Attachment 02.04.03-08S
TVA letter dated February 2, 2010
RAI Response

ASSOCIATED ATTACHMENTS/ENCLOSURES:

Attachment 02.04.03-8S: Dam Rating Curves, Telico(Attachment E29 Cover Page only. This
document available in public domain).

(470 Pages including Cover Sheet)



NPG CALCULATION COVERSHEET/CCRIS UPDATE

Page 1
REV.0 EDMS/RIMS NO. EDMSTYPE: EDMS ACCESSION NO (N/A for REV. 0)
L58 0903942002 i Calculations (nuclear) L 5 8 0 9 1 2 3 0 0 3 ”
Calc Title: Initial Dam Rating Curves, Tellico
CALCID IYPE .QBG_ PLANT | BRANCH NUMBER CURREV | NEWREV, W————JQN“_
— , e T , B : . Entirecale X
CURBENT CN: NUC. | GEN CEBR poooooqzooaogw ' 0 1T b bages O
NEW - o i
. ] No CCRIS Changes []
ACTION | NEW o DELETE [0 {SUPERSEDE [J] i-CCRISUPDATEONLY [ : (For.cake revision, CCRIS
REVISION [ . RENAME [0 i ouPLICATE: [ i (Verifier Approval Sagnatures Not been reviewed and no
-i. Required) - CCRIS changes required) |
UNITS SYSTEMS. : . |uNips
LLNA LN - L NA .
*See Below : NIA | E
QUALITY ‘| SAEETY RELATED? | UNVERIFIED  SPECIAL REQUIREMENTS . DESIGN'OUTPUT ssamam or. |
RELATED?. (if yes, QR = yes) ASSUMPTION. | AND/ORLIMITING CONDITIONS? .| ATTACHMENT?
Yes Noll [ YesBd Nof[] [ Yes[] Noi Yes[] No[d _Yes[] Nol | Yes[] No[X
PREPARER ID PREPARER FHONE NO -BREPARING ORG (BRANCH) | VERIFICATION METHOD | NEW METHOD OF ANALYSIS
wobondurant 901.755.7166" CEB: | seePsge7 - ‘OYes [KNo 4
| —————————
PREPARER SIGNATURE ~ DATE
Bryap} Bondurant ; o ' . :
Dgans /o 12(s3fsess.
VERIFER SIGNATURE ‘ —DATE” "DATE ‘

—~ s

And | / %_ ‘ /1—/23/

9
| Initial dam rating (headwater rating) curves:are required as: i buts to TVA's:SOCH -and TRBROUTE.models,.used in
.performing flood-routing calculations for the. Tenriessee River. The.initial dam: rating curves provide:total dam discharge
-as a function of headwater elevation and are used to defineithe beginning conditions for:the hydraullc analysis .The final
dam rating curve is confimed and documented in the SOCH Probable:Maximum Flood-model calcuiation by validating
the-headwater-tailwater relationship across'the modeled dam configuration.

" *EDCN:22404A (SQN), EDCN.54018A (WBN), EDCN later-(BFN)

‘This calculation contains electronic attachments and must be stored'In EDMS as:an Adobe:. pdf file:to: maintain
the abllity to retrieve the electronic attachments:

MICROFICHE/EFICHE Yes [1 No.X FICHE:NUMBER(S)

L]  LOADINTO EDMS AND DESTROY ’ . p
[ LOADINTO EDMS AND RETURN CALCULATION TO CALCULATION LIBRARY. ADDRESS: LP4D-C
_g -LOAD INTO EDMS AND RETURN CALCULATION TO:

TVA 40532 (10-2008] Page.10of 2 "NEDP-2-1'[10-20-2008]



NPG CALCULATION COVERSHEET/CCRIS UPDATE

4ﬂow O Mune |

il
1270 §

§T. OBLEM/ABSTRACT

for Tellico Dam.

to retrieve the electromc attachments.

)

Dam rating:curves (headwatér rating curves) for 20 dams are required as’inputs to TVA's SOCH.and TRBROUTE
models, which perform flood-routing calculations for the Tennessée.River and tributaries. The.dam rating curves for :
each dam provide total-dam-discharge:as-a- function of-headwater elevation, Thig ¢alculation presents dam rating curves.’

This calculation contains electronic attachments and. must be.stored in EDMS as an Adobe .pdffile to.maintain-the ability

Page 12
REV.0 EDMS/RIMS NO. EDMS TYPE: EDMS ACCESSION NO'(N/A for REV..0)
I‘ 5 8 0 9 O 3 0 4 0 o 2 _-Calculations {nuclear) NIA ’
Calc Title: Dam Rating Curves, Tellico
CALCID | IYPE | ORG | PLANT |.BRANGH " NUMBER "CURREV | NEWREY | REVISION
. - o NEWREY APPLICABILITY:
CURRENT | CN | Nuc Entire.caic. []
Selectéd pages [J
NEW ‘€N NUC GEN. CEB |-CDQ000026080018 N/A o
_ ‘ 1 No CCRIS Changes []
ACTION | .NEW B3 | DELETE [ {.SUPERSEDE [] } CCRISURDATE ONLYT] (For calc-revision, CCRIS
REVISION  [J jRENAME [J || DUPLIGATE [ | (Verifier Approval Sighatures Not been reviewed andno
) : . £ Required) .. CCRIS ¢hanges fequired)
UNITS SYSTEMS | uniDs
N/A N/A ) NiA
DCN.EDC;N/A APPLICABLE DESIGN DOCUMENT(S) CLASSIFICATION
N/A f NA E
QUALITY SAEETY RELATED? | UNVERIFIED SPECIAL REQUIREMENTS | .DESIGN OUTPUT | .SAR/TS and/orISESI
RELATED? (Ifyes, QR ='yés), ASSUMPTION | AND/ORLIMITING CONDITIONS? | ATTACHMENT? | SAR/CoC AFFECTED
Yes 4. No.[] Yes X No[J YesBd Noll Yes[] No Yes[] NolX Yes [ Nold
PREPARER ID | PREPARER PHONENQ PREPARING ORG (BRANCH) | VERIFICATION METHOD | NEW METHOD OF ANALYSIS
S. Martiflez (865) 632:6448,:220:4346 CEB’ Design Rev"iew OYes [XNo
‘PREPARER SIGNATURE “DATE CHECKER SIGNATURE "~ DATE
‘*-J— ,»6/4;\ A\c Sara Martines | 020312008 - 7.-74/07
i » , mee B. wwm )
DATE ‘MPROVAL SIGNATURE DATE

/0%

MICROFICHE/EFICHE __ Yes L] Nol] _ FICHE NUMBER(S]
[1 LOAD INTO EDMS AND DESTROY . ' )
&  LOAD INTO EDMS AND RETURN CALGULATION TO-CALCULATION LIBRARY. ADDRESS: LP4D:C
) LOAD INTO EDMS AND' RETURN CALCULATION TO: i L .
TVA 40532 [10-2008) g “Page 103 “NEDP-2-1 [10-20-2008]



NPG CALCULATION COVERSHEET/CCRIS UPDATE

Page 2

CALC | TYPE | ORG | PLANT | BRANCH NUMBER REV
D
CN NUC GEN CEB CDQ000020080018 1
ALTERNATE CALCULATION IDENTIFICATION
BLDG ROOM ELEV COORD/AZIM FIRM Print Report  Yes L]
NA NA NA NA BWSC
CATEGORIES NA
KEY NOUNS (A-add, D-delete)
ACTION | KEY NOUN AD | KEY NOUN
(AID)
CROSS-REFERENCES (A-add, C-change, D-delete)
ACTION XREF XREF XREF XREF XREF XREF
(A/CID) CODE TYPE PLANT BRANCH NUMBER REV
A S CN GEN CEB CDQO00020080036

CCRIS ONLY UPDATES:

Following are required only when making keyword/cross reference CCRIS updates and page 1 of form NEDP-2-1 is not included:

PREPARER SIGNATURE

DATE

CHECKER SIGNATURE

DATE

PREPARER PHONE NO.

EDMS ACCESSION NO.

TVA 40532 [10-2008]

-Page 2 of 2

NEDP-2-1 [10-20-2008]




Page 3

'NPG CALCULATION RECORD OF REVISION

CALCULATION IDENTIFIER  CDQ000020080018

Title Initial Dam Rating Curves, Tellico
Revision DESCRIPTION OF REVISION
No.
0 Initial issue, 180 total pages
Appendix A — 54 pages
Appendix B — 24 pages
Appendix C — 20 pages
Appendix D - 3 pages
Appendix E — 10 pages
1 This calculation was revised to address the following:

Significant changes in Revision 1 are noted with a left margin revision bar. Administrative
changes and typos are excluded.

Pages Added: la, 7, F1, F2, F3
Pages Revised:1-9, 14, 15, 19-59

Total pages of calculation hard copy for Revision 1= 185

- Revised Attachment 7

PER 203951-The verification of the original calculation was completed by personnel who
had not completed the required NEDP-7 Job Performance Record (JPR). A verification
JPR is now in place for all personnel engaged in verification tasks. Checking included
only changes made in this revision as the checking of the calculation was not impacted by
PER 203951. The verification is inclusive of work completed prior to this revision.

PER 203872- replace NEDP-2 forms on Pages 1 through 6 with the forms from the
NEDP-2 Revision in effect at the time of calculations issuance

Replaced Unverified Assumption 3.2.1 with Assumption 3.1.2 based on Ref. 2.16 and
Appendix F .

Replaced Unverified Assumption 3.2.2 with Assumption 3.1.3

Replaced Unverified Assumption 3.2.3 with Assumption 3.1.4

Replaced Unverified Assumption 3.2.4 with Assumption 3.1.5

Revised Appendix B — Changed overflow elevations, Added Reference 2.18

Added Appendix F to evaluate the margin of forces on tainter gates

TVA 40709 [10-2008]

Page 1 of 1 NEDP-2-2 [10-20-2008]




Pagg 4

" NPG CALCULATION TABLE OF CONTENTS

Calculation Identifier. CDQ000020080018 | Revision:1_|
TABLE OF CONTENTS
SECTION - TITLE PAGE
Coversheet 1
CCRIS Update Sheet 2
Revision Log 4
Table of Contents 5
Computer Input Sheet 6
Verification Form 7
1. Purpose 8
2 - References 14
3 Assumptions & Methodology 15
4 Design Input 19
5 Special Requirements/Limiting Conditions 21
6 Calculations : 22
7 Results/Conclusions 45
Attachments Associated with Main Calculation
1 General plan, Tellico Dam (Ref. 2.1.1) 1 page
2 Photo of Tellico Dam (Ref. 2.12) 1 page
3 Photo of earthen embankment (Ref. 2.12) 1 page
4 Photo of canal connecting Tellico and Fort Loudoun Dams (Ref. 2.12) 1 page
5 Photo of emergency spillway (Ref. 2.12) 1 page
6 Hydraulic Design Chart 711 (Ref. 2.6) 1 page
7 Tellico Dam tailwater curves 1 page
8 Submergence effects on overflow sections 2 pages
9 Safety modifications to Tellico project (Ref. 2.12) 1 page
Appendix A Spillway Discharge Coefficients for Tellico Dam from 1:72 Scale Model Data 8 pages
Attachments Associated with Appendix A
Al Location and numbering of spillway and sluice gates (Ref. A1) 1 page
A2 Gate arrangements and gate openings (Ref. Al) ' 1 page
A3 Maximum gate openings (data from Ref. A2) 5 pages
A4 Definition sketch for spillway discharge 1 page
A5 Pages 490 and 491 from Reference A6 (model scale ratios) 1 page
Ab Geometry for flow over an open tainter gate 5 pages
A7 Gates, general arrangement, TVA drawing no: 54N200, R3 (Ref. A7) 1 page
A8 Spillway crest details, TVA drawing no: 51N203, R2 (Ref. A8) ' 1 page
A9 Determination of Hy,;, from V 2 pages
Al10 Free discharge coefficient 4 pages
All Free discharge submergence factor 1 page
Al2 Orifice discharge coefficient calculations 13 pages
Al3 Orifice discharge submergence factor 11 pages

TVA 40710 [10-2008] Page 1 of 1

NEDP-2-3 [10-20-2008]



Page 5

NPG CALCULATION TABLE OF CONTENTS (CONTINUED)

Calculation Identifier: CDQ000020080018 Revision: 1 |
TABLE OF CONTENTS
SECTION TITLE PAGE
Appendix B Overflow Parameters Before Failure 24 pages
Appendix C Overflow Parameters for Emergency Spillway 20 pages
Appendix D Flow Over Tops of Wide Open Tainter Gates 3 pages
Appendix E Overflow Parameters After Failure 10 pages
Appendix F Hydraulic Loads on the Spillway Tainter Gates 3 pages
Electronic Attachments (for reference only)
El TVA drawing no. 10N200, RS (Ref. 2.1.1)
E2 TVA drawing no. 10H230, R2 (Ref. 2.1.2)
E3 - TVA drawing no. 10N202, R2 (Ref. 2.1.3)
E4 - TVA drawing no. 22W204, R9 (Ref. 2.1.4)
E5 TVA drawing no. 10H221, R4 (Ref. 2.1.5)
E6 TVA drawing no. 10H220, R1 (Ref. 2.1.6)
E7 TVA drawing no. 23W200, R8 (Ref. 2.1.7)
E8 TVA drawing no. 23W205-3, R2 (Ref. 2.1.8)
E9 TVA drawing no. 23W205-4, R1 (Ref. 2.1.9)
E10 TVA drawing no. 23W210-1, R1 (Ref. 2.1.10)
Ell TVA drawing no. 23W211-1, R1 (Ref. 2.1.11)
E12 TVA drawing no. 23W211-2, R1 (Ref. 2.1.12)
E13 TVA drawing no. 10N254, RO (Ref. 2.1.13)
El4 TVA drawing no. 21W856-1, R0 (Ref. 2.1.14)
El5 TVA drawing no. 10W201, R4 (Ref. 2.1.15)
El6 TVA drawing no. 23W212-2, R3 (Ref. 2.1.16)
El17 TVA drawing no. 1101H215, R1 (Ref. 2.1.17)
- EI8 TVA drawing no. 1101H102, R (Ref. 2.1.18)
E19 TVA drawing no. 22W205, R9 (Ref. 2.1.19)
E20 TVA drawing no. 10N206, R6 (Ref. 2.1.20)
E21 TVA drawing no. 22W202, R7 (Ref. 2.1.21)
E22 TVA drawing no. 21K10009 (Field Office Drawing) (Ref. 2.1.22)
E23 TVA drawing no. 21N200, R3 (Ref. 2.1.23)
E24 TVA drawing no. 51N200, R2 (Ref. 2.1.24)
E25 TVA drawing no. 51N203, R2 (Ref. 2.1.25 and Ref. A8)
E26 TVA drawing no. 54N200, R3 (Ref. 2.1.26 and Ref. A7)
E27 TVA drawing no. 58W200, RS (Ref. 2.1.27)
E28 TVA vendor drawing no. 9091-2B, R2, contract no. 74 C57-84047 (Ref. 2.1.28)
E29 “Design of Small Dams” (Ref. 2.9)
E30 TVA Calculation, RIMS accession number B66 *88 0811 005 (Ref. 2.8)
E31 Tellico Model Data (Ref. 2.4 and Ref. A2)
E32 Discharge Coefficients for Spillways at TVA Dams,” KJrkpatnck (Ref 2.7 and Ref.
E33 Tellico “Blue Book” (Ref. 2.12)
E34 Topographic Map (Refs. 2.10 and 2.11)
E35 Dam Safety Inspection Report (Ref. 2.14)
E36 Spillway Discharge Tables (Ref. 2.2 and Ref. Al)
E37 Spreadsheet Calculations

TVA 40710 [10-2008]

Page 1 of 1

NEDP-2-3 [10-20-2008]




Page 6

NPG COMPUTER INPUT FILE
STORAGE INFORMATION SHEET

Document

Rev. 1 Plant: GEN

Subject:

CDQ000020080018

Initial Dam Rating C_urves, Tellico

[] Electronic storage of the input files for this calculation is not required. Comments:

There are no electronic input or output files associated with this calculation.

D

Input files for this caiculation have been stored electronically and sufficient identifying information is provided
below for each input file. (Any retrieved file requires re-verification of its contents before use.)

Attachment E1:
Attachment E2:
Attachment E3:
Attachment E4:
Attachment ES5:
Attachment EG6:
Attachment E7:
Attachment ES8:
Attachment E9:
Attachment E10:
Attachment E11:
Attachment E12:
Attachment E13:
Attachment E14:
Attachment E15:
Attachment E16:
Attachment E17:
Attachment E18:
Attachment E19:
Attachment E20:
Attachment E21:
Attachment E22:
Attachment E23:
Attachment E24:
Attachment E25:
Attachment E26:
Attachment E27:
Attachment E28:
Attachment E29:
Attachment E30:
Attachment E31:
Attachment E32:
Attachment E33:
Attachment E34:
Attachment E35:
Attachment E36:
Attachment E37:

These files are electronically attached to the parent ADOBE.pdf calculation file. All files are therefore stored in an
unalterable medium and are retrievable through the EDMS number for this calculation.

TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA drawing no.

TVA drawing no

TVA drawing no.
TVA drawing no.
TVA drawing no.
TVA vendor drawing no. 9091-2B, R2, contract no. 74 C57-84047 (Ref. 2.1.28)

“Design of Smal
TVA Calculation

Tellico Model Data (Ref. 2.4 and Ref. A2)

Discharge Coefficients for Spillways at TVA Dams,” Kirkpatrick (Ref. 2.7 and Ref. A3)
Tellico “Blue Book” (Ref. 2.12)

Topographic Map (Refs. 2.10 and 2.11)

Dam Safety Inspection Report (Ref. 2.14)

Spillway Discharge Tables (Ref. 2.2 and Ref. A1)

Spreadsheet Calculations

10N200, R5 (Ref. 2.1.1)

10H230, R2 (Ref. 2.1.2)

10N202, R2 (Ref. 2.1.3)

22W204, RO (Ref. 2.1.4)

10H221, R4 (Ref. 2.1.5)

10H220, R1 (Ref. 2.1.6)

23W200, R8 (Ref. 2.1.7)

23W205-3, R2 (Ref. 2.1.8

23W205-4, R1 (Ref. 2.1.9
23W210-1, R1 (Ref. 2.1.
23W211-1, R1 (Ref. 2.1.11)
23W211-2, R1 (Ref. 2.1.12)

10N254, RO (Ref. 2.1.13

21W856-1, RO (Ref. 2.1.14)

10W201, R4 (Ref. 2.1.15)

23W212-2, R3 (Ref. 2.1.16)

1101H215, R1 (Ref. 2.1.17)

1101H102, R1 (Ref. 2.1.18)

22W205, R9 (Ref. 2.1.19)

10N206, R6 (Ref. 2.1.20)

22W202, R7 (Ref. 2.1.21)

21K10009 (Field Office Drawing) (Ref. 2.1.22)

21N200, R3 (Ref. 2.1.23)

. 51N200, R2 (Ref. 2.1.24)

51N203, R2 (Ref. 2.1.25 and Ref. A8)

54N200, R3 (Ref. 2.1.26 and Ref. A7)

58W200, R5 (Ref. 2.1.27)

)
)
10)
11
12
)

I Dams” (Ref. 2.9)
, RIMS accession number B66 '88 0811 005 (Ref. 2.8)

[d Microfiche/eFiche

TVA 40535 [10-2008]

Page 1 of 1 NEDP-2-6 [10-20-2008]



Page 7

NPG CALCULATION VERIFICATION FORM

Calculation Identifier CDQ000020080018 Revision: 1

Method of verification used:

1. Design Review : X %‘ .
2. Altemate Calculation O Verifielk” _Andrew Murr Date % 23/2009

3. Qualification Test d
Comments:

This calculation entitled, “Dam Rating Curve, Tellico,” was verified by independent design review. The process
involved a critical review of the calculation to ensure that it is correct and complete, uses appropriate
methodologies, and achieves its intended purpose. The inputs were reviewed and determined to be appropriate
inputs for this calculation. The results of the calculation were reviewed and were found to be reasonable and
consistent with the inputs provided. Backup files and documents were consulted as necessary to verify data and
analysis details found in the calculation.

