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1. Purpose

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

TVA developed methods of analysis, procedures, and computer programs for determining design basis flood levels for nuclear
plant sites in the 1970°s. Determination of maximum flood levels included consideration of the most severe flood conditions that
may be reasonably predicted to occur at a site as a result of both severe hydrometerological conditions and seismic activity. This
process was followed to meet Nuclear Regulatory Guide 1.59. At that time, there were no computer programs available that
would handle unsteady flow and dam failure analysis. As a result of this early work and method development TVA developed a
runoff and stream course modeling process for the TVA reservoir system. This process provided a basis for currently licensed
plants (Sequoyah Nuclear Plant, Watts Bar Nuclear Plant, and Browns Ferry Nuclear Plant). The Bellefonte Nuclear Plant (BLN)
Units 1 & 2 Final Safety Analysis Report (FSAR) was also based on this process.

BLN Unit 3 & 4 Combined Operating License Application (COLA) was submitted using data and analysis that was determined
for the original BLN FSAR (Unit 1 and Unit 2) and was documented in a 1998 reassessment. In 1998, the analysis process and
documentation was brought under the nuclear quality assurance process for the first time. A quality assurance audit conducted by
NRC staff in early 2007 raised several questions related to past work regarding design basis flood level determinations. This
calculation supports a portion of the effort to improve the design basis documentation.

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

South Holston is an impervious rolled fill dam with a rock face and a minimum top elevation of 1765°. An impervious rolled fill
saddle dam is located approximately 4.5 miles north-east of the main dam. During normal operation discharge is passed through
the power conduit to the powerhouse and through a concrete sluiceway tunnel. Flow through the sluiceway is controlled by two
Howell-Bunger valves. During flood conditions discharge can pass through a morning-glory spillway with a crest elevation of
1742’ located near the main dam and an auxiliary weir spillway with a crest elevation of 1744 located approximately a mile
south of the main dam. The auxiliary spillway empties into Bent Branch which flows into the South Fork Holston River about 2.5
miles below the main dam and powerhouse. The sluiceway tunnel merges into the morning-glory spillway tunnel, and the
common tunnel empties into a stilling basin just below the dam. Figures 1 through 7 show general arrangement information for
the main dam, the main (morning-glory) spillway, the sluiceway, the Bent Branch spillway, the saddle dam and the conduit to the
powerhouse. The rating curve is developed in this calculation for headwater elevations up to 1765 which is above the 1764.7
probable maximum flood (PMF) elevation listed on page 15 of the South Holston Blue Book (Ref. 2.2).
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3. Assumptions & Methodology

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

3.1 Assumptions

3.1.1 Assumption: Power generation will continue until the tailwater elevation reaches 1517°. The turbine will be shut off and
the power discharge will be zero when the tailwater reaches elevation 1517 and will remain at zero for the remainder of the flood
event.

Technical Justification: The Electrical Bay of the powerhouse will begin to flood when the tailwater reaches 1517’ (See Ref.
2.1.2) necessitating that power generation be suspended at that point. Once the turbines are shut off they will not be restarted
until a thorough inspection is made.

3.1.2 Assumption: The tailwater elevations obtained from the tailwater rating curve presented in Attachment 4 occur just below
the dam and the discharges include flow from the Bent Branch spillway. Also, the curve is sufficient for evaluating submergence
effects on the dam rating curve discharges.

Technical Justification: The tailwater ratmg curve was provided by TVA Flood Risk, which is in the Rlver Operations
organization. This tailwater rating curve is used by TVA during actual flood events as input for river management decisions and
is the best available source of tailwater data. In addition, evaluations performed in Section 6 of this calculation demonstrate that
the dam rating curve discharges for South Holston dam are not sensitive to the accuracy of the tailwater curve.

3.1.3 Assumption: Sluiceway valves are considered fully operable and open to allow maximum flow indicated in the Howell-
Bunger Valve Discharge Tables (Reference 2.5).

Technical Justification: For technical justification, see Reference 2.10, “Basis for Dam Spillway Gate/Outlet Open
Configuration for Flood Analyses.”

3.2 Unverified Assumptions

None.
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3.3 Methodology

There are four possible routes for discharging through South Holston Dam: 1) through the power intake tunnel exiting at the
powerhouse, 2) through the sluiceway intake exiting at the spillway outlet tunnel outlet portal, 3) through the uncontrolled
morning glory spillway éxiting at the spillway outlet tunnel outlet portal, and 4) through the Bent Branch spillway. Overtopping
the main dam or the saddle dam is not considered a possibility since the tops of both dams are at or above elevation 1765’ and the
elevation of the maximum probable flood is 1764.7°. This calculation does not consider discharge through the power tunnel as
discussed in Assumption 3.1.1.

Headwater rating curves are computed for two separate scenarios as follows:
Case 1.- Headwater Rating Curve with Turbine Flow: This rating curve terminates at a discharge of 82,200 cfs since the tallwater ‘
reaches elevation 1517 and the powerhouse begins to flood at that flow. (Q=82,200 cfs results in TW = 1517’ is determined by
interpolation of values in Table 2.)

Case 2 - Headwater Rating Curve without Turbine Flow: This rating curve is used for both rising and falling headwaters after
turbine operation has been suspended.

Discharge through the power tunnel is taken as 3,300 cfs for all headwater elevations. .This value is based on the “Reservoir and
Power Data” tables listed on pages 35 through 38 of Reference 2.2 (see Attachment 7) which shows a maximum sustainable
turbine discharge of 3,300 cfs for all reservoir levels and gross heads.

The calculations consist of computing sluiceway and spillway discharges for headwater elevations ranging from 1742 feet, the
morning-glory spillway crest elevation, to 1765 feet, the minimum dam elevation. The dam rating curve is a plot of headwater
elevation versus total dam discharge. Total discharge, given in “1000 cfs” is the sum of all discharges in cfs past the dam divided
by 1000.

Flow through the sluiceway intake is limited by the discharge capacities of two Howell-Bunger valves located in the sluiceway
tunnel before it joins the spillway outlet tunnel. Flow through the valves is determined by the following relationship:
Qup = K*(HW- ZHB) (Eq. 1)
Where:
K=294
Zug = centerline elevation of the valves = 1501.7
See Appendix A for justification for this relationship.

Page 408 of Reference 2.8 shows three conditions of flow which can control the ﬂdw through a morning glory spillway.
Condition 1 is crest control, condition 2 is tube or orifice control, and condition 3 is full pipe flow.

Flow for Condition 1 is determmed by the following relationship which is derived by curve fitting data from model studies
presented in Ref. 2.3:
Q;=924.1H, +410.8 H. > - 9.08 H,. > , (Eq.2)
Where: ‘
= (HW elevation) — (crest elevation)
See Section 6 for derivation of this relationship.

Flow for Condition 2 is determined at two locations: 1) at the transition from the varying diameter morning-glory to the constant
diameter conduit, and 2) at the section partially blocked by the deflector.
At the first location the following relationship is used:
Q= 24.03*(Ryp) (HW - Zyp)*? (Eq. 3a)
Where: ' ‘
HW = headwater elevation
Ry, = radius at throat =17’
Zu: = elevation of throat ,
At the second location the following relationship is used:
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Quer = 7.65* Ager*(HW — Zye)™ | (Eq. 3b)
Where: .

HW = headwater elevation
Ager = area of conduit at deflector
Z4r = elevation of deflector

See Section 6 for derivation of these relationships.
The flow through the morning-glory spillway, Qqy , is the least of Qr, Qu, and Qger.

The spillway and sluice tunnels do not flow full for any headwater elevation included in the rating curve; therefore, condition 3
does not control. Condition 3 is investigated at each headwater elevation by assuming the opposite, that the spillway and sluice
tunnels are flowing full with sluiceway discharge Q3 from Eq. 1 and spillway discharge Qu, from Eq. 2, 3a, or 3b, depending on
which condition controls (which discharge is least). Under the assumption of full-tunnel flow, the energy head at the tunnel exit
required to achieve the assumed discharges is computed and compared with the actual energy head at the exit. The actual exit
energy head is the tailwater elevation or the centerline elevation of the tunnel outlet, whichever is highest. A computed exit
energy head higher than the actual exit energy head means that computed full-tunnel discharge would be higher than the assumed
discharge and, therefore, full-tunnel discharge does not control. A computed exit energy head lower than the actual exit energy
head means that computed full-tunnel discharge would be lower than the assumed discharge and, therefore, full-tunnel discharge
does control.

The energy head of the water exiting the tunnel is calculated starting with an initial head equal to the headwater elevation and
deducting losses that would occur for the full-tunnel flows through the spillway and exiting at the outlet portal. The calculated
energy head is then compared to the actual exit energy head. The tailwater elevation is determined from the Riverware Rating
data provided by the River Scheduling group (see Attachment 4) for a flow equal to Qyg + Qmg + Qpp for the considered
headwater elevation. The energy head of the water exiting the tunnel is calculated using the following relationship derived in
Appendix B: _
H* = HW — (Qmg/A)"2/(2*g)*k1-(( Qmg *Qun)/A)"2/(2*g)*K3 (Eq. 4)
Where:

H’ = energy head of flow exiting the spillway tunnel

Qnme = flow through the morning glory spillway

Qup = flow through the sluiceway

A = area of tunnel

k1l & k3 =loss coefficients derived in Appendix B
If the energy head calculated using Eq. 4 is greater than the actual exit energy head the actual flows would have to be greater than
the assumed flows, and the condition of the conduit flowing full is shown not to control for the assumed Qng and Qyp.

Flow over the Bent Branch spillway is determined from the standard weir equation:

Qps =CrL H.'” (Eq. 5)
where:
C;=3.078+0.1201H, — 0.005556 HZ + 0.0001305H. (Eq. 6.3)
for0 <=H,<=17.6’
Cs = 3.549+0.03545H, (Eq. 6.b)
forH.> 17.6"

H, = HW — (crest elevation)
L = length of crest
See Appendix C for derivation of Equations 6.a and 6.b.
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4. Design Input

Sect. Input Parameter Symbol Value Source

4.1 Morning Glory Spillway

4.1.1 Crest elevation Z. 1742 feet Ref. 2.14

412 Diameter at crest D, 128 feet Ref. 2.1.4

41.3 Elevation of transition to Zine 1652.9 feet Ref. 2.14
constant diameter

414 Outlet tunnel radius at transition Ry 17.0 feet Ref 2.1.3
point and below

4.1.5 Elevation of top of elbow 1576.25° Ref. 2.1.5

4.1.6 Centerline elevation at bottom 1501.25° Ref. 2.1.5
of elbow

4.1.7 Radius of elbow centerline 75.0° Ref. 2.1.5

418 Station at bottom of 5+49.77° Ref. 2.1.5
elbow

4.1.9 Station at intersection with 8+00° Ref. 2.1.3
sluiceway centerline

4.1.10 | Station at outlet 16+18’ Ref. 2.1.3

4.1.11 | Centerline elevation at outlet Zex 1476.23°+24°/2=1488.23" Ref. 2.1.3

4.1.12 | Max projection of deflector into " p 6.36' Ref. 2.1.5

_tunnel :

4.1.13 | Elevation of max. deflector Zet 1576.25' Ref. 2.1.5
projection

4.1.14 | Area of conduit at deflector Ager 790.5 sq.ft. Appendix B, p.B2

4.1.14 | Area of conduit at outlet Aex 900 sq.ft. Appendix B, p.B3

4.2 Sluiceway

42,1 Tunnel radius R 17.0° Ref. 2.1.3

422 Elevation of valve centerline Zus 1501.7° Ref. 2.1.10

4.3 Bent Creek Spillway

43.1 Crest elevation Z. 1744 feet Ref 2.1.7

43.2 Length of crest L 300 feet Ref. 2.1.7

4.4 Main Dam

4.4.1 Top elevation . 1765’ Ref. 2.1.1

4.5 Saddle Dam

4.5.1 Top elevation 1765’ Ref. 2.1.1

5. Special Requirements/Limiting Conditions

N/A
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6. Calculations
6.1 Flow Through Sluiceway
Qus = K*(HW-1501.7)"? (Eq. 1)
where: Qyp = discharge through Sluiceway which is controlled by the two Howell-Bunger valves
K = constant derived in Appendix A =294
HW = headwater elevation
See Appendix A for justification for this relationship.

6.2 Flow Over Morning-Glory Spillway Crest

Values scaled from the Spillway Rating Curve shown on Plate 3 of Ref. 2.3 are listed inTable 1.

Data Scaled from Plate 3 in Ref. 2.3

HW, ft. H., ft. Qy, cfs
1742 0 0
1744 2 3300
1745 3 6200
1746 4 9750
1747 5 13800
1748 6 18400
1749 7 23500
1750 8 29000
1751 9 35000
1752 10 41200
1753 11 47750
1754 12 54600
1755 13 61500

Table 1 — Morning-Glory Spillway Model Flow Data

Excel is used to plot the values in Table 1 and determine a third order polynomial curve to fit the values. The equation for the
curve is
Qr=924.1H.+410.8 H. - 9.08 H, * (Eq. 2)
Where:
H. = (HW elevation) — Z¢
Zc = crest elevation = 1742’
Figure 8 shows a plot of the values from Table 1 and the derived curve.
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Free Discharge Over South Holston Dam Morning
Glory Spillway Crest

®  Points scaled from Plate 3 in Reference 2.3
(Att.3)
- 3rd order polynomial indicated on plot

Qr = 924.1H, + 410.8H.2 - 9.08H.°

Hc

Figure 8 - Morning-Glory Spillway Discharge vs. Head Plot

6.3 Flow Controlled by Spillway Throat

Equation 29 on page 410 of Ref. 2.8 is used as the basis for determining throat controlled flow.

R =0.204*( Q,~0.5/ H,"0.25)
Rearranging and substituting Qu, for Q, , Ry, for R, and (HW — Zy,) for H, gives the equation used to determine throat controlled
flow at the transition from the varying diameter morning-glory to the constant diameter conduit:

Qur = R/0.204)"2*(HW — Zyy,) %0.5

=24.03*%(Ry,)" 2¥(HW — Zy,) 10.5 (Eq. 3a)

Where Zy, is the elevation at the start of the constant diameter conduit at the bottom of the morning-glory = 1652.9' and Ry, =
17
The same relationship can be used to determine the throat controlled flow at the section partially blocked by the deflector by
substituting Age/m for R” and Zge for Zy, , resulting with:

Quer = 7.65*Ager*(HW — Zger) 70.5 (Eq. 3b)
Where Zger is the elevation at the maximum reduction of conduit area by the defector = 1576.25' and Ay is the conduit area at
that location = 790.5 sq.ft. per calculations an sheet B2.
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6.4 Total Flow Through Morning-Glory Spillway

The maximum discharge that can flow through the morning-glory spillway at a given headwater elevation, Qy, , is calculated as
the minimum controlled by the crest, Q; , or the throat, Qi Or Qqer .

6.5 Spillway Tunnel Flowing Full

The energy head of water exiting the tunnel after flowing through the spillway is determined using the Equation 4 below. The
equation is based on the assumptions that the flow through the morning glory = Q,,, determined per Section 6.4, flow through the
sluiceway = Qyp determined per Section 6.1, and the spillway tunnel is flowing completely full. See Appendix B for derivation
of Equation 4.
H’ = HW — (Qmg/A)"2/(2*g)*k1-(( Qmg +Quis)/A)*2/(2*g)*k3 (Eq. 4)
Where:

Qug = flow through the morning glory spillway

Qus = flow through the sluiceway

A = area of 34 diameter tunnel

k1 & k3 = loss coefficients derived in Appendix B

The tailwater elevation is then determined from Table 2 using discharge equal to the combined flow determined per Section 6.8.
Table 2 is the Riverware Rating data provided by the River Scheduling group (see Attachment 4) with the straight line portion of
the curve extrapolated to a flow of 210 thousand cubic feet per second.

If the assumied flows (Qmg and Qg ) and the assumption that the conduit flowing full are correct, H' must equal TW. If H'
calculated from Eq. 4 is greater than TW, the actual flows would have to be greater than the assumed flows, and the condition of
the conduit flowing full is shown not to control for the assumed Qug and Qu . The margin between the calculated energy head
and the actual tailwater is calculated by subtracting (TW from Table 2) from (H' from Eq. 4). If the margin is positive (H' > TW)
the conduit flowing full does not control.
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Q Elevation Q Elevation
{cfs*1000) (feet) (cfs*1000) (feet)
0 1489 42.5 1506.5
2.8 1489 45.0 1507.3
5.0 1491 47.5 1508
7.5 1493 50.0 1508.6
10.0 1494.5 52.5 1509.5
12.5 1496 55.0 1509.8
15.0 1497 57.5 1510.5
17.5 1498 60.0 1510.95
20.0 1499.3 62.5 1511.5
22.5 1500.5 65.0 1512.05
25.0 1501.3 67.5 1512.5
27.5 1502 70 1513.1
30.0 1503 80 1516
325 1504 100 1525
35.0 1504.6 150 1530
375 1505.5 200 1535
40.0 1506 210 1536
Table 2 - Tailwater Rating Data from River Scheduling Group
6.6 Flow over the Bent Branch Spillway
Flow over the Bent Branch spillway is determined from the standard weir equation:
Qss=CrL H'? , (Eq. 5)
where:
Cr=3.078+0.1201H, - 0.005556 H,* + 0.0001305H,> (Eq. 6.2)
forO0<H,<17.6’ '
Cr=3.549+0.03545H, (Eq. 6.b)

forH, > 17.6’
H.=HW — (crest elevation)
L = length of crest
See Appendix C for derivation of Equations 6.a and 6.b.

6.7 Flow through Turbines

Case 1: Turbines Generating
Qr= 3300 cfs (see Section 3.3 for justification)

Case 2: Turbines Generation Suspended
Qr=0cfs

Where: Qr = flow thru the turbines
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6.8 Combining Flows and Calculating Rating Curve

The rating curve for Case 1 is calculated for headwater elevations ranging from 1742’ to 1752.25 in one foot (approximate)
increments. The Case 1 rating curve is terminated at that point because the calculated total discharge reaches 82,200 cfs causing
the tailwater to rise to elevation 1517°. As discussed in Section 3.1.1, if the tailwater rises above elevation 1517°, the powerhouse
would flood and power generation would have to cease. The rating curve for Case 2 is calculated for headwater elevations
ranging from 1742’ to 1765’ in one foot (approximate) increments. The total flow for any headwater elevation is:
Q=Qus+Qn + Qs+ Qr

Where:

Qup 1s calculated from Eq. 1

Qnmg is the minimum of Q; calculated from Eq. 2 or Qy, calculated from Eq. 3

Qgg is calculated from Eq. 5 with Cf calculated from Eq. 6.a and 6.b

Q1= 3300 cfs for Case 1 and 0 cfs for Case 2

The energy head at the spillway tunnel is also calculated from Eq. 4 and is found to be larger than the tailwater elevation in all
cases. Therefore, the condition of the tunnel flowing full does not control the spillway flow.

The Excel spreadsheet used to make the calculations described above is shown in Figure 9 and 10.
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Calculation of South Holston Dam Rating Curve

Case 1 - Turbine Discharge Included

I —-

M-G Spillway and ConduitParameters Bent Branch
Z.=t 1742 |feet L1 =f 4445 jfeet Ke=} 0.05 Spillway Parameters Howell-Bunger Valve Parameters
| 2= 1652.9 {feet L3={ 818.0 |feet Kb =} 0.135 L= 300 |feet no. of valves =2
Ry = 17 feet A={ 908 |sq.ft __Ke= 0.00028 Z.=1 1744 |(feet Z,z =| 1502 |feet
Zay=| 157625 [feet | Ag=| 7905 [sq f. | Ks'=| 00221 K=| 204 |°F5
Au=| 900 lsq.ft. | _Ky={ 015 _
Zey =] 1488.2 | feet Kex=| 1.018
k1={ 0.333 .
L k3 =| 1.400 Wy
Q = Total| Turbine |Slicewa WMorning Glory Spilhway Bent Branch Spillway
HW Dischargd Qr Qus H. Q Qe Qunt Qum; | Check for Conduit Running Full(ft) | H. C, Qz;
feet |1000cfs| cfs cfs feet cfs | _cfs cfs cfs H | Actual T | Margin | feet | (Eq.6.3 | cfs

(Note 8) | (Note 1) | (Note 7) [ (Eq. 1) |(Note 2)| (Eq.2) | (Eq.3a) ] (Eq. 3b) | (Note 3) | (Eqg.4) | (Note 4) | (Note 5) |(Note BJor Eq6.b)] (Eq.5)

1742 124 3.300 9,115 0 0 65,55 77,8340 [ 17398 | 14959 2439
1743 13.8 3.300 9.134 1 1,326 | 65917 | 78,074 | 1,326 | 17401 | 14965 2436
1744 15.9 3,300 9,153 2 3419 | 66282 | 73308 | 3.419 | 17398 | 1497.3 2424 1] 3.078 [1]
1745 19.7 3.300 9,172 3 6224 | 66645 | 73,541 | 6,224 1738.5 | 14991 239.4 1 3.193 958
1746 25.0 3,300 9.190 4 9688 | 67,006 | 78,774 | 9683 | 1736.0 | 1501.3 234.7 2 3297 | 2,798
1747 31.6 3.300 9,209 S 13,756 | 67,365 | 79,005 | 13,756 | 17319 [ 1503.6 228.3 3 3.392 5,287
1748 39.2 3,300 9,228 6 18,372 | 67,722 | 79,236 | 18372 | 17258 | 15058 219.9 4 3.478 8,347
1749 48.0 3,300 9,247 7 23,483 | 63,077 | 79,467 | 23483 | 1717.3 | 1508.1 209.2 5 3.556 | 11,927
1750 57.6 3.300 9,265 8 29,035 | 68430 | 79696 | 29,035 | 1706.0 | 15105 195.5 3] 3627 | 15991
1751 68.1 3.300 9,284 9 34,972 | 68,782 | 79,925 | 34972 | 1691.7 | 15126 179.0 7 3691 | 20,509
1752.25 | 82.2 3,300 9,307 10 42,354 | 69,218 | 80,211 | 42,854 | 1669.0 | 1517.0 182.0 825 | 3.764 | 26,758

Note 1. Q=04+ Qpy + Qg+ Qp

Note 2. [H. = HW - (Z. for morning-glory spillway)

Note 3. |Qm, = minimum (Qy , Quy, Qee) [ f

Note 4. |Actual H' = greater of H,, and TW elevation obtained by interpolation from Table 2 for Q calculated per Note 1

Note 5. {Margin =(Calculated H') - (Actual TW), Since all valugs are positive, conduit flowing full does not control.

Mote & |H.=HW - (Z. for Bent Branch spillway):

Note.7: |Q; = 3300 cfs for all HW elevations until total discharge » 82,800 cfs.

