7,090 7, 110 7,120 6
7 7, 790 7,810 7, 830 7,850 7, 880 7,900 7,920 7, 940 7,960 7,980 8,000 8,020 8,050 8, 070 8, 090 8,110 8,130 8,150 8, 170 8,190 8,210 7
8 9,090 9,110 9,140 9,160 9,190 9,210 9,240 9,260 9,290 9,310 9,340 9,360 9,390 9,410 9,430 9,460 9,480 9,510 9,530 9,560 9,580 8
9 10,020 10,050 10, 070 10,100 10,130 10, 160 10,180 10,210 10,240 10, 270 10,290 10,320 10,350 10,370 10,400 10,430 10, 460 10,480 10,510 10,540 10,560 9

10 11,320 11,350 11,390 11,420 11,450 11,480 11,510 11,540 11,570 11,600 11,630 11,670 11,700 11,730 11,760 11,790 11,820 11,850 11,880 11,910 11,940 10

11 12,310 12,350 12,380 12,420 12,450 12,480 12,520 12,550 12,580 12,620 12,650 12,680 12,720 12,750 12,780 12,820 12, 850 12,880 12,920 12,950 12,980 11
12 13, 630 13,670 13, 700 13,740 13,780 13, 820 13, 860 13, 890 13, 930 13,970 14,000 14, 040 14,080 14, 120 14, 150 14, 190 14, 220 14,260 14, 300 14,330 14,370 12
13 14, 450 14, 490 14, 530 14,570 14,610 14, 650 14, 690 14, 730 14, 770 14,810 14,850 14, 890 14,930 14, 970 15, 010 15, 040 15,080 15, 120 15, 160 15,200 15,240 13
14 15, 740 15, 790 15, 830 15, 880 15, 920 15,960 16,010 16, 050 16, 090 16,130 16,180 16, 220 16,260 16,310 16,350 16,390 16, 430 16,470 16,520 16, 560 16, 600 14
15 16, 640 16, 680 16, 730 16, 770 16, 820 16,860 16, 910 16, 960 17,000 17,050 17,090 17, 140 17,180 17,230 17,270 17,320 17, 360 17,400 17,450 17, 490 17, 540 15

16 17,940 17,990 18,040 18, 090 18,140 18,190 18, 240 18,290 18,340 18,390 18,440 18,480 18,530 18,580 18,630 18,680 18,730 18, 770 18,820 18,870 18, 920 16
17 18,770 18,820 18,870 18, 920 18,970 19,020 19, 080 19,130 19,180 19, 230 19, 280 19, 330 19,380 19,430 19,480 19,530 19, 580 19, 630 19,680 19, 730 19, 780 17
18 20, 060 20,110 20, 170 20, 220 20, 280 20, 330 20, 390 20,440 20, 500 20, 550 20, 610 20, 660 20, 720 20, 770 20, 830 20, 880 20, 930 20, 990 21,040 21, 090 21,150 18
19 20, 900 20, 950 21,010 21,070 21,130 21,180 21, 240 21,300 21,360 21,410 21,470 21,530 21,580 21,640 21,690 21,750 21,810 21,860 21,920 21,970 22,030 19
20 22, 150 22, 210 22, 280 22,340 22,400 22,460 22, 520 22, 580 22, 640 22,700 22,760 22, 820 22, 880 22,940 23,000 23, 060 23, 120 23, 180 23,240 23, 300 23, 350 20

21 22, 960 23, 030 23, 090 23,150 23, 220 23,280 23, 340 23,400 23,470 23, 530 23, 590 23,650 23, 720 23, 780 23, 840 23, 900 23, 960 24, 020 24,080 24,140 24, 210 21
22 24, 260 24, 330 24, 400 24,470 24, 530 24,600 24, 670 24, 730 24, 800 24, 860 24, 930 25, 000 25, 060 25,130 25,190 25, 260 25, 320 25, 390 25,450 25, 520 25, 580 22
23 25,110 25, 180 25, 250 25, 320 25, 390 25,460 25, 530 25,600 25, 660 25, 730 25, 800 25, 870 25, 940 26,000 26, 070 26, 140 26, 210 26,270 26, 340 26,410 26, 470 23
24 26, 420 26,490 26, 570 26, 640 26, 710 26, 790 26, 860 26, 930 27,000 27, 070 27,150 27, 220 27, 290 27, 360 27, 430 27, 500 27, 570 27,640 27, 710 27, 780 27, 850 24
25 27, 450 27, 530 27, 610 27, 680 27, 760 27, 830 27, 910 27, 980 28, 060 28,130 28, 210 28, 280 28, 360 28,430 28,500 28, 580 28, 650 28, 720 28, 800 28, 870 28, 940 25

26 28, 750 28, 830 28, 910 28, 990 29, 070 29, 150 29, 220 29, 300 29, 380 29, 460 29, 540 29,620 29, 690 29, 770 29, 850 29, 920 30,000 30, 080 30,150 30, 230 30, 310 26
27 29, 710 29, 790 29, 870 29, 950 30, 040 30, 120 30, 200 30,280 30, 360 30, 440 30, 520 30,600 30, 680 30, 760 30, 840 30, 920 31,000 31, 080 31,160 31,240 31, 320 27
28 31,030 31,110 31,200 31,290 31,370 31,460 31,540 31,630 31,710 31,800 31,880 31,960 32, 050 32, 130 32,210 32,300 32,380 32,460 32,550 32,630 32,710 28
29 31,840 31,930 32, 020 32,100 32, 190 32,280 32, 370 32, 450 32,540 32, 630 32,710 32, 800 32, 890 32, 970 33, 060 33,140 33, 230 33, 310 33,400 33, 480 33, 560 29
30 33,140 33, 230 33, 330 33,420 33, 510 33,600 33, 690 33, 780 33, 870 33, 960 34, 050 34,140 34, 230 34, 320 34,410 34, 500 34, 590 34,680 34, 760 34, 850 34, 940 30

31 33, 990 34, 090 34,180 34,280 34,370 34,460 34, 560 34,650 34,740 34, 830 34, 930 35, 020 35,110 35, 200 35, 290 35, 380 35, 470 35, 560 35, 650 35, 740 35, 830 31
32 35, 300 35, 400 35, 500 35,590 35, 690 35, 790 35, 890 35, 980 36, 080 36,170 36, 270 36, 370 36,460 36, 560 36, 650 36, 750. 36, 840 36, 930 37, 030 37,120 37, 210 32
33 36, 310 36, 410 36, 510 36,610 36, 710 36, 810 36,910 37, 010 37,110 37, 210 37, 300 37, 400 37, 500 37, 600 37, 700 37, 790 37, 890 37, 990 38, 080 38,180 38, 270 33
34 37, 580 37, 690 37, 790 37, 900 38, 000 38,100 38,210 38, 310 38,410 38, 510 38, 620 38, 720 38, 820 38, 920 39, 020 39, 120 39, 220 39, 320 39, 420 39, 520 39, 620 34
35 38,450 38, 550 38, 660 38, 770 38, 870 38,980 39,080 39, 190 39, 290 39,400 39, 500 39,600 39, 710 39, 810 39, 910 40, 020 40, 120 40, 220 40, 320 40,430 40, 530 35

36 39, 730 39, 840 39,950 40, 060 40, 170 40, 280 40, 390 40,500 40, 610 40, 720 40, 820 40,930 41, 040 41,140 41,250 41,360 41,460 41,570 41,680 41,780 41,890 36
37 40, 480 40,590 40,700 40,810 40,920 41,040 41,150 41,260 41,370 41,480 41,590 41,700 41,810 41,920 42,020 42, 130 42, 240 42,350 42,460 42, 560 42,670 37
38 41, 790 41,910 42, 020 42,140 42, 250 42,370 42, 480 42,600 42, 710 42, 830 42,940 43, 050 43, 160 43, 280 43, 390 43, 500 43, 610 43, 720 43, 830 43, 950 44, 060 38
39 42, 930 43, 050 43, 170 43, 290 43, 410 43, 520 43, 640 43, 760 43, 880 43, 990 44,110 44,220 44, 340 44,460 44, 570 44,690 44, 800 44, 910 45, 030 45, 140 45, 260 39
40 44, 240 44, 370 44,490 44,610 44, 730 44,860 44, 980 45,100 45, 220 45, 340 45,460 45, 580 45, 700 45, 820 45, 940 46,050 46, 170 46,290 46,410 46, 530 46,640 40

41 46, 230 46, 360 46,480 46, 610 46, 740 46, 870 47,000 47,120 47, 250 47, 380 47, 500 47, 630 47, 760 47, 880 48, 010 48,130 48, 260 48, 380 48, 500 48, 630 48, 750 41
42 48, 150 48, 290 48,420 48, 560 48, 690 48, 820 48, 960 49,090 49, 230 49, 360 49,490 49, 620 49, 750 49, 890 50, 020 50,150 50, 280 50,410 50, 540 50, 670 50, 800 42
43 50, 820 50, 970 51,110 51,250 51,400 51, 540 51,680 51,820 51,970 52, 110 52, 250 52, 390 52, 530 52, 670 52,810 52, 950 53, 090 53, 220 53, 360 53, 500 53, 640 43
44 52, 810 52, 970 53, 120 53, 270 53, 420 53, 560 53, 710 53, 860 54, 010 54,160 54, 300 54, 450 54, 600 54, 740 54, 890 55, 030 55, 180 55, 320 55,470 55, 610 55, 760 44
45 54,740 54, 890 55, 050 55, 210 55, 360 55, 520 55, 670 55, 830 55, 980 56,140 56, 290 56, 440 56, 590 56, 750 56, 900 57, 050 57, 200 57, 350 57, 500 57, 650 57, 800 45

46 56, 660 56, 830 56, 990 57,150 57, 310 57,470 57, 640 57, 800 57, 960 58,120 58, 270 58,430 58, 590 58, 750 58, 910 59, 060 59, 220 59, 380 59, 530 59, 690 59, 840 46
47 59, 330 59, 510 59, 680 59, 850 60, 020 60,190 60, 360 60, 530 60, 700 60, 870 61,030 61,200 61,370 61,530 61,700 61,870 62, 030 62, 200 62,360 62, 520 62, 690 47
48 61,250 61,430 61,610 61,790 61, 960 62,140 62, 310 62,490 62, 660 62, 840 63, 010 63, 190 63, 360 63, 530 63, 700 63, 870 64, 040 64,220 64, 390 64, 560 64, 720 48
49 63,160 63, 340 63, 520 63, 710 63, 890 64, 070 64, 250 64,440 64,620 64,800 64, 980 65,160 65, 330 65, 510 65, 690 65, 870 66, 040 66, 220 66, 400 66, 570 66, 750 49
50 65,140 65, 330 65, 520 65, 710 65, 900 66, 080 66, 270 66,460 66, 650 66, 830 67, 020 67, 200 67, 390 67, 570 67, 760 67, 940 68, 120 68, 310 68, 490 68, 670 68, 850 50

51 67, 060 67, 260 67,450 67, 650 67, 850 68, 040 68, 230 68,430 68, 620 68, 810 69,000 69, 200 69, 390 69, 580 69, 770 69, 960 70, 150 70, 330 70, 520 70, 710 70, 900 51
52 69, 040 69, 250 69,450 69,650 69, 850 70,050 70,250 70,450 70, 650 70,850 71,050 71,250 71,440 71,640 71,840 72,030 72,230 72,420 72,620 72,810 73,000 52
53 71,030 71,240 71,450 71,660 71,870 72,080 72,280 72,490 72,700 72,900 73,110 73,310 73, 510 73, 720 73, 920 74,120 74,320 74,520 74,720 74, 920 75, 120 53
54 73, 020 73, 240 73,450 73, 670 73, 880 74,100 74, 310 74,520 74, 730 74, 950 75, 160 75, 370 75, 580 75, 790 75, 990 76, 200 76,410 76, 620 76, 820 77, 030 77, 230 54
55 75, 010 75, 230 75,450 75, 680 75, 900 76,120 76, 340 76,560 76, 770 76, 990 77, 210 77,420 77, 640 77, 860 78, 070 78, 280 78, 500 78, 710 78, 920 79,140 79, 350 55
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WATTS BAR DAM 7

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

.•.• HEADWATER ELEVATION .
732.0 732.1 732.2 732.3 732.4 732.5 732.6 732.7 1 732.8 732.9 733.0 733.1 733.2 733.3 733.4 733.5 733.6 733.7 733.8 733.9 [ I M.0

56 76,940 77,170 77,400 77,620 77, 850 78, 080 78, 300 78,530 78, 750 78, 970 79,200 79, 420 79,640 79, 860 80,080 80, 300 80,520 80, 740 80,960 81,180 81,400 56
57 78, 860 79,100 79, 330 79, 560 79, 800 80, 030 80, 260 80, 490 80, 720 80, 950 81,180 81,410 81,640 81,870 82, 090 82, 320 82,540 82,770 82, 990 83, 220 83,440 57
58 80,810 81,060 81, 300 81,540 81,780 82, 010 82,250 82,490 82,730 82,960 83,200 83,430 83,670 83,900 84,130 84,360 84,600 84,830 85,060 85, 290 85,510 58
59 82, 740 82, 990 83, 240 83,480 83,730 83,970 84,220 84,460 84,700 84, 950 85,190 85,430 85,670 85, 910 86,150 86,380 86,620 86,860 87,090 87,330 87, 560 59
60 84, 730 84, 980 85, 230 85,490 85,740 85,990 86,240 86,490 86, 740 86, 990 87,230 87,480 87, 730 87, 970 88,220 88,460 88,700 88,950 89,190 89,430 89,670 60

61 88, 600 88, 870 89,140 89,410 89, 680 89, 950 90, 220 90,480 90, 750 91, 010 91,270 91,530 91,790 92, 050 92, 310 92, 570 92, 830 93, 080 93, 340 93, 600 93,850 61
62 92,510 92,800 93,090 93,380 93,660 93,950 94, 230 94,520 94,800 95, 070 95, 350 95,620 95, 900 96,170 96,450 96, 720 96, 990 97, 260 97, 530 97,800 98,070 62
63 96,390 96,700 97,010 97,310 97,620 97,920 98,220 98,520 98,810 99,100 99,390 99,680 99,970 100,300 100,500 100,800 101,100 101,400 101,700 102,000 102,300 63
64 100,300 100,700 101,000 101,300 101,600 101,900 102, 300 102,600 102,900 103,200 103,500 103,800 104,100 104,400 104,700 105,000 105,300 105,600 105,900 106,200 106,500 64
65 103,500 103,900 104,200 104,500 104,900 105,200 105, 500 105,800 106,200 106,500 106,800 107,100 107,400 107,700 108,100 108,400 108,700 109,000 109,300 109,600 109,900 65

66 107,400 107,800 108,100 108,500 108,800 109,200 109,500 109,800 110,200 110,500 110,800 111,200 111,500 111,800 112,200 112,500 112,800 113,100 113,400 113,800 114,100 66
67 110,600 111,000 111,300 111,700 112,100 112,400 112,800 113,100 113,500 113,800 114,100 114,500 114,800 115,200 115,500 115,800 116,200 116,500 116,900 117,200 117,500 67
68 114,500 114,900 115,300 115,700 116,100 116,400 116,800 117,200 117,500 117,900 118,200 118,600 118,900 119,300 119,700 120,000 120,400 120,700 121,100 121,400 121,700 68
69 118,400 118,800 119,200 119,600 120,000 120,400 120,700 121,100 121,500 121,900 122,200 122,600 123,000 123,300 123,700 124,100 124,400 124,800 125,200 125,500 125,900 69
70 122,300 122,700 123,100 123,500 123,900 124,300 124,700 125,100 125,500 125,900 126,300 126,700 127,100 127,400 127,800 128,200 128,600 129,000 129,300 129,700 130,100 70

71 126,800 127,300 127,700 128,200 128,600 129,000 129,400 129,900 130,300 130,700 131,100 131,500 131,900 132,300 132,700 133,100 133, 500 133,900 134,300 134, 700 135,100 71
72 131,400 131,900 132,400 132,800 133,300 133,700 134,200 134,600 135,000 135,500 135,900 136,300 136,800 137,200 137,600 138,000 138,500 138,900 139,300 139,700 140,100 72
73 136,000 136,500 137,000 137,400 137,900 138,400 138,800 139, 300 139, 800 140,200 140,700 141,100 141,600 142,000 142,500 142,900 143,400 143,800 144,300 144, 700 145, 200 73
74 140, 600 141,100 141,600 142,100 142,600 143, 100 143, 600 144,100 144, 500 145, 000 145, 500 146,000 146,400 146,900 147,400 147, 900 148, 300 148, 800 149, 300 149, 700 150, 200 74
75 145,100 145,600 146,100 146,700 147,200 147, 700 148, 200 148,700 149, 200 149, 700 150, 200 150,700 151,200 151,700 152,200 152,700 153,200 153, 700 154,200 154, 700 155,200 75

76 149,700 150,200 150,800 151,300 151,900 152,400 152,900 153,500 154,000 154,500 155,000 155,600 156,100 156,600 157,100 157,600 158,200 158,700 159,200 159,700 160,200 76
77 154, 300 154,900 155,400 156,000 156,600 157, 100 157,700 158,200 158, 800 159,300 159,900 160,400 161,000 161,500 162,100 162,600 163,100 163, 700 164,200 164, 700 165,300 77
78 158,900 159,500 160,100 160,700 161,300 161,900 162,400 163,000 163,600 164,200 164,700 165,300 165,900 166,400 167,000 167,600 168,100 168,700 169,200 169, 800 170,300 78
79 163,500 164,100 164,700 165,300 165,900 166,500 167,100 167,600 168,200 168,800 169,400 170,000 170,600 171,200 171,700 172,300 172,900 173,500 174,100 174, 600 175, 200 79
80 168,100 168,700 169,300 169,900 170,400 171,000 171,500 172,100 172,700 173,300 173,900 174,500 175,100 175,700 176,300 176,900 177,500 178,100 178,700 179,200 179,800 80

81 172,800 173,300 173,900 174,400 175,000 175,500 176,100 176,700 177,300 177,900 178,500 179,100 179,700 180,300 180,900 181,500 182,100 182,700 183,300 183,900 184,500 81
82 177,300 177,800 178,400 178,900 179,400 180,000 180,600 181,200 181,800 182,400 183,000 183,700 184,300 184,900 185,500 186,100 186,700 187,300 187,900 188,500 189,100 82
83 181,600 182,100 182,700 183,300 183,800 184,400 185,000 185,600 186,200 186,900 187,500 188,100 188,700 189,400 190,000 190,600 191,200 191,800 192,400 193,000 193,600 83
84 186,000 186,600 187,100 187,700 188,300 188,800 189,400 190,100 190,700 191,400 192,000 192,600 193,300 193,900 194,500 195,200 195,800 196,400 197,000 197,600 198,300 84
85 190,500 191,100 191,700 192,200 192,800 193,400 194,000 194,600 195,300 195,900 196,600 197,200 197,900 198,500 199,100 199,800 200,400 201,000 201,700 202,300 202,900 85

86 197,300 197,800 198,400 199,000 199,500 200, 100 200,700 201,400 202,000 202,700 203,400 204,000 204,700 205,400 206,000 206,700 207,300 207,900 208,600 209,200 209,900 86
87 201,500 202,300 203, 100 203,900 204,600 205,400 206,200 207, 100 208,000 208,900 209,700 210,600 211,500 212,300 213,200 214, 100 214,900 215,800 216,600 217,500 218,300 87
88 208,000 209,000 210,000 211,000 211,900 212, 900 214,000 215,000 216,100 217,200 218,300 219,400 220,400 221,500 222,600 223,700 224,800 225,800 226,900 228,000 229,100 88
89 212,700 213,900 215,100 216,200 217, 400 218, 600 219,800 221,100 222,400 223,700 225, 000 226,200 227,500 228,800 230,100 231,400 232,700 234,000 235,300 236,600 237, 800 89
90 216,800 218,200 219,600 221,000 222,400 223, 800 225, 200 226,700 228,200 229,700 231,100 232,600 234,100 235,600 237,100 238,600 240, 100 241,600 243, 100 244,600 246, 100 90

91 220, 300 222,000 223,600 225, 300 226,900 228, 500 230, 200 231,900 233,500 235, 200 236,900 238,600 240,300 242,000 243,700 245,400 247,100 248,800 250,600 252,300 254,000 91
92 223, 100 224, 800 226,600 228, 400 230, 200 232, 000 233, 800 235,600 237,400 239, 200 241,100 242,900 244,700 246,600 248,400 250,300 252, 100 254,000 255,800 257,700 259,600 92
93 223, 100 224, 800 226,600 228,400 230, 200 232, 000 233, 800 235,600 237,400 239,200 241,100 242,900 244,700 246,600 248,400 250,300 252, 100 254,000 255,800 257,700 259,600 93
94 223, 100 224, 800 226,600 228,400 230,200 232, 000 233, 800 235,600 237,400 239,200 241,100 242,900 244,700 246, 600 248,400 250,300 252, 100 254,000 255, 800 257,700 259,600 94
95 223, 100 224, 800 226,600 228,400 230,200 232, 000 233, 800 235,600 237,400 239,200 241, 100 242,900 244,700 246, 600 248,400 250,300 252, 100 254,000 255, 800 257,700 259,600 95

96 223, 100 224, 800 226,600 228,400 230,200 232, 000 233, 800 235,600 237,400 239,200 241,100 242, 900 244,700 246,600 248,400 250,300 252, 100 254,000 255,800 257,700 259,600 96
97 223, 100 224,800 226,600 228,400 230,200 232, 000 233, 800 235,600 237,400 239,200 241,100 242,900 244,700 246,600 248,400 250,300 252, 100 254,000 255,800 257, 700 259,600 97
98 223, 100 224, 800 226, 600 228,400 230, 200 232, 000 233, 800 235,600 237, 400 239, 200 241,100 242, 900 244,700 246,600 248,400 250, 300 252, 100 254, 000 255, 800 257, 700 259, 600 98
99 223, 100 224, 800 226,600 228,400 230, 200 232, 000 233, 800 235,600 237,400 239, 200 241,100 242, 900 244,700 246,600 248,400 250,300 252, 100 254,000 255,800 257,700 259,600 99

100 223, 100 224,800 226,600 228,400 230, 200 232, 000 233,800 235,600 237,400 239,200 241,100 242, 900 244,700 246,600 248,400 250,300 252, 100 254,000 255,800 257, 700 259,600 100

101 223, 100 224,800 226,600 228,400 230,200 232, 000 233, 800 235, 600 237, 400 239,200 241,100 242,900 244,700 246,600 248,400 250, 300 252, 100 254,000 255,800 257, 700 259,600 101
102 223,100 224,800 226, 600 228,400 230,200 232, 000 233, 800 235, 600 237, 400 239,200 241,100 242,900 244,700 246,600 248,400 250, 300 252, 100 254,000 255, 800 257, 700 259,600 102
103 223,100 224,800 226, 600 228,400 230,200 232, 000 233, 800 235,600 237, 400 239,200 241,100 242,900 244,700 246,600 248,400 250, 300 252, 100 254,000 255, 800 257,700 259,600 103
104 223,100 224,800 226,600 228,400 230,200 232,000 233, 800 235,600 237,400 239, 200 241,100 242,900 244, 700 246,600 248, 400 250, 300 252, 100 254,000 255, 800 257,700 259,600 104
105 229,800 231,600 233, 500 235,300 237,100 238, 900 240, 800 242,600 244,500 246, 300 248,200 250,000 251,900 253,800 255, 700 257, 500 259,400 261,300 263,200 265,100 267,000 105

106 236,400 238,200 240,000 241,800 243,700 245, 500 247,400 249,200 251,100 253,000 254,800 256, 700 258,600 260,500 262,400 264,300 266,200 268,100 270,000 271,900 273, 800 106
107 240,900 242,900 244,900 247,000 249,000 251,000 253, 100 255,100 257,200 259,300 261,400 263,400 265,500 267,600 269, 700 271, 800 273,900 276,100 278,200 280, 300 282, 500 107
108 240,900 242,900 244,900 247,000 249,000 251,000 253, 100 255,100 257,200 259,300 261,400 263,400 265,500 267,600 269, 700 271, 800 273,900 276,100 278,200 280, 300 282, 500 108
109 240,900 242,900 244,900 247,000 249,000 251,000 253, 100 255,100 257,200 259,300 261,400 263,400 265,500 267,600 269,700 271, 800 273, 900 276,100 278,200 280, 300 282, 500 109
110 240, 900 242, 900 244,900 247,000 249,000 251,000 253, 100 255,100 257,200 259,300 261,400 263,400 265,500 267,600 269, 700 271, 800 273, 900 276,100 278,200 280, 300 282, 500 110

NOVEMBER 2004 
HEADWATER 732 to 734

NOVEMBER 2004 HEADWATER 732 to 734



8 WATTS BAR DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

°• 7.HEADWATER ELEVATION
734.0 734.1 734.2 734.3 1 734.4 1 734.5 1 734.6 1 734.7 1 734.8 734.9 735.0 735.1 735.2 [ 735.3 [ 735.4 [ 735.5 [ 735.6 735.7 1 735.8 735.9 736.0

1 760 760 760 760 770 770 770 770 770 780 780 780 780 780 780 790 790 790 790 790 790 1
2 2,130 2,140 2,140 2,150 2,150 2,160 2,160 2,170 2,170 2,180 2,180 2,190 2,190 2,200 2,200 2,210 2,210 2,220 2,220 2,230 2,230 2
3 3,300 3, 310 3, 320 3,320 3,330 3,340 3, 350 3,360 3, 360 3, 370 3,380 3, 390 3,400 3,400 3,410 3,420 3,430 3,440 3,440 3,450 3,460 3
4 4 670 4, 680 4, 690 4, 700 4,710 4, 730 4, 740 4,750 4, 760 4, 770 4, 780 4, 790 4, 810 4,820 4,830 4,840 4,850 4, 860 4, 870 4, 890 4,900 4
5 5,750 5,770 5,780 5,800 5,810 5,830 5,840 5,850 5, 870 5,880 5,900 5, 910 5,920 5,940 5,950 5,970 5,980 5,990 6,010 6,020 6,030 5

6 7,120 7,140 7,160 7,180 7,200 7,210 7,230 7,250 7,270 7,280 7,300 7,320 7,340 7,350 7,370 7,390 7,400 7,420 7,440 7,460 7,470 6
7 8,210 8,230 8,250 8,270 8,290 8,310 8,330 8,350 8,370 8,390 8,410 8,430 8,450 8,470 8,490 8,510 8,530 8,550 8,570 8,590 8,610 7
8 9,580 9,600 9,630 9,650 9,680 9,700 9,720 9,750 9,770 9,790 9,820 9,840 9,870 9,890 9,910 9,930 9,960 9, 980 10, 000 10, 030 10, 050 8
9 10560 10,590 10,610 10,640 10,670 10,690 10720 10,740 10,770 10,800 10,820 10,850 10,870 10,900 10,930 10,950 10,980 11,000 11,030 11,050 11,080 9
0 11,940 11,970 12,000 12,030 12,060 12,090 12,120 12,150 12,180 12,210 12,230 12,260 12,290 12,320 12,350 12,380 12,410 12,440 12,470 12,490 12,520 10

11 12,980 13,010 13,050 13,080 13,110 13,140 13,170 13,210 13,240 13,270 13,300 13,330 13,360 13,400 13,430 13,460 13,490 13,520 13,550 13,580 13,620 11
12 14, 370 14,410 14,440 14,480 14,510 14,550 14,580 14,620 14,:660 14,690 14,730 14,760 14,800 14,830 14,870 14,900 14,940 14,970 15,010 15,040 15,070 12
13 15,240 15,270 15,310 15,350 15,390 15,430 15,460 15,500 15,540 15,580 15,610 15,650 15,690 15,720 15,760 15,800 15,840 15,870 15,910 15,940 15,980 13
14 16, 600 16,640 16,680 16,720 16,770 16,810 16,:850 16,890 16, 930 16, 970 17, 010 17,:050 17,090 17,130 17,170 17,210 17,250 17,290 17,330 17,:370 17,410 14
15 17,540 17,580 17,620 17,670 17,710 17,750 17,800 17,840 17,880 17,930 17,970 18,010 18,060 18,100 18,140 18,180 18,230 18,270 18,310 18,350 18,390 15

16 18,920 18,960 19,010 19,060 19, 110 19,150 19,200 19,250 19,290 19,340 19, 390 19,430 19,480 19,520 19,570 19,620 19,660 19,710 19,750 19,800 19,840 16
17 19,780 19,830 19, 880 19,930 19,980 20,030 20,080 20,130 20,170 20,220 20,270 20, 320 20,370 20,420 20,460 20,510 20,560 20,610 20, 650 20, 700 20,750 17
18 21,150 21,200 21,250 21,300 21,360 21,410 21,460 21,510 21,570 21,620 21,670 21,720 21,770 21,820 21,880 21,930 21,980 22,030 22,080 22,130 22,180 18
19 22,030 22, 080 22,140 22,190 22, 250 22, 300 22, 360 22,410 22,460 22,520 22, 570 22, 630 22, 680 22, 730 22, 790 22,840 22,890 22, 950 23,000 23, 050 23,100 19
20 23,350 23,410 23,470 23,530 23,590 23,650 23,700 23,760 23,820 23,880 23,930 23,990 24,050 24,100 24,160 24,220 24,270 24,330 24,390 24,440 24,500 20

21 24,210 24,270 24,330 24,390 24,450 24,510 24,570 24,630 24,690 24,740 24,800 24,860 24,920 24,980 25,040 25,100 25,160 25,210 25,270 25,330 25,390 21
22 25,580 25,640 25,710 25,770 25, 830 25,900 25,960 26,020 26,090 26,150 26, 210 26, 280 26,340 26,400 26,460 26,520 26, 590 26,650 26,710 26,770 26,830 22
23 26, 470 26,540 26,600 26, 670 26,740 26,800 26,870 26,930 27,000 27,060 27,130 27,190 27,250 27,320 27,380 27,450 27,510 27,570 27, 640 27,700 27,760 23
24 27,850 27,920 27,990 28,060 28,130 28,200 28,270 28,340 28,400 28,470 28, 540 28,610 28,680 28, 750 28, 810 28,880 28,950 29,010 29,080 29,150 29, 210 24
25 28, 940 29,010 29,090 29,160 29,230 29,300 29,370 29,440 29,510 29,590 29,660 29,730 29,800 29,870 29,940 30,010 30,080 30,150 30,220 30,290 30,350 25

26 30,310 30,380 30,460 30,530 30,610 30,680 30,760 30,830 30,910 30,980 31,060 31,130 31, 200 31,280 31,350 31, 420 31,500 31,570 31,640 31,720 31,790 26
27 31,320 31,390 31,470 31,550 31,630 31,710 31, 780 31,860 31,940 32, 010 32, 090 32,170 32, 240 32, 320 32,390 32,470 32, 550 32,620 32,700 32, 770 32,850 27
28 32, 710 32, 790 32, 870 32,960 33,040 33,120 33, 200 33,280 33, 360 33,440 33, 520 33, 600 33, 680 33, 760 33,840 33, 920 34,000 34,080 34,150 34, 230 34,310 28
29 33, 560 33, 650 33,730 33,820 33,900 33,980 34 060 34,150 34,230 34,310 34,390 34,480 34,560 34,640 34,720 34,800 34,880 34,960 35,040 35,120 35,200 29
30 34,940 35, 030 35,110 35, 200 35, 290 35, 370 35,460 35,550 35,630 35,720 35, 800 35, 890 35, 970 36, 060 36,140 36, 230 36, 310 36,400 36,480 36,560 36,650 30

