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Subject: Initial Dam Rating Curves, Tellico IPrepped WBB

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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Checked ACM

Rating curve Cases 1 and 7 have been updated. Rating curve Cases IA, 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.

!A. Pre failure Condition (Fort Loudoun turbines not operating, Fort Laudoun spillway gates fully open)i main
daMm workfls, emibafflunent and saddle damos intact. This r-ating curvc is used for- r-ising and falling headwater-s
following inu.ndation of the switehyar-d or powverh;ouse unless the headwater has; risen far- enugh to eause
embpAfflent and /or- saddle dam failur-e.

2. Pro failur-e Condition (Fort Lou.doun tur.bines operating, Fort Loudoun spillway gates closed): main dam
w.r.ks, embh.an.lum.ent and sRd-dle das intact. This rating cuve is used for ri4sing and falling headwaters
unless the hea-dwaAfiter rises far- enoeugh to cause embankmnent and /or- saddle dam failur-e or- the headvwater- or
tailwatcr- rises far- enough to inundate the switehyard cr- powerhouse.

2A. Prte failur-e Condition (Fort Loudoun mrabines not operating, Fort Louidoun spillway gates closed): Main dam
v..orks, embankment and saddle dams intact. This rat•ing cu..e is used for- rising and falling headwaters
followinig in.nda#tin oefthe switchyard or powerhouse unless the headwater has risen f.r enough to cause

embafflunent and cr- saddle dam failurfe.

3. Pro Failurfe Condition at Tellico, Embafflnent Failur-e at Fort Loudouin, (Fort Loudouin spillway gate
open):ý main dam works, embankinent and saddle dams intact. This rating curve is used for- both rissing and
falling headwater-s unless the headv.'aer- isses far enoutgh to ;ause embanlnenit aRnd isr-s-addle dam failure.

4. Pro Failure Condition at Telliec, Embafflnent Failure at Fort Loudoun, (Fort Lou.dou.n spillway gates-
closed): main dam works, e. . .ban ..ent. an.d saddle dams inta.t. This rating curve is used.for. bh rising a
and falling headwAter-s uinless the headwater- rises far enough to cause emfbafflunent and/er- saddle d-arnl
failtife.

5. Embankmnent Failure at Tellico and Fort Loudouni, Tellico and Fort Louidoun Spillvway Gates Open: Main
dam wo~rk!s intaet, emibanlu-mP-Rnent and sddle dam failuire. This r-ating cur,'c is uised for- both rising and fallintg
headwvAter-s-

6. EPmbhanklm-ent Failurfe at Tellico -and- Fort LoudoAun. Fortl Louldoun Sniliwac. Gates Ckmced: Main dam works
intaet embadunment and saddle dam failutre. This r-atinge curve is used for. both rising and falling
headwatres-.

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

f• t
6. tmpanrunment vtallure at Tlkeico Pre v taiure at torft Loudoun.ia (tort Loueoun sofiliwav gates closed):

headwaters.
embank-m-ent -And s-addle dam failure. This r-ating eu.ci

cismie Failurfe at Fort Louidoun: main damn
frve is used for- both fising and falling head;

Bso ecrtoa risinig an

woerks, embhi-adunent
uater-s unless the head'

4-fallte

water
9. Pre Failure Condition at Tellico,

saddle dams intact. This rating ebt

aiim uanure.
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Figure 1 - Tellico Dam, General Plan (Ref. 2.1. 1, Att. E 1).
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Figure 2 - Topographic Map showing Tellico overflow elements (Ref. 2.10 & 2.11, Aft. E34)
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Figure 3 - Tellico Dam Plan and Elevations (Ref. 2. 1. 1, Att. E 1)
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2.3 "Hydraulic Design Criteria," USACE (U. S. Army Engineer Waterways Experiment Station), Eighteenth
issue, Vicksburg, MS, 1988.

2.4 "Tellico Spillway Rating, 1:72 Model, Books 1 and 2 of 2" June 1969 (relevant pages included as Att. E3 1)
2.5 Handbook of Hydraulics, E. F. Brater and H. W. King, Sixth Ed., McGraw Hill, 1976.
2.6 Hydraulic Design Chart 711 (HDC 711) from Reference 3 (Attachment 6).
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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 Calibratibn, Ft. Loudoun - Tellico," CDQ000020080036 (EDMS L58 090814 003)
2.18 "Bellefonte Units 3 and 4 Hydrology Project Request for Information (RFI) Response Information Continuation
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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 Fl). 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.

3.2 Unverified 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, =CfLHC' 5  (1)

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

This equation is modified to account for tailwater submergence as follows:

Qfý =QfSf (2)

in which Qfs = "corrected" free discharge (cfs)
Sf = tailwater submergence factor (dimensionless -- varies between 0 and 1)

Sf varies with d/Hc 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 Hc = HLmin,

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

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

Qg =CgG,L 2gHc-Hmp (3)

in which Qg = orifice discharge (cfs)
Cg = orifice discharge coefficient (dimensionless -- varies with gate opening and Hc)
Gn = effective gate opening = minimum distance between the gate lip and the crest (ft)
g = acceleration of gravity (ft/s2)
Hmp = vertical distance between the mid-point of Gn and the crest (ft)

This equation is modified to account for tailwater submergence as follows:

Qgs = SgQg (4)

in which Qgs = "corrected" orifice discharge (cfs)
Sg = tailwater submergence factor (dimensionless -- Varies with d/Hc and gate opening, G,)
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3.4 Methodology -- Spillway Discharge Calculations

The discharge coefficient, Cf, for free discharge 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 HLmin(V), Cf(Hc), and Sf(d/HC) are available from model test
data (Ref. 2.4, Att. E3 1) and have been compiled in Appendix A. The relationship between orifice discharge coefficient, Cg, 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 Hmp 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. E3 1). This data is used to estimate Sg(d/Hc,Gn) 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 CK(HC) 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 Cf(HJ). This calculation is contained in Appendix C.

The relationship is as follows:

Cf = 2.873 +.10187 HC -.004286 H,2 +.00009152 H,3  (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 Sf is
located in Appendix C, pages C- 19 and C-20. The factor is represented as follows:

Sf d forO< d •0.6

and (6)

Si, 1 - d :-.9 0. for
= _ 2. .4 for 0.6 < d- < 1.0
f.H H ,
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3.6 Methodology -- Discharge Coefficients and Submergence Factors for Overflow Sections

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

The lower plot of HDC 711 Ref. 2.6 (Att. 6) shows several curves of Cs/Cf (equivalent to Sf) versus H2/HI (equivalent to
d/Hj). As illustrated in Attachment 8, the curve labeled "suggested for design (broad crests)" is well-represented by the
following polynomial:

Sf = 1.0+0.023a -5.0259cy 2 +18.266(y3 -44.658CY 4 for 0< •a•_ 0.37 broad crest (7)

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

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

Table 1: Submergence Factors, Sf, for Overflow Sections with a > 0.37

d/Hc a = d/Hc - 0.6 Sf (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 . 32.2 ft/sec2

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) Zý 773 feet
4.2.3 Free discharge coefficient Polynomial fit to model data given in Aft. Cf(Hc) Equation A6

A 10 and discussed in Appendix A
4.2.4 Submergence factor for free Curve fit to model data given in Aft. All Sf(d/Hj) Equation A7

discharge and discussed in Appendix A
4.3 Spillway gate parameters
4.3.1 Vertical opening Field measurements given in Aft. A3, data V 33 feet

given in Aft. A2 and discussed in App. A
4.3.2 Effective gate opening Computed in Appendix A Gn 33.576 feet
4.3.3 Mid-point elevation of opening Computed in Appendix A Hrmp 16.354 feet

relative to crest
4.3.4 Headwater elevation at which Model data and linear fit given in Ant. A9 HLmin + Zc 815.796 feet

nappe touches gates and estimated in Appendix A
4.3.5 Orifice discharge coefficient Curve developed in Aft. A12, given in Cg(Hc) Interpolate

Table A3 and discussed in Appendix A between
points in
Table A3

4.3.6 Submergence factors for orifice Family of curves developed from data in Sg(d/Hc, Interpolate
discharge Ref. A2, given in Aft. A 13 and discussed HcGn) 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 coefficient Justification in App. B Cf 2.65, 2.65
4.4.2 Overflow elevation Justification in App. B Zc 830, 834 feet
4.4.3 Overflow length Justification in App, B L 447.5, 2700

feet
4.5 Right Bank Saddle Dam

Overflow Parameters Before and
After Failure

4.5.1 Overflow discharge coefficient Justification in App. B Cf 2.65
4.5.2 Overflow elevation before failure Justification in App. B Zc 834 feet
4.5.3 Overflow length Justification in App. B L 2000 feet
4.5.4 Overflow elevation after failure Justification in App. E Zc 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 Cf 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 Cf 2.65
4.7.2 Overflow elevation Justification in App. B Zý 834 feet
4.7.3 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 Cf 2.65
4.8.2 Overflow elevation Justification in App. B Z, 834 feet
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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 Cf 2.65
4.9.2 Overflow elevation Justification in App. B Zc 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 Cf 2.65
4.10.2 Overflow elevation Justification in App. B Zc 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 Cf Equation 5

discussed in Appendix C
4.11.2 Overflow elevation Justification in App. C Zc 817 feet
4.11.3 Overflow length Justification in App. C L 2000 feet
4.11.4 Submergence Factor Justification in App. C Sf Equation 6
4.12 Main Dam Works Overflow Excludes Earthen Embankment

Parameters After Failure Dam does not fail, therefore parameters do
not change.

4.12.1 Overflow discharge coefficient Justification in App. E Cf 2.65
4.12.2 Overflow elevation Justification in App. E Zý 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 Cf 2.65
4.13.2 Overflow elevation (majority) Justification in App. E zl 755 feet
4.13.3 Overflow elevation (old river bed) Justification in App. E Zc2 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 L2 300 feet
4.14 Saddle Dam 2- After Failure
4.14.1 Overflow discharge coefficient Justification in App. E Cf 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 Cf 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 Sf 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 Cf 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 - 0.9492x 10-4Q2 + 4.350x 10-8Q3 - 0.7392x 10-11 Q4 (8)

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 (9)

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 I and 7 have been updated. Rating curve Cases IA, 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 (QMEL). The third and
fourth columns contain the Fort Loudoun Discharge (QFTL) and the total combined discharge (QTOT). 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 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,, CdCg, d/Hc, SdSg and QdQg.
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 Cf [4.2.3]
computed from Equation (A6) and below the line the listed discharge coefficient is Cg [4.3.5] computed by interpolation
between the points in Table A3. Column QdQg is the spillway discharge computed from Equation 2 for free discharge and'
from Equation 4 for orifice discharge. Column d/Hc verifies that the spillway discharge is not affected by tailwater below
elevation 809 feet since d/Hc < 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/Hc > 0.2 [4.3.6].

Emergency Spillway discharge is computed in the next four columns (under the header "Emergency Spillway"), Hc, Cf, Sf and
Qf. Free discharge occurs at all heads (HII) above the spillway crest at elevation 817 feet [4.11.2]. The discharge coefficient is
Cf [4.11.1 ] computed from Equation 5. The submergence factor, Sf [4.11.4], is computed using Equation 6. Column Qf is the
emergency spillway discharge computed from Equation 2 for free discharge with submergence.

The column following the emergency spillway discharge column shows "Cf=", "Zc=", 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 Cf ([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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Telico:Pre-Faiture Condition, Fort Londoun Gates Open-Fort Loudoun Turbines Operatng

g = 32.2 Res5 Spillway Parameters Emergency Spiteay Parami

L 120 feet L= 2000 feet
4 7= 3 feet .= 817 feet

G= 33576 feet
.-,: 16.354 feet

GT G,,n %TO Main Dam Sadde Dam Hj= 42.796 teet

Overflow Section Discharges (ols)

Riht Bank MaSnDam MainDam Sdde Dam Shadle Dam Sadde Dam Sadle Dam Sadde Dam
Shadh Dam W W -Seeionl 1t-Secton2 2 3-Seton t 3-Seaon 2

Conerete Embankment

C= 2.65 265 2.65 3.10 2.65 265 2.65 2.65

ToalW Total Total
KIN Discharge Dischage Dcharge
feet 100Ccfs ID fs 1000fds

773 0.00 20.55 20.55
775 1.06 22.44 2350
777 3.01 24.14 27.15
779 5.58 25.67 31.25
781 8.70 27.07 35.77
783 1132 28.33 40.65
785 16.42 34.09 50.51
787 20.99 43.97 04.96
789 26.01 56.62 82.83
791 31.46 72.23 103.68
793 37.31 89.91 127.22
795 43.54 109.70 15324
797 50.13 131.45 181.50
799 57.05 155.07 212.12
8H1 64.25 180.52 244.77
8U3 71.72 207.77 279.49
805 79.40 236.82 31622
807 87.23 267.70 354.92

9 95&13 300.43 395,56
811 103.04 335.05 438609
813 110.94 371.58 482.51
815 112.80 410.02 52882

815.80 121.92 425.84 547.76
816 120.88 430.08 550.96
817 120.308 450.77 571.15
818 125.41 471.53 596.95
819 135.20 492.46 627.65
820 150.12 513.69 663.80
821 169.55 515717 684.72
822 19173 53.62 706.34
823 218.74 512.79 731.52
824 247.01 51276 759.17
825 277.21 511.78 788.39
826 308.64 520.63 829.47
827 341.15 534.11 87526
828 375.82 543.85 919.67
829 41164 552.48 965.12
830 451.50 558.17 1009.73

830.57 47410 508.86 1043.06
831.14 497.58 581.48 1079.05
831.71 521.74 594.01 1115.76
832.29 546.93 605.35 1152.28
832.86 572.16 616.35 1188.51
833.43 58.79 627.10 1223.88

834 621.10 638213 1259.23

TRM
602.3

feet
747.65
748.02
748.46
748.97
749.51
750.10
751.28
752.97
755.01
757.33
759.86
762.55
765.36
768.27
771.23
774.22
7723
780.23
783.20
786.14
789.03
791,86
792.97
703.15
794.30
795.73
797.37
799.23
800.28
801.33
80253
803.81
80573
B802N
80867
810.69
812.50
814.23
815.51
816.87
818.24
819.59
820.92
822.22
823.51

TIRM
599,0

1W
feet

747.80
748,14
748.56
749.03
749.55
750.10
751.20
752.79
754.72
756.90
759.28
761.83
764.50
767.25
770.07
772.93
775.81
778.68
781,54
784.38
787.18
789,93
791.01
791.19
792.31
793.71
702.31
797.14
79&216
79920
800.38
801.64
802.94
804.72
86604
808.44
810.23
811.95
813.21
814.55
815.90
817,24
818.55
819.82
821.09

Spilway Emergency Spillway

It CqlCa d% SASq Ori Q, It Q4
8I clf8 ds
0 3.106 1.006 0 0 0
2 2112 -12,402 1.000 8056 0 0
4 3.134 -6,134 1,000 3009 0 0
6 2166 -4,006 1,000 5583 0 0
8 3.204 -2.936 1.000 8699 0 0

10 3247 -2,290 1,000 12320 0 0
12 3.202 -1.810 1.000 16423 0 0
14 3,339 -1.431 1.000 20992 0 0
16 3.387 -1.124 1.000 26009 0 6
18 3.432 40.871 1.000 31455 0 0
20 3.476 -0.657 1.000 37309 0 0
22 3.517 40.475 1.000 43545 0 0
24 3.553 40.318 1.000 50134 0 0
26 3586 40.182 1,000 57047 0 0
28 3.614 -0.063 1.000 04251 0 0
30 32637 0.041 1.000 71715 0 0
32 3,656 0.132 1,000 70398 0 0
34 3.670 0.213 0.999 87227 0 6
36 3,681 0.283 0.997 95129 0 0
38 3.68 0.346 0.994 103044 0 0
40 3.692 0.401 0.990 110937 0 6
42 3,695 0.449 0.984 118798 0 6

42.8 3,697 0.467 0,982 121920 0 6
43 0.743 0.469 0.974 120881 0
44 0.729 0.404 0.971 120376 0 0
45 0.715 0.505 0.965 119471 1 2.971 1.000 5941
46 0.701 0.530 0.955 11786 2 3.060 1.000 17312
47 0,698 0.558 0,042 17459 3 2143 1.000 32658
48 0.602 0.568 0.037 118063 4 3.218 1.000 51404
49 0.692 0.578 0.033 110236 5 3.287 1.000 73492
50 0.602 0.591 0.027 120275 6 3.350 1.000 98460
51 0.692 0.604 0.917 120795 7 3.407 1.000 126214
52 0.692 0.618 0.903 120603 8 3.461 1.000 156605
53 0,692 0.040 0.880 119134 9 3.509 1.000 189507
54 0,692 0.664 0.047 116330 10 3.555 1.000 224814
55 0.692 0.685 0.815 113379 11 3,597 1.000 262442
56 0,692 0.705 0.783 110313 12 3.236 1.000 302325
57 0,692 0,723 0.751 107143 13 32674 1.060 344421

57.6 0.692 0.738 0.726 104223 14 3.695 1,000 360461
58.1 0.692 0.754 0.698, 100911 14 3.715 1000 395216
58.7 0,692 0.771 0.669 97393 15 3.736 1.000 421689
59.3 0.692 0.786 0,041 93968 15 3.756 1.000 448862
59.9 0.692 0.801 0.614 90622 16 3,776 098 475808
60.4 0.692 0.814 0.586 87097 16 3,796 07993 502161
61 0,692 0.828 0.560 83673 17 3.816 0.987 527939

4 : 834 830
L: 2000 447.5

4 O

834
2700

7-

834
100

834
62

4 Q4
0O
0

00
0

0"

512
1449
2662
4078

5727
7527
0487

834
525

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

0
0
0
0
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894

62,12 

253.60

(• 

Qf

am 834
62.12 253.60
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0
0
0
0
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Figure 5 - Calculations for Case 1, Pre-Failure Condition, Fort Loudoun Gates Fully Open, Fort Loudoun Turbines
Operating
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'6.2 Case IA, 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 bot
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 ( re ion
to 837 feet, seven feet above the top of the dam and embankment. Discharge passes through the spillway Iio J
dam, the emergency spillway in saddle dam 1 and the various overflow sections as headwater rises abo h 6s
elevations in each case. Total discharge, given in "1000 cfs" is the sum of all discharges in cfs ast t
discharge in cfs past the embankment and saddle dams divided by 1000.

Figure 6 shows the spreadsheet calculations for the pre-failure dam rating curve (spread ncl d as ttachment
E37). The final result, the rating curve, is defined by the first two columns, HW vs. Total Te charge (QTEL). The
third and fourth columns contain the Fort Loudoun Discharge (QFTL) and otal con mned dischar (QrOT). The fifth
and sixth columns (TW) give the tailwater associated with the "Total Discharge" at ico Dam and the Saddle Dams,
respectively. They are represented by the tailwater rating curve polynomial fits LL X. This is used to check for

tailwater submergence effects on the discharge. Tailwater submergence reduc Ny and emergency spillway
discharges for Case IA. Consequently, it is necessary to iterate through diffeJ l lter elevations until the total
computed discharge fits the tailwater rating curve [4.18.1]. Figure 6 shi le sults but does not show the
iteration steps. The results are readily checked by computing the indiual"ýharges (only the spillway and
emergency spillway are affected by tailwater), adding them upto to charge, and then making sure the
listed tailwater and total combined discharge agree with the tai 'M"

Spillway discharge in cfs is computed in the next five col the header "Spillway"), H,, CdCg, d/H,, S1Sg and
QdQg. Free discharge occurs for headwater elevations b ow 8 7 feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transitio oint is i ate y a horizontal line. Above the line, the listed
discharge coefficient is Cf [4.2.3] computed fr Equatioon and below the line the listed discharge coefficient is Cg
[4.3.5] computed by interpolation between the p rin e A3. Column QdQg 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 vation 1 feet since d/Hc < 0.2 [4.2.4]. Submergence affects discharge
for all remaining headwater tivonswhlfree discharge occurs. Spillway discharge is affected by tailwater at allheadwater elevations where ori1 is ge curs because all values of d/H, > 0.2 [4.3.6].

Emergency Spillway disc d in the next four columns (under the header "Emergency Spillway"), H,, Cf,
Sf and Qf. Free discharge c•at all heads (H,) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cf [4.11.1] compu. rorn Equation 5. The submergence factor, Sf [4 .11.4], is computed using Equation 6.
Column Qf is thee y spillway discharge computed from Equation 2 for free discharge with submergence.