Note 8:  {For HW > 1752.25 use Case 2 Rating Curve

EQ. 1. |Oug = KA(HW-Zog)"0.5

Eq. 2: Q, = 924.1Hc + 410.8Hc” - 9.08Hc®

Eq. 3@ | Q. = 24.03%(Ro ) 25 (HW = Z,,)"0.5

Eq. 3b. | Q= 7.65 g (HW - Z,, 0.5

€q. ¢ H = HW — (Qu AV 2A(Z* )1 -(( Qm, +QusYAY2(2*g)k3

£q.5 |Qes=CLH™ | [ [ ] T
Eq.6.2: |C, = 3.078+0.1201H, — 0.005556 H_® + 0.0001305H.> for 0 <= Hc <= 17.6' -
Eq.6.b. [C, = 3.549+0.03545H, for OHc > 176 | | | [

Figure 9 —Spreadsheet Used to Calculate Dam Rating Curve for Case 1 (With Turbine Discharge)
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. Calculation of South Halston Dam Rating Curve _
—___iCase 2 - Mo Turbine Discharge) o
M-G Spillway and ConduitParameters Bent Branch
L 2= 1742 |feet Liz] 4445 |reet Ke=| 005 Spilway Parameters Howell-Bunger Valye Parametets
Zu. =| 16529 |feet L3={ 8180 |feet Kb={ 0.135 L={ 300 |[feet no. of valves =| 2 1
R, = 17 feet A= 908 {sq.ft Kc={ 0.00028 Z.=} 1744 ifeet Zup=| 15017 feet
Zi.c=| 1576.25 |feet ALz 7905 jsq.ft Ks'={ 0.0221 = 294 |{fthis
A.=| 900 isqh Ky=| 015
2.2} 1488.23 |feet Kex={ 1018
ki=] 0333
k3= 1400
[ = Total Sluiceway Moarning Glory Spillway Bent Branch Spillway
HV bischarg Y H. Q; Q. Qu.s Q., |Check for Conduit Running Full {ft)| H. C: Qoo _
feet | 1000 cfs cfs feet cfs cfs cfs cfs H  |Acwal Tw| Margin feet [Eq.6.a cfs
[Mote1) | (Eq.1) |[Note2)| (Eq.2) | (Eq.33) | [Eq.3b) | (Note3)| [Eq.4) | (Noted]| (Note5) | (Note8) [orEqb.b)[ [Eq.5}
1742 9.1 915 0 0 65,651 | 77.840 0 1738.8 1434.0 2458
742 | 105 3,134 1 1326 | 65917 | 78,074 | 1326 | 17401 | 14948 | 2463
1744 12.6 3,153 2 3.419 66,282 | 78308 3413 1739.8 1496.0 243.7 0 3.078 0
1745 16.4 9,172 3 6224 | 66645 | 78541 | 6.224 17385 | 14975 2410 1 3.193 958
1746 21.7 9,190 4 3688 | 67008 | 78,774 | 9688 1736.0 | 15001 2359 2 3.297 2,798
1747 28.3 9,209 5 13,756 | 67365 | 79,0056 | 13756 | 17319 [ 15023 | 2236 3 3392 5,287
1748 359 9,228 6 18372 | 67,722 | 79,236 | 18,372 1725.8 1504.9 220.9 4 3.478 8.347
1749 44.7 9,247 7 23,483 | 68,077 | 79,467 | 23483 17173 150°7.2 2101 5 3.5656 1.927
1750 54.3 9,265 8 29,035 [ 68430 | 79696 | 29,035 | 1706.0 | 1509.7 196.3 3 3627 15,991
1751 64.8 9,284 3 34972 | 68782 | 79,925 | 34972 | 16917 1512.0 179.7 7 3.691 20509 |
[ 1752.3 | 78.9 3307 10 42854 | 69218 | 80211 | 42854 | 1669.0 | 1515.7 153.3 8.25 3.764 | 26758
1753 879 9,321 1 47,786 | 69479 | 80,381 47,786 | 18527 1519.6 1331 E] 3.804 30,812
1754 | 1005 | 9,340 2 54554 | 69,825 | 80,608 | 54,554 | 16277 | 16260 | 1026 10 3.854 | 36,561
1755 135 9,358 13 61490 | 70170 | 80,835 | 61430 | 16989 [ 15264 725 1 3.901 42,691
1756 1271 9,377 14 68539 | 70513 | 81061 | 68533 | 16664 | 1527.7 38.7 12 3.945 49,133
1757 | 1363 9,395 15 75647 | 70854 | 81286 | 70854 | 15556 { 15286 27.0 13 3.987 | 56,084
1758 143.9 9,414 16 71,193 81510 71193 1554.8 1529.4 25.4 1“4 4.029 63,308
1759 151.9 9432 17 71531 | 81.73¢ | 71531 | 15540 | i530.2 23.8 15 4.070 70,931
1760 | 160.3 9,450 18 71,867 | 81,958 | 867 | 15532 | 15310 22.2 18 4112 78,946
1761 169.0 9468 18 72,202 | 82180 | 72,202 | 15524 | 15319 205 17 4.155 87.374
1762 | 177.9 9487 20 72535 | 82402 | 72535 | 15515 | 15328 8.7 18 4.187 95928
1763 | 187.3 | 9,505 21 72,867 | 82624 | 72,867 [ 1550.7 | 15337 17.0 18 4.223 | 104,912
1764 | 197.0 9523 22 73,097 | 82,845 | 73197 | 15499 | 15347 15.2 20 42568 | 114,254
1765 | 207.0 9,541 23 73526 | 83065 | 73526 | 1549.1 | 15357 134 21 4293 | 123,953
Notet: |Q=Gus+Quy» Goo 1T -
Mote 2: |H, = HW - [2, for morning-glory spillway)
Note 3: | Q. = minimum (Q: . Q.. Qus) |
Note 4: ] Actual H' = greater of H,. and TW elevation obtained by interpolation from T able 2 for Q calculated per Mote 1
Note5: | Margin =(Calculated H') - [Actual TW). Since all values are positive, conduit flowing full does not control For HW. b
Note 6: {H, = HW - (Z. for Bent Branch spillway)
] I —— L
Eq.1: Qs = K'(HW-245)"0.5
Eq. 2: Q¢ = 924.1Hc + 410.8Hc* - 9.08Hc’ S T N I R R R
Eq.3a:  |{Qu. = 24.03°(R.)"2'(HW - 24,]°05
Eq.3b: |Gz 7.65 A (HW - Z,..)°0.]
Eq. 4 |H = Hw - (Q.A)"2{(2"a)'kI-({ Q., +Qus)iA)"24{2°g)'k3
Eq.5  |Qow:CLHY |
{Eq.6.a: {C,= 3.078+0.1201H, - 0.005556 H.’ + 0.0001305H," for 0 <= He ¢= 17.6
[Eq.6b: |Cq= 3543.0.03545H, for0He> 1767 | T {

Figure 10 - Spreadsheet Used to Calculate Dam Rating Curve for Case 2 (No Turbine Discharge)
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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 Table 3. Case 1 includes turbine discharge and is applicable to rising headwaters until HW
exceeds 1752.25°. Case 2 does not include turbine discharge and is applicable to rising headwaters above 1752.25° and to
receding headwaters. The dam rating curves for Cases 1 and 2 are plotted in Figure 11.

The dam rating curves developed in this calculation provide South Holston total dam discharge vs. headwater elevation for use in
TVA’s SOCH and TRBROUTE models for simulation conditions satisfying the assumptions in [3.1]. In particular, the sluiceway
Howell-Bunger valves must be fully opened.

Total Discharge (1000 cfs)
HW Case 1 Case 2
(feet) (with Turbine | (No Turbine
Discharge) | Discharge)
1742 12.4 9.1
1743 13.8 10.5
1744 15.9 12.6
1745 19.7 16.4
1746 25.0 217
1747 31.6 28.3
1748 39.2 359
1749 48.0 44.7
1750 57.6 54.3
1751 68.1 64.8
1752.25 §2.2 78.9
1753 * 87.9
1754 * 100.5
1755 * 113.5
1756 * 127 1
1757 * 136.3
1758 * 143.9
1759 * 151.9
1760 * 160.3
1761 * 169.0
1762 * 177.9
1763 * 187.3
1764 * 197.0
1765 * 207.0
* For HW = 1752.25" uge Caze 2 discharge values

Table 3 - Dam Rating Results
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South Holston Headwater Rating
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Figure 11 — Dam Rating Curve
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INSTRUCTIONS FOR USE OF TABLES

1. Purpose of Tables

The purpose of these tables is to provide a means of
determining the discharge of the Howell-Bunger valves in the
sluice tunnel at South Holston Dam. The tables are based on
field discharge measurements and pressure measurements
taken at several discharges in the sluice upstream from the
Howell-Bunger valves. The tables give the discharge in cubic
feet per second for one valve when the reservoir elevation and
valve opening are known throughout the complete range of
normal operating conditions. These tables supersede the tables
dated April 1959.

2. Arrangement and Use of Tables

The tables give the discharge in cubic feet per second
per valve for each 5-foot interval of headwater between
reservoir elevations 1600 and 1755, and for each 1 percent of
valve opening between 5 percent and 89 percent valve
positions. Discharges are tabulated only to the nearest 10
cubic feet per second because the accuracy of the field
measurements does not warrant greater refinement. It is
possible to set any discharge within 40 cubic feet per second
by using the tabular values. This tolerance has been accepted
by the Division of Water Control Planning, and therefore, it
will not be necessary to interpolate between tabular entries in
these tables. :

The reservoir elevation values used in the tables are
those given by the recorder in the control room. The valve
opening used in the tables is that indicated by the pointer on
the valve control mechanism. '

The arrangement of tables is such that the discharge

over the entire range of valve openings for a 100-foot range
of reservoir elevation is on two consecutive pages. For

July 1974

example, discharges are given on pages 2 and 3 for reservoir
elevations 1600 through 1700. Discharges should be taken
from the table for the tabulated values nearest to those
observed. For example, if the reservoir is at elevation
1658.76 and the valve number 1 opening is 76.4 percent, the
discharge is found on page 3, in the column headed 1660
opposite a valve opening of 76 percent, as 3370 cubic feet
per second. If valve number 2 were set at 56.6 percent at the
same time when valve number 1 was operating as given above,
the discharge for valve number 2 would be found on page 3,
in the column headed 1660 opposite a valve opening of 57
percent, as 2720 cubic feet per second. The total discharge
would be the sum of the discharges of the two valves or 6090
cubic feet per second.

3. Valve Opening for Maximum and Minimum Discharge
South Holston Dam occurs at 89 percent valve opening. At

valve openings greater than 89 percent the discharge becomes
less. Therefore, the valves should not be operated beyond 89

inimum valve openings should not be less than 5-
percent because of cavitation effects. No tabular values are
given for such operation.

4. Adjustment of Valve Opening Indicator

At the time the field measurements were made, the

valve opening indicator showed an opening of 0 percent when

the valve was closed. In case of repairs to or adjustment of
the valve and its control mechanism, the pointer should be
reset to this position so that the tables will still be applicable.

Maximum discharge for the Howell-Bunger valves at

L0p@ooT 0000 0 0

MO 03y

percent. No tabular data are presented for such operation. ‘

(SZ *J\.d w-aJ:o

LY ws

g °



TENNESSEE VALLEY AUTHORITY

SOUTH HOLSTON DAM

HOWELL-BUNGEK VALVE DISCHARGE

IN CUBIC FEET PER SECOND

ENGINEERING LABORATORY

Tt RESERVOIR ELEVATION e25] D
i3 g5 O
“o% >58] o
1700 | 1705 | 1710 | 1715 | 1720 | 1725 | 1130 | 1735 | 1740 | 1745 | 1750 | 1755 =Y
(=
<
51 | 2760 2790 2830 2860 ‘2900 2930 2960 2990 3030 3060 3090 3120 51
52 | 2800 | 2840 | 2870 | 2910 | 2940 | 2970 | 3010 | 3040 | 3070 | 3100 | 3140 | 3170 52 >
53 | 2860 2890 2930 2960 3000 3030 3070 3100 3130 3170 3200 3230 53 8
54 [ 2900 | 2940 | 2970 | 3010 | 3040 | 3080 | 3110 | 3150 | 3180 | 3210 | 3250 | 3280 S4 s
55 | 2940 | 2980 | 3020 | 3050 | 3050 | 3120 | 3160 | 3190 | 3230 | 3260 | 3290 | 3330 55 Y
56 [ 2990 | 3020 | 3060 | 3100 | 3130 | 3170 | 3200 | 3240 | 3270 | 3310 | 3340 | 2370 56 Q
57 | 3040 | 30806 | 3120 | 3150 | 3190 | 3230 | 3260 | 3300 | 3330 | 3370 | 3400 | 3440 57 hy}
58 13080 | 3120 | 3160 | 3200 | 3240 | 3270 | 3310 | 3350 | 3380 | 3420 | 3450 | 3490 58
59 [ 3130 | 3170 | 3200 | 3240 | 3280 | 3320 | 3350 | 3390 | 3430 | 3460 | 3500 | 3530 59
60 3170 | 3210 | 3250 | 3290 | 3320 | 3360 | 3400 | 3440 | 3470 | 3510 | 3550 | 3580 60
61 [ 3210 | 3250 | 3290 | 2330 | 3370 | 3410 | 3440 | 3460 | 3520 } 3560 | 3590 | 3630 61
62 | 3240 | 3280 | 3320 | 3360 | 3400 | 3440 | 3480 | 3510 | 3550 | 3590 | 3620 | 3660 62
63 [ 3280 | 3320 | 3360 | 3400 | 3440 | 3480 | 3520 | 3560 | 3600 | 3630 | 3870 | 3710 63
64 §3320 | 3360 | 3410 | 3450 | 3490 | 3530 | 3570 | 3600 | 3640 | 3680 | 3720 | 3ve0 64
65 § 3370 | 3410 | 3450 | 3490 | 3530 | 3570 | 3610 | 3650 | 3690 | 3730 | 3770 | 3sco &5
66 § 3410 | 3450 | 3490 | 3530 | 3580 | 3620 | 3660 | 3700 | 3740 | 3770 | 3810 | 3850 66 ' -
67 | 3440 | 3480 | 3520 | 3560 | 3610 | 3650 | 3690 | 3730 | 3770 | 3810 | 3840 | 3880 67 3
68 3460 | 3510 | 3550 | 3590 | 3630 | 3680 | 3720 | 3760 | 3800 | 3840 | 3880 | 3920 68 +
69 [ 3510 | 3550 | 3590 | 3640 | 3680 | 3720 | 3760 | 3800 | 3840 | 3880 | 3920 | 39s0 69 S
70-} 3550 | 3590 | 3640 | 3680 | 3720 | 3770 | 3810 | 3850 | 3890 | 3930 | 3970 | «a10 70
71 [ 3590 | 3640 | 3680 | 3720 | 3770 { 3810 | 3850 | 3890 | .3940 | 3980 | 4020 | 4060 31 o
72 | 3620 | 3660 | 3710 | 3750 | 3800 | 3840 | 3880 | 3930 | 3970 | 4010 | 4050 | 4090 72
73 {3660 | 3710 | 3750 | 3800 | 3840 | 3890 | 39320 | 3970 | 4010 | 4060 | %100 | 4ts0 13 S
74 }3700 | 3750 | 3800 | 3840 | 3890 | 3930 | 3970 | 4020 | 4060 | 4100 | %140 | 4190 74 —
75 | 3730 | 3780 | 3820 | 3870 | 3920 | 3960 | 4000 | 4050 | 4090 } 4130 | 4180 | 4220 15§ <
76 | 3770 | 3820 | 3870 | 3910 | 3960 | 4000 | %050 | 4090 | 4140 | 4180 | 4220 | 4270 16 | 7\
77 [ 3800 | 3850 | 3900 | 3940 | 3990 | 4030 | 4080 | 4120 | 4170 | 4210 | 4250 | 4300 | o
76 p 3830 | 3880 | 3930 | 3970 | 4020 | 4060 | 4110 | 4150 | 4200 | 4240 | 4290 | 4330 18 P
79 | 3870 3910 3960 4010 4060 4100 4150 4190 4240 4280 4330 4370 79 g
80 {3900 | 3950 | 4000 | 4050 | 4090 | 4140 | 4190 | 4230 | 4280 | 4320 | 4360 | 4410 80
81 | 3930 3980 4030 4070 4120 4170 4220 4260 4310 4350 4400 4440 a1 o
82 13960 | 4010 | 4060 | 4100 | 4150 | 4200 | 4250 | 4290 | 4340 | 4380 | 4430 | 4470 82 -+
83 | 4000 4050 4100 4150 4200 4240 4290 4340 4380 4430 4680 4520 83 ~
84 § 4030 4080 4130 4180 4230 4270 4320 4370 4410 4460 4510 4550 84 \‘JT
85 4060 | 4110 | 4160 | 4210 | 4260 | 4300 | 4350 | 4400 | 4450 | 4490 | 4540 | 4580 85 |
86 | 4080 43130 4190 4240 4280 4330 4380 4430 4480 4520 4570 46240 86
87 | 4110 | 4160 | 4210 | 4260 | #4310 | 4360 | 4410 | 4260 | 4510 | 4550 | 4600 0 87
88 | 4130 | 4180 | 4230 | 4280 | 4330 | 4380 | 4430 | 4480 | 4520 | 4570 | 4620 |/ 466 08
*39 | 4140 4190 4240 4290 4340 4390 4440 4490 4540 4590 4630 4680 3 89
W
>
91
JULY 1974 * THE MAXIMUM VALVE OPENING

SHOULD NOT EXCEED 89 PERCENT

RESERVOIR ELEVATION 1700 TO 1755 oo
VALVE OPENING, PERCENT 51 TO 89
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Headlosses in closed conduit 187

4.6 DIVIDING AND COMBINING JUNCTIONS

- 4.6.1 Introduction

This section contains loss coefficients given for dividing and combining junc-
tions. The junction geometries included are shown in Figure 4.38. Important
geometric parameters are the area ratio, the angle between the legs and the
chamfers or radii at the junction of the legs.

The notation used for the junction legs is shown in Figure 4.38. A loss
coefficient Kj;; is defined as the ratio of the total head loss between legs
140 i-and j to the mean velocity head in the leg carrying the total flow. The
’ leg carrying the total flow is always referred to as leg 3. In the case of ‘T
junctions, leg 1 is the branch and leg 2 is the leg carrying the through flow.
Symmetrical ‘Y’ configurations have only one coefficient since leg 2 can be

} substituted for leg 1 or vice versa. Loss coefficients are:
: Combining flow
of
L U? U2
7gL +hy — 7g1 + h3
K3 = > (4.16)
Uy
2g
|
_ Leg 2 Leg 3 _Leg3 Leg 2 L
through flow combined flow combined flow | through flow
—— ———— e ——
— - R
<o,
a) combining ‘T’ ) ¢) dividing ‘T*
Leg3d Leg 3
combined flow combined flow
rea

Figure 4.38. Geometric parameters for combining and dividing junctions.
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188 Discharge characteristics
1
U3 U3
’2‘§‘ +hy — 7% + hs _
Ky = 3 : 4.17)
Uy
2
Dividing flow
. 2 2
. % + h3 — %é- + hy .
K3 = 5 _ (4.18)
Uy
2g
U2 2
7% + hy — 7;- + hy
Ki = 3 4.19)
U3
2g

The loss coefficients apply to junctions with inlet and outlet legs 30 or more
diameters long. Conditions are given under which the loss coefficients can
be applied to junctions with short inlet and outlet legs.

Chamfers or radii at junctions can reduce one or both of the junction
loss coefficents. Guidance is given on where radii are useful in reducing
losses. Because of the marked effect of edge sharpness on “T’ junctions
and additional inaccuracies introduced in having to measure flow rates in
two legs, scatter in experimental results is often quite high compared to
other components. Provided there are no reductions. in cross-sectional area
below the nominal value, loss coefficients of most practical ‘sharp-edged’
‘T’ junctions are unlikely to exceed the loss coefficients for sharp-edged ‘T’
junctions given in this section.

Cross-sectional shape

Within limits, cross-sectional shape is not important. Data for circular cross-
sections can be applied, without serious error, to junctions with rectangular
cross-section legs or to ‘T junctions where the branch, leg 1, has a different
cross-section from legs 2 and 3.

4.6.2 Sharp-edged combining ‘T’s

Performance charts showing contours of constant loss coefficients for sharp-
edged combining tees with legs 2 and 3 of the same area are given for:
~ 45° branch angle, K3 in Figure 4.39, K3 in Figure 4.40.
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0 02 04 06 0.8 10 Figure 4.56. Symmetrical dividing
2110, ‘T’ junction with equal area legs.

4.6.8 Symmetrical dividing junctions

Loss coefficients, K3; , for symmetrically dividing ‘T’ junctions with the
legs of equal area are given in Figure 4.56 for four junction radii.

Performance charts showing contours of constant loss coefficients are given
in Figure 4.57 for dividing ‘Y’ junctions with area A; = A, and A; + Ay =
Aj and in Figure 4.58 for dividing ‘Y’ junctions with 4] = 4; = As.

" 47 VALVES AND GATES

4.7.1 Introduction

Valves and gates are used to control the discharge through conduits by dis-
sipating flow energy. This dissipation takes place in a sudden expansion in
flow area after the control element. The energy loss due to an abrupt ex-
pansion in area can be calculated approximately from the one dimensional
continuity, momentum and energy equations in the form:

_"‘ AN
Ks_[l—(zgﬂ_ (4.20)

where Aj is the minimum flow area which usually occurs after the control
element at what is known as the vena contracta; Aj is the downstream
conduit area.
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Table 4.1 Head Loss Coefficients for Circular Conduits Flowing Full.. g
N .
0
5087 n? »
Head Loss Coefficient, K¢, for Circular Pipe Flowing Full K¢= 4fB @]
. - o
- I,
- e w2
Pipe Flow Manning’s Coefficient of Roughness “n” ;Ul
diam. area c
inches sq.ft. | 0.010 0011 0,012 0.013 0.014 0,015 0.016 0.017 0,018 0.019 0,020 0.021 0.022 0023 0.024 0.025 @)
6 0.196 | 0.0467 0.0565 0.0672 0.0789 0.0914 0.1050 0.1 194 01348 0,1510 0.1680 0.1870 0.2060 0.2260 0.2470 0.2690 0.2920 é
" 8 0.349 | .0318 .0385 .0458 .0537 .0623 .0715 .0814 .0919 .1030 .1148 1272 .1400 .1540 .1680 .1830 .1990 =
10 0.545| .0236 .0286 .0340 .0399 .0463 .0531 .0604 .0682 .0765 .0852 .0944 .1041 .1143 1249 1360 .1480 (o3}
12 0.785 | .0185 .0224 0267 .0313 .0363 .0417 .0474 0535 .0600 .0668 .0741 0817 .08%6 .0980 ,1067 1157 W
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16 1.400§ .0126 ,0153 0182 .0213 .0247 .0284 0323 .0365 .0409 .0455 0505 .0556 .0611 0667 .0727 .0789
18 1.770 | 406198 .0130 .0155 .0182 .0211 .0243 .0276 .0312 .,0349 .0389 .0431 .0476 .0522 .0570 .0621 .0674
21 2.410} ,00878 .01062 .0126 .0148 .0172 .0198 .0225 .0254 .0284 0317 .03S51 .0387 . .0425 .0464 .0506 .0549
24 3.140( .00735 .00889 .01058 0124 .0144 0165 .0188 .0212 .0238 .0265 .0294 .0324 0356 .0389 .0423 .0459
27 3.980{ .00628 .0076C .00904 .01061 .0123 .0141 0161 .0181 .0203 .0227 .0251 .0277 .0304 0332 .0362 .0393
30 4.910] .00546 .00660 .00786 .00922 .01070 .01228 .0140 .0158 .0177 .0197 .0218 .0241 .0264 0289 .0314 .034]
36 7.970 .00428 .00518 .00616 .00723 .00839 .00963 .01096 .0124 0139 0154 0171 .0189 .0207 .0226 .0246 .0267
42 9.620} .00348 .00422 .00502 .00589 .00683 .00784 .00892 .01007 .01129 .0126 .0139 .0154 0169 .0184 .0201 .0218
48 12,570 ] .00292 .00353 .00420 .00493 .00572 .00656 .00747 .00843 .00945 .01053 .01166 .0129 .0141 0154 0168 .0182
54 15,900 .00249 .00302 .00359 .00421 .00488 .00561 .00638 .00720 .00808 .00900 .00997 .01099 .0121 .0132 .0144 0156
60 19.630| .00217 .00262 .00312 .00366 .00424 .00487 .00554 .00622 .00702 .00782 .00866 .00955 .01048 .0115 0125 0135
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370 DESIGN OF SMALL DAMS

3.93
3.87

stream apron and is independent of any submer-

gence effect from the tailwater. Figure 9-27 shows,

the effect of downstream apron conditions on the
discharge coefficient. It should be noted that this
curve plots, in a slightly different form, the same
data represented by the vertical dashed lines on
figure 9-26. As the downstream apron level nears
the crest of the overflow, (hy + d)/H, approaches

" 1.0, and the discharge coefficient is about 77 percent
of the coefficient for unretarded flow. On the basis
of a coefficient of 4.0 for unretarded flow over a
high weir, the coefficient when the weir is sub-
merged will be about 8.08, which is virtually the
coefficient for a broad-crested weir.

From figure 9-26, it can be seen that when
(hg+ d)/H, exceeds about 1.7, the downstream floor
position has little effect on the coefficient, but there
is a decrease in the coefficient caused by tailwater
submergence. Figure 9-28 shows the ratio of the

8L

discharge coefficient where affected by tailwater
conditions to the coefficient for free flow condi-
tions. This curve plots, in a slightly different form,
the data represented by the horizontal dashed lines
on figure 9-26. Where the dashed lines on figure
9-26 are curved, the decrease in the coefficient is
the result of a combination of tailwater effects and
downstream apron position.

9.13. Examples of Designs of Uncontrolled
Ogee Crests.—The two examples cited below il-
lustrate the methods of designing uncontrolled ogee
crests, including the computation of approach
channel losses and velocity head, the determination
of the total length of the crest, and the correction
of the discharge coefficient for various effects.

(a) Example 1.—Design an uncontrolled over-
flow ogee crest for a chute spillway that will dis-
charge 2,000 ft3/s at a 5-foot head, and prepare a
discharge-head curve. The upstream face of the
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crest is sloped 1:1, and the entrance channel is 100
feet long. A bridge is to span the crest, and 18-inch-
wide bridge piers with rounded noses are to be pro-
vided. The bridge spans are not to exceed 20 feet.
The abutment walls are rounded to a 5-foot radius,
and the approach walls are to be placed at 30° with

~ the centerline of the spillway entrance.

To solve the problem, either the approach depth
and apron position with respect to the crest must
be selected and the appropriate coefficient deter-
mined, or an arbitrary coefficient must be selected
and the appropriate dimensions determined. The

CBolts
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ATTACHMENT 2

South Holston Dam Howell-Bunger Valve
Discharge Tables

(Réference 2.5)



TENNESSEE VALLEY AUTHORITY

- DIVISION OF WATER CONTROL PLANNING

ENGINEERING LABORATORY

SOUTH HOLSTON DAM
HOWELL-BUNGER VALVE
DISCHARGE TABLES

JULY 1974
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~ INSTRUCTIONS FOR USE OF TABLES

1. Purpose of Tables

The purposé of these tables is to provide a means of
determining the discharge of the Howell-Bunger valves in the

sluice tunnel at South Holston Dam. The tables are based on

field discharge measurements and pressure measurements
taken at several discharges in the sluice upstream from the
Howell-Bunger valves. The tables give the discharge in cubic
feet per second for one valve when the reservoir elevation and
valve opening are known throughout the complete range of
normal operating conditions. These tables supersede the tables
dated April 1959. :

2. Arrangement and Use of Tables

The tables give the discharge in cubic feet per second
per valve for each 5-foot interval of headwater between
reservoir elevations 1600 and 17565, and for each 1 percent of
valve opening between 5 percent and 89 percent valve
positions. Discharges are tabulated only to the neavrest 10
cubic feet per second because the accuracy of the field
measurements does not warrant greater refinement. It is
possible to set any discharge within 40 cubic feet per second
by using the tabular values. This tolerance has been accepted
by the Division of Water Control Planning, and therefore, it
will not be necessary to mterpolate between tabular entnes in
these tables. :

The reservoir elevation_- values used in the tables are

" those given by the recorder in the control room. The valve

opening used in the tables is that indicated by the pointer on

the valve control mechanlsm

The arrangement of tables is such that the discharge

over the entire range of valve openings for a 100-foot range .

of reservoir elevation is on two consecutive pages: For

July 1974

example, discharges are given on pages 2 and 8 for reservoir

elevations 1600 through 1700. Discharges should be taken
from the table for the tabulated values nearest to those
observed. For example, if the reservoir is at elevation
1658.76 and the valve number 1 opening is 76.4 percent, the
discharge is found on page 3, in the column headed 1660
opposite a valve opening of 76 percent, as 3370 cubic feet -
per second. If valve number 2 were set at 56.6 percent at the
same time when valve number 1 was operating as given above,
the discharge for valve number 2 would be found on page 3,

- in the column headed 1660 opposite a valve opening of 57
" percent, as 2720 cubic feet per second. The total discharge .
would be the sum of the discharges of the two valves or 6090 -

cubic feet per second.
3. Valve Opening for Maximum and Minimum Discharge

Maximum discharge for the Howell-Bunger valves at
South Holston Dam occurs at 89 percent valve opening. At
valvé openings greater than 89 percent the discharge becomes
less. Therefore, the valves should not be operated beyond 89

- percent. No tabular data are presented for such operation.

