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Checked J.C.T. (RO), A.T.T. (RI)

1. Purpose

Dam 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 dam rating curves for each dam provide total dam discharge as a function of headwater
elevation. This calculation presents dam rating curves for Douglas 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 the documentation of
past work regarding design basis flood level determinations. This calculation supports a portion of the effort to improve
this design basis documentation.

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

Figure 1 is a plan and elevation view of Douglas Dam (a portion of Reference 1). A site plan showing the dam and
its saddle dams is shown in Figure 2. A photograph is included as Attachment 3 (Ref. 17). For headwaters in the
normal operating range, discharge is passed through the turbines, the sluices, or the spillway. The spillway consists
of eleven spillway bays, each with a radial, or tainter gate to control discharge. If, as during a probable maximum
flood (PMF) event, headwater rises above the normal operating range, discharge may pass also over the portion of
the nonoverflow section which has not been modified, the tops of the open spillway gates and the tops of the
spillway piers. The previously mentioned modifications to the nonoverflow section include raising the elevations of
Blocks la - 3 and 28 - 32 to the PMF elevation of 1022.5 ft. in order to divert overtopping flow to the spillway and
powerhouse portions of the dam (PMF Modification: Ref. 17, Att. 8; Blocks as transverse sections of the dam: Ref.
11, Att. 13). Also included in the modifications was the raising of the top elevation of each of the ten saddle dams
to above the PMF elevation. Consequently, the rating curves developed in this calculation do not include headwater
elevations above the tops of the modified nonoverflow or saddle dams.

As required by NRC Regulatory Guide 1.59, the most severe seismically induced floods reasonably possible should
be considered for each site in addition to the floods produced by the severe hydrometeorological conditions. Also,
the consideration of seismically induced floods should include the same range of seismic events as is postulated for
the design of the nuclear plant. The seismic design basis for the plant requires consideration of an Operating Basis
Earthquake (OBE) or 0.5 Safe Shutdown Earthquake (SSE) and a full SSE.

To meet the requirement of Regulatory Guide 1.59, the Bellefonte flood design basis requires consideration of the
following hydrological and seismic design conditions (see Attachment 2-5, 2-6 and 2-7):

1) Determination of the water level at the plant during a 0.5 Probable Maximum Flood (PMF) with full
reservoirs combined with the postulated failure of upstream dams during an OBE.

2) Determination of the water level at the plant during a 25-year flood with full reservoirs combined with the
postulated failure of upstream dams during a 1.0 SSE.
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Three potentially critical seismic-flood combinations scenarios are evaluated for the plant design basis (see
Attachment 2-5). Two of these critical events include Douglas dam in the seismic failure scenario: (1) concurrent
OBE failures of the Cherokee and Douglas dams combined with a 0.5 PMF, (2) concurrent 1.0 SSE failures of the
Norris, Cherokee and Douglas dams combined with a 25 year flood. Based on seismic attenuation studies, the 1.0
SSE produces the same postulated failure of Douglas dam as the 0.5 SSE. Therefore, only a post-OBE failure dam
rating curve must be generated in addition to the non-seismic failure dam rating curve. The Douglas dam OBE (0.5
SSE) concrete stability analysis and the post-OBE failure configuration used to develop the seismic dam rating
curve are provided in Reference 21 and are discussed in detail in Attachment C.

Rating curves are provided for three cases:

1. Pre-failure condition with turbine discharge: Spillway, nonoverflow dam, embankments and saddle
dams intact. This rating curve is used for both rising and falling headwaters until the headwater rises far
enough for water to enter the powerhouse (headwater elevation 1009 feet [4.14.4]), the tailwater rises
far enough to wet the switchyard (tailwater elevation 927.5 feet [4.14.3]), or the headwater rises far
enough above the crest of the saddle dams to cause their failure. If either of the first two conditions
occurs, turbine operation is suspended and this rating curve is no longer valid. The dam rating shifts to
the Case IA rating curve.

1A. Pre-failure condition without turbine discharge: Spillway, nonoverflow dam, embankments and saddle
dams intact. This rating curve is used for both rising and falling headwaters after turbine operation has
been suspended and until the headwater rises far enough above the crest of the saddle dams to cause
their failure. At that time, this rating curve is no longer valid.

2. Seismic failure condition: Spillway and nonoverflow dam failure; embankments, powerhouse and saddle
dams intact. This rating curve is used for both rising and falling headwaters unless the headwater rises far
enough above the crest of the saddle dams to cause their failure.
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3. Assumptions & Methodology

The dam rating curves developed in this calculation will be used to simulate probable maximum flood events.
Consequently, the rating curves are 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 be suspended at headwater elevations above the intake gate hoist opening
on the upstream face of the dam. In addition, turbine discharge will be suspended when tailwater levels are high
enough to flood electrical equipment.
Technical Justification: Drawing 10W200, R1 1 (Ref. 1, Att. 1) shows the elevation of the switchyard to be 927.5',
directly below the portion of the nonoverflow dam which is expected to be overtopped during a PMF event. The
photograph in Attachment 3 clearly shows the susceptibility of the switchyard to flooding from both high tailwater
elevations and overtopping headwater elevations. Procedure dictates that generation be suspended should the
switchyard be inundated. Attachment 8 provides supporting evidence of critical elevations.

3.1.2 Assumption: The ten saddle dams are assumed to be above the PMF level. In order to make this assumption,
the reservoir water elevation at each of the saddle dams may be assumed to equal the PMF headwater elevation at
Douglas Dam.
Technical Justification: The ten saddle dams stretch from around a quarter mile to two miles south of Douglas Dam
at the end of a branch that connects to the main reservoir less than a mile upstream from the dam (see Figure 2).
References 14, 15 and 16 show the elevations of the saddle dams to be greater than or equal to the PMF elevation.

3.1.3 Assumption: Steady-state tailwater rating is sufficient for computing submergence effects on the sluice discharge
contribution to the dam rating curves.
Technical Justification: Use of a tailwater rating curve developed from steady-state flow analyses to compute
submergence effects on a dam rating curve is an approximation. The unsteady-state tailwater elevation during a
flood event would be lower than the steady state value while the tailwater is rising and higher than the steady state
value while the tailwater is falling. Consequently, during times of rising tailwater the actual discharge would be
somewhat larger than the rating value and during times of falling tailwater the discharge would be somewhat smaller
than the rating value. However, the sluice discharge is a relatively small percent of the total discharge, except at the
lowest headwater elevations, and any error associated with using a steady-state tailwater value to compute
submergence effects would be only a small percent of the sluice discharge. For these reasons, the affect of this
assumption on the total discharge values for the dam rating curve is expected to be negligible.

3.1.4 Assumption: Sluice discharge can be neglected during the seismic failure scenario.
Technical Justification: 1) The possibility exists that the debris from the failed spillway section could block the
sluice tunnels. This can be seen in Appendix C which bases the discharge coefficient determination on Ref. 19.
Case Fl (page C-1l1) clearly shows the failure debris in a position which would block the sluice tunnels, 2) The
sluice discharge is such a small portion of the total discharge that it can be neglected for the purpose of seismic
failure discharge determination, 3) The larger flow from the failed sections will lead to higher tailwater, and as
tailwater rises, the sluice discharge decreases, therefore reinforcing justification (2).

3.1.5 Assumption: The tailwater rating curve provided in Attachment 6 is acceptable for use in development of the
initial dam rating curve.
Technical Justification: The final tailwater curve is validated in the SOCH Model Calibration, Ft. Loudoun - Tellicc
(Reference 36) by ensuring consistency with the headwater-tailwater relationship across the modeled dam
configuration.
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3.1.6 Assumption: All spillway gates will remain operable and will be set to the maximum openings specified in the
spillway discharge table. In addition, all sluice gates will be considered fully opened.
Technical Justification: For technical justification, see Reference 37, "Basis for Dam Spillway Gate/Outlet Open
Configuration for Flood Analyses", and Appendix E. 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 El). Appendix E uses the same assumptions, methodology, and approach as the Watts Bar radial gate
analysis to compare forces on the gates in a closed position with forces on the gates in the maximum open position to
provide technical justification for the gates to remain operable in the maximum open position during a PMF.

3.1.7 Assumption: The modified wall over the nonoverflow dams and the saddle dams will not be overtopped during
a PMF event.
Technical Justification: This PMF is sufficient for the resulting dam rating curve. 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.

3.2 Unverified Assumptions (UVA)

None.

3.3 Methodology -- Discharge Equations

Discharges past the dam are computed as either "free" discharge or "orifice" discharge. Free discharge refers to free surface
overflow and is computed using a weir-type equation as follows (Reference 4 shows weir flow equations for overflow
discharges and Reference 20 shows the discharge equation for both free and submerged flow over a spillway crest):

Q f = CfLHc 1.5(1

in which Qf = free discharge (cfs)
Cf = free discharge coefficient (may vary with HW)
L = length of overflowing section (ft)
Hý = head on crest (ft) = HW - Zc
HW = headwater elevation (ft)
Zc = 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 is expected to be submerged by tailwater.

Flow over the unmodified nonoverflow section, the tops of the open spillway gates and the tops of the spillway piers is
treated as free discharge. Flow over the spillway crest is treated as free discharge for headwater elevations below Hc =
HLmin, the head at which the overflowing nappe first touches the bottoms of the open gates (see Attachment A4). HLmin

varies with gate opening, V, defined as the vertical distance between the bottom of the gate and the spillway crest.

For headwater elevations above Hc = HLmin flow through the spillway gates is treated as orifice discharge. Orifice
discharge refers to flow passing through a contracted opening and is computed as follows for a spillway gate (e.g.,
Reference 4, Hydraulic Design Chart 311-1):
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Qg = CgGnL 2g Hc -Hmp (2)

in which Qg = orifice discharge (cfs)
Cg = orifice discharge coefficient (dimensionless--varies with gate opening and Hc)
Go = effective gate opening = minimum distance between the gate lip and the crest (ft)
g = acceleration of gravity
Hmp = vertical distance between the mid-point of Gn and the crest

This equation need not be modified to account for tailwater submergence.

Sluice (spillway regulating conduit) discharge is also treated as orifice flow and computed using a simplified form of
the orifice equation as follows (Att. 5):

Q, =KjHW-878 (3)

in which Q, = sluice orifice discharge (cfs),
K = coefficient that varies with gate opening (ft25/s),
HW = headwater elevation (ft), and 878 feet is the bottom elevation

of the sluice tunnel at the gate location (Ref. 11, Att. 13)

The coefficient K lumps the constant quantities effecting orifice flow into one parameter. It may be thought of as
equal to CA(2g)0 5, where C = discharge coefficient and A = area under sluice gate. Because the discharge is
through a closed conduit, both C and A, and consequently K, are constant for a given gate opening. In Equation 3,
the head differential term is defined as HW - Zbottom of sluice. The K - values for all sluice openings were determined
from field measurements (Att. 5).

The above equation assumes no tailwater effects. Under the conditions for which this dam rating is developed, the
tailwater may affect the sluice discharge. For the Douglas sluices set to their maximum openings of 10 feet ([3.2.2]
and Reference 3), tailwater submergence effects will be computed for tailwater elevations, TW, at or above the
conduit roof elevation at the gate location (888 feet) and the following equation will be used:

Q, = K HW -TW +10 (4)

where the Qsi = discharge affected by submergence (cfs). By adding 10 feet (888 - 878) to the head difference term
(HW-TW), the desirable result that Qst = Qs at TW = 888 feet, the elevation at which the tailwater is assumed to first
affect the sluice discharge, is obtained. This formula has been developed to handle the specific conditions at
Douglas Dam regarding tailwater affects on sluice discharge. Because the tailwater level varies with total dam
discharge, an iterative process is used to determine submerged sluice discharge.

3.4 Methodology -- Spillway Discharge Calculations

The discharge coefficient, Cf, for free discharge over a spillway crest varies with head, Hc (References 4 and 5). For
the Douglas spillway crest, the relationship Cf(Hc) is available from Douglas model test data (Appendix A). The
discharge coefficient, Cg, for orifice discharge varies with H, and vertical gate opening, V. The relationships
HLmin(V) and Cg(HC,V) are available from Watts Bar model test data (Appendix A). Watts Bar data are applicable
for these orifice flow parameters because the Douglas and Watts Bar spillway crests and gates are identical. The
final paragraph on page 192 of Reference 20 states, "...the Douglas-Watts Bar set ... in Tennessee, have crest
shapes that are identical..." The crest length, L, and crest devation, Zc, are shown on TVA drawings (e.g.,
Reference 1). The parameters Gn and Hmp are determined from geometry (Appendix A).
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3.5 Methodology -- Discharge Coefficients for Overflow Sections

Values of the discharge coefficient for flows over the unmodified nonoverflow section, the powerhouse and the tops
of the spillway piers are estimated using Hydraulic Design Chart 711 (Reference 6) which is included as Attachment
4. Length, L, and crest elevation, Zc, in each case is determined from TVA drawings (all relevant drawings are
defined as References). Appendix B contains calculations which determine the values of Cf before failure for each
section which is expected to overflow. Appendix C contains calculations which determine the values of Cf after a
probable seismic failure (Ref 21) for each section which is expected to overflow.

The upper plot of HDC 711 (Reference 6) shows that Cf is about 2.65 for very broad crests (HI/B <.0.4 where H1
Hc and B = streamwise length of the crest) and gradually increases to 3.1, the maximum value for a "broad-crested"
weir, as HI/B increases to about 1.2. As H1/B increases above 1.2, Cf continues to increase as the weir transitions
from broad-crested to sharp-crested at about H1/B = 2.0. Since the estimation of discharge over the top of various
sections of a dam and its embankments is an approximation, small variations in Cf with Hc are not modeled and the
effects of end contractions are neglected. A single representative value for Cf within the range of its variation is
used for all headwater elevations included in the rating. Neglecting minor variations in Cf values and end
contractions has negligible impact on the dam rating curve.

Appendix D contains calculations which determine the discharge coefficient for flow over the tops of the open
spillway gates using Reference 7 as a basis.

3.6 Methodology-Sluice Gates Discharge Coefficient

Douglas has eight 10 feet high by 5.667 feet wide sluice gates. Reference 11 (Att. 13) shows a cross-section through
a sluice tunnel. All sluice gates will be considered fully open to 10 feet [3.2.2]. Attachments 5-1 and 5-2 contain
two pages (4 & 5) from Reference 24 which documents field measurements and analyses used to establish discharge
coefficients for the Douglas sluices. The first page shows that an average value of 344.1 was determined for a 10-
foot sluice opening. The second page shows the final K-values that were determined for different sluice openings.
The bases for these values were numerous field measurements c6llected between 1946 and 1960. This is the best
information available and the K-values listed in Attachments 5-1 and 5-2 have been used by TVA since 1962 to
compute and record discharges from the Douglas sluices. Attachment 5-3 contains a spot check on K-values used in
the "Douglas Dam Spillway and Sluice Discharge Tables" (Ref. 3, Att. 24). It indicates values that differ slightly
from those in Attachment 5-1 but this is because a polynomial curve fit for K vs. opening was derived from Att. 5-1
in order to produce Reference 3.
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4. Design Input

Sect. Input Parameter Source Symbol Value
4.1 Acceleration of gravity Common knowledge, Ref. 4, sheet. 000-1 for g 32.2 ft/sec2

example
4.2 Spillway crest

parameters
4.2.1 Crest length 11 40-foot wide bays; Ref. 1 or Ref. 11 L 440 feet
4.2.2 Crest elevation Ref. 1 or Ref. 11 Zý 970 feet
4.2.3 Free discharge coefficient Polynomial curve fit to points scaled from Figure Cf(HC) Equation A4

3 of Reference 20 (Ant. A12-12). Cf is needed to
an Hc of 36.86 feet (at the point where the nappe
touches the bottom of the gate). The extrapolation
is arbitrary but the extrapolated values of Cf are
expected to be within plus or minus .05 or 1.5
percent of the true values.

4.3 Spillway gate parameters
4.3.1 Vertical opening Field measurements given in Att. A3 and V 29.371 feet

discussed in Appendix A
4.3.2 Effective gate opening Computed in Appendix A Gn 29.783 feet
4.3.3 Mid-point elevation of Computed in Appendix A Hmp 14.588 feet

opening relative to crest
4.3.4 Headwater elevation at HLmin estimated in Appendix A HLmin + Zc 1007.26 feet

which nappe touches gates
4.3.5 Orifice discharge Extrapolated curve given in Att. At13 and Table Cg(Hc) Interpolation

coefficient 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 D Cf 3.4
4.4.2 Overflow elevation Computed in Appendix A Zf 1016.88 feet
4.4.3 Overflow length Same as spillway crest, Ref. 1 or Ref. 11 Lf 440 feet
4.5 Powerhouse Overflow Does not consider the section of the powerhouse

Before Failure between the nonoverflow section and the tower
4.5.1 Overflow discharge coeff. Justification in Appendix B Cf 2.7
4.5.2 Overflow elevation Ref. 1 and 13 Zý 1009 feet
4.5.3 Overflow length Determined in Appendix B L 269.3 feet
4.6 Powerhouse Overflow Does not consider the section of the powerhouse

After Failure between the nonoverflow section and the tower
4.6.1 Overflow discharge coeff. Justification in Appendix C Cf 2.7
4.6.2 Overflow elevation Ref. 1 and 13 ZC 1009 feet
4.6.3 Overflow length Determined in Appendix C L 269.3 feet
4.7 Nonoverflow overflow Considers the portion of the powerhouse between

before failure the nonoverflow section and the tower
4.7.1 Discharge coefficient Justification in Appendix B Cf 2.8
4.7.2 Overflow elevation Ref. 1 and Ref. 11 Zc 1009 feet
4.7.3 Overflow length Determined in Appendix B L 399.2 feet
4.8 Nonoverfiow overflow Considers the portion of the powerhouse between

after failure (portion the nonoverflow section and the tower
which does not fail)

4.8.1 Discharge coefficient Justification in Appendix C Cf 2.8
4.8.2 Overflow elevation Ref. l and Ref. 11 zC 1009 feet
4.8.3 Overflow length Determined in Appendix C L 120.2 feet
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4.9 Nonoverflow overflow after failure (portion which fails)
4.9.1 Discharge coefficient Justification in Appendix C Cf(HC) Equation (5)
4.9.2 Overflow elevation Ref. 21 (documented in Appendix C) Z 927.5 feet
4.9.3 Overflow length Ref. 21 (documented in Appendix C) L 279 feet
4.10 Spillway piers before

failure
4.10.1 Discharge coefficient Justification in Appendix B Cf 2.7
4.10.2 Overflow elevation Ref. 1 and Ref. 11 Zc 1009 feet
4.10.3 Overflow length Determined in Appendix B L 65 feet
4.11 Spillway after failure
4.11.1 Discharge coefficient Justification in Appendix C Cf(HC) Equation (5)
4.11.2 Overflow elevation Ref. 21 (documented in Appendix C) Z 937 feet
4.11.3 Overflow length Ref. 21 (documented in Appendix C) L 538 feet
4.12 Sluice gates
4.12.1 Discharge coefficient with Discussed in [3.3] K 344.1

or without tailwater effects
4.12.2 Elevation at which Ref. 11, Att. 13 888 feet

tailwater effects flow
4.12.4 Width of sluice gate Ref. 11, Att. 13 W, 5.667 feet
4.12.5 Height of sluice gate Ref. 11, Att. 13 b, 10 feet
4.12.5 Elevation of bottom of Ref. 11, Att. 13 878 feet

sluice gate
4.13 Tailwater Curve

TW v/s Total Discharge, Q Paragraph 4.16 TW(Q) Equation 6a or 6b
4.14 Turbine Discharge
4.14.1 Discharge, Case 1 Section [4.18] 19,800 cfs
4.14.2 Discharge, Case 2 Section [4.18] 0
4.14.3 Maximum TW elev. Section [4.18] .. 927.5 feet
4.14.4 Maximum HW elev. Section [4.18] 1004.68 feet
4.14.5 Minimum gross head Gross head = HW - TW, Section [4.18] 25 feet
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4.15 Seismic Failure

Appendix C shows the postulated seismic failure section for Douglas Dam. The failure was considered in TVA
calculation RIMS no. B25 '88 0520 308 (Ref. 21). The failure section extends from block 6 to block 11 of the
nonoverflow dam, and block 18 to 28 which contains the entire spillway. The failure planes are considered roughly
vertical and horizontal with the non-failed sections considered intact and structurally sound. Appendix C contains
the details of failure with the overflow dimensions. The location and geometry of the resulting debris was
considered. Case Fl from the Norris Dam Failure Study (Ref. 19. Att. 21) was used to model debris related to this
failure scenario. From this case study information, a relationship between Cf and Hc was developed (App. C-3).
The relationship is as follows:

Cf = 0.0103 H, + 2.53 (5)

For the purpose of the dam rating curve calculation the following parameter values are used for the failed portion of
the nonoverflow dam: overflow elevation, Z, = 927.5 feet; overflow length, L = 279 feet; and Cf = 3.12 (@ HWmax).
The following parameter values are used for the failed spillway section: overflow elevation, Z, = 937 feet; overflow
length, L = 518 feet; and Cf = 3.03 (@ HWmax). It is not possible to accurately determine these values without
conducting a physical model study. Given, that the dam failure scenario is an estimate and that the goal of this
calculation is to analyze the effects of a sudden large discharge of uncertain magnitude into the Douglas tailwater,
the indicated parameter values are adequate. The value for Cf is appropriate for a crest that is very broad compared
to the depth of water flowing over it (Ref. 6, Att. 4).

4.16 Tailwater Rating Curve

Three models were used to develop tailwater rating curves for Douglas Dam (Att. 6). These models were used in
the development of the curve used to calculate sluice flow in this calculation. Attachment 7 contains a polynomial
fit to the model data. The resulting formula follows:

TW = 872 + 0.3015Q - 9.891x10 4Q2 + 2.046xl0 6 Q3 
- 1.602xl0g9 Q4 for Q <500,000 cfs (6a)

TW = 896.0 + 8.543xl0aQ - 2.857xl05 Q2  for Q > 500,000 cfs (6b)

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

It should be noted that the tailwater data which is used in the development of the above polynomial has been
collected in the field by TVA over the course of many years. The values are currently in use at Douglas Dam.

4.17 Upper Limit on Headwater Elevation Included in Rating Curves

The dam rating curves need to include all headwater elevations that may occur during a PMF event. A PMF level of
1022.5 has been used to modify the nonoverflow dam and the ten saddle dams (Ref. 17, Att.8). This value will be
used as the maximum headwater elevation. The saddle dams are not assumed to fail.

4.18 Turbine Discharge

Douglas Dam has four turbines (see Attachment 1). The turbines will be operated during a PMF until the tailwater
or headwater reaches a level at which electrical components will get wet or excessive vibration occurs. The
occurrence of excessive vibration is not predictable so turbine discharge is added to the total dam discharge until the
limiting tailwater or headwater elevations are reached.



Electrical components may get wet if the tailwater rises above the level of the switchyard or if the tailwater or
headwater rises to a level where water may enter the powerhouse. Once water enters the powerhouse, generation
will be suspended and the units will not be restarted until a thorough inspection of the electrical equipment is
done. Attachment I indicates that the switch yard would be under water for tailwater elevations above 927.5
feet, which is therefore the maximum tailwater elevation for turbine operation. Attachment 8A- I verifies that
water cannot enter the powerhouse for tailwater elevations below 928 feet. For headwater elevations above
1004.68 feet, water will flow through the gate hoist chamber into the elevator shaft, flooding the turbine room.
Drawing detailing the location of overflow are included in Attachments 8A-2 through 8A-4. Therefore, the
maximum headwater for turbine operation is 1004.68 feet.

Turbine discharge is included for case 1, but not for the case 2 rating curve. The case 2 rating curve is used only
after the dam has failed in a seismic event. Power generation would necessarily be suspended if the dam were
destroyed to the degree postulated in Appendix C.

Turbine discharge versus gross head, where gross head is the difference between the headwater elevation and the
tailwater elevation, is estimated from the operating characteristics included as Attachments 8A-5 through 8A-8.
The turbines are expected to be operated for maximum capacity, with the wicket gates open as far as possible
(100% on Attachments 8A-5 through 8A-8). The lowest gross head included in the characteristics is 70 feet.
Because the dam rating curves are used only when all spillway gates are fully open, resulting in much higher
than normal tailwater elevations, turbine discharges for gross heads lower than 70 feet are needed for the rating
curves. The turbine discharges for lower values of gross head are determined by linear extrapolation from the
points given for maximum gate opening. As shown on Attachments 8A-5 through 8A-8, generator output would
be less than zero for gross heads below an average of 25 feet. Therefore, the minimum gross head for turbine
operation is 25 feet.

The results for case I show several headwaters at which gross head is greater than 25 feet but turbine discharge is
zero. In those cases the gross head is greater than 29 feet with the turbines off but less than 25 feet with the
turbines on. For the rating curves, turbine discharge is set to zero if the gross head with turbines operating is
below 25 feet.

The case I rating curve was computed first without turbine discharge to determine the range of gross heads that
occur during the PMF. Then, discharges for Units 1, 2, 3 and 4 at a nominal gross head within the range of
variation above the lower limit of 25 feet were estimated from Attachments 8A-5 though 8A-8. The total
discharge at this nominal head is used for all headwaters at which turbine discharge is expected. Table I
summarizes the results. Use of a nominal gross head within the range of variation to estimate turbine discharge
for all headwater elevations and rounding the turbine discharge does not significantly affect the results since the
turbine discharge is a small percentage of the total dam discharge.

Table 1: Turbine Discharge for Case I Rating Curve

Gross Head Nominal Discharge at Nominal Gross Head, cfs
Range Gross Head I -7-- F Unit 4 TotalCase feet feet Unit I Unit 2 1 nit 3

1 25ý:105 65 4,900 5,100 4,800 5,000 9,856 I

Because the turbines will not be restarted until a thorough inspection is made, two curves are included in Case 1.
The first is for rising headwaters. This curve includes turbine discharge. The second is Case IA. Turbine
discharge is not included in this curve, as the turbines are not expected to be operated for some time following a
flooding of the electrical equipment.

5. Special Requirements/Limiting Conditions
N/A
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6. Calculations

The calculations consist of computing spillway, sluice and dam overflow discharges (from Equations 1 through 4)
for a list of headwater elevations ranging from the minimum for which discharge exceeds zero up to 1022.5 feet
[4.17], which is at the same elevation as the tops of the nonoverflow dam modifications and the lowest of the saddle
dams. During a design seismic event, portions of the dam are expected to fail [4.15]. The ten saddle dams are not
expected to fail. The dam rating curve for each case is a plot of headwater elevation versus total dam discharge.

6.1 Case 1, Pre-Failure Condition With Turbines Operating

For the pre-failure condition, discharges are computed for headwaters ranging from 960 feet, ten feet below the
spillway crest elevation, to 1022.5 feet, the PMF elevation. Discharge passes through the spillway section and the
various overflow sections as headwater rises above the crest elevations in each case. Total discharge, given in
"1000 cfs" is the sum of all discharges in cfs past the dam plus discharge in cfs through the sluice gates divided by
1000.

Figure 3 shows the spreadsheet calculations for the pre-failure dam rating curve (spreadsheet included as
Attachment 26). The final result, the rating curve, is defined by the first two columns, HW vs. Total Discharge. The
third column (TW) gives the tailwater associated with the "Total Discharge" from the tailwater rating curve
polynomial fit [4.16]. This is computed to check for tailwater submergence effects on the sluice discharge.
Tailwater does not affect any other flow.

Spillway discharge in cfs is given in the sixth column (under the header "Spillway"). H, and CdCg are the
parameters used to determine the spillway discharge, QdQg. Free discharge occurs for headwater elevations below
1007.26 feet [4.3.4] and orifice discharge occurs for headwaters above this elevation. The transition point is
indicated by a horizontal line. Above the line, the listed discharge coefficient is Cf [4.2.3] computed from Equation
(A4) and below the line the listed discharge coefficient is Cg [4.3.5] computed by interpolation from Table A2.
Column QfQg is the spillway discharge computed from Equation (1) for free discharge and from Equation (2) for
orifice discharge.

Sluice discharge in cfs is given in the seventh column (under the header "Sluices"). Because there are eight sluices,
the total discharge is computed by multiplying either Equation (3) or (4) by eight. Equation (3) is used before
tailwater effects are considered. Equation (4) is used when the tailwater elevation affects the discharge (at elev.
888' [4.12.2]). A line is used to denote the transition point.

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

The next four columns are overflow discharges in cfs for the spillway gates, spillway piers, nonoverflow section and
powerhouse. The overflow discharge coefficient Cf ([4.4.1], [4.5.1], [4.7.1], [4.10.1 ]), elevation Z, ([4.4.2], [4.5.2],
[4.7.2], [4.10.2]), and length L ([4.4.3], [4.5.3], [4.7.3], [4.10.3]) in each case is indicated in the three rows above the
computed discharges. All overflow discharges are computed using Equation 1.

The final two columns contain the gross head and turbine discharge. The gross head is the difference between the
headwater and tailwater elevations. The turbine discharge was determined in section 4.18.
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Pre-Failure Overflow Discharge Calculations: Spillway, Nonoverflow Dam and Saddle Dams Intact

Spillway Parameters

Lc = 440 feet
g = 32.2 ft/s, Z, - 970 feet

G.- 29.783 feet
Hmp= 14.588 feet

Q
Total Spillway Sluices Cf

HW Discharge TW H, Cr/ C Qr/Qg 8 gates Zý
feet 1000 cA feet feet cfs cfs L

878 0.00 872.00 0.00 3.16 0 0
880 3.89 873.16 0.00 3.16 0 3893
890 9.54 874.79 0.00 3.16 0 9536
900 12.91 875.73 0.00 3.16 0 12912
910 35.37 881.52 0.00 3.16 0 15572
920 37.64 882.05 0.00 3.16 0 17840
930 39.65 882.52 0.00 3.16 0 19851
940 41.48 882.94 0.00 3.16 0 21676
950 43.16 883.33 0.00 3.16 0 23358
960 44.73 883.68 0.00 3.16 0 24928
970 46.20 884.01 0.00 3.16 0 26404
972 50.52 884.96 2.00 3.24 4031 26689
974 58.42 886.63 4.00 3.31 11647 26972
976 68.85 888.70 6.00 3.37 21801 27251
978 81.45 891.03 8.00 3.43 34123 27528
980 95.26 893.38 10.00 3.48 48401 27058
982 111.28 895.88 12.00 3.53 64493 26989
984 129.02 898.38 14.00 3.57 82300 26918
986 148.41 900.87 16.00 3.61 101756 26849
988 169.40 903.32 18.00 3.65 122813 26786
990 191.97 905.73 20.00 3.70 145440 26728
992 216.09 908.12 22.00 3.74 169612 26673
994 241.73 910.51 24.00 3.78 195311 26616
996 268.86 912.96 26.00 3.81 222511 26553
998 297.46 915.47 28.00 3.85 251176 26479

1000 327.45 918.09 30.00 3.89 281254 26391
1002 358.76 920.80 32.00 3.93 312667 26289
1004 391.28 923.56 34.00 3.96 345302 26180
1005 388.39 923.31 35.00 3.97 362032 26359
1006 405.31 924.71 36.00 3.99 379007 26302
1007 422.45 926.08 37.00 4.00 396198 26249

1007.26 426.94 926.43 37.26 4.00 400700 26236
1008 425.18 926.29 38.00 0.784 398818 26362
1009 422.39 926.07 39.00 0.762 395854 26536
1010 420.97 925.96 40.00 0.740 392257 26695
1011 420.61 925.94 41.00 0.718 388051 26840
1012 431.48 926.78 42.00 0.716 394118 26863
1013 443.05 927.64 43.00 0.714 400009 26882
1014 455.22 928.49 44.00 0.711 405733 26902
1015 467.92 929.33 45.00 0.709 411297 26925
1016 481.08 930.12 46.00 0.707 416707 26954

1016.88 494.18 930.82 46.88 0.707 422504 26980
1017 496.05 930.91 47.00, 0.707 423288 26984
1018 513.02 932.31 48.00 0.707 429769 26929
1019 531.58 933.34 49.00 0.707 436153 26924
1020 551.31 934.41 50.00 0.707 442444 26914
1021 572.04 935.52 51.00 0.707 448648 26899
1022 593.68 936.65 52.00 0.707 454767 26881

1022.5 604.81 937.22 52.50 0.707 457796 26871

Overflow Discharge, Qr in cfs

Spill Spillway Non
Gate Pier Overflow Power-

Overflow Overflow Dam House Turbine Discharge

10

3.4 2.7 2.8 2.7

16.88 1009 1009 1009
440 65 399.2 269.33

0 0 0 0

0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 0 0 0
0 176 1118 727
0 496 3161 2057
0 912 5808 3779
0 1404 8941 5818
0 1962 12496 8130
0 2579 16426 10687
0 3250 20700 13468
0 3882 24723 16086

62 3971 25290 16454
1773 4739 30177 19634
4618 5550 35344 22996
8244 6403 40776 26530

12511 7295 46461 30229
17332 8226 52388 34085
19931 8705 55439 36070

Gross Turbine
Head Discharge

ft cfs

6.0
6.8

15.2
24.3
28.5
37.9
47.5
57.1
66.7
76.3
86.0
87.0
87.4
87.3
87.0
86.6
86.1
85.6
85.1
84.7
84.3
83.9
83.5
83.0
82.5
81.9
81.2
80.4
81.7
81.3
80.9
80.8
81.7
82.9
84.0
85.1
85.2
85.4
85.5
85.7
85.9
86.1
86.1
85.7
85.7
85.6
85.5
85.4
85.3

0
0
0
0

19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800
19800

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

Figure 3 - Calculations for Case 1, Pre-Failure Condition With Turbines Operating
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6.2 Case 2, Pre-Failure Condition Without Turbines Operating

For the pre-failure condition, discharges are computed for headwaters ranging from 960 feet, ten feet below the
spillway crest elevation, to 1022.5 feet, the PMF elevation. Discharge passes through the spillway section and the
various overflow sections as headwater rises above the crest elevations in each case. Total discharge, given in
"1000 cfs" is the sum of all discharges in cfs past the dam plus discharge in cfs through the sluice gates divided by
1000.

Figure 4 shows the spreadsheet calculations for the pre-failure dam rating curve (spreadsheet included as
Attachment 26). The final result, the rating curve, is defined by the first two columns, HW vs. Total Discharge. The
third column (TW) gives the tailwater associated with the "Total Discharge" from the tailwater rating curve
polynomial fit [4.16]. This is computed to check for tailwater submergence effects on the sluice discharge.
Tailwater does not affect any other flow.

Spillway discharge in cfs is given in the sixth column (under the header "Spillway"). Hc and CdCg are the
parameters used to determine the spillway discharge, QdQg. Free discharge occurs for headwater elevations below
1007.26 feet [4.3.4] and orifice discharge occurs for headwaters above this elevation. The transition point is
indicated by a horizontal line. Above the line, the listed discharge coefficient is Cf [4.2.3] computed from Equation
(A4) and below the line the listed discharge coefficient is Cg [4.3.5] computed by interpolation from Table A2.
Column QdQg is the spillway discharge computed from Equation (1) for free discharge and from Equation (2) for
orifice discharge.

Sluice discharge in cfs is given in the seventh column (under the header "Sluices"). Because there are eight sluices,
the total discharge is computed by multiplying either Equation (3) or (4) by eight. Equation (3) is used before
tailwater effects are considered. Equation (4) is used when the tailwater elevation affects the discharge (at elev.
888' [4.12.2]). A line is used to denote the transition point.

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

The next four columns are overflow discharges in cfs for the spillway gates, spillway piers, nonoverflow section and
powerhouse. The overflow discharge coefficient Cf ([4.4.1], [4.5.1], [4.7.1], [4.10.1]), elevation Zc ([4.4.2], [4.5.2],
[4.7.2], [4.10.2]), and length L ([4.4.3], [4.5.3], [4.7.3], [4.10.3]) in each case is indicated in the three rows above the
computed discharges. All overflow discharges are computed using Equation 1.
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Pre-Failure Overflow Discharge Calculations Without Turbine Operation: Spillway, Nonoverflow Dam and Saddle Dams Intact

Spillway Parameters
Lc = 440 feet

tt/s- Z,-= 970 feetg = 32.2 Overflow Discharge, Qf in cfs
Gn=

Hm~p =
29.783 feet
14.588 feet

Q
Total Spiliway Sluices

HW Discharge TW Hc C / Cý Qr / Qg 8 gates

feet 1000 cfs feet feet cfs cfs
878 0.00 872 0 0 0

880 3.89 873.159 0 0 3893
890 9.54 874.787 0 0 9536
900 12.91 875.732 0 0 12912
910 15.57 876.463 0 0 15572
920 17.84 877.075 0 0 17840
930 19.85 877.611 0 ' 0 19851
940 21.68 878.091 0 0 21676
950 23.36 878.528 0 0 23358
960 24.93 878.9 0 0 24928
970 26.40 879.3 0 3.16 0 26404
972 30.72 880.4 2 3.24 4031 26689
974 38.62 882.3 4 3.31 11647 26972

976 49.05 884.6 6 1.37 21801 27251
978 61.65 887.3 8 3.43 34123 27528

980 75.92 890.0 10 3.48 48401 27524
982 91.91 892.8 12 3.53 64493 27414
984 109.60 895.6 14 3.57 82300 27303
986 128.95 898.4 16 3.61 101756 27199
988 149.92 901.1 18 3.65 122813 27104
990 172.46 903.7 20 3.70 145440 27020
992 196.56 906.2 22 3.74 169612 26945
994 222.18 908.7 24 3.78 195311 26874
996 249.31 911.2 26 3.81 222511 26802

998 277.90 913.8 28 3.85 251176 26724
1000 307.89 916.4 30 3.89 281254 26635
1002 339.20 919.1 32 3.93 312667 26532
1004 371.72 921.9 34 3.96 345302 26417
1005 388.39 923.3 35 3.97 362032 26359

1006 405.31 924.7 36 3.99 379007 26302
1007 422.45 926.1 37 4.00 396198 26249

1007.26 426.94 926.4 37.26 4.00 400700 26236

1008 425.18 926.3 38 0.784 398818 26362
1009 422.39 926.1 39 0.762 395854 26536
1010 420.97 926.0 40 0.740 392257 26695
1011 420.61 925.9 41 0.718 388051 26840

1012 431.48 926.8 42 0.716 394118 26863
1013 443.05 927.6 43 0.714 400009 26882
1014 455.22 928.5 44 0.711 405733 26902
1015 467.92 929.3 45 0.709 411297 26925

1016 481.08 930.1 46 0.707 416707 26954

1016.88 494.18 930.8 46.88 0.707 422504 26980
1017 496.05 930.9 47 0.707 423288 26984
1018 513.02 932.3 48 0.707 429769 26929

1019 531.58 933.3 49 0.707 436153 26924
1020 551.31 934.4 50 0.707 442444 26914
1021 572.04 935.5 51 0.707 448648 26899
1022 593.68 936.6 52 0.707 454767 26881

1022.5 604.81 937.2 52.50 0.707 457796 26871

Spill Spillway Non
Gate Pier Overflow

Overflow Overflow Dam
Cf= 3.4 2.7 2.8
Zc = 1016.88 1009 1009

Power-
House

2.7
1009

L = 440 65 399.2 269.33

0
0
0

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

0
0
0
0
0
0

0
62

1773
4618
8244

12511
17332
19931

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

176
496
912

1404
1962
2579
3250
3882
3971
4739
5550
6403
7295
8226
8705

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

1118
3161
5808
8941

12496
16426
20700
24723
25290
30177
35344
40776
46461
52388
55439

C
a
C
C

a
0
a
C
C

a

a
C
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

a
a
o
o
a
o
a

727
20571
3779
5818
813C

1068K
1346E
1608(
16454
19634
2299(
2653(
30229
34085
3607C

Figure 4 - Calculations for Case 1, Pre-Failure Condition Without Turbines Operating
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6.3 Case 2, Seismic Failure of Spillway and Portion of Nonoverflow Dam

Figure 4 shows the spreadsheet calculations for the dam rating curve following seismic failure of the spillway and a
portion of the nonoverflow dam [4.14]. For the pre-failure condition, discharges are computed for headwaters
ranging from 927.5 feet [4.9.2] to 1022.5 feet [4.16]. The final result, the rating curve, is defined by the first two
columns, HW vs. Total Discharge.

The third column contains the overflow parameters for the failure sections. The elevation of the horizontal failure
plane is denoted Z, [4.9.2], [4.11.2]. The length of the failure section is denoted L [4.9.3], [4.11.3].

The fourth and seventh columns contain the calculation of H which is the difference between the headwater
elevation and the failure plane elevation.

Failure section discharge, Qf, in cfs is computed in the sixth and ninth columns (under the header "Failure Section"),
Hc and Cf are the parameters used to determine the discharge, Qf. Free discharge occurs for headwater elevations
above 927.5 feet [4.9.2]. This encompasses all elevations with overflow.

The tenth column shows "Cf='', "Z. =", and "L =" indicating parameters used to determine discharges in the "Non-
Failed Section" columns. The discharge coefficients [4.6.1], [4.8.1] and section lengths [4.6.2], [4.8.2] were
calculated in Appendix C. The final two columns contain the overflow discharge, Qf, for the non-failed sections.
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Rating for Assumed Seismic Failure Condition

Failure Sections
Total Zc =

Discharge L =
Headwater 1000 cfs

927.5 0.00
930 2.79
933 9.10
937 20.67
940 38.27
950 139.13
960 280.92
970 457.71
975 560.32
980 677.70
985 805.30
990 943.14
992 1001.16
994 1060.83
996 1122.16
998 1185.15

1000 1249.81
1009 1561.58
1015 1804.17
1020 2028.30

1022.5 2146.80

927.5
279

Hc Cf Qf, cfs
0 2.53 0

2.5 2.53 2790
5.5 2.53 9105
9.5 2.53 20669

12.5 2.53 31195
22.5 2.53 75335
32.5 2.53 130783
42.5 2.58 199673
47.5 2.63 240630
52.5 2.69 285073
57.5 2.74 333018
62.5 2.79 384485
64.5 2.81 406065
66.5 2.83 428214
68.5 2.85 450935
70.5 2.87 474229
72.5 2.89 498100
81.5 2.98 612700
87.5 3.05 695703
92.5 3.10 768961

95 3.12 806997

937
538

Qf, cfs

Cf =
Zc =
L =Hc Cf

0
0
0

0 2.53 0
3 2.53 7073

13 2.53 63800
23 2.53 150139
33 2.53 258032
38 2.54 319688
43 2.59 392629
48 2.64 472278
53 2.69 558652
55 2.71 595091
57 2.73 632613
59 2.75 671221
61 2.77 710919
63 2.79 751709
72 2.89 948882
78 2.95 1092834
83 3.00 1220531
86 3.03 1287041

Non-Failed Section
Nonoverflow

Dam Powerhouse
2.8 2.7

1009 1009
120.17 269.33

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

4945 10687
12276 26530
16690 36070

Figure 5 - Calculations for Case 2, Seismic Failure
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7. Results/Conclusions

For convenience, the dam rating results, separate from the calculation details provided above, are tabulated as total
discharge in cfs vs. headwater elevation in feet in Figure 6. The Case 1 & LA dam rating curves are plotted in
Figure 7. The Case 2 dam rating curve is plotted in Figure 8.

Tailwater affects only sluice discharge. The tailwater elevations never reach within 35 feet of the spillway crest
[Fig. 3].

The dam rating curves developed in this calculation provide Douglas total dam discharge vs. headwater
elevation for use in TVA's SOCH and TRBROUTE models for simulation conditions satisfying the assumptions
in [3.1] and [3.2]. In particular, the spillway gates must all be fully raised and the sluices must all be fully open.
The Case 1 and IA (pre-failure) curves are used for both rising and falling headwaters with the assumption that
the saddle dams and the nonoverflow modification walls are not overtopped and remain structurally sound.
Then the Case 2 (seismic event causing dam failure) curve is used for both rising and falling headwaters with no
further failures or sluice flow.
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Case 1 and Case 1A
Pre-Failure Condition

With Turbines Without Turbines
HW (ft) TW ()Q (1000 cfs) TW (ft) Q (1000 cfs)

878 872.00 0.00 872.00 0.00
880 873.16 3.89 873.16 3.89
890 874.79 9.54 874.79 9.54
900 875.73 12.91 875.73 12.91
910 881.52 35.37 876.46 15.57
920 882.05 37.64 877.08 17.84
930 882.52 39.65 877.61 19.85
940 882.94 41.48 878.09 21.68
950 883.33 43.16 878.53 23.36
960 883.68 44.73 878.93 24.93
970 884.01 46.20 879.31 26.40
972 884.96 50.52 880.39 30.72
974 886.63 58.42 882.28 38.62
976 888.70 68.85 884.64 49.05
978 891.03 81.45 887.28 61.65
980 893.38 95.26 890.03 75.92
982 895.88 111.28 892.83 91.91
984 898.38 129.02 895.63 109.60
986 900.87 148.41 898.38 128.95
988 903.32 169.40 901.05 149.92
990 905.73 191.97 903.66 172.46
992 908.12 216.09 906.19 196.56
994 910.51 241.73 908.70 222.18
996 912.96 268.86 911.20 249.31
998 915.47 297.46 913.76 277.90

1000 918.09 327.45 916.39 307.89
1002 920.80 358.76 919.11 339.20
1004 923.56 391.28 921.91 371.72
1005 923.31 388.39 923.31 388.39
1006 924.71 405.31 924.71 405.31
1007 926.08 422.45 926.08 422.45

1007.26 926.43 426.94 926.43 426.94
1008 926.29 425.18 926.29 425.18
1009 926.07 422.39 926.07 422.39
1010 925.96 420.97 925.96 420.97
1011 925.94 420.61 925.94 420.61
1012 926.78 431.48 926.78 431.48
1013 927.64 443.05 927.64 443.05
1014 928.49 455.22 928.49 455.22
1015 929.33 467.92 929.33 467.92
1016 930.12 481.08 930.12 481.08
1017 930.82 494.18 930.82 494.18
1017 930.91 496.05 930.91 496.05
1018 932.31 513.02 932.31 513.02
1019 933.34 531.58 933.34 531.58
1020 934.41 551.31 934.41 551.31
1021 935.52 572.04 935.52 572.04
1022 936.65 593.68 936.65 593.68

1022.5 937.22 604.81 937.22 604.81

S Case 2
Seismic Failure

HW (ft)

927.5
930

933
937

940
950
960
970
975
980
985
990
992
994
996
998

1000
1009
1015
1020

1022.5

Q (1000 cfs)
0.00
2.79
9.10

20.67
38.27

139.13
280.92
457.71
560.32
677.70
805.30
943.14

1001.16
1060.83
1122.16
1185.15
1249.81
1561.58
1804.17
2028.30
2146.80

Figure 6 - Dam Rating Results for Cases 1, IA and 2
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Figure 7 - Dam Rating Curves for Cases 1 and I A
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Figure 8 - Dam Rating Curve for Case 2
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Bellefonte PSAR in that the 1973 flood was added for verification
replacing the 1957 flood. The 1973 flood is the largest flood
after closure of South Holston Dam in 1950 and the only large
flood which has occurred since Nickajack Dam, TRM 424.7, replaced
Hales Bar Dam, TRM 431.1, in 1967. The 1963 flood is the third
largest flood since 1950. It was retained for verification in
place of the 1957 flood, the second largest since 1950, because
of its shorter duration, which is more typical of the PMF, and to
save effort. Observed volumes of precipitation excess were
input and reservoir operations were simulated by specifying 127observed headwater levels. Comparisons between observed and
computed outflows from Hales Bar and Guntersville Dams for the
1963 flood are shown in Figure 2.4.3-9. The comparisons for the
1973 flood at Vickajack and Guntersville Dams are shown in Figure
2.4.3-10.

Figures 2.4.3-9 and 2.4.3-10 show that the watershed model
predicts flood peaks somewhat in excess of observed values in I 17
both floods.

From a study of the basic units of the predicting system and the
system's response to alterations in various basic elements, and
the fact it somewhat overestimates the peak discharges of the 17-1963 and 1973 floods it is concluded that the runoff model serves
adequately and conservatively to determine maximum flood levels.
This conclusion is based in part upon studies by others,
references [9], [101, and (11], and unpublished work of TVA which
indicate the assumption of linearity in unit hydrographs, an
important element of the system, is valid when they are developed
from large, out-of-bank floods produced by major, basinwide
storms or will duplicate such floods.

Unsteady flow stream course models for the Holston River upstream
to Watauga Dam and the French Broad River upstream to Douglas Dam
used as adjuncts to the basic runoff stream course model just
described to route flood waves from PMF failure of Watauga and
Douglas Dams are described in the Watts Bar FSAR, reference [8].

Reservoir routings started at median observed elevations for the
appropriate season, mid-March for the large area PMP storms and
July for the potentially critical Watauga and Douglas PMP storms.
Median levels were reevaluated using operating experience for:

1. The total project period, or

2. The 5-year period, 1972-1976, for those projects whose
operating guides were changed in 1971.

Because of the wet years of 1972-1975 and the operating guide
changes, median elevations were higher for 7 of the 13 tributary
reservoirs where routing is involved. Normal reservoir operating
procedures were used in the antecedent storm. These used turbine

2.4-15
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and sluice discharge in the tributary reservoirs- Turbine
discYh-argesa-renot used in the main river reservoirs after largeflood flows develop because head differentials are too small.
Normal operating procedures were used in the principal stormexcept that turbine discharge was not used in either thetributary or main river dams. The Bellefonte PSAR analysis didinclude turbine discharge in tributary reservoirs. All gates
were determined to be operable without failures during the flood.Gate crews would be called to respective dams during or before
the first hours of the main storm when access would not be aproblem. Normal practice oF having gate crews remain at the damsduring major floods would be followed. Gates on main river dams
would be fully raised1 thus re2uiring no additional operations,by the last day of the storm which is before the structures andaccess roads would be inundated.

Median initial reservoir elevations were used at the start of thestorm sequence used to define the PMF to be consistent with
statistical experience and to avoid unreasonable combinations of
extreme events. As a result 53 percent of the total reservedsystem flood detention capacity was occupied at the start of themain flood. This is considered to be amply conservative.
Neither the initial reservoir levels nor the operating ruleswould have significant effect on maximum flood discharges andelevations at the plantsite because spillway capacities, and
hence uncontrolled conditions, were reached early in the flood.

2.4.3.4 Probable Maximum Flood Flow

The PMF discharge at Bellefonte Nuclear Plant was determined tobe 1,268,000 cfs. This flood would result from a storm producing 17PMP depths on the 21,400-square-mile watershed above Chattanooga
with downstream orographically fixted storm pattern (Figure 2.4.3-1).

Fort Loudoun-Tellico, Watts Bar, Chickamauga, and Nickajack Dams,upstream, and Guntersville Dam, downstream, would be overtopped
and the earth embankments breached. These are the only dams that 17would fail. The upstream breaching adds to the Bellefonte PMF,and the Guntersville breach reduces the PMF elevation at thesite. The PMF hydrograph is shown in Figure 2.4.3-11.

The PMF discharge of 1,268,000 cfs is 108,000 cfs greater than 17the 1,160,000 cfs determination for the Bellefonte PSAR.

The next most critical candidate storm is the 7,980-square-mile
storm centered at Bulls Gap, Tennessee, 50 miles northeast ofKnoxville, shown in Figure 2.4.3-2. The flood from this stormwas postulated to overtop and breach the earth embankments at
Fort Loudoun-Tellico, Watts Bar, Chickamauga, Nickajack, andGuntersville Dams. Melton Hill Dam would be overtopped and waspostulated to fail. The flood from the 7,980-square-mile storm

2. t4-16
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would be 29,000 cfs less than from the total basin storm,
resulting in a flood level 0.6 foot lower. 17

The effect on plantsite flood levels of failure of the Watauga
and Douglas Dams under site PMF conditions was reexamined using
recently developed unsteady flow stream course models.. The
reexamination confirmed that plantsite flood levels from these
events would not be controlling.

The PMF at Douglas Dam would overtop the damý The concrete
portion of the dam was examined and would not faiI.. The earth
saddle dams would be overtopped and breached. Fort Loudoun-
Tellico, and Watts Bar Dams, downstream, would be overtopped with
resulting embankment failures. This event was routed down to the
Sequoyah Nuclear Plant site, 93 miles upstream of Bellefonte, as
described in the Sequoyah FSAR, reference L13]. The resulting 17
discharge at Sequoyah was 248,000 cfs less than the 21,400-
square-mile total basin storm. Routing was carried no further as
this situation is less critical than the total basin storms.

A fourth candidate situation is the PMF at Watauga Dam which
would overtop the dam. The resulting flood wave at Holston River
mile 122 is described in the Phipps Bend PSAR, reference (12].
This flood was routed through Cherokee Reservoir and the earth
embankment would be overtopped and postulated to disappear at the
maximum headwater level. The Cherokee Dam failure wave was
routed down the Holston River and through Fort Loudoun-Tellico
Dams as described in the Watts Bar FSAR, reference 18]. 17
Headwaters would reach elevation 829.3, 0.7 foot below the
embankment top. Routing was carried no further as this situation
was less critical at Fort Loudoun than Douglas failure in its
PM?.

Following is a more complete description of dam stability and
earth embankment breaching analysis made to define PMF
conditions.

Concrete Section Analysis

For concrete dam sections, comparisons were made between the
original design headwater and tailwater levels and those that
would prevail in the PMF. The concrete structures were
investigated for sliding and overturning from the increased water
loads. All upstream dams were judged to be safe against failure
except Melton Hill. The nonoverflow portion of Melton Hill Dam,
left of station 19+54 and above elevation 774.5, was judged to
fail by overturning when headwaters reached elevation 804 (Figure
2.4.1-13).

2.4-17
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Spillway Gate Failures

Consideration was given to the potential effect at Bellefonte of
the failure of spillway gates at upstream dams resulting from any
cause. The analysis for the Watts Bar FSAR, reference [8],
showed that at Fort Loudoun and watts Bar Dams the gates would
remain intact except possibly when struck by water-borne objects.
All mainstream dams are overtopped in the PMF4. Gate failure
would only make relatively small changes in the timing of such
ailure. Because of this it was concluded that gate failures are
at important to this analysis and were dropped from further
onsideration. Gates were assumed operable and not to fail in

all routings.

Lock Gates

The lock gates at all main river dams--Fort Loudoun, Watts Bar,
Chickamauga, Nickajack, and Guntersville--were examined for
possible failure with the conclusion that no potential for
failure exists because the gates are designed for a differential
hydrostatic head greater than that which exists during the PMF.

Embankment _reachin

Earth embankments at Fort Loudoun-Tellico, Watts Bar,
Chickamauga, Nickajack, and Guntersville Dams would be overtopped
and breached by the PMF. Breaching of upstream dams would add to
PKF elevations at Bellefonte. The Guntersville breach would
reduce flood levels at Bellefonte.

The adopted relationship to compute the rate of erosion in an
earth dam failure is that developed and used by the Bureau of
Reclamation in connection with its safety of dams program,
reference [14]. The expression relates the volume of eroded fill
material to the volume of water flowing through the breach. The
equation is: _9zi]- = _ - x

Qwa ter

where: Qsoil =Volume of soil eroded in each time period,

Owater =Volume of water discharged each time period,

K=Constant of proportionality, I for the soil and
discharge relationships in this study,

e=Base of natural longarithm system,

Xbtan
H

b=Base length of overflow channel at any given time,

2.4•-18
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2.4.4 Potential Dam Failures, Seismically Induced

The procedures described in Appendix A of Regulatory Guide 1.59
were followed when evaluating potential flood levels from
seismically induced dam failures.

2.4.4.1 Dam Failure Permutations

There are 21 major dams above Bellefonte Nuclear Plant. 'These
were examined individually and in groups to determine if failure
might result from a seismic event and if so would failure
concurrent with storm runoff create maximum flood levels at the
plant. Dam locations with respect to the plant site are shown in
Figure 2.1.1- 1.

Two situations were examined for the seismic failure analysis:

1. Determination of the water level at the plant during one-half
the PMF with full reservoirs if its crest were augmented by
flood waves from the postulated failure of upstream dams
during an Operating Basis Earthquake (OBE).

2. Determination of the water level at the plant during a 25-
year flood with full reservoirs if its crest were augmented
by flood waves from the postulated failure of upstream dams
during a Safe Shutdown Earthquake (SSE).

The OBE and SSE are defined in sections 2.5.2.7 and 2.5.2.6 as
having maximum horizontal rock acceleration values of 0.09 g and
0.18 g respectively. The NRC guide requires use of a maximum
earthquake based on historic seismicity for this situation. In
Section 2.5.2.3, TVA has determined the maximum intensity felt at
the site in the recorded history of the area to probably be a

Modified Mercalli V (MM V) and certainly no more than MM VI. It
is to be noted that the acceleration values associated with these
intensities are for ground surface and are greater than the
accompanying acceleration of the rock surface on which the dams
are founded. This comparison simply reiterates the extreme
conservatism contained in the analysis.

The FSAR for Sequoyah Nuclear Plant, reference [13], fully
describes the investigation of potential single and multiple
failures of all dams upstream of Chickamauga Dam during the two
postulated seismic and flood conditions. All events referred to
in that report were reexamined using Bellefonte flood conditions.

Three of these events having the potential to create maximum
flood levels at Bellefonte--the three events which produced the 117
maximum seismic-caused flood levels at the Sequoyah Nuclear Plant
upstream which included the controlling Bellefonte PSAR event-- 117
were routed past the site. These were the:

2.4-25
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1. The simultaneous failure of Fontana, Hiwassee, Appalachia,
and Blue Ridge Dams in the OBE during one-half the PMF,

2. The simultaneous failure of Norris, Cherokee, and Douglas
Dams in the SSE during a 25-year flood, and

3. The simultaneous failure of Cherokee and Douglas Dams in the
OBE during one-half the PMF, respectively. )

The condition producing maximum flood levels at Bellefonte was
the postulated simultaneous failure of Fontana, Hiwassee,
Appalachia, and Blue Ridge Dams in the OBE coincident with 1/2
the PMF. This is a different controlling condition than that
given in the Bellefonte PSAR and results from use of an unsteady
flow model for the Little Tennessee River (described in watts Bar
FSAR, reference [ 8]) for the routing of the Fontana seismic dam
failure wave which replaced approximate routing procedures used
in the PSAR analysis. The flood wave from Fontana failure would
overtop and fail Tellico Dam. Transfer of water into Fort 17
Loudoun reservoir would occur but would not be sufficient to
overtop Fort Loudoun Dam or to prevent failure of Tellico Dam.
Tellico was postulated to completely fail. Watts Bar would be
overtopped with resulting embankment failure. The flood wave
from the failure of Hiwassee, Appalachia and Blue Ridge on the
Hiwassee River would augment the Fontana failure surge. Maximum
Chickamauga headwater would reach elevation 707..5, 1.5 feet of
overflow. overtopping would be for about 19 hours. Although
breaching computations indicated that Chickamauga would not fail,
the north embankment was assumed to fail at maximum headwater
level because of the duration of overtopping.

Nickajack Dam would be overtopped with resulting embankment
failure. Guntersville headwater, downstream of the plant, would
reach elevation 606.6, 3-4 feet below top of dam. The resulting
flood level at Bellefonte would be elevation 615.1.

The event producing the second highest elevation at Bellefonte
was the s•imutaneous failure of Cherokee and Doucqlas in the OBE
co2nci6'iWii f 2ithe PMF -which produced elevation 614.2.
This compared with elevation 615 quoted in the PSAR. The
difference results from improvements in. the hydraulic models in 17
Fort Loudoun and Guntersville. The flood wave from failed
Cherokee and Douglas would overtop and fail Fort Loudoun-Tellico
Dams. Watts Bar would be overtopped with resulting embankment
failure. Chickamauga headwater would reach elevation 707, 1 foot
of overflow. Erosion computations indicated that Chickamauga
would not fail. Nickajack Dam would be overtopped and the earth
embankment breached. The maximum headwater reached in
Guntersville would be elevation 605.3, 4.7 feet below dam top.

The event producing the third highest elevation at Bellefonte was
the p9stulat'd simultaneous failure of Norris. Cherokee and

2.4-26
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Douglas in the SSE coincident with the 25-year flood. Fort
Loudoun gates were assumed inoperalle in the closed'position as a
result of the postulated bridge failure falling on any open gates
and on gate hoisting machinery as described in the hatts Ear
FSAR, reference [8). Fort Loudoun would he overtopped with
resulting embankment breaching. Although transfer of water into
Tellico would be sufficient to overtop the dam, the early failure
of Fort Loudoun would provide enough relief tc prevent Tellico 17
failure. Tellico would be overtopped only one hour to a maximum
depth of 0.8 foot before Fort Loudcun failure. After failure of
Fort Loudoun, Tellico headwater would drop below dam top
elevation 830 in less than an hour. TVA concludes that Tellico
would not fail because of the short overtopping time and shallow
overflow depth. Katts Bar would be overtopped with resulting
embankment failure. Maximum Chickamauga headwater would reach
elevation 706.9, 0.9 foot of overflow. Cvertopping would be for
about 15 hours of which only 9 hours would be at a depth over 0.5
foot. Breaching ccmputations indicated that Chickamauga would
not fail., Nickajack Lam would be overtopped with resulting 18
embankment failure. Guntersville headwater, downstream of the
plant, would reach elevation 603.3, 6.7 feet below top of dam.
The resulting flood level at Eellefonte would be elevation 612.7.

To complete the testing of seismic failure analysis the potential
effects of failure of Chickamauga and Nickajack Dams on plant
flood levels were investigated for the Bellefonte PSAF. The dams
were not analyzed structurally. Instead Chickamauga and
Nickajack Dams were considered to be removed instantly and
completely both singly and simultaneously at the critical mcment
in the one-half Bellefonte PMP. A reevaluation of these
conditions using the revised Guntersville unsteady flow model was
not made, hut flood levels would not be significantly different
than that given in the Bellefonte PSAR, elevation 609 which
resulted from the simultaneous failure of both dams.

Raccoon Mountain pumped storage dam was not analyzed specifically
because of its small capacity, 37,800 acre-feet, and its
considerable upstream distance, 53 miles. Its complete and
coincidental failure would not add measurably to the flood level.

2. 4-26a
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Verification of Sluice Discharge Coefficient, K

Headwater Elevation

890
895
900
905
910
915
920
925
930
935
940
945
950
955
960
965
970
975
980
985
990
995

1000
1005

Discharge, Q
No tailwater effects

9520
11330
12890
14280
15540
16710
17800
18830
19810
20740
21630
22490
23310
24110
24880
25620
26350
27060
27750
28480
29070
29720
30340
30960

K

343.5
343.5
343.5
343.5
343.4
343.4
343.3
343.3
343.4
343.4
343.4
343.4
343.4
343.4
343.4
343.3
343.4
343.4
343.5
344.2
343.4
343.5
343.4
343.4
343.4

344.1

Average K

K value to be used:

Percent Difference: 0.19 % Acceptable

This data has been taken directly form Reference 3, "Douglas Dam Spillway and Sluice Discharge Tables"



Douglas Tailwater Rating
Riverware

0 (thousand cfs) 0 (cfs) Elevation (ft)
0 0 870.9
3 3000 870.9
4 4000 871.4
8 8000 873

12 12000 874.2
16.4 16400 875.5

30 30000 880.5
40 40000 883
50 50000 885.5
60 60000 887.6
80 80000 891

100 100000 894.3
120 120000 896.6
140 140000 899.3
160 160000 901.9
180 180000 904.2
200 200000 906.4
220 220000 908.5
240 240000 910.5
260 260000 912.4
280 280000 914.2
300 300000 916
320 320000 917.6
340 340000 919.2
360 360000 921
380 380000 922.7
400 400000 924.1
420 420000 925.8
440 440000 927.2
460 460000 928.6
480 480000 930
500 500000 931.5

Attachment 6-1 Calculation No:

2total pages

HEC-RAS Analysis
Discharge (cfs) Elevation (fi) Frequency (Years)

31000 880.07
46000 883.43

.57000 885.59 1
114000 894.13 5
200000 903.1
402900 921.2 MPF
652500 940.3 PMF

CDQ000020080007 I
Actual Data

0 868
4100 871.1
9530 873.9

23500 877.3
39500 879.8
53847 883.210

50
)0
)0

402900 917.49 MPF*
652500 933.8 PMF*

* Estimated from Floodwave Model
MPF = Maximum Probable Flood
PMF = Probable Maximum Flood

Flood Control Section 10/1948
Discharge (cfs) Elevation (ft)

0
25000
50000
75000

100000
125000
150000
175000
200000
225000
250000
275000
300000

868
878.4

884.37
889.2
893.2
896.8

900
903

905.9
908.5
911.1
913.6

916

These tailwater rating values come from
years of model testing and field

measurements. These values have been in
use at Douglas Dam for many years. The

values on this page are used to develop the
polynomial fit tailwater rating curve in

Attachment 7. The worst case was used to
develop the fit.
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Douglas Tailwater Rating

4-.

C
0

4-
..w
@3

950

940

930

920

910

900

890

880

870

860

- Riverware Rating

HEC-RAS Analysis

- -1948 Flood Control Rating

* Actual Data

0 100000 200000 300000 400000

Discharge (ds)

500000 600000 700000
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Douglas Dam Tailwater Polynomial Fit

Riverware TW Rating
1000 Q TW EL

16.4 875.5
30 880.5
40 883
50 885.5
60 887.6
80 891

100 894.3

120 896.6
140 899.3
160 901.9
180 904.2
200 906.4
220 908.5

240 910.5
260 912.4
280 914.2
300 916
320 917.6
340 919.2

360 921
380 922.7
400 924.1
420 925.8

440 927.2
460 928.6
480 930
500 931.5
600 937 *

700 942 *

800 946 *

900 949.5 *

1000 953 *

This curve is being developed for use in the headwater
rating curve to be used for PMF calculations at Douglas

Dam. The worst case data from Attachment 6 has been fit
to a polynomial in order to determine the interaction of
the sluice flow and the tailwater. Segments beyond the

extent of the tailwater data have been extrapolated using a

polynomial fit.

Extrapolated

1000

980

960

0ý 940

920

- 900

880

860

Extrapolation of TW data (500' - 1000')

Poly. (Extrapolation of TW data (500' - 1000'))

0 100 200 300 400 500 600 700 800 900 1000

Discharge, 1000 cfs
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD

Chronology

Safety analysis studies for Douglas Dam for the Probable Maximum Flood
were started at the beginning of fiscal year 1985 and were completed
with the submittal of DOUGLAS PROJECT DAM SAFETY ANALYSIS REPORT HEP-
C85-1 BY MEMORANDUM FROM R. G. DOMER TO R. W. CANTRELL ON JUNE 17,
1985 (B66 850617 0001). Final design started in October 1985. Onsite
construction began in March 1986 and was completed in May 1987.

Cost of Modification

Design costs for the capital safety modifications to Douglas Dam were
approximately $403,000. This did not include costs for dam safety
evaluation studies which resulted in the modifications, construction
costs were approximately $1.8 million. The total project cost was
approximately $2.5 million.

Controlling Features

Modifications for the PMF consisted of increasing the height of the
north and south concrete nonoverflow dams and their earth abutments by
13.5 feet, increasing the height of saddle dam one by 5 feet and the
remaining existing seven saddle dams by 6.5 feet, and adding two new
saddle dams. These modifications will prevent overtopping and erosion
of the embankment and saddle dams but would permit overtopping of the
concrete dam spillway area with possible major damage to the
powerhouse and switchyard. The elevation of the headwater for a PMF
resulting from combined storage and discharge through the spillway and
over the top of the concrete structures is 1022.5.
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD (CONT.)

Concrete Dam Modifications

Stability of a typical nonoverflow block was investigated for the
increased water loads resulting from a PMF. Stresses resulting from
these increased loads were judged to be acceptable for this extreme
loading conditions. The original stability analysis for the concrete
structure is shown in an Appendix to the report referenced under
Chronology.

Nonoverflow blocks 1A through 3 and 28 through 32 were modified by
placing concrete on top of the existing structures. This modification
was primarily to enable vehicular access from the new top of
embankment elevation 1018.5 to the spillway operating equipment at
elevation 1009.0. Additionally, a 12-inch-think concrete wall with
top elevation at 1022.5 was placed on the downstream side of blocks 1A
through 3 and 28 through 32. Due to the increased hydrostatic loads
on the additional concrete and wall, blocks 1 through 3 and 28 through
31 had to be strengthened by installing high strength dowels on the
upstream side of the blocks. Details of the modification to the top
of nonoverflow blocks 1A through 3 and 28 through 32 are shown on
drawings 21E 205-1,2, and 3. Existing drain holes, wells, electrical
manholes, equipment shaft, ladder, air vent, and access shaft were
extended through the new concrete with new embedded frames where
required. FIGURES 12 and 13 at the end of this section are photos
which show the key features of this modification.
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FOR PROBABLE MAXIMUM FLOOD (CONT.)rY MODIFICATION

FIGURE 12
Access Ramp and Wall Atop Nonoverflow Blocks 1A through 3, August 1998

FIGURE 13
Access Ramp and Wall Atop Nonoverflow Blocks 28 through 32

August 1998
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD (CONT.)

North and South Earth Abutment Modifications

The north and south earth abutments were stripped of pavement, curbs,
and stabilized roadway base, and increased in height to elevation
1018.5 using impervious rolled earthfill, filter blanket, and riprap.
A 12-inch-think concrete wall with top elevation at 1022.5 was placed
on the north abutment, joined to the wall on the downstream side of
nonoverflow block 1A, and extended along the river side of the patrol
road to the 1022.5 contour. These walls, along with the walls on
nonoverflow blocks 1A through 3 and 28 through 32, are for the purpose
of diverting overtopping flow to the spillway and powerhouse portions
of the dam. Details of these walls are shown on drawing 23E210-1.
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD (CONT.)

Saddle Dam 1 Modifications

A 12-inch-thick concrete wall with top elevation 1022.5 was placed 14
feet upstream of the centerline of saddle dam 1 roadway. The wall
begins near the intersection of the boat launching road with saddle
dam 1 and parallels the saddle dam roadway to the Sevier County
campground on the south end of the dam. The wall then turns away from
the roadway and is routed upstream of the campgound, approximately
parallel to the roadway, until it intersects the 1022.5 contour.
FIGURE 14 at the end of this section is a photo which shows the
location and configuration of saddle dam 1. Details of modified
features for saddle dam 1 are shown on drawings 23E209-1, 2, and 3.

FIGURE 14

Saddle Dam 1, July 1998
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD (CONT.)

Saddle Dams 3, 4, 5, 6, 8, 9, and 10 Modifications

Saddle dams 3, 4, 5, 6, 8, 9, and 10 were stripped of topsoil on the
downstream side, the crushed stone was excavated from the roadway, and
the saddle dams were raised 6.5 feet to elevation 1023.5 by placing
impervious rolled earthfill, filter blanket, and riprap. A crushed
stone roadway was constructed on top of each dam, topsoil was placed
on disturbed areas, and the dams were seeded and mulched. Details for
raising saddle dams 3, 4, 5, 6, 8, 9, and 10 are shown on drawings
23N203 and 23N204. FIGURE 4 shows the location of these saddle dams.

Addition of Saddle Dams 2 and 7

In addition to the saddle dams previously described, two new saddle
dams, numbers 2 and 7, were required at low areas which would be
overtopped by a PMF. Since these areas were small, the saddle dams
were constructed by stripping the topsoil, adding impervious rolled
earthfill to elevation 1023.5, and seeding and mulching. Riprap was
not required. Saddle dam 2 is located near the Sevier County
campground just off the roadway between saddle dams 1 and 3. Borrow
for saddle dam 2 was obtained from the adjacent borrow area previously
described for saddle dam 3. Saddle dam 7 is located approximately
halfway between saddle dams 6 and 8 on TVA property. Borrow for
saddle dam 7 was obtained adjacent to the saddle dam. Details for
saddle dam 2 and 7 are shown on drawings 23N203 and 23N204. FIGURE 4
shows the location of these saddle dams.

Other Modifications

Other modifications that were made included: reinstalling handrail on
the nonoverflow blocks of the dam retaining walls to retain embankment
slopes; relocating parking areas and turnarounds, security fencing,
and campground area modifications; and resurfacing the saddle dam
roadway.

HOUSING FACILITIES
(Original Project)

Permanent houses built ........................................... None
Tents (40 total capacity) .......................................... 4
Dormitories built:

Men (528 total capacity) ...................................... 6
Women (26 rooms plus kitchen and dining room) ................. 1

Family housing ..................................... 92-trailer village
Other camp buildings included a cafeteria 178 seats), community build-
ing, and hospital.
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Appendix A: Spillway Discharge Coefficients for Douglas Dam from 1:35 Scale Model
Test Data

A. 1 Background

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

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

Douglas Dam has eleven spillway bays, each controlled by a radial (tainter) gate as illustrated in Attachment Al.
For dam rating curve calculations the gates are assumed to be open to their maximum opening position as specified
in the Spillway Gate Arrangements table in Reference 3 and included as Attachment A2. As shown in this table, the
maximum opening corresponds to reading "X" on the gate position indicators for the spillway. Field measurements
of V, the vertical distance between the bottom lip of a raised spillway gate and the spillway crest, are summarized in
Attachment A3 (from Reference 27). For gate position indicator reading "X" the average value of V for the eleven
gates is 29.371 feet.

Test data from a 1:35 scale model (circa 1950) are available for free discharge conditions (Reference 20) and for
orifice discharge conditions for nine different gate openings varying from V = 1.82 feet to V = 23.83 feet (Reference
28, data tabulated for Watts Bar dam). Orifice discharge data were not collected for gate openings as large as V =
29.371 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 dam rating curves the nappe will touch the
gate in this position. Consequently, the data for gate openings V = 23.83, 19.84, 15.86, 11.83, and 7.80 feet are used
here to estimate orifice flow discharge characteristics for V = 29.371 feet.

A.2 Discharge Equations

Attachment A4 is a definition sketch for flow over the Douglas 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 Hc <=
HLmin, and is computed using a weir equation (e.g., Reference 4):

Q= CLH, 5  (Al)

in which Qf = free discharge (cfs)
Cf = free discharge coefficient (ft° 5/s -- varies with Hj)
L = length of overflowing section (ft)
Hý = head on crest (ft) = HW - Zý
HW = headwater elevation (ft)
Z, = top, or crest, elevation of overflowing section (ft)

This equation is not modified to account for tailwater submergence because the tailwater will not rise to a level
which will influence spillway discharge.
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For headwater elevations above the elevation at which the nappe touches the gate lip, or H, > HLmin, orifice flow
occurs and is computed from (e.g., Reference 4):

Qg =CgGnLC2g(Hc -Hmp (A2)

in which Qg = orifice discharge (cfs)
Cg = orifice discharge coefficient (dimensionless -- varies with gate opening and Hj)
Qn = effective gate opening = minimum distance between the gate lip and the crest (ft)
g = acceleration of gravity (32.2 ft/s2 -- common knowledge, Reference 4, sheet. 000-1

for example)
Hmp = vertical distance between the mid-point of Gn and the crest

Again, no modification to account for tailwater submergence is necessary.

A.3 Model Test Data

The 1:35 scale Douglas and Watts Bar model test data (References 20 and 28) are used to determine

" Cf(HJ)
* HLmin and Cg(Hc) for V = 29.371 ft.

The Douglas model test results for Cf(HJ) were published in graphical form in Reference 20. Figure 3 (Art. A12-2)
of this reference shows model data based Cf(H.) values. Reference 20 includes Watts Bar results for orifice
discharge but in terms of a different discharge coefficient than the coefficient Cg used in Equation (A2), and
Reference 20 includes no information on the relationship between HLmin and gate opening. However, Watts Bar
model test data for orifice discharge are tabulated in Reference 28 and these data are used below to estimate HLmin

and Cg(Hc) for V = 29.371 feet.

Attachment A5 provides the relevant pages from Reference 20. Attachment A6 provides the relevant pages from
Reference 28. Reference 28 includes a few pages (Attachment A6-4, for example) with penciled corrections by the
original author.

Model data are scaled to prototype values using the following scale ratios from Attachment A7 (Reference 18):

* Vp/Vm and Hp/Hm = 35
* Q/Qm = (35)2.5 = 7247.2

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

prototype, and the m-subscript denotes model.

A.4 Geometry

Parameters Gn, Hmp, Z. (gate overflow elevation), and f3 (angle plotted against discharge coefficient in Reference 4)
are computed from crest and gate geometry as described in Attachment A8. Table Al gives the values of these
parameters for V = 7.80, 11.83, 15.86, 19.84, 23.83, and 29.371 feet.
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Table A l: Geometrical Parameters for Relevant Gate Openings

V, feet G., feet Hmp, feet Z., feet P3, deg.
7.80 7.865 3.881 1008.27 78.4
11.83 11.868 5.906 1010.76 86.4
15.86 15.904 7.921 1012.86 93.1
19.84 19.919 9.906 1014.56 98.9
23.83 23.994 11.892 1015.85 104.0
29.371 29.783 14.588 1016.88 112.8

As an example, the procedure for computing the geometrical parameters for V = 29.371 feet is given here. From
Attachment A9 (Reference 23),

SR =35 feet
* Z,=970 feet
* Z =982 feet

z = 982- 969.636 = 12.364 feet
* z2 =1002 - 982 = 20.0 feet

where the parameters are defined in Attachment A8-2. Referring to Attachment A8:

Angle 0:

Angle a:

0 = sin (12.364)+ sin' (20'0) = 55.5370(, 35 J ,35)

a= tan-1 982-970-29.371
V352 -(982-970-29.371)2

= -29.7560

Overflow elevation Z.:

Gate lip y-coordinate:

Gate lip x-coordinate:

Zo =982 + 35sin[55.537-(-29.756)] = 1016.88 feet

ye = 982-970-29.371 = -17.371 feet

X, = /352 -(-17.371)2 = 30.385 feet

From Attachment AI0 (Reference 22), the equation for the spillway crest is:

y: = f (x:= 0.045 + x-.318 (x: -8.38)' o :ýYs( : 0 45+ ( forx• >0

10 127

in which y, = y, - 12 and x =43.708 - xs. in terms ofy, and x,:

y, =f(x,) =25.4051-
-336 +2

83.356+127 +2 127 for x, <_35.328 fe .et

and

dY---0.65635+ xs
dxs 63.5
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To get effective gate opening, G., solve the following equation for x,,:

x_-30.385+ 25.4051-83.356 +127 -(-17.371)[-0.65635+ =0

Solution:

* x, = 33.973 feet (by iteration)
* y,, = 25.4051 - 83.356(33.973/127)+127(33.973/127)2 12.195

* G = j(33.973 - 30.385)2 + (12.195- (-17.37 1))2 = 29.783 feet

and

* Hmp = 29.371-[12.195 - (-17.371)]/2 = 14.588 feet

P = 9tan-' (-17.371) tan-1 33"973-30.385 = 90-(-29.76)-6.92 112.8'• l 2- ( ) 30.8512.15- (--17.37)) 0(2'6-'2128

A.5 Determination of HLmin(V)

Attachment All shows the Watts Bar model test data (Attachments A6-4 and A6-5) for HLmin and a polynomial
curve fit to the data (spreadsheet included as Attachment 26). A value of HLmin for V = 29.371 feet is established by
using the polynomial to extrapolate the data. The following formula is used to calculate HLmin for varying values of
V:

HLroin = 0.00516V 2 + 1.06709V + 1.46248 (A3)

From this formula, the following value is used for the Douglas dam rating curve calculations: HLmin = 37.26 feet for
V = 29.371 feet. Therefore, the elevation at which the headwater nappe touches the gate is 970 feet + 37.26 feet =

1007.26 feet.

A.6 Determination of Cf(HC)

Figure 3 in Reference 20 (Attachment A 12-2) provides a curve of Cf vs. H, for Douglas Dam determined from
model test data. Attachment A 12-1 shows a polynomial curve fit to points scaled from Figure 3 in Reference 20.
The polynomial indicated in Attachment A 12-1 is used for the dam rating curve calculations:

Cf= 3.159 + 0.04253H, - 0.0014216Hc2 + 4.107xl0O5 Hc3 -4.62xl0 7Hc4 (A4)

No adjustment factor for submergence is necessary.
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A.7 Determination of Cg(H.) for V = 29.37.1 feet

Attachment A13-1 shows the calculations and results for extrapolating Cg(Hc) for V = 29.371 feet from the model
data for various gate openings at Watts Bar. The first column in Attachment A 13-1 indicates the data for which Hc
= HLmin, at which H. is just high enough to touch the bottom of the gate. The discharge indicated for V = 29.371 feet
at Hc = HLmin is the free discharge computed using Cf(Hc) from Equation (A4). In order to have a smooth transition
from free discharge conditions to orifice flow conditions as the nappe just touches the gate, free discharge is
considered equal to orifice discharge at H. = HLmjn feet in order to extrapolate Cg values from model data. The first
three numerical columns list the model data (scaled to prototype dimensions) for V = 7.8, 11.83, 15.86, 19.84, and
23.83 feet as listed in Attachment A6 and the measured and calculated values for the maximum gate opening of
29.371 feet. 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 Cg values
computed from the data. Values that were "estimated" for extrapolation purposes are labeled as such to the right of
the Cg column.

Attachment A 13-2 shows Cg plotted against H, for all gate openings from both Watts Bar model tests and Douglas
reference values. The model data points are shown along with lines drawn through the data and extended to H. = 60
feet. The estimated curve for V = 29.371 feet starts with the value for Hc = HLroin and runs approximately parallel to
the curve for V = 23.83 feet. Given the absence of data, this extrapolated line segment fit for Cg(Hc) at V = 29.371
feet for varying headwater elevations given in Attachment A13 is used for the dam rating calculations. Table A2
lists the points describing the extrapolated relationship.

Table A2: Points Defining Extrapolated Douglas Curve for Cg(HJ) at V = 29.371 feet.

H ,feet C,
37.26 .800
41.00 .718
46.00 .707
60.00 .707

As further justification for the extrapolation, Attachment A 13-3 shows the Douglas C9 values at Hc = 60 feet plotted
against angle P3 on Hydraulic Design Chart 311-1 from Reference 4 showing U.S. Army Corps of Engineers data for
tainter gates on standard crests. The value of X/Hd for Douglas is 0.15 (X = 3.43 feet, Attachment A9, and Hd = 23.5,
Attachment A6-1). Presumably because TVA's spillway crests are not standard, TVA data always lie to the left of the
suggested design curves on this chart. Note that Cg = 0.707 at H, = 60 feet and V = 29.371 feet (03 = 112.8 degrees) is a
very reasonable extrapolation of the Douglas data curve and appears reasonable compared with the suggested design
curves on the chart.
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SPILLWAY GATE ARRANGEMENTS

ange- Gate Number

ment

Number 1 2 3 4 6 6 7 8 9 10 11

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

6 2 0 2 0 2 0 2 0 2 0 2
7 2 0 2 0 2 0 2 0 2 2 2
8 2 2 2 0 2 0 2 0 2 2 2
9 2 2 2 0 2 0 2 2 2 2 2

10 2 2 2 2 2 0 2 2 2 2 2

11 2 2 2 2 2 2 2 2 2 2 2
12 2 2 2 2 2 2 2 2 4 2 2
13 2 2 4 2 2 2 2 2 4 2 2
14 2 2 4 2 4 2 2 2 4 2 2
16 2 2 4 2 4 2 4 2 4 2 2

16 2 2 4 2 4 2 4 2 4 2 4
17 4 2 4 2 4 2 4 2 4 2 4
18 4 2 4 2 4 2 4 2 4 4 4
19 4 4 4 2 4 2 4 2 4 4 4
20 4 4 4 2 4 2 4 4 4 4 4

21 4 4 4 4 4 2 4 4 4 4 4
22 4 4 4 4 4 4 4 4 4 4 4
23 4 4 4 4 4 4 4 4 6 4 4
24 4 4 6 4 4 4 4 4 6 4 4
25 4 4 6 4 6 4 4 4 6 4 4

26 4 4 6 4 6 4 6 4 6 4 4
27 4 4 6 4 6 4 6 4 6 4 6
28 6 4 6 4 6 4 6 4 6 4 6
29 6 4 6 4 6 4 6 4 6 6 6
30 6 6 6 4 6 4 6 4 6 6 6

31 6 6 6 4 6 4 6 6 6 6 6
32 6 6 6 6 6 4 6 6 6 6 6
33 6 6 6 6 6 6 6 6 6 6 6
34 6 6 6 6 6 6 6 6 10 6 6
35 6 6 10 6 6 6 6 6 10 6 6

36 6 6 10 6 10 6 6 6 10 6 6
37 6 6 10 6 10 6 10 6 10 6 6
36 6 6 10 6 10 6 10 6 10 6 10
39 10 6 10 6 10 6 10 6 10 6 10
40 10 6 10 6 10 6 10 6 10 10 10

Arrange. Gate Number

ment

Number 1 2 3 4 5 6 7 8 9 10 11

41 10 10 10 6 10 6 10 6 10 10 10
42 10 10 10 6 10 6 10 10 10 10 10
43 10 10 10 10 10 6 10 10 10 10 10
44 10 10 10 10 10 10 10 10 10 10 10
45 10 10 10 10 10 10 10 10 14 10 10

46 10 10 14 10 10 10 10 10 14 10 10
47 10 10 14 10 14 10 10 10 14 10 10
48 10 10 14 10 14 10 14 10 14 10 10
49 10 10 14 10 14 10 14 10 14 10 14
50 14 10 14 10 14 10 14 10 14 10 14

51 14 10 14 10 14 10 14 10 14 14 14
52 14 14 14 10 14 10 14 10 14 14 14
63 14 14 14 10 14 10 14 14 14 14 14
54 14 14 14 14 14 10 14 14 14 14 14
55 14 14 14 14 14 14 14 14 14 14 14

56 14 14 14 14 14 14 14 14 16 14 14
57 14 14 18 14 14 14 14 14 16 14 14
66 14 1 118 1 116 1 114 14 18 14 14
59 14 14 18 14 18 14 18 14 18 14 14
60 14 14 18 14 18 14 16 14 16 14 16

61 18 14 18 14 18 14 18 14 18 14 16
62 16 14 18 14 18 14 18 14 18 16 18
63 18 16 18 14 18 14 18 14 18 16 18
64 18 16 18 14 18 14 18 16 18 18 18
65 18 18 18 16 16 14 18 18 1 8 16 18

66 18 18 18 16 16 16 16 16 16 16 16
67 18 16 16 16 18 16 18 18 22 18 18
66 16 16 22 16 16 18 18 16 22 18 18
69 18 18 22 18 22 16 18 18 22 18 16
70 18 18 22 18 22 18 22 18 22 18 18

71 18 18 22 18 22 16 22 18 22 18 22
72 22 18 22 18 22 16 22 18 22 16 22
73 22 16 22 16 22 16 22 16 22 22 22
74 22 22 22 18 22 18 22 18 22 22 22
75 22 22 22 18 22 18 22 22 22 22 22

76 22 22 22 22 22 18 22 22 22 22 22
77 22 22 22 22 22 22 22 22 22 22 22
76 22 22 22 22 22 22 22 22 26 22 22
79 22 22 26 22 22 22 22 22 26 22 22
60 22 22 26 22 26 22 22 22 26 22 22

GATE OPENINGS

age. Gate Number

ment
Number 1 2 3 4 5 6 7 8 9 10 11

81 22 22 26 22 26 22 26 22 26 22 22
82 22 22 26 22 26 22 26 22 26 22 26
83 26 22 26 22 26 22 26 22 26 22 26
84 26 22 26 22 26 22 26 22 26 26 26
85 26 26 26 22 26 22 26 22 26 26 26

86 26 26 26 22 26 22 26 26 26 26 26
87 26 26 26 26 26 22 26 26 26 26 26
88 26 26 26 26 26 26 26 26 26 26 26
89 26 26 26 26 26 26 26 26 UP 26 26
90 26 26 UP 26 26 26 26 26 UP 26 26

91 26 26 UP 26 UP 26 26 26 UP 26 26
92 26 26 UP 26 UP 26 UP 26 UP 26 26
93 26 26 UP 26 UP 26 UP 26 UP 26 UP
94 UP 26 UP 26 UP 26 UP 26 UP 26 UP
95 UP 26 UP 26 UP 26 UP 26 UP UP UP

96 UP UP UP 26 UP 26 UP 26 UP UP UP
97 UP UP UP 26 UP 26 UP UP UP UP UP
98 UP UP UP UP UP 26 UP UP UP UP UP
99 UP UP UP UP UP UP UP UP UP UP UP
100 UP UP UP UP UP UP UP UP X UP UP

101 UP UP X UP UP UP UP UP X UP UP
102 UP UP X UP X UP UP UP X UP UP
103 UP UP X UP X UP X UP X UP UP
104 UP UP X UP X UP X UP X UP X
105 X UP X UP X UP X UP X UP X

106 X UP X UP X UP X UP X X X
107 X X X UP X UP X UP X X X
108 X X X UP X UP X X X X X
109 X X X X X UP, X X X X X
110 X X X X X X X X X X X

Figures in columns under each gate number refer to gate opening indicator readings.
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Average Measured
Gate Maximum Opening

By Gate

Overall
Average

Maximum
Opening

1
2
3
4

5
6

7

8

9
10
11

Average

29.557
29.523
29.609
29.598
29.545
27.522
29.494

29.296

29.767
29.573
29.592

29.371
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DISCHARGE COEFFICIENTS, FOR SPILLWAYS
.AT TVA DAMS

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

SYNOPSIS

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

NOTATION

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

INTRODUCTION

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

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

NoMz.-Published. essentially as printed here in February, 1955, as Proceedingsdparate No. 628.
Positions and titles given are those in effect when &i6 paper was approved for publiecation sin Trantactions.

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

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

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

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

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

The models were usually provided with concrete crests and concrete piersto insure dimensional stability. Half piers were constructed on the ends of
each model. If the model did not completely fill the flume one side was placed
against the glass side of the flume and the other against a false wall. The
river bed upstream and downstream from the model was reproduced at the
elevation of the prototype river bed. Suitable baffling was provided to obtain
a uniform distribution of flow in the spillway approach channiel. The tail-
water level was controlled at the end of the flumes by means:of slat gates.
Model discharges were determined from readings of 'a carefully calibrated
diaphragm orifice located in the water supply line- ; ' " 1 " . '

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

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

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

Q =C.LH"... .. ................. (1)
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-was used, in whichQ is the discharge in cubic feet per second, C is theicoefficient
of discharge determined from the model' tests, L is the length of the crest,
and; H is the total head as shown in Fig.' 1(a). l se was mad f Ii'the same
equation in the reductidn of the data for free and submerged flows over. a
,vertical gate with D, Hd4, and P, (Fig. 1 (a)) .being* measured frbm" the top
o f, th e g a te ,. . . ' .. : .• . . ' .'. . , '.

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

C.. . L [H ( + ... . .............. (2)
was used, in' which'Di is the'depth of water to the bottom of the gate as defined
in Fig. r(b) and h is the approach velocity head.

..... . . . .Energy grade line -

-Gate: J.7
Waler LSurc '2

-to

* (a)"' '. (]__________

L-6. lSnLeAr.CneST DIAQeXAW

FEEE-DTSCHAtai COZFFIcIENTS, FLOW OVER SPILLWAY CRESTS"..
t,.common practicelfor engineers to. design spillway crests .to approx-

imate. closely the,,shapp .of. the lower portion 'of a jet. issuing from a sharp-
cres•ted. we,, and this type of crest is designated a standard crest.2 . Becmuse
the shape, of the.jet changes with the head on the weir, some particular head
must be used for each design. 'This head for which a particular crest is designged
is termed the design head.. At this head, pressures approximating atmospheric
preýsure arc developed, at. the. spiliway surface. At smaller heads i pressures
are greater thanatmospheric. Seven of-the nine TVA crests for which data
lar available, approximate standard .crests in shape whereas the, other two
crests, which are :flat, do. not.- Fig. 2.shows the basic details and dimen-
sions of each of these crests. Fig. 3 presents the coefficient data obtained
on the :crests of PIg. :2. Pertinent design data concerning each crest,, to-
gether with the scale to which, each, was. modeled, appear in Table 1. Eleven
spillways are. also;,listed in.Table. 1. Two pairs. of, these, .the. Ocoee. No. 3.-
Apalachi, set, and. the Douglas-Watts Bar set, both in Tennessee, have crest
Shapes that'are identical, within the: pair-.but which were tented for different
values of the approach depth, P. . '
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V ri~i-i~r~' rwo vertica .5 ,0n l..= )
UI.I-'each 20ltX 40 it Lf

SEl. 665.0 24.3 t

V.•' t6 El. 575.0 
El.• • 69 . 64-Vents 6y~~hkc!7 ' itVents =!9C.dEl .642.0

6 tCrest El. 555.0 5-ft radius

E.l50 550 a 4-ft radian

UN538.0:LEl. t55.A0E.5372 El. 614.0!t 12 El. 625.0

GUNTERSVILLE ''CHICKAMAUGA

1m. t-TVA'SnaLwAv Cnrera (D)ATA IN Fira 3)"Hydroelectric Handbook," bt W. P. GCreagr and T. D. Juatina, John Wiley & Sons, Inc., New
York, N. Y._ 2d Ed.. 1950.
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The accuracy of the data is evidenced by the plotting of the data points in
Fig. 3. Except in some cases at low heads, the deviation of any plotted
point from the coefficient curve does not exceed 0.5%.

Standard Crests.-It has beenshown by various authors that the discharge
coefficients for all standard crests can be related to each other and that, con-
versely, the coefficients to be used for a new design can be taken from previous
test data."'" 5-, Unfortunately, in most crest designs, due to other design
considerations, it is necessary that the shape be varied from the standard form.
Nevertheless, satisfactory coefficients can be obtained as sufficient data are
now available on a range of crest shapes. By comparison of crest shapes
designers may select a coefficient for any particular crest.

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

TABLE 1.-DESIGN DATA FOR ELEVEN MODELS OF TVA SPiIwLWAYs

Project Model Design Upstream Y. Pier nose
sctle head, H.. depth, P, radius.

in feet infect - infeet

Hales Bar ...................... 1:34.76 1s 32 0.55 3.00
Ocoee No. 3 .................... 1:28.72 23 .67 0.36 3.00
Apalachi ...................... 1:28.72 23 97 0.24 3.00
Fort Patrick Henry ............. 1: 50 35 43 0.81 3.25
Wheeler ....................... 1:34.35 15.5 43 0.35 2.50
Wilson ........................ 1:39.4 19 75 0.25- 4.00
Douglas ................... .... 1:35 23.5 133 0.18 8.25
Watts Bar............. 1:35 23.5 52 0.45 3.25
Piekwick Landing ................ 1: 50 31.5 32 0.98 3.75
Chiokam auga ................... 1:50 20 4.00
Guntersville ..................... 1:0 10 4.00

1The design head was determined by fitting the real and standard curves at the
crest point (z = 0) and at the intersection of the curve with the upstream

(b) STANDARD CRESTS vertical face. These design-head values, are presented in Table 1. The
design-head discharge coefficients (C.) determined from Fig. 3 are shown in
Fig. 4.

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

a (c) IRREGULAR CRESTS charge coefficient.8
l .3 '"Final Reports of Boulder Canyon Project," Buld~i Nta. 8, Part VI, Hydraulic Investigations,

Bureau of Reclamation, U, S. Dept. of the Interior. Washingtons, D. C-, 1947.
12 16 20 24 28 32 35 40 44 8 4 "Engineering Hydraulics," edited by Hunter Rouse. John Wiley & Sons, Inc,, New York, N. Y.,

Total head on crest, H, in feet *1950

LWA C or Pr. 2N "Discharge Coefficients for Irregular Overfall Spilwaps,"' by J. N. Bradley, Engineering Monograph
Fro. 3,--DnaAe Cornasns E FORalsnE FLOW Ov -E SpE way as No 9, Bureau of Reclamation, U. S. Dept. of the Interior. washington, D. C., 1952.

2.8
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In Fig. 8 the four curves of Fig. 7 are shown on a single 1plot. Although
the maximum spread between curves is about 10%, this is to be expected
considering the wide range of crest shapes used in the tests.