The column f w the ergency spillway discharge column shows "Cf=", "Z,=", and "L=" in three rows to indicate
the meanin t included in those tows in the "Overflow Section Discharges" columns.

The n t s are overflow discharges in cfs for the right bank saddle dam, main dam works (including the
0he ent), three saddle dams and the remaining overflow sections below the maximum headwater elevation.

F e ov discharge coefficient Cf ([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,
if ([4.5.1 , . 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],
I[4.-R [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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7.1

T7•

7.

.7's
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21

.2.

-21ts Spillwy Pa.--te
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G•=33.576 fe

H• - 16.35 feM
Q.L 0-k Q ManDm -'ddl 0a- H 42.796 feet

To~l T•I = M2•.3 -•0 Spi-•,Y

Il-ar. ýi•h-g 1N1dlr- TW C, I CflC ^• S•'Sý
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Figure 6 - Calculations for Case IA, Pre- Gates Fully Open, Fort Loudoun Turbines Not
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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 Wido are
generating electricity.

For the pre-failure condition, discharges are computed for headwaters ranging from 773 feet the spillw rion,
to 837 feet, seven feet above the top of the dam and embankment. Discharge passes through th spil fthe
dam, the emergency spillway in saddle dam 1 and the various overflow sections as headwater rhs a vh st
elevations in each case. Total discharge, given in "1000 cfs" is the sum of all discharges in cfs p the lus
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 (spre isheet inclu as Attachment
E37). The final result, the rating curve, is defined by the first two columns, HW vs ftal Tellico Discharge (QTEL). The
third and fourth columns contain the Fort Loudoun Discharge (QFTL) and the totalcoed discharge (QToT). The fifth
and sixth columns (TW) give the tailwater associated with the "Total DischarDam and the Saddle Dams,
respectively. They are represented by the tailwater rating curve polynomial 8 ] . This is used to check for
tailwater submergence effects on the discharge. Tailwater submergenc t illway and emergency spillway
discharges for Case 2. Consequently, it is necessary to iterate through iffer ailwater elevations until the total
computed discharge fits the tailwater rating curve [4.18.1]. Figur$•ls rst al results but does not show the
iteration steps. The results are readily checked by computing t i " s rges (only the spillway and
emergency spillway are affected by tailwater), adding them up omp t ischarge, and then making sure the
listed tailwater and total combined discharge agree with tjl rating curves.

Spillway discharge in cfs is computed in the nixt five co s der the header "Spillway"), He, CdCg, d/Hc, SdSg and
QdQg. Free discharge occurs for headwater e ions 5.796 feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transition p is is ated by a horizontal line. Above the line, the listed
discharge coefficient is Cf [4.2.3] computed from E l'n (A6) and below the line the listed discharge coefficient is C9
[4.3.5] computed by interpolation betw points in Table A3. Column QdQg is the spillway discharge computed
from Equation 1 for free dischar e an om ation 4 for orifice discharge. Column d/H, verifies that the spillway
discharge is not affected by tail s d/i < 0.2 [4.2.4] for all headwater elevations at which free discharge occurs.
Spillway discharge is affe ly ta t all values of d/H, > 0.2 [4.3.6] at all headwater elevations where orifice
discharge occurs. For thisn - uarges above elevation 828 feet are affected by submergence.

Emergency Spillway discharge i mputed in the next four columns (under the header "Emergency Spillway"), Hc, Cf,
Sf and Qf. Free dis occurs at all heads (Hj) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cf [4, 1. puted from Equation 5. The submergence factor, Sf [4.11.4], is computed using Equation 6.
Column Qf is e spillway discharge computed from Equation 2 for free discharge with submergence.

The colp i the emergency spillway discharge column shows "Cf=", "Zc='', and "L=" in three rows to indicate
the • f f 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
earthl emoankment), three saddle dams and the remaining overflow sections below the maximum headwater elevation.
The rflow discharge coefficient Cf ([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,

, [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-Falture-Saddle Dams and Embankment Intct-Fl. Loud-en Gates losed-Fert Loudoun Turbines Operating

g = 32.2 fts2 Spillway Parameters

L 120 feet

Z= 773 feet

G= 33.576 feet

Hp= 16.354 feet

Emergency Spillway Parameters

L = 2000 feet Overflew Section Discharges (cfs)

Z== 817 feet Right
Bank

Saddle

Dam

Cf= 2.65

Zý 830

L= 2000

Maine Saddle Saddle Saddle Saddle Saddle

Oam Dam 1- Dam 1- Dam 3- O 3em
Works Section 1 Section 2 Sectien 1S 04

2.65 3.10 2.65 2.65 2.65 6

830 830.5 830.5 830 8317

3147.5 100 62 525

QTe a- Q.O.

Total Total Total Matn -n

14W Discharge Discharge Discharge TW

f1.t 1888 el 1000 al 1000 cfs feet

773 0.00 0.00 5.00 735.00

T75 1.06 24.17 25.23 746.43

777 3.01 25.71 28.72 746.92

779 5.58 27.10 32.68 747.48

781 8.70 28.35 37.00 748.08

783 12.32 29.48 41.80 748.74

785 16.42 30.49 46.91 749.44

787 20.99 31.40 52.39 750.18

789 28.01 32.20 58.21 750.96

791 31.48 32.20 63.66 751.68

793 37.31 32.20 69.51 752.45

795 43.54 32.20 75.74 753.26

797 50.13 32.20 82.33 754.11

799 57.05 32.20 89.25 754.98

801 64,25 32.20 96.45 755.89

803 71.72 32.20 103.92 756.82

805 78.41 32.20 111.61 757.76

807 87.31 32.20 119.51 758.71

889 95.40 32.20 127.60 759.68

811 103.66 32.20 135.86 760.60

813 112809 32.20 144.29 761.62

815 120.70 32.20 152.90 762.61

815.796 124.10 33.19 157.38 763.09

818 124.01 34.16 158.17 763.21

817 123.94 37.74 161.68 763.60

818 129.68 42.38 172.06 764.75

819 140.72 47.91 188.64 766.54

Soillwav Emergency Spillway

TW H, CIC. d/H, WSS Q, IQ. H. C, S, Q,

cisfeet feet

735.00 0

745.24 2

745.71 4

746.23 6

746.81 8

747.43 10

748.09 12

748.79 14

749.53 16

750.21 18

750.94 20

751.71 22

752.52 24

753.35 26

754.21 28

cis feet

0 0

3.112 -13.284 1.000 1056 0

3.134 -6.519 1.000 3009 0

3.166 -4.254 1.000 5583 0

3.204 .3,115 1.000 8699 0

3.247 -2.426 1.000 12320 0

3.292 -1.964 1.000 16423 0

3.339 -1.630 1.000 20992 0

3.387 -1.378 1.000 26009 0

3.432 -1.185 1.000 31455 0

3.476 -1.028 1.050 37309 0

3.517 -0.697 1,000 43545 0

3.553 -0.787 1.000 56134 0

3.586 -0.693 1.000 57547 0

3.614 -0.611 1.000 64251 0

0

0

0

0

0

0

0

0

0

0

0

QO

0

0
0

0

0

0

755.09 30 3.637 -0.539 1.000 71716 0

755.99 32 3.656 -0.476 1.000 79411

756.90 34 3.670 -0.420 1.000 873

757.81 36 3.681 -0.370 .000 95399

758.73 38 3.688 -0.325 1.000 03659

759.66 40 3.692 -0.284 0 159

760.60 42 3.695 -0.247 1. 120704

761.05 43 3.697 -0.23

761.17 43 0.743 -0.228 1.000 12• 0

761.54 4 0 . .000 123936 0

76 45 1 000 123735 1 2.971

764.3 0. . 000 123411 2 3.060

766. _ . 1.000 124580 3 3.143

1I648h -0.1340 1.000 125869 4 3.218
11 0.014 1.000 127842 5 3.287

50 0,692 0.015 1.0t0 129785 6 3.350

774.5w 0.692 0..83 1.tO. 131700 7 3.407

777.97 52 0.692 0.150 1.000 133587 8 3.461

820

821

822

823

824

825

826

827

828

157.24

177.35

201.33

228.25

257.91

290.19

324,84

361.54

54.41

55.59

58.62

32.34

40.68

50.58

61.75

211.65 768.35

232.94 7

259.95 773.69

260.58 773.75

298.59 777.21

, 6 80

781.45 53 0.692 0.216 0.999 135332

785.17 54 0.692 0.283 0.896 136730

7B8.62 55 0.692 0.343 0.992 138023

829

830

831

.70 791.34 791.89 56 0.692 0.399 0.87 130066.64 798.66 795.21 57 0.692 0.450 0.975 139114

31.25 802.90 799.34 58 0.692 0.515 0.949 137057

9 3.509

10 3.555

11 3.597

12 3.636

13 3.674

14 3.710

15 3.746

16 3.781

17 3.816

18 3.852

19 3.889

20 3.928
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1.500

1.000

1.600

1.500

1.000

1.000

1.000

1.000

1.000

1.000
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1.000
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1 .000

1.000

0.099

0.974

0.923

0

0

0

0

0

0

0

0
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0 0 0 0
a 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0
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8341 110 58 1391

0
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1 069
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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 Loudoun Turbines Not Operating

This case considers no failure has occurred at Tellico Dam. The spillway gates at Tellico Dam are considered fulll
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 * do are
not generating electricity.

For the pre-failure condition, discharges are computed for headwaters ranging from 773 feet, the spillw •• l ion,
to 837 feet, seven feet above the top of the dam and embankment. Discharge passes through the spil • f the
dam, the emergency spillway in saddle dam 1 and the various overflow sections as headwater r s a v sh st
elevations in each case. Total discharge, given in "1000 cfs" is the sum of all discharges in cfs p the lus
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 (spre isheet inclu as Attachment
E37). The final result, the rating curve, is defined by the first two columns, HW vs &tal Tellico Discharge (QTEL). The
third and fourth columns contain the Fort Loudoun Discharge (QFTL) and the total col ed discharge (QToT). The fifth
and sixth columns (TW) give the tailwater associated with the "Total Dischar a Dam and the Saddle Dams,
respectively. They are represented by the tailwater rating curve polynomial 8 ]. This is used to check for
tailwater submergence effects on the discharge. Tailwater submergenc; illway and emergency spillway
discharges for Case 2A. Consequently, it is necessary to iterate throu diff t tailwater elevations until the total
computed discharge fits the tailwater rating curve [4.18.1 ]. Figur s s t al results but does not show the
iteration steps. The results are readily checked by computing n (only the spillway and
emergency spillway are affected by tailwater), adding them up omp t ischarge, and then making sure the
listed tailwater and total combined discharge agree with t rating curves.

Spillway discharge in cfs is computed in the n xt five co s der the header "Spillway"), H., CQCg, d/H., SdSg and
QiQg. Free discharge occurs for headwater er1 ions beloW5.796 feet [4.3.4] and orifice discharge occurs for
headwaters above 8 15.796 feet. The transition p is ioated by a horizontal line. Above the line, the listed
discharge coefficient is Cf [4.2.3] computed from E n (A6) and below the line the listed discharge coefficient is Cg
[4.3.5] computed by interpolation betw lpoints Table A3. Column QdQg is the spillway discharge computed
from Equation 1 for free dischar an omn ation 4 for orifice discharge. Column d/H, verifies that the spillway
discharge is not affected by tailw s / < 0.2 [4.2.4] for all headwater elevations at which free discharge occurs.
Spillway discharge is affe •c ta all values of d!He > 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 i mputed in the next four columns (under the header "Emergency Spillway"), H,, Cf,
Sf and Qf. Free dis occurs at all heads (Hc) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cf [4 1. puted from Equation 5. The submergence factor, Sf [4.11.4], is computed using Equation 6.
Column Qf is e e spillway discharge computed from Equation 2 for free discharge with submergence.

The colyV i the emergency spillway discharge column shows "Cf-", "Z=", and "L=" in three rows to indicate
the m 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 ea nkment), three saddle dams and the remaining overflow sections below the maximum headwater elevation.
The rflow discharge coefficient Cf ([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,

, [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-lFailus-Saddle Damns and Embankment tntac*tFt Loudoun Gates Closead-Fonit Loudoun Tto~nes Not Opetating I
g - 32.2 ft/s

Totel Total Total

Spillway Parameters
Emergency Spiloa y Parameters 4

L 120 teat L 2000 teet

Zn' 773 teat Z= 817 tent

G. 33.576 feat

H-= 16.354 feet

Ovetma1l Setonn Dischtages (ds)

itBank Main Saddle Saddle Saddle
Bak Dam Dam 1- DamS Sadl

Saddle Da, D.I o .Dam 2ddl Works Section I Section 2Dam

q = 2.65 2.65 310 265 2.65 3q

Emergency Spillvtoy Z4 = 830 830 830.5 830.5 830 831.7M.1e-r saddl .- Spillway

HW Discharge

feet 1000 0f1

773 0.00

775 1.06

777 3.01

779 5.58

701 8.70

703 12.32

785 156.42

787 20.99

789 26.01

791 31.46

793 37.31

795 43,54

797 80.13

799 57.05

601 64,25

003 71.72

050 79.41

807 87.31

909 95.40

a11 103.66

813 112.09

015 120.70

815.796 124.19

816 124.01

817 123.94

815 129.68

819 140.72

820 157.24

821 177.35

822 201.33

823 225.25

824 257.91

829 290.19

826 324.84

Dkscharge Discharge TW "Ph. Hc

1000 cts 1 000 cis feet feat feet

0.00 0.00 735.00 735.00 0

0.00 1.06 742.96 741,95 2

0.00 3.01 74324 74222 4

0.00 5.58 74362 742.57 6

0.00 870 744.07 743.00 8

0.00 12.32 744.59 743.50 10

0.00 16842 745.18 74406 12

0.00 20.99 745.83 74467 14

000 2601 746.54 745.35 16

000 31.48 747.31 746.07 18

000 37.31 74812 74684 20

0.00 4354 74098 747.65 22

000 00.13 749087 740.50 24

0.00 57.05 750080 749038 26

0.0 64.25 751.76 750.29 28

0.00 71.72 752.73 751.22 30

0.00 79,41 753.73 752.16 32

0.00 87.31 754.74 753012 34

0.00 95.40 755.76 75409 36

0.0 103.66 756078 75506 38

0.00 112.00 707.82 705004 40

000 520.70 758.86 757.03 42

0.80 124.99 759.36 757.51 42.

1.96 125 97 759.49 75763 43

5.54 12948 75990 750.03 44

10.15 13966 761.12 759.18•

76 01 76015.71. 15644 7 0 7

22.21 1 7945 7 73. 4
32.3....339 2). . 2 0074 7 75 5.5

` 

0

5068 340. T77.97 52

61.75 386.59 78C53S

Cr I C. dt/H, SS. 0, QI tO H C,

cts feet

0 0

3.112 .15 023 1.000 1056 0

3 14 1-7 4 1h -0 h09

S, 0, L= 2000 31475 100 62

tfs

3.166

3.204

3247

3.292

3.339

3.387

3.432

3476

3517

3553

3586

36514

3637

3656.

-4897

-3616

-2841

.2.318

-1,940

-1.654

.1427

-1 24

.1 092

-0964

-0S54

.0.759

.0.676

_hO.1O

1.030

1.010

1.000

1.80o

1.Doo

1.000

5.000

1000

1000

1000

1D000
1 080

5583

8699

12320

16423

20992

26009

31455

37309

43545

50134

57047

64251

71716

79411

a, Q, Q,

0 0 0 0

0 0 0 0

0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0

0 0 0 00 0

0 0 00 0 0 0

0 0 0

0 0 0
O 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

0 0 0 0

30670 -0.537 1.000 1 2

0.692 001 1.07 0 5276

0.6 8 2 0 .0 3 1 .0 0 5 3 1

0.69 0.258 099 1 35332

062 0.83 1.000 367

69 333 o

067292 1089 0007 5306 2

15692 0264 1.000 1237a5 1

•217 1,000 123411 2

0 . -0.58 0.00 124580 3

-0108 1.00]0 125M6 4

0.692 ýO 050 1.000 127842 5

0,692 0015 1,01)) 129785 6

0,692 0.083 1.01)) 131700 7

0692 0.150 1,000 433587 8

0692 0.216 0.999 135332 9

0692 0283 0996 136730 10

0692 0,343 0,992 138023 11

0692 0399 0 9B7 139066 12

0.692 0450 0975 139114 13

AP, Q,

8277

828

529

830

831

V2:8

h,124,14 166

. 269.51

12.6 30347

0!.. 7W.2 7.S.17 54

-A ' 791,86 788.62 55

- 79534 791.99 56

6 79866 7g.21 57

691.25 602.90 798.34 56

792.98 807.57 803.91 59

905.73 812.26 808.53 60

1032.32 817.14 813.35 61

1170.41 8M0.26 818.41 62

1307.49 827.31 82340 63

2.971

3.060

3.143

3.218

3.287

3,350

3.407

3461

3.509

3.555

3,597

3,636

3.674

3.710

3,746

3.781

3,816

3,852

38893.00
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5.000

lOOO
1,000

1,000

1ý000
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1,000

1.000

1.000
l~ooo

18000

1.000

150001 000
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1 000
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0,974

0

5941

17312
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0

0

0

0

0

0

0
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0

0

0

0

0

0

0
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0
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0

0

0
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0
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0

0

0

0

0

0

0

0
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0

0

0

0

0
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0

0

0

0

0

0

0

0

0
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0

0
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0

0
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0

0
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0
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0

0

0
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0
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0

0
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0
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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0

0

0
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0

0

0

0

0

0

0

0
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0

0

0

0

o

o

o

0

0

0

0

0

0

o

0
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0

0

0
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0
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0

0

0

0
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0
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0
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0
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0
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0
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re 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 Turbines NotOperating

This case considers no failure has occurred at Tellico Dam. The south embankment at Fort Loudoun Dam has fail
The spillway gates at both dams are considered fully open. The turbines at Fort Loudoun are not generatinjllec ity.

For the pre-failure condition, discharges are computed for headwaters ranging from 773 feet, the spiliwa
to 837 feet, seven feet above the top of the dam and embankment. Discharge passes through the spIl e e
dam, the emergency spillway in saddle dam I and the various overflow sections as headwater r es a c
elevations in each case. Total discharge, given in "1000 cfs" is the sum of all discharges in cfs st
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. TI al Tellico ge (QTEL). The
third and fourth columns contain the Fort Loudoun Discharge (QFTL) and the total c ined discharge (QToT). The fifth.
and sixth columns (TW) give the tailwater associated with the "Total Discharge" t co Dam and the Saddle Dams,
respectively. They are represented by the tailwater rating curve polynomial f 1 is is used to check for
tailwater submergence effects on the discharge. Tailwater submergence redu • e llway and emergency spillway
discharges for Case 3. Consequently, it is necessary to iterate through **,er elevations until the total
computed discharge fits the tailwater rating curve [4.18.1]. Figure 9 s ws t inal results but does not show the
iteration steps. The results are readily checked by computing the *vi al ges, adding them up to compute total
discharge and then making sure the listed tailwater and total co in I r gree with the tailwater rating curves.

Spillway discharge in cfs is computed in the next five co_ the header "Spillway"), H•, CdCg, d/Hc, SdSg and
QdQg. Free discharge occurs for headwater elevations b ow 8 7 feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transitio oint is i ate y a horizontal line. Above the line, the listed
discharge coefficient is Cf [4.2.3] computed fr' Equation and below the line the listed discharge coefficient'is Cg
[4.3.5] computed by interpolation between the p in e A3. Column QdQg is the spillway discharge computed
from Equation 2 for free discharge and from Equati r orifice discharge. Column d/H, indicates that the spillway
discharge is not affected by tailwater fo ionsions ow 777 feet since d/Hc < 0.2 [4.2.4], but is affected at all
headwater elevations above 77 et aVhichWe discharge occurs. Spillway discharge is affected by tailwater at all
headwater elevations where o1 isr curs because d/Hc > 0.2 [4.3.6] at all values of d/H,.

Emergency Spillway disc h d in the next four columns (under the header "Emergency Spillway"), Hý, Cf,
Sf and Qr. Free discharge occat all heads (He) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cf [4.11.1] compu lrom Equation 5. The submergence factor, Sf[ 4 .11.4], is computed using-Equation 6.
Column Qr is thee y spillway discharge computed from Equation 2 for free discharge with submergence.

The column e ergency spillway discharge column shows "Cf=", "Zc=", and "L=" in three rows to indicate
the meanin included in those rows in the "Overflow Discharge" columns.

