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1. Purpose

Develop Flood Operational Guides for all Tributary and Main River Dams that are part of the Simulated Open
Channel Hydraulics (SOCH) or TRBROUTE computer codes for Probable Maximum Flood (PMF) routing.
Provide tabulated Initial Reservoir Starting Levels for a Mid-March and June 1 event.

2. References.

1. Tennessee Valley Authority, Bellefonte Nuclear Plant - White Paper, Hydrological Analysis, Rev. 1,
July 25 2008. EDMS No. L58 081219 800

2. River Operation Study (ROS), Flood Risk Evaluation Study for the Tennessee Valley Authority Phase
III Report, Riverside Technology, Inc, January 2004.

3. Operational Guides, TVA website, http://www.tva.gov/river/lakeinfo/index.htm
4. Tennessee Valley Authority, SOCH Users Manual, Rev 0 Version 1.0.
5. Tennessee Valley Authority, UNITGRPH-FLDHYDRO-TRBROUTE-CHANROUT Users Manual, Rev

0 Version 1.0.
6. Tennessee Valley Authority, Calculation CDQ000020080001, Dam Rating Curve - Apalachia, RO,

EDMS No. L58 090128 003
7. Tennessee Valley Authority, Calculation CDQ000020080002, Dam Rating Curve - Blue Ridge, RO,

EDMS No. L58 090128 001
8. Tennessee Valley Authority, Calculation CDQ000020080003, Dam Rating Curve - Boone, RO, EDMS

No. L58 090128 004
9. Tennessee Valley Authority, Calculation CDQ000020080004, Dam Rating Curve - Chatuge, RI,

EDMS No. L58 090216 004
10. Tennessee Valley Authority, Calculation CDQ000020080005, Dam Rating Curve - Cherokee, R1,

EDMS No. L58 090406 003
11. Tennessee Valley Authority, Calculation CDQ000020080006, Dam Rating Curve - Chickamauga, RO,

EDMS No. L58 090224 005
12. Tennessee Valley Authority, Calculation CDQ000020080007, Dam Rating Curve - Douglas, RI,

EDMS No. L58 090406 002
13. Tennessee Valley Authority, Calculation CDQ000020080008, Dam Rating Curve - Fontana, RI,

EDMS No. L58 090216 002
14. Tennessee Valley Authority, Calculation CDQ000020080009, Dam Rating Curve - Fort Loudon, RO,

EDMS No. L58 090304 001
15. Tennessee Valley Authority, Calculation CDQ000020080010, Dam Rating Curve - Fort Patrick Henry,

RO, EDMS No. L58 090128 003
16. Tennessee Valley Authority, Calculation CDQ00002008001 1, Dam Rating Curve - Guntersville, RO,

EDMS No. L58 090224 004
17. Tennessee Valley Authority, Calculation CDQ000020080012, Dam Rating Curve - Hiwassee, R0,

EDMS No. L58 090216 001
18. Tennessee Valley Authority, Calculation CDQ000020080013, Dam Rating Curve - Melton Hill, RI,

EDMS No. L58 090210 002
19. Tennessee Valley Authority, Calculation CDQ000020080014, Dam Rating Curve - Nickajack, RO,

EDMS No. L58 090216 002
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20. Tennessee Valley Authority, Calculation CDQ000020080015, Dam Rating Curve - Norris, RO, EDMS
No. L58 090210 001

21. Tennessee Valley Authority, Calculation CDQ000020080016, Dam Rating Curve - Nottely, Rl, EDMS
No. L58 090216 003

22. Tennessee Valley Authority, Calculation CDQ000020080017, Dam Rating Curve - South Holston, RO,
EDMS No. L58 090224 001

23. Tennessee Valley Authority, Calculation CDQ000020080018, Dam Rating Curve - Tellico, RO, EDMS
No. L58 090304 002

24. Tennessee Valley Authority, Calculation CDQ000020080019, Dam Rating Curve - Watauga, RO,
EDMS No. L58 090120 002

25. Tennessee Valley Authority, Calculation CDQ000020080020, Dam Rating Curve - Watts Bar, RO,
EDMS No. L58 090224 002

26. Tennessee Valley Authority, Reservoir Operations Study - Final Programmatic EIS, 2004.
27. Tennessee Valley Authority, Calculation CDQ000020080021, Dam Rating Curve - Wheeler, RO, (Not

Approved).
28. Tennessee Valley Authority, Calculation CDQ000020080022, Dam Rating Curve - Tim's Ford, RO,

(Not Approved).

3. Background

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
hydrometeorological conditions and seismic activity. This process was followed to meet Nuclear Regulatory
Guide 1.59. At that time, there were no computer programs available that would handle unsteady flow and dam
failure analysis. As a result of this early work and method development TVA developed a runoff and stream
course modeling process for the TVA reservoir system. This process provided a basis for currently licensed
plants (Sequoyah Nuclear Plant, Watts Bar Nuclear Plant, and Browns Ferry Nuclear Plant). The Bellefonte
Nuclear Plant (BLN) Units 1 & 2 Final Safety Analysis Report (FSAR) was also based on this process. BLN
Unit 3 & 4 Combined Operating License Application (COLA) was submitted using data and analysis that was
determined for the original BLN FSAR (Unit 1 and Unit 2) and was documented in a 1998 reassessment. In
1998, the analysis process and documentation was brought under the nuclear quality assurance process for the
first time. A quality assurance audit conducted by NRC staff in early 2007 raised several questions related to
past work regarding design basis flood level determinations. This calculation supports a portion of the effort to
improve this design basis.

The Tennessee Valley Authority (TVA) was formed in 1933 as a multipurpose federal corporation responsible
for managing a range of programs in the Tennessee River Valley for the use, conservation, and development of
the water resources related to the Tennessee River. In carrying out this mission, TVA operates a system of
dams and reservoirs with associated facilities. As directed by the TVA Act, TVA uses this system to manage the
water resources of the Tennessee River for the purposes of navigation, flood control, power production and
consistent with those purposes, for a wide range of other public benefits.
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BLN is located on the right (northwest) bank of Guntersville Reservoir at Tennessee River mile (TRM) 391.5.
The site comprises approximately 1,500 acres between the Town Creek embayment and the Tennessee River,
which is the major flooding source for the site. At the BLN site, the Tennessee River drains an area of 23,340
square miles (Mi2) . Guntersville Dam is located downstream of the site at TRM 349.0. The drainage area at
Guntersville Dam is 24,450 Mi2 . The Tennessee River basin drainage area covers 40,910 Mi2 and is divided into
two distinct regions. One region is approximately 21,400 Mi2 upstream of Chattanooga, Tennessee, east of the
Cumberland Mountains; and the other is about 19,500 Mi2 downstream of Chattanooga. The drainage area lies
mostly in the state of Tennessee with parts in six other states-Kentucky, Virginia, North Carolina, Georgia,
Alabama, and Mississippi. (Ref 1).

3.1 River Operations

There are currently 24 reservoirs in the TVA system upstream from Wheeler Dam (Inclusive), 18 of which have
substantial reserved flood detention capacity during the primary flood season. The flood detention capacity
reserved in the TVA system varies seasonally, with the greatest storage available during the January through
March flood season. The system flood detention capacity above BLN varies from 4.2 inches of runoff on
January I to 4.1 inches of runoff on March 15, decreasing to 1.3 inches of runoff during the summer, then
gradually increasing during the fall to January I allocation.

Reservoir operating guidelines are implemented as prescribed operating ranges of reservoir levels throughout
the year. TVA represents these guidelines in graphs called guide curves, which show the reservoir levels for
navigation, flood control, recreation, and other operating objectives. Guide curves also depict the volume of
water available to TVA for hydropower generation and other beneficial uses.

Guide curves for mainstem and tributary reservoirs have different characteristics. Mainstem guide curves
typically allow for a much smaller range of reservoir elevation change. Tributary guide curves include a larger
change in reservoir elevations over the annual cycle. Because guide curves specify certain periods for raising or
lowering the reservoirs, they substantially affect seasonal releases in tailwater areas downstream of the dams.
Each project has its own guide curve.

These project-specific guide curves are based on original project allocations and subsequent modifications,
many years of historical flows, flood season conditions, and experience with project and reservoir system
operations. Reservoir operations based on the guide curves maintain project storage volume available for flood
control within the watershed at any given time of year, as well as the amount of stored water needed to meet
other purposes such as year-round navigation, power generation, reservoir recreation, water quality, waste
assimilation, and other environmental resource considerations. Figures I and 2 show generic tributary and
mainstem reservoir guide curves. .