FRNE-DISCHARG-P COEJFIOiENTs FOR FLOW OVER VERTICAL LiFr GATES
The Pickwick Landing vertical lift gates are representative of this type of

gate, which has been used on several TVA projects. In Fig. 9(a) are shown
details of the lower spillway gate leaf. For heads greater than 2 ft, this gate
is essentially a sharp-crested weir 40 ft long and 20 ft high with piers 7.5 ft
thick at each end of the gate. Air intakes were installed in the sides of the
piers just below the top of the gate to ventilate the underside of the uappe.6
Model tests were conducted with the 1/60-scale, 3-bay spillway model.-

1.0 -

02

0.6 Legend__
Chickamauga Dam

- - -Guntersvilje Oam
Pickwick Landing Darn

Wafts Bar Damn

0 0.2 0.4 0.6 0.8 1.0

Submergence ratio, d

F'o. 5.-CompAnsoN or Suassrfl0•cz0 EIgrI"B FOR V.,onUa SPlLLWAT. CAP", BH"APX

In Fig. 9(b) is shown the head-coefficient relationship for flow over the
crest of the spillway gate. The coefficient, C, was computed from Eq. 1 using
the top of the gate as crest elevation. The points define the head-coefficient
relationship for heads between 3 ft and 28 ft. Each point was determined
from the average of from 3 to 5 separate tests. A constant value of C equal
to 3.428 is shown for heads in excess of 12 ft. For heads of from 12 ft to about
4 ft the model test curve shows a gradual rise in the coefficient, with an abrupt
drop-offwhen the heads are approximately 4 ft and less. This curve takes
the characteristic form for the coefficients of a sharp-crested weir, the rise and
fall in the coefficient curve being due to the nappe clinging to the surface of the
weir. This phenomenon is a function of the absolute head. Therefore,
similarity between the model and prototype did not exist for prototype heads

& "Aeration of Sp1lbryls," q_ n. Hi. lceOX, Tranz-dlmoros, -•"rU, vol. 10, 1p. Doi.
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discharge over the gate was thus increasedwith a consequent lowering of the
headwater level.

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

8 12 16 20 24 28 32
Total head on spillway crest, H in feet

ino. 13.-TAnmT -ATu SPILLwAY DIscsrAm Coumozmnq'ra
(DimmENSION oN CURnvzS Aim GATn Opxmoen)

36

I13.01" "" 0 ' 4 5 12 16 20
total head on spillway crest. H, in feet

Fo, 12.--TAUTEXT-GATZ SpiumAy DiSc'AGEo COEPMTIENTS
(DI) mazoete oN CuOuves Azxt GAou P)egtixes)

28]

I

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

DIsionARon COEFiFICIENTS on Ft OWUNDER, TAmNTBR, GATG s

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

Tainter Gate Ratings

Basic Model and Prototype Data

B
• . "%, '

MODEL

Model
Project Scale

Apalachia 1:28.72

Boone 1:50

Ft. Patrick
Henry 1:15

Hales Bar 1:34.76

Hiwassee "°1:55

Watts Bar 1:35

'Wheeler 1:34.35

No. of
Spill-
way
Bays

6

6

66

Crest
Length.

L

6. 684

3. 4 8o

2.333(5)

6.908(6
6.9o5(7)

4.o5o

6.866

6.984

Approach
Width

W

8.00

(1)

2.77(5)

7.94

8.00

8.00

7.97

Up-
stream
Depth

P

3.38
(i)

2.29

0.921

6.35

1.5

1.253

1

PROTOTYPE
Pier

Desig. Nose
Crest Head Radius
Elev. HO R

,257.0 23.0 3.00

.350.0 35.0 12-75(2)
11.25(3)
3.5o(4)

228.0 35.0 3.25

616.0 18.0 3.00

1503.5

713.0

541.3

23.5

16.5

3.00

.3.25

2.50

o (1) Variable because approach was reproduced in-model.

(2) Right end: pier.

V" (3) Left end pier.

(4) Intermediate, piers.

(5) Except as noted on data tabulations.

(6) Gates partially opened.

(7) Gates raised above water surface.
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Tennessee Valley Authority

Definition of Symbol

-Q = Total discharge in cubic feet per second.

D = Depth of flow above crest in feet.+

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

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

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

h = Velocity head of approach in feet.*

C = Coefficient of discharge for any head.

G.0.- = Gate opening =-vertical distance above spili iay crest in feet.

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

L = Length of spillway crest in feet.

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

W = Width of model approach in feet.

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

y = Vertical distance above spillway crest in feet.

Discharge Equations

For flow under a glate:

Q=OL E/2 (Dl + h)3/23 (A)

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

.... . Q = os. 3/2( )

+See Figure l(a) on page 4.
*See Figure i{b)on page 4.
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,ENERGY GRADE LINE
MATER SURFACE%.

I a I FIGURE I [ b ]
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Tennessee Valley Authority

Watts Bar Project

Tainter Gates Partially Opened
€

MODEL TEST DATA.
G.0. .- D .,..-Q. hft. -f .ft
t. ft. cfs ft.

E 7

4"

0.052 o.168
0301
o. 463
o.650
0.831
1.o68

0. o?8 1 .023
0.608
0.856
o.451'-
o.165
0. 299LO.iŽ7

0.803
1..-19
1. 411
1.695
1.932
2,198

0.7191

3.024
2.278
2.746
1.932
1.072
1.523
/. oa-f

0.000
0.000
0.000
0.000
0.000
0.000

0.00k

0.000
0.000O,
0.000
0.000
0.000

.0.0090-009

EQUIVALENT PROTOTYPE
G.0, H Q
t. ft. "fs

1.82 5.88 5,819
10.54 8,no
16.2o 10,230
22.75. 12,280
29.08 14,000
37.38 15,930

• 3.-50 5,2127

C

3.99
3.99
3.994.01

4.03
4.02 _

3.79-
3.76
3.78
3.75
3.78

3. .

z-73 35.80
21.28
29.96
15.78
5.78

21,920.
16,510
19,900
14,000
7,769

11,0407, 4f-
0.-111 0.346 2.196 0.000 3.88 12.11 15,910.. 3.57

0.576 2.962 o.ooo 20.16 21,470 3.59.
0o.842 3.703 0.001 29.50 26,840 3.65-
1.o74 4.161 o.oo1 37.62 3o,16o 3.61
1.056 4.14o 0.001 - 37.00- 30,000 3.62'

•"- ,10-• .. 0.o, $6. I' 153-,Ge•" 3.35,'

6,i 0.271 2.679 0.001 F 9.52.• 19,420 3.63
1.o68 6.182 0o.o0 37.,2 44,800 3.64
0.837 5.417 0.001 29.33 39,260 3.65
0.616 4.552 0.001 21.60 32,990 3.65
0.441 3.688. 0.001 15.47 26,730 3.6r

• - . •

0.223 0.280 3.538 0.001 7.80 9.84 25,W64

0.356
o.o54.
0.702
0.858
1.o64

4.102
5.436
6.396

.18296

0.001
0.002
0.002
0.002
0.002

12.50 29,73018.9.7 39,400
24.6 46,350,

30.10 • 52,100
37-31 59,330

3.46+
3.82*
3.64-
.3.62
3.6p-3-62
3.623.65

+Gate lip touching nappe C .fom Equation 3.
*Gate lip touching nappe C from Equation A.
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AI.

Tennessee Valley Authority

Watts Bar Project

Tainter Gate" Partially 2Rened

#

•G.O.

0.338

MODEL TEST DATA
D . ... .Q.

ft.

i.o61 .11.98
0.854 0.o49
o.663 8.891
o.1484 7.141.
4o.ko 6.783

1
i

b
ft.

0.005
0.005

0.003
0.003

EQUIVALINT FROTOTYPE
G.O.. .. H _. __.

ft. ft,. cfs

11.83 37.28 86,820
'io.o6 76.02o
23.34
147.o

64,460
51,750
49,140

C

.3.64uj
3.64-
3.644
3.68"
3.59+J
3.95*'4
3.70" ,
3.65j

o.476
1.050

7.102 0.003
11.94 0.005

16.76.- 51,470
36.92 . 86,530

o.0453 o.616 10.82 0.006
0.565 10.85 0.007

15.86 21.77 78,410o- -3.74.
20.02 78,630 3.65+

4.04*
24..01 83,200 3.67.
29.68 96,600 3.65.
36.96 112,300 3.66

0.679
o.8Wo
1.047

13.33
15.50

0.007
0.008
.0.009

o.;567 o.688 15'.07 0.012

0.765'
0. 8511
0.957
1.0351l

o.681 0.833

0.937
1.007
1.0148
0.9L>8

15.39
.16.46
17.72
18.60

0.011
0.012
0.013
0.013

19.84. 24•.50

27.1 6

30.31
33.95
36.68

109,200

111,500
119,300
128,o00
134, 800

3.75+
4 '09*
3.8i/
3-73/
3.69.,/
3.67

3.84+

3.84W
3.80/
3.78v
3.85 Y

20.71 0.019 23.83 29.82 150,100

20.81
21.82
22.36
20.69

m~18
0.018
0.019
0.018

33.42
35.88
37-34.
33.11

150,800
158,100
162, 000
149,9oo

*Gate lip touching nappe C frcm Eqaation A.
*Gate lip touching nappe C from Eauation B.
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Douglas Dam Rating Curves.xls HLmin Determination

Attachment Al 1I
1 page

Watts Bar Project
Tainter Gates Partially Opened

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

Calculation No: CDQ000020080007 I

Preparer: S.E.M.

Checker: J.C.T.

V H1min HLmin

(data) (fit) Note: These data are also applicable to Douglas Dam
feet

1.82
2.73
7.80

11.83
15.86
19.84
23.83

29.371

feet
3.5

4.44
9.84
14.8

20.02
24.5

29.82

feet
3.42
4.41

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

Watts Bar 1:35 Scale Model
HLmin VS V

40

35

30

25

C

E 20

15

10

5

0
0 5 10 15 20 25

V

30
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Douglas Dam
Tainter Gates Raised Above the Water Surface

See Reference A3, Attachment A5-3

Scaled data from Fig. 3 from above reference (plotted points
on this figure are on the following page)

He, ft Cf
4.00
6.00

10.00
14.00
18.00
22.00
26.00
30.00
34.00

3.31
3.37
3.48
3.57
3.66
3.73
3.82
3.89
3.96

Preparer: S.E.M.
Checker: J.C.T.

Curve fit using 4th-order
polynomial (see plot)

Cf from
He, ft polynomial

0.00 3.16
0.25 3.17
0.50 3.18
0.75 3.19
1.00 3.20
2.00 3.24
3.00 3.27
4.00 3.31
6.00 3.37
8.00 3.43

10.00 3.48
12.63 3.54
15.50 3.60
20.96 3.71
24.50 3.79
29.53 3.88
33.23 3.95
37.00 4.00
39.00 4.02
40.00 4.03

Free Discharge

4.15 _

4.05 _

3.95 _

3.85 _

3.75 _

-3.65 -
U3.55 - N Douglas Model

3.45 - Poly. (Douglas3.45 JModel)

3.35

3.25 _

3.15

3.05

0 5 10 15 20 25 30 35 40

y = -0.000000462x 4
+ 0.000041071 x3 - 0.001421 6x2 + 0.042560x + 3.159
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The accuracy of the data is evidenced by the plotting of the data points in
Fig. 3. Except in some caes at low heads, the deviation of any plotted
point from the coefficient curve does not exceed 0.5%. i " . ,

Standard Crads.-It has been shown by various authors that the discharge
coefficients for all standard crests can be related to each other and that, con-
versely, the coefficients to be used for a new design can be taken from previous
test data.2

.3.'
8 . Unfortunately, in most crest designs, due to other design

considerations, it is necessary that the shape be varied from the standard form.
Nevertheless, satisfactory coefficients can be obtained as sufficient data are
now available on a range of crest shapes. By comparison of crest shapes
designers may select a coefficient for any particular crest.

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

TABLE 1.-DESIN DATA FOR EnWVEN MODL1S OiP TVA SPILLwArS

Model h ,. Upstream ff. Pier nowe
Project sals in foot %- f& P iF feet

Hales Bar ...................... 1:34.76 1s 32 0.55 3.00
Ocqee No, 3 ..................... 1:23.72 23 57 0.55 8.00
Apa lobka..................... 1:28.72 28 97 0.24 3.00

1a5s3 43 0.81 2.25
Wheel .................. 1:34.23 15.5 43 0.38 2.50
Wilon ......................... 1:39.4 19 75 0.25 coo
Dowgl ; ...................... 1:55 28.5 133 0.18 3.25
Watt Bar.. .1:35 28.6 52 0.45 3-25
Plakwiek Landing'............... 1:50 81.5 32 0.98 3.75
Oh..auga................... 1:50 20 4.00

une o1... ........ . 1:0 1 4.00

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

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

.1 IPinal fPAorts of Boulder Canyon Project." 6Bisut N., Part V, Hydrmulle Invetigationn,
Bureau of Reclamation, U. S. Dept. of the Interior. Washington, . C.i , 1947.

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

"Discharge Coefficits for Irregulr Ovrall Spillwa" b J, N Bradley Htvinaering Menowrap
No9, Bureau of Rdeclamation, U. S. Deps. of thse D.eror Q.hngo , aa ~

IRREGULAR CRESTS I I L IL
12 16 20 24 28 32 36 40

Total head n cwest, H. in feet
0 4 a

nEo. •DMMACMX Co6EZMnX5 sof FUMa FLOW OVE=w TRZ SBE.WAY CRESTs oP' FG. 2
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Preparer: S.E.M.
Checker:

Determination of Cg From Model Data

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

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

Model Scale = 35
I-o.de, = 6.866 ft

Lrpmtotvpe = 240.31 ft

Model Test Data In
Prototype Dimensions

V Hý Q
ft ft cfs

Hc=HLmin 7.80 9.84 25640
7.80 12.50 29730
7.80 18.97 39400
7.80 24.64 46350
7.80 30.10 52100
7.80 37.31 59330
7.80 60.00

Hc=HLmin 11.83 14.81 49140
11.83 16.76 51470
11.83 17.04 51750
11.83 23.34 64460
11.83 30.06 76020
11.83 36.92 86530
11.83 37.28 86820
11.83 60.00

Hc=HLmin 15.86 20.02 78630

15.86 21.77 78410
15.86 24.01 83200
15.86 29.68 96600
15.86 36.96 112300
15.86 60

Hc=HLmin 19.84 24.50 109200
19.84 27.16 111500
19.84 30.31 119300
19.84 33.95 128400
19.84 36.68 134800
19.84 60

Hc=HLmI 23.83 29.82 150100
23.83 33.11 149900
23.83 33.42 150800
23.83 35.88 158100
23.83 37.34 162000
23.83 40
23.83 60

Hc=HLmin 29.37 37.26 218910

29.37 41
29.37 46
29.37 60

Attachment A7-1
3 5

*Lmodel

Geometry

g = 32.2 ft/s2

Definition: CQ = Q / {Gn*L*sqrt[2*g*(H,-Hrn,)])

Gn H,0n C0  C. Line
ft ft

7.865 3.881 0.692 0.692
7.865 3.881 0.668 0.668
7.865 3.881 0.669 0.669
7.865 3.881 0.671 0.671
7.865 3.881 0.671 0.671
7.865 3.881 0.677 0.671

0.671 (1)
11.868 5.906 0.720 0.720
11.868 5.906 0.683 0.683
11.868 5.906 0.678 0.678
11.868 5.906 0.675 0.675
11.868 5.906 0.676 0.676
11.868 5.906 0.679 0.678
11.868 5.906 0.677 0.678

0.678 (1)
15.904 7.921 0.737 0.737
15.904 7.921 0.687 0.687
15.904 7.921 0.676 0.676
15.904 7.921 0.675 0.675
15.904 7.921 0.679 0.680

0.680 (1)
19.919 9.906 0.744 0.744
19.919 9.906 0.699 0.699
19.919 9.906 0.688 0.688
19.919 9.906 0.682 0.682
19.919 9.906 0.678 0.678

0.678 (1)
23.994 11.892 0.766 0.766
23.994 11.892 0.703 0.703
23.994 11.892 0.702 0.702
23.994 11.892 0.698 0.698
23.994 11.892 0.694 0.694 Thesevalues have been

0.690 (1) extrapolated in order to develop a
0.690 (1) curve which correlates to the

29.783 14.588 0.800 0.800 model test data. The curve and
0.718 (1) its. correspondence to model datE
0.707 (1) curves can be seen on the
0.707 (1) following page.

(1) Value of Cg is estimated; no model data, so no value for Q; geometrical parameters not needed
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Preparer: S.E.M.
Checker:

Watts Bar 1:35 Scale Model
Cg vs. Hc

0.82 X V = 7.80 f, Model data points

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

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

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

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

A V = 29.371 ft, Cg for Extrapolated HI-min
--- "V = 29.371 ft, Extrapolation to constant Cg

0.76

o 0.74

0.72

0.7

0.68

0.66
0 10 20 30 40 50 60

Hc, feet
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Attachment A13-3

Reference 4

Red circles indicate Douglas values determined
or estimated from 1:35 scale model data

.6

7
110

105

100

95

90

85

LQ
w

wu 80

75

70

65

s0

55

.L
0.950.60 0.65 0.70 0.75 0.80 0.85 0.90

DISCHARGE COEFFICIENT (C)

TAINTER GATES ON
SPILLWAY CRESTS

FORMULA

S=CGo.B•av
WHERE:

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

DISCHARGE COEFFICIENTS
HYDRAULIC DESIGN CHART 311-1

wes 3-56
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September 1998

SAFETY MODIFICATION FOR

Z • Calculation No: CDQ000020080007
Douglas 47

PROBABLE MAXIMUM FLOOD (CONT.)

f l

This picture clearly shows
the transition from the.
modified portion of the

dam to the non-modified
nortion.

FIGURE 12
Access Ramp and Wall Atop Nonoverflow Blocks 1A through 3, August 1998

FIGURE 13
Access Ramp and Wall Atop Nonoverflow

August 1998
Blocks 28 through 32
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September 1998

Calculation No: CDQ000020080007

Douglas- 45

SAFETY MODIFICATION FOR ,PROBABLE MAXIMUM FLOOD

Chronology

Safety analysis studies-for Douglas Dam for the. Probable Maximum Flood
were started' at the beginning of fiscal year 1985 and were. completed
with the ,submittal of DOUGLAS PROJE•CT DA S.AFETY ANALYSIS ,REPORT HREP-
C85-1 BY NEMORANfDVM FROM R. G.. DOMER TO R. W., CANTRELL ON.JVWI 17,
1985 .(B66E 850617 0002). Final: design !started in.:October 1985. Onsite
construction began, in March 1986 and was completed in May 1987.

Cost of Modification.

Design costst for the, capital safety'mmodifications to -Douglas Dam were
approximately $403,000 This, did not include costs for dam safety
evaluation studies ,which resulted in 'the modifications, construction
costs were approximately $1..8 million. The total.project cost was
approximately .$2 .5 million.

Controlling Features

cocrteda• spllayara wih os ibre-a-Jnr -thae tthei o- h)
powehou.se . .con aret-,. •The"ierlev-dae-anion -ftheirhearwter ..... a.MF.-

3reSu-f6i t-16romreainter shoeaght- andls L har= •:•thione'.Uyh feet andthe.

eadd -udame Tese mdifications will .prevent overtopping, and erosion
the embank an .ddledambut would .permit over Itoppi ng.o-f thIe

concrete dam spillway area with possible major damage to the.
,powerhouse ~and aWitchyard. The elevation of the headwater for a PMF
resulting from combined storage and:discharge through the spillway and
,over the top ~of the concrete structures. is, ý1022..L5-,
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September 1998 Douglas 48
SAFETY MODIFICATION- FOR PROBABLE MAXIMUM FLOOD (CONT..)

-North- and South pEarth ,Abutment Modif ications...

-The northi -aidis-4u-&th earthi. abdtments were stripped of~pavement, curbs,
•and 'stabi1izid roadwdayI-base,-- iThcreased -n height to-elevation.
1018.,5 uin-g i qmpervogs-rolled,,earthfil-l, filter--bl'anket, and riprap,.
A'l2-!ibich-ýtlI~hk oo~nci~et6 wikitwit"h, top ~ele~vation a 025 'was place..
on the north- abutpment, joined- the wall on'he downstre-am aideb.,6f
,,nnoverflb* blo6k IA,.. and ,eextiidd along, the .irivjer' side.o:f :the- patrol7
road to the 10"22,.5 contbue!. These- walls, alo'g~wi' fth.:'wats16nls oni-,
;nonoverfl* 0block 1A -'throughi 3 a6id-,:,28 through 32.: i ar for :the:urpobsie&l
of.diverting oveFtqppin4 If lowi to the.-sp'l way and ýpowerhouse portions,ý

... the-dam. Detai .. f. hiese waalls, are shown, on,..;drawing',23E21O,7t

eA-LJ euel ij-s 6,1 1~
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- ý-~DETA
R AND GRUBJ 'W N'-ORIGINAL GROUND SURFACE

"-CTION C-C

EL 1022.5 PMF EL 1022.50

--rCONC WALL, FOR ADDITIONAL
DETAILS SEE DWG 23E209-1

r

'-1 1' FILTER, NOTE 5
~r 'LrRIPRAP, NOTE 4

IMPERVIOUS ROLLED
EARTH FILL, NOTE 3

9,-

(.

ILX

C

(A

C C

- o "

BASE LINE
& 4. PATROL RD

DETAIL XX
TYPICAL CREST DETAIL 20.0'

SCALE =1 '-0o" BASE LINE

DETAIL

5 X-b -ý L- G-bAAAI 'bw(j -L3W-2-00,Rýl
GRASS.--
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PROVIDE 6"

• f--vru ur U•M
/EL 1023.5 10' CREST

STA 6+25± ~

4. PROJ 20-1008
DWG 1008-H201

PLAN-SADDLE DAM 2EL 1023.5, 20.0' CREST

IMPERVIOUS ROLLED
EARTH FILL. NOTE 3"

p

r_5

C

cr,J

LP %vMVUNuE `-STRIPPING, NOTE 2"

TYP SEC-SA:DDLE DAM-2-
SCALE 1"=20
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.E DAM 4

IhDCw2G Z%2- -5 )o R P-8
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0
ORIG



Preparer: S.E.M.

Checker: J.C.T.
Appendix B-16

from Ref. 14
I

Calculation No: CDQ000020080007 I
I,

PLAN-SADDLE DAM 5
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>i. .

t-- .•

V'

CRUSHE
GRAVEL

5.0' MA

0
0C
(.7

N

C

C7

DAM

2' 2' SHLD
__-- DETAIL DIMPERVIOUS

EARTH FILL,
_ 2.5

PMF EL 1022.5

GRASS, NOTE
GROUND

MAX NORMAL HW EL 1002.0 fj

GRAVEL - -

.t>

(3,
(....

t-.

FILL, NOTE

TO -1 IL
31,,ERVIOU -S- -- ---- BLANKET-- S _D-ET --~~~~~~~~~~---- --- L---"-.•_----. -- -•--,---.... ------ =---•---- --.-

C ,, L. r3.0 PERVIOUS DRAIN BLANKET, SEE DETAIL:TAIL STRIPPING. NOTE I
DRAIN PIPES EXTENDED 20'±+
INTO BLANKET WITH OPEN LAID JTSI

SECTION A-A

SCALE 1"=20'

2 j3 I 4 I5

~b\DC) Z'3\ W L3) % 5
C



bAIAAM-TAJ~ CW2LXZS -LJDL.4

-~txý) 0/77'7% s
ULALN Pi'L LAW Preparer: S.E.M.

JTS. MK 23N200-3 Checker: J.C.T.

C-_D () c) ox o 2- o c, 90oo •-

Appendix B-17 Calculation No: CDQ000020080007

from Ref. 14

SCALE 1 "= 5'

DAM

IMPERVIOUS
EARTH FILL, FILTER, NOTE 5"

1.81
SRIPRAP

IMPERVIOUS NOTE 4"

1000.0 MAX NORMAL HW EL 1002.0

ORIGINAL GROUND-
NOTE 8STRIPPING, NOTE I

~u99 ~

SECTION B-B
•-ýPCL-SADDLE DSAL I250sAMS'4"=2o [-ou /mo)- s - F s6 , A-b k A

1-uc) UJL-

7 8 j I" BY. IREVN.0



D4AA I R .A-PLýk W (ZI~- V - IDU .ACL /~

ODLk6 &7Ac eu 4Pno o s Appendix B-18
from Ref. 14

F Calculation No: CDQ000020080007

0 c- pLO'-)

(i Doý
u q 0CoC Z-COL)6L" 0(

00
t00

Preparer: S.E.M.

Checker: J.C.T.

STA 6+2!

PLAN-

t SO

WHITE POST-

E
FLEXIBLE DELINEATOR
FOR LOCATION, SEE
PLAN SD 3 & 4.

IMPERVIOUS ROLLED
EARTH FILL, NOTE 3

23

ORIG GROUN

TYP '
I

PLAN-SADDLE DAM 4

3AVUD()ýF k-_0.



D AAA• •A-(\,AJ.9 L CiJ. P7- -bL.A ; 4.-4i
Calculation No: CDQ000020080007

5-,• 7 D ou,'- ,s

C.D L• OOOO- LOO:fOO--•-

CjDQ Q)Loo- I-QC)O33

Preparer: S.E.M.
Checker: J.C.T.

I OF DAM

•Dt PROJ 20-1011
DWG 1011-H201 Qg

TURN AROUND, PROVIDE
6" GRAVEL OR CRUSHED
ROCK SURFACE

/

00

PLAN-SADDLE DAM 5

F~oA 2. . W, 2--. D . /



Preparer: S.E.M.
Calculation No: CDQ000020080007

I

PLAN-SADDLE DAM 9
t SADDLE DAM

.1
20'-0"

PMF EL 1022.5)'FILTER, NOTE 5 . __

-RIPRAP, NOTE 4
1.0' FILTER

3.0' FILTER

2.5 1.81 1

I.

STIIGN-STRIPPING 1

-I- -- --NT E 2 -

'ING. NOTE 2STIPN.OEI

ORIGINALGROUND

PLAN-

MAX NORMAL HW, t

'C/

o t-.

N,

DFAMS ( 6, N A--Ar--WICAL'-SADDLE DAMS 6.::B 9• 10J
SCALE V=-10'

TDw % 2,7ý W -z- 04, Ri-
2 I I 4 I 5 I 6



Preparer: S.E.M.
I

Checker: J.C.T. L/
4ASONRY
tOTECTION/I fTURN AROUND, PROVIDE 6" GRAVEL

OR CRUSHED ROCK SURFACE

AMROAD~

Appendix B-21
from Ref. 16

I Calculation No: CDQ000020080007

EL 1023.5
10' CREST

M 7

NOTE 6

PLAN-SADDLE DAI

IMPERVIOUS ROLLED
EARTH FILL, NOTE 3'

1

ORIG GROUND--' . STRIPPING,

TYP SEC ADDLE DAM 7
SCALE 1"=20

1 6 b tu&C) -2ý \]\J .2,04
NOTE:
COORDINATES SHOWN ARE TENNESSEE STATE SYSTEM OF
RECTANGULAR COORDINATES. TOPOGRAPHY OF SIGHTS WERE
TAKEN FROM THE FOLLOWING DRAWINGS: 461K504-F8, G9, Gil,
H1l, H12 AND H13. COORDINATES OF POINTS F TO K AND
BEARINGS OF CENTER LINES OF SADDLE DAMS HAVE BEEN
OBTAINED BY SCALING.

MAX NORMAL n•
HW EL 1002 •-

NOTE 2

M%

fV (

PLA

-I-,
1%.



TVA 489H (EN DES-2-78) TENNESSEE VALLEY AUTHORITY SHiM J or

-DAM 9AtM)q CL"ýZU6-- DOLLC)LAS
SUBJECT UC9.F/OW pAA N"- .S -A-F7S- ]4 ILUQC PRý Calculation No: CDQ000020080007

COMPUTED BY DATE CHECKED my..."

# FAILURCAP 5c-FEA,4IOj3 176p-_ D6UCILAS DAAM A- CO-,TA/JC•.I3 IA) A- ,4-

tALct J) Do\A-sL OAAA 51$. 4& AJMNS r h s rlhPAmice (4, -2 l). ' 41'
C/4LC14CA-TA-*,, ( * -2re®) _ k -Ct7'S ThAT- 1GLOCYLS

)2 - I-I ('PoEwrou Sc) Ati D 6 SLacvS 4L -5~ 0Z~ )J 0 U M r-L 0L, D,+,44

RAAAA-) -A-CT, E-61A-- u .FLeAc,) Q , PRo.--/- 1" F/A-L

AMovF -LiUAl DA)J ;2-1,'L-- CJ A -Fl-u-) .•-r OF D5H0,F 5 ,.

5PiLt-LJAS" A,-- PI2O3"E-Tb3 TZ" FA-IL A6L0o 9LEV , 3"). L93 f-f-H

ALDM F Z&O'SA .7UC5A.l.-, g T2) tiS VAV
/Aý t)A iFý .()j~~4E ks e 4 P1i ALLL&ALA-1n.A..)

* iP3 OP-,R •Tb .UTEPAI.) T.h_ J..)(ScJ.IA.• •-7FP1/ovJ, fbf_

)A LL) QOGTR 76 4~ DUE". SFA. 6-- F0g' 4r- 4

L- L-tj 679 cLU4-77o,.u ,+Av6DCZ- OF ftzCA3 nýz T-4k Ci 'Ado iŽPjS T)AAA

-FAILLt. . 57LD',-JU D O WAS u E,) rm APPo -"T "c'. w-/5 .

5-1740,.1~ (ep- 19) Ui T7/#C0eA)L, 1/CIVJlidA)5 D7ty RQF:AgDWAý . c#A2
0 •(&FIc16AAf_ ,•M.SIA)) 61/l( Pi t,2 447 0.DL•2,. DI-/ .- t5QO..I•,•r O )AAC)0EL ?l'3-l,o

F -C-9FjUCES AJ)(I DRAWIAk)•5

-.UACLCDPRýt,1S PMA4 STA-Ilklftl. 57Uo4-y- Wk5C thli-r A,' AP0$5 - 13,?5 _( )&5 ZD 3e9

0AX)uAS D)AAA FAI.LQP-6 _/LDf $c.'iSDAAA,w P (L
ki . C . •.- 0. 

•

G .) _! . •,.2 -. .. L •5 . • , 7 j.i. / 7 .. 2 ...

--o:l,, P. 84 Jl-, •Eu-,-'..A4_.n/•-•,!,-"a J~• ~d..

7# N _ 6" '- .... eL4, (k: . i .... M. . .. . .. . . 'I. R.SF

.4i -9,- /7-1A-••1Th$ SOU•T V S,-...
..................... .... • ". l ..... W.1 .... .... 

1A..)6....-.......... .. " • :..
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TVA 489H (EN DES-2-78) TENN SSEE VALLEY AUTHORITY

h)v4m k, q Cueue,- )OLL LAS
SU.JECTN~fL- RW~sM)Ee AF-p FAILk-ea

SHEET 7 OF

Calculation No: CDQ000020080007

5 (-'ACOMPUTED BY

)0 - 7_2. -D?ý I Appendix C-2
J.C.T.

DATE CHECKED BY DATE

D.b9L~ AAA ,AS- POSVL.4-rLLre OtA i- 01,.,NOLDL( 131F
TLMu.'Ey -PE'-9L4AAAj.TALt,-' §L•c ,AO ACEzpCgP-,AtwJT-

0 STS FO 7- A3t. P P,,A. W LL-.VG.,A-SS•t7AC "T74T-

F&OLL)c~ui~ih6~ -#17~

5-

5P&-T7O--) 5ý1 WOLAý-S PAAA -CA/J RC- I ?,4PPR(AATýlJD 13V-
LKS(A3q COUJ9-iTT DAT¶A C.O.FRLArTA)~ i+,OLATE1ý2-~
A-AJl> PtS(-44RiŽ9 1Af) h /uRs AA

Rom / -V E- 6A,546r //•y4Aa1C Dcsý/ýJ

Qz CL 3/7

0
rlV1ý7I: UEL 1A7t) OF/1-D 6Y

)DA-TA 7-7) A4 ZiL~I&*ie '26Z-S/AL) 5qowis T7H/-1U,

/Th q '-/7 3 -3 2, 53

p-R 1 -) 2 ,. $ (Aw~m-o5rý

A' s2w/ 77A)

4/- 37I3S>

\j Moe R-t rs 'QAAA FAILtpE ,MODEL (CASE F aI) (®D.

FAý55QAEP F.4tL-ED

.eA'e A/. ~529)

bFB P--l$ s

L.-WJA-l6A.) OP
FAiLe-b Se-erio,-)

'PL,4A'j V'~

wJt- -m- SLAL-C

S EfL-o A) A -A



I Appendix C-3 I Calculation No: CDQ000020080007 I

Preparer: S.E.M.

Checker: J.C.T. Determination of Cf For Failure Sections

In order to detremine a value of Cf which is applicable to the seismic failure

section of Douglas Dam, a relationship between the data for failure Case F1 from
the Norris Dam model study must be developed. In order to do this, the
relationship Q = Cf * L * Hc31 2 will be used to back out a free discharge

coefficient. It is known that He, or the head on crest, is equal to the headwater
elevation minus the crest elevation, Zc. Because the minimum collected model
data was at H, = 37.35, no coefficient values below this point were developed.

In addition, tabular values for free discharge over a broad crested weir do not
range less than the 2.53. This value will be held constant for all head on crest
values below 37.35 feet. The value of 2.53 is slightly lower than the value of

2.65 which has been used as a minimum throughout this calculation. It will be
considered appropriate to use the value of 2.53 as a minimum because model

test data is much more reliable than generic. The normalized value of "H -
37.35" has been used to develop the curve below, in order to force Excel to start
the curve at 2.53. This is the only application of this fourth column. The head

values used in the calculation of Cf are the H values in the third column.

Norris Dam Failure Study, Case F1
Q

Headwater (ft) 1000 cfs H (ft)
1007.35 384.1 37.35
1018.63 596.6 48.63
1027.25 801.3 57.25
1035.85 997.0 65.85
1043.15 1207.1 73.15
1049.65 1401.7 79.65
1055.80 1598.7 85.80

[H - 37.35] (ft)
0.00
11.28
19.90
28.50
35.80
42.30
48.45

Cf
2.53
2.65
2.78
2.81
2.90
2.97
3.02

Z, = 970 ft
L = 665. ft

3.1

3

2.9

U 2.8

2.7

2.6

2.5

* Series1 - Linear (Series1)

0 10 20 30 40 50

H - 37.35 (ft)

60



TVA 489H (EN DES-2-78) TENNESSEE VALLEY AUTHORITY

,AAA OlLhJ C, C)W-r - OLA (L-AS
O)UEv-rFLOLI ~PA9.AA*i±.S rFAA1

SHEET 1 OF

Calculation No: CDQ000020080007
• w • i

I

OPUE
COM PUTIED BY

16- 2Z -08
DATE

J. C.T.
CHECKED BY

I1 Appendix C-4

LAS 'DAAA 4vrF-.P-- .S S _,c FAILL .I,, 5PULT.Art7YOdj3 l)A4
I

5T 3+25,S (b :sT UB~s @5j'-~

L-vic

ý59IjL L .o k%/ F*1Lu~L~jL

30 O:?:e: ,
I / "r cTAT I k)TACE I _ToTACF

10 T¶Ar(

PLAA-) VIEILD ,UOT ~i~' $64L6

~lOi25'

HU)M~Lz IV2~2.•~

-4--

eLE) AT 6 -) J IE LO ,JOrr- "1Z ScJ* L--

(7/ F 2..,



TVA 489H (EN DES-2-78) TENNESSEE VALLEY AUTHORITY

[DA& RATIkAJ( C(,( RU - tX~u LA~- .5
SU EC OVF2IP)LO) PAC,4MERIZIS A4FEK F- MLLXVC

SHEET 6 OF

Calculation No: CDQ000020080007 I
|

QMC0Az 08
COMPUTED BY DATE

J.C.T
CHECKED BY I Appendix C-5

0 ~LOU?- ~oLX1:).

n0V-UFL0L,) E67LCUAMW1OS WI A1 ~ T14 L0CAFnbJA. B&SA-5C

I-4 PA'IF (JALVS ,AE-T(AC14 S.IIE- AC OT CkZFglb ) -TAU-I
Wi-k5LL 9E A) Eq 1&LC-WD. T P-I MA-1A1 LC- L.)ILL BTObASt4s *

,IS= 5.3'
Fo- /9'.3' •
13.: 2~f,
f3: $0")

2L /Y5Y . -.. 3-: 9.3 .'.

L: 2-/9 •':
L-- 09,33'

!

(ASACG- P4yl4&L- Dcsi (f?) 7MJ-h Ai(.EP<±)

ID&511((A) LOC7AT~/(~~4 -i I YLt3

.SIAJE 7(cy

D67rMI ~*LF)

0. -: bd -(4 1i~ -

C) ~
c~ .~ +

1
L(G

,. 0 6.,2-z. o•, ],
L (JV2-Z. •- .- 4 , -

SECAu.sC 46Z:'T4L PA,4A 4'6PSr,,
Lc)ILL 13C &S~i)71 lCfT'

r C' elc F(2.AA 54.

C) ýý ]A C

ý) -ý c /= lzz •'- ,)2-7s' : 95' ';39.,3 -1

ou, *-

cv-
2 .5 > ,- 93'-

2,5 ~-( 1ooiŽ(ss'-3ý,V~:~o



TVA 489H (EN DES-2-78) TENNESSEE VALLEY AUTHORITY SHEET OF

S-•.ýA\•A Cua) - D)UC LA-5

SUBJECT OA-.AMU--5 AF•,JIff2- F4.1L•• T F- p Calculation No: CDQ000020080007

s /A /0- ~i2-6~9 J.C.T.
--- 4

COMPUTED BY DATE CHECKED BY Appendix C-6
i I

f ILwAMAg~q 0F- Ck-ROL42 i- * A-UTEP3S A-(FT- 50SAS/C 267L P

,:L C. (-Fý L C4

/1269. 24

Z9971:2.

3", 3
VALMC A-T

qj37)
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Preparer: S. E .M. -/ ,.-epyio~i•4 s

Checker: J.C.T. , , ,_._______

Q'II
V PLAN
._BA1

AIOoi•WRL oW PzR/OVIW -_______

DOHVNSTREAM ELEVATION

, ,, / 'A % z o f -A ,,-,C

'.,.R V 2 L- S f- ,A I

Damn

V 93
I'

i s iiii
.PjM,46'-?OfVAW anblOC*.3 1-*S"
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I-,*- 'li/ /I
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Q>

JD1
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Preparer: S.E.M.

7)Chec•<er: q. C..

• " . • I .. )J .
>.:,:. -.- . -I -. . . ..0 • " I ,

krA y . I j . / I

I';.• .; , I

-OOL-CL*-S / P4~)PA-A-At&71'nerz-S Af-r-r&7-- f5 4LA~-/

Appendix C-8
from Ref. 21

Calculation No: CDQ000020080007

. ., •' .. .*1

.1 6 )

,> I

I

:i

#1

81

SECTION AA

••4O'. ,S,.

U-I

, ; ; I • : I "~,' ' -1 " ",at~/ A. .. t .,• II • ,/ ' .. • o ¢ • " . ' , . . . • . , . ....

origial pa/fAo f

F-A."
briS79 f0ro0 4/9ew po'4 //ý7o

•e ekr'7d043,

BJ
ION

-7' J.

remandin In

Douglas Darn, Assumed
. Condition of Dam Afer-•

Failure, 1/2 SSR and
1/2 Ma---Lmu .PosSIble
Flood, Rigure
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Preparer: S.E.M.

Ched'ke±W :J.C.T.-
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]DAAA PAA T•A) 9 ( •P2 6'. DOL jLe; LJI Appendix C-10

C' ,I,- Ffi,& p,4A-CLMA, 72- /C A -/Zj FAiFw -g from Ref. 21

.. ... Preparer: S .E.M. Calculation No: CDQ000020080007

Checker: J.C.T.
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Prepaer: S.E.M. Appendix C-I Calculation No: CDQ000020080007
Checker: J.C.T. from Ref. 19

PLATE

tQ O E F1A ONOVERFLOW 613, ", r A "
OW I 

FONOAERF M 
LG* NONOFkR6 " : |. 

s A•- "BLOC.S @ ACEO 1A ASSUMED FILED @ AEOFDl io3 %1 SSU.-E. FAILED-- . ... -FA E O FACE OF DA L , -)o

ropo N10T SHOONN" '----- N ". .. TOPO NOT SHOWN

A -" 
" . *AJ1 A-J AJc

PLAN (ASSUMED AFTER FAILURE) PLAN (ASSUMED AFTER FAILURE) " PLAN (ASSUIEO AFTER FAILUREIICASE A)l CAiE C ' AS"E/ CREST ELIOZOIREFORE FAlui•LUE). . -ELIDED F Onl E FII,,;A) " •LIDED 
","

A VG, • " -. AVt. EL SESP O " i OF ES O --
'- 

CR-ES E OREIIAPPIOx-OF elRO. UkFAITLED PORTION OF DAN " Ol* - -E " OX OF DE BRIS goA " F • K" .'•'\ELfl'9
1
9 At FAILURIE R, '' , EL BI... AfTpi, FLALURE9 .. 1 .4:. .. 0B -0 - .n

,.5. .0,

SECTION A-A -..SECTION A-A

_ _ _"__ _ _ _ -1 _ _.•-.--

NOVEFFLOi 310 N ONO RPL OW• " . IIONOVER W M-- L l~I§V" . •1-' /S .- ( . s eD;,o,- lO T SHOm Wl

A k-A J- •ED AFTAE FIFAILU"E-• •- F ,L . , ' _

A7~s

CONPINEAE•.. . L . uWlI••OV.IFtO* PORTI O IIlOI". .'A.. * -gSI. L• . L. - -N
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,-O " .S'...'".-OW"NI'." 

.N
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Pr r ' M Calculation No: CDQ000020080007

• Preparer : S.E.M.

Checker: Y.C.T. TABt. 6 __ " ___ : _ ;-"__
ITORI D"~jME -- "TUD-Y ' " Appendix C-1 2'

•, . NOFRiS DAI .TAI E STUDY from Ref. 19
ItllB,1EARY OF TEST RESULTS

* ISCRGE. RAI'TING 
-.

.cASEF.

Tst 
T. V 2.H .:L .•e..

Elev. cfs -,No. - ~v__•..c.__.

81 1Q0-7-35 .885_..0

-B 2 i 18.-63 596,6o0 900.5.

83 1027.25 801,300..12.

814 2035.85 997,000 923.,4

85 -"-•43.15 1,207,o00 933-5 .

.86 1019.65 1,401,700 943.0

87 1055.80 .1,598,700 9551- 0

8 983.80 96.,800 851.5.

891 992.88 398,700 865.0 .,

901 1000.00 -2967,TOO 8T5.5

"do:.e1 f£lJow vas unstable..because of the sm-1 head on

the crest. Test. cla-ssifiea as unreliadble.

• . . . o . .•-,* 
. .,



A. ) • . ih- C -3- a ".•.,,- ..... Appendix C-13

Calculation No: CDQ000020080007 . from Ref. 19

2•c .POA.,4,f .~

"re'arer, S'.. " . -TEST. POCEDURE'

Checker.: j.C.T .

Wuring each discharge rating. test a constant discharge was set up

usfng the appropriate taliwater level shown on Plate 5. Recordings were.

tfiet made of the headwater elevati on, tailwater elevation and the :discharge.

: The, test procedure,'was repeated at other constant flows so that suffictient

.n. j.i, ,on as oi neO to stab ish, a, discharge. rting curve :of:headwater

"e1 ev.tjon vs, d4schare, for each-case -tested.

:TEST'CASESt faf.ue.'ch 
, _i • •t.

•t' fatinre.sc•hemes egnated as cases. A. Be C. Ds, E -ad F .5

..re rated. I'etals of the schemes are-shown on Plate I. The.existing

" toiography both .uptream. and d'ownstream from"the dam was duplicated In the

model .. rf cqantours-.given :on Plate. 4. The debris configuration was assumed

to- '. : e t.',•as . on-Plate I for each case.

Case IE was identical. to case A.except that the sideflow to the.

left-' and right of the debris was prevented by constructing .sheet metal walls

-as.shon oPlate 1. -,.,The di ffrence between the discharge:of: case Akand E

Sat a• headwater-elevation will give the, di•charge not going over the top

of the debris.
:Four t4sts labeled No T1...Effect on: Plate 2 were. conducted with

the' : tailwatite'r level lowered&so -that-it Would have no.Influence :on the

he*dwater level. At. near maximm :test Q the headwater level :•as reduced

" 5.4,. '5.3 andi6feet for casess A$ B and D,, respectively, by.eliminating

the tat~l~atet ffc
eleatton .- or caseF.. f he -remains of the damassue roken offat

.0 s.moved to .fi-ve different positions as shiow on.-Plate 1.

Adisthav'ge ýrating was obtaihed; for..Oich location so that~ data, would be

avail able to etimte discharge coefficients which might be applicable to
f•iure a.-• • -••" t:*-pther dam.. " : .

V • ...
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Appendix D-3
from Ref. 7

I Calculation No: CDQ000020080007 I
I m

been able to check the discharge measurements of Bazinl Hiowever, the
ctual values are not Bo ifrportant for the case at hand ais is the significance

of the trend.

_111-PgoD For (OAMBNa'wo TUrST RESULTr

The method for combining results Ironi the eleven drunl 'ga
(Table 2) consisted of first plotting the coefficient of dischoi'ge data

DRuM oAvEs 413

total lihen, inlcluding the Velocity head of npPY-oach, mensitred above tie highpoilt of the aI~e-nl7j-' Ilis radius of the gate, In Fig. 5, C, is based uo the d
reta~~oi~shi,/'-oi -inse o, [;I . . , 'n therelationshi ,q -C•L )1. For positive values of r, (Ile head was nesuredabove the 11, C. -w, .. eraaa tot negative angles it u-iw observed a"ovethe hlg11 poia, or crest,, of the gate proper. The method of Mu.eSsting thehead is illustrated in Fig. 2. 

. kUpon complfetiori of a shi.ilar set of curves for eacli gate xtested1 the eleven Vsets of curres were replatejd anti combined into the chart exhibited s Fig. (. •.The results from tthe various gates shoyed good genera agreenent; and thecurves in Fig. b Constitute the general expernenttal information needed fordetermining the discharge coelficiants for gates in raised or partly tritsed Cpositions. The supporting po3ints are no1 shown in Fig. 0, but the indivitdui (1''inforMatiol, for each gate is listed in Table 2.
ANALYSIS OF TEST RESUVLTS 

t

The curves in Fig. ( show a tendency tolard reversal, similar:to tlhat ex-hibited by the Bazin curve in Fig, 4, but the points of inflection vliry from0 2I1 to 0 = 30', depending on t•h value of Hie. Flg. 4 showed the co-eflicients to vary only slightly with the head, but in this case the coefficientsdefinitely vary trith the head.
A matter of signifiennce is the reversal of the (H/r)-order which occurs at29" (Fig, 0). The coefficient of discharge asa but one value, 3.88, when 0 ap-proximates 290; thus, it is insensitive to both the radius and the head Oil tilegate for this angle. The curve for I1/r - 0 approximates a drum gate ofinfinite radius and was obt,0ned from the data of Basin (Fig. 4) by apply-ing a uniform adjustment.
As stated previously, sitrilitude is valid for ssmall negative angles of 0, aswell as foi positive angles up to PO0; thus, thie curves in Fig. 6 -re shownand reconznaeuded for use down to 8 -- 15. As the gate is lowered beyohdthis angle, the curves double back hnd converge, finally termninating in thefree flow coeflicienlt.
Tihe discharge coefficients in the region between 5 -- 5° and the gatecompletely down are determined by-graphical interpohation, Interpolation isaccomplished by plotting head-dischmrge curves for several gate angles betsveen--15" and the maximum positive angle. Also the head-di Innrge curve iaplatted for the free crest. This inrorniation is themi cross-plotted to obtainvalues in the transition zone, T9he inethod Will be explained in the examplethat follows, It will be diseover6(l that negathie angles. greater than -15"(with the exception of the free ercst) are inot particularly important from aiioperator's stabdpoint, as a change in gate position has little effect on the dis-charge in this range.

It must be assumed that the coeflicieut of discharge is known for at leastone value of the head on the free crest (gate completely down) for the partle-ufar spillivay under cotsideration. With the coeoffcient known for one ormore heads, the complete coefficient curve for the free crest can be plotted byconsulting Fig. 7, In which 21. and C. are the designed head and the coefficient

I.,
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for each gate as illustrated by the sheet for the Shasta Dam gate (Fig. 5),
With the coefficient of discharge as the abscissa and ie/r as the ordinate, each
eurve in Fiv,. represents a different gate angle 9, which the tangent to thedowaý tro lip of the gate makes with the horizontal. In all eases, H is the I (y3
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Appendix E: Hydrostatic Loads on the Spillway Tainter Gates

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

El References

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

E2 Calculations

Reference El 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 (FRulosed) when the headwater
elevation is at the top of the gate (1002.00 feet) and when the gates are completely open (FRopn) and the headwater
elevation is at 1022.50 feet. The margin is defined at the ratio of FRvpen to FRclosed. The calculation of these forces
and the results of this comparison are shown in Figure E 1.



Douglas Hydrostatic Forces on Gates-C-bn-mparison • 6f-•f6 rT"e-sWhe-n-a te-s- e-r1 o--s-e-d -d-d -H W -i •,-at -

1002.00 feet (top of gate) vs. when gates are fully open and
HW at an elevation of 1022.50 feet.

Attribute Symbol
top elev Zo
trun elev Ztr
sill elev Zsill
radius R
length L
angle up a2
angle lwr a
angle tot 0
area of lower slice Aslicel
proj area AProjected
Desgn LdH FRx
Result elv Zi

ValUE

Result ang deg
Result ang rad
Result Dsgn
Area slice upper
Area triangle
project vert
vert weight water
Resultant load -
Gates Closed

vert open fm calc
max hw
lwr lip elev
bot angle
top elev

Horiz
Aslice2
Atriangle
xl
FRy

FRcdosed

calc App A
calc
Z2
a3
Zo

Unit
1002.00 ft
982.00 ft
969.64 ft

35 ft
40 ft

34.85 deg
20.68 deg
55.53 deg

593.62 ft2

1294.40 ft2

1306867.66 lbs
980.43 ft

2.58 deg
0.04 rad

1305546.59 lbs
372.55 ft2

287.23 ft2

6.28 ft
100392.74 lbs

1310718.04 lbs

29.37 ft
1022.50 ft

999.01 ft
29.08 deg

1016.85 ft
713.40 ft2

648713.21 lbs
5.65 ft
1.63 (ratio)

27.30 ft
385320.34 lbs
386333.18 lbs
771653.53 lbs

1008106.14 lbs

project area for h I AProjected
Flood LdH FRx
Height over gate yl
Height ratio to orig
project vert x2
Flood LdV1
Flood ILdV2
Total Flood LdV FRy

Resultant load -
Gates Fully Open FRopen

Margin FRopen/FRclosed 0.77 (ratio)_

Figure E l: Douglas Spillway Gate Margin Evaluation
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Attachment A8-5 Calculation No: CDQ000020080007

Reference 29, 38
Replaced for Rev 3
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I. BASED ON VOITH SIEMENS HYDRO GENERATION
MODEL TEST REPORT NO. 2677-0137 DATED JUNE
1997, AND ADJUSTED ACCORDING TO FIELD TESTS
CONDUCTED ON 03/28/2003 AT 93 GROSS HEAD.

2. CURVES INCLUDE GENERATOR LOSSES AT A
POWER FACTOR OF 1.0

3. THIS DRAWING SUPERSEDES TRAOING NO. 47X901
RN.
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Attachment A8-6
Reference 30, 38

Replaced for Rev 3

I Calculation No: CDQ000020080007 I
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Attachment A8-7
Reference 31, 38

Replaced for Rev 3
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3. Free earth-support analyses which compensate for toe fixity by includ- AoEndCd Novembe 5F 185E

ing a bending moment reduction factor are liable to be misleading; fixed earth Founded November 5, 1852

support methods should always be used. TRANSACTIONS
4. Design analyses should be suitable for practical design use. In view of

the approximations involved in "idealizing" gcologic sections and assessing

soil properties, design computations should not depend on arithmetical accl-p

racy to several decimal places. a _-I

RATING CURVES FOR FLOW OVER
DRUM GATES

BY JOSEPH N. BRADLEY,, A. M. ASCE

WITH DIscussioN By MEssRs. GUIDO WYss; SAM SHULITS; BoB BUEnLER'
F. B. CAMPBELL AND A. A. MCCOOL; AND JOSEP' N. BRADLEY

SYNOPSIS•

With water becoming more valuable in the western states each year, there is
an increasing demand for better methods of measurement and additional
rating structures. This condition applies not only to the requirements formain 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 as that Of a regulating device. Examples of such structures in-
elude spillways, with or without gates; outlet works for dams using gates orvalves; and canal regulating structures using gates. With the accumulation
of information-from hydraulic model studies made by the Bureau of Reclama-
tion (USBR), United States Department of the Interior, it is now possible toprepare 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.
NoTE,-Published. essentially as printed here, in February, 1953, as Proceedings-Separatoe Ao. 169.

" Positions and titles given are.thoese in effect when the paper or discussion was received for publication.
I Hydr. Engr.. Bureau of Reclamation, U. S. Dept. of the Interior, Denveri Colo.
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INTRODUCTION

The drum gate is a type of gate that floats in a chamber and is buoyed into
position by regulating the water level in that chamber. A medium-sized gate
of this type is shown in Fig. 1. To use drum gates as metering devices, it is
essential that each gate be equipped with an accurate position indicator.
This indicator may consist of an arm or pointer connected directly to one of
the gate pins, and is usually located inside an adjacent pier. The scale, which
commonly indicates "position of high polat 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 reqriired for
rating a drum gate consists of the over-all dimensions of the gate and overflow
crest, the information contained in this paper, and the coellicient of discharge

Fto. I--DRUM GATE, 100 Fr By 16 FT. &T l(QovEE DAM (AnIZONA-NEVADA)

see-It, is questionable, Measurement of the flow over the druni gates, which is
now possible, would have afforded a contiruonrs record and one that 11on01d heas accurate for floods as for normal flows.

CUARAuCEnsISTrcS 
OF TilE DrtrUMr GATE

As a e'0as1tririg device, the drum gate resembles a sharp-crested weir witra curved upstream face over the greater part of its travel. With an adequatepositioning indicator, the drum gate can serve as a very satisfactory meteringdevice.
When the drum gate simulates a sharp-crested weir-that is, when a linedrawn tangent to the downstream lip of the gate makes a positive angle withthe horizontal, as in Fig. 2(a), four principal factors are involved. These factorsare 11, the total head above the high point of the gate; 0, the angle made by aline drawn tangent to tile downstream lip of the gate and the horizontal; r,the radius of the gate or an equivalent radius, should the curvature of the

- - - - - High Point

h a h , o f G o tr e+

(4) POSITIVE ANGLE, 0 (b) NEGATIVE ANGLE, 0 (cl CONTROL. Polr"

Pia. 
2

.- Dnvm-GATE POSITroX8

gate involve a parabola; and C,, the coeflicient of discharge in Q = C, L 1Hi,.in which Q is the discharge in second-feet, and L is the length of the gate.The depth of approach was not included as a variable because drum-gateinstallations studied Were for medium and high dams at which approach effectswere negligible. When the approach depth, measured below the high pointof the gate, is equal to or greater than twice the head on the gate, it has beenshown' that a further increase in approach depth produces very little increasein the coefficient of discharge. Most drum-gate installations satisfy thiscondition, especially when the gate is in a raised position. Therefore, withadequate approach depth the four variables 1t, 0, r, and Cl completely definethe flow over this type of gate for positive angles of 9, Fig. 2(a).For negative valuei of 0, Fig. 2(b), the downstream lip of the gate no longercontrols the flow. Rather, the control point shifts upstream to the vicinityof the high point of the gate for each setting as illustrated in Fig. 2 (c), andflow conditions gradually approach those of the free crest (as the gate is* lowered). Although other factors enter the problem, the similitude also holdsfor this ease down to an angle of approximately - 15o.
0 tudies of Urmt, for Overfall Dirm ': 110 No. 3, Pt. Vr, Boulder CanYon Final Recports, Jlureatof RelaimationL U. S Deft. of the Interior Denver, Colo., 1048.

for any appreciable head on the spillway with the gate in the completely lowered
position. Should the coefficient data be lacking, the coefficient of discharge
for the designed head can be estimated for nearly any overflow section by a
method previously published.2

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

"'Dischaee lents for Irregular Overfall Spillway Sections," by J. N. Bradley, Engineering
Moaonaph N~ureau of Reclamation, U. S. Dept. of the Interior, Denver, C0oe,, March, 11152.
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SOURCES OF INFORMATION

The data for this drum-gate study were obtained from hydraulic models of
various sizes and scales. The experiments were performed over a period of
about eighteen years. The spillway drum gates tested, the principal dillien-
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.-PRINCIPALý DIMENsIONS OF DRUM GATES TESTED

No. o Length ,Height Radius Approach tim Model lIf rauli,
Dea gates of gate, of gate, of gate, I depth, head on S ao la oratory

in ft in ft In It in ft crest,-
in ft

Grand Coulee Iort Collins
(WashJngton) 11 135 28 64.25 360 31.65 1:30 (Colo.)
Bhakra Cust1nlmholse
"India) 2 135 28 66.25 410 28 1:80 (Denver, Colo.)
Shasta "
(California) 3 110 28 66.25 400 28 1:68 Customhouse
Hamilton
(Texas) 1 300 28 74.17 50 32 1:30 Fort Collins
Hoover Shape4-M3%
(Ariz.-Nev.) -4 I00 16 26.8 50 211.6 1:20 Montrose, Colo.
Hoover, Shape8-M56
(Ariz.-Nev.) 4 100 16 36.0 50 26.6 1:20 Montrose
Hoover. Shape

7-C 4b
(Ariz.-Nev.) 4 100 16 26.0 50 26.6 1:60 Fort Collins
Friant
(California) 3 100 18 47.0 140 10.0 1:25 Fort Collins
Norris
(Tennessee) 3 100 14 34.0 200 27.0 1:72 Fort Collins
Madden
(Canal Zone) 4 100 18 30.0 120 30.0 1:72 Fort Collins*
Capilano
(British Columbia) 1 70 23 71.0 200 23.0 1:60 Denver Federal Center

-Gate down. b Refers to the shape of the spillway cross section.

listed in the table-Grand Coulee Dam (Washington), Blhakrit Dam (India),
and Shasta Dam (California)-are 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-
eating the consistency of results, test results on dissimilar gates are desirable
because they can give assurance that all factors involved in the establishment
of similitude have been considered. The study includes only eleven gates
(Table 1), but the dimensions of these vary over a fairly wide range, and the
consistency indicated in compiling theresults 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 coefficient, C,, to the head for
the model drum gates tested are tabulated in Table 2.

RE•SUTLTs or BAziSN ON STRAIGHT INCLINED WERmS

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

DICUM GATES

Blzin, in1 his classical experinicuits, studied inclined shinirp-creste(l weirs.#
The angle of the weir was varied ill incremenlts from 140 to 9Do with the hori-
zonital, find each weir was 3.7 ft high (vertical dimension). The head on tile
crest of the weirs rangerd from 0.32 ft to 1.4S ft. The results, presen~ted iii Fig. 4,
show 0 plotted ag'ilnst the Bazin coefficient, C6 (in the formula, Q = C6 L h
V_2ýg h), il which h dfoes not ill:hllude the velocity head of approach (h.). The

4 tier Surface ti 1024.00

---- Lcrest(Gate Raised) El 102D:00

(e) NORRIS OAM I0,FT BY 14-FT DRUM GATE

Waximum Water Surface Ei 1047.00

.'411.50o ft.

FIe. 
3 .- EXAMPLB OP D-UX-GATE CROSS SEcrio.xs

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

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

I "Recent Experiments on the Flon of Water over Weirs," H. Bazin, Annrles des Ponts ef Chawalest
October, 1B8M. (Translation by Arthur erieal and Jovhr w Trautwine, Jr., Proceedins, Enyineers
Club of Philadelphia, Pa., voL IX, No. 4, 1892, p. 316.) Td
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TABLE 2.-DRUM-GATE COEFFICIENTS'

GRAND COULEz DAm BRARIRA DAM SHASTA DAM IIAMIL'ro0 DAM
(Washington) (India) (California) (Texas)

Reservoir Coef- Reservoir Coeffi- Reservoir CoeS- Total head I Coefli-
elevation, .1 cent, elevation, cient, elevation, lent, on gate, cicnt,

in feet C, in feet C4 in feet C. in feet U.

GATE ELEVATION' 1260.0 GATE ELEVATION' 1552.0 GATE ELEVATION'1037.0 GAt. ELEVA1 .ION 992.0

1295 1 3.:20 1580 3.680 10175 - 3.8 5 - 35 1 3.7 1U1290 3.842 1575 3.645 1070 3.835 30 3.6.15
1285 3.745 1570 3.550 1 105 3.700 25 3.1801
1280 3.635 1565 3.420 1060 3.675 20 3.501,
1275 3.510 1560 3.275 1055 3.575 15 3.400
1270 3.352 1555 3.120 1050 3.465 10 3.290
1265 3.220 " " 1045 3,335 5 3.160

GATE ELEVATION 1263.51 GATE ELEVATION 1557.0 GATE ELEVATION 10.39.0 (hTr. ELEVATInN 095.1.12
1295 3.530 1581 343 1075. - 360357 -31) 3.4(00
190 3.442 1575 3.380 1070 3.505 2 3,310
1285 3.360 1570 3.295 1065 3.490 2 3.22:3
1280 3.280 1565 3.170 1000 3.417 I 3.150
1275 3.220 1560 3.040 1055 3.340 10 3.085
1270 3.182 1050 3.250 5 3.010

CATE ELEVATION, 1267.02 GATE ELEVATo. 1562.0 GATE ELEVATION 1041.0 IGATE E`LPVATI0N 999.0

1295 T1 3.530 1580 3- 3550 105- 3.550 - 25 -3.450)1290 3.457 1578 3.355 1 1070 3.494 20 3.390
1285 3.380 1572 3.290 1005 3.432 1 3.300
1280 3.300 1568 3.345 1000 3.365 10 3.1915
1275 3 3.213 1564 3.465 1055 3.290 5 3.080.1270 • 3.120

GATE ELEVATION 1270.48 GATE ELEVATION 1567.0 GATE ELEVATION 1045.0 (ATE E.....ATION 1006.0

1295 3.00 1580 3.65 - 17 3.13' 8 .11290 3.530 1577 3.210 1070 3.565 15 3.135
. 1285 3.462 1573 3.600 1065 3.490 1 3.605

1280 3.410 1570 3.535 1060 3.415 3.560
1275 3.375 1055 3.330 6 3.505

1050 3.220
GATE ELEVATION 1274.011 GATE ELEVATION 1572.0 .ATEELEVATION 1050.0 GATE E•LVATION 1013.0

1300 T 3.725* 15801T 337.7850 10575 13.'17 12 13 -7181295 I 3.695 1579 3.755 1070 3.670 10 3.690
1290 3.662 1578 3.690 1065 3.615 8 3.6451285 3.630 1577 I 3.500 1060 3.560 6 3.595
1280 3.600 1570 3.150 1055 3.495 3.530

GATE ELEVATION 1277.501 __________ GATEELEVATION 1055.0j GATE ELEVATION 1020.0
1295 3.750 .1075 13.854 - 6 3.ý0.31290 . 3.738 1070 3.827 5 3.610
1285 3.740 1 065 3.800 4 3.540
1280 3.765 I 1060 3.780 3.5 3.400

,___ . 1 0 5 5 3 .7 6 3 . "

GATE ELEVATION 1281.02 GATEELEVATION 1060.0

1295 3:.730 1 1075 3.4
1292 3.708 1072 3.683
1288 .7 1069 3.401285 3.2 1 066 3.815-

1003 3.920 . "

GATE EL.VATION. 1284.50 _ ]GATEELEVATION 1005.0

.1300 3.184 10076 .'1296 8:830 1074 3.8651292 . 3.875 I 1072 3.9101288 3.950 1070 3.050

GATE ELEVATION 1288.0

1294 3.720
3296 3.750
1292 3.670
129 3.580 _______________________________

•oordinatea of curves prepared by plotting original data. I Gate down.

TABLE 2. o(o i ed)
F(arniT DA) Noala DAt I[IADDJEN DAM CAPILANO DAMS
(California) (TenneSSee) (Canal Zone) (British Columbia)

Reservoir CoelS- j eservoir Coefll- ]Total head I -o--li. r
elevation, cleat , l Toetat in,•ead cint o g e, Reservoir Ioefi-il feet fin feet C, in tee C in/ elevation, Cient,

feet~~ I I f c e ieet Cf€

GATE ELEVATIONb 500.0 GATE ELEVATIONS 1020.0 GATE EGEVATIONb 232.0 GATE ELEVATION 547.0
580 365 5 10• 5 3.915 35 3.900 37757 30250 1050 I 3.845 30 I 3.770 I s- 3.705574 1 3550 I 1045 3.705 25 I 3.6060 5 3.625
571 a346 1040 .u 3.070 I 20 3.560 I 55 3.530508 3.34 1035 3.550 • 1o 13.40• 0 500. I 3.415505 317 1030 3.3901 10. 4.155502 29 1025 3.125 50 3.28 /6 3.250

GATE ELEVATION 561.5 CATE ELEVATION 1022.0 GATE ELEVATION 230.0 GATE ELVATION 555.4580 1 3.340 .1055 f 3.85 1 30 3.810 580 3.01577 3.300 1030 .3..72 25 3.750 50 1 3.685574 3.250 1045 33.025 1 20 3 54 &057.1 3.200 1040 3.7 20 3.675 574 3' 33.125. 1035 1 3.5.00 5 7 3.420504 2.050 1030 30 0 3.410 5o8 3.3201025 3.000 5 3.410 55 3.320
GATE rLEVATION 563.0 GATE ELEVATION 1024.01 GATE ELEVATION 240.0 GATEELEVATION 5061.1580 1 3.32U0 I 105 3.76o0 30 3.00 583 1 3.50577 3.280 I o050 3.720 25 3.890 I 580 I 3.530B74 3.240 1o045 38070 1 30 3.830 1 3 I 3.530671 3.175 I 1040 I 30,0 1, 5 20 3.83 I 5747 3.49008 J 3050 ,035 1 3:20 I 0 5 3.78 0 567 3:3o5 s 1025 2 3.000 3.740 8 33135

88 3.45
505 . 2.900 103 3.71803

GATE ELEVATION 00. 0 GATE ELEVATION 3 020.0 GATE ELEVATION 245.0 GATE ELEVATIN 6.5,
5m0 3.450 1055 I .35 1 25 3.900 58 I378577 3.410 1050 3.810 [ 20 - 3.900 I 580 3.850574 . .340 1045 3.780 / 15 3.>890571 3.240 1040 3.740 10 3.910 I 574 3.925568 3.085 1035 3.085 I 5 3.935 I1030 3.580 I

CATE ECLEVATI .ON 509.0 GATE ELEVATION 1028.0 GATE ELEVATION 250.0)580 3.62 25 1055 3.890 20 3.750578 3.505 1050 3.880
576 3.575 . 1045 3.805 10 3.860574 3550 1040 3.845 5 3.980
572 S.0 1035. 3.815
570 3.400 , 1030 3.745

GATE ELEVATION 572.0 GATEELEVATION 1030.0

580 I 3.725 NO05 I .9578 I 3.720 I1050 I 3s890576 1 3.680 885
574 I 3.620 1040 I 3.8"0

1035 | 3,875
GATE ELEVATION 573.0 GATE ELEVATION 1032.0

580 3.7o 105505 3.760 1050 I 3.875• 5676 J 3.765 .1045 i 3.880 "175 I 3.780 1040 3. 33.-00 1035 [ 3.920 "
GATE ELEVATION 575.0 GATE ELEVATION. I034.0

580 I .8 05.I 3.815
578 3.790 1050 3.835S577.. 3.840 1045 3.855570 3.950 1040 3.885

C 1036 3,94 " oD "* Coordinates of Cl~rvee prepared by plotting original data. S Gale down.
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TABLE 2. -(Continuted)

HOoVER DAm (Arizona-Nevada) HooVER DAM (Arizona-Nevada) llooven DA.t (Arizona-Nevada)
SHAPE 4-M3 SHAPE 8_-A5 SHAPE 7-C4

Total head CooflS- Total head Coeflri- Total heand Coefi-
on gate, cient, on gate, ciAnt, on Rate, cient,
in feet Ct in feet C, in feet Ce

GATE ELEVATION' 1205.4 GATE ELEVATIONb 1205.4 GATE ELEVATION' 1205.4

26 3.*670 28 3.735 26 3. 665
22 3.605 25 3.705 22 3.015
18 3.540 20 3.6150 18 3.540
14 3.472 15 3.565 14 3.450
10 3.405 10 3.460 10 3.360
6 3.338 5 3.335 6 3.200

GATz ELEVATION 1209.4 GATE ELEVATION 1209.4 C GATE, ELEVATION 1209.0

20 3.675 I 24 3.0 23 3.725
17 3.045 20 3.540 1,0 3.050
14 3.615 s 6 3.492 15 3.580
11 3.5855 12 3:42 11 3.508

8 3.555 8 , 3.330 _ 7 3.415

GATE ELEVATION 1213.4 j.GATE ELEVATION 1213.4 dATE ELEVATION .1213.0

20 3.880 20 3.768 19" 3.800
17 3.875 16 3,765 16 3.845
14 3.875 12 3.725 1 3 3.825
11 3.870 8 3.668 10 3.750
8 3.970 4 3.600 7 3.610

GATE ELEVATION 1217.4 GATE ELEVATION 1217.4 GATE EILEVATION 1217.0

14 - 3.960 - 15 - 3.900 - 5 .9110
12 3.980 12 3.8310 13 3.930
10 4.010 9 3.960 11 3.935

8 4.075 6 3.030 U} 3.9170
I 1 7 4.020

GATE ELEVATION 1221.4 j GATE ELEVATION 1221.4 GATE ELEVATION 1221.4

10 3.890 11 3.830 p 14 I 3.8168 3.930 9 3ý840 "12 3.8200 4.020 7 3.875 10 3.823

5 4.100 5 3.935 8 3.825

Coordinates of curves prepared by plotting original data. & Gate down.

sharp reversal in the curve when the angle 0 approaches 28', and (3) that
the coefficient of. discharge is a maximum at this angle. As the angle 0 is in-
creased from 280 to 90", contraction of the jet gradually reduces the coefficient
to approximately 3.33, which occurs when the weir is vertical. As 0 is de-
creased from 280 to 0" the coefficient is gradually reduced-either by approach
conditions, friction, or both-to that for a broad-crested weir, which may be
some value between 2.8 and 3.1. ,As the principal difference between the drum
gate and the straight inclined weir lies in the curvature of the gate, the trends
for the two should be similar.

An inconsistency exists in Fig. 4-namely, the coefficient of discharge for a
vertical sharp-crested weir should approximate 3.33, but Fig. 4 shows that
Bazin obtained 3.45. This conclusion is supported by the fact that the USBR,
Ernest W. Schoder, M.ASCE, and Kenneth B. Turner,1 and others have not

DRUM GATES
411
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s "Precise Weir Metawrements," by Er-nest W. Sehoder and Kenneth B. Turner. Tranzadiona, ASCF,
Vol. 03, 1929. p. 999. Saoilaq u, 1
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been able to check the discharge measurements of Bazin. 1oweOVer, the
actual values are not so important for the case at hand as is the significance
of the trend.

METHOD OF COMBINING TEST RESULTS

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

tested

arately

ar

45 :r"

•_ Ratiot r

0.7 0
..- - - - --..-----

30

25 r

20- - - - - - - - - -

Straight Inclined

elo,

,/ , /

0.05 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
tio . 0 .

total head, including the velocity head of approach, measured above the highpoint of the gate, and r is the radius of the gate. In Fig, 5, C. is based on therelationship, Q - C. L I1. For positive values of 8, the head was measuredabove the lip of the gate, whereas for negative angles it was observed abovethe high point, or crest, of the gate proper. The method of measuring thehead is illustrated in Fig. 2,
• Upon completion of a similar set of curves for each gate tested, the elevensets of curves were replotted and combined into the chart exhibited as Fig. 0.The results from the various gates showed good general agreement; and thecurves in Fig. 6 constitute the general experimental information needed fordetermining the discharge coefficients for gates in raised or partly raisedpositions. The supporting points are not shown in Fig. 6, but the individualinformation for each gate is listed in Table 2.

ANALYSIS oF TEST RESuLTS
The curves in Fig. 6 show a tendency toward reversal, similar to that ex-hibited by the Bazin curve in Fig. 4, but the points of inflection vary from0 = 20* to 0 = 30°, depending on the value of Hir. Fig. 4 showed the co-efficients to vary only slightly with the head, but in this case tile coefficientsdefinitely vary with the head.

A matter of significance is the reversal of the (1I/r)-6rder which occurs at29' (Fig. 6). The coefficient of discharge has but one value, 3.88, when 6 ap-proximates 29°;:thus, it is insensitive to both the radius and the head on thegate for this angle. Tile curve for i1/r 0 approximates a drum gate ofinfinite radius and was obtained from the data of Bazin (Fig. 4) by apply-ing a uniform adjustment.
As stated previously, similitude is valid for small negative angles of 0, aswell as for positive angles up to 90*; thus, tIe curves in Fig. 6 are shownand recommended for use down to 0 = -15'. As the gate is lowered beyondthis angle, the curves double: back and converge, finally terminating in thefree flow coefficient.

The discharge coefficients in the region between 0 - -15 and the gatecompletely down are determined by graphical interpolation. Interpolation isaccomplished by plotting head-discharge curves for several gate angles between-- 15* and the maximum positive angle. Also the head-discharge curve isplotted for the free crest. This information is then cross-plotted to obtainvalues in the transition zone. The method will be explained in the examplethat follows. It will be discovered that negative anglese greater than -15*•(with the exception Of tile 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 assumed that the coefficient of discharge is known for at leastone value of the head on the free crest (gate completely down) for the partic-ular spillway under consideration. With the coefficient known for one ormore heads, the complete coefficient curve for the free crest can be plotted byconsulting Fig. 7, in which He and C. are the designed head and the coefficient

.2.4 2.9 3.0 3.1 3.2 3.3 3.4 315 3.6 3.7 3.8
Discharge Coefflilentý Cq

3
4,0

n13. 6.-GONBRo~& CURVES POR THE DETERMINATION 0r DRICHLARGE COEMFCIENTS

for each gate as illustrated by the sheet for the Shasta Dam gate (Fig. 5).
With the coefficient of discharge as the abscissa and H/r as the ordinate, each
curve in ,.•. 5 represents a, different gate angle 0, which the tangent to the
downstrip of the gate makes with the horizontal. In all cases, 11 is the

I
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for the designed head, respectively. 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.

1.3. 
APPLICATION OF RSiULTS

and C. = 3.48) is constructed by arbitrarily assuming several values of H/Il.
and reading the corresponding values of C/CO from Fig. 7. The method is

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

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

' Crest(aeU) l29.

/
/

/
/

t.2
.1 ---- From the plan and section of the Black

1.009 Canyon Diversion Dail (Idaho), shown in

0.9 Fig s. 9 and 9, assume that it becomes nccs-

0.7 
sary to compute and construct a rating curve

0.6 for one drum gate for each 0.5 it of gate eC-

05 _ vation. The scale on the gate position indi-

0.4 cator is calibrated to show the elevation of

0.3 the high point of the gate, and the gate has a
0.2

0.1 
constant radius of 21.0 ft. The gate is 04 ft

0. long. The coefficient of discharge for the free

0.7 •8 0, C' LO .1crest is C. = 3.48 for the designed head (H1.)

of 14.5 ft.

Fra. 7.Corvicirtna or DwecnAno With the coefficient 0f discharge known for

FoB O2rIiBB ThAN ?EI D)ESIO • free flow at the designed head, the entire free-

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

coeffleient curve for Black Canyon Dam spillway (for which ff. = 14.5 ft

Ft 1.

FIG. O.-SrILLWAY C•emT DFTAZL., 13,ACs CANYON I)ANI IN hIAIO 1

TABLE 3.-I{R AD A1D DISCHARGE COMPUTATIONS FOe A FiRwE CREST

(BLACK CANrYoN DAM IN IDAo1o)

TotlReserv Ratio'. Ratio,b coefficient, Q, in cu ft
ifTo t elevation, II/II0 Cd/c. J€ per seCQ

1) • (2) (,) (4) (S) (6)

17 2490.5 1.172 1.020 3.55 15,950

16 2498.5 1.104 1.012 3.52 14,420-

14.6 2407.0 1.0 1.0 3.48 12,290

12 2494.5 0.827 0,X80 3.41 9.072

10 2402.5 0.690 0.960 3.34 6,759

8 2490.5 0.552 0.940 3.27 4,736

6 2488.5 0.414 0.905 3135 2;949

4 2486.5 0.276 0.850 2.957 1,514

3 2485.5 0.207 0.815 2.835 943

2 2484.5 0.138 0.760 .2.042 478

J11. .x 14.5 ft. a C. - 3.48. The discharge for one gaste: Q C.L H#, In which •- 64.0 ft.

&_pl. o.- P•LA 01 BicA CA•,•oN DlVzasooN DAM IN IDA•O
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Before considering the rating of the spillway with gates in raised positions,

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

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

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

of the gate at intervals of 2 ft.

20 -Beginning 
with the maximum positive

angle of the gate, which is 34.883', the

computations may be begun by choosing

16 a representative number of reservoir etc-

vations as indicated in Col. 2, Table 4.

The difference between the reservoir ele-

12 vation and the high point of the gate

(which is the downstream lip in this case)

constitutes the total head on the gate, and

8t values of head are recorded in Col. 3.

Col. 4 shows these same heads divided by

the radius of the gate, which is 21.0 ft.

A. 
Entering the curves in Fig. 6 with

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

+34.883°, the discharge coefficients, listed

in Col. 5 of the set of computations desig-

3 nated "A," are obtained. The remainder

2.6 3.0 4 3 .8 Of the procedure outlined in Cols. 6 and

CoefficientC. 7, Table 4, consists of computing the dis-

Fie. 1O.-HEAu-CoEmraizx Cuiav. charge for one gate from the expression,
BLACZ CANYON DAM, IN IDA•O

Q = CL HA. A similar procedure of

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

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

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

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

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

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

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

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

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

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

down. The latter values were obtained from Table 3.

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

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

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

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

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

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

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

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

2485.75 ft 2482.5 ft. This is remedied by cross-plotting the eight curves

DRUM GATES 
417

for various constant values of the dischargeas shown in Fig. 13. Fortunately,

the result is a straight-line variation for any constant value of discharge. The

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

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

F.IJ. |L-RELATIoN3Irup Or GATE ELEVATION To ANULE e

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

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

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

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

interpolation is permissible.

CONCLUSIONS

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

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

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

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

gate position indicators are made as large as possible and are accurately cali-

I
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brated, (2) the reservoir gage can be read to within 0.05 ft, (3) nearly atmos-

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

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

TABLE 4.--HEAD AND DISCHARGE CO1rPUTATIONS FOR DRUM GATES

IN RAISED POSITIONS

Reqer- 
Rsq

voir H, ao ft aoir .o, Ratio, Co.ffi. III,

Set eleva- in H cients, in pe St 
ell ft

Se lv-St 
eleva- in HI clents, in pe

tion, ft0 7 C' ft seer tion, it" 7 C, ft

in tl 
inft 

.c

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

GATE ELEVATION 2497.0; 0 = + 34.88' GATi ELFVATtO" 2489.0: 0 - 1.28'

12498.0 1o.04 3.88 1 247

A 2499.0 2 0.05 3.8 2.828 6990 2190.0 1 0.048 3.21 I 205

2500.0 3 o.1 3.88 5.199 1.283 2491.0 2 0095 3.28 2.828 594

2 
2492.0 3 0.143 3.34 5.190 1.111

E 24-94.0 5 0.238 ,3.45 11.18 2.469

2.196.0 7 0.333 3.545 18.52 4,202

GATE ELCVATION¢ 2495.0; 
2 = + 23.439 248.0 9 0.429 3.63 27.00 6.273

~ 2500.0 1 0.4524 3.695 36.48 . 8.627

2496.0 1 0.048 3.85 1 246

2497.0 2 0.•05 3.86 2.828 098

D 2498.0 a 0.143 3.87 5.190) 1,284 0ATE ELEVATION 2487.2; 0 - 8.28*

2499.0 4 0.190 3.87 8.00 1,979

2500.0 5 0.238 3.88 11.18 2.770
02488.0 0.8 0038 3.02 0.716 138

2489.0 1.8 0.086 3.10 2.415 470

GATE ELEVATION 2493.0; 0 + 14.22' 2490.0 2.8 0.133 3.17 4.685 950

2192.0 4.8 0.229 3.31 10.52 2,229

2,494.0 6.8 0.324 3.13 17.73 3.892

2494.0 1 0.048 3.09 1 236 24196.0 18.8 0.4192 3.51 26.10 5.803

2495.0 2 0.095 3.73 2.828 675 2498.0 20.8 0.51a 3.58 35.49 8,131

C 2496.0 3 0.143 3.75 5.196 1,247 2500.0 12.8 0.610 3:035 45.70 1(1.653

2498.0 5 0.238 3.80 .1118 2,719

2500.0 7 0.333 3.84 18.52 4,552

___ 
___ GATE ELEVATION 2485.75; 0 • - 15.02'

GATE ELEvATioN 2491.0; 0 + 8.13'-a- 
--

* 
__

- -- -- 29.0 +6,13 - 2,187.0 1.25 0.000 3.00 1.398 268

2488.0 2.25 0.107 3.07 3.375 603

2492,0 1 0.048 3.47 1 222 2489.0 3.25 0.155 3.15 5.859 1,181

2493.0 2 0.095 3.51 2.828 635 2491.0 5.25 0250 3.275 12.03 2,522

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

2496.0 5 0.235 3.63 11.18 2,597 2495.0 9.25 0.440 3.465 28.13 0.238

2498.0 7 0.333 3.70 18.52 4,386 2197.0 11.25 0.536 3.54 37.73 8.548

2500.0 9 0.429 3.77 27.00 0,515 2499.0 13.25 0.631 3.595 48.23 11,057

H is the total head on the gate. 6 The discharge for one gate; Q GC L III.

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

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

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

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

the standpoint of stilling basin operation for minimum erosion downstream.

Discharge measurements on the prototype are desirable whenever possible

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

9
0

N.

4.

02

N

should be taken, however, to establish the fact that the prototype information

is consistent and reliable.-.
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DI SCUSS ION

GuiDo '%Vyssl.-Tlhe information presented by Mr. Bradley is of utmost

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

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

field to a(ljust 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 have been interesting if the author had presented an investigation

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

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

wouhl afford an opportunity to obtain the true loading conditions on tile gate

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

information would be important in the determination of the buoyancy and

lnading criteria of tile gate structure.

SA.M SInULrrs,' Al. 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 USD13. The paper and its complemment' fill a great need.

Since 1928, when tile Freeman Sclholarslips wer es tablishled, there has

been a tremendous develolpment of hydraulic model research in the laboratories

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

quality, many hydraulic engineers have pondered the procession of models

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

with few, if any, summaries or proposals for design to reduce the dependenee

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

will produce correlations and syntheses-not more models.

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

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

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

of similar quality will be added to engineering literature.

Boan BUEULER,S A. Al. ASCE.-An interesting and clever use of data has

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

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

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

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

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

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

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

2482 1 1- 29 45 29 2499

2483 2485 2487 2489. 2491 2493 2495 2497

Elevation of High Point of Gate, In Feet

FIG. 13.---CRo&B-PLoWrED INiTiAL RATINa CUnvES, BLACK CANYON DAN, IN IDAHO
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located. The less accurate--and more costly-slope stations are not comi-

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 dani should be permanent,

whereas the rating of a gage usually requires frequent checking.

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

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

accurate determination of extreme flood rates than do nmost gages. lie has

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

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

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

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

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

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

The method is based on an equation derived by R. N. Brudenell, A. 'A. ASCE,

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

3.97 L 1-11-62
Q _-- 0'.1( D

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

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

TABLE 5.-FREPu DISCHARGEs FOR BLACK CANYON DAM IN I1DA1lO

UsING Eq. 1 UsuNa Flo. 14

Total head, Disc hetinfet t cubic et•Dehr , ffr ,,

per second- icharge, ifference, in rU c ub i f (rie,-
in cubic iet II percent ierin p ceto

per second persecond

1"1I. I was in tc ided to be used with beads greater than 11z)/4 , although the
equation has been found to agree closely with model data for somewhat lower

heads, Without knowing any coefficients, Eq. 1 gives discharges that agree

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

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

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

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

described subsequently.

1.5 .
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0.5

0.6 Fig, 7,

0.4

0.2

0
0.75 0.80 0.85 0.90 0.95 1.00 1.05 1.10

Value of the Ratio .. !
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F la. 14,- CoS i rA nisoN oP VALoES O BT AINE D FIo u FI G. 7 "D Eq. I

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

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

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

Eq. I (using only the shape of the spillway) also produces suitable results.

†.. . . (1) •

17
18
14.5b
12
10

5 .

(2)
15,950
14,420
12,296
9,072
6.759
4,736

(3) (4)

15,847 -0.65
1,4363 -0.39
12,247' -0.40
9,013 -0.05
6,708 -0.75
4,673 -1.33,9029. --0.58

15,910
14,421
12,290
9.049
6,735
4,092
2,944

(6)
-0.25
-0.01

0
-0.25
-0.36
-0.93
-0.20

4 1,514 1,521 90.46 1,527 -+1.59

3 .943 954 +1.17 055 +1.59
2 478 494 +3,35 496 +3.76

•. . From Col. 6. Table 3. ' Head at which Cq = 3.48. 'C. would be 3.466 for this discharge.

and HD represents, the design head in feet. The design head is that head

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

profile.

I "Flow over Rounded Crests," by R. N. Brudenell. Enoineering NewsaRecord. July 18, 1935, p. 95.
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This good agreement suggests, too, that there must be a close rclationshilp

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

To examine the relationship, theoretical discharge coeflicients were computed

by using Q = Cq L W' ....................... (2)
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The solid-line curve in Fig. 14 also was tested in this manner. The same
coefficient at each project was assunmed to be known as when the curve in

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

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

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

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

TABLE 6.-CoMPARIsoN op Fil E--FLOW SPILLWAY COEW'nICIEITS,and Eq. 1, from which

' 3.97 Ij.'r±
=IP1 2 D l11"

.(3)

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

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

Thus, for HD = 45 ft,
C. 2.5143 •t 0)

ITT, . ._.. . . . .. (

For several assumed values of total head, 11, varying from 2 ft to 58.5 It, cor-

responding Cr-values were computed. The resulting Cq of 3.97 for a head of

45 ft (ff,) was taken arbitrarily as the known coefficient, Co. Then the. (l/lIo)

-ratios and the (Cq/Co)-ratios were computed for all other beads in the

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

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

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

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

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

separate selections. A similar procedure, using Hr equal to 20 It in Eql. 1,

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

should be no difference.

Thecurve derived fromEq. 1 then wasapplied to the Black Canyon Damispill-

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

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

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

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

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

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

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

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

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

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

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

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

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

than 2% (Hoover Dam, shape 8-M5). The base coefficient selected to obtain

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

These arbitrary selections were made for medium high heads.

Coofficicnt UsixO EQ. 1 Usia .. 7 Usxa Fza. 14

ora I 11d, o, btnined '

in feet troin modeltent C, ;)ifferncne. C, Difference, Di•lerence,

in percent in percent in percent

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

GR.AND CoULEF. DAM, (NWASB1INGTON)

35 3.920 . 3.914 - 0.15 3.902 •-0.46

30 3.842 3.831 -0.2 3.827 -0.39
25 3.745 3.745- 0 3.745 - 0
20 3.035 3.655 + 0.55 3.651 +0.41

15 3,510 3.550 + 1.14 3.524 +0.40
10 3.352 3.370 + 0.54 3.356 +0.12

5 3.220 3.138 2.54 3.108 -1.62

IIHAK RA DAN. (IN DIA)

28 3,080 3.736 + 1.52 3732 +1.41

23 3.045 3.'015 0 3.645' 0

18 3.550 3.547 - 0.08 3.543 -0.20
13 3i420 3.434 + 0.41 3.401 -0.47

8 3M275 3.215 - 1.83 3.208 -2.04

3 3.120 2.748. -11.92 2.854 -8.53

SHASTA DAM (CALIFORNIA)

38 3.895 3.910 + 0.39 3.899 +0.10

33 3.835 3.839 + 0.10 3.831 -0.10

28 3.700 3.760 - 0 3.7 C0' 0

.23 3.075 3.077 4-. 4.05 3.674 -0, 3:

is 3.575 3.59 1 + 0.45 3.568 -0.20

13 3.465 3.455 - 0.29 3.429 -1-.04

8 3.335 3.215 - 3.00 3.230 -3.15

HIAMILTON DAM (TEXAS) UPD - 52 FT

35 3.710 3.785 +2.02 3.741 + 0.84 3.730 +0.54

30 3.045 3.710' +1.95 3.662 + 0.47 3.659 +0.38

25 3.580 • 3.035 +1.54 3.580' 0 3.580' 0
20 3.500 3.539 +1.11 3.494 - 0.17 3.400 -0.29

15 3.400 3.420 +0.59 3.394 - 0.18 3.309 -0.91

10 3.290 3.258 -0.97 3.222 2.07 3.208 -2.50

5 3.160 2.997 --518 3.000 5.06 3.029 -4.14

Fa"oT D*m (CALrORNIA)

20 3.850 3.717 + 1.84 3.700 +1.53
17 3.025 . 3.039 + 0.39 3.632 +0.19
14 3.550 I"3.550. 0 3.550- 0
11 3.460 3.488 - 0.00. 3.452 -0.23

8 3.340 .3.348 0.24 3.319 -0.63

8 3.175 3.142 - 1.04 3.131 -1.38

2 2.9001 2.723 8.15 2.812 -5.16

- Coefficient assumed to be know:n. S
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TAB3LE 6.-(Continued)
The comparisons in Table 6 show a tendency toward errors of some impor-

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

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

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

floods, or in considering 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 free-flow coefficients help to determine the

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

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

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

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

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

of data for low heads might lead to valuable refinements.

NORNIS DAM (TENNFeIoFE) Ile 35 FT

as 3.93.9 1.919 +1.38 3.934 + 0,49 3973 +0.20

30 3,845 3.897 +1.35 3.852 + 018 3.818 -0.05
25 3,765 3.812 +1.25 3,765- 0 3.7657 0
20 3.670 3.711 +1;12 3.675 + 014 3.671 +0.03

15 3.550 3.586 +1.01 3.589 + 0.53 3.543 -0.20
10 3.390 3.416 +0.77 3.388 - 0.06 3373 -0.50

5 3.125 3.143 +0.58 3.155 + 0.90 3,185 -1.92

MADOFNII)Awý (CANAL Sowr,)

.35 3.900 3.825 - 1.92 3.814 -2.20

3.744 - 0.69 3.740 -0.80

30 3.770 3.660 01 3.6•o. 0
25 3.660 3.572 + 0.34 3.608 +0.22

. 20 3.60.4 0.29 3.444 -0.40

10 3.460 3.294 - 2.11 3.279 -2.55

3.280 
3.067 - 6.49 3.096 -5.01

CAPILANO DAM (BMITiBH:COLUTIhHA) RD 48 FT

33 ' 3.775 5.797 +0.55 3,78.3 + 0.21 3.775 0

28 3.705 3.720 +0.40 3.705- 0 3.705- 0

23 3,&25 3.634 i0.25 3.623 - 0.05 3.620 --0.14
18 3.530 3.529 - 5003 3.538 - 0.23 3.516 -0.40

s 3.415 3.394 0.62 3.405 0.29 3.379 -1.03

18 3.5 .201 -151 3.168 2.52 3.183 -2.06

RoovEn DAM (Am"Z0NA-NEVADA)" 31IAPE 4--M3, lH = SOFT

26 3.670 3.670 0 3.681 + 0.30 3.677 +0.19

22 
3.605 

3.597 
-0.22 

3.605. 
0 

3.605 
0

18 1 3.540 3.512 -0.79 3.526 -- 0.40 3.322 -0.51

14 3.472 5.408 -1.84 3.439 - 0.95 3.414 -1.87

10 3.405 3.273 -3.88 3 3.306 - 2.91 3.280 -3.07

6 3.338 3.077 -7.82 . 3.054 - 8.21 3.082 -7.67

Hoovon DAM SHAPE 8-M5 .

-20 -10 0 10 20 30 40 50 60
Horizontaf Distance From the Crest, in Feel

FiO. 15.--TANDARD SPILLWAY SHAPES

Application of Eq. 1.-Since the factor HD in Eq. 1 represents the fiead at

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

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

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

upstream face have been used to find this head.'0  These coordinates are shown

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

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

is the distance below the crest elevation.

Using these dimensionless coordinates, standard spillway shapes were

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

ff"Hydroelectric Handbook," by William P. Creager and Joel D. Justin, John Wiley & Sons, Inv.,

New York. N. Y.. 2d Ed., 1950, p. 362.

charges for ogee dams at tll but low heads. Eq. 1, applied directly to the

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

mated in advance.
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horizontal distances indicate the distance upstream from the crest. The spill.
way shape as designed or built is then drawn on transparent paper. This
paper is laid over Fig. 15, and the value of 11D which gives the best fit is selected.
In deciding the beat fit it may be found that the profile upstream from the crest
indicates one value and the downstream profile indicates a different value.
The higher of the two indicated values of 111 should be used. For example,

TABLE 7.-COORDINATES OF A STANDARD,

SPILLWAY CREST

Value of Value of Va
;r: Vaueo

li, h o referred to crest

0 0.126 -0.3
0.1 0.036 -0.2
0.2 0.007 -0.1
0.3 a 0
0.4 0.007 0.1
0.6 0.063 0.3
0.8 0.153 0.5
1.0 0.267 0.7
1.2 0.410 0.9
I.A 0.590 11
1.7 0.920 1.4
2.0 1.31 1.7

the shape of Black Canyon Dail
spillway upstream from the

.crest indicated a value of ap-
proximately 45 ft for H1n. The
downstream shape indicated a
value of approximately 25 ft.
The larger, value was used..The determination of the
IjI-vfllue which gives a reason-
able fit requires a certain amount
of judgment. When: the profile
upstream from the crest is the
criterion, the lip of tile dain will
sometimes be the determinant.
Sometimes, however, tile lip

droops sharply downward and indicates a lower value than other parts of
the upstream profile. When the downstream shape is the criterion, good
results have been obtained by assigning a value of HD based on the average
fit in the zone between points on the spillway where tangents range from 20'
to 35* from the horizontal. The exact value of HD is not too important.
Since it enters Eq. 1 in the 0.12 power, a difference of 10% in its value affects
the discharge by only 1.15%.

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

So far as is known, the application of standard nappe shapes (for which
discharge coefficients are known) to actual spillways on a basis of reasonable
best fit was first suggested by W. M. Borlund.1n Mr. Borlund used a curve of
observed Cr-value plotted against H/H,. In 1942, C. E. Xindsvater, M.
ASCE, suggested a similar procedure in which the curve of Ce versus 11/11.
was.derived from Eq. I. Mr. Kindsvater's work (not published) should give
results comparable to those obtained herein.

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

'F. B. CAMF•BLL,' 2 M. ASCE, AND A. A. MCCOOL,'2 J. M. ASCE.-The
experimental data on discharge coefficients for flow over drum gates are a wel-

"FU lFow over Rnounded Crest Weira," by W. M. Borlnd, thesis presented to the Univeraity of Coln-:
rado. at Boulder; Colo., in 1938, in partial fulfilment of the requirement for the degree of Master of Science.

SChf. Hydr. Envr., Analysis Branch, Corps of Engra., V. S. Waterways Experiment Station, Vicks-
burg, M1• e.

'SITydr. 9 U. S. Waterways Experiment Station, Vicksburg, MKi.

collie addition to the published information on flow over spillways, or the ob-
servation and recording of the flow of streams. , A paper by Robert E. Horton has
been a guide for the estimation of flows over spillways since its publication."4
The basic information for the discharge over curved crests which fit the under
side of a nappe fromn a sharp-crested weir can be deduced from investigations
made by Bazin,'.16 althougig the published record of these experiments has notbeen generally available to engineers in the United States. The investigations
condlucted by the USBR (proposed by E. W. Lane, M. ASCE) embraced andextended the scope of Bazin's work which is often used as the basis for overflowSpillway shapes.3 Although good estimates for discharge over free-overflowcrests can be accomplished rather simply, the problem becomes complicated
when flow through partly opened crest gates is involved.

