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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 the headwater rating curve for Apalachia 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 the design basis documentation.

Preparation of all calculations supporting nuclear development and licensing are subject to TVA Standard Department Procedure
NEDP-2. This standard dictates the process in which 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 a plan and elevation view of Apalachia Dam (a portion of Reference 1). For headwaters in the normal operating
range, discharge is passed through the turbines (located 12.4 river miles downstream) via two penstocks and the spillway. The
spillway consists of ten 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 also pass over the non-overflow section,
the tops of the open spillway gates, the tops of the spillway piers, and over the cutoff walls.

Rating curves are presented for the following two cases

Case I - Valid for rising headwaters and for falling headwaters as long as the tailwater elevation does not flood the powerhouse
(TW<875')

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

These headwater rating curves are based on the configuration of Apalachia 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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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 and several feet above the top of
the dam.

3.1 Assumptions

3.1.1 Assumption: Power generation will continue during a PMF 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 875 feet, at which point the tailwater will enter the powerhouse via the pilot door on the
south side of the building (Attachment 25 Ref. 14). Accordingly, turbine discharge will be considered until the addition of
discharge through the turbines would cause the tailwater to reach an elevation of 875 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 tailwater curves given in Attachments 2-2 and 5 can be used to predict tailwater elevations at
Apalachia Dam and its powerhouse.
Technical Justification: These tailwater rating curves are currently in use by TVA's River Operations Group to drive river
management decisions during actual flooding events. The HEC-RAS tailwater rating curves attached to this calculation were
generated by the TVA Flood Risk group within the last 4-5 years. As such, the HEC-RAS data is considered by TVA to be
accurate information on tailwater elevations at Apalachia Dam. Even though it is not from a QA source, HEC-RAS data
shows an acceptable level of agreement with tailwater curves generated from other sources, and is therefore considered valid
as a confirmatory alternate analysis within the level of accuracy involved with this calculation (see 3.1.3 for justification of
this). HEC-RAS data was generated by subject matter specialists within TVA, and access to this data is limited to these
individuals. Where variation between older curves and more recent curves are encountered, the higher tailwater curve is used
to quantify effects on discharge past the dam. Any variations in the tailwater rating curves, however, have little overall impact
on the headwater rating curves (see 3.1.3).

3.1.3 Assumption: Tailwater effects on Apalachia Dam can be neglected
Technical Justification: Tailwater at the dam (rivermile 66) would have to rise another 38.4 feet from its maximum value to
reach the crest elevation, which is the lowest elevation at which free discharge occurs (See Section 7, 1257'-1218.6'=38.4').
Tailwater effects can confidently be neglected for free/orifice discharge past the dam because of this margin for error between
the predicted tailwater elevation and the crest elevation. Tailwater elevation at the powerhouse (rivermile 53.6) will affect
turbine discharge in that tailwater determines the gross head driving the flow through the turbines as well as determining the
point at which turbine operation will no longer be feasible (3.1.1). According to Reference 13, turbine discharge varies by less
than 5% ([(3401 cfs/3250 cfs)-1 ]* 100%=4.6%) with a 40 foot variation in gross head (440'-400'=40'), therefore changes in
turbine discharge due to head differential can be considered negligible. Beyond a headwater elevation of 1271', turbine
discharge accounts for only a maximum of 9.96% of the total discharge past the dam (see Section 7, HW=1271',6616 cfs /
66440 cfs = 9.96%). Eliminating turbine discharge beyond this elevation would have a negligible impact on the overall rating
curves, providing a relatively large margin for error in terms of when the turbines are shut down. Accordingly, the headwater
rating curves are relatively insensitive to changes in either of the tailwater rating curves.

3.1.4 Assumption: Headwater elevation will not rise greater than 1296 feet.
Technical Justification: This PMF has been sufficient in all previous work. If a SOCH/TRBROUTE analysis requires a PMF
Flood elevation higher than the maximum elevation considered, the change will be identified by the SOCH/TRBROUTE
analyst and a revision to this dam rating curve calculation will be required.
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3.1.5 Assumption: Spillway gates are considered fully operable and open to the maximum gate opening.
Technical Justification: For technical justification, see Reference 15, "Basis for Dam Spillway Gate/Outlet Open
Configuration for Flood Analyses", and Appendix C. 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 C 1).
Appendix C 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.

3.2 Unverified Assumptions (UVA)

None.

3.3 Methodology -- Discharge Equations

Discharges past the dam are computed as either "free" discharge or "orifice" discharge. Free discharge refers to free surface
overflow and is computed using a weir-type equation as follows (References 5 shows weir flow equations for overflow
discharges):

Q , = C ,LHc"5 (1)

in which Qf = free discharge (cfs), Cf = free discharge coefficient (ft°' 5/sec), L = length of overflowing section (ft), H, = head on
crest (ft) = HW - Zc, 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 (See Results Section)

For headwater elevations above the elevation at which the nappe touches the gate lip, or H, > HLmin orifice flow occurs and is
computed from (e.g., Reference 5)

Qg =CgGL 2gHc -Hmp (2)

in which Qg = orifice discharge (cfs), Cg = orifice discharge coefficient (dimensionless -- varies with gate opening and He), Gn =

effective gate opening = minimum distance between the gate lip and the crest (ft), g = acceleration of gravity, and Hmp = vertical
distance between the mid-point of G. and the crest. This equation need not be modified to account for tailwater submergence, as
tailwater elevation is never sufficiently high as to reach the crest elevation (See Results Section)

3.4 Methodology -- Spillway Discharge Calculations

The discharge coefficient, Cf, for free discharge over a spillway crest varies with head, Hc (References 5 and 6). For the
Apalachia spillway crest, the relationships HLmin(V) and Cf(HJ) are available from model test data (Appendix A). The
relationship between orifice discharge coefficient, Cg, and head, Hc, for each gate opening, V, is also available from the model
test data. The crest length, L, and crest elevation, Zc, are shown on TVA drawings (e.g., Reference 1). The parameters G" and
Himp are determined from geometry (Appendix A).
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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 (3.2.2), 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 6-2), end contraction losses effectively
reduce the length of the overflowing spillway crest, L=320 ft (See Section 4), by 2*Ka*He, in which Ka = abutment contraction
coefficient (dimensionless), and He = Hc =energy head on the crest (in ft.). The maximum possible value for Ka = 0.2 (Att.6-2),
which means the maximum possible impact of abutment effects (calculated at maximum H, , 25 ft, See Section 7, maximum
elevation at which free discharge occurs) is equal to:

L L - 2Ka (H ] .100% = 1- 320 2(0.2)(25)] *100% =3.1%L 320

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

Values of the discharge coefficient, Cf for flows over the non-overflow section, the tops of the open spillway gates, the tops of the
spillway piers, and the area above the cutoff walls are estimated using Hydraulic Design Chart 711 (Reference 7) which is
included as Attachment 6. Length, L, and crest elevation, Zc, in each case is determined from TVA drawings (all relevant
drawings are defined as References).

The upper plot of HDC 711 (Reference 7) shows that Cf 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 H1/B increases above 1.2, Cf continues to increase as the weir transitions from broad-crested to sharp-crested at
about HI/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 Cf with Hc are not modeled and the effects of end contractions are neglected. A single
representative value for Cf within the range of its variation is used for all headwater elevations included in the rating. Neglecting
minor variations in Cf values and end contractions has negligible impact on the dam rating curves.
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4. Design Input

Sect. Input Parameter Source Symbol Value
4.1 Acceleration of gravity Common knowledge, Ref. 5, sheet. 000-1 for g 32.2 ft/sec2

example
4.2 Spillway crest parameters
4.2.1 Crest length 10 32-foot wide bays, Ref. 1 L 320 feet
4.2.2 Crest elevation Ref. 8 Zc 1257.0 feet
4.2.3 Free discharge coefficient Polynomial fit to model data given in Att. A5 and Cf Equation A3

discussed in Appendix A
4.3 Spillway gate parameters
4.3.1 Vertical opening Extrapolation of data in Attachment A3 V 19.79 feet
4.3.2 Effective gate opening Computed in Appendix A Gn 20.381 feet
4.3.3 Mid-point elevation of Gn & Computed in Appendix A Hmp 9.722 feet

Crest
4.3.4 Distance from spillway crest Estimated in Appendix A from data in Reference HLmini 26.20 feet

to point at which nappe A3
touches gates

4.3.5 Headwater elevation at HLmin estimated in Appendix A HLmin + Zc 1283.20 feet
which nappe touches gates

4.3.6 Orifice discharge coefficient Extrapolated curve given in Att. A13 and Table Cg(Hc) Interpolate
A2 and discussed in Appendix A between points in

Table A2
4.4 Spillway gate overflow
4.4.1 Overflow discharge coeff. Justification in Appendix B Co-Cf 3.1
4.4.2 Overflow elevation Justification in Appendix A Zo0-Z 1288 feet
4.4.3 Overflow length Same as spillway crest length, Ref. 1 L 320 feet
4.5 Cutoff Walls
4.5.1 Discharge coefficient Justification in Appendix B Cf 2.75
4.5.2 Overflow elevation Refs. 8, 9 and 10 Z' 1287 feet
4.5.3 Overflow length Determined in Appendix B L 73.77 feet
4.6 Non-overflow Sections

(North and Middle)
4.6.1 Discharge coefficient Justification in Appendix B Cf 2.70
4.6.2 Overflow elevation Refs. 8 and 11 Zc 1288 feet
4.6.3 Overflow length Determined in Appendix B L 671.25
4.7 Spillway Piers, Intake

I Structure and Op. Bldg.
4.7.1 Discharge coefficient Justification in Appendix B Cf 2.65
4.7.2 Overflow elevation Refs. 10 and 11 Zc 1288 feet
4.7.3 Overflow length Determined in Appendix B L 118.5
4.8 South Section, Non-

Overflow
4.8.1 Discharge coefficient Justification in Appendix B Cf 2.73
4.8.2 Overflow elevation Refs. 10 and 11 Z' 1287.83 feet
4.8.3 Overflow length Determined in Appendix B L 73.25 feet
4.9 Tailwater Rating Curves
4.9.1 TW vs. total discharge, Q Paragraph 4.12 TW(Q) Equations 3.1 and

3.2
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4.10 1Turbine Discharge I
4.10.1 Q, vs. Head on Turbine, H, Paragraph 4.14 Q (H) Equation 4

4.11 Embankment Failure

The north and south embankments may be overtopped during a PMF event. The postulated failure of the embankments would
result in the soil above the cutoff walls being washed away from elevation 1296 feet (the upper limit of this calculation) to
elevation 1287 feet (the top of the north and south cutoff walls). Refer to Appendix B for failure sketches of the north
embankment (page B1). The headwater rating curves for Apalachia Dam are calculated as if these failed sections of embankment
do not exist. These failed sections are treated as a non-overflow section of the dam with a top elevation of 1287 feet (which is the
top elevation of the cut-off walls underneath these sections).

4.12 Tailwater Rating Curves

The tailwater rating curve immediately downstream from the dam is shown in Attachment 5. Attachment 11 lists points scaled
from this plot and shows a polynomial fit to the result. The polynomial indicated in Attachment 11 and repeated below is used
for the headwater rating curve calculations (to determine submergence effects on free and orifice discharge past the dam).

TWdam = 1169.48 + 0.547*Q - 4.00x10 -3Q2 + 1.283x105 Q3  for Q < 150 (3.1a)
TWdam = o.104*Q + 1189.3 forQ> 150 (3.1b)

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

Because calculated tailwater elevation immediately downstream from the dam (See Results Section) is less than the spillway crest
elevation and overflow elevations for all headwaters in this calculation, tailwater effects on discharge (both free and orifice) can
be neglected.

The tailwater rating curve at the powerhouse is shown in Attachment 2. Attachment 22 lists points scaled from the plot and
shows a polynomial fit to the result. The polynomial indicated in Attachment 22 and repeated below is used for the headwater
rating curve calculations (to determine turbine discharge).

TWph = 840.23 + 0.1886*Q - 8.0264x10-4Q2 + 1.0297x10 6Q3  (3.2)

Total flow past the powerhouse is a combination of flows past Apalachia Dam and runoff in the watershed between the dam and
the powerhouse. Runoff will increase the flow, and thus the tailwater elevation at the powerhouse, however, as proven
quantitatively in 3.1.3, the headwater rating curves are generally insensitive to changes in powerhouse tailwater elevation.

4.13 Upper Limit on Headwater Elevation Included in Rating Curves

The headwater rating curves need to include all headwater elevations that may occur during a PMF event. The headwater at
Apalachia Dam is not expected to rise past 1296 feet. Although the headwater rating curve provided in this calculation
extends to the elevation noted, Section 5.0 of this calculation limits the applicability of this curve to the headwater elevation
defined in Section 5.0.
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4.14 Discharge through Turbines

Discharge through the turbines, Qt, was determined from Attachment 23 (Ref. 13) at 100% gate opening. Points were scaled
from Reference 13 (100% gate curve) and a curve fit to turbine discharge versus gross head was developed in Attachment 24.
The resulting polynomial is presented in Attachment 24 and repeated below.

Q, = (3.7(H,)+ 1773). (4)

in which Q, = turbine discharge in cfs, and H, = gross head on the turbine (HW-TWph) in feet. Because turbine discharge
(Equation (4)) is a function of tailwater elevation, which itself is a function of all discharges past the dam (Equations (3.1) and
(3.2)), an iterative process will be used to calculate tailwater elevation and turbine discharge in Case 1.

5.0 Special Requirements/Limiting Conditions

Calculations performed in Appendix C 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 1295.00. If PMF headwater elevations at the Apalachia Dam exceed
1295.00, a revision of this calculation will be required.
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6. Calculations

Case 1

The calculations consist of computing spillway, turbine and overflow discharges (from Equations 1, 2 and 4) for a list of
headwater elevations ranging from the crest elevation, 1257 feet, up to 1296 feet, the upper limit of this calculation. The
headwater rating curve is a plot of headwater elevation versus total dam discharge.

Discharge passes through the spillway section and turbines first and then the various overflow sections as headwater rises above
the crest elevation., Total discharge, given in "1000 cfs", is the sum of all discharges in cfs past the dam divided by 1000.

Figure 2a shows the spreadsheet calculations for the headwater rating curve (spreadsheet included as Attachment 16). The final
result, the rating curve, is defined by the first two columns, HW vs. Total Discharge.

The third and fourth columns (TW) give the tailwater elevations (at Apalachia Dam and at the powerhouse) associated with the
"Total Discharge" from the tailwater rating curve polynomial fits [4.12]. Tailwater elevation at the dam is computed to verify
that tailwater does not affect any of the discharges past the dam (free overflow or orifice flow). Tailwater elevation at the
powerhouse is used to calculate the gross head on the turbines. Because the tailwater level varies with total dam discharge, an
iterative process is used to determine turbine discharge. For the iterative process TW is assumed (red text column in Attachment
16), Qtotal is calculated (using Qt calculated from TWassumed), and TWcalculated is calculated (based on Qtotal). Iteration is done by
varying TWassumed until the difference between TWassumed and TWcalculated is equal to 0, within convergence tolerances. The
convergence tolerance was set to 1 * 106. The average difference for converged solutions is 5*10-8 feet (Attachment 16).

Spillway discharge is computed in the seventh column. H,, and CdCg are the parameters used to determine the spillway
discharge, QdQg. Free discharge occurs for elevations below 1283.20 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 Cf [4.2.3] and below the transition line the listed discharge coefficient is Cg [4.3.6].

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

The next five columns are overflow discharges in cfs for the various overflow sections of the dam. The first column calculates
overflow discharge of the spillway gates. The next column calculates discharges over the north and south cutoff walls. The third
column calculates discharges over the south section of the non-overflow dam. The fourth column determines discharge over the
north and middle sections of the non overflow dam, and the fifth column calculates discharge over the piers, intake structure and
operations building. The overflow discharge coefficient Cf ([4.4.1], [4.5.1], [4.6.1], [4.7.1], [4.8.1]), elevation Zc ([4.4.2],
[4.5.2], [4.6.2], [4.7.2] , [4.8.2]), and length L ([4.4.3], [4.5.3], [4.6.3], [4.7.3], [4.8.3]) 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.

The final column contains the discharge past the turbines, Qt in cfs, determined from the gross head on the turbine, H,.
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Case 2

The calculations consist of computing spillway and overflow discharges (from Equations 1 and 2) for a list of headwater
elevations ranging from 1296 feet, the upper limit of this calculation, to the crest elevation, 1257 feet. 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 16). 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 (at Apalachia Dam) associated with the "Total Discharge" from the tailwater
rating curve polynomial fits [4.12]. Tailwater elevation at the dam is computed to verify that tailwater does not affect any of the
discharges past the dam (free overflow or orifice flow). Because no discharge past the dam is a function of tailwater elevation,
an iterative process is not required to determine tailwater elevation in Case 2.

Spillway discharge is computed in the sixth column. H,, and CdCg are the parameters used to determine the spillway discharge,
QdQ,. Free discharge occurs for elevations below 1283.20 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 Cf
[4.2.3] and below the transition line the listed discharge coefficient is Cg [4.3.6].

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

The next five columns are overflow discharges in cfs for the various overflow sections of the dam. The first column calculates
overflow discharge of the spillway gates. The next column calculates discharges over the north and south cutoff walls. The third
column calculates discharges over the south section of the non-overflow dam. The fourth column determines discharge over the
north and middle sections of the non overflow dam, and the fifth column calculates discharge over the piers, intake structure and
operations building. The overflow discharge coefficient Cf ([4.4.1], [4.5.1], [4.6.1], [4.7.1], [4.8.1]), elevation Z, ([4.4.2],
[4.5.2], [4.6.2], [4.7.2] , [4.8.2]), and length L ([4.4.3], [4.5.3], [4.6.3], [4.7.3], [4.8.3]) 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.



TVA
Calculation No. CDQ000020080001

Subject: Dam Rating Curves, Apalachia

Rev: 1 Plant: GEN Page: 18

Prepped WBB
Checked JBM

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 total Apalachia 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, the
spillway gates must all be fully raised and powerhouse gates open 100%.

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 1295.00.
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Apalachia Rating Curve, Case 1

g = 32.2 ft/s2

Spillway Parameters
L = 320 feet

4= 1257 feet

Gý = 20.381 feet

Hmp = 9.722 feet

Overflow Discharge, Qf in cfs

Piers

Gate

Q Mile Mile Overflo
Total 66 53.6 Spillway Cf = 3.1

HW Discharge TWd-r, TWph feet cfs Z = 1288

feet 1000 cfs feet feet H. Cf I Cg Qf I Qg L = 320

Cutoff South Non-Over Intake &
w Section Section Dam Op Bldg Turbine Dschg.

2.75 2.73 2.7 2.65 At 100% Gate

1287 1287.83 1288 1288 feet Qt

73.77 73.25 671.25

1257
1258

1261
1263

1265
1267
1269
1270
1271
1272

1274

1275
1276

1278
1279

1281
1282

1283.2
1284

1285
1286
1287

1287.83
1288
1289
1290
1291
1292
1293
1294

1295
1296

3.31 1171.2 841.2 0 2.85 0
4.25 1171.7 841.4 1 2.93 938

11.37 1175.2 843.4 4 3.14 8047
18.64 1178.4 845.3 6 3.26 15318

27.60 1181.8 847.6 8 3.35 24280

38.08 1185.2 850.1 10 3.44 34761

49.95 1188.4 852.8 12 3.51 46636

56.38 1189.9 854.2 13 3.54 53071

63.14 1191.3 855.5 14 3.57 59827

70.21 1192.6 856.9 15 3.60 66902

85.32 1195.0 859.7 17 3.66 82015

93.37 1196.1 861.0 18 3.69 90062

101.75 1197.2 862.4 19 3.71 98450

119.61 1199.6 865.1 21 3.78 116311
129.12 1201.0 866.4 22 3.81 125825

149.45 1204.7 868.9 24 3.88 146154

160.33 1205.9 870.2 25 3.93 157038

173.00 1207.2 871.5 26.2 0.799 169700

172.18 1207.1 871.4 27 0.776 168876
170.70 1207.0 871.3 28 0.748 167401

168.76 1206.8 871.1 29 0.720 165456
172.22 1207.1 871.4 30 0.717 168907

175.13 1207.4 871.7 30.8 0.714 171664

175.75 1207.5 871.8 31 0.713 172217

182.65 1208.2 872.5 32 0.710 175394

193.27 1209.3 873.5 33 0.711 179445

205.69 1210.6 874.7 34 0.711 183420

216.24 1211.7 875.6 35 0.712 187324

231.36 1213.3 876.9 36 0.713 191161
247.59 1215.0 878.2 37 0.713 194935

264.83 1216.7 879.6 38 0.714 198650
283.02 1218.6 881.0 39 0.714 202309

0
0

0
0

0
0
0

0
0

0
0

0

0
0

0
0

0
0
0

0

0
0

0

0
992

2806
5155
7936

11091
14579
18372
22446

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

153
203
574

1054
1623
2268
2982
3757
4590
5477

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

14

253
639

1129

1703

2351
3065

3839

4670

0

0

0
0

0
0
0

0
0

0
0

0

0
0
0
0

0
0
0

0

0
0

0

0

1812
5126
9417

14499
20263
26636
33566
41009

118.5 Ht cfs

0 415.8

0 416.6

0 417.6
0 417.7

0 417.4

0 416.9
0 416.2
0 415.8

0 415.5

0 415.1
0 414.3

0 414.0

0 413.6
0 412.9
0 412.6

0 412.1

0 411.8

0 411.7
0 412.6
0 413.7

0 414.9

0 415.6
0 416.1

0 416.2

314 416.5
888 416.5

1632 416.3

2512 416.4
3511 416.1
4615 415.8

5816 415.4

7106 415.0

3312
3314

3318
3318

3317

3315

3313
3312
3310

3309

3306
3305

3303
3301
3300
3298

3297

3296
3299

3304

3308
3311
3313

3313
3314

3314
3313

0
0

0
0
0

Figure 2a - Calculations for Headwater Rating Curve, Case 1
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Apalchia Rating Curve, Case 2

g = 32.2 ft/s
2

Spillway Parameters
L = 320 feet

Z, = 1257 feet Overflow Discharge, Qf in cfs

Gn = 20.381 feet Piers

Hmp = 9.722 feet Gate Cutoff South Non-Over Intake &

Q Mile Overflow Section Section Dam Op Bldg

Total 66 Spillway Cf = 3.1 2.75 2.73 2.7 2.65

HW Discharge TWdam feet cfs Zc = 1288 1287 1287.83 1288 1288

feet 1000 cfs , feet H, Cf I Cg Qf I Q, L = 320 73.77 73.25 671.25 118.5

1257 0.00 1169.5 0 2.85 0 0 0 0 0 0

1258 0.94 1170.0 1 2.93 938 0 0 0 0 0

1261 8.05 1173.6 4 3.14 8047 0 0 0 0 0

1263 15.32 1177.0 6 3.26 15318 0 0 0 0 0

1265 24.28 1180.6 8 3.35 24280 0 0 0 0 0

1267 34.76 1184.2 10 3.44 34761 0 0 0 0 0

1269 46.64 1187.6 12 3.51 46636 0 0 0 0 0

1270 53.07 1189.2 13 3.54 53071 0 0 0 0 0

1271 59.83 1190.6 14 3.57 59827 0 0 0 0 0

1272 66.90 1192.0 15 3.60 66902 0 0 0 0 0

1274 82.01 1194.5 17 3.66 82015 0 0 0 0 0

1275 90.06 1195.7 18 3.69 90062 0 0 0 0 0

1276 98.45 1196.8 19 3.71 98450 0 0 0 0 0

1278 116.31 1199.2 21 3.78 116311 0 0 0 0 0

1279 125.82 1200.5 22 3.81 125825 0 0 0 0 0

1281 146.15 1204.0 24 3.88 146154 0 0 0 0 0

1282 157.04 1205.6 25 3.93 157038 0 0 0 0 0

1283.2 169.81 1206.9 26.2 0.799 169812 0 0 0 0 0

1284 169.00 1206.8 27 0.777 168995 0 0 0 0 0

1285 167.53 1206.7 28 0.749 167529 0 0 0 0 0

1286 165.59 1206.5 29 0.721 165594 0 0 0 0 0

1287 168.93 1206.8 30 0.717 168931 0 0 0 0 0

1287.83 171.84 1207.1 30.83 0.714 171689 0 153 0 0 0

1288 172.46 1207.2 31 0.713 172242 0 203 14 0 0

1289 179.37 1207.9 32 0.710 175420 992 574 253 1812 314

1290 189.96 1209.0 33 0.711 179445 2806 1054 639 5126 888

1291 202.38 1210.3 34 0.711 183420 5155 1623 1129 9417 1632

1292 216.24 1211.7 35 0.712 187324 7936 2268 1703 14499 2512

1293 231.36 1213.3 36 0.713 191161 11091 2982 2351 20263 3511

1294 247.59 1215.0 37 0.713 194935 14579 3757 3065 26636 4615

1295 264.83 1216.7 38 0.714 198650 18372 4590 3839 33566 5816

1296 283.02 1218.6 39 0.714 202309 22446 5477 4670 41009 7106

Figure 2b - Calculations for Headwater Rating Curve, Case 2
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Apalachia Headwater Curves

2008 Rating
Case 1

HW
feet

1257
1258
1261
1263
1265
1267
1269
1270
1271
1272
1274
1275
1276
1278
1279
1281
1282

1283.2
1284
1285
1286
1287

1287.83
1288
1289
1290
1291
1292
1293
1294
1295
1296

Total
Discharge
1000 cfs

3.31
4.25

11.37
18.64
27.60
38.08
49.95
56.38
63.14
70.21
85.32
93.37

101.75
119.61
129.12
149.45
160.33
173.00
172.18
170.70
168.76
172.22
175.13
175.75
182.65
193.27
205.69
216.24
231.36
247.59
264.83
283.02

2008 Rating
Case 2

Total
HW Discharge
feet 1000 cfs

1257 0.00
1258 0.94
1261 8.05
1263 15.32
1265 24.28
1267 34.76
1269 46.64
1270 53.07
1271 59.83
1272 66.90
1274 82.01
1275 90.06
1276 98.45
1278 116.31
1279 125.82
1281 146.15
1282 157.04

1283.2 169.70
1284 168.88
1285 167.40
1286 165.46
1287 168.91

1287.83 171.82
1288 172.43
1289 179.34
1290 189.96
1291 202.38
1292 216.24
1293 231.36
1294 247.59
1295 264.83
1296 283.02

Figure 3 - Headwater Rating Results
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Apalachia Powerhouse Tailwater Rating
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0*l1000
0
1

1.3
2

2.8
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19

20
50
75

100
125
150
175
200
300
400

Q Elevation
0 837.503

1,000 839.022
1,300 839.5
2,000 839.803
2,800 840.4
3,000 840.433
4,000 840.991
5,000 841.493
6,000 841.952
7,000 842.382
8,000 842.792
9,000 843.173

10,000 843.543
11,000 843.901
12,000 844.242
13,000 844.57
14,000 844.892
15,000 845.213
16,000 845.512
17,000 845.81
18,000 846.102

19,000 846.381
20,000 846.66
50,000 853.37
75,000 857.74

100,000 861.56
125,000 865
150,000 868.18

175,000 871.16
200,000 873.96
300,000 884.01
400,000 892.77

ACTUAL DATA
Dichar~ee Elevation

0 837.9
1212 839.4
2860 840.4

4900 841.4
6920 842.1

10047 843.4

@ River Mile 66.0, 1941 Data
(Based on 1941 Channel)

Dicharge Elevation
0 1167.5

10,000 1172.7
20,000 1175.5
40,000 1179.9
60,000 1183.4
80,000 1186.3

100,000 1189.2
120,000 1191.8
140,000 1194.2
150,000 1195.4

Apalachia TailwaterSFA.xls Prepared by: River Scheduling
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Reference 3
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Page 26

HEC-RAS Plan: finalHwFrqP River: RIVER-i Reach: Reach-i
Reach River Sta Profile Q Total W.S. Elev

(cfs) (ft)
RAS data

Rivermile 53.6 20 834.92
2700 840.37
9400 843.7

17000 846.29
31500 849.97
41000 851.92
71000 856.93

100000 860.8
150000 866.4
400000 885.6

Rivermile 66
RAS data

20 1168.43
2700 1171.47
7000 1173.52

15000 1177.29
25000 1180.99
29000 1182.27
50000 1187.83

100000 1197.3
150000 1204.8
400000 1230.7
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Reference 3
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Page 28

Apalachia Tailwater Rating River Mile 66.0

1210

1205

1200

1195

S' 1190

1185

1180

1175

1170

1165

Current TVA
River Operations
HEC-RAS model
Tailwater Curve

Provided by Steve
Amick

12-19-2008

-1941 Data

E RAS data

1941 Data was
based on channel
conditions before

dam closure. HEC.
RAS data is

corrected for more
recent channel

conditions
(vegetation,
deposition)00

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000 160,0'

Discharge (cfs)
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Source: Reference 7

Calculation No: CDQ000020080001
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SUGGESTED DtAMON CURVE.

.3.4 I
3.2

2.4

3.0~~~56 
TEST ATs ~vs'1 CORNEL'L

.8 AND BARKER - 4 1

24 - I9~C~j N - - - - - - - - - - - -

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4

HE

a. FREE; VLOW

I.a 1.8 2.0

C*

0.0 0.1 0.2 0.3 0.4 0,5 0.6 0.7 0.8 0.9 1.0

H

b. SUBMEF

NOTE: Cf FREE-FLOW COEFFICIENT
C. SUBMERGED-FLOW COEFFICIENT

NEGLIGIBLE VELOCITY OF APPROACH

RAI-SED HUM5ERS OH s7smBERGE. FI.OW
CHART ARE REFERENCE NUMBERS FROM
TEXT.

1GW FLOW

LOW-MONOLITH DIVERSION
DISCHARGE COEFFICIENTS

HYDRAULIC DESIGN CHART 711

*AZP*NSO ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ E SY9.SM MILSWtf*ttC7Vtl* IMB*.SNWP I-$-~



Attachment 6-2

Source: Reference 7
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Page 29.2

BASIC EQUATION
QC-EL'-2(N.p+K )H.)HO3' 2

WHERE:
0 :DISCHARGE, CFS
C - DISCHARGE COEFFICIENT
L: . NET LENGTH OF CREST, FT
N . NUMBER OF PIERS
Kp . PIER CONTRACTION COEFFICIENT
Ka= ABUTMENT CONTRACTION COEFFICIENT
Hg - ENERGY HEAD ON CREST, IrT

LEGEND
He

SYMBOL

0

PROJECT
OORENA
DORENA
RED ROCK*
CARLYLE ,
WALTER F. GEORGE

R
2
4
7. 8
9
4

W/L
5.60

5.60
3.42
SA4
5.44

W/H
10.7
10.7
16.5

75.5
55.3

NGATEO SPILLWAY WITH PIERS

NOTE: R :RADIUS OF ABUTMENT, FT
W WIDTH OF APPROACH REPRODUCED IN

MODEL, FT
L :GROSS WIDTH OF SPILLWAY, FT
H -DEPTH OF APPROACH IN MODEL, FT
H,-DESIGN HEAD ON CREST, FT

Ka

OVERFLOW SPILLWAY CREST WITH
ADJACENT EMBANKMENT SECTIONS
ABUTMENT CONTRACTION COEFFICIENT

HYDRAULIC DESIGN CHART 111-3/2

REY 1-64 WES 8-600
REV -44 WES 8-SO
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I Attachment 11 1 Calculation No: CDQ000020080001
Page 34 1

Attachment 16-Apalachia Headwater Rating Curve Rev A.xls, Fit to Tailwater Curve

From River Mile 66
RAS model data

scale TW from plot
Discharge TW
1000 cfs feet

0.02 1168.43

2.7 1171.47

7 1173.52

15 1177.29

25 1180.99

29 1182.27

50 1187.83

100 1197.3

150 1204.8

400 1230.7

from polynomial
Discharge TW
1000 cfs feet

0.02 1169.49

2.7 1170.93

7 1173.12

15 1176.83

25 1180.86

29 1182.29

50 1188.43

100 1197.01

150 1204.83

300 1220.38
400 1230.74

1240

1230

1220

1210

0
= 1200

W

1190

" 1180

1170

1160

1150

-- - -- -

I -

W I -

-. I

--

- -Tailwater Polynomial Fit|

- * Tailwater Rating I

0 50 100
1

150 200 250 300 350 400

Discharge, 1000 cfs

Polynomial Curve Fit: TW = 1169.48 + 0.547"Q -4.00xl 0-3Q2 + 1.283x 10-5Q3 for Q-5150

TW=0.1 04*Q+1 189.3 for Q>1 50
where TW = tailwater elevation in feet and Q = discharge in 1000 cfs



Attachment 12

412 DRUM GATES Source: Reference 12
been able to check the discharge measurements of Bazin, However, tfre
actual values are not so important-for the case at hand as is the significance
of the trend.

lMETHOD or CrOonBxnwo TEsT RESULTS

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

2

Calculation No: CDQ000020080001
Page 35

. . . 4 1 3

total head, including tire velocity hIad of approach, niensured above tile bightpoint of the is-tx b~r radius of the gate. In Fig. 5, Cq is based on tirerelationshi Q=C, L I. For positive values of 6, the head was measuredabove the ros or negative anglCs it was observed abovetile high point, or crest, of the gate proper. The method of measuring thehead is illustrated in Fig. 2.
Upon completion of a similar set of curves for each gate tested, the elevensets of curves were repiotted and combined into the chart exhibited as Fig. ;.'Tre results ron the various gates showed good general agreement; end thecurves in Fig. 6 constitute the general experimental information need fordetermining the discharge coefficients for gates in raised or partly raised

posiions. "'ie supporting points arc not shown in Fig. 6, but the individualinfornation for each gate is listed in Table 2.

AnALYsIS OF TEST RESULTS
The curves in Fig. 6 show a tendency toward reversal, similar to that e.x-hibited by the Bazin curve in Fig. 4, but the points of inflection very from0 = 200 to 0 =300, depending on the value of Il/r. Fig. 4 showed the co-eflicients to vary only slightly with the head, but in this case the coefficientsdefinitely vary with the head.
A matter of significance is the reversal of the (H/r)-order which occurs at29' (Fig. 0). The coefficient of discharge has but one value, 3.88, when 0 ap-proximates 290; thius, it is insensitive to both the radius and the head on thegate for this angle. The curve for 11/r - 0 approximates a drum gate ofinfinite radius and was obtained from the data of Baffin (Fig. 4) by apply-ing a uniform adjustment.
As stated previously, similitude is valid for small negative angles of 0, aswell as for positive angles up to 900; thus, the curves in Fig. 6 are shownand recommended for use down to 6 = -15I. As the gate is lowered beyondthis angle, the curves double back and converge, finally terminating in thefree flow coefficient.
The dischiarge coefficients in the region between 0 -I15 and the gatecompletely down are determined by- graphical interpolation. Interpolation isaccomplished by plotting heari-discharge curves for several gate angles between-15' and the maximum positive angle. Also the head-discharge curve isplotted for the free crest.. This information is then cross-plotted to obtainvalues in the transition zone. The method will be explained in the examplethat follows. It will be discovered that negative angles greater than -15'(with the exception of the free crest) are not particularly important from anoperator's standpoint, as a change in gate position has little effect on the dis-charge in this range.

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

I aaio L 3. .
1,8 2.9 3.0 3.1 3,2 3.3 3.4 3.5 3.6 3.7 3.9

Discharge Coeffcient, Cq

F10. (5.-OnERAn, CUIaVES FOR RoE DgTgnIrrAINon r DIWARGtno CoE1ICIF.NTSi

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

r



Attachment 22

Source: Reference 3

Calculation No: CDQ000020080001L Page 36

Attachment 16-Apalachia Headwater Rating Curve Rev A.xls, Fit to Tailwater Curve

Riverware Data, Rivermile 53.6

TW Elevation Fit to
Discharge At Powerhouse TW
1000 cfs ft ft

0 837.503 840.230

1 839.022 840.518

1.3 839.5 840.604

2 839.803 840.805

2.8 840.4 841.033

3 840.433 841.090

4 840.991 841.373

5 841.493 841.655

6 841.952 841.935

7 842.382 842.213

8 842.792 842.490

9 843.173 842.766

10 843.543 843.040

11 843.901 843.312

12 844.242 843.583

13 844.57 843.852

14 844.892 844.120

15 845.213 844.386

16 845.512 844.651

17 845.81 844.914

18 846.102 845.176

19 846.381 845.436

20 846.66 845.695

50 853.37 852.797

75 857.74 857.817

100 861.56 862.123

125 865 865.812

150 868.18 868.981

175 871.16 871.725

200 873.96 874.142

300 884,01 882.464

400 892.77 893.268

Polynomial Curve Fit: TW = 840.23 + 0.2889*Q -8.0264x1l0 Q2 + 1.0297x1 063

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

900

890

880 1
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I -
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---------- L L --------------
t I

I i!
F II

I I F F

IFI FI

II F F F F

- Tailwater PolynomialFi F

, * Tailwater Rating

I FI I I I F

I F I t II
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850 -

840,
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Source: Reference 13
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Source: Reference 13
From Drawing 124K41

Gross Discharge Fit to
Head per Turbine Data

ft
400
410
420
430
440

cfs
3250
3295
3326
3363
3401

cfs
3253
3290
3327
3364
3401

Turbine Discharge Vs. Gross Head (1 Turbine)

[ Seriesi - Linear (Series1)

3420
3400 -

t 3380 _ 2
R 23360 R

.2 3340-
3320

3260
3240

390 400 410 420 430 440 450

Ht, ft
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Appendix A: Spillway Discharge Coefficients and Submergence Factors for Apalachia Dam
from 1:28.72 Scale Model Test Data

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

Apalachia Dam has ten 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 as specified in the Spillway Gate
Arrangements table in Reference A 1 and included as Attachment A2. As shown in this table, the maximum opening corresponds
to reading "21" on the gate position indicators for the spillway. 1966 Field measurements of V, the vertical distance between the
bottom lip of a raised spillway gate and the spillway crest, are summarized in Attachment A3 (from Reference A2). For gate
position indicator reading "21" the average value of V for the ten gates is 19.79 feet.

Test data from a 1:28.72 scale model are available for free discharge conditions and for orifice discharge conditions for seven
different gate openings varying from V = 1.53 feet to V = 16.30 feet (Reference A3). Orifice discharge data were not collected
for gate openings as large as V = 19.79 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 16.30, 13.04, 9.75, and 6.45 feet are used
here to estimate orifice flow discharge characteristics for V = 19.79 feet.

A. 1 References

Al. "Apalachia Dam Spillway Discharge Tables," River Operations, Tennessee Valley Authority, 2004, EDMS #L58 081212
805
A2. TVA Files, binder "SPILLQ Vol. 2: Projects, Apalachia through Chickamauga"
A3. "Tainter Gate Rating Data Determined from Eight TVA Model Studies," Tennessee Valley Authority, Division of Water

Control Planning, Engineering Laboratory, Norris, TN, 1962, RIMS No. L58 080821 001 (Attachment A18)
A4. "Hydraulic Design Criteria," USACE (U. S. Army Engineer Waterways Experiment Station), Eighteenth issue, Vicksburg,

MS, 1988
A5. Open Channel Flow, F. M. Henderson, Macmillan, New York, 1966.
A6. TVA drawing no: 54W200, R4 (Attachments A8 & A16)
A7. TVA drawing no: 51N201, R4 (Attachments A9 & A17)
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A.2 Discharge Equations

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

Q, =CfLHC 1.5 (Al)

in which Qf = free discharge (cfs), Cf = free discharge coefficient (ft°5/s), L = length of overflowing section (ft), H, = head on
crest (ft) = HW - Zc, HW = headwater elevation (ft), and Z, = top, or crest, elevation of overflowing section (ft).

For headwater elevations above the elevation at which the nappe touches the gate lip, or H, > HLm,,inl, orifice flow occurs and is
computed from (e.g., Reference A4)

Qg = CgG,,LV2g(Hc -Hip) (A2)

in which Qg = orifice discharge (cfs), Cg = orifice discharge coefficient (dimensionless -- varies with gate opening and Hc), Gn =

effective gate opening = minimum distance between the gate lip and the crest (ft), g = acceleration of gravity (32.2 ft/s2 --
common knowledge, Reference A4, sheet. 000-1 for example), and Hmp = vertical distance between the mid-point of Gn and the
crest (in ft.).

A.3 Model Test Data

The 1:28.72 scale Apalachia model test data (Reference A3) are used to determine

SCf(HJ)
" HLmin and Cg(Hc) for V = 19.79 ft.

The model test data for both orifice and free discharge are tabulated in Reference A3 and these data are used below to estimate
HLiln and Cg(Hc) for V = 19.79 feet and to establish a curve fit for Cf(HC). Attachment A5 provides the pages from Reference A3
that are relevant to these calculations.

Model data are scaled to prototype values using the following scale ratios from Attachment A6 (Reference A5):

0 Vp/Vm and Hp/Hm = 28.72
* QIIQm = (28.72)25 = 4420.4

in which H is "head" in feet and represents any water level difference (d of Hc, for example), the p-subscript denotes prototype,
and the m-subscript denotes model.



TVA
Calculation No. CDQ000020080001 Appendix A Rev: 0 Plant: GEN Page:A3
Subject: Dam Rating Curves, Apalachia Prepped CTS

Checked JCT

A.4 Geometry

Parameters G,, Hmp, Zo (gate overflow elevation), and 3 (angle plotted against discharge coefficient in Reference A4) are
computed from crest and gate geometry as described in Attachment A7. Table Al gives the values of these parameters for
V = 6.45, 9.74, 13.04, 16.30, and 19.79 feet.

Table A l: Geometrical Parameters for Relevant Gate Openings

V, feet Gn, feet Hmp, feet Zo, feet 1, deg.
6.45 6.677 3.129 1284.30 81.5
9.74 9.960 4.783 1285.64 90.3
13.04 13.301 6.424 1286.54 98.5
16.30 16.664 8.028 1286.95 106.2
19.79 20.381 9.722 1288 114.3

As an example, the procedure for computing the geometrical parameters for V = 19.79 feet is given here. From Attachment A8
(Reference A6),

* R=22.5 feet
" Z= 1257 feet
" Ztr = 1264.47 feet

z = 1264.47 - 1257 + 0.505 = 7.975 feet
* z2 =1280 - 1264.47 = 15.53 feet

where the parameters are defined in Attachment A7-2. Referring to Attachment A7:

Angle 0:

Angle cc:

0 = sin-' 15.532- sin-1 (.975) = 64.407'(22.5) 22.5)

a = tan-I! 1264.47 -1257 -19.79

= -33.1990422.52 -(1264.47-1257 -19.79)2

Overflow elevation Z.: Zo = 1264.47 + 22.5 sin[64.407 -(-33.017)] = 1286.77 feet

According to Attachment A8, very little clearance exists between the tainter gates and the concrete deck above the
spillway when the gates are in the fully opened position. Because of this minimal clearance, it is assumed that gate
overflow discharge will pass over the concrete deck before flowing over the top of the open gate. Accordingly, the
overflow elevation used in calculation is equal to the top elevation of the concrete deck (1288 feet, Attachment A8).

Gate lip y-coordinate:

Gate lip x-coordinate:

ye = 1264.47 -1257 -19.79 = -12.32 feet

x, = 422.52 -(-12.26)2 = 18.827 feet

From Attachment A9 (Reference A7), the equation for the spillway crest is:
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yS=f (x:):- + + X:for x:>0
27000 68 15

This equation has been corrected to calculate ys* referenced from the crest centerline, which is 6.9 feet from the origin of the crest
coordinates as given in Reference A6 (xs* - 6.9 + 6.9 = x,*)

in which y, = Ys - 7.47 and x,, = 25.073 - x,. In terms ofys and x,:

Ys=f(x,) =7.47- (25.073 - x,)3 + (25.073 -_x)2 + (25.073 - x) for xs <25.073 feet

27000 68 15

and

dy, - 3(25.073- Xs)
2  2(25.073- x) I

dxs 27000 68 15

To get effective gate opening, G5, solve the following equation for x,5:

x"18.827[7.47 (25.073- x_, )3 + (25.073 _- X, )2 + (25.073-xs,,) (-12.32) 3(25.073-x", )22(25.073-x,,,)_ 1 0

x,,-887 27000 68 15 - 1 ~ 27000 22 68 15]

Solution:

* Xsn = 21.9798 feet (by iteration)
* yn = 7.47 - (25.073-21.9798)'/27000 + (25.073-21.9798)2/68 + (25.073-21.9798)/15 = 7.816

0 G, = V(21.9798-18.827)2 +(7.816-(-12.32))2 = 20.381 feet

and

* Hmp = 19.79-[7.8115 - (-12.32)]/2 = 9.722 feet

* 8 = 1900~ -tan' (- 12.32) _ tan-1 ( 21.9798--18.827 90-- (-33.20-) -8.90- 114.30
=18.827 7.816-(-12.32)
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A.5 Determination of HLmin(V)

Attachment A 10 shows the model test data (Attachment A5-4) for HLroin and a polynomial curve fit to the data (spreadsheet
included as Attachment A15). A value of HLmin for V = 19.79 feet is established by using the polynomial to extrapolate the data.
The following is used for the headwater rating curve calculations:

HLmin = 26.20 feet for V = 19.79 feet.

A.6 Determination of Cf(Hc)

Attachment Al 1 shows the model test data for free discharge (Attachment A5-5) and a polynomial curve fit to the data. The
"6.684" in the "Definition" was the length of the model crest in feet (Attachment A5-1). The polynomial indicated in
Attachment Al 1 is used for the headwater rating curve calculations:

Cf = 6.8700 xl0H- 3 - 0.003436 Hc 2+0.08600* H, +2.85 (A3)



TVA
Calculation No. CDQ000020080001 Appendix A Rev: 0 Plant: GEN Page:A6

Subject: Dam Rating Curves, Apalachia Prepped CTS

Checked JCT

A.7 Determination of Cg(Hc) for V = 19.79 feet

Attachment A12 shows the calculations and results for extrapolating Cg(Hc) for V = 19.79 feet from the model data for other gate
openings. The first column in Attachment A12 indicates the data for which Hc = HLmin, at which H, is just high enough to touch
the bottom of the gate. The discharge indicated for V = 19.79 feet at Hc = HLroin is the free discharge computed using Cf(HJ) from
equation A3. The first three numerical columns list the model data (scaled to prototype dimensions) for V = 6.45, 9.74, 13.04,
and 16.3 feet as listed in Attachment A5-4. The rows that do not include values of discharge, Q, were added to extrapolate the
data. The next two columns after the model data list prototype geometrical parameters. The last numerical column lists the C9
values computed from the data. Values that were "estimated" for extrapolation purposes are labeled as such to the right of the Cg
column.

Attachment A13 shows Cg plotted against Hc for all gate openings. All curves include extrapolated segments to H, = 40 feet.
The estimated curve for V = 19.79 feet starts with the value for Hc = HLmrin and runs approximately parallel to the curve for
V = 16.30 feet. Given the absence of data, this extrapolated line segment fit for Cg(Hc) at V = 19.79 feet is used for the
headwater rating calculations. Table A2 lists the points describing the extrapolated relationship.

Table A2: Points Defining Extrapolated Curve for Cg(Hc) at V = 19.79 feet.

Hc, feet "C,
26.12 0.801
29.00 0.720
32.00 0.710
40.00 0.715

As further justification for the extrapolation, Attachment A14 shows the Apalachia Cg values at large H, plotted against angle P
on Hydraulic Design Chart 311-1 from Reference A4 showing U.S. Army Corps of Engineers data for tainter gates on standard
crests. The value of X/Hd for Apalachia is 0.17 (X = 3.99 feet, Attachment A8, and Hd -Ho= 23.0, Attachment A5-1).
Presumably because TVA's spillway crests are not standard, TVA data always lie to the left of the suggested design curves on
this chart. Note that Cg = 0.715 at Hc = 40 feet and V = 19.79 feet (3 = 114.3 degrees) is a very reasonable extrapolation of the
Apalachia data curve and appears reasonable compared with the suggested design curves on the chart.
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SPILLWAY GATE ARRANGEMENTS

Arrange- Gate Number
ment

Number 1 2 3 4 5 6 7 8 9 10

1 0 0 0 1 0 0 0 0 0 0
2 0 0 0 1 0 0 1 0 0 0
3 0 1 0 1 0 0 1 0 0 0
4 0 1 0 1 0 0 1 0 1 0
5 0 1 0 1 1 0 1 0 1 0

6 0 1 0 1 1 1 1 0 1 0
7 1 1 0 1 1 1 1 0 1 0
8 1 1 0 1 1 1 1 0 1 1
9 1 1 1 1 1 1 1 0 1 1
10 1 1 1 1 1 1 1 1 1 1

11 1 1 1 2 1 1 1 1 1 1
12 1 1 1 2 1 1 2 1 1 1
13 1 2 1 2 1 1 2 1 1 1
14 1 2 1 2 1 1 2 1 2 1
15 1 2 1 2 2 1 2 1 2 1

16 1 2 1 2 2 2 2 1 2 1
17 2 2 1 2 2 2 2 1 2 1
18 2 2 1 2 2 2 2 1 2 2
19 2 2 2 2 2 2 2 1 2 2
20 2 2 2 2 2 2 2 2 2 2

21 2 2 2 3 2 2 2 2 2 2
22 2 2 2 3 2 2 3 2 2 2
23 2 3 2 3 2 2 3 2 2 2
24 2 3 2 3 2 2 3 2 3 2
25 2 3 2 3 3 2 3 2 3 2

26 2 3 2 3 3 3 3 2 3 2
27 3 3 2 3 3 3 3 2 3 2
28 3 3 2 3 3 3 3 2 3 3
29 3 3 3 3 3 3 3 2 3 3
30 3 3 3 3 3 3 3 3 3 3

31 3 3 3 4 3 3 3 3 3 3
32 3 3 3 4 3 3 4 3 3 3
33 3 4 3 4 3 3 4 3 3 3
34 3 4 3 4 3 3 4 3 4 3
35 3 4 3 4 4 3 4 3 4 3

36 3 4 3 4 4 4 4 3 4 3
37 4 4 3 4 4 4 4 3 4 3
38 4 4 3 4 4 4 4 3 4 4
39 4 4 4 4 4 4 4 3 4 4
40 4 4 4 4 4 4 4 4 4 4

Arrange- Gate Number
ment 6

Number 1 2 3 4 5 6 7 8 9 10

41 4 4 4 5 4 4 4 4 4 4
42 4 4 4 5 4 4 5 4 4 4
43 4 5 4 5 4 4 5 4 4 4
44 4 5 4 5 4 4 5 4 5 4
45 4 5 4 5 5 4 5 4 5 4

46 4 5 4 5 5 5 5 4 5 4
47 5 5 4 5 5 5 5 4 5 4
48 5 5 4 5 5 5 5 4 5 5
49 5 5 5 5 5 5 5 4 5 5
50 5 5 5 5 5 5 5 5 5 5

51 5 5 5 6 5 5 5 5 5 5
52 5 5 5 6 5 5 6 5 5 5
53 5 6 5 6 5 5 6 5 5 5
54 5 6 5 6 5 5 6 5 6 5
55 5 6 5 6 6 5 6 5 6 5

56 5 6 5 6 6 6 6 5 6 5
57 6 6 5 6 6 6 6 5 6 5
58 6 6 5 6 6 6 6 5 6 6
59 6 6 6 6 6 6 6 5 6 6
60 6 6 6 6 6 6 6 6 6 6

61 6 6 6 8 6 6 6 6 6 6
62 6 6 6 8 6 6 8 6 6 6
63 6 8 6 8 6 6 8 6 6 6
64 6 8 6 8 6 6 8 6 8 6
65 6 8 6 8 8 6 8 6 8 6

66 6 8 6 8 8 8 8 6 8 6
67 8 8 6 8 8 8 8 6 8 6
68 8 8 6 8 8 8 8 6 8 8
69 8 8 8 8 8 8 8 6 8 8
70 8 8 8 8 8 8 8 8 8 8

71 8 8 8 8 8 8 8 8 8 10
72 8 8 8 8 8 8 8 10 8 10
73 8 8 8 8 8 10 8 10 8 10
74 8 8 8 10 8 10 8 10 8 10
75 8 10 8 10 8 10 8 0 8 0

76 10 10 8 10 8 10 8 10 8 10
77 10 10 10 10 8 10 8 10 8 10
78 10 10 10 10 10 10 8 10 8 10
79 10 10 10 10 10 10 10 10 8 10
80 10 10 10 10 10 10 10 10 10 10

GATE OPENINGS

Arrange- Gate Number
ment

Number 1 2 3 4 5 6 7 8 9 10

81 10 10 10 10 10 10 10 10 10 14
82 10 10 10 10 10 10 10 14 10 14
83 10 10 0 0 10 14 10 14 10 14
84 10 10 10 14 10 14 10 14 10 14
85 10 14 10 14 10 14 10 14 10 14

86 14 14 10 14 10 14 10 14 10 14
87 14 14 14 14 10 14 10 14 10 14
88 14 14 14 14 14 14 10 14 10 14
89 14 14 14 14 14 14 14 14 10 14
90 14 14 14 14 14 14 14 14 14 14

91 14 14 14 14 14 14 14 14 14 18
92 14 14 14 14 14 14 14 18 14 18
93 14 14 14 14 14 18 14 18 14 18
94 14 14 14 18 14 18 14 18 14 18
95 14 18 14 18 14 18 14 18 14 18

96 18 18 14 18 14 18 14 18 14 18
97 18 18 18 18 14 18 14 18 14 18
98 18 18 18 18 18 18 14 18 14 18
99 18 18 18 18 18 18 18 18 14 18
100 18 18 18 18 18 18 18 18 18 18

101 18 18 18 18 18 18 18 18 18 21
102 18 18 18 18 18 18 18 21 18 21
103 18 18 18 18 18 21 18 21 18 21
104 18 18 18 21 18 21 18 21 18 21
105 18 21 18 21 18 21 18 21 18 21

106 21 21 18 21 18 21 18 21 18 21
107 21 21 21 21 18 21 18 21 18 21
108 21 21 21 21 21 21 18 21 18 21
109 21 21 21 21 21 21 21 21 18 21
110 21 21 21 21 21 21 21 21 21 21

Figures in columns under each gate number refer to gate opening indicator readings.
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Attachment A3

Source: Reference A2Vertical Openings

Apalachia Dam

Indicator/Gate
0

Vertical Openings (last measured in May 1966)
1 2 3 4 5 6 7 8 9 10

1 0.44 0.41
2 1.4 1.32
3 2.38 2.32
4 3.32 3.26
5 4.3 4.24
6 5.29 5.23
8 7.26 7.2

10 9.24 9.18
14 13.15 13.08

18 16.9 16.84
211 19.71 19.66

0.39 0.35 0.34 0.38 0.3 0.31
1.33 1.31 1.27 1.32 1.24 1.25
2.29 2.3 2.23 2.3 2.24 2.22
3.26 3.27 3.2 3.26 3.2 3.2
4.24 4.26 4.22 4.26 4.2 4.17
5.23 5.24 5.2 5.24 5.18 5.17
7.22 7.25 7.22 7.22 7.18 7.19

9.2 9.22 9.2 9.2 9.16 9.2
13.13 13.16 13.18 13.12 13.1 13.17

16.88 16.93 17.03; 17.04: 16.88 17.14'
19.69 19.76 19.92 19.98 19.72 20.12

0.42
1.38
2.34

3.3
4.28
5.28
7.26
9.24

13.18

16.92
19.73

0.31
1.26
2.23

3.2
4.19
5.16
7.14
9.14

13.02

16.78
19.601

Average
19.79

Note: Vertical openings highlighted with yellow back ground are linearly extrapolated.

Apalachia Dam, V vs. Indicator Reading

25

20

0
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5

0

0 5 10 15 20 25
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Page 1
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Tennessee Valley Authority

Tainter Gate Ratings

Basic Model and Prototype Data

MODEL PROTOTYPE
No. of Up- Pier
Spill- Crest Approach stream

Model "way Length. Width Depth
Project Scale Bays L W P

Apalachia 1:28.72 6 6.684 8.00 3.38

Boone 1:50 5 3.4o80 (1) (1)

Ft. Patrick
Henry 1:15 1 2.333(5) 2.77 2.29

Hales Bar 1:34.76 6 6.908(6 7,94 0.921
6.905(7)

Hivassee -'l: 55 7 4.050 8.00 6.35

Watts Bar 1:35 6 6.866 8.00 1.5

Wheeler 1:34.35 6 6.984 7-97 1.253

(1) Variable because approach was reproduced in model.

(2) 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.

Head Nose
Crest Radius
Elev. H R

1257.0 23.0 3.00

1350.0 35.0 1.2 5(2)11-2503)
3.50(4)

1228.0 35.0 3.25

616.o 18.0 3.00

1503.5 3.00

713.0 23.5 -3.25

541.3 16.5 2.50
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Tennessee Valley Authority

Definition of Symbols

= Total discharge in cubic feet per second.

fD Depth of flow above crest in feet.t

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

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

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

h = Velocity head of approach in feet.*

C = Coefficient of discharge for any head.

G.O. = Gate opening z-vertica2 distance above spillway crest in feet.

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

L = Length of spillway crest in feet.

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

W = Width of model approach in feet.

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

y = Vertical distance above spillway crest in feet.

Discharge Equations

For flow under a gate:

L= HE3/2 -(D + h)3/2 (A)

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

SC3/ (B)

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



ENERGY GRADE
MWATER SURFA(

(n
0

I

0

CD
-h

CDI
CD

:CCD,

C)

0~

CD)

0

z
-u -

cc

CD C

CD
CD

N)
CD
CD
CD
CD

,,?

[a] FIGURE 1 [b]



Attachment A5-4

Source: Reference A3

Calculation No: CDQ000020080001

Page A14 16
Tennessee Valley Authority

Apalachia Project

Tainter Gates Partially Opened

G. 0.
ft.--
0 .2247

MODEL TEST DATA
D D . Q

ft. c'fs

0-364
0.318

o.411
0.461
0.531
o.627
o.718
0.825
0.911

4-.184
4.098

4.399
4.752
5.181
5.742
6.224
6.179(
7.179

h
ft.

