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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 1 — 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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Figure 1 — Apalachia Dam, General Plan and Elevation (Ref. 1).
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3. Assumptions & Methodology

The headwater rating curves developed in these calculations will be used in simulations of probable maximum flood events.
Consequently, the rating curves have been calculated well above the normal operating range 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% ([(3401cfs/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 C1).
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,LH,"” ()

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

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

Q, =CanLJ2giHC—Hmp§ : 2)

in which Q, = orifice discharge (cfs), C, = orifice discharge coefficient (dimensionless -- varies with gate opening and H.), G, =
effective gate opening = minimum distance between the gate lip and the crest (ft), g = acceleration of gravity, and Hy,, = vertical
distance between the mid-point of G, and the crest. This equation need not be modified to account for tailwater submergence, as
tailwater elevation is never sufficiently high as to reach the crest elevation (See Results Section)

3.4 Methodology -- Spillway Discharge Calculations

The discharge coefficient, Cy, for free discharge over a spillway crest varies with head, H; (References 5 and 6). For the
Apalachia spillway crest, the relationships Hy min(V) and C«(H,) are available from model test data (Appendix A). The
relationship between orifice discharge coefficient, C,, and head, H., for each gate opening, V, is also available from the model
test data. The crest length, L, and crest elevation, Z,, are shown on TVA drawings (e.g., Reference 1). The parameters G, and
H.,p 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*K,*H., in which K, = abutment contraction
coefficient (dimensionless), and H. = H, =energy head on the crest (in ft.). The maximum possible value for K, = 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:

[1 -L_’Z_Iz_(H_)} #100% = {1 - 320‘_2(0'2)(25')} *100% = 3.1%

320'

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

Values of the discharge coefficient, C; 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, Z, 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 C¢ is about 2.65 for very broad crests (H,/B < 0.4 where H; = H. and B =
streamwise length of the crest) and gradually increases to 3.1, the maximum value for a “broad-crested” weir, as H,/B increases
to about 1.2. As H,/B increases above 1.2, C; continues to increase as the weir transitions from broad-crested to sharp-crested at
about H,/B = 2.0. Since the estimation of discharge over the top of various sections of a dam and its embankments is an
approximation, small variations in Cr with H, are not modeled and the effects of end contractions are neglected. A single
representative value for Cy within the range of its variation is used for all headwater elevations included in the rating. Neglecting
minor variations in C¢ 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 f/sec?
example
4.2 Spillway crest parameters
4.2.1 | Crest length 10 32-foot wide bays, Ref. 1 L 320 feet
4272 Crest elevation Ref. 8 7. 1257.0 feet
4.2.3 | Free discharge coefficient Polynomial fit to model data given in Att. AS and Cs Equation A3
discussed in Appendix A :
4.3 Spillway gate parameters
4.3.1 | Vertical opening Extrapolation of data in Attachment A3 Vv 19.79 feet
4.3.2 | Effective gate opening Computed in Appendix A Gy 20.381 feet
4.3.3 | Mid-point elevation of G, & | Computed in Appendix A Hip 9.722 feet
Crest
4.3.4 | Distance from spillway crest | Estimated in Appendix A from data in Reference Hiia 26.20 feet
to point at which nappe A3
touches gates
4.3.5 Headwater elevation at Hj i, estimated in Appendix A Hi min+ Ze 1283.20 feet
which nappe touches gates
4.3.6 | Orifice discharge coefficient | Extrapolated curve given in Att. A13 and Table Cy(Ho) 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 C=Cr 3.1
14.4.2 | Overflow elevation Justification in Appendix A =7, 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 Ce 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 Cr 2.70
4.6.2 Overflow elevation Refs. 8 and 11 Z. 1288 feet
4.6.3 | Overflow length Determined in Appendix B L 671.25
4.7 Spillway Piers, Intake ‘
Structure and Op. Bldg.
4.7.1 Discharge coefficient Justification in Appendix B Cr 2.65
47.2 | Overflow elevation Refs. 10and 11 Z. 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 Ce 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
. 32
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4.10 Turbine Discharge
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).

TW o = 1169.48 + 0.547%Q — 4.00x10°Q* + 1.283x10°Q°  for Q < 150 ‘ (3.1a)
TWgam = 0.104*Q + 1189.3  for Q> 150 o (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).

TW,;, = 840.23 + 0.1886*Q - 8.0264x10*Q + 1.0297x10°Q’ 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, Q,, 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). @)

in which Q, = turbine discharge in cfs, and H, = gross head on the turbine (HW-TW,) 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), Qiow is calculated (using Qt calculated from TW jgqumed), and TW caiutarea 1S calculated (based on Q). Iteration is done by
varying TW yumeq Until the difference between TW yiumea and TW yeuiaed 18 €qual to 0, within convergence tolerances. The
convergence tolerance was set to 1¥10°°. The average difference for converged solutions is 5*10°® feet (Attachment 16). -

Spillway discharge is computed in the seventh column. H,, and C{C, are the parameters used to determine the spillway
discharge, Q4Q,. 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 C¢ [4.2.3] and below the transition line the listed discharge coefficient is C, [4.3.6]. s

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

The next 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 C ([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.

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

The calculations consist of compﬁting 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 C{C, are the parameters used to determine the spillway discharge,
Q4Q,. 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 C¢
[4.2.3] and below the transition line the listed discharge coefficient is C, [4.3.6]. '

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

The next 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 C; ([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.
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7. Results/Conclusions

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

The headwater rating curves developed in this calculation provide 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= 322 fifs*
Spillway Parameters
L =320 feet
Z. = 1257 feet Overflow Discharge, Q; in cfs
G, = 20.381 feet Piers
Hpp = 9.722  feet Gate Cutoff South  Non-Over Intake &
Q Mile Mile Overflow Section Section Dam Op Bldg Turbine Dschg.
Total 66 53.6 Spillway Ci= 3.1 2.75 2.73 27 2,65 At 100% Gate
HW Discharge TWy,, TW,, feet cfs Z.= 1288 1287  1287.83 1288 1288 feet Qt
feet 1000 cfs feet fet He ClIC; QlQ L= 320 73.77 7325 67125 1185 Ht cfs
1257 3.31 1171.2 841.2 0 2.85 . 0 0 0 0 0 0 415.8 3312
1258 4.25 1171.7 841.4 1 2.93 938 0 0 0 0 0 416.6 3314
1261 11.37 11752 8434 4 3.14 8047 0 0 0 0 0 417.6 3318
1263 18.64 1178.4 8453 6 3.26 15318 0 0 0 0 0 417.7 3318
1265 27.60 11818 8476 8 3.35 24280 0 0 0 0 0 417.4 3317
1267 38.08 1185.2 8501 10 3.44 34761 0 0 0 0 0 416.9 3315
1269 49.95 1188.4 8528 12 3.51 46636 0 0 0 0 0 416.2 3313
1270 56.38 1189.9 8542 13 3.54 53071 0 0 0 0 0 415.8 3312
1271 63.14 1191.3 8555 14 3.57 59827 0 0 0 0 0 415.5 3310
1272 70.21 1192.6 8569 15 3.60 66902 0 0 0 0 0 415.1 3309
1274 85.32 1195.0 859.7 17 3.66 82015 0 0 0 0 0 4143 3306
1275 93.37 11%6.1 861.0 18 3.69 90062 0 0 0 0 0 414.0 3305
1276 101.75 1197.2 8624 19 3.7 98450 0 0 0 0 0 413.6 3303
1278 119.61 1199.6 865.1 21 3.78 116311 0 0 0 0 0 412.9 3301
1279 129.12 1201.0 8664 22 3.81 125825 0 0 0 0 0 412.6 3300
1281 149.45 1204.7 8689 24 3.88 146154 0 0 0 0 0 4121 3298
1282 160.33 12059 8702 25 3.93 157038 0 0 0 0 0 411.8 3297
1283.2 173.00 1207.2 871.5 26.2 0.799 169700 0 0 0 0 0 411.7 3296
1284 172.18 12071 8714 27 0.776 168876 0 0 0 0 0 412.6 3299
1285 170.70 1207.0 871.3 28 0.748 167401 0 0 0 0 0 413.7 3304
1286 168.76 1206.8 871.1 29 0.720 165456 0 0 0 0 0 4149 3308
1287 172.22 12071 8714 30 0.717 168907 0 0 0 0 0 415.6 3311
1287.83 175.13 1207.4 8717 30.8 0.714 171664 0 153 0 0 0 416.1 3313
1288 175.75 1207.5 871.8 31 0.713 172217 0 203 14 0 0 416.2 3313
1289 182.65 1208.2 8725 32 0.710 175394 992 574 253 1812 314 416.5 3314
1290 193.27 1209.3 8735 33 0.711 179445 2806 1054 639 5126 888 416.5 3314
1291 205.69 12106 8747 34 0.711 183420 5155 1623 1129 9417 1632 416.3 3313
1292 216.24 1211.7 8756 35 0.712 187324 7936 2268 1703 14499 2512 416.4 0
1293 231.36 1213.3 8769 36 0.713 191161 11091 2982 2351 20263 3511 416.1 0
1294 247.59 1215.0 878.2 37 0.713 194935 14579 3757 3065 26636 4615 415.8 0
1295 264.83 1216.7 879.6 38 0.714 198650 18372 4590 3839 33566 5816 415.4 0
1296 283.02 1218.6 881.0 39 0.714 202309 22446 5477 4670 41009 7106 415.0 0

Figure 2a — Calculations for Headwater Rating Curve, Case 1
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-Apalchia Rating Curve, Case 2
g=322 f's® .
Spillway Parameters
L =320 feet
Z.= 1257 feet Overflow Discharge, Qy in cfs
G, = 20.381 feet Piers
Hpnp = 9.722  feet Gate Cutoff  South  Non-Over Intake &
Q Mile Overflow Section Section Dam Op Bldg
Total 66 Spillway Ci= 31 2.75 2.73 27 2.65
HW Discharge TW,,, feet cfs Z.= 1288 1287 1287.83 1288 1288
feet 1000 cfs - feet Ho CGIlC, &|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 11770 6 326 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 11945 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 12005 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 1206.9 262 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 12071 30.83 0.714 171689 0 153 0 0 0
1288 172.46 1207.2 31 0713 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 12117 35 0.712 187324 7936 2268 1703 14499 2512
1293 231.36 12133 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 2008 Rating
- Case 1 Case 2
Total Total
HW Discharge HW Discharge
feet 1000 cfs feet 1000 cfs
1257 3.31 1257 0.00
1258 425 1258 0.94
1261 11.37 1261 8.05
1263 18.64 1263 15.32
1265 27.60 1265 24.28
1267 38.08 1267 34.76
1269 49.95 1269 46.64
1270 56.38 1270 53.07
1271 63.14 1271 59.83
1272 70.21 1272 66.90
1274 85.32 1274 82.01
1275 93.37 1275 90.06
1276 101.75 1276 98.45
1278 119.61 1278 116.31
1279 129.12 1279 125.82
1281 149.45 1281 146.15
1282 160.33 1282 157.04
1283.2 173.00 1283.2 169.70
1284 172.18 1284 168.88
1285 170.70 1285 167.40
1286 168.76 1286 165.46
. 1287 172.22 1287 168.91
1287.83 175.13 1287.83 171.82
1288 175.75 1288 172.43
1289 182.65 1289 179.34
1290 193.27 1290 189.96
1291 205.69 1291 202.38
1292 216.24 1292 216.24
1293 231.36 1293 231.36
1294 247.59 1294 247.59
1295 264.83 1295 264.83
1296 283.02 1296 283.02

Figure 3 — Headwater Rating Results
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Attachment 2-2 Calculation No: CDQ000020080001

Reference 3 Page 24

Apalachia Powerhouse Tailwater Rating

at mile 53.6
900
Current TVA
River Operations HEC-
- RAS model Tailwater
890 Curve
o
-~
-~ - Provided by Steve
| b= Amick
880 - — »
| 12-19-2008
c . ’f 1
S 870 AL
~ i == == Riverware data
= 7 n
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0 50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000
Discharge (cfs)

Apalachia TailwaterSFA .xls 12/19/2008



Attachment 2-3

Reference 3

Apalachia Tailwater Rating
@ Powerhouse - Hiwassee River Mile 53.6
Riverware data

Q*1000

—

0~ N AW oW — O

d W M) — — o e e e e = e
h © O 0 0 1 A AW — O O

100
125
150
175
200
300
. 400

Q
0

1,000
1,300
2,000
2,800
3,000
4,000
5,000
6,000
7,000
8,000
9,000
10,000
11,000
12,000
13,000
14,000
15,000
16,000
17,000
18,000
19,000
20,000
50,000
75,000
100,000
125,000
150,000
175,000
200,000
300,000
400,000

Elevation

837.503
839.022
839.5
839.803
840.4
840.433
840.991
841.493
841.952
842.382
842.792
843.173
843.543
843.901
844.242
844.57
844.892
845.213
845.512
845.81
846.102
846.381
846.66
853.37
857.74
861.56
865
868.18
871.16
873.96
884.01
892.77

Apalachia TailwaterSFA xls

ACTUAL DATA
Dicharge Elevation
0 837.9
1212 839.4
2860 840.4
4900 8414
6920 842.1
10047 843.4

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

Dicharge
0

10,000
20,000
40,000
60,000
80,000
100,000
120,000
140,000
150,000

1167.5
1172.7
1175.5
1179.9
1183.4
1186.3
1189.2
1191.8
1194.2
1195.4

Calculation No:  CDQ000020080001
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Attachment 2-4

Reference 3

HEC-RAS Plan: finalHwFrgP River: RIVER-1 Reach: Reach-1

Reach River Sta  Profile QTotal WS, Elev

Rivermile 53.6

Rivermile 66

(cfs) (ft)
RAS data
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
RAS data
20 116843
2700 117147
7000 1173.52
15000 1177.29
25000 1180.99
29000 1182.27
50000 1187.83
100000 1197.3
150000 1204.8
1230.7

400000

Calculation No: CDQ000020080001
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Elevation (ft)

1210

1205

1200

1195

1190

1185

1180

1175

1170

1165

Attachment 5

Reference 3

Calculation No: CDQ000020080001

Page 28

Apalachia Tailwater Rating River Mile 66.0

40,000

Discharge (cfs)

Current TVA
River Operations
HEC-RAS model
Tailwater Curve

Provided by Steve
Amick

12-19-2008

= 1941 Data
= RAS data

1941 Data was
based on channel
conditions before

dam closure. HEC-
RAS data is
corrected for more
recent channel
conditions
(vegetation,
deposition)

100,000 120,000 140,000 160,000



Attaghment 6-1

Calculation No:  CDQ000020080001

Source: Reference 7 Page 29.1
2.6
T
SUGGESTED DESIGN CURVES
(BAZIN) ) A
3.4 . [t
a——
o 7-1=
' .
3.2 7 -
Pz al
*7 d Nuses res7s ar cornerL
3.0 . /
ce PRENTICE
2.8 .—ofsgrzgzrgw ,/)./, .
NER
At - KEUTNER
28 !
WOODBURN
l
0.0 .2 0.4 0.6 0.8 1.0 )12 1.4 1.8 .8 2,0
; My
: B
a. FREE FLOW
t-0 =
_ P el= ] —_|__BASED ON KINDSVATER T (EMBANKMENTS -
[~ {0 s \\w s S LN
. ~ /' e N i =
g — ?
o CORNELL TESTS? \<~ ~ =t ™~ 0‘% s
(ROUND CREST) | SR, N \9“ \
~ > O \"\ -ai \
0.8 / % \ % 1Y
BRATER'SS cURVE FOR X o \
MAVIS AND VILLEMONTE DATA ‘
: (SHARF CREST) NN \ ~
0.7 ?‘:‘ ‘% 4
e W\ A
(3 AN X \“ \
L v
0.8 3
}N _L“z Y \.a
. N "t \
s, k)
0.5 A
’ HERSCHELS—~ %
(SHARP CREST) \
0.4 , \
o0 Y 0.2 0.3 c.4 0.5 0.6 0.7 0.8 o.o 1.0
' He
' H) th" C S
o. SUBMERGED FLOW "‘n = H EX
{ C. C'Q
NOTE ! Cp = FREE-FLOW COEFFICIENT H-;, =
€3 = SUBMERGED-FLOW COEFFICIENT
NEGLIGIBLE VELOCITY OF APPROACH - H
RAISED NUMBERS ON SUBMERGED FLOW LOW-MONOLITH DIVERSION
$:::T ARE REFERENCE NUMBERS FROM DISCHARGE COEFFICIENTS
HYDRAULIC DESIGN CHART 71\
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Attachment 6-2 Calculation No:  CDQ000020080001

Source: Reference 7 Page 29.2
1.4 A
[¢]
0
° + : BASIC EQUATION
1.2 IP Qsc[l-2(NKp + K )He)Hs 2
° a WHERE :
Q = DISCHARGE, CFS
L C «DISCHARGE COEFFICIENT
Z‘g‘sff:rc%”“ o’ U = NET LENGTH OF CREST, FT
=y a0 N =NUMBER OF PIERS
1.0 Kp = PIER CONTRACTION COEFFICIENT
Ka= ABUTMENT CONTRACTION COEFFICIENT
Hg = ENERGY HEAD ON CREST, FT
)
(o] a a
o8 L 4
N,
De [ [
Ry ¢ l LEGEND
ole " o . SYMBOL PROJECT R 7L w/H
086 I o DORENA 2 5.60 10.7
[ ] DORENA 4 5.80 10.7
E [} RED ROCK™ 7.8 342 16.5
h * CARLYLE ™ 9 844 75.5
. , +] a WALTER F. GEORGE * 4 844 253
[
NGATED SPILLWAY WITH PIERS
042
¢ / !
/ o
NOTE: R =RADIUS OF ABUTMENT, FT
o] W =WIDTH OF APPROACH REPRODUCED IN
MODEL, FT
02 L *GROSS WIDTH OF SPILLWAY, FT
o H =DEPTH OF APPROACH IN MODEL, FT
H,"DESIGN HEAD ON CREST, FT
00
Zo0.2 0.0 0.2 0.4

Ka

MiNey AL

TTT

OVERFLOW SPILLWAY CREST WITH
ADJACENT EMBANKMENT SECTIONS

ABUTMENT CONTRACTION COEFFICIENT
HYDRAULIC DESIGN CHART Ill-3/2
T araviva, vicResuRs, MissIBaIeN REV |-04 WES 8-60
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Attachment 11 Calculation No: CDQ000020080001
Page 34

Tailwater Elevation, feet

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

From River Mile 66
RAS model data

scale TW from plot from polynomial

Discharge @ TW Discharge ™
1000 cfs feet 1000 cfs feet

0.02 1168.43 0.02 1169.49

2.7 1171.47 27 1170.93

7 1173.52 7 117312

15 1177.29 15 1176.83

25 1180.99 25 1180.86

29 1182.27 29 1182.29

50 1187.83 50 1188.43

100 11973 ’ 100 1197.01

150 1204.8 150 1204.83

400 1230.7 300 1220.38

400 1230.74

- ==Tailwater Polynomial Fit

& Tailwater Rating
T T T I
i 3 ] I
i I 1 I
] 1 1 ]

150 200 250 300 350 400

Discharge, 1000 cfs

Polynomial Curve Fit: TW = 1169.48 + 0.547*Q -4.00x107°Q? + 1.283x10°Q for Q<150
TW=0.104*Q+1189.3 for Q>150
where TW = tailwater elevation in feet and Q = discharge in 1000 cfs




Attachment 12

412 DRUM GATES Source: Reference 12

i . ts of Bazin. However, the
b sble to check the discharge measuremen ! rever,
a:t?:a.l values are not 8o important for the cnse at hand as is the significance

of the trend. . ‘
Meraop or ComBining TesT REsULTs

ini he eleven drum gates tested
The method for combining results from' t ! ested
(Table 2) consisted of first plobting the coeflicient of discharge data sejjarately

50 W\

\\\ ' ql
* Ratia; I;{

07 0
40

35
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25
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o
1 . "1 Stigight Inclined 1 /

Wairs (F=0)
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Discharge Coefilcient, Cq

¥F1a. 6.~-Generar, Curves For The Dersrvinsrion or DiscHangr COEFFICIENTS

for each gate as illustrated by the sheet for the Shasta Dam gat.e (Fig. 5c)h

With the coefficient of discharge as the abscissa and H {r z}:.ls tt,‘:;e tordxz:::eéoeztlhe
i ang

d in Fix. 5 represents s different gate ang]? 8, whic e ta :

3‘:;:;:?6 " lip ofpthe gate makes with the horizontal. In all cases, H is the

Calculation No:  CDQ000020080001

Page 35
T 413

total hend, including the velocity hend of approach, measured above the high
point of the gad SNde radius of the gate. In Fig. 5, Cq is based on the
relationship For positive values of 8, the head was measured
above the lipe goteWhereas for nepative angles it wag observed above
the high point, or crest, of the gate proper. The method of mensuring the
head is illustrated in F ig. 2.

Upon completion of a similar get of curves for ench gate tested, the eleven
sets of curves wero replotted and combined into the chart exhibited ns Fig. 6.
The results from the various gates showed good general agreement; and the
curves in Fig. 6 constitute the general experimental information needed for
determining the discharge coellicients for gates in raised or partly ruised
pusitions. The supporting points are nof shown in Fig. 6, but the individual
information for each gate is listed in Table 2. -

Anavysis or Tesr ResurTs

The curves in Fig. § show » tendency toward reversal, similar'io that ex-
hibited by the Bnzin curve in Fig. 4, but the points of inflection vary from
6 = 20° to 0 = 30°, depending on the value of H/r. Fig. 4 showed the co-
eflicients to vary only slightly with the head, but in this case the coeflicients
definitely vary with the head.

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

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

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

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

v
N



Attachment 22

Source: Reference 3

Riverware Data, Rivermile 53.6

Fit to

ft

TW Elevation
Discharge At Powerhouse TW
1000 cfs  ft

0 837.503

1 839.022
1.3 839.5
2 839.803
2.8 840.4
3 840.433

4 840.991

5 841.493

6 841.952

7 842.382

8 842.792

9 843.173
10 843.543
11 843.901
12 844.242
13 844.57
14 844.892
15 845.213
16 845.512
17 845.81
18 846.102
19 846.381
20 846.66
50 853.37
75 857.74
100 861.56
125 865
150 868.18
175 871.16
200 873.96
300 884.01
400 892.77

840.230
840.518
840.604
840.805
841.033
841.090
841.373
841.655
841.935
842.213
842.490
842.766
843.040
843.312
843583
843.852
844.120
844 .386
844.651
844.914
845.176
845.436
845.695
852.797
857.817
862.123
865.812
868.981
871.725
874.142
882.464
893.268

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

Polynomial Curve Fit: TW = 840.23 + 0.2889*Q -8.0264x107°Q? + 1.0297x10°Q?

where TW = tailwater elevation in feet and Q = discharge in 1000 cfs
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Attachment 24

Source: Reference 13

From Drawing 124K41

Gross  Discharge
Head per Turbine

ft cfs
400 3250
410 3295
420 3326
430 3363
440 3401

Fit to
Data
cfs
3253
3290
3327
3364
3401

Calculation No:  CDQ000020080001
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Turbine Discharge Vs. Gross Head (1 Turbine)

‘ & Series1 =Linear (Series1)\

3420
3400 -

3380

3360

3340

3320 A
3300
3280
3260
3240 -

390

Q, for 1 turbine, cfs

420 430 440 450
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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 Al 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

AS5. Open Channel Flow, F. M. Henderson, Macmillan, New York, 1966.

A6. TVA drawing no: 54W200, R4 (Attachments A8 & A16)

A7. TVA drawing no: SIN201, 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, <= Hj .5, and is computed
using a weir equation (e.g., Reference A4):

Q;=C,LH.,"” (Al)

in which Q; = free discharge (cfs), C; = free discharge coefficient (ft**/s), L = length of overflowing section (ft), H. = head on
crest (ft) = HW - Z., HW = headwater elevation (ft), and Z_ = top, or crest, elevation of overflowing section (ft).

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

Q,=C,G,L2¢(H, -H,, ) (A2)

in which Q, = orifice discharge (cfs), C, = orifice discharge coefficient (dimensionless -- varies with gate opening and H.), G, =
effective gate opening = minimum distance between the gate lip and the crest (ft), g = acceleration of gravity (32.2 ft/s’ --
common knowledge, Reference A4, sheet. 000-1 for example), and H,,, = vertical distance between the mid-point of G, 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

o C(H)
e  Hiui,and Cy(H,) 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
Himin and Cy(H,) for V =19.79 feet and to establish a curve fit for C{H.). 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 AS):

e V/V,and H/H, =28.72
o Qy/Qn=(28.72)"° = 44204

in which H is “head” in feet and represents any water level difference (d of H,, for example), the p-subscript denotes prototype,
and the m-subscript denotes model.
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A.4 Geometry

Parameters G,, Hy,, Z, (gate overflow elevation), and B (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 Al: Geometrical Parameters for Relevant Gate Openings

V, feet G, feet H,,, feet Z,, feet B, 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),

e R =225 feet

o Z.=1257 feet

o Z,.=1264.47 feet

o 7;,=1264.47-1257 +0.505=7.975 feet
o 7,=1280-1264.47 = 15.53 feet

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

0 =sin™ 15.53 +sin” 7975 = 64.407°
225

Angle 0:
ge 225

o = tan” 1264.47 -1257-19.79

a =-33.199°
V22.5% - (1264.47-1257-19.79)}

Angle a:

Z, =1264.47 +22.55in[64.407 — (- 33.017)] = 1286.77 feet

Overflow elevation Z,:

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 AS8).

Gate lip y-coordinate:

v, =1264.47-1257-19.79 = -12.32 feet

Gate lip x-coordinate:

x, =4/22.5 —(~12.26)* =18.827 feer

From Attachment A9 (Reference A7), the equation for the spillway crest is:
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y. =f(x')=-—£ﬁ+£x€;8z+% forx. >0

° 27000

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

in which y, =y —7.47 and x, =25.073 - x,. Interms of y, and x,:

(25.073-x,) N (25.073-x. ) . (25.073-x)
27000 68 15

y, =f(x,)=747- for x,<25.073 feet

and

dy, 3(25.073-x. ) 2(25.073-x,) 1

dx 27000 68 15

s

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

x, ~18.827+|7.47-

3 2 2
(25073-x,) (25073-x,) (25073-x,) (123 2)}{3(25.073 -x,) 2(25.073-x,) 1

27000 68 15 27000 68 s

Solution:

* X, =21.9798 feet (by iteration)
oy, =747-(25.073-21.9798)*/27000 + (25.073-21.9798)*/68 + (25.073-21.9798)/15 = 7.816

e G, =4(21.9798-18.827) +(7.816 — (—12.32))* = 20381 feet

and

o H,,=19.79-[7.8115 - (-12.32))/2 = 9.722 feet

° ,3=90°—tan" _1232 —tan'l 2]9798—18827
18.827 7.816 -(-12.32)

j =90°-(-33.20°)-8.90° =114.3°
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A.5 Determination of Hy ,,;n(V)

Attachment A10 shows the model test data (Attachment A5-4) for Hy i, and a polynomial curve fit to the data (spreadsheet
included as Attachment A15). A value of Hy,;, 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:

Hy pin = 26.20 feet for V =19.79 feet.

A.6 Determination of C{H,)

Attachment A11 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 A1l is used for the headwater rating curve calculations:

C¢=6.8700 x10°H. - 0.003436 H.+0.08600* H, +2.85 _ (A3)
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A.7 Determination of C,(H,) for V =19.79 feet

Attachment A12 shows the calculations and results for extrapolating C,(H) for V = 19.79 feet from the model data for other gate
openings. The first column in Attachment A12 indicates the data for which H, = Hy ., at which H, is just high enough to touch
the bottom of the gate. The discharge indicated for V = 19.79 feet at H. = Hy ;, is the free discharge computed using C«(H,) 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 C,
values computed from the data. Values that were “estimated” for extrapolation purposes are labeled as such to the right of the C,
column.

Attachment A13 shows C, plotted against H, 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 H. = Hj ;, and runs approximately parallel to the curve for
V = 16.30 feet. Given the absence of data, this extrapolated line segment fit for C,(H.) 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 C,(H,) at V = 19.79 feet.

H,, 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 C, values at large H. plotted against angle 8
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/H, for Apalachia is 0.17 (X = 3.99 feet, Attachment A8, and Hy =H,= 23.0, Attachment AS5-1).
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 C, = 0.715 at H, = 40 feet and V = 19.79 feet (B = 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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LOCATION OF SPILLWAY GATES

Spillway Gate Numbers
1 2 3 4 5 6 7 8 9 10
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SPILLWAY GATE ARRANGEMENTS

Arrange- Gate Number Arrange- Gate Number Arange- Gate Number

ment ment ment

Number | 1 2 31| 4 5 6 7 81 9110 Number | 1 2 3| 45|67 8910 Number | 1 2 34 4 5 6 7 8 9 (10
1 0 0 0 1 0 0 0 0,00 41 4 | 414 5| 4|41 4] 44 4 81 10|10 10|10 10| 10| 10| 10| 10| 14
2 0 0 0 1 0 0 1 6| 0 0 42 4 | 4 4 5| 4| 4 5] 4| 4 4 82 10 (10| 10|10} 10| 10| 10| 14| 10| 14
3 0 1 0 1 0 0 1 0,00 43 4 | 5 4 5| 4| 4 5| 41 4 4 83 10|10 10| 10| 10| 14| 10| 14| 10| 14
4 0 1 0 1 0 0 1 0 1 0 44 4 1 51| 4 5| 4| 4 5 4 5 4 84 10 (10| 10| 14| 10| 14| 10| 14| 10| 14
5 0 1 0 1 1 0 1 0 1 0 45 45| 4 5| 5| 4 51 4 5 4 85 10|14 10| 14| 10| 14| 10 | 14| 10| 14
6 0 1 0 1 1 1 1 0 1 0 46 4 1 51 4 55| 5|57 4 5 4 86 14 (14| 10| 14 10| 14| 101 14| 10| 14
7 1 1 ] 1 1 1 1 1] 1 0 47 515| 4 55| 5| 5] 4 5 4 87 14 (14| 14|14 10| 14| 10| 14| 10| 14
8 1 1 0 1 1 1 1 0 1 1 48 515 4 55| 5] 5] 4 5 5 88 14|14 (14| 14| 14| 14| 10| 14 | 10| 14
9 1 1 1 1 1 1 1 0 1 1 49 5|5 5 55| 5| 5] 4 5 5 89 14 (1414|1414 | 14| 14 | 14| 10| 14
10 1 1 1 1 1 1 1 1 1 1 50 5 5 5 5 5 5 5 5 5 5 90 141 14| 14| 14| 14| 14| 14| 14| 14| 14
11 1 1 1 2 1 1 1 1 1 1 51 5| 5 5 6 5| 5 5 5 5 5 91 1414|1414 | 14| 14| 14 | 14| 14| 18
12 1 1 1 2 1 1 2 1 1 1 52 5| 5 5 6 5| 5 6 5 5 5 92 14|14 | 14|14 | 14| 14| 14|18 | 14 | 18
13 1 2 1 2 1 1 2 1 1 1 53 5| 6 5 6| 5|5 6 5 5 5 93 14 (14| 14]14 | 14| 18| 14 18| 14| 18
14 1 2 1 2 1 1 2 1 2 1 54 5| 6 5 6 5| 5 6 5 6 5 94 14|14 | 14|18 | 14| 18| 14| 18| 14| 18
15 1 2 1 22 1 2 1 2 1 55 5| 6 5 6| 6|5 6 5 6 5 95 14|18 | 14| 18| 14| 18| 14 | 18| 14| 18
16 1 2 1 212 2 2 1 2 1 56 5| 6 5 6 6 | 6 6 5| 6 5 96 18| 18| 14 (18| 14| 18| 14 | 18 | 14 | 18
17 2 2 1 2 2 202 1 2 1 57 6| 6 5 6 6 | 6 6 5| 6 5 97 18|18 | 18| 18| 14| 18 | 14 | 18| 14| 18
18 2 2 1 2| 2 2 2 1 2 2 58 6| 6 5 6 6 | 6 6 5 6 6 98 18 (18| 18| 18| 18 | 18| 14 | 18| 14 | 18
19 2 2 2 2|2 2 2 1 2 2 59 6| 6 6 6 6 | 6 6 5|6 6 99 18 18| 18| 18| 18 | 18 | 18| 18 | 14 | 18
20 2 2 2 2|2 2 2 2| 2 2 60 6| 6 6 6 6 | 6 6| 6 6 6 100 | 18| 18| 18| 18| 18 | 18| 18| 18 | 18 | 18
21 2 2 2 31 2| 2 2 2 2 2 61 6| 6 6 8| 6| 6 6! 6 6 6 101 18| 18| 18| 181 18| 18| 18 18| 18 | 21
22 2| 2 2 312| 2 3 2 2 2 62 61 6 6 8| 6| 6 8 6 6 6 102 | 18| 18| 18| 18| 18| 18| 18 | 21 | 18 | 21
23 2 3 2 31 2| 2 3 2| 2 2 63 61 8 6 8| 6| 6 8 6 6 6 103 | 18| 18| 18 | 18| 18 | 21 | 18 | 21| 18 | 21
24 2 3 2 31 2| 2 3| 2 3 2 64 6 | 8 6 8| 6|6 8 6 8 6 104 | 18| 18| 18| 21 18| 21| 18 | 21 | 18 | 21
25 2 3 2 3 3| 2 3 2 3 2 65 6 | 8 6 8| 8| 6 8 6 8 6 105 | 18| 21| 18| 21| 18| 21| 18 | 21 | 18 | 21
26 2 3 2 313 3 3 2 3 (2 66 618 6 8| 8| 8| 8|68 6 106 | 21| 21| 18| 21,18 | 21| 18 | 21}| 18| 21
27 3 3 2 313 3 3 2 3] 2 67 81 8 6 8| 8| 8| 8161} 8 6 107 |29 21| 21| 21|18 | 21| 18| 21|18 | 21
28 3 3| 2 313 3 3 2 3 3 68 8|8 6 8| 8| 8| 8]61]8 8 108 (29 |21 | 21| 21121 | 21| 18| 21} 18| 21
29 3 3 3 313 3 3 2 3 3 69 8 | 8 8 8| 88| 8|68 8 109 |27 |21 | 20 |21 |21 | 21121 | 2118 | 21
30 3 3 3 3|3 3 3 313 3 70 8 | 8 8| 8/ 8|88 |88 8 110 |29 |29 |21 | 21720 | 21121 [ 21 ;21 | 21
3 3 3 3143 3 3 3|3 3 71 8| 8 8| 8| 8| 8 8| 8| 8|10
32 3 3 3, 4 3 3 4 3] 3 3 72 8 | 8 8 8| 8| 8|8 10| 8 | 10
33 3| 4 3|43 3 4 313 3 73 8| 8 8 8| 8|10 8|10} 8 | 10
34 3| 4 3413 3 4 31 4 3 74 8 | 8 8 |10 8 (10| 8 {10 8 | 10
35 3| 4 3144 4 3 4 34 4 3 75 8{10| 8 (10| 8| 10| 8 |10} 8 | 10
36 3] 4 3 44141 4 4 31 4 3 76 i0(10, 8 (10| 8 | 10| 8 (10} 8 | 10
37 4 | 4 3 4| 4| 4 4 31 4 3 77 i0|10| 10| 10y 8 | 10| 8 (10 8 | 10
38 4 | 4 3 47141 4 4 314 4 78 i0/ 10|10 (1010|110, 8 (10| 8 | 10
39 4 | 4 4 41 4 4 4 3| 4 4 79 i0(10, 10| 10| 10| 10| 10| 10| 8 | 10

40 4 | 4 4 41 4| 4 41 4 4] 4 80 i0( 1010 (10| 10| 10} 10| 10| 10 | 10

GATE OPENINGS

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



Calculation No:  CDQ000020080001 Attachment A3

Page A9

Vertical Openings Source: Reference A2
Apalachia Dam
Vertical Openings (last measured in May 1966)
Indicator/Gate 1 2 3 4 5 6 7 8 9 10

044 041 039 035 034 038 03 031 042 031
14 132 133 131 127 132 124 125 138 126
238 232 220 23 223 23 224 222 234 223
332 326 326 327 32 326 32 32 33 32
43 424 424 426 422 426 42 417 428 419
529 523 523 524 52 524 518 517 528 5.6
8 726 72 722 725 722 722 748 719 726 7.4
10 924 918 92 922 92 92 916 92 924 914
14 1315 13.08 1343 1316 1318 1312 131 1317 13.18 13.02
18 169 1684 1688 1693 17.031 17.04' 16.88 17.14' 1692 16.78 Average

217 1971 1966 1969 19.76 19.92 1998 1972 2012 1973 19,60’ 19.79

AU h WON-2O

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

Apalachia Dam, V vs. Indicator Reading

25

—e 1066 Measurements

20 -

= =—=Extrapolation in Indicator 21 /7

Vertical Opening, V (feet)

0 5 10 15 20 25
Indicator Reading

Page 1
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Attachment A5-1

Source: Reference A3

Calculation No:  CDQ000020080001
Page A11 2

Tennessee Valley Authority ‘ N

Tainter Gate Ratings
Basic Model and Prototype Data

. MODEL . PROTOTYPE
No. of ' Up- e Pier
' Spill- Crest ' Approach stream D;sign Nose
Model -wey Length Width  Depth  Crest oo Radius
Project Scale Bays L W P . Elev. Mo R
Apalachia  1:28.72 . 6 6.68% 8,00  3.38 1257.0 23.0  3.00
" Boone 1:50 5. 3.48 (1) (1) 1350.0 35.0 12.75(2)
. - - o 11.25(3)
Ft. Patrick : R . 3.50(%)
Henry 1:15 1 2.3330) 2.77(5) 229 1208.0 35.0 325
" Fales Bar  1:3h.76 6  6.908(%) .08 o0.021 66.0 18.0  3.00
' | 6.905(T) |
Hivassee  “1:55 7 4,050 8.00 6.35 1503.5 3.00
Watts Bar  1:35 6 6.866 8.00 1.5 . 713.0 23.5 .3.25
Wheélef

© 1:34.35

. (23 Right end: pier.

- (3) Left end pier.

6 6.984 7-97 1.253 54.3 16.5 2.50

(1) Variable because approach was reproduced in model:

(1) Intermediate. piers.

¢ (5) Except.as noted on data tebulations. -

(6) Gates partially opened.

(7) Gates raised above water surface.
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a2
(o]

@

¥4 % = wWHo.0alb

Source: Reference A3 Tennessee Valley Authority

Definiticn of Symbols

Total discharge in cubic feet per second.
Depth of flow above crest in feet

Depth, bottom of gate to water surface.'*

To‘tai head above crest, including velocity head of appréach in feet.™

Design head for standard crest, including veloci'by head of approach,
in feet.

Velocity head of approach in feet.™ o
Coefficient of discharge for any héad.

- Gate opening -~ .vertical distance above spillway crest in feet.-

Shortest distance betveen Splllway surface and gate lip in feet.
Length of spillway crest in feet. ‘

Depth of model approach chamnel, crest to river 'bed. in feet. *
Width of model approach in feet,

Eorizontal distance from upstream face of dam in feet *

Vertical distance above spillway crest in feet.”

Discharge Eguations

For flow under a gate: :
a=a B2 - (np+np2] . (a)

For flow over a spillwvay crest with the -

spillvay gate raised above the water surface:

a=az? (@)

+See Figure 1{a)on page k.