31 35, 830 35, 920 36, 010 36,100 36,190 36,280 36, 370 36,460 36,540 36, 630 36, 720 36, 810 36, 890 36, 980 37,070 37,150 37,240 37, 330 37,410 37, 500 37,580 31
32 37,210 37,310 37,400 37,490 37,590 37,680 37,770 37,860 37,950 38,040 38,140 38,230 38,320 38,410 38,500 38,590 38,680 38,770 38,860 38, 950 39,030 32
33 38, 270 38, 370 38,470 38, 560 38, 660 38, 750 38,840 38,940 39, 030 39,130 39,220 39, 310 39, 410 39, 500 39,590 39,690 39, 780 39, 870 39,960 40,050 40,140 33
34 39,620 39,720 39,820 39,920 40,020 40,110 40,210 40,310 40,410 40,510 40,600 40,700 40,800 40,890 40,990 41,080 41,180 41,270 41,370 41, 460 41,560 34
35 40,530 40,630 40,730 40,830 40,930 41,030 41,130 41,230 41,330 41,430 41,530 41,630 41,730 41,830 41,920 42,020 42,120 42,220 42,310 42,410 42,510 35

36 41,890 41,990 42,100 42, 200 42, 300 42,410 42,510 42,610 42,720 42,820 42,920 43,020 43,130 43,230 43,330 43,430 43,530 43,630 43,730 43, 830 43,930 36
37 42, 670 42,780 42,880 42,990 43,090 43,200 43,310 43,410 43,520 43,620 43,720 43, 830 43,930 44,040 44,140 44,240 44,350 44,450 44,550 44,650 44,750 37
38 44,060 44, 170 44,280 44,390 44, 500 44,600 44, 710 44,820 44,930 45,040 45,150 45,250 45,360 45,470 45,570 45,680 45,790 45, 890 46,000 46,100 46,210 38
39 45,260 45,370 45,480 45,590 45, 710 45,820 45,930 46,040 46,150 46,260 46,370 46,480 46,590 46, 700 46,810 46,920 47,030 47,140 47,250 47, 360 47,470 39
40 46,640 46,760 46,880 46,990 47, 110 47,220 47,340 47,450 47,570 47,680 47,800 47,910 48,020 48,140 48,250 48,360 48,480 48,590 48,700 48, 810 48,920 40

41 48,750 48,870 49,000 49,120 49,240 49,360 49,480 49,600 49,720 49,850 49,970 50,090 50,200 50,320 50,440 50,560 50,680 50,800 50,920 51,030 51,150 41
42 50,800 50,920 51,050 51,180 51,310 51,440 51, 560 51,690 51,820 51,940 52,070 52,190 52,320 52,440 52,570 52,690 52, 820 52,940 53,060 53,190 53,310 42
43 53,640 53, 770 53, 910 54,050 54,180 54,320 54,450 54,590 54, 720 54, 860 54, 990 55,120 55, 260 55,390 55,520 55, 660 55,790 55,920 56,050 56, 180 56, 310 43
44 55,760 55,900 56, 040 56,180 56,320 56,470 56,610 56,750 56,890 57,030 57, 170 57,310 57,450 57, 590 57,720 57,860 58,000 58,140 58,270 58, 410 58, 550 44
45 57, 800 57, 950 58,100 58,250 58, 390 58,540 58, 690 58,830 58, 980 59,130 59, 270 59, 420 59, 560 59, 710 59, 850 59, 990 60, 140 60,280 60,420 60, 570 60, 710 45

46 59,840 60, 000 60, 150 60, 310 60, 460 60,610 60, 770 60, 920 61,070 61,220 61,370 61,520 61,670 61,820 61,970 62,120 62, 270 62,420 62, 570 62, 720 62,870 46
47 62,690 62,850 63,010 63,170 63,340 63,500 63,660 63,820 63,980 64,140 64,300 64,460 64,610 64,770 64,930 65,090 65, 240 65,400 65,560 65, 710 65,870 47
48 64,720 64,890 65,060 65,230 65,400 65,560 65,730 65,900 66,060 66,230 66,390 66,560 66,720 66,880 67,050 67,210 67,370 67,530 67,700 67,860 68,020 48
49 66,750 66,920 67,090 67,270 67,440 67,610 67,790 67,960 68,130 68,300 68,470 68,640 68,810 68,980 69,150 69,320 69,490 69,650 69, 820 69,990 70,150 49
50 68, 850 69, 030 69, 210 69, 390 69, 570 69, 750 69, 930 70,100 70,280 70,460 70,640 70, 810 70, 990 71,160 71,340 71,510 71,680 71,860 72,030 72, 200 72,380 50

51 70,900 71,080 71,270 71,450 71,640 71,820 72, 010 72,190 72, 370 72, 560 72,740 72,920 73,100 73,280 73,460 73,640 73, 820 74,000 74,180 74, 360 74, 530 51
52 73,000 73, 190 73,390 73, 580 73, 770 73, 960 74,150 74,340 74, 530 74, 720 74, 900 75, 090 75, 280 75,460 75, 650 75,840 76, 020 76,210 76,390 76,570 76, 760 52
53 75,120 75, 320 75, 520 75, 710 75, 910 76,110 76, 300 76,500 76,690 76, 890 77, 080 77,270 77, 470 77, 660 77,850 78,040 78, 230 78,430 78,620 78, 800 78, 990 53
54 77, 230 77, 440 77,640 77, 850 78, 050 78, 250 78, 450 78,650 78, 850 79, 060 79, 260 79, 450 79, 650 79, 850 80, 050 80, 250 80,440 80,640 80,840 81,030 81,230 54
55 79,350 79,560 79,770 79,980 80,190 80,390 80, 600 80,810 81,020 81,220 81,430 81,630 81, 840 82,040 82,250 82,450 82,650 82,860 83,060 83,260 83,460 55

HEADWATER 734 to 736 NOVEMBER 2004



WATTS BAR DAM 9

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
735.3 735.4 1 7 735.7 1 735.8 .15.9 736.0

734.0 1 734.1 1 734.2 1 734.3 734.4 1 734.5 1 734.6 1 73 35.5 1 735.6 74.7 1 734.8 1 734.9 1 735.0 735.1 1 735.256 81,400 81,610 81,830 82,040 82,260 82,470 82,690 82,900 83, 110 83,320 83,530 83,750 83,960 84,170 84,380 84 580 84,790 85,000 85,210 85,410 85,620 56
57 83,440 83,660 83 880 84,110 84,330 84,550 84,770 84,980 85,200 85,420 85,640 85,850 86,070 86,290 86,500 86: 720 86,930 87,140 87,360 87,570 87,780 57
58 85,510 85,740 85: 970 86,200 86,420 86,650 86,880 87,100 87,320 87,550 87,770 87,990 88,220 88 440 88,660 88,880 89,100 89,320 89,530 89,750 89,970 58
59 87,560 87,800 88 030 88,260 88,500 88,730 88,960 89,190 89,420 89 650 89,880 90,100 90 330 90: 560 90 790 91 010 91 240 91,460 91,690 91 910 92,130 59
60 89,670 89,910 90: 150 90,390 90,630 90,870 91, 100 91,340 91,580 91: 810 92,050 92,280 92: 510 92 , 750 92: 980 93: 2 1 0 93: 440 93,670 93,900 94: 130 94,360 60

61 93,850 94, 100 94,360 94,610 94 860 95,110 95,370 95,620 95,860 96,110 96,360 96,610 96,860 97 100 97 350 197,590 97,840 98 080 98,320 98,570 198,810 61
62 98,070 98,340 98,610 98,870 99:140 99,400 99 670 99,930 100,200 100 500 100,700 101,000 101,200 101: 500 01: 800 1 02,000 102,300 102: 500 102 800 103,000 03,300 62102,800 103, 100 103,400 103 103 900 1 106, 100 06,400 106,700 106,900 107 200 1 1 07,700 633 1 02,300 102,500 1 700 104,200 104,500 104 800 05,000 105,300 105,600 105,900 1 107,500
64 06,500 106,800 107,100 107,400 107 700 08: 000 108,300 108,600 108,800 109, 100 109,400 1 09,700 1 10 000 1,10 300 110,600 110,800 111,100 111,400 1111 700 12 000 112,300 64
65 109,900 110,200 110,500 110,800 111: 100 111,400 111,700 112,000 112,300 112,600 1 12,900 113,200 113: 500 1 3: 800 114,100 114,400 114,700 115,000 1 5 300 1 1 5: 600 115,900 65

66 114, 100 114,400 114,700 115, 100 115,400 115,700 116,000 116,300 116,600 116,900 117,300 117,600 117,900 118,200 118,500 118,800 119,100 119,400 119,700 120,000 120,300 66
67 117,500 117,800 118,200 118,500 1 18,800 119,200 119,500 119,800 120, 100 120,500 120,800 121,100 121,400 121,800 122 100 122,400 122,700 123,000 123,400 123,700 124,000 67
68 1 21,700 122, 100 122 400 122,800 123, 100 123,500 123,800 124,100 124,500 124 800 125 200 125,500 125,800 126,200 126: 500 126,800 127,200 127 500 127,800 128,200 128 500 68
69 125,900 126,200 126: 600 127,000 127,300 127,700 128,000 128,400 128,700 1 29: 100 1 29: 400 1 29 800 1 30,100 130,500 130 800 131,200 131,500 1 31: 800 132,200 132,500 1 32: 900 69
70 130, 100 130,500 130,800 131,200 131,600 131,900 132,300 132,700 133,000 133,400 133 , 800 134: 100 134,500 134,900 135: 200 135,600 135,900 136,300 136,600 137,000 137,300 70

71 135, 100 135,500 135,900 136,300 136,700 137,100 137,500 137,900 138,200 138,600 139,000 139,400 139,800 140 200 140,500 140,900 141 300 141,700 142,100 142,400 142,800 71
72 140, 100 140,600 141,000 141,400 1 41,800 142,200 142 600 143 000 143 500 143 900 144,300 144,700 145 100 1 45: 500 1 45 900 146,300 146: 700 147,100 147,500 147 900 148,300 72
73 145,200 145,600 146,000 146,500 146,900 147,300 147: 800 1 48: 200 1 48: 600 1 49: 100 1 49,500 149,900 150: 400 150 , 800 151: 200 151,600 152,100 1 52,500 152,900 153: 300 153,700 73
74 150,200 150,700 151,100 151,600 152,000 152,500 152 900 153 400 153 900 154,300 154,800 155 200 155 700 156 100 156,600 157,000 157,400 157,900 158 300 158,800 159,200 74
75 155,200 155,600 1 56, 100 156,600 157,100 157,600 158: 000 1 58: 500 1 59: 000 1 59,500 160,000 160: 400 1 60: 900 1 61: 400 1 61,800 162,300 162,800 163,200 163: 700 164,200 164,600 75

76 160,200 160,700 161,200 161,700 162,200 162,700 163,200 163,700 164,200 164,700 165,200 165,700 166,200 166,700 167,200 167,700 168 200 168,600 169, 100 169,600 170, 100 76
77 165,300 165,800 166,300 166,900 167,400 167.900 168,400 169,000 169,500 170 000 170 500 171 000 171,500 172, 100 172,600 173, 100 173: 600 174, 100 174,600 175,100 175 600 77
78 1 70,300 170,900 171,500 1 72,000 172 600 173,100 173,600 174,200 174,700 175: 300 1 75: 800 1 76: 400 176,900 177,400 1 78,000 178,500 179,000 179,600 180,100 180 600 181: 100 78
79 175,200 175,800 176 300 176 900 1 77: 500 178,000 178 600 179 100 179 700 180,300 180,800 181,400 1 81,900 182 500 183 000 1 83,600 184, 100 184,700 185,200 185: 800 186,300 79
80 1 79,800 180,400 181: 000 1 81: 500 182, 100 182,700 183: 200 1 83: 800 1 84: 400 184,900 185,500 1 86, 100 186,600 187: 200 1 87: 700 188,300 188,800 1 89,400 190,000 190 , 500 191,100 80

81 184,500 185,100 185,700 186,200 186,800 187,400 188 000 188 500 189 100 189,700 190,300 190,800 191,400 191,900 192,500 193, 100 193 600 194,200 194,800 195,400 196,000 81
82 189, 100 189,700 1 90,300 190,900 191,500 192,000 192: 600 1 93: 200 1 93: 800 1 94,400 194,900 195,500 196 100 196,700 1 97,200 197,800 198: 400 199 000 199,600 200,200 200,900 82
83 193,600 194,200 194,800 195,400 196,000 196,600 197,200 197,800 198,400 198,900 199,500 200, 100 200: 700 201,300 201,900 202,500 203, 100 203: 800 204,400 205,000 205,700 83
84 198,300 198,900 199,500 200,100 200 700 201,300 201,900 202,500 203,000 203,600 204,200 204,800 205,500 206 100 206,700 207,300 207 900 208,600 209,200 209 900 210,600 84
85 202,900 203,500 204, 100 204,800 205: 400 206,000 206,600 207,200 207,800 208,400 209,000 209,600 210,200 210: 900 211,500 212, 100 212: 800 213,400 214,100 214: 800 215,500 85

86 209,900 210,500 211, 100 211,700 212,400 213,000 213,600 214,200 214,800 215,400 216,000 216,700 217,300 218,000 218,600 219,300 220,000 220,700 221,400 222, 100 222,800 86
87 218,300 219, 100 219,700 220,400 221,000 221,700 222,300 222,900 223,500 224, 100 224,600 225,200 225,800 226,300 226,900 227,500 228 100 228,700 229,400 230,000 230,600 87
88 229, 100 230 000 230,800 231,500 232,200 232,900 233,500 234, 100 234,600 235,100 235,500 236,000 236,600 237,100 237,600 238, 100 238: 600 239,200 239,800 240,300 240,900 88
89 237,800 238: 800 239,500 240,200 240,800 241,400 242,000 242,500 242,900 243,300 243,700 244, 100 244,500 245,000 245,400 245,900 246,300 246,800 247 300 247,800 248,300 89
90 246,100 247,300 248, 100 248,900 249,600 250,400 251,000 251,500 251,800 252, 100 252,400 252,800 253,200 253,500 253,900 254,300 254,600 255,000 255: 500 255,900 256,300 90

91 254,000 255,400 256,400 257,400 258 400 259,300 260,200 260,800 261, 100 261,400 261,600 261,900 262, 100 262 400 262,700 263,000 263 300 263,600 264,000 264,300 264,700 91
92 259,600 261,000 262, 100 263,200 264: 200 265,200 266,100 266,700 267, 100 267 400 267,700 268,000 268,300 268: 700 269,000 269,400 269: 700 270 100 270,500 270,900 271,300 92
93 259,600 261,000 262, 100 263,200 264 , 200 265,200 266, 100 266,800 267,500 268: 100 268,600 269,300 269,900 270,600 271,300 271,900 272 , 600 273: 300 274,000 274,700 275,400 93
94 259,600 261,000 262 200 263,400 264,500 265,600 266,700 267,700 268,700 269,600 270,500 271 400 272,400 273,300 274,300 275,300 276 300 277,200 278,200 279,200 280,200 94
95 259,600 261,200 262: 700 264,200 265,700 267,200 268,700 270,200 271,500 272,900 274,200 275: 500 276,900 278,200 279,600 280,900 282: 300 283,700 285,100 286,400 287,800 95

96 259,600 261,400 263,200 265,000 266,800 268,600 270,500 272,300 274, 100 275,800 277,500 279,300 281,000 282,800 284 500 286,300 288,000 289,800 291,600 293,400 295,200 96
97 259,600 261,400 263,200 265,000 266 800 268,600 270,500 272,300 274, 100 275,900 277,800 279,600 281,400 283,300 285: 200 287,000 288 900 290,800 292,700 294,500 296,400 97
98 259,600 261,400 263,200 265,000 266: 800 268,600 270,500 272,300 274, 100 275,900 277 800 279,600 281,400 283,300 285,200 287 000 288: 900 290,800 292,700 294,500 296,400 98
99 259,600 261,500 263 400 265,300 267,200 269 00 271 000 272,900 274,800 276,700 278: 700 280,600 282,500 284 500 286,400 288: 400 290,400 292,300 294,300 296,300 298 300 99

100 259,600 261,500 263: 400 265,300 267,200 269: 1100 27, 000 272,900 274,800 276,700 278,700 280,600 282,500 284: 500 286,400 288,400 290,400 292,300 294,300 296,300 298: 300 100

1 01 259,600 261,500 263 400 265 300 267,200 269, 100 271 000 272,900 274,800 276,700 278,700 280 600 282,500 284,500 286,400 288,400 290 400 292 300 294 300 296,300 298,300 101
102 259,600 261,500 263: 400 265: 300 267,200 269, 100 27, 000 272,900 274,800 276,700 278,700 280: 600 282,500 284,500 286 400 288,400 290: 400 292: 300 294: 300 296 300 298,300 102
103 259,600 261,500 263,400 265,300 267,200 269, 100 271,000 272,900 274,800 276,700 278,700 280 , 600 282,500 284,500 286: 400 288,400 290,400 292,300 294,300 296: 300 298,300 103

1 04 259 600 261,500 263,400 265,300 267,200 269, 100 271,000 272,900 274,800 276,700 278,700 280,600 282,500 284,500 286,400 288,400 290 400 292 300 294,300 296,300 298,300 104
105 267: 000 269,000 270,900 272,800 274,700 276,700 278,600 280,600 282,500 284,500 286,400 288,400 290,400 292,400 294,300 296,300 298: 300 300: 300 302,300 304,400 306,400 105

106 273,800 275,800 277,700 279,600 281,600 283,500 285,500 287,400 289,400 291,400 293,300 295,300 297 300 299,300 301,400 303,400 305,400 307,400 309,500 311,500 313,600 106

1 07 282,500 284,500 286 500 288,400 290,300 292,100 294,000 295,900 297,800 299,700 301,600 303,500 305: 400 307,300 309,300 311 200 313,200 315,200 317,100 319,100 321, 100 107
108 282,500 284,600 286: 800 288,900 291: 100 293,300 295,400 297,600 299,800 302,000 304,200 306,400 308 600 310,900 313, 100 3115: 300 317,600 319,800 322,100 324,400 326,600 108
1 09 282,500 284,600 286,800 288,900 29, 100 293 300 295,400 297,600 299,800 302,000 304,200 306,400 308: 600 310,900 313, 100 3 5 300 317 600 319,800 322,100 324,400 326,600 109
1 10 1 282,500 ý 284, 600 286,800 288,900 291', 00 293: 300 295,400 297,600 299, 800 ý 302, 000 304,200 306,400 308,600 310,900 313,100 315: 300 31 7: 600 ý 319, 800 322,100 324,400 326,600 110
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10 WATTS BAR DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

___ ____ __HEADWATER ELEVATION __ __

1 736.0 1 736.1 736.2 736.3 736.4 736.5 736.6 736.7 1 736.8 736.9 737.0 [ 737.1 737.2 737.3 737.4 737.5 737.6 1 737.7 737.8 737.9 738.0

1 790 800 800 800 800 800 810 810 810 810 810 810 820 820 820 820 820 820 830 830 830 1
2 2,230 2,240 2,240 2,250 2,250 2,260 2,260 2,270 2,270 2,280 2,280 2,290 2,290 2,300 2,300 2,310 2,310 2,320 2,320 2,330 2,330 2
3 3,460 3,470 3,470 3,480 3,490 3,500 3, 510 3,510 3, 520 3, 530 3,540 3,540 3, 550 3,560 3,570 3,570 3,580 3, 590 3,600 3,600 3,610 3
4 4,900 4,910 4,920 4,930 4,940 4,950 4,960 4,970 4,980 5,000 5,010 5,020 5,030 5,040 5,050 5,060 5,070 5,080 5,090 5,100 5,110 4
5 6,030 6,050 6,060 6,080 6,090 6,100 6,120 6,130 6,140 6,160 6,170 6,180 6,200 6,210 6,220 6,240 6,250 6,260 6,280 6,290 6,300 5

6 7, 470 7,490 7,510 7,520 7,540 7, 560 7,570 7,590 7, 610 7, 630 7,640 7,660 7,680 7,690 7,710 7,720 7,740 7,760 7, 770 7,790 7,810 6
7 8, 610 8, 630 8,650 8,670 8, 690 8, 710 8, 730 8,750 8, 770 8, 790 8, 800 8,820 8,840 8,860 8,880 8,900 8,920 8,940 8,960 8,980 8,990 7
8 10, 050 10, 070 10,100 10,120 10,140 10, 160 10, 190 10,210 10,230 10,250 10,280 10,300 10,320 10,340 10,370 10,390 10,410 10,430 10,460 10,480 10,500 8
9 11,080 11,100 11,130 11,150 11,180 11,200 11,230 11,250 11,280 11,300 11,330 11,350 11,380 11,400 11,420 11,450 11,470 11,500 11,520 11,550 11,570 9
10 12,520 12,550 12,580 12,610 12,640 12,670 12,690 12,720 12,750 12,780 12,810 12,830 12, 860 12,890 12,920 12,950 12,970 13,000 13, 030 13, 060 13,080 10

11 13,620 13,650 13,680 13,710 13,740 13,770 13,800 13,830 13,860 13,890 13,920 13,950 13,980 14,010 14,040 14,070 14,100 14,130 14,160 14,190 14,220 11
12 15,070 15,110 15,140 15,180 15,210 15,250 15,280 15,310 15,350 15,380 15,410 15,450 15,480 15,520 15,550 15,580 15,620 15,650 15,680 15,710 15,750 12
13 15,980 16,020 16,050 16,090 16,130 16,160 16,200 16,230 16,270 16,310 16,340 16,380 16,410 16,450 16,480 16,520 16,550 16,590 16,620 16,660 16,690 13
14 17, 410 17,450 17,490 17,530 17, 570 17, 610 17, 650 17,690 17,730 17,770 17,810 17,840 17,880 17,920 17,960 18,000 18,040 18,080 18,110 18,150 18,190 14
15 18,390 18,440 18,480 18,520 18,560 18,600 18,640 18,680 18,730 18,770 18,810 18,850 18,890 18,930 18,970 19,010 19,050 19,090 19,130 19,170 19,210 15

16 19, 840 19, 890 19, 930 19,980 20, 020 20, 070 20,110 20,160 20, 200 20, 250 20, 290 20, 330 20,380 20,420 20,470 20, 510 20,550 20,600 20,640 20, 680 20, 730 16
17 20, 750 20, 800 20,840 20,890 20,940 20,980 21,030 21,080 21,120 21,170 21,220 21,260 21,310 21,350 21,400 21,450 21,490 21,540 21,580 21,630 21,670 17
18 22,180 22,230 22,280 22,330 22,380 22,430 22,480 22,530 22,580 22,630 22,680 22,730 22,780 22, 830 22, 880 22, 930 22,980 23,020 23, 070 23,120 23,170 18
19 23,100 23, 160 23,210 23,260 23, 310 23,370 23,420 23,470 23,520 23, 570 23, 620 23, 680 23,730 23,780 23,830 23,880 23,930 23,980 24,030 24,080 24,130 19
20 24, 500 24, 550 24,610 24,660 24, 720 24, 770 24,830 24,880 24, 940 24, 990 25, 050 25, 100 25,160 25,210 25,270 25, 320 25,370 25,430 25,480 25,540 25, 590 20

21 25,390 25,450 25,500 25,560 25,620 25,680 25,730 25,790 25,850 25,900 25,960 26,020 26,070 26,130 26,180 26,240 26,300 26,350 26,410 26,460 26,520 21
22 26,830 26,890 26, 950 27,010 27, 070 27,130 27,200 27,260 27,320 27, 380 27, 440 27,490 27,550 27,610 27,670 27,730 27,790 27,850 27,910 27,970 28,030 22
23 27,760 27,830 27, 890 27,950 28, 020 28,080 28,140 28,200 28,270 28, 330 28, 390 28,450 28,510 28,570 28,640 28,700 28,760 28,820 28,880 28,940 29,000 23
24 29,210 29, 280 29, 350 29,410 29,480 29, 550 29, 610 29,680 29, 740 29, 810 29,870 29,940 30, 000 30, 070 30,130 30,200 30, 260 30,320 30,390 30,450 30, 520 24
25 30, 350 30, 420 30, 490 30, 560 30, 630 30, 700 30, 770 30, 830 30, 900 30, 970 31,040 31, 100 31,170 31,240 31,310 31, 370 31,440 31,510 31,570 31,640 31, 710 25

26 31,790 31,860 31,930 32,010 32,080 32,150 32,220 32, 290 32,360 32,430 32,500 32,580 32,650 32,720 32,790 32,860 32,930 33,000 33, 070 33,140 33,210 26
27 32 850 32,920 32,990 33,070 33,140 33,220 33,290 33, 360 33,440 33,510 33,580 33,660 33,730 33,800 33,880 33, 950 34,020 34,090 34,160 34,240 34,310 27
28 34, 310 34, 390 34, 470 34, 540 34, 620 34, 700 34, 780 34, 850 34, 930 35, 010 35, 080 35, 160 35, 240 35, 310 35, 390 35, 460 35,540 35,610 35, 690 35, 760 35, 840 28
29 35,200 35, 280 35, 360 35,440 35, 520 35, 600 35, 680 35,760 35,840 35, 920 36,000 36, 080 36,150 36,230 36, 310 36, 390 36,460 36,540 36, 620 36, 700 36,770 29
30 36, 650 36, 730 36, 810 36,900 36, 980 37, 060 37, 150 37, 230 37, 310 37, 390 37,470 37, 550 37,640 37, 720 37, 800 37, 880 37, 960 38, 040 38, 120 38, 200 38,280 30

31 37,580 37,670 37,760 37,840 37,930 38,010 38,090 38,180 38,260 38,350 38,430 38,510 38,600 38,680 38,760 38,850 38,930 39,010 39,090 39,180 39,260 31
32 39,030 39,120 39, 210 39, 300 39,390 39,480 39,560 39,650 39,740 39,830 39,910 40,000 40,090 40,170 40,260 40,350 40,430 40,520 40,600 40,690 40, 770 32
33 40,140 40,240 40,330 40,420 40,510 40,600 40,690 40,780 40,870 40,960 41,050 41,140 41,230 41,310 41,400 41,490 41,580 41,670 41,760 41,840 41,930 33
34 41,560 41,650 41,750 41,840 41,940 42, 030 42, 120 42,220 42, 310 42, 400 42, 500 42, 590 42, 680 42,770 42,860 42, 960 43, 050 43,140 43, 230 43, 320 43,410 34
35 42, 510 42, 600 42, 700 42, 800 42,890 42, 990 43, 080 43,180 43, 280 43, 370 43, 460 43, 560 43, 650 43, 750 43, 840 43, 940 44, 030 44, 120 44, 210 44, 310 44,400 35

36 43, 930 44, 030 44,130 44, 230 44, 330 44, 430 44, 530 44,630 44, 730 44, 830 44, 920 45, 020 45,120 45,220 45, 310 45,410 45, 510 45,600 45, 700 45, 800 45, 890 36
37 44, 750 44, 860 44, 960 45, 060 45,160 45, 260 45, 360 45,460 45, 560 45,660 45, 760 45, 860 45, 960 46,060 46, 160 46, 260 46, 350 46,450 46, 550 46, 650 46, 750 37
38 46,210 46, 320 46,420 46, 520 46,630 46, 730 46, 840 46, 940 47, 040 47,150 47, 250 47, 350 47,460 47, 560 47, 660 47, 760 47, 860 47, 960 48, 070 48,170 48,270 38
39 47, 470 47, 570 47, 680 47, 790 47, 900 48, 000 48,110 48, 220 48, 320 48,430 48, 530 48,640 48, 740 48,850 48, 950 49, 060 49,160 49,270 49, 370 49,470 49, 580 39
40 48,920 49, 030 49,150 49,260 49,370 49, 480 49, 590 49, 700 49,810 49,920 50,030 50,130 50,240 50,350 50,460 50,570 50,670 50,780 50,890 51,000 51,100 40

41 51,150 51,270 51,380 51,500 51,620 51,730 51,850 51,960 52, 080 52, 200 52, 310 52,420 52,540 52, 650 52,770 52, 880 52, 990 53,110 53, 220 53, 330 53, 440 41
42 53, 310 53, 430 53, 550 53,680 53, 800 53, 920 54,040 54,160 54, 280 54, 400 54, 520 54,640 54, 760 54, 880 55,000 55,120 55,240 55,360 55,470 55, 590 55, 710 42
43 56, 310 56,440 56, 570 56,700 56, 830 56, 960 57, 090 57,220 57, 350 57, 470 57,600 57, 730 57, 860 57, 980 58,110 58, 240 58,360 58,490 58,610 58, 740 58,870 43
44 58,550 58,680 58, 820 58,960 59,090 59,230 59,360 59,490 59,630 59,760 59,900 60,030 60,160 60,290 60,430 60,560 60,690 60,820 60,950 61,080 61,210 44
45 60,710 60,850 60,990 61,130 61,270 61,410 61,550 61,690 61,830 61,970 62,110 62,250 62,390 62,520 62,660 62,800 62,940 63,070 63,210 63,350 63,480 45

46 62, 870 63, 010 63,160 63, 310 63,450 63, 600 63, 740 63,890 64, 030 64,180 64,320 64, 470 64, 610 64, 750 64,900 65,040 65,180 65, 320 65,470 65, 610 65, 750 46
47 65, 870 66, 020 66, 180 66, 330 66,490 66,640 66, 790 66, 950 67,100 67, 250 67,400 67, 550 67, 710 67, 860 68, 010 68, 160 68, 310 68, 460 68, 610 68, 750 68, 900 47
48 68,020 68,180 68,340 68,500 68,660 68,820 68, 980 69,130 69,290 69,450 69,610 69,760 69,920 70,080 70,230 70,390 70,540 70,700 70,850 71,010 71,160 48
49 70,150 70, 320 70,480 70,650 70, 810 70, 980 71,140 71,310 71,470 71,630 71,800 71,960 72,120 72,280 72,440 72,600 72,760 72,920 73, 080 73,240 73,400 49
50 72,380 72, 550 72,720 72,890 73, 060 73, 230 73,400 73,570 73,740 73,910 74,070 74,240 74,410 74,580 74,740 74,910 75,080 75,240 75,410 75,570 75,740 50

51 74,530 74, 710 74,890 75,060 75,240 75,420 75,590 75,770 75,940 76,110 76,290 76,460 76,630 76,810 76,980 77,150 77,320 77,490 77,660 77,830 78,000 51
52 76, 760 76, 940 77, 120 77, 310 77, 490 77, 670 77, 850 78, 030 78, 210 78, 390 78, 570 78, 750 78, 930 79,100 79, 280 79, 460 79,640 79, 810 79, 990 80,160 80, 340 52
53 78,990 79, 180 79, 370 79,560 79,750 79, 930 80,120 80,310 80,490 80,680 80,860 81,050 81, 230 81,410 81,600 81,780 81,960 82,140 82, 330 82,510 82,690 53
54 81,230 81,420 81,620 81,810 82,000 82,190 82,390 82,580 82,770 82,960 83,150 83,340 83,530 83,720 83,910 84,100 84,290 84,470 84,660 84,850 85,030 54
55 83,460 83, 660 83, 860 84,060 84,260 84,460 84,650 84,850 85, 050 85,240 85,440 85,640 85, 830 86,030 86, 220 86, 410 86,610 86,800 86,990 87,190 87, 380 55