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

* The drum gate has the very attractive feature of requiring no mechanical
hoisting equipment for operation. Many of the dams constructed by the

* USBRl have spillways controlled by drum gates. For example the Arrowrock
Damn in Idaho (constructed in 1915) and the Tieton Dam in Washington (con-
structed in 1925) are both equipped with drum gates. B. F. Thomas and
D. A. Watt credit II. M. Crittenden with the design of what is apparently the
first drum gate.!7 The gates Were installed in Dam No. I on the Osage River
in Missouri in 191. However, the refinements of the modern drum gate have
been developed principally by the USBR.

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

4 '"Weir Nxperimenti, Coefficients and Formulas," by Robert I. Horton. Water Sup rf and Imgation
oPaper o. tOO. Coast and Geodetic Survey, U. S. Dept., of Commerce, Washington, D.C9., 1907 (revision".Recent Experiments on the Flow of Water over Weirs," by H. Basin, Aanales,4a Ponts et ChamulesIOctober, 1888. (Translation by Arthur Maricbal and John C. Trauttrine Jr., Proceedings. Engineers'Club of Philadelphia, Pa.. Vol. VII, No. 5, 1890, p. 259.)

90Ibid., Vol, IX, No. 3, 1'-32, p. 231.
If "The Improvement of Rivers," by. B. F. Thomas and D. A. Watt, John Wiley & Sons, Inc., NowYork, N. Y., 2d Vd., 1913.

4
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mentse Only on rare occasions with large floods is it possible to verify the
coefficients for high prototype heads over the drum gates in the lowered position.
The author's mention of the failure to obtain discharge measurements during
the 1948 floodover the Grand Coulee Dam spillway emphasizes the importance
of this condition. The writers have studied the basic data for high heads over
the drum gate in the lowered position.
. It-becomes evident from a study of Table 2 that the ratio of gate radius
to maximum head has a wide range. The writers use the ratio r/HD, in which
11D is the design head for the spillway. This is the inverse of the ratio used
by Mr. Bradley, used so that circular arcs can be traced on dimensionless
profiles of Z/HD and y/HD.

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

TABLE 8.-COMPARISON OF DISCHARGE COEFFICIENT
WITH THE GATE DOWN

Radius M\Aaximum Ratio, Ceecient. Differonre. in
Da.. of gate, head on crest, .Cofe percent, from

in feet- in feet- I-"D Madden Darn

Madden 30.0 30.0 1.00 3.77 0.0I (Canal Zone)
Norris 34.0 27.0 1.26 3.80 0.8(Tennessee)
Grand Coulee 66.2 31.6 2.09 3.87 2.6

(Washington)
Shasta 66.2 28.0 2.37 3.76 -0.3

(California)
Friant L ' 47.0 19.0 2.47 3.04 -3.5

(California)
Capilano 71.0 23.0 3.08 3.62 -4.0

(British Columbia)

- From Table 1. 6 From Table 2.

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

plot .the profile.for the lower surface of the nappe from a sharp-crested weir
with an approach slope of 2 on 3 in terms of x/HD and y/lID and to super-
impose on it the arcs of circles with radii of r/liD equal to 1, .2, and 3, as is
done in Fig.. 16. The center of the radius is located on the axis of the crest.
It can be seen that the arc represented by r/I1D equal to I is a fair approxi-
mation of the true nappe shape. The arcs of r/HD equal to 2 and 3 indicate
a very flat curvature in comparison to the shape of the nappe.

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

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

0

2 303
0.20

> 04

0.6
0 0.2 0.4 0.6 0.8 1.0

Value of

I",. 16-Lowin Su'FAc• or NAPPE rROM SLOPING WEIR COMPARED WIT1 .IRCULAn Ancs

difference in shape of the two crests upstream from the circular 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 reliability for conformity of the discharge coefficient.

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

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

Messrs. Campbell and McCool undertook to show that a definite relation-
ship exists between the coefficient of discharge at the designed head and the
ratio r/Ho 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
11D. This method results in a coefficient of discharge for the designed head only.
When overflow sections are encountered Where a single radius does not approx-
imate the oVerflow'shape, or when the approach conditions are unusual, an
engineering monograph" may prove helpful.

16 "Hydraulic Tests on the Spillway of the Madden Dam,." by Richard R. Randolph, Jr., Transactions,ASCE, Vol. 103, 1938, p. 1091.
if Hiydr. Engr., Bureau of Reclamation, U. S. Dept. of the Interior, Denver, Colo.
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Mr. Wyss. suggested that pressures and water surfaces for drum gates at
various positions and reservoir levels would be useful to designers in computing
gate loadings. A limited amount of information is available, and this will
be presented.

T-1~ I I f N
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0- 0.5 -2.o.

2 0. 4 1 • • •ResePoirSLevel
aon t tpPressuresatsobe

Upper Water Surfaceo
s~ur w ser seeur ace
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_()0--35 .---...-- , .(d) DEEMN TINO ATRLA
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0.•eateteewsgo orlto aogtedshrecefceti a
" •aone tht te prssues nd elaed fow attrnswoud alo b wel crre

lated ~I.TEMI WAog'hesm arals

scuresndwther suracs godaorelatiown among some levescwharges conypefficiens, iwars

nvailable'for others. The broken lines represent pressure, measured vertically,
for the reservoir levels indicated at the left of the charts. Upper water-surface
profiles are shown by solid lines,, and lower water-surface profiles are identified
by dash lines. The charts represent a composite, in graphical form, of informan-
tion from mnoodel tests performed on the Grand Coulee, Hamilton, Norris,
Friant, and Hoover damns.

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

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

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

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

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

0 0
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RESERVOIR OPERATION OVERVIEW

Douglas is a multipurpose tributary storage project and is the only TVA

project on the French Broad River. Like similar projects on other major
Tennessee River tributaries, Douglas is operated for many purposes
including flood control, augmentation of flows for navigation, hydropower

production, water supply, recreation and aquatic ecology. Douglas has an

annual pool level variation of about 55 feet during normal years. This
fluctuation is necessary to provide for flood storage and for economical
augmentation of flows during the drier seasons of the year.



September 1998 Douglas iii

Table of Contents

Douglas Reservoir Vicinity Map ................................. 5

Figure 1: View of Spillway (Photo) ............................. 6
Figure 2: Installation of turbine runner (Photo) ............... 6

Figure 3: Plant View Looking South ............................. 7
Figure 4: Saddle Dams .......................................... 8
Figure 5: General Plan ......................................... 9
Figure 6: Section A-A & B-B ................................... 10

Figure 7: Section C-C (Photo) ................................. 11

Figure 8: Plan Saddle Dam 1 .................................... 12
Figure 9: Saddle Dam l(Section D-D) ........................... 13
Location ...................................................... 14

Chronology ............. ; ...................................... 14
Project Cost .................................................. 14
Streamflow .................................................... 15
Reservoir ..................................................... 15

Tailwater ..................................................... 16
Head (Gross) ...................... ............................ 16
Reservoir Adjustments ......................................... 16

Dams
Main Dam ................................................. 17
Saddle Dams .............................................. 18

Power Facilities
Intakes .................................................. 18
Penstocks ................................................ 18
Powerhouse ............................................... 19
Generator & Turbine Modernization ........................ 19
Hydraulic Turbines

Units 1 & 3 ......................................... 20
Units 2 & 4 ......................................... 20

Generators ............................................ 21-22
Figure 10:Single Line Diagram of Main Connections ........ 23
Electric Controls ........................................ 24
Transmission Plant ....................................... 24
Transmission Plant Data .................................. 25

Reservoir and Power Data ................................... 26-28
Unit 1 Operating Characteristics .............................. 29
Unit 2 & 4 Operating Characteristics .......................... 30
Unit 3 Operating Characteristics .............................. 31
Spill Compilations ......................................... 32-34
Maximum & Minimum Elevations ............................... 35-36
Average Weekly CFS ......................................... 37-38
Annual Operating Cycle .... 39
Reservoir Areas and Volumes ................................... 40
Reservoir Release Improvements ............................. 41-44
Figure 11: Surface Water Pumps (Photo) ........................ 44



September 1998 Douglas iv

Table of Contents (CONT.)

Safety Modification for Probable Maximum Flood

Chronology ............................................... 45

Cost of Modification ..................................... 45

Controlling Features ....................................... 45

Concrete Dam Modifications ............................... 46

Figures 12: Access Ramp Wall (Photo) ................... 47

Figure 13: Access Ramp Wall (Photo) .................... 47

North and South Earth Abutment Modifications ............. 48

Saddle Dam 1 Modifications ............................... 49

Figure 14: Saddle Dam 1 (Photo) .......................... 49

Saddle Dams 3-6, 8-10 Modifications ...................... 50
Addition of Saddle Dams 2 and 7 .......................... 50
Other Modifications ...................................... 50

Housing Facilities ...... 50
Original Construction Data

Personnel ................................................. 51

Quantities ............................................... 51

Modification for Probable Maximum Flood ....................... 51

Figure 15: Construction Plant Layout .......................... 52

Construction Schedule - Unit 2 & 4 ............................ 53
Construction Schedule ......................................... 54



September 1998 Douglas 5

TMNNEMg VALLEY AUTHORITY

MAM AND AIRVEYM REANCE

DOUGLAS RESERVOIR

VICINITY MAP

OCALE OF Mflm
0 5 10

JANUARY 1972



September 1998 Douglas 6

1 - View of Spillway through overhead crane, 1943FIGURE

FIGURE 2 Installation of turbine runner, 1943
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FIGURE 3 - Plant View Looking South, August 1998
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DOUGLAS PROJECT

SUMMARY OF PRINCIPAL FEATURES

LOCATION

On French Broad River at mile 32.3; in Sevier County, Tennessee; 6.6
air miles north of Sevierville; 21 air miles east of Knoxville.

Note

Elevations are based on the U.S.C. & G. S. 1936 Supplementary Adjust-
ment.

CHRONOLOGY

Initial appropriation by Congress ................... January 30, 1942
Authorized by TVA Board

of Directors .................................. February 2, 1942
Construction started ............................... February 2, 1942
Dam closure ......................................... February 19, 1943
First unit (No. 3) in

commercial operation ......................... .... March 21, 1943
Second unit (No. 1) in

commercial operation ........................... January 12, 1944
Installation of third unit

(No. 2) started ................................ September 11,1946
Third unit (No. 2) in

commercial operation ............................... May 22, 1949
Installation of fourth unit

(No. 4) started ................................. August 20, 1951
Fourth unit (No. 4) in

commercial operation ............................. August 3, 1954
Safety Modification for Probable Maximum Flood

Construction completed .................................. May 1987
Reservoir Release Improvements - completed ............. September 1996
Generator & Turbine Modernization

Units 2 & 4 - completed ....................... September 2, 1998

PROJECT COST

Initial project, including 2 units (1 & 3) ................ $40,244,349
Addition of unit 2 .......................................... 2,061,892
Addition of unit 4 .......................................... 2,946,952
Safety Modifications for Probable Maximum Flood ............. 2,500,000
Reservoir Release Improvements .............................. 6,300,000
Generator & Turbine Modernization ......................... 18,882,000

Total, including switchyard ......................... $72,935,193
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STREAMFLOW

Drainage area at dam ................................. 4,541 sq. miles
Maximum known flood at dam site:

Natural(1867) ........................................ 150,000 cfs
Regulated (May, 1984) ................................. 54,000 cfs

RESERVOIR

Counties affected:
State of Tennessee ............. Sevier, Jefferson, Cocke, Hamblen

Reservoir land at June 1998:
Fee simple ...........................
Easements ............................
Total ................................
Transferred ..........................

Operating levels at dam:
Probable maximum flood elevation (PMF)
500 year flood elevation .............
100 year flood elevation .............
Winter flood guide level .............
Summer flood guide level .............
Maximum used for design (337,000 cfs)
Top of gates (area 31,300 ac.) .......
Normal minimum pool . . . . . . . . . . . . . . . . . .

Backwater, length at top of gates ..........
Shoreline, length at top of gates:

Main shore ...........................
Islands ..............................
Total ................................

Original river area (to el. 1002 crossing)
Storage (flat pool assumption):

Total volume:
At top of gates (el. 1002) ......
At normal minimum pool (el. 940)

Reservation for flood control on:
January 1 (el. 1002-940) ........
March 15 (el. 1002-958) ..........
June 1 (el. 1002-994) ...........

*These elevations are valid at the dam

cantly upstream of the dam.

................. 9,553 ac.

................ 23,074 ac.

................ 32,627 ac.

................. 195.5 ac.

............... *el. 1022.5

................. *el. 1003

............... *el. 1002.6

. ................... el. 940

. ................... el. 994

.................. el. 1002

.................. el. 1002

. ................... el. 940

................ 43.1 miles

............... 454.9 miles

................ 57.6 miles

............... 512.5 miles

................. 3,170 ac.

.......... 1,461,000 ac.-ft

. ........... 210,000 ac.-ft

. ......... 1,251,000 ac.-ft

.......... 1,021,400 ac.-ft

............ 237,500 ac.-ft

and may change signifi-
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TAILWATER

Maximum used for design (337,000 cfs) ........................ el. 919

Minimum level ................................................ el.867.3

HEAD (Gross)

Maximum static (el. 1002-867.3) ............................. 134.7 ft

Maximum expected operating (el. 1002-871) ..................... 131 ft

Minimum operating (el. 910-874) ................................ 36 ft

RESERVOIR ADJUSTMENTS

Clearing .................................................... 5,182 ac.
Drainage of isolated pools .............................. 15,549 cu. yd

Highways:
Access ................................................ 22.3 miles

State ................................................. 5.3 miles
County and tertiary .................................. 52.1 miles
Total ................................................. 79.7 miles

Railroads:

Access ................................................ 7.2 miles
Other ................................................. 9.4 miles
Total ................................................ 16.6 miles

Bridges (highway, 12; railroad, 2) ................................. 14
Concrete box culverts ............................................. 54
Families relocated ................................................ 525
Graves removed ................................................. 2,449
Utility lines adjusted or constructed .................... 204.3 miles
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DAMS

MAIN DAM

Material and type ........................ Concrete gravity nonoverflow
dam and spillway

Lengths:
NonoverfIow dam .......................................... 887 ft
Spillway ................................................. 505 ft
Powerhouse intake ........................................ 313 ft
Total ..................................................... 1,705 ft

Maximum height, foundation to deck level ........................ 202 ft
Maximum width at base:

Spillway section only ..................................... 40 ft
Including apron .......................................... 310 ft

Deck level . ................................................ el. 1009.0
Outlet facilities:

Spillway clear opening (11 openings at 40 ft) ............. 440 ft
Spillway crest level .
Crest gates .........

Traveling hoists ....
Sluices .............
Centerline of sluices
Sluice gates ........

Discharge capacity:
Spillway, HW el. 1002
Sluices, HW el. 1002

Service road .............
Foundation ...............

.................................. el. 970.0

................ 11 radial gates, 40 ft wide,
32 ft high, separated by
6.5-ft-thick piers

........................... Two 60-ton hoists

......... Eight, 5 ft 8 in. wide, 10 ft high
. ..... ............................. el. 883.0

................. 8 sets of two 5-ft-8-in. by
10-ft hydraulically operated
slide gates

(top of gates) ................. 313,000 cfs
........... ..................... 29,000 cfs
........ 17.5 ft wide, each side of spillway
............................... Knox dolomite
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DAMS (CONT.)

SADDLE DAMS

Location ........... Left rim, No.1 at 0.8 mile and No.10 at 4.5 miles
from main dam

Material and type ............ Impervious rolled earthfill embankments
Dam No ..... .................. 1 2 3 4 5 6 7 8 9 10
Length, feet ................. 1,918 20 650 65 228 130 20 125 295 322
*Maximum height, feet ....... 101 10 39 32 32 25 15 25 25 25
*Top of embankments (except Saddle Dam 1) .................. el. 1023.5
*Top of concrete wall for Saddle Dam 1 ...................... el. 1022.5
*Saddle Dams 2 and 7 (added for dam safety) ................. el. 1023.5
Total' length all saddle dams, feet ............................. 3,733
Top width . ...................................................... 20 ft
Foundations ....................... No. 1, Athens shale; others, earth

*See Section on Safety Modification for Probable Maximum Flood.

Saddle Dam heights were increased for dam safety.

POWER FACILITIES

INTAKES

Number .............................................................. 4
Dimensions of one

rack opening .......................... 14 ft 8 in. by 24 ft 4 in.
Gross area at rack (total per unit) ...................... 1,780 sq. ft
Gates ................................... Four 19-ft-wide by 26-ft-high

structural steel gates with
roller trains

Hoists ............................ Four 60-ton stationary chain hoists

PENSTOCKS

Number .............................................................. 4
Type .............................................. Riveted steel lined
Diameter ........................................................ 19 ft
Length ......................................................... 123 ft
Air vents ............................... One 30-in.-dia. for each unit
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POWER FACILITIES (CONT.)

POWERHOUSE

Generating capacity, 4-unit total (Original Capacity) ...... 115,000 kW
Type of construction ..................... Semioutdoor, reinforced con-

crete and structural steel
Principal dimensions, including

service bay ......................... 313 ft long by 95 ft wide by
93 ft high

Service bay ................................. 55 ft long by 134 ft wide
Draft tubes:

Type ........................................... Elbow, 2 openings
Horizontal length (centerline of

turbine to downstream face) ............................ 59 ft
Vertical distance from distributor

centerline to draft tube floor ......................... 37 ft
Net area at outlet opening

(total per unit) ................................ 592.5 sq. ft
Gates ............................ One set of 2 slide gates, 20.33

ft clear opening by 13.42 ft
high

Crane ................................ 25-ton jib crane on gantry
Erecting crane .......................... One 225-ton gantry, two 112-

1/2-ton main hooks, two 25-
ton auxiliary hooks, and one

25-ton jib crane

GENERATOR & TURBINE MODERNIZATION

Douglas Units 2 and 4 were modernized in the Spring/Summer of 1997 and
1998 respectively. The equipment replaced are the runner, wicket
gates, wear rings, main transformers, neutral ground reactor,
generator leads, generator switchgear, generator stator winding, pilot
and main exciters, generator leads disconnect switch, neutral ground
transformer, generator and transformer protective relays, generator
CTs, transformer PTs, raw water strainer, generator air coolers,
thrust bearing oil coolers, proportional valves, and thrust runner.
Rehabilitated equipment includes the generator and turbine shafts,
generator and turbine guide bearings, servo motors and shift ring,
headcover, bottom ring, and the rotor poles reinsulated. New
equipment added includes generator fans and baffles, deflectors on the
runner, and discharge ring aeration system.
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POWER FACILITIES (CONT.)

HYDRAULIC TURBINES

UNITS 1 AND 3

Number .......................
Manufacturer(Original) ........

Type ..... .....................
Rated capacity (each) .........
Rated speed ...................
Maximum runaway speed ........
Specific speed at rating .....
Value of sigma at rating .....
Diameter of runner, intake ...
Diameter of runner, discharge
Centerline to bottom of runner
Centerline to top of runner
Diameter of guide vane circle
Diameter of lower pit ........
Spacing of turbines, center

to center of units .......
Governors ....................
Weight of rotating parts ......

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

........... S. Morgan Smith Co. (now
Allis-Chalmers Manufacturing
Co.)

....................... Vertical Francis

........... 41,500 hp at 100-ft net head

............................. 94.7 r/min

.......................

.......................

.......................

.......................

.......................

......................

.......................

.......................

.......................

....... 179 r/min

.............. 61

............ 0.29

......... 165 in.

......... 177 in.

.......... 61 in.

...... 28.437 in.

......... 202 in.

........ 19.0 ft

................................ 61.0 ft

........ Woodward, cabinet actuator type

............................. 175,000 lb

UNITS 2 AND 4

Number ............................................................. 2
Manufacturer(Replacement) ............................ Voith Hydro, Inc.
Type ........................................................ Francis
Rated capacity (each) .................... 63,365 hp at 120-ft net head
Rated speed ................................................. 90 r/min
Maximum runaway speed .................................... 189.2 r/min
Specific speed at rating ........................................ 57.0
Tailwater safety factor .............. 19.0 @ 72.0 tailwater elevation
Diameter of runner, intake ............................. 146.36 in. CL
Diameter of runner, discharge ............................... 183.28 in.
Centerline to bottom of runner ............................... 88.2 in.
Centerline to top of runner ................. ................. 36.4 in.
Diameter of guide vane circle ............................... 205.5 in.
Diameter of lower pit ......................................... 19.92 ft
Spacing of turbines, center

to center of units ...................................... 61.0 ft
Governors ............................. Woodward, cabinet actuator type
Weight of rotating parts (runner and turbine shaft) ........ 163,264 lb
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POWER FACILITIES (CONT.)

GENERATORS

Generating capacity - 4 unit total 145,800 kW
Number ............................................................. 4
Manufacturer .................................... General Electric Co.
Type .......................... Enclosed, water-cooled, vertical-shaft
Original rating:

Units 1, 3 .......................... 33,333 kVA , 30, 000 kW,
1393 amp, 60 degrees C rise,
0.9 pf, 13.8 kV, 3 ph, 60 Hz

Original capacity:
Units 1, 3 ........................... 38,333, kVA , 34,500 kW,

1602 amp, 80 degrees C rise
Note: Units 1 and 3 rewound and rerated June 1, 1972, and July 1,
1971, respectively.
Rating:

Units 1, 3 ............................ 35,000 kVA , 31,500 kW,
1464 A, 60 degrees C rise,
0.90 pf , 13.8 kV , 3 ph,
60 Hz

Original Rating:
Units 2, 4 . ......................... 33,333 kVA , 30,000 kW,

1393 amp, 60 degrees C rise,
0.9 pf, 13.8 kV, 3 ph, 60 Hz

Original Capacity:
Units 2, 4 ................................ 38,333 kVA, 34,500 kW,

1602 amp, 80 degrees C
rise

Note:
Units 2 and 4 modernization completed September 2, 1998.

Rating:
Units 2,4 ................................. 46,000 kVA, 41,400 Kw

1,925 A, 80 degrees C
rise, 0.9 pf, 13.8 kV,
3 ph, 60 Hz

Efficiency (guaranteed original values):
Units 1, 3:

At rated kVA 1.0 pf .......................... 97.55 percent
At 75% kVA, 0.9 pf .......................... 97.00 percent

Units 2, 4:
At rated kVA, 1.0 pf ......................... 97.35 percent
At 75% kVA, 0.9 pf .......................... 96.80 percent

Flywheel effect:
Units 1, 3 .................................... 45,000,000 lb-ft 2

Units 2, 4 .................................... 44,000,000 lb-ft 2

Thrust bearing:
Units 1, 2, 3 ....... Kingsbury, dia. 89 in., max. load 1672 tons
Unit 4 .................... GE, dia. 75.5 in., max. load 1908 tons

Neutral reactor .................................... equipment removed



September 1998 Douglas 22

POWER FACILITIES (CONT.)

Generators (Cont.)

Grounding transformer & resistor:

unit 2 .................. 13.8 kV; 240 volt; 0.47 ohms (resistor)

unit 4 ................... 13.8 kV; 240 volt; 0.36 ohms (resistor)

Exciters:
Main .............................................. 450 kW, 325 V

Pilot ............................................. equipment removed

Weight of heaviest crane lift, rotor:

Units 1, 3 ............................................. 185 tons

Units 2, 4 ... ......................................... 173 tons

Diameter over air housing, less trim ......................... 460 in.

Top of pilot exciter:

Above stator soleplates .............................. 175.25 in.

Above generator floor ................................ 165.25 in.
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FIGURE 10

Single Line Diagram of Main Connections
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ELECTRIC CONTROLS

Generation may be controlled by one of three methods. Normally, the
local automation computer system will receive generation schedules
from the Hydro Dispatch Control Cell(HDCC) in the Power Business
Center in Chattanooga and respond with automatic control of the units.
All pertinent data such as electrical quantities, water levels,
alarms, etc. are telemetered to the HDCC. If required, the production
coordinator in the HDCC may take over control of the units from
Chattanooga through traditional Supervisory Control and Data
Acquisition(SCADA) communications. Controls for local operation are
also provided in the Douglas control room. All switching is
controlled either from the Power Business Center through traditional
SCADA communications or locally from the control room at the plant.

TRANSMISSION PLANT

Step-up transformers: See Transmission Plant Data Spreadsheet.

Intersystem transformers: See Transmission Plant Data Spreadsheet.

161-kV circuit breakers;
4 1200 - A, 3.5 - MVA, General Electric
4 1200 - A, 5.0 - MVA, General Electric
2 1200 - A, 5.0 - MVA, Westinghouse

14.4-kV circuit breakers:
2 600 - A, 250,000 - kVA, General Electric

Structures:
8 161-kV switchyard bays, 38 ft wide
2 12.5-kV switchyard bays, 12 ft wide
4 transformer banks
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TRANSMISSION PLANT DATA

Plant Location Phase Serial Number MVA Rating Voltage kV Cooling Tap Oil Preservation
Changer System

55 degrees 65 degrees

Douglas Hydro Bank 1 A 70595C 33.34/44.45 37.34/49.78 161/13.8/13.8 OA/FA DETC Sealed Conservator
Douglas Hydro Bank 1 'B 70595B 33.34/44.45 37.34/49.78 161/13.8/13.8 OA/FA DETC Sealed Conservator
Douglas Hydro Bank 1 C 70595A 33.34/44.45 37.34/49.78 161/13.8/13.8 OA/FA DETC Sealed Conservator
Douglas Hydro Bank 2 1 862296 30/40 161/132.2 OA/FA DETC Gas-Blanketed
Douglas Hydro Bank 3 3 97960319 50/66.5 56/74.5 161/13.8 OA/FA DETC Sealed Conservator
Douglas Hydro Bank 4 3 907753 30/40 1 161/132.2 OA/FA DETC Gas-Blanketed

Plant Location Phase Oil Volume Configuration Impedance % Contract Number Manufacturer Year of
gal. Manufacture

H-X H-Y I X-Y

Douglas Hydro Bank 1 A 6080 Wye/Delta/Delta 18.94 18.99 37.91 96P1E-163872-000 North American 1997
Douglas Hydro Bank 1 B 6080 Wye/Delta/Delta 19.05 19.03 38.39 96P1E-163872-000 North American 1997
Douglas Hydro Bank 1 C 6080 Wye/Delta/Delta 19.00 19.01 38.53 96P1E-163872-000 North American 1997
Douglas Hydro Bank 2 1 11945 Wye/Delta _ TV-94507 Westinghouse 1948
Douglas Hydro Bank 3 3 8189 GRD Wye/Delta N/A N/A 96PFM-172321-000 Pauwels Canada 1998

Douglas Hydro Bank 4 3 11954 Wye/Delta - C52-11033 Moloney 1952
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RESERVOIR AND POWER DATA - DOUGLAS
Douglas 26

BEST EFFICIENCY MAXIMUM SUSTAINABLE

Pool Area Volume Potential Gross Plant Turbine Plant Turbine

Elevation (acre (ac-ft EIS* Head Output Discharge Output Discharge

(feet) *1000) *1000) (gWh) (feet) (MW) (cfs) kW/cfs (NW) (CfB) kW/cfB

1002 30.75 1461.0 710.9 126.7 116.9 12,660 9.24 144.7 16,600 8.72

1001 30.52 1430.3 694.7 125.7 117.0 12,750 9.18 144.7 16,690 8.68

1000 30.28 1399.9 678.7 124.7 117.0 12,830 9.13 144.8 16,780 8.63

999 30.02 1369.8 662.8 123.6 117.1 12,910 9.07 144.8 16,870 8.58

998 29.74 1339.9 647.1 122.6 117.1 12,990 9.02 144.8 16,970 8.54

997 29.44 1310.3 631.6 121.6 117.1 13,070 8.96 144.8 17,060 8.49

996 29.12 1281.0 616.3 120.6 117.2 13,150 8.91 144.8 17,150 8.44

995 1 28.78 1252.1 601.1 1 119.5 117.2 13,260 8.84 144.5 17,240 8.38

994 28.42 1223.5 585.8 118.5 117.2 13,390 8.76 143.9 17,330 8.31

993 28.04 1195.2 570.8 117.5 117.2 13,520 8.68 143.3 17,420 8.23

992 27.64 1167.4 555.9 116.5 117.2 13,660 8.60 142.7 17,520 8.15

991 27.22 1140.0 541.4 115.5 117.2 13,790 8.52 142.1 17,610 8.08

990 26.77 1113.0 527.0 114.4 117.2 13,920 8.44 141.5 17,700 8.00

989 26.33 1086.4 513.0 113.4 117.2 14,050 8.35 140.9 17,790 7.92

988 25.89 1060.3 499.2 112.4 117.2 14,190 8.27 140.2 17,880 7.85

987 25.47 1034.6 485.7 111.4 117.2 14,320 8.19 139.6 17,980 7.77

986 25.06 1009.4 472.4 110.4 117.2 14,450 8.11 139.0 18,070 7.69

985 24.66 984.5 459.4 109.3 117.0 14,560 8.04 138.4 18,170 7.62

984 24.26 960.1 446.7 108.3 116.6 14,640 7.97 137.8 18,290 7.54

983 23.88 936.0 434.2 107.3 116.3 14,730 7.90 137.2 18,400 7.46

982 23.51 912.3 422.0 106.3 115.9 14,820 7.83 136.6 18,510 7.3

981 23.15 889.0 410.0 105.2 115.6 14,900 7.77 135.9 18,620 7.31

980 22.80 866.0 398.2 104.2 115.2 14,990 7.70 135.3 18,740 7.23

979 22.46 843.4 386.5 103.2 114.9 15,080 7.63 134.7 18,850 7.16

978 22.13 821.1 375.1 102.2 114.5 15,160 7.56 134.1 18,960 7.08

977 21.80 799.1 363.9 101.1 114.2 15,250 7.49 133.5 19,070 7.00

976 21.48 777.5 352.9 100.1 113.8 15,340 7.42 132.9 19,190 6.93

975 21.17 756.1 342.0 99.1 112.9 15,390 7.34 131.1 19,170 6.84

974 20.87 735.1 331.2 98.1 111.9 15,450 7.25 129.1 19,130 6.75

973 20.57 714.4 320.6 97.1 110.9 15,500 7.17 127.1 19,090 6.65

972 20.28 694.0 310.2 96.2 110.0 15,550 7.08 125.1 19,050 6.56

971 19.99 673.8 300.0 95.2 109.0 15,600 6.99 123.1 19,010 6.47

970 19.71 654.0 289.9 94.2 108.0 15,650 6.91 121.1 18,970 6.38

969 19.44 634.4 280.0 93.2 107.0 15,700 6.82 119.2 18,930 6.29

968 19.15 615.1 270.3 92.2 106.0 15,750 6.73 117.2 18,890 6.20

967 18.85 596.1 260.8 91.2 105.0 15,810 6.65 115.2 18,850 6.11

966 18.55 577.4 251.4 90.2 104.0 15,860 6.56 113.2 18,810 6.02

965 18.24 559.0 242.3 89.2 102.0 15,830 6.44 111.3 18,710 5.95

964 17.91 540.9 233.3 88.3 99.8 15,770 6.32 109.4 18,590 5.88

963 17.58 523.2 224.5 87.3 97.5 15,720 6.20 107.5 18,470 5.82

962 7ý4 505.8 215.9 86.3 95.3 15,670 6.08 105.6 18,360 5.75

EIS represents energy in storage, and includes production at Douglas and all

downstream plants through Kentucky Dam.
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RESERVOIR AND POWER DATA - DOUGLAS (CONT.)

BEST EFFICIENCY MAXIMUM SUSTAINABLE

Pool Area Volume Potential Gross Plant Turbine Plant Turbine
Elevation (acre (ac-ft EIS* Head Output Discharge Output Discharge

(feet) *1000) *1000) (gWh) (feet) (MW) (cfs) kW/cfs (MW) (cfs) kW/cfs

961 16.90 488.7 207.5 85.3 93.1 15,620 5.96 103.7 18,240 5.69

960 16.54 472.0 199.2 84.4 91.4 15,530 5.88 101.8 18,120 5.62

959 16.18 455.6 191.4 83.4 90.0 15,410 5.84 99.9 18,010 5.54

958 15.83 439.6 183.7 82.4 88.6 15,300 5.79 97.9 17,890 5.47

957 15.47 424.0 176.3 81.4 87.2 15,190 5.74 96.0 17,770 5.40

956 15.13 408.7 169.0 80.5 85.8 15,080 5.69 94.0 17,650 5.33

955 14.78 393.7 161.9 79.5 84.2 14,940 5.62 92.1 17,490 5.26

954 14.44 379.1 154.9 78.5 82.2 14,790 5.54 90.2 17,290 5.21

953 14.11 364.8 148.1 77.6 80.3 14,630 5.47 88.2 17,090 5.15

952 13.78 350.9 141.5 76.6 78.3 14,480 5.39 86.3 16,890 5.09

951 13.45 337.3 135.1 75.7 76.4 14,320 5.31 84.4 16,690 5.04

950 13.13 324.0 128.8 74.7 74.4 14,170 5.23 82.5 16,490 4.98

949 12.80 311.0 122.7 73.8 72.5 14,010 5.15 80.6 16,290 4.93

948 12.47 298.4 116.8 72.8 70.5 13,860 5.07 78.6 16,090 4.87

947 12.13 286.1 111.0 71.9 68.6 13,700 4.99 76.7 15,890 4.82

946 11.78 274.1 105.5 70.9 66.6 13,550 4.91 74.8 15,690 4.76

945 11.43 262.5 100.0 70.0 64.7 13,390 4.83 72.9 15,490 4.70

944 11.07 251.3 94.8 69.0 62.7 13,200 4.74 70.9 15,300 4.62

943 10.70 240.4 89.7 68.0 60.8 13,010 4.65 68.8 15,110 4.54

942 10.33 229.9 84.8 67.1 58.8 12,820 4.55 66.8 14,920 4.45

941 9.95 219.8 80.1 66.1 56.8 12,630 4.46 64.8 14,730 4.37

940 9.56 210.0 75.6 65.2 54.9 12,440 4.37 62.8 14,540 4.29

939 9.18 200.6 71.2 64.2 52.9 12,250 4.28 60.8 14,350 4.20

938 8.81 191.6 67.1 63.3 50.9 12,050 4.19 58.7 14,150 4.12

937 8.47 183.0 63.1 62.3 49.0 11,860 4.10 56.7 13,960 4.04

936 8.14 174.7 59.3 61.4 47.0 11,670 4.01 54.7 13,770 3.95

935 7.83 166.7 55.7 60.4 45.1 11,480 3.91 52.7 13,580 3.87

934 7.53 159.0 52.2 59.5 43.6 11,290 3.83 51.1 13,390 3.79

933 7.26 151.7 48.8 58.5 42.4 11,100 3.76 49.8 13,200 3.72

932 7.00 144.5 45.6 57.6 41.3 10,910 3.69 48.5 13,010 3.65

931 6.76 137.6 42.6 56.6 40.1 10,720 3.61 47.3 12,820 3.57

930 6.54 131.0 39.6 55.7 39.0 10,530 3.54 46.0 12,630 3.50

929 6.33 124.6 36.7 54.7 37.9 10,340 3.46 44.7 12,440 3.43

928 6.12 118.3 34.0 53.8 36.7 10,150 3.39 43.4 12,250 3.36

927 5.90 112.3 31.3 52.8 35.6 9,960 3.32 42.2 12,060 3.28

926 5.70 106.5 28.7 51.9 34.5 9,770 3.24 40.9 11,870 3.21

925 5.49 100.9 26.3 50.9 33.3 9,580 3.17 39.6 11,680 3.14

924 5.28 95.6 23.9 50.0 32.2 9,390 3.09 38.4 11,490 3.07

923 5.07 90.4 21.6 49.0 31.1 9,200 3.02 37.1 11,300 2.99

922 4.86 85.4 19.5 48.1 29.9 9,010 2.95 35.8 11,110 2.92

921 4.66 80.7 17.4 47.1 28.8 8,820 2.87 34.5 10,920 2.85

920 4.45 76.1 15.4 46.2 27.7 8,640 2.80 33.3 10,740 2.78

919 4.26 71.7 13.6 45.2 26.5 8,450 2.73 32.0 10,550 2.71

918 4.07 67.6 11.8 44.3 25.4 8,260 2.65 30.7 10,360 2.63

* EIS represents energy in storage, and includes production at Douglas and all

downstream plants through Kentucky Dam.
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RESERVOIR AND POWER DATA - DOUGLAS (CONT.)
ouglas 28

PRRST RWWICIRNC.Y MAXMIMUM SUJSTAINABLE

Pool Area Volume Potential Gross Plant Turbine Plant Turbine

Elevation (acre (ac-ft EIS* Head Output Discharge Output Discharge
(feet) *1000) *1000) (gWh) (feet) (MW) (cfs) kW/cfs (MW) (cfB) kW/cfs

917 3.90 63.6 10.1 43.3 24.3 8,070 2.58 29.5 10,170 2.56

916 3.73 59.8 8.4 42.4 23.1 7,880 2.51 28.2 9,980 2.49

915 3.58 56.1 6.9 41.5 22.0 7,690 2.43 26.9 9,790 2.42

914 3.44 52.6 5.4 40.5 20.9 7,500 2.36 25.7 9,600 2.34

913 3.31 49.2 4.0 39.6 19.7 7,310 2.29 24.4 9,410 2.27

912 3.20 46.0 2.6 38.6 18.6 7,120 2.21 23.2 9,220 2.20

911 3.09 42.8 1.3 37.7 17.5 6,940 2.14 21.9 9,040 2.13

910 3.00 39.8 .0 36.7 16.4 6,750 2.07 20.6 8,850 2.06

0 EIS represents energy in storage, and includes production at Douglas and all

downstream plants through Kentucky Dam.
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DOUGLAS UNIT 2&4 OPERATING CHARACTERISTICS
Based on October 1997 Index Test on Unit 2
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September 1998
TVA - River System Operations Douglas Spill Compilation

Douglas 32

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 year and

does not always equal the sum of the days in periods because of extension of periods in to adjacent years.

MAXIMUM AVERAGE Water may be spilled through spilllway and/or sluiceways. All unmarked spill was through the sluiceways.

DAILY DISCHARGE NUMBER OF TOTAL Maximum hourly average discharge to date was 53,847 cfs at 5 p.m. on 5/8/84.

YEAR (TURBINE + SPILL) DATE PERIODS DAYS *Spillway #Spillway and sluiceways

1943 13905 7/25 12 116 7985 --- 5/13 --- 8; 4180 --- 5/30 --- 6; 2260 --- 6/5&6---4; * 5810 --- 7/18 --- 7; #10280 --- 7/25 --- 5; 4300 --- 7/29 --- 3;
*8600 ---8/31 &9/1 ---19; 120---9/16---3; *2800---10/22---25; #3500---11/3---3; 6800---11/22---15; 3215---12/6---8

1944 25163 4/1 3 20 #11972---3/8---7; #24679---4/2---9; *5249---4/27---4

1945 18108 12/19 2 34 3387---3/7---12; 11489---12/19---29

1946 22257 2/24 4 60 15033---1/24---25; 15669---2/21---18; 6220---3/10&11---4; 3295---3/23&24---6

1947 23500 1/31 2 49 16914---1/30---19; 3885---12/7---17

1948 22900 12/31 7 64 2737---1/3---21; 2247---1/16---2; 5206---1/20---5; 1400---1/27---2; 2591---2/1---5; 12392---2/21---18; 16915---12/31---29

1949 22900 1/1 5 45 11391---1/12---10; 3055---2/12&13---4; 5659---2/22---7; *11105---7/21---6; 8088---12/28---13

1950 22900 2/12 3 25 9968---2/12---20; 3210---12/19---3; 3210---12/27---2

1951 22400 12/24 1 11 11438---12/24---11

1952 17100 2/6 1 10 6360---2/6---10

1953 24400 2/26 1 7 12021 ---2/26---7

1954 27600 1/26 2 13 4016---1/13---3; 15307---1/26---10

1955 17174 3/25 0 0

1956 15489 2/20 1 23 8560---1/11---23

1957 33352 2/12 2 30 13960---2/12---21; 8460---12/27---10

1958 17258 5/14 0 1

1959 16169 10/19 0 0

1960 14967 2/23 0 0

1961 34331 12/24 2 16 6502---3/11---4; 19232---12/23---12

1962 30497 3/4 2 16 7516---1/30---7; 13000---3/4---9

1963 32444 3/18 1 10 14061---3/17---10

1964 17344 10/27 1 2 3283---12/31 ---2
- b a
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TVA - River System Operations

Douglas 33

Douglas Spill Compilation

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 year and

does not always equal the sum of the days in periods because of extension of periods in to adjacent years.

MAXIMUM AVERAGE Water may be spilled through spilllway and/or sluiceways. All unmarked spill was through the sluiceways.

DAILY DISCHARGE NUMBER OF TOTAL Maximum hourly average discharge to date was 53,847 cfs at 5 p.m. on 5/8/84..

YEAR (TURBINE + SPILL) DATE PERIODS DAYS [Spillway #Spillway and sluiceways

1965

1966

1967

1968

1969

1970

1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

24516

18181

16157

15596

14792

15258

16238

18817

30342

25204

24201

15724

18836

21644

25158

18244

11989

18858

17718

50022

16923

15916

18348

3/31

3/7

2/28

6/12

2/4

1/3

12/12

12/27

5/30

1/13

4/2

1/5

12/8

1/31

3/7

3/26-27

8/18

2/7

5/22

5/9

2/15

12/20

3/10

4

0

0

0

0

0

0

0

14

20

20

0

5

4

11

0

0

11

7

7

0

1

0

5880---3/31 ---4

5988---3/27---6; 12819---5/30---8

6684---1/8---8; 7480---1/17---12

9561---3/27---10; 9130---4/2---10

4550---4/8-10---5

4268---1/31---4

3980---3/2---3; 7435---3/8---8

4370---12/18---7; 4150---12/28---4

4660---5/24-26---7

#32068---5/9---6; 150---12/16---1

66---9/19---1

~I. .5~I I~I



September 1998
TVA - River System Operations

Douglas 34

Douglas Spill Compilation

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 year and

does not always equal the sum of the days in periods because of extension of periods in to adjacent years.

MAXIMUM AVERAGE Water may be spilled through spilllway and/or sluiceways. All unmarked spill was through the sluiceways.

DAILY DISCHARGE NUMBER OF TOTAL Maximum hourly average discharge to date was 53,847 cfs at 5 p.m. on 5/8/84.

YEAR (TURBINE + SPILL) DATE PERIODS DAYS *Spillway #Spillway and sluiceways

1988

1989

1990

1991

1992

1993

1994

1995

1996

1997

11560

16668

24429

19320

22497

18290

22636

22987

25173

16083

12/12

3/9

2/26

4/3

12/27

4/1

4/1

1/18

2/1

3/4

0

1

2

1

1

1

6

1

3

0

0

1

18

4

6

4

28

12

22

173 --- 8/11 --- 1

5955---2/24---13; 3250---3/21 ---5

6300---4/2-3---4

6060---12/27---10

1963---1/1 ---10

4807---2/15---4; 3855---2/26---4; 6523---4/1 ---7; 5948---4/8---4; 5407---4/14---3; 5689---4/18---6

6695---1/18---12

5400---1/23---4; 8614---1/30---13; 6101 ---2/13---5

0
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RIVER SYSTEM OPERATIONS

TVA OPERATED RESERVOIR SYSTEM

ANNUAL MAXIMUM AND MINIMUM ELEVATIONS, IN ORDER OF MAGNITUDE

FROM DATE OF RESERVOIR CLOSURE THROUGH 1997

DOUGLAS

MAXIMUM MINIMUM

ORDER

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

ELEVATION

1002.45

1001.79

1001.44

1001.14

1000.88

999.67

999.14

999.05

998.93

998.59

998.56

998.50

998.35

998.30

998.13

998.02

996.98

996.74

996.59

996.32

996.22

996.14

996.08

995.38

995.32

994.92

994.67

994.59

994.52

994.45

993.60

993.55

YEAR MONTH

1984 MAY

1949 JULY

1973 MAY

1989 JUNE

1944 MAY

1958 MAY

1979 JULY

1983 MAY

1959 JUNE

1964 MAY

1968 JUNE

1967 JULY

1943 JULY

1972 MAY

1950 SEP.

1976 JULY

1992 JUNE

1980 JUNE

1974 JUNE

1981 JUNE

1997 JULY

1990 MAY

1991 JUNE

1994 AUG.

1956 MAY

1996 JUNE

1961 JUNE

1995 JUNE

1993 JUNE

1965 JUNE

1946 JUNE

1975 JUNE

DAY

9

25

30

24

8

10

25

24

6

8

10

15

16

24

14

9

13

2

12

15

5

30

27

21

13

1

28

27

2

23

8

4

ORDER ELEVATION

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

883.70

891.85

913.83

916.17

920.24

920.34

921.08

921.42

921.84

924.46

924.72

924.74

924.96

924.99

925.01

925.11

925.25

925.27

925.52

925.99

926.74

926.84

929.18

929.76

931.30

931.72

934.96

935.34

935.67

936.44

937.21 %

940.34 %

YEAR MONTH

1956 JAN.

1943 FEB.

1954 JAN.

1955 FEB.

1958 DEC.

1966 FEB.

1948 JAN.

1957 JAN.

1962 DEC.

1952 DEC.

1965 DEC.

1953 JAN.

1960 JAN.

1968 DEC.

1961 JAN.

1959 JAN.

1969 DEC.

1963 JAN.

1964 JAN.

1967 JAN.

1970 DEC.

1951 JAN.

1946 DEC.

1947 DEC.

1971 JAN.

1950 JAN.

1949 DEC.

1977 FEB.

1945 DEC.

1981 JAN.

1994 JAN.

1997 FEE.

DAY

16

19

14

4

22

1

27

22

13

29

14

1

26

13

13

12

29

12

1

25

5

12

19

31

5

6

31

12

30

21

21

4
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RIVER SYSTEM OPERATIONS

TVA OPERATED RESERVOIR SYSTEM

ANNUAL MAXIMUM AND MINIMUM ELEVATIONS, IN ORDER OF MAGNITUDE

FROM DATE OF RESERVOIR CLOSURE THROUGH 1997

DOUGLAS

MAXIMUM MINIMUM

ORDER ELEVATION YEAR MONTH DAY ORDER ELEVATION YEAR MONTH DAY

33 993.34 1987 JUNE 8 .33 940.48 1993 DEC. 22

34 993.10 1977 APR. 9 34 940.52 1995 JAN. 6

35 992.29 1962 APR. 17 35 940.60 1980 JAN. 6

36 991.42 1957 JULY 6 36 940.83 1973 JAN. 13

37 990.01 1951 MAY 7 37 941.01 1985 JAN. 22

38 989.92 1978 JUNE 19 38 941.25 1976 DEC. 29

39 989.69 1971 AUG. 9 39 941.36 1986 JAN. 29

40 989.31 1982 JUNE 7 40 941.54 1987 JAN. 9

41 986.40 1945 MAY 23 41 941.56 1972 JAN. 1

42 986.24 1969 JUNE 25 42 941.70 1978 JAN. 6

43 984.41 1954 MAY 24 43 941.95 1975 DEC. 25

44 984.02 1963 AUG. 5 44 941.97 1984 DEC. 28

45 983.38 1960 APR. 11 45 942.05 1979 DEC. 30

46 983.31 1952 JUNE 23 46 942.08 1996 NOV. 17

47 983.16 1955 MAY 2 47 942.47 1988 JAN. 15

48 982.61 1966 MAY 30 48 942.49 1992 JAN. 18

49 982.24 1970 MAY 12 49 942.72 1983 JAN. 22

50 976.85 1948 APR. 21 50 943.12 1982 JAN. 1

51 974.29 1953 MAY 29 51 943.46 1989 DEC. 25

52 973.67 1988 MAY 27 52 944.52 1944 FEB. 8

53 972.62 1947 JAN. 23 53 944.70 1974 DEC. 21

54 972.50 1985 MAY 28 54 945.74 1991 DEC. 28

55 970.43 1986 JUNE 16 55 946.09 1990 DEC. 22

CLOSURE

% MIDNIGHT ELEVATION

TOP-OF-GATES ELEVATION 1002
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MAXIMUM, MINIMIUM, MEDIAN, AND MEAN
Adjusted Flow by Weeks

Douglas
Years=1903-1997

WEEK WEEK
ENDING NO.

AVERAGE WEEKLY CFS
MINIMUM YRMAXIMUM YR

JAN
JAN
JAN
JAN
FEB
FEB
FEB
FEB
MAR
MAR
MAR
MAR
APR
APR
APR
APR
APR
MAY
MAY
MAY
MAY
JUN
JUN
JUN
JUN
JUL
JUL
JUL
JUL
JUL
AUG
AUG
AUG
AUG
SEP
SEP
SEP
SEP
SEP
OCT
OCT

7
14
21
28
4
11
18
25
4
11
18
25
1
8
15
22
29
6
13
20
27
3
10
17
24
1
8
15
22
29
5
12
19
26
2
9
16
23
30
7
14

1
2
3
4
5
6
7
8
9

10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

32,200
39,500
38,200
36,100
54,100
34,200
37,700
26,800
28,300
43,000
51,000
30,300
51,700
45,700
39,400
25,100
18,300
21,000
49,300
15,200
18,400
25,600
23,400
16,500
17,500
18,100
15,000
22,400
42,000
17,900
13,400
11,400
32,200
12,200
29,500
25,000
10,700
14,700
14,300
27,000
13,300

1937
1946
1995
1954
1957
1957
1966
1953
1962
1917
1963
1980
1994
1920
1903
1956
1983
1912
1984
1929
1909
1973
1967
1992
1972
1928
1989
1916
1916
1938
1971
1916
1940
1928
1940
1928
1950
1906
1989
1964
1976

1,600
1,400
2,110
2,050
1,860
2,600
2,200
2,300
2,660
4,310
4,070
3,100
2,920
3,100
3,100
2,740
2,730
2,280
2,020
2,590
2,070
1,770
1,660
1,480
1,460
1,140
1,170
1,490
1,400
1,450
1,020
1,130
1,040

880
700
640
832
775
880
718
396

1904
1904
1981
1940
1966
1934
1934
1934
1941
1986
1931
1988
1988
1910
1910
1986
1986
1986
1986
1941
1941
1988
1988
1988
1988
1988
1988
1970
1986
1925
1986
1925
1925
1925
1925
1925
1954
1963
1954
1993
1987

MEDIAN

7,240
7,000
6,860
8,460
7,960
8,110
9,610

9,550
9,100

11,000
9,830

10,100
10,800
9,130
8,820
8,350
8,080
7,100
6,600
5,800
5,700
5,570
5,000
4,700
4,920
4,500
4,280
4,220
3,970
4,000
3,780
3,800
3,720
3,390
2,960
3,150
2,840
2,710
2,800
2,600
2,570

MEAN

8,720
8,400
8,820
9,690

10,100

10,500

11,000
10,600

10,800
11,800
12,400
11,600
12,700
11,600
10,100
8,950
8,190
8,080
8,040
6,960
6,640
6,580
6,170
5,620
5,370
4,990
4,830
5,200
5,510
4,640
4,570
4,370
5,060
4,300
4,360
4,000

3,330
3,290
3,470
4,130
3,320
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MAXIMUM, MINIMIUM, MEDIAN, AND MEAN (CONT.)
Adjusted Flow by Weeks

Douglas
Years=1903-1997

WEEK WEEK
ENDING NO.

AVERAGE WEEKLY CFS
MINIMUM YRMAXIMUM YR

OCT 21
OCT 28
NOV 4
NOV 11
NOV 18
NOV 25
DEC 2
DEC 9
DEC 16
DEC 23
DEC 31

42
43
44
45
46
47
48
49
50
51
52

21,800
15,400
35,300
34,600
12,100
28,500
22,900
22,300
32,200
29,300
31,000

1964
1918
1918
1977
1979
1906
1979
1914
1961
1961
1932

964
766

1,100
1,060

903
1,000
1,500
1,400
1,400
1,540
2,030

1963
1993
1904
1953
1953
1910
1912
1903
1903
1943
1965

MEDIAN

2,600
2,880
2,900
2,890
3,200
3,890
3,990
4,410
5,430
4,790
6,420

MEAN

3,810
3,790
4,150
4,000
3,990
4,690
5,050
5,800
6,340
6,240
7,650

AVERAGE FLOW:1903 - 1997 = 6810 CFS RIVER SYSTEM OPERATIONS

ADJUSTED FLOWS COMPUTED BY:

1/1/03-9/30/18

10/1/18-12/31/38

1/1/39-3/11/42

Flows at Douglas computed from USGS streamflow records
at Knoxville and Rogersville by: Douglas = 0.77
(Knoxville-Rogersville).

Natural flows at Douglas site were computed by
increasing USGS daily flows at Dandridge in proportion
to the drainage area. Drainage area: Dandridge 4446 sq.
mi.

Flows were computed from USGS records of the At
Dandridge, Tennessee, gage, corrected for storage
changes in Walters Reservoir and then increased in
proportion to the drainage areas.

Flows were computed from USGS records of the Below
Douglas Dam, Tennessee, gage, drainage area 4,543 sq.
mi., corrected for storage changes in Walters and
Douglas Reservoirs.

Flows were computed by adjusting discharges at Douglas
Dam, furnished by the TVA Division of Power Production,
for storage changes in Walters and Douglas Reservoirs.

3/12/42-12/31/56

1/1/57-current
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ANNUAL OPERATING CYCLE
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------- ........ ------------------
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0
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970
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950
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AREA IN THOUSANDS OF ACRES
36 34 32 30 28 26 24 22 20 18 16 14 12 10 8 6 4 2 0

10 2 0 -17

1010 - , •-T.I, Iof Gates EL. 1002 
00___

980 _ _

970 -.- Spillway Crest EL. 970

960 -

950 
".96 

VOLUM ell_

,,-Minimum Operating Level EL. 940
940 -

930

920

91 0

800
890

880-

870
0 100 200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800

VOLUME IN THOUSANDS OF ACRE FEET

1943 
VOLUME

ELEV AREA 1943 1949 1955 1960 1967
FT AC AC-FT AC-FT AC-FT AC-FT AC-FT

1,007 34,000 1,677,000 1,662,000 1,666,000 1,655,000 1,641,000
1,002 31.300 1.512,000 1,497,000 1,501,000 1,490,000 1,475,000
990 26,450 1.164,000 1,148,000 1.153,000 1,142,000 1,127,000
980 22,860 918,000 902,000 906,000 896,000 881,000
970 19,410 706,000 691,000 694,000 683,000 669,000
960 16,650 526,000 512,000 514,000 503,000 489,000
950 13,540 376,000 363,000 363,000 353,000 340.000
940 10,600 255,000 245,000 243,000 235,000 223.000
930 7,890 163.000 156,000 153,000 146,000 138,000
920 5,540 96,300 92,600 89,100 84,500 80,300
910 3,700 50,400 48,500 47,200 43,900 42,500
900 2,320 20,800 19,900 19,500 I 7,500 16,700
890 860 5,300 4,800 4,600 3,800 3,600
880 220 600 400 400 300 200
873 0 0 0 0 0 0

NOTES:

Reservoir areas were measured on a composite map prepared
by the Hydraulic Data Branch with contours drawn at I0'
intervals. The map was prepared from TVA land maps with
contours at elevations 910, 930, 1002 & 1007. Contours
were made to conform to elevations on TVA sediment range
cross sections which are located at one to three mile intervals
within the reservoir.

Elevations are referred to the 1936 Supplementary Adjustment
of the U.S.C. & G.S.

Area of original river within reservoir at elevation 1002

3,170 acres.

Drainage area at dam = 4,541 square miles.

The 1949 and subsequent volumes were determined by the

constant factor method for computing sediment.

Dam closure February 19, 1943.

FRENCH BROAD RIVER -MILE 32.3

RESERVOIR AREAS

AND VOLUMES

elviS ORaeVVo SuvaeRSCOCS to-bA-,- ato.to=,

DOUGLAS PROJECT
TENNESSEE VALLEY AUTHORITY

DIVISION OF WATER CONTROL PLANNING

.- n ITreD 10 accOMAPPROVEDu

KNOXVILLE 112-28-621201 DA I i 1321N798RZ

NOTE: See pages 26-28 for latest volume data.
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RESERVOIR RELEASE IMPROVEMENTS

These modifications and an operational change have been made to im-
prove the quality of the aquatic environment downstream from the dam:
(1) Surface water pumps (2) Oxygen diffuser system (3) Turbine venting
(4) Turbine pulsing.

SURFACE WATER PUMPS

The purpose of the surf ace water pumps is to increase the dissolved
oxygen (DO) in the turbine releases. To accomplish this, the pumps
are floated on the surface at the upstream face of the dam. The pumps
are operated to move large quantities of surface water, relatively
high in dissolved oxygen (DO) content, down to the withdrawal zone of
the hydroturbine units. This surface water mixed with the low DO sub-
surface water as it enters the hydroturbine unit, raises the average
DO content of the release by approximately 2 mg/L.

There are a total of nine pumps mounted on triangular float assemblies
(Figure 11). The assemblies are linked at the corners and attached to
the dam via shock absorbing struts. To allow for varying headwater
elevations, a trolley on the end of each strut runs on a vertical rail
anchored to the f ace of the dam. Power for the pump motors and the
navigation lights is provided via cable reels from the top of the dam.
The pump shafts extend approximately 15 ft below the water surface and
drive 15 ft diameter impellers. Eight of the nine surface water pumps
have stainless steel impellers driven by 40 horsepower electric motors
through 90* gear reduction units. Surf ace water pump number 2 has a
composite impeller driven by a 60 horsepower electric motor through a
90* gear reduction unit. At the design point, the impellers rotate at
approximately 21 RPM, and move 530 ft3 of water per second. To
provide flexibility in pump operation, the motors are driven by
variable frequency drives located in the head gate gallery of the dam.
When necessary, for example during periods of lower temperature
stratification or lower headwater elevations, the impeller speed can
be reduced to prevent bottom sediments from being disturbed.

OXYGEN DIFFUSER SYSTEM

The oxygen diffuser system for Douglas Hydro Plant is designed to pro-
vide a large instantaneous oxygen flowrate to help aerate the turbine
water f low while the turbines ate in operation. It is also designed
to provide a smaller continuous flow rate to keep the forebay charged
with high DO water which can be withdrawn when turbine operation
begins.
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RESERVOIR RELEASE IMPROVEMENTS (CONT.)

The oxygen diffuser system consists of sixteen diffuser frames and
four line diffusers. The oxygen diffuser frames are located from 600-
ft to 1600-ft upstream of the face of the dam. Each diffuser frame is
approximately 100 ft by 120 ft and is positioned approximately 20 ft
above the bottom of the reservoir. The diffuser frames are con-
structed from PVC pipe and support 80 porous hoses (garden soaker
hoses), each 50 ft in length. oxygen is supplied to the hoses by a 2
inch diameter header which runs across the middle of the frame. The
diffuser hoses have an orifice at their point of connection to the
central supply header to equalize flow and to minimize losses in the
event of a hose break. The outer end of the hose is capped and
connectedto the diffuser frame with an elastic cord.

Each diffuser frame has its own supply line. These supply lines are
constructed of 2 inch polyethylene to a point about 100 ft from the
frame where EPDM hoses are used for the supply line and buoyancy
control lines. The supply lines are constructed in a manner similar
to the line diffuser design and can be raised individually from the
shore to access the diffuser frame buoyancy line connections.

The four line diffusers differ in length, but add up to a total of
16,000 ft. The first line diffuser begins approximately 1700 ft up-
stream of the dam and extends about 1000 ft upstream. Each of the
other three line diffusers begins approximately 2000 ft upstream of
the dam and each extends about 5000 ft. All four line diffusers float
approximately 3% ft above the bottom of the reservoir. The line dif-
fusers are constructed of polyethylene pipe that supplies oxygen to
porous hoses (garden soaker hoses). In a manner similar to the
frames, the diffuser hoses have an orifice at their point of con-
nection to the supply pipe to equalize the flow and to minimize losses
in the event of a hose break.

The oxygen diffuser frames and line diffusers are supplied with oxygen
from a liquid oxygen storage facility located on the north bank. The
storage facility equipment consists of a horizontal 20,000 gallon
liquid oxygen storage tank, ten ambient air vaporizers, a solenoid
operated emergency shut-off valve, a temperature switch for low temp-
erature shut-off, a pressure gauge and transmitter, four remotely op-
erated control valves, four flowmeters, and 20 pressure regulators. A
separate supply line is used to feed each of the diffuser frames and
line diffusers. Each supply line is equipped with an isolation valve
and pressure regulator for flow control.
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RESERVOIR RELEASE IMPROVEMENTS (CONT.)

TURBINE VENTING SYSTEM

The turbine venting system can be used to increase the dissolved

oxygen content of the turbine releases up to about 1 mg/L depending

upon wicket gate opening and headwater elevation. Because it is

relatively inexpensive to operate, this system is the first aeration

method to be utilized when the dissolved oxygen in the discharge drops

below the target level.

Turbine venting utilizes the vacuum breaker ports on the turbine

casing to induce air into the water' flowing through the turbine.

Baffles over the existing vacuum breaker ports and vacuum breaker

system by-pass piping were added to increase air induction.

The by-pass system consists of an 8 in. diameter opening in the head-

,cover, to which is attached an 8 in. diameter pipe. This pipe is

equipped with a check valve to prevent back flow, a butterfly valve

for off-on flow control, and a bellmouth intake to reduce flow re-

sistance and provide flow measurement. The by-pass system was in-

stalled below the walkway surrounding the turbine guide bearing.

Holes were drilled in the deckplates to provide ventilation for the

by-pass piping. To further increase suction through this piping, flat

plate hub baffles were installed at the vacuum breaker outlets located

on the turbine crown.

The combined operation of the surface water pumps, the oxygen diffuser

system, and the turbine venting system, provides the target 4 mg/L in

the release during periods of maximum dissolved oxygen deficit.

TURBINE PULSING

Turbine pulsing provides minimum downstream water levels with periodic

releases through the hydro turbines during scheduled off hours.
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RESERVOIR RELEASE IMPROVEMENTS (CONT.)

FIGURE 11

Surface Water Pumps, August 1998
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD

Chronology

Safety analysis studies for Douglas Dam for the Probable Maximum Flood

were started at the beginning of fiscal year 1985 and were completed

with the submittal of DOUGLAS PROJECT DAN SAFETY ANALYSIS REPORT HEP-

C85-1 BY MEMORANDUM FROM R. G. DOMER TO R. W. CANTRELL ON JUNE 17,

1985 (B66 850617 0001). Final design started in October 1985. Onsite

construction began in March 1986 and was completed in May 1987.

Cost of Modification

Design costs for the capital safety modifications to Douglas Dam were
approximately $403,000. This did not include costs for dam safety
evaluation studies which resulted in the modifications, construction
costs were approximately $1.8 million. The total project cost was

approximately $2.5 million.

Controlling Features

Modifications for the PMF consisted of increasing the height of the
north and south concrete nonoverflow dams and their earth abutments by

13.5. feet, increasing the height of saddle dam one by 5 feet and the
remaining existing seven saddle dams by 6.5 feet, and adding two new
saddle dams. These modifications will prevent overtopping and erosion
of the embankment and saddle dams but would permit overtopping of the
concrete dam spillway area with possible major damage to the
powerhouse and switchyard. The elevation of the headwater for a PMF
resulting from combined storage and discharge through the spillway and
over the top of the concrete structures is 1022.5.
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD (CONT.)

Concrete Dam Modifications

Stability of a typical nonoverflow block was investigated for the
increased water loads resulting from a PMF. Stresses resulting from
these increased loads were judged to be acceptable for this extreme
loading conditions. The original stability analysis for the concrete
structure is shown in an Appendix to the report referenced under
Chronology.

Nonoverflow blocks 1A through 3 and 28 through 32 were modified by
placing concrete on top of the existing structures. This modification
was primarily to enable vehicular access from the new top of
embankment elevation 1018.5 to the spillway operating equipment at
elevation 1009.0. Additionally, a 12-inch-think concrete wall with
top elevation at 1022.5 was placed on the downstream side of blocks 1A
through 3 and 28 through 32. Due to the increased hydrostatic loads
on the additional concrete and wall, blocks 1 through 3 and 28 through
31 had to be strengthened by installing high strength dowels on the
upstream side of the blocks. Details of the modification to the top
of nonoverflow blocks 1A through 3 and 28 through 32 are shown on
drawings 21E 205-1,2, and 3. Existing drain holes, wells, electrical
manholes, equipment shaft, ladder, air vent, and access shaft were
extended through the new concrete with new embedded frames where
required. FIGURES 12 and 13 at the end of this section are photos
which show the key features of this modification.
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD (CONT.)

FIGURE 12
Access Ramp and Wall Atop Nonoverflow Blocks 1A through 3, August 1998

FIGURE 13
Access Ramp and Wall Atop Nonoverflow Blocks 28 through 32

August 1998
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD (CONT.)

North and South Earth Abutment Modifications

The north and south earth abutments were stripped of pavement, curbs,
and stabilized roadway base, and increased in height to elevation
1018.5 using impervious rolled earthfill, filter blanket, and riprap.
A 12-inch-think concrete wall with top elevation at 1022.5 was placed
on the north abutment, joined to the wall on the downstream side of
nonoverflow block 1A, and extended along the river side of the patrol
road to the 1022.5 contour. These walls, along with the walls on
nonoverflow blocks 1A through 3 and 28 through 32, are for the purpose
of diverting overtopping flow to the spillway and powerhouse portions
of the dam. Details of these walls are shown on drawing 23E210-1.
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD (CONT.)

Saddle Dam 1 Modifications

A 12-inch-thick concrete wall with top elevation 1022.5 was placed 14
feet upstream of the centerline of saddle dam 1 roadway. The wall
begins near the intersection of the boat launching road with saddle
dam 1 and parallels the saddle dam roadway to the Sevier County
campground on the south end of the dam. The wall then turns away from
the roadway and is routed upstream of the campgound, approximately
parallel to the roadway, until it intersects the 1022.5 contour.
FIGURE 14 at the end of this section is a photo which shows the
location and configuration of saddle dam 1. Details of modified
features for saddle dam 1 are shown on drawings 23E209-1, 2, and 3.

FIGURE 14

Saddle Dam 1, July 1998
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SAFETY MODIFICATION FOR PROBABLE MAXIMUM FLOOD (CONT.)

Saddle Dams 3, 4, 5, 6, 8, 9, and 10 Modifications

Saddle dams 3, 4, 5, 6, 8, 9, and 10 were stripped of topsoil on the
downstream side, the crushed stone was excavated from the roadway, and
the saddle dams were raised 6.5 feet to elevation 1023.5 by placing
impervious rolled earthfill, filter blanket, and riprap. A crushed
stone roadway was constructed on top of each dam, topsoil was placed
on disturbed areas, and the dams were seeded and mulched. Details for
raising saddle dams 3, 4, 5, 6, 8, 9, and 10 are shown on drawings
23N203 and 23N204. FIGURE 4 shows the location of these saddle dams.

Addition of Saddle Dams 2 and 7

In addition to the saddle dams previously described, two new saddle
dams, numbers 2 and 7, were required at low areas which would be
overtopped by a PMF. Since these areas were small, the saddle dams
were constructed by stripping the topsoil, adding impervious rolled
earthfill to elevation 1023.5, and seeding and mulching. Riprap was
not required. Saddle dam 2 is located near the Sevier County
campground just off the roadway between saddle dams 1 and 3. Borrow
for saddle dam 2 was obtained from the adjacent borrow area previously
described for saddle dam 3. Saddle dam 7 is located approximately
halfway between saddle dams'6 and 8 on TVA property. Borrow for
saddle dam 7 was obtained adjacent to the saddle dam. Details for
saddle dam 2 and 7 are shown on drawings 23N203 and 23N204. FIGURE 4
shows the location of these saddle dams.

Other Modifications

Other modifications that were made included: reinstalling handrail on
the nonoverflow blocks of the dam retaining walls to retain embankment
slopes; relocating parking areas and turnarounds, security fencing,
and campground area modifications; and resurfacing the saddle dam
roadway.

HOUSING FACILITIES
(Original Project)

Permanent houses built ........................................... None
Tents (40 total capacity) .......................................... 4
Dormitories built:

Men (528 total capacity) ...................................... 6
Women (26 rooms plus kitchen and dining room) ................. 1

Family housing .................................... 92-trailer village
Other camp buildings included a cafeteria 178 seats), community build-
ing, and hospital.
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ORIGINAL CONSTRUCTION DATA

PERSONNEL

Initial Project
Dam and Dam

Reservoir Construction
Construction Only

Peak employed ............ 6,220 4,650
Total man-hours ........ 17,774,612 12,061,410
Number of injuries ..... 97 157
Days lost ................. 50,599 34,649
Fatalities .............. 6 4
Accident frequency ..... 11.1 13.0
Accident severity ...... 2,847 2,873

*Trades and labor hourly
**Estimated

Additions

3rd Unit
(No. 2)

100
156,387

2
58

0
12.8

371

4th Unit
(No. 4)

*110
**175, 000

1
16

0
5.71

91

QUANTITIES

Initial Project
Saddle

Dams and
Dam Dike

Additions

Dam and power facilities:
Earth excavation, cu. yd
Rock excavation, cu. yd
Earthfill, cu. yd ........
Rockfill, cu. yd .........
Reinforcing steel, tons
Structural steel, tons
Concrete, cu. yd .........
Formwork, sq. ft .........

172,300
332,800
56,300
60,000
3,500
2,900

548,200
1,253,000

113,500
4,100

693,000
15,200

3,810

89,000

3rd Unit
(No. 2)

30
11

2,890
6,100

4th Unit
(No. 4)

1

148
112

5,250
30,400

Riprap, cu. yd ............. 11,600
Highway and railroad:
Excavation, cu. yd ......... 3,425,000

MODIFICATION FOR PROBABLE MAXIMUM FLOOD

QUANTITIES

Dam

Saddle
Dams and

Dike

17,840
8,924
1,285

15

Earthfill, cu. yd.
Riprap, cu. yd.
Concrete, cu. yd.
Reinforcing steel, tons
Formwork, sq. ft.

2,022
1,572

62
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ITEM 1948 1949
J F M A M J J A $ 01NIO JPF M AIM J J AS ON D

7 Constr#"ucton plant / II
2 Plent removal 4 cleanup 2so In
3 Remove femp PH. facilities 

_3 I III

4 R~eove a r bulkheads 4 1
5 Gen room file floor S5
6 Architectural paInfing 6 _ I
7 Concrete, powerhouse 7 II 1 1iii Il
8 Concrete, switchyard 8l I -
9 Turbine, embedodledPrs -- I.I9 1 i, 11
/0 Turbine, stationary p&rts /0 I IIII- II-
ll Turbine. moving parts so Wl12 Governor 12 b

13 Generator stotor 131 ll -

14 Generator rotor I1
15 Generator beoring 4 bracket 15 M I mI
/6 Generator ShAO" i6sm me -

17 Generator housing 4 coolers 17 U I
/8 Generator dryout test 18
/9 Switch boerds /9 am
20 Switchger-OOC 20 n *
21 Conduit & grounding 2/ IIllIEI I I1
22 Power d control cable 22 no- I
23 Switchyard structural steel 23 HK
24 Swtchy•r• power transformer 24 0
25 Switchyard oil circuit breaker 25 1 l
251 Swifthjvaro' gre dIn 16I414N

CONSTRUCTION SCHEDULE - UNIT 2

ITEM 1953 1954
J FMAMJ JASONOJFMAMJJ ASONO0

I Util/ties and buildins I I I 11
2 Swtif leg der-rick 011
3 Bridge over P11. roof 1
4 Dewtefr 41 NJ
* rounaltion cleanup & preparation
6 Concrete - Substructure 11011 Fe
7 Concrete - superitructure 71011
8 Structural seel ins1
9 Remove exixtln end wall 9 No
I0 Drafy tube lner /01

II E bed we d Pwr -f1 t 
I"

1Z Turbine/lai 

Il •

14, Electrical & mechanical 14 n
15 Architectural NJ I 1 1I6 Trash r ac k 

6

/7 Intake gate 17
18 In take -wte - hoist
/Y Intake ayte -hoist & boom chains
20 Remove exIst/nlg Intake bulkhead U

R/ __ _ _ __ _ _ __ _ _ _I G U I •
22 Precast roof Slabs _

23 Generotor hatch cover 2
24 PenIstVck OteA'teSion U44
Z5 Concrete foubndatons Z_ I I
26 Structur-al steel
27 Electrical £ mecharnicea ll
28 Main power trensfbrn-mer
29 DAP maintenance building Z9 Ill 1 I a

0 Spllwa Mpron r*pAir so
31 Remote control work-Uni I 4//
32 Remote control work - Unit 2 Ii
33 Remote control work - Unit.I

CONSTRUCTION SCHEDULE - UNIT 4
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STAGES NO. ITEM OR EQUIPMENT 1942 1943 1944

A ACCESS ROADS A

CONSTRUCTION B CONSTRUCTION POWER B
C WATER SUPPLY & SEWAGE DISPOSAL C

SERVICES 0 -BUNKHOUSE CAMP & MESS HALL
E RAILROAD SIDING E. -
F CONSTRUCTION UTILITIES-WATER--AIR--POWER F
G CONSTRUCTION ROADS & YARDS G

CONSTRUCTION H SHOP BUILDINGS & JOB BUILDINGS H -

PLANT I AGGREGATE PLANTSCONSTRUCTION TRESTLE 44HIII111
K_ K CONCRETE & CEMENT PLANT K

21 STRIPPING & GENERAL EXCAVATION 21
29 VEARTH EMBANKMENT (CLAY I ROCK)2

SADDLE DAMS 31 1 RIPRAP (SLOPE PROTECTION) I
51RIM GROUTING 5.

_ COFFERDAM--RIGHT BANK I
C E I COFFERDAM- RIGHT BANK REMOVALCOFFERDAM I B COFFERDAM-LEFT BANK IB

_IC COFFERDAM-LEFT BANK REMOVAL
3 EARTH EXCAVATION--DAM & SPILLWAY 3
3A EARTH EXCAVATION -POWERHOUSE

FOUNDATION 4 ROCK EXCAVATION--DAM L SPILLWAY 4EXCAVATION 4A ROCK EXCAVATION--POWERHOUSE

48 1 ROCK EXCAVATION--TAILRACE 4
5 PREPARE FOUNDATION- DRILLING & GROUTING
6 CONCRETE-SPILLWAY & BULKHEAD MASS

7 CONCRETE-APRON 'E
7A CONCRETE--PIERS-WALLS--MISCELLANEOUS 7ACONCRETE 7B CONCRETE--CLOSURE BLOCKS 7B

z 7C CONCRETE- POWERHOUSE & SERVICE BAY 7Co I 7E CONCRETE--INTERIOR WORK 7E
I I REGULATING SLUICE LINERS L1:
1AIA SLUICE STOPLOG SEATS & GUIDES IA

: INSTALLATION I? PENSTOCK 12

EMBEDDED 12A INTAKE GATE FRAMES & GUIDES :2A
z PARTS 12B INTAKE TRASHRACKS 12B

oS 13 SPILLWAY GATE ANCHORAGES
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INSTRUCTIONS FOR USE OF TABLES

1. Tables Update 4. Arrangement of Tables

These tables supersede the tables dated August 1973. The tables
were revised to account for changes in gate openings produced by
reversing the ends of the gate lifting chains and to increase the
maximum headwater elevation covered in the tables from 1003 feet
to 1007 feet. The computer code SPILLQ generated the tabulated
discharges.

Whenever the gate lifting chains are replaced or their ends are
reversed, the gate opening indicators must be reset, the opening
heights under the spillway gates at every indicator position must be
re-measured, and the spillway tables must be re-computed. As
described below, the spillway gates at Douglas Dam are set by
"dogging" the gate lifting chains at discrete positio ' ns marked by
indicator pointers. When the chains are replaced, or the ends of the
chains are reversed, the opening heights under the gates change for
every indicator position and discharges computed assuming the
previous opening heights are no longer correct. The gate openings
on which these tables are based were measured in 1996.

2. Purpose of Tables

These tables provide a means for setting required spillway discharges
and for determining the discharge when a specific arrangement of
gates is in use. The tabulated discharges are based on test results
from scale models

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

3. Range of Tables

The tables cover a discharge range from 0 to 391,000 cubic feet per
second. Headwater elevations range from 970 feet to 1007 feet.

The tables show spillway discharges in cubic feet per second.
Headwater elevations for each 0. 1 foot of headwater elevation 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 I percent. These
increments are exceeded in some cases near the extreme ends of the
tables where operation is relatively infrequent. In general it is
possible to set any required discharge within 2-1/2 percent and to
know the actual discharge for any given set of conditions within
I percent. These tolerances are considered acceptable and therefore
it will not be necessajy 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 should be used.
For example, the column headed 991.2 should be used for actual
headwater elevations between 991.15 feet and 991.24 feet inclusive.
When the actual headwater elevation is exactly halfway between
tabular values, the larger value is used.
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6. Raising and Lowering Gates

The gates are raised and lowered by traveling hoists that lift the gates
by chains attached to each end of the gates. Gate openings are set by
dogging each chain by means of a dogging arrangement located just
below the deck of the dam. Fastened to the dogging device is a gate
opening indicator pointer that revolves as the gate is raised or
lowered. This indicator pointer can be observed from either end of
the traveling hoist. Gate opening positions have been marked on the
gate opening indicator dials and correspond to the openings
described in the tables of Spillway Gate Arrangements on page 5.
Gate opening indicator readings do not represent gate opening in feet
but only provide a gate opening position which will give the desired
discharge when used with the table of Spillway Gate Arrangements.
Gate opening indicator readings cannot be interchanged between
gates since a given indicator reading on one gate will not necessarily
give the same discharge as the same indicator reading on another
gate.

7. Special Instruction - Preventing Flow Over Top of Spillway
Gates When Headwater Elevation is Above 1002 feet

If the headwater elevation exceeds 1002 feet (actually, 1001.8 feet to
provide a 0.2-foot margin of safety) the spillway gates must be set to
one of the gate arrangements listed in the tables to prevent flow over
the tops of the gates. The minimum gate openings are those
corresponding to the lowest numbered gate arrangement for which a
discharge value is provided in the tables.

8. Use of Tables

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

ExaMple I -- What gate arrangement is necessary to pass a discharge
of 46,000 cubic feet per second with the headwater at elevation
980.82 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 980 feet and 982 feet are found on page 12 (and
continued on page 13). The headwater elevation closest to
980.82 feet is 980.8 feet. In the column headed 980.8 the discharge
nearest to the required 46,000 cubic feet per second is 45,790 cubic
feet per second located near the bottom of the page. By tracing the
horizontal line in which 45,790 cubic feet per second appears, to
either side of the page, we find that gate arrangement 49 is the one
for producing the discharge closest to 46,000 cubic feet per second at
headwater elevation 980.82 feet. Referring to page 5 it is found that
the gates should be set with the gate opening indicators reading as
follows: gates 1, 2, 4, 6, 8, and 10 at indicator reading 10; gates 3,
5, 7, 9, and I I at indicator reading 14.

After all the gates are set, changes in the headwater elevation may
require changes in the gate arrangement to maintain the desired
discharge. For example, if the headwater should fall to 980.63 feet,
the discharge will be found in the column headed 980.6. In this
column the discharge closest to 46,000 cubic feet per second is
46,190 cubic feet per second for gate arrangement 50. To change to
gate arrangement 50 from gate arrangement 49, gate I would be
opened to an indicator reading of 14.

Example 2 -- Suppose the operating records show that the headwater
is at elevation 982.95 feet, and gate arrangement 46 is in use. The
headwater is found on page 14, which is marked "Headwater 982 to
984." The elevation given is exactly halfway. between elevation
982.9 feet and 983.0 feet. The larger value, 983.0 feet, is used. In
the column headed 983.0 opposite gate arrangement 46, the
discharge is found to be 46,790 cubic feet per second.
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DOUGLAS DAM

LOCATION OF SPILLWAY AND SLUICE GATES

SPILLWAY GATE
NUMBERS

POWERHOUSE 1 2 3 4 5 6 7 8 9 1011 ICREST EL. 970

DD0 00 DE DD

DOWNSTREAM ELEVATION
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DOUGLAS DAM

SPILLWAY GATE ARRANGEMENTS

Arrange- Gate Number
ment

Number 1 2 3 4 5 6 7 8 9 10 11

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

6 2 0 2 0 2 0 2 0 2 0 2
7 2 0 2 0 2 0 2 0 2 2 2
8 2 2 2 0 2 0 2 0 2 2 2
9 2 2 2 0 2 0 2 2 2 2 2

10 2 2 2 2 2 0 2 2 2 2 2

11 2 2 2 2 2 2 2 2 2 2 2
12 2 2 2 2 2 2 2 2 4 2 2
13 2 2 4 2 2 2 2 2 4 2 2
14 2 2 4 2 4 2 2 2 4 2 2
15 2 2 4 2 4 2 4 2 4 2 2

16 2 2 4 2 4 2 4 2 4 2 4
17 4 2 4 2 4 2 4 2 4 2 4
18 4 2 4 2 4 2 4 2 4 4 4
19 4 4 4 2 4 2 4 2 4 4 4
20 4 4 4 2 4 2 4 4 4 4 4

21 4 4 4 4 4 2 4 4 4 4 4
22 4 4 4 4 4 4 4 4 4 4 4
23 4 4 4 4 4 4 4 4 6 4 4
24 4 4 6 4 4 4 4 4 6 4 4
25 4 4 6 4 6 4 4 4 6 4 4

26 4 4 6 4 6 4 6 4 6 4 4
27 4 4 6 4 6 4 6 4 6 4 6
28 6 4 6 4 6 4 6 4 6 4 6
29 6 4 6 4 6 4 6 4 6 6 6
30 6 6 6 4 6 4 6 4 6 6 6

31 6 6 6 4 6 4 6 6 6 6 6
32 6 6 6 6 6 4 6 6 6 6 6
33 6 6 6 6 6 6 6 6 6 6 6
34 6 6 6 6 6 6 6 6 10 6 6
35 6 6 10 6 6 6 6 6 10 6 6

36 6 6 10 6 10 6 6 6 10 6 6
37 6 6 10 6 10 6 10 6 10 6 6
38 6 6 10 6 10 6 10 6 10 6 10
39 10 6 10 6 10 6 10 6 10 6 10
40 10 6 10 6 10 6 10 6 10 10 10

Arrange- Gate Number
ment

Number 1 2 3 4 5 6 7 8 9 10 11

41 10 10 10 6 10 6 10 6 10 10 10
42 10 10 10 6 10 6 10 10 10 10 10
43 10 10 10 10 10 6 10 10 10 10 10
44 10 10 10 10 10 10 10 10 10 10 10
45 10 10 10 10 10 10 10 10 14 10 10

46 10 10 14 10 10 10 10 10 14 10 10
47 10 10 14 10 14 10 10 10 14 10 10
48 10 10 14 10 14 10 14 10 14 10 10
49 10 10 14 10 14 10 14 10 14 10 14
50 14 10 14 10 14 10 14 10 14 10 14

51 14 10 14 10 14 10 14 10 14 14 14
52 14 14 14 10 14 10 14 10 14 14 14
53 14 14 14 10 14 10 14 14 14 14 14
54 14 14 14 14 14 10 14 14 14 14 14
55 14 14 14 14 14 14 14 14 14 14 14

56 14 14 14 14 14 14 14 14 18 14 14
57 14 14 18 14 14 14 14 14 18 14 14
58 14 14 18 14 18 14 14 14 18 14 14
59 14 14 18 14 18 1 14 114 18 14 14
60 14 14 18 14 18 14 18 14 18 14 18

61 18 14 18 14 18 14 18 14 18 14 18
62 18 14 18 14 18 14 18 14 18 18 18
63 18 18 18 14 18 14 18 14 18 18 18
64 18 18 18 14 18 14 18 18 18 18 18
65 18 18 18 18 18 14 18 18 18 18 18

66 18 18 18 18 18 18 18 18 18 18 18
67 18 18 18 18 18 18 18 18 22 18 18
68 18 18 22 18 18 18 18 18 22 18 18
69 18 18 22 18 22 18 18 18 22 18 18
70 18 18 22 18 22 18 22 18 22 18 18

71 18 18 22 18 22 18 22 18 22 18 22
72 22 18 22 18 22 18 22 18 22 18 22
73 22 18 22 18 22 18 22 18 22 22 22
74 22 22 22 18 22 18 22 18 22 22 22
75 22 22 22 18 22 18 22 22 22 22 22

76 22 22 22 22 22 18 22 22 22 22 22
77 22 22 22 22 22 22 22 22 22 22 22
78 22 22 22 22 22 22 22 22 26 22 22
79 22 22 26 22 22 22 22 22 26 22 22
80 22 22 26 22 26 22 22 22 26 22 22

GATE OPENINGS

Arrange- Gate Number
ment

Number 1 2 3 4 5 6 7 8 9 10 11

81 22 22 26 22 26 22 26 22 26 22 22
82 22 22 26 22 26 22 26 22 26 22 26
83 26 22 26 22 26 22 26 22 26 22 26
84 26 22 26 22 26 22 26 22 26 26 26
85 26 26 26 22 26 22 26 22 26 26 26

86 26 26 26 22 26 22 26 26 26 26 26
87 26 26 26 26 26 22 26 26 26 26 26
88 26 26 26 26 26 26 26 26 26 26 26
89 26 26 26 26 26 26 26 26 UP 26 26
90 26 26 UP 26 26 26 26 26 UP 26 26

91 26 26 UP 26 UP 26 26 26 UP 26 26
92 26 26 UP 26 UP 26 UP 26 UP 26 26
93 26 26 UP 26 UP 26 UP 26 UP 26 UP
94 UP 26 UP 26 UP 26 UP 26 UP 26 UP
95 UP 26 UP 26 UP 26 UP 26 UP UP UP

96 UP UP UP 26 UP 26 UP 26 UP UP UP
97 UP UP UP 26 UP 26 UP UP UP UP UP
98 UP UP UP UP UP 26 UP UP UP UP UP
99" UP UP UP UP UP UP UP UP UP UP UP

100 UP UP UP UP UP UP UP UP x UP UP

101 UP UP X UP UP UP UP UP X UP UP
102 UP UP X UP X UP UP UP X UP UP
103 UP UP X UP X UP X UP X UP UP
104 UP UP X UP X UP X UP X UP X
105 X UP X UP X UP X UP X UP X

106 X UP X UP X UP X UP X X X
107 X X X UP X UP X UP X X X
108 X X X UP X UP X X X X X
109 X X X X X UP X X X X x
110 X X X X X X X X X X X

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



6 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

Lo• HEADWATER ELEVATION o.
970.1 970.2 970.3 970.4 970.5 970.61 971.4 971.5 971.6 971.7 971.8 971.9'.5[ 970.0 901 97. 97. [7. 97. 97. 17. 971[ 0 971.1 971.21 913 j 7.4 915 916I 1 T919 72.0 1

1 0 5 10 20 30 45 60 75 90 110 130 140 170 190 210 230 260 280 310 330 360 1
2 0 10 20 40 65 90 120 150 180 210 250 290 330 370 420 460 510 560 610 660 720 2
3 0 10 35 60 95 130 170 220 270 320 380 430 500 560 630 700 770 840 920 1,000 1,080 3
4 0 15 45 80 130 180 230 290 360 430 500 580 660 750 840 930 1,020 1,120 1,220 1,330 1,440 4
5 0 20 55 100 160 220 290 370 450 530 630 720 830 930 1,040 1,160 1,280 1,400 1,530 1,660 1,800 5

6 0 25 65 120 190 260 350 440 540 640 750 870 990 1,120 1,250 1,390 1,530 1,680 1,840 1,990 2,160 6
7 0 25 80 140 220 310 410 510 630 750 880 1,010 1,160 1,310 1,460 1,620 1,790 1,970 2,140 2,330 2,520 7
8 0 30 90 160 250 350 460 590 720 860 1,000 1,160 1,320 1,500 1,670 1,860 2,050 2,250 2,450 2,660 2,880 8
9 0 35 100 180 280 400 520 660 810 960 1,130 1,310 1,490 1,680 1,880 2,090 2,310 2,530 2,760 3,000 3,240 9

10 0 401 0 0 200 310 440 580 730 900 1,070 1,260 1,450 1,660 1,870 2,090 2,330 2,570 2, 810 3, 070 3,330 3,610 10

11 0 45 120 220 350 480 640 810 990 1,180 1,380 1,600 1,820 2,060 2,300 2,560 2,820 3,100 3,380 3,670 3,970 11
12 0 45 120 220 350 480 640 810 990 1,180 1,380 1,600 1,820 2,060 2,300 2,560 2,820 3,100 3,380 3,670 3,970 12
13 0 45 120 220 350 480 640 810 990 1,180 1,380 1,600 1,820 2,060 2,300 2,560 2,820 3,100 3,380 3,670 3,970 13
14 0 45 120 220 350 480 840 810 990 1,180 1,380 1,600 1,820 2,060 2, 300 2,560 2,820 3,100 3,380 3,670 3, 970 14
15 0 45 120 220 350 480 640 810 990 1,180 1,380 1,600 1,820 2,060 2, 300 2,560 2,820 3,100 3,380 3,670 3, 970 15

HEADWATER 970 to 972 
MARCH 1999

HEADWATER 970 to 972 MARCH 1999



DOUGLAS DAM 7

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

~~HEADWATER ELEVATION .
T 972.0 972.1 972.2 972.3 972.4 972.5 972.6 972.7 972.8 972.9 973.0 973.1 973.2 973.3 973.4 973.5 973.6 973.7 973.8 973.9 974.0

1 360 390 420 440 470 470 460 460 450 440 450 450 460 470 470 480 490 500 500 510 520 1
2 720 770 830 890 940 930 910 900 880 870 890 900 910 930 940 950 970 980 1,000 1,010 1,030 2
3 1,080 1,160 1,250 1,320 1,370 1,350 1,330 1,310 1,290 1,290 1,310 1,330 1,350 1,370 1,390 1,410 1,430 1,450 1,470 1,490 1,520 3
4 1,440 1,550 1,660 1,770 1,830 1,810 1,780 1,750 1,730 1,720 1,750 1,770 1,800 1,820 1,850 1,880 1,910 1,940 1,970 2,000 2,020 4
5 1,800 1,930 2,080 2,210 2,300 2,290 2,260 2,230 2,190 2,180 2,200 2,240 2,270 2,300 2,340 2,370 2,410 2,450 2,480 2,520 2,550 5

6 2,160 2,320 2,490 2,640 2, 720 2,710 2,670 2,630 2,590 2,590 2,620 2,660 2,700 2,740 2,780 2,820 2,860 2, 910 2,950 2,990 3, 030 6
7 2,520 2,710 2,910 3,060 3,140 3,120 3,080 3,030 3,000 2,990 3,030 3,080 3 120 3,170 3,220 3,270 3,320 3,370 3,420 3,470 3,520 7
8 2, 880 3,100 3,330 3,490 3,560 3, 540 3,490 3,430 3,400 3,410 3,450 3,500 3,550 3,610 3,660 3,720 3,780 3,840 3,890 3,950 4,000 8
9 3,240 3,490 3, 750 3,940 4,040 4, 010 3, 950 3,890 3,850 3, 850 3, 900 3,960 4,020 4, 080 4,140 4,200 4,270 4, 330 4, 400 4,460 4,520 9

10 3,610 3,880 4,170 4,390 4,510 4,480 4,420 4,340 4,300 4,290 4, 350 4,420 4,480 4,550 4,610 4,690 4,760 4,830 4,900 4,970 5,040 10

11 3,970 4,280 4,590 4,840 4,990 4, 950 4,880 4,810 4,750 4,730 4,800 4,870 4, 950 5,020 5,090 5,170 5,250 5,330 5,410 5,490 5,570 11
12 3,970 4, 280 4,590 4, 840 4, 990 4, 990 4, 960 4, 920 4, 900 4, 930 5, 020 5, 120 5, 220 5, 330 5,430 5,540 5, 650 5, 760 5,870 5, 980 6, 090 12
13 3, 970 4,280 4,590 4,840 5,000 5, 040 5,040 5,040 5,070 5,130 5,250 5,380 5,510 5,640 5,780 5,920 6,060 6,200 6, 350 6,490 6,630 13
14 3,970 4,280 4,590 4,850 5,050 5,120 5,160 5,200 5,270 5,350 5,500 5,660 5,820 5,980 6,140 6,320 6,490 6,660 6,840 7,010 7,190 14
15 3,970 4,280 4,590 4,850 5,060 5,170 5,250 5,330 5,440 5,560 5,730 5,920 6,110 6,300 6,490 6,690 6,900 7,100 7,310 7,510 7,720 15

16 3,970 4,280 4,590 4,850 5,060 5,190 5, 300 5,420 5,570 5, 730 5, 950 6,160 6,370 6,590 6,820 7, 050 7, 280 7, 520 7,750 7,990 8,240 16
17 3,970 4,280 4,590 4,870 5,120 5,280 5,430 5,590 5,770 5,960 6,200 6,440 6,690 6,940 7,190 7,450 7,710 7,980 8,250 8,520 8,800 17
18 3,970 4,280 4,590 4, 890 5,180 5,380 5,570 5,770 5,970 6,190 6,460 6,730 7,000 7,280 7,570 7,860 8,150 8,450 8,750 9,060 9,370 18
19 3, 970 4,280 4,590 4,910 5,240 5,470 5,700 5,940 6,180 6,420 6, 720 7,020 7,320 7, 630 7,940 8,260 8,580 8,910 9,250 9,590 9,930 19
20 3, 970 4,280 4,590 4, 910 5, 240 5,510 5,780 6,060 6,340 6,620 6,940 7,270 7,600 7,940 8,280 8,630 8,990 9,350 9, 710 10, 090 10, 460 20

21 3,970 4,280 4,590 4,910 5,250 5,550 5,860 6, 170 6,490 6,820 7, 170 7,520 7,880 8,250 8,620 9,000 9,390 9,780 10,180 10,580 10, 990 21
22 3,970 4,280 4,590 4,910 5,250 5,580 5,930 6,280 6,650 7,010 7,390 7,770 8,160 8,560 8,960 9,370 9,790 10,210 10,640 11,080 11,520 22
23 3,970 4, 280 4,590 4, 910 5, 250 5, 580 5, 930 6,280 6,650 7, 010 7, 390 7, 770 8, 160 8, 560 8, 960 9, 370 9, 790 10, 210 10,640 11,080 11,520 23
24 3,970 4, 280 4,590 4, 910 5,250 5,580 5, 930 6,280 6,650 7, 010 7, 390 7, 770 8, 160 8, 560 8, 960 9, 370 9, 790 10, 210 10,640 11,080 11,520 24
25 3,970 4,280 4,590 4,910 5,250 5,580 5,930 6,280 6,650 7,010 7,390 7,770 8,160 8,560 8,960 9,370 9,790 10,210 10,640 11,080 11,520 25

MARCH 1999 HEADWATER 972 to 974
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SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

___ _ _ _HEADWATER ELEVATION ___

S974.0 974.1 974.2 974.3 974 974.5 974.6 974.7 974.8 974.9 975.0 975.1 975.2 975.3 975.4 975.5 975.6 975.7 975.8 975.9 976.0 T

1 520 530 530 540 550 550 560 570 570 580 580 590 600 600 610 620 620 630 630 640 640 1
2 1,030 1,040 1,050 1,070 1,080 1,090 1,110 1,120 1,130 1,150 1,160 1,170 1,180 1,200 1,210 1,220 1,230 1,240 1,250 1,270 1,280 2
3 1,520 1,540 1,560 1,580 1,600 1,620 1,630 1,650 1,670 1,690 1,710 1,730 1,750 1,760 1,780 1,800 1,820 1,830 1,850 1,870 1,890 3
4 2,020 2,050 2,080 2,100 2,130 2,160 2,180 2,210 2,230 2,260 2,280 2,310 2,330 2,360 2, 380 2,400 2,430 2,450 2,470 2,490 2,520 4
5 2, 550 2,590 2, 620 2,650 2,690 2, 720 2, 750 2,790 2,820 2, 850 2,880 2,910 2,940 2,970 3, 000 3,030 3,060 3,090 3, 120 3, 150 3, 180 5