*See Figure 1(b)on page k.
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Attachment A5-4

Source: Reference A3

i

Calculation No:  CDQ000020080001

Page A14

Tennessee Valley Authority

Apalachia Project

Tainter Gates Partislly Opened

MODEL TEST DATA

EQUIVALENT PROTOTYFE

[

G.0. . H. . Q C

Q "~ h
Tt ft. efs = Tt. £t £t cfs
.0.2247  0.36%  4.184% - 0.000 6.4%5 10.45 18,490 3.73
: 0.318  4.098 0.000 ' 9.13 18,110 3.42+
- _ L. 08%
0.411  4.399 0.000 - 11.80 19,450 3.59.
0.461 k,752 0.000 13.2F 21,010  3.58
0.531 5.181 0.000 15.25 22,900 3.56
0.627 5.7h2  0.001 18.04 25,380 3.5k
0.718 6.224 0.00L 1 20.65 27,510 3.55
0.825 6.771  0.001 23.72 29,930 - 3.56
, 0.911 T7.179. 0.00L 26.19 31,730 3.56
0.3393 0.469 ' T7.647 0.001 9.7+ 13.50 33,800 i.sg+
: : . L16% .
0.526 T.490 0.001 .- 15.14 33,110 3.72.
0.57% . 7.832 : 0.001 216.51 34,620 3.65
0.631° 8.34Lk 0.001 18.15 36,880 . 3.63
0.717 9.089 0.001 20.62 10,180 3.63
0.821 9.882° 0.001 23.61 43,680 3.6
0.919 10.58  0.002° 26.%2 6,770 . 3.62
©0.4sk1 | 0.604F 11.5L 0.002° 13.04 17.%0 51,010 3.66+.
. ' . L -19%
- 0.617 11.8:  0.002 - 17.78 52,340 4.22.
0.720 11.8%  0.002 - 20.74+ 52,340 3.73
S 0,668 11.42  0.002 19.2% 50,480 3.81
T 0.765 12.3h 0:002 - 22.03 54,550 3.72
0.838 13.10  0.002 24,12 57,910 3.70
0.915 13.84  0.003 26.36 61,180 3.68
0.5677T 0.751L 16.55 0.004 16.30 21.68 73,160 3.77+
¢ S : : 4. 31%
"70.805 17.1h  0.004 25.82 75,770  3.87.
0.849 16.72 0.004 - 24.50 . 73,910 3.9%
0.815 16.24 3.95

0.00k -

23.52 71,730

*Gate 1lip touching nappe C from Equatidn A.
+Gate 1ip touching nappe C from Equation B.
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Source: Reference A3

Calculation No:  CDQ000020080001

Page A15

Tennessee Valley Authority

Apalachia Project

Tainter Gates Raised Above Water Surface

MODEL TEST DATA

16.55

..9 . . . h

cfs I't.
0.826 0.000
1.796 . 0.000
2.688 0.000
4.098 0.000
5.813 0.001
7.542 0.001
. 9.512 0.001
©11.17 0.002
13.39 0.003
15.80 0.00L
18.66 0.005
21.57 0.006
22,44 0.007
7.647 0.001
11.54 0.002

0.00k

EQUIVALENT PROTOIYFE

H . Q C
ft. efs _

3.36 . 3,651

5.46- 7,939

7.38 . 12,770
9.13 118,110
11.h% 25,700
13.41 . 33,340
15.43 42,050
17.06 k9,380
19.00 59,190
21.0L 69,840
23.12 82,480
25.05 95,350
25.87 99,190
13.50 33,800
. 17.%0 51,010
21.68 73,160

-1 ONVMVO O DI OV EFWNO
~N oW RO NWUN R NN DO



Attachment A6

Source: Reference A7  SIMILITUDE AND MODELS : [Ch. 11

" The state of kinematic similarity can be maintained if, and only if, the cor-
responding force ratios remain constant. That is, if F, and F, are the net forces
exerted on the fluid elements at 4 and B, ’

(Fa P (Fb)p ‘ (11_3)
(F a)m (F b)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,

Figure 11-1. Basic Model-Prototype Relationships

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

Secondary Scale Ratios

The detailed interpretation of model measurements requires that scale:
ratios be available for translating model values of various quantities, e.g
‘velocity, discharge, etc, into the corresponding prototype values. Scales can b
deduced for all physical quantities if scales are known for mass, fength, tim

" and the physical properties of prototype and model fluids. It is conveniént t
introduce” here the subscript r to indicate the ratio of prototype : mod
Quantity, e.g., ¥gnodel lengths are one-tenth those of the protoype, the
L,/L,, =L, = 10, the subscripts p and m indicating prototype and model
before. Now it¢ always true that the mass ratio M, = p,L,>, so we ha

Calculation No:  CDQ000020080001
‘ Page A16
Sec. 11.2} _ _ BAsic PRINCIPLES : 491

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 ' o

v, =L (11-4)

will thﬁrefore be appli_céble, although they may be modified in some case by
the action of influences other than gravity. A complete list of scale ratios is
therefore as follows ' . ' ’

o ‘ Masg M, . =pL>
‘V_r__& _Iig A __;-i"Length L, : =L,
Vo ! Hin  Velocity v, k =L
- . — -1 _ 1/2 . :
Time T, =Ly, =LY - (11-5)

Q_g ' 3 Discharge 0, = y,L,z =LA ‘
I"’ =MrLr7-;'_2 =prLr3
Pressure p,=F, L, “? =)L,

~mo . Force

¢ 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. ' V

Th_e_ only perfect way of dealing with the effect of viscosity is to keep both
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Attachment A8

Source: Reference A6
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Attachment A10

Attachment A15-Apalachia Model Data for Headwater Ratings Rev A.xls

Apalachia Project

Tainter Gates Partially Opened
Data from 1:28.72 scale model (Reference A3)
EQUIVALENT PROTOTYPE

\

feet
1.53
3.18
4,81
6.45
9.74
13.04
16.30
19.79

|'ILmin

Calculation No:  CDQ000020080001
Page A24

HLmin HLmin
(data)  (fit)
feet feet
3.36 3.41
5.46 5.37
7.38 7.32
9.13 9.31
1356 13.35
174 1749
21.68 21.65
26.20 extrapolated using polynomial shown on plot
Apalachia 1:28.72 Scale Model
Himin VS V
30 -

25

HLmin Determination

s

Hymin = 0.003701V + 1.169V + 1.614

Curve fit through mode! data

______f'____,__‘_l““'v—'—_._‘_ BTty et

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

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

10 15 20

25




Attachment A11

Calculation No:  CDQ000020080001
Page A25

Attachment A15-Apalachia Model Data for Headwater Ratings.xIs  Free Discharge

Apalachia
Tainter Gates Raised Above the Water Surface

Data from 1:28.72 scale model (Reference A3)
(equivalent prototype)

H

ft.
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
17.40
21.68

Q
cfs

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

Cy

3.09
3.24
3.32
3.42
3.47
3.54
3.61
3.65
3.72
3.78
3.86
3.96
3.93
3.55
3.66
3.78

H,
ft.

0.25

0.75:

OO WN-

10

14
16
19
22
25
28

3.020

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

Free Discharge Coefficient, C{H,)
Apalachia

Definition: C; = Q/(28.72*6.684*H,"®)

3rd-order curve fit (see plot)
Gy

2.85

2.87
2.89
291
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

20

25 30

C; = 6.8700x°H,° - .003436H,2 + .08600H,, + 2.85




Attachment A12

Calculation No: CDQ000020080001
Page A26

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

Hc=Hme

Hc:Hme

HC=Hme

Hc=HLm<n

chHLmln

Limodel = 6.684 ft Attachment A5-1
Lorototype = 191.96  ft 28.72*Limodel
Model Test Data In
Prototype Dimensions Geometry
Vv H. Q G, Hmp
ft ft cfs ft ft
6.45 9.13 18110 6.677 3.129
6.45 10.45 18490 6.677 3.129
6.45 11.8 19450 6.677 3.129
6.45 13.24 21010 6.677 3.129
6.45 15.25 22900 6.677 3.129
6.45 18.04 25380 6.677 3.129
6.45 20.65 27510 6.677 3.129
6.45 23.72 29930 6.677 3.129
6.45 26.19 31730 6.677 3.129
6.45 40.00
9.74 13.50 33800 9.960 4.783
9.74 15.14 33110 9.960 4.783
9.74 16.51 34620 9.960 4.783
9.74 18.15 36880 9.960 4.783
9.74 20.62 40180 9.960 4.783
9.74 23.61 43680 9.960 4.783
9.74 26.42 46770 9.960 4.783
9.74 40.00
13.04 17.40 51010 13.301 6.424
13.04 17.78 52340 13.301 6.424
13.04 19.24 50480 13.301 6.424
13.04 20.74 52340 13.301 6.424
13.04 22.03 54550 13.301 6.424
13.04 24.12 57910 13.301 6.424
13.04 26.36 61180 13.301 6.424
13.04 40.00
16.30 21.68 73160 16.664 8.028
16.30 23.52 71790 16.664 8.028
16.30 24.50 73910 16.664 8.028
16.30 25.82 75770 16.664 8.028
16.30 40.00
19.79 26.12 101839 20.381 9.722
19.79 29.00
19.79 32.00
19.79 40.00

g=322 ft/s2

Definition: G, = Q/{G,*L*sqrt[2*g*(H.-Hmp)]}

Cq

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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Calculation No

Page A27

Attachment A13

28.72 Scale Model

Cy vs. He

Apalachia 1

—@—\/ = 6.45 ft, Model Data

on

Extrapolat

6.45 ft,

——fiy—\/ = 9.74 ft

——V

Model Data

on

— =\/ = Q.74 ft, Extrapolati

-\

, Model Data

13.04 ft
13
16

on

, Extrapolati

04 ft

— —\/ =

——\/

Model Data

30 ft,

on

= ==\/=16.30 ft, Extrapolat

n

A V=19.73ft, Cg for Extrapolated HLm

ion

= ==\/ =19.73 ft, Extrapolat
&= . .

Cleniionn uyq."r-v'»

MR s e

0.85

8

0

0.75

0.7
65
0.6

20 25 30 35 40
H,, feet

15

10



Attachment A14
Calculation No: CDQ000020080001
Source: Reference A5
- Page A28 7
/ Red circles indicate Apalachia
e iis values determined or estimated
1 Hfrom 1:28.72 scale model data
105 H - f
11T SUGGESTED DESIGN CURVE 11
T FOR X/Hg=0.0 —~_
100 - -
b == SUGGESTED DESIGN CURVE
FOR X/Hy=0./ TO 0.3
I J
95
J
90
i
- : 4
] H
i [ 1
& P T
O -+
8 8 T
S B H
2 H
—_ s 2
70 gg
DEFINITION SKETCH H
65 1 pe
s LEGEND T
symBoL TEST GATE SEAT (x/Hs) T
MODEL DATA EE
60 v CW 80!,AVERAGE 0.000 H
a CW 801, AVERAGE 0.167 X
v WHITNEY DAM, AVERAGE o.127 A
PROTOTYPE DATA H
55 o] CENTER HILL , AVERAGE 0.1 e
D FORT GIBSON, AVERAGE 0.137 1
[ ] WOODS RESERVOIR DAM 0.3% 1
F
50 1
0.5% 0.60 0.65 0.70 075 0.80 0.85 0.90 0.95
DISCHARGE COEFFICIENT (C)
FORMULA TAINTER GATES ON
WHERE. QrCosBragH SPILLWAY CRESTS
Go=NET GATE OPENING DISCHARGE COEFFICIENTS
B=GATE WIDTH
H=HEAD TO CENTER OF GATE OPENING HYDRAULIC DESIGN CHART 311-1
WES 3-56
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Calculation No.  CDQ000020080001 Appendix C | Rev: 1 Plant: GEN Page: C1
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 Cl1 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 (FRgjoseq) When the headwater
elevation is at the top of the gate (1280.00 feet) and when the gates are completely open (FRopen) and the headwater
elevation is at 1295.00 feet. The margin is defined at the ratio of FRgpen t0 FRej0seq. The calculation of these forces
and the results of this comparison are shown in Figure C1.




TVA

Calculation No.  CDQ000020080001 Appendix C | Rev: 1 Plant: GEN Page: C2
Subject: Dam Rating Curves, Apalachia Prepped WBB
Checked JBM
Apalachia Hydrostatic Forces on Gates
Comparison of forces when gates are closed and HW is at
1280.00 feet (top of gate) vs. when gates are fully open and HW at
an elevation of 1295.00 feet.
Attribute Symbol Value Unit
top elev Zo 1280.00 ft
trun elev Ztr 1264.47 ft
sill elev Zsill 1256.50 ft
radius R 22.50 ft
length L 32.00 ft
angle up a2 43.65 deg
angle lwr a 20.75 deg
angle tot 0 64.39 deg
area of lower slice  Aslice1 284.48 ft°
proj area AProjected 752.00 ft*
Desgn LdH FRx 551366.40 Ibs
Result elv 21 1264.33 ft
Result ang deg 0.35 deg
Result ang rad 0.01 rad
Result Dsgn Horiz 551356.23 Ibs
Area slice upper Aslice2 192.83 ft°
Area triangle Atriangle 126.42 ft*
project vert x1 6.22 ft
vert weight water FRy 60251.12 Ibs
Resultant load -
Gates Closed FReiosed 554648.63 Ibs
vert open fm calc  calc App A 19.79 ft
max hw calc 1295.00 ft
Iwr lip elev Z2 1276.29 ft
bot angle ad 31.69 deg
top elev Zo 1286.84 ft
project area for hId AProjected 337.70 ft°
Flood LdH FRx 283078.10 Ibs
Height over gate y1 8.16 ft
Height ratio to orig 1.64 (ratio)
project vert x2 21.53 ft
Flood LdV1 350666.02 Ibs
Flood ILdV2 114591.84 Ibs
Total Flood LdV FRy 465257.86 Ibs
Resultant load -
Gates Fully Open  FR,pen 544608.19 Ibs
Margin FRopen/ FReosed 0.98 (ratio)
Figure C1: Apalachia Spillway Gate Margin Evaluation
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Subject: Dam Rating Curves, Apalachia Prepped WBB
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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. BApalachia 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 3 - Concrete-lined section of tunnel
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SUMMARY OF PRINCIPAL FEATURES

LOCATION

Apalachia 17

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 ............ccviuvenn.
Authorized by TVA Board of Directors ....................

Construction started ........ .. .. .. . . . i e July 17
First concrete placed ... .. ... ... it nnnny February 2,
O o = b o = February 14,
Unit 2 in commercial operation ....................... September 22,
Unit 1 in commercial operation ............... ..., November 17,

PROJECT COST

Initial project, including 2 units
and switchyard ........ ... ...t

Drainage area at dam:
Total ........cciiiiiiiinnnnnn e e e e ettt
Uncontrolled (below Hiwassee Dam) ..................
Gaging station discharge records:
At Hiwassee Dam, North Carolina,
September 1934 to September 1943;
drainage area ........... .ttt
Below Apalachia Dam, June 1941 to
April 1946; drainage area ...........c.oeiviuueionn

sq.
sq.

1941
1941
1941
1942
1943
1943
1943

$23,762,118

miles
miles

. miles

. miles
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STREAMFLOW (Continued)

Near Apalachia, Tennessee, January 1914 to

December 1922; drainage area ................. v...1,038 sq. miles
Near McFarland, Tennessee, October 1942 to
date; drainage area ...........c.i ittt 1,136 sqg. miles

Reliance, Tennessee, August 1900 to December 1913,
February 1919 to September 1926; drainage

4 o - 1,181 sq. miles
Near Reliance, Tennessee, October 1926 to
September 1948; drainage area ................0... 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) .... .. ittt i ittt i eie e 2,140 cfs
Minimum daily natural flow at dam site .
(1925) , @PPIOX. ...ttt is ittt ittt e 150 cfs
RESERVOIR
Counties affected:
State of North Carolina ........... ... nnnn Cherokee
Reservoir land at May 31, 1996:
FE@ SimMPle .. ... ..t it ittt ettt ettt 1,708 ac.
Total ........¢cii it iieenenns e et ettt e et et e e 1,708 ac.
Transferred . ... ... .. .. ..ttt ie ettt teeaaeaanans 10,395 ac.
Operating levels at dam: _
Probable maximum flood elevation (PMF) .................. el. 1297.2
500-year flood elevation .............. ... . i, el. 1283.0
100-year flood elevation ............. i, el. 1282.0
Winter flood guide level .......... ..ottt vrnenneennnnns el. 1272.0
Summer flood guide level ...........c.iiiititnnnenonoannsns el. 1280.0
Maximum used for design (150,000 cfs) ................... el. 1282.0
Top of gates (area 1,100 ac.) ...... it ennennnnnn el. 1280.0
Backwater, length to Hiwassee Dam ............... ..., 9.8 miles
Shoreline, length at normal maximum pool level:
Main shore . ... ... . . . .. et e e s et s et e 31 miles
Original river area (to Hiwassee Dam .............. ...t innnnn. 80 ac.

Storage (flat pool assumption):
Total volume:

At top of gates (el. 1280) ........... . innu.. 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) ........itiieiercenonsanoenonaes 8,800 ac.-ft



April 2001 Apalachia 19

TAILWATER
Maximum used for design (150,000 cfs):
- o - el. 1195.0
At powerhouse .. ...... ..ottt it nnnns ...el. 873.5
Maximum known flood at
powerhouse (February 4, 1936) ........... ...t el. 855.0
Full plant operation (2 units) .......... ... ... i, el. 842.7
One unit operating at best efficiency ..............coviuuienn.. el. 841.5
Minimum level at powerhouse ......... ... ...ttt ennennnn el. 837.6

HEAD (Gross)

Maximum static (el. 1280-837.6) ...... ..ttt ittt eeneenenaens 442 .4 ft
Normal maximum operating (el. 1280-840) .............cciuirun.. 440.0 ft
Average operating ... .. ...ttt ittt ittt i i e 436.0 ft
Minimum operating (el. 1282-873.5) ... ... ... 408.5 ft

CLEATANG « vttt e eet e e et ee e et et e 595 ac.
Highways: '
Access . ...... . ettt ettt e 4.8 miles
State .. .. e e 2.4 miles
Other ... . i i i i i e e i i e e 12.5 miles
Total . ...ttt ittt ittt e 19.7 miles
Railroad . ... ..ottt ittt ittt it e et e i e 2.5 miles
Bridges (Highway) ... ... ..ttt ttiennoseriennnnesonoenannnnnns 1
Utilities adjusted ...... .. i i i i i i ittt ieiiiean None
Families relocated ... ..... ... .. ittt ittt sinnneennsan 22
GraAVES . ... .. ittt ittt ittt it et ettt None
DAM
Material and type ........c.cciiiiinannnnn.. Concrete gravity nonoverflow
dam and spillway
Lengths:
Nonoverflow dam . ..... ... ... ittt ieinineeinennenennnnnas 809 ft
5 =3 0 0 = 374 ft
Cutoff walls ........c.ci ittt ittt ietenstansennonnnen 125 ft
D e & - T 1,308 ft

Maximum height, foundation to deck level ......................... 150 ft
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DAM (Continued)

Maximum width at base:

Spillway section only ........ ...ttt 100 ft

Including apron (bucket) ......... ... . iy ... 140 £t
DecCk level .. ...ttt e et e et e e e et e el. 1288.0
Outlet facilities:

Spillway clear opening (10 openings at 32 £t) ............... 320 ft

Spillway crest level ... .. ... ... ... it el. 1257.0

Crest gates ......... ... 10 radial gates, 32 ft wide,

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

Gate hodists . .... ..t ittt it iiten ittt ineenenn Ten 40-ton fixed hoists
Spillway capacity:
HW el. 1282 (design level) ..........ciiitiiiinnnnnennnnn 156,600 cfs
HW el. 1280 (top of gates) ........... ..., 136,000 cfs
Foundation .. ....... ... .t eennnnns Micaceous quartzite, mica

schist, and mica slate

POWER FACILITIES

INTAKE
Location ............. ... ... ..., Left abutment of dam nonoverflow section
Number .. .... ... i i i i i i i i i et e e e 1
Dimensions of opening ..................... 14.5 £t wide by 21.75 £t high
Gross area at racks ....... ... ..ttt e e e e 1,365 sq. ft
Gate ... i i e e e e e One fixed roller lift gate,
14.5 by 22.28 £t clear
opening
Hodst ... . .. i i it it One 50-ton-capacity stationary

chain hoist

CONDUIT (See Figure 15)

(Intake to Powerhouse)

72 ==Y 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
Tunnel:
18-ft-dia., concrete-lined ..... ... ... ... . ...t 33,850
20-ft-dia., unlined ........... et 3,098
22-ft-dia., unlined .. ... .. ... . ... it i e 2,902
l6-ft-dia., steel-lined ................ vttt e e .. 1,008
l6-ft-dia., penstock (Turtletown Creek) ..................... 647
18-ft-dia., steel-lined ..... ... .. . ...ttt anronnnnsans 934
Wye transition, concrete-lined .................... ... ... ..., 56
12-ft-dia., concrete lined, 2 ... ... ... ..ttt anoaannaann 80
12-ft-dia., steel-lined, 2 ... ... ... ittt tnencnnmanaaeannans 131
Total tunnel . ... ... ... ittt ittt tennonteneennceaeeananns 42,706
Steel penstocks (valve house to powerhouse), \
11-ft-dia., 2 ...... .ttt nencaneaanaeeanananos e 363

21

ft

£t
ft
£t
ft
£t
ft
ft
£t
£t
ft

ft
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FIGURE 15
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POWER FACILITIES (Continued)

VALVE HOUSE

Location .................... At tunnel portal above powerhouse, el. 1053
Material ........... ...ttt ennnnnannnns Reinforced concrete
Principal dimensions .............c.ciiina.n 74 £t long by 20 ft wide by
............................................................. 23 ft high
Butterfly valves ..........ciiinnn.. Two 12-ft-dia. Baldwin-Southwark

rated 300 £t head, to close within
300 seconds, 1500 cfs

POWERHOUSE (See Figure 17)

Location ... .... .ttt eeenneeeaneenneans On left bank of Hiwassee River
at river mile 53.6; 12.4 river
_ miles downstream from dam
Generating capacity, 2-unit total ........... ... .. ... L. 78,900 kw
Type of construction ...................... Enclosed, reinforced concrete
and structural steel
Principal outside dimensions,

including service bay ....................... 146 £t long by 87 ft wide
by 98 £t high
Service bay . ... ... i i e e 58 ft long by 76.75 ft wide
Draft tubes:
b == Pt e Elbow, 2 openings
Vertical distance centerline of
distributor to draft tube floor ............... .. ... .. ..., 24 .4 ft
Horizontal length (centerline of turbine
to downstream face) .. .... ..ttt et ettt e 36.5 ft
Net area of outlet opening, per unit .................... 210 sq. ft
Gates ........ i e e e e One set of 2 slide gates, 11
ft clear opening by 8 £t high
Gate hoist ......... ... ... .. L One 5-ton hand-operated monorail
Erecting crane ...........cciviiviuunnn 13.0-ton overhead crane with

25-ton auxiliary hook.
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POWER FACILITIES (Continued)

HYDRAULIC TURBINES

5 111 Y= 2

Manufacturer .............. ... .. ... Baldwin-Lima-Hamilton Corp.
171 1= Vertical Francis
Rated capacity (each) ...................... 53,000 hp at 360-ft net head
Head for best efficiency ....... ..ottt ennnnnens 390 ft net
Rated speed ... ... ..ttt ittt ittt ennnens 225 r/min
Maximum runaway Speed ... .. ... ...ttt 440 r/min
Specific speed at rating .......... .. il i i e i i e 33
Value of sigma at rating ........ ... ..ttt it inetenneenns 0.073
Diameter of runner, intake ...... ... .. ...ttt ittt 118 in.
Diameter of runner, discharge .......... ... s 103 in.
Centerline to bottom of runner ............... ... .. ... 36.125 in.
Centerline to top of runner ............ ..ttt einiennnns 9.625 in.
Diameter of guide vane circle ............ .ttt ineennnn 138.5 in.
Diameter of Lower Pit .. ... ... iiiiiiin it iteeaeeeete e 15.0 ft
Spacing of turbines, center to center of units .................... 44 ft
GOVEIXNOYS . .. ovviiiannostnnnsnonsssenanes Woodward, cabinet actuator type
Weight of rotating parts ......... ... ... . i il .... 64,000 1b
GENERATORS
45 11 <= < T 2
Manufacturer ............. ... ... ... .. Westinghouse Electric Corp.
"2 == Enclosed, water-cooled, vertical-shaft
Rating: ,
Unit 1, original rating
unit 2 ... . e e 40,000 kva, 37,500 kw, 1675 A,

60 degrees C rise, 0.938 pf,
13.8 kv, 3 ph, 60 Hz
Capacity: ’ :
Unit 1, original capacity
L5 o % s A Ot 46,000 kvA, 43,100 kw,

1926 A, 80 degrees C rise
Efficiency (guaranteed original values):

At rated kVA, 1.0 pf ... ... i i i i e 97.6 percent

At 75% kVA, 0.9 pPf ... i i i i 97.0 percent
Note: Unit 2 rewound and rerated June 1, 1973.
Rating:

Unit 2 ....... .. iiiennn. 46,000 kVA, 41,400 kwW,1925 A,60 degrees

C rise, 0.9 pf, 13.8 kV, 3 ph, 60 Hz

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

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

GENERATORS (continued)

Exciters:
=5 1« Y 225 kW, 250 Vv
=20 < e 5 kW, 250 v
Weight of heaviest crane lift, rotor ............... ... . ...... 130 tons
Diameter over air housing, less trim........... ... . i, 360 in.
Diameter of stator bore ... .. ... ... . . . . i i e e 215.5 in.
Top of pilot exciter:
Above stator soleplates ........... ...ttt 135 in.
Above generator £loor .............iiiiiiiiiirnnans e e 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

! GNV13NTTI LSVT

£ 33020

FISSVMIH

g ONV1IANTTI LSVT

480 Vv



ia 29

Apalach

72 0 LI
S LIIGA Ly

o B R 2
_\Z\W.” : QWW%L*%\ m&“\

SN i %
’.

LN INEIIE L Al P ewecei, Bds e
D N I Ty S Tl

X AT
% xmﬁ el

v rmatt onrs ¥ g !
Nm\ P A3 T A A e

/i

N

ey el

4

Crwr o,

AN

AR i
BRIy i S
Letins) Seae
st .
L0

K
e

A
ey

/s

2]
(=]
[ (=)}
i I
H
o
2 4
H
(7] 0
[
(@]

»*

i

#

el 4
k) e i e

e
gt

("

A DR AL

...,um\‘.\ [
IAS

A At
R v YhrIad

/
e
NI

il 2001

Apr




April 2000 Apalachia 30
TRANSMISSION PLANT DATA
Plant Location | Phase | Serial Number, MVA Rating Voltage kV] Cooling Tap Oil Preservation | Oil Volume] Configuration Impedance % Contract Manufacturer Year of
55 degrees |65 degrees ’ Changer System Gal. H-X | H-Y | XY | Number Manufacture
Appalachia Hydro |Bank 1 3 3111413 36/48 N/A|161/13.2 JOA/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 OA/FA DETC Gas-Blanketed 9784 |Wye/Delta 10.80 N/A N/A|TV-65786 |Westinghouse 1942
Note: H=High voltage winding

Y=Tertiary winding

X=Low voltage winding

Page 1




September 2003

Elevation
(feet)
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

Area Volume
(acre*1000) (ac-ft*1000)
1.18 63.5
1.16 62.4
1.15 61.2
1.14 60.1
1.13 58.9
1.12 57.8
1.11 56.7
1.10 55.6
1.09 54.5
1.08 53.4
1.07 52.3
1.06 51.3
1.05 50.2
1.04 -49.2
1.03 48.1
1.02 47 1
1.00 46.1
.99 45.1
.98 441
.96 43.1
.95 422
.93 41.2
.92 40.3
.90 394
.89 38.5
.87 37.6
.85 36.8
.83 35.9
.82 35.1
.80 34.3
.79 335

Gross
Head
(feet)
4447
443.7
4427
4417
440.7
439.7
438.7
437.7
436.7
435.7
4347
433.7
432.7
431.7
430.7
429.7
428.7
4277
426.7
4257
4247
423.7
4227
421.7
420.7
419.7
418.7
417.7
416.7
4157
4147

Reservoir and Power Data

Best Efficiency Maximum Sustainable
Plant Turbine Plant Turbine
Output Discharge kW/CFS Output Discharge kW/CFS

(mW) (cfs) (mW) (cfs)

70.4 2,450 28.75 76.0 2,850 26.67
70.4 2,450 28.75 76.0 2,850 26.67
70.4 2,450 28.75 76.0 2,850 26.67
70.4 2,450 28.75 76.0 2,850 26.67
70.4 2,450 28.75 76.0 2,850 26.67
70.4 2,450 28.73 75.9 2,850 26.65
70.2 2,450 28.67 75.8 2,850 26.58
701 2,450 28.60 75.6 2,850 26.52
69.9 2,450 28.54 754 2,850 26.46
69.8 2,450 28.48 75.2 2,850 26.40
69.6 2,450 28.42 75.0 2,850 26.33
69.5 2,450 28.35 74.9 2,850 26.27
69.3 2,450 28.29 74.7 2,850 26.21
69.2 2,450 28.23 74.5 2,850 26.15
69.0 2,450 28.17 74.3 2,850 26.08
68.8 2,450 28.10 74.2 2,850 26.02
68.7 2,450 28.04 74.0 2,850 25.96
68.5 2,450 27.97 73.8 2,850 25.90
68.4 2,450 27.90 73.6 2,850 25.83
68.2 2,450 27.84 734 2,850 25.77
68.0 2,450 27.77 73.3 2,850 25.71
67.9 2,450 27.70 73.1 2,850 25.65
67.7 2,450 27.64 729 2,850 25.58
67.5 2,450 27.57 727 2,850 25.52
67.4 2,450 27.50 72.6 2,850 25.46
67.2 2,450 27.44 724 2,850 25.40
67.1 2,450 27.37 72.2 2,850 25.34
66.9 2,450 27.30 72.0 2,850 25.28
66.7 2,450 27.24 71.9 2,850 25.22
66.6 2,450 27.17 7.7 2,850 25.16
66.4 2,450 27.10 715 2,850 25.10

Apalachia
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1254
1253
1252
1251
1250
1249
1248
1247
1246
1245
1244
1243
1242
1241
1240
1239
1238
1237
1236
1235

.78
g7
.75
74
73
.72
71
.70
.69
.68
.67
.66
.65
.64
.63
61
.60
.59
.58
.57

32.7
31.9
31.2
30.4
29.7
290
283
27.5
26.8
26.2
255
24.8
242
235
229
223
21.7
211
20.5
19.9

413.7
4127
411.7
410.7
409.7
408.7

407.7

406.7
405.7
404.7
403.7
402.7
401.7
400.7
399.7
398.7
397.7
396.7
3957
394.7

Reservoir and Power Data

Best Efficiency Maximum Sustainable
66.2 2,450 27.04 714 2,850 25.05
66.1 2,450 26.97 71.2 . 2,850 24.99
65.9 2,450 26.90 71.1 2,850 24.93
65.7 2,450 26.84 709 2,850 24.87
65.6 2,450 26.77 70.7 2,850 24.81
65.4 2,450 26.70 706 2,850 24.75
65.3 2,450 26.64 70.4 2,850 24.70
65.1 2,450 26.57 70.2 2,850 24.64
64.9 2,450 26.50 70.1 2,850 24.58
64.8 2,450 26.44 69.9 2,850 24.52
64.6 2,450 26.37 69.7 2,850 24.46
64.4 2,450 26.30 69.6 2,850 24.40
64.3 2,450 26.24 69.4 2,850 24.35
64.1 2,450 26.17 69.2 2,850 24.29
63.9 2,450 26.10 69.1 2,850 24.23
63.8 2,450 26.04 68.9 2,850 24.17
63.6 2,450 25.97 68.7 2,850 24 11
63.5 2,450 25.90 68.6 2,850 24.05
63.3 2,450 25.84 68.4 2,850 24.00

2,450 25.77 68.2 2,850 23.94

63.1

Apalachia
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Apalachia

34

IVqumes 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 JMaximum hourly average discharge to date was 39,228 cfs at M., on 5/28/73.
YEAR] (TURBINE + SPILL) § DATE] PERIODS | 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 212 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 16810---1/24---9
1948 9422 12/28 3 24 |1184---11/30---2; 2154---12/9---2; 6480---12/288&29---20
1949 10125 113 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---1
1953 2978 3/7 0 0
1954 9547 1/26 1 8 |6582---1/26---8
1955 2926 817 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 p0--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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Apalachia 35

Volumes are average daily in day-second-feet, except as shown.
Maximum spill, date of maximum, and number of days of spiil in each spill period, in this order. "Totai 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 Al 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 114 0 0
1966 3708 12/31 1 2 |oo--4/27--1
1967 8976 123 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 19 1 11 |6003—1/9-—11
1969 9508 2/5 1 6 |6471-—215-6
1970 4193 19 2 2 |1100--1/9-1; 1--9/15-—-1
1971 5162 2/10 1 5 |2062--2/10--5
1972 8879 1712 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-—-A4; 3288---6/17---T; 2784---12/10---2
1974 8338 1111 2 56 |5157-1/11--19; 4083--2/9---37
1975 7215 28 2 39 |4213--2/8--30; 2095---4/6-9
1976 5572 707 2 10 |432-6/13-—1; 2487—-7/79
1977 4390 1228] 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 1127 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 723 B 18 [|2188--3/28--13; 295---10/231; 1541—12/20—4
1131
1981 2800 thru 1 1 |85--4/10-1
212 |
1982 8150 2/5 3 34 |4922--1/11--4; 5305---2/5--13; 3102--12/22---17
1983 8434 12125 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
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Apalachia 36

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 hourty average discharge to date was 39,228 cfs at M., on 5/28/73.

YEAR|] (TURBINE + SPILL) | DATE} 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 11/30 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 13121---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 16546---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; 31 97--—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
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ORDER ELEVATION

ANNUAL MAXIMUM AND MINIMUM ELEVATIONS
IN ORDER OF MAGNITUDE

TVA OPERATED RESERVOIR SYSTEM

RIVER SCHEDULING

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

MAXIMUM

YEAR
1281.40 1952
1281.25 1977
1281.23 1946
1280.85 1943
1280.70 1994
1280.70 1999
1280.60 1983
1280.49 1990
1280.46 1961
1280.40 1944
1280.40 1945
1280.39 1950
1280.32 1970
1280.29 1984
1280.27 1949
1280.27 1951
1280.27 1968
1280.26 1958
1280.25 1964
1280.16 1957
1280.14 1947
1280.08 1959
1280.05 1953
1280.04 1962
1280.03 1960
1280.00 1948
1280.00 1973
1280.00 1976
1280.00 1978
1280.00 1979
1280.00 1989
1280.00 2000
1279.99 1955
1279.99 1956
1279.99 1963
1279.99 1969
1279.99 1975
1279.97 1980

MONTH DAY
JUNE 13
JAN, 11
FEB. 10
DEC. 3
MAR 30
APR. 5
DEC. 25
JAN. 1
MAR. 8
APR. 22
DEC. 31
MAR, 13
JAN. 9
FEB. 16
JAN. 7
FEB. 8
AUG. 7
NOv. 28
DEC. 19
APR. 2
JAN. 23
JAN. 5
JULY 14
FEB. 21
JULY 28
NOV. 29
OCT. 10
DEC. 9
JAN. 12
NOV. 8
NOV. 15
FEB. 4
APR. 25
FEB. 29
JAN. 24
JULY 15
MAR. 31
MAR. 21

APALACHIA

MINIMUM

ORDER ELEVATION

1177.90 *
1251.00
1251.19
1251.73
1251.97
1252.20
1252.70
1252.73
1254.36
1254.82
1255.21
1257.60
1259.34
1260.59
1264.25
1264.61
1264.78
1264.87
1265.47
1265.55
1265.67
1265.81
1266.31
1269.85
1269.89
1270.25
1270.59
1270.76
1270.78
1270.84
1271.12
1271.32
1271.33
1271.38
1271.57
1271.68
1271.85
1271.90

1943
1971
1986
1955
1966
1989
1977
1995
1984
1969
1992
1980
1979
1954
1978
1946
1985
1945
1947
1944
1948
1994
1962
1950
1949
1952
1959
1953
1956
1973
1951
1975
1982
1990
1999
1996
1968
1972

Apalachia
MONTH DAY
FEB. 14
APR. 25
NOV. 30
AUG. 28
APR. 15
APR. 16
OCT. 31
AUG. 16
DEC. 14
APR. 5
APR. 15
NOV. 1
MAR. 27
APR. 18
OCT. .25
JULY 22
SEP. 5
DEC. 16
JULY 13
OCT. 9
JULY 12
JULY 28
APR. 21
APR. 24
JAN. 18
JAN. 2
DEC. 30
JUNE 6
JAN. 27
FEB. 24
DEC. 31
FEB. 11’
DEC. 19
MAR. 3
AUG. 3
FEB. 9
APR. 7

AUG.
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ORDER ELEVATION

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

ANNUAL MAXIMUM AND MINIMUM ELEVATIONS
IN ORDER OF MAGNITUDE

TVA OPERATED RESERVOIR SYSTEM

RIVER SCHEDULING

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

MAXIMUM

YEAR
1279.96 1954
1279.95 1971
1279.95 1998
1279.92 1967
1279.90 1974
1279.90 1993
1279.90 1996
1279.89 1966
1279.84 1997
1279.80 1965
1279.80 1981
1279.80 1992
1279.80 1995
1279.75 1972
1279.61 1991
1279.60 1988
1279.48 1987
1279.21 1982
1279.04 1985
1278.93 1986

MONTH DAY
JAN. 22
MAY 26
APR. 20
DEC. 2
JULY 15
JAN. 26
MAY 20
APR. 2
OCT. 23
MAY 31
JUNE 4
OCT. 21
FEB. 16
MAR. 24
SEP. 14
DEC. 13
JUNE 3
SEP. 13
FEB. 16
FEB. 18

APALACHIA

MINIMUM

ORDER ELEVATION

39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

1271.95
1271.96
1271.97
1272.00
1272.24
1272.25
1272.28
1272.29
1272.44
1272.56
1272.57
1272.64
1272.72
1272.73
1272.75
1272.81
1273.10
1273.10
1273.13
1273.60

1983
1960
1970
1957
1987
1976
1991
2000
1967
1961
1958
1988
1981
1964
1974
1965
1993
1997
1963
1998

Apalachia
MONTH DAY
MAY 24
JAN. 1
SEP. 7
JAN. 8
MAY 22
JUNE 2
AUG. 16
JUNE 8
OCT. 3
DEC. 15
MAR. 13
FEB. 11
DEC. 22
JAN. 4
OCT. 30
MAR. 30
JAN. 9
MAR. 9
DEC. 14
DEC. 29

38



Septbemer 2003 ‘ Apalachia 39

AVERAGE WEEKLY CFS

MAXIMUM, MINIMIUM, MEDIAN, AND ‘MEAN
Adjusted Flow by Weeks
Apalachia
Years=1903-2002

WEEK WEEK . AVERAGE WEEKLY CFS
ENDING NO. MAXIMUM - YR MINIMUM YR MEDIAN MEAN
JAN 7 1 8,400 1937 508 1940 2,300 2,740
JAN 14 2 7,950 1946 587 1956 2,250 2,640
JAN 21 3 14,000 1947 €610 1914 2,460 2,960
JAN 28 4 9,890 1854 535 1940 2,800 3,110
FEB 4 5 15,300 1957 482 1940 2,710 3,150
FEB 11 6 11,400 1921 755 1934 2,730 3;270
FEB 18 7 14,800 1990 - 763 1934 2,940 3,520
FEB 25 8 11,300 1961 778 1941 2,780 . 3,300
MAR 4 9 12,800 1917 839 1941 2,930 3,380
MAR 11 10 11,800 1917 1,070 1914 3,010 3,510
MAR 18 11 13,300 1990 1,130 1981 2,810 3,660
‘MAR 25 12 12,400 1917 1,030 1988 2,970 3,510
APR 1 13 14,200 1994 1,030 1988 2,990 3,910
APR 8 14 18,900 1920 .1,200 1986 3,100 3,690
APR 15 15 9,820 1979 1,040 1986 2,660 3,150
APR 22 16 7;070 1994 917 1986 2,750 2,860
APR 29 17 6,070 1958 880 1986 2,700 2,700
MAY 6 18 7,410 1984 707 1986 2,350 2,730
MAY 13 19 8,220 1984 721 1986 2,270 2,540
MAY 20 20 8,750 1976 687 2001 2,010 2,220
MAY 27 21 9,830 1909 529 1941 1,950 2,270
JUN 3 22 8,590 1973 436 1988 1,720 2,050
JUN 10 23 8,600 19095 312 1988 1,650 1,960
JUN 17 24 5,230 1989 236 1988 1,550 1,800
JUN 24 25 7,920 1989 431 1986 1,430 1,620
JUL 1 26 4,600 1994 316 1988 1,310 1,600
JUL .8 27 5,350 1989 418 1986 1,320 1,620
JUL 15 28 11,300 1916 334 1986 1,250 1,670
JUL 22 29 7,050 1906 314 1986 1,280 1,550
JUL 29 30 9,570 1938 381 1986 1,190 1,490
AUG 5 31 6,070 1971 239 1986 1,130 1,380
AUG 12 32 4,320 1938 301 1987 1,160 1,330
AUG 19 33 10,300 1920 309 1925 1,120 1,370
AUG 26 34 10,300 1967 255 1925 988 1,290
SEP 2 35 5,020 1967 180 1925 881 1,130
SEP 9 36 7,210 1928 146 1925 884 1,070
SEP 16 37 4,060 1920 155 1925 835 934
SEP 23 38 3,720 1906 169 1925 823 977
SEP 30 39 6,570 1989 280 1925 859 1,130
OoCT 7 40 9,750 1964 290 1981 877 1,210
OCT 14 41 3,740 1906 280 2000 810 951
OCT 21 42 3,410 1906 240 1954 803 - 1,010
OCT 28 43 3,090 1997 290 1954 876 1,020
NOV 4 44 8,420 1918 270 1954 892 1,170
NOV 11 . 45 4,930 1977 376 1931 956 1,180
NOV 18 46 10,200 1929 396 1931 1,070 1,330
NOV 25 47 13,900 1906 516 1956 1,110 1,540
DEC 2 48 8,070 1948 496 1939 1,100 1,590
DEC 9 49 6,060 1983 494 1939 1,640 1,850
DEC 16 50 9,060 1932 455 1939 1,540 2,090
DEC 23 S1 9,420 1961 485 1943 1,460 2,240
DEC 31 52 13,100 1932 582 1965 2,010 2,550

AVERAGE FLOW:1903 - 2002 = 2130 CFS RIVER SYSTEM OPERATIONS
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ANNUAL OPERATING CYCLE
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Apalachia 41

. Dam closure February (14,1943,
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VOLUME IN THOUSANDS OF ACRE - FEET
1943 YOLUME
v
E;: AREA 1943 1950 1960 1965
AC AC-FT | AC-FT | AC-FT | AC-FT
1,290 | 1,222 70,100 | 69,800 | 69,400 | 89,600
1,280 | 1,100 58,300 | 58,000 [ 87,500 | 57,800
1,270 93 47,700 | 47,400 | 46,900 | 47,100
1,257 846 35,700 | 39,400 | 34,000 | 35,100
1,285 820 34,000 | 33,700 | 33,300 | 33,500
1,240 814 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 12,800
1,210 385 8,700 | 6,500 | 8,200 8,300
1,200 3 5,200 | 5,000 | 4,700 4,900
1190 215 2,600 | 2,500 | 2,300 2,400
1i8o 149 800 700 800 400
170 ] 10 ] [ 0
1,168 0 0 0 0 0
NOTES:
Reservoir argas were measured on a composite map prepared by the Hydraulic Data
Branch with contours drawn at {0’ intervals and scale I*=500". The map was prepared
from TVA land maps with contours at elevations {,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. Voiumes
of sediment on succeeding dates were computed by the constant factor method.
Elevations are referred to the USC & GS (938 Supplementary Adjustment.
Upstream limit of the reserveir is Hiwassee Dam &t river mile 75.8.
Area of original river within reservoir = 80 acres.
Drainage area above Apalachia Dam = 1,018 square miles. HIWASSEE RIVER - MILE 66.0

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

RESERVOIR AREAS
AND VOLUMES
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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 ........ ..o iiiiinieeeennnnnnn 20
(All Apalachia housing has been removed.)
Demountable hoUSesS ... ... ...ttt ioeenneeeneeneeensoesoneseenneenss 51
Dormitories built:
Men (432 total capacity) .. ...ttt it e e e, 7
Women (6 total capacity) .......ci i ittt it 2
B <= W 100 = < 66
Tents (352 total capacity) ....... i i i it 88
Washhouses. . ....... ...t eennennn. e e e e et et 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) .. ... ... e e e e et e e 756,800 cu. yd
Concrete (including 210,543 cu. yd
in tunnel) ... .. e e e i e e e e e e e 448,349 cu. yd
Foundation grouting
(at dam only), cement ... ....... ... ...ttt 4,375 bags
Structural steel (tunnel liners, penstock,
and surge tank riser) ........ .. ..t it i e 4,552 tons
Structural steel (dam, powerhouse, and
switchyard) ...... ... .. i e e 845 tons
Reinforcing steel .. ... ... ... .. . it 1,422 tons
Highway and railroad:
ExXCavation . ... ...ttt itiie e inneneeeennenenenns 250,000 cu. yd

NOTE
Elevations are based on the U.S.C. & G.S. 1936 Supplementary Adjustment.