Minimum valve openings should not be less than 5
percent because of cavitation effects. No tabular values are
glven for such operation.

4. Adjustment of Valve Openlng Indicator

At the time the field measurements were made, the
valve opening indicator showed an opening of 0 percent when
the valve was closed. In case of repairs to or adjustment of
the valve and its contro! mechanism, the pointer should be
reset to this position so that the tables will still be applicable.

| 710080020000002 |
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- SOUTH HOLSTON DAM - o 2
B HOWELL-BUNGER VALVE DISCHARGE | |

_ o o IN CUBIC FEET PER SECOND.

[ 2100800200000a07 |

TENNESSEE VALLEY AUTHORITY ENGINEERING LABORATORY
w35 : RESERVOIR ELEVATION e$ E
- . . . -
84— - : 34

1600 | 1605 | 1610 | 1615 | 1620 | 1625 | 1630 | 1635 | 1640 | 1645 | 1650 | 1655 | 1660 | 1665.] 1670 | 1675 | 1680 | 1685 | 1690 | 1695 | 1700
1 1
2| 2
3 3
4 ) . 4
LR 140 140 140 150 150 150 160 160 160 170 170 170 170 180 180 180 180 190 190 190 19| s
6 180 | 180 190 190 200 200 200 210 210 220 220 220 230 230 230) 240 240 240 250 250 250 | &
7 230 240 2607 250 250} 260 260 210 210 280 280) 290 290} 300 300 310 310 310 320 320 3o 7
8 270 280 290 290 300 300 310 320 320 330 330 340 340 350 { 360 360 370 310 3a0 380 3901 8
9 EY 320 EETY 340 340 350 360 ] 360 370 380 380 390 400 400 410 420 420 | 430 430 440 40| 9

10 350 360 370 380 390 400 400 410 420 430 430 440 450 450 460 | 470 480 480 -490 490 500 ) 10

11 400 410 420 430 440 440 450 60 470 480 430 500 500 | 510 520 530 530 540 550 560 %60 | 11
12 440 450 460 470 490 so0{ s510| -510 520 530 540 550 560 570 580 590 600 600 610 620 630 | 12
13 490 500 520 530 540 550 560 570 580 590 600 610 620 630 6401 650} 660 670 680 690 700 | 13
14 540 | 550 560 580 | * s90 600 610 | 630 640 650 660 670 680 690 760 710 720 730 740 750 760 | 34
15 590 600 620 630 6401 660 670 680 700 710 720 730 150 7661 770 780 790 80Q 810} e20 840 15

16 640 650 670 | - 680 700 710 730 740 150 770 180 790 810 820 830 850 860 870 880 890 900 | 16
17 680 . 700 710 730 750 160 780 790 310 a2a 840 850 860 880 8390 900 920 930 940 950 9710 | 17
18 720 740 760 780 790 810 [ 830 840 860 870 890 900 920 930 950 960 970 990 1000 1010 1030 | 18
19 770 190 800 820 840 860 880 890 910 9390 940 960 970 980 1000 1020 1030 | 1050 1060 1070 1090 | 19
20 810 830 85Q 870 830 900 ‘920 940 980 980 990 1010 1030 1040 1060 107¢ 1090} 1100 | 1120 1130

21 840 870 8%0 910 930 950 970 980 | 1000 1020 1040{ 1050{ 1070 1090.| 1110 1120} 1140 1150{ 1170 1180 1200 } 2}
22 880 900 930 | 950 910 990 1010 | 1030 1050 1670 1080 | 1100 (. 1120 1140 1150 1170 1190¢{ 1200 1220 1240 | 1250 22
23 920 940 970 990 [ 1010 | 1030 1050 | 1070 | 1090 1110| 1130} 1150 1170 | 1190 1210 1220 1240 | 1260 1270 1290 1310 | 23
24 960 980 [ . 1000 | 1030 1050 | 1070 1090 | 1110 | 1130{ 1160] 1180] 1190 12301 1230 12504 1270 1290} 1310} 1320 1340 1360 | 24
25 990 1020} 1040 | 1060 1090 | 1110 | 1130 ] 1150 1180 12007 1220 | 1240 | 1260 | 1280 1300} 1320 1340 1350 1370 1390 | 1410 25

26 1030 166C | 1080 | 1110 1130 | 1150 | 1180 | 1200 1220 1240 | 1270} 1290] 1310 1330 1350 ] 1370 1390 | 1410 1430 ] 1450 | 1460 | 26
21 | '1o7¢ 1100 1120 1150 1170 } 1200 | 1220} 1250 | 1270 ] 1290 ] 1320 ] 1340 | 1360 | 1380 1400 1420 14401 1460 | 1480 1500 { 1520 | 27
28 1120 11401 1170 ¢ 1200 1220 | 1250 | 1270 | 1300 1320 1350 1370 1390 | 1420 | 1440 1460 | 1480) 1500] 1520) 1540 1560 | 1580 28
29 1160 1180 | ‘1210 ] 1240 1270 | 12%0 | 1320 | 1350 1370 1390 | 1420 1440 1470 1490 1510 1530 1560 | 1580 1600 1620 ] 1640 | 29
30 1190 1220 | 1250 1280 1310 | 1330 1360 | 1390 | 1410 1440 | 1460) 1490 | 1510} 1530 1560 | 1580 1600 | 1620 1650 1670 | 1690 | 30

31 | 1230 ) 1260 7§ 1290 | 1320 | 1350 | 1380 | 1400 | 1430 | 1460 | 1480 | 1510 1540} 1560 ] 1580 | 1610] 1630| 1660 1680 | 1700} 1720 ] 1750} 31
32 { 1270 | 1300 { 1330 | 1360 | 1390 | 1420 | 1450 | 1480 | 1510 1530 | 1560 | 1580 | 1610| 1640 | 1660 | 1690 1710| 1730 1760{ 1780 1800 32
33 | 1310} 1340 | 1370 | 1410 | 1440 | 1470 | 1500 | 1520} 1550 | 1580 | 1610 1630 | 1660 | 1690 | 1710] 1740| 1760| 1790 1810 | 1840 | 1860} 33
34 11350 1380 ) 1420 | 1450 | 1480 | 21510 | 1540 | 1570 ] 1600} 1630 1560 1680 1710 | 1740 | 1760 1790} 1820 | 1s40| 1870 ) 1890 | 1920] 34
35 | 1390 | 1420 | 1460 | 1490 | 1520 | 1550 | 1590 | 1620 | 1650 ] 1680 ] 1700] 1730 1760{ 1790| 1820{ 184C] 1870 1900} 1920] 1950 1970 35

36 | 1430 1460 | 1500 | 1530 1570 | 1600 | 1630 | 1660 | 1690 | 1720] 1750 1780 | 1810 [ 1840 1870{ 1900 1920 1950 | 1980 ] 2000 2030 | 36
37 | 1470 1500 | 1540 | 1580 1610 | 1640 | 1680 | 1710 ] 1740} 1770| 1800 | 1830 1860 | 1890 1920 | 1950| 1980 2000 2030 | 2060 | 2080} 37
38 | 1510 | 1540 | 1580 | 1620 1650 | 1690 1720 | 1750 ] 1790 | 1820 ) 1850| 1880 1910 | 1940 | 1970| 2000 2030 | 2060 [ 2090 ] 2110 | 2140 | 38
39 | 1540.] 1580 | 1610 { 1650 | 1650 | 1720 [ 1760 | 1790 1820{ 1860} 1890] 1920 | 1950 1980 | 2010} -2040{ 2070) 2100} 2130) 2160 21803} 39
40 |} 1570 1610 | 1650 | 1690 | 1720 | 1760 | 1800 | 1830 | 1860 ] 1900 | 1930] 1960 | 1990 | 2030 ] 2060) 2090} 2120] 2150 2170] 2200 2230] 40

41 | 1610 1&50 1690 [ 1730 1770 § 1800 1840 | 1880 | 1910 1950} 1980 2010 ) 2040} 2080 ] 2110 2140] 2170| 2200| 2230 | 2260 ] 2290 | 41
42 1650 1690 | 1730 | 1770 1810 1840 18680 § 1920 | 1950 1990 2020| 2060'] 2090 | 2120 21501 2190 2220; 2250] 2280 2310 | 2340 &2
43 | 1680 1720 | 1760 1800 1840 1880 1920 | 1960 1990 | 2030 | 2060 2100 2130 | 2110 2200 2230 2260| 2290 2330) 2360 | 2390 a3
&4 1720 } 1760 | 1400 1840 1880 | 1920 | 1960 | 2000 | 2030} 2070} 2110| 2140 ; 2180} 2210 2240 | 2280 2310| 2340] 2370 2410
45 | 1740 1790 | 1830 | 1870 1910 { 1950 | 1990 | 2030 | 2070 | 2110 | 2140] 2180 § 2210 ]| 2250 | 2280 2320| 2350 2380 ] 2420} 2450 | 2480 | 45

46 | 1780 1820 { 1870 1910 | 1950 | 1930 | 2030 | 2070 | 2110 2150 2190 | -2220 ] 2260 2290 2330 2360 2400 | 2430 | 2460 2500 2530 46
47 | 1810 1860 1900 1950 1990 | 2030 | 2070 | 2110 | 2150 | 2190 | 2230] 2210 2300 | 2340 2370 ) 2610] 2440 ) 2480 | 2510 2540 | 2580 | 47
48 | 1840 1890 | 1940 1980 | 2028 | 2070 | 2110 § 2150} 2190} 2230} 2270} 2300} 2340} 2380 25101 2430} 2480) 2520 ) 2550]| 2590 ) 2620 48
49 | 1870 1920 | 1970 | 2010 { 2060 | 2100 | 2140 | 2180 | 2220 | 2260 2300 2340} 2380 2420 | 2650 2490] 2520 | 2560 ] 2590 | 2630 ) 2660} 49
50 | 1910 1960 | 2010 | 2050 | 2100 | 2140 | 2190 | 2230 | 2270 | 2310 | 2350 | 2390 | 2430 | 2470{ 2500 2540{ 2580| 2610] 2650 2680} 2720 50

JuLY 1974 . * THE MINMUM ALOWABLE , RESERVOIR ELEVATION 1600 TO 1700
| VALVEOTENING 15 5 PERCENT ~ VALVE OPENING, PERCENT 5 TO 50

[ /o p-g abed |




'SOUTH HOLSTON DAM

" HOWELL-BUNGER VALVE DISCHARGE

IN CUBIC FEET PER SECOND

TENNESSEE VALLEY AUTHORITY - _ENGINEERING LABORATORY
" RESERVOIR ELEVATION 31
< . 34
>4 - - - sis
. 1600 1605 1610 1615 1620 1625 1630 1635 1640 1645 1650 1635 1660 1665 1670 1675 1680 1685 1690.1 1695 1700
51| 1940 | 1990 | 2060 | 2090 | 2130 | 2180 2220 | 2260 | 2300 | 2350 | 2390 | 2430 2470 2500 25‘0 2580 | 2620 ) 2650 | 2690 2730 | 2760] 51
52 1 1970 | 2020 | 2070 | 2120 | 2160 | 2210 | 2250 § 2300} 2340 | 2380 | 2420} 2460 | 2500 | 2540 | 2580 | 2620| 2660 | 2690 | 2730 | 2770 | 2800 ) 52
53 | 2010 | 2060 | 2110 2160 | 2210 | 2250 | 2300 | 2340 | 2390 | 2430 | 2470 ] 2510} ‘2550 | 2590 | 2630 | 2670| 2710 2750 2790 | 2820 [ 2860 53
54 | 2040 | 2090 | 2140 | 2190 | 2240 | 2290 | 2330 ] 2380 ] 2420 | 2470 2510 2550 | 2590 | 2630 | 2670}] 2710} 2750 | 2790 ] 2830 | 2860 | 2900 | 5S4
55 | 2070 | 2120 2180 | 2220 | 2270 | 2320 | 2370 | 2410 | 2460 | 2500 | 2550 | 2590 | 2630| 2670] 2710| 2750| 2790 | 2830) 2870 2910 2940 | S5S
56 | 2100 | 2150 | ‘2210 | 2260 | 2310 | 2350 | 2400 2456 2490 | 2540 | 2580 | 2620 | 2670 | 2710} 2750 | 2790 | 2830°| 2870 2910 § 2950 | 2990 | 56
57 | 2140 2200 2250 2300 2350 2400 2450 2490 2540 2590 2630 2670 2720 2760 2800 2840 2880 2920 2960 3000 [ 3040.| 57
58 | 2170 | 2230 | 2280 | 2330 | 2380 | 2430 | 2480 | ‘2530 | 2580 | 2620 | 2670 | 2710 | 2760 | 2800 | 2840 | 2880 | 2920 | 2970 3010 | 3040 | 3080 | 58
59 | 2200 | 2260 | 2310 | 2360 | 2410 | 2470 | 2510 | 2560 | 2610 | 2660 ] 2700 | 2750 | 2790 | 2840 | 2880 | 2920| 2960 | 23010 ] 3050 3090 | 3130 | 59
60 | 2230 2290 2340 2390 2450 2500 2550 2600 2650 2690 2740 2750 2830 2680 2920 2960 3000 3050 3090 3130 3170 ] &0
61 ] 2260 2320 2370 2430 2480 2530 | 2580 2630 2680 2730 2780.] 2820 2870 2%10 2960 3000 3040 3090 3130 . 3170 3210 51
62 | 2280 | 2340 | 2390 ] 2450 | 2500 | 2550 | 2610 | 2660 | 2700 | 2750 | 2800 | 2850 | 2890 | 2940 | 2980 | 3030} 3070 3110] 3160 | 3200 | 3240} 62
63 ]| 2310 2370 2420 2480 2530 2590 2640 2690 2740 2790 2840 2880 2930 2580 3020 3070 3110 3150 3200 3240 3280 | &3
64 | 2340 | 2400 |" 2460 | 2510 | 2570 | 2620 | 2670 | 2720} 2780 | 2830 | 2870 | 2920 | 2970| 3020 | 3060 | 3110} 3150 | 3200 3240 | 3280 | 3320 | &4
65 | 2370 2430 2490 2540 2600 2650 2710 2760 | 2810 2860 2919 2560 301¢ 3050 | 3100 3150 3190 3240 3280 3320 3370 | 63
66 | 2400 | 2460 | 2520 | 2580 | 2630 | 2690 | 2740 | 2790} 2850 | 2900 | 2950 | 3000 | 3040 | 3090 | 3140 | 3190 3230 3280 | 3320| 3360 | 3410} &6
67 | 2420 | 2480 | 2540 | 2600 | 2650 | 2710 | 2760 | 2820 | 2870 | 2920 | 2970 | 3020 | 3070 3120] 3170 3210] 3260} 3300 3350 | 3390 | 3440} 67
68 | 2440 | 2500 | 2560 | 2620 | 2680 | 2730 | 2790 | 2840 | 2890 { 2940 | 3000 3050 | 3100( 3140 | 3190 3240| 3280} 3330 | 3380 | 23420 | 3460 68
69 | 2470 2530 2590 2650 2710 2760 2820 2870 2930 2980 3030 3c80 3130 3is0 3230 3280 3320 3370 3420 3460 3510t 69
70 | 2500 | 2560 | 2620 | 2680 | 2740 | 2800 | 2850 | 2910 | 2960 | 3020 | 3070 | 3120 3170 [ 3220 | 3270 3320| 3360 3410 | 3460] 3500 | 3550 70
71 | 2530 | 2590 | 2650 | 27110 | 2770 | 2830 | 2890 | 2940 | 3000 | 3050 | 3110 3160| 3210 3260 | 3310 3360| 3400| 3450 | 3500 | 3350] 3%90| 71
T2 1 2550 | 2610 ) 2670 | 2740 | 2800 | 2850 | 2910 | 2970 | 3020 | 3080 | 3130 | 23180 3230 | 32680 3330| 3380| 3430 3480 3530 | 3570 | 23620 72
73 } 2580 2640 2710 2770 2830 2890 2950 3000 | 3050 3110 3170 3220 3270 3320 3370 3420 3470 3520 3570 3610 3660 | 13
14 | 2610 2670 2740 2800 2860 2920 2980 3040 3090 3150 3200 3260 3310 33580 3410 3460 3510 3560 3610 3660 3700 74
15 | 2630 | 2690 | 2760 | 2820 | 2880 | 2940 | 3000 | 3060 | 3120 | 3170 | 3230 | 3280 | 3330 3390 3440 ] 3490 | 3540 3590 | 3640 | 3680 3730} 75
76 |-2660 | 2720 | 2790 | 2850 | 2910 | 2980 | 3040 | 3090 | 3150 | 3210 3260 3326 3370 | 3420 3480 3530( 3580} 3630 3680 3730 | 37T0{ T6
17 2680 2740 2810 2870 2940 3000 3060 3120 3180 3230 3290 3340 35400 3450 3500 3550 3610 3660 3710 3750 3800 7
78 | 2700 | 2760 | 2830 | 2900 | 2960 | 3020 | 3080 | 3140 3200 | 3260 ] 3310 | 3370 | 3420 ] 3480 |. 3530] 3580| 3630 | 3680 ) 3730 | 3780 | 3830 78
79 | 2720 2790 2860 2920 2990 3050 3110 3170 3230 3290 3340 3400 3450 3510 3560 3610 3670 3720 37710 3820 38701 19
80 2750 2820 2880 2950 3010 3080 3140 3200 3260 3320 3370 3430 3490 3540 3590 3650 3700 3750 3800 3850 3900 | &0
81 2170 2840 2900 2970 3030 3100 3160 3220 3280 3340 3400 3450 | "3510 3570 | .3620 3670 37130 3780 3830 3880 3930} 81
a2 | 27190 2860 2920 2990 3060 | 3120 3180 3240 3300 3360 3420 3480 3540 3590 3650 3700 3750 3800 3860 3910 3960 | 82
83 | 2820 | 289C | 2960 | 3020 | 3090 | 3150 | 3220 | 3280 | 3340 | 3400 | 3460 | 23520 | 3570 3630 3680 | 3740 3790| 3850 | 3900 | 3950 | 4000 | 83
84 | 2840 | 2910 | 2960 | 3040 { 3110 | 3180 | 3240 | 3300 | 3360 | 3420 | 3480 | 3540 | 3600 | 3650 | 3710| 3770| 3820 | 3870 | 3920 | 3980 | 4030} 84
85 | 2860 2930 | 3000 3070 3130 3200 3260 3330 |- 3390 3450 3sio0 3as70 3620 3680 3740 | . 3790 3850 3900 39%0.| %000 40560 | 85
a6 | 2880 | 2950 | 3020 | 3096 | 3150 | 3220 | 3280 | 3350 | 23410 | 3470 | 3530 | 3590| 3650 | 3710| 3760 23820| 3870 | 3930 3980 4030 | 4080 g6
a7 2900 2570 3040 3110 3180 3240 3310 3370 3430 3500 3560 3620 360 3730 3190 3840 3900 3950 | 4010 4060 | 4110} 87
88 | 2900 | 2980 | 3050 | 3120 | 3190 | 3250 | 3320 | 3380 ]| 3450 ] 3510 ( 3570 3630 | 3690{ 3740 | 3800 3860 3910 | 3970 ] 4020 4070 | 4130 | es
#89 2910 2990 3060 3130 3200 3260 3330 3390 3460 3520 3580 3640 3700 3760 3810 3870 3930 3980 4030 %090 4140 | 89
» P 3
THE MAXINUN VALVE OPENIO RESERVOIR ELEVATION 1600 TO 1700

JULY 1974

SHOULD NOT EXCEED 89 PERCENT
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SOUTH HOLSTON DAM

" HOWELL-BUNGER VALVE DISCHARGE

TENNESSEE VALLEY AUTHORITY

IN CUBIC FEET PER SECOND

ENGINEERING LABORATORY

11 RESERVOIR ELEVATION M £
SES - : 4
> gz ] N > g E
1700 1705 1710 1715 1720 1725 1730 1735 1740 1745 1750 1755
1 1
2 2
3 3
4 . o 4
*g 190 200 200 200 200 210 210 210 210 220 220 220 5
& 250 260 260 260 270 270 270 |, 270 280 280 280 290 - 6
7 130 33¢ 330 340 340 © 350 350 ~ 350 360 3560 370 370 T.
8 390 390 400 400 400 410 410 420 420 430 430 44C 8
9 440 450 460 550 470 470 480 480 490 490 500 500 9
10 500 5_10 510 520 530 530 540 540 550 560 560 5710 10
11 560 570 580 580 530 600 600 610 620 620 630 640 11
12 630 640 640 650 660 670 - 670 680 690 700 100 710 12
13 100 710 710 720 730 740 750 160 160 770 760 790 13
14 760 170 - 780 790 800 alo 820 830 840 850 850 860 14
‘15 840 a50 860 870 “880 890 900 910 920 920 930 940 15
16 900 920 930 940 950 960 970 980 990 1000 | 1010 1020 16
17 910 9840 990 1000 1010 1030 1040 1030 1060 1070 1080 1090 17
18 | 1030 1040 1050 1060 1080 1090 1100 1110 1130 1140 1150 1160 ‘18
19 [ 1090 1100 1120 1130 1140 1160 1170 1180 1190 1210.| 1220 1230 19
20 | 1150 1160 1180 1190 1200 1220 1230 .] 1240 1260 1270 | 1280 1300 20
21 | 1200 1210 1230 1240 1260 1270 1290 1300 1320 1330 | 1340 1360 21
22 | 125¢C 1270 1280 1300 1310 1330 1340 | 1360 1370 1390 | 1400 1420 - 22
23 11310 1320 1340 1360 1370 1390 1400 1420 1430 1450 1460 1480 23
24 | 1360. 1380 1390 1410 1430 1440 1460 1470 1490 1510 152¢ 1540 24
25 | 1410 1430 1440 1460 1480 1490 1510 1530 1540 |- 1560 1580 1590 25
26 | 1460 1480 1500 1520 1540 |.1550 1570 1590 1610 1620 1640 1860 26
27 | 1520 1540 1560 1580 1600 1510 1630 1680 1670 1680 1700 1720 27
28 | 1580 1600 1620 1640 1660 1680 1700 1720 1740 1750 1710 1790 28
29 | 1640 1660 1680 1700 1720 1740 1760 1780 1800 1820 1840 1850 29
30 | 1690 1710 1730 1750 1770 17190 1810 1830 1850 1870 1890 1910 30
31 1750 1770 1790 1810 1830 1850 1870 1890 1910 1930 1950 1570 31
32 {1800 1830 1850 1870 1890 1910 1930 1960 1980 2000 2020 2040 32
33 ) 1860 1880°} 1910 1930 1950 .| 1970 1950 2020 2040 2060 2080 2100 33
36 1920 1940 1560 1990 2010 2030 2050 2080 2100 2120 2140 2160 34
35 | 197¢ 2000 2020 | 2040 2070 2090 _2110 2140 2160 2180 2210 | 2230 38
36 | 2030 2050 2080 2100 2130 2150 |- 2180 2200 2220 2250 | 2210 2290 36
37 | 2080 2110 2140 2160 2190 2210 2240 2260 2280 2310 233¢ 2380 37
38 { 2140 2170 2190 2220 2250 2270 2300 2320 2350 2370 2400 2420 38
39 | 2180 2210 2240 2260 2290 2320 2340 23710 2390 2420 2440 2470 39
40 | 2230 2260 2290 2310 2349 2370 2390 2420 2450 2470 2500 2520 40
41 | 2290 2320+ | 2350 2370 2400 2430 2460 2480 2510 2530 2560 2590 41
42 | 2340 ‘2370 26400 2420 2450 2480 2510 2540 2560 2590 2620 2640 42
43 | 2390 2420 2450 2480 2500 | 2530 2%60 2590 2620 2640 26170 27¢0 43
44 | 2440 2470 2500 2530 2560 2590 2610 2640 2670 2700 2730 2750 44
45 | 2480 2510 2540 2570 2600 2630 2660 2690 2720 2150 2110 2800 45
46 | 2530 2560 2590 2620 2650 2680 2710 2740 2770 2800 2830 2860 46
47 | 2580 2610 2640 2670 2700 2730 2770 2800 2820 2850 2880 2910 47
48 | 2620 2650 2680 2120 27150 2780 2810 2840 2870 2900 2930 2960 48
49 | 2660 2690 2730 2160 27190 2820 2860 2890 2920 2950 | 29680 3C10 49
50 _2120 27150 2790 2820 2850 2880 2920 2950 2980 3010 3040 3070 50
JULY 1974 * THE MINIMUM ALLOWABLE

VALVE OPENING 1S 5 PERCENT

RESERVOIR ELEVATION 1700 TO 1755
VALVE OPENING, PERCENT 5 TO 50
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SOUTH HOLSTON DAM