6 3, 030 3, 080 3, 120 3,160 3,190 3,230 3,270 3,310 3,350 3,390 3, 420 3,460 3,500 3,530 3,570 3, 600 3, 640 3,670 3,710 3,740 3,770 6
7 3, 520 3, 560 3,610 3,660 3,700 3,750 3,790 3,840 3,880 3,920 3, 970 4,010 4,050 4,090 4,130 4,170 4,210 4,250 4,290 4,330 4,370 7
8 4,000 4,060 4,110 4,160 4,210 4,270 4,320 4,370 4,420 4,470 4,510 4,560 4,610 4,660 4,700 4,750 4,800 4,840 4,890 4,930 4,980 8
9 4,520 4, 580 4,640 4,700 4, 760 4, 820 4,880 4,930 4,990 5,050 5, 100 5, 160 5, 210 5, 260 5, 320 5,370 5, 420 5,470 5, 520 5, 570 5, 620 9

10 5,040 5,110 5,180 5,240 5, 310 5, 370 5,440 5,500 5,570 5,630 5,690 5,750 5, 810 5, 870 5, 930 5,990 6,040 6,100 6,160 6, 210 6, 270 10

11 5,570 5,640 5,710 5,790 5,860 5,930 6,000 6,070 6, 140 6,210 6,280 6,350 6,410 6,480 6,540 6,610 6,670 6,740 6,800 6,860 6,920 11
12 6,090 6, 200 6,310 6, 420 6, 510 6, 570 6, 630 6,690 6,750 6,810 6,880 6, 940 7,010 7,070 7,140 7,210 7,280 7,350 7, 420 7,490 7,560 12
13 6,630 6,770 6, 920 7, 060 7, 150 7, 200 7,250 7,290 7,340 7, 400 7,470 7, 530 7, 600 7,660 7,730 7, 810 7,890 7,970 8, 050 8, 120 8,200 13
14 7,190 7,360 7,540 7, 700 7, 780 7,820 7,860 7,890 7,930 7, 990 8, 060 8,120 8,190 8,250 8,330 8, 420 8,500 8, 590 8, 670 8, 750 8, 840 14
15 7,720 7,930 8,150 8,350 8,420 8,450 8,470 8,500 8,520 8,580 8,650 8,710 8,770 8,840 8,930 9,020 9,110 9,200 9,290 9,380 9,470 15

16 8,240 8,480 8,730 8,960 9,030 9,050 9,060 9,070 9,080 9,140 9,210 9,270 9,340 9,400 9,490 9,590 9,690 9,790 9,880 9,980 10,070 16
17 8800 9,080 9,360 9,600 9,660 9,670 9,670 9,670 9,670 9,730 9,800 9,860 9,920 9,990 10, 090 10, 200 10, 300 10,410 10,510 10,610 10,710 17
18 9,370 9,680 10,000 10,250 10,290 10,290 10,280 10,260 10,260 10,320 10,390 10,450 10,520 10,590 10,690 10,810 10,920 11,030 11,140 11,250 11,360 18
19 9,930 10,280 10,630 10,880 10,920 10,910 10,880 10,850 10,850 10,910 10,980 11,040 11,100 11,180 11,290 11,410 11,530 11,650 11,770 11,880 12,000 19
20 10,460 10,840 11,230 11,520 11,560 11,530 11,500 11,460 11,440 11,500 11,560 11,630 11,690 11,760 11,880 12,010 12,140 12,260 12,390 12,510 12,630 20

21 10,990 11,410 11,830 12,150 12,190 12,160 12,110 12,060 12,030 12,080 12,150 12,210 12,270 12,350 12,470 12,610 12,740 12,870 13,000 13,130 13,260 21
22 11,520 11,970 12,420 12,780 12,830 12,790 12,730 12,660 12,620 12,670 12,740 12,800 12,860 12,930 13,060 13,200 13,340 13,480 13,620 13,750 13,890 22
23 11,520 11,970 12,420 12,780 12,850 12,850 12,840 12,830 12,830 12,930 13,040 13,140 13,240 13,350 13,520 13,700 13,870 14,050 14,220 14,400 14,570 23
24 11,520 11,970 12,420 12,780 12,890 12,940 12,980 13,010 13,070 13,200 13,350 13,490 13,630 13,790 14,000 14,210 14,420 14,630 14,840 15,060 15,270 24
25 11,520 11,970 12,420 12,800 12,950 13,050 13,140 13,220 13,330 13,500 13,690 13,870 14,050 14,250 14,490 14,740 14,990 15,240 15,490 15,730 15,980 25

26 11,520 11,970 12,420 12,800 12,990 13,130 13,270 13,410 13,560 13,780 14,000 14,230 14,450 14,690 14,970 15,250 15,540 15,820 16,110 16,400 16,680 26
27 11,520 11,970 12,420 12,800 13,030 13,220 13,400 13,590 13,800 14,050 14,310 14,580 14,850 15,130 15,440 15,760 16,080 16,400 16,720 17,050 17,370 27
28 11,520 11,970 12,420 12,820 13,100 13,340 13,570 13,810 14,060 14,350 14,660 14,960 15,270 15,590 15,930 16,290 16,640 17,000 17,360 17,730 18,090 28
29 11,520 11,970 12,420 12,850 13,180 13,460 13,750 14,030 14,330 14,660 15,000 15,350 15,700 16,060 16,440 16,830 17,220 17,610 18,010 18,410 18,820 29
30 11,520 11,970 12,420 12,880 13,250 13,590 13,920 14,260 14,600 14,970 15,360 15,740 16,130 16,530 16,940 17,370 17,800 18,230 18,670 19,110 19,530 30

31 11,520 11,970 12,420 12,880 13,290 13,670 14,050 14,440 14,830 15,240 15,670 16,090 16,530 16,960 17,410 17,870 18,340 18,810 19,280 19,760 20,230 31
32 11,520 11,970 12,420 12,880 13,320 13,750 14,180 14,620 15,060 15,510 15,980 16,440 16,920 17,400 17,880 18,380 18,880 19,390 19,900 20,420 20,920 32
33 11,520 11,970 12,420 12,880 13,350 13,830 14,310 14,790 15,280 15,780 16,280 16,790 17,310 17,830 18,350 18,890 19,420 19,970 20,510 21,070 21,610 33
34 11,520 11,970 12,420 12,880 13,350 13,830 14,310 14,790 15,280 15,780 16,280 16,790 17,310 17,830 18,350 18,890 19,420 19,970 20,510 21,070 21,610 34
35 11,520 11,970 12,420 12,880 13,350 13,830 14,310 14,790 15,280 15,780 16,280 16,790 17,310 17,830 18,350 18,890 19,420 19,970 20,510 21,070 21,610 35

36 11,520 11,970 12,420 12,880 13,350 13,830 14,310 14,790 15,280 15,780 16,280 16,790 17,310 17,830 18,350 18,890 19,420 19,970 20,510 21,070 21,610 36
37 11,520 11,970 12,420 12,880 13,350 13,830 14,310 14,790 15,280 15,780 16,280 16,790 17,310 17,830 18,350 18,890 19,420 19,970 20,510 21,070 21,610 37
38 11,520 11,970 12,420 12,880 13,350 13,830 14,310 14,790 15,280 15,780 16,280 16,790 17,310 17,830 18,350 18,890 19,420 19,970 20,510 21,070 21,610 38
39 11,520 11,970 12,420 12,880 13,350 13,830 14,310 14,790 15,280 15,780 16,280 16,790 17,310 17,830 18,350 18,890 19,420 19,970 20,510 21,070 21,610 39
40 11,520 11,970 12,420 12,880 13,350 13,830 14,310 14,790 15,280 15,780 16,280 16,790 17,310 17,830 18,350 18,890 19,420 19,970 20,510 21,070 21,610 40

41 11,520 11,970 12,420 12,880 13, 350 13, 830 14,310 14,790 15,280 15,780 16,280 16,790 17, 310 17, 830 18, 350 18,890 19, 420 19, 970 20, 510 21,070 21,630 41
42 11,520 11,970 12,420 12, 880 13,350 13,830 14, 310 14, 790 15,280 15,780 16, 280 16,790 17,310 17, 830 18, 350 18, 890 19, 420 19,970 20, 510 21,070 21,630 42
43 11,520 11,970 12,420 12, 880 13,350 13,830 14,310 14, 790 15,280 15,780 16, 280 16,790 17,310 17, 830 18, 350 18, 890 19,420 19,970 20, 510 21,070 21,630 43
41 11,520 11,970 12,420 12,880 13,350 13,830 14,310 14,790 15,280 15,780 16,280 16,790 17,310 17,830 18,350 18,890 19,420 19,970 20,510 21,070 21,630 44
4 11,520 11,970 12,420 12,880 13,350 13,830 14,310 14,790 15,280 15,780 16,280 16,790 17,310 17,830 18, 350 18,890 19,420 19,970 20,510 21,070 21,630 45

HEADWATER 974 to 976 
MARCH 1999

HEADWATER 974 to 976 MARCH 1999



DOUGLAS DAM 9

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

___ _ _ _HEADWATER ELEVATION ___
976.0 976.1 976.2 976.3 976.4 976.5 976.6 976.7 976.8 976.9 977.0 977.1 977.2 977.3 977.4 977.5 977.6 977.7 977.8 977.9 978.0

1 640 650 660 660 670 670 680 680 690 690 700 700 710 720 720 730 730 740 740 750 750 1
2 1,280 1,290 1,300 1,310 1,320 1,330 1,340 1,350 1,370 1,380 1,390 1,400 1,410 1,420 1,430 1,440 1,450 1,460 1,470 1,480 1,490 2
3 1,890 1,900 1,920 1,930 1,950 1,970 1,980 2,000 2,010 2, 030 2,050 2,060 2,080 2,090 2, 110 2,120 2,140 2,150 2, 160 2,180 2,190 3
4 2, 520 2, 540 2,560 2,580 2,600 2,630 2650 2,670 2,690 2710 2,730 2,750 2, 770 2,790 2,810 2,830 2,850 2,870 2,890 2,910 2,930 4
5 3,180 3,200 3,230 3,260 3,290 3, 310 3,340 3,370 3,390 3,420 3,450 3,470 3, 500 3,520 3, 550 3, 570 3,600 3,620 3,650 3,670 3,700 5

6 3,770 3,810 3,840 3,870 3,910 3,940 3,970 4, 000 4,030 4,060 4,090 4, 120 4, 160 4,190 4,220 4,250 4,280 4,300 4,330 4,360 4,390 6
7 4, 370 4,410 4,450 4,490 4,520 4, 560 4, 600 4, 640 4,670 4, 710 4,740 4,780 4, 810 4,850 4,880 4,920 4,950 4,990 5,020 5,050 5,090 7
8 4, 980 5,020 5,060 5, 110 5,150 5,190 5, 230 5,270 5,320 5, 360 5,400 5,440 5,480 5,520 5, 560 5,600 5,640 5,680 5,710 5,750 5, 790 8
9 5,620 5,670 5,720 5 770 5,820 5,870 5,910 5,960 6,010 6,050 6,100 6,150 6,190 6,240 6,280 6,320 6,370 6,410 6,460 6,500 6,540 9

10 6,270 6, 330 6,380 6,430 6, 490 6,540 6,590 6,650 6,700 6,750 6, 800 6,850 6,900 6, 950 7,000 7,050 7, 100 7, 150 7, 200 7,250 7,300 10

11 6,920 6,980 7,040 7, 100 7, 160 7,220 7,280 7,340 7,400 7,450 7,510 7, 570 7, 620 7,680 7,730 7,790 7,840 7,900 7,950 8,000 8,060 11
12 7,560 7,630 7,690 7,760 7,830 7,890 7,960 8,020 8,090 8,150 8,220 8,280 8,340 8,400 8,470 8,530 8,590 8,650 8,710 8,770 8,830 12
13 8, 200 8, 270 8,340 8,420 8, 490 8, 560 8,630 8,710 8,780 8,850 8, 920 8,990 9,060 9, 130 9,200 9,260 9,330 9,400 9, 470 9, 530 9, 600 13
14 8,840 8, 920 9,000 9, 070 9, 160 9, 240 9, 320 9,400 9,470 9,550 9, 630 9, 710 9, 780 9,860 9,930 10, 010 10, 080 10,150 10, 230 10, 300 10, 370 14
15 9,470 9,560 9,640 9,730 9,820 9,900 9,990 10,080 10,160 10,250 10,330 10,410 10,500 10,580 10,660 10,740 10,820 10,900 10,980 11,060 11,140 15

16 10,070 10,170 10,260 10,350 10,440 10,540 10,630 10,730 10,820 10,910 11,000 11,090 11,180 11,270 11,360 11,440 11,530 11,620 11,700 11,790 11,870 16
17 10, 710 10, 810 10,910 11,010 11,110 11,210 11,310 11,410 11,510 11,610 11,710 11,800 11,900 12,000 12, 090 12,180 12,280 12, 370 12,460 12,550 12,640 17
18 11,360 11,460 11,570 11,670 11,780 11,890 12,000 12,110 12,210 12,320 12,420 12,530 12,630 12,730 12,830 12,930 13,030 13,130 13,230 13,320 13,420 18
19 12,000 12,110 12,220 12,330 12,450 12,560 12,680 12,790 12,910 13,020 13,130 13,240 13,350 13,460 13,560 13,670 13,780 13,880 13,990 14,090 14,190 19
20 12,630 12,750 12,860 12,980 13,100 13,230 13,350 13,470 13,590 13,710 13,830 13,950 14,060 14,180 14,290 14,400 14,520 14,630 14,740 14,850 14,960 20

21 13,260 13,380 13,510 13,630 13,760 13,890 14,020 14,150 14,280 14,400 14,530 14,650 14,770 14,900 15,020 15,140 15,250 15,370 15,490 15,610 15,720 21
22 13,890 14,020 14,150 14,280 14,420 14,550 14,690 14,830 14,960 15,090 15,220 15,360 15,480 15,610 15,740 15,870 15,990 16,120 16,240 16,360 16,480 22
23 14,570 14,740 14,900 15,030 15,160 15,290 15,420 15,550 15,680 15,810 15,930 16,060 16,190 16,320 16,450 16,570 16,700 16,820 16,950 17,070 17,190 23

'24 15,270 15,470 15,630 15,750 15,870 16,000 16,120 16,240 16,370 16,500 16,620 16,740 16,870 17,000 17,130 17,260 17,390 17,510 17,640 17,760 17,880 24
25 15,980 16,200 16,350 16,460 16,580 16,700 16,810 16,930 17,060 17,180 17,300 17,420 17,550 17,680 17,810 17,940 18,070 18,200 18,320 18,450 18,570 25

26 16,680 16,920 17,070 17,180 17,290 17,400 17,510 17,630 17,750 17,860 17,980 18,090 18,230 18,360 18,490 18,620 18,750 18, 880 19,010 19,130 19,250 26
27 17,370 17,650 17,790 17,890 18,000 18,100 18,200 18,320 18,430 18,550 18,650 18,770 18,900 19,040 19,170 19,300 19,430 19,560 19,690 19,810 19,930 27
28 18,090 18,360 18,500 18,600 18,690 18,790 18,890 19,000 19,110 19,220 19,320 19,440 19,570 19,710 19,850 19,980 20,110 20,240 20,360 20,490 20,610 28
29 18, 820 19, 090 19,220 19,310 19,400 19,490 19, 580 19, 690 19, 800 19, 900 20,000 20,120 20, 260 20,400 20,530 20, 670 20, 800 20, 930 21,050 21,180 21, 300 29
30 19, 530 19, 800 19, 920 20, 010 20, 090 20, 170 20, 270 20, 370 20, 470 20, 570 20,670 20, 790 20, 930 21,070 21,210 21,340 21,470 21,600 21,730 21,850 21, 970 30

31 20, 230 20, 530 20,650 20, 730 20,810 20, 880 20, 970 21,070 21,170 21,260 21,360 21,470 21,610 21,750 21,890 22,030 22,160 22, 290 22,420 22, 540 22, 660 31
32 20,920 21,260 21,380 21,460 21,520 21,590 21,670 21,770 21,860 21,950 22,040 22,150 22,290 22,440 22,580 22,710 22,850 22,980 23,100 23,230 23,350 32
33 21, 610 21, 990 22,110 22,180 22,240 22,300 22,370 22,460 22, 550 22, 640 22,730 22, 830 22, 970 23,120 23,260 23,400 23,530 23, 660 23, 790 23,920 24,040 33
34 21,610 21,990 22,120 22, 230 22, 340 22,440 22, 560 22,710 22, 840 22, 980 23,110 23,260 23, 460 23,640 23, 830 24, 010 24,190 24, 370 24,540 24, 720 24, 890 34
35 21,610 22,000 22,170 22, 330 22,480 22,630 22,800 22,990 23,180 23, 360 23,540 23,740 23, 970 24,200 24,430 24,660 24,890 25,110 25,340 25,560 25,750 35

36 21,610 22, 030 22,240 22, 450 22, 660 22, 860 23, 070 23, 300 23,540 23, 760 23, 990 24, 240 24, 520 24, 790 25, 070 25, 340 25, 610 25, 890 26, 160 26, 420 26, 610 36
37 21,610 22, 050 22, 300 22, 560 22, 810 23, 060 23, 320 23,600 23, 870 24, 150 24, 430 24, 720 25,040 25, 360 25, 680 26, 000 26,320 26, 640 26, 960 27, 270 27, 460 37
38 21,610 22, 050 22, 350 22, 650 22, 950 23, 240 23, 550 23, 880 24, 200 24, 520 24, 850 25, 190 25, 550 25, 910 26, 280 26,640 27, 010 27, 370 27, 740 28, 090 28, 310 38
39 21,610 22,090 22,440 22, 780 23,120 23, 470 23, 820 24,190 24, 560 24, 930 25, 300 25, 690 26, 090 26, 500 26, 910 27, 320 27,730 28,140 28, 550 28, 950 29,160 39
40 21,610 22,130 22,520 22,910 23,310 23, 700 24,100 24,510 24, 930 25,350 25,770 26,200 26,650 27,100 27, 550 28, 010 28,460 28,920 29, 380 29,800 30,020 40

41 21,630 22,190 22,630 23,070 23,510 23,950 24,390 24,850 25,320 25,780 26,250 26,720 27,210 27, 710 28,210 28,710 29,210 29,720 30,230 30,660 30,870 41
42 21, 630 22,190 22,670 23,160 23, 640 24,130 24,630 25,130 25,640 26,160 26,670 27,190 27, 730 28, 270 28,810 29,360 29,910 30,460 31,020 31,490 31,730 42
43 21, 630 22,190 22, 720 23, 250 23, 780 24,320 24,860 25,410 25,970 26, 530 27, 090 27, 660 28, 240 28,830 29,410 30,010 30,600 31,200 31,810 32, 330 32,590 43
44 21, 630 22, 190 22, 760 23,340 23, 920 24, 510 25, 100 25, 690 26, 300 26, 900 27, 510 28, 130 28, 750 29, 380 30, 010 30, 650 31,290 31,940 32, 590 33,170 33,440 44
45 21, 630 22,190 22,760 23,340 23,920 24,510 25,100 25,690 26, 300 26, 900 27,510 28,130 28, 750 29,380 30, 010 30, 650 31,290 31,940 32,590 33,170 33,440 45

46 21, 630 22, 190 22, 760 23,340 23, 920 24, 510 25, 100 25, 690 26, 300 26, 900 27, 510 28, 130 28, 750 29, 380 30, 010 30, 650 31,290 31, 940 32, 590 33,170 33, 470 46
47 21, 630 22, 190 22, 760 23,340 23, 920 24, 510 25, 100 25, 690 26, 300 26, 900 27, 510 28, 130 28, 750 29, 380 30, 010 30, 650 31,290 31, 940 32, 590 33,180 33, 530 47
48 21,630 22,190 22,760 23,340 23,920 24, 510 25,100 25,690 26, 300 26, 900 27,510 28,130 28,750 29,380 30, 010 30, 650 31,290 31, 940 32, 590 33,180 33, 580 48
49 21, 630 22,190 22, 760 23,340 23, 920 24, 510 25,100 25,690 26, 300 26, 900 27, 510 28,130 28, 750 29, 380 30, 010 30, 650 31,290 31, 940 32, 590 33,180 33, 610 49
50 21, 630 22,190 22, 760 23,340 23, 920 24, 510 25,100 25,690 26, 300 26, 900 27, 510 28,130 28, 750 29, 380 30, 010 30,650 31,290 31, 940 32, 590 33,190 33, 670 50

51 21,630 22,190 22, 760 23,340 23, 920 24, 510 25,100 25,690 26, 300 26, 900 27,510 28,130 28, 750 29,380 30, 010 30,650 31,290 31,940 32, 590 33,210 33, 730 51
52 21,630 22,190 22, 760 23,340 23, 920 24, 510 25,100 25,690 26, 300 26, 900 27, 510 28,130 28, 750 29,380 30, 010 30, 650 31,290 31, 940 32, 590 33,250 33, 830 52
53 21,630 22,190 22, 760 23,340 23, 920 24, 510 25,100 25, 690 26, 300 26, 900 27, 510 28,130 28, 750 29,380 30, 010 30,650 31,290 31, 940 32, 590 33,250 33, 860 53
54 21, 630 22, 190 22, 760 23,340 23, 920 24, 510 25,100 25,690 26, 300 26, 900 27, 510 28,130 28, 750 29,380 30, 010 30,650 31,290 31, 940 32, 590 33,250 33, 890 54
55 21, 630 22,190 22, 760 23,340 23,920 24, 510 25,100 25,690 26, 300 26, 900 27, 510 28,130 28, 750 29,380 30, 010 30, 650 31,290 31, 940 32, 590 33,250 33, 910 55

MARCH 1999 HEADWATER 976 to 978



10 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

_HEADWATER ELEVATION
978.0 978.1 978.2 978.3 978.4 978.5 978.6 978.7 978.8 978.9 979.0 979.1 979.2 979.3 979.4 979.5 979.6 979.7 979.8 979.9 980.0

1 750 760 760 770 770 780 780 780 790 790 800 800 810 810 820 820 830 830 840 840 840 1
2 1,490 1,500 1,510 1,520 1,530 1,540 1,540 1,550 1,560 1,570 1,580 1,590 1,600 1,610 1 620 1,630 1,640 1,650 1,650 1,660 1,670 2
3 2,190 2,210 2,220 2,240 2,250 2,260 2,280 2,290 2,310 2,320 2,330 2,350 2,360 2,370 2, 390 2,400 2,410 2,430 2,440 2,450 2,470 3
4 2,930 2,950 2,970 2,990 3,010 3,020 3,040 3,060 3,080 3,100 3,120 3,130 3,150 3,170 3,190 3,200 3,220 3,240 3,260 3,270 3,290 4
5 3,700 3, 720 3,750 3,770 3, 790 3,820 3,840 3,860 3,890 3,910 3,930 3,960 3,980 4,000 4, 020 4,050 4,070 4,090 4,110 4,130 4,150 5

6 4,390 4,420 4,450 4,480 4,510 4,530 4,560 4,590 4,620 4,640 4,670 4,700 4,730 4,750 4,780 4,810 4,830 4,860 4,880 4,910 4,940 6
7 5, 090 5,120 5,150 5,190 5,220 5, 250 5, 280 5, 320 5,350 5,380 5,410 5,440 5,470 5, 500 5,540 5,570 5,600 5,630 5, 660 5, 690 5, 720 7
8 5, 790 5,830 5,870 5,900 5,940 5, 980 6, 010 6, 050 6,090 6,120 6,160 6,190 6,230 6,260 6,300 6,330 6,370 6,400 6,440 6,470 6, 510 8
9 6,540 6,590 6,630 6,670 6,710 6,750 6,800 6,840 6,880 6,920 6,960 7,000 7,040 7,080 7,120 7,160 7,200 7,240 7,270 7,310 7,350 9
10 7,300 7,340 7,390 7,440 7,490 7,530 7,580 7,620 7,670 7,720 7,760 7, 810 7, 850 7, 890 7, 940 7,980 8,030 8,070 8,110 8,160 8, 200 10

11 8,060 8,110 8,160 8,210 8,260 8,320 8,370 8,420 8,470 8,520 8,570 8,620 8,670 8,720 8,760 8,810 8,860 8,910 8,960 9,000 9,050 11
12 8,830 8, 890 8, 950 9, 000 9, 060 9, 120 9, 180 9, 230 9,290 9,350 9, 400 9,460 9,510 9, 570 9,620 9,680 9,730 9,780 9,840 9, 890 9,940 12
13 9,600 9,660 9,730 9,790 9,860 9,920 9,980 10,040 10,110 10,170 10,230 10,290 10,350 10,410 10,470 10,530 10,590 10,650 10,710 10,770 10,830 13
14 10, 370 10,440 10,510 10, 580 10,650 10,720 10,790 10, 860 10,930 11,000 11,060 11,130 11,200 11,260 11,330 11,400 11,460 11,530 11,590 11,660 11,720 14
15 11,140 11,220 11,290 11,370 11,440 11,520 11,600 11,670 11,740 11,820 11,890 11,960 12,040 12,110 12,180 12,250 12,320 12,400 12,470 12,540 12,610 15

16 11,870 11,950 12,040 12, 120 12,200 12, 280 12,360 12,440 12,520 12,600 12,680 12, 760 12,840 12,910 12,990 13,070 13, 150 13,220 13,300 13, 380 13,450 16
17 12, 640 12,730 12,820 12,910 13,000 13, 080 13,170 13,260 13,340 13,430 13,510 13, 600 13,680 13,760 13,850 13,930 14, 010 14,100 14,180 14,:260 14,340 17
18 13,420 13,520 13,610 13,710 13,800 13,890 13,990 14,080 14,170 14,260 14,350 14,440 14,530 14,620 14,710 14,800 14,890 14,980 15,060 15,150 15,240 18
19 14,190 14, 300 14,400 14, 500 14,600 14, 700 14, 790 14, 890 14,990 15, 090 15,180 15,280 15,370 15,470 15,560 15,660 15, 750 15,850 15,940 16,040 16,130 19
20 14,960 15,070 15,170 15,280 15,390 15,490 15,600 15,700 15,800 15,910 16,010 16,110 16,210 16,310 16,410 16,510 16,610 16,710 16,810 16,910 17,010 20

21 15,720 15,840 15,950 16,060 16,170 16,290 16,400 16,510 16,610 16,720 16,830 16,940 17,040 17,150 17,260 17, 360 17,470 17,580 17,680 17,790 17,890 21
22 16,480 16,600 16,720 16,840 16,960 17,080 17,190 17,310 17,420 17,540 17,650 17,770 17,880 17,990 18,100 18,220 18,330 18,440 18,550 18,660 18,770 22
23 17,190 17, 310 17, 440 17,560 17,690 17, 810 17,940 18,060 18,180 18,300 18,420 18,540 18,660 18, 780 18, 900 19,020 19,140 19, 260 19,370 19,490 19, 610 23
24 17,880 18,000 18,130 18,270 18,400 18,530 18,660 18,790 18,920 19,050 19,180 19,300 19,430 19,550 19,680 19,800 19,930 20,050 20,180 20,300 20,420 24
25 18, 570 18, 690 18,830 18,970 19,110 19, 250 19, 390 19,520 19,660 19,790 19,930 20,060 20,190 20,320 20,460 20,590 20,720 20,850 20,980 21,110 21,240 25

26 19,250 19,380 19,520 19,670 19,820 19,960 20,110 20,250 20,390 20,530 20,680 20,810 20,950 21,090 21,230 21,370 21,500 21,640 21,780 21,910 22,050 26
27 19,930 20,060 20,210 20,370 20,520 20,670 20,830 20,980 21,130 21,270 21,420 21,570 21,710 21,860 22,000 22,150 22,290 22,430 22,570 22,710 22,850 27
28 20, 610 20, 750 20, 900 21,070 21, 230 21,390 21,540 21,700 21,860 22, 010 22,170 22, 320 22, 470 22, 620 22, 770 22,920 23,070 23, 220 23,370 23, 510 23, 660 28
29 21, 300 21,440 21, 610 21, 780 21,940 22,110 22, 270 22,440 22, 600 22, 760 22,920 23, 080 23,240 23, 400 23, 560 23, 710 23,870 24, 020 24,180 24, 330 24, 480 29
30 21, 970 22,120 22, 300 22,470 22,650 22,820 22,990 23,160 23, 330 23,500 23,670 23,830 24,000 24,160 24, 320 24,490 24,650 24, 810 24,970 25,130 25,280 30

31 22, 660 22, 810 22, 990 23,180 23, 360 23, 540 23, 720 23,890 24, 070 24, 250 24,420 24, 590 24,760 24, 930 25, 100 25,270 25,440 25, 600 25, 770 25, 930 26,100 31
32 23, 350 23, 500 23, 690 23, 880 24, 070 24, 260 24,440 24, 630 24, 810 24, 990 25,170 25, 350 25, 530 25, 710 25, 880 26, 060 26,230 26, 400 26, 570 26, 740 26, 910 32
33 24, 040 24,190 24, 380 24, 580 24, 780 24, 970 25,160 25, 350 25, 540 25, 730 25, 920 26,110 26,290 26, 470 26, 660 26,840 27,020 27, 200 27, 370 27, 550 27, 720 33
34 24, 890 25, 060 25,250 25,440 25,630 25, 810 26,000 26,190 26, 370 26, 560 26, 740 26, 920 27,110 27, 300 27, 480 27, 660 27,850 28, 030 28, 210 28, 380 28, 560 34
35 25,750 25, 920 26,100 26,280 26,460 26,640 26,820 27,010 27,190 27,370 27, 550 27,740 27,930 28,110 28,300 28,490 28, 670 28, 850 29,030 29,210 29,400 35

36 26,610 26,770 26,950 27,120 27,290 27, 470 27,650 27,820 28, 000 28,170 28, 360 28,550 28,740 28, 940 29, 120 29,310 29,500 29,680 29,860 30,050 30,240 36
37 27, 460 27,620 27,790 27,960 28,120 28, 290 28,470 28,640 28, 810 28,980 29, 170 29, 360 29,560 29, 750 29, 940 30,130 30,320 30, 510 30,690 30,870 31, 070 37
38 28, 310 28,470 28,630 28,790 28,940 29, 110 29,280 29,450 29,610 29, 770 29, 960 30,160 30,360 30, 550 30, 750 30,940 31,130 31, 320 31,500 31,690 31, 890 38
39 29,160 29, 320 29,470 29,620 29, 770 29, 930 30,090 30,260 30,420 30, 580 30, 770 30,970 31, 170 31, 370 31, 560 31,760 31,950 32,140 32, 330 32,510 32,720 39
40 30,020 30,170 30,310 30,450 30, 590 30, 750 30,910 31,070 31, 230 31,390 31,580 31,780 31,990 32,190 32, 390 32,580 32,780 32, 970 33,160 33,350 33,570 40

41 30,870 31,010 31,150 31,280 31,420 31,570 31,730 31,880 32,030 32,190 32,390 32,600 32,800 33,000 33,210 33,400 33,600 33,790 33,980 34,180 34,410 41
42 31,730 31,870 32, 000 32,120 32, 250 32, 400 32, 550 32,700 32, 850 33,000 33, 200 33, 410 33, 610 33, 820 34,020 34,220 34,420 34,620 34, 810 35, 010 35, 240 42
43 32, 590 32,720 32, 850 32, 960 33,080 33, 220 33, 370 33, 520 33,660 33, 810 34,000 34, 220 34, 430 34, 640 34, 840 35, 040 35,240 35, 440 35, 630 35, 840 36, 070 43
44 33,440 33, 580 33, 700 33, 800 33, 920 34, 050 34, 200 34,340 34, 470 34, 620 34, 810 35, 030 35, 240 35,450 35, 660 35, 860 36, 060 36, 260 36,460 36,660 36, 900 44
45 33,440 33,610 33, 780 33,940 34,100 34, 290 34, 480 34,670 34,860 35,060 35,300 35,570 35,830 36,080 36,340 36,590 36, 840 37, 090 37,330 37,590 37,880 45

46 33, 470 33,690 33, 910 34,120 34, 330 34, 570 34,820 35,060 35, 300 35, 550 35,840 36,150 36,450 36, 760 37, 060 37, 360 37,660 37,950 38, 250 38, 550 38, 890 46
47 33, 530 33, 800 34,070 34,330 34,600 34,890 35,180 35,470 35,760 36,060 36,400 36, 760 37,110 37,460 37,810 38,160 38,500 38, 850 39, 200 39,550 39,930 47
48 33, 580 33, 900 34,210 34,530 34, 850 35,190 35, 530 35,870 36, 210 36, 570 36, 950 37, 350 37, 750 38,140 38, 540 38, 940 39,330 39, 730 40, 130 40, 530 40, 960 48
49 33,610 33,970 34,340 34,710 35,080 35,470 35,860 36,250 36,640 37,050 37,480 37,920 38, 360 38,810 39,250 39, 690 40,140 40, 580 41, 030 41,480 41,960 49
50 33, 670 34, 080 34, 500 34, 920 35,340 35, 780 36,220 36,660 37,100 37, 560 38, 030 38, 520 39, 010 39, 500 39, 990 40,480 40,970 41,460 41, 960 42,460 42, 980 50

51 33,730 34,200 34,670 35,140 35,610 36, 100 36,590 37,080 37,580 38,080 38,600 39,130 39,670 40,200 40,740 41,280 41,820 42,370 42,910 43,460 44,030 51
52 33, 830 34,350 34,870 35, 390 35, 910 36, 450 36, 990 37, 530 38, 080 38, 630 39,190 39, 770 40, 350 40, 930 41, 520 42,110 42,700 43, 290 43, 890 44,490 45,100 52
53 33, 860 34,420 35,000 35, 570 36,140 36, 730 37, 320 37, 920 38, 510 39,110 39, 730 40, 350 40, 980 41,610 42, 240 42, 880 43, 520 44,160 44,810 45, 460 46, 120 53
54 33, 890 34, 500 35, 120 35, 750 36, 380 37, 010 37, 650 38, 300 38, 950 39, 600 40, 260 40, 930 41,600 42, 280 42, 960 43, 650 44,340 45, 030 45, 720 46,420 47,130 54
55 33, 910 34, 580 35, 250 35, 930 36, 610 37, 300 37,990 38, 680 39, 380 40, 090 40, 800 41, 510 42, 230 42, 950 43, 680 44,410 45, 150 45, 890 46,640 47, 390 48, 150 55

HEADWATER 978 to 980 MARCH 1999



DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

Ad HEADWATER ELEVATION
S978.0 1978.1 1 978.2 978.3 1 978.4 978.5 1 978.6 978.7 1 978.8 978.9 1 979.0 979.1 1 9792 1 79.4 979.5 1 979.6 97 97 .8 979.9 980.0

56 33,910 34,580 35,250 35,930 36,610 37,300 37, 990 38,680 39,380 40,090 40,800 41,510 42,230 42,950 43,680 44,410 45,150 45,890 46,640 47,390 48,150 56
57 33, 910 34, 580 35, 250 35, 930 36,610 37, 300 37, 990 38,680 39, 380 40,090 40, 800 41,510 42, 230 42, 950 43, 680 44, 410 45, 150 45, 890 46,640 47,390 48, 150 57
58 33,910 34,580 35, 250 35,930 36,610 37, 300 37, 990 38,680 39, 380 40, 090 40, 800 41,510 42,230 42, 950 43, 680 44, 410 45, 150 45,890 46,640 47, 390 48,150 58
59 33,910 34,580 35, 250 35,930 36,610 37, 300 37,990 38,680 39, 380 40, 090 40,800 41,510 42, 230 42,950 43, 680 44,410 45,150 45,890 46,640 47, 390 48,150 59
60 33, 910 34, 580 35, 250 35, 930 36,610 37, 300 37, 990 38,680 39, 380 40, 090 40, 800 41,510 42, 230 42, 950 43, 680 44, 410 45,150 45, 890 46, 640 47, 390 48, 150 60

MARCH 1999 
HEADWATER 978 to 980

MARCH 1999 HEADWATER 978 to 980



12 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

•o.• ~HEADWATER ELEVATION o.
[ 980.0 980.1 980.2 980.3 980.4 980.5 980.6 980.7 980.8 980.9 981.0 981.1 981.2 981.3 981.4 981.5 981.6 981.7 981.8 981.9 982.0 __980. 98EADW980.1ELEVATION.3982.0

1 840 850 850 860 860 870 870 870 880 880 890 890 900 900 900 910 910 920 920 920 930 1
2 1,670 1,680 1,690 1,700 1,710 1,710 1,720 1,730 1,740 1,750 1,760 1,760 1,770 1,780 1,790 1,800 1,810 1,810 1,820 1,830 1,840 2
3 2,470 2,480 2,490 2,500 2,520 2, 530 2,540 2,550 2, 570 2, 580 2,590 2, 600 2,610 2, 630 2,640 2,650 2, 660 2,670 2,690 2,700 2, 710 3
4 3,290 3,310 3,330 3,340 3,360 3,380 3,390 3,410 3,430 3,440 3,460 3,480 3,490 3,510 3,520 3,540 3,560 3,570 3,590 3,600 3,620 4
5 4, 150 4,180 4,200 4,220 4,240 4,260 4,280 4,300 4,320 4,350 4,370 4,390 4,410 4,430 4,450 4,470 4,490 4,510 4,530 4,550 4,570 5

6 4,940 4,960 4,990 5,010 5,040 5,060 5,090 5,110 5,140 5,160 5,190 5,210 5,240 5,260 5,280 5,310 5,330 5,360 5,380 5,400 5,430 6
7 5,720 5,750 5,780 5,810 5,830 5,860 5,890 5,920 5,950 5,980 6,010 6,040 6,060 6,090 6,120 6,150 6,170 6,200 6,230 6,260 6,280 7
8 6, 510 6,540 6,570 6,610 6,640 6,670 6, 700 6,740 6,770 6,800 6,840 6,870 6,900 6,930 6,960 6, 990 7,030 7,060 7,090 7,120 7,150 8
9 7,350 7,390 7,430 7,470 7,500 7, 540 7, 580 7,610 7,650 7,690 7, 720 7,760 7,800 7,830 7,870 7,900 7,940 7,980 8,010 8,050 8,080 9
10 8,200 8,240 8,280 8,330 8,370 8,410 8,450 8,490 8,530 8,570 8,620 8,660 8,700 8,740 8,780 8,820 8,860 8,900 8,930 8,970 9,010 10

11 9,050 9,100 9,150 9,190 9,240 9,280 9,330 9,380 9,420 9,470 9,510 9,560 9,600 9,640 9,690 9,730 9,780 9,820 9,860 9,910 9,950 11
12 9,940 10,000 10,050 10,100 10,150 10,210 10,260 10,310 10,360 10,410 10,460 10,510 10,560 10,610 10,660 10,710 10,760 10,810 10,860 10,900 10,950 12
13 10,830 10,890 10,950 11,010 11,060 11,120 11,180 11,230 11,290 11,350 11,400 11,460 11,510 11,570 11,620 11,680 11,730 11,790 11,840 11,900 11,950 13
14 11,720 11,790 11,850 11,910 11,980 12, 040 12,100 12,170 12,230 12,290 12,350 12,410 12,470 12,530 12,590 12,650 12,710 12,770 12,830 12,890 12,950 14
15 12,610 12,680 12,750 12,820 12,880 12,950 13,020 13,090 13,160 13,220 13,290 13,360 13,420 13,490 13,560 13,620 13,690 13,750 13,820 13,880 13,940 15

16 13,450 13,530 13,600 13,680 13,750 13,820 13,900 13,970 14,040 14,120 14,190 14,260 14,330 14,400 14,470 14,540 14,610 14,680 14,750 14,820 14,890 16
17 14,340 14,420 14,500 14,580 14,660 14,740 14,820 14,900 14,980 15,060 15,130 15,210 15,290 15,360 15,440 15,520 15,590 15,670 15,740 15, 820 15,890 17
18 15, 240 15,330 15,410 15, 500 15,580 15,670 15, 750 15,840 15, 920 16,010 16,090 16,170 16,250 16,340 16, 420 16,500 16,580 16,660 16, 740 16, 820 16,900 18
19 16,130 16,220 16,310 16,400 16,500 16,590 16,680 16,770 16,860 16,940 17,030 17,120 17,210 17,300 17,380 17,470 17,560 17,640 17,730 17,810 17,900 19
20 17,010 17,110 17,210 17,300 17,400 17,500 17,590 17,690 17,780 17,880 17,970 18,060 18,160 18,250 18,340 18,430 18,520 18,620 18,710 18,800 18,890 20

21 17,890 18,000 18,100 18,200 18,300 18,410 18,510 18,610 18,710 18,810 18,910 19,010 19,100 19,200 19,300 19,400 19,490 19,590 19,690 19,780 19,880 21
22 18, 770 18, 880 18, 990 19,:100 19, 210 19, 310 19, 420 19, 530 19,630 19, 740 19, 840 19, 950 20, 050 20, 150 20, 260 20, 360 20, 460 20, 560 20, 660 20, 770 20, 870 22
23 19,610 19,720 19, 840 19,950 20,060 20,180 20,290 20,400 20,510 20,620 20,740 20,850 20,950 21,060 21,170 21,280 21,390 21,500 21,610 21,710 21,820 23
24 20, 420 20,540 20, 660 20,780 20,900 21,020 21, 140 21, 260 21, 380 21, 490 21,610 21, 720 21,840 21,960 22, 070 22,190 22, 300 22,420 22,530 22, 640 22,760 24
25 21,240 21, 360 21, 490 21,620 21,740 21,860 21,990 22,110 22, 230 22, 360 22,480 22,600 22,720 22,840 22,970 23,090 23, 210 23,330 23,450 23, 570 23,690 25

26 22,050 22,180 22, 310 22,440 22, 570 22, 700 22, 830 22,960 23, 090 23, 220 23,340 23,470 23,600 23,730 23, 860 23,990 24,110 24,240 24,370 24,490 24,620 26
27 22, 850 22,990 23,130 23, 270 23, 400 23, 540 23, 670 23, 810 23, 940 24,080 24, 210 24, 340 24,480 24,610 24, 750 24, 880 25,010 25, 150 25, 280 25, 410 25, 540 27
28 23, 660 23, 800 23, 950 24, 090 24, 230 24, 370 24, 510 24,650 24, 790 24, 930 25, 070 25, 210 25, 350 25,490 25, 630 25, 770 25,910 26, 050 26, 190 26, 330 26, 470 28
29 24, 480 24,630 24, 780 24, 930 25, 080 25, 220 25, 370 25, 510 25, 660 25, 800 25, 950 26, 090 26, 240 26, 390 26, 530 26, 680 26,830 26, 970 27, 120 27, 260 27, 410 29
30 25, 280 25,440 25, 590 25, 750 25, 900 26, 060 26, 210 26, 360 26, 510 26, 660 26, 810 26, 960 27,110 27,270 27, 420 27, 570 27, 720 27, 880 28, 030 28, 180 28, 330 30

31 26, 100 26, 260 26, 420 26, 580 26, 740 26, 900 27, 060 27, 210 27, 370 27, 520 27, 680 27, 830 27, 990 28,160 28, 320 28, 470 28,630 28, 790 28, 950 29, 100 29, 260 31
32 26, 910 27, 080 27, 250 27, 410 27, 580 27, 740 27, 910 28, 070 28, 230 28, 390 28, 550 28, 710 28, 880 29, 050 29, 210 29, 380 29, 540 29, 710 29, 870 30, 030 30, 190 32
33 27, 720 27,900 28,070 28, 240 28,410 28, 580 28,750 28,920 29, 090 29, 250 29, 420 29,580 29, 760 29, 930 30,100 30,280 30,450 30, 620 30,790 30,960 31, 120 33
34 28,560 28, 740 28,920 29,100 29,280 29,460 29,630 29,810 29, 980 30,150 30,330 30,500 30, 680 30, 860 31, 040 31,220 31,390 31,570 31,740 31, 920 32,090 34
35 29,400 29, 580 29, 770 29, 960 30, 140 30, 330 30, 510 30,690 30, 880 31,060 31,240 31,420 31,600 31,790 31, 970 32,160 32, 340 32, 520 32,700 32, 880 33, 060 35

36 30, 240 30,430 30, 630 30, 820 31,020 31,210 31,400 31, 590 31,780 31,960 32,150 32,340 32, 530 32, 720 32, 910 33,100 33,290 33, 480 33, 670 33, 850 34,040 36
37 31, 070 31, 270 31,480 31,680 31,880 32, 080 32,280 32,470 32,670 32,860 33,060 33,250 33,450 33,650 33,850 34,040 34,240 34,430 34,620 34,.810 35,000 37
38 31, 890 32,100 32,310 32,520 32, 730 32, 940 33, 140 33,350 33, 550 33,750 33,950 34,150 34,360 34,560 34,760 34,960 35,160 35,360 35, 560 35,760 35,950 38
39 32,720 32, 940 33,160 33,380 33, 590 33, 810 34,020 34, 230 34,440 34,650 34,860 35,070 35,280 35,490 35,700 .35,900 36,110 36, 310 36,520 36,720 36, 920 39
40 33,570 33,790 34,020 34,240 34,470 34, 690 34,910 35,130 35, 350 35,560 35, 780 35,990 36,210 36,420 36,640 36,850 37, 060 37, 270 37,480 37, 690 37, 900 40

41 34,410 34,640 34,870 35,110 35, 340 35, 570 35, 790 36, 020 36, 250 36, 470 36,690 36, 910 37,130 37, 360 37, 580 37, 790 38, 010 38,230 38, 440 38, 660 38, 870 41
42 35, 240 35,480 35, 720 35, 960 36, 200 36, 440 36, 670 36, 910 37, 140 37, 370 37, 600 37, 830 38, 050 38, 280 38, 510 38, 730 38, 960 39,180 39, 400 39,620 39, 840 42
43 36,070 36,320 36, 570 36,820 37, 060 37, 310 37,550 37,790 38, 030 38,270 38, 500 38,740 38, 970 39, 210 39, 440 39,670 39,900 40,130 40, 350 40,580 40, 800 43
44 36,900 37,160 37,420 37,670 37, 920 38, 180 38,430 38,670 38, 920 39,170 39,410 39,650 39, 890 40,130 40, 370 40,610 40,840 41, 070 41,310 41,540 41,770 44
45 37,880 38,180 38,480 38,790 39, 090 39, 380 39,680 39,980 40, 280 40,570 40,800 41,030 41,260 41,490 41,720 41,950 42,180 42, 410 42,630 42,860 43,090 45

46 38, 890 39,240 39, 590 39,940 40, 290 40, 630 40, 980 41,330 41,670 41,950 42,170 42,400 42, 620 42,830 43, 060 43, 280 43, 500 43, 730 43, 950 44,180 44,420 46
47 39, 930 40, 330 40, 730 41,120 41, 520 41, 910 42, 310 42,700 43,050 43,320 43,540 43, 750 43, 960 44,170 44, 390 44,610 44,820 45, 040 45,260 45, 500 45, 750 47
48 40, 960 41,400 41, 850 42, 290 42, 730 43, 170 43, 620 44,060 44,430 44, 690 44,900 45, 100 45, 300 45, 500 45, 710 45, 930 46,140 46, 350 46, 570 46, 820 47, 070 48
49 41,960 42, 450 42, 930 43, 420 43, 910 44,400 44,890 45, 380 45, 790 46, 050 46,240 46,440 46,620 46, 820 47, 020 47,230 47,430 47, 630 47, 850 48, 110 48, 370 49
50 42, 980 43, 510 44, 040 44,580 45,110 45, 650 46,190 46, 730 47,160 47, 400 47, 590 47, 770 47, 950 48,130 48, 330 48,540 48, 730 48, 930 49, 150 49, 410 49, 680 50

51 44, 030 44,610 45,190 45, 770 46, 350 46, 930 47, 520 48,110 48,540 48, 770 48,950 49,120 49,6290 49,470 49, 660 49, 860 50, 050 50,240 50, 460 50, 730 51,010 51
52 45,100 45,720 46, 350 46, 980 47, 610 48,240 48,880 49,490 49, 900 50,130 50,300 50,460 50,620 50, 790 50, 980 51,170 51, 360 51,540 51,780 52, 050 52,330 52
53 46,120 46, 780 47,460 48,130 48, 810 49,490 50,170 50, 830 51, 300 51, 510 51,670 51,820 51,970 52,140 52, 320 52,500 52,680 52,860 53,090 53, 370 53,660 53
54 47,130 47,840 48, 560 49, 280 50, 010 50, 740 51,470 52,180 52, 680 52, 890 53,040 53,180 53, 320 53,470 53, 650 53, 830 54,000 54, 180 54,400 54,690 54, 980 54
55 48,150 48, 900 49,670 50,440 51,210 51,990 52,770 53,530 54,060 54,260 54,400 54,530 54,660 54,800 54,980 55,150 55,320 55, 480 55,700 56,000 56, 300 55

HEADWATER 980 to 982 
MARCH 1999

HEADWATER 980 to 982 MARCH 1999



DOUGLAS DAM 13

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

98.0j 80 ]982 90] 80 j985 80 [987HEADWATER ELEVATION987 818 8.9 821
98. 980.1_ 980.2_ 980.3_ 980.4_ 980.5_ 980.6_ 980.7_ 980.8 [980.9 ] 981.0 L 981.1 ] 981.2 [981.3 ] 981.4 [ 981.5 ] 981.6 981.7_ 1 981.8_ 98. 982.0____

56 48, 150 48,900 49,670 50,440 51,210 51, 990 52,770 53,530 54,060 54,270 54,460 54,660 54,850 55,050 55,290 55,520 55,740 55,970 56,250 56,610 56, 960 56
57 48, 150 48,900 49, 670 50, 440 51,210 51, 990 52, 770 53, 530 54, 070 54, 330 54, 590 54, 840 55, 090 55, 360 55,660 55, 950 56, 230 56, 520 56, 860 57, 260 57, 670 57
58 48, 150 48, 900 49, 670 50,440 51, 210 51, 990 52, 770 53, 530 54,110 54,430 54, 750 55, 070 55, 380 55, 710 56, 060 56,410 56, 760 57,110 57, 500 57, 950 58, 400 58
59 48, 150 48,900 49, 670 50,440 51,2 10 5 1, 990 52, 770 53, 530 54,140 54, 520 54, 900 55, 280 55, 650 56, 040 56,450 56, 860 57, 270 57, 680 58, 120 58, 620 59, 120 59
60 48, 150 48, 900 49, 670 50,440 51, 210 51, 990 52, 770 53, 530 54, 150 54, 590 55, 020 55,460 55, 900 56, 350 56, 810 57, 280 57, 740 58, 210 58, 720 59, 270 59, 810 60

61 48, 150 48, 900 49, 670 50,440 51,210 51: 990 52, 770 53, 530 54,180 54,670 55,170 55, 670 56, 160 56, 670 57, 200 57, 720 58, 240 58, 770 59, 330 59, 930 60, 520 61
62 48, 150 48, 900 49, 670 50,440 51,2 10 51, 990 52, 770 53, 530 54, 230 54, 780 55, 340 55, 900 56,460 57, 030 57, 610 58, 190 58, 780 59, 370 59, 980 60, 620 61, 260 62
63 48, 150 48,900 49, 670 50, 440 5 1,:210 51, 990 52, 770 53, 550 54, 320 54,930 55, 550 56, 170 56, 790 57,420 58, 060 58, 700 59, 350 59, 990 60,650 61, 340 62, 030 63
64 48,150 48, 900 49, 670 50,440 51,210 51, 990 52, 770 53, 550 54, 320 55, 000 55, 670 56, 360 57, 040 57, 730 58,430 59, 130 59, 830 60, 540 61, 260 62, 000 62, 740 64
65 48, 150 48, 900 49, 670 50,440 51,210 5 1, 990 52, 770 53, 550 54, 330 55, 060 55, 800 56, 540 57, 290 58, 040 58, 800 59, 560 60, 320 61, 090 61, 870 62,660 63, 450 65

66 48, 150 48, 900 49, 670 50,440 51,210 51, 990 52, 770 53, 550 54, 350 55,140 55, 940 56, 740 57, 550 58,360 59,180 60, 000 60, 820 61,: 650 62,480 63, 320 84,160 66
67 48, 150 48, 900 49, 670 50,440 51,210 51, 990 52, 770 53, 550 54,350 55,140 55, 940 56, 740 57, 550 58, 360 59, 180 60, 000 60, 820 61 650 62,480 63, 320 64,160 67
68 48, 150 48, 900 49, 670 50,440 51,210 51, 990 52, 770 53, 550 54, 350 55,140 55, 940 56, 740 57, 550 58, 360 59, 180 60, 000 60, 820 61, 650 62,480 63, 320 64,160 68
69 48, 150 48, 900 49, 670 50, 440 5 1,:210 51, 990 52, 770 53, 550 54, 350 55,140 55, 940 56, 740 57, 550 58, 360 59,1 80 60, 000 60, 820 61, 650 62,480 63, 320 64,160 69
70 48, 150 48, 900 49, 670 50,440 51,210 51, 990 52, 770 53, 550 54, 350 55,140 55, 940 56, 740 57, 550 58, 360 59, 180 60, 000 60, 820 61, 650 62, 480 63, 320 64,160 70

MARCH 1999 HEADWATER 980 to 982



14 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

982.0 91 . 93HEADWATER ELEVATION _°_ _

lm 982.0 982.1 982.2 982.3 982.4 982.5 982.6 982.7 982.8 982.9 983.0 983.1 983.2 983.3 983.4 983.5 983.6 983.7 983.8 983.9 984.0

1 930 930 940 940 940 950 950 960 960 960 970 970 970 980 980 990 990 990 1,000 1,000 1,000 1
2 1,840 1,850 1,850 1,860 1,870 1,880 1,880 1,890 1,900 1,910 1,920 1,920 1,930 1,940 1,950 1,950 1,960 1,970 1,980 1,980 1,990 2
3 2,710 2,720 2, 730 2,740 2,760 2,770 2,780 2,790 2,800 2,810 2,820 2,840 2,850 2,860 2,870 2, 880 2,890 2,900 2,910 2,920 2,930 3
4 3 620 3, 630 3,650 3, 670 3,680 3, 700 3 710 3, 730 3, 740 3, 760 3,770 3, 790 3, 800 3,820 3,830 3,840 3,860 3, 870 3, 890 3, 900 3, 920 4
5 4,570 4, 590 4,610 4, 630 4,650 4,670 4,680 4,700 4, 720 4,740 4,760 4,780 4, 800 4,820 4, 840 4, 850 4,870 4,890 4, 910 4,930 4,950 5

6 5,430 5,450 5,470 5,500 5,520 5,540 5,560 5,590 5,610 5,630 5,650 5,680 5, 700 5,720 5,740 5,770 5,790 5,810 5,830 5,850 5,870 6
7 6, 280 6, 310 6, 340 6,370 6, 390 6, 420 6,440 6, 470 6, 500 6, 520 6, 550 6, 570 6, 600 6,630 6, 650 6, 680 6 700 6, 730 6,750 6, 780 6, 800 7
8 7,150 7, 180 7,210 7,240 7,270 7,300 7,330 7,360 7,390 7,420 7,450 7,480 7,510 7,540 7,570 7,600 7,630 7 650 7,680 7,710 7,740 8
9 8,080 8, 120 8,150 8,180 8,220 8, 250 8, 290 8,320 8,350 8, 390 8,420 8,450 8, 490 8, 520 8, 550 8,590 8,620 8, 650 8,680 8, 720 8, 750 9

10 9,010 9, 050 9,090 9,130 9, 170 9, 200 9, 240 9,280 9,320 9, 350 9,390 9,430 9, 470 9, 500 9, 540 9,580 9,610 9,650 9,680 9, 720 9, 760 10

11 9,950 9,990 10,040 10,080 10,120 10,160 10,200 10,250 10,290 10,330 10,370 10,410 10,450 10,490 10,530 10,570 10,610 10,650 10,690 10,730 10,770 11
12 10,950 11,000 11,050 11,100 11,140 11,190 11,240 11,290 11,330 11,380 11,420 11,470 11,520 11,560 11,610 11,650 11,700 11,740 11,790 11,830 11,880 12
13 11,950 12,000 12,060 12, 110 12,:160 12, 210 12, 270 12,320 12,370 12, 420 12,470 12,520 12,570 12,620 12, 670 12, 720 12,770 12,820 12,870 12,920 12,970 13
14 12,950 13,010 13,070 13,130 13,180 13,240 13,300 13,350 13,410 13,470 13,520 13,580 13,640 13,690 13, 750 13, 800 13,860 13,910 13, 970 14, 020 14, 080 14
15 13,940 14,010 14,070 14,130 14,200 14,260 14,320 14,380 14,450 14,510 14,570 14,630 14,690 14,750 14,810 14,870 14,930 14,990 15,050 15,110 15,170 15

16 14,890 14, 960 15,030 15, 100 15,170 15,230 15, 300 15,370 15,430 15,500 15,570 15, 630 15, 700 15,760 15,830 15,890 15,960 16, 020 16,090 16,150 16,220 16
17 15,890 15, 960 16, 040 16,110 16,180 16,260 16, 330 16,400 16,470 16,540 16,620 16, 690 16, 760 16,830 16,900 16,970 17,040 17,110 17,180 17,250 17,310 17
18 16,900 16, 980 17, 060 17, 140 17,210 17,290 17,370 17,450 17,520 17,600 17,680 17,750 17,830 17,900 17, 980 18, 050 18,130 18,200 18, 280 18,350 18,420 18
19 17, 900 17, 980 18,060 18, 150 18, 230 18, 310 18, 400 18,480 18,560 18,640 18,720 18,800 18,890 18,970 19,050 19,130 19,210 19, 280 19, 360 19,440 19, 520 19
20 18,890 18,980 19,070 19,150 19,240 19,330 19,420 19,510 19,590 19,680 19,770 19,850 19,940 20,020 20,110 20,190 20,280 20,360 20,450 20,530 20,610 20

21 19,880 19, 970 20, 070 20,160 20,250 20, 350 20,440 20,530 20, 620 20,720 20, 810 20, 900 20, 990 21,080 21, 170 21,260 21,350 21,440 21,530 21,610 21,700 .21
22 20, 870 20, 970 21,060 21,160 21,260 21, 360 21,460 21,560 21,650 21,750 21,850 21,940 22,040 22,130 22,230 22,320 22,420 22, 510 22, 610 22,700 22,790 22
23 21, 820 21,930 22,030 22,140 22,240 22, 350 22,450 22, 560 22,660 22,760 22,860 22,970 23,070 23,170 23, 270 23,370 23,470 23, 570 23, 670 23,770 23, 870 23
24 22, 760 22,870 22, 980 23,090 23,200 23,310 23,420 23, 530 23,640 23,750 23,860 23,970 24,080 24,180 24, 290 24,400 24,500 24, 610 24, 720 24, 820 24, 930 24
25 23, 690 23,810 23, 930 24,040 24,160 24,280 24,390 24,510 24,620 24,740 24,850 24,970 25,080 25,190 25, 310 25,420 25,530 25,640 25, 750 25, 870 25, 980 25

26 24, 620 24, 740 24, 870 24, 990 25,110 25,230 25, 360 25,480 25, 600 25, 720 25,840 25, 960 26,080 26, 200 26, 320 26,440 26,550 26, 670 26,790 26,910 27, 020 26
27 25, 540 25, 670 25, 800 25,930 26,060 26,190 26, 320 26,450 26,570 26, 700 26, 830 26, 950 27,080 27,200 27, 330 27, 450 27,580 27,700 27,820 27,940 28, 070 27
28 26,470 26, 600 26, 740 26,870 27,010 27,140 27,280 27,410 27,550 27, 680 27, 810 27, 940 28,070 28,200 28, 330 28, 460 28, 590 28,720 28,850 28,980 29,110 28
29 27, 410 27, 550 27, 690 27, 830 27, 970 28,110 28, 250 28, 390 28, 530 28, 670 28, 810 28, 950 29, 090 29, 220 29, 360 29, 490 29, 630 29, 760 29, 900 30, 030 30, 170 29
30 28, 330 28, 480 28, 620 28, 770 28, 920 29, 070 29,210 29, 360 29, 500 29,650 29, 790 29, 930 30, 080 30,220 30, 360 30, 500 30,640 30,790 30, 930 31,070 31, 200 30

31 29, 260 29, 420 29, 570 29, 720 29, 880 30, 030 30, 180 30, 330 30, 480 30,640 30, 790 30, 930 31,080 31, 230 31,380 31,530 31,670 31,820 31,970 32,110 32, 260 31
32 30, 190 30, 360 30, 520 30, 680 30, 840 30, 990 31,150 31,310 31,470 31,620 31,780 31, 940 32,090 32, 240 32, 400 32,550 32,700 32, 860 33, 010 33, 160 33, 310 32
33 31,120 31,290 31,460 31, 620 31, 790 31,950 32,120 32,280 32,450 32,610 32,770 32, 930 33, 090 33,250 33,410 33, 570 33,730 33,890 34,050 34,200 34, 360 33
34 32,090 32, 270 32,440 32,610 32, 780 32,950 33, 120 33,290 33,460 33,630 33,790 33, 960 34 130 34,290 34,460 34, 620 34,790 34,950 35,120 35,280 35,440 34
35 33,060 33, 240 33,420 33,600 33,770 33,950 34,120 34,300 34,470 34,640 34,810 34,990 35,160 35,330 35,510 35, 680 35,850 36,020 36,190 36,360 36,530 35

36 34, 040 34,220 34,400 34,590 34,770 34,950 35,130 35,310 35,490 35,670 35,840 36,020 36,200 36,380 36,560 36,740 36, 910 37,090 37,270 37,440 37,620 36
37 35, 000 35,190 35, 380 35, 570 35, 760 35, 940 36,130 36, 310 36, 500 36, 680 36, 860 37, 050 37, 240 37,420 37, 610 37, 790 37, 970 38, 150 38,340 38, 520 38, 700 37
38 35, 950 36, 150 36,340 36,540 36, 730 36, 920 37,110 37,300 37, 490 37, 680 37, 870 38, 060 38, 250 38,440 38, 630 38, 820 39, 010 39, 200 39,390 39,570 39, 760 38
39 36,920 37,120 37,320 37,520 37, 720 37, 920 38,110 38,310 38,500 38,690 38, 890 39,090 39,290 39,480 39,680 39,880 40,070 40,260 40,460 40,650 40,840 39
40 37,900 38,100 38, 310 38, 510 38, 720 38, 920 39,120 39,320 39, 520 39,720 39, 920 40,130 40, 330 40, 530 40, 740 40,940 41,140 41,340 41,540 41,740 41,930 40

41 38,870 39, 080 39, 290 39, 500 39, 710 39, 920 40,130 40,330 40,540 40,740 40, 950 41,160 41,370 41,580 41,790 42,000 42,200 42, 410 42,610 42,820 43, 020 41
42 39,840 40,050 40,270 40,480 40, 700 40, 910 41,120 41,330 41,540 41,750 41,970 42,190 42,400 42,620 42,830 43,050 43,260 43,470 43,680 43,890 44,100 42
43 40, 800 41,020 41,250 41,470 41,690 41, 900 42, 120 42,340 42, 550 42, 770 42, 990 43, 210 43, 430 43, 650 43, 870 44,090 44, 310 44, 530 44,750 44,960 45,180 43
44 41, 770 41, 990 42, 220 42,450 42, 670 42, 900 43, 120 43, 340 43, 560 43, 780 44, 010 44,240 44,460 44, 690 44, 920 45,140 45, 370 45, 590 45, 820 46, 040 46, 260 44
45 43, 090 43, 330 43, 560 43, 790 44, 030 44, 260 44,480 44, 710 44, 940 45,160 45, 400 45, 640 45, 870 46,110 46, 340 46, 570 46, 800 47, 040 47,270 47, 490 47, 720 45

46 44,420 44, 660 44, 900 45, 140 45, 380 45, 610 45, 850 46,080 46, 310 46, 550 46, 790 47, 040 47, 280 47, 520 47, 760 48,000 48,240 48,480 48, 720 48, 950 49,190 46
47 45,750 46, 000 46, 240 46,490 46, 730 46,970 47,210 47,450 47, 690 47, 940 48,190 48, 440 48, 690 48, 940 49, 190 49,440 49,680 49, 930 50,170 50,410 50, 660 47
48 47, 070 47, 330 47, 580 47, 830 48, 080 48, 330 48, 580 48, 820 49, 070 49, 320 49, 580 49,840 50, 100 50, 350 50,610 50,860 51,120 51,370 51,620 51,870 52, 120 48
49 48, 370 48,630 48,890 49,150 49,400 49,660 49, 910 50,160 50,410 50,670 50, 940 51,210 51,470 51,740 52,000 52,260 52,520 52,780 53,040 53,290 53,550 49
50 49, 680 49, 950 50,210 50,480 50,740 51,000 51, 260 51,510 51,770 52,040 52, 320 52,590 52,860 53,140 53,410 53,670 53,940 54,210 54,470 54,730 54,990 50

51 51,010 51,280 51,550 51, 820 52,090 52, 360 52,620 52,880 53,150 53,430 53,710 54,000 54,280 54,560 54,830 55,110 55,380 55,650 55,930 56,200 56,460 51
52 52, 330 52,610 52, 890 53, 170 53, 440 53, 720 53, 990 54, 250 54,530 54,820 55,110 55,400 55, 690 55, 970 56, 260 56,540 56, 820 57, 100 57, 380 57, 650 57, 930 52
53 53, 660 53, 950 54,230 54, 520 54, 800 55, 080 55, 350 55, 630 55, 910 56, 200 56, 500 56, 800 57, 100 57, 390 57, 680 57, 970 58, 260 58, 550 58, 830 59,110 59, 390 53
54 54,980 55,280 55, 570 55, 860 56,150 56,430 56,710 56,990 57,280 57, 590 57, 890 58, 200 58,500 58,800 59, 100 59,400 59,690 59,990 60, 280 60,570 60,860 54
55 56,300 56,600 56, 900 57,200 57, 490 57,780 58,070 58,350 58,650 58,960 59,280 59,590 59,900 60,210 60,510 60,820 61,120 61,420 61,720 62,020 62,310 55

HEADWA1R1981to 94 MARH 199
HEADWATER 982 to 984 MARCH 1999



DOUGLAS DAM 15

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

___ ____ __HEADWATER ELEVATION _ _ __
982.0 1 982.1 1 982.2 982.3 1 982.4 982.5 982.6 1 982.7 1 982.8 [ 982.9 1 983.0 • 983.1 983.2 983.3 983.4 [ 983.5 1 983.6 [ 983.7 983.8 [ 983.9 984.0

56 56,960 57,310 57,660 58,010 58,350 58,690 59, 030 59, 370 59, 720 60,090 60,460 60,820 61,180 61,540 61,900 62,260 62,620 62, 970 63,330 63,680 64, 030 56
57 57,670 58, 070 58,470 58, 860 59, 260 59, 650 60, 050 60,440 60,840 61,260 61,680 62,100 62, 510 62, 930 63, 340 63, 750 64,170 64, 580 64, 990 65,400 65, 810 57
58 58,400 58, 850 59, 300 59, 750 60, 200 60,640 61, 090 61, 530 61,,990 62,460 62,930 63,400 63, 870 64, 340 64, 810 65, 270 65, 740 66, 210 66, 680 67,140 67, 610 58
59 59,120 59,620 60,120 60,620 61,120 61,620 62,120 62, 620 63, 130 63,650 64,170 64,690 65,220 65, 740 66,260 66,780 67,310 67, 830 68,350 68,880 69,400 59
60 59,810 60,360 60, 910 61,460 62,010 62,560 63,110 63, 660 64,220 64,790 65,360 65,940 66,510 67, 080 67,660 68,240 68,810 69,390 69,970 70,550 71,120 60

61 60,520 61,120 61,720 62,310 62,910 63,510 64,120 64,720 65,330 65,950 66,570 67, 200 67,820 68,450 69,080 69,710 70, 330 70,970 71,600 72, 230 72,870 61
62 61,260 61, 910 62,560 63,210 63,860 64,510 65,170 65,820 66, 490 67,160 67,830 68, 510 69,190 69, 870 70,550 71,230 71, 920 72,610 73, 300 73, 990 74,680 62
63 62,030 62,730 63,430 64,130 64,830 65,540 66,250 66,960 67, 670 68,390 69,120 69,850 70,580 71, 320 72,050 72,790 73,530 74,280 75,020 75, 770 76,520 63
64 62,740 63,490 64,230 64,990 65, 740 66,500 67,260 68, 020 68,790 69,570 70,340 71,130 71, 910 72,700 73,490 74,280 75,080 75, 880 76,680 77,480 78,290 64
65 63,450 64, 240 65, 040 65,850 66, 650 67,460 68, 280 69, 090 69, 910 70, 740 71,570 72,410 73, 240 74, 080 74, 930 75, 780 76,630 77, 480 78,340 79,200 80, 070 65

66 64,160 65,010 65, 860 66,710 67,570 68,430 69,300 70,170 71,040 71,920 72,800 73,690 74,580 75,480 76,370 77,280 78,180 79, 090 80,010 80,930 81,850 66
67 64,160 65, 010 65, 860 66,710 67,570 68,430 69,300 70,170 71,040 71, 920 72,800 73,690 74,580 75,480 76, 370 77,280 78,180 79, 090 80,010 80,930 81, 850 67
68 64,160 65, 010 65, 860 66,710 67,570 68,430 69, 300 70,170 71,040 71, 920 72,800 73,690 74,580 75,480 76, 370 77,280 78,180 79, 090 80,010 80,930 81, 850 68
69 64,160 65, 010. 65, 860 66,710 67,570 68,430 69, 300 70,170 71, 040 71,920 72,800 73, 690 74,580 75,480 76, 370 77,280 78,180 79, 090 80,010 80,930 81, 850 69
70 64,160 65, 010 65, 860 66,710 67,570 68,430 69,300 70,170 71, 040 71,920 72,800 73, 690 74,580 75,480 76, 370 77,280 78,180 79, 090 80,010 80,930 81, 850 70

MARCH 1999 HEADWATER 982 to 984



16 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

___ _ __ _ _HEADWATER ELEVATION ___ _

981 984.2 98.3 9844 984.5 984.6 984.7 984.8 984.9 985.0 985.1 985.2 985.3 985.4 985.5 985.6 985.7 985.8 985.9 986.0 __984.0 984.1 942 984.3 98T494 5 984.7 98. 98.

1 1,000 1,010 1,010 1,020 1,020 1,020 1,030 1,030 1,030 1,040 1,040 1,040 1,050 1,050 1,060 1,060 1,060 1,070 1,070 1,070 1,080 1
2 1,990 2,000 2,000 2,010 2,020 2,030 2,030 2,040 2,050 2,050 2, 060 2,070 2,080 2,080 2,090 2,100 2,100 2,110 2,120 2,120 2,130 2
3 2,930 2,940 2,960 2,970 2,980 2,990 3,000 3,010 3,020 3,030 3,040 3,050 3,060 3,070 3,080 3,090 3,100 3,110 3,120 3,130 3,140 3
4 3, 920 3,930 3,950 3, 960 3,970 3, 990 4,000 4,020 4, 030 4,040 4,060 4,070 4,090 4,100 4,110 4,130 4,140 4,150 4,170 4,180 4,190 4
5 4,950 4,960 4,980 5, 000 5,020 5,040 5,050 5,070 5,090 5,110 5,120 5,140 5,160 5,180 5,190 5,210 5,230 5,240 5,260 5,280 5,300 5

6 5,870 5,900 5,920 5,940 5,960 5,980 6, 000 6,020 6,040 6, 060 6,090 6,110 6,130 6,150 6,170 6,190 6,210 6,230 6,250 6,270 6,290 6
7 6,800 6, 830 6,850 6, 880 6,900 6,930 6,950 6,970 7,000 7,020 7,050 7,070 7,100 7,120 7,140 7,170 7,190 7,210 7,240 7,260 7,280 7
8 7,740 7,770 7,800 7,820 7,850 7,880 7,910 7,940 7,960 7,990 8,020 8,050 8,070 8,100 8,130 8,150 8,180 8,210 8,230 8,260 8,290 8
9 8,750 8, 780 8,810 8,840 8, 870 8,910 8,940 8,970 9,000 9, 030 9, 060 9,090 9,120 9,150 9,180 9,220 9,250 9,280 9,310 9,340 9,370 9

10 9,760 9,790 9,830 9,860 9,900 9,930 9,970 10,000 10,040 10,070 10,110 10,140 10,180 10,210 10,240 10,280 10,310 10,350 10,380 10,410 10,450 10

11 10,770 10,810 10,850 10,890 10,930 10,970 11,010 11,040 11,080 11,120 11,160 11,200 11,230 11,270 11,310 11,350 11,380 11,420 11,460 11,500 11,530 11
12 11,880 11,920 11,960 12,010 12,050 12,100 12,140 12,180 12,220 12,270 12,310 12,350 12,390 12,440 12,480 12,520 12,560 12,600 12,650 12,690 12,730 12
13 12,970 13,020 13,070 13,120 13,170 13,220 13,260 13,310 13,360 13,410 13,450 13,500 13,550 13,590 13,640 13,680 13,730 13,780 13,820 13,870 13,910 13
14 14,080 14, 130 14,180 14, 240 14,290 14,340 14, 390 14,450 14,500 14,550 14,600 14,650 14,700 14,750 14,800 14, 850 14,900 14, 950 15, 000 15,050 15,100 14
15 15,170 15, 230 15, 290 15, 350 15,400 15,460 15,520 15,570 15,630 15,680 15, 740 15,800 15,850 15,910 15,960 16, 010 16,070 16,:120 16,180 16,230 16, 290 15

16 16,220 16,280 16,340 16,410 16,470 16,530 16,590 16,650 16,710 16,770 16,830 16,890 16,950 17,010 17,070 17,120 17,180 17,240 17,300 17,360 17,420 16
17 17,310 17,380 17,450 17,520 17,580 17,650 17,710 17,780 17,840 17,910 17,970 18,040 18,100 18,160 18,230 18,290 18,350 18,420 18,480 18,540 18,600 17
18 18, 420 18, 500 18,570 18,640 18, 710 18, 780 18,850 18,920 18,990 19,060 19,130 19, 200 19,260 19,330 19, 400 19,470 19,530 19,600 19,670 19, 730 19,800 18
19 19, 520 19, 600 19,680 19, 750 19, 830 19, 900 19, 980 20,050 20,120 20, 200 20, 270 20, 340 20,410 20,490 20,560 20,630 20,700 20,770 20,840 20,910 20,980 19
20 20, 610 20,690 20,780 20,860 20,940 21,020 21,100 21,170 21,250 21,330 21,410 21,480 21,560 21,640 21,710 21,790 21,860 21,940 22,010 22,090 22,160 20

21 21,700 21,790 21,880 21,960 22,050 22,130 22, 210 22, 300 22, 380 22,460 22,540 22,620 22, 700 22, 790 22, 870 22, 950 23, 030 23, 100 23, 180 23, 260 23, 340 21
22 22, 790 22, 880 22, 980 23,070 23, 160 23, 240 23, 330 23, 420 23, 500 23, 590 23,680 23, 760 23, 850 23, 930 24, 020 24, 100 24, 190 24, 270 24, 350 24,440 24, 520 22
23 23, 870 23, 970 24, 070 24, 160 24,260 24, 350 24, 450 24,540 24, 630 24, 720 24, 820 24,910 25, 000 25, 090 25,180 25, 270 25,360 25,450 25, 540 25,630 25, 720 23
24 24,930 25,030 25,130 25, 240 25,340 25,440 25,540 25,640 25, 730 25, 830 25, 930 26,030 26,130 26, 220 26,320 26,420 26, 510 26,610 26,700 26, 800 26,890 24
25 25,980 26,090 26,200 26,300 26,410 26,520 26,620 26,730 26,830 26,940 27, 040 27,150 27,250 27, 350 27,450 27,560 27, 660 27,760 27,860 27,960 28,060 25

26 27, 020 27, 140 27, 250 27, 370 27, 480 27, 590 27, 700 27, 820 27, 930 28, 040 28,150 28,260 28, 370 28,470 28, 580 28, 690 28, 800 28, 910 29, 010 29, 120 29, 230 26
27 28, 070 28,190 28,310 28,430 28, 550 28,670 28,780 28,900 29, 020 29,130 29,250 29, 370 29,480 29,600 29, 710 29,820 29,940 30, 050 30,170 30, 280 30, 390 27
28 29,110 29,230 29, 360 29,490 29,610 29, 740 29,860 29,980 30,110 30,230 30, 350 30,470 30,590 30,710 30, 830 30,950 31,070 31,190 31,310 31,430 31, 550 28
29 30,170 30,300 30,430 30, 560 30,690 30,820 30,950 31,080 31,210 31,340 31,470 31,600 31,720 31,850 31,980 32, 100 32, 230 32, 350 32,480 32,600 32, 730 29
30 31, 200 31,340 31,480 31,620 31,760 31,890 32, 030 32,160 32,300 32,430 32,560 32,700 32, 830 32, 960 33,100 33, 230 33, 360 33,490 33, 620 33, 750 33, 880 30

31 32, 260 32, 400 32, 550 32, 690 32,830 32, 970 33, 120 33, 260 33,400 33, 540 33,680 33, 820 33,960 34, 090 34, 230 34, 370 34,510 34, 650 34, 780 34, 920 35, 050 31
32 33, 310 33, 460 33,610 33, 760 33, 910 34, 060 34,200 34,350 34,500 34,640 34, 790 34,940 35,080 35,230 35,370 35,510 35,660 35, 800 35,940 36, 080 36,230 32
33 34, 360 34, 520 34,670 34, 830 34, 980 35, 140 35,290 35,440 35, 590 35, 750 35, 900 36, 050 36,200 36, 350 36, 500 36,650 36,800 36, 950 37, 100 37, 250 37, 390 33
34 35,440 35,600 35,770 35, 930 36,090 36, 250 36,410 36,570 36,720 36,880 37,040 37, 200 37,350 37,510 37, 670 37,820 37,980 38,130 38, 280 38,440 38, 590 34
35 36,530 36,690 36,860 37, 030 37,190 37, 360 37,530 37,690 37,850 38,020 38,180 38,340 38,510 38,670 38,830 38,990 39,150 39, 310 39, 470 39, 630 39, 790 35

36 37,620 37, 790 37, 960 38, 140 38, 310 38, 480 38, 650 38, 820 38, 990 39,160 39,330 39,500 39, 660 39, 830 40,000 40, 170 40,330 40, 500 40, 660 40, 830 40, 990 36
37 38, 700 38, 880 39,050 39, 230 39, 410 39, 590 39, 770 39, 940 40, 120 40, 290 40,470 40,640 40, 810 40, 990 41,160 41,330 41,500 41, 670 41,840 42, 010 42, 180 37
38 39, 760 39, 950 40,130 40, 310 40, 500 40,680 40,860 41,040 41,230 41,410 41,590 41,770 41,940 42,120 42, 300 42, 480 42,650 42, 830 43, 010 43,180 43, 360 38
39 40, 840 41,030 41,220 41,410 41,600 41,790 41,980 42,170 42, 350 42,540 42, 730 42, 910 43,100 43,280 43,460 43, 650 43,830 44, 010 44,190 44, 370 44, 550 39
40 41, 930 42,130 42, 330 42,520 42, 720 42, 910 43,110 43, 300 43, 490 43, 680 43, 870 44, 070 44, 260 44,440 44,630 44, 820 45,010 45, 200 45, 380 45, 570 45, 750 40

41 43, 020 43, 220 43,430 43, 630 43, 830 44,030 44,230 44,430 44,630 44,820 45,020 45, 220 45, 410 45,610 45, 800 45, 990 46,190 46, 380 46, 570 46,760 46, 950 41
42 44, 100 44,310 44,520 44, 730 44, 930 45,140 45,340 45, 550 45, 750 45, 950 46, 160 46, 360 46, 560 46, 760 46, 960 47, 160 47, 360 47, 560 47, 750 47, 950 48, 150 42
43 45,180 45, 400 45, 610 45, 820 46, 030 46, 250 46, 460 46, 670 46, 880 47, 090 47, 290 47, 500 47, 710 47,910 48, 120 48, 320 48, 530 48, 730 48, 930 49,140 49, 340 43
44 46, 260 46,480 46, 700 46, 920 47,140 47, 350 47, 570 47, 790 48,000 48, 220 48,430 48, 640 48, 860 49, 070 49, 280 49, 490 49, 700 49, 910 50,110 50, 320 50, 530 44
45 47, 720 47, 950 48,180 48, 400 48, 630 48, 850 49, 070 49, 290 49, 520 49, 740 49, 950 50, 170 50, 390 50,610 50, 820 51,040 51,250 51,470 51,680 51,890 52, 110 45

46 49,190 49,420 49,650 49, 890 50,120 50,350 50,580 50, 800 51,030 51,260 51,480 51,710 51,930 52,150 52, 370 52, 590 52,810 53,030 53,250 53,470 53,700 46
47 50,660 50,900 51,130 51,370 51,610 51,850 52,080 52, 310 52,550 52, 780 53,010 53,240 53,470 53,700 53, 930 54,150 54,380 54,600 54,830 55,060 55 290 47
48 52, 120 52, 360 52,610 52, 850 53,100 53,340 53,580 53,820 54,060 54, 300 54,530 54,770 55,000 55,240 55,470 55,700 55,930 56,160 56,400 56,640 56, 880 48
49 53, 550 53, 800 54,050 54, 310 54,550 54,800 55,050 55,300 55, 540 55,780 56,030 56,270 56,510 56,750 56,990 57,220 57,460 57, 690 57,930 58,180 58,430 49
50 54, 990 55, 250 55, 510 55, 770 56,030 56,280 56,530 56,780 57, 040 57,280 57,530 57,780 58,030 58,270 58, 510 58,760 59,000 59, 240 59,480 59,740 60,000 50

51 56,460 56,730 56,990 57,260 57,520 57,780 58,040 58,300 58,550 58,810 59,060 59,320 59,570 59,820 60,070 60,310 60,560 60, 810 61,060 61,330 61,590 51
52 57, 930 58, 200 58, 470 58, 740 59, 010 59, 280 59,540 59, 810 60, 070 60, 330 60, 590 60, 850 61,110 61,360 61,620 61,870 62,120 62, 370 62,640 62,910 63, 190 52
53 59, 390 59,670 59,950 60,230 60,500 60,780 61,050 61,320 61,590 61,850 62,120 62,380 62, 650 62,910 63,170 63,420 63,680 63, 940 64,210 64,490 64, 770 53
54 60, 860 61,140 61,430 61,710 61,990 62,270 62,550 62,820 63,100 63,370 63,640 63, 910 64,180 64,450 64,710 64,980 65,240 65,500 65, 770 66,070 66, 360 54
55 62, 310 62,600 62, 890 63, 180 63, 470 63, 750 64, 040 64,320 64, 600 64, 880 65, 160 65,430 65, 710 65,980 66, 250 66, 520 66,790 67, 050 67, 330 67,630 67, 930 55

HEADWATER 984 to 986 MARCH 1999



DOUGLAS DAM 17

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

_o__ _ __ _HEADWATER ELEVATION __

1 984.0 984.1 984.2 984.3 984.4 984.5 984.6 984.7 984.8 984.9 985.0 985.1 985.2 985.3 985.4 985.5 985.6 985.7 985.8 985.9 986.0 "

56 64, 030 64, 380 64, 730 65, 080 65,430 65, 770 66,110 66,460 66, 800 67, 080 67,340 67, 600 67, 860 68,120 68, 380 68,640 68, 900 69,160 69,430 69, 730 70, 030 56
57 65,810 66,210 66, 620 67,030 67,430 67,840 68,240 68, 650 68, 980 69,240 69,490 69,740 69,980 70,230 70,480 70, 730 70,980 71,230 71,510 71,810 72,110 57
58 67,610 68, 080 68, 540 69, 010 69,470 69,940 70, 400 70, 820 71, 140 71,390 71,620 71,860 72, 090 72,330 72, 570 72,820 73,060 73, 300 73, 580 73, 880 74,180 58
59 69,400 69,930 70,450 70,970 71,500 72,030 72, 550 72,990 73,290 73,530 73,750 73,970 74,190 74,420 74,660 74,890 75,120 75, 370 75,650 75, 950 76, 250 59
60 71,120 71,710 72, 290 72, 870 73,450 74, 030 74, 620 75,120 75, 410 75, 630 75,840 76, 040 76,250 76,470 76, 700 76,920 77,140 77, 380 77,660 77, 960 78, 270 60

61 72, 870 73, 500 74, 140 74, 780 75,420 76, 060 76, 710 77, 230 77,510 77, 720 77, 920 78, 100 78, 300 78, 510 78, 730 78, 950 79,160 79, 390 79,670 79, 980 80, 280 61
62 74,680 75,370 76, 070 76, 770 77,470 78,170 78, 870 79,410 79,680 79, 880 80,050 80, 230 80,410 80,620 80, 830 81, 030 81,240 81,470 81,750 82,060 82, 360 62
63 76,520 77,270 78,030 78, 790 79,550 80,310 81, 040 81,560 81,810 82,000 82,160 82, 320 82,500 82,700 82,900 83,100 83,300 83,530 83,820 84,120 84,420 63
64 78,290 79,100 79,920 80,730 81,550 82,380 83,160 83,740 83,980 84,150 84,300 84,450 84,610 84,800 84,990 85,180 85,370 85,600 85,890 86,190 86,500 64
65 80, 070 80,940 81,810 82, 690 83, 560 84,450 85, 300 85, 940 86, 170 86, 320 86,460 86, 590 86, 740 86, 920 87, 100 87, 280 87,460 87, 680 87, 970 88,280 88, 580 65

66 81,850 82, 780 83, 710 84,640 85, 580 86, 520 87, 430 88,110 88, 330 88, 470 88, 590 88, 710 88, 850 89, 020 89, 190 89, 360 89, 540 89,750 90, 040 90, 350 90, 650 66
67 81, 850 82, 780 83, 710 84,640 85, 580 86, 520 87, 430 88,110 88, 330 88, 530 88, 730 88, 930 89,140 89, 390 89, 640 89, 880 90, 130 90,420 90, 790 91,160 91,530 67
68 81,850 82, 780 83, 710 84,640 85, 580 86, 520 87, 430 88,110 88, 400 88, 680 88, 960 89,230 89, 520 89, 850 90,170 90, 480 90,810 91,170 91,600 92, 040 92, 470 68
69 81, 850 82, 780 83, 710 84,640 85, 580 86, 520 87, 430 88,160 88, 530 88, 880 89,230 89, 580 89,950 90, 350 90, 740 91,130 91, 530 91,960 92,460 92, 950 93, 450 69
70 81, 850 82, 780 83, 710 84,640 85, 580 86, 520 87,430 88, 200 88,640 89, 070 89, 500 89, 930 90, 370 90, 840 91,310 91,770 92, 250 92, 740 93, 300 93, 860 94, 420 70

71 81, 850 82, 780 83, 710 84,640 85, 580 86, 520 87, 430 88,200 88, 710 89, 220 89, 720 90,220 90, 740 91,280 91,820 92, 360 92,900 93,470 94, 090 94, 720 95, 340 71
72 81, 850 82, 780 83, 710 84,640 85, 580 86, 520 87, 430 88,230 88, 810 89, 390 89, 970 90, 550 91,140 91, 750 92, 360 92, 970 93,590 94,230 94, 910 95, 590 96, 270 72
73 81,850 82,780 83,710 84,640 85, 580 86, 520 87, 430 88,280 88, 940 89, 590 90, 250 90, 910 91, 570 92, 250 92, 940 93,620 94, 310 95, 020 95, 760 96, 510 97, 250 73
74 81,850 82, 780 83, 710 84,640 85, 580 86, 520 87, 470 88,390 89,130 89, 860 90,590 91,320 92,060 92,820 93, 570 94,330 95, 090 95, 860 96, 670 97, 470 98, 280 74
75 81,850 82, 780 83, 710 84,640 85,580 86,520 87,470 88,400 89,210 90,020 90,830 91,640 92,450 93,280 94,110 94,940 95, 780 96,620 97,490 98, 360 99,230 75

76 81,850 82, 780 83, 710 84,640 85, 580 86, 520 87, 470 88,400 89, 280 90, 160 91,050 91,930 92,830 93, 730 94, 630 95,540 96,450 97,370 98,300 99, 230 100, 200 76
77 81,850 82, 780 83, 710 84,640 85, 580 86, 520 87, 470 88,420 89, 380 90, 330 91,300 92,260 93,230 94,210 95,180 96,170 97,150 98,140 99,130 100,100 101,100 77
78 81,850 82, 780 83, 710 84,640 85, 580 86, 520 87, 470 88,420 89, 380 90, 330 91, 300 92,260 93,230 94,210 95,180 96,170 97,150 98,140 99,130 100,100 101, 100 78
79 81, 850 82, 780 83, 710 84,640 85, 580 86, 520 87, 470 88,420 89, 380 90, 330 91, 300 92,260 93,230 94,210 95,180 96,170 97,150 98,140 99,130 100,100 101,100 79
80 81,850 82,780 83,710 84,640 85,580 86, 520 87,470 88,420 89, 380 90,330 91,300 92,260 93,230 94,210 95,180 96,170 97,150 98,140 99,130 100,100 101,100 80

MARCH 1999 
HEADWATER 984 to 986

MARCH 1999 HEADWATER 984 to 986



18 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

986.0 9.HEADWATER ELEVATION _

986.0 986.1 986.2 986.3 986.4 986.5 986.6 986.7 986.8 986.9 987.0 987.1 987.2 987.3 987.4 987.5 987.6 987.7 987.8 987.9 988.0

1 1,080 1,080 1,080 1,090 1,090 1,090 1,100 1,100 1,100 1,110 1,110 1,110 1,120 1,120 1,120 1,130 1,130 1,130 1,140 1,140 1,140 1
2 2,130 2,140 2,140 2,150 2,160 2,160 2,170 2,180 2 180 2,190 2,200 2,200 2,210 2,220 2,220 2,230 2,240 2,240 2,250 2,260 2,260 2
3 3,40 3,150 3,160 3,170 3,180 3, 190 3,200 3,210 3,220 3,230 3,240 3,250 3,260 3,270 3,280 3,290 3,300 3,310 3,320 3,330 3,340 3
4 4,190 4, 210 4, 220 4, 230 4,250 4,260 4,270 4, 290 4, 300 4, 310 4,330 4,340 4,350 4,370 4,380 4,390 4, 400 4, 420 4, 430 4,440 4, 450 4
5 5,300 5, 310 5, 330 5, 350 5,360 5,380 5,400 5,410 5,430 5, 450 5,460 5,480 5,490 5,510 5,530 5,540 5,560 5, 580 5, 590 5, 610 5, 620 5

6 6, 290 6, 310 6,330 6,350 6,370 6,390 6,410 6,430 6, 450 6, 470 6,490 6, 510 6,530 6,550 6, 560 6,580 6,600 6, 620 6,640 6,660 6, 680 6
7 7,280 7,310 7,330 7,350 7,380 7,400 7,420 7,450 7,470 7,490 7,510 7, 540 7,560 7,580 7,600 7,630 7,650 7,670 7,690 7,710 7, 740 7
8 8,290 8, 310 8, 340 8, 370 8, 390 8,420 8,440 8,470 8,500 8, 520 8,550 8,570 8,600 8,620 8, 650 8,680 8,700 8, 730 8, 750 8,780 8,800 8
9 9,370 9, 400 9,430 9,460 9, 480 9, 510 19 540 9, 570 9,600 9, 630 9, 660 9,690 9, 720 9, 750 9, 780 9, 800 9,830 9, 860 9, 890 9, 920 9,950 9

10 10,450 10, 480 10, 510 10, 550 10,580 10,610 10,640 10,680 10,710 10, 740 10,770 10,810 10,640 10,870 10,900 10,940 10,970 11,000 11,030 11,060 11,090 10

11 11,530 11,570 11,610 11,640 11,680 11,720 11,750 11,790 11,820 11,860 11,900 11,930 11,970 12,000 12,040 12,070 12,110 12,140 12,180 12,210 12,250 11
12 12,730 12,770 12,810 12,850 12,890 12,930 12,970 13,010 13,050 13,090 13,130 13,170 13,210 13,250 13,290 13,330 13,370 13,410 13,450 13,490 13,520 12
13 13,910 13, 960 14,000 14, 050 14,090 14, 140 14,180 14,230 14,270 14,320 14,360 14,400 14, 450 14, 490 14, 530 14, 580 14,620 14,660 14, 710 14,750 14,790 13
14 15, 100 15,150 15,200 15,250 15,300 15,350 15,400 15,450 15,490 15,540 15,590 15,640 15,690 15,730 15,780 15,830 15,880 15,920 15,970 16,020 16,060 1415 16,290 16,340 16,390 16,450 16,500 16,550 16,600 16,660 16,710 16,760 16,810 16,870 16,920 16,970 17,020 17,070 17,120 17,170 17,220 17,280 17,330 15

16 17,420 17,470 17,530 17,590 17,640 17,700 17, 760 17,810 17,870 17,930 17,980 18,040 18,090 18,150 18,210 18,260 18,320 18,370 18,420 18,480 18,530 16
17 18, 600 18, 660 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 19,510 19, 570 19, 630 19, 680 19,740 19,800 17
18 19, 800 19, 870 19,930 20,000 20, 060 20,130 20, 190 20,260 20, 320 20, 390 20,450 20,510 20,580 20,640 20, 700 20, 770 20, 830 20, 890 20, 960 21,020 21,080 18
19 20,980 21,050 21,120 21,190 21,260 21,330 21,400 21,470 21,540 21,610 21,680 21,740 21,810 21,880 21,950 22,010 22,080 22,150 22,210 22,280 22,350 19
20 22,160 22, 240 22,310 22, 390 22, 460 22, 530 22, 610 22,680 22,750 22, 820 22,900 22, 970 23, 040 23,110 23,180 23,250 23,320 23, 390 23, 470 23,540 23,610 20

21 23,340 23,420 23,500 23,580 23,650 23,730 23,810 23, 890 23, 960 24,040 24,120 24,190 24,270 24,340 24,420 24,490 24,570 24,640 24,720 24,790 24,860 21
22 24,520 24,600 24,680 24,770 24,850 24,930 25,010 25, 090 25, 170 25,250 25,330 25,410 25,490 25,570 25,650 25,730 25,810 25, 890 25,970 26,040 26,120 22
23 25,720 25,810 25, 900 25, 980 26,070 26,160 26, 240 26,330 26,410 26,500 26,580 26,670 26,750 26, 840 26,920 27,000 27, 090 27, 170 27, 250 27,340 27,420 23
24 26,890 26,990 27, 080 27,170 27, 260 27,360 27, 450 27,540 27,630 27,720 27,810 27,890 27,980 28, 070 28,160 28, 250 28, 340 28,420 28, 510 28,600 28, 680 24
25 28, 060 28,160 28, 260 28, 360 28,450 28, 550 28,640 28,740 28, 830 28, 930 29,020 29,110 29, 210 29, 300 29, 390 29,490 29,580 29, 670 29, 760 29, 850 29, 940 25

26 29, 230 29, 330 29, 440 29,540 29, 640 29, 740 29, 840 29, 940 30, 030 30,130 30,230 30, 330 30, 430 30, 530 30, 620 30, 720 30,820 30, 910 31,010 31,100 31,200 26
27 30,390 30,500 30,610 30,710 30,820 30,920 31,030 31,130 31,230 31,340 31,440 31,540 31,650 31,750 31,850 31,950 32,050 32,150 32,250 32,350 32,450 27
28 31,550 31 660 31,780 31,890 32,000 32,100 32,210 32,320 32,430 32,540 32,640 32,750 32,860 32,960 33, 070 33,180 33,280 33, 390 33,490 33,590 33,700 28
29 32, 730 32, 850 32,960 33, 080 33,190 33,310 33,420 33,530 33,640 33,760 33, 870 33, 980 34, 090 34,200 34,310 34,420 34,530 34,640 34,750 34,860 34,970 29
30 33, 880 34,010 34,130 34,250 34,360 34,480 34,600 34,720 34,830 34,950 35, 070 35,180 35, 300 35,410 35, 530 35, 640 35,760 35,870 35, 980 36,100 36,210 30

31 35, 050 35,180 35,310 35,430 35,560 35,680 35,800 35,920 36,040 36,170 36,290 36,410 36, 530 36,650 36, 770 36,880 37,000 37,120 37,240 37,360 37, 470 31
32 36, 230 36,360 36,490 36,620 36, 750 36, 880 37, 000 37,130 37,260 37,380 37,510 37, 630 37, 760 37,880 38,000 38,130 38,250 38,370 38,490 38,620 38, 740 32
33 37, 390 37, 540 37, 670 37, 800 37, 940 38, 070 38, 200 38,330 38, 460 38, 590 38,720 38, 850 38, 980 39,110 39, 240 39, 360 39,490 39, 620 39, 740 39,870 40, 000 33
34 38, 590 38, 740 38,880 39,020 39,160 39,300 39, 430 39,570 39, 710 39,850 39,980 40,120 40, 250 40,390 40,520 40,660 40,790 40, 920 41,060 41,190 41, 320 34
35 39, 790 39, 940 40, 090 40, 230 40, 380 40, 520 40, 670 40, 810 40, 960 41,100 41,240 41, 390 41, 530 41,670 41,810 41,950 42,090 42, 230 42, 370 42,510 42,650 35