43
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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 incremental discharge between
the tabulated values for consecutive gate arrangements is generally less than
5 percent of the tabulated discharge. The incremental discharge between
tabulated values of consecutive headwater elevations is generally less than
1 percent. These increments are exceeded 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 1 percent. These
tolerances are considered acceptable and therefore it will not be necessary
to interpolate between values given in these tables.

When the exact headwater elevation does not appear in the tables, the
discharge for the headwater elevation closest to it is used. For example, the
column headed 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.



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 1 -- 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 S 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 1 would be set to gate opening indicator position 3.

Example 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.



APALACHIA DAM

LOCATION OF SPILLWAY GATES

Spillway Gate Numbers
1 2 3 4 5 6 7 8 9 10
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SPILLWAY GATE ARRANGEMENTS

APALACHIA DAM

Arrange- Gate Number JR— Gate Number Arange- Gate Number

ment ment i ment

Number|] 1] 2| 3|1 4| 5|6 78| 9]10 Number| 1| 2| 31 451 86|7|8|9]|10 Number| 1| 21 3| 4| 56| 7| 8] 9|10
1 0 0 0 1 0 ] 0 0 0 0 41 4 4 4 5 4 4 4 4 4 4 81 10| 10| 10{ 10} 10| 10| 10| 10 | 10| 14
2 0 0 0 1 0 0 1 o] 0 0 42 4 4 4 5 4 4 5 4 4 4 82 1010|1010 10| 10| 10| 14 | 10| 14
3 0 1 0 1 0 0 1 o] 0 o] 43 4 5 4 5 4 4 5 4 4 4 83 10|10 | 10{10{ 10| 14| 10| 14 | 10| 14
4 0 1 0 1 0 0 1 0 1 0 44 4 5 4 5 4 4 5 4 5 4 84 10| 10| 10|14 10| 14| 10| 14 | 10| 14
5 0 1 0 1 1 ] 1 o] 1 ¢ 45 4 5 4 5 5 4 5 4 5 4 85 10|14 |10 (14| 10| 14| 10| 14 | 10| 14
6 0 1 0 1 1 1 1 0 1 0 46 4 5 4 5 5 5 5 4 5 4 86 14|14 |10 |14 | 10| 14| 10| 14 | 10| 14
7 1 1 0 1 1 1 1 ] 1 ] 47 5 5 4 5 5 5 5 4 5 4 87 14|14 |14 |14 | 10| 14 | 10| 14 | 10| 14
8 1 1 0 1 1 1 1 0 1 1 48 5 5 4 5 5 5 5 4 5 5 88 14|14 | 14| 14 | 14| 14 | 10| 14 | 10| 14
9 1 1 1 1 1 1 1 0 1 1 49 5 5 5 5 5 5 5 4 5 5 89 14|14 | 14 |14 | 14} 14 | 14 | 14 | 10| 14
10 1 1 1 1 1 1 1 1 1 1 50 5 5 5 5 5 5 5 5 5 5 90 14|14 | 14| 14| 14| 14| 14 | 14| 14| 14
11 1 1 1 2 1 1 1 1 1 1 51 5 5 5 6 5 5 5 5 5 5 91 14 | 14 {14 | 14 | 14 | 14 | 14 | 14 | 14 | 18
12 1 1 1 2 1 1 2 1 1 1 52 5 5 5 6 5 5 6 5 5 5 92 14|14} 14| 14 | 14 | 14| 14| 18 | 14 | 18
13 1 2 1 2 1 1 2 1 1 1 53 5 6 5 6 5 5 6 5 5 5 93 14| 14|14 14 | 14| 18| 14 | 18 | 14 | 18
14 1 2 1 2 1 1 2 1 2 1 54 5 6 5 6 5 5 6 5 6 5 94 14| 14114 18| 14| 18| 14 | 18 | 14 | 18
15 1 2 1 2 2 1 2 1 2 1 55 5 6 5 6 6 5 6 5 6 5 95 14 {18 | 14} 18| 14 | 18| 14 | 18 | 14| 18
16 1 2 1 2 2 2 2 1 2 1 56 5 6 5 6 6 6 6 5 6 5 96 18| 181 14| 18} 14 | 18| 14| 18 | 14| 18
17 2 2 1 2 2 2 2 1 2 1 57 6 6 5 6 6 6 6 5 6 5 97 18 {18 | 18| 18| 14 | 18| 14 | 18 | 14 | 18
18 2 2 1 2 2 2 2 1 2 2 58 6 6 5 6 6 6 6 5 6 6 98 18| 18| 18| 18| 18| 18| 14 | 18 | 14 | 18
19 2 2 2 2 2 2 2 1 2 2 59 6 6 6 6 6 6 6 5 6 6 99 18|18 | 18| 18| 18| 18| 18 | 18 | 14 | 18
20 2 2 2 2 2 2 2 2 2 2 60 6 6 6 6 6 6 6 6 6 6 100 18| 18| 18| 18| 18| 18| 18 | 18 | 18 | 18
21 2 2 2 3 2 2 2 2 2 2 61 6 6 6 8 6 6 6 6 6 6 101 18| 18| 18| 18| 18| 18| 18| 18 | 18 | 21
22 2 2 2 3 2 2 3 2 2 2 62 6 6 6 8 6 6 8 6 6 6 102 18| 18| 18| 18| 18 | 18 | 18 | 21 | 18 | 21
23 2 3 2 3 2 2 3 2 2 2 63 6 8 6 8 6 6 8 6 6 6 103 18| 18| 18| 18| 18| 21 [ 18| 21 | 18| 21
24 2 3 2 3 2 2 3 2 3 2 64 6 8 6 8 6 6 8 6 8 6 104 18|18 | 18| 21 | 18| 21| 18| 21 | 18 | 21
25 2 3 2 3 3 2 3 2 3 2 65 6 8 6 8 8 6 8 6 8 6 105 1821|1821 | 18| 21| 18| 21 | 18 | 21
26 2 3 2 3 3 3 3 2 3 2 66 6 8 6 8 8 8 8 6 8 6 106 | 2121 (18| 21| 18| 21 | 18| 21 | 18 | 21
27 3 3 2 3 3 3 3 2 3 2 67 8 8 6 8 8 8 8 6 8 6 107 |21 (21 (21|21 |18 21 |18 | 21 | 18| 21
28 3 3 2 3 3 3 3 2 3 3 68 8 8 6 8 8 8 8 6 8 8 108 |21 (21 (21|21 |21 {21 |18 21| 18} 21
29 3 3 3 3 3 3 3 2 3 3 69 8 8 8 8 8 8 8 6 8 8 109 |21 (21 (21|21 |21} 21|21 }21 |18} 21
30 3 3 3 3 3 3 3 3 3 3 70 8 8 8 8 8 8 8 8 8 8 110 |21 (21 (21|21 |21 21 |21 (21 | 21| 21
31 3 3 3 4 3 3 3 3 3 3 71 8 8 8 8 8 8 8 8 8 | 10

32 3 3 3 4 3 3 4 3 3 3 72 8 8 8 8 8 8 8 (10| 8 | 10

33 3 4 3 4 3 3 4 3 3 3 73 8 8 8 8 8 |10| 8 (10| 8 | 10

34 3 4 3 4 3 3 4 3 4 3 74 8 8 8 |10| 8 | 10| 8 | 10| 8 | 10

35 3 4 3 4 4 3 4 3 4 3 75 8§ 10, 8|(10| 8| 10| 8 |10]| 8 | 10

36 3 4 3 4 4 4 4 3 4 3 76 10|10 8 (10| 8 | 10| 8 | 10| 8 | 10

37 4 4 3 4 4 4 4 3 4 3 77 i0/10;10|/ 10| 8 | 10| 8 | 10| 8 | 10

38 4 4 3 4 4 4 4 3 4 4 78 10100} 10 (10| 10| 10| 8 | 10| 8 | 10

39 4 4 4 4 4 4 4 3 4 4 79 10|10} 10 (10| 10| 10| 10| 10| 8 | 10

40 4 4 4 4 4 4 4 4 4 4 80 10,1010 | 10| 10| 10| 10| 10 | 10| 10

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

GATE OPENINGS
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APALACHIA DAM

SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
12570 | 12571 | 1257.2 [ 12573 [ 1257.4 [ 12575 | 12576 | 1257.7 [ 12578 | 1257.9 | 12580 [1258.1 [ 1258.2 [ 1258.3 | 12584 | 12585 | 12586 | 12587 [ 12588 | 1256.9 [ 12500

1 0 5 15 20 30 40 55 5 80 95 110 120 140 160 180 180 190 180 180 180 180
2 5 15 25 45 65 85 110 130 160 190 220 250 280 320 350 350 360 350 350 350 360
3 5 20 40 65 95 130 160 200 240 280 330 370 420 470 520 550 560 560 560 550 560
4 5 25 55 85 130 170 210 260 320 370 430 500 560 630 700 740 770 770 760 760 760
5 10 35 70 10 160 210 270 330 400 470 0 620 700 790 870 930 950 950 940 940 940
6 10 40 80 130 190 250 320 400 480 560 650 750 850 950 | 1,050 | 1,120| 1,140| 1,140 1,140| 1,130| 1,140
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} 1,350 1,350
8 15 55 110 170 250 340 430 530 640 750 870 1,000| 1,130| 1,270 00 1,490 1,530( 1,530 1,520} 1,520 1,520
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} 1,710| 1,720
10 20 70 140 220 310 420 540 660 790 940 | 1,090 | 1,240 1,410| 1,580 1,750 | 1,850 900| 1,900 1,890| 1,880| 1,890
1 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 4,960 1,980 2,000
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| 2,010| 2,050 080 |

13 20 70 140 220 310 420 540 660 790 940 | 1,090} 1, 1,410 | 1,580 | 1,750 1,890 | 1,980| 2,040 | 2,100| 2,150 | 2,220
14 20 70 140 220 310 420 540 660 790 940 | 1,090 1,240 1,410| 1,580 | 1,750 | 1,890 | 1,990| 2,070 | 2,140| 2,220| 2 320
15 20 70 140 220 310 420 540 660 790 90| 1,090 1,240 1,410| 1,580 | 1,750| 1,900 2,020 2,120| 2,220 | 2,320 2,430
16 20 70 140 220 310 420 540 660 790 9401 1,090| 1,240 1,410} 1,580 | 1.750| 1,900 2,040 2,160| 2,280| 2,400| 2 540
17 20 70 140 220 310 420 540 660 790 9401 1,090 1,240 1,410} 1,580 | 1,750 | 1,900( 2,040| 2, 180| 2,320 | 2,460 | 2 620
18 20 70 140 220 310 420 540 660 790 9401 1,090 1,240 1,410} 1,580 | 1,760 1,920} 2,080 2,240 2,400| 2570| 2740
19 20 70 140 220 310 420 540 660 790 940 | 1,090 1,240 1,410| 1,580 | 1,7601 1,920 2,100{ 2,270 | 2,460 | 2,650 | 2 850
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| 2,340 540 | 2,750 | 2,970
21 20 70 140 220 310 420 540 660 790 940 | 1,090 1,240( 1,410] 1,5 1,760 | 1,950 | 2,140 | 2,340| 2,540| 2,750 | 2,970
22 20 70 140 220 310 420 540 660 790 940 | 1,090| 1,240 1,410t 1,580 1,760| 1,950| 2,140 | 2,340| 2,540| 2,750} 2,970
23 20 70 140 220 310 420 540 660 790 940 | 1,090 | 1 1,410 1,580 | 1,760 | 1,950| 2,140 | 2,340 2,540} 2,750 2 970
24 20 70 140 220 310 420 540 660 790 940 | 1,090 ( 1,240 1,410] 1,580 1,950 | 2,140 | 2,340 2,540 2,750| 2,970
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, 2,750 2,970

-
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MARCH 2004 HEADWATER 1257 to 1259



8 APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

s HEADWATER ELEVATION s
°2=] 12590 | 1259.1 | 12592 | 1259.3 | 12594 | 12595 | 1259.6 | 1259.7 | 1259.8 | 1250.9 | 1260.0 | 1260.1 | 1260.2 | 1260.3 | 12604 | 12605 | 1260.6 | 1260.7 | 1260.8 | 12609 | 1261.0 |°%°
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 0 650 660 670 680 690 700 - 710 720 730 740 75 3
4 760 170 780 800 81 820 850 860 8 90 900 0 940 0 960 980 99 1,000] 1,010 | 4
5 940 960 970 930 | 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 A1, 5
6| 1,140| 1,150| 1,170 1,190 1,210| 1,230| 1,250 | 1,270 | 1,200 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| 1,35 | 1,360 1,380| 1,410{ 1,430| 1,450 | 1,480 | 1,500 | 1,520 1,550 | 1,570 | 1,590 | 1,610| 1,640| 1,660 | 1,680 1,700| 1,720| 1,740( 1,770| 1,790 | 7
8| 1,520 1,540} 1,570 1,590{ 1,620 {1, 1,670 | 1,700 | 1,720| 1,750 | 1,780 | 1,800{ 1,830| 1,850 | 1,880 1,900| 1,920| 4,950 | 1,970 | 2,000{ 2,020 | 8
9| 1,720f 1,740} 1,770| 1,800{ 1,820{ 1,850 | 1,880 | 1,910 | 1,950 1,980 | 2,000| 2,030| 2,060| 2090 2120| 2,140| 2/170| 2,200 | 2,230 | 2,260 280 | 9
10| 1,890| 1,910| 1,950| 1,980 | 2,010 2,040 2,080| 2,110 2,150 2,180 | 2,210 | 2 240 270 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| 2620 ,640 | 2,670 | 2,700 | 2,730 2,760 | 2,790 |11
121 2,130| 2,190| 2,260 | 2,330 | 2,410| 2,480 2,560 | 2,640| 2,720| 2,790 \ 2,840 | 2,860 2,870| 2,880| 2,910| 2,940 2970| 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 \ 3,170 | 3,200 | 3,230 3,260 3,200 | 3,320 | 13
14 \ 2,420 2,530 2,640| 2,760| 2,870} 2,990 3,120| 3,240| 3,360 \ 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 2,8301 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 4,05 | 4,080 | 4,100 4,130 |16
171 2,620 L7901 2,960 | 3,130 3,300 3,49 3,670 | 3,860 | 4,050 4,230| 4,350 | 4,370| 4,350 | 4,320 | 4,290 4,290 4,300 , 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 4,540 4,650 4,670 | 4, 4,600 4,570 | 4,560 | 4,570| 4,600 , 630 ) 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| 3,830 4,130 4,380| 4, 4,900 | 5140| 5270| 5270 5220| 5170 5110| 5100| 5110| 5140| 5,160 5,190| 5,220 | 20
21| 2,970f 3,190| 3,420 3,650 | 3,890 | 4,130| 4,380 | 4,640 | 4,900| 5140| 5280| 5310| 5290| 5280| 5260( 5270 | 5320| 53701 5420 5470| 5540 | 21
22| 2,970| 3,190| 3,420 3,650 | 3,880 | 4,130 4,380| 4,640 4,900( 5150 5320| 5380 | 5400| 5420| 5430 5470| 5 5,630 | 5710 5,790 5,880 |22
23| 2,970 3,190 | 3,420 3,650 | 3,890 | 4,130| 4,380 | 4,640 | 4,90 5150 | 5320 5420| 5470| 5520 5570 5650 | 5740| 5850 | 5960| 6,070 6190 |23
24| 2,970 3,190 3,420] 3,650 3,890 | 4,130| 4,380| 4,640 4,900 5,150| 5320 5430| 5520| 5600| 5680 5 800 6,060 | 6,200 6,490 | 24
25| 2,970 3,190 | 3,420| 3,650| 3,890 | 4,130| 4,380 | 4,640 | 4,90| 5150 | 5350| 5490 5610| 5730| 5850 | 5980 | 6,140| 6,310 6,470 6,640) 6,820 |25
26| 29701 3,190| 3,420 3,650| 3,890 | 4,130| 4,380| 4,640 4,90| 5150| 5360| 5530| 5680 5830| 5990, 6,160 | 6,340| 6,530 | 6,730| 6,930| 7,130 | 26
27| 2,970f 3,190| 3,420 3,650 | 3,890 | 4,130| 4,380 | 4,640 4,90 5150| 5360 5540| 5720 5900| 6,090 | 6,300 6520 6740 6960| 7,190 | 7,420 |27
28] 2,9 3,190 3,650 | 3,800 | 4,130 4,380| 4,640| 4,900 5160 52390( 5600 5820 | 6040| 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 4,90| 5160 5390 | 5640 5880 6140| 6,390 6,660 6,930 7,210 7,490 | 7,770 | 8070 | 29
30| 2,970 3,190 | 3,420( 3,650| 3,890 | 4,130| 4,380 | 4,640 | 4,900| 5160 | 5430 5710| 5990 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! 5160| 5430( 5710 5990 | 6,270| 6,560 6,80| 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| 5160| 5430 5710| 5990 | 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 \ 4,130 4,640 5160 ( 54301 5710| 5990 6,270| 6,560 | 6,860 ( 7,160 7,460| 7,770 ( 8,080 33
M| 2,970 3,190| 3,420| 3,650| 3,890 | 4,130 4,380 | 4,640 | 4,90 5160 5430| 5710 5930, 6,270 6560| 6,860 7,160 7,460 7,770( 8,080 8 400
35| 2,970 3,190 | 3,420 3,650 3,890 | 4,130 | 4,380| 4,640 | 4,000 5160 ( 5430| 5710 \ 6,270 6,560 | 6,860 7,160| 7,460 7,770 | 8,080 ( 8,400 35

HEADWATER 1259 to 1261 _ MARCH 2004



APALACHIA DAM
SPILLWAY DISCHARGE

iN CUBIC FEET PER SECOND

ub HEADWATER ELEVATION
"és 1261.0 | 12611 | 1261.2 | 1261.3 | 12614 | 12615 | 12616 | 1261.7 | 1261.8 | 12619 | 1262.0 | 1262.1 | 1262.2 | 1262.3 | 12624 | 12625 | 1262.6 | 1262.7 | 1262.8 | 12629 | 1263.0
1 250 250 250 260 260 260 260 270 270 270 280 280 280 280 290 290 290 290 300 300 300
2 480 490 490 500 500 510 510 520 520 530 540 54 550 550 560 560 570 570 580 580 590
3 750 750 760 770 0 790 800 810 810 820 830 840 0 0 0 7 88 890 890 900 910
41 1,010| 1,030| 1,040( 1,050| 1,0680]| 1,07 1,080 | 1,100| 1,110| 1,120 1,130 | 4,140( 1,150 1,160} 1,170| 1,190 1,200 1,210| 1,220 | 1,230 | 1,240
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 , 1,440 1,460 | 1,470] 1,480 1,500} 1,510 1,520 | 1,
6 1,510 1,530| 1,550 1.,570| 1,590 | 1,600 | 1,620 | 1,640 1,650 | 1,670 | 1,690 | 4,710 1,720 1,740 1,750| 1,770 | 1,790| 1,800| 1,820 | 1,830} 1,850
71 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 \ 2,090 2,110 2,130 2,150 2,170} 2,180
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| 2450 24710
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| 27201 2,740| 2,770| 2790
10| 2,520 2,550 2,580| 2,610 2, 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
1| 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
12| 3,080! 3,100 3,130 3,160 | 3,200 | 3,230 | 3,260 3,200| 3,320| 3,360 3,390 3,420 60 | 3,490 | 3,520 | 3,560 3,590| 3,620 | 3,650 | 3,680 3,710
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
14| 3,6001 3,640 3,670} 3,710| 3,750 | 3,7 , 82 3, 85l 3,890 3,920| 3,980 | 3,990 4,030 | 4,070 | 4,110 | 4,150 4,190| 4,220| 4,260| 4,300 ,
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} 4,320 370 | 4,410 | 4,450 90| 4,530 | 4,570 4,610| 4,650
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 ,790 1 4,830} 4,870 4,920 4,960
171 4,410 4,450 4,490 4,540| 4,580 | 4,620 4,660 4,700| 4,740| 4,770 1 4,860 ,9101 4,960 | 5,000 | 5,050 5,140 , 19 5,230 | 5,280
18| 4,680 4,720 4,770| 4,820 4,860 | 4,900 | 4 4,980 | 5020 5080| 5110} 5150 ,210 | 5,260 | 5,310 5,360 , 5,450 500 | 5,550 | 5,600
191 4,950 ( 5000 5040 5090 5140| 5180 | 5220 5260 5300| 5340 5390 5,440 ,500 | 5,550 | 5,600 5,650 , 5, 760 81 5860 f 5 910
20| 5,220 5270 5,320 5,370 6,070 , 12 ,170 | 6,230

4
410 | 5460| 5500| 5550 | 5590| 5630 | 5680 | 5730| 579 | 5850 5900| 5 960
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: 5, 400

5,710

5. 6,010
21| 5540| 5610| 5690| 5730| 5770| 5810 5840 | 5880| 5920 | 5960| 6000| 605| 6110| 6,160| 6220| 6,280 | 6,330 6,390| 6,440 6,490 | 6,550

22| 5880| 5980| 6.050| 6.080| 6.120| 6.150| 6.170| 6210 | 6240 | 6,280 | 6.320| 6.370| 6.420| 6.480| 6,540| 6.600| 6,650 | 6, 76

23| 6190| 6320| 6420| 6.450| 6.480| 6.500| 6.520| 6540 | 6580 | 6610| 6630| 6690| 6740| 6800| 6860| 690 6970| 7,030| 7,090 7.140 [ 7,200
24| 6490| 6.640| 6.770| 6.810| 6.830| 6.840| 6.850| 6870| 6900 6930 | 6970| 7.000| 7.050| 7.110| 7,170| 7.230| 7.290| 7,340| 7,400| 7,450 | 7.5
25| 6.820| 7.000| 7,120| 7.150| 7,160| 7.170| 7,170 | 7.180| 7.2 7210 | 7.310| 7,350 | 7.410| 7.470| 7,530| 7.590| 7,650 | 7,710| 7,760 | 7,820
26| 7,130 7,30| 7,4%| 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| 80030 8080 8 140
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| 8040 8110} 8170 | 8230| 8290| 8350 | 8400 | 8 460
28| 7.750| 8020 8190| 8230 8220| 8200 8 8170 | 8180 | 8210| 8230| 8250 8290| 8350| 8410 8480 | 8540| 88600| 8660| 8720| 8770
29| 8070| 8360| 8550| 8580 | 8.560| 8.530| 8.500| 8490 | 8500| 8520 | 8550| 8560| 8600| 8660 8720| 8790 | 8850 &910| 8970 9,030 | 9090
30| 8400| 8720| 8300| 8920| 8900| 8860 | 8820 8810 8820 | 8840| 8850 | 8870 8900 | 8960 | 9,030 | 9,100 | 9.160| 9,220| 9,280 | 9,340 [ 9,400
31| 8400| 8720| 8900| 8960| 8970| 80970| 8970| 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
32| 8400| 8720| 8930| 9030| 9.070| 9110| 9150| 9.210| 9,290 | 9,380 | 9,460 | 9, 9,650 | 9,770 | 9,850 | 9:900 | 9:940 | 9:980 | 10,020 | 10,060 | 10,110
33 8400| 8720| 8930| 9.060| 9,140| 9,220| 9,280 | 9.3%0| 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
8400 | 8720 80930 9080| 9200| 9310| 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
35| 8400| 8720| 8970| 9150| 9,310| 9,460 | 9.610| 9.780| 9,960 | 10,150 | 10, 10,530 | 10,730 | 10,950 | 11,080 | 11,100 | 11,110 | 11,120 | 11,120 | 11,140 | 11,180
36| 8400| 8720| 8970| 9190 | 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
37| 8400| 8720| 8970| 9200| 9.,420| 9650 10,120 | 10,380 | 10,630 | 10830 | 11,150 | 11.430 | 11.710| 11.880 | 11:310 | 11,900 | 11:890 | 11,870 | 11,870 | 11,890
38| 8400| 8720| 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
39| 8400| 8720! 9.010| 9.310| 9.610| 9,910| 10,220 | 10,530 | 10.850 | 11,180 | 11,510 | 11,840 | 12,180 | 12,520 | 12710 | 12,710 | 12,680 | 12,650 | 12,610 | 12,590 | 12,610
40| 8400| 8720|-9,050| 9.380| 9720| 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
41| 8400 8720 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
42| 8400 8720| 9050 9.380| 9720 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 | 13430 | 13,520
43| 8400| 8720| 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 | 13550 | 13,660 | 13,790
8,400 | 8720 | 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
45| 8400| 8720| 9,050 | 9380 | 9,720| 10,060 | 10,400 | 10,750 | 11,110 | 11,470 [ 11830 | 12,190 | 12,570 | 12,940 | 13,220 | 13,410 | 13,580 | 13,760 | 13,930 | 14,120 | 14,330
46| 8400| 8720 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
47| 8400| 8720| 9050 9.380| '9.720| 10.060 | 10,400 | 10,750 | 11,110 | 11,470 | 11:830 | 12.190 | 12,570 | 12,940 | 13,230 | 13,480 | 13,740 | 14,000 | 14,260 | 14,540 | 14,830
48| 8 8720 | 9.050| 9380 | 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
49] 8400| 8720| 9,050 9380 | 97201 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 | 15030 | 15,390
50| 8400| 8720| 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 | 14,000 | 14,480 | 14,880 | 15,280 | 15,680
51| 8.400| 8720| 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| 8400| 8720| 9,050| 9.380| 9720 | 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 80 | 15,280 | 15,680
53| 8400 | 8720| 9,050| 9380| 9 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
8400 | 8720 9,050 | 9380| 9720 | 10,060 | 10,400 | 10.750 | 11,110 | 11.470 | 11,830 | 12190 | 12,570 | 12,940 | 13.320 | 13,700 | 14,000 | 14,480 | 14880 | 15280 | 15680
55( 8400| 8720| 9,050| 9.380| 9720 | 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
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MARCH 2004 _ HEADWATER 1261 to 1263



APALACHIA DAM

10
IN CUBIC FEET PER SECOND
%’; HEADWATER ELEVATION Egg
555 1263.0 | 1263.1 | 1263.2 | 1263.3 | 12634 | 1263.5 1263.7 | 1263.8 | 12639 | 1264.0 | 1264.1 | 1264.2 [ 1264.3 1264.8 | 12649 | 12650 [°%*
1 300 300 310 310 310 310 320 320 320 330 330 330 330 340 350 350 | 1
2 590 590 600 600 610 610 620 620 630 630 640 0 670 670 680 | 2
3 910 920 930 930 940 950 0 0 980 980 990 | 1,000| 1,000 1,040 | 1,040 1,050 | 3
41 1,240 1,250| 1,260 1,270 | 1,280 | 1,290 1,310 1,320 | 1,330 | 1,340| 1,350| 1,360 | 1,370 1,410 | 1,420 | 1,430 | 4
5} 1,540| 1,550 | 1,560 | 1,570 | 1,590} 1,600 1,620 1,640 1,650 1,660| 1,670| 1,680 | 1,690 1,750 | 1,760 1,770 | 5
6| 1,850 | 1,860 4,880| 1,900| 1,910 1,930 1,950 1,970 ( 1,980 | 2,000f 2010 2030| 2040 2,110 2,120 2,140 | 6
7| 2180 | 2,200 | 2,220 2240 | 2,260| 2,270 2,310 2,330 2 2,360 2,380 2390| 2410 2,490 2,510 2,520 | 7
8 ,470 | 2,490 | 2,510 2,530 2,550 2,570 2,610 2,630 | 2,650 | 2,670 2,690 2,710| 2,730 2,820 2,840 2,860 | 8
g9 2,790 2,810| 2,830 2,860 | 2,880 | 2900 2,9501 2,970 2,990 3,010( 3,030| 3,060 3,080 3,180 3,200 3,220 9
10| 3,080 3,100| 3,130 3,150 | 3,180} 3,200 3,250 3,280 3,300| 3,320 3,350 3,370| 3,390 3,510 3,530 3,550 | 10
111 3,400 3,430 3,450 3,480 | 3,510 3,540 3,500 3,620( 3,650 3,680 3,700| 3,730| 3,750 3,880 3,910 | 3,930 | 11
121 3.710| 3,750 | 3,780 3,810 | 3,840| 3,870 3,930 | 3,960 3,990 | 4,020| 4,050 4,080| 4,110 4,250 | 4,280 | 4,310 |12
131 4,020 4,050 | 4,090 ,120 | 4,160 | 4,190 4,260 | 4,290 | 4,320| 4,350 4,390 4,420 4,450 4,610 | 4,640 ,670 | 13
14( 4,330 4,370 | 4,410 4,450 | 4,480 4,520 4,500 | 4,630 | 4,670 4,700 4,740| 4,770 4,810 4,980 | 5,010 5060 |14
15 4,650 4,690 4,730 4,770| 4,810 4,850 4,930 | 4,970 | 5010 5040) 5080 5120 5,160 5340 | 5,380 5420 |15
16| 4,960 5000 5050 5090; 5130 5180 5,260 | 5300] 535 ( 539 5430 54700 5510 57101 5,750 5,790 | 16
17 5,280 5320} 5370 5420| 5460 5,510 5,600 | 5,650 690 | 5,740 57801 5,820 5,870 6,080 6,120 | 6,160 | 17
18 5600 5650 5700 5750 | 5800| 5,850 5940 | 5,990| 6,040| 6,090| 6,130 | 6,180 6,230 6,450 | 6,500 | 6,540 118
19 59101 5960| 6,020 6070| 6,120 6,170 6,280 | 6,330 | 6,380! 6,430| 6,480| 6,530| 6, 580 6,8201| 6,870 6,910 | 19
20 6,230 6,280} 6,340 6,390 6,450 6,510 6,610 | 6,670 | 6,720| 6,780 | 6,830 | 6,880 6,930 7,190 | 7,240 7,290 | 20
21| 6,550 6,600{ 6,660 6,720 6,780 | 6,840 6,950 | 7,010 7,060 7,120 7,170| 7,230| 7,280 7,550 7,610 | 7,660 { 21
22 6870 6,930 6,9%0| 7,050| 7,110| 7,170 7,290 | 7,350 | 7,400 7,460 | 7,520 7,580 | 7,640 7,920 7,980 8,030 |22
23| 7,2000 7,250| 7,310 7,370| 7,440 7,500 7,630 7,690 7,750 7,810 7,870 7,930 | 7,990 8,200 | 8,350 410 | 23
241 7,510 7,570| 7,620 7,690| 7,760 | 7,820 7,950 | 8,010 | 8080| 81 8,200 8,260| 8,330 8,640 | 8,710 8,770 | 24
25| 7,820 7,880| 7,940| 8,000| 8,070 8 140 8,280 | 8,340 , 41 8,4 0] 8,600 8670 9,000 9,060 | 9,130 |25
261 8,140 8,190 | 8,260 8,330| 8,400 8,470 8,610 | 8,680 | 8740| 8,810 8,880 940 | 9,010 , ,1 9,360 | 9,430 9,490 | 26
271 8,460 8,520 8,580 | 8,650 | 8,720 8,800 8,940 | 9,010 | 9,080 9,150 | 9,220 9,290| 9,360 94 , 5 9,720 9,790 | 9,860 | 27
28] 8,7/0| 8,830 8890 8970| 9,040{ 9,120 9,270 | 9,340 | 9,410 9,480 | 9,560 | 9,630| 9,700 9 , 8 , 10,080 | 10,150 | 10,220 | 28
291 9,090 9,140 9,210| 9,280 | 9,360 | 9,440 9,590 | 9,670 | 9,740] 9,820 , 890 10,040 | 10 10, 2 10, 280 10,430 | 10,510 | 10,580 | 29
30| 9,400 9,450 | 9,520| 9,600| 9,680 | 9,760 9,920 | 10,000 | 10,070 | 10,150 | 10,230 | 10,300 | 10,390 | 10,4 10,56 10, 630 10,790 | 10,870} 10,950 | 30
311 9,760 9,810| 9,870 9,950 10,020 | 10, 100 0,260 | 10,340 | 10,420 | 10,490 | 10,570 | 10,650 | 10,730 | 10,8 10,890 | 10, 11,140 | 11,220 | 11,300 | 31
32| 10,110 | 10,160 | 10,220 | 10,280 | 10,360 | 10, 440 0,600 | 10,680 | 10,750 | 10,830 10,900 | 10,980 | 11,060 11,1 11,230 | 11, 11,480 | 11,560 | 11,650 | 32
33] 10,460 { 10,510 [ 10,560 | 10,620 | 10,690 | 10,770 8 0,930 | 11,010 | 11,080 | 11,160 | 11,230 | 11,310 11,390 | 11,4 11,560 | 11, s 11,820 [ 11,900 | 14,990 | 33
34| 10,8201 10,870 | 10,910 10,960 | 11,030 { 11,110 , 1,270 1 11,350 | 11,420 | 11,500} 11,570 | 11,650 | 11,730 11,8 11,900 | 11, 12,160 | 12,250 | 12,340 | 34
35| 11,180 | 11,220 11,260 | 11,300 | 11,360 11,450 , 1,610 11,690 | 11,760 | 11,840 11,910 | 11,990 | 12,060 12,1 12,240 | 12 12,510 | 12,600 | 12,690 | 35
36| 11,540 11,570 | 11,610 | 11,640 | 11,700 | 11,780 , 1,950 | 12,020 | 12,100 | 12,180 | 12,250 | 12,320 | 12,400 12,4 12, 12,860 | 12,950-] 13,040 | 36
371 11,890 | 11,920 11,960 | 11,990 | 12,040 { 12,120 \ ,280 | 12,360 | 12,430 | 12,510 | 12,580 | 12,660 | 12,730 12,8 13, 13,190 | 13,290 | 13,380 { 37
381 12,250 | 12,280 | 12,300 | 12,330 | 12,380 | 12,460 \ 2,620 | 12,700 | 12,770 | 12,850 | 12,920 | 13,000 | 13,070 13,1 13, 13,540 | 13,640 | 13,730 | 38
39| 12,610 | 12,630 | 12,650 | 12,670 | 12,720 | 12,800 \ 12,960 | 13,040 | 13,120 | 13,190 | 13,260 | 13,340 | 13,410 | 13, 13, 13,890 | 13,990 | 14,080 | 39
40| 12,970 | 12,990 | 13,000 | 13,010 | 13,060 | 13,140 \ 13,300 | 13,380 | 13,460 | 13,530 | 13,610 | 13,680 | 13,750 | 13, 14, 14,240 | 14,340 | 14,440 | 40
411 13,2301 13,290 | 13,340 | 13,390 | 13,480 | 13,590 3,780 | 13,850 | 13,920 | 13,980 | 14,040 | 14,100 | 14,170 | 14, 14, 14,630 | 14,730 | 14,820 | 41
421 13,520 | 13,620 | 13,710 | 13,800 | 13,920 | 14,070 4,260 | 14,310 | 14,360 | 14,410 | 14,460 | 14,520 | 14,580 | 14, 14, 15,020 | 15,120 | 15,210 | 42
431 13,790 | 13,920 | 14,060 | 14,190 | 14,350 | 14,530 4,730 | 14,770 | 14,810 | 14,850 | 14,890 [ 14,940 | 15,000 | 15, 15, 15,400 | 15,500 | 15,590 | 43
14,040 | 14,210 | 14,380 | 14,560 | 14,760 | 14,970 15,210 | 15,240 | 15,270 | 15,290 | 15,320 [ 15,370 | 15,410 | 15, 15, 15,790 | 15,880 | 15,970
45| 14,330 14,540 | 14,760 | 14,970 | 15,200 | 15,450 15,700 | 15,710 | 15,730 | 15,740 | 15,760 | 15,800 | 15,840 15, 186, 16,190 | 16,280 | 16,370 | 45
46 14,590 | 14,850 | 15,100 | 15,350 | 15,630 | 15,910 6,180 | 16,190 | 16,190 | 16,190 | 16,190 [ 16,230 | 16,260 | 16, 16, 16,580 | 16,670 | 16,760 | 46
471 14,830 | 15,120 | 15,420 | 15,710 | 16,020 { 16, 350 6,670 | 16,660 | 16,650 | 16,640 | 16,630 | 16,6 16,680 | 16, 16, 16,970 | 17,060 | 17,140 | 47
481 15,130 | 15,460 | 15,790 | 16,120 | 16,470 | 16,830 7,130 | 17,120 | 17,090 | 17,060 | 17,050 | 17,070 | 17,100 | 17, 17, 17,360 | 17,440 17,520 | 48
491 15,390 | 15,760 | 16,130 | 16,510 | 16,890 | 17,280 7,610 | 17,580 | 17,540 | 17,500 | 17,470 { 17,490 | 17,510 | 17, 17, 17,740 { 17,830 [ 17,910 | 49
50| 15,680 | 16,090 [ 16,500 | 16,920 | 17,340 | 17,760 8,060 | 18,020 | 17,970 | 17,920 | 17,880 | 17,890 | 17,910} 17, 17, 18,120 | 18,200 | 18,280 | 50
511 15,680 | 16,090 16,500 | 16,920 | 17,340 | 17,760 8,100 | 18,110 18,110| 18,110 | 18,120 [ 18,180 | 18,240 | 18, 18, 18,660 | 18,740 [ 18,800 | 51
52} 15, 16,090 | 16,500 | 16,920 | 17,340 17,760 8,180 | 18,240 | 18,280 | 18,330 | 18,390 ( 18,490 | 18,590 | 18, 18, 19,200 | 19,270 | 19,320 | 52
531 15,680 | 16,090 [ 16,500 | 16,920 | 17,340 | 17,760 8,240 | 18,340 | 18,440 | 18,530 | 18,640 ( 18,780 | 18,930 ! 19, 19, 19,750 | 19,810 [ 19,850 | 53
54| 15,680 16,090 | 16,500 | 16,920 | 17,340 | 17,760 8,270 | 18,420 | 18,560 | 18,710 | 18,870 ( 19,080 | 19,250 | 19, 19 20,280 | 20,360 | 20,390
55| 15,680 | 16,000 | 16,500 | 16,920 | 17,340 | 17,760 8,330 | 18,530 | 18,720 18,920 | 19,130 19,360 | 19,590 | 19, 20 20,830 | 20,890 | 20,910 | 55
HEADWATER 1263 to 1265 MARCH 2004




APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

s HEADWATER ELEVATION
“%=| 1263.0 | 12631 | 12632 | 1263.3 [ 12634 | 1263.5 | 1263.6 | 1263.7 | 12638 | 1263.9 | 1264.0 | 12641 | 1264.2 | 1264.3 | 12644 | 12645 | 1264.6 | 1264.7 | 12648 | 12649 | 1265.0
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
57| 15,680 | 16,090 | 16,500 | 16,920 | 17,340 | 17, 18,100 | 18, 3! 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
58] 15,680 | 16,090 16,5 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
53| 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 , 760 | 22,190 | 22,620 | 22,970 | 23,050 | 23,010
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 ,840 | 21,300 | 21,760 | 22,220 | 22,690 | 23, 160 23,580 | 23,530
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
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
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 | 20,840 | 21,300 | 21,760 | 22,220 | 22,690 [ 23,160 [ 23,540 | 23,750 | 23,860
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
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 | 20,840 | 21,300 | 21,760 | 22,220 | 22,690 [ 23,160 | 23,560 | 23,830 | 24,050
66| 15,680 | 16,000 | 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
67| 15,680 | 16,000 | 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
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 | 20,840 | 21,300 | 21,760 | 22,220 | 22,690 | 23,160 | 23,600 | 23,980 | 24,350
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
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 , 64 4,110 | 24,600
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
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 | 20,840 | 21,300 | 21, 22,220 | 22,690 | 23,160 | 23,640 | 24,110 [ 24,600
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
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
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

MARCH 2004 HEADWATER 1263 to 1265




12 APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

b HEADWATER ELEVATION s
&= 12650 | 12651 | 12652 | 12653 | 12654 | 12655 | 12656 | 1265.7 | 12658 | 1265.9 | 1266.0 | 1266.1 | 1266.2 | 1266.3 | 12664 | 1266.5 | 1266.6 | 1266.7 | 12668 | 1266.9 | 1267.0 |°%°
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 6! 0 700 0 710 710 20 720 730 730 730 740 740 750 750 750 760 [ 2
3] 1,050 1,060 1,060| 1,07 1,080 | 1,080| 1,090 1,100} 1,400f 1,110| 1,120| 1,120| 1,13 1,130 | 1,140 1,150 1,150| 1,160| 1,160 1,170| 1,180 3
41 1,430 1,440| 1,450 1,460| 1,470| 1,470| 1,480 1,490 | 1,500 1,510 , 520 530 1,83 ,540 | 1,550 | 1,580 | 1,570} 1,580| 1,580 1,590 1,600 [ 4
51 1,770{ 1,790 1,800| 1,810| 1,820 1,830 | 1, 1,850 | 1,860| 1,870 | 1,880 | 1,80 | 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 | 22001 2,220 | 2,230 | 2,240 2,250 | 2,270 | 2,280} 2,290| 2,300( 2,320| 2,330! 2,340| 2,350| 2370 2,380| 2,39 | 6
71 2 2,540 | 2,550 | 2,570 | 2,590 | 2,600| 2,620{ 2,630 2,650 2,660 | 2,680 2,690| 2710 2,720| 2,740 2,750 2,770| 2,780} 2,790| 2,810| 2,820 7
8| 2,860( 2,870 2,890 2910{ 2,930 s 2,960 | 2,980 | 3,000 3,010 3,030| 3,050 | 3,060 3,080( 3,100 3,110 3,130| 3,150 3,160 | 3,180 3,1 8
9| 3220 | 3,240| 3,260| 3,280 3,300 3,320| 3,340 3,360 ( 3,380 3,400 3,420 3,460 | 3,470 3,490 3,510 3,530| 3,550 | 3,570 3,5901 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 3,8/0] 3,890 3,920 ,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
121 43 , 34 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 ,820 | 4,850 | 4,880 4,910 4,940 | 4,960 ( 4,990| 5020| 5050 5080 | 5110| 5130( 5160( 5190 | 5220 | 5,240 {13
14| 5,050 | 5080 5110 5140 | 5180 | 5210| 5240| 5270| 5310 5340| 5370 5400| 5430| 5460 5490 | 5520| 50550 5580| 5610 50640 5670 |14
15| 5,420 | 5,450 | 5,490| 5,520| 5560 | 5590 | 5630 5660| 5700 5730| 5760 5,800 5,830 \ 5900 | 5930 | 5960| 6,000 6030| 6,060 6,09 |15
16| 5790 | 5830| 5860| 5900| 5940 | 5980 | 6,010| 6,050| 6,09 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
171 6,160 | 6,200| 6,250} 6,290| 6,330 | 6,370 | 6,410| 6,450 49 6,530 | 6,5 6, 600 6,680 | 6,720 6,760 | 6,800| 6,830 | 6,8/0| 6,910 6,950 {17
18| 6,540 | 6,590 | 6,630 6,67/0| 6,720| 6,760 | 6,800| 6,840 6,890] 6,930| 6970 7,010| 7,050| 7,090 | 7,140 7,180 | 7,220| 7,260 | 7,300| 7,340 7,380 |18
19 6,910| 6,90| 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| 7,280 | 7,340| 7,390 , 7,480 7,580 | 7,630 7,680] 7,720| 7,770| 7,820 | 7,860 7,910| 7,950| 8,000| 8050 8090 8140| 8,180 | 8,220 |20
21| 7,660 7,710| 7,760| 7,820| 7,870| 7,920 7,970 | 8,020 8070| 8120 8,170| 8,220| 8,270 8,320| 8360| 8410| 8,460| 8,510| 8,560| 8,600 8650 |21
22| 8030f 8090| 8140| 8,200 8250| 8310f 8360 | 8410| 8470| 8,520 | 8570| 8620 | 8670| 8730 8780| 8830| 8,80 | 8930| 8980 | 9030 9080 |22
23| 8,410} 8,470 8,520 ,640 | 8,690 8,750 | 8,810 8,860 8920| 8970| 9,030 9,080 9,140f 9,190( 9,250 9,300| 9,350 9,410| 9,460| 9,510 | 23
24( 8770 8,830| 8,830 ( 8950 | 9,010| 9,070} 9,130| 9,190| 9,240| 9,300( 9,360| 9,420 9,470| 9,530 | 9, 590 ,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 9,81 ,870( 9,930 | 9,990 | 10,050 | 10,100 | 10,160 | 10,220 | 10,280 1 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 | 10,8 10,860 | 10,930 | 10,990 11,060 | 11,1201 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} 11,5 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 | 13,6 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 [ 14,280 | 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 | 15,3 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 | 15,630 | 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 | 15,1101 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 | 16,7 16,880 [ 16,980 | 17,080 | 17,190 | 17,290 | 17,390 | 17,490 [ 17,600 | 43
44| 15,970 | 16,000 | 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
45( 16,370 | 16,4 6,540 | 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
471 17,140 | 17,2 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 | 17,9 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 | 19,830 | 20,010 , 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, 20,410 | 20,530 | 20,650 | 20,770 | 51
521 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 , 5 20,7001 20,800 | 20,920 | 21,040 | 21,170 | 52
53( 19,850 | 19,880 ( 19,910 | 19,950 [ 20,000 \ 20,110 1 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
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 | 21,4301 21,520 | 21,620 1 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

SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

13

HEADWATER ELEVATION

1265.8 | 12659 | 1266.0 | 1266.1 | 1266.2 | 1266.3

23,360
23 670

25,210
25, 570

23,390
23,850
24

25,720
26,180

22,970 | 23,040 | 23,120 | 23.190 | 23,270 | 23.340
23410 | 23,480 | 23,550 | 23.630 | 23,690 | 23. 760

23,920 | 24,030 | 24,150 | 24,270 | 24,380 | 24,500
24,460 | 24,610 | 24,780 | 24,940 | 25,100 | 25, 260
24,980 | 25,170 | 25,380 | 25,590 | 25,800 | 26,000
25,460 | 25,710 | 25,960 | 26,210 | 26,470 | 26,720
25.990 | 26,280 | 26,580 | 26,860 | 27.180 | 27,470

29,630 | 30,150 | 30,680 | 31,

31,740

32,280

32,820

MARCH 2004

HEADWATER 1265 to 1267




14 | | APALACHIA DAM
' SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
12670 | 12671 | 1267.2 | 12673 | 12674 | 12675 | 1267.6 | 1267.7 | 12678 | 1267.9 | 12680 | 12681 [ 12682 | 1268.3 | 1268.4 | 12685 | 1268.6 | 12687 | 1268.8 | 12689 | 1269.0

1 390 390 390 400 400 400 400 400 410 410 410 410 410 420 420 420 420 420 420 430 430 | 1
2 760 760 760 770 0 0 0 780 790 790 790 800 800 810 0 810 20 820 820 830 0 [ 2
3| 1,180 1,180 1,19 1,190 1,200 1,210] 1,210| 1,220 1,220| 1,230 1,230} 1,240 1,250{ 1,250 1,260| 1,260 | 1,270| 1,270 | 1,280| 1,280 1,290 3
4| 1.600| 1,610| 1,620 1,620| 1,630| 1,640 | 1,650 | 1,660 1,660 | 1,670 | 1,680| 1,690 1,690| 1,700 1,710| 1,720| 1,720| 1,730| 1,740| 1,750| 1,750 4
5( 1,990 | 2,000 2,010| 2,020| 2,030| 2,040| 2,040| 2,050| 2,060 2,070| 2,080| 209 { 2,100 2,110| 2,120| 2,130| 2,140 2,150} 2,160| 2,170 | 2,180 | §
6] 2,390 | 2400| 2,410 2,430 | 2,440 | 2,450 | 2,460| 2,470( 2,490| 2,500 2,510 2,520 | 2,530 2,550 | 2,570 2,580 | 2,590( 2,600 2,610 2,620 | 6
7| 2,820 2,840| 2,850( 2,870| 2,880 | 2,890 | 2,910 2,920| 2,940| 2,950| 2,960 | 2,980| 2,990( 3,000 3,020| 3,030 3,040| 3,060 , 3,080 3,100} 7
8| 3,190 3,210| 3,230{ 3,240} 3,260 | 3,270 3,200 3,310| 3,320} 3,340| 3,350 3,370| 3,380 | 3,400| 3,410| 3,430 \ 3,460 | 3,470 | 3,490 , 8
91 3,600 3,620 .640| 3,660 | 3,680 | 3,690| 3,710{ 3,730| 3,750| 3,760 | 3,780 3,800 | 3,820! 3,830| 3,850 3,870 | 3,880 | 3,900 3,920| 3,930| 3,950 ( 9
10] 3,980 | 4,000 4,020| 4,040( 4,060, 4,070{ 4,090| 4,110 | 4,130| 4,150 4,170 4,190 21 4,230 | 4,250 | 4,270 | 4,290 | 4,300 , ,340 | 4,360 | 10
11| 4,410] 4,430| 4,450| 4,480 | 4.500| 4,520 4,540 | 4,560 | 4,590 4,610 | 4,630 | 4,650 4,670| 4,690| 4,710| 4,740| 4,760 4,780 | 4,800| 4,820 4,840 11
12| 4,840 4,860| 4,890| 4,910| 4,930| 4,960 4,980 | 5010| 5030) 5080 5080 51 51301 5150 | 5170 5200| 5220| 5240| 52701 5290| 5310 | 12
13| 5240 52701 65,300| 5 5350 5380 | 5410| 5430| 5460| 5490 | 5510 5540 5,560 \ 5,610 \ 56701 5690 | 5720| 5,740 13
14| 5670| 5700| 5730| 5760| 5790| 5820 58 5880 | 5910| 5940| 5960 | 5990 6,020 6,050| 608 6110 6,130 | 6,160 | 6,190 6,220 6,240 | 14
15 6,090| 6,130 | 6,160| 6,190| 6,220| 6,250 | 6,280 | 6,320 | 6,350 | 6,380 | 6,410 | 6,440| 6,470 | 6,500 6,530 6,560 , 6,620| 6,650 | 6,680 6,710 | 15
16| 6,520| 6,550 | 6,590 6,620| 6,650| 6,690 | 6,720| 6,760| 6,790| 6,820 | 6,860 | 6,890| 6,920| 6950 6,990 | 7,020 | 7,050 | 7,080\ 7,120| 7,150 | 7,180 | 16
17| 6,950 | 6,980 | 7,020 7,060| 7,090 | 7,130| 7,160| 7,200 7,240| 7,270| 7,310 7,340| 7,380| 7,410| 7,450| 7,480 | 7,520 7,550 | 7,690| 7,620 | 7,650 {17
18| 7,380 | 7,420 | 7,450 7,490| 7,530| 7,570| 7,610{ 7,650| 7,690 7,720| 7,760| 7,800| 7,840| 7,880| 7,910| 7,950 , 8,020 | 8060| 8100| 8,130 |18
191 7,800 | 7,840 7,880 7,920 7,960| 8,010| 8,050| 8090 8130 | 8170| 8210] 8,250 , 8,330 | 8,370| 8410| 8450 | 8490 | 8520 8560 | 8600 |19
20{ 8220| 8270 8,310 8,360 00 , 8,490 | 8,530| 8,570| 8,620 8,660| 8,700 8,740} 8,7 8,830 | 8870| 8910 8950 | 8990 | 9,030| 9,070 20
21 8,650 8700 87401 8,790| 8,840| 8,80 | 8930 | 8980 | 9020 9,070| 9110 9,160 | 9,200 9,250| 9,290| 9,330| 9,380 9,420 9,470+ 9,510| 9,550 | 2
221 9,080 9,130 9,1801 9,230| 9,280 | 9,330 9.380| 9,430 | 9,470 9,520| 9,570 | 9,620| 9,660 9,710} 9,760{ 9,810 9.8501 9,900 9,940 9,990 10,040 | 22
23] 9.510| 9,560| 9.620| 9.670| 9,720 | 9,770 9.820| 9,870| 9,930 9,980 10,030 | 10,080 | 10,130 [ 10,180 | 10,230 | 10,280 | 10,330 10,370 | 10,420 | 10,470 | 10,520 | 23
24| 9,930 9,980 | 10,040 | 10,090 | 10,140 | 10,200 | 10,250 | 10,310 | 10,360 | 10,410 | 10,470 | 10,520 [ 10,570 [ 10,620 | 10,680 | 10,730 | 10,780 | 10,830 ( 10,880 | 10,930 | 10,990 | 24
25( 10,340 | 10,400 | 10,450 | 10,510 | 10,570 | 10,630 [ 10,680 | 10,740 | 10,7 10,850 | 10,910 | 10,960 | 11,020 [ 11,070 | 11,130 | 11,180 | 11,230 | 11,290 [ 11,340 | 11,400 | 11,450 | 25
26| 10,760 | 10,820 | 10,880 { 10,940 | 11,000 | 11,060 { 11,120 | 11,180 | 11,240 | 11,300 | 11,350 | 11,410 [ 11,470 | 11,530 [ 11,580 11,640 | 11,700 | 11,760 ( 11,810 | 11,870 | 11,920 ( 26
27| 11.180 | 11,250 | 11,310 | 11,370 | 11,430 | 11,500 ] 11,560 | 11,620 | 11,680 | 11,740 | 11,800 | 11,860 [ 11,920 | 11,980 [ 12,040 [ 12,100 | 12,160 | 12,220 | 12,280 | 12,340 | 12,400 ( 27
28| 14,600 | 11,670 | 11,730 | 11,800 | 11,860 | 11,930 | 11,990 | 12,060 | 12,120 | 12,180 | 12,250 | 12,310 [ 12,370 | 12,440 | 12,500 | 12,560 | 12,620 | 12,680 | 12,740 | 12,810 | 12,870 | 28
29| 12,010 | 12,080 | 12,150 | 12,220 | 12,290 | 12,350 | 12,420 | 12,490 | 12,550 | 12,620 | 12,690 | 12,750 | 12,820 | 12,880 | 12,950 | 13,010 | 13,080 | 13,140 13,200 | 13,270 | 13,330 | 29
30| 12,430 | 12,500 | 12,570 | 12,650 | 12,720 | 12,790 | 12,860 | 12,920 | 12,990 | 13,060 | 13,130 | 13,200 | 13,270 | 13,330 | 13,400 | 13,470 | 13,540 | 13,600 | 13,670 | 13,730 | 13,800 | 30
31| 12,830 12,910 | 12,980 | 13,050 | 13,120 | 13,200 | 13,270 | 13,340 | 13,410 | 13,480 | 13,560 | 13,630 | 13,700 | 13,770 | 13,840 | 13,910 | 13,980 | 14,050 { 14,110 14,180 | 14,250 | 31
32| 13,230 | 13,300 | 13,380 | 13,450 | 13,530 | 13,610 | 13,680 | 13,760 | 13,830 | 13,900 | 13,980 | 14,050 |{ 14,120 | 14,200 | 14,270 | 14,340 | 14,410 | 14,490 | 14,560 | 14,630 | 14,700 | 32
33| 13,620 13,690 { 13,770 | 13,850 | 13,930 | 14,000 | 14,080 | 14,160 | 14,240 .310 | 14,390 | 14,470 | 14,540 | 14,620 | 14,690 | 14,770 | 14,840 | 14,920 | 14,990 | 15,060 | 15,140 | 33
34| 14,010 | 14,090 | 14,170 | 14,250 | 14,330 | 14,410 | 14,490 | 14,570 | 14,650 | 14,730 | 14,810 [ 14,890 { 14,970 | 15,050 | 15,120 | 15,200 | 15,280 | 15,350 | 15,430 15,510 | 15,580 | 34
35( 14,410 | 14,490 | 14,580 | 14,660 | 14,740 | 14,820 | 14,910 | 14,990 | 15,070 | 15,150 | 15,240 [ 15,320 | 15,400 | 15,480 | 15,560 | 15,640 | 15,720 | 15,800 [ 15,880 | 15,960 | 16,040 | 35
36| 14,810 | 14,890 | 14,980 | 15,060 | 15,140 | 15,230 | 15,320 | 15,400 | 15,490 | 15,570 | 15,660 [ 15,740 | 15,830 | 15,910 | 15,990 | 16,080 | 16,160 16,240 [ 16,320 | 16,400 | 16,480 | 36
37| 15,190 | 15,2801 15,370 | 15,450 ,540 | 15,630 | 15,720 | 15,800 | 15,890 | 15,980 | 16,070 | 16,150 | 16,240 | 16,330 | 16,410 | 16,500 | 16,580 | 16,670 | 16,750 | 16,840 16,920 | 37
38| 15,600 ) 15,770 | 15,860 | 15,950 | 16,040 | 16,130 | 16,220 | 16,310 | 16,400 | 16,490 [ 16,580 | 16,670 | 16,760 | 16,850 | 16,940 | 17,030 | 17,110 [ 17,200 [ 17,290 | 17,370 ( 38
39| 16,000 | 16,090 | 16,180 | 16,270 | 16,360 | 16,450 | 16,550 | 16,640 | 16,730 | 16,830 | 16,920 | 17,010 | 17,100 | 17,200 | 17,290 | 17,380 | 17,470 | 17,560 | 17,650 | 17,740 | 17,830 [ 39
40| 16,400 | 16,490 | 16,590 | 16,680 | 16,770 | 16,870 | 16,970 | 17,060 | 17,160 | 17,260 | 17,350 | 17,450 | 17,540 | 17,630 | 17,730 | 17,820 | 17,920 | 18,010 | 18,100 | 18,190 | 18,280 | 40
41| 16,800 | 16,890 | 16,990 | 17,080 | 17,180 | 17,280 | 17,380 | 17,480 | 17,570 | 17,670 | 17,770 | 17,870 | 17,960 | 18,060 | 18,150 | 18,250 | 18,340 | 18,440 | 18,530 | 18,630 | 18,720 | 41
42| 17,200 | 17,300 | 17,400 | 17,490 | 17,590 | 17,690 | 17,790 | 17,900 | 18,000 | 18,090 | 18,190 { 18,290 | 18,390 ' 18,490 18,580 | 18,680 { 18,780 | 18,880 | 18,970 | 19,070 | 19,170 | 42
43| 17,600 | 17,700 | 17,800 | 17,900 | 18,000 | 18,100 | 18,200 | 18,310 | 18,410 | 18,510 | 18,610 18,710 | 18,810 | 18,910 | 19,010 | 19,100 | 19,200 | 19,300 | 19,400 | 19,500 | 19,600 | 43
17,990 | 18,090 | 18,200 | 18,300 | 18,400 [ 18,510 | 18,610 | 18,710 | 18,820 | 18,920 | 19,020 { 19,130 | 19,230 | 19,330 | 19,430 | 19,530 | 19,630 | 19,730 | 19,830 19,940 | 20, 040

45( 18,400 | 18,510 | 18,610 | 18,720 | 18,820 | 18,930 | 19, 04 9,140 | 19,250 | 19,350 | 19,460 | 19,560 | 19,660 | 19,760 [ 19,870 | 19,970 | 20,070 | 20,180 | 20,280 | 20,390 | 20,490 | 45
461 18,800 | 18,910 | 19,020 | 19,130 | 19,240 | 19,340 | 19,450 | 19,560 | 19,670 | 19,770 | 19,880 | 19,980 | 20,090 | 20,190 | 20,300 | 20,400 | 20,500 f 20,610 | 20,720 | 20,830 | 20,930 | 46
471 19,190 | 19,310 | 19,420 | 19,530 | 19,640 | 19,750 | 19,860 | 19,9 20,080 | 20,190 [ 20,290 | 20,400 | 20,510 | 20,610 | 20,720 | 20,820 | 20,930 | 21,040 | 21,150 | 21,260 | 21,370 | 47
481 19,590 | 19,710 | 19,820 | 19,930 | 20,050 | 20,160 | 20,270 | 20,380 | 20,490 | 20,600 | 20,710 | 20,820 [ 20,930 { 21,040 | 21,140 | 21,250 | 21,360 | 21,470 | 21,580 | 21,700 | 21,810 | 48
49] 19,990 | 20,110 | 20,220 | 20,340 | 20,450 | 20,570 | 20,680 | 20,790 [ 20,910 | 21,020 | 21,130 | 21,240 | 21,350 | 21,460 | 21,570 | 21,670 | 21,780 [ 21,900 | 22,010 | 22,130 | 22,240 | 49
50| 20,380 | 20,500 | 20,620 | 20,740 | 20,850 | 20,970 | 21,090 | 21,200 | 21,310 | 21,430 | 21,540 | 21,650 | 21,760 | 21,870 | 21,980 | 22,090 | 22,200 | 22,320 | 22,440 | 22,560 | 22,680 | 50
51| 20,770 | 20,890 | 21,020 | 21,140 | 21,250 | 21,370 | 21,490 | 21,610 21,720 | 21,840 | 21,950 | 22,070 | 22,180 | 22,300 | 22,410 | 22,520 | 22,640 | 22,760 | 22,880 | 23,000 | 23,120 | 51
52| 21,170 | 21,290 | 21,410 | 21,530 | 21,650 | 21,770 | 21,890 | 22,010 | 22,130 | 22,250 | 22,370 | 22,490 | 22,600 | 22,720 | 22,840 22,950 | 23,070 | 23,190 | 23,310 | 23,430 | 23,550 | 52

541 21°960 | 22090 | 22220 | 22'340 | 22°470 | 22590 | 22710 | 22.840 | 22.960 | 23,080 | 23,210 | 23,330 | 23,460 | 23.580 | 23.700 | 23,820 | 23,940 | 24,070 | 24,200 | 24,320 | 24,450 | 54
551 22360 | 22,490 | 22620 | 22,740 | 220870 | 22,990 | 23 120 | 23,240 | 23.370 | 23,490 | 23,620 | 23,750 | 23,880 | 24,000 | 24,130 | 24,250 | 24,380 | 24,500 | 24,630 | 24,760 | 24,880 | 55

-HEADWATER 1267 to 1269 MARCH 2004



APALACHIA DAM

SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

15

HEADWATER ELEVATION

1267.3

1267.8 | 12679 | 12680 | 1268.1 | 1268.2 | 1268.3

23,140
23,550
23, 940
24, 340
24,750

36, 710

30,670
31,820

37,280

37, 850

30, 750
31, 860

30, 780

31,870
32,970
34

30,830 | 30,900 | 30,970 | 31,040 | 31,110 | 31,190
31,900 [ 31,960 | 32,020 { 32,080 32,130 | 32,190

39,590 | 40,170 | 40,760 | 41,360 | 41,950 | 42,550

45,600

26,960
27 920

46,220

31,810
32,750

46, 850

MARCH 2004

HEADWATER 1267 to 1269




16 APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

s HEADWATER ELEVATION o5
°2=11269.0 | 1269.1 | 1269.2 | 1269.3 | 12604 | 12695 | 1269.6 | 1269.7 | 1269.8 | 1269.9 | 1270.0 | 12701 | 1270.2 | 1270.3 | 12704 | 12705 | 1270.6 | 1270.7 | 12708 | 12709 | 12710 |°%°
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 0 840 0 850 850 860 860 860 870 870 870 880 880 880 890 890 890 2
31 1,290 1,290( 1,300 1,300 1,310f 1,320 1,320 1,330 1,330| 1, 3401 1,350 1,35 1,360 1,360 1,370 1,370 1,380} 1,380} 1,390 1,390} 3
41 1,750 1,760| 1,770} 1,780 1,780 , 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| 1,830 | 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 | 2310|. 2,32 2,320 2,330 2,340 2,35} 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
71 3,100 | 3,110 3,120f 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 | 3,200| 3,310 3,320 3,330| 3,340 | 7
8] 3,500 3,520 3,530 3,990 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
91 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 4.1 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 , 4,650 4,670 4,690| 4,710 | 10
11] 4,840| 4,860{ 4,8801 4,900 4,920| 4,940| 4,960 | 4,980| 5000f 5020| 5040| 5060| 5080 5100 5120| 5130 5150 5170| 5190 5,210| 5230 | 11
12{ 5310| 5330| 5360 5380 5400| 5420| 5450| 5470| 5490f 50510 5530 | 5550| 5580 | 5600 5620{ 5640 5,6 56801 5700| 5720| 5740 |12
13] 5770 5790 5,820 , 5860 58901 5910] 5940 5 960 ,990 | 6,010| 6,030| 6,060 6,080| 6,100 | 6,120 6,150| 6,170| 6,190 6,220 | 6,240 | 13
141 6,240 6,270 6,300 6,320 , 6, 380 ,400 1 6,430 | 6,460 ,480 | 6,510 6,530 6,560 | 6,580 | 6,610 640 | 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 , 7,050 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
171 7,650 7,690| 7,720| 7,760 7,790| 7,820 7,860 7,920 7,960 | 7,990} 8,020| 8050| 8080 8110 | 8,140 8,180} 8,210 8,240| 8,270 ( 8,300 |17
18] 8,130 8,170{ 8,210} 8,240 8,280| 8310 8,350 | 8,380 8420| 8450 | 8490| 8520| 8560 8590 | 8620| 8,650 8690| 8720 8750 | 8790 882018
191 8,600 8,680 8720| 8750! 8,790, 8830 | 88/0| 8910} "8940| 8980 9,020 9,050| 9,090 | 9,120| 9,160| 9,190| 9,230| 9,260 9,300| 9,330 | 19
201 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
221 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
241 10,990 | 11,0401 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
271 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
281 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} 15060 | 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 i 15,050 | 15,120 | 15,180 | 15,250 | 15,310 | 15,370 | 15,440 [ 15,500 | 15,570 | 31
321 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
331 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
341 15,580 | 15,660 | 15,730 | 15,810 | 15,880 15,960 | 16 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
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
371 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
391 17,830 | 17,910 | 18, 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 i 20,180 | 20,270 | 20,360 | 20,440 | 20,530 | 41
421 19,170 | 19,260 [ 19,360 | 19,460 | 19,550 | 19,650 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
441 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 | 22500 | 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( 21,3701 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 ) 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 1 22,360 | 22,470 | 22,590 | 22,700 | 22,810 | 22,920 | 23,040 | 23,150 | 23,260 | 23,370 , 4 23,590 | 23,700 | 23,810 [ 23,910 | 24,020 | 24,130 | 24,240 | 24,340 | 24,450 | 49
50| 22,680 | 22790 | 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
511 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
521 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
541 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 | 25630 | 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

HEADWATER 1269 to 1271 MARCH 2004



APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
12690 [ 12691 [ 12692 [ 12693 [ 12694 | 12695 [ 12696 | 1269.7 [ 12698 | 1269.9 | 12700 [1270.1 [ 12702 [ 12703 [ 12704 [1270.5 | 1270.6 [1270.7 | 12708 | 12709 | 1271.0

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
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, 078 %g%% 28, 320

59| 26650 | 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 | 28,430 | 28,630 | 28.760 | 28.890 | 29,020 | 29,150 | 29, 280
60| 27,090 | 27,230 | 27,360 | 27,490 | 27,620 | 27,760 | 27,890 | 28010 | 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

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

40, 940 : , ) , ) \ ) ) , 170
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
761 42,710 | 43,090 | 43,480 | 43,890 | 44,3401 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
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
78] 44,780 | 45,280 zg, 57;38 29, ggg 46,860 | 47,400 | 47,950 | 48,440 [ 48,530 48,520 28, 518 48,490 | 48,470 | 48,490 | 48,520 | 48,550 | 48,570 | 48,600 | 48,660 | 48,730 | 48,800

80 | 46,850 | 47,470 | 48,100 | 48,740 | 49,370 | 50,010 | 50,660 | 51220 | 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

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
82 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 \
83| 46,850 | 47,470 100 | 48,740 | 49,370 010 | 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

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 54,400 | 54,700
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 54, , 54,880 | 55,240 | 55,610
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
87| 46,850 | 47,470 | 48,100 | 48,740 | 49,370 [ 50,010 | 50,660 [ 51,280 | 51,770 | 52,210 | 62,650 [ 53, 090 , 540 | 54,000 | 54, 55,390 | 55,870 | 56,350 57, 340
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 | 53,830 | 54,420 | 54,950 [ 55,490 | 56,020 | 56, 560 | 57,110 | 57,670 58, 230
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 56,680 | 57,290 | 57,910 | 58,530 59, 150
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, 960 640 | 59,330 | 60,020
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
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 57,280 | 57,960 | 58,640 | 69, 330 60, 020
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 | 68,640 | 59,330 60, 020
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 | 55930 | 56,600 | 57,280 | 57,960 | 58,640 | 59, 330 | 60, 020
95| 46,850 | 47,470 | 48100 | 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

MARCH 2004 HEADWATER 1269 to 1271




18 APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

o2 HEADWATER ELEVATION ol
9= 12710 {12714 | 12712 {12743 | 12714 | 12715 [ 12716 | 12717 | 12718 | 12719 | 12720 | 12724 [ 12722 | 12723 | 12724 | 12725 | 12726 {12727 | 12728 | 12729 | 12730 |°%°
1 460 460 470 470 470 470 470 470 470 480 480 480 480 480 480 490 490 490 490 490 490 | 1
2 0 0 900 0 910 910 910 920 920 920 930 930 930 940 940 940 950 50 950 950 960 | 2
3| 1,390| 1,400 1,400( 1,410 1,410| 1,420} 1,420 1,430 | 1,430 | 1,440| 1,440| 1,450 1,450 ( 1,450 1,460 | 1,460 1,470 1,470( 1,480 1,480 | 1,430 ) 3
4 1,890 1,900| 1,910 1,910 1,92 1,930 1,930 1,940 1,950 1,950| 1,960 4,970 1,970 1,980 | 1,990 | 1,990 2,000 . 2,010 2,020f 2,020 | 4
5| 2,350 | 2,360 2,370| 2,370 \ 2,300 | 2,400( 2,410 | 2420 , 2,430 | 2,440 2,450! 2,460 | 2,460 2,470 | 2,480 | 2,490 2,500 2,500 , 51 5
6| 2,830 | 2,840 2,850 | 2,860| 2,870| 2,880 2,890 2900| 2910 2,920| 2,930 | 2,940| 2,950| 2,960| 2,970| 2,980 | 2,990 2,990 | 3,000 3,010] 3,020 | 6
7 3,340 3,350 3,370| 3,380 | 3,390 \ 3,410 , 3,440 3,450 | 3,460 3,470 3,480 \ 3,500 3,520 3,530 3,540 | 3,550 | 3,560! 3,570 | 7
8| 3,780| 3,790| 3,810| 3,820| 3,830| 3,850 | 3,860 | 3,870 | 3,890 3,900 3,910 | 3,930 | 3,940| 3,950 | 3,960 | 3,980 | 3,990| 4,000| 4,020| 4,030 4,040 | 8
9| 4,270 | 4,280 4,310 | 4,330| 4,340| 4,360 | 4,370| 4,390 ( 4,400 4,410 | 4,430| 4,440| 4,460| 4,470| 4,490 4,500 4,520| 4,530 4,540| 4,560 | 9
10| 4,710 | 4,720 4,740| 4,760 | 4,770 | 4,790 | 4,800 | 4,820} 4,840 4,850 4,870 4,890 4,900 , 4,930 4,950| 4,970 4,980 5000| 5010| 5030 |10
11| 5230 | 5250| 5270 5280 | 5300| 5320 5340| 5360 5380 | 539| 5410 5430| 5450 | 5470| 5480| 5500 5520 5540| 5560| 65570 5590 |11
12| 5740| 5760{ 51790| 5810| 5830 5850| 5870 | 5830} 5910 5930 5950 5970 , 6,010 | 6,030 6,050 6070! 6,090 | 6,100| 6,120 | 6, 140 | 12
13| 6,240 | 6,260| 6,280| 6,310 | 6,330 6,350 | 6,370| 6,390| 6,420| 6,440| 6,460 | 6,480 6,500| 6,530 | 6,550 6,570 6,590| 6,610| 6,630| 6650 | 667013
141 6,760 | 6,780| 6,810| 6,830 | 6,860{ 6,880 6,90 | 6,930 6950| 6,980| 7,000 7,020] 7,050( 7,070| 7,090 | 7,120| 7,140} 7,160 ,1904 7,210 7,230 | 14
151 7,270 | 7,290 , 7,350 | 7,370 7,400 7,420 | 7,450} 7,480 | 7,500 7,530 | 7,550 | 7,580| 7,600| 7,630| 7,650 7,680] 7,700 | 7,730| 7,750 15
16| 7,780 | 7,810| 7,840| 7,860 | 7,800| 7,920 7,950| 7,980| 8,000| 8030| 8060| 8000| 8110| 8140| 8170 | 8,190 | 8,220 8,250 8,270 8,300| 8330 16
17] 8,300| 8,330| 8360 82390 | 8420 8450 | 8,480 | 8510 8540 8570 8600 8630| 8660| 8680| 8710 8,740| 8770 8800| 880| 8860 883017
18| 8,820| 8,850 | 880| 8910 8950 | 8980 | 9,010| 9,040 9,070] 9 110| 9,140| 9,170| 9,200| 9,230| 9,260 | 9,290 | 9,320 | 9,350 | 9,380 | 9,410} 9,440 | 18
191 9,330| 9,360 | 9,400 9,430| 9,470| 9,500| 9,530| 9,570! 9,600 9,630 9,670! 9,700| 9,730| 9,770| 9,800 | 9,830 | 9,860 | 9,900 930 | 9,960 9,990 | 19
20 , 9,880 | 9,920 9,950 | 9,990 | 10,020 | 10,060 | 10,100 [ 10,130 10,1 10,200 | 10,240 | 10,270 | 10,310 | 10,340 | 10,370 | 10,410 | 10, 4 10,480 | 10,510 | 10,550 | 20
211 10,370 f 10,410 | 10,450 | 10,490 | 10,530 | 10,560 ( 10,600 | 10,640 | 10,680 [ 10,710 | 10,750 [ 10,790 | 10,830 | 10,860 | 10,900 | 10,940 | 10,970 | 11,010 | 11,040 | 11,080 | 11,120 | 21
221 10,910 { 10,950 | 10,990 | 11,030 | 11,070 | 11,110 11,150 | 11,190 | 11,230 [ 11,270 | 11,310 [ 11,350 | 11,390 | 11,420 | 11,460 | 11,500 | 11,540 | 11,580 | 11,620 | 11,660 | 11,690 | 22
23] 11,440 | 11,490 11,530 | 11,570 | 11,610 11,660 [ 11,700 | 11,740 | 11,780 | 11,820 | 11,860 [ 11,910 | 11,950 | 11,990 12,030 | 12,070 | 12,110 | 12,150 | 12,190 | 12,230 | 12,270 | 23
241 11,950 | 12,000 | 12,050 | 12,090 | 12,140 | 12,180 12,220 | 12,270 { 12,310 | 12,360 | 12,400 [ 12,440 | 12,490 | 12,530 | 12,570 | 12,610 | 12,660 | 12,700 | 12,740 | 12,780 | 12,830 | 24
251 12,470 | 12,520 | 12,560 | 12,610 | 12,660 | 12,700 { 12,750 | 12,800 | 12,840 | 12,890 | 12,930 [ 12,980 | 13,020 | 13,070 | 13,110 | 13,160 | 13,200 | 13,250 | 13,200 [ 13,340 | 13,380 | 25
261 12,990 | 13,040 | 13,090 | 13,140 | 13,190 | 13,240 | 13,290 | 13,340 | 13,380 | 13,430 13,480 [ 13,530 | 13,570 | 13,620 ( 13,670 | 13,710 | 13,760 ; 13,810 | 13,850 | 13,900 | 13,940 | 26
271 13,520 | 13,570 | 13,620 | 13,670 | 13,720 | 13,770 | 13,830 | 13,880 | 13,930 | 13,980 | 14,020 | 14,070 | 14,120 | 14,170 | 14,220 | 14,270 | 14,320 | 14,370 { 14,420 | 14,460 | 14,510 | 27
28] 14,030 | 14,090 | 14,140 | 14,200 | 14,250 | 14,300 | 14,360 | 14,410 | 14,460 | 14,510 | 14,560 { 14,620 | 14,670 | 14,720 | 14,770 | 14,820 | 14,870 | 14,920 | 14,970 | 15,020 | 15,070 | 28
291 14,550 | 14,610 | 14,660 | 14,720 | 14,770 | 14,830 | 14,880 | 14,940 | 14,990 | 15,040 | 15,100 | 15,150 | 15,210 | 15,260 | 15,310 | 15,360 | 15,420 | 15,470 | 15,520 | 15,570 | 15,630 | 29
30| 15,060 | 15,130 | 15,190 | 15,240 | 15,300 | 15,360 | 15,410 | 15,470 | 15,530 | 15,580 | 15,640 | 15,690 | 15,750 | 15,800 | 15,860 | 15,910 | 15,970 | 16,020 | 16,080 | 16,130 | 16,180 | 30
31| 15,570 | 15,630 | 15,690 | 15,750 | 15,810 | 15,870 | 15,930 | 15,990 | 16,050 [ 16,110 | 16,170 | 16,220 | 16,280 | 16,340 | 16,400 | 16,450 | 16,510 16,570 | 16,620 | 16,680 [ 16,740 | 31
32{ 16,060 | 16,130 | 16,190 | 16,260 | 16,320 | 16,380 | 16,440 | 16,510 | 16,570 | 16,630 16,690 | 16,750 [ 16,810 | 16,870 | 16,930 | 16,990 | 17,050 | 17,110 | 17,170 | 17,220 | 17,280 | 32
33| 16,550 | 16,620 | 16,690 | 16,750 | 16,820 | 16,880 | 16,950 | 17,010 | 17,070 | 17,140 17,200 | 17,270 | 17,330 | 17,390 | 17,450 | 17,510 | 17,580 | 17,640 | 17,700 | 17,760 | 17,820 | 33
341 17,050 | 17,120 | 17,190 | 17,250 | 17,320 | 17,390 | 17,460 | 17,520 | 17,590 | 17,660 | 17,720 17,790 | 17,860 | 17,920 | 17,990 | 18,050 | 18,110 | 18,180 | 18,240 | 18,3001 18,360 | 34
35| 17,550 | 17,620 17,690 | 17,760 | 17,840 [ 17,910 | 17,980 | 18,050 | 18,110 | 18,180 | 18,250 | 18,320 | 18,390 | 18,460 | 18,530 | 18,5 18,660 | 18,720 | 18,790 | 18,850 | 18,910 [ 35
361 18,050 | 18,120 | 18,190 | 18,270 | 18,340 | 18,410 | 18,490 | 18,560 | 18,630 | 18,700 | 18,780 | 18,850 | 18,920 | 18,990 | 19,060 | 19,130 | 19,190 | 19,260 | 19,330 | 19,390 | 19,460 | 36
371 18,530 | 18,610 | 18,680 | 18,760 | 18,840 | 18,910 | 18,990 | 19,060 | 19,140 | 19,210 | 19,290 | 19,360 | 19,430 | 19,510 | 19,580 | 19,650 | 19,720 | 19,790 | 19,860 | 19,930 [ 19,990 | 37
38| 19,030 | 19,110 | 19,190 | 19,270 | 19,350 | 19,430 | 19,510 | 19,580 | 19,660 | 19,740 | 19,820 | 19,890 | 19,970 | 20,050 | 20,120 { 20,190 | 20,260 | 20,330 | 20,410 | 20,480 [ 20,550 | 38
39} 19,540 | 19,620 | 19,700 | 19,780 | 19,860 | 19,940 | 20,020 | 20,100 | 20,180 | 20,260 | 20,340 | 20,420 | 20,500 | 20,580 | 20,660 | 20,730 | 20,810 | 20,880 | 20,950 | 21,030 [ 21,100 | 39
40| 20,040 | 20,130 | 20,210 | 20,300 | 20,380 | 20,470 | 20,550 | 20,630 | 20,710 | 20,800 | 20,880 | 20,960 | 21,040 | 21,130 | 21,200 | 21,280 | 21,360 | 21,430 | 21,510 | 21,580 | 21,660 | 40
41| 20,530 | 20,620 | 20,710 | 20,790 | 20,880 | 20,970 | 21,050 | 21,140 | 21,220 { 21,310 { 21,390 | 21,480 [ 21,560 | 21,640 | 21,720 | 21,800 | 21,880 | 21,960 f 22,040 | 22,120 | 22,190 | 41
421 21,030 | 21,120 | 21,210 | 21,290 | 21,380 | 21,470 | 21,560 | 21,650 | 21,730 | 21,820 { 21,910 | 22,000 [ 22,080 | 22,170 | 22,250 | 22,330 | 22,420 | 22,500 | 22,580 | 22,660 | 22,740 | 42
43( 21,510 | 21,600 | 21,690 { 21,790 21,970 | 22,060 | 22,150 | 22,240 | 22,330 | 22,420 | 22,500 [ 22,590 | 22,680 | 22,770 | 22,850 | 22,940 | 23,020 [ 23,100 | 23,190 | 23,270 | 43
21,990 22,090 | 22,1801 22,280 | 22,370 | 22,460 |-22,550 | 22,650 | 22,740 | 22, 830 23,010 | 23,100 | 23,190 | 23,280 | 23,370 | 23,460 | 23,540 | 23,630 ( 23,710 | 23,800 | 44