TVA operating guidelines must be flexible enough to respond to unusual or extreme circumstances in the
system that are beyond TVA's control. The most important of these is variation in rainfall and runoff, at times
resulting in low inflow conditions (droughts) or high inflow conditions (floods) that substantially increase the
difficulty in meeting the multiple needs of the system. The upper limit of the discretionary operating zone is the
flood guide. Reservoir levels are generally only allowed to temporarily exceed the flood guide for flood
reduction and then returned to the flood guide to provide protection for succeeding events. By limiting
reservoir elevations to a level equal to or lower than the flood guide, TVA is assured that flood storage
necessary to minimize flood risk is available for use.
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Reservoir operational changes have been made to the Tennessee River system over the years. In 1971,
significant changes were made to the operating policy of ten tributary reservoirs, including raising the Jan. 1
flood guide level and adding a flood regulating zone above these levels at eight of the projects and increasing
the normal minimum level at the nine of the projects. In 1991, TVA initiated the Lake Improvement Program
study in which the operating policy for 10 major tributary projects delayed the unrestricted annual drawdown
until after July 31, implemented minimum flow releases at many projects and increased dissolved oxygen
concentrations in the release of 16 dams. Also in the early 1990's a review made by TVA as part of the Dam
Safety Emergency Action Planning process indicated that at many projects access routes could become
inundated and impassable during extreme flood situations. To ensure TVA staffs have access to the dams during
such events, other means of transportation can be utilized including boat and helicopter access through TVA
police or through local Emergency Management Agency (EMA) contacts. TVA has established working
relationships with EMA's adjacent to and downstream of TVA dams for flood forecast notification, evacuation
planning and general support. TVA also has an agreement with the United States Army Corps of Engineers
(USACE) to make staff available to support gate operation at the main river dams. The USACE has
responsibility for operation of locks at TVA projects. As a result, the agreement allows their staff to support
TVA personnel with gate operations on main river dams on an as-needed basis. TVA and USACE staff have
also conducted joint training exercises to define responsibilities and to ensure safety procedures are followed
(Ref 1).

In 2001, TVA began its most comprehensive analysis ever, the Reservoir Operations Study (ROS) (Ref 2), to
review all of the purposes for which the reservoir system was operated.
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In 2004, the TVA Board of Directors approved changes to the reservoir operating policy. Consistent with the
operating policies expressed in the TVA Act, these changes established a balance of reservoir system operating
objectives that produced a mix of benefits more responsive to the values expressed by the public during the
ROS. These changes included enhancing recreational opportunities while avoiding unacceptable effects on
flood risk, water quality, and TVA power system costs. The winter flood guide was raised on 11 reservoirs;
but, based on extensive analyses, these changes did not increase flood risk at downstream locations for floods of
magnitudes up to and including the 500-year recurrence interval events. PMF levels at TVA's operating nuclear
plants were also evaluated during the ROS and determined that the impact on the PMF levels at TVA Nuclear
Plants was minimal. As an additional part of 2004 ROS during which the objection was to not increase flood
elevations for storm up to a 500- year recurrence interval, a new set of Flood Operational Guides were
developed. The ROS study provided a new logic for operation of tributary storage reservoirs which tended to
store water earlier in major storms than the fixed rule used in the FSAR analysis.

A generic guide curve for tributary projects is shown on Figure 1 which reflects changes made to tributary
project guide curves as a result of the ROS. The primary differences between the old guide curves and the new
guide curves are the formalization of the Flood Guide throughout the year, and replacing the minimum
operating guide (MOG) by the balancing guide.

4. Methodology

This calculation will review the reservoir operating rules from the 2004 ROS used as input into the SOCH and
TRBROUTE computer codes; compare them with current knowledge, ongoing river operations and
understanding of the TVA staff to produce a definitive set of Flood Operational Guides.

5. Assumptions

5.1 General Assumptions

None

5.2 Unverified Assumptions

The Dam Rating Curves for Wheeler and Tim's Ford have been completed, providing the discharge capacities
for the dams.

Technical Justification: Preliminary discharges have been established for Wheeler and Tim's Ford Dams. This
UVA will be removed following the issuance of the Wheeler and Tim's Ford Dam Rating Curves,
CDQ000020080021 and CDQ000020080022, respectively.
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6. Design Input

" Seasonal Operational Guides - provide normal pool starting elevations throughout the year (Ref 26).
Initial Reservoir Starting levels are shown for each reservoir operating guide figure are summarized and
tabulated in Table I for both the Mid-March and June 1 event.

* River Operations Study (Ref 2)
o Reservoir operating guides
o Dynamic Recovery Mode (Knuckle) description

* SOCH Computer codes (Ref 4)
o Provides all iterative runs to establish Head Water (HW) elevations at decision points.

" TRBROUTE Computer codes (Ref 5)
o Provides routing of upstream tributaries to determine upstream boundary discharge

hydrographs for input into SOCH.
* Dam Rating Curves (Ref 6-25)
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7. Calculation

TVA uses the Flood Operational Guide to facilitate planning studies, by using the Guides to "drive" computer
simulation models. River Scheduling (RVS) staff is responsible for integrated operation of the TVA reservoir
system. RVS staff uses state-of-art hydrologic data collection, weather forecasts, and computer models to
derive an operating plan based on the latest observed and forecasted weather conditions while looking at the
entire river system as an integrated unit. With redundant communication systems available and a backup
command center available, the RVS staffs have never been out of communication with any plant for any
extended period of time. The Flood Operational Guides are not intended to be implemented by plant staff for
flood-control operations but merely used to simulate the realistic operations for modeling the Tennessee River
System in the event of a major flood.

7.1 Flood Operational Guide

The Flood Operational Guide approach is used to simplify the complexities associated with real-time operation
of main stem reservoirs and tributaries. In actual practice, there is no modeling boundary between tributary and
main stem reservoirs. An iterative approach is applied throughout the river system, with the river scheduling
staff considering various releases until arriving at an acceptable scenario of coordinated operations.

The Flood Operational Guide consists of an outflow vs. pool elevation curve describing appropriate operating
combinations. The term "Guide" may be somewhat misleading, as the curve is dynamically modified based on
an annual guide curve and the current and recent states of the reservoir. Nevertheless, given a curve that is
Guide for the current time step, and the planned inflows from upstream projects, an achievable outflow -
headwater pool elevation combination is determined. The application of the Flood Operational Guide for
computer simulation requires prescribed inflows to the reservoir. For this reason, the Flood Operational Guide
is applied beginning with the most-upstream tributary reservoirs first. Solution proceeds downstream through
the remaining tributary and mainstem reservoirs.

Median initial reservoir elevations were used at the start of the storm sequence used to define the PMF to be
consistent with statistical experience and to avoid unreasonable combinations of extreme events. Since the
hypothetical PMF occurs in March the pool elevation will correspond to that of the Operations Guide (Ref 3).

Normal reservoir operating processes were used in the antecedent storm and main storm. This included use of
turbine, sluice and/or spillway discharges as necessary in the tributary and mainstem reservoirs. Some
Tributary turbine discharges may be eliminated during the main storm due to tailwater rise or flooding of the
powerhouse from headwater overflow. Spillway gates and other outlet devices were determined to be capable
of being placed in a fully opened position when needed during the flood. Gate crews would be called to
respective dams during or before the first hours of the main storm when access would not be a problem.
Normal practice of having gate crews remain at the darnsi as necessary, during major floods would be followed.
Gates on main river dams would eventually be fully raised, thus requiring no additional operations, by the last
day of the main storm which is before the structures and access roads would be inundated.

The Primary and Summer Guide Curves define the operation of the project during flood events up to spillway
capacity. At Fort Loudoun, Tellico and Watts Bar, a surcharge zone above top of gates elevation was added,
effectively adding an additional two feet of storage in these projects. Similarly, surcharge zones were added at
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Chickamauga and Guntersville of 1.56 and .56 foot, respectively. Historic flood event since the 1970's have
demonstrated TVA's willingness to surcharge Fort Loudoun, Tellico, Watts Bar and Chickamauga reservoir to
limit flooding at Chattanooga, Tennessee. Thus the new Guides more nearly reflect the expected operation of
the reservoir system. The new Guides also used logic from the ROS study for the tributary system which better
replicate TVA's policy of utilizing a greater amount of storage space in the tributary reservoirs earlier in a storm
period to attempt to achieve significant reductions in the Chattanooga flood crest, as well as to address localized
downstream flooding concerns below several of these projects.