36 40, 990 41,150 41,300 41,460 41,610 41,760 41,910 42,060 42, 210 42,360 42, 510 42, 660 42, 810 42, 960 43, 100 43, 250 43, 400 43,540 43, 690 43, 830 43, 980 36
37 42, 180 42, 350 42, 510 42, 670 42,830 42, 980 43, 140 43,300 43, 450 43, 610 43, 770 43, 920 44, 080 44, 230 44, 390 44, 540 44, 690 44, 840 45,000 45,150 45, 300 37
38 43, 360 43, 530 43, 690 43, 860 44, 020 44, 190 44, 350 44, 520 44, 680 44, 840 45, 000 45, 170 45, 330 45,490 45, 650 45, 810 45, 970 46, 130 46, 280 46,440 46, 600 38
39 44,550 44,730 44,900 45,070 45,240 45,420 45,590 45, 760 45,930 46,090 46,260 46,430 46, 600 46, 770 46,930 47,100 47, 260 47,430 47,590 47, 760 47,920 39
40 45,750 45,940 46,120 46,300 46,470 46,650 46,830 47,000 47,180 47,360 47,530 47,710 47, 880 48, 050 48,230 48,400 48, 570 48,740 48,910 49, 080 49,250 40

41 46,950 47,140 47,330 47,510 47,700 47,880 48,070 48,250 48,430 48,610 48,800 48,980 49,160 49,340 49,520 49,700 49,870 50, 050 50,230 50,400 50,570 41
42 48,150 48,340 48, 530 48, 730 48, 920 49,110 49, 300 49,490 49, 680 49, 860 50,050 50, 240 50, 430 50, 610 50, 800 50, 980 51,170 51, 350 51,540 51,720 51,890 42
43 49,340 49,540 49, 740 49,940 50, 130 50, 330 50, 530 50, 720 50, 920 51,110 51,310 51,500 51,690 51,890 52, 080 52, 270 52,460 52, 650 52,640 53, 030 53, 210 43
44 50,530 50,730 50, 940 51,140 51, 350 51, 550 51,760 51,960 52,160 52,360 52,560 52,760 52, 960 53,160 53,360 53,560 53,760 53, 950 54,150 54,340 54,530 44
45 52,110 52,320 52,540 52,750 52,970 53,180 53,390 53,600 53,810 54,020 54,230 54,440 54,650 54,850 55,060 55,270 55,470 55, 680 55,880 56,080 56, 280 45

46 53,700 53, 920 54,140 54,370 54, 590 54,810 55,030 55,250 55,470 55, 680 55, 900 56,120 56,330 56,550 56,760 56,980 57,190 57, 410 57,620 57,830 58,030 46
47 55, 290 55, 520 55,750 55,980 56, 210 56,440 56,670 56, 900 57,130 57, 350 57, 580 57,800 58,030 58,250 58, 470 58,700 58,920 59, 140 59,360 59,580 59,790 47
48 56, 880 57,120 57, 360 57, 600 57, 830 58, 070 58, 310 58, 550 58,780 59, 020 59,250 59, 480 59, 710 59, 950 60,180 60,410 60,640 60, 870 61,100 61,320 61,540 48
49 58,430 58, 680 58,930 59, 170 59,420 59,670 59,910 60,160 60,400 60,640 60, 880 61,130 61,370 61,610 61,640 62,080 62,320 62,560 62,790 63,030 63,260 49
50 60, 000 60, 260 60, 510 60, 770 61,020 61,280 61,530 61,780 62, 030 62, 290 62,540 62, 790 63, 030 63,280 63, 530 63, 780 64, 020 64, 270 64,510 64,750 64,990 50

51 61,590 61,860 62,120 62,390 62,650 62,920 63,180 63,440 63,700 63, 960 64,220 64,470 64,730 64,990 65,240 65,500 65,750 66, 000 66,260 66,510 66,750 51
52 63,190 63,460 63,740 64, 010 64,280 64,550 64,820 65,090 65,360 65,630 65,890 66,160 66,430 66,690 66,950 67,220 67,480 67, 740 68,000 68,260 68,510 52
53 64,770 65,060 65,340 65, 620 65,900 66,180 66,460 66,740 67,020 67,290 67,570 67,840 68,110 68,390 68,660 68,930 69,200 69, 470 69,740 70,000 70,270 53
54 66, 360 66, 650 66,940 67,230 67,520 67, 810 68,100 68,380 68, 670 68,950 69,240 69, 520 69, 800 70,080 70,360 70,640 70,920 71,190 71,470 71,740 72, 020 54
55 67, 930 68, 240 68,540 68, 830 69,130 69, 430 69, 720 70, 020 70, 310 70, 600 70,900 71,190 71,480 71,760 72, 050 72,340 72, 620 72, 910 73, 190 73,480 73, 760 55

HEADWATER 986 to 988 MARCH 1999



DOUGLAS DAM 19

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

___• ______HEADWATER ELEVATION __ __

12 986.0 986.1 986.2 986.3 986.4 986.5 986.6 986.7 986.8 986.9 987.0 987.1 987.2 987.3 987.4 987.5 987.6 987.7 987.8 987.9 988.0

56 70,030 70,330 70,630 70,930 71,220 71,520 71,810 72,110 72,400 72,700 73,000 73,300 73,600 73,890 74, 190 74,480 74,780 75,070 75, 360 75,650 75,940 56
57 72,110 72,410 72,710 73,010 73,300 73, 600 73,890 74,180 74,480 74,790 75,100 75,410 75,710 76, 020 76,320 76,620 76,920 77,220 77, 520 77,820 78,120 57
58 74,180 74, 480 74,780 75,080 75, 380 75, 670 75,960 76,260 76,570 76,880 77,200 77,520 77,830 78,140 78,450 78,760 79,070 79, 380 79,690 79,990 80,300 58
59 76,250 76, 550 76, 850 77,150 77,440 77, 740 78, 030 78, 330 78,640 78, 970 79,290 79,620 79,940 80,260 80, 580 80, 900 81,210 81, 530 81,840 82,160 82,470 59
60 78, 270 78, 570 78, 870 79, 160 79,460 79, 750 80,040 80,340 80, 660 81,000 81,330 81,660 81,990 82,320 82, 650 82, 970 83, 290 83, 620 83, 940 84,260 84, 580 60

61 80, 280 80,580 80, 880 81,180 81,470 81,760 82,050 82, 350 82, 680 83, 020 83, 370 83, 710 84, 040 84, 380 84, 710 85, 050 85, 380 85, 710 86, 040 86, 360 86, 690 61
62 82,360 82,660 82, 960 83, 260 83,550 83, 840 84,130 84,430 84, 780 85,130 85,470 85,820 86,170 86, 510 86,850 87,190 87, 530 87,870 88,210 88, 540 88,870 62
63 84,420 84,730 85, 020 85,320 85,610 85, 900 86,190 86,510 86,860 87,220 87, 570 87,930 88,280 88,640 88, 990 89,330 89,680 90,030 90,370 90, 710 91,050 63
64 86,500 86, 800 87, 090 87,390 87,680 87, 970 88,260 88,580 88,930 89,300 89,670 90,030 90,390 90,750 91,110 91,470 91,820 92,170 92,520 92, 870 93, 220 64
65 88, 580 88, 880 89, 180 89, 480 89,770 90, 050 90,340 90, 660 91, 030 91, 400 91, 770 92,150 92, 520 92, 880 93, 250 93, 610 93,980 94, 340 94, 690 95, 050 95, 400 65

66 90,650 90, 950 91,250 91,540 91,840 92,120 92,410 92, 730 93,100 93,490 93, 870 94, 250 94, 630 95,000 95, 380 95, 750 96,120 96, 480 96, 850 97,210 97, 570 66
67 91, 530 91,890 92, 250 92, 610 92, 970 93, 320 93, 680 94, 060 94, 510 94, 950 95, 390 95, 830 96, 270 96, 710 97,150 97, 580 98, 010 98, 440 98, 870 99, 300 99, 730 67
68 92, 470 92,900 93, 320 93, 750 94, 170 94, 590 95, 020 95, 470 95, 970 96, 480 96,980 97,480 97, 980 98,480 98, 980 99, 470 99, 970 100, 500 101,000 101, 500 101,900 68
69 93,450 93, 940 94,440 94, 930 95,420 95, 900 96, 390 96, 910 97, 470 98, 040 98,600 99, 160 99, 720 100, 300 100, 800 101, 400 102, 000 102, 500 103, 100 103, 600 104, 200 69
70 94,420 94, 980 95, 540 96, 100 96,650 97,210 97, 770 98, 340 98, 970 99, 590 100,200 100, 800 101, 500 102,100 102, 700 103, 300 103, 900 104,600 105, 200 105, 800 106,400 70

71 95, 340 95, 960 96, 580 97, 200 97, 820 98,440 99, 060 99, 700 100, 400 101,100 101,700 102,400 103,100 103, 800 104, 500 105, 200 105, 800 106, 500 107, 200 107, 900 108, 600 71
72 96,270 96,950 97,640 98,320 99,000 99,690 100,400 101,100 101,800 102,600 103,300 104,000 104,800 105,500 106,300 107,000 107,700 108,500 109,200 110,000 110,700 72
73 97,250 98,000 98,750 99, 500 100,200 101,000 101,800 102,500 103,300 104,100 104,900 105,700 106,500 107,300 108,100 108, 900 109,700 110,500 111,400 112, 200 113,000 73
74 98,280 99,100 99,910 100,700 101,500 102,400 103,200 104,000 104,900 105,700 106,600 107,400 108,300 109,200 110,000 110,900 111,800 112,700 113,500 114,400 115,300 74
75 99,230 100,100 101,000 101,900 102,800 103,600 104,500 105,400 106,300 107,300 108,200 109,100 110,000 110,900 111,900 112,800 113,700 114,700 115,600 116,600 117,500 75

76 100,200 101,100 102,100 103,000 104,000 104,900 105,900 106,800 107,800 108,800 109,800 110,700 111,700 112,700 113,700 114,700 115,700 116,700 117,700 118,700 119,700 76
77 101,100 102,100 103,100 104,200 105,200 106,200 107,200 108,200 109,300 110,300 111,400 112,400 113,400 114,500 115,600 116,600 117,700 118,700 119,800 120,900 122,000 77
78 101,100 102,100 103,100 104,200 105,200 106,200 107,200 108,200 109,300 110,300 111,400 112,400 113,400 114,500 115,600 116,600 117,700 118,700 119,800 120,900 122,000 78
79 101,100 102,100 103,100 104,200 105,200 106,200 107,200 108,200 109,300 110,300 111,400 112,400 113,400 114,500 115,600 116,600 117,700 118,700 119,800 120,900 122,000 79
80 101,100 102,100 103,100 104,200 105,200 106,200 107, 200 108,200 109,300 110,300 111,400 112,400 113,400 114, 500 115, 600 116,600 117,700 118, 700 119,800 120,900 122,000 80

MARCH 1999 
HEADWATER 986 to 988

MARCH 1999 HEADWATER 986 to 988



20 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

8 HEADWATER ELEVATION__ _d
____988.0 988.1 988.2 988.3 988.4 988.5 988.6 988.7 988.8 1 988.9 989.0 989.1 1 989.2 989.3 989.4 1 989.5 1 989.6 989.7 989.8 989.9 990.0 l

1 1,140 1,150 1,150 1,150 1,160 1,160 1,160 1,170 1,170 1,170 1,170 1,180 1,180 1,180 1,190 1,190 1,190 1,200 1,200 1,200 1,210 1
2 2, 260 2,270 2,280 2, 280 2,290 2,290 2,300 2,310 2,310 2,320 2, 330 2,330 2, 340 2, 340 2, 350 2 360 2, 360 2,370 2,380 2, 380 2,390 2
3 3, 340 3, 350 3, 350 3, 360 3,370 3,380 3,390 3,400 3,410 3,420 3,430 3,440 3, 450 3, 460 3, 470 3,470 3, 480 3,490 3,500 3, 510 3, 520 3
4 4, 450 4, 470 4, 480 4, 490 4, 500 4, 520 4, 530 4,540 4, 550 4, 570 4,580 4, 590 4, 600 4, 620 4, 630 4, 640 4, 650 4, 660 4,680 4, 690 4, 700 4
5 5, 620 5, 640 5, 660 5, 670 5, 690 5, 700 5, 720 5,730 5, 750 5, 770 5,780 5, 800 5, 810 5,830 5, 840 5,860 5, 870 5, 890 5, 900 5, 920 5,930 5

6 6,680 6,700 6,720 6,740 6,750 6,770 6,790 6,810 6,830 6,850 6,870 6,880 6,900 6,920 6,940 6,960 6,980 6,990 7,010 7,030 7,050 6
7 7, 740 7 760 7, 780 7, 800 7, 820 7 840 7,870 7,890 7,910 7 930 7, 950 7, 970 7, 990 8, 020 8, 040 8, 060 8,080 8, 100 8,120 8,140 8, 160 7
8 8,800 8, 830 8, 850 8,870 8,900 8,920 8,950 8,970 9,000 9, 020 9,050 9,070 9,090 9, 120 9,140 9, 170 9,190 9,210 9,240 9,260 9, 290 8
9 9,950 9, 970 10,000 10,030 10,060 10, 090 10, 110 10, 140 10, 170 10, 200 10,220 10,250 10, 280 10, 310 10, 330 10,360 10,390 10, 410 10,440 10,470 10, 490 9

10 11,090 11,120 11,160 11,190 11,220 11,250 11,280 11,310 11,340 11,370 11,400 11,430 11,460 11,490 11,530 11,560 11,590 11,620 11,650 11,680 11,710 10

11 12,250 12,280 12,320 12,350 12,390 12,420 12,450 12,490 12,520 12,560 12,590 12,620 12,660 12,690 12,720 12,760 12,790 12,820 12,860 12,890 12,920 11
12 13, 520 13, 560 13,600 13, 640 13, 680 13, 720 13, 750 13,790 13,830 13, 870 13,910 13,940 13,980 14,020 14,060 14,090 14,130 14,170 14,200 14,240 14,280 12
13 14, 790 14, 830 14,880 14, 920 14, 960 15,000 15, 040 15,090 15, 130 15, 170 15,210 15,250 15,290 15,340 15,380 15,420 15,460 15,500 15,540 15,580 15,620 13
14 16, 060 16,110 16,160 16,200 16, 250 16, 290 16, 340 16, 390 16, 430 16,480 16, 520 16,570 16,610 16,660 16,700 16,750 16,790 16, 840 16,880 16,920 16, 970 14
15 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 18,260 18,310 15

16 18, 530 18,590 18,640 18, 700 18, 750 18, 800 18, 860 18,910 18,960 19,020 19,070 19,120 19,170 19,230 19,280 19,330 19,380 19,430 19,480 19,540 19,590 16
17 19, 800 19, 860 19, 920 19, 970 20, 030 20, 090 20, 150 20,200 20, 260 20, 320 20, 370 20,430 20, 490 20, 540 20, 600 20, 650 20, 710 20, 770 20, 820 20, 880 20, 930 17
18 21,080 21,140 21,200 21,270 21,330 21,390 21,450 21,510 21,570 21,630 21,690 21,750 21,810 21,870 21,930 21,990 22,050 22,110 22, 170 22,230 22,290 18
19 22, 350 22, 410 22, 480 22, 540 22,610 22, 670 22, 740 22, 800 22, 870 22,930 23,000 23, 060 23, 120 23,190 23, 250 23, 310 23,380 23,440 23, 500 23, 570 23, 630 19
20 23, 610 23, 680 23, 740 23, 810 23, 880 23, 950 24, 020 24, 090 24, 160 24, 230 24, 290 24, 360 24, 430 24, 500 24, 560 24, 630 24, 700 24, 760 24, 830 24, 900 24, 960 20

21 24, 860 24, 940 25, 010 25, 090 25, 160 25, 230 25, 300 25, 380 25, 450 25, 520 25,590 25,660 25, 730 25, 810 25, 880 25, 950 26,020 26, 090 26, 160 26, 230 26, 300 21
22 26, 120 26, 200 26, 280 26, 350 26,430 26, 510 26, 580 26,660 26, 740 26, 810 26, 890 26, 960 27, 040 27,110 27, 190 27, 260 27, 340 27,410 27,490 27, 560 27, 630 22
23 27,420 27, 500 27, 580 27, 660 27, 750 27, 830 27, 910 27, 990 28, 070 28, 150 28, 230 28, 310 28, 390 28,470 28, 550 28, 630 28, 700 28, 780 28, 860 28, 940 29, 020 23
24 28, 680 28, 770 28, 860 28, 940 29, 030 29, 110 29, 200 29,280 29, 370 29, 450 29, 540 29,620 29, 700 29, 790 29, 870 29, 950 30,040 30, 120 30, 200 30, 280 30, 370 24
25 29, 940 30, 030 30, 120 30, 210 30, 300 30, 390 30, 480 30, 570 30, 660 30, 750 30, 840 30, 930 31,010 31,100 31,190 31,280 31,360 31,450 31,540 31,620 31,710 25

26 31,200 31,290 31,390 31,480 31,580 31,670 31,760 31,860 31,950 32, 040 32,140 32, 230 32, 320 32, 410 32, 500 32, 590 32,690 32, 780 32, 870 32,960 33, 050 26
27 32,450 32, 550 32, 650 32,750 32,850 32, 950 33, 040 33, 140 33, 240 33, 330 33,430 33, 530 33, 620 33, 720 33, 820 33, 910 34, 010 34, 100 34, 200 34,290 34, 380 27
28 33, 700 33, 800 33, 910 34,010 34,110 34, 210 34,320 34, 420 34,520 34,620 34,720 34, 820 34,920 35, 020 35, 120 35, 220 35, 320 35, 420 35, 520 35, 620 35, 710 28
29 34, 970 35, 070 35,180 35, 290 35,400 35, 500 35, 610 35, 720 35, 820 35, 930 36,030 36,140 36, 240 36,340 36, 450 36, 550 36,660 36, 760 36, 860 36, 960 37, 070 29
30 36, 210 36, 320 36, 430 36, 540 36,660 36, 770 36, 880 36, 990 37, 100 37, 210 37, 320 37,420 37, 530 37,640 37, 750 37, 860 37, 960 38, 070 38, 180 38, 280 38, 390 30

31 37,470 37, 590 37, 710 37, 820 37, 940 38, 050 38, 170 38, 280 38, 390 38, 510 38,620 38, 740 38, 850 38, 960 39, 070 39, 180 39, 300 39, 410 39, 520 39, 630 39, 740 31
32 38, 740 38, 860 38, 980 39, 100 39, 220 39, 340 39, 460 39, 580 39, 690 39, 810 39,930 40, 050 40, 160 40,280 40, 400 40, 510 40,630 40, 740 40, 860 40, 970 41, 090 32
33 40,000 40, 120 40,250 40,370 40,490 40,620 40,740 40,860 40,990 41,110 41,230 41,350 41,470 41,590 41,710 41,830 41,950 42,070 42, 190 42,310 42,430 33
34 41, 320 41,450 41,580 41, 710 41,840 41, 970 42, 100 42, 230 42, 350 42, 480 42, 610 42, 730 42, 860 42,990 43,110 43, 240 43, 360 43, 480 43, 610 43, 730 43, 850 34
35 42, 650 42, 780 42, 920 43, 050 43, 190 43, 320 43, 450 43, 590 43, 720 43, 850 43, 980 44,110 44, 240 44,370 44, 500 44, 630 44,760 44, 890 45,020 45, 150 45, 280 35

36 43, 980 44,120 44, 260 44,400 44, 540 44, 670 44, 810 44, 950 45, 090 45, 220 45, 360 45, 500 45, 630 45, 770 45, 900 46,040 46,170 46, 300 46,440 46, 570 46, 700 36
37 45, 300 45, 440 45, 590 45, 730 45, 870 46, 020 46,160 46, 300 46, 450 46, 590 46, 730 46, 870 47, 010 47, 150 47, 290 47, 430 47, 570 47, 710 47,840 47, 980 48, 120 37
38 46,600 46, 750 46, 900 47, 040 47,190 47, 340 47, 490 47,640 47, 780 47, 930 48, 080 48, 220 48, 370 48, 510 48, 660 48, 800 48, 940 49, 090 49, 230 49, 370 49, 510 38
39 47, 920 48, 070 48, 230 48, 380 48, 530 48, 690 48, 840 48, 990 49,140 49, 300 49, 450 49, 600 49,750 49, 900 50, 050 50, 200 50, 340 50, 490 50, 640 50, 790 50, 930 39
40 49, 250 49, 410 49, 570 49, 730 49, 880 50, 040 50, 200 50, 360 50, 510 50, 670 50, 830 50, 980 51,140 51,290 51,450 51,600 51,750 51, 900 52, 060 52, 210 52, 360 40

41 50, 570 50, 740 50, 900 51,070 51,230 51,390 51,560 51,720 51,880 52,040 52, 200 52, 360 52, 520 52, 680 52,840 53,000 53,160 53, 310 53,470 53, 630 53, 780 41
42 51, 890 52, 060 52, 230 52, 400 52, 570 52, 740 52, 910 53, 070 53, 240 53, 410 53, 570 53, 740 53, 900 54,060 54, 230 54, 390 54,550 54, 720 54, 880 55, 040 55, 200 42
43 53, 210 53, 390 53, 560 53, 730 53, 910 54, 080 54, 250 54, 430 54, 600 54, 770 54, 940 55,110 55, 280 55,450 55, 610 55, 780 55, 950 56, 120 56, 280 56, 450 56, 610 43
44 54, 530 54, 710 54, 890 55, 070 55, 250 55, 430 55, 600 55, 780 55, 960 56, 130 56, 310 56,480 56, 660 56, 830 57, 000 57,170 57, 350 57, 520 57, 690 57, 860 58, 030 44
45 56, 280 56,460 56, 650 56,640 57, 030 57, 220 57, 400 57, 590 57, 770 57, 960 58,140 58, 330 58, 510 58, 690 58, 880 59, 060 59,240 59, 420 59, 600 59, 780 59, 960 45

46 58, 030 58, 230 58, 430 58, 620 58,820 59, 020 59, 210 59,410 59, 600 59, 800 59, 990 60, 180 60, 370 60, 570 60, 760 60, 950 61,140 61,330 61,520 61,700 61,890 46
47 59, 790 60, 000 60, 200 60, 410 60,620 60, 820 61,030 61,230 61,440 61,640 61,840 62, 040 62, 240 62,440 62, 640 62,640 63, 040 63, 240 63,440 63, 640 63, 830 47
48 61, 540 61, 760 61,980 62, 190 62,410 62, 620 62, 830 63,050 63, 260 63, 470 63, 680 63, 890 64, 100 64, 310 64,520 64,730 64,940 65,150 65, 350 65, 560 65, 760 48
49 63, 260 63,480 63, 710 63, 930 64,160 64, 380 64, 600 64, 830 65, 050 65, 270 65,490 65, 710 65, 930 66, 150 66, 360 66, 580 66, 800 67, 010 67, 230 67,440 67, 660 49
50 64, 990 65, 230 65, 460 65, 690 65, 930 66, 160 66, 390 66, 620 66, 850 67, 080 67, 310 67, 540 67, 770 68,000 68, 220 68, 450 68,670 68, 900 69, 120 69, 350 69, 570 50

51 66,750 67, 000 67, 240 67,480 67,730 67,970 68,210 68,450 68,690 68,930 69, 170 69,400 69,640 69, 880 70, 110 70,350 70,580 70, 810 71,050 71,280 71,510 51
52 68, 510 68, 770 69, 020 69, 270 69, 530 69, 780 70, 030 70, 280 70, 520 70, 770 71,020 71,270 71,510 71, 760 72, 000 72, 240 72,490 72, 730 72, 970 73, 210 73, 450 52
53 70, 270 70, 530 70, 790 71, 060 71,320 71,580 71,840 72, 090 72, 350 72, 610 72, 860 73, 120 73, 380 73, 630 73, 880 74,140 74, 390 74,640 74, 890 75,140 75, 390 53
54 72, 020 72, 290 72, 560 72, 830 73,100 73, 370 73,640 73, 910 74, 170 74,440 74, 710 74, 970 75, 230 75, 500 75, 760 76, 020 76,280 76, 540 76, 800 77,060 77, 320 54
55 73, 760 74, 040 74, 320 74, 600 74, 880 75, 160 75,440 75, 710 75, 990 76, 260 76, 540 76,810 77, 080 77, 350 77, 630 77, 900 78,170 78, 440 78, 700 78, 970 79, 240 55

HEADWATER 988 to 990 
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DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

21

988.0 9. 82 8 9HEADWATER ELEVATION
° ___988.0 988.1 988.2 988.3 988.4 988.5 988.6 988.7 988.8 988.9 989.0 989.1 989.2 989.3 989.4 989.5 989.6 989.7 989.8 1 989.9 1 990.0 1V

75,940
78,120
80,300
82,470
84, 580

86, 690
88, 870
91,050
93,220
95,400

97,570
99,730

101,900
104,200
106,400

108, 600
110, 700
113,000
115, 300
117, 500

119,700
122, 000
122, 000
122,000
122,000

122,000
122,000
122,000
122, 000
122, 000

122,000
122,000
122, 000
122, 000
122,000

76,230
78,410
80,600
82,780
84,890

87,010
89, 200
91, 390
93, 560
95, 760

97,930
100,200
102,400
104,800
107,100

109,300
111,500
113,800
116, 200
118, 500

120,700
123,000
123,000
123, 000
123, 000

123,000
123, 000
123, 000
123, 000
123, 000

123,000
123, 000
123, 000
123, 000
123,000

76,520
78, 710
80, 900
83, 090
85, 210

87,330
89,530
91,720
93,910
96,110

98,290
100,600
102,900
105,300
107,700

110,000
112,200
114,600
117,100
119,400

121,800
124,100
124, 100
124, 100
124, 100

124, 100
124, 100
124, 100
124, 100
124, 100

124, 100
124, 100
124, 100
124, 100
124, 100

76,800
79,000
81,200
83, 390
85, 520

87,650
89,860
92,060
94 250
96: 450

98,650
101,000
103, 400
105, 900
108,300

110,600
113, 000
115,400
117,900
120,400

122,800
125,200
125, 200
125, 200
125,200

125,200
125,200
125,200
125,200
125,200

125,200
125,200
125,200
125,200
125,200

77,090
79,300
81,500
83,700
85,840

87,970
90,190
92,390
94,590
96,800

99,000
101,400
103,900
106,400
108, 900

111,300
113,700
116,300
118,800
121,300

123,800
126,300
126,300
126,300
126,300

126,300
126,300
126,300
126,300
126,300

126,300
126, 300
126, 300
126,300
126,300

77,370
79, 590
81, 800
84,000
86,150

88,290
90,510
92,720
94,930
97,150

99,350
101,800
104,400
107, 000
109, 600

112,000
114,500
117,100
119,700
122,300

124,800
127,400
127,400
127,400
127,400

127,400
127,400
127,400
127,400
127,400

127,400
127,400
127,400
127, 400
127, 400

77,660
79, 880
82,100
84,310
86, 460

88,610
90, 840
93, 050
95, 260
97, 490

99,700
102,300
104, 900
107, 500
110,200

112,700
115, 300
117, 900
120, 600
123, 200

125,900
128,500
128, 500
128, 500
128, 500

128,500
128, 500
128, 500
128,500
128,500

128,500
128,500
128,500
128, 500
128, 500

77, 940
80,170
82, 390
94,610
86: 770

88,920
91,160
93, 380
95,600
97,830

100,000
102,700
105,400
108,100
110,800

113,400
116, 000
118, 700
121,500
124,200

126,900
129, 600
129, 600
129, 600
129, 600

129,600
129,600
129,600
129,600
129,600

129,600
129,600
129,600
129,600
129,600

78,220
80,460
82,690
84,910
87,070

89, 240
91, 480
93,710
95,930
98,170

100,400
103,100
105, 800
108, 600
111, 400

114,100
116, 800
119, 600
122,400
125,200

127,900
130, 700
130, 700
130, 700
130, 700

130,700
130,700
130,700
130, 700
130, 700

130, 700
130, 700
130,700
130,700
130,700

78,510
80,740
82,980
85,210
87,380

89,550
91,800
94,030
96,260
98,510

100,700
103,500
106,300
109,200
112,100

114,800
117, 500
120, 400
123,300
126,200

129,000
131, 800
131, 800
131, 800
131, 800

131,800
131,800
131,800
131,800
131, 800
131, 800

131,800131,800
131, 800

131,800

78,790
81, 030
83,280
85,510
87,690

89,860
92,110
94,360
96,590
98,840

101,100
103,900
106,800
109,800
112,700

115,500
118,300
121,200
124,200
127,100

130,000
132, 900
132, 900
132, 900
132, 900

132,900
132,900
132,900
132, 900
132, 900

132,900
132,900
132,900
132,900
132,900

79, 070
81, 320
83, 570
85,810
87,990

90,170
92,430
94,680
96,920
99,180

101,400
104,300
107, 300
110, 300
113,300

116,200
119,100
122,100
125,100
128,100

131,100
134,100
134,100
134, 100
134, 100

134,100
134, 100
134,100
134,100
134,100

134,100
134,100
134,100
134,100
134,100

79,340
81,600
83,860
86,110
88,290

90,480
92, 740
95, 000
97,250
99, 510

101,800
104,700
107,800
110,900
113,900

116,900
119,800
122, 900
126,000
129,100

132,100
135,200
135,200
135,200
135,200

135, 200
135, 200
135, 200
135,200
135,200

135,200
135, 200
135, 200
135, 200
135, 200

79,620
81,890
84,150
86,400
88, 590

90,790
93, 060
95, 320
97, 570
99, 840

102,100
105,100
108,300
111,400
114,600

117,600
120,600
123,700
126, 900
130,100

133,200
136,300
136, 300
136, 300
136, 300

136, 300
136, 300
136, 300
136, 300
136, 300

136, 300
136, 300
136, 300
136, 300
136, 300

79,900
82,170
84,440
86, 700
88,890

91,090
93, 370
95, 630
97, 890

100, 200

102,400
105,600
108, 700
112, 000
115,200

118,300
121,300
124,600
127, 900
131, 000

134,200
137,400
137,400
137,400
137,400

137,400
137,400
137,400
137,400
137,400

137,400
137,400
137,400
137,400
137,400

80,180
82, 450
84, 720
86,990
89,190

91, 400
93, 680
95, 950
98, 220

100, 500

102,800
106,000
109,200
112, 500
115, 800

119,000
122, 100
125,400
128,800
132,000

135,300
138, 600
138, 600
138, 600
138, 600

138,600
138,600
138,600
138, 600
138, 600

138,600
138,600
138,600
138,600
138,600

80,450
82, 730
85, 010
87,280
89,490

91,700
93,990
96,270
98, 540

100, 800

103,100
106, 400
109, 700
113,100
116, 400

119,700
122,900
126,300
129,700
133,000

136,400
139, 700
139, 700
139, 700
139,700

139, 700
139, 700
139,700
139, 700
139, 700

139,700
139,700
139,700
139,700
139,700

80,730
83, 010
85,300
87,580
89,790

92,010
94, 310
96,600
98,880

101,200

103,400
106, 800
110, 200
113, 600
117, 000

120, 300
123, 600
127,000
130,400
133,800

137,200
140,600
140, 600
140, 600
140,700

140,700
140,700
140,700
140, 700
140, 800

140,800
140, 800
140, 900
140,900
140,900

81,000
83, 300
85, 600
87,890
90,110

92, 340
94, 650
96,950
99,230

101,500

103, 800
107, 200
110, 600
114, 000
117, 400

120, 700
123, 900
127,300
130,700
134, 000

137,400
140, 800
140, 800
140, 900
141,000

141,200
141,200
141,400
141,500
141,700

141, 800
141,900
142,000
142,000
142,000

81,280
83,580
85,890
88,190
90,430

92,670
94,990
97,300
99, 590

101, 900

104,200
107,700
111,000
114,400
117, 700

121,000
124, 200
127, 500
130,900
134,200

137,600
140,900
141, 000
141, 100
141,400

141, 600
141, 800
142,000
142,200
142, 500

142, 700
142,900
143,200
143,200
143,200

81,550
83,870
86,190
88,500
90,750

93,000
95,330
97,650
99, 960

102, 300

104,600
108,000
111,300
114, 600
118, 000

121,200
124,400
127,700
131,000
134,300

137,600
141,000
141,100
141, 400
141,700

142,100
142,300
142,700
143,000
143,400

143,700
144, 000
144, 300
144, 300
144, 300

MARCH 1999 HEADWATER 988 to 990



22 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

__ HEADWATER ELEVATION ___

12 990.0 990.1 990.2 990.3 990.4 990.5 990.6 990.7 990.8 990.9 991.0 991.1 991.2 991.3 991.4 991.5 991.6 991.7 991.8 991.9 992.0

1 1,210 1,210 1,210 1,220 1,220 1,220 1,220 1,230 1,230 1,230 1,240 1,240 1,240 1,250 1,250 1,250 1,250 1,260 1,260 1,260 1,270 1
2 2,390 2, 390 2, 400 2,410 2,410 2,420 2,420 2,430 2,440 2,440 2,450 2,450 2, 460 2,470 2 470 2,480 2,480 2,490 2,490 2,500 2,510 2
3 3,520 3, 530 3, 540 3,550 3,560 3,560 3,570 3, 580 3, 590 3, 600 3,610 3,620 3, 630 3,630 3, 640 3,650 3,660 3,670 3, 680 3, 690 3,690 3

4,700 4, 710 4, 720 4,740 4,750 4, 760 4 770 4,780 4,790 4, 810 4, 820 4, 830 4,840 4,850 4,860 4,880 4, 890 4,900 4, 910 4, 920 4, 930 4
5 5,930 5, 950 5,960 5,980 5, 990 6, 010 6, 020 6,040 6,050 6, 070 6, 080 6,100 6,110 6,130 6,140 6,160 6, 170 6,6190 6,200 6,210 6,230 5

7,050 7,070 7,080 7,100 7,120 7,140 7,150 7,170 7,190 7,210 7,220 7,240 7,260 7,280 7,290 7,310 7,330 7,350 7,360 7,380 7,400 6
7 8,160 8,180 8,200 8,220 8,240 8,260 8,290 8,310 8,330 8,350 8 370 8,390 8,410 8,430 8,450 8,470 8,490 8,510 8,530 8,550 8,570 7
8 9,290 9, 310 9,330 9,360 9,380 9,400 9,430 9,450 9,470 9,500 9,520 9,540 9,560 9,590 9,610 9,630 9,660 9,680 9,700 9,720 9, 750 8
9 10,490 10, 520 10,550 10,570 10,600 10,630 10,650 10,680 10,710 10,730 10,760 10,780 10,810 10,840 10,860 10,890 10,910 10,940 10,960 10,990 11,020 9
10 11,710 11,730 11,760 11,790 11,820 11,850 11,880 11,910 11,940 11,970 12,000 12,030 12,060 12,090 12,110 12,140 12,170 12,200 12,230 12,260 12,290 10

11 12,920 12,960 12,990 13,020 13,050 13,090 13,120 13,150 13,180 13,220 13,250 13,280 13,310 13,340 13,380 13,410 13,440 13,470 13,500 13,530 13,570 11
12 14, 280 14, 310 14, 350 14,390 14,420 14,460 14, 500 14,530 14,570 14,600 14,640 14,670 14, 710 14,750 14, 780 14,820 14, 850 14, 890 14, 920 14,960 14,990 12
13 15, 620 15, 660 15,700 15,740 15,780 15,820 15, 860 15,900 15,940 15,980 16,020 16,060 16, 100 16,:140 16, 170 16,210 16, 250 16, 290 16,330 16, 370 16,410 13
14 16,970 17,010 17,060 17,100 17, 140 17,190 17,230 17, 270 17,320 17,360 17, 400 17,450 17, 490 17, 530 17,570 17,620 17, 660 17,700 17,740 17,790 17,830 14
15 18,310 18,350 18,400 18,450 18,500 18,540 18,590 18,640 18,680 18,730 18,780 18,820 18,870 18,920 18,960 19,010 19,060 19,100 19,150 19,190 19,240 15

16 19, 590 19, 640 19, 690 19, 740 19, 790 19,840 19, 890 19, 940 19, 990 20, 040 20, 090 20,140 20, 190 20, 240 20, 290 20, 340 20, 390 20, 440 20, 490 20, 540 20, 590 16
17 20,930 20, 990 21,040 21,100 21,150 21,200 21,260 21,310 21,370 21,420 21,470 21,530 21,580 21,630 21,690 21,740 21,790 21,850 21,900 21,950 22,000 17
18 22, 290 22, 350 22,400 22,460 22,520 22,580 22,640 22,690 22, 750 22,810 22, 870 22,920 22, 980 23, 040 23, 090 23,150 23,210 23, 260 23, 320 23, 380 23,430 18
19 23,630 23, 690 23,750 23,810 23,880 23,940 24,000 24,060 24,120 24,180 24,240 24,300 24,360 24,430 24,490 24,550 24, 610 24,670 24,730 24, 780 24,840 19
20 24,960 25, 030 25,100 25,160 25,230 25,290 25,360 25,420 25, 490 25,550 25, 620 25,680 25,740 25,810 25,870 25,940 26, 000 26,060 26,130 26,190 26,250 20

21 26, 300 26,370 26,440 26,510 26,580 26,650 26,710 26,780 26,850 26, 920 26,990 27,060 27, 120 27,190 27,260 27,330 27,390 27,460 27,530 27,590 27,660 21
22 27, 630 27,710 27, 780 27,850 27,930 28, 000 28, 070 28,140 28,210 28, 290 28,360 28,430 28,500 28,570 28,640 28,710 28,780 28,850 28, 930 29,000 29,070 22
23 29,020 29,090 29,170 29, 250 29,330 29,400 29,480 29,550 29,630 29,710 29,780 29, 860 29,930 30,010 30, 080 30,160 30,230 30, 310 30, 380 30,460 30,530 23
24 30,370 30,450 30, 530 30,610 30,690 30,770 30,850 30,930 31,010 31,090 31,170 31,250 31,330 31,410 31,490 31,570 31,650 31,720 31,800 31,880 31,960 24
25 31,710 31,790 31, 880 31,970 32,050 32,130 32, 220" 32,300 32,390 32,470 32, 560 32,640 32, 720 32, 810 32, 890 32,970 33, 050 33,140 33,220 33, 300 33, 380 25

26 33,050 33,140 33,230 33,320 33,400 33,490 33,580 33,670 33, 760 33,850 33,930 34,020 34,110 34,200 34,280 34,370 34,450 34,540 34,630 34,710 34,800 26
27 34, 380 34, 480 34, 570 34,660 34,760 34,850 34,940 35, 030 35,130 35,220 35, 310 35, 400 35, 490 35, 580 35, 670 35, 760 35, 850 35, 940 36,030 36,120 36,210 27
28 35, 710 35, 810 35, 910 36,010 36,100 36,200 36,300 36, 390 36,490 36,580 36,680 36,770 36,870 36,960 37,060 37,150 37, 250 37, 340 37,430 37,530 37,620 28
29 37, 070 37,170 37,270 37,370 37,470 37,570 37,670 37, 770 37, 870 37,970 38,070 38,170 38, 270 38, 370 38,470 38,570 38,660 38,760 38, 860 38,960 39,050 29
30 38, 390 38, 500 38, 600 38, 710 38, 810 38, 920 39, 020 39, 130 39, 230 39, 330 39,440 39, 540 39,640 39, 740 39, 850 39, 950 40, 050 40, 150 40, 250 40, 350 40, 450 30

31 39,740 39, 850 39,960 40,070 40,180 40,280 40,390 40,500 40,610 40,720 40,820 40,930 41,040 41,140 41,250 41,360 41,460 41,570 41,670 41,780 41,880 31
32 41,090 41,200 41,310 41,430 41,540 41,650 41,770 41,880 41,990 42,100 42,210 42,320 42,430 42,550 42,660 42,760 42,870 42,980 43,090 43,200 43,310 32
33 42, 430 42, 550 42, 670 42, 780 42,900 43, 020 43, 130 43, 250 43, 370 43, 480 43, 600 43, 710 43, 830 43, 940 44,050 44, 170 44, 280 44, 390 44,510 44, 620 44, 730 33
34 43, 850 43, 980 44,100 44, 220 44, 340 44,470 44, 590 44,710 44, 830 44, 950 45, 070 45, 190 45, 310 45, 430 45, 540 45, 660 45,780 45,900 46, 010 46,130 46,250 34
35 45, 280 45, 400 45, 530 45,660 45,780 45, 910 46, 040 46,160 46, 290 46,410 46,540 46, 660 46, 780 46, 910 47, 030 47,150 47,270 47, 400 47, 520 47, 640 47, 760 35

36 46, 700 46, 840 46, 970 47,100 47, 230 47, 360 47, 490 47,620 47, 750 47, 880 48, 010 48,140 48, 270 48, 390 48, 520 48, 650 48, 770 48, 900 49,030 49, 150 49, 280 36
37 48, 120 48, 260 48, 390 48, 530 48, 660 48, 800 48, 930 49,070 49, 200 49,340 49, 470 49, 600 49, 740 49, 870 50,000 50, 130 50, 260 50, 390 50, 530 50, 660 50, 790 37
38 49, 510 49, 660 49, 800 49,940 50, 080 50, 220 50, 360 50,500 50, 630 50, 770 50, 910 51, 050 51,190 51,320 51,460 51,600 51, 730 51,870 52,000 52, 140 52, 270 38
39 50, 930 51, 080 51,220 51,370 51,510 51,660 51, 800 51,950 52, 090 52, 230 52, 370 52, 520 52, 660 52,800 52, 940 53, 080 53,220 53, 360 53, 500 53,640 53, 780 39
40 52,360 52, 510 52,660 52,810 52,960 53,110 53, 260 53,410 53,550 53,700 53, 850 54,000 54,140 54,290 54,430 54,580 54,720 54,870 55,010 55,150 55, 300 40

41 53,780 53,940 54,090 54,250 54,400 54,550 54,710 54,860 55,010 55,170 55,320 55,470 55,620 55,770 55,920 56,070 56,220 56,370 56,510 56,660 56,810 41
42 55,200 55, 360 55, 520 55,680 55,840 55, 990 56,150 56, 310 56, 470 56, 620 56, 780 56, 940 57, 090 57,250 57,400 57, 550 57,710 57, 860 58, 010 58,170 58, 320 42
43 56, 610 56, 780 56, 940 57,110 57,270 57,430 57, 600 57, 760 57, 920 58, 080 58, 240 58,400 58, 560 58, 720 58, 880 59,040 59,200 59, 350 59, 510 59, 670 59, 820 43
44 58, 030 58, 200 58, 370 58,540 58, 700 58, 870 59,040 59, 210 59, 370 59,540 59, 700 59, 870 60, 030 60, 200 60, 360 60, 520 60, 680 60, 850 61,010 61,170 61, 330 44
45 59, 960 60,130 60, 310 60,490 60,670 60,640 61,020 61,190 61,370 61,540 61, 720 61,890 62,060 62, 230 62,400 62, 570 62, 740 62, 910 63, 080 63, 250 63, 410 45

46 61, 890 62, 080 62, 270 62,450 62,640 62, 820 63, 010 63, 190 63, 370 63, 560 63, 730 63, 910 64,090 64, 270 64,450 64, 630 64,800 64, 980 65,150 65, 330 65, 500 46
47 63, 830 64, 030 64, 220 64,420 64, 610 64, 810 65, 000 65,190 65, 380 65, 570 65, 760 65, 940 66,130 66, 320 66, 500 66, 680 66, 870 67, 050 67, 230 67,420 67, 600 47
48 65, 760 65, 970 66, 170 66,380 66, 580 66, 780 66, 980 67,190 67,380 67, 580 67, 770 67, 970 68,160 68,350 68,540 68, 740 68, 930 69, 120 69, 310 69,490 69, 680 48
49 67,660 67, 870 68, 080 68,290 68, 510 68, 720 68, 930 69,140 69,350 69,550 69,750 69, 950 70,150 70,350 70, 550 70,740 70,940 71, 140 71,340 71,530 71,730 49
50 69, 570 69, 790 70, 010 70,230 70,450 70, 670 70, 890 71,110 71,330 71,540 71,740 71,950 72, 160 72,360 72, 570 72, 770 72,980 73, 180 73, 390 73,590 73,790 50

51 71, 510 71,740 71,970 72,200 72,430 72, 660 72, 890 73,120 73,340 73, 560 73, 770 73, 990 74, 200 74,410 74, 620 74,840 75, 050 75, 260 75, 470 75, 680 75, 890 51
52 73,450 73, 690 73, 930 74,170 74,410 74, 650 74,880 75,120 75, 350 75,570 75,790 76,020 76,240 76,460 76,680 76,900 77,110 77,330 77, 550 77,770 77,980 52
53 75, 390 75,640 75, 890 76,130 76, 380 76, 630 76, 870 77,110 77, 350 77, 580 77, 810 78, 040 78, 270 78, 500 78, 720 78, 950 79,180 79, 400 79, 620 79, 850 80, 070 53
54 77, 320 77, 580 77, 830 78, 090 78, 340 78, 600 78, 850 79,110 79, 350 79, 590 79, 830 80, 060 80, 300 80, 530 80, 770 81,000 81,230 81, 460 81,690 81,920 82, 150 54
55 79,240 79, 500 79,770 80,030 80, 300 80,560 80,830 81,090 81, 340 81,590 81,830 82,070 82,320 82, 560 82,800 83,040 83,280 83,520 83,750 83,990 84, 230 55

HEADWATER 990 to 992 MARCH 1999



DOUGLAS DAM 23

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

9 9 _ _ _ 9 9 HEADWATER ELEVATION
V 990.0 990.1 990.2 990.3 990.4 990.5 990.6 990.7 990.8 990.9 991.0 991.1 991.2 991.3 991.4 991.5 991.6 991.7 991.8 991.9 992.0 V

56 81,550 81,830 82, 110 82,380 82,660 82,930 83,210 83,480 83,740 84,000 84,250 84,510 84,760 85,010 85,270 85,520 85, 770 86,020 86,270 86,520 86,760 56
57 83, 870 84,160 84,450 84,730 85,020 85,300 85,580 85,870 86,140 86,410 86,680 86,940 87,210 87,470 87, 740 88,000 88, 260 88,520 88,780 89,040 89,300 57
58 86,190 86,490 86,790 87,080 87,380 87,670 87,970 88,260 88,550 88,830 89,100 89,380 89, 660 89,930 90,210 90,480 90,760 91,030 91,300 91,570 91,840 58
59 88,500 88, 810 89, 120 89,430 89,730 90,040 90,340 90,640 90,940 91,230 91,520 91,810 92,100 92,390 92, 670 92, 960 93,240 93, 530 93, 810 94, 090 94,380 59
60 90,750 91, 070 91, 380 91,700 92,020 92,330 92,650 92,960 93,270 93, 570 93, 870 94,170 94, 470 94,770 95, 070 95, 360 95, 660 95, 950 96,250 96,540 96, 840 60

61 93, 000 93, 330 93, 650 93, 980 94, 310 94,630 94, 950 95, 280 95, 600 95, 910 96, 220 96, 530 96,840 97,150 97, 460 97, 770 98, 080 98, 390 98, 690 99,000 99, 300 61
62 95, 330 95,670 96,000 96, 340 96,680 97,010 97,350 97,680 98, 010 98, 330 98,660 98,980 99,300 99,630 99, 950 100,300 100,600 100, 900 101, 200 101,500 101,900 62
63 97,650 98,000 98,350 98,690 99,040 99,390 99,730 100,100 100,400 100,800 101,100 101,400 101,800 102,100 102,400 102,800 103,100 103,400 103,700 104,100 104,400 63
64 99,960 100,300 100,700 101,000 101,400 101,700 102,100 102,500 102,800 103,200 103,500 103,800 104,200 104,500 104,900 105,200 105,600 105,900 106,200 106,600 106,900 64
65 102,300 102,700 103,000 103,400 103,800 104,100 104,500 104,900 105,200 105,600 105,900 106,300 106,600 107,000 107,400 107,700 108,100 108,400 108,800 109,100 109,500 65

66 104,600 105,000 105,400 105,700 106,100 106,500 106,900 107,200 107,600 108,000 108,400 108,700 109,100 109,500 109,800 110,200 110,600 110,900 111,300 111,600 112,000 66
67 108,000 108,400 108,700 109,100 109,400 109,800 110,100 110,500 110,800 111,200 111,500 111,900 112,200 112,600 112,900 113,300 113,600 114,000 114,300 114,700 115,000 67
68 111,300 111,700 112,000 112,300 112,600 112,900 113,300 113,600 113,900 114,300 114,600 114,900 115,300 115,600 115,900 116,300 116,600 116,900 117,300 117,600 118,000 68
69 114,600 114,900 115,200 115,500 115,800 116,100 116,400 116,700 117,000 117,400 117,700 118,000 118,300 118,600 119,000 119,300 119,600 119,900 120,300 120,600 121,000 69
70 118,000 118,200 118,500 118,800 119,000 119,300 119,600 119,900 120,200 120,500 120,800 121,100 121,400 121,700 122,000 122,300 122,600 122,900 123, 300 123,600 124,000 70

71 121,200 121,400 121,600 121,900 122,100 122,400 122,600 122,900 123,200 123,500 123,700 124,000 124,300 124,600 124,900 125,200 125,500 125,800 126,100 126,500 126,900 71
72 124,400 124,600 124,800 125,000 125,200 125,400 125,700 125,900 126,200 126,400 126,700 127,000 127,300 127,500 127,800 128,100 128,300 128,600 129, 000 129,400 129,700 72
73 127,700 127,900 128,000 128,200 128,400 128,600 128,800 129,000 129,300 129,500 129,800 130,100 130,300 130,600 130,800 131,100 131,300 131,600 132,000 132,400 132,800 73
74 131,000 131,100 131,300 131,400 131,600 131,800 132,000 132,200 132,400 132,600 132,900 133,100 133,400 133,600 133,900 134, 100 134,300 134,600 135, 000 135,400 135,800 74
75 134,300 134,400 134,500 134,700 134,800 135,000 135,100 135,300 135,500 135,800 136, 000 136,200 136,400 136, 700 136,900 137,100 137,300 137,600 138, 000 138,400 138,800 75

76 137,600 137, 700 137,800 137,900 138,000 138,200 138,300 138,400 138,600 138,900 139,100 139,300 139,500 139,700 139,900 140, 100 140,300 140,500 140, 900 141,300 141,700 76
77 141,000 141,000 141,100 141,200 141,300 141,400 141,400 141,600 141,800 142,000 142,200 142,400 142, 600 142,800 142,900 143, 100 143,300 143, 500 143, 900 144,300 144,700 77
78 141,100 141,200 141,400 141,600 141,800 142,000 142,200 142,400 142,700 143,000 143,300 143,600 143, 900 144,200 144,400 144,700 145,000 145,300 145, 800 146,300 146,800 78
79 141,400 141,600 141,900 142,200 142,500 142,800 143,100 143,400 143,800 144,200 144,600 144,900 145,300 145,700 146,100 146,400 146,800 147,200 147,800 148,400 148,900 79
80 141,700 142,100 142,400 142,800 143,200 143,600 144,000 144,400 144,900 145,400 145,900 146,300 146,800 147,300 147,700 148,200 148,700 149,200 149,800 150,500 151,100 80

81 142,100 142,500 143,000 143,500 144,000 144,500 145,000 145,500 146,000 146,600 147,200 147, 700 148,300 148,800 149,400 150,000 150,500 151,100 151,800 152,500 153,300 81
82 142,300 142,900 143,400 144,000 144,600 145,200 145,800 146,400 147,000 147,700 148,400 149,000 149,700 150,300 151,000 151,600 152,300 152,900 153,700 154,500 155,300 82
83 142,700 143,300 144,000 144,600 145,300 146,000 146,700 147,400 148,100 148,800 149,600 150,300 151,100 151,800 152, 500 153,300 154,000 154,800 155,600 156,500 157,400 83
84 143,000 143,700 144,500 145,300 146,000 146,800 147,600 148,400 149,200 150,000 150,900 151,700 152,500 153,400 154,200 155,000 155,900 156,700 157,700 158,600 159, 500 84
85 143,400 144,200 145, 100 146,000 146,800 147, 700 148,600 149,500 150,400 151,300 152,200 153,200 154,100 155,000 155, 900 156,900 157,800 158, 700 159, 700 160,700 161,700 85

86 143,700 144,600 145,600 146,600 147,500 148,500 149,500 150,500 151,500 152,500 153,500 154,500 155,500 156,500 157,600 158,600 159,600 160,600 161,700 162,800 163,900 86
87 144,000 145,000 146, 100 147,200 148,200 149,300 150,400 151,500 152,600 153,700 154,800 155,900 157,000 158,100 159,200 160,300 161,400 162,600 163,700 164,900 166,000 87
88 144, 300 145, 500 146, 600 147, 800 149, 000 150,100 151,300 152,500 153, 700 154,900 156,000 157,200 158, 400 159,600 160,800 162, 100 163, 300 164, 500 165, 700 166,900 168,200 88
89 144,300 145, 500 146,600 147,800 149,000 150,100 151,300 152,500 153,700 154, 900 156, 000 157,200 158,400 159,600 160,800 162, 100 163,300 184,500 165, 700 166,900 168,200 89
90 144,300 145, 500 146,600 147,800 149,000 150, 100 151,300 152,500 153,700 154, 900 156,000 157,200 158,400 159,600 160,800 162, 100 163,300 164,500 165, 700 166,900 168,200 90

MARCH 1999 HEADWATER 990 to 992



24 DOUGLAS DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

.• HEADWATER ELEVATION 2°•
12 992.0 1992.1 992.2 992.3 992.4 992.5 992.6 992.7 992.8 992.9 993.0 993.1 993.2 993.3 993.4 993.5 993.6 993.7 993.8 993.9 994.0 T_

1 1,270 1,270 1,270 1,270 1,280 1,280 1,280 1,290 1,290 1,290 1,290 1,300 1,300 1,300 1,310 1,310 1,310 1,310 1,320 1,320 1,320 1
2 2,510 2,510 2,520 2,520 2,530 2,540 2,540 2,550 2, 550 2,560 2,560 2, 570 2, 580 2,580 2,590 2,590 2,600 2,600 2,610 2,610 2,620 2
3 3, 690 3,700 3,710 3,720 3,730 3, 740 3,750 3,750 3,760 3, 770 3, 780 3, 790 3, 800 3,800 3, 810 3, 820 3,830 3,840 3,850 3,850 3,860 3
4 4,930 4,950 4,960 4,970 4,980 4,990 5,000 5,010 5,020 5,040 5,050 5,060 5,070 5,080 5,090 5,100 5,110 5,120 5,130 5,150 5,160 4
5 6,230 6, 240 6,260 6,270 6, 290 6, 300 6, 310 6,330 6,340 6,360 6,370 6,390 6,400 6, 410 6,430 6,440 6,460 6,470 6, 480 6,500 6,510 5

6 7, 400 7,410 7,430 7,450 7,470 7, 480 7,500 7,520 7, 530 7,550 7,570 7, 580 7, 600 7,620 7,630 7,650 7, 670 7,680 7,700 7,720 7, 730 6
7 8, 570 8 590 8,610 8,630 8,650 8, 670 8, 680 8, 700 8, 720 8, 740 8, 760 8, 780 8, 800 8, 820 8,840 8, 860 8,880 8,900 8,920 8,930 8, 950 7
8 9,750 9, 770 9,790 9,810 9,840 9,860 9,880 9,900 9,920 9,950 9,970 9,990 10,010 10,030 10,060 10,080 10,100 10,120 10,140 10,170 10,190 8
9 11,020 11,040 11,070 11,090 11,120 11,140 11,170 11,190 11,220 11,240 11,270 11,290 11,320 11,340 11,370 11,390 11,420 11,440 11,460 11,490 11,510 9

10 12,290 12,310 12,340 12,370 12,400 12,430 12,460 12,480 12,510 12,540 12,570 12,590 12,620 12,650 12, 680 12,700 12,730 12,760 12,790 12,810 12,840 10

11 13,570 13,600 13,630 13,660 13,690 13,720 13,750 13,780 13,810 13,840 13,870 13,910 13,940 13,970 14,000 14,030 14,060 14,090 14,120 14,150 14,180 11
12 14,990 15,030 15,060 15,100 15,130 15,170 15,200 15,230 .15,270 15,300 15,340 15,370 15,400 15,440 15,470 15,510 15,540 15,570 15,610 15,640 15,670 12
13 16, 410 16, 450 16, 480 16, 520 16,560 16,600 16,640 16,670 16,710 16, 750 16, 790 16,820 16, 860 16,900 16,940 16, 970 17, 010 17,050 17, 080 17, 120 17, 160 13
14 17, 830 17,870 17, 910 17, 950 17,990 18,040 18,080 18,120 18,160 18, 200 18, 240 18,280 18, 320 18,360 18,400 18, 450 18, 490 18, 530 18, 570 18, 610 18, 650 14
15 19, 240 19,280 19,330 19,370 19,420 19,460 19,510 19,550 19,600 19,640 19,690 19,730 19, 780 19,820 19,860 19,910 19,950 20,000 20,040 20,080 20,130 15

16 20, 590 20,640 20,690 20,730 20,780 20,830 20,880 20,930 20,970 21,020 21,070 21,120 21,170 21,210 21,260 21,310 21,350 21,400 21,450 21,490 21,540 16
17 22, 000 22, 060 22, 110 22, 160 22, 210 22, 260 22, 310 22, 370 22,420 22,470 22, 520 22,570 22, 620 22,670 22, 720 22, 770 22, 820 22, 870 22, 920 22, 980 23, 030 17
18 23,430 23, 490 23,540 23,600 23, 650 23, 710 23, 760 23,820 23,870 23,930 23, 980 24,040 24,090 24,150 24,200 24,250 24, 310 24, 360 24,420 24,470 24,520 18
19 24,840 24,900 24, 960 25, 020 25,080 25,140 25,200 25,260 25,310 25,370 25, 430 25,490 25, 550 25,600 25,660 25, 720 25,780 25, 830 25, 890 25, 950 26,000 19
20 26,250 26,320 26, 380 26,440 26,500 26,560 26,630 26,690 26,750 26,810 26, 870 26,930 27, 000 27,060 27, 120 27,180 27,240 27, 300 27, 360 27, 420 27,480 20

21 27,660 27,730 27,790 27,860 27,920 27,990 28, 050 28,120 28,190 28,250 28,320 28, 380 28,440 28,510 28, 570 28,640 28,700 28,770 28,830 28, 890 28,960 21
22 29,070 29,130 29, 200 29, 270 29,340 29,410 29,480 29,550 29,620 29,690 29,760 29, 820 29, 890 29,960 30, 030 30, 090 30,160 30,230 30,300 30, 360 30,430 22
23 30,530 30,600 30,680 30,750 30,820 30,900 30,970 31,040 31,110 31,190 31,260 31,330 31,400 31,470 31,550 31,620 31,690 31,760 31,830 31,900 31,970 23
24 31,960 32,040 32, 110 32, 190 32,270 32, 340 32,420 32,500 32,570 32,650 32, 730 32, 800 32,880 32, 950 33, 030 33,100 33,180 33,250 33,330 33,400 33,480 24
25 33,380 33,460 33, 540 33,620 33,710 33, 790 33,870 .33,950 34,030 34,110 34,190 34, 270 34,340 34,420 34, 500 34, 580 34,660 34,740 34,820 34,890 34,970 25

26 34, 800 34, 880 34, 970 35, 050 35,140 35, 220 35, 310 35,390 35,470 35,560 35,640 35, 720 35, 810 35, 890 35, 970 36, 060 36,140 36, 220 36, 300 36,380 36, 460 26
27 36, 210 36,300 36,390 36, 480 36, 570 36, 660 36,740 36,830 36, 920 37,010 37,090 37,180 37,270 37, 350 37, 440 37,530 37,610 37,700 37,780 37, 870 37,950 27
28 37, 620 37, 710 37, 810 37, 900 37, 990 38, 080 38, 170 38,270 38, 360 38,450 38,540 38, 630 38, 720 38, 810 38, 900 38, 990 39,080 39,170 39,260 39, 350 39,440 28
29 39, 050 39,150 39, 250 39,340 39,440 39, 530 39, 630 39,720 39, 820 39,910 40,010 40,100 40, 200 40,290 40, 380 40, 480 40,570 40, 660 40, 760 40, 850 40,940 29
30 40, 450 40, 560 40, 660 40, 760 40,850 40, 950 41, 050 41,150 41,250 41,350 41,450 41, 550 41,640 41,740 41, 840 41,940 42,030 42,130 42, 230 42, 320 42,420 30

31 41,880 41,990 42,090 42, 190 42,300 42,400 42,500 42,610 42,710 42,810 42,910 43,020 43,120 43,220 43,320 43,420 43,520 43,620 43,720 43,820 43,920 31
32 43, 310 43, 420 43, 530 43,630 43, 740 43, 850 43, 950 44, 060 44, 170 44,270 44, 380 44, 490 44,590 44, 700 44, 800 44,900 45,010 45,110 45, 220 45, 320 45, 420 32
33 44, 730 44, 840 44, 960 45, 070 45,180 45,290 45,400 45, 510 45, 620 45, 730 45,840 45, 950 46, 060 46, 170 46, 280 46, 380 46,490 46, 600 46, 710 46,810 46, 920 33
34 46, 250 46, 360 46, 480 46, 600 46, 710 46, 830 46,940 47, 060 47, 170 47,290 47, 400 47, 510 47, 630 47, 740 47, 850 47, 970 48,080 48, 190 48, 300 48, 410 48, 520 34
35 47, 760 47, 880 48,000 48, 120 48,240 48, 360 48,480 48,600 48, 720 48,840 48, 960 49, 070 49, 190 49, 310 49, 430 49,540 49,660 49, 780 49, 890 50,010 50, 120 35

36 49, 280 49, 400 49, 530 49, 650 49,780 49, 900 50, 030 50,150 50,270 50,400 50, 520 50,640 50, 760 50, 880 51,000 51,130 51,250 51,370 51,490 51,610 51,730 36
37 50, 790 50,920 51,040 51,170 51,300 51,430 51,560 51,690 51,810 51,940 52,070 52,190 52,320 52,450 52,570 52,700 52,820 52, 950 53, 070 53,200 53,320 37
38 52,270 52,400 52,540 52,670 52,800 52,940 53,070 53,200 53,330 53,460 53,600 53, 730 53,860 53,990 54, 120 54,250 54,370 54,500 54,630 54,760 54,890 38
39 53, 780 53, 920 54,060 54 190 54,330 54,470 54,600 54,740 54,880 55,010 55,150 55,280 55,420 55,550 55, 680 55, 820 55,950 56,080 56,220 56,350 56,480 39
40 55, 300 55,440 55,580 55: 720 55,870 56, 010 56,150 56,290 56,430 56, 570 56, 710 56, 850 56,990 57,130 57, 260 57, 400 57,540 57, 680 57, 810 57, 950 58,090 40

41 56, 810 56, 960 57, 100 57, 250 57,400 57,540 57, 690 57, 830 57, 980 58,120 58, 270 58, 410 58, 550 58, 690 58,840 58, 980 59,120 59, 260 59,400 59,540 59, 680 41
42 58, 320 58,470 58, 620 58, 770 58,920 59, 070 59, 220 59, 370 59, 520 59, 670 59, 820 59, 960 60,110 60,260 60,410 60, 550 60,700 60,840 60, 990 61,130 61, 280 42
43 59,820 59,980 60,140 60, 290 60,450 60,600 60,750 60,910 61,060 61,210 61,370 61,520 61,670 61,820 61,970 62,120 62,270 62,420 62,570 62,720 62,870 43
44 61,330 61,490 61, 650 61,810 61,970 62,130 62,290 62,440 62,600 62,760 62,920 63, 070 63, 230 63,380 63,540 63, 690 63,850 64,000 64,160 64,310 64,460 44
45 63,410 63,580 63,750 63,910 64,080 64,250 64,410 64,580 64,740 64,900 65,070 65, 230 65,390 65,560 65, 720 65, 880 66,040 66,200 66, 360 66,520 66,680 45

46 65,500 65,680 65,850 66, 020 66,200 66,370 66,540 66,710 66, 880 67, 050 67,220 67, 390 67,560 67,730 67,900 68,070 68,240 68,400 68, 570 68, 740 68,900 46
47 67, 600 67,780 67,960 68, 140 68,320 68, 500 68,680 68,850 69, 030 69, 210 69, 390 69, 560 69,740 69, 910 70,090 70,260 70,440 70,610 70, 790 70, 960 71,130 47
48 69, 680 69, 870 70, 060 70, 250 70,430 70, 620 70, 800 70,990 71,170 71,360 71,540 71,720 71,910 72, 090 72, 270 72,450 72,630 72, 810 72,990 73,170 73, 350 48
49 71, 730 71, 920 72,120 72, 310 72,500 72, 690 72, 890 73,080 73,270 73,460 73, 650 73, 840 74, 030 74,220 74, 410 74, 590 74,780 74, 970 75,150 75, 340 75, 530 49
50 73, 790 73, 990 74, 190 74, 390 74, 590 74, 790 74, 990 75,190 75, 390 75, 580 75, 780 75, 980 76, 170 76, 370 76, 560 76, 760 76, 950 77, 140 77,340 77, 530 77, 720 50

51 75,890 76,100 76,300 76,510 76, 720 76, 920 77, 130 77,330 77,540 77,740 77,950 78, 150 78,350 78, 550 78,760 78,960 79,160 79,360 79,560 79,750 79,950 51
52 77, 980 78, 200 78, 410 78, 630 78,840 79, 050 79, 260 79,480 79,690 79, 900 80,110 80, 320 80, 530 80, 740 80, 940 81,150 81, 360 81,560 81,770. 81,970 82,180 52
53 80, 070 80, 290 80, 510 80, 740 80, 960 81,180 81,390 81,610 81, 830 82, 050 82,270 82, 480 82, 700 82,910 83,130 83,340 83, 550 83,770 83, 980 84,190 84,400 53
54 82,150 82, 380 82, 610 82, 840 83, 070 83, 290 83, 520 83,740 83,970 84,190 84,420 84, 640 84,860 85,080 85,310 85,530 85, 750 85, 970 86,180 86,400 86,620 54
55 84, 230 84,460 84, 700 84,930 85, 170 85,400 85, 630 85, 870 86,100 86, 330 86, 560 86, 790 87, 020 87, 250 87,470 87,700 87, 930 88,150 88, 380 88,600 88, 830 55

HEADWATER 992 to 994 MARCH 1999



DOUGLAS DAM 25

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

990 9HEADWATER ELEVATION
1 992.0 1 992.1 1 992.2 1 992.3 1 992.4 1 992.5 1992.6 992.71 992.8 992.9 1 993.0 1 993.1 993.2 993.3 993.4 993.5 993.6 993.7 993.8 993.9 994.0 L

56 86, 760 87,010 87, 260 87, 500 87, 750 87, 990 88, 240 88,480 B8, 720 88, 970 89,210 89,450 89, 690 89, 930 90,170 90,400 90,640 90, 880 91,110 91,350 91,580 56
57 89, 300 89,560 89, 820 90, 080 90, 330 90, 590 90,840 91,100 91, 350 91, 600 91,860 92,110 92, 360 92,610 92, 860 93,110 93,360 93, 600 93,850 94,100 94, 340 57
58 91,840 92,110 92, 380 92, 650 92,920 93,190 93,450 93, 720 93, 980 94,250 94,510 94, 770 95, 030 95,290 95, 560 95, 820 96, 070 96, 330 96,590 96, 850 97,100 58
59 94, 380 94, 660 94, 940 95, 220 95, 500 95, 770 96, 050 96, 330 96, 600 96, 880 97,150 97,430 97, 700 97, 970 98, 240 98, 510 98, 780 99, 050 99, 320 99, 590 99, 860 59
60 96,840 97,130 97,420 97, 710 98,000 98, 290 98, 580 98, 860 99, 150 99, 430 99, 720 100,000 100, 300 100,600 100, 900 101,100 101,400 101, 700 102,000 102, 300 102, 500 60

61 99,300 99,600 99,900 100,200 100,500 100,800 101,100 101,400 101,700 102,000 102,300 102,600 102,900 103,200 103,500 103,800 104,000 104,300 104,600 1104,900 105,200 61
62 101,900 102,200 102,500 102,800 103,100 103,400 103,700 104,000 104,300 104,600 105,000 105,300 105,600 105,900 106,200 106,500 106,800 107,100 107,400 107,700 108,000 62
63 104,400 104,700 105,000 105,400 105,700 106,000 106,300 106,700 107,000 107,300 107,600 107,900 108,200 108,600 108,900 109,200 109,500 109,800 110,100 110,400 110,700 63
64 106,900 107,300 107,600 107,900 108,300 108,600 108,900 109,300 109,600 109,900 110,200 110,600 110,900 111,200 111,600 111,900 112,200 112,500 112,800 113,200 113,500 64
65 109,500 109,800 110,200 110, 500 110,900 111,200 111,500 111,900 112, 200 112, 600 112,900 113, 200 113, 600 113,900 114,300 114,600 114,900 115, 300 115, 600 115,900 16, 300 65

66 112,000 112,400 112,700 113,100 113,400 113,800 114,100 114,500 114,800 115,200 115,500 115,900 116,200 116,600 116,900 117,300 117,600 118,000 118,300 118,700 119,000 66
67 115,000 115,400 115,700 116,100 116,500 116,800 117,200 117,500 117,900 118,300 118,600 119,000 119,300 119,700 120,000 120,400 120,700 121,100 121,400 121,800 122,100 67
68 118,000 118,400 118,700 119,100 119,500 119,800 120,200 120,600 120,900 121,300 121,700 122,000 122,400 122,700 123,100 123,400 123,800 124,100 124,500 124,800 125,200 68
69 121,000 121,400 121,800 122,100 122,500 122,900 123,200 123,600 124,000 124,300 124,700 125,100 125,400 125,800 126,100 126,500 126,800 127,200 127,600 127,900 128,300 69
70 124,000 124,400 124,800 125,100 125,500 125,900 126,300 126,600 127,000 127,400 127,700 128,100 128,500 128,800 129,200 129,600 129,900 130,300 130,600 131,000 131,300 70

71 126,900 127,300 127,600 128,000 128,400 128,800 129,200 129,500 129,900 130,300 130,700 131,000 131,400 131,800 132,100 132,500 132,800 133,200 133,600 133,900 134,300 71
72 129, 700 130,100 130,500 130, 900 131,300 131,700 132,100 132, 400 132,800 133,200 133, 600 133,900 134,300 134,700 135,100 135,400 135,800 136,100 136,500 136,900 137,200 72
73 132,800 133,200 133,500 133,900 134,300 134,700 135,100 135,500 135,900 136,200 136,600 137,000 137,400 137,800 138,100 138,500 138,900 139,200 139,600 140,000 140,300 73
74 135,800 136,200 136,600 137,000 137,400 137,800 138,100 138,500 138,900 139,300 139,700 140,100 140,400 140,800 141,200 141,600 141,900 142,300 142,700 143,000 143,400 74
75 138, 800 139, 200 139,600 140, 000 140, 400 140, 800 141,200 141,600 142,000 142, 300 142, 700 143,100 143, 500 143, 900 144, 300 144,600 145,000 145,400 145, 700 146, 100 146, 500 75

76 141,700 142,200 142,600 143,000 143,400 143, 800 144,200 144,600 145,000 145,400 145, 800 146,100 146, 500 146,900 147,300 147,700 148,100 148,400 148,800 149,200 149,500 76
77 144,700 145,200 145,600 146,000 146,400 146,800 147,200 147,600 148,000 148,400 148,800 149,200 149,600 150,000 150,400 150,700 151,100 151,500 151,900 152,300 152,600 77
78 146, 800 147,300 147,800 148, 300 148,700 149,200 149, 700 150,200 150, 700 151, 100 151, 600 152,100 152,600 153,000 153, 500 154,000 154,400 154,900 155, 300 155, 800 156, 300 78
79 148,900 149,500 150,100 150,600 151,200 151,700 152,300 152,900 153,400 154, 000 154,500 155,100 155,600 156,200 156, 700 157,300 157,800 158,400 158,900 159,500 160,000 79
80 151,100 151,700 152,400 153,000 153,700 154,300 154,900 155, 600 156,200 156,800 157,500 158,100 158,700 159,400 160,000 160,600 161,300 161,900 162,500 163,200 163, 800 80

81 153,300 154,000 154,700 155,400 156,100 156,800 157,600 158,300 159,000 159,700 160,400 161,100 161,800 162,600 163, 300 164,000 164,700 165,400 166,100 166,800 167,600 81
82 155,300 156,100 156,900 157,700 158,400 159,200 160,000 160,800 161,600 162,400 163,200 164,000 164, 800 165,600 166,400 167,100 167,900 168,700 169,500 170,300 171,100 82
83 157,400 158,200 159,100 159,900 160,800 161,700 162,500 163,400 164,200 165,100 166,000 166,800 167,700 168,600 169,500 170,300 171,200 172,100 172,900 173,800 174,700 83
84 159,500 160,500 161,400 162,300 163,300 164,200 165,100 166,100 167,000 168,000 168,900 169,900 170, 800 171,800 172,700 173,700 174,600 175,600 176, 500 177,500 178,500 84
85 161,700 162,700 163,700 164,800 165,800 166,800 167,800 168,800 169,900 170,900 171,900 172,900 174, 000 175,000 176,000 177,100 178,100 179,200 180,200 181,200 182,300 85

86 163,900 165,000 166,000 167,100 168,200 169,300 170,400 171,500 172,600 173,700 174,800 175,900 177,000 178,200 179,300 180,400 181,500 182,600 183,800 184,900 186,000 86
87 166,000 167,200 168,300 169,500 170,700 171,800 173,000 174,200 175,400 176,500 177,700 178,900 180,100 181,300 182,500 183,700 184,900 186,100 187,300 188,600 189,800 87
88 168,200 169,400 170,600 171,900 173,100 174,400 175,600 176,900 178,100 179,400 180,700 181,900 183,200 184,500 185,800 187,100 188,300 189,600 190,900 192,200 193,500 88
89 168,200 169,400 170,600 171,900 173,100 174,400 175,600 176,900 178,100 179,400 180,700 181,900 183,200 184,500 185,800 187,100 188,300 189,600 190,900 192,200 193,500 89
90 168,200 169,400 170,600 171,900 173,100 174,400 175,600 176,900 178,100 179,400 180,700 181,900 183,200 184,500 185,800 187,100 188,300 189,600 190,900 192,200 193,500 90

MARCH 1999 
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26 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

•z• ~HEADWATER ELEVATION •.
9940 9941 994.2 994.3 994.4 994.5 994.6 994.7 994.8 994.9 995.0 1 995.1 995.2 995.3 [ 995.4 995.5 995.6 995.7 995.8 995.9 996.0

1 1,320 1,330 1,330 1,330 1,330 1,340 1,340 1,340 1,350 1,350 1,350 1,350 1,360 1,360 1,360 1,360 1,370 1,370 1,370 1,380 1,380 1
2 2,620 2,630 2,630 2,640 2,640 2,650 2,650 2,660 2,660 2,670 2,670 2,680 2,690 2,690 2,700 2, 700 2,710 2,710 2,720 2,720 2,730 2
3 3,860 3, 870 3, 880 3, 890 3,890 3,900 3, 910 3,920 3,930 3, 930 3, 940 3,950 3,960 3, 970 3, 970 3,980 3,990 4, 000 4, 010 4,010 4,020 3
4 5,160 5,170 5,180 5,190 5,200 5,210 5,220 5,230 5,240 5,250 5,260 5,280 5,290 5,300 5,310 5,320 5,330 5,340 5,350 5,360 5,370 4
5 6, 510 6,520 6,540 6,550 6,570 6, 580 6, 590 6,610 6,620 6, 630 6, 650 6,660 6, 670 6,690 6,700 6,710 6,730 6, 740 6,750 6,770 6, 780 5

6 7,730 7,750 7,760 7,780 7,800 7,810 7,830 7,850 7,860 7, 880 7,890 7,910 7,930 7,940 7,960 7,970 7,990 8,000 8,020 8,040 8,050 6
7 8,950 8,970 8,990 9,010 9,030 9,050 9,070 9,090 9,100 9,120 9,140 9,160 9,180 9,200 9,220 9,230 9,250 9,270 9,290 9,310 9,320 7
8 10,190 10,210 10,230 10,250 10,270 10,290 10,310 10,340 10,360 10,380 10,400 10,420 10,440 10,460 10,480 10,500 10,530 10,550 10,570 10,590 10,610 8
9 11,510 11,540 11,560 11,590 11,610 11,630 11,660 11,680 11,710 11,730 11,750 11,780 11,800 11,830 11,850 11,870 11,900 11,920 11,940 11,970 11,990 9
10 12,840 12,870 12,900 12, 920 12,950 12,980 13,000 13,030 13,060 13,080 13,110 13, 140 13,160 13,190 13, 220 13, 240 13, 270 13, 290 13, 320 13, 350 13,370 10

11 14,180 14,210 14,240 14,270 14,300 14,330 14,360 14,390 14,420 14,440 14,470 14,500 14,530 14,560 14,590 14,620 14,650 14,680 14,710 14,740 14,770 11
12 15,670 15,710 15,740 15,770 15,810 15,840 15,870 15,910 15,940 15,970 16,000 16,040 16,070 16,100 16,130 16,170 16,200 16,230 16,260 16,300 16,330 12
13 17,160 17,190 17,230 17,270 17,300 17,340 17,380 17,410 17,450 17,490 17,520 17,560 17,590 17,630 17,660 17,700 17,740 17,770 17,810 17,840 17,880 13
14 18, 650 18, 690 18,730 18, 770 18, 810 18,850 18,890 18,930 18,960 19,000 19,040 19,080 19,120 19,160 19,200 19,240 19,280 19,320 19, 350 19,390 19,430 14
15 20,130 20,170 20,210 20, 260 20, 300 20, 340 20, 390 20,430 20,470 20, 510 20, 560 20,600 20,640 20,680 20, 730 20, 770 20, 810 20, 850 20, 890 20, 930 20, 980 15

16 21,540 21,590 21,630 21,680 21,730 21,770 21,820 21,870 21,910 21,960 22,000 22,050 22,090 22,140 22,180 22,230 22,280 22,320 22,370 22,410 22,450 16
17 23,030 23,080 23,120 23,170 23, 220 23,270 23,320 23,370 23,420 23,470 23, 520 23,570 23,620 23, 670 23, 710 23,760 23,810 23,860 23, 910 23,960 24,000 17
18 24,520 24,580 24,630 24,680 24,730 24,790 24,840 24,890 24,950 25,000 25, 050 25,100 25,150 25, 210 25, 260 25,310 25,360 25,410 25,460 25,520 25,570 18
19 26,000 26, 060 26,120 26,170 26,230 26,290 26,340 26,400 26,450 26, 510 26, 560 26, 620 26, 680 26, 730 26, 790 26,840 26,900 26, 950 27, 000 27, 060 27,110 19
20 27, 480 27, 540 27,600 27, 660 27, 720 27, 780 27,640 27, 900 27, 960 28, 020 28, 070 28,130 28, 190 28, 250 28, 310 28, 370 28,420 28, 480 28, 540 28, 600 28, 660 20

21 28,960 29,020 29,080 29,150 29,210 29, 270 29,330 29,400 29,460 29, 520 29,580 29,640 29,710 29,770 29, 830 29,890 29,950 30,010 30,070 30,140 30,200 21
22 30,430 30,500 30,560 30,630 30,700 30, 760 30,830 30, 890 30,960 31,020 31,090 31,160 31,220 31,290 31,350 31,410 31,480 31,540 31,610 31,670 31,740 22
23 31,970 32,040 32,110 32,180 32,250 32,320 32,390 32,460 32,530 32,600 32,670 32,740 32,810 32,880 32,940 33, 010 33, 080 33,150 33, 220 33,280 33, 350 23
24 33,480 33,550 33, 620 33,700 33,770 33,840 33,920 33,990 34,060 34,140 34,210 34,280 34,350 34,430 34,500 34 570 34,640 34,710 34,790 34,860 34, 930 24
25 34, 970 35, 050 35,130 35, 210 35,280 35, 360 35,440 35,510 35,590 35, 670 35,740 35, 820 35, 890 35,970 36, 050 36,120 36,200 36,270 36, 350 36,420 36, 500 25

26 36, 460 36,550 -36,630 36,710 36,790 36,870 36,950 37,030 37,110 37,190 37,270 37,350 37,430 37, 510 37,590 37,670 37,740 37,820 37,900 37,980 38,060 26
27 37, 950 38, 040 38,120 38, 210 38,290 38, 380 38, 460 38,550 38,630 38, 710 38, 800 38, 880 38, 960 39, 040 39,130 39,210 39,290 39, 370 39,460 39,540 39, 620 27
28 39,440 39, 520 39, 610 39, 700 39,790 39, 880 39,960 40,050 40,140 40,230 40, 310 40, 400 40, 490 40,570 40,660 40,740 40,830 40,920 41,000 41,090 41,170 28
29 40,940 41,030 41,130 41,220 41,310 41,400 41,490 41,580 41,670 41,770 41,860 41,950 42,040 42,130 42,220 42,300 42,390 42,480 42,570 42,660 42,750 29
30 42,420 42,510 42,610 42,710 42,800 42,900 42,990 43,080 43,180 43,270 43,370 43, 460 43, 550 43,650 43,740 43,830 43, 930 44,020 44,110 44,200 44,300 30

31 43, 920 44, 020 44,120 44,220 44,320 44,420 44, 510 44,610 44,710 44, 810 44,910 45,000 45, 100 45, 200 45, 290 45, 390 45,490 45, 580 45, 680 45, 770 45, 870 31
32 45, 420 45, 530 45, 630 45, 730 45, 840 45, 940 46, 040 46,140 46, 240 46, 340 46, 440 46, 550 46, 650 46, 750 46, 850 46, 950 47, 050 47, 150 47, 250 47, 340 47, 440 32
33 46, 920 47, 030 47, 130 47, 240 47,350 47, 450 47, 560 47,660 47, 770 47, 870 47, 980 48, 080 48, 190 48, 290 48, 390 48, 500 48, 600 48, 700 48, 810 48, 910 49, 010 33
34 48, 520 48, 640 48, 750 48, 860 48, 970 49, 080 49, 190 49, 300 49, 410 49, 510 49, 620 49, 730 49, 840 49, 950 50, 060 50, 160 50, 270 50, 380 50, 480 50, 590 50, 700 34
35 50,120 50,240 50,350 50, 470 50,580 50,700 50,810 50,920 51, 040 51,150 51,260 51, 380 51, 490 51,600 51, 710 51,820 51,930 52, 050 52, 160 52, 270 52,380 35

36 51,730 51,850 51,970 52, 080 52, 200 52, 320 52,440 52, 560 52,670 52, 790 52, 910 53, 020 53, 140 53,260 53, 370 53,490 53, 600 53, 720 53, 830 53, 950 54, 060 36
37 53, 320 53,440 53, 570 53, 690 53, 810 53, 930 54, 060 54,180 54,300 54, 420 54, 540 54, 660 54,780 54,900 55, 020 55,140 55, 260 55, 380 55, 500 55, 620 55, 740 37
38 54,890 55, 020 55,140 55, 270 55,400 55, 520 55,650 55,780 55,900 56,030 56, 150 56,280 56,400 56, 520 56,650 56,770 56, 900 57,020 57,140 57,260 57,390 38
39 56,480 56, 610 56,750 56, 880 57, 010 57,140 57,270 57,400 57, 530 57,660 57,790 57, 910 58, 040 58,170 58, 300 58,430 58,550 58, 680 58, 810 58,940 59,060 39
40 58,090 58, 220 58,360 58,490 58, 630 58, 760 58,900 59,030 59, 170 59,300 59,430 59, 570 59, 700 59, 830 59, 960 60,090 60,230 60, 360 60, 490 60,620 60,750 40

41 59,680 59,830 59,960 60, 100 60,240 60,380 60,520 60,660 60,800 60,930 61,070 61,210 61,350 61,480 61,620 61,750 61,890 62,020 62,160 62,290 62,430 41
42 61,280 61,420 61,570 61,710 61,850 62,000 62,140 62,280 62,420 62,560 62,710 62,850 62,990 63,130 63,270 63,410 63,550 63,690 63,830 63,960 64, 100 42
43 62, 870 63, 020 63,170 63, 310 63,460 63, 610 63, 760 63,900 64, 050 64,190 64,340 64,480 64,630 64, 770 64, 920 65, 060 65,200 65, 350 65,490 65, 630 65, 770 43
44 64,460 64,610 64,770 64,920 65,070 65, 220 65, 370 65,520 65,670 65,820 65,970 66,120 66,270 66,420 66,570 66,710 66,860 67, 010 67,160 67,300 67,450 44
45 66,680 66,840 67,000 67, 160 67,310 67,470 67, 630 67,790 67,940 68,100 68,250 68,410 68,560 68,720 68,870 69,030 69,180 69,340 69,490 69,640 69,790 45

46 68, 900 69, 070 69, 230 69,400 69,560 69,730 69,890 70,050 70,220 70,380 70,540 70,700 70,870 71,030 71,190 71,350 71,510 71,670 71,830 71,980 72, 140 46
47 71,130 71, 300 71, 480 71,650 71,820 71,990 72,160 72, 330 72, 500 72, 670 72, 830 73,000 73,170 73,340 73, 500 73, 670 73, 840 74, 000 74,170 74, 330 74, 500 47
48 73, 350 73, 530 73, 710 73, 880 74, 060 74,240 74,420 74, 590 74, 770 74, 940 75,120 75,290 75, 470 75,640 75, 810 75,990 76,160 76, 330 76, 500 76, 670 76,840 48
49 75, 530 75, 710 75, 900 76, 080 76,260 76,450 76, 630 76, 810 76, 990 77, 170 77, 360 77,540 77, 720 77,900 78, 070 78, 250 78,430 78, 610 78, 790 78, 970 79, 140 49
50 77, 720 77, 910 78, 100 78, 290 78,480 78, 670 78, 860 79, 050 79,240 79, 430 79, 610 79, 800 79, 990 80,170 80, 360 80,540 80, 730 80, 910 81,100 81, 280 81, 460 50

51 79, 950 80, 150 80, 350 80,540 80, 740 80, 940 81,130 81,330 81,520 81,720 81,910 82, 100 82, 300 82,490 82, 680 82,870 83, 060 83, 250 83,440 83, 630 83, 820 51
52 82,180 82,380 82,590 82, 790 82,990 83,200 83,400 83,600 83,800 64,000 84,200 64,400 84,600 64,800 85,000 85,190 85,390 85,590 85, 780 85, 980 86,170 52
53 84,400 84, 610 84,820 85, 030 85,240 85,450 85,660 85,870 86,080 86,280 86,490 86,690 86, 900 87,100 87,310 87,510 87,720 87,920 88,120 88, 320 88,520 53
54 86,620 86,640 87, 060 87,270 87, 490 87, 700 87, 920 88,130 88,340 88, 560 88, 770 88, 980 89,190 89,400 89,620 89, 830 90, 030 90, 240 90, 450 90, 660 90, 870 54
55 88,830 89, 050 89, 270 89,500 89,720 89, 940 90,160 90,380 90,600 90,820 91,040 91,260 91, 480 91,690 91,910 92,130 92,340 92,560 92, 770 92, 990 93,200 55
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DOUGLAS DAM 27

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

9.0 HEADWATER ELEVATION
12 994.0 994.1 994.2 994.3 994.4 994.5 994.6 994.7 994.8 994.9 995.0 995.1 995.2 995.3 995.4 995.5 995.6 995.7 995.8 995.9 996.0

56 91,580 91,820 92, 050 92, 290 92, 520 92, 750 92,980 93,210 93,440 93, 670 93, 900 94, 130 94, 360 94, 580 94, 810 95, 030 95, 260 95, 480 95, 710 95, 930 96, 150 56
57 94 340 94,590 94, 830 95,080 95, 320 95, 560 95, 810 96, 050 96,290 96, 520 96, 760 97,000 97, 240 97,470 97, 710 97, 940 98,170 98, 410 98,640 98, 870 99,100 57
58 97,100 97,360 97,620 97,870 98,120 98,380 98,630 98,880 99,130 99,380 99,630 99,870 100,100 100,400 100,600 100,800 101,100 101,300 101,600 101,800 102,100 58
59 99,860 100,100 100,400 100,700 100,900 101,200 101,400 101,700 102,000 102,200 102,500 102,700 103,000 103,200 103,500 103,700 104,000 104,300 104,500 104,800 105,000 59
60 102,500 102,800 103,100 103,400 103,600 103,900 104,200 104,500 104,700 105,000 105,300 105,500 105,800 106,000 106,300 106,600 106,800 107,100 107,300 107,600 107,900 60

61 105,200 105,500 105,800 106,100 106,400 106,600 106,900 107,200 107,500 107,800 108,000 108,300 108,600 108,800 109,100 109,400 109,700 109,900 110,200 110,500 110,700 61
62 108,000 108,300 108,600 108,900 109,200 109,500 109,800 110,000 110,300 110,600 110,900 111,200 111,500 111,700 112,000 112,300 112,600 112,900 113,100 113,400 113,700 62
63 110,700 111,100 111,400 111,700 112,000 112,300 112,600 112,900 113,200 113,500 113,800 114,100 114,300 114,600 114,900 115,200 115,500 115,800 116,100 116,400 116,600 63
64 113,500 113,800 114,100 114,400 114,800 115,100 115,400 115,700 116,000 116,300 116,600 116,900 117,200 117,500 117,800 118,100 118,400 118,700 119,000 119,300 119,600 64
65 116,300 116,600 116,900 117,200 117,600 117,900 118,200 118,500 118,900 119,200 119,500 119,800 120,100 120,400 120,700 121,000 121,300 121,600 121,900 122,200 122,500 65

66 119,000 119,300 119,700 120,000 120,400 120,700 121,000 121,400 121,700 122,000 122,300 122,700 123,000 123,300 123,600 123,900 124,200 124,600 124,900 125,200 125,500 66
67 122,100 122,500 122, 800 123,100 123,500 123,800 124,200 124,500 124,800 125,100 125,500 125,800 126,100 126,500 126,800 127,100 127,500 127,800 128,100 128,500 128,800 67
68 125,200 125,500 125,900 126,200 126,600 126,900 127,200 127,600 127,900 128,300 128,600 129,000 129,300 129,600 130,000 130,300 130,700 131,000 131,400 131,700 132,000 68
69 128,300 128,600 129,000 129,300 129,600 130,000 130,300 130,700 131,000 131,400 131,700 132,100 132,500 132,800 133,200 133,600 133,900 134,300 134,600 135,000 135,300 69
70 131,300 131,700 132,000 132,400 132,700 133,100 133,400 133,800 134,100 134,500 134,900 135,300 135,600 136,000 136,400 136,800 137,100 137,500 137,900 138,300 138,600 70

71 134,300 134,600 135, 000 135,300 135,700 136,000 136,400 136,700 137,100 137,500 137,900 138,300 138,700 139,100 139,500 139,800 140,200 140,600 141,000 141,400 141,800 71
72 137,200 137,600 137,900 138,300 138,600 139,000 139,300 139,700 140,100 140,500 140,900 141,300 141,700 142,100 142,500 142,900 143,300 143,700 144,100 144,500 144,900 72
73 140,300 140,700 141,000 141,400 141,700 142,100 142,500 142,800 143,200 143,600 144,100 144,500 144,900 145,300 145,700 146,100 146,600 147,000 147,400 147,800 148,200 73
74 143,400 143,800 144,100 144, 500 144,900 145,200 145, 600 145,900 146,400 146,800 147,200 147,700 148, 100 148,500 149,000 149,400 149, 800 150,200 150,700 151,100 151,500 74
75 146,500 146,900 147,200 147,600 147,900 148,300 148,600 149,000 149,500 149,900 150,400 150,800 151,300 151,700 152,100 152,600 153,000 153,500 153,900 154,400 154,800 75

76 149,500 149,900 150,300 150,600 151,000 151,400 151,700 152,100 152,600 153,000 153,500 153,900 154,400 154,900 155,300 155,800 156,200 156,700 157,200 157,600 158,100 76
77 152,600 153,000 153,400 153,700 154,100 154,500 154,800 155,200 155,700 156,100 156,600 157,100 157,600 158,000 158,500 159,000 159,500 159,900 160,400 160,900 161,300 77
78 156,300 156,700 157,200 157,600 158,100 158,500 159,000 159,500 160,000 160,600 161,100 161,500 161,900 162,300 162,700 163,100 163,600 164, 000 164,400 164,800 165,300 78
79 160,000 160,500 161,100 161,600 162,200 162,700 163,200 163,800 164,400 165,000 165,400 165,800 166,100 166,500 166,800 167,200 167,600 167,900 168,300 168,700 169,100 79
80 163,800 164,400 165,000 165,700 166,300 166,900 167,600 168,200 168,900 169,300 169,700 170,000 170,300 170,600 170,900 171,200 171,500 171,900 172,200 172,600 172,900 80

81 167,600 168,300 169,000 169,700 170,400 171,100 171,900 172,600 173,300 173,700 174,000 174,200 174,400 174,700 174,900 175,200 175,500 175,800 176,100 176,400 176,700 81
82 171,100 171,900 172,700 173,500 174,300 175,100 175,900 176,700 177,500 177,900 178,200 178,300 178,400 178,600 178,800 179,000 179,300 179,500 179,800 180,100 180,400 82
83 174,700 175,600 176,500 177,300 178,200 179,100 180,000 180,900 181,700 182,100 182,300 182,300 182,400 182,500 182,700 182, 900 183,100 183, 300 183,500 183,700 184,000 83
84 178,500 179,400 180,400 181,400 182, 300 183, 300 164, 300 185,300 186,200 186,400 186,600 186,600 186,600 186,600 186,800 186, 900 187,100 187,200 187,400 187,600 187,800 84
85 182,300 183,300 184,400 185,400 186,500 187,600 188,600 189,700 190,600 190,800 190,900 190,800 190,800 190,700 190,800 190,900 191,000 191,100 191,300 191,500 191,600 85

86 186,000 187,200 188,300 189,500 190,600 191,800 192,900 194,100 195,000 195,200 195,200 195,100 194,900 194,900 194,900 195,000 195,000 195,100 195,200 195,300 195,500 86
87 189,800 191,000 192,200 193, 500 194,700 195,900 197, 200 198, 400 199, 500 199,600 199,500 199, 300 199 100 199,000 199,000 199, 000 199,000 199,000 199,100 199,200 199,300 87
88 193,500 194,900 196,200 197, 500 198,800 200,100 201, 500 202,800 203,900 203, 900 203,800 203, 500 203, 300 203,000 203,000 203, 000 202,900 202,900 202,900 203,000 203,100 88
89 193,500 194,900 196, 200 197,500 198,800 200,100 201, 500 202,800 203,900 203, 900 203,800 203,700 203, 600 203,500 203,600 203, 700 203,800 203,900 204,100 204,300 204,500 89
90 193, 500 194, 900 196, 200 197, 500 198,800 200,100 201,500 202,800 203, 900 204, 000 204,100 204,100 204, 100 204,200 204,400 204, 700 204,900 205, 200 205,400 205,700 206,100 90

91 193, 500 194, 900 196, 200 197,500 198, 800 200, 100 201,500 202, 800 203, 900 204,200 204, 400 204,600 204, 800 205,000 205, 300 205, 700 206,100 206, 400 206, 800 207,300 207, 700 91
92 193,500 194,900 196, 200 197,500 198,800 200,100 201,500 202, 800 204, 000 204,400 204, 700 205,000 205,400 205, 700 206,200 206, 700 207, 200 207, 700 208,200 208,800 209, 300 92
93 193,500 194,900 196, 200 197,500 198,800 200,100 201,500 202,800 204,000 204, 500 204, 900 205,400 205, 900 206,400 207, 000 207,600 208, 200 208, 800 209,500 210,100 210, 800 93
94 193,500 194,900 196, 200 197, 500 198,800 200,100 201, 500 202,800 204,000 204, 600 205, 200 205,800 206, 500 207,100 207,800 208,600 209, 300 210, 000 210,800 211,600 212,400 94
95 193, 500 194,900 196, 200 197, 500 198,800 200,100 201, 500 202,800 204,000 204, 800 205, 500 206,300 207, 000 207,800 208, 700 209, 500 210,400 211,300 212,100 213,000 214,000 95