45( 22,500 | 22,590 | 22,690 | 22,790 | 22,880 | 22,980 | 23,070 | 23,170 | 23,260 | 23,360 | 23,450 | 23,540 | 23, 64 \ 23,820 | 23,910 | 24,000 | 24,000 | 24,180 | 24,270 | 24,350 | 45
46| 22,990 | 23,090 | 23,190 | 23,290 | 23,390 | 23,480 | 23,580 | 23,680 | 23,770 [ 23,870 | 23,970 | 24,060 | 24,160 | 24,250 | 24, 350 24,530 | 24,620 | 24,710 24,800 [ 24,900 | 46
47| 23,470 | 23,580 | 23,680 | 23,780 { 23,880 | 23,980 | 24,080 | 24,180 | 24,270 | 24,370 | 24,470 | 24,570 ( 24,670 | 24,760 24,950 | 25,050 | 25,140 | 25,2401 25,330 | 25,430 | 47
48| 23,960 | 24,070 | 24,170 { 24,270 | 24,380 | 24,480 | 24,580 | 24,680 | 24,780 [ 24,880 | 24,980 | 25,080 | 25,180 | 25,280 | 25,380 | 25,480 | 25,580 25,770 | 25,870 | 25,960 | 48
49| 24,450 | 24,550 | 24,660 | 24,760 | 24,870 | 24,970 | 25,080 | 25,180 | 25,280 | 25,390 | 25,490 | 25,590 [ 25,690 | 25,800 | 25,900 | 26,000 | 26,100 | 26,200 | 26,300 | 26,400 26,500 | 49
50| 24,930 | 25 040 | 25,140 | 25 250 | 25360 | 25,470 | 25,570 | 25,680 | 25,780 | 25.890 | 25,990 | 26,100 | 26,200 | 26,310 | 26,410 | 26,510 | 26,610 | 26,720 | 26,820 | 26,920 | 27,020 | 50
51| 25,410 | 25,520 | 25,630 | 25,740 | 25,850 | 25,960 | 26,070 | 26,180 | 26,280 | 26,390 | 26,500 | 26,610 | 26,710 | 26,820 | 26,920 | 27,030 | 27,130 | 27,240 | 27,340 | 27,450 | 27,550 | 51
52| 25,890 | 26,000 | 26,120 | 26,230 | 26,340 | 26,450 | 26,560 | 26,670 | 26,780 | 26,890 | 27,000 | 27,110 [ 27,220 | 27,330 | 27,440 | 27,540 | 27,650 [ 27,760 | 27,870 | 27,970 | 28,080 | 52
53| 26,380 | 26,490 | 26,610 | 26,720 | 26,840 | 26,950 | 27,060 | 27,180 | 27,290 | 27,400 | 27,510 | 27,630 | 27,740 | 27,850 | 27,960 | 28,070 | 28,180 | 28,290 | 28,390 | 28,500 | 28,610 | 53
54( 26,870 | 26,990 | 27,110 | 27, 7, .4 27,570 27,690 | 27, 7,920 | 28,030 | 28,140 | 28,260 | 28,370 | 28,480 | 28,590 | 28,710 | 28,820 [ 28,930 | 29,040 | 29,150 | 54
55| 27,350 | 27,470 | 27,500 | 27,710 | 27,830 | 27,950 | 28,070 | 26,180 | 28,300 | 28,420 | 28,530 | 28,650 | 28,770 | 28,880 | 29,000 | 29,110 | 29,220 | 29,340 | 29,450 | 29,560 | 29,680 | 55
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APALACHIA DAM
SPILLWAY DISCHARGE

iN CUBIC FEET PER SECOND
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. HEADWATER ELEVATION
12710 [ 12714 [ 12112 [ 12713 [ 12714 [ 12715 [ 12716 [ 12717 [1274.8 [ 12719 [ 12720 [ 12721 [12722 [ 12723 [ 12724 [ 12725 | 12726 [ 12727 [ 12728 [ 12729 | 12730

561 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
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
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
591 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
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

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 | 32,890 | 33,020 | 33,150 | 33,280 | 33,410
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
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 [ 39,540
64| 33,680 | 33,830 | 33,980 | 34,130 | 34,280 | 34,420 | 34,570 | 34,720 | 34,860 | 35010 | 35,160 | 35,300 [ 35,440 | 35590 | 35730 | 35,880 | 36,030 | 36,170 | 36,320 | 36,460 | 36,610
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

66| 35640 | 35800 | 35960 [ 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

\ } , 30, ) , .
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
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
52,930 | 53,100 [ 53,260 | 53,420 54, 060 300 | 54,570 830 , , \ \ , ,
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
841 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
85! 55,610 | 55,870 | 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

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 gﬁ.ﬂg 62,910 | 63,410 | 63,910 | 64,420 | 64,950 | 65,490 66,030

62,100 | 62,810 | 63,510 | 64220 | 64,930 | 65,650 | 66,370 | 67,000 | 67,820 68,550 | 69,280 | 70,020 | 70,760 | 71, 72,250 | 73,010 | 73,760 | 74,520

MARCH 2004 ' HEADWATER 1271 to 1273




20 | APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

o HEADWATER ELEVATION o2
°g=] 12730 | 12731 | 12732 | 12733 | 12734 | 12735 | 12736 | 12737 | 12738 | 12739 | 12740 [ 12741 | 12742 | 12743 | 12744 | 12745 | 12746 | 12747 | 12748 | 12749 | 12750 |°%°

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 , ,560 f 1,560 | 1,570| 1,570 | 1,580 | 3

41 2,020| 2,030 2,040 2,040| 2,050 | 2,050 | 2,080| 2,070| 2070 2,080 2,090| 2090{ 2,100( 2,100 | 2 110| 2,120 2,120| 2,130| 2,130: 2,140| 2,150 | 4

51 2,510 2,520 , , ,540 | 2,550 | 2,560 | 2,570 | 2,570 2,580 | 2,590 | 2,600 2,600 2,610| 2,620} 2,630| 2,63 2,640 | 2,650 2,660 | 2,660 | 5

6| 3,020| 3,030( 3,040] 3,050, 3,060| 3,070| 3,080 3,000| 3,100 3,110| 3,120| 3,130| 3,130 3,140| 3,150 3,160 | 3,170| 3,180 3,180) 3,200 3,210 | 6

71 3,570| 3,580 3,590 3,600] 3,620 , , \ 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 , 4,660 | 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
101 5030 5040| 5060)| 5080 | 5090 5110 5120 5140| 5150 | 5170 ,180 | 5,2 5,210 | 5,230| 5240 5,260 5270| 5290) 5300| 5320 533010
11| 5590 5610 5630{ 5640 5660| 5680 5690| 5710| 5730| 5750 | 5760| 5780| 5800| 5810| 5830 5850 5860 580| 5900 5910 5930 |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 ,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 | 6,9 6,980 , 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| 7,530f 7,550 | 7,570 7,590 7,610| 7,630 7,660 | 7,680 | 14
15 \ 7.8 7,830 | 7,850 | 7,880 | 7,900| 7,930 7,950 7,970 8,000| 8020| 8,050 8070| 8090| 8120 8,140| 8,170| 8,190 8,210| 8,240 8,260 | 15
16| 8330 8,350 | 8380 8410! 8,430 | 8460 8490 | 85101 8,540 8,560| 8,590 8 620 8,670 8,690 | 8720 8,740| 8,770| 8,790 8,820| 8,840 | 16
17| 8,890 | 8,910| 8,940| 8970 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 ,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 | 14,840 | 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 | 15750 | 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 18,690 | 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
35| 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 ,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
381 20,550 | 20,620 | 20,690 | 20,760 | 20,830 | 20,830 | 20,960 | 21,030 | 21,100 [ 21,170 | 21,240 | 21,3 1,440 | 21,510 | 21,570 | 21,640 | 21,710} 21,770 | 21,840 | 21,910 | 38
391 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 | 22,080 | 22,160 [ 22,230 | 22,290 | 22,360 | 22,430 | 22,500 | 39
20| 21,660 | 21,730 | 21,800 | 21,880 | 21,950 | 22,030 | 22,100 | 22.170 | 22,240 | 22,320 | 22,300 | 22,460 | 22,530 | 22,600 | 22,670 | 22,750 | 22,820 | 22,890 | 22,960 | 23,030 | 23,100 | 40
411 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
421 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 23,510 | 23,600 { 23,680 | 23, 760 , 23,920 | 24,000 | 24,070 | 24,150 [ 24,230 | 24,310 | 24,390 | 24,460 [ 24,540 | 24,620 | 24,690 24,850 | 43
441 23,800 | 23,8801 23,970 24,050 | 24,140 | 24,220 | 24,300 | 24,390 | 24,470 | 24,550 | 24,6 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 | 26,210 | 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 30,160 | 30,260 | 30,360 | 30,460 | 30,550 | 30,650 | 53
541 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

SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

21

HEADWATER ELEVATION

1273.2

1273.7

1273.8 | 12739 | 1274.0 | 12741 | 12742 | 12743

75| 48,240 | 48,430

76| 49,250 | 49,450
77| 50,300 | 50,500
78] 51,340 | 51,550
79| 52,390 | 52,600
80| 53,430 | 53,650

105| 74,520 | 75,280

30,430
30,970
31,500
32,030
32, 580

33,670
34, 750
35, 820
36, 890
37,990

76,040

76, 810

32,940

34, 050
35, 150
36, 230
37,320
38,430

56, 840
59, 240
61 650

040
66 450

30,990

31,100 | 31,210 | 31,320 | 31,430 | 31,540 | 31,650
31,660 1 31,770 | 31,880 | 31,990 | 32,100 | 32,210
32,200 1 32,310 | 32,420 | 32,540 | 32,650 | 32,770
32,750 | 32,860 | 32,980 | 33,100 | 33,210 [ 33,330
33,300 | 33,420 | 33/540 | 33,660 | 33,780 | 33,900

7, : :
38,870 | 39,010 | 39,150 | 39,300 | 39,440 | 39,580
39,070 1 40,120 | 40,270 | 40,410 | 40,560 | 40,710
41,060

80,690 | 81,480 | 82,270 | 83,060 | 83,850 | 84,650

51,070

52, 140
53, 240
54, 340
55, 440
56, 540

86, 260

86, 690
86, 840
86, 840
86, 880

86, 880
86, 960

87,070

87,880 | 88,700

104
89,520 | 90,340 [105

MARCH 2004

HEADWATER

1273 to 1275




2 APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

s HEADWATER ELEVATION o
%2=| 12750 | 12751 | 12752 | 12753 | 12754 | 12755 | 12756 | 1275.7 | 12758 | 12759 | 1276.0 | 12761 | 1276.2 | 1276.3 | 12764 | 12765 | 12766 | 1276.7 | 12768 | 1276.9 | 12770 |°%*

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| 1,500| 1,600| 4,600| 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 | 2,250 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

71 3,79 3,810 3,820 3,830 ,840 | 3,860 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| 4,200 4,300| 4,310} 4,320 4,330 4,340 4,360| 4,370 4,3901 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 ( 4,80| 4,80} 4,870 4,890 | 4,90 4,910| 4,930| 4,940| 4,950 | 4,970 4,098 4, 5,010 5020 5030 5040 5060 5070| 5080 5100 | 9
10| 5330| 535 | 5,360 5380 | 5390| 5410 5420| 5430 | 5450 | 5460 | 5480| 5490 | 5510 5520 ,540 | 5,560 | 65,560 | 5,580| 5590| 5610 5620 | 10
111 5930 5950| 5960 5980| 600! 6010| 6,030| 6040 6,060| 608 | 6090 6110| 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| 6,80 6870 |12
13| 7,080 | 7,100| 7,120| 7,140 7,160 | 7,180 | 7,200 . 7,240 1 7,260 7,280 7,300| 7,320 7, 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| 7,85 | 7,870| 7,890| 7,910 7,930 7,950| 7,980 | 8,000| 8,020{ 8040| 8060! 8080 \ 14
15| 8,260 | 8280 8310| 83 8,350 | 8,370 | 8400| 8420 8,440! 8470 | 8,490 | 8510| 8530 850 | 8580 | 8600 8620{ 8650 | 8670 8,690| 8710 |15
16 8,840| 8,870 8,890 | 8920 8940 8970 8990 ( 9,020 9040} 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
171 9,440 | 9,460 ,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
181 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
191 10,610 | 10,640 10,670 | 10,7001 10,730 | 10,760 | 10,790-| 10,8 10,850 | 10,880 | 10,910 | 10,940 | 10,970 | 11,000 | 11,030 | 11,080 | 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
211 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
221 12,430 | 12,460 | 12,500 | 12,540 | 12,570 | 12,610 | 12,640 | 12,680 | 12,710 | 12,750 | 12, 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
241 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 14,880 | 14,9 14,950 | 14,990 | 15,030 | 25
261 14,830 | 14,880 | 14,920 i 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 | 16,1 16,190 | 16,230 | 16,270 | 16,320 | 27
281 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
291 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
301 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 | 17,8701 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
321 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 ,640 ( 19,700 | 19,750 | 19,800 | 19,860 | 19,910 | 19,970 | 20,020 [ 20,070 | 33
341 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 | 20870 | 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
371 21,310 | 21,380 | 21,4401 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
381 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
391 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 | 24 330 | 24,450 | 40
411 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
421 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 24,920 | 25,000 | 25,070 25,150 25,220 | 25,300 | 25,370 | 25,450 1 25,520 | 25,590 | 25,670 | 25,740 | 25,810 25,960 26,100 | 26,180 | 26,250 | 26,320 | 43
441 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, 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 1 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 | 25.630 | 29,720 | 29,800 | 29,800 | 29,980 | 30,070 | 30,150 | 30,240 | 30,320 | 30410 | 30,500 | 30,580 | 30,670 | 50
511 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 | 32410 | 32,510 | 32,610 | 32,710 | 32,810 | 32,910 | 33,000 { 33,100 | 33,200 | 33290 | 33,390 | 33,490 | 33,580 | 33,680 | 33.770 | 55

"HEADWATER 1275 to 1277 MARCH 2004



APALACHIA DAM 23

SPILLWAY DISCHARGE

iIN CUBIC FEET PER SECOND

HEADWATER ELEVATION
12750 [ 12751 [ 12752 [ 12753 [ 12754 ] 12755 | 12756 [ 12757 [ 12758 [ 12759 [ 12760 [ 12761 [1276.2 | 1276.3 | 1276.4 | 12765 [ 12766 | 12767 [ 12768 | 12769 [1277.0

56( 32,390 | 32,490 | 32,600 32,700 | 32,800 | 32,900 ( 33,000 33,100 33,200 | 33,300 | 33,400 | 33, ?(1)8 33,600 33,700 | 33,800 gg ggg 34,000 | 34,100 | 34,200 | 34,290 | 34,390

4 4 . , X X . ’
60| 34,710 | 34.820 | 34 930 | 35,040 | 35,150 | 35.260 | 35370 | 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
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
62| 37,060 | 37,180 | 37,300 | 7430 | 57,550 | 37,670 | 37,790 | 37,910 | 38020 | 38140 35,260 | 38380 | 3500 | BB0| 70| 3860 | 38 960 | 39,080 | 39200 | 39,310 | 39,430
’ ) ) ,900 |* 40, ) , ) . ) ) Z 4 . ; ’ '
65| 40560 | 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 | 42960 | 43090 | 43,220
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
671 42880 | 431020 | 43.170 | 43,310 | 43,460 | 43600 | 43,750 | 43890 | 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
681 44,040 | 44,190 | 44,340 | 44,490 | 44,640 | 44,790 | 44,940 | 45,000 | 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

69| 45,200 | 45.360 | 45520 | 45,670 | 45,830 | 45,980 | 46, 140 | 46,200 | 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
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 | 48610 | 48,770 | 48,920 | 49,070 | 49,230 | 49, 380 | 49,530

761 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
54,220 | 54,420 | 54,610 | 54,810 \ ,

. 05 . X ) : X 94,440 | 94, X
95| 88,490 | 88880 | 89,200 | 89,720 | 90,140 | 90,570 | 90,930 | 91,440 | 01,880 | 92,330 | 92,770 | 93,220 | 93,660 | 94,100 | 94,550 | 94.990 | 95,440 | 95.910 | 96,380 | 96,840 | 97,310

| 89, , , 94, 980 , \
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,
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
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 | 10
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 90,3401 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 | 91160 | 91,990 | 92,820 | 93.660 | 94,500 | 95,340 | 96,180 | 97,030 | 97,830 | 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 1103
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 |1
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

MARCH 2004 HEADWATER 1275 to 1277




o4 APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
12770 [ 12774 [ 12772 [ 12773 [1277.4 [12775 [ 12776 [ 12777 [1277.8 [1277.9 [ 12780 [1278.1 [ 12782 [ 12783 [ 12784 [ 1278.5 [ 12786 [ 12787 [ 12788 | 12789 | 1279.0

1 550 0 550 60 560 60 560 560 560 60 570 570 570 570 570 570 570 570 580 580 580 | 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| 1,120f 4,120 1,120 | 2
31 1,660 1,670 1,670 1,670| 1,680{ 4,680 | 1,690| 1,690| 1,690 1, 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| 2310 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 : 2,850 2,860 2,860| 2870 2,880 ,880 | 2,890 | 2,900 | 2,900| 2,910 | 2,920 2,920 2,930 | 2,940| 2,940 &
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 4.0 4,010 ) 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| 4.6 4,640 | 4,650 4,660 4,670 4,680 ,690| 4,700 | 4,7101 4,730 | 4,740 8
9| 5100( 5110} 5120| 5130{ 5150| 5160} 5170 5180| 5200( 5210| 5220| 5230| 5250| 5260| 5270| 5280 | 5290 5310| 5320| 5330} 5340 | 9
10| 5620 5,6 5, 650 \ 5680 | 5690 | 5700 5720 5730{ 5740 5760 5770) 5790| 5800 5810 5830 ,840| 5850 5870 5,880 5890 |10
11| 6,2501 6,270 6,280| 6,300 6,310 6, 330 6,360 | 6,380| 6,390| 6410| 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} 6,930 | 7,010 \ 1, 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 7,510f 7,530| 7,550| 7,560! 7,580( 7,600| 7,620| 7,640| 7,660| 7,670| 7,690| 7,710f 7,730| 7,750| 7,770 7,780 | 7,800 7,820| 7,840 |13
14 8,100 | 8,120 8140| 8160 | 8,180| 8,200| 8220| 8,240 8,260 | 8280 8,300 8320| 8340 8,360| 8380| 8400| 8420 | 8,440 8,46 8,480 | 8,500 | 14
15| 8710| 8,730 8,760 8,780 | 8,800] 8,820 , 8,870 8,830 | 8910 8,930 8950 | 8970 8990 | 9,020 9,040 9,080 | 9,08 | 9,100 9,120} 91 15
16 93301 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
171 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 f 10,880 | 10,900 | 10,930 | 10,960 ( 10,980 { 11,010 | 11,030 [ 11,060 11,090 | 11,110 | 18
191 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 [ 11,740 | 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
241 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 | 15,840 | 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 0| 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 50 | 18, 18,450 | 18,490 | 18,540 | 18,5 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, 19,810 [ 3
32| 19,460 | 19,510 | 19,570 | 19,620 | 19,670 | 19,720 | 19,770 | 19,820 | 19,870 19, 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, 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 | 20,8 20,910 | 20,970 | 21,0 21,080 | 21,130 | 21,1801 21,240 | 21,290 | 21, 21,400 | 21,450 | 21,500 | 21,560 | 21,610 21,660 | 21,720 | 21,770 [ 34

) . 86 , \ ) . , , 340 . .
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 | 24850 | 24,910 | 24,980 | 25040 | 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 %gggg 26,200 | 26,270 | 26,330 | 26,400 | 41

\ \ \ \ \ \ 31,040 \
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

511 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 | 32,1470 | 32,250 | 32,340 | 32,430 | 32,520 | 32,610 | 32,690 | 32,780 32,870 | 32,950 ggggg 33,1201 33,210 %gggg 32888 33,1%8 ggg?g 33,888 52

54| 33160 | 33,250 | 33,340 | 33,430 | 33,530 | 33.620 | 33710 33,800 | 33,890 | 33.980 | 34,070 | 34,160 | 34,250 | 34,340 | 34.430 | 34.520| 34.610 | 34,700 | 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 | 34,800 | 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 25
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
12770 [ 12774 [ 12172 [ 12773 [1277.4 [ 12775 [ 12776 [1277.7 [ 12778 [1277.9 [ 12780 [ 12781 [ 12782 [ 12783 [ 12784 [ 12785 [ 12786 | 12787 [ 12788 | 1278.9 [ 12790

56| 34,390 | 34,490 | 34,580 | 34,680 | 34,780 | 34,870 | 34,970 | 35,060 | 35160 | 35,250 | 35350 | 35,440 | 35,540 | 35,630 | 35720 1 35820 | 35,910 | 36,000 | 36,100 [ 36,190 | 36,280
57| 35,020 | 35,110 | 35210 | 35310 | 35410 | 35510 35610 35700 | 35800 | 35900 | 35990 | 36,090 | 36,190 | 36,280 | 36,380 | 36,470 | 36,570 | 36,660 | 36,760 [ 36,850 | 36,940
58| 35,620 | 35,730 | 35,830 | 35,930 | 36,030 | 36,130 | 36,230 | 36,330 | 36,420 | 36,520 | 36,620 | 36,720 | 36,820 { 36,920 | 37,010 | 37,110 37,210 | 37,300 | 37,400 | 37,500 | 37,590
59| 36,250 | 36,350 | 36,450 [ 36,560 | 36,660 | 36,760 | 36,860 | 36,960 | 37,060 | 37,470 | 37,270 | 37,370 | 37,470 | 37,570 | 37,660 | 37,760 | 37,860 | 37,960 | 38,060 | 38,160 | 38,260
60| 36,880 | 36,980 | 37,080 | 37,190 | 37,300 | 37,400 | 37.500 | 37,610 | 37,710 | 37,810 | 37,910 | 38,020 | 38.120 | 38,220 | 38,320 | 38,420 | 38,520 | 38,620 | 38,720 | 38,820 | 38,920

61| 38,150 | 38,260 [ 38,370 | 38,480 | 38,590 | 38,700 | 38,810 | 38,920 | 39,020 | 39,130 | 39,240 | 39,340 | 39,450 | 39,560 | 39,660 | 39,770 | 39,870 39,980 | 40,080 | 40,190 | 40,290
62| 39,430 | 39,540 39,650 [ 39,770 | 39,880 | 39,990 | 40, 110 | 40,220 | 40,330 | 40,440 | 40,550 | 40,660 | 40,770 | 40,890 | 41,000 | 41,100 [ 41,210 | 41,320 | 41,430 | 41,540 | 41,650
63| 40,680 | 40,800 | 40,920 | 41,030 { 41,150 | 41,270 | 41,390 | 41,500 | 41,620 | 41,730 | 41,850 | 41,970 | 42,080 | 42,190 | 42,310 | 42,420 | 42,540 | 42,650 | 42,760 | 42,880 | 42,990
64| 41,940 | 42,060 [ 42,180 | 42,310 | 42,430 | 42,550 | 42,670 | 42,790 | 42,910 | 43,030 | 43,150 | 43,270 | 43,390 | 43,510 | 43,630 | 43,750 | 43,860 | 43,980 | 44,100 | 44,220 | 44,330
65| 43,220 | 43,350 | 43,480 | 43610 | 43,730 | 43,860 | 43,980 | 44,110 | 44,230 | 44,360 | 44,480 | 44,610 | 44,730 | 44,850 | 44,980 | 45,100 | 45,220 | 45,340 | 45,460 | 45,580 | 45,710

66| 44,480 | 44,610 | 44,750 | 44,880 | 45,010 | 45,140 | 45,270 | 45,400 | 45,530 | 45,660 | 45,790 | 45,910 | 46,040 | 46,170 | 46,300 | 46,420 | 46,550 | 46,670 | 46,800 | 46,930 | 47,050

1430 84,490 | 84, 84, 610 84, 870 . , , . .
90| 87,000 | 87,050 | 87,090 | 87,130 | 87.170 | 87,220 | 87,350 | 87,600 | 87,880 | 85, 150 | 88,420 | 88,680 | 88,950 | 89,220 | 89,480 | 89,740 | 90,010 | 90,270 | 90,530 | 90,780 | 91,040

91| 89,080 | 89,210 | 89,340 | 89,460 | 89,580 | 89,700 | 89,880 | 90,200 | 90,540 | 90,870 | 91,200 ( 91,530 | 91,860 | 92,190 | 92,510 | 92,840 ( 93,170 | 93,490 | 93,820 | 94,140 | 94,460
921 91,110 91,320 | 91,530 | 91,740 | 91,950 | 92,150 | 92,420 | 92,810 | 93,210 | 93,600 | 94,000 | 94,400 | 94,790 | 95,190 | 95,580 | 95,980 ( 96,370 | 96,770 | 97,160 | 97,550 | 97,950

93| 93,170 93,470 | 93,770 | 94,070 | 94,360 | 94,650 | 95,000 | 95,450 | 95,910 | 96,380 | 96,840 | 97,300 | 97,760 | 98,230 | 98,690 | 99,150 [ 99,610 |100, 100 {100, 500 | 101, 000 | 101, 500
94| 95,210 | 95,590 | 95,970 | 96,350 | 96,740 | 97,120 | 97,550 | 98,060 | 98,590 | 99, 120 | 99,650 | 100,200 {100, 700 | 101,200 | 101,800 (102, 300 (102, 800 | 103, 400 {103, 900 | 104, 400 | 105, 000
95| 97,310 | 97.780 | 98,250 | 98,720 | 99,190 | 99,660 | 100, 200 |100, 700 | 101, 300 | 101, 900 {102, 500 | 103, 100 | 103, 700 | 104, 300 | 104, 900 | 105, 500 (106, 100 | 106, 700 | 107, 300 (107, 900 (108, 500
96| 99,280 | 99,830 |100, 400 (100, 900 | 101, 500 | 102, 000 | 102, 600 | 103, 200 | 103, 900 | 104, 600 | 105, 200 |105, 900 (1086, 500 | 107, 200 | 107, 800 (108, 500 (109, 200 | 109, 800 | 110, 500 | 111, 200 | 111, 800
97 1101, 300 | 102, 000 | 102, 600 | 103, 200 | 103, 900 | 104, 500 | 105, 200 | 105, 900 | 106, 600 | 107, 300 | 108, 000 | 108, 800 | 109, 500 | 110, 200 | 110,900 | 111,700 (112, 400 | 113, 100 {113,900 | 114,600 | 115, 300
981103, 300 | 104, 100 | 104, 800 | 105, 500 | 106, 200 | 107, 000 | 107, 700 | 108, 500 | 109, 300 | 110, 000 | 110,800 | 111,600 | 112, 400 | 113,200 {114, 000 | 114, 800 (115, 600 | 116, 400 {117,200 | 118, 000 {118, 800
99 1105, 400 | 106, 200 | 107, 000 | 107, 900 | 108, 700 | 109, 500 | 110, 300 | 111, 100 | 112, 000 | 112, 800 | 113,700 {114, 500 | 115, 400 | 116, 300 | 117, 100 | 118, 000 (118,900 | 119, 700 (120, 600 | 121, 500 | 122, 400
100 (107, 400 | 108, 300 | 109, 200 | 110, 100 | 111,000 | 111,900 | 112, 800 | 113,700 | 114, 600 | 115, 600 | 116, 500 117, 400 | 118, 300 | 119, 300 {120, 200 | 121, 100 | 122, 100 (123, 000 | 123, 800 | 124, 900 {125, 800 {100
101 (107, 400 | 108, 300 | 109, 200 | 110, 100 | 111,000 | 111,900 | 112, 800 | 113,700 | 114, 600 | 115, 600 {116,500 (117, 400 | 118, 300 | 119, 300 | 120, 200 | 121, 100 | 122, 100 {123, 000 | 123, 900 | 124, 900 {125, 800 1101
102 (107, 400 | 108, 300 | 109, 200 { 110, 100 | 111, 000 {111,900 | 112, 800 { 113, 700 | 114, 600 | 115, 600 | 116, 500 117,400 | 118, 300 | 119, 300 {120, 200 | 121, 100 | 122, 100 {123, 000 | 123, 900 {124, 900 {125, 800 [102
103 {107, 400 | 108, 300 | 109, 200 1110, 100 | 111,000 (111,900 {112, 800 {113, 700 | 114, 600 | 115, 600 {116, 500 {117, 400 | 118, 300 | 119, 300 | 120, 200 | 121, 100 | 122, 100 {123, 000 | 123, 900 | 124, 900 | 125, 800 |103
104 {107, 400 {108, 300 {109, 200 | 110, 100 | 111, 000 (111, 900 | 112, 800 | 113,700 | 114, 600 | 115, 600 | 116, 500 [ 117,400 | 118, 300 | 119, 300 (120, 200 | 121, 100 | 122, 100 {123, 000 1123, 900 | 124, 900 | 125, 800
105107, 400 | 108, 300 | 109, 200 [ 110, 100 | 111,000 | 111,900 | 112, 800 | 113, 700 | 114, 600 | 115, 600 | 116, 500 | 117,400 | 118, 300 | 119, 300 [ 120, 200 |121; 100 | 122, 100 | 123, 000 |123; 900 (124, 900 {125, 800 |105

MARCH 2004 HEADWATER 1277 to 1279



26 APALACHIA DAM
SPILLWAY DISCHARGE

iN CUBIC FEET PER SECOND

b HEADWATER ELEVATION s
°8=] 12790 | 1279.1 | 1279.2 | 1279.3 | 12794 | 12795 | 12796 | 12797 | 12798 | 12799 | 1280.0 | 12801 | 1280.2 | 1280.3 | 12804 | 1280.5 | 1280.6 | 1280.7 | 1280.8 | 12809 | 12810 |°%°

1 580 580 0 580 580 590 590 590 1

2| 1,120 1,120 1,130 1,130} 1,130 1,130 1,14 1,140 2

31 1,740 1,750 1,750 1,750} 1,760( 1,760| 1,770 1,770 3

41 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 2970 ,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 | 4,200 210 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 , \ 5370 5,380| 539 | 5400] 5420 5430 9
10| 5890 5910 5920 5,930 5950 | 59 5970 5990 6,000 6010 6030] 6040| 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 | 6700 6,720 6,730| 6,750 1
12 7,210 7,230| 7,240 7,260| 7,280 7,290| 7,310 7,320 \ 7,360 | 7,370 7,390 1 7,420 12
131 7 7,860 | 7,870 7,890 7,910 7,930| 7,950 7,960 7,980 8,000] 8020 8030| 8050 8070 13
141 8,50 8,520 | 8540 | 8560 8580 | 8600 8620 8630 8650 8670| 8690 8710 8,730 8,75 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 9,300 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
171 10,450 | 10,480 | 10,500 |.10,520 | 10,650 | 10,570 | 10,600 | 10,620 | 10, 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
191 11,760 11,790 | 11,810 | 11,840 | 11,870 | 14,900 | 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 | 14,640! 14,670 14,710 [ 14,740 [ 14,770 | 14,810 | 14,840 | 14,870 | 14,910 | 14,940 | 14,9 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 | 15790 | 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 | 16,4 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, 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 | 18,7401 18,780 [ 18,820 [ 18,870 | 18,910 | 18,950 | 18,9 19,040 | 19,080 [ 19,120 | 19,160 | 19,210 | 19,2501 19,280 | 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 2(1), 950 | 21,000 | 21,040 | 21,090 | 21,140 | 21,190 | 21,230 | 21,280 | 21,330 | 21,380 | 21,420 ; 32

, 44 X . , 65 , 7 . ) ) , ) )
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 (:;1 250 | 31,330 | 31,400 | 31,470 | 31,550 | 31,620 | 31,690 | 31,760 { 31,830 %

49| 31,680 | 31750 | 31830 | 31,910 | 31,990 | 32070 | 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 | 32640 | 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 ggggg 82,510 33,790 | 33,880 33,828 34,040 | 34,120 | 34,200 | 34,270 34,350 | 34,430 | 34,510 34,590 | 51

54 \ \ \ 6, 44 \ , 5
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
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
1279.0 [ 12791 [ 12792 [ 12793 [ 12794 [12795 [12796 [ 12797 [1279.8 [ 12799 [1280.0 | 1280.1 [ 1280.2 | 1280.3 | 12804 | 12805 | 12806 | 1280.7 | 1260.8 | 1280.9 | 12810

: . : , 38, 840 : 40, \
60| 38,920 | 39,020 | 39,120 | 39,220 | 39,320 | 39420 | 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

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
62| 41,650 | 41,760 | 41,860 | 41,970 | 42,080 | 42,190 | 42,290 | 42,400 | 42,500 | 42610 | 42,720 | 42,820 | 42,930 | 43,030 | 43,140 | 43,240 | 43,340 | 43,450 | 43,550 | 43,650 | 43, 760
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
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
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

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 ﬁg 31138 48,650 | 48,770 | 48,890 | 49,010 | 49,130 | 49,250 | 49,370 | 49,490

58, 540 \ , , \ \ \ \ \ ]
75| 59,070 | 59,230 | 59,400 | 59560 | 50,730 | 59,890 | 60,050 | 60,220 | 60,380 | 60,540 | 60,700 | 60,860 | 61,020 | 61,180 | 61,340 | 61.490 | 61,650 | 61,810 | 61,970 | 62,120 | 62,280

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
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

: : : 63, 54 . 64,770 , ) . . , \ .
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
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 | 66,600 | 68780 | 68,960 | 69,130 | 69, 310

85| 78,310 | 78,540 | 78,760 | 78,980 | 79,200 [ 79,420 | 79,640 | 79,870 | 80,090 | 80,320 540 | 80,760 | 80,980 | 81,200 | 81,420 640 | 81,860 | 82,080 | 82,300 | 82,510 82,730
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 | 84,860 ( 85090 | 85, 310
87 83, 550 84, 84, 84,720 | 84, 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
88| 85,910 | 86, 150 | 86,390 | 86,630 | 86,870 | 87, 110 | 87,350 | 87,600 | 87,850 | 88,100 | 88,350 | 88, 590 840 | 89,080 | 89,330 | 89,570 | 89,810 | 90,050 { 90,290 | 90,530 | 90, 770
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
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, 94,410 | 94,670 , 95,190 | 95,450 [ 95,700 | 95,960 | 96,210
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
92| 97,950 | 98,310 | 98, 6l 98, 870 ,040 | 99,220 | 99,400 { 99,600 [ 99, 100, 000 {100, 200 | 100, 400 | 100, 700 {100, 900 | 101, 100 | 101, 300 | 101, 500 | 101, 700 | 102, 000 | 102, 200 | 102, 400
931101, 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
94 1105, 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
95108, 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
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
97115, 300 1116, 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
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
991122, 400 | 123,200 [ 123, 900 | 124, 100 | 124, 100 | 124,000 {123, 900 | 123, 800 | 123, 800 | 123, 123,900 [ 123, 900 | 123, 900 | 124, 000 {124, 100 | 124, 200 | 124, 300 {124, 300 {124, 400 | 124, 500 (124, 500
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 1 130, 200 | 130, 600 | 131,000 | 131, 400 | 131, 800 | 132, 300 | 132, 700 | 133, 100 | 133, 600 | 134, 000 | 134, 400 {134, 300 (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 1106
107125, 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 1107
1081125, 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
1091125, 800 | 126, 800 | 127, 700 | 128, 600 [ 129, 500 | 130, 300 {131, 200 | 132, 100 | 132, 900 | 133, 800 , 135, 600 | 136, 500 | 137, 400 | 138, 300 | 139, 200 | 140, 100 | 141, 000 | 141, 900 | 142, 800 | 143, 700 {109
110125, 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

ubs HEADWATER ELEVATION o2
"é’ 1281.0 | 12811 | 1281.2 | 12813 [ 12814 | 12815 | 12816 | 1281.7 | 1281.8 | 1281.9 | 1282.0 | 12821 | 12822 | 1282.3 | 12824 | 12825 | 12826 | 1282.7 | 12828 | 12829 | 12830 |°%*
16 16
17 17
18 18
19 19
20 12,980 20
21 13,690 2
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
291 19,330 29
30| 20,030 | 20,070 | 20,120 | 20,160 | 20,200 ; 20,250 | 20,290 30
311 20,730 | 20,770 | 20,820 | 20,860 | 20,910 | 20,950 | 21,000 3
32| 21,420 | 21,470 | 21,520 | 21,560 | 21,610 ( 21,650 | 21,700 2
33( 22,100 [ 22,150 | 22,200 | 22,240 | 22,290 , 22,390 33
22,790 | 22,8401 22,8901 22,940 | 22,990 | 23,040 | 23,090