Detailed comments and editorial suggestions for the changes made in this revision were transmltted to the author
and reviewer by email along with a marked up copy of the calculation. -

The methodology used to justify the operability of the gates is based solely on the conclusions of the “Watts Bar
Dam — Flood and Earthquake Analysis on Radial Spillway Gates.” Appendix F uses thé same assumptions,
methodology, and approach developed in the Watts Bar radial gate analysis to determine the forces on the radial
gates in a closed position with the forces on the gates in the maximum open position. This appendix does not assert
that a structural analysis has been performed beyond that found in the Watts Bar radial gate calculation.

(Note: The design verification of this calculation revision is for the total calculation, not just the changes made in
the revision. This complete re-verification is performed to disposition PER 203951 as described in the
Calculation Revision Log on Page 3). :

TVA 40533 [10-2008] Page 1 of 1 NEDP-2-4 [10-20-2008)




TVA

Calcuiation No. CDQ000020080018 Rev: 1 Plant: GEN Page: 8

Subject: Initial Dam Rating Curves, Tellico o Prepped wWBB

Checked ACM

1.0 Purpose

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

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

Figure 1 is a plan view of Tellico dam (a portion of Reference 2.1.1) and the surrounding area including Ft. Loudoun
Dam, the Left Rim Saddle Dams 1, 2 and 3 and the Right Bank Saddle Dam. Figure 2 is a portion of a topographic map
(References 2.10 and 2.11) showing the same area. For headwaters in the normal operating range, discharge passes over
the spillway crest at El. 773.0 (Ref. 2.1.26). The spillway consists of three spillway bays, each with a radial, or tainter,
gate to control discharge. If, as during a probable maximum flood (PMF) event, headwater rises above the normal
operating range, discharge may pass over the non-overflow dam sections, the tops of the spillway piers and operating -
deck as well as the east/right embankment (labeled “earth embankment” in Figure 3). In addition, as visible in Figures 1
and 2, discharge may also pass over the left rim earth dike saddle dams 2 & 3, the emergency spillway at saddle dam 1
(Ref. 2.1.7 and 2.1.8) and the east/right embankment saddle dam (Ref. 2.1.2). '

This initial dam rating curve is based on the configuration of Tellico Dam as defined on the current design drawings or
recent modifications. The purpose of this calculation does not evaluate the design loading conditions of the dam.
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Rating curve Cases 1 and 7 have been updated. Rating curve Cases 1A, 2, 2A,3,4,5, 6, 8, and-'9 are no longer ‘
valid because the embankments have been raised and these rating curves were not modified to reflect the raised

embankment elevations.

1. Pre-failure Condition (Fort Loudoun turbines operating, Fort Loudoun spillway gates fully open): main dam
works, embankment and saddle dams intact. This rating curve is used for rising and falling headwaters
unless the headwater rises far enough to cause embankment and /or saddle dam failure or the headwater or
tailwater rises far enough to inundate the switchyard or powerhouse. o

7. Embankment Failure at Tellico, Pre-Failure at Fort Loudoun, (Fort Loudoun spillway gates open): main
dam works intact, embankment and saddle dam failure. This rating curve is used for both rising and falling

headwaters.
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Figure 1 — Tellico Dam, General Plan (Ref. 2.1.1, Att. E1).
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Figure 2 — Topographic Map showing Tellico overflow elements (Ref. 2.10 & 2.11, Att. E34)
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Figure 3 — Tellico Dam Plan and E.levations (Ref. 2.1.1, Att. E1)




TVA

Calculation No. CDQO000020080018 | Rev: 0 Plant: GEN [ Page: 13
Subject:  Initial Dam Rating Curves, Tellico Prepped S.EM.
Checked J.B.M.

Figure 4—Photograph of Tellico Dam (Ref. 2.12, Att. E33)
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Accession no. L58 081212 808 (Attachment E36).

“Hydraulic Design Criteria,” USACE (U. S. Army Engineer Waterways Experiment Station), Eighteenth

issue, Vicksburg, MS, 1988.

“Tellico Spillway Rating, 1:72 Model, Books 1 and 2 of 2” June 1969 (relevant pages mcluded as Att E3 1)

Handbook of Hydraulics, E. F. Brater and H. W. King, Sixth Ed., McGraw Hill, 1976.

Hydraulic Design Chart 711 (HDC 711) from Reference 3 (Attachment 6). ‘

“Discharge Coefficients for Spillways at TVA Dams,” Kenneth W. Kirkpatrick, Paper No. 2855,

Transactions of the American Society of Civil Engineers, vol. 22, pp. 190-210, 1957 (Attachment E32)

TVA Calculation, “Emergency Spillway 1 at Saddle Dam 17, RIMS Accession no. B66 88 0811 005 (Att. E30)

Design of Small Dams, Third Edition, United States Bureau of Reclamation, 1987 (relevant pages included in Appendix C,
document included as Attachment E29)

USGS - TVA, Topo. Map, Lenoir City Quadrangle, 7.5 minute series, 35084-G3-024, 1986 (Att. E34)

USGS - TVA, Topo. Map, Concord Quadrangle, 7.5 minute series, 35084-G2-024, 1984 (Att. E34)

TVA Tellico Dam Water Control Project Manual (Blue Book), 1998 (Attachinent E33)

Open Channel Flow, F. M. Henderson, Macmillan, New York, 1966 (relevant portlon included within Appendix A as
Attachment A5)

Dam Safety Inspection Report — Class B Report ID# RO2TEHCLB112907, EDMS accession number J22 080110 002 (Att.
E35)

TVA Calculation, “Fort Loudoun Dam Rating Curve”, Calc. No. NUCGENCEBCDQ000020080009
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2.16 “Basis for Dam Spillway Gate/Outlet Open Configuration for Flood Analysis,” Tennessee Valley
Authority, May 29, 2009 (EDMS No. L58 090529 800)
2.17“SOCH Model Calibration, Ft. Loudoun - Tellico,” CDQ000020080036 (EDMS L58 090814 003)
2.18 “Bellefonte Units 3 and 4 Hydrology Project Request for Information (RFI) Response Information Continuation
Sheet,” RFI Number: BWSC_75578 209 054 (EDMS L58 091216 801)

3.0 Assumptions & Methodology

The initial dam rating curves developed in these calculations will be used in simulations of probable maximum flood
events. Consequently, the rating curves have been calculated well above the normal operating range and several feet
above the top of the dam.

3.1 Assumptions

3.1.1 Assumption: The headwater and tailwater at Tellico Dam is affected by Fort Loudoun Dam. Therefore the
dam rating curves must be interdependent.

Technical Justification: Reference 2.12, Attachment E33, page iii states, “Tellico is unique among tributary
projects because it is connected via an unregulated canal to Fort Loudoun Lake, and thus its annual operating
scheme is the same as Fort Loudoun, a main river lake.... Although there are no power generating facilities at
Tellico Dam, most of the water is diverted through the canal into Fort Loudoun Lake, and thus the flow
regulation provided by Tellico Lake significantly increases hydroelectric production at Fort Loudoun Dam.”

3.1.2 Assumption: All three (3) spillway gates will remain operable and will be set to the maximum openings
specified in the spillway discharge tables.

Technical Justification: For technical justification, see Reference 2.14, “Basis for Dam Spillway Gate/Outlet Open
Configuration for Flood Anaylsis”, and Appendix F. The radial gates will remain operable in the maximum opened
position based on the findings of the “Watts Bar Dam — Flood and Earthquake Analysis on Radial Spillway Gates”
(Reference F1). Appendix F uses the same assumptions, methodology, and approach as the Watts Bar radial gate
analysis to compare forces on the gates in a closed position with forces on the gates in the maximum open position
to provide technical justification for the gates to remain operable in the maximum open position during a PMF.

3.1.3_Assumption: The tailwater curves included as Attachment 7 are valid for computing the initial dam rating
curves. .

Technical Justification: The final tailwater curve was verified in the unsteady SOCH Model Calibration, Ft.
Loudoun - Tellico (Reference 2.15).

3.1.4 Assumption: The PMF headwaters at Ft. Loudoun and Tellico will the same until the elevation reaches 830.0.
For PMF headwaters above 830.0, it is assumed that the PMF headwater at Tellico linearly increases from 830.0 to
834.0 as the PMF headwater at Ft. Loudoun increases from 830.0 to 837.0.

Technical Justification : Development of initial rating curves requires an assumption about the relationship between -
headwater elevations at Ft. Loudoun and Tellico. The assumed relationship was based on preliminary SOCH
analysis. Since this assumption affects only the initial curves and has no effect on ratings determined from future
iterative analyses, this assumption is acceptable.

3.1.5Assumption: Steady-state tailwater rating is sufficient for computing submergence effects on the initial dam
rating curves.

Technical Justification: The final tailwater curve is validated in the unsteady SOCH PMF calculation (Reference -
2.17) by ensuring consistency with the headwater-tailwater relationship across the modeled dam configuration. This
calculation provides the initial dam rating curve for the SOCH PMF calculation.

3.2Unverified Assumptions (UVA)
None.
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3.3 Methodology -- Discharge Equations

Discharges past the dam are computed as either “free” discharge or “orifice” discharge. Free discharge refers to free
surface overflow and is computed using a weir-type equation as follows (Reference 2.3 shows weir flow equations for
overflow discharges and Reference 2.7 shows the discharge equation for both free and submerged flow over a spillway
crest):

Q; =C,LH"” ' , (1)

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

This equation is modified to account for tailwater submergence as follows:
Qs =QsS¢ ) 2

in which Qy; = “corrected” free discharge (cfs)
S¢ = tailwater submergence factor (dimensionless -- varies between 0 and 1)

S¢ varies with d/H, where d = TW - Z_ (ft) and TW = tailwater elevation (ft).

Flow over the non-overflow section, the tops of the spillway piers and operating deck, the east embankment, and the saddle dams
is treated as free discharge. Flow over the spillway crest is treated as free discharge for headwater elevations below H. = Hy min,

- the head at which the overflowing nappe first touches the bottoms of the open gates (see Attachment A4). Hyy, varies with gate
opening, V, defined as the vertical distance between the bottom of the gate and the spillway crest.

For headwater elevations above H, = Hy;, flow through the spillway gates is treated as orifice discharge. Orifice discharge refers
to flow passing through a contracted opening and is computed using an orifice-type equation as follows (e.g., Reference 2.3,
Hydraulic Design Chart 311-1):

Q, =C,G,Ly2¢(H, -H,,) 3)

in which Q, = orifice discharge (cfs)
: C, = orifice discharge coefficient (dimensionless -- varies with gate opening and H.)
G = effective gate opening = m1n1mum distance between the gate lip and the crest (ft)
g = acceleration of gravity (ft/s?)
Hp, = vertical distance between the mid-point of G, and the crest (ft)

This equation is modified to account for tailwater submergence as follows:
Q, =5,Q, @

in which Q. = “corrected” orifice discharge (cfs)
S, = tailwater submergence factor (dimensionless -- varies with d/H, and gate opening, G,)
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3.4 Methodology -- Spillway Discharge Calculations

The discharge coefficient, Cy, for free diséharge over a spillway crest varies with head, H, (References 2.3 and 2.5 both provide
this kind of data). For the Tellico spillway crest, the relationships Hymin(V), C{H.), and S{d/H.) are available from model test
data (Ref. 2.4, Att. E31) and have been compiled in Appendix A. The relationship between orifice discharge coefficient, C,, and
head, H,, for each gate opening, V, is also available from the model test data. The crest length, L, and crest elevation, Z,, are
shown on TVA drawings (Ref. 2.1.15, for example). The parameters G, and H,,, are determined from geometry (Appendix A).
In addition, data is available for submergence effects on orifice spillway discharges within the model data for Tellico Dam (Ref. -
2.4, Att. E31). This data is used to estimate Sy(d/H.,G,) for Tellico Dam (Appendix A).

The physical model used to measure spillway discharge included three bays and the piers between them. Consequently, pier
contraction effects are implicitly included in the discharge coefficients derived from the model test data.

Under the assumption that all spillway gates are fully open, the two end bays (first and last) are the only spillway bays subject to
end contraction effects. These effects, which may reduce discharge through these two bays by a few percent, are neglected in this
calculation. Neglecting this minor effect has negligible impact on the dam rating curve. :

3.5 Methodology — Discharge Coefficients for Emergency Spillway

It is necessary to determine C(H,) for the emergency spillway within Saddle Dam 1. “Design of Small Dams” (Ref. 2.9, Att.
E29) contains procedures for the design and analysis of ogee (standard) crests. In order find a relationship between the discharge
coefficient and the head on the crest, the emergency spillway crest profile was compared with an ogee crest. This comparison
showed that the emergency spillway is very similar to an ogee crest; therefore the “Design of Small Dams” method was used to
determine C{H,). This calculation is contained in Appendix C. ’

The relationship is as follows:
Cy=2.873 +.10187 H, -.004286 H.” + .00009152 H,’ (5)

“Design of Small Dams” (Ref. 2.9, Att. E29) presented a method of design which considered tailwater submergence effects which
was considered unacceptable for the purpose of developing a submergence factor/tailwater relationship. However, the USACE
Hydraulic Design Criteria (Ref. 2.3) provides an acceptable relationship between submergence and the tailwater elevation above
the crest to head on crest ratio. The effects of submergence were calculated using the bottom half of Chart 711 from “Hydraulic
Design Criteria” (Ref. 2.6, Att. 6). The “Cornell Crest (Round Crest)” is a good representation of the relationship between
headwater and tailwater levels and the effect of submergence on a round crested weir. This relationship is applicable to the
emergency spillway crest because the ogee crest is best described by the USACE term “round crest”. The determination of S¢is
located in Appendix C, pages C-19 and C-20. The factor is represented as follows:

2.0 0.22
d d
S, =1-| — 0<—<06
and ‘ (6)

290345

d
S, =|1-|— 0.6<—<1.0
s ( ‘for‘ T

c
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3.6 Methodoldgy -- Discharge Coefficients and Submergence Factors for Overflow Sections

Values of the discharge coefficient, Cy, and the submergence factor, Sy, for flows over the non-overflow section, the top
of the operating deck, the earthen embankment, and the saddle dams are estimated using Hydraulic Design Chart 711
(Ref. 2.6), which is included as Att. 6. Length, L, and crest elevation, Z, in each case is determined from TVA
drawings (all relevant drawings are defined as References). Appendix B contains calculations which determine the
values of C¢ before failure for each section which is expected to overflow. Appendix E contains calculations which
determine the overflow parameters for failed sections. Appendix D contains a calculation which has determined that the
elevation of the operating deck is above the top of the gates at their largest allowable opening.

The upper plot of HDC 711 (Ref. 2.6) shows that C; is about 2.65 for very broad crests (H;/B < 0.4 where H; = H; and B
= streamwise length of the crest) and gradually increases to 3.1, the maximum value for a “broad-crested” weir, as H,/B
increases to about 1.2. As H,/B increases above 1.2, C; continues to increase as the weir transitions from broad-crested
to sharp-crested at about H,/B = 2.0. Since the estimation of discharge over the top of various sections of a dam and its
embankments is an approximation, small variations in C¢ with H, are not modeled and the effects of end contractions are
neglected. A single representative value for Cr within the range of its variation is used for all headwater elevations
included in the rating. Neglecting minor variations in Cy values and end contractions has negligible impact on the dam
rating curve.