96 193,500 194,900 196,200 197,500 198,800 200,100 201,500 202,800 204,100 205,000 205,900 206,800 207,700 208,600 209,600 210,600 211,600 212,600 213,600 214,600 215,600 96
97 193,500 194,900 196,200 197,500 198,800 200,100 201,500 202,800 204,100 205,100 206,200 207,200 208,300 209,400 210,500 211,600 212,700 213,800 214,900 216,100 217,200 97
98 193,500 194,900 196,200 197,500 198,800 200,100 201,500 202,800 204,100 205,300 206,500 207,700 208,900 210,100 211,300 212,600 213,800 215,000 216,300 217,600 218,800 98
99 193,500 194,900 196,200 197,500 198,800 200,100 201,500 202,800 204,100 205,500 206,800 208,200 209,500 210,900 212,200 213,600 215,000 216,300 217,700 219,100 220,500 99

100 193,500 194, 900 196,200 197,500 198, 800 200, 100 201,500 202, 800 204, 100 205,500 206, 800 208,200 209, 500 210,900 212,200 213, 600 215,000 216,300 217,700 219,100 220,500 100

MARCH 1999 HEADWATER 994 to 996



28 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

___ _ _ __HEADWATER ELEVATION __ _ _
M, 996.0 996.1 996.2 996.3 996.4 996.5 996.6 996.7 996.8 996.9 997.0 997.1 997.2 997.3 997.4 997.5 997.6 997.7 997.8 997.9 998.0

1 1,380 1,380 1,380 1,390 1,390 1,390 1,390 1,400 1,400 1,400 1,400 1,410 1,410 1,410 1,420 1,420 1,420 1,420 1,430 1,430 1,430 1
2 2,730 2,730 2, 740 2, 740 2, 750 2, 750 2,760 2,770 2, 770 2,780 2,780 2,790 2, 790 2,800 2,800 2,810 2, 810 2,820 2, 820 2,830 2,830 2
3 4 020 4, 030 4,040 4,050 4,050 4, 060 4,070 4,080 4,080 4, 090 4,100 4,110 4, 110 4, 120 4,130 4,140 4, 150 4,150 4, 160 4,170 4, 180 3
4 5,370 5,380 5,390 5,400 5,410 5,420 5,430 5,440 5,450 5,460 5,470 5,480 5,490 5,500 5,510 5,520 5,540 5,550 5,560 5,570 5,580 4
5 6,780 6,790 6,810 6,820 6,830 6,850 6,860 6,870 6,890 6,900 6,910 6,920 6,940 6,950 6,960 6,980 6,990 7,000 7,010 7,030 7,040 5

6 8,050 8,070 8,080 8, 100 8,110 8,130 8,150 8,160 8,180 8,190 8,210 8,220 8,240 8,250 8,270 8,280 8,300 8,310 8,330 8,350 8,360 6
7 9,320 9, 340 9, 360 9,380 9,400 9,420 9,430 9,450 9,470 9,490 9, 500 9, 520 9,540 9,560 9, 580 9, 590 9,610 9,9630 9,650 9,660 9, 680 7
8 10,610 10,630 10,650 10,670 10,690 10,710 10,730 10,750 10,770 10,790 10,810 10,830 10,850 10,870 10,890 10,910 10,930 10,950 10,970 10,990 11,010 8
9 11,990 12,010 12,040 12,060 12,080 12,110 12,130 12,150 12,180 12,200 12, 220 12,240 12,270 12,290 12,310 12,340 12,360 12,380 12,400 12,430 12,450 9
10 13,370 13,400 13,430 13, 450 13,480 13,500 13,530 13,550 13,580 13,610 13,630 13,660 13,680 13, 710 13, 730 13, 760 13,780 13,810 13, 830 13,860 13,880 10

11 14,770 14,790 14,820 14,850 14,880 14,910 14,940 14,970 14,990 15,020 15,050 15,080 15,110 15,130 15,160 15,190 15,220 15,250 15,270 15,300 15,330 11
12 16,330 16, 360 16,390 16,420 16,460 16,490 16,520 16,550 16,580 16,610 16,640 16,680 16, 710 16,740 16,770 16,800 16,830 16, 860 16,890 16,930 16, 960 12
13 17,880 17,910 17,950 17,980 18,020 18,050 18,090 18,120 18,160 18,190 18,230 18,260 18,300 18,330 18,360 18,400 18,430 18,470 18,500 18,530 18,570 13
14 19,430 19,470 19,510 19,550 19,590 19,620 19,660 19,700 19,740 19,770 19,810 19,850 19,890 19,930 19,960 20,000 20,040 20,070 20,110 20,150 20,190 14
15 20,980 21,020 21,060 21,100 21,140 21,180 21,230 21,270 21,310 21,350 21,390 21,430 21,470 21,510 21,550 21,590 21,630 21,670 21,710 21,750 21,790 15

16 22,450 22,500 22, 540 22, 590 22, 630 22, 680 22, 720 22,770 22, 810 22, 850 22, 900 22, 940 22, 990 23, 030 23, 070 23, 120 23,160 23, 200 23, 250 23, 290 23, 330 16
17 24,000 24,050 24,100 24,150 24, 190 24, 240 24,290 24,340 24, 380 24,430 24,480 24, 530 24,570 24,620 24, 670 24,710 24,760 24, 810 24,850 24,900 24,940 17
18 25,570 25,620 25, 670 25,720 25,770 25, 820 25,870 25,920 25, 970 26,020 26, 070 26,120 26,170 26,220 26, 270 26,320 26,370 26, 420 26, 470 26,520 26,570 18
19 27,110 27, 170 27, 220 27,280 27, 330 27, 380 27,440 27,490 27,550 27,600 27,650 27, 710 27, 760 27, 810 27, 860 27, 920 27, 970 28, 020 28, 080 28,130 28,180 19
20 28,660 28, 710 28, 770 28, 830 28, 890 28, 940 29,000 29, 060 29,110 29,170 29, 230 29, 280 29,340 29, 390 29, 450 29, 510 29, 560 29, 620 29, 670 29, 730 29, 780 20

21 30,200 30, 260 30, 320 30, 380 30, 440 30, 500 30, 560 30,620 30, 680 30, 740 30,800 30, 860 30, 920 30, 980 31,040 31,090 31,150 31,210 31,270 31,330 31,390 21
22 31,740 31,800 31,860 31,930 31,990 32, 050 32,120 32,180 32,240 32,310 32,370 32,430 32,490 32,560 32,620 32,680 32,740 32,810 32,870 32,930 32,990 22
23 33, 350 33, 420 33,490 33, 550 33, 620 33, 690 33, 750 33, 820 33, 890 33, 950 34, 020 34, 090 34, 150 34, 220 34, 280 34, 350 34,420 34, 480 34, 550 34, 610 34, 680 23
24 34,930 35,000 35,070 35,140 35,210 35, 280 35,350 35,420 35,490 35, 560 35, 630 35,700 35, 770 35, 840 35,910 35,980 36, 050 36,120 36,180 36, 250 36, 320 24
25 36,500 36,570 36, 640 36, 720 36, 790 36, 870 36,940 37, 010 37,090 37,160 37, 230 37, 310 37, 380 37,450 37, 520 37, 600 37, 670 37, 740 37,810 37, 890 37, 960 25

26 38,060 38,140 38,210 38, 290 38,370 38,450 38,520 38,600 38,680 38,750 38,830 38, 910 38,980 39,060 39,140 39,210 39, 290 39, 360 39,440 39,510 39,590 26
27 39,620 39, 700 39, 780 39, 860 39, 940 40, 020 40,100 40,190 40, 270 40,350 40, 430 40, 510 40, 590 40, 660 40, 740 40, 820 40, 900 40, 980 41,060 41,140 41,220 27
28 41,170 41,260 41,340 41,420 41,510 41,590 41,680 41,760 41,840 41,930 42,010 42,090 42, 180 42, 260 42, 340 42,430 42,510 42,590 42,670 42,750 42, 840 28
29 42, 750 42, 840 42, 930 43, 010 43, 100 43, 190 43, 280 43, 360 43,450 43, 540 43, 620 43, 710 43, 800 43, 880 43, 970 44,060 44,140 44, 230 44, 310 44,400 44, 480 29
30 44, 300 44, 390 44,480 44,570 44, 660 44, 750 44, 840 44,930 45, 020 45,110 45, 200 45, 290 45, 380 45,470 45, 560 45, 650 45, 740 45, 830 45, 920 46,010 46, 100 30

31 45, 870 45, 960 46, 060 46, 150 46, 250 46,340 46,440 46, 530 46,630 46,720 46, 810 46, 910 47,000 47, 090 47,180 47, 280 47, 370 47, 460 47, 550 47,650 47, 740 31
32 47,440 47, 540 47, 640 47, 740 47, 840 47, 940 48, 030 48, 130 48, 230 48, 330 48, 420 48, 520 48,620 48, 710 48, 810 48, 900 49,000 49, 100 49, 190 49,290 49, 380 32
33 49, 010 49, 110 49,220 49,320 49,420 49, 520 49,620 49,720 49, 820 49,930 50; 030 50,130 50, 230 50, 330 50,420 50,520 50,620 50,720 50,820 50,920 51,020 33
34 50, 700 50,800 50,910 51,020 51,120 51,230 51,330 51,440 51,540 51,650 51,750 51, 850 51, 960 52,060 52,170 52,270 52,370 52,470 52,580 52,680 52,780 34
35 52, 380 52, 490 52, 600 52,710 52, 820 52, 930 53, 040 53, 140 53, 250 53, 360 53, 470 53, 580 53, 690 53, 790 53, 900 54,010 54,110 54, 220 54,330 54,430 54,540 35

36 54,060 54,180 54, 290 54,410 54,520 54,630 54, 750 54, 860 54,970 55, 080 55,200 55, 310 55, 420 55, 530 55,640 55, 750 55, 860 55, 970 56, 080 56,190 56, 300 36
37 55, 740 55, 860 55, 970 56,090 56,210 56, 330 56,440 56, 560 56,680 56, 790 56, 910 57, 020 57,140 57, 250 57, 370 57, 480 57,600 57, 710 57, 830 57,940 58, 050 37
38 57, 390 57, 510 57,630 57,750 57,870 57,990 58,120 58,240 58, 360 58,480 58, 600 58, 720 58, 830 58,950 59,070 59,190 59,310 59,430 59,550 59,660 59,780 38
39 59,060 59,190 59, 310 59,440 59, 560 59, 690 59, 810 59, 940 60,060 60,190 60, 310 60,430 60, 560 60, 680 60, 800 60, 920 61,050 61,170 61,290 61,410 61,530 39
40 60,750 60, 880 61,010 61, 140 61,270 61,400 61,520 61,650 61,780 61,910 62,040 62,160 62,290 62,420 62, 540 62,670 62,800 62, 920 63,050 63,170 63, 300 40

41 62,430 62, 560 62,700 62,830 62,960 63, 090 63, 230 63, 360 63, 490 63, 620 63, 750 63, 890 64,020 64, 150 64, 280 64,410 64, 540 64, 670 64,800 64, 930 65, 050 41
42 64, 100 64, 240 64, 380 64, 520 64, 650 64, 790 64, 930 65, 060 65, 200 65, 330 65,470 65, 600 65, 740 65, 870 66, 010 66,140 66, 270 66, 410 66, 540 66, 670 66, 810 42
43 65, 770 65, 920 66, 060 66, 200 66, 340 66, 480 66, 620 66, 760 66, 900 67, 040 67, 180 67, 320 67, 460 67, 600 67, 730 67, 870 68,010 68, 150 68, 280 68,420 68,560 43
44 67,450 67, 590 67, 740 67, 890 68, 030 -68,170 68, 320 68,460 68, 610 68, 750 68, 890 69, 040 69,180 69, 320 69,460 69, 600 69, 750 69, 890 70, 030 70, 170 70, 310 44
45 69,790 69,950 70,100 70,250 70,400 70, 550 70, 700 70,850 71,000 71,150 71,300 71, 450 71,600 71,740 71,890 72,040 72,190 72,330 72,480 72,630 72, 770 45

46 72,140 72,300 72,460 72,620 72,770 72, 930 73, 090 73,240 73,400 73,550 73,710 73, 860 74,020 74,170 74,330 74,480 74,630 74,790 74,940 75,090 75,240 46
47 74,500 74,660 74, 830 74, 990 75,150 75, 320 75,480 75,640 75,800 75,960 76,130 76,290 76, 450 76,610 76, 770 76, 930 77, 090 77, 240 77,400 77,560 77, 720 47
48 76,840 77, 010 77,180 77, 350 77,520 77, 690 77, 860 78,030 78,200 78,360 78, 530 78, 700 78, 860 79, 030 79, 200 79,360 79, 530 79, 690 79, 860 80,020 80,180 48
49 79,140 79,320 79,490 79,670 79,850 80,020 80,200 80,370 80,540 80,720 80,890 81,060 81,240 81,410 81,580 81,750 81,920 82,090 82,260 82,430 82,600 49
50 81,460 81,650 81,830 82, 010 82,190 82, 370 82, 550 82, 730 82, 910 83, 090 83, 270 83, 450 83,630 83,810 83, 980 84,160 84, 340 84,510 84,690 84,870 85, 040 50

51 83,820 84, 010 84,200 84,390 84,570 84,760 84,950 85,130 85, 320 85, 500 85,690 85, 870 86, 060 86,240 86, 430 86, 610 86,790 86, 970 87,160 87,340 87,520 51
52 86, 170 86, 370 86, 560 86, 760 86, 950 87, 140 87,340 87, 530 87, 720 87, 910 88, 100 88, 290 88,480 88, 670 88, 860 89, 050. 89, 240 89, 430 89, 620 89, 800 89,990 52
53 88, 520 88,730 88,930 89,130 89,330 89, 520 89,720 89,920 90,120 90,320 90, 510 90, 710 90,910 91,100 91, 300 91,490 91,690 91,880 92,080 92,270 92,460 53
54 90, 870 91,080 91,280 91,490 91,690 91,900 92,100 92,310 92,510 92,720 92,920 93,120 93,320 93,530 93,730 93,930 94,130 94,330 94,530 94,730 94,930 54
55 93, 200 93, 410 93, 630 93,840 94,050 94, 260 94,470 94, 680 94, 890 95, 100 95, 310 95, 520 95, 730 95, 940 96, 140 96, 350 96, 560 96, 760 96, 970 97,170 97, 380 55

HEADWATER 996 to 998 MARCH 1999



DOUGLAS DAM 29

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

~HEADWATER ELEVATION
1- 996.0 996.1 996.2 996.3 996.4 996.5 996.6 996.7 996.8 996.9 997.0 997.1 997.2 997.3 997.4 997.5 997.6 997.7 997.8 997.9 998.0

56 96,150 96, 380 96,600 96,820 97, 040 97,260 97,480 97,700 97,920 98, 140 98,350 98,570 98,790 99,000 99,220 99,430 99,650 99,860 100,100 100,300 100,500 56
57 99,100 99,340 99, 570 99,800 100,000 100,300 100,500 100,700 100,900 101,200 101,400 101,600 101,800 102,100 102,300 102,500 102,700 103,000 103,200 103,400 103,600 57
58 102,100 102,300 102, 500 102,800 103,000 103,300 103,500 103,700 104,000 104,200 104,400 104,700 104,900 105,100 105,400 105,600 105,800 106,100 106,300 106,500 106,800 58
59 105,000 105,300 105,500 105,700 106,000 106,200 106,500 106,700 107,000 107,200 107,500 107,700 108,000 108,200 108,400 108,700 108,900 109,200 109,400 109,600 109,900 59
60 107,900 108,100 108,400 108,600 108,900 109,100 109,400 109,700 109,900 110,200 110,400 110,700 110,900 111,200 111,400 111,700 111,900 112,200 112,400 112,700 112,900 60

61 110,700 111,000 111,300 111,500 111,800 112,100 112,300 112,600 112,800 113,100 113,400 113,600 113,900 114,100 114,400 114,700 114,900 115,200 115,400 115,700 115,900 61
62 113,700 114,000 114,200 114,500 114,800 115,100 115,300 115,600 115,900 116,100 116,400 116,700 117,000 117,200 117,500 117,800 118,000 118,300 118,600 118 800 119,100 62
63 116,600 116,900 117,200 117,500 117,800 118,100 118,300 118,600 118,900 119,200 119,500 119,700 120,000 120,300 120,600 120,800 121,100 121,400 121,700 121,900 122,200 63
64 119,600 119,900 120,200 120,500 120,800 121,000 121,300 121,600 121,900 122,200 122,500 122,800 123,100 123,300 123,600 123,900 124,200 124,500 124,800 125,000 125,300 64
65 122,500 122,900 123,200 123,500 123,800 124,100 124,400 124,600 124,900 125,200 125,500 125,800 126,100 126,400 126,700 127,000 127,300 127,600 127,900 128,200 128,500 65

66 125,500 125,800 126, 100 126,400 126,700 127,000 127,300 127,700 128,000 128,300 128, 600 128,900 129,200 129,500 129,800 130, 100 130,400 130,700 131,000 131,300 131,600 66
67 128,800 129,100 129,400 129,700 130,100 130,400 130,700 131,000 131,400 131,700 132,000 132,300 132,600 132,900 133,300 133,600 133,900 134,200 134,500 134,800 135,100 67
68 132,000 132,400 132,700 133,100 133,400 133, 700 134,100 134,400 134,700 135,100 135,400 135,700 136, 100 136,400 136,700 137,100 137,400 137,700 138, 000 138,400 138,700 68
69 135,300 135,700 136,000 136,400 136,700 137,100 137,400 137,800 138,100 138,500 138,800 139,200 139,500 139,900 140,200 140,500 140,900 141,200 141,600 141,900 142,200 69
70 138, 600 139,000 139,400 139,700 140,100 140, 400 140, 800 141,200 141,500 141, 900 142, 300 142,600 143, 000 143, 300 143,700 144, 000 144,400 144, 800 145, 100 145, 500 145,800 70

71 141,800 142,100 142, 500 142,900 143,300 143,700 144,000 144,400 144, 800 145, 200 145,500 145,900 146,300 146,600 147, 000 147,400 147,800 148,100 148, 500 148,900 149,200 71
72 144,900 145,300 145,700 146,100 146,500 146,900 147,300 147,600 148,000 148,400 148,800 149,200 149,600 150,000 150,30 0 151,500 151,900 152,200 152,600 72
73 148,200 148,600 149,000 149,400 149,800 150,200 150,600 151,000 151,400 151,800 152,200 152,600 153, 000 153,400 153,800 154,200 154,600 155, 000 155,400 155,800 156,200 73
74 151,500 151,900 152,400 152,800 153,200 153,600 154,000 154,500 154,900 155, 300 155,700 156,100 156,500 156,900 157,300 157, 800 158,200 158,600 159,000 159,400 159,800 74
75 154,800 155,200 155,700 156,100 156,500 157,000 157,400 157,800 158,300 158,700 159,100 159,500 160,000 160,400 160,800 161,200 161,700 162,100 162,500 162,900 163,300 75

76 158,100 158,500 159,000 159,400 159,900 160,300 160,700 161,200 161,600 162,100 162,500 163,000 163,400 163,800 164,300 164,700 165,200 165,600 166,000 166,500 166,900 76
77 161,300 161,800 162,300 162,700 163,200 163, 700 164,100 164,600 165,000 165,500 165,900 166,400 166,900 167,300 167,800 168, 200 168,700 169,100 169,600 170,000 170,400 77
78 165,300 165,700 166,100 166,500 167,000 167,400 167,800 168,200 168,700 169,100 169,500 170,000 170,400 170,900 171,300 171,800 172,200 172,700 173,100 173,600 174,000 78
79 169,100 169,500 169,900 170,300 170,700 171,100 171,500 171,800 172,200 172,600 173,100 173,500 174,000 174,400 174,900 175,300 175,800 176,200 176,700 177,100 177,600 79
80 172,900 173,300 173,600 174,000 174,300 174,700 175,100 175,400 175,800 176,200 176,600 177,100 177,500 178,000 178,400 178,900 179,400 179,800 180,300 180,700 181,100 80

81 176,700 177,100 177,400 177,700 178,000 178,300 178,700 179,000 179,300 179,700 180,200 180,600 181,100 181,500 182,000 182,500 182,900 183,400 183,800 184,300 184,700 81
82 180,400 180,700 181,000 181,200 181,500 181,800 182,100 182,400 182, 700 183,100 183,500 184,000 184,400 184,900 185,400 185, 800 186,300 186,700 187,200 187,600 188,100 82
83 184,000 164,300 184, 500 184,800 185,000 185,300 185,500 185,800 186,000 186,400 186,900 187,300 187,800 188,300 188,700 189,200 189,600 190,100 190,500 191,000 191,400 83
84 187,800 188,100 188,300 188,500 188,700 188,900 189,200 189,400 189,600 190,000 190,400 190,900 191,400 191,800 192,300 192,700 193,200 193,700 194,100 194,600 195,000 64
85 191,600 191,800 192,000 192,200 192,400 192,600 192,800 192,900 193,200 193,600 194,000 194,500 194,900 195,400 195,900 196,300 196,800 197,200 197,700 198, 100 198,600 85

86 195,500 195,600 195,800 196,000 196,100 196,200 196,400 196,500 196,700 197,100 197,600 198,000 198,500 199,000 199,400 199,900 200,300 200,800 201,200 201,700 202,100 86
87 199,300 199,400 199, 500 199, 700 199,800 199,900 200,000 200,100 200,200 200,700 201,100 201,600 202, 000 202,500 203,000 203,400 203,900 204,300 204,800 205,200 205, 700 87
88 203, 100 203,200 203, 300 203,400 203,400 203, 500 203, 600 203, 600 203, 800 204, 200 204,600 205,100 205, 600 206, 000 206, 500 207, 000 207,400 207, 900 208, 300 208, 800 209, 200 88
89 204, 500 204,700 204,900 205,100 205, 300 205, 500 205,700 205,900 206,100 206, 700 207,200 207, 800 208,300 208,900 209, 500 210, 000 210,600 211,100 211,700 212, 200 212, 700 89
90 206,100 206,400 206,700 207,100 207,400 207,700 208,000 208,300 208,700 209,300 210,000 210,600 211,300 211,900 212,500 213,200 213,800 214,500 215,100 215,700 216,400 90

91 207,700 208,200 208,600 209,100 209,500 209,900 210,400 210,800 211,300 212,000 212,700 213,500 214,200 214,900 215,700 216,400 217,100 217,900 218,600 219,300 220,000 91
92 209,300 209,900 210,500 211,000 211,600 212,200 212,700 213,300 213,900 214,700 215,500 216,300 217,100 218,000 218,800 219,600 220,400 221,200 222,100 222,900 223,700 92
93 210,800 211,500 212,200 212,900 213,500 214,200 214,900 215,600 216,300 217,200 218,100 219,000 219,900 220,800 221,700 222,600 223,500 224,400 225,300 226,200 227,100 93
94 212,400 213,100 213,900 214,700 215,500 216,300 217,100 217,900 218,700 219,700 220,700 221,700 222,700 223,700 224,600 225,600 226,600 227,600 228,600 229,600 230,600 94
95 214, 000 214,900 215, 800 216, 700 217,600 218,500 219, 400 220,300 221,300 222,400 223,400 224,500 225, 600 226, 700 227, 700 228,800 229,900 231,000 232, 100 233,200 234,300 95

96 215,600 216,700 217,700 218,700 219,800 220,800 221,800 222,900 223,900 225,100 226, 200 227,400 228, 600 229,700 230, 900 232, 100 233,200 234,400 235,600 236,800 238, 000 96
97 217,200 218,400 219,500 220, 700 221,800 223,000 224, 100 225,300 226,500 227,700 229, 000 230, 200 231, 500 232,700 234,000 235,300 236,500 237, 800 239,000 240,300 241, 600 97
98 218,800 220,100 221,400 222,600 223,900 225,200 226, 500 227,800 229,100 230,400 231,700 233,100 234,400 235,700 237,100 238,400 239,800 241,200 242,500 243,900 245, 200 98
99 220,500 221, 800 223, 200 224,600 226,000 227,400 228, 800 230,200 231,700 233, 100 234,500 235, 900 237, 300 238,800 240,200 241,700 243,100 244,600 246,000 247, 500 248, 900 99

100 220,500 221, 800 223, 200 224,600 226,000 227,400 228,800 230,200 231,700 233,100 234,500 235,900 237, 300 238,800 240,200 241,700 243,100 244,600 246,000 247, 500 248,900 100

MARCH 1999 
HEADWATER 996 to 998

MARCH 1999 HEADWATER 996 to 998



30 DOUGLAS DAM
SPILLWAY DISCHARGE

IN CUBIC FEET PER SECOND

___ _ _ _HEADWATER ELEVATION __

1 998.0 998.1 998.2 998.3 998.4 998.5 998.6 998.7 998.8 998.9 999.0 999.1 999.2 999.3 999.4 999.5 999.6 999.7 999.8 999.9 1000.0 [
1 1,430 1,430 1,440 1,440 1,440 1,440 1,450 1,450 1,450 1,450 1,460 1,460 1,460 1,460 1,470 1,470 1,470 1,470 1,480 1,480 1,480 1
2 2,830 2,840 2,840 2,850 2,850 2,860 2,860 2, 870 2,870 2,880 2, 880 2, 890 2,890 2,900 2,900 2, 910 2,910 2,920 2,920 2,930 2, 930 2
3 4,180 4,180 4, 190 4, 200 4, 210 4,210 4,220 4, 230 4,240 4,240 4, 250 4,260 4,270 4,270 4, 280 4, 290 4,290 4, 300 4, 310 4,320 4, 320 3
4 5, 580 5,590 5,600 5,610 5,620 5, 630 5,640 5,650 5,660 5,670 5,680 5, 690 5,700 5,710 5, 720 5,720 5,730 5, 740 5,750 5,760 5, 770 4
5 7,040 7,050 7,070 7,080 7,090 7,100 7,120 7, 130 7,140 7,150 7,170 7, 180 7,190 7,200 7,220 7,230 7,240 7,250 7,270 7,280 7,290 5

6 8, 360 8,380 8,390 8, 410 8,420 8,440 8,450 8,470 8, 480 8,500 8,510 8,520 8,540 8,550 8,570 8,580 8,600 8,610 8,630 8,640 8,660 6
7 9 680 9, 700 9, 720 9, 730 9, 750 9, 770 9,790 9,800. 9, 820 9,840 9 850 9, 870 9, 890 9,910 9,920 9, 940 9, 960 9, 970 9,990 10,010 10, 030 7
8 11,010 11,030 11,050 11,070 11,090 11,110 11,130 11,150 11,170 11,190 11,210 11,230 11,250 11,270 11,290 11,310 11,330 11,350 11,370 11,390 11,410 8
9 12 45520 12,540 12,560 12, 580 12,610 12,690 12,720 12,740 12,760 12,780 12,800 12 ,850 12, 870 12,890 9
0 13,880 13,910 13,930 13,960 13,980 14,010 14,030 14,060 14,080 14,110 14,130 14,160 14,180 14,210 14,230 14,260 14,280 14,300 14,330 14,350 14,380 10

11 15,330 15,360 15,390 15,410 15,440 15,470 15,500 15,520 15,550 15,580 15,600 15,630 15,660 15,690 15,710 15,740 15,770 15,790 15,820 15,850 15,870 11
12 16,960 16,990 17,020 17,050 17,080 17,110 17,140 17,170 17,200 17,230 17,260 17,290 17,320 17,350 17,380 17,410 17,440 17,470 17,500 17,530 17,560 12
13 18,570 18,600 18,640 18,670 18,700 18,740 18,770 18,800 18,840 18,870 18,900 18,940 18,970 19,000 19,040 19,070 19,100 19,140 19,170 19,200 19,240 13
14 20,190 20, 220 20,260 20,300 20, 330 20, 370 20,410 20,440 20, 480 20, 520 20, 550 20,590 20, 630 20,660 20, 700 20, 730 20, 770 20, 810 20, 840 20, 880 20,910 14
15 21,790 21,830 21,870 21,910 21,950 21,990 22,030 22,070 22,110 22,150 22, 190 22,230 22,270 22,310 22,350 22,390 22,430 22, 470 22,500 22,540 22,580 15

16 23,330 23,380 23,420 23,460 23,500 23,550 23,590 23,630 23,670 23,720 23,760 23, 800 23,840 23, 890 23,930 23,970 24, 010 24,050 24,100 24,140 24,180 16
17 24, 940 24,990 25,040 25,080 25,130 25,170 25,220 25,270 25,310 25, 360 25, 400 25, 450 25, 490 25, 540 25,580 25,630 25,670 25, 720 25, 760 25, 810 25,850 17
18 26, 570 26,620 26,670 26,720 26,770 26,820 26,860 26, 910 26,960 27, 010 27, 060 27,110 27,160 27, 200 27, 250 27,300 27,350 27,400 27,440 27,490 27,540 18
19 28,180 28,230 28,280 28,340 28,390 28,440 28,490 28, 540 28,600 28,650 28,700 28,750 28, 800 28, 850 28, 900 28, 950 29,010 29, 060 29,110 29,160 29,210 19
20 29,780 29,840 29,900 29,950 30,010 30, 060 30,120 30,170 30,220 30,280 30,330 30,390 30,440 30,500 30,550 30, 600 30,660 30, 710 30, 770 30, 820 30,870 20

21 31,390 31,450 31,510 31,560 31,620 31,680 31,740 31,800 31,850 31,910 31,970 32,030 32,080 32,140 32,200 32,250 32,310 32,370 32,420 32,480 32,540 21
22 32,990 33,050 33,110 33,170 33,240 33, 300 33,360 33,420 33,480 33,540 33, 600 33, 660 33, 720 33,780 33,840 33,900 33,960 34,020 34,080 34,140 34,200 22
23 34 680 34,740 34,810 34,870 34,940 35, 000 35,060 35,130 35,190 35,260 35, 320 35, 380 35, 450 35,510 35,570 35,640 35,700 35, 760 35, 830 35, 890 35,950 23
24 36, 320 36, 390 36 460 36,530 36,590 36,660 36,730 36,800 36,860 36, 930 37,000 37,070 37,130 37,200 37,270 37,330 37,400 37,460 37, 530 37, 600 37,660 24
25 37,960 38, 030 38,100 38,170 38,240 38,310 38,380 38,460 38,530 38, 600 38,670 38,740 38,810 38,880 38, 950 39,020 39,090 39,160 39,230 39, 300 39,360 25

26 39, 590 39,660 39,740 39,810 39,890 39,960 40, 040 40,110 40,180 40,260 40,330 40, 400 40,480 40,550 40, 620 40,700 40,770 40,840 40,920 40,990 41,060 26
27 41,220 41,290 41,370 41,450 41,530 41,610 41,680 41,760 41,840 41,920 41,990 42,070 42,150 42,220 42,300 42,380 42,450 42,530 42,600 42,680 42,750 27
28 42,840 42,920 43,000 43,080 43,160 43, 240 43,320 43,400 43,480 43,560 43,640 43,720 43,800 43,880 43, 960 44,040 44,120 44,200 44, 280 44,360 44,440 28
29 44,480 44, 570 44, 650 44, 740 44,820 44,910 44,990 45,070 45, 160 45,240 45,320 45,410 45, 490 45,570 45,660 45, 740 45,820 45,900 45, 990 46,070 46,150 29
30 46, 100 46, 180 46, 270 46, 360 46,450 46,530 46,620 46,710 46,800 46,880 46,970 47,060 47,140 47,230 47,320 47, 400 47,490 47,570 47,660 47,740 47,830 30

31 47,740 47,830 47,920 48,010 48,100 48,190 48, 280 48,370 48,470 48,560 48,650 48,740 48,820 48,910 49,000 49,090 49,180 49,270 49,360 49,450 49,540 31
32 49, 380 49,480 49,570 49,670 49,760 49, 850 49, 950 50,040 50,140 50,230 50,320 50,420 50,510 50,600 50,690 50, 790 50,880 50,970 51,060 51,150 51,250 32
33 51,020 51,120 51,210 51,310 51,410 51,510 51,600 51,700 51,800 51,900 51,990 52,090 52,180 52,280 52,380 52,470 52,570 52,660 52,760 52,850 52,950 33
34 52, 780 52,880 52,990 53,090 53,190 53, 290 53, 390 53, 490 53, 590 53,690 53, 790 53, 890 53,990 54, 090 54,190 54,290 54,390 54,490 54, 590 54,690 54,790 34
35 54,540 54,650 54,750 54,860 54,960 55,070 55,170 55, 280 55, 380 55,490 55,590 55,690 55,800 55,900 56,000 56,110 56,210 56,310 56, 410 56,520 56,620 35

36 56,300 56,410 56,520 56,630 56,740 56, 850 56, 960 57,070 57, 180 57,280 57,390 57,500 57, 610 57, 710 57,820 57,930 58,030 58,140 58,250 58,350 58,460 36
37 58, 050 58, 170 58,280 58, 390 58,510 58, 620 58, 730 58,840 58, 960 59, 070 59,180 59,290 59,400 59, 510 59,620 59,730 59,840 59,950 60,060 60,170 60, 280 37
38 59, 780 59,900 60,010 60,130 60,250 60,360 60,480 60,600 60, 710 60, 830 60,940 61,060 61,170 61,290 61,400 61,520 61,630 61,740 61,860 61, 970 62, 080 38
39 61,530 61,650 61,770 61,900 62,020 62, 140 62,260 62,380 62,490 62,610 62, 730 62,850 62,970 63,090 63,210 63, 320 63,440 63,560 63,680 63,790 63,910 39
40 63, 300 63, 420 63,550 63,670 63, 800 63, 920 64,040 64,170 64, 290 64, 410 64, 530 64,660 64,780 64,900 65, 020 65,140 65, 270 65, 390 65, 510 65, 630 65, 750 40

41 65, 050 65, 180 65, 310 65,440 65, 570 65, 690 65, 820 65, 950 66, 080 66, 200 66, 330 66,460 66, 580 66, 710 66, 830 66, 960 67, 080 67, 210 67, 330 67,460 67, 580 41
42 66,810 66, 940 67, 070 .67,200 67, 330 67, 470 67, 600 67, 730 67, 860 67, 990 68, 120 68, 250 68, 380 68, 510 68, 640 68, 770 68, 890 69, 020 69,150 69, 280 69, 410 42
43 68, 560 68, 690 68, 830 68, 960 69, 100 69, 240 69, 370 69, 500 69, 640 69,770 69, 910 70, 040 70, 170 70, 310 70,440 70, 570 70, 700 70,840 70, 970 71, 100 71, 230 43
44 70,310 70,450 70,590 70, 730 70,870 71,010 71,140 71,280 71, 420 71,560 71,700 71,830 71, 970 72,110 72,240 72, 380 72,520 72, 650 72, 790 72,920 73, 060 44
45 72, 770 72,920 73, 060 73,210 73, 360 73,500 73,640 73, 790 73, 930 74, 080 74,220 74,360 74, 500 74,650 74, 790 74, 930 75, 070 75, 210 75,360 75,500 75, 640 45

46 75, 240 75,400 75, 550 75,700 75, 850 76,000 76, 150 76, 300 76, 450 76, 600 76, 750 76,900 77,040 77,190 77,340 77,490 77, 640 77, 780 77, 930 78,080 78, 220 46
47 77, 720 77,880 78,030 78,190 78,350 78, 500 78,660 78, 810 78,970 79,130 79, 280 79,430 79, 590 79, 740 79,900 80, 050 80,200 80,350 80,510 80,660 80, 810 47
48 80,180 80,350 80, 510 80,670 80,840 81, 000 81,160 81,320 81,480 81,640 81, 800 81,960 82,120 82,280 82,440 82, 600 82, 760 82, 920 83,080 83,230 83, 390 48
49 82,600 82,770 82,940 83,110 83,280 83,440 83,610 83,780 83,940 84,110 84,280 84,440 84,610 84,770 84,940 85,100 85,270 85,430 85,590 85,760 85, 920 49
50 85,040 85,220 85,390 85,560 85,740 85, 910 86,080 86,260 86,430 86,600 86, 770 86, 950 87,120 87,290 87,460 87,630 87, 800 87, 970 88,140 88,300 88, 470 50

51 87, 520 87, 700 87, 880 88, 060 88,240 88, 420 88,600 88, 780 88, 950 89,130 89, 310 89,490 89,660 89,840 90, 020 90,190 90, 370 90, 540 90, 720 90,890 91,070 51
52 89, 990 90,180 90, 360 90, 550 90,730 90, 920 91,100 91,290 91,470 91,660 91,840 92, 020 92,210 92, 390 92, 570 92, 750 92, 930 93,110 93, 290 93,470 93,650 52
53 92, 460 92, 650 92, 850 93,040 93, 230 93, 420 93,610 93, 800 93, 990 94, 180 94, 370 94, 560 94, 750 94,930 95, 120 95, 310 95,490 95, 680 95, 870 96, 050 96, 240 53
54 94, 930 95,120 95,320 95,520 95,720 95, 910 96,110 96,300 96, 500 96, 700 96,890 97,080 97, 280 97,470 97, 670 97,860 98,050 98, 240 98,430 98,630 98, 820 54
55 97,380 97,580 97,780 97,990 98,190 98,390 98,590 98,800 99,000 99,200 99,400 99,600 99,800 100,000 100, 200 100,400 100,600 100, 800 101,000 101,200 101,400 55

HEADWATER 998 to 1000 
MARCH 1999

HEADWATER 998 to 1000 MARCH 1999



DOUGLAS DAM 31

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

______ __ _HEADWATER ELEVATION 10.0
2 998.0 998.1 998.2 998.3 998.4 998.5 998.6 998.7 998.8 998.9 999.0 999.1 999.2 999.3 999.4 999.5 999.6 9 999.8 999.9 1000.0 I __

56 100,500 100,700 100,900 101,100 101,400 101,600 101,800 102,000 102,200 102,400 102,600 102,800 103,000 103,200 103,400 103,600 103,900 104,100 104,300 104,500 104,700 56
57 103,600 103,900 104,100 104,300 104,500 104,700 105,000 105,200 105,400 105,600 105,800 106,000 106,300 106,500 106,700 106,900 107, 100 107,300 107,500 107,800 108,000 57
58 106,800 107,000 107,200 107,400 107,700 107,900 108,100 108,400 108,600 108,800 109,000 109,300 109,500 109,700 109,900 110,200 110,400 110,600 110,800 111,000 111,300 58
59 109,900 110,100 110 400 110,600 110,800 111,100 111,300 111,500 111,800 112,000 112,200 112,500 112,700 112,900 113,200 113,400 113,600 113,900 114,100 114,300 114,500 5960 112, 900 113, 200 113, 400 113,600 113,900 114,100 114,400 114,600 114,900 115,100 115,300 115, 600 115,800 116,100 116, 300 116, 500 116,800 117,000 117, 300: 117,500 117,700 60

61 115, 900 116,200 116,500 116,700 117,000 117,200 117,500 117,700 118,000 118,200 118,500 118,700 119,000 119,200 119, 500 119,700 119,900 120, 200 120,400 120,700 120, 900 61
62 119,100 119,300 119,600 119,900 120,100 120,400 120,700 120,900 121,200 121,400 121,700 121,900 122,200 122,500 122,700 123,000 123,200 123,500 123,700 124,000 124,200 62
63 122,200 122,500 122,800 123, 000 123,300 123,600 123,800 124,100 124,400 124,600 124,900 125,200 125,400 125,700 126,000 126,200 126,500 126,700 127,000 127,300 127,500 63
64 125,300 125,600 125,900 126,200 126,400 126,700 127, 000 127, 300 127,500 127,800 128, 100 128,400 128, 600 128,900 129,200 129,500 129,700 130, 000 130, 300 130,500 130,800 64
65 128,500 128,700 129,000 129,300 129,600 129,900 130,200 130,500 130,700 131,000 131,300 131,600 131,900 132,200 132,400 132,700 133,000 133, 300 133,600 133,800 134,100 65

66 131,600 131,900 132,200 132,500 132,800 133, 100 133,300 133,600 133,900 134,200 134,500 134,800 135,100 135,400 135,700 136,000 136,200 136,500 136,800 137,100 137,400 66
67 135,100 135,400 135,800 136,100 136,400 136,700 137,000 137,300 137,600 137,900 138,200 138,500 138,800 139,100 139,400 139,700 140,000 140,300 140,600 140,900 141,200 67
68 138,700 139,000 139,300 139,700 140,000 140,300 140,600 140,900 141,300 141,600 141,900 142,200 142,500 142,800 143,200 143,500 143,800 144,100 144,400 144,700 145,000 68
69 142, 200 142,600 142,900 143,300 143,600 143,900 144, 300 144,600 144,900 145,300 145,600 145,900 146,200 146,600 146,900 147,200 147,600 147,900 148,200 148,500 148,800 69
70 145, 800 146,200 146,500 146,900 147,200 147,600 147,900 148,300 148,600 148,900 149,300 149,600 150,000 150,300 150,700 151,000 151,300 151,700 152,000 152,300 152,700 70

71 149,200 149,600 149,900 150,300 150,700 151,000 151,400 151,700 152,100 152,500 152,800 153,200 153,500 153,900 154,200 154,600 154,900 155,300 155,600 156,000 156,300 71
72 152,600 153,000 153,400 153,800 154,100 154,500 154, 900 155,200 155,600 156,000 156,400 156,700 157,100 157,500 157, 800 158,200 158,600 158,900 159,300 159,600 160,000 72
73 156,200 156,600 157,000 157,400 157,800 158,100 158,500 158,900 159,300 159,700 160,100 160,500 160,800 161,200 161,600 162,000 162,400 162,700 163,100 163,500 163,800 73
74 159,800 160,200 160,600 161,000 161,400 161,800 162,200 162,600 163,000 163,400 163,800 164,200 164,600 165,000 165,400 165,800 166,200 166,500 166,900 167,300 167,700 74
75 163,300 163,800 164,200 164,600 165,000 165,400 165,800 166,200 166, 700 167,100 167,500 167,900 168,300 168,700 169,100 169,500 169,900 170,300 170,700 171,100 171,500 75

76 166,900 167,300 167,700 168,200 168,600 169,000 169,500 169,900 170,300 170,700 171,200 171,600 172,000 172,400 172,800 173,300 173,700 174, 100 174,500 174,900 175,300 76
77 170,400 170,900 171,300 171,800 172,200 172,700 173,100 173,500 174,000 174,400 174,800 175,300 175,700 176,200 176,600 177,000 177,400 177,900 178,300 178,700 179,100 77
78 174,000 174,500 174,900 175,400 175,800 176,200 176,700 177,100 177,600 178,000 178,400 178,900 179,300 179,700 180,200 180,600 181,000 181,400 181,900 182,300 182,700 78
79 177,600 178,000 178,500 178,900 179,400 179,800 180,200 180,700 181,100 181,600 182,000 182,400 182,900 183,300 183,700 184,100 184,600 185,000 185,400 185,800 186,200 79
80 181,100 181,600 182,000 182,500 182,900 183,400 183,800 184,200 184,700 185,100 185,500 186,000 186,400 186,800 187,300 187,700 188,100 188,500 189,000 189,400 189,800 80

81 184,700 185,200 185,600 186,000 186,500 186,900 187,400 187,800 188,200 188,700 189,100 189,500 190,000 190,400 190,800 191,200 191,700 192, 100 192,500 192,900 193,400 81
82 188,100 188,500 189,000 189,400 189,800 190,300 190,700 191,200 191,600 192,000 192,500 192,900 193,300 193,700 194,200 194,600 195,000 195,400 195,900 196,300 196,800 82
83 191,400 191,900 192,300 192,800 193,200 193,600 194,100 194,500 195,000 195,400 195,800 196,200 196,700 197,100 197,500 198,000 198,400 198,800 199,200 199,700 200,100 83
84 195,000 195,500 195, 900 196,300 196,800 197, 200 197, 700 198,100 198,500 199, 000 199,400 199,800 200,200 200,700 201,100 201,500 201,900 202,400 202 800 203,200 203,700 84
85 198,600 199,000 199, 500 199,900 200,400 200, 800 201,200 201,700 202,100 202, 500 203,000 203,400 203, 800 204,200 204, 700 205, 100 205,500 205,900 206, 300 206, 800 207, 300 85

86 202, 100 202, 600 203,000 203,500 203,900 204,400 204,800 205,200 205,700 206, 100 206,500 206,900 207,400 207,800 208,200 208,600 209,000 209,500 209,900 210,400 210,900 86
87 205, 700 206,100 206,600 207,000 207,500 207,900 208,300 208,800 209,200 209,600 210,100 210,500 210,900 211,300 211,800 212,200 212,600 213,000 213,400 213, 900 214,400 87
88 209,200 209,700 210,100 210,600 211,000 211,400 211,900 212,300 212,700 213,200 213,600 214,000 214,400 214,900 215,300 215,700 216,100 216,500 217,000 217, 500 218,000 88
89 212, 700 213,300 213,800 214,400 214,900 215,400 216,000 216,500 217,000 217,500 218,100 218,600 219,100 219,600 220,100 220,700 221,200 221,700 222,200 222, 800 223,500 89
90 216, 400 217,000 217, 600 218, 300 218, 900 219, 500 220, 200 220,800 221,400 222, 000 222, 700 223, 300 223, 900 224, 500 225, 100 225, 800 226,400 227, 000 227, 600 228, 300 229, 000 90

91 220, 000 220,800 221,500 222, 200 223,000 223,700 224,400 225,100 225, 900 226,600 227, 300 228,000 228,700 229,500 230,200 230,900 231,600 232,300 233,100 233,900 234,600 91
92 223, 700 224,500 225,400 226, 200 227,000 227,800 228,600 229,500 230, 300 231, 100 231,900 232,700 233,600 234,400 235,200 236,000 236, 800 237,700 238, 500 239,400 240, 100 92
93 227, 100 228,100 229, 000 229, 900 230,800 231,700 232, 600 233, 500 234,400 235, 300 236, 300 237, 200 238, 100 239, 000 239, 900 240, 800 241, 700 242, 700 243, 600 244, 600 245,400 93
94 230, 600 231,600 232, 600 233, 600 234,600 235, 600 236, 600 237, 600 238, 600 239, 600 240, 600 241,600 242, 600 243,600 244, 600 245, 700 246, 700 247, 700 248, 700 249, 800 250, 700 94
95 234, 300 235, 300 236, 400 237, 500 238,600 239, 700 240, 800 241, 900 243, 000 244, 100 245, 200 246, 300 247,400 248, 500 249, 700 250, 800 251,900 253, 000 254, 100 255, 300 256, 300 95

96 238, 000 239, 100 240, 300 241,500 242,700 243,900 245, 100 246,300 247, 500 248, 700 249, 900 251,100 252,300 253,500 254,700 255,900 257,100 258,400 259,600 260,800 261,800 96
97 241,600 242, 900 244,100 245,400 246,700 248,000 249,300 250,600 251,900 253,200 254,500 255,800 257,100 258,400 259,700 261,000 262,300 263,700 265, 000 266,300 267,400 97
98 245,200 246, 600 248, 000 249,400 250,700 252, 100 253,500 254,900 256,300 257,700 259,100 260,500 261,900 263, 300 264,700 266,100 267,600 269,000 270,400 271,900 273, 000 98
99 248, 900 250,400 251, 800 253,300 254,800 256, 300 257,800 259, 200 260, 700 262,200 263,700 265,200 266,700 268, 300 269,800 271, 300 272,800 274,300 275,900 277,400 278, 500 99

100 248,900 250,400 251, 800 253,300 254,800 256,300 257,800 259, 200 260, 700 262,200 263,700 265,200 266,700 268, 300 269,800 271, 300 272,800 274,300 275,900 277,400 278,500 100

101 248,900 250,400 251,800 253,300 254,800 256,300 257,800 259,200 260,700 262,200 263, 700 265,200 266,700 268,300 269,800 271, 300 272,800 274,300 275,900 277,400 278,500 101
102 248,900 250,400 251,800 253, 300 254,800 256,300 257, 800 259,200 260,700 262,200 263, 700 265,200 266,700 268, 300 269, 800 271, 300 272,800 274,300 275,900 277, 400 278,600 102
103 248, 900 250,400 251,800 253, 300 254,800 256, 300 257, 800 259,200 260,700 262, 200 263,700 265,200 266,700 268, 300 269, 800 271,300 272,800 274,300 275,900 277, 400 278,700 103
104 248,900 250,400 251,800 253,300 254,800 256, 300 257,800 259,200 260, 700 262, 200 263,700 265, 200 266,700 268,300 269, 800 271,300 272,800 274,300 275,900 277, 400 278,700 104
105 248, 900 250,400 251,800 253, 300 254,800 256, 300 257, 800 259,200 260, 700 262, 200 263, 700 265, 200 266, 700 268, 300 269, 800 271,300 272,800 274, 300 275, 900 277, 400 278, 700 105

106 248, 900 250,400 251,800 253, 300 254,800 256, 300 257,800 259,200 260, 700 262,200 263,700 265, 200 266, 700 268,300 269, 800 271,300 272,800 274, 300 275, 900 277, 400 278, 700 106
107 248, 900 250,400 251,800 253, 300 254,800 256, 300 257,800 259,200 260,700 262,200 263,700 265, 200 266,700 268,300 269,800 271,300 272,800 274,300 275,900 277,400 278,800 107
108 248, 900 250,400 251,800 253, 300 254,800 256, 300 257,800 259,200 260,700 262,200 263,700 265,200 266,700 268,300 269,800 271,300 272,800 274,300 275,900 277,400 278,800 108
109 248, 900 250,400 251, 800 253, 300 254,800 256, 300 257, 800 259, 200 260, 700 262,200 263, 700 265, 200 266, 700 268, 300 269, 800 271,300 272,800 274,300 275,900 277, 400 278, 800 109
110 248, 900 250,400 251, 800 253, 300 254,800 256, 300 257, 800 259, 200 260, 700 262,200 263, 700 265, 200 266, 700 268, 300 269, 800 271,300 272,800 274, 300 275, 900 277, 400 278, 900 110

MARCH 1999 
HEADWATER 998 to 1000

MARCH 1999 HEADWATER 998 to 1000



32 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

1000.0 1. 0HEADWATER ELEVATION 10.0
S1000.0 1000.1 11000.2 11000.3 1000.4 11000.5 1000.6 1000.7 1000.8 1000.9 1001.0 1001.1 1001.2 1001.3 1001.4 1001.5 1001.6 1001.7 1001.8 1001.9 1020 _
1 1,480 1,480 1,490 1,490 1,490 1,490 1,500 1,500 1,500 1,500 1,510 1,510 1,510 1,510 1,520 1,520 1,520 1,520 1,530 1
2 2,930 2,940 2,940 2,950 2,950 2,960 2,960 2,970 2,970 2,980 2,980 2 990 2,990 3,000 3,000 3,010 3,010 3,020 3, 020 2
3 4,320 4,330 4, 340 4,350 4, 350 4, 360 4, 370 4,370 4, 380 4, 390 4,400 4, 400 4, 410 4,420 4,420 4, 430 4,440 4, 450 4, 450 3
4 5,770 5,780 5,790 5,800 5,810 5,820 5,830 5,840 5, 850 5,860 5,870 5,880 5,890 5,900 5,910 5,920 5,930 5,940 5,950 4
5 7,290 7,300 7,310 7,330 7,340 7, 350 7,360 7,380 7, 390 7,400 7,410 7, 420 7,440 7,450 7,460 7, 470 7,480 7,500 7, 510 5

6 8,:660 8,670 8,690 8,700 8,720 8, 730 8, 740 8,760 8,770 8,790 8, 800 8,820 8,830 8,850 8,860 8, 870 8,890 8, 900 8,920 6
7 10030 10,040 10,060 10,080 10,090 10,110 10130 10140 10,160 10,180 10,190 10,210 10,230 10,240 10,260 10,280 10,290 10,310 10,330 71003 1004 1016 1008 10,09 10,110 10,630 1014 1016 651160 1,9
8 11,410 11,420 11,440 11,460 11,480 11,500 11,520 11,540 11,560 11,580 11,600 11,620 11,630 11,650 11,670 11,690 11,710 11,730 11,750 8
9 12,890 12,910 12,930 12,960 12,980 13,000 13,020 13,040 13,060 13,080 13,110 13,130 13,150 13,170 13,190 13,210 13,230 13,260 13,280 9
0 14,380 14,400 14,430 14,450 14,470 14,500 14,520 14,550 14,570 14,590 14,620 14,640 14,670 14,690 14,710 14,740 14,760 14,780 14,810 10

11 15,870 15,900 15,930 15,950 15,980 16,010 16,030 16,060 16,090 16,110 16, 140 16,170 16,190 16,220 16,250 16, 270 16,300 16,320 16,350 16,380 16,400 11
12 17,560 17,590 17,620 17,650 17,680 17,710 17,740 17,770 17, 800 17, 830 17,860 17,890 17,920 17,950 17,970 18,000 18,030 18, 060 18,090 18,120 18, 150 12
13 19,240 19, 270 19,300 19,330 19, 370 19,400 19,430 19, 460 19, 500 19, 530 19, 560 19,590 19,620 19,660 19,690 19, 720 19, 750 19, 780 19,820 19,850 19, 880 13
14 20, 910 20, 950 20,990 21,020 21,060 21,090 21,130 21,160 21,200 21,230 21,270 21,300 21,340 21,370 21,410 21,440 21,480 21,510 21,550 21,580 21,620 14
15 22, 580 22, 620 22,660 22, 700 22,740 22, 770 22,810 22,850 22, 890 22, 930 22,970 23,000 23,040 23,080 23,120 23,160 23,190 23, 230 23, 270 23, 310 23, 340 15

16 24, 180 24, 220 24,260 24, 300 24,340 24, 390 24, 430 24,470 24, 510 24, 550 24, 590 24, 630 24, 670 24, 710 24, 750 24, 790 24, 830 24, 870 24, 910 24, 960 25,000 16
17 25, 850 25, 890 25, 940 25, 980 26, 030 26, 070 26, 120 26, 160 26, 200 26, 250 26, 290 26, 340 26, 380 26,420 26, 470 26,510 26, 550 26, 600 26,640 26,680 26, 730 17
18 27,540 27,590 27,630 27, 680 27,730 27, 770 27, 820 27,870 27,920 27, 960 28,010 28, 060 28,100 28,150 28,200 28,240 28,290 28,330 28,380 28,430 28, 470 18
19 29, 210 29,260 29,310 29,360 29,410 29,460 29,510 29,560 29,610 29,660 29,710 29, 760 29,810 29,860 29,910 29, 960 30,000 30,050 30,100 30, 150 30,200 19
20 30,870 30,930 30,980 31,030 31,090 31,140 31,190 31,240 31,300 31,350 31,400 31,450 31,510 31,560 31,610 31,660 31,720 31,770 31,820 31,870 31,920 20

21 32,540 32, 590 32,650 32, 710 32,760 32, 820 32, 870 32, 930 32, 980 33, 040 33, 100 33,150 33, 210 33, 260 33, 320 33, 370 33,430 33,480 33,540 33, 590 33, 650 21
22 34,200 34,260 34, 320 34,380 34,440 34,490 34,550 34,610 34,670 34,730 34,790 34,850 34,900 34,960 35, 020 35,080 35,140 35,190 35,250 35, 310 35,370 22
23 35, 950 36, 020 36, 080 36, 140 36,200 36,260 36,330 36, 390 36, 450 36, 510 36, 570 36,640 36,700 36,760 36, 820 36,880 36,940 37, 000 37,060 37,120 37,190 23
24 37, 660 37,730 37, 790 37, 860 37,930 37, 990 38,060 38,120 38,190 38, 250 38, 320 38, 380 38, 450 38, 510 38, 570 38,640 38, 700 38, 770 38, 830 38, 900 38, 960 24
25 39, 360 39,430 39, 500 39,570 39,640 39, 710 39,780 39,850 39,910 39,980 40, 050 40,120 40,180 40, 250 40,320 40,390 40,450 40, 520 40,590 40,660 40,720 25

26 41,060 41,130 41,200 41,280 41,350 41,420 41,490 41,560 41,630 41,710 41,780 41,850 41,920 41,990 42,060 42,130 42,200 42,270 42,340 42,410 42,480 26
27 42, 750 42,830 42, 910 42, 980 43,060 43,130 43,210 43,280 43,350 43, 430 43, 500 43, 580 43, 650 43,720 43, 800 43,870 43,950 44,020 44,090 44,170 44,240 27
28 44, 440 44, 520 44,600 44,670 44,750 44, 830 44,910 44, 990 45, 060 45, 140 45, 220 45, 300 45, 370 45, 450 45, 530 45, 600 45, 680 45, 760 45, 830 45, 910 45, 990 28
29 46,150 46, 230 46, 310 46, 400 46,480 46, 560 46,640 46, 720 46, 800 46, 880 46, 960 47, 040 47, 120 47, 200 47, 280 47, 360 47,440 47, 520 47, 600 47, 680 47, 760 29
30 47, 830 47, 910 48,000 48, 080 48,170 48, 250 48,340 48,420 48, 500 48, 590 48,670 48, 750 48,840 48, 920 49, 000 49, 090 49,170 49, 250 49, 340 49, 420 49, 500 30

31 49, 540 49,620 49, 710 49,800 49,890 49, 980 50, 060 50,150 50, 240 50,320 50,410 50, 500 50, 580 50,670 50, 760 50,840 50,930 51,020 51,100 51,190 51,270 31
32 51,250 51,340 51,430 51,520 51,610 51,700 51,790 51,880 51,970 52,060 52, 150 52,240 52,330 52,420 52,510 52,600 52,690 52,780 52,870 52,960 53,040 32
33 52, 950 53,040 53, 140 53, 230 53, 330 53, 420 53, 510 53, 610 53, 700 53, 790 53, 890 53, 980 54, 070 54, 170 54, 260 54, 350 54,440 54, 530 54, 630 54, 720 54, 810 33
34 54, 790 54, 890 54, 980 55, 080 55,180 55, 280 55, 370 55,470 55, 570 55,670 55, 760 55, 860 55, 960 56,050 56,150 56, 240 56,340 56, 440 56, 530 56,630 56, 720 34
35 56,620 56, 720 56, 820 56,920 57,030 57,130 57,230 57,330 57, 430 57,530 57,630 57,730 57,830 57,930 58,030 58,130 58,230 58,330 58,430 58,530 58, 630 35

36 58,460 58, 560 58, 670 58,770 58,880 58,980 59,090 59,190 59,300 59,400 59,510 59,610 59,710 59,820 59,920 60, 020 60,130 60,230 60, 330 60,430 60,540 36
37 60, 280 60, 390 60,500 60,610 60,720 60,830 60,940 61,040 61,150 61,260 61,370 61,470 61,580 61,690 61,800 61, 900 62,010 62,110 62, 220 62,330 62,430 37
38 62, 080 62, 200 62,310 62, 420 62, 530 62,640 62, 760 62, 870 62, 980 63, 090 63, 200 63, 310 63, 420 63,530 63,640 63, 750 63,860 63, 970 64, 080 64,190 64, 300 38
39 63, 910 64,030 64,140 64,260 64,370 64,490 64,600 64,720 64,840 64, 950 65,060 65,180 65,290 65,410 65,520 65,630 65,750 65,860 65,970 66, 090 66,200 39
40 65,750 65• 870 65,990 66,110 66,230 66,350 66, 470 66,580 66,700 66, 820 66,940 67,060 67,180 67,290 67,410 67,530 67,640 67,760 67,880 67, 990 68,110 40

41 67,580 67,700 67,830 67,950 68,070 68,200 68,320 68,440 68,560 68,690 68,810 68,930 69,050 69,170 69,290 69,410 69, 530 69,650 69,770 69,890 70,010 41
42 69,410 69,530 69, 660 69, 790 69,910 70, 040 70, 170 70,290 70,420 70,540 70,670 70,800 70,920 71,040 71,170 71,290 71,420 71,540 71,660 71,790 71,910 42
43 71,230 71,360 71,490 71,620 71,750 71, 880 72, 010 72,140 72,270 72,400 72,530 72,660 72,790 72,920 73,040 73,170 73,300 73,430 73,550 73,680 73, 810 43
44 73,060 73,190 73,330 73,460 73,590 73,730 73, 860 73,990 74,130 74,260 74,390 74, 520 74, 660 74,790 74,920 75, 050 75,180 75, 310 75,440 75,570 75,700 44
45 75,640 75,780 75, 920 76, 060 76,200 76, 340 76, 470 76, 610 76, 750 76, 890 77,030 77,170 77, 300 77,440 77, 580 77,710 77,850 77, 990 78,120 78,260 78, 390 45

46 78,220 78,370 78, 510 78,660 78,800 78,950 79,090 79, 240 79,380 79,530 79,670 79,810 79,960 80,100 80,240 80,380 80,520 80,670 80,810 80,950 81,090 46
47 80,810 80,960 81, 110 81,260 81,420 81,570 81,720 81, 870 82, 020 82,160 82,310 82,460 82,610 82,760 82,910 83,050 83,200 83,350 83,500 83, 640 83,790 47
48 83,390 83,550 83, 700 83,860 84,020 84,170 84,330 84,480 84,640 84,790 84,950 85,100 85,260 85,410 85,560 85,720 85,870 86,020 86,170 86, 330 86,480 48
49 85,920 86,080 86, 240 86,410 86,570 86,730 86,890 87, 050 87,210 87,370 87, 530 87,690 87,850 88, 010 88,170 88, 330 88,490 88,640 88, 800 88,960 89,120 49
50 88, 470 88,640 88, 810 88, 980 89,140 89, 310 89, 480 89,640 89, 810 89, 970 90,140 90,310 90, 470 90, 630 90, 800 90, 960 91,130 91,290 91, 450 91,610 91,780 50

51 91,070 91,240 91,410 91,590 91,760 91,930 92,100 92, 270 92, 450 92,620 92,790 92, 960 93,130 93,300 93,470 93,640 93,810 93, 980 94,140 94,310 94,480 51
52 93, 650 93,830 94,010 94,190 94,370 94, 550 94,720 94, 900 95,080 95,250 95,430 95,610 95,780 95,960 96,130 96,310 96,480 96,660 96, 830 97,000 97,180 52
53 96, 240 96, 420 96, 610 96, 790 96,980 97,160 97,340 97, 520 97, 710 97, 890 98,070 98, 250 98, 430 98,610 98, 800 98, 980 99,160 99, 330 99, 510 99,690 99, 870 53
54 98,820 99,010 99,200 99,390 99,580 99,760 99,950 100,100 100,300 100,500 100,700 100,900 101,100 101,300 101,500 101,600 101,800 102,000 02,200 102,400 102,600 54
55 101,400 101,600 101,800 102,000 102,200 102,400 102,600 102, 700 102,900 103,100 103,300 103,500 103,700 103,900 104,100 104,300 104,500 104,700 104,900 105,000 105,200 55

HEADWATER 1000 to 1002 See special instruction for preventing gate overflow on page 3. MARCH 1999
HEADWATER 1000 to 1002 See special instruction for preventing gate overflow on page 3. MARCH 1999



DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

33

HEADWATER ELEVATION -z•di 1000.0 1000.1 1000.2 1000.3 1000.4 1000.5 1000.6 1000.7 HEADWN 13 10 1001.5 1001.6 1001.7 1001.8 1001.9 1

1000.0 1___ 1000.1 1000.2 1003 00. 00. 10. 10. 1000.8 111000.9 1001.0 11011 10. 110.3 014 110.5 016 110.7 018 10.9 020

104,700
108, 000
111 300
114,500
117,700

120,900
124,200
127,500
130,800
134,100

137,400
141,200
145,000
148,800
152,700

156,300
160,000
163,800
167, 700
171, 500

175,300
179,100
182,700
186,200
189,800

193,400
196,800
200,100
203,700
207,300

210,900
214,400
218,000
223,500
229,000

234,600
240,100
245,400
250,700
256,300

261, 800
267,400
273,000
278, 500
278, 500

278,500
278,600
278,700
278, 700
278, 700

278,700
278,800
278,800
278,800
278,900

104,900
108,200
111,500
114,800
118, 000

121,200
124,500
127,800
131,100
134,400

137,700
141,500
145, 300
149, 200
153,000

156,700
160,300
164,200
168, 000
171, 900

175,700
179,500
183,100
186, 700
190, 300

193,800
197,200
200,600
204,200
207,800

211,400
214,900
218,500
224,100
229,600

235,000
240, 500
245, 700
250, 900
256,400

261,900
267,400
272, 900
278,300
278,300

278,500
278,800
279,000
279, 200
279, 300

279, 500
279, 800
280, 000
280,200
280,500

105,100
108,400
111,700
115,000
118,200

121,400
124,700
128,000
131,300
134,700

138,000
141, 800
145, 600
149, 500
153, 300

157, 000
160, 700
164,500
168,400
172, 200

176,100
179, 900
183, 500
187,100
190,700

194, 300
197,700
201,100
204,700
208,300

211,900
215,500
219,000
224, 700
230,100

235, 500
240,800
246,000
251,100
256,500

261,900
267,200
272,600
278,000
278,000

278,400
278,800
279,300
279,600
279,900

280,300
280,800
281,200
281,600
282,000

105,300
108, 600
111,900
115,200
118,400

121,700
125,000
128,300
131,600
134,900

138,200
142,100
145, 900
149, 800
153, 700

157, 300
161, 000
164,900
168, 800
172, 600

176,500
180, 300
183, 900
187, 500
191,100

194,700
198,100
201,500
205,100
208,800

212,400
216,000
219,500
225,100
230,400

235,700
241,000
246,000
251,000
256,400

261,600
266,900
272,200
277, 500
277, 700

278, 200
278, 900
279,500
280,000
280,500

281,100
281,700
282, 300
282, 900
283,600

105,500
108, 800
112,100
115, 500
118, 700

121,900
125,200
128,600
131,900
135,200

138,500
142,400
146, 200
150,100
154,000

157, 700
161,400
165,300
169, 200
173, 000

176,900
180,700
184,300
187,900
191,600

195, 200
198, 600
202,000
205,600
209,300

212,900
216,500
220,100
225,500
230,800

235,900
241,100
246,100
251,000
256,200

261,400
266,600
271,800
277,000
277,400

278,100
278, 900
279,800
280,400
281,100

281,900
282,700
283,500
264, 300
285,100

105,700
109,000
112,400
115, 700
118, 900

122,100
125,500
128,800
132,100
135,500

138,800
142,700
146,600
150,400
154,300

158, 000
161, 700
165,600
169,500
173,400

177,200
181,100
184,700
188,400
192,000

195, 600
199, 000
202,500
206,100
209, 700

213,400
217,000
220,600
226, 000
231,100

236,200
241,300
246,100
251,000
256, 100

261,200
266,300
271,400
276,500
277,100

278, 000
279, 000
280,000
280,900
281,800

282,700
283, 700
264, 700
285,700
286,700

105,900
109,200
112, 600
115, 900
119,100

122, 400
125, 700
129,100
132,400
135,800

139,100
143,000
146, 900
150, 700
154,600

158,400
162,100
166,000
169,900
173,800

177,600
181,500
185,200
188, 800
192,400

196,100
199,500
202,900
206, 600
210,200

213,900
217, 500
221, 100
226,400
231,400

236,400
241,500
246,200
251, 000
256,100

261,100
266,100
271, 200
276, 200
277,000

278,100
279,300
280,400
281,400
282, 500

283,600
264, 800
285,900
287,000
288,200

106,100
109,400
112,800
116,100
119,400

122,600
126, 000
129,300
132,700
136,000

139,400
143, 300
147,200
151,100
155, 000

158,700
162,400
166, 300
170, 300
174,100

178,000
181,900
185,600
189,200
192, 900

196,500
199,900
203,400
207,000
210,700

214,400
218, 000
221,600
226,800
231,800

236,700
241,700
246,400
251,100
256,100

261,000
266,000
271,000
275,900
276,900

278,100
279,500
280,800
282,000
283,200

284,500
285,800
287,200
288,400
289,800

106,300
109,700
113,000
116,400
119,600

122,900
126, 200
129,600
132, 900
136, 300

139,600
143,600
147,500
151,400
155,300

159,000
162,800
166, 700
170, 600
174,500

178,400
182, 300
186, 000
189, 600
193,300

196,900
200,400
203,800
207,500
211,200

214,800
218, 500
222, 100
227, 200
232,100

237,000
241,900
246,500
251, 200
256,100

261,000
265,900
270, 800
275, 600
276,800

278, 200
279, 700
281,200
282,600
283, 900

285,400
286, 900
288, 400
289,800
291,400

106,500
109,900
113, 200
116,600
119,800

123,100
126,500
129,800
133,200
136,600

139,900
143,900
147,800
151,700
155,600

159,400
163,100
167,000
171,000
174,900

178,800
182,700
186,400
190,000
193,700

197,400
200, 800
204,300
208, 000
211, 700

215,300
219,000
222,600
227,700
232,500

237,300
242,100
246,700
251,300
256, 100

260,900
265,700
270,600
275,400
276,700

278, 300
280, 000
281,600
283,100
284, 600

286,300
288,000
289,600
291,200
292,900

106,700
110,100
113,400
116,800
120,100

123,300
126,700
130,100
133,500
136,800

140,200
144,100
148,100
152,000
155,900

159, 700
163, 500
167,400
171,400
175,300

179,200
183,100
186,800
190,500
194,100

197,800
201,300
204,800
208,500
212,200

215,800
219,500
223,200
228,100
232,900

237,600
242,400
246, 900
251,400
256,100

260,900
265,600
270,400
275,100
276, 600

278,400
280,200
282,100
283,700
285,400

287,200
289,000
290,900
292,700
294,500

106,900
110,300
113,700
117,000
120,300

123, 600
127, 000
130,400
133, 700
137,100

140,500
144,400
148,400
152,300
156,200

160,000
163, 800
167, 800
171,700
175,700

179,600
183,500
187,200
190,900
194,600

198,300
201,700
205,200
208,900
212,600

216,300
220,000
223,700
228, 600
233, 300

237,900
242,600
247,100
251,500
256,200

260,900
265,600
270,300
275,000
276,700

278,600
280,600
282,600
284,400
286,200

288,200
290,200
292,100
294,100
296,100

107,100
110,500
113,900
117,300
120,500

123,800
127,200
130,600
134, 000
137, 400

140,800
144, 700
148, 700
152, 600
156, 600

160,400
164,100
168, 100
172, 100
176,000

180,000
183,900
187,600
191,300
195,000

198,700
202,200
205,700
209,400
213,100

216,800
220,500
224,200
229,000
233,600

238,300
242,900
247,300
251,700
256,400

261,000
265,600
270,300
274,900
276,700

278, 800
281, 000
283,100
285,100
287,000

289,100
291, 300
293,400
295,500
297,700

107,300
110,700
114,100
117,500
120,800

124,100
127,500
130,900
134,200
137,700

141,000
145,000
149,000
152,900
156,900

160,700
164,500
168,500
172,400
176,400

180,300
184,300
188,000
191,700
195,400

199,100
202,600
206,100
209,900
213,600

217,300
221,000
224,700
229,400
234,000

238,600
243,200
247,500
251,900
256,500

261,100
265, 700
270, 300
274,800
276,800

279,000
281,400
283,700
285,700
287,900

290,100
292,400
294, 700
297, 000
299, 300

107,500
110,900
114,300
117, 700
121, 000

124,300
127,700
131,100
134,500
137,900

141,300
145,300
149,300
153,200
157,200

161,000
164,800
168,800
172, 800
176, 800

180,700
184,700
188, 400
192, 100
195,900

199,600
203,100
206, 600
210,300
214,100

217,800
221,500
225,200
229,900
234,400

239,000
243,500
247,800
252,100
256, 600

261,200
265,700
270,200
274,700
276,900

279,300
281, 700
284, 200
286,400
288, 700

291,100
293,600
296,000
298,400
300,900

107,700
111,100
114,500
117,900
121,200

124,500
128,000
131,400
134,800
138,200

141,600
145, 600
149, 600
153,500
157,500

161, 300
165, 200
169,200
173,200
177,100

181,100
185,100
188, 800
192, 500
196,300

200,000
203,500
207,000
210,800
214,500

218,300
222,000
225,700
230,300
234, 800

239,300
243,800
248,000
252, 200
256, 700

261,200
265,700
270,200
274,600
276,900

279,500
282,100
284, 700
287,100
289, 500

292,000
294, 700
297, 300
299,800
302,500

107,900
111,300
114,700
118,100
121,500

124, 800
128, 200
131,600
135,000
138,500

141,900
145,900
149,900
153,800
157,800

161,700
165,500
169,500
173,500
177,500

181,500
185,500
189,200
193,000
196,700

200,400
204,000
207,500
211,200
215,000

218,700
222,500
226,200
230, 800
235, 200

239,600
244,000
248,200
252,400
256,900

261,300
265,700
270,100
274,500
277,000

279,700
282,500
285,200
287,800
290,300

293,000
295,800
298,600
301,300
304,100

108,100
111,500
114, 900
118,400
121,700

125, 000
128, 500
131, 900
135,300
138,700

142,100
146,200
150,200
154, 200
158, 200

162,000
165,800
169,900
173, 900
177, 900

181,900
185,900
189,600
193,400
197,100

200, 900
204,400
207,900
211,700
215,500

219,200
223,000
226, 700
231, 200
235, 600

240,000
244,300
248,500
252,600
257,000

261,300
265,700
270,100
274,400
277,000

279, 900
282, 800
285, 700
288,400
291,100

294,000
296,900
299, 800
302, 700
305,700

108,300
111,700
115,200
118,600
121,900

125,200
128,700
132,100
135, 600
139,000

142,400
146,400
150,400
154, 500
158, 500

162,300
166,200
170,200
174, 300
178, 300

182,300
186,300
190,000
193,800
197,500

201,300
204,800
208,400
212,200
215, 900

219,700
223,500
227,200
231,700
236,000

240, 300
244,600
248,700
252,700
257,100

261,400
265, 700
270,000
274, 300
277,100

280,100
283, 200
286,300
289,100
291, 900

295,000
298,100
301,100
304,200
307, 300

108,500
111,900
115,400
118,800
122,100

125,500
128,900
132,400
135,800
139,300

142,700
146,700
150,700
154,800
158,800

162,700
166,500
170,600
174,600
178,600

182,600
186, 700
190,400
194,200
198,000

201,700
205, 300
208, 800
212, 600
216,400

220,200
223,900
227,700
232,100
236,400

240,600
244,900
248,900
252,900
257,200

261,400
265,700
270,000
274,200
277,100

280,300
283,500
286,800
289,800
292,800

295,900
299,200
302,400
305, 600
308, 900

108,700
112,100
115,600
119,000
122,400

125, 700
129, 200
132,600
136,100
139,500

143,000
147, 000
151, 000
155,100
159,100

163, 000
166, 800
170,900
175,000
179,000

183, 000
187, 000
190,800
194,600
198,400

202, 200
205, 700
209,300
213,100
216,900

220,700
224,400
228,200
232, 600
236, 800

241,000
245,200
249,200
253,100
257, 300

261,600
265,800
270,000
274,200
277,300

280,600
284,000
287,400
290,500
293,600

297,000
300, 400
303, 700
307,100
310,500

MARCH 1999 HEADWATER 1000 to 1002



34 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

_o _ ___ __ _HEADWATER ELEVATION __ __

1002.0 1002.1 11002.2 1002.3 [1002.4 11002.5 1 1002.6 11002.7 11002.8 11002.9 [1003.0 11003.1 [1003.2 1003.3 [1003.4 11003.5 11003.6 [1003.7 1003.8 [1003.9 1004.0 _

11 16,400 16,430 16,450 16,480 16,500 16,530 16,560 16,580 16,610 11
12 18,150 18,180 18,210 18,230 18,260 18,290 18,320 18,350 18,380 12
13 19,880 19,910 19,940 19,970 20,010 20,040 20,070 20,100 20,130 13
14 21,620 21,650 21,690 21,720 21,750 21,790 21,820 21,860 21,890 14
15 23, 340 23, 380 23, 420 23, 460 23, 490 23, 530 23, 570 23,600 23, 640 15

16 25,000 25, 040 25, 080 25, 120 25,160 25, 200 25, 240 25,280 25, 310 16
17 26, 730 26, 770 26, 810 26, 850 26, 900 26, 940 26, 980 27, 030 27, 070 17
18 28, 470 28, 520 28, 560 28, 610 28,660 28, 700 28, 750 28, 790 28, 840 18
19 30, 200 30, 250 30,300 30, 350 30,390 30,440 30,490 30,540 30, 590 30,640 19
20 31,920 31,980 32,030 32,080 32,130 32,180 32,230 32,280 32,330 32,390 20

21 33,650 33, 700 33,750 33,810 33,860 33, 920 33, 970 34,030 34,080 34,130 21
22 35, 370 35, 420 35, 480 35,540 35,600 35,650 35, 710 35,770 35, 820 35, 880 35, 940 35, 990 36, 050 36,100 36,160 36,220 36, 270 36, 330 36, 380 36,440 36, 500 22
23 37, 190 37, 250 37,310 37, 370 37,430 37,490 37,550 37,610 37,670 37,730 37, 790 37, 850 37,910 37,960 38,020 38, 080 38,140 38, 200 38,260 38,320 38,380 23
24 38, 960 39, 020 39, 090 39, 150 39, 210 39, 280 39,340 39,400 39, 470 39, 530 39, 590 39, 650 39, 720 39, 780 39,840 39, 900 39,970 40, 030 40, 090 40,150 40, 210 24
25 40,720 40,790 40,860 40,920 40,990 41,060 41,120 41,190 41,250 41,320 41,390 41,450 41,520 41,580 41,650 41,710 41,780 41,840 41,910 41,970 42,040 25

26 42, 480 42, 550 42,620 42, 690 42, 760 42, 830 42,900 42,970 43, 040 43,110 43, 180 43, 240 43,310 43, 380 43, 450 43, 520 43, 590 43, 650 43, 720 43,790 43, 860 26
27 44, 240 44, 310 44, 380 44, 460 44, 530 44, 600 44, 670 44,750 44, 820 44, 890 44,960 45, 030 45,110 45,180 45, 250 45, 320 45, 390 45, 460 45, 530 45, 600 45, 670 27
28 45, 990 46, 060 46,140 46, 210 46, 290 46, 360 46, 440 46,510 46, 590 46, 660 46, 740 46, 810 46, 890 46, 960 47, 040 47, 110 47, 190 47, 260 47, 330 47,410 47, 480 28
29 47, 760 47, 840 47, 920 48,000 48, 080 48, 160 48, 230 48,310 48, 390 48, 470 48, 550 48, 620 48, 700 48, 780 48, 860 48, 930 49, 010 49, 090 49, 160 49,240 49, 320 29
30 49, 500 49, 580 49,660 49,750 49, 830 49, 910 49, 990 50, 070 50,150 50, 230 50, 320 50, 400 50, 480 50, 560 50, 640 50, 720 50, 800 50, 880 50, 960 51,040 51,120 30

31 51,270 51,360 51,440 51,530 51,610 51,700 51,780 51,870 51,950 52,030 52, 120 52, 200 52,290 52, 370 52, 450 52,540 52, 620 52, 700 52, 780 52,870 52, 950 31
32 53, 040 53, 130 53,220 53,310 53,400 53,480 53,570 53,660 53, 750 53,830 53,920 54,010 54,090 54,180 54,270 54,350 54,440 54, 530 54,610 54,700 54, 780 32
33 54,810 54, 900 54, 990 55, 080 55,170 55, 270 55, 360 55,450 55,540 55, 630 55, 720 55, 810 55, 900 55,990 56, 080 56, 170 56,260 56, 340 56, 430 56, 520 56,610 33
34 56, 720 56 820 56, 910 57, 010 57,100 57,190 57, 290 57, 380 57,480 57,570 57,660 57,760 57,850 57, 940 58,040 58, 130 58, 220 58,310 58,410 58, 500 58,590 34
35 58, 630 58, 720 58,820 58, 920 59,020 59,120 59, 210 59, 310 59,410 59,510 59,600 59,700 59,800 59, 890 59,990 60,090 60, 180 60,280 60,370 60,470 60,560 35

36 60,540 60, 640 60, 740 60,840 60,940 61,040 61,140 61,250 61,350 61,450 61,550 61,650 61,750 61,850 61,950 62, 050 62,150 62, 250 62,350 62,450 62, 540 36
37 62, 430 62, 540 62,640 62,750 62, 850 62,960 63, 060 63,170 63,270 63, 380 63,480 63,580 63,690 63,790 63,890 64,000 64,100 64, 200 64,300 64,410 64, 510 37
38 64, 300 64, 410 64,520 64,630 64,740 64,850 64,950 65,060 65,170 65, 280 65,380 65,490 65,600 65,700 65,810 65,920 66,020 66,130 66,240 66,340 66, 450 38
39 66, 200 66,310 66,420 66,540 66,650 66, 760 66,870 66,980 67, 090 67,210 67,320 67,430 67, 540 67,650 67, 760 67, 870 67,980 68, 090 68,200 68, 310 68,410 39
40 68,110 68,230 68,340 68, 460 68, 570 68, 690 68, 800 68,920 69, 030 69,150 69,260 69, 380 69, 490 69,600 69, 720 69, 830 69,940 70,060 70,170 70, 280 70,390 40

41 70, 010 70,130 70,250 70,370 70,490 70,610 70, 730 70,850 70,960 71,080 71,200 71,320 71,430 71,550 71,670 71,780 71,900 72, 020 72,130 72,250 72,370 41
42 71, 910 72,030 72,160 72,280 72,400 72,520 72, 650 72,770 72,890 73,010 73,130 73,250 73,370 73,490 73,610 73,730 73,850 73, 970 74,090 74,210 74,330 42
43 73, 810 73, 930 74, 060 74, 190 74, 310 74,440 74, 560 74,690 74, 810 74, 940 75, 060 75, 190 75, 310 75, 440 75, 560 75, 680 75, 810 75, 930 76, 050 76, 170 76, 300 43
44 75, 700 75, 830 75,960 76,090 76,220 76, 350 76,480 76,610 '76, 740 76,870 76,990 77,120 77,250 77,380 77,500 77, 630 77, 760 77, 880 78,010 78,140 78,260 44
45 78, 390 78,530 78,670 78,800 78,930 79, 070 79,200 79,340 79,470 79,600 79,740 79,870 80,000 80,140 80,270 80, 400 80,530 80,670 80,800 80, 930 81,060 45

46 81,090 81,230 81,370 81,510 81,650 81,790 81,930 82,070 82,210 82,350 82,490 82,630 82,760 82,900 83,040 83, 180 83,310 83,450 83,590 83,720 83,860 46
47 83,790 83,940 84, 080 84, 230 84,370 84,520 84, 660 84, 810 84,950 85,100 85, 240 85,380 85,530 85,670 85,810 85,960 86,100 86,240 86,380 86,520 86,670 47
48 86,480 86,630 86, 780 86, 930 87, 080 87,230 87, 380 87, 530 87, 680 87,830 87,980 88,130 88,280 88,430 88, 580 88, 720 88,870 89, 020 89,170 89, 310 89,460 48
49 89,120 89, 270 89,430 89, 590 89, 740 89, 900 90, 050 90,210 90, 360 90, 520 90,670 90,830 90, 980 91,130 91,290 91,440 91,590 91,740 91,900 92, 050 92,200 49
50 91,780 91, 940 92,100 92,260 92,420 92, 580 92,750 92,910 93, 070 93, 230 93,390 93, 540 93, 700 93,860 94, 020 94, 180 94,340 94, 490 94, 650 94, 810 94, 970 50

51 94,480 94, 650 94,810 94,980 95,150 95,310 95,480 95,650 95, 810 95,980 96,140 96,310 96,470 96,630 96,800 96,960 97,120 97,290 97,450 97,610 97,770 51
52 97, 180 97, 350 97,520 97,690 97,870 98,040 98, 210 98,380 98, 550 98,720 98,890 99,060 99,230 99,400 99,570 99, 740 99,910 100,100 100,200 100,400 100, 600 52
53 99,870 100,000 100,200 100,400 100,600 100,800 100,900 101,100 101,300 101,500 101,600 101,800 102,000 102,200 102,300 102,500 102,700 102,900 103,000 103,200 103,400 53
54 102,600 102,700 102,900 103,100 103,300 103,500 103,700 103,800 104,000 104,200 104,400 104,600 104,700 104,900 105,100 105,300 105,500 105,600 105,800 106,000 106,200 54
55 105,200 105,400 105,600 105,800 106,000 106,200 106,400 106,500 106,700 106,900 107,100 107,300 107,500 107,700 107,800 108,000 108,200 108,400 108,600 108,800 108,900 55

56 108,700 108,900 109,100 109,300 109,500 109,700 109,900 110,100 110,300 110,400 110,600 110,800 111,000 111,200 111,400 111,600 111,800 112,000 112,200 112,400 112,600 56
57 112,100 112,300 112,500 112,700 113,000 113,200 113,400 113,600 113,800 114,000 114,200 114,400 114,600 114,800 115,000 115,200 115,400 115,600 115,800 116,000 116,200 57
58 115,600 115,800 116 000 116,200 116,400 116, 600 116,900 117,100 117,300 117, 500 117,700 117,900 118, 100 118,300 118,500 118, 700 118,900 119, 100 119, 300 119,600 119,800 58
59 119,000 119,200 119,500' 119,700 119,900 120,100 120,300 120,600 120,800 121,000 121,200 121,400 121,600 121,900 122,100 122,300 122,500 122,700 122,900 123,100 123,300 59
60 122,400 122,600 122,800 123,100 123,300 123,500 123,700 124,000 124,200 124,400 124,600 124,800 125,100 125,300 125,500 125,700 126,000 126,200 126,400 126,600 126,800 60

61 125,700 126,000 126,200 126,400 126,700 126,900 127,100 127,400 127,600 127,800 128,000 128,300 128,500 128,700 129,000 129,200 129,400 129,700 129,900 130,100 130,300 61
62 129,200 129,400 129,700 129,900 130,200 130,400 130,600 130,900 131,100 131,300 131,600 131,800 132,100 132,300 132,500 132,800 133,000 133,200 133,500 133,700 133,900 62
63 132,600 132,900 133,100 133,400 133,600 133,900 134,100 134,400 134,600 134,900 135,100 135,400 135,600 135,800 136,100 136,300 136,600 136,800 137,100 137,300 137,500 63
64 136,100 136,300 136,600 136,800 137,100 137,400 137,600 137,900 138,100 138,400 138,600 138,900 139,100 139,400 139,600 139,900 140,100 140,400 140,600 140,900 141,100 64
65 139,500 139,800 140, 100 140,300 140,600 140,900 141,100 141,400 141,600 141,900 142,200 142,400 142, 700 142,900 143,200 143,500 143,700 144,000 144,200 144,500 144,700 65

HEADWATER 1002 to 1004 See special instruction for preventing gate overflow on page 3. MARCH 1999



DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

35

10020 1HEADWATER ELEVATION ___

1 _ 1002.0 1002.1 1002.2 1002.3 1002.4 1002.5 1002.6 1002.7 1002.8 1002.9 1003.0 1003.1 1003.2 1003.3 11003.4 1003.5 1003.6 1003.7 1003.8 1003.9 1004.0 M m

143,000
147,000
151,000
155,100
159,100

163,000
166,800
170,900
175,000
179,000

183,000
187,000
190, 800
194, 600
198, 400

202,200
205, 700
209, 300
213,100
216, 900

220, 700
224, 400
228, 200
232,600
236, 800

241,000
245,200
249,200
253,100
257, 300

261,600
265, 800
270, 000
274,200
277, 300

280,600
284, 000
287,400
290, 500
293, 600

297,000
300, 400
303, 700
307, 100
310,500

143,200
147,300
151,300
155,400
159,400

163,300
167,200
171,200
175,300
179,400

183,400
187,400
191,200
195,000
198,800

202,600
206, 200
209, 700
213, 500
217, 400

221,100
224,900
228,700
233,000
237,200

241,400
245,600
249,600
253,500
257,700

262,000
266,200
270,400
274,600
277,800

281,300
284, 800
288,200
291,500
294,700

298,200
301, 700
305, 200
308,600
312, 100

143,500
147,600
151,600
155, 700
159, 700

163, 600
167, 500
171,600
175,700
179,700

183,800
187,800
191, 600
195,400
199,200

203,000
206, 600
210, 200
214, 000
217, 800

221,600
225,400
229,200
233, 400
237, 600

241,900
246,100
250,000
254,000
258, 200

262,400
266,600
270, 800
275, 000
278,400

282, 000
285, 600
289,100
292,500
295,800

299,400
303,000
306,600
310,100
313, 700

143,800
147, 900
151, 900
156, 000
160,100

164, 000
167, 900
171,900
176, 000
180, 100

184,100
188,200
192,000
195,800
199,600

203,400
207,000
210,600
214, 500
218, 300

222, 100
225, 900
229, 700
233, 900
238, 100

242,300
246,500
250,500
254,400
258, 700

262,900
267,100
271,300
275, 500
279, 000

282,700
286,400
290,100
293,500
296,900

300,600
304,300
308,000
311, 600
315,400

144,100
148,100
152, 200
156, 300
160,400

164,300
168, 200
172, 300
176,400
180,500

184,500
188,600
192,400
196,200
200,000

203,900
207,500
211,100
214,900
218,700

222,600
226,400
230,200
234,400
238,600

242,800
247,000
251,000
254,900
259,200

263,400
267,600
271,800
276,000
279,600

283,300
287,100
291,000
294, 500
298,000

301,800
305,600
309,400
313,200
317,000

144,300
148,400
152, 500
156, 600
160,700

164,600
168, 500
172, 600
176,700
180,800

184,900
189,000
192,800
196,600
200,500

204,300
207, 900
211, 500
215,400
219,200

223,000
226,800
230,700
234,900
239, 100

243, 300
247, 500
251,500
255,400
259,600

263,900
268,000
272, 300
276, 500
280,200

284, 000
287, 900
291,900
295, 500
299,100

303,000
306,900
310,800
314, 700
318,600

144,600
148, 700
152, 800
156,900
161,000

164,900
168, 900
173,000
177,100
181, 200

185,300
189,400
193, 200
197, 000
200,900

204,700
208,300
212,000
215, 800
219, 700

223,500
227,300
231,100
235,400
239,600

243,800
248, 000
251, 900
255,900
260,100

264, 300
268, 500
272, 700
276,900
280,700

284, 700
288, 700
292, 800
296,500
300,200

304,200
308,200
312,200
316,200
320,300

144,900
149,000
153,100
157,200
161,300

165,200
169,200
173,300
177, 500
181,600

185,600
189,700
193, 600
197,400
201,300

205,100
208,800
212,400
216,300
220,100

224,000
227,800
231,600
235,900
240,100

244,300
248,500
252,400
256,400
260,600

264,800
269,000
273,200
277,400
281,300

285,400
289,500
293,700
297,500
301,300

305,400
309,600
313, 700
317, 800
321,900

145,100
149,300
153,400
157, 500
161,600

165,600
169, 500
173, 700
177, 800
181, 900

186,000
190,100
194,000
197,800
201,700

205,600
209, 200
212, 800
216,700
220,600

224,400
228,300
232,100
236,400
240,600

244,800
249,000
252,900
256, 800
261,100

265,300
269, 500
273, 700
277, 900
281, 900

286,100
290,300
294,600
298,500
302,400

306,600
310, 900
315,100
319,300
323,500

145,400
149,500
153, 700
157, 800
161,900

165,900
169,800
174,000
178,200
182,300

186,400
190,500
194,400
198,200
202,100

206,000
209, 600
213, 300
217,200
221,000

224,900
228,800
232,600
236,900
241,100

245,300
249,400
253,400
257, 300
261, 500

265,700
269,900
274,100
278,300
282,500

286,800
291,100
295,500
299,500
303,500

307,800
312, 200
316, 500
320,800
325,200

145,700
149,800
154,000
158,100
162, 200

166,200
170,200
174,300
178, 500
182,600

186, 800
190,900
194, 800
198,600
202,500

206,400
210, 100
213, 700
217,600
221,500

225,400
229,200
233,100
237,300
241,500

245,700
249,900
253,900
257, 800
262, 000

266,200
270,400
274,600
278, 800
283,000

287,400
291,900
296,400
300,500
304,600

309,100
313,500
318,000
322,400
326,800

145,900
150,100
154,200
158,400
162,500

166,500
170,500
174,700
178, 900
183, 000

187,100
191,300
195,200
199,000
202,900

206,800
210,500
214,100
218,000
222,000

225,800
229,700
233,600
237,800
242,000

246,200
250,400
254,300
258,300
262,500

266,700
270, 900
275,100
279,300
283,600

288,100
292,700
297,300
301,500
305,700

310,300
314,800
319,400
323,900
328,500

146, 200
150,400
154,500
158, 700
162,900

166,800
170,800
175,000
179,200
183,400

187,500
191,700
195, 500
199, 400
203,300

207,200
210,900
214,600
218,500
222,400

226,300
230,200
234, 100
238, 300
242,500

246, 700
250, 900
254,800
258,700
262,900

267,100
271, 300
275, 500
279,700
284,200

288,800
293,500
298,200
302,500
306,800

311,500
316,200
320,800
325,500
330,100

146,500
150,700
154,800
159, 000
163, 200

167, 200
171, 200
175,400
179,600
183,700

187,900
192,000
195, 900
199, 800
203,700

207,700
211,300
215,000
218,900
222,900

226,800
230,700
234,500
238,800
243,000

247,200
251,300
255,300
259,200
263,400

267,600
271,800
276,000
280, 200
284, 700

289,500
294, 300
299,100
303, 500
308, 000

312,700
317,500
322,300
327,000
331,800

146,700
150,900
155,100
159,300
163,500

167,500
171,500
175,700
179,900
184,100

188,200
192,400
196,300
200,200
204,200

208,100
211, 800
215,500
219, 400
223, 300

227,200
231,100
235,000
239,300
243,400

247,600
251,800
255,700
259, 700
263,900

268, 100
272,200
276,400
280,600
285,300

290,200
295, 100
300, 000
304, 500
309, 100

313,900
318,800
323,700
328, 600
333, 500

147,000
151,200
155,400
159,600
163,800

167,800
171,800
176,000
180,200
184,400

188,600
192,800
196,700
200,600
204,600

208,500
212, 200
215, 900
219,800
223,800

227,700
231,600
235,500
239,700
243,900

248,100
252,300
256,200
260,100
264, 300

268,500
272,700
276,900
281,100
285,900

290,800
295,800
300,900
305,500
310,200

315,100
320,200
325,200
330,100
335,100

147,300
151, 500
155,700
159,900
164,100

168,100
172,100
176,400
180,600
184,800

189,000
193,200
197,100
201, 000
205, 000

208,900
212,600
216,300
220,300
224,200

228,200
232,100
236,000
240,200
244,400

248,600
252,800
256,700
260,600
264,800

269,000
273,100
277, 300
281, 500
286,400

291,500
296,600
301, 800
306, 500
311, 300

316,400
321,500
326,600
331, 700
336,800

147,500
151,800
156, 000
160, 200
164,400

168,400
172,500
176,700
180,900
185,100

189,300
193, 500
197, 500
201,400
205,400

209, 300
213, 000
216,700
220,700
224,700

228, 600
232, 500
236,500
240,700
244,900

249, 000
253, 200
257, 100
261,000
265,200

269,400
273,600
277,800
282,000
287,000

292,200
297,400
302,700
307,500
312,400

317,600
322,800
328,100
333, 300
338, 500

147,800
152, 000
156, 300
160, 500
164,700

168, 700
172, 800
177,000
181,300
185,500

189, 700
193, 900
197,900
201,800
205,800

209,700
213, 400
217, 200
221,100
225,100

229,100
233, 000
236,900
241,200
245,300

249,500
253,700
257, 600
261, 500
265,700

269,900
274,000
278,200
282,400
287,500

292, 800
298, 200
303,600
308,500
313,500

318,800
324,200
329,500
334,800
340,200

148,100
152,300
156, 500
160, 800
165, 000

169, 100
173,100
177,400
181,600
185,900

190,100
194,300
198,300
202,200
206,200

210,100
213, 900
217, 600
221,600
225,600

229,500
233,500
237,400
241, 600
245, 800

250,000
254,100
258,000
262,000
266,100

270,300
274,500
278,700
282,800
288,100

293,500
299,000
304,500
309,500
314,600

320,000
325,500
331,000
336,400
341,900

148,300
152,600
156, 800
161,100
165,300

169,400
173,400
177, 700
182, 000
186, 200

190,400
194,700
198,600
202,600
206,600

210,500
214, 300
218, 000
222,000
226,000

230,000
233,900
237,900
242,100
246, 300

250,400
254, 600
258, 500
262,400
266, 600

270,800
274,900
279,100
283, 300
288, 600

294,200
299,800
305,300
310,500
315,700

321,300
326,900
332,400
338,000
343,600

MARCH 1999 HEADWATER 1002 to 1004



36 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

14 HEADWATER ELEVATION
1 1004.0 1004.1 1004.2 1004.3 1004.4 1004.5 1004.6 1 004.7 1004.8 11004.9 1005.0 11005.1 1005.2 11005.3 1005.4 1005.5 1005.6 1005.7 1005.8 1005.9 1006.0