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
441 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

45( 30,450 | 30,520 | 30,580 30,650 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, 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 | 33,44 .5 .5 33,660 | 33,740 | 33,810 | 33,890 | 33,960 | 34, 34, 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 | 35030 | 35110 | 35,180 | 35,250 50
51| 34,590 | 34,670 | 34,750 | 34,830 | 34,900 | 34,980 35,060 | 35 140 | 35210 | 35,290 | 35,370 | 35450 | 35,520 ( 35,600 | 35,680 | 35750 | 35,830 | 35900 [ 35, 980 51
52( 35,280 | 35,360 | 35,440 | 35,520 | 35,600 35680 35, 760 , 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 ,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( 39,4 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 \ 41,070 58
53| 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 i 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 | 45080 | 45,170 | 45,270 | 45370 | 45,470 | 45,570 | 45,670 | 45,770 | 62
63| 45,180 | 45,280 | 45,390 | 45,500 | 45600 | 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
641 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 | 66
66| 49,490 | 49,600 | 49,720 | 49,840 | 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 | 92,580 | 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 | 85,810 | 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 | 57,460 57,580 | 57,710 | 57,840 | 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

HEADWATER ELEVATION
12810 | 12811 | 12812 [ 12813 [ 12814 [ 12815 | 12816 [ 12817 [12818 [ 12819 [ 12820 [ 12821 [ 12822 [ 1282.3 [ 12824 | 1282.5 | 1282.6 [ 1282.7 [ 12828 [ 12629 | 12830

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
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
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
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
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

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 | 65,6700 | 65, 860 i 66,010 | 66,170 | 66,320 | 66,480 | 66,630 | 66,780
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
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
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
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

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

89| 93,490 | 93740 | 93,980 | 94,230 '94' 470 | 94,710 | 94,950 | 95.190 | 95.430 | 95.670 | 95.910 | 95150 | 96,380 | 96,620 | 96,860 | 97,090 | 97.320 | 97,560 | 97,790 | 98,020 | 98, 250
90| 96,210 | 96,460 | 96,720 | 96,970 | 97,220 | 97,470 | 97,720 | 97,970 | 98,210 | 98,460 | 98710 | 98,950 | 99. 190 | 99,440 | 99,680 | 99,920 | 100,200 |100,400 | 100,600 | 100,900 |10, 100

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
921102, 400 | 102, 600 1102, 800 | 103, 000 | 103, 300 {103, 500 | 103, 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

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
941108, 700 | 108, 900 {109; 100 {109, 300 | 109, 500 | 109, 700 | 109, 900 |110; 100 [110; 300 | 110,500 (110, 700 [ 110,900 | 141,200 [111,400 | 111,600 | 111,900 | 112, 100 | 112, 400 [ 112,600 | 112,900 | 113, 100

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

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 | 118,000 (118, 300 | 118, 500 | 118, 800 | 119, 000
971118, 100 | 118,200 {148, 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

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

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
100|127, 700 | 127, 800 | 127, 800 | 127. 900 | 128, 100 | 128, 200 | 125, 400 | 128, 500 | 128, 700 |128, 800 | 128, 900 {129, 100 | 129, 200 | 129, 400 |128; 700 | 130, 000 | 130, 200 | 130, 500 | 130, 700 [ 131, 000 | 131,200 (100
1011129, 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
1021131, 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
103133, 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 (1
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, 0CO {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 1140, 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
1081141, 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 1159, 800 [109
110 | 145, 500 | 146, 500 | 147, 600 | 148, 600 | 149, 600 [ 150,600 | 151, 700 | 152, 700 | 153, 800 | 154, 800 [ 155, 300 [ 156, 900 | 158, 600 | 159, 000 | 160, 100 [ 161, 200 [ 162, 200 [163, 000 | 163, 100 | 163, 100 | 163, 000 (110

MARCH 2004 HEADWATER 1281 to 1283




30 APALACHIA DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

b HEADWATER ELEVATION ol
2= 1283.0 | 12631 | 1283.2 | 1283.3 | 12834 | 12835 | 12836 | 1283.7 | 12838 | 12839 | 1284.0 | 12841 | 1284.2 | 1284.3 | 12844 | 1284.5 | 1284.6 | 1284.7 | 1284.8 | 12849 | 12850 |°%°

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| 48770 | 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 | 56,100 | 58,230 | 58,350 | 58,480 | 58,610 | 58,730 | 58 860 | 58,990 | 59,110 | 59,240 | 59,360 | 59,490 70
711 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 4!
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 | 64,400 | 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 , 900 71,370 | 71,530 | 71,680 72,000 78
79( 71,280 ,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

' 71,440 200 [ : : , ' '
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 31888 81,%38 81,410 | 81,580 | 81,760 g}ggg 82

) 82, 340 ) ) ) \ : : . . . 84,370 | 84,560 | 84, )
84| 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

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 , 160 | 97,370 | 97,590 [ 97,800 | 98,0 98,230 | 98,450 | 98,660 | 98,880 | 99,110 | 99,340 | 99,570 | 99,800 | 88
89( 98, 25 .4 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, 103, 500 {103, 103, 900 | 104, 100 [104; 400 | 104, 600 | 104, 800 | 105, 100 | 105, 300 | 105, 600 | 105, 8 90
91104, 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, 7 12,900 (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

95116, 100 | 116, 400 | 116, 600 | 116, 900 | 117, 100 | 117, 300 | 117,800 | 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, 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 ,100 (1 134, 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 1101
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
1041143, 900 | 143, 900 | 144, 100 , 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
1071153, 200 {153, 200 | 153, 200 | 153, 300 | 153, 400 {15 153, 600 | 153, 700 [ 153, 900 | 154, 000 | 154, 100 | 154, 300 | 154, 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 1109
110|163, 000 | 162, 800 | 162, 700 | 162, 700 | 162, 800 | 162, 80O | 162, 300 { 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
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RATING CURVES FOR FLOW OVER
DRUM GATES

By JosepH N. BRADLEY,! A. M. ASCE

Wit Discussion By Messgs. Guino Wyss; SaMm SRuLiTs; Bos BUERLER;
F. 3. CampBELL AND A. A, McCooL; anp Josere N. BRADLEY

St¥nopsis.

With water becoming more valuable in the western states each year, there is

_ an inereasing demand for better methods of messurement 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 and
measurement of flow at dams. In fact, the need has reached the point at
which operators are desirous of metering the flow at nearly all control devices
in irrigation systems, and in other water supply or control systems.

The primary purpose of this paper is to point out that there are numerous
control structures in existence that will serve a dual-purpose—that of a metering
station as well 4s that of a regulating device. Examples of such structures in-
clude spillways, with or without gates; outlet works for dams using gates or
valves; 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 method
is especially useful for the rating of existing structures. This paper describes
the method as it applies to the rating of drum gates and the paper is concluded
with an engineering example. The method is also applicable to the rating of
the Volet gate used in France, the bascule gate manufactured in the United

-States, and others in which the sector of a circle is hinged at or near the crest

of a spillway.

. Nore.—Published, essentially ns printed here, in February, 1953, as Proceedings-Separate No.. 169,
Positions and titles given are_those in effect when the paper or discussion was received for publication,

1 Hydr. Engr., Bureau of Reclamation, U. 8. Dept. of the Interior, Denver; Colo.
403



404 DRUM GATES

INTRODUCTION

The drum gate is a type of gate that floats in 2 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 connccted directly to one of
the gate pins, and is usually located inside an adjacent pier. The scale, which
commonly indicates ““position of high polnt of gate,” may be a cast-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 required for
rating a drum gaté consists of the over-all dimensions of the gate and overflow
crest, the information contained in this paper, and the coelficient of discharge

Fm. 1.—DruM Gate, 100 Fr By 16 Fr, AT [[oovERr Daw (AR!ZONA'NEVADA)V

. for any appreciable head on the spillway with the gate in the completely lowered
position. Should the coefficient data be lacking, the coeflicient of discharge
_for the designed head can be estimated for nearly any overflow scetion by a
method previously published?® _ .
. -. The method of rating deacribed here is not intended to replace the mea-

surements taken at river gaging stations. However, it has the following

advantages: (1) The gates can be set in a few minutes to pass a desired dis-
chargé 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 meagurcments
were also at_te_mpted 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

© ¥'Dise ffictents for Irregular Overfall Spiliway Sections,” by J. N, Bradiey, Engineering
Monograph N ureau of Reclamation, U. B. Dept. of the Interior, Deunver, Colo., March, 1952.

of the gate, is equal to or i :
X greater than twice th
shown? that a further incresse in opth peadonee Eate

in tl.le. coefficient of discharge..
condition, especially when the ga

adequate approach depth the four variable
( { variabl
the flow over this type of gate fo tive anslovol 6 Ce

controls the flow. Rather, the contr
“of the high point_of the gate for eac
ﬂpw conditions gradually approach.
: 1_0“7?"_‘?‘1)- Although other factors enter the problem
for this case down to an angle of a’bpfoximate]y -~15°
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sec~ft, is guest.wnable. Measurement of the flow over the druin
now possible, would have afforded a continuous r
as aceurate for floods as for normal flows.

gates, which is
ecord and one that would he

CHARACTERISTICS OF THE Drus Garg

. Clﬁ‘s,(::l x::le)s\:;lcr;ng fdevice, tht(; drum gate resembles a sharp-crested weir with
- 1 lace over the greater part of its travel. Wi )
positioning indicator, the ery suli ety poedunte
fosino s drum gate can serve as & very satisfactory metering
When the drum gate simulates a slxufp-
drawn f;zmgent to the downstream lip of th
the horizontal, as in Fig. 2(a), four prineipal
are H, the total head above the high point

crested weir—that is, when a line
e gate makes a positive angle with
factorsareinvolved. These factors
of the gate; 6, the angle made by »
of the gate and the horizontal; r
dius, should the curvature of th(;

High Paint

(8) NEGATIVE ANGLE, o (c) CONTROL POINT

Fia. 2.—Drun-Gare Pﬁsmom

were negligible. When the approach depth

; , it has been
approach depth produces very little increase

M?gt. drumtgate installations satisfy this
te is'in a raised position. Therefore, with
s o T o completely define
. ] : 4 ve angles o rig. 2(a).

Tor negative values of g, Fig. 2(b), the-downstream' lip of the gate no longer
ox pm:n_t shifts upstream to the vicinity
h setting as illustrated in Fig. 2(c), and
those of the free crest (as the gate is
, the similimde also holds

. ¥“Studies of Crests for Overfall Dams,” s
of Reclamation, U, 5. Dept. of the lnl«;:ligr. ?)Zﬁfféf. lgfz.lg' 19 XI' Boulder Canyon Final Ropurts, Burca
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406 o DRUM GATES

SOURCES OF INFORMATION

The data for this drum-gate study. were obtained ijom 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 DrRuM GATES TRESTED

Maxi-
No. of Length | Height | Radius |Approachf mum Model * Hydraulic
Dam of gate, | of gate, | of gate, [ depth, |hend on . :
gates in f¢ in ft in £t in ft crest,s scale laboratory
in ft
Grand Coulee - _{ Fort Collins
(Washington) 11 135 28 66.25 360 - [ 31.65 | 1:30 | (Colo.)
Bhakra Customhouse
: élndi::) - 2 135 - 28 66.25 410 28 1:80 | (Denver, Colo.)
(California) 3 110 28 66.25 4060 28 1:68 | Customhouse
Hamilton . .
exas) - 1 - 300 28 74.17 50 32 1:30 | Fort Collins
Hoover, Bhape
4.M3b
(Ariz.-Nev.) 4 100 - 18 26.8 50 26.6 1:20 | Montrose, Colo.
Hoover, Bhape
8-M5t
(Ariz.-Nev.) 4 100 18 36.0 50 26.0 1:20 | Montrose
Hoover, Shape . .
7-C4® :
%A!’IIL-NGV.) 4 100 18 268.0 50 26.6 1:60 | Fort Collins
riant :
glnli.lomia) 3 100 18 . | 470 110 10.0 1:25 | Fort Collins
orris " .
(Tengeasee) 3 100 14 340 200 27.0 1:72 | Fort Collins
en .
(Cansl Zone) 4 100 18 30.0 120 30.0 1:72 | Fort Collins®
Capilano .
(British Columbia) 1 70 23 7.0 | 200 23.0 1:60 | Denver Federal Center

.a Gate down. ® Refers to the shape of the spillway cross section. ’

listed in the table—Grand Coulee Dam (Washington), Bhakra Dam (India),
and Shasta Dam (California)—adre identical except for the length and number.
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 the results was quite satisfactory.

. Cross sections of representative examples of the spillway overflow sections
and drum gates listed in Table 1 are shown in Fig. 3. For Hoover Dam,
Shape 4-M3 is shown. The data relating the cocfficient, C,, to the head for
the model drum'gates tested are tabulated in Table 2.

- ResuLts oF BaziN on Strarent INCLINED WEIRS

The straight inclined weir is' comparable to a drum- gate, having infinite
radius, thus the results of Bazin serve as an infroduction to this study.
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- Buzx'n, in hig c'ln.ssical c.\‘p?rim'en'ts, studied inclined sharp-crested weirg.*
1¢ angle of the weir was varied in merements from 14° to 90° with the hori
zontal, and cn'ch weir was 3.7 ft high (vertical dimension). The headlzn (t)lr .
crest of the weirs ranged from 0.32 ft'to 1.48ft. The results presented in Ii flie
show 0 pl'ottcd against the Bazin coellicient, C'y (in the fo;'mula Q -nC lgL};
29 4), in which & does not include the velocity head of uppron(:h (h:) ‘The

CMaxii'num Water Surface EI 1624.00

— Crest (Gate Raised) Ei 1020.00

éMaxlmurn Water Surface €1 1232.00

v {a) HAMILTON DAM' -

375 Ft \ 3007 BY 28-F1 Crest (Gate Raised)

Pin E1991.112,

% T DRUM GATE E1122140 } ) HOOVER DAM
- SO 100FT BY 16-FT
DRUM GATE .

19.4-Ft Radius
E11202.6

Pin E1 1204.4

¢ 10 20

Scale,in Feel
(c) NORRIS DAM 100FT BY 14-FT DRUM GATE

¢ Maximum Water Surface El 1047.00

Maximum Water Surface
Crest (Gate Raised) Ef $70.00

(d) CAPILANO DAM
70T BY 23-F}
DRUM GATE

Crest (Gate Raised) Ei 1034.0

17.83-ft Radius
Pin £1 1019.509 Pin £1 546,037
£11014.72 :

: A;tis of Dam

Axis of Crest

£1482.80

Fia. 3.—~ExasrLes or Druu-Gars Cross Szcm.;ms

nngle 0 is also plotted with r
which /7 is the total head.
the paper.
By reference to Fig. 4 it can be obs
. ; . served (1) that the coeffici i
only shghtly with the observed head on the weir, (2) thatAtheizeiéCﬂ ather
¢ "IRecent Experiments on the Flow of Water over Weirs,"” :

Qotober, 1888. (Translation by A ¢ by H. Bazin, Annales d .
18 th D, Annales des Ponts et Ch
Club of Phlludelpsﬁ;, Pa., Vol. f’x' ‘l'%fl;'l\lig;;h;lsnl%ti) Joha Cy Trautwine, Jr., Proceedings, Engai'::eseé:’:"

es'pe.ct to C, (in the expression, Q = (, L HY in
This latter expression will be used throughout

a rather
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TABLE 2.—DruM-Gatts ConFFICIENTS® LABLE 2 ((,ontznu?d)
5 . FRranT Dax Norris Dax | MADbEN Day CAPILANO Daxe
- - Baaxia Dax Suasta Dan IIM{({FT:)N )I)A.\! ) {California) (Tenncasee) (Canal Zone) (British Columbia)
Granp Couren Dam ) EMI }:i' ) (California) : exas - . —
hington) : (India : - :
(Washing Reservoir Coeffi- Reservoir . Coefli- ) Total head Coeffi- Reservoir Coeffi-
- - offi Reservoir Coeffi- Total head CPC‘E' elevation, cient, elevation, cient, on gate, cient, clevation, cient,
Reservoir Coeffi- gese?i'g:‘r Si(:gnt- elovation, ciént. on ,}:e!,:, C'Z{: J in feet Cy in feet G in feet Ce in feet Cy
elovation, { cient,. gvatlon, Co in feet - Ce - n -
s in feet e ! .
: e i - — ] ELEVATION® 1037.0 | GATE ELEVATION® §92.0 GATe ELEVATION® 560.0 | GaTe ELEvaTion® 1020.0 | Gare EuevaTion’ 2320 | Gare Evevartont 547.0
Gate ELevation? 1260.0 | Gare ELevaTion® 1552.0 | GaTe BLEV ' = ST 580 3650 1035 3015 35 3,000 380 3775
_ %0 550 lo7s T 3808 38 g _ &1 3025 1050 385 [ 30 | 379 575 3.705
1205 3020 1580 Fy 1670 383 30 Ao 74 350 logs 3703 25 3660 | 37 3.625
130 S5 1670 3.550 i 3670 20 | 3400 43 3350 103 | 3918 3 a0 | o iR
1 S50 1565 3420 1060 sars | .13 3400 ' 505 3175 1030 3390 1 3308 29 | 34
1280 3. . 1560 3075 1055 . M ERT) 3.290 . Y g -365 555 3.250
1275 ggfl’g - 13es . 37120 1050 gggg 5 -3.160 ) 562 2.965 1025 3.125 5 3.280
}%‘5’ 3.220 : 10:5 .‘.1;]390 Carr ELEvATION 005.52 GaTe Evrvation 561.5- Gare ELevaTion 1022.0 | Gare Evevarion 236.0 | Gate Evevarion 555.4
7.0 | Gate FLevaTioNn 1039 FATH LLE .
Gare EvevaTion 1263.51 | Gare ELevarion 155 TE 3.637. 30 . 3.400 5?9 ggdg llg.’rié g;g}i 30 3.810 580 : 3.915
3530 1580 3.430 - 1049, 2565 25 3.310 & -3¢ 50 3.725 25 3.750 577 3.580
1295 442 1575 3.380 1070 3490 20 3.223 674 3.250 1045 3.655 20 3.675 574 3.540
1290 g'sso © 1570 3.285 1065 - 347 5. ) 3150 731 3.200 1040 . 3.570 18 3.5%0 571 3485
1285 3340 A 3170 - 1060 a4 10 3085 508 3125 - 1035 3.460 10 3.500 568 3.420
1280 3.220 1560 3.040 . 1058 3950 5 3010 564 2.050 1030 gggg 5 3410 505 3.32
1270 3.182 . - - GATE FLEvaTiON  009.0 - -
Gare Erevation. 1267.02 | Gate ELevaTioN 1662.0 |GATEELEVATION 1041.0 bA: t YL Garz Ersvation 663.0 | GQare Evevarion 1024.0] Gars BErevarion 2400 [ Garg Erevation 501.1
: — : 3.550 1075 3.550 o 3300 . - = -
o | oady | qme | o3 | don | osal | B 3500 - ® ssao o[ fom | 310 2 | I | = [ m
129 3 a0 1572 | 3200 1008 3422 10 3.195 574 3240 1045 3670 20 3835 | &7 3490
l%gg 3'300 1568 3.345 13,,, 3200 5 3.080 671 3.176 . 1040 3.605 15 3.800 574 3435
R R G L e AR IE EREE AR R
. . . - - N it 130
s e Gare ELBVATION "1567.0 [GaTe ELevarion 1045.0 | (Giate ELevaTion 1006.0 . . 1025 3.000
. 270.48 | Gare Evp B i . 3.6
Gare E“’"‘"(’N;Goo 1555 57665 1075 gggg . %g ;&;g . Gare ELevation 666.0 | Gate Erevarion 1020.0 | Gars Ecevation 2450 | Gate Fuevarion 568.5
. s s30 | sy 3o0 | 10w 3490 12 3500 580 3450 | 1055 3835 25 3900 583 3785
1288 3.462 1 3.535 1060 | 3415 b 3505 . . 577 3.410 /1050 3.810 20 | 3900 580 3.850
1280 3.410 1670 : 1055 3330 | - 574 . 3.340 1045 3.780 15 3.800 577 3.890
11275 33715 - 1050 3.220 ggé . gg;l} }ggg gggg 1(5) gg;g 574 3.925
- . CLE - 1013.0 085 -685 - o
‘ E 1274.01 | Gare Erevarion 1672.0 {Gare ELevatton 1050.0 | GATE ELEVATION : 1030 3530 3
LEVATION : - 718 - -
GM‘;OO Bk TG 5780 }g;g gz% }g %go Gare ExevaTion 669.0 |Gare Enkvarion 1028.0 | Gate ELevaTion 250.0
. . 3756 -3 8 3.645 - i
1206 - 3.695 1579 3690 1065 3615 208 - 580 30695 | 1055 3.800 %0 3750
200 g6z | 178 3500 1060 3.500 ¢ 350 : 578 3.603 1050 3880 16 3780
1285 3.630 1078 3150 1055 1. 3.495 576 3675 | 1045 3.865 10 3.860
1280 3.800 - Gare ELevation 1020.0 574 3.550 1040 3815 5 3.980
: . GareEvevation 1055.0 | Ga ’ 572 3.500 1035- 3815
Gare Evgvarion 1277.50 s TET 5 gg-{g ) 370 . 3400 - 1030 3745
%g(s) 2;353 : gggg gg?,?, 4 . 32(4)3 ' Gars Evevation 5720 | Gare Erzvation 10300 |
: : 35 - _
1285 §a0 : © 1060 3780 . - 580 3335 1055 3500
Sl W SUNRSMENCRM 8 : | osd | e | gm
Gate ELevaTion 1060.0 . L : . : E .
1281.02 : - ; 574 3.620 1040 3.880
Gare Buevarion 075 3615 . ) w3 | 387
1295 3.730 : 1072 3.683 . . ; -
1202 g;gg . . 1069 g;’fg ’ ) ’ Gate ELevaTion 5730 | Gare ELevation 1032.0
e | B o : loos | 38 | - . &0 3760 1053 38
. = E . b ‘3. v ' .
- - ’ Gare EvgvaTion 1065.0 : o 576 ©.3.765 . 1045 3.880
- Gare Enpvarion 1284.50 5 - ‘ 575 3.780 1040 3.895
: 1076 3.81 ; 674 3.900 1035 3.920
1300 3.840 1074 3.865 ! p
1296 - 8830 1072 3910 ; Gate ELevation 575.0 Garte BLevaTioN . 1034.0
1292 3.875 1070 3.950 H . - . . :
e * - B ouE | om s
| S | |
}ggg p gg;g . - : : - V ° Coordinates of curves prepared by Plotting original data. » Gate down,

wrdinates of suryes prepared by plotting original data. 2 Gate down.
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TABLE 2.0—(Continued)

Hoover Daym (Arizonn-Nevada)

Hoovna Dam’ (Anzona-Nevnda) Hoover Dan (Arizona-Nevada)
Suare 4-M3 SuAre 8-M5 Suare 7-C4
Total head Cooffi- Total hend Cocfhi- Total head Coeffi-
n gate, cient, on gate, cient, on gate, cient,
in feet Ce in feet Ce in feet Ce
Gare ErevaTion® 12054 Gate Epevarion® 1205.4 Gare FLevaTioN? 12054
%6 3670 78 5735 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 3.565 14 3.450-
10 3.405 10 3.460 10 3.360
[ 3.338 5 3.335 6 3.200
GatE ErevaTiON 1209.4 Gars ELevaTion 1209.4 Gare ErLevaTion 1200.0
20 3.675 24 3.590 23 3.725
17 3.645 20 3.540 19 3.050
14 3.815 18 3.492 15 3.580
11 3.585 12 3.428 11 3.508
8 3.555 8 3.330 7 3.415
GaTte Enevation 1213.4 Gate ELevatiox 12134 Gare Erevarion -1213.0
20 3850 50 37765 15 3.800
17 3.875 16 3.765 16 3.845
14 3.876 12 3.725 13 3.825
11 3.870 8 3.668 i0 3.750
8 3.870 4 3.600 7 3.640
Gars Erzvation 1217.4 GaTe ELevarion 1217.4 Garr ELevaTiON 1217.0
14 3.960 15 3.900 15 3.860
12 3.980 12 . 3.800 13 3.030
10 4.010 9 3.900 11 3.935
8 4.075 6 3.030 9 3.970
- 7 4.020
Gare ErevaTion 12214 Gare Epevarion 12214 Gare ELevation 1221.4
10 3.890 11 3.830 12 3805
8 3.930 9 3:810 12 3.820
8 - 4.020 7 3.875 10 3.823
& 4.100 5 3.935 8 3.825
8 Gate down.

s Coordinates of curves prepared by plotting original data.

sharp reversal in the curve when the angle 6 approaches 28° and (3) that
the coefficient of discharge is & maximum at this angle. As the angle 8 is in-
creased from 28° to 90°, contraction of the jet gradually reduces the coeflicient
to approximately 3.33, which occurs when the weir is vertical. As 0 is de-
-creased from 28° 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 gimilar.

- 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 i supported by the fact that the USBR,
Ernest W. Schoder, M.ASCE, and Kenneth B. Turner,® and otl)ers have not

8 “Precise Woir Messurements,” by Ernest W. Schoder and Ienneth B. Turner, Transactions, ASCE,
Vol. 93, 1929, p. 999.

0.6

.Discharge Coefficierit, C,

DRUM QATES -
411
T g 1
i Q
L o] ]
e\ \]\ P . &
(1,:9ﬂ liggro N 0/}" k:
\~a\‘\ b \\’q/ / :)
A T - © °
i . 4 J ST - 4
\‘ 7.63\1 - \L > Eg
~ [ g o
Ko N q/r H g
” (e\x /'\ 3
N ) N E o
RN "3 &l
) N2 ~. hi
H95s T2 ] ~ P & fo
¢ T~ Ny LN 2 o3
, N & 24
- \n‘ \ T E
= N o n?
~
R 1
N §
g
w0 : ]
°© g 7 o~ \ o 3
© P=] - o™ A
2 © ]
e oneu -
]
&
0‘1
< -2
A ! { i
(=4 .
—_ ] g
& —] B
m
_ |588:3% : ’ £
-y ] e . A £
s 222ge¢ 7 2 3
§— (§38§: A I A
L] :n:, O G O e~ ) . 5
— X & 9o _—‘-* 0-0 g
[ . ' :c;- B
™~ .
o —.____J \ e £ g
] es &
. o ‘b, ‘_5 .
8. 5 2
™~ a ‘é E
g
— &
Q [
L, : 3
™ 2 s 5
. Y-»l 5
Q. ? o
I -
- R
2 8 ] ¥ &

seaifag uyfp




412 DRUM GATES

been a.Ble to check the dischargé measurements of Btgzip. I-Iow:.'ev.err, th:
actual values are not so important for the case at hand as is the significanc

of the trend. . . _ .
MerBOD oF CoMBINING TEST RESULTS

The method for combining results from the eleven drum gatesj tested
1

(Table 2) consisted of first plotting the coeflicient of di_schzvl‘rge‘ data separately
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Fia. 6~Gmnsnu Curves 708 THE DETERMINATION of DISCEARGE Cosrncmlu.'ri-

o ~ hasta Dam gate-(Tig. 5).
h gate as illustrated by the sheet for the Bk e ).
-%S)Irit;a:be ideﬁicieut of discharge as the abscissa and H/r as the ordinate, each.

" curve in-Hiz. 5 represents a different gate angle 8, which the tangent to the
downst"rs.\

ip of the gate makes with the horizontal. In all cases, H is the
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total head, including the velocity head of approach, measured above the high.
poiat of the gate, and r is the radius of the gate, In F ig. 5, C i based on the
relationship, Q = Co L HY, For positive values of 8, the head was measured
above the lip of the gate, whereas for negative angles it was observed above
the high point, or crest, of the gate proper. The method of measuring the
head is illustrated in Fig. 2. v )

. Upon completion of g similar set of curves for each gate tested, the eleven
sets of curves were replotted and combined into the chart exhibited as Fig. 6.
The results from the various gates showed good general agreement; and the
curves in Fig, 6 constitute the general experimenta! information needed for
determining the discharge coeflicients for gates in raised or partly raised
positions. The Bupporting points are not shown in Fig. 6, but the individual
information for each gate is listed in Table 2.

" ANALYSIS OF TEsT Resuvrs

The curves in Fig. 6 show a tendency toward reversal, similar to that ex-
hibited by the Bazin curve in Fig. 4, but the points of inflection vary from
0 = 20" to ¢ = 30°, depending on the value of H/r. Fig. 4 showed the co-
efficients to vary only slightly with the head, but in this case the coeflicients
definitely vary with the head. o v

A matter of significance is the reversal of the (H/r)-order which oceurs at
29° (Fig. 6). 'The coeflicient of discharge hag but one value, 3.88, when 6 ap-

proximates 29°; thus, it is insensitive to both the radius and the head on the
gate for this angle, The curve for H/r = 0 approximates s drum gate of
infinite radius and was obtained from the data of Bazin (¥Fig. 4) by apply-

ing a uniform sdjustment, :

As stated previously, similitude is valid for small negative angles of b, as
well as for positive angles up to 90°; thus, the curves in Fig. 8 are shown
and recommended for use down to § = ~15%  As the gate is lowered beyond
this angle, the curves double, back and converge, finally terminating in the
free flow coefficient. : - ' :

The discharge coeflicients in the region between § = ~15° and the gate -
completely down are determined by graphieal interpolation. Interpolation is
accomplished by plotting head-discharge curves for several gate angles between
—15° and the maximum positive angle. Also the head-discharge curve is
plotted for the free crest. This information is then cross-plotted to obtain
values in the transition zone. The method will be explained in the example
that follows. It will bo discovered that negative angles: greater than ~15°

_(with the exception of the free crest) are not particularly important from an

operator’s standpoint, as g 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 least
one value of the head on the free crest (gate completely down) for the partic-

~ ular spillvay- under consideration. With thg coefficient known for one or

more heads, the complete coefficient curve for the free crest can be plotted by

" consulting Fig. 7, in which H, and C, are the designed head and the coefficient
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for the designed head, respectiveiy. This chart was reproduced from a pre-

vious publication® and represents a curve well supported by tests of some fifty
overfall spillway crests having wide variation in shape and operating conditions.

. 112 R TP £ . ApruICATION OF REsuL1s
R s e a From the plan and gection of the Black
o} Ceayen Diversion Dam (Idaho), shown in
"f??-o's L —F —— Figs. 8 and 9, assume that it becom‘es necés-
2 07 b——rA— sary to compute and construct a rating curve
§ 0.6 1" |  for one drum gate for each 0.5 {t of gate ele-
%3 :”‘”—’_____: vstion. The scale on the gate position indi-
03— |} cator is calibrated to show the elevation of
0.2 1\ thehigh point of the gate, and the gate has 8
01 - constant radius of 21.0 ft. ‘The gate is 64 It
OG5 05, 10 1 long. The coefficient of discharge for the free
L. Reli, & crest is €, = 3.48 for the designed head (H o)

. ¢ . of 14.5 ft. '
F1q. 7~Coprrioents of Discrasos With the coefficient of discharge known for

row OTRER THAN THE DestGNED HBAY : . .
. free flow at the designed head, the entire free-

flow céefﬁcient curve can be established by consulting Fig. 7. The free-flow
coefficient. curve for Black Canyon Pam spillway (for which H, = 14.5 (t
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ﬂnd Cn = 3.48) i8 COnSt!‘uCted by aroerar ly assu g °
b tl' 1 ming sever tﬂ v ﬂlues 01 }i 11

! g th l g e8 C/ o g- . /

anc re}](l]" e COorres )()]l(h]l \,ﬂhl ()i (’ h()ul Il : Ihe nlethod 18

illustrated in Table 3, and tl i
- ! X e head-coefli v
obtained in this manner, is shown in Fig.wllf)z.n curve for free flow (gate down)

© Crest (Gate Up) £12497.0y

T 7
= s
v /

Point of Compound
Curvature £12478.2

E12478.07

Fia, 9.—SrmLw ’
SriLLwaY COnrest Deratn, Brack Canvon Dax IN loauo

TABLE 3— ' '
—Hzap Ai;ND DiscHARGE COMPUTATIONS FOR A FREE CREST
{BrLack CANYON,DAM 1N IpanoO)

’I‘z;:nl ixcad.— l'l(wc;voir ) Ratio,e ) \
" H, in % elevati 7 i ’ i ’
in e ve flt.on' il R::'};g,: . Coeﬂéclent. Q. inect ft .
. (] per secc
n we
1(7 ) ] (2? ) 3 . “) [61] ()
1 2400.5 1172 71020 3.55
10 24085 1.104 1012 352 15330
3¢ 24070 10 18 - 34 Rty
10 2402.5 8'3% 8'3%8 3:5 V ‘3-5’?3
24028 690 X 334 s
8 24005 0.552 0.940 397 3%
g 2488, 0414 0.905 : 5509
g $ise g 3‘.%? 8’3?2 g g? Loid
24815 0.138 0.260 R 2;3
8

o Hy = 14 5 o di : '
o = 145 ft. 5Cs = 3.48. = Thio dischargo for one gate: @ = Cq.L HY, in which [ = 64.0 ft.




416 DRUM GATES

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 # for the Black Canyon Dam gate. The tabulation
~in Fig. 11 shows the angle 4 for corresponding elevations of the downstream lip
of the gate at intervals of 2 ft.

2 _ Beginning with the maximum positive
"~ angle of the gate, which is 34.883°, the

Y computations may be begun by choosing

16 8 representative number of reservoir ele-

vations as indicated in Col. 2, Table 4.
The difference between the reservoir ele-
vation and- the high point of the gate
: ’ (which is the downstream lip in this case)
. constitutes the total head on the gate, and
. values of head are recorded in Col. 3.
T Col. 4 shows these same heads divided by
/ the radius of the gate, which is 21.0 ft.
4 //
0

-
N
~

o0

. Total Head, H, in Feet Above Crest

Entering the curves in Fig. 6 with
the values in Col. 4, Table 4, for 8 =

in Col. 5 of the set of computations desig-
nated “A,” are obtained. The remainder

) Coefficient, Cq

‘Fia, 10.—~Heap-Corrricient CURVE,
Bracr Canyon Dau, v Inano

7, Table 4, consists of computing the dis-

charge for one gate ffom the expression,

o _ Q = CyL HY. A similar procedure of

" computation is repeated for other positive angles of § as in sets B, C, and D of
Table4. . - . o . o

. 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 —15.017°
are tabulated in E, F, and G of Table 4. _

Plotting values of discharge, reservoir elevation, and gate elevation [rom
.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. Wheén 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 efféct 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,
2485.75 ft M‘2482.5 ft. ‘This is remedied by cross-plotting the eight curves

£y

+34.883°, the discharge coefficients, listed

26 30 34 38 of the procedure outlined in Cols. 6 and -

+ interpolation is permissible.

: '_ the Black Canyon Dam spillway
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for vnriouL? constant values of the discharge as shown in Fig. 13. Fortunately
t.he re.sult'ls a straight-line variation for any constant value of discharge.. The"
lines in Fig. 13 are not quite parallel and there is no assurance that th;ay will
be straight for every drum gate. - Ne\-'ertheléas, this will not detract appreci-

N
LR u.\us

oo

£} 2497,0

’ ~
/ E) 24%3%.0
. \\ ci2asse
) \\ L1 2491.0
y ‘ A €12489.0

e ga8T.2 € zent.0
e ——p——El 24070 .
€1 .2488.78. i

— o JE1 24888 © "_;————““"'o
- —— *
o E 24834 — -
€1 Coest razs [pciaters —— B
T ~ 1B
€1 Pin 200163 (s — T Py | i€l zan)el
- “é:u.u' 7__._' 'nl — EL24BLE
-4 RS T . < )

ELEVATION
WIGHPOINT | gin g [ B 1™ [0 18
| of save DEGREES| DEGREES
24825 3TnT
| _2463.7% }.19166 ]11. 0350 |-15.017
487, «3054} 117188 [=§, 283
. 158|707 Z.zpa
5378 337 TEISY
"] 64885 |e0.2

Tra.825
78035 45.500 [ ¥#5.485
107414 [60.980 | +34.883

Fro. 11.—ReLaTiONSIIP OF GATE ELEVATION TO ANaLE §

e
l

A

I
3
)
a

loslwe].

o

i
o

€12461.9 j "

ably from the accuracy obtained. Interpolated information frofn Fig. 13 is

. then utilized to construct the additional curves in Fig. 12. If all curves are

cOf;sidered, Fig. 12 shows the completed rating for the Black Canyon Dam
spillway for 0.5-ft gate interv_als._ Tor intermediate values, straight-line

ConcLusions

This paper-has demonstra_ted"hbw 8D existing control structure, such as
. 0y » ¢an also serve as a rating station. The
g}(:cumcy of ;atmg curveq_ob___tained by the method is estimated. to apprdaéh
that of an average current-meter traverse of the river providing that (1) the
gate posxtzon indicators are made asg large as poséible and are accurately cali-
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brated, (2) the reservoir gage can be read to within 0.05 ft, (3} nearly atmos-
» . . . i~
- 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. .
. Ll
TABLE 4—Hgap anp Discuarce ComrurartioNs For Drum GaTeEs | . \
IN Raisep Positions
: : W\ 2
Reser- . Q. in Roser- . Q. it \
voir | H, | Ratio, | Coefi-] HY, it | voir H, | Ratio, | Coeffi | #14, 'l “‘
Set | eleva- | in H lcients,] in eutt Iset| eleva. | in H |cients,| in Cl" \ -
tion, | fto] T Cs ft per | tion, | fto | T Ce ft De \ 2
in ft B inft . sec \ \
mp @ |[&] @ (5) 6) 7y [ @ 3) “@ (5) 6) 7 \
| WY :
g —~
Gare ELEvATION 2497.0; 6 = 4 34.88° Gare: FLEVATION 2480.0: 6 = — 1.28° o ) \ \\ g
: . : \ L
240801 1 0048 | 388 | 1 247 \ \ \ )
A|24000| 2 | 0005 | 385 | 2828 ] 690 21000| 1|00 a2 1) 205 \ - E
25000 3 | 0143 | 388 | 5.196 | 1.283 200101 2 10008 1 328 | zEA8Y S \\\ 3
' Bldia0| 7| 053 {33 [ians | 330 \ = 3
. 406, .34 . .5 o
Gare Erevation 2405.0; 8 = -+ 23.43° a0l o | 0w | 362> {2908 | 837 \ g
: 25000 [ 11 { 0524 | 3.605 3048 .| 8627 \ \\ "
posol 4 |aoe | 2 | 1, | 2 N \ % 3
p|ERTO| 2 008 | 330 | S| B e pumvamion 2872: 0 = — 2 A =g ¢
24900 | 4 | 0100 | 387 | 800 | 1970 \ \ & 5
25000] 5 | 0.238 | 3.88 |11.18 | 2770 . \ \ \ a A
21880] 08 | 0038 [ 302 | 0716 138 : \ 0% %
. 24890 1.8 [ 0.086 | 3.10 | 2.415 479 \ w 2
Gare ELEvaTion 2493.0; 6 = -1 14.22° 24000 } 2.8 | 0.133 | 3.17 4.685 950 \ - 2 A
pl2w20)48 | 0229 | 331 1052 | 2220 \ \ i %
2i0a0 | 58 | 0d%a | 330 A8 | 2803 \ ¥ : £
2146, . I8¢ Q. <L, o, @ £
a0l 4 one | aom | 1o, | B GR0NGS | 003 | 3 s | st A £ "%
C |24960] 3 0.143 375 5.106 | 1,247 2500.0 {i2.8 | 0.610 | 3.635 {45.70 10,653 X . \ Y ;__ ; 8]
24080| 5 | 0238 | 380 {1118 | 2719 A\ \ A\ \\\ g g ¥
25000) 7 | 0333 | 3.81 |18352 | 4552 N 3 5%
iate ELEVATION 2485.76; 0 = — 16.02° ‘ Q \\\ 3 ~8 a3
£ a
GaTE ELEVATION 2401.0; 8 = + 6.13° ’ XX‘\ \X \ \ 6?; £ §
24870 | 125| 0000 | 300 | 1.308{ 208 , X o £
; ) 21880 | 225{ 0107 | 307 | 3375 | 663 \ \ \\ N\ \% & o B
24920] 1 0048 | 347 | 1 222 2180.0 | 325 0.155 | 3115 | 5859 | 1,181 \ \ ) o 2
24030( 2 | 0005 | 351 | 2828) @35 | {24010 525) 0250 | 3275 [12.03 | 2522 MR N} \NA\E—F B +— 5
p|24940] 3 J 0143 | 357 | 5196 1187 21930 | 7.25| 0345 | 3375 11952 | 4216 \ A ) \ \ \ 3 § Q
24060 5 | 0235 | 383 ji118 | 2597 2195.0 | 925 | 0:440 | 3405 }2813 | 6238 \ \ ol 1B 1 o
24980| 7 10333 | 370 |1852 | 4386 2497.0 [1125] 0536 | 354 |37.73 | 8518 \\\ \\ \\\\ \ A% 3 w  F
25000] 9 | 0420 | 377 {27.00 [ 6515 21990 [13.25 | 0.631 | 3505 |48723 | 11,007 \ \\\ \\. \\ \ A\ NS o 5
. N\
\\\ \\ \\\ % / |
_.® H is the total head on the gate. ® The disclinrge for one gate: Q = Co L II¥. . \ \ \\\‘\; ‘§ (& - o
= ' \ % -
*"In connection with provision (3), the blunt piers on the Black Canyon Dam ) M\ \\ \\ ~
spillway, Figs. 8 and 9, provide effective aeration under the overfalling sheet = \ A n
. . . \ 09
of water for all but very small heads with gate completely raised.. In the ; \ “:g, \\\\ 3
S e . . . . / x \ & =~
‘case of provision (4), uniform operation of the gates is also most desirable from f AN o \\ Y\ 21
: . aye . . P . . . A A,
the standpoint of stilling basin operation for minimum erosion downstream. - 4 NG 2 &, S5
<+ Discharge measurements on the prototype are desirable whenever possible - R % < \ \\\ 3
ag' a check on the accuracy of the foregoing method. Sufficient observations , ' f?‘sé R NN
should be taken, however, to establish the fact that the prototype information: o \ N
» 0 . - T . . © ™ P b
is congistent and reliable. : ' e ¢ 29 g = @ w ™
N NN o~ T 9 2 9 § @
N NN N o 3 o
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DISCUSSION

Guipo Wrsst.—The information presented by Mr. Bradley is of utmost -
value {or determining the quantities of discharge over drum gates under various
heads for any gate position. This information will permit operators in the
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
gaging, especially when this gaging is conducted during periods of high floods.

