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Nuclear Generation Development & Construction 
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423‐751‐7062; FAX (423) 751‐6509 
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Subject: Dam Rating Curves, Watts Bar Prepped G. Schohl 
Checked D. Adams 

1. Purpose 

Dam rating curves (headwater rating curves) for twenty dams geographically located on the Tennessee River and its tributaries 
upstream from 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 provide total dam discharge as a function of headwater elevation.  
This calculation presents dam rating curves for Watts Bar Dam for the condition of all spillway gates fully open. 

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 calculation are prepared, checked, verified, stored, and cross referenced in a 
goal to provide the highest quality nuclear design input and output possible.

Figure 1 is a plan and elevation view of Watts Bar dam (a portion of Attachment 1).  For headwaters in the normal operating 
range, discharge is passed through the turbines, the spillway, or the trashway.  The spillway consists of twenty spillway bays,
each with a radial, or tainter, gate to control discharge (see Attachments 1, 7, A1, and A10).  The trashway discharge is 
controlled by vertical lift gates (see Attachment 7).  If, as during a probable maximum flood (PMF) event, headwater rises above
the normal operating range, discharge may pass also over the nonoverflow section, the navigation lock, the tops of the open 
spillway gates, the tops of the spillway piers, and the east embankment (labeled “earth embankment” in Figure 1).  In addition, as 
indicated in Figure 2, discharge may also pass over an earth dike saddle dam (the “west saddle dam”) that closes a low point in
the reservoir rim west of the dam (see Attachment 2). 

Rating curves are provided for four cases (Figure 8).  All cases assume that all spillway gates remain fully open. 

1.  Pre-failure condition with turbine discharge -- west saddle dam (overflow elevation 757 feet [4.12.2]) and east 
embankment (overflow elevation 767 feet [4.11.2]) remain intact.  For a rising hydrograph, this rating curve is used 
from the maximum headwater drawdown elevation (733 feet, see Attachment 1) and higher.  The full curve is used for a 
falling hydrograph.  If the headwater or tailwater rises far enough for water to enter the powerhouse (headwater 
elevation 752 feet [4.16.4] or tailwater elevation 740 feet [4.16.3]), turbine operation is suspended and this rating curve 
is no longer valid.  The dam rating shifts to the Case 2 rating curve. 

2. Pre-failure condition without turbine discharge -- west saddle dam and east embankment remain intact.  This rating 
curve is used for both rising and falling headwaters after turbine operation has been suspended and before failure of the 
west saddle dam or east embankment.  If the headwater rises far enough above the crest of the west saddle dam to cause 
its failure, this rating curve is no longer valid and the dam rating shifts to the Case 3 rating curve. 

3. West saddle dam fails -- east embankment remains intact.  For a rising hydrograph, this rating curve is used from the 
headwater elevation at which the west saddle dam fails and higher.  The full curve is used for a falling hydrograph after 
failure of the west saddle dam.  If the headwater rises far enough above the crest of the east embankment to cause its 
failure, this rating curve is no longer valid and the dam rating shifts to the Case 4 rating curve. 
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4. East embankment fails -- west saddle dam previously failed.  For a rising hydrograph, this rating curve is used from the 
elevation at which the east embankment fails and higher.  The full curve is used for a falling hydrograph after failure of 
both the east embankment and west saddle dam. 

The dam rating curves are based on the current configuration of Watts Bar Dam as defined on the current design drawings.  The 
purpose of this calculation does not evaluate the design loading conditions for the dam or embankments. 

Figure 1 – Watts Bar Dam, General Plan and Elevation (Ref. 1; also refer to Attachments 15-4 to 15-8 
 for 1997 modifications to east embankment, as constructed.). 
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