The lower plot of HDC 711 Ref. 2.6 (Att. 6) shows several curves of C/C; (equivalent to S¢) versus H,/H, (equivalent to
d/H,). As illustrated in Attachment 8, the curve labeled “suggested for design (broad crests)” is well-represented by the
following polynomial: '

S; =1.0+0.0236-5.0259c° +18.2660° ~ 44.658c* for 0<05<0.37 broad crest )

in which 6 = d/H, - 0.6. According to this relationship, submergence affects discharge over a broad-crested weir for d/H, >
0.6. )

When ¢ > 0.37, the overflow section submergence factor must be interpolated from the following table:

Table 1: Submergence Factors, Sy, for Overflow Sections with ¢ > 0.37

d/H, og=d/H.-0.6 St (Broad Crest)
0.97 0.37 0.4087
0.98 0.38 0.35
0.99 0.39 0.25
0.995 0.395 0.15

1 0.4 0.0
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4.0 Design Input
Sect. _Input Parameter Source Symbol Value
4.1 Acceleration of gravity Common knowledge .8 32.2 f/sec”
4.2 Spillway crest parameters -
4.2.1 Crest length 3 - 40-foot wide bays (Ref. 2.1.15) L 120 feet
42.2 Crest elevation - (Ref. 2.1.15) Z, 773 feet
423 Free discharge coefficient Polynomial fit to model data given in Att. Cy{(H,) Equation A6
A10 and discussed in Appendix A '
424 Submergence factor for free - Curve fit to model data given in Att. A1l S{d/H,) Equation A7
discharge and discussed in Appendix A ' .
4.3 Spillway gate parameters '
43.1 Vertical opening Field measurements given in Att. A3, data A% 33 feet
given in Att. A2 and discussed in App. A
432 Effective gate opening Computed in Appendix A Gy 33.576 feet
433 Mid-point elevation of opening Computed in Appendix A Hupp 16.354 feet
relative to crest
434 Headwater elevation at which Model data and linear fit given in Att A9 Hipint Z 815.796 feet
nappe touches gates and estimated in Appendix A
4.3.5 Orifice discharge coefficient Curve developed in Att. A12, given in o(He) Interpolate
Table A3 and discussed in Appendix A between
' - points in
: Table A3
43.6 Submergence factors for orifice Family of curves developed from data in Se(d/H,, Interpolate
discharge Ref. A2, given in Att. A13 and discussed H/G,) between
in Appendix A ‘ points in
‘ Table Al
4.4 Main Dam Works Concrete and | Includes Earthen Embankment
Embankment Parameters Before
‘ Failure
4.4.1 Overflow discharge coefﬁment Justification in App. B Ce 2.65, 2.65
4.4.2 Overflow elevation Justification in App. B Z. 830, 834 feet
443 Overflow length Justification in App. B L 447.5, 2700
feet
4.5 Right Bank Saddle Dam ]
Overflow Parameters Before and
After Failure
45.1 Overflow discharge coefficient Justification in App. B C 2.65
4.5.2 Overflow elevation before fallure Justification in App. B Z. 834 feet
453 Overflow length Justification in App. B L 2000 feet
4.5.4 Overflow elevation after failure Justification in App. E Z, 823 feet
4.6 Saddle Dam 1-Section 1 Before Excludes Emergency Spillway Parameters
and After Failure '
4.6.1 Overflow discharge coefficient Justification in App. B Ce 3.1
4.6.2 Overflow elevation Justification in App. B Z 834 feet
4.6.3 Overflow length Justification in App. B L 100 feet
4.7 Saddle Dam 1-Section 2 Before_ Excludes Emergency Spillway Parameters
and After Failure
4.7.1 Overflow discharge coefficient Justification in App. B Cr 2.65
4.7.2 Overflow elevation Justification in App. B Z, 834 feet
473 Overflow length Justification in App. B L 62 feet
4.8 Saddle Dam 2- Before Failure
4.8.1 Overflow discharge coefficient Justification in App. B Cr 2.65
4.8.2 Overflow elevation Z. 834 feet

Justification in App. B
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4.8.3 Overflow length Justification in App. B L 525 feet -
4.9 Saddle Dam 3-Section 1 Before ’ :
Failure :
4.9.1 Overflow discharge coefficient Justification in App. B Cr 2.65
49.2 Overflow elevation Justification in App. B Ze 834 feet
4.9.3 Overflow length Justification in App. B L 62.12 feet
4.10 Saddle Dam 3-Section 2 Before
Failure
4.10.1 Overflow discharge coefficient Justification in App. B Ce 2.65
4.10.2 | Overflow elevation Justification in App. B Z. 834 feet
4.10.3 | Overflow length Justification in App. B L 253.6 feet
4.11 Emergency Spillway- Before
and After Failure
4.11.1 | Overflow discharge coefficient Polynomial developed on page C3 and Ce Equation 5
discussed in Appendix C
4.11.2 | Overflow elevation Justification in App. C Z. 817 feet
4.11.3 | Overflow length Justification in App. C L 2000 feet
4.11.4 | Submergence Factor Justification in App. C - St Equation 6
4.12 Main Dam Works Overflow Excludes Earthen Embankmeént
Parameters After Failure Dam does not fail, therefore parameters do
not change.
4.12.1 | Overflow discharge coefficient Justification in App. E Ce 2.65
4.12.2 | Overflow elevation Justification in App. E Z. 830 feet
4.12.3 | Overflow length Justification in App. E L 447.5 feet
4.13 Earthen Embankment After : '
Failure
4.13.1 | Overflow discharge coefficient Justification in App. E Cr 2.65
4.13.2 | Overflow elevation (majority) Justification in App. E Z) 755 feet.
4.13.3 [ Overflow elevation (old river bed) Justification in App. E Zo 722 feet
4.13.4 | Overflow length (majority) Justification in App. E L 2400 feet
4.13.5 | Overflow length (old river bed) Justification in App. E L, 300 feet
4.14 Saddle Dam 2- After Failure
4.14.1 | Overflow discharge coefficient Justification in App. E Cs 2.65
4.14.2 | Overflow elevation Justification in App. E Z. 822 feet
4.14.3 | Overflow length Justification in App. E L 525 feet
4.15 Saddle Dam 3- After Failure
4.15.1 [ Overflow discharge coefficient Justification in App. E Ce 2.65
4.15.2 | Overflow elevation Justification in App. E Z, 820 feet
4.15.3 | Overflow length Justification in App. E L 315.72 feet
4.16 Not used
4.17 Submergence Factor for Justification in Attachment 8 and Section S¢ Equation 7 or
Overflow Sections Both Before 3.6 Interpolate
and After Failure between
points in
Table 1
4.18 Tailwater Rating Curves
4.18.1 | TW vs. total discharge, Q Paragraph 4.21 TW(Q) Equations 8
: &9
4.19 Upper limit on headwater Paragraph 4.22 834 feet
elevation for rating
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4.20 Earthen Embankment and Saddle Dam Failure

A value for C¢of 2.65 is used in accordance with the data in Attachment 6 since the crest is broad compared to the depth of
water flowing over it. ' :

4.21 Tailwater rating curve

The tailwater at Tellico Dam (between river miles 601 and 602) is greatly affected by conditions at Fort Loudoun Dam (at
river mile 602.3), and vice versa. For this reason, a tailwater rating curve which takes into account discharges from both
Tellico and Fort Loudoun Dams must be used to develop the initial dam rating curves. Additionally, the Tellico saddle
dams extend nearly three miles downstream of Fort Loudoun Dam. It would not be reasonable to assume that the tailwater
is the same at all points. For this reason, variations in tailwater across this distance must be accounted for. In order to do
this, separate tailwater rating curves for points above and below river mile 600 will be used.

Specific tailwater elevations at river miles 602.3, 600.17 and 598.04 for various steady-state discharges from previously
determined tailwater rating curves were entered into the spreadsheets shown in Figures 5 through 15. The tailwater rating
curves used to calculate these values are shown in Attachment 7.

The tailwater rating curves were developed under the assumption that all discharge in the tailwater originated at Ft.
Loudoun Dam (at mile 602.3). Under this assumption, the tailwater at river mile 600.17 is slightly lower than the tailwater
at river mile 602.3. However, for the assumptions used in computing the initial dam rating curves, with all gates at Tellico
Dam fully open, a major portion of the tailwater discharge originates from Tellico Dam. Consequently, the difference in
tailwater elevation between Ft. Loudoun and Tellico dams is smaller than suggested by the tailwater rating curves and will
be neglected. Therefore, the tailwater rating curve for river mile 602.3 is used for all discharges entering the tailwater
between river miles 600 and 602.3. The polynomial fit for this rating curve is as follows:

TW602.3 = 745.07 + 0.1276Q - 0.9492x10-4Q2 + 4.350x10-8Q3 - 0.7392x10-11Q4 ®)
where TW = tailwater elevation in feet and Q = discharge in 1000 cfs

Discharges past Saddle Dams 1, 2, and 3 and the emergency spillway enter the tailwater near river mile 599. The tailwater
rating curve for computing submergence effects on these discharges is determined by linear interpolation between the
tailwater rating curves for miles 600.17 and 598.04. The polynomial fit for this curve is as follows:

TW599.0 = 745.38 + 0.1195Q - 8.5046x10-5Q2 + 3.8094x10-8Q3 - 6.3535x10-12Q4 ®

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

4.22 Upper Limit on Headwater Elevation Included in Rating Curves -

The initial dam rating curves need to include all headwater elevations that may occur during a PMF event. Because the
Fort Loudoun dam rating curve is dependant on Tellico tailwater and vice versa, the maximum headwater elevation at
Tellico will be taken as 834’ while the maximum headwater at Fort Loudoun Dam wii be 837’ [4.19], [3.1.4].

5. Special Requirements/Limiting Conditions

N/A
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6. Calculations .

The calculations consist of computing spillway and overflow discharges (from Equations 1 through 4) for a list of headwater
elevations ranging from a varying minimum up to 834 feet [4.19], which is seven feet above the embankment. The
embankment is expected to fail soon after being overtopped. The initial dam rating curve for each case is a plot of headwater
elevation versus total dam discharge. All tailwater and discharge values consider Tellico and Fort Loudoun Dams to be an

interdependent system.

Rating curve Cases 1 and 7 have been updated. Rating curve Cases 1A, 2, 2A, 3,4, 5, 6, 8, and 9 are no longer valid because
the embankments have been raised and these rating_ curves were not modified to reflect the raised embankment elevations.
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6.1 Case 1, Pre;Failure Condition, Fort Loudoun Gates Fully Open, Fort Loudoun turbines operating

This case considers no failure has occurred at either Tellico Dam or Fort Loudoun Dam. The spillway gates at both dams are
considered fully open. The turbines at Fort Loudoun are generating electricity. ‘ :

For the pre-failure condition, discharges are computed for headwaters ranging from 773 feet, the spillway crest elevation, to -
837 feet, seven feet above the top of the dam and embankment. Discharge passes through the spillway section of the dam, the
emergency spillway in saddle dam 1 and the various overflow sections as headwater rises above the crest elevations in each
case. Total discharge, given in 1000 cfs” is the sum of all discharges in cfs past the dam plus discharge in cfs past the
embankment and saddle dams divided by 1000. :

Figure 5 shows the spreadsheet calculations for the pre-failure dam rating curve (spreadsheet included as Attachment E37). -
The final result, the rating curve, is defined by the first two columns, HW vs. Total Tellico Discharge (Qrgr). ‘The third and
fourth columns contain the Fort Loudoun Discharge (Qpr) and the total combined discharge (Qror). The fifth and sixth
colurins (TW) give the tailwater associated with the “Total Discharge” at Tellico Dam and the Saddle Dams, respectively.
They are represented by the tailwater rating curve polynomial fits [4.18.1]. This is used to check for tailwater submergence
effects on the discharge. Tailwater submergence reduces the spillway and emergency spillway discharges for Case 1.
Consequently, it is necessary to iterate through different tailwater elevations until the total computed discharge fits the
tailwater rating curves [4.18.1]. Figure 5 shows the final results but does not show the iteration steps. The results are readily
checked by computing the individual discharges (only the spillway and emergency spillway are affected by tailwater), adding
them up to compute total discharge, and then making sure the listed tailwater and total combined discharge agree with the
tailwater rating curves. |

Spillway discharge in cfs is computed in the next five columns (under the header “Spillway™), H, C{C,, d/H,, S¢S, and Q4Q,.
Free discharge occurs for headwater elevations below 815.796 feet [4.3.4] and orifice discharge occurs for headwaters above
815.796 feet. The transition point is indicated by a horizontal line. Above the line, the listed discharge coefficient is C¢ [4.2.3]
computed from Equation (A6) and below the line the listed discharge coefficient is Cq [4.3.5] computed by interpolation
between the points in Table A3. Column QQ, is the spillway discharge computed from Equation 2 for free discharge and '
from Equation 4 for orifice discharge. Column d/H, verifies that the spillway discharge is not affected by tailwater below
elevation 809 feet since d/H, < 0.2 [4.2.4]. Submergence affects discharge for all remaining headwater elevations at which
free discharge occurs. Spillway discharge is affected by tailwater at all headwater elevations where orifice discharge occurs
because all values of d/H, > 0.2 [4.3.6].

Emergency Spillway discharge is computed in the next four columns (under the header “Emergency Spillway™), H, C; Syand
Qr. Free discharge occurs at all heads (H,) above the spillway crest at elevation 817 feet [4.11.2]. The discharge coefficient is
C¢[4.11.1] computed from Equation 5. The submergence factor, S¢{4.11.4], is computed using Equation 6. Column Qg is the
emergency spillway discharge computed from Equation 2 for free discharge with submergence.

The column following the emergency spillway discharge column shows “Cg=", “Z=", and “L=""in three rows to indicate the
meaning of the values included in those rows in the “Overflow Section Discharges™ columns.

The next eight columns are overflow discharges in cfs for the right bank saddle dam, main dam works (including the earthen
embankment), three saddle dams and the remaining overflow sections below the maximum headwater elevation. The
overflow discharge coefficient C; ([4.5.1], [4.4.1], [4.6.1], [4.7.1], [4.8.1], [4.9.1], [4.10.1]), elevation Z. ([4.5.2], [4.4.2],
[4.6.2],[4.7.2], [4.8.2], [4.9.2], [4.10.2]) and length L ([4.5.3], [4.4.3], [4.6.3], [4.7.3], [4.8.3], [4.9.3], [4.10.3]) in each case
are indicated in the three rows above the computed discharges. Submergence does not affect the discharge for the overflow
sections because the tailwater never rises to an elevation which will affect any of the overflow section. All overflow
discharges are computed using Equation 1.
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Tellico:Pre-Failure Condition, Fort Loudoun Gates Open-Fort Loudoun Turhines Operating
g=322 i’ Spiltway Parameters Emergency Spitvay Parameters
L= et L= 2000 feet Oveow Section Discharges cfs)
é: 33;;;:: L= BTl Riht Bk M;‘mm M;‘;;ﬁz’“ Saifen Saidean S D Saelen Sedfelen
’ Saddle Dam 1Section 1 1-Section2 2 3Section 1 FSection 2
Hep= 16.354 feet Concrete Embankment
Qm  Qm O ManDam SaddeDam  H,= 42796 fest G= 265 265 265 30 265 265 265 265
RM TRM ‘
Tt Tl Tad K23 580 Spihay A T T S VR R R R TR
RW Distharge Dithage Dschage ™ W K GIC, R, &5 QI M G & & L= W0 «415 om0 1 ] 25 61 5K
fet 1000 1000ck 1000cs det  feel & o f s [ Q Q Q Q Q Q Q
™MW BB A% W WK 03 10w 0 ¢ 0 0 0 0 0 0 0 0 0
TE 106 24 BN MR M 2312 4240 100 1055 0 0 0 0 0 0 0 0 0 0
™Mo UM 75 T4 TBE6 4 31 S1M 1000 308 0 0 0 0 0 0 0 0 0 0
™SS 56 3B Y T 6 3166 406 100 58 0 0 0 0 0 0 0 0 0 0
W8N A0 BT S 85 832 2% 100 8% 0 0 0 0 0 0 0 0 0 0
™R BN 486 TI0 TN 103247 220 100 180 0 0 0 0 00 0 0 0 0
6L M09 WS T8 THA 12 322 M0 1000 16423 O 0 0 0 0 0 0 0 0 0
WON® BT K% TR TR 1435 480 100 892 0 0 0 0" 0 0 0 0 0 0
T WO S8 83 TS0t AT 16 3T M 1000 26009 0 0 9 0 0 0 0 0 0 0
™ M4 T2 10368 TN THH0 18 3432 M 10 M55 O 0 0 0 0 0 0 0 0 0
W ONM 08 1272 TN THB 20 34% 06T L0 FX9 0 9 0 0 0 0 0 0 0 0
MBS 10970 1R TS THE 22 351 4B N0 45 0 0 0 0 ¢ 0 0 0 0 0
W N3 G145 1815 76535 TBASD 24 358 4318 1000 5014 0 0 0 0 0 0 0 0 0 0
M S0 150 M2 TRT THE %5 356 4 1000 547 0 0 0 0 0 0 0 0 0 0
8 6425 108 M7 TMD TN 28 6% A0 1000 B4 0 0 0 0 0 0 9 0 0 0
03 MR AT M4 MR T® % 36 0 1000 MM5 O 0 0 0 0 0 0 0 ¢ 0
W5 T R MR I THA 3 3% 012 K0 708 O 0 0 0 0 0 0 0 0 0
W1 W2 XTI 340 THB TG 3 367 023 0M9 m 0 0 0 0 0 0 0 0 0 0
89 9543 30043 355 TSH TR 36 3681 0285 0997 %5129 0 0 0 0 0 0 0 0 0 0
B 10304 3505 43809 A6l TBA3 3B 363 06 099 10044 O 0 0 0 0 6 0 0 0 0
B3 MOS4  NISB 48251 TAOM TTIB 40 362 04N 0500 11087 0 0 0 0 0 0 0 0 0 0
5 MRS 402 S8R 9185 THOS 42 3655 049 098¢ 118T% O 0 0 0 0 0 0 0 0 0
SIS0 1292 BB STI6 TRET TOLON 408 3697 0467 0982 12130 O 0 0 0 6 0 0 0 0 0
816 12088 43008 55095 TS TOLI9 43 0743 0469 0974 120881 O 0 0 0 ¢ 0 0 0 0 0
§7 103 407 SIS TN TOM 4 07N 048 0971 18T O 0 0 0 6 0 0 0 0 0
88 IBM 4TS 5695 THI3 TS 45 075 0505 0965 (T 1 2970 1000 54t r 0 0 0 0 0 0 0
B9 IB20 4246 685 TOIF 7B 46 0701 050 0955 147885 2 3060 1000 17312 0 0 0 6 -0 0 0 0
820 15042 51360 66380 T UM 47 06% 0558 0942 117450 3 3443 1000 30658 0 0 0 00 0 0 0
84 16955 5517 6472 80028 78M6 48 0632 0566 0997 118083 4 3216 1000 5% 0 0 0 0 0 0 0 0
2 10T 5136 7063 8L TN 49 063 0578 0993 11923 5 3287 1000 TMR2 0 0 0 0 0 0 0 0
83 874 51279 M52 8253 803 50 0632 05 087 120275 6 3350 1000 98480 0 0 0 0 0 0 0 0
04 WM 51216 7047 881 S04 51 069 06M 0917 20795 7 407 1000 126204 10 0 i 0 0 0 0
05 M S8 TR0 853 B02% 52 062 0618 0903 120603 8 3461 1000 156605 0 0 ] | 0 0 0
B6 BB SO8  BBAT BES GAT2 53 0602 060 080 HOI% 9 3509 1000 183507 0 0 0 0 i 0 0 0
87 A5 SMI1 87526 BBET BOBBY 54 069 06K 0847 1163% 10 3555 1000 224844 0 0 0 0 | 0 0
88 ISR M85 Q1067 GI0BY B0B44 55 0692 0685 0B1S 1B 1 3507 1000 %4 0 0 0 0 0 0 0 ¢
829 M64 S4B 06592 81250 BI0Z3 56 063 0705 073 110313 12 3636 1000 3% 0 0 6 0 0 0 0 0
830 5155 SB7 10073 8 BMS5 5T 063 078 0751 (07143 13 3674 1000 444t 0 0 0 0 0 0 0 0
B05T  ATA2 G885 04306 G551 81321 576 0892 078 0726 104223 14 3695 1000 3661 () 6 -0 0 0 0 0
A ATSE SRR 07905 BIGAT BIASE  5B1 0692 0764 0698 100911 4 3715 1000 395206 0t ¢ 0 0 0 0 0
ST M4 SOt MIST6 G184 81590 587 0892 O7M 0669 07 15 373 1000 421689 () 0 0 0 0 0 0
0 SR G035 VB 81950 8174 503 059 0765 064 0366 15 3756 1000 MB862 0 48 0 0 0 0 0 0
8286 57216 61635 M1BB51 6209 61855 509 0692 08 0614 90622 16 3776 0998 475R0B 0 5 00 9 0 0 0
B4 SET9 G2M0 12388 621 61982 604 0632 OB 058 87007 16 3796 0993 SE160 (] 0 0 9 ¢ 0 0
84 60 6RI3 15023 GBS MO0 61 6% 08B 050 G373 17 3816 0987 5293 0w 0 0 0 ¢ 0 0

Figure 5 — Calculations for Case 1, Pre-Failure Condition, Fort Loudoun Gates Fully

Operating

Open, Fort Loudoun Turbines
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6.2 Case 1A, Pre-Failure Condition, Fort Loudoun Gates Fully Open, Fort Loudoun Turbines Not Operating

This case considers no failure has occurred at either Tellico Dam or Fort Loudoun Dam. The spillway gates at bo
dams are considered fully open. The turbines at Fort Loudoun are not generating electricity.

