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1. Purpose

Headwater rating curves for twenty dams geographically located on the Tennessee River and its tributaries above the existing
Bellefonte Nuclear facility are required as inputs to TVA’s SOCH and TRBROUTE models, which perform flood-routing
calculations. The.headwater rating curves for each dam provide total dam discharge as a function of headwater elevation. This
calculation presents headwater rating curves for Hiwassee Dam. ’

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 this 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 calculations 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 the plan and elevation views (Ref. 1) of Hiwassee Dam. A photograph is included as Attachment 2. For headwaters

in the normal operating range, discharge is passed through the turbines, spillway, and spillway regulating conduits. The spillway .
consists of seven spillway bays, each with a radial, or tainter, gate to control discharge. If, as during a probable maximum flood
(PMF) event, headwater rises above the normal operating range, discharge may pass also over the tops of the open spillway gates.
Discharge is not expected to pass over any portion of the dam, however, because the top elevation of the dam is equal to or '
greater than the headwater elevation during a PMF event. Consequently, the rating curves developed in this calculation do not
include headwater elevations above the top of the dam.

Rating curves are presented for the following two cases

Case 1 — Valid for rising headwaters and for falling headwaters as long as the tailwater elevation does not flood the powerhouse
(TW<1305.2"). _ :

Case 2 — Valid for falling headwaters after the powerhouse has been flooded.

These headwater rating curves are based on the configuration of the Hiwassee Dam as defined on the current design drawings.
The purpose of this calculation does not evaluate the design loading conditions for the dam.
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Figure 1 — Hiwassee Dam, General Plan and Elevation (Ref. 1).
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3. Assumptions & Methodology

The headwater rating curves developed in these calculations will be used in simulations of probable maximum flood events.
Consequently, the rating curves have been calculated well above the normal operating range of the dam.

31 Assumptions.

3.1.1 Assumption: Power generation will continue during the PMF event until the powerhouse is flooded.

Technical Justification: Power generation is assumed to stop when the addition of turbine discharge would lead to the tailwater
reaching an elevation of 1305.2 feet, at which point the tailwater will enter the powerhouse via the powerhouse air inlet grille
(Attachment 34 Ref. 17). Accordingly, turbine discharge will be considered for rising headwaters until the addition of discharge
through the turbines would cause the tailwater to reach an elevation of 1305.2 feet. After the powerhouse has been flooded, the
generator will not be restarted as electrical components will be wet. Therefore, turbine discharge is not included as headwaters
fall after flooding of the powerhouse.

3.1.2 Assumption: The attached tailwater rating curve (Attachment 8 from Reference 6) is sufficient for computing submergence
effects on the headwater rating curves. ,

Technical Justification: The tailwater rating curve attached to this calculation was generated by the TVA Flood Risk group. This
tailwater rating curve is used by TVA during actual flooding events to drive river management decisions and is therefore
considered the best available source of tailwater elevation data. Regardless, tailwater will only affect sluice flow, as tailwater
needs to rise another 167.5 feet from its maximum before impacting flow through the spillway (See Section 7, 1503.5°-
1336°=167.5"). Tailwater will reduce the flow through the sluices, however the impacts tailwater has on the overall headwater
rating curves are negligible (Appendix C).

3.1.3 Assumption: Tailwater effects will be calculated as if headwater elevation at Apalachia Dam is 1297.0 feet.
Technical Justification: According to past TVA experience, headwater at Apalachia Dam is not expected to rise past 1297.0 feet.

Regardless, the impact the tailwater rating curve has on the overall headwater rating curves are minimal (See 3.1.2 and Appendix
C). '

3.1.4 Assumption: Splllway and sluice gates are considered fully operable and open to the maximum gate opening as specified
in Reference 7.

Technical Justification: For _]ustlﬁcatlon of this assumption, see Reference 22 and Appendix D. 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 D1). Appendix D 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.

3.1.5 Assumption: Headwaters will not rise beyond 1545 feet in elevation.

Technical Justification: The upper limit on the headwater elevation is assumed appropriate for the Bellefonte PMF (although
different from the project PMF). The SOCH/TRBROUTE analyst will identify if a revision to this calculatlon is required to
accommodate higher elevations.

3.2 Unverified Assumptions

None.
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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 8 shows weir flow equations for overflow
discharges:

1.5 ) . .
Q,=C,LH, (1)

in which Q; = free discharge (cfs), C;= free discharge coefficient (ft**/sec), L = length of overflowing section (ft), H, = head on -
crest (ft) = HW - Z., HW = headwater elevation (ft), and Z. = top, or crest, elevation of overflowing section (ft). This equation
need not be modified to account for tailwater submergence, as no portion of the dam which has free surface overflow will be
submerged by tailwater.

Flows over the nonoverflow section, abutments, dam piers, and north end of the road are treated as free discharge. Flow over the
spillway crest is treated as free discharge for headwater elevations below H; = Himin, the head at which the overflowing nappe
first touches the bottoms of the open gates (see Attachment A10). Hj ., varies with gate opening, V, defined as the vertical
distance between the bottom of the gate and the spillway crest.

For headwater elevations above H, = H i, flow through the spillway gates is treated as orifice discharge. Orifice discharge refers
to flow passing through a contracted opening and is computed using an orifice-type equation as follows (e.g., Reference 8,
Hydraulic Design Chart 311-1):

Q, =C,G,L\/2glH, -H,,) @

in which Q, = orifice discharge (cfs), C, = 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 Hy, = vertical
distance between the mid-point of G, and the crest. This equation need not be modified to account for tailwater submergence as
the tailwater will never reach the crest elevation and influence discharge.

Sluice (spillway regulating conduit) discharge is also treated as orifice flow and computed using a simplified form of the orifice
equation as follows:

Q =4KyHW - Z,, (3)

The coefficient K (in ft**/sec) lumps the constant quantities effecting orifice flow into one parameter. It may be thou ht of as
p g p y 2

equal to CA4/2g in which C = discharge coefficient and A equals area for flow under the sluice gate. Because the discharge is

through a closed conduit, both C and A, and consequently K, aré constant at a given gate opening. In Equatlon (3), the head
differential term is defined as HW — Z,.¢., with Zg.¢ = the centerline elevation of the sluice outlet nozzle (1265.29 feet, Ref. 9, Att.
9). Also, Equation (3) contains the multiplier 4 to reflect the number of sluices. The K - values for all sluice openings were
determined in Attachment 17 from prototype data (for a single sluice) in Reference 7. :

Equation 3 assumes no tailwater effects. Under the conditions for which this headwater rating is developed, the tailwater may
affect the sluice discharge. For the fully opened Hiwassee sluices, tailwater submergence effects will be computed for tailwater
elevations, TW (in feet), which result in a fully submerged sluice. The following equation will be used:
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Q. =4KJHW —TW +3.485 : (4)

where Qg = discharge affected by submergence. By adding 3.485 feet (1268.775 — 1265.29) to the head difference term (HW-
TW), the desirable result that Qy = Q, at TW = 1268.775 feet, the elevation at which the tailwater first submerges the entire sluice
outlet, is obtained (Ref. 9, Att. 9). Because the tailwater level varies with total dam discharge, an iterative process is used to
determine submerged sluice discharge.

3.4 Methodology -- Spillway Discharge Calculations

The discharge coefficient, Cy, for free discharge over a spillway crest varies with head, H, (References 8 and 10). For the .
Hiwassee spillway crest, the relationship C((H.) is available from model test data (Appendix A). The discharge coefficient, C,,
for orifice discharge varies with H. and vertical gate opening, V. The relationships Hymin(V) and Cy(H,,V) are available from
model test data (Appendix A). The crest length, L, and crest elevation, Z, are shown on TVA drawings (e.g., Ref. 5). The
parameters G, and Hp,, are determined from geometry (Appendix A).

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 (3.1.4), 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.: According to Hydraulic Design Chart 111-3/2 (Attachment 3), end contraction losses effectively
reduce the length of the overflowing spillway crest, L=224’(see Section 4), by K,*H,, in which K, = abutment contraction
coefficient (dimensionless), and H, = H. =Energy head on the crest (in ft.). The maximum possible valie for K, = 0.2 (Att. 3),
which means the maximum possible impact of abutment effects (calculated at maximum H, , 26.5 ft, See Section 7, maximum
elevation for free discharge) is equal to:

{1 - %(H)} *100% = {1 - 224'_2(0'2)(26'5')} £100% = 4.7%

224
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3.5 Methodology -- Discharge Coefficients for Overflow Sections

Values of the discharge coefficient, Cy, for flows over the nonoverflow sections and the tops of the open spillway gates are
estimated using Hydraulic Design Chart 711 (Available in Reference 8) which is included as Attachment B5. Length, L, and
crest elevation, Z,, in each case is determined from TVA drawings (all relevant drawings are defined as References). Appendix B
contains calculations which determine the values of Cs for each section which is expected to overflow.

The upper plot of HDC 711 (Attachment B5) shows that Cy is about 2.65 for very broad crests (H;/B < 0.4 where H; = H,and B =
streamwise length of the crest) and gradually increases to 3.1, the maximum value for a “broad-crested” weir, as H,/B increases
to about 1.2. As H,/B increases above 1.2, C¢ continues to increase as the weir transitions from broad-crested to sharp-crested at
about H;/B = 2.0. Since the estimation of discharge over the top of various sections of a dam and its embankments is an
approximation, small variations in C; with H, are not modeled and the effects of end contractions are neglected. A single
representative value for C; within the range of its variation is used for all headwater elevations included in the rating. Neglecting
minor variations in Cr values and end contractions has negligible impact on the dam rating curve.

3.6 Methodology—Sluice Gates Discharge Coefficient

Hiwassee Dam has four 8.5 foot diameter sluice tunnels fitted with 7.83 foot diameter nozzles. Reference 9 (Att. 9) shows a
cross-section through a sluice tunnel. All sluice tunnels will be considered fully open. Attachment 16 states that table
“discharges are based on coefficients of discharge obtained from prototype measurements.” Therefore, the K value from Equation -
(3) can be back-calculated from the information in the sluice discharge tables. Attachment 18 indicates that spillway discharge
tables have not been corrected for tailwater effects. However, Reference 7 is unclear as to whether or not the sluice discharge
tables reflect tailwater effects. Justification that sluice discharge does not include tailwater effects is contained in paragraph 4.11.
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4. Design Input
Sect. Input Parameter Source Symbol Value
4.1 Acceleration of gravity Common knowledge, Ref. 8, sheet. 000-1 g 32.2 ft/sec’
for example
4.2 Spillway crest parameters :
4.2.1 Crest length 7 32-foot wide bays; Ref. 5 L 224 feet
422 Crest elevation Ref. 5 or Ref. 12 Z. 1503.5 feet
423 Free discharge coefficient Polynomial fit to model data given in Att. Ci(Ho) Equation A3
A12 and discussed in Appendix A
4.3 Spillway gate parameters
43.1 Vertical opening Extrapolation of field measurements given \Y 20.44 feet
: in Att. A3 and discussed in Appendix A
432 Effective gate opening Computed in Appendix A G, 21.065 feet
433 Mid-point elevation of Computed in Appendix A Hpp 10.029 feet
opening relative to crest
434 Distance from spillway crest | Estimated in Appendix A from data in Himin 29.11 feet
to point at which nappe Reference A2
touches gates
435 Headwater elevation at which | Hy i, estimated in Appendix A Himint Z¢ 1532.61 feet
nappe touches gates
43.6 Orifice discharge coefficient | Extrapolated curve given in Att. A13 and C.(Ho) Equations A4.1- A4.3
discussed in Appendix A
4.4 Spillway Gate Overflow
4.4.1 Discharge coefficient Justification in Appendix B C, 3.1
4.4.2 Overflow elevation Computed in Appendix A Z, 1533.5 feet
443 Overflow length Same as spillway crest, Ref.5 L, 224 feet
4.4A Non Overflow Section (Including Spillway Piers)
4.4A.1 | Discharge coefficient Justification in Appendix B Ce 2.65
4.4A.2 | Overflow elevation Justification in Appendix B Z, 1540.42 feet
4.4A.3 | Overflow length Calculated in Appendix B L 921 feet
44B Abutment Overflow
4.4B.1 | Discharge coefficient Justification in Appendix B Cy 2.65
4.4B.2 | Overflow elevation Justification in Appendix B Z. 1542.57 feet
4.4B.3 | Overflow length Calculated in Appendix B L 109.75 feet
4.4C North End Overflow
4.4C.1 | Discharge coefficient Justification in Appendix B Cr 2.65
4.4C.2 | Overflow elevation Justification in Appendix B Z, 1538.57 feet
4.4C.3 | Overflow length Calculated in Appendix B L 34 feet
4.5 Sluice gates
4.5.0 Number of Sluice Gates Ref. 5 N 4
4.5.1 Discharge coefficient with or | Paragraph 4.11 K . 342.8982
without tailwater effects
452 Elevation at which tailwater Ref. 9, Att. 9 List 1268.775 feet
effects flow 3.485
453 Elevation of outlet nozzle Ref. 9, Att. 9 Z s 1265.29 feet
' centerline
4.6 Turbine Discharges
4.6.1 Q. v/s Gross Head, H, Paragraph 4.8 Q(H) . Equations (5.1) and
' (5.2)
4.7 Tailwater Curve
4.7.1 TW v/s Total Discharge, Q Paragraph 4.9 TW(Q) Equations (6.1) and
- (6.2)
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4.7 Tailwater Curve

4.7.1 TW v/s Total Discharge, Q Paragraph 4.9 ’ TW(Q) Equations (6.1) and
: (6.2)

4.8 Discharge through Turbines

Discharges through both the Unit land Unit 2 turbines, Q,; and Q, were determined from Attachments 12-1 and 12-2 (Refs. 15
and 16) at 100% gate opening. Points were scaled from References 15 and 16 (100% gate curve) and curve fits to turbine
discharge versus gross head were developed in Attachment 13. The resulting polynomials are presented in Attachment 13 and
repeated below. '

Q, =13.055(H,)+2091.8 | (5.1)
0, =—0.0479(H, )’ +33.673(H,) ~190.96 | | (52)

in which Q, = turbine discharge in cfs and H, = gross head on the turbine (HW-TW) in feet. Because sluice discharge (Equation
(4)) and turbine discharge (Equation (6)) are functions of tailwater elevation, which itself is a function of all discharges past the
dam (Equation (5)), an iterative process will be used to calculate tailwater elevation, sluice discharge, and turbine discharge for
Case 1. ‘

4.9 Tailwater Rating Curve

The tailwater rating curve used in this calculation was developed from data contained in Attachment 8. Tailwater elevation at
Hiwassee was calculated as if headwater elevation at Apalachia has reached 1297.0 feet. The Hiwassee tailwater rating curve
(Attachment 14) was generated by plotting the tailwater elevations given in Attachment 8 versus the Hiwassee discharge (at an
Apalachia headwater elevation of 1297.0). The polynomial listed in Attachment 14 and listed below was used for headwater
rating curve calculations.

TW = 1294.2668 + 0.3557Q - 1.3744x10°Q? + 2.80x10°Q®  for Q>7.75 : (6.1)
TW = 1297 for Q<7.75 (6.2)

in which Q = total discharge past the dam in cfs divided by 1000 (“1000 cfs”).

Because tailwater elevations never reach the crest elevation at Hiwassee dam, tailwater does not affect splllway flow. However,
tailwater does affect sluice flow (See Section 3.3).

4.10 Upper Limit on Headwater Elevation Included in Rating Curves

From past simulation experience, during a PMF event the headwater at Hiwassee Dam is not expected to rise past 1545 feet
and therefore the dam rating curve generated by this calculation ends at this headwater elevation [3.1.5]. Although the
headwater rating curve provided in this calculation extends to the elevation noted, Sectlon 5.0 of this calculation limits the
applicability of this curve to the headwater elevation defined in Sectlon 5 0.