0.000
0.000

0.000
0.000
0.000
0.001
o.OOl
0.001
0.001

EQUIVALENT PROTOTYPE
G.0. H. Q
ft. ft. cifs

6.45 1o.45 18,49o
9.13 18,110

11.80
13.24
15-25
18.o4
20.65
23.72
26.19

19,450
21,0Q1O
22,900
25,380
27,510
29,930
31,730

C

3.73
3.42+
4.086*
3.59
3.58
3.56
3.54
3.55
3.56
3.56

0.3393 o.469 7.647

7"

0.526
0.574
o.631
0.717
0.ý21
0,919

7.490
7.832
8.344
9.089
9.882

3.0. 58

0.001

0.001
0.001
0.001
0.001
0.001
0.002

0.002

0.002
0.002
0.002
0-;002
0.002
0.003

o.4541 o.6o4 11.54

9.74 13.50 33,800

15.14
16.51
18.15
20.62
23.61
26.42

13.o4 17.4o

17.78
20.74
19.24
22.03
24.32
26.36

0 0.617
0.720
0.668
0.765
0.838
0.915

11.84
11.84
11.42
12.34
13.10
13.84

33,110
34,,620
36,880
40,180
43,680
46,770

51,010

52,340
5?,340
50,480
54,550
57,910
61,180

73,160

75,770
73,910
71,790

3.55+
4.316*
3.72.
3.65
3.63
3.63
3.61
3.62

3.66+.
4.19*
4.22-
3.73
3.81
3-72
3.70
3.68

0.5677 0.751 16.55 o.004 16.30 21.68

0-. 895
o.849
0.815

17.14
16.72
16.24

o.o04

0.004

25.82
24.50
23.52

3.77+
4.31*
3.87.
3.94
3.95

*Gate lip touching nappe C from Equation A.
+Gate lip touching nappe C from Equation B.
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Tennessee Valley Authority

Apalachia Project

Ta:Lnter Gates Raised Above Water Surface

7

MODfEL TEST
D . Q

ft. cfs

0.117
0.190.
0.257
0.318
0.397
0.466
0.536.,
0.592
0.659
0.728
O.800
o.866
o.894
o.4,69
o.604.
0.751

0.826
1.796
2.888
4.098
5.813
7.542
9.512

11.17
13.39
15.80
18.66
21.57
22.44
7.647

11.54
16.55

DATA
h

ft.

0.000
0.000
0.000
0.000
0.001
0.001
0.001
0.002
0.003
0. 004
0.005
o.do6
0.007
0.001
0.002
0.0,o4

EQUlVAALENT PROTOTYPE
H Q

:ft. cf's

3.36
5.46
7.38
9.13

11.42
13.41
15.43
17.06
19.00
21.01
23.12
25.05
25,87
13.50
17.4o
21.68

3,651
7,939

12, 770
.18,110
25,700
33,340
42,050
*49,380
59,190
69,840
82,480
95,350
99,190
33,800
51,010
73,160

C

3.09
• 3.25

3.32
3.42
3.46
3.54
3.62
3ý. 65
3.72
3.77
3.86
3.96
3.93
3.55
3.66
3.77

.1
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BASIC PRINCIPLESSIMILITUDE AND MODELS Sec. 11.2) 491

The state of kinematic similarity can be maintained if, and only if, the cor-
responding force ratios remain constant. That is, if F, and Fb are the net forces
exerted on the fluid elements at A and B,

(Fa)p - (Fb)P (11-3)
(Fa)m (Fb)m

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

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

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

v, = L,1/
2  (11-4)

will therefore be applicable, although they may be modified in some case by
the action of influences other than gravity. A complete list of scale ratios is
therefore as followsAA

A •a

Figure 11-1. Basic Model-Prototype Relationships

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

Secondary Scale Ratios

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

,-uantitye eg.,.* odel lengths are one-tenth those of the protoype, then
,o LpLm =.L, = 10, tie subscripts p and m indicating prototype and model ai

before. Now it.," always true that the mass ratio Mr p,L,r3, so we have ,

Mass M,

Yr.. , V 'Length 4,
4I, b~ Velocity v,

Time T,. = Lv, 1

2L • Discharge Q, = v,rL 2

* . Force Fr = MrLrT- 2

Pressure p, = FL4 -2

PrLr
3

=L,
-. Lr112

- Lr"/2

= PrLr 
3

= PrLr

(11-5)

as the reader can verify (Prob. 11.2).

The Influence of Forces Other Than Gravity

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

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

The only perfect way of dealing with the effect of viscosity is to keep both
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Attachment Al 5-Apalachia Model Data for Headwater Ratings Rev A.xls HLmin Determination

Apalachia Project
Tainter Gates Partially Opened

Data from 1:28.72 scale model (Reference A3)
EQUIVALENT PROTOTYPE
V HLmin

(data)
feet feet

1.53 3.36
3.18 5.46
4.81 7.38
6.45 9.13
9.74 13.5

13.04 17.4
16.30 21.68
19.79

HLmin

(fit)
feet

3.41
5.37
7.32
9.31

13.35
17.49
21.65
26.20 extrapolated using polynomial shown on plot

Apalachia 1:28.72 Scale Model
HLmin VS V

30

25 +

20 -

.G1E, 15
-r

ta

39V + 1.614 -

" I

L I

II

* Data from 1:28.72 Scale Model (Reference A3)

-Poly. (Data from 1:28.72 Scale Model (Reference A3))

10+

5 +1--

0
0 5 10 15 20 25

V
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Attachment Al 5-Apalachia Model Data for Headwater Ratings.xls Free Discharge

Apalachia
Tainter Gates Raised Above the Water Surface

Data from 1:28.72 scale model (Reference A3)

(equivalent prototype)
Hc Q Cf

ft. cfs
3.36 3,651 3.09
5.46 7,939 3.24
7.38 12,770 3.32
9.13 18,110 3.42

11.42 25,700 3.47
13.41 33,340 3.54
15.43 42,050 3.61
17.06 49,380 3.65
19.00 59,190 3.72
21.01 69,840 3.78
23.12 82,480 3.86
25.05 95,350 3.96
25.87 99,190 3.93
13.50 33,800 3.55
17.40 51,010 3.66
21.68 73,160 3.78

Definition: Cf = Q/(28.72*6.684*Hcl 5)

Hc 3rd-order curve fit (see plot)

ft. Cf

0 3.020
0.25

0.5
0.75

1
2
3
4
6
8

10
12
14
16
19
22
25
28

3.032
3.043
3.054
3.066
3.110
3.153
3.194
3.274
3.350
3.423
3.492
3.558
3.623
3.717

'3.810
3.902
3.997

2.85
2.87
2.89
2.91
2.93
3.01
3.08
3.14
3.26
3.35
3.44
3.51
3.57
3.63
3.71
3.81
3.93
4.07

Free Discharge Coefficient, Cf(Hc)
Apalachia

4.2

4

3.8

t 3.6

3.4

3.2

3
0 5 10 15 20 25 30

Cf = 6.8700x 5Hc3 - .003436Hc2
+ .08600H, + 2.85 -
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Attachment A15-Apalachia Model Data for Headwater Ratings Rev A.xls Gated Discharge

Apalachia Project, Tainter Gates Partially Opened
Data from 1:28.72 scale model as published in Reference A3

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

Model Scale = 28.72
Lo,= 6.684 ft

Lprototype = 191.96 ft

Attachment A5-1
28.72"Lmodoe

Model Test Data In

Prototype Dimensions
V H, Q
ft ft cfs

Hc=HLmin 6.45 9.13 18110
6.45 10.45 18490
6.45 11.8 19450
6.45 13.24 21010
6.45 15.25 22900
6.45 18.04 25380
6.45 20.65 27510
6.45 23.72 29930
6.45 26.19 31730
6.45 40.00

Hc=HLmin 9.74 13.50 33800
9.74 15.14 33110
9.74 16.51 34620
9.74 18.15 36880
9.74 20.62 40180
9.74 23.61 43680
9.74 26.42 46770
9.74 40.00

Hc=HLmin 13.04 17.40 51010
13.04 17.78 52340
13.04 19.24 50480
13.04 20.74 52340
13.04 22.03 54550
13.04 24.12 57910
13.04 26.36 61180
13.04 40.00

Hc=HLmn 16.30 21.68 73160
16.30 23.52 71790
16.30 24.50 73910
16.30 25.82 75770
16.30 40.00

Hc=HLmin 19.79 26.12 101839
19.79 29.00
19.79 32.00
19.79 40.00

Geometry
G, Hmp
ft ft
6.677 3.129
6.677 3.129
6.677 3.129
6.677 3.129
6.677 3.129
6.677 3.129
6.677 3.129
6.677 3.129
6.677 3.129

9.960 4.783
9.960 4.783
9.960 4.783
9.960 4.783
9.960 4,783
9.960 4.783
9.960 4.783

13.301 6.424
13.301 6.424
13.301 6.424
13.301 6.424
13.301 6.424
13.301 6.424
13.301 6.424

16.664 8.028
16.664 8.028
16,664 8.028
16.664 8.028

20.381 9.722

g = 32.2 ft/s2

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

Cg

0.719
0.6644
0.6422
0.6424

0.639
0.639
0.639
0.641
0.642
0.646 Estimated*
0.746
0.671
0.659
0.657
0.658
0.656
0.655
0.665 Estimated*
0.751
0.758
0.688
0.675
0.674
0.679
0.683
0.685 Estimated*
0.771
0.711
0.709
0.700
0.700 Estimated*
0.801
0.720 Estimated*
0.710 Estimated*
0.715 Estimated*

* Value of Cg is estimated; no model data, so no value for Q; geometrical parameters not needed
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Apalachia 1:28.72 Scale Model
Cg vs. Hc

0.85

0.8

0.75

--- V = 6.45 ft, Model Data
- -V = 6.45 ft, Extrapolation

-- ,6'-V = 9.74 ft, Model Data
- -V = 9.74 ft, Extrapolation
-U- V = 13.04 ft, Model Data
- -V = 13.04 ft, Extrapolation
- -V = 16.30 ft, Model Data

- V = 16.30 ft, Extrapolation
A V = 19.73 ft, Cg for Extrapolated HLmin

- V = 19.73 ft, Extrapolation
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Subject: Dam Rating Curves, Apalachia Prepped WBB

Checked JBM

Appendix C: Hydrostatic Loads on the Spillway Tainter Gates

The Hydrostatic loads on the spillway tainter gates for Apalachia Dam can be found in the following calculations.

C1 References

Cl. "Watts Bar Dam- Flood and Earthquake Analysis on Radial Spillway Gates, pages 76-100" Tennessee Valley
Authority, HEPE3WBHSQN-WBNBLNBFN. (B25880520307)

C2 Calculations

Reference C1 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 (FRclosed) when the headwater
elevation is at the top of the gate (1280.00 feet) and when the gates are completely open (FRpen) and the headwater
elevation is at 1295.00 feet. The margin is defined at the ratio of FRopen to FRclosed. The calculation of these forces
and the results of this comparison are shown in Figure C 1.
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Apalachia Hydrostatic Forces on Gates
Comparison of forces when gates are losed and HW is at

1280.00 feet (top of gate) vs. when gates are fully open and HW at
Ian elevation of 1295.00 feet.

Attribute Symbol Value Unit
top elev
trun elev
sill elev
radius
length
angle up
angle lwr
angle tot
area of lower slice
proj area
Desgn LdH
Result elv
Result ang deg
Result ang rad
Result Dsgn
Area slice upper
Area triangle
project vert
vert weight water
Resultant load -
Gates Closed

vert open fm calc
max hw
lwr lip elev
bot angle
top elev
project area for h Id
Flood LdH
Height over gate
Height ratio to orig
project vert
Flood LdV1
Flood ILdV2
Total Flood LdV
Resultant load -
Gates Fully Open

Margin

Zo
Ztr
Zsill
R
L
a2

0
Aslicel

AProjected
FRx
zi

Horiz

Aslice2

Atriangle
xl
FRy

1280.00 ft
1264.47 ft
1256.50 ft

22.50 ft
32.00 ft
43.65 deg
20.75 deg
64.39 deg

284.48 ft2

752.00 ft2

551366.40 lbs
1264.33 ft

0.35 deg
0.01 rad

551356.23 lbs
192.83 ft2

126.42 ft2

6.22 ft
60251.12 lbs

554648.63 lbs

Unit

F Rclosed

calc App A
calc
Z2
a3
Zo
AProjected
FRx
yl

19.79 ft
1295.00 ft
1276.29 ft

31.69 deg
1286.84 ft
337.70 ft2

283078.10 lbs
8.16 ft
1.64 (ratio)

21.53 ft
350666.02 lbs
114591.84 lbs
465257.86 lbs

544608.19 lbs

x2

FRy

F Ropen

0.98 (ratio)

Figure CI: Apalachia Spillway Gate Margin Evaluation
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Prepped WBB
Checked JBM
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Designer: Date:

Checker: Date:

Figure C2: Diagram of Hydrostatic Forces
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RESERVOIR OPERATION OVERVIEW

Apalachia is one of four major TVA dams on the upper Hiwassee river
system. Apalachia was constructed as a single purpose power reservoir,
meaning that the funds for construction and operation were supplied from
the sale of power. Apalachia has very limited storage in its normal 6
foot operating range (elevation 1272 to 1278) and is primarily a run-of-
river project with its small storage used on a daily basis for power
release shaping. Upstream seasonal storage is provided by Hiwassee,
Chatuge, and Nottely Reservoirs. Apalachia Reservoir also serves as the
tailpond for the pump-turbine unit located immediately upstream at
Hiwassee Dam.

Although primarily a power project, Apalachia serves other purposes
including recreation to a limited degree on the reservoir and seasonal
whitewater rafting below the powerhouse. Apalachia receives unregulated
inflow from its small local drainage area (50 square miles) in addition to
regulated releases from Hiwassee Dam upstream.
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FIGURE 1 - Spillway Gates

December 1999
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FIGURE 2 - Dam and penstock to eight-mile-long tunnel

FIGURE 3 - Concrete-lined section of tunnel
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FIGURE 4
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FIGURE 13
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APALACH IA

SUMMARY OF PRINCIPAL FEATURES

LOCATION

Dam - on Hiwassee River at river mile 66.0; in Cherokee County, North
Carolina; 9.8 miles downstream from Hiwassee Dam; about 0.1 mile east of
Tennessee State line; 1-1/2 miles northeast of Louisville and Nashville
Railroad station at Farner, Tennessee; 3.6 miles from Louisville and
Nashville Railroad station at Apalachia, Tennessee.

Powerhouse - on Hiwassee River at river mile 53.6; in Polk County,
Tennessee; on Louisville and Nashville Railroad about midway between
Hiwassee (deactivated) and McFarland stations. Distance from dam to
powerhouse by road is about 18 miles.

CHRONOLOGY

Initial appropriation by Congress .......................... July 16,
Authorized by TVA Board of Directors ....................... July 17,
Construction started ...................................... July 17,
First concrete placed .................................. February 2,
Closure ............................................... February 14,
Unit 2 in commercial operation ........................ September 22,
Unit 1 in commercial operation ......................... November 17,

1941
1941
1941
1942
1943
1943
1943

PROJECT COST

Initial project, including 2 units
and switchyard ............................................ $23,762,118

STREAMFLOW

Drainage area at dam:
Total . .............................................. 1,018
Uncontrolled (below Hiwassee Dam) ..................... 50

Gaging station discharge records:
At Hiwassee Dam, North Carolina,
September 1934 to September 1943;

drainage area ...................................... 968
Below Apalachia Dam, June 1941 to

April 1946; drainage area ......................... 1,018

sq. miles
sq. miles

sq. miles

sq. miles
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STREAMFLOW (Continued)

Near Apalachia, Tennessee, January 1914 to
December 1922; drainage area ...................... 1,038 sq. miles

Near McFarland, Tennessee, October 1942 to
date; drainage area .............................. 1,136 sq. miles

Reliance, Tennessee, August 1900 to December 1913,
February 1919 to September 1926; drainage
Area ............................................. 1,181 sq. miles

Near Reliance, Tennessee, October 1926 to
September 1948; drainage area ..................... 1,223 sq. miles

Maximum natural flow at dam site, (1898) ................ 82,000 cfs
Maximum regulated flood since closure (1973) ............ 39,200 cfs
Average unregulated flow at dam site,

estimated (1903-2000) .................................. 2,140 cfs
Minimum daily natural flow at dam site

(1925), approx ............................................ 150 cfs

RESERVOIR

Counties affected:
State of North Carolina ................................... Cherokee

Reservoir land at May 31, 1996:
Fee simple ............................................... 1,708 ac.
Total ..................................................... 1,708 ac .
Transferred .............................................

Operating levels at dam:
Probable maximum flood elevation (PMF) ..................
500-year flood elevation ................................
100-year flood elevation ................................
Winter flood guide level ................................
Summer flood guide level ................................
Maximum used for design (150,000 cfs) ...................
Top of gates (area 1,100 ac.) ...........................

Backwater, length to Hiwassee Dam ............................
Shoreline, length at normal maximum pool level:

Main shore ..............................................
Original river area (to Hiwassee Dam .........................
Storage (flat pool assumption):

Total volume:

10,395 ac.

el. 1297.2
el. 1283.0
el. 1282.0
el. 1272.0
el. 1280.0
el. 1282.0
el. 1280.0
9.8 miles

31 miles
.... 80 ac.

At top of gates (el. 1280) .......................... 57,800 ac.-ft
At normal maximum pool (el. 1280) .................. 57,800 ac.-ft
At normal minimum pool (el. 1272) .................. 49,000 ac.-ft
Useful controlled storage (el. 1280-1272) ........... 8,800 ac.-ft

Volume for Hiwassee pump-turbine
operation (el. 1280-1272) ................................ 8,800 ac.-ft
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TAILWATER

Maximum used for design (150,000 cfs):
At dam ..................................
At powerhouse ...........................

Maximum known flood at
powerhouse (February 4, 1936) ..............

Full plant operation (2 units) ...............
One unit operating at best efficiency ........
Minimum level at powerhouse ..................

................ el. 1195.0
......... ........ el. 873.5

................. el. 855.0

................. el. 842.7

................. el. 841.5

................. el. 837.6

HEAD (Gross)

Maximum static (el. 1280-837.6) ..............
Normal maximum operating (el. 1280-840) ......
Average operating ............................

.................. 442.4 ft

.................. 440.0 ft
436.0 ft
408.5 ftMinimum operating (el. 1282-873.5) ..................

RESERVOIR ADJUSTMENTS

Clearing ..........
Highways:

Access .......
State ........
Other ........
Total ........

Railroad ..........
Bridges (Highway).
Utilities adjusted
Families relocated
Graves ............

.............................................. 595 ac .

......................... ................... 4 .8 miles

............................................ 2 .4 mi les

........................................... 12 .5 miles

........................................... 19.7 miles

............................................. 2.5 miles

......... .. ..... .... ... ......................... 1

................................................. N one

. . . . . .. . . . .. .. . .. .. . . ... .. . .. .. . .. . . .. . . .. . . . .. . .. . 2 2

................................................. N one

DAM

Material and type .........

Lengths:
Nonoverflow dam ......
Spillway .............
Cutoff walls .........
Total ................

Maximum height, foundation

Concrete gravity
dam and spillway

.... •.............

.......°.•.......

nonoverflow

..... 809 ft

..... 374 ft

..... 125 ft

... 1,308 ft

..... 150 ft
.o.de...c..v...
to deck level .
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DAM (Continued)

Maximum width at base:
Spillway section only .....
Including apron (bucket)..

Deck level .....................
Outlet facilities:

Spillway clear opening (10
Spillway crest level ......
Crest gates ...............

.................................. 100 ft

............................... ... 140 ft

.............................. el . 1288. 0

openings

Gate hoists .............
Spillway capacity:

HW el. 1282 (design
HW el. 1280 (top of

Foundation ..............

at 32 ft) ............... 320 ft
..................... el. 1257.0
... 10 radial gates, 32 ft wide,

23 ft high, separated by
6-ft-thick piers

........ Ten 40-ton fixed hoists

.................... 156,600 cfs

.................... 136,000 cfs

...... Micaceous quartzite, mica
schist, and mica slate

level)
gates)

POWER FACILITIES

INTAKE

Location ..
Number ....
Dimensions
Gross area
Gate ......

of
at

opening
racks

Left abutment of dam nonoverflow section
. . . . . . .1.. . .. . . .. . .. . . . . . .. . .. ....
...... 14.5 ft wide by 21.75 ft high
....................... 1,365 sq. ft
........ One fixed roller lift gate,

14.5 by 22.28 ft clear
opening

..... One 50-ton-capacity stationary
chain hoist

Hoist ...............................

CONDUIT (See Figure 15)

(Intake to Powerhouse)

Type .................... .......... Single penstock from intake to tunnel
portal; single concrete-lined, unlined

and steel-lined tunnel section branching
into 2 concrete lined and steel-lined

tunnel sections; 2 steel penstocks from
valve house to powerhouse
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POWER FACILITIES (Continued)

Size and length:
Steel penstock, 18-ft-dia. (intake to tunnel) ............... 913 ft

Tunnel:
18-ft-dia., concrete-lined ............................... 33,850 ft
20-ft-dia., unlined ....................................... 3,098 ft
22-ft-dia., unlined ....................................... 2,902 ft
16-ft-dia., steel-lined ..................................... 1,008 ft
16-ft-dia., penstock (Turtletown Creek) ..................... 647 ft
18-ft-dia., steel-lined ..................................... 934 ft
Wye transition, concrete-lined ............................... 56 ft
12-ft-dia., concrete lined, 2 ................................ 80 ft
12-ft-dia., steel-lined, 2 .................................. 131 ft
Total tunnel ............................................. 42,706 ft

Steel penstocks (valve house to powerhouse),
11-ft-dia., 2 . ............................................... 363 ft
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FIGURE 15

December 1999
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POWER FACILITIES (Continued)

SURGE TANK (See Figure 16)

Location ................................. In rock bluff above powerhouse

Type ...................................... Differential, concrete-lined
chamber excavated in rock

with steel internal riser

Tank height .................................................... 235.5 ft

Riser height ..................................................... 214 ft

Tank (inside diameter) ............................................ 66 ft

Riser (inside diameter) ........................................... 16 ft

Figure 16
December 1999
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POWER FACILITIES (Continued)

VALVE HOUSE

Location ..................... At tunnel portal above powerhouse, el. 1053
Material ............................................ Reinforced concrete
Principal dimensions ......................... 74 ft long by 20 ft wide by
............................................................. 23 ft high

Butterfly valves ........................ Two 12-ft-dia. Baldwin-Southwark
rated 300 ft head, to close within
300 seconds, 1500 cfs

POWERHOUSE (See Figure 17)

Location ................................. On left bank of Hiwassee River
at river mile 53.6; 12.4 river
miles downstream from dam

Generating capacity, 2-unit total ............................. 78,900 kW
Type of construction ....................... Enclosed, reinforced concrete

and structural steel
Principal outside dimensions,

including service bay ........................ 146 ft long by 87 ft wide
by 98 ft high

Service bay ................................. 58 ft long by 76.75 ft wide
Draft tubes:

Type .............................................. Elbow, 2 openings
Vertical distance centerline of

distributor to draft tube floor .......................... 24.4 ft
Horizontal length (centerline of turbine

to downstream face) ....................................... 36.5 ft
Net area of outlet opening, per unit ..................... 210 sq. ft
Gates ................................. One set of 2 slide gates, 11

ft clear opening by 8 ft high
Gate hoist ......................... One 5-ton hand-operated monorail
Erecting crane ......................... 13.0-ton overhead crane with

25-ton auxiliary hook.
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FIGURE 17

December 1999
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POWER FACILITIES (Continued)

HYDRAULIC TURBINES

Number ........................
Manufacturer ..................
Type ..........................
Rated capacity (each) .........
Head for best efficiency ......
Rated speed ...................
Maximum runaway speed .........
Specific speed at rating ......
Value of sigma at rating ......
Diameter of runner, intake ....
Diameter of runner, discharge.
Centerline to bottom of runner
Centerline to top of runner ...
Diameter of guide vane circle.
Diameter of lower pit .........
Spacing of turbines, center to
Governors .....................
Weight of rotating parts ......

.... ........ ... ........... . 2

.. Baldwin-Lima-Hamilton Corp.

............. Vertical Francis
• 53,000 hp
. . .o . . . . . . . .

•.••........

. . . . . . . . . . .

•.••.•..•...

at 360-ft net head
... 390 ft net
.... 225 r/min
.... 440 r/min
........... 33
........ 0.073
...... 118 in.
...... 103 in.
... 36.125 in.
.... 9.625 in.
.... 138.5 in.
...... 15.0 ft
........ 44 ft
actuator type

center of units ....
Woodward, cabinet
...................... 64,000 lb

GENERATORS

Number ........................
Manufacturer ..................
Type ..........................
Rating:

Unit 1, original rating
unit 2 .................

Capacity:
Unit 1, original capacity

unit 2 .................

.. . .. .. ...• .. . . . . • • .. . 2
.............. Westinghouse Electric Corp.
... Enclosed, water-cooled, vertical-shaft

........... 40,000 kVA, 37,500 kW, 1675 A,
60 degrees C rise, 0.938 pf,
13.8 kV, 3 ph, 60 Hz

................... 46,000 kVA, 43,100 kW,
1926 A, 80 degrees C rise

Efficiency (guaranteed original values):
At rated kVA, 1.0 pf .................................. 97.6 percent
At 75% kVA, 0.9 pf .................................... 97.0 percent

Note: Unit 2 rewound and rerated June 1, 1973.
Rating:

Unit 2 ...................... 46,000 kVA, 41,400 kW,1925 A,60 degrees
C rise, 0.9 pf, 13.8 kV, 3 ph, 60 Hz

Flywheel .............................................. 13,200,000 Ib-ft2
Thrust bearing ............................. Kingsbury type, dia. 60 in.,

max. load 260 tons
Neutral reactor ................................. 0.75 ohm, 5000 A, 1 min
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POWER FACILITIES (Continued)

GENERATORS (continued)

Exciters:
Main ................................................. 225 kW, 250 V
Pilot .................................................. 5 kW , 250 V

Weight of heaviest crane lift, rotor ........................... 130 tons
Diameter over air housing, less trim ............................ 360 in.
Diameter of stator bore ....................................... 215.5 in.
Top of pilot exciter:

Above stator soleplates .................................... 135 in.
Above generator floor ....................................... 159 in.

Generator & Turbine Modernization

This project will modernize the power train and involves replacing
principal components such as the runners, main transformers, wicket gates,
wicket gates seal system, switchgear, pilot exciter, generator air
fans/baffles, generator air coolers, generator leads, protective relays,
discharge ring extention, and winding (for unit 2). Components to be
rehabilitated are the turbine/generator guide bearings and shaft,
generator pole reinsulation, main exciter, distribution ring, headcover,
bottom ring, and servo motors. Work on unit 1 is scheduled to start in
September 2003 and complete in January 2004; unit 2 work should start in
September 2004 and complete in January 2005.

ELECTRIC CONTROLS

Generation and switching are normally controlled from Hiwassee Dam by.
means of supervisory equipment. Pertinent data such as electrical
quantities, water levels, etc., and the annunciation of equipment
conditions and operation are telemetered to Hiwassee also. Controls for
local operation are provided in the Apalachia control room.

TRANSMISSION PLANT

Step-up transformers:
2 3-phase, 2-winding transformers, banks 1 and 2; each

rated 13.2-161 kV, 36,000 kVA self-cooled, 48,000
kVA forced-air-cooled; Westinghouse

161-kV circuit breakers:
4 1200-A, 2,500,000-kVA, 8/60-Hz, pneu, Westinghouse
3 1200-A, 2,500,000-kVA, 8/35-Hz, pneu, Westinghouse
1 1200-A, 2,500,000-kVA, 5/35-Hz, pneu, Allis-Chalmers
Structures:
6 161-kV switchyard bays, 36 ft wide
2 transformer structures
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FIGURE 18

SINGLE LINE DIAGRAM OF MAIN CONNECTIONS
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FIGURE 19

December 1999
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TRANSMISSION PLANT DATA

Plant Location Phase Serial Number MVA Rating VoltagekV Cooling Tap OilPreservation OilVolume Configuration Impedance% Contract Manufacturer Yearof

55 degrees 65 degrees Changer System Gal. H-X H-Y X-Y Number Manufacture

Appalachia Hydro Bank 1 3 3111413 36/48 N/A 161/13.2 OA/FA DETC Gas-Blanketed 9784 Wye/Delta 10.82 N/A N/A TV-65786 Westinghouse 1942

Appalachia Hydro Bank 2 3 3111412 36/48 N/A 161/13.2 OYVFA DETC Gas-Blanketed 9784 Wye/Delta 10.8 N/A N/A TV-65786 Westinghouse 1942

Note: H=High voltage winding

Y=Tertiary winding

X=Low voltage winding

Page 1
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Best Efficiency

Plant Turbine
Output Discharge kW/CFS

Maximum Sustainable

Plant Turbine
Output Discharge kW/CFSElevation Area Volume

(feet) (acre*1000) (ac-ft*1000)
1285
1284
1283
1282
1281
1280
1279
1278
1277
1276
1275
1274
1273
1272
1271
1270
1269
1268
1267
1266
1265
1264
1263
1262
1261
1260
1259
1258
1257
1256
1255

1.18
1.16
1.15
1.14
1.13
1.12
1.11
1.10
1.09
1.08
1.07
1.06
1.05
1.04
1.03
1.02
1.00
.99
.98
.96
.95
.93
.92
.90
.89
.87
.85
.83
.82
.80
.79

63.5
62.4
61.2
60.1
58.9
57.8
56.7
55.6
54.5
53.4
52.3
51.3
50.2
49.2

48.1
47.1
46.1
45.1
44.1
43.1
42.2
41.2
40.3
39.4
38.5
37.6
36.8
35.9
35.1
34.3
33.5

Gross
Head
(feet)
444.7
443.7
442.7
441.7
440.7
439.7
438.7
437.7
436.7
435.7
434.7
433.7
432.7
431.7
430.7
429.7
428.7
427.7
426.7
425.7
424.7
423.7
422.7
421.7
420.7
419.7
418.7
417.7
416.7
415.7
414.7

(mW)
70.4
70.4
70.4
70.4
70.4
70.4
70.2
70.1
69.9
69.8
69.6
69.5
69.3
69.2
69.0
68.8
68.7
68.5
68.4
68.2
68.0
67.9
67.7
67.5
67.4
67.2
67.1
66.9
66.7
66.6
66.4

(cfs)
2,450 28.75
2,450 28.75
2,450 28.75
2,450 28.75
2,450 28.75
2,450 28.73
2,450 28.67
2,450 28.60
2,450 28.54
2,450 28.48
2,450 28.42
2,450 28.35
2,450 28.29
2,450 28.23
2,450 28.17
2,450 28.10
2,450 28.04
2,450 27.97
2,450 27.90
2,450 27.84
2,450 27.77
2,450 27.70
2,450 27.64
2,450 27.57
2,450 27.50
2,450 27.44
2,450 27.37
2,450 27.30
2,450 27.24
2,450 27.17
2,450 27.10

(mW)
76.0
76.0
76.0
76.0
76.0
75.9
75.8
75.6
75.4
75.2
75.0
74.9
74.7
74.5
74.3
74.2
74.0
73.8
73.6
73.4
73.3
73.1
72.9
72.7
72.6
72.4
72.2
72.0
71.9
71.7
71.5

(cfs)
2,850 26.67
2,850 26.67
2,850 26.67
2,850 26.67
2,850 26.67
2,850 26.65
2,850 26.58
2,850 26.52
2,850 26.46
2,850 26.40
2,850 26.33
2,850 26.27
2,850 26.21
2,850 26.15
2,850 26.08
2,850 26.02
2,850 25.96
2,850 25.90
2,850 25.83
2,850 25.77
2,850 25.71
2,850 25.65
2,850 25.58
2,850 25.52
2,850 25.46
2,850 25.40
2,850 25.34
2,850 25.28
2,850 25.22
2,850 25.16
2,850 25.10



September 2003 Reservoir and Power Data Apalachia 32

Best Efficiency Maximum Sustainable

1254 .78 32.7 413.7 66.2 2,450 27.04 71.4 2,850 25.05
1253 .77 31.9 412.7 66.1 2,450 26.97 71.2 2,850 24.99
1252 .75 31.2 411.7 65.9 2,450 26.90 71.1 2,850 24.93
1251 .74 30.4 410.7 65.7 2,450 26.84 70.9 2,850 24.87
1250 .73 29.7 409.7 65.6 2,450 26.77 70.7 2,850 24.81
1249 .72 29.0 408.7 65.4 2,450 26.70 70.6 2,850 24.75
1248 .71 28.3 407.7 65.3 2,450 26.64 70.4 2,850 24.70
1247 .70 27.5 406.7 65.1 2,450 26.57 70.2 2,850 24.64
1246 .69 26.8 405.7 64.9 2,450 26.50 70.1 2,850 24.58
1245 .68 26.2 404.7 64.8 2,450 26.44 69.9 2,850 24.52
1244 .67 25.5 403.7 64.6 2,450 26.37 69.7 2,850 24.46
1243 .66 24.8 402.7 64.4 2,450 26.30 69.6 2,850 24.40
1242 .65 24.2 401.7 64.3 2,450 26.24 69.4 2,850 24.35
1241 .64 23.5 400.7 64.1 2,450 26.17 69.2 2,850 24.29
1240 .63 22.9 399.7 63.9 2,450 26.10 69.1 2,850 24.23
1239 .61 22.3 398.7 63.8 2,450 26.04 68.9 2,850 24.17
1238 .60 21.7 397.7 63.6 2,450 25.97 68.7 2,850 24.11
1237 .59 21.1 396.7 63.5 2,450 25.90 68.6 2,850 24.05
1236 .58 20.5 395.7 63.3 2,450 25.84 68.4 2,850 24.00
1235 .57 19.9 394.7 63.1 2,450 25.77 68.2 2,850 23.94
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Volumes are average daily in day-second-feet, except as shown.

Maximum spill, date of maximum, and number of days of spill in each spill period, in this order. "Total Days" is for

calendar years and does not always equal the sum of the days in periods because of extension of periods into adjacent years.

MAXIMUM AVERAGE All spill is through the spillway.

DAILY DISCHARGE NUMBER OF TOTAL Maximum hourly average discharge to date was 39,228 cfs at M., on 5/28/73.

YEAR (TURBINE + SPILL) DATE PERIODS I DAYS

1943 5090 7/26 6 232 4020 --- 6/29 --- 149; 5090 --- 7/26 --- 49; 4220 --- 9/15 --- 20; 1640 --- 10/9 --- 5; 100 --- 11/18--4; 670 --- 12/2 --- 4

1944 7396 4/27 4 18 4700 --- 3/28 --- 9; 1300 --- 4/17&18 --- 3; 120 --- 4/22 --- 2; 4400 --- 4/27 --- 4

1945 7305 12/21 2 16 5890 --- 12/21 --- 14; 3790 --- 12/27---2

1946 11818 2/12 6 46 110 --- 1/2 --- 2; 7130 --- 1/10 --- 16; 5290 --- 1/31 --- 5; 9790 --- 2/12 --- 18; 1610 --- 2/27 --- 2; 10445 --- 3/10 --- 3

1947 9537 1/24 1 9 6810 --- 1/24 --- 9

1948 9422 12/28 3 24 1184 --- 11/30 --- 2; 2154 --- 12/9 --- 2; 6480 --- 12/28&29 --- 20

1949 10125 1/13 5 72 7125 --- 1/13 --- 9; 6147---2/11---3; 4153 --- 2/18---2; 1059 --- 2/26 --- 3; 6485 --- 12/28 --- 55

1950 5045 2/3 3 23 2082 --- 2/3 --- 8; 1409 --- 2/17 --- 6; 958 --- 3/15 --- 9

1951 4976 12/22 1 6 2084 --- 12/22 --- 6

1952 4976 6/13 2 8 1682 --- 1/31 --- 7; 2004-6/13-11

1953 2978 3/7 0 0

1954 9547 1/26 1 8 6582 --- 1/26 --- 8

1955 2926 8/17 0 0

1956 2795 3/18 0 0

1957 8884 2/6 2 20 6080 --- 2/6 --- 12; 5198 --- 12/27---8

1958 2808 2/12 2 2 10 --- 11/28 --- 1; 6 --- 12/9 --- 1

1959 2700 1/6 1 1 2 --- 1/5 --- 1

1960 2736 8/30 0 0

1961 8530 12/21 3 19 5478 --- 2/28 --- 4; 6156 --- 3/9 --- 3; 5903 --- 12/21 --- 12

1962 8667 2/28 3 15 5958 --- 1/30 --- 7; 5973 --- 2/28 --- 3; 1955 --- 3/3 --- 5

1963 2898 8/3 0 0

1964 7402 12/31 2 24 2373 --- 12/7 --- 9; 4191 --- 12/31 --- 15
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Volumes are average daily in day-second-feet, except as shown.

Maximum spill, date of maximum, and number of days of spill in each spill period, in this order. "Total Days" is for

calendar years and does not always equal the sum of the days in periods because of extension of periods into adjacent years.

MAXIMUM AVERAGE All spill is through the spillway.

DAILY DISCHARGE NUMBER OF TOTAL Maximum hourly average discharge to date was39,228 cfs at M., on 5/28/73.

YEAR (TURBINE + SPILL) DATE PERIODS DAYS

1965 3213 1/4 0 0

1966 3708 12/31 1 2 29---4/27---1

1967 8976 12/23 7 65 1350---1/1---3; 3231---8/27---5; 307---10/11---1; 1903---10/26---1; 2483--- 11/3---2; 5686---11/14---40; 5980---12/23---14

1968 9016 1/9 1 11 6003---1/9---11

1969 9508 2/5 1 6 6471---2/5---6

1970 4193 1/9 2 2 1100---1/9---1; 1---9/15---1

1971 5162 2/10 1 5 2062---2/10---5

1972 8879 1/12 1 21 5790---1/12---8

1973 25147 5/28 6 42 3816---1/2---19; 1580---2/13---8; 23781---5/28---15; 3752---6/7---4; 3288---6/17---7; 2784---12110---2

1974 8338 1/11 2 56 5157---1/11---19;4083---2/9---37

1975 7215 2/8 2 39 4213---2/8---30; 2095---4/6---9

1976 5572 7/7 2 10 432---6/13---1; 2487---7/7---9

1977 4390 12/28 6 39 338---1/11---3; 2572---4/14---21; 297---5/12---1; 1055---12/12---6; 981---12/22---3; 1562---12/28---9

1978 7179 1/27 4 29 1678---1/12---5; 4376---1/27---18; 568---11/28---1; 358---12/2---1

1979 7893 3/8 3 42 5016---3/8---9; 1337---3/23---2; 2226---12/10---31

1980 5136 3/28 3 18 2188---3/28---13; 295---10/23---1; 1541---12/20---4

1/31
1981 2800 thru 1 1 85---4/10---1

2/2

1982 8150 2/5 3 34 4922---1/11---4; 5305---2/5---13; 3102----12/22---17

1983 8434 12/25 3 23 1834---1/19---2; 4643---5/22---7; 5506---12/25---14

1984 10600 5/9 2 6 327---2/16---1; 7585---5/9---4

1985 2929 1/21 1 3 1542---12/25---3
.11
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Volumes are average daily in day-second-feet, except as shown.

Maximum spill, date of maximum, and number of days of spill in each spill period, in this order. "Total Days" is for

calendar years and does not always equal the sum of the days in periods because of extension of periods into adjacent years.

MAXIMUM AVERAGE All spill is through the spillway.

DAILY DISCHARGE I NUMBER OF1 TOTAL Maximum hourly average discharge to date was 39,228 cfs at M., on 5/28/73.

YEAR I (TURBINE+ SPILL) I DATE I PERIODS DAYS

1986 2825 1/28 4 14 957 --- 1/14 --- 2; 1596 --- 1/28 --- 3; 100 --- 7/24 --- 3; 504 --- 10/6 --- 6

1987 2770 1/11 0 0

1988 2711 11130 0 0

1989 13852 6/22 3 117 10972 --- 6/22 --- 14; 3470 --- 7/7 --- 16; 3277 --- 12/23 ---- 87

1990 8633 2/20 2 90 5753 --- 2/20 --- 85; 3645 --- 12/28 --- 16

1991 5924 2/27 4 47 3121 --- 1/3 --- 16; 3124 --- 2/27 --- 8; 1547 --- 5/7 --- 5; 2222 ---- 12/19 --- 33

1992 7534 12/30 2 42 1748 --- 1/7 --- 33; 4667 --- 12/30 --- 54

1993 7505 1/2 2 26 4635 --- 1/2 --- 54; 1618 --- 1/28 --- 4; 1014 --- 4/5 --- 25

1994 7377 4/9 9 79 1065 --- 1/20 --- 4; 3848 --- 4/4 --- 7; 4577 --- 4/9 --- 5; 3185--4/14 --- 3; 3735 --- 4/24 --- 9; 3789 --- 6/30 --- 5; 1073 --- 10/28 --- 32;
2208 --- 12/13 --- 9; 2119 --- 12/20 --- 5

1995 7279 2/22 3 27 4359 --- 2/22 --- 12; 3129 --- 3/2 --- 3; 2236 --- 11/30 --- 12

1996 9276 1/29 2 38 6546 --- 1/29 --- 20; 1620 --- 12/21 --- 18

1997 6097 3/13 1 8 3277 --- 3/13 --- 8

1998 7037 2/1 3 17 4187 --- 2/1 --- 5; 3197 --- 2/6---6; 1616 --- 6/15 --- 6

1999 2890 7/14 3 5 49 --- 4/5 --- 1; 154 --- 4/14 --- 2; 52 --- 9/4 --- 2

2000 2842 12/20 1 1 225 --- 3/19 --- 1



September 2003 Apalachia 37

ANNUAL MAXIMUM AND MINIMUM ELEVATIONS

IN ORDER OF MAGNITUDE

RIVER SCHEDULING
TVA OPERATED RESERVOIR SYSTEM

ANNUAL MAXIMUM AND MINIMUM ELEVATIONS, IN ORDER OF MAGNITUDE
FROM DATE OF RESERVOIR CLOSURE THROUGH 2000

APALACHIA

MAXIMUM
ORDER ELEVATION

1 1281.40
2 1281.25
3 1281.23
4 1280.85
5 1280.70
6 1280.70
7 1280.60
8 1280.49
9 1280.46

10 1280.40
11 1280.40
12 1280.39
13 1280.32
14 1280.29
15 1280.27
16 1280.27
17 1280.27
18 1280.26
19 1280.25
20 1280.16
21 1280.14
22 1280.08
23 1280.05
24 1280.04
25 1280.03
26 1280.00
27 1280.00
28 1280.00
29 1280.00
30 1280.00
31 1280.00
32 1280.00
33 1279.99
34 1279.99
35 1279.99
36 1279.99
37 1279.99
38 1279.97

YEAR MONTH DAY

1952 JUNE 13
1977 JAN. 11
1946 FEB. 10
1943 DEC. 3
1994 MAR 30
1999 APR. 5
1983 DEC. 25

1990 JAN. 1
1961 MAR. 8
1944 APR. 22

1945 DEC. 31
1950 MAR. 13
1970 JAN. 9
1984 FEB. 16
1949 JAN. 7
1951 FEB. 8
1968 AUG. 7
1958 NOV. 28
1964 DEC. 19
1957 APR. 2
1947 JAN. 23
1959 JAN. 5
1953 JULY 14
1962 FEB. 21
1960 JULY 28
1948 NOV. 29
1973 OCT. 10
1976 DEC. 9
1978 JAN. 12
1979 NOV. 8
1989 NOV. 15
2000 FEB. 4
1955 APR. 25

1956 FEB. 29
1963 JAN. 24
1969 JULY 15
1975 MAR. 31
1980 MAR. 21

MINIMUM
ORDER ELEVATION

1 1177.90
2 1251.00
3 1251.19
4 1251.73
5 1251.97
6 1252.20
7 1252.70
8 1252.73
9 1254.36

10 1254.82
11 1255.21
12 1257.60
13 1259.34
14 1260.59
15 1264.25
16 1264.61
17 1264.78
18 1264.87
19 1265.47
20 1265.55
21 1265.67
22 1265.81
23 1266.31
24 1269.85
25 1269.89
26 1270.25
27 1270.59
28 1270.76
29 1270.78
30 1270.84
31 1271.12
32 1271.32
33 1271.33
34 1271.38
35 1271.57
36 1271.68
37 1271.85
38 1271.90

YEAR MONTH
1943 FEB.
1971 APR.
1986 NOV.
1955 AUG.
1966 APR.
1989 APR.
1977 OCT.
1995 AUG.
1984 DEC.
1969 APR.
1992 APR.
1980 NOV.
1979 MAR.
1954 APR.
1978 OCT.
1946 JULY

1985 SEP.
1945 DEC.
1947 JULY

1944 OCT.
1948 JULY

1994 JULY
1962 APR.
1950 APR.
1949 JAN.
1952 JAN.
1959 DEC.
1953 JUNE
1956 JAN.
1973 FEB.
1951 DEC.
1975 FEB.
1982 DEC.
1990 MAR.
1999 AUG.
1996 FEB.
1968 APR.
1972 AUG.

DAY
14
25
30
28
is
16
31
16
14

5
15

1
27
18
25
22

5
16
13

9
12
28
21
24
18

2
30

6
27
24
31
11'
19
3
3
9
7

23
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ANNUAL MAXIMUM AND MINIMUM ELEVATIONS

IN ORDER OF MAGNITUDE

RIVER SCHEDULING
TVA OPERATED RESERVOIR SYSTEM

ANNUAL MAXIMUM AND MINIMUM ELEVATIONS, IN ORDER OF MAGNITUDE
FROM DATE OF RESERVOIR CLOSURE THROUGH 2000

APALACHLA

MAXIMUM
ORDER ELEVATION

39 1279.96
40 1279.95
41 1279.95
42 1279.92
43 1279.90
44 1279.90
45 1279.90
46 1279.89
47 1279.84
48 1279.80
49 1279.80
50 1279.80
51 1279.80
52 1279.75
53 1279.61
54 1279.60
55 1279.48
56 1279.21
57 1279.04
58 1278.93

YEAR MONTH DAY

1954 JAN. 22
1971 MAY 26
1998 APR. 20

1967 DEC. 2
1974 JULY 15
1993 JAN. 26
1996 MAY 20
1966 APR. 2
1997 OCT. 23

1965 MAY 31
1981 JUNE 4
1992 OCT. 21
1995 FEB. 16
1972 MAR. 24
1991 SEP. 14
1988 DEC. 13
1987 JUNE 3
1982 SEP. 13
1985 FEB. 16
1986 FEB. 18

MINIMUM
ORDER ELEVATION

39 1271.95
40 1271.96
41 1271.97
42 1272.00
43 1272.24
44 1272.25
45 1272.28
46 1272.29
47 1272.44
48 1272.56
49 1272.57
50 1272.64
51 1272.72
52 1272.73
53 1272.75
54 1272.81
55 1273.10
56 1273.10
57 1273.13
58 1273.60

YEAR MONTH
1983 MAY
1960 JAN.
1970 SEP.
1957 JAN.
1987 MAY
1976 JUNE

1991 AUG.
2000 JUNE
1967 OCT.
1961 DEC.
1958 MAR.
1988 FEB.
1981 DEC.
1964 JAN.
1974 OCT.
1965 MAR.
1993 JAN.
1997 MAR.
1963 DEC.
1998 DEC.

DAY
24

1
7
8

22
2

16
8
3

15
13
11
22

4
30
30

9
9

14
29
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AVERAGE WEEKLY CFS

MAXIMUM,, MINIMIUM, MEDIAN, AND MEAN
Adjusted Flow by Weeks

Apalachia
Years=1903-2002

WEEK
ENDING
JAN 7
JAN 14
JAN 21
JAN 28
FEB 4
FEB 11
FEB 18
FEB 25
MAR 4
MAR 11
MAR 18
MAR 25
APR 1
APR 8
APR 15
APR 22
APR 29
MAY 6
MAY 13
MAY 20
MAY 27
JUN 3
JUN 10
JUN 17
JUN 24
JUL 1
JUL .8
JUL 15
JUL .22
JUL 29
AUG 5
AUG 12'
AUG 19
AUG 26
SEP 2
SEP 9
SEP 16
SEP 23
SEP 310
OCT 7
OCT 14
OCT 21
OCT :28
NOV 4
NOV 11
NOV 18
NOV 125
DEC 2
DEC 9
DEC 16
DEC 23
DEC 31

WEEK
NO.

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

MAXIMUM YR
8,400 1937
7,950 1946

14,000 1947
9,890 1954

15,3,00 195.7
11,400 1921
14,800 1990
11,300 1961
12,800 1917
11,800 1917
13,30 0 1990
12,400 1917
14,200 1994
18,9.00 1920
9,820 1979
7,070 1994
6,070 1958
7,410 1984
8,220 1984
8,750 1976
9,830 1909
8,590 1973
8,600 1909
5,230 1989
7,920 1989
4,600 1994
5,350 1989

11,300 1916
7,050 1906
9,.570 193'8
6,070 1971
4,320 1938

10,300 192,0
10,300 1967
5,020 1967
7,210 1928
4,060 1920
3,720 1906
6,570 1989
9,750 1964
3,740 1906
3,41.0 1906
3,,090 19-97
8,420 1918
4,93,0 1977

10-,200 1929
13,900 1-906
8,070 1948
6.,060 1-983
9,060 1932
9,420 1961

13,100 1932
1903 - 2002 =

AVERAGE WEEKLY CFS
MINIMUM YR

508 1940
587 1956
610 1914
535 1940
482 1940
755 1934
763 193A4
778 1941
8319 194.1

1,0 70ý 1914
1,130 1981
1,030 1988
1,030. 1.988
1,,200 1986
1,040' 1986

917 1986
880' 1986
707 1986
72-1, 1986
687 2001
529 1941
436' 1:988
ý312 1988
236 1988
431 1986
316 1988
418 1986
334 1986
314 1986
381 1986
239 1986
301 1987
309 1925
255 1925
180 1925
146 1925
155 1925
169 1925
280 1925
290 1981
280 2000
240 1954
290 1954'
270 1954
376 1931.
39,6 1931,
516 1956
496 1939
494 1939
455 1939
485 1943
582 1965

2130 CFS

.MEDIAN
2,300
2,250
'2,460
:2,800
2,710
2,730
2,940
2,780
2,936
'3,010
2, 810
2,970
2,990
3,100
2, 660
2, 750:
2,700
2,350
2,27f0
2,j 010
1,, 950
1, 720
1,650
1,550
1,430
1,3110
1,320
1,250
1,280
1,1190
1,'130
1,1660
1,120

'881
884
835
823
859
877
810
803
876
892
956

1,070
1,.110,
1,100
1,640
1,540
1,460
2,010

MEAN
2,740
2,640
2,960
3,110
3,.150
3,270
3,.520
3,300
3,.380
3,510
3,660
3,510
3,910
3,690
3,150
2,860
2,700
2,730
2-,540
2,220
2,270
2,050
1,960
1,800
1,620
1,600
1.,620
1,670
1,55.0
1,490
1, 38.0
1,330
1,370
1 ,2-90
1,130
1,070

934
977

1,130
1,210

951
1,010
1,020
1,170
1,180
1,330
1,540
1,590
1,850
2, 09'0
2,240
2,550

RIVER SYSTEM OPERATIONSAVERAGE FLOW:
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ANNUAL OPERATING CYCLE

Apalachia 40
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AREA IN HUNDREDS OF ACRES

-J

I.J
-J

z

z

z

0>

19 14 12 10 a___ 2 0

101290 _ "- "0•• 1290
1300 Oi'j•- 1300

.20 Top of Gates EL. 1280

1250 o-p 1280

127 40 ra Minimum120 Opirating' Level' EL. 1272- - - - - - - - 1270

12 60 1 S p ilIwmay C rea3tTEL L.12953 - -- -0000--£250

1250OK-11250

1240--- 00-- - -- -- -240

'3230

1220 .220

1210 / 1210

1200 - - - - - - 1200

11- - - - -- - 1190

11-70 - 1170

01 0 00: 11 0 600 10 20 30 40 so 60 70 80

VOLUME IN THOUSANDS OF ACRE - FEET

ELEV 1943 VOLUIME
AREA 1043 1050 1960 gOSS

FT AC AC-FT AC-FT AC-FT Ac-FT

1 2220 1222 70,100 69,800 69.400 9,600
1,2:0 ::10 a 58.300 58, 000 57,500 S7,8O0
1,270 193 47,700 47,400 .46,900 47,100
1,257 846 35,700 35.400 34.900 35,100
1,255 820 34,000 33, 700 33,300 33,500
1,240 614 23,400 23,100 22,700 22,900
1,230 524 17.700 17,500 17,100 17,200
1.220 449 12,900 12,700 12,300 12.500
1,210 385 .1700 8,500 8,200 0,300
1,200 312 5,200 5,000 4,700 4.900

1,IO0 215 2,600 2,500 2,300 2,400
1,180 149 o00 700 800 Soo
17110 I I l 0 0 0
1.168 0 0 0 0 0

v_

NOTES:
Reservoir areas were measured on a composite map prepared by-the Hydraulic Data
Branch with contours drawn at 10' intervals and scale 1"=500'. The map was prepared
from TVA land maps With contours at elevations 1,255 & 1,280. Contours were made
to conform to elevations on TVA sediment range cross sections located at one -
mile intervals. The 1943 volume was computed by the contour method. Volumes
of sediment on succeeding dates were computed by the constant factor method.

Elevations are referred to the USC & GS 1936 Supplementary Adjustment.

Upstream limit of the reservoir is Hiwassee Dam at river mile 75.8.

Area of original river within reservoir : 80 acres.

Drainage area above Apalachis Dam : 1,018 square miles.

Drainage area between Apalachia and Hiwassee Dams = 50 square miles.

Dam closure February 14,1943.

I ire IDIAIA M IO D 1 0 . V •M £

MWTHI NS DRAWING SUPERSEDES I$ -DA - 3916501m

HIWASSEE RIVER - MILE 66.0

RESERVOIR AREAS

AND VOLUMES

APALACHIA PROJECT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING

,lsu "~a ) Ii~i RZCOINKTIMNKO I _APPROVEDt

KNOXVILLE 112-28-82113 IDAI 1 1321G794Ai
I I -I- I'1 .. .... ....
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RESERVOIR RELEASE IMPROVEMENTS

Two improvements have been made to enhance the quality of the aquatic
environment below the dam: 1) Turbine venting 2) Turbine pulsing.

TURBINE VENTING AERATION SYSTEM

The Apalachia turbine venting aeration system is used to improve the
dissolved oxygen level of the turbine discharges by 2 mg/L depending on
the operating conditions of wicket gate opening and headwater elevation.
Because the turbine venting system is relatively inexpensive to operate,
this is the first aeration alternative used when the dissolved oxygen
level in the discharge drops below the target level.

Turbine venting aeration uses the vacuum breaker outlets on the turbine
runner to induce air into the unit discharge. Modifications to increase
the amount of air induced consist of the addition of hub baffles and
vacuum breaker bypass conduits.

Hub baffles increase the amount of suction at the vacuum breaker outlets,
whereas bypass conduits reduce the flow path and pressure losses for air
entering the unit. Together these changes increase both the amount of air
aspirated in the turbine and the amount of dissolved oxygen uptake. At
Apalachia, six flat-plate-type hub baffles were installed on the turbine
runners in 1993. The six-inch diameter vacuum breaker supply piping was
modified in the wheel pit to admit air through a manually operated six-
inch diameter butterfly isolation valve, a six-inch diameter low-loss
check valve, and a bellmouth inlet with debris strainer. The vacuum
breaker bypass system is located in the turbine wheel pit against the
wheel pit liner near the existing vacuum breaker valve and piping where it
is easily accessed by plant operators.

TURBINE PULSING

Turbine pulsing provides downstream water levels to be kept at minimum
flow conditions by periodic hydro-turbine releases during scheduled non-
generation times. At Apalachia, one unit is operated about thirty minutes
every four hours to maintain minimum flow conditions.
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CONSTRUCTION DATA

HOUSING FACILITIES

Built-in-place houses, cell-type ................................... 20
(All Apalachia housing has been removed.)

Demountable houses ................................................. 51
Dormitories built:

Men (432 total capacity) ....................................... 7
Women (6 total capacity) ....................................... 2

Trailers .......................................................... 66
Tents (352 total capacity) ......................................... 88
Washhouses .......................................................... 3
Public buildings constructed included a cafeteria (seating capacity 200),
hospital (19 beds), community and recreation buildings (2).

PERSONNEL

Dam and
Powerhouse Tunnel

Peak employed .......... .. 3,600 total on dam, powerhouse, and tunnel
Total man hours 7,542,056 2,474,431
Number of injuries 95 173
Days lost 12,738 50,739
Fatalities 1 7
Accident frequency 12.6 69.9
Accident severity 1,689 20,505

QUANTITIES

Dam and power facilities:
Earth excavation ................................... 102,700 cu. yd
Rock excavation (including 662,075 cu. yd

in tunnel) ....................................... 756,800 cu. yd
Concrete (including 210,543 cu. yd

in tunnel) ....................................... 448,349 cu. yd
Foundation grouting

(at dam only), cement ............................... 4,375 bags
Structural steel (tunnel liners, penstock,

and surge tank riser) ............................... 4,552 tons
Structural steel (dam, powerhouse, and

switchyard) ........................................... 845 tons
Reinforcing steel ..................................... 1,422 tons
Highway and railroad:

Excavation ....................................... 250,000 cu. yd
NOTE
Elevations are based on the U.S.C. & G.S. 1936 Supplementary Adjustment.
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INSTRUCTIONS FOR USE OF TABLES

1. Tables Update

These tables supersede the tables issued in August 1971. The tables were
revised to increase the maximum headwater elevation covered in the tables
from 1282 feet to 1285 feet. The tables were revised also 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 for setting required spillway discharges and
for determining the discharge when a specific arrangement of gates is in
use. The tabulated discharges are based on test results from scale models.

The specific gate arrangements in the tables were determined by
considering erosion data obtained from spillway model studies together
with incremental discharge values for satisfactory spillway operation.

3. Range of Tables

The tables cover a discharge range from 0 to 164,400 cubic feet per second.
Headwater elevations range from 1257 feet to 1285 feet. The tailwater does
not affect the discharges from this spillway.

4. Arrangement of Tables

The tables show spillway discharges in cubic feet per second. Headwater
elevations in 0. 1 -foot increments are shown at the top of each column. The
headwater range is shown at the bottom of each page.

The discharge is tabulated under the headwater elevations for specific
arrangements of gate openings, which are indicated by number in the left
and right columns of each page. The numbered arrangements are defined in
the 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 will

determine the gate opening to which each gate is to be set for any particular
discharge given in the tables.

5. Discharge Intervals

The tables have been prepared so that the incr emental 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
I percent. These increments are exceeded in some cases near the extreme
ends of the tables where operation is relatively infrequent. In general it is
possible to set any required discharge within 2-1/2 percent and to know the
actual discharge for any given set of conditions within I percent. These
tolerances are considered acceptable and therefore it will not be necessary
to inteEpolate between values given in these tables.

When the exact headwater elevation does not appear in the tables, the
discharge for the headwater elevation closest to it is used. For example, the
column headed 1262.2 is used for actual headwater elevations between
1262.15 feet and 1262.24 feet inclusive. When the actual headwater
elevation is exactly halfway between tabular values, the larger value is
used.