The t• t s are divided into three sub-columns, each. Contained in the sub-columns are overflow
•ch 1 for the right bank saddle dam, main dam works (including the earthen embankment), the three saddle
ms a t emaining sections which are expected to overflow. The overflow discharge coefficient Cf ([4.5.1], [4.4.1],
[4.6.1 .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],

4.165), and length L ([4.5.31, [4.4.3], [4.6.3], [4.7.31, [4.8.3], [4.9.3], [4.10.3], [4.16.3]) in each case are indicated in
ce rows above the computed discharge sub-columns. The three sub-columns contain calculated values of d/H,, Sf

[4.17] and Qf, respectively. All overflow discharges are computed using Equation 2. The values of d/Hc and Sf have
been truncated in order fit all the columns.
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\Figu -Calculations for Case 3, Pre-Failure Condition at Tellico, Fort Loudoun Embankment Failure, Fort Loudoun Gates
Open, Fort Loudoun Turbines Not Operating
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6.6 Case 4, Pre-Failure Condition at Tellico Dam, Fort Loudoun Embankment Failure, Fort Loudoun Gates Closed, Fort
Loudoun Turbines Not Operating

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 consideremclos(
turbines at Fort Loudoun are not generating electricity.

For the pre-failure condition, discharges are computed for headwaters ranging from 773 feet, the spilw rion,
to 837 feet, seven feet above the top of the dam and embankment. Discharge passes through th spil Y stf the
dam, the emergency spillway in saddle dam 1 and the various overflow sections as headwaer r a v h st
elevations in each case. Total discharge, given in "1000 cfs" is the sum of all discharges in cfs p the lus
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 (spri dsheet incl as Attachment
E37). The final result, the rating curve, is defined by the first two columns, HW vs tal Tellico Discharge (QTEL). The
third and fourth columns contain the Fort Loudoun Discharge (QFTL) and the total co ed discharge (QMoT). The fifth
and sixth columns (TW) give the tailwater associated with the "Total Dischar Dam and the Saddle Dams,
respectively. They are represented by the tailwater rating curve polynomial 8 This is used to check for
tailwater submergence effects on the discharge. Tailwater submergenc illway and emergency spillway
discharges for Case 4. Consequently, it is necessary to iterate through hffer ailwater elevations until the total
computed discharge fits the tailwater rating curve [4.18.1]. Figur ws al results but does not show the
iteration steps. The results are readily checked by computing t, n is ges, adding them up to compute total
discharge, and then making sure the listed tailwater and total c ine e agree with the tailwater rating curves.

Spillway discharge in cfs is computed in the next five ch tr the header "Spillway"), H,, CdCg, d/H , SdSg and
QdQg. Free discharge occurs for headwater el vations b 8.796 feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transitio int is indi by a horizontal line. Above the line, the listed
discharge coefficient is Cf [4.2.3] computed from uati A6) and below the line the listed discharge coefficient is Cg
[4.3.5] computed by interpolation between the point able A3. Column QdQg is the spillway discharge computed
from Equation 2 for free discharge and ua uation 4 for orifice discharge. Column d/Hc indicates that the spillway
discharge is not affected by tail *ter felevpns below 777 feet since d/H, < 0.2 [4.2.4], but is affected at all
headwater elevations above 777 at ich e discharge occurs. Spillway discharge is affected by tailwater at all
headwater elevations whe ric h' ccurs because d/Hc > 0.2 [4.3.6] at all values of d/Hc.

Emergency Spillway dischar computed in the next four columns (under the header "Emergency Spillway"), Hc, Cf,
Sf and Qf. Free discharge occur 11 heads (He) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cf [4 mputed from Equation 5. The submergence factor, Sr [4.11.4], is computed using Equation 6.
Column Qf is the e er spillway discharge computed from Equation 2 for free discharge with submergence.

The colu I emergency spillway discharge column shows "Cf=", "Zý=', and "L=" in three rows to indicate
the meaning ues included in those rows in the "Overflow Discharge" columns.

e 9•glumns are divided into three sub-columns, each. Contained in the sub-columns are overflow discharges
cfs fc ight bank saddle dam, main dam works (including the earthen embankment), the three saddle dams and the

remain ections which are expected to overflow. The overflow discharge coefficient Cf ([4.5.1], [4.4.1], [4.6.1],
[4.7 [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],

i ), 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,, Sf
[4.17] and Qf, respectively. All overflow discharges are computed using Equation 2. The values of d/H. and Sf have
been truncated in order fit all the columns.
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10 - Calculations for Case 4, Pre-Failure Condition at Tellico, Fort Loudoun Embankment Failure, Fort Loudoun
Gates Closed, Fort Loudoun Turbines Not Operating
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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
Loudoun Dam has failed. The spillway gates at Tellico Dam and Fort Loudoun are considered fully open. e nes
Fort Loudoun are not generating electricity. ,*

For the embankment failure condition, discharges are computed for headwaters ranging from 750 feet to 7 Z • s n
feet above the top of the dam. Discharge passes through the spillway section of the dam, the em gen sp a
saddle dam I and the various overflow sections as headwater rises above the crest elevations in h
discharge, given in "1000 cfs" is the sum of all discharges in cfs past the dam plus discharge in c ast ankment
and saddle dams divided by 1000. •se

Figure 11 shows the spreadsheet calculations for the embankment failure dam rating cLe (spreads t included as
Attachment E37). The final result, the rating curve, is defined by the first two colu W vs. Total Tellico Discharge
(QTEL). The third and fourth columns contain the Fort Loudoun Discharge (QFTL) d otal combined discharge
(QToT). The fifth and sixth columns (TW) give the tailwater associated with thP arge" at Tellico Dam and the
Saddle Dams, respectively. They are represented by the tailwater rating curve o al fits [4.18.1]. This is used to
check for tailwater submergence effects on the discharge. Tailwater sub es the spillway and emergency
spillway discharges for Case 5. Consequently, it is necessary to iterate oug fferent tailwater elevations until the total
computed discharge fits the tailwater rating curve [4.18.1 ]. Figure s s t al results but does not show the
iteration steps. The results are readily checked by computing the" u c ges, adding them up to compute total
discharge, and then making sure the listed tailwater and total co *ned h agree with the tailwater rating curves.

Spillway discharge in cfs is computed in the next five col le the header "Spillway"), Hc, CdCg, d/H,, SdSg and
QdQg. Free discharge occurs for headwater ele ations be 81 96 feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transition * t is indic 'by a horizontal line. Above the line, the listed discharge
coefficient is Cf [4.2.3] computed from Equation. an ow the line the listed discharge coefficient is Cg [4.3.5]
computed by interpolation between the points in Ta Column QdQg is the spillway discharge computed from
Equation 2 for free discharge and from E 4 for orifice discharge. Column d/Hc verifies that the spillway discharge
is affected by tailwater since d/Hl 0.2 .2.4 r all headwater elevations at which free discharge occurs. Spillway
discharge is also affected by tailw he ater elevations where orifice discharge occurs because d/H, > 0.2
[4.3.6] at all elevations.

Emergency Spillway discharg omputed in the next four columns (under the header "Emergency Spillway"), Hc, Cf, Sf
and Qf. Free discharge occurs at eads (Hj) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cf [4.1 puted om Equation 5. The submergence factor, Sf [4.11.4], is computed using Equation 6.
Column Qf is the en r pillway discharge computed from Equation 2 for free discharge with submergence.

The column o'" m ergency spillway discharge column shows "C''=", "Zc=", and "L=" in three rows to indicate
the meani v es included in those rows in the "Overflow Discharge" columns.

~ n i • unms are divided into three sub-columns, each. Contained in the sub-columns overflow parameters and
¶#hargr Fs for the right bank saddle dam, main dam works, the earthen embankment, the three saddle dams and the
remairig ctions which are expected to overflow. The overflow discharge coefficient Cf ([4.5.1], [4.12.1], [4.6.1],
[4.7.1 J 4.14.1], [4.15.1], [4.13.1], [4.16.1]), elevation Zc ([4.5.4], [4.12.2], [4.6.2], [4.7.2], [4.14.2], [4.15.2], [4.13.2],

WAJ]&W] [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,, Sf [4.17] and Qf, respectively. All overflow discharges are computed using Equation 2. The
values of d/Hc, Sf 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 spillway gates at Tellico Dam are considered fully open. The spillway gates at rrt dou
Dam are 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 feet
above the top of the dam. Discharge passes through the spillway section of the dam, the emergenc spil a dam
1 and the various overflow sections as headwater rises above the crest elevations in each case. Tot dis e, n in
"1000 cfs" is the sum of all discharges in cfs past the dam plus discharge in cfs past the embankme nd s dams
divided by 1000.

Figure 12 shows the spreadsheet calculations for the embankment failure dam rating curv (spreadsheeincluded as
Attachment E37). The final result, the rating curve, is defined by the first two column vs. Total Tellico Discharge
(QTEL). The third and fourth columns contain the Fort Loudoun Discharge (QFTL) an th tal combined discharge (QTOT).
The fifth and sixth columns (TW) give the tailwater associated with the "Total D' " ellico Dam and the Saddle
Dams, respectively. They are represented by the tailwater rating curve polynomi 8.1]. This is used to check for
tailwater submergence effects on the discharge. Tailwater submergence re t ay and emergency spillway
discharges for Case 6. Consequently, it is necessary to iterate throu i rent ater elevations until the total computed
discharge fits the tailwater rating curve [4.18.1 ]. Figure 12 shows the a sul does not show the iteration steps. The
results are readily checked by computing the individual discharges t compute total discharge, and then
making sure the listed tailwater and total combined discharge agre ith t ai er rating curves.

Spillway discharge in cfs is computed in the next five colu rs l2 t e header "Spillway"), H,, CdCg, d/Hc, SdSg and
QdQg. Free discharge occurs for headwater elevaons belo 5. feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transition p s indicae ' a horizontal line. Above the line, the listed discharge
coefficient is Cf [4.2.3] computed from Equation (A d b the line the listed discharge coefficient is Cg [4.3.5]
computed by interpolation between the points in Table olumn QdQg is the spillway discharge computed from
Equation 2 for free discharge and from Eq Column d/H. verifies that the spillway discharge is
affected by tailwater since d/H. > 0 [4.2 f headwater elevations at which free discharge occurs. Spillway discharge
is also affected by tailwater for all v0.2 [4.3.6] at all headwater elevations where orifice discharge occurs.

Emergency Spillway discharg, the next four columns (under the header "Emergency Spillway"), Hc, Cf, Sf
and Qf. Free discharge occurs, at eads (He) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cf [4.11.1] computed• •. Equation 5. The submergence factor, Sf [4.11.4], is computed using Equation 6.
Column Qf is the emer illway discharge computed from Equation 2 for free discharge with submergence.

The column follo* gency spillway discharge column shows "Cf=", "ZC=", and "L=" in three rows to indicate the
meaning of the u d in those rows in the "Overflow Discharge" columns.

The nextA ku e divided into three sub-columns, each. Contained in the sub-columns overflow parameters and
d~l~g i~f• the right bank saddle dam, main dam works, the earthen embankment, the three saddle dams and the

ma ning t*t s which are expected to overflow. The overflow discharge coefficient Cf ([4.5.1], [4.12.1], [4.6.1], [4.7.1],
i[4.14.1],* .1'I], [4.13.1], [4.16.1]), elevation Zc ([4.5.4], [4.12.2], [4.6.2], [4.7.2], [4.14.2], [4.15.2], [4.13.2], [4.13.3],

.16.2])1nd 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
t'iin the three rows above the computed discharge sub-columns. The three sub-columns contain calculated values of
d/Hc, Sf [4.17] and Qf, respectively. All overflow discharges are computed using Equation 2. The values of d/H,, Sf have
been truncated in order fit all the columns.
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Figure 12 - zns for Case 6, Embankment Failure Condition at Tellico, Fort Loudoun Embankment Failure, Fort
Loudoun Gates Closed, Fort Loudoun Turbines Not Operating
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6.9 Case 7, Embankment Failure at Tellico 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 (QFTL) and the total combined discharge (QToT).
The fifth and sixth columns (1W) 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 results 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,, CdCg, d/He, SdSg and
QdQg. 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 Cf [4.2.3] computed from Equation (A6) and below the line the listed discharge coefficient is Cg [4.3.5]
computed by interpolation between the points in Table A3. Column QdQg 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/Hc > 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/He > 0.2 [4.3.6] at all headwater elevations where orifice discharge
occurs.

Emergency Spillway discharge is computed in the next four columns (under the header "Emergency Spillway"), Hc, Cf, Sf
and Qf. Free discharge occurs at all heads (He) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cf [4.11.1] computed from Equation 5. The submergence factor, Sf [4.11.4], is computed using Equation 6.
Column Qf is the emergency spillway discharge computed from Equation 2 for free discharge with submergence.

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

The next 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 Cf ([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 indicated in the three rows above the
computed discharge sub-columns. The three sub-columns contain calculated values of d/H,, Sf [4.17] and Qf, respectively.
All overflow discharges are computed using Equation 2. The values of d/Hc, Sf 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
is considered. The spillway gates at Tellico Dam are considered fully open. The spillway gates at Fort Loudoj# Da are
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 feet
above the top of the dam. Discharge passes through the spillway section of the dam, the emergenc spil a dam
1 and the various overflow sections as headwater rises above the crest elevations in each case. To dis e, n in
"1000 cfs" is the sum of all discharges in cfs past the dam plus discharge in cfs past the embankmen nds ams
divided by 1000.

Figure 14 shows the spreadsheet calculations for. the embankment failure dam rating curv (spr as
Attachment E37). The final result, the rating curve, is defined by the first two column. vs. Total Tellico Discharge
(QTEL). The third and fourth colunms contain the Fort Loudoun Discharge (QFTL) an t tal combined discharge (QToT).
The fifth and sixth columns (TW) give the tailwater associated with the "Total D'" ellico Dam and the Saddle
Dams, respectively. They are represented by the tailwater rating curve poly .i 8.1]. This is used to check for
tailwater submergence effects on the discharge. Tailwater submergence re t ay and emergency spillway
discharges for Case 8. Consequently, it is necessary to iterate through dif rent ater elevations until the total computed
discharge fits the tailwater rating curve [4.18.1 ]. Figure 14 shows the a Sul does not show the iteration steps. The
results are readily checked by computing the individual discharges t compute total discharge, and then
making sure the listed tailwater and total combined dischare agre t i r rating curves.

Spillway discharge in cfs is computed in the next five colu sfu t e header "Spillway"), H,, CdCg, d/Hc, SdSg and
QdQg. Free discharge occurs for headwater eleva ons belo• . feet [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transition po *S indicat . a horizontal line. Above the line, the listed discharge
coefficient is Cf [4.2.3] computed from Equation (A d b the line the listed discharge coefficient is Cg [4.3.5]
computed by interpolation between the points in Table olumn QdQg is the spillway discharge computed from
Equation 2 for free discharge and from Eq Column d/He verifies that the spillway discharge is
affected by tailwater since d/He > 0 [4.2 for headwater elevations at which free discharge occurs. Spillway discharge
is also affected by tailwater for all v s /H/ 0.2 [4.3.6] at all headwater elevations where orifice discharge occurs.

Emergency Spillway discharg the next four columns (under the header "Emergency Spillway"), Hc, Cf, Sf
and Qf. Free discharge occurs at eads (je) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cf [4.11.1] computed Equation 5. The submergence factor, Sf [4.11.4], is computed using Equation 6.
Column Qf is the emer r illway discharge computed from Equation 2 for free discharge with submergence.

The column follo1 e gency spillway discharge column shows "Cf=", "Z7=", and "L=" in three rows to indicate the
meaning of the u in those rows in the "Overflow Discharge" columns.

The next u e divided into three sub-columns, each. Contained in the sub-columns overflow parameters andd~j~r! i•.d" •rthe right bank saddle dam, main dam works, the earthen embankment, the three saddle dams and the

ma ning Lt' s which are expected to overflow. The overflow discharge coefficient Cf ([4.5.1], [4.12.1], [4.6.1], [4.7.1],
[4.14.1],I . .r], [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]),

dlen 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
ethe computed discharge sub-columns. The three sub-columns contain calculated values of d/Hc, Sf [4.17] and

Qf, respectively. All overflow discharges are computed using Equation 2. The values of d/Hc, Sf have been truncated in
order fit all the columns.
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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 spillway at Fort Loudo
gone. The turbines at Fort Loudoun are not generating electricity.

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

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. Tota dli (QTEL). The
third and fourth columns contain the Fort Loudoun Discharge (QFTL) and the total comt d discharge (QToT). The fifth and
sixth columns (TW) give the tailwater associated with the "Total Discharge" at Telli o and the Saddle Dams,
respectively. They are represented by the tailwater rating curve polynomial fits [Eid is used to check for tailwater
submergence effects on the discharge. Tailwater submergence reduces the spill d ergency spillway discharges for
Case 9. Consequently, it is necessary to iterate through different tailwater the total computed discharge fits
the tailwater rating curve [4.18. 1]. Figure 15 shows the final results but d s no ow the iteration steps. The results are
readily checked by computing the individual discharges, adding then t .n otal discharge, and then making sure
the listed tailwater and total combined discharge agree with the taillI

Spillway discharge in cfs is computed in the next five colu e e header "Spillway"), H,, CdCg, d/Hc, SdSg and

QdQg. Free discharge occurs for headwater elevations belo 815. et [4.3.4] and orifice discharge occurs for
headwaters above 815.796 feet. The transition poLnt is indi b, horizontal line. Above the line, the listed discharge
coefficient is Cf [4.2.3] computed from Equation 1) and belo e line the listed discharge coefficient is Cg [4.3.5]
computed by interpolation between the points in Ta 3. umn QdQg 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. l headwater elevations at which free discharge occurs. Spillway discharge
is also affected by tailwater for all v lues Id/Hc %0.2 [4.3.6] at all headwater elevations where orifice discharge occurs.

Emergency Spillway dischar 46ý _m,•dJ next four columns (under the header "Emergency Spillway"), H,, Cf, Sf
and Qf. Free discharge occurW ) above the spillway crest at elevation 817 feet [4.11.2]. The discharge
coefficient is Cf [4.11.1] comput om Equation 5. The submergence factor, Sf[4 .11.4], is computed using Equation 6.
Column Qf is the emergency spillw ischarge computed from Equation 2 for free discharge with submergence.

The column following 0  gency spillway discharge column shows "Cf=", "Zc="', and "L=" in three rows to indicate the
meaning of the v 'n those rows in the "Overflow Discharge" columns.

The next eit re divided into three sub-columns, each. Contained in the sub-columns are overflow discharges in
cfs for ah didle dam, main dam works (including the earthen embankment), the three saddle dams and the
r irns 1 hich are expected to overflow. The overflow discharge coefficient Cf ([4.5.1], [4.4.1], [4.6.1], [4.7.1],

], [4. j .10.1], [4.16.1]), elevation Zc ([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
•length L 4. , [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

bovethfomputed discharge sub-columns. The three sub-columns contain calculated values of d/Hc, Sf [4.17] and Qf,
•lyy. All overflow discharges are computed using Equation 2. The values of d/H, and Sf have been truncated in

order fit all the columns.
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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 (QTEL) 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 (QToT). The initial dam rating curves for
cases 1 and IA 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 IA, 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 I (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.

Ciase !A is the snme as Case t except tort Loujoeun turbine flow is no~t ineiuuleu.

The Case 2 and 2A (pro fnilure) cunve is used for- both rising and falling headwaters until the earthen embankment nnd sndl
dnms fe judged to fakil, sometimne after- the headwnter- rises nbove its over-flow elevation of 830 feet. Cnse 2 cons ider-s Fort4

Loudoun tur-bine flow. and Cnse 2A does not. Both Cases 2 nnd 2A consider- Fort Loudoun spillway gates to be closed.

The Case 3 (pre failure) curv~e is used for rising and fnlling headwater-s until the earthen emnbnafAent and saddle dams are
juidged to fail, sometime after- the headwater- rises above its over-flow elevation of 830 feet. Case 3 eonisider-s the Fort Loudou
spillway gates to be fully opcn. in nddition, the south embat~nenit at Fort Loudouna Dam is consider-ed to have failed.

The Case 4 (pre failutre) curve is used for- rising and falling headvwaters until the earthen embad-unnenit and said-dle damis ar-e
judged to fail, sometime after- the headwater- rise abov its evr.le elevWation of830 feet. Case 4 consider-s the Fort Louidounf
spillway gates to be closed. in addition, the south emnbaduanent at Fort Loudouin Dam is consid-ere-d to h-Fave failed.