4.11 Sluice Gate K Value

The sluice gate K value is determined from Attachment 16. As evident from Equation (3), if the sluice discharge, Q, is plotted

versus 4 HW —1265.29 the resulting slope (when the y-intercept is forced to 0) will be the K value (as y = mx) as long as
the sluice data in Attachment 16 were determined without tailwater interactions. If, however, the sluice data was affected by

* tailwater, plotting Q versus AK~HW —TW +3.485 would result in a straight line with slope equal to K (see Equation (4)).
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Q is plotted versus 4+ HW —1265.29 in Attachment 17. The slope of the linear fit to the data is included on the plot in

Attachment 17. Because the resulting fit to the data provides a perfect linear fit (R*= 1.0), it can be concluded that the data in the
sluice discharge table was not corrected for tailwater effects. K is determined by the slope of the linear fit and is used in
conjunction with Equation (4) to calculate sluice flow when it is affected by tailwater.

The K value used for calculation is K = 342.8982 (Attachment 17) _ . 0

5.0 Special Requirements/Limiting Conditions

Calculations performed in Appendix D 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 headwaters no greater than 1542.00. If PMF headwater elevations at the Hiwassee Dam exceed
1542.00, a revision of this calculation will be required.
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6. Calculations
Case 1

The calculations consist of computing spillway, sluice, turbine and overflow discharges (from Equétions 1 through 5) for a list of
headwater elevations ranging from just below the crest elevation up to 1537.5 feet [4. 10] the top of the dam. The headwater
rating curve is a plot of headwater elevation versus total dam discharge.

Discharge passes through the sluices and turbines first and then the spillway as headwater rises above the crest elevation. As
headwater elevations continue to rise, discharge may also pass over the tops of the open tainter gates. Total discharge, given in
“1000 cfs”, is the sum of all discharges in cfs past the dam divided by 1000.

Figure 2 shows the spreadsheet calculations for the headwater rating curve (spreadsheet included as Attachment 22). The final
result, the rating curve, is defined by the first two columns, HW vs. Total Discharge. The third column (TW) gives the tailwater
elevation associated with the “Total Discharge” from the tailwater rating curve polynomial fit [4.9].

Because tailwater is sufficiently high to affect the sluice discharge at all headwater elevations, the corrected sluice discharge is
given in the fourth column. The corrected discharge is calculated from Equation (4). Because the tailwater level varies with total
dam discharge, an iterative process is used to determine submerged sluice discharge. For the iterative process TW is assumed
(red text column in Attachment 22), Qi is calculated (using Qg1, Qu and Qg calculated from TW ysumed), and TWegiculated 1S
calculated from Q. Iteration is accomplished by varying TW,gumeq until the difference between TW sgumed and TW caiculated 15
equal to 0, within convergence tolerances. The convergence tolerance was set to 1*10°°. The average difference for converged
solutions is 2*10°® feet (Attachment 22).

Spillway discharge is computed in the seventh column. H,, and C{C, are the parameters used to determine the spillway
discharge, QdQ,. Free discharge occurs for elevations below 1532.61 feet [4.3.5] and orifice discharge occurs for headwaters
above this elevation. The transition point is indicated by a horizontal line. Above the transition line, the listed discharge
coefficient is C¢ [4.2.3] and below the transition line the listed discharge coefficient is Cg [4.3.6]. Column QfQy is the spillway
discharge computed from Equation (1) for free discharge and from Equation (2) for orifice discharge.

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

The next four columns are overflow discharges in cfs for overflow of the spillway gates, nonoverflow dam, abutments, and
overflow around the north end of the dam. The overflow discharge coefficient Cy ([4.4.1], [4.4A.1], [4.4B.1], [4.4C.1]), elevation
Z.([4.4.2],[4.4A.2], [4.4B.2], [4.4C.2]), and length L ([4.4.3], [4.4A.3], [4.4B.3], [4.4C.3]) are indicated in the three rows above
the computed discharges. All overflow discharges are computed using Equation (1). Since the tailwater elevation is below the
overflow crest elevations for all headwater elevations included in the ratings, there are no tailwater effects on these discharges.

Turbine discharge in cfs is computed by Equations (5.1) and (5.2) in the final two columns.
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Case 2

The calculations consist of computing spillway, sluice and overflow discharges (from Equations 1 through 4) for a list of
headwater elevations ranging from the top of the dam, 1537.5 feet [4.10], to just below the crest elevation. The headwater rating
curve is a plot of headwater elevation versus total dam discharge.

Figure 2 shows the spreadsheet calculations for the headwater rating curve (spreadsheet included as Attachment 22). The final
result, the rating curve, is defined by the first two columns, HW vs. Total Discharge. The third column (TW) gives the tailwater
elevation associated with the “Total Discharge” from the tailwater rating curve polynomial fit [4.9].

Because tailwater is sufficiently high to affect the sluice discharge at all headwater elevations, the corrected sluice discharge is
given in the fourth column. The corrected discharge is calculated from Equation (4). Because the tailwater level varies with total
dam discharge, an iterative process is used to determine submerged sluice discharge. For thé iterative process TW is assumed
(red text column in Attachment 22), Qi is calculated (using Qs; calculated from TW ysumea), and TWaicutarea is calculated from
Quota- Iteration is accomplished by varying TW yqumed until the difference between TW ygumed and TW yieuraea 18 €qual to 0, within
convergence tolerances. The convergence tolerance was set to 1*10°°. The average difference for converged solutions is 2.7%10™®
feet (Attachment 22).

Spillway discharge is computed in the seventh column. H., and C{C, are the parameters used to determine the spillway
discharge, QdQ,. Free discharge occurs for elevations below 1532.61 feet [4.3.5] and orifice discharge occurs for headwaters
above this elevation. The transition point is indicated by a horizontal line. Above the transition line, the listed discharge
coefficient is Cy [4.2.3] and below the transition line the listed discharge coefficient is C, [4.3.6]. Column Q{Q, is the spillway
discharge computed from Equation (1) for free discharge and from Equation (2) for orifice discharge.

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

The next four columns are overflow discharges in cfs for overflow of the spillway gates, nonoverflow dam, abutments, and
overflow around the north end of the dam. The overflow discharge coefficient C; ([4.4.1], [4.4A.1], [4.4B.1], [4.4C.1]), elevation
Z.([4.4.2], [4.4A.2], [4.4B.2], [4.4C.2]), and length L ([4.4.3], [4.4A.3], [4.4B.3], [4.4C.3]) are indicated in the three rows above
the computed discharges. All overflow discharges are computed using Equation (1). Since the tailwater elevation is below the
overflow crest elevations for all headwater elevations included in the ratings, there are no tailwater effects on these discharges.
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7. Results/Conclusions

For convenience, the headwater rating results, separate from the calculation details provided above, are tabulated as total
discharge in cfs vs. headwater elevation in feet in Figure 3. The headwater rating curves are plotted in Figure 4.

The headwater rating curves developed in this calculation provide Hiwassee total dam discharge vs. headwater elevation for use
in TVA’s SOCH and TRBROUTE models for simulation conditions satisfying the assumptions in Section 3. In particular, all of
the spillway gates must all be fully raised, all sluices must by fully open, and the maximum sustainable discharge must be passing
through the turbines.

As discussed in Section 5.0, the dam rating curves provided in Figures 2a and 2b are limited in applicability to headwater
elevations no greater than 1542.



TVA

Calculation No.  cD0000020080012 Rev: 2 Plant: GEN | Page:19a
Subject: Dam Rating Curves, Hiwassee Prepped wes
Checked ACM
Hiwassee - Dam Rating Curve, Case 1
g= 322 ft/s
Sluice Parameters Spillway Parameters Overflow
L=224 ft Discharge
K= 342.898 ft° Z.=1503.5 ft Qfin cfs Turbine
Z = 1265.29 ft G,= 21.065 ft Spill Discharge
N= 4 sluices Hpp = 10.0298  ft Gate Non-over Abutment North End 100% Gate
Q : : Overflow Overflow Overflow  Overflow Gross  Opening '
Total Sluice Spillway Ci= 31 2.65 2.65 265 Head Unit1 Unit2
HW Discharge cfs ft cfs Z,= 15335 1540.42 1542.57 1538.57 ft cfs cfs
feet 1000 cfs TW Qs H. CilCq Q| Qq L= 224 921 109.75 34 H  Qu Qg
1305 4.85 1296.0 4854 0.00 0.00 0 0 0 0 0 ’
1310 5.69 1296.2 5694 0.00 0.00 0 0 0 0 0
1320 7.10 1296.7 7096 0.00 0.00 0 0 0 0 0
1330 8.27 1297.1 8272 0.00 0.00 0 0. 0 0 0
1340 9.31 1297.5 9305 0.00 0.00 0 0 0 0 ]
1350 10.24 1297.8 10238 0.00 0.00 0 0 0 0 0
1360 11.10 1298.0 11095 0.00 0.00 0 0 0 0 0
1370 11.89 1298.3 11892 0.00 0.00 0 0 0 0 0
1380 12.64 1298.5 12641 . 0.00 0.00 0 0 0 0 0
1390 13.35 1298.8 13348 0.00 0.00 0 0 0 0 0
1400 14.02 1299.0 14021 0.00 0.00 0 0 0 ¢} 0
1410 14.66 1299.2 14663 0.00 0.00 0 0 0 [ 0
1420 15.28 1299.4 15279 0.00 0.00 0 o] 0 0 0
1430 15.87 1299.6 15872 0.00 0.00 0 Y] 0 0 0
1440 23.75 1302.0 16316 0.00 0.00 0 o] 0 0 0 138 3894 3544
1450 24.63 13022 16868 0.00 0.00 0 0 0. 0 0 148 4021 3739
1460 25.48 1302.5 17404 0.00 0.00 0 0 0 0 0 158 4148 3925
1470 26.30 13027 17923 0.00 0.00 0 0 0 o 0 167 4276 4101
1480 27.10 1303.0 18429 0.00 0.00 0 0 0 0 0 177 4403 4269
1490 27.88 1303.2 18921 0.00 0.00 0 0 0 0 0 187 4531 4428
1500 28.64 1303.4 19402 0.00 0.00 0 0 0 0 0 197 4659 4578
1503.5 28.90 1303.5 19567 0.00 0.00 0 0 0 0 0 200 4703 4628
1504 29.16 1303.5 19588 0.50 2.86 227 0 0 0 0 200 4709 4634
1505 30.19 1303.8 19622 1.50 2.94 1210 0 0 0 0 201 4718 4645
1506 31.69 1304.2 19650 2.50 3.01 2666 0 0 0 0 202 4726 4653
1507 33.57 1304.8 19673 3.50 3.07 4508 0 ] 0 0 202 4732 4660
1508 26.51 1302.8 19815 4.50 3.13 6693 0 o] 0 0
1510 31.81 1304.3 19839 6.50 3.23 11973 0 0 0 0
1812 38.17 1306.0 19852 8.50 3.30 18321 0 0 0 0
1514 45.46 1307.9 19859 10.50 3.36 25598 0 0 0 o}
1516 53.56 1309.8 19861 12.50 3.40 33698 0 0 0 o]
1518 62.41 1311.8 19862 14.50 3.44 42545 0 0 0 ¢}
1520 71.96 1313.8 19862 16.50 3.47 52095 0 0 0 o
1522 82.21 1315.8 19863 18.50 3.50 62347 0 0 0 0
1524 93.20 1317.7 19864 20.50 3.53 73338 0 0 0 0
1526 105.02 1319.7 19866 22.50 3.56 85156 0 0 0 0
1528 117.80 1321.7 19867 24.50 3.61 97937 0 0 0 0
1529 124.62 1322.7 19868 25.50 3.63 104748 0 0 0 0
1530 131.74 1323.7 19867 26.50 3.66 111877 0 0 0 0
1532.61 150.74 1326.2 19869 29.11 0.791 130870 0 0 0 0
1533.5 150.34 1326.2 19914 30,00 0771 130423 0 0 0 ]
1534 150.26 1326.2 19938 3050 0.759 130075 246 0 0 0
1535 150.44 1326.2 19984 3150 0736 129179 1276 0 0 0
1536 151.51 1326.3 20024 32.50 0.717 128737 2745 0 0 0
1537 153.42 1326.6 20059 33.50 0702 128819 4547 0 0 0
1538.57 160.03 13275 20092 35.070 0.687 132015 7927 0 0 0
1539 162.23 1327.8 20099 35500 0.697 133144 8957 0 0 25
1540.42 169.79 1328.7 20119 36.920 0.697 136805 12641 0 0 227
1541 174.07 1329.3 20120 37500 0.697 138272 14263 1078 0 341
1542.57 189.65 1331.4 20096 39.070 0.697 142169 18968 7694 0 721
1543 194.67 1332.1 20084 39.500 0.697 143217 20333 10114 82 840
1544 207.47 13339 20045 40.500 © 0.697 145627 23626 16532 497 1140
1545 221.56 1336.1 19991 41.500 0.697 147997 27080 23922 1102 ° 1469

Figure 2a — Calculations for Headwater Rating Curve, Case 1
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Hiwassee - Dam Rating Curve, Case 2
g= 322 ftis”
Sluice Parameters i Spillway Parameters Overflow
L=224 ft Discharge
K= 342.898 Z,=15035 ft Qf in cfs
Zg= 1265.29 ft G, = 21.065 ft Spill .
N= 4 sluices Hmp = 10.029 1t Gate  Non-over Abutment North End
Q Overflow Overflow Overflow  Overflow
Total ) Sluice Spillway Ci= 3.1 265 2.65 2.65
HW Discharge cfs ft cfs Z.= 15335 154042  1542.57 1538.57
feet 1000 cfs TW Qg He CilC, QlQ L= 224 921 109.75 34
1305 4.85 1296.0 4854 0.00 0.00 0 0 0 0 0]
1310 5.69 1296.2 5694 0.00 0.00 0 0 o] o] 0
1320 7.10 1296.7 7086 0.00 0.00 0 0 0 o} Y
1330 8.27 1297.1 8272 0.00 0.00 0 0 0 0 0
1340 9.31 1297.5 9305 0.00 0.00 0 0 0 0 0
1350 10.24 1297.8 10238 0.00 0.00 0 0 0 o] 0
1360 11.10 1298.0 11095 0.00 0.00 0 0 0 [0} 0
1370 11.89 1298.3 11892 0.00 0.00 0 0 0 0o 0
1380 12.64 1298.5 12641 0.00 0.00 0 0 0 ¢} o}
1390 13.35 1298.8 13348 0.00 0.00 0 0 0 o] 0
1400 14.02 1299.0 14021 0.00 0.00 0 0 0 ] 0
1410 14.66 1299.2 14663 0.00 0.00 0 0 0. o} 0
1420 15.28 1299.4 15279 0.00 0.00 0 0 0 0 0
1430 15.87 1299.6 16872 0.00 0.00 0 0 0 o} ¢}
1440 16.44 1299.8 16444 0.00 0.00 0 0 0 0 0
1450 17.00 1299.9 16996 0.00 0.00 0 0 0 o} v}
1460 17.53 1300.1 17532 0.00 0.00 0 0 0 o} 0
1470 118.05 13003 18052 0.00 0.00 0 0 0 0 o}
1480 18.56 1300.4 18558 0.00 0.00 0 0 0 0 o}
1490 19.05 1300.6 19051 0.00 0.00 0 0 0 0 0
1500 19.53 1300.7 19531 0.00 0.00 0 0 [V} 0 0
1503.5 19.70 1300.8 19697 0.00 0.00 0 0 0 0 0
1504 19.94 1300.8 19717 0.50 2.86 227 0 0 0 0
1505 20.96 1301.1 19750 1.50 2.94 1210 0 0 0 0
1506 22.44 1301.6 19776 2.50 3.01 2666 0 0 0 0
1507 24.31 1302.1 19798 3.50 3.07 4508 0 0 0. 0
1508 26.51 1302.8 19815 4.50 3.13 6693 0 0 0 0
1510 31.81 1304.3 19839 6.50 323 11973 0 0 o] 0
1512 38.17 1306.0 19852 8.50 3.30 18321 0 0 0 0
1514 45.46 1307.9 19859 10.50 3.36 25598 0 0 o} 0
1516 53.56 . 1309.8 19861 12.50 340 33698 0 0 0 0
1518 62.41 i311.8 19862 14.50 344 42545 0 o} 0 0
1520 71.96 1313.8 19862 16.50 347 52095 0 ] 0 0
1522 8221 . 13158 19863 18.50 3.50 62347 0 0 0 0
1524 93.20 1317.7 19864 20.50 3.53 73338 0 0 0 0
1526 105.02 1319.7 19866 22.50 3.56 85156 0 0 0 0
1528 117.80 1321.7 19867 24.50 3.61 97937 0 o] o] 0
1529 124.62 1322.7 19868 25.50 3.63 104748 0 0 0 0
1530 131.74 1323.7 19867 26.50 3.66 111877 0 ] 0 0
1532.61 150.74 1326.2 19869 29.11 0.791 130870 0 0 0 0
1533.5 150,34 1326.2 19914 30.00 0771 130423 0 o} 0 0
1534 150.26 1326.2 19938 30.50 0.759 130075 246 o 0 0
1535 150.44 1326.2 19984 31.50 0.736 128179 1276 o 0 0
1536 151.51 1326.3 20024 32,50 0.717 128737 2745 ¢} o 0
1537 153.42 1326.6 20059 33.50 0.702 128819 4547 o o 0
1538.57 160.03 13275 20092 35070 0.697 132015 7927 [ 0 0
1539 162.23 1327.8 20099 35500 0.697 133144 8957 [ 0 25
1540.42 169.79 1328.7 20119 36.820 0.697 136805 12641 0 o 227
1541 174.07 1329.3 20120 37.500 0.697 138272 14263 1078 0 341
1542.57 189.65 1331.4 20096 39.070 0.697 142169 18968 7694 0 721
1543 194.67 1332.1 20084 39.500 0.697 143217 20333 10114 82 840
1544 207.47 13339 20045 40.500 0.697 145627 " 23626 16532 497 1140
1545 221.56 1336.1 19991  41.500 0.697 147997 27080 23922 1102 1469