It would havé 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. ‘T'his

" information would be important in the détermination of the buoyancy and

loading criteria of the gate structure.

Saum Suurrrs,” M. ASCE.—An outstanding contribution to the design and
operation of drum gates has been presented in this report of the author’s work
at the USBR. The paper and its complement? fill a great need.

Sinee 1928, when the Freeman Scholarships were established, there has
been a tremendous development of hydraulic model research in the laboratories
of the United States. Although these luboratorics are unexcelled in size and
quality, many hydraulic engincers have pondered the procession of models
(spillways, stilling pools, and river reaches) in the period from 1928 to 1953
with few, if any, summaries or proposals for design to reduce the dependence

~onmodels. InMr. Bradley’s work there isstrong 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.

- Bop BuenLER,® A. M. ASCE.—An interesting and clever use of data has
resulted in a metliod 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 snd reseivoir 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 aécurately known. Sometimes
n series of dams (each causing the water to back up to the dam above) prevents

) continuing established gages at the strategic points where they had been

¢ Mech, Engr;, Bureau of R.eclmﬁntio_n, U. 8. Dept. of the Interiér; Denver, C;)lo.
¥ Associate Prof., Director, Hydr. Lab., Civ. Eng. Dept., Pennsylvania State College, State College, Pa-
" $ Hydr. Engr., TVA, Knoxville, Tenn. o ’ : .
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located. The less accurate—and more costly—slope stations are not com-
pletely satisfactory alternatives to the single-line rating stations.

If the spillway of a dam can.be rated with an accuracy comparable to the
accuracy obtainable with a gage (as demonstrated by Mr. Bradley for certain
spillway types), and if allowance is made for flow through other 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 permanent,
whereas the rating of a gage usually requires frequent checking. :

. .. Mr. Bradley’s method for rating drum gates not only allows records for
ordinary stream- flow to be supplemented, but also probably gives n more
accurate determination of extreme flood rates than do most gnges. Iie has
made an important contribution to the planning and design of druin-gated
structures. , S

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 &
method previously published.* The writer, on the other hand, offers & method
by which an ogee spillway can be rated, provided its profile shape is known.
The method is based on an équation derived by R. N. Brudenell, A, M. ASCI,
incidental to studies made on radial gates.® Mr. Brudenell’s equation is

397 LH-&
Q = —-—-HTE——D—"‘ ........................ (l)

in which Q is the spillwvay discharge, in cubie 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—TFree DiscEarGes For BrLack Canyon Dam 1N Ipano

Usivg Fq. 1 Using Fia. 14
Discharge,
To;:‘ lf;‘::d. in cubic lest - Discha, Diset
per seconds © | | Discharge, Difference, sehargS, | piifferenco,
l;:;':;:jf&" in percend “;‘):;‘I;:go‘lllﬁt ’ in porcent
@y @' o) @ () (6
17 . 15,950 15,847 ~0.65 15,910 —-0.25
16 14420 1,4363 —0.39 14,421 ~0.01
14.5% 12,296 12,247¢ —0,40 12,296 ]
.12 9,072 9,013 —0.05 . 9,040 ~0.25
10 8,759 9,708 -0.76 4,735 ~0.36
|- 4,736 4,673 —1.33 4,602 -0.93
: 2,949 2,932 -~0.58 2,044 -0.20
4 1,514 1,521 +0.46 1,527 4-0.86
3 043 .8 ’ +1.17 958 +1.59
2 478 - 484 - +3.35 . 490 +3.76

' o From Col. 6, Table 3. ® Head at which Cy = 3.48. ¢ Cy would be 3.466 for this discharge.

nhd_:Hﬁ répresent,s‘the deeign head in feet. The design head is that head.
which produces a standard lower nappe that agrees closely with the spillway
profile. o o . '

¢ “Flow over Rounded Crests,” by R. N. Brudenell, Engineering Neiva-Record, Jul& 18, 1935, p. 95.
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I, | was intended to be used with heads greater than /4, although the

* equation has been found to agree closely with model data for somewhat lower

heads. \.\’ithout knowing any coefficients, Eq. 1 gives discharges that agree
closely with thosg obtained by- Mr. Bradley for Black Canyon Dam. In the
case of Bl{lck Canyon Dam, Mr. Bradley used one known coeflicient and the
f:ur(t;:e!of 2F ig. ;.3 ﬁ'relel-ﬂow discharges computed by the two methods are shown
in Cols, 2 and 3, Table 5. The procedure by which Eq. 1 i i

deseribed subsequently. - ) ' B 1 was applied “lu be
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Value of the Ratio S
Co

F1a. 14.~Comparison or VaLozs Ommmnn.mou F1a.7 anp Eq. 1

. It is assumed that in choosing Bl 1yon Di r his ex »

, ! ! g Black Canyon Dam for his example, the
zr}uthot knew that his method would yield discharges close to knownpva’lues.
Ehe good .agreement for all except the low heads shows that, in this exsmple

q. 1 (using only the shape of the spillway) salso produces suitable results’.

4
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that there must e a close relationship
lar curve that can be derived from By. 1.
charge coeflicients were computed

This good agreement suggests, too,.
 between the curve in Fig. 7 and a simi !
To examine the relationship, thgoretlcal dis
by o Q=C. LI ... SO IO @

and Eq. 1, from which

397 IL™ e @
Cc = Wz ..............

was found (by a method to be described subsequently)

The design head; Hp tbed sul
{5 1o k Ca n Dam, and this value was used in making the test.

to be 45 ft for Black Canyo

Thus, for Hp = 46 it, ‘
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For several assumed values of total head, I, varyi.ng from 2 {t to 58.51ft7 (lo(x:-‘ .
r%pohding Cvalues were cpmputed. The resultxr_xg C, of 3.917 fo:]n ();{n;ﬁ )

" 45 ft (H,) was taken arbitrarily as the known coefficient, C o Then _(;e_ ] “n
ratios and the (Cg/C.)-ratios were _computé:d f.or .all t.)ther hea‘!s \ln ! \cl
assumed range. The resulting curve is the solid line in Fig. 14. .'1 e das ;}x
curve is from Fig. 7. The agreement is cloge—as expected_. Btill \ISIR{;' 1 1;
equal to 45 ft, the remainder of the process was r?peated using the coezl 1cleC 1

" for the 25-ft head as C,, and then using the coefficient for t}\e 12-ft he:ll asl o
There was no' discernible difference in the curves resulting from t.neFt \re;
separate selections. A similar procedure, using Hp equal to 20 ft 1]n t,g. N;
also showed no differences from Fig. 14. 1t can probably be .proved that the

d be no difference. _ ]
shm’;}hecurve derived {from Eq. 1 then was applied to the ~Black Canyon Ir)ﬂm spllll—
way, assuming (us did the author) that the coeﬂi(_;im‘lt is 3.48 at n 14.5-ft head.
The resultant free discharges are shown in Col. 5, Table 5. I

The free-flow coefficients in Table 2 invite furtbet: comparisons with :»q.kll
for the four projects for which spillway profiles are given In 1'1g.. 3. Iis mn.'
be remembered that this comparison tests the use of only the spillway slm[l)e a's
a guide to free discharge. for the entire range of h§ads. Col.. 4, Tab.lg 6,8 \o::
that for appreciable heads the maximaum error in _the four cases 18 npl?r(t: r
mately 2% (Hamilton Dam). Observed coefficients in model tests often scatte
as much. _
The samé coefficients permit tes
ways. - This test is not as severe, h 'y
one known coefficient at which head agreement
higher and lower heads, large div
Table 6, shows that for a,ppreg:ia.bl&s)
'tha Hoover Dam, shape 8-M5): ‘ :
'g’:m;riz) ihe : (C,/C,)-fatiospeié designated by a .f.ootno'te for each project.
These arbitrary selections were made for medigm high heads. :

ting the curve in Fif;. 7 for all eleven spill-
becomes perfect. At near-by

heads the maximum error is slightly greater

»

owever, because it is necessary to nssume.
ergences would not pe expected. Col. 6,

The base coefficient selected to obtain -

¢
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The solid-line curve in Fig. 14 also was tested in this manner. The same -
cocllicient at each project was assumed to be known as when the curve in
Fig. 7 was tested. Col. 8, Table 6, shows that for appreciable heads the maxi-
mum error is slightly more than 25 (Madden Dam). : :

Theso compurisons show that the direct applieation of Bq. 1, Fig, 7 (or
Fig, 14) (derived from Eq. 1), all give highly accurate free-flow spillway dis-

TABLE 6.—CoxranisoN or Free-Frow SeiLnway CORFFICIENTS

Coellici Usino Eq. 1 Usixe Fra..7 Usixg Fra. M4
vellicient .
Total fead, obtained
in fect "o":t:?del c Difference, © Difference, e Difference,
e in percent s in percent ¢ in percent
¢)] 2) 3) “@ S (6) [¢)) ®
GraNp Com,i:n Dast (WABHINGTON)
35 3.920 3.914 - 0.15 3.902 ~0.46
30 3.842 3.831 - 0.9 3.827 --0.38
25 3.745 + 37459 0 3.745¢ 0
20 3.635 3.655 + 0.55 3.651 +0.44
15 3.510 3.550 + 114 3.524 +0.40
10 3.352 3.370 + 0.54 3.358 +40.12
5 3.220 3.138 - 254 3.168 -1.62
Buagna Day (INota)
28 3.680 3.736¢ + 1.52 3.732 +1.41
23 3.045 . 3.645° 0 3.645¢ 0
18 3.550 3.547 — 0.08 3.543 ~{.20
13 3.420 3.43¢ + 0.41 3.404 -0.47
8 3.275 3.2156 - 183 3.208 ~2.04
3 3.120 2748 ~-11.92 2.854 —8.53
Suasta Dax (CALIFORNIA)
38 3.805 3.910 + 030 3809 | 4010
33 3.835 3.839 + 0.10 3.831 ~0.10
28 3.760 3.2600 ] 3.760 0
23 3.675 3.677 £ 0.05 3.074 —0.03
18 3.575 3.501 + 0.45 3.50:8 ~0.20
13 3.405 3.455 ~ 0.29 3.429 ~1.0%
3.335 3.215 - 3.QO 3.230 ~3.156
Hamiron Dam (T'exas) Hp = 52 Fr
35 3.710 3.785 +2.02 3.741 + 0.84 3.730 +40.64
30 3.645 3.718 +1.85 3.662 - + 047 3.659 +40.38
25 3.580 3.035 +1.54 3.580¢ 0 3.580
20 . 3.500 3.539 +1.11 3.494 - 0.17 3.490 ~0.29
15 3.400 3.420 +0.69 3.394 - 0.18 3.369 ~0.91
10 - 3.200 3.258 -0.9 3.222 - 2.07 3 ~2.
& 3.160 2.997 ~5.16 3.000 - & 3.029 ~—4.14
Friant Dax (CJ\uronnu)
20 3.650 3.717 + 184 3706 | +1.53
17 3.625 3.639 - + 039 { .3.632 +0.19
14 3.550 3.550s [+] 3.5500 - 0
11 3.460 - 3.458 - 0.08. -3.452 ~0.23
8 3.340 - .3.348 + 0.24 3.319 ~0.63
8 3:176 . 3.142 - 1.04 - 3.131 ~1.38
2 2965 . 2723 -~ 816 "} 2.812 ~5.16
a Coe(ﬁeiéq’t assumed to be known. '
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TABLE 6.—(Continued)
Using Ea. Usina Fra. 7 Usixa Fia. 14
o C(gsmcxeg‘b
Total head, obtaine - : ——
i Terence, I 3
Jmteet | fromgotel | g | Diference | e | Rgoeent | 0| im porcent
(1)) 2) @ @ (s © m ®)
Norris Dast (TENNESSEER) Hp = 35 Fr
0.20
38 3.934 4+ 049 3.923 +
% 5915 380 i%.ss 3852 | 08 3818 +ue
‘ gg 310 3?{% i}%g 3%‘;2‘ + 8.14 3671 +8 %
% 3550 : 1ot 3560 T 053 3.543 Za:
it 3550 hare . 3.388 Zo00s. | 3313 —0.50
13 g'i’gg glﬂg gﬁg 3155 + 0.6 3.185 +1.92
MavpEN{DAMI(CaNAL ZoNE)
825 - 192 |- 3814 —~2.90
5 3% 3.‘7544 — 0.69 2.73& —g.so
. 30 3.770 3744 7 4
5 2o 3.572 4 0.34 3.508 022
1 S 3470 4+ 029 3444 048 1
= 3 3204 ~ 211 3.279 -2 m
" g'ggg 3.067 —~ 6.49 3.000
5 X
CarmLano Dax (ansﬂ *CoLumsia) Hp = 48 Fr
: 3.775 0
7 40.58 3.783 + 0.21 5 9
e T8 1% 30.40 3705 9o 3703 8.,
2ol G || BE om0 oom R ) b
18 i 3 Zos2 3405 I o2 3379 2105
: 13 335 a0t —?ng 3.168 — 252 3.183 =2.06
Hoover DaM (AmwNA-Nsv.mA)‘_Sun: 4-M3, I/p = 50 Fr
' 0 - 3.077 +0.19
: 670 0 3.681 + 0.3 7 g
b g.%os 350 —0.22 3.6050 0 agoe | 0
% 3. 3.512 —0.79 3.526 - 040 3322 =041
o) oa | H | S | e | oCom ) ol | S
% 3 323 | - B3R | o g2t Jogs | -767
Hoover Dau Saars 8-M3
2.12 3.800 +1.74
® 3o gl%% : 1 1.27 3.749 +1.19
s A 3.6508 0 3.650° g o8
' et 3.537 - 078 3.530 —998
B 280 3.387 — 211 3.358 -z
1g 2@2‘; 3.050 — 828 088 )
. Hoover Dax Suara 7-C4
; 88 + 071 3.687 +0.60
8 VST gglé‘ 3.6159 __3 2
k] o 353§ - 0.4 3532 023
b 0] 3.449 - 0.03 3.423 ~078
i 345 3.315 ~ 134 3.290 ~2.08
1 ] 2073 — 307 2001 | —3
8. X
sarges for ogee dam: at Lo the
charges for ogee dams ab all but low heads. Eq. 1, applied dxrectly to

spillway shape, has

mated in advance.

the advantage that no coefficients need be known or esti-

‘plotted (Fig. 15) for values of Hp from 10 ft to 60 ft.
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The comparisons in Table 6 show a tendency toward errors of some impor-
tance at low heads when Eq. 1 or its companion curve in Fig. 14 is used, as
well as when Fig. 7 is used. In most eases the errors nre 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 the lowered
or slightly raised positions. The frec-flow coefficients help to determine the
direction of the general curves at the large negative angles shown in Fig. 6.
Yrec discharges form the base curve of the rating curves in Fig. 12 and help
define the curvature of the low ends of the cross-plot curves in Fig. 13. Low -
to ordinary heads, corresponding to normal stream flow, can exist for a large
part of the time at dams whose reservoir capacities are small. Further study
of data for low heads might lead to valunble refinements.

]
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¥10. 15.~87ANDARD SpILLwAY SRares

Application of Eq. 1.—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 iave been used to find this liead.® These coordinates are shown
in Table 7. The last column in Table 7 refers the horizontal (z) coordinates to
the spillway crest because this form is the mmplest to apply. In Table 7, y
is the distance below the crest elevation.

Using' these dimensionfess coordinates, standard spillway shapes were

In Fig. 15 negatlve

""Hydroeleetno Hendbook,"” by William P. Creager and Joel D, Justin, John Wl!ey & Bon.s. Ino..
New York, N. Y., 2d Ed., 19560, p. 3



428 CAMPBELL AND MCCOOL ON DRUM GATES

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 ig laid over Fig. 15, and the value of Hp which gives the best fit is selected.
In deciding the best fit it may be found that the profile upstrenmn from the crest
indicates one value and the downstream profile indicates a different value.

The higher of the two indicated values of Hp should be used. For example,
' the shape of Black Canyon Dam

TABLE 7.—COORDINATES OF A STANDARD gpillway upstream from  the
-SprLLway Crest crest indicated a value of ap-

a— » proximately 45 ft for Hp. The
Velueof | | Value of Value of ;7= downstream shape indicated a
i Hp | referred to crest value of approximately 25 ft.

0 0.128 -0.3 The larger- value was used.

i g3 oo2 ' The determination of the
1 - Qo0 . _Hp-value which gives o reason-
;.08 g.0e3 33 able fit requires a certain amount
‘ Lo 9207 87 of judgment. When the }‘)mﬁle

14 059 1 u’p.stn.aam fron} the crest is t,l'le

2.0 1.31 17, criterion, the lip of the dam will

' gometimes be the determinant, -

: o : : Sometimes, however, the lip
droops sharply downward and indicates o lower value than other parts of.
the upstream profile. . When thé downstream shape is the eriterion, good
results have been obtained by assigning a value of Hp based on the average
fit in the zone between points on the spillway where tangents range from 20°
to 35° from the horizontal, The exact value of Hp is not too ‘important.
- Bince it enters Eq. 1 in the 0.12 power, a difference of 109, in its value affects
- the discharge by only 1.15%,.
* The writer’s application of Eq. 1 has been limited to fairly high dams.
Although the total head used in Eq. 1 should include the approacli velocity,
the accuracy of Eq. 1 when used for low dams, where approach velocity is
large, has not been tested. .

8o far as is known, the application of standard nappe shapes (for which
discharge coefficients are known) to actual spillways on & basis of reasonable
best fit was first suggested by W. M. Borlund.® Mr. Borlund used a curve of

-obgerved C,-value plotted against H/H,. In 1942, C. E. Kindsvater, M.

ASCE, suggested a similar procedure in which the curve of C; versus H/H, -
was derived from Eq. 1. Mr. Kindsvater’s work (not published) should give

resuits comparable to those obtained herein. . :
- The material presenited is regarded as an excellent check on that part of
M. Bradley’s work which relates to frée discharge over an ogee spifiway.

" 'F. B. CampsELL M. ASCE, anp A. A. McCoov® J. M. ASCE.—The |

experimental data on discharge coefficients for flow over drum gates are a wel-

4 “Flow aver Rounded Crest Weirs,” by W, M. Botlund, thesis presented to the University of Cola-:

rado, at Boulder, Colo., in 1938, in partial fulfilment of the requirement for the degree of Master of Scieace.

b 1 ﬁtﬁ. Hydr. Engr., Analysis Brauch, Corps of Engrs., U. 8. Waterwnys Experiment Station, Vicks-
urg, Miss. ~ | . ) )

1 Hydr. ' U. 8. 'Waterways Experiment Station, Vicksburg, Miss.

- : . .
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come {ld(li_t.ion to the published information on flow over spillways, or the ob-
servation and recording of the flow of streama. - 4 paper by Robert E.’Horton has
b‘een a g‘uide for the estimation of flows over spillways since its publication.
'l.he basic information for the discharge over curved crests which fit the und;er
side of a nappe from a sharp-crested weir can be deduced from investigations
made by Bazin,'t18 although the published record of these experiments has not
been generally available to engineers in the United States, The investigations
conducted by the USBR {proposed by E. W, Lane, M. ASCE) embraced and
ex.temled the scope of Bazin’s work whicl is often used as the basis for overflow
spillway shapes® Although good estimates for discharge over Iree-overflow
erests can be accomplished rather simply, the problem becomes complicated
wberz flow through partly opened crest gates is involved. :

.’lhe commonly used types of erest gates are vertical lift gates, tainter or .
radinl gates, and drun: gates. The coeflicient for a partly opened ’vertical lift
gate depends on the location of the plane of the skin plate or lip with respect
to the axis of the curved crest. The discharge coefficient for tainter gates is
affected by the radius of tlie skin plate, the elevation of the trunnion with -
tespect to the crest, and the location of the gate sent with respect to the axis
as well as the erest curvature, To complieate any investigations further
observers define the gate opening variously as (1) the length of the arc fro'm'
the gate seat to the gate lip, (2) the vertical distance from the lip to the face:
and (3) the distance from the lip to the face mensured normal to the facé,
T!.xe Inst xx}cthod is believed to give the proper dimension, whereas the fo’re-.
going cor-zsulemt,ions are geometrical. The effective head for a partly opened
vertical lift or tainter gate depends on the pressures on the face of the concrete
and the pressures within the issuing jet. The suthor has given a good outline -
of the geometrical variables and the head-measurement method for analyzin
partly raised drum gates. - ¢

‘ T'he_ drum gate has the very attractive feature of requiring no mechanical
hoisting equipment for operation. Many of the dams constructed by the
USBR have spillivays controlled by drum gates. For example the Arrowrock
Dam in Idaho (constructed in- 1915) and the Tieton Dam in Washington (cop-
structed in 1925) are both equipped with drum gates. B. F. Thomas and
D. A. Watt credit H. M. Crittenden with the design of what is apparently the
firsi; drum gate.? 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 mode)

" studies. Tlfefe should be opportunity to check the coefficients for relatively
low heads with partly raised gates in the prototype by current-meter measure-

1 “Weir Experiments, Coofficionts and Formulas.” by Rob
P e = N i : . by Robert E. Horton, Water Supply and Irrigation
ola :; eroNofwls((%?”‘ snd Geodetic S‘un ey, U. 8. Dept, of Commerce, Wns!ungbgn, D. 6{. 1907 (reviai:n

1 "Recent Experiments on the Flow of Water over Weirs,” by H »
Octobor rognt YF‘ ent t jra, - Bazin, Annales.des Ponts et Chausstes,
Club of Philuclphin, Par, Vol Vi1 s s 1anoral dad Johi & Traubuiie, 5 Procecdings, Engineers’

¥ Ibid,, Val. IX, No. 3, 1292, p. 231, .. .
17 *The Improvement of Bivera," by B. F. Thomas ard D. A; Watt, John Wiley & Sons, Ino., New

York, N. Y., 2d Ed., 1013
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ments. - Only oni rare uécasioné with lﬁr_ge_'ﬂoods ig it poséible 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

thé 1948 flood over the Grand Coulee Dam spillway emphasizes the importance

of this condition. - The writers have studied the basxc data for high heads over
the drum gate in the lowered position.

- It becomes evident from & study of Table 2 that the ratio of gate radius

" to maximum head has a wide range. The writers use the ratio +/Hp, in which"

Hp is the design head for the spillway. - This is the inverse of the ratio used

by Mr. Bradley, used so that circular arcs can be traced on dimensionless -

profiles of z/Hp and y/Hp.

A comparison has been made of the coefficients for various (r/H D)~ 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 coeflicients for the condition when the
drum gate is down. The percentage difference of the coefficient from that of
the Madden Dam coeflicient is also shown. It is expected that the accurncy
of the dlscharge measurements and thus the coefﬁment of discharge is less than
1%.

’ TABLE 8 -—-COMPARISON or DiscuARGE COEFFICIENT
witHE TRE Gare Doww

bam | gl | Memum | T | oomenss SRS
. © in feets in feets Tip e fadden Dam
'bdudden ' ) 30.0 30.0 1.00 ©o8a 0.0
No(gumél Zone) . 340 2710 . ' 1.28 3.80 0.8
crﬁﬁ“?:?ifé? 662 31.6 2.00 3.87 2.6
(vﬁsmmm) 66.2 28.0 237 3.76 .. ~03
(Caéleorma) . 47.0 © 190 2.47 3.64 : -35
Ca(pcuamomm) ' 71.0 23.0 3.08 3.62 —4.0
(Bnhsh Colu.mbxa) - .

;:"'_ S ) : """ a From Table 1. ®From Table 2.

chronologlcal order of the time of their design conception.

. Because of the increase in the ratio of r/Hp (Table 8), it is of interest to
: plot the profile.for the lower surface of the nappe {from a sharp-crested weir
thh an approach slope of 2 on 3 in terms of z/Hp and y/Hp and to super-
1mpose on it the arcs of circles with radii of r/Hp 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/Hp equal to 1 is a fair approxi-
mation of the true nappe shape. The arcs of r/Hp 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/Hp = 3, that the coeﬂ‘l-
clent would be that for one tbird the design head of a crest with 4/Hp =

The. dams for wvhlch the data are listed in Table 8 are in the approximate

T TS mm—am— -
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- Model studies for Madden Dam reported by Richard R. Randolph, Jr.,'® indi-

cate that the coefficient for such a condition is approximately 3.40. BSuch &
coefficient is not in agreement with that for Capilano Dam with r/Hp 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

T = ﬁ\
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\ 20 )
Y ~r
.o -—

02 : \\:‘a‘“e ! "".\\
o8 ) . \
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F1a. 16.~~Lower StrFACE oF NAPrE FROM SLopiNG WEIR CoMPARED wiTH ClECULAR ARCS,

difference in shape of the two crests upstream from the ¢ircular are. 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 rehabxhty for conformity of the discharge coefficient. :

Josepn N. BnADLEY,“ AM. 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 deengned head,
Hp, for overflow sections formed by a single radius, or for a shape that conforms
closely to a single radius, gives satisfactory results. The comparison of discharge.
coefficients for free flow over various dams, using Eq. 3 with the method.
offered in the paper, is gratifying. Mr. Buehler’s method certainly has merit be-
cause following the determination of Hp, coefﬁcnents of discharge can be com-

* puted directly for all heads.

Messrs. Campbell and McCool undertook to show that a definite relahon- ‘
ship exists between the coefficient of discharge at the designed head and the
ratio r/Hp 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
Hp. 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 monogrnph’ may prove helpful.

18 “Hydraulic Tests on the Spillway of the Madden Dam,” by Richard R. Randolph, Jr., Transactions,
ABCE, Vol. 103, 1938, p. 109

¥ Hydr. Engr., Bureau ol’ Reclnmat:on U. 8. Dept,. of the Interior, Denver, Colo.
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‘Mr. Wyss suggested that pressures and water surfaces for gjfum 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. a ' : o
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e 'Becauae.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. S , .

.- 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

ve ot '
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available for others, * The broken lines rcp'res'en‘t pressure, measured \;cl'ticalf}'!
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 informa-
tion from model tests performed on the Grand Coulee, Hamilton, Norris,
Friant, and Hoover dams. . . . o o

~ To determine graphically the 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 6 =41°, the gate is drawn in this position on & piece of
transparent paper to t_lie 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. L S

The transparent sheet is then placed over Fig. 17 (a), disregarding the origin
of coordinates, and matching only the downstream tips of the two gates.
The downstream part of all drum gates, regardless of size or radius, will coincide
for any given value of §. The height of the gate, or length of are, can be expected
‘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), o small increase or decrease in the approach-depth
results. _ o . -

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

A similar procedure is then followed for gate positions of 23°, 9°, —3°, and
—35°, utilizing Figs. 17 (), 17(c), 17(d), and 17 (e), respectively. 'The result is
a composite plot similar to that shown in Fig. 17(f). . It should be noted that
the pressures shown for negative angles of the gate are not as reliable as those
for positive angles. Fortunately, the greater water loads occur for positive .

_angles. .

Water loads can be determined by scaling the pressures vertically over the

- gate as indicated by point A in Fig. 17(f). If a gate angle other than those’

shown is desired, interpolation can be made directly on the sheet corresponding
to Fig. 17(f). Following the establishinent of the maximum-pressure curve,
values of z/r and y/r are scaled from the sheet corresponding to Fig. 17(f)

. 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.
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Tennessee Valley Authority , .

Tainter Gate Ratings
Basic Model and Prototype Data

MODEL - PROTOTYFE

No. of : Up- Deisi. Pier
' Spill~ Crest ' Approach stream Hea&%l Nose
Model ~way Length  Width Depth Crest Radius

Project Scale Bays L W P . Elev. _Fo R
Apslachia  1:28.72 - 6  6.68% °8.00  3.38 1257.0 23.0 3.0

* Boone 150 0 50 3.8 0 (1) (1) 1350.0  35.0 12.75((;)
R . - 11.25(3
Ft. Patrick : - ) ' . 3.50{%)
Henry — 1:15 1 2.333(5) 2.77(5) 229 12280 35.0 325 -
" Hales Bar  1:3%.76 6 6.908(6) 7.4 0.921 616.0 18.0  3.00
Hivassee  ~1:55 7 %.050 8.00 6.35 1503.5 3.00°
Watts Bar 1:35 - 6  6.866  8.00 1.5 . T13.0 23.5 .3.25

Wheeler -+ 1:34.35 6 6.984 7.97  1.253 5L41.3 16.5 2.50

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

_ (23' Right end pier.

(3) Left end pier.
(%) Intermediate. piers.

¢ (5) Except as noted on data tabulations. -
(6) Gates partially opened. ‘ .

(7) Gates ralsed above water surface.



Tennessee Valley Authority

Definition of Symbols

. @ = Total discherge in cubic feet per second.
D = Depth of flow sbove crest in feet.™
Dy = ,Depth, bottom of gate to water surface.”

H = '.'L‘ota.'l. head above crest, ilncluding velocity head of approach in feet.”

Hy, = Design head for standard crest, including velocity head of approach,
in feet.
h = Velocity head of approach in feet.® .
€ = Coefficient of discharge for any héad.
G.(_)_f = - Gate opening - .vertieal distance gbove spillway crest in feet.
b = Saortest distance betveen spillway surface and gate lip in feet *
L = Length of spillwey crest in feet. ‘
P = Depth of model approach channel, crest to river 'bed :Ln feet. +
W = Width of model approach in feet.
" X = Horizontal distance from upstream face of dam in :f‘ee.'b..*
y

= Vertical distance above spillway cresf 4in feet.”

Discharge Equations

For flow under a gabe: -
= [B/2 - (n +n)32] ()

For flow over a spillway crest with the - -

spillway gate raised above the water surface:

Q=CLH3/2 " : A (B)

+See Figure l(a) on page k4.
*See Figure l(b)on page 4.
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Tennessee Valley Authority

Apalachie Project

TPainter Gates Partially COpened

MODEL TEST DATA

EQUIVALENT PROTOTYEE

¥CGate lip touching nappe C
+Gate lip touching nappe C

from Equation A.
from Equstion B.

G.0. - D Q h G.0. . H Q
ft. . cfs . e, ft. cfs
. 0.0532 '0.117 0.826 0.000 1.53 3.36 3,650
0.154% 0.828 0.000 .o o 3,660
0.251 1.0TL 0.000 7.21 L,734
0.358 1.305 0.000 10.28 5,769
0.4kg 1.472  0.000 12.90 6,507
0.533° 1.618 0.000 15.3% 7,152
~ 0.663° 1.812 0.000 19.04 8,010
0.778 1,973 0.000 22.34 8,721
0.886 2.115 0.000 . 25.h5 9,349
0.1107 0.190 1.796 0.000 3.18 5.46 7,939
0.246 1.838 0.000 7.07 8,125
0.287 1.99% 0.000 - "8.24 8,81k
0.367 2.302 ° 0.000" 10.54% 10,180
0.450 2.595 0.000 12.92 11,470 -
"0.549  2.916 0.000 15.77 12,890
0.627 3.137 0.000 18.01 13,870
0.732 3.451° 0.000 21.02 15,250
0.83L. 3.681 0.000 23.87 16,270
0.917 3.888 0.000 26.34 17,190
0.1676° 0.257 2.888 0.000 . 4,81 7.38 12,770
0.303 2.800 0.000 8.70 12,770
0.393 3.330 0.000 - 11.29 14,720 -
0.469° 3.709 ©0.000 . 13.h7  16,k00
0.545 4,066 0.000 15.65 17,970
0.631  &.hhh . 0.000 18.12. 19,640
. 0.739 . L.866 0.000 21.22 21,510
0.373 3.221. 0.000 10.71 14,2k0
0.322 2.977 0.000 9.25 13,160
~0.811  5.124  0.000 23.29 . 22,650
0.804k 5.418 0.000 25.68 23,950
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Tennessee Valley Authority

Apalachia Project

Teinter Gates Partially Opened

MODEL, TEST DATA

EQUIVALENT FROTOTYFE

0.00k

23.52

*Gate lip touching nappe C from.Eqpatioh A.
+Gate 1ip touching nappe C from Equation B.

6.0, - D a_ _n §.0.. E_ _Q&
Tt ft. cfs = ff. £t £t cfs
.0.2247  0.364  4.18% - - 0.000 6.45 10.45 18,490
- 0.318 4.098 0.000 9.13 18,110
0.1  %.399  0.000 - 11.80 19,450
0.461 L.,752 0.000 13.24 21,010
0.531  5.181 0.000 15.25 22,900
0.627 5.7h2 0.001 18.04 25,380
0.718 6.224k 0.001 " 20.65 27,510
0.825 6.771 - 0.001 23.72 29,930
, 0.91) T7.179 0.00L 26.19 31,730
0.3393  0.469 ' T.647 0.001 9.7% 13.50 33,800
0.526  7.490 0.001 .- 15.1% 33,110
0.574 . 7.832 - 0.001 _16.51 34,600
0.631° 8.344 0.001 18.15 36,880
0.717 9.089 0.001 20.62 40,180
0.821 9.882° 0.00L 23.61 43,680
- 0.919 10.58  0.002° 26.k2 k6,770
0.hsk1  0.60k 11.5%  0.002° 13.04 17.%0 51,010
© 0.617 11.8%  0.002 - 17.78 " 52,340
0.720 11.84  0.002 - 20.7h 52,340
S 0.668 11.42  0.002 19.2% 50,480
S0.765 12.3%  0i002 - . 22.03 5k,550
0.838- 13.10  0.002 24.22° 57,910
0.915 13.84 0.003 26.36 61,180
0.56TT  0.751 16.55  0.004 16.30 21.68 73,160
"70.895 17.1k  0.00k :25.82 75,770
0.849 16.72 0.004 - 24.50 . 73,910
0.815 16.24 71,790

k‘AJ‘.UW:F"l:u LWWWWwW & W wwww‘ -
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MODEL TEST DATA

Tennessee Velley Authority

Apalachia Project

Tainter Gates Raised Above Water Surface

16.55

..Q@ . . . h

cfs It.
0.826 0.000
1.796 . 0.000
2.688 0.000
4.098 0.000
5.813 0.001
7.542 0.001
. 9.512 0.001
©11.17 0.002
13.39 0.003
15.80 0.004
18.66 0.005
21.57 0.006
20 Ll 0.007
T7.647 0.001
11.5% 0.002

0.00k4

EQUIVALENT PROTOTYELE

H
Tt.
3.36 .
5.46
7.38
9.13
11.542
13.51
15.43
17.06
19.00
21.01
23.12
25.05
25.87
13.50
- 17.40
21.68

9

ef's

3,651

7,939

- 12,770
.18,110

25,700

. 33,340

h2,050
49,380

59,190

69,840
82,480
95,350
99,190
33,800
51,010
73,160

—~] vl GOV O \n



Termessee Valley Authority

Boone Project

Tainter Gates Partially Opened .

MODEY, TEST DATA

EQUIVALENT PROTOTYPE

*Cate lip touching najpe C from Equation A.
+Gate lip touching nappe C from Equation B.

G.0. . D . Q. " h G.0. . H Q
ft. - - £t. cfs ft. ft. £t. cfs
0.0k0  0.085. 0.2810 2,00 k.25 4,968
' 0.1%9  0.3552 T.45. 6,279
0.234h  0.4567 11.70 8,073
0.274% 0.4937 13.70 8,727
0.351 0.5661 17.55 10,010
0.428 0.6285. 21.40 11,110
0.50%  0.6857 25.20 12,120
"0.581 . 0.7385 29.05 13,050
- 0.626 0.7663 31.30 13,550 .
- 0.700  0.8087 35.00 . 14,300
0.110  0.3020 .90 5,339
0.500  0.617 6.250 25.00 30.85 110,500
Lo . . o i '
,0.680 6.598 3 3500 116,600
0.721 6.715 B 36.03.. 118,700
0.633  6.456 - 4 33.15 114,100
. QO . . R ¢
0.500  0.493 h4.355; = 20.00 24.65 76,990 .-
0.558 4.638 - 27.90 81,990 -
0.615 k4.906 ~30.75 86,730
0.685. 5.279 3%.25 93,320
0.708 5.425 35.40 95,900
0.300  0.379 2.964 15.00 18.95 52,400
0.459  3.175 .. 22.95 . 56,130
0.517  3.453 25.85 61,040
0.575 3.726 - 28.75 65,870
-0.648 . L.ohh 32.40 71,490
0.724%  4.3h4%4 36.20 76,790
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MODEL TEST DATA

Tennessee Valley Authority .

Boone Project

Tainter CGates Partially Opened

EQUIVALENT PROTOTYFE

*Gate lip touching nappe C from Equation A.
+0ate 1ip touching nappe C from Equation B.