For the pre-failure condition, discharges are computed for headwaters ranging from 773 feet, the spillw
to 837 feet, seven feet above the top of the dam and embankment. Discharge passes through the spillway
dam, the emergency spillway in saddle dam 1 and the various overflow sections as headwater rises aboyayth
elevations in each case. Total discharge, given in “1000 cfs” is the sum of all discharges in cfs gast ¢
discharge in cfs past the embankment and saddle dams divided by 1000.

third and fourth columns contain the Fort Loudoun Discharge (Qpr.) and the total co
and sixth columns (TW) give the tailwater associated with the “Total Discharge” at
respectively. They are represented by the tailwater rating curve polynomial fits
tailwater submergence effects on the discharge. Tailwater submergence reduc
discharges for Case 1A. Consequently, it is necessary to iterate through diffe
computed discharge fits the tailwater rating.curve [4.18.1]. Figure 6 shossii
iteration steps. The results are réadily checked by computing the indiylflual 3charges (only the spillway and
emergency spillway are affected by tailwater), adding them up to . :

listed tailwater and total combined discharge agree with the tai

ico Dam and the Saddle Dams,
This is used to check for
y and emergency spillway

Spillway discharge in cfs is computed in the next five co
Q4Q;. Free discharge occurs for headwater elevations b, 796 feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transitior point is ifcatcghby a horizontal line. Above the line, the listed
discharge coefficient is C¢ [4.2.3] computed fri Equatlon ®0) and below the line the listed discharge coefficient is C,
[4.3.5] computed by interpolation between the p e A3. Column Q{Q is the spillway discharge computed
from Equation 2 for free discharge and from Equati or orifice discharge. Column d/H, verifies that the spillway
discharge is not affected by tailwater be/gmpglevation 811 feet since d/H < 0.2 [4.2.4]. Submergence affects discharge
for all remaining headwater eley, tlons % free discharge occurs. Spillway discharge is affected by tailwater at all
g ’

headwater elevations where orifi curs because all values of d/H, > 0.2 [4.3.6].
d in the next four columns (under the header “Emergency Spillway”), H,, C.
Srand Qy. Free discharge ocCW at all heads (H.) above the spillway crest at elevation 817 feet [4.11.2]. The discharge

coefficient is C;[4.11.1] compu rom Equation 5. The submergence factor, S¢[4.11.4], is computed using Equation 6.
Column Qs is the e y spillway discharge computed from Equation 2 for free discharge with submergence.

| the header “Spillway™), H., C{Cg, d/H,, S4S, and

Emergency Spillway disch

The column followRthe nergency spillway discharge column shows “C=", “Z.=", and “L="in three rows to indicate
the meanin included in those rows in the “Overflow Section Discharges” columns.

s are overflow discharges in cfs for the right bank saddle dam, main dam works (including the

o). ent), three saddle dams and the remaining overflow sections below the maximum headwater elevation.
discharge coefficient C¢ ([4.5.1], [4.4.1], [4.6.1], [4.7.1], [4.8.1], [4.9.1], [4.10.1], [4.16.1]), elevation Z,

2], [4.6.2],[4.7.2], [4.8.2], [4.9.2], [4.10.2], [4.16.2]), and length L ([4.5.3], [4.4.3], [4.6.3], [4.7.3], [4.8.3],

[4 10.3], [4.16.3]) in each case are indicated in the three rows.above the computed discharges. Submergence does

ect the discharge for the overflow sections because the tailwater never rises to an elevation which will affect any

of the overflow section. All overflow discharges are computed using Equation 1.
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Tellico:Pro-Failure Condition, Fort Loudoun Gates Open-Fort Loudoun Turbines Operating
9= 322 ftrs? Spillway Parameters Emergency Spitway Parameters
L= 120 feat 2000 faot . Overflow Saction Discharges (cfa
Zo=  Tr3feet 817 fast Right Bank MainOam - MainDam oy bar Sagdle Dam Saddle Dam Saddle Oam SadfiiRam
o= 33576 feat Saddle Dam  voke Works " Section 1 1-Saction 2 3Section 1 3-SeRER
Hoe= 16354 foet Concrete  Embankment
. Qe Qo1 Main Dam Saddie Dam Hime® 42706 feet c= 265 265 265 310 266 265 265
TRM TRM
Totat Total Total 6023 599.0 Spitway Emergency Spilkay z,= 83 830 834 834 834 834
HW Discharge [hscharge [Discharge ™ ™ Ho GG, oM, S8,  QiQ, H, G Sy Qy L= 2000 4475 2700 100 62 525
faet  1000cfs  1000cfs  1000cfs  feet toot [ LY cfs G G ) G [
m 000 2055 2055 74765 74780 0 3100 1.000 ¢ 0 [} 0 0
75 106 2244 2350 74802 74814 2 312 92482 1000 105 O 0 0 0
m 301 2014 2735 74846 74056 4 313 6734 1000 3009 O 0 o ) ’
™ s58 2567 3125 74887 749.03 6 3166 4.006 1000 5563 0 0 o 0 o
781 870 2707 3577 74951 74955 8 3204 293 1000 8699 O o o 0 0
-8 1232 2833 4065 75010 75010 10 3247 2290 1000 12320 0 o 0 0 o
785 1642 308 5051 75128 75120 12 3262 1810 1000 16423 0 0 0 [ 0
o7 2008 4397 6498 75207 75279 14 3309 1431 1000 2002 0 o o 0 o [
89 801 5682 6283 75501 75472 16 3387 1126 1000 26009 0 0 o o o o
781 3146 7223 10068 75733 75690 18 3432 0871 1000 31455 0 0 o 0 J 0
99 3731 8091 12722 75986 75928 20 3478 0657 1000 379 O 0 o 0 o 0
705 4354 10070 15024 76255 76183 22 3517 D475 1000 43545 O o 0 0 ) o
797 5013 13145 18158 76536 76450 24 3553 038 1000 50134 0 0 0 0 0 0
799 STU5 15507 21242 76827 76725 26 3688 0982 1000 57047 O 0 0 0 0 o o
801 6425 18052 24477 77123 77007 28 3614 0063  1.000 64251 O 0 0 0 0 0 o
803 772 20777 27849 7422 77283 30 3637 0041 1000 71715 0 0 0 0 o o 0
805 7040 20682 31622 77723 77581 32 3656 0132 1000 79388 0 o ) 0 o 0 0 0
07 8723 26770 35492 78023 77868 34 3670 0213 0999 67227 0 0 0 o 0 0 0 0
200 9513 30043 30556  7B320 78154 36 3681 0283 0997 95129 0 ) ) 0 o 1) o 0 0
811 10304 33505 43800 78614 78438 38 3680 0346 0994 103044 0 o 0 0 0 0 0 0 0
813 11094  J7USB 48251  789.03 78798 40 3682 0401 0990 110037 0 o ) ) 0 0 0 0 0
815 11880 41002 52882 79186 76993 42 3695 0449 0954 118798 O 0 0 0 0 ) o 0 o
61580 12192 42584 54776 79297 79101 _428 3697 _ 0467 0982 121920 0O 0 0 0 0 [ 0 0 0
816 12088 43008 55096 793.45 79119 43 0743 0463 0874 120881 © 0 0 2 ‘0 0 0 [ 0
817 12038 45077 67115 70430 79231 44 0720 0484 0971 120376 O 0 0 0 o ) 0 o
818 12541 47153 69695 79573 79371 45 0715 0505 0965 119471 1 2871 1000  §841 0 0 0 ) 0 0
819 13520 49246 62765 70727 79531 46 0701 0530 0955 117885 2 2060 1.000 17312 0 ° 0 13 0 0 0
820 15012 51369 66380 79923 797.14 47 0696 0558 0842 117459 3 3143 1000 32656 o 0 0 o . 0 0 o
821 169.55 51517 68472 80028 798.16 48 0692 0568 0937 118063 4 3218 1000 51484 o o o o o 0 o
82 19273 51382 70634 B0133  799.0 49 0632 0578 5 o 0 0 0 o [} 0
823 2874 51279 73152 80253 80038 50 0692 0501 6 0 o 0 o o 1
824 24701 51246 7507 80381 80164 51 0682 0604 7 o 0 o ) o 0
625 27721 SMAB 78839 B0S.13 80294 52 0692 0618 8 0 0 0 a o o
826 30864 52083 62947 80683 B0a72 53 0692 0640 L) o o ) o 0
8277 415  Sa1 67526 80BA7 BOGG4 54 062 0664 1) o o 0 o o
828 7582 54385 91967 B10.69 80844 55 0692 0685 0 0 o 0 0 [
825 41264 55248 06512 81250 81023 58 0692 0705 o ° ° 0 0 0
830 45156 55817 100073 81423 BI85 57 0692 0723 .0 0 ) 0 0 )
83057 47420 56886 104306 81551 81321 576 0692 0738 0 0 o 0 0 0
831.14 497.53 581.48 1079.05 816.87 814.55 58.4 0692 0754 0 o 0 Q o 0
BL71 52174 59401 111576 81824 B1S90 587 0692 0771 0 0 0 0 o o
83229 54693 60535 115228 81959 B17.24 593 0692 0786 0 0 0 0 0 0
83288 57216  616.35 118851 62092 81855 599 0692 0.801 o 0 0 3 o 0
83343 59679  627.10 122388 62227 619.82 604 0692 0814 o 0 0 0 0 0
834 62110 63813 125923 8235t 621.009 61 0692 0828 0 o o o 0 o
Figure 6 — Calculations for Case 1A, Pre-Failur§§gondition, Fort Loudoun Gates Fully Open, Fort Loudoun Turbines Not
Ogffating
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6.3 Case 2, Pre-Failure Condition, Fort Loudoun Gates Closed, Fort Loudoun Turbines Operating

This case considers no failure has occurred at Tellico Dam. The spillway gates at Tellico Dam are considered full
open, while a seismic event has caused the bridge over Fort Loudoun Dam to collapse, rendering the gates at Fort
Loudoun unable to be opened. No other failure of Fort Loudoun Dam is considered. The turbines at Fort I.‘.ldo

generating electricity. :

For the pre-failure condition, discharges are computed for headwaters ranging from 773 feet, the spillw

discharge in cfs past the embankment and saddle dams divided by 1000.

Figure 7 shows the spreadsheet calculations for the pre-failure dam rating curve (spreggsheet includ€d as Attachment

E37). The final result, the rating curve, is defined by the first two columns, HW vs g#btal Tellico Discharge (Qre.). The

third and fourth columns contain the Fort Loudoun Discharge (Qrr) and the total cofMned discharge (Qror). The fifth
S Dam and the Saddle Dams,

tailwater submergence effects on the discharge. Tailwater submergencegs
discharges for Case 2. Consequently, it is necessary to iterate through
computed discharge fits the tailwater rating curve [4.18.1]. Figurg

¥ discharge, and then making sure the

emergency spillway are affected by tailwater), adding them up ¥ ,
rating curves.

listed tailwater and total combined discharge agree with t

Spillway discharge in cfs is computed in the next five co der the header “Spillway”), H., C4C,, d/H,, S¢S, and
5.796 feet [4.3.4] and orifice discharge occurs for

ated by a horizontal line. Above the line, the listed

ation 4 for orifice discharge. Column d/H, verifies that the spillway
discharge is not affected by tail e < 0.2 [4.2.4] for all headwater elevations at which free discharge occurs.
cY all values of d/H, > 0.2 [4.3.6] at all headwater elevations where orifice
discharge occurs. For this arges above elevation 828 feet are affected by submergence.
Emergency Spillway discharge 1
Srand Qr. Free dis occurs at all heads (H,) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is C¢ [4 puted from Equation 5. The submergence factor, S¢[4.11.4], is computed using Equation 6.
Column Qy is cngl spillway discharge computed from Equation 2 for free discharge with submergence.

The colu the emergency spillway discharge column shows “Cs=", “Z=", and “L=""in three rows to indicate
the my alues included in those rows in the “Overflow Section Discharges” columns.
ene columns are overflow discharges in cfs for the right bank saddle dam, main dam works (including the

earth@@ eMbankment), three saddle dams and the remaining overflow sections below the maximum headwater elevation.
The gerflow discharge coefficient Cr ({4.5.1], [4.4.1], [4.6.1], [4.7.1], [4.8.1], [4.9.1], [4.10.1], [4.16.1]), elevation Z

1, [4.4.2], [4.6.2], [4.7.2], [4.8.2], [4.9.2], [4.10.2], [4.16.2]), and length L ([4.5.3], [4.4.3], [4.6.3], [4.7.3], [4.8.3],
[4.9.3], [4.10.3], [4.16.3]) in each case are indicated in the three rows above the computed discharges. Submergence does
not affect the discharge for the overflow sections because the tailwater never reaches the overflow elevation of any
overflow section. All overflow discharges are computed using Equation 1.
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Pre-Failure-Saddle Dams and intact-Ft. Loudoun Gates Closed-Fort Loudoun Turbines Operating
g=322 fus® Spillway Parameters Emergency Spiltway Parameters
L= 120 feet L= 2000 feet : Overflow Section Discharges (cfs)
Ze=  TT3feet | Z= 817 foot RigNt  \toin'  Saddle  Saddie Saddle  Saddle
Gn= 33.576 fest SBaad:‘l(e Oam  Dam 1- Dam 1- i:d':[: Dam 3- 3-
Works Section 1 Section 2 Section 1 Setlior
oo = 16.354 feet - Dam
(- Qe Qror ‘ . C= 265 65 310 ° 285 285 265
Total Total Total ~ MainDam Saddie Dam Spillway - Emergency Spillway Z,= 830 gy 8305 8305 830 83T
HW Discharge Discharge Discharge TW ™ He CiC, dhH, S QlQ H G L3 Q L= 2000 39475 100 62 525
foat 1000cfs  1000cfs 1000cfs feet  feet feet ofs  feet ofs Q Q Q Q Q
773 0.00 0.00 0.00 73500 73500 0 o 0 ] 0 [\ 0
75 1.08 24.17 2523 74643 74524 2 3.112 -13.284 1000 1056 O [ [ o 0 0
m 3.01 25.71 2872 746.92 74571 4 3134 6519 1000 3009 O [ 0 o 0 0 0
e 5.58 21.10 3268 74748 74623 6 3.166 -4.254 1000 5563 0O [ [ 0 0 0 0 [\
781 8.70 28.35 3705 74808 74681 8 3204 -3.115 1000 8699 O o 0 0 [ [ 0 0 0
783 12.32 29.48 4180 74874 74743 10 3247 2426 1000 12320 O 0 0 4 [\ 0 0 0 0
785 16.42 3049 46.91 749.44 74809 12 3202 -1.964 1000 16423 O 0 0 0 [} 0 0 [\ 0
787 20.99 31.40 5239 75018 748.79 14 3.339 -1.630 1.000 20892 O [ 0 o o [ 0 0 [
789 26.0 3220 5821 750.96 749.53 16 3.387 -1.378 1.000 26009 O o 0 0 [ 0 0
791 31.48 3220 6366 751.68 750.21 18 3.432 -1.185 1.000 31455 O 0 [} 0 [\ 0 0o 0
793 37.31 3220 69.51 75245 75094 20 3476 -1.028 1.000 37309 O 0 0 0 0 [ [ 0
795 43.54 3220 75.74 75326 75171 22 3517 -0.897 1000 43545 O 0 o 0 0 0 ] ]
797 50.13 32.20 8233 754.11 75252 24 3553 -0.787 1000 50134 O [ 0 [} 0 0 0 0
799 57.05 32.20 8925 75498 75335 26 3588 0693 1000 57047 O 0 0 o 0 0 0 0
801 84.25 32.20 9645 75589 75421 28 3614 -0611 1000 6425¢ O 0 0 0 0 0 0 0 [l
803 n2z 3220 10392 75682 75509 30 3.637 -0.538 1.000 71716 0 o’ 0 0 0 0 0 0
805 79.41 3220 11161 757.76 75599 32 3656 -0.476 1000 78411 Q 0 [ 0 0 o 0 0 [ 0
807 87.31 3220 11951 75871 75690 34 3670 -0420 1.000 87313 0 [\ 0 [ o 0 [ 0 [
809 95.40 3220  127.60 75968 75781 36 3681 -0.370 1.000 95399 ] 0 [} 0 0 0 [ [} 0
811 103.66 3220  135.86 76065 758.73 0 0 0 0 0 [ ()] 0 0
813 112.09 3220 14429 76162 759.66 0 0 0 0 [ [\ 0 [ [
815 120.70 3220 15290 762.61  760.60 [ 0 [ 0 0 0 0 o 0
815.796 124.19 3319 15738 76308 761.05 0 0 0 [\ [ [ [ 0 0
818 124,01 3418 15817 763.21 76117 0 0 0 [\ [ 4 0 0 0
817 123.94 37.74 16168 76360 761.54 44 123936 0 o 0 0 0 0 [} 0 0 0
818 129.68 4238 17206 123735 1 2971 1000 5941 [ 0 0 0 o 0 0 0
819 140.72 4791 18864 123411 2 3080 1.000 17312 0 0 0 "o 0 o 0 [
820 157.24 . 5441 21165 124580 3 3143 1.000 32658 ] [ 0 [ 0 0 0 0
821 177.35 5559 23284 7 0.040 1000 125869 4 3.218 1000 51484 [ 0 o o 0 0 0 0
822 201.33 5862  259.95 A 0014 1000 127842 5 3287 1000 73492 0 0 [ ) [ 0 0 0
823 228.25 3234 26058 773.75 0692 0015 1000 129785 B 3350 1.000 98460 ] 0 [ [ [ [\ [ [
824 257.91 4068 29859 777.21 7745 0692 0083 1000 131700 7 3.407 1.000 126214 [ [ 0 [ [ [ 0 0
825 290.19 50.58 0692 0.150 1000 133587 8 3.461 1.000 156605 [\ [ o 0 0 0 0 0
826 324.84 61.75 53 0692 0216 0999 135332 9 3509 1.000 189507 [ [ [ 0 0 [ 0 0
827 54 0692 0283 0996 136730 10 3555 1.000 2248t4 [ [ o 0 0 0 [ 0
828 g 55 0692 0343 0992 138023 11 3597 1.000 262442 0 0 0 0 0 0 0 [1]
829 70 79534 79199 56 0692 0.399 0987 139066 12 3636 1000 302325 0 [ 0 0 0 [ 0 0
830 64 79866 79521 57 0682 0450 0975 139114 13 2674 1000 344421 o [\ o 0 0 [ 0 0
831 69125 B02.90 799.34 58 0692 0515 0949 137057 14 3710 1.000 388710 5300 8341 110 58 1391 0 672 6625
832 79298 BO7.57 80381 59 0692 0586 0902 131867 15 3746 1.000 435197 14991 23562 570 302 3938 27 1901 18738
33 905.73 81226 80853 60 0692 0654 0825 122022 16 378t 1.000 483913 27540 43340 1225 649 7229 244 3492 34425
834 103232 B17.44 81335 61 0692 0724 0726 108529 17 3.816 1.000 534917 42400 66727 2030 1076 11130 574 5376 53000
835 93508 23533 1170.41 82226 81841 62 0.692 0795 0611 92417 18 3.852 0999 587502 59256 93254 2959 1568 15555 987 7514 74070
838 1037.98 26951 130749 827.31 62340 63 0692 0862 0490 74881 19 3.889 0974 627343 77894 122585 3999 2119 20447 1468 9877 97367
1120.86 30347 143333 83200 828.03 64 0692 0922 0373 57607 20 3.928 0923 648844 98157 154475 5137 2723 25766 2008 12446 122607

Figure 7 — Calculations for Case 2, Pre-Failure Condition, Fort Loudoun Gates Closed, Fort Loudoun Turbines Operating
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6.4 Case 2A, Pre-Failure Condition, Fort Loudoun Gates Closed, Fort Loudopn Turbines Not Operating

This case considers no failure has occurred at Tellico Dam. The spillway gates at Tellico Dam are considered full
open, while a seismic event has caused the bridge over Fort Loudoun Dam to collapse, rendering the gates at Fort
Loudoun unable to be opened. No other failure of Fort Loudoun Dam is considered. The turbines at Fort Wdo

not generating electricity.

discharge in cfs past the embankment and saddle dams divided by 1000.