Once a peak discharge - pool elevation occurs in the operations of a reservoir, operations enter the Recovery
Mode of the Flood Operational Guide curve (Figure 3 and 4). In recovery mode for the antecedent storm, the
Recovery Curve is to expedite, the recovery of the reservoir to a more normal state. For the main stem dams a
two-segment connection is created in the curve from the peak discharge pool elevation first downward then over
to a "Recovery Mode Elbow" (80% of discharge distance from recovery Mode Base point and 50% elevation
distance from Recovery Mode Base Point). The slope of the first segment is parameterized to be rather steep,
indicating willingness of the operator to maintain a higher flow rate to reduce pool elevations rapidly. The
slope of the second segment indicates a rapid decline in flows, to a more normal rate, once a significant portion
of the pool is recovered. The Tributary Dams use a more stepped approach to recovery. These scenarios allow
the operating point to travel along this recovery curve, even up to a new peak point, until arriving at or below
the base point. (Ref 2)

Generic Main River Operational Flood Guide
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Figure 3 - Generic Mainstem Reservoir Recovery Mode
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After the main storm, the Recovery Curve for main stem reservoirs will go back down the Primary Guide Curve
to restore pool elevation. This allows water to be removed rapidly at the expense of recovering the main
reservoir storage space. Ft Loudoun, Watts Bar and Chickamauga recovery will vary slightly from the Primary
Guide Curve to account for the reduction of the South Chickamauga Creek flows impact on the total flow at
Chattanooga. Recovery for the Tributary Dams follows the same stepped Curve as the antecedent storm and as
shown in Figure 4.

7.2 TRBROUTE Code

The TRBROUTE code will follow the Flood Operational Guide during an antecedent storm, the 3-day dry
period, and then during the main storm. There is a Flood Operational Guide for each Tributary project that is
followed for the flood routing sequence.

7.3 SOCH Code

The SOCH computer code is executed on the mainstem reservoirs and selected major tributaries to compute the
maximum flood stage and discharge for the PMF design storm and seismically induced dam failure events. The
SOCH code has the capability to follow an operation guide as a part of a single run by prescribing the
downstream boundary changes at the start of run simulation. There are times when the simulation will have to
be interrupted to change boundary conditions, such as that required when the head water elevation or discharge
reaches a given point or postulated failure of the structure occurs. When a change in the boundary condition is
required, a starting line from the previous simulation can be saved for use in initiating the next simulation
period with a new boundary condition prescribed.

The SOCH code will follow the Flood Operational Guide during the antecedent storm, the 3-day dry period, and
during the main storm for each project. There is a Flood Operational Guide for each mainstem project that is
followed for the flood routing sequence.
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8.0 Results

8.1 Main River

The Flood Operational Guides use a curve of discharge vs. pool elevation describing the combination of
outflow and pool elevation conditions that are appropriate. Figures 5 thru 13 describe two curves for each Main
River Dam consisting of the Winter Primary Guide Curve (PGC), the Summer PGC (June 1). The Recovery
Curve with knuckle is not shown but can be calculated as shown in Figure 3 for the antecedent storm.
Otherwise, the Recovery Curve will follow the PGC after the main storm. The two curves (winter and summer)
include a variety of:

1. Horizontal segments, where operators would like to maintain a given pool as long as a range of
outflows can do so.

2. Vertical segments, where operators will allow the pool to rise within a certain range if it can be done
without requiring an increase in discharge from a constant-level.

3. Diagonally sloped segments where pool and discharge increase together.

In all cases, the curves are parameterized with an initial vertical line with discharge 0, followed by a horizontal
portion, and a final horizontal line with a pool elevation equal to fully-surcharged pool elevation. This curve
can be adjusted for seasonal operations based on a "normal operations" guide curve. The guide curve fluctuates
throughout the year. During certain "low guide" periods, the bottom horizontal line may "float" down, leaving
the remainder of the curve unchanged. When the guide rises up above a user defined threshold, the entire curve
scales, so as to ensure that the pool elevation associated with the first horizontal segment of the curve remains
equal to the guide curve pool elevation. At each timestep, the guide curve is determined dynamically in this
fashion. (Ref 1)

The horizontal and vertical segments may cause the SOCH computer code to stop after twenty (20) iterations in
an attempt to converge to the next point on the curve. To help the SOCH user, the Flood Operational Guide
points, as shown in Figures 5-11, can be modified to alleviate the issues with convergence (See Attachment 1).
Discharges are modified by a relatively small amount above and below the vertical discharge value and
elevations are changed by a relatively small amount above and below the horizontal elevation value.

8.2 Tributary Operation Guide

The generic tributary guide curve is comprised of two primary curves and two decision points:

1. The Primary Guide Curve (PGC), designed for use in the antecedent flood, and/or in the unlikely event
that the pool is fully recovered to its initial elevation before the main storm occurs (curve A,B,C,D,E,F
and beyond).

2. The Recovery Curve (RC), designed for flood recovery for the antecedent storm and for operation
during the early portion and flood recovery portion of the main storm (until top-of-gates elevation is
reached) (curve al, a2, a3, a4, a5, a6, F and beyond).

Point A on the PGC represents the starting elevation based on simulated March 15 elevations from the 2004
Reservoir Operations Study (ROS) (Ref 2), and a discharge corresponding to ½ of full turbine capacity.
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Point B on the PGC represents the elevation at which it is assumed that the reservoir operators will reduce the
discharge to zero cfs (Point C) to alleviate downstream flooding.

The reservoir will remain at zero cfs discharge until one of two things happen:
a. Decision #I the reservoir local precipitation has ceased for 12 or 24 hours depending on the tributary, at

which time the discharge will be transitioned to the recovery curve (a,.. .a 6 ), at the corresponding
reservoir elevation which has been attained on the PGC, or

b. The reservoir elevation will increase to the elevation depicted at Point D on the PGC, at which time the
reservoir discharges will be increased as shown on segment D-E on the PGC.

In the latter case (b) above, if the elevation corresponding to point E is reached, the discharge will continue to
be increased as necessary to hold TOG elevation, until the outlet capacity of the project is exceeded (Point F), at
which time the simulation will continue beyond Point F based on the Dam Rating Curve. This is not anticipated
to occur during the antecedent storm but will occur during the primary storm at most locations.

Decision #2 occurs after 12 hours into the main storm. The pool elevation is determined and if the elevation is
inside the upper transition zone, reservoir operation will continue along the RC for the remainder of the storm,
including the main storm. When TOG is reached, the simulation will continue as above to Point F, and then
beyond as necessary according to the outlet rating. If the pool elevation is not within the upper transition zone
then the reservoir operation transfers back to the PGC at that elevation and will continue to pt D and beyond.
This Tributary Flood Operational Guide will be typical for all Reservoirs. Figure 4 shows a Generic Tributary
Guide with the PGC and RC only.

Generic Tributary Curve

E a6  
[__ 

_ _ _ _ _ _ _ _

F
a a 5

J- -- -Top of Gates

a2  3 - - Primary Guide Curve
B (Mid-March) - 4t end of main Recovery Curve

:> ~storm recovery'..h~old
L a elevationB. - Final Recovery Elevation

(June 1)At end of nain storm
recovery, hold elevation al.

Discharge (cfs)

Figure 4 - Generic Tributary Curve
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9.0 Summary

TVA has never experienced a flood event approachingthe magnitude of the PMF, thus it is difficult to fine tune
an operation guide for these simulations. However, we expect for events of PMF magnitude that any operating
policy driver will rapidly converge to unregulated conditions at most projects.

The following reservoirs are used in the modeling of the PMF storm event. Other reservoirs exist but do not
represent significant storage capacity and therefore are not used in the computer models. All SOCH computer
model input points are represented in the Tributary Reservoir curves except Chilhowee. Chilhowee will be
operated as a pass through where the inflows are the outflows.

Attachment I (electronic) has the same data that is represented in the tables but in SOCH usable format (excel
spreadsheet). The Mainstem Dam points account for the convergence issues, while Tributary Dams data is
usable as shown in the Figures.

9.1 Main Stem (or SOCH Modeled) Reservoirs

The Figures 5 thru 13 that follow represents the best available information and knowledge to date on how the
individual Mainstem (or SOCH Modeled) Dams will operate during a PMF event.

9.2 Tributary Reservoirs

The Figures 14 thru 39 that follow represents the best available information and knowledge to date on how the
individual Tributary Dams will operate during a PMF event.
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Fort Loudoun Operational Guide
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Fort Loudoun Discharge (1000 cfs)

Mid-March Guide

Pt 1 2 3 4 5 6 7 8 9 10
Elevation (Ft) 808 808 810 810 812 812 813 815 817 817

Discharge 0 30 30 50 50 80 80 98.75 98.75 *
(1000 cfs)
* - See Reference 14 for discharge capacity.