HOWELL-BUNGER VALVE DISCHARGE

IN CUBIC FEET PER SECOND

ENGINEERING LABORATORY

TENNESSEE VALLEY AUTHORITY

[2100800200000a9 |

w §§ RESERVOIR ELEVATION edf
= - i SZu
4 . : sgf
1700 | 1705 | 1710 | 1705 | 1720 | 1725 | 1730 | 1735 | 1740 | 1145 § 3750 | 1385
51 | 2760 | 2790 | 2630 | 2860 | 2900 | 2930 | 2960 | 2990 | 3030 | 3060 | 3090 | 3120 51
52 | 28600 | 2840 | 2870 | 2910 | 2940 | 2970 | 3010 | 3040 | 3070 | 3100 | 3140 | 3170 52
53 | 2860 | 2890 | 2930 | 2960 | 3000 | 3030 | 3070 | 3100 | 3130 | 3170 { 3200 | 3230 53
5412900 | 2940 | 2970 | 3010 | 3040 | 3080 | 3110 | 3150 | 3180 | 3210 | 3250 | 3280 54
55 [ 2940 | 2980 | 3020 | 3050 | 3090 | 3120 | 3160 | 3190 | 3230 | 3260 | 3290 | 3330 55
56 12990 | 3020 | 3060 | 3100 | 3130 | 3170 | 3200 | 3240 | 3270 | 3310 | 3340 | 3370° 56
57 | 3040 | 3080 | 3120 | 3150 | 3190 | 3230 | 3260 | 3300 | 3330 | 3370 | 3800 | 3440 51
58 [3080 | 3120 | 3160 | 3200 { 3240 | 3270 { 3310 { 3350 | 2380 | 3420 | 3450 | 3490 58
59 13130 | 3170 | 3200 | 3240 | 3280 | 3320 | 3350 | 3390 | 3430 | 3460 | 3500 | 3530 59
60 | 3170 | 3210 | 3250 | 3290 | 3320 | 3360 | 3400 | 3440 | 3470 | 3510 | 3550 | 3580 60
61 | 3210 | 3250 | 3290 | 3330 | 3370 | 3410 | 3440 | 3480 | 3520 | 3560 | 3590 | 3630 61
62 [ 3240 | 3280 { 3320.] 3360 | 3500 | 3440 | 3480 | 3510 | 3550 | 3590 | 3620 | 3660 62
63 13280 | 3320 | 3360 | 3400 | 3440 | 3480 | 3520 | 3560 | 3600 | 3630 | 3670 | 3710 63
64 13320 | 3360 | 2410 | 3450 | 3490 | 3530 | 3570 | 3600 | 3640 | 3680 | 3720 | 3760 64
65 | 3370 | 3410 [ 3450 | 3490 | 3530 | 3570 | 3610 | 3650 | 3690 | 3730 | 3770 | 3800 5
66 | 3810 | 3450 | 3490 | 3530 | 3580 | 3620 | 3660 | 3700 | 3740 | 3770 | 3810 | 3650 66
67 13440 | 3480 | 3520 | 3580 | 3610 | 3630 | 3690 | 3730 | 3770 | 3810 | 2880 | 3880 61
68 [ 3460 | 3510 | 3550 | 3590 | 3630 | 3680 | 3720 | 3760 | 3800 | 3840 | 3380 | 3920 8
69 ] 3510 | 3550 | 3590 | 3640 | 3680 | 3720 | 3760 | 3800 | 2840 | 38e0 | 3920 | 3960 69
70 | 3550 | 3590 | 3640 | 3680 | 3720 | 3770 | 3810 | 3850 | 3890 | 3930 | 3970 | 4010 70
71 | 3590 | 3640 | 3680 | 3720 | 3770 | 3820 { 3850 | 3890 | 3940 | 3980 | 4020 | 4080 n
72.§3620 | 3660 | 3710 | 3750 | 3800 | 3840 | 2880 | 3930 | 3970 | 4010 | «050 | as0s0 12
73 13660 | 3710 | 3750 | 3800 [ 3840 | 3890 | 2030 | 3970 | 010 | 4060 | s200 | 4140 13
7% [3700 | 2750 | 3800 | 3840 { 3890. | 3930 | 3970 | 8020 | 4060 | s100 | 160 | 4190 14
75 [ 3730 | 3780 | 3820 | 3870 | 3920 | 3960 | «000 [ 6050 | 4090 | s130 | 4180 | 4220 15
- 16 }37170 | 3820 | 3870 | 3910 | 3960 | s000 | 4050 | 4090 | 41640 | 4180 | s220.| 4270 76
71 | 3800 | 3850 | 3900 | 3940 | 3990 | €030 | 4080 | 4120 | 4170 | 4210 | 4250 | 4300 77
76 [ 3830 | 3880 | 3930 | 3970 | 4020 | 4060 | s110 | 4150 | 4200 | «2¢0 | 4290 | 4330 8
79 13870 | 3910 | 3960 | 4010 | 4060 | 5100 | 4150 | 4190 | 4240 | 4280 | #4330 | 4370 19
80 [ 3900 | 3950 | 4000 | 4050 | 4090 | 4140 | 4190 | 4230 | s280 | 4320 | 4380 | 4sl0 80
81 ] 3930 | 2980 ] 4030 | 4070 | 4120 | 4170 | 4220 | s260 | 4310 | 4350 | 4400 | 4sas0 81
82 | 3960 | 4010 | 4080 | 4100 | 4150 | 4200 | 4250 | 4290 | 4340 | 4380 | 4430 | s470 82
83 [ 4000 | 4050 | 4100 | 4150 | 5200 | 4280 | 4290 | 4340 | 4380 | 4430 | 4480 | 4520 83
84 14030 | 4080 | 4130 [ 4180 | 4230 | 4270 | 4320 | 4370 | 4410 | 4460 | 4510 { 4550 84
85 | 4060 | 4110 | 160 | 4210 | 4280 | 4300 | 4350 | s400 | 4450 | 4490 | 4540 | -4580 8%
06 [4080 | 4130 | 4190 | 4240 | 4280 | 4330 | 4380 | 4430 | 4s80 | s520 | 4570 | 4620 86
87 [ 4110 | «160 | 4210 | 4260 | 4310 | 4360 | 4410 | 4460 | 4510 | 4550 | 4600 | 4650 87
86 | 4130 | 4180 | 4230 | 4280 | 4330 | 4380 | 4430 | 4480 | 4520 | 4570 | 4620 | 4sse 88
89 [ 4150 | 4190 | 4240 | 4290 | 4340 | 4390 | 4540 | 5490 | 4540 | 4590 | 4630 | 4680 89
JuLY 1974 * THE MAXINUM VALVE OPENING RESERVOIR ELEVATION 1700 TO 1755

SHOULD NOT EXCEED 89 PERCENT

VALVE OPENING, PERCENT 51 TO 89

| 210 -z abed |
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ATTACHMENT 3

TVA Report No. 18-10-1, “Advance Report
No. 1 South Holston Model Studies™

(Reference 2.3)
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ADVANCE REPORT NO. 1

SOUTH HOLSTON MODEL STUDIES

smomRY -

_ This report preseats the resu’ts of tests made on models of

' the spillway, Howell-Bunger valve structures, and stilling basin for the.
South Holston project. Entrainment of air in the prototype during both
spillway and Howell~Buager valve operation will probably modify the
-results to some extent. The effect and amount of the change is unknown.
The results of the model tests can be summarized as followss :

' Flow in the vertical shaft was regular and free from surging
when the spillway crest was provided with six piers as shown on Plate 1,

No. negative pressures of any consequence were found to exlst
on the face of the spillway.

‘ A bend of 75~foot radius-between vertieai'shaft and tunnel
gave the best flow conditions in the tunnel,

Flow in the tunnel was further improved by placing a deflector
immediately above the tunnel at the foot offthe vertical shafts

. The revzsed spillway has sufficient capacity to pass the
required maximnm discharge at the desired head.

* Structures in the branch tnnnel below the HOWell-Bunger valve.
were found to be necegsary to produce smooth flow in the main tunnel,
~ These structures consisted of a massive weir and a horizontal deflector
immediately below thefHowell -Bunger valves and a low weir with two -
“vertical piers at the end of the branch tunnel immediately above the
Y junction.

‘Stilling basins V and Z, shown on Plate 2, provided:satisfac-
. tory dissipation of energy at the tunnel outleto Wave heights and .
erosion were somewhat less for scheme Zo ‘

DESCRIPTION OF PROJECT

-The outlet works for the South Holston Project are located

. gome distance from the dam and consist of a morning glory type spillway,
- 128 feet in diameter on the crest line, discharging into a vertical
shaft 3L feet in diametero At the base of the shaft is a 90~degree
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- bend comnecting with a horizontal tunnel, also 3l feet in diameter,

that extends some 1100 feet to a stilling basin which discharges into
the river just below the dam. The reservoir is controlled, for head-
water elevations below the crest of the spillway, by two 96-inch Howell-
Bunger valves located side by side in a branch tunnel 3l feet in diam- :
eter that intersects the main tunnel at an angle of 29 degrees some 300
feet below the morning glory spillway. The valves are located 375 feet
upstream from this ixrtersectiono The general laycut is shown on Plate 1.

For normal operation of the system the tunnels will be only
partially full, Either tunnel may operate alone or both may. operate
together,

"~ DESCRIPTIQON OF TESTS

General

It was belisved desirable for the flow in the tunnels to be
as smooth and uniform as possible in order to prevent the tunnel from
£1lling momentarily and causing surges and vibrations that might damage
the structure. Further, it was found necessary for the flow at the
tunnel portal to be smooth and uniform in order to.ensure proper oper-. .
ation of the stilling basin. Most of the tests described in this report
were made to ensure smooth uniform flow throughout the structure. They
were made on models at three difference scales, 1:100, 1551, and l:3L.
The detailed description indicates the scale used for a.ny pa.r'bicular
test. .

Morning Glory Spillwa.y

¢

The spillway was\constructed as shown on Plate 1 to a scale
of 1551 except that the diameter of the spillway on the crest line was
110 feet, It was found impossible to pass the required discharge with
this spillway at the design head, Consequently, 1t was necessary to
- increase the diameter of the spillway on the crest line to 128 feet.
However,. the enlarged spillway was constructed to a scale of 1:100 and
calibrated with more topography surrounding it. The relationship be-
tween reservoir elevation and discharge is shown on Plate 3.

Flow in Spillway and Vertical Shaft

" The spillway was originally built without piers. - Its oper-
ation at the maximum discharge of 60,000 cfs was not satisfactory. The -
vertical shaft was filled with water which surged up and ‘down and back
~and forth across the spillway mouth, creating considerable disturbance,.

Figure 1 shows one phase of this condition.. One cause of t.ho difficulty
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appeared to be the large fin which formed on the side of the splllway

next to the hillside. This fin closed the shaft at the top, causing un-
stable conditions.. A remedy was found in radial piers on the. crest, as.
shown on Plate 1., Various numbers of piers from 2 to 8 were tried and it
was found thay 6 gave very satisfactory results. Figure 2 illustrates the
same discharge with 6 piers. An attempt was made to improve the flow. still
further by adding curved fins ahead of the piers. This arrangement is

shown in Figure 3, Comparison with Figure 2 shows that no particular im-

provement was reallzedo

* Attempts were made to reduce the size of tho fin still further

by changing the size of the excavated area around the rim of the spillway.. T

The distance from spillway rim to toe of slope was varied from zero to
gseveral hundred feet, A distance of 30 feet seemed to give the best:
results although the fin was not eliminated. . A smaller distance increased
‘the size and roughness of the fin and a greater distance did not give '
enough improvemant to warrant the increased excavation costo

Flow in'Tunnel

It was desired that flow in the horizontal tunnel be smooth and
have a minimm of disturbance and wave action. The radius of the bend
connecting the shaft with the tunnel was found to have & marked effect upon -

. the flow in the tunnel: - BElbows having radii of 38. 2, 50, and 75 feet were’
tested. With the short-radius elbow the flow in the vertical shaft tended
'to pass around the elbow with a .spiral motion that caused the flow in the
tunnel to sway from side to side, resulting in unsymmetrical flow in the
stilling basin. Conditions were made smoother with the longer radius
elbows. The best results were obtained with the 75 foot. radius.

: For all e‘oows somé disturbance was »aused by the water which
came down the shafi on the side above the tunnel. -As the shaft wall
curved away from the ysrtical at the bend, this portion of the flow was
left without a guiding wall, Consequently its direction of flow was
‘subject to the infludence of minor irregularities and was highly uncertain.’
Several schemes were pronosed in an effort to remedy this condition. Two
of them are shown on Plate 1 as schemes Q and AB. ' Scheme Q 51mp1y blocked -
- off that portion of the spillway crest above the tunnel, Scheme 4B blocked
off a portion of the spiliway shaft as well as the crest. Neither of these.
was sultable because of the increased head necessary to produce the
required dischargs. Scheme AB also caused the vertical shaft to fill.

S The ‘disadvantages of blocking off the crest were eliminated by
placing a deflecting block at the base of the vertical shaft. It was
found that a deflector of the proper size and in the right location . could
be depended upon to produce stable and desirable flow conditions ia:the
tunnel. The action of the deflector was to force the water to the outside

~ of the bend and prevent spiral flow in the tunnels - Deflectors projectlng

‘5, 6.5, 8, and 10 feet into the vertical shaft were tried. These all had

. a slope of three vertical on one horizontal. For higher d1scharges the @ .
IOmfoot deflector caused the shaft .to flcw full while the S-foot one was R
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not effective. Bither of the other two was satisfactory. The 6.5-foot
deflector was adopted for further testing, and it was found that best
flow conditions in the tunnel were obtained when this deflector was placed
in line with it, Moving the deflector to either side caused an uneven
water surface and standing waves in the tunnel, The first tests on these
deflectors were made on the 1351 scale model. A final model check was
made on the 13100 scale model in which more topography surrounding the
_ 8pillway could be reproduced. Figures l; and 5 show the 1mprovement in
£funnel flow caused by the 6o,-font deflector. ’

Observations of flow in the tunnel indicated that prototype
flow would be considerably aerated with a corresponding increase in the - -
area of flow. The effect of this aeration upon flow in the tuannel .is
quite uncertain. The model tests indicated that the tunnel did not flow
full except when spillway and gluices were operating together at maximum
discharge. It is certain that aeration of the model is much less than
in the prototype and the effect: of this aeration upon the prototype
. performance is uncertalno S

Pressures in Vertical Shaft

Presstres in the sh £% of the South Holston spillway were not
measured with the corresponding South Hols ton topogravhy. Eowever, obser=
vations of pressurs at a pumber of piezometers in the moraning glory were
- made on the Watauga spillway which is identical in design with the South
Holston spillway., The locations of the plezometers are shown on Plate 2 ‘
of Advance Report No, 1, Watauga Model Studies, and the pressures at these
piezometers are given in Table 1 of that report. These pressures were: :
measured with the Watauga +opography around the spillway but it is believed
that they are absentially the same for the South Holston spillway.

Water Surface Profile ;'

Ths height of tﬁe radial plers in the spillway crest was governed
by the water surface profils for the maximum discharge. Plate 1 shows the
watar surface adjacent to the pler face for a discharve of 60, OOO ‘cfs.

OWELL-BUNGER VALVE OPERATION

Operation of the HowelleBunger valves in the braach tunnel
showed that auxiliary structures were necessary to reduce the velocity
of the flow in the branch tunnel before it entered the main tunnel.
Figure 6 shows a discharge of 10,000 cfs entering the ‘main tunnel from
the branch tunnel with no energybdissipating structures below the valves.
The high-velocity flow along the bottom loops complstely around the main.
tunnel just below the Y. This is a very undesirable condition, and a.
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number of tests were made for the purpose of producing smooth flow in the
main tunnel, Preliminary studies of suitable structures below the valves

~ were made. on a 133l scale model. The design was refined and developed to
.completion on a 1351 scale model made of transparent material 80 that the
performance could be observed. . :

: ‘Plate 1 shcws a number of the various structures that were tried.
_ The ring shown as scheme BL worked fairly well when both valves were dis-
charging but was unsatisfactory for only one valve. Piezometers in the
‘ring showed the existence of pressures as low as 20 feet below atmosphers -
and the possibility of damage by cavitation.. The tests soon showed that
two sets of structures were necessary. A deflector and weir were rsquired
immediately below the Howsll-Bunger valves to reduce the velocity in the
“branch tunnel and a weir was needed at the end of the branch to ensure
that the velocity remained low as it entered the Y, These two structures
were complemantary as one aided the operation of the other, S

The weir and deflector shown as scheme BR gave satisfactory flow
conditions in the tunnel, but piezometers placed as shown on Plate 1 indi- -
cated that the pressures were apt to be low enough to induce cavitation. -
Pressures varied with the distance of the sill from the .end of the valve. -
Table 1 gives the results of pressure measurements., It may be seen that
pressures 20 feet below atmosphere were obtained. S

TABLE 1

PRESSURES ON WEIR

" SCHEME BR

Both Valves Openfi

- Distance

~ Test - . .Below Valve _ VPressufe in Feet of Water
Number in Feet . & L b - . C
220 155 . #5245 20,0 =9.0
21 - 3565 o §%.5 0 el200 0
22 vh7§5 B +38.o 21,0 - +2,5j

The arrangment that gave the best operation is shown as scheme
CD on Plate 1. Immediately below the valve was a heavy sill 15 feet high
and 15 feet thick, which operated in conjunction with a horizontal -
. deflector near the roof, Table 2 shows that the pressures on this weir
were much more favorable than for the other structures. It will be seen



. [CDQ000020080017] - - - [page 3-8 of 22|

 that the location 11.5 feet below the valve gave the best results with
respect to negative pressures. Flow conditions downstream were alsc best
with the weir at this location. Figure 7 shows the flow conditions in
_the tunnel below the structures for the best weir position with both valves
operating. There was considerable turbulence below the weir which was. soon
smoothed out into quiet flow down the tunnel. Figure 8 shows the perform-
ance of the same structures with the weir placed closer to the valve.

Here high-velocity flow persisted for a considerable’ diatance downstream.
Figure 9 illustrates the performance for discharge through one valve only.

Operation of the Howell—Bunger valves required that a consid-
erable amount of air be supplied to the tunnel. The location of the air
. went 1s shown on the drawing. o '

The structure of the Y consisted of a 8ill 7.36 feet high and
two vertical piers 5 feet thick, reaching from bottom to top of the ‘branch
tunnel. Both sill and piers were so shaped that they formed a continuation :
of the main tunnel wall as high as the horizontal diameter. For moderate . .
spillway discharges, therefore, the walls of the main tunnel were contin-
uous, The effect of the sill was to maintain a considerable depth of =
water in the branch tunnel thus reducing the velocity.  The streamlined
piers served to introduce the flow quietly into the main tunnel., Figure.

10 shows flow from the branch into the main tunnel with no spillway dige-
charge. .

: The structures immediately below the Howell-Bunger valve, shown
as scheme CD, gave fairly satisfactory operation. The design was not

" refined further because of lack of time. Subsequent tests on.the low-

level outlet for the Fontana spillway indicated that better results may
be obtained with simpler structures. .

- STILLING BASIN OPERATION

: Conditions at the end of the tunnel made it necessary to provide
a stilling basin to protect the outlet structures. The design of the
stilling basin was carried out on the 1:51 scale model. The principal
problem encountered was that of spreading the' discharge as it left the tun-
nel so that: the flow would be uniformly distributed across the stilling
basin and the velocities. at the end would be low. It was desired that the"
length of the stilling basin be kept to a minimum. * Plate 2. shows several
schemes tested in an attempt to spread the jet issuing from the tunnel
toward the sides of the stilling basin. BStilling basins A; B, and € used
an elevated floor in the center of the channel to accomplish this. The
results were not satisfactory. Figure 11 shows basin A operating at.a
~discharge of 10,000 cfs. Eddies occurred over the sill at the end of the
structure. Figure 12 shows stilling basin C operating at a discharge of
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TABLE 2
PRESSURES. ON WEIR
, SCHEME CD
: ﬁistaﬁce 1 o Preésure in Feet of Water
Test Balow - - - — - -
Number Valve a |- v | . e d e
, in Feat | = - '
Beth Valves Open
239 745 413 3,0 -94C 3.0 | 415
2l 9.5 338 ¢ =740 260 | 430
22 © 1045 352 $0.5 =60 - <2,0 . 43,0
2% |  11.5 $55 -1.0 =540 <240 ' $3.0
L3 12,5 $56 | =2.0 =640 =240 43,0
20 | 13.5 | 453 | . -ho 6.0 | -3.0 | #3.0
235 15.5 | 57 6.0 | =6.0 | =25 | #240
237 19.5 .| 53 | <9.0 ~640 - <240 - $365
238 23.5 #i8 -11.0 | ~5.0 -0.5 | 4545
Cne Valve:Qpen
oy | 1150 | 126 | 42.0 | 1.0 | 1.0 | 415

o,

20,000 zf3. The edd§ illustrated here shows tbac there was do flow down
the right side of the basin. Some improvement of flow distribution was
obtained by placing a tapered pier in the transiticn between tunnel and -
'8tilling basin, as shown for stilling basin N, Plate 2, Still further im-
provement was made by placing triangular deflecting blocks in the upper -

inside corners of the tunnel outlets, as shown for stilling basin V., This

design’ gave much more satisfactory operation, as illustrated by Figure 13,
which shows a discharge of LO,000 cfs.

The perfcrmance was ‘improved by increasing the length of the -
basin 50 foet, as for basin Z. Velocities at the end were reduced and.
there was less ercsion ard lower wave heights. Table 3 is a eomparison
of erosicn depths and wave heights for basins V and Z,
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The operation of stilling basin 2 f'or small discha.rges was BOme- -
what unsymmetrical as illustrated by Figure 15, which shows a discharge . ..
of 10,000 cubic feset per second. For .such small discharges, however, ve- .
locities at the end of the structure were-very low a.nd there seemed to be
no da.nger of erosion.

The height of the end 8111 was fixed at 6 feet. Four different
upstream slopes were tested; L on 2, 1 onl, 2 on 1, and 4 on 1.  The
best results were obtained with the 2 on 1 slope. Wave helghts downstream
were increased with a steeper slope, while a slight slope allowed the o
" hydraulic jump to move nearer the end of the basin,
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" TABIE 3

. EROSION DEPTHS AND WAVE HEIGHTS

'STILLING BASINS V AND 2

VLepgth of 8tilling basin Z

© . 8tiT)ing Basin V Stiiling Basin Z
Discharge Maxiuum Wave Holghts | - Maximum Wave Holghts
p— : ‘ - Eroaion . - Erosion . -

Spillway Sluicea - Tewt | at S111° - 100* LCO% Tsut at 8111 100* 350%
cfs cfs. Nugber | in Feet . Feot Foet . Nubar in Peat Feot Feet
~0. 10,000 69 | o0 | - ] - | 198 0 - -

10,000 - 0. ifo ] .8 - . - 199 1 L. -
10,000 10,000 L ‘ } 200 2 1 1
20,000 - 0 . - 171 6 3 1 196 - 3 1 1
20,000 10,000 : o 202 3 3 2

30,000 o 201 3 3 2.

30,000 - 10,000 o _ 20k L 3 2

o000 . .0 172 5 6 4 203 3 3 3
40,000 . 10,000 ' 206 10 L 4
50,000 - 0 205 6 5 -
50,000 10,000 - o - ; o197 - 12 8 -5
60,000 -~ 0 .| 173 - g - ‘15 10 19k - 8 8. | 5
60 000 10,000 | 1% .16 15- 20 10=l2,_ 195 - 15 7-10 [ 5
o % Dista.nce d.omtream from sill.,
, Length of stilling basin V =300 feet
= 350 feet.

6
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Figure 1.a—Morning glory spillway without piers. Toe
" of bank 30 feet from spillway. Discha.r
60,000 cubic fcet per second.

Figure 2. --Morning ‘glory spillway ‘with 6 piers.' Toe
" of bank 30 feet from spillway. Discha.rge, .
60,000 cubic feet per second. . -
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'Figure 3.--Morning glory’ spillway with 6 piers and
ocurved fins. Toe of bank 30 feet from -
spillway. Discharge, é0, 000 cubic feet

, per second. o

 Figure Lo-=Spiral flow in elbow sad tunnel with ao -
' deflector in the spillway shaft. Discharge,
60,000 cubic feet per second. . . :
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A

Figure 5.--Sm00th un1form florw 1n elbow and tunnel

. with the 6.5-foot deflector in the spill-
way shaft. Discharge, 60,000 cubic feet
per second. : '

Figure. 6.--Spira1 high—veloci.ty £low below tunnel’ ,
intersection with no enmergy-dissipating
structures in the tunnel, Valve discharge,
10,000 cubic feet per second. -
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Figure T e==Operation of energy-dissipating structures, K
scheme CD, 11.5 feet below the. valves. The

. flow does not f£ill the tunnel at any" places

' Discharge, 10,000 cubic feet per second. .

"Figure 8.--0peration of. energy-dissipating structures,
schems CD, with the weir too close to the
valves. Water splashes cn the tunnel roof

_.at the weir and high-velocity flow persists
in the tumnel. Discharge, 10,000 cubic feet
per seconde .. A
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Figure 9 .~=Operation of’ energy-diaaipating structures »
» scheme CD, 11,5 feet below the valves. One
valve discharging 5,000 cublc feet per second.

, Figure 10.--Smooth 1ow-velooi17y flow below tu.zmel
intersection, with valve and wye energy-
diasipating structures in place. - Valve

- discharge, 10,000 cubic feet per seconde -
Compare with Figure 6.
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Figure 11.-—Operation. with stilling basin A. -Dis- -
. charge, 20,000 cubic feet per second.

Figure 12.--0pera.t10n with stilling basin C. Dis-
. cha.rge, 20,000 cubic feet per secondo
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Figufe 13.--Operation with gtilling basin V. Discharge,
L L0,000 cubic feet per second. : :

Figure lj.--Operation with stilling basin 2. Dis- = - _
- ~ charge, li0,000 cubic feet per second. . L e
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Figure 15.--Operationwith stilling basin Z. Dis-
' charge, 10, OOO cubic feet per second.
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ATTACHMENT 4

- South Holston Tailwater Rating Curve

(Reference 2.4)
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South Holston Tailwater Rating
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HOWELL-BUNGER VALVE
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INSTRUCTIONS FOR USE OF TABLES

1. Purpose of Tables

The purpose of these tables is.to provide a means of
determining the discharge of the Howell-Bunger valves in the
sluice tunnel at South Holston Dam. The tables are based on
field discharge measurements and pressure measurements
taken at several discharges in the sluice upstream from the
Howell-Bunger valves. The tables give the discharge in cubic
feet per second for one valve when the reservoir elevation and
valve opening are known throughout the complete range of
normal operating conditions. These tables supersede the tables

"~ dated April 1959.