Figure 8 shows the spreadsheet calculations for the pre-failure dam rating curve (spreggsheet includ®d as Attachment
E37). The final result, the rating curve, is defined by the first two columns, HW vs glibtal Tellico Discharge (QrgL). The
third and fourth columns contain the Fort Loudoun Discharge (Qpr.) and the total coined discharge (Qror). The fifth

S Dam and the Saddle Dams,

discharges for Case 2A. Consequently, it is necessary to iterate throug ct tailwater elevations until the total
computed discharge fits the tailwater rating curve [4.18.1]. Figurg

emergency spillway are affected by tailwater), adding them up N (P 1scharge and then making sure the

listed tailwater and total combined discharge agree with t -

Spillway discharge in cfs is computed in the next five co der the header “Spillway™), H., C{Cgq, d/H,, S4S, and
5.796 feet [4.3.4] and orifice discharge occurs for

ated by a horizontal line. Above the line, the listed

nation 4 for orifice discharge. Column d/H, verifies that the spillway
discharge is not affected by tail e < 0.2 [4.2.4] for all headwater elevations at which free discharge occurs.
O all values of d/H. > 0.2 [4.3.6] at all headwater elevations where orifice
discharge occurs. For this arges above elevation 828 feet are affected by submergence.
Emergency Spillway discharge 1%g@mputed in the next four columns (under the header “Emergency Spillway™), H,, Cy,
"Syand Qy. Free dis occurs at all heads (H.) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is C¢ [4 puted from Equation 5. The submergence factor, S¢[4.11.4], is computed using Equation 6.
Column Qg is cnd¥ spillway discharge computed from Equation 2 for free discharge with submergence.

the emergency spillway discharge column shows “C¢=", “Z.=", and “L=""in three rows to indicate

The colu
the m alues included in those rows in the “Overflow Section Discharges” columns.
e ne columns are overflow discharges in cfs for the right bank saddle dam, main dam works (including the

carthq eMbankment), three saddle dams and the remaining overflow sections below the maximum headwater elevation.
The gierflow discharge coefficient C¢ ([4.5.1], [4.4.1], [4.6.1], [4.7.1], {4.8.1], [4.9.1], [4.10.1], [4.16.1]), elevation Z,

1, [4.4.2], [4.6.2], [4.7.2], [4.8.2], [4.9.2], [4.10.2], [4.16.2]), and length L ([4.5.3], [4.4.3], [4.6.3], [4.7.3], [4.8.3],
[4.9.3], [4.10.3], [4.16.3]) in each case are indicated in the three rows above the computed discharges. Submergence
does not affect the discharge for the overflow sections because the tailwater never reaches the overflow elevation of any
overflow section. All overflow discharges are computed using Equation 1.
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g= 322 fug?
Qrer Qen Qror
Total Total Total
HW Discharge  Discharge  Discharge
foot 1000cts  1000cfs 1000 cfs
73 0.00 0.00 0.00
775 1.06 0.00 1.06
m 201 000 301
77 558 000 558
781 870 0.00 ‘870
783 12.32 000 12.32
785 1642 000 16.42
787 2099 0.00 2099
789 26.01 0.00 2601
791 3146 0.00 31.46
793 7.3 0.00 37.31
785 4354 0.00 4354
97 50.13 0.00 50.13
790 57.05 0.00 57.05
801 84.25 0.00 84.25
803 772 0.00 7172
805 79.01 0.00 79.41
807 87.31 0.00 87.31
809 95.40 0.00 95.40
a1 103.66 000 10366
813 1200 000 11209
815 120.70 0.00 120.70
815.796 124.19 0.80 124.99
816 12401 1.96 125,97,
817 12394 5.54 129.48
818 120.68 10.18
819 14072° 1571
820 157.24 2221
821 177.38 2339
822 201.33 26.42
823 228.25 23
824 257.91 4068
825 200.19 5058
626 32484 61.75
827 361.54 19,55
828 400.48 3
829 a1, 0
8.64
98 69125
Jlas 79298
8166  905.73
20656 103232
235633 1170.41
037.08 26951  1307.49
37 112086 30347 143333

™
feet
735.00
742.96
74324
74362
74407
744.59
745.18
74583
748.54
747.31
748.12
748.98
749.87
750.80
751.76
752.73
75373
754.74
755.76
756.78
757.82
758.86
759.38
759.49
759.90

788.29

791.86
79534
79866
802.90
807.57
812.26
817.14
822.26
827.31
832.00

Main Dam  Saddie Dam

Spillway Parameters

Emergency Spiltway Parameters

L= 120 feet L= 2000 feet
Z= 773 feet = 817 feat
Gn=  33.576 feet
He= 16354 feet
. G
Spilway Emergency Spilway  Z,
W H GIC, dM, S5 Qlq H & & QL
feet  feet ‘ ofs  feet ofs
73500 0 o o 0
74195 2 3112 15023 1000 1056 O 0
74222 4 3136 7440 1000 3009 O 0
742.57 6 3.166 -4.897 1.000 5583 0 0
74300 8 3204 3616 1.000 8699 O 0
74350 10 3247 2841 1000 12320 © 0
74406 12 3292 2318 1000 16423 © 0
74467 14 3339 1940 1000 20992 0 0
74535 16 3387 1654 1000 26009 O o
74607 18 3432 1427 1000 31455 O ‘o
74684 20 3476 1244 1000 379 O 0
74785 22 3517 1092 1000 43545 O
74850 24 3653 0964 1000 50134 0
74938 26 3586 0854 1000 57047 0
75029 28 3614 0759 1000 64251 O
751.22 30 3837 -0.676 1.000 71716
75216 32 3656 0602 1000 79411
75312 3 3870 )
75409 3 3681 0
75506 38 3.688 0
756.04 [}
757.03 0
757.51 0 0
75763 [} 0
7603 a4 0729 0298 12393 0 0
123735 1 2971 1000 5941
123411 2 3060 1000 17312
124580 3 3143 1000 32658
125869 4 3218 1.000 51484
121842 5 3287 1000 792
129785 6§ 3350 1000 98460
131700 7 3407 1000 126214
133567 8 3461 1000 156605
135332 9 3509 1.000 189507
78517 54 0692 0283 0996 136730 10 3.555 1000 224814
78862 S5 0602 0343 0992 138023 11 3507 1000 262442
79199 56 0692 0399 0987 139066 12 3636 1000 302325
79521 57 0692 0450 0975 139114 13 3674 1000 344421
79934 58 0692 0515 0949 137057 14 3710 1000 388710
80391 59 0692 0586 0902 131867 15 3746 1000 435197
80853 60 0692 0654 0825 122022 16 3781 1000 483913
81335 61 0692 0724 0726 108520 17 3816 1000 SM917
81841 62 0602 0795 0611 92417 13 3852 0999 567502
82340 63 0692 0862 0490 74881 19 3889 0974 627343
82803 64 0692 0922 0373 57607 20 3928 0923 648844

Overflow Section Discharges (cfs)

Right

E oo e 2
Dam Works  Section 1 Section 2 S
265 gg5 310 285 265
830 s3p 8305 8305
2000 31475 100 82
Q Q Q q
0 [
[ 0 0
[ [ 0
[\ 0 [
[ 0 0
0 [ )
0
) 0
0

© o © © 0o 0 0 0 O O 0 OO0 O O o0 0 0 0 0 O 0 a0 o0 0 o o o0 0 0 o ©
O O ©O © O © @ O © © © © 0O COC O o O 0O 0 6 O 0 000 0 O © 9 0 0 0 o

© © © © © © © @ O O O O © O © O @ O 0 © © © o o o o

5300 8341 110 58 1391
14991 23592 570 302 393
27540 43340 1225 849 7229
42400 66727 2030 1076 11130
59256 93254 2959 1568 15555
77894 122585 3999 2118 20447
88157 154475 5137 2723 25766

©O 0o o oo ® oo OO0 O OO0 OO O o 0 00 o 0 0 000 o0 o0 S0 00 o o0 o o o o

672

27 1901
244 3492
574 5376
287 7514
1468 9877
2009 12446

ure 8 — Calculations for Case 2A, Pre-Failure Condition, Fort Loudoun Gates Closed, Fort Loudoun Turbines Not

Operating
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6.5 Case 3, Pre-Failure Condition at Tellico Dam, Fort Loudoun Embankment Failure, Fort Loudoun Gates Open Fort
Loudoun Turbmes Not Operating

This case considers no failure has occurred at Tellice Dam. The south embankment at Fort Loudoun Dam has failcg

For the pre-failure condition, discharges are computed for headwaters ranging from 773 feet, the spillway
to 837 feet, seven feet above the top of the dam and embankment. Discharge passes through the spillwggse
dam, the emergency spillway in saddle dam 1 and the various overflow sections as headwater riges abffve
elevations in each case. Total discharge, given in “1000 cfs” is the sum of all discharges in cfs
discharge in cfs past the embankment and saddle dams divided by 1000.

Figure 9 shows the spreadsheet calculations for the pre-failure dam rating curve (spreadsheet as Attachment
E37). The final result, the rating curve, is defined by the first two columns, HW vs. Tgtal Tellico Discharge (Qrg.). The
third and fourth columns contain the Fort Loudoun Discharge (Qrr) and the total cgilbined discharge (Qror). The fifth.
and sixth columns (TW) give the tailwater associated with the “Total Discharge” ico Dam and the Saddle Dams,
respectively. They are represented by the tailwater rating curve polynomial fi
tailwater submergence effects on the discharge. Tailwater submergence redu

computed discharge fits the tailwater rating curve [4.18.1]. Figure 9 s} inal results but does not show the
iteration steps. The results are readily checked by computing the jpdi i

Spillway discharge in cfs is computed in the next five co U
QiQ,. Free discharge occurs for headwater elevations b, feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transition point is ilRcategby a horizontal line. Above the line, the listed
Equation (710) and below the line the listed discharge coefficient'is C,
i e A3. Column QfQ; is the spillway discharge computed

from Equation 2 for free discharge and from Equati r orifice discharge. Column d/H, indicates that the spillway

the header “Spillway”), H., C{C,, d/H., S4S, and

headwater elevations above 777 feet af ee discharge occurs. Spillway discharge is affected by tailwater at all
headwater elevations where orifiQgis&ge curs because d/H, > 0.2 [4.3.6] at all values of d/H..

d in the next four columns (under the header “Emergency Spillway™), H,, C;
Srand Qr. Free discharge occ®gat all heads (H.) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is C¢ [4.11.1] compu rom Equation 5. The submergence factor, S¢[4.11.4], is computed using-Equation 6.
Column Qyis the e y spillway discharge computed from Equation 2 for free discharge with submergence.

Emergency Spillway disch

The column follew R thegnergency spillway discharge column shows “C=", “Z.=", and “L=""in three rows to indicate
the meanin, included in those rows in the “Overflow Discharge” columns.

The t s are divided into three sub-columns, each. Contained in the sub-columns are overflow
i for the right bank saddle dam, main dam works (including the earthen embankment), the three saddle
emaining sections which are expected to overflow. The overflow discharge coefficient C¢ ([4.5.1], [4.4.1],
.6. .1], [4.8.1], [4.9.1], [4.10.1], [4.16.1]), elevation Z. ([4.5.2], [4.4.2], [4.6.2], [4.7.2], [4.8.2], [4.9.2], [4.10.2],
(4.168)), and length L ([4.5.3], [4.4.3], [4.6.3], [4.7.3], [4.8.3], [4.9.3], [4.10.3], [4.16.3]) in each case are indicated in
ee rows above the computed discharge sub-columns. The three sub-columns contain calculated values of d/H,, S¢
[4.17] and Qy, respectively. All overflow discharges are computed using Equation 2. The values of d/H, and S; have
been truncated in order fit all the columns.
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Tefico Dam Saddse Dams and Embankment Intact, Fort Loudoun Dam Embankment Fasure, Fort Loudoun Gates Open, Fort Loudoun Turbines Not Operating

g= 22 fue?
Q. e Qror
Main
Total Tod  Tasl  Dam
o Discharge  Discharge Discharge _ TW
fast 1000cts  1000cfs 1000cfs  foot
73 000 22088 22085 769.88
75 106 24627 247.33 77248
el 295 2029 27324 77483
7 508 20340 29848  777.20
781 733 31849 32382 779.39
783 268 33990 4958 781.52
785 1204 36450 37655 783.66
787 1441 39032 40471 78578
789 1679 41719 43398  767.80
71 1925 44504 46429 789.88
793 2178 47407 48585 79204
98 2436 50446 52882 79409
797 2700 53634 56334 79613
™ 2087 56935 58922 796.15
801 3283 60399 63662 800.18
803 3588 64044 67632 80216
805 3899 67875 71775 804.18
807 4217 71887 76114 80816
809 4541 76106 80647 BOBAS
811 4873 B4ST 85370  810.15
813 5210 85056 00266 812.43
815 5559 89749 95308 81412
815.796 5760 91500 97280 81488
816 3488 94280 97778 81507
817 3206 96985 100381 B16.07
818 3072 99162 10035 B17.07
819 4878 100859 105738 819.08
820 6313 102163 108475  B18.10
821 8238 102732 110969 82002
822 10365 103352 113797 682104
823 12696 103791 116487 82208
824 15205 104070 119275 823.08
825 17682 106211 122073 €241
826 20630 104256 124888 625.14
827 23541 104189 127700 6268
828 26491 104020 130541 B827.22
829 29764 103534 133318 828.28
830 32053 103121 136074
m 38422 100456 138878
812 45639 96074 141743
23 913.98 14456
234
85
838
837

Spiway Parameters Emergency SpRiway Parameters
L= 120 fea = 2000 feet Overflow Discharge, Q; incfs
Z= 773 few 2.5 817 feet . .
Gu= 33576 foat Right B;:“s”"" Main Dam Wocks s";‘::;’:'." s;:;zﬂu; - Saddie Dam 2 sa;”:::;‘ F sade Da’; >
16,354 feet
Ci= 265 265 a 265 265
Sacdle
Dam Spitway Emergency Spillway Z.= 830 830 8IS 830.5 830
W H, €€, dH. 8¢5, &|Q H. [} 8¢ Q 2000 31475 100 82 525
oot feat s fest
76752 0 o 0
77001 2 2112 0258 1000 1056 O
71235 4 3138 0481 0979 2847 O
77452 6 3166 0700 081 5085 O ° 0
77662 8 2204 0799 0842 7328 O [ 0
77866 10 3247 0852 0785 %75 0 o [
78071 12 3292 0888 0733 1204 0 0 [
78276 14 2339 0913 0688 14406 O o °
78479 16 3387 0931 0846 16793 0O ° 0
78680 18 3432 0843 0612 19252 O 0 °
78879 20 3476 0952 0584 21779 0 0 )
79078 22 3517 085 0559 24360 0 [ °
79276 24 3553 0964 0539 27003 O 0 o
78471 26 3586 0967 0524 20871 O o [
79667 28 3614 0970 0511 32835 O ° °
79862 30 3637 0§72 0500 35878 0 0 0
80058 32 3656 0874 0491 389%¢ 0O [ °
80253 34 3670 0975 0483 472 0 0 0
80449 36 3681 0877 0476 45413 O ° [
80645 38 3688 0977 0470 48728 O 0 0
80840 40 3632 0978 0465 52102 © [ [
81036 42 3695 0979 0481 55501 O 0 0
BIt11 428 2697 0978 0464 57602 O [ [
B11.30 43 0743 0978 0282 34981 0 0 0
81228 44 0729 0978 0274 3394 O 0 [
81327 45 O07i5 0879 02685 3279 1 0 0
81428 48 0701 0880 -0255 31466 2 [} 0
81528 47 0696 ° ° 0 ° 0 [ 0
81820 48 0692 ° ° 0 0 [ 0 0
81720 49 0692 0 [ [ 0 [ 0 °
81821 50 0692 97574 0 ° 0 o [ 0 0
81922 51 0692 123305 0 0 [ 0 [ 0 0
B820.24 52 0692 150569 0 o o ] o o 0
82126 53 0692 170221 ' ) ° 0 0 0 0 0
82228 209150 0 o o o 0 [ L]
82331 24538 11 3597 0916 240374 o o o o o [ o
824.34 22838 12 3636 0910 275002 ) 0 [ [} 0 o [
21550 13 3674 0.894 307975 [ [ [ [ 0 i 0
2288 14 370 0878 341463 03 10 500 03 10 831 82 10 110 82 10 58 -6 10 1391 0 .38 10 672 03 10
18713 15 3746 0863 375407 07 10 14524 07 10 22857 -20 10 570 -20 10 302 13 10 335 -42 10 27 13 10 1901 07 10
0991 0418 17438 16 3781 0.848 410248 08 03 23712 08 09 37317 OB 10 1225 08 10 649 05 10 729 25 10 244 05 10 3492 08 09
0992 0109 16243 17 3816 0834 445904 09 08 32073 09 08 50474 03 10 2030 03 10 1076 09 10 11130 1.0 10 574 01 10 5376 03 08
0993 0099 14937 18 3852 0820 482446 09 07 39308 09 07 6180 00 10 2959 00 10 1568 01 10 15555 04 10 97 01 10 7514 09 07
0993 0087 13371 19 3889 0807 519937 09 06 45535 09 06 71681 02 10 99 02 1.0 2119 03 1.0 20447 00 10 1468 03 10 9877 09 08
0994 0077 11961 20 3928 0795 558786 09 05 51442 09 05 B0957 03 10 537 03 1.0 2723 04 1.0 25766 02 10 2009 04 10 12448 08 05

o o o o

6625

18155

40091

49135

56919
843034

— Calculations for Case 3, Pre-Failure Condition at Tellico,

Open, Fort Loudoun Turbines Not Operating

Fort Loudoun Embankment Failure, Fort Loudoun Gates
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6.6 Case 4, Pre-Failure Condition at Telhco Dam, Fort Loudoun Embankment Failure, F ort Loudoun Gates Closed, Fort
Loudoun Turbines Not Operatlng . .