The Case 5 (embaffAnment failur-e) curve is used for- r-ising and falling headvwaters. Case 5 consider-s the F-ort Loudoun spillway
gates to be fuilly open. in addition, the south embanilunent at Fort Loudouin Dam is considered to have failed.

The Case 6 (emfbafflanlent failurfe) curfve is used for- rising and falling headwater-s. Case 6 considers the Fort Loudouin spillv~ay
gates to be eloscd. in additionf, the south emnbadunent at Fort Loudouin Dam is considered to have failed

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

The Case 8 (embadnkent failurfe) eun-ýe is used for- risinig and falling headwater-s. Case 8 consider-s the Fort Loudouin spillv~ay
gates to be closed. in addition, no failuire is considered at Fort Louidoun Damn.

The Case 9 (pre failur-e) curve is used for- rising and falling headv.ater-s until the earthen emnbadunent and saddle dams are
judged to fail, sometime after the headwater- rises above its overflowIA elev-ation of 830 feet. Case 9 considers the Fort Loudou
Dam has seismnically failed.

The final two curves combine the Tellico and Fort Loudoun Dam Rating Curves.
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Subject: Dam Rating Curves, Tellico Prepped WBB
Checked ACM

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

No Failure at Fort Loudoun ol Failur; at For Loudaun Embankmr.t Failura at Frt. Loudoun

Fort Loudoun Gates Fully Open Fort Loudoun Gateo Cloaed Fort LoudourGtoc Fort Loudoun Gatoc

Rising Headwater Iatting-Headwater raiiln.-H ,ad F" g $a W .,Meadw -te Ricing and Falling 'Head"'at•r

HW1 (ft) -W•,.44) TW (ft) Q, (cs) Qcs (-) I ;sI W-{), Q.-(t Q,4os :{ Q•-4 Q.-t4s - (0) QH-sfs) 7 t Q sts) Q•-(•s) -(ftG _ QAfsl Q.46%
773 m73 747.65 0.00 20.55 73500 00 0.00 0. 0 8 0.-0 0 79888 0A r 230,88 7888 0.00 220,88

775 778 748.02 1.06 23.50 742.86 4.06 4.06 746.42 4.06 28'2 7-42.8 4.0 40 772.4R 4.06 247.33 77-748 1.6 247,33

777 777 748.46 3.01 27.15 742.24 3.04 3,04 748.03 3.04 28 72 743.24 3" 3.04 7. 2,88 273.34 774,3 2.88 23.634

779 778 748.97 5.58 31.25 743863 8.88 88 747.48 8,88 32.68 7 6 U ,88 &.88 777 6m08 28848 7 2 808 288.48

781 781- 749.51 8.70 35.77 7447: 8.70 .7-0 748.08 8.O 7 37,08 744. 8.70 8.70 778.38 733 323.83 778.38 733 3.23.82

783 783 750.10 12.32 40.65 744.8 42.32 .33 -748.74 42.33 44.80 744,88 42.33 4232" 78-4.2 0688 348.88 -78482 8-,8 348288

785 788 751.28 16.42 50.51 748.90 46.42 27.48 748.44 48.42 468.4 748.48 48.42 46.42 783.88 4304 378.88 783.62 424237

787 787 752.97 20.99 64.96 747.88 20.88 38.87 7O648 20.88 6.389 74.683 20.88 20.88 78678 44.441 404.73 17-868 44.71 403.40

789 788 755.01 26.01 82.83 750.34 2904 823.88 780.88 26 88,34 748.84 8 2.04 36,0 787.80 4878 4,33.88 787.-74 47.3 424.24

791 7 757.33 31.46 103.68 783.42 34.48 74.8 7• 8 98 3448 63.66 747.3411 34.46 34-46 78M 8 48.2 , 464,28 7 20.20 44408

793 783 759886 37.31 127.22 788.47 37.34- 88.8 72.4 371 608.1 748.4 372.34 37.34 7804 24.7 48,8 7,845 7.84 234 48.7

795 m78 762.55 43.54 153.24 7-8840 43284 12s8.3 783.28 43.4 78.4 7-48.8 43.64 43.84 794 34.38 828. 783 . s 28.46

797 7-87 765.36 50.13 181.58 7-63-77 - 0.4 14,438 784.44 8043 83233 74887 80,43 804 7.4•.3 2700 88334 786884 33 2 8.28

799 7 768.27 57.05 212.12 78.23 87.08 4885.76 784.98 87.08 88.8 7g 8 87.8 8 7. o . 28.87 6889.3 787.84 322.60 883.3

801 804 771.23 64.25 244.77 772 84.28 248.38 78.8 8. 64 88.48 784 Z7 8. 84.8 800.48 32.83 ,838. 2822788. 38.88 630.7

853 803 774.22 71.72 279.49 773.33 74.72 388089 7868.2 17472 403.2 7862.73 74.72 7172 802.16 38.88 678.32 804,83 ,38.46

805 808 777.23 79.40 316.22 77674 7840 2.994 7_877 78.44 444.R4 78.73 789.44 789.44 80446 38.88 777 8038 42.05 740.48

807 80 780.23 87.23 354.92 780.44 87.223 32272 788.74 A 8734 44 8.8 784.74 87.3S4 87.3 806846 4347- 78.644 808.80 46874

809 808 783.20 95.13 395.58 783.48 8140 327.48 4 78.598 R 8840 4U7.680 7.78 9 840 08840 808.48 48.4 80684-7 07. 7 80.83 787.71

811 844 786.14 103.04 438.09 7-86.786 103.83 482 780.6 403.66 4386 .8 768878 443 . 40366 84014 48.73 883.70 808.786 84.44 844.4

813 8481 789.03 110.94 482.51 788.83 440868 4683 7864.3 442. 44428 767.83 442.08 442 08 8443 83.40 802866 84443 88,40 882.1

815 848 791.86 118.80 528.82 782.87 448.34 684.88 783.68 42070 482.80 7888 44070 •2070 8414.42 8888 883.08 8a1t8.8 6. 8448

815.80 848.798 792.97 121 92 547.76 78408 424.42 828-42 78.0 2 -4-4.18 867.38 758.38 46448 44.88 8-.4,88 87.860 872.60 84440 84.83 888.83

818 846 793.15 120.88 550.96 784.33 420-07 532-73 783-311 44.04 48,847 788.49 444.04 428.87 84807 34.88 877.78 844,88 40.33 8868.41

817 847 794.30 120.38 571.15 7-88.4 1 44860 383.80 43.,84 484.8 7980 422.84 448.48 84.W 33.88 4003.84 848.88 38.82 3 884.0

818 848 795.73 125.41 596.95 787.-02 4203 878.74 764.78 4,28.88 472.08 78-64.42 428.88 448. 847. 07 M3 7 4030.8 8 0 44.60

819 848 797.37 135.20 627.65 788.74 443.83 8 3 788.8,64 U 14073 -488.84 763.0 440.74 485644 8-48.08 48.78 4087.386 947.4 8

820 8,30 799.23 150.12 663.80 800.67 448.343 64870 79 8 1-8-7.34 314.8865 78 88 47.34 178.48 848,-40 83.42 4024.7 84488 68.84 403.7

821 834 800.28 169.55 684.72 02. 67 8 44 774 08 477.8 232.84 78783 -477.38 200.74 820.02 82.38 4408.8 848.7 868.4 4

822 823 801.33 192.73 706.34 803.29 48.42 689842 77 8 20433 2 888 O 7707 201.32 227 78 824.04 4 103.6 42717 83274 407.70

823 838 802.53 218.74 731.52 804.4, 3486.8 723.46 773 .7 22838 2 806.8 U 77278 238.8 268. 822.0 4286 O 44,64 87 82489 440.7-8

824 824 803.81 247.01 759.17 80866 342.44 78044 77724 28704 2988. 77724 2878 88 83321 8 440208 4118276 822.88 488 46, 1
825 836 805.13 277.21 788.39 808.8 2723.2 7-7888 78080 2280.48 340.77 780 80 34077 834.44 178.863 44373 833.84 44 3 424440

826 828 806.93 308.64 829.47 808.68 303.83 848.8 784.43 324.84 388.88 784.42 324.84 388.8 828.44 208.30 4448.88 824.87 208.88 44

827 827 808.87 341.15 875.26 848048 338.88 88344 788 38484 428.8 788.238 38454 438.86 826.48 236844- 4477.0 82o 8.02 38.03 4472.
828 828 810.69 375.82 919.67 844.38 37M038 8088 784.R86 400,46 483.0 794.86 400.48 48203 817.21 124.84 4208.44 827.0 26803

829 838 812.50 412.64 965.12 842.84 407.-423 847. 788.34 44438 84870 708.24 444 • 848.70 823826 387.84 4233348 8,38.14 3202.22 42686

830 830 814.23 451.56 1009.73 848.88 4468.8 984.23 7288.8 483.84 608.64 788.66 483.84 808.64 828,8 328.83 42480. 828.48 333.38 4287.8

830.57 834 815.51 474.20 1043.06 847.80 '60847 4049.8 802.0 84826 6948 2 8026 280 848.26 88438 830.33 384.33 4388,7-8 830426 386888 4488.8R

831.14 833 816.87 497.58 1079.05 80.3 68888.2 144847 807.87 8342 4 788 807.78288 834. 4. 4447.48 834.33 488.47 4448.87

831.71 83a 818.24 521.74 1115.76 822.84 882,62 4488900 8452.2 724.08 1 8. 842128 724.08 808.73 832.44 5813.0 445468 832.40 634.44 4444,44

832.29 834 819.59 546.93 1152.28 82680 78-4 7 4-282.87 847.44 828.76 4032.33 847.44 8382 7 4032.32 833.40 604.7 4473,04 833A46 608284 4472

832.86 8,3 820.92 572.16 1188.51 828.83 882864 4342486 822.28 838.08 -447044 822.28 838,08 417-044 834.64 678.27 4890074 834.83 680.62 4400322

833.43 828 822.22 596.79 1223.88 8317 88388 4428 47 4240. 837.34 4037 .8 4307. 83.A88 7r48.33 4428.385 8-367 748,78 482794

834 37- 823.51 621.10 1259.23 834.26 448843 4 4493.4 832.00 4428.88 4433.33 832-00 U2. 4433.33 83M862 848 4488 838.84 848.08 44883

Figure 16 -Initial Dam Rating Results for Cases 1, IA, 2, 2A, 3 and 4
Cases IA, 2, 2A, 3, and 4 are no longer valid
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Subject: Dam Rating Curves, Tellico Prepped WBB

Checked ACM

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 1 and IA
Case 1A is no longer valid
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Subject: Dam Rating Curves, Tellico T Prepped WBB
Checked ACM

Tellico Dam Rating Curve
Pre-Failure Condition at Tellico Dam

Pre-Failure Condition at Fort Loudoun Dam
Fort Loudoun Gates Closed
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Figure 18 -Initial Dam Rating Curves for Cases 2 and 2A
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Subject: Dam Rating Curves, Tellico Prepped WBB
Checked ACM

Tellico Dam Rating Curve
Pre-Failure Condition at Tellico Dam

Embankment Failure at Fort Loudoun Dam
Fort Lou doun Gates OpenI&*A6
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Figure 19 - Initial Dam Rating Curve for Case 3
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Subject: Dam Rating Curves, Tellico

Rev: 1 Plant: GEN

Prepped

Checked

Page: 50

WBB

ACM I
Tellico Dam Rating Curve

Pre-Failure Condition at Tellico Dam
Embankment Failure at Fort Loudoun Dam

Fort Loudoun Gates Closed
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Discharge - 1000 cfs

Figure 20 - -Initial Dam Rating Curve for Case 4
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Subject: Dam Rating Curves, Tellico Prepped WBB
Checked ACM

Cases 5, 6, 7 and 8
Embankment Failure at Tellico

EmbankmAnt FaO-lre At Fort Laudaun No Failure at Fort Loudoun

Fart Laudaun .... s i-art aud~-un atac~~I, -ort Loudoun Uates I I-art Lud-u . at•s
Opep Gloed Open I Closed

Rising and Falling Hoadwatar Rising and Falling Headwater

HW 7 (if) gvk W-fif) (ftQ• Q-rs Qý4 ) PAL-((f # 7W-'*t) Q ,-() ) TW (if) QTe, (cfs) Qto MS) A f-() Q. e QO.•-(Gfs4

750 M50 749026 45.5 45.65 740.28 .45.85 45.65 749.56 36.15 36.15 7409.2 45.65 45.85

755 755 734 7Z4.,22 7-724 783.45 74.23 7,7-.24 753.62 70.57 70.57 Z53.34 7.30 74,30

760 7"0 760.82 90.04 4-2834 7.502 99.04 426834 759.25 121.54 121.54 15022 423 4.

765 785 784.69 427.83 4-4.9 -764869 427.83 474458 764.42 171.99 171.99 7864.44 41028 480

770 7-70 7.674 4460.26 24973 768074 460.28 219.73 769.50 225.48 225.48 768,54 2427-.30 247.3

773 773 772.77 473.65 250.28 772.7-7 473.60 250.26 772.51 259.47 259.47 772.88 245.-4 249.40

775 775 774.79 443.66 27188 7747 41386 274.86 774.52 283.08 283.08 7-74.57 269.58

777 7Z7 7767 49550 294.49 778.7 455 294.49 776.53 307.55 307.55 770658 2941. 29164

779 770 777 206862 34.897 77a7 206862 346,97 778.54 332.82 332.82 77.5S8 344A4- 344"4-7

781 7-8 780.7 24-860 340.86 780.7 2438,0 340806 780.53 358.96 358.96 780.58 338.40 338.40

783 783 782,70 23-52 30R50 782,79 2348 38650 782.53 386.10 386.10 782.58 382.58 3IS.

785 785 784 7 242.80 394183 784.79 24540 304.87 784.53 409.40 414.46 794.57 388.,5 388.68

787 787 7879 2854.42 4-138 78879 289.860 4438,8 786.54 429.42 444.10 78058 415.0 445.03

789 78 78879 288 43 44724 788.79 274 90 447.24 788.55 447.50 475.07 U288,5 443234 443.34

791 4 700.70 278.84 47634 790.7 290,88 4768.0 790.57 464.20 "507.43 790.5 473.45 473,4-5

793 93 7929 29437 607.88 7-92.78 307.43 507.32 792.59 479.89 541.26 7-92680 8. 503.895

795 5 794.79 34045 540.40 79477 328.63 540.28 794.61 494.80 576.56 79484 835.90 53890

797 797 798678 327.23 874.95 798-77 345.22 574.2_ 796.61 509.00 613.24 798.2 586994 589.94

799 7 798.78 34567 44 48 798.70 367.26 8 40.44 798.61 522.87 651.59 792.4 600584 600584

801 804 800.77 364.24 6490.6 800-75 385980 864R84 800.62 536.53 691.64 800,80 043.08 640306

803 803 802.77! 38228 87. 802.74 442.7 R888.45 802.62 550.08 733.46 80244 082.82 082.82

805 805 804.78 404.56 734104 804.73 437-33 730.50 804.62 563.56 777.07 804.46 723.90 723.98

807 807 808.75 425.20 774.00 80073 442.33 773.84 806.63 576.97 822.46 800.44 767144 707 44

809 M09 808.74 447.82 84492 808.72 448.96 8408,4 808.63 590.24 869.59 808,44 84,240 842.0

811 844 840.74 472.0 808.87 841074 545.00 808.74 810.46 803.49 914.11 84039 8,59.78 859.78

813 84U 84273 495.88 947.43 842.89 544A87 946.22 812.45 842.51 963.80 841238 908.89 908.8

815 845 844.7-2 524 3 90892 8-44-8 6 -5743 988-43 814.43 882.43 1014.81 014434 958.47 905847

815.796 845 790 845 54 53584 988.84 84O5.47 594.28 988.28 815.22 898.53 1035.44 845.40 996834 09834

816 84 845.7-4 824.8 905446 84567 079 2 993,4-7 815.41 900.30 1040.33 845.29 9844 983.84

817 84U7 4-6,7 034.8 4020.5 8486.66 594. 4049088 816.40 920.36 1066.47 84628 4004.27 4009.78

818 844 84 7 048 3 4047-83 847-866 6044 40464 817.39 941.24 1092.96 84-728 4026867 4030.

819 840 8-487 584.44 407-4.8 81866 6820.77 4073.88 818.39 962.84 1119.76 8-43.8 4049.4-6 4O02.4

820 820 897 580.04 4400.93 840.67 639.32 4400,40 819.39 984.87 1146.81 819.29 4074.89 4089.72

821 824 820.09 29,44 4427,44 820.67 664.83 142762 1 820.35 1057.93 1172.92 R20,29 4406052 4-11699

822 022 824.•8 055.32 4455.30 824867 G88838 445499 821.35 1085.93 1200.20 8244134 433.32 4444.30

823 823 822.80 684,40 1442 70 822.67 170924 44R4400 822.36 1112.45 1227.65 822.33 447.83 447240

824 824 823.00 740.07 4240.05 023.8 A 734.03 120043 823.36 1137.98 1255.22 823.35 417022 440975

825 825 8R247 740A 4238 824.00 784.30 4238.00 824.37 1165.91 1282.85 824.37 4200.07 4227.33

826 820 826.74 770.8 2183647 825.70 789.8 4263.76 825.37 1193.66 1310.49 82540 1222344 425575

827 87 826872 80473 429092 826874 8417,33 4290.38 826.38 1219.78 1338.19 826842 4245 .8 4284.

828 828 827.72 536863 4344.83 827.72 548.49 4347.97 827.39 1247.60 1365.85 827-44 420690 97

829 829 828.73 87070 4346549 82873 880.70 1345.80 828.40 1275.76 1393.51 82848 41289.,53 4338.80

830 830 829.74 9044 2 437213 829.74 42.24 4374.92 829.40 1304.04 1421.14 829.54- 43144.84 4342

830.57 834- 830.75 9424 4399.S 830.75 950.38 440004- 830.02 1275.31 1437.86 830.64 138.544 44.4

831.14 833 834478 98"4.09 4426848 83.176 987,39 1426857 830.62 1257.77 1454.30 834-67 4259.09 4422.• 4

831.71 833 827 4020.5 445344 832.77 4020.02 4454.83 831.22 1239.66 1470.72 832R80 28244 414

832.29 834 833.759 401588 4479083 833.79 404.37 447979 1 831.82 1221.03 1487.13 833.83 4400.8 447897

832.86 835 834.8 -40044 4407.2 834.80 4404..98 4408.28 832.42 1201.13 1503.55 834.60 1442.2 4504.80

833.43 830 835.84 4442.04 4135.32 825.84 4444.30 4434,44 833.02 1184.52 1519.89 838.00 4423. 58 413059

834 817- 83.682 4481207 4400,85 83682 4484.50 4459. 90 833.62 1167.46 1536.10 836074 42905 45,509g7

Figure 21 - Initial Dam Rating Results for Cases 5, 6, 7 and 8
Cases 5, 6, and 8 are no longer valid
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Subject: Dam Rating Curves, Tellico Prepped WBB

Checked ACM

Tellico Dam Rating Curve
Embankment Failure Condition at Tellico Dam

Embankment Failure Condition at Fort Loudoun Dam
Fort Loudoun Gates Open
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Figure 22 - Initial Dam Rating Curve for Case 5
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Subject: Dam Rating Curves, Tellico Prepped WBB
Checked ACM

Tellico Dam Rating Curve
Embankment Failure Condition at Tellico Dam

Embankment Failure Condition at Fort Loudoun Dam
Fort Loudoun Gates Closed

13
0 300 600 900

Discharge - 1000 cfs

Figure 23 - Initial Dam Rating Curve for Case 6
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Subject: Dam Rating Curves, Tellico Prepped WBB
Checked ACM

Tellico Dam Rating Curve
Embankment Failure Condition at Tellico Dam
Pre-Failure Condition at Fort Loudoun Dam

Fort Loudoun Gates Onen
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Figure 24 - Initial Dam Rating Curve for Case 7

1600
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Subject: Dam Rating Curves, Tellico Prepped WBB

Checked ACM

Tellico Dam Rating Curve
Embankment Failure Condition at Tellico Dam

Pre-Failure Condition at Fort Loudoun Dam
Fort Loudoun Gates Closed

Discharge - 1000 cfs

Figure 25 - Initial Dam Rating Curve for Case 8
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Subject: Dam Rating Curves, Tellico Prepped WBB

Checked ACM

- Case 9

Pre-failure at Tellico Dam

Seismic Failure at Fort Loudoun

Fort Loudoun Turbines Not Operating

HW (ft) TW (ft) QTEL (cfs) QTOT (cfs)
773 772.46 0.00 247.04
775 774.48 0.94 268.42
777 776.49 2.28 290.42
779 778.48 3.83 313.17
781 780.48 5.53 336.83
783 782.47 7.38 361.45
785 784.47 9.39 387.12-4L
787 786.47 11.46 414
789 788.47 13.64 4 6V
791 790.48 15.93 4
793 792.47 18.35
795 794.47 20.87 5 8
797 796.47 23. 5
799 798.46 

-4.