6. Raising and Lowering Gates

The operating mechanism for raising and lowering the spillway gates is
located on the deck of the dam. The gates are raised individually by
operating an electrical switch attached to the operating mechanism. As the
gate is raised or lowered, the gate opening is indicated on a dial that is
visible from the control switch. The gates may be stopped at any opening,
but only the openings shown in the spillway gate arrangement table on
page 5 may be used. Care should be taken to set each required position
accurately.
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7. Special Instruction - Preventing Flow Over Top of Spillway Gates
When Headwater Elevation is Above 1280 feet

If the headwater elevation exceeds 1280 feet (actually, 1279.8 feet to
provide a 0.2-foot margin of safety) the spillway gates must be set to one of
the gate arrangements listed in the tables to prevent flow over the tops of
the gates. The minimum gate openings are those corresponding to the
lowest numbered gate arrangement for which a discharge value is provided
in the tables.

8. Use of Tables

The tables can be used in two ways: (1) to determine the arrangement of
gates needed to pass a required discharge at a given headwater elevation,
and (2) to determine the discharge for a given arrangement of gates and
headwater elevation.

Example I -- What gate arrangement is necessary to pass a discharge of
10,000 cubic feet per second with the headwater at elevation 1265.82 feet?

The first step is to find the table in which the headwater elevation appears.
Referring to the contents page, we find that headwater elevations between
1265 feet and 1267 feet are found on page 12. The headwater elevation
closest to 1265.82 feet is 1265.8 feet. In the column headed 1265.8 the
discharge nearest to the required 10,000 cubic feet per second is 10,010
cubic feet per second located near the center of the page. By tracing the
horizontal line in which 10,010 cubic feet per second appears, to either side
of the page, we find that gate arrangement 26 is the one for producing the
discharge closest to 10,000 cubic feet per second at headwater elevation
1265.8 feet. Referring to page 5 it is found that the gates should be set with
the gate indicators reading as follows: gates 1, 3, 8, and 10 at indicator
position 2; gates 2, 4, 5, 6, 7, and 9 at indicator position 3.

After the gates are set, changes in the headwater elevation may require
changes in the gate arrangement to maintain the desired discharge. For
example, if the headwater should rise to 1265.42 feet, the discharge will be
found in the column headed 1265.4. In this column the discharge closest to
10,000 cubic feet per second is 10,140 cubic feet per second for gate
arrangement 27. To change from gate arrangement 26 to gate arrangement
27, gate I would be set to gate opening indicator position 3.

Exa!nple 2 -- Suppose the operating records show that the headwater is at
elevation 1277.35 feet, and gate arrangement 91 is in use. The headwater is
found on page 24 which is marked "Headwater 1277 to 1279." The
elevation given is exactly halfway between elevation 1277.3 feet and
1277.4 feet. The larger value, 1277.4 feet, should be used. In the column
headed 1277.4 opposite gate arrangement 91, the discharge is found to be
89,580 cubic feet per second.
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APALACHIA DAM

LOCATION OF SPILLWAY GATES

Spillway Gate Numbers

1 2 3 4 5 6 7 8 9 10'

DOWNSTREAM ELEVATION



5

APALACHIA DAM

SPILLWAY GATE ARRANGEMENTS

Arrange- Gate Number
ment

Number 1 2 3 4 5 6 7 8 9 10

1 0 0 0 1 0 0 0 0 0 0
2 0 0 0 1 0 0 1 0 0 0
3 0 1 0 1 0 0 1 0 0 0
4 0 1 0 1 0 0 1 0 1 0
5 0 1 0 1 1 0 1 0 1 0

6 0 1 0 1 1 1 1 0 1 0
7 1 1 0 1 1 1 1 0 1 0
8 1 1 0 1 1 1 1 0 1 1
9 1 1 1 1 1 1 1 0 1 1

10 1 1 1 1 1 1 1 1 1 1

11 1 1 1 2 1 1 1 1 1 1
12 1 1 1 2 1 1 2 1 1 1
13 1 2 1 2 1 1 2 1 1 1
14 1 2 1 2 1 1 2 1 2 1
15 1 2 1 2 2 1 2 1 2 1

16 1 2 1 2 2 2 2 1 2 1
17 2 2 1 2 2 2 2 1 2 1
18 2 2 1 2 2 2 2 1 2 2
19 2 2 2 2 2 2 2 1 2 2
20 2 2 2 2 2 2 2 2 2 2

21 2 2 2 3 2 2 2 2 2 2
22 2 2 2 3 2 2 3 2 2 2
23 2 3 2 3 2 2 3 2 2 2
24 2 3 2 3 2 2 3 2 3 2
25 2 3 2 3 3 2 3 2 3 2

26 2 3 2 3 3 3 3 2 3 2
27 3 3 2 3 3 3 3 2 3 2
28 3 3 2 3 3 3 3 2 3 3
29 3 3 3 3 3 3 3 2 3 3
30 3 3 3 3 3 3 3 3 3 3

31 3 3 3 4 3 3 3 3 3 3
32 3 3 3 4 3 3 4 3 3 3
33 3 4 3 4 3 3 4 3 3 3
34 3 4 3 4 3 3 4 3 4 3
35 3 4 3 4 4 3 4 3 4 3

36 3 4 3 4 4 4 4 3 4 3
37 4 4 3 4 4 4 4 3 4 3
38 4 4 3 4 4 4 4 3 4 4
39 4 4 4 4 4 4 4 3 4 4
40 4 4 4 4 4 4 4 4 4 4

Arrange- Gate Number
ment

Number 1 2 3 4 5 6 7 8 9 10

41 4 4 4 5 4 4 4 4 4 4
42 4 4 4 5 4 4 5 4 4 4
43 4 5 4 5 4 4 5 4 4 4
44 4 5 4 5 4 4 5 4 5 4
45 4 5 4 5 5 4 5 4 5 4

46 4 5 4 5 5 5 5 4 5 4
47 5 5 4 5 5 5 5 4 5 4
48 5 5 4 5 5 5 5 4 5 5
49 5 5 5 5 5 5 5 4 5 5
50 5 5 5 5 5 5 5 5 5 5

51 5 5 5 6 5 5 5 5 5 5
52 5 5 5 6 5 5 6 5 5 5
53 5 6 5 6 5 5 6 5 5 5
54 5 6 5 6 5 5 6 5 6 5
55 5 6 5 6 6 5 6 5 6 5

56 5 6 5 6 6 6 6 5 6 5
57 6 6 5 6 6 6 6 5 6 5
58 6 6 5 6 6 6 6 5 6 6
59 6 6 6 6 6 6 6 5 6 6
60 6 6 6 6 6 6 6 6 6 6

61 6 6 6 8 6 6 6 6 6 6
62 6 6 6 8 6 6 8 6 6 6
63 6 8 6 8 6 6 8 6 6 6
64 6 8 6 8 6 6 8 6 8 6
65 6 8 6 8 8 6 8 6 8 6

66 6 8 6 8 8 8 8 6 8 6
67 8 8 6 8 8 8 8 6 8 6
68 8 8 6 8 8 8 8 6 8 8
69 8 8 8 8 8 8 8 6 8 8
70 8 8 8 8 8 8 8 8 8 8

71 8 8 8 8 8 8 8 8 8 10
72 8 8 8 8 8 8 8 10 8 10
73 8 8 8 8 8 10 8 10 8 10
74 8 8 8 10 8 10 8 10 8 10
75 8 10 8 10 8 10 8 10 8 10

76 10 10 8 10 8 10 8 10 8 10
77 10 10 10 10 8 10 8 10 8 10
78 10 10 10 10 10 10 8 10 8 10
79 10 10 10 10 10 10 10 10 8 10
80 10 10 10 10 10 10 10 10 10 10

GATE OPENINGS

Arrange- Gate Number
ment

Number 1 2 3 4 5 6 7 8 9 10

81 10 10 10 10 10 10 10 10 10 14
82 10 10 10 10 10 10 10 14 10 14
83 10 10 10 10 10 14 10 14 10 14
84 10 10 10 14 10 14 10 14 10 14
85 10 14 10 14 10 14 10 14 10 14

86 14 14 10 14 10 14 10 14 10 14
87 14 14 14 14 10 14 10 14 10 14
88 14 14 14 14 14 14 10 14 10 14
89 14 14 14 14 14 14 14 14 10 14
90 14 14 14 14 14 14 14 14 14 14

91 14 14 14 14 14 14 14 14 14 18
92 14 14 14 14 14 14 14 18 14 18
93 14 14 14 14 14 18 14 18 14 18
94 14 14 14 18 14 18 14 18 14 18
95 14 18 14 18 14 18 14 18 14 18

96 18 18 14 18 14 18 14 18 14 18
97 18 18 18 18 14 18 14 18 14 18
98 18 18 18 18 18 18 14 18 14 18
99 18 18 18 18 18 18 18 18 14 18

100 18 18 18 18 18 18 18 18 18 18

101 18 18 18 18 18 18 18 18 18 21
102 18 18 18 18 18 18 18 21 18 21
103 18 18 18 18 18 21 18 21 18 21
104 18 18 18 21 18 21 18 21 18 21
105 18 21 18 21 18 21 18 21 18 21

106 21 21 18 21 18 21 18 21 18 21
107 21 21 21 21 18 21 18 21 18 21
108 21 21 21 21 21 21 18 21 18 21
109 21 21 21 21 21 21 21 21 18 21
110 21 21 21 21 21 21 21 21 21 21

Figures in columns under each gate number refer to gate opening indicator readings.
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APALACHIA DAM 7

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

1 T __HEADWATER ELEVATION _

1 1257.0 [1257.1 1257.2 1257.3 1257.4 11257.5 11257.6 1257.7 1 1257.8 11257.9 1258.0 1258.1 11258.2 11258.3 [1258.4 11258.5 [1258.6 11258.7 1258.8 11258.9 1259.0 2
1 0 5 15 20 30 40 55 65 80 95 110 120 140 160 180 180 190 180 180 180 180 1
2 5 15 25 45 65 85 110 130 160 190 220 250 280 320 350 350 360 350 350 350 360 2
3 5 20 40 65 95 130 160 200 240 280 330 370 420 470 520 550 560 560 560 550 560 3
4 5 25 55 85 130 170 210 260 320 370 430 500 560 630 700 740 770 770 760 760 760 4
5 10 35 70 110 160 210 270 330 400 470 540 620 700 790 870 930 950 950 940 940 940 5

6 10 40 80 130 190 250 320 400 480 560 650 750 850 950 1,050 1120 1,140 1,140 1,140 130 1,140 6
7 15 50 95 150 220 290 370 460 560 660 760 870 990 1,110 1,230 1,310 1,360 1,350 1,350 1350 1,350 7
8 15 55 110 170 250 340 430 530 640 750 870 1,000 1,130 1,270 1,400 1,490 1,530 1,530 1,520 1,520 1,520 8
9 15 60 120 200 280 380 480 590 720 840 980 1,120 1,270 1,420 1,570 1,680 1,730 1,720 1,720 710 1,720 910 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,750 1,850 1,900 1,900 1,890 1,880 1,890 10

11 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,750 1,860 1,930 1,950 1,960 1,980 2,000 11

12 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,750 1,890 1,970 2,0 2, 050 2,080 2,130 12
13 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,750 1,890 1,980 2,040 2,100 2,150 2,220 13
14 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1580 1,750 1,890 1,990 2,070 2,1405 2220 2, 320 14
15 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,750 1,900 2, 020 2,120 2, 220 2,1320 2,430 15

16 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,750 1,900 2, 040 2,160 2, 280 2,400 2,540 16
17 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,750 1,900 2, 040 2, 180 2,320 2,460 2,620 17
18 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,760 1,920 2,080 2,240 2,400 2,570 2,740 18
19 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,760 1,920 2,100 2, 270 2,460 2,650 2,850 19
20 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,760 1,950 2,140 2,340 2,540 2,750 2,970 20

21 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,760 1,950 2,140 2,340 2,540 2, 750 2,970 21
22 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,760 1,950 2,140 2, 340 2,540 2,750 2, 970 22
23 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,760 1,950 2,140 2, 340 2,540 2,750 2, 970 23
24 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,760 1,950 2, 140 2,340 2,540 2,750 2,970 24
25 20 70 140 220 310 420 540 660 790 940 1,090 1,240 1,410 1,580 1,760 1,950 2,140 2,340 2,540 2,750 2,970 25

______ I. ______ J ______ I ______ .1 ______ ± ______ J ______ I ______ L ______ I ______ .1. ______ 1 ______ .1. ______ .1 ______ I. ______ .J ______ J. ______ .J ______ . ______ .1 ______ ______

MARCH 2004 
HEADWATER 1257 to 1259

MARCH 2004 HEADWATER 1257 to 1259



8 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

___ __ _ __HEADWATER ELEVATION _o__

5 1259.0 1259.1 1259.2 1259.3 1259.4 1259.5 1259.6 1259.7 1259.8 1259.9 1260.0 1260.1 1260.2 1260.3 1260.4 1260.5 1260.6 1260.7 1260.8 1260.9 1261.0 5

1 180 190 190 190 200 200 200 210 210 210 220 220 220 230 230 230 240 240 240 240 250 1
2 360 360 370 380 380 390 400 400 410 420 420 430 430 440 440 450 460 460 470 470 480 2
3 560 570 580 590 590 600 610 630 640 640 650 660 670 680 690 700 - 710 720 730 740 750 3
4 760 770 780 800 810 820 840 850 860 880 890 900 910 930 940 950 960 980 990 1,000 1,010 4
5 940 960 970 990 1,000 1,020 1,040 1,050 1,070 1,090 1,100 1,120 1,140 1,150 1,170 1,180 1,200 1,210 1,230 1,240 1,260 5

6 1,140 150 170 190 1,210 1,230 1,250 1,270 1,290 1,310 1,330 1,350 1,370 1,390 1,400 1,420 1,440 1,460 1,480 1,500 1,510 6
7 1,350 1 520 1,550 1,570 1,590 1,610 1,640 1660 1,680 1,430700 1,720 1740 1770 1,790 7
8 1,520 1,540 1,570 1,590 1,620 1,640 1,670 1,700 1,720 1,750 1,780 1,800 1,830 1,850 1,880 1,900 1,920 1,950 1,970 2,000 2,020 8
9 1,720 1,740 1,770 1,800 1,820 1,850 1,880 1,910 1,950 1,980 2,000 2,030 2,060 2,090 2,120 2,140 2,170 2,200 2,230 2,260 2,280 9

10 1,890 1,910 1,950 1,980 2,010 2,040 2,080 2,110 2,150 2,180 2,210 2,240 2,270 2,300 2,330 2,360 2,400 2,430 2,460 2,490 2,520 10

11 2,000 2,050 2,100 2,150 2,200 2,260 2,310 2,370 2,430 2,480 2, 530 2, 550 2,570 2,600 2, 620 2,640 2,670 2,700 2,730 2,760 2, 790 11
12 2,130 2,190 2,260 2,330 2,410 2,480 2,560 2,640 2,720 2,790 2,820 2 840 2,860 2,870 2,880 2,910 2,940 2,970 3,000 3,030 3,060 12
13 2,220 2,300 2,400 2,490 2,580 2,680 2,780 2,880 2,980 3,070 3, 130 3,140 3,140 3,150 3,160 3,170 3,200 3,230 3,260 3,290 3,320 13
14 2,320 2,420 2,530 2,640 2,760 2,870 2,990 3,120 3,240 3,360 3,440 3,450 3,460 3,450 3,450 3,460 3,480 3, 510 3, 540 3, 570 3, 600 14
15 2,430 2, 550 2,680 2,820 2,950 3,090 3,230 3,380 3,520 3,660 3,740 3,750 3,740 3,730 3,720 3,720 3,750 3,780 3, 810 3,830 3,860 15

16 2,540 2,680 2,830 2,980 3,140 3,290 3,460 3,620 3,790 3, 960 4,050 4,050 4,040 4,020 4,000 4,000 4,020 4,050 4,080 4,100 4,130 16
17 2,620 2 790 2,960 3,130 3,300 3,490 3,670 3 860 4,050 4,230 4,350 4,370 4,350 4,320 4,290 4,290 4,300 4,330 4,360 4,380 4,410 17
18 2,740 2,930 3,120 3,310 3,510 3,710 3,910 4,120 4,340 4,540 4,650 4,670 4,640 4,600 4,570 4,560 4,570 4,600 4,630 4,650 4,680 18
19 2,850 3, 050 3,260 3,470 3,690 3, 910 4,140 4,370 4,610 4,840 4,970 4,970 4, 940 4,890 4, 850 4,830 4,850 4, 870 4,900 4,920 4, 950 19
20 2,970 3, 190 3,420 3,650 3,890 4,130 4,380 4,640 4,900 5,140 5,270 5,270 5,220 5, 170 5,110 5,100 5,110 5,140 5,160 5,190 5,220 20

21 2,970 3, 190 3, 420 3,650 3,890 4, 130 4,380 4,640 4,900 5,140 5,280 5,310 5,290 5,280 5,260 5,270 5,320 5,370 5,420 5,470 5,540 21
22 2, 970 3,190 3,420 3,650 3,890 4,130 4, 380 4, 640 4, 900 5,150 5,320 5,380 5,400 5,420 5,430 5,470 5,540 5,630 5, 710 5,790 5, 880 22
23 2, 970 3,190 3,420 3, 650 3,890 4,130 4, 380 4, 640 4, 900 5, 150 5, 320 5,420 5,470 5,520 5, 570 5, 650 5,740 5,850 5, 960 6,070 6,190 23
24 2, 970 3,190 3,420 3, 650 3, 890 4,130 4, 380 4,640 4, 900 5,150 5, 320 5, 430 5, 520 5,600 5, 680 5, 800 5, 930 6, 060 6, 200 6,340 6,490 24
25 2,970 3,190 3,420 3,650 3,890 4,130 4,380 4,640 4,900 5,150 5,350 5,490 5,610 5,730 5,850 5,980 6,140 6,310 6,470 6,640 6,820 25

26 21970 3,190 3,420 3,650 3,890 4, 130 4,380 4,640 4,900 5,150 5,360 5,530 5,680 5, 830 5,990 6,160 6,340 6, 530 6, 730 6,930 7,130 26
27 2,970 3,190 3,420 3,650 3,890 4,130 4,380 4,640 4,900 5,150 5,360 5,540 5,720 5,900 6,090 6,300 6,520 6,740 6,960 7,190 7,420 27
28 2, 970 3, 190 3,420 3,650 3,890 4,130 4, 380 4,640 4,900 5,160 5, 390 5,600 5,820 65, 040 6,260 6,490 6, 740 6,980 7,240 7,490 7, 750 28
29 2,970 3, 190 3,420 3,650 3,890 4,130 4,380 4,640 4,900 5,160 5,390 5,640 5,880 6,140 6, 90 6,660 6,930 7,210 7,490 7,770 8,070 29
30 2, 970 3, 190 3, 420 3, 650 3, 890 4, 130 4,380 4,640 4,900 5, 160 5, 430 5,710 5,990 6,270 6, 560 6,860 7,160 7,460 7,770 8,080 8,400 30

31 2,970 3, 190 3,420 3,650 3,890 4,130 4,380 4,640 4,900 5,160 5,430 5,710 5,990 6,270 6,560 6,860 7,160 7,460 7, 770 8,080 8,400 31
32 2,970 3,190 3,420 3,650 3,890 4,130 4,380 4,640 4,900 5,160 5,430 5,710 5,990 6,270 6,560 6,860 7,160 7,460 7,770 8,080 8,400 32
33 2, 970 3, 190 3,420 3,650 3,890 4,130 4,380 4,640 4,900 5,160 5,430 5,710 5,990 6,270 6,560 6,860 7,160 7,460 7,770 8,080 8,400 33
34 2,970 3,190 3,420 3,650 3,890 4,130 4,380 4 640 4,900 5, 160 5,430 5,710 5,990 6,270 6,560 6,860 7,160 7,460 7,770 8,080 8,400 34
35 2, 970 3, 190 3,420 3, 650 3,890 4,130 4, 380 4,640 4, 900 5, 160 5,430 5, 710 5, 990 6,270 6,560 6, 860 7,160 7,460 7,770 8,080 8,400 35

HEADWATER 1259 to 1261 
MARCH 2004

HEADWATER 1259 to 1261 MARCH 2004



APALACHIA DAM 9

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

12610 [HEADWATER ELEVATION 1.
1261.0 1261.1 1261.2 1261.3 1261.4 1261.5 1261.6 1261.7 1261.8 1261.9 1262.0 1262.1 1262.2 1262.3 1262.4 1262.5 1262.6 1262.7 1262.8 1262.9 1263.0

1 250 250 250 260 260 260 260 270 270 270 280 280 280 280 290 290 290 290 300 300 300 1
2 480 490 490 500 500 510 510 520 520 530 540 540 550 550 560 560 570 570 580 580 590 2
3 750 750 760 770 780 790 800 810 810 820 830 840 850 860 860 870 880 890 890 900 910 3
4 1,010 1,030 1,040 1,050 1,060 1,070 1,080 1,100 1,110 1,120 1,130 1,140 1,150 1,160 1,170 1,190 1,200 1,210 1,220 1,230 1,240 4
5 1,260 1,270 1,290 1,300 1,320 1,330 1,350 1,360 1,370 1,390 1,400 1,420 1,430 1,440 1,460 1,470 1,480 1,500 1,510 1,520 1,540 5

6 1,510 1,530 1,550 1,570 1,590 1,600 1,620 1,640 1,650 1,670 1,690 1,710 1,720 1,740 1,750 1,770 1,790 1,800 1,820 1,830 1,850 6
7 1,790 1,810 1,830 1,850 1,870 1,890 1,910 1,930 1,950 1,970 1,990 2,010 2,030 2,050 2,070 2,090 2,110 2,130 2, 150 2,170 2,180 7
8 2,020 2,050 2,070 2,100 2,120 2,140 2,160 2,190 2:210 2,230 2:260 2,280 2,300 2,320 2,350 2,370 2,390 2,410 2,430 2,450 2,470 8
9 2, 280 2, 310 2,340 2,360 2,390 2,420 2,440 2,470 2, 490 2, 520 2, 550 2,570 2,600 2,620 2,650 2, 670 2,690 2,720 2,740 2,770 2, 790 9

10 2, 520 2, 550 2,580 2,610 2,640 2,670 2,690 2,720 2, 750 2, 780 2, 810 2,840 2,860 2,890 2,920 2, 950 2,970 3,000 3,020 3,050 3, 080 10

11 2, 790 2,830 2,860 2,890 2,920 2,950 2,980 3,010 3,040 3,070 3, 100 3, 130 3, 160 3,190 3,220 3, 250 3,280 3,310 3,340 3,370 3,400 11
12 3,060 3,100 3,130 3,160 3,200 3,230 3,260 3,290 3,320 3,360 3,390 3,420 3,460 3,490 3,520 3,560 3,590 3,620 3,650 3,680 3,710 12
13 3,320 3,360 3,390 3,430 3,460 3,500 3, 530 3,570 3,600 3,630 3,670 3,700 3,740 3,770 3,810 3,850 3,880 3,910 3,950 3,980 4,020 13
14 3,600 3,640 3,670 3,710 3,750 3,780 3 820 3,850 3,890 3,920 3,960 3,990 4,030 4,070 4,110 4,150 4,190 4,220 4,260 4,300 4,330 14
15 3,860 3,900 3,940 3,980 4,020 4,060 4,090 4,130 4,170 4,200 4,240 4,280 4,320 4,370 4,410 4,450 4,490 4,530 4,570 4,610 4,650 15

16 4,130 4,170 4,220 4,260 4,300 4,340 4, 370 4,410 4,450 4, 480 4, 520 4,570 4,610 4, 660 4,700 4,750 4, 790 4,830 4,870 4, 920 4,960 16
17 4, 410 4, 450 4,490 4,540 4, 580 4,620 4, 660 4, 700 4,740 4, 770 4, 810 4,860 4,910 4, 960 5,000 5,050 5,100 5, 140 5, 190 5, 230 5, 280 17
18 4,680 4, 720 4,770 4,820 4, 860 4,900 4,940 4,980 5,020 5,060 5,110 5,150 5,210 5,260 5,310 5,360 5,400 5,450 5,500 5,550 5,600 18
19 4, 950 5, 000 5,040 5, 090 5, 140 5,180 5,220 5, 260 5, 300 5,340 5,390 5, 440 5,500 5,550 5, 600 5, 650 5,710 5,760 5, 810 5, 860 5,910 19
20 5,220 5,270 5,320 5,370 5,410 5,460 5, 500 5,550 5, 590 5,630 5,680 5,730 5,790 5,850 5,900 5,960 6,010 6,070 6,120 6,170 6,230 20

21 5,540 5,610 5,690 5,730 5,770 5,810 5,840 5,880 5,920 5,960 6,000 6,050 6,110 6,160 6,220 6,280 6,330 6,390 6,440 6,490 6,550 21
22 5, 880 5, 980 6,050 6,080 6, 120 6, 150 6, 170 6,210 6,240 6,280 6,320 6,370 6,420 6,480 6,540 6, 600 6,650 6,710 6,760 6,820 6,870 22
23 6,190 6, 320 6,420 6,450 6,480 6,500 6, 520 6, 540 6, 580 6,610 6,650 6,690 6, 740 6,800 6,860 6, 920 6,970 7, 030 7, 090 7,140 7, 200 23
24 6, 490 6,640 6,770 6,810 6, 830 6,840 6,850 6,870 6, 900 6, 930 6,970 7,000 7, 050 7,110 7,170 7, 230 7,290 7, 340 7,400 7,450 7, 510 24
25 6,820 7,000 7,120 7,150 7,160 7,170 7,170 7,180 7,210 7,240 7,270 7,310 7,350 7,410 7,470 7,530 7,590 7,650 7,710 7,760 7,820 25

26 7,130 7,340 7,490 7,510 7,510 7,510 7,500 7,510 7,540 7,570 7,590 7,620 7, 660 7,730 7,790 7, 850 7, 910 7,970 8,030 8, 080 8,140 26
27 7,420 7,660 7,830 7,880 7,880 7,870 7,850 7,850 7,870 7,890 7,920 7,950 7,980 8,040 8,110 8,170 8,230 8,290 8,350 8,400 8,460 27
28 7,750 8,020 8,190 8,230 8,220 8,200 8,170 8,170 8,180 8,210 8,230 8,250 8,290 8,350 8,410 8,480 8,540 8,600 8,660 8,720 8,770 28
29 8, 070 8, 360 8,550 8, 580 8,560 8,530 8, 500 8,490 8,500 8, 520 8, 550 8, 560 8,600 8,660 8, 720 8, 790 8, 850 8,910 8,970 9, 030 9,090 29
30 8, 400 8, 720 8,900 8,920 8,900 8,860 8, 820 8,810 8,820 8,840 8,850 8, 870 8,900 8,960 9, 030 9, 100 9, 160 9,220 9,280 9,340 9,400 30

31 8,400 8,720 8,900 8,960 8,970 8,970 8,970 9,000 9,040 9,100 9,150 9,190 9,270 9,360 9,450 9,510 9,560 9,610 9,660 9,710 9,760 31
32 8,400 8, 720 8,930 9,030 9,070 9,110 9,150 9,210 9,290 9,380 9,460 9,540 9,650 9, 770 9,850 9,900 9,940 9,980 10 020 10, 060 10,110 32
33 8,400 8,720 8,930 9,060 9,140 9,220 9,290 9,390 9,500 9,620 9,740 9,860 10,000 10,150 10, 260 10,290 10,330 10,360 10, 380 10,420 10,460 33
3 8,400 8,720 8,930 9,080 9,200 9,310 9,430 9,560 9, 710 9,870 10, 020 10,170 10, 350 10,530 10,670 10,710 10,730 10, 750 10, 760 10, 780 10,820 34
35 8,400 8, 720 8,970 9,150 9,310 9, 460 9,610 9,780 9,960 10,150 10,340 10, 530 10, 730 10, 950 11,080 11,100 11,110 11,120 11,120 11,140 11,180 35

36 8,400 8, 720 8, 970 9,190 9,380 9, 570 9, 760 9, 970 10, 180 10, 410 10, 630 10,860 11,100 11,340 11,490 11,500 11,510 11,500 11,490 11,500 11,540 36
37 8,400 8,720 8 970 9,200 9,420 9,650 9,880 10,120 10,380 10,630 10,890 11,150 11,430 11,710 11,890 11,910 11,900 11,890 11,870 11,870 11,890 37
38 8, 400 8, 720 9,000 9,260 9, 530 9,790 10,060 10,340 10,630 10,920 11,210 11,510 11,810 12,130 12,290 12, 310 12,290 12,260 12,230 12,230 12,250 38
39 8,400 8,720 9,010 9,310 9,610 9,910 10,220 10,530 10,850 11,180 11,510 11,840 12,180 12,520 12,710 12,710 12,680 12,650 12,610 12,590 12,610 39
40 8,400 8,720 -9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,120 13,110 13,070 13,030 12,970 12,950 12,970 40

41 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,120 13,160 13,160 13,160 13,150 13,180 13,230 41
42 8 400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,170 13,240 13,290 13,330 13,370 13,430 13,520 42
43 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,180 13,300 13,380 13,470 13,550 13,660 13,790 43
44 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,180 13,330 13,460 13,590 13,710 13,870 14,040 44
45 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,220 13,410 13,580 13,760 13,930 14,120 14,330 45

46 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,230 13,460 13,680 13,900 14,110 14,350 14,590 46
47 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 1 11,830 12, 190 12,570 12,940 13, 230 13, 480 13,740 14,000 14,260 14,540 14, 830 4748 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,270 13,570 13,870 14,170 14,480 14,800 15,130 48
49 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,280 13,620 13,960 14,310 14,660 15,030 15,390 49
50 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,320 13,700 14,090 14,480 14,880 15,280 15,680 50

51 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,320 13,700 14,090 14,480 14,880 15,280 15,680 51
52 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,320 13,700 14,090 14,480 14,880 15,280 15,680 52
53 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,320 13,700 14,090 14,480 14,880 15,280 15,680 53
53 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,320 13, 700 14,090 14,480 14,880 15,280 15,680 54
55 8,400 8,720 9,050 9,380 9,720 10,060 10,400 10,750 11,110 11,470 11,830 12,190 12,570 12,940 13,320 13, 700 14,090 14,480 14,880 15,280 15,680 55

MARCH 2004 
HEADWATER 1261 to 1263

MARCH 2004 HEADWATER 1261 to 1263



10 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

6.0 HEADWATER ELEVATION
S11263.0 1263.1 1263.2 1263.3 1263.4 1263.5 1263.6 1263.7 1263.8 [1263.9 11264.0 11264.1 11264.2 11264.3 11264.4 11264.5 11264.6 [1264.7 1264.8 [1264.9 11265.0 ] •

1 300 300 310 310 310 310 320 320 320 320 330 330 330 330 340 340 340 340 340 350 350 1
2 590 590 600 600 610 610 610 620 620 630 630 640 640 650 650 660 660 660 670 670 680 2
3 910 920 930 930 940 950 950 960 970 980 980 990 1,000 1,000 1010 1 020 1,020 1,030 1,040 1,040 050 3
4 1,240 1,250 1,260 1,270 1,280 1,290 1,300 1,310 1,320 1,330 340 1350 1,360 1,370 1,370 1,380 1,390 1,400 1,410 1,420 1,430 4
5 1,540 1,550 1,560 1,570 1,590 1,600 1,610 1,620 1,640 1,650 1,660 1,670 1,680 1,690 1,710 1,720 1,730 1,740 1,750 1,760 1,770 5

6 1,850 1,860 1,880 1,900 1,910 1,930 1,940 1,950 1,970 1980 2, 000 2,010 2,030 2,040 2,050 2,070 2,080 2, 100 2,110 2,120 2,140 6
7 2,180 2,200 2,220 2,240 2,260 2,270 2,290 2,310 2,330 2, 340 2, 360 2,380 2,390 2,410 2,430 2,440 2,460 2, 480 2,490 2,510 2,520 7
8 2 470 2, 490 2,510 2,530 2 550 2,570 2,590 2,610 2,630 2,650 2,670 2:690 2:710 2,730 2,750 2,760 2,780 2,800 2,820 2,640 2,860 8
9 2,790 2,810 2,830 2,860 2, 880 2, 900 2,930 2,950 2,970 2, 990 3, 010 3,030 3,060 3, 080 3, 100 3,120 3,140 3, 160 3, 180 3,200 3,220 9

10 3,080 3,100 3,130 3, 150 3, 180 3, 200 3,230 3,250 3,280 3, 300 3, 320 3,350 3,370 3, 390 3, 420 3,440 3,460 3, 490 3,510 3,530 3,550 10

11 3,400 3,430 3,450 3,480 3,510 3,640 3,570 3,590 3,620 3,650 3,680 3,700 3,730 3,750 3,780 3,810 3,830 3,860 3,880 3,910 3,930 11
12 3,710 3,750 3,780 3,810 3,840 3,870 3,900 3,930 3,960 3, 990 4, 020 4,050 4,080 4,110 4,140 4, 170 4, 200 4,230 4,250 4, 280 4, 310 12
13 4,020 4,050 4,090 4,120 4,160 4,190 4,220 4,260 4,290 4,320 4,350 4,390 4,420 4,450 4,480 4,510 4,550 4,580 4,610 4,640 4,670 13
14 4, 330 4, 370 4,410 4, 450 4, 480 4, 520 4,560 4,590 4, 630 4, 670 4,700 4,740 4, 770 4,810 4,840 4,880 4,910 4, 950 4, 980 5,010 5,050 14
15 4,650 4, 690 4,730 4,770 4, 810 4, 850 4,890 4,930 4, 970 5,010 5,040 5,080 5, 120 5,160 5,200 5,230 5,270 5,310 5,340 5,380 5,420 15

16 4,960 5,000 5,050 5,090 5,130 5,180 5,220 5,260 5,300 5,350 5,390 5,430 5,470 5,510 5,550 5,590 5,630 5,670 5,710 5,750 5,790 16
197 5, 280 5, 320 5,370 5,420 5 460 5,510 5,560 5, 600 5,650 5, 690 5, 740 5,780 5 820 5,870 5,910 5, 950 6,000 6,040 6,080 6,120 6,160 17
18 5: 600 5, 650 5,700 5,750 5 ,800 5,850 5,890 5, 940 5,990 6,040 6,090 6,130 6,180 6,230 6,270 6,320 6,360 6,410 6,450 6,500 6,540 18
19 5,910 5,960 6,020 6,070 6,120 6,170 6,230 6,280 6,330 6,380 6,430 6,480 6,530 6,580 6,630 6,680 6,720 6,770 6,820 6,870 6,910 19
20 6, 230 6, 280 6, 340 6, 390 6, 450 6,510 6, 560 6,610 6,670 6, 720 6, 780 6,830 6, 880 6, 930 6,990 7, 040 7, 090 7,140 7, 190 7, 240 7,290 20

21 6,550 6, 600 6,660 6,720 6, 780 6,840 6,890 6,950 7,010 7,060 7,120 7, 170 7,230 7, 280 7, 340 7,390 7,450 7,500 7,550 7,610 7,660 21
22 6,870 6,930 6,990 7,050 7,110 7, 170 7,230 7,290 7,350 7,400 7,460 7,520 7,580 7,640 7,690 7,750 7,810 7,870 7,920 7,980 8,030 22
23 7,200 7,250 7,310 7,370 7,440 7,500 7,560 7,630 7,690 7,750 7,810 7,870 7,930 7,990 8,050 8,110 8,170 8,230 8,290 8,350 8,410 23
24 7,510 7, 570 7,620 7,690 7,760 7,820 7,890 7,950 8,010 8,080 8,140 8,200 8,260 8,330 8,390 8,460 8,520 8,580 8,640 8,710 8,770 24
25 7,820 7, 880 7, 940 8,000 8,070 8, 140 8,210 8, 280 8,340 8,410 8, 470 8,540 8,600 8, 670 8,740 8,800 8, 870 8,930 9,000 9, 060 9, 130 25

26 8, 140 8, 190 8,260 8,330 8,400 8,470 8,540 8,610 8,680 8,740 8, 810 8,880 8,940 9,010 9,080 9,150 9,220 9,290 9, 360 9,430 9,490 26
27 8, 460 8, 520 8, 580 8, 650 8, 720 8, 800 8,870 8, 940 9, 010 9, 080 9, 150 9,220 9, 290 9, 360 9, 430 9, 510 9, 580 9, 650 9, 720 9,790 9, 860 27
28 8,770 8, 830 8, 890 8, 970 9,040 9, 120 9,190 9,270 9, 340 9,410 9,480 9,560 9,630 9,700 9, 780 9, 860 9,930 10, 000 10, 080 10,150 10, 220 28
29 9, 090 9, 140 9, 210 9, 280 9,360 9,440 9, 520 9, 590 9, 670 9, 740 9,820 9,890 9, 960 10, 040 10, 120 10, 200 10, 280 10, 360 10, 430 10, 510 10, 580 29
30 9, 400 9, 450 9, 520 9, 600 9,680 9,760 9, 840 9, 920 10, 000 10, 070 10,150 10,230 10, 300 10, 390 10,470 10, 550 10, 630 10, 710 10, 790 10, 870 10, 950 30

31 9,760 9,810 9,870 9,950 10,020 10,100 10,180 10,260 10,340 10,420 10,490 10,570 10,650 10,730 10,810 10,890 10,970 11,060 11,140 11,220 11,300 31
32 10,110 10,160 10,220 10,280 10,360 10,440 10,520 10,600 10,680 10,750 10,830 10,900 10,980 11,060 11,140 11,230 11,310 11,400 11,480 11,560 11,650 32
33 10,460 10,510 10,560 10,620 10690 10,770 10,850 10,930 11,010 11,080 11,160 11,230 11,310 11,390 11,470 11,560 11,650 11,730 11,820 11,900 11,990 33
34 10,820 10,870 10,910 10,960 11,030 11,110 11,190 11,270 11,350 11,420 11,500 11:,570 11,650 11,730 11,810 11,900 11,990 12,070 12,160 12,250 12,340 34
35 11,180 11,220 11,260 11,300 11,360 11,450 11,530 11,610 11,690 11,760 11,640 11,910 11,990 12,060 12,150 12,240 12,330 12,420 12,510 12,600 12,690 35

36 11,540 11,570 11,610 11,640 11,700 11,780 11,870 11,950 12,020 12,100 12,180 12,250 12,320 12,400 12,480 12,580 12,670 12,760 12,860 12,950 13,040 36
37 11,890 11,920 11,960 11,990 12,040 12,120 12,200 12,280 12,360 12,430 12,510 12,580 12,660 12,730 12,810 12,910 13,000 13,100 13,190 13,290 13,380 37
38 12, 250 12,280 12,300 12,330 12, 380 12,460 12,540 12,620 12, 700 12, 770 12,850 12,920 13,000 13, 070 13, 150 13,250 13, 350 13,440 13,540 13,640 13,730 38
39 12, 610 12, 630 12,650 12, 670 12,720 12,800 12,880 12,960 13, 040 13, 120 13,190 13 260 13,340 13,410 13,490 13,590 13, 690 13,790 13; 890 13,990 14,080 39
40 12,970 12, 990 13,000 13, 010 13,060 13,140 13,220 13,300 13, 380 13,460 13,530 13,610 13,680 13,750 13,830 13,930 14, 040 14,140 14,240 14,340 14,440 40

41 13, 230 13,290 13,340 13,390 13,480 13,590 13,710 13,780 13,850 13,920 13,980 14,040 14,100 14,170 14,250 14,340 14,430 14,530 14,630 14, 730 14,820 41
42 13,520 13,620 13,710 13,800 13,920 14,070 14, 190 14,260 14,310 14,360 14,410 14,460 14,520 14,580 14,650 14,740 14,820 14,920 15,020 15, 120 15,210 42
43 13, 790 13, 920 14, 060 14, 190 14,350 14, 530 14, 680 14,730 14, 770 14,810 14,850 14,890 14, 940 15, 000 15, 060 15, 130 15, 210 15, 310 15,400 15, 500 15, 590 43
44 14,040 14,210 14,380 14,560 14,760 14,970 15,160 15,210 15,240 15,270 15,290 15,320 15,370 15,410 15,470 15,540 15,610 15,700 15,790 15,880 15,970 44
45 14, 330 14, 540 14, 760 14, 970 15,200 15,450 15, 650 15,700 15,710 15, 730 15,740 15,760 15, 800 15,640 15,890 15,940 16, 010 16, 100 16,190 16,280 16,370 45

46 14, 590 14, 850 15,100 15,350 15, 630 15,910 16,150 16,180 16,190 16,190 16,190 16,190 16,230 16, 260 16,310 16,350 16,410 16,490 16,580 16, 670 16,760 46
47 14, 830 15,120 15,420 15, 710 16,020 16, 350 16,620 16,670 16, 660 16,650 16,640 16 630 16, 650 16, 680 16, 720 16,760 16,800 16, 880 16, 970 17, 060 17,140 47
48 15, 130 15,460 15,790 16,:120 16,470 16,830 17,090 17,130 17, 120 17,090 17,060 17, 050 17, 070 17, 100 17, 120 17,150 17,190 17, 270 17, 360 17,440 17,520 48
49 15, 390 15,760 16,130 16, 510 16,890 17,280 17,580 17,610 17, 580 17,540 17, 500 17,470 17,490 17, 510 17, 530 17, 550 17,580 17,660 17, 740 17,830 17,910 49
50 15,680 16,090 16,500 16, 920 17,340 17,760 18,050 18,060 18, 020 17,970 17, 920 17,880 17,890 17,910 17, 920 17, 930 17,960 18,040 18, 120 18,200 18,280 50

51 15,680 16, 090 16,500 16,920 17, 340 17,760 18,050 18,100 18,110 18,110 18,110 18,120 18,180 18,240 18,290 18,350 18,420 18,540 18,660 18, 740 18,800 51
52 15,680 16, 090 16,500 16,920 17,340 17, 760 18,080 18,180 18,240 18,280 18,330 18,390 18,490 18,590 18, 700 18,790 18,910 19,070 19,200 19, 270 19,320 52
53 15,680 16, 090 16,500 16,920 17,340 17, 760 18, 080 18,240 18,340 18,440 18,530 18,640 18,780 18,930 19, 080 19,220 19,380 19,580 19,750 19, 810 19,850 53
54 15, 680 16, 090 16, 500 16, 920 17 340 17, 760 18, 080 18,270 18, 420 18, 560 18, 710 18, 870 19, 060 19, 250 19,440 19,630 19,640 20, 070 20, 280 20, 360 20, 390 54
5 15, 680 16, 090 16, 500 16, 920 17,340 17, 760 18,100 18, 330 18, 530 18, 720 18, 920 19,130 19, 360 19, 590 19, 830 20, 070 20, 320 20, 590 20, 830 20, 890 20, 910 55

HEADWATER 1263 to 1265 MARCH 2004



APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

I III I HEADWATER ELEVATION ___•i 16.0 1631 1263.2 1263.3 1263.4 1263.5 12636 16. 1238 239 1640 241 16.2 243 16.4 245 1264.6 1247 268 12 .9 250

56 15,680 16,090 16, 500 16,920 17,340 17,760 18,100 18, 370 18, 620 18,860 19,110 19,370 19,640 19, 920 20,200 20,480 20,780 21,090 21,370 21,430 21,430 56
57 15, 680 16, 090 16, 500 16, 920 17,340 17,760 18, 100 18, 390 18, 690 18,980 19,270 19,580 19,900 20, 230 20,550 20,880 21,220 21,580 21,890 21,990 21,980 57
58 15, 680 16, 090 16, 500 16, 920 17,340 17,760 18, 140 18,480 18, 820 19,160 19,500 19,860 20,220 20,590 20,960 21,330 21,720 22,110 22,420 22,500 22, 480 58
59 15, 680 16, 090 16, 500 16, 920 17,340 17,760 18, 150 18,530 18, 920 19, 310 19,700 20, 110 20,520 20,930 21,340 21,760 22,190 22, 620 22,970 23,050 23, 010 59
60 15, 680 16,090 16, 500 16, 920 17, 340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20, 840 21,300 21, 760 22, 220 22,690 23, 160 23, 520 23, 580 23, 530 60

61 15, 680 16,090 16, 500 16, 920 17, 340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20, 840 21, 300 21,760 22,220 22,690 23, 160 23, 520 23, 620 23, 620 61
62 15, 680 16, 090 16, 500 16, 920 17,340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20, 840 21, 300 21,760 22, 220 22,690 23, 160 23, 540 23, 700 23, 760 62
63 15, 680 16, 090 16, 500 16, 920 17, 340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20,640 21,300 21,760 22,220 22,690 23,160 23, 540 23, 750 23, 860 63
64 15, 680 16, 090 16, 500 16, 920 17,340 17, 760 18, 190 18,620 19, 060 19, 500 19, 940 20, 390 20, 840 21,300 21, 760 22,220 22,690 23, 160 23, 540 23, 760 23, 930 64
65 15, 680 16, 090 16, 500 16, 920 17,340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20,640 21,300 21, 760 22,220 22,690 23, 160 23, 560 23, 830 24, 050 65

66 15, 680 16, 090 16, 500 16, 920 17,340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20,840 21,300 21,760 22,220 22, 690 23, 160 23,560 23, 870 24,140 66
67 15, 680 16, 090 16, 500 16, 920 17, 340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20,840 21, 300 21, 760 22, 220 22, 690 23, 160 23, 560 23, 880 24, 210 67
68 15, 680 16, 090 16, 500 16, 920 17, 340 17, 760 18, 190 18,620 19, 060 19, 500 19, 940 20, 390 20, 640 21, 300 21, 760 22, 220 22, 690 23, 160 23, 600 23, 980 24, 350 68
69 15, 680 16, 090 16, 500 16, 920 17,340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20, 840 21,300 21, 760 22, 220 22, 690 23, 160 23, 600 24, 030 24,460 69
70 15, 680 16, 090 16, 500 16, 920 17,340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20,840 21,300 21, 760 22, 220 22, 690 23, 160 23,640 24, 110 24, 600 70
71 15, 680 16, 090 16, 500 16, 920 17, 340 17, 760 18,190 18,620 19, 060 19, 500 19, 940 20, 390 20,840 21,300 21, 760 22, 220 22, 690 23, 160 23, 640 24, 110 24, 600 71
72 15, 680 16, 090 16, 500 16, 920 17, 340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20,640 21,300 21,760 22, 220 22, 690 23,160 23,640 24,110 24, 600 72
73 15, 680 16, 090 16, 500 16, 920 17, 340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20, 840 21, 300 21, 760 22, 220 22, 690 23, 160 23, 640 24, 110 24, 600 73
74 15, 680 16, 090 16, 500 16, 920 17,340 17, 760 18, 190 18, 620 19, 060 19, 500 19,940 20, 390 20,840 21, 300 21,760 22, 220 22, 690 23, 160 23,640 24,110 24, 600 74
75 15, 680 16, 090 16, 500 16, 920 17,340 17, 760 18, 190 18, 620 19, 060 19, 500 19, 940 20, 390 20, 840 21,300 21,760 22, 220 22, 690 23, 160 23,640 24, 110 24,600 75

MARCH 2004 
HEADWATER 1263 to 1265

MARCH 2004 HEADWATER 1263 to 1265



12 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

'" _ ____HEADWATER ELEVATION __ __

Y 1265.0 1265.1 1265.2 1265.3 1265.4 1265.5 1265.6 1265.7 1265.8 1265.9 1266.0 1266.1 1266.2 1266.3 1266.4 1266.5 1266.6 1266.7 1266.8 1266.9 1267.0 [ s

1 350 350 350 360 360 360 360 360 370 370 370 370 370 380 380 380 380 380 390 390 390 1
2 680 680 690 690 690 700 700 710 710 710 720 720 730 730 730 740 740 750 750 750 760 2
3 1,050 1,060 1,060 1,070 1,080 1,080 1,090 1,100 1,100 1,110 1,120 1,120 1,130 1,130 1,140 1,150 1,150 1,160 1,160 1,170 1,180 3
4 1,430 1,440 1,450 1,460 1,470 1,470 1,480 1,490 1,500 1,510 1,520 1,530 1,530 1,540 1,550 1,560 1,570 1,580 1,580 1,590 1,600 4
5 1,770 1,790 1,800 1,810 1,820 1,830 1,840 1,850 1,860 1,870 1,880 1,890 1,900 1,910 1,920 1,930 1,950 1,960 1,970 1,980 1,990 5

6 2,140 2,150 2,160 2,180 2,190 2,200 2,220 2,230 2,240 2,250 2,270 2,280 2,290 2,300 2,320 2,330 2,340 2,350 2,370 2,380 2,390 6
7 2, 520 2,540 2,550 2,570 2, 590 2,600 2,620 2,630 2, 650 2,660 2,680 2,690 2, 710 2,720 2,740 2,750 2,770 2,780 2, 790 2,810 2,820 7
8 2,860 2,870 2,890 2,910 2,930 2,:940 2,960 2,980 3,000 3,010 3,030 3,050 3,060 3,080 3,100 3,110 3,130 3,150 3160 3,180 3,190 8
9 3, 220 3,240 3, 260 3, 280 3, 300 3, 320 3,340 3, 360 3,380 3,400 3,420 3,440 3, 460 3, 470 3,490 3 510 3,530 3, 550 3, 570 3,590 3,600 9

10 3, 550 3, 580 3,600 3,620 3,640 3,660 3,680 3,710 3,730 3,750 3,770 3,790 3,810 3,830 3,850 3, 870 3,890 3,920 3, 940 3,960 3,980 10

11 3,930 3,960 3,980 4, 010 4,030 4,060 4,080 4,110 4,130 4,150 4,180 4,200 4,220 4,250 4,270 4,290 4,320 4,340 4,360 4,390 4,410 11
12 4, 310 4,340 4,370 4, 390 4,420 4,450 4,470 4,500 4,530 4,550 4,580 4,610 4,630 4,660 4,680 4, 710 4,730 4,760 4, 790 4, 810 4,840 12
13 4,670 4,700 4,730 4,760 4,790 4,820 4,850 4,880 4,910 4,940 4,960 4,990 5,020 5,050 5,080 5,110 5,130 5,160 5,190 5,220 5,240 13
14 5, 050 5, 080 5,110 5,140 5,180 5,210 5, 240 5,270 5,310 5,340 5, 370 5,400 5,430 5,460 5,490 5, 520 5,550 5,580 5,610 5,640 5,670 14
15 5,420 5,450 5,490 5,520 5,560 5,590 5,630 5,660 5,700 5,730 5, 760 5,800 5,830 5,860 5,900 5,930 5,960 6,000 6,030 6,060 6,090 15

16 5,790 5, 830 5,860 5,900 5,940 5, 980 6,010 6,050 6,090 6,130 6,160 6,200 6,230 6,270 6,310 6,340 6,380 6, 410 6,450 6,480 6,520 16
17 6,160 6,200 6,250 6,290 6,330 6,370 6,410 6,450 6,490 6,530 6,560 6,600 6,640 6,680 6,720 6,760 6,800 6,830 6,870 6,910 6,950 17
18 6, 540 6,590 6,630 6,670 6,720 6,760 6,800 6,840 6,890 6,930 6, 970 7,010 7,050 7, 090 7,140 7,180 7,220 7,260 7, 300 7,340 7,380 18
19 6,910 6,960 7,010 7,050 7,100 7,140 7,190 7,230 7,280 7,320 7,370 7,410 7,460 7,500 7,540 7,590 7,630 7,670 7,710 7,760 7,800 19
20 7, 290 7,340 7, 390 7,440 7, 480 7, 530 7, 580 7,630 7, 680 7, 720 7, 770 7, 820 7, 860 7, 910 7, 950 8, 000 8, 050 8, 090 8,140 8,180 8, 220 20

21 7,660 7,710 7, 760 7,820 7,870 7,920 7,970 8,020 8,070 8,120 8,170 8,220 8,270 8,320 8,360 8,410 8,460 8,510 8,560 8,600 8,650 21
22 8,030 8, 090 8,140 8,200 8,250 8,310 8,360 8,410 8,470 8,520 8,570 8, 620 8,670 8,730 8,780 8,830 8, 880 8,930 8,980 9,030 9,080 22
23 8,410 8,470 8, 520 8,580 8,640 8,690 8,750 8,810 8,860 8,920 8,970 9,030 9,080 9,140 9,190 9,250 9,300 9,350 9,410 9,460 9,510 23
24 8,770 8,830 8, 890 8,950 9,010 9,070 9,130 9,190 9,240 9,300 9,360 9,420 9,470 9,530 9,590 9,650 9,700 9,760 9,810 9,870 9,930 24
25 9,130 9,190 9, 250 9, 320 9,380 9,440 9,500 9,560 9,630 9,690 9, 750 9,810 9,870 9,930 9,990 10, 050 10,100 10,160 10, 220 10,280 10,340 25

26 9,490 9,560 9,630 9,690 9,760 9,820 9, 890 9,950 10, 010 10, 080 10,140 10, 200 10, 270 10, 330 10, 390 10, 450 10, 520 10, 580 10,640 10,700 10, 760 26
27 9, 860 9, 930 10,000 10,070 10,140 10,200 10, 270 10,340 10,400 10,470 10, 530 10, 600 10, 660 10,730 10,800 10,860 10,930 10, 990 11,060 11,120 11,180 27
28 10, 220 10, 300 10,370 10,440 10,510 10,580 10, 650 10,720 10, 790 10, 860 10, 930 10, 990 11,060 11,130 11,200 11,270 11,330 11,400 11,470 11,530 11,600 28
29 10,580 10,660 10,730 10,810 10,880 10,950 11,030 11,100 11,170 11,240 11,310 11,380 11,450 11,520 11,590 11,670 11,740 11,810 11,880 11,950 12,010 29
30 10,950 11,020 11,100 11,180 11,250 11,330 11,410 11,480 11,550 11,630 11,700 11,780 11,850 11,920 12,000 12,070 12,140 12,220 12,290 12,360 12,430 30

31 11,300 11,380 11,460 11,540 11,610 11,690 11,770 11,850 11,930 12,000 12,080 12,150 12,230 12,310 12,380 12,460 12,530 12,610 12,680 12,760 12,830 31
32 11,650 11,730 11,810 11,890 11,970 12,050 12,130 12,210 12,290 12,370 12,450 12,530 12, 610 12,690 12,770 12,840 12,920 13,000 13,080 13,150 13,230 32
33 11,990 12, 070 12,160 12,240 12,320 12,400 12,490 12,570 12,650 12,740 12,820 12,900 12, 980 13, 060 13,140 13,220 13,300 13, 380 13,460 13,540 13,620 33
34 12,340 12,420 12,510 12,590 12,680 12,760 12,850 12,940 13,020 13,110 13,190 13,270 13,360 13,440 13,520 13,610 13,690 13,770 13,850 13,930 14,010 34
35 12, 690 12, 780 12,860 12,950 13,040 13,130 13,220 13,300 13,390 13, 480 13,570 13,650 13,740 13, 820 13,910 13,990 14,080 14, 160 14,250 14,330 14,410 35

36 13, 040 13,130 13,220 13, 300 13,390 13,490 13, 580 13, 670 13, 760 13, 850 13,940 14,030 14, 120 14,200 14, 290 14,380 14,470 14, 550 14, 640 14, 720 14,810 36
37 13, 380 13,470 13,560 13, 650 13,740 13,840 13, 930 14, 030 14, 120 14, 210 14,300 14,390 14,490 14,580 14, 670 14,760 14, 840 14, 930 15, 020 15, 110 15, 190 37
38 13,730 13,820 13,920 14,010 14,100 14,200 14,300 14,390 14,490 14,590 14,680 14,770 14,870 14,960 15,050 15,150 15,240 15,330 15,420 15,510 15,600 38
39 14,080 14,180 14,270 14,370 14,460 14,560 14,660 14,760 14,860 14,960 15,060 15,150 15,250 15,350 15,440 15, 530 15,630 15,720 15,810 15,900 16,000 39
40 14,440 14,540 14,630 14,730 14,830 14, 930 15,030 15,140 15,240 15,340 15,440 15,540 15,640 15,730 15, 830 15, 930 16,020 16,120 16, 210 16, 310 16,400 40

41 14,820 14,920 15,010 15,110 15,200 15,300 15,400 15,510 15,610 15,710 15,810 15,920 16,020 16,120 16,210 16,310 16,410 16,510 16,610 16,700 16,800 41
42 15,210 15,300 15,400 15,490 15,580 15,680 15,770 15,880 15,990 16,090 16,190 16,300 16,400 16,500 16,600 16,700 16,800 16,900 17,000 17,100 17,200 42
43 15,590 15, 680 15, 770 15,860 15,950 16,040 16,140 16,250 16, 350 16,460 16, 570 16,670 16,780 16,880 16, 980 17, 080 17,190 17,290 17, 390 17, 490 17, 600 43
44 15,970 16, 060 16,150 16, 240 16,320 16,410 16,500 16, 610 16, 720 16, 830 16, 940 17,050 17,150 17,260 17,360 17, 460 17, 570 17, 670 17,780 17, 880 17,990 44
5 16,370 16,460 16,540 16,620 16,710 16,790 16,880 16,990 17,110 17,220 17,330 17,440 17,540 17,650 17,760 17,860 17,970 18,080 18,180 18,290 18,400 45

46 16,760 16,840 16,930 17,010 17,090 17,170 17,260 17,370 17,480 17,590 17,710 17,820 17,930 18,040 18,140 18,250 18,360 18,470 18,580 18,690 18,800 46
47 17, 140 17,230 17,310 17, 380 17,460 17,540 17, 620 17, 730 17, 850 17,960 18,080 18, 190 18,300 18,410 18,520 18,630 18, 740 18, 850 18,970 19,080 19,190 47
48 17,520 17,600 17,680 17,760 17,830 17,910 17, 990 18,100 18,220 18,340 18,450 18, 570 18,680 18,800 18,910 19,020 19, 130 19, 250 19,360 19,480 19, 590 48
49 17,910 17,980 18,060 18,130 18,200 18,270 18, 350 18,470 18,590 18, 710 18,830 18,940 19, 060 19,170 19,290 19, 400 19, 510 19, 630 19,750 19,870 19, 990 49
50 18,280 18,350 18,430 18,500 18,570 18,630 18, 720 18,830 18,950 19, 080 19,190 19,310 19, 430 19,550 19,660 19, 780 19, 890 20,010 20,140 20,260 20,380 50

51 18,800 18, 870 18,930 18,980 19, 050 19,110 19,180 19,290 19,400 19,520 19,630 19,740 19,860 19,970 20,080 20, 190 20,300 20,410 20,530 20,650 20,770 51
52 19, 320 19, 370 19, 410 19,460 19, 520 19, 570 19, 640 19, 730 19,840 19, 950 20, 060 20, 170 20, 280 20, 380 20, 490 20, 590 20, 700 20, 800 20, 920 21,040 21,170 52
53 19, 850 19, 880 19,910 19,950 20,000 20, 050 20,110 20, 190 20,280 20,390 20,500 20,600 20, 700 20, 810 20,910 21,000 21,100 21,200 21,310 21,440 21,560 53
54 20, 390 20, 410 20, 430 20, 450 20,490 20,540 20, 590 20,670 20, 750 20,840 20,940 21,050 21,140 21, 240 21, 330 21,430 21, 520 21, 620 21, 720 21,840 21,960 54
55 20,910 20,920 20,920 20,930 20,970 21,010 21,060 21,120 21,190 21,280 21,380 21,470 21,560 21,660 21,750 21,830 21,920 22,010 22,100 22,230 22,360 55