This case considers no failure has occurred at Tellico Dam. The south embankment at Fort Loudoun Dam has fail
The spillway gates at Tellico Dam are considered fully open, while the gates at Fort Loudoun are cons1dere‘clos
turbines at Fort Loudoun are not generating electricity.

For the pre-failure condition, discharges are computed for headwaters ranging from 773 feet, the spillw,

discharge in cfs past the embankment and saddle dams divided by 1000.

Figure 10 shows the spreadsheet calculations for the pre-failure dam rating curve (spregdsheet included as Attachment
E37). The final result, the rating curve, is defined by the first two columns, HW vs #Btal Tellico Discharge (QrgL). The
third and fourth columns contain the Fort Loudoun Discharge (Qpry) and the total cofM@ned discharge (Qror). The fifth

' S Dam and the Saddle Dams,

discharges for Case 4. Consequently, it is necessary to iterate through cWtailwater elevations until the total
computed discharge fits the tailwater rating curve [4.18.1]. Figurg cinal results but does not show the
i hrges, adding them up to compute total

dlr the header “Spillway™), H,, C4C,, d/H,, S¢S, and
QfQ,. Free discharge occurs for headwater elgvations bd 1796 feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transitiorRggint is i aed by a horizontal line. Above the line, the listed
discharge coefficient is C¢ [4.2.3] computed fro A6) and below the line the listed discharge coefficient is C,

discharge is not affected by tail
headwater elevations above 777
headwater elevations wher

coefﬁc1ent is C¢ [4. mputed from Equatlon 5. The submergence factor, S¢[4. 11 4], is computed usmg Equanon 6.
Column Qy is the ¢

¢ emergency spillway discharge column shows “C=", “Z.=", and “L=""in three rows to indicate
ues included in those rows in the “Overflow Discharge” columns.

ind Sections which are expected to overflow. The overflow discharge coefficient Cr ([4.5.1], [4.4.1], [4.6.1],
[4.8.1], [4.9.1], [4.10.1], [4.16.1]), elevation Z, ([4.5.2], [4.4.2], [4.6.2], [4.7.2], [4.8.2], [4.9.2], [4.10.2],

¥2]), and length L ([4.5.3], [4.4.3], [4.6.3], [4.7.3], [4.8.3], [4.9.3], [4.10.3], [4.16.3]) in each case are indicated in
the three rows above the computed discharge sub-columns. The three sub-columns contain calculated values of d/H., Sy
[4.17] and Qg, respectively. All overflow discharges aré computed using Equation 2. The values of d/H, and St have
been truncated in order fit all the columns.
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Telico Dam Saddle Dams and Embankment Intact, Fort Loudoun Dam Ermbankamant F akure, Fort Loudoun Gates Closed. Fort Loudoun Turbines Not Operating

Emergency Spitway Paramelers
0= 322 2 Spitway Perameters
120 teet e 2000 foet Overflow Discharge. Q1 in cfs
Ze= T3 et Zo= 817 feet . .
Gn= 33576 foet Right B":“S“’dla Main Dam Waorks s";‘t‘i‘"“ - Sm’z:'; ™ saddie Dam2 S“:: u::? &
Hmp =" 16354 foet _ ' ’
Qe Qe Qo1 cis 265 265 3.t 265
Man  Sadde
Total Total Tod  Dam  Dam Spilway Emergency Spitway  5;. 30 &0 8305 805
W Oischarge  Discharge  Dischwge TW  TW  Ho Cf|Cg dHc SWSg OfjGg Ho ¢ S af L= 2000 1475 100 62
fot 1000 eta 1000ct  1000ct  fest  feal feel ols  fest e @He S Qf  dMe S O  dMc S Qf dHe St Q
m 0.00 2086 22066 76088 76752 O o o ) o 0 0
s 108 24627 24733 77248 TTO01 2 3112 0258 1000 1056 O 0 o ) o
m 298 27028 2324 77493 77235 4 34 0481 0878 2847 O ° o 0 0
m son 2140 2848 TTI20 M52 6 3168 0700 0911 5085 O [} [ 0 o
709 733 31640 32082 77030 77662 & 3204 0793 0842 TIB O 0 ‘o o o
83 088 3900 M8 79152 TIBES 10 3247 0852 0785 %75 O [) [} [ o
88 1213 36391 IE04 TEIG2 7EOST 12 3292 0885 0730 12133 O 0 o o ° d o o 0
7 un 38670 40340 78589 78267 14 339 0806 0701 14706 O 0 0 0 0 o ° ° 0
89 1239 4441 43LB1 TATT4 TBASY 16 337 021 0869 173 O ) 0 0 [
™ 20 44119 46130 78978 78651 18 3432 092 0642 20187 O [} ° 0
™ 112 46905 49227 79181 7BBST 20 3476 0S41 LD 23815 0 0 o o
795 818 49633 52450 70383 79052 22 3517 0847 0601 26165 O o ° [
797 23 26902 825 70584 70247 24 3563 0952 0585 203 O 0 [} 0
1) 2260 56103 50363 76784 7441 26 3585 0956 OST 32601 O [} ) ]
01 3898 5077 6075 70984 79635 28 3614 0950 0550 35984 O 0 ) o
803 048 6021 66967 80183 78830 30 3637 O0SG1 0550 38463 O o ) o
a0s 4308 66741 71046 BO362 BOD24 32 365% 0963 0542 4306 0 ] 0 o
07 5 70641 75305 80560 BO218 34 3670 0065 0535 46743 O o 0 o
809 3.5 MTAS 79771 60778 60412 36 3661 0966 050 505 O 0 0 [
811 a4 78968 BA410 80975 80GOS 3B 3888 0867 0525 SM13 O 0 0 o
%) S840 83378 £9218 8172 80799 40 368 096E 0521 S0 O o ) o
s 0251 67027 04178 BI3S B00O3 42 3695 0060 018 62507 O 0 0 o
818796 8493 89500 05083 81440 81064 428 3697 o 0 0 o
18 an 92480 96543 81450 81082 43 0743 0967 0X6 4033 O 0 0 4
sz 2.6 95145 00108 81553 S1B1 44 Q720 0963 0X0 39630 O 0 0 [
ne “so 97337 101786 81660 81281 45 0715 0968 0312 0 ] 0
a0 067 00097 104585 81784 81384 46 O0T01 0970 0303 312 0 0 0 o 0 0 [
220 6394 100488 107370 BI85 81488 47 0696 O 32658 0 0 0 o o 0 o
[ 8591 101416 110106 81970 81563 48 2 o [ o 0 0 0 [
2 1070 102148 112049 82074 81601 73402 o 0 0 0 0 0 )
a2 13078 102893 115770 82170 81705 3350 0984 67HIE o o 0 0 0 0 o
824 15556 100084 118850 42285 61859 3407 0882 123891 0 ) [ o o o 0
825 18193 10047 121540 82291 82004 3461 0966 151312 0 o 0 o ) [} o
828 20985 103443 124400 82497 82108 3508 0951 180144 ) o 0 o o o o
a1 mm  wmse 225 3555 0935 210251 ] 4 [ ) ) 0 °
a2 L2903 0207 130101 0983 0108 27473 11 3507 0820 241550 o [ 0 ° [ ) 0
2 w222 10z 132966 0884 0183 25782 12 3636 0815 276486 [ o 0 [} 0 0 °
o 32 0470 0988 0167 23893 13 3874 098 300304 o 0 0 0 o ) 0
3 808 o087 087 051 21863 14 3710 0881 342628 03 10 500 03 10 BM1 B4 10 110 84 10 58 37 10 1w 0 a7 10 &2 03 10
2 0883 0135 18916 15 3748 0885 37430 07 10 14744 07 10 23204 21 10 570 21 10 3 10 3935 -144 10 27 13 10 1801 07 10
XY 0900 0123 18224 16 3781 0849 411035 08 08 2441 08 08 3702 08 10 1225 08 10 642 -05 10 720 25 10 244 05 10 M2 08 08
[N 0991 0113 16842 17 3816 0835 446596 09 08 32748 08 08 5154 03 10 2030 -03 10 1076 0.1 10 1130 -10 10 574 01 10 576 08 08
s 0922 0108 15527 18 3852 0821 483054 09 07 401t 09 07 63157 GO 10 2959 00 10 1568 01 10 1555 04 10 987 091 10 754 08 07
83557 83155 63 0602 0993 0091 13041 19 3869 0808 520480 08 06 45404 08 06 73020 02 10 3999 02 10 2119 03 10 20447 00 10 1468 03 10 9877 09 06
83661 83258 64 0692 0804 0080 12039 20 3928 0706 559182 09 05 52158 05 05 82083 03 1.0 5137 03 10 2723 04 10 25766 02 10 2000 04 10 1248 08 05
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10 — Calculations for Case 4, Pre-Failure Condition at Tellico, Fort Loudoun Embankment Failure,
Gates Closed, Fort Loudoun Turbines Not Operating

Fort Loudoun
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6.7 Case 5, Embankment Failure at Tellico Dam, Fort Loudoun Embankment Failure, Fort Loudoun Gates Open, Fort
Loudoun Turbines Not Operating

This case considers failure of embankment and saddle dams has occurred at Tellico Dam. The south embankment a
Loudoun Dam has failed. The spillway gates at Tellico Dam and Fort Loudoun are considered fully open. We |

Fort Loudoun are not generating electrlc1ty » : _ \
For the embankment failure condition, dlscharges are computed for headwaters ranging from 750 feet to \ n
Sp,

feet above the top of the dam. Discharge passes through the spillway section of the dam, the em gen
saddle dam 1 and the various overflow sections as headwater rises above the crest elevations in
discharge, given in “1000 cfs” is the sum of all discharges in cfs past the dam plus discharge in c
and saddle dams divided by 1000. ' ’

ankment -

Figure 11 shows the spreadsheet calculations for the embankment failure dam rating cugve (spreadshcet included as
Attachment E37). The final result, the rating curve, is defined by the first two colu W vs. Total Tellico Discharge
(QreL). The third and fourth columns contain the Fort Loudoun Discharge (QprL) 2 total combined discharge
(Qror). The fifth and sixth columns (TW) give the tailwater associated with the DMQharge” at Tellico Dam and the
Saddle Dams, respectively. They are represented by the tailwater rating curve al fits [4.18.1]. This is used to
Al es the spillway and emergency

spillway discharges for Case 5. Consequently, it is necessary to iterate
computed discharge fits the tailwater rating curve [4.18.1]. Figure al results but does not show the

ges, adding them up to compute total

Spillway discharge in cfs is computed in the next five col der’the header “Spillway™), H., C4C,, d/H,, S4S; and
QdQ,. Free dlscharge occurs for headwater ele atlons be i
ared by a horizontal line. Above the line, the listed discharge
ow the line the listed discharge coefficient is Cg [4.3.5]
computed by 1nterpolat10n between the pomts in Tab . Column Qng is the spillway discharge computed from

discharge is also affected by tailw
[4.3.6] at all elevations.

omputed in the next four columns (under the header “Emergency Spillway™), H, Cs St
eads (H.) above the spillway crest at elevation 817 feet [4.11.2]. The discharge

Emergency Spillway discharg
and Qy. Free discharge occurs at

coefficient is C¢[4.1 puted trom Equation 5. The submergence factor, S¢[4.11.4], is computed using Equation 6.
Column Qris the e pillway discharge computed from Equation 2 for free discharge with submergence.

The column ffflowg mergency spillway discharge column shows “Cg=", “Z=", and “L=""in three rows to indicate
the meaning vihes included in those rows in the “Overflow Discharge” columns.

mns are divided into three sub-columns, each. Contained in the sub-columns overflow parameters and
s for the right bank saddle dam, main dam works, the earthen embankment, the three saddle dams and the
g Sections which are expected to overflow. The overflow discharge coefficient Cy ([4.5.1], [4.12.1], [4.6.1],
4.14.1], [4.15.1], [4.13.1], [4.16.1)), elevation Z. ([4.5.4], [4.12.2], [4.6.2], [4.7.2], [4.14.2], [4.15.2], [4.13.2],

, [4.16.2]), and length L ([4.5.3], [4.12.3], [4.6.3], [4.7.3], [4.14.3], [4.15.3], [4.13.4], [4.13.5], [4.16.3]) in each
case are indicated in the three rows above the computed discharge sub-columns. The three sub-columns contain
calculated values of d/H,, Sy [4.17] and Qy, respectively. All overflow discharges are computed using Equation 2. The
values of d/H,, St have been truncated in order fit all the columns.
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11 — Calculations for Case 5, Embankment Failure Condition at Tellico, Fort Loudoun Embankment Failure, Fort
Loudoun Gates Open, Fort Loudoun Turbines Not Operating
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6.8 Case 6, Embankment Failure at Tellico Dam, Fort Loudoun Embankment Failure, Fort Loudoun Gates Closed, Fort
Loudoun Turbines Not Operating

This case considers failure of embankment and saddle dams has occurred at Tellico Dam. The south embankment at
Loudoun Dam has failed. The spiliway gates at Tellico Dam are considered fully open. The spillway gates at @rt
Dam are closed. The turbines at Fort Loudoun are not generatmg electricity.

For the embankment failure condltlon discharges are computed for headwaters ranging from 750 feet to 8

vs. Total Tellico Discharge
(Qrer). The third and fourth columns contain the Fort Loudoun Discharge (Qer.) and th®tal combined discharge (Qrot).
The fifth and sixth columns (TW) give the tailwater associated with the “Total Dj ellico Dam and the Saddle
Dams, respectively. They are represented by the tailwater rating curve polynomi W 8.1]. This is used to check for

- way and emergency spillway
ater elevations until the total computed
does not show the iteration steps. The

discharges for Case 6. Consequently, it is necessary to iterate through dif;
discharge fits the tailwater rating curve [4.18.1]. Figure 12 shows the

Spillway discharge in cfs is computed in the next five colun
QdQg. Free discharge occurs for headwater elevatj ons below
headwaters above 815.796 feet. The transition p
coefficient is Cy [4.2.3] computed from Equation (A
computed by interpolation between the points in Table
Equation 2 for free discharge and from Equgs
affected by tailwater since d/H, > 04 [4.2
is also affected by tailwater for all v

b feet [4.3.4] and orifice discharge occurs for
a horizontal line. Above the line, the listed discharge
the line the listed discharge coefficient is Cq [4.3.5]
olumn Q4Qy is the spillway discharge computed from
4 for orilice discharge. Column d/H, verifies that the spillway discharge is
M headwater elevations at which free discharge occurs. Spillway discharge
d 0.2 [4.3.6] at all headwater elevations where orifice discharge occurs.
pi1 the next four columns (under the header “Emergency Spillway™), H, Cg, S¢ .
eads (H.) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
Equation 5. The submergence factor, S¢[4.11.4], is computed using Equation 6.

Emergency Spillway discharg
and Qy. Free discharge occurs at
coefficient is C¢ [4.11.1] computed

Column Qy is the emer; illway discharge computed from Equation 2 for free discharge with submergence.
The column follogd emg¥feency spillway discharge column shows “C=", “Z=", and “L=""in three rows to indicate the
meaning of the gilucss d in those rows in the “Overflow Discharge™ columns.

¢ divided into three sub-columns, each. Contained in the sub-columns overflow parameters and
the right bank saddle dam, main dam works, the earthen embankment, the three saddle dams and the
s which are expected to overflow. The overflow discharge coefficient C¢ ([4.5.1], [4.12.1], [4.6.1], [4.7.1],
-1], [4.13.1], [4.16.1]), elevation Z. ([4.5.4], [4.12.2], [4.6.2], [4.7.2], [4.14.2], [4.15.2], [4.13.2], [4.13.3],
16 20 nd length L ([4.5.3], [4.12.3], [4.6.3], [4.7.3], [4.14.3], [4.15.3], [4.13.4], [4.13.5], [4.16.3]) in each case are
1n the three rows above the computed discharge sub-columns. The three sub-columns contain calculated values of
d/H,, S;[4.17] and Qy, respectively. All overflow discharges are computed using Equation 2. The values of d/H,, S¢have
been truncated in order fit all the columns.
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6.9 Case 7, Embankment Failure at Telhco Dam, Pre-Failure Condition at Fort Loudoun Dam Fort Loudoun Gates Open,
Fort Loudoun Turbines Not Operating _ . - » -

This case considers failure of embankment and saddle dams has occurred at Tellico Dam. No failure at Fort Loudoun Dam
is considered. The spillway gates at Tellico and Fort Loudoun Dams are considered fully open The turbines at Fort
Loudoun are not generating electricity. :

For the embankment failure condition, discharges are computed for headwaters ranging from 750 to 834 feet, seven feet
above the top of the dam. Discharge passes through the spillway section of the dam, the emergency spillway in saddle dam
1 and the various overflow sections as headwater rises above the crest elevations in each case. Total discharge, given in
“1000 cfs” is the sum of all discharges in cfs past the dam plus discharge in cfs past the embankment and saddle dams
divided by 1000.

Figure 13 shows the spreadsheet calculations for the embankment failure dam rating curve (spreadsheet included as
Attachment E37). The final result, the rating curve, is defined by the first two columns, HW vs. Total Tellico Discharge
(QteL). The third and fourth columns contain the Fort Loudoun Discharge (Qrr) and the total combined discharge (Qror).
The fifth and sixth columns (TW) give the tailwater associated with the “Total Discharge” at Tellico Dam and the Saddle
Dams, respectively. They are represented by the tailwater rating curve polynomial fits [4.18.1]. This is used to check for
tailwater submergence effects on the discharge. Tailwater submergence reduces the spillway and emergency spillway
discharges for Case 7. Consequently, it is necessary to iterate through different tailwater elevations until the total computed
discharge fits the tailwater rating curve [4.18.1]. Figure 13 shows the final resuits but does not show the iteration steps. The
results are readily checked by computing the individual discharges, adding them up to compute total discharge, and then
making sure the listed tailwater and total combined discharge agree with the tailwater rating curves.

Spillway discharge in cfs is computed in the next five columns (under the header “Spillway”), H,, C{C,, d/H,, S4S, and
QdQ,. Free discharge occurs for headwater elevations below 815.796 feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transition point is indicated by a horizontal line. Above the line, the listed discharge
coefficient is Cy [4.2.3] computed from Equation (A6) and below the line the listed discharge coefficient is C, [4.3.5]
computed by interpolation between the points in Table A3. Column Q4Q, is the spillway discharge computed from
Equation 2 for free discharge and from Equation 4 for orifice discharge. Column d/H, verifies that the spillway discharge is

- affected by tailwater since d/H, > 0.20 [4.2.4] for all headwater elevations at which free discharge occurs. Spillway
discharge is also affected by tailwater for all values of d/H, > 0.2 [4.3.6] at all headwater elevanons where orifice discharge
occurs.