June 1 Guide

Pt 1 2 3 4 5 6 7 8 9 10
Elevation 812.75 812.75 813 813 813.3 813.3 813.43 815 817 817

(Ft)
Discharge 0 30 30 50 50 80 80 98.75 98.75
(1000 cfs)

Figure 5 - Fort Loudoun Flood Operational Guide
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Fort Loudoun Flood Operational Guide

The sequence for Fort Loudoun will follow the Flood Guide shown on Figure 5. As a flood develops the
operation at Fort Loudoun as the downstream boundary in SOCH, will follow the numbers shown on Figure 5
as defined below: (numbers given are for the Mid-March Guide)

" Hold elevation 808 until the discharge equals 30,000 cfs.
" Hold the discharge at 30,000 cfs until the head water elevation 810 is reached.
* Hold elevation at 810 until the discharge equals 50,000 cfs
* Hold discharge at 50,000 cfs until the head water elevation 812 is reached.
* Hold elevation 812 until the discharge equals 80,000 cfs.
* Hold the discharge 80,000 cfs until elevation 813 is reached.
" Elevation and discharge increase until the headwater reaches gate top elevation of 815 and discharge of

98,750 cfs.
* Hold discharge at 98,750 cfs at Fort Loudoun until head water elevation 817 is reached.
" Hold elevation 817 until Fort Loudoun discharge capacity is reached.

Recovery after Main Storm

Fort Loudoun will follow the PGC down to elevation 817 and 155,000 cfs.
Then hold 155,000 cfs until elevation 815 is reached.
After 815 is reached elevation and discharge decrease until elevation 813 and 80,000 cfs is reached.
Recovery Curve at pt 7 follows PGC back down to normal pool elevation and discharge.
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Tellico Operational Guide

818

817
816-
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o 814-

813-
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V 810-

: 809-

4
- r- ---- ---- --- See Reference 2 3 for

3 ---- -- - litElevatio it 8

2

808-

807
0 50 100 150 200 250

Tellico Discharge (1000 cfs)

I Mid-March and June 1 Guide

Pt 1 2 3 4 5
Elevation (Ft) 808 815 815 817 817

Discharge
(1000 cfs) 0 0 30 30 *

• - See Reference 23 for discharge capacity.

Figure 6 - Tellico Flood Operational Guide

Tellico Flood Operational Guide
The sequence for Tellico will follow the Flood Guide shown on Figure 6. As a flood develops the operation at
Tellico as the downstream boundary in SOCH, will follow the numbers shown on Figure 6 as defined below:

* Hold discharge at zero until elevation 815 is reached.
* Hold elevation 815 until the discharge equals 30,000 cfs.
* Hold discharge at 30,000 cfs until elevation 817 is reached.
* Hold elevation 817 until Tellico discharge capacity is reached.
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Melton Hill Operational Guide

796.5

796-

0

• 795.5

LU

Top of Gates

.. .... .....................................

A2
- ..- .- .- .-

See Reference 18 for
Dis harge C apacith at
Elevation 795

794.5
0 20 40 60 80 100

1
120 140 160

Melton Hill Discharge (1000 cft)

Mid-March and June 1 Guide

Pt 1 2
Elevation (Ft) 795 795

Discharge
(1000 cfs) 0 *

- See Reference 18 for discharge capacity.

Figure 7 - Melton Hill Flood Operational Guide

Melton Hill Flood Operational Guide
The sequence for Melton Hill will follow the Flood Guide shown on Figure 7. As a flood develops the operation
at Melton Hill will follow the numbers shown on Figure 7 as defined below:

* Hold elevation 795 until Melton Hill discharge capacity is reached.
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Watts Bar Discharge (1000 cfs)

Mid-March Guide

Pt 1 2 3 4 5 6 7 8
Elevation (Ft) 736 736 739 739 741 745 747 747

Discharge
(1000 cfs) 0 45 45 80 80 117.5 117.5
* - See Reference 25 for discharge capacity.

June 1 Guide

Pt 1 2 3 4 5 6 7 8
Elevation (Ft) 740.75 740.75 741.85 741.85 742.58 745 747 747

Discharge
(1000 cfs) 0 45 45 80 80 117.5 117.5

Figure 8 - Watts Bar Flood Operational Guide
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Watts Bar Flood Operational Guide

The sequence for Watts Bar will follow the Flood Guide shown on Figure 8. As a flood develops the operation
at Watts Bar, as the downstream boundary in SOCH, will follow the numbers shown on Figure 8 as defined
below: (numbers given are for Mid-March guide)

" Hold elevation 736 until the discharge equals 45,000 cfs.
• Hold discharge 45,000 cfs until elevation 739is reached.
" Hold elevation 739 until the discharge equals 80,000 cfs.
* Hold discharge 80,000 cfs until head water reaches elevation 741.
* Elevation and discharge increase until gate top elevation of 745 and discharge of 117,500 cfs is

reached.
* Hold discharge at 117,500 cfs until elevation 747 is reached.
* Hold elevation 747 until Watts Bar discharge capacity is reached.

Recovery after Main Storm

Watts Bar will follow the PGC down to elevation 747 and 140,000 cfs.
Then hold 140,000 cfs until elevation 745 is reached.
After 745 is reached elevation and discharge decrease until elevation 741 and 80,000 cfs is reached.
Recovery Curve at pt 5 follows PGC back down to normal pool elevation and discharge.
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Chickamauga Operational Guide
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Chickamauga Discharge (1000 efs)

Mid-March Guide

Pt 1 2 3 4 5 6 7 8
Elevation (Ft) 676 676 679 680 682 685.44 687 687

Discharge
(1000 cfs) 0 45 45 85 85 145 145 1
* - See Reference 1 1 for discharge capacity.

June 1 Guide

Pt 1 2 3 4 5 6 7 8
Elevation (Ft) 682.5 682.5 683.04 683.23 683.59 685.44 687 687

Discharge
(1000 cfs) 0 45 45 85 85 145 145

Figure 9 - Chickamauga Flood Operational Guide
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Chickamauga Flood Operational Guide

The sequence for Chickamauga will follow the Flood Guide shown on Figure 9. As a flood develops the
operation at Chickamauga as the downstream boundary in SOCH, will follow the numbers shown on Figure 9
as defined below: (numbers given are for Mid-March guide)

* Hold elevation 676 until the discharge equals 45,000 cfs.
* Hold discharge 45,000 cfs until elevation 679 is reached.
* Elevation and discharge increase until elevation of 680 and discharge of 85,000 cfs is reached.
" Hold discharge 85,000 cfs until elevation 682 is reached.
* Elevation and discharge increase until gate top elevation of 685.44 and discharge of 145,000 cfs is

reached.
* Hold discharge 145,000 cfs until elevation 687 is reached.
* Hold elevation at 687, until Chickamauga discharge capacity is reached.

Recovery after Main Storm

Chickamauga will follow the PGC down to elevation 687 and 190,000 cfs.
Then hold 190,000 cfs until elevation 685.44 is reached.
After 685.44 is reached elevation and discharge decrease until an elevation of 682 and a discharge of 85,000cfs
is reached.
Recovery Curve at pt 5 follows PGC back down to normal pool elevation and discharge.
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Nickajack Operational Guide
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NickaJack Discharge (1000 cfs)

Mid-March and June 1 Guide

Pt 1 2

Elevation (Ft) 632.5 632.5
Discharge
(1000 cfs) 0 *

- See Reference 19 for discharge capacity.

Figure 10 - Nickajack Flood Operational Guide

Nickajack Flood Operational Guide
The sequence for Nickajack will follow the Flood Guide shown on Figure 10. As a flood develops the operation
at Nickajack will follow the numbers shown on Figure 10 as defined below:

0 Hold elevation 632.5 until Nickajack discharge capacity is reached.
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Guntersvllle Operational Guide

596.5 -

7 .8
596

'595.5
0.2 595-

1594.5-

594,

593.5

593

SeeRefm Wne 16 foi
Topo~'ate ,Discharge •afnwciy atTop oGates

6
... . . . ... ....... ............... . r . . . ... ..--.. ............. ._• t t • .•J....... .................... ..... ...........

Opelation"
..i .i. I /. ...... . . .. .. . . ... ... . ... . ..

3

I2
/

I .