HE 1AE 73 t 1 73 NO EM E 2004 III
HEADWATER 736 to 738 NOVEMBER 2004



WATTS BAR DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

A6 HEADWATER ELEVATION
736.2 1 736.3 1 736.4 1 736.5 1 736.6 1 736.7 1 736.8 1 736.9 1 737.0 1 737.1 1 737.2 1 737.3 1 737.4 1 737.5 1 737.6 1 737.7 1 737.8 1 737.9 1 738.0

56 85,620 85,830 86 030 86,240 86 440 86,640 86,850 87,050 87,250 87,460 87,660 87,860 88,060 88,260 88,460 88,660 88 860 89,050 89,250 89,450 89,650 56
57 87 780 87,990 88: 200 88,410 88: 620 88 830 89 040 89,250 89,460 89,660 89 870 90,080 90,280 90,490 90,690 90 900 91: 100 91,310 91 510 91,710 91,910 57
58 89: 970 90, 190 90,400 90,620 90,840 91: 050 91: 260 91,480 91,690 91,900 92: 120 92,330 92,540 92,750 92,960 93: 170 93,380 93,590 93: 800 94,010 94,220 58
59 92 130 92,350 92,580 92,800 93,020 93,240 93,460 93 680 93 900 94,120 94,330 94 550 94,770 94,980 95 200 95 410 95,630 95 840 96,060 96,270 96,480 59
60 94: 360 94,590 94,820 95,040 95,270 95,500 95,720 95: 950 96: 170 96,390 96,620 96: 940 97,060 97,280 97: 510 97: 730 97,950 98: 170 98,390 98,610 98,820 60

61 98,810 99,050 99 290 199,530 99,770 100,000 100,200 100,500 100,700 101 000 101 200 101,400 101,700 101 900 102,100 102,400 102,600 102,800 103,100 103,300 103,500 61
62 103,300 103,600 03: 800 04, 100 104,300 104,600 104,800 105,100 105,300 105: 600 1 05: 800 106 100 106,300 1 06: 600 106 800 107 100 1 07,300 107,500 107,800 108,000 108 300 62108 , 300 1 08,500 108,800 109, 100 109,300 109,600 109,900 110,100 110,400 110 700 110,900 111,200 1 11 400 1 11 70063 107,700 108,000 1 111,900 112,200 112,500 112,700 113 000 63
64 112 300 112 500 112,800 113,100 113 400 113,700 113,900 114 200 114 500 114 800 115 000 115 300 115,600 115,900 116 100 116,400 116,700 116 900 117 200 117 500 117,700 64
65 11 5: 900 11 6: 200 116,500 116,800 11 7: 100 117,300 117,600 11 7: 900 11 8: 200 11 8: 500 11 8: 800 11 9: 100 119,300 119,600 11 9: 900 120,200 120,500 1 20: 700 1 21: 000 1 21: 300 121,600 65

66 120,300 120,600 120,900 121,200 121,500 121,900 122,200 122,500 122,700 123,000 123,300 123,600 123,900 124,200 124,500 124,800 125 100 125,400 125,700 126 000 126,300 66
67 124,000 124,300 124,600 124,900 125,200 125,500 125 900 126,200 126,500 126 800 127 100 127,400 127,700 128,000 128,300 128,600 1 28: 900 129,200 129,500 1 29: 800 130, 100 67
68 128,500 128,800 129 100 129 500 129,800 130, 100 1 30: 400 1 30,800 131,100 131: 400 1 31: 700 1 32,000 132,400 132,700 133,000 133,300 133 600 133,900 134 300 134 600 134,900 68
69 132,900 133,200 1 33: 600 1 33: 900 134,200 134,600 134 900 135 200 135,600 135,900 136,200 136,600 136 900 137,200 1 37,600 1 37,900 138: 200 1 38,500 1 38: 900 1 39: 200 139,500 69
70 137,300 137,700 138,100 138,400 138,800 139, 100 1 39: 500 1 39: 800 140,100 140,500 1 40,800 141,200 141: 500 141,900 142,200 142,600 142,900 143,200 143,600 143,900 144,200 70

71 142,800 143,200 143,600 143,900 144,300 144,700 145,000 145,400 145,800 146 100 146 500 146,900 147,200 147,600 147,900 148,300 148,700 149,000 149,400 149,700 150, 100 71
72 148,300 148,700 1 49,100 149,500 149,900 150,200 150,600 1 51,000 151,400 151: 800 1 52: 200 152,600 152,900 153 300 153 700 1 54, 100 154,400 154,800 155,200 155,600 155,900 72
73 153,700 154,200 154,600 155,000 155,400 155,800 156,200 156,600 1 57,000 157,400 157 800 158,200 158,600 1 59: 000 1 59: 400 159,800 160,200 1 60,600 161,000 161,400 161,700 73
74 159,200 159,600 160 100 160 500 160,900 161,400 161,800 162,200 162,600 163,000 163: 500 163,900 164,300 164,700 165 100 165,500 165,900 166,400 166,800 167,200 167,600 74
75 164,600 165,100 1 65: 500 1 66: 000 1 66,400 166,900 167,300 167,700 168,200 168,600 169,100 169,500 169,900 170,400 170: 800 171,200 171,600 172, 100 172,500 172,900 173,400 75

76 170, 100 170,600 171,000 171,500 172,000 172,400 172,900 173,400 173,800 174,300 174,700 175,200 175,600 176,100 176,500 177,000 177,400 177,900 178,300 178,800 179,200 76
77 175,600 176, 100 176,600 177, 100 177 600 178, 100 1 78,600 179,000 179,500 180,000 180,500 180,900 181,400 181,900 182,300 182 800 183,300 183,700 184,200 184,700 185, 100 77
78 1 81,100 181,700 182,200 182,700 183: 200 183,700 184,200 184,700 185,200 185,700 186,200 186,700 187 100 187,600 188 100 188: 600 189, 100 189,600 190,100 190,500 191,000 78
79 186,300 186,800 187 400 187 900 188,400 189,000 1 89,500 190,000 190,500 191,000 191,500 192, 100 192: 600 193,100 1 93:600 1 94 : 100 194,600 195, 100 195,600 196, 100 196 600 79
80 191,100 191,700 1 92: 200 1 92: 800 193,300 193,900 194,400 195,000 1 95,500 196,000 196,600 197,100 197 , 600 198,200 198,700 1 99 200 199,700 200,300 200,800 201,300 201: 800 80

81 196,000 196,600 197,200 197,700 198 300 198,900 199,400 200,000 200,600 201, 100 201,700 202,200 202,800 203,300 203,900 204 400 205,000 205,500 206,100 206,600 207,200 81
82 200,900 201,500 202, 100 202,600 203: 200 203,800 204,400 205,000 205,600 206,200 206 800 207,300 207,900 208,500 209,100 209: 600 210,200 210,800 211,400 211 900 2112 500 82
83 205,700 206,300 206 900 207,500 208, 100 208,700 209,400 210,000 210,600 211,200 211: 800 212,400 213,000 213,600 214,200 214,800 215,400 216,000 216,600 217: 100 2 7: 700 83
84 210 600 211 200 211: 800 212,500 213, 100 213,800 214,400 215,000 215 700 216,300 216,900 217 500 218,200 218,800 219 400 220,000 220,600 221 200 221,900 222,500 223 100 84
85 2 1 5: 500 2 1 6: 100 216,800 217,500 218, 100 218,800 219,400 220,100 220: 700 221,400 222,000 222: 700 223,300 224,000 224: 600 225,300 225,900 226: 500 227,200 227,800 228: 400 85

86 222,800 223,500 224,200 224,900 225 600 226,300 227,000 227,600 228,300 229,000 229,700 230,400 231, 100 231,700 232,400 233, 100 233,800 234,400 235, 100 235,800 236,400 86
87 230,600 231,300 232,000 232,600 233: 300 234,000 234,600 235,300 236,000 236,700 237 300 238,000 238,700 239,400 240,100 240,700 241,400 242 100 242,800 243,400 244,100 87
88 240,900 241,500 242, 100 242,800 243 400 244,100 244,700 245,400 246,100 246,800 247: 500 248,200 248,900 249,600 250 300 251,000 251,700 252: 300 253,000 253,700 254,400 88
89 248,300 248,900 249 500 250 200 250: 900 251 500 252,200 252,900 253,500 254,200 254,900 255,600 256,300 257,000 257: 700 258,400 259, 100 259,800 260,500 261, 100 261,800 89
90 256,300 256,800 257: 400 258: 000 258 , 600 259: 200 259,900 260,500 261,200 261,900 262,700 263,400 264, 100 264,700 265 , 400 266, 100 266,800 267,500 268,200 268,900 269,500 90

91 264,700 265, 100 265,600 266, 100 266,700 267,200 267,700 268,400 269, 100 269,800 270 500 271,200 271,900 272,600 273,300 274 000 274,600 275,300 276,000 276,700 277,400 91
92 271,300 271,800 272,400 273,000 273,600 274,200 274,800 275,500 276,300 277,100 277: 900 278,600 279,400 280 200 281 000 281: 700 282,500 283 300 284,000 284,800 285,600 92
93 275,400 276,200 277, 100 278,000 278,900 279,800 280,700 281,700 282,700 283,800 284 800 285,800 286,800 287: 800 288:800 289,900 290,900 291: 900 292,900 293,900 294,900 93
94 280 200 281,300 282,500 283,700 284,900 286 100 287 300 288,500 289,700 291,000 292: 200 293,500 294,700 296,000 297,300 298,500 299,800 301,000 302,300 303,500 304,800 94
95 287: 800 289,300 290,800 292,300 293,800 295: 300 296: 800 298,400 299,900 301,500 303,000 304,600 306,200 307,800 309,400 310,900 312,500 314, 100 315,700 317,300 318,900 95

96 295,200 297,000 298 800 300,600 302 500 304,300 306, 100 308,000 309,800 311,700 313,600 315,500 317,400 319,300 321,200 323 100 325,000 327,000 328,900 330,800 332,800 96
97 296,400 298,300 300: 300 302,200 304: 100 306,100 308,000 310 000 311 900 3113,900 315,900 317,800 319,800 321,800 323,800 325: 800 327 800 329,800 331,800 333,800 335,800 97
98 296,400 298,300 300 300 302,200 304 100 306 100 308 000 31 0: 000 31 1: 900 3 3,900 315 900 317,800 319,800 321,800 323,800 325 800 327: 800 329,800 331,800 333,800 335 800 98
99 298,300 300,300 302: 300 304,300 306: 300 308: 300 310: 300 312,300 314,400 316,400 318: 400 320,500 322,500 324,600 326,700 328: 700 330,800 332,900 335,000 337, 100 339: 200 99

100 298,300 300,300 302 , 300 304,300 306,300 308,300 310,300 312,300 314,400 316,400 318,400 320,500 322,500 324,600 326,700 328,700 330,800 332,900 335,000 337, 100 339,200 100

101 298,300 300,300 302,300 304,300 306,300 308,300 310,300 312,300 314 400 316,400 318,400 320,500 322,500 324,600 326,700 328,700 330,800 332 900 335,000 337, 100 339 200 101

1 02 298,300 300,300 302,300 304,300 306,300 308,300 310 300 312,300 3 1 4: 400 316,400 318,400 320,500 322,500 324,600 326,700 328,700 330,800 332: 900 335,000 337, 100 339: 200 102
103 298,300 300,300 302,300 304,300 306,300 308,300 310: 300 312,300 314,400 316,400 318,400 320,500 322,500 324,600 326,700 328,700 330,800 332,900 335,000 337, 100 339,200 103

1 04 298,300 300,300 302 300 304,300 306,300 308,300 310,300 312 300 314,400 316,400 318,400 320,500 322,500 324,600 326,700 328,700 330,800 332,900 335,000 337, 100 339,200 104
105 306,400 308,400 310: 400 312,500 314,500 316,500 318,600 320: 600 322,700 324,800 326,800 328,900 331,000 333, 100 335,100 337,200 339,300 341,500 343,600 345,700 347,800 105

106 313,600 315,600 317,700 319,700 321,800 323,900 326,000 328,100 330,200 332,200 334,300 336,500 338,600 340,700 342,800 344,900 347 100 349,200 351,400 353,500 355,700 106
107 321, 100 323, 100 325,100 327,200 329,200 331,300 333,400 335,500 337,600 339,700 341,800 343,900 346,000 348,100 350 300 352,400 354: 500 356,700 358,800 361,000 363, 100 107

1 08 326,600 328,900 331,200 333,500 335,800 338,100 340 400 342 700 345,000 347,400 349,700 352, 100 354,400 356,800 359: 1 00 361,500 363,900 366,300 368,600 371,000 373,400 108
109 326,600 328,900 331: 200 333,500 335,800 338 00 340: 400 342: 700 345,000 347,400 349,700 352, 100 354 400 356,800 359 100 361,500 363,900 366,300 368,600 371 000 373,400 109
110 326,600 328,900 33 1 200 333,500 335,800 338 100 361,500 363,900 366,300 368,600 37, 000 373,400 110:100 340,400 342,700 345,000 347,400 349,700 352, 100 354 400 356,800 359:

NOVEMBER 2004 HEADWATER 736 to 738



12 WATTS BAR DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

72 8 74 8 76 8 HEADWATER ELEVATION ___

v 738.0 738.1 1 738.2 1738.3 1_ 738.4 1738.5 1_738.6 1 738.7 1 738.8 1 738.9 1 739.0 739.1 1 739.2 1 739.3 [ 739.4 [ 739.5 739.6 739.7 1 739.8 739.9 1 740.0 12

1 830 830 830 830 840 840 840 840 840 840 850 850 850 850 850 850 850 860 860 860 860 1
2 2,330 2,340 2,340 2,350 2,350 2,360 2,360 2,370 2, 370 2,380 2,380 2,390 2,390 2,390 2,400 2,400 2,410 2,410 2,420 2,420 2,430 2
3 3, 610 3,620 3, 630 3,630 3,640 3,650 3, 660 3, 660 3,670 3,680 3,680 3, 690 3,700 3,710 3,710 3, 720 3,730 3,740 3, 740 3,750 3,760 3
4 5, 110 5, 130 5,140 5,150 5, 160 5, 170 5,180 5, 190 5,200 5,210 5,220 5,230 5,240 5,250 5,260 5, 270 5,280 5,290 5, 300 5,310 5, 320 4
5 6, 300 6, 310 6, 330 6,340 6,350 6,370 6,380 6,390 6, 410 6,420 6,430 6,440 6,460 6,470 6,480 6,490 6,510 6,520 6,530 6,550 6, 560 5

6 7, 810 7, 820 7,840 7, 860 7,870 7,890 7,900 7,920 7, 940 7, 950 7,970 7,980 8,000 8,020 8,030 8,050 8,060 8,080 8, 100 8, 110 8,130 6
7 8,990 9,010 9,030 9,050 9,070 9,090 9,110 19:120 9140 9,160 9,180 9,200 9,220 9,230 9,250 9,270 9,290 9,310 9,320 9,340 9,360 7
8 10,500 10,520 10,540 10,560 10, 590 10,610 10,630 10,650 10,670 10,690 10,720 10,740 10, 760 10,780 10,800 10,820 10,840 10,870 10, 890 10,910 10, 930 8
9 11,570 11,590 11,620 11,640 11,670 11,690 11,710 11,740 11,760 11,790 11,810 11,830 11,860 11,880 11,900 11,930 11,950 11,970 12, 000 12,020 12,040 9

10 13, 080 13,110 13,140 13,160 13,190 13,220 13,250 13,270 13,300 13,330 13,350 13,380 13,410 13,430 13,460 13,490 13,510 13,540 13,570 13,590 13,620 10

11 14, 220 14, 250 14,280 14, 310 14,340 14, 370 14,400 14,430 14,460 14,490 14, 510 14,540 14, 570 14,600 14, 630 14, 660 14, 690 14,720 14, 750 14,770 14,800 11
12 15, 750 15, 780 15,810 15,850 15,880 15,910 15,940 15,980 16,010 16, 040 16,070 16,110 16,140 16,170 16,200 16,230 16,270 16, 300 16, 330 16,360 16,390 12
13 16, 690 16, 730 16, 760 16, 800 16, 830 16, 870 16, 900 16,940 16,970 17, 000 17, 040 17,070 17,110 17,140 17,170 17,210 17,240 17, 280 17,310 17,340 17,380 13
14 18, 190 18, 230 18, 270 18,300 18, 340 18, 380 18, 420 18, 450 18,490 18,530 18, 570 18, 600 18,640 18,680 18,710 18,750 18, 790 18,830 18,860 18, 900 18, 940 14
15 19, 210 19,250 19,290 19,330 19,370 19,410 19,450 19,490 19,530 19,570 19, 610 19, 650 19,690 19,730 19,770 19,810 19, 840 19,880 19,920 19, 960 20, 000 15

16 20,730 20,770 20,810 20,860 20,900 20,940 20,990 21,030 21,070 21,110 21,160 21,200 21,240 21,280 21,330 21,370 21,410 21,450 21,490 21,540 21,580 16
17 21,670 21,720 21, 760 21, 810 21,850 21,900 21,940 21,990 22, 030 22,080 22,120 22, 170 22, 210 22,250 22,300 22,340 22, 390 22,430 22,470 22, 520 22, 560 17
18 23, 170 23, 220 23, 270 23, 320 23, 360 23, 410 23,460 23, 510 23, 550 23, 600 23, 650 23, 700 23, 740 23,790 23, 840 23, 890 23, 930 23, 980 24, 030 24, 070 24, 120 18
19 24,130 24, 180 24, 230 24, 280 24, 330 24, 380 24, 430 24, 480 24, 530 24, 580 24, 630 24, 680 24, 730 24, 780 24,830 24, 880 24, 930 24, 970 25, 020 25, 070 25, 120 19
20 25, 590 25, 640 25, 700 25, 750 25, 800 25, 850 25, 910 25, 960 26, 010 26, 070 26,120 26, 170 26, 220 26, 270 26, 330 26, 380 26, 430 26,480 26,530 26, 580 26, 640 20

21 26, 520 26, 570 26, 630 26, 680 26, 740 26, 790 26, 850 26, 900 26, 960 27, 010 27,070 27,120 27,170 27, 230 27,280 27, 330 27, 390 27,440 27,500 27, 550 27,600 21
22 28, 030 28, 080 28,140 28, 200 28, 260 28, 320 28, 380 28, 430 28, 490 28, 550 28, 610 28, 660 28, 720 28, 780 28, 830 28, 890 28, 950 29, 000 29, 060 29, 120 29, 170 22
23 29, 000 29, 060 29, 120 29,180 29, 240 29, 300 29, 360 29, 420 29, 480 29, 540 29, 600 29, 660 29, 720 29, 780 29, 830 29, 890 29,950 30, 010 30, 070 30, 130 30,190 23
24 30, 520 30, 580 30,640 30,710 30,770 30,830 30, 900 30,960 31,020 31,080 31,150 31,210 31,270 31,330 31,390 31,460 31,520 31,580 31,640 31,700 31,760 24
25 31, 710 31,770 31,840 31,900 31,970 32, 030 32, 100 32,160 32, 230 32, 290 32, 360 32, 420 32, 490 32, 550 32,620 32, 680 32, 750 32, 810 32,870 32, 940 33, 000 25

26 33, 210 33, 270 33, 340 33,410 33,480 33, 550 33, 620 33, 690 33, 760 33, 820 33,890 33, 960 34, 030 34, 090 34,160 34, 230 34, 300 34, 360 34,430 34, 500 34, 560 26
27 34, 310 34, 380 34,450 34, 520 34,590 34,660 34, 730 34, 800 34, 870 34,950 35,020 35, 090 35, 160 35, 230 35, 290 35, 360 35, 430 35, 500 35, 570 35,640 35, 710 27
28 35, 840 35, 910 35, 990 36, 060 36,140 36, 210 36, 290 36, 360 36, 430 36, 510 36, 580 36, 650 36, 730 36, 800 36, 870 36, 940 37, 020 37, 090 37, 160 37, 230 37, 310 28
29 36, 770 36, 850 36, 920 37, 000 37, 080 37, 150 37, 230 37, 300 37, 380 37, 460 37, 530 37, 610 37, 680 37, 760 37, 830 37, 900 37, 980 38, 050 38,130 38, 200 38, 270 29
30 38, 280 38, 360 38, 440 38, 520 38, 600 38, 680 38, 760 38, 840 38, 910 38, 990 39, 070 39,150 39, 230 39, 310 39, 380 39,460 39, 540 39,620 39, 690 39, 770 39, 850 30

31 39, 260 39, 340 39, 420 39, 500 39, 580 39, 660 39, 750 39, 830 39, 910 39, 990 40,070 40,150 40, 230 40, 310 40, 390 40,470 40, 550 40,630 40, 700 40, 780 40, 860 31
32 40,770 40,860 40,940 41,030 41,110 41,200 41,280 41,360 41,450 41,530 41,610 41,700 41,780 41,860 41,950 42,030 42,110 42,190 42,280 42,360 42,440 32
33 41,930 42, 020 42,110 42, 190 42,280 42, 370 42,450 42,540 42,620 42,710 42,800 42, 880 42,970 43, 050 43,140 43, 220 43, 310 43, 390 43,480 43, 560 43, 640 33
34 43,410 43, 500 43, 590 43,680 43, 770 43, 860 43, 950 44, 040 44,130 44, 220 44, 310 44, 400 44, 480 44,570 44,660 44, 750 44, 840 44,920 45, 010 45,100 45,190 34
35 44, 400 44, 490 44, 590 44,680 44, 770 44, 860 44,950 45, 040 45,140 45, 230 45, 320 45, 410 45, 500 45, 590 45, 680 45, 770 45, 860 45, 950 46, 040 46,130 46, 220 35

36 45, 890 45, 990 46, 080 46,180 46, 270 46, 370 46,460 46, 560 46, 650 46, 750 46, 840 46, 930 47, 030 47,120 47, 210 47, 310 47, 400 47,490 47, 580 47, 680 47, 770 36
37 46, 750 46, 840 46, 940 47, 040 47, 130 47, 230 47,330 47,420 47, 520 47, 620 47, 710 47, 810 47, 900 48, 000 48, 090 48, 190 48, 280 48, 380 48, 470 48, 560 48, 660 37
38 48, 270 48, 370 48, 470 48, 570 48, 670 48, 770 48, 870 48, 970 49, 070 49,170 49, 260 49, 360 49, 460 49, 560 49, 660 49, 760 49, 850 49, 950 50, 050 50,140 50, 240 38
39 49, 580 49, 680 49, 780 49, 890 49, 990 50, 090 50, 190 50, 300 50, 400 50, 500 50, 600 50, 700 50, 800 50, 900 51,000 51,100 51,200 51,300 51,400 51,500 51,600 39
40 51,100 51,210 51,320 51,420 51,530 51,630 51,740 51,840 51,950 52,050 52,160 52,260 52,370 52,470 52,570 52,680 52,780 52,890 52,990 53,090 53,190 40

41 53,440 53, 560 53, 670 53, 780 53, 890 54, 000 54,110 54,220 54, 330 54,440 54, 550 54,660 54, 770 54,880 54,990 55,100 55, 210 55, 320 55,430 55, 530 55, 640 41
42 55, 710 55, 830 55, 940 56, 060 56, 180 56, 290 56,410 56, 530 56,640 56, 760 56, 870 56,990 57, 100 57, 220 57, 330 57,440 57, 560 57, 670 57, 780 57, 900 58, 010 42
43 58, 870 58, 990 59,110 59, 240 59, 360 59,490 59,610 59, 730 59,860 59, 980 60, 100 60, 220 60, 350 60,470 60, 590 60, 710 60, 830 60, 950 61, 070 61,190 61, 310 43
44 61, 210 61,340 61, 470 61, 600 61, 730 61,860 61,990 62,120 62,250 62, 380 62, 500 62, 630 62, 760 62, 890 63, 010 63,140 63, 270 63, 390 63, 520 63, 640 63, 770 44
45 63,480 63, 620 63, 750 63, 890 64, 020 64,160 64,290 64,420 64,560 64,690 64, 820 64, 960 65, 090 65, 220 65,350 65,490 65, 620 65, 750 65, 880 66,010 66,140 45

46 65,750 65, 890 66, 030 66,170 66, 310 66, 450 66, 590 66, 730 66, 870 67,000 67,140 67, 280 67, 420 67, 560 67,690 67, 830 67, 970 68,100 68, 240 68, 370 68, 510 46
47 68, 900 69, 050 69, 200 69, 350 69,490 69, 640 69, 790 69, 930 70, 080 70, 230 70, 370 70, 520 70, 660 70, 810 70, 950 71,090 71, 240 71,380 71,520 71, 670 71,810 47
48 71,160 71, 310 71,470 71,620 71,770 71,920 72, 080 72, 230 72,380 72, 530 72, 680 72,830 72, 980 73,130 73, 280 73,430 73, 580 73, 730 73, 870 74, 020 74,170 48
49 73,400 73, 560 73, 720 73, 880 74, 030 74,190 74, 350 74, 510 74, 660 74, 820 74, 970 75, 130 75,280 75,440 75, 590 75, 750 75, 900 76, 050 76, 210 76, 360 76, 510 49
50 75, 740 75, 900 76, 060 76, 230 76, 390 76, 550 76, 710 76, 880 77, 040 77, 200 77, 360 77, 520 77, 680 77, 840 78, 000 78,160 78, 320 78, 480 78, 640 78, 800 78, 950 50

51 78, 000 78, 170 78,340 78, 510 78, 680 78,840 79, 010 79,180 79, 350 79,510 79,680 79,840 80,010 80,170 80,340 80, 500 80, 670 80,830 81,000 81,160 81, 320 51
52 80,340 80, 510 80, 690 80, 860 81,040 81,210 81,380 81,550 81,730 81,900 82, 070 82,240 82,410 82, 580 82,750 82, 920 83, 090 83,260 83,430 83, 600 83, 770 52
53 82,690 82, 870 83, 050 83, 230 83, 410 83, 580 83, 760 83, 940 84, 120 84,300 84, 470 84, 650 84, 830 85, 000 85,180 85, 350 85, 530 85, 700 85, 880 86, 050 86,220 53
54 85, 030 85, 220 85,400 85, 590 85, 770 85, 960 86,140 86, 330 86, 510 86, 690 86, 870 87, 050 87, 240 87,420 87, 600 87, 780 87, 960 88,140 88, 320 88, 500 88,680 54
55 87, 380 87, 570 87, 760 87, 950 88,140 88, 330 88, 520 88, 710 88, 900 89, 090 89, 270 89, 460 89, 650 89,830 90, 020 90, 210 90, 390 90, 580 90, 760 90, 940 91,130 55

HEADWATER 738 to 740 
NOVEMBER 2004

HEADWATER 738 to 740 NOVEMBER 2004



WATTS BAR DAM 13

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

1 T1 11HEADWATER ELEVATION ___

738.0 1 738.1 1738.2 1 738.3 1 738.4 1 738.5 1 738.6 1 738.7 1 738.8 1 738.9 739.0 1 739.1 739.2 739.3 739.4 739.5 [ 739.6 739.7 739.8 1 739.9 [ 740.0

56 89, 650 89,840 90, 040 90, 240 90, 430 90,630 90, 820 91,010 91, 210 91,400 91,590 91,790 91,980 92,170 92, 360 92, 550 92, 740 92, 930 93,120 93, 310 93, 500 56
57 91, 910 92,120 92,320 92, 520 92, 720 92, 920 93,120 93,320 93, 520 93,720 93,910 94,110 94,310 94,510 94,700 94, 900 95, 090 95,290 95,480 95,680 95,870 57
58 94, 220 94,420 94,630 94,840 95,040 95, 250 95,450 95,660 95,860 96,060 96,270 96,470 96,670 96, 870 97,080 97, 280 97, 480 97,680 97, 880 98, 080 98,280 58
59 96, 480 96,700 96, 910 97,120 97,330 97, 540 97,750 97, 960 98, 170 98,380 98, 590 98, 800 99,000 99,210 99,420 99,620 99, 830 100,000 100, 200 100,400 100,600 59
60 98,820 99,040 99,260 99,480 99,690 99,910 100,100 100,300 100,600 100,800 101,000 101,200 101,400 101,600 101,800 102,000 102,300 102,500 102,700 102,900 103,100 60

61 103,500 103,800 104,000 104,200 104,400 104,700 104,900 105,100 105,400 105,600 105,800 106,000 106,300 106,500 106,700 106,900 107,200 107,400 107,600 107,800 108,000 61
62 108,300 108,500 108, 800 109,000 109,200 109,500 109,700 110,000 110,200 110,400 110,700 110,900 111,200 111,400 111,600 111,900 112,100 112,300 112,600 112,800 113,000 62
63 113,000 113,200 113,500 113,700 114,000 114,200 114,500 114,700 115,000 115,200 115,500 115,700 116,000 116,200 116,500 116,700 117,000 117,200 117,500 117,700 118,000 63
64 117,700 118,000 118,300 118,500 118,800 119,100 119,300 119,600 119,900 120,100 120,400 120,700 120,900 121,200 121,400 121,700 122,000 122,200 122,500 122,700 123,000 64
65 121,600 121,900 122,100 122,400 122,700 123,000 123,200 123,500 123,800 124,100 124,300 124,600 124,900 125,100 125,400 125,700 125,900 126,200 126,500 126,700 127,000 65

66 126,300 126,600 126,900 127,100 127,400 127,700 128,000 128,300 128,600 128,900 129,100 129,400 129,700 130,000 130,300 130,600 130,800 131,100 131,400 131,700 131,900 66
67 130,100 130,400 130,700 131,000 131,300 131,600 131,900 132,200 132,500 132,800 133,100 133,400 133,700 134,000 134,300 134, 600 134, 800 135,100 135,400 135, 700 136,000 67
68 134,900 135,200 135, 500 135, 800 136,100 136,400 136, 700 137,000 137,400 137,700 138,000 138,300 138,600 138,900 139,200 139, 500 139, 800 140,100 140,400 140, 700 141,000 68
69 139, 500 139,800 140, 200 140, 500 140, 800 141,100 141, 400 141,800 142, 100 142,400 142,700 143,000 143, 400 143, 700 144,000 144, 300 144, 600 144,900 145, 200 145, 500 145, 900 69
70 144, 200 144, 600 144, 900 145, 300 145, 600 145, 900 146, 300 146, 600 146, 900 147,200 147,600 147, 900 148, 200 148,600 148,900 149, 200 149, 500 149,900 150,200 150, 500 150, 800 70