801 800.45 .08
803 802.44 3 681.83
805 804.42Ar -%.V 723.20
807 806.4 .18 766.53
809 808.38 .42 811.82
811 10.36 6 44.73 858.95
813 .3N' 48.15 907.81
815 81"• 51.62 958.16

81 815.08 53.62 977.62
16 815.27 31.48 982.83

o 816.25 30.79 1008.66

"•I8W"-- 817.24 35.86 1035.01
t .- I

8-I8.25 46.21 1U01.81
820 819.26 60.80 1088.99
821 820.27 78.83 1116.46
822 821.29 100.12 1143.98
823 822.30 123.41 1171.40
824 823.31 147.92 1198.89
825 824.32 173.87 1226.41
826 825.33 201.30 1253.93
827 826.34 230.11 1281.43
828 827.36 260.23 1308.90
829 828.38 293.56 1336.36
830 829.39 325.44 1363.69
831 830.43 380.36 1391.43
832 831.47 451.24. 1419.41
833 832.52 523.34 1447.31
834 833.56 594.15 1474.90
835 834.60 664.40 1502.29
836 835.62 735.10 1529.50
837 836.65 806.00 1556.60

Figure 26 - Initial Dam Rating Results for Case 9
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Tellico Dam Rating Curve
Pre-Failure Condition at Tellico Dam

Sesimic Failure Condition at Fort Loudoun Dam
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Figure 27 - Initial Dam Rating Curve for Case 9
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Tellico and Fort Loudoun Dam Rating Curve
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Figure 28 - Initial Dam Rating Curves for Tellico and Fort Loudoun, Combined, for Cases 1 - 4
Cases IA, 2, 2A, 3, and 4 are no longer valid
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Tellico and Fort Loudoun Dam Rating Curve
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Figure 29 - Initial Dam Rating Curves for Tellico and Fort Loudoun, Combined, for Cases 5 - 9
Cases 5, 6, 8, and 9 are no longer valid
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Fort Loudoun Dam Taliwater Values And Polynomial Fit

TRM 602.3
Discharge TW TW
(1000 cfs) (ft) Polynomial

100 756.57 756.92
200 767.51 767.13
300 776.20 775.92
400 783.48 783.52
600 795.51 795.90
800 805.49 805.65
1000 813.98 813.86
1100 817.80 817.65
1200 821.42 821.35

: 1400 828.66 828.63
1600 835.90 835.97
1800 843.14 843.30

t 2000 850.38 850.32
= Points from preliminary HEC-RAS Runs

**= Linearly Extrapolated Points

TRM 599.0
Discharg( TW TW
(1000 ds (ft) Polynomial

100 756.13 756.52
200 766.58 766.17
300 774.87 774.55
400 781.82 781.85
600 793.3 793.87
800 803.36 803.45
1000 811.71 811.57
1100 815.44 815.33
1200 818.98 818.97
1400 826.06 826.11
1600 833.14 833.26
1800 840.22 840.40

? 2000 847.30 847.29

Polynomial Curve Fit: TW6o2.3 = 745.07 + 0.1276Q - 0.9492x10"4Q2 + 4.350x10 4 Q3 - 0.7392x10-"0Q4

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

Polynomial Curve Fit: TW 5 0.o = 745.38 + 0.1195Q - 8.5046x10 5-Q 2 + 3.8094x10•SQ3 - 6.3535x10-12Q4

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

Tailwater Curves

860.00

840.00

820.00

.2

800.00

'U

780.00

760.00

740.00

0 500 1000 1500
Discharge, 1000 cfs

2000
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Hyd. Design Criteria, Hydraulic Design Chart 711
Suggested Design Curve (Broad Crests)

d/Hc Sf (d/H )J'- d/He
0 1 0 0.000

0.6 1 0.05 0.1 36
0.65 0.985 0.1 0.215

0.7 .0.97 0.2 0.342
0.75 0.93 0.3 0.448

0.8 0.88 0.4 0.543
0.85 0.8 0.5 0.630

0.9 0.68 0.6 0.711
0.95 0.52 0.7 0.788
0.97 0.4 0.8 0.862

0.9 0.932
These points have been scaled from the bottom section

of the USACE Hydraulic Design Criteria, Chart 711
(Reference 2.6. Attachment 6).

Sf

0.98
0.965
0.915

0.87
0.82

0.765
0.7

0.63
0.535

0.38

0.987
0.965
0.927
0.885
0.84

0.785
0.725
0.635

0.5

Broad
U Crest

d/He d/He - 0.6 Sf
0

0.05
0.1

0.15
0.2

0.25
0.3

0.35
0.4

0.45
0.5

0.55
0.6

0.65
0.7

0.75
0.8

0.85
0.9

0.95

0.97
0.98
0.99

0.995
1

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.37
0.38
0.39

0.395
0.4

1.000
0.991
0.966
0.929
0.878
0.803
0.686
0.505
0.409
0.3 50
0.2 50
0.150
0.000

alpha = 1.5
beta = 0.385

Sharp
Crest

Sf
1.000
0.996
0.988
0.977
0.965
0.950
0.933
0.915
0.894
0.871
0.845
0.817
0.786
0.751
0.712
0.668
0.616
0.555
0.477
0.367

0.302
0.259
0.198
0.152
0.000

When a > 0.37, Sf for
broad crests must be

interpolated.
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Submergence Factors for Weirs from Chart 711 in Hydraulic Design Criteria
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SAFETY MODIFICATIONS FOR PROBABLE MAXIMUM FLOOD

Attachment 9
Chronology from Reference 2.12

1 page

Safety analysis studies for Tellico Dam to evaluate the dam safety
hydrologic deficiencies caused by a Probable Maximum Flood (PMF)
were essentially completed in fiscal year (FY) 1986. The
recommended proposal to provide additional ungated spillway
capacity at Tellico Saddle Dam No.1 was programmed in the FY 1988
Operating Plan and approved by the TVA Board of Directors.

Cost of Modifications

Engineering and design costs for the capital safety modifications
to Tellico Dam were approximately $230,600. The construction costs
were approximately $2,733,900. The total project cost was
approximately $2.96 million. Construction at the site was
completed in September 1989. Figure 7 is a photograph of the
completed emergency spillway.

Controlling Features

Modifications for the PMF consisted of a 2000 foot long ungated
ogee crested spillway located 40 feet downstream of the centerline
of Tellico Saddle Dam No.1 (See Figure 8). The spillway crest-was
set at elevation 817 which is the approximate level of the Maximum
Probable Flood (MPF.) The width of the ogee section is 18.5 feet
and the overall height of the crest is 13.5 feet from the bottom of
the shear key. A horizontal apron energy dissipater extends 61.52
feet downstream of the ogee section. The 2000 foot long apron is
about 18 inches thick. A 2 feet 3 inch high by 14 feet wide
endsill at the downstream end of the apron provides additional
energy dissipation. The ogee crest is flanked by a retaining wall
that connects to the left abutment. The maximum height of the
retaining wall is 24.5 feet above the footing.

Modifications for PMF (Tellico Emergency Spillway)

Quantities
Earth excavation ..................................... 250,000 cu yd
Concrete .............................................. 4,300 cu yd
Roller Compacted Concrete ............................ 19,600 cu yd
Rolled earthfill .................................... 186,000 cu yd
Crushed stone ......................................... 9,400 tons
Riprap (new) .......................................... 3,500 tons
Riprap (relocated) .................................... 3,600 tons
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Appendix A: Spillway Discharge Coefficients and Submergence Factors for Tellico Dam
from 1:72 Scale Model Test Data

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

Tellico dam has three spillway bays, each controlled by a radial (tainter) gate as illustrated in Attachment Al.
For dam rating curve calculations the gates are assumed to be open to their maximum opening position as
specified in the Spillway Gate Arrangements table in Reference Al and included as Attachment A2. As shown
in this table, the maximum opening corresponds to reading of 35.75 on the gate position indicators for the
spillway. Field measurements of V, the vertical distance between the bottom lip of a raised spillway gate and the
spillway crest, are summarized in Attachment A3-1. For gate position indicator reading of 35.75 the value of V
for the three gates is 33.0 feet.

Test data from a 1:72 scale model (circa 1969) are available for free discharge conditions and for orifice
discharge conditions for ten different gate openings varying from V = 1 foot to V = 35 feet (Reference A2).
Orifice discharge data were not collected for the specific gate opening of V = 33.0 feet. However, because data
exists for openings both less than and greater than 33', the data for gate openings V = 1, 3, 5, 7, 10, 15, 20, 25, 30
and 35 feet are used here to estimate orifice flow discharge characteristics for V = 33.0 feet.

A. 1 References

Al. "Tellico Dam Spillway Discharge Tables," River Operations, Tennessee Valley Authority, 2008, EDMS
Accession no. L58 081212 808 (Att. E36)

A2. "Tellico Spillway Rating, 1:72 Model, Books 1 and 2 of 2" June 1969 (relevant pages included as Att.
E31)
A3. "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)
A5. "Hydraulic Design Criteria," USACE (U. S. Army Engineer Waterways Experiment Station), Eighteenth
issue, Vicksburg, MS, 1988
A6. Open Channel Flow, F. M. Henderson, Macmillan, New York, 1966.
A7. TVA drawing no: 54N200, R3 (Attachments A7 and E26)
A8. TVA drawing no: 5 1N203, R2 (Attachments A8 and E25)

A.2 Design Input

Sect. Input Parameter Source Symbol Value
A2.1 Acceleration of gravity Common knowledge g 32.2 ft/sec2

A2.2 Spillway gate parameters
A2.2.1 Crest elevation Ref. A7 or Ref. A8 Zc 773 feet
A2.2.2 Trunnion centerline elevation Ref. A7 or Ref. A8 Ztr 788 feet
A2.2.3 Gate lip elevation (fully closed) Ref. A7 ZHi 772.12 feet
A2.2.4 Gate top elevation (fully closed) Ref. A7 Ztop 815 feet
A2.2.5 Gate radius Ref. A7 R 41 feet
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A.3 Discharge Equations

Attachment A4 is a definition sketch for flow over the Tellico Dam spillway. Free discharge occurs for headwater
elevations below the elevation at which the overflowing nappe first touches the bottom lip of the gate, or Hý < HLmin, and
is computed using a weir equation (e.g., Reference A5):

Qf =CfLHc1. 5  (Al)

in which Qf = free discharge (cfs)
Cf = free discharge coefficient (ft° 5/s -- may vary with HW)
L = length of overflowing section (ft)
H, = head on crest (ft) = HW - Zý
HW = headwater elevation (ft)
Zc = top, or crest, elevation of overflowing section (ft).

This equation is modified to account for tailwater submergence as follows:

Qfs = Qf Sf (A2)

in which Qfs = "corrected" free discharge (cfs)
Sf = tailwater submergence factor (dimensionless m- varies with d / Hj)
d = height of tailwater above crest (ft) = TW - Z,
TW = tailwater elevation (ft).

For headwater elevations above the elevation at which the nappe touches the gate lip, or Hc > HLmin, orifice flow occurs
and is computed from (e.g., Reference A5)

Q g =CgGnLv2gHc -H mp (A3)

in which Qg = orifice discharge (cfs)
Cg = orifice discharge coefficient (dimensionless -- varies with gate opening and Hj)
Gn = effective gate opening = minimum distance between the gate lip and the crest (fIt)
g = acceleration of gravity [A2.1 ]
Hmp = vertical distance between the mid-point of G. and the crest.

This equation is modified to account for tailwater submergence as follows:

Qgs = SgQg (A4)

in which Qgs = "corrected" orifice discharge (cfs)
Sg = tailwater submergence factor (dimensionless -- varies with d I Hc and gate opening, V).

A.4 Model Test Data

The 1:72 scale Tellico model test data (Reference A2) are used to determine

* Cf(Hc) and Sf(d/Hc)
* HLmin and Cg(Hj) for V = 33.00 ft.
* Sg(d/Hc) for V = 33.00 ft
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Submergence effects on orifice discharge were included in the Tellico model study data. These data are used to estimate
submergence effects on orifice discharges in Attachment A13 from page A13-3 to A13-1 1. The curve fits for Sg(d/Hc)
are included in Attachment A13 on page A 13-1. The coordinates defining the curve fits are given in Table Al and
Attachment A13 on page A13-2.

The Tellico model test results published in Reference A2 have been used to calculate CK(Hc) [Att. A10] and Sf(HJ) [Ant.
Al1]. The model test data for both orifice and free discharge are tabulated following the results in Attachments AlO,
A12 and A13 and these data are used below to estimate HLrn [Att. A9] and Cg(Hc) [Att. A12] for V = 33.00 feet, to
establish a curve fit for Cf(HJ) [Att. A 10]. Attachment E3 I provides the pages from Reference A2 that are relevant to the
calculation of Cf(H), Sf(d/Hc), Cg(HJ) and Sg(dJHj).

Table AI: Points Defining Curves Through Tellico Sg data (Ref. A2, Att. A13).

Curve Fit, HJG, = 1.35 Curve Fit, HJ/G, = 1.5 Curve Fit, H,/G, = 1.7 Curve Fit, H/Gý = 2.0 Curve Fit, HdGn = 2.3

d/H0 S0 d/H0 S0 d/H0 Sq d/H1 SQ d/H0 S.

0.000 1.000 0.000 1.000 0.000. 1.000 0.000 1.000 0.000 1.000
0.200 1.000 0.200 1.000 0.200 1.000 0.200 1.000 0.200 1.000

0.280 0.997 0.280 0.997 0.303 0.997 0.390 0.986 0.290 0.990

0.424 0.984 0.424 0.984 0.392 1 0.989 0.431 0.980 0.375 0.981

0.469 0.975 0.469 0.975 0.451 0.975 0.501 0.947 0.448 0.961

0.513 0.964 0.513 0.964 0.530 0.945 0.540 0.917 0.485 0.930

0.615 0.915 0.615 0.915 0.614 0.895 0.611 0.834 0.630 0.769

0.665 0.872 0.665 0.872 0.696 0.791 0.699 0.725 0.700 0.685

0.720 0.800 0.776 0.709 0.785 0.660 0.757 0.637 0.862 0.458

0.755 0.750 0.830 0.603 0.850 0.540 0.853 0.488 0.901 0.383

0.825 0.636 0.880 0.500 0.868 0.502 0.905 0.400 0.946 0.300

0.870 0.545 0.927 0.400 0.918 0.400 0.953 0.300 0.974 0.200

0.915 0.450 0.966 '0.300 0.959 0.300 0.979 0.200 0.991 0.100

0.935 0.400 0.986 0.200 0.982 0.200 0.992 0.100 1.000 0.000
0.973 0.300 0.994 0.100 0.993 0.100 1.000 0.000

0.990 0.200 1.000 0.000 1.000 0.000

0.996 0.100

1.000 0.000

Model data are scaled to prototype values using the following scale ratios from Attachment A5 (Reference A6):

* Vp/Vm and Hp/Hm = 72
e Qp/Qm = (72)2-5 z 43987.7

in which H is "head" in feet and represents any water level difference (d of H,, for example), the p-subscript denotes
prototype, and the m-subscript denotes model.
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A.5 Geometry

Parameters G,, Hmp, Zo (gate overflow elevation), and (3 (angle-plotted against discharge coefficient in Reference
A5) are computed from crest and gate geometry as described in Attachment A6. Table A2 gives the values of
these parameters for V = 1.0, 3.0, 5.0, 7.0, 10.0, 15.0, 20.0, 25.0, 30.0, 33.0 and 35.0 feet.

Table A2: Geometrical Parameters for Relevant Gate Openings

V, feet Gn, feet Hmp, feet Zo, feet 3, deg.
1.0 1.696 0.167 816.49 59.23
3.0 3.549 1.249 817.96 63.47
5.0 5.439 2.310 819.34 67.46
7.0 .7.358 3.352 820.62 71.23
10.0 10.277 4.894 822.37 76.51
15.0 15.218 7.426 824.84 84.47
20.0 20.225 9.931 826.76 91.66
25.0 25.291 12.418 828.12 98.33
30.0 30.436 14.885 828.87 104.74
33.0 33.576 16.354 829.00 108.58
35.0 35.699 17.326 828.94 111.11

As an example, the procedure for computing the geometrical parameters for V = 33 feet is given here. Using the first
three parameters below, from Attachments A7 and A8 (References A7 and A8, respectively) and given in Section A.2,
and the geometrical relationships given in Attachment A6, page A6-2:

* R =41 feet
* Zc 773 feet
* Z= 788 feet
S z1 Ztr - Zip= 788 - 772.12 = 15.88 feet

0 Z2 Ztop - Ztr 815 - 788 = 27.0 feet

where the relationships are defined in Attachment A6-2. Referring to Attachment A6:

Angle 0:: 0 = sin-' 15.88)+ sin-' (27.0"
An+ = 63.976°

K 41 . 41)

Angle a: a = tan-' 788 -773 -33.00 =26.0420

141 -(788 - 773 - 33.00)2 =

Overflow elevation Zo: Zo = 788 *- 41 sin[63.976 - (- 26.042)] = 829.00 feet

Gate lip y-coordinate:

Gate lip x-coordinate:

yf =788 - 773 - 33.00 = -18.00 feet

Xe = 412- (-18.00)2 = 36.837 feet
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From Attachment A8 (Reference A8):

The spillway crest curve is divided into three sections with different equations for each. The three sections and their
formulas are detailed below. During the design of the spillway crest, the crest, itself, was the origin for the curves (y*s
and x s). The crest equations have been normalized below, using the trunnion centerline as the origin (ys and x,). The
three sections are as follows: 1) Upstream from the crest, 2) From the crest to the top of the sill beam, and 3)
Downstream of the sill beam.

1) For the portion of the crest from the outer edge to the crest centerline:

Ys = fC(x ) - l for x* < 0'
424

inwhich ys = ys -15.00 and x* = x, -45.219.

In terms of y, and x,:

y, = f(x)= -203.07+4.949x, -0.3199x +0.002358x3 for 45.219feet < x, < 58.552feet

and _y_ = 4.949- 0.6398 x, +.007074 x2
dx,

2) For the portion of the crest from the centerline to the top of the sill beam:

y: =.f(x:)- for 0' -_x* •_7.417'
42

inwhich y = Ys -15.0 and xs = 45.219-xs.

In terms of y, and x,:

(45.219- xs )L8
y, =f(xs)= 15 + for 37.802 feet<x, <_ 45.219feet

42

and dy, (1.8)(45.219-x,)°
8

dxs 42

3) For the portion of the crest beyond the top of the sill beam:

Y* f=(• =0.877 +X- 7.417 + (x: -7.417Y for x >7.417'
4.7 160

in which ys = y, - 15.88 and xs = 37.802- x,.
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In terms of ys and x,:

y, =f(x,)=28.1152-94.8126 +160 for x, < 37.802feet
K160) 160)

and

dy - -0.5926 + x'

dx, 80

Because the coordinates of Xsn and Ysn could be located on either of the curves defined by the second and third sets of
equations, the coordinate values have been calculated using both normalized formulas. The more reasonable values
should be considered accurate.

To get effective gate opening, Gn, solve the following equations for Xsn for the x coordinate of the lip at 36.837':

x,,-36.837+ 28.1152-94.8126 0 -+ 160  
xo8.00)[0.5926+ ]0

Solution:

* x~n = 33.034 feet (by iteration)
* Ysn = 28.1152 - 94.8126(33.034/160)+160(33.034/160)2 = 15.36 feet

S 36 837  15 (45.219-x,,)1"8 )[ (1.8X45.2 19- x, ),.8 042 42

Solution:

Xn = 41.2 feet (by iteration)

(45.219 - 41.2)'1
y =15+ 42 =15.291 feet

The values found from the second formula are more reasonable. The coordinate of Xsn should be greater than that of x,
due to the geometry and distance from the trunnion centerline (see Aft. 6-5). Therefore the values derived from the
second set of equations will be used to determine Gn, Hmp and 3.