HEADWATER 1265 to 1267 MARCH 2004



APALACHIA DAM 13

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

1 -z - ___HEADWATER ELEVATION __ __

1265.0 11265.1 1265.2 1265.3 1265.4 1265.5 1265.6 1265.7 1265.8 1265.9 1266.0 1266.1 11266.2 1266.3 1266.4 1266.5 1266.6 1266.7 1266.8 1266.9 1267.0 ] •

56 21,430 21,430 21,420 21,420 21,440 21,480 21,520 21,570 21,630 21,720 21,810 21,900 21,990 22,080 22,160 22,240 22,330 22,410 22,500 22,620 22,750 56
57 21,980 21,960 21,940 21,920 21,930 21,970 22,000 22,050 22,090 22,170 22,260 22,340 22,430 22,510 22,590 22,660 22,740 22,820 22,900 23,020 23,150 57
58 22,480 22,450 22,410 22, 390 22,400 22, 420 22,450 22,480 22, 520 22,590 22, 680 22, 760 22,840 22, 920 22, 990 23,060 23,130 23,200 23, 280 23,400 23, 540 58
59 23, 010 22, 960 22, 910 22, 870 22, 880 22, 900 22,920 22,940 22, 970 23,040 23,120 23,190 23, 270 23, 340 23, 410 23,480 23, 540 23, 600 23, 680 23, 800 23, 940 59
60 23, 530 23,470 23,410 23,360 23, 360 23, 380 23, 390 23, 390 23, 410 23,480 23, 550 23, 630 23, 690 23, 760 23, 830 23,890 23,940 24,000 24,070 24,200 24,340 60

61 23, 620 23,620 23,610 23,620 23,670 23,730 23,790 23,850 23,920 24,030 24,150 24,270 24,380 24, 500 24,610 24,720 24,820 24,930 25, 050 25,220 25,400 61
62 23, 760 23, 810 23, 860 23, 920 24, 010 24, 130 24, 240 24,340 24, 460 24, 610 24, 780 24, 940 25, 100 25, 260 25, 420 25, 580 25, 730 25, 890 26, 050 26, 260 26, 480 62
63 23,860 23,960 24,070 24,180 24,330 24, 490 24, 650 24,810 24,980 25,170 25,380 25, 590 25,800 26,000 26,210 26,410 26,620 26,820 27,040 27,280 27, 550 63
64 23, 930 24, 090 24, 240 24, 420 24,620 24, 830 25,040 25, 240 25, 460 25, 710 25, 960 26, 210 26,470 26,720 26, 970 27,220 27,470 27, 730 27, 990 28,290 28, 590 64
65 24,050 24, 260 24,480 24,700 24,950 25,210 25,470 25, 720 25,990 26,280 26,580 26,880 27, 180 27,470 27, 770 28,070 28,370 28, 670 28,990 29,320 29, 670 65

66 24,140 24,410 24,680 24,960 25,260 25,570 25,870 26,180 26,500 26,840 27,180 27,520 27,860 28,210 28,560 28,900 29,250 29,600 29,960 30, 340 30,730 66
67 24, 210 24, 530 24, 850 25,190 25,540 25, 900 26,250 26,610 26, 980 27, 370 27, 750 28,140 28, 530 28, 920 29, 310 29, 710 30,100 30, 500 30, 920 31,340 31,770 67
68 24,350 24, 730 25,110 25, 500 25,900 26,300 26,710 27,120 27, 530 27, 960 28, 390 28,820 29,260 29, 700 30,140 30,580 31,020 31,470 31,930 32,400 32, 870 68
69 24,460 24, 890 25, 320 25, 760 26, 210 26,670 27,120 27, 580 28, 050 28,520 28, 990 29, 470 29,950 30,440 30, 920 31,410 31,910 32, 400 32,910 33,420 33, 930 69
70 24,600 25, 080 25,570 26, 070 26, 560 27,060 27,570 28, 080 28, 590 29,110 29,630 30,150 30,680 31,210 31, 740 32,280 32,820 33, 370 33,910 34,470 35,020 70

71 24,600 25, 080 25, 570 26, 070 26,560 27, 060 27,570 28,080 28, 590 29,110 29,630 30,150 30,680 31,210 31, 740 32,280 32,820 33, 370 33,910 34,470 35, 020 71
72 24,600 25, 080 25, 570 26, 070 26,560 27, 060 27, 570 28,080 28, 590 29,110 29,630 30,150 30,680 31, 210 31, 740 32,280 32, 820 33, 370 33,910 34,470 35, 020 72
73 24,600 25, 080 25, 570 26, 070 26,560 27,060 27, 570 28,080 28,590 29,110 29,630 30,150 30,680 31,210 31,740 32,280 32, 820 33, 370 33, 910 34,470 35,020 73
74 24,600 25, 080 25, 570 26, 070 26,560 27,060 27,570 28,080 28, 590 29,110 29,630 30,150 30,680 31,210 31,740 32,280 32,820 33,370 33, 910 34, 470 35,020 74
75 24,600 25, 080 25, 570 26, 070 26,560 27,060 27,570 28,080 28, 590 29,110 29,630 30,150 30,680 31,210 31,740 32,280 32,820 33,370 33,910 34, 470 35,020 75

MARCH 2004 
HEADWATER 1265 to 1267

MARCH 2004 HEADWATER 1265 to 1267



14 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

11267.0 1 .HEADWATER ELEVATION ____

__'_1267.0 1267.1 1267.2 1267.3 1267.4 1267.5 1267.6 1267.7 1267.8 1267.9 1268.0 1268.1 1268.2 1268.3 1268.4 1268.5 1268.6 1268.7 1268.8 1268.9 1269.0

390
760

1, 180
1,600
1,990

2, 390
2, 820
3, 190
3, 600
3, 980

4,410
4, 840
5, 240
5, 670
6, 090

6, 520
6, 950
7, 380
7, 800
8, 220

8, 650
9, 080
9, 510
9, 930

10: 340

10, 760
11, 180
11,600
12, 010
12, 430

12, 830
13, 230
13, 620
14, 010
14,410

14, 810
15, 190
15, 600
16, 000
16, 400

16, 800
17, 200
17, 600
17, 990
18,400

18, 800
19,190
19, 590
19, 990
20, 380

20, 770
21,170
21, 560
21,960
22, 360

390
760

1,180
1,610
2, 000

2,400
2,840
3,210
3,620
4, 000

4,430
4, 860
5, 270
5, 700
6, 130

6, 550
6, 980
7,420
7, 840
8, 270

8,700
9,130
9, 560
9,980

10,400

10,820
11,250
11,670
12, 080
12, 500

12, 910
13, 300
13,690
14, 090
14,490

14, 890
15, 280
15, 680
16,090
16,490

16,890
17,300
17,700
18,090
18, 510

18, 910
19,310
19,710
20,110
20, 500

20,890
21,290
21,690
22, 090
22,490

390
760

1,190
1,620
2, 010

2,410
2, 850
3,230
3,640
4,020

4,450
4,890
5,300
5,730
6,160

6,590
7,020
7,450
7, 880
8,310

8, 740
9,180
9, 620

10, 040
10, 450

10, 880
11,310
11,730
12, 150
12,570

12,980
13,380
13,770
14,170
14,580

14,980
15,370
15,770
16,180
16,590

16,990
17, 400
17, 800
18,200
18,610

19, 020
19, 420
19, 820
20,220
20,620

21,020
21,410
21,810
22,220
22,620

400
770

1,190
1,620
2,020

2,430
2,870
3, 240
3, 660
4, 040

4,480
4,910
5,330
5, 760
6,190

6,620
7,060
7, 490
7,920
8,360

8, 790
9,230
9,670

10, 090
10,510

10,940
11, 370
11, 800
12, 220
12, 650

13,050
13,450
13, 850
14,250
14,660

15,060
15,450
15, 860
16, 270
16, 680

17,080
17,490
17, 900
18, 300
18, 720

19,130
19, 530
19, 930
20, 340
20, 740

21,140
21,530
21,940
22, 340
22, 740

400
770

1,200
1,630
2, 030

2,440
2,880
3,260
3,680
4,060

4,500
4,930
5,350
5,790
6,220

6,650
7,090
7,530
7,960
8,400

8,840
9,280
9, 720

10,140
10,570

11,000
11,430
11,860
12, 290
12, 720

13,120
13,530
13,930
14,330
14,740

15,140
15,540
15, 950
16,360
16,770

17,180
17,590
18, 000
18,400
18,820

19,240
19, 640
20, 050
20,450
20, 850

21,250
21,650
22,060
22,470
22, 870

400
780

1,210
1,640
2, 040

2,450
2, 890
3,270
3,690
4,070

4,520
4,960
5,380
5, 820
6, 250

6,690
7,130
7,570
8,010
8,440

8, 880
9, 330
9, 770

10,200
10,630

11, 060
11, 500
11,930
12,350
12,790

13,200
13,610
14,000
14,410
14,820

15,230
15, 630
16, 040
16,450
16,870

17,280
17,690
18,100
18,510
18,930

19, 340
19, 750
20,160
20, 570
20,970

21,370
21,770
22,180
22, 590
22, 990

400
780

1,210
1,650
2, 040

2,460
2,910
3, 290
3,710
4, 090

4, 540
4, 980
5,410
5, 850
6, 280

6, 720
7,160
7,610
8,050
8, 490

8, 930
9, 380
9 820

10 250
0,680

11,120
11, 560
11, 990
12, 420
12, 860

13, 270
13, 680
14, 080
14, 490
14, 910

15, 320
15, 720
16,130
16, 550
16, 970

17, 380
17, 790
18, 200
18, 610
19, 040

19,450
19, 860
20, 270
20, 680
21,090

21,490
21,890
22, 300
22, 710
23,120

400
780

1,220
1,660
2,050

2,470
2,920
3,310
3,730
4,110

4,560
5,010
5,430
5, 880
6,320

6,760
7,200
7,650
8,090
8,530

8,980
9,430
9,870

10,310
10,740

11,180
11,620
12,060
12,490
12,920

13,340
13,760
14,160
14, 570
14, 990

15,400
15,800
16,220
16,640
17, 060

17,480
17,900
18,310
18, 710
19,140

19,560
19, 970
20, 380
20,790
21,200

21,610
22,010
22,420
22,840
23,240

410
790

1,220
1,660
2, 060

2,490
2,940
3,320
3,750
4,130

4,590
5, 030
5, 460
5,910
6,350

6 790
7, 240
7, 690
8,130
8, 570

9,020
9,470
9: 930
0,360

10,790

11,240
11,680
12,120
12,550
12,990

13,410
13,830
14,240
14,650
15, 070

15,490
15,890
16, 310
16,730
17,160

17,570
18,000
18,410
18, 820
19,250

19,670
20, 080
20,490
20, 910
21, 310

21,720
22, 130
22, 540
22, 960
23, 370

410
790

1,230
1,670
2,070

2,500
2, 950
3, 340
3,760
4,150

4,610
5, 060
5,490
5, 940
6, 380

6,820
7,270
7,720
8,170
8,620

9,070
9, 520
9, 980

10,410
10, 850

11,300
11, 740
12,180
12,620
13,060

13,480
13,900
14, 310
14,730
15,150

15,570
15, 980
16, 400
16,830
17,260

17,670
18,090
18,510
18,920
19,350

19, 770
20, 190
20,600
21, 020
21,430

21,840
22,250
22,660
23,080
23,490

410
790

1,230
1,680
2,080

2,510
2,960
3,350
3,780
4,170

4,630
5,080
5,510
5,960
6,410

6, 860
7,310
7, 760
8, 210
8,660

9,110
9,570

10,030
10,470
10,910

11,350
11,800
12,250
12,690
13,130

13,560
13,980
14, 390
14,810
15, 240

15,660
16, 070
16,490
16, 920
17, 350

17,770
18,190
18,610
19,020
19,460

19,880
20,290
20,710
21,130
21, 540

21,950
22,370
22,790
23,210
23,620

410
800

1,240
1,690
2, 090

2,520
2,980
3,370
3, 800
4,190

4,650
5,100
5,540
5,990
6,440

6,890
7,340
7,800
8,250
8,700

9,160
9,620

10,080
10,520
10,960

11,410
11,860
12,310
12,750
13,200

13,630
14,050
14,470
14,890
15,320

15,740
16,150
16,580
17,010
17,450

17, 870
18,290
18,710
19,130
19, 560

19, 980
20, 400
20,820
21,240
21,650

22,070
22,490
22,910
23,330
23,750

410
800

1,250
1,690
2,100

2,530
2,990
3,380
3,820
4,210

4,670
5,130
5,560
6,020
6,470

6,920
7,380
7,840
8,290
8,740

9,200
9, 660

10,130
10,570
11,020

11,470
11, 920
12, 370
12, 820
13,270

13, 700
14,120
14,540
14,970
15,400

15,830
16, 240
16,670
17,100
17,540

17, 960
18, 390
18,810
19,230
19,660

20,090
20, 510
20, 930
21,350
21,.760

22,180
22, 600
23, 030
23,460
23,880

420
810

1,250
1,700
2,110

2, 540
3, 000
3,400
3,830
4,230

4,690
5,150
5,590
6,050
6,500

6,950
7,410
7, 880
8, 330
8,790

9, 250
9,710

10,180
10, 620
11, 070

11,530
11,980
12,440
12,880
13,330

13,770
14,200
14,620
15, 050
15,480

15,910
16,330
16,760
17, 200
17,630

18, 060
18,490
18,910
19,330
19,760

20,190
20,610
21,040
21,460
21,870

22,300
22,720
23,150
23, 580
24,000

420
810

1,260
1,710
2,120

2, 550
3, 020
3,410
3,850
4,250

4,710
5,170
5,610
6, 080
6, 530

6,990
7,450
7,910
8,370
8,830

9,290
9,760

10,230
10,680
11,130

11,580
12,040
12,500
12,950
13,400

13,840
14,270
14,690
15,120
15,560

15,990
16,410
16, 850
17,290
17,730

18,150
18,580
19,010
19,430
19, 870

20,300
20,720
21,140
21,570
21,980

22,410
22,840
23,270
23,700
24,130

420
810

1,260
1,720
2,130

2, 570
3, 030
3,430
3,870
4,270

4,740
5,200
5,640
6,110
6,560

7, 020
7,480
7, 950
8,410
8, 870

9,330
9,810

10,280
10,730
11,180

11,640
12,100
12,560
13,010
13,470

13, 910
14,340
14,770
15, 200
15,640

16,080
16, 500
16,940
17,380
17,820

18,250
18,680
19,100
19,530
19,970

20,400
20, 820
21, 250
21,670
22,090

22,520
22,950
23,380
23,820
24,250

420
820

1,270
1,720
2,140

2,580
3,040
3,440
3,880
4,290

4,760
5,220
5,670
6,130
6,590

7,050
7,520
7,990
8,450
8,910

9,380
9,850

10, 330
10, 780
11,230

11, 700
12,160
12,620
13, 080
13,540

13,980
14,410
14,840
15,280
15,720

16,160
16,580
17,030
17,470
17, 920

18,340
18, 780
19, 200
19,630
20, 070

20,500
20,930
21,360
21,780
22,200

22,640
23,070
23,500
23,940
24,380

420
820

1,270
1,730
2,150

2,590
3, 060
3, 460
3,900
4,300

4,780
5, 240
5, 690
6,160
6,620

7,080
7,550
8,020
8, 490
8, 950

9,420
9, 900

10, 370
10, 830
11,290

11,760
12,220
12,680
13,140
13,600

14,050
14,490
14, 920
15, 350
15,800

16,240
16, 670
17,110
17, 560
18, 010

18,440
18,880
19,300
19, 730
20,180

20,610
21,040
21,470
21,900
22,320

22,760
23,190
23, 630
24, 070
24,500

420
820

1,280
1, 740
2,160

2,600
3,070
3, 470
3, 920
4,320

4,800
5,270
5, 720
6,190
6,650

7,120
7,590
8,060
8,520
8,990

9,470
9,940

10,420
10, 880
11, 340

11,810
12,280
12, 740
13,200
13,670

14,110
14,560
14,990
15,430
15, 880

16,320
16, 750
17,200
17,650
18,100

18, 530
18, 970
19,400
19, 830
20,280

20,720
21,150
21,580
22, 010
22,440

22,880
23,310
23,750
24, 200
24, 630

430
830

1,280
1,750
2,170

2,610
3,080
3,490
3,930
4,340

4,820
5,290
5, 740
6,220
6,680

7,150
7, 620
8,100
8,560
9,030

9,510
9,990

10,470
10, 930
11,400

11,870
12,340
12,810
13, 270
13,730

14,180
14,630
15,060
15,510
15,960

16,400
16,840
17,290
17,740
18,190

18,630
19,070
19, 500
19, 940
20,390

20, 830
21,260
21,700
22,130
22, 560

23,000
23,430
23,870
24,320
24,760

430
830

1,290
1, 750
2,180

2,620
3,100
3,500
3,950
4,360

4,840
5, 310
5,770
6,240
6,710

7,180
7 650
8:130
8,600
9,070

9, 550
10, 040
10, 520
10, 990
11,450

11,920
12,400
12,870
13, 330
13, 800

14,250
14,700
15,140
15,580
16,040

16,480
16,920
17,370
17, 830
18,280

18,720
19,170
19,600
20,040
20,490

20,930
21, 370
21, 810
22,240
22,680

23,120
23,550
24,000
24, 450
24, 880
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HEADWATER 1267 to 1269 
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HEADWATER 1267 to 1269 MARCH 2004



APALACHIA DAM 15

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

1267.0 11 7HEADWATER ELEVATION _ _ _

1267.0 1267.1 1267.2 1267.3 1267.4 1267.5 1267.6 1 1267.7 1267.8 11267.9 [1268.0 1268.1 1268.2 1268.3 1268.4 1268.5 1268.6 1268.7 1268.8 11268.9 1 1269.0 5m

56 22,750 22,880 23, 010 23, 140 23, 270 23, 400 23, 520 23,650 23, 770 23, 900 24, 040 24, 170 24,300 24, 420 24, 550 24, 680 24, 810 24, 940 25,070 25, 200 25, 320 56
57 23, 150 23,280 23, 420 23, 550 23, 680 23, 800 23, 930 24, 060 24,190 24, 320 24, 450 24, 590 24, 720 24, 850 24, 980 25, 110 25,240 25, 380 25,510 25,640 25, 770 57
58 23, 540 23,670 23, 810 23, 940 24, 070 24, 200 24, 330 24,460 24, 590 24, 720 24, 860 25, 000 25, 140 25, 270 25,400 25, 540 25, 670 25, 810 25,940 26, 070 26, 200 58
59 23, 940 24,070 24, 210 24, 340 24, 480 24, 610 24, 740 24, 870 25,000 25, 140 25, 280 25, 420 25, 560 25, 700 25, 830 25, 970 26,110 26, 240 26, 380 26, 510 26, 650 59
60 24, 340 24,480 24, 610 24, 750 24, 890 25, 020 25, 150 25, 280 25, 420 25, 560 25, 700 25, 850 25, 990 26, 130 26, 270 26, 410 26, 550 26, 680 26, 820 26, 960 27, 090 60

61 25, 400 25, 580 25, 760 25, 940 26, 060 26, 170 26, 290 26,400 26, 510 26, 640 26, 770 26, 900 27, 030 27, 150 27, 280 27, 410 27, 540 27, 670 27, 800 27, 920 28, 050 61
62 26, 480 26, 710 26, 930 27, 100 27, 200 27, 300 27, 390 27,480 27, 580 27, 700 27, 810 27, 930 28, 040 28, 160 28, 280 28, 400 28, 520 28, 640 28, 760 28, 870 28, 990 62
63 27, 550 27, 810 28, 080 28, 260 28, 340 28, 420 28,490 28, 570 28, 650 28, 750 28, 850 28, 950 29, 050 29,150 29, 270 29, 380 29,490 29, 600 29, 700 29,810 29, 910 63
64 28, 590 28, 900 29, 210 29,430 29, 500 29, 560 29, 620 29, 670 29, 740 29, 820 29, 910 29, 990 30, 080 30, 170 30, 270 30, 370 30, 470 30, 570 30, 670 30, 770 30, 860 64
65 29, 670 30, 020 30,370 30,610 30, 670 30,710 30,750 30, 780 30, 830 30,900 30,970 31,040 31,110 31,190 31,280 31,380 31,470 31,560 31,650 31,730 31,810 65

66 30 730 31, 120 31,520 31,780 31,820 31,840 31,860 31,870 31,900 31,960 32, 020 32, 080 32, 130 32, 190 32, 280 32, 360 32,450 32, 530 32, 600 32,680 32, 750 66
67 31, 770 32, 210 32, 640 32, 950 32,970 32, 980 32,980 32,970 32, 980 33, 030 33, 070 33,110 33, 150 33, 200 33, 280 33, 350 33,420 33, 490 33, 560 33,630 33, 690 67
68 32, 870 33, 340 33, 800 34 080 34, 090 34, 080 34, 060 34,040 34, 030 34, 070 34, 100 34, 120 34, 150 34, 190 34, 250 34, 320 34, 380 34,440 34, 500 34, 550 34, 610 68
69 33, 930 34, 450 34,950 35, 260 35, 250 35, 210 35,180 35 130 35,110 35,130 35, 150 35, 160 35, 170 35, 190 35, 250 35, 310 35, 360 35, 410 35, 460 35, 510 35, 550 69
70 35, 020 35, 580 36, 120 36, 430 36, 400 36, 350 36, 290 36, 230 36, 200 36, 200 36, 200 36, 200 36, 190 36, 210 36, 260 36, 310 36, 350 36, 390 36,430 36, 470 36, 500 70

71 35, 020 35, 580 36, 140 36, 510 36, 550 36, 560 36, 560 36, 560 36, 580 36,640 36, 700 36, 760 36, 810 36, 880 36, 990 37,090 37, 190 37, 290 37, 380 37, 480 37, 560 71
72 35, 020 35, 580 36, 140 36, 560 36, 650 36, 720 36, 790 36, 860 36, 940 37, 060 37, 180 37, 290 37, 410 37, 530 37, 690 37, 850 38, 010 38, 170 38, 320 38, 470 38, 620 72
73 35, 020 35, 580 36, 140 36, 580 36, 730 36, 870 37,000 37, 130 37, 280 37, 450 37, 630 37, 810 37, 980 38,170 38, 380 38, 600 38, 810 39, 020 39, 240 39, 450 39,650 73
74 35, 020 35, 580 36, 140 36, 580 36, 790 36, 990 37, 190 37, 380 37, 590 37, 830 38, 060 38, 300 38, 530 38, 780 39, 050 39, 320 39, 590 39, 860 40, 130 40, 400 40, 670 74
75 35, 020 35, 580 36, 140 36, 610 36, 890 37, 150 37, 410 37, 670 37, 940 38,230 38, 530 38, 830 39, 120 39, 430 39, 750 40, 080 40, 410 40, 730 41,060 41, 390 41,720 75

76 35, 020 35, 580 36, 140 36, 610 36, 940 37, 270 37, 590 37, 910 38, 240 38,600 38, 950 39, 300 39, 660 40, 020 40,400 40, 790 41,170 41,550 41,940 42,320 42, 710 76
77 35, 020 35, 580 36, 140 36,630 37,030 37, 410 37, 800 38, 180 38, 580 38,990 39,400 39,820 40,230 40, 660 41,090 41,530 41,970 42,410 42,850 43,300 43,740 77
78 35, 020 35, 580 36, 140 36, 660 37,110 37, 560 38, 010 38,460 38, 920 39, 380 39, 860 40, 330 40, 800 41,290 41, 780 42,270 42, 770 43, 270 43, 770 44,270 44,780 78
79 35, 020 35, 580 36, 140 36, 710 37, 220 37, 730 38, 250 38, 760 39, 280 39, 810 40, 340 40, 870 41,410 41,950 42, 490 43, 040 43,600 44,150 44, 710 45, 270 45, 840 79
80 35, 020 35, 580 36, 140 36, 710 37, 280 37, 850 38, 420 39,000 39, 590 40,170 40, 760 41, 360 41,950 42,550 43, 150 43, 760 44,370 44, 990 45, 600 46, 220 46, 850 80

81 35, 020 35, 580 36, 140 36, 710 37, 280 37, 850 38, 420 39,000 39, 590 40,170 40, 760 41, 360 41,950 42,550 43, 150 43, 760 44,370 44, 990 45, 600 46, 220 46, 850 81
82 35, 020 35, 580 36, 140 36, 710 37, 280 37, 850 38, 420 39,000 39, 590 40,170 40, 760 41, 360 41,950 42,550 43, 150 43, 760 44,370 44, 990 45, 600 46, 220 46, 850 82
83 35, 020 35, 580 36, 140 36, 710 37, 280 37, 850 38, 420 39,000 39, 590 40,170 40, 760 41,360 41,950 42,550 43, 150 43, 760 44,370 44, 990 45, 600 46, 220 46, 850 83
84 35, 020 35, 580 36, 140 36, 710 37, 280 37, 850 38, 420 39,000 39, 590 40,170 40, 760 41, 360 41,950 42,550 43, 150 43, 760 44,370 44, 990 45,600 46, 220 46, 850 84
85 35, 020 35, 580 36, 140 36, 710 37, 280 37, 850 38, 420 39,000 39, 590 40,170 40, 760 41, 360 41,950 42,550 43, 150 43, 760 44,370 44, 990 45,600 46, 220 46, 850 85

MARCH 2004 
HEAD WATER 1267 to 1269

MARCH 2004 HEADWATER 1267 to 1269



16 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

11.9.HEADWATER ELEVATION 17.v 1 1269.0 11269.1 11269.2 11269.3 11269.4 11269.5 1269.6 1269.7 1269.8 1269.9 11270.0 11270.1 i1270.2 1270.3 1270.4 11270.5 11270.6 1270.7 1270.8 i1270.9 1271.0 V'

1 430 430 430 430 430 440 440 440 440 440 450 450 450 450 450 450 460 460 460 460 460 1
2 830 830 840 840 840 850 850 850 860 860 860 870 870 870 880 880 880 890 890 890 900 2
3 1,290 1,290 1,300 1,300 1,310 1,320 1,320 1,330 1,330 1,340 1,340 1,350 1,350 1,360 1,360 1,370 1,370 1,380 1,380 1,390 1,390 3
4 1,750 1,760 1,770 1,780 1,780 1,790 1,800 1,800 1,810 1,820 1,820 1,830 1,840 1,850 1,850 1,860 1,870 1,870 1,880 1,890 1,890 4
5 2,180 2,190 2, 190 2, 200 2,210 2,220 2,230 2,240 2,250 2,260 2, 260 2,270 2,280 2, 290 2, 300 2, 310 2,320 2,320 2, 330 2,340 2,350 5

6 2,620 2,630 2,640 2,650 2,660 2,670 2,680 2,690 2,710 2,720 2,730 2,740 2,750 2,760 2,770 2,780 2,790 2,800 2, 810 2,820 2,830 6
7 3,100 3, 110 3, 120 3, 130 3, 150 3, 160 3,170 3, 180 3, 200 3,210 3,220 3,230 3,250 3,260 3,270 3, 280 3, 290 3, 310 3,320 3,330 3,340 7
8 3, 500 3, 520 3, 530 3, 550 3, 560 3, 570 3, 590 3, 600 3,620 3, 630 3,640 3, 660 3, 670 3,690 3, 700 3, 710 3, 730 3,740 3, 750 3,770 3, 780 8
9 3, 950 3,970 3,980 4, 000 4,020 4,030 4, 050 4,060 4,080 4, 100 4, 110 4, 130 4,140 4,160 4,170 4, 190 4,200 4,220 4, 240 4,250 4,270 9

10 4, 360 4,380 4,390 4, 410 4,430 4,450 4, 460 4,480 4,500 4, 520 4, 530 4, 550 4, 570 4,590 4,600 4, 620 4,640 4,650 4, 670 4,690 4,710 10

11 4,840 4,860 4,880 4,900 4,920 4,940 4,960 4, 980 5,000 5,020 5, 040 5,060 5,080 5,100 5, 120 5, 130 5,150 5, 170 5, 190 5,210 5,230 11
12 5,310 5, 330 5, 360 5,380 5,400 5,420 5,450 5, 470 5, 490 5,510 5 530 5, 550 5, 580 5,600 5,620 5, 640 5, 660 5,680 5,700 5, 720 5,740 12
13 5,770 5, 790 5, 820 5,840 5,860 5,890 5,910 5,940 5,960 5,990 6,010 6,030 6,060 6,080 6,100 6,120 6,150 6,170 6,190 6,220 6,240 13
14 6, 240 6,270 6,300 6, 320 6, 350 6, 380 6,400 6, 430 6,460 6, 480 6 510 6, 530 6 560 6,580 6,610 6,640 6,660 6, 680 6, 710 6,730 6,760 14
15 6, 710 6,740 6,770 6,800 6,830 6, 850 6, 880 6,910 6,940 6,970 7,000 7, 020 7, 050 7,080 7,110 7, 130 7,160 7,190 7,210 7,240 7,270 15

16 7, 180 7, 210 7,240 7,270 7,300 7,340 7,370 7,400 7,430 7,460 7,490 7,520 7, 550 7, 580 7,610 7, 640 7, 660 7,690 7,720 7,750 7,780 16
17 7, 650 7, 690 7,720 7, 760 7,790 7,820 7, 860 7,890 7,920 7,960 7,990 8,020 8, 050 8, 080 8, 110 8, 140 8, 180 8, 210 8, 240 8,270 8,300 17
18 8, 130 8,170 8,210 8, 240 8,280 8,310 8, 350 8,380 8,420 8, 450 8,490 8,520 8, 560 8, 590 8, 620 8,650 8, 690 8, 720 8, 750 8, 790 8,820 18
19 8, 600 8,640 8,680 8,720 8,750 8,790 8,830 8, 870 8,910 8, 940 8, 980 9, 020 9, 050 9,090 9,120 9, 160 9,190 9,230 9, 260 9, 300 9,330 19
20 9, 070 9,120 9,160 9,200 9, 240 9,280 9, 320 9, 360 9,400 9,440 9, 470 9, 510 9, 550 9, 590 9,620 9, 660 9, 700 9, 730 9, 770 9, 810 9, 840 20

21 9,550 9,600 9,640 9,680 9,730 9,770 9,810 9,850 9,890 9,940 9,980 10, 020 10, 060 10,100 10,140 10,180 10, 220 10, 260 10, 300 10, 330 10, 370 21
22 10,040 10,080 10,130 10,170 10,220 10,260 10,310 10,350 10,400 10,440 10,490 10,530 10,570 10,610 10,660 10, 700 10,740 10,780 10,820 10, 870 10,910 22
23 10,520 10,570 10,620 10,660 10,710 10,760 10,810 10,850 10,900 10,950 10,990 11,040 11,090 11,130 11,180 11,220 11,260 11,310 11,350 11,400 11,440 23
24 10,990 11,040 11,090 11,140 11,190 11,240 11,290 11,340 11,390 11,430 11,480 11,530 11,580 11,630 11,670 11,720 11,770 11,820 11,860 11,910 11,950 24
25 11,450 11,500 11,560 11,610 11,660 11,710 11,770 11,820 11,870 11,920 11,970 12,020 12,070 12,120 12,170 12, 220 12,270 12,320 12, 370 12,420 12,470 25

26 11,920 11,980 12,030 12, 090 12,140 12,200 12, 250 12,310 12,360 12,420 12,470 12,520 12, 580 12,630 12,680 12,730 12,780 12,840 12,890 12,940 12,990 26
27 12, 400 12,460 12,510 12, 570 12, 630 12, 690 12,740 12,800 12,860 12, 910 12,970 13,020 13, 080 13,130 13,190 13, 240 13,300 13,350 13,410 13,460 13,520 27
28 12, 870 12,930 12,990 13,050 13,:110 13, 170 13,230 13,290 13,340 13,400 13,460 13,520 13, 580 13,640 13,690 13, 750 13,810 13,860 13,920 13,980 14,030 28
29 13, 330 13,390 13,460 13,520 13,580 13,640 13,710 13,770 13,830 13,890 13,950 14, 010 14, 070 14,130 14,190 14,250 14,310 14,370 14, 430 14,490 14,550 29
30 13,800 13,870 13,930 14,000 14,060 14,120 14,190 14,250 14,320 14,380 14,440 14, 510 14, 570 14,630 14,690 14,760 14,820 14,880 14, 940 15,000 15,060 30

31 14,250 14,320 14,390 14,450 14,520 14,590 14,660 14,720 14,790 14,850 14,920 14,990 15,050 15, 120 15,180 15,250 15,310 15,370 15,440 15,500 15,570 31
32 14, 700 14,770 14,840 14,910 14,980 15,050 15,120 15,190 15,260 15,330 15,390 15, 460 15,530 15, 600 15,660 15,730 15,800 15,870 15, 930 16,000 16,060 32
33 15, 140 15, 210 15,280 15,360 15,430 15,500 15,570 15,640 15, 710 15, 790 15, 860 15, 930 16,000 16, 070 16,140 16,210 16,280 16,340 16, 410 16,480 16,550 33
34 15, 580 15, 660 15,730 15, 810 15,880 15,960 16,030 16,110 16, 180 16, 250 16, 330 16,400 16, 470 16, 550 16,620 16, 690 16, 760 16,830 16, 900 16, 970 17, 050 34
35 16, 040 16,120 16,190 16,270 16,350 16,430 16,500 16,580 16,650 16,730 16,810 16,880 16, 960 17,030 17,110 17,:180 17, 250 17,330 17, 400 17, 480 17, 550 35

36 16,480 16, 560 16,650 16,730 16, 810 16, 890 16, 960 17, 040 17,120 17,200 17,280 17,360 17, 430 17,510 17,590 17,670 17,740 17, 820 17,890 17,970 18,050 36
37 16, 920 17,000 17,090 17, 170 17,250 17, 330 17, 420 17, 500 17,580 17,660 17,740 17,820 17, 900 17,980 18,060 18,140 18,220 18, 300 18,370 18,450 18,530 37
38 17, 370 17,460 17,550 17, 630 17,720 17,800 17,880 17,970 18,050 18, 140 18,220 18,300 18,380 18,470 18,550 18,630 18,710 18,790 18,870 18,950 19, 030 38
39 17,830 17,910 18,000 18,090 18,180 18, 260 18,350 18,440 18, 520 18, 610 18,700 18,780 18,870 18, 950 19, 030 19, 120 19,200 19,290 19, 370 19,450 19,540 39
40 18,280 18,370 18,470 18,560 18,650 18, 740 18,830 18,910 19,000 19,090 19,180 19,270 19,350 19, 440 19, 530 19, 620 19,700 19,790 19, 870 19,960 20,040 40

41 18, 720 18,820 18, 910 19,000 19,100 19,190 19, 280 19, 370 19, 460 19, 550 19, 640 19, 730 19, 820 19, 910 20,000 20, 090 20,180 20, 270 20, 360 20,440 20, 530 41
42 19, 170 19, 260 19, 360 19,460 19,550 19, 650 19,740 19, 830 19, 930 20, 020 20,110 20, 210 20, 300 20, 390 20,480 20, 570 20, 670 20, 760 20, 850 20, 940 21,030 42
43 19, 600 19,700 19, 800 19, 900 20, 000 20, 090 20, 190 20, 290 20, 380 20, 480 20, 570 20, 670 20, 760 20, 860 20, 950 21,050 21,140 21, 230 21, 330 21,420 21,510 43
44 20, 040 20, 140 20, 240 20, 340 20, 440 20, 540 20, 640 20, 740 20, 840 20,940 21,030 21,130 21,230 21,330 21,420 21,520 21,610 21, 710 21, 800 21,900 21,990 44
45 20,490 20,600 20,700 20,800 20,910 21,010 21,110 21,210 21,310 21,410 21,510 21,610 21,710 21,810 21,910 22,010 22,110 22,210 22,300 22,400 22,500 45

46 20, 930 21,040 21,150 21,250 21,360 21,460 21,570 21,670 21,780 21,880 21,980 22,090 22, 190 22,290 22,390 22,490 22,590 22,690 22,790 22, 890 22,990 46
47 21, 370 21,480 21,590 21,700 21,800 21,910 22, 020 22, 120 22, 230 22, 340 22,440 22, 550 22, 650 22, 760 22, 860 22, 960 23, 070 23,170 23, 270 23, 370 23, 470 47
48 21,810 21,920 22, 030 22, 140 22, 250 22, 360 22, 470 22, 580 22, 690 22, 800 22,910 23, 020 23, 120 23, 230 23, 340 23,440 23, 550 23, 650 23, 760 23, 860 23, 960 48
49 22, 240 22, 360 22,470 22,590 22, 700 22, 810 22, 920 23, 040 23,150 23,260 23, 370 23, 480 23, 590 23, 700 23, 810 23, 910 24, 020 24, 130 24, 240 24, 340 24, 450 49
50 22, 680 22, 790 22, 910 23, 030 23, 140 23, 260 23, 370 23, 490 23, 600 23, 710 23, 830 23, 940 24, 050 24,160 24, 270 24, 380 24, 490 24, 600 24, 710 24, 820 24, 930 50

51 23,120 23, 230 23, 350 23, 470 23, 590 23, 700 23, 820 23, 940 24, 050 24, 170 24, 280 24, 400 24, 510 24,630 24, 740 24, 850 24,960 25, 080 25,190 25, 300 25, 410 51
52 23, 550 23, 670 23, 790 23, 910 24, 030 24,150 24, 270 24,390 24, 500 24, 620 24, 740 24, 860 24, 970 25, 090 25, 210 25, 320 25,440 25, 550 25, 660 25, 780 25, 890 52
53 24,000 24, 120 24, 240 24, 360 24, 480 24, 600 24, 720 24, 840 24, 960 25, 080 25,200 25, 320 25,440 25, 560 25, 680 25, 800 25, 910 26, 030 26, 150 26, 260 26, 380 53
54 24, 450 24, 570 24, 690 24, 820 24, 940 25, 060 25, 180 25, 300 25, 420 25, 540 25, 670 25, 790 25, 910 26, 030 26, 150 26, 270 26, 390 26, 510 26, 630 26, 750 26, 870 54
55 24, 880 25, 010 25, 140 25, 260 25, 380 25, 510 25, 630 25, 750 25, 870 26, 000 26, 120 26, 250 26, 370 26, 500 26, 620 26, 740 26, 870 26, 990 27,110 27, 230 27, 350 55
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APALACHIA DAM 17

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

d _ HEADWATER ELEVATION z__ _
1269.0 1269.1 1269.2 1269.3 1269.4 1269.5 1269.6 1269.7 1269.8 1269.9 1270.0 11270.1 [1270.2 1270.3 1270.4 1270.5 12 12701270.7 1270.8 11270.9 [1271.0 n _

56 25, 320 25,450 25, 580 25, 700 25,830 25, 950 26, 080 26,200 26, 320 26, 450 26,580 26,710 26,840 26, 960 27, 090 27,210 27,340 27, 460 27,590 27, 710 27, 830 56
57 25, 770 25, 900 26, 030 26,150 26,280 26, 410 26, 530 26,660 26, 780 26, 910 27,040 27,170 27, 300 27,430 27, 560 27,690 27,820 27, 940 28, 070 28, 200 28, 320 57
58 26, 200 26, 330 26, 460 26, 590 26, 720 26, 850 26, 980 27,100 27, 230 27, 360 27,490 27, 630 27, 760 27, 890 28, 020 28,150 28,280 28,410 28, 540 28, 670 28, 800 58
59 26, 650 26,780 26, 910 27,040 27,170 27, 300 27, 430 27, 560 27, 690 27,820 27, 960 28, 090 28,230 28,360 28, 490 28,630 28, 760 28,890 29, 020 29,150 29, 280 59
60 27, 090 27,230 27, 360 27,490 27,620 27, 760 27, 890 28, 010 28, 150 28,280 28,420 28, 560 28,700 28,830 28, 970 29,110 29,240 29,380 29, 510 29,640 29,780 60

61 28,050 28,170 28,290 28,420 28,550 28,690 28,820 28,950 29,090 29,230 29,370 29,510 29, 650 29,780 29,930 30, 070 30,210 30,350 30,480 30,620 30, 760 61
62 28,990 29,100 29,210 29,330 29,470 29,610 29,750 29,880 30,020 30,160 30,310 30,450 30,590 30,730 30,880 31,020 31,170 31,310 31,460 31,600 31,740 62
63 29, 910 30,020 30,120 30,240 30,380 30,520 30,660 30,800 30,940 31,090 31,230 31,370 31,520 31,660 31,820 31,970 32,120 32,260 32,410 32,560 32,710 63
64 30, 860 30, 950 31,040 31,150 31,290 31,440 31,580 31,730 31,870 32, 020 32,160 32, 310 32, 450 32,600 32,760 32, 910 33, 070 33, 220 33, 370 33, 530 33, 680 64
65 31, 810 31,890 31,970 32,080 32,220 32,370 32,520 32,670 32,810 32, 960 33,110 33,260 33, 410 33,560 33,720 33, 880 34,040 34,200 34,350 34,510 34,670 65

66 32, 750 32,820 32, 890 32, 980 33,140 33,290 33,440 33, 590 33, 740 33, 890 34,040 34,190 34,340 34,490 34,660 34,830 34,990 35,150 35,320 35,480 35, 640 66
67 33,690 33,750 33,800 33,890 34, 040 34,200 34,350 34, 510 34,660 34,810 34, 970 35,120 35,270 35,420 35,590 35,760 35,930 36,100 36,270 36,430 36,600 67
68 34,610 34,650 34, 700 34,790 34, 950 35,110 35,270 35,430 35,580 35,740 35, 890 36, 050 36,200 36,360 36,540 36,710 36,880 37, 060 37,230 37,400 37, 570 68
69 35, 550 35, 580 35, 620 35,710 35,870 36,030 36,190 36,350 36,510 36,670 36, 830 36, 980 37,140 37,300 37,480 37,660 37,840 38, 020 38,200 38, 370 38, 550 69
70 36, 500 36, 520 36, 550 36,630 36, 800 36, 970 37,130 37,290 37,460 37,620 37, 780 37, 930 38, 090 38, 260 38,440 38, 630 38,810 38, 990 39,180 39, 360 39, 540 70

71 37, 560 37,650 37,730 37,860 38,070 38, 290 38,500 38,660 38, 810 38,940 39,080 39,220 39,360 39,500 39, 670 39,830 40,000 40, 160 40,330 40,500 40,670 71
72 38, 620 38, 770 38, 910 39, 090 39, 350 39, 610 39, 870 40, 080 40, 210 40, 330 40,440 40, 560 40, 670 40, 800 40, 950 41,090 41,240 41, 380 41,540 41,690 41,840 72
73 39, 650 39, 860 40, 070 40, 300 40,610 40,910 41,220 41,490 41,600 41,700 41,790 41,880 41,980 42,090 42,210 42,340 42,460 42,590 42,730 42,870 43, 010 73
74 40, 670 40,940 41,200 41,500 41,850 42, 210 42, 560 42, 880 42, 990 43, 070 43, 140 43, 210 43, 280 43, 380 43, 480 43, 590 43,690 43, 800 43, 920 44, 050 44, 170 74
75 41,720 42, 040 42,370 42, 720 43,120 43, 520 43, 930 44,280 44, 380 44, 430 44, 480 44, 530 44,580 44,650 44, 740 44,830 44,910 44,990 45,110 45, 220 45, 330 75

76 42, 710 43, 090 43,480 43, 890 44, 340 44, 790 45, 240 45,640 45, 750 45, 790 45, 810 45, 840 45, 870 45, 920 45, 990 46, 060 46,120 46, 190 46, 280 46, 380 46, 470 76
77 43, 740 44,190 44,640 45, 100 45, 600 46, 090 46, 590 47, 040 47,140 47,150 47,160 47, 160 47, 170 47, 210 47, 260 47, 300 47, 350 47, 390 47,470 47, 560 47,640 77
78 44, 780 45, 280 45, 790 46, 310 46, 860 47, 400 47, 950 48,440 48, 530 48, 520 48, 510 48,490 48, 470 48, 490 48, 520 48, 550 48, 570 48, 600 48, 660 48, 730 48, 800 78
79 45, 840 46, 400 46, 970 47, 550 48, 130 48, 730 49, 320 49, 840 49, 910 49, 880 49, 840 49, 800 49, 760 49, 760 49, 770 49, 780 49, 780 49, 790 49, 840 49, 900 49, 950 79
80 46, 850 47,470 48, 100 48,740 49,370 50,010 50,660 51,220 51,310 51,260 51,200 51,140 51,080 51,060 51,050 51,040 51,020 51,010 51,040 51,090 51,130 80

81 46, 850 47,470 48,100 48, 740 49, 370 50, 010 50, 660 51,270 51,420 51,440 51,450 51,460 51,470 51,520 51,580 51,630 51,680 51,730 51,830 51, 930 52, 040 81
82 46,850 47,470 48,100 48,740 49,370 50,010 50,660 51, 270 51,490 51, 580 51,660 51, 740 51,820 51,940 52, 060 52,190 52,310 52,430 52,590 52, 760 52,930 82
83 46,850 47,470 48,100 48,740 49,370 50,010 50,660 51, 270 51, 550 51,710 51,870 52, 020 52, 170 52,360 52, 550 52,750 52,930 53,130 53,350 53,590 53,820 83
84 46, 850 47,470 48,100 48,740 49,370 50,010 50,660 51, 270 51, 600 51, 830 52, 050 52,280 52,510 52,760 53,030 53, 290 53,550 53,810 54,100 54,400 54,700 84
85 46, 850 47,470 48,100 48,740 49,370 50,010 50,660 51, 280 51, 680 51, 980 52, 280 52,580 52,880 53,200 53,530 53, 860 54,190 54,520 54,880 55,240 55,610 85

86 46, 850 47, 470 48,100 48, 740 49,370 50, 010 50, 660 51,280 51, 700 52,070 52,440 52, 810 53, 180 53, 580 53, 970 54,370 54,770 55,170 55,590 56, 020 56, 440 86
87 46,850 47,470 48,100 48,740 49,370 50, 010 50, 660 51, 280 51, 770 52,210 52,650 53, 090 53,540 54,000 54,460 54,930 55,390 55,870 56,350 56,840 57,340 87
88 46, 850 47,470 48,100 48, 740 49,370 50, 010 50, 660 51,280 51,830 52,340 52,850 53, 370 53, 890 54,420 54, 950 55,490 56, 020 56, 560 57,110 57,670 58, 230 88
89 46, 850 47,470 48,100 48,740 49,370 50, 010 50, 660 51,310 51,930 52,510 53,100 53, 680 54,270 54,870 55,470 56,080 56,680 57, 290 57,910 58,530 59,150 89
90 46, 850 47,470 48,100 48, 740 49, 370 50, 010 50, 660 51,310 51,960 52,610 53,270 53, 930 54, 590 55, 260 55, 930 56, 600 57,280 57, 960 58,640 59, 330 60, 020 90

91 46, 850 47,470 48,100 48, 740 49, 370 50, 010 50, 660 51,310 51,960 52,610 53,270 53, 930 54, 590 55, 260 55, 930 56,600 57,280 57, 960 58,640 59, 330 60, 020 91
92 46, 850 47, 470 48,100 48, 740 49, 370 50, 010 50, 660 51,310 51,960 52,610 53,270 53, 930 54, 590 55, 260 55, 930 56,600 57,280 57, 960 58,640 59, 330 60, 020 92
93 46, 850 47, 470 48,100 48, 740 49, 370 50, 010 50, 660 51,310 51,960 52,610 53, 270 53, 930 54,590 55, 260 55, 930 56, 600 57,280 57, 960 58,640 59, 330 60, 020 93
94 46, 850 47, 470 48,100 48, 740 49, 370 50, 010 50, 660 51,310 51, 960 52,610 53, 270 53, 930 54,590 55, 260 55, 930 56, 600 57,280 57, 960 58,640 59, 330 60, 020 94
95 46, 850 47, 470 48,100 48, 740 49, 370 50, 010 50, 660 51,310 51,960 52,610 53, 270 53, 930 54,590 55, 260 55, 930 56, 600 57,280 57, 960 58,640 59, 330 60, 020 95
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18 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

127 HEADWATER ELEVATION ''_
S 1271.0 1271.1 1271.2 1271.3 1271.4 1271.5 1271.6 1271.7 1271.8 1271.9 1272.0 1272.1 1272.2 1272.3 1272.4 1272.5 1272.6 1272.7 1 1272.8 1272.9 1273.0 __

460
900

1,390
1,890
2,350

2 830
3, 340
3, 780
4, 270
4,710

5,230
5, 740
6, 240
6, 760
7,270

7, 780
8, 300
8, 820
9, 330
9, 840

10,370
10, 910
11, 440
11, 950
12, 470

12,990
13, 520
14, 030
14, 550
15,060

15,570
16,060
16,550
17, 050
17, 550

18,050
18, 530
19, 030
19, 540
20, 040

20, 530
21,030
21, 510
21, 990
22,500

22, 990
23, 470
23,960
24,450
24,930

25,410
25, 890
26, 380
26, 870
27,350

460
900

1,400
1,900
2,360

2,840
3, 350
3, 790
4, 280
4, 720

5,250
5, 760
6,260
6, 780
7,290

7,810
8, 330
8,850
9, 360
9, 880

10,410
10,950
11,490
12,000
12,520

13,040
13,570
14,090
14,610
15,130

15,630
16,130
16,620
17,120
17,620

18,120
18,610
19,110
19,620
20,130

20,620
21,120
21,600
22,090
22,590

23,090
23,580
24,070
24,550
25,040

25,520
26, 000
26,490
26, 990
27,470

470
900

1,400
1,910
2, 370

2, 850
3, 370
3,810
4,300
4,740

5,270
5,790
6,280
6,810
7,320

7,840
8,360
8,880
9,400
9,920

10,450
10, 990
11,530
12, 050
12, 560

13,090
13, 620
14,140
14,660
15,190

15,690
16,190
16,690
17,190
17,690

18,190
18,680
19,190
19,700
20,210

20, 710
21,210
21,690
22,180
22,690

23,190
23,680
24, 170
24,660
25,140

25,630
26, 120
26,610
27,110
27,590

470
910

1,410
1,910
2,370

2,860
3,380
3, 820
4, 310
4, 760

5,280
5, 810
6, 310
6, 830
7, 350

7, 860
8, 390
8, 910
9, 430
9, 950

10, 490
11, 030
11, 570
12, 090
12,610

13,140
13,670
14,200
14, 720
15,240

15,750
16,260
16,750
17, 250
17, 760

18,270
18,760
19, 270
19, 780
20,300

20,790
21,290
21,790
22,280
22,790

23,290
23,780
24, 270
24, 760
25,250

25,740
26,230
26, 720
27, 220
27,710

470
910

1,410
1,920
2,380

2,870
3,390
3,830
4,330
4,770

5,300
5,830
6, 330
6, 860
7, 370

7,890
8,420
8,950
9,470
9,990

10,530
11,070
11,610
12,140
12,660

13,190
13,720
14,250
14,770
15,300

15,810
16,320
16, 820
17, 320
17,840

18, 340
18, 840
19, 350
19, 860
20,380

20,880
21,380
21,880
22,370
22,880

23,390
23,880
24,380
24, 870
25, 360

25,850
26, 340
26, 840
27, 340
27, 830

470
910

1,420
1,930
2,390

2, 880
3, 400
3,850
4,340
4,790

5,320
5,850
6, 350
6,880
7,400

7,920
8, 450
8,980
9,500

10,020

10,560
11,110
11,660
12,180
12,700

13,240
13, 770
14, 300
14,830
15,360

15,870
16,380
16, 880
17, 390
17,910

18,410
18,910
19,430
19, 940
20,470

20,970
21,470
21, 970
22,460
22,980

23,480
23,980
24,480
24, 970
25,470

25,960
26,450
26,950
27,460
27,950

470
910

1,420
1 930
2:400

2 890
3,410
3, 860
4,360
4,800

5,340
5,870
6, 370
6, 900
7,420

7, 950
8,480
9,010
9, 530

10, 060

10,600
11,150
11,700
12, 220
12, 750

13,290
13, 830
14, 360
14,880
15,410

15,930
16,440
16, 950
17,460
17, 980

18,490
18,990
19,510
20,020
20,550

21,050
21,560
22,060

-22,550
23,070

23,580
24, 080
24,580
25,080
25,570

26,070
26, 560
27, 060
27, 570
28, 070

470
920

1,430
1,940
2,410

2,900
3,420
3,870
4, 370
4, 820

5,360
5,890
6,390
6, 930
7,450

7,980
8,510
9, 040
9, 570

10,100

10,640
11,190
11,740
12,270
12,800

13,340
13, 880
14,410
14,940
15,470

15,990
16, 510
17, 010
17,520
18,050

18,560
19, 060
19, 580
20,100
20,630

21,140
21,650
22,150
22,650
23,170

23,680
24,180
24,680
25,180
25,680

26,180
26, 670
27,180
27, 690
28,180

470
920

1,430
1,950
2,420

2,910
3,440
3,890
4,390
4,840

5,380
5,910
6,420
6,950
7,480

8,000
8,540
9,070
9,600

10,130

10,680
11,230
11,780
12,310
12,840

13,380
13, 930
14,460
14,990
15,530

16,050
16,570
17,070
17,590
18,110

18,630
19,140
19,660
20,180
20,710

21, 220
21,730
22, 240
22, 740
23, 260

23,770
24,270
24,780
25, 280
25, 780

26, 280
26, 780
27,290
27, 800
28, 300

480
920

1,440
1,950
2,420

2,920
3,450
3, 900
4,400
4,850

5,390
5,930
6, 440
6,980
7,500

8,030
8, 570
9,110
9,630

10, 170

10,710
11,270
11,820
12, 360
12, 890

13,430
13, 980
14, 510
15,040
15,580

16, 110
16, 630
17, 140
17, 660
18, 180

18,700
19,210
19,740
20,260
20,800

21,310
21,820
22,330
22, 830
23,360

23,870
24,370
24,880
25, 390
25, 890

26,390
26,890
27,400
27, 920
28, 420

480
930

1,440
1,960
2,430

2,930
3,460
3,910
4,410
4, 870

5,410
5, 950
6,460
7,000
7,530

8,060
8 600
9,140
9, 670

10, 200

10,750
11,310
11, 860
12,400
12,930

13,480
14,020
14,560
15,100
15,640

16,170
16,690
17,200
17,720
18,250

18,780
19,290
19, 820
20,340
20,880

21,390
21, 910
22,420
22,920
23,450

23,970
24,470
24, 980
25,490
25,990

26,500
27,000
27,510
28, 030
28, 530

480
930

1,450
1,970
2,440

2,940
3,470
3,930
4,430
4,890

5,430
5,970
6,480
7,020
7,550

8,090
8,630
9,170
9,700

10,240

10,790
11,350
11,910
12,440
12,980

13,530
14,070
14,620
15,150
15,690

16,220
16,750
17,270
17,790
18,320

18,850
19,360
19,890
20,420
20,960

21,480
22,000
22, 500
23, 010
23,540

24, 060
24,570
25,080
25,590
26,100

26,610
27,110
27, 630
28,140
28, 650

480
930

1,450
1,970
2,450

2,950
3,480
3,940
4, 440
4,900

5,450
5,990
6,500
7, 050
7, 580

8,110
8 660
9: 200
9,730

10,270

10,830
11,390
11,950
12,490
13, 020

13,570
14,120
14,670
15, 210
15, 750

16,280
16, 810
17, 330
17, 860
18, 390

18,920
19,430
19, 970
20, 500
21, 040

21,560
22, 080
22,590
23,100
23,640

24,160
24, 670
25,180
25,690
26,200

26, 710
27,220
27, 740
28,260
28, 770

480
940

1,450
1,980
2,460

2,960
3,490
3,950
4,460
4,920

5,470
6,010
6,530
7, 070
7,600

8,140
8,680
9,230
9, 770

10, 310

10,860
11,420
11, 990
12, 530
13,070

13,620
14,170
14,720
15,260
15,800

16,340
16,870
17,390
17,920
18,460

18,990
19,510
20,050
20, 580
21,130

21,640
22,170
22,680
23,190
23,730

24,250
24,760
25,280
25,800
26,310

26,820
27,330
27,850
28,370
28,880

480
940

1,460
1,990
2,460

2, 970
3, 500
3, 960
4, 470
4, 930

5, 480
6, 030
6, 550
7, 090
7, 630

8,170
8,710
9, 260
9, 800

10,:340

10, 900
11,460
12, 030
12, 570
13, 110

13, 670
14, 220
14, 770
15, 310
15, 860

16,400
16,930
17, 450
17, 990
18, 530

19, 060
19, 580
20, 120
20, 660
21, 200

21,720
22, 250
22, 770
23, 280
23, 820

24, 350
24, 860
25, 380
25, 900
26, 410

26, 920
27, 440
27, 960
28, 480
29, 000

490
940

1,460
1,990
2, 470

2,980
3, 520
3,980
4, 490
4, 950

5, 500
6, 050
6, 570
7, 120
7, 650

8, 190
8, 740
9, 290
9, 830

10, 370

10,940
11,500
12, 070
12, 610
13, 160

13, 710
14, 270
14, 820
15, 360
15, 910

16, 450
16, 990
17, 510
18, 050
18, 590

19,130
19, 650
20, 190
20, 730
21,280

21,800
22,330
22,850
23, 370
23, 910

24, 440
24, 950
25, 480
26, 000
26, 510

27, 030
27, 540
28, 070
28, 590
29,110

490
950

1,470
2,000
2,480

2,990
3,530
3 990
4, 500
4, 970

5,520
6,070
6,590
7,140
7, 680

8,220
8,770
9, 320
9, 860

10,410

10,970
11,540
12,110
12,660
13,200

13, 760
14,320
14,870
15,420
15,970

16,510
17,050
17,580
18,110
18,660

19,190
19,720
20,260
20,810
21,360

21,880
22,420
22,940
23,460
24,000

24,530
25,050
25,580
26,100
26,610

27,130
27, 650
28,180
28,710
29,220

490
950

1,470
2,000
2,490

2, 990
3, 540
4, 000
4,520
4, 980

5,540
6,090
6,610
7,160
7,700

8,250
8, 800
9, 350
9,900

10,440

11,010
11,580
12,150
12,700
13,250

13, 810
14, 370
14,920
15,470
16,020

16,570
17,110
17,640
18,180
18,720

19, 260
19, 790
20, 330
20, 880
21,430

21,960
22, 500
23, 020
23,540
24,090

24, 620
25,140
25,670
26, 200
26, 720

27,240
27, 760
28, 290
28,820
29,340

490
950

1,480
2,010
2,500

3, 000
3,550
4,020
4, 530
5, 000

5, 560
6,100
6, 630
7,190
7,730

8,270
8, 830
9, 380
9, 930

10,480

11,040
11,620
12,190
12, 740
13,290

13, 850
14,420
14,970
15,520
16,080

16,620
17,170
17, 700
18, 240
18,790

19,330
19,860
20,410
20, 950
21, 510

22, 040
22, 580
23,100
23, 630
24,180

24,710
25,240
25,770
26,300
26, 820

27,340
27,870
28,390
28,930
29,450

490
950

1,480
2,020
2,500

3,010
3,560
4,030
4, 540
5,010

5,570
6,120
6, 650
7,210
7, 750

8,300
8,860
9,410
9,960

10, 510

11,080
11, 660
12, 230
12, 780
13,340

13,900
14,460
15, 020
15, 570
16,130

16,680
17,220
17, 760
18, 300
18,850

19,390
19,930
20,480
21,030
21,580

22,120
22,660
23,190
23,710
24,270

24,800
25,330
25,870
26,400
26,920

27,450
27,970
28,500
29, 040
29,560

490
960

1,490
2, 020
2,510

3,020
3,570
4, 040
4,560
5,030

5,590
6,140
6,670
7,230
7,780

8,330
8,890
9,440
9,990

10,550

11,120
11,690
12, 270
12, 830
13,380

13,940
14, 510
15, 070
15,630
16,180

16,740
17,280
17,820
18, 360
18,910

19, 460
19,990
20,550
21,100
21,660

22,190
22,740
23,270
23,800
24,350

24,900
25,430
25, 960
26, 500
27, 020

27,550
28, 080
28, 610
29,150
29,680

HEADWATER 1271 to 1273 
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APALACHIA DAM 19