71 150,100 150,400 150,800 151,100 151,500 151,900 152,200 152,600 152,900 153,200 153,600 153,900 154,300 154,600 155,000 155,300 155,700 156,000 156,300 156,700 157,000 71
72 155,900 156,300 156,700 157,000 157,400 157,800 158,200 158,500 158,900 159,200 159,600 160,000 160,300 160,700 161,100 161,400 161,800 162,100 162,500 162,800 163,200 72
73 161,700 162,100 162, 500 162,900 163,300 163,700 164,100 164,400 164, 800 165,200 165,600 166,000 166, 400 166,700 167,100 167,500 167,900 168,200 168,600 169,000 169,400 73
74 167,600 168,000 168,400 168,800 169,200 169,600 170,000 170,400 170,800 171,200 171,600 172,000 172,400 172,800 173,200 173,600 174,000 174,400 174,800 175,100 175,500 74
75 173,400 173,800 174,200 174,600 175,000 175,500 175,900 176,300 176,700 177,100 177,500 178,000 178,400 178,800 179,200 179,600 180,000 180,400 180,800 181,200 181,600 75

76 179,200 179,600 180, 100 180,500 181,000 181,400 181,800 182,300 182,700 183,100 183,600 184,000 184,400 184,900 185,300 185,700 186,100 186,600 187,000 187,400 187,800 76
77 185,100 185,600 186,000 186,500 186,900 187,400 187,900 188,300 188,800 189,200 189,700 190,100 190,600 191,000 191,400 191,900 192,300 192,800 193,200 193,700 194,100 77
78 191,000 191,500 192,000 192,400 192,900 193,400 193,900 194,300 194,800 195,300 195,700 196,200 196,700 197,100 197,600 198,100 198,500 199,000 199,400 199,900 200,300 78
79 196,600 197,100 197, 600 198,100 198,600 199, 100 199, 600 200, 000 200, 500 201,000 201,500 202,000 202, 500 203,000 203,400 203, 900 204,400 204, 900 205,400 205, 800 206,300 79
80 201,800 202,400 202, 900 203,400 203,900 204,400 204, 900 205, 500 206, 000 206,500 207,000 207,500 208,000 208, 500 209, 000 209,500 210,000 210,500 211,000 211, 500 212,000 80

81 207,200 207,700 208, 300 208,800 209,300 209, 900 210,400 211,000 211,500 212,000 212,600 213,100 213,600 214,100 214,700 215,200 215,700 216,200 216,800 217,300 217,800 81
82 212,500 213,000 213,600 214,200 214,700 215,300 215,900 216,400 217,000 217,500 218,100 218,600 219,200 219,700 220,300 220,800 221,400 221,900 222,500 223,000 223,500 82
83 217,700 218,300 218,900 219,500 220,100 220,700 221, 200 221, 800 222,400 223,000 223,500 224,100 224,700 225,300 225, 800 226,400 227,000 227,500 228,100 228,600 229,200 83
84 223, 100 223, 700 224, 300 224,900 225,500 226, 100 226,700 227, 300 227,900 228,500 229,100 229,700 230,300 230, 900 231, 500 232, 100 232, 700 233,200 233,800 234,400 235,000 84
85 228, 400 229, 100 229, 700 230, 300 231,000 231,600 232, 200 232, 800 233, 500 234,100 234, 700 235, 300 235, 900 236, 500 237, 200 237, 800 238, 400 239,000 239, 600 240, 200 240, 800 85

86 236,400 237,100 237, 800 238,400 239, 100 239,700 240,400 241,100 241,700 242,400 243,000 243,700 244,300 245,000 245, 600 246,300 246, 900 247, 500 248,200 248,800 249,400 86
87 244, 100 244,800 245,400 246, 100 246,700 247,400 248, 000 248, 700 249, 300 250, 000 250,600 251,300 252,000 252,600 253, 300 254,000 254, 600 255, 300 255,900 256,600 257, 300 87
88 254,400 255,000 255, 700 256,400 257, 100 257,700 258,400 259,000 259,700 260,400 261,000 261,700 262,400 263,000 263,700 264,400 265, 100 265,800 266,500 267,200 267, 900 88
89 261, 800 262,500 263, 100 263, 800 264,500 265, 100 265,800 266, 500 267,100 267,800 268,400 269,100 269,800 270,500 271,200 272, 000 272, 700 273,400 274,100 274,900 275,600 89
90 269,500 270,200 270,900 271,500 272, 200 272,800 273,500 274,200 274,800 275,400 276,100 276,800 277,500 278,200 278,900 279,700 280,400 281,200 281,900 282,700 283,400 90

91 277,400 278,000 278, 700 279,400 280, 000 280, 700 281,300 282,000 282,600 283,300 283,900 284,600 285, 300 286,000 286,700 287,500 288, 200 288, 900 289, 700 290, 500 291,300 91
92 285,600 286,300 287,100 287, 800 288,500 289, 300 290,000 290, 800 291,500 292,200 292,900 293,500 294, 200 294,900 295,600 296,300 297, 000 297, 700 298,400 299, 200 300, 000 92
93 294,900 295, 900 296, 900 297, 900 298, 900 299, 900 300, 900 301, 900 302, 800 303, 700 304,300 304, 800 305, 400 305,900 306,500 307,100 307, 600 308,200 308, 800 309, 400 310,100 93
94 304,800 306, 100 307, 300 308,400 309,500 310,700 311,800 312,900 313,900 314,700 315,100 315,500 316,000 316,400 316,800 317,300 317, 700 318,200 318,700 319,200 319,700 94
95 318,900 320,500 321, 900 323,000 323,900 324, 900 325,800 326,800 327, 700 328,300 328,600 328,800 329, 100 329,400 329,700 330,000 330, 300 330,600 330,900 331, 200 331,600 95

96 332,800 334, 700 336, 200 337, 300 338, 200 339, 100 340, 100 341,000 341,800 342,200 342,400 342, 500 342, 500 342,700 342,800 343,000 343, 100 343,300 343,400 343, 600 343, 800 96
97 335, 800 337, 800 339, 500 340,900 342, 200 343, 500 344, 700 346,000 347, 200 348, 000 348,500 348, 800 349, 300 349,700 350,200 350, 700 351,200 351,600 352, 100 352,600 353, 200 97
98 335,800 337, 800 339, 700 341,500 343, 300 345, 100 346, 900 348,700 350, 400 351,800 352,900 353,900 355,000 356, 100 357,100 358,200 359, 300 360,400 361,500 362,600 363, 700 98
99 339,200 341,300 343, 300 345,300 347, 300 349, 300 351, 300 353,300 355, 300 357,300 359,100 360,700 362,300 364,000 365,700 367,300 369, 000 370, 700 372, 300 374, 000 375, 700 99

100 339,200 341,300 343, 400 345,500 347,600 349, 700 351, 900 354,000 356, 100 358,300 360,400 362,600 364,800 366,900 369,100 371, 300 373, 500 375, 700 377, 900 380, 100 382, 300 100

101 339,200 341,300 343,400 345,500 347,600 349,700 351,900 354,000 356, 100 358,300 360,400 362,600 364,800 366,900 369,100 371,300 373, 500 375,700 377,900 380, 100 382, 300 101
102 339,200 341,300 343,400 345,500 347,600 349, 700 351,900 354,000 356, 100 358,300 360,400 362,600 364,800 366,900 369,100 371, 300 373,500 375,700 377, 900 380, 100 382,300 102
103 339,200 341,300 343,400 345,500 347,600 349,700 351,900 354,000 356, 100 358,300 360,400 362,600 364,800 366, 900 369, 100 371, 300 373,500 375,700 377, 900 380, 100 382,300 103
104 339, 200 341,300 343,400 345,500 347,600 349,700 351,900 354,000 356, 100 358,300 360,400 362,600 364,800 366, 900 369,100 371, 300 373,500 375,700 377, 900 380, 100 382,300 104
105 347, 800 349,900 352, 100 354,200 356, 300 358, 500 360, 700 362,800 365, 000 367, 200 369, 300 371,500 373, 700 375, 900 378,100 380, 300 382, 500 384,700 387, 000 389, 200 391,400 105

106 355, 700 357, 800 360, 000 362, 200 364,300 366, 500 368, 700 370, 900 373, 100 375, 300 377, 500 379, 700 382, 000 384, 200 386,400 388, 600 390, 900 393,100 395, 400 397, 600 399, 900 106
107 363, 100 365, 300 367, 400 369, 600 371,800 374, 000 376, 100 378, 300 380, 500 382, 700 384, 900 387,200 389, 400 391,600 393,900 396, 200 398, 400 400, 700 403, 000 405, 300 407, 600 107
108 373,400 375,900 378, 200 380,500 382,700 384,800 386,900 389,000 391,000 393, 100 395, 200 397,300 399,400 401,500 403,700 405, 800 408,000 410,100 412, 300 414,500 416,700 108
109 373,400 375,900 378, 300 380,700 383,100 385,600 388,000 390,500 392,900 395, 400 397,800 400,300 402,800 405,300 407, 800 410, 300 412, 800 415,300 417,800 420,400 422,900 109
110 373, 400 375,900 378, 300 380,700 383, 100 385,600 388,000 390,500 392,900 395, 400 397,800 400,300 402,800 405,300 407, 800 410, 300 412, 800 415,300 417,800 420,400 422,900 110

NOVEMBER 2004 
HEADWATER 738 to 740

NOVEMBER 2004 HEADWATER 738 to 740



14 WATTS BAR DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

T37HEADWATER ELEVATION _

1 740.0 740.1 1740.2 1740.3 1740.4 1740.5 1740.6 1 740.7 1 740.8 1740.91 741.0 1 741.1 741.2 741.3 741.4 741.5 741.6 1 741.7 741.8 741.9 742.0

1 860 860 860 870 870 870 870 870 870 880 880 .880 880 880 880 890 890 890 890 890 890 1
2 2,430 2,430 2,440 2,440 2,450 2,450 2,460 2,460 2,460 2,470 2,470 2,480 2,480 2,490 2,490 2,500 2,500 2,510 2,510 2,510 2,520 2
3 3, 760 3, 760 3, 770 3, 780 3, 790 3,790 3, 800 3, 810 3, 810 3,820 3, 830 3, 830 3, 840 3,850 3, 860 3, 860 3, 870 3,880 3, 880 3, 890 3,900 3
4 5,320 5,330 5, 340 5,350 5, 370 5,380 5, 390 5,400 5, 410 5,420 5,430 5,440 5,450 5,460 5,470 5,480 5,490 5, 500 5, 510 5, 520 5,530 4
5 6, 560 6,570 6, 580 6,600 6,610 6,620 6, 630 6,650 6, 660 6,670 6,680 6,690 6,710 6, 720 6,730 6,740 6,760 6,770 6, 780 6,790 6,800 5

6 8,130 8,140 8,160 8,170 8,190 8,200 8,220 8,240 8,250 8,270 8,280 8,300 8,310 8,330 8,340 8,360 8,370 8,390 8,400 8,420 8,430 6
7 9,360 9,380 9,400 9,410 9,430 9,450 9,470 9,490 9, 500 9,520 9,540 9, 560 9,570 9,590 9,610 9, 630 9,640 9,660 9, 680 9, 700 9,710 7
8 10,930 10,950 10,970 10,990 11,010 11,030 11,060 11,080 11,100 11,120 11,140 11,160 11,180 11,200 11,220 11,240 11,260 11,280 11,300 11,320 11,340 8
9 12,040 12,070 12,090 12,110 12,140 12,160 12,180 12,200 12,230 12,250 12,270 12,300 12,320 12,340 12,360 12,390 12,410 12,430 12,450 12,480 12,500 9

10 13,620 13,650 13,670 13,700 13,720 13,750 13,780 13,800 13,830 13,850 13,880 13,900 13,930 13,960 13,980 14,010 14,030 14,060 14,080 14,110 14,130 10

11 14,800 14,830 14,860 14,890 14,920 14,940 14,970 15,000 15,030 15,060 15,080 15,110 15,140 15,170 15,200 15,220 15,250 15,280 15,310 15,330 15,360 11
12 16,390 16,420 16,460 16,490 16,520 16,550 16,580 16,610 16,640 16,680 16,710 16,740 16, 770 16,800 16,830 16,860 16,890 16, 920 16, 950 16,980 17,010 12
13 17,380 17,410 17,440 17,480 17,510 17,540 17,580 17,610 17,640 17,670 17,710 17,740 17,770 17,810 17,840 17,870 17,900 17,940 17,970 18,000 18,030 13
14 18,940 18,970 19,010 19,040 19,080 19,120 19,150 19,190 19,230 19,260 19,300 19,330 19,370 19,400 19,440 19,480 19,510 19,550 19,580 19,620 19,650 14
15 20, 000 20, 040 20, 080 20,110 20,150 20,190 20,230 20, 270 20, 300 20,340 20,380 20,420 20, 460 20,490 20, 530 20, 570 20, 610 20,640 20,680 20, 720 20, 750 15

16 21,580 21,620 21,660 21,700 21,740 21,780 21,830 21,870 21,910 21,950 21,990 22,030 22,070 22,110 22,150 22,190 22,230 22,270 22,310 22,350 22,390 16
17 22,560 22,600 22,650 22,690 22, 730 22,780 22, 820 22, 860 22,900 22,950 22,990 23,030 23, 080 23,120 23,160 23,200 23,240 23,290 23,330 23, 370 23,410 17
18 24,120 24,170 24,210 24,260 24,300 24,350 24,400 24,440 24,490 24,530 24,580 24,630 24,670 24,720 24, 760 24,810 24,850 24,900 24,940 24, 990 25, 030 18
19 25,120 25, 170 25, 220 25,260 25, 310 25, 360 25,410 25,460 25, 500 25, 550 25, 600 25, 650 25, 690 25,740 25,790 25,840 25, 880 25, 930 25, 980 26, 020 26,070 19
20 26, 640 26, 690 26,740 26,790 26, 840 26, 890 26, 940 26,990 27,040 27,090 27,140 27,200 27,250 27,300 27,350 27,400 27, 450 27, 500 27, 540 27,590 27,640 20

21 27,600 27,650 27,710 27,760 27,810 27,870 27,920 27,970 28,020 28,080 28,130 28,180 28,230 28,280 28,340 28,390 28,440 28,490 28,540 28,590 28,640 21
22 29,170 29,230 29,290 29, 340 29,400 29,450 29,510 29,560 29,620 29,670 29,730 29,780 29, 840 29,890 29,950 30,000 30, 060 30,110 30,170 30,220 30,280 22
23 30,190 30, 240 30, 300 30, 360 30,420 30,470 30, 530 30, 590 30, 650 30,700 30,760 30, 820 30, 870 30,930 30,990 31,040 31,100 31,160 31,210 31,270 31,330 23
24 31,760 31,830 31, 890 31, 950 32,010 32,070 32,130 32,190 32, 250 32,310 32, 370 32,430 32,490 32, 550 32,610 32,670 32,730 32,790 32,850 32, 910 32,960 24
25 33,000 33,060 33,130 33,190 33,250 33,320 33, 380 33,440 33,500 33,570 33, 630 33,690 33,750 33, 820 33,880 33,940 34,000 34,060 34,120 34,190 34,250 25

26 34, 560 34,630 34,700 34,760 34,830 34, 900 34,960 35,030 35,090 35,160 35, 220 35,290 35,350 35,420 35,480 35,550 35,610 35,680 35,740 35,810 35,870 26
27 35, 710 35,780 35, 850 35,920 35,980 36, 050 36, 120 36,190 36,260 36,320 36, 390 36,460 36,520 36, 590 36,660 36,730 36, 790 36,860 36,930 36,990 37, 060 27
28 37, 310 37, 380 37,450 37,520 37, 590 37, 660 37, 730 37, 810 37, 880 37, 950 38, 020 38, 090 38, 160 38, 230 38,300 38,370 38, 440 38, 510 38, 580 38, 650 38,720 28
29 38,270 38,350 38,420 38, 500 38, 570 38,640 38, 710 38, 790 38, 860 38, 930 39,000 39, 080 39, 150 39,220 39,290 39, 360 39,440 39, 510 39, 580 39, 650 39, 720 29
30 39,850 39,920 40, 000 40,080 40,150 40,230 40, 300 40, 380 40,460 40,530 40,610 40,680 40, 760 40,830 40,910 40, 980 41,060 41,130 41,200 41,280 41, 350 30

31 40,860 40,940 41,020 41,100 41,180 41,250 41,330 41,410 41,490 41,560 41,640 41,720 41,790 41,870 41,950 42,020 42, 100 42,180 42,250 42,330 42,410 31
32 42,440 42, 520 42, 600 42,680 42, 770 42, 850 42,930 43, 010 43, 090 43,170 43, 250 43, 330 43,410 43,490 43, 570 43, 650 43, 730 43, 810 43, 890 43, 970 44, 040 32
33 43,640 43, 730 43, 810 43, 900 43, 980 44, 060 44, 150 44, 230 44,310 44,390 44,480 44, 560 44,640 44,720 44,800 44,890 44,970 45,050 45,130 45,210 45,290 33
34 45,190 45,270 45, 360 45,450 45, 530 45, 620 45, 710 45, 790 45,880 45,960 46, 050 46,130 46 220 46,300 46,390 46 470 46, 560 46,640 46,730 46,810 46 890 34
35 46, 220 46,300 46, 390 46,480 46,570 46,660 46,750 46,830 46,920 47,010 47,100 47,180 47, 270 47,360 47,440 47, 530 47,620 47,700 47,790 47,880 47, 960 35

36 47, 770 47, 860 47, 950 48, 040 48,130 48, 230 48,320 48,410 48, 500 48,590 48, 680 48, 770 48, 860 48,950 49,040 49,130 49, 220 49, 310 49,400 49, 490 49, 570 36
37 48, 660 48, 750 48, 840 48, 940 49, 030 49, 120 49, 220 49, 310 49,400 49, 490 49, 580 49, 680 49, 770 49, 860 49, 950 50,040 50, 130 50, 220 50, 310 50, 400 50,500 37
38 50, 240 50,340 50,430 50, 530 50,630 50,720 50, 820 50, 910 51,010 51,100 51, 200 51,290 51,390 51,480 51,580 51,670 51, 770 51,860 51,950 52, 050 52,140 38
39 51, 600 51,700 51,800 51,900 52,000 52,100 52,200 52,290 52,390 52,490 52,590 52, 680 52,780 52, 880 52,980 53,070 53,170 53,260 53,360 53, 460 53, 550 39
40 53,190 53,300 53,400 53,500 53,600 53,700 53,800 53,910 54,010 54,110 54,210 54,310 54,410 54,510 54,610 54,710 54,810 54,910 55,010 55,110 55,200 40

41 55,640 55, 750 55, 860 55, 960 56, 070 56, 180 56, 280 56,390 56, 500 56, 600 56, 710 56, 810 56, 920 57, 030 57,130 57, 240 57,340 57, 440 57, 550 57, 650 57, 760 41
42 58,010 58,120 58,240 58,350 58,460 58,570 58,680 58,790 58, 910 59,020 59,130 59,240 59,350 59,460 59,570 59,680 59,790 59, 900 60, 010 60,110 60,220 42
43 61,310 61,430 61,550 61,670 61,790 61,910 62,030 62,150 62, 260 62,380 62,500 62,620 62,730 62,850 62,970 63,080 63,200 63, 320 63,430 63, 550 63,660 43
44 63, 770 63, 890 64, 020 64,140 64,270 64, 390 64, 510 64,640 64, 760 64,880 65, 010 65, 130 65, 250 65,380 65,500 65,620 65, 740 65, 860 65, 980 66,100 66,220 44
45 66,140 66,270 66, 400 66,530 66,660 66,790 66,920 67,050 67,170 67,300 67,430 67,560 67,680 67,810 67,940 68,070 68,190 68, 320 68,440 68, 570 68,700 45

46 68, 510 68, 640 68, 780 68, 910 69, 050 69, 180 69, 320 69,450 69, 580 69, 720 69, 850 69, 980 70, 110 70, 250 70, 380 70, 510 70,640 70, 770 70, 900 71,030 71,160 46
47 71, 810 71,950 72,090 72,240 72,380 72,520 72,660 72,800 72,940 73,080 73,220 73, 360 73, 500 73,640 73,780 73,920 74,050 74,190 74,330 74,470 74,600 47
48 74,170 74, 320 74,460 74,610 74, 760 74, 900 75, 050 75,190 75,340 75,480 75,630 75, 770 75, 920 76,060 76,210 76,350 76,490 76,630 76,780 76, 920 77, 060 48
49 76, 510 76,660 76,820 76, 970 77,120 77,270 77,420 77,570 77,720 77,870 78,020 78,170 78, 320 78,470 78,620 78,760 78,910 79, 060 79,210 79,350 79,500 49
50 78, 950 79,110 79,270 79, 420 79, 580 79, 740 79, 890 80, 050 80, 200 80, 360 80, 510 80, 670 80, 820 80,980 81,130 81,280 81,440 81, 590 81, 740 81,890 82,040 50

51 81, 320 81, 480 81,650 81,810 81,970 82, 130 82,290 82,450 82,610 82,770 82,930 83,090 83,250 83,410 83,570 83,730 83,880 84,040 84,200 84, 350 84,510 51
52 83, 770 83, 930 84,100 84,270 84,430 84,600 84,770 84,930 85,100 85,260 85,430 85,590 85, 760 85, 920 86, 080 86, 250 86,410 86,570 86,730 86, 900 87,060 52
53 86,220 86,400 86, 570 86,740 86,910 87, 080 87,250 87,430 87, 600 87,770 87,940 88,110 88,280 88,440 88,610 88, 780 88,950 89,120 89,280 89,450 89,620 53
54 88,680 88, 850 89, 030 89,210 89, 390 89, 560 89, 740 89,920 90, 090 90,270 90,440 90, 620 90, 790 90, 960 91,140 91,310 91,490 91, 660 91,830 92,000 92,170 54
55 91,130 91,310 91,500 91,680 91,860 92, 040 92,220 92,410 92,590 92,770 92,950 93,130 93, 310 93,490 93,660 93,840 94,020 94,200 94,380 94, 550 94,730 55
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WATTS BAR DAM 15

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

• ~~HEADWATER ELEVATION o.

S740.0 1740.1 740.2 740.3 1740.4 1740.5 1740.6 740.7 740.8 740.9 [ 741.0 [ 741.1 [ 741.2 [ 741.3 [ 741.4 741.5 741.6 1 741.7 1 741.8 1 741.9 742.0

56 93, 500 93, 690 93, 880 94, 060 94, 250 94,440 94, 630 94,810 95,000 95,180 95,370 95, 550 95, 740 95, 920 96,110 96, 290 96,470 96, 650 96,840 97, 020 97, 200 56
57 95, 870 96, 070 96, 260 96,450 96,640 96, 840 97, 030 97, 220 97, 410 97,600 97, 790 97, 980 98, 170 98, 360 98, 550 98, 740 98, 920 99,110 99,300 99, 490 99, 670 57
58 98,280 98,480 98,670 98,870 99,070 99,270 99,460 99,660 99,850 100,100 100,200 100,400 100,600 100,800 101,000 101,200 101,400 101,600 101,800 102,000 102,200 58
59 100,600 100,900 101,100 101,300 101,500 101,700 101,900 102,100 102,300 102,500 102,700 102,900 103,100 103,300 103,500 103,700 103,900 104,100 104,300 104,500 104,600 59
60 103,100 103,300 103, 500 103, 700 103,900 104,100 104,300 104,600 104,800 105,000 105,200 105,400 105,600 105,800 106,000 106,200 106,400 106,600 106,800 107,000 107,200 60

61 108,000 108,300 108,500 108,700 108,900 109,100 109,400 109,600 109,800 110,000 110,200 110,400 110,700 110,900 111,100 111,300 111,500 111,700 111,900 112,200 112,400 61
62 113,000 113,300 113,500 113,700 114,000 114,200 114,400 114,700 114,900 115,100 115,300 115,600 115,800 116,000 116,200 116,500 116,700 116,900 117,100 117,400 117,600 62
63 118,000 118,200 118,500 118,700 118,900 119,200 119,400 119,700 119,900 120,100 120,400 120,600 120,900 121,100 121,300 121,600 121,800 122,100 122,300 122,500 122,800 63
64 123,000 123,200 123, 500 123,700 124,000 124,300 124,500 124,800 125,000 125,300 125,500 125,800 126,000 126,300 126,500 126,800 127,000 127,300 127,500 127,800 128,000 64
65 127,000 127,300 127,500 127,800 128,100 128,300 128,600 128,900 129,100 129,400 129,600 129,900 130,200 130,400 130,700 130,900 131,200 131,500 131,700 132,000 132,200 65

66 131,900 132,200 132,500 132,800 133,100 133,300 133,600 133,900 134,100 134,400 134,700 135,000 135,200 135,500 135,800 136,000 136,300 136,600 136,800 137,100 137,400 66
67 136,000 136,300 136,600 136,900 137,100 137,400 137,700 138,000 138,300 138,600 138,800 139,100 139,400 139,700 140,000 140,200 140,500 140,800 141,100 141,300 141,600 67
68 141,000 141,300 141,600 141,900 142,200 142, 500 142,800 143,100 143,400 143, 600 143, 900 144, 200 144, 500 144,800 145,100 145,400 145,700 146,000 146,300 146,500 146,800 68
69 145,900 146,200 146,500 146,800 147,100 147,400 147,700 148,000 148,300 148,600 148,900 149,200 149,500 149,800 150,100 150,400 150,700 151,000 151,300 151,600 151,900 69
70 150,800 151,100 151,500 151,800 152,100 152,400. 152,700 153,100 153,400 153,700 154,000 154,300 154, 600 155,000 155,300 155,600 155,900 156,200 1156,500 156,800 157,100 70

71 157,000 157,400 157,700 158,000 158,400 158,700 159,000 159,400 159,700 160,000 160,400 160,700 161,000 161,400 161,700 162,000 162,300 162,700 163,000 163,300 163,700 71
72 163,200 163,600 163, 900 164,300 164,600 165,000 165, 300 165,700 166,000 166,400 166,700 167,100 167,400 167,800 168,100 168,500 168,800 169,100 169, 500 169,800 170,200 72
73 169,400 169,700 170,100 170,500 170,800 171,200 171,600 171,900 172,300 172,700 173,000 173,400 173,800 174,100 174,500 174,800 175,200 175,600 175,900 176,300 176,600 73
74 175,500 175,900 176,300 176,700 177,100 177,500 177,800 178,200 178,600 179,000 179,400 179,800 180,100 180,500 180,900 181,300 181,600 182,000 182,400 182,800 183,100 74
75 181,600 182,000 182,400 182,800 183,300 183,700 184,100 184,500 184,900 185,200 185,600 186,000 186,400 186,800 187,200 187,600 188,000 188,400 188,800 189,200 189, 600 75

76 187,800 188,300 188,700 189,100 189,500 189,900 190,400 190,800 191,200 191,600 192,000 192,400 192,800 193,200 193,700 194,100 194,500 194,900 195,300 195,700 196,100 76
77 194,100 194,500 195, 000 195,400 195, 800 196,300 196,700 197,100 197,600 198,000 198,400 198,900 199,300 199, 700 200,100 200,600 201,000 201,400 201, 800 202,300 202,700 77
78 200,300 200,800 201, 300 201, 700 202,200 202,600 203,100 203, 500 204,000 204,400 204,800 205, 300 205, 700 206, 200 206,600 207,100 207, 500 207,900 208,400 208,800 209,300 78
79 206,300 206,800 207,300 207,700 208,200 208,700 209,200 209,600 210,100 210,500 211,000 211,500 211,900 212,400 212,900 213,300 213,800 214,200 214,700 215,100 215,600 79
80 212,000 212,500 213,000 213,500 214,000 214,500 215,000 215,500 215,900 216,400 216,900 217,400 217,900 218,300 218,800 219,300 219,800 220,200 220,700 221,200 221,700 80

81 217,800 218,300 218, 800 219,300 219,900 220,400 220,900 221,400 221,900 222,400 222,900 223,400 223,900 224,400 224,900 225,400 225,900 226,400 226,800 227, 300 227, 800 81
82 223, 500 224,100 224, 600 225,100 225,700 226, 200 226, 700 227,300 227, 800 228, 300 228, 800 229, 300 229,800 230,400 230,900 231,400 231, 900 232, 400 232, 900 233, 400 233, 900 82
83 229, 200 229, 800 230, 300 230,900 231,400 232, 000 232, 500 .233,100 233, 600 234,100 234,700 235, 200 235, 700 236,300 236,800 237, 300 237, 900 238,400 238, 900 239, 400 240, 000 83
84 235,000 235, 600 236, 100 236, 700 237, 300 237, 800 238, 400 239,000 239, 500 240, 100 240,600 241,200 241,700 242,300 242,800 243, 400 243, 900 244,500 245,000 245, 600 246, 100 84
85 240,800 241,400 242, 000 242,600 243, 200 243,800 244,300 244,900 245, 500 246, 100 246,600 247,200 247, 800 248,300 248,900 249, 500 250,000 250,600 251,100 251,700 252, 300 85

86 249,400 250,100 250, 700 251,300 251,900 252,500 253,200 253,800 254,400 255,000 255,600 256,200 256,700 257,300 257,900 258,500 259,100 259,700 260,300 260,900 261,500 86
87 257,300 257, 900 258, 600 259, 200 259, 900 260, 500 261,200 261,800 262,400 263, 100 263,700 264, 300 264, 900 265, 600 266,200 266, 800 267,400 268,100 268, 700 269, 300 269, 900 87
88 267,900 268,600 269, 300 270, 000 270, 700 271,400 272,100 272,700 273,400 274, 100 274,700 275,400 276,100 276,800 277,400 278,100 278,700 279,400 280,100 280,700 281,400 88
89 275,600 276, 300 277, 000 277, 800 278, 500 279,200 279,900 280,600 281, 300 282, 000 282,700 283,400 284,100 284, 800 285, 500 286, 200 286, 900 287, 600 288,300 289,000 289, 700 89
90 283,400 284, 200 284, 900 285, 700 286, 500 287,200 287, 900 288, 700 289,400 290, 200 290,900 291,600 292, 400 293,100 293,800 294, 500 295, 300 296,000 296,700 297,400 298, 200 90

91 291,300 292,100 292, 900 293,700 294,400 295,200 296,000 296,800 297,500 298, 300 299,100 299,800 300, 600 301,400 302,100 302,900 303,600 304,400 305,100 305, 900 306, 600 91
92 300,000 300,700 301, 500 302,300 303, 000 303,800 304,500 305,300 306,000 306, 800 307,500 308,300 309,100 309,900 310,700 311,400 312,200 313,000 313,800 314, 500 315, 300 92
93 310,100 310,700 311,400 312,000 312,600 313,300 313,900 314,500 315,200 315,800 316,600 317,400 318,200 318,900 319,700 320,500 321,200 322,000 322,800 323,500 324,300 93
94 319,700 320,200 320, 700 321,300 321, 900 322,400 323,000 323, 500 324,100 324,700 325, 500 326,300 327,100 327, 800 328,600 329, 400 330,100 330,900 331,700 332,400 333,200 94
95 331,600 331,900 332, 400 332, 900 333, 500 334,000 334, 500 335,100 335,700 336, 300 337,100 337, 800 338, 600 339,400 340,100 340, 900 341,600 342,400 343,200 343, 900 344, 600 95

96 343, 800 344,000 344, 400 344,800 345, 300 345,800 346, 300 346,800 347,400 348,000 348,800 349, 500 350, 300 351,100 351,800 352, 600 353, 300 354,100 354, 800 355, 500 356, 300 96
97 353,200 353,700 354,300 355,100 355,800 356,600 357, 300 358,100 358,900 359,800 360,800 361,800 362, 900 363,900 364,900 366, 000 367,000 368,000 369,000 370,000 371, 100 97
98 363,700 364,900 366, 100 367,300 368,600 369,800 371, 000 372,300 373,500 374, 900 376,300 377,800 379, 300 380,800 382,200 383, 700 385,200 386,700 388, 200 389, 700 391,200 98
99 375, 700 377,500 379, 200 381,000 382, 800 384,500 386,300 388,100 389,900 391,700 393,500 395,500 397,400 399,300 401,200 403, 200 405, 100 407,000 409, 000 410, 900 412, 900 99

100 382,300 384,500 386, 700 388,900 391,200 393,400 395,600 397,900 400,100 402,400 404,700 406,900 409,200 411,500 413,800 416, 100 418,400 420,700 423,000 425, 300 427, 600 100

101 382, 300 384,500 386, 700 388, 900 391, 200 393,400 395, 600 397,900 400,100 402,400 404,700 406, 900 409, 200 411, 500 413,800 416, 100 418,400 420, 700 423,000 425, 300 427, 600 101
102 382,300 384,500 386, 700 388,900 391, 200 393,400 395,600 397,900 400,100 402,400 404,700 406, 900 409,200 411, 500 413,800 416, 100 418,400 420,700 423,000 425, 300 427, 600 102
103 382,300 384,500 386,700 388,900 391,200 393,400 395,600 397,900 400,100 402,400 404, 700 406, 900 409,200 411,500 413,800 416, 100 418, 400 420,700 423,000 425, 300 427, 600 103
104 382,300 384,500 386,700 388,900 391, 200 393,400 395,600 397,900 400,100 402,400 404, 700 406,900 409,200 411,500 413,800 416, 100 418,400 420,700 423,000 425, 300 427,600 104
105 391,400 393,600 395,900 398,100 400,400 402, 700 404, 900 407,200 409,500 411,800 414,000 416,300 418,600 420,900 423,200 425,600 427, 900 430,200 432,500 434,900 437,200 105

106 399,900 402,200 404,500 406,700 409,000 411,300 413,600 415,900 418,200 420,500 422,800 425, 100 427, 500 429,800 432,100 434,500 436,800 439,200 441,500 443,900 446,300 106
107 407,600 409, 900 412, 200 414,500 416,800 419, 100 421, 400 423,800 426, 100 428,400 430,800 433, 100 435,500 437,900 440,200 442,600 445,000 447,400 449,800 452, 100 454, 500 107
108 416,700 418, 800 421, 100 423,300 425,600 427,800 430, 200 432,500 434, 800 437,200 439,500 441, 900 444,200 446,600 448,900 451,300 453, 700 456,000 458,400 460,800 463,200 108
109 422,900 425, 500 428, 000 430,600 433,100 435,700 438, 300 440,900 443, 400 446,000 448,600 451, 300 453,900 456, 500 459,100 461,800 464, 400 467,100 469,700 472,400 475,000 109
110 422, 900 425, 500 428, 000 430,600 433, 100 435,700 438, 300 440,900 443,400 446,000 448,600 451, 300 453,900 456,500 459,100 461,800 464,400 467,100 469,700 472,400 475,000 110
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16 WATTS BAR DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

u••o.• HEADWATER ELEVATION .