Emergency Spillway discharge is computed in the next four columns (under the header “Emergency Spillway”), H, C¢, St
and Q;. Free discharge occurs at all heads (H¢) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cr [4.11.1] computed from Equation 5. The submergence factor, S;[4.11.4], is computed using Equation 6.
Column Qy is the emergency spillway discharge computed from Equation 2 for free discharge with submergence.

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

The next nine columns are divided into three sub-columns, each. Contained in the sub-columns overflow parameters and
discharges in cfs for the right bank saddle dam, main dam works, the earthen embankment, the three saddle dams and the
remaining sections which are expected to overflow. The overflow discharge coefficient C; ([4.5.1], [4.12.1], [4.6.1], [4.7.1],
[4.14.1], [4.15.1], [4.13.1]), elevation Z. ([4.5.4], [4.12.2], [4.6.2], [4.7.2], [4.14.2], [4.15.2], [4.13.2], [4.13.3]), and length L
([4.5.3], [4.12.3], [4.6.3], [4.7.3], [4.14.3], [4.15.3], [4.13.4], [4.13.5]) in each case are indicatéd in the three rows above the
computed discharge sub-columns. The three sub-columns contain calculated values of d/H., S¢ [4.17] and Qg, respectively.
All overflow discharges are computed using Equation 2. The values of d/H,, Sy have been truncated in order fit all the
columns.
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Figure 13 — Calculations for Case 7, Embankment Failure Condition at Tellico, Pre-Failure Condition at Fort Loudoun,
Fort Loudoun Gates Open, Fort Loudoun Turbines Not Operating
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6.10 Case 8, Embankment Failure at Tellico Dam, Pre-Failure Condition at Fort Loudoun, Fort Loudoun Gates Closed, Fort
Loudoun Turbines Not Operating

This case considers failure of embankment and saddle dams has occurred at Tellico Dam. No failure at Fort Loudoun g
is considered. The spillway gates at Tellico Dam are considered fully open. The splllway gates at Fort Loudow Day
closed. The turbines at Fort Loudoun are not generating electricity. .

For the embankment failure condition, discharges are computed for headwaters ranging from 750 feet to 8

Attachment E37). The final result, the rating curve, is defined by the first two column
(QrgL). The third and fourth columns contain the Fort Loudoun Discharge (Qrr.) and
The fifth and sixth columns (TW) give the tailwater associated with the “Total Dj
Dams, respectively. They are represented by the tailwater rating curve polynomi

vs. Total Tellico Discharge
tal combined discharge (Qror).

ater elevations until the total computed ‘
does not show the iteration steps. The

discharges for Case 8. Consequently, it is necessary to iterate through difi
discharge fits the tailwater rating curve [4.18.1]. Figure 14 shows the

Spillway discharge in cfs is computed in the next five colury
QiQ,. Free discharge occurs for headwater elevations below

tile header “Spillway™), H., C{Cg, d/H,, S4S, and
feet [4.3.4] and orifice discharge occurs for

a horizontal line. Above the line, the listed discharge
coefficient is Cf [4.2.3] computed from Equation (A the line the listed discharge coefficient is Cg [4.3.5]

Equation 2 for free discharge and from Eq 4 for orifice discharge. Column d/H, verifies that the spillway discharge is
affected by tailwater since d/H, > 04 [4.2 headwater elevations at which free discharge occurs. Spillway discharge
J0.2 [4.3.6] at all headwater elevations where orifice discharge occurs.

pn the next four columns (under the header “Emergency Spillway”), H,, C; St
¢) above the spillway crest at elevation 817 feet [4.11.2]. The discharge

coefficient is C¢ [4.11.1] computed Equation 5. The submergence factor, S¢[4.11.4], is computed using Equation 6.

Column Qy is the emer illway discharge computed from Equation 2 for free discharge with submergence.
The column folloya cmggency spillway discharge column shows “C=", “Z.=", and “L="in three rows to indicate the
meaning of the glucss d in those rows in the “Overflow Discharge” columns.

re divided into three sub-columns, each. Contained in the sub-columns overflow parameters and
the right bank saddle dam, main dam works, the earthen embankment, the three saddle dams and the
s which are expected to overflow. The overflow discharge coefficient Cr ([4.5.1], [4.12.1], [4.6.1], [4.7.1],
“1], [4.13.1], [4.16.1)), elevation Z, ([4.5.4], [4.12.2], [4.6.2], [4.7.2], [4.14.2], [4.15.2], [4.13.2], [4.13.3]),
L ([4.5.3], [4.12.3], [4.6.3], [4.7.3], [4.14.3], [4.15.3], [4.13.4], [4.13.5]) in each case are indicated in the three
¢ the computed discharge sub-columns. The three sub-columns contain calculated values of d/H,, S;[4.17] and
Qs, respectively. All overflow discharges are computed using Equation 2. The values of d/H,, Ss have been truncated in
order fit all the columns.
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culations for Case 8, Embankment Failure Condition at Tellico, Fort Loudoun Embankment Failure, Fort
Loudoun Gates Closed, Fort Loudoun Turbines Not Operating
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6.11 Case 9, Pre-Failure Condition at Tellico Dam, Fort Loudoun Seismic Failure, Fort Loudoun Turbines Not Operating .

This case considers no failure has occurred at Tellico Dam. The embankment and much of the main dam works at Fo
Loudoun Dam has failed. The spillway gates at Tellico Dam are considered fully open. The sp111way at Fort Loudo
gone. The turbines at Fort Loudoun are not generating electricity. o o R 3

For the pre-failure condition, discharges are computed for headwaters ranging from 773 feet, the spillway cre
837 feet, seven feet above the top of the dam and embankment. Discharge passes through the spillway seciian o
the emergency spillway in saddle dam 1 and the various overflow sections as headwater rises abov. the st
each case. Total discharge, given in “1000 cfs” is the sum of all discharges in cfs past the dam plu
embankment and saddle dams divided by 1000 :

past the

Figure 15 shows the spreadsheet calculations for the pre-failure initial dam rating curve (spreads uded as Attachment
E37). The final result, the rating curve, is defined by the first two columns, HW vs. Totaldlellico Disciarge (Qrgi). The
third and fourth columns contain the Fort Loudoun Discharge (QrrL) and the total comiglled discharge (Qror). The fifth and

sixth columns (TW) give the tailwater associated with the “Total Discharge” at Tellico and the Saddle Dams,
respectively. They are represented by the tailwater rating curve polynom1a1 fits [ is used to check for tailwater
submergence effects on the discharge. Tailwater submergence reduces the spill d @nergency spillway discharges for

Case 9. Consequently, it is necessary to iterate through different tailwater glg
the tailwater rating curve [4.18.1]. Figure 15 shows the final results but dfif
readily checked by computing the individual discharges, adding the
the listed tailwater and total combined discharge agree with the tail

the total computed discharge fits
Row the iteration steps. The results are
otal discharge, and then making sure

Spillway discharge in cfs is computed in the next five colu
Q4Q,. Free discharge occurs for headwater elevations beloy
headwaters above 815.796 feet. The transition pojnt is indi
coefficient is Cy[4.2.3] computed from Equation
computed by interpolation between the points in Ta mn QQ, is the spillway discharge computed from
Equation 2 for free discharge and from Equation 4 for discharge. Column d/H, verifies that the spillway discharge is
affected by tailwater since d/H, > 0.2 [4.2.4 all headwater elevations at which free discharge occurs. Spillway discharge
is also affected by tailwater for all vglues @ 0.2 [4.3.6] at all headwater elevations where orifice discharge occurs.

¢ next four columns (under the header “Emergency Spillway”), H, C; S¢
) above the spillway crest at elevation 817 feet [4.11.2]. The discharge

om Equation 5. The submergence factor, S¢[4.11.4], is computed using Equation 6.
ischarge computed from Equation 2 for free discharge with submergence.

et [4.3.4] and orifice discharge occurs for
i horizontal line. Above the line, the listed discharge
e line the listed discharge coefficient is Cg; [4.3.5]

Emergency Spillway dischar
and Q. Free discharge occur
coefficient is C¢ [4.11.1] comput
Column Qy is the emergency spillw

.@ A

Mude

cency spillway discharge column shows “C=", “Z.=", and “L=""in three rows to indicate the
in those rows in the “Overflow Discharge” columns.

The column following
meaning of the v

sipre divided into three sub-columns, each. Contained in the sub-columns are overflow discharges in
ddle dam, main dam works (including the earthen embankment), the three saddle dams and the

hich are expected to overflow. The overflow discharge coefficient Cy ([4.5.1], [4.4.1], [4.6.1], [4.7.1],
.10.1], [4.16.1]), elevation Z. ([4.5.2], {4.4.2], [4.6.2], [4.7.2], [4.8.2], [4.9.2], [4.10.2], [4.16.2]), and
323, [4.4.3], [4.6.3], [4.7.3], [4.8.3], [4.9.3], [4.10.3], [4.16.3]) in each case are indicated in the three rows
bove thalfomputed discharge sub-columns. The three sub-columns contain calculated values of d/H,, S¢[4.17] and Qy,
gly. All overflow discharges are computed using Equation 2. The values of d/H, and Sy have been truncated in
order fit all the columns.




TVA

Calculation No.

CDbQ000020080018

Rev: 1 Plant: GEN

Page: 44

Subject:

Dam Rating Curves, Tellico

Prepped

WBB

Checked

ACM

Tefico Dam Saddie Dams and Embenkmen Intact, Fort Loudoun Dam Seismic Fature, Forl Loudoun Turbines Not Operating

9= 22
Qrec
Total

HW Discharge

foet 1000 cts
m 000
s .54
m 22
m ELN)
™ 5853
™ 3
5 [X]
67 148
69 13,64
L) 1883
7 1038
795 2067
791 24
79 .23
L] 2008
[ 20
805 08
07 3.1
(] a2
o a“rn
83 418
LIH 51.62

815,796 5362
(33 M43
" 079
[ 3580
813 4821
L] €080
621 883
02 100.12
[ 12345
o4 12
s 17887
828 20130
827 2011
L 26023
-] 25
030 32544
(] 038
2 s

Qen

Total

Qror

Tow  Main Dam

Discharge  Discherge

1000 cfx
2704
28748

2.4
20935
EJEY
35407
arrs
40260
42862
45583
48433
s1421
545861
578861
61332
4962
9896
2838
7040
81422
8986
90654
92400
85135
7787
99915

101560
1028.19
1037.63
104388
1047.88
105097
106254
106263
1051.52
1048.67
1042.79
1038.24
1011.07

96817

1000 cfs

247.04

26042

w042

31247

33663

381.45

38712

414,08

442.26

an.rm

50267

635.08

569.10

80484

64240

681.63

2

768,53

s11.82

850.95

907.81

950.16

o77.62

98269

1008.68

1035.01

1081.8)

1088.99

111648

114398

171.40

1100.89

1228.41

1253.83

128143

1308.90

™
feet

77246
77448
17649
17848
7H048
78247
78447
78647
78847
79048
79247
79447
79647
79648
80045
60244
60442
806.40
800.38
810.36
8124
814.32
81508
81527
816.25
81724
818.25
81826
827
82129
82230
82331
824.32
82533
82634
821.36

Hmp = 18.354 foet

Splway Parameters Emergency Spiway Parameters

120 fout L= 2000 fost Oveefiow Discharges Of i cfa

773 foen Ze= B17 fteet

: Righl Bank Saddle Saddls Dam 1- Saddle Dam 1- Seadie Dem 3-  Saddle tion
= 3578 tem en ManDamwais SPGB SR Sacle Dam 2 petiagd > Sect

76999

ez

s

7575

66

7958

8148

78342

78535

787.28

78921

.4

753.08

78501

79695

799,89

80083

8277

80471

806.66

808.61

81056

81130

81149

81247

61345

81444

81544

81644

817.45

81844

81944

ct= 265 285 31 265 285
Spliwey Emergcy Spikway ze= 830 8% 8305 8305 830
Me Cflcg dMc §¥Sg Qf1Gg He Cf S af L= 2000 31475 100 62 s23
oot s feet ofs @He St Qf dMc S Qf dMc St Qf dHc ST Q oMo ST af
° o o [ [} 0 )
2 am2 om0 oss &7 0 [ b 0 o
4 3134 0871 0758 2284 o ) o o o o
6 3166 Q914 0685 3625 O 0 o [} 0
8 3204 0935 0836 5530 0 o o 9 o o
10 3207 0847 0509 734 O ° T o [ °
12 3292 0856 0572 9388 o ]
1MB3 0982 0546 11462 0 0
16 3.387 0967 0524 13641 ) 0 o
18 3432 0971 0508 15931 o o
20 3476 0874 0492 18348 o
2 3517 DB76 D47B 20867 0 L]
24 35853 0878 D469 23469 0 o
26 3.586 0979 0460 28226 Q 0
2 364 0980 0453 20076 [} 0
30 3637 0881 0448 32006 o o
2 366 0882 0441 3046 0 o
34 3670 0582 0437 38176 ] o
% 3681 0983 0AM 41417 [ )
% 368 0983 0432 44732 ) )
40 3692 0983 0430 4816 o )
42 3695 0984 0428 51626 ] 0
428 3607 0083 0432 53619 0 0
43 0743 0863 0284 3475 [} )
4 0729 0983 0248 0784 [} 0
45 0715 0983 0242 29922 o o
46 0701 0984 02 26900 0 o
47 0696 0984 ¢ 0
48 0692 0985 1000 51484 ) [ ) Toe ° 0
4 o 0m8 7332 0 0 0 ] o 0
0 o987 97178 0 0 0 ] 0 0
0972 122659 o o o 0 0 ]
24168 8 3481 0958 149704 o o o o a o
091 5 3509 0340 176206 o o o 0 0 °
2038 10 3555 0928 208070 o 0 0 0 0 0
21000 11 3567 0812 23217 0 3 0 o 0 [}
19975 12 363 0905 273588 0 0 0 0 0 )
09z 0983 0133 19637 13 3674 0890 305408 0 o [ 0 o [
0652 0S% 0125 1809 14 3710 0878 33012 04 10 500 04 10 841 A0 10 10 B0 10 58 35 10 13 )
0.692 0891 01156 16856 15 3.746 0858 373770 07 09 14082 07 09 22377 -20 10 570 -20 I.;) 02 .12 10 3WI 140 10 k4
0.692 0892 0.106 15700 16 3.781 DB44 408471 08 08 22577 0B DB 35531 €08 10 125 08 10 649 D5 10 7229 -24 1D 244
0.692 0393 0097 14489 17 1816 D830 444102 09 &7 30173 08 07 47485 0.3 10 2030 03 10 1076 01 10 11130 00 D 574
0682 "0893 0087 13219 18 3852 0.B17 480627 08 06 37077 09 0B 58350 00 10 2059 00 10 1568 01 10 15555 03 10 687
0682 0884 0078 12073 19 3.889 D805 518701 09 08 4352 09 06 83492 02 10 3999 02 10 2119 03 1.0 20447 00 10 1468
0692 093 0071 10875 20 3828 0794 57734 10 05 49462 10 DS 77673 . 0.3 10 5137 03 10 2723 D4 10 25766 02 10 2009

a5

25

01

01

04

18 672

10 1901

10 %2

10 5376

10 7514

10 9877

10 12446

8625

17615

28221

e

B8

54402

81853

Not Operating

lations for Case 9, Pre-Failure Condition at Tellico, Fort Loudoun Seismic Failure, Fort Loudoun Turbines
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7. Results/Conclusions

For convenience, the headwater rating results, separate from the calculation details provided above, are tabulated as headwater
elevation (HW) in feet vs. total discharge (Qrgr) in cfs and tailwater elevation (TW) in feet in Figures 16, 21 and 26. The total
discharge for both Tellico Dam and Fort Loudoun Dam, combined, are also given (Qror). The initial dam rating curves for

cases 1 and 1A are plotted in Figure 17. The initial dam rating curves for cases 2 and 2A are plotted in Figure 18. The initial ‘
dam rating curve for case 3 is plotted in Figure 19. The initial dam rating curve for case 4 is plotted in Figure 20. The initial
dam rating curve for case 5 is plotted in Figure 22. The for case 6 is plotted in Figure 23. The initial dam rating curve for case

7 is plotted in Figure 24. The initial dam rating curve for case 8 is plotted in Figure 25. The initial dam rating curve for case ‘
9 is plotted in Figure 27. Initial dam rating curves which consider the interaction between Tellico Dam and Fort Loudoun Dam
for all cases are included as figures 28 and 29.

The initial dam rating curves developed in this calculation provide Tellico 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
Tellico Dam spillway gates must all be fully raised and the interaction between Tellico Dam and Fort Loudoun Dam must be
accounted for.

Rating curve Cases 1 and 7 have been updated. Rating curve Cases 1A, 2, 2A, 3,4, 5, 6, 8, and 9 are no longer valid because
the embankments have been raised and these rating curves were not modified to reflect the raised embankment elevations.

Case | (pre-failure) curves are used for both rising and falling headwaters until the earthen embankment and saddle dams are
judged to fail, sometime after the headwater rises above its overflow elevation of 834 feet. Case 1 includes Fort Loudoun
turbine flow, and considers Fort Loudoun spillway gates to be fully open.

The Case 7 (embankment failure) curve is used for rising and falling'headwaters. Case 7 considers the Fort Loudoun spillway
gates to be open. In addition, no failure is considered at Fort Loudoun Dam.

The final two curves combine the Tellico and Fort Loudoun Dam Rating Curves.