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

__o _ _ __ _HEADWATER ELEVATION __

1271.0 1271.1 1271.2 1271.3 1271.4 1271.5 1271.6 1271.7 [1271.8 11271.9 11272.0 11272.1 [1272.2 1272.3 1272.4 1272.5 1272.6 1272.7 11272127272.9 12730

56 27, 830 27, 960 28, 080 28, 200 28, 320 28, 440 28, 560 28,680 28, 800 28, 920 29, 040 29, 160 29, 280 29, 390 29, 510 29, 630 29, 740 29, 860 29,970 30, 090 30, 200 56
57 28, 320 28,450 28, 570 28, 700 28, 820 28, 940 29, 070 29,190 29, 310 29, 430 29, 550 29, 670 29, 790 29, 910 30, 030 30,150 30, 270 30, 390 30, 500 30, 620 30, 740 57
58 28, 800 28, 930 29, 050 29, 180 29, 300 29, 430 29, 560 29, 680 29, 800 29, 930 30, 050 30, 170 30, 300 30,420 30, 540 30, 660 30,780 30, 900 31,020 31,140 31,260 58
59 29, 280 29, 410 29, 540 29, 670 29, 800 29, 930 30, 060 30, 180 30, 310 30, 440 30, 560 30, 690 30, 810 30,940 31,060 31,180 31,310 31,430 31,550 31,670 31, 790 59
60 29, 780 29, 910 30, 040 30, 170 30, 300 30, 430 30, 560 30,690 30, 820 30, 950 31,080 31, 200 31, 330 31,460 31,580 31,710 31,830 31,960 32, 080 32,210 32, 330 60

61 30, 760 30, 900 31,030 31,170 31,310 31,440 31,570 31,710 31,840 31,970 32,110 32, 240 32, 370 32,"500 32, 630 32, 760 32,9890 33, 020 33,150 33,280 33,410 61
62 31,740 31,880 32, 020 32, 160 32, 300 32, 440 32, 580 32, 720 32, 860 33, 000 33,130 33, 270 33, 400 33 540 33 680 33 810 33 950 34 080 34 220 34,350 34,480 62
63 32, 710 32, 850 33,000 33, 140 33, 290 33, 430 33, 580 33, 720 33, 860 34,000 34,140 34, 280 34, 420 34, 560 34, 700 34, 840 34, 990 35:130 35, 270 35,400 35,540 63
64 33, 680 33, 830 33, 980 34, 130 34, 280 34, 420 34, 570 34, 720 34, 860 35, 010 35, 160 35, 300 35,440 35,590 35, 730 35, 880 36, 030 36,170 36, 320 36,460 36, 610 64
65 34, 670 34, 820 34, 980 35, 130 35, 290 35,440 35, 590 35, 740 35, 890 36, 040 36, 190 36, 340 36, 490 36, 640 36, 790 36, 940 37, 090 37, 240 37, 390 37, 540 37, 690 65

66 35, 640 35, 800 35, 960 36, 120 36, 270 36, 430 36, 590 36, 740 36, 900 37, 050 37,210 37, 360 37, 510 37, 660 37, 820 37, 980 38,140 38, 290 38,450 38, 600 38, 760 66
67 36, 600 36, 770 36, 930 37, 090 37, 250 37, 420 37, 580 37, 740 37, 900 38, 050 38,210 38, 370 38, 520 38,680 38, 850 39, 010 39,170 39, 330 39,490 39, 650 39, 810 67
68 37, 570 37, 740 37, 910 38, 080 38, 240 38, 410 38, 570 38, 740 38, 900 39, 060 39, 230 39, 390 39, 550 39, 710 39, 880 40, 050 40, 210 40, 380 40,540 40, 710 40, 870 68
69 38, 550 38, 720 38, 890 39, 060 39, 240 39,410 39, 580 39, 740 39, 910 40, 080 40, 250 40, 410 40, 580 40, 740 40, 920 41,090 41,260 41,430 41,600 41,770 41,940 69
70 39,540 39, 720 39, 890 40, 070 40, 250 40,420 40, 590 40, 770 40, 940 41,110 41,280 41,450 41,620 41,790 41,970 42,150 42, 330 42, 500 42, 680 42,850 43, 030 70

71 40, 670 40, 830 40, 990 41,160 41,320 41,480 41,630 41,800 41,970 42,140 42,310 42, 480 42,640 42,810 42, 990 43,160 43, 340 43, 520 43, 700 43, 880 44, 050 71
72 41,540 41,990 42, 140 42,290 42,440 42,580 42,720 42,870 43, 040 43,210 43,380 43, 540 43,710 43,880 44, 050 44, 220 44,390 44,560 44, 750 44,930 45,110 72
73 43, 010 43, 140 43, 280 43,410 43, 540 43, 670 43, 800 43, 930 44, 100 44, 260 44,430 44, 590 44, 760 44, 920 45, 090 45, 260 45, 420 45, 600 45, 780 45, 970 46,160 73
74 44,170 44,290 44, 410 44, 530 44, 650 44, 760 44, 870 44, 990 45, 150 45, 320 45,480 45,640 45, 800 45, 970 46,130 46,290 46, 460 46, 620 46, 810 47,000 47, 200 74
75 45, 330 45,440 45, 540 45,650 45, 750 45, 850 45, 940 46, 050 46, 200 46, 370 46, 530 46, 690 46, 850 47, 010 47,170 47, 330 47,490 47, 660 47, 850 48, 040 48, 240 75

76 46, 470 46, 570 46, 660 46, 750 46,830 46, 920 47, 000 47, 090 47, 240 47,400 47, 560 47, 720 47, 870 48, 030 48,190 48, 350 48, 500 48, 660 48,850 49, 050 49, 250 76
77 47,640 47, 720 47, 790 47, 870 47, 940 48, 010 48, 070 48,150 48, 290 48,450 48,610 48, 770 48, 920 49, 080 49, 230 49, 390 49,540 49, 690 49, 890 50, 090 50, 300 77
78 48, 800 48, 870 48, 930 48, 990 49, 040 49, 100 49,150 49, 210 49, 350 49, 510 49,660 49, 820 49, 970 50,120 50, 270 50,420 50, 570 50, 730 50,930 51,130 51,340 78
79 49, 950 50, 010 50, 050 50,100 50,140 50, 180 50, 210 50, 260 50, 400 50, 560 50, 710 50, 860 51,020 51,160 51, 310 51,460 51,600 51, 760 51,960 52,170 52, 390 79
80 51,130 51,170 51,200 51,230 51,260 51,280 51,300 51,330 51,460 51,610 51,770 51,920 52,070 52,210 52, 360 52, 500 52,640 52, 790 53,000 53,210 53,430 80

81 52, 040 52, 140 52, 240 52,330 52,420 52, 510 52, 600 52, 690 52, 870 53, 080 53, 290 53, 500 53, 700 53, 910 54,110 54, 310 54, 510 54, 720 54,970 55, 240 55, 510 81
82 52, 930 53, 100 53, 260 53,420 53, 580 53, 740 53, 900 54, 060 54, 300 54, 570 54, 830 55, 100 55, 360 55, 630 55, 890 56, 150 56, 410 56, 670 56,980 57, 310 57, 630 82
83 53, 820 54,060 54, 290 54, 520 54,750 54, 970 55, 200 55,430 55, 730 56, 050 56, 370 56, 700 57, 020 57, 340 57, 670 57, 990 58, 310 58, 630 59,000 59, 380 59, 750 83
84 54, 700 55,000 55, 300 55,600 55,890 56,190 56,480 56, 780 57, 140 57, 520 57, 900 58, 290 58, 670 59, 050 59, 430 59, 810 60, 200 60, 580 61, 000 61,430 61,870 84
85 55, 610 55, 970 56, 340 56, 700 57,070 57, 430 57, 800 58, 170 58, 580 59, 020 59,460 59, 900 60,340 60, 780 61,220 61,660 62,110 62, 550 63, 030 63, 510 64,000 85

86 56,440 56, 870 57, 300 57, 730 58,160 58, 590 59, 020 59, 460 59, 940 60,430 60, 920 61,420 61,920 62, 410 62, 910 63, 410 63, 910 64,420 64, 950 65,490 66, 030 86
87 57, 340 57, 830 58, 330 58, 830 59, 320 59, 820 60, 320 60, 830 61,370 61,910 62,470 63, 020 63, 570 64, 130 64, 690 65, 250 65, 810 66, 380 66, 960 67, 560 68, 150 87
88 58, 230 58, 790 59, 350 59, 920 60, 480 61,050 61,620 62, 200 62, 790 63,400 64,010 64,620 65, 230 65, 850 66, 470 67, 090 67, 710 68,340 68, 980 69, 620 70, 270 88
89 59, 150 59, 780 60, 410 61,040 61,680 62, 310 62, 950 63, 600 64, 250 64,910 65, 570 66, 240 66, 920 67, 590 68, 270 68, 950 69, 630 70, 320 71, 010 71,:710 72, 410 89
90 60, 020 60, 710 61, 410 62, 100 62, 810 63, 510 64,220 64,930 65, 650 66, 370 67, 090 67, 820 68, 550 69,280 70, 020 70, 760 71,510 72, 250 73, 010 73, 760 74, 520 90

91 60, 020 60, 710 61,410 62,100 62, 810 63, 510 64,220 64, 930 65, 650 66, 370 67, 090 67, 820 68, 550 69,280 70, 020 70, 760 71,510 72, 250 73, 010 73, 760 74, 520 91
92 60, 020 60, 710 61,410 62,100 62, 810 63, 510 64, 220 64, 930 65, 650 66, 370 67, 090 67, 820 68, 550 69, 280 70, 020 70, 760 71,510 72, 250 73, 010 73, 760 74, 520 92
93 60, 020 60, 710 61,410 62,100 62, 810 63, 510 64, 220 64,930 65, 650 66, 370 67, 090 67, 820 68, 550 69, 280 70, 020 70, 760 71,510 72, 250 73, 010 73, 760 74, 520 93
94 60, 020 60, 710 61,410 62,100 62, 810 63, 510 64, 220 64, 930 65, 650 66, 370 67, 090 67, 820 68, 550 69, 280 70, 020 70, 760 71,510 72, 250 73, 010 73, 760 74, 520 94
95 60, 020 60, 710 61,410 62,100 62, 810 63, 510 64, 220 64, 930 65, 650 66, 370 67, 090 67, 820 68, 550 69, 280 70, 020 70, 760 71, 510 72, 250 73, 010 73, 760 74, 520 95

MARCH 2004 HEADWATER 1271 to 1273



20 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

" ~~HEADWATER ELEVATION~z•
2 1273.0 1273.1 1273.2 1273.3 1273.4 1273.5 1273.6 1273.7 1273.8 1273.9 1274.0 1274.1 1274.2 1274.3 1274.4 1274.5 1274.6 1274.7 1274.8 1274.9 1275.0

1 490 500 500 500 500 500 500 500 510 510 510 510 510 510 510 520 520 520 520 520 520 1
2 960 960 960 970 970 970 970 980 980 980 990 990 990 990 1,000 1,000 1,000 1,010 1,010 1,010 1,010 2
3 1,490 1,490 1,500 1,500 1,510 1,510 1,510 1,520 1,520 1,530 1,530 1,540 1,540 1,550 1,550 1,560 1,560 1,560 1,570 1,570 1,580 3
4 2, 020 2,030 2,040 2,040 2,050 2,050 2, 060 2,070 2,070 2,080 2, 090 2,090 2, 100 2,100 2, 110 2, 120 2,120 2, 130 2, 130 2,140 2. 150 4
5 2, 510 2,520 2, 530 2,530 2,540 2,550 2, 560 2, 570 2,570 2,580 2, 590 2, 600 2,600 2,610 2, 620 2,630 2,630 2, 640 2,650 2,660 2,660 5

6 3,020 3,030 3,040 3,050 3,060 3,070 3,080 3,090 3, 100 3,110 3,120 3,130 3,130 3,140 3,150 3,160 3,170 3,180 3,190 3,200 3,210 6
7 3, 570 3,580 3,590 3,600 3,620 3, 630 3, 640 3,650 3,660 3,670 3, 680 3,690 3, 700 3,710 3,720 3, 730 3,750 3,760 3, 770 3,780 3, 790 7
8 4, 040 4,050 4,070 4, 080 4,090 4,100 4,120 4,130 4, 140 4, 150 4, 160 4, 180 4,190 4,200 4,210 4, 230 4,240 4,250 4, 260 4, 270 4,290 8
9 4, 560 4, 570 4, 590 4, 600 4,620 4, 630 4, 640 4, 660 4, 670 4, 690 4, 700 4, 710 4, 730 4, 740 4,750 4, 770 4, 780 4, 790 4, 810 4, 820 4, 830 9
10 5, 030 5, 040 5,060 5,080 5,090 5,110 5,120 5, 140 5, 150 5, 170 5, 180 5, 200 5, 210 5,230 5,240 5,260 5,270 5,290 5,300 5,320 5,330 10

11 5,590 5,610 5,630 5,640 5,660 5,680 5,690 5,710 5,730 5,750 5,760 5,780 5,800 5,810 5,830 5,850 5,860 5,880 5,900 5,910 5,930 11
12 6,140 6,160 6,180 6,200 6,220 6,240 6,260 6,280 6,300 6,320 6,330 6,350 6, 370 6,390 6,410 6,430 6,450 6,460 6, 480 6,500 6,520 12
13 6,670 6, 700 6,720 6,740 6, 760 6,780 6,800 6,820 6,840 6,860 6,880 6,900 6,920 6,940 6,960 6,980 7,000 7,020 7,040 7,060 7,080 13
14 7, 230 7, 260 7,280 7,300 7,320 7,350 7,370 7,390 7, 410 7, 440 7,460 7,480 7, 500 7,530 7,550 7, 570 7, 590 7, 610 7,630 7,660 7,680 14
15 7, 780 7,800 7,830 7, 850 7,880 7,900 7,930 7,950 7, 970 8, 000 8,020 8,050 8, 070 8,090 8,120 8, 140 8, 170 8, 190 8,210 8,240 8,260 15

16 8,330 8 350 8, 380 8,410 8,430 8,460 8,490 8,510 8,540 8, 560 8,590 8,620 8,640 8,670 8, 690 8,720 8,740 8,770 8, 790 8, 820 8,840 16
17 8, 890 8,910 8, 940 8,970 9,000 9,030 9,050 9,080 9,110 9, 140 9,170 9,190 9,220 9,250 9, 270 9,300 9,330 9,360 9, 380 9, 410 9,440 17
18 9, 440 9 470 9,500 9,530 9,560 9,590 9,620 9,650 9,680 9,710 9,740 9,770 9,800 9,830 9,860 9,890 9,920 9,940 9,970 10, 000 10, 030 18
19 9,990 10:020 10,060 10,090 10,120 10,150 10,180 10, 210 10,250 10,280 10, 310 10,340 10,370 10,400 10,430 10, 460 10, 490 10,520 10,550 10, 580 10, 610 19
20 10,550 10,580 10,610 10,650 10,680 10,710 10,750 10, 780 10,810 10,850 10, 880 10,910 10,940 10,980 11,010 11,040 11,070 11,110 11,140 11,170 11,200 20

21 11,120 11,150 11,190 11,220 11,260 11,290 11,330 11,370 11,400 11,440 11,470 11,500 11,540 11,570 11,610 11,640 11,680 11,710 11,750 11,780 11,810 21
22 11,690 11,730 11,770 11,810 11,840 11,880 11,920 11,960 11,990 12, 030 12,070 12,100 12, 140 12,180 12,210 12,250 12,280 12,320 12, 360 12, 390 12,430 22
23 12,270 12,310 12,350 12, 390 12,430 12,470 12,510 12,550 12,590 12,620 12,660 12,700 12, 740 12,780 12,820 12,860 12,890 12,930 12, 970 13,010 13,050 23
24 12,830 12,870 12,910 12, 950 12,990 13,030 13, 070 13,120 13, 160 13,200 13,240 13, 280 13,320 13,360 13,400 13, 440 13, 480 13, 520 13, 560 13,600 13,640 24
25 13,380 13, 420 13,470 13, 510 13,550 13,600 13,640 13,680 13, 730 13,770 13,810 13, 850 13,900 13,940 13,980 14, 020 14,060 14,110 14, 150 14,190 14,230 25

26 13, 940 13,990 14,040 14, 080 14,130 14,170 14,220 14,260 14,310 14,350 14, 400 14, 440 14, 490 14,530 14,570 14,620 14, 660 14, 700 14,750 14,790 14, 830 26
27 14, 510 14, 560 14,610 14, 650 14,700 14,750 14,800 14,640 14,890 14,940 14, 980 15, 030 15, 080 15, 120 15, 170 15,210 15, 260 15, 300 15,350 15,400 15,440 27
28 15,070 15,120 15,170 15,220 15,270 15,320 15,370 15,420 15,460 15,510 15,560 15,610 15,660 15, 710 15,750 15,800 15,850 15,900 15, 940 15, 990 16,040 28
29 15,630 15,680 15,730 15,780 15,830 15, 880 15,930 15,980 16, 030 .16, 090 16,140 16,190 16,240 16, 290 16, 330 16,380 16,430 16,480 16,530 16, 580 16, 630 29
30 16,180 16,240 16,290 16,350 16,400 16, 450 16,500 16,560 16, 610 16,660 16,710 16,770 16,820 16,870 16, 920 16,970 17,020 17,070 17,130 17, 180 17, 230 30

31 16,740 16,790 16,850 16,900 16,960 17,010 17,070 17,120 17,180 17,230 17,290 17,340 17,390 17,450 17, 500 17,550 17,610 17,660 17,710 17,770 17,820 31
32 17,280 17,340 17,400 17,460 17, 510 17, 570 17, 630 17, 680 17,740 17,800 17,850 17,910 17,960 18,020 18, 080 18,130 18,190 18,240 18,300 18,350 18,410 32
33 17,820 17, 880 17,940 18,000 18,060 18,110 18, 170 18, 230 18, 290 18, 350 18,410 18,460 18,520 18,580 18, 640 18, 690 18,750 18,810 18, 870 18,920 18,980 33
34 18, 360 18, 420 18,490 18,550 18,610 18, 670 18, 730 18,790 18, 850 18, 910 18,970 19,030 19, 090 19, 150 19, 210 19, 270 19, 330 19,390 19, 450 19,500 19,560 34

18, 910 18, 980 19,040 19,110 19,170 19,230 19, 300 19,360 19,420 19,480 19,550 19,610 19, 670 19, 730 19,790 19,850 19, 910 19, 970 20,040 20,100 20,160 35

36 19,460 19, 530 19,590 19, 660 19,720 19, 790 19,850 19,920 19, 980 20, 050 20,110 20,180 20, 240 20, 300 20, 370 20, 430 20,490 20, 550 20, 620 20, 680 20, 740 36
37 19, 990 20, 060 20,130 20, 200 20, 260 20, 330 20, 400 20,470 20, 530 20, 600 20, 660 20, 730 20, 800 20, 860 20, 930 20, 990 21,060 21,120 21,190 21, 250 21, 310 37
38 20, 550 20, 620 20,690 20, 760 20,830 20,890 20,960 21,030 21,100 21,170 21,240 21,310 21,370 21,440 21,510 21,570 21,640 21,710 21,770 21,840 21,910 38
39 21,100 21,170 21,240 21,310 21,390 21,460 21,530 21,600 21,670 21,740 21,810 21,880 21,950 22,020 22, 090 22, 160 22,230 22,290 22,360 22,430 22, 500 39
40 21,660 21,730 21,800 21, 880 21,950 22, 030 22,100 22, 170 22, 240 22, 320 22, 390 22,460 22, 530 22,600 22, 670 22, 750 22, 820 22, 890 22,960 23, 030 23, 100 40

41 22, 190 22,270 22, 350 22, 420 22, 500 22, 580 22, 650 22,730 22, 800 22, 880 22, 950 23, 020 23, 100 23,170 23, 240 23, 320 23, 390 23,460 23, 540 23, 610 23, 680 41
42 22, 740 22, 820 22, 900 22, 980 23, 050 23, 130 23, 210 23,290 23, 370 23,440 23, 520 23, 590 23, 670 23, 750 23, 820 23, 900 23, 970 24, 050 24,120 24, 190 24, 270 42
43 23, 270 23, 350 23,430 23, 510 23, 600 23, 680 23, 760 23, 840 23, 920 24, 000 24, 070 24, 150 24, 230 24, 310 24, 390 24,460 24, 540 24, 620 24, 690 24, 770 24, 850 43
44 23, 800 23,880 23, 970 24, 050 24, 140 24, 220 24, 300 24, 390 24, 470 24, 550 24, 630 24, 710 24, 790 24, 870 24, 950 25, 030 25,110 25, 190 25, 260 25,340 25, 420 44
45 24, 350 24, 440 24, 530 24, 620 24, 700 24, 790 24, 880 24, 960 25, 040 25,130 25, 210 25, 290 25, 370 25,460 25, 540 25, 620 25, 700 25, 780 25, 860 25, 940 26, 020 45

46 24, 900 24, 990 25, 080 25, 170 25, 260 25, 350 25, 430 25, 520 25, 610 25, 690 25, 780 25, 860 25, 940 26, 030 26,110 26, 200 26, 280 26, 360 26,440 26, 530 26, 610 46
47 25, 430 25, 520 25, 610 25, 700 25, 800 25, 890 25, 980 26, 070 26, 160 26, 240 26, 330 26, 420 26, 500 26, 590 26, 680 26, 760 26, 850 26, 930 27, 020 27, 100 27,180 47
48 25, 960 26, 060 26,160 26, 250 26, 350 26, 440 26, 530 26, 620 26, 710 26, 800 26, 890 26, 980 27, 070 27,160 27, 250 27, 330 27, 420 27, 510 27,600 27, 680 27, 770 48
49 26, 500 26, 590 26, 690 26, 790 26, 890 26, 990 27, 080 27,170 27, 270 27, 360 27,450 27, 540 27, 630 27, 720 27, 810 27, 900 27, 990 28, 080 28,170 28, 260 28, 340 49
50 27, 020 27, 120 27, 230 27, 330 27,430 27, 530 27, 620 27, 720 27, 810 27, 910 28,000 28, 090 28, 190 28, 280 28, 370 28, 460 28, 550 28, 640 28, 740 28, 830 28, 920 50

51 27, 550 27, 650 27, 760 27, 860 27, 960 28, 060 28, 170 28, 260 28, 360 28, 460 28, 550 28, 650 28, 740 28, 840 28, 930 29, 030 29,120 29, 210 29, 310 29, 400 29,490 51
52 28, 080 28, 180 28, 290 28, 390 28, 500 28, 600 28, 700 28, 800 28, 900 29,000 29,100 29, 200 29, 300 29,400 29, 490 29, 590 29, 690 29, 780 29, 880 29, 970 30, 070 52
53 28, 610 28, 720 28, 830 28, 930 29, 040 29, 150 29, 250 29,350 29,460 29, 560 29, 660 29, 760 29, 860 29, 960 30, 060 30,160 30, 260 30, 360 30, 460 30, 550 30, 650 53
54 29, 150 29, 260 29, 370 29, 480 29, 590 29, 700 29, 800 29, 910 30, 010 30, 120 30, 220 30, 320 30, 430 30, 530 30, 630 30, 730 30,840 30, 940 31,040 31,140 31, 240 54
55 29, 680 29, 790 29, 900 30, 010 30,120 30, 230 30,340 30,450 30, 560 30, 670 30, 770 30, 880 30, 980 31,090 31,190 31,300 31,400 31, 510 31,610 31,710 31, 810 55

HEADWATER 1273 to 1275 MARCH 2004



APALACHIA DAM 21

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

_o__ _ __HEADWATER ELEVATION _

i 1273.0 1273.1 ]1273.2 j1273.3 1273.4 1273.5 1273.6 1273.7 1273.8 1273.9 1274.0 1274.1 1274.2 1274.3 1274.4 1274.5 1274.6 1274.7 1274.8 1274.9 1275.0 i±

56 30, 200 30,320 30,430 30, 550 30,660 30, 770 30, 880 30, 990 31,100 31,210 31,320 31,430 31,540 31,650 31,760 31,860 31,970 32, 080 32,180 32,290 32, 390 56
57 30, 740 30,860 30, 970 31,090 31,200 31,320 31,430 31,540 31,660 31,770 31,880 31, 990 32,100 32, 210 32, 320 32, 430 32,540 32, 650 32,760 32,870 32, 970 57
58 31, 260 31, 380 31,500 31,610 31, 730 31,850 31,970 32, 080 32, 200 32, 310 32,420 32 540 32, 650 32, 770 32, 880 32, 990 33,100 33, 210 33, 330 33,430 33,540 58
59 31, 790 31, 910 32,030 32,150 32,270 32,390 32,510 32,630 32, 750 32,860 32,980 33,100 33,210 33,330 33,440 33,560 33, 670 33, 790 33, 900 34,010 34,120 59
60 32, 330 32,450 32, 580 32, 700 32,820 32, 940 33,060 33,180 33, 300 33,420 33,540 33, 660 33, 780 33,900 34, 020 34,130 34,250 34, 370 34,480 34,600 34,710 60

61 33, 410 33,540 33,670 33, 790 33, 920 34,050 34,170 34,300 34,420 34,550 34,670 34,800 34,920 35,040 35,170 35,290 35,410 35,530 35,650 35 770 35,890 61
62 34, 480 34, 620 34, 750 34, 880 35, 020 35, 150 35, 280 35,410 35, 540 35, 670 35, 800 35, 930 36,050 36,180 36,310 36,440 36, 560 36,690 36,820 36,940 37,060 62
63 35, 540 35, 680 35, 820 35, 960 36,090 36,230 36,370 36,500 36, 640 36,770 36,910 37, 040 37,170 37,300 37,440 37,570 37, 700 37,830 37,960 38,090 38,220 63
64 36,610 36,750 36, 890 37, 030 37 180 37, 320 37,460 37,600 37, 740 37,880 38,020 38,160 38,290 38,430 38,570 38,710 38,840 38,980 39,110 39,250 39, 380 64
65 37, 690 37,840 37, 990 38,140 38: 280 38, 430 38, 570 38,720 38, 870 39, 010 39,150 39, 300 39,440 39, 580 39, 720 39, 870 40,010 40,150 40, 290 40,430 40, 560 65

66 38, 760 38, 910 39, 060 39, 210 39, 370 39, 520 39, 670 39,820 39, 970 40,120 40,270 40, 410 40, 560 40, 710 40, 860 41,000 41,150 41,290 41,440 41,580 41,720 66
67 39, 810 39,970 40,130 40, 280 40,440 40,600 40, 750 40,910 41,060 41,220 41,370 41,520 41,680 41,830 41,980 42,130 42, 280 42,430 42,580 42,730 42,880 67
68 40, 870 41,040 41,200 41, 360 41,520 41,690 41,850 42,010 42,170 42, 320 42,480 42,640 42,800 42,950 43,110 43,270 43,420 43,580 43,730 43,880 44, 040 68
69 41, 940 42,110 42, 280 42,450 42, 610 42, 780 42, 950 43,110 43, 270 43, 440 43, 600 43, 760 43, 930 44, 090 44,250 44,410 44, 570 44,730 44 890 45, 050 45, 200 69
70 43, 030 43, 200 43, 380 43, 550 43, 720 43, 890 44, 060 44,230 44,400 44, 570 44, 740 44, 910 45, 070 45, 240 45, 410 45, 570 45, 740 45, 900 46: 060 46, 230 46, 390 70

71 44, 050 44,230 44,410 44,590 44,760 44,940 45,110 45,280 45,460 45, 630 45, 800 45, 970 46,140 46, 310 46,480 46, 650 46, 820 46, 990 47, 160 47, 330 47, 490 71
72 45,110 45,300 45,480 45,660 45,840 46,020 46,200 46,370 46,550 46,730 46,900 47,080 47,250 47,430 47,600 47,770 47,940 48,110 48,290 48,460 48,640 72
73 46,160 46,340 46,530 46,710 46,900 47, 080 47,260 47,450 47,630 47,810 47, 990 48,160 48,340 48, 520 48, 700 48,870 49,050 49, 220 49,400 49,580 49, 760 73
74 47,200 47,390 47,580 47, 760 47,950 48,140 48,330 48,510 48, 700 48,880 49,060 49 250 49,430 49,610 49, 790 49,970 50,150 50, 330 50,510 50,690 50, 880 74
75 48,240 48,430 48,630 48, 820 49,010 49,200 49,390 49,580 49, 770 49,960 50,150 50: 330 50,520 50,700 50, 890 51,070 51,250 51, 430 51,620 51,810 52, 000 75

76 49,250 49,450 49,650 49,850 50,040 50,240 50,430 50,620 50,820 51,010 51,200 51,390 51,580 51,770 51,950 52,140 52,320 52,510 52,700 52, 900 53,090 76
77 50,300 50, 500 50, 700 50,900 51,100 51, 300 51, 500 51,700 51,890 52, 090 52,280 52,480 52,670 52, 860 53,050 53,240 53,430 53,620 53,820 54,020 54,220 77
78 51,340 51, 550 51, 750 51,960 52,160 52, 370 52, 570 52, 770 52,970 53, 170 53,370 53, 560 53, 760 53, 950 54,150 54,340 54, 530 54, 730 54, 930 55,140 55,340 78
79 52,390 52,600 52, 810 53, 020 53, 220 53, 430 53,640 53, 840 54, 040 54, 250 54,450 54, 650 54,850 55, 050 55, 250 55,440 55,640 55,840 -56 050 56, 260 56,470 79
80 53,430 53,650 53, 860 54,070 54,280 54,490 54,700 54,910 55,120 55,330 55, 530 55, 740 55,940 56,140 56,340 56,540 56,740 56,940 57,160 57,370 57,590 80

81 55, 510 55,780 56, 040 56, 310 56, 580 56,840 57,110 57,370 57, 630 57, 900 58,160 58,420 58, 680 58, 940 59,200 59, 400 59, 570 59, 750 59, 930 60,120 60, 310 81
82 57, 630 57,950 58,280 58, 600 58 920 59,240 59, 570 59,890 60,210 60, 530 60,850 61,170 61, 490 61,810 62,130 62, 390 62,630 62, 780 62,940 63,100 63, 260 82
83 59,750 60,130 60,510 60, 890 61: 270 61,650 62,020 62,400 62,780 63,160 63,540 63,920 64,300 64,680 65,060 65, 380 65,640 65,770 65, 900 66,020 66,160 83
84 61,870 62,300 62,730 63,170 63,600 64,040 64,470 64,910 65, 350 65, 780 66,220 66,660 67,100 67,540 67,980 68, 370 68,680 68,790 68,880 68,980 69, 090 84
85 64,000 64,490 64, 980 65,470 65, 960 66, 450 66, 940 67,440 67, 930 68, 430 68,930 69,420 69, 920 70,430 70, 930 71, 370 71,660 71,740 71,810 71,870 71,950 85

86 66, 030 66, 570 67, 110 67, 650 68, 200 68, 740 69, 290 69,640 70, 390 70, 950 71,500 72, 060 72, 610 73,170 73, 730 74, 230 74, 570 74, 620 74, 660 74, 700 74, 750 86
87 68, 150 68, 740 69,340 69,940 70,540 71,150 71,750 72, 360 72, 970 73, 580 74,190 74, 810 75, 420 76, 040 76, 660 77, 220 77, 590 77, 620 77, 630 77,640 77, 650 87
88 70,270 70,920 71, 570 72,230 72,890 73,550 74,210 74,870 75,540 76,210 76,880 77,560 78, 230 78,910 79,590 80,220 80,650 80,670 80,650 80, 630 80,620 88
89 72, 410 73,120 73, 830 74,540 75, 250 75, 970 76, 690 77,410 78,140 78, 870 79,600 80 330 81, 070 81,810 82, 550 83, 230 83,660 83, 650 83, 610 83,560 83, 510 89
90 74,520 75,280 76,040 76,810 77, 580 78, 350 79,130 79,910 80, 690 81,480 82,270 83: 060 83, 850 84,650 85,460 86,200 86,690 86,680 86,610 86, 530 86,450 90

91 74, 520 75, 280 76, 040 76, 810 77, 580 78, 350 79, 130 79, 910 80, 690 81, 480 82, 270 83, 060 83, 850 84,650 85, 460 86, 260 86,840 86, 910 86, 930 86, 930 86, 940 91
92 74, 520 75, 280 76, 040 76, 810 77, 580 78, 350 79, 130 79, 910 80, 690 81, 480 82, 270 83, 060 83, 850 84,650 85, 460 86, 260 86,840 86, 990 87, 090 87,190 87, 290 92
93 74,520 75, 280 76,040 76,810 77, 580 78,350 79,130 79,910 80,690 81, 480 82, 270 83,060 83, 850 84,650 85,460 86,260 86,880 87,120 87,310 87,500 87, 690 93
94 74,520 75, 280 76,040 76,810 77, 580 78,350 79,130 79, 910 80, 690 81, 480 82, 270 83, 060 83,850 84,650 85,460 86,260 86, 880 87, 210 87,490 87,770 88,050 94
95 74,520 75, 280 76,040 76,810 77, 580 78,350 79,130 79, 910 80, 690 81,480 82,270 83, 060 83,850 84,650 85,460 86,260 86, 960 87, 380 87,750 88,120 88,490 95

96 74,520 75,280 76, 040 76,810 77, 580 78,350 79, 130 79,910 80,690 81,480 82,270 83,060 83,850 84,650 85,460 86,260 86,970 87,480 87,940 88, 390 88,850 96
97 74, 520 75,280 76, 040 76,810 77, 580 78, 350 79, 130 79,910 80, 690 81, 480 82,270 83,060 83,850 84,650 85,460 86,260 87,010 87,600 88,150 88,690 89,240 97
98 74, 520 75, 280 76, 040 76,810 77,580 78, 350 79, 130 79,910 80, 690 81, 480 82,270 83, 060 83,850 84,650 85, 460 86,260 87,010 87,660 88, 300 88,940 89,580 98
99 74, 520 75, 280 76, 040 76, 810 77,580 78, 350 79, 130 79, 910 80, 690 81, 480 82,270 83, 060 83, 850 84,650 85, 460 86, 260 87, 070 87, 820 88,540 89,270 90,000 99

100 74, 520 75,280 76,040 76,810 77,580 78, 350 79,130 79,910 80,690 81, 480 82,270 83,060 83,850 84,650 85, 460 86,260 87,070 87, 880 88,700 89,520 90,340 100

101 74, 520 75, 280 76, 040 76, 810 77, 580 78, 350 79, 130 79, 910 80, 690 81, 480 82,270 83, 060 83, 850 84, 650 85, 460 86, 260 87, 070 87, 880 88 700 89, 520 90,340 101
102 74, 520 75, 280 76,040 76,810 77, 580 78,350 79, 130 79,910 80,690 81, 480 82,270 83 060 83,850 84,650 85, 460 86,260 87,070 87, 880 88, 700 89, 520 90,340 102
103 74,520 75, 280 76,040 76,810 77, 580 78,350 79, 130 79,910 80,690 81,480 82,270 83, 060 83,850 84,650 85, 460 86,260 87,070 87, 880 88,700 89, 520 90, 340 103
104 74, 520 75,280 76, 040 76, 810 77, 580 78, 350 79, 130 79,910 80, 690 81, 480 82,270 83, 060 83, 850 84,650 85, 460 86, 260 87,070 87, 880 88, 700 89,520 90, 340 104
105 74,520 75,280 76, 040 76,810 77,580 78, 350 79,130 79,910 80, 690 81, 480 82,270 83,060 83, 850 84,650 85, 460 86,260 87,070 87, 880 88,700 89,520 90,340 105

MARCH 2004 
HEADWATER 1273 to 1275

MARCH 2004 HEADWATER 1273 to 1275



22 APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

A _ HEADWATER ELEVATION
1275.0 1275.1 1275.2 1275.3 1275.4 1275.5 1275.6 1275.7 1275.8 1275.9 1276.0 1276.1 1276.2 11276.3 1276.4 11276.5 1276.6 1276.7 1276.8 1276.9 1277.0

1 520 530 530 530 530 530 530 530 540 540 540 540 540 540 540 540 550 550 550 550 550 1
2 1,010 1,020 1,020 1,020 1,030 1,030 1,030 1,030 1,040 1,040 1,040 1,050 1,050 1,050 1,050 1,060 1,060 1, 060 1,060 1,070 1,070 2
3 1,580 1,580 1,590 1,590 1,590 1,600 1,600 1,610 1,610 1,620 1,620 1,620 1,630 1,630 1,640 1,640 1,650 1,650 1,650 1,660 1,660 3
4 2,150 2,150 2,160 2,160 2,170 2,180 2,180 2,190 2,190 2,200 2,200 2,210 2,220 2,220 2,230 2,230 2:240 2,240 2,250 2,260 2,260 4
5 2, 660 2, 670 2,680 2,680 2,690 2, 700 2,710 2,710 2,720 2, 730 2,740 2, 740 2,750 2,760 2, 760 2,770 2,780 2,790 2, 790 2, 800 2,810 5

6 3, 210 3,210 3,220 3, 230 3,240 3,250 3,260 3,270 3,280 3,280 3,290 3,300 3,310 3,320 3,330 3,340 3,340 3,350 3,360 3,370 3,380 6
7 3, 790 3, 800 3,810 3, 820 3,830 3, 840 3, 850 3,860 3,870 3,880 3,890 3 900 3, 910 3,920 3,930 3,940 3,950 3,960 3,970 3, 980 3, 990 7
8 4,290 4, 300 4,310 4,320 4,330 4, 340 4, 360 4,370 4,380 4,390 4,400 4, 410 4, 430 4, 440 4, 450 4, 460 4,470 4,480 4,490 4, 500 4, 520 8
9 4, 830 4, 850 4,860 4, 870 4,890 4,900 4, 910 4,930 4,940 4, 950 4, 970 4,980 4,990 5, 010 5, 020 5, 030 5,040 5, 060 5,070 5,080 5, 100 9
10 5, 330 5,350 5,360 5, 380 5,390 5,410 5, 420 5,430 5,450 5, 460 5, 480 5,490 5,510 5,520 5,540 5,550 5,560 5, 580 5,590 5,610 5, 620 10

11 5,930 5,950 5,960 5, 980 6,000 6,010 6,030 6,040 6, 060 6,080 6,090 6,110 6, 130 6,140 6,160 6,170 6,190 6,200 6,220 6,240 6,250 11
12 6, 520 6, 540 6, 550 6, 570 6, 590 6,610 6, 630 6,640 6, 660 6, 680 6,700 6, 720 6,730 6,750 6,770 6,790 6 800 6, 820 6, 840 6, 860 6, 870 12
13 7,080 7,100 7,120 7,140 7,160 7,180 7,200 7,220 7,240 7,260 7,280 7 300 7,320 7,340 7,360 7,380 7,390 7,410 7,430 7,450 7,470 13
14 7, 680 7, 700 7,720 7,740 7,760 7,790 7, 810 7,830 7, 850 7, 870 7,890 7,910 7,930 7,950 7, 980 8, 000 8, 020 8,040 8,060 8, 080 8,100 14
15 8, 260 8,280 8,310 8, 330 8,350 8,370 8, 400 8,420 8,440 8,470 8,490 8, 510 8,530 8,560 8,580 8,600 8, 620 8,650 8,670 8, 690 8,710 15

16 8,840 8,870 8,890 8,920 8,940 8,970 8,990 9,020 9,040 9,070 9,090 9,110 9,140 9,160 9,190 9,210 9,230 9,260 9,280 9,310 9,330 16
17 9, 440 9, 460 9, 490 9,520 9, 540 9, 570 9, 600 9,620 9,650 9, 670 9 700 9, 730 9,750 9, 780 9, 800 9, 830 9,860 9 880 9, 910 9,930 9,960 17
18 10, 030 10, 060 10, 090 10,120 10, 140 10, 170 10,200 10,230 10,260 10,280 10,310 10,340 10,370 10, 390 10, 420 10,450 10,480 10, 500 10,530 10,560 10,580 18
19 10,610 10,640 10,670 10,700 10,730 10,760 10,790 10,820 10,850 10,880 10,910 10,940 10,970 11,000 11,030 11,060 11,090 11,120 11,140 11,170 11,200 19
20 11,200 11,230 11,270 11,300 11,330 11,360 11,390 11,420 11,450 11,490 11,520 11 550 11,580 11,610 11,640 11,670 11,700 11,730 11,760 11,790 11,820 20

21 11,810 11,850 11,880 11,910 11,950 11,980 12,010 12,050 12,080 12,110 12,150 12,180 12,210 12,240 12,280 12,310 12,340 12,370 12,410 12,440 12,470 21
22 12,1430 12,460 12,500 12,540 12570 12, 610 12,640 12,680 12, 710 12, 750 12, 780 12 810 12, 850 12,880 12,920 12, 950 12,990 13,020 13, 050 13, 090 13,120 22
23 13,050 13, 080 13, 120 13, 160 13,190 13, 230 13, 270 13, 310 13, 340 13,380 13,420 13, 450 13, 490 13, 530 13,560 13, 600 13, 630 13,670 13,710 13, 740 13,780 23
24 13, 640 13,680 13,720 13, 760 13,800 13,830 13,870 13,910 13,950 13, 990 14,030 14 070 14,100 14, 140 14,180 14, 220 14, 260 14,290 14,330 14, 370 14,410 24
25 14, 230 14,270 14,310 14, 350 14,390 14,430 14,480 14,520 14, 560 14, 600 14, 640 14,680 14, 720 14,760 14, 800 14, 840 14, 880 14, 910 14, 950 14, 990 15,030 25

26 14, 830 14,880 14,920 14,960 15,010 15,050 15,090 15,130 15, 180 15,220 15, 260 15,300 15,340 15,380 15, 430 15,470 15,510 15,550 15,590 15,630 15,670 26
27 15, 440 15,490 15,530 15, 570 15,620 15,660 15,710 15, 750 15, 800 15, 840 15, 880 15, 930 15,970 16,010 16, 060 16,100 16,140 16,190 16,230 16,270 16, 320 27
28 16,040 16,080 16,130 16, 180 16,220 16, 270 16,320 16, 360 16, 410 16, 450 16, 500 16, 540 16,590 16,640 16,680 16,730 16,770 16,820 16,860 16,900 16, 950 28
29 16, 630 16, 680 16, 730 16,780 16,820 16, 870 16,920 16,970 17,010 17, 060 17,110 17,160 17, 200 17,250 17,300 17, 340 17, 390 17,440 17,480 17, 530 17,580 29
30 17, 230 17, 280 17, 330 17,380 17,430 17,480 17,530 17,580 17,630 17, 680 17,720 17,770 17, 820 17,870 17,920 17, 970 18, 020 18,070 18,110 18,:160 18,210 30

31 17,820 17, 870 17,920 17,980 18,030 18,080 18, 130 18,180 18,230 18,280 18,340 18,390 18,440 18,490 18,540 18,590 18,640 18,690 18, 740 18,790 18, 840 31
32 18,410 18, 460 18,510 18,570 18,620 18,680 18, 730 18,780 18, 840 18,890 18,940 18, 990 19,050 19,100 19, 150 19,200 19,260 19,310 19 360 19, 410 19,460 32
33 18, 980 19, 030 19, 090 19,150 19, 200 19, 260 19, 310 19, 370 19, 420 19, 480 19, 530 19, 590 19,640 19, 700 19, 750 19, 800 19, 860 19, 910 19, 970 20, 020 20, 070 33
34 19, 560 19, 620 19, 680 19, 740 19, 790 19, 850 19, 910 19, 970 20, 020 20, 080 20, 140 20,190 20, 250 20, 310 20, 360 20,420 20, 470 20, 530 20 580 20, 640 20, 690 34
35 20,160 20, 220 20, 280 20,340 20,400 20,450 20, 510 20, 570 20, 630 20, 690 20, 750 20, 810 20, 870 20, 920 20, 980 21,040 21,100 21,150 21, 210 21, 270 21,330 35

36 20, 740 20,800 20,870 20,930 20,990 21,050 21,110 21,170 21,230 21,290 21,350 21,410 21,470 21,530 21,590 21,650 21,710 21,770 21,830 21,890 21,950 36
37 21,310 21,380 21,440 21,500 21,570 21,630 21,690 21,760 21,820 21,880 21,940 22,010 22,070 22,130 22, 190 22,250 22,310 22,370 22,440 22,500 22, 560 37
38 21,910 21,970 22, 040 22, 100 22, 170 22, 230 22, 300 22,360 22, 430 22, 490 22,560 22, 620 22, 680 22, 750 22, 810 .22,870 22, 940 23,000 23,060 23, 130 23, 190 38
39 22, 500 22, 570 22, 630 22, 700 22, 770 22, 840 22,900 22,970 23, 030 23, 100 23, 170 23, 230 23, 300 23, 360 23, 430 23,490 23, 560 23, 620 23, 690 23, 750 23, 820 39
40 23, 100 23, 170 23, 240 23, 310 23,380 23, 440 23, 510 23, 580 23, 650 23, 720 23, 790 23,850 23, 920 23, 990 24, 060 24, 120 24,190 24, 260 24, 320 24, 390 24,450 40

41 23, 680 23, 750 23, 820 23, 890 23, 970 24,040 24,110 24,180 24, 250 24, 320 24, 390 24, 460 24, 530 24, 600 24, 660 24, 730 24, 800 24, 870 24, 940 25, 010 25, 080 41
42 24, 270 24,340 24, 420 24, 490 24, 560 24,640 24,710 24, 780 24, 850 24, 930 25,000 25, 070 25, 140 25, 210 25, 280 25, 350 25,420 25, 490 25, 560 25,630 25, 700 42
43 24, 850 24, 920 25, 000 25, 070 25, 150 25,220 25, 300 25, 370 25, 450 25, 520 25, 590 25, 670 25, 740 25, 810 25, 890 25, 960 26, 030 26, 100 26,180 26, 250 26, 320 43
44 25, 420 25, 500 25, 580 25, 650 25, 730 25, 810 25, 880 25, 960 26, 040 26,110 26,190 26, 260 26,340 26, 410 26, 490 26, 560 26,640 26, 710 26, 790 26, 860 26, 930 44
45 26, 020 26,100 26, 180 26, 260 26, 340 26, 420 26, 500 26, 580 26, 650 26, 730 26, 810 26,890 26, 960 27, 040 27, 120 27, 200 27, 270 27, 350 27,420 27, 500 27, 580 45

46 26, 610 26,690 26, 770 26, 850 26, 940 27, 020 27, 100 27,180 27, 260 27, 340 27, 420 27, 500 27, 580 27, 660 27, 740 27, 810 27, 890 27, 970 28 050 28, 130 28, 200 46
47 27,180 27, 270 27, 350 27,440 27, 520 27, 600 27, 680 27,770 27, 850 27, 930 28, 010 28, 090 28, 180 28, 260 28, 340 28, 420 28, 500 28, 580 28, 660 28, 740 28, 820 47
48 27, 770 27, 850 27, 940 28, 030 28,110 28, 200 28, 280 28, 360 28, 450 28, 530 28, 620 28, 700 28, 780 28, 870 28, 950 29, 030 29,110 29, 200 29 , 280 29, 360 29, 440 48
49 28, 340 28,430 28, 520 28, 610 28, 690 28, 780 28, 870 28, 960 29, 040 29,130 29, 210 29, 300 29, 380 29, 470 29, 550 29,640 29, 720 29, 810 29, 890 29, 970 30, 060 49
50 28, 920 29, 010 29,100 29, 190 29, 270 29, 360 29, 450 29,540 29, 630 29, 720 29, 800 29, 890 29, 980 30, 070 30, 150 30, 240 30, 320 30, 410 30, 500 30, 580 30, 670 50

51 29,490 29,580 29, 680 29, 770 29, 860 29, 950 30,040 30,130 30, 220 30, 310 30,400 30,490 30, 580 30, 670 30,760 30, 850 30, 930 31,020 31,110 31,200 31, 280 51
52 30, 070 30,160 30, 260 30, 350 30, 440 30,540 30, 630 30, 720 30, 810 30, 910 31,000 31, 090 31,180 31,270 31,360 31,450 31,540 31,630 31, 720 31, 810 31, 900 52
53 30, 650 30, 750 30, 840 30, 940 31 030 31,130 31,220 31,320 31,410 31,510 31,600 31,690 31,790 31,880 31,970 32,070 32, 160 32, 250 32,340 32,430 32,520 53
54 31, 240 31,340 31, 430 31,530 31,630 31,730 31,830 31,920 32, 020 32,110 32,210 32, 310 32, 400 32, 500 32, 590 32, 690 32, 780 32, 870 32,970 33, 060 33, 160 54
55 31,810 31,910 32,010 32,110 32,210 32,310 32,410 32,510 32,610 32,710 32,810 32, 910 33,000 33, 100 33,200 33, 290 33,390 33,490 33,580 33,680 33, 770 55
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APALACHIA DAM 23

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

.8.• ~HEADWATER ELEVATION ..
1275.0 1275.1 1275.2 1275.3 1275.4 1275.5 1275.6 1275.7 1275.8 11275.9 11276.0 11276.1 11276.2 [1276.3 11276.4 11276.5 11276.6 [1276.7 [1276.8 11276.9 11277.0 %

56 32,390 32, 490 32,600 32,700 32,800 32,900 33,000 33,100 33,200 33,300 33,400 33, 500 33,600 33,700 33,800 33,900 34,000 34,100 34,200 34,290 34, 390 56
57 32,970 33, 080 33,180 33,290 33,390 33,490 33, 600 33,700 33,800 33,910 34,010 34,110 34,210 34,310 34,420 34,520 34, 620 34, 720 34,820 34,920 35, 020 57
58 33,540 33, 650 33, 760 33, 860 33,970 34, 070 34,180 34,280 34,390 34, 490 34, 600 34, 700 34, 810 34,910 35, 010 35, 120 35, 220 35, 320 35,420 35,520 35, 620 58
59 34,120 34,230 34,340 34,450 34, 560 34,670 34,'770 34, 880 34,990 35, 100 35, 200 35, 310 35, 410 35, 520 35, 620 35, 730 35, 830 35, 940 36, 040 36,150 36, 250 59
60 34,710 34, 820 34,930 35,040 35,150 35,260 35,370 35,480 35,590 35,700 35,810 35, 920 36,030 36,130 36, 240 36,350 36,450 36,560 36,670 36, 770 36,880 60

61 35,890 36, 000 36,120 36,240 36, 350 36,470 36,580 36,700 36,810 36, 920 37,040 37,150 37,260 37,380 37, 490 37, 600 37,710 37,820 37, 930 38,040 38,150 61
62 37, 060 37,180 37, 300 37,430 37, 550 37, 670 37,790 37,910 38,020 38,140 38,260 38,380 38,500 38,610 38, 730 38, 850 38,960 39,080 39, 200 39,310 39,430 62
63 38, 220 38, 340 38, 470 38, 600 38, 720 38, 850 38, 970 39, 100 39, 220 39, 340 39, 470 39, 590 39, 710 39,830 39, 960 40, 080 40,200 40, 320 40,440 40, 560 40, 680 63
64 39, 380 39, 510 39, 640 39, 770 39, 900 40, 030 40, 160 40, 290 40,420 40, 550 40, 680 40, 800 40, 930 41,060 41,180 41,310 41,440 41,560 41,690 41,810 41,940 64
65 40, 560 40, 700 40, 840 40, 970 41,110 41,240 41,380 41,510 41,650 41, 780 41,910 42, 040 42, 180 42,310 42, 440 42, 570 42,700 42, 830 42,960 43,090 43, 220 65

66 41,720 41,870 42, 010 42,150 42, 290 42, 430 42, 570 42,710 42, 850 42, 980 43,120 43, 260 43, 400 43, 530 43, 670 43, 810 43, 940 44, 080 44,210 44,350 44,480 66
67 42, 880 43, 020 43,170 43, 310 43,460 43, 600 43, 750 43, 890 44, 040 44, 180 44, 320 44,470 44,610 44,750 44, 890 45, 030 45, 170 45, 310 45, 450 45, 590 45, 730 67
68 44, 040 44, 190 44, 340 44, 490 44, 640 44, 790 44, 940 45, 090 45, 240 45, 390 45, 530 45,680 45, 830 45, 970 46,120 46, 260 46,410 46, 550 46, 700 46, 840 46, 980 68
69 45,200 45, 360 45, 520 45, 670 45, 830 45, 980 46, 140 46,290 46,440 46,600 46, 750 46,900 47,050 47,200 47,360 47,510 47, 650 47,800 47,950 48,100 48, 250 69
70 46,390 46,550 46, 710 46, 870 47, 030 47,190 47, 350 47,510 47,670 47,830 47, 990 48,140 48,300 48,450 48,610 48, 770 48, 920 49,070 49,230 49, 380 49,530 70

71 47,490 47,660 47,830 47,990 48,160 48, 320 48,490 48,650 48,820 48,980 49,140 49, 300 49,470 49,630 49,790 49,950 50,110 50, 270 50, 420 50,580 50,740 71
72 48,640 48,810 48,980 49,150 49, 320 49, 490 49, 660 49,830 50,000 50,170 50,340 50, 500 50,670 50,840 51,000 51,170 51, 330 51,490 51, 660 51, 820 51,980 72
73 49, 760 49,940 50,110 50, 290 50, 470 50,640 50, 820 50,990 51,170 51,340 51,510 51,680 51,860 52,030 52, 200 52,370 52,540 52, 710 52, 870 53, 040 53,210 73
74 50, 880 51,060 51,240 51, 430 51, 610 51, 790 51,970 52,150 52, 330 52, 500 52,680 52,860 53, 030 53,210 53, 390 53,560 53, 740 53, 910 54, 080 54,260 54,430 74
75 52,000 52,190 52,380 52, 570 52, 750 52, 940 53, 120 53,310 53,490 53,670 53,860 54,040 54,220 54,400 54,580 54,760 54,940 55,120 55, 300 55,480 55,650 75

76 53, 090 53,290 53, 480 53, 670 53, 860 54,050 54,240 54,430 54,620 54,810 55,000 55,190 55, 370 55, 560 55, 740 55, 930 56,110 56, 300 56, 480 56, 660 56,840 76
77 54,220 54,420 54,610 54,810 55,010 55,200 55,400 55,590 55,790 55, 980 56,170 56,370 56,560 56,750 56,940 57,130 57,320 57, 510 57,700 57,880 58,070 77
78 55, 340 55, 550 55, 750 55, 950 56,150 56, 350 56, 560 56,750 56, 950 57,150 57,350 57, 550 57, 740 57, 940 58,140 58,330 58, 520 58, 720 58,910 59,100 59,290 78
79 56, 470 56, 680 56,880 57, 090 57,300 57,510 57, 710 57,920 58,120 58,320 58,530 58, 730 58,930 59,130 59, 330 59,530 59, 730 59,930 60,130 60,320 60,520 79
80 57, 590 57, 800 58, 020 58, 230 58,440 58, 650 58, 870 59,080 59, 290 59, 490 59,700 59, 910 60,120 60, 320 60, 530 60,730 60,940 61,140 61,340 61,540 61,750 80

81 60, 310 60, 500 60, 700 60, 890 61,080 61,280 61,470 61,670 61,860 62, 050 62,240 62, 430 62, 620 62, 810 62, 990 63,180 63, 370 63, 560 63, 750 63, 930 64, 120 81
82 63, 260 63,430 63,600 63,770 63,940 64,120 64,290 64,470 64 640 64, 820 64, 990 65,160 65, 340 65,500 65, 670 65, 840 66,010 66,190 66,360 66,530 66, 700 82
83 66,160 66, 300 66,450 66,600 66,760 66, 910 67,060 67,230 67, 380 67, 540 67, 700 67, 850 68,000 68,160 68, 300 68,460 68,610 68,770 68,930 69,080 69,240 83
84 69, 090 69, 200 69,330 69,460 69,600 69,730 69,860 70,010 70,150 70,290 70,430 70, 570 70,700 70,830 70,960 71,100 71,230 71,380 71,520 71,660 71,800 84
85 71, 950 72, 040 72,150 72, 270 72, 380 72,490 72,610 72,740 72, 860 72, 990 73,110 73, 230 73,340 73,460 73, 570 73,680 73,800 73, 930 74, 060 74,190 74, 310 85

86 74,750 74, 810 74,900 75,000 75,090 75,180 75,280 75,390 75,500 75,610 75,710 75,810 75,910 76,000 76,100 76,190 76,290 76,410 76,530 76,640 76,750 86
87 77, 650 77, 690 77, 760 77,840 77, 910 77, 980 78, 060 78,160 78, 250 78, 340 78,420 78, 510 78, 590 78, 670 78, 740 78, 820 78, 900 79,000 79, 100 79, 200 79, 300 87
88 80, 620 80,620 80, 670 80,730 80,780 80,830 80,890 80,970 81,040 81,120 81,190 81,250 81,310 81,370 81,430 81,490 81,550 81,640 81,730 81,810 81,890 88
89 83, 510 83, 490 83, 530 83, 560 83, 600 83, 630 83, 670 83, 730 83, 790 83,840 83, 890 83, 940 83, 990 84, 030 84, 070 84,110 84,160 84, 230 84,300 84, 370 84,430 89
90 86, 450 86, 400 86,420 86,430 86,440 86,450 86, 470 86, 520 86, 560 86, 600 86, 630 86, 660 86, 690 86, 710 86, 730 86, 750 86, 780 86, 840 86, 900 86, 950 87,000 90