Figure 2b — Calculations for Headwater Rating Curve, Case 2
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Calculation No.  cDQ000020080012 Rev: 2
Subject: Dam Rating Curves, Hiwassee Prepped WBB
Checked ACM

Hiwassee Headwater Curves

Case 1
2008 Rating
Total
HW Discharge
feet 1000 cfs
1305 4.85
1310 5.69
1320 7.10
1330 8.27
1340 9.31
1350 10.24
1360 11.10
1370 . 11.89
1380 12.64
1390 13.35
1400 . 14.02
1410 14.66
1420 15.28
1430 15.87
1440 23.75
1450 24.63
1460 25.48
1470 26.30
1480 27.10
1490 27.88
1500 28.64
1503.5 28.90
1504 29.16
1505 30.19
1506 31.69
1507 33.57
1508 26.51
1510 31.81
1512 38.17
1514 45.46
1516 53.56
1518 62.41
1520 71.96
1522 82.21
1524 . 93.20
1526 . 105.02
1528 117.80
1529 124.62
1530 131.74
1532.61 150.74
1533.5 150.34
1534 150.26
1535 150.44
1536 151.51
1537 153.42
15638.57 160.03
1539 162.23
1540.42 169.79
1541 174.07

1542.57

189.65

Case 2
2008 Rating
Total
HW Discharge
feet 1000 cfs
1305 4.85
1310 5.69
1320 7.10
1330 8.27
1340 9.31
1350 10.24
1360 11.10
1370 11.89
1380 12.64
1390 13.35
. 1400 14.02
1410 14.66
1420 15.28
1430 15.87
1440 16.44
1450 17.00
1460 17.53
1470 18.05
1480 18.56
1490 19.05
1500 19.53
1503.5 19.70
1504 19.94
1505 20.96
1506 22.44
1507 24.31
1508 26.51
1510 31.81
1512 38.17
1514 45.46
1516 53.56
1518 62.41
1520 71.96
1522 82.21
1524 93.20
1526 105.02
1528 117.80
1529 124.62
1530 131.74
1532.61 . 150.74
1533.5 150.34
1534 150.26
1535 150.44
1536 151.51
1537 153.42
1538.57  160.03
1539 162.23
154042  169.79
1541 174.07
1542.57  189.65
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Subject: Dam Rating Curves, Hiwassee Prepped wWBB
Checked ACM

Figure 3 — Headwater Rating Results

Hiwassee Headwater Rating Curves

1600 -

1550

1500

1450

Headwater, feet

1400

1350 -

1300 ‘
0 50 100 150 200

Discharge - 1000 cfs

Figure 4 — Headwater Rating Curves
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Attachment 3 Calculation No: CDQO000020080012 |
Page 24

Source: Reference 8

1.4 8
o
o
[ ]
o BASIC EQUATION
1.2 ’. Q=C[l'~2(NKp+Ka)He)He 2
WHERE :
O‘ 4 Q =DISCHARGE, CFS
L C «DISCHARGE COEFFICIENT
o o ® L' =NET LENGTH OF CREST, FT
] a N =NUMBER OF PIERS
1.0 Kp = PIER CONTRACTION COEFFICIENT
Ka= ABUTMENT CONTRACTION COEFFICIENT
Hg * ENERGY HEAD ON CREST, FT
@
o] a a
o8 L
He (] l
Fa 1, I LEGEND
o|e® o SYMBOL PROJECT PLISE . 74 .74,
0.6 £ o DORENA 2 5.60 10.7
[ ] DORENA 4 5.60 10.7
! ] RED ROCK™ 7.8 342 16.5
h * CARLYLE™ 9 844 75.5
. s} A WALTER F. GEORGE * 4 544 553
. ' HGATED SPILLWAY WITH PIERS
040
4
/ o
NOTE: R =RADIUS OF ABUTMENT, FT
o W =WIDTH OF APPROACH REPRODUCED IN
MODEL, FT
02 L =GROSS WIDTH OF SPILLWAY, FT /\
o H *DEPTH OF APPROACH IN MODEL, FT
~ H4"DESIGN HEAD ON CREST, FT
o;% 2 00 0.2 0.4

Lill

OVERFLOW SPILLWAY CREST WITH
ADJACENT EMBANKMENT SECTIONS

ABUTMENT CONTRACTION COEFFICIENT
HYDRAULIC DESIGN CHART Ili-3/2
S PAEPARES BY U, 5. ANMT EHEINELR WATERMATS FRPRRIMKRT STATION, TIERUBURE, MISHIARISPI REV 1-04 WES 8-00 ﬁ
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Attachment 8-1

Calculation No: CDQ000020080012

Page 28
Source: Reference 6 g
Hiwassee Tailwater Rating

1350

1340 .

1330

i S

ey T —0
g 1320 7 : — 3,720
< 7,750
g - 1T = 10,000
o , A«a"‘”g
< 1310 7 20,000
z [ — 50,000
= 100,000
= 1300 L - e 160,000
& - 250,000
2
2 L
.E
= 1290

1280 |

1270

1260

1230 1240 1250 1260 1270 1280 1290 1300 1310
Apalachia Elevation (feet)
ATT8-Hiwassee TW.xls 12/17/2008



Attachment 8-2

Source: Reference 6

Hiwassee Tailwater Rating

Q*1000

] e

Q*1000
10

10
10

Q*1000
100

100
100

Apalachia

Q Elev.
0 1235
0 1267
0 1297
Apalachia

Q Elev.
10,000 1235
10,000 1276
10,000 1297
Apalachia

Q Elev.

100,000 1235
100,000 1276
100,000 1297

W
1267.2
1267.2

1297

™™
1276.5

1277
1297.5

W
1297.8
1297.8
1318.8

Q*1000
3.72

3.72
3.72

Q*1000
20

20
20

Q*1000
160

160
160

Q

3,720
3,720
3,720

Q
20,000

20,000
20,000

Q
160,000

160,000
160,000

Apalachia
Elev.
1235
12722
1297

Apalachia
Elev.
1235
1276
1297

Apalachia
Elev.
1235
1276
1297

W
19722
1272.5

1297

™
1280
1280
1301

™W

1306.5
1306.5
1327.5

Page 29

Calculation No: CDQ000020080012

Apalachia
Q*1000 Q Elev.
705 1% 1235
115 1,750 1275
i 1297

Apalachia
Q*1000 Q Elev.
50 50,000 1235
50 50,000 1276
50 50,000 1297

Apalachia
Q*1000 Q Elev.
250 250,000 1235
250 250,000 1276
250 250,000 1297

W
1275.2
1275.5

1297

™W

1288.3

1288.3
1309

™
1320
1320
1341
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Attachment 10

412 RAUM asTHR Source: Reference 11

- . - e 3
been able to check the discharge measurements of DBazin. Ilowcver, the

actual values are not so important for the case at hand as is the significance
of the trend. .

Mura0oDp oF CoMBiNinG TEsT RESULTE
The method for combining results from the eleyen drum gntesj testtl;d
(Table 2) consisted of first plotting the coeflicient of discharge data sefjarately
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i ta Dam ghte (Fig, 5).

h gate as illustrated by the sheet for the Shas ;
i";l;t;atche gcoetﬁcient of discharge as the abscissa and H/f 88 the ordinate, e:lch
curve in Fig, 5 represents g different gate sng]fa 8, which the tangent t.o tlle
downstre  lip of the gate makes with the horizontal. In all cases, H is the
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total head, ineluding the velocity head of approach, measured above the high
point of the gabe—rd-Fwthe radius of the gate. In Fig. 5, Cq is based on the
relationshi For positive values of @, the head was meagured
above the lipefthe gy a--Whereag for negative angles it wag observed sbove
the high point, or crest, of the gate proper. The method of mensuring the
head is illustrated in Fig. 2.

Upon completion of a similar set of curves for each gate teated, the eleven
sets of curves were teplotted and combined into the chart exhibited ns Fig. 6.
The results from the various gates showed good general agreement; and the
curves in Fig. 6 constitute the general experimental information needed for
determining the discharge coefficients for gates in raised or partly raised
positions. The supporting points are not shown in Fig. 6, but the individual
information for each gate is listed in Table 2, -

U

Awnavysis o Tear Resurts

The curves in Fig. § show tendency toward reversal, similar to that ex-
hibited by the Bazin curve in Tig. 4, but the points of inflection vary from
8 = 20° to 8 = 30°, depending on the value of H/r. Fig. 4 showed the co-
eflicients to vary only slightly with the head, but in this ease the coefficients
definitely vary with the head.

A matter of significance is the reversal of the (H/r)-order which oceurs at
29° (Fig. 6). The coefficient of discharge has but one value, 3.88, when 8 ap-
proximates 29°; thus, it is insensitive to both the radius and the head on the
gate for this anpgle. The curve for H/r = § approximates a drum gate of
infinite radius and was obtained from the danta of Bazin (Fig. 4) by apply-
ing a uniform adjustment.

As stated previously, similitude is valid for small negative angles of 4, as
well as for positive angles up to 90°; thus, the curves in Fig. 6 are shown
and recommended for use down fo 8 = —15° Asthe gate is lowered beyond
this angle, the curves double back and converge, finally terminating in the
free flow coeflicient.

The discharge coefficients in the region between # = —15° and the gate
completely down are determined by graphieal interpolation. Interpolation is
accomplished by plotting head-diseharge curves for several gate angles between
—15° and the maximum positive angle. Also the head-discharge curve is
plotted for the free crest. This information is then cross-plotted to obtain
values in the transition zone. The method will be explained in the example
that follows. It will be discoverad that negative angles greater than —15°
(with the exception of the free erest) are not particularly important. from an
operator's standpoint, as 2 change in gate position hes little effect on the dis-
charge in this range. -

It must be nssumed that the coefficient of discharge is known for at least
one value of the head on the free crest (gate completely down) for the partic-
ular spillway under consideration. With the coefficient known for one or
more heads, the complete coefficient curve for the free crest can be plotted by
consulting Fig. 7, in which X, and C, are the designed head and the coefficient

N

s
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Attachment 13

Source: References 15 & 16 Attachment 22 Hiwassee Rating Curve.xls, Turbine Discharge

Fit to Turbine Discharge
Data from Drawing 45K326 (Unit 1) & 47K2864 (Unit 2)

Gross Flow Fit to Flow Fit to
Head Unit 1 Unit 1 Unit 2 Unit 2 Hiwassee Turbine Discharge
ft cfs cfs cfs cfs
130 3786 2788 aSTT Tl s : e s
185 o —_— 8485 ¢ Unit1 = Unit2 Linear (Unit 1) Poly. (Unit 2)
140 3946 3920 3584 5500
150 4025 4050 3807 3782
160 4179 4181 3970 Q; = 13.055(H,) + 2091.8
170 4336 4311 4154 4149 5000
180 4429 4442 4318
190 4571 4572 4481 4478
200 4679 4703 4628 4500
210 4814 4833 4731 4768
220 5000 4964 4899 )
230 5094 5039 5020 S 4000
250 5356 5231 5234 g
3500
Q= -0.0479(Ht)2 + 33.673(Hy) - 190.96
3000
2500 - : « ‘ :
100 120 140 160 180 200 220 240 260
H; (feet)
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Hiwassee Rating Curve.xls, Tailwater Curve __Page 35

Hiwassee Tailwater Rating Curve
Apalachia HW = 1297 feet
(Apalachia PMF = 1296 ft)

HW Elev. Q W  TW(fif)
1297 0 1297 1297
1297 3.72 1297 1297
1297 7.75 1297 1296.94
1297 10 12975 1297.69
1297 20 1301 1300.85
1297 50 1309 1308.97
1297 100 1318.8 1318.89
1297 160  1327.5 1327.46
1297 250 1341 1341.04

Hiwassee Tailwater Rating Curve

Apalachia HW at EL = 1297 feet
1345
1340
1335 -
1330
1325 -
1320
1315 -
1310
1305 -
1300 -
1295
1290

TW El. (feet)

0 50 100 150 200 250 300
Q (1000 cfs)

TW = 2.8*10°Q% - 1.3744*103Q% + 0.3557Q + 1294.2668
for Q>=7.75
TW = 1297 for Q<7.75
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Attachment 16-1

Source: Reference 7

1. Tables Update

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
reflect the discharge values obtained from SPILLQ, which is a computer
code used in TVA software for monitoring spill discharges and determining
gate arrangements.

2. Purpose of Tables

These tables provide a means of setting up or determining the discharge
through the four spillway sluices in Hiwassee Dam. They give the total
discharge in cubic feet per second when the headwater elevation and
operating sluices are known. . The discharges are based on coefficients of
discharge obtained from prototype measurements.

The combination of sluices operated at any one time was determined to
minimize scour on the spillway apron and to reduce the tailwater level
below the powerhouse.

3. Arrangement of Tables

The tables give the total discharge of sluice 3; sluices 2 and 4; sluices 1, 3,
and 4; and sluices 1, 2, 3, and 4 at full gate openings. Only these
combinations of sluices should be used. The locations of the sluices are
shown on page 4.

The discharge for each combination of sluices is tabulated for each 1-foot
of headwater elevation between elevations 1410 feet and 1532 feet.

The interval between tabulated discharges caused by a change of 1-foot in
headwater elevation is so small that it is unnecessary to interpolate between

values given in these tables.