TVA

Calculation No. CDQ000020080018 Rev: 1 Plant: GEN Page: 46
Subject:  Dam Rating Curves, Tellico Prepped wWBB
Checked | ACM

Cases 1,1A.2,2A, 3and 4
Pre-Failure at Tellico

No Failure at Fort Loudoun No-Failuro-atFortLoudoun EmbankmentFailure-at Fort-Loudoun
Fort-Loudoun-Gates- | FertloudounGates-
Fort Loudoun Gates Fully Open Eort-Loudoun-Gates-Closed 0 c
Rising Headwater Ealling-Headwater Rising-Headwater Ealling-Headwater Rising-and-Falling Headwater
HW, () | HWa A8 | TW () ] Qra (cfs) | Quy (ofs)| TWHERY | Quatsts) | Quortefe)| TWAEY | Quytale) | Qufefe)] TAHED | Qrortofe)] Gurfots)| TWHEY | Orortofe}] Ghotefol] TWHR) | Orrtole)] Qhortets)
773 773 747.65| 0.00 20.55 | 736:00 | 0-00 000 | 73500 | o0.00 000 [73600| 000 | 0.00 | 76088 | 0.00 | 220.86 | 768.88| 0.00 | 220.86
775 75 748.02] 1.06 23.50 | 74296 | 406 106 | 74643 | .06 | 2523 [742.86]| 406 | 106 | 77248 | 106 | 24733 | 772.48| 106 | 247.33
777 777 74846 3.01 27.15 | 743.24 | 3.04 3.0+ | 74602 3.04 | 2872 | 743.24] 3.0 3.01 | 77493 205 | 273.24 | 774.93| 295 | 273.24
779 78 748.97| 5.58 31.25 | 74363 | 558 558 | 74748 | 6588 | 3268 | 74362 668 | 668 | 77720| 608 | 20848 | 77720| 608 | 208.48
781 781 749.51| 8.70 35.77 | 74407} 870 870 | 748.08 [ 870 | 3705 | 74407| 820 870 | 77839 | 733 | 323.82 | 778.38| 7.33 | 323.82
783 783 75010 | 1232 | 40.65 [ 744.69 | 4232 | 42.32 | 748.74 | 12.32 | 4480 | 744.68 | 12.32 | 1232 | ¥8%.62 ] 0.68 | 349,68 | 781.562| .68 | 349.68
785 786 751.28| 16.42 | 50.51 [ 74580 4642 | 2148 | 748.44 | 1642 | 46:84 | 745:48 | 1642 | 1642 | 783.66 | 1204 | 376.65 | 783.62| 1243 | 376.04
787 787 752.97| 2099 | 64.96 [ 74788 2000 | 3567 | 75048 | 20.09 | 52:30 | 74583 | 20.08 | 2008 | 78679 | 14:41 | 40473 | 785.68 | 1474 | 40340
789 789 755.01 ] 26.01 | 82.83 [ 750.34 | 2604 | 53.68 | 750.06 | 26.04 | 5824 | 746:54 | 26:0¢ | 2601 | 78790 | 1678 | 433.98 | 78%.74| 17.39 | 431.84
791 701 757.33| 31.46 | 103.68 [ 76342 | 3146 | 74.60 | 76168 | 31.46 | 63.66 | 74734 | 31456 | 3146 | 780.98 | 10.25 | 464.20 | 780.78 | 20.20 | 46130
793 793 759.86 | 37.31 | 127.22 [ 756472 | 3731 | 98.68 | 75245 | 3731 | 68.6¢ | 74842 | 3731 | 3731 | 79204 | 2478 ) 48585 | 70184 | 2342 | 482,22
795 705 762.55 | 43.54 | 153.24 | 760.40 | 43.84 | 126.30 | 7253.26 | 43.64 | 7574 | 748.08 | 43.84 | 43.54 | 704.00 | 24.26 | 528.82 | 703.83 | 26.16 | 624.50
797 797 765.36 | 5013 | 181.58 | 26277 | 60-13 | 45438 | 265431 | 5043 | 8233 | 240.87| 5013 | 5043 | 70643 | 2700 | 563.34 | 78584 | 2033 | 658.26
799 789 768.27 | 57.05 | 212.12 | 266.23 | 57.06 | 185.76 | 765488 | 6506 | 89-26 | 25080 ) 57.06 | 6706 | 708.45 | 20.87 | 509.22 | 787.84| 32.60 | 593.63 | .
- 801 801 771.23| 64.25 | 244.77 | 260.72 | 6425 | 210.36 | 755.80 | 6426 | 0646 | 76476 | 64-25 | 64-26 | 800.46 | 32.83 | 626.82 | 709.84| 3508 | 63075
803 803 774.22| 71.72 | 279.49 | 77323 | 7472 | 266.00 | 76682 | 7472 | 103.02 | 75273 | 7472 | 74.72 | 802-16 | 35.88 | 676.32 | 804.83 | 30.46 | 660.67
805 805 777.23] 79.40 | 316.22 | 776,74 | 70.40 | 202.94 | 757.76 | 7841 | 11464 | 76373 | 7944 | 78.41 | 804.46 | 38.89 | 797,75 | 803.82| 43.05 | 710.48
807 807 780.23 | 87.23 | 354.92 | 78044 | 87.23 | 332.72 | 75874 | 8%3% | 110:64 | 76474 | 8731 | 8734 | 80646 | 4247 | 76414 | 805.80 | 46.74 | 763.46
809 800 783.20 | 9513 | 395.56 | 783.40 | 96,40 | 374.45 | 750.68 | 9540 | 42%.60 | 25676 | 0540 | 0540 | 808456 | 45.44 | 806,47 | 80778 | 50.53 | 78774
811 841 786.14 | 103.04 | 438.09 | 786.76 | 102.03 | 418.02 | 76065 | 103.66 | 135.86 | 756.78 | 103.66 | 403.66 | 81016 | 4873 | 863.20 | 808.76 | 54.44 | 84410
813 813 789.03 | 110.94 | 482.51 | 789.02 | 310.68 | 463.30 | 761,62 | 112.08 | 144.28 | 75783 | 142.08 | 44308 | 81243 | 52.40 | 002.66 | 841.72| &8.40 | 892.18
815 815 791.86 | 118.80 | 528.82 | 262.67 | 348:34 | 61056 | 762.6% | 120.70 | 452.00 | 758.86 | 120.70 | 42070 | 81412 | 55:69 | 853,08 | 843.68 | 62.56¢ | 04178
815.80 815.706 | 792.97 | 121.92 | 547.76 | 704.06 | 421.42 | 528.42 | 763.00 | 124.48 | 467.38 | 750.36 | 124:18 | 324.00 | 844.88 | 6760 | 872,60 | 814.40| 64.83 | 059.83
816 816 793.15| 120.88 | 550.96 | 764.33 | 120.07 | 632.73 | 763-21 | 124,01 | 46847 | 76040 | 124.04 | 12507 | 81507 | 34.98 | 97778 | 81468 | 40.33 | 86543
817 817 794.30 | 120.38 | 571.15 | 705.64 | 148.50 | 653.05 | 763.60 | 423.04 | 16468 | 750.00 | 123.94 | 12948 | 846.02 | 33.86 |1003.84] 815.568 | 30.63 | 891.08
818 848 795.73 | 125.41 | 596.95 | 76%.02 [ 123.88 | 578.74 | 764.75 | 120.68 | 472.06 | 76112 | 120.68 | 130.86 | 817.07 | 3872 |1030.35] 816.60] 44.60 |1017.06
819 849 797.37 | 135.20 | 627.65 | 70874 | 433.52 | 60003 | 766-64 | 140-73 | 188.64 | 763.04 | 140.72 | 156.44 | 818.08 | 48.78 |1057.36] 817.64| 54.62 |4045.68
820 830 799.23| 150.12 | 663.80 | 800.67 | 448.22 | 64670 | 768.86 | 16734 | 24465 | 765.56 | 156734 | 178.45 | 84940 | 63.43 |1084.75] 818.60 [ 68.04 | 107320
821 821 800.28 { 169.55 | 684.72 | 802.27 | 166.07 | 67844 | 771,00 | 177.35 | 232.84 | 767.82 [ 1477.35 | 200.74 | 820.02 | 82.38 |s108.60 819.70] 8604 |1101.06
822 8223 801.33 ] 19273 | 706.34 | 803.20 | 10012 | 609.42 | 773.60 | 201.33 | 2560.85 | 770.57 | 204.33 | 222.75 | 824.04 | 103,65 | 1137.17] 820.74 | 10770 | 4420.90
823 823 802.53 | 218.74 | 731.52 | 804.43 | 21560 | 72346 | 77375 | 228-26 | 260.68 | 773.76 | 228.26 | 260.58 | 822.06 | 126.86 |1464.87| 82170 [ 130.78 | 145770
824 824 803.81| 247.01 | 759.17 | 805.66 | 24344 | 250:43 | 77724 | 26704 | 208.60 | 77724 | 267.01 | 208.50 | 823.08 | 152.05 | 1492.75]| 822.85 [ 155.66 | 1186.50
825 826 805.13] 277.21 | 788.39 | 806.96 | 273-20 | 778.80 | 78080 | 20010 | 34077 | 780.80 | 200:10 | 340.77 | 82414 | 178.62 |4220.73| 823.04 | 18493 | 421540
826 826 806.93 | 308.64 | 829.47 | 808.60 | 303.83 | 818.03 | 784.43 | 324.84 | 286.50 | 784,43 | 324.84 | 386.50 | 825.14 | 206.30 | 4248.86] 824.07| 200.86 | 1244.00
827 827 808.87] 34115 | 875.26 | 81049 | 33695 | 862.14 | 78820 | 36164 | 430.66 | 788-20 | 36164 | 438.56 | 826-48 | 236.14 |4277.00| 826.02 | 239.00 | 4272.58
828 828 810.69 | 375.82 | 919.67 | 842.36 | 37038 | 905.56 | 70486 | 400.46 | 493.03 | 70486 | 400.46 | 403.03 | 827.22 | 264.94 |4305.44| 822,07 | 260.03 | 430144
829 820 812.50 | 412.64 | 965.12 | 843.04 | 40742 | 047.65 | 70534 | 441.39 | 649.20 | 706:34 | 441.39 | 648.70 | 828.26 | 207.84 | 1333.18] 828.43 | 302.22 | 1320.66
830 830 814.23 | 451.56 | 1009.73 [ 845.68 | 446-58 | 991.23 | 798.66 | 483.564 | 608.64 | 708.66 | 483.64 | 608.64 | 820,28 | 320.63 |1360.74| 828.48 | 333.20 | 1367.08
830.57 834 815.51 | 474.20 [ 1043.06 | 847-80 | "608-17 | 4040-50 | 802.60 | 548.26 | 60425 | 802.90 | 548.26 | 694.25 | 830.33 | 384.22 |1388.78| 830.26 | 386.09 | 1386.86
831.14 832 816.87 | 497.58 | 1079.05| 82035 | 580-26 | 114847 | 80757 | 631123 | 702.08 | 807.67 | 631123 | 792.98 | 83130 | 466.39 | 1447.13] 831.33 | 450.47 | 141567
831.71 833 818.24 | 521.74 |1115.76 | 822.84 | 682.62 | 4188.00| 812.26 | 724.08 | 005.73 | 812.26 | 724.08 | 90573 | 832,44 | 62120 ] 1445.46] 83240 | 534.41 [ 144414
832.29 834 819.59 | 546.93 | 1152.28 | 825,66 | 78477 {1262.07| 81744 | 82576 |1032.32| 84734 | 825,76 | 1032.32| 833.49 | 604.97 | 4473.04| 833.46 | 608.84 [ 1472.28
832.86 836 820.92 | 572.16 }1188.51| 828.62 | 882.64 | 4342.06| 822.26 | 083608 | 4470.44| 822.26 | 035.08 | 1170.41 | 834.564 | 676.27 | 1600.74] 834.52 | 680.62 | 1600.22
833.43 836 822.22 | 596.79 | 1223.88 | 83167 | 983.89 | 442186 | 827.31 | 1037.08 | 130749 | 82731 | 4037.08 | 1307:49 | 835.68 | 745.33 | 1528.35] 835.57 | 740.78 | 1627.04
834 837 823.51 | 621.10 | 1259.23 | 834.26 | 1088.43 | 1493.54 | 832.00 | 4420.86 | 1433,33 | 832.00 | 1120.86 | 1433.33 | 836.62 | 815.63 | 4556.95] 836.64 | 810.05 | 1666.63

Figure 16 —Initial Dam Rating Results for Cases 1, 1A, 2, 2A, 3 and 4

Cases 1A, 2, 2A, 3, and 4 are no longer valid
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Tellico Dam Rating Curve
Pre-Failure Condition at Tellico Dam
Pre-Failure Condition at Fort Loudoun Dam
Fort Loudoun Gates Open
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Figure 17 — Initial Dam Rating curves for Cases | and 1A
Case 1A is no longer valid
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Tellico Dam Rating Curve
Pre-Failure Condition at Tellico Dam
Pre-Failure Condition at Fort Loudoun Dam
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Figure 18 —Initial Dam Rating Curves for Cases 2 and 2A
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Tellico Dam Rating Curve
Pre-Failure Condition at Tellico Dam
Embankment Failure at Fort Loudoun Dam
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Figure 19 — Initial Dam Rating Curve for Case 3
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Tellico Dam Rating Curve
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Figure 20 ——Initial Dam Rating Curve for Case 4




TVA

Calculation No. ~ CDQ000020080018 Rev: 1 Plant: GEN Page: 51
Subject: Dam Rating Curves, Tellico Prepped wBB
Checked ACM
Cases 5,6,7 and 8
Embankment Failure at Tellico
Embankment Failure-at For-Loudour No Failure at Fort Loudoun
Fortl.oudoun-Gates- FortLoudoun-Gates- Fort Loudoun Gates Fortloudoun-Gates-
Open Closed Open GClosed
Rising-and-Falling-Headwater Rising and Falling Headwater
HW; (ft) | HWeestf Qurtels) | Quatets) | PALR) | Quurlofs) | Quoefsfs) | TW (1) | Que (cfs)] Quy (cfs) | PWHIH] Quorfefs) | Quarlefs)
750 750 4565 | 4565 | 740.26 | .4565 | 45.65 | 74956 | 36.15 | 36.15 [749.26] 45.65 45.65
755 755 7422 | 772+ | 75345 | 7422 | 7%at |75362| 7057 | 70.57 |753.34] 7638 76.30
760 760 99.04 | 12634 | 750.52 | 00.04 | 126.34 ] 759.25 | 121.54 | 121.54 [ 750.22] 12336 | 12326
765 765 127,83 | 171,50 | 764.69 | 127.83 | 17459 | 764.42 | 171.99 | 171.99 | 764.44] 169.28 | 160.28
770 770 16026 | 21073 | 760.74 | 460.26 | 21973 | 769.50 | 225.48 | 225.48 | 769.84| 21738 | 21739
773 773 473.65 | 280.26 | 772,77 | 473.65 | 250.26 | 772.51 | 259.47 | 259.47 | 772.66| 248,19 | 24849
775 5 183.66 | 27186 | 774.70 | 183.66 | 27486 | 774.52 | 283.08 | 283.08 | 774.57| 269.56 | 269.56
777 777 195.50 | 29419 | 776.70 | 195.50 | 294.19 | 776.53 | 307.55 | 307.55 | 776.58] 201.64 | 20164
779 79 20662 | 31697 | 778.70 | 206.62 | 316,97 | 778.54 | 332.82 | 332.82 | 778.58] 31447 | 314427
781 784 248.60 | 340.86 | 780.79 | 218.60 | 340.86 | 780.53 | 358.96 | 358.96 | 780.58| 33310 | 33840
783 783 23152 | 365.50 | 782.70 | 231.52 | 365.50 | 782.53 | 386.10 | 386.10 | 782.58| 362.58 | 3s2.58
785 785 242.80 | 30153 | 784.70 | 245.49 | 301.67 | 784.53 | 409.40 | 414.46 | 734.57| 383.56 | 388.56
787 787 254.12 | 418.58 | 786.70 | 250.66 | 448.68 | 786.54 | 429.42 | 444.10 | 786.57| 41563 | 41563
789 789 26643 | 447.24 | 788.70 | 274.90 | 44721 | 788.55 | 447.50 | 475.07 | 788.56| 443.31 | 443.31
791 791 278.84 | 476.31 | 700.78 | 200.58 | 476.69 | 790.57 | 464.20 | 507.43 | 780.55| 473.45 | 47345
793 793 204.37 | 50788 | 702,78 | 307.43 | 50732 | 792.59 | 479.89 | 541.26 | 782.55| s03.65 | s503.65
795 795 310.15 | 54040 | 704.77 | 326.63 | 540.26 | 794.61 | 494.80 | 576.56 | 704.54| s35.90 | s35.90
797 707 32723 | 574.95 | 708,77 | 346.22 | 524.25 | 796.61 | 509.00 | 613.24 | 796.52| 5608.94 | 560.04
799 799 34567 | 61118 | 708.76 | 367.26 | 610.40 | 798.61 | 522.87 | 651.59 | 788.54| 605.84 | 605.84
801 804 36424 | 649.06 | 800.75 | 380.80 | 648.84 | 800.62 | 536.53 | 691.64 | 800.50| 643.06 | s643.06
803 803 - 382.66 | 687.83 | 802.74 | 412.78 | 638.45 | 802.62 | 550.08 | 733.46 |802.48| 68282 | 682.82
805 805 404.56 | 731.04 | 804.73 | 43733 | 730,50 | 804.62 | 563.56 | 777.07 | 804.46| 723.96 | 723.96
807 807 425.20 | 774.00 | 806.73 | 462.33 | 773.84 | 806.63 | 576.97 | 822.46 |806.44| 76714 | 76744
809 809 447.82 | 819.92 | 808.72 | 488.96 | 818.64 | 808.63 | 590.24 | 869.59 | 808.44| 81240 | 81240
811 841 472.50 | 868.87 | 810.74 | s16.06 | 866.74 | 810.46 | 803.49 | 914.11 |810.30| 850.78 | 850.78
813 813 405.88 | 91743 | 812.60 | 544.87 | 916.22 | 812.45 | 842.51 | 963.80 | 842.36| 90868 | 90860
815 845 521,36 | 968.92 | 814.68 | 57543 | 963,43 | 814.43 | 882.43 | 1014.81|814.34| 95847 | 95847
815.796 | 815.796 535.84 | 988.84 | 81547 | 594,28 | 988.28 | 815.22 | 898.53 | 1035.44 | 845.10| 98631 | 996.34
816 316 524.68 | 99516 | 815.67 | 579.25 | 99347 | 815.41 | 900.30 | 1040.33 | 845.20| e81.88 | 983.84
817 847 534.52 | 1020.58 | 816.66 | 594,00 | 1016.88 | 816.40 | 920.36 | 1066.47 | 816.28| 1004.27 | 1000.78
818 818 548,53 | 1047.83 | 81766 | 605,11 | 1046.54 | 817.39 | 941.24 | 1092.96 | 817.28| 1026.67 | 1036.05
819 819 56444 | 1074.86 | 818.66 | 620.77 | 1072.68 | 818.39 | 962.84 | 1119.76 | 848.28| 1049.15 | 1062.64
820 820 530,94 | 1100.93 | 819.67 | 639.32 | 110048 | 819.39 | 984.87 | 1146.81 ] 849.29| 1071.80 | 1088.72
821 821 62014 | 112741 | 820.67 | 664.83 | 1127.62 | 820.35 | 1057.93| 1172.92] 820.29| 1106.52 | 111699
822 822 655.32 | 1455.30 | 821,67 | 688.38 | 41454.99 | 821.35 | 1085.93 | 1200.20 | 824.31| 1133.32 | 1144.30
823 823 68146 | 1182.70 | 822,67 | 708.24 | 1481.00 | 822.36 | 1112.45| 1227.65| 822.33| 1157.83 | 117240
824 824 740.67 | 1210.05 | 823.68 | 734.93 | 120043 | 823.36 | 1137.98 | 1255.22 | 823.35| 1179.22 | 14908.75
825 825 74046 | 1236.88 | 824.69 | 761.36 | 12236.06 | 824.37 | 1165.91 | 1282.85 | 824.37] 1200.67 | 1227.33
826 826 770.28 | 126347 | 825.70 | 780.54 | 4263.76 | 825.37 | 1193.66 | 1310.49 | 825.40] 4223.14 | 125575
827 827 804,73 | 4290.92 | 826.74 | 817.33 | 1290.38 | 826.38 | 1219.78 | 1338.19 | 826.42| 1245.85 | 1284.16
828 828 83663 | 1318.83 | 82772 | 848.49 | 1347.97 | 827.39 | 1247.60 | 1365.85 | 827.45| 1266.98 | 1310.87
829 829 870.70 | 13<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>