Therefore:

* G = V(41.2 -36.837)2 + (15.291 -(-18.00) = 33.576 feet

* Hmp = 33.0-[15.291 - (-18.0)]/2 = 16.354 feet

7= -a -18.00 -tan' ( 41.2-36.837 =90-(-26.042)-(7.466)= 108.576-
2 2 (36.837) 15.291-(-18.00))



TVA

Calculation No. CDQ000020080018, Appendix A

Subject: Dam Rating Curves, Tellico

Rev: 0 Plant: GEN

Prepped

Checked

Page: A7

S.E.M.

J.B.M.TVA

A.6 Determination of HLmin(V)

In order to determine the relationship between HLDin and V, the model data from Reference A2 (Att. E3 1) was again
used. It is known that at the point where the nappe just touches the bottom lip of the gate (HLmin), flow transitions from
free to orifice. In addition, the relationship between discharge and head is known to change at the transition point. By
plotting the discharge v/s head from the model data, the transition point can easily be seen and the values of HLmin

determined. This plot is located in Att. 9-2.

Attachment A9-1 relates the HLrin values at the transition point to the values of V. The relationship is established by
using a polynomial fit. The following formula is used to calculate HLmin for varying values of V for this dam rating curve
calculation:

HLmin = 1.2668 V + 0.992 (A5)

The linear relationship is the best fit to the data. From this formula, the following value is used for the Tellico dam
rating curve calculations: HLmin = 42.796 feet for V = 33.0 feet. Therefore, the elevation at which the headwater nappe
touches the gate is 773 feet + 42.796 feet = 815.796 feet.

A.7 Determination of Cf(HC) and St(d/H,)

Attachment A 10 shows the model test data for free discharge (pages A 10-2 to A10-4) and a polynomial curve fit to the
data (page A 10-1). The polynomial indicated in Attachment A 10, page A 10-1 is used for the dam rating curve
calculations:

Cf = 3.10 +.0026062 H, + 0.0016954 H,2 - 5.3795x 105 H3 + 4.759x 10-7 H4 (A6)

A plot of Sf vs. d/H, from the Tellico Dam model data (Ref. A2, Att. E31) is provided in Attachment Al1. The points
listed were taken from the model data-found in Attachment A 10, pages A 10-2 to At 0-4 and, as shown on the plot of Sf
vs. d / H, (Att. A 11), the follbwing equation was fit to the scaled points:

S f d 1 3. 7 ]0. d
for d > 0.2,H, and S f =1.0 for d <0.2Hc (A7)

This equation is used for the dam rating calculations.
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A.8 Determination of Cg(Hc) for V = 33.00 feet

Attachment A 12 shows the calculations and results for determining Cg(Hc) for V = 33.00 feet based on the model data
for other gate openings. The first column in Attachment A 12-1 indicates the data for which H, = HLmi,, at which Hc is
just high enough to touch the bottom of the gate. The second column lists the gate opening, V, for openings 3, 5, 7, 10,
15, 20, 25, 30 and 35 feet from the model data as listed in Attachment E31, as well as V = 33' (maximum gate opening).
The third column lists the prototype head on crest. The fourth column gives the calculated gated discharge, Qg,

calculated from the free discharge formula (based on the fact that at the point where the flow changes from free to
orifice, the discharges are equal). The fifth and sixth columns contain the parameters G. and Hmp, which are used to
calculate the gated discharge coefficient. The seventh column shows the values of Cg. The first row for each gate
opening contains the value calculated using the gated discharge formula. The remaining values for each gate opening
have either been taken directly from the model data or have been extrapolated (noted with "*"). The last numerical
column lists the maximum values of d/H, for each gate opening in the model data. It can be seen that the maximum
value for each is 0.2.

Attachment A 12-2 shows C, plotted against Hc for all gate openings. The curves include extrapolated segments based on
the fact that the values should level off after a certain point. The estimated curve for V = 33.00 feet starts with the value
for H" = HLmin and runs approximately parallel to the curve for V = 30 feet. Given the absence of data specific to a 33'
gate opening, this line segment fit for Cg(HJ) at V = 33.00 feet is used for the dam rating calculations. Table A3 lists the
points describing the relationship developed in Att A 12.

Table A3: Points Defining Extrapolated Curve for Cg(Hc) at V = 33.00 feet.

H ., fe e t C '
42.80 0.746
46.10 0.700
48.10 0.692
50.00 0.692
60.00 0.692

As further justification for the extrapolation, Attachment A 12-3 shows the Tellico Cg values at large Hc values plotted
against the angle 3 on Hydraulic Design Chart 311-1 (Reference A5) showing U.S. Army Corps of Engineers data for
tainter gates on standard crests. Presumably because TVA's spillway crests are not standard, TVA data always lie to the
left of the suggested design curves on this chart. Note that Cg = 0.692 at H, = 60 feet and V = 33.0 feet (13 = 108.58
degrees) is a very reasonable extrapolation of the Tellico data curve and appears reasonable compared with the suggested
design curves on the chart.
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TELLICO DAM

SPILLWAY GATE ARRANGEMENTS

Arrangement Gate Number

Number 1 2 3

1 1.19 1.19 1.19
2 2.25 2.25 2.25
3 3.36 3.36 .3.36
4 4.43 4.43 4.43
5 5.51 5.51 5.51

6 6.58 6.58 6.58
7 7.63 7.63 7.63
8 8.69 8.69 8.69
9 9.74 9.74 9.74
10 10.79 10.79 10.79

11 11.82 11.82 11.82
12 12.87 12.87 12.87
13 13.91 13.91 13.91
14 14.94 14.94 14.94
15 15.97 15.97 15.97

16 17.00 17.00 17.00
17 17.00 22.19 17.00
18 22.19 22.19 17.00
19 22.19 22.19 22.19
20 22.19 27.40 22.19

21 27.40 27.40 22.19
22 27.40 27.40 27.40
23 27.40 32.63 27.40
24 32.63 32.63 27.40
25 32.63 32.63 32.63

26 32.63 35.75 32.63
27 35.75 35.75 32.63
28 35.75 35.75 35.75

Figures in columns under each gate number refer to gate opening indicator reading
Gate closed at 0 indicator reading

Attachment A2
Ref. Al
1 page
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Dam Safety Inspection Report - Class B
Tellico Dam

Dates of Inspection: 11/29/2007
File Number: 91-02
Work Order#: 07-136406-000
Report ID: R02TEHCLB112907
EDMS #: J22 080110 002
Headwater: 11/29/07 - 810.61-ft. Tailwater: 11/29/07 - 739.90-ft.

Inspection Participants:
Dam Safety Maintenance: Isaac Allen, D. Webb Patten, Mike Richardson, Travis
Simpson
Fort Loudoun Hydro: Jeremy Ellison

This report covers the inspection of the spillway gates.

Maintenance History:

The spillway gate chains were greased using Mobil EAL 102 grease in October 2007.

Spillway Gates:

Tellico Dam has three (3) radial type spillway gates measuring 39'-6" high and 39' wide.
The skin plate is stiffened by both horizontal girders and vertical purlins. A supporting
truss frame transfers the load from the girders and purlins to the main struts. The load is
then carried through the main struts to the trunnions, which are anchored into the
spillway piers.

The spillway gates were inspected using Rope Access techniques. Structurally, the
gates were in satisfactory condition with various areas of rust, corrosion, and coating
loss. Areas of coating loss and mild corrosion were found in the corners of the gates.

-* The gate stops have been moved in the past, allowing the gate to travel open further.
However, the effected areas were never properly coated and have heavy surface rust
(see Figure 1). Most of the underside 3/8" weld where the strut arms connect to the
horizontal girders were not properly coated and have heavy surface rust. A similar
condition exists where the second purlin from either side connects to the horizontal
girders (see Figure 3). The majority of the areas around the downstream seal nuts had
coating loss and mild to moderate rust along the length of the gate (see Figure 4). The
lower sections of the gates are in worse condition, coating wise, than the upper two-
thirds of the gate. This is especially true on gate 2, where the siphon keeps moisture in
the area. The gates should be maintenance coated. The siphon should be extended
away from the gate more.

The trunnions were in good condition with the anchor rods in fair-to-good condition. The
trunnion blocks had areas of bad surface preparation causing the coating to be in poor
condition. The trunnion block's coating condition on gate 2 is in especially poor
condition with considerable coating loss, mild-to-moderate rust, corrosion in the corners,
pack rust, and moderate-to-heavy pitting in areas (see Figure 5).
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I Calculation No: CDQ000020080018

[Ch. 11 Sec. 11.2] BASIC PRINCIPLES 491
The state of kinematic similarity can be maintained if, and only if, the cor-

responding force ratios remain constant. That is, if F. and Fb are the net forces
exerted on the fluid elements at A and B,

(F.), = (Fb)m (11-3)

Each of these net forces may be thought of as an inertia force, mass x accel-
eration. It is made up of a number of different forces (those due to gravity,

AA

c77

Figure 11-1. Basic Model-Prototype Relationships

viscosity, etc.), all ofwhich vary in different ways with v, L, p, etc. If each of
the ratios in Eq. (11-3) is to be kept consiant at all points in the field of flow,
then the various components of force must bear a constant ratio to one an-
other. Now it can be shown (Prob. 11.1) that the Froudenumber is the ratio
of inertia force to gravitational force, expressed in general dimensional form;,
similarly that the Reynolds, Weber, and Cauchy numbers are the ratios of the
inertia force to viscous, capillary, and compression forces respectively. The
final conclusion is the same as that already drawn from Eq. (11-1): that if a.
certain type of force is effective in a certain flow situation, the appropriate
dimensionless number must be given the same value in the model as in the'
prototype.

Secondary Scale Ratios

scale ratios for mass and length. The time scale T, is deduced indirectly from
the relationship between velocity scale and length scale dictated by the fact
that the appropriate dimensionless number, e.g., the Froude number, must
be kept constant.

In open channel flow the presence of a free surface means that the Froude
number'Fr is always significant, indeed dominant. The secondary scale ratios
based on the constancy of Fr and its corollary

V, = Lr12 (11-4)
will therefore be applicable, although they may be modified in some case by
the action of influences other than gravity. A complete list of scale ratios is
therefore as follows

Mass M,

r-•- 'Length L,
•, R - Velocity v,

= PrLr
3

- L,2 "
Time T, = LrV,-1 (11-5)

Q . Discharge Q, = v,L'

GLYV .Force F, = MrL, Tr- 2 = P,L 
3

Pressure Pr =F,L, -2 = PrLr

as the reader can verify (Prob. 11.2).
I

The detailed interpretation of model measurements requires that scale,.
ratios be available for translating model values of various quantities, e.g.,
velocity, discharge, etc., into the corresponding prototype values. Scales can be
deduced for all physical quantities if scales are known for mass, length, time,
and the physical properties of prototype and model fluids. It is convenient to
introduce here the subscript r to indicate the ratio of prototype :model

, •atiy gý odel lengths are one-tenth those of the protoype, then
LA. = L' = 10, tpe subscripts p and m indicating prototype and model as
before. Now it always true that the mass ratio M, = pL,3 , so we have ci

The Influence of Forces Other Than Gravity

Compressibility effects are never significant in open channel flow models,
Surface tension, effects are appreciable only when radii of curvature of the
liquid surface, and the distances from solid boundaries, are very small. They
will therefore be negligible in all real prototype situations, and care must be
taken to keep them negligible in model situations. This is accomplished by
keeping model water depths no less than an inch or two, and similarly for
channel widths. Beyond the taking of this precaution, capillary effects do
not warrant any further attention.

Viscosity is much more important, and exerts its influence in many different
situations. The term scale effect can be introduced here; it is the name given
to the slight distortions introduced by forces-for example, viscosity-other
than the dominant one, such as gravity. Such effects are often slight without
being altogether negligible. For example, the flow over a spillway will encoun-
ter some slight viscous resistance down the face of the spillway, although
resistance will be negligible at the crest itself, where the discharge-head relation
is determined.

The only perfect way of dealing with the effect' of viscosity is to keep both
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Attachment A9-1
2 total pages

Calculation No: CDQ000020080018 I
HLmin VS. V

Prepared by: S.E.M.
Checked by: J.B.M.

V is the vertical gate opening.

The values of HL, are determined from the chart in the "Model
Data Unaffected by Submergence Compared with Free

Discharge" chart.

The values of HL~mnj have been calculated from the linear curve
fit to the H[1 values.

HLmin is measured from the crest to the point where the nappe

first touches the lip of the open gate.

V H HL,min

17.00 15 20.00 19.994 1.33

22.19 20 26.20 26.328 1.31

27.40 25 32.90 32.662 1.32

32.63 30 38.88 38.996 1.30

35.75 33 42.796 HLmin from extrapolation

45

40

35

30
.E

z

25

20

15

10 15 20 25 30 35

V (feet)



Calculation No: CDQ000020080018
Attachment A9-2

2 total pages I
Prepared by: S.E.M.
Checked by: J.B.M.

Model Data Unaffected by Submergence Compared with Free Discharge

60000

50000

40000

E" 30000

20000

10000

0
15 20 25 30 35 40 45 50
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...... I

I

Attachment Al 0-1
4 total pages

Determination of Free Flow Coefficient, Cf
I Calculation No: CDQ000020080018 I

ft.
Hc

0
0.5

1

2
4
6
8

10
12
15
18
21
25
30
34
37
40
42
44
46
48
50

4th-order curve fit to points for which d/Hc < 0.6 (see plot for equation)

Cf
Prepared by: S.E.M.
Checked by: J.B.M.

3.100
3.102
3.104
3.112
3.134
3.166
3.204
3.247
3.292
3.363
3.432
3.497
3.570
3.637
3.670
3.684
3.692
3.695
3.698
3.702
3.708
3.719

Free Discharge Coefficient, CQ(Hc)
Tellico Dam Spillway

3.9

3.7

E 3.5

3.3

C 3.1

2.9

2.7

2.5
0 5 10 15 20 25 Hc 30 35 40 45 50



Attachment A10-2
Data from Reference A2

4 total pages
Free Discharge Model Data

Tellico Project
Tainter Gates Raised Above the Water Surface
Tellico Spillway Rating, 1:72 Model, Book 2 of 2, 1969

under tab: "Open Gate" (Ref. A3)

Model scale, S = 72
I Calculation No: CDQ000020080018

Lp = 40 ft

g = 32.2 ft/s
2

Zc= 773 ft
Prepared by: S.E.M.
Checked by: J.B.M.

Submergence Effects

ft

Test No. Hcm

Model Data
ft cfs (3 bays)
dm Qfm

Prototype Values
ft ft cfs (3 bays) cfs (1 bay)
H,,, (1) HW elev (ft) dp (2) TW elev. (ft Qf p (3) Qfs., d/H, (4) CfSf (5) Cf (6) Sf (7)•rr . .. . • .. .. . . ...

56 0.46 -0.18
45 0.502 -0.124
32 0.564 -0.132
57 0.46 -0.094
21 0.592 -0.086
75 0.394 -0.041
46 0.503 -0.046
11 0.624 -0.015
33 0.564 -0.004
10 0.652 -0.004
66 0.425 0.006
47 0.503 0.025

1 0.654 0.036
34 0.565 0.036
58 0.46 0.03
19 0.592 0.041
12 0.624 0.058
48 0.503 0.063
76 0.394 0.054
67 0.425 0.059
35 0.565 0.087
20 0.592 0.092
14 0.624 0.11
2 0.655 0.123
9 0.652 0.132

31 0.593 0.123
49 0.504 0.113
59 0.461 0.107
23 0.593 0.14
43 0.568 0.136
30 0.594 0.152
13 0.627 0.161
68 0.426 0.116
22 0.592 0.162
36 0.566 0.156

3 0.655 0.182
18 0.628 0.198
42 0.569 0.18

1.912
2.185
2.604
1.906
2.806
1.488
2.187
3.049

2.6
3.247
1.682
2.187
3.284
2.606
1.907
2.799
3.049
2.182
1.491
1.678
2.604
2.801
3.044
3.271
3.254

2.8
2.18
1.91

2.799
2.63

2.798
3.039
1.683
2.799

2.61
3.275
3.041
2.627

33.120 806.120
36.144 809.144
40.608 813.608
33.120 806.120
42.624 815.624
28.368 801.368
36.216 809.216
44.928 817.928
40.608 813.608
46.944 819.944
30.600 803.600
36.216 809.216
47.088 820.088
40.680 813.680
33.120 806.120
42.624 815.624
44.928 817.928
36.216 809.216
28.368 801.368
30.600 803.600
40.680 813.680
42.624 815.624
44.928 817.928
47.160 820.160
46.944 819.944
42.696 815.696
36.288 809.288
33.192 806.192
42.696 815.696
40.896 813.896
42.768 815.768
45.144 818.144
30.672 803.672
42.624 815.624
40.752 813.752
47.160 820.160
45.216 818.216
40.968 813.968

-12.96 760.040 84104
-8.93 764.072 96113
-9.50 763.496 114544
-6.77 766.232 83841
-6.19 766.808 123429
-2.95 770.048 65454
-3.31 769.688 96201
-1.08 771.920 134118
-0.29 772.712 114368
-0.29 772.712 142828
0.43 773.432 73987
1.80 774.800 96201
2.59 775.592 144456
2.59 775.592 1.14632
2.16 775.160 83885
2.95 775.952 123122
4.18 777.176 134118
4.54 777.536 95981
3.89 776.888 65586
4.25 777.248 73811
6.26 779.264 114544
6.62 779.624 123210
7.92 780.920 133899
8.86 781.856 143884
9.50 782.504 143136
8.86 781.856 123166
8.14 781.136 95893
7.70 780.704 84017

10.08 783.080 123122
9.79 782.792 115688

10.94 783.944 123078
11.59 784.592 133679

8.35 781.352 74031
11.66 784.664 123122
11.23 784.232 114808
13.10 786.104 144060
14.26 787.256 133767
12.96 785.960 115556

28035 -0.391 3.677 3.664 1.003 a
32038 -0.247 3.686 3.681 1.001 a
38181 -0.234 3.689 3.693 0.999
27947 -0.204 3.666 3.664 1.000 5
41143 -0.145 3.696 3.696 1.000 a

21818 -0.104 3.610 3.618 0.998 '•

32067 -0.091 3.678 3.681 0.999 a
44706 -0.024 3.711 3.700 1.003 2

38123 -0.007 3.683 3.693 0.997 E
47609 -0.006 3.701 3.705 0.999 *

24662 0.014 3.642 3.643 1.000 c

32067 0.050 3.678 3.681 0.999
48152 0.055 3.726 3.705 1.006 I
38211 0.064 3.682 3.693 0.997

27962 0.065 3.667 3.664 1.001
41041 0.069 3.687 3.696 0.997
44706 0.093 3.711 3.700 1.003
31994 0.125 3.670 3.681 0.997
21862 0.137 3.617 3.618 .1.000
24604 0.139 3.634 3.643 0.997
38181 0.154 3.679 3.693 0.996
41070 0.155 3.690 3.696 0.998
44633 0.176 3.705 3.700 1.001
47961 0.188 3.702 3.705 0.999
47712 0.202 3.708 3.705 1.001 a

0)
41055 0.207 3.679 3.696 0.995 a
31964 0.224 3.656 3.682 0.993
28006 0.232 3.661 3.665 0.999 6
41041 0.236 3.678 3.696 0.995 "
38563 0.239 3.686 3.694 0.998 L
41026 0.256 3.667 3.696 0.992 a
44560 0.257 3.673 3.700 0.993 EP
24677 0.272 3.632 3.644 0.997 E
41041 0.274 3.687 3.696 0.997
38269 0.276 3.678 3.694 0.996
48020 0.278 3.707 3.705 1.000
44589 0.315 3.666 3.700 0.991
38519 0.316 3.672 3.694 0.994



I Calculation No: CDQ000020080018

Attachment Al 0-3
Data from Reference A2

4 total pages
25 0.596
50 0.506
77 0.395
37 0.57
60 0.463

4 0.66
16 0.63
69 0.428
24 0.598
51 0.508

5 0.664
8 0.663

61 0.466
38 0.573
78 0.398
44 0.579
15 0.637
70 0.431
26 0.604

6 0.667
52 0.512
62 0.471

7 0.672
17 0.642
79 0.401
27 0.609
39 0.581
71 0:434
53 0.521
28 0.614
63 0.478
54 0.525
41 0.592
40 0.593
72 0.445
29 0.625
80 0.414
64 0.49
55 0.541
73 0.462
65 0.512
82 0.446
74 0.488
81 0.457