Calculation No: CDQ000020080012

INSTRUCTIONS FOR USE OF TABLES

Page 37
HIWASSEE DAM

SLUICE DISCHARGE IN CUBIC FEET PER SECOND

Headwater SLUICES OPERATING

Elevation

3 2&4 1,3, &4 1.2.3,. 84

1410 4120 8250 12370 16500
1411 4140 8280 12420 16560
1412 4150 8310 12460 16610
1413 4170 8330 12500 16670
1414 4180 8360 12540 16730
1415 4200 8390 12590 16780
1416 4210 8420 12630 16840
1417 4220 8450 12670 16890
1418 4240 8470 12710 16950
1419 4250 8500 12750 17010
1420 4270 8530 12800 17060
1421 4280 8560 12840 17120
1422 4290 8590 12880 17170
1423 4310 8610 12920 17220
1424 4320 8640 12960 17280
1425 4330 8670 13000 17330
1426 4350 8690 13040 17390
1427 4360 8720 13080 17440
1428 4370 8750 13120 17500
1429 4390 8770 13160 17550
1430 4400 8800 13200 17600
1431 4410 8830 13240 17660
1432 4430 8850 13280 17710
1433 4440 8880 13320 17760
1434 4450 8910 13360 17820




Attachment 16-2

Source: Reference 7

HIWASSEE DAM

SLUICE DISCHARGE IN CUBIC FEET PER SECOND

Calculation No: CDQ000020080012

Page 38

HIWASSEE DAM

31

SLUICE DISCHARGE IN CUBIC FEET PER SECOND

Headwater SLUICES OPERATING Headwater SLUICES OPERATING
Elevation Elevation
3 2&4 1,3, &4 1,2,3, &4 3 28&4 1,3, &4 1,2,3,.&4
1435 4470 8930 13400 17870 1460 4780 9570 14350 19140
1436 4480 8960 13440 17920 1461 4800 9590 14390 19190
1437 4490 8990 13480 17970 1462 4810 9620 14430 19240
1438 4510 9010 13520 18030 1463 4820 9640 14460 19290
1439 4520 9040 13560 18080 1464 4830 9670 14500 19330
1440 4530 9060 13600 18130 1465 4850 9690 14540 19380
1441 4550 9090 13640 18180 1466 4860 9720 14570 19430
1442 4560 9120 13670 18230 1467 4870 9740 14610 19480
1443 4570 9140 13710 18280 1468 4880 9760 14650 19530
1444 4580 9170 13750 18340 1469 4890 9790 14680 19580
1445 4600 9190 13790 18390 1470 4910 9810 14720 19620
1446 4610 9220 13830 18440 1471 4920 9840 14750 19670
1447 4620 9240 13870 18490 1472 4930 9860 14790 19720
1448 4630 9270 13900 18540 1473 4940 9880 14830 19770
1449 4650 9300 13940 18590 1474 4950 9910 14860 19820
1450 4660 9320 13980 18640 1475 4970 9930 14900 19860
1451 4670 9350 14020 18690 1476 4980 9950 14930 19910
1452 4690 9370 14060 18740 1477 4990 9980 14970 19960
1453 4700 9400 14090 18790 1478 5000 10000 15000 20000
1454 4710 9420 14130 18840 1479 5010 10030 15040 20050
1455 4720 9450 14170 18890 1480 5020 10050 15070 20100
1456 4740 9470 14210 18940 1481 5040 10070 15110 20140
1457 4750 9500 14240 18990 1482 5050 10100 15140 20190
1458 4760 9520 14280 19040 1483 5060 10120 15180 20240
1459 4770 9540 14320 19090 1484 5070 10140 15210 20280
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Attachment 16-3

Source: Reference 7

HIWASSEE DAM

SLUICE DISCHARGE IN CUBIC FEET PER SECOND

Calculation No: CDQ000020080012

Page 39

HIWASSEE DAM

SLUICE DISCHARGE IN CUBIC FEET PER SECOND

Headwater SLUICES OPERATING Headwater SLUICES OPERATING
Elevation Elevation
3 28&4 1.3. &4 1,2,3,&4 3 2&4 1,3, &4 1,2,3 &4

1485 5080 10170 15250 20330 1510 5360 10730 16090 21460
1486 5090 10190 15280 20380 1511 5380 10750 16130 21500
1487 5110 10210 15320 20420 1512 5390 10770 16160 21540
1488 5120 10230 15350 20470 1513 5400 10790 16190 21590
1489 5130 10260 15390 20510 1514 5410 10820 16220 21630
1490 5140 10280 15420 20560 1515 5420 10840 16260 21670
1491 5150 10300 15450 20610 1516 5430 10860 16290 21720
1492 5160 10330 15490 20650 1517 5440 10880 16320 21760
1493 5170 10350 15520 20700 1518 5450 10900 16350 21800
1494 5190 10370 15560 20740 1519 5460 10920 16390 21850
1495 5200 10390 15590 20790 1520 5470 10950 16420 21890
1496 5210 10420 15630 20830 1521 5480 10970 16450 21930
1497 5220 10440 15660 20880 1522 5490 10990 16480 21980
1498 5230 10460 15690 20920 1523 5500 11010 16510 22020
1499 5240 10480 15730 20970 1524 5520 11030 16550 22060
1500 5250 10510 15760 21010 1525 5530 11050 16580 22100
1501 5260 10530 15790 21060 1526 5540 11070 16610 22150
1502 5280 10550 15830 21100 1527 5550 11090 16640 22190
1503 5290 10570 15860 21150 1528 5560 11120 16670 22230
1504 5300 10600 15890 21190 1529 5570 11140 16710 22270
1505 5310 10620 15930 21240 1530 5580 11160 16740 22320
1506 5320 10640 15960 21280 1531 5590 11180 16770 22360
1507 5330 10660 15990 21320 1532 5600 11200 16800 22400
1508 5340 10680 16030 21370

1509 5350 10710 16060 21410
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| Attachment 17
Hiwassee Rating Curve.xls, Sluice K Value Page 40

Determination of Sluice K Value

Data From Hiwassee

Discharge Tables, 2004 y X

HW Q Q 4*(HW-1265.29)' /2

ft cfs
1500 21010 21010 61.28099216
1501 21060 21060 61.41139959
1502 21100 21100 61.54153069
1503 21150 21150 61.67138721
1504 21190 21190 61.80097087
1505 21240 21240 61.93028338
1506 21280 21280 62.05932645
1507 21320 21320 62.18810176
1508 21370 21370 62.31661095
1509 21410 21410 62.44485567
1510 21460 21460 62.57283756
1511 21500 21500 62.70055821
1512 21540 21540 62.82801923
1513 21590 21590 62.95522218
1514 21630 21630 63.08216864
1515 21670 21670 63.20886014
1516 21720 21720 63.33529822
1517 21760 21760 63.46148438
1518 21800 21800 63.58742014
1519 21850 21850 63.71310697
1520 21890 21890 63.83854635
1521 21930 21930 63.96373973
1522 21980 21980 64.08868855
1523 22020 22020 64.21339424
1524 22060 22060 64.33785822
1525 22100 22100 64.46208188
1526 22150 22150 64.58606661
1527 22190 22190 64.70981378
1528 22230 22230 64.83332476
1529 22270 22270 64.9566009
1530 22320 22320 65.07964351
1531 22360 22360 65.20245394
1532 22400 22400 65.32503349

Hiwassee Sluice K Determination
22600
22400
22200
. 22000

€ 21800

| > 21600
21400 -
21200
21000
20800

61 62 63 64 65 66

4*(HW-1265.29)"/2




Attachment 18

Source: Reference 7

1. Tables Update

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 include
Gate 1 in the spillway gate arrangements. Gate | was previously out of service.
The computer code SPILLQ generated the tabulated discharges.

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 required for satisfactory spillway operation.

3. Range of Tables

The tables cover a discharge range from 0 to 126,500 cubic feet per second.
Headwater elevations range from 1503.5 feet to 1532 feet. The tailwater does
not affect the discharge from this spillway.

4. Arrangement of Tables

The discharge 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 indicated 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
table of Spillway Gate Arrangements on page 5. Reference to this table and to
the drawing showing the location of the gates on page 4 determines the gate
opening to which each gate is to be set for any particular discharge given in the
tables.

Calculation No:  CDQ000020080012
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INSTRUCTIONS FOR USE OF TABLES

5. Discharge Intervals

The tables have been prepared so that the incremental discharge between the
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 at low headwater elevations 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 1 percent. These tolerances are considered acceptable
and therefore it will not be necessary to interpolate 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 1512.2 is used for actual headwater elevations between 1512.15 feet
and 1512.24 feet inclusive. When the actual headwater elevation is exactly
halfway between tabular values, the larger value is used.

6. Raising and Lowering Gates

A traveling gantry crane raises and lowers the gates using chains attached to
the ends of each gate. Gate openings are set by dogging each chain using a
dogging arrangement located just below the deck of the dam.

The gate opening positions are defined by the chain link numbers (number of
links past the zero links) referenced in the Table of Spillway Gate
Arrangements, page 5. The zero links for each gate are identified by wires
wrapped around their centers, and the zero positions are indicated in the Table
of Spillway Gate Arrangements by a dash (-). To set a gate, it is necessary to
count the number of links past the zero link to dog the required link. Gate
opening positions are not interchangeable between gates because a given link
on one gate will not give the same discharge as the same link on another gate
(the actual gate openings are not the same).

An emergency travel hoist powered by a gasoline engine is available for lifting
the gates in the event of a power failure.
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Appendix A: Spillway Discharge Coefficients and Submergence Factors for Hiwassee
Dam from 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 are used in the headwater rating curve calculations. Use of reference book
discharge coefﬁc1ents for standard crests would result in inferior results because TVA s splllway crests are not
standard.

Hiwassee dam has seven spillway bays, each controlled by a radial (tainter) gate as illustrated in Attachment Al.
For headwater rating curve calculations the gates are assumed to be open to their maximum opening position, V,
as specified in the Spillway Gate Arrangements table in Reference Al and included as Attachment A2. As shown
in this table the maximum opening corresponds to gate arrangement 84 (corresponding to an opening to chain link
“68”). 1971 Field measurements (Attachment A3) relate gate opening (referenced from the crest elevation) to the
chain link number on the gate hoist. Data was not collected for chain link numbers as high as 68, so the available
data for each of the seven gates were averaged and extrapolated. The relationship between chain link and gate
opening is linear for low gate openings, but becomes non-linear as V increases. Because of this, only the field
data from the six largest openings were curve fit for the extrapolation. Extrapolatlon estimates V = 20.44 for
chain link 68 (Attachment A4). .

Test data from a 1:55 scale model are available for free discharge conditions (Ref. A2, relevant pages included as
Attachment AS5) and for orifice discharge conditions for nine different gate openings varying from V = 1.17 feet to
V = 16.17 feet (Prototype Dimensions, Attachment AS). Orifice discharge data were not collected for gate
openings as large as V = 20.44 feet, however, because under normal operating conditions the overflowing nappe
will never touch the bottom of a gate open this far. But under the PMF conditions considered for the headwater
rating curves the nappe will touch the gate in this position. Consequently, the data for gate openings V = 16.17,
13.09, 10.28, 7.16, and 4.22 feet are used here to estimate orifice flow discharge characteristics for V = 20.44 feet

A.1 References

Al. “Hiwassee Dam Spillway and Sluice Discharge Tables,” River Operations, Tennessee Valley Authority, 2004
(Attachment 20).

A2. “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
(Relevant pages as Attachment A5)

A3. “Hydraulic Design Criteria,” USACE (U. S. Army Engineer Waterways Experiment Station), Eighteenth
issue, Vicksburg, MS, 1988

A4. TVA drawing no: 14W372, R8 (Attachments 11 & 29)

A5. TVA drawing no: 51W206, R5 (Attachment A8 & A16)

A6. TVA drawing no: 10K214, R1 (Attachment A15 & A17)
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A.2 Discharge Equations

Attachment A6 is a definition sketch for flow over the Hiwassee 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, <= Hynin, and is computed using a weir equation (e.g., Reference A3):

"Q,=C,LH. " : . : : Al)
f f c

in which Q; = free discharge (cfé), Cr = free discharge coefficient (f%%/sec), L = length of overflowing section (ft),
H, = head on crest (ft) = HW - Z;, HW = headwater elevation (ft), and Z; = top, or crest, elevation of overflowing
section (ft). This equation need not be modified to acco_unt for tailwater submergence.

For headwater elevations above the elevation at which the nappe touches the gate lip, or H.> Hme, orifice flow
occurs and is computed from (e g., Reference A3) '

Q, =C,G,L,2¢(H,. -H,, ) B o - o , (A2)

in which Q, = orifice discharge (cfs), C, = 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 (32.2 ft/s® -- common knowledge, Reference A3, sheet. 000-1 for example), and H,,, = vertical distance
between the mid-point of G, and the crest (ft). This equation need not be modified to account for tailwater
submergence. :

A.3 Model Test Data
The 1:55 scale Hiwassee model test data (Reference A2) are used to determine -

e CqH.)
¢ Himin and Cy(H,) for V=20.44 ft.

The Hiwassee model test results for C{H,) were published in Reference A2. Reference A2 also includes results
for orifice discharge but in terms of a different discharge coefficient than the coefficient C, used here, and
Reference A2 includes no information on the relationship between Hy i, and gate opening. However, the model
test data for both orifice and free discharge are tabulated in Reference A2 and these data are used below to
estimate Hy min and Cy(H,) for V =20.44 feet and to establish a curve fit for C(H,).

Attachment A5 provides the pages from Reference A2 that are relevant to these calculations.
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A4 Geometry

Parameters Gy, Hmp, ZAC = Z, (gate overflow elevation), and B (angle plotted against discharge coefficient in
Reference A3) are computed from crest and gate geometry as described in Attachment A7. Table Al gives the
values of these parameters for V =4.22, 7.16, 10.28, 13.09, 16.17and 20.44 feet. .

Table Al: Geometrical Parameters for Relevant Gate Openings

V, feet G,, feet Hump, feet Z,, feet B, deg.
422 - 4.473 1.999 1529.655 74.9
7.16 < 7.369 3.495 "~ 1531.140 83.3
10.28 10.491 5.060 1532.336 91.4
13.09 13.340 . 6.456 ' 1533.070 98.4
16.17 16.516 7.970 1533.470 - ~ 1059
20.44 21.065 10.029 : 1533.5 : 116.4

As an example, the procedure for computing the georhetrical parameters for V = 20.44 feet is given here. From
Attachment 11 (Reference A4): ' '

R =22.5 feet

Z.=1503.5 feet

Z:= 1511 feet

z; = 1511 - (1503.5 - .46875) =7.97 feet
7, = 1526.53 - 1511 = 15.53 feet

where the parameters are defined in Attachment A7. Referring to Attachment A7:

Angle 6: 6 =sin™ 797 +sin™ 1553 =64.393°
22.5 22.5

Angle o o = tan” 1511-1503.5-20.44 = _35.107°

22.5% = (1511-1503.5 - 20.44)

Overflow elevation Z,: ~ Z, = 1511+ 22.55in[64.393 — (~35.107)] =1533.191 feet

Analysis of Table Al indicates the maximum value of Z, would not occur at the maximum gate opening
if the above value is used for subsequent calculation. This means that the gate is open past vertical and
that the highest elevation at which gate overflow occurs is directly above the trunnion. In this case Z, is
calculated as follows:

Z,=Z,+R=1511+22.5=1533.5 feet

Gate lip y-coordinate: y, =1511-1503.5-20.44 =-12.940 feet .

Gate lip x-coordinate: x, = \/22.52 —(-12.94)* =18.407 feet
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From Attachment A8 (Reference A5), where y's and x”; are coordinates relative to crest centerline at the
maximum crest elevation: )

v =fx)=001538(xf for 0<x’ <52.8542

§

in which y: =y, —75 and x: = 26.583 - x, (See Reference Ad). Interms of y, and x,:

y, = f(x,)=001538(26.583—x, f +7.5 for —2627<x, <26.583 feet
and - .