__742.0 742.1 742.2 742.3 742.4 742.5 742.6 742.7 742.8 742.9 743.0 743.1 743.2 743.3 743.4 743.5 743.6 743.7 743.8 743.9 744.0

1 890 890 900 900 900 900 900 900 910 910 910 910 910 910 910 920 920 920 920 920 920 1
2 2,520 2,520 2, 530 2,530 2,540 2,540 2,550 2,550 2,550 2,560 2,560 2,570 2,570 2,580 2,580 2, 590 2,590 2,590 2600 2,600 2,610 2
3 3,900 3,900 3, 910 3,920 3,920 3,930 3,940 3,940 3,950 3,960 3,970 3,970 3,980 3, 990 3,990 4,000 4,010 4,010 4, 020 4,030 4,030 3
4 5,530 5,540 5, 550 5,560 5,560 5,570 5,580 5,590 5,600 5,610 5,620 5,630 5,640 5, 650 5,660 5,670 5,680 5,690 5, 700 5,710 5,720 4
5 6,800 6, 820 6,830 6,840 6, 850 6,870 6,880 6,890 6, 900 6,910 6,920 6,940 6,950 6,960 6,970 6, 980 7, 000 7, 010 7, 020 7,030 7,040 5

6 8,430 8,450 8,460 8,480 8,490 8,510 8, 520 8,540 8,550 8,570 8,580 8,600 8,610 8,630 8,640 8, 660 8,670 8,690 8,700 8, 720 8,730 6
7 9,710 9,730 9, 750 9,770 9,780 9,800 9,820 9,830 9,850 9,870 9,890 9,900 9,920 9,940 9,950 9,970 9,990 10,000 10,020 10, 040 10,050 7
8 11,340 11,360 11,380 11,400 11,420 11,440 11,460 11,490 11,510 11,530 11,550 11,570 11,580 11,600 11,620 11,640 11,660 11,680 11,700 11,720 11,740 8
9 12,500 12, 520 12,540 12,560 12,590 12, 610 12,630 12,650 12, 680 12,700 12,720 12,740 12, 760 12,790 12,810 12,830 12,850 12, 870 12,890 12, 920 12, 940 9
10 14,130 14,160 14, 190 14,210 14,240 14,260 14,290 14,310 14,340 14, 360 14,390 14,410 14,440 14, 460 14,480 14,510 14,530 14,560 14,580 14,610 14,630 10

11 15,360 15,390 15,420 15,440 15,470 15,500 15,530 15,550 15,580 15,610 15,630 15,660 15,690 15,710 15,740 15,770 15,800 15,820 15,850 15,870 15,900 11
12 17,010 17,040 17,080 17,110 17,140 17,170 17,200 17,230 17,260 17,290 17,320 17,350 17,380 17,410 17,440 17,470 17,500 17,520 17,550 17,580 17,610 12
13 18,030 18,070 18, 100 18,130 18, 160 18,190 18, 230 18, 260 18,290 18,320 18,350 18,380 18,420 18,450 18,480 18,510 18,540 18, 570 18,600 18,640 18,670 13
14 19, 650 19, 690 19, 720 19, 760 19, 790 19, 830 19, 860 19,900 19, 930 19, 970 20, 000 20, 040 20, 070 20,100 20,140 20,170 20, 210 20,240 20,280 20, 310 20,340 14
15 20, 750 20,790 20,830 20, 870 20,900 20,940 20,980 21,010 21,050 21,090 21,120 21,160 21,200 21,230 21,270 21,300 21,340 21,380 21,410 21,450 21,480 15

16 22,390 22,430 22, 470 22,510 22,550 22,590 22,630 22,670 22,710 22,750 22,790 22, 830 22, 870 22,910 22,950 22,990 23,030 23,070 23,100 23,140 23,180 16
17 23,410 23,450 23, 500 23,540 23, 580 23,620 23,660 23, 700 23, 750 23, 790 23, 830 23, 870 23, 910 23,950 23,990 24,030 24,070 24,110 24,150 24, 200 24,240 17
18 25,030 25,080 25, 120 25,170 25, 210 25,250 25,300 25, 340 25, 390 25,430 25,480 25,520 25,560 25,610 25,650 25,700 25,740 25, 780 25,830 25,870 25, 910 18
19 26, 070 26,120 26, 160 26,210 26,260 26, 300 26,350 26,390 26,440 26,490 26, 530 26, 580 26, 620 26,670 26,710 26, 760 26, 800 26, 850 26, 900 26, 940 26,990 19
20 27, 640 27, 690 27, 740 27,790 27,840 27,890 27,940 27,990 28,040 28, 090 28,130 28,180 28, 230 28,280 28,330 28,380 28,420 28,470 28, 520 28,570 28,620 20

21 28,640 28, 700 28, 750 28,800 28, 850 28, 900 28, 950 29,000 29, 050 29,100 29,150 29,200 29, 250 29,300 29,350 29, 400 29, 450 29, 500 29,550 29, 600 29, 650 21
22 30,280 30, 330 30, 380 30,440 30,490 30, 550 30, 600 30,650 30, 710 30, 760 30, 810 30, 870 30, 920 30, 970 31,020 31,080 31,130 31,180 31,240 31,290 31,340 22
23 31,330 31,380 31,440 31,490 31,550 31,600 31,660 31,710 31,770 31,830 31,880 31,940 31,990 32,040 32,100 32, 150 32,210 32,260 32,320 32,370 32,430 23
24 32, 960 33, 020 33, 080 33,140 33,200 33, 260 33, 320 33, 370 33,430 33, 490 33, 550 33,610 33, 660 33, 720 33,780 33,840 33, 890 33, 950 34,010 34 070 34,120 24
25 34,250 34,310 34,370 34,430 34,490 34,550 34,610 34,670 34,730 34, 790 34,850 34,910 34,970 35, 030 35,090 35, 150 35, 210 35, 270 35, 330 35, 390 35,450 25

26 35,870 35,930 36, 000 36,060 36,130 36,190 36,250 36,320 36,380 36, 440 36,510 36,570 36,630 36,700 36, 760 36,820 36,880 36,950 37,010 37,070 37,130 26
27 37, 060 37, 120 37, 190 37,260 37, 320 37, 390 37, 450 37, 520 37, 580 37, 650 37, 710 37, 780 37,840 37, 910 37, 970 38,040 38, 100 38,170 38, 230 38, 300 38, 360 27
28 38, 720 38, 790 38, 850 38, 920 38, 990 39, 060 39, 130 39, 200 39, 270 39, 330 39,400 39, 470 39,540 39, 610 39,670 39, 740 39, 810 39, 880 39, 940 40, 010 40, 080 28
29 39,720 39,790 39, 860 39,930 40,000 40,070 40, 140 40,220 40,290 40,360 40,420 40,490 40,560 40,630 40, 700 40,770 40,840 40, 910 40,980 41,050 41,120 29
30 41,350 41,430 41,500 41,570 41,650 41,720 41, 790 41,870 41,940 42,010 42,090 42,160 42,230 42,300 42, 380 42,450 42,520 42, 590 42,660 42,730 42,810 30

31 42,410 42,480 42, 560 42,630 42,710 42,780 42,860 42,930 43,010 43,080 43,160 43,230 43,310 43,380 43,450 43,530 43,600 43,670 43,750 43,820 43,890 31
32 44,040 44,120 44,200 44,280 44,360 44, 440 44,510 44,590 44,670 44,750 44,830 44,900 44,980 45,060 45,130 45,210 45,290 45,360 45,440 45,520 45,590 32
33 45, 290 45,370 45,450 45,530 45,620 45, 700 45,780 45,860 45,940 46,020 46,090 46,170 46,250 46,330 46,410 46,490 46,570 46,650 46,730 46,800 46,880 33
34 46, 890 46, 980 47, 060 47,150 47, 230 47, 310 47,400 47,480 47, 560 47, 640 47, 730 47, 810 47, 890 47, 970 48, 050 48,140 48, 220 48, 300 48, 380 48, 460 48,540 34
35 47, 960 48, 050 48,130 48,220 48, 300 48, 390 48,470 48, 560 48, 640 48, 730 48, 810 48, 900 48, 980 49, 060 49,150 49, 230 49, 310 49,400 49, 480 49, 560 49, 650 35

36 49, 570 49, 660 49, 750 49,840 49, 930 50, 020 50,100 50,190 50,280 50, 370 50,450 50,540 50, 630 50, 710 50, 800 50, 890 50, 970 51,060 51,140 51, 230 51,320 36
37 50,500 50,590 50,680 50,770 50,850 50,940 51,030 51,120 51,210 51,300 51,390 51,480 51,570 51,650 51,740 51,830 51,920 52,010 52,090 52,180 52,270 37
38 52,140 52, 230 52, 330 52,420 52,510 52, 600 52,700 52,790 52, 880 52, 970 53,060 53,160 53, 250 53,340 53, 430 53, 520 53, 610 53,700 53,790 53, 880 53,970 38
39 53, 550 53, 650 53, 740 53,840 53, 930 54, 030 54,120 54,220 54, 310 54,410 54, 500 54, 600 54, 690 54, 780 54, 880 54, 970 55, 060 55,160 55,250 55, 340 55, 430 39
40 55,200 55,300 55, 400 55,500 55,600 55,700 55,790 55,890 55,990 56,090 56, 180 56,280 56,380 56,470 56, 570 56, 670 56,760 56,860 56,950 57,050 57,140 40

41 57,760 57,860 57,960 58,070 58,170 58,270 58,380 58,480 58,580 58,680 58,790 58,890 58,990 59,090 59,190 59,290 59,390 59,490 59,600 59,700 59,800 41
42 60, 220 60,330 60, 440 60, 550 60,660 60,760 60,870 60,980 61,090 61,190 61,300 61,410 61,510 61,620 61, 730 61,830 61,940 62,040 62,150 62,250 62, 360 42
43 63, 660 63,780 63,900 64,010 64,120 64,240 64,350 64,470 64,580 64,700 64,810 64,920 65, 040 65,150 65,260 65,370 65, 490 65,600 65, 710 65,820 65,930 43
44 66,220 66,340 66, 460 66,580 66, 700 66,820 66,940 67,060 67,180 67, 300 67,420 67,540 67, 650 67, 770 67, 890 68,010 68,120 68, 240 68,360 68,480 68, 590 44
45 68,700 68, 820 68, 950 69, 070 69, 200 69, 320 69,440 69,570 69, 690 69, 810 69, 940 70, 060 70,180 70, 310 70,430 70, 550 70, 670 70, 790 70,920 71,040 71,160 45

46 71,160 71,290 71,420 71,550 71,680 71,810 71,940 72, 070 72,200 72,320 72,450 72,580 72,710 72,840 72,960 73,090 73, 220 73,340 73,470 73,600 73,720 46
47 74, 600 74,740 74, 880 75,010 75,150 75,290 75,420 75, 560 75,690 75,830 75,960 76,100 76,230 76, 360 76,500 76,630 76, 770 76,900 77,030 77,160 77,300 47
48 77,060 77,200 77, 340 77,490 77,630 77,770 77,910 78,050 78,190 78,330 78,470 78,610 78, 750 78, 880 79,020 79,160 79, 300 79,440 79,570 79,710 79,850 48
49 79,500 79,650 79, 790 79,940 80,090 80, 230 80,380 80,520 80,670 80,810 80,950 81,100 81, 240 81,390 81,530 81,670 81, 810 81,960 82,100 82,240 82, 380 49
50 82,040 82, 200 82, 350 82, 500 82, 650 82, 800 82, 950 83,100 83, 250 83,400 83, 550 83, 700 83, 840 83, 990 84,140 84, 290 84,440 84,580 84, 730 84,880 85, 020 50

51 84,510 84,670 84, 820 84,980 85,130 85, 290 85,440 85,600 85, 750 85, 910 86, 060 86,220 86, 370 86, 520 86,670 86, 830 86, 980 87,130 87,280 87,430 87, 580 51
52 87,060 87,220 87,380 87,540 87,700 87,860 88, 020 88,180 88, 340 88,500 88,660 88,820 88,980 89,130 89, 298089, 450 89, 611089, 760 89,0 9,70 90 20 5
53 89,620 89, 780 89, 950 90,120 90, 280 90, 450 90, 610 90, 780 90,940 91,100 91,270 91430 91,590 91,760 91,920 92,080 92,240 92,410 92,570 92, 730 92,890 53
54 92,170 92, 350 92, 520 92,690 92,860 93, 030 93, 200 93, 370 93,540 93, 710 93, 870 94040 94, 210 94, 380 94, 550 94, 710 94, 880 95, 050 95, 210 95, 380 95,540 54
55 94, 730 94, 910 95, 080 95,260 95,430 95, 610 95, 780 95,960 96,130 96, 310 96,480 96,650 96, 830 97,000 97,170 97,340 97, 520 97, 690 97,860 98, 030 98, 200 55

HEADWATER 742 to 744 NOVEMBER 2004



WATTS BAR DAM 17

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

Aod HEADWATER ELEVATION •
7. 742.3 1742.4 7 742.8 [2742.9 743.0 1 743.1 1 743.2 743.3 743.4 743.5 743.6 743.7 743.8 43. 744.0

56 97,200 97, 380 97, 560 97,740 97, 920 98, 100 98,280 98,460 98,640 98, 820 99,000 99,180 99, 350 99,530 99, 710 99, 890 100, 100 100, 200 100,400 100, 600 100,800 56
57 99,670 99,860 100,000 100,200 100,400 100,600 100,800 101,000 101,200 101,300 101,500 101,700 101,900 102,100 102,200 102,400 102,600 102,800 103,000 103,200 103,300 5758 102,200 102,400 102, 600 102,700 102,900 103,100 103,300 103, 500 103,700 103,900 104,100 104,300 104,400 104,600 104, 800 105,000 105, 200 105,400 105,600 105,700 105,900 58
59 104,600 104,800 105,000 105,200 105,400 105,600 105,800 106,000 106,200 106,400 106,600 106,800 107,000 107,200 107,400 107,500 107,700 107,900 108,100 108,300 108,500 59
60 107,200 107,400 107,600 107,800 108,000 108,200 108,400 108,600 108,800 109,000 109,200 109,400 109,600 109,800 110,000 110,200 110,400 110,600 110,800 111,000 111,100 60

61 112,400 112,600 112,800 113,000 113,200 113,400 113,600 113,900 114,100 114,300 114,500 114,700 114,900 115,100 115,300 115,500 115,700 115,900 116,100 116,300 116,500 61
62 117,600 117,800 118,000 118,300 118,500 118,700 118,900 119,200 119,400 119,600 119,800 120,000 120,300 120,500 120,700 120,900 121,100 121,300 121,600 121,800 122,000 62
63 122,800 123,000 123,200 123,500 123,700 123,900 124,200 124,400 124,600 124,900 125,100 125,300 125,500 125,800 126,000 126,200 126,500 126,700 126,900 127,100 127,400 63
64 128,000 128,300 128,500 128,700 129,000 129,200 129,500 129,700 130,000 130,200 130,400 130,700 130,900 131,200 131,400 131,600 131,900 132,100 132,400 132,600 132,800 64
65 132,200 132, 500 132, 700 133, 000 133, 200 133, 500 133, 700 134, 000 134, 300 134, 500 134, 800 135,000 135, 300 135, 500 135,800 136,000 136, 200 136, 500 136, 700 137, 000 137,200 65

66 137,400 137,600 137,900 138,200 138,400 138,700 139,000 139,200 139,500 139,800 140,000 140,300 140,500 140,800 141,100 141,300 141,600 141,800 142,100 142,400 142,600 66
67 141,600 141,900 142,200 142,400 142,700 143,000 143,300 143,500 143,800 144,100 144,400 144,600 144,900 145,200 145,400 145,700 146,000 146,200 146,500 146,800 147,000 67
68 146,800 147, 100 147,400 147, 700 148,000 148,300 148,500 148,800 149, 100 149, 400 149,700 150,000 150,200 150, 500 150,800 151,100 151,400 151,600 151, 900 152,200 152,500 68
69 151,900 152, 200 152, 500 152,800 153,100 153, 400 153, 700 154,000 154, 300 154, 600 154,900 155, 200 155, 500 155,800 156,000 156, 300 156, 600 156,900 157,200 157, 500 157, 800 69
70 157,100 157,400 157,800 158,100 158,400 158,700 159,000 159,300 159,600 159,900 160,200 160,500 160,800 161,100 161,400 161,700 162,000 162,300 162,600 162,900 163,200 70

71 163, 700 164,000 164, 300 164, 600 164, 900 165, 300 165, 600 165, 900 166, 200 166, 600 166,900 167, 200 167, 500 167, 800 168,100 168, 500 168, 800 169,100 169, 400 169, 700 170,000 71
72 170,200 170,500 170,800 171,200 171,500 171,900 172,200 172,500 172,900 173,200 173,500 173,900 174,200 174,500 174,900 175,200 175,500 175,900 176,200 176,500 176,900 72
73 176,600 177,000 177,300 177,700 178,100 178,400 178,800 179,100 179,500 179,800 180,200 180,500 180,900 181,200 181,600 181,900 182,300 182,600 182,900 183,300 183,600 73
74 183,100 183,500 183,900 184,200 184,600 185,000 185,400 185,700 186,100 186,500 186,800 187,200 187,500 187,900 188,300 188,600 189,000 189,400 189, 700 190,100 190,400 74
75 189,600 190,000 190,300 190,700 191,100 191,500 191,900 192,300 192,600 193,000 193,400 193,800 194,200 194,500 194,900 195,300 195,700 196,100 196,400 196,800 197,200 75

76 196,100 196, 500 196,900 197,300 197,700 198,100 198,500 198,900 199,300 199,700 200,100 200,500 200,900 201,300 201,700 202,100 202,400 202,800 203,200 203,600 204,000 76
77 202,700 203, 100 203,500 203,900 204, 400 204,800 205,200 205,600 206,000 206,400 206,800 207,300 207,700 208,100 208,500 208,900 209,300 209,700 210,100 210,500 210,900 77
78 209,300 209,700 210,100 210,600 211,000 211,400 211,900 212,300 212,700 213,100 213,600 214,000 214,400 214,900 215,300 215,700 216,100 216,500 217,000 217,400 217,800 78
79 215,600 216,000 216,500 216,900 217,400 217,800 218,300 218,700 219,200 219,600 220,100 220,500 221,000 221,400 221,800 222,300 222,700 223,200 223,600 224,000 224,500 79
80 221,700 222, 100 222,600 223,100 223, 500 224,000 224,500 224,900 225,400 225,900 226, 300 226, 800 227,200 227,700 228,200 228,600 229,100 229,500 230, 000 230,400 230,900 80

81 227, 800 228, 300 228, 800 229, 300 229, 800 230, 300 230, 700 231,200 231,700 232,200 232, 700 233,100 233, 600 234,100 234,600 235,000 235, 500 236,000 236, 500 236, 900 237,400 81
82 233,900 234,400 234,900 235,400 235,900 236,400 236, 900 237,400 237,900 238,400 238, 900 239,400 239,900 240,400 240,900 241, 400 241,900 242,400 242, 900 243, 300 243,800 82
83 240,000 240, 500 241,000 241,500 242,000 242,500 243,100 243,600 244,100 244,600 245,100 245,600 246, 100 246, 700 247,200 247, 700 248,200 248,700 249,200 249,700 250,200 83
84 246,100 246, 600 247, 200 247,700 248, 200 248, 800 249, 300 249, 800 250,400 250,900 251,400 252,000 252,500 253, 000 253,500 254,100 254,600 255,100 255,600 256,100 256,700 84
85 252,300 252, 800 253, 400 253,900 254,500 255, 000 255,600 256,100 256,700 257,200 257,800 258,300 258,900 259,400 260,000 260, 500 261,000 261,600 262,100 262,600 263,200 85

86 261,500 262, 000 262,600 263,200 263, 800 264,400 264,900 265, 500 266,100 266,700 267,200 267,800 268,400 268,900 269,500 270, 100 270,600 271,200 271,800 272,300 272,900 86
87 269,900 270,500 271,100 271,700 272,400 273,000 273,600 274,200 274,800 275,400 276,000 276,600 277,200 277,800 278,400 279,000 279,600 280,200 280,800 281,300 281,900 87
88 281,400 282, 000 282, 700 283,300 284,000 284,600 285, 300 285,900 286,600 287,200 287,800 288,500 289,100 289, 800 290,400 291,000 291, 700 292, 300 292,900 293,600 294,200 88
89 289,700 290,400 291, 100 291,700 292,400 293, 100 293, 800 294,500 295, 100 295, 800 296, 500 297,100 297, 800 298, 500 299,100 299,800 300, 500 301,100 301, 800 302,500 303,100 89
90 298,200 298,900 299,600 300,300 301,000 301,700 302,400 303,100 303,800 304,500 305, 300 306,000 306,700 307, 300 308,000 308,700 309,400 310,100 310, 800 311,500 312,200 90

91 306,600 307,400 308,100 308,900 309,600 310,400 311,100 311,800 312,600 313,300 314,000 314,800 315,500 316,200 317,000 317,700 318,400 319,100 319,900 320,600 321,300 91
92 315,300 316,100 316,800 317,600 318,400 319, 100 319, 900 320,600 321,400 322,100 322,900 323,600 324,400 325,100 325,900 326,600 327,400 328,100 328,800 329, 600 330,300 92
93 324, 300 325, 100 325, 800 326, 600 327, 300 328, 100 328, 800 329, 600 330, 300 331,100 331,800 332, 600 333, 300 334,000 334,800 335,500 336, 200 336, 900 337, 700 338,400 339,200 93
94 333,200 333,900 334,700 335,400 336,200 336,900 337,600 338,400 339, 100 339, 900 340,600 341,300 342,000 342,800 343,500 344,200 345, 000 345,700 346,400 347,200 348,000 94
95 344,600 345,400 346, 100 346,900 347,600 348, 300 349, 100 349,800 350, 500 351, 200 351,900 352,600 353,400 354,100 354,900 355, 600 356,400 357,200 357, 900 358, 700 359,500 95

96 356,300 357,000 357,700 358,500 359,200 359, 900 360,600 361,300 362, 000 362,700 363,400 364,100 364,900 365,600 366,400 367, 200 368, 000 368, 700 369,500 370, 300 371,200 96
97 371,100 372, 100 373, 100 374,100 374, 900 375, 600 376, 300 377,000 377, 700 378,400 379,100 379, 800 380, 500 381,100 381,700 382, 300 382, 900 383, 500 384, 100 384, 700 385,400 97
98 391,200 392,600 394,100 395,600 396,700 397,400 398, 000 398,600 399,200 399,800 400,300 400, 800 401,200 401,400 401,700 402, 100 402, 400 402, 700 403, 000 403, 400 403, 800 98
99 412,900 414,800 416, 800 418,700 420,100 421,000 421, 800 422,600 423,400 424,100 424,900 425, 200 425,300 425,300 425,300 425,400 425, 400 425, 500 425, 500 425,500 425, 600 99

100 427, 600 429, 900 432, 300 434,600 436, 200 437, 400 438, 500 439, 500 440, 500 441,500 442,400 443, 000 443,300 443,200 443,200 443, 200 443, 200 443,200 443, 200 443,100 443,100 100

101 427,600 429,900 432, 300 434,600 436,200 437,400 438,500 439,500 440, 500 441,500 442,400 443,200 443, 800 444,300 444,900 445, 600 446,200 446,800 447,400 448,000 448,700 101
102 427,600 429,900 432, 300 434,600 436,500 438, 100 439,600 441,000 442, 500 443,900 445,400 446,700 448,000 449,100 450,300 451,500 452,700 453,900 455, 100 456,400 457,600 102
103 427, 600 429, 900 432, 300 434,600 436, 700 438, 600 440, 500 442,400 444, 300 446, 200 448, 100 450, 000 451,900 453, 700 455, 500 457, 300 459, 100 460, 900 462, 700 464, 600 466,400 103
104 427,600 429,900 432, 300 434,600 436,900 439,300 441,600 444,000 446,400 448, 700 451,100 453,500 455,900 458,300 460,700 463, 100 465,500 467, 900 470,300 472, 700 475, 200 104
105 437,200 439,600 441,900 444,300 446,700 449,000 451, 400 453,800 456,200 458,600 461,000 463,400 465,800 468,200 470,600 473,000 475,500 477, 900 480,400 482,800 485, 300 105

106 446,300 448,600 451,000 453,400 455, 800 458, 200 460, 600 463, 000 465,400 467, 800 470, 200 472, 700 475,100 477,600 480,000 482, 400 484, 900 487,400 489, 800 492, 300 494, 800 106
107 454,500 457, 000 459,400 461,800 464,200 466, 600 469,100 471, 500 473,900 476,400 478,800 481,300 483,800 486, 200 488,700 491,200 493,700 496,200 498,700 501, 200 503,700 107
108 463,200 465,600 468,000 470,400 472,800 475,200 477, 700 480,100 482, 500 485,000 487,400 489,900 492,300 494,800 497,300 499,800 502,300 504,800 507,300 509,800 512,400 108
109 475,000 477,700 480,400 483,100 485,700 488,100 490, 400 492,700 495, 000 497,200 499,500 501,800 504,100 506, 300 508,600 511,000 513,300 515,700 518,000 520,400 522,800 109
110 475,000 477, 700 480,400 483, 100 485,800 488, 500 491,200 493,900 496,600 499,400 502,100 504,800 507, 600 510, 300 513,100 515, 900 518,700 521,400 524,200 527,000 529, 800 110

NOVEMBER 2004 HEADWATER 742 to 744



18 WATTS BAR DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

o• ~HEADWATER ELEVATION •
744.0 1 744.1 1 744.2 1 744.3 1 744.4 1 744.5 1 744.6 1 744.7 1 744.8 744.9 745.0 745.1 745.2 745.3 745.4 [ 745.5 745.6 745.7 745.8 745.9 746.0

1 920 920 930 930 930 930 930 930 930 1
2 2,610 2, 610 2,620 2, 620 2,620 2,630 2, 630 2,640 2,640 2
3 4,030 4,040 4, 050 4,050 4,060 4,070 4,070 4,080 4,090 3
4 5,720 5,730 5,740 5,750 5,760 5,770 5, 780 5, 790 5,800 4
5 7,040 7,050 7,070 7,080 7,090 7,100 7,110 7,120 7,140 5

6 8,:730 8, 750 8 760 8,780 8,790 8,800 8,820 8,830 8,850 6
7 10,050 10,070 10,090 10,100 10,120 10,140 10,150 10,170 10,190 7
8 11,740 11,760 11,780 11,800 11,820 11,840 11,860 11,880 11,900 8
9 12,940 12,960 12, 980 13,000 13, 020 13,040 13,070 13,090 13,110 9

10 14,630 14,660 14,680 14,710 14,730 14,750 14,780 14,800 14,830 10

11 15,900 15,930 15,950 15,980 16,010 16,030 16,060 16,090 16,110 11
12 17,610 17,640 17,670 17,700 17,730 17,760 17,790 17,820 17,850 12
13 18,670 18,700 18,730 18,760 18,790 18,820 18,850 18,880 18,910 13
14 20,340 20, 380 20, 410 20,450 20, 480 20, 510 20, 550 20, 580 20, 610 14
15 21,480 21,520 21,560 21,590 21,630 21,660 21,700 21,730 21,770 15

16 23,180 23, 220 23, 260 23,300 23,340 23, 370 23, 410 23,450 23,490 16
17 24,240 24,280 24,320 24, 360 24,400 24,440 24,480 24,520 24,560 17
18 25,910 25,960 26, 000 26,040 26,080 26,130 26, 170 26, 210 26,260 18
19 26, 990 27, 030 27, 080 27, 120 27,170 27, 210 27, 250 27, 300 27,340 19
20 28,620 28,660 28,710 28,760 28,810 28,850 28,900 28,950 29,000 20

21 29,650 29, 700 29,750 29, 800 29,850 29,900 29, 950 30,000 30,040 21
22 31,340 31,390 31,440 31,500 31,550 31,600 31,650 31,700 31,760 22
23 32,430 32, 480 32, 530 32, 590 32,640 32, 700 32, 750 32,800 32,860 23
24 34,120 34,180 34,240 34,290 34,350 34,410 34,460 34,520 34,580 24
25 35,450 35, 510 35,570 35,630 35,680 35,740 35,800 35,860 35,920 25