21 21
22 36,500 36,550 22
23 38, 380 38,440 23
24 40,210 40,270 24
25 42,040 42,100 25

26 43,860 43, 930 26
27 45, 670 45, 750 27
28 47, 480 47,560 28
29 49, 320 49,390 29
30 51,120 51,200 51,280 30

31 52,950 53,030 53,120 31
32 54,780 54,870 54,960 32
33 56, 610 56,700 56,790 56,880 56,960 57, 050 57,140 57,230 57,320 57,400 57,490 57,580 57,660 57,750 57, 840 33
34 58, 590 58,680 58,780 58,870 58,960 59, 050 59,140 59,230 59,320 59,410 59,500 59, 590 59,690 59,780 59, 870 34
35 60,560 60,660 60,760 60,850 60,950 61,040 61,130 61,230 61,320 61,420 61,510 61,610 61,700 61,790 61,890 35

36 62,540 62,640 62, 740 62,840 62,940 63, 040 63, 130 63,230 63,330 63,430 63, 520 63, 620 63, 720 63, 820 63, 910 36
37 64, 510 64,610 64,710 64,820 64,920 65,020 65, 120 65,220 65, 320 65,420 65, 520 65, 620 65,720 65, 820 65, 920 37
38 66, 450 66,550 66,660 66,760 66,870 66,970 67,080 67,180 67, 290 67, 390 67,490 67, 600 67,700 67,810 67, 910 38
39 68,410 68, 520 68,630 68,740 68, 850 68,960 69, 060 69,170 69, 280 69, 390 69,490 69,600 69,710 69,820 69,920 39
40 70, 390 70, 510 70,620 70,730 70, 840 70,950 71,060 71,180 71,290 71,400 71,510 71,620 71,730 71,840 71,950 40

41 72,370 72,480 72,600 72,710 72,830 72,940 73, 060 73,170 73,290 73,400 73,510 73,630 73,740 73,850 73,970 74,080 41
42 74,330 74,450 74, 570 74,690 74,810 74,930 75, 040 75,160 75,280 75,400 75,510 75,630 75,750 75,860 75,980 76, 100 42
43 76, 300 76,420 76, 540 76,660 76,790 76,910 77, 030 77,150 77,270 77,390 77,510 77,630 77,750 77,870 77, 990 78, 110 43
44 78, 260 78, 390 78,510 78,640 78,770 78,890 79, 010 79,140 79,260 79,390 79,510 79,640 79, 760 79,880 80, 010 80, 130 80,250 80, 370 80,500 80,620 80, 740 44
45 81,060 81,190 81,320 81,450 81,580 81,710 81,840 81,970 82,100 82,230 82,360 82,490 82, 620 82,750 82,870 83,000 83,130 83, 260 83,380 83,510 83,640 45

46 83,860 84,000 84,130 84,270 84,400 84,540 84, 670 84,810 84,940 85,080 85,210 85, 350 85, 480 85,610 85, 750 85,880 86,010 86,150 86,280 86, 410 86,540 46
47 86, 670 86,810 86,950 87,090 87,230 87,370 87, 510 87,650 87,790 87,930 88,070 88,210 88,350 88,480 88, 620 88,760 88,900 89,040 89,170 89, 310 89,450 47
48 89, 460 89,610 89, 750 89, 900 90, 040 90,190 90, 330 90,480 90, 620 90, 770 90,910 91,060 91,200 91,350 91, 490 91,630 91,780 91,920 92,060 92, 200 92,340 48
49 92, 200 92,350 92,500 92,650 92,810 92, 960 93, 110 93,260 93,410 93, 560 93,700 93,850 94,000 94,150 94,300 94,450 94,600 94,740 94, 890 95, 040 95,190 49
50 94, 970 95,120 95,280 95,440 95, 590 95, 750 95, 900 96,060 96, 210 96, 370 96, 520 96, 680 96, 830 96, 980 97,140 97, 290 97,440 97, 600 97, 750 97, 900 98, 050 50

51 97,770 97,940 98,100 98,260 98,420 98,580 98,740 98,900 99,060 99,220 99,380 99,540 99,700 99,860 100,000 100,200 100,300 100,500 100,600 100,800 101,000 51
52 100,600 100,700 100,900 101,100 101,200 101,400 101,600 101,700 101,900 102,100 102,200 102,400 102,600 102,700 102,900 103,100 103,200 103,400 103,500 103,700 103,900 52
53 103,400 103,500 103,700 103,900 104,100 104,200 104,400 104,600 104,700 104,900 105,100 105,300 105,400 105,600 105,800 105,900 106,100 106,300 106,400 106,600 106,800 53
54 106,200 106,300 106,500 106,700 106,900 107,100 107,200 107,400 107,600 107,800 107,900 108,100 108,300 108,500 108,600 108,800 109,000 109,100 109,300 109,500 109,700 54
55 108,900 109,100 109,300 109,500 109,700 109,900 110,000 110,200 110,400 110,600 110,800 110,900 111,100 111,300 111,500 111,700 111,800 112,000 112,200 112,400 112,500 55

56 112,600 112,700 112,900 113,100 113,300 113,500 113,700 113,900 114,100 114,300 114,400 114,600 114,800 115,000 115,200 115,400 115,600 115,700 115,900 116,100 116,300 56
57 116,200 116,400 116,500 116,700 116,900 117,100 117,300 117,500 117,700 117,900 118,100 118,300 118,500 118,700 118,900 119,100 119,300 119,500 119,700 119,800 120,000 57
58 119, 800 120,000 120,200 120,400 120,600 120,800 121,000 121,200 121,400 121,600 121,800 122, 000 122,200 122,400 122, 600 122, 800 123,000 123,200 123,400 123,600 123,800 58
59 123,300 123,600 123,800 124,000 124,200 124,400 124,600 124,800 125,000 125,200 125,400 125,700 125,900 126,100 126,300 126, 500 126,700 126,900 127, 100 127,300 127, 500 59
60 126, 800 127, 100 127, 300 127, 500 127,700 127, 900 128, 100 128,400 128, 600 128, 800 129, 000 129,200 129,400 129,700 129, 900 130, 100 130,300 130, 500 130, 700 130,900 131, 200 60

61 130,300 130,600 130,800 131,000 131,200 131,500 131,700 131,900 132,100 132,400 132,600 132,800 133,000 133,200 133,500 133, 700 133,900 134,100 134,400 134,600 134,800 61
62 133,900 134,200 134,400 134,600 134,900 135,100 135, 300 135,600 135,800 136, 000 136, 300 136,500 136,700 137,000 137,200 137,400 137,600 137, 900 138,100 138,300 138,500 62
63 137,500 137,800 138,000 138, 300 138,500 138, 700 139, 000 139,200 139,500 139,700 139, 900 140,200 140,400 140,700 140,900 141, 100 141,400 141, 600 141,800 142,100 142,300 63
64 141,100 141,400 141,600 141,900 142,100 142,400 142,600 142,900 143,100 143,400 143,600 143,800 144,100 144,300 144,600 144,800 145,100 145,300 145,500 145,800 146,000 64
65 144,700 145,000 145,300 145,500 145,800 146,000 146,300 146,500 146,800 147,000 147,300 147,500 147,800 148,000 148,300 148,500 148,800 149,000 149,300 149,500 149,800 65

66 148,300 148,600 148,900 149,100 149,400 149,600 149,900 150,200 150,400 150,700 150,900 151,200 151,500 151,700 152,000 152,200 152,500 152,700 153,000 153,300 153,500 66
67 152,600 152, 900 153,100 153,400 153, 700 154,000 154,200 154,500 154,800 155,000 155,300 155,600 155,800 156,100 156,400 156,600 156,900 157, 200 157,400 157, 700 158, 000 67
68 156,800 157,100 157,400 157,700 157,900 158,200 158,500 158,800 159,100 159,400 159,600 159,900 160,200 160,500 160,700 161,000 161,300 161,600 161,800 162,100 162,400 68
69 161,100 161,400 161,600 161,900 162,200 162,500 162,800 163,100 163,400 163,700 164,000 164,300 164,500 164,800 165,100 165,400 165,700 166,000 166,300 166,500 166,800 69
70 165,300 165,600 165,900 166,200 166,500 166,800 167,100 167,400 167,700 168,000 168,300 168,600 168,900 169,200 169,500 169,800 170,100 170,400 170,700 171,000 171,300 70

71 169,400 169,700 170,000 170,300 170,600 170,900 171,200 171,600 171,900 172,200 172,500 172,800 173, 100 173,400 173,700 174,000 174,300 174,600 174,900 175,200 175,500 71
72 173,400 173,800 174,100 174,400 174,700 175,000 175,400 175,700 176,000 176,300 176;600 177,000 177,300 177,600 177,900 178,200 178,500 178,900 179,200 179,500 179,800 72
73 177,700 178,000 178,400 178,700 179,000 179,400 179, 700 180,000 180,300 180,700 181,000 181,300 181,700 182,000 182,300 182,600 183,000 183,300 183,600 183,900 184,200 73
74 182,000 182,300 182,700 183,000 183,300 183,700 184,000 184,400 184,700 185,000 185,400 185,700 186, 100 186,400 186,700 187, 100 187,400 187,700 188,100 188,400 188,700 74
75 186,200 186,600 186,900 187,300 187,600 188,000 188,300 188,700 189,000 189,400 189,700 190,100 190,400 190,700 191,100 191,400 191,800 192,100 192,500 192,800 193,200 75

HEADWATER 1004 to 1006 See special instruction for preventing gate overflow on page 3. MARCH 1999
HEADWATER 1004 to 1006 See special instruction for preventing gate overflow on page 3. MARCH 1999



DOUGLAS DAM 37

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

_o__ __ _ ___HEADWATER ELEVATION _°__

1, 1004.0 1004.1 1004.2 1004.3 1004.4 1004.5 1004.6 1004.7 1004.8 1004.9 1005.0 1005.1 1005.2 1005.3 1005.4 1005.5 1005.6 1005.7 1005.8 1005.9 1006.0 •

76 190,400 190,800 191,200 191,500 191,900 192,200 192,600 193,000 193,300 193,700 194,000 194,400 194,700 195, 100 195,500 195,800 196,200 196,500 196,900 197,200 197,600 76
77 194,700 195,000 195,400 195,800 196,200 196,500 196,900 197,300 197,600 198,000 198,400 198,700 199,100 199,500 199,800 200,200 200,600 200,900 201,300 201,600 202,000 77
78 198, 600 199, 000 199,400 199 800 200,200 200,500 200,900 201,300 201, 700 202,000 202,400 202,800 203, 200 203,600 203,900 204, 300 204,700 205,100 205,400 205,800 206,200 78
79 202,600 203 000 203,400 203, 800 204,200 204 500 204 900 205,300 205 700 206,100 206, 500 206, 900 207, 300 207, 600 208, 000 208,400 208,800 209, 200 209, 600 210, 000 210, 300 79
80 206,600 207, 000 207, 400 207,800 208,200 208, 600 209, 000 209,400 209, 800 210,200 210,600 211, 000 211, 300 211,700 212, 100 212, 500 212,900 213, 300 213,700 214,100 214,500 80

81 210,500 211,000 211,400 211,800 212,200 212,600 213,000 213,400 213,800 214,200 214,600 215,000 215,400 215,800 216,200 216,700 217, 100 217,500 217,900 218,300 218,700 81
82 214,300 214,700 215,100 215,500 216,000 216,400 216,800 217,200 217,600 218,000 218,400 218,900 219,300 219,700 220,100 220,500 221,000 221,400 221,800 222,200 222,600 82
83 218, 000 218,500 218,900 219, 300 219,700 220,200 220,600 221,000 221, 400 221,900 222, 300 222, 700 223,100 223,600 224, 000 224,400 224,900 225, 300 225,700 226,100 226,600 83
84 222,000 222 500 222,900 223 300 223,800 224,200 224,600 225,000 225 500 225 900 226,400 226,800 227, 200 227,700 228,100 228,600 229, 000 229, 400 229, 900 230,300 230, 700 84
85 226,000 226, 500 226,900 227, 300 227,800 228,200 228,700 229,100 229, 500 230, 000 230,400 230,900 231,400 231,800 232,300 232,700 233, 200 233, 600 234, 000 234,500 234,900 85

86 230, 000 230,400 230,900 231,300 231,800 232,200 232,700 233,100 233, 600 234,000 234, 500 235, 000 235,400 235,900 236,400 236, 800 237,300 237,700 238,200 238,600 239,100 86
87 233 900 234,400 234,900 235,300 235,800 236,200 236,700 237,200 237, 600 238,100 238,600 239, 000 239, 500 240,000 240,400 240, 900 241,400 241,900 242, 300 242,800 243,300 87
88 237, 900 238,400 238,800 239 300 239,800 240,200 240, 700 241,200 241, 600 242,100 242,600 243,100 243,600 244,000 244, 500 245, 000 245,500 246,000 246, 500 246,900 247,400 88
89 242 100 242,600 243,000 243, 500 244,000 244,400 244, 900 245,400 245 800 246,300 246,800 247, 300 247,700 248,200 248, 700 249,200 249 700 250, 200 250, 700 251,100 251, 600 89
90 246, 300 246,700 247,200 247,700 248,100 248,600 249,000 249,500 250, 000 250,400 250,900 251,400 251,900 252,400 252,900 253,300 253, 800 254, 300 254, 800 255, 300 255, 800 90

91 250,400 250,900 251,400 251,800 252,300 252,700 253,200 253, 600 254,100 254,600 255, 000 255, 500 256, 000 256, 500 257,000 257,500 258,000 258, 500 259,000 259,500 260, 000 91
92 254, 600 255,100 255,500 256 000 256,400 256,900 257,300 257, 800 258 200 258,700 259, 200 259, 700 260,100 260, 600 261,100 261,600 262,100 262, 600 263, 100 263,600 264,100 92
93 258, 500 259,000 259,400 259, 900 260,300 260,800 261, 200 261,700 262,100 262,600 263,000 263,500 264,000 264, 500 265, 000 265,500 266,000 266, 500 267,000 267,500 268,000 93
94 262,400 262,900 263,300 263 800 284,200 264,700 265,100 265,500 266,000 266 400 266,900 267,400 267,900 268,400 268, 900 269,400 269,900 270, 400 270,900 271,400 271,900 94
95 266,600 267,000 267,500 267, 900 268,400 268,800 269, 300 269,700 270,100 270, 600 271,000 271,500 272,000 272,600 273,100 273, 600 274,100 274,600 275,100 275,600 276,100 95

96 270, 800 271,200 271,700 272,100 272,600 273,000 273,400 273,900 274,300 274, 700 275, 200 275, 700 276, 200 276, 700 277, 200 277, 700 278, 300 278, 800 279, 300 279, 800 280, 300 96
97 274 900 275,400 275,800 276,300 276,700 277,100 277, 600 278,000 278,400 278, 800 279,300 279,800 280,300 280, 800 281,400 281,900 282,400 282, 900 283,400 284,000 284,500 97
98 279, 100 279 600 280,000 280,400 280 900 281, 300 281, 700 282,100 282, 600 283,000 283,400 283,900 284,500 285, 000 285, 500 286, 000 286,600 287,100 287,600 288,100 288,700 98
99 283,300 283, 700 284,100 284,600 285: 000 285,400 285 900 286,300 286, 700 287,100 287,500 288,100 288,600 289,100 289, 700 290, 200 290, 700 291,300 291,800 292, 300 292,800 99
100 288,600 289, 200 289,700 290,300 290, 800 291,400 291, 900 292,500 293,000 293,500 294,100 294,700 295,400 296, 000 296, 700 297, 300 298,000 298,600 299,200 299, 900 300,500 100

101 294,200 294,900 295 500 296,200 296,800 297,500 298,200 298, 800 299,500 300,100 300, 800 301,600 302,300 303,100 303,800 304,600 305,300 306,100 306,900 307,600 308,400 101
102 299,800 300,600 301, 300 302,100 302,900 303,700 304,500 305 200 306, 000 306,800 307,600 308,400 309,300 310,200 311,000 311,900 312, 800 313, 600 314, 500 315, 400 316,200 102
103 305, 300 306, 200 307, 100 308, 000 308,900 309,800 310, 700 311,600 312,500 313,400 314, 300 315, 300 316, 300 317, 300 318, 200 319, 200 320, 200 321,200 322, 200 323, 100 324, 100 103
104 310, 500 311,500 312, 500 313 500 314,500 315,600 316, 600 317,600 318,600 319, 600 320,600 321,700 322, 800 323, 800 324, 900 326, 000 327, 100 328, 200 329,200 330, 300 331,400 104
105 315, 700 316,800 317,900 319,100 320,200 321,300 322,400 323,500 324,600 325,800 326,900 328,100 329,300 330,400 331, 600 332,800 334,000 335,200 336,400 337, 500 338, 700 105

106 321,300 322, 500 323, 700 324,900 326,200 327,400 328, 600 329, 900 331,100 332, 400 333,600 334, 900 336, 200 337, 500 338, 800 340, 100 341,400 342, 700 344,000 345, 300 346, 600 106
107 326, 900 328, 200 329, 500 330,900 332,200 333,600 334,900 336,300 337,700 339, 000 340,400 341, 800 343, 200 344,600 346, 000 347, 400 348,800 350, 200 351,600 353, 100 354,500 107
108 332,400 333, 900 335, 300 336,800 338 300 339,700 341, 200 342,700 344,200 345,600 347, 100 348, 600 350, 200 351,700 353, 200 354,700 356, 200 357, 700 359, 300 360, 800 362 300 108
109 338, 000 339, 500 341,100 342,700 344 300 345,900 347, 500 349,100 350,700 352,300 353,900 355, 500 357,100 358,700 360,400 362,000 363 600 365, 300 366, 900 368,500 370, 200 109
110 343,600 345,200 346,900 348,600 350,300 351,800 353,300 354,800 356,300 357,800 359,300 360, 800 362,300 363,800 365,400 366,900 368,500 370,100 371, 600 373,200 374,800 110

-, ________ . _______ . _______ .~ ~ L _______ ± L _______ I ________ L _______ I I _______ ± _______ I ________ L I L _______ .1
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38 DOUGLAS DAM

SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND

Ao _ HEADWATER ELEVATION__z__ _ _

• 1006.0 11006.1 1006.1 1006.1 11006.2 11006.2 [1006.3 11006.3 [1006.4 11006.4 [1006.5 11006.5 11006.6 11006.6 1006.7 1006.7 1006.8 1006.8 1006.9 1006.9 11007.0

41 41
42 42
43 43
44 80,740 80,800 80,860 80,920 80,980 81,050 81,110 81,170 81,230 81,290 81,350 81,410 81,470 81,530 44
45 83,640 83,700 83, 770 83,830 83,890 83, 960 84,020 84,080 84,150 84,210 84,270 84,330 84,400 84,460 45

46 86,540 86, 610 86, 670 86, 740 86, 810 86, 870 86,940 87,000 87, 070 87,130 87,200 87,270 87, 330 87,400 46
47 89,450 89, 520 89, 590 89,650 89,720 89, 790 89,860 89,930 90, 000 90, 060 90,130 90,200 90, 270 90, 330 47
48 92, 340 92,420 92, 490 92,560 92, 630 92, 700 92, 770 92,840 92, 910 92, 980 93, 050 93,120 93,190 93,260 48
49 95,190 95,260 95, 330 95, 410 95,480 95, 550 95, 620 95, 700 95, 770 95,840 95, 920 95, 990 96,060 96,140 49
50 98, 050 98,130 98,200 98, 280 98, 350 98,430 98,510 98,580 98,660 98,730 98,810 98, 880 98,960 99,030 50

51 101,000 101,000 101,100 101,200 101,300 101,400 101,400 101,500 101,600 101,700 101,700 101,800 101,900 102,000 51
52 103,900 103,900 104,000 104,100 104,200 104,300 104,300 104,400 104,500 104,600 104,700 104,800 104,800 104,900 105, 000 105,100 52
53 106,800 106,900 106,900 107,000 107,100 107,200 107,300 107,400 107,400 107,500 107,600 107,700 107,800 107,800 107,900 108,000 53
54 109,700 109,700 109,800 109,900 110,000 110,100 110,200 110,300 110,300 110,400 110,500 110,600 110,700 110,800 110,900 110,900 54
55 112,500 112,600 112,700 112,800 112,900 113,000 113,100 113,200 113,200 113,300 113,400 113,500 113,600 113,700 113,800 113,900 113,900 114,000 114,100 114,200 114,300 55

56 116,300 116,400 116,500 116,600 116,700 116,800 116,800 116,900 117,000 117,100 117,200 117,300 117,400 117,500 117,600 117,700 117,800 117,800 117,900 118,000 118,100 56
57 120,000 120,100 120,200 120,300 120,400 120,500 120,600 120,700 120,800 120,900 121,000 121,100 121,200 121,300 121,400 121,500 121,600 121,700 121,700 121,800 121,900 57
58 123,800 123,900 124,000 124,100 124,200 124,300 124,400 124,500 124,600 124,700 124,800 124,900 125,000 125,100 125,200 125,300 125,400 125,500 125,600 125,700 125,800 58
59 127,500 127,600 127,700 127,800 127,900 128,000 128,100 128,200 128,300 128,400 128,500 128,600 128,700 128,800 128,900 129,000 129,200 129,300 129,400 129,500 129,600 59
60 131,200 131,300 131,400 131,500 131,600 131,700 131,800 131,900 132,000 132,100 132,200 132,300 132,400 132,500 132,600 132,700 132,800 132,900 133,000 133,200 133,300 60

61 134,800 134,900 135,000 135,100 135,200 135,300 135,400 135,600 135,700 135, 800 135,900 136,000 136,100 136,200 136,300 136,400 136,500 136,600 136,700 136,900 137,000 61
62 138,500 138,700 138,800 138,900 139,000 139,100 139,200 139,300 139,500 139,600 139,700 139,800 139,900 140,000 140,100 140,200 140,300 140,500 140,600 140,700 140,800 62
63 142,300 142,400 142,500 142,600 142,800 142,900 143,000 143, 100 143,200 143, 300 143, 500 143,600 143,700 143,800 143, 900 144,000 144,100 144,300 144, 400 144,500 144,600 63
64 146, 000 146, 100 146, 300 146,400 146,500 146,600 146, 700 146,900 147,000 147, 100 147, 200 147, 300 147, 500 147, 600 147, 700 147, 800 147,900 148,100 148, 200 148,300 148, 400 64
65 149,800 149,900 150,000 150,200 150,300 150,400 150,500 150,600 150,800 150,900 151,000 151,100 151,300 151,400 151,500 151,600 151,700 151,900 152,000 152,100 152,200 65

66 153, 500 153,600 153, 800 153, 900 154,000 154,200 154,300 154,400 154,500 154,700 154,800 154,900 155,000 155,200 155,300 155,400 155,500 155,700 155, 800 155,900 156,000 66
67 158,000 158, 100 158, 200 158,400 158,500 158,600 158, 800 158,900 159,000 159, 200 159, 300 159,400 159, 500 159,700 159,800 159,900 160,100 160,200 160,300 160,500 160,600 67
68 162,400 162,500 162,700 162,800 162,900 163,100 163,200 163,400 163,500 163,600 163,800 163,900 164,000 164,200 164,300 164,400 164,600 164,700 164,800 165,000 165,100 68
69 166,800 167,000 167, 100 167,300 167,400 167,500 167,700 167,800 168,000 168, 100 168,200 168,400 168,500 168,700 168, 800 168,900 169,100 169,200 169,400 169,500 169,600 69
70 171,300 171,400 171,600 171,700 171,900 172,000 172,200 172,300 172,400 172,600 172,700 172,900 173,000 173,200 173, 300 173,500 173,600 173,800 1173,900 174,000 174,200 70

71 175,500 175,700 175,800 176,000 176,100 176,300 176,400 176,600 176,700 176,900 177,000 177,200 177,300 177,500 177,600 177,800 177,900 178,100 178,200 178,400 178,500 71
72 179,800 179,900 180,100 180,300 180,400 180,600 180,700 180,900 181,000 181,200 181,300 181,500 181,700 181,800 182,000 182,100 182,300 182,400 182,600 182,700 182,900 72
73 184,200 184,400 184,600 184,700 184,900 185,100 185,200 185,400 185,500 185,700 185,900 186,000 186,200 186,300 186,500 186,600 186,800 187,000 187,100 187,300 187,400 73
74 188,700 188,900 189,100 189,200 189,400 189,500 189,700 189,900 190,000 190,200 190,400 190,500 190,700 190,900 191,000 191,200 191,400 191,500 191,700 191,800 192,000 74
75 193,200 193,300 193, 500 193,700 193,800 194,000 194,200 194,300 194,500 194,700 194,800 195, 000 195,200 195,400 195,500 195,700 195, 900 196, 000 196, 200 196,400 196,500 75

76 197,600 197,700 197, 900 198,100 198,300 198,400 198,600 198,800 199, 000 199, 100 199,300 199,500 199,700 199,800 200,000 200,200 200,400 200, 500 200,700 200,900 201,000 76
77 202,000 202, 200 202,400 202,500 202,700 202, 900 203,100 203,300 203, 400 203,600 203,800 204, 000 204, 200 204,300 204, 500 204, 700 204,900 205, 000 205,200 205,400 205, 600 77
78 206,200 206,400 206, 500 206, 700 206,900 207, 100 207,300 207,500 207,600 207,800 208, 000 208,200 208,400 208,600 208,700 208,900 209,100 209, 300 209,500 209,700 209, 800 78
79 210,300 210,500 210,700 210,900 211,100 211,300 211,500 211,700 211,900 212,000 212,200 212,400 212,600 212,800 213,000 213,200 213,400 213,600 213,700 213,900 214,100 79
80 214,500 214,700 214,900 215,100 215,300 215,500 215,700 215,900 216,100 216,300 216, 500 216,700 216,800 217,000 217,200 217,400 217,600 217,800 218,000 218,200 218,400 80

81 218,700 218,900 219, 100 219,300 219,500 219, 700 219,900 220,100 220,300 220,500 220, 700 220,900 221,100 221,300 221,500 221,700 221,900 222,100 222,300 222,500 222,700 81
82 222,600 222,800 223,000 223,200 223,400 223, 600 223, 800 224,100 224,300 224,500 224, 700 224, 900 225,100 225,300 225,500 225, 700 225,900 226,100 226, 300 226,500 226,700 82
83 226,600 226,800 227,000 227,200 227,400 227,600 227, 800 228,000 228, 200 228,400 228, 700 228, 900 229,100 229,300 229,500 229, 700 229,900 230,100 230, 300 230,500 230,700 83
84 230,700 231,000 231, 200 231,400 231,600 231, 800 232,000 232,300 232, 500 232,700 232, 900 233,100 233, 300 233, 500 233, 800 234,000 234,200 234,400 234,600 234,800 235,000 84
85 234,900 235,200 235,400 235,600 235,800 236, 000 236,300 236,500 236,700 236,900 237, 100 237,400 237, 600 237, 800 238, 000 238,200 238,500 238,700 238, 900 239,100 239,300 85

86 239,100 239,300 239,600 239,800 240, 000 240,200 240,500 240,700 240,900 241, 100 241,400 241,600 241,800 242, 000 242,300 242,500 242, 700 242,900 243,200 243,400 243,600 86
87 243,300 243,500 243, 700 244,000 244,200 244,400 244,700 244,900 245,100 245, 300 245,600 245,800 246,000 246, 300 246,500 246,700 247, 000 247,200 247,400 247,600 247,900 87
88 247,400 247,600 247, 900 248,100 248,400 248,600 248,800 249,100 249,300 249, 500 249, 800 250,000 250,200 250,500 250,700 250,900 251,200 251,400 251, 700 251,900 252,100 88
89 251,600 251,900 252,100 252,300 252,600 252, 800 253,100 253, 300 253, 500 253, 800 254,000 254,200 254,500 254,700 255,000 255,200 255,400 255, 700 255,900 256,100 256,400 89
90 255, 800 256,000 256,300 256,500 256,800 257,000 257,200 257, 500 257, 700 258, 000 258,200 258,400 258,700 258,900 259,200 259,400 259,600 259, 900 260,100 260,300 260, 600 90

91 260, 000 260, 200 260, 500 260,700 260,900 261,200 261,400 261,700 261,900 262, 200 262,400 262,600 262, 900 263,100 263,400 263,600 263,800 264,100 264,300 264,600 264,800 91
92 264,100 264,400 264, 600 264,900 265, 100 265,400 265, 600 265, 900 266,100 266, 300 266, 600 266,800 267, 100 267, 300 267, 600 267, 800 268, 000 268, 300 268, 500 268, 800 269, 000 92
93 268, 000 268,300 268, 500 268, 800 269,000 269,300 269, 500 269, 800 270,000 270,300 270,500 270,700 271,000 271,200 271, 500 271,700 272,000 272, 200 272,500 272,700 272,900 93
94 271,900 272, 200 272,400 272, 700 272, 900 273, 200 273,400 273,700 273, 900 274,200 274,400 274,700 274,900 275, 200 275,400 275,700 275,900 276,100 276,400 276,600 276,900 94
95 276,100 276,400 276,600 276,900 277,100 277, 400 277,600 277,900 278, 100 278,400 278,600 278,900 279,100 279,400 279, 600 279,900 280,100 280, 400 280,600 280,900 281,100 95

HEADWATER 1006 to 1007 See special instruction for preventing gate overflow on page 3. MARCH 1999
HEADWATER 1006 to 1007 See special instruction for preventing gate overflow on page 3. MARCH 1999
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SPILLWAY DISCHARGE
IN CUBIC FEET PER SECOND
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HEADWATER ELEVATION
1006.0 11006.1 11006.1 1 1 6.1 1006.2 1006.2 1006.3 1006.3 1006.4 1006.4 1006.5 100 .7 1006.8 1006.8 1006.9 1006.9 10000 6.5 1006.6 1006.6 11006.7 11006

96
97
98
99

100

1 01102
103

1 04105

106

1 07108

1 09110

280,300
284 500
288: 700
292,800
300,500

308,400
316,200
324,100
331,400
338,700

346,600
354,500
362,300
370,200
374,800

280,600
284,700
288,900
293, 100
300,800

308,700
316 700
324: 600
332,000
339,300

347,200
355,200
363 100
371: 000
375,600

280,800
285 000
289: 200
293,400
301, 100

309, 100
317, 100
325, 100
332 500
339: 900

347,900
355,900
363,900
371,800
376,300

281, 100
285 200
289: 400
293,600
301,500

309,500
317,500
325 600
333: 000
340,500

348,500
356,600
364,600
372,700
377, 100

281,300
285,500
289,700
293,900
301,800

309,900
318,000
326,100
333 600
341: 100

349,200
357,300
365,400
373,500
377,900

281,600
285,800
289,900
294,100
302, 100

310,200
318,400
326,600
334,100
341,700

349,800
358,000
366,200
374,300
378,700

281,800
286,000
290,200
294,400
302,400

310 600
318: 800
327, 100
334,700
342,300

350,500
358,700
366,900
375, 100
379,500

282, 100
286,300
290,500
294,600
302,700

311,000
319,300
327,500
335,200
342,900

351,100
359,400
367,700
376,000
380,300

282,300
286,500
290,700
294,900
303,000

311,400
319,700
328,000
335,800
343,500

351,800
360,200
368,500
376 800
381: 100

282,600
286,800
291,000
295 200
303: 400

311,700
320, 100
328,500
336,300
344,100

352,500
360,900
369,300
377,600
381,900

282,800
287 000
291: 200
295 400
303: 700

312,100
320,600
329 000
336: 800
344,700

353, 100
361,600
370,000
378,400
382,700

283,100
287,300
291,500
295 700
304: 000

312 500
321: 000
329,500
337 400
345: 300

353,800
362,300
370,800
379,300
383,600

283,300
287,500
291,700
295 900
304: 300

312 800
321: 400
330,000
337,900
345,900

354,400
363,000
371,600
380, 100
384,400

283,600
287,800
292,000
296,200
304,600

313,200
321,900
330,500
338,500
346,500

355, 100
363,700
372,300
380,900
385,200

283,800
288,000
292 200
296: 400
304,900

313,600
322 300
331: 000
339 000
347: 100

355,700
364,400
373 100
381: 800
386, 100

284,100
288 300
292: 500
296,700
305,300

314,000
322,700
331,500
339,600
347,700

356,400
365,200
373,900
382 600
386: 900

284,300
288,500
292,800
297,000
305,600

314,300
323, 100
332,000
340,100
348,300

357,000
365,900
374,700
383,400
387,700

284,600
288,800
293,000
297 200
305: 900

314,700
323,600
332,400
340,700
348,900

357,700
366,600
375,400
384,300
388,500

284,800
289 000
293: 300
297,500
306,200

315, 100
324,000
332,900
341,200
349,500

358,400
367,300
376,200
385 100
389: 400

285, 100
289 300
293: 500
297,700
306,500

315,500
324,400
333,400
341,700
350, 100

359,000
368,000
377,000
385,900
390,200

285,300
289 500
293: 800
298,000
306,800

315,800
324,900
333,900
342,300
350,700

359,700
368,700
377,800
386,800
391,000

96
97
98
99

100

101
102
103
104
105

106
107
108
109
110
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INSTRUCTIONS FOR USE OF TABLES

1. Tables Update

These tables supersede the tables dated October 1962 in the August
1973 issue of the Spillway and Sluice Discharge Tables. The tables
were revised to increase the maximum headwater elevation covered
in the tables from 1003 feet to 1007 feet. The revised discharges
were generated using the computer code SPILLQ and, except for the
lowest gate openings, are only slightly different from those in the
1962 tables.

2. Purpose of Tables

These tables provide a means of setting up or determining the
discharge through the sluices in Douglas Dam. They give the total
discharge in cubic feet per second through all eight sluices when the
headwater elevation and sluice gate openings are known. The
discharges are based on the results of field measurements.

The tables have been prepared to permit simultaneous operation of
all eight sluices shown on page 4. Past operating experience has
shown that this type of operation should be used to minimize apron,
bank, riprap, and sluice-conduit wear.

3. Range of Tables

The tables cover a discharge range from 0 to 31,200 cubic feet per
second. Headwater elevations range from 890 feet to 1007 feet.
Sluice gate openings range from 0.2 foot to the maximum opening of
10 feet.

4. Arrangement of Tables

The sluice discharge tables show discharges in cubic feet per second
for all sluices set at identical openings. Gate opening positions in
0.2-foot increments are listed in the left and right columns.
Headwater elevations for each foot of headwater elevation are shown

at the top of each column. The headwater range is shown at the
bottom of each page.

Discharges are recorded to the nearest 10 cubic feet per second since
the accuracy of the field measurements does not warrant greater
refinement. For this reason, there should be no interpolation
between values given in these tables.

5. Gate Opening Indicator

The gate opening indicator consists of an indicating device and scale
graduated in 0.01-foot increments between 0 and 10 feet. The
indicator is plainly visible from the gate opening control valves,
which makes it relatively easy to accurately set a required gate
opening position.

6. Use of Tables

The use of the tables is best illustrated by an example.

Example I -- With the headwater elevation at 954.52 feet what sluice
gate settings are necessary to pass 11,000 cubic feet per second? The
headwater elevation closest to 954.52 feet is 955 feet, which is found
on page 46. In the column headed 955 the discharge closest to
11,000 cubic feet per second is found near the middle of the column
and is 11,090 cubic feet per second. By following the horizontal line
containing this discharge to the left or right colun-ms of the page, it is
found that all eight sluice gates should be opened to position 4.8 feet.

Suppose the headwater elevation should rise from elevation
954.52 feet to 955.52 feet. The headwater elevation closest to
955.52 feet is 956 feet. In the column headed 956 the discharge is
found to be 11, 160 cubic feet per second.



DOUGLAS DAM 43

DISCHARGE FOR ALL SLUICES AT IDENTICAL OPENINGS
IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
890 1 891 1 892 1 893 1 894 1 895 1 896 1 897 1 898 1 899 1 900 1 901 1 902 1 903 1 904 1 905 1 906 1 907 1 908 1 909 F 910

0.2 200 210 220 230 230 240 250 260 260 270 270 280 290 290 300 300 310 320 320 330 330 0.2
0.4 400 420 430 450 460 480 490 510 520 530 540 560 570 580 590 600 610 620 640 650 660 0.4
0.6 600 620 640 670 690 710 730 750 770 790 810 820 840 860 880 890 910 930 940 960 970 0.6
0.8 780 820 850 880 910 930 960 990 1,010 1,040 1,060 1,090 1,110 1 , 130 1 , 150 1,180 1,200 1,220 1,240 1,260 1,280 0.8
1.0 970 1,010 1,040 1,080 1,120 1 , 150 1 , 180 1,220 1,250 1,280 1,310 1,340 1,370 1,400 1,420 1,450 1,480 1,500 1,530 1,550 1,580 1.0

1.2 1,140 1, 190 1,240 1,280 1,320 1,360 1,400 1,440 1,480 1,510 1,550 1,590 1,620 1,650 690 1,720 1,750 1 780 1,810 1,840 1,870 1.2
1.4 320 1, 370 1,420 1,470 1,520 1 570 1,610 1,660 1,700 1,740 1,780 1,820 1,860 1,900 1: 940 1,980 2,010 2 050 2,080 2,120 2,150 1.4
1.6 11: 490 1,550 1,610 1,660 1,720 1 770 1,820 1,870 1,920 1,970 2,010 2,060 2,100 2,150 2,190 2,230 2,270 2,310 2,350 2,390 2,430 1.6
1.8 1,650 1,720 1,790 1,850 1,910 1,970 2,030 2,080 2,140 2, 190 2,240 2,290 2 340 2,390 2,430 2 480 2 530 2,570 2,610 2,660 2,700 1.8
2.0 1,820 1,890 1,960 2,030 2,100 2, 160 2,230 2,290 2,350 2,410 2,460 2,520 2: 570 2,620 2,680 2: 730 2: 780 2,830 2,870 2,920 2,970 2.0

2.2 1,980 2,060 2,140 2,220 2,290 2,360 2,430 2,490 2,560 2,620 2,680 2,740 2,800 2,860 2,920 2 970 3,030 3,080 3, 130 3,190 3,240 2.2
2.4 2,150 2,230 2,320 2,400 2,480 2 550 2,630 2,700 2,770 2,840 2 910 2 970 3 030 3 100 3 160 3: 220 3,280 3 340 3,390 3,450 3,500 2.4
2.6 2,310 2,400 2,500 2,580 2 670 2: 750 2,830 2,910 2,980 3,060 3:130 3: 200 3: 270 3: 330 3: 400 3 470 3,530 3: 590 3,650 3,710 3 770 2.6
2.8 2,480 2,580 2,680 2,770 2: 860 2,950 3,030 3,120 3,200 3 280 3,350 3,430 3,500 3,580 3,650 3: 720 3,780 3,850 3,920 3,980 4: 050 2.8
3.0 2,650 2,750 2,860 2,960 3,060 3, 150 3,240 3,330 3,420 3: 500 3,580 3,660 3,740 3,820 3,900 3,970 4,040 4, 110 4, 190 4,250 4,320 3.0

3.2 2,820 2,940 3,050 3,150 3,260 3,360 3,450 3,550 3,640 3,730 3,820 3,900 3,990 4 070 4 150 4,230 4,310 4,380 4,460 4 530 4,610 3.2
3.4 3,000 3, 120 3,240 3 350 3 460 3,570 3,670 3,770 3,870 3,970 4,060 4, 150 4,240 4: 330 4: 410 4,500 4,580 4,660 4,740 4: 820 4,900 3.4
3.6 3, 180 3,310 3,430 3: 550 3: 670 3,780 3,890 4 000 4 100 4,210 4,310 4,400 4,500 4 590 4,680 4,770 4 860 4,940 5,030 5,110 5,190 3.6
3.8 3,370 3,500 3,640 3,760 3,890 4,010 4,120 4: 240 4: 350 4,450 4,560 4,660 4,760 4: 860 4,960 5 050 5: 140 5,230 5,320 5,410 5,500 3.8
4.0 3,560 3,700 3,840 3,980 4,110 4,240 4,360 4,480 4,590 4,710 4,820 4,930 5,030 5, 140 5,240 5: 340 5,440 5,530 5,630 5,720 5,810 4.0

4.2 3,760 3,910 4,060 4,200 4,340 4,470 4,600 4 730 4,850 4,970 5,090 5,200 5 310 5,420 5,530 5,630 5,740 5 840 5,940 6,040 6, 130 4.2
4.4 3,960 4,120 4,270 4,420 4,570 4,710 4,850 4: 980 5, 110 5,240 5,360 5,480 5: 600 5, 710 5,830 5,940 6,050 6:150 6,260 6 360 6,460 4.4
4.6 4, 160 4,330 4,500 4,660 4,810 4 960 5,100 5,240 5,380 5,510 5,640 5,770 5,890 6,010 6,130 6,250 6,360 6,470 6,590 6: 690 6,800 4.6
4.8 4,380 4,560 4,730 4,890 5,050 5: 210 5,360 5 510 5 650 5 790 5,930 6,060 6, 190 6,320 6,440 6,560 6,690 6,800 6,920 7,030 7, 150 4.8
5.0 4,590 4,780 4,960 5,130 5,300 5,470 5,620 5: 780 5: 930 6: 080 6,220 6,360 6,490 6,630 6,760 6,890 7,020 7, 140 7,260 7,380 7,500 5.0

5.2 4,810 5,010 5,200 5,380 5,560 5,730 5,890 6 060 6,210 6,370 6,520 6,660 6,810 6,950 7,080 7,220 7,350 7,480 7,610 7,730 7,860 5.2
5.4 5,040 5,240 5,440 5,630 5,810 5,990 6,170 6: 340 6,500 6,660 6,820 6,970 7, 120 7,270 7,410 7,550 7,690 7,830 7,960 8,090 8,220 5.4
5.6 5,260 5 480 5 680 5 880 6,070 6,260 6,440 6,620 6,790 6,960 7,120 7,280 7,440 7,590 7,740 7,890 8,040 8, 180 8,320 8,460 8,590 5.6
5.8 5,490 5: 710 5: 930 6: 140 6,340 6,530 6,720 6 910 7,090 7,260 7 430 7 600 7,760 7,920 8,080 8,230 8 380 8,530 8,680 8,820 8,960 5.8
6.0 5,720 5,950 6, 180 6,390 6,600 6,810 7,000 7: 200 7,380 7,560 7: 740 7: 920 8,090 8,250 8,420 8,580 8: 730 8,890 9,040 9,190 9,340 6.0

6.2 5,950 6,190 6,420 6,650 6,870 7,080 7,280 7,480 7,680 7,870 8,050 8,230 8,410 8,590 8,760 8,920 9 090 9,250 9,400 9,560 9,710 6.2
6.4 6, 180 6,430 6,670 6,910 7,130 7,350 7,570 7,770 7,980 8,170 8,370 8,550 8,740 8,920 9,090 9 270 9: 440 9,600 9,770 9,930 10,090 6.4
6.6 6,410 6,670 6,920 7,160 7,400 7 630 7 850 8 060 8,270 8,480 8,680 8,870 9 060 9 250 9,430 9: 610 9,790 9,960 10,130 10,300 10,460 6.6
6.8 6,640 6,910 7,170 7,420 7,660 7: 900 8: 130 8: 350 8,570 8,780 8,990 9, 190 9: 390 9: 580 9,770 9 960 10, 140 10,320 10,490 10,670 10,840 6.8
7.0 6,860 7,140 7,410 7,670 7,930 8, 170 8,410 8,640 8,860 9,080 9,290 9,500 9,710 9,910 10,100 10: 300 10,480 10,670 10,850 11,030 11,210 7.0

7.2 7,090 7,380 7,660 7,920 8, 180 8,440 8,680 8,920 9,150 9,380 9,600 9,810 10,020 10,230 10,430 10 630 10,830 11,020 11,210 11,390 11,580 7.2
7.4 7, 310 7,610 7,900 8,170 8,440 8,700 8,950 9,200 9 440 9,670 9,900 10, 120 10,340 10,550 10,760 10: 960 11, 170 11,360 11,560 11,750 11,940 7.4
7.6 7,530 7,840 8,130 8 420 8,690 8,960 9,220 9,470 9: 720 9,960 10, 190 10,420 10,650 10,870 11,080 11,290 11,500 11,700 11,900 12, 100 12,290 7.6
7.8 7,740 8,060 8,360 8: 660 8,940 9,210 9,480 9 740 9,990 10,240 10,480 10,720 10,950 11,170 1 400 11,610 11,830 12,030 12,240 12 440 12,640 7.8
8.0 7,950 8,280 8,590 8,890 9, 180 9,460 9,740 10: 000 10,260 10,520 10,760 11,010 11,240 11,480 111: 700 11,930 12, 140 12,360 12,570 1 2: 780 12,980 8.0

8.2 8, 150 8,490 8,810 9,120 9,420 9,700 9,990 10 260 10,530 10,790 11,040 11,290 11,530 11,770 12,000 12,230 12,450 12,680 12 890 13,110 13,310 8.2
8.4 8,350 8 690 9 020 9,340 9,640 9 940 10,230 10: 510 10,780 11,050 11,310 11,560 11,810 12,050 12,290 12,530 12,760 12,980 13: 200 13,420 13,640 8.4
8.6 8,540 8: 890 9: 220 9,550 9,860 10: 160 10,460 10,750 11,020 11,300 11,560 11,820 12,080 12,330 12,570 12,810 13,040 13,280 13,500 13,730 13,940 8.6
8.8 8,720 9,080 9,420 9,750 10,070 10,380 10,680 10,970 11,260 11,540 11,810 12,070 12,330 12,590 12,840 13,080 13,320 13,560 13,790 14,020 14,240 8.8
9.0 8,890 9,250 9,600 9,940 10,270 10,580 10,890 11,190 11,480 11,760 12,040 12,310 12,570 12,830 13,090 13,340 13,580 13,820 14,060 14,290 14,520 9.0

9.2 9,050 9,420 9,770 10 120 10,450 10,770 11,080 11,390 11,680 11,970 12,250 12,530 12,800 13,060 13,320 13,570 13,820 14,070 14 310 14 540 14,780 9.2
9.4 9,190 9,570 9,930 10: 280 10,620 10,940 11,260 11,570 11,870 12,160 12,450 12,730 13,000 13,270 13 530 13,790 14,040 14,290 1 4: 540 14: 780 15,010 9.4
9.6 9,320 9,700 10,070 10 , 420 10,760 11,100 11,420 11,730 12,030 12,330 12,620 12,910 13,180 13,460 13: 720 13,980 14,240 14,490 14,740 14,980 15,220 9.6
9.8 9,430 9,820 10: 190 10,540 10,890 11,230 11,550 11,870 12,180 12,480 12,770 13,060 13,340 13,610 13,880 14, 150 14,410 14,660 14,910 15, 160 15,400 9.8

10.0 9,520 9,910 10 280 10,640 10,990 11,330 11,660 11,970 12,290 12,590 12,890 13, 180 13,460 13,740 14,010 14,280 14,540 14,790 15,050 15,300 15,540 10.0

MARCH 1999 HEADWATER 890 to 910



44 DOUGLAS DAM

DISCHARGE FOR ALL SLUICES AT IDENTICAL OPENINGS
IN CUBIC FEET PER SECOND

r__ HEADWATER ELEVATION °
0-l 910 911 912 913 914 915 9161 917 918r9191920 9219221923 924I925 926r927 928 1929 930

330
660
970

1,280
1,580

1,870
2,150
2,430
2, 700
2,970

3, 240
3, 500
3,770
4, 050
4,320

4, 610
4, 900
5, 190
5,500
5, 810

6, 130
6, 460
6, 800
7, 150
7, 500

7, 860
8, 220
8, 590
8, 960
9, 340

9,710
10, 090
10, 460
10, 840
11,210

11,580
11,940
12,290
12,640
12, 980

13,310
13,640
13,940
14, 240
14, 520

14,780
15,010
15, 220
15, 400
15,540

340
670
990

1,300
1,600

1,900
2, 190
2, 470
2, 740
3, 020

3, 290
3, 560
3, 830
4,110
4,390

4, 680
4, 970
5, 270
5, 580
5, 900

-6, 230
6, 560
6,910
7, 260
7, 620

7, 980
8, 350
8,720
9,100
9,480

9, 860
10, 250
10, 630
11,010
11,380

11,750
12,120
12,480
12, 840
13,180

13,520
13,850
14,160
14,460
14,740

15,010
15, 250
15,460
15,640
15,780

340
680

1,000
1,320
1,630

1,930
2, 220
2, 500
2,780
3, 060

3, 340
3,610
3,890
4,170
4,460

4, 750
5, 050
5, 350
5, 670
5, 990

6,320
6, 660
7,010
7,370
7,730

8,100
8,480
8, 860
9,240
9, 620

10,010
10,400
10,790
11,170
11,550

11,930
12,300
12,670
13,030
13,380

13,720
14,060
14,370
14,680
14,960

15, 230
15,480
15, 690
15, 870
16, 020

350
690

1,020
1,340
1,650

1,960
2,250
2, 540
2, 820
3,110

3,380
3,660
3,950
4,230
4, 520

4,820
5,120
5,430
5,750
6,080

6,410
6,760
7,110
7,470
7,840

8,220
8, 600
8,980
9,370
9,770

10,160
10,550
10,940
11,330
11,720

12, 110
12,480
12, 860
13, 220
13, 580

13, 920
14, 260
14,580
14,890
15,180

15, 450
15, 700
15,920
16,110
16,250

350
700

1,030
1,360
1,680

1,980
2,280
2,580
2,860
3,150

3,430
3,720
4,000
4,290
4,580

4,880
5,190
5,510
5,830
6,160

6,500
6,860
7,210
7,580
7,950

8,340
8,720
9,110
9,510
9,900

10,300
10,700
11, 100
11,500
11,890

12,280
12,660
13,040
13,410
13, 770

14,120
14,460
14,790
15,100
15,400

15,670
15,920
16,150
16,330
16,480

360
710

1,050
1, 380
1, 700

2,010
2,310
2,610
2,900
3,190

3,480
3,770
4,060
4,350
4,650

4, 950
5, 260
5,580
5,910
6,250

6,590
6,950
7,310
7,690
8,060

8,450
8,840
9,240
9,640

10,040

10,440
10, 850
11,250
11,650
12,050

12,450
12,840
13,220
13, 590
13, 960

14,320
14,660
14,990
15,310
15,610

15,890
16,140
16,370
16,560
16,710

360
710

1,060
1, 400
1,720

2,040
2,350
2,650
2, 940
3,240

3, 530
3,820
4,110
4,410
4,710

5, 020
5, 330
5,660
5,990
6,330

6,680
7,040
7,410
7,790
8,170

8,560
8,960
9,360
9,770

10,180

10,580
10,990
11,400
11,810
12,210

12,610
13, 010
13,400
13,780
14,150

14,510
14,860
15,200
15,520
15,820

16,100
16, 360
16, 590
16, 780
16,940

370
720

1,070
1,410
1,740

2,060
2,380
2,680
2,980
3,280

3,570
3,870
4,170
4,470
4,770

5,080
5,400
5,730
6,070
6,420

6,770
7,130
7,510
7,890
8,280

8,680
9,080
9,480
9,900

10,310

10,720
11,140
11,550
11,960
12,370

12, 780
13, 180
13,570
13,960
14,330

14,700
15,050
15,390
15,720
16,030

16,310
16, 570
16,810
17,000
17,160

370
730

1,090
1,430
1,770

2,090
2,410
2,720
3,020
3,320

3,620
3,920
4,220
4,520
4,830

5,150
5, 470
5,810
6,150
6,500

6,860
7,230
7,600
7,990
8,380

8,790
9,190
9,610

10,020
10,440

10,860
11,280
11,700
12,120
12, 530

12,940
13,350
13,740
14,130
14, 520

14,890
15,250
15,590
15,920
16,230

16,520
16,790
17,020
17,220
17,380

370
740

1,100
1,450
1,790

2,120
2,440
2,750
3,060
3,360

3, 660
3, 970
4, 270
4, 580
4,890

5,210
5,540
5, 880
6,220
6,580

6,940
7,320
7,700
8,090
8,490

8,900
9,310
9, 720

10, 150
10,570

10,990
11,420
11,850
12,270
12,690

13, 100
13, 510
13,910
14,310
14,700

15,070
15,430
15,780
16,120
16,430

16,730
16,990
17,230
17,430
17,590

380
750

1,110
1,470
1,810

2,140
2,470
2, 780
3,090
3,400

3,710
4,010
4,320
4,630
4, 950

5,280
5,610
5,950
6,300
6,660

7,030
7,400
7,790
8,190
8,590

9,000
9,420
9,840

10,270
10,700

11, 130
11,560
11,990
12,420
12,840

13,260
13,680
14, 080
14, 480
14,870

15,250
15,620
15,980
16,310
16,630

16,930
17,200
17,440
17,640
17,800

380
760

1,130
1,480
1,830

2,170
2,500
2,820
3,130
3,440

3,750
4,060
4,370
4,690
5,010

5, 340
5, 670
6,020
6,370
6,740

7,110
7,490
7, 880
8,280
8,690

9,110
9,530
9,960

10,390
10,820

11,260
11,700
12,130
12,560
12,990

13,420
13, 840
14,250
14, 650
15, 050

15,430
15, 810
16, 160
16, 510
16,830

17, 130
17,400
17,650
17, 850
18, 010

390
770

1,140
1, 500
1, 850

2,190
2,520
2, 850
3,170
3,480

3, 790
4,110
4,420
4, 740
5,070

5,400
5,740
6,090
6,450
6,810

7,190
7, 580
7, 980
8,380
8,790

9,210
9,640

10,070
10, 510
10,950

11,390
11,830
12,270
12,710
13,140

13,570
14,000
14,410
14,820
15,220

15,610
15,990
16,350
16,700
17,020

17,330
17,600
17,850
18, 060
18,220

390
780

1,150
1,520
1,870

2,220
2, 550
2, 880
3,200
3,520

3, 840
4,150
4,470
4,800
5,130

5,460
5,800
6,160
6,520
6,890

7,270
7,660
8,070
8,480
8,890

9,320
9,750

10, 190
10,630
11,070

11,520
11,960
12,410
12,850
13,290

13,730
14,160
14, 580
14,990
15,400

15,790
16,170
16,540
16, 890
17,220

17,520
17,800
18,050
18,260
18,430

400
790

1,170
1,540
1,890

2, 240
2, 580
2,910
3, 240
3, 560

3,880
4,200
4,520
4,850
5,180

5,520
5,870
6,230
6,590
6,970

7,350
7,750
8,150
8, 570
8,990

9,420
9,860

10,300
10, 750
11,200

11,650
12,100
12,550
12,990
13,440

13,880
14,310
14,740
15,160
15,570

15,960
16,350
16,720
17,070
17,410

17,720
18,000
18,250
18,460
18,630

400
790

1,180
1,550
1,910

2,270
2,610
2,940
3,270
3,600

3,920
4,250
4, 570
4,900
5,240

5,580
5,930
6,290
6,660
7,040

7,430
7,830
8,240
8,660
9,090

9,520
9,970

10,410
10, 860
11,320

11,770
12,230
12,680
13,130
13,580

14, 030
14,470
14,900
15,320
15,730

16,140
16, 530
16, 900
17,260
17,590

17,910
18, 190
18,450
18,660
18,830

410
800

1,190
1,570
1,930

2,290
2,640
2,970
3,310
3,640

3,960
4,290
4,620
4,950
5,290

5,640
6,000
6,360
6,730
7,120

7,510
7,920
8,330
8,750
9,190

9, 620
10, 070
10,520
10, 980
11, 440

11,900
12, 360
12,820
13,270
13,730

14,180
14,620
15,060
15,480
15,900

16,310
16, 700
17, 080
17,440
17,780

18,100
18,390
18,640
18,860
19,030

410
810

1,200
1,580
1,950

2,310
2,660
3,010
3,340
3,670

4,000
4,340
4,670
5,010
5,350

5,700
6, 060
6, 430
6,800
7,190

7,590
8, 000
8, 420
8,840
9,280

9,720
10, 180
10,630
11,090
11,550

12,020
12,480
12,950
13,410
13,870

14,320
14,770
15,210
15,640
16,070

16,480
16, 870
17, 260
17,620
17, 970

18,290
18,580
18,840
19,060
19,230

410
820

1, 220
1, 600
1,970

2,340
2,690
3, 040
3,380
3,710

4,050
4, 380
4, 720
5,060
5,400

5,760
6,120
6,490
6, 870
7,260

7, 670
8, 080
8,500
8,930
9, 370

9,820
10,280
10,740
11,200
11,670

12,140
12, 610
13, 080
13,550
14,010

14,470
14,920
15, 370
15, 800
16,230

16,640
17,050
17,430
17, 800
18, 150

18,470
18,770
19,030
19, 250
19, 430

420
830

1,230
1,620
1,990

2, 360
2, 720
3,070
3,410
3,750

4,090
4,420
4,760
5,110
5,460

5,810
6,180
6,550
6, 940
7, 340

7,740
8,160
8,590
9,020
9,470

9,920
10,380
10,850
11,320
11,790

12,260
12, 740
13,210
13,680
14,150

14,610
15, 070
15, 520
15,960
16,390

16,810
17,210
17,600
17,980
18,330

18,660
18,950
19,220
19, 440
19, 620

420
840

1,240
1, 630
2,010

2,380
2,740
3,100
3,440
3,780

4,130
4,470
4,810
5,160
5,510

5,870
6,240
6,620
7,010
7,410

7,820
8,240
8,670
9,110
9,560

10,020
10,480
10,950
11,430
11,900

12,380
12,860
13,340
13,820
14,290

14,760
15, 220
15, 670
16, 120
16,550

16, 970
17, 380
17, 780
18,150
18,510

18,840
19,140
19,410
19,630
19,810

I L ______ .1 ______ L ______ ± ______ a ______ a ______ u ______ ± ______ 4 ______ .1
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DOUGLAS DAM 45

DISCHARGE FOR ALL SLUICES AT IDENTICAL OPENINGS
. IN CUBIC FEET PER SECOND

d
HEADWATER ELEVATION

0- 930 1 931 1 932 1 933 1 934 1 935 1 936 1 937 1 938 1 939 1 940 1 941 1 942 1 943 1 944 1 945 1 946 1 947 1 948 1 949 1 950

0.2 420 430 430 430 440 440 450 450 450 460 460 460 470 470 480 480 480 490 490 490 500 0.2
0.4 840 840 850 860 870 880 880 890 900 910 910 920 930 930 940 950 960 960 970 980 980 0.4
0.6 1,240 1,250 1,260 1,280 1,290 1,300 1,310 1,320 1,330 1,340 1,350 360 380 1 390 1,400 1,410 1,420 1,430 1,440 1,450 1,460 0.6
0.8 1,630 1,650 1,660 1,680 1,690 1,710 1 720 1 800 1,740 1,750 1,770 1,780 : ': 810 1 830 1,840 1,850 1,870 1,880 1,890 1,910 1 920 O.E
1.0 2,010 2,030 2,050 2,070 2,090 2,110 2: 130 2,140 2,160 2,180 2,200 2,220 2,230 2,250 2,270 2,290 2,300 2,320 2,340 2,350 2: 370 1.C

1.2 2,380 2,410 2,430 2 450 2 470 2,500 2,520 2,540 2,560 2,580 2,600 2,620 2,640 2 660 2,690 2,7110 2 730 2,750 2,770 2,780 2,800 1.2
1.4 2,740 2,770 2,800 2: 820 2: 850 2,870 2,900 2,920 2,950 2,970 3,000 3,020 3,040 3: 070 3,090 3 1 0 3: 140 3,160 3,180 3,210 3,230 1.4
1.6 3,100 3, 130 3, 160 3,180 3,210 3,240 3,270 3,300 3,330 3,350 3,380 3,410 3,430 3 460 3 490 3: 510 3,540 3 570 3,590 3,620 3,640 l.E
1.8 3,440 3,480 3,510 3,540 3,570 3,600 3,640 3,670 3,700 3,730 3,760 3,790 3,820 3: 850 3: 880 3,910 3,940 3: 970 3,990 4,020 4,050 1.8
2.0 3,780 3,820 3,860 3,890 3,930 3,960 4,000 4,030 4,070 4,100 4, 130 4,170 4,200 4,230 4,260 4,300 4,330 4,360 4,390 4,420 4,450 2.c

2.2 4,130 4, 160 4,200 4,240 4,280 4 320 4,360 4,390 4,430 4,470 4,500 4,540 4,580 4,610 4,650 4,680 4,720 4,750 4,790 4,820 4,850 2.2
2.4 4,470 4,510 4,550 4,590 4,630 4: 680 4,720 4 760 4 800 4,840 4,880 4 920 4 950 4 990 5,030 5,070 5,110 5, 140 5, 180 5,220 5,260 2.4
2.6 4,810 4,860 4,900 4,950 4,990 5,040 5,080 5: 120 5: 170 5,210 5,250 5: 290 5: 340 5: 380 5,420 5,460 5,500 5 540 5 580 5,620 5,660 2.E
2.8 5,160 5,210 5,250 5,300 5,350 5,400 5,450 5,490 5 540 5,590 5,630 5,680 5,720 5,770 5,810 5 850 5 900 5: 940 5: 980 6,030 6,070 2.E
3.0 5,510 5,560 5,610 5,670 5,720 5,770 5,820 5,870 5: 920 5,970 6,020 6,060 6, 110 6,160 6,210 6: 250 6: 300 6, 350 6,390 6,440 6,480 3.C

3.2 5,870 5,930 5,980 6 040 6,090 6, 150 6,200 6,250 6,310 6,360 6,410 6,460 6,510 6,560 6,610 6,660 6 710 6,760 6,810 6,860 6,910 3.2
3.4 6,240 6, 300 6,360 6: 420 6,480 6,530 6,590 6,650 6,700 6,760 6,810 6,870 6,920 6,980 7,030 7 080 7: 140 7, 190 7,240 7,290 7,340 3.4
3.6 6,620 6,680 6,740 6,810 6,870 6,930 6,990 7 050 7 110 7,170 7,230 7 290 7,340 7,400 7,460 7: 510 7,570 7,620 7,680 7,730 7,790 3.E
3.8 7,010 7,070 7,140 7,210 7,270 7,340 7,400 7: 460 7: 530 7,590 7,650 7: 710 7,770 7,830 7,900 7,950 8,010 8,070 8,130 8,190 8,250 3.E
4.0 7,410 7,480 7,550 7,620 7,690 7,760 7,820 7,890 7,960 8,020 8,090 8,150 8,220 8,280 8,350 8,410 8,470 8, 530 8,590 8,660 8,720 4.C

4.2 7,820 7,890 7,970 8,040 8,110 8, 190 8,260 8 330 8 400 8,470 8,540 8,610 8,670 8,740 8,810 8,870 8,940 9,010 9,070 9,140 9,200 4.2
4.4 8 240 8, 320 8,400 8,470 8,550 8 630 8,700 8: 780 8: 850 8,920 9,000 9,070 9, 140 9,210 9 280 9,350 9,420 9 490 9,560 9,630 9,690 4.4
4.6 8: 670 8, 750 8,840 8,920 9,000 9: 080 9 160 9,240 9,310 9,390 9,470 9,540 9,620 9,690 9: 770 9 840 9,910 9: 990 10,060 10, 130 10 200 4.E
4.8 9, 110 9,200 9,280 9,370 9,450 9 , 540 9: 620 9 700 9 790 9, 870 9,950 10,030 10, 110 10, 190 10,260 1 0: 340 10 420 10,490 10,570 10,650 10: 720 4.E
5.0 9,560 9,650 9,740 9,830 9,920 10,010 10,100 10: 180 10: 270 10,350 10,440 10,520 10,610 10,690 10,770 10 , 850 1 0: 930 11,010 11,090 11,170 11,250 5.C

5.2 10,020 10,110 10,210 10,300 10,400 10,490 10,580 10 670 10 760 10,850 10,940 11: 030 110 11,200 11,290 11 370 11 460 11,540 11,620 11,710 11,790 5.2
5.4 10,480 10 580 10 680 10 780 10,880 10,970 11,070 11: 170 11: 260 11,350 11,450 11 540 R 630 1 1,720 11,810 11: 900 1 1: 990 12,070 12,160 12,250 12,330 5.4
5.6 10,950 11: 060 1: 160 11: 260 11,370 11 470 11 570 11,670 11,760 11,860 11,960 12,050 12, 150 12,240 12,340 12,430 12,520 12,620 12,710 12,800 12,890 5.E
5.8 11,430 11,540 11,640 11,750 11,860 11: 960 1 2: 070 12 170 12,270 12,380 12,480 12,580 12,680 12,770 12,870 12,970 13 070 13, 160 13,260 13,350 13,440 5.E
6.0 11,900 12,020 12, 130 12,240 12,350 12,460 12,570 12: 680 12,790 12,890 13,000 13,100 13,210 13,310 13,410 13,510 1 3: 610 13,710 13,810 13,910 14,010 6.C

6.2 12,380 12,500 12,620 12,730 12,850 12,960 13,080 13,190 13 300 13,410 13,520 13,630 13,740 13 840 13,950 14,050 14 160 14,260 14,370 14,470 14,570 6.2
6.4 12,860 12,980 13,110 13,230 13 350 13 470 13,580 13,700 13: 820 13,930 14,040 14,160 14,270 1 4: 380 14 490 14,600 1 4: 710 14,820 14,920 15 030 15,130 6.4
6.6 13,340 13,470 13,590 13,720 13: 940 13: 970 14,090 14 210 14,330 14,450 14,570 14,680 14,800 14,910 15: 030 15,140 15 250 15,370 15,480 15: 590 15,700 6.E
6.8 13,820 13,950 14,080 14,210 14,340 14,460 14,590 14: 720 14,840 14,960 15,090 15,210 15,330 15,450 15,560 15,680 15: 800 15,910 16,030 16,140 16,260 6.E
7.0 14,290 14,420 14,560 14,690 14,830 14,960 15,090 15,220 15,350 15,480 15,600 15,730 15,850 15,970 16,100 16,220 16,340 16,460 16,580 16,700 16,810 TC

T2 14 760 14,900 15,040 15,180 15,310 15,450 15,580 15,720 15,850 15,980 16,110 16,240 16,370 16,500 16,620 16,750 16,870 17,000 17,120 17,240 17,360 7.2
7.4 1 5: 220 15,360 15,510 15,650 15,790 15,930 16,070 16 210 16,350 16,480 16,620 16,750 16,880 17,010 17,140 17,270 17,400 17,530 17,650 17,780 17,910 7.4
7.6 15,670 15,820 15,970 16,120 16,260 16 410 16,550 16: 690 16,830 16,970 17,110 17,250 17,380 17,520 17 650 17 790 17,920 18,050 18 180 18 310 18,440 TE
7.8 16,120 16,270 16,420 16,570 16,720 16: 870 17,020 17 170 17 310 17 450 17,600 17,740 17,880 18,020 18: 160 8: 290 18 430 18 560 18: 700 1 8: 830 18,960 TE
8.0 16,550 16,710 16,870 17,020 17,170 17,330 17,480 17: 630 17: 780 1 7: 930 18,070 18,220 18,360 18,500 18,650 18,790 1 8: 930 19: 060 19,200 19,340 19,470 8.(

8.2 16,970 17,140 17,300 17,460 17,610 17,770 17,930 18 080 18,230 18,380 18,530 18,680 18,830 18,980 19,120 19,270 19,410 19,550 19,690 19,830 19,970 8.2
8.4 17,380 17,550 17,710 17,880 18,040 18,200 18 360 18: 520 18,670 18,830 18,980 19, 130 19,280 19,430 19,580 19,730 19,880 20 020 20,170 20,310 20,450 8.4
8.6 17,780 17,950 18,110 18,280 18,450 18,610 18: 770 18,940 19,090 19,250 19,410 19,570 19,720 19,870 20,030 20, 180 20,330 20: 480 20,620 20,770 20 920 8.E

1 :840 19,000 19,170 19,340 19,500 19,660 19,820 19 980 20,140 20,290 20,450 20,600 20,760 20,910 21,060 21,210 21 360 8.E8.8 18,150 18 330 18 500 18 670 18
9.0 18,510 18:680 18:860 9:030 9 210 19,380 19,550 19,710 19,880 20,040 20,210 20:370 20,530 20,690 20,850 21,010 21,160 21,320 21,470 21,630 21,780 9.C

9.2 18,840 19 020 19,200 19,370 19,550 19,720 19,890 20,060 20,230 20,400 20,570 20,730 20,900 21,060 21,220 21,380 21,540 21,700 21,860 22,010 22,170 9.2
9.4 19,140 19:320 19,500 19,680 19,860 20,040 20,210 20,390 20,560 20,730 20,900 21,070 21,230 21,400 21,560 21,720 21,890 22,050 22,210 22,360 22 520 9.4
9.6 19,410 19 , 590 19,780 19,960 20,140 20,320 20,490 20,670 20,840 21,020 21,190 21,360 21,530 21,700 21,860 22,030 22,190 22,350 22,510 22,680 22:830 9.6
9.8 9 630 191,820 20,010 20 190 20 370 20,550 20,730 20,910 21,090 21,260 21,440 21 610 21 780 21 950 22,120 22,280 22,450 22,610 22,780 22,940 23,100 9.E

10.0 119:810 20,000 20,190 20:370 20:560 20,740 20,920 21,100 21,280 21,460 21,630 21:810 21:980 22:150 22,320 22,490 22,650 22,820 22,980 23,150 23,310 10.C

MARCH 1999 HEADWATER 930 to 950



46 DOUGLAS DAM

DISCHARGE FOR ALL SLUICES AT IDENTICAL OPENINGS
IN CUBIC FEET PER SECOND

-h HEADWATER ELEVATION
03 950 1 951 1 952 1 953 1 954 1 955 1 956 1 957 1 958 1 959 1 960 1 961 1 962 1 963 1 964 1 965 1 966 1 967 1 968 1 969

0.2 500 500 500 510 510 510 520 520 520 530 530 530 540 540 540 550 550 550 560 560 560 0.2
0.4 980 990 1,000 1 000 1,010 1,020 1,020 1,030 040 040 1,050 1,060 1,060 1,070 1 080 1,080 1,090 1,090 1, 100 1 110 1,110 0.4
0.6 1,460 1,470 1,480 1: 490 1,500 1,510 1,520 1,530 ll: 540 il: 550 1,560 1,570 1 580 1 590 1: 590 1,600 1,610 1,620 1,630 1: 640 1,650 0.6
0.8 1 920 1 930 1,950 1,960 1 970 1,990 2,000 2,010 2,020 2,040 2,050 2 060 2: 070 2: 090 2, 100 2, 110 2, 120 2,140 2 150 2, 160 2,170 0.8
1.0 2: 370 2: 390 2,400 2,420 2: 430 2,450 2,470 2,480 2,500 2,510 2,530 2: 540 2,560 2,570 2,590 2,600 2,620 2,630 2: 650 2,660 2,680 1.0

1.2 2,800 2 820 2 840 2,860 2,880 2,900 2,920 2,940 2,960 2,970 2,990 3,010 3,030 3,050 3,070 3,080 3, 100 3,120 3, 140 3 150 3, 170 1.2
1.4 3 230 3: 250 3: 270 3,300 3,320 3,340 3,360 3,380 3,400 3,420 3,450 3 470 3,490 3,510 3,530 3,550 3,570 3,590 3 610 3: 630 3,650 1.4
1.6 3: 640 3,670 3,690 3,720 3,740 3,770 3,790 3,820 3,840 3,860 3,890 3: 910 3,940 3,960 3,980 4 000 4 030 4,050 4: 070 4 100 4,120 1.6
1.8 4,050 4 080 4, 110 4,130 4,160 4,190 4,220 4,240 4,270 4,300 4,320 4,350 4,380 4,400 4,430 4: 450 4: 480 4 500 4 530 4: 550 4,580 1.8
2.0 4,450 4: 480 4,520 4,550 4,580 4,610 4,640 4,670 4,690 4,720 4,750 4,780 4,810 4,840 4,870 4,900 4,920 4: 950 4: 980 5,010 5,030 2.0

2.2 4,850 4,890 4,920 4 950 4 990 5 020 5 050 5,080 5,120 5 150 5 180 5,210 5,240 5,270 5,310 5,340 5,370 5 400 5,430 5,460 5 490 2.2
2.4 5,260 5 290 5 330 5: 360 5: 400 5: 430 5: 470 5,500 5,540 5: 570 5: 610 5,640 5,680 5 710 5 740 5,780 5,810 5: 840 5,880 5,910 5: 940 2.4
2.6 5,660 5: 700 5: 740 5,780 5 810 5,850 5,890 5,930 5,970 6,000 6,040 6,080 6,110 6: 150 6: 180 6,220 6,260 6,290 6,330 6,360 6 400 2.6
2.8 6,070 6 110 6,150 6,190 6: 230 6,280 6,320 6,360 6,400 6,440 6,480 6,510 6,550 6,590 6,630 6,670 6,710 6,750 6 780 6,820 6: 860 2.8
3.0 6,480 6: 530 6,570 6,620 6,660 6,700 6,750 6,790 6,830 6,880 6,920 6,960 7,000 7,040 7,090 7,130 7, 170 7,210 7: 250 7,290 7,330 3.0

3.2 6,910 6,960 7,000 7 050 7,100 7,140 7,190 7,240 7 280 7,330 7, 370 7,420 7,460 7,510 7,550 7,590 7,640 7,680 7,720 7 770 7,810 3.2
3.4 7,340 7, 390 7,440 7: 490 7,540 7,590 7,640 7,690 7: 740 7,790 7,840 7 880 7,930 7,980 8,020 8,070 8,120 8, 160 8,210 8: 250 8 300 3.4
3.6 7,790 7 840 7 900 7,950 8,000 8,050 8,110 8,160 8,210 8,260 8,310 8: 360 8 410 8 460 8,510 8,560 8,610 8,660 8,710 8,760 8: 800 3.6
3.8 8,250 8: 300 8: 360 8,420 8,470 8,530 8,580 8,640 8,690 8,750 8,800 8 , 850 8: 910 8: 960 9,010 9,060 9,120 9, 170 9,220 9,270 9,320 3.8
4.0 8,720 8, 780 8,840 8,900 8,960 9,010 9,070 9,130 9,190 9,250 9,300 9,360 9,410 9,470 9,530 9,580 9,640 9,690 9,750 9,800 9,850 4.0

4.2 9,200 9 260 9 330 9,390 9,450 9,510 9,570 9,640 9,700 9,760 9,820 9,880 9,940 10,000 10,050 10,110 10,170 10,230 10,290 10,340 10,400 4.2
4.4 9,690 9: 760 9: 830 9,890 9,960 10,030 10,090 10,150 10,220 10 280 10,350 10,410 10,470 10,530 10,600 10,660 10 720 10,780 10,840 10 900 io 960 4.4
4.6 10,200 10,270 10,340 10,410 10,480 10,550 10,620 10,690 10,750 10: 820 10,890 10,950 11,020 11,080 11,150 11,210 1 1: 280 11,340 11,410 1 1: 470 1: 530 4.6
4.8 10,720 10 790 10 870 10,940 11,010 11,090 11,160 11,230 11,300 11,370 11,440 11,510 11,580 11,650 11,720 11,780 11,850 11,920 11 990 12 050 12 120 4.8
5.0 11,250 11: 330 11: 400 11,480 11,560 11,630 11,710 11,780 11,860 11,930 12,010 12,080 12, 150 12,220 12,290 12,370 12,440 12,510 12: 580 12: 650 2: 720 5.0

5.2 11,790 11,870 11,950 12,030 12,110 12, 190 12,270 12,350 12,430 12,500 12,580 12 660 12,730 12,810 12,880 12,960 13,030 13,110 13 180 13 250 13,320 5.2
5.4 12,330 12,420 12,500 12 590 12,670 12,760 12 840 12,920 13,000 13 080 13, 160 13: 240 13,320 13,400 13,480 13,560 13 640 13,71 0 1 3: 790 13: 870 13,940 5.4
5.6 12 890 12,980 13,060 13: 150 13,240 13,330 1 3: 410 13,500 13,580 1 3: 670 13,750 13,840 13,920 14,000 14,080 14,170 14: 250 14 330 14 410 14,490 14,570 5.6
5.8 1 3: 440 13 540 13,630 13,720 13,810 13,900 13,990 14,080 14,170 14,260 14,350 14,440 14,520 14,610 14,690 14,780 14,860 14: 950 15: 030 15 120 15,200 5.8
6.0 14,010 14: 100 14,200 14,300 14,390 14,480 14,580 14,670 14,760 14,860 14,950 15,040 15, 130 15,220 15,310 15,400 15,480 15,570 1 5 , 660 15: 750 15,830 6.0

6.2 14,570 14,670 14 770 14,870 14,970 15,070 15,160 15,260 15,360 15,450 15,550 15,640 15,740 15,830 15,920 16,020 16, 110 16,200 16,290 16,380 16,470 6.2
6.4 15,130 15,240 15: 340 15 450 15 550 15 650 15,750 15,850 15,950 16,050 16 150 16,250 16,350 16,440 16,540 16,640 16,730 16 830 16 920 17,010 17,110 6.4
6.6 15,700 15,810 15,910 16: 020 6: 130 16: 230 16,340 16,440 16,550 16,650 16: 750 16 850 16,950 17,060 17, 160 17,250 17,350 17: 450 17: 550 17,650 17,740 6.6
6.8 16,260 16,370 16,480 16,590 16,700 16,810 16,920 17,030 17,140 17,240 17,350 17: 450 17,560 17,660 17,770 17,870 17,970 18,070 18,180 18,280 18,380 6.8
7.0 16,810 16,930 17,040 17, 160 17,270 17,390 17,500 17,610 17,720 17,830 17,940 18,050 18, 160 18,270 18,370 18,480 18,590 18,690 18,800 18,900 19,000 7.0

7.2 17,360 17,480 17,600 17 720 17,840 17,960 18 070 18 190 18,300 18,420 18 530 18,640 18,750 18,870 18,980 19,090 19,200 19,300 19,410 19,520 19,630 7.2
7.4 17,910 18,030 18 150 18: 270 18,400 18,520 18: 640 18: 760 18,870 18,990 19: 110 19,220 19,340 19,450 19,570 19,680 19,800 19,910 20,020 20 130 20,240 7.4
7.6 18,440 18,570 18: 690 18,820 18,940 19,070 19,190 19,310 19,440 19,560 19 680 19,800 19,920 20,040 20,150 20,270 20,390 20,500 20,620 20: 730 20,840 7.6
7.8 18,960 19,090 19,220 19,350 19,480 19,610 19,740 19,860 19,990 20 110 20: 240 20,360 20 480 20 600 20 720 20,840 20,960 21,080 21,200 21 320 21,440 7.8
8.0 19,470 19,610 19,740 19,880 20,010 20,140 20,270 20,400 20,530 20: 660 20,780 20,910 21: 030 21: 160 21: 280 21,410 21,530 21,650 21,770 2 1 : 890 22,010 8.0

8.2 19,970 20,110 20,250 20,380 20,520 20 650 20,790 20,920 21 050 21,180 21,310 21,440 21,570 21,700 21,830 21,950 22,080 22,210 22,330 22,450 22,580 8.2
8.4 20,450 20 600 20,740 20,880 21,010 21: 150 21,290 21,430 21: 560 21,690 21,830 21,960 22,090 22,220 22,350 22,480 22,610 22,740 22,870 22,990 23,120 8.4
8.6 20 920 21: 060 21,210 21,350 21,490 21,630 21,770 21,910 22,050 22,190 22,320 22,460 22,590 22,730 22,860 22,990 23,130 23,260 23,390 23,520 23,640 8.6
8.8 21: 360 21,510 21,650 21,800 21,940 22,090 22,230 22,370 22,510 22,660 22,790 22,930 23 070 23,210 23,340 23 480 23,610 23,750 23,880 24,010 24 140 8.8
9.0 21,780 21,930 22,080 22,230 22,370 22,520 22,670 22,810 22,950 23,100 23,240 23,380 23: 520 23,660 23,800 23: 940 24,080 24,210 24,350 24,480 24: 620 9.0

9.2 22 170 22,320 22,470 22,620 22,770 22,920 23,070 23,220 23,360 23,510 23,650 23,800 23,940 24,080 24,220 24,370 24,500 24,640 24,780 24,920 25,060 9.2
9.4 22: 520 22,680 22,830 22 980 23 140 23,290 23,440 23,590 23,740 23,890 24,030 24 180 24,320 24,470 24,610 24,750 24,900 25,040 25,180 25,320 25,460 9.4
9.6 22,830 22,990 23, 150 23: 310 23: 460 23,610 23,770 23,920 24,070 24,220 24,370 24: 520 24,660 24,810 24,960 25, 100 25,240 25,390 25,530 25,670 25,810 9.6
9.8 23,100 23,260 23,420 23,580 23,730 23,890 24,040 24,200 24: 350 24,500 24,650 24: 800 24,950 25,100 25,250 25,390 25,540 25,680 25,830 25,970 26: 110 9.8

10.0 23,310 23,470 23,630 23,790 23,950 24,110 24,260 24,420 24 570 24,730 24,880 25 030 25,180 25,330 25,480 25,620 25,770 25,920 26,060 26,210 26 350 10.0

HEADWATER 950 to 970 MARCH 1999



DOUGLAS DAM

DISCHARGE FOR ALL SLUICES AT IDENTICAL OPENINGS
IN CUBIC FEET PER SECOND

47

fi HEADWATER ELEVATION z_

0-1 970 971 972 973 974 975 976 977 978 979 980 981 982 983 984 985 986 987 988 989 1 990 z%-

560
1,110
1,650
2,170
2,680

3,170
3,650
4,120
4,580
5,030

5,490
5,940
6,400
6,860
7,330

7,810
8,300
8,800
9,320
9,850

10,400
10,960
11,530
12,120
12,720

13,320
13,940
14,570
15, 200
15,830

16,470
17, 110
17,740
18,380
19,000

19,630
20,240
20,840
21,440
22,010

22,580
23,120
23,640
24,140
24,620

25, 060
25,460
25,810
26,110
26,350

560
1,120
1,660
2,180
2, 690

3,190
3,670
4,140
4,600
5,060

5,520
5,970
6,430
6,900
7,370

7,850
8,340
8,850
9,370
9,910

10,460
11,020
11,590
12,180
12,790

13,400
14,020
14,650
15,280
15,920

16,560
17,200
17,840
18,480
19,110

19,730
20,350
20, 960
21, 550
22,130

22,700
23,250
23,770
24,280
24,750

25, 190
25,590
25,950
26,250
26,490

570
1,120
1,670
2,190
2,710

3,200
3,690
4,160
4,630
5,090

5,550
6,000
6,470
6,930
7,410

7,890
8,390
8,900
9,420
9,960

10,510
11,080
11,660
12,250
12,850

13,470
14,090
14,720
15,360
16,000

16,650
17,290
17,940
18,580
19, 210

19,840
20,460
21, 070
21,670
22,250

22,820
23,370
23,900
24,410
24,880

25,330
25,730
26,090
26,400
26,640

570
1,130
1,680
2,210
2, 720

3,220
3,710
4,180
4,650
5,120

5,580
6,040
6,500
6,970
7,450

7,930
8,430
8,950
9,470

10,010

10,570
11,140
11, 720
12, 310
12,920

13,540
14,170
14,800
15,440
16,090

16,740
17,380
18,030
18,670
19,310

19,940
20,570
21, 180
21, 780
22,370

22,940
23,490
24, 030
24, 540
25,010

25,460
25,870
26,230
26,540
26, 780

570
1,140
1,680
2,220
2, 740

3,240
3,730
4,210
4,680
5,140

5,610
6,070
6,530
7,010
7,490

7,980
8,480
8,990
9,520

10,060

10,620
11,190
11, 780
12, 380
12, 990

13,610
14,240
14, 880
15, 520
16,170

16,820
17,480
18, 130
18,770
19,410

20,050
20,680
21, 290
21, 900
22,490

23,060
23,620
24,150
24,660
25,150

25,590
26,000
26,370
26,670
26,920

580
1,140
1,690
2,230
2,750

3,260
3, 750
4,230
4, 700
5,170

5,630
6,100
6, 570
7, 040
7, 530

8, 020
8, 520
9, 040
9, 570

10, 120

10, 680
11,250
11,840
12, 440
13, 060

13,680
14, 320
14,960
15,610
16, 260

16,910
17, 570
18,220
18, 870
19,510

20, 150
20, 780
21, 400
22,010
22,600

23,180
23,740
24, 280
24,790
25,280

25,730
26,140
26,500
26,810
27,060

580
1,150
1,700
2,240
2,760

3,270
3,770
4,250
4,730
5,200

5,660
6,130
6,600
7,080
7,560

8,060
8,570
9,090
9,620

10,170

10,730
11,310
11,900
12,510
13,120

13,750
14,390
15,030
15, 690
16,340

17, 000
17,660
18,310
18,970
19,610

20,260
20,890
21,510
22,120
22,720

23,300
23,860
24,400
24,920
25,410

25,860
26,270
26, 640
26,950
27,200

580
1,150
1,710
2,250
2, 780

3,290
3,790
4, 270
4, 750
5,220

5,690
6,160
6, 640
7,120
7,600

8,100
8,610
9,130
9,670

10,220

10,790
11,370
11, 960
12,570
13,190

13,820
14,460
15,110
15,770
16,420

17,080
17, 750
18, 410
19, 060
19, 710

20, 360
21, 000
21,620
22, 240
22, 840

23,420
23,980
24,530
25, 050
25, 540

25,990
26,410
26, 780
27,090
27, 330

590
1,160
1,720
2,260
2, 790

3,310
3,800
4, 290
4,770
5,250

5,720
6,190
6,670
7,150
7,640

8,140
8,650
9,180
9,720

10,270

10,840
11,430
12,020
12,630
13,260

13,890
14,540
15,190
15,840
16,510

17, 170
17, 840
18, 500
19, 160
19,810

20,460
21,100
21,730
22,350
22,950

23,540
24,110
24,650
25,170
25,660

26,120
26,540
26,910
27,220
27,470

590
1,170
1,730
2,270
2,810

3,320
3, 820
4,320
4,800
5,270

5,750
6,220
6,700
7,190
7,680

8,180
8,700
9,220
9,770

10,320

10,900
11,480
12,080
12,700
13,320

13,960
14,610
.15,260
15,920
16,590

17,260
17, 920
18, 590
19,250
19,910

20,560
21,210
21,840
22,460
23,070

23,650
24,230
24,770
25,300
25,790

26,250
26,670
27,040
27,360
27,610

590
1,170
1,740
2,290
2, 820

3, 340
3, 840
4, 340
4, 820
5, 300

5,780
6,260
6,740
7, 220
7,720

8, 220
8,740
9,270
9,810

10,370

10,950
11,540
12, 140
12, 760
13,390

14,030
14, 680
15, 340
16, 000
16,670

17,340
18,010
18,680
19,350
20,010

20,670
21,310
21,950
22,570
23,180

23,770
24,350
24,900
25,420
25,920

26,380
26,800
27, 180
27,500
27,750

590
1,180
1,750
2,300
2, 830

3,350
3,860
4, 360
4,850
5,330

5,810
6,290
6,770
7,260
7,750

8,260
8,780
9,320
9,860

10,430

11,000
11,600
12, 200
12, 820
13,460

14,100
14,750
15,410
16,080
16,750

17,430
18,100
18,770
19,440
20,110

20,770
21,420
22,050
22,680
23,290

23,890
24, 460
25, 020
25,550
26,050

26,510
26,940
27,310
27, 630
27, 880

600
1,180
1,750
2,310
2,850

3,370
3,880
4,380
4,870
5,350

5,830
6,320
6,800
7,290
7,790

8,300
8, 820
9,360
9,910

10,480

11,060
11,650
12, 260
12, 880
13, 520

14,170
14, 820
15,490
16,160
16,830

17, 510
18,190
18,870
19,540
20, 210

20, 870
21,520
22,160
22,790
23,410

24,000
24,580
25,140
25,670
26,170

26, 640
27, 070
27,440
27, 760
28,020

600
1,190
1,760
2, 320
2,860

3,390
3,900
4, 400
4, 890
5,380

5,860
6, 350
6, 830
7, 330
7, 830

8,340
8,870
9,410
9, 960

10,530

11,110
11,710
12,320
12, 950
13, 590

14, 240
14, 890
15,560
16, 240
16, 910

17,590
18,280
18,960
19,630
20,300

20,970
21,620
22,270
22, 900
23,520

24, 120
24,700
25,260
25,790
26,300

26,770
27,200
27,580
27, 900
28,150

600
1,190
1,770
2, 330
2,870

3,400
3, 920
4,420
4,920
5,400

5,890
6, 380
6, 870
7,360
7,870

8,380
8,910
9,450

10,010
10,580

11,160
11,760
12,380
13,010
13,650

14,300
14,970
15,640
16,310
16,990

17,680
18,360
19,050
19,730
20,400

21,070
21,730
22,370
23,010
23,630

24,230
24,820
25,380
25,920
26,420

26,890
27,320
27,710
28,030
28,280

610
1,200
1,780
2,340
2,890

3,420
3,940
4,440
4,940
5,430

5, 920
6,410
6,900
7,400
7,900

8,420
8,950
9,490

10,050
10,630

11,210
11,820
12,440
13,070
13,710

14, 370
15,040
15,710
16,390
17,070

17,760
18,450
19,140
19,820
20,500

21,170
21,830
22,480
23, 120
23,740

24,350
24,930
25,500
26,040
26,550

27,020
27,450
27, 840
28,160
28,420

610
1,210
1,790
2, 350
2, 900

3,430
3, 950
4,460
4, 960
5, 450

5,950
6,440
6,930
7,430
7, 940

8,460
8, 990
9, 540

10,100
10,680

11, 270
11, 870
12,490
13, 130
13, 780

14,440
15, 110
15,780
16,470
17, 150

17, 840
18,540
19, 220
19, 910
20, 590

21, 260
21, 930
22, 580
23, 220
23, 850

24,460
25, 050
25, 620
26,160
26,670

27, 150
27, 580
27, 970
28, 290
28, 550

610
1,210
1,800
2, 360
2, 910

3,450
3, 970
4,480
4, 980
5,480

5,970
6, 470
6, 960
7,470
7,980

8, 500
9,030
9, 580

10, 150
10, 720

11,320
11,930
12,550
13, 190
13, 840

14,500
15,180
15, 860
16,540
17,230

17,930
18,620
19, 310
20, 000
20,690

21,360
22,030
22, 690
23,330
23,960

24,570
25, 170
25, 740
26,280
26,790

27,270
27,710
28,100
28,420
28,680

610
1,220
1,800
2,370
2,930

3,470
3,990
4, 500
5, 010
5,500

6,000
6,500
6,990
7,500
8,010

8,540
9,080
9,630

10,190
10,770

11,370
11, 980
12, 610
13,250
13,900

14,570
15,250
15,930
16,620
17,310

18,010
18,710
19,400
20,090
20,780

21,460
22,130
22,790
23,440
24,070

24,690
25,280
25,850
26,400
26,920

27,400
27,840
28,220
28,550
28,810

620
1,220
1,810
2,380
2,940

3,480
4,010
4,520
5,030
5,530

6,030
6,530
7,030
7,530
8,050

8,580
9,120
9, 670

10,240
10,820

11,420
12, 040
12,670
13,310
13, 970

14,640
15,310
16,000
16,690
17,390

18,090
18,790
19,490
20, 190
20,880

21,560
22,230
22,900
23, 550
24, 180

24, 800
25, 400
25,970
26, 520
27, 040

27, 520
27, 960
28,350
28,680
28,940

620
1,230
1,820
2,400
2,950

3,500
4,030
4,540
5,050
5,550

6, 050
6,550
7, 060
7,570
8,090

8,620
9,160
9,710

10,280
10,870

11,470
12,090
12,720
13,370
14,030

14,700
15, 380
16,070
16,770
17,470

18,170
18,880
19,580
20,280
20,970

21,660
22,330
23,000
23,650
24,290

24,910
25,510
26,090
26,640
27,160

27,650
28,090
28,480
28,810
29,070
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48 DOUGLAS DAM

DISCHARGE FOR ALL SLUICES AT IDENTICAL OPENINGS
IN CUBIC FEET PER SECOND

HEADWATER ELEVATION
Ra:0z 990 1 991 1 992 1 993 1 994 1 995 1 996 1 997 1 998 1 999 1 1000 1 1001 1 1002 1 1003 1 1004 1 1005 1 1006 1 1007 1 1008 1 1009 1 inin

0.2 620 620 630 630 630 630 640 640 640 640 650 650 650 650 660 660 660 660 0.2
0.4 1,230 230 240 1,240 1,250 1,250 1,260 1,260 1,270 1 280 1 280 1,290 1,290 1,300 1,300 1,310 1,310 1,320 0.4
0.6 1 820 1 830 1: 1: 840 1,840 1,850 1,860 1,870 1,880 1,880 1 890 1 900 1, 910 1 910 1,920 1,930 1,940 1,950 1,950 0.6
0.8 2: 400 2,410 2,420 2,430 2,440 2,450 2,460 2,470 2,480 2,490 2,500 2,510 2: 520 2,530 2,540 2,550 2,560 2,570 0.8
1.0 2,950 2,970 2,980 2,990 3,010 3,020 3,030 3,050 3,060 3,070 3,080 3,100 3,110 3,120 3,130 3,150 3,160 3, 170 1.0

1.2 3,500 3,510 3,530 3,540 3,560 3,580 3,590 3,610 3,620 3,640 3,650 3,670 3,680 3,700 3,710 3,720 3,740 3,750 1.2
1.4 4,030 4,040 4,060 4,080 4 100 4,120 4,130 4 150 4 170 4,190 4,200 4,220 4,240 4,250 4,270 4,290 4,300 4,320 1.4
1.6 4,540 4,560 4,580 4,600 4: 620 4,640 4,660 4: 680 4: 700 4,720 4,740 4,760 4,780 4,800 4,820 4,840 4,860 4,880 1.6
1.8 5,050 5,070 5, 100 5,120 5,140 5 160 5,190 5,210 5,230 5,250 5,270 5,290 5 320 5,340 5,360 5,380 5,400 5,420 1.8
2.0 5,550 5,580 5,600 5,630 5,650 5: 680 5,700 5,730 5,750 5,770 5,800 5,820 5: 840 5,870 5,890 5,920 5,940 5,960 2.0

2.2 6,050 6,080 6, 110 6 140 6,160 6,190 6,210 6,240 6 270 6 290 6,320 6,340 6,370 6,400 6,420 6,450 6,470 6,500 2.2
2.4 6 550 6,580 6,610 6:640 6,670 6,700 6,730 6,760 6: 780 6: 810 6,840 6,870 6 900 6,920 6,950 6,980 7,010 7,030 2.4
2.6 7: 060 7,090 7, 120 7 150 7,180 7,210 7,240 7,280 7,310 7,340 7 370 7 400 7: 430 7,460 7,490 7,520 7 550 7,570 2.6
2.8 7,570 7,600 7,640 7: 670 7,700 7,740 7,770 7,800 7,830 7,870 7: 900 7: 930 7 960 8,000 8,030 8,060 8: 090 8,120 2.8
3.0 8,090 8,120 8, 160 8,190 8,230 8,260 8,300 8,340 8,370 8,410 8,440 8 , 470 8: 510 8,540 8,580 8,610 8,640 8,680 3.0

3.2 8,620 8 650 8 690 8,730 8,770 8,810 8,840 8,880 8,920 8 960 8,990 9,030 9,070 9,100 9 140 9,170 9,210 9,250 3.2
3.4 9,160 9: 200 9: 240 9 280 9,320 9,360 9 400 9 440 9,480 9: 520 9,560 9,600 9,640 9,670 9: 710 9,750 9,790 9,830 3.4
3.6 19: 710 9,760 9,800 9: 840 9,890 9,930 9: 970 10: 010 10,050 10, 100 10,140 10,180 10,220 10,260 10,300 10,340 10,380 10,420 3.6
3.8 0 280 10,330 10,380 10,420 10,470 10,510 10,560 10,600 10,650 10,690 10,730 10,780 10,820 10,870 10,910 10,950 10,990 11,040 3.8
4.0 10,870 10,920 10,970 11,020 11,060 11,110 11,160 11,210 11,250 11,300 11,350 11,390 11,440 11,480 11,530 11,580 11,620 11,670 4.0

4.2 11 470 11,520 11,580 11,630 11,680 11,730 11,780 11,830 11,880 11,930 11,970 12,020 12,070 12, 120 12, 170 12,220 12,270 12,310 4.2
4.4 1 2: 090 12 150 12 200 12,250 12,310 12,360 12,410 12,460 12,520 12 570 12,620 12,670 12,720 12,770 12,820 12,880 12 930 12,980 4.4
4.6 12,720 12: 780 12: 840 12 890 12 950 13 000 13 060 13 120 13,170 1 3: 230 13 280 13 330 13,390 13,440 13,500 13,550 1 3: 600 13,660 4.6
4.8 13 370 13,430 13,490 13: 550 13: 610 13: 670 13: 720 13: 780 13,840 13,900 3: 950 4: 010 14,070 14, 130 14, 180 14,240 14,290 14 350 4.8
5.0 1 4: 030 14,090 14,160 14,220 14,280 14,340 14,400 14,460 14,520 14,580 14,640 14,700 14,760 14,820 14,880 14,940 15,000 15: 060 5.0

5.2 1ý, 700 14,770 14,830 14,900 14,960 15,030 15,090 15,150 15,220 15,280 15,340 15,410 15,470 15,530 15,590 15,660 15,720 15,780 5.2
5.4 15,380 15 450 15,520 15,590 15,660 15,720 15,790 15,860 15 920 15,990 16,060 16,120 16,190 16,250 16,320 16 380 16 450 16 510 5.4
5.6 16,070 16: 140 16,220 16 290 16 360 16,430 16,500 16,570 1 6: 640 16,710 16,770 16 840 16,910 16,980 17,050 17: 120 17: 180 1 7: 250 5.6
5.8 16,770 16,840 16,920 16: 990 7: 070 17, 140 17,210 17,280 17,360 17,430 17,500 17: 570 17 640 17,720 17,790 17,860 17,930 18,000 5.8
6.0 17,470 17,550 17,620 17,700 17,780 17,850 17,930 18,010 18,080 18,160 18,230 18 , 310 18: 380 18,460 18,530 18,600 18,680 18,750 6.0

6.2 18 170 18,250 18,330 18,410 18,490 18,570 18,650 18,730 18,810 18,890 18,970 19,040 19,120 19,200 19,270 19,350 19,430 19,500 6.2
6.4 1 8: 880 18,960 19,040 19,130 19,210 19,290 19,370 19 460 19,540 19,620 19 700 19 780 19,860 19,940 20,020 20,100 20,180 20,260 6.4

16.6 19,580 19,660 19,750 19,840 19,920 20,010 20,090 20: 180 20,260 20,350 20: 430 20: 520 20,600 20,680 20,760 20,850 20,930 21,010 6.6
6.8 20,280 20,370 20,460 20,550 20,630 20,720 20,810 20,900 20,990 21,070 21,160 21,250 21,330 21,420 21,510 21,590 21,680 21,760 6.8
7.0 20,970 21,060 21, 160 21,250 21,340 21,430 21,520 21,610 21,700 21,800 21,890 21,970 22,060 22, 150 22,240 22,330 22,420 22,500 7.0

7.2 21,660 21,750 21 850 21,940 22,040 22, 130 22,230 22,320 22,420 22, 510 22,600 22,690 22,790 22,880 22,970 23 060 23 150 23,240 7.2
7.4 22,330 22,430 22: 530 22,630 22,730 22,820 22,920 23,020 23,120 23,210 23,310 23,400 23,500 23,590 23,690 23: 780 23: 870 23,970 7.4
7.6 23,000 23,100 23,200 23 300 23,410 23,510 23,610 23,710 23,810 23,900 24,000 24,100 24,200 24,300 24,390 24,490 24,590 24,680 7.6
7.8 23,650 23,760 23,860 23: 970 24,070 24,170 24,280 24,380 24,480 24,580 24,680 24 790 24,890 24,990 25,090 25,190 25,280 25,380 7.8
8.0 24,290 24,400 24,500 24,610 24,720 24,830 24,930 25,040 25,140 25,250 25,350 25: 450 25,560 25,660 25,760 25,860 25,970 26,070 8.0

8.2 24,910 25,020 25 130 25,240 25,350 25,460 25,570 25,680 25,780 25,890 26,000 26,100 26,210 26,320 26,420 26,530 26,630 26,730 8.2
8.4 25,510 25,620 25: 740 25,850 25,960 26,070 26,190 26,300 26,410 26,520 26,630 26 730 26,840 26,950 27,060 27, 170 27,270 27,380 8.4
8.6 26,090 26,200 26,320 26,440 26,550 26 660 26,780 26,890 27,000 27,120 27 230 27: 340 27,450 27,560 27,670 27,780 27,890 28,000 8.6
8.8 26,640 26,760 26,880 26 990 27, 110 27: 230 27,340 27,460 27,580 27 690 27: 800 27,920 28 030 28,140 28,260 28 370 28,480 28,590 8.8
9.0 27,160 27,280 27,400 27: 520 27,640 27,760 27,880 28,000 28,110 28: 230 28,350 28,460 28: 580 28,690 28,810 28: 920 29,040 29,150 9.0

9.2 27,650 27,770 27,890 28,010 28, 130 28,260 28,380 28,500 28,620 28,730 28,850 28,970 29,090 29,210 29,320 29,440 29,550 29,670 9.2
9.4 28,090 28,210 28,340 28,460 28,580 28,710 28,830 28,950 29,070 29,190 29,310 29 430 29 550 29,670 29,790 29,910 30,030 30,140 9.4
9.6 28,480 28,610 28,730 28,860 28,980 29,110 29,230 29,360 29,480 29,600 29,720 29: 850 29: 970 30,090 30,210 30,330 30,450 30,560 9.6
9.8 28,810 28,940 29,070 29,200 29,320 29,450 29,570 29,700 29,820 29,950 30,070 30 190 30 320 30,440 30,560 30,680 30,800 30,920 9.8

10.0 29,070 29,200 29,330 29,460 29,590 29,720 29,840 29,970 30,090 30,220 30,340 30: 470 30: 590 30,710 30,840 30,960 31,080 31,200 10.0

HEADWATER 990 to 1010 MARCH 1999
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DISCHARGE COEFFICIENTS, FOR SPILLWAYS
AT TVA DAMS

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

SYNOPSIS •'

Spillway ratings derived from model studies have been used in the prepara-
tion of spillway rating tables for the Tennessee Valley Authority dams. As a
result of these studies, discharge coefficients for eleven of the Tennessee Valley
Authority dams are given in this paper, Coefficients for both submerged and
free discharge conditions are presented for discharges over standard spillway
crests, irregular spillway crests, and a vertical-lift spillway'gate. Discharge
coefficients for Tainter gates placed on curved spillway crests are 'also given

for various gate openings under free *discharge conditions. In addition, data
on the effect of model scale on the discharge coefficient and the effect of closing
adjacent spillway bays and gates are presented. The coefficient relationships
are shown in a form that may be used by designers as a guide in making de-
terminations of the discharges for future, spillways.