D 03076(26.583—x.)
dx R

5

To get effective gate openiﬂg, G, solve the following equation for xq,:
x,, —18.407 +(0.01538(26.583 ~ x, )’ +7.5 - (~12.940)) (- .03076(26.583 - x,,)) = 0

Solution:

o Xy, =21.599 feet (by iteration)
e yq=0.01538%(26.583-21.60)" + 7.5 = 7.882 feet .

o G, =+(21.599 ~18.407) +(7.882 - (~12.940))* =21.065 feet

and

o o= 20,447 (7887 - (-12940))2 = 10,029 feet
. B=90°tan" [ﬂ} _ tan_l( 21.599 - 18.407

=90° —(~35.107°) ~8.716° =116.4°
18.407 7.882 — (—12.940) o
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A.5 Determination of Hy (V)

Attachment A9 shows the model test data for Hywi, (Data from Ref. A2). The test data for both free and gated
discharge were plotted together to form a family of curves. The intersection point between the extrapolated gated
flow curves and the curve fit free discharge curve were used to determine H, ,;, at V= 1.17, 2.32, 4.22, 7.16,
10.28, 13.09, and 16.17. An example of this procedure is contained below for V = 2.32 feet.

Assume that curves intersect at H, < 10.94, so that

0, = 144, 96* H? +1019.45* H, —820.51 (Attachment A9- 1)
For V =2.32 feet,
0, =-5.446* H} +596.24* H_ +3872.1 (Attachment A9-2) -

Qr is equal to Q, at the intersection point, therefore;

0=150.406* H? +423.21* H, —4692.61

Solving this quadratic equation yields solutions at H.=-7.17 and 4.35, therefore H,=4.35atV =2.32 feet.
Because the solution falls in the correct range for the free discharge flow (i.e. H; < 10.94), the solution is correct.
If the solution fell outside of this range, the procedure would have to be corrected to use the fit to the free
discharge flow for H. > 10.94.

From these calculated intersection points, H i, as a function of V is determined and the resulting curve
extrapolated to determine Hy i, for V = 20.44 (Attachment A10). The following is used for the headwater rating
curve calculations:

Himin = 29.11 feet for V = 20.44 feet.

A.6 Determination of C{(H,)
- Attachments A5, A9-1, and A1l show the model test data for free discharge and a polynomial curve fit to the
data. The polynomial indicated in Attachment A12 is used to calculate C; for the headwater rating curve

calculations:

Cr=2.8223 +0.08495H, - 0.004021H,” + 7.5847x10°H,” » (A3)
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A.7 Determination of C,(H,) for V = 20.44 feet

Attachment A 13 shows the calculations and results for extrapolating C,(H.) for V = 20.44 feet from the model
data for other gate openings. The first column in Attachment A13-1 denotes the data for which H; = Hymin, at
which H. is just high enough to touch the bottom of the gate. Some of these values are available from model data,
while others were determined by the intersection of the extrapolated gated discharge curve with the free discharge
curve. The discharge indicated for V = 20.44 feet at H. = Hj ;, is the free discharge computed by extrapolating
the Q«(H,) curve (available from model data) to H, = 29.11 feet (Hymin at V = 20.44) (Attachments A9-1 and Al1).
The first two numerical columns list the model data (scaled to prototype dimensions) or extrapolated data
(estimated from model data) for V=4.22, 7.16, 10.28, 13.09, and 16.17 feet as listed in Attachment AS5. The
rows that do not include values of discharge, Q, were added to extrapolate the C, data. The next three columns
after the model data list prototype geometrical parameters. The last numerical column lists the C, values back-
calculated from the discharge data via Equation (A2). Values that were “estimated” for extrapolation purposes are
labeled as such to the right of the C, column. )

Attachment A13-2 shows C, plotted against H, for all gate openings. The curves include extrapolated segments.
The estimated curve for V = 20.44 feet starts with the value for H, = Hy in and runs parallel to the curve for V =
16.17 feet. Given the absence of data, this extrapolated line segment fit for C,(H,) at V = 20.44 feet is used for
the headwater rating calculations. C4(H.) can be calculated from the following equations: B

C, =0.7912+0.023(29.11- H..) for 29.11< H, <32 - (A4.1)
C, =0.7247+0.015(32-H_) for32<H, <335 | L (a42)
C, =0.7022 +0.00556(33.5~ H.) for33.5<H, <34.5 S (A4.3)
C, =0.6967 for H >345 = | S (a4

As further justification for the extrapolation, Attachment A14 shows the Hiwassee C, values at large H,
(specifically H. = 41.5 feet) plotted against angle 3 on Hydraulic Design Chart 311-1 from Reference A3 showing
U.S. Army Corps of Engineers data for tainter gates on standard crests. The value of X/H, for Hiwassee is 0.19
(X =5.5 feet, Attachment All, and Hd = 28.5, Attachment A15). Presumably because TVA’s spillway crests are
ot standard, TVA data always lie to the left of the suggested design curves on this chart. Note that C, = 0.6967 at
=41.5 feet and V = 20.44 feet (B = 116.4 degrees) is a very reasonable extrapolation of the leassee data
curve and appears reasonable compared with the suggested design curves on the chart.




Attachment A1

Source: Reference A1

HIWASSEE DAM

Calculation No: CDQ000020080012

Page A7

LOCATION OF SPILLWAY GATES AND SLUICE GATES

Spillway Gate Numbers

A

ZZZ ~—— CrestEL. 1503.5

Powerhouse

0 0 Ollooolooo

AT (=l

Sluice Numbers

DOWNSTREAM ELEVATION




Attachment A2

Calculation No: CDQ000020080012
Source: Reference A1 HIWASSEE DAM W
age

SPILLWAY GATE ARRANGEMENTS

Gate Number Gate Number Gate Number
Arrange- Arrange- Arrange-
ment ment ment
Number | 1 2 31 4 5 6 7 Number | 1 2 3 4 51| 6 7 Number | 1 2 3 4 5 6 7
1 - - - - 4 - - 31 14 1 14 |1 18 | 14 | 18 | 14 | 18 61 38130330 (38 ;38| 38
2 - - 4 | - 4 - - 32 18 14 | 18 14 | 18 14 | 18 62 38 | 38|38 |3 |3 38| 38
3 - | - 4 | - 4 - 4 33 18 | 14 1 18 | 14| 18 | 18 | 18 63 38 | 38|38 |38 |38 38| 38
4 4 - 4 @ - 4 - 4 34 18 18 | 18 14 | 18 18 | 18 64 38 | 38|38 | 38|46 38| 38
5 4 | - 4 @ - 4 4 4 35 18 18 | 18 18 | 18 18 | 18 65 38 | 38| 46 | 38 | 46 38 | 38
6 4 4 4 - 4 4 4 36 18 1 18 18 18 | 22 | 18 | 18 66 38 | 38 | 46 | 38 | 46 | 38 | 46
7 4 4 4 4 4 4 4 37 18 | 18 | 22 181 22 1 18 | 18 67 46 | 38 | 46 | 38 | 46 @ 38 | 46
8 4 4 4 | 4 6 4 4 38 18 | 18 | 22 | 18 | 22 | 18 | 22 68 46 | 38 | 46 | 38 | 46 46 | 46
9 4 4 6 4 6 4 4 39 22 18122 18 |22 118 | 22 69 46 | 46 | 46 | 38 | 46 @ 46 | 46
10 4 4 6 4 6 4 6 40 22 118|122 1 18| 22 | 22 | 22 70 46 | 46 | 46 | 46 | 46 46 | 46
11 6 4 6 4 6 4 6 41 22 | 22 |22 18 |22 22| 22 71 46 | 46 | 46 | 46 | 54 46 | 46
12 6 4 6 4 6 6 6 42 22 | 22 |22 2222 22|22 72 46 | 46 | 54 | 46 | 54 46 | 46
13 6 6 6 4 6 6 6 43 22 22 22 22|26 22| 22 73 46 | 46 | 54 | 46 | 54 46 | 54
14 6 6 6 6 6 | 6 6 44 2 2226 22|26 22| 22 74 54 | 46 | 54 | 46 | 54 46 | 54
15 6 6 6 6 | 10 6 6 45 22 22 |26 22|26 22| 26 75 54 | 46 | 54 | 46 | 54 54 | 54
16 6 6 |10 6 | 10 6 6 46 26 22 | 26 22|26 22| 26 76 54 | 54 | 54 | 46 | 54 | 54 | 54
17 6 6 |10 6 10 6 | 10 47 26 22 | 26 22|26 26| 26 77 54 | 54 | 54 | 54 | 54 | 54 | 54
18 10 6 |10 6 | 10 6 | 10 48 26 26 | 26 22 | 26 26 | 26 78 54 | 54 | 54 | 54 | 68 54 | 54
19 101 6 110 6 | 101 10 | 10 49 26 26 | 26 26 | 26 26 | 26 79 54 | 54 | 68 | 54 | 68 54 | 54
20 10 10|10 6 | 10 10| 10 50 26 26 | 26 26 | 30 26 | 26 80 54 | 54 | 68 | 54 | 68 @ 54 | 68
21 10 10| 10 10| 10 10 | 10 51 26 26 | 30 26|30 26 26 81 68 | 54 | 68 | 54 | 68 54 | 68
22 10 10| 10 10| 14 10 | 10 52 26 26 | 30 26 30 26| 30 82 68 | 54 | 68 | 54 | 68 68 | 68
23 10 10| 14 10| 14 10 | 10 53 30 2630263026 30 83 68 | 68 | 68 | 54 | 68 68 | 68
24 10 10| 14 10| 14 10 | 14 54 30, 26 | 30 1 26 | 30 | 30 | 30 84 68 | 68 | 68 | 68 | 68 68 | 68
25 14 10| 14 | 10 | 14 | 10 | 14 55 30 3013026 | 30| 30| 30
26 14 10| 14 10| 14 14 | 14 56 30 30|30 30|30 30 3
27 14 14|14 10| 14 14 | 14 57 30 30|30 30|38 30 3
28 14 14 | 14 14 | 14 14 | 14 58 30 3038 30|38 30| 30
29 14 | 14| 14 | 14 | 18 | 14 | 14 59 30 130138 130)3 3 38
30 14 | 14 | 18 | 14 | 18 | 14 | 14 60 38 | 3038 |3 |38 3|38

GATE OPENINGS

Figures in columns under each gate number refer to gate chain link number
dash (-) indicates closed gate
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Gate (1971 Field Data)

Link 1 2 3 4 5 6 7
4 0078 0.13 0.09 005 0.14 0.08 0.15
6 071 074 071 068 076 068 0.76
8 134 136 1.34 1.3 14 131 1.41
10 197 2 198 195 203 195 207
12 263 265 263 26 268 26 272
14 328 33 327 324 332 325 338
18 459 461 458 455 462 45 4.69
22 6891 592 591 586 594 586 6.01

26 724 724 7123 718 726 7119 734 Avg of all Fitto
30 856 857 8bH5 B85 8bH8 852 B66 Gates Data
34 988 989 986 982 09 684 999 9.88 9.88
a8 112 1119 1116 1114 112 1114 1134 11.19 11.20
42 125 1248 1248 1244 125 12.44 1261 12.49 12.50
46 13.78 13.78 13.76 13.72 13.78 13.73 13.89 13.78 13.77
50 15.04 15.03 15.01 14.98 15.04 14.99 15.15 15.03 15.03
54 16.27 16.27 16.25 16.21 16.26 16.22 16.38 16.27 16.27

68 Extrapolated 20.44

i Hiwassee V versus Chain Link #, 1971 Field Data

\ € 1971 Field Measurements =— =Fit to Datai

23.00 -
21.00

19.00

17.00

15.00 -

V (feet)

13.00
11.00
9.00

V = -6.28*10™*(Link #)* + 0.37476*(Link #) - 2.13658
7.00

1 5.00
300 @85 45 - 45 S0 B8 80 ° B5 71

Chain Link #
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Source: Reference A2 Tennessee Valley Authority L
Tainter Gate Ratings
Basic Model and Prototype Data
.MODEL PROTOTYPE

No. of Up- : Pier

Spill- Crest Approach stream D;::?l Nose

Model wmy Length. Width Depth Crest Radius

Project Scale Bays LW P FElev. Do R

Apalachia 1:28.72 6 6.684 ' 8.00 2.8 agv 6 d4.0 3.00
* Boone 1:50 e 34 . [ jEEae 5e 12.75((;3))
. 11.25\5
Ft. Patrick (5) (5) , 3_50(‘1*)
Henry 1:15 1 2.333\°) 2.7 259 15080 4§80 B.28 -

" Hales Bar  1:34%.76 6.908(6) 7.94 0.921 616.0 18.0 . 3.00

6.905(7> :

Hiwassee  ~'1:55 T L.050 8.00 6.35 1503.5 3.00

VWatts Bar  1:35 BB66 Bboo a5 7i80 235 45

Wheeler 6 6.984 .97 1.253 s5l3.3  16.5 2.50

- 1:3h.35

° (1) Variable because approach was i'eprodﬁced in model.

(2_5. Right end: pier.

% (3) Left end pier.

(4) Intermediate piers.

¢ (5) Except as noted on data tabulations.

(6) Gates partially opened.

(7) Gates raised above water surface.
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Attachment A5-4
Source: Reference A2 Foge Al
Tennessee Valley Authority
Hiwassee Project
Tainter Gates Ralsed Above Water Surface
MODEL TEST DATA - EQUIVALENT PROTOTYPE
D Q h H Q c
£t. cfs ft. Tt. cfs

0.199 1.224 : 10.94 27,460 3.40
- 0.238 1.616 ~ 13.09 36,250 3.4k
0.303 2.3k8 . 16.66 52,680 3.48
0.353 3.002 19.42 67,350 3.5k4
0.463 - L4.673 _ 25.46 104,800 3.66
0.083 . 0.3053 4.56 6,849 3.15
0.081 0,203 4. 46 6,578 3.23
0.150 0.7790 8.25 17,480 3.31
0.113 0.4982 6.22 11,180 3.24
0.1h47 0.7553 8.08 16,940 3.31
0.157 0.8340 : 8.6k 18,710 =
0.217 1 408 = 11.94 31,500 . 3.43
0.252 1.769 o 13.86 39,690 3.45
0.283 B0 i . 15.56 47,470 3.47
0.203 2.24k WD 16.12 50, 340 3.49
0.319 2.548 = 17.54 57,160 3.49
0.371 3.254 20.40 73,000 3.56
0.289 2.200 ; 15.90 49,350° 3.50
0.498 5.27h . . S P{.39 118,500 3.7
0.314 2.498 17.87 56,040 3.50
0.426 4.059 - 23.43 91,060 3.60
g.068 ° 0.1972 . 2.97 3,527 3.11
0.120 0.5475 . 6.50 12,280 3.25
0.347 2.893 19.08 64,900 3.49
0.347 2.91) 19.08 65,310 3.52
0.422 - 13.993 23.21 . 89,580 3.60
0.280 2.082 15.%0 46,710 3.47
o.0k8  0.1296 . 2.64 2,907 3.05
0 3.08.