26 37,130 37,190 37, 260 37, 320 37,380 37,440 37, 500 37,560 37,620 26
27 38,360 38,420 38,490 38,550 38, 620 38, 680 38,740 38,810 38,870 27
28 40,080 40,140 40,210 40,280 40,340 40,410 40, 480 40,540 40,610 28
29 41,120 41,190 41,250 41,320 41,390 41,460 41,530 41,590 41,660 29
30 42,810 42,880 42,950 43,020 43,090 43,160 43,230 43,300 43,370 30

31 43,890 43, 970 44,040 44,110 44,190 44,260 44,330 44,400 44,480 31
32 45,590 45,670 45, 740 45,820 45, 900 45,970 46,050 46,120 46,200 32
33 46,880 46,960 47,040 47,120 47,190 47,270 47,350 47,430 47,500 33
34 48,540 48, 620 48, 700 48,790 48, 870 48, 950 49, 030 49,110 49,190 34
35 49,650 49,730 49,810 49,890 49,980 50,060 50,140 50,220 50,300 35

36 51,320 51,400 51,490 51,570 51,660 51,740 51,830 51,910 52,000 36
37 52,270 52,360 52,440 52,530 52,620 52,700 52,790 52,880 52, 960 37
38 53,970 54,060 54,150 54,240 54,330 54,420 54, 510 54,600 54,690 38
39 55,430 55, 530 55, 620 55, 710 55, 800 55, 890 55, 990 56, 080 56,170 56, 260 56,350 56,440 56, 530 56,620 56, 710 56, 800 56, 890 56, 980 57,070 57,160 39
40 57,140 57,240 57,340 57,430 57,530 57,620 57,710 57,810 57,900 58,000 58,090 58,180 58,280 58,370 58,460 58,560 58, 650 58,740 58,840 58,930 59,020 40

41 59,800 59,900 60,000 60,100 60,200 60,300 60,390 60,490 60,590 60,690 60,790 60,890 60,990 61,090 61,180 61,280 61,380 61,480 61,570 61,670 61,770 41
42 62,360 62,460 62,570 62,670 62,780 62,880 62,980 63,090 63,190 63,300 63,400 63,500 63,600 63,710 63,810 63, 910 64,010 64,120 64,220 64,320 64,420 42
43 65, 930 66,050 66,160 66,270 66,380 66,490 66,600 66, 710 66,820 66,930 67,040 67,150 67,260 67,370 67,480 67,590 67,690 67, 800 67, 910 68, 020 68,130 43
44 68,590 68,710 68,820 68, 940 69, 060 69,170 69, 290 69,400 69,520 69,630 69,750 69,860 69,970 70,090 70,200 70, 320 70,430 70,540 70,660 70,770 70, 880 44
45 71,160 71,280 71,400 71,520 71,640 71,760 71,880 72,000 72,120 72,240 72,360 72, 480 72, 600 72,720 72,830 72, 950 73, 070 73,190 73, 310 73, 420 73,540 45

46 73, 720 73, 850 73, 970 74,100 74, 220 74,350 74, 470 74, 600 74, 720 74,840 74,970 75,090 75, 210 75,340 75,460 75,580 75, 710 75,830 75, 950 76, 070 76,190 46
47 77, 300 77,430 77,560 77,690 77,820 77,950 78, 090 78, 220 78,350 78,480 78,610 78, 740 78, 870 79,000 79,130 79,260 79,380 79, 510 79,640 79,770 79, 900 47
48 79, 850 79, 980 80, 120 80, 260 80, 390 80, 530 80, 670 80, 800 80,940 81,070 81,210 81,340 81,470 81,610 81,740 81, 880 82, 010 82,140 82, 280 82, 410 82,540 48
49 82,380 82,520 82, 660 82,810 82,950 83, 090 83, 230 83, 370 83,510 83,650 83, 790 83, 920 84,060 84,200 84,340 84,480 84,620 84,750 84,890 85, 030 85,170 49
50 85,020 85,170 85,310 85,460 85,610 85,750 85,900 86,040 86,190 86,330 86,470 86,620 86,760 86,900 87,050 87,190 87,330 87,470 87,620 87,760 87,900 50

51 87, 580 87, 740 87, 890 88, 040 88,190 88,340 88,490 88,640 88, 780 88, 930 89,080 89, 230 89, 380 89, 530 89, 670 89, 820 89, 970 90,110 90, 260 90,410 90, 550 51
52 90,230 90, 390 90,540 90, 700 90, 850 91,010 91,160 91,320 91,470 91,620 91,780 91, 930 92, 080 92, 230 92, 390 92,540 92, 690 92,840 92,990 93,140 93, 300 52
53 92, 890 93, 050 93, 210 93,370 93, 530 93,690 93,850 94, 010 94,170 94, 320 94,480 94,640 94, 800 94, 960 95,110 95,270 95, 430 95, 580 95, 740 95, 890 96,050 53
54 95,540 95,710 95,880 96,040 96,200 96,370 96,530 96,700 96,860 97,020 97,190 97,350 97,510 97,670 97,840 98, 000 98,160 98, 320 98,480 98,640 98,800 54
55 98,200 98,370 98,540 98,710 98,880 99,050 99,220 99,390 99,550 99,720 99,890 100,100 100,200 100,400 100,600 100,700 100,900 101,100 101,200 101,400 101,600 55

HEADWATER 744 to 746 See special instruction for preventing gate overflow on page 2. NOVEMBER 2004
HEADWATER 744 to 746 See special instruction for preventing gate overflow on page 2. NOVEMBER 2004



WATTS BAR DAM 19

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

A-I1ý HEADWATER ELEVATION
._ 744.0 1744.1 1_744.2 1_744.3 1_744.4 1_744.5 1_744.6 1 744.7 1 744.8 1 744.9 745.0 745.1 745.2 745.3 745.4 745.5 745.6 745. 745.8 745.9 746.0

56 100,800 100,900 101,100 101,300 101,500 101,600 101,800 102,000 102,200 102,300 102,500 102,700 102,800 103,000 103,200 103,400 103,500 103,700 103,900 104,000 104,200 56
57 103,300 103,500 103,700 103,900 104,000 104,200 104,400 104,600 104,800 104,900 105,100 105,300 105,500 105,600 105,800 106,000 106,200 106, 300 106,500 106,700 106,900 57
58 105,900 106,100 106,300 106,500 106,700 106,900 107,000 107,200 107,400 107,600 107,800 107,900 108,100 108,300 108,500 108,700 108,800 109,000 109,200 109,400 109,600 58
59 108,500 108,700 108,900 109,100 109,300 109,400 109,600 109,800 110,000 110,200 110,400 110,600 110,700 110,900 111,100 111,300 111,500 111,700 111,900 112,000 112,200 59
60 111,100 111,300 111,500 111,700 111,900 112,100 112,300 112,500 112,700 112,900 113,100 113,300 113,500 113,600 113,800 114,000 114,200 114,400 114,600 114,800 115,000 60

61 116,500 116,800 117,000 117,200 117,400 117,600 117,800 118,000 118,200 118,400 118,600 118,800 119,000 119,200 119,400 119,600 119,800 120,000 120,200 120,400 120,600 61
62 122,000 122,200 122,400 122,600 122,900 123,100 123,300 123,500 123,700 123,900 124,100 124,300 124,600 124,800 125,000 125,200 125,400 125,600 125,800 126,000 126,200 62
63 127,400 127,600 127,800 128,100 128,300 128,500 128,700 128,900 129,200 129,400 129,600 129,800 130,100 130,300 130,500 130,700 130,900 131,200 131,400 131,600 131,800 63
64 132,800 133,100 133,300 133,500 133,800 134,000 134,300 134, 500 134,700 135,000 135,200 135,400 135, 700 135, 900 136,100 136,400 136,600 136,800 137,000 137, 300 137,500 64
65 137,200 137,500 137,700 138,000 138,200 138,500 138,700 138,900 139,200 139,400 139,700 139,900 140,200 140,400 140,600 140,900 141,100 141,400 141,600 141,800 142,100 65

66 142,600 142,900 143, 100 143,400 143,600 143,900 144,100 144,400 144,700 144,900 145,200 145,400 145,700 145,900 146,200 146,400 146,700 146,900 147,200 147,400 147,700 66
67 147,000 147,300 147,600 147,800 148,100 148,400 148,600 148,900 149,100 149,400 149,700 149,900 150,200 150,400 150,700 151,000 151,200 151,500 151,700 152,000 152,200 67
68 152,500 152,700 153,000 153, 300 153, 600 1153,800 154,100 154,400 154,700 154,900 155,200 155,500 155,700 156,000 156, 300 156,600 156,800 157,100 157,400 157,600 157, 900 68
69 157,800 158,100 158,400 158,600 158,900 159,200 159,500 159,800 160,100 160,300 160,600 160,900 161,200 161,500 161,700 162,000 162,300 162,600 162,900 163,100 163,400 69
70 163,200 163,500 163, 800 164, 100 104, 400 164,700 165,000 165, 300 165,600 165,900 166, 100 166,400 166,700 167,000 167,300 167,600 167,900 168, 200 168,500 168,800 169,000 70

71 170,000 170,300 170,700 171,000 171,300 171,600 171,900 172,200 172,500 172,800 173,100 173,400 173,700 174,000 174,400 174,700 175,000 175,300 175,600 175,900 176,200 71
72 176,900 177,200 177,500 177,800 178,200 178,500 178,800 179,100 179,500 179,800 180,100 180,400 180,700 181,100 181,400 181,700 182,000 182,300 182,700 183,000 183,300 72
73 183,600 184,000 184,300 184,700 185,000 185,300 185,700 186,000 186,400 186,700 187,000 187,400 187,700 188,000 188,400 188,700 189,000 189,400 189,700 190,000 190,400 73
74 190,400 190, 800 191,100 191,500 191,900 192,200 192,600 192,900 193,300 193,600 194,000 194,300 194,700 195,000 195,400 195,700 196,100 196,400 196,800 197,100 197,500 74
75 197, 200 197, 500 197, 900 198, 300 198, 700 199, 000 199,400 199,800 200,100 200,500 200,900 201,200 201,600 202,000 202,300 202,700 203,100 203,400 203,800 204,100 204,500 75

76 204,000 204,400 204,800 205,200 205,600 205,900 206,300 206,700 207,100 207,500 207,900 208,200 208,600 209,000 209,400 209,800 210,100 210, 500 210,900 211,300 211,600 76
77 210,900 211,300 211,700 212,100 212,500 212,900 213,300 213,700 214,100 214,500 214,900 215,300 215,700 216,100 216,500 216,900 217,300 217,700 218,100 218,500 218,800 77
78 217,800 218,200 218, 600 219,100 219,500 219,900 220,300 220,700 221,100 221,500 222, 000 222,400 222,800 223,200 223, 600 224,000 224,400 224,800 225,200 225,600 226,000 78
79 224,500 224,900 225, 300 225,800 226,200 226,600 227, 100 227, 500 227, 900 228,400 228, 800 229, 200 229,600 230,100 230, 500 230,900 231,300 231,800 232,200 232, 600 233, 000 79
80 230,900 231,300 231,800 232,200 232, 700 233,100 233, 600 234, 000 234,500 234,900 235,400 235, 800 236, 200 236,700 237,100 237, 600 238,000 238,400 238,900 239, 300 239, 700 80

81 237,400 237,900 238,300 238,800 239, 300 239,700 240, 200 240, 700 241,100 241,600 242,000 242, 500 243,000 243,400 243,900 244,300 244,800 245,200 245,700 246, 100 246,600 81
82 243, 800 244, 300 244,800 245, 300 245, 800 246, 200 246, 700 247, 200 247, 700 248, 200 248, 600 249, 100 249, 600 250,100 250, 500 251,000 251, 500 251, 900 252,400 252, 900 253, 300 82
83 250,200 250, 700 251,200 251,700 252, 200 252, 700 253, 200 253, 700 254,200 254,700 255,100 255, 600 256,100 256,600 257,100 257,600 258, 100 258, 600 259,100 259, 500 260,000 83
84 256,700 257, 200 257, 700 258, 200 258, 700 259, 200 259, 800 260, 300 260, 800 261,300 261,800 262, 300 262, 800 263, 300 263, 800 264,300 264,800 265, 300 265, 800 266, 300 266, 800 B4
85 263,200 263, 700 264,200 264,800 265, 300 265, 800 266, 400 266, 900 267,400 267,900 268, 500 269,000 269, 500 270,000 270, 600 271, 100 271,600 272,100 272,600 273,100 273, 700 85

86 272, 900 273, 400 274,000 274, 600 275, 100 275, 700 276, 200 276, 800 277, 300 277,900 278,400 279,000 279, 500 280,100 280, 600 281,100 281,700 282,200 282,800 283, 300 283, 800 86
87 281,900 282, 500 283, 100 283, 700 264,300 284, 900 285, 400 286,000 286, 600 287, 200 287, 700 288, 300 288, 900 289, 500 290,000 290, 600 291,200 291,700 292,300 292, 900 293, 400 87
88 294,200 294, 800 295, 400 296,100 296, 700 297, 300 297, 900 298, 500 299,100 299, 700 300,400 301,000 301, 600 302,200 302,800 303,400 304,000 304, 600 305,200 305, 800 306,400 88
89 303,100 303,800 304,400 305,100 305,700 306,300 307, 000 307,600 308,300 308,900 309,500 310, 200 310,800 311,400 312,100 312,700 313,300 313,900 314,600 315,200 315,800 89
90 312,200 312,900 313, 600 314,200 314,900 315,600 316, 200 316,900 317,600 318,200 318,900 319, 600 320,200 320,900 321,500 322,200 322,800 323,500 324,100 324,800 325,400 90

91 321,300 322,000 322, 700 323,400 324, 100 324,800 325, 500 326,200 326,900 327,600 328,300 329, 000 329,600 330,300 331, 000 331, 700 332,400 333, 100 333,700 334,400 335, 100 91
92 330, 300 331,000 331,800 332,500 333, 200 334,000 334, 700 335,400 336, 100 336, 800 337, 500 338, 300 339,000 339, 700 340, 400 341, 100 341,800 342, 500 343, 200 343, 900 344, 600 92
93 339,200 339, 900 340, 700 341,400 342,200 342, 900 343,700 344,400 345, 100 345,900 346,600 347,300 348,100 348,800 349,500 350, 300 351, 000 351, 700 352,400 353, 100 353, 900 93
94 348,000 348,700 349, 500 350,300 351,000 351,800 352,600 353,300 354, 100 354,900 355,600 356,400 357,100 357,900 358,600 359,400 360, 100 360, 900 361,600 362, 300 363, 100 94
95 359,500 360,300 361, 100 361,900 362,700 363,500 364,300 365,100 365,900 366,700 367,500 368,200 369,000 369,800 370,600 371,400 372, 100 372, 900 373,700 374,500 375, 200 95

96 371,200 372,000 372,800 373,700 374,500 375,300 376,100 377,000 377,800 378,600 379,400 380,200 381,000 381,800 382,700 383,500 384,300 385,100 385,900 386,700 387,500 96
97 385,400 386,100 386,700 387,400 388, 100 388,900 389,700 390,400 391,200 391,900 392,700 393,500 394,200 395,000 395,800 396, 600 397,400 398,200 399,000 399,800 400,600 97
98 403,800 404,100 404,500 404,900 405,500 406,100 406,800 407,500 408,200 408,900 409,600 410,300 411,000 411,800 412,600 413,400 414,200 415,000 415,700 416,500 417,300 98
99 425,600 425,700 425,800 425,900 426, 200 426,700 427,300 427,800 428,300 428,800 429,300 430, 000 430, 700 431,500 432,300 433, 100 433, 800 434,600 435,400 436,100 436,900 99

100 443,100 443,000 443,000 443,100 443,400 443,900 444,400 444,900 445,400 445,900 446,400 447,000 447,700 448,600 449,400 450,300 451, 200 452, 000 452,900 453,700 454,600 100

101 448,700 449,300 449,900 450,600 451,500 452,500 453, 700 454,800 455,900 457,000 458, 100 459, 300 460,500 461,800 463,100 464,400 465,600 466,900 468,200 469, 500 470, 700 101
102 457,600 458,800 460,000 461,300 462, 700 464,200 465,700 467,300 468,900 470,400 472, 000 473, 600 475,200 476,900 478,600 480,300 482,000 483, 600 485,300 487,000 488,700 102
103 466,400 468,200 470,000 471,900 473, 800 475,800 477,900 479,900 481,900 483,900 485,900 488,000 490,000 492,100 494,200 496,300 498,400 500, 500 502,600 504,700 506,800 103
104 475,200 477,600 480, 100 482,500 485, 000 487,400 489,900 492,400 494,800 497, 300 499,800 502,300 504,800 507,300 509,800 512,300 514, 800 517,300 519,900 522,400 525,000 104
105 485,300 487,700 490, 200 492,600 495,100 497,600 500,100 502,600 505,100 507, 600 510,100 512, 600 515,100 517,600 520,200 522,700 525, 300 527,800 530,300 532,900 535,500 105

106 494,800 497, 300 499, 800 502,200 504, 700 507, 300 509, 800 512,300 514, 800 517, 300 519, 900 522, 400 524, 900 527,500 530, 000 532, 600 535, 200 537, 700 540,300 542,900 545, 500 106
107 503,700 506,200 508, 700 511,200 513,800 516,300 518,800 521,400 523, 900 526,500 529,000 531,600 534,200 536,700 539,300 541,900 544,500 547,100 549,700 552,300 554,900 107
108 512,400 514,900 517,400 520,000 522,500 525, 100 527,600 530,200 532,800 535,300 537, 900 540, 500 543,100 545,700 548,300 550, 900 553, 500 556,100 558,700 561,400 564,000 108
109 522,800 525, 100 527, 500 529, 900 532, 300 534, 800 537, 300 539, 900 542, 400 545, 000 547,600 550, 200 552, 700 555, 300 557, 900 560, 500 563,100 565, 700 568, 300 570, 900 573, 500 109
110 529, 800 532, 600 535,400 538, 300 541,100 543, 900 546, 800 549,600 552, 500 555, 300 558,200 561,100 564,000 566, 800 569, 700 572, 600 575, 500 578,400 581,400 584,300 587, 200 110

NOVEMBER 2004 HEADWATER 744 to 746



20 WATTS BAR DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

IV74
HEADWATER ELEVATION

746.0 1 746.1 1 746.2 1 746.3 1 746.4 1 746.5 1 746.6 1 746.7 1 746.8 1 746.9 1 747.0 1 747.1 1 747.2 1 747.3 1 747.4 1 747.5 1 747.6 1 747.7 1 747.8 1 747.9 ý a

36 36
37 37
38 38
39 39
40 59,020 59, 110 59,210 59,300 59,390 59,480 59,570 59,660 59,760 40

41 61 770 61,870 61,960 62,060 62, 160 62,250 62,350 62 440 62,540 41
42 64: 420 64,520 64,620 64,730 64,830 64,930 65,030 65: 130 65,230 42
43 68, 130 68,230 68,340 68,450 68,560 68,660 68,770 68,880 68,980 43
44 70,880 70,990 71, 110 71,220 71,330 71,440 71,550 71,660 71,780 44
45 73,540 73,660 73,770 73,890 74,010 74, 120 74,240 74,360 74,470 45

46 76,190 76,310 76,440 76,560 76,680 76,800 76,920 77,040 77,160 46
47 79,900 80,030 80 150 80,280 80,410 80,540 80,660 80 790 80,920 47
48 82,540 82,670 82: 810 82,940 83,070 83,200 83,330 83: 460 83,590 48
49 85, 170 85,300 85 440 85,570 85,710 85,850 85,980 86 120 86,250 49
50 87,900 88,040 88: 180 88,320 88,460 88,610 88,750 88: 890 89,030 50

51 90,550 90,700 90 850 90,990 91,140 91,280 91,430 91,570 91,710 51
52 93,300 93,450 93: 600 93,750 93,900 94,050 94,200 94,340 94,490 52
53 96,050 96,200 96,360 96,510 96,670 96,820 96,980 97,130 97,280 53
54 98,800 98,960 99, 120 99,280 99 440 99,600 99,760 99 920 100,100 54
55 101,600 101,700 101,900 102,000 102: 200 102,400 102,500 102: 700 102,900 55

56 104,200 104,400 104,500 104,700 104,900 105,100 105,200 105,400 105,600 56
57 106,900 107,000 1 07,200 107,400 107,600 107,700 107,900 108 100 108,200 57
58 109,600 109,700 109,900 110,100 1 10 300 110,400 110,600 1 10: Boo 1 1 1,000 58
59 112,200 112,400 1 12 600 112,800 112: 900 113 100 113,300 1, 3 , 500 13 700 113 900 114,000 114,200 114 400 59
60 115,000 115,200 5: 11 300 115,500 115,700 11 5: 900 11 6, 100 116,300 116 500 11 6 600 116,800 117,000 11 7 200 117,400 117,600 117,700 117,900 118,100 118,300 118,500 118,700 60

61 120,600 120,800 121,000 121,200 121,400 121,600 121,800 122,000 122,100 122 300 122,500 122,700 122 900 123, 100 123,300 123 500 123,700 123,900 124,100 124,300 124,500 61
62 126,200 126,400 126 600 126,900 1 27, 100 1 27 300 127,500 127,700 127,900 128: 100 128,300 128,500 1 28: 700 128 900 129 100 1 29: 300 129,500 129,700 129,900 130,100 130,300 62
63 1 31,800 132,000 132: 300 1 32,500 132,700 132: 900 1 33, 100 133,300 133,600 133,800 134,000 134,200 134 , 400 1 34: 600 1 34: 900 135 , 100 135,300 135,500 135,700 135,900 136, 100 63
64 137,500 137,700 138 000 138,200 138,400 138 600 138 900 139,100 139,300 139,600 1 39,800 140,000 140,200 140 500 140 700 140,900 141,100 141,300 141,600 141,800 142,000 64
65 1 42,100 142,300 142: 500 1 42,800 143,000 143: 300 1 43: 500 1 43,700 144,000 144,200 144,400 144,700 144,900 145: 100 1 45:400 1 45,600 145,800 146,100 146,300 1 46,500 146,700 65

66 147,700 147,900 148,200 148,400 148,600 148,900 149, 100 149,400 149,600 149,900 150,100 150,400 150,600 150,800 151,100 151,300 151,600 151,800 152,100 152,300 152,500 66
67 152,200 152,500 152,800 153,000 153 300 153,500 153,800 154,000 154,300 154,500 154,800 155 000 155,300 155,500 155,800 156,000 156 300 156,500 156,800 157,000 157,300 67
68 1 57,900 158,200 158,400 158,700 1 59: 000 159,200 159,500 159,700 160,000 160,300 160,500 1 60: 800 161,100 161,300 161,600 161,800 1 62: 100 162,400 162,600 1 62,900 163 100 68
69 163,400 163,700 164,000 164,200 164 , 500 164,800 165 100 165,300 165,600 1 65,900 166,200 166,400 166,700 167 000 167,200 167,500 167 800 168 100 168,300 168,600 168: 900 69
70 169,000 169,300 1 69,600 169,900 170,200 170,500 170: 800 171,000 171,300 171,600 171,900 1 72,200 172,500 172: 700 173,000 173,300 1 73: 600 1 73: 900 1 74,100 174,400 174,700 70

71 176,200 176,500 176,800 177,100 177,400 177,700 178,000 178,300 178,600 178,900 179,200 179 500 179 800 180,100 180,300 180 600 180,900 181,200 181 500 181,800 182, 100 71
72 183 300 183,600 183,900 184 200 184 600 184,900 185,200 185,500 185,800 186,100 186,400 186: 700 187:100 187,400 187,700 1 88: 000 188,300 188,600 188: 900 189,200 189,500 72
73 190: 400 190,700 191,000 1 91: 400 1 91: 700 192,000 192,300 192,700 193,000 193,300 193,600 194,000 194,300 194,600 1 94,900 195,300 195,600 195,900 196 200 196,600 196,900 73
74 197 500 197,800 198,200 198,500 198,800 199,200 199,500 199,900 200,200 200 500 200,900 201,200 201 600 201,900 202,200 202,600 202,900 203 200 203: 600 203,900 204,300 74
75 204: 500 204,900 205,200 205,600 205,900 206,300 206,600 207,000 207,400 207: 700 208, 100 208,400 208: 800 209,100 209,500 209,800 210,200 210: 500 210,900 211,200 211,600 75

76 211,600 212,000 212,400 212,800 213, 100 213,500 213,900 214,200 214,600 215,000 215,300 215,700 216, 100 216,400 216,800 217,200 217,500 217,900 218,300 218,600 219,000 76
77 218,800 219,200 219,600 220,000 220,400 220,800 221,200 221,600 221,900 222,300 222 700 223, 100 223 500 223,800 224,200 224,600 225,000 225,400 225,700 226, 100 226,500 77
78 226,000 226,400 226 800 227,200 227,600 228,000 228,400 228,800 229,200 229,600 230: 000 230 400 230: 800 231,200 231,600 232,000 232,400 232,800 233,200 233,600 234,000 78
79 233,000 233,400 233: 900 234,300 234,700 235, 100 235 500 235,900 236,300 236 800 237,200 237: 600 238,000 238,400 238 800 239,200 239,600 240 000 240,400 240,800 241 300 79
80 239,700 240,200 240,600 241,000 241,500 241,900 242: 300 242,800 243,200 243: 600 244, 100 244,500 244,900 245,300 245: 800 246,200 246,600 247: 000 247,500 247,900 248: 300 80

81 246,600 247,000 247 500 247,900 248,400 248 800 249,300 249,700 250,200 250,600 251,100 251,500 251,900 252,400 252,800 253,300 253,700 254,100 254,600 255,000 255,500 81
82 253,300 253,800 254: 300 254,700 255,200 255: 700 256, 100 256,600 257, 100 257,500 258,000 258,400 258 900 259,300 259,800 260,300 260,700 261,200 261,600 262 100 262,500 82
83 260,000 260,500 261,000 261,500 261,900 262,400 262,900 263,400 263,800 264,300 264,800 265,300 265: 700 266,200 266,700 267,200 267,600 268,100 268,600 269: 000 269,500 83
84 266,800 267,300 267 800 268,300 268,800 269,300 269,800 270 300 270,800 271,300 271,800 272,200 272,700 273,200 273 700 274,200 274,700 275 200 275,600 276, 100 276 600 84
85 273,700 274,200 274: 700 275,200 275,700 276,200 276,700 277: 200 277,700 278,200 278,700 279,300 279,800 280,300 280: 800 281,300 281,800 282: 300 282,800 283,300 283: 700 85

86 283,800 284,400 284,900 285,500 286,000 286,500 287, 100 287,600 288,100 288,600 289,200 289,700 290,200 290,700 291,300 291,800 292,300 292,800 293,400 293,900 294,400 86
87 293,400 294,000 294,600 295,100 295,700 296,200 296,800 297,300 297,900 298,500 299,000 299,600 300, 100 300,700 301,200 301,800 302,300 302 900 303 400 303,900 304,500 87
88 306,400 307,000 307,600 308,200 308,800 309,300 309 900 310,500 311,100 311,700 312,300 312,900 313,500 314,000 314,600 315,200 315,800 316: 400 316: 900 317,500 318,100 88
89 315,800 316,400 317,100 317,700 318,300 318,900 319: 500 320,100 320,800 321,400 322,000 322,600 323,200 323,800 324,400 325,000 325,600 326,200 326,800 327,400 328,000 89
90 325,400 326,100 326,700 327,400 328,000 328,700 329 , 300 329,900 330,600 331,200 331,900 332,500 333, 100 333,700 334,400 335,000 335,600 336,300 336,900 337,500 338, 100 90

HEADWATER 746 to 748 See special instruction for preventing gate overflow on page 2. NOVEMBER 2004



WATTS BAR DAM 21

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

HEADWATER ELEVATION 16
ffinU. 746.0 1 746.1 1 746.2 1 746.3 1 746.4 1 746.5 1 746.6 1 746.7 1 746,8 1 746.9 1 747.0 1 747.1 1 747.2 1 747.3 1 747.4 1 747.5 1 747.6 1 747.7 1 747.8 1 747.9 1 748.0 Im

.ý I

91 335, 100 335,800 336,400 337, 100 337,800 338,400 339, 100 339,800 340,400 341, 100 341,800 342,400 343, 100 343,700 344,400 345,000 345,700 346,300 347,000 347,600 348 300 91
92 344,600 345,300 346,000 346,700 347,400 348, 100 348,800 349,400 350, 100 350,800 351,500 352,200 352,900 353,500 354,200 354,900 355,600 356,300 356,900 357,600 358: 300 92
93 353,900 354,600 355,300 356,000 356,700 357,400 358, 100 358,900 359,600 360,300 361,000 361,700 362 400 363,100 363,800 364 500 365,200 365 800 366,500 367,200 367,900 93
94 363, 100 363,800 364,600 365,300 366,000 366,800 367,500 36B, 200 368,900 369,700 370 400 371, 100 371: 800 372 500 373,300 374: 000 374,700 375: 400 376,100 376,800 377,500 94
95 375,200 376,000 376,700 377,500 378,300 379,000 379,800 380,500 381,300 382,000 382: 800 383,500 3B4, 300 385: 000 385,800 386,500 387,300 388,000 388,700 389,500 390,200 95

96 387,500 388,200 389,000 389,800 390,600 391,400 392,200 393,000 393,700 394,500 395,300 396, 100 396,800 397,600 398,400 399,200 399,900 400,700 401,400 402,200 403,000 96
97 400,600 401,400 402 200 403 000 403,700 404,500 405,300 406,100 406,800 407,600 408,400 409, 100 409,900 410,700 411,400 412,200 413,000 413,800 414,500 415,300 416,100 97
98 417,300 418,000 418: 800 419: 600 420,300 421, 100 421,800 422,600 423,300 424, 100 424,800 425,600 426,300 427,000 427,800 428,600 429,400 430,200 431,000 431,800 432,500 98
99 436,900 437,600 438,400 439, 100 439,900 440,600 441,400 442,100 442,800 443,500 444 300 445,000 445,700 446,400 447,200 448,000 448,800 449 600 450,400 451, 100 4511: 900 99

100 454,600 455,400 456,300 457, 100 457,900 458,800 459,600 460,400 461,200 462, 100 462: 900 463,700 464,500 465,300 466,200 467, 100 468,000 468:900 469,800 470,600 47 500 100

101 470,700 472,000 473,300 474,500 475,800 477, 100 478,300 479,600 480,800 482, 100 483,400 484,600 485,900 487, 100 488,400 489,800 491,100 492,500 493,800 495,200 496,600 101
102 488,700 490,400 492, 100 493,800 495,500 497,200 498 800 500,500 502,200 503 900 505,600 507,300 509,000 510,700 512,500 514,200 516,000 517,800 519,600 521,300 523, 100 102

1 03 506,800 508,900 511,100 513,200 515,300 517,400 519: 600 521,700 523,800 526: 000 528, 100 530,300 532,400 534,600 536,800 539,000 541,200 543,400 545 600 547 800 550,000 103
104 525,000 527,500 530,000 532,600 535,200 537,700 540 300 542 900 545,500 548, 100 550,600 553,200 555,800 558,500 561: 100 563,700 566,300 568,900 571: 600 574: 200 576,900 104
105 535,500 538,000 540,600 543,200 545,800 548,400 550: 900 553: 500 556, 100 558,800 561,400 564,000 566,600 569,200 57 1 900 574,500 577,200 579,800 582,500 585, 100 587,800 105