0 100 200 300 400
I

500 800
Guntersville Discharge (1000 cfs)

Mid-March Guide

Pt 1 2 3 4 5 6 7 8
Elevation (Ft) 593.3 593.3 594 594 595 595.44 596 596

Discharge
(1000 cfs) 0 50 50 100 200 300 400 *

• - See Reference 16 for discharge capacity.

June 1 Guide

Pt 1 2 3 4 5 6 7 8
Elevation (Ft) 595 595 595.14 595.14 595.35 595.44 596 596

Discharge
(1000 cfs) 0 50 50 100 200 300 400

Figure 11 - Guntersville Flood Operational Guide
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Guntersville Flood Operational Guide

The sequence for Guntersville will follow the Flood Guide shown on Figure 11 (numbers given are for Mid-
March guide):

* Hold elevation 593.3 until the discharge equals 50,000 cfs.
* Hold discharge 50,000 cfs until elevation 594 is reached.
" Hold elevation 594 until discharge equal 100,000 cfs.
* Elevation and discharge increase until elevation 595 and discharge is 200,000 cfs
* Elevation and discharge increase until gate top elevation of 595.44 and discharge of 300,000 cfs.
* Elevation and discharge increase until the surcharge elevation 596.
* Hold elevation 596 until Guntersville discharge capacity is reached.

Recovery after Main Storm

Guntersville will follow the PGC.



Calculation No. CDQ000020080050 Rev: I Plant: GEN Page: 33
Subject: Flood Operational Guides Prepped HLSS

Checked JCC

0
M.

a-O.

a)
I

558

557

556

555

554

553

552

551

550

Wheeler Operation Guide
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6 See Reference 27 for
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Wheeler Discharge (1000 cfs)

500 600

Mid-March Guide

Pt 1 2 3 4 5 6 7 8
Elevation (Ft) 551 551 553 553 556 556.28 557 557

Discharge
(1000 cfs) 0 130 130 200 300 350 350 500

* - See Reference 27 for discharge capacity.

June 1 Guide

Pt 1 2 3 4 5 6 7 8
Elevation

(Ft) 555.75 555.75 555.95 555.95 556.25 556.28 557 557
Discharge
(1000 cfs) 0 130 130 200 300 350 350 500

Figure 12 - Wheeler Flood Operational Guide
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Wheeler Flood Operational Guide
The sequence for Wheeler will follow the Flood Guide shown on Figure 12. As a flood develops the operation
at Wheeler as the downstream boundary in SOCH, will follow the numbers shown on Figure 12 as defined
below: (numbers given are for Mid-March guide)

* Hold elevation 551 until the discharge equals 130,000 cfs.
* Hold discharge 130,000 cfs until elevation 553is reached.
* Hold elevation 553 until discharge equal 200,000 cfs.
" Elevation and discharge increase until elevation 556 and discharge is 300,000 cfs
" Elevation and discharge increase until gate top elevation of 556.28 and discharge of 350,000 cfs.
* Elevation and discharge increase until the surcharge elevation 557.
" Hold elevation 596 until Guntersville discharge capacity is reached.

Recovery after Main Storm

Wheeler will follow the PGC.
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Figure 13 - Apalachia Mid-March and June 1 Flood Operational Guide
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2. The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

Figure 14 - Blue Ridge Mid-March Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS
Checked JCC

Blue Ridge Dam
INS-

Summei Recoveiv Curve
I

Tranisitions (1) and (2) occii in! between PtI a2 E A andE go toXid Mat chI ('imvefoli Detailsa E F-

1691z

6lIf Main stormI traiwition elevation occiu S il thisi
i ange(1688 to 1691) then stay ol RCtoPtE

D Decision pomts
1688 (1) -I) ecisioi =1 Anltecedent tj ansition to eco eiry (1ton in

B depeendent, season de)endent) must be calculated fiol initial ilnl of
C TRBROUTE

(2) -Decision =2 Mainm storn anlition (stoni dependent& season
A(lependent) must be calculated by TPRBRBOUTTE based on(1)above

0.4 ft aboveinitial HW elevation at
beMI111in12 of antecedent storm

0 10.000 20.000 30.000 40.000 60.000

Discharge - cfe

June 1
Pt A B C D E F al a2 a3 a4 a5 a6

Elevation
ftf 1687 1687.4 1687.4 1689 1691 1691 1687 1691 N/A N/A N/A N/A

Discharg

e
(cfs) 1,000 1,000 0 0 2,700 * 1,800 1,800 N/A N/A N/A N/A

• - See Reference 7 for elevation/discharge at point F.

Figure 15- Blue Ridge June 1 Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS
Checked JCC

Boone Dam

1305

1380

1385

'1376

1370

F

F

-"-Pdmry Guide Curve w/Turbine

-StorehReowvy Carw/oTUrbine

a4 as

a2 a310 NoThnuiti/ohown
ID Must re-uelwlmtebmuedo oan m n•

*fbot obovehnitialEW devotion at b4-n1, of
antecedmtotosm

A

•S"Wo

1365
0 20.000 40.000 00.000 80.000 100.000 120.000 140.000 160.000 180.000 200.000

Discharge -of.
Notes:

1. All transition points (dashed lines) are shown for illustration purpose only. Transitions are storm dependent.
2. The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

Figure 16 - Boone Mid-March Flood Operational Guide
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Subject: Flood Operational Guides

Boone Dam

1386 E

E

1384

1382

A4

D4
a2

A

a6

aS

ko nudttonughown
a3 Mbutre-"slIatebosed oautoan audSmui

F

--- Suounir Guide Curve

-Sumnl Remvay Curve

al
0.3 ft above luAtU. IW devtlomt at
boSlbnnui of ontecedot otorm

1380 I g

0 20.000 40,000 80.000 80,000 100.000 120.000 140.000 160,000 180.000

Discharge -oft

June 1

Figure 17- Boone June 1 Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS
Checked JCC

Chatuge Dam

1930

01

1926

0

C

E
.3

a4 1928

1927
Iflaie storm tiaiwltiont elevatioinoccuris in tius

range (t192" to 1923 ) then stay on RC to Pt E

a d

HV elevation 12 hIouri after

H'of ele•edantiSol 2 I Io . afit eii(l
of antecedent Sto111n fainl fall (1)

----- pinialj y uide Ciiive x(PG(i:

Stoa X-CRecoxe" Cruz e(RC)

.....-- Antecedent Stoni Ti anatiou to R,

- - - Main StormTiansition oPCiC
a_ a3
Ba-.. O(lefoot aboveinilial -W elevation at bewninii of

antecedent stoiili

A Decision points
(1) - Decision =1 Antecedent ti ansition to recovery (stOc in depeildent, season
dependent) initstbe calculated fiomn initial run of TRBROTTTE
(2) - Decision = 2 Main stormn ti asintion (stonn dependent & season (del)eleldent)
ilmist be calculated by TRBRQUTE hbased on (1) above

191l
0 2.000 4.000 6.000 9.000 10.000 12.000 14.000 16.000 18.000 20,000

Dlsoharae - ofb
Notes:

1. All transition points (dashed lines) are shown for illustration purpose only. Transitions are storm dependent.
2. The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

Mid-March
Pt

Elevation
(ft)

Discharge
(cfs)

Figure 18 - Chatuge Mid-March Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS
Checked JCC

1930

Chatuge Dam

TIansitions (I) and(2) occaiiiinzbetweenPt A and(IE
!zo to Mid Maric ('11x efoi Details

E F
1928

1926

1928

I1f Aain stori n trailn.tion elevation occurs in this
range (192" to 1928 then stay on R- to PIE

1927

-6--somll el imnni |de 'C'm N e

- Suminmei Recov eiN Cuvne

0 2 ft aboveiitial HW elevation at bezlnnin
of altecedent stol ill

Decision points
(1) - Decision =1 Antecedent ti ansition to recoveiy (stori dependent, season
dependent) must be calculated Ii on1 initial i nn of TRBROT•TTE
(2) - Decision =2 Mari stori transition (stonn dependent & sea son dependent)
mllust be calculated by TRBROUTE based on (1) above

1924
0 2.000 4.000 6.000 8.000

Dlsoharae - oft
10.000 12.000 14.000 16.000

June 1

* - See Reference 9 for elevation/discharge at point F.