G.0o. _ D . Q. _h G.0. . H. . Q c
e, L. cfs ft. ft. It. ~cfs
0.200 0.270 1.672 -10.00  13.50 29,560 3.h§+
‘ 3.94%
0.33% 1.856 16.70 32,810 3.71.
0.409 2,133 20.45 37,710 3.69
0.469 2,413 23.45 42,660 3.82
0.539 2.626 26.95 L6, 420 3.80
0.592 2.790 29.60 49,320 3.82
0.670 2.896 33.50 51,200 3.68
0.723 3.035 36.15 53,650 3.69
0.100 0.152 0.7015 o 5.00 7.60 12,400 il;m
- ) : 25%
0.218 o0.8119 A 10.60 14,350 3.81.
0.26k 0.9232 ¥ 13.20 16,320 3.83
0.33% 1.060 - &, 16.70 18,760 3.82
0.391  1.17h 19.55 20,750 3.86
o.h7h  1.311 23.70 ' 23,180 3.86
0.599 1.k496 29.95 . 26,450 3.87 ¢
0.537 . 1.h403 26.85 24,800 3.85
0.630 1.537 "31.50 27,1700 3.87 °
0.719 1.65k4 35.95 29,20  3.87
T0.17T 0.7320 8§.85 12,940 . 3.96
0.234 0.8555 . 11.70 15,120 ° 3.8%
0.299 . 0.9897 . 14.95 17,500 3.81



Tennessee Valley Authority

. Boone Project
Tainter Gates Raised Above Watexr Surface

MODEI, TEST DATA EQUIVALENT PRCTOTYRE

. Q. h H - - Q

cfs . £, a ft. cfs
oR 2.312 16.15 40,870
0.367 2.928 ‘ 18.35 - 51,760
0.%32 3.575 .21.60 63,200
0. 4,399 - . 24.60 77,770
0. 5.166 3 .- e7.25. 91,320
0. - 6.155 g 30.45 108,800
0.66% 7.04k R 33.20 124.500
0.706 7.809 o " 35.30 138,000
0.252 1.522 2 12.60 26,910
0. 0.9783 - 9.50 17,290
0. 0.5736 6.75 10,140
0.088 0.2952 4,40 5,220
0. 2.%0 - 2,068

0.1170
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Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

MODEL TEST DATA

G.0. D Q. h
££. L. cfs 4.

.0.200 2.21%° 4,050 0.000 -

2.530 Lk.332 0.000,

1.71k  3.511 ~ ©.000

1.412  3.156 0.000

1.110 2.755 0.000

0.683 2.076 0.000

~ 0.556 1.831 0.000

0.500 1.711 0.000

. 0.424 - 1,552 0.000

0.350 1.515 - 0.000

~ 0.362 1.510 0.000

' 0.360 1.578 0.000

0.333 1.464 4,895 0.003

1.133 %.218 = 0.003

0.917 3.692 0.003

0.7h2 3.217 0.002

1.692 5.331 0.004

1.913 5.716 0.004

0.667 - 1.226 T.822 0.010

2.108 11.21° . 0.013

J1.556  9.169 0.012

1.915 10.59 0.013

0.995 6.828 0.009

2.186 11.k6  0.013

1.133 1.625 15.23 0.030

. 1.947 17.28  0.03%

2.124 18.33 0.035

2.361 19.68 0.036 .

1.400 1.966 21.05 0.049

2.105 22.08 0.051

2.359 23.67 0.052

1.925 20.72 0.049

1.925 20.83 0.049

1.828 20.11 0.048

1.807 20.03 0.048

1.786 19.94 0.048

19.92 0.049

1.766

EQUIVALENT PROTOTYTE

"G.0. . H Q
ft. ft. cfs
3.00 33.21 3,520

37.95 3,715

25.71L 3,060
21.18 2,750 - .

16.65 2,401

10.2k 1,809

8.3+ 1,596

7.50 1,k01

6.36 1,352

5.25. . 1,320

5.43 1,316

5.%0 1,375

5.00 22.00 4,266

: ©17.0k . 3,676

13.80 3,217

11.16 - 2,803

25.44 4,646

- 28.76 h,981

10.00 18.54% 6,816

31.82 9,768

23.52 7,990

28.92 9,230

15.06 5,950

32.99 9,986

17.00. 24.83 13,270
~ - 29.72 15,060 -

32.39 15,970
35.96 17,150

21.00 30.22 18,340

. 32.3% 19,240
36.16 20,630
29.61 18,060
29.61 18,150
28.14 17,520
27.82 17,40
27.51 17,380
27.22

17,360
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Pennessee Valley Authority

TFort Patrick Henry Project

Tainter Gates Partially Opened

MODEL TEST DATA

C 4,036

G.0. D Q. h
£t. ft. cfs Tt.
1,667 2.326 27.84%  0.073

2.296 27.65 0.073
2.253 27.40 0.073
2.233 27.26 0.073
2.179 26.96 0.073
2.1 26,74 0.073
1.995 27.89 0.086
0.867 2.396 15.55 0.022
2.036 13.99 0.021
1.756 12.66 0.020
- 1.408 10.85 0.018
- 1.281 10.15 0.016
1.070 9.50k 0.016
1.1 9.582 0.016
1.136. 9.548 0.016
0.533 1.1kl 6.240  0.007
' 1.466 . 7.389 0.008
C1.797  8.39L° 0.008
2.378 9.885 0.009
0.433 '1.991 T.ho2 ©0.006
1.595 6.497 0.006
S 1.238 - 5.544% 0.005
0.765 ‘0.004 -

EQUIVALENT PROTOTYPE

G.0. H Q .
ft. £t. cfs
25.00 35.98 24,260
35.49 24,100
34.890 23,880
3%.59 23,760
33.78 23,493
33.26 23,300
31.22 24,30k
13.00 36.27 13,550
.- 30.86 12,190
26.64 11,030
21.39 9,455
19.46 8,845
16.29 8,282
17.48 8,350
17.28 8,320
8.00 17.22 - 5,438
2211 6,439
27.08 - 7,312
35.80 8,61k
6.50 29.96 6,450 .
. 2hk.02 . 5,662
18.64 4,831
11.54

’0
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- Tennessee Valley Authority‘

Fort Patrick Henry Project -

Tainter Gates Raised Above Water Surface

rd

MODEL TEST EQUIVALENT PROFOTYEE |

D .. _Q .. TSh . H .~ Q
£&. cfs £~ : £t. efs -
RN ' '
2Tk 13.09 0.027 ™\ 19/7/ 11,410
Ry 16.17 0.038 /2 .17 1k,090
2

1

1

1.691 21.55 0.059 6.25 18,780
1.890

1

0

|c:

.89 26.26 . 0.080 .55 22,880
972 . 28.34 0.090° 2,700
.9916 °©  8.551 0.01%
0.8044 6.045  0.008 -~
0.5831L 3.578  0.003 .
. 0.3610  1.673  0.001 - 5.43 - Disé
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‘Tainter Gates Partially Opened

Tennessee Valley Authority

Fort Patrick Henry Project

Gate Trunnion st Variocus Locations

MODEL TEST DATA

0.200

'0.203

0.200

0.200 -

0.70L

- 0.700

0.700

1.199

Trunnion Locetions. ..

L X
TL. ft.
2.325 °  2.486
2.325  2.808
2.325 . 2.808
2.325 2.822
2.320 2.410
2.320 2.732
2;320 2.746
2.320

- 2.333

Width of model approach channel (W)
Model layout is shown on page Uk

= 2.74 ft.

1k

¥ D h Q
L. £6. ft. cfs
1.k30 3.069 0.001. 4.388

3.048 0.001 4,374
2.124 0.001 3.605
1.282 0.001 2.734
0.577 .0.001 1.700
0.283 0.000 ©  0.999
0.550 0.601 0.00L- - 1.71k
1.361 0.00L 2.757
2.240 0.001 . 3.600
2.771 0.00L 4.016
0.550 0.217 0.000 0.745
; 0.ho2 0.001 1.309
0.934 0.001 . 2.210
1.882 0.001 3.244
- 2.720 . 0.00L° . .3.912
«0.077 1.389 0.001 2.652
T 2.bhy 0.001 - 3.590
1.945 0.001 3.180 .
, . 0.539 0.001 1.556
1.924 . 2,959 0.017  15.14
» 2.37h 0.017 13.27
1.856 0.015 11.32
0.970 0.009 £.688
1.393 0.013 . 9.186
1.0k 0.952 0.008 6.469
- 1.525 0.012" 9.396
2.189 0.015 11.95
3.047 0.015 14.52
0.417. -+ 0.795 0.007 5.691
0.893 0.008 6.140
1.488 0.012 9.080
2.150 0.01%  11.50
' 2.727 - 0.014  13.25°
2.118 1.305 0.027° 12.94
‘ 1.3k 0.029  13.97
1.681 - 0.035  16.00
2.117 0.043 20.00.
2.765 0.048  2h4.ko



‘Gate Trumion at Various Locatlons

Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partia.ily Opened

MODEL TEST DATA

15

Trunnion Loecations. .

Width of model approach chanmel (W) = 2.74 £t. |

b L X

ﬁp . fto i f'tc
1.199°  2.320 2.655
1.199  2.320 2.669
1.698 2.320 2.579
- L70 2.320  2.593
0.199 2,328 2.397
0.199 2.328 '2.917
- 0.197 2.329 3.100

1 0.198 © 2.329 3.018 R

0.200 2.328 3.018

£t

1,538

. 0.911

2.032

1.%05

1.897

C1.138

.0.200

-0.421

Co=0.k21

Model layout is shown on page 4th

D h
£t. . ft.
2.746 0.045
2.337 0.0k2
1.787 0.036
1.4 0.028
1.500, 0.030
1.803 0.036
2.389 0.0%2
2.851° 0.043 -
1.926 0.065
2.173 0.073
2.465 0.080
1.798 0.063
1.978 0.067
2.278 0.076
2.456 0.080
0.546 0.001
1,129 0.001
1.9 . 0,002
2.9 - 0.002
2.835 0.00L1
2.103 0.001
1.276 0,001 -
0.620 0.00L
0.651 0.00L .
1.461 0.001
2.470 0.001
3.099 0.001
.0.570  0.001
1.439 -0.001L
1.950 - 0.001
2,549 0.001
0.298 - 0.000
0.kelk 0.001
1,022 0.001

cfs

23.29
20.77
16.90
13.89
14.34

- 16.92

20.8k
23.43
23.58
26.47
29,47

- 22.55

24.25

27.62

29.49
1.699
2.698

. 3,668

b, 50k
L.102
3.501
2.661
1.731
1.703
" 2.693
3.565
4,013
11.583
2.645
3.112"
3.534*
1.219
1.346
2.217



Tennessee Valley Authority

Fort Patrick Henry Project
Tainter Gates Partially Openéd
Gate Trumion at Various Locations

MODEL TEST DATA

Trummion Locations . . -

Width of model approach chammel (W) = 2.7k £t.

Model layout is shown on page Wk..

b I X Yy D h Q
£%. To.. £t. £%. £t. £, cfs
0.699 2.328 2.397 - 2.397 1.000 0.010 7.197

: ' 1.338 0.013 9.270
1.623 0.016 10.78
2.074 0.018 12.86
2.547 0.019 1h4.64
' . 2.862. - 0.019 15.71
0.699 - 2.328 2.917 1.618 1.007 . . 0.010 7.09k
' . , 1.585 0.01h4 9.89%
2.199 0.016 = 12.31
: A ‘ 2.848 0.017 14.18
0.699  2.328 3,100 - 0.700 0.923 0.010 . T7.094
' - . 1.036 0.010 7.133
1.619 0.013 9.609
2.163 0.01% 11.60
' - 2.80k 0.015 13.76
0.701. 2.328 3.018 0.079 - 1.028 0.010 ° 7.107
L ' 1.663 ©  0.012 9.609
2.234 0.013 11.46
, o : © 2,911 0.01% 13.52
~1.199 2.328 ~ 2917  2.118 1.628 0.035 16.08
: L 1.94h 0.040  18.h41
_ ‘ 2.349 0.0} 21.30
L , o 2.80k% 0.046  2h4.13
1.198 - 2.328. 3.100 1.200 1.641  0.03% °  15.90
: . 1.972 0.036 18.05
2.323 o.o0k0 - 20.31
' > - 2.797 0.0k2 ©  22.93
1.200 2.328 3.018  0.579 1.483 "0.036 15.88
: 1.629 ©  0.034 15.87
2.001 0.037 18.08
2.292 0.039 19.86
e . 2.5T1 0.040 21.43
1.699 2.328 2.917 2.618 2.016 - 0.083 27.31
2.158 0.078 27.28
2.217 0.079 27.83



Pennessee Valley Authority

. Fort Patrick Henyy Project

Tainter Cates Partially Opened

Gate'Tmnnion at Various Locations ‘

MCDEL TEST DATA

Truonion Locations . .

0.701

. Width of model approach channel (W) = 2.7k f£t.°

b L . X
Tt. L. Tt
0.200 . 2.333 3-115
0.200 2.333 3.456
0198 2.333 3.3
0.19k 2.333 .3.agh
‘0.697 2.333 3.222
Q.700 2;333 3;563l
0.89T 23 '3L5141»-
2333 3.33L

J

D

Tt.

1.451

0.578

~0.357

. -0.946

-1.940
- L.067

“.'0‘132

: -d.h57

Model layout is shown cn page bl

fs.

0.415

10081

1.882
"3.083

0.572

1.164

1.905
2.679
0.597
0.923
1.692
2.584
0.379
0.620
1.002

1.550
2.0kt

1.372
1.947

2.472
3.039 "

1.382
1.976

2.462
. 2.983-
"1.086

1.467

1.94%0°

2.459
2.972

1.345°

1.739
2.232

L2497

h Q
£t. cfs
0.001 1.557
0.001 2.723
0.002 3.677
0.002 760
0.00L 1.59%
0.001 2.630
0.001 3.417
0.001 h.o84
© 0.001 1.587
0.001 2.201
0.001 3.010
0.00% 3.737
- 0.00L 1.745
0.001 1.733
0.001" 2,201
0.001 2.727
0.001 3.150
0.015 . 9.915
0.018  12.53
0.019 14,4k
0.019 16.29
0.0k . 9.453:
0.016. 1.7k
0.016 " | 13.39
0.017 © 14.93
0.016 - 9.420
0.013 9.439.
0.01% -~ 11.09
0.015 12.60
0.015 1h.07
0.013 8.977
0.014 10.31
0.0LL 11.86
0.0k, 12.57

7



o Tennessee Valley Authority

Fort Patrick Henry Project

© Tainter Gates Partially Opened

Gate Trunnion st Various Locations

MODEL TEST DATA °

Trunnion Locations .

X

¥

—_
1.200

1.198

- 1.199

‘1.201

1.990

0.199
0.198

¢.70%

Width of model approadh channel (W) = 2 74 £t.

It.

2.333
2;333 '
2.333

© 2.333
2.335

2.335

2.335'

2.334

Tt
3.329

3.651

3.438

3872
3.709 . .

3.851

3.670

3.670 .

ft. .
- 2.428

0.620

£ 0.03L
1.00k

-« 0.080

-0.832

Model layout is shown on page hh

1.555

- 1.hk70 .

2.962 .

 CO0ODDDODO0O000OOOO0O00000000000000O0O0O

18

hoha

- _h Q .
Tt cfs

.0u8 20.08
.050 21.53
.052 23.08
.05k 25.26
.0k5 19.30
.046 20.66 -
.okT 22.31
.048 2h. Lo
.043 18.94
.043 20.46
obk 22.19
.045 23.85
.053 20.27
043 . 19.4k
.0k3 20.61
.03 22.13
.0h3 - 23.40
.00L 1.877
001 - 2.247
.001 2.695
.002 3.678
.002
001 © 1.880
.00L - 2,735
.001 - 3,614 -
001 k. 279
001 . 1.705
.00L . 2.233
.00L 2.726
.001 - 3.473 -
.018 10.65
.018 11.05
019 . 12.16
019 1kl
.019  16.10



Tennessee Valley Authority

Fort Patrick Henry Project

Pginter Gates Partially Opened

MODEL TEST DATA

Gate Trunnion at Varicus Locations -

- Trunnion Locations . .

Width of model approach channel (W) = 2, 7l+ £t.
Mpdel layout.is shown on page 4y, .

b i x .
ft. T, ft.

/0,700 2.33% 4,053
0.697 2.33% - . 3.890
1.189  2.33% L4033
1.198  2.33% - L4.235
L399 233 ko
0.199 . 2.338 ; h.101
0.200 - 2.338 u.é35

Y

tt.
10.556

. ~0.366-

1.936

1.022

0.100

0.677

-0.250

" 1.825

2.07L
2.210
2.hok
2.585

S2.731

1.924

2.020

2.225

2.467

2.70L
2.1

2.260 -

2.577

2,797 -

0.518
1.082
1.928
2.748
0.492
0.512
1.293

2.007 -
2.678

h Q
ft. cfs
0.015 10.34

0.016 12.28
0.017 13.45
0.017 14.59
0.021 11.16
0.014 10.10
0.015 11.31°
0.015 12.06
0.015 13.12
0.065 22.95
0.054 22.37
© 0.055 23.16
0.055 24.20
© 0.056 25.33
. 0.056 26.10 .
0.051 21.00
0.051 21.22
0.050 22.02
© 0.050 23.22
0.050 . 2h. 4o
0.046 = 21.14 .
0.048 ©  21.83
0.046  23.06
" 0.046 23.94
0.00L 2.247
.0.002 3.019
0.002 .. 3.91% -
0,002 -4, 626
0.002 2.673
0.001 ©2.118
0.002 3.054
0.002 3.632
0.002 h.247



Tennessee Valley Authority

Hales Bar Project
Teinter Gates Partially Opened.

MODEL TEST DATA . EQUIVAIENT PROTOTYEE

¢.0. B h G.0. K . .9
o £t. - fT.  cfs ft. ft. - f£t. cfs
S - . 0.4520 0.595 11.53. 0.01k 15.7% 21.17 82,140
- : = . 0.666 12.52 0.015 23.67 . 89,190
' 0.869 15.01 0.018 30.83 106,900
0.527 10.81 0.014 ©18.81 77,010
0.56L 11.17 0.01% . . 19.99 79,570
. 0.526° 10.84%- o0.01k - 18.77 77,220
0.612 " 11.7k . 0.014 - 21.76 ' 83,630
0.548 11.02 ' 0.01% 19.5% 78,500
' 0.588 ..11.55  0.01k 20.93 . 82,280
0.565 11.18 o0.01% 20.13. 79,640
_ 0.669 12.59 ' 0.016 "23.81 89,700
F 0.628 11.97 . 0.015. : 22.35 85,270
"0.712 . 13.10 0©0.016 . 25.3% 93,320
: _ . 0.75L 13.59 0.016 . 26.66 96,810
S : .- 0.3991 0.588 -10.18 0.011 - - 13.87 20.82 - 72,520
& : : 0.558  9.824% 0.0113 - - . 19.78 69,960
0.517 - 9.346 0.010 .. 18.32 66,580
0.486 '~ 8,994 o0.010 - - - - 17.2k" 64,070 -
. 0.475  8.9% 0.010 . ©16.86 63,730 -
0.3438 - 0.604 9.169 " 0.009 11.95 .21.31 = 65,320
0 E . 0.562 8.706 0.008 . : T19.81 . 62,020
: 0.518 8.191 0.008 .- . - . 18.28 58,350
0.457  7.560 0.00T = - - 16.13 . 53,850
L _ 0.430 7.269 0.007 ' . 15.19 51,780
- 0.k . 7.135 0.007 . 1%.63 50,830 -
. ST 0.4k22  7.235 0.007 . "1k.91 | 51,540 .
3 0.2804 0.483  6.723 0.006 - 10.06 17.00 47,890
i ; 0.605 7.928 0.007 - oL 21.e7 56,480
3 - 0.403 . 5.938 0.005 7 1k.18 42,300 -
B 0.493  6.809 0.006 - 17.35 - . 48,500 _
; 0.419  6.0%9 0.005 . 7k 43,090 .
0.5%2 T7.776 ©

.007. . 20.82 55,390

lo
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Tennessee Valley Authority

Hales Bar Project
Tainter CGates Partially Opened

MODEL TEST DATA | EQUIVALENT PROTOTYFE

G.0. D . Q n G.O. . H = T Q
£t. £t. cfs £t. C . | ft. cfs
0.1818 0.35% 3.650 0.002 6.319 12.37 26,000 3.7
0.547 4.915 0.003 . 19.12 35,010 3.8
o.462 k4,393 " 0.002 : 16,13 31,290 3.8
0.413 4,096 0.002 14,43 29,180 - 3.8
0.488 L.57h ° 0.003. : - 17.07 32,580 3.8
. 0.580 - 5.095 0.003 - 20.27 36,290 3.8
0.559 ° k.972 0.003° 19.5%  35,420° 3.8
0.23%2 0.410 .- 5.019 0.003 8.1%1 14.36 35,750 3.8
0.368 4.636 0.003 .. 12.90 33,020 3.8
0.450 5.354 0.00% 15.78 38,140 3.8
0.590 6.461  0.00k4 20.65. 146,030 3.8
. 0.1251 0.601 3.719 " 0.002 . 4.348 20.96 26,490 3.9
’ 0.512 3.382 .0.001L ©17.83 24,090 3.8
0.422 3.034+ 0.001 ~ : J1y. 70 21,610 3.90
0.348 2,693 0.001 12.13 19,180 3.89
. 0.466 3.215 0.001 16.23 ° 22,900 3.90°
0.0720 O0.475 2.039 0.000 2.503 16.51 14,530 L,
0.555 . 2.216 0.001 A 19.33 15,790 b
0.596 — 2.330 "0.001 20.75 . 16,600 Y,
-0.518 . 2.153- 0.001 S . 18.0Lk ' 15,340 t.
0 R

G
O
A%

. L762 0.000 . . ¢ 12,69 12,550
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MODEL TEST DATA

Tainter Gates Raised Above the Water Surface

Tennessee Valley Authority

Hales Rar Project

9

-0
0

s “"—:"‘J’F“‘W Wlm'b‘wmbtﬁﬁ“u"x'ﬂh ',% et

D .
£t. cfs
.86 27.80

M 0851 ° 25-1"‘3

©0.817 23.66

- 0.775 21.62
0.731 - 19.44
0.68F  17.26
0.579 12.93
0.537 11.24
0.617 1447
C.483 9.387
0.430 7.647
0.372 5.957
0.306 k. 321
0.2hk2 2.919
0-568 - 12.39

EQUIVALENT PROTOTYEE -

H
ﬁ‘

- 33.16
31.35
30.00
28.33
26.59
'22“-.75
20.75
19.19

22.21
17.17
15.22
13.10
20.7h

8.48
- 23.60

20.33

Q.
cfs

. 198,000
181,100 -

168,500
154,000
138,500
122,500

. 92,100
80,060.

103,100
66,870
54,470
42,400

| 130,780

20,790

113,100

88,260

Io
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gk, o ot T8

- Tennessee Valley Authority

Hiwassee Project

‘Tainter Gates Partially Qpened

MODEL TEST DATA

S Ty I A A b 0 IR e

G.0. D . Q h
, £t. It. cfs LT
; 0.0213 0.280 0.3292
3. 0.185 ~ 0.2692
¥ 0.070  0.1636
% r 0.310 0.3456
0.449 0.1161
& 0.385 0.38%9
" 0.048  0.1296
£ 0.051 0.1372
& 0.052 0.1415
H 0.051L 0.1kok
4 0.056 0.1520
i 0.063 0.1568
S 0.077 0.1725
S 0.08% 0.1812
2 . 0.124 0.2188
5o 0.229 0.3010 4
L o 0.322  0.3555. 4
N , o
AR 0.0421 - 0.1%2 °~ 0.3687 B .
SR : ‘ 0.100 0.3133 &
Y 0.196 0.h123 -
% i 0.277 05273
Bl . : 0.385 0.6276
g - 0.473 . 0.6083
%;:; , » 0.203 0.4h465
5]
£ 0.0767 0.120 0.5475
£ " 0.188 0.6886
g0 0.261 0.8201
£ ©0.318 0.9188
g o . 0.37% 1.003
3. 0.4k0  1.09%
£ 0.0762 - 0.172 0.6546
£ 0.203 0.7079

EQUIVALENT PROTOTYTE

RCR

GO. - B .. . Q
Te. £t. | cfs
1.17  15.40 7,385
10.18 - 6,039
. 3.85 3,670
17,05 =T~ 7,753
k.70 9,335
'21.18 8,635
2.6k 2,007
2.80 3,078
2,86  3.17h
2.80 3,150
3.08 3,410
3.46 3,518
L2k 3,870
L.62 . 4,065
6.82 4,909
12.60 6,753
ir.7m2 7,975
2.32 7.81 8,271
5.50 7,029
- 10.78 9,250
15.2% 11,830
"21.18 1%,080
26.02 15,670 ‘
11.16 10,020 -
h.22  6.60 12,280
10.3% 15,450
14.36 18,40
17.49 20,610 -
20.57 22,500
24.20 24,540
9.6 1%,690 .
11.16 15,880 -

WL PWWEWE EEEEW EE UMW G s
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Hiwassee Project

Temnessee Valley Authority

Tainter Gates Partially Opened

MODEL TEST DATA

EQUIVALENT PROTOTYPE

_G.0. D Q G.0. H Q
ft. £t. efs £t. £t. . efs
0.1302 0.229 1.222 - 7.16 12.60 27,410
. 0.277  1.34k 15.2% 30,150
0.389 1.612 21.%0 36,160
o447 1.751 24.59 39,280
.. 0.483  1.833 26.57 41,120
. 0.425 1.703 23.38 38,210 .
' 0.346 1.5;12 19.03 33,920
0.1293 0.300 1.382 7.1  16.50 31,000 °
0.347 1.505 19.08 33,760
o.k77  1.817 . 26.2% 40,760
0.237. 1l.229 13.04 27,570
0.248 1.255 13.64 28,150
. o , . .
‘0.187 0.h02 . 2,282 - B . 10.28  22.11 51,190
. 0.350  2.130 [ - 19.25. k7,780
0.320 2.057 o 17.60 46,150
0.452 2.438 | ke 2k.86 54,650
A ( 0.491  2.563 /’ : 27.00- 57,500 -
©0.186 . 0.317 2.0hL . 10.23° 17.44% . 45,790
T . 0.320 2,037 - L 17.60  45,700.
0.238  0.445  3.0%51 S+ 13.09- 2k.U8 68,450
"0.491 - 3.213 .- . 27.00 72,080
'0.381  2.908 1 20.96 65,250
0.388 -2.909 21.34% 65,260
0.294 0.501 4.033 -16.17 " - 27.56 90,480
_ 0.422 3.993 , "~ 23.21 89,580
0.422 3.989 -23.21 89,490 .
0.460 3.989 - 25.30 89,400 .
. 0.465 3.980 - 25.58 . 89,450 -
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Tennessee Valley Authority

Hiwassee Project

Tainter Gates Raised Above Water Surface

" MODEL TEST DATA -

D q
£t. efs

. 0.199 1.224

- 0.238 1.616
0.303 2.348
0.353 3.002
“Q.463 - L4.673
0.083 | 0.3053
0.081 = 0.2932
0.150 0.7790
0.113 0.ko82
0.147 0.7553
0.157 0.8340
0.217 “1.h0k -
0.252 1.769 -
0.283 '2.116
0.293 2.244
0.319 . 2.548
0.371 3.254
0.289 2.200
0.498 5.274 .
0.31% 2,458
0.426 4.059
0.054% ° 0.1572
0.120  0.5475
0.347 2.893 .
0.347 2.911 .
o.k22 - 3.993
0.280 - 2.082 -~
0.048  0.1296
0.081

0.2886

EQUIVALENT PROTOTYPE

.hf”n”%%ﬂ

R : B Q
ft. : T efs
10.94 27,460
13.09 36,250
16.66 52,680
19.¥%2 67,350
25.46 10k,800
L, 56 6,849
L.46 6,578
8.25 17,480
6.22 11,180
8.08 16,940
© 8.6k4 18,710 .
- 11.9% 31,500 .
o 13.86 39,690
) . 15.56 L7,470
D ~16.12 50,340
= 17.54 57,160
20.40 73,000
15.90 k9,350
. 27.39 118,300 .
17.27 - 96,00 -
23.43 91,060 -
2.97 3,527
6.60 . 12,280
19.08. . 64,900
19.08. - 65,310
23.21 . 89,580 .
15.%0 - k6,710 -
2.6k 2,907
4[5&%
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Tennessee Valley Authority

Watts. Bar Project

Tainter Gates Partially Opened

MODEL TEST DATA

EQUIVALENT PROTOTYFE

" +Gate lip touching nappe C from Equation B.

*Gate 1ip touching nappe C from Equation A. .

26

G.0- . D_ Q. h G.0, . HE . Q C
£T. £T. cfs t. ft. ft. cfs .
0.052 . 0.168 -0.803 0.000 1.82  5.88 . 5,819 . 3.99
- 0.301 1.119 0.000 10.54% 8,110 3.99
‘0.463  1.h11  0.000 16.20 10,230 3.99
0.650 1.695 0.000 . 22.75. 12,280 h.or
0.831 1.932 0.000 29.08 1h,000 k.03
_1.068 2,198 0.000 37.38 15,930 L.o2
 eere G J o.00d I sl 3T
L.8%8 “0.100. 0.719/ 0.000 =3= 3.50 5,211 3 31+
_ : . . ‘ ) 3.,-?0*4-?6
0078 1.023 3.02% 0.000 273 35.80 21,920 3.79. A
0.608 2.278 0.000- 21..28 ' 16,510 3.76
0.856 2.746 0.000 29.96 19,900 3.78
0.451~ 1.9%2 ° 0.000 © 15.78 14,000 3.75
0.165 1.072 0.000 5.78 7,769 3.78
B GH N 3B
-0.111 0.346 2.196 0.000 3.88° 12.11 15,910 . T 3.57 "
" 0.5716 2,962 0.000 20.16 21,470 3.59.
-0.842 3,703 o0.001L - 29.50 26,840 3.65-
1.07+ L.161 0.001 37.62 30,160 - 3.61 _
1.056 ~* 4.1ho  0.001 - - 37.00'-.30,000' 3.62
. 9383 1803 0.008/ 36.48 135070 fthH—-3~4r
E oﬂﬁsnﬁzﬁlahztwahg:e—oew == ———-5-81-~ = 36.-.58.—-~--_30;.o:70-__~_~3.. 65
‘o168 0.271 2.679 o0.001 . -, '« &/ 9,52 - 19,420 = 3.63.
1,068 6.182 0.001 . 37.42 4,800  3.64
0.837 s5..a7 o0.001 T 29.33 39,260 . " 3.65
0.616 L4.552 0.001 21..60 32,990 3.65
0.441  3.688.. 0.001 » 15.47 26,730 .. 3.6
0.223 0.280 3.538 0.001 7.80 9.84 - 25,640 3.g6+
S o o 3.80%
- 0.356  %.,102 0.001 12.50 29,730~ 3.6h.
0.540. 5.4%36 0.002 . - 18.23 39,&00_ 3.62°
0.702 6.396 0.002 2k, 46,350 3.62
"~ 0.858 g .189 0.002 - 30.10 - 52,100 3.62
-1.06k 186 0.002 '37.31 59,330 - 3.65



Tennessee Valley Authority

P R Watts Bar Project
| Tainter Gates Partially Opened
P - MODEL TEST DATA _EQUIVALENT PROTOTYPE
© 6.0, D ._§ & Go.. . _H__._.Q c
£t. . It. cfs  ft. ST TS cfs N
1 0.338  1.061 .11.98 - 0.005° - 11.83 37.28 - 86,820 . 3.6k
i . 0.854 10.k9 0.005 . 30.06 76,020 3.6%
: 0.663 . 8.804 o0.00k : .23.34h  6k,k60 3.6k
. 0.%84% 7.1kl 0.003 L 17.0% 51,750 3.68°
: o.h20  6.761L 0.003 . . - 1%§0. 49,140 3.59+
8 : - 3.95%Y
P . 0.k76  T.102 0.003 _ 16.76. - 5,470 . 3.70Y .
i o 1.050 11.9% 0.005 . 36.92 . 86,530  3.65,
I " 0.453 0.616 10.82 0.006 15.86 2177 718,410 3.7k
. 0.565  10.85 0.007 : "20.02 178,630 3.65+
E : - S 4.0l
E - 0.679  11.48 - 0.007 . 2k,01 83,200 - 3.67.
£ 0.8%0 13.33 0.008 29.68 - 96,600 3.65 -
1.047 15.50 0.009 36.96 112,300 3.66
0.567 0.688 15.07 0.012 - 19.84% 2450 109,200 E TS5+
' o : , 09*
0.765 15.39 0.011 - - 27.16 111,500 3.8L¢
0.854 .16.46 0.012 - 30.31 119,300 ° 3.73 7
J0.957. . 17.72 0.013 33.95 128,400 .  3.69./
1.035. 18.60 - 0.013 36.68 134,800 . . 3.67
. 0.681 0.833 20.71 0.019 . 23.83 29.82 150,100 i.slw
. A T ot
0.937 20.81. 0.018 ' 33.4k2 150,800 - 3.8hkv
o 1.007 21.82 - 0.018 35.88 158,100 - . 3.807
' . 1.048  22.36 0.019 . 37.34%° 162,000 3.78v
0.928  20.69 '0.018 | ~33.11 149,900 - 3.85Y
¢

*Qate lip ’tdxiching'nappe C from Equation A,
#Gate lip touching nappe C from Equation B.




Tennessee Valley Authority

5 Watts Bar Project’
é Teinter Gates Raised Above Water Surface
- : .
& MODEL TEST DATA EQUIVALENT PROTOTYPE
D__. Q. ..._n 5. __Q_
3 25, . cfs ot. £t. cfs
x 0.100 0.727 0.000 ' 3.50 5,211
3 0.183 '1.803  0.000 _ 6.0 - 13,070
T 0.280 3.538 0.001 9.8% 25,640
: 0.420 6.781 0.003 ~ 1%.80 49,140
z 0.565  10.85 0.007 20.02 78,630
é ) 0.688  15.07 - 0.012 © 250 109,200 7
b 0.833  20.71L 0.019 29.82 . 150,100,
'y . 0.920 24,51 0.025 33.08 177,600
2 0.561  10.73 0.007 . : 19.88 77,760
£ . 0.703- 15.63 .  0.012 25.02 113,300
5 0.127 10.2%  0.000 by 7,421
5 0.900  23.64 = 0.024 " ~ 32.34 171,300
) . 0.699 15.3% - 0.012 : 24.88 " 111,200

. o.ggg 8.833 - 0.005 _ 17.61 - 64,010

" 0.

"0;527  0.000 .~ bg . 3,819

|o
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Tennessee Valley Authority

Vo

Wheeler Project

Tainter Gates Partially Opened

MODEL TEST DATA

*Gate 1lip touching nappe C from- Eguation A..
+Gate lip touching nappe C from Equation B.

_0.000 .

G.0. D Q h
ft. ft. cfs ft.
0.0286 0.096 0.316F 0.000
' 0.131 0.379% 0.000
0.250 0.5280 0.000 "
0.279 0.570% 0.000
0.417 0.6987 0.000
Q.344  0.6346 0Q.000
0.184% . 0.4629 0.000
0.508 0.7730 0.000
0.0575 0.160 0.7723 0.000
. 0.197 0.8797 0.000
0.11% 0.6192 0.000
0.25L 1.015 - 0.Q00
0.294 1.112 0.000
0.355 1.235 0.000
0.412 1.338 0.000
0.497 1.480 0.000
© 0.0875 0.116 0.8990 0.000 -
0.151 1.061 0.000
- 0.195 1.273
0.229 1.416 - 0.000 .
0.269° 1.568 0.000 -
0.310 : 1.706 .0.000 .
"0.379 1.922 © 0.000
0.447 2.116 0.000
0.k78 2.196 0.000 .
0.504% 2.261° 0.000
0.1166 0.151 1:385 ©0.000
0.186 1.560 0.000
0.228. 1.796 . 0.000
0.283 2.080 0.000°
0.33%. 2.320 0.001-
0.396 2.576 0.001
o.ksh 2,793, 0.00L
0.512 2.997 @ 0.00%
0.512 2,990 0.001

)Y

EQUIVALENT PROTOTYPE

e

* ¥

g. 0. H Q c
B, ft. cfs
0.98 3.30 2,188 3.7L
4,50 2,624 3.72
8.2k 3,651 © 3.7
9.58 3,945 3.70
14.32 4,832 . 3.68
11.82 4,389 3.70
6.32 3,201 3.7Th
17.k45 5,346 3.66
1.98 - 5.50 5,341 - 3.540
6.77T . 6,083 . 3.56
3.92 = k282 | 3.53
8.62 7,019 - 3.57
10.10 7,690 3.59
12.19 8,541 3.59
14.15 9,253 | 3.58
_17.07 10,230 3.59 .
. .3.00 3:98. 6,220  3.26+
o . . 3.71%
5,19 . 7,340 3.56.
6.70 8,803 3.58
7-87 - 9,792 - . 3.59 .
9.2h 10,8L0 - 3.61
.. .10.65 11,800 ..  3.61
~. . 13.00 13,290 3.63
’ ©15.35. 14,630 3.6
16.h2 15,190 . 3.64%
17.31 15,640 .. 3.64
k.00 5.19 9,578 . . 3.38
' ' : ' 3.79
6.39 10,790  3.61.
7.83 12,420 3.59
9.72 14,380 3.60
11.51 16,040 - 3.62
13.64 - 17,810 - 3.63 -
15.63 19,310 . - 3.64
.. 17.62 20,730 .. 3.64:
17.59 20,680 . 3.64
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MODEL TEST DATA

Tennessee Valley Authority

Wheeler Project

Tainter Gates Pertially Opened

EQUIVALENT PROTOTYTE °

G.0. . D Q h G.0. H Q
£, . ft. cfs iy £t £t. cfs
0.2037 ©0.298 3.299Vj“o.ool 7.00 8.9Q 22,810

0.276 3.358 0.001 9;51 23,220
0.288 3.467  0.001 9.93 23,980
0.322 3.68% 0.001, 11.20 25,480

. 0.365 L.oor ©0.002 - S12.61- 27,710
0.M18  4.430 0.002 k.43 30,640
0.456 4,677 0.002 15.73 32,340
0.ho7 h.945  0.002 17.14% 34,200
0.k2l  L.k3%  0.002 14.53 30,660
0.2012 0.365 5.866 0.003  10.00 12.64 140,570
o.kok 5.977 0.003 13.98 41,330
0.418 6.081 - 0.003 1h.46 42,050
0.436 6.243 . 0.003 115.08 43,170
0.461 6.502 0.004% 15.97 44,960

0.00k4 17.31

- 0.500

6.841.

*Cate lip touching nappe C from Equation A. .

- +Gate lip touching nappe ¢ from Equation B..

17,310

-3
o
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Tennessee Valley Authority

Wheeler Project

; Tainter Gates Raised Above Water Surface
i MODEL TEST DATA EQUIVALENT PROTOTYEE
! D .._Q. ... _h H - _Q_
£t. efs . £t. : ft. cfs
. 0.178 1.786 0.000 ‘ 6.11 12,350
0.214. . 2.4y 0.001 7.39. 16,900
0.281L - 3.788 - 0.002 ‘ 9.72 * 26,200
0.307 4,386  0.002 10.58 30,330
0.3h7 5,348 0.003 . 12,02 36,980
0.390 . 6.559 0,004 o - 13.53 145,360
: o.kho - 8,038 .0.006 - 15.32 55,590
5 0.405 . 6.998 0.00L ’ 14.05 48,400
i 0.366 . 5.892. 0.003. 12.68 40,750
g 0.191 1.996 -0.000 . 6.56 13,800
= 0.218  2.490 0.001 - 7.52 17,220
i 0.279 3.74%2 - 0.002 9.65 25,880 .
£ 0.306 4.366 0.002 10.58 30,190
S 0.416 7.316 0.005 14,46 50, 590
B 0.465 8.775 0.006 ' 16.18 60,680
Tomd | . 0.499 9.91% - 0.009 17.k45 68,560
¥ . 0.305 4,314 0.002 10.55 29,830
LN 0.076  ~ 0.h464 0.000 2.61 - 3,209
§-% . . ] 0.123 . 1.00k . 0.000.. S k23 0 6,943
E S S 0.155 . 1.huk 0.000 5.32 9,986
i 0.116 0.8990 °  0.000 . 3.98 6,220
L 0.151 1.385 © 0.000 ’5.19 9,578
g . -0.258 3.299 0.001 - 8.90 . 22,810 .
5 0.365  5.866- 0.003 S 12,64 40,570
< w

lo
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