0.194
0.165

0.13
0.199
0.163

0.25
0.242

0.17
0.244
0.218
0.297
0.301
0.212
0.261

0.19
0.277
0.309
0.214

0.3
0.342
0.266
0.256
0.368
0.363
0.227
0.346
0.334
0.253
0.312
0.374
0.302
0.336
0.394
0.395
0.303
6.427
0.296
0.355
0.399
0.359
0.406
0.365
0.405
0.387

2.803
2.184
1.489
2.616
1.905
3.266
3.038
1.681
2.801
2.182
3.267
3.259
1.911
2.609
1.486
2.611
3.041
1.686
2.803
3.266
2.185
1.912
3.274
3.043
1.489
2.802
2.604
1.682
2.193
2.791
1.911
2.193
2.602
2.606
1.688
2.801

1.49
1.909
2.195
1.679

1.91
1.483
1.681
1.483

42.912
36.432
28.440

33.336
47.520
45.360
30.816
43.056
36.576
47.808
47.736
33.552
41.256
28.656
41.688
45.864
31.032
43.488
48.024
36.864
33.912
48.384
46.224
28.872
43.848
41.832
31.248
37.512
44.208
34.416
37.800
42.624
42.696
32.040
45.000
29.808
35.280
38.952
33.264
36.864
32.112
35.136
32.904

815.912
809.432
801.440
814.040
806.336
820.520
818.360
803.816
816.056
809.576
820.808
820.736
806.552
814.256
801.656
814.688
818.864
804.032
816.488
821.024
809.864
806.912
821.384
819.224
801.872
816.848
814.832
804.248
810.512
817.208
807.416
810.800
815.624
815.696
805.040
818.000
802.808
808.280
811.952
806.264
809.864
805.112,
808.136
805.904

13.97 786.968
11.88 784.880
9.36 782.360

14.33 787.328
11.74 784.736
18.00 791.000
17.42 790.424
12.24 785.240
17.57 790.568
15.70 788.696
21.38 794.384
21.67 794.672
15.26 788.264
18.79 791.792
13.68 786.680
19.94 792.944
22.25 795.248
15.41 788.408
21.60 794.600
24.62 797.624
19.15 792.152
18.43 791.432
26.50 799.496
26.14 799.136
16.34 789.344
24.91 797.912
24.05 797.048
18.22 791.216
22.46 795.464
26.93 799.928
21.74 794.744
24.19 797.192
28.37 .801.368
28.44 801.440
21.82 794.816
30.74 803.744
21.31 794.312
25.56 798.560
28.73 801.728
25.85 798.848
29.23 802.232
26.28 799.280
29.16 802.160
27.86 800.864

123298 41099
96069 32023
65498 21833
115072 38357
83797 27932
143664 ' 47888
133635
73943

123210
95981

143708
143356
84060

114764
65366

114852
133767
74163

123298
143664

96113
84104

144016
133855
65498

123254
114544
73987
96465

122770
84060
96465

114456
114632
74251

123210
65542
83973
96553
73855
84017
65234
73943
65234

44545
24648
41070
31994
47903
47785
28020
38255
21789
38284ý
44589
24721
41099
47888
32038
28035
48005
44618
21833
41085
38181
24662
32155
40923
28020
32155
38152
38211
24750
41070
21847
27991
32184
2461 8
28006
21745
24648
21745

0.326 3.655 3.697
0.326 3.641 3.682
0.329 3.599 3.619
0.349 3.647 3.694
0.352 3.628 3.66,6
0.379 3.655 3.706
0.384 3.645 3.701
0.397 3.602 3.645
0.408 3.634 3.697
0.429 3.616 3.68;3
0.447 3.623 3.708
0.454 3.622 3.707
0.455 3.604 3.667
0.455 3.609 3.694
0.477 3.551 3.622
0.478 3.556 3.695
0.485 3.589 3.702
0.497 3.575 3.647
0.497 3.583 3.697
0.513 3.597 3.708
0.520 3.578 3.684
0.544 3.549 3.670
0.548 3.566 3.710
0.565 3.549 3.703
0.566 3.518 3.625
0.568 3.537 3.698
0.575 3.528 3.695
0.583 3.530 3.649
0.599 3.499 3.686
0.609 3.481 3.699
0.632 3.470 3.673
0.640 3.459 3.687
0.666 3.427 3.696
0.666 3.424 3.696
0.681 3.412 3.656
0.683 3.401 3.700
0.715 3.356 3.635
0.724 3.339 3.677
0.738 3.310 3.690
0.777 3.208 3.665
0.793 3.128 3.684
0.818 2.987 3.657
0.830 2.959 3.676
0.847 2.880 3.663

0.989
0.989
0.994
0.987 2)co
0.990 'QAn
0.986 6
0.985 (T
0.988 LL
0.983
0.982 2'
0.977 E
0.977
0.983
0.977
0.980 v
0.962
0.970
0.980
0.969
0.970
0.971
0.967
0.961
0.959
0.971
0.957
0.955
0.967
0.949
0.941
0.945
0.938
0.927
0.926
0.933
0.919
0.923
0.908
0.897
0.875
0.849
0.817
0.805
0.786

Prepared by: S.E.M.
Checked by: J.B.M.



I Calculation No: CDQ000020080018 I
Attachment A10-4

Data from Reference A2
4 total pages

Prepared by: S.E.M.
Checked by: J.B.M.Formulas:

(1) Hcp = S - Hcrm

(2) HW elev= Z + HP

(2) dp = Sdm

(3) TW elev =Zc + dp

(3) Qf,p = 25Qf,.m

(4) d/Hf, d=Hc~ p

(5) CfS, = Qf$P/(LpHcP 1.5)

(6) Cf = 1.1582xl 01Hcp4 + 1.2994xl 04Hcp3 - .0044938H"p2 + .031271 H, + 3.1

(7) Sf = CfSf/Cf

Note: No small values of Hcp were tested because Hcp=35 feet at minimum operating headwater



Attachment Al1
Data from Reference A2

1 page

Calculation No: CDQ000020080018

Determination of Free Flow Submergence Factor, Sf

0.2

d H,

0
0.1

0.15
0.2

0.25
0.3

0.35
0.4

0.45
0.5

0.55
0.6

0.65
0.7

0.75
0.8

0.85
0.9

0.93
0.96
0.99

1

Curve fit
to Sf

1.000
1.000
1.000
0.999
0.998
0.996
0.994
0.990
0.984
0.976
0.966
0.952
0.934
0.911
0.881
0.841
0.788
0.712
0.648
0.555
0.370
0.000

Prepared by: S.E.M.
Checked by: J.B.M.exponents (see chart)

3.7
0.3

1.1

0.9

0.8
Equatic

0.7
Sf =[

LF0.6

0.5
0.4 -

0.3

0.2

0.1

Submergence Effect on Free Discharge, Sf(d/Hc)
Tellico Dam Spillway

0

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

d / Hc



Calculation No: CDQ000020080018

Attachment Al 2-1
Data from Reference A2

13 total pages
Determination of Cg from 1:72 Model Data

Line segment curve fits to data for C. unaffected by tailwater submergence

Prepared by: S.E.M.
Checked by: J.B.M.

ft
VP

ft
Hop

cfs
Q9

ft
Gnp

ft
Hmp C, (d/Hc)ma. (1)

3 4.79

44.27

60

3827 3.549 1.249 0.460

0.455
0.455 *

0.2 &

(&) For data points included in curve fit,
this is the highest value of d/Hc (no

submergence effects for lower values of
d/Hc)
(*) These values have been extroplated
from existing data under the assumption
that the values of Cg level out at a point

beyond the existing data.

5 7.33

32.26

60

7292 5.439 2.31 0.390

0.376

0.376 *

0.2 &

7 9.86 11572 7.358 3.352 0.669 0.2 &

33.48

39.6

46.37

60

0.674

0.675

0.675

0.675 *

Free Discharge

Qf = CfLHC3/2

Hcý=HL,min

Hc= HL,min

10 13.66

25.56

35.78

41.18

60

19511 10.277 4.894 0.666

0.665

0.666

0.666

0.666 *

0.2 & Gated Discharge

Q9 = CgGnk{[2g(Hc - Hmp)]0.5}

g = 32.2 ft/s
2

15 19.99

22.32

27.5

30.74

45.29

60

36666 15.218 7.426 0.706

0.681

0.672

0.669

0.668

0.668 *

0.2 & L= 120 ft

Hc =HLmfn 20 26.33

28.8

32.4

45

60

Hc=HL, m 25 32.7

37.73

40.39

44.57

60

Hc=HL,,min 30 39.00

41.98

42.38

45

57983 20.225 9.931 0.735

0.682

0.669

0.671

0.671

0.2 &

0.2 &

The discharge, Qg, was determined using
the formula for Qf. This is based on the

principle that at H, = Hirin, the flow
transitions from free to orifice flow. At this

point, Qf = Q,. Then, the value of C, was
calculated using the Qg formula.82054 25.291 12.418. 0.749

0.679

0.675

0.673

0.673 *

107742 30.436 14.885 0.749

0.701

0.697

0.683

0.2 &

Hý=HL,min

He= HL,,,in

60 0.683

33 42.80 124050 33.58 16.35 0.746

46.10 0.700 *

48.10 0.692 *

50.00 0.692 *

60.00 0.692 *

35 45.3 135631 35.699 17.326 0.746 0.2

Because no model test data is available for the
maximum gate opening, V, this data has been

developed from the existing data.

&

48

50

60

0.705 *

0.697 *

0.697 *



Attachment Al 2-2
13 total pages

Calculation No: CDQ000020080018

Unsubmerged Cg
Tellico Dam 1:72 scale model data Prepared by: S.E.M.

Checked by: J.B.M.

U

0.79

0.77

0.75

0.73

0.71

0.69

0.67

0.65

+ V= 10',d/ Hc<=0.2 -V= lO' Curve Fit

0 V= 15',d/ Hc<=0.2 -V= 15' Curve Fit

V= 20', d /Hc <= 0.2 -V = 20' Curve Fit

- V = 25', d / Hc <= 0.2 - V= 25' Curve Fit

X V = 30', d /Hc <= 0.2 ..... V= 30' Curve Fit

-V = 35' Curve Fit - V = 33', Hc = Himin

1 5 20 25 30 35 40 45 50 55 60



Prepared by: S.E.M.
Checked by: J.B.M.

I Calculation No: CDQ000020080018 I

Attachment A12-3
Chart 311-1 from Reference A5

13 total pages

Red circles indicate Tellico values determined
or estimated from 1:72 scale model dataO10

105

t00

95

"£,
I?

-{

-I

85

w0

z

75

70

65

60

50 .
0.55 0.60 0.65 0.70 0.75 0.80

DISCHARGE COEFFICIENT (C)

0.85 0.90 0.95

FORMULA

Q=CG.B\2i9H

WHERE:

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

TAINTER GATES ON
SPILLWAY CRESTS

DISCHARGE COEFFICIENTS
HYDRAULIC DESIGN CHART 311-1

WES 3-56



Prepared by: S.E.M.
Checked by: J.B.M.
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Model Data to Determine Orifice Discharge Coefficients

Tellico Project
Tainter Gates Raised Above the Water Surface
Tellico Spillway Rating, 1:72 Model, Books 1 and 2 of 2, 1969
under tabs: "X' Gate Opening" (Ref. 2.4)

Model scale, S = 72

Zcp = 773 ft

Lp= 40 ft

g = 32.2 f/s
2

Model Data Prototype Geometry

Order ft
No. Test No. Vm

494 0.013889

491 0.013889

492 0.013889

490 0.013889

495 0.013889

489 0.013889

493 0.013889

488 0.013889

384 0.041667

401 0.041667

372 0.041667

385 0.041667

407 0.041667

392 0.041667

402 0.041667

399 0.041667

408 0.041667

393 0.041667

386 0.041667

404 0.041667

409 0.041667

398 0.041667

410 0.041667

403 0.041667

388 0.041667

394 0.041667

ft
H,.

0.388

0.401

0.43

0.484

0.507

0.557

0.569

0.61

0.384

0.565

0.303

0.384

0.619

0.472

0.565

0.467

0.619

0.472

0.385

0.567

0.620

0.468

0.621

0.581

0.391

0.484

ft
d,,

-0.094

-0.093

-0.023

-0.026

-0.026

-0.019

0.012

0.013

0.020

0.027

0.038

0.060

0.066

0.054

0.072

0.085

0.059

0.074

cfs (3
bays)

O.

0.1353

0.1413

0.1426

0.1549

0.1535

0.1662

0.1628

0.1738

0.275

0.337

0.242

0.275

0.337

0.307

0.337

0.307

0.337

0.307

0.275

0.337

0.337

0.307

0.337

0.337

0.275

0.307

Prototype Values

cfs (3 cfs (1
ft ft ft ft bays) bay)ft

Gnp

1.696

1.696

1.696

1.696

1.696

1.696

1.696

1.696

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549
3.549

ft

H.pp

0.167

0.167

0.167

0.167

0.167

0.167

0.167

0.167

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249
1.249

Hop (" HW elev. d, (2) TW elev. Qqg,p Qgsp (3) Hcp/Gnp dlHc (4) CgSg (5) c. (6) Sg (7)