.081 0.2886 ’ 4. 46 6, 474
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Attachment A5-5 Calculation No: CDQ000020080012

. Page A15
Souree: Referance A2 Tennessee Valley Authority
Hiwassee Project
Tainter Gates Partially Opened
MODEL TEST DATA EQUIVALENT PROTOTYPE
G.0. D O h G.O. H Q o
ft. ft. cfs ft. ft. ft. cfs
0.1308 0.2 1.299 H.16 1860 2740 3.85
0.277 1.3k 15.24% 30,150 3.7
0.389 1l1.612 at.h0 . 36,160 3.59
0.4 1.751 24k.59 39,280 3.59
0.483 1.833 26,587 43,150 3.59
0,425 1.708 23.38 38,210 3.60
O,%6 1,519 19.03 33,920 3.62
0.1293 0.300 1:382 741 1650 91000 3.65
6.3 .00 19.08 33,760 3.62
Ol Lo -, 26.24% 40,760 3.62
0.237 1.229 13.04 27,570 3.80
0.248 1.255 13.64 28,150 3.76
.
0.187 odite 8 & 10.28 22.11 & .,1090 3.63
- 0.958 B9 E@ 19.95 . 47,780 3.72
0.320 2.057 ~ 17.B0 46,150 3.83
0,452 2.h39 = o 24.86 54,690 " 3.59
_ 0.k 2.563/// , 27.000 57,500 _3.59 '
- 0.186 0.317 2.041 ¢ 5 10.23 17.44 45,790 3.8k
0.320 2.037 L0 Lnap0 0 581
0.238 o.4hk5 3.05) ' 13.09 24.48 68,450 3.72
o.491 - 3.213 27.00 72,080 3.66
0.381 2.908 20.96 65,240 3.96
0.386 2.909 21.34 65,260 L.ok ‘
o.204 * o.5010 ko33 . 16.17 27.56 90,480 3.82
0.422 3.993 . 23.21 89,580 4.32
Doz 3.989 23.21 89,490 k.31
0.460 3.989 25.30 89,490 4.03.
k.00

0.465 3.989 . 25.58 89,490




Attachment A5-6 Calculation No: CDQ000020080012

Source: Reference A2 Tennessee Valley Authority Page A16
Hiwassee Project
Tainter Gates Partially Opened
MODEL TEST DATA EQUIVALENT PROTOTYPE
G.0O. D8 h g.g - & g <
L. ft.  cfs ' o £t. . cfs
0.0213 0.280 0.3292 1,17 215.4k0 7,385 4,96
0.185 0.2692 10.28 - 6,039 5.02
0.070 0.1636 3.85 3,670 5.2
0.310 0.3456 17,05 &=F— 7,753 L.96
0.4l 04161 ok.70 9,335 .92
0.385 0.3849 '21.18B 8,635 4.92
0.048 0.1296 5.6 2,907 5.25
p.051 0.1372 2,80 3,078 5.38
g.o52 OS5 ‘286 3.17h 5.46
0.051 ©.1hok 2.80 3,150 5.51
6,056 0.1520 3.08 3,410 5.61
0.063 0.1568 ‘ 3.46 3,518 5.37
0.077 0:1725 ‘ Lo B0 5.20
0.0Bk 0.1612 ' L.62 4,065 5.27
0.12% 0.2188, 6.82 4,909 o
aoin . 0.0 12.60 6,753 5.06
0.322 0.3555 o 17.7L. 1,915 5.01
i
G.0k21 - 0.1k 0.3687 T - aos w01 Hom 4.16
' o.100 D% R , 5.0 T,009 4.39
0,196 o0.k123 - 30.78 9,850 3.86
0.27T 0.52713 4 ' 15.24 13,830 4.08
0.385 0.6276 ' 21.18 14,080 4.08
0.473 0.6983 ’ 26.02 15,670 4.08
0.203 0.4465 - 11.16 10,020 k.10
0.0767 0.120  0.5475 f L.22 6.60 12,280 5,13
0.188 0.6885 10.3% 15,450 3.82
0.261 0,801 14.36 18,400 3.72
0.318 0.9188 : . 17.%9 20,610 3.72
, 0.37% 1.003 ; 20.57 22,500 3.7
‘ 0.440  1.094 . 2k.20 24,540 3.69
0.0762 0.1T2 0.6546 k.19 9.46 14,690 3.88
3.78

0.203 0.7079 . , 11.16 15,880
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Page A17
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1 Attachment A7-1 | ol e O

Spill \nm, Dix c,me_ Caledatims Caloulation No: CDQ000020080012
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TVA 489 (EN DES-11-76) ‘ ke 2- o 5
l AT N | ~Calculation No- CDQO00020080072
S_?; "ww G-*'t Gca mdw Page A19
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TVA 489 (EN DES-11-76)

. SHEET 3 oF 5

Attachment A7-3 Calculation No: CDQ000020080012
Page A20 =
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TVA 489 (EN DES-11-76)

Attachment A7-4

_ SHEET L\ OF o

Calculation No: CDQO000020080012

Spiﬂwq? G«*’C Gﬂom.}“’ Page A21
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TVA 489 (EN DES-11-76) o S . 5
: l Afachmenl A2 l Calculation No: CDQO000020080012 |
sp, H\m«(f G‘!*¢ G‘Cow\c}‘fy Page A22
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Calculation No: CDQ000020080012
I Page A24

[ Attachment A9-1

Hiwassee Model Data For Headwater Ratings.xls, Spillway Rating Data

Hiwassee Project
Tainter Gates Fully Opened
Data from 1:55 scale model
EQUIVALENT PROTOTYPE
L= 224 feet

Free Discharge Curve

Hc Q Q
data data fit Fit Eqg.
2881 ”
2.97 3527 3486 §
4.46 6578 6610 -
4.46 6474 6610 2 s
456 6849 6842 £ o
6.22 11180 iizs =
NL) I
6.6 12280 12222 g
8.08 16940 16880 2
I
8.25 17480 17456 -
8.64 18710 18809 -
10.94 27460 27657
11.94 31500 31554
13.09 36250 36293
13.86 39690 39619 .
15.4 46710 46642 N
1556 47470 . 47400 =
15.9 49350 49028 T
16.12 50340 50094 T
1666 52680 - 52754 5 B
17.27 56040 55832 § =
1754 57160 iaiE &
19.08 64900 65418 g 5
19.08 65310 65418 x
19.42 67350 67295 2
20.4 73000 72839 =
S soze1 &

23.43 91060 91242
25.46 104800 104638
27.39 118300 118168
29.11 Extrapolated 130869




Attachment A9-2

Hiwassee Project

Tainter Gates Partially Opened
Data from 1:55 scale model

EQUIVALENT PROTOTYPE
L= 224 feet
Gated Discharge Data
He Q Q Gated
data data Fit
. sos9
2.8 3078 3141
2.8 3150 3141
2.86 3174 3172
3.08 3410 3283
3.46 3518 3472
3.85 3670 3660
4.24 3870 3843
462 4065 = 4017
6.82 4909 ¥ 4932
10.18 6039 =~ pom
126 6753 6753
15.4 7385 7421
17.05 7753 7777
17.71 7975 7914
21.18 8635 8613
24.7 9335 9353

Q =0.3525"H.2-21.151*H,2+623.1*H,+1554.5

R 6004

55
7.81
10.78
11.16
15.24
21.18
26.02

7029
8271

9250
10020
11830
14080
15670

Q = -5.446"H.2+596.24"H +3872.1

12439

10.34
14.36
17.49
20.57
24.2

15450
18400

20610
22500
24540

Q =-9.164*"H.+973.703*H,+6348.86

Attachment 23 Hiwassee Model Data For Headwater Ratings.xls, Spillway Rating Data

V=232

V=422

6987
8197

9667
9848
11694
14057
15699

15437
18441

20576
22500
24546

He Q Q Gated
data data Fit
. 25005
12.6 27410 27420
15.24 30150 30126
19.03 33920 © 33918
21.4 36160 N 136233
23.38 38210 L 38135
24.59 39280 39282
2657 41120 41135
Q= -3.821*H.2+1131.43*H.+13770.64
T 43190
17.6 46150 46097
19.25 47780 Q47867
22.11 51190 o 51174
24.86 54690 4 54640
27 57500 57531
Q= 18.52*H,2+390.35*H.+33490.63
T oc197
20.96 65240 o 65135
2134 65260 S 65386
24.48 68450 T 68419
27 72080 > 72090
Q= 86.65*H,2-3004.07*H_+90034.17
P e9ss0
25.3 89490 ~ 89457
25.58 89490 © 89518
27.56 90480 4 90475

Q= 117.60"H.*-5737.3*H+159682

* Himin From model data
" Himin estimated from extrapolation of model data

Calculation No: CDQ000020080012

Page A25




Attachment A9-2 ' Calculation No: . CDQ000020080012

Attachment 23 Hiwassee Model Data For Headwater Ratings.xls, Spillway Rating Data Page A25

Hiwassee Project
Tainter Gates Partially Opened
Data from 1:55 scale model
EQUIVALENT PROTOTYPE
L= 224 feet

Gated Dischérge Data
Hc Q a Q Gated He
data dat Fit

Q Gated
Fit

27410

2.8 3078 3141

28 3150 3141 30150 : 30126
2.86 3174 3172 33920 ‘o 33918
3.08 3410 ‘ 3283 36160 ~ 36233
3.46 3518 3472 38210 4 38135
3.85 3670 . 3660 39280 39282
4.24 3870 3843 41120 41135
4.62 4065 = 4017 *H.2+1131.43* -
6.82 4909 W 4932 T e =
10.18 6039 > 6078 17. 46097
12.6 6753 6753 19.25 47780 Q47867
15.4 7385 7421 22.11 51190 S 51174
17.05 7753 _ 7777 : 24.86 54690 I 54640
17.71 7975 7914 27 . 57500 57531
21.18 8635 8613
24.7 9335 : 9353

Q =0.3525*H.>-21.151*H2+623.1*H +1554.5 . 2096 65240 o 65135

21.34 65260 S 65386
55 7029 6987 24.48 68450 T 68419
7.81 8271 ' 8197 27 72080 = 72090
10.78 9250 N 9667 Q= 86.65*H;>-3004.07*H,+90034.17
11.16 10020 o 9848 R T 89580
15.24 11830 > 11694 25.3 894 ~ 89457
21.18 14080 : 14057 25.58 89490 @ 89518
26.02 15670 15699 27.56 80480 4 90475-
Q = -5.446*H,2+596.24"H_+3872.1 : Q= 117.60*H,2-5737.3*H,+159682

10.34 15450 , 15437
14.36 18400 N 18441 * Hywin From model data :
17.49 20610 $ 20576 " Hymin estimated from extrapolation of model data
20.57 22500 L 22500 :

24.2 24540 24546
Q = -9.164*H,2+973.703*H_+6348.86




Attachment A9-3

Q (cfs)

Hiwassee Model Data For Headwater Ratings.xls, Spillway Rating Curve

Calculation No: CDQ000020080012

Page A26

Hiwassee Spillway Rating Curve from 1:55 Scale

Model Data

® Gated Gn=1.17

X Gated Gn=7.16

A Gated Gn=16.17
— ——-Fit to Gated Gn=2.32
———-Fit to Gated Gn=10.28

¢ Free Discharge

X Gated Gn=4.22

+ Gated Gn=13.09
———-Fit to Gated Gn=1.17
— ——-Fit to Gated Gn=7.16
———-Fit to Gated Gn=16.17

- ——-Fit to
-——-Fitto
- ——-Fitto

O Gated Gn=2.32
® Gated Gn=10.28

Free Discharge
Gated Gn=4.22
Gated Gn=13.09

160000
140000 )
120000 | v
Pe
100000 - o
R
80000 -
¥ e
e ————t
60000 - st .
o e e-—"®
- ’—“—._-—"—
40000 - . e
,,.4'-1’—*————* ________ "
20000 e - semomm XK ]
-nﬂ-’:B:——:B:::---Eé‘::'.’_‘::_ e = B i -
0
0 g 10 15 20 25 30




Attachment A10

Hiwassee Project

J Calculation No: CDQ000020080012
Page A27

Tainter Gates Partially Opened
Data from 1:55 scale model

EQUIVALENT PROTOTYPE

\% HLmin HLmin
data data fit
1. 14 2.64 2.80
2.32 4.35 4.37
4.22 6.67 6.96
7.16 10.29 1097
10.28 14.66 15.24
13.09 18.86 19.07
16.17 23.21 23.28
20.44 29.11 Extrapolated

* Himin From model data

* Himin estimated from extrapolation of model data

Hiwassee Model Data For Headwater Ratings.xls, Determination of HLmin

Hymin (feet)

Hiwassee H,i,(V) from 1:55 Scale Model Data

]

B Model Data =— =Fit to Model Data

Himin = 1.1979+1.3655*V

5 10 k5
V (feet)

25




Attachment A11 | - CDQ000020080012

Hiwassee Model Data For Headwater Ratings.xls, Free Discharge Flow * Pa_@ﬁ@a

Hiwassee Free Discharge Q(H.) from 1:55 Scale Model
Data

® Model Data == ==Fit to Data |

140000
120000
100000

~~

% 80000

S’

Q©’ 60000

40000

20000

H. (feet)



Attachment A12

Hiwassee Project
Tainter Gates Fully Opened
Data from 1:55 scale model

EQUIVALENT PROTOTYPE
L= 224
Free Discharge
H Q Cs Cs
data data Calculated Fit
264 2907 3.03
297 3527 3.08
446 6578 312
446 6474 3.07
456 6849 3.14
6.22 11180 3.22
6.6 12280 3.23
8.08 16940 3.29
8.25 17480 3.29
8.64 18710 3.29
10.9 27460 3.39
11.9 31500 3.41
13.1 36250 3.42
13.9 39690 3.43
15.4 46710 3.45
15.6 47470 3.45
15.9 49350 3.47
16.1 50340 3.47
16.7 52680 3.46
17.3 56040 3.49
175 57160 3.47
19.1 64900 3.48
19.1 65310 3.50
194 67350 3.51
20.4 73000 3.54
23.2 89580 3.58
23.4 91060 3.58
25.5 104800 3.64

27.4 118300 3.68

3.02
3.04
3.13
3.13
3.13
3.21
3.23
3.29
3.29
3.31
3.37
3.39
3.42
3.43
3.45
3.46
3.46
3.46
3.47
3.48
3.48
3.51
3.51
3.51
3.53
3.58
3.58
3.63
3.69

Attachment 23 Hiwassee Model Data For Headwater Ratings.xls,Cf Determination

Hiwassee C¢{H.) from 1:55 Scale Model Data

¢ Calculated Cf — —— Fit to Data’

3.90

3.70

3.50 -

3.30

g
3.10
Cy = 7.5847*10°H.’ - 4.021*10%*H,*+0.08495*H,+2.8223

2.90

2.70

2.50 - ‘

0 5 10 15 20 25
H. (feet)

30




Attachment A13-1 | Calculation Nc';: 033800020080012
age

Attachment 23 Hiwassee Model Data For Headwater Ratings, Gated Discharge Coefficient

Hiwassee Project
Tainter Gates Partially Opened
Data from 1:55 scale model

EQUIVALENT PROTOTYPE
L= 224
Gated Discharge Data
Hc Q Cg
data data Vv Hmp Gn Calc
’ 6.67 12439 422 1.999 4473 0.7155

1034 15450 422  1.999 4473  0.6653
1436 18400 422  1.999 4473  0.6509
1749 20610 422 1900 4473 06513
2057 22500 422  1.999 4473  0.6494
2420 24540 422  1.999 4473 06478
41.50

p 1029 25005 7.16  3.495 7.369 0.7243
1260 27410 716 3495 7.369  0.6857
1524 30150 7.16 3495 7.369  0.6641
1903 8a500 T8 2ass 7.369  0.6496
2140 36160 7.16  3.495 7.369  0.6451
2338 88210 716 3495 7.369  0.6468
2459 39280 7.16  3.495 7.369  0.6456
2657 41120 716 3495 7.369  0.6462
41.50

> 14.66 43190 10.28 5060  10.491 0.7393
1760 46150 10.28  5.060 10491 0.6911
19.25 47780 1028 5060  10.491 0.6726
2211 51190 10.28 5060 10491 0.6574
24.86 54690 10.28 5060 10491 0.6518
27.00 57500 10.28  5.060 10491 0.6510
30.00
41.50

! 18.86 64197 13.09 6456  13.340 0.7602
20.96 65240 13.09 6456  13.340 0.7144
2134 65260 13.09 6456  13.340 0.7054
2448 68450 13.09 6456  13.340 0.6723
27.00 72080 13.09 6456  13.340 0.6632
29.00
31.00
41.50

> 2321 89580 16.17 _ 7070  16.516
2530 89490 16.17  7.970 16516 0.7241
2558 89490 16.17  7.970 16516 0.7183
2756 90480 16.17  7.970 16516 0.6886

29.25
31.00
33.00
41.50
! 29.11 130869 10.029 21.065 0.7912
32.00 10.029
33.50 10.029
34.00 10.029
34.50 10.029
41.50 10.029

* Himin & Q From model data
* Himin & Q estimated from extrapolation of model data
*c, Estimated




Calculation No: CDQ000020080012

Attachment A13-1 | Page A30a

Attachment 23 Hiwassee Model Data For Headwater Ratings.xls, Gated Discharge Coefficient

Hiwassee Project
Tainter Gates Partially Opened
Data from 1:55 scale model

EQUIVALENT PROTOTYPE
L= 224
Gated Discharge Data
Hc Q Cg
data data V Hmp Gn Calc
. 6.67 12439 4.22 1.999 4473 0.7155

10.34 15450 4.22 1.999 4.473 0.6653
14.36 18400 4.22 1.999 4473 0.6509
17.49 20610 4.22 1.999 4473 0.6513
20.57 22500 4.22 1.999 4473 0.6494
24.20 24540 4.22 1.999 4473 0.6478
34.00

* 10.29 25005 7.16 3.495 7.369 0.7243
12.60 27410 7.16 3.495 7.369 0.6857
15.24 30150 7.16 3.495 7.369 0.6641

19.03 33920 7.6  3.495 7.369  0.6496 *
2140 36160 7.16 3495 7.369  0.6451 '\ \
24938 Aa0i0 118 3408 7.369  0.6468 Q
2450 30280 746 3495 7.369  0.6456 4 O

2657 41120 7.16  3.495 7.369 0.