NOTATION

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

INTRODUCTION

The Tennessee Valley Authority (TVA) operates a system of nine dams on
the Tennessee River and twenty-three on the tributary rivers. The successful
operation of such a system requires accurate discharge ratings for each struc-
ture, Although enough' water is seldom available to make complete ratings

for most spillways from measurements conducted on the prototype structure,
ratings can be determined from scale, model tests. Therefore, the necessary
ratings for the TVA spillways have been determined by this means. Model
studies have been made at the TVA Hydraulic Laboratory at Norris, Tenn.,

NomtPublbshed. easelitially as printed here in February, 195, as Frocaedinos..Seporaft No. 628.
Positions and titles given are those in effect when &le paper was approved for publication , t'Traaeimst

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

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

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

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

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

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

Headwater heights were measured at two piezometers a1 'distances equal
to approximately 5 and 8 times the design head upstreanm from the spillway
crest. Tailwater heights were obtained at 2 piezornetdrs at' distances equal
to; approximately 9 and 12 times the design head downstream from the spill-
way crest-in all cases, sufficiently far enough downstream to eliminate' the
effect of the spillway apron.

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

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

Q = C L H 1 . . . . . . . . . . . . . . . . . . . . . . . (1)
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was used, in which Q is the discharge in cubic feet per sec6nd, C is the'coefficient
of discharge determined from the model tests, L is the length of the crest,
andH is the total-head as shown in Fig.'1(a)," Use was mad6 bof ,the same
equation in the reduction of the data for free and submerged flows over, a
.vertidal gate with D, Hjd, and P' (Fig. 1 (a)) -being measured frou" the top
of othe gate.-- . . . . .-. -

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

J. .Q CL [H"-2 (D5t + )YJ........... (2)
was used,;ianwhich'Di is the'depth of water to the bottom of the gate as defined
in Fig. 1(b) and A is the approach velocity head.
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It Js ;common practice for engineers to, design spillway crests to approx-

imaute closely the.,shape, of. the lower portion of a jet issguing from a. sharp-
crested. welr,. and this. type .of crest is designated a standard crest.2: Because
the shape, of the.jet changes with the head on the weir, some particular head
must be used for each design. This head for which a particular crest is designed
is termed the design head.. At this head, pressures approximating atmospheric
pressure are developed, at. the. spillway surface. At smaller heads, pressures
arqe greater than atMospheric. Seven of -the nine TVA crests for which data
are available ,approximate standard crests in, shape whereas the, other, two
crests, which are fiat, , do. not.- Fig. 2. shows the basic details. and dimen-
sions of each of these crests. Fig. 3 presents the coefficient data obtained
on the crests, of F.ig. :2. :Pertinent design data concerning .each crest, to-
gether with the scale to which, each, was modeled, appear in Table 1. Eleven
spillways are. also lieted Iin Table, 1. Two pairs of, these, the: Ococe bNo. 3.
Apalachia set, and.;the, Douglas-Watts Bar aet, both in, Tennessee, have. crest
Shapes that' are identiqal, within the. pair., but which were testeed for different
values of the approach depth, P. .

I .,Hydioelectfla Handbook," by W. P. Creager and T. D. Juatin, John Wiley & Sons, Inc,, New
York, N. Y.. 2d Ed.. 1950. .
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. The -accuracy of the data is evidenced by the plotting of the data points in
Fig. 3& Except in some cases at low heads, the deviation of any -plotted
point from the coefficient curve does not exceed 0.5%. : . . :.-

Standard Crets.-It has been'shown by various authors that the discharge
coefficients for all standard crests can be related to each other and that, con-
versely, the coefficients to be used for a new design can be taken from previous
test data.2.'3

4.
5  Unfortunately, in most crest designs, due to other design

considerations, it is necessary that the shape be varied from the standard form.
Nevertheless, satisfactory coefficients can be obtained as sufficient data are
now available on a range of crest shapes. By comparison of crest shapes

designers may select a coefficient for any particular crest.
Dimensionless plotting provides a means for comparison of crest shapes.

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

TABLE 1.-DEssGn DATA FOR ELEVEN MODELS OP TVA SPILLWAYS

Projet Model Design Upstream if. Pier nose
male head, H., depth, P, -- radius.in feet Tnet P in feet

Hales Bar ..................... :134.76 is 32 0.55 3.00
Ocoee No. 3 ..................... 1:28.72 23 67 0.35 8:00
Apaach a...................... 1:28.72 23 97 0.24 3.00
Fort Patrick Henry............. 1:50 35 43 0.81 3.25
Wheeler ........ ::_ ..... 1:34.35 15.5 43 0.38 2.50
Wilson ......................... 1:39.4 19 75 0.25- 4.00
Douglas ...................... 1:35 23.5 133 0.18 3.25
Watts Bar ..................... 1:35 28.5 52 0.45 3.25
Pickwilck Landing ................ 1: 50 31.5 32 0.98 3.75
Chiokamauga .................... 1: 50 20 4.00
Guntersville .................... 1:; 0 18 4.00

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

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

"'Final Reports of Boulder Canyon Project," Buletin No. 8, Part VI, Hydraulic Invetigstions,
Bureau of Reclamation, U. S. Dept. of the Interior. Washington, D. C-, 1947.

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

"Discharge Coefficients for Irregular Overian Spillwayg" by J. N. Bradley, Envineerino Monograph
No. 9, Bureau of Reclamation, U. S. Dept. of the Interior. Washington, D. Q., 1952.

RREGULAR CRESTS J fl
12 16 20 24 28 32 36 40

- Total head on crest, H. in feet

Fno. 3.-DoecAies CoEncimss irot Fam FLOW O~e:r TaZ SF1LLWAY DRPST OV IoN. 2
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, Fig. 4 indicates that the shape of the curve from the crest to a point Aome-

where',in,.the neighborhood of x/H. - 0.5: materially :affects. the coefficient.

As the curve is raised above the standard curve-the coefficient is decreased.

This 'can be seen by cohiparing the (y/H.)-V'alues at z//". = 0.5 with Co. - The

comparative crests in Fig. 4 have been placed in the order of decreasing (Y/IH.)-

vilues.&, No reasonable 'torrelation of C. with either upstream shape of HIo/P

tanhe deteminued "" ."

(a) HALES BAR,. (e) F. PATRICK HENRY

-3._998) . CeL g§3'

The relationships between :the discharge -coefficient and :the ratio of any.
head to the design head, H/H., are shown in Fig. 5.. In Fig. 5(a) the value of.

C is plotted against HI/H, for the four crests-Apalachia, Ocoee No. 3, Hales Bar

(Tennessee), andFort Patrick Henry: (Tennesse)--that most closelyr.folldw thei

standard crest shape. The maximum-variation of the individual pointas frpm*

4 . .,

'ci

1
00

'C
0....

C3k?
-so
0

I
0 0.2 0.4 ""0-6 -. 0.8 1.0. 1.2 1.4 1.6 1.8

F.-..C r -.. Ratlotw-N_.

the average curve for TVA crests is 0.5%. The standard-crest curve shown
by the dashed line in Fig. 5 is that of W. P. Creager and J. D. Justin.2 This
curve. is approximately 2 % higher than the TVA curve.- Fi-g.,5 (b) is A dimen-
sionlejs plot of the data from Figs. 3(a) and 3(b). The deviation of the points
from 'the average curve is greater than in Fig. 5(e)-because all crests are
included, but for design purposes the curve should be useful. Actually, the

1.0 0.5' 0 0-525 2.0 1.5. 1.-0 0.5

FPo, 4.-OOMiPAATTvr CeESm e (H,/P SGOWN o Tsnm 1)
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curve is more firmly established than it may appear because the curve itself
obliterates several test points. .

irregular Spillway Create.-The designation: "irregular spillway crestse
is used to distinguish between standard spillway crests and- other crest forms."
Only two of the TVA-spillways, those at Chickamauga, Tent., and Gunters-
v#e, A.la., ha-ve irregular spillway crests. Both are trapezoidal in cross section.
Details of these spillway crests and the discharge coefficients computed using

SPILLWAY COrcrCXENTS 199

Eq. 1 from the model-study data are shown in Fig. 3 (c). The two crests differ'chiefly in the shape of the upstream and downstream edges of the crest andthe height above the apron. Over the range of the tests of the Chickamauga
spillway' the coefficients are consistently from 3% to 5% greater than thosefor the Guntersville spillway. The :additional height of the crest above the
apron and the rounding of the near upstream edge of the Chiekama~sga crest
would operate to increase the discharge coefficients.

The Effec of Operating Adjacent Spillway Baya.-In the TVA water-control operations, it is necessary to operate single spillway bays and groups
of consecutive spillway bays. Because a greater contraction forms at a pier
situated next to a closed bay, models of the Wilson and Wheeler spillways inTennessee were tested with adjacent spillway bays open and closed to determine
the difference in-contraction effects at the piers.

Fig. 6 shows the head-coefficient relationships for the two conditions tested.The discharge coefficient at the design head was 5.6% higher at Wheeler Damwith adjacent bays opened and 4.4% higher at Wilson Dam than with these
bays closed. These relationships show the importance of spillway pier: con-
traction effects in spillway discharge determinations.

SvEMERvEGHoE fDiscEAxR COEsrnrnNTs FOR FLOW
OVBR SILLWnAY CRESTS

Chickamauga Dam, Guntersville Dam, Pickwick Landing Dam (Tennes-see), and Watts Bar Dam are subject to submergence of the crest at periods ofhigh discharge. To determine the effect of this submergence model tests were
conducted by establishing a constant rate of discharge and varying the tail-
water elevation to determine the relationship between the headwater and tail-water elevations. This procedure was repeated for several discharge rates
covering the operating range at the dam.

. Two flow conditions were observed in the model tests which are char-
acterized as "plunging nappe" and "flowing nappe." In the condition ofplunging.nappe the discharge issuing from the spillway plunges down into thetailwater and appears to follow the boundary surface of the spillway.

In the condition of flowing nappe the flo* is nearly horizontal, producing
an undulating surface flow in the' tailrace channel. The plunging nappe
usually occurs with low submergence whereas the flowing nappe occurs with
high submergence. When the headwater and tailwater head relationship at aconstant rate of discharge was plotted for each" series of tests, it was found thatthe change from' plunging nappe to flowing nappe had no apparent effect on thedischarge coefficient.

'The results from these tests on the four spillways have been plotted inFig. 7 in the dimensionless form, d/H, against C,0/C, in which d is the depth of
submergence and H is the total head above the crest. The coefficient, C., was
computed from Eq. 1 using the H-value for the submerged conditions; C wasdetermined using the H-value for the free-flow condition.

No systematic variation of 0./C could be determined for any variableexcept the (d/H)-ratio for any of the conditions tested. However, no relatively.
low discharges were tested because in practice the TVA installations can never
be submerged at low discharges.

) WILSON DAM a

4 16 20 4 . 2 n 4 'e-Ttihead on crest, RIn feet
Fie. 6.-Errncr or Onwurtor or Aoncnr= Sfluvfli Biav
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Fig. 8 the four curves of Fig. 7 are shown on a single :plot. . Although
laximum spread between curves is about 10%, this is to be expected
lering the wide range of crest shapes used in the tests.

E-DISOBARGE COEJF"IOENTS FOR FLOW OVER VERTECAL LnrF GATES

he Pickwick Landing vertical lift gates are representative of this type of
which has been used on several TVA projects. In Fig. 9(a) are shown
a of the lower spillway gate leaf. For heads greater than 2 It, this gate
ntially a sharp-crested weir 40 ft long and 20 ft high with piers 7.5 ft
at each end of the gate. Air intakes were installed in the sides of the
Lust below the top of the gate to ventilate the underside of the nappe,'
I tests were conducted with the 1/50-scale, 3-bay spillway model.

1.0 t t

0.6 . Legend

- Chickamauga Dam
- - - Guntersyille Dam

- -- Watts Bar Dam

0 0.2 0.4 0.6 0.8 1.0
Submergence ralio, it

8. S-CCMP,&nLoN? or SUbmEDgIENCE EFiioTa Soa VFs•aore SPILLwAy. CetrT SHApra

Fig. 9(b) is shown the head-coefficient relationship for flow over the
I the spillway gate. The coefficient, C, was computed from Eq. 1 using

of the gate as crest elevation. The points define the head-coefficient
nship for heads between 3 ft and 28 ft." Each point was determined
he average of from 3 to 5 separate tests. A constant value of C equal
8 is shown for heads in excess of 12 It. For heads of from 12.ft to about
e model test curve shows a gradual rise in the coefficient, with an abrupt
ft.when the heads are approximately 4 ft and less. This curve takes
hracteristic form for the coefficients of a sharp-crested weir, the rise and
the coefficient curve being due to the nappe clinging to the surface of the
This phenomenon is a function of the absolute head. Therefore,
ity between the model and prototype did not exist for prototype heads

4 ft tht
drop-oa
the chs
fall in t
weir.
similari

3,13 OIW~
I "Aeration of Spillways," by 0. ff. Hiekox, TrwMusxaftion, ABCE, Vol. 109, p. 537.
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of less than 12 ft.- Because the gate has a 10-in;-wide fiat top, at lowheads the
prototype can be expected to exhibit discharge characteristics similar-to those
of the model. However, for a head in excess of about 2 ft the prototype can be
expected to act similarly to a sharp-crested weir and to have a flat coefficient

117.8 ft. The discharge was for three spiliway bays' These curves illustrate
the characteristic flow phenomena associated with this type of gate. Each
constant-discharge curve begins with- a horizontal line where the head-dis..
charge relationship is not affected by the tailwater level. Just before the
tallwater elevation reaches the gate.crest level there is a drop in the headwater

u • ej " .

3.7 -t

A

_j

m

SECTION A-A 0 1 1 I I I I _.
(a) GATE DESIGN -28 -2 24 -20 -16 -12 -8 -4 0 4 8 - 12 16.

Teifwater hefad,.d in feet

Pio. 1O.-HxEWATisb-TAiLwATLm R=ThATIO•s FOR l'LOW OVPe.R A Vmuaie A|,
Li"-r GATr (PRtOPILZE 95XAcT , FIo. 11)

20 24

4 6 8 10 12 14 16 18 20 22 .24
Total head on gate crest, H. In feet '

M Fo. .9.-VzmrcAL Lire IAT3. lncrwMcK LA•.Dino DA. - ,

SUYJMERGE1NCE D)ISCHARGE .COEFFICIENTS. FOR FLOW

OvZR A VERTICAL Lirr GATE,"

- To obtain data on the effect of the submergence of flow over -vertical-lift
gates, model tests were conducted i'n a mannei Similar to. that used in" deter-
mining submergence effects on spillway ciests. ' The coefficfent, -7C, was com-
puted from Eq.. 1 in a manner similar to that iis~d for ite 'sliilway crest' data
but using the top of- gate as the crest elei'atini.: ".F-ig.- 10 sh'ows a plo"t of the
headwater-tailwater relationships that' h've be:en determined. The data
presented in Fig. 10 represent the ratingV'of a three-bay,: '1/50-scale ,model of
the Pickwick Landing Dam. The total equivalent prototype crest width was

-1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -02 0 0.2 0.4 0.6 0.6 1.0

Submergenfe ratio,

Vro. l1.--SuamrnG=cs Ere r ron ltow OVER A VMTICAr. LArP SIPILWAY GATE (C - 2.428)

level for an increase in the tailwater level. Observations of the model opera-
tion showed that at this point the air vents, located in the sides of the piers
just below the crest of the spillway gate, became submerged by the tailwater,
reducing the contraction of the lower nappe issuing from the gate crest. The
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discharge over the gate was thus increasedwith a consequent lowering of the
headwater level.

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

4.2

8 12 16 20 24
Total head on spillway crett, H, in feet

28 32 36

3.0
0'

I 1 I . I I , • • I I

4 8- 12 16 20
Total head on spillway crest, Hf in leet

Z4 ' 28

noa. 13.-TAncszxa-OAs~ SPILLwAr ThBHAigx Co~mmOTzWi
(Dmmatsioirs ox Coivms Ann GATig Opu•NMas)

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

DIscHaRoG CoEMpcIENrS roa FLow UNDEH. TAImT . GATns

The flow under Tainter gates mounted on curved crests is -controlled by
the geometry of three interrelated variables-the crest shape, the gate, and
the gate setting. The major factors which influence the discharge relation-F Fu, 12.---TAUnTuxa-GATZ SPiUwAY DISCHAROz COEaMrCIENTr...

(Dnwuaoae ou CunEvs Akn GATn PPBNIeaN)
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ships are the: position- of the gate seal point with respect to the highest poiiit
of the spillway crest and the curvature of the upstream face if the gate.-" In
obtaining the model data on the various TYA 'Tainter-gate installations no
attempt has been made to determine' the quantitative effect of these' factors
taken individually. The dat& presented in Figs. 12 and 13 for the gate settings
at Wheeler Dam, Apalachia Dam, Watts Bar-Dam, and Hales Bar Dam are
not, therefore, applicable to other installations unless the several variables
involved are similar.
* Data on Tainter-gate coefficients previously published have, in most
cases, been based on flow along a horizontal surface although many of these
gates are installed on curved crests. The tests reported herein are for Tainter
gates mounted on curved spillway crests where the pressure distribution differs
considerably from that in a horizontal channel. The coefficients obtained from
tests on a horizontal channel are, not applicable to installations on curved
crests.
* The discharge coefficients for Figs. 12 and 13 were computed using Eq. 2,
with the heads measured' above the crest elevation. The curves designated
"Gates raised above water surface" are the free-discharge curves taken from
Figs. 3(a) 'and 3(6) for which C-values were computed using Eq. 1. The
points connected by the dashed lines represent the point at which the water
touched the bottom edge of the gate. The difference in the C-values is,
of course, due to the use of Eq. 2 for the gate curve. The Hales Bar tests
were not conducted in a manner that allowed the determination of the point
of contact of the gate with the free water surface.

The gate opening was measured as the vertical- distance above the crest.
This definition leads to the somewhat peculiar variation in the coefficients for
small gate openings. In Fig. 12 (a) the data for Wheeler Dam are presented.
The Wheeler gate was positioned, as shown in the insert, with the seal at the
high point on the crest. With this design, .except at the smallest opening,
the coefficient curves for each gate position followed the general pattern of an
increase in C for an increase in gate opening. In Fig. 12(b) the data for
Apalachia Dam indicate that, when the gate seal is 3.99 ft downstream and
0.50 ft below the highest point on the crest, the coefficients for gate openings
of less than 6.45 ft are increased materially witha decrease in gate opening.
This is caused by an arbitrary use in Eq. 2 of an Ifvalue as measured above the
crest rather than as measured above the elevation of the spillway surface
below the gate. Thus, although the H-value 'is consistently too small at the
smaller gate openings, the effect b6eoines more appreeiable and results in the,
increase in C,,

T~ r dA•-GBA ' DisTCHcAn COENPPICIJNTs wITH ADJACENT
GATES OPENED OR CLOSED

The results'of tests" on the six-spillway-bay model of Wheeler Dam with
one gate in operation and with six gates in operation are shown in Fig. 14., In
bperating with all six! gates -the coitraction effect of the end piers was the
same as that for the intermediate piers because the model was constructed

with half piers against the sidewalls of the flume. This operation thus repre-
sented the case in which all adjacent bays are open.

EFrECT OF MODEL SCALM ox FREE-DISOHARGE COEFnvInINTS

In developing discharge ratings for prototype structures from model
data, it is important that the scale at which the model is built be such that the
coefficients determined are applicable to the prototype structure. One author
has presented data to indicate that with an increase in the model size the dis-
charge coefficients increase.' To study this relationship, a series of precise

4 a 12 16 20
Total head on crest, U, in lest

Fie. 14.-TAaeuTnR-GATi DISHABGD CoiFrierTe, C, WHEELER DAm

tests was made at the TVA Hydraulic Laboratory under the joint spon-
sorship of the American Society for Engineering Education, the University
of Tennessee (Knoxville) and the TVA.s In this study three models of
Pickwick Landing spillway were constructed to scales of 1:60, 1:100,
and 1:200. Each model consisted of a reproduction of three spillway bays.
The shape of the spillway crest and the piers of Pickwick Landing Dam are
shown in Figs. 2 and. 9(a). Similar techniques were used in all tests with
one exception. Hook gages reading to 0.0001 ft were used for the 1/200-scale

"'•"beraflversuche in Bersehiedener Modeligrosse." by F. Eisner, The Prussian FEperiment Station

for Hydraulic Structures and Shipbuilding, Berlin, 1933. -

I "A Study of the Rffeet of Model Mize on Spillway Coefficients." by C. R. Ownheby, thesis presented
in 1949 to the University of Tennsssee at Knoxville, in partial fulfilment of the requirements for the
degreo of Maeter of Science.
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tests, and gages reading-to 0.001 ft -were .usedin the-I/50-scale tests and 1/100-
scale tests.

Discharge coefficients, for free flow ovdr, the crest, of each model are shown
in Figs. 15 (a), 15(b), and 15(c). The coefficients of. discharge were computed
using Eq. I. Each curve was drawn through th.iaverage'of the!plotted points.

A comparison of the three coefficient.curves is shown in .Fig. .15(d). The
maximum spread. of the curves does not 'exceed '2%. F•or'prototype heads
between 2 ft and 8 ft, the three coefficient curves-are almost identical. : At 13 ft
the coefficient curve for the-.1/100-seale model is approximately 1% lower than
those for the 1/50-scale model and the 1/200-scale model. At 43 ft the curve
for the 1/100-scale model is 1% higher than the data for the 1/50-scale model,
and that of the 1/200-scale model is I% lower than that of the 1/50-scale model.
Because there is no consistent relationship between the coefficient curves, it is
logical to conclude that these variations are merely the result of experimental
error and that the model scale did not affect the stage-coefficient relationship.
The close agreement of the coefficient curves at the three scales supports the
validity of the preparation of prototype ratings based on model tests.
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APPENDIX. NOTATION

The following letter symbols, adopted for use in the paper and for the
guidance of discussers, conform essentially with American Standard Letter
Symbols for Hydraulics (ASA-ZIO.2-1942), prepared by a committee of. the
American Standards Association with Society representation, and approved
by the Association in 1942:

C= coefficient of discharge for any head:
C. = coefficient of discharge for the design head;
C. = coefficient of discharge for submerged flow;

D depth of flow above the crest, in feet (Fig. 1 (a));
D, = depth, bottom of gate to water surface, in feet (Fig. 1 (b));

d = submergence tailwater, measured above the crest, in feet (Fig.
(cca));

- g= acceleration due to gravity, in feet per second per second;
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A. = total head above the &est, including the velocity head of approach,

in feet (Fig. 1); c . ,h v
H. = design head for. a standard crest, including the velociy head of

approach; inVfeet;. :

A = velocity head of-apIroach, v2/2 g, in feet (Fig. I); -

L '- spillway crest length, in feet, "

P = depth of the approach channel,-crest to river bed, in feet (Fig. 1(a));

Q total discharge;in- cubic feet'per second; .

V = average velocity of approachin feet per'second; and

X, Y = crest coordinates, in feet.

j . ! . :.

Paper No. 2856

WATER CONTROL IN CENTRAL AND
SOUTHERN FLORIDA

By HAROL) A. ScoTT,1 M. ASCE

SYNOPSIS

This paper describes the historical efforts made to provide drainage and
water control for central and southern Florida. Distribution and utilization of
water in the comprehensive plan for flood control and multiple purposes are
described. The need for a secondary water-control plan is emphasized.

INTRODUCOTION

The area described in this paper (Fig. 1) lies south of an east-west line
through Lake Harney (about 35 miles north of Cocoa) in Florida in the St.
Johns River basin and east of the ridge that extends through Haines City and
Sebring. The ridge divides the waters which flow into the Atlantic Ocean and
those which flow into the Gulf of Mexico. Water-control problems are quite
common throughout the area, although there are a few variations in topography
and soil. The area consists of approximately 15,000 sq miles of grdveland,
pastures, rich agricultural lands, lakes, and marshlands. E]•Ivations range from
approximately 7 ft in the vicinity of Miami and 15 ft around Lake Okeechobee
to 80 ft in the area of the headwaters of the Kissimmee River basin. : (All
stages and elevations throughout this paper refer to mean sea level data.)
However, the lands of a large part of the area are extremely flat, and natural
water courses are not common. Except for the St. Johns River, the Kissimmee
River, Fisheating Creek, and a few minor streams, most of the water control is
accomplished by man-made canals and drainage districts. SBils in the' area
vary from sand to peat with a small amount of marl. The areas with higher
elevations in the St. Johns and Kissimmee River basins consist of sand, mixed
!with a small amount of organic material in the upper 6 in. to 12 in. In the low
areas and marshes, deposits of peat of thicknesses ranging to several feet are
found; The Everglades is covered with a layer of peat of thickness ranging to
approximately 15 ft at Lake Okeechobee and gradually diminishing to zero at
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NORRIS DAM
DISCHARGE RATINGS

FOR ASSUMED DAM FAILURES
DURING AN EARTHQUAKE

INTRODUCTION

At the.request of the Flood Control Branch, Division of Water

Control Planning, a study was conducted by the Engineering Laboratory to

establish discharge rating curves for various debris configurations re-

sulting from a failure of Norris Dam. This study was authorized by the

Project Management Corporation, Clinch River Breeder Reactor. The study

Was made to supply flow data to be used in the determinations of the

necessary flood protection works:for the Clinch River. Breeder Reactor.

Six failure cases detailed on Plate I were tested. The discharge ratings

for the six cases are shown on Plates 2 and 3.

THE MODEL

A 1:150 scale model of Norris Dam duplicating the .failure section

and the topography immediately upstream from the dam and a 2400-foot reach

downstream from the dam was installed in the eight-foot laboratory .flume.

A general view of the model with failure Case A installed is shown in

.Figure 1. The topography both upstream and downstream from the dam was

obtained.from:drawing 232-.D264 shown on Plate 4. Model discharges were

obtained from readings of a carefully calibrated diaphragm orifice located

In the water supply line or a:calibrated eight-foot sharp crested weir lo-

cated attfte upstream end of the eight-foot flume. The eight-foot weir was

used wftenever the discharge exceeded 2,000,000 cfs. Headwater heights were

me~asured at two piezometers located 1200 and 1800 feet upstream from the

dam. The headwaterlevels• were determined by means of hook gages reading

to .001 foot. Tailwater heights were taken from a staff gage located 1300

feetrdownstream from the dam'. The tallwater level was controlled at theý

end of the flume by: means of slot gates.

V .



TEST PROCEDURE-

. During each discharge rating. test a constant discharge was set up

using the appropriatetallwaterlevel shown on Plate 5. Recordings were,

then made of the headwater elevation, tailwater elevation and the discharge.

.The :.test proceduremwas repeated at other constant flows so that sufficient

information was obtained to establish:a discharge rating curve of headwater

eleytn vs. discharge for each case tested.

TESTUCSES

Stx~ fat~lure schemes des~ignated as casesA, B, C9 0, E and F 5

were rated. Details of the schemes are shown on Plate"1. The existing

'topography both upstream and downstream from the dam was duplicated in the

model -from contours given on Plate-4. The debris configuration was assumed

to be as. shown on Plate 1 foreach case.

Case E was identical to case A except that the sideflow to the.

left and right of the debris was prevented by constructing sheet metal walls

.asmshown on Plate 1. The difference between the discharge of case A and E

at any headwater elevation will give the discharge not going over the top

of the debris.
'Four tests labeled.No TWEffect onPlate 2 were conducted with

th ailwater level lowered so that it would have no influence on the

headwater level. At. near maximum test Q the headwater level -was reduced

5.4, 5.3 and. 7.6 feet for cases A, B and D,respectively, by eliminating

the tatiWater effect.

Forcase I tFr both 5 the- remains of the dam, assumedabroken off at

elevation 970, wastmoved to flve differentbpositions as shown on Plate 1.

A discharge rating was obtained for-each location so that data would be

available wo estimate discharge coefficients which might be applicable to

failures ae other dams.
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TEST RESULTS

:The discharge:rating curves for each case are shown on Plates 2

and;3. Tabulations of.the rating data are given on Tables 1 to 10. A

sunmary of the discharges at headwater elevations 970 and 1035 is given on

Table 11 to show the spread In discharge between the various cases tested.

Photographs of. the dry and operating model are shown on Figures 1
to 22 for each scheme. Additional photographs and color slides of the

model operation are available at the TVA Engineering Laboratory,

z
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TABLE 1

NORRIS DAM FAILURE STUDY
SUMMARY OF TEST RESULTS

DISCHARGE RATING
CASE A

A

Test
No.

1A

2A

3A

,4A

5A

6A

7A

8A

9A

11A

12A

13A

1 4A

15A

H:.W.
Elev.

965.42

982.75

992.97

ioo0.80

1011.85

10o9.65

1028.80

1036.60

10h5.63

1040.20

1030.-45

912.86

925.45

939.70

1037.03

Qcfs

.421,800

656,500

920,300

1,181,200

1,520,300

1,805,500

2,119,400

2,1436,300

2,709,400

2,709,,400

2,196,100

95,100

141,500

2114,800

2,462,700

T.W.Elev.

919..0

932.5

948.o

I'959.5

970.2

981.5

990.0

T.W. Low

973.0

982.0



'TABILE 2

NORRIS 1)AMFAILURE STUDY'
SUMMARY OF TESTS RESULTS

DISCHARGE RATING
CASE B

Test H. W. Q T.W.

NO. Elev. cfs Elev..

26B 955.53 397,000 885.0

27B 966.18 625,300 902.0

28B 973.08 800,800 913.0

29B 980.13 1,oo4,o00' 923.0

30B 986.28 1,197,000 934.0

l 31B 991.98 1,377,0000 942.0,

* 32B 998.43 1,597,000 950.0

33B ioo4.58 1,802,000 1959.0

33B 1003.38 1,802,000 Low T.W.

34B 1010.28 2,003,000 967.0

35B 1017.03 2,203,000 974.0

36B 1022.43 2,413,000 981.0

37B 1028.13 2,594,ooo 987.0

38B 1033.38 2,799,000 993.0

39B 1038.27 3,010,000 999.0

.39B 1032.93 3,009,000 Low T.W.

4BO 949.83 293,800 875.0

4 937.68 194,900 865.0

a.



TABLE 3

NORRIS DAM, FAILURE STUDY
SUMMARY OF TESTS RESULTS

DISCHARGE RATING
CASE C

Test HW. Q T.W.

No. Elev. cfs Elev.

590 9142.23 100,900 853.0

600 960.11 192,000 864.0

61c 973.52 295,200 876.0

62c 978.62 389,800 885.0

63C 984.62 508,700 894-.5

640c 991.82 692,900 906.5

65C 998.27 901,900 918.5

660 1004.12 1,103,000 928.5

67C lO09.67 1,295,000 938.0

68c i014.77 10,493,000 946.5

69C 1019.42 1,686,0Q0 9514.0

70C 1024.67 1,889,000 962.5

71C 1029.47 2,095,000 969.8

72C 1033.67 2,291,000 976.0

73C 1038.50 2,493,000 983.0

714c 1043.42 2,703,000 990.0

75C " 1045.79 2,824,000 994.0

T760 1043.27 .2,824,000 Low T.W.

77C. 930..47 57,600 845.0

780 . 909.62"," 20,700 839.0

0
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TABLE 14

NORRIS DAM FAILURE STUDY
SUARY OF TEST RESULTS

DISCHARGE RATING
CASE D

.4

Test
No.

42D

43D

.44D

.45D

46D

'4M

48D

49b

50D

5113

52D

53D

55D

563)

57TD

58P

H.W.
Elev.

888.148

907.15

920.20

929.35

941.80

950.13

959.53

971.05

982.00

991.00

o000.15

1009.60

.1018.60

1028. 05

1035.62

1043. 20

1027.90

Q
cfs

99,800

192,800

296,100

388,100

591,000

756,200

952,900

1,199,800

14,18,700oo

1,599,100

1,806,400

1,996,900

2,196,500

2, 421,100

2,589,800

2,778,300

2,784,90o

T .W.
Elev.

851.00

865.00

876. oo

885.5

900.5

910.5

921.0

933 .0

943.0

951.0

959.0

966.5

973.5

981.0

986.5

993.0

Low T.W.

S

v



TABLE 5

NORRIS DAM FAILURE STUDY
SUMMARY OF TEST RESULTS

DISCHARGE RATING
CASE E

Test HW. Q T.W.(i)

No. Elev. cfs Elev.

16E 979.00 68,0oo

iTE 987.25 170,300

18E 993.70 271,000

I9E 998.95 367,200

20E 1010.20 601,200 900.8

21E 1o18.o9 7 81,4oo 912.8..

22E 1025.95 979,4o0 923.0

23E 1033.19 1,175,600 932.2

2 4F..olo.80 1,386,300 942.5

25E 1o46..5o. 1,569,6o0 949.8

(1) No tailwater effect
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TABLE 6

NORRIS DAM FAILURE STUDY
SUMMARYOF TEST RESULTS

DISCHARGE RATING
CASE F3

Test H.W. Q T.W.

No. Elev- cfs Elev.

81 1007.35 384,100 885.0

82 1018.63 596,600 900.5

83 1027.25 801,300 912.7

84 1035.85 997,000 923.4

-805 1043.15 1,207,100 933.5

86 1049.65 1,401,700 943.0

87 1055.80 1,598,700 951.0

881 983.80 96,8o0 851.5

891 992.80 198,700 865.0

901, 1000.00 296,700 875.5

lMdel flow was unstable because of the small head on

the crest. Test classified as unreliable.

. ....... -- -



TABLE 7

NORRIS DAM FAILURE STUDY
SUMMARY OF TEST RESULTS

DISCHARGE RATING
CASE F2

Test
No.

911-

921

931

914

95

96

97

98

99

100

H.W.
Elev.

982.45

991.15

997.90

1004.20

l014.70

1023.85

1031.65

1038.70

1045.42

1051.90

Q
cfs

98,500

199,600

295 ,700

392,000

594,4oo

796,400

997,100

1,192,900

1,400,40o

1,6014,900

T.W.
Elev.

851.0

864.5

876.o

885.5

900.5

912.5

923.0

933.0

942.5

951.3

.a

t

'Model flow was unstable because of the small head on

the crest. Test classified as unreliable.



TABLE 8

NORRIS DAM FAILURE STUDY
SUmMABY:I OFf TESTS RESULTS

DISCHARGE RATING
CASE F3

Test H.W. Q T.W.

No. Elev. cfs Elev.

101 1037.65 1,609,'300 951.5

102 10142.98 1,797,000 959.0

103 1048.45 1,994,200 966.o

104 1031.17 1,397,600 942.5

105 10241.65 1 ,196,800 933.0

106 1017.85 998,400 923.0

107 1009.90 796,1i00 912.50

108 1001.20 602,700 901.0

109 990.22 396,100 885.5

ii0 954.13 100,500 859.0

111 975.42 198,100 864.5

112 983.35 295,600 876.0
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TABLE 9

NORRIS DAM FAILURE STUDY
SUWW4RY OF TEST DATA

DISCHARGE RATING
CASE F1

4

Test
No.

113

115

117

118

119

120

121

122

123

124

125

.126

H.W.
Elev.

919.35

9 43.00

959.95

972.85

985.45

995.50

1003.75

ý1011.10

1017.85

l1024.00

1030.22

1,035.70

10141.25

10)46.35

cfs

100,100

200,100

2971,400

388,300

590,000

797,800

991,400

1,191,700

1,395,000

1,594,500

1,807,200

2,003,700

2,0197,5100

.2,1409,000

T.W.Elev.

851.5

865.0

876.0

885.0

900.5

912.5

923.0

933.0

9142.5

951.0

959.0

•966.5

973.5

980.5

a
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TABLE 10

NORRIS DAM FAILURE STUDY
SUMARY OF TEST RESULTS

DISCliARGk RATING
CASE F5

:Test i.'W. Q T.W.

No. Elev. cfs Elev.

127 1i042.68 ..2,598,000 987.00

128 1037.65 2,399,600 980.00

129 ' 1047.77 2,797,700 ý993.00

130 10514..T 73,014,700 999.00

131 1033.09 2,190,300 973.00

" 132 1028.65 2,007,200 966.50

- 133 1023..03 1,797,200 -959.00

* 134 lo16.8o 1,594,4oo 951.00

135 1010.20 1,394,000 . 9142.50

-136.. 1003.30 1,196,000 933.00

137 995.98 998,500 923.40

138. 98.1T40 799,700 912.50

.139 977.65 604.300.. 900.50

195950 393*700 885.50

1141 911.35 102,100 852.00

1142 931.00 199,4oo 864.50

1143 9146.00 296,200 876.00
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CASE

B

C

D

F1

F2

F3

F5

TABLE 11
• SUMMAY :OF DISCHARGE

CASE A THRU, F -F

HEAWAER ELEVATIONS 970 & 1035

H.W. Q H.W.

ELEV. CFS ELEV.,

970 475,000 1035

970 " T•40,o00 1035

970 260,000 1035

970 1,180,000 1035.

970 0. 1035

970 o0 1035

970 0. 1035

970 165,ooo 1035

970 378,000 1035

970 505,000 1035

Q

CFS

2,370,000

2,880,000

2,310,000

2,590,000

1,230,00o

970,000

1,105,000

1,5 10,0001, 98o,ooo
1,980,000

2,270,000
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Figure 1 - General view of model
Case A - Looking upstream

Figure 2 - General view of model
Case A - Looking downstream



Figure 3 - H.W. El. - T045.63
Case A - T.W.EI. - 990.0

Test, No. 9

-.Figure 4- General vfew 61'-model
Case B - LOokitngý upsýtream
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Figure 5 - H.W. El. - 1038.27
Ca se B - T,.,W. El. -9994.00

Test No. 39

TVIM

Figure'6- H.W. El. - 1045.79
Case C - LW. El. - 994.00

Test No,. 75



Figure 7 - General view of model
Case D - Looking Upstream

Figure 8 - H.W. El. - 929.35
Case D - .W. El. 885.50

Test ;No. 45



Figure 7 - General view of model
Case D - Lookingupstream

Figure 8 - HI.W. El. - 929.35
Case D - T.W.' El. - 885.50,

Test No. 45



Figure 9 - H..W. El. - 1018.,60
"Case- D - TM.W. El. - 973.50

Test No,. 54

Figure 10 - General view of model
Case E - Looking Upstream
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Figure 11'- H.W. El. - 1046.150
Case. E - T.W. El. -!,949.80

-Test No. 25

Figure 12 - General view of model
Case, Fi - Looking- upstream



Figure 13 H-W. El. - 982.45
Case F2 L-T.W. El. -,8511.00

2 Test 0o. 91

Figure 14 - H.W. El. - 1048.45
Case F- 3  T.W' El,, - 966 .00

Test No. 103'



Figure 15 - H.W.- El 1046.35
Case F 4 - T.W. El. -;980.50

TesXt No. 126..

Figure 16-- H.W. El . 1054,47
Case- F -T.W. El. 999. '00
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TAI1MNR GATE RATING DATA

DETERMINED FROM EIGHT TVA MODEL STUDIES

CONTEI'ATTS

Page

BASIC MODEL AND PROTOTYPE DATA ..............

DEFINITION OF SlBOLS . . ... . . . . . . .

DISCHARGE EQUATIONS .

SUWARY OF RATING DATA

Apalachia . . .
Boone ........... ........... ...........
Fort Patrick Henry.. ..............
Fort Patrick Henry - Variable Trunxion Data
Hales Bar
Hi•assee................ .............
Watts Bar....... . . . ... ...........
'Wheeler ..... ................ ....... .

DISCHARGE COEFFICIENT PLOTS

O

@

@

Q

6

@

-Apalachia..-.....
Boone. ........
Fort Patrick Henry
Haleas Bar ..

Hiwassee .........
Watts Bar . ..

'Wheeler. .

SPILLWAY CROSS SECTIONS

Apalachia .

Boone ........ ..
Fort*Patrick Henry
Hales Bat
Hiwassee....
Watts Bar
Pheeler. .......

MODEL LAYOUT.

2

3

3

5a
14

20
23
26
29

3Ž
33
34
35
36
35
32

37
38
39
4o
.4.1
42
43

o
4.

* .*.. a

Fort Patrick Henry - Variable Trunnion Data...... . . . 44
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Tennessee Valley Authority

Tainter Gate Ratings

Basic Model and Prototype Data

• - t .

MODEL

Model
Project Scale

Apalachia 1:28.72

Boone 1:50

It. Patrick
Henry 1:15

Hales Bar 1:34.76

Hiwassee '1:55

Watts Bar 1:35 -

Wheeler 1:34.35

No. of
Spill-
way

6

6

7

6

6

Crest
Length.

L

6.684

3.48o

2.333(5)

6.908(6)

4.050

6.866

6.984

UP-
kpproach stream
Width Depth

W P

8.00 3.38

2.77(2) 2'29

7.94 0.921

8.00 6.35

8.00 1.5

7-97 1.253

I

PROTOTYPE

Design PierNose

Crest Head Radius
Elev. Ho R

257.0 23.0 3.00

3 50. 35-0 12-75 (2)
11.250)
3.50(4)

228.0 35.0 3.25

616.o 18.0 3.00

a

1503.5

713.0

541.3

23.5

16.5

3.00

.3.25

2.50

(1) Variable because approach was reproduced in model.

(2) Right end: pier.

' (3) Left end pier.

(4) Intermediate piers.

(5) Except as noted on data tabulations.

(6) Gates bartially opened.

(7) Gates raised above water surface.
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Tennessee Valley Authority

Definition of Symbols

Q = Total discharge in cubic feet per second.

D Depth of flow above crest in feet.+

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

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

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

h = Velocity head of approach in feet.*

C = Coefficient of discharge for any head.

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

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

L = Length of spillway crest in feet.

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

W Width of model approach in feet.

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

y = Vertical distance above spillway crest in feet.*

Discharge Equations

For flow under a gate:

Q = CL EH3/2 - (D1 + h)3/2] (A)

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

= : 3/2 (B)

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

Apalachi. Project

Tainter Gates Partially Opened

MODEL TEST DATA
G.0. D _ h
ft. F. cfs ft.

EQUIVALENT PROTOTYPE
G.0. R Q
ft. ft. -cfs

-C

0.05.32 0.117 o.826

0.154
0.251
0.358
0.449
0.533
o.663
0.778
0.886

0.828
1.071
1.305
1.472
1.618
1.812
1.973
2.115

0.000

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0000

0.1107 0.190 1.796 0.000

1.53 3.36

4.42
7.21

10.28*
12.90
15.31
19.o4
22.34
25.45

3.18 5.46

7.07
8.24

10.54
12.92
15.77
18.01
21.02
23.87
26.34

3, 650

':3,660
4,734
5,769
6,507
7,152
8,010
8,721
9,349

7,939

8,125
8,814

10,180
11,470
12,890
13,870
15,250
16,270
17,190

0.246
0.287
0.367
0.450

-.0549
0.627
0.732
0.831
0.9-17

o0.1676 o.257

1.838 o.000
1.994 0.o00
2.302 0.000
2.595 0.000
2.916 0.oo0
3.137 0.000
3.451: o.0oo
3.681 o.ooo
3.888 0.000

2.888 0.0oo

3.09+
5.19*
4.38.
4.25
4.26
4'. 26
4.28
4.27
4.28
4.29

3.25+

3.80
3.73
3.71
3.72
3.73
3.73
3.77
3.76
3.76

3.32+
4.17-
3.69-
3.57
3.57
3.56
3.57
3.57
3.57
3.64
3.57
3.58

4.81 7.38 12,770

V

0.303
0.393
0.469
0.545
o.631
0.739
0.373
0.322
0.811
o.894

2.890
3.330
3.709
4.066
4.444
4.866
3.221
2.977
5.124
5.418

0.000
0.000
0.000
0.000
0. 000
0.000
0.000
0.000
0.000
0.000

8.70
11.29
13.47
i5.65
18.12.
21.22
10o71
9.25

23.29
25.68

12,770
14,,720
16,4oo
17,970
19,640
21,510
14,240
13,160
22,650
23,950

*Gate lip touching nappe
+Gate lip touching nappe

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

A.palachia Project

Tainter Gates Partially Opened

G.0.
.ft-.--

MODEL TEST DATA

fD. ,fs
ft.- c's

o 0.2247 o-64
0.318

0.411
0.461
0.531
o.627
0.718
0.825
0.911

4j184
4.098

4.399
4.752
5.181
5.742
6.224
6.771
7.179

h

ft.

.0.000

0.000

0.000
0.000
0.000
0.001
0.001
0--001
0.001

0.001

0.001
0 .001
0.001
0.001
0.001
0.002

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

6.45 1o.45 18,490
9.13 18,1110

11.80
13.24
15.25
18.o4
20.65
23.72
26.19

19,450
21,0,10
22,900
25,380
27,510
29,930
31,730

0.3393 0.469 7.647 9.74 13.50 33,800

0.526
0.574
0.631
0-717
0.ý21
0.919

7.490
7.832
8.344
9.089
9.882

10,58

15.14
16.51
18.15
20.62
23,61
26.42

o.454-1 0.6o4 11.54 0.002' .13.04 17.40

33,110
34,62o
36,880
4o3,180
43,680
46,770

51,010

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

C

3-73
3742+

3.59-
3.58
3.56
3.54
3.55
3.56
3.56

3.55+4.16-

3.72.
3.65
3.63
3.63
3-61
3.62

3.66+
4.i9*
4.22,.
3-73
3.81
3.72
3.70
3.68

3.77+4.31"

3.87.
3.94
3.95

0. 0.617
0.720
0.668
0.765
0.838
0.915

11.84
11.84
11.42
12.34
13.10
13.84

0.002
0.002
0.002
OL; 002
0.002
0.003

17.78
20.74
19.24
22.03
24.12
26.36

0.5677 0.751 16.55 o.oo4 16.30 21.68 73,16o

0o 895
0.849
0.815

17.14
16.72
16.24

.o0. 4
0.004
0.04

25.82
24.50
23.52

75,770
73%910
71,790

*Gate lip touching nappe
+Gate lip touching nappe

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

Apalachia Project

Tainter Gates Raised Above Water Surface

MODEL TEST
D ,I ,. Q_ *

ft. cfs

0.117
0.190
0.257
0.318
0.397
0.466
0.536..
0.592
.o.659
0.728
o.80o
o.866
o.894
0.469
o.6o4
0.751

0.826
1.796
2.888
4.098
5.813
7.542
9.512

11.17
13.39
15.80
18.66
21.57
22.44
7.647

11.54
16.55

DATA
h

ft.

0.000
0.000
0.000
0.000
0.001
0.001
0.001
0.002
0.003
0.004
0.005
o.oo6
0.007
0.001
0.002
0.004

EQUlIAMl.

f1.

3.36
5.46
7.38
9.13

11.42
13.41
15.43
17.o6
19.00
21.01
23.12
25.05
25.87
13.50
17.-40
21.68

r 1PROTOTYPE
Q

Cf s

3,651
7,939

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

C

3.09
3.25
3.32
3.42
3.46
3.54
3.62
3-.65
3.72
3.77
3.86
3.96
3.93
3.55
3.66
3.77

, 'T ..
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Tennessee Valley Authority

Boone Project

Tainter Gates Partially Opened

G.0.
ft.

o. o•

MODML TEST DATA
D . Q,

ft. cfs

0.085 0.2810

EQUIVALENT PROTOTYPE
h

ft.
GO. 0.

ft.

2.00

0. 149
0.234
0. 27P-4
0.351
0.428
.0.504
0.581
o.626
0.700
0.110

043552
0.4567
0. 4937
0.5661
0.62850.6857

0.7385
0.7663
0.8087
0.3020

H
ft.

4.25

7.45
11.70
13.70
17.55
21.4o
25.20
29-05
31.30
35.00
5.50

cf s

4,968

6,279
8,073
8,727

10,010
11,110.
12, 120
13,050
13,550
14, 300,
5,339

C

3.26+
5.28*
4.74..
4.72
4.70
4.70
4.72
4.73
4.72
4.71
4.69
4.82

3.70+4.04*
3.92.
3.80
3.91

3.61+
-3.93*
3 77-
3.69
3.66
3.67

0.500 o.6_7 6.250

o.68o 6.598
0.721 6.715
0.633 6.456

25.00 30.85 110,500
. )

z
.9

0.4o0 0.493

0.558
o.615
0.685.
0.708

4.355

4.638
4.906
5.279
5.425

34.00
36-03.
33.15

20.00 24.65

27.90
30.75
34.25
35.40

15.00 18-.95

a16,6oo
118,700
114,100

76,990

81,990
86,730
93,320
95,900

0.300 0.379 2.964

0.459
0.517
0.575
o.648
0.724

3.175
3.453
3.726
4.o44
4.344

.2295
25.85
28.75
32.4o
36.20

52,400

56,i3o
61,o40
65,870
71,490
76,790

3.65+
4.04*
3..68.
3.67
3.67
3.67
3.67

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

Boone Project

Tainter Gates Partially Opened

G.0.

ft.
0.200

MODEL TEST DATA
D . Q

0t. cfs
O. 270 1. 672

h
ft.

EQUIVALENT PROTOTYPE
G.O.. H. . Q
ft. ft. cfs

0

0.334
o.4o9
o.469
0.539
0.592
0.670
0.723

0.100 0.152

0.218
o.264
0.334
0.391
0.474
0.599
0. 537
o.630
0.719
0:177
0.234
0.299

1.856
2.133
2,413
P.626
2.790
2.896
3.035

0.70-15

O.8119 ;•
0.9232
1.o61
1.174
1.311
1.496
1.403
1.537
1.654
0.7320
0.8555
0.9897

5.00 7.60 12,400

10.90
13.20
16.70
19.55
23.70
29.95
26.85
31.50
35.95
8.85

1..70
14.95

10.00 13.50 29,560 3.42+
3.94*

16.70 32,810 3.71-
20.45 37,710 3.69
23.45 42,660 3.82
26.95 46,420 3.80
29.60 49,320 3.82
33-50 51,200 3.68
36.15 53,650 3.69

14,350
16,320
18,760
20,750
23,180
26,450
24,800
27,170
29,240
12,940
15,120
17,500

3.40+
4.25*
3.81-
3.83
3.82
3.86
3.86
3.87
3.85
3.87
3.87
3.96
3.84
3.81

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

Boone Project

Tainter Gates Raised Above Water Surface

D
ft.

0.32
0.367
o. 432
o.49
o.54E
0.6o0
o.66•
0.70o
0.252o . J.9(•
0.135
0.m8£
o.o48

MODEL TEST DATA

cfs

3 2.312.

7 2.928
3.575
4.399

5 5.1669 6.1.55
4 7.044
S 7.809
2 1.522
) 0.9783
5 0.5736
3 0.2952
3 o0.1170

h
ft.

EQUIVAIENT PROTOTYPE
H Q

ft. fs*

16.15
18.35
21.6o
24.60
27-25
30. 45
33.20
35.30
12.6o
9-50
6.75
4.40
2.40

40,870
51, 76o
63,200
77,770
91,320

108,800
124.500
138,000
26,910
17,290
10,140

5,220
2,063

C

3.62
3.79
3.62
3.66
3.69
3.72.
3.74
3.78
3.46
3.39
3.33
3.25
3.21

D
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Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

MODEL TEST DATA
G.. 0..D , Q. h

. •ft.. -cf Rs ft.

EQUIVALENT PROTOTYPE
G.o. H .. Q
ft. ft. cfs

.0.200 2.214
2.530
1.714
1. 412
1.110
o.683
0.556
0.500
o.424
0.350
0.362
0. 36o

0.333 i. 464
1.133
0.917
0.742
1.692
1.913

o.667 1.226
2.108
-1.556
1.915
0.995
2.186

4.040
4.332
3.511
3.156
2.755
2.076
1.831
1.711
1.552
1.515
1.510
1.578

4.895
4.218
3.692
3.217
5.331
5.716

7.822
11. 21
9.169

10.059
6.828

ll. 46

15.23
17.28
18.33
19.68

21.05
22.08
23.67
20.72
20.83
20.11
20.03
19.94
19.92

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

0.003
0.003
0.003
0.002
0.004
0.004

0.010
0.013
0.012.
0.013
0.009
0.013

0.030.
0.034
0.035
0.036

0.049
0.051
0.052
0.049
0.049
0.048
o.o48
0.048
0.049

3.00 33.21
37.95
25.71
'21.18
16.65
10.24
8.34
7.50
6.36
5.25..
5.43
5.4o

5.00 22.00
17.04
13.80
1.16

25.44
28.76

1o.oo 18.54
31.82
23.52
28.92
15.o6
32.99

17.00 24.83
29.72
32.39
35.96

21.00 30.22
32.34
36.16
29.61
29.61
28.14
27.82
27.51
27.22

3,520
3,775
3,060
2,750
2,401
1,809
1, 596
1,4 91
1, 352
1,320
1,316
1,375

4,266
3,676
3,217
2,803
4,646
4,981

6,816
9,768
7,990
9,230
5,950
9,986

13,270
15,o60
15,970
17,150

18,340
19,240
20,630
18,060
18,150
17,520
17,460
17,380
17,360

C

3.97
3.97
3.95
3.94
3.92
3.89
3.88
3.88
3.91
4.36
4.P4
4.45

3.69
3.68
3.66
3.65
3.70
3.71

3.55
3.6o
3.55
3.60
.3.61
3.6o

3-73
3.69
3.68
3.68

3.79
3.77
3.72
3.80
3.82
3.84
3.87
3.89
3-92

0

* 1.133 1.625
1.947
2.124
2.361

1.4oo 1.,966
2.105
2.359
1.925
1.925
1. 828
l1.807
1.786
1.766
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Tennessee Valley Authority

Fort Patrick Henry-Project

Tainter Gates Partially Qpened

MODEL TEST DATA
G.0. -D , _Q h
:Ft. ft. cfs ft.

1. 667 2.326
2.296
2.253
2.233
2.179
2.144
1.995

0.867 2.396
2.M36
1.756
.. 4o8

1.281
1.070
1.149
1.136

.0.533 1..141
1.466
* 1.797
2,378

27.84
27.65
27.4o
27.26
26.96
26.74
27.89

15.55
13.99
12.66
1o.85
10.15
9.504
9.582
9.548

6.2110
7.389
8.391
9.885

7.402
6.497
5.5 44
4.036.

0.073
0,073
0.073
0.073
0.073
0.073
m~66

0.022
0.021
0.020
o. 018
0.016
o.016
0.616
0.016

0.007
0.008
0.008
0.009

0.0o6
0.0o6
0.005

.O04

EQUIVALET PROTOTYPE
G.0. IH Q
ft. ft. cfs

25.00 35.98 24,26o
35.49 24,100
34.89 23,880
34.59 23,760
33.78 23,493
33.26 23,300
31.22 24,304

13.00 36.27 13,550
30.86 12,190
26.64. .1,o3o
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
22.11 6,439
27.08 T7,322
35.80 8,614

6.50 29i.96 6,450
24.02 5,662
18.64 4,831-
11.54 3,517

'c

3.86
3.88
3.89
3.91
.3.94
3.96
4.37

3.65
3.63
3.62
3.62
3.64
3.96
3.75
3.77

3.58
3.61
3.63
3.64

3.66
3.65
31.62"
3.61

0.433 1.991
1.595
1.238
0.765
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Tennessee Valley Authority

MODEL TEST I
D Q.
ft. cfs

1.274 13.09
1.4.4o 16.17
1.691 21.55
1.890 26.26
1.972 28.34
o.9916 8.551
o.8044 6.o45
0.5831 3.578
0.3610 1.673

Fort Patrick Henry Project

Tainter Gates Raised Above Water Surfiace

EQUIVAIJEM PRW&M.YP
H _ _C

ft. -cfs

0.027ft . 19. 11,410 3.78
0. 038 2 .17 14,090 3.86
0.059 /26.25 18,780 3.99
0.080 .55 22,880 4.07
0.090o 3 3 24, 700 4.1o
0.014 15.0 7,451 3.63
0.008 12.18 5,268 3.54
0.003" 8.79 3,118 3.42
0.001 5.43 458 3.29

P-C

•~~~ ~ • •,•-F•P+ '• o f '- ' '"" "

/
./

.-V



Tennessee Valley Authority

Fort Patrick Henry Project

!; Tainter Gates Partially Opened

Gate Trunnion at Various Locations

MOD.EL TEST 'DATA
Trunnion Locations..

b L x .y D hi

ft. ft. ft. ft. ft. ft. cfs

0.200 2.325 2.486 1.430 3.069 0.001 4.388
3.048' 0.001 4.374
2.ia4 0.001o 3.605
1.282 0.001 2.734
0.577 0.0o01 1.700
0.283 0.000 0.999

0.203 2.325. 2.808 0.550 o.6o.i 0.001- 1-71
1.361 0.001 2.757

2.24o 0.001. 3.60o
2.771 0.001 4.o16

0.200 2.325 2.808 0.550 0.217 0.000 0.745
0 O.402 0.001 1.309
0.934 0.001 2.210
1.882 0.001 3.244

2.720 0.001. -3.912

0.200 2.325 2.822 -o,077 1.389 0.001 2.652
2.444 o 0.001 3.590
1.945 0.001 3.180
0.539 0.001 1.556

0.701 2.-320 2.410 1.924 2.959 0.017 15.14

2,374 0.0o17 13.27

, o. 
-.1856 0.015 11.32
'0.970 0.009 6.688
1.393 0,02.3 .9,.86

* 0.700 2,320 2,732 1.044 0.952 0.008 6.469
1.525 0..2 9.396
2.189 0.015 -1-95
3.047 0.015 14.52

0.700 2,320 2.746 0.417, 0.795 0o007 5.691
0.893 O.008 6.14o
1.. 488 mi.02 9.080

7< 2.150 o.o'4 11.150
2.727 0,o14 13.25

1.199 2.320 2.333 2.418 1.305 0.027• 12.94

1.434 0.029 13.97
0.035 -6.oo

2.117 O.043 20.00.
2,765 0.048 24.4o

Width of model approach channel (W) = 2.74 ft.

Model layout is shown on page 44.
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Tennessee Va.Uey Authority

Fort Patrick Henry Project

Tainter Gates Partia~lly Opened

'Gate Trunnion at Various Locations

MODEL TEST DATA
Trunnion Locations

b
ft.

1.199

S.199

L

2.32Q

2.320

1.698 2.320

1.701 2.320

2.328'U 0.199

x . - -
f.t. ft.

2.655 1,538 2.746
2.337
1.787
1.444

2.669 0.911 1-500-
1.803
2.389
2-851'

2.579 2.-032 1.926
2.173
2.465

2.593 1.405 1.798
1.978
2.278
2.456

2.397 1.897 0.546
1.129
1.944
2.949

2.917 L.-18 2.835
2.103
1.276
o.620

3.100 0.200 0.651
1. 461
2.470
3.099

3.018 -o.421 o..570
1.439
1.950
2.549

3.018 -0.42.1 0.298
o.424
1.022

21.
ftt.

0.045
o.042
0.036
0.028
0.030
0,036
o.o42
0.043
0.065
0. 073
o.o8o
o.o63
0.067
o.o76
0.080
0.001
0.001
0,002
0.002
0.001
0.001
0,001
0.001
0.001
0. 001
0.o00
0.001
0.001
0.o001
0.001
0.001
0.000
0.001
0 .001

Q
cfs

23.29
20. 77
16. go
)3.89
14.34
16.92
20.84
23.43
23.58
26.47
29.47
22.55
24.25
27.62
29.49
1.699
2.698
3,668
4.594
4.102
3.501
2.661
1.731
1.703
2.693
3.565
4.013
1.1583
2.645
3.112-
3.534,
1. 219
1.346
2.217

0.199 2.328

.0.197 2.329

. V

0.198 2,329

0.200 2.328

Width of model approach channel (W) - 2.74-ft.
Model layout is shown on page 44.



Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Open&d

Gate Trunnion at Various Locations

MODEL MST DATA
Trunnion Locations

4

b L x Y D
ft. ft. ft. ft. ft.

0.699 2.328 2,397- 2.397 1.000
1.338
1.623
2.074
2.547
2.862.

o0.699 2.328 2.917 1.618 1.oo7
1.585
2.199
2.848

0.699 2-328 3.,100 0.700 0.923
1.036
1.619
2.163
2.894

0.701, 2.3a8 3.018 0.079 1..028
1.663
2.234
2.911

1.199 2.328 2.917 2.118 1.628
1.944
2.349
2.804

1.198 2.328- 3.100o 1.200 1.641
1.972
2.323
2.797

1.200 2.328 3.018 0.579 1.483
1.629
2.001
2.292
2.571

1.699 2.328 2.917 2. 618 2.o16
2.158
2.217

h
ft.

0.010
0.013

m.o16
0.018
0,019
0.019
0.010
0.014
o. o16
0.017
0.010
0'.013
0.0014

0.015
0.010
0.012
0.013
o.014
0.035
0.04o
0.044
o.o46
0.034
0.036
O.o4o
0.042
0036
0.034
0.037
0.039
0.040
0.083
0.078
0.079

Q
cf s

7.197
9.270
10.78
12.86
14.64
15-71
7.094
9.894

12.31
14.48

7.094
7.133
9.609

11.6o
13.76
7.-107
9.609
11.46
13.52
16.o8
18.4a
21.30
24.13
15.90
18.05
20.31
22.93
15.88
15.87
18.o8
19.86
21.43
27.31
27.28
27.83

0

Width of model approach channel (W)
Model layout is shown on page 44,

= 2.74 ft.
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Tennessee Valley Authority

.Fort Patrick Henry Project

Tainter Gates Partially Opened

Gate Trunnion at Various Locations

MODEL TEST DATA

Trunnion Locations
b L .. x l

ft. fTT. Tt.7 ft.
D h

ft. ft.

0.200

0.198

o.194

0.697

0.o700'

2-333 3.115 1.451 0-415
1.081
1.882
3.083

2.333 3.456 0.578 0.471
1.164
1.905
2.679

2.333 3.437 -0.357 0.497
0.923
1.692
2.584

2-333 3.224 -0.946 0.379
0.620
1.002
1.550
2.o47

2.333 3.222 -31940 1.372
1.947
2.472.
3.039

2.333 3.563 1.O67 1.382
1.976
2.462
2.983

2,333ý 3054 o.132 1.o86
1.467
1.940o
2.459
2.972

2.333 3.331 -0.457 1,345
1.739
2.232
2.497

0.001
0.001
0.002
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.00).
0.001
0.001
0.001
0.001
0.001
0.015
0.018
0.019
0.0*19
0.014
o.016
0. o16
0.017
.0.016
0.013
0.014
0.015
0.015
0.0013
0.01.4
o. 04
0.014,

Q
cfs

1.557
2.723
3.677
4.76o
1.594
2.630
3.417
4.084z.587

2.201
3.010
3.737
1.745
1.733
2.20)
2.727
3.150
9.915

12.53
14.44
16.29
9.453

11.74
13.39
14.93
9.420
9.439

11.09
12.6o
14.o7
8.977

10.31
11.86
12.57

0.6971y.

0.701

Width of model approach channel (w)
Model layout is shovwn on page 44.

= 2.74 ft.
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Tennessee Valley Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

Gate runnion at Various Locations

MODEL TIEST.DATA
Trunnion Locations

b
ft.

L , x _ D h Q
ft- ft. ft ft. ftt. cfs

1.200 2.333 3.329 2.428 1.886
2..13

2.332
2.666

1.198 2.333 3.670 1.555 i.863
2.134
2.4o2
2.784

- 1.199 2.333 3.651 0.620 1.881
2.192
2.514
2.816

1.201 2.333 3.438 -0.031 1.698
2.010
2.234
2.548
2.837

1.990 2.335 3.670 1.004 o. 441
o. 442
0.949

S1. 779
•--.•: .2,959

0o.199 2.335 3.872. ,0.090 0.512
1.156
2.046
2.860

0.198 2.335 3.709. -0.832 o.443
o.834
1.289
2.138

0.701 2.334 3.851. 1.47o 1.409
1.510

.1.795
-2.417
2.962

o.o48
0.050
0.052
0.054

.o.o45
0.046m~47
0.048
0.043
0m43
m.44

0.m45
0.053
0.043
0.043
o.043
0.043
0.001
0.001
0.001
0.002
0.002
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.001
0.018
o.o18
0.019
0.019
0.019

20.08
21.53
23.08
25.26
19.30
2o.66
22.31-
24.40
18.94
20.46
22.19
23.85
20.27
19.44
20.61
22.13
23.4o
1.877
2. 247
2.695
3.678
4.741
1.880
2.735

.3,614
4.279
1.705
2.233
2.726
3.473lo ..65

11.05
12.16
14.41
16.1o

Width of model approach channel (W) = 2.74 ft.
Model layout is shown on page 44. 0



Tennessee ValIey Authority

Fort Patrick Henry Project

Tainter Gates Partially Opened

Gate Trunnion at Various Locations

MODEL TEST DATA
Trunnion Locations .

b L x y D
ft. ft. ft. ft. ft.

.0.700 2.334 4.053 0.556 1.495
2.064
2.457
2.838

o.697 2.334 3.890 -0.366. 1.208
1.530
1.911
2.208
2.602

1.199 2.334 4.033 1.936 1.825
2.071
2.210
2.4o4
2.585
* 2.731

1.198 2.334 4.235 1.022 1.924
2.020
2.225
2.467
2.7o4

1.199 2.334 4. 072' 0.100 2.141
2.260
2.577
2.797

0.199 2.338 4.io1 0.677 0.518
1.082
1.928
2.748

0.200 2.338 4.233 -0.250 0.492
0.512
1.293
2.007
2.678

h
ft.

0.015
o.oi6
0.017
o. 017
0.021
o. 14
0.015
0.015
0.015
0.065
0.054
0.055
0.055
0.056
0.056
0.051
0.051
0.050
0.050
0.050
m.046
0.048

m.046
o.046
0.001
.0.002
0.002
0.002"
0.002
0.001
0.002
0'002
0.002

cfs

10.34
12.28
13.45
14.59
fi.16
10.10
11.31
12.o6
13.12
22.95

•22.37

23.16
24.20
25.33
26.10
21.00
21.22
22.02
23.22
24.42
21.14
.2183

23.06
23.94
2.247
3.019
3.914
.4.626
2.673
2.118
3.054
3.692
4.247

a

Width of model approach channel (W)
Model layout .is shown on page 44.

= 2.74 ft.
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Tennessee Valley Authority

Hales Bar Project

Tainter Gates Partially Opened

-RMODE ST DATA
G.0. D. Q.
ft. ft. cfs

0.4529 0.595 3-.53.
o.666 12.52
0.869 15.01
0.527 1o.81
0.561 11.17
o.526 lo.84o.612 11.74
0.548 .11.02
o.588 11-55
0.565 11.18
o.669 12.59
o.628 11.97
o.712 13.10
0.751 13.59

0.3991 0.588 1o.18
0.558 9.824
0.-517 9.346
o.486 8.994
o.475 8.946

o.3438 o.6o4 9.169
0.562 8.706
o0.518 8.191
0.457 7.56o
0.430 7.269
o.414 7.135
0.422 7.235

0.2894 0.483 6.723
0.605 7.928
0.403 5.938
0.493 6.8o9
o.4ig 6.049
0.592 7.776

h
ft.

o.0o34
0.015
0.018

m.o14
0.014
0.014
0.014
0.o14
0.014
0.01 4
0.016
0.015
o.o16
0.o16

0.011
0.011
0.010
0.010
0.010

0.009
0.008
0.008
0.007
0.007
0.007
0.007
0. 006
0.007
0.005
0.006
0.b05
0.007

15.74 21.17
23.67
30.83
18.81
19.99
18.77
21.76
19.54
20.93
20.13.
23.81
22,35
25.31
26.66

13.87 20.82
19.78
318.32

* 17.24
16.86

11.95 21.3119.81

18.28
16.13
15.19
14.63
14.91

io.o6 17.00
21.27
14.18
17.35
14.74
20.82

82,140
89,190

106,900
77,010
79,570
77,220
83,630
78,500
82,280
79,640
89,700
85,270
93,320
96,810

72,520
69,980
66,580
64,070
63,730

65,320
62,020
58,350
53,850
51,780
50,830
51,540

47,890
56,480
42,300
48,500
43,090
55,390

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

C

4.04
4.oo

.3.96
4.21
4.u1
4.2.3
4.02
4.14
4.08
4.09
4.oi
4.oi
3.98.
3.97
3.94

3.96
4.02
4.08
4.14

3.90
3.90
3.90-
3.99
4.04
4.10
4.09

3.85
3.88
3.91
3.84
3.86
3.86

a
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Tennessee Valley Authority

Hales Bar Project

Tainter Gates Partially Opened

MODEL TEST DATA EQUIVALENT PROTOTYPE
G. 0.
ft.

o.i8i8

D
ft.

0.354
0.547
o.46.2
o.413
0.488
0.580
0.559

* Q,
cf's

3.650
4.915
4.393
4.o96
4.574
5.095
4.972

5.019
4.636
5.354
6.461

0.2342 o.41o
0.368
o.450
0.590

h
ft.

0.002
0.003
0.002
0.002
0.003.
0.003
0.003

0.003
0.003
0.004
0.004

0.002
0.001
0.001
0.001
0.001

0.000
0.001
0.001
0.001
0.-060

G.O. H Q
ft. ft. cfs

6.319 12.37 26, 000
19.12 35,010
16,13 31,290
14.43 29,180
17.07 32,580
20.27 36,290
19.54 35,420

8.114.1 14.36
12.90
15.78
20.65,

o.1251 o.601 3.719
0.512 3.382
0.422 3.034
.0.348 2.693
0.466 3.215

O.0720 0.475 2.039
0.555 2.216
0.596 - 2.330

-0.518 2.153
0.365.. 1.762

4.348 20.96
17.83

-14.70
12.13
16.23

2.503 16.51
19.33
20.75
18.04
12.69.

35,750
33,020
38,140
46,030

26,490
24,090
21,6io
19,180
22,900

14,530
15,790
16,600
15,340
12,550

C

3.78
3.86
3.83
3.83
3.85
3.86
3.85

3.83
3.83
3.82
3.86

3.91
3.89
3.90
3.89
3.90

4.12
4.12
4.17
4.16
4.12
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Tennessee Valley Authority

Hales Bar Project

Tainter Gates Raised Above the Water Surface

A.

*1

4

MODEL
D

0.896
0.851
0.817
0.775
0.731
o.684
0.579
0.537

0.617
0.483
0.430
0.372
0.306
0.242
o.654
0.568

TEST DATA

cfs

27.8o
25.43
23.66
21.62

19.44
17.26
12.93
11.24

14.47
9.387
7.647
5.957
4.321
2.919

15.88
12.39

h
ft.

0.058
0.051o.o48
o.o5!0.046
0.04o

0.034
o.028
0.018
0.015

0.022
0.011
o.008
0.005
0.003
o.002
0.025
0.017

EQMIA=~ PR0T0OME
H Q.

ft. ofs

33.16 198,000
31.35 181,100
30.00 168,500
28.33 154,000
26.59 138,500
24.75 122,900
20.75 92,100
19.19 80,060

C

4.32
4.30
4.27
4.26
4.21.
4. 16
4.o6
3.97

4.10
3.92
3.82
3.72
3.64-
3.51
4.11
4.01:

22.21
17.17
15.22
13.10
10.74
8.48

23.6o
20.33

103,100
66,870
54,470
42,4oo

.30,780
20,790

113,,100
88,260

0
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Tennessee Valley Authority

Hiwassee Project

Tainter Gates Partially Opened

k

G.0.
0t.

0.0213

MODEL TEST DATA
D . . _Q

ft. cfs

0.280 0.3292
0.185 0.2692
0.070 o.1636
0.310 0.3456
o.449 o.4161
0.385 0.3849
o.o48 o.1296
0.051 0.1372
0.052 o.1415
0.051 o.14o4
0.056 0.1520
0.063 0.1568
0.077 0-.1725
0.084 0.1812
0.124 0.2188,
o.229 0.3010
0.322 0.3555

h

o I,.-

EQUIVA.LE)? PROTOTYPE
G.0. R .. Q
ft. ft. c'fs

.17 15.140 7,385
1o.18 - 6,039
3.85 3,670

17,o•- -4.9 7,753
24.70 9,335
21.18 8,635
2.64 2,907
2.80 3,078

.2.86 3.174
2.80 3,150
3.08 3,410
3.46 3,518
4.24 3,870
4.62 4,065
6.82 4,909

12.60 6,753
17.71 7,975

2.32 7.81 8,271
5.50 7,029

10.78 9,250
15.24 11,830
'21.18 14,080
26.02 .5;67o
•ii.16 i0,020

4.22 6.6o 12,280
10.34 15,450
14.36 18,4oo_0
17.49 20, 610
20.57 22,500
24.20 24,540

4.19 9.46 14,69o
11.16 15,880

C

4.96

4.96
4.92
4.92
5.25
5.38
5.46
5.51
5._61
5.37
5.20
5.27
.5.15
5.06
5.01

4.16
4-39
3.86
4.o8
4.08
4.08
4. 10

4.13
3.82
3.72
3.72
3.71
3.69

3.88
3-78

I .

0

~v.

.04 o.142
0.100
o.196
0.277
0.385
0.473
0.203

0.0767 O.120
0.188

* 0.261
0.318
0.374
0.44o

0.0762 o. 172
0.203

0.3687
0.3133
o.4123
0*5273
0.6276
0.6983
0.4465

0.5475
o.6886'
O.8201
0.9188
1.003
l.094

o.6546
0.7079
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Tennessee Valley Authority

Hiiassee Project

Tainter Gates Partially Opened

MODEL TEST DATA
G.0. D. Q. h
ft. ft. cfs ft.

,p

0.1302 0.229
0.277
0.389
o.447
0.483
o.425
0.346

0.1293 0.300
0.347
0.477
0.237
0.248

0.187 o.402
0.350
0.320
0.452
0.491

1.P-22
1. 344
1. 612
1.751
1.833
1.703
1.512

1.382
1.505
1.817
1.229.
1.255

EQUIVALENT PROTOTYPE
0.0. H Q
ft. ft. cfs

7.16 12.60 27,410
15.24 30,15021.40 36,160
24.59 39,280
26.57 41,1L2O
23.38 38,210
19.03 33,920

C

3.85
3.71
3.59
3.59
3.59
3.60
3.62

7.1 16.5o
19.08
26.24
13.04
13.64

2.282
2.130
2.057
2.438
2.563

0

,.1-

,-4
w

o.186 0.317 2.o041
0.320 2.037-

.0

0.238 0.445
" o.491

0.381
0.388

0.294 0.501
0.422
o. 422
0.46o
o.465

3.o053
3.213
2.908
2.909

4.033
3.993
3.989
3.989
3.989

10.28 22.-11
-19.25
17.60
24.86
27.00

10.23- 17.44
17.6o

13.09 24.48
27.00
20.96
21.34

1ý6.7 27.56
23.21
23.21
25.30
25.58

31,000
33,760
4,0,760
27,570
28,150

51,•390
47,780.
46,150o
54,690
57,500

45,790
45,700,

68,450
72.,080
65,24o
65,260

9o,480
89,580
89,490
89,490
89,490

3.65
3-62
3.62
3.80
3.76

3.63
3.72
3.83
3.59

.3.59

3.84
3.81

3.72
3.66
3.96
4.04

3.82
4.32
4.31
4.03
4.00
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Tennessee Valley Authority

Hivassee Project

es Raised Above Water Surface.Tainter Gate

n

ft.

0.199
0.238
o. 303
0. 353

.o.463
0.083
0.081
0.150
0.113
o.147
0.157
0.217
0.252
0.283
0.293
0.319
0.371

S 0..289
0,498
0.314
0.426
0.054

o 0.120
0.347
0 0.347
0.422
0.280
m.o48

0.081

40DEL TEST DATA
Q

ccfs
1.224
1. 616
2.348
3.002
4.673
0o3053
0.2932
0.7790
0.4982
0.7553
O.834•0
1.404
1.769
2.116
2.244
2.548
3.254
2.200
5.274.
2.498
4.059
o0.1572
0. 5475
2.893
2.911
3.993
2.082
o.3296 /
0.2886.

h
ft.

EQUIVALENT PROTOTYPE
H Q

ft. cfs

Y- .:i,

1o.94
13.09
16.66
319.42
25.46
4.56
4.46
8.25
6.22
8.08
8.64

11.94
13.86

* 15.56
16.12
17.54.
20.40
15.90
27.39
17.27
23.43
2.97
6.60

19.08
19.08
23.21
15.40

2.664
4.46

27,460
36,250
52,680
67,350

104,800
6,849
6,578'

17,I48o
11,180
16,940
18,710
31,500
39,690
47,470
50,340
57,160
73,000
49,.350

118,300
56,o04
91,060
3,527

12,280
* 64,900

65,310
89,580
46,710
2,907
6, 474

C

3.40
3.44
3.48
3.54
3.66
3.15
3.13
3.31
3.2k
3.31
3.31
3.43
3.45
3.47
3.49
3.49
3.56
3.50
3.71
3.50
3.60o
3-.11
3.25

3.52

3.6o
3.47
3.05
3.08.
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Tennessee Valley Authority

Watts. Bar Project

*1

I

Tainter Gates Partially Opened

G.0.
ft.

140DEL TEST DATA
DQ.Dt . ..ft. c fs

h
ft.

0.052 o0.168
0-301

. .o. 463
0.65o

-' .0.831

-21.o68

.Q* <0.100o,

0.0803 0.000
1.119 0.000
1.4il Ooooo

1.695 0.o000
1.932 0.000
2,198 0.000

0,71985 o.ooo3
(

o.? i 1.023
0.6o8
o.8%6
o.451--o.165

o.299L

0.111 0.3460.576

o.842
1.074
1.056

3.024
2.278
2.746
1.9S2
1.072
1..523

2.196
2,962
3-.703
4.1614.14o

0.000
0.000,
0.000
0.000
0.000

0.000
0.000
0.000
0.001

0.001
0.001
0.O00?q

EQUIVALENT PROTOTYPE
G.01 H Q
ft. ft. cfs

1.82 5.88 5,819
10.54 8,1.0
16.20 10,230
22.75 12,280
29.08 14.,000
37.38 15,930

S3.5od 5,2 ")

z-73 35.8o 21,920o
21.28 16,510
29.96 19,900
15.78 14,ooo

5.78 7,769

3.88 12.1). 15,910
20.16 21,4170
29.50 26,840
37.62 30,16o
37-00.. 30,000
.36.,6A 13, 7-9•'"0

C

3.99
3.99
3.99
4.oi
4.03
41.02

3.31~

3.79-
3.76
3.78
3.75
3.78
3.72,

3. 57 - ....
3.59.
3.65-
3.61"
3.62•,3-351 ,I

:o.I/6 0.271 2.679 O.0O1 ... --. 6'/ .9.52 "19, 42 3.63.
i.068 6.182 0.001 .- 37.4,2 441,800 3.64-

0.837 5.417 0.001 29-33 39,260 3.65
o.616 4.552 0.001 21.60 32,990 3.65
0.441 3.688.- 0.001 15.47 26,730 3.61

0.223 0.280 3.538 0.001 7.80 9.84 .25,640

0.356
0. 5o4.
0.702

4.102
5.436
6.396

"0.001
0.002
0.002
0.002
0.002

12.50 29,730
18w 39,400

2 ,4. 46 ,350 .

30.10 52,100
37.31 59,330

3.46+
3.82*
3. 64.,

.3.62
3.62-
3.62
3.65

0.858 7.189
1. o648.E86

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

5

7

Watts Bar Project

Tainter Gates Partially Opened

•G.O.

0.338

MODEL TEST DATA
D . ... Q

ft. cfs

..061
0.854
o.663
0.484
o.420

.11.98
io.49
8.894
7.141
6.781

h
ft.

0.005
0.005
0.004
0.003
0.003:

EQUIVALENT PRMOTYPE
G.O. H _. Q
ft. f~t. cfs

.1.83 37.28
30.06
23.34
17.04
3 .4 .8 l y e

86,82o
76,020
64,46o
51,750
49,14o

0.476
1.050

o.453 o.616
0.565

0.679
0.84o
1.047

7.102 0.003
11.94 0.005

16.76. 51;47o
36.92 86,530

15.86 21.77 78,410
20.02 78,630

10.82
10.85

11. 48
13-33
15.50

o.oo6
0.007

o.ooS
0.008
,0.009

24.01
29.68
36.96

83,200
96,600

112,300

C

.3.64j
3. 64-J.
3.644
3.68"
3.59+
3.95*j
3.70 '

3.65j

3.74,
3.65+
4.04*
3.67-
3.65
3.66

3.75+
4.09*
3.81/
3.73 -/
3.69,1
3.67

3.84+

3.84,/
3.80-'
3.78&'
3 .8 5 `

0.;567 0.688 15.07 o.o02 19.84 24.50 109,200

0.765
0.854.
0.957
1.035,

0.681 0.833

0.937
1.007
1.o48
0.928

*Gte lip touci
*.ate lip touci

15.39 0.011
16.46 0.02
17.72 0.013
18.6o 0.013

20.71 0.019

27.16
30.31
33.95
36.68

1.11,500
11.9,300
128,400
134,800

23.83 29.82 150,100

20.81
21.82
22.36
20.69

0.018
0.018
0.019
0.018

33.42
35.88
37.34
33.11

150,800
158,100
162,000
3.9, 900

ing nappe
aing.nappe

C from Equation A.
C from Equation B.
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I

4.

1~

Tennessee Valley Authority

Watts Bar Project

Tainter Gates Raised Above Water Surface

MODEL TEST DATA
D h

EQUIVALENT PROTOTYPE
Ht Qf

0.100
o.183
0.280
0.42o
o.565

0.688
0.833
0.920
0.561
0.703

0.71-7
1.803
3.538
6.781

10.85

15.07
20.71
24.51
10.73
.15.63

10.24
23.64
15.34
8.833

-0' 527

0.000
0.000
0.001
0.003
0.007

0.012
0.019
0.025
0.007
0.012

0.000
0.024
0.012
0.005
0.000

3.50
6.4o
9.84

14.80
20.02

24.50
29.82
33.08
19.88
25.02

4. W4
32.34
24.88
17.61

-.82

5,211I
13,070
25,640
49,14o
78,630

109,200
150,100.
177,600
77,760

113,300

C

3.31
3.35•
3.46
3.59
3.65

'375

3.84
3.89
3.65
3.77

0.127
0.900
0.699
o.4980.080

7,421
171,300
111,200

64, 010
3,819

3.30
3.88
3.73
3.61"3.4o

-0
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Tennessee Valley Authority

,. Wheeler Project
Tainter Gates Partially Op.ened

G. 0.

ft.

0.0286

MODEL TEST DATA
D Q

ft. cfs

o. 096 O.3160
0.131 0.379]
0.24o o.528C
0.279 O.570O
o.417 o.698,
o.344 o.634
0.184 o-0,462
0.508 0.773{

EQt7IVALM~ PR0T0T=D

4
4

4-

7
6
9
0

h
ft.

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

ft.
0.98

H
ft,..

3.30
4.50
8.24
9.58

14.32
11.82
6.32

l7-45

Q

2,188
2,624
3,651
3,945
4,832
4,389
3,201
5,346

5,341
6,083
4,282
7,019
7,690
8, 541
9,253

10,230

6,220

C

3.'71J

3.72
3.71
3.70
3.68
3.70-*,
3.74.
3.66

;I. -..

I

0.0575 0.160 0.7723 0.000 1.98 5.50
0.197 0.8797 0.000 6.77
o. 14 0.6192 0.000 3.92
0.251 1.015 0.000 8.62
0,294 1.112 0.000 10O10
0.355 1.235 0.000 12.19
0.412 1.338 0.000 14.15
0.497 1.480 0.000 17.07

0.0875 o.316 0.899o 0.000 3.00 3.98

I ,

o. 166

0.151
0.195
0.229
0.269
0.310
0.379
o.447
0.4-78
0.504o

0.151

o.186
0.228
0.283
0.334
0.396
o.454
0.512
0.511

-. o61
1.273
1.416
1.568
1.706
1.922
2.116
2.196
2.261

0.000
0.000
0.000
0.000
0.000
.0.000
0.000
0.000
0.000

5.19 -7,340
6.70 8,803
7.87 - 9,792
9.24 10,840.

.1.6 1.1,800
13.02 .13,290
15 -35 14,630
16.42 15,190
.17.31 .15,64o

4.00 5.19 9,578

6.39 10,790
7.83 12,420
9.72 14,380

11.51 16, o40
13.64 17,810
15.63 19, 310.
17.62 20,730
17.59 20,680

3.5410.
3.56
3.53
3.57
3.59
3.59
3.58
3.59

3.26+
3.71*
3.56.
3.58
3.59
3.61
3.61
3.63
3.64.
3.64
3.64.

3.38+
3.79*
3.61.
3.59
3.60
3.62

.3.63
3.64
3.64
3.64'

1.385 0.000

1.56o
1.796
2.080
2.320
2.576
2.793
2.997
2.990

0.000
0.000
0.000
0.001+
0.001
0.001
0.001
0.001

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

Wheeler Project

Tainter Gates Partially OPened

MODEL TEST DATA
G.0. D Q h
ft. ft. cfs ft.

0.2037 0.258 3.299 0.001

EQUIVALENT PROTOTYPE
G.O. H I-_Q
ft. ft. cfs

0.276
0.288
0.322
0.365
o. 418
0.456
0.497
o.421

3.358
3.467
3.684
4.007
4.430
4.677
4.945
4.434

0.001
0.001
0.001
0.002
0.002
0.002
0.002
0.002

7.00 8.90

9.51-
9.93

31J~.10
12.61
14.43
15.73
17.1 4
14.53

22,810

23,220
23,980
25,480
27,710
30,64o
32,340
34,200
30,660

C

3.58+
3 98*
3.82.
3.80
3.70
3.67
3.70
3.68
3.69
3.68

3.76+4,16*
3.88
3.85
3.82
3.81
3.77

0.2912 0.365 5.866 0.003 1o.oo 12.64 409'570

0.4o4
o.418
0.436
o.461
0.500

5.977
6.o81
6.243
6.502
6.841

0.003
0.003
0.003
0.004
0.004

13.98
14.46
15 08
15.97
17.31

41,330
42,050
43,170
44,960
47,310

*Gate
+qate

lip touching nappe C from Equation.A.
lip touching nappe C from Equation B.:
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Tennessee Valley Authority

Wheeler Project

Tainter Gates Raised Above Water Surface

MODEL TEST DATA
D Q . h

ft. afs ft.

0.178
o.214.
0.281
0.307
0.347
0.390
o.440
o.405
0.366
o0.191
o.218
0.279
0.306
o. W-6
o.465
0.499
0.305
0.076
0.123
0.155
0.i16
0.151
0.258
0.365

1.786
2.444
3.788
4.386
5,348
6.559
8,038
6.998
5.892.
1.996
2.490
3.742
4.366
7.316
8.775
9.914
4.314
0.464
i.oo4
i. 444
0.8990
1.385
3.299
5.866

0.000
0.001
0. 002
0.002
0.0003
0. O04

0.004..o~oo3

0.003
-0.000
0.001
0.002
0.002
0.005
0.006
0.009
0.002
0.000
0.000
0.000
0.000
0.000
0.001
0.003

EQUIVALENT
H .

ft.

6.11
7.39.
9.72

10.58
12.02
13.53
15.32
14.05
12.68
6.56
7.52
9.65

10.58
14.46
16.18
17.45
10.55
2.61
4.23
5.32
3.98.5.319
8.90

12.64

PROTOTE

ef S

12,350
16,900
26,200

.30,330
36,980
45,360
55,590
48,400
40,750
13,800
17,220
25,880
30,190
50,590
60,680
68,560
29,830
3,209
6,943
9,986
6,220
9,578

22,810
40,570

C

3.41
3.51
3.60
3.67
3.70
3.80
3.86
3.83
3.76
3.42
3.48
3.60
3.66
3.83
3.89
3.92
3.63
3.16
3.34
3.39
3.26
3.38
3.58
3.76

.5

0
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3.4

3.2

3.0

I. I * j I
GATES RAISED ABOVE WATER .SURFACE

I 1 I I

0 4 8 12 16 20 24 28

H-TOTAL HEAD ON SPILLWAY CREST IN FEET
(b) APALACHIA DAM

TAINTER GATE SPILLWAY DISCHARGE COEFFICIENTS
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0 3.9

I-
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8 12 16 , 20 24 28 32
H-TOTAL HEAD ON SPILLWAY CREST IN FEET

(a) WATTS BAR DAM

8 12 16 ,20 24 28 3
H-TOTAL HEAD ON SPILLWAY CREST IN FEET

(b) HALES BAR DAM

TAINTER GATE SPILLWAY DISCHARGE COEFFICIENTS
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SECTION A-A

Scales
.- Model 0 1 .2 3 4 5 6 7 8 9 10 Feet

Prototype 0 20 40 60 80 100 Feet

flevations refer to the pro o yyoo.
Dimensonlv raefr o Mhe model.

TENNESSEE VALLEY AUTHORITY.
DIVISION OF WA~TR CONTROL PLANN/ING

HYDRAULIC DATA BRANCH

FORT PATRICK HENRY PROJECT
HYDRAULIC MODEL STUDIES

1:15 SCALE MODEL LAYOUT .1