2. Arrangement and Use of Tables

The tables give the discharge in cubic feet per second
per valve for each 5-foot interval of headwater between
reservoir elevations 1600 and 1755 and for each 1 percent of
valve opening between 5 percent and 89 percent valve
positions. Discharges are tabulated only to the nearest 10
cubic feet per second because the accuracy of the field
measurements does not warrant greater refinement. It is
possible to set any discharge within 40 cubic feet per second
by using the tabular values. This tolerance has been accepted
by the Division of Water Control Planning, and therefore, it
will not be necessary to mterpolate between tabular entrles in
these tables.

The reservoir elevation values used in the tables are

" those given by the recorder in the control room. The valve

opening used in the tables is that indicated by the pomter on

the valve control mechamsm

The arrangement of tables is such that the discharge
over the entire range of valve openings for a 100-foot range
of reservoir elevation is on two consecutive pages. For

dJuly 1974

example, discharges are given on pages 2 and 3 for reservoir '
elevations 1600 through 1700. Discharges should be taken
from the table for the tabulated values nearest to those
observed. For example, if the reservoir is at elevation
1658.76 and the valve number 1 opening is 76.4 percent, the
discharge is found on page 3, in the column headed 1660
opposite a valve opening of 76 percent, as 3370 cubic feet"
per second. If valve number 2 were set at 56.6 percent at the
same time when valve number 1 was operating as given above,
the discharge for valve number 2 would be found on page 3,

.- in the column headed 1660 opposite a valve opening of 57
" percent, as 2720 cubic feet per second. The total discharge .

would be the sum of the discharges of the two valves or 6090
cubic feet per second.

3. Valve Opening for Maximum and Minimum Discharge

Maximum discharge for the Howell-Bunger valves at
South Holston Dam occurs at 89 percent valve opening. At
valve openings greater than 89 percent the discharge becomes
less. Therefore, the valves should not be operated beyond 89

- percent. No tabular data are presented for such operation.

Minimum valve openings should not be less than 5
percent because of cavitation effects. No tabular values are
gnven for such operation.

4. Adjustment of Valve Openlng Indicator

At the time the field measurements were made, the
valve opening indicator showed an opening of 0 percent when
the valve was closed. In case of repairs to or adjustment of
the valve and its control mechanism, the pointer should be
reset to this position so that the tables will still be applicable.



SOUTH HOLSTON DAM - o 2
HOWELL-BUNGER VALVE DISCHARGE |

. : _ - IN CUBIC FEET PER SECOND_
‘TENNESSEE VALLEY AUTHORITY S

|

-ENGINEERING LABORATORY

i B N " RESERVOR ELEVATION

-

5 5§§
8 — : . : :B¢
1600 | 1605 | 1610 | 1615 { 1620 | 1625 | 15630 | 1635 | 1640 | 1645 | 1650 | 1655 | 1660 | 1665.] 1670°| 1675 | 1680 | 1685 | 1690 | 1895 | 1700
1 1
2. 2
3 3
4 . 4
s 140 140 140 150 150 150 160 160 160 170 170 170 170 180 180 180 180 190 190 190 190 5
6 180 | . 180 190 190 | 200 200 200 210 210 220 220} 220 230 230 230 240 240 240 250 230 | 250 &

7 230 240 240 250 | 250 260 260 270 210 280] 280] 290 290 300{ 300( 310} 30| 310 320 320 230( 7
8 270 280 290 © 290 300 300 310 320 320 330 330 340 340 350 | 360 360 370 3710 380 380 39| 8
9 3iq 320 EE 340 | 340 350 360 360 370 380 380 390 400 400 410| 420 20 430 430 40| 440] 9

10 350 360 370 380 390 400 400 410 420 430 430 440 450 450 460 470 480 480 4901 490 500 | 10

11 400 410 420 430 440 460 450 460 470 480 490 500 s0c [ 510 520 530 530 540 550 560 ss0 | 11
12 440 450 460 470 490 so0 | S10| .-510 520 530 540 550 560 570 580 590 600 600 610 620 630 | 12
13 490 500 520 530 540 550 560 570 580 590 600 610 620 630 640 650 | 660 670 680 690 700 | 13
14 s40 | sso 560 580 |~ s90 | 600 610 630 640 650 660 670 680 690 700 710 720 730 740 750 760 | 14
15 590 600 620 630 640 860 670 680 700 10| ° 720 130 750 760 770 780 790 800 80| 820 840§ 15

16 640 650 670 | - 680 700 T10 730 740 150 770 780 790 810 820 830 450 860 aro 880 890 900 | 18
17 680 .700 710 730 750 760 780 790 alra 820 840 850 860 880 8s0 900 920 930 940 930 9701 17
18 720 740 760 780 790 810 | 830 840 860 870 890 900 920 930 950 960 970 990 1000 1010 § 1030 18
19 770 7190 800 820 840 860 880 890 910 930 940 960 970 990 1000 1020 1030 | 1050 1060 1070 | 10901} 19
20 810 a3¢ 850 870 830 900 ‘920 940 950 980 990 | 1010 1030 1040 1060 1070] 1090 1i00| 1120 1130 11507 20

21 840 870 8s%0 910 930 950- 970 980 1 1000| 1020} 1040{ 1050] 1070 10901 1110 1120 1140 Lisa| 1170 1180 1 12001} 21
22 880 S0 930 | 950 9170 990 1010 | 1030 1050 1070 ] 1080 lloo 1120 | 1140 1150 | 1170§ 1190} 1200 1220 1240 | 1250 22
23 920 940 970 990 | 1010 | 1030 } 1050 ] 1070} 1090| 1110 1130) 1150] 1170 1190 1210 1220] 1240 1260 1270 1290 | 1310} 23
24 960 980 (. 1000 | 1030 1050 1670 1090 | 1110 1130 1160 4§ 1180] 119¢@ 1210 | 1230 1250) 1270] 1290 1310 1320 1340 | 13601 24
25 990 | 1020 | 1040 1060 | 1090 | 1110 § 1130 | 1150 1180 120071  1220] 12401 1260 | 1280 1300 1320 13401 1350 1370 1390 | 1410 25

26 1630 1060 1080 | 1110 1130 | 1150 | 1180 ] 1200 1220 250 | 1270 ] 1290 1310 1330 1350] 1370] 1390 1410 | 1430 1450 | 14601 26
271 | '107¢ 1100 1120 1156 | 1170 | 1200 | 1220 1250 | 1270} 1290 | 1320 | 1340 | 1360 | 1380 1400 1420 | 1440 | 1460 ] 1480 1500 | 1520 | 27
28 1120} 1140 | 1170 1200 | 1220 1250 | 1270 | 1300 1320 1350 | 1370 1390 1420 1440 1460 | 1480] 1500 ] 1520 ) 1540 1560 | 1580 | 28
29 1160 } 1180 1210 1240 1270 | 1290 | 1320 ]| 1350 | 1370 | 1390 | 1420 1440 14970 1490 1510 1530 | 1550 1580 1600 1520 ] 1640 | 29
30 1190 | 1220 | 1250 1280 1210 1330 1360 | 1390.| 1410 1440 | 1460 | 1490 1510 | 1530 1560 1580 | 1600 | 1620 1630 1670 | 1690 | 30

31 | 1230} 1260 1290 | 1320 | 1350 | 1380 | 1400 | 1430 | 1460 | 1480 1510| 1540 1560} 1s80| 1610] 1630] 1660 1680 1700| 1720 ] 1750 31
32 [ 1270 1300 | 1330 | 1360 | 1390 | 1420 | 1450 | 1480 | 1510} 1530 | 1560 1580 | 1610.| 1640 | 1660 1690 1710 1730 1760 1780 ( 1800 ( 32
33 § 13101 1340 } 1370 } 1410 ) 1440 } 1470 | 1500 | 1520 § 1550 | 1580 ] 1610] 1630 ]| 1660 ] 1690 1710] 1740| 1760 1790 1810 1840 ] 1660 33
34 | 1350 1380 | 1420 { 1450 | 1480 [ 1510 | 1540 | 1570 1600 1630 1660 1680| 1710| 1740| 2760 1790] 1820 | 1san| 1870 1890 | 1920] 34
35 | 139C | 1420 | 1460 | 1490 [ 1520 [ 1550 | 1590 | 1620 | 1650{ 1680 1700] 1730 17607 .1790| 1820 1sec| 1870 1900} 1920 1950} 19701 35
36 | 1430 | 1460 1500 | 1530 | 1570 | 1600 | 1630 | 1660 ] 1690 | 1720 1750| 1760] 18ic | 1840 | 1870 1900 1920 1950| 1980 2000 2030 36
37 | 14701 1500 | 1540 | 1580 | 1610 | 1640 | 1680 ) 1710} 1740} 1770] 1800 ) 1830 | 1860 | 1890 ) 1920) 1950| 1980 2000)] 2030} 2060} 2080} 37
38 | 1510 | 1540 | 1580 { 1620 | 1650 | 1690 | i720 | 1750 | 1790 | 1820 18%0{ 1880 | 1910 1940 | 1970 2000 2030 | 2060 2090 | 2110 2140 38
39 | 1540 | 1580 | 1610 | 1650 | 1690 | 1720 | 1760 | 1790 | 1820 1860 | 1890| 1920 | 1950 1980 | 2010| 2040{ 2070 | 2100| 21% | 2160 2180 39
%0 | 1570 § 1610 | 1650 | 1690 | 1720 | 1760 | 1800 | 1830 | 1860 1900 ) 1930 1960 | 1990 | 2030 | 2060| 2090| 2120] 21%0] 2170 | 2200 | 2230 %0

41 1610 | 1¢50 | 1690 { 1730 | 1770 | 1800 1840 | 18801 1910) 1950] 1980] 2010 )] 2040} 2080 | 2110} 2140} 2170 | 2200 22390 2260 § 2290 | &)
42 1630 1690 | 1730 1770 1810 1840 { 1880 | 1920 | 1950 1990 | 2020 2060-] 2090 | 2120 2150 | 2190 | 2220 ] 2250 | 2280 | 2310 2340 | 42
43 1680 | 1720 | 1760 1800 1840 1880 1920 | 1960 1990 | 2030 ] 2060} 2100 | 2130 | 2170 2200 | 2230} 2260 2290{ 2330| 2360 | 2390 a3
44 1720 | 1160} 1800 1640 1880 | 1920 | 1960 | 2000 | 2030] 2070} 2110| 2140 | 2180 2210 2240 ( 2280 2310 | 2340 | 2370 | 2410 | 2440 | 44
45 1740 1790 | 1830 | 1870 | 1910 1950 | 1990 | 2030 2070 2110 | 2140) 2180 ) 2210 2250 ) 2280) 2320| 2350] 2380 2420) 2450 | 2480 ) 45

46 | 1780 | 1820 | 1870 | 1910 | 1950 | 1990 | 2030 | 2070 2110 2150 | 2190 | 2220 | 2260 2290 | 2330 2360 2400 | 2430 | 2460 2500 2530 46
47 | 1810 | 1860 | 1900 [ 1950 | 1990 | 2030 | 2070 | 2120 | 2150 | 2190 | 2230 2270 ) 2300 ) 2340 ] 2370| 2410] 2440 2480 | 2510} 2540 | 2580 ] 47
48 11840 | 1890 | 1940 | 1980 | 2020 | 2070 | 2130 { 2150 | 2190 | 2230} 2270) 2300} 23s0| 2380} 2410} 2430| 2480} 2520] 2550| 2590 ) 2620) 48
49 11870 | 1920 | 1970 | 2010 | 2060 | 2100 | 2140 | 2180 | 2220 2260 | 2300| 2340] 2380 | 2420 2450 2490 2520 | 2560 2590 2630 2660 49
50 § 1910 | 1960 | 2010 | 2050 | 2100 | 2140 | 2190 | 2230 | 2270 2310 | 23s0] 2390 | 2430 2470} 2500 2540 2580 | 2610} 2650] 2680 | 2720 SO

uvers T MR AdOwASE . RESERVOIR ELEVATION 1600 TO 1700
| | ~ VALVE OPENING, PERCENT 5 TO 50




| 'SOUTH HOLSTON DAM s
" HOWELL-BUNGER VALVE DISCHARGE |

IN CUBIC FEET PER SECOND

TENNESSEE VALLEY AUTHORITY _ENGINVE,ERlNG LABORATORY

1 o  RESERVOIR ELEVATION 13
3 ' — 44

1600 1605 1610 1615 1620 1625 1630 1635 1640 | 1645 1650 1655 1660 1665 1670 | 1675 1680 { 1685 1690.1 1695 1700

51 | 1940 1990 | 2040 | 2090 2130.| 2180 | 2220 | 2260 | 2300 | 2350 | 2390 | 2430 | 2470 2500 2540 | 2580 | 2620 | 2650 | 2690} 2730 | 2760} 51
52| 1970 | 2020 | 2070 | 2120 2160 | 2210 | 2250 | 2300} 2340 | 2380 2420 | 2460 2500 | 2540 | 2580 2620 2660 | 2690 | 2730 2770 ] 2800} 52
.53 | 2010 2060 | 2110} 2160 2210 | 2250 | 2300 | 2340 | 2390 | 2430 2470 2510 | 2550 2590 2630} 2670| 2710| 27150 2790} 2820 | 2860 | 53
54 | 2040 2090 | 2140 | 2190 | 2240 | 2290 | 2230 | 2380 | 2420 | 2470} 2510 | 2550 | 2590 | 2630 | 2670} 2710| 2750 | 2790 | 2830 | 2860 | 2900 | 54
551 2070 2120 | 2180 | 2220 | 2270 | 2320 | 2370 | 2410 | 2460 | 2500 2550 | 2590 |. 2630 | 2670 | 2710 | 2750| 2790 | 2830 | 2870 | 2910 | 2940 | 55

56 | 2100 2150 { ‘2210 | 2260 2310 2350 | 2400 | 2450 2490 | 2540 ] 2580 2620 2670 | 2710 | 2750 | 2790; 2830 2470 2910 2950 2990 | 56
87 | 2240 2200 | 2250 | 2300 2350 | 2400 | 2450 | 2490 | 2540 | 2590 2630 26710 2720 | 2760 2800 2840 | 28801 2920 29860 3000 | 3040 | 57
58 | 2170 2230 2280 { 2330 2380 2430 2480 | '2530 | 2580 | 2620 | 2670 2710 2760 | 2800 2840 2880 | 2920 2970 ; 3010 3040 | 3080 | 58
§9 | 2200 2260 2310 | 2360 2410 2470 2510 | 2560 2610 | 2660 2700 | 2750 2790} 2840 2880 | 2920| 2960 | 3010 | 3050 3090 | 3130 | 59
60 | 2230 2290 | 2340 | 2390 2450 | 2500 { 2550 | 2600 | 2650 | 2690 2740 2790 2830 { 2880 2920 | 2960 3000 | 3050 3090 3130 3170 | &0

61 | 2260 2320 2370 | 2430 2480 | 2530 | 2580 2630 | 2680 2730 2780 2820 2870 | 2910 ) 2960 3000§ 3040) 3090] 3130 3170 | 3210} 61
62 | 2280 2340 | 2390 2450 2500 | 2550 | 2610 | 2660 | 2700} 2750 2800 2850 2990 | 2940 2980 | 3030} 3070| 3110 3160 3200 3240 | 62
63 | 2310 2370 | 2420 | 2480 2530 2590 2640 2690 | 2740 2790 2840 2880 2930 | 2980 3020 3070 3110} 3150 3200 3240 | 32280 | 62
- 6% | 2340 2400 | 2460 { 2510 2570 | 2620 | 2670 | 2720 | 2780 | 2830 2870 | 2920 2970 3020 3060 3110} 3150 3200 | 3240 3280 | 3320 | 64
65 | 23710 2430 7 2490 | 2540 260C-| 2650 | 2710 2760 ] 2810 | 2860 2910 2560 3010 3050 | 3100) 3150| 3190} 3240} 3280 3320 3370 | 65

66 | 25400 2460 | 2520 ) 2580 2630 | 2690 | 2740 2790 § 2850 | 2900 2950 3000 | 30460 | 3090 3140 | 3190 | 3230 3280 | 3320 3360 | 3410} 66
67 | 2520 2480 1 2540 | 2600 2450 2710 2760 2820 | 2870 | 2920 29710 | 3020 3070 | 3120 3170 | 3210} 3260] 3300| 23330 3390 | 3440 67
88 | 2440 2500 | 2560 | 2620 2680 | 2730 | 2790 | 2840 | 2890 | 2940 | 3000 3050 3100 | 3140 3190 | 3240 3280 | 3330 | 3380 3420 | 3460 | 68
<69 | 2470 2530 | 2590 | 2650 2710 2760 | 2820 2870 ] 2930} 2980 | 3030 3C80 | 3130 ) 3180 3230 ] 3280) 33203 3370 ] 3420 3460 | 3510} &9
- 70 | 2500 ] 2560 | 2620 | 2680 | 2740 | 2800 2850 2910 | 2960 3020 3070 | 3120 3170 | 3220 3270 | 3320 3360 23410 | 3460 3500 3550 | 70

71 | 2530 2590 | 2650 | 2710 2710 2830 | 26890 | 2940 | 3000 | 3050 3110 ] 3160 3210 | 3260 3310 | 3360| 3400 | 3450 3500 35507 3590 | N1
72 | 2550 2610 ] 2670 ] 2740 2800 2850 | 2910 2970 | 3020 | 3080 3130 3180 3230 | 3280 | 3330 -3380| 2430 34860 3530 | 3570 | 3620| 712
- 73 | 2580 2640 | 2710} 2770 283¢ 2890 | 2950 { 3000 | 3060 | 3110 3170 3220 3270 | 3320 | 3370] 3420 ) 3470| 2as20] 3570 3610 | 3660} 13
14 | 261C 2670 | 2740 | 2800 2860 | 2920 | 2980 § 3040 | 3090 3150 3200 | 23260 3310 | 3360 3410 | 3460 3510| 3560 | 3610 | 3660 3700 | 74
75 | 2630 | 2690 2760 2820 2880 2940 § 3000 | 3060 3120 3170 | 3230 | 3280 | 3330 | 3390 ] 3440 | 3490 | 3540 3590 | 3640 3880 37130°1 15

76 | 2660 2720 | 2190 | 2850 2910 | 2980 { 3040 3090 3150 3210 3260 3320 3370 | 3420 34801 3530| 3580{ 3630} 36801 3730} 3770} 16
77 | 2680 2740 | 2810 | 2870 2940 3000 | 3060 | 3120 | 3180 | 3230 3290 | 3340 3400 | 3450 | 3500} 3550| 3610) 3660} 3710 3750 3800 77
18 | 2700 2760 { 20630 | 2900 2960 3020 | 3080 3140 | 3200 3260 3310 | 32370 3420 | 3480 |. 3530 | 3580 3630 3680 | 3730 | 3780 | 3830 | 78
79 | 2720 1 2790 | 2B60 | 2920 2990 { 3050 | 3110 | 3170 | 3230 | 3290 | 3340 | 3400 3450 | 3510 3560 | 3610} 3670} 3720| 3770 3820 3870} 19
80 | 2750 2820 | 2880 | 2950 |.3010 | 3080 | 3140 3200 | 3260 3320 3370 3430 1§ 3490 3540 3590 | 3650) 3700) 3750 3800 36850 3900 | €0

81 | 2770 2840 | 2900 | 2970 3030 | 3100 | 3160 | 3220 | 3280 | 3340 | 3400 | 3450} -3510 3570 | .3620] 3670} 3730 3780 ] 3830 3380 | 3930 81
82 | 2790 2860 | 2920 | 2990 3060 | 3120 | 3180 | 3240 | 3300 | 3360 | 3420 ] 3480 3540 | 3590 ] 3650| 3700 3750 | 3800 | 3860 | 3910 | 3960 | 82
83 | 2820 2890 | 2960 | 3020 | 3090 | 3150 | 3220 | 3280 | 3340 | 3400 | 3460 ] 3520 | 3570 | 3630} 3680 | 3740 3790 3850 | 3900 3950 | 4000 | 83
B4 | 2840 | 2910 | 2980 | 3040 3110 | 3180 | 3240 | 3300 | 3360 | 3420 | 3480 | 3540 | 3600 | 3650 ( 3710 3770 | 3820 | 3870 | 3920 | 3980 | 4030} 84
85 | 2860 | 2930 | 3000 | 3070 | 3130 | 3200 | 3260 | 3330 | 3390 | 3450 3510 | 3570 | 3620 | 3680 | 3740 | 3790| 33850 3900 | 3930 %000 | 4060 ] 85

as |'2880 2950 | 3020 | 3096 | 3150 | 3220 | 3280 | 3350 | 3430 | 3470 | 3530 | 3590 | 3650 3710 | 3760 3820 3870 3930 3980 | 4030 | 40807 86
871 | 2900 2970 | 3040 | 3110 | 3180 | 3240 | 3310 | 3370 | 3430 | 3500 | 3%60 | 3620 | 3670 | 3730 | 3790 3840| 3900} 3950] 4010 4060 | 4110 | 87
88 | 2900 | 2980 | 3050 | 3120 3190 | 3250 | 3320 | 3380 | 23450 | 3510 | 3570 36301 3690 3740 | 3800] 3860] 3910} 3970 | 4020 | 4070 | 4130 | o8
#89 | 2910 | 2990 | 3060 | 3130 3200 | 3260 | 3330 | 3390 | 3460 | 3520 3580 ]| 3640 | 3700 3760 3810} 3870 3930 | 3980 4030 4090 | 4140 | 89

JuLY 1974 | " THERAXIMUR VALVE OFENING RESERVOIR ELEVATION 1600 TO 1700
i SHOULD NOT EXCED # | ~ VALVE OPENING, PERCENT 51 TO 89
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TENNESSEE VALLEY AUTHORITY

o SOUTH HOLSTON DAM |
HOWELL-BUNGER VALVE DISCHARGE

IN CUBIC FEET PER SECOND

ENGINEERING LABORATORY

T RESERVOIR ELEVATION 515
ot ) - ' 4L
1700 1705 1710 1715 1720 1725 1730 1735 1740 1745 1750 1155
1 1
2 2
k] 3
4 . o 4
41 190 200 200 200 200 210 210 210 210 220 220 220 5
[ 250 260 260 260 270 270 270 270 280 280 280 290 - [
7 330 330 330 340 340 - 350 |- 350 350 360 350 310 370 7.
: 390 39¢ 400 400 400 410 410 420 420 430 430 440 ]
9 440 450 460 450 470 470 480 480 490 490 500 500 9
10 500 5_10 510 520 530 530 540 540 550 560 560 570 10
11 560 570 $80 580 590 600 600 610 620 620 630 640 11
12 630 640 640 650 £60 670 - 670 680 690 700 00 710 12
13 700 710 710 720 730 740 750 160 760 770 780 190 13
14 760 7170 - 180 790 800 810 820 830 B840 850 850 860 14
‘18 840 850 860 8710 " 880 890 900 910 920 920 930 940 15
18 9S00 920 93¢0 940 950 960 970 980 990 1000 1010 1020 16
17 970 980 990 1000 1010 1030 1040 1030 1060 1070 1080 1090 17
18 | 1030 1040 1050 1060 1080 1090 1100 1110 1130 1140 | 1150 1160 18
19 | 1090 1100 1120 1130 1140 | 1160 1170 1180 1190 1210 .| 1220 1230 19
20 | 1150 1160 1180 1190 1200 1220 1230 .| 1240 1260 1270 | 1280 1300 20
21 | 1200 1210 1230 1240 1260 1270 12%0 1300 1320 1330 1340 1360 21
22 | 125¢ 1270 1280 1300 1310 1330 1340 | 1360 1370 1390 1400 1420 - 22
23 {1310 1320 1340 1360 1370 1390 1400 1420 1430 1450 1460 1480 23
24 [ 1360 1380 1390 1410 | 1430 1440 - | 1460 1470 1490 1510 152¢C 1540 24
25 | 1410 1430 1440 1460 1480 1490 1510 1530 1540 | 1560 1580 1590 28
26 | 1460 1480 1500 1520 15640 |.1550 1570 1590 1610 1620 1640 1660 26
27 | 1520 1540 1560 1580 1600 1610 1630 1650 1670 1680 1700 1720 27
28 [.1580 1600 1620 1640 1660 1680 1700 1720 1740 1750 17170 1790 28
29 | 1640 1660 1680 1700 17120 1740 17860 1780 1800 1820 1840 1850 29
30 | 1690 1710 1730 1750 1710 1790 1810 1830 1850 1870 1890 1910 30
3 1750 17170 1790 1810 1830 185¢ 1870 1890 1910 19390 1950 1870 31
32 | 1800 16830 1850 18710 1890 1910 1930 1960 1980 2000 2020 2040 ‘32
33 | 1860 1880 1910 1930 1950 .| 197¢ 1990 2020 2040 2060 2080 2100 33
34 | 1920 1940 1960 1990 2010 2030 2050 2080 2100 2120 2140 2160 34
35 | 1970 2000 2020 2040 2070 2090 _2120 2140 2160 2180 2210 | 223¢ 38
36 | 2030 2050 2080 2100 2130 2150 2180 2200 2220 2250 2270 2290 36
37 | 2080 2110 2140 2160 2190 2210 2260 2260 2280 2310 233¢ 2360 37
28 | 2140 2170 2190 2220 2250 2210 2300 2320 2350 2370 § 2400 2420 38
39 | 2180 2210 2240 2260 2290 2320 2340 2370 2390 2420 2440 2470 39
40 | 2220 2260 2290 2310 2340 2370 2390 2420 2450 2470 2500 2520 40
41 | 2290 2320. | 2350 2370 2400 2430 2460 2480 2510 2530 2560 2590 41
42 | 2340 ‘2370 2400 2420 2450 2480 2510 2540 2560 2590 2620 2640 42
43 | 2390 2420 2450 2480 2500 | 2530 2560 2590 2620 2640 26170 2700 43
44 | 2440 2470 2500 2530 2560 2590. | 2610 2640 2670 2700 2730 27150 44
45 | 2480 2510 2540 2570 2600 2630 2660 2690 2720 2750 2110 2800 45
46 | 2530 2560 2590 2620 2650 2680 2710 27140 2770 2800 2830 2860 46
47 | 2580 2610 2640 2670 2700 2730 2170 2800 2820 - 2850 2880 2910 47
48 | 2620 2650 2680 2720 2150 2180 2810 2840 2870 2900 | 2930 2960 48
49 1 2660 2690 2730 2760 27190 2820 2860 2890 2920 2950 | 2980 3c1o 49
50 _2120 2150 2790 2820 28BS0 2880 2920 2950 2980 3010 3040 3970 50
JULY 1974 * THE MINIMUM ALLOWABLE