91 86, 940 86, 970 87, 060 87, 160 87, 250 87,340 87, 430 87, 560 87, 680 87, 790 87, 910 88, 020 88,130 88, 230 88, 340 88,430 88, 540 88, 680 88, 820 88, 950 89, 080 91
92 87,290 87,410 87,580 87,760 87,940 88,110 88,290 88,490 88,690 88, 890 89,090 89,280 89,480 89,670 89, 850 90,040 90,230 90,450 90,670 90,890 91,110 92
93 87, 690 87, 900 88,150 88,410 88, 670 88, 930 89, 190 89,470 89, 760 90, 040 90, 320 90, 590 90, 870 91,140 91, 420 91,690 91, 970 92, 270 92,570 92, 870 93, 170 93
94 88, 050 88, 350 88, 690 89, 030 89, 370 89, 710 90, 050 90,420 90, 780 91,140 91,510 91,870 92,230 92, 590 92, 940 93, 300 93, 670 94, 050 94,440 94, 820 95, 210 94
95 88, 490 88, 880 89, 290 89, 720 90,140 90, 570 90, 990 91,440 91,880 92, 330 92,770 93, 220 93, 660 94,100 94, 550 94,990 95, 440 95, 910 96, 380 96,840 97, 310 95

96 88, 850 89, 320 89 820 90, 320 90, 820 91,330 91,840 92, 360 92,880 93, 400 93, 930 94, 450 94,980 95, 500 96, 030 96, 550 97, 090 97, 630 98,180 98,730 99, 280 96
97 89, 240 89, 800 90, 380 90, 960 91,550 92, 140 92, 730 93, 330 93, 930 94,540 95, 150 95, 750 96, 360 96, 970 97, 580 98, 190 98, 810 99,440 100, 100 100, 700 101,300 97
98 89, 580 90, 230 90,890 91,560 92,230 92, 900 93, 570 94, 260 94, 940 95, 630 96, 320 97, 010 97, 700 98, 390 99, 090 99, 790 100, 500 101,200 101,900 102, 600 103, 300 98
99 90,000 90, 740 91, 480 92, 230 92, 980 93, 740 94,490 95, 260 96, 020 96, 790 97, 560 98, 340 99, 110 99, 890 100, 700 101, 500 102,200 103, 000 103, 800 104, 600 105,400 99

100 90,340 91,160 91,990 92, 820 93,660 94, 500 95,340 96,180 97, 030 97, 880 98, 730 99, 590 100, 500 101,300 102, 200 103,100 103,900 104, 800 105, 700 106,600 107,400 100

101 90,340 91,160 91,990 92,820 93,660 94,500 95,340 96,180 97,030 97, 880 98, 730 99,590 100,500 101,300 102,200 103,100 103,900 104,800 105, 700 106, 600 107,400 101
102 90,340 91,160 91, 990 92, 820 93,660 94, 500 95,340 96,180 97, 030 97, 880 98, 730 99, 590 100, 500 101, 300 102, 200 103, 100 103, 900 104, 800 105, 700 106, 600 107,400 102
103 90,340 91,160 91, 990 92, 820 93,660 94, 500 95,340 96,180 97, 030 97, 880 98, 730 99, 590 100, 500 101,300 102, 200 103,100 103,900 104, 800 105, 700 106, 600 107,400 103
104 90,340 91,160 91,990 92, 820 93, 660 94, 500 95,340 96,180 97, 030 97, 880 98, 730 99, 590 100, 500 101, 300 102, 200 103,100 103, 900 104, 800 105, 700 106, 600 107, 400 104
105 90,340 91,160 91,990 92, 820 93, 660 94, 500 95,340 96,180 97, 030 97, 880 98, 730 99, 590 100, 500 101, 300 102, 200 103,100 103, 900 104, 800 105, 700 106, 600 107, 400 105
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24 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

~~HEADWATER ELEVATION ..1277.0 1277.1 1277.2 1277.3 1277.4 1277.5 1277.6 1277.7 HEADWATER__EL A1278.6 1278.7 1278.8 1278.9 1279.0

127. 127. 1776 27. 1277.8 11277.9 11278.0 I1278.1 1278.2 1278.3 [1278.4 1278.5[17. ____I____ ___I____

1 550 550 550 560 560 560 560 560 560 560 570 570 570 570 570 570 570 570 580 580 580 1
2 1,070 1,070 1,070 1,080 1,080 1,080 1,090 1,090 1,090 1,090 1,100 1,100 1,100 1,100 1, 110 1,110 1,110 1,110 1,120 1,120 1,120 2
3 1,660 1,670 1,670 1,670 1,680 1,680 1,690 1,690 1,690 1,700 1,700 1,710 1,710 1,720 1,720 1,720 1,730 1,730 1,730 1,740 1,740 3
4 2,260 2,270 2,270 2,280 2,280 2,290 2,300 2,300 2,310 2,310 2,320 2,320 2,330 2,330 2,340 2,340 2,350 2,360 2,360 2,370 2,370 4
5 2, 810 2,810 2,820 2, 830 2, 830 2, 840 2, 850 2,860 2,860 2, 870 2,880 2, 880 2,890 2,900 2, 900 2,910 2,920 2,920 2,930 2, 940 2,940 5

6 3, 380 3, 390 3, 400 3, 400 3,410 3, 420 3, 430 3,440 3,450 3, 450 3,460 3, 470 3, 480 3,490 3, 490 3, 500 3, 510 3, 520 3, 530 3, 540 3, 540 6
7 3, 990 4, 000 4, 010 4, 020 4,030 4,040 4,050 4,060 4, 070 4,080 4,090 4, 100 4, 110 4, 120 4,130 4,140 4, 150 4,160 4, 170 4, 180 4, 190 7
8 4, 520 4, 530 4, 540 4, 550 4, 560 4, 570 4,580 4, 590 4, 610 4, 620 4,630 4, 640 4, 650 4,660 4, 670 4, 680 4,690 4, 700 4, 710 4, 730 4, 740 8
9 5, 100 5, 110 5, 120 5, 130 5,150 5, 160 5, 170 5, 180 5,200 5, 210 5,220 5,230 5, 250 5,260 5,270 5, 280 5,290 5,310 5, 320 5,330 5, 340 9
10 5, 620 5, 630 5, 650 5,660 5,680 5, 690 5, 700 5,720 5,730 5, 740 5,760 5,770 5, 790 5,800 5,810 5, 830 5,840 5,850 5,870 5,880 5, 890 10

11 6,250 6,270 6,280 6,300 6,310 6,330 6,340 6,360 6,380 6,390 6,410 6,420 6,440 6,450 6,470 6, 480 6,500 6,510 6,530 6,540 6,560 11
12 6, 870 6, 890 6,910 6,920 6,940 6,960 6, 980 6,990 7,010 7,030 7,040 7, 060 7,080 7,090 7, 110 7, 130 7,140 7,160 7, 180 7, 190 7,210 12
13 7, 470 7, 490 7,510 7, 530 7, 550 7,560 7, 580 7,600 7,620 7, 640 7,660 7, 670 7, 690 7,710 7,730 7,750 7,770 7,780 7,800 7,820 7,840 13
14 8, 100 8,120 8, 140 8, 160 8,180 8, 200 8,220 8,240 8, 260 8, 280 8,300 8, 320 8, 340 8,360 8, 380 8,400 8,420 8,440 8,460 8,480 8,500 14
15 8, 710 8,730 8,760 8,780 8,800 8, 820 8,840 8,870 8, 890 8,910 8,930 8, 950 8,970 8,990 9, 020 9,040 9,060 9, 080 9,100 9, 120 9,140 15

16 9,330 9, 350 9, 380 9, 400 9, 420 9, 450 9, 470 9,490 9,520 9, 540 9,560 9,590 9, 610 9, 630 9, 660 9, 680 9, 700 9, 720 9, 750 9, 770 9, 790 16
17 9, 960 9, 980 10, 010 10, 030 10, 060 10, 080 10, 110 10,130 10,160 10,180 10,210 10,230 10,260 10,280 10,310 10,330 10,360 10,380 10,400 10,430 10,450 17
18 10,580 10,610 10,640 10,670 10,690 10,720 10,750 10,770 10,800 10,830 10,850 10,880 10,900 10,930 10,960 10,980 11,010 11,030 11,060 11,090 11,110 18
19 11,200 11,230 11,260 11,290 11,320 11,340 11,370 11,400 11,430 11,460 11,480 11,510 11,540 11,570 11,600 11,620 11,650 11,680 11,710 11,730 11,760 19
20 11,820 11,850 11,880 11,910 11,940 11,970 12,000 12,030 12, 060 12, 090 12, 120 12,150 12,180 12,210 12,240 12, 270 12,300 12,330 12,360 12,380 12,410 20

21 12,470 12,500 12,530 12, 570 12,600 12,630 12,660 12,690 12,720 12,760 12,790 12,820 12,850 12,880 12,910 12,940 12,970 13,000 13,030 13,060 13,090 21
22 13, 120 13,160 13,190 13, 220 13,260 13,290 13, 320 13, 360 13,390 13,420 13,460 13,490 13, 520 13,550 13,590 13,620 13,650 13,690 13,720 13, 750 13,780 22
23 13, 780 13, 810 13, 850 13, 880 13, 920 13, 950 13, 990 14, 020 14, 060 14, 090 14,130 14,160 14, 200 14,230 14, 270 14, 300 14,330 14,370 14,400 14, 440 14, 470 23
24 14, 410 14, 440 14, 480 14,520 14,550 14,590 14, 630 14, 660 14,700 14,740 14,770 14,810 14, 850 14,880 14, 920 14,960 14,990 15,030 15,060 15, 100 15, 130 24
25 15,030 15, 070 15,110 15,150 15,190 15,230 15, 260 15, 300 15,340 15,380 15,420 15,460 15,490 15,530 15, 570 15,610 15,640 15,680 15,720 15, 760 15,790 25

26 15,670 15,710 15,750 15, 800 15, 40 15,880 15, 920 15, 960 16,000 16,040 16,080 16,120 16,160 16,200 16,230 16,270 16,310 16,350 16,390 16,430 16,470 26
27 16, 320 16,360 16,400 16, 440 16, 490 16, 530 16, 570 16, 610 16, 650 .16,690 16,740 16,780 16, 820 16,860 16,900 16,940 16,980 17,020 17,070 17,110 17, 150 27
28 16, 950 16,990 17,040 17,080 17,130 17,170 17,210 17,260 17,300 17,340 17, 390 17,430 17, 470 17,520 17,560 17,600 17,640 17, 690 17,730 17,770 17,810 28
29 17, 580 17,620 17,670 17, 710 17,760 17,810 17,850 17,900 17,940 17,990 18, 030 18,080 18,120 18,170 18, 210 18, 250 18,300 18, 340 18, 390 18, 430 18, 480 29
30 18, 210 18,260 18,300 18, 350 18,400 .18,450 18,490 18,540 18,590 18,630 18,680 18,730 18,770 18,820 18, 870 18, 910 18,960 19,000 19, 050 19, 100 19,:140 30

31 18,840 18,890 18,940 18,990 19,040 19, 090 19,130 19,180 19,230 19,280 19,330 19,380 19, 430 19,470 19,520 19, 570 19,620 19,660 19,710 19,760 19,810 31
32 19, 460 19,510 19,570 19,620 19,670 19, 720 19,770 19,820 19, 870 19, 920 19,970 20, 020 20, 070 20, 120 20,170 20, 220 20,270 20, 320 20,370 20,420 20, 470 32
33 20, 070 20, 130 20, 180 20, 230 20, 280 20, 340 20, 390 20,440 20, 490 20, 550 20, 600 20, 650 20, 700 20, 750 20, 800 20, 860 20, 910 20, 960 21,010 21,060 21,110 33
34 20, 690 20, 750 20,800 20,860 20, 910 20, 970 21,020 21,080 21,130 21,180 21,240 21,290 21,340 21,400 21,450 21,500 21,560 21,610 21,660 21,720 21,770 34
35 21,330 21,380 21,440 21,500 21,550 21,610 21,660 21,720 21,780 21,830 21,890 21,940 22,000 22,050 22,110 22,160 22,220 22,270 22,330 22,380 22,430 35

36 21, 950 22, 010 22, 070 22, 120 22,180 22, 240 22, 300 22, 360 22,410 22, 470 22,530 22, 580 22,640 22, 700 22, 750 22, 810 22, 870 22, 920 22, 980 23,040 23, 090 36
37 22, 560 22, 620 22,680 22,740 22, 800 22, 860 22, 920 22,980 23, 040 23, 090 23,150 23, 210 23, 270 23, 330 23, 390 23, 450 23, 500 23, 560 23, 620 23, 680 23, 730 37
38 23, 190 23, 250 23, 310 23, 370 23, 440 23, 500 23, 560 23, 620 23, 680 23, 740 23, 800 23, 860 23, 920 23, 980 24, 040 24, 100 24, 160 24, 220 24, 280 24, 340 24, 400 38
39 23, 820 23, 880 23, 940 24, 010 24, 070 24, 140 24, 200 24,260 24, 320 24, 390 24,450 24, 510 24, 570 24, 640 24, 700 24, 760 24, 820 24, 880 24,940 25, 010 25, 070 39
40 24, 450 24, 520 24, 590 24, 650 24, 720 24, 780 24, 850 24, 910 24, 980 25, 040 25,100 25, 170 25, 230 25, 300 25, 360 25, 420 25,490 25, 550 25, 610 25, 680 25, 740 40

41 25, 080 25, 140 25, 210 25, 280 25, 350 25,410 25, 480 25, 550 25, 610 25, 680 25, 740 25, 810 25, 880 25, 940 26, 010 26, 070 26,140 26, 200 26, 270 26, 330 26, 400 41
42 25, 700 25, 770 25, 840 25, 910 25, 980 26, 050 26,120 26,190 26, 260 26, 320 26, 390 26,460 26, 530 26, 600 26, 660 26, 730 26, 800 26, 860 26, 930 27, 000 27, 060 42
43 26, 320 26, 390 26, 460 26, 530 26, 600 26, 680 26, 750 26, 820 26, 890 26, 960 27, 030 27, 100 27, 170 27, 240 27, 300 27, 370 27,440 27, 510 27, 580 27,650 27, 720 43
44 26, 930 27, 010 27, 080 27, 150 27, 230 27, 300 27, 370 27,440 27, 520 27, 590 27,660 27, 730 27, 800 27, 870 27, 950 28, 020 28, 090 28, 160 28, 230 28, 300 28, 370 44
45 27, 580 27, 650 27, 730 27, 800 27, 880 27, 950 28, 030 28,100 28, 170 28, 250 28, 320 28, 390 28,470 28, 540 28, 610 28, 690 28, 760 28, 830 28, 900 28, 980 29, 050 45

46 28, 200 28, 280 28, 360 28, 440 28, 510 28, 590 28, 660 28, 740 28, 820 28, 890 28, 970 29, 040 29, 120 29, 190 29, 270 29, 340 29,420 29, 490 29, 570 29, 640 29, 710 46
47 28, 820 28, 900 28, 980 29, 060 29, 130 29, 210 29, 290 29, 370 29,450 29, 520 29, 600 29, 680 29, 760 29, 830 29, 910 29, 980 30, 060 30,140 30, 210 30, 290 30, 360 47
48 29,440 29, 520 29, 600 29, 680 29, 760 29, 840 29, 920 30, 000 30, 080 30, 160 30, 240 30, 320 30,400 30,480 30, 560 30,640 30, 710 30, 790 30, 870 30, 950 31,020 48
49 30, 060 30, 140 30, 220 30, 300 30, 390 30, 470 30, 550 30, 630 30, 710 30, 800 30, 880 30, 960 31,040 31,120 31,200 31,280 31, 360 31,440 31,520 31,600 31,680 49
50 30, 670 30, 750 30,840 30, 920 31,000 31,090 31,170 31, 260 31,340 31,420 31, 510 31, 590 31,670 31,750 31,830 31, 920 32,000 32, 080 32,160 32, 240 32, 320 50

51 31,280 31,370 31,460 31,540 31,630 31,720 31, 800 31, 890 31,970 32, 060 32, 140 32, 230 32, 310 32,400 32, 480 32, 560 32, 650 32, 730 32, 810 32,900 32,980 51
52 31,900 31,990 32, 080 32,170 32, 250 32,340 32, 430 32, 520 32, 610 32, 690 32, 780 32, 870 32, 950 33, 040 33,120 33,210 33, 290 33, 380 33, 460 33,550 33,630 52
53 32, 520 32, 620 32, 710 32,800 32, 890 32, 980 33, 070 33,160 33, 240 33, 330 33,420 33, 510 33, 600 33, 690 33, 780 33,860 33, 950 34,040 34, 120 34, 210 34, 300 53
54 33,160 33,250 33, 340 33,430 33,530 33,620 33,710 33,800 33,890 33,980 34, 070 34,160 34,250 34, 340 34,430 34 520 34,610 34,5700 34, 790 34, 880 34,970 54
55 33, 770 33, 870 33, 960 34,060 34,150 34, 240 34, 340 34,430 34, 520 34,620 34, 710 34,800 34,890 34, 990 35, 080 35,170 35, 260 35,350 35,440 35,530 35,620 55

HEADWATER 1277 to 1279 MARCH 2004



APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

25

____HEADWATER ELEVATION __

1277.0 1277.1 1277.2 1277.3 , 1277.4 1277.5 1277.6 11277.7 11277.8 1277.9 1278.0 11278.1 [1278.2 11278.3 [1278.4 11278.5 1278.6 1278.7 1278.8 1278.9 1279.0

34,390
35,020
35,620
36,250
36,880

38,150
39,430
40,680
41,940
43,220

44,480
45,730
46, 980
48, 250
49,530

50, 740
51,980
53,210
54,430
55,650

56,840
58, 070
59, 290
60, 520
61,750

64,120
66,700
69,240
71,800
74, 310

76,750
79, 300
81,890
84,430
87,000

89,080
91,110
93,170
95,210
97,310

99,280
101,300
103,300
105,400
107,400

107,400
107,400
107,400
107,400
107,400

34,490
35,110
35, 730
36, 350
36,980

38,260
39,540
40,800
42,060
43, 350

44,610
45, 870
47,130
48, 400
49, 690

50,900
52,150
53,380
54,600
55, 830

57,030
58,260
59,490
60, 720
61,950

64,300
66,870
69,390
71,940
74,440

76,860
79, 390
81,970
84,490
87,050

89,210
91,320
93,470
95, 590
97, 780

99,830
102,000
104,100
106,200
108, 300

108,300
108,300
108, 300
108, 300
108,300

34,580
35,210
35,830
36,450
37,090

38,370
39,650
40,920
42,180
43,480

44,750
46,000
47,270
48, 540
49, 840

51,050
52, 310
53, 540
54,770
56,010

57,210
58,440
59, 680
60,910
62,150

64,490
67, 040
69, 550
72, 080
74,560

76,960
79,480
82,040
84, 550
87, 090

89,340
91,530
93,770
95,970
98,250

100,400
102, 600
104, 800
107,000
109,200

109, 200
109, 200
109, 200
109, 200
109, 200

34,680
35, 310
35, 930
36, 560
37,190

38,480
39,770
41,030
42,310
43,610

44,880
46,140
47,410
48,690
49,990

51,210
52,470
53,710
54,940
56,180

57,390
58, 630
59, 870
61,110
62,350

64,670
67,210
69,700
72,220
74,680

77,070
79,570
82,110
84,610
87,130

89,460
91, 740
94,070
96,350
98,720

100,900
103,200
105,500
107, 900
110, 100

110,100
110,100
110,100
110,100
110,100

34,780
35,410
36,030
36,660
37,300

38,590
39,880
41,150
42,430
43,730

45,010
46,280
47,550
48,830
50,140

51,360
52,630
53,870
55,110
56, 360

57,560
58,810
60,050
61, 300
62,540

64,850
67,380
69,850
72,350
74,800

77,170
79,650
82,180
84,660
87,170

89,580
91,950
94,360
96, 740
99,190

101,500
103,900
106,200
108,700
111,000

111,000
111,000
111,000
111,000
111, 000

34,870
35,510
36,130
36, 760
37, 400

38, 700
39, 990
41,270
42,550
43,860

45, 140
46,410
47,690
48, 980
50, 290

51,520
52,780
54,030
55,280
56,530

57, 740
58, 990
60,240
61, 490
62, 740

65,050
67, 560
70, 020
72,500
74,930

77,290
79,750
82,270
84,730
87,220

89,700
92,150
94,650
97,120
99,660

102, 000
104, 500
107,000
109,500
111,900

111,900
111,900
111,900
111,900
111,900

34, 970
35,610
36,230
36, 860
37, 500

38, 810
40, 110
41,-390
42,670
43,980

45,270
46,540
47,830
49,120
50,430

51,670
52,940
54,200
55,450
56,700

57,920
59, 180
60,430
61,690
62,940

65, 260
67, 750
70,200
72, 670
75, 110

77,450
79, 910
82,410
84, 870
87, 350

89, 880
92,420
95, 000
97, 550

100,200

102,600
105,200
107, 700
110, 300
112,800

112, 800
112, 800
112,800
112,800
112,800

35,060
35, 700
36,330
36,960
37,610

38,920
40,220
41,500
42,790
44,110

45,400
46,680
47,970
49,260
50,580

51,820
53,100
54,360
55,610
56,870

58,100
59,360
60,620
61,880
63,140

65,460
67,960
70,420
72,890
75, 340

77,690
80,150
82,650
85,130
87,600

90,200
92,810
95,450
98, 060

100, 700

103,200
105, 900
108, 500
111,100
113,700

113,700
113, 700
113, 700
113,700
113,700

35,160
35,800
36,420
37,060
37,710

39,020
40,330
41,620
42, 910
44,230

45,530
46, 810
48,100
49,410
50, 730

51, 970
53, 260
54,520
55,780
57,050

58,270
59,540
60,800
62,070
63,330

65,670
68,170
70,640
73,120
75,570

77,930
80,400
82, 910
85,390
87,880

90,540
93,210
95,910
98,590

101,300

103, 900
106, 600
109, 300
112, 000
114,600

114,600
114,600
114,600
114,600
114,600

35,250
35,900
36, 520
37,170
37, 810

39,130
40,440
41,730
43,030
44,360

45,660
46,940
48,240
49,550
50,870

52,120
53,410
54,680
55, 950
57, 220

58,450
59,720
60,990
62,260
63,530

65,870
68,380
70,850
73,340
75,810

78,170
80, 650
83,170
85, 650
88,150

90,870
93,600
96,380
99,120

101,900

104,600
107, 300
110, 000
112,800
115,600

115,600
115, 600
115, 600
115,600
115,600

35,350
35,990
36,620
37,270
37,910

39,240
40,550
41,850
43,150
44,480

45,790
47,080
48,380
49,690
51,020

52,270
53,570
54,840
56,110
57,390

58,630
59,900
61,180
62,450
63,730

66,070
68,590
71,070
73,570
76,040

78,410
80,900
83,420
85,920
88,420

91,200
94, 000
96, 840
99,650

102,500

105,200
108,000
110,800
113,700
116,500

116,500
116,500
116,500
116,500
116,500

35,440
36,090
36,720
37, 370
38, 020

39,340
40,660
41,970
43,270
44,610

45,910
47,210
48, 520
49, 830
51,160

52,420
53,720
55, 000
56,280
57,560

58,800
60,080
61,360
62,640
63,920

66, 270
68, 800
71,290
73,790
76,270

78,650
81,140
83,680
86,180
88,680

91,530
94,400
97,300

100,200
103,100

105,900
108,800
111, 600
114, 500
117,400

117, 400
117,400
117,400
117,400
117,400

35,540
36,190
36,820
37,470
38,120

39, 450
40, 770
42,080
43,390
44,730

46,040
47, 340
48,650
49, 970
51, 310

52,570
53,880
55,160
56,440
57,730

58,980
60,260
61,550
62,830
64,120

66,470
69,010
71,500
74,020
76,500

78,880
81,390
83,930
86,440
88,950

91,860
94,790
97, 760

100,700
103,700

106,500
109,500
112,400
115,400
118,300

118, 300
118, 300
118,300
118, 300
118, 300

35,630
36,280
36, 920
37, 570
38,220

39,560
40,890
42,190
43,510
44,850

46,170
47,470
48,790
50,110
51,450

52,720
54,030
55,320
56,610
57,900

59,150
60,440
61,730
63,020
64,310

66,680
69,210
71,720
74,240
76,730

79,120
81,630
84,180
86,700
89,220

92,190
95,190
98,230

101,200
104,300

107,200
110,200
113,200
116, 300
119,300

119,300
119,300
119,300
119,300
119,300

35, 720
36, 380
37, 010
37, 660
38, 320

39,660
41,000
42,310
43,630
44,980

46,300
47,610
48,920
50,250
51,600

52,870
54,190
55,480
56, 770
58, 060

59,320
60, 620
61, 910
63,210
64,500

66,880
69, 420
71, 930
74, 460
76, 960

79,360
81,870
84,430
86,950
89,480

92,510
95,580
98,690

101,800
104,900

107,800
110,900
114,000
117,100
120, 200

120,200
120, 200
120, 200
120,200
120,200

35,820
36,470
37,110
37,760
38,420

39,770
41,100
42,420
43, 750
45,100

46,420
47, 740
49, 060
50, 390
51, 740

53, 020
54,340
55,640
56, 930
58,230

59,500
60,800
62,100
63,400
64,690

67,070
69,630
72,150
74, 680
77,190

79,590
82,120
84, 680
87, 210
89,740

92,840
95, 980
99,150

102,300
105,500

108,500
111,700
114,800
118, 000
121,100

121,100
121,100
121,100
121,100121,100

35,910
36,570
37,210
37,860
38,520

39,870
41,210
42,540
43,860
45,220

46,550
47,870
49,190
50, 530
51, 880

53,170
54,490
55,800
57,100
58,400

59,670
60,970
62,280
63,580
64,890

67,270
69,830
72,360
74,900
77,410

79,820
82,360
84,930
87,460
90,010

93,170
96,370
99,610

102, 800
106,100

109,200
112,400
115, 600
118,900
122,100

122,100
122,100
122,100
122,100
122,100

36,000
36, 660
37, 300
37, 960
38, 620

39, 980
41, 320
42,650
43, 980
45, 340

46,670
48,000
49, 330
50, 670
52,030

53,320
54,650
55,960
57, 260
58, 570

59,840
61,150
62, 460
63, 770
65, 080

67, 470
70, 040
72,570
75,120
77,640

80, 060
82,600
85, 170
87, 720
90,270

93,490
96,770

100, 100
103, 400
106, 700

109,800
113, 100
116,400
119, 700
123, 000

123,000
123,000
123,000
123, 000
123, 000

36,100
36, 760
37,400
38,060
38,720

40,080
41,430
42,760
44,100
45,460

46,800
48,130
49,460
50, 810
52,170

53,460
54, 800
56,110
57,420
58,730

60,010
61,330
62,640
63, 960
65, 270

67,670
70,240
72,780
75, 340
77, 870

80,290
82,840
85,420
87,970
90,530

93,820
97,160

100, 500
103, 900
107,300

110,500
113,900
117,200
120,600
123,900

123, 900
123, 900
123,900
123,900
123,900

36,190
36,850
37, 500
38,160
38,820

40,190
41,540
42, 880
44,220
45,580

46,930
48,260
49,600
50, 940
52, 310

53,610
54,950
56,270
57,580
58,900

60,180
61,500
62,820
64,140
65,460

67,870
70,450
73,000
75, 560
78, 090

80,520
83,070
85,660
88,220
90,780

94,140
97,550

101,000
104,400
107,900

111,200
114,600
118,000
121,500
124,900

124, 900
124, 900
124,900
124,900
124,900

36,280
36,940
37,590
38,260
38, 920

40,290
41,650
42,990
44, 330
45, 710

47,050
48,390
49,730
51, 080
52, 450

53,760
55,100
56,430
57,740
59,070

60,350
61,680
63, 000
64, 330
65,650

68, 060
70, 650
73,210
75,770
78,310

80,750
83, 310
85, 910
88,470
91, 040

94,460
97, 950

101, 500
105,000
108,500

111,800
115, 300
118, 800
122, 400
125, 800

125, 800
125, 800
125,800
125, 800
125, 800

L L _____ ± _____ ± _____ ± _____ .1 ______ L _____ .1 ______ L _____ .1 ______ U _____ .1 ______ C 4 ______ 1 _____ 4 ______ 1 _____ ± _____ C ______

MARCH 2004 
HEADWATER 1277 to 1279

MARCH 2004 HEADWATER 1277 to 1279



26 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

HEADWATER ELEVATION __ __

12• 1279.0 11279.1 1279.2 1279.3 1279.4 1279.5 1279.6 1279.7 1279.8 1279.9 1280.0 1280.1 1280.2 1280.3 1280.4 1280.5 1280.6 1280.7 1280.8 1280.9 1281.0 1•
1 580 580 580 580 580 590 590 590 1
2 1,120 1,120 1,130 1,130 1,130 1,130 1,140 1,140 2
3 1,740 1,750 1,750 1,750 1,760 1,760 1,770 1,770 3
4 2,370 2,380 2,380 2,390 2,390 2,400 2,400 2,410 4
5 2,940 2,950 2,960 2,960 2,970 2,980 2,980 2,990 5

6 3, 540 3,550 3,560 3,570 3,580 3, 580 3,590 3,600 6
7 4,190 4,200 4,200 4,210 4,220 4,230 4,240 4,250 7
8 4, 740 4,750 4,760 4,770 4,780 4,790 4,800 4,810 8
9 5,340 5, 360 5,370 5, 380 5,390 5,400 5,420 5,430 9

10 5,890 5, 910 5,920 5,930 5,950 5,960 5,970 5,990 6,000 6,010 6,030 6,040 6,050 6,060 10

11 6, 560 6, 570 6, 590 6, 600 6,620 6,630 6, 650 6,660 6,680 6, 690 6,700 6, 720 6, 730 6,750 11
12 7,210 7,230 7,240 7,260 7,280 7,290 7,310 7,320 7,340 7,360 7,370 7,390 7,410 7,420 12
13 7,840 7,860 7,870 7,890 7,910 7,930 7,950 7,960 7,980 8,000 8, 020 8,030 8,050 8,070 13
14 8,500 8, 520 8,540 8,560 8,580 8,600 8,620 8,630 8,650 8,670 8,690 8, 710 8, 730 8,750 14
15 9,140 9,160 9,190 9,210 9,230 9,250 9,270 9,290 9,310 9,330 9,350 9,370 9,390 9,410 15

16 9,790 9,820 9,840 9,860 9,880 9,900 9,930 9,950 9,970 9,990 10,020 10,040 10, 060 10,080 16
17 10,450 10,480 10,500 .10,520 10,550 10,570 10,600 10,620 10,640 10,670 10,690 10,710 10,740 10,760 17
18 11,110 11,140 11,160 11,190 11,210 11,240 11,260 11,290 11,320 11,340 11,370 11,390 11,420 11,440 18
19 11,760 11,790 11,810 11,840 11,870 11,900 11,920 11,950 11,980 12,000 12,030 12,060 12,080 12,110 19
20 12,410 12,440 12,470 12,500 12,530 12,560 12,580 12,610 12,640 12,670 12,700 12,730 12,750 12,780 12,810 12,840 12,870 12,890 12,920 12,950 12,980 20

21 13,090 13,130 13,160 13,190 13,220 13,250 13,280 13,310 13,340 13,370 13,400 13,430 13,460 13,490 13,510 13,540 13,570 13,600 13,630 13,660 13,690 21
22 13, 780 13,810 13,850 13,880 13,910 13, 940 13,970 14,010 14, 040 14, 070 14, 100 14,130 14,160 14, 190 14,230 14,260 14,290 14,320 14,350 14,380 14, 410 22
23 14,:470 14, 500 14,540 14,570 14, 610 14,8640 14,670 14,710 14,740 14,770 14, 810 14,840 14,870 14,:910 14,940 14, 970 15,000 15,040 15,070 15,100 15,:130 23
24 15,130 15,170 15,200 15,240 15,280 15,310 15,350 15,380 15,420 15,450 15,490 15,520 15,550 15,590 15,620 15,660 15,690 15,730 15,760 15,790 15,830 24
25 15,790 15,830 15,870 15,910 15,940 15,980 16,020 16,050 16,090 16,130 16,160 16,200 16,230 16,270 16,310 16,340 16, 380 16,410 16,450 16,490 16,520 25

26 16,470 16,510 16,550 16,590 16,620 16,660 16,700 16,740 16,780 16,820 16,850 16,890 16,930 16,970 17,000 17,040 17,080 17,120 17,150 17,190 17,230 26
27 17,150 17,190 17,230 17,270 17,310 17,350 17,390 17,430 17,470 17,510 17,550 17,590 17,630 17,670 17,710 17,740 17,780 17,820 17,860 17,900 17,940 27
28 17,810 17,860 17,900 17,940 17,980 18,020 18,060 18,110 18,150 18,190 18,230 18,270 18,310 18,350 18,390 18,440 18,480 18,520 18,560 18,600 18,640 28
29 18, 480 18,520 18,560 18, 610 18, 650 18,690 18, 740 18, 780 18,820 18,870 18,910 18,950 18,990 19,040 19, 080 19,120 19,160 19,210 19, 250 19,290 19,330 29
30 19,140 19,190 19,230 19,280 19,320 19,370 19,410 19,460 19,500 19,550 19,590 19,640 19,680 19,720 19,770 19,810 19,860 19, 900 19,940 19,990 20,030 30

31 19, 810 19, 850 19, 900 19, 950 19, 990 20, 040 20, 090 20,130 20,180 20, 230 20, 270 20, 320 20, 370 20,410 20, 460 20, 500 20, 550 20, 590 20,640 20,680 20, 730 31
32 20,470 20,510 20,560 20,610 20,660 20,710 20,760 20,810 20,850 20,900 20,950 21,000 21,040 21,090 21,140 21,190 21,230 21,280 21,330 21,380 21,420 32
33 21,110 21,160 21,210 21,260 21,310 21,360 21,410 21,460 21,510 21,560 21,610 21,660 21,710 21,760 21,810 21,860 21,900 21,950 22,000 22,050 22,100 33
34 21, 770 21, 820 21, 870 21,920 21,980 22, 030 22, 080 22, 130 22, 180 22,230 22,280 22,340 22,390 22,440 22, 490 22,540 22,590 22, 640 22,690 22,740 22, 790 34
35 22,430 22,490 22,540 22,600 22,650 22,700 22,760 22, 810 22,860 22,910 22,970 23,020 23, 070 23,130 23,180 23,230 23,280 23,330 23,390 23,440 23,490 35

36 23, 090 23, 150 23, 200 23,260 23, 310 23, 370 23,420 23,480 23,530 23,590 23,640 23, 700 23, 750 23, 810 23, 860 23, 910 23, 970 24, 020 24, 070 24,130 24,180 36
37 23, 730 23, 790 23, 850 23,910 23, 960 24, 020 24, 080 24,130 24,190 24, 250 24,300 24, 360 24,410 24,470 24, 530 24, 580 24,640 24,690 24, 750 24, 800 24, 860 37
38 24,400 24,460 24,520 24, 580 24,640 24, 700 24, 750 24, 810 24, 870 24,930 24, 990 25, 040 25,100 25,160 25, 220 25, 270 25, 330 25, 390 25,440 25, 500 25, 560 38
39 25, 070 25,130 25,190 25,250 25,310 25,370 25,430 25,490 25,550 25,610 25, 670 25,730 25,790 25, 850 25, 900 25,960 26, 020 26,080 26,140 26,200 26, 260 39
40 25,740 25, 800 25,860 25,930 25,990 26, 050 26,110 26,170 26,240 26,300 26,360 26,420 26,480 26,540 26,600 26,660 26,720 26, 780 26,840 26,900 26,960 40

41 26,400 26, 460 26, 530 26, 590 26,650 26, 720 26, 780 26,840 26, 910 26, 970 27, 030 27,100 27,160 27, 220 27,280 27, 350 27,410 27, 470 27,530 27, 590 27, 660 41
42 27, 060 27,130 27,200 27, 260 27,330 27,390 27,460 27,520 27,590 27,650 27, 720 27,780 27,850 27,910 27, 980 28, 040 28, 100 28,170 28,230 28,300 28, 360 42
43 27,720 27, 780 27, 850 27,920 27,990 28,050 28,120 28,190 28,260 28,320 28,390 28,450 28,520 28, 590 28,650 28,720 28,780 28,850 28,920 28,980 29,050 43
44 28, 370 28,440 28,510 28, 580 28,650 28, 710 28,780 28,850 28,920 28,990 29, 060 29,130 29,190 29,260 29,330 29,400 29,460 29, 530 29,600 29, 670 29,730 44
45 29, 050 29, 120 29,190 29,260 29, 330 29, 400 29,470 29,540 29, 620 29, 690 29, 760 29,830 29, 900 29,960 30, 030 30,100 30,170 30,240 30, 310 30, 380 30,450 45

46 29, 710 29, 790 29, 860 29, 930 30, 010 30, 080 30,150 30, 220 30, 300 30, 370 30,440 30, 510 30, 580 30, 650 30, 720 30, 800 30, 870 30,940 31,010 31,080 31,150 46
47 30,360 30,440 30,510 30,590 30,660 30,740 30, 810 30,890 30,960 31,030 31,110 31,180 31,250 31,330 31,400 31,470 31,550 31,620 31,690 31,760 31,830 47
48 31,020 31,100 31,180 31,250 31,330 31,410 31,480 31,560 31,630 31,710 31,790 31,860 31,940 32,010 32,090 32,160 32,230 32,310 32,380 32,460 32,530 48
49 31,680 31,750 31,830 31,910 31,990 32, 070 32, 150 32, 220 32, 300 32, 380 32,460 32, 530 32,610 32, 690 32, 760 32,840 32, 910 32, 990 33, 070 33,140 33, 220 49
50 32, 320 32,400 32,480 32, 560 32,640 32,720 32, 800 32,880 32, 960 33,040 33,120 33, 200 33,280 33,350 33,430 33, 510 33, 590 33,670 33,740 33,820 33, 900 50

51 32,980 33,060 33,140 33,230 33,310 33,390 33,470 33,550 33,630 33,710 33,790 33,880 33,960 34,040 34,120 34,200 34,270 34,350 34,430 34,510 34,590 51
52 33, 630 33,720 33,800 33, 890 33,970 34,050 34,140 34,220 34,300 34,390 34,470 34,550 34,630 34,710 34,800 34,880 34, 960 35,040 35,120 35,200 35,280 52
53 34,300 34,380 34,470 34,560 34,640 34,730 34, 810 34,900 34, 980 35,070 35,150 35, 230 35,320 35,400 35,490 35,570 35, 650 35,730 35, 820 35,900 35,980 53
54 34, 970 35, 060 35,140 35, 230 35, 320 35,410 35, 490 35, 580 35,670 35, 750 35,840 35, 930 36, 010 36,100 36,180 36, 270 36, 350 36,440 36,520 36,610 36, 690 54
55 35, 620 35, 710 35,800 35, 890 35, 980 36, 070 36,160 36, 250 36,340 36,430 36, 510 36, 600 36, 690 36, 780 36, 860 36, 950 37, 040 37,120 37, 210 37, 300 37, 380 55

HEADWATER 1279 to 1281 See special instruction for preventing gate overflow on page 3. MARCH 2004



APALACHIA DAM 27

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

' __ _ _ _HEADWATER ELEVATION __ _

1279.0 1279.1 1279.2 1279.3 1279.4 11279.5 1279.6 11279.7 1279.8 1279.9 1280.0 11280.1 11280.2 1280.3 1280.4 11280.5 1280.6 11280.7 1280.8 1280.9 1281.0

56 36, 280 36,370 36, 460 36, 560 36, 650 36, 740 36, 830 36, 920 37, 010 37,100 37,190 37, 280 37, 370 37,460 37, 550 37,640 37,720 37, 810 37, 900 37,990 38, 080 56
57 36,940 37,040 37,130 37, 230 37, 320 37, 410 37, 500 37, 600 37, 690 37, 780 37,870 37, 960 38, 060 38,150 38,240 38, 330 38,420 38, 510 38, 600 38,690 38, 780 57
58 37, 590 37,690 37, 780 37,880 37,970 38, 070 38,160 38,260 38, 350 38, 450 38,540 38,630 38, 730 38,820 38, 910 39, 000 39,100 39,190 39, 280 39, 370 39,460 58
59 38, 260 38, 350 38, 450 38, 550 38, 640 38, 740 38,840 38, 930 39, 030 39, 130 39, 220 39, 320 39, 410 39, 510 39, 600 39, 690 39, 790 39, 880 39, 980 40, 070 40,160 59
60 38,920 39,020 39,120 39,220 39, 320 39, 420 39,520 39,620 39,710 39, 810 39,910 40, 010 40,100 40,200 40,290 40, 390 40,490 40,580 40, 680 40, 770 40,870 60

61 40,290 40,390 40, 500 40,600 40,700 40, 810 40,910 41,010 41,110 41,210 41,320 41,420 41,520 41,620 41,720 41,820 41,920 42, 020 42,120 42,220 42, 320 61
62 41,650 41,760 41, 860 41,970 42, 080 42,190 42, 290 42,400 42, 500 42, 610 42,720 42, 820 42, 930 43, 030 43,140 43, 240 43, 340 43, 450 43, 550 43, 650 43, 760 62
63 42, 990 43,100 43, 210 43, 320 43, 430 43, 550 43, 660 43, 770 43, 880 43, 990 44,100 44, 210 44, 310 44, 420 44, 530 44, 640 44, 750 44, 860 44,960 45, 070 45,180 63
64 44, 330 44,450 44, 560 44, 680 44,800 44, 910 45, 030 45,140 45, 250 45, 370 45,480 45, 600 45, 710 45, 820 45, 930 46, 050 46, 160 46, 270 46, 380 46,490 46, 600 64
65 45,710 45,830 45,950 46,070 46,190 46,300 46,420 46,540 46,660 46,780 46,900 47,010 47, 130 47, 250 47,360 47,480 47,600 47,710 47,830 47,940 48, 060 65

66 47, 050 47,180 47,300 47,420 47,550 47,670 47,790 47,920 48,040 48,160 48,280 48,400 48,530 48,650 48,770 48,890 49,010 49,130 49,250 49,370 49,490 66
67 48, 390 48, 510 48,640 48,770 48,900 49,030 49, 150 49,280 49,410 49,530 49,660 49,780 49,910 50,030 50,160 50,280 50,410 50,530 50,650 50,780 50,900 67
68 49, 730 49, 860 49, 990 50,130 50,260 50, 390 50, 520 50,650 50, 780 50, 910 51,040 51,170 51,300 51,430 51,560 51,690 51,820 51,940 52, 070 52,200 52, 320 68
69 51, 080 51,220 51,360 51,490 51,630 51, 760 51,900 52,030 52,170 52, 300 52,440 52, 570 52, 700 52,840 52, 970 53,100 53,230 53, 370 53, 500 53, 630 53, 760 69
70 52,450 52,600 52, 740 52,880 53,020 53,160 53, 300 53,440 53,580 53,710 53,850 53, 990 54, 130 54,260 54,400 54,540 54,670 54,810 54, 940 55, 080 55, 210 70

71 53, 760 53, 900 54, 050 54,190 54,340 54, 480 54, 630 54, 770 54, 920 55, 060 55, 200 55,340 55, 480 55, 630 55, 770 55, 910 56,050 56, 190 56, 330 56,470 56, 610 71
72 55,100 55,250 55,400 55,550 55, 700 55,850 56,000 56,150 56,300 56, 450 56,590 56, 740 56,890 57,030 57,180 57,320 57,470 57,610 57, 760 57,900 58, 040 72
73 56,430 56, 580 56,740 56,890 57, 050 57,200 57,350 57,510 57,660 57,810 57,960 58,110 58,270 58,420 58,570 58,710 58,860 59,010 59,160 59,310 59,460 73
74 57, 740 57, 900 58, 060 58, 220 58, 380 58,540 58, 700 58, 860 59, 010 59, 170 59, 330 59,480 59,640 59, 790 59, 950 60, 100 60,250 60.410 60, 560 60, 710 60, 860 74
75 59, 070 59,230 59,400 59,560 59,730 59,890 60,050 60,220 60,380 60,540 60,700 60,860 61, 020 61,180 61,340 61,490 61,650 611810 61,970 62,120 62,280 75

76 60, 350 60, 520 60, 690 60, 860 61,030 61,200 61,370 61,540 61,700 61,870 62, 030 62, 190 62, 360 62,520 62, 690 62, 850 63,010 63,170 63, 330 63,490 63, 650 76
77 61,680 61, 850 62,030 62,200 62,370 62,550 62, 720 62,890 63,060 63,230 63,400 63,570 63,740 63,910 64,070 64,240 64,410 64,570 64,740 64,900 65,070 77
78 63,000 63,180 63, 360 63,540 63,720 63, 900 64, 070 64,250 64,420 64,600 64,770 64,950 65, 120 65, 290 65, 460 65, 630 65, 800 65,970 66,140 66,310 66,480 78
79 64, 330 64,510 64, 700 64 880 65,060 65,240 65,430 65,610 65,790 65,970 66,140 66,320 66,500 66, 680 66, 850 67,030 67,200 67, 380 67, 550 67, 730 67, 900 79
80 65, 650 65,840 66,030 66, 220 66,400 66,590 66,780 66,960 67,150 67,330 67,510 67,700 67,880 68,060 68,240 68,420 68,600 68, 780 68, 960 69,130 69, 310 80

81 68, 060 68,260 68, 450 68, 650 68,840 69, 040 69, 230 69,430 69,620 69, 810 70,000 70, 190 70, 380 70, 570 70, 750 70, 940 71,130 71,310 71,500 71,690 71,870 81
82 70, 650 70, 850 71,060 71,260 71,460 71,660 71,860 72,060 72, 260 72,460 72,660 72, 860 73, 050 73, 250 73, 450 73,640 73,840 74, 030 74,230 74,420 74, 610 82
83 73, 210 73,410 73,620 73, 830 74,040 74,250 74,450 74,660 74,870 75,080 75,290 75,490 75,700 75,900 76,110 76, 310 76,510 76,710 76, 920 77,120 77, 320 83
84 75, 770 75, 990 76,210 76,420 76,630 76,850 77,060 77,280 77, 500 77,710 77,930 78, 140 78,350 78,570 78, 780 78, 990 79,200 79,410 79,620 79, 830 80, 040 84
85 78, 310 78,540 78, 760 78, 980 79,200 79,420 79,640 79,870 80, 090 80, 320 80,540 80, 760 80, 980 81,200 81, 420 81,640 81, 860 82, 080 82, 300 82, 510 82, 730 85

86 80, 750 80, 980 81,210 81,430 81,660 81,890 82, 120 82, 350 82, 580 82,810 83, 040 83, 270 83, 500 83, 730 83, 960 84, 190 84,410 84,640 64,860 85, 090 85,310 86
87 83, 310 83, 550 83,780 84,010 84,250 84,480 84, 720 84,960 85,200 85,440 85,680 85, 920 86,150 86,390 86,630 86, 860 87, 090 87, 330 87,560 87, 790 88,020 87
88 85, 910 86, 150 86, 390 86, 630 86, 870 87, 110 87, 350 87, 600 87, 850 88,100 88, 350 88, 590 88,840 89, 080 89, 330 89, 570 89, 810 90, 050 90, 290 90, 530 90, 770 88
89 88,470 88, 720 88,970 89,220 89,460 89,710 89,960 90,220 90,470 90,730 90, 990 91,240 91,490 91, 750 92,000 92,250 92, 500 92, 750 93,000 93,240 93,490 89
90 91,040 91, 300 91,550 91,810 92, 060 92,-310 92, 570 92,830 93,100 93,360 93,630 93,890 94,150 94,410 94,670 94,930 95,190 95,450 95,700 95,960 96,210 90

91 94,460 94,760 94, 970 95,190 95,400 95,620 95,840 96,080 96, 320 96, 560 96, 790 97, 030 97, 280 97, 520 97, 760 98,000 98,230 98,470 98, 710 98,940 99,180 91
92 97,950 98,310 98,600 98, 870 99,040 99,220 99,400 99,600 99, 800 100, 000 100,200 100,400 100,700 100, 900 101,100 101,300 101,500 101,700 102, 000 102, 200 102,400 92
93 101,500 101,900 102,300 102,500 102,600 102,800 102,900 103,100 103,200 103,400 103,600 103,800 104,000 104,200 104,400 104,600 104,800 105,000 105,200 105,400 105,600 93
94 105,000 105,500 105,900 106,100 106,200 106,300 106,400 106,600 106,700 106,900 107,000 107,200 107,300 107,500 107,700 107,900 108,100 108,200 108,400 108,600 108,700 94
95 108,500 109,100 109,500 109,700 109,800 109,800 109,900 110,000 110,100 110,200 110,400 110,500 110,600 110,800 111,000 111,100 111,300 111,400 111,600 111,700 111,900 95

96 111,800 112,500 113,000 113,200 113,200 113,200 113,200 113,300 113,400 113,500 113,600 113,700 113,800 113,900 114,100 114,200 114,400 114,500 114,600 114,800 114,900 96
97 115,300 116,100 116,600 116,800 116,800 116,800 116,700 116,700 116,800 116,900 117,000 117,000 117,100 117,200 117,400 117,500 117,600 117,700 117,800 118,000 118,100 97
98 118,800 119,600 120,200 120,500 120,500 120,500 120,400 120,400 120,400 120,400 120,500 120,500 120,600 120,700 120,800 120,900 121,000 121,100 121,200 121,300 121,400 98
99 122,400 123,200 123, 900 124,100 124,100 124,000 123,900 123,800 123,800 123,800 123,900 123,900 123,900 124,000 124,100 124,200 124,300 124,300 124,400 124 500 124,500 99

100 125,800 126,800 127,500 127,700 127,700 127,600 127,400 127,300 127,300 127,300 127,300 127,300 127,300 127,300 127,400 127,400 127,500 127,600 127,600 127,700 127,700 100

101 125,800 126,800 127,700 128,000 128,000 128,000 128,000 127,900 128,000 128,100 128,200 128,300 128,400 128,500 128,700 128,800 129,000 129,100 129,300 129,400 129,500 101
102 125,800 126,800 127,700 128,000 128,200 128,300 128,300 128,400 128,600 128,800 129,000 129,200 129,300 129,600 129,800 130,100 130,300 130,600 130,800 131,000 131,300 102
103 125,800 126,800 127,700 128,100 128,400 128,600 128,800 129,000 129,200 129,500 129,800 130,100 130,400 130,700 131,100 131,400 131,800 132,100 132,400 132,800 133,100 103
104 125,800 126,800 127,700 128,200 128,600 128, 900 129,200 129,500 129, 800 130,200 130,600 131,000 131,400 131,800 132,300 132,700 133,100 133,600 134,000 134,400 134,900 104
105 125,800 126,800 127,700 128,300 128,800 129,200 129,700 130,100 130,500 131,000 131,500 132,000 132,500 133,000 133,500 134, 100 134,600 135,100 135,700 136,200 136,700 105

106 125,800 126,800 127,700 128,400 129,000 129,500 130,100 130,600 131,100 131,700 132,300 132,900 133,500 134,100 134,700 135,300 135,900 136,600 137,200 137,800 138,400 106
107 125,800 126,800 127,700 128,500 129,200 129,900 130,500 131,100 131,800 132,500 133,200 133,900 134,500 135,200 135,900 136,700 137,400 138,100 138,800 139,500 140,300 107
108 125,800 126,800 127, 700 128,500 129,300 130,000 130,800 131,500 132,300 133,100 133,800 134,600 135,400 136,200 137,000 137,800 138,600 139,500 140,300 141,100 141,900 108
109 125,800 126,800 127,700 128,600 129,500 130,300 131,200 132,100 132,900 133,800 134,700 135,600 136,500 137,400 138,300 139,200 140,100 141,000 141,900 142,800 143, 700 109
110 125,800 126,800 127,700 128,700 129,700 130,600 131,600 132,600 133,500 134,500 135,500 136,500 137,500 138,500 139,500 140,500 141,500 142,500 143,500 144,500 145, 500 110

MARCH 2004 HEADWATER 1279 to 1281



28 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

__o___ _ _ _HEADWATER ELEVATION ____

1281.0 1281.1 1281.2 1281.3 1281.4 1281.5 1281.6 1281.7 1281.8 1281.9 1282.0 1282.1 1282.2 11282.3 1282.4 1282.5 1282.6 1282.7 1282.8 1282.9 1283.0

16 16
17 17
18 18
19 19
20 12,980 20

21 13,690 21
22 14,410 22
23 15,130 23
24 15,830 24
25 16,520 25

26 17,230 26
27 17,940 27
28 18,640 28
29 19,330 29
30 20, 030 20, 070 20, 120 20,160 20,200 20,250 20,290 30

31 20, 730 20,770 20, 820 20, 860 20,910 20,950 21,000 31
32 21,420 21,470 21,520 21,560 21,610 21,650 21,700 32
33 22, 100 22, 150 22, 200 22,240 22,290 22,340 22, 390 33
34 22, 790 22, 840 22, 890 22, 940 22, 990 23, 040 23,090 34
35 23,490 23, 540 23, 590 23,640 23,700 23, 750 23,800 35

36 24,180 24, 230 24,290 24,340 24,390 24, 450 24, 500 36
37 24,860 24,910 24,970 25,020 25, 080 25,130 25,180 37
38 25,560 25,610 25,670 25,730 25, 780 25, 840 25,890 38
39 26, 260 26,310 26,370 26,430 26,490 26,540 26,600 39
40 26, 960 27,020 27,080 27,140 27,200 27,260 27,320 27,380 27,440 27,500 27,550 27,610 27,670 27,730 40

41 27, 660 27,720 27,780 27,840 27,900 27,960 28,020 28,080 28, 140 28,200 28,260 28,330 28,390 28,440 41
42 28, 360 28,420 28,480 28, 550 28,610 28,670 28,740 28,800 28, 860 28, 920 28, 980 29,050 29,110 29,170 42
43 29,050 29, 110 29,180 29,240 29,300 29,370 29,430 29, 500 29, 560 29, 620 29, 690 29,750 29,810 29,880 43
44 29, 730 29, 800 29, 860 29,930 30,000 30, 060 30,130 30,190 30, 260 30,330 30, 390 30,460 30,520 30, 590 44
45 30, 450 30, 520 30, 580 30,650 30,720 30, 790 30,860 30,920 30,990 31,060 31,120 31,190 31,260 31, 320 45

46 31,150 31,220 31,290 31,360 31,430 31,500 31,570 31,640 31,700 31,770 31,840 31,910 31,980 32,050 46
47 31,830 31,910 31,980 32, 050 32,120 32,190 32,260 32,330 32, 400 32,470 32,540 32,620 32, 690 32,750 47
48 32, 530 32,600 32, 680 32, 750 32, 820 32,900 32,970 33,040 33,110 33,180 33,260 33,330 33,400 33,470 48
49 33, 220 33, 290 33, 370 33,440 33, 520 33, 590 33, 660 33,740 33, 810 33,890 33,960 34,030 34,110 34,180 49
50 33,900 33, 970 34, 050 34,130 34,200 34,280 34,360 34,430 34,510 34,580 34,660 34,730 34,810 34,880 34,960 35,030 35,110 35,180 35,250 50

51 34, 590 34, 670 34, 750 34, 830 34, 900 34, 980 35, 060 35,140 35, 210 35, 290 35,370 35, 450 35, 520 35, 600 35, 680 35, 750 35, 830 35, 900 35, 980 51
52 35, 280 35, 360 35,440 35, 520 35, 600 35, 680 35, 760 35,840 35, 920 36,000 36, 080 36, 160 36, 240 36, 310 36, 390 36, 470 36, 550 36,630 36,700 52
53 35, 980 36, 060 36, 150 36, 230 36, 310 36, 390 36,470 36, 550 36,640 36, 720 36,800 36, 880 36, 960 37, 040 37, 120 37, 200 37, 280 37,360 37,430 53
54 36, 690 36,780 36, 860 36,940 37, 030 37,110 37,190 37,280 37,360 37,440 37, 520 37,610 37,690 37, 770 37, 850 37, 930 38, 010 38, 090 38,180 54
55 37, 380 37,470 37, 550 37,640 37, 730 37, 810 37,900 37,980 38, 060 38,150 38, 230 38, 320 38,400 38,480 38, 570 38,650 38, 730 38, 820 38, 900 55

56 38, 080 38, 160 38, 250 38,340 38,430 38, 510 38,600 38,690 38, 770 38, 860 38, 940 39, 030 39, 120 39, 200 39, 290 39, 370 39,460 39, 540 39, 620 56
57 38, 780 38, 870 38, 960 39, 050 39, 140 39, 220 39, 310 39, 400 39, 490 39, 580 39, 660 39, 750 39,840 39, 930 40, 010 40, 100 40, 190 40, 270 40, 360 57
58 39,460 39,550 39,650 39, 740 39, 830 39,920 40,010 40,100 40,190 40,280 40,370 40, 450 40,540 40,630 40,720 40, 810 40,900 40, 990 41, 070 58
59 40,160 40,260 40, 350 40,440 40,530 40,630 40,720 40,810 40, 900 40,990 41,080 41,170 41,270 41,360 41,450 41,540 41,630 41, 720 41,810 59
60 40, 870 40, 960 41,060 41,150 41,250 41,340 41,430 41,530 41,620 41,710 41,810 41,900 41,990 42, 080 42, 180 42, 270 42, 360 42, 450 42,540 42, 630 42,720 60

61 42,320 42,420 42, 510 42, 610 42, 710 42, 810 42,910 43,000 43,100 43, 200 43, 290 43, 390 43, 490 43, 580 43, 680 43, 780 43, 870 43,970 44, 060 44,160 44, 250 61
62 43,760 43,860 43, 960 44,070 44,170 44,270 44,370 44,470 44,570 44,670 44,770 44,870 44,980 45,080 45, 170 45, 270 45,370 45,470 45,570 45, 670 45,770 62
63 45, 180 45, 280 45, 390 45, 500 45,600 45, 710 45, 810 45, 920 46, 020 46, 130 46, 230 46, 340 46, 440 46,540 46, 650 46, 750 46,850 46, 960 47, 060 47, 160 47, 260 63
64 46, 600 46, 710 46, 820 46, 930 47, 040 47,150 47, 260 47, 370 47, 480 47,590 47, 700 47,810 47, 910 48, 020 48, 130 48, 240 48,340 48, 450 48, 560 48, 660 48, 770 64
65 48, 060 48, 170 48, 290 48, 400 48, 520 48, 630 48, 740 48, 860 48, 970 49, 080 49,190 49, 300 49, 420 49, 530 49, 640 49, 750 49, 860 49, 970 50, 080 50, 190 50, 300 65

66 49,490 49, 600 49, 720 49,640 49, 960 50, 080 50, 190 50, 310 50, 430 50,540 50,660 50, 770 50, 890 51,010 51,120 51,230 51,350 51, 460 51,580 51,690 51,800 66
67 50,900 51,020 51,150 51,270 51,390 51,510 51, 630 51, 750 51,870 51,990 52,110 52,230 52,350 52,470 52,590 52,710 52,830 52, 940 53,060 53, 180 53,300 67
68 52, 320 52, 450 52,580 52, 700 52,830 52, 950 53, 080 53, 200 53, 330 53,450 53, 580 53, 700 53, 820 53, 950 54, 070 54, 190 54, 310 54, 430 54, 560 54, 680 54, 800 68
69 53, 760 53, 890 54,020 54, 150 54,280 54,410 54, 540 54, 660 54, 790 54,920 55, 050 55,180 55, 300 55,430 55, 560 55,680 55, 810 55, 930 56, 060 56, 180 56, 310 69
70 55,210 55,350 55,480 55, 620 55,750 55,880 56, 020 56,150 56,280 56,410 56,540 56,670 56,810 56,940 57,070 57,200 57,330 57,4601 57, 580 57,710 57,640 70