106 545,500 548,100 550,700 553,300 555 900 558,500 561,100 563,700- 566,300 569,000 571,600 574,200 576,900 579,500 582,200 584 900 587,500 590,200 592,900 595,600 598 300 106
107 554,900 557,500 560, 100 562,700 565: 400 568,000 570,700 573 300 576,000 578,600 581,300 583,900 586,600 589,300 592 000 594: 700 597,300 600,000 602,700 605,400 608: 200 107
108 564,000 566,600 569,300 571,900 574 600 577,200 579,900 582: 600 585,200 587,900 590,600 593,300 596,000 598,700 601 400 604 100 606,800 609,500 612,200 614,900 617,700 108

1 09 573,500 576,200 578,800 581,400 584 100 586,700 589,400 592,000 594,700 597,300 600 000 602,700 605,300 608 000 610,700 613,400 616,100 618,900 621,600 624,400 627 1 00 1109
110 587,200 590,200 593, 100 596, 100 599: 000 602,000 604,900 607,900 610,900 613,900 616: 900 619,900 622,900 625: 900 628,900 631,900 635,000 638,000 641,000 644,100 647: 100 10

NOVEMBER 2004 HEADWATER 746 to 748 -



22 WATTS BAR DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

J-1 HEADWATER ELEVATION __ ___

T 748.0 748.1 748.2 748.3 748.4 748.5 748.6 748.7 748.8 748.9 749.0 749.1 749.2 749.3 749.4 749.5 749.6 749.7 749.8 749.9 750.0 1

118,700

124,500
130,300
136,100
142,000
146,700

152,500
157,300
163,100
168, 900
174,700

182,100
189, 500
196, 900
204, 300
211,600

219,000
226, 500
234, 000
241,300
248,300

255,500
262,500
269,500
276,600
283,700

294,400
304,500
318,100
328,000
338,100

348,300
358,300
367,900
377, 500
390, 200

403,000
416,100
432,500
451, 900
471, 500

496,600
523,100
550,000
576,900
587,800

598,300
608,200
617,700
627,100
647,100

118,800

124,700
130,500
136,300
142,200
147,000

152,800
157,500
163,400
169,100
175,000

182,400
189,800
197,200
204,600
211,900

219,300
226,900
234,400
241,700
248,700

255,900
263,000
270,000
277,100
284,200

294,900
305,000
318,700
328,600
338,800

348,900
358,900
368,600
378,200
390,900

403,700
416,800
433,300
452,700
472,500

497,900
524,900
552,200
579,500
590,500

600,900
610,900
620,400
629,900
650,200

119,000

124, 900
130, 700
136,600
142,500
147,200

153,000
157,800
163, 700
169, 400
175,300

182, 700
190, 100
197,500
204,900
212,300

219,700
227,200
234, 700
242, 100
249, 100

256, 300
263, 400
270,400
277,600
284,700

295,400
305,600
319, 200
329, 200
339, 400

349, 600
359, 600
369,300
378,900
391,700

404,500
417,600
434,100
453, 600
473,400

499,300
526, 700
554, 400
582,200
593,100

603,600
613,600
623, 100
632,600
653,300

119,200

125, 000
130, 900
136,800
142,700
147,400

153,300
158,000
163,900
169,700
175,500

183,000
190,400
197,800
205, 300
212, 600

220,100
227,600
235,100
242,500
249,600

256,800
263,900
270,900
278,000
285,200

295,900
306,100
319,800
329, 800
340, 000

350,200
360,300
370,000
379,600
392,400

405,200
418,400
434,900
454,400
474,400

500,700
528,500
556,700
584,800
595,800

606,300
616,300
625,900
635,400
656,300

119,400

125, 200
131, 100
137,000
142, 900
147, 700

153,500
158,300
164,200
169,900
175,800

183,300
190,700
198,100
205, 600
213, 000

220,400
228,000
235,500
242,900
250,000

257,200
264, 300
271, 300
278, 500
285, 700

296,500
306, 700
320,400
330,400
340,600

350,900
360,900
370,700
380,400
393,100

406,000
419,200
435,700
455,200
475,300

502, 100
530,300
558,900
587,500
598,500

609,100
619,100
628, 600
638,100
659,400

119, 600

125, 400
131, 300
137,200
143,100
147, 900

153,700
158,500
164,400
170,200
176, 100

183, 600
191, 000
198,500
205,900
213, 300

220, 800
228,400
235,900
243, 300
250,400

257,600
264, 800
271,800
279,000
286,200

297,000
307,200
320,900
331,000
341,200

351,500
361,600
371,300
381,100
393, 900

406,800
420,000
436, 500
456,100
476,300

503,500
532,100
561,100
590,200
601,200

611,800
621,800
631,400
640,900
662,500

119,700

125, 600
131, 500
137,400
143,300
148,100

154,000
158,800
164,700
170, 500
176,400

183, 900
191, 300
198,800
206,200
213,600

221,100
228, 700
236,300
243,700
250,800

258,100
265,200
272,300
279,500
286,700

297,500
307,700
321,500
331,600
341,900

352,200
362, 300
372, 000
381,800
394,600

407,600
420,800
437,300
456,900
477,200

504,900
533,900
563,400
592, 800
603, 900

614,500
624,500
634,200
643,700
665,600

119,900

125,800
131,700
137,600
143, 600
148,300

154,200
159,000
164,900
170,700
176,600

184,100
191,600
199,100
206,600
214,000

221,500
229,100
236,700
244,100
251,200

258,500
265,700
272,700
279,900
287, 200

298,000
308,300
322,100
332,200
342,500

352,800
362, 900
372, 700
382,500
395,300

408,300
421,500
438,100
457,700
478,200

506,200
535,700
565,600
595,500
606,600

617,200
627,300
636,900
646,500
668,700

176,900

184,400
191,900
199,400
206,900
214,300

221,900
229,500
237,100
244, 500
251,600

258,900
266,100
273,200
280, 400
287, 700

298,500
308,800
322,600
332,800
343,100

353, 400
363, 600
373,400
383,200
396,100

409,100
422,300
438, 900
458,600
479, 100

507, 600
537, 600
567,900
598,200
609,300

619,900
630,000
639,700
649,200
671,800

177,200

184,700
192, 200
199,700
207,200
214,700

222,200
229,900
237,500
244,900
252,000

259,300
266,500
273,600
280, 900
288,200

299,000
309,300
323,200
333,400
343,700

354,100
364, 200
374,100
383,900
396,800

409,900
423,100
439, 700
459,400
480,100

509, 000
539,400
570,100
600,900
612,000

622,700
632,800
642,500
652,000
674,900

177,500

185,000
192,600
200, 000
207,600
215,000

222,600
230,200
237,800
245,300
252,500

259,800
267,000
274,100
281, 400
288, 700

299,500
309,900
323,800
333,900
344,300

354,700
364, 900
374, 700
384,600
397,600

410,600
423,900
440,600
460,200
481,000

510,400
541,200
572,400
603,600
614,700

625,400
635,500
645,300
654,800
677,900

177,700

185,300
192, 900
200, 400
207,900
215,400

222,900
230,600
238,200
245,700
252,900

260,200
267,400
274,600
281,800
289,100

300,000
310,400
324,300
334, 500
344,900

355,400
365,600
375,400
385,300
398,300

411,400
424,700
441,400
461,000
482,000

511,600
542, 800
574,500
606,100
617, 300

628,000
638,100
647, 900
657, 500
680, 700

178,000

185,600
193, 200
200, 700
208,200
215,700

223,300
231,000
238,600
246,100
253,300

260,600
267,900
275,000
282,300
289,600

300,600
310,900
324,900
335,100
345,500

356,000
366,200
376,100
386,000
399,100

412,200
425,500
442,200
461, 900
482,900

512,800
544,500
576,600
608, 600
619, 800

630,500
640,700
650,500
660,100
683,500

178,300

185,900
193, 500
201, 000
208,500
216,000

223,600
231,300
239,000
246,500
253,700

261,100
268, 300
275,500
282,800
290,100

301,100
311,500
325,500
335,700
346,100

356,600
366,900
376,800
386,700
399,800

413,000
426, 300
443, 000
462,700
483,900

514,000
545,900
578,300
610,700
621,900

632,600
642, 800
652, 600
662,200
685,700

178,500

186,200
193, 800
201, 300
208,900
216,400

224,000
231, 700
239, 400
246, 900
254,100

261,500
268,800
275,900
283,200
290,600

301,600
312,000
326,000
336,300
346,800

357,300
367,500
377,500
387,400
400,500

413,800
427,100
443, 800
463,500
484, 800

515,200
547,000
579,500
611,700
622,900

633,700
643, 900
653,800
663,300
686,800

178,800

186,400
194,100
201, 600
209,200
216,700

224,300
232,100
239,700
247, 300
254, 500

261,900
269,200
276,400
283,700
291,100

302,100
312,500
326,600
336,900
347,400

357,900
368,200
378,200
388,100
401,300

414, 500
427, 900
444,600
464,300
485,800

516,400
548,100
580,500
612,600
623,900

634, 600
644,900
654,800
664,300
687,600

179,100

186, 700
194, 300
201,900
209, 500
217, 100

224, 700
232,400
240, 100
247,600
254, 900

262, 300
269, 600
276, 800
264,200
291,600

302, 600
313, 000
327, 100
337, 500
348, 000

358, 500
368, 900
378, 800
388, 800
402,000

415,300
428,700
445,400
465,200
486,700

517,600
549,100
581,400
613, 500
624,700

635,500
645, 800
655, 700
665,300
688,300

179,400

187,000
194,600
202,200
209,800
217,400

225,100
232,800
240, 500
248,000
255,300

262,800
270,100
277,300
284,600
292,100

303,100
313,600
327,700
338, 000
348,600

359,100
369, 500
379,500
389, 500
402,800

416,100
429,500
446,200
466,000
487,600

518,800
550,200
582,400
614,300
625,600

636,400
646, 700
656,600
666,200
689,000

179,600

187,300
194,900
202, 500
210,200
217, 700

225,400
233, 200
240, 900
248,400
255,700

263,200
270,500
277, 700
285,100
292,500

303,600
314,100
328,300
338,600
349,200

359,800
370,200
380,200
390,200
403,500

416,800
430,200
447,000
466,800
488,600

519,900
551,200
583,300
615,100
626,400

637,200
647,500
657,500
667,100
689,600

179,900

187,600
195,200
202,900
210, 500
218,100

225,800
233,500
241,300
248,800
256,200

263,600
270,900
278,200
285,600
293,000

304,100
314,600
328,800
339, 200
349, 800

360,400
370,800
380,900
390,900
404,200

417,600
431,000
447,800
467,600
489,500

521, 100
552,200
564, 000
615,600
627,000

637,800
648,200
658,200
667,700
689, 900

180,200

187, 900
195, 500
203,200
210,800
218,400

226,100
233,900
241,600
249, 200
256, 600

264,000
271,400
278,600
286,000
293,500

304,600
315,200
329,400
339, 800
350,400

361,000
371,500
381,600
391,600
405,000

418,400
431,800
448,600
468,400
490,400

522, 200
553,100
564, 800
616,200
627,500

638,400
648, 800
658, 800
668, 400
690, 300

HEADWATER 748 to 750 See special instruction for preventing gate overflow on page 2. NOVEMBER 2004
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WATTS BAR DAM

TRASH GATE DISCHARGE
IN CUBIC FEET PER SECOND

TOP SECTION REMOVED
HEADWATER 0 02 .4 .6 .8
ELEVATION

739 0 10 15 30 40
740 60 75 95 110 140
741 160 180 210 240 260
742 290 320 350 380 420
743 450 480 520 550 590

744 630 660 700 740 780
745 820 870 910 950 990
746 1040 1080 1130 1180 1220
747 1270 1320 1370 1410 1460
748 1510 1570 1620 1670 1720

749 1770 1830 1880 1940 1990
750 2050

TOP & BOTTOM SECTIONS INSTALLED
HEADWATER 0 .2 .4 .6 .8ELEVATION

745 0 10 15 30 40
746 60 75 95 110 140
747 160 180 210 240 260
748 290 320 350 380 420
749 450 480 520 550 590
750 1 630 1

TOP & BOTTOM SECTIONS REMOVED
HEADWATER 0 .2 .4 .6 .8
ELEVATION

733 0 5 10 20 30
734 40 t:)u 10 90 100
735 120 140 160 180 200
736 220 250 270 300 320
737 340 370 400 430 450

738 480 510 540 570 600
739 630 660 700 730 760
740 800 830 870 900 940
741 970 1010 1050 1080 1120
742 1160 1200 1240 1280 1320

743 1360 1400 1440 1480 1520
744 1570 1610 1650 1700 1740
745 1780 1830 1880 1920 1970
746 2010 2060 2110 2160 2200
747 2250 2300 2350 2400 2450

748 2500 2550 2600 2650 2700
749 2750 2800 2850 2900 2960
750 3010
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RESERVOIR OPERATION OVERVIEW

Watts Bar Dam is a multipurpose main river project, one of 9 such projects
located on the Tennessee River which provide a navigable water way from the
mouth of the river at Paducah, Kentucky, to the source of the river above
Knoxville, Tennessee, some 652 river miles apart. Construction started in
July, 1939, with the final hydroelectric unit being completed nearly 5
years later. In addition to serving as a vital navigation link on the
Tennessee River, Watts Bar provides significant flood reduction benefits
for downstream locations including Chattanoga, Tennessee, and also
contributes hydroelectric generation.

Watts Bar lake is fed by releases from TVA's Fort Loudoun Dam and Melton
Hill Dam , and on rare occasions, by spillway releases from TVA's Tellico
Dam, in addition to unregulated inflows from the 1,790 square mile local
drainage area.
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FIGURE 1: Visitors Reception Room in Control Building, 1944

FIGURE 2: Generator Room, 1944



August 1999 Watts Bar 7
FIGURE 3: Plan and Downstream Elevation
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FIGURE 4: Sections A-A, C-C, D-D, and Site Plan
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FIGURE 5: Watts Bar Control Building and Switchyard
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WATTS BAR PROJECT
SUMMARY OF PRINCIPAL FEATURES

LOCATION

On Tennessee River at river mile 529.9; in Meigs and Rhea

Counties, Tennessee; 72.4 miles downstream from Fort Loudoun

Dam ; 58.9 miles upstream from Chickamauga Dam ; 10 miles

from Spring City and the Southern Railway; 2.5 miles

downstream from mouth of Piney River; 37.8 miles downstream

from mouth of the Clinch River

CHRONOLOGY

Initial appropriation by Congress ............ March 16, 1939

Authorized by TVA Board of Directors ............. May 3,1939

Construction started ....................... e .... July 1,1939

Started first cofferdam ........................ July 27,1939

First excavation .............................. August 1,1939

First concrete in permanent

structures ................................ February 28,1940

Lock placed in temporary operation ............. March 6,1941

Dam closure .................................. January 1,1942

Unit 3 in commercial operation ............. February 11,1942

Lock placed in permanent

operation ................................. February 19,1942

Unit 2 in commercial operation ................. April 6,1942

Unit 1 in commercial operation ................. July 23,1942

Unit 5 in conimercial operation March 12,1944

Unit 4 in commercial operation ................ April 24,1944

Highway bridge across dam :

Started ......................................... April 1955

opened to traffic ......................... September 28,1956

Sa fety Modifications for PMF - completed ........ Mid FY 1998

Reservoir Release Improvements - completed ..... June , 1996

PROJECT COST

Initial project:

Including lock, 5 units, and switchyard ........ $35,231,729

Reservoir Release Improvements ................... 1,515,000

Safety Modifications for Probable Maximum Flood .3,434,893

Total ................................. $40,181,622
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STREAMFLOW

Drainage area at dam:
Total ...................................... 17,310 sq.miles
Uncontrolled (below Fort Loudoun,
Melton Hill, and Tellico Dams) ............. 1,790 sq.miles

Gaging station discharge records (for complete
records see Data Services Branch files):
Loudoun, Tennessee, October 1929 to July 1955;
drainage area .............................. 12,220 sq.miles

Near Loudon ,Tennessee , October 1922 to
September 1929; drainage area .............. 12,230 sq.miles
Breedenton, Tennessee February 1934 to
February 1940; drainage area ............... 17,460 sq.miles

Maximum known flood at dam site:
Natural (1867) ................................. 463,000 cfs
Regulated (May 1984) ............................ 214,000 cfs

Average unregulated flow at dam site,
estimated (1903-1998) ............................ 27,400 cfs

Minimum daily natural flow at dam site
(1987), approx ................................... 1,530 cfs

RESERVOIR

Counties affected :
State of Tennessee ............ Meigs, Rhea, Roane, Anderson

Loudon, Morgan
Reservoir land at May ,1999:

Fee simple ...................................... 16,923 ac.
Easements ........................................ 3,890 ac.
Transferred ...................................... 1,345 ac.
Total ........................................... 22,158 ac.

Operating levels at dam:
Probable Maximum flood elevation (PMF) ........... el.766.1
500 year flood elevation ......................... el.747.1
100 year flood elevation ......................... el.746.5
Winter flood guide level ......................... el.735.0
Summer flood guide level ......................... el.741.0
Maximum used for design (550,000 cfs) ............. el.745.0
Top of gates (area 43,190 acres) .................. el.745.0
Normal minimum pool (area 32,400 ac.) ............. el.735.0

Backwater, length at normal maximum pool level:
Tennessee River to Fort Loudoun Dam .............. 72.4 miles
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RESERVOIR (CONT.)

Clinch River to Melton Hill Dam .................. 23.1 miles
Total ........................................... 95.5 miles

Shoreline, length at normal maximum pool level:
Main shore ....................................... 697 miles
Islands ........................................... 86 miles
Total ............................................ 783 miles

Original river area (to Fort Loudoun Dam) ........ 10,343 ac.
Storage (flat pool assumption):
Total volume
At top of gates (el.745) .................. 1,175,000 ac.-ft
At normal maximum pool (el.741) ........... 1,010,000 ac.-ft
At normal minimum pool (el.735) ............. 796,000 ac.-ft

Controlled flood storage, January 1 to
April i,(el.745-735) ......................... 379,000 ac.-ft

TAILWATER

Maximum used for design (550,000 cfs) .............. el.723.5
Maximum known flood (1867) .......................... el.717.6
Full plant operation (5 units) ..................... el.680.0
One unit operating at best efficiency .............. el.676.1
Minimum level ...................................... el.675.0

HEAD (Gross)

Maximum static (el.745-675) ............................ 70 ft
Normal operating range .......................... 45 to 61 ft
Average operating ..................................... 58 ft

RESERVOIR ADJUSTMENTS
Clearing .......................................... 7,305 ac.
Drainage of isolated pools .................... 200,000 cu.yd.
Preparation of sailing line ........................ 1,506 ac.
Highways:
Access (dam to Tennessee Highway 29);
bituminous surface on stabilized
chert base ...................................... 3.1 miles

State ........................................... 19.9 miles
County and tertiary ............................ 100.7 miles
Total .......................................... 123.7 miles

Railroads :
Access ........................................... 9.0 miles
Other ............................................ 8.7 miles
Total ........................................... 17.7 miles



August 1999 Watts Bar 13

RESERVOIR ADJUSTMENTS (CONT.)

Bridge adjustments (highway 7,506 ft;
railroad 700 ft) ................................ 40 bridges

Concrete box culverts ................................... 152
Families relocated ...................................... 832
Graves ........................ 1,102 agreements; 591 removals
Utilities adjusted or constructed ................ 58.6 miles

NAVIGATION FACILITIES

NAVIGATION CHANNEL

Length of channel for 9-ft navigable
depth (to Fort Loudoun Dam) ............. 62.7 sailing miles

Length of dredged navigable channel :
Below lock ....................................... 5.9 miles
Upper end of pool to ............................. 6.3 miles

Minimum flat pool to maintain
9-ft navigable depth .............................. el.735.0

NAVIGATION LOCK

Location (See Figure 6) .................. At left (east)bank
Lock chamber, clear ............................ 60 by 360 ft
Lift :

Maximum (el.675-745) ................................. 70 ft
Normal (el.683-741) .................................. 58 ft

Gate sills ................. Upper, el.721.0; lower, el.663.2
Minimum depth over

sills ......................... Upper, 12.0 ft; lower, 11.8 ft
Top of upper approach walls ......................... el.752.0
Top of chamber walls ............................... el.752.0
Top of lower approach walls ......................... el.706.2
Estimated lockage time (checking to

regaining speed) .................................... 40 min
Vertical clearance under bridge (min.) ................ 57 ft
Lock gate top ............ Upper, el.749.11; lower, el.749.02
Lock gate height ........... Upper, 29.44 ft; lower, 86.35 ft
Provision for future lock ........ Space available for 110 by

600 ft lock to left (east)
of present lock
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FIGURE 6: Navigation Lock

-7-
L
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DAM

Material and type .............. Concrete gravity nonoverflow
dam and spillway; concrete
powerhouse intake;
navigation lock; zoned
rolled earthfill embankment

Lengths:
Nonoverflow dam ..................................... 116 ft
Spillway ............................................ 930 ft
Trashway ............................................. 29 ft
Powerhouse intake and service bay .................... 482 ft
Navigation lock ..................................... 169 ft
Earth embankment ................................... 1,234 ft
Total ............................................. 2,960 ft

Maximum height, foundation to deck level ............. 112 ft
Maximum width at base:

Spillway section only ................................... 90 ft
Including apron ..................................... 148 ft

Deck level ......................................... el.752.0
Top of earth embankment ............................ el.757.0
Outlet facilities :

Spillway clear opening (20 openings at 40 ft) ....... 800 ft
Spillway crest level .............................. el.713.0
Crest gates .................... 20 radial gates, 40 ft wide,

32 ft high, separated by
6.5-ft-thick piers

Traveling hoists ......................... Two 60-ton hoists
Trashway crest level .............................. el.733.0
Trash gate ....................... One fixed-wheel lift gate,

16.3 ft wide, 12 ft high,
in 2 sections, operated by
gantry

Spillway capacity, HW el.745 (top of gates) .... 560,000 cfs
Highway ....................... 26 ft wide, on bridge over dam
Foundation ................... Interbedded shale and sandstone
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POWER FACILITIES

INTAKES

Number ................................. 5 (each with 3 bays)
Dimensions of one rack
opening ...................... 21.08 ft wide by 47.46 ft high

Gross area at racks .......... 2 sets of 3 wheel gates, 40 ft
7-1/2 in. high by 16 ft 4 in.
clear opening in 2 sections

Crane ..................... One 50-ton gantry and lifting beam
Transfer crane ................. One 20-ton traveling trolley

on fixed runway

POWERHOUSE

Generating capacity, 5-unit total ................ 172,500 kW
Type of construction ................ Semioutdoor, reinforced

concrete and structural
steel

Principal outside dimensions
including service bay ........ 470 ft long by 139 ft wide by

by 133 ft high
Service bay ....................... 106 ft long by 139 ft wide
Draft tubes:

Type ...................................... Elbow,3 openings
Horizontal length (centerline of
turbine to downstream face) ....................... 78.0 ft

Vertical distance centerline of
distributor to draft tube floor ..................... 54.0 ft

Net area at outlet opening
(total per unit) ................................ 1,036 sq ft

Gates ......................... 1 set of 3 sliding type,16 ft
clear opening by 17 ft 1-3/4
in.high

Crane ................ 25-ton jib crane on powerhouse gantry
Erecting crane ....................... 225-ton gantry with two

112.5-ton main hooks
and two 25-ton
auxiliary hooks



August 1999 Watts Bar 17

POWER FACILITIES (CONT.)

CONTROL BUILDING

Location ......... West of powerhouse, adjacent to switchyard

Type of construction ........ Reinforced concrete, structural

steel, limestone and brick

Floor area .................................... 17,500 sq. ft

Volume ................................ I ....... 181,500 cu. ft

GENERATOR AND TURBINE MODERNIZATION

This project, scheduled to start in June 2003 and complete

in September 2007, will modernize the power train. Principal

components to be replaced are the existing runners, main

transformers generator breakers (including addititon of a

generator breaker to unit 3 ), pilot/main exciters,

protective relays , current and potential transformers

generator leads, and critical components of the cooling

water system including generator air coolers, thrust bearing

oil coolers, proportioning valves, strainers, and manual

valves. Principal components to be rehabilitated are the

generator and turbine bearings and shafts, rotor poles,

stator windings, and wicket gates.
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POWER FACILITIES (CONT.)

GENERATORS

Number .........
Manufacturer ...
Type ...........
Rating:
Units 1,3,4,5;
rating unit 2

Capacity :
Units 1,3,4,5;
capacity unit

Note : Unit 2 re
Unit 5 re
Unit 1 re
Unit 3 re
Unit 4 rE

New Rating :
All Units .....

Flywheel effect
Thrust bearing

Natural reactor
Exiters:

Main ..........
Pilot .........

....... En..

...... Encl

original

.. ............................... 5

....... Westinghouse Electric Corp.
osed, water-cooled, vertical-shaft

.............. 33,333 kVA, 30,000 kW, 1393 A,
60 degrees C rise, 0.9 pf,
13.8 kV, 3 phase, 60 Hz

original
2 ............ 38,333 kVA, 34,500 kW, 1602 A,

80 degrees C rise

•wound and rerated April 25,1974.
•wound and rerated May 20,1977.
,wound and rerated June 3,1978.
•wound and rerated Dec. 2,1978.
,wound and rerated May 28,1979.

................. 36 MVA, 33.48 MV @ 0.93 pf,
1506 A, 60 degrees C rise,
13.8 kV, 3 phase, 60 Hz

........................... 45,000,000 lb-ft 2

................. Kingsbury type, dia.92 in.,
max. load 935 tons

...................... 0.75 ohm, 4000 A, 1 min

............................... 225 kW, 250 V

.................................. 10 kW,250 V
Weight of heaviest crane lift, rotor ............... 189 tons
Diameter over air housing, less trim ................ 474 in.
Top of pilot exciter:

Above stator soleplates ......................... 139,625 in.
Above generator floor ........................... 142,125 in.
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POWER FACILITIES (CONT.)

HYDRAULIC TURBINES

Number .................................................... 5
Manufacturer ..................... Baldwin-Lima-Hamiilton Corp.
Type ....................... Kaplan adjustable-blade propeller
Rated capacity (each) ........... 42,000 hp at 52-ft net head
Rated speed ...................................... 94.7 r/min
Maximum runaway speed ............................. 243 r/min
Specific speed at rating ................................ 139
Value of sigma at rating ............................... 0.89
Diameter of runner .................................. 234 in.
Diameter of guide vane circle ...................... 276.5 in.
Diameter of lower pit ............................... 27.0 ft
Spacing of turbines, center to center of units ........ 73 ft
Draft tubes (see Powerhouse) ..................... Elbow type
Governors .................... Woodward, cabinet actuator type
Heaviest assembly to be lifted by crane .......... 434,000 lb
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FIGURE 7: SINGLE LINE DIAGRAM OF MAIN CONNECTIONS
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POWER FACILITIES (CONT.)

ELECTRIC CONTROLS

From control room in powerhouse:
Watts Bar hydro and steam plant generators, transformer,

switchyard, sources of auxiliary power, hydro unit
auxiliaries, and starting of hydro turbines by direct
control

TRANSMISSION PLANT

Step-up transformers:
5 transformers, 3-phase, 2-winding, banks 1 to 5; each

rated 13.2-161 kV, 30,000 kVA self-cooled, 40,000 kVA
forced-air-cooled; Westinghouse

161-kV circuit breakers:
22 1200 A, 10,000,000 kVA, 3/20 Hz, pneu, Westinghouse

(includes 4 circuit breakers for Watts Bar Steam Plant)
Structures (includes 2 switchyard bays for Watts Bar Steam
Plant)
5 transformer structures
16 161 kV switchyard bays, 38 ft wide
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TRANSMISSION PLANT DATA

Plant Loc Phase Serial MVA Rating Voltage Cooling Tap Oil Preservation Oil Configuration Impedance % Contract Manufacturer Year
Number 55 deg 65 deg kV Changer System Vol H-X H-Y X-Y Number of

Gal. Manuf
Watts Bar Bank 1 3 2821306 30/40 N/A 161/13.2 OA/FA DETC Gas-Blanketed 8930 Wye/Delta 10.79 N/A N/A TV-58211 Westinghouse 1940
Watts Bar Bank 2 3 2821305 30/40 N/A 161/13.2 OA/FA DETC Gas-Blanketed 8930 Wye/Delta 10.87 N/A N/A TV-58211 Westinghouse 1940
Watts Bar Bank 3 3 2821304 30/40 N/A 161/13.2 OA/FA DETC Gas-Blanketed 8930 Wye/Delta 10.72 N/A N/A TV-58211 Westinghouse 1940
Watts Bar Bank 4 3 3110675 30/40 N/A 161/13.2 OA/FA DETC Gas-Blanketed 8930 Wye/Delta 10.75 N/A N/A TV-58211 Westinghouse 1942
Watts Bar Bank 5 3 3110676 30/40 N/A 161/13.2 OA/FA DETC Gas-Blanketed 8930 Wye/Delta 10.68 N/A N/A TV-5821 1 Westinghouse 1942

Note: H=High voltage winding
Y=Tertiary winding
X=Low voltage winding
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Watts Bar

Elevation Tailwater Area Volume
(feet) (feet) (acre*1000) (ac-ft*1000)
745 681 43.19 1175.0
744 681 42.29 1132.2
743 681 41.31 1090.4
742 681 40.24 1049.7
741 681 39.09 1010.0
740 681 37.91 971.5
739 681 36.75 934.2
738 681 35.63 898.0
737 681 34.53 862.9
736 681 33.45 828.9
735 681 32.40 796.0

Potential
Eis

(gWh)
128.1
113.3
99.0
85.0
71.5
58.5
45.9
33.8
22.1
10.8
.0

Gross
Head
(feet)
64.0
63.0
62.0
61.0
60.0
59.0
58.0
57.0
56.0
55.0
54.0

Best Efficiency

Plant Turbine
Output Discharge kW/CFS
(mW) (cfs)
140.2 29,000 4.84
140.4 29,500 4.77
140.5 30,000 4.69
140.7 30,500 4.62
140.8 31,000 4.54
141.4 31,740 4.46
142.0 32,480 4.38
142.6 33,220 4.29
138.7 33,110 4.19
134.8 33,000 4.08
131.2 32,640 4.02

Maximum Sustainable

Plant Turbine
Output Discharge kW/CFS
(mW) (cfs)
193.4 40,700 4.76
193.5 41,400 4.68
193.7 42,100 4.61
193.8 42,800 4.53
193.9 43,500 4.46
192.4 44,000 4.38
190.9 44,500 4.29
189.4 45,000 4.21
184.7 45,000 4.10
180.0 45,000 4.00
176.0 44,740 3.93

Maximum SustainableBest Efficiency

Elevation Tailwater Area Volume
(feet) (feet) (acre*1000) (ac-ft*1000)
745 685 43.19 1175.0
744 685 42.29 1132.2
743 685 41.31 1090.4
742 685 40.24 1049.7
741 685 39.09 1010.0
740 685 37.91 971.5
739 685 36.75 934.2
738 685 35.63 898.0
737 685 34.53 862.9
736 685 33.45 828.9
735 685 32.40 796.0

Potential
Eis

(gWh)
126.7
112.1
97.8
84.0
70.6
57.7
45.3
33.4
21.8
10.7
.0

Gross
Head
(feet)
60.0
59.0
58.0
57.0
56.0
55.0
54.0
53.0
52.0
51.0
50.0

Plant Turbine
Output Discharge kW/CFS
(mW) (cfs)
140.8 31,000 4.54
141.4 31,740 4.46
142.0 32,480 4.38
142.6 33,220 4.29
138.7 33,110 4.19
134.8 33,000 4.08
131.2 32,640 4.02
127.7 32,280 3.95
124.1 31,920 3.88
120.6 31,560 3.82
117.0 31,200 3.75

Plant Turbine
Output Discharge kW/CFS
(mW) (cfs)
193.9 43,500 4.46
192.4 44,000 4.38
190.9 44,500 4.29
189.4 45,000 4.21
184.7 45,000 4.10
180.0 45,000 4.00
176.0 44,740 3.93
172.1 44,480 3.87
168.1 44,220 3.80
164.2 43,960 3.73
160.2 43,700 3.67
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Tennessee Valley Authority

Wafts Bar Spill Compilation River System Operations
Volumes are average daily in day-second-feet, except as shown.