VALVE OPENING 1S 5 PERCENT

RESERVOIR ELEVATION 1700 TO 1755
VALVE OPENING, PERCENT 5 TO 50




SOUTH HOLSTON DAM s
HOWELL-BUNGER VALVE DISCHARGE

IN CUBIC FEET PER SECOND

TENNESSEE VALLEY AUTHORITY . _— _ ENGINEERING LABORATORY
L 95 RESERVOIR ELEVATION
3 . . , 2zt
>o # : ; >a
1700 | 1705 | 17i0 | 1705 | 1720 | 1725 | 1730 | 1735 | 1740 | 1745 | 1980 | 1985
51 [ 2760 | 2190 | 2830 | 2860 | 2900 | 2930 | 2960 | 2990 | 3030 | 3060 | 3090 | 3120 T ' 51
52 | 2800 | 2840 | 2070 | 2910 | 2940 | 2970 | 3010 | 30407 ] 3070 | 3160 | 3140 | 3170 | - ‘ 52
53 [ 2860 { 2890 | 2930 | 2560 [ 3000 | 3030 | 3070 | 3100 | 3130 | 3170 | 3200 | 3230 . 53
54 | 2900 | 2940 | 2970 | 3010 | 3040 | 3080 | 3110 | 3150 | 3180 | 3210 | 3250 | 3280 : . 54
55 [ 2940 | 2980 | 3020 | 3050 | 3090 | 3120 | 3160 | 3190 | 3230 | 3260 | 3290 | 3330 , : 55
56 | 2990 | 3020 | 3050 | 3100 | 3130 ) 3170 | 3200 | 3240 | 3270 | 3310 | 3340 | 3370 56
57 } 3040 | 3080 | 3120 | 3150 | 3190 | 3230 | 3260 | 3300 [ 3330 | 3370 [ 3400 | 3440 51
58 §3080 | 3120 | 3160 | 3200 | 3240 | 3270 | 3310 | 3350 | 3380 | 3420 | 3450 | 3490 | 58
59 [ 3130 | 3170 | 3200 | 3260 | 32e0 | 3320 | 3350 | 3390 | 3530 | 3460 | 3500 | 3530 , 59
60 3170 | 3210 | 3250 | 3290 | 3320 | 3360 | 3400 | 3340 | 3470 { 3510 | 3550 | 3580 , 80
61 [ 3210 | 3250 | 3290 | 3330 | 3370 | 3420 | 3440 | 3480 | 3520 | 3560 | 3590 | 3630 , 1
62 [ 3240 | 3280 [ 3320 | 3360 | 3a00 | 3440 [ 3480 | 3510 | 3550 [ 3590 | 3620 | 3es0 . 62
63 ] 3280 | 3320 | 3360 | 3400 | 3440 | 3480 | 3520 | 3550 | 3800 | 3630 | 3870 | 3MM0 | . 83
66 {3320 | 3360 | 3410 | 3450 | 3490 | 3530 | 3570 | 3600 | 3640 | 3680 | 3720 | 3760 : 64
65 | 3370 | 3410 | 3450 | 3490 | 3530 | 3570 | 3610 | 3650 | 3890 | 3730 | 3770 | 2600 &5
66 3410 | 3450 | 3450 | 3530 | 3580 | 3620 | 3680 | 3700 | 3740 | 3770 { 3810 | 2e50 - , 6
67 13440 | 3480 | 3520 | 3560 | 3610 | 3650 | 3690 | 3730 | 3770 | 3810 | 3880 | 2330 . 67
68 [ 3460 | 3510 | 3550 | 3590 | 3830 | 3680 | 3720 [ 3760 | 3800 | 3840 | 3880 | 3920 68
69 ] 3510 | 3550 | 3590 | 3640 | 3680 | 3720 | 3760 | 3800 | 3840 { 3880 | 3920 | 3980 |- ‘ 89
70 | 3550 | 3590 | 3640 | 3&80 | 3720 | 3770 | 3810 | 3850 | 3890 | 3930 | 3970 | soro 1 70
71 | 3590 | 3640 | 3680 | 3720 | 3770 | 3820 | 3850 | 3890 | 3940 | 3980 | 4020 | 4080 ' 7
72.} 3620 | 3660 | 3710 | 3750 | 3800 | 3650 | 3880 | 3930 | 3970 | 4010 | #050 | s0%0 : : 72
73 [ 3660 | 3710 | 3750 | 3800 | 3840 [ 2890 | 3930 | 3970 | 4010 | 4060 { $100 | 41s0 . 73
74 §3700 | 37150 | 3800 | 3840 { 3890. | 3930 | 3970 | 4020 | &060 | 4100 | 4140 | 2190 , : 74
75 | 3730 | 3780 | 3820 | 3870 | 3920 | 3960 | 4000 | 4050 | 4090 | 4130 | 4180 | 4220 75
- 16 | 3770 | 3820 | 3870 | 3910 | 3960 | 5000 | 4050 | a090 | 4140 | s180 | s220.| 4270 ' 76
77 } 3800 | 3850 | 2900 | 3940 | 3990 | 4030 | 4080 | 4120 | 4170 | 4210 | 4250 a300 77
78 {3830 | 3860 | 3920 | 3970 | 4020 [ 4060 | 4110 | 4150 | 4200 | «240 | 4290 | 330 : 78
79 }3870 | 3910 | 3960 | 4010 | 4060 | 4100 | 4150 | 4190 | s240 | s260 | 4330 | 4370 . - 19
80 | 3900 | 2950 | 4000 | 4050 | 4090 | 4140 | 4190 | 4230 | s280 | 4320 | 360 | 4410 , ) | 80
81 {3930 | 2980 | 4030 | 4070 | 4120 | 4170 | 4220 | 8260 | 4310 | a3s0 | s400 | 4440 . 81
-82 | 3960 | 4010 | 4060 | 4100 | 4150 | 4200 | 4250 | 4290 | 4340 | 5380 | 4430 | 4470 : ‘ 82
83 £ 4000 | 4050 | 4100 | 150 | 4200 | 4280 | 4290 | 4340 | 4380 | 4430 | 4480 | 4520 : 83
84 14030 | 4080 | 4130 | 4180 | 4230 [ 4270 | 4320 | 4370 [ #4410 | 4460 | 4510 { 4550 : o 84
85 2060 | 4110 | 4160 | 4210 | 4260 | 4300 | 4350 | 4400 | 4450 | 4s90 | 4540 | 4580 : _ 8%
86 [ 4080 | 4130 | 4190 | 4260 | 4280 | 4330 | 4380 | 4430 | 4480 | 4520 | 4570 | 4620 . 86
87 {4110 | 2160 | 4210 | %260 | 4310 | 4360 | 4410 | 4460 | 4510 | 4550 | 4600 | 4650 . 81
88 | 4130 | 4190 | 4230 | 4280 | 4230 | 4380 | 4430 | s480 | 4520 | 4570 | as20 | 4es0 - 88
#39- 1 8140 | 4190 | 4240 | 4290 [ 4340 | 4390 | 4440 | 4490 | 4540 | 4590 | 4630 | 480 89
JULY 1974 " THE MAXIMUM VALVE OPENING RESERVOIR ELEVATION 1700 TO 1755

SHOULD NOT EXCEED 89 PERCENT VALVE OPENING, PERCENT 51 TO 89
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ADVANCE REPORT NO. 1

SOUTH HOLSTON MODEL STUDIES

. This report presents the results of tests made on models of

' the spillway, Howell-Bunger valve structures, and stilling basin for the-
South Holston project. Entrainment of air in the prototype during both
spillway and Howell-Bunger valve operation will probably modify the
-results to some extent. The effect and amount of the change is unknown.
The results of the model tests can be summarized as followss

' Flow in the vertical shaft was rogular and free from surging
when the spillway crest was prov1ded with six piers as shown on Plate 1,

No negative pressures of any consequence were found to exzst
on the face of the spillwayo

_ A bend of 75-foot radlus between vertlcal shaft and tunnel
gave the best flow conditions in the tunnel.

: Flow-in_the,tﬁnnel was furthef_im@roved by placing a‘deflecfpf‘
immediately above the tuanel at the foot of the vertical shafts

. The rev1sed spillway has sufficient capaclty to pass the
required maximnm discharge at the desired head.

© Structures-in the branch tunnel below the Howell- Bunger valve.
were found to be necessary to produce smooth flow in the main tunnel,
" These structures consisted of a massive weir and a ‘horizontal deflector
immediately below tﬁe/HowellaBunger valves and a low weir with two -
" vertical piers at the end of the branch tunnel immediately above the
Y junction. . ,

‘Stilling basins V and Z, shown on Plate 2, provided;satisfac-
- tory dissipation of emergy at the tunnel outleto .Wave heights and
erosion were somewhat less for scheme Zo

~ DESCRIPTION OF PROJECT

: -The outlet works for the South Holston Project are located
some distance from the dam and consist of & morning glory type spillway,
128 feet in diameter on the crest line, discharging into a vertical
shaft 3|, feet in diameter. At the base of the shaft is a 90~degree



- bend comnecting with a horizontal tunnel, also 3l feet in diameter,

that extends some 1100 feet to a stilling basin which discharges imto
the river just below the dam. The reservoir 1is controlled, for head-.
water elevations below the crest of the spillway, by two 96-inch Howell-
Bunger valves located side by side in a branch tunnel 3 feet in diam- °
oter that intersects the main tunnel at an angle of 29 degrees some. 300
feet below the morning glory spillway. The valves are located 375 feet
upstrea.m from this ixrtersectiono The general la.yout is shcwn on Plate 1.

For normal operatlon of the system the tunnels will be only
partially full, Either tunnel may operate alone or both may operate
together, A : ' '

"~ DESCRIPTION CF TESTS

General

It was believed desirable for the flow in ‘the tunnels to be
as smooth and uniform as possible in order to prevent the tunnel from
£111ing momentarily and causing surges and vibrations that might damage -
the structure. Further, it was found necessary for the flow at the
tunnel portal to be smooth and uniform in order to. ensure proper oper-’

ation of the stilling basin. Most of the tests described in this report

were made to ensure smooth uniform flow throughout the structure. They:
were made on models at three difference scales, 1:100, 1:51, and 1:3l.
The detailed description indicates the scale used for any particula.r
tast, .

Morning Glory Spillway

¢

The spillway was\ oonstructed ag shown on Plate 1 to & sca.le
of 1:51 except that the diameter of the spillway on the crest line was
110 feet., It was found impossible to pass the required discharge with
this spillway at the design head. Consequently, it was necessary to
- inorease the diameter of the spillway on the crest line to 128 feet.
However, the enlarged spillway was constructed to a scale of 13100 and
calibrated with more topography surrounding it. The relationship be-
tween reservoir elevation and di.scharge is shown on Plate 3.

Flow in Spillway and Vertioal Shaft

The spillway was originally built without piers. - Its oper-
ation at the maximum discharge of 60,000 cfs was not satisfactory. The
vertical shaft was filled with water which surged up and down and back
~and forth across the spillway mouth, creating considerable disturbance. - .
Figure 1 shows one phase of this ‘condition., One cause of tho diffioulty '



appeared to be the large fin which formed on the side of the spillway

next to the hillside. This fin closed the shaft at the top, causing un-
- stable conditions. A remody was found in radial piers on the. crest, as.
shown on Plate l. Various numbers of piers from 2 to 8 were tried and it
was found thay 6 gave very satisfactory results. Figure 2 illustrates the -
same discharge with 6 piers. An attempt was made to improve the flow still
further by adding curved fins ahead of the piers. This arrangement is

shown in Figure 3. Comparison with Figure 2 shows that no particular qm-
provemsnx was reallzod. .

* Attempts were made to reduce the size of the fin still further

by changing the size of the excavated area around the rim of the spillway.. = .

The distance from spillway rim to toe of slope was varied from zero to
several hundred feet. A distance of 30 feet seemed to give the best:
results although the fin was not eliminated. . A smaller distance increased
the size and roughness of the fin and a greater distance did not give '
enough improvement to warrant the increased excavation cost.

Flow in-Tunnel

It was. desired that flow in the horizontal tunnel be smooth and
have a minimum of disturbance and wave action. The radius of the bend’
connecting the shaft with the tunnel was found to have a marked effect upon. -
. the flow in the tunnel. Elbows having radii of 38.2, 50, and 75 feet were
tested, With the short-radius elbow the flow in the vertical shaft tended
4o pass around the elbow with a .spiral motion that caused the flow in ‘the
tunnel to sway from side to side, resulting in unsymmetrical flow in the
stilling basin. Conditions were made smoother with the longer radius
elbows. The best results were obtained w1th the 75-foot radius,

: - Foer all e’ncws some disturbance was caused by the water which
came down the shaf} on the side above the tunnel. -As the shaft wall

curved away from the yertical at the bend, this portion of the flow was
left without a guiding wall. Consequently its direction of flow was
subject .to the influence of minor irregularities and was highly uncertain.’
Several schemes were provosed in an effort to remedy this condition. Two
of them are shown oun Plate 1 as schemes Q and AB., ' Schemé Q simnly blocked -
- off that portion of the spillway crest above the tunnel, Scheme AB blocked
off a portion of the spiliway shaft as well as the crest. 'Neither of these.
was suitable because of the increased head necessary to produce the
required dischargs. Scheme AB also caused the vertical shaft to fill.

_ The disadvantages of blocking off the crest were eliminated by
placing a deflecting block at the base of the wvertical shaft. It was
found that a deflector of the proper size and in the right location. could
be depended upon to produce stable and desirable flow conditions ia: the
tunnel. The action of the deflector was to force the water to the ‘outside
of the bend and prevent spiral flow in the tuanel, - Deflectors projecting
5, 6.5, 8, and 10 feet into the yertical shaft were tried. These all had .
. a slope of three vertical on one horizontal. For higher discharges the @ .
10-foot deflector caused the shaft .to flow full while the 5-foot one was - .



not effective. Bither of the other two was satisfactory.. The 6.5-foot
deflector was adopted for further testing, and it was found that best
flow conditions in the tunnel were obtained when this deflector was placed
in line with it, Moving the deflector to either side caused an uneven
water surface and standing waves in the tunnel., The first tests on these
deflectors were made on the 1351 scale model. A final model check was
made on the 13100 scale model in which more topography surrounding the
_ spillway could be reproduced. Figures l; and 5 show the improvement in
funnel flow caused by the 6. -font deflector,

Obsarvations of flow in the tunnel indicated that prototype
.flow would be considerably aerated with a corresponding increase in the - -
area of flow. The effect of this aeration upon flow in the tunnel is )
quite uncertain., The model tests indicated that the tunnel did not flow
full except when spillway and sluices were operating together at maximum
discharge. It is certain that aeration of the model is much less than
in the prototype and the effect: of this aeration upon the prototype
performance is uncertalno S

Pressures in Vertical Shaft .

: Pressures in the shaf of the South Holston zpillway were not
measured with the corresponding South Hols ton topogravhy. Eowever, obser=-
vations of pressure at a number of piezometers in the morning glory were
" made on the Watauga spillway which is identical in design with the South
Holston spillway. The locations of the plezometers are shown on Plate 2 _
of Advance Report No. 1, Watauga Model Studies, and the pressures at these_
plezometers are given in Table 1 of that report. These pressures were

measured with the Watauga +opography around the spillway but it is believed
~ that they are essentially the same for the South Holston spillway.

Water Surface Profile s

The height of tﬁe radial piers in the spillway crest was governed
by the water surface profils for the maximum discharge., Plate 1 shows the
water surface adjacent to the pier face for a discharge of 60, OOO ‘cfso

 HOWELL-BUNGER VALVE OPERATION

Operation of . the Howelleunger valves in the branch tunnsl
showed that auxiliary structures were necessary to reduce.the velocity
of the flow in the braanch tunnel before it entered. the main tunnel, j
Figure 6 shows & discharge of 10,000 cfs entering the ‘main tunnel from
the branch tunnel with no- energy-dissipating structures below the valves.
The high-velocity flow along the bottom loops comple tely around the. main
tunnel just below. the Y, This is a very undesirable condition, and a



number of tests were made for the purpose of praduc1ng smooth ‘flow in the
main tunnels Preliminary studies of suitable structures below the valves
~ were made. on & 1:3l, scale model. The design was refined and developed to .
_completion on a 1:51 scale model made of transparent material go that the -
performanoe could be observed. .

.Plate 1 shcws a number of the various structures that were tried.

L TheAring shown as scheme BL worked fairly well when both.valves were dis-

charging but was unsatisfactory for only one valve. Piezometers in the
ring showed the existence of pressures as low as 20 feet below.atmosphers -
and the possibility of damage by cavitation. The tests soon showed that
two sets of structures were necessary. A deflector and weir were required
immediately below the Howsll-Bunger valves to reduce the velocity in the
branch tunnel and a weir was needed at the end of the branch to ensure °
that the velocity remained low as it entered the Y, These two structures

. Were complemantary as one aided the operation of. the other,

The weir and deflector shown as scheme BR gave satisfactory flow
conditions in the tumnel, but piezometers placed as shown on Plate 1 indi- -
cated that the pressures were apt to be low enough to induce cavitation. .
Pressures varied with the dlstance of the sill from the .ead of- theuvalve.:
Table 1 gives the results of pressure measurements. It may be seen that
pressures 20 feet below atmosphere were obtained. S

TABLE 1

. PRESSURES ON WEIR

" SCHEME BR

Both Valves 0penj>

' DiSfahoe'

"Test - . . Below Valve _ 'Pressufe in Feet of Water

Niumber in Feet ) ! o b - . . C
220 | 1565 o . $52.5 -29;0. o ;900
221 : ) 35°5 : S ' ] *3605 . . “’1200 o . 0
22 LLS. . 43,8.0 -0 *2,‘5.—_

The arrangment that gave. the best operation is shown as scheme -
CD on Plate 1, Immediately below the valve was a heavy 8ill 15 feet high
and 15 feet thick, which operated in conjunction with a horizontal .
deflector near the roof. Table 2 shows that the pressures on,this weir .
were much more favorable than for the other structures. It will be seen . .



 that the location 11,5 feet below the valve gave the best results with
respect to negative pressures. Flow conditions downstream were also best -
with the weir at this location. Figure 7 shows the flow conditions in
the tunnel below the structures for the best weir position with both valves
operating. There was considerable turbulence below the weir which was soon
smoothed out into quiset flow down the tunnel. Figure 8 shows the perform-
ance of the same structures with the weir placed closer to the valve.
Here high-velocity flow persisted for a considerable distance downstream.
Figure 9 illustrates the performance for discharge through one valve only.

Operation of the Bowell-Bun.ger valves required that a consid-
erable amount of air be supplied to the tunnel. The location of the air
.-vent 1s shown on the drawing. A '

The structure of the Y consisted of a sill 7.36 feet high and
two vertical piers 5 feet thick, reaching from bottom to top of the branch
tunnele Both sill and piers were so shaped that they formed a continuation .
of the main tunnel wall as high as the horizontal diameter. For moderate . ..
spillway discharges, therefore, the walls of the main tunnel were contin-
uous. The effect of the sill was to maintain a considerable depth of
water in the branch tunnel thus reducing the velocity. The streamlined
plers served to introduce the flow quietly into the main tunnel., Figure.
10 shows flow from the branch into the main tunnel with no spillway dis--
charge. .

‘ The structures. immediately below the Howell-Bungar valve, shown
as scheme CD, gave fairly satisfactory operation. The design was not

refined further because of lack of time. Subsequent tests on the low-

level outlet for the Fontana spillway indicated that better results may
be obtained with simpler structures. -

STILLING BASIN OPERATION.
T — —

Conditions at the end of the tunnel made it necessary to provide
a stilling basin to protect the outlet structures. The design of the '
stilling basin was carried out on the 1351 scale model. The principal
problem encountered was that of spreading the discharge as it left the tun-
nel so that. the flow would be uniformly distributed across the stilling
basin and the velocities at the end would be low. It was desired that the"
length of the ‘stilling basin be kept to a ninimum. * Plate 2. shows several
schemes tested in an attempt to spread the jet issuing from the tunnel
toward the sides of the stilling basin, Stilling basins A, B, and € used
an elevated floor in the center of the channel to accomplish this. The
results were not satisfactory. Figure 11 shows basin A operating at a
~discharge of 10,000 efs. Eddies occurred over the sill at: the end. of the
structure. Figure 12 shows stilling basin € operating at a discharge of



R | TABLE 2

PRESSURES- ON WEIﬁ

 SCHEME CD
: Distazce | " Pressure in Feet of Water:
Test Below — ‘ A — ' -
Number Valve a - b .6 d e
, in Feet | = - "
:ﬁoth Valveslopeq
239 745 $13 “3.0 | -9.C 3.0 | $l.5
2l 945 $38 .| - © 270 . | 2.0 | 43.0
22 . 10.5 352 $0.5 6.0 - =2,0 $3.0
236 | 115 $55 -1.0 =540 =260 ' $3.0
243 12,5 ° 56 | =2.0 =640 =2.0 | 43,0
2,0 | 135 | 453 | -heo 6.0 | 3.0 | #3.0
- 235 15.5 57 =640 | 6.0 | =2.5 | 42,0
237 19,5 .| 453 | -9.0 | -6.0" 2.0 - | 43,5
238 ' 25.5 3’&8 “‘11.0. - ’ “5@0 V’OOS . . '5'505
Cne Valve.Qpen
2l 1150 | 426 | 420 | -10 | 1.0 | 415

v
N I

20,000 cfs. The edd§ illustrated here shows that there was no. flow down

the right side of the basin. Some improvement of flow distribution was
obtained by placing a tapered pier in the trensiticn between tunnel and -
8tilling basin, as shown for stilling basin N, Plate 2. Still further im-
provement was made by placing triangular deflecting blocks in the upper -

inside cormers of the tunnel outlets, as shown for stilling basin V., This -

design gave much more satisfactory operation, as illustrated by Flgure 13,
which shows a discharge of 40,000 cfa,

The performance was improved by 1ncreasing the length of ths .
basin-50 feet, as for basin Z, Velocities at the end were reduced and.
.there was less ercsion and lower wave heights., Table 3 is a comparison
of erosicn depths and wave heights for basins V and Z,



The operation of stilling basin Z for small discharges was sOme- -
what unsymmetrical as illustrated by Figure 15, which shows a discharge . .-
of 10,000 cubic feet per second. For. such small discharges, however, ve-
locities at the end of the structure wers:very low va.nd there seemed to be
no da.nger of erosion.

The height of the end sill was fixed at 6 feet. Four different
ups‘hream slopes were tested; 1 on2, 1 on 1, 2 on 1, and ly on 1.  The :
best results were obtained with the 2 on 1 slope. Wave heights dowmstream
were increased with a steeper slope, while a slight slope allowed the - :
hydraulic jump to move nearer the end of the bas:.no
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" TABLE 3

. BROSION DEPTHS AND WAVE HEIGHTS

STTLLING BASINS V AND Z

- 7. 8tiiling Basin V. - Stiiling Basin 2
" - Discharge Maxivum Wave Hoights - » . Maxirun Wave Hoights
—_— : — - Erosion , — ' Erosion | (- '
Spillway Sluices  Test .| at 8111 | 100* | hLcow Teat at 8111 100* 350%
cfs - cfs. Nuber | in Feet Foot Foot . Nuabor in Feot Feot Fest
0 710,000 169 -0 - - | . 198 0 - - -
10,000 - 0. 170 8 - . - 199 1 = -
10,000 10,000 o S 200 2 1 1
20,000 - 0 171 6 3 1 196 -3 1 1
20,000 10,000 - ‘ 202 3 3 2"
30,000 o 201 3 3 2
. 30,000 . 10,000 L 20k L 3 2
4Yo,000 . 0 172 5 6 4 203 3 3 3
40,000 . 10,000 206 10 4 4
. 50,000 - O 205 6 5 b
50,000 10,000 5 - . - CA97 12 8 -5
60,000 -~ 0 .| 173 - 9 ‘15 10 9% - 8 8. | 5 .
60,000 10,000 |. 1Tk .16 115-20 10-12 C 195 - 15 7-10 | 5

.- % Distance downstresm from sill.

_ Length of stilling basin V
Length of stilling basin 2

300 foet.
350 feet..

o
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Figure 1.o-Morning glory spillway without piers. Toe
" - of bank 30 feet from spillway. Disohar
60,000 cubic fecet per second.

Figure 2. --Morning glory spillway with 6 piers.' Toe
" of bank 30 feet from spillway. Discharge, N
60,000 cubic feet per secondo - .



i

'Figure 50-—Morning glory spillway with 6 piers and
‘ourved fins. Toe of bank 30 feet from -
spillway. Discharge, 60, 000 cubic feet

, per second. o

',Figura h.--Spiral flow 1n elbow and. ‘tunnel with’ no . ,
' deflector in the spillway shaft. Discharge,
60,000 cubic feet per seconds. . . ,



Figu.re 5.—-Smoo‘hh uniform flow 1n elbow and tunnel

_ with the 6.5-=foot deflector in the spill-
way shafte. Discharge, 60,000 cubic feet
per second. '

Figure 6.--Spira1 high-veloci.ty £low below tunnel’
intersection with no energy-dissipating :
structures in the tumnel, Valve discharge,
10,000 cubic feet per seconde -



Figure 7 «==Operation of energy-dissipating structures,'

schems CD, 11,5 feet below the. valves. The

. flow does not f£ill the tunnel at any place.
’ Discharge, 10,000 cubic feet per second. :

"Figure 8.--Operation of. energyhdissipating structures,
scheme CD, with the weir too close to the
valves. Water. splashes ¢a the tunnel roof

_.at the weir and high-velocity flow persists
4n the tumnel. - Discharge, 10,000 cubic feet
per seconde .. .