Figure 19 - Chatuge June 1 Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS

Checked JCC

Cherokee Dam

1080

1E

F
-I

D

1070

11080 -

1050
C

1040

1072 fMainu storm trasition dwtiouoocuruin
thisraup(1072 to1075)#tsyonRCtoptZ

am

HWdretiou 12 hours ater
binning ofmainustorm (Z)

3L W dvati/oa 4 hours ate ud
a3 ofuntutwaut Storm rain fill (1)

-4- Primary Guide Culw/lTurble

- StorjmeReouvety Cumrew/oTurbune

----- AntecedentStoanthazstion toRC

----- MainStormTrazetion toPOC

a 2

Thra ft abovelnitial 'W dweaton at bqdunluuoarntecedent storm
Dooulou polnto

A (1) -Deciuion 01 Antecedent tranutiouto recay (storm depimtdutmou
depandaut) mustbe =cladsteoaninitial run of7TJROTY"J
(1) -Decdsion # I Main storm transitio(stoan dependent &seao depeudui)
mutu b~ersmdated vTRy•fL TJ basd an fll abaveI ~

0 50.000 100,000 150,000 200.000 250.000 300.000
DIscharge -aft

350.000

Notes:
1. All transition points (dashed lines) are shown for illustration purpose only. Transitions are storm dependent.
2. The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

Figure 20 - Cherokee Mid-March Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS
Checked JCC

Cherokee Dam

1080

1078

-. Sm.• e Guide Curve

-S• ummw Reoary Curve

1078

1074

jD

"ranaiiorn (1) and(2) ocaurinbetweenPt A and
Ip to MidMard 'Curvefl Details

E F
F-

a4a3

1075

ZMatlnsto ntranmit-oa elevation owL in this
raup (1071 to 107 5) stay on RC to pt I

1072
C

1070

1088

-- I- 1072

'jzi., fBaboveltial SW dewation at bqbnln of

A al antecedentstoa

DedMopoints
(1)- DedaMon 01 Antecedat tra'nitliotormwory ( dumapdputmsmon
dependent) mustbe allatedtoomnhitill run o7TRDROUTI
(2) -Dedslon 02 Main stotm tranlion (stonn depudut & srnon depaideot)
m tb# beulmlatedby"R.ROuV" bamd on (1) above

0 50.000 100.000 150.000 200.000
Discharge - oaf

250.000 300.000

* - See Reference 10 for elevation/discharge at point F.

Figure 21 - Cherokee June 1 Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS
Checked JCC

Douglas Dam
1020 1

1010

1000
D

960

F .zE
- U

AN1022 W devoaton 12 how after bqmnnft of
main storu stay on RC to Pt X (1)

q7 M la,, atorm transitin deotin omnI
rn•uec)97 to100X)thoastayouaRCto pt

F

Nom

Wdwatloa i lhours afLs madof
antecedent Stom raln II (1) m

Primary Guide Curvow/Turlbe

Storapleou.• ry Curvow/oTurbine

....-----. Antodttomufazntima toRC

970 "

- --- -Man Storm'fauAtlau to PGCDeciioa pointo
(1) -Dediion #1 Antecmdet tranittiontorscovuy (storm dopoudeat. suson
dspeademt) muotbe aulelatedicuinitial run oTR3RORUT
(1). Dediouf f MIain 'torm tranutlio (stoma depaudet& samon
dgpeudsnt)mustbecalWaltedby7RBlROVMl bamdon (1) aboveI0, I

C

950

1 3
fL' Oneloot abovinltlalEW deattion otbagianzof

A al anteodaftto rm

0 100.000 200.000 300.000 400,000 500.000
Discharge -oft

Notes:
I. All transition points (dashed lines) are shown for illustration purpose only. Transitions are storm dependent.
2. The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

Mid-March

Pt A B C D E F a I a2 a3 a4 a5 a6
Elevation 958.6 959.6 959.6 999 1002 1002 959.6 962 962 1002 N/A N/A

(ft)
Discharge 9,000 9,000 0 0 24,000 * 20,000 20,000 24,000 24,000 N/A N/A

(cfs)
• - See Reference 12 for elevation/discharge at point F.

Figure 22 - Douglas Mid-March Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS

Checked JCC

Douglas Dam
1010

1008

1008

1004

1002

1000
D4o

.-4-1ummer Guide Curve

- Summer Rcovery Curve

Tniulliou (1) and(l) occrailnbetweouPt A madl
jo to MidMardi CmuveZor Ddtals FE - it

= 0,"I
] 1002

la

S sfMtimon traunditon dwlatUoncowmin this~~~rouj*e(9107 to 1001) theuisty oaRC topt

997

Ouelbot abovelntttlaHW devation at bnnuijiof
A a antecedet sm

Devduponuto

(1) Ded ou 1 Antecedenuattuansntorecovey (storm depmdtnt. um
dep andut) must be calculatdf tom initl raun ofTRBROVfl
(1) - Dedcsion I Main utortm truation (stoan depeudent & seaon
,=N h4mn m ..ftltw Imlmlh.IahshwI'Dl. ATrM haawl f.n il % ia.w

902

990 ON 0
0 50,000 100.000 150.000 200.000 250.000 300.000 350.000 400,000

Discharge -.of

June I
Pt A B C D E F al a2 a3 a4 a5 a6

Elevation 994 995 995 999 1002 1002 994 1000 1000 1002 N/A N/A
(ft)

Discharge 9,000 9,000 0 0 24,000 * 20,000 20,000 24,000 24,000 N/A N/A(cfs)
• - See Reference 12 for elevation/discharge at point F.

Figure 23 - Douglas June 1 Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS

Checked JCC

Fontana Dam
1730

1720

1710
D

1700

lgo
100.

1070

1660~

C
1850

E
a6 _F

016 zfin sormtanstion devtion
occwru in two ranp (1706 to 1710)
stay ou Cto ptl

9

"-0- Primary Guide Cuzvew/Turbdne

-StorR.omvuy Cu'vmw/oTUrWn1

..... Anttemxt StomnTradtion toiRC

- - - Muinm tormln•htimn to PGC

a4
a

2

a:

a

HW dwetion 1I hours afte b5nni ofmain
stoano to PeOCfo operation (2)

NW deWvtion 24 hoars after ad ofrmnteedat Storm rain f11 (1)
3

Declson points
(1) -Dedalon #1 Antecedent tr•,Lonto recovery (storm
dop,,dt. sondependent) mudt be cloulltedfIom initial

r'Troeeetabo~intioffW run oflBBRODT
dbr.evot i boneinitiblalW (1) -Decsion #1 Mainstoamtransition(stoar dependent&
dwatlo betantr sm oseon dapsadla)um tbe mladletedby .BROUTRl band
anteoedmt stoan on (1) above

1640
0 50.000 100,000 150,000 200.000 250.000 300.000 350,000 400.000

Discharge -oft
Notes:

1. All transition points (dashed lines) are shown for illustration purpose only. Transitions are storm dependent.
2. The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

Mid-March

13 for elevation/discharge at point F.

Figure 24 - Fontana Mid-March Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS

Checked JCC

Fontana Dam

1718

1714

1712 "Trnsutuom (1) and(l) occurlzbetweenPt A audE
V0 to MidMardi Curvefl Doetailh

-V F F
11710

1701

11708
z

-4-SulmnwGuldeCurve

ffMaln storm transitiom devation occur I dE SummonRmvuy Curve
roIm (1706to1710)otayonRCtoptI

1702

*1 7T1n

_ sOnefeet mbovneiltlal •W devoton at
bqeglnl ofentecedit storm

Deduionpoint
(1) -Decison 01 Antecedent trmonution to recovery (storm depndent. sason
dqp mduit) mut be alwlatedfton ihdtial run ofTBROUTE
(,) -Dedeion Vff MHin storm tranition (storm dependent &.uason depsduz
must be cloubtedbyTl•ROTFTl bamdon(1)above1

I700..

0 20.000 40.000 80.000 80.000 100.000 120.000 140.000 180.000 180,000

Discharge -oft

June 1

Figure 25 - Fontana June 1 Flood Operational Guide
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Subject: Flood Operational Guides

1Rev: 1 Plant: GEN

Prepped

Checked

Page: 48

HLSS

JCC I
Fort Patrick Henry Dam

1296

1290

1285

-ago

t1275

1270

11286
x

-- Primary CTuide Curve (POCQ with
T'rbille

-Stor age Kecovelyv .urve (.KC) wo
Turbine

F1280

1266

1250
0 50.000 100.000 160.000 200.000

Discharge - cte
250.000 300.000 350.000

* - See Reference 15 for elevation/discharge at point F.