34.00

> 1466 43190 1028 5060  10.491 39 ¢ 0
10.491" %11 @’Q

17.60 46150 10.28 5.060
19.25 47780 10.28 5.060 6726,
22.11 51190 10.28 5.060 . §
24 .86 54690 10.28

27.00 57500 10.28

30.00
34.00

T 1886 64197 13.00 0.7602
2096 65240 13.09 0.7144
2134 65260 13 : . 0.7054
2448 68450 6. 13.340 06723
27.00 72080 ‘a0 13.340  0.6632
29.00 6

31.00

34.00 \Q
* 23.21 89580 ) 7.970 16.516  0.7729
6.17

25.30 894 7.970 16.516  0.7241
25.58 89490 "16.17 7.970 16.516  0.7183
27.56 90480 16.17 7.970 16.516  0.6886

29.25
31.00
33.00
34.00

. 29.11 130869 10.029 21.085 0.7912
32.00 10.029
33.50 10.029
34.00 10.029
34.50 10.029

* Himin & Q From model data
* Hymin & Q estimated from extrapolation of model data
*C, Estimated




Attachment A13-2

Attachment 23 Hiwassee Model Data For Headwater Ratings, Cg Versus Hc

Calculation No:  CDQ000020080012
Page A31

Hiwassee C4(H,) Estimated from 1:55 Scale Model Data

e \/=10.28
= ==\/=7.16 Extrapolated
= ==\/=16.17 Extrapolated

e \/=7 16
= ==\/=4 22 Extrapolated
= ==\/=20.44 Extrapolated

il \/ =422
——\/=16.17
- ==\/=13.09 Extrapolated

e \/=13.09
= == \/=1(0.28 Extrapolated

0.8500

0.8000

0.7500

0.7000

0.6500

0.6000

5.00 25.00

H. (feet)

10.00 15.00 20.00 30.00

35.00

40.00




Attachment A13-2 | l Calculation No: CDQ000020080012
Attachment 23 Hiwassee Model Data For Headwater Ratings.xls, Cg Versus Hc Page A31a

Hiwassee C,(H.) Estimated from 1:55 Scale Model Data

—a—\/=4.22 —&—V=716 =——V=10.28 —¥—\/=13.09
——\/=16.17 e w==\/=4 22 Extrapolated === ===\/=7 16 Extrapolated === =-=\/=10.28 Extrapolated
= ==\/=13.09 Extrapolated == =—V=20.44 Extrapolated == ==\/=16.17 Extrapolated

0.8500

0.8000

0.7500

0.7000

0.6500

0.6000
5.00 10.00 15.00 20.00 25.00 30.00 35.00

H. (feet)



Calculation No:  CDQ000020080020 Attachment A14
Page A32 f Source: Reference A2
Red circles indicate Hiwassee
. o values determined or estimated
] from 1:55 scale model data
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TVA

Plant: GEN

Calculation No.  CDQ000020080012 Rev: 1 Page: B4
Subject: Dam Rating Curves, Hiwassee Prepped CTS (R1)
Checked SEM (R1)

Appendix B: Overflow Parameters

Reference Drawings

TVA drawing no. 2IN217 R4 (Ref. 4, Att. 5)
"TVA drawing no. 21N206 RS (Ref. 3, Att. 4)
TVA drawing no. 5IN228 R3 (Ref. 18, Att. B1)
TVA drawing no. 31N221 RO (Ref. 19, Att. B2)
TVA drawing no. 10M200 RS (Ref. 20, Att. B3)
TVA drawing no. 2I1N213 RS (Ref. 14, Att. 15)
TVA drawing no. 21N218 R7 (Ref. 21, Att. B4)
TVA drawing no. 10M201 RS (Ref. 5, Att. 6)

WO nhE DN~

Refer to Hydraulic Design Chart 711 (Attachment B5) for values of free flow discharge coefficient, C;. The
maximum headwater elevation used in this rating is 1545°.

Flow Over the Tops of the Blocks 2-7, 17-26. and portions of blocks 8 and 16

The width of the overflow section is taken as the width of the roadway. According to Attachment 5, the width
of the roadway varies as it follows curves over blocks 2 through 5 and 25 through 27. At block 2, the width of
the roadway is 34.25” (Att. 5). The roadway is 29 feet wide between blocks 5-7 and 20-24 (Attachment 4) and
over the penstock intake in blocks 17-19 and portions of blocks 8 and 16 (Attachment B2). The roadway
widens again as it traverses over blocks 25-26 with the width gradually increasing from 29’ to 33’ (Attachment
5). The increases in the width on the north and south abutments are neglected. Therefore, B is reasonably
estimated as 29°.

The overflow elevation across this section also slightly varies. According to Attachments 4 and 35, the parapet
on the upstream side of the dam will determine the elevation at which overflow occurs. For Blocks 5-7 and
20-24, the top of the upstream parapet is at 1540.42’. The parapet rises slightly as either end of the dam is
neared to an elevation of 1540.74” at blocks 2 and 26. For the sake of this calculation, the slight rise in the
parapet at the ends of the dam will be ignored. The overflow elevation for this section of dam is therefore
1540.42°.

o< He _H, _1545-1540.42
B B 29

0< e <0158
B

C, =2.65

Because the Cr value determined for this section of the dam is the minimum value (2.65), the increases in
width of the roadway on the approach curves has no effect on the calculated free discharge coefficient.

~ The overflow length can be determined from Attachment B3.

L = 429.75’(length of axis of dam between blocks 0 and 8) - 44.75’(upstream length of block 0) — 35’
(upstream length of block 1) — 25’ (Length of Emergency Gate Storage Chamber, scaled) + 407.292” (length
of axis of dam between blocks 20 and 27) + 50° (length of block 19) + 50’ (length of block 18) + 50° (length
of block 17) + 40’ (length of block 16) — 25’ (length of Equipment Shaft Hatch, scaled) — 62.292” (length of
block 27) = 835’
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Calculation No. CcDQ000020080012 - | Rev: 1 Plant: GEN | Page: B5
Subject: ‘Dam Rating Curves, Hiwassee | Prepped CTS (R1)
Checked SEM (R1)

Flow Over the Spillway Bridge/Piers

Flow over the piers will be controlled by flow over the roadway and roadway parapets. The width of the
roadway over the spillway is shown in Attachment B1 (B=35.75"). According to Attachment B3, the Conduit
Emergency Gate Storage Chamber (in block 8) and the Equipment Shaft Hatch (in block 16) are slightly wider
than the roadway over the spillway, however, these sections will be lumped into this analysis (justified below).

The overflow elevation is shown in Attachment B1 (1540.42")

H, H, 1545154042
0< =—<—
B B~ 3575
o< <128

B
C, =265

Because the Cy value determined for this section of the dam is the minimum value (2.65), the increase of
width in blocks 8 and 16 due to the storage chamber and equipment shaft has no effect on the calculated free
discharge coefficient.

The overflow length can be determined from Attachment B3.

L= 260" (length of Spillway) — 7*32’ (length of spillway bays, Attachment 6) + 25’ (Conduit Emergency
Gate Storage Chamber) + 25° (Equipment Shaft Hatch) = 86’

Because the spillway bridge, block 2-7, 17-26, and potions of blocks 8 and 16 share a common value for C¢
and overflow elevations, these sections can be combined. The properties for the non-overflow dam are
therefore:

Ci=2.65
Z.=1540.42°
L=835"+86"=921"
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Calculation No.

Subject: Dam Rating Curves, Hiwassee -| Prepped CTS (R1)
‘ : Checked SEM (R1)

Flow Over the Blocks 0, 1. and 27, (Abutment Sections)

The width of blocks 0 and 1 is 37’ (Attachment 5), while the width of block 27 is 38’ (Attachment 15). The
discharge coefficient will be calculated with B=37" and will be shown to be insensitive to variations in width.

The overflow elevation as shown in Attachments 5 and 15 is 1542.57’

o< He _H, _1545-1542.57
B B 37

0< e <0.066
B

C, =265

Because the C; value determined for this section of the dam is the minimum value (2.65), the increase of
width in block 27 has no effect on the calculated free discharge coefficient.

The length of this section is determined from Attachment B3.

L =44.75" (length of block 0) + 35° (length of block 1) + 30 (scaled length of block 27 from intersection
with block 26 to intersection with 1545’ elevation contour) = 109.75

CDO000020080012 | Rev: 1 Plant: GEN | Page: B6
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Subject: Dam Rating Curves, Hiwassee Prepped CTS (R1)
' Checked SEM (R1)

Flow around North End of Hiwassee Dam

At high headwater elevation, flow may also pass between the parking area and the roadway on the north end of
Hiwassee Dam. The discharge will be bottlenecked through the path bounded by block 0 and the parking area,

therefore the characteristic length for discharge is the distance between the upstream wall of block 0 and the

1545’ contour around the parking area (See Attachment B4). The overflow channel will be taken as
rectangular (the sloping on the parking area is neglected), and overflow will occur when the headwater
elevation is equal to the elevation of the sidewalk bounding the roadway (1538.57°, Attachment 5). For
overflowing discharge, B=98" as determined in Attachment B4 (approximate length from the 1545 contour to

the drop beyond the furthest sidewalk).

o< He _H, _1545-1538.57
B B 98
o< <0066
B~
C, =2.65

And L = 34’ (Attachment B4, width of bottleneck channel)




Calculation No: CDQ000020080012

Attachment B1

Page B8

- N P
e, 36108 {r W 5 el e £ 2-ig __Jf:d;ﬁg
A T
/AIIJOFDAM See 15N407 | Spen 10 only- 1 ‘—I r —1 i uj fu ‘&j:;l‘
o R I5NBOR~ ik (Sre IENAOT- Y X Lo~Outlet boxes mwm R R
It s anchored to spans i
e e e b b 8
S trdogfit o E
o D<—J e premolded joint filler.
s i Q‘ ]
Sty h R i
T
&
oommpm——. : '
3
= i) ELEVATION K-K KEY PLAN
FL ._1/-‘ 4 z-nm”:'}%'":m”/ :v: see swosfa [ Scale §°=1-0" Soam [~ 200"
(3 =l %
Z _nﬁﬁm = S Ereas i eesiort
g crin £ |4 3 29" fchain o
._l .ﬁwn!wbm> M ' m_l‘ “”’""{I{:l’:b\' 2‘-7}" see SINSZI
£ L a7 110" _[ aregt i”‘i‘ 8 _:__ e n neeg . m~ )
. SPAN S A/S SP‘N Illll SPAN 11413 SPAN 12
SPaN 15 OPPOSITE HAND SPAN 14 OPPOSITE SPAN 13 OPPOSITE HAND
PLA/V"DEC/(
For location of rais see SINS40
_ |7 oremotded jt riter, mh_5inezo-3 -——
o i ¥
£ L 3] il Ei PN 3 SECTION E-E SECTION F-F SECTION D-D
end xp end| Scole §-r-07 Scate §7- 10" Scale 4100
< See 2N 5
L B 8.0,
— A J-18" ¢ to ¢ chamg
T
32, (axp joirt ritier
S i Conn §, mi SINS2IZ
S e _;T_L,._____. . . = 7t [« B 535207 ;
_g"_ . Rl ASCE 60.5 o . L . T | A \remolded jt fiter
T e i
o |3 rai ! SECTION J~/ SECTION M-M DETAIL L
i-é. é 61 53830, e, (7 i F EL=1540.42 Scak feror Sca 10" Scale 3o1-0°
u 3 e s ! ! Ly
Yy oas X o i wand
8 T B = T e s
| il H [ pipelmic SING282 3 = P A > . uan’r
| - il | Ea " | poEER W crerrers e 1 s atharmse
K. & Wiet For struchwsl shevl . v For parapet chamler 31 e 'WMSOIWWK{“
oETAL 6 Fitving oy Sou IES il n_"j A SR e Ml
o alp Jou! e Aerotr AV it St puted o o
\_ﬂ-L — e ol g 7qum-m%m
Insite parapers- specisl iish
i Curtaide parapets - ardinsry Finish
1 szcmx/ A DETAIL G DETAIL H o fom
- o Scoe $71-0" Seale 1et-0° Scate 1~ 0"
Tt R
OETAM L~
= REFERENCE ORAWINGS :
S/BMID. . BILL OF MATERIAL
S/DSRI-L_ANCNOR BOLTS
bt 2 . 5 L}
o Ll . N i
| Tt AR oo § ipinil
A Bloin 4 + ol
i‘ R + Al SPILLWAY
: /51/5)‘“1 s o r LR il LE regamus e Sele 310" . : .
|- S T TR CONCRETE
l A /gm:m.n.m e Taverosi- 1o be fomed by erop it b BRIDGE
7 & 1333908 (US P = A i v
: i e gl P Eeingee T OUTLINE
| Asoncy
bl enaueid 2 H HIWASSEE PROJECT
—_— I TENNESSEE VALLEY AUTHORITY
For pier cuteits see SINC34 4 SINZIS PARTMENT
SECTION 8-8 SECTION C-C L goegieg
S fof0r el COMPANION DRAWING: SIN229 beecN AV barne IQ@ o/ L. - .
KNOXVILLE a-1a-39 | 3 5IN228r3 M
W77 e