Figure 9.--0peration of energy-disaipating structures,
, scheme CD, 11.5 feet below the valves. One
valve discharging 5,000 cubic feet per second.

_ Figure 10, ==Smooth low-velocity flow below tunnel -
intersection, with valve and wye energy-
- dissipating structures in place.  Valve
- discharge, 10,000 cubic feet per seconde
Comparse Wi‘th Figure 60_ o



Figure 11.--0peration with stilling basin Am
_ . charge, 20,000 cubic feet per: second.

Figure 12.--0perat10n'wiﬁh stilling basin C. Dis-
: charge, 20,000 cubic feet per second.

Dis=-
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Figure 13.--Operation with stillifg basin V. Discharge,

L,0,000 cubic feet per second.

Flgure lh.--Operation with st:.lling basin 2. Dis-
- charge, }40,000 cubic feet per second.



Figure 15.--0pera.tionwith stilling bas::.n Z. Dis-
' charge, 10, 000 cubic feet per second.
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RESERVOIR OPERATION OVERVIEW

South Holston is a multipurpose tributary project located on the
South Fork of the Holston River in northeastern Tennessee. South
Holston is operated for many purposes, including flood control,
augmentation of flows for navigation and water supply, hydropower
production, water quality, recreation, and aquatic ecology. It is
an earth and rockfill dam with 1 hydroelectric unit installed.
Construction originally began in early 1942, but was curtailed
after about a year in favor of other war time construction efforts.
Construction resumed in 1947, the dam was closed in 1950, and the
hydroelectric unit began operation in 1951.

South Holston Reservoir has an annual pool variation of about 35
feet during normal years. This fluctuation is necessary to provide
for seasonal flood storage and for economical augmentation of flows
during the drier seasons of the year. In 1991, construction was
completed on a reregulating weir immediately downstream of the dam
to help provide minimum flows and increased dissolved oxygen
content in the river. The tailwaters now support a thriving cold
water fishery.
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FIGURE 8 - Saddle Dam is on the right rim, 4.5 miles from the main dam
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SOUTH HOLSTON PROJECT

SUMMARY OF PRINCIPAL FEATURES

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

LOCATION

On South Fork Holston River at river mile 49.8; in Sullivan County,
Tennessee; 7 miles southeast of Bristol, Tennessee/Virginia; 110 air
miles northeast of Knoxville, Tennessee.

CHRONOLOGY
Initial appropriation by Congress.................. December 17, 1941
Authorized by TVA Board of Directors............. ... January 15, 1942
Construction started............ ... ... ... . L. February 16, 1942
Construction deferred......... ... ... . . i, April 15, 1943
Construction resumed.......... ...t iinenneanns August 4, 1947
DaAam ClOSUL e . . . it ittt e ettt i ettt ettt November 20, 1950
Power unit in commercial operation................. February 13, 1951
Reservoir Release Improvements - completed......... December 30, 1991

PROJECT COST

Initial project, including one unit

and switchyard. ... ... ... ... ittt ittt $31,242,224

Reservoir Release Improvements ..............c.couiiicuneennn $2,400,000

Total including switchyard.......................... $33,642,224
STREAMFLOW

Drainage area at dam.......... ...t 703 sq. miles

Gaging station discharge records
At Bluff City, Tennessee, July 1900 to

May 1953; drainage area............. ..., 813 sg. miles
Below South Holston Dam, July 1951
to date; drainage area .......... ... .. ... 703 sqg. miles
Maximum known flood at dam site: ‘
Natural (L1867 ) ... i ittt ittt ittt s eeeeeeseeneneenenn 45,000 cfs
Regulated...... ... ... . ittt ii e 10,000 cfs
Average unregulated flow at dam site,
estimated (1900-1969) .... ... . . ..ttt 980 cfs

Minimum daily natural flow at dam site
(1925) , approx......... e h e i e et e e e et e 100 cfs
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RESERVOIR

Counties affected:

State of Tennessee . ... ... ...ttt eenaeennnn
State of Virginia............ ... ... ...

Reservoir land at May 1996:

Fee simple..... ... ... ... ... i iiiinnenn.
Easements . .. .. ... . . it e e e e
b 1 - 1
Transferred........ ...ttt eeneenns

Operating levels at dam:

Probable maximum flood elevation............
500 Year flood elevation....................
100 Year flood elevation....................
Maximum used for design (133,000 cfs) .......
Spillway crest (area 9,010 ac.) .............
Summer maximum pool (area 7,580 ac.) ........
Winter minimum pool (area 4,860 ac.)........

Backwater, length at normal

maximum pool level ........... ... iiineennnnn
Shoreline, length at normal maximum pool level:
Main shore.......... ... ... i,

Original river area (to el. 1742 crossing)
Storage (flat pool assumption):
Total volume:

At spillway crest (el. 1742) ................
At normal maximum pool (el. 1729) ...........
At normal minimum pool (el. 1675) ...........

Reservation for flood control on:

January 1 (el. 1742-1702) .......... @ ciuoe...
March 15 (el. 1742-1713) ... .. iiiiiinnnnn
Useful controlled storage..................... ...

(el. 1742-1675)

TAILWATER

Maximum used for design (71,000 cfs) .............
Full plant operation (1 unit) ....................
Unit operating at best efficiency................
Minimum level . ... ... .. ... .. ittt

Tailwater Weirs (See Figure 10)

South Holston 15

......... 23.

.......... 16
8 miles
.......... 16

..... 764,000
..... 657,500
..... 326,000

..... 290,200
..... 220,000
..... 438,000

178 ac.
858 ac.

’_l
~]
n
(6]
OO0 O0OO0O0OO0O-N

7 miles
0 miles

8 miles

ac.-ft
ac.-ft
ac.-ft

ac.-ft
ac.-ft
ac.-ft

.1513.0
.1489.1
.1489.1
.1484.3
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FIGURE 10 - Tailwater Weirs, September 1999
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HEAD (Gross)

Maximum static (el. 1742-1484.3) .. ... ..ttt iiieneiennnnnn 257.7 £t
Normal maximum operating (el. 1729-1489) .................... 245.0 ft
Average operating . ... ... ... it i e i e e e 225.0 ft
Minimum operating (el. 1616-1490) ....................uo.. 170.0 ft

RESERVOIR ADJUSTMENTS

Clearing ... ittt it ittt it et e e e e 4,378 ac.
Highways:
ACCOSS -« o v e et e e e e e 4.5 miles
L3 o= o =Y 8.6 miles
County and Tertiary ........ ... . ... .. 17.4 miles
b o - T 30.5 miles
Railroads (protection) ................ ... ... i, 0.3 miles
Bridges (highway 5; railroad 1) ......... it onennnnann 6
Families affected . ... ... ... . . ittt iee e e e 342
€3 - 7 = - 559
Utilities adjusted or constructed, approx. .................. 44 miles
DAMS
MAIN DAM
Material and type......... ... .. ... ... Rockfill and impervious rolled
earthfill embankment
Length . .. .. e e e e e e e e e 1,600 ft
Maximum height . ... ... .. e e e 285 ft
Maximum width at base....... ... .. ittt iieneanann 1,175 £t
Top of embankment............. . . . ... el. 1765.0
Top width.................. e e e e e e e e e e e e 32 ft
Foundation . .. .. ... .. ...ttt ittt ittt e Tellico sandstone

SADDLE DAM (See Figure 11)

Location........... .. .. . Right rim, 4.5 miles from main dam
Material and type............. Impervious rolled earthfill embankment
Length . ... e e e e e e 3,700 ft
Maximum height ... ... . .. . . . e e e e 40 ft
Maximum width at base....... ... ... .. . i i e 186 ft
Top of embankment ............. ... it innnennnn.. el. 1765.0
Top Width .. .. i i it it ettt et e e et et e 26 ft

Foundataion . . . . e e e e e e e e e e e e e e e e e e e e e e e e e Earth
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FIGURE 11 Saddle Dam
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OUTLET WORKS

SPILLWAY (See Figure 12)

Location........... ... .. i, e e e Left abutment

Material and type................... Concrete, uncontrolled morning-
glory spillway with concrete-
lined shaft and discharge
tunnel; concrete stilling
basin at tunnel outlet

Crest diameter ... ... ittt ittt ittt ittt ettt ettt e 128 ft
Crest length, clear .. ... ... ... .ttt eeeeeeeaneneenena 385 ft
Crest level .. ... ... ittt ittt ittt e e e e e e el. 1742.0
Shaft and tunnel diameter . .. ... .. .. i it ittt ittt e eteeenne 34 £t
Length:

Shaft and e@lboW . ... .. ..ttt itteeeneneennneenenenns 283 ft

b 0 B+ + 1= 1,068 ft
Invert of tunnel outlet....... . i i ittt ittt ittt el. 1476.2
Stilling basin:

Length .. ... e e e e e e e e 300 ft

Width at bottom. ... ... . . i i it it e e e e e e e e 117 £t

Height of walls .. ... ... . . ... ittt iieenannnn 53 ft

Discharge capacity, HW el. 1755 .. ... . .. ... ... iiienien.n 62,000 cfs



June 2000 South Holston 20

FIGURE 12 - Morning-glory Spillway Intake Structure, September 1999
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OUTLET WORKS (CONT.)

SLUICEWAY (See Figure 13)

Location. . ... . ... .. .. i e e e e et e Left abutment

Material and type........ ... .. i, Concrete-lined tunnel with
concrete access tower to
regulating valves in
tunnel plug; discharges
into spillway tunnel

Tunnel:
Diameter ..... ... . . . e e e e L.... 34 ft
Length .. .. i e e e e e 608 ft
Tower:
Inside diameter ..... ... ... ...ttt it e e e 25 ft
Height .. .. .. e e e 248 ft
Trashracks............... Bars spaced approx. 1l2-in. center to center
Regulating valves ............covuun.n Two 96-in. Howell-Bunger valves
Emergency gates............ ... ... ... Two 5-ft-8-in. by 10-ft hy-
draulically operated
slide gates
Centerline of valves .. .. ... ... . .. .. iiietnoonnean el. 1501.7
Service crane on tower.............. ... ..., One 20—ton pillar crane
Discharge capacity:
HW el. 1755 (maximum design level) .................. 11,000 cfs
HW el. 1742 (spillway crest) .........ciiiiiiinnnnnn 10,700 cfs
HW el. 1729 (normal maximum) ..............¢ccuueuuennn 10,400 cfs

Spill and Sluiceway Discharge Stilling Basin (See Figure 14)
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FIGURE 13 - Sluiceway Access Tower, September 1999
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FIGURE 14 Spill and Sluiceway Discharge Stilling Basin on Right Side of Dam Looking
Upstream, September 1999
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OUTLET WORKS (CONT.)

AUXILIARY SPILLWAY (See Figure 15)

Location.......... .. ¢, In saddle, 1.5 miles south of main dam

Material and type............... Chute-type spillway; curved concrete
overflow weir, uncontrolled;
sloping apron with converging side
walls end sill; rock-cut channel
through saddle, unlined; concrete
control weir with ski-jump sill at
end of channel

Overflow weir:

Crest level ... ... ... ittt ittt aenean el. 1744.0

Crest length .. ... ... ..t ittt 300 ft

Width, including apron .. ... ... ..t ittt it eenesnnoeneenn 80 ft
Channel:

Length ... . i i i i e i e e e e 338 ft

Width. ... ... .. . i e Varies from 206 to 100 £t
Control weir:

Crest level ... ... ... ...ttt sttt oo teneans el. 1725.5

Crest length ... ... . . . e e e 100 ft

Width, including sill............ ... ... e e 50 ft
Discharge capacity, HW el. 1755

(design level) ... ...ttt ittt 43,000 cfs

Foundation ... .. .. i i ittt ittt ittt ettt et eeeneneenaes Tellico sandstone
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FIGURE 15 - Bent Branch Auxiliary Spillway
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POWER FACILITIES

INTAKE
53 = 1= 3 Submerged concrete chamber with
access shaft from visitors'
: building
Size (outside dimensions) .... 43-ft long by 43-ft wide by 46-ft high
Trashracks............. .. Steel bars spaced on 4-in. centers
Gross area of racks ... .. ... . . .. il i e e e 1,170 sq. ft
Valve . ...ttt e e e e e One 15-ft-dia. butterfly valve
CONDUIT

b 10 = 1= T Concrete-lined and steel-lined tunnel
Size and lengths:

Concrete section, 15-ft dia....... .. nenenn. 240 1lin ft
Steel sections, 15-ft dia..........i it ineeenennas 590 lin ft
Steel section, 14-ft dia. ........ .. .. ..ttt ennnnn 310 l1lin ft
Total length . .. ... .. ... .. ittt it e eeeseean e 1,140 1lin £t

SURGE TANK (See Figure 16)
Location....... ... i, On right bank approx. 185-ft
upstream from powerhouse
" == T Restricted orifice, steel-plate
cylindrical tank

2 1= R ' oA 200 ft
Diameter:
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FIGURE 16 - Surge Tank, Right Downstream Side of Dam, September 1999
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POWER FACILITIES (CONT.)

POWERHOUSE (See Figure 17)

Generating capacity, l unit........... ... ... . .. o i oL, 38,500 kW

Type of construction.................. Enclosed, reinforced concrete,
structural steel frame with
insulated aluminum panel
walls

Principal outside dimensions. 86-ft long by 50-ft wide by 100-ft high

Draft tube:

Horizontal length (centerline of

turbine to downstream face) ......... ... i i, 64.31 ft
Vertical distance from distributor

centerline to draft tube floor ................. ... ... 29.83 ft

Net area at outlet opening............... ... ... ...... 468 sq. ft

Erecting crane........... ... iennnnn. 1 overhead, traveling crane;

main hook 165-ton
capacity, auxiliary hook
25-ton capacity
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FIGURE 17 - Powerhouse and Discharge Structure, September 1999
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POWER FACILITIES (CONT.)

HYDRAULIC TURBINES

NUMD O . ...t ittt ittt ettt e et st ete oo et oeaess s saeeneesesoeeneenns 1
Manufacturer . ... ... ... . .. ..t e e e S. Morgan Smith Co.
b 171 == Vertical Francis
Rated capacity.................... (each) 48,500 hp at 180-ft net head
Rated speed ... ... .. ittt ittt ettt et i 144 rpm
Maximum runaway SpPeed . . . . . .. u ittt tietntneeeteneeseeneananan . 267 rpm
Specific speed at rating........ ... .. ... e e 48
Value of sigma at rating.......... ... .. . . i i i 0.163
Diameter of runner, intake ... .. ... ... .. ittt ittt 142 in.
Diameter of runner, discharge.............. .. 141 in.
Centerline to bottom of runner........... ... ... ... ... ... 36.875 in.
Centerline to top of runner.......... ... . ... 14.938 in.
Diameter of guide vane circle............ ... . ... 173 in.
Diameter of lower pPit....... ... ittt iitnetnnnnnenens 16.75 ft
Draft tube (see Powerhouse) ..... ... ...ttt ennenennennn Elbow type
GOVEINOLS . . it vttt e it et ineeas itennnas Woodward, cabinet actuator type
Heaviest assembly to be lifted by crane........ . ............ 96,600 1b
GENERATORS
3B 1 1= o 1
Manufacturer........... ... . i i, Westinghouse Electric Corp
17 == Enclosed, water-cooled, vertical-shaft
Original Rating....... ...ttt eennnnas 38,888 Kva, 35,000 Kw,

1627 A, 60 degrees C
rise, 0.9 pf, 13.8
: Kv, 3 ph, 60 Hz
(8= o =N o 3 T 3, 44,721 Kva, 40,250 Kw,

1871 A, 80 degrees C
rise

Note: Unit 1 rewound and rerated in June 1985:

Rating: ... ... it i it e i st e e 42,777 Kva, 38,500 Kw,
1,790a, 60 degrees C
rise, 0.9 pf, 13.8
kv, 3 phase, 60 Hz

Efficiency (guaranteed):

At rated Kva, 1.0 pf. ... ... . ... . e e 97.75 percent

At 75% kVA, 0.9 pE. ... . . e e 97.20 percent
Flywheel effect .. ... . . ... .. . . ittt 25,000,000 1b-ft2
Thrust bearing....... e e e e e Kingsbury type, dia. 68 in.,

Max. load 440 tons

Neutral reactor..... ... ... .. ...t uannn. 0.75 ohm, 5000 A, 1 min
Exciters: '

s = 18 o O 200 kw, 250 Vv

Pilot . . e e e e e e e e e 8 kW, 250 Vv
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POWER FACILITIES (CONT.)

GENERATORS (CONT . )

Weight of heaviest crane lift, rotor.............. ... ... ... 165 tons
Diameter over air housing, less trim................. ... ..., 410 in.
Diameter of stator bore............. ... ... ... i i, 258 in.
Top of pilot exciter:
Above stator soleplates............... ..., 142.5 in.
Above generator floor........... ...ttt 131 in.

GENERATOR AND TURBINE MODERNIZATION

South Holston Unit 1 is scheduled to be modernized starting in March
2009 and completing in July 2009. The project scope, including
components to be replaced and rehabilitated, is yet to be
determined.

SINGLE LINE DIAGRAM OF MAIN CONNECTIONS
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POWER FACILITIES (CONT.)

ELECTRIC CONTROLS

From Watauga, by power-line-carrier relay channel. Local controls
for initial operation and maintenance.

TRANSMISSION PLANT

Step-up transformers:

" 1 bank of 3 single-phase, 2-winding transformers, bank 1; bank
rated 13.2-69 kV, 33,750 kVA self-cooled, 45,000 kvA
forced-air-cooled; Wagner

69-kV circuit breakers: :
6. 600-aA, 1,000,000-kVA, 5/20-Hz, pneu, Westinghouse

Structures:
L 69-kV switchyard bays, 26 ft wide

1 S, transformer structure
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TRANSMISSION PLANT DATA

South Holston 34

Plant

Note:

Y=Tertiary winding
X=Low voltage winding

Location [Phase| Serial MVA Rating |Voltage|Cooling| Tap Oil Oil  |Configuration | Impedance % | Contract | Manuf | Yr of
Number | 55 deg |65deg| kV Changer| Preservation |Volume H-X|H-Y | X-Y | Number Manuf
. System Gal.
South Holston| Bank 1| A [G9D1045]|11.25/15] N/A [69/13.2{ OA/FA| DETC |Gas-Blanketed| 2530 | Wye/Delta [7.63[N/A|N/A|TV-2714A Wagner| 1950
South Holston | Bank 1 B |G9D1044]11.25/15] N/A |69/13.2] OA/FA| DETC [Gas-Blanketed| 2530 | Wye/Delta |7.66|N/A|N/A|TV-2714A | Wagner| 1950
South Holston| Bank 1 C |G9D1046[11.25/15] N/A |69/13.2] OA/FA| DETC [Gas-Blanketed| 2530 | Wye/Delta |7.65|N/A|N/A{TV-2714A{Wagner| 1950
H=High voltage winding
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South Holston

Elevation
(feet)
1742
1741
1740
1739
1738
1737
1736
1735
1734
1733
1732
1731
1730
1729
1728
1727
1726
1725
1724
1723
1722
1721
1720
1719
1718
1717
1716
1715
1714
1713
1712
1711

Area
(acre*1000)
8.94
8.79
8.65
8.51
8.39
8.27
8.16
8.05
7.96
7.87
7.79
7.72
7.66
7.60
7.54
7.48
7.42
7.36
7.30
7.24
7.18
7.12
7.07
7.01
6.95
6.89
6.83
6.78
6.72
6.67
6.61
6.56

Volume
(ac-ft*1000)
764.0
755.2
746.4
7379
729.4
721.1
712.9
704.8
696.8
688.9
681.0
673.3
665.6
658.0
650.4
642.9
635.4
628.0
620.7
613.4
606.2

- 599.1
592.0
584.9
578.0
571.0
564.2
557.4
550.6
543.9
537.3
530.7

RESERVOIR AND POWER DATA

Gross
Head
(feet)
2529
251.9
250.9
2499
248.9
247.9
246.9
245.9
2449
243.9
242.9
241.9
240.9
239.9
238.9
237.9
236.9
235.9
234.9
233.9
232.9
231.9
230.9
229.9
228.9
227.9
226.9
225.9
224.9
223.9
222.9
221.9

South Holston 35

NOTE: Energy in storage values not included in this data

Best Efficiency Maximum Sustainable

Plant Turbine Plant Turbine

Output Discharge kW/CFS Output Discharge kW/CFS
(mW) (cfs) (mW) (cfs)
53.3 2,840 18.94 56.6 3,300 17.13
53.1 2,850 18.87 56.4 3,300 17.07
52.9 2,850 18.80 56.2 3,300 17.01
52.8 2,850 18.72 56.0 3,300 16.95
52.6 2,860 18.65 55.8 3,300 16.89
524 2,860 18.58 55.6 3,300 16.83
52.2 2,860 18.51 554 3,300 16.77
52.0 2,860 18.44 55.2 3,300 16.70
519 2,870 18.36 55.0 3,300 16.64
51.7 2,870 18.29 54.8 3,300 16.58
515 2,870 18.22 54.6 3,300 16.52
51.3 2,880 18.15 54.4 3,300 16.46
51.1 2,880 18.08 54.2 3,300 16.40
51.0 2,880 18.01 54.0 3,300 16.34
50.8 2,880 17.93 53.8 3,300 16.28
50.6 2,890 17.86 53.6 3,300 16.22
50.4 2,890 17.79 53.4 3,300 16.16
50.2 2,890 17.72 53.2 3,300 16.10
50.1 2,900 17.65 53.0 3,300 16.04
49.9 2,900 17.58 52.8 3,300 15.98
49.7 2,900 17.50 52.6 3,300 15.92
49.5 2,900 17.43 52.4 3,300 15.86
49.3 2,910 17.36 52.2 3,300 15.79

- 49.2 2,910 17.29 52.0 3,300 15.73
49.0 2,910 17.22 51.8 3,300. 15.67
48.8 2,910 17.14 51.6 3,300 15.61
48.6 2,920 17.07 51.4 3,300 15.55
48.4 2,920 17.00 51.2 3,300 15.49
48.3 2,920 16.93 51.0 3,300 15.43
48.1 2,930 16.86 50.8 3,300 15.37
47.9 2,930 16.79 50.6 3,300 15.31
47.7 2,930 16.71 50.4 3,300 15.25
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South Holston

Elevation
(feet)
1710
1709
1708
1707
1706
1705
1704
1703
1702
1701
1700
1699
1698
1697
1696
1695
1694
1693
1692
1691
1690
1689

1688
1687
1686
1685
1684
1683
1682
1681
1680
1679

Area Volume
(acre*1000) (ac-ft*1000)
6.50 524.2
6.45 517.7
6.40 511.3
6.35 504.9
6.30 498.6
6.25 492.3
6.20 486.1
6.15 479.9
6.10 473.8
6.05 467.7
6.00 461.7
5.96 455.7
5.91. 449.8
5.87 443.9
5.82 438.0
5.78 432.2
573 426.5
5.69 420.8
5.64 415.1
5.60 409.5
5.56 403.9
5.51 398.4
547 392.9
543 3874
5.38 382.0
5.34 376.7
5.29 371.3
5.25 366.1

5.20 360.9
5.15 355.7
5.10 350.6
5.06 345.5

RESERVOIR AND POWER DATA

Gross
Head
(feet)
220.9
219.9
218.9
217.9
216.9
215.9
214.9
213.9
212.9
211.9
210.9
209.9
208.9
207.9
206.9
205.9
204.9
203.9
202.9
201.9
200.9
199.9
198.9
197.9
196.9
195.9
194.9
193.9
192.9
191.9
190.9
189.9

South Holston 36

Maximum Sustainable

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

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

475 2,930 16.64 50.2 3,300 15.19
474 2,940 16.57 50.0 3,300 15.13
472 2,940 16.50 49.7 3,300 15.07
47.0 2,940 16.43 49.5 3,300 15.01
46.8 2,950 16.36 49.3. 3,300 14.95
46.6 2,950 16.28 491 3,300 14.89
464 2,950 16.21 48.9 3,300 14.82
46.3 2,950 16.14 48.7 3,300 14.76
46.1 2,960 16.07 48.5 3,300 14.70
459 2,960 16.00 48.3 3,300 14.64
457 2,960 15.93 48.1 3,300 14.58
455 2,960 15.85 47.9 3,300 14.52
454 2,970 15.78 47.7 3,300 14.46
452 2,970 15.71 47.5 3,300 14.40
45.0 2,970 15.64 47.3 3,300 14.34
448 2,980 15.57 471 3,300 14.28
44.6 2,980 15.49 46.9 3,300 14.22
445 2,980 15.42 46.7 3,300 14.16
443 2,980 15.35 46.5 3,300 "14.10
44 1 2,990 15.28 46.3 3,300 14.04
43.9 2,990 15.21 46.1 3,300 13.98
43.7 2,990 15.14 459 3,300 13.91
436 3,000 15.06 457 3,300 13.85
43.4 3,000 14.99 455 3,300 13.79
43.2 3,000 14.92 45.3 3,300 13.73
43.0 3,000 14.85 45.1 3,300 13.67
428 3,010 14.78 449 3,300 13.61
427 3,010 14.71 447 3,300 13.55
425 3,010 14.63 445 3,300 13.49
42.3 3,020 14.56 443 3,300 13.43
421 3,020 14.49 44 1 3,300 13.37
419 3,020 14.42 43.9 3,300 13.31

NOTE: Energy in storage values not included in this data
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South Holston

Elevation
(feet)
1678
1677
1676
1675
1674
1673
1672
1671
1670
1669
1668
1667
1666
1665
1664
1663
1662
1661
1660
1659
1658
1657
1656
1655
1654
1653
1652
1651
1650
1649
1648 .
1647