Figure 26- Ft Patrick Henry Mid-March and June 1 Flood Operational Guide

I
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Subject: Flood Operational Guides Prepped HLSS

Checked JCC

Hlwasse Dam
1540

1530

D
1520

i1510
IG1

11500

E
-'U

ab 1526.5

1523 IfINamin storm traulqti(jI elevation
occuresithisange(1523 to 1526 5 )
then stay on RC' to Pt F

F

" Primary Rule Curne

,Stoi ageRecoveiv Curve

. .Antecedent Stonn Ti aintioi toRC

- - - Main Stormn Ti ansation to PGC

a.
a4

- 4~---- HW elevation 12 homrs aftei be'innino ofinain stoi in
--o to PGC foi opelation (2)

as HWV elevation 24 hon., s attei end
of antecedent Stonm rain fall (1

Decision points
(1) - Decision =1 Antecedent transition to j eco-emy (toimii
dependent, season dependent) must be calculated tioni intial ru1 f of
TRBROUTE

149004 a3 ' Oniefoot above (2) -Decision = 2 Main stormn h anation (storm dependent& seavon
A a 1initial HV elevation de)en dent) imust be calculated by TRBROUTE based on (1) a bove

at besdnning of
antecedent stonn

1480 ....

0 20.000 40.000 60.000 80.000 100.000 120.000 140.000 160.000

Disoharge - oft
Notes:

1. All transition points (dashed lines) are shown for illustration purpose only. Transitions are storm dependent.
2. The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

Mid-March
Pt A B C D E F a I a2 a3 a4 a5 a6

Elevation 1488.5 1489.5 1489.5 1524.5 1526.5 1526.5 1489.5 1490 1490 1505 1505 1526.5
(ft)

Discharg
e 1,400 1,400 0 0 8,500 * 2,500 2,500 4,500 4,500 8,500 8,500

(cfs)
* - See Reference 17 for elevation/discharge at point F.

Figure 27 - Hiwassee Mid-March Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS

Checked JCC

1530 -

15281

Hlwassee Dam

Transitions (1) and (2) occiring between Pt A and E
go to Mlid Mai l Chulvefor Details

E F

1528 -

0,.
~1524 -

1522

C

1520

1518

1526.5

It Mainl 0 orm tran.ltion elevation
occuis i this iange (1523 to 1 526 5
then stay on RC to PI E

0 SutIXIei (Otiide Curve

- S1Nu.ILer Recovellr Cuive

1523

0 5 ft aboveinitial H• elevation at
begiinning of antecedent storin

aelio oit
A Decision points

(1) - Decision =1 Antecedent transition to i ecovery (storm
dependent, season depeendent) iniust be calculated fi o111 initial 11ill of
TR-BRO'TJTE
(2) - Decision = 2 Main stormi transition (stonn dependleit - seasoii
dependent) nust be calculated by TRBROUTE based oil (1) above

0 20.000 40.000 80.000 80,000 100.000 120.000 140.000

Discharge -oft

Figure 28 - Hiwassee June 1 Flood Operational Guide



Calculation No. CDQ000020080050 Rev: 1 Plant: GEN Page: 51

Subject: Flood Operational Guides Prepped HLSS
Checked JCC

Norris Dam

1040

1035

1030

1025

&1020

11015

=1010

1005
Cl

1000

995

FE
-p

a6 1034 F
If Ixajo ti anqtion elevation ocnim in this

1030 1ange20030 to 1034) tlhenlay oni RC t pt E

HW elevation 12 hours after bemziniur of main storu
ro to PGa' fol operation (2)------

--- --- *IHW ¢Ic\ aliou 24 hIuis, afli enod
of antecedent Stomnl rain fall (1)

- Pliinnal v GIiide (fix c WDfl bOle

- Stoi ageRecoveiy Curvewio
T-ubine

-...Antecedent Storn Ti an~s ton to IC

d'C a5

Decision points
(1) - Decision =1 Alie
dependent) mnust be ca

a2 (2) -Decision = 2 Mai
B a iust be calculated by

al 1 Thuee feet aboveinitial H\V

elevation at be nlining of
antecedent stoilil

-.... slaui Stomi Ti an"Otiom tP.I+

(edelit It aimttion to tecovery (stea1 dep endet. s•easo11
Iculated fo oln initial i un of TRBROUTE
n storli tranii.tion (stoiun dependent &• seasoli dependent)
TRBROUTE based oil (1) above

0 20.000 40,000 60,000 80.000 100.000 120.000
Discharge -oft

140.000

Notes:
1. All transition points (dashed lines) are shown for illustration purpose only. Transitions are storm dependent.
2. The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

Mid-March
Pt A B C D E F al a2 a3 a4 a5 a6

Elevation 1001 1004 1004 1032 1034 1034 1004 1006 1006 1015 1015 1034

Discharge 4,500 4,500 0 0 24,000 * 9,000 9,000 16,000 16,000 24,000 24,000
(cfs)
* - See Reference 20 for elevation/discharge at point F.

Figure 29 - Norris Mid-March Flood Operational Guide
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Subject: Flood Operational Guides

Norris Dam

1040

1038
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1034

1032

J01030

V1028

1028

M1024

C
1022

1020

1018

1016

TMansition.s (1) and (2) occurin. between Pt A andE go to
MidMalch CuI vefol D etails

E
II

1034
I- t 1\1a III sm IOII nt anAtion elevation occall, inI tihs Ian2e
(1030 to 1034) then stay on RC to Pt E

1030J ..-..--S•zinniiei Cl~ine Curvie

- Suimn•et Recovevy (Cuve
5

Decision points
(1) - Decision =1 Antecedent trallnsitioil to iecoverlv" (storlll dependent, season
dq)endent) unist be calculated fior1 initial run of TRBRO1'UTE
(2) - Decision = 2 Main storilm tiansition (stoni dependent & season
depeend(enit) must be calculated by TRBROUTTE based on (L) above

'Two feet aboveinitial H1V elevation at
besinnilm of antecedent stoin

0 20.000 40,000 60.000
Dlscherae -oft

80.000 100.000 120.000

* - See Reference 20 for elevation/discharge at point F.

Figure 30 - Norris June 1 Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS

Checked JCC

Nottely Dam

1785

1780
D

1775

n'1770

j1785 .

1760

1755

1750

F~~1

• ~~Zfei~•Malsonn trdto dw r•

1778 .curulnthitsranp(1778 to 1780) then
stay on RC toPtI

a AWadnvatiol 11 hours aftr bopinn
main stom POC for opcation(

[ EW'devation i-4 hours
after and of antacedent

a2 Stormraiftbil (1)
a3

A Onefot above ntaliW• devaton at

A bqdni ofante t storm

CZ)
• - Primary Guide Curve

-- StoraRecovury Curve

.....- Anteedent Stor'mfrantiom to RC

- - - Main Stom frtaltiou toPOC

Dedsionpointo
(1) -Decision 01 Antecedent transutionto recovery (storm dependmnt, season
depudmit) must be ouloltedftom initial run ofTRBROUTJ
(Z) -Decision # 2 Main storm translionu Worn dapmadnt & moon depedud)
must be cdalalted byTRBROU'JT band on (1) above

0 5.000 10.000
Discharge -oft

15.000 20,000

Notes:
I. All transition points (dashed lines) are shown for illustration purpose only. Transitions are storm dependent.
2. The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

Mid-March

Figure 31 - Nottely Mid-March Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS

Checked JCC

Nottely Dam

1788

1784
-- Summuw Guide Cum

-8ummurRaMy Cour
1792

1710

C

177e -

1774 -

1772

7tlnviuloi(1) mnd(l) oamtwnabetwesPt A audl
jo to MidMsrdh CorvoScIDotai

E a4 F

1780
-- ffMali Etc=n transltion devation oouin this

r.npe(1778 to 1780) thmstay onRC toPt I

af0-3f abovolhdttalHW dewvtion at

A al bqlmnidaofuntosdontotorm

Dediloupolnto
(1) -Dedulon #1 Anteoadmt tramiliouto rsovry (storm dpoudmit. smason
depmdut) must be oulmlatedftoamdtial ruu f'TBROtTR1!
(2) -Deduon # Z Maa,, um trantllion (stomu depoandto&msson dependet)
most be oloulatedbyTBBROUTM bamdon (1) above

0 5.000 10.000
Dischargo - oft

15.000 20.000

June 1
Pt A B C D E F al a2 a3 a4 a5 a6

Elevation 1777 1777.3 1777.3 1779 1780 1780 1777 1779 1779 1780 N/A N/A
(ft)

Discharge 800 800 0 0 1,600 * 1,200 1,200 1,600 1,600 N/A N/A
cfs)

• - See Reference 21 for elevation/discharge at point F.