Maximum spill, date of maximum, and number of days of spill in each spill period, in this order. "Total Days" is for

calendar years and does not always equal the sum of the days in periods because of extension of periods into adjacent years.

MAXIMUM AVERAGE All spill is through the spillway.

DAILY DISCHARGE NUMBER OF TOTAL Maximum hourly average discharge to date was 214,000 cfs at 11 a.m. on 5/8/84.

YEAR I (TURBINE + SPILL) I DATE PERIODS I DAYS lincludes steam plant use, if any.

1942 186956 12/30 12 164 1500 --- 1/30 --- 31; 23855 --- 2/24 --- 3; 64960 --- 3/10 --- 36; 18800 --- 5/24 --- 7; 1500 --- 6/2 --- 2; 14987 --- 7/12 --- 6;

23004 --- 8/11 --- 5; 43954 --- 8/25 --- 14; 6957--9/15 --- 4; 10258 --- 11/1 --- 21; 1455 --- 11/25--4;

159785 --- 12/30 --- 80

1943 123769 2/6 6 85 47193 --- 3/22 --- 14; 26073 --- 4/25 --- 10; 2020 --- 5/4 --- 3; 13327 --- 5/13 --- 5; 8576 --- 7/27 --- 2; 10137 --- 7/31 --- 2

1944 123289 3/29 9 64 12814 --- 2/11 --- 2; 4487--2/15--2; 55106 --- 2/19 --- 26;30080 --- 3/21--6; 84868 --- 3/29 --- 9; 28489 --- 4/13 --- 10;

20273 --- 4/27 --- 4; 42296 --- 9/30 --- 2; 17763--12/30 --- 4

1945 84168 2/18 5 20 15785 --- 2/14 --- 3; 45539 --- 2/18 --- 4; 11215 --- 2/24 --- 3; 12915 --- 2/28--2; 43256 --- 3/6--7

1946 139008 1/9 8 72 115562-1/9 --- 50;26943 --- 2/1 --- 5; 78894 --- 2/11 --- 21; 1513 --- 2/27--2; 20335---3/11 --- 7; 17328 --- 3/17 --- 3;

23602 --- 5/16 --- 3; 2538 --- 8/22 --- 3

1947 113870 1/20 3 27 31250 --- 1/3 --- 5; 70474 --- 1/20--20; 2613 --- 3/8 --- 7

1948 175396 2/14 3 32 127825--2/14 --- 6; 7200 --- 3/24 --- 2; 81174 --- 11/29 --- 6

1949 109722 1/6 9 79 65368 --- 1/6 --- 33;24633 --- 1/22 --- 3; 17892 --- 2/2 --- 6; 39393 --- 7/18 --- 5; 10867 --- 7/22 --- 2; 34772 --- 11/2 --- 7;
2830 --- 11/11-14 --- 8; 10131 --- 12/14--13; 34800 --- 12/27 --- 20

1950 149388 2/1 7 55 27000 --- 1/7 --- 4; 7275--1/14 --- 2; 33863 --- 1/20 --- 6; 102970 --- 2/9 --- 31; 34689 --- 3/14 --- 4; 11540 --- 5/16 --- 3;
15000 --- 12/8 --- 5

1951 107300 2/2 4 27 61984 --- 2/2 --- 5; 6953 --- 2/23 --- 2; 18950 --- 3/30 --- 3; 53800 --- 12/23 --- 17

1952 76100 2/1 2 14 29300 --- 2/1 --- 11; 16200 --- 3/11--3

1953 65500 2/24 2 10 19200 --- 2/22 --- 7; 13200-3/6 --- 3

1954 120900 1/22 3 14 57200 --- 1/17 --- 3; 74600--1/22--9; 7900 --- 12/31 --- 2

1955 95900 3/23 1 10 48900 --- 3/23 --- 10

1956 97700 2/4 4 14 51700 --- 2/4 --- 5; 23000 --- 2/19--3; 25700 --- 3/16 --- 3; 35500 --- 12/15 --- 3

1957 156600 2/2 2 75 111700-2/2 --- 30;93700 --- 11/19 --- 47

1958 68600 1/1 3 22 22900 --- 4/30 --- 3; 25200-5/20 --- 5; 5700 --- 5/26 --- 12

1959 93100 12/20 3 15 26900 --- 1/23 --- 3; 6400--12/14 --- 5; 47000 --- 12/20 --- 7

1960 46300 3/4 0 0
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Tennessee Valley Authority

Watts Bar Spill Compilation River System Operations

Volumes are average daily in day-second-feet, except as shown.

Maximum spill, date of maximum, and number of days of spill in each spill period, in this order. "Total Days" is for

calendar years and does not always equal the sum of the days in periods because of extension of periods into adjacent years.

MAXIMUM AVERAGE All spill is through the spillway.

DAILY DISCHARGE NUMBER OF TOTAL Maximum hourly average discharge to date was 214,000 cfs at 11 a.m. on 5/8/84.

YEAR (TURBINE + SPILL) DATE PERIODS DAYS Includes steam plant use, if any.

1961 136000 3/9 4 37 59800---2/24---11; 95400---3/9---9; 48000---12/13---3; 81500---12/19---14

1962 131600 2/28 4 46 12700---1/30---15; 86100---2/28---24; 19900---3/23---5; 17200---4/13---2

1963 161300 3/13 2 23 117400---3/13---22; 100---4/29---1

1964 73500 3/16 3 8 29400---3/16---3; 27200---4/8---3; 5600---12/30---2

1965 123900 3/27 2 17 26000---1/12---5; 79700---3/27---12

1966 72000 2/14 2 7 25800---2/14---5; 10000---12/31---4

1967 105800 12/24 5 32 45100---3/8---8; 18900---7/8---3; 11900---7/12---3; 2800---7/30---2; 61200---12124---32

1968 96000 1/6 0 18

1969 157200 12/31 3 10 26000---2/3---4; 4900---2/8---4; 121100---12/31---12

1970 133500 1/1 1 14 51600---4/28---4

1971 59900 2/7 2 5 13900---2/7---3; 9600---5/13---2

1972 135600 12/11 5 68 23500---1/11&12 ---14; 9600---1/23---13; 39700---2/28---11; 6600---11/25---7; 90700---12/11---34

1973 180400 3/17 6 96 17600---2/10---8; 135800---3/17---19; 16000---5/1---9; 3500---5/8---2; 116500---5/28---13; 93200---11/28---8

1974 142700 1/11 10 107 105700---1/11 ---89; 6200---3/18&19---2; 38600---3/22---6; 24300---4/5---15; 8600---5/21 ---3; 18700---6/1 ---3;

7600---7/6---2; 9200---7/10---7; 7400---7/20---4; 2800---9/7---1

1975 135800 3/14 3 69 39600---2/5---34; 12800---2/26---5; 89900---3/14---30

1976 45400 1/10 0 0

1977 161200 4/5 2 56 123100---4/5---12; 29800---12/6-7---44

1978 79500 1/28 2 16 20600---1/12---5; 32900---1/28---11

1979 110600 3/9 7 61 22600---1/9---6; 30300---1/22---13; 63300---3/9---20; 4700---6/1---2; 28700---7/22---9; 8200---11/13---4;
15100---11/27---7;

1980 79100 3/21 2 26 17100---1/26---11; 33100---3/21---15

1981 41000 8/14 0 0
~I. &~E.
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Tennessee Valley Authority

Watts Bar Spill Compilation River System Operations

Volumes are average daily in day-second-feet, except as shown.

Maximum spill, date of maximum, and number of days of spill in each spill period, in this order. "Total Days" is for

calendar years and does not always equal the sum of the days in periods because of extension of periods into adjacent years.

MAXIMUM AVERAGE All spill is through the spillway.

DAILY DISCHARGE NUMBER OF TOTAL Maximum hourly average discharge to date was 214,000 cfs at 11 a.m. on 5/8/84.

YEAR (TURBINE + SPILL) DATE PERIODS DAYS Includes steam plant use, if any.

1982 77100 2/12 5 79 17200---1/13---15; 9000---1/25-26---9; 30700---2/11-13---23; 5400---3/19---2; 30200---12/17-18---36

1983 84500 5/23 9 67 3300---1/12---3; 5900---2/12---9; 16700---4/7---4; 7000---4/25---2; 47300---5/23---19; 5300---8/24---3;
18700---12/4---8; 5800---12/14---5; 13000---12/30-31---9

1984 208400 5/8 1 16 163600---5/8---15

1985 54892 2/2 1 3 9875---2/2---3

1986 38671 12/24 1 1 675---6/26---1

1987 70433 2/28 1 7 26320---2/28---7

1988 43933 1/21 0 0

1989 108596 6/21 9 92 24883---1/18---7; 5100---2/24---4; 15900---3/7---4; 11212---5/11---5; 73917---6/21 ---35; 35166---10/2---8;
15508---11/17---16; 5850---12/5---8; 16883---12/23---5

1990 113679 2/19 5 68 20825---1/10---11; 14230---1/25---3; 70116---2/19---37; 39559---3/20---8; 56479---12/24---13

1991 125625 12/3 5 7 38388---1/1---13; 5971---1/13---10; 72209---2/20---21; 25037---4/2---5; 81333---12/3---31

1992 83363 12/28 2 19 32246---1/6---7; 38900---12/27---33

1993 100938 3/24 3 38 23229---1/1---33; 56734---3/24---10; 23996---12/7---7

1994 133917 2/12 4 82 13387---1/13---12; 10800---1/29---6; 89963---2/12---33; 87500---4/1 ---31

1995 84575 1/17 4 28 40525---1/17---10; 2587---1/28---2; 10700---2/22-23---8; 19904---3/10---8

1996 98617 1/30 4 59 8000---1/9---3; 54279---1/30---31; 39171---12/2---13;.20783---12/16---12

1997 90775 3/4 6 44 24617---1/10---7; 15625---2/1 ---9; 4366---2/7---1; 46675---3/4---20; 11833---6/2---2; 40291 ---6/15---5

1998 156329 4/20 4 63 26408---2/6---20; 112737---4/20---33; 31200---6/11---8; 3294---12/15---2

i-i
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RIVER SYSTEM OPERATIONS

TVA OPERATED RESERVOIR SYSTEM
ANNUAL MAXIMUM AND MINIMUM ELEVATIONS, IN ORDER OF MAGNITUDE

FROM DATE OF RESERVOIR CLOSURE THROUGH 1998

WATTS BAR

ORDER
1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
2S
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
4 G
47
48
49
so
si
52
S3
S4
ss
S6

MAXIMUM
ELEVATION YEAR MONTH

746.48 1984 MAY
745.40 # 1973 MAR.
745.28 1994 MAR.
745.12 1942 MAR.
74S.03 1989 JUNE
744.90 1950 MAY
744.89 1998 APR.
744.71 1949 MAY
744.57 1959 APR.
744.57 1970 APR.
744.Sl 1977 APR.
744.45 1957 NOV.
744.43 1963 MAY
744.40 1958 APR.
744.19 1953 MAY
743.88 19GG MAY
743.84 1990 DEC.
743.82 1967 JULY
743.60 1964 APR.
743.55 1948 APR.
743.4G 195G APR.
743.42 19G9 DEC.
743.23 19GS APR.
743.17 1971 MAY
743.05 1972 APR.
743.03 1943 APR.
743.03 1983 MAY
743.00 1976 MAY
742.97 1979 JULY
742.93 1997 JUNE
742.89 1996 DEC.
742.80 1975 MAR.
742.7S 1946 MAY
742.75 1954 DEC.
742.G2 19G8 MAY
742.S6 19S2 MAY
742.54 1960 MAY
742.S4 1961 APR.
742.53 1991 DEC.
742.51 1981 JUNE
742.50 1951 MAY
742.44 1962 APR.
742.40 1978 JUNE
742.18 1988 JULY
742.13 1947 MAY
742.10 1955 MAY
741.97 1974 MAY
741.88 1987 APR.
741.84 1944 APR.
741.80 1992 JULY
741.78 1982 SEP.
741.77 1985 AUG.
741.45 1980 MAY
741.45 1993 MAY
741.37 1995 OCT.
741.18 1986 OCT.

DAY
10
17
29

9
20
15
20

2
23
28

5
19

2
27

2
3

23
7

15
26
17
31
29
13
23
24
22
17
22
15

1
14
is
30
11

2
11
18

3
11

6
12

9
18
23
31
25
26
12

4
2

18
24

5
6
4

ORDER
1
2
3
4
s
6
7
8
9

10
11
12
13
14
is
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
so
si
52
53
54
ss
56

MINIMUM
ELEVATION

701.80
733.44
734.02
734.37
734.50
734.56
734.61
734.68
734.69
734.69
734.70
734.77
734.80
734.80
734.80
734.81
734.81
734.82
734.82
734.82
734.83
734.84
734.84
734.85
734.85
734.86
734.87
734.89
734.89
734.90
734.92
734.93
734.95
734.9S
734.98
735.00
73S.00
73S.00
735.00
73S.00
735.02
73S.02
735.OS
735.08
735.08
735.10
735.11
735.15
735.19
735.20
735.22
735.26
735.27
73S.33
73S.3S
735.37

YEAR MONTH
1942 JAN.
1945 MAR.
1963 FEB.
1949 DEC.
1951 DEC.
1947 FEB.
1962 MAR.
19SO DEC.
19S2 JAN.
1968 JAN.
1964 JAN.
1967 DEC.
1970 MAR.
1971 MAR.
1976 JAN.
19S4 FEB.
1958 JAN.
1944 JAN.
1959 JAN.
1973 JAN.
1977 JAN.
1946 DEC.
1960 JAN.
1966 FEB.
1972 MAR.
1969 JAN.
1948 JAN.
19S3 JAN.
1974 MAR.
197S DEC.
1978 FEB.
1965 JAN.
1955 FEB.
1961 DEC.
19S6 DEC.
1980 FEB.
1982 DEC.
1983 FEB.
1984 MAR.
1998 DEC.
1943 JAN.
1979 JAN.
19S7 JAN.
1991 JAN.
1992 JAN.
1988 JAN.
1985 JAN.
1997 JAN.
1981 FEB.
1987 JAN.
1994 MAR.
1993 FEB.
1986 MAR.
1989 MAR.
1996 DEC.
1990 FEB.

DAY
1

20
2S
29
31

3
18
18

1
19
13
26
11

2
24
23

3
24

3
8

31
20
23
13
16
31
19

6
12
30
13

8
s

16
24
23
11

1
14
22

8
17
11
28
17
28
12
22

7
13
10
11

7
31
26

2

8/3/99
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RIVER SYSTEM OPERATIONS

TVA OPERATED RESERVOIR SYSTEM
ANNUAL MAXIMUM AND MINIMUM ELEVATIONS, IN ORDER OF MAGNITUDE

FROM DATE OF RESERVOIR CLOSURE THROUGH 1998

WATTS BAR

MAXIMUM
ORDER ELEVATION YEAR MONTH

57 740.74 # 1945 APR.
DAY

25

MINIMUM
ORDER ELEVATION

57 735.44
YEAR MONTH
1995 FEB.

DAY
15

* MIDNIGHT ELEVATION ON CLOSURE DATE
# ESTIMATED
% MIDNIGHT ELEVATION
TOP-OF-GATES ELEVATION 745

8/3/99
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MAXIMUM, MINIMIUM, MEDIAN, AND MEAN

Adjusted Flow by Weeks
Watts Bar

Years=1928-1998

WEEK WEEK
ENDING NO.
JAN 7 1
JAN 14 2
JAN 21 3
JAN 28 4
FEB 4 5
FEB 11 6
FEB 18 7
FEB 25 8
MAR 4 9
MAR 11 10
MAR 18 11
MAR 25 12
APR 1 13
APR 8 14
APR 15 15
APR 22 16
APR 29 17
MAY 6 18
MAY 13 19
MAY 20 20
MAY 27 21
JUN 3 22
JUN 10 23
JUN 17 24
JUN 24 25
JUL 1 26
JUL 8 27
JUL 15 28
JUL 22 29
JUL 29 30
AUG 5 31
AUG 12 32
AUG 19 33
AUG 26 34
SEP 2 35
SEP 9 36
SEP 16 37
SEP 23 38
SEP 30 39
OCT 7 40
OCT 14 41
OCT 21 42
OCT 28 43
NOV 4 44
NOV 11 45
NOV 18 46
NOV 25 47
DEC 2 48
DEC 9 49
DEC 16 50
DEC 23 51
DEC 31 52

MAXIMUM
133,000
175,000
207,000
137,000
294,000
157,000
189,000
140,000
158,000
161,000
237,000
158,000
241,000
247,000
145,000
217,000

96,200
92,900

235,000
66,100
87,600

107,000
67,600
83,400
82,500
86,200
58,000
60,300
85,700
66, 100
58,400
48,900
66,200
44,600
50,000
85,800
30,500
36,400
59,000
74, 900
42,500
48,100
37,400
72, 900
93,800
78,600
90,000

125,000
100, 000
164,000
136,000
124,000

YR
1937
1946
1947
1954
1957
1957
1948
1961
1962
1963
1963
1980
1994
1977
1994
1998
1958
1958
1984
1950
1983
1973
1967
1989
1989
1928
1967
1967
1949
1938
1971
1942
1940
1942
1940
1928
1928
1989
1989
1989
1976
1964
1971
1949
1977
1957
1957
1973
1991
1972
1961
1932

AVERAGE WEEKLY CFS
MINIMUM YR

5,370 1940
5,780 1981
6,790 1981
5,380 1940
4,900 1940
8,380 1934
7,190 1934
6,830 1934
8,130 1941

13,700 1931
12,300 1931
12,300 1988
11,100 1988
12,800 1986
10,500 1986
9,730 1986
8,420 1986
6,570 1986
7,110 1986
8,120 1941
5,430 1941
5,110 1988
3,850 1988
3,360 1988
2,930 1988
3,320 1988
2,100 1988
4,550 1970
3,380 1986
3,270 1952
1,970 1986
3,540 1957
2,630 1954
2,330 1987
2,560 1953
2,140 1954
1,850 1998
3,200 1955
2,650 1998
2,220 1952
1,530 1987
1,850 1952
2,580,1998
2,570 1954
2,000 1953
2,710 1953
4,830 1998
4,120 1953
4,110 1987
4,630 1939
4,820 1958
6,250 1963

MEDIAN
31,900
31,300
32,800
40,600
34,000
36,200
41,600
44,100
38,500
48,300
40,900
44,500
40,200
39,700
37, 100
31,600
31,000
26,900
25, 100
24,000
21, 100
18,500
16,000
16, 100
16,400
13,600
13,800
13,000
11,600
12,500
12,000
11,900
11,300
9,760
9,340
8,570
8,430
8,020
7,730
7,430
7,990
7,340
8,930
9,560
9,830

10,500
15,200
16,400
16,500
19,900
19,700
29,700

MEAN
39,700
39,900
39,500
45,300
47,700
48,700
51,700
49,400
47,800
51,800
53, 900
52, 500
55,500
49,300
42,500
36,800
34,300
32,300
32,900
27,900
24,900
23,600
21,300
19,800
17,600
16,300
16,400
16,200
15,500
15,200
15, 100
13,700
14,300
12,400
11,700
11, 00
9,830
9,680

10,800
12,300
10,000
11,000
11, 00
12,800
14,500
15,400
18,500
24,200
25,200
28, 100
28, 100
35, 100

AVERAGE FLOW:1928 - 1998 = 27300 CFS RIVER SYSTEM OPERATIONS
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ANNUAL OPERATING CYCLE
748

747 ---- ------- ----------- --------- ---MAX EL 746.48 AT 0100 5-10-84

74 6 ---------- -- ----- ------ ------- ------ --------

TOP OF GATES: EL 745.0
745

7 4 4 ------- - ------ --------------- I ----------------- -- -----

7 4 3 -------- I -- ------- ------ -- -------- I ----------------- -- ------ --

u. 742 --- --- -- ----- ------ -------------- ---------------- -

2F
0 NORMAL MAXIMUM: EL' 741.0

740 --- ------ --- -- ---------------------------- -

7 3 9 .... ..... .. ...... ...... .. ....... ................ .. ...... . .

738 ---- ------ ---- ----------------------

737 ------- ------ ---------- ----

WINTER FLUCTUATION
736 RANGE 2.0 FEET ----- ------ -------------- ---------- ------ --

NORMAL MINIMUM: EL 735.0
735

SPILLWAY CREST EL 713.0
734

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC
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AREA IN THOUSANDS OF ACRES
48 44 40 36 32 28 24 20 I6 12 4 0

. .. .. .. .. .. .. ..
E•V

,r-Top of Gates EL. 745
I .1 I

rum

74

731

72
-J

-,J

S69

LaJ

68

67

LaJ

ii:9

F- ý,CMinimum Operating Level EL. 735

0 -946 -L - 730

0 720

0 96%_ r•-Spillway Crest Level EL.713

0 ' . _,-700
01__ _ _ __ ___ 0

0

0

/

#I
\

660

ELEV 1946 VOLUMAE
AREA 1940 1951 1950 96FT AC AC -FT AC -FT AC -FT ACT

74 370 1:,195,000 1,193,000 1,184,000 1,175,000
741 309,000 030,000 1,029,000 1,019.000 1,010,000
73 5 3 2.700 51I7 000 84000 905.000 796.000
730 a6000 05:00 0920000 955,000 646,000
722 23.200 402,000 460.000 453,000 445, 000
720 21,8900 4 17:000 41 5,000 409,000 4009.000
710 14,500 2389.000 234,000 229,000 223,000
7 00 8,580 122,000 121,000 117,000 114,000
090 4,490 57, 000 40,400 54,100 52,000
000 1.913 0 27, 000 20.7 00 25.600 24,600
970 .'50 goo90 11:7 00 14.:200, 10, TOO
66 0 463 4,0 4,37 4,90 3.00
:50 208 1,290 1.220 1.10 990
940 37 a[ 70 76 59636 0 0 0 0 0

- I 16 i6
70
70

I-I + I + 4

I6501-o

IPLA f%64011--

I I I I I630 •_• Diu
IOO 200 300 400 500 600 700 600 900 1000 1100 1200

VOLUME IN THOUSANDS OF ACRE-FEET

NOTES:
Reservoir areas at elevation 720 and below were measured on a composite map pr6pared
by the Hydraulic Data Branch with contours drawn at 10' intervals. The map was
prepared from Tennessee River Survey Maps made by the U.S. Army Engineers,
with contours at 690, 700, 710 and 720. Contours were made to conform to
elevations on TVA sediment range cross sections located at one to five
mile intervals. Areas above elevation 720 were measured on
TVA navigation maps with contours at elevations 722, 730, 735, 741 and 745.
scale I" = J mile. The areas at these elevations check with areas at the
same elevations previously measured on TVA land maps. The 1946 volume was
computed by the contour method. Volumes of sediment on succeeding dates
were computed by the constant factor method.

Elevations are referred to the USC & GS 1936 Supplementary Adjustment.

Area of original river within reservoir = 10.343 acres.

Drainage area at dam = 17.3 10 square miles.

Dam closure January I, 1942.
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RESERVOIR RELEASE IMPROVEMENTS

Oxygen Diffuser System--The oxygen diffuser system for Watts Bar
Hydro Plant is designed to provide a large instantaneous oxygen
flowrate to aerate the water flow from the turbine units while the
turbines are in operation and to provide a smaller continuous
flowrate to keep the forebay charged with high DO water. The
continuous oxygen flowrate should be sufficient to meet the
background DO demands of the reservoir in the forebay.

The oxygen diffuser system is designed to diffuse enough oxygen into
the withdrawal zone for the hydroturbines to increase the DO content
to 4 mg/L. The system uses eight line diffusers to supply oxygen to
the units and to keep the forebay charged with high DO water.

Six 2,000-foot long line diffusers are located between 200 and 2,200
.feet upstream of the plant intake and are located approximately 100
feet apart. Two 8,000-foot long line diffusers are located between
3,000 and 11,000 feet upstream of the plant intake. Their distance
apart varies as they follow the channel upstream. All eight line
diffusers float approximately three feet off the bottom of the
reservoir. The line diffusers are constructed from polyethylene
pipe which supplies oxygen to porous hoses. The diffuser hoses have
an orifice at their point of connection to the supply pipe to
equalize the flow and to minimize losses in the event of a hose
break.

The diffusers are supplied with oxygen from a liquid oxygen storage
facility located downstream of the dam along the access road to the
navigation lock. The storage facility equipment consists of a
horizontal 15,000-gallon liquid oxygen storage tank, four ambient
air vaporizers, two ice racks, a solenoid-operated emergency shut-
off valve, a temperature switch for low temperature shut-off, a
pressure gauge and transmitter, a manually operated off/on flow
valve, a flowmeter, and pressure regulators. The vaporizers are
equipped with solenoid-operated valves and a timer to alternate flow
through one-half of the vaporizers at a time to allow for a
freeze/thaw cycle.

Oxygen for the line diffusers passes through a manually-operated
control valve and a flow meter into a supply header. From this
header, four supply lines feed the diffusers. The two long
diffusers each have an individual supply line. The six shorter
diffusers are fed by two supply lines which each feeds three
diffusers. The supply lines are constructed from polyethylene pipe
and are equipped with a valve and pressure regulator for flow
control.
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SAFETY MODIFICATIONS FOR PROBABLE MAXIMUM FLOOD

CHRONOLOGY

Safety analysis studies for Watts Bar to evaluate the safety-hydrologic
deficiencies caused by a Probable Maximum Flood (PMF) were essentially
completed in fiscal year (FY) 1987. However , the study concentrated mainly
on the new 110, x 600' lock being constructed concurrently with the
hydrologic modifications. A new summary was performed in FY 1994 with two
new alternatives assuming no new lock. The new reconimended proposal was to
pour a reinforced concrete retaining wall immediately downstream of the
existing bridge bents that spans from the lock operations building almost
to the bridge abutment. An earthen plug was utilized to connect the bridge
abutment with the end of the retaining wall. Construction mobilization
began at the end of FY 1994 and was completed in mid FY 1998.

COST OF MODIFICATIONS

Engineering and Design cost for the safety modifications to Watts Bar Dam
were $507,536.56. The construction costs were $2,927,356.93. The total
project cost was $3,434,893.49.

CONTROLLING FEATURES

Modifications for the PMF consisted of a concrete retaining wall
immediately downstream of the existing bridge bents that spans from the
lockoperations building almost to the bridge abutment. An earthen plug was
utilized at the bridge abutment to tie the end of the wall into the
compacted fill of the bridge abutment with the top of both at elevation
767.0. Reinforced concrete slabs were use for localized scour protection on
the upstream and downstream slopes adjacent to lock.



August 1999 Watts Bar 41

-v-

r-28 v , ,.-=o',
69o ~~ 69 --zr-

CONSTRUCTION PLANT

S CONSTRUCTION PLANT LAYOUT

WA-rs ,BAR PROJECT
TENNESSEr VALLEY AUTHORITY

COMSTRUCTION OEPARTMENT

S NOxI.t -739 1i,,cP IOINIR7



August 1999 Watts Bar 42

CONSTRUCTION PLANT
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1.-v-F .

STAGES NO.I ITEM OR EQUIPMENT

I

AVERAGEOUANTITY NITR¶ MOIIYKLYI. 1939 140
1941

I 1i41

STAGE I A " STAGE 2
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CONSTRUCTION
PLANT
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F~3 A.1

<
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'w .
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SPILLWAY
& NON-

OVERFLOW
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-4

POWER-
HOUSE T

61 BAYS Or
SPILLWAY

L TRASHWA

SWITCHYARD

CONTROL
BUILDING

INSTALLATION
GATES AND
MACHINERY

I

INSTALLATION
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INSTALLATION
POWERHOUSE
MACHINERY

GENERAL

GENERAL

CONSTRUCTION SCHEDULE
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TENNESSEE VALLEY AUTHORITY
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STAGES

CONSTRUCTION
SERVICES

CONSTRUCTION
PLANT

EAST
EMBANKMENT

No. ITEM OR EQUIPMENT
AVERAGE

UANTi IN'IQ ONTNLY
QIIANTII

1942 1943

I
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,
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13i BAYS OF
SPILLWAY
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I
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L TRASHYAY

SWITCHYARD
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BUILDING
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MACHINERY

INSTALLATION
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INSTALLATION
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GENERAL

I
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STAGES

CONSTRUCTION
SERVICES

CONSTRUCTION
PLANT
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NO. ITEM OR EQUIPMENT
I I AVERAGE
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CONSTRUCTION DATA

PERSONNEL

Peak employed .....
Total man-hours...
Number of
injuries .........

Days lost ..........
Fatalities ........
Accident

frequency ........
Accident
severity .........

Total
3,200

13,881,053

Dam

Construction
Only

2,680
8,111,581

178
35,008

3

108
26,992

2

12.9 13.5

2,522 3,328

QUANTITIES
(Initial Project)

Dam,lock,and power facilities:
Earth excavation ........................... 1,630,500 cu.yd
Rock excavation .............................. 261,200 cu.yd
Unclassified excavation ....................... 206,300 cu.yd
Earthfill .................................. 1,050,000 cu.yd
Rockfill ..................................... 160,000 cu.yd
Concrete ..................................... 480,200 cu.yd
Reinforcing steel ............................... 6,360 tons
Structural steel, powerhouse ....................... 900 tons
Formwork ................................... 1,925,000 sq.ft
Foundation grouting cement ....................... 5,600 bags

Highway and railroad Excavation ............. 3,060,000 cu.yd
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CONSTRUCTION DATA (CONT.)

HOUSING FACILITIES

Permanent houses built ................................. None
Low-cost houses built .................................... 45
Dormitories built:

Men (420 total capacity) ................................. 7
Women (24 total capacity) ................................ 2

Public buildings constructed included a cafeteria (192
seats),hospital (16 beds),two community and recreation
buildings, and gas station.

NOTE

Elevations are based on the U.S.C. & G.S. 1936 Supplementary
Adjustment.