Area
(acre*1000)
5.01
4.96
4.91
4.86
4.81
475
4.70
4.65
4.59
4.54
4.49
443
4.38
4.33
4.28
422
417
412
4.07
4.02
3.97
3.92
3.87
3.82
3.77
3.72
3.67
3.62
3.57
3.52
3.47
342

Volume
(ac-ft*1000)
340.4
3355
3305
325.6
320.8
316.0
311.3
306.6
302.0
2974
292.9
288.5
284.1
279.7
2754
271.2
267.0
262.8
258.7
254.7
250.7
246.7
242.8
239.0
235.2
231.5
227.8
224 .1
2205
217.0
2135
210.1

RESERVOIR AND POWER DATA

Gross
Head
(feet)
188.9
187.9
186.9
185.9
184.9
183.9
182.9
181.9
180.9
179.9
178.9
177.9
176.9
175.9
174.9
173.9
172.9
171.9
170.9
169.9
168.9
167.9
166.9
165.9
164.9
163.9
162.9
161.9
160.9
159.9
158.9
157.9

South Holston 37

Best Efficiency Maximum Sustainable
Plant Turbine Plant Turbine
Output Discharge kW/CFS Output Discharge kW/CFS
(mW) (cfs) (mw) (cfs)
41.8 3,020 14.35 43.7 3,300 13.25
41.6 3,030 14.27 43.5 3,300 13.19
41.4 3,030 14.20 43.3 3,300 13.13
412 3,030 14.13 431 3,300 13.07
41.0 3,030 14.06 429 3,300 13.00
40.9 3,040 13.99 427 3,300 12.94
40.7 3,040 13.92 425 3,300 12.88
40.5 3,040 13.84 42.3 3,300 12.82
40.3 3,050 13.77 421 3,300 12.76
40.1 3,050 13.70 41.9 3,300 12.70
39.9 3,050 13.63 417 3,300 12.64
39.8 3,050 13.56 41.5 3,300 12.58
39.6 3,060 13.49 41.3 3,300 12.52
394 3,060 13.41. 411 3,300 12.46
39.2 3,060 13.34 40.9 3,300 12.40
39.0 3,070 13.27 40.7 3,300 12.34
38.9 3,070 13.20 40.5 3,300 12.28
38.7 3,070 13.13 40.3 3,300 12.22
385 3,070 13.05 40.1 3,300 12.16
38.3 3,080 12.98 39.9 3,300 12.10
38.1 3,080 12.91 39.7 3,300 12.03
38.0 3,080 12.84 39.5 3,300 11.97
37.8 3,090 12.77 39.3 3,300 11.91
37.6 3,090 12.70 39.1 3,300 11.85
37.4 3,090 12.62 38.9 3,300 11.79
37.2 3,090 12.55 38.7 3,300 11.73
371 3,100 12.48 38.5 3,300 11.67
36.9 3,100 12.41 38.3 3,300 11.61
36.7 3,100 12.34 38.1 3,300 11.55
36.5 3,100 12.27 37.9 3,300 11.49
36.3 3,110 12.19 37.7 3,300 11.43
36.2 3,110 12.12 375 3,300 11.37

NOTE: Energy in storage values not included in this data
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South Holston

Elevation
(feet)
1646
1645
1644
1643
1642
1641
1640
1639
1638
1637
1636
1635
1634
1633
1632
1631
1630
1629
1628
1627
1626
1625
1624
1623
1622
1621
1620
1619
1618
1617
1616

Area
(acre*1000)
3.38
3.34
3.29
3.25
3.21
3.17
3.14
3.10
3.06
3.03
2.99
2.96
2.93
2.89
2.86
2.83
2.80
277
2.74
2.71
2.69
2.66
2.63
2.60
2.57
2.54
2.51
2.48
246
243
240

Volume
(ac-ft*1000)
206.6
203.3
200.0
196.7
193.5
190.3
187.1
184.0
180.9
177.9
174.9
171.9
169.0
166.0
163.2
160.3
157.5
154.7
152.0
149.2
146.5
143.8
141.2
138.6
136.0
133.5
130.9
128.4
126.0
123.5
121.1

RESERVOIR AND POWER DATA

Gross
Head
(feet)
156.9
155.9
154.9
153.9
152.9
151.9
150.9
149.9
148.9
147.9
146.9
145.9
144.9
143.9
142.9
141.9
140.9
139.9
138.9
137.9
136.9
135.9
134.9
133.9
132.9
131.9
130.9
129.9
128.9
127.9
126.9

South Holston 38

Best Efficiency Maximum Sustainable
Plant Turbine Plant Turbine
Output Discharge kW/CFS Output Discharge kW/CFS
(mW) (cfs) (mW) (cfs)
36.0 3,110 12.05 37.3 3,300 11.31
35.8 3,120 11.98 371 3,300 11.25
35.6 3,120 11.91 36.9 3,300 11.19
354 3,120 11.83 36.7 3,300 11.12
353 3,120 11.76 36.5 3,300 11.06
35.1 © 3,130 11.69 36.3 3,300 11.00
349 3,130 11.62 36.1 3,300 10.94
347 3,130 11.55 35.9 3,300 10.88
345 3,140 11.48 35.7 3,300 10.82
344 3,140 11.40 355 3,300 10.76
342 3,140 11.33 35.3 3,300 10.70
34.0 3,140 11.26 35.1 3,300 10.64
33.8 3,150 11.19 34.9 3,300 10.58
33.6 3,150 11.12 34.7 3,300 10.52
334 3,150 11.05 34.5 3,300 10.46
33.3 3,150 10.97 34.3 3,300 10.40
33.1 3,160 10.90 341 3,300 10.34
329 3,160 10.83 33.9 3,300 10.28
32.7 3,160 10.76 33.7 3,300 10.22
325 3,170 10.69 335 3,300 10.15
324 3,170 10.61 33.3 3,300 10.09
32.2 3,170 10.54 33.1 3,300 10.03
32.0 3,170 10.47 329 3,300 9.97
31.8 3,180 10.40 32.7 3,300 9.91
316 3,180 10.33 325 3,300 9.85
315 3,180 10.26 32.3 3,300 9.79
31.3 3,190 10.18 321 3,300 9.73
311 3,190 10.11 31.9 3,300 9.67
30.9 3,190 10.04 31.7 3,300 9.61
30.7 3,190 9.97 315 3,300 9.55
30.6 3,200 9.90 31.3 3,300 9.49

NOTE: Energy in storage values not included in this data
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June 2000 South Holston 40
South Holston Spilt Compilation Tennessee Valley Authority
River System Operations
|Volumes are average daily in day-second-feet. except as shown.
Maximum spill, date of maximum, and number of days of spill in each spill period, in this order. "Total Days" is for calendar year and
does not always equal the sum of the days in periods because of extension of periods into adjacent years.
MAXIMUM AVERAGE Water may be spilled through the spillway and/or Howell-Bunger valves. All unmarked spill was through valves.
DAILY DISCHARGE NUMBER OF] TOTAL [Maximum hourly average discharge to date was 8945 cfs at 11 p.m. on 2/11/57.
YEAR] (TURBINE + SPILL) | DATE] PERIODS | DAYS [*Spillway
1950 2 2/9 1 42 |2---11/20-12/31---42
1951 1736 11/26 2 2 8---5/25---1; 116---6/26---1
1952 2882 10/3 0 0
1953 2500 5/9 0 0
1954 2623 12 0 0
1955 3139 9/2 0 0
1956 2887 11/28 0 0
1957 8300 2/12 1 10 ]5000---2/12-13---10
1958 3008 11/27 0 0
1959 2818 1/5 0 0
1960 3028 9/22 0 0
1961 2794 6/30 0 0
1962 2697 11/2 0 -0
1963 2736 9/16 0 0
1964 2313 11/20 0 0
1965 2925 12/20 0 0
1966 2663 2/3 0 0
1967 2975 12/28 2 14 |7---3/28---5; 9---4/3---9 (through two 4-inch hoses as a special operation )
1968 3005 117 0 0
1969 2910 1115 1 4 |12---4/29---4 (through small hose line to supply Bristol)
1970 2761 8/6 0 0
1971 2522 8/3 0 0
1972 3187 12/30 0 0




June 2000 South Holston 41
South Holston Spill Compilation Tennessee Valley Authority
River System Operations
Volumes are average daily in day-second-feet. except as shown.
Maximum spill, date of maximum, and number of days of spill in each spill period, in this order. "Total Days" is for calendar year and
does not always equal the sum of the days in periods because of extension of periods into adjacent years.
MAXIMUM AVERAGE Water may be spilled through the spillway and/or Howell-Bunger valves. All unmarked spill was through valves.
DAILY DISCHARGE NUMBER OF] TOTAL JMaximum hourly average discharge to date was 8945 cfs at 11 p.m. on 2/11/57.
YEAR|] (TURBINE + SPILL) DATE PERIODS | DAYS |Spillway
1973 3214 110 3 17 193--4/14---2; 93---5/26---2; 645---6/19--13
1974 3137 1/27 - 0 0
1975 3028 1/31 2 16 |2510---4/2---5; 209---5/23---11
1976 2673 9/8 0 0
1977 3400 12/14 3 31 |530---11/20---2; 330---12/13-16---26; 200---12/30---3
1978 2813 11 1 9 H259---1/10---9
1979 2827 3/9 4 10 |272---4/8---3; 267---4/16---1; 124---4/18---3; 1175---11/27---3
1980 2469 718 2 5 |848---7/9---3; 604---10/16---2
1981 2052 2113 1 19 769---6/9---19
1982 2425 111 1 5 340---7/27-29---5
1983 2559 12/26 2 16 |230---4/17---14;430---11/6---2
1984 4457 5/13 2 13 1939---1/23---4; 2140---5/13-17---9
1985 2731 1/21 4 64 431---2/4---3; 128---4/26---1; 451---6/12---58; 8---9/24---2
1986 2252 1M 0 0
1987 4345 4/19 2 32 14--3/31---13; 1183---5/4--19
1988 991 6/22 2 6 |14---5/7---5; 2---11/13---1
1989 3044 5/12 2 21 |14---3/28---18; 148---6/24---3
1990 3352 2/26 0 0
1991 3388 4/6 3 51 |600---4/4---2; 125---4/11---46, 8---12/29---3
1992 3020 12/27-31 1 235 13020---12/27-31---235
1993 3020 11-7 2 227 13020---1/1-7---226; 50---8/21---1
1994 4497 2/28 5 33 |2173---2/18---8; 1770---2/26-28---5; 540---4/1,2, & 4---6; 530---4/8 & 9---4; 210---6/24-30---10
1995 2493 2/23 3 6 |113---4/11-13---4; 48---8/9---1; 1 9---9/3---1
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South Holston Spill Compilation Tennessee Valley Authority
River System Operations

Folumes 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 into adjacent years.

MAXIMUM AVERAGE Water may be spilled through the spillway and/or Howell-Bunger valves. All unmarked spill was through valves.
] DAILY DISCHARGE NUMBER OF | TOTAL JMaximum hourly average discharge to date was 8945 cfs at 11 p.m. on 2/11/57.
YEAR] (TURBINE + SPILL) | DATE | PERIODS | DAYS [|'Spillway
1996 2769 2/9 1 23 )200---4/16-5/6---23
1997 2924 6/2 3 10 1588---10/31---3; 125---11/3---1; 251---11/18,20---6
1998 3100 - 5/26 3 26 )400---2/20-22,27---10; 270---5/19-22---6; 125---11/10-19---10
1999 1928 3/14 2 11 |42---10/1---1; 125---10/4-12---10
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ANNUAL MAXIMUM AND MINIMUM ELEVATIONS, IN ORDER OF MAGNITUDE

RIVER SCHEDULING
TVA OPERATED RESERVOIR SYSTEM
FROM DATE OF RESERVOIR CLOSURE THROUGH 1999
SOUTH HOLSTON

MAXIMUM . MINIMUM

ORDER ELEVATION YEAR MONTH DAY ORDER ELEVATION YEAR MONTH DAY
1 1736.92 1987 APR. 27 1 1488.80 * 1950 NOV. 20
2 1736.86 1984 MAY 10 2 159530 # 1951 JAN. 1
3 1732.82 1975 APR. 3 3 1614.15 1956 JAN. 13
4 1732.35 1972 MAY 25 4 1615.47 1954 DEC. 24
5 1732.34 1989 JUNE 22 5 1616.68 1955 FEB. 4
6 1732.29 1998 APR. 22 6 1617.42 1978 JAN. 3
7 1730.92 1996 JUNE 1 7 1619.92 1977 DEC. . 31
8 1730.80 1992 JUNE 7 8 1632.51 1959 JAN. 17
9 1730.76 1997 MAY 27 9 1642.66 1958 DEC. 27

10 1730.68 1990 MAY 7 10 1643.97 1963 DEC. - 31
11 1729.87 1973 APR. 29 11 1648.96 1966 FEB. 9
12 1729.63 1983 MAY - 25 12 1656.81 1960 DEC. 30
13 1729.51 1991 JUNE 13 13 1657.04 1961 JAN. 1
14 1729.38 1993 MAY 17 14 1658.94 1970 DEC. 18
15 1729.26 1979 JUNE 25 15 1662.75 1963 DEC. 31
16 1729.25 1968 JUNE 4 16 1662.76 1964 JAN. 1
17 1729.04 1994 MAY 30 17 1663.00 1971 JAN. 1
18 1728.96 1971 JUNE 2 18 1667.97 1962 NOV. 16
19 1728.88 1995 JULY 3 19 1669.74 1952 NOV. 15
20 1727.42 1958 MAY 19 20 1669.90 1957 NOV. 15
21 1727.41 1980 MAY 5 21 1674.22 1981 FEB. 13
22 1727.04 1974 MAY 14 22 1674.54 1965 DEC. 31
23 1727.03 1967 JUNE 5 23 1675.52 1969 DEC. 29
24 1726.99 1965 APR. 18 24 1681.10 1980 DEC. 26
25 1726.15 1999 MAY 31 25 1681.73 1987 DEC. 24
26 172510 1981 JUNE 29 26 1682.00 1975 DEC. 21
27 1725.07 1957 APR. 15 27 1683.25 1988 OCT. 23
28 172475 1969 MAY 5 28 1683.93 1976 JAN. 1
29 1723.89 1960 APR. 25 29 1686.56 1968 DEC. 23
30 1723.21 1962 APR. 17 30 1688.37 1989 JAN. 1
31 1723.19 1986 JUNE 16 31 1688.41 1984 DEC. 8
32 1723.06 1963 APR. 2 32 1689.14 1979 JAN. 1
33 1722.96 1982 JUNE 23 33 1689.29 1997 DEC. 24
34 1721.40 1952 APR. 14 34 1689.40 1998 JAN. 2
35 1720.97 1977 APR. 18 35 1690.17 1985 JAN. 1
36 1719.80 1953 MAY 23 36 1690.99 1982 JAN. 1
37 1719.45 1961 JUNE 22 37 1691.00 1974 DEC. 6
38 1718.66 1985 JUNE 18 38 1691.55 1986 DEC. 9
39 1717.12 1964 JUNE 5 39 1693.65 1999 JAN. 6
40 1716.51 1976 JUNE 25 40 1693.85 1995 JAN. 6
41 1713.61 1956 MAY 21 41 1694.34 1996 DEC. 27
42 1712.62 1978 JUNE 12 42 1695.40 1994 DEC. 31
43 1711.94 1970 - MAY 20 43 1696.45 1993 NOVv. 26
44 1709.51 1955 APR. 26 44 1697.99 1990 JAN. 1
45 1704.66 1966 DEC. 19 45 1698.25 1983 FEB. 1
46 1704.08 1951 JULY 2 46 1698.65 1972 JAN. 1
47 1702.54 1988 MAY 25 47 1698.95 1991 NOV. 8
48 1696.42 1959 MAY 23 48 1701.71 1967 JAN. 7
49 1692.44 1954 MAY 31 49 1702.39 % 1973 DEC. 21
50 1595.30 # 1950 DEC. 31 50 1703.06 1992 DEC. 16

* CLOSURE

% MIDNIGHT ELEVATION

# ESTIMATED

TOP-OF-GATES ELEVATION 1742
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WEEK WEEK
ENDING NO.
JAN 7 1
JAN 14 2
JAN 21 3
JAN 28 4
FEB 4 5
FEB 11 6
FEB 18 7
FEB 25 8
MAR 4 9
MAR 11 10
MAR 18 11
MAR 25 12
APR 1 13
APR 8 14
APR 15 15
APR 22 16
APR 29 17
MAY 6 18
MAY 13 19
MAY 20 20
MAY 27 21
JUN 3 22
JUN 10 23
JUN 17 24
JUN 24 25
JUL 1 26
JUL 8 27
JUL 15 28
JUL 22 29
JUL 29 30
AUG 5 31
AUG 12 32
AUG 19 33
AUG 26 34
SEP 2 35
SEP 9 36
SEP 16 37
SEP 23 38
SEP 30 39
OCT 7 40
OCT 14 41
oCT 21 42
OCT 28 43
NOV 4 44
NOV 11 45
NOV 18 46
NOV 25 47
DEC 2 48
DEC 9 49
DEC 16 50
DEC 23 51
DEC 31 52

AVERAGE FLOW:

AVERAGE WEEKLY CFS

MAXIMUM, MINIMIUM, MEDIAN, AND MEAN

MAXIMUM
5,400
4,780
6,390
4,240

13,100
8,900
4,750
6,450
4,540
4,910
7,340
5,520
6,850
8,850
4,240
6,900
4,980
3,700
7,240
3,180
2,980
3,890
3,260
2,830
3,530
2,900
2,480
2,410
2,750
3,100
2,820
3,460
5,490
1,590
1,150
2,870

802
2,170
1,930
3,770
3,260
2,230
2,680
2,200
6,670
1,740
1,610
2,500
2,830
6,470
4,190
5,530
1926 - 1999

Adjusted Flow by Weeks

South Holston

Years = 1926-1999

MINIMUM

YR

1974 138
1946 152
1947 230
1954 142
1957 149
1957 187
1948 191
1927 216
1829 316
1963 360
1963 371
1955 390
1994 435
1977 391
1987 417
1987 358
1987 271
1958 233
1984 268
1950 284
1942 239
1981 196
1981 221
1998 182
1972 182
1929 83
1929 91
1949 133
1938 176
1938 146
1940 36
1942 115
1940 58
1940 84
1928 43
1928 108
1928 76
1989 90
1989 =12
1977 74
1976 68
1964 93
1937 25
1937 91
1977 124
1977 137
1957 137
1982 109
1950 151
1972 156
1961 176
1926 217
= 957 CFS

YR
1940
1942
1981
1940
1940
1934
1934
1934
1941
1931
1931
1931
1966
1966
1986
1942
1942
1942
1942
1941
1941
1941
1988
1999
1988
1988
1988
1993
1988
1986
1993
1988
1988
1987
1988
1995
1985
1999
1998
1987
1988
1598
1927
1991
1953
1941
1998
1998
1939
1939
1941
1939

MEDIAN

e s e =l =S

~

~

-

~

~

~

~

~

~

~

-~

~

~

~

~

996
963
010
180
380
370
530
580
380
560
370
630
470
360
260
160
140
956
959
915
838
700
646
571
569
481
525
497
420
449
405
395
361
355
290
277
291
266
257
266
250
252
260
292
337
398
444
496
477
684
653
957

South Holston 44

MEAN
1,240
1,210
1,330
1,500
1,690
1,810
1,820
1,760
1,660
1,720
1,820
1,890
1,860
1,660
1,530
1,370
1,310
1,160
1,290
1,100
1,050
993
783
747
702
1593
579
571
544
544
582
500
542
467
370
399
316
339
354
445
363
393
428
419
509
482
524
688
775
939
941
1,170

RIVER SYSTEM OPERATIONS
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AREA IN THOUSANDS OF ACRES
- 4

'750. 8 7 8 2 1. 0
Spilegy Ceost B 17427\ o
174
"’ T Normat Mmmn q«ntmg Pool Loytl EL 17297 o
1720 I~ (1.530 Acres)
1700 / : — .
1680 ‘\ Normal Mini Operating Level E1. 167 -~ 1
) : (4,860 Acres ) :
<

-
By
\°
e
v

ELEVATION IN FEET ABOVE MEAN SEA LEVEL

148% 100 200 300 200 500 500 700 800
VOLUME iN THOUSANDS OF ACRE-FEET
VOLUME _AC - FY NOTES:
ELEVAT‘ON‘ A'?éoA - " Reservoir areas were measured on TVA fand maps, scale I = $00°,
FT AC 1950 . 1958 1964 at olevations 1640,1730, & 1742, and on TVA raphic maps, scale’
=2,000;, 2t elevations 1500,1520,1540,4 15 e TVA maps were

{142 9,010 | 767,970 | 768.840 | 764,040 prapared by the Maps & Surveys Branch.Contours were made to con-
1730 7,660 | 669,520 | 668,190 | 663,590 form 10 elevations an TVA sediment range cross sections which are
: ;fg Zggg ggg.?fg gg;.ggg gg}. ‘9:8 at one -half to two mife intarvals within the reservoir.

1700 8,000 | 485,670 | 454 450 | 481.890 E:'G'S‘:ul.é‘ reforred fo the 1936 Supplementary Adjustment of
1690 5,550 | 407,900 | 406,720 | 403,910 ‘A 1 1 e ithi ir = 710
1680 5,120 354,510 | 353,380 | 350,560 . "Area of the original river within ressrvoir acres.
1670 | 4.830 | 305,770 | 304,750 | 302,020 Drainage-area above dam =703 square miles.
1680 4,100 | 262,150 | 281,240 | 258,720 The 1958 and subsequent vol were determined by the constant
1850 3,590 | 223.720 | 222,880 | 220,540 factor methed for computing sediment.
1840 3,160 190,010 | 189,350 | 187,130
1830 | 2820 | 180150 | 159,660 | 157,500 Dam closare November 20, 1950.
1820 2,540 133,380 | 132,990 | 130,930
1610 2.260 109,410 | 109,130 | 107,190
1600 1,990 88,170 87,970 86,120
1590 t.730 89,5801 69,430 $7,740
1560 1,470 | . 53,570 53,460 51,900
1570 1.250 39,980 39,850 38,430
1560 1,020 28,660 { - 28,520 27,140
1550 - 800 19,580 19,470 18,290
1540 600 12,810 12,500 11,450
1530 450 1,450 7,390 6,430 ]
1520 310 3.670 3,600 2,710 S.F. HOLSTON RIVER MILE 49.8
1510 143 1,390 1,340 ’ 9;4
1500 8 390 380 80 .
1490 10 30 30 0 RESERVOIR AREAS
1485 ] 0 0 0 ’
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RESERVOIR RELEASE IMPROVEMENTS

A minimum flow improvement system has been implemented at South
Holston by installing a reregulation weir. This weir has a tongue-
and-groove timbers fitted together and supported as independent wall
sections in a stoplog arrangement using slotted concrete piers as
wall support. The minimum flow improvement target at South Holston
is 90 cfs.

An areation system has also been developed to increase the dissolved
oxygen in tailwaters. This has resulted in a dissolved oxygen
improvement of approximately 7 mg/L. This improvement was
accomplished by installing an extended-crest labyrinth weir (See
Figure 9) and utilizing turbine venting. Turbine venting utilizes
the vacuum breaker ports on the turbine casing to induce air into
the water flowing through the turbine. This technique provides
vacuum breaker system by-pass piping for aeration.

Both the aeration and minimum flow system at South Holston have
resulted in an overall improvement in the quality of the tailwaters
and aquatic habitat downsteam of the dam. Also as a result of these
improvements, visits to the South Holston tailwaters have
essentially doubled. Further, an increase in diversity of aquatic
insects and small fish such as rollers, darters, and shiners has
been observed in the South Holston tailwaters.
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CONSTRUCTION DATA

HOUSING FACILITIES

Houses..................... e e 55 semipermanent houses remaining
in place from construction of
Watauga
Dormitories built:
Men (238 total capacity) ... ... it i i e e 4
Demountable houses (4 duplex, 2 single) ...... ... ...t nnn 6

Public buildings constructed included a cafeteria (180 seats),
first-aid building (1 bed), 2 recreation buildings, Public Safety
Service building including post office and fire station, and an
observation building.

PERSONNEL
Dam and Reservoir Dam Construction
Construction Only

Peak employed............... .o 1,350 1,100%*
Total man-hours............. ....7,842,134 6,009,003
Number of injuries.............. ..., 49 42
Days lost........ ... .. ... .. 28,999 28,494
Fatalities............. ... ... ., 3 3
Accident frequency.................... 6.2 7.0
Accident severity........... ... ... 3,698 4,742

*Estimated
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CONSTRUCTION DATA (CONT.)

QUANTITIES
Dam and Power Plant Saddle Dam
Dam and power facilities:

Rock excavation............. 123,500 cu. Yd
Unclassified excavation... 1,022,800 cu. yd
Rolled earthfill........... 2,089,000 cu. Yd 89,300 cu. yd
Rockfill-quarry run....... 3,383,700 cu. yd
Filter blanket............... 412,100 cu. yd* 5,119 cu. yd**
Riprap...... e e e e e e 12,640 cu. yd 10,882 cu. yd
Reinforcing steel............... 550 tons

Structural steel (including conduit
liners, trashracks, and surge

tank) ..... .. . e e e 1,660 tons
Formwork.................... 112,600 sq. ft
Grouting............... ... ... 33,760 cu. £t 1,687,830 cu. ft
Concrete..................... 97,500 cu. yd
Highway and railroad:
Excavation................ 1,600,000 cu. yd

*Crushed rock
**Gravel
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South Holston Tailwater Rating

Riverware Rating

Q*1000
0
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5
7.5
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12.5
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Q
0
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Elevation
1489
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South Holston TailwaterSFA.xls

Flood Control Branch 1957
Discharge Elevation
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Prepared by: River Scheduling



Actual data
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