HEADWATER 1281 to 1283 See special instruction for preventing gate overflow on page 3. MARCH 2004



APALACHIA DAM 29

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

. 11 113 .2 1HEADWATER ELEVATION
_1281.0 1281.1 1281.2 1281.3 1281.4 1281.5 1281.6 1 281.7 1281.8 1281.9 1282.0 11282.1 1282.2 1282.3 1282.4 11282.5 1282.6 11282.7 1282.8 1282.9 1283.0 d I

71 56, 610 56, 740 56, 880 57, 020 57,160 57, 300 57,430 57, 570 57, 710 57,840 57, 980 58,110 58,250 58, 380 58, 520 58,650 58, 780 58, 920 59,050 59,180 59, 320 71
72 58,040 58,190 58,330 58,470 58, 610 58,750 58,890 59,040 59,180 59,320 59,460 59,600 59,740 59, 870 60, 010 60,150 60,290 60,430 60, 560 60,700 60, 840 72
73 59, 460 59,600 59,750 59,900 60, 040 60,190 60,340 60,480 60, 630 60,770 60,910 61,060 61,200 61,340 61,490 61,630 61,770 61,910 62,050 62,200 62, 340 73
74 60, 860 61,020 61,170 61, 320 61,470 61,620 61, 770 61, 920 62, 070 62,210 62,360 62, 510 62, 660 62, 810 62, 950 63,100 63, 250 63,390 63,540 63,680 63, 830 74
75 62,280 62,430 62,590 62, 750 62,900 63,050 63, 210 63, 360 63, 520 63,670 63,820 63,970 64,120 64, 280 64, 430 64, 580 64,730 64,880 65,030 65,180 65,330 75

76 63,650 63,810 63,970 64,130 64,290 64,450 64, 610 64,770 64,920 65,080 65,240 65,390 65,550 65, 700 65,860 66,010 66,170 66,320 66,480 66,630 66,780 76
77 65, 070 65,230 65,400 65, 560 65,720 65, 890 66, 050 66,210 66, 370 66,530 66,690 66,850 67,010 67,170 67, 330 67,490 67,650 67,810 67,970 68,120 68,280 77
78 66, 480 66,650 66, 820 66, 990 67,160 67, 320 67, 490 67,660 67, 820 67, 990 68,150 68, 320 68, 480 68,640 68, 810 68, 970 69,130 69, 300 69,460 69, 620 69, 780 78
79 67, 900 68, 070 68, 240 68, 420 68,590 68,760 68,930 69,100 69,270 69,440 69,610 69,780 69,950 70,110 70, 280 70,450 70,620 70,780 70,950 71,110 71,280 79
80 69, 310 69,490 69, 670 69,840 70, 020 70,190 70, 370 70, 540 70,720 70, 890 71,070 71,240 71,410 71,580 71, 750 71, 930 72,100 72,270 72,440 72, 610 72, 780 80

81 71,870 72,060 72,240 72,420 72,610 72,790 72,970 73,150 73,330 73,510 73,690 73,870 74,050 74,230 74,410 74,590 74,770 74,940 75,120 75,300 75,470 81
82 74,610 74,810 75, 000 75,190 75,380 75,570 75,760 75,950 76,140 76,320 76,510 76,700 76,890 77,070 77,260 77,440 77,630 77,810 77,990 78,180 78, 360 82
83 77,320 77,520 77, 720 77, 920 78,110 78 310 78 510 78,710 78,900 79,100 79,290 79,490 79,680 79,870 80,070 80,260 80,450 80,640 80,830 81, 020 81,210 83
84 80, 040 80, 250 80,450 80, 660 80, 870 81, 070 81, 270 81,480 81, 680 81, 880 82, 090 82,290 82,490 82,690 82,890 83,090 83,290 83,490 83 680 83,880 84,080 84
85 82, 730 82,940 83, 160 83, 370 83, 590 83, 800 84, 010 64,220 84, 430 64,640 84, 850 85, 060 85, 270 85, 480 85, 680 85, 890 86, 090 86, 300 86, 500 86, 710 86, 910 85

86 85, 310 85,530 85,750 85, 980 86,200 86,420 86,630 86,850 87, 070 87,290 87, 500 87, 720 87,930 88,150 88,360 88,580 88,790 89,000 89,210 89,420 89, 630 86
87 88, 020 88, 250 88,480 88, 710 88,940 89,170 89, 390 89,620 89,840 90, 070 90, 290 90, 510 90,740 90,960 91,180 91,400 91,620 91,840 92,050 92,270 92, 490 87
88 90,770 91,010 91,250 91, 480 91,720 91,950 92,190 92,420 92, 650 92,880 93,120 93, 350 93,580 93,800 94,030 94,260 94,490 94,710 94,940 95,160 95,390 88
89 93, 490 93,740 93,980 94, 230 94,470 94,710 94,950 95,190 95,430 95,670 95,910 96,150 96, 380 96,620 96,860 97,090 97,320 97, 560 97,790 98,020 98, 250 89
90 96, 210 96,460 96,720 96, 970 97,220 97,470 97,720 97,970 98,210 98,460 98,710 98,950 99,190 99,440 99,680 99,920 100,200 100,400 100,600 100,900 101,100 90

91 99,180 99,410 99,650 99,900 100,100 100,400 100,600 100,900 101,100 101,300 101,600 101,800 102,000 102,300 102,500 102,800 103,000 103,300 103,500 103,700 104,000 91
92 102,400 102,600 102,800 103,000 103,300 103,500 103,700 104,000 104,200 104,400 104,600 104,900 105,100 105,300 105,600 105,800 106,100 106,300 106,600 106,800 107,000 92
93 105,600 105,700 105,900 106,200 106,400 106,600 106,800 107,000 107,300 107,500 107,700 107,900 108,100 108,400 108,600 108,800 109,100 109,300 109,600 109,800 110,100 93
94 108,700 108,900 109,100 109,300 109,500 109,700 109,900 110,100 110,300 110,500 110,700 110,900 111,200 0 111,600 111,900 112,100 112,400 112,600 112,900 113,100 94
95 111,900 112,100 112,200 112,400 112,600 112,800 113,000 113,200 113,400 113,600 113,800 114,000 114,200 114,400 114,700 114,900 115,200 115,400 115,700 115,900 116,100 95

96 114,900 115,000 115,200 115,400 115,500 115,700 115,900 116,100 116,300 116,500 116,600 116,800 117,000 117,300 117,500 117,800 1"18,000 118,300 118,500 118,800 119,000 96
97 118,100 118,200 118,300 118,500 118,600 118,800 119,000 119,200 119,300 119,500 119,700 119,900 120,000 120,300 120,500 120,800 121,000 121,300 121,500 121,800 122,000 97
98 121,400 121,400 121,500 121,700 121,900 122,000 122,200 122,400 122,500 122,700 122,800 123,000 123,200 123,400 123,600 123,900 124,200 124,400 124,700 124,900 125,200 98
99 124,500 124,600 124,700 124,800 125,000 125,100 125,300 125,400 125,600 125,700 125,900 126,000 126,200 126,400 126,700 126,900 127,200 127,400 127,700 128,000 128,200 99

100 127,700 127,800 127,800 127,900 128,100 128,200 128,400 128,500 128,700 128,800 128,900 129,100 129,200 129,400 129,700 130,000 130,200 130,500 130,700 131,000 131,200 100

101 129,500 129,700 129,800 130,000 130,200 130,500 130,700 130,900 131,200 131,400 131,600 131,800 132,100 132,400 132,700 133,000 133,300 133,500 133,700 134,000 134,200 101
102 131,300 131,500 131,800 132,100 132,400 132,700 133,000 133,300 133,700 134,000 134,300 134,600 134,900 135,300 135,700 136,100 136,500 136,800 137,100 137,300 137,400 102
103 133,100 133,400 133,800 134,200 134,600 135,000 135,400 135,800 136,200 136,600 137,000 137,400 137,900 138,300 138,800 139,300 139,800 140,100 140,400 140,500 140,600 103
104 134,900 135,300 135,700 136,200 136,700 137,200 137,700 138,200 138,700 139,200 139, 700 140,200 140,700 141,300 141,900 142,500 143,000 143,400 143,700 143,800 143, 900 104
105 136,700 137,300 137,800 138,400 139,000 139,500 140,100 140,700 141,300 141,900 142, 500 143,100 143,700 144,300 145,000 145,700 146,300 146,700 146,900 147,000 147, 000 105

106 138, 400 139,100 139, 700 140, 300 141,000 141,700 142,400 143,000 143, 700 144,400 145, 100 145,800 146, 500 147,200 147, 900 148,600 149,300 149,800 150,000 150, 000 150, 000 106
107 140, 300 141,000 141,700 142, 500 143,200 144,000 144, 700 145,500 146,300 147,100 147,800 148,600 149,400 150,200 151,000 151,800 152,600 153,100 153,300 153,200 153,200 107
108 141,900 142,700 143,600 144,400 145,300 146,100 147,000 147,800 148,700 149,600 150,400 151,300 152,200 153,000 154,000 154,900 155,700 156,300 156,600 156,600 156,600 108
109 143,700 144,700 145,600 146,500 147,500 148,400 149,300 150,300 151,200 152,200 153,200 154,100 155,100 156,100 157,000 158,000 159,000 159,700 159,900 159,900 159,800 109

10 145,500 146,500 147,600 148,600 149,600 150,600 151,700 152,700 153,800 154,800 155,9 00 156,900 158,000 159,000 160,100 161,200 162,200 163,000 163,100 163,100 163,000 110
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30 APALACHIA DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

z 1[ HEADWATER ELEVATION .
Tj 1283.0 1283.1 1283.2 1283.3 1283.4 1283.5 1283.6 1283.7 1283.8 1283.9 1284.0 1284.1 11284.2 11284.3 1284.4 1284.5 1284.6 1284.7 1284.8 1284.9 1285.0

56 56
57 57
58 58
59 59
60 42,720 42,820 42, 910 43,000 43,090 60

61 44, 250 44,350 44,440 44,530 44,630 61
62 45, 770 45,870 45,970 46,060 46,160 62
63 47,260 47,370 47,470 47,570 47,670 63
64 48, 770 48,870 48,980 49, 080 49,190 64
65 50, 300 50,410 50,520 50, 630 50,740 65

66 51,800 51,920 52,030 52,140 52,260 66
67 53, 300 53,410 53,530 53,650 53,760 67
68 54, 800 54,920 55,040 55,160 55,280 68
69 56, 310 56, 430 56, 560 56,680 56,800 69
70 57,840 57, 970 58, 100 58, 230 58, 350 58,480 58, 610 58, 730 58, 860 58, 990 59,110 59, 240 59, 360 59, 490 70

71 59,320 59,450 59,580 59,710 59,840 59,980 60,110 60,240 60,370 60,500 60,630 60,760 60,890 61,010 61,140 71
72 60,840 60,970 61,110 61,250 61,380 61,520 61,650 61,790 61,920 62,050 62, 190 62,320 62,460 62,590 62,720 72
73 62,340 62, 480 62,620 62, 760 62,900 63,040 63,170 63,310 63,450 63,590 63,730 63,860 64,000 64,140 64,280 73
74 63, 830 63, 970 64 120 64, 260 84,400 64,550 64,690 64,830 64, 970 65,120 65,260 65,400 65,540 65,680 65, 820 74
75 65, 330 65, 470 65, 620 65, 770 65,920 66,070 66,210 66,360 66, 510 66,650 66,800 66,940 67,090 67,230 67, 380 75

76 66,780 66,940 67,090 67,240 67,390 67,540 67,690 67,840 67,990 68,140 68,290 68,440 68,590 68,740 68,890 76
77 68, 280 68,440 68, 590 68, 750 68, 910 69, 060 69, 220 69,370 69, 520 69, 680 69, 830 69, 990 70,140 70,290 70, 440 77
78 69, 780 69,940 70,100 70, 260 70,420 70, 580 70, 740 70,900 71, 060 71, 210 71, 370 71,530 71, 680 71,840 72,000 78
79 71,280 71,440 71,610 71,770 71,940 72,100 72, 260 72,420 72, 590 72, 750 72, 910 73,070 73, 230 73, 390 73,550 79
80 72,780 72,950 73,110 73, 280 73,450 73,620 73, 780 73,950 74,120 74, 280 74, 450 74,610 74,780 74, 940 75,110 75,270 75,430 75,600 75,760 75,920 76,080 80

81 75,470 75,650 75, 820 76, 000 76,170 76,340 76, 520 76,690 76, 860 77, 030 77,210 77, 380 77, 550 77, 720 77, 890 78, 060 78, 230 78,400 78, 570 78, 740 78, 910 81
82 78, 360 78,540 78, 720 78, 910 79, 090 79, 270 79, 450 79, 630 79, 810 79, 980 80,160 80,340 80, 520 80, 690 80, 870 81,050 81, 230 81,410 81, 580 81,760 81,940 82
83 81,210 81,400 81,590 81,780 81,960 82,150 82,340 82, 520 82,710 82, 890 83,080 83,260 83,450 83,630 83,810 84,000 84,180 84,370 84,560 84,750 84,930 83
4 84, 080 84, 270 84 470 84, 660 84,860 85,050 85,250 85,440 85,630 85, 820 86, 010 86,200 86,390 86,580 86,770 86, 960 87, 150 87,350 87,550 87, 740 87,940 84

85 86, 910 87,110 87, 320 87, 520 87,720 87,920 88,120 88,320 88,520 88,720 88, 910 89,110 89,310 89,500 89,700 89, 900 90,100 90,300 90,500 90, 710 90,910 85

86 89,630 89, 840 90, 050 90, 260 90,460 90, 670 90, 880 91,080 91,290 91,490 91,700 91,900 92, 100 92, 300 92, 510 92,710 92,920 93, 130 93,340 93, 550 93, 760 86
87 92,490 92, 710 92, 920 93, 140 93, 350 93, 560 93, 780 93, 990 94, 200 94, 410 94, 620 94, 830 95, 040 95, 250 95,460 95, 670 95, 880 96, 100 96, 320 96, 540 96, 760 87
88 95,390 95, 610 95, 830 96, 050 96, 270 96,490 96, 710 96, 930 97, 150 97, 370 97, 590 97, 800 98, 020 98, 230 98,450 98, 660 98, 880 99, 110 99, 340 99, 570 99, 800 88
89 98, 250 98, 480 98, 710 98, 940 99, 170 99,390 99,620 99,850 100, 100 100,300 100,500 100,700 101,000 101,200 101,400 101,600 101,900 102, 100 102, 300 102,600 102,800 89
90 101, 100 101,400 101,600 101,800 102,100 102,300 102,500 102,800 103,000 103,200 103,500 103,700 103,900 104,100 104,400 104,600 104,800 105, 100 105, 300 105,600 105,800 90

91 104,000 104,200 104,500 104,700 104,900 105,200 105,400 105,600 105,900 106, 100 106,300 106,500 106,800 107,000 107,300 107,500 107,700 108,000 108,200 108,500 108,800 91
92 107,000 107,300 107,500 107,700 108,000 108,200 108,500 108,700 108,900 109,200 109,400 109,600 109,900 110,100 110,300 110,600 110,800 111,100 111,400 111,600 111,900 92
93 110,100 110,300 110,500 110, 800 111,000 111,300 111,500 111,700 112,000 112,200 112, 400 112, 700 112,900 113,100 113, 400 113, 700 113, 900 114,200 114,500 114,700 115,000 93
94 113, 100 113,400 113,600 113,800 114, 100 114,300 114,500 114,800 115,000 115,200 115,500 115,700 116,000 116,200 116, 500 116,700 117,000 117,300 117,600 117,800 118,100 94
95 116,100 116,400 116,600 116,900 117,100 117,300 117,600 117,800 118,100 118, 300 118,500 118,800 119,000 119,300 119, 500 119,800 120,100 120,400 120,700 120,900 121,200 95

96 119,000 119,300 119,500 119,700 120,000 120,200 120,500 120,700 120,900 121,200 121,400 121,600 121,900 122,100 122,400 122,700 123,000 123,300 123,600 123,900 124,100 96
97 122,000 122,300 122,500 122,800 123,000 123,200 123,500 123,700 124,000 124,200 124,400 124,700 124,900 125,200 125,500 125,800 126,100 126,400 126,700 127,000 127,300 97
98 125,200 125,400 125,600 125,900 126,100 126,400 126,600 126,800 127,100 127,300 127,600 127,800 128,000 128,300 128,600 128,900 129,200 129,500 129,800 130,100 130,400 98
99 128,200 128,500 128,700 128,900 129,200 129,400 129,700 129,900 130,100 130,400 130,600 130,800 131,100 131,400 131,700 132,000 132,300 132,600 132,900 133,300 133,600 99

100 131,200 131,500 131,700 132,000 132,200 132,500 132,700 132,900 133,200 133,400 133,600 133,900 134,100 134,400 134,700 135,100 135,400 135,700 136,000 136,300 136,700 100

101 134,200 134,400 134,600 134,800 135,100 135,300 135,500 135,700 136,000 136,200 136,400 136,600 136,900 137,100 137,400 137,700 138,000 138,300 138,600 138,900 139,200 101
102 137,400 137,600 137,800 138,000 138,200 138,400 138,600 138,800 139,000 139,200 139,400 139,600 139,900 140,100 140,400 140,700 140,900 141,200 141,500 141,800 142,100 102
103 140,600 140, 800 140,900 141,100 141,300 141,400 141,600 141,800 142,000 142,200 142,400 142,600 142,800 143,000 143,300 143,500 143,800 144,100 144,300 144,600 144,900 103
104 143,900 143, 900 144,100 144,200 144,400 144,500 144,700 144,900 145,100 145,200 145,400 145,600 145,800 146,000 146,200 146,500 146, 700 146,900 147,200 147,400 147,700 104
105 147,000 147,100 147,200 147,300 147,400 147,600 147,700 147,900 148,000 148,200 148,400 148,600 148,700 148,900 149,100 149,300 149,500 149,700 150,000 150,200 150,500 105

106 150,000 150,000 150,100 150,200 150,300 150,400 150,600 150,700 150,900 151,000 151,200 151,300 151,500 151,700 151,800 152,000 152,200 152,400 152,600 152,800 153,100 106
107 153, 200 153, 200 153, 200 153, 300 153,400 153, 500 153, 600 153, 700 153, 900 154,000 154, 100 154,300 184,400 154,600 154,700 154,900 155,000 155, 200 155, 400 155,600 155, 800 107
108 156,600 156,500 156,500 156,500 156,600 156,700 156,800 156,900 157,000 157,100 157,300 157,400 157,500 157,600 157,800 157,900 158,100 158,200 158,400 158,600 158,800 108
109 159,800 159,700 159,600 159,600 159,700 159,800 159,800 159,900 160,000 160,100 160,300 160,400 160,500 160,600 160,700 160,800 160,900 161,100 161,200 161,400 161,600 109
110 163,000 162,800 162,700 162,700 162,800 162,800 162, 900 162,900 163,000 163, 100 163,200 163,300 163,400 163,500 163,600 163,700 163,800 163, 900 164, 100 164, 200 164,400 110

HEADWATER 1283 to 1285 See special instruction for preventing gate overflow on page 3. MARCH 2004



402 HOPKINS ON FLEXIBLE BULKHEADS42 Fe te for toe fixity by inlud- AMERICAN SOCIETY OF CIVIL ENGINEERS
3. Free earth support analyses which comlpensatfotefity i~ul Founded November 5. 1852ing a bending moment reduction factor are liable to be misleading; fixed earth TRANSACTIONS

support methods should always be used. TRANSACTIONS
4. Design analyses should be suitable for practical design use. In view of

the approximations involved in "idealizing" geologic sections and assessing

soil properties, design computations should not deleln'l on arithmetical ace- Paper No. 2677 461,1 1157q
racy to several decimal places.

RATING CURVES FOR FLOW OVER
DRUM GATES

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

WITH DiscussIoN Dy MESSRS. GUIDO WYSS; SAM SHULITS; BOB BUEHLERn
F. 13. CAMPBELL AND A. A. MCCOOL; AND JOSEPH N. BRADLEY

SYNOPSIS.

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

The primary purpose of this paper is to point out that there are numerouscontrol structures in existence that will serve a dual-purpose-that of a metering
station as well as that 0f a regulating device. Examples of such structures in-
elude spillways, with or without gates; outlet works for dams using gates orvalves; and canal regulating structures using gates. With the accumulation
of information-from hydraulic model studies made by the Bureau of Reclama-
tion (USBR), United States Department of the Interior, it is now possible to
prepare reasonably accurate rating curves for many such structures without
the construction of models and without access to the prototypes. The methodis especially useful for the rating of existing structures. This paper describes
the method as it applies to the rating of drum gates and the paper is concluded
"with an engineering example. The method is also -applicable to the rating of
the Volet gate used in France, the bascule gate manufactured in the United
States, and others in which the sector of a circle is hinged at or. near the crest
of a spillway.

NO.T-Published, essentially as printed here in February,- 1953. as Proceedings-Separate N'o. 169.Positions and titles given are those in effect when the paper or discussion was received for publication.
I Hydr. Engr., Bureau of Reclamation, U. S. Dept. of the Interior. Denver. Colo.
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404 DRUM GATES

INTRODUCTION

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

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

DRUM GATES 
41)5

sec-ft, is questionable. Measurement of the flow over the druo gates, which isnow possible, would have afforded a continuous record and
as accu rate (or floods as for n orm a l fl o w s. one tru mw ule

CHARACTERISTICS OF THE DRUM GATE

As a measuring device, the drum gate resembles a sharp-crested weir witha curved upstream face over the greater part of its travel. With an adequatepositioning indicator, the drum gate can serve as a very satisfactory meteringdevice.
When the drum gate simulates a sharp-crested weir-that is, when a linedrawn tangent to the downstream lip of the gate makes a positive angle withthe horizontal, as in Fig. 2(a), four principal factors are involved. These factorsare 11, the total head above the high point of the gate; 0, the angle made by aline drawn tangent to the downstream lip of the gate and the horizontal; r,the radius of the gate or an equivalent radius, should the curvature of the

(a) POSITIVE ANGLE, 9 (5) NEGATIVE ANGLE, &

1,0o. 
2

.- DnUU-GATE POSITIONS

Fil. L.-DRU, GATE, 100 FT By 1 FT. AT IhoovEn DAM (ARIZOMA-NEVADA)

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

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

t.Dischadet~fficlents for Irregular Overfall Spillway Sections," by J. N. Bradley, E nolneering
Monograph N.Iureau of Reclamation, U. S. Dept. of the Interior, Deaver, Colo., March, 1952.

gate involve a parabola; and C5, the coefficient of discharge in Q = C, L III,in which Q is the discharge in second-feet, and L is the length of the gate.. The depth of approach was not included as a variable because drum-gateinstallations studied were for medium and high dams at which approach effectswere negligible. When the approach depth, measured below the high pointof the gate, is equal to or greater than twice the head on the gate, it has beenshown' that a further increase in approach depth produces very little increasein the coefficient of discharge. lA-ost drum-gate installations satisfy thiscondition, especially when the gate is in a raised position. Therefore, withadequate approach depth the four variables H, 0, r, and C, completely definethe flow over this type of gate for positive angles of 0, Fig. 2(a).For negative valuei of 0, Fig. 2(b), the downstream lip of the gate no longercontrols the flow. Rather, the control point shifts upstream to tile vicinityof the high point of the gate for each Setting as illustrated in Fig. 2(c), andflow conditions gradually approach those of the free crest (as the gate islowered). Although other factors enter the problem, the similitude also holdsfor this case down to an angle of approximately - 15.
. .'Studi"s of Craits for OverfaIl 'Alni.' Budletin No. S, Pt. VI, Boulder Canyon Final Reports, Bureau,of Reclamation U. .. Dejt. of the Interior, Denver, Colo., 1948.
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406 DRUM GATES

DIUM31 GATES -407

SOURCES OF INFORMATION

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

TABLE 1.-PRINcIPAL DIMENSIONS OF DRUM GATES TESTED

No. of Length Height Radius Approach m11 [1

Dam .of gate, of gate, of gate, depth head on Mo[el lfydraulic
gates ilk ft in ft in ft in ft c rest, c lanoratory

in ft

Grand Coulee Fort Collins
(Washington) 11 135 28 66.25 360 31.65 1:30 (Colo.)
Bhakra Cnsto'llhouse
(India) 2 135 28 66.25 410 28 1:80 (Denver, Colo.)
Shasta
(California) 3 110 28 66.25 400 28 1:68 Customhouse
Hamilton
(Texas) 1 300 28 74.17 50 32 1:30 Fort Collins
Hoover Shape

4-Miý
(Ariz.-Nev.) 4 100 15 26.8 50 26.6 1:20 Montrose, Colo.
Hoover, Shape

8-M56
(Ariz.-Nev.) 4 100 16 36.0 50 20.0 1:20 Montrose
Hoover. Shape

7-M41
(Ariz.-Nev.) 4 100 16 20.0 50 26.6 1:60 Fort Collins
Friant
(California) 3 100 18 47.0 It0 19.0 1:25 Fort Collins
Norris
(Tennessee) 3 100 14 34.0 200 27.0 1:72 Fort Collins
Madden
(Canal Zone) 4 100 18 30.0 120 30.0 1:72 Fort Collins*
Oapilano
(British Columbia) 1 70 23 71.0 . 200 23.0 1:60 Denver Federal Center

. Gate down. b Refers to the shape of the spillway cross section.

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

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

REsULTS OF BAZIN ON STRAIGHT INCLINED WEIRS

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

Blazin, in his classical experiments, sttiudied inch lined sharp-crested weirs.The [lngle of tile weir was varied in increments from 14' to 90' with tthe hori-

zontal, and each weir was 3.7 ft high (vertical dimension). The head on the
crest of the weirs ranged from 0.32 ftto I.4S ft. The results, presented in Fig. 4,
show 0 plotted ag:inst the Bazin coellicient, C 6 (in the formula, Q - C6 L h
Vý 7 ), ill wvhichi h does not include the velocity head of approach (h.). The

(e) NORRIS OAM 1O0.FT BY 14-FT DRUM C

Maximum Water Surface El 1047.00

0 10 20 Axis of Crest
Lj

Scalein Feel

;ATE Maximum Waler Surface
Crest (Gate Raised) El 570.OO0

3.75 Ft -H ip.-/

Axis of Dam " I,

El J48!.-! ? 0F

Flo. 33-ExAMPLE8 OP Dana-GATE CJOss SEcuIoN'S

angle 0 is also plotted with respect to C, (in the expression, Q = C L HI) in
which 11 is tile total head. This latter expression will be used throughout
the paper.

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

f "Recent Experiments on the Flow of Water over Weirs " by H. Bazin, Annofes des Pensi et Chauaaiea
October, 1888. (Translation by Arthur Marichal and John Tr" ., A .n eedis P gn es"
Club of Philadelphia Pa., Vol. IX No. 4, 1892, -. 3"5.) . rautwie, Jr., Proceedings, Engineers'
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TABLE 2.-DRUM-GATE COEFFxICIENTrs"

GRAND COOzt DAm BRAKRA DAM ShASTA DAm IIAIIILTOm DAM
(Washington) (India) (California) (Texas)

Reservoir I CoSi- Reservoir Coeffi- Reservoir Coo l- Total head Copell-
elevation, elent, elevation, eient, elevation, eient, on gate, cdent.

in feet C, in feet Cc in feet • in feet C•

GATE ELEVATIONb 1260.0 GATE ELEVATIONi 1552.0 JGATE ELEVATIONb 1037.0 J GATE ELEVATI1O' 992.0

2129 3.9820 1580 80 0 05 3.805 35 1 3.7101290 3.842 1575 3.645 1170 3.835 30 3.615
1285 3.745 1570 3.550 1065 3.760 25 3.58(0
1280 3.635 15605 3.420 1060 3.675 20 3.500
1276 3.510 1560 3.275 1055 3.575 15 3.400
1270 3.352 1555 3.120 1050 3.465 10 3.290
1265 3.220 • 1045 3.335 5 3.160

GATE ELEVATION 1263.51 GAT ELEVATION 1557.0 GATE ELEVATION 1030.0 GAT•ELeVATION 995.52

3295 3.3 1580 - .410 - 165. 1: 3637 30 .! 3.4001290 3.442 1575 3.380 1070 3.565 25 3.310
1285 3.380 1570 3.205 105 3.400 20 3.22.3
1280 3.280 1565 3.170 1060 3.417 I 3.150
1275 3.220 1560 3.040 .. 1055 3.340 10 3.085
1270 3.182 • 1050 3.250 5 ' 3.01)0

GATE ELEVA•ON 1267.02 TGATEELEVATION 15062.0 IGATE E.LEVATION 1041.0 GATE I ..LEVATION 999.0

1295 3.330 1580 - 3550 - 1075 3.550 - 25 3411290 3.457 1576 3.355 • 1070 3.494 20 3.390
1285 3.380 1572 3.290 1065 3.432 15 3.300
1280 3.300 1568 3.345 1000 3.305 10 3.1915
1275 3.213 1564 3.465 1055 3.290 5 3.080
1270 • 3.120

GATE ELEVATIoN 1270.48 GATE ELEVATION 1557.0 GAE ELEVATION 145.0 GATE ELEVATION 1006.0

1295 1 3.600 1580 3.065 1075 .3.037 . 18 3.010
1290 3.530 1577 3.650 1070 3.565 15 3.035

. 1285 3.462 1573 3.600 1065 3.490 12 3.605
1280 3.410 1570 3;535 1060 3.415 9 3.560
1275 3.375 1055 3.330 6 3.505

" 1050 3.220

GATE ELEvATioN 1274.011 GATE ELEVATION 1572.0 jOATEELEVATION 1050.0 GATE ELEVATION 1013.0

13001 3.725 1580 13780 10715 13.17 12 r3.79181295 3.695 1579 3.755 1070 3.570 10 3.600
1290 3.662 1578 3.690 1005 3.615 8 3.645
1285 3.630 1577 3.500 1060 3.560 46 3.595
1280 3.600 1576 3.150 1055 3.495 -4 3.530

GATE ELEVATION 1277.50 GATEELEVATION 1055.0 GATE ELVATION 1020.0
1295 .750 11075 3.854 6 3.0301290 3.738 . 1070 3.827 5 3.010
1285 3.740 1065 3.800 4 3.540
1280 3.765 1060 3.780 3.5 3.400

" _ _1055 3.763

GATE ELEVAToo 1281.02 _._ GATEIILFVATIOM 1060.0
1295 3.730 1075 3.645
1292 3.708 . 1072 3.683
1288 3.705 1069 3.740
1285 .3.725 1006 . 3.815

1063 3.920

GATE, EEvATioN 1284.50 GATE ELEVATION 1065.0

.130013.840 I 1076 .11296 1 830 1074 3.805
-1292 . 3.875 1072 3.910
1288 3.950 1070 3.050

GATE ELmEvATroN 1288.0

3295 1 .5
1294 3.720
1292 . 3.670
1290 3.580 .

w oordinates of curves prepared by plotting original data. Gate down.

InLE 2.'Wontinued).
FJIrANT DAM Nonnis DAM(Cs~ifornie I aniNAM - ADOEN DAm CAPILANO DAM
Caif ornia) Tennesee (Canal Zone) British Columobia)

Reservoir Celli. Rleservoir . Coeffl- Total head Coed- neservoir Coeml.
eleation. cent, elevation, i ejnt, on ate, eet elevation I i t,ifet C, infc i C infetct C e llfeet'o. j cit

GATE ELEVATIONb 56)0.0 IGATE ELEVATIONb 1020.0 GATE ELEVATION 232.0GAELVr1b54.3.65800 1 AE|;~AIN 3. GATBE.ELVATIONS547.0
580 3. 105 i 3.15 . 3 3.9
577 3.625 I 1050 I 3.845 I 30 I 3.7 • - 3.775

54 3.550 145 1 385 3 .0571• ,40 I Jo | 3.765 .77 755"f 3• I o .0571 3.750 1040 I 3.070 25 3.660" 570 3.625571. 3.460 1 4 1 .7 20 I 3.560 I 565 j 3.530S .0 1 1 3.355I0 5 3.460 50I 5 . J 3.415505 3.175 1030 3.390 f 10 j 3.365 555 3.25056 2.95 1 25 3.125 a5 3.20 I
GATE ELEVATION 561.5 GATE ELEVATION 1022.0 GATE ELEVA-TION1 2,36;.0 GATE ELEVATION 555.4M30 3.3410 1055 3 785 30 3.810 580577 3.300 1050 3 3 8 3.65674 I 3.250 I 1045 3.655 I 20 I 3.675 r 574 I 3.58057.1 l 3.1200 1040 . 3.,73,0 1 05 1 3.500 I 571 I 3.48-568 f 3.125 j 1035 I 340 I 1 3.0 J 56 j 3.4205&4 2.050 1030 3 ' 3.10 505 3.320- . 1025 3.00 3410 505 3.

GATEELEVATION 563.0 JOAT.EEL ATION 1024.0. GATE.ELEVATION 240.0 f GATE EL.VATION 501.1
580 3 3.320 1055 3.760 30 3.960 1 583 1 3.560577 3.280 " o100 3.720 25 13.89015801 3.50574 3.240 I 1015 I 3.670 1 20 3.805 I 5 I 3.530671 j 3.175 1.1040 13.6705 15 13.803 1 .574 I 3.490568 3.080 1035 3.5 10 3.701 .35505. 2.960 1030 3.30• 10 3.7751025 3.•80 3.740 568 3.355. 3.00 ! 6 .130

GATE ELEVATION 6.0 CATE ELEVATION 1020.0f GATEELEVATION 245.0 GATE ELEVATION 568.5
580 3.450 I1055 3.835 I 25 3.900 , 583 3.785577 I 3.410 1050 i 3.810 20 u 3.90 I 580 3.8671 3.240 0 I 3.78 I 15 I 3.890 5 577 3.8w0571 .3.2408 I 104 0  I 3.740 I 0 0 3.91 57 3.9568 13.085.11035 3.6851 5 3951 1030 /3.3801 f 3.9s . 4 3.925

GATE ELEVATION 569.0 GATE ELEVATION 1028.0 GATo E EEVATION 250.0
580 3. 2 02 1 1055 3 890 20 3.750578 J 3.605 ! 1050 Q3.80 3.780576 3.675" 1045 3. 10 3.860574 I 3.550 10 40 { 3.845 1 5 3.980570 4 I 10 3 3.7 4

GATE rLEVATIoN 572.0 GATE ELEVATION 1030.0

580 ....... 5.725 I 155 13890578 I 3.720 I 1050 [ 3800570 | 3.680 . 1045 I 3.88557, I 3.020 3040 &388
I .1 1035 *1 3.87

GATE ELEVATION 573.0 GATE ELEVATION 1032.0
580 I 3.760 1055 3.870570 .3.760 10550 .

7 3.765 1045 3.880575 3.780 1040 3.895574 3.900 103 3.020

GATE ELEvATIOm 575.0 GATE ELEVATION.1034.0 J
580 I 3.780o 3.815
578 I 3.790 . 0 3.83
577 [ 3.840 I 45 3.855576 I 3.950 I 1040 3.8510360 3.-------- 3.945

* Coordinates of curves prepared by plotting original data. "Gate down.4
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TABLE 2."-(Continued)

Hooven DAM (Arizona-Nevada) loOVERn DAM (Arizona-Nevada) HoovER DAM (Arizona-Nevada)
SuAPE 4-M3 SHAPE 8-A15 SHArE 7-C4

Total head Cooffi- Total bead Coefli- Total bead Ceflli-
on gate, cient, on gate, cient, oln gate. cient,
in feet C, in feet C, in feet C,

GATE ELEVATION' 1205.4 GATE ELEVATION• 1205.4 C GATE ELEVATION' 1205.4

28- 3.670 28 3.7035ý 26 3.665
22 3.605 25 3.705 22 3.615
18 3.540 20 3.650 18 3.540
14 3.472 15 3.505 14 3.450
10 3.405 10 3.460 10 3.360
6 3.338 5 3.335 6 3.200

GATE ELE.VATION 1209.4 j GATE ELEVATION 1209.4 GATE ELEVATION 1209.0

20 3.675 24 3.0 23 3.725
17 3.645 20 3.540 10 3.050
14 3.615 16 3.492 15 3.580
11 3.585 12 3.428 11 3.508
8 3.555 8 3.330 7 3.415

GATE EI.vATiOx 1213.4 j. GATE ELEVATION 1213.4 GATE ELEVATION 1213.0

20 3.'880 20 3.765 19 3.800
17 3.875 16 3.7055 16 3.845
14 3.875 12 3.725 13 3.825

11 3.870 8 3.008 10 3.750
8 3.870 4 3.600 7 3.610

GATE ELEVATION 1217.4 GATE ELEVATION 1217.4 GATE ELEVATION 1217.0

14 3.960 15 3.900 1 5 3.9S1GO
12 3.980 12 . 3.810 3 3.:130
10 4.010 9 3.900 11 3,935
8 4.075 6 3.030 9 9 3.1170

1 7 4.020

GATE ELEVATION 1221.4 J GATE ELEVATION 1221.4 GATE ELEVATION 1221.4

to 3.890 11 3.1830 1 24 3.815
8 3.930 9 3:845 VU

2  
I 3,820

6 4.020 7 3.87 10 3.823
5 4.100 5 3.935 8 3:825

Coordinates of curves prepared by plotting original data. & Gate down.

sharp reversal in the curve when the angle 6 approaches 28', and (3) that
the coefficient of discharge is a maximum at this angle. As the angle 0 is in-
creased from 280 to 90", contraction of the jet gradually reduces the coefficient
to approximately 3.33, which occurs when the weir is vertical. As 0 -is de-
creased from 280 to 0° the coefficient is gradually reduced-either by approach
conditions, friction, or. both-to that for a broad-crested weir, which may be
some value between 2.8 and 3.1. ,As the principal difference between the drum
gate and the straight inclined weir lies in the curvature of the gate, the trends
for the two should be similar.

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

9 "Precise Weir Measurements," by Ernest W. Sehoder and Kenneth D. Turner. Transadians, ASCE1
Vol. 93. 1929, p. 999.
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412 DRUM GATES D RUMt n' -rv

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

METHOD OF COMBININo TEST RESULTS

The method for combining results from the eleven drum gates• tested
(Table 2) consisted of first plotting the coefficient of discharge data se ly

m
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11
45 " =Ratio. 
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40 -. - 0.7 0
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Straight Inclined
Weis (N 0) >. o
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150.05 0.1 0.2 0.3 04 0.5 0.5 0.7 0.8 0.9 1.0
Ratio,

413

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

ANALYSIS OF TEST RESULTS

The curves in Fig. 6 show a tendency toward reversal, similar to that ex-hibited by the Bazin curve in Fig. 4, but the points of inflection viiry from0 - 200 to 0 = 30*, depending on the value of Hir. Fig. 4 showed the co-efficients to vary only slightly with the head, but in this ease the coefficientsdefinitely Vary with the head.
A matter of significance is the reversal of the (II/r)-order which occurs at290 (Fig. 6). The coefficient of discharge has but one value, 3.88, when 0 ap-proximates 290; thus, it is insensitive to both the radius and the head on thegate for this angle. The curve for HIr ' 0 approximates a drum gate ofinfinite radius and was obtained from the data of Basin (Fig. 4) by apply-ing a uniform adjustment.

As stated previously, similitude is valid for Small negative angles of 0, aswell as for positive angles up to 900; thus, the curves in Fig. 8 are shownand recommended for Use down to 0 = -15'. As the gate is lowered beyondthis angle, the curves double, back and converge, finally terminating in thefree flow coefficient.
The discharge coeflicicnts in the region between 0 = -15* and the gatecompletely down are determined by graphical interpolation. Interpolation isaccomplished by plotting head-discharge curves for several gate angles between-150 and the maximum positive angle. Also the head-discharge curve isplotted for the free crest. This information is then cross-plotted to obtainvalues in the transition zone. The method will be explained in the examplethat follows. It will be discovered that negative angles, greater than - I50(with the exception of the free crest) are not particularly important from anoperator's standpoint, as a change in gate position has little effect on the dis-charge in this range.

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

•2.8 :. 2.9 3.0 3.1 ""3.2 3.3 3.4 3.5
Discharge Coefficient, C.

3.6 3.7 3.8 3 4.0

FIQ. O.-GElNB•AL CURv0s r01 TES DETORMINATioN or DIS•cRARGE COLFFICIENTS

for each gate as illustrated by the sheet for the Shasta Dam gate (Fig. 5).
With the coefficient of discharge as the abscissa and H/r as the ordinate, each.
curve in 5 represents a different gate angle 0, which the tangent to the
downstflip of the gate makes with the horizontal. In all cases, 11 is the q
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for the designed head, respectivelY. This chart was reproduced from a pre-

vious publication1 and represents a curve well supported by tests of some filty

overfall spillway crests having wide variation in shape and operating conditions.

.2 OF

1.2 E From the plan and section of the Black

1.0 Canyon Diversion Dam (Idaho), shown in

.9Fig. 8 and, 9 assume that it becomes nccs-

sary to compute and construct a rating curve
0.- for one drum gate for each 10.5 ft of gate ic-

0.5 
v&ation. The scale on the gate position indi-

cator is calibrated to show the elevation of
0 o.4--lb-te
0.• the high point of the gate, and the gate has a

0.21 constant radius of 21.0 ft. The gate is 64 ft
0.1 9 9--"- long, The coefficient of discharge for the Iree

. Ratio, CL crest is C. = 3.48 for the designed head (He)

of 14.5 ft.

FtI. 7.--Covrr.cO tNTa or DiOiAMG3 With the coefficient of discharge known for

lIow Omn ThnA? Iuas D00NED RA free flow at the designed head, the entire free-

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

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

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

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

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

• Crest(aeU)E 9.~-, //
/

/
/

/

/

,'zo. Q.-SPILLWAY CanET DF.TAIX, BLACK CANYON 11M% IN 10AMo

TABLE 3&-I{EAD AND DiscuAnRz COMPUTATIONS FOR A FuEE CREST

(BLACK CANYON DAM IN IDARO)

Total head- Reervoir . Ratio tio'b -Coefficient, Q, in cut ft

IJin elevation, i1/1: C0/.C 04 per %cW

(1) (2) (3) (4) (s) ()

17 2409.5 1.172 1.020 3.55 15,950

16 2498.5 1.104 1.012 3.52 14.420-

14.5 2497.0 1.0 1.0 3.48 12.296

12 - 2404.,5 0.827 0.980 5.41 9,072

10 2402.5 0.690 0.960 3.34 1 ,59

8 2490.5 0.552 0.940 3.27 4.736

a 2488,5 0.414 0.905 • 3.135 2..94Q

4 2486.5 0.276 0.850 2,957 1.514

3 2485.5 0.207 0.815 2.835 943

2 2484.5 0.138 0.760 .2.642 478

.11, - 14.5 ft. b C. - 3.48. * The discharge for one gate: Q C• L Hk, in which L -6 64.0 I,.

Fla. 8.-PLTO or BtACM CAXoojf )IVBnToN DJtAI6 10M
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Before considering the rating of the spillway with gates in raised positions,

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

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

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

of the gate at intervals of 2 ft.

20 Beginning with the maximum positive

angle of the gate, which is 34.883', the

computations may be begun by choosing

16 a -a 
representative number of reservoir ele-

vations as indicated in Col. 2, Table 4.

The difference between the reservoir ele-

12 vation and the high point of the gate

f (which is the downstream lip in this case)

-
constitutes the total head on the gate, and

values of head are recorded in Col. 3.

Col. 4 shows these same heads divided by

the radius of the gate, which is 21.0 ft.

I.-/ . Entering the curves in Fig. 6 with

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

+34.883°, the discharge coefficients, listed

in Col. 5 of the set of computations desig-

o nated "A," are obtained. The remainder

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

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

Fia. 10.-HEAC-COElIRrNT CURVE, charge for one gate from the expression,

BIaOK Ca•~ON D, uIQ = C, L H1. A similar procedure of

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

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

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

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

Discharge computations for negative angles of the gate down to - 15.0170

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

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

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

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

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

down. The latter values were obtained from Table 3.

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

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

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

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

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

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

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

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

2485.76 ft • 2482.5 ft. This is remedied by cross-plotting the eight curves

DRUM GATES 
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for various constant values of the discharge as shown in Fig. 13. Fortunately,

the result is a straight-line variation for any constant value of discharge. The

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

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

FIO,. lI.-RELATIONBIIIp OF GATE ELEVATION TO ANGLE 0

ably from the accuracy obtained. Interpolated information from Fig. 13 is

then utilized to construct the additional curves in Fig. 12. If all curves are

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

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

interpolation is permissible.

CONCLUSIONS

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

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

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

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

gate position indicators are made as large as possible and are accurately cali-

SI
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brated, (2) the reservoir gage can be read to within 0.05 ft, (3) nearly atmos-

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

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

TABLE 4.-HEAD AND DISCHARGE COMPUTATIONS FOrt DRUM GATES

IN RAISED POSITIONS

Svoi H, Ratio. Coefri- I Q, in IIRatio, t 
1 , i

leva- in H cients, in' Set eleva- in 11 cicnts, in ca It

Sete

tion, ft , f e~ tionl, (t. 7 C, ft

mi a 
in ft 

R" f

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

GATE ELEVATION 2497.0; 0 + + 34-880 GAT ELEVATiON 2489.0: - 1.28'

2498.0 1 0048 3.86 1 247

2499.0 0.095 3.8 2.828 099 2490.0 1 0.0.48 3.21 1 205

I2500.0 3 0.143 3.86 5.196 1.283 2491.0 2 0.095 3.28 2.828 5941

2492.0 3 0.143 3.34 5.190 1.111

E 2494.0 5 0.238 3.45 11.18 2.469

G 
24196.0 7 0.333 3.545 18.52 4,202

GATE ELEVATIOx 2495.0; 0= + 23.43[ 2498.0 9 0.429 3.63 27.00 6.273

-2500.0 11 0.521 3.6095 30.48 8,027

2496.0 1 0. 048 3.85 1 246

2497.0 2 0.095 3.86 2.828 0q8

B 2498.0 3 0.143 3.87 5.196 1,284 GATF ErLEVATION 2487.2; 0 = - 8,280

2499.0 4 0,190 3.87 &00 1,979

2500.0 5 0.238 3.88 11.18 2,770
2488.0 0.8 0.038 3.02 0.716 138

2489.0 1.8 0.080 3.10 2.415 479

GATE ELEVATION 2493.0; 0 • + 14.220 2490.0 2.8 0.133 3.17 4.685 950

- 2192.0 4.8 0229 3.31 10.52 2.229

29. 1 0.4 3.9 1 26 2196.0 8.8 0.4219 3.51 2.17.7 3.893

2495.0 2 0.095 3.73 2.8208 75 2498.0 10.8 0.515 3.58 35.49 8,131

C 2496.0 3 0.143 3.75 5.198 1,247 250(l.0 12.8 0.10 3ý635 45.70 10,653

2498.0 5 0.238 3.80 11.18 2,719
_73 44 GATE ELEVATION 2485.75; 0 - 15.02*

GATE ELEVATION 2491.0: 0 - + 6.13' 
-- -

- - O-O 1 124187.0 1.25 0.000 3.00 1.398 268

2488.01 2.25 0.107 3.07 3.375 003

2492.0 1 0.048 3.47 1 222 2489.0 3.25 0.155 3.15 5.859 1,181

2493.0 2 0.095 3.51 2.28 635 2491.0 5.25 0.250 3.275 12.03 .2,522

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

2496.0 5 0.235 3.63 11.18 2,597 2495.0 9.25 0.440 3.465 28.13 6.238

2498.0 7 0.333 3.70 18.52 4,386 2197.0 11.25 0.530 3.54 37.73 8.518

2500.0 9 0.429 3.77 27.00 6,515 2499.0 13.25 0.031 3.505 48.23 11,007

'H ia the total head on the gate. 6 The dischiarge for one gate: Q - C. L II|.

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

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

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

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

the standpoint of stilling basin operation for minimum erosion downstream.

Discharge measurements on the prototype are desirable whenever possible

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

should be taken, however, to establist -fact that the prototype information.

is consistent and reliable.
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FIG. 13.--CROss-PLIOTrED INITIAL RATING CuRvEs, BLACK CANYON DANI IN IDAHO
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DI SCUSS I ON

GUIDO IVsse.sThe information presented by Mr. Bradley is of utnmost

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

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

field to adjust the gate position from corresponding chart values in such a

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

metering device for spillway quantity discharges is unique and the results

obtained are more practicable and reliable than those obtained by stream

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

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

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

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

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

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

information would be important in the determination of the buoyancy and

loading criteria of the gate structure.

SAM SLULITrs,7 M. ASCE.-Au outstanding contribution to the design and

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

at thte USBR. The paper and its comnplemett' fill a. great need.

Since 1928, whelk the Freemn:t Scholarships were established, there. hus

been a tremendous development of hydraulic model researeh in the lahoratories

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

quality, many hydraulic engineers have pondered the procession of model.s

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

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

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

will produce correlations and syntheses-not more models.

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

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

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

of similar quality will be added to engineering literature.

Bon BIUEHLER,8.A. M. ASCE.-An interesting and clever use of data has

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

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

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

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

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

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

continuing established gages at the strategic points where: they had been

' Mech. Engr., Bureau of Reclamation, U. S. Dept. of the Interior, Denver, Colo.

I Associate Prof., Director, Hydr. Lab.. Civ. Eng. Dept., Pennsylvania State College, State College, Pa-

t Hydr. Engr., TVA, Knoxville. Tenn.

I
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located. The less accurate-and more costly--slopc statiolB are not coin-

pletely satisfactory alternatives to the single-line rating stations.

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

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

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

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

respects to the gage. For example, the rating of the dam should be permllanleit,

whereas the rating of a gage usually requires frequent checking.

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

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

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

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

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

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

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

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

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

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

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

Q 3.97 L I"1-'2
H______...........()

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

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

TABLE 5.-FREE DISCHARGES FOR, BLACK CANYON DAM IN IDAHO

UsINo EQ. 1 USING Fo, 14

Total head, Discharge.
in feat in cubic feet

per second- Discharge, Difference, fini Diie erewr.
in cubic eet ill e nf in (eroett
Per second 

per second

. .) (2) (() (4) (5) (6)

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

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

14.56 12,296 12,247- -0.40 12,290 0

12 9,072 9.013 -0.05 " 9,040 -0.25

10 6,759 6,708 -0.75 6,735 -0.36

8 4,736 4,673 -1.33 4.692 -0.93

8 2,949 2,932 -0.58 2,944 -0.20

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

3 .943 954 +1.17 958 +1.59

2 478 494. +3.35 490 +3.76

From Col. 6, Table 3. 6 Head at which C, 3.48. -C, would be 3.466 for this discharge.

and. HD represents, the design head in feet. The design head is that head

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

profile.

I "Flow over Rounded Crests," by R. N. Brudenell. Enoinwring Newa-Record, July 18, 1935, p. 95.

1E:41. I Wits intteIded to be used with hIeadls greater than 111/ 4, ititho ugh the
equation has been found to agree closely with model data for somewhat lower

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

closely with those obtained by Mr. Bradley for Black Canyon Dam. In tile

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

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

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

described subsequently.

i.8

1.6 -- ____ ____

//

0.6 -Fg 7.

0.4

0.2 -

0
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10

Value of the Ratio CL

Co
Fla. 14.-CoMPAaRsorN OF VALUES OBTAm n91 Fosn FIG. 7 AND Eq. I

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

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

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

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

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

To examine the relationship, theoretical discharge coefficients were computed

by using -_ (9•
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and Eq. 1, from which

Q Cq L 11P1 ..........................

3.97 I"•. f2....(3)

C' ITD ..........

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

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

Thus, for HD p 45 It,
2.5143 111. (.1)C. =- ........ 0

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

responding Cr-values were computed. The resulting Cq of 3.97 for a head of

45 ft (H.) was taken arbitrarily as the known coefficient, C_. Then the (1f/11o)

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

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

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

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

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

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

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

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

should be no difference.

Thecurve derived from Eq. I then was applied to the Black Canyon D'ai spill-

wiay, assuming (its (lid the author) that the coefficient is 3.48 at a 14.5-ft head.

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

The free-flow coefficients in Table 2 invite further comparisons with Lq;. I

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

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

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

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

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

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

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

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

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

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

than 2% (Hoover Dam, shape 8-1M5). The base coefficient selected to obtain

C. from the (Q/C°)-ratios is designated by a footnote for each project.

These arbitrary selections were made for medium high heads.

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

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

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

Theso compalrisons show that the direct application of Eq. 1, Fig. 7 (or

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

TABLE 6.-CostrARzSON OF FIEE-FLOW SPILLWAY COEFFICIENTS

C e UsNO Er. I Untie li'o..7 Usuvo FIa. 14

"Totn I In~d, o|btained

,r, fcrL from, x,,odeltest e' Difference. C Difference, e Difference.
teat Ct Iin p~ercent C, in percent C€ in percent

(1) (2) (3) (4) (5) (6) (7) (8)

GIRAND CotL.eE DAM (WABI.INGTON)

35 3.920 .3.914 -. 0.15 3.902 r-0.40
30 3.842 3.831 . 0.29 3.827 -0,39

25 3.75 3,745 0 3.745' 0

20 3.635 31655 + 0.)5 3.651 +0.4f

15 3.510 3.550 + 1.14 3.524 +0.40

10 3.352 3.370 + 0.54 3,356 +0.12

5 3.220 3.138 - 2.54 3.168 -1.02

BIIAKnA DAM, (INDIA)

28 3.680 3.730 + 1.52 3.732 +1.41

23 3.045 3.(45 . 0 3.645 - 0

18 3.550 3.547 - 0.08 3.543 -0.20

13 3.420 3.434 + 0.41 3.404 -0.47

8 3.275 3.215 -- 1.83 3.209 --2.04

3 3.120 2.748. - 1.92 2.854 -8.53

SHASTA DAM (CALIFOnRNA)

38 3.895 3.910 + 0.39 3.899 +0.10

33 3.835 3.839 +0.10 3.831 -0.10

28 3.700 • 3.76f )- 0 3.700 - 0

23 3.675 " 3.677 + 43.05 3.674 -0131

18 3.575 3.59!1 +. 0.45 3.5(18 -0.20

13 3.465 3.455 - 0.219 3.429 -1,04

8 3.335 3.215 -- 3.00 3.230 -3.15

IIAIMILTON DAM (TEXAs) 11D 52 FT

35 3.710 3.785 I +2.02 3.741 + 0.84 3.730 +0.54
80 3.445 3.710 +1.95 3.662 + 0.47 3.659 +0.38
25 3.580 3.035 +1.54 3.590. 0 3.580. 0

20 3.500 3,539 +1.11 3.494 - 0.17 3.490 -0.29

15 3.400 3,420 +0.59 3.304 . 0.18 .3.309 -0.91

10 3.290 3.258 --0.97 3.222 2.07 3.208 -2,50
5 3.160 2.997 --5.16 3.000 5.06, 3.029 --4.14

FWaNT DAM (CALFonRNIA)

20 3.850 3.717 + 1.84 3.700 +1.53
17 .25 039 + 0.39 .3.632 +0.19
14 3.55o 3.550- 3.550o 0
11 3.400 . 3.458 - 0.08. 3.432 -0.23

8. 3.340 3.348 • + 0.24 3.319 -0.63
5 3175 3.142 - 1.04 3.131 -1.38

2 2.905 2.723 8.15 2.812 -5,10

Coefficient assumed to be known.I
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TABLE 6.-(Continued)

NoMaws DAM (TRNN 7aEE) l1V 35 FT

35 3.915 3.9g9 +1.38 3.934 +0.40 3,923 +0.20

30 3.845 3.897 +1.35 3.852 + 0.1 3.818 -0.08

25 . 3.765 3.812 +1.25 3.7651 a 3.7665 0
25 3.670 S.711 +112 3.675 + 0.14 3.071 +0.03

15 3.550 3.586 +1.012 3.+0 + 0.53 3.543 -0.20

10 3.350 3.416 40.77 3.388 - 0D0A 3373 -0.50

S 3.125 3.143 .0 3.155 + 0.0 3.185 +1.92

MAoVzfNIl)AMi(CANAL ZONE)

3 3.900 3.825 - 1.92 3.814 -2.20
3.900 3.744 - 0.69 3.740 -0.80

S 3.770 60 0 3.660 0

2.5 3.600 3.572 + 0.34 3.568 +022

20 3.660 3.470 + 0.29 3.44-1 -0.46

*15 3.460 3.294 2.11 3.270 -2.55

10 3,365 3.067 6.49 3(.06 -5.01
3 .280

CAPELANO DAM (BBITISiI:COLUMB1A) Hfl 48 FT

- 33 " 3.775 3*79 +0.55 3.78-3 -}+ 0.21 3,775 0

28 3.705 3.720 +0.40 3.705 0 3.705A 0

, 23 3.625 3.634 1 +0.25 3.623 - 0.05 3.620 -0.14
12 3.530 3.529 -0.03 3.538 + 0.23 3.516 -0.40

13 3.415 3.394 -0.62 3.405 -- 0.29 3.376 --1.05

8 3.250 3.201 -1.51 3.168 - 2.52 3.183 -2.06

Hoove•n DAM (A-I;6NA-NsVAOA)_ST1&PE 4-S13, HlD = 50 FT

2.6 3.670 3,570 0 3.681 + 0.30 3.077 +0.19
22 3.605 | 3.507 ] -0 .22 3,605= 0 3.005- 0

18 I 3.540 3.512 -0.72 3.52 -- 0.40 .3.22 -0.51

1 4 3. -1.87 3.43 - 005 3.414 -1.6714 ] 3:472 3,408 - :3 3.280 --3VG

3.405 3,273 -3.88 3.30 21 2 -. 67
3.338 3.077 -7.82 3.04 - 8.21 3.082 -7.67

Hoovit DAM SAP 84-M15

The comparisons in Table 6 show a tendency toward errors of some impor-
tance at low heads when Eq. 1 or its companion curve in Fig. 14 is used, as

well no when Fig. 7 is used. In most eases the errors are negative. These

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

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

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

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

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

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

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

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

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

of data for low heads might lead to valhable refinements.
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Application of Eq. I.-Since the factor Hp in Eq. 1 represents the head at

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

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

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

upstream face have been used to find thishead.1 0 These coordinates are shown

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

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

is the distance below the crest elevation.