On fy




Attachment B2 Calculation No: CDQ000020080012
. Page B9
Source: Reference 20 g
122NIE I
— 2 — 25m0n 25-0°
cﬁ»’rf;rj 4 25-0° e e e oy 2] y X i .
t E
L x %
‘;}V ’ \ | . AXIS_OF OdM Py AXIS_OF DAM— o 39 e
iy T - £ g o g 40
ol i-[ bk ?;‘-} & _\ .
I f —! deg expansion _joint i !ll W\—
i ilier, mk 3IN220-5 in Fosd- i
| i way il parapet | it
60 formed dran - . g
™, i 4 \,
t 4 | i‘i‘ fw\w-v S 260" Fipe skeve and plug, ] & q \
. = mk IN220-38
—— ——— — || [l 1 X @ ¥ { g .
-8 i ¢ L3 1S
N 2 e K b Pl O | N U S + ‘ v 4 ¥ .
W 26" = 25%0" = ,’: zs . > s Scale /7200
et Sncheny W/ 1 __Rosdway drains, 30° in
sl a7 ———"1f § o DETAIL G - 2INDIT ﬁ
i /" : \Lirting inserts 10" oc. rok JN340-17__ R
: ::crﬂrﬁt.m‘b;lh\ //: :§ iy }mfﬂllnvlldad{mwn& L . > «) 2
Y £ ¥ i g
7 - 1 -
, |- Seols-21N206 . ke A<~I 14 ii dys 3 7 B
it 1
b B o - g L e e S OrE e S0 pligs for Temp Tend Tad, fee ik, TA0E i E
Ll i1 :
o Crrame. i WG0T 1] [z 77 . :
Hote A . P o o 3as ¥ i b s+ -
’:.:.u.,.‘" oot o et ok oW, [ hodtr. mi 23004 Y PLAN-BLOCK 19
v of . = = A
e v s T S W
g - Lb !
0 30.’{50 I chemter- iI \
” o 0 L i -
~119'+5'+5'=29' |
PLAN-BLOCK 8 £17500.42,
. . U P i
Contr j3 i i 50" o S paury
gy W (g B roadway & = = w  Constr i [,
e re - § ; g
| 275" - & i by § .
i AXIS OF DAM— »~.i_l i | Hook, mi w5394 vl E ¥
L1500 42+ Fac ol e I R N A S — oy S o o
3 4 » & 3 i farm, L -4
o oyt ] 1y b & i e Sopefon 2 Vel
5 % L vz Rl X x 1 5 NI e - e 45 : - z
'Wc';;r») o § 3 4 o 5 Iy s hd 2 ” ¥ i cgLses 73
| i 2 . o v I Gty
5 s = I 2 . J
ot
" P SECTION C-C - EQUIPMENT SHAFT
= ke
P 100 % Crame rovks, anchor bolts, NOTES.
— 1 eefenazy, B3 & B and spacing - SIN540. Concrete in mass of dem fo be cless C*
[} a + |~ 2" pie siesves| Location and details of A/Icmre/raévn(md o be class A*
— Ll e - m«%@q raiing lamp post and All externel corrers inside dem fo be rounded
[ttt o /" chamfer | brackets-SINET excopt a5 ot 304215
- e d | o e E
- K vierapis e . 250~ Lol s on F and mimﬁfm
= E & s e Bt kT
£ %923y _—/W’f/'%” ?_;r,-%‘ 'v Mﬂf‘ﬂlﬁl‘f;‘mﬂa{ wcodfennlmh
- : -Canir mb— . PLAN- BLOCK L For additions! ﬁ?.b’m NS, Wm J”IZJ‘
ozl . . ] onse . Seoke o 10"
s i - - 4 . st frr
S e P — H———] Exceptas noted
= | 80 formed 4 h
SECTION A-A-EMERGENCY -y * ; INTAKE & NON-OVERFLOW DAM 1
GATE STORAGE CHAMBER — Ll @ o CONCRETE !
] . . |
' IE Ry ‘ GATE STORAGE CHAMBERS & | I
e woint 15040 - -t :
R |l EQUIPMENT SHAFT |
Lev lzel oo | HIWASSEE PROJECT !
TENNESSEi VALLEY AUTHORITY
SECTION B-B-PENSTOCK GATE ERECTION CHAMBER SORMTTED
THIS DRAWING MADE FOR DESIGN REPORT omsy | Hr Breelhiane,
KNOXVILLE

LI R e hbn ¥ Rl




Attachment B3
Source: Reference 19

Calculation No: CDQ000020080012

Page B10

L300
Lase0

L4900
wioo
2

“[s vy asirusvy

t|EL=1545'

(Contour)

ot 3.

b .

. s
i

fLergn m.m-a-;;;/‘_ B

sk Sate Operotng Champers
Penstece 8y pots . 3
2 “bors

O

{
3] e,

7
f
i

@

2

ELEVATIONS FOR SPILLHAY WSCHARGE CURVE.

ELEVATIONS FOR TANWATER CLRVE

i

™
ny-:mlmhm-;t §

§
toumn wat 5

ELEVATION 1K PEET ABOVE MEAW SEA LEVEL
FOR AMEA. CAPATITY & REGULA*ING CONDYITS

3

ars

DISCHARGE, AREA. CAPAC! fK AND TAUWATER CURVES

Sy Line

L 5wss

L300

L2

PO Lo

e

)

g

)

o s ryerayrens ey Py WS TURa ey
F

P —
T <

e

PLIERSNE DYUVINGS -
MRS D4 -L0G OF DRILL WOLES.

“icae 0 a 80 foet

f

i

DAM
INITIAL. DEVELOPMENT

GENERAL ARRANGEMENT

PLAN AND SECTIONS

COMPANION ORAWINGS

JERTIRS | e e

e anovie remii ‘g

HIWASSEE PROJECT
TENNESSEE VALLEY AUTHORITY
n L e DU VCN SEPABTT

o 2

Greezeaz 7o
s N Eauof Dom




N

Attachment B-4

Source: Reference 21

Calculation No: CDQ000020080012

Page B11

458, 3hoet |

/,,,,._,
PT 50+50 (dem

BIZNI2 I

120"

[are56+529 Pr-0-552/
447903 50° 4 4859

&
RN
S

Ovservation
see Community
ring Divisn owg

ol for wiope see
/ # ~33725° znz2r i

81323 [hwy wa)

PLAN
Scale 1*- 30"

\ N

“\\§§

Rollad earth
lanket - 2IN222 .

Note A
Lamp past type & - TINSII;
wiring ~/SN#19. For setting
details see Dapt of

Plan. io

- Community
Blan Diy. dwg 45-8, job 2,
sheet |

960"

L _is30——-

[ 1505

s "5&

25 -}""‘“
e
{

Width of Expected
Bottleneck = 34'

forai/s of overicok bidg
tow woll sea Degt of
s Pran. Studise
punity Pien. Div
and BMIO. yob No 20 P

Nete ¢
Readway fied~ foe of cut slope focated
10 suit concitions in Field.

[ tart-tower runwoy

i
£1 /506807

 Roadway 1

& 154150y

N s
Curt, see detat—"|
¢ voo820—" _

awgs

eacavation for -
7
i

esio
& 1545 50 e dra,
mk 2INSI8-5

€ rosdugy — - Varies. see note.
o e

o

TYPICAL CUR8
Scale 12 10"

- Sdewslhs of
[ dockton, siape to-

| werd curt {*per £t -
i

T 7 T T T T —-[— TN vewaie eni OF MATERMAL

VERTICAL CURVE

1 )

/53764 155740
4 [ isarse] b
1 33798 _| 72, 753708

753792 _|
b w0 | | (79808
35 | 153 153668

710" pipe drain from -~ Trench grating,
{ curd to apen ditch /* mk NI
e AN2NE2

s,
) concreme 7o be class A

Bl h
£ 15450¢ Poadway pevement o conist of suphalt prime & sesl cosks on

REFERENCE DRAWINGS

21RS2/8._AEINFORCEMENT BAR DETAILS

n— — Scale (* 100"
2 Eacept 43 roled

212 VPG, &1 155275

NORTH ABUTMENT

i
§ DAM
Hg_ . NON-OVERFLOW

e ROADWAY APPROACH

B szm- ;

|
1
|

+40 VPT, £/ 1537 40)

% EARTH BLANKET & CORE WALL
T SHEET |

£

HIWASSEE PROJECT -
ENNESSEE VALLEY AUTHORITY

PROFILE - ROAD

i
820

LTI /)

i
3




Attachment B5 Calculation No:  CDQ000020080012
. Page B12

Source: Reference 8

3.6
. SUGGESTED DESIGN CURVE
(BAZIN) ) -
3.4 I >
My ol r" "
\\ e
32
o
v, \\USG S TESTS AT CORNELL
3.0
PRENTICE"
Ce '\\
#
R
-
I KEUTNER
o I i
WOODBURN
| 2.4 I !
.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 .8 L8 2,0

: M

-3
a. FREE fLOW

=g e
et | BASED ON KINOSVATERZ (EMBANKMENTS,
-k$ et \\4")\\ B
% N\ T \ﬁ. ey
0.9 3 \':. < Bl 00 3 b
T CORNELL TESTS Y ™ e ‘
(ROUND_CREST) T ~N sl 1\
N £
N . !
0.8 | ~ Bag N %h \
BRATER'S® CURVE FOR \'\ = |
MAVIS AND VILLEMONTE DATA y
: (SHARP CREST) N \ \=
0.7 . 9% \
b3
g Wl e )
¥ N A} \

T T— Ry "\(’:3 ‘

0.5 A
HERSCHELS— X
: (SHARP CREST) Jy 4
NV
o0 ol 0.2 0.3 ¢.4 0.5 0.6 0.7 .8 Q.9 1.0
1 H!

Ao Note -

b. SUBMERGED FLOW  ~|\ = Q_ﬁ.gsx‘
I e

NOTE ! C¢ = FREE-FLOW COEFFICIENT z
C: = SUBMERGED-FLOW CL:;FFIC'ENT Ht A
NEGLIGIBLE VELOCITY OF APPROACH -
Rﬂlsao NUMBERS ON SUBMERGED FLOW Low MONOLITH D IVERS'ON
CHART ARE REFERENCE NUMBERS FROM DISCHARGE COEFFICIENTS

HYDRAULIC DESIGN CHART 711

FREPARED BY . 3. ARMY WATERWAYS STATION, wis i-¢8




TVA

Calculation No.  cD0000020080012 ' Rev: 0 Plant: GEN | Page: C1
Subject: Dam Rating Curves, Hiwassee ' Prepped | CTS
Checked JBM

Appendix C: Quantifying Effects of Tailwater Rating Curve on Sluice Flow.

From Equations (3) and (4), and the minimum headwater under investigation in this calculation (See Sectlons 4 and
7 for values of HW, Zg.r and TW, Case 1)

AK.|HW - Z _ '
o N R *100%:[\/ 1500 —1265.29 —IJ*IOO%=8%

0, | 4KJHW _Tw +3.485 1500 —1303.4 + 3.485

Therefore, sluice flow calculated when neglecting tailwater effects is 8% larger than sluice flow which accounts for
tailwater effects at this particular headwater elevation.

From the calculations results (See Section 7)

O, _ 19402

=———*100% =67.7%

O 28.64*1000 :

Therefore sluice flow accounts for 67.7% of the total discharge past the dam at the minimum headwater elevation

of this calculation. Neglecting tailwater effects on the sluice flow would therefore result in a 5.4 % change in the

total discharge past the dam (0.677*0.08 = 0.054). The impact of neglecting tailwater effects on sluice flow at all
headwater elevations is contained in Table C1. As evident from Table C1, the tailwater curve has minimal impact
on sluice flow for Hiwassee Dam for Case 1. Case 2 will have similar results.
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Table C1: Impact of Tailwater Rating Curve on Headwater Rating Curve Due to Sluice Discharge

HW
ft
1500
1503.5
1504
1505
1506
1507
1508
1510
1512
1514
1516
1518
1520
1522
1524
1526
1528
1529
1530
1532.61
1533.5
1534
1535

1536 .
1537
1538.57
1539
1540.42
1541
1542.57
1543
1544
1545

™
ft
1303.4
1303.5
1303.5
1303.8
1304.2
1304.8
1302.8
1304.3
1306.0
1307.9
1309.8
1311.8
1313.8

"1315.8

1317.7
1319.7
1321.7
1322.7
1323.7
1326.2
1326.2
1326.2
1326.2
1326.3
1326.6
1327.5
1327.8
1328.7
1329.3
1331.4
13321

1333.9
1336.1

((No TW) / TW)-1
%
8%
8%
8%
8%
8%
8%
8%
8%
9%
9%
9%
10%
10%
11%
11%
11%
12%
12%
12%
13%
13%
13%
13%
13%
13%
13%
13%
13%
13%
14%

4%
14%
15%

Impact on
Qs1/Q  Rating Curve

%

67.7%
67.7%
67.2%
65.0%
62.0%
58.6%
74.8%
62.4%
52.0%
43.7%
37.1%
31.8%
27.6%
24.2%
21.3%
18.9%
16.9%
15.9%
15.1%
13.2%
13.2%
13.3%
13.3%
13.2%
13.1%
12.6%
12.4%
11.8%
11.6%
10.6%
10.3%
9.7%
9.0%

%
5.6%
5.5%
5.5%
5.3%
5.1%
4.9%
5.9%
5.1%
4.4%
3.9%
3.5%

. 3.1%
2.8%

2.6%
2.4%
2.2%
2.0%
1.9%
1.9%
1.7%
1.7%
1.7%
1.7%
1.7%
1.7%
1.6%
1.6%
1.5%
1.5%
1.4%
1.4%
1.4%
1.3%

JBM (Rev 0) SEM (R1)
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Appendix D: Hydrostatic Loads on the Spillway Tainter Gates
The Hydrostatic loads on the spillway tainter gatés for Hiwassee Dam can be found in the following calculations.
D1 References

D1. “Watts Bar Dam — Flood and Earthquake Analysis on Radial Splllway Gates, pages 76-100” Tennessee Valley
Authority, HEPE3WBHSQN-WBNBLNBFN.

D2 Calculations

Reference D1 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 (FReiosca) When the headwater
elevation is at the top of the gate (1526.53 feet) and when the gates are completely open (FRgper) and the headwater
elevation is at 1542.00 feet. The margin is defined at the ratio of FRopen to FRuioea. The calculation of these forces
and the results of this comparison are shown in Figure D1.
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Hiwassee Hydrostatic Forces on Gates

Comparison of forces when gates are closed and HW is at

1526.53 feet (top of gate) vs. when gates are fully open and HW

at an elevation of 1542.00 feet.

Attribute Symbol Value Unit
top elev Zo 1526.53 ft
trun elev Ztr 1511.00 ft
sill elev Zsill 1503.03 ft
radius R 22.50 ft
length L 32.00 ft
angle up a2 43.65 deg
angle Iwr a 20.75 deg
angle tot 0 64.39 deg
area of lower slice Aslice1 284.48 ft*
proj area AProjected 752.00 ft?
Desgn LdH FRx 551366.40 Ibs
Result elv Z1 1510.86 ft
Result ang deg 0.35 deg
Result ang rad 0.01 rad
Result Dsgn Horiz 551356.23 Ibs
Area slice upper  Aslice2 192.83 ft*
Area triangle Atriangle 126.42 ft*
project vert x1 6.22 ft
vert weight water FRy 60251.12 Ibs
Resultant load -

Gates Closed FRugsd 554648.63 Ibs
vert open fm calc calc App A 20.44 ft
max hw calc 1542.00 ft
lwr lip elev 42 1523.47 ft
bot angle a3 33.66 deg
top elev Zo 1533.28 ft
project area for h Ic AProjected 313.86 ft°
Flood LdH FRx 266864.39 Ibs
Height over gate  y1 8.72 ft
Height ratio to orig 1.66 (ratio)
project vert x2 21.88 ft
Flood LdV1 381042.20 Ibs
Flood ILdV2 101999.56 Ibs
Total Flood LdV ~ FRy 483041.76 Ibs

Resultant load -

Gates Fully Open FR

Margin

open

FRopen/FReiosed

551856.82 Ibs

© 0.99 (ratio)

Figure D1: Hiwassee Spillway Gate Margin Evaluation
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Figure D2: Diagram of Hydrostatic Forces