Figure 32- Nottely June 1 Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS
Checked JCC

South Holston Dam
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depmda) muetbe ulatedftomainitianl rn IT'3RODT"
(2)- Dedlson 01 Mein storm trenottion Wotr depmdwt &so.on depiduot)
must be aoulWetedbyTRBBROUT bmdon (1) above

- Ouefot aboveinltiolE W devotion at be•unnin of
anteosentstonu

B

A

0 10.000 20,000
Discharge - af.

30.000

Notes:
1. All transition points (dashed lines) are shown for illustration purpose only. Transitions are storm dependent.
2. The possibility exists that the antecedent storm exceeds point F elevation prior to transition.

Mid-March
Pt A B C D E F al a2 a3 a4 a5 a6

Elevationleti 1713.2 1714.2 1714.2 1740 1742 1742 1714.2 1736 1736 1742 N/A N/A

Discharge 1,650 1,650 0 0 4,400 * 3,300 3,300 4,400 4,400 N/A N/A
(cfs)
* - See Reference 22 for elevation/discharge at point F.

Figure 33 - South Holston Mid-March Flood Operational Guide
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Subject: Flood Operational Guides

South Holston Dam
1750

1745

1740
gD

~10735

1730
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7eamulliowu (1) and(2) oowmg; betwem Pt A andE V
to MidMardi Curveto Detais

F F
. JL

transitio devotion
ranje(1738 to174I) the

9

-- summan oude Curve

g -Summner Rvovery Curme

. One oot abovelfnital •W devation at bqmnni ofanteoadentstonu

A al
Dedulonpontut
(1)- Dedsion #1 Antecedmt transitio to recovey (storm depmndet. mme
dependet must be calodatodkoninitial mrn a'ROtRBR0
(1) -DedMon 0 Main utonu tranition (toan dopedat & eason
depndent) mus be callatedbyTl"•]R0T' bomd on (1) above

0 10.000
DIsoharas - ofs

20.000

June I
Pt A B C D E F al a2 a3 a4 a5 a6

Elevation 1729 1730 1730 1740 1742 1742 1729 1736 1736 1742 N/A NA

Discharge 1,650 1,650 0 0 4,400 * 3,300 3,300 4,400 4,400 N/A NA
(cfs) Reference 22Ifor evIonds at poIntF.
* - See Reference 22 for elevation/discharge at point F.

Figure 34 - South Holston June 1 Flood Operational Guide
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Subject: Flood Operational Guides Prepped HLSS

Checked JCC

Tim's Ford Dam

896 E

0

0]

(V
(V-

894 a6
D If main storm transition elevation

892 occurs in this range (892 to 895) stay on
a recovery curve to point E

890 1 HWelevation 12 hours after beginning of

main storm (2)

888
HW elevation 24 hours after end of

886 antecedent storm rainfall (1)

884 a2 a3

882 One foot above initial HW elevation at

880 Lia "'beginning of antecedent storm

C I B

878 A

i F

s Primary Guide Curve with Turbine

Storage Recovery Curve
wthoutTurbine

.... Antecedent Storm Transition to RC

Main Stont Transition to PGC

(1) Decision #1 Antecedent transition to recovery
(storm dependent, season dependent) must be
from initial run of TRBROUTE

(2) Decision #2 Main storm transition (storm
dependent, season dependent) must be calculated
byTRBROUTE based on (1) above.

876
0 50000 100000 150000 200000 250000

Discharge (cfs)

Notes:
1. All transition points (dashed lines) are shown for illustration purposes only. Transitions are storm dependent.
2. The possibility exists that the antecedent stonr exceeds point E elevation prior to transition.

Mid-March
Pt

Elevation

(ft)
Discharge
(cfs)

*See Reference

Figure 35-Tim's Ford Mid-March Operational Guide
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Subject: Flood Operational Guides Prepped HLSS

Checked JCC

Tim's Ford Dam

896

U

895 P F
oPrimary Guide Curve vWth Turbine

894

D
If main storm transition elevation
occurs in this range (892 to 895) stayon
recoverycurve to point E

a.

w 892

891

0•
3: oon

2

1__,'HV fHelevation 12 hours after beginning of
main storm (2)

HW elevation 24 hours after end of
antecedent storm rainfall (1)

- Storage Recovery Curve
wthoutTurbine

.... • Antecedent Storm Transition to RC

.... Main Stonr Transition to PGC

(1) Decision #1 Antecedent transition to recovery
(storm dependent, season dependent) must be
from initial run of TRBROUTE

(2) Decision #2 Main storm transition (storm
dependent, season dependent) must be calculated
by TRBROUTE based on (1)above.

889
C

888 iA
0.5 foot above initial HW elevation at

beginning of antecedent storm
ti

887

0 50000 100000 150000 200000 250000

Notes:
1.
2.

Discharge (cfs)

All transition points (dashed lines) are shown for illustration purposes only. Transitions are storm dependent.
The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

June 1
Pt A B C D E F al a2 a3 a4 a5 a6
Elevation 888 888.5 888.5 893 895 895 888 893 893 895 N/A N/A
(ft)
Discharg 2000 2000 0 0 15000 * 3900 3900 7000 7000 N/A N/A
e (cfs)
*See Reference 28 for elevation/discharge at point F.

Figure 36-Tim's Ford June 1 Operational Guide
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Subject: Flood Operational Guides Prepped HLSS
Checked JCC

1990

1980

1.1970

1900

C
1960

1040

Watauga Dam

- IfMialn torm tranitioa dovatiouoocursin
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Deiuon point.
(1) -Dedsion #1 Atecedait tranuition to recovy (stormdpndepmt. ueao
depaulet) must bcalclatedftom initil run otflMROUTl"
(3) -Dedulon 0 2 Main atorm trandlion (0toa depait&& momo
depaidmxt)muutbealgtuataedbyT•BlODTlZ bmdose (1) above

0 10.000 20.000
DIsoharae -oft

30.000

Notes:
I. All transition points (dashed lines) are shown for illustration purpose only. Transitions are storm dependent.
2. The possibility exists that the antecedent storm exceeds point E elevation prior to transition.

Mid-March
Pt A B C D E F all a2 a3 a4 a5 a6

Elevation 1952.2 1953.2 1953.2 1973 1975 1975 1953.2 1975 N/A N/A N/A N/A(ft)
Discharge 1,500 1,500 0 0 3,000 * 3,000 3,000 N/A N/A N/A N/A

* - See Reference 24 for elevation/discharge at point F.

Figure 37 - Watauga Mid-March Flood Operational Guide
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Subject: Flood Operational Guides

Watauga Dam
1985 -

1990

1975
D
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1980
C
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1960

Trlaniom (1) and(,) ooirs pbutwaieaPt A asdE
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S
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(1) -Dedion 01 Anteaedait tranuiliontorecovery (storm depudint. oesea
deaduiet) musttbe calulatedfomu initianl run of7RBROU'
(1) -Dcsionl I Main storm transition (ptorn dependmnt &siaso
dep idolt)mustbakdculatedbyT"1BRO17 bmdon (1) above

0 10,000
Discharge -aft

20,000

June I
Pt A B C D E F al a2 a3 a4 a5 a6

Elevation 1959 1960 1960 1973 1975 1975 1959 1975 NA NA NA NA(f)
Discharge 1,500 1,500 0 0 3,000 * 3,000 3,000 NA NA NA NA
(cfs) RefIrenc 24for eetndcr at point F_

* - See Reference 24 for elevation/discharge at point F.

Figure 38 - Watauga June 1 Flood Operational Guide

I
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Subject: Flood Operational Guides Prepped HLSS
Checked JCC

Table 1 - Initial Reservoir Starting Levels

Reservoir Mid-March Elevation June 1 Elevation

Fort Loudoun 808 812.75

Tellico 808 808

Melton Hill 795 795
Watts Bar 736 740.75

Chickamauga 676 682.5
Nickajack 632.5 632.5
Guntersville 593.3 595

Wheeler 551 555.75
Apalachia 1276 1276

Blue Ridge 1676.6 1687

Boone 1369.1 1382

Chatuge 1918.2 1926

Cherokee 1045.6 1071

Douglas 958.6 994

Fontana 1654.2 1703

Fort Patrick Henry 1263 1263

Hiwassee 1488.5 1521

Norris 1001 1020

Nottely 1762.3 1777

South Holston 1713.2 1729

Tim's Ford 878.7 888

Watauga 1952.2 1959

* See Reference 26 in Section 2 as the source of the median levels.