Using these dimensionless coordinates, standard spillway shapes were

plotted (Fig. 15) for values of HD from 10 ft to 00 ft. In Fig. 15 negative

26 I385 13.691 + 0.71 3.687 +0.00o
22 5 3.615 I - 3.615. 0 3.615- 0
22 , 3.615 3.53 - 0.14 3.532 -0.23

.14 3.540 , |3.440 - 0.03 3.423 -0.78
34 3.45, 3.315 -1.34 3200 2.08

10 'S.360 3.073 - 3.67 3.01 }. -3.A4

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

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

mated in advance.

w"Hydroelectri Handbook." by Wiliam P. Creager and JNel D. Justin, John May & 1o90, In.,3
New York, N. Y.. 2d Ed., 1950, p. 362.
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horizontal distances indicate the distance upstream from the crest. The spill-
way shape as designed or built is then drawn on transparent paper. This
paper is laid over Fig. 15, and the value of HD which gives the best fit is selected.
In deciding the best fit it may be found that tile profile upstream from the crest
indicates one value and the downstream profile indicates a different value.
The higher of the two indicated values of lHD should be used. For example,

TABLE 7.-CooRDINATES OF A STANDARD

SPILLWAY CREST

Value of Value of Vatue of

DHo referred to crest

O 0.126 -0.3
0.1 0.036 -0.2
0.2 " 0.007 -0.1
0.3 0 0
0.4 0.007 0.1
0.8 0.063 0.3
0.8 0.153 0.5
1.0 0.267 0.7
1.2 0.410 0.9
14 0.590 1.1
1.7 0 .920 1.4
2.0 1.31 1.7

droops sharply downward and indicates a

the shape of, Black Canyon D'nm
spillway upstream from the
crest indicated a value of ap-
proximately 45 ft for H1D. Tile
downstream shape indicatedt a
value of approximately 25 ft.
The larger value was used.

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

lower value than other parts of
the upstream profile. . When the downstream shape is the criterion, good
results have been obtained by assigning a value of HD based on the average
fit in the zone between points on the spillway where tangents range from 200
to 350 from the horizontal. The exact value of HD is not too important.
Since it enters Eq. 1 in the 0.12 power, a difference of 10% in its value affects
the discharge by only 1.15%.

The writer's application of Eq. I has been limited to fairly high dams.
Although the total head used in Eq. 1 should include the approach velocity,
the accuracy of Eq. 1 when used for low dams, where approach velocity is
large, has not been tested.
: So. far as is known, the application of standard nappe shapes (for which

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

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

F. B. CAMPBELL,'1 M. ASCE, AND A. A. MCCooL,, J. M. ASCE.-The
experimental data on discharge coefficients for flow over drum gates are a wet-

Comlie addition to the published infornmation on flow over spillways, or the ob-
servation and recording of tile flow of streams. • A paper by Robert B. Horton has
been a guide for the estimation of flows over spillways since its publication.u
The basic information for the discharge over curved crests which fit the under
side of a nappe from a sharp-crested weir can be deduced from investigations
made by llazin,l.le altholgh tile pibslised record of these experiments has not
been generally availabl to engineers in the United States. The investigations
conducted by tile USBR (proposed by E. W. Lane, M. ASCE) embraced and
extended the scope of Bazin's work which is often used as the basis for overflow
spillway shapes,' Although good estimates for discharge over free-overflow
crests can be accomplished rather simply, the problem becomes complicated
when flow through partly opened crest gates is involved.

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

The drum gate has the very attractive feature of requiring no mechanical
hoisting equipment for operation. Many of the dams constructed by the

* USBR have spillways controlled by drum gates. For example the Arrowrock
* Dam in fdalho (constructed in- 1915) and the Tieton Dam in Washington (con-

structed in 1925) are both equipped with drum gates. B. F. Thomas and
D. A. Watt credit II. Al. Crittenden with the design of what is apparently the
first drum gate."7 The gates were installed in Dam No. 1 on the Osage River
in Missouri in 1911. However, the refinements of the modern drum gate have
been developed principally by the USBR.

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

U "Weir Ex eriments, coefficientsa and Formulas." by Robert B. Horton. Water Sup vt and Irrigation,Paer N•. 000 Coast nd Geodetic Survey, U. S. Dept. of Commercee Washington, D. ,, 907 (revisionof Pai,er No. 160);
." b..Recent Exerinments on the Flow of Water over Weimrs I H. Basin, A nnale... ds P.ns et C.ussfes.October, I.588 rafstation b Arthur Marimhal and John . utwine, Jr., Preceedings. Engineerstub of Philadep ., Vol. I, No. 5, 1890, p. 259.)

1l Ibid., Vol. IX, No. 3, 1l232. p. 231.
1 "oThe Imnprovement of Rivers," by B. F. Thowas and D. A. Watt, John Wiley g rl.. NowSork, N. Y.. 2d Ed., 1913, • .

. u "Flow over Rounded Crest Weirs,".by w. M. Dorluhd, thesis presented to the University of Colo-rado, at Boulder, Colo., in 1938, in partial •ufSlment of the requirement for the degree of Master of Science... CChi. Hydr. Ywgr., Analysis Bruach, Corps of Engra., U. S. Waterways Experiment Station, Vicks-
burg, Miss.

• Hydr. * U. 5. Waterways Experiment Station, Vicksburg, Miss.

4
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ments. Only on rare occasions with large floods is it possible to verify the
coefficients for high prototype heads over the drum gates in the lowered position.
The author's mention of the failure to obtain discharge measurements during
the 1948 flood over the Grand Coulee Dam spillway emphasizes the importance
of this condition. The writers have studied the basic data for high heads over
the drum gate in the lowered position.
* It' becomes evident from a study of Table 2 that the ratio of gate radius
to maximum head has a wide range. The writers use the ratio r/Ho, in which

11D is thedesign head for the spillway. This is the inverse of the ratio used
by Mr. Bradley, used so that circular arcs can be traced on dimensionless
profiles of x/HD and n/HDi.

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

TABLE 8.-COMPARISON oF DISCHARGE COEFFICIENT

WITH THE GATE DOWN

Radius Ml'aximurn Ratio, oefit erence, in
Dam of gate, head on crest, Cf Ci e rcnt, froin

infeet' in feet- 1--'D Dam

Madden 30.0 30.0 1.00 3.77 0.0
(Canal Zone)

Norris : 34.0 27.0 1.26 3.80 0.S
(Tennessee)

Grand Coulee 66.2 31.6 2.09 3.87 2.6
(Washington)

Shasta 66.2 28.0 2.37 3.76 -0.3
(California)

Friant - 47.0 19.0 2.47 3.64 -3.5
(California)

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

From Table 1. 6 From Table 2.

The dams for which the data are listed in Table 8 are in the approximate
chronological order of the time of their design conception.

Because of the increase in the ratio of r/IID (Table 8), it is of interest to
plot,-the profilejfor the lower surface of the nappe from a sharp-crested weir
with an approach slope of 2 on 3 in terms of z/HD and y/HD and to super-
impose on it the arcs of circles with radii of r/lID equal to 1, .2, and 3, as is
done in Fig.. 16. The center of the radius is located on the axis of the crest.
It can be seen that the arc represented by r/1nb equal to 1 is a fair approxi-
mation of the true nappe shape. The arcs of r/Hi, equal to 2 and 3 indicate
a very flat curvature in comparison to the shape of the nappe.
. - One is tempted to assume, for a crest with a ratio r/Hi, = 3, that the coeffi-

cient would be that for one third the design head of a crest with 4/HD = 1.

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

0 0.2 0.4 0.6 0.8 - 1.0
Value of

FVi. ld.-LowRa 5tRFAICE or NAPPE FROM SLOPINM WguI, COMPARED I•WiT O&CULA1 AnRCs

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

JOsEPii N. BRADLEY,19 A.M. ASCE.-Mr. Shulits' statements regarding
the lack of correlation in laboratory studies are well founded, and the writer is
in complete agreement with his views.

Mr. Buehler's analysis for the determination of the designed head,
Hi•, for overflow sections formed by a single radius, or for a shape that conforms
closely to a single radius,.gives satisfactoryresults. The comparison of discharge.
coefficients for free flow over various dams, using Eq. 3 with the method.

* offered in the paper, is gratifying. Mr. Buehler's method certainly has merit 1e-
cause following the determination of HD, coefficients of discharge can be com-
puted directly for all heads.

Messrs. Campbell and McCool undertook to show that a definite relation-
ship exists between the coefficient of discharge at the designed head and the
ratio r/tH for overflow shapes. This relationship is valid if the overflow shape
can be approximated by an arc of a single radius and if the approach conditions
are favorable-that is, if the -approach depth below the crest is at least twice
IiD. This method results in a coefficient of discharge for the designed head only.
When overflow sections are encountered where a single radius does not approx-

* imate the overflow'shape, or when the approach conditions are unusual, an
engineering monographl may prove helpful.

•

II is "Hydraulic Tests on the Spillway of the Madden Dan,." by Richard R. Randolph, Jr.. Transactions,ASCE, Vol. 103. 1938, p. 1091.
at Hydr. Engr., Bureau of Reclamation, U. S. Dept. of the Interior, Denver, Colo.
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Mr. Wyss suggested that pressures and water surfaces for drum gates at
various positions and reservoir levels would be useful to designers in computing
gate loadings. A limited amount of information is available, and this will
:be presented.

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

To determine graphically thle most adverse water load on a particular gate,
it is necessary to investigate the pressures for several gate positions. Assuming
that the first position is 0=410, the gate is drawn in this position on a piece of
transparent paper to the same scale as that used in Fig. 17. The maximum
expected reservoir is indicated for this gate position on the left side of the
transparent sheet.

The transparent sheet is then placed over Fig. 17(a), disregarding the origin
of coordinates, and matching only the downstream tips of the two gates.
The downstream part of all drum gates, regardless of size or radius, will coincide
for any givenvalue of 0. The height of the gate, or length of are, can be exppected
to vary; this will have a negligible effect on pressures or water-surface profiles
in the majority of cases. Should the gate under, investigation differ from the
height shown in Fig. 17(a), a small increase or decrease in the approach-depth
results.
. Beginning with the chosen reservoir level, the pressure curve is traced from
Fig. 17(a) onto the transparent paper. It may be necessary to interpolate
between two of the pressure curves. The result will be similar to that shown
in Fig. 17(f).

A sinmilar procedure is then followed for gate positions of 23', D*, -3*, and
-35', utilizing Figs. 17(b), 17(c), 17(d), and 17(e), respectively. The result is
a composite plot similar to that shown in Fig. 17(f). . It should be noted that
the pressures shown for negative angles. of the gate are not as reliable as those
for positive angles, Fortunately, the greater, water loads occur for positive
angles.

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

0.5

j jjI I 4 (f)DE

0.5 T.o -0.5
Value of

0.5 1.0-0.5

.•O. i7,-PIzsasuf AiND WATE-SOURFACE PROFILES

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

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

0O 0
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Tennessee Valley Authority

Tainter Gate Ratings
Basic Model and Prototype Data

MODEL

Model
Project Scale

Apalachia 1:28.72

Boone 1:50

Ft. Patrick
* Henry 1:15

" Hales Bar 1:34.76

Hiwassee -'1:55

Watts Bar 1:35

Wheeler 1:34.35

No. of
Spill-
'ay

6

1

6

7

6

6

Crest $
Length.

L

6.684

3.480

2.333(5)

6. 908(6)
6.905(7)

4.050

6.866

6.984

Up-
Lpproach stream
Width Depth

W P

.8.00 3.38

(1) (i)

277(5) 2.29

7.94 0.921

8.oo 6.35

8.00 1.5

7.97 1.253

Crest

Elev.

1257.0

1350.0

1228.0

616.o

1503.5

713.0

541.3

PROTOTYPE

Design
Head

23.0

35.0

35.0

18.0

23.5

16.5

Pier
Nose

Radius
R

3.00

L75(2)

.1.25(3)
3.5o(4)
3.25

3.00

3.00

.3.25

2.50

(1) Variable because approach -was reproduced in model.

(2) 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 vater surface.
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D
Dl

H

Ho

Tennessee Valley Authority

Definition of Symbols

= Total discharge in cubic feet per second.

= Depth of flow above crest in feet.+

= Depth, bottom of gate to water surface.*

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

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

h = Velocity head of approach in feet.

C = Coefficient of discharge for any head.

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

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

L = Length of spillway crest in feet.

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

W = Width of model approach in feet.

* x = Horizontal d6istance from Uipstream face of dam in feet.*

y = Vertical distance above spillway crest in feet.

Discharge Equations

For flow under a ghte:

Q CL En3/2- (DI h)/2 (A)

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

Q = C3/2 (B)

+See Figure l(a) on page 4.
*See Figure f(b)on page 4.
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Tennessee Valley Authority

Apalachia Project

Tainter Gates Parialle d

MODEL TEST DATA
G.O. D. Q h
ft. ft. cfs ft.

0.0532 0.117 0.826 0.000

0.154 0.828 0.000
0.251 1.071 0.000
0.358 1.305 0.000
0.449 '1.472 0.0oo
0. 533 1.618 o.ooo
0. 663 1.812 0.000
0.778 1.973 0.000
o.886 2.115 0.000

o.1107 o.19o 1.796 0.0oo

EQUIVAIENT PROTOTYPE
G.Q. R Q
ft. ft. cfs

C

1.53 3.36 3,650 3.09+
5.19*

4.42 '3,660 4.38-
7.21 4,734 4.25

10.28 5,769 4.26
12.90 6,507 4'.'26
15.31 . 7,152 4.28
19.04 8,0oo 4.27
22.34 8,721 4.28
25.45 9,349 4.29

0.246
0.287
0.367
o.450

-.0549
0.627
0.732
0.831
0.917

o.1676: o.257

0.303
0. 393

•0 0J 4.69
0.545
o. 631
0.739
0.373
0.322
0.811
o.894

1.838 0.000
1.994 0.0oo
2.302 0.000
2.595 0.000
2.916 O.000
3.137 0.000
3.45r o.ooo
3.681 0.0oo
3.888 0.000

2.888 m.ooo

3.18 5.46

7.07
8.24

10.54
12.92
15.77
18.01
21.02
23.87
26.34

7,939

8,125
8,814

10,180
11,470
.2,890

13,870
15,250
16,270
17,190

3.25+

3.80
3.73
3.71
3.72
3.73
3.73
3.77
3.76
3.76

2.890
3.330
3.709
4.o66
4.444
4.866
3.221
2.977
5.124
5.418

0.000
0000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

4.81 7.38 12,770 3.32+
4.17*

8.70 12,J70 3.69-
11-.29 14,720 3.57
13.47 16,4oo 3.57
15.65 17,970 3.56
18.12., 19,640 3.57
2.1.22 21,510 3.57
10.71 14,240 3.57

9.25 13,160 3.64
23.29 22,650 3.57
25.68 23,950 3.58

*Gate lip touching nappe
+Gate lip touching nappe

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

Apalachia Project

Tainter Gates Partially Opened

MODEL TEST DATA
G.o. D ._,_Q h
ft- ft. cfs ft.

*0.2247 o,-364
0.318

0.411
o.461
0.531
0.627
0.718
0.825
0.911

4-.184
4.098

4.399
4.752
5.181
5.742
6.224'
6.779
7.179

0.000
0.000

0.000
0.000
0.000
0.001
0.001
0--001
0.001

0.001

0.001
0.-001
0.001
0.001
0.001
0.002

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

6.45 10.45 18,490
9.13 18,11O

11.8o 19,450
13.24 21,010
15.25 22,900
18.04 25,380
20.65 27,510
23,72 99,930
26.19 .31,73o

9.74 13.50 33,8000.3393 0.469 7.647

0.526
0.574
0.631
0.717
O. 21
0. 919

7.490
7.832
8.344
9.089
9.882

1o0.58

15.14
16.51
18.15
20.62
23.61
26.42

33,110
34,62o
36,880
40,180
43,680
46,770

C

3.73
3 42+
4. o8*
3-59
3.58
3.56
3.54
3.55
3.56
3.56

3.55+4.16-
3.72.
3.65
3.63
3.63
3.61
3.62

3.66+.
4.19*
4.22..
3-73
3.81
3.72
3.70
3.68

3.77+
4.31*
3.87.
3.94
3.95

.
-a

0.4541 0.604 11.54

0.617
0.720
0.668
0.765
0.838
0.915

11.84
11.84
11.42
12.34
13.10
13.84

0.002 .13.04 17.40 51,010

0.002 17.78 52,340
0.002 20.74 52,34o
0.002 19.24 5o,48o
O0--02 22.03 54,550
0.002 24.12 57,910
0.003 26.36 61,18o

0.5677 0.751 16.55

o0.895
o.849
0.815

17.14
16.72
16.24

0.004

0.004
0.004
0.004

16.30 21.68

25.82
24.50
23.52

73,160

75,770
73,910
71,790

*Gate lip touching nappe C from Equation A.
+Gate lip touching nappe C from Equation B.
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Tennessee Valley Authority

Apalachia Project

Tainter Cates Raised Above Water Surface

MODEL TEST DATA
D .. .Q . . h

ft. c*fs ft.

EQUAIfALENT PROTOTYPE
H Q

ft. cfs

0.117
0.190o
0.257
0.318
0.397
0.466
0.536..
0.592.o.659
0.728

o.8oo
0.866
0.894
o.469
o.6o-.
0.751

0.826
1.796
2.888
4.098
5.813
7.542
9.512

11.17
13.39
15.80
18.66
21.57
22.44
7.647

11.54
16.55

0.000
0.000
0.000
0.000
0,001
0.001
0.001
0.002
0.003
0.004
0.005
o. 6o6
0.007
0.00.1
0.002
o.o04

3.36
5.46
7.38
9.13

11.42
13.4i
15.43
17.06
19.00
21.01
23.12
25.05
25.87
13.50
17.40
21.68

3,651
7,939

12,770
.18, lno
25,700
33,340
42,050
*49,380
59,190
69,840
82,480
95,350
99,190
33,800
51,010
73,160

C

3.09
3.25
3.32
3.42
3.46
3.54
3.62
3-. 65
3.72
3.77
3.86
3.96
3.93
3.55
3.66
3.77

C,

.1
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Tennessee Valley Authority

Boone Project

Tainter Gates PartiaLLUy 0ened

MODEL TEST DATA EQUWALENT PROTOTYPE

ft.
G.o40

D
ft.

0.085

o.149
0,234
0.274
0.351
0.428
0.5o4
0.581
0.626
0.700
0.110

Q, hcfs ft.

0.28i0

043552
0.4567
0.4937
0.5661
o.6285
0.6857
0.7385
0.7663
0.8087
0.3020

G.O.. H .Q

ft. ft. cfs

-2.00 4.25

7.45.
11.70
13.70
17.55
21.40
25.20
29.05
31-.30
35.00
5.50

4,968

6,279
8,073
8,727

10,010
13,110
12,120
13,050
13,550
14,300

5,339

C

3.26+
5.28*
4.74.
4,72
4.70
4.70
4.72
4.73
4.72
4.71
4.69
4.82

3.70+.
4.04*
3.92.
3.80
3.91

3.6]+
3.93*
3677-
3.69
3-66
3.67

0.500 o.617 6.250

.o.68o 6.598
0.721 6.715
0.633 6.456

.a)
,4

bD

25.00 30.85 110,500

34-00 u6, 6oo
36.03 118,700
33.15 114,100

20.00 24.65 76,990o. 400 0.493

o.558
o. 615
0.685.
0.708

4.355

4.638
4.9o6
5.279
5.425

27.90
30.75
34.25
35.40

0.300 0.379 2.964 15.00 18.95

81,990
86,730
93,320
95, 900

52,400

56,i30
61,o4o
65,870
71,490
76,790

o.459
0.517
0.575
0.648
0.724

3.175
3.453
3.726
4.o44
4.344

22.95
25.85
28-75
32.40
36.20

3.65+
4,04*
3.68-
3.67
3.67
3.67
3.67

*Gate lip touching nappe
+Gate lip touching nappe

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

Boone Project

Tainter Gates Partially Opened

G.0.

fOt.

0.200

MODEL TEST DATA
D Q

ft. cfs
h

ft.

EQUIVALENT PROTOTYPE
G.O.. H I Q
ft. ft. cfs

C

0.270

0.334
0.409
o. 469
0.539
0.592
0.670
0.723

1.672

1-856
2.133
2,413
2.626
2.790
2.896
3.035

.10.00 13.50 29,56o 3.42+
3.94*

16.7o 32,810 3.71-
20.45 37,710 3.69
23.45 42,660 3.82
26.95 46,420 3.80
29.60 49,320 3.82
33-50 51,200 3.68
36.15 53,650 3.69

0.100 0.152 0.7015

0.218 0,8119
o.264 0.9232
0.334 1.o61
0.391 1.17.4
0.474 1.311
0.599 1.496
0.537 1.403
o.630 1.537
o.719 i. 654
0.177 0.7320
0.234 0.8555
0.299 0.9897.

rv-4

,--

5.00 7.60 12,400

10.90
13.20
16.70
19.55
23.70
29.95
26.85
31.50
35.95
8.85

11.70
14.95

14,350
16,320
18,760
20,750
23,180
26, 450
24, 800
27,170
29,240
12,940
15,120
17,500

3.4o+
4.25*
3.81-
3.83
3.82
3.86
3.86
3.87
3.85
3.87
3.87
3.96
3.84
3.81

0

*Gate lip touching
+Gate lip touching

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

Boone Project

Tainter Gates Raised Above Water Surface

MODEL TEST DATA
D Q . h

ft. cfs ft.

0.323 2.312
0.367 2.928
o.432 3.575
o.492 4.399
0.545 5.166
o.609 6.155
o.664 7.044
0.706 7.809
0.252 1.522
0.190 0.9783
0.135 0.5736
0.088 0.2952
0.048 0.1170

EQUIVAIENT
H

ft.

16.15
18.35
21.60
24.6o
27.25
30. 45
33.20
35.30
12.60
9.50
6.75
4.40
2.40

PROTOTYPE
Q

4o,870
51;76o
63,200
77,770
91,320

108,800
124.500
138,000
26,910
17,290
1o,14o

5,220
2,068

C

3.62
3.79
3.62
3.66
3.69
3.72.
3.74
3.78
3.46
3.39
3.33
3.25
3.21
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Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

G.0.
ft.

MODEL TEST DATA
D , . Q.

ft. cfs

0.200 2.214
2.530
1.714'
1.412
1.110
o 683
0.556
0.500
o.424
0.350
0.362
0.36o

0.333 1. 464
1. 133
0.917
0.742
1.692
1.913

o.667 1.226
2.108

.1.556
1.915
0.995
2.186

4.040
4.332
3.5.)
3.156
2.755
2.o76
1.831
1.711
1.552
1.515
1.510
1.578

4.895
.4.218
3.692
3.217
5.331
5.716

7.822
11.21'
9.169

1.0.59
6.828

11.46

15.23
17.28
18.33
19.68

2..05
22.08
23.67
20.72
20.83
20.11
20.03
19.94
19-92

h
ft.

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.003
o0.003
0.003
0.002
o.oo4
0.004

0.010
0.0013
0.012
0.013
0.009
0.013

0.030.
0.034
0.035
0.036

0.049
0.051
0.052
0.049
0.049
0.048
0.048
0.048
0.049

EQUIVALEINT MOTTYO E
G.0. H I Q
ft. ft. cfs

3.00 33.21
37.95
25.71
21.1816.65
10.24
8.34
7.50
6.36
5.25.
5.43
5.40

5.00 22.00
17.o4
13.80
i. a6
25.44
28.76

o0.00 .18.54
31.82
23.52
28.92
15.06
32.99

17.00 24.83
29.72
32.3935.96

21.00 30.22
32.34
36.16
29.61
29.61
28.14
27.82
27.51
27.22

3,520
3,775
3,060
2,750
2,401
1,809
1, 596
1,491
1,352
1,320
1,,316
1,375

4,266
3,676
3,217
2,803
4,646
4,981

6,816
9,768
7,990
9,230
5,950
9,986

13,270
15,o060
15,970
17,150

18,340
19,240
20,630
18, o6o
18,150

T7, 520
17,46o
17,380
17,360

C

3.97
3.97
3.95
3.94
3.92
3.89
3.88
3.88
3.91
4.36
4.24
4.45

3.69
3.68
3.66
3.65
3.70
3.71

3.55
3.6o
3.55
3.60
3.61
3.6o

3-73
3.69
3.68
3.68

3.79
3.77
3.72
3.80
3.82
3.84
3.87
3.89
3.92

a

1.133 1.625
1.947
2.1242.361

1.400 1.966
2.105
2.359
1.925
1.925
1.828
1.807
1.786
1.766
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Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

MODEL TEST DATA
G.0. D . Q. h
ft. ft. cffs ft.

EQUTVA1ENT PROTOTYPE
G.0. H Q
ft. ft. cfs

1. 667 2.326
2.296
2.253
2.233
2.179
2.144
1.995

o.867 2.396
2.o36
1.756
1.4o8
1.281
1.070
1.149
1.136

27.84
27.65
27.4o
27.26
26.96
26.74
27.89

15.55
13-99
12.66
10.85
10.15
9.504
9.582
9.54.8

6.240
7.389
8. 391.
9.885

7.402
6.-497
5.544
4.036

0.073
o.073
0.073
0.073
0.073
0.073
o.o86

0.022
0.021
0.020
o .o18
0.016
o. o16
o. oo6
o.ol6

0.007o.oo80.008
O.0O8
0.009

o.oo6
o.oo6
0.005
0. 004

25.00 35.98
35.49
34.89
34.59
33.78
33.26
31.22

13.00 36.27
30.86
26.64
21.39
1-9.46
16.29
17.48
17.28

24,260
24, 100
23,880
23,760
23,493
23,300
24,304

13,550
12,190
11,030
9,455
8,845
8,282
8,350
8,320

C

3.86
3.88
3.89
3.91
3.94
3.96
4.37

3.65
3.63
3.62
3.62
3.64
3.96
3.75
3.77

o0.533 1. 141
1.466.
* 1.797
2.378

0.433 1. 991
1.595
'1.238
0.765

8.00 17.22 5,438
22.11 6,439
27.08 7, 312
35.80 8,614

6.50 29.96 6,450
24.02 5,662
18.64. 4,831
11.54 3,517

3.58
3.61
3.63
3.64

3.66
3..65
3.62
3.61.
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Tennessee Valley Authority

Fort Patrick Henry Project

Taix

MODEL TEST

rter Gates RaiseE ' Above Water Surface

EQUIVALP PI, P
D

ft.

1.274
1. 44o
1.691
1.89o
1.972
o.9916
O.8044
0.5831
0. 36.0

Q .
•Cfs

13.09
16.17
21-.55
26.26
28.34-
8.5516.045

3.578
1.673

ft.N ft. c's

0.027 \19. 1, 410
0. 038 17.7 14, 090
0 .059 ,26.25 18,780
0.080 .55 22,880
0.090 3 3 24,700
0.o014 . 15.0 7,451
0.008 12.18 5,268
0.003 8.79 U3,18
0.001 5.43 58

C

3.78
3.86
3.99
4.07
4.1o
3.63
3-54
3.42
3.29

& I'- (~:-~~~P44i2 ~
woo

Ok
/

/ -

0

. _-v



Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

Gate Trunnion at Various Locations

i"

1-L "

3,2

MODEL TEST DATA
Trunnion Locations.

b L x _

ft. ft. ft. ft.
D h

ft. ft. cfs

0.200 2.325 2.486 1.430 3.069
3.o482.124

0.577
0.283

0.203 2.325 2.808 0.550 0.66l,
1.361
2.24o
2.771

0.200 2.325 2.808 0.550 0.217
0.402
0.934
1.882
2.720

0.200 2.325 , 82. 2 -. 077 1.389
2. 14i..

1.945
0.539

0.70o1 2.320 2.410 1.924 2.959
2.374-
-1.856
.0.970
1.393

0.700 2.320 2.732 1..044 0.952
1.525
2.P189
3.047

o.0700 2.32o 2.746 0.417 0.795
0.893
1.488
2.150
2.727

1.199 2.320 2.-333 2.4418 1.305
* 1.434
1L.641:
2.117
2.765

Width of model approach channel (W) 2.74 ft.

Model layout is shown on paze 44.'

0.001
0.001
0.001
0.601
0.0o01
0.000
0.001
0.001
0.001.
0.001
0.000
0.001
0.001
0.001
0.001
0.001
0.00)
0.001
0.001
0.017
0.017
0.015
0.009
0.03.3
0.008
0.0o22
0.015
0.015
0.007
0.008
0.012
0.014
o.o14
0.027

.0.029

0.035.
0.043

m.o48

4.388
4.374
3.605
2.734
1.700
0.999
1.714
2.757
3.6O0
4.o16
0.745
1.309
2.210
3.2"-
.•3.912
2.652
3.590
3.180
1.•56

15.14
13.27
11.32
6.688
•9.186
6.469
9.396
11.95
14.52
5.691
6.14o
9.080

11.50
13.25
12.94
13.97
16.00
20.00.
24,40

0



15
Tennessee Valley Authorit•

Fort Patrick Henry Project

Tainter Gates Partially Opened

Gate Trunnion at Various Locations

MODEL TEST DATA
Trunnion Locations.

b
ft.

1.199

$.199

1. 698

1.701

L
ft.

2.32Q

2.320

2-320

2.320

0.199 2.328

x __ __ D
ft. ft. ft.

2.655 12538 2.746
2.337
1-787
i .444

2.669 o.911 1.500,
1.803
2.389
2.851'

2.579 2.032 1.926
2.173
2.465

2.593 1.405 1.798
1.978
2.278
2.456

2.397 1.897 0.546
1.129
1.94-4
2.949

2.917 1.118 2.835
2.103
1.276
0.620

3.100 0.200 0.651i. 461J
2.470
3.099

3.018 -0.421 .0.570
1.439
1.950
2.549

3.018 -0.42. 0.298
o.424
1.022

h.
ft.

0.045
o.042
0.036
0.028
0.030
0.036
0.042
o.o43
0.065
0.073
0.080
0.063
0.067
o.o76
0.080
0.001
0.001
0,002
0.002
0.001
0.001
0,001
0.00.
0.001
0.001
0. oo0
0.001
0.001
0.001
0.001
0.001
0.000
0.001
0.001

Q
cfs

23.29
20.77
16.9o
13.89
14.34
16.92
20.84
23.43
23.58
26.47
29.47
22.55
24.25
27.62
29.49
1.699,
2.698
3.668
4.594
4.1o2
3.501
2.661
1.731
1.703
2.693
3.565
4.013
1.583
2.645
3..112
3.534,
1.219
1.346
2.217

0.199 2.328
0

0.197 2.329

0.198 2.329

0.200 2.328

Width of model approach channel (W) = 2.74 ft.
Model layout is shown on page 44.



Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partialy Opened

Gate Trunnion at Various Locations

MODEL TEST DATA
Trunnion Locations

b
ft.

0.699

o.699

0.699

0.703

,• 4

L x ) D
ft.. ft. ft. ft.

2.328 2.397 2.397 i.000
1.338
1.623
2.074
2.547
2.862,

2.328 2.917 1.618 1.007
.. 585
2.199
2.848

2.328 3-100 0.700 0.923
1.036
1.619
2.163
2.894

2.328 3.018 0.079 1.028
1.663
2.234
2.911

2.328 2.917 2.118 1.628
1.944
2.349
2.804

2.328- 3.1.00 1.200 1.641
- 1.972

2.323
- 2.797

2.328 3.018 0.579 1.483
1.629
2.001
2.292
2.571

2.328 2.917 2.618 2.016
2.158
2.217

h
ft.

0.010
0.013
0.016
0.018
0o019
0.019
0.010
o. o14
o.o16
0.017
o0.010
O.l 010
0.0013
o. oo1
0.015
0.010
0.012
0.013
o.O114
0.035
0.04o
0.044

m.046
0.034
0.036
0.04o
0.042
0.036
0.034
0.037
0.039
0.04o
0.083
0.078
0.079

Q
of s

7.197
9.270

10.78
12.86
1.4.64
15.7.1
7.094
9.894

12.31
1.4.48

7.094
7.133
9.6o9

11.6o
13.76
7.107
9.609

ul.46
13.52
16.08

.41
21.30
24.13
15.90
18.05
20.31
22.93
15.88
15.87
18.08
1_9.86
21.43
27.31
27.28
27.83

0

1.-.99

1.198

1.200

.-T.

1. 699

Width of model approach channel (W) = 2.74 ft.
Model layout is shown on page 44..
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Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

Gate Trunnion at Various Locations

MODEL TEST DATA
Trunnion Locations

bx
ft. ft. ft.- ft. ft.ft

0.20

0.200

o. 198

0.3194'

4

9 0.697

2.333 3-.115 1.451 0,•.-5
1. 081
L. 882
3.083

2.333 3,456 o.578 o.471
1.164
1.905
2.679

2.333 3.437 -0.357 0.497o. 9a3
1.692
2.584

2.333 3.224 -0.946 0-379
0.620
1.002
1.550
2.047

2-333 3.222 -.1.940 1-372
1.947
2.-72.
3,039

2-333 3.563 1i.o67 1.382
1.976
2.462
2.983

2.333 3 . 5 4-4  o01-32 '1-086
1.467
1.940
2.459
2.972

2.333 3.331 -0.457 1.345'.
1.739
2.232
2.497

.0.0010.001
0.002
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.001
Q. 001
0.001
0.001
O. 0O.00

0.001.
0.001

0.015
0.018
0.019
0.019
0.014
o.o16.
o, 016
0.017
.o.o06
0.013
0.014
0.015
0.015
0.013
0.014
o. 0a4
0.o1.4.

Q
cfs

1.557
2.723
3.677
4.760
1.594
2.630
3.417
4.084
1. 587
2.201
3.010
3.737
1.745
1.733
2.201
2.727
3.150
9.915

12.53
14.44
16.29
9.453

n1.74
.-3-39

14.93
9. 42o
9.439.

11.09
12.60
14.07
8.977

10.31
11.86
12-.57

0.700

0.697

k
0.701

Width of model approach. channel (W)
Model layout is shown'on page 44. _

:-2.74 ft.



Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

".Gate Trunnion at Various Locations

'- MODEL TST DATA
Trunnion Locations

b L x x h Qh
ft. ft. t.. ft. ft. ft. cfs

1.200 2.333 3.329 2.428 1.886 o.o48 20.08
2.113 0.050 21.53
2.332 0.052 23.08
?.666 0.054 25.26

1.198 2.333 3.670 1.555 i.863 0o.045 19.30
2.134 o.o46 20.66
2.402 o.047 22.31
2.784 o.048 24.4o

1 -.199 2.333 3.651 o.620 1.881 o.043 18.94
2.192 O.043 20.46
2.514 o.044 22.19
2.816 O.045 23.85

1.201 2.333 3,438 0.0031 1.698 0.053 20.27
2.010 o.o43 19.44
2.234 0m43 20.61
2,548 0.043 22.13
2.837 o.043 23.4o

1.990 2.335' 3.670 1.004 o.441 0.001 1.877
o.442 0.0ol 2.247
o.949 0o.01 2.695

1.-779 0.002 3.678
2,959 0.002 4.741

0".199 2.335 3.872. .,0.090 0.512 0.001 1.880
1.156 0.001 2.735
2.046 0.001 .3.614
2.860 0.001 4.279

0.198 2.335 3.709 -0.832 o.14.3 0.001 1. 705
0.834 0.001 2.233
1.289 0.001 2.726
2.138 0.001 3.473

0.701 2.334 3.851 1.470 1.409 0.018 10.65

1.1510 0.0018 r.05
1.795 0.019 12.16
.2.417 0.09 14.4
2.962 . 0.019 16.1o

Width of model approach channel (W) 2.74 ft.
Model layout is shown on page 44.
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Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

Gate Trunnion at Various Locations

b L
ft. ft.

,.0.70O 2.334

MODEL TEST fA9
Trunnion Locations .

ft. ft.

'A

4.053

0.697 2.3341- 3.890 -

1.199 2.334 4.033

1.198 2.334 4.235

0.556

-0.366.

1.936

1.022

0.100

0.677

0.250

D h
ft. ft.

1.495 0.015
2.064 o.o16
2.457 o 0.017
2.838 0.017
1. 208 0.021
1.530 o. 14
1.911 0.015
2.208 0.015
2.602 0.015
1.825 o.065
2.071 0.054
2.210 0.055
2.404 0.055
2.585 0.056
2.731 0.056
1.924 0.051
2.020 0.051
2.225 0.050
2.467 0.050
2.704 0.050
2.141 0.046
2.260 o.ol8
2.577 m0.46
2.797 o.o46
0.518 0.001
1.082 .0.002
1.928 0.002
2.748 o.0o2
0.492 0.002
0.512 0.001
1.293 0.002
2.007 d 0- 002
2.678 o.002

Q
cfs

10.34
12.28
13.45
14.59
11.16
10.10
11.31
12.o6
13.12
22.95
22.37
23.16
24.20
25.33
26.10
21.00
21.22
22.02
23.22
24.42
21.14
?1,83
23.06
23.94
2.247
3.019
3.914

-4.626
2.673
2'.118
3.054
3.692
4.247

1.199 2.334 4.072

0.199 2.338 4.1

0.200 2.338 4.233 m

Width of model approach channel (W)
Model layoxt.is shown on page 44.

= 2.74 ft.
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Tennessee Valley Authority

Hales Bar Project

Tainter Gates Pax-±aZly Opened,

MOIEL TEST DATAL
G.O. D. Q h
ft. ft. cfs ft.

EQUIVAIENT PROTOTYPE
G.0. H -Q
ft. ft. cfs

0.4529 0.595
o.666
0.869
0.527
o.561
0.526
o.612
0.548
0.588
0.565
0.669
o.628
0.71n2
0.751

0.3991 0.588
0.558
0.-517
o.486
0.475

11-.53.
12.52
15.01
10.81
11.17
10.84

1..74
11. 02
)--. 55
11.18
12.59
11.97
13.10
13.59

10.18
9.824
9.346
8.994
8.946

9.169
8.706
8.191
7.560
7.269
7.135
7.235

6.723
7.928
5.938
6.8o9
6.o49
7.776

0.014
Q .015
0.018
o.o14

0.014
0.014o. o14
o.o14
0.01_4o. oi4

o.o16
0.015
o.o16
o. o16
0.016,

0.011
0.010
0.010
0.010

0.009

o.oo0

0.008
0.007
o.oo7
0.o07
0.007

0.006
0.007
0.005
0.006
0.005
0.007

15.74 21.17
23.67
30 .83
18.81
19.99
18.77
21.76
19.54
20.93
20.13
23.81
22.35
25.31
26.66

V

o.3438 o.6o4
0.56:2

* 0.518
0.457
0.430
o.414
0.422

o.2894 0.483
0.605
o.403
0.493
0.419
0.592

13.87 20.82
19.78
18.32
17.24
16.86

11.95 21.31
19.81
18.28
16.13
*15.19
14.63
14.91

10.o6 17.oo
921.27
14.18
17.35
14.74
20.82

82,140
89,190

106,900
77,010
79,570
77,220
83,630
78,500
82,280
79,640
89,700.
85,270
93,320
96,810

72,520
69,980
66,580
64,070
63,730
65,320

62,020
58,350
53,850
51,780
50,830
51,540

47,890
56,480
42,300
48,500
.43,090.
55,390

C

4.04
4.oo
3.96
4.21
4.11
4.23
4.02
4.14
4.08
4.09
4.01
4.01
3.98.
3.97

3.94
3.96
4.02
4.o8
4.14

3.90
3.90
3.90.
3.99
4.04
4.1o
4.o9

3.85
3.88
3.91
3.84.
3.86
3.86
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Tennessee Valley Authority

Hales Bar Project

Tainter Gates'Partially .pened

MODEL TEST DATA EQUIVALENT PROTOTYPE

ft.

0.1818

D Q, h
ft. cfs ft.

e.o.

ft.

6.3190.354
0.547
0.462
o.413
0.488
0.58w
0.559

3.650
4.915
4.393
4.096
4.574
5.095
4.972

o . 002
0.003
0.002
0.002
0.003
0.003
0.003

H
ft.

12.37
19.12
16.13
14.43
17.07
20.27
19.54

0.2342 o.41o 5.019
0.368 4.636
o.450 5.354
0.590 6.461

0.1251 0.601 3.719
0.512 3.382
0.422 3.034
.0.348 2.693
0.466 3.215

0.0720 0.475 2.039
0.555 2.216
o.596 2.330

-0.518 2.153
0.365 .. 1.762

0.003
0.003
0.004

0.002
* 0.001
0.001
0.001
0.000

0.001
*0.001
0.001
0,0600

8.141 14.36
12.90
15.78
20.65.

4.348 2o.96
17.83
14.70
12.13
16.23

2.503 16.51
19.33
20.75
18.o4
12.69.

Q
cfs

26,000
35,,010
31,290
29,180
32,580
36,290
35,420

35,750
33,020
38,140
46,030

26,49o
24,09021,610
19,180
22,900

14, 530
15,790
16,600
15,340
12,550

C

3.78
3.86
3.83
3.83
3.85
3.86
3.85

3.83
3.83
3.82
3.86

3.91
3.89
3,90
3.89
3.90

4.12
4.12.
4.17
4.16
4.12

a .



Tennessee Valley Authority

Hales Bar Project

7

K

.,T1

-f

I

I

Tainter Gates Raised Above the Water Surface

MODEL TEST DATA
D Q. h

ft. cfs ft,

0.896 27.8o 0.058
0.851 25.43 0.051
0.817 23.66 o.m46
0.775 21.62 0.04o
0.731 19.44 0.034
o.684 17.26 0.028
0.579 12.93 0.018
0.537 11.24 0.015

EQUIVAIM PROTO TYPE
H Q.

ft. afs

33.1.6 198,000
31.35 181,100
30.00 168,500
28.33 154,000
26.59 138,500
24.75 122,900
20.75 92,100
19.19 80,060

C

4.32
4.30
4.27
4.26
4.21
4.06

3.97

4.1o
3.92
3.82
3.72
3.64
3.51-
4.1."
4.01,

o. 617
o.483
0.430
0.372
0.306
0.242
0.654
0.568

14.47
9.387
7.647
5.957
4.321
2.919

15.88
12.39

0.022
0.01o.
0.008
0.005
0.003
o. 0Q2
0.025
0.0.17

22.2117.17

15.22
13.10
10.74
8.48

23.60
20.33

103,100
66,870
54,470
4e.,0o0

.30,780
20,790

113.,100
88,260

0
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I..

J,

F5

Tennessee Valley Authority

Hiwassee Project
Tainter Gates Partially Opened

.o0.
ft.

MODEL TEST DATA
D . ._Q

Tt. cfs

0.0213 0.280
o.185
0.070
0.3310
-o.449
0.385
0.048
0.051
0.052
0.051
0.056
0.063
0.077
0.084
0.124

0.322

o.o212 o.142
0.100
o.196
o.277
0.385
0.473
0.203

o0.0767 o. 12o
0.188

* 0.261,
• 0.318
0.3740o.44o

o.o762 o.172
0.203

0.3292
0.2692
0.1636
0.3456
o. 416l
0.3849
o.1296
0.1372
o. 1415
o.14o4
0.1520
0.1568
0-.1725
o.1812
0.2188.
0.3010
0.3555

0.3687
0.3133
o.4123
0 .*'5273
0.6276
o. 6983
0.4465

0.5475
o.6886
0.8201
0.9.188
1.003
1..094

o.6546
0.07079

h
ft.

-1.17 15.40
10.18
3.85

17,0 -1-.tT--7-r
24.70
21.18
2.64
2.80
2.86
2.80
3.08
3.46
4.24
4.62
6.82

12..60
17.71

2.32 7.81
5.50

10.78
15.24

-21.18
26.02o
11. 16

4.22 6.6o
10. 34
14.36
17.49
20.57
24.20

4.19 9.46
11.16

7,385
6,039
3,670
7,753
9,335
8,635
2,907
3,078
3.174
3,150
3,410
3,518
3,870
4,o65
4,909
6,753
7,975

8,271
7,029
9,250

11,830
14,080
15;670
30,020

12,280
15,450
18, 400
20,610
22,500
24,540

14,69o
15, 880

EQUIVALEIT PROTOTYPE
G.O. H R .Q
ft. ft.- c's

C

4.96

52
4.96
4.92
4.92
5.25
5.38
5.46
5.-51
5. 61
5.37
5.20
5.27
.5.15
5.06
5.01

4.16
4-.39
3.86
4.o8
4.08
4.08
42,0

4.13
3.82
3.72
3.72
3.71
3.69

3.88
3.78



Tennessee Valley Authority

Hivassee Project

Tainter Gates Partially Opened

4*

V•

MODEL TEST DATA
G.0. D Q h
ft. N-7 " cfs ft.

EQUIVAIERT PROOTYPE

0.1302 0.229
0.277
0.389
o.447
o.483
o . .425
0.346

0.2293 0.300
o.347
0.477
0.237
0.248

1.222
1.. 344
1. 61a
1.751
1.833
1.703
1.512

1.382
1. 505
1.817
1.229.
1.255

G.0. H Q
ft. f't. cfs

7.16 12.60 27,410
15.24 30,150
21.40 36,160
24-.59 39,280
26.57 41,120
23.38 38,210
19.03 33,920

0.187

0.186

0.402-. 2.282
0.350 2.130
0.320 2.057
0.452 2.438
0.491 2.563

0.317 2..o41
0.320 2.037'

a)

•H

7.11 16.50
19.08
26.24
13.04
13.64

10.28 22.11
19.25
17.6o
24.86
27.00-

10.23 .17-44
17.6o

13..09. 24.48
. 27.00

20.96
21-.34

16-.7 "27.56
23.21

.23.21
-25.30
25.58

31,000
33,7 "6o
40,760
27,570
28, i50

51,190
47,780
46,150
54,690
57,500

45,790
45,700,

68,450
72,080
65,24o
65,26o

90,48o
89,580
89,490
89,490
89,490

'C

3.85
3.71
3.59
3.59
3.59
3.60
3.62

3.6.5
3.62
3.62
3.80
3.76

3.63
3.72
3.83
3.59
.3.59

3.84
3.81

3.72
3.66
3.96
4.04

3.82
4.32
4.31
4.03.
4.00

.0

0.238 o.445
o.491
0.381
0.388

0.294 O.501
o.422
o. 422-
o.46o
o.465

3.051.
3.213
2.908
2.909

4.033
3.993
3.989
3.989
3.989
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Tennessee Valley Authority

Hitassee Project

Tainter Gates Raised Above Water Surface

MODEL TEST DATA -
DQ_. - h

ft. ofs ft.

0.199 1.224
0.238 1.616
0.303 2.348
o-.353 3.002
o. 463 4.673
0.083 0.3053
o.o81 0.2932
0.150 0.7790
0.1]13 0.4982
o.147 0.7553
0.157 o.834o
0.217 1. 04o
0.252 1.769
0.283 2.116
0.293 2.244 '4
0.3199 2.548
0.371 3.254
0.289 2.200
0.498 5.274.
0.314 2.498
o.426 4.059
o.054 0.-572

o 0.120. 0.5475
0.347 2.893
0.347 2.911
0.422 3.993
0.280 2.082
o.048 o.3296
0.081 0.2886,,

EQUIVALENT PROTOTYPE
R Q

ft. ets

10.94 27,460
13.09 36,250
16.66 52,680
19.942 67,350
25.46 io4,800
4.56 6,849
4.46 6,578'
8.25 IT, 480
6.22 n1,180
8.08 16,940
8.64 18,710
1..94 31, 500
13.86 39,69o
15.56 47,4 70
].6.22 50,340
17.54 57,160
20.40 73,o000
15.90 49,350'
27.39 118,300
17.27 56,o40
23.43 .91,060
2.97 3,527
6.-60- 12,280

19.08. 64,900
1.9.08-. 65,310
23.21 89,580
15.40 .46,710
2.64 2,907
4.46 6P474

C

3.4o
3.44
3.48
3.54
3.66
3.15
3.13
3.31
3.2k
3-31.
3.31
3.43
3.45
3.47

3.49
3.49
3.56
3.50
3.71
3.50

. 3.6o-
3.11
3.25

3.49
-3.52
3. 6

* 3.47
3.05
3.o8.

i
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Tennessee Valley Authority

..'

5.

I

/
Watts. Bar Project

Tainter Gates Partially Opened

MODEL TEST DATA
G.O. - DQ.
ft. ft. efs

0.052 o.-68
0.301
o0.463
0o.65o
0.831

.1.o68
" 0.& IoCo,

-w

0.8 1.023
0.608
0.856

, o.451--
o.1650.299.

7.1Ž7

0.011. 0.3460.576

0.842
1.074
1.o56

o.803
1.119
1.411
1.695
1.932
2,198

3.024
2.278
2.746
1.932
1.072
1.523
i. O2--F

2.196
2,962
3.703
4.161
4.14o

h
ft.

0.000
0.000
0.000
0.000
0.000
0.000

0. 0001

0.000
0.000,
0.000
0.000
0.000
o.oo

0.000
0.000,
0.001
O.000
0.001
0.000

EQUIVALENT PROTOTYPE
G.O, H Q.ft. ft. "cfs

1.82 5.88 5,819
10.54 8,1o
16.20 10,230
22.75. 12,280
29.08 14,ooo
37.38 15,930
3.d 5,iJl

2.73 35.80
21.28
29.96
15.78

5.78

3.88 12.11
20.16
29.50
37.62
37.00.36.•

21,920
16,510
19,900
14,000
7,769

11,040

15,910..
21,4.7o
26,840
30,16o
30,0001

C

3.99
3.99
3.99
4.0.
4.03
4.02

-3.-3+

3.79-
3.76
3.78
3.75
3.78
3.72.
3,30

3.57-..
3.59-
3.65-
3.61-
3.62'
3-.35+: ,6f

. I

,6: ' 0.272- 2.679 0.001 'r, '/ .9.52,' 19,420 3.63.
i.o68 6.182 o.001 37.42 44,800 3.64
0.837 5.417 0.001 29.33 39,260 3.65
o.616 4.552 0.001 21.60 32,990 3.65
.o.441 3.688. .O01 15.47. 26,730 3.61-

0.223 0.280 3.538 0.001

0.356
o0' -11o
0.702
0.858
.1.0o64

4.102
5.436
6.396

.12896

0.001
0. 002
0.002
0.002
0.002

7.80' 9.84 .25,640

12.50 29,73018W9 39,,400
24. 4 6,35o0

30.10 52,100
37.31 59,330

3.46+
3.82*
3.64-

.3.62
3.62
3.623.65

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



27
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Tennessee Valley Authority

Watts Bar Project

Tainter Gates Partiall.y Opened

.G.O.

ft.
0.338

MODEL TEST DATA
D. . Q

ft. cfs

1.063.
0.854
o.663
o.484
0.420

:11.98
0o.49
8.894
7.141
6.781

h
ft.

0.005
0.005

0.003
0.003.

EQUIVALENT PROTOTYPE
G.O.. U ., Q_.
ft. ft. cfs

11.83 37.28
30.06
23.34

17.04
1 -4 .9 0 -.

16.76,
36.92

86,820
76,020
64,46o
51,750
49,140

51;'470
86,530

o. 476
1.050

o.453 o.616
0.565

0.679
o.840
].o47

7.102 0.003
11.94 0.005

10.82
10.85

11. 48
13-33
15.50

o.oo6
0.007

0.007
0.008

10.009

15.86 21.77 78,410'-
20.02 78,630

24.01
29.68
36.96

83,200
96,600

112,300

C

3.64
3.64-1.
3.64,4
3.68'
3.59+'j
3.95*•'
3.70 ý
3.65J

3.74.
3.65+
4. o4*
3.67-
3.65
3.66

3.75+
4..09*
3.81/
3.73 /
3.69.1V
3.67

3.84+
3. 8Pi

3.80o
3.78v
3.85,J

0.567 o.688 15.07 0.01P 1.9.84. 24•.50 109,200

0.765.
o 851i.
0.957
1.035

15.3916.46

17- .72
18.60

0.011
0.012
0.013
0.013

27.16
30.31
33.95
36.68

111,500
119,300
128,400
134,800

0-
23.83 29.82 150,1000.681 0.833 20.71 0.019

0.937
1.007
1.048
0.928

20.81
21.82
22.36
20.69

0.018
0.018

0.018

C from
C from

33.42
35.88
37.34
33.11

150,800
158,100
162,000
1149, 9w

*Gate lip touching nappe
*1Gate lip touching nappe

Equation A.
Equation B.
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Tennessee Valley Authority

Watts Bar Project'

Tainter Gates Raised Above Water Surface

MODEL TEST DATA
D Q. h

a.s.ft.

0.100
0.183
0.280
o.42o
o.565

0.688
0.833
0.920
0.561
0.703

0.717
1.803
3.538
6.781

10.85

15.07
20.71
24.51
10.73
.15.63

10.-24
23.64
15.34
8.833

-o; 527

0.000
0.000
0.00.1
0.003
0.007

0.012
0.o19
0.025
0.007
0.012

0.000
0.024
0.012

.0o05
0.000

EQMIVALENT
. R, . . ,

ft.

3.50
6.40
9.84

14.8o
20.02

24. 50
29.82
33.08
19.88
25.02

4.44

24.88
17.61
p.82

PROTOTYPE
Q

cfs

5,211
13,070
25,6404•9,14o
78, 630

109,200
150,100.
177,600

77,760
113,300

C

3.31

3.35.
3.46
3.59
3.65

'3.75
3.84+
3.89
3.65
3.77

3.30
3.88
3-73
3.61

0.127
0.900
0.699
0.498
0.080

7,421
171,300
111,200
64,010
3,819

0o
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Tennessee Valley Authority

hee ter Paroject

Tainter Gates Partially.Opened

7.

G.o.

ft.

o.o086

MODEL TEST DATA
D Q

ft. cfs

EQUIVALMU PROTOTYPE

0.096
0.131
0.24o
0.279
o.417
0.344
0.184
0. 508

~1. *...

4

0.3164
0.3794
0.5280
0.5704
o.6987
0.6346
o.4629
0.7730

0.7723
0.8797
0.6192
1.015
2.. 112
1.235

1.338
1.480

h
ft.

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

G. 0.
ft.

0.98

H
ft.
3.30
4.50
8.24
9.58

14.32
21.82

6.32
17.45

0.0575 o.16o
0.197
O..l14
0.251
0.294
0.355
o. 412
0.497i

0.0875 o.116 0.8990 0.o000

1.98 5.50
6.77
3.92
8.62

10 .10
12.19
14.15
17.07

3.00 3!'.98

5.19
6.70
7.87
9.24

.o. 65
13.02
15.35
16.42

.17.31

Qc±.s

2,188
2,624
3,651
3,945
4,832
4,389
3,201
5,346

5,341
S6, 083
4,282
7,019
7,690
8,541
9,253

10,230

6,220

7,340
8,803

- 9,792
10, 840
i.1,800 -

.13,290
1-4,630
15,190

-15,640

C

3.71
3.72
3.71
3.70
3.68
3.70"
3.74
3.66

3.541
3.56
3.53
3.57
3.59
3.59
3.58
3.59
3.26+•
3.7k"
3.56.
3.58
3.59
3.61
3.61
3.63
3.64.
3.63+

.3.64

3.38+
3.79* -

3.61..
3.59
3.60
3.62
3.63
3.64
3.64
3.64'

0. 151,
0 0.195
0.229
0.269
0.310
0.379
o.447
0 .78
Q. 504

1.061
1.273
1.4•16

1.568
1.706
1.922
2.116
2.196
2.261

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.1n66 0.151

o.0186
0.228
0.283
0.334.
0.396•
o.454
0.512
0.511

1,385 0.000 4.0o

1.56o
1.796
2.080
2.320
2.576
2.793
2.997
2.990

0.000
0.000
0.000
0.0012
0.001
0.001
0.001
0.001

5.19 9,578

6.39 10,790
7.83 12.,420
9.72 14,380

11.51 16,040
13.64 17,810
15.63. 19,310.
17.62 20,730
17.•59 20o,680

*Gate lip touching nappe C from. Equation A.
+Gate lip touching nappe C from Equation B.
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Tennessee Valley Authority

Wheeler Project

Tainter Gates Partially Opened

T

4

MODEL TEST DATA
G.0. D Q h
ft. ft. cfs ft.

0.2037 0.258 3.299 0.001

EQUIVALENT PROTOTYPE
G.0. H I-_Q
ft. ft. cfs

7.00 8.90 22,810

0.276
0.288
0.322
0.365
o.418
0.456
0.497
o.421

3.358
3.467
3.684
4.007
4.430
4.677
4.945
4.434

0.001
0.001
0.001
0.002
0.002
0.002
0.002
0.002

9.51
9.93
.I.10
12.61
14.43
15.73
17. 1
14.53

23,220
23,980
25,48o
27,710
3o, 64o
32,340
34,2o0
30,660

C

3'58+
3.98*
3.82.
3.80
3.70
3.67
3.70
3.68
3.69
3.68

3.76+
4.16*
3.88
3.85
3.82
3.82
3.77

0.2912 0.365 5.866 0.003 m.oo 00 .64 4o;57o

0.4o4
0.418
o.436
o. 46
0.500

5.977
6.o8i
6.243
6.5o2
6.841-

0.0030.003
0.003
0.004
0.004

13.98
14.46
15 08
15.97
17.31

41,330
42,050
43,170
44,960
47,310

*Gate
+Gate

lip touching
lip touching

nappe C from Equation.A.
nappe C from Equation B.:

I V



31

Tennessee Valley Authority

'IL

,," V.,

Wheeler Project

Tainter Gates Raised Above Water Surface

MODEL TEST DATA
D . Q . h
ft. Ofs ft.

EQUIVALENT PROTOTYPE
H Q
ft. ef S

0.178
o .214.
o.281
0.307
0-347
0.390
o.44o
o.405
o.366
0.191
0.218
0.279
0.306
o. 436
o.465
0.499
0.305
0.076
0.123
0.155
o.i16
0.151

.00.258
0.365

1.786
2.444
3.788
4.386
5,348
6.559
8,038
6.998
5.892.
1. 996
2.490
3.742
4.366
7.316
8.775
9.914
4.314
o.4641.oo0-
3..444
o.899o
1.385
3.299
5.866

0.000
0.001
b 0.002
0.002
0.003
0.004
o. .006
o.oo4
0.003,
.0.000
0.; 001
0.002
0.002
0,005
o.oo6
0.009
0.002
0.000
0.000
0.000
0.000
0.000
0.001
0.003

6.11
7.39
9.72

10.58
12.02
13.53
15.32
14.05
12.68
6.56
7.52
9.65

10.58
14.46
16.18
.17.45
10.55
2.61
4.P3
5.32
3.98

.5.19
8.90

12. 6

12,350
16,9ob
26,200

*30,330
36,980
45,360
55,590
48,14o0
4o,750
13,800
17,220
25,880
30,190
50,590
60,680
68,560
29,830
3,209
6,943
9,986

A6,220
9,578

22,810
40,570

C

3.4i
3.51
3-60
3.67
3.70
3.80
3.86
3.83
3.76
3.42
3.48
3.60
3.66
3.83
3.89
3.92
3.63
3.16
3.34
3.39
3.26
3.38
3.58
3.760
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