27.94

28.87

30.96

34.85

36.50

40.10

40.97

43.92

27.65

40.68

21.82

27.65

44.57

33.98

40.68

33.60

44.57

33.98

27.72

40.82

44.64

33.70

44.71

41.83

28.18

34.85

800.94

801.87

803.96

807.85

809.50

813.10

813.97

816.92

800.65

813.68

794.82

800.65

817.57

806.98

813.68

806.60

817.57

806.98

800.72

813.82

817.64

806.70

817.71

814.83

801.18

807.85

-6.770

-6.700

-1.660

-1.870

-1.870

-1.370

0.860

0.940

1.440

1.940

2.740

4.320

4.760

3.890

5.180

6.120

4.250

5.330

5952

6215

6273

6814

6752

7311

7161

7645

766.23 12085

766.30 14793

771.34 10651

771.13 12085

771.13 15511

771.63 13469

773.86 14793

773.94 13390

774.44 15511

774.94 13469

775.74 12101

777.32 14820

777.76 15523

776.89 13411

778.18 15536

779.12 15009

777.25 12195

778.33 13648

1 984

2072

2091

2271

2251

2437

2387

2548

4032

4941

3548

4032

4941

4501

4941

4501

4941

4501

4032

4941

4941

4501

4941

4941

4032

4501

16.47 0.000 0.692

17.02 0.000 0.710

18.25 0.000 0.692

20.55 0.000 0.708

21.52 0.000 0.686

23.65 0.000 0.708

24.16 0.000 0.686

25.90 0.000 0.708

7.79 -0.245 0.689

11.46 -0.165 0.691

6.1 5 -0.076 0.687

7.79 -0.068 0.689

12.56 -0.042 0.659

9.57 -0.040 0.691

11.46 0.021 0.691

9.47 0.028 0.695

12.56 0.032 0.659

9.57 0.057 0.691

7.81 0.099 0.688

11.50 0.106 0.690

12.58 0.107 0.658

9.50 0.115 0.694

12.60 0.116 0.658

11.79 0.146 0.681

7.94 0.151 0.682

9.82 0.153 0.682

0.692

0.710

0.692

0.708

0.686

0.708

0.686

0.708

0.457

0.455

0.458

0.457

0.455

0.456

0.455

0.456

0.455

0.456

0.457

0.455

0.455

0.456

0.455

0.455

0.457

0.456

1.507

1.517

1.500

1.507

1.448

1.514

1.517

1.522

1.448

1.514

1.505

1.514

1.447

1.520

1.446

1.495

1.492

1.494
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405 0.041667 0.609

406 0.041667 0.615

373 0.041667 0.305

397 0.041667 0.543

395 0.041667 0.572

387 0.041667 0.465

396 0.041667 0.575

375 0.041667 0.368

400 0.041667 0.619

374 0.041667 0.412

389 0.041667 0.547

390 0.041667 0.582

376 0.041667 0.462

391 0.041667 0.620

377 0.041667 0.528

378 0.041667 0.607

379 0.041667 0.622

380 0.041667 0,219

381 0.041667 0.280

382 0.041667 0.364

383 0.041667 0.467

358 0.069444 0.271

352 0.069444 0.339

336 0.069444 0.636

330 0.069444 0.54

326 0.069444 0.619

346 0.069444 0.392

337 0.069444 0.637

331 0.069444 0.54

338 0.069444 0.637

327 0.069444 0.619

341 0.069444 0.448

333 0.069444 0.541

329 0.069444 0.622

339 0.069444 0.638

351 0.069444 0.34

347 0.069444 0.392

0.098

0.102

0.052

0.106

0.130

0.109

0.138

0.091

0.175

0.133

0.185

0.220

0.182

0.259

0.246

0.324

0.340

0.122

0.183

0.264

0.368

-0.046

-0.049

-0.091

-0.074

-0.074

-0.002

-0.001

0.022

0.041

0.04

0.029

0.053

0.085

0.088

0.051

0.062

0.337

0.337

0.242

0,307

0.307

0.275

0.307

0.242

0.307

0.242

0.275

0.275

0.242

0.275

0.242

0.242

0.242

0.014

0.014

0.014

0,014

0.3352

0.3791

0.5357

0.4875

0.5252

0.4117

0.5362

0.4876

0.5377

0.5254

0.4423

0.4879

0.5259

0.5385

0.3799

0.4116

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

43.85

44.27

21.96

39.10

41.18

33.48

41.40

26.50

44.57

29.66

39.38

41.90

33.26

44.64

38.02

43.70

44.78

15.77

20.16

26.21

33.62

19.51

24.41

45.79

38.88

44.57

28.22

45.86

38.88

45.86

44.57

32.26

38.95

44.78

45.94

24.48

28.22

816.85 7.060

817.27 7.340

794.96 3.740

812.10 7.630

814.18 9.360

806.48 7.850

814.40 9.940

799.50 6.550

817.57 12.600

802.66 9.580

812.38 13.320

814.90 15.840

806.26 13.100

817.64 18.650

811.02 17.710

816.70 23.330

817.78 24.480

788.77 8.780

793.16 13.180

799.21 19.010

806.62 26.500

792.51 -3.312

797.41 -3.528

818.79 -6.552

811.88 -5.328

817.57 -5.328

801.22 -0.144

818.86 -0.072

811.88 1.584

818.86 2,952

817.57 2.880

805.26 2.088

811.95 3.816

817.78 6.120

818.94 6.336

797.48 3.672

801.22 4.464

780.06 15381

780.34 15451

776.74 10689

780.63 14492

782.36 14888

780.85 13365

782.94 14929

779.55 11816

785.60 15511

782.58 12541

786.32 14546

788.84 15022

786.10 13318

791.65 15523

790.71 14283

796.33 15353

797.48 15548

781.78 8924

786.18 10207

792.01 11749

799.50 13395

769.69 14745

769.47 16676

766.45 23564

767.67 21444

767.67 23102

772.86 18110

772.93 23586

774.58 21448

775.95 23652

775.88 23111

775.09 19456

776.82 21462

779.12 23133

779.34 23687

776.67 16711

777.46 18105

4941

4941

3548

4501

4501

4032

4501

3548

4501

3548

4032

4032

3548

4032

3548

3548

3548

205

205

205

205

4915

5559

7855

7148

7701

6037

7862

7149

7884

7704

6485

7154

7711

7896

5570

6035

12.36 0.161 0.665

12.47 0.166 0.661

6.19 0.170 0.684

11.02 0.195 0.642

11.60 0.227 0.625

9.43 0.234 0.623

11.67 0.240 0.624

7.47 0.247 0.620

12.56 0.283 0.600

8.36 0.323 0,584

11.10 0.338 0.573

11.81 0.378 0,555

9.37 0.394 0.551

12.58 0.418 0.537

10.71 0.466 0.514

12.31 0.534 0.478

12.62 0.547 0.472

4.44 0.557 0.047

5.68 0.654 0.041

7.39 0.725 0.036

9.47 0.198 0.032

3.59 -0.170 0.679

4.49 -0.145 0.677

8.42 -0.143 0.682

7.15 -0.137 0.677

8.19 -0.120 0.679

5.19 -0.005 0.679

8.43 -0.002 0.682

7.15 0.041 0.677

8.43 0.064 0.684

8.19 0.065 0.679

5.93 0.065 0.679

7.16 0.098 0.677

8.23 0.137 0.678

8.45 0.138 0.685

4.50 0.150 0.678

5.19 0.158 0.679

0.455 1.460

0.455 1.453

0.458 1.495

0.456 1.409

0.455 1.373

0.456 1.366

0.455 1.369

0.457 1.356

0.455 1.319

0.457 1.279

0.456 1.258

0.455 1.219

0.456 1.206

0.455 1.181

0.456 1.127

0.455 1.050

0.455 1.038

0.459 0.103

0.458 0.090

0.457 0.079

0.456 0.069

0.383 1.771

0.380 1.780

0.376 1.815

0.376 1.801

0.376 1.805

0.378 1.796

0.376 1.815

0.376 1.801

0.376 1.820

0.376 1.805

0.376 1.805

0.376 1.800

0.376 1.802

0.376 1.821

0.380 1.781

0.378 1.795
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340 0.069444

342 0.069444

328 0.069444

332 0.069444

335 0.069444

348 0.069444

359 0.069444

334 0.069444

353 0.069444

343 0.069444

324 0.069444

349 0,069444

354 0.069444

360 0.069444

344 0.069444

345 0.069444

325 0.069444

323 0.069444

355 0.069444

322 0.069444

361 0,069444

356 0.069444

321 0.069444

364 0.069444

357 0.069444

362 0.069444

365 0.069444

363 0.069444

366 0.069444

367 0.069444

368 0.069444

370 0.069444

371 0.069444

369 0.069444

35 446 0.097222

24 435 0.097222

1 412 0.097222

0.641

0.45

0.643

0.557

0.599

0.415

0.273

0.65

0.364

0.534

0.487

0.503

0.455

0.321

0.603

0.619

0.389

0.552

0.52

0.605

0.445

0.575

0.648

0.295

0.643

0.558

0.369

0.634

0.418

0.495

0.539

0.366

0.457

0.277

0.293

0.386

0.642

0.102

0.084

0.121

0.113

0.138

0.106

0.071

0.171

0.098

0.145

0.15

0.165

0.154

0.11

0.207

0.223

0.149

0.213

0.216

0.263

0.208

0.27

0.308
0.146

0.338

0.319

0.218

0.396

0.262

0.339

0.382

0.329

0.42

0.263
-0.172

-0.086
-0.058

0.5367

0.4423

0.5252

0.4882

0.4859

0.412

0.3352

0.4865

0.3873

0.4415

0.4244

0.4112

0.3883

0.3393

0.4417

0.4404

0.4244

0.4244

0.3873

0.4235

0.3422

0.3867

0.4235

0.273

0.3866

0.3387

0.2723

0.3389

0.2753

0.275

0.2748

0.1309

0.1309

0.1281
OAS29

0.5341

0.7153

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5A39

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

7.358

7.358

7.358

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31
3.352
3.352
3.352

46.15

32.40

46.30

40.10

43.13

29.88

19.66

46.80

26.21

38.45

35.06

36.22

32.76

23.11

43.42

44.57

28.01

39.74

37.44

43.56

32.04

41.40

46.66

21.24

46.30

40.18

26.57

45.65

30.10

35.64

38.81

26.35

32.90

19.94

21.10

27.79

46.22

819.15 7.344

805.40 6.048

819.30 8.712

813.10 8.136

816.13 9.936

802.88 7.632

792.66 5.112

819.80 12.312

799.21 7.056

811.45 10.440

808.06 10.800

809.22 11.880

805.76 11.088

796.11 7.920

816.42 14.904

817.57 16.056

801.01 10.728

812.74 15.336

810.44 15.552

816.56 18.936

805.04 14.976

814.40 19.440

819.66 22.176

794.24 10.512

819.30 24.336

813.18 22.968

799.57 15.696

818.65 28.512

803.10 18.864

808.64 24.408

811.81 27.504

799.35 23.688

805.90 30.240

792.94 18.936

794.10 -12.384

800.79 -6.192

819.22 -4.176

780.34 23608 7869

779.05 19456 6485

781.71 23102 7701

781.14 21475 7158

782.94 21374 7125

780.63 18123 6041

778.11 14745 4915

785.31 21400 7133

780.06 17036 5679

783.44 19421 6474

783.80 18668 6223

784.88 18088 6029

784.09 17080 5693

780.92 14925 4975

787.90 19429 6476

789.06 19372 6457

783.73 18668 6223

788.34 18668 6223

788.55 17036 5679

791.94 18629 6210

787.98 15053 5018

792.44 17010 5670

795.18 18629 6210

783.51 12009 4003

797.34 17006 5669

795.97 14899 4966

788.70 11978 3993

801.51 14907 4969

791.86 12110 4037

797.41 12097 4032

800.50 12088 4029

796.69 5758 1919

903.24 5758 1919

791.94 5635 1878
760.62 19922 6641

766.81 23494 7831
768.82 31464 10488

8.49 0.159 0.681

5.96 0.187 0.677

8.51 0.188 0.665

7.37 0.203 0.667

7.93 0.230 0.639

5.49 0.255 0.659

3.61 0.260 0.676

8.60 0.263 0.613

4.82 0.269 0.665

7.07 0.272 0.617

6.45 0.308 0.623

6.66 0.328 0.593

6.02 0.338 0.591

4.25 0.343 0.625

7.98 0.343 0.579

8.19 0.360 0.569

5.15 0.383 0.703

7.31 0.386 0.583

6.88 0.415 0.549

8.01 0.435 0.554

5.89 0.467 0.527

7.61 0.470 0.519

8.58 0.475 0.534

3.91 0.495 0.527

8.51 0.526 0.490

7.39 0.572 0.462

4.88 0.591 0.464

8.39 0.625 0.432

5.53 0.627 0.439

6.55 0.685 0.400

7.14 0.709 0.382

4.85 0.899 0.224

6.05 0.919 0.199

3.67M 0.256

2.87 -0.587 0.667

3.78 -0.223 0.671

6.28 -0.090 0.678

0.376 1.810

0.376 1.801

0.376 1.769

0.376 1.774

0.376 1.699

0.377 1.746

0.383 1.764

0.376 1.629

0.379 1.754

0.376 1.640

0.376 1.656

0.376 1.577

0.376 1.572

0.381 1.639

0.376 1.539

0.376 1.513

0.378 1.858

0.376 1.549

0.376 1.460

0.376 1.473

0.376 1.401

0.376 1.381

0.376 1.420

0.382 1.379

0.376 1.302

0.376 1.229

0.379 1.224

0.376 1.150

0.377 1.163

0.376 1.064

0.376 1.016

0.379 0.591

0.376 0.529

0.383 0.669
0.671 0.994

0.673 0.997
0.675 1.005
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AftachmentA12-7
Calculabon No: CDQ000020080018 Data from Reference A2

13 total pages

36 447 0.097222

14 425 0.097222

6 417 0.097222

25 436 0.097222

2 413 0.097222

15 426 0.097222

7 418 0.097222

8 419 0.097222

3 414 0.097222

s 416 0.097222

4 415 0.097222

9 420 0.097222

16 427 0.097222

38 449 0.097222

11 422 0.097222

18 429 0.097222

26 437 0.097222

10 421 0.097222

13 424 0.097222

19 430 0.097222

12 423 0.097222

17 428 0.097222

21 432 0.097222

28 439 0.097222

20 431 0.097222

27 438 0.097222

30 441 0.097222

37 448 0.097222

22 433 0.097222

23 434 0.097222

29 440 0.097222

31 442 0.097222

39 450 0.097222

44 455 0.097222

32 443 0.097222

40 451 0.097222

33 444 0.097222

34 445 0.097222

41 452 0.097222

0.293 -0.022

0.465

0.551

0.386

0.642

0.465

0.55

0.55

0.644

0.647

0.654

0.554

0.469

0.293

0.57

0.473

0.391

0.593

0.613

0.499

0.659

0.523

0.543

0.418

0.583

0.445

0.466

0.303

0.617

0.64

0.502

0.525

0.349

0.399

0.563

0.417

0.601

0.654

0.481

-0.02

0.024

0.028

0.051

0.042

0.059

0.085

0.113

0.12

0.141

0.121

0.105

0.074

0.144

0.122

0.104

0.16

0.17

0.147

0.199

0.16

0.169

0.139

0.2

0.153

0.164

0.112

0.231

0.251

0.203

0.215

0.143

0.174

0.249

0.197

0.286

0.338

0.257

0.4542

0.595

0.6535

0.5341

0.7119

0.5963

0.6528

0.6542

0.7132

0.7149

0.7142

0.6565

0.5952

0.4559

0.6537

0.5966

0.535

0.6539

0.6526

0.5946

0.6533

0.5946

0.5945

0.5346

0.594

0.5342

0.5352

0.4552

0.5936

0.5928

0.5332

0.5321

0.4533

0.3446

0.5317

0.4509

0.5325

0.5321

0.4536

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

7.358

3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352

3.352
3.352
3.352
3.352
3.352
3,352
3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352

3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352
3.352

21.10

33.48
39.67
27.79
46.22

33.48
39.60
39.60
46.37
46.58
47.09

39.89
33.77
21.10

41.04

34.06

28.15
42.70

44.14

35.93
47.45

37.66
39.10
30.10
41.98

32.04

33.55
21.92

44.42
46.08

36.14

37.80
25.13
28.73
40.54

30.02
43.27

47.09

34.63

794.10 -1.584

806.48 -1.440

812.67 1.728

800.79 2.016

819.22 3.672

806.48 3.024

812.60 4.248

812.60 6.120

819.37 8.136

819.58 8.640

820.09 10.152

812.89 8.712

806.77 7.560

794.10 5.328

814.04 10.368

807.06 8.784

801.15 7.488

815.70 11.520

817.14 12.240

808.93 10.584

820.45 14.328

810.66 11.520

812.10 12.168

803.10 10.008

814.98 14.400

805.04 11.016

806.55 11.808

794.82 8.064

817.42 16.632

819.08 18.072

809.14 14.616

810.80 15.480

798.13 10.296

801.73 12.528

813.54 17.928

803.02 14.184

816.27 20.592

820.09 24.336

807.63 18.504

771.42 19979 6660

771.56 26173 8724

774.73 28746 9582

775.02 23494 7831

776.67 31315 10438

776.02 26230 8743

777.25 28715 9572

779.12 28777 9592

781.14 31372 10457

781.64 31447 10482

783.15 31416

781.71 28878

780.56 26181

778.33 20054

783.37 28755

781.78 26243

780.49 23533

784.52 28764

785.24 28706

783.58 26155

787.33 28737

784.52 26155

785.17 26151

783.01 23516

787.40 26129

784.02 23498

784.81 23542

781.06 20023

789.63 26111

791.07 26076

787.62 23454

788.48 23406

783.30 19940

785.53 15158

790.93 23388

787.18 19834

793.59 23423

797.34 23406

791.50 19953

10472

9626

8727

6685

9585

8748

7844

9588

9569

8718

9579

8718

8717

7839

8710

7833

7847

6674

8704

8692

7818

7802

6647

5053

7796

6611

7808

7802

6651

2.87 -0.075

4.55 -0.043

5.39 0.044

3.78 0,073

6.28 0.079

4.55 0.090

5.38 0.107

5.38 0.155

6.30 0.175

6.33 0.185

6.40 0.216

5.42 0.218

4.59 0.224

2.87 0.253

5.58 0.253

4.63 0.258

3.83 0.266

5.80 0.270

6.00 0.277

4.88 0.295

6.45 0.302

5.12 0.306

5.31 0.311

4.09 0.333

5.70 0.343

4.35 0.344

4.56 0.352

2.96 0.370

6.04 0.374

6.26 0.392

4.91 0.404

5.14 0.410

3.42 0.410

3.90 0.436

5.51 0.442

4.08 0.472

5.88 0.476

6.40 0.517

4.71 0.534

0.669

0.673
0.673

0.671
0.675

0.674

0.673

0.675
0.675
0.675
0.670
0.674

0.670
0.672
0.661
0.668
0.667
0.647

0.634

0.647

0.611
0.630
0.617
0.642

0.593
0.619
0.605
0.658
0.575
0.563
0.578
0.563
0.603
0.425

0.541

0.542

0.523
0.499

0.503

0.671 0.997

0.674 0.998

0.675 0.997

0.673 0.997

0.675 1.000

0.674 1.001

0.675 0.997

0.675 0.999

0.675 1.000

0.675 1.000

0.675 0.993

0.675 0.999

0.674 0.994

0.671 1.001

0.675 0.979

0.674 0.992

0.673 0.991

0.675 0.959

0.675 0.940

0.674 0.959

0.675 0.905

0.675 0.934

0.675 0.915

0.673 0.953

0.675 0.879

0.674 0.919

0.674 0.897

0.672 0.979

0.675 0.852

0.675 0.834

0.674 0.857

0.675 0.834

0.672 0.897

0.673 0.631

0.675 0.802

0.673 0.805

0.675 0.775

0.675 0.740

0.674 0.747



Prepared by: S.E.M.
Checked by: J.B.M.

Attachment All 2-8Calculation No: CDQ000020080018 Data from Reference A2
13 total pages I

42 453 0.097222 0.565

45 456 0.097222 0.365

43 454 0.097222 0.66

46 457 0.097222 0.414

47 458 0.097222 0.47

48 459 0.097222 0.518

49 460 0.097222 0.296

50 461 0.097222 0.343

51 462 0.097222 0.405

S2 463 0.097222 0.445

20 296 0.138889 0.28

35 311 0.138889 0.422

6 282 0.138889 0.497

43 471 0.138889 0.624

12 288 0.138889 0.355

5 281 0.138889 0.572

44 472 0.138889 0.624

13 289 0.138889 0.363

14 290 0.138889 0.356

36 312 0.138889 0.422

45 473 0.138889 0.625

21 297 0.138889 0.281

1 277 0.138889 0.58

7 283 0.138889 0.5

46 474 0.138889 0.636

37 313 0.138889 0.424

9 285 0.138889 0.504

47 475 0.138889 0.671

3 279 0.138889 0.609

4 280 0.138889 0.661

2 278 0.138889 0.681

10 286 0.138889 0.536

8 284 0.138889 0.569

38 314 0.138889 0.459

40 316 0,138889 0.509

11 287 0.138889 0.672

22 298 0.138889 0.288

16 292 0.138889 0.411

0.339
0.237
0.433

0.284

0.338
0.387
0.264

0.311
0.373
0.412

-0.041

-0.059
-0.046

0
0.002

0.022

0.04

0.029
0.03

0.043

0.117
0.066
0.145

0.132
0.174

0.121
0.148

0.207
0.193
0.222

0,234

0.187
0.206

0.18
0.208
0.286
0.124

0.182

0.4501

0.3442

0.4486

0.344

0.3435

0.3425

0.1714

0.1714

0.1707

0.1701

0.5842

0.7508

0.833

0.9547

0.6801

0.903

0.9537

0.6792

0.6804

0.7502

0.9507

0.5841

0.905

0.83

0.9546

0.7507

0.83

0.9513

0.903

0.903

0.9

0.83

0.828

0.7488

0.7516

0.828

0.5839

0.6791

7 7.358

7 7.358

7 T358

7 7.358

7 7.358

7 7.358

7 7.358

7 7.358

7 7.358

7 7.358

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

10 10.277

3.352

3.352

3.352

3.352

3.352

3.352

3.352

3.352

3.352

3.352

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

4.894

40.68

26.28

47.52

29.81

33.84

37.30

21.31

24.70

29.16

32.04

20.16

30.38

35.78

44.93

25.56

41.18

44.93

26.14

25.63

30.38

45.00

20.23

41.76

36.00

45.79

30.53

36.29

48.31

43.85

47.59

49.03

38.59

40.97

33.05

36.65

48.38

20.74

29.59

813.68 24.408

799.28 17.064

820.52 31.176

802.81 20.448

806.84 24.336

810.30 27.864

794.31 19.008

797.70 22.392

802.16 26.856

805.04 29.664

793.16 -2.952

803.38 -4.248

808-78 -3.312

817.93 0.000

798.56 0.144

814.18 1.584

817.93 2.880

799.14 2.088

798.63 2.160

803.38 3.096

818.00 8.424

793.23 4.752

814.76 10.440

809.00 9.504

818.79 12.528

803.53 8.712

809.29 10.656

821.31 14.904

816.85 13.896

820-59 15.994

822.03 16.848

811.59 13.464

813.97 14.832

806.05 12.960

809.65 14.976

821-38 20.592

793.74 8.928

802-59 13.104

797.41

790.06

804.18

793.45

797.34

800.86

792.01

795.39

799.86

802.66

770.05

768.75

769.69

773.00

773.14

774.58

775.88

775.09

775.16

776.10

781.42

777.75

783.44

782.50

785.53

781.71

783.66

787.90

786.90

798.98

789.85

786.46

787.83

785.96

787.98

793.59

781.93

786.10

19799 6600

15141 5047

19733 6578

15132 5044

15110 5037

15066 5022

7539 2513

7539 2513

7509 2503

7482 2494

25698 8566

33026 11009

36642 12214

41995 13998

29916 9972

39721 13240

41951 13984

29876 9959

29929 9976

33000 11000

41819 13940

25693 8564

39809 13270

36510 12170

41991 13997

33022 11007

36510 12170

41845 13948

39721 13240

39721 13240

39589 13196

36510 12170

36422 12141

32938 10979

33061 11020

36422 12141

25684 8561

29872 9957

5.53
3.57
6.46

4.05

4.60

5.07
2.90
3.36
3.96
4.35

1.96
2.96
3.48

4.37

2.49
4.01

4.37

2.54

2.49

2.96
4.38

1.97
4.06

3.50
4.46

2.97
3.53
4.70

4.27

4.63

4.77
3.76
3.99
3.22
3.57
4.71

2.02

2.88

0.600
0.649

0.656
0.686
0.719
0.747
0.892
0.907

0.921
0.926

-0.146

-0.140

-0.093
0.000
0.006
0.038
0.064

0.080
0.084
0.102

0.187
0.235
0.250
0.264

0.274

0.285
0.294

0.308
0.317
0.336
0.344

0.349

0.362
0.392
0.409

0.426

0.431

0.443

0.457

0.446

0.419

0.415

0.386

0.365

0.251

0.230

0.209

0.197

0.665

0.661

0.666

0.671

0.665

0.666

0.670

0.655

0.664

0.660

0.667

0.663

0.662

0.661

0.663

0.659

0.658

0.642

0.643

0.614

0.602

0.636

0.613

0.627

0.593

0.558

0.652

0.607

0.675
0.672
0.675
0.673

0.674

0.675
0.671
0.672

0.673
0.674

0.665
0.665
0.666
0.666
0.665
0.666
0.666
0.665
0.665
0.665
0.666
0.665
0.666
0.666
0.666
0.665
0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.666
0.665
0.665

0.678
0.664

0.621
0.617
0.573
0.541

0.374

0.343

0.310
0.293
0.999
0.993
1.000
1.007
1.000
1.000
1.006
0.985
0.999
0.992
1.002

0.996
0.995
0.993
0.996
0.990
0.989
0.963
0.966
0.922
0.904

0.954

0.920
0.942

0.890
0.838
0.980
0.913

39 315 0.138889 0.559 0.249 0.7476 10 10.277 4.894 40.25 813.25 17.928 790.93 32885 10962 3.92 0.445 0.559 0.666 0.839



15 291
41 317
24 300
17 293
23 299
42 318
18 294

25 301
19 295
26 302
27 303
29 305
30 306
31 307
28 304

32 308
33 309
34 310

1 227

18 244

2 228

51 464

10 236

52 465

25 251

32 258

19 245

37 263

11 237

53 466

26 252

54 467

55 468

3 229

33 259

27 253

20 246

12 238

0.138889 0.467

0.138889 0.611

0.138889 0.307

0.138889 0.523

0.138889 0.381

0.138889 0.701

0.138889 0.6

0.138889 0.451

0.138889 0.668

0.138889 0.528

0.138889 0.597

0.138889 0.347

0.138889 0.407

0.138889 0.462

0.138889 0.284

0.138889 0.322

0.138889 0.387

0.138889 0.427

0.20833 0.382

0.20833 0.474

0.20833 0.382

0.20833 0.63

0.20833 0.427

0.20833 0.629

0.20833 0.532

0.20833 0.58

0.20833 0.474

0.20833 0.31

0.20833 0.427

0.20833 0.625

0.20833 0.533

0.20833 0.625

0.20833 0.629

0.20833 0.382

0.20833 0.58

0.20833 0.534

0.20833 0.477

0.20833 0.428

0.22

0.295

0.153

0.271

0.203

0.389

0.343

0.268

0.409

0.339

0.406

0.272

0.329

0.383

0.251

0.29

0.353

0.392

-0.182

-0.103

-0.063

-0.082

-0.037

0.011

0.013

0.033

0.035

0.029

0.042

0.071

0.065

0.121

0.122

0.077

0.124

0.13

0.133

0.121

0.6772

0.747

0.5835

0.6772

0.5821

0.7459

0.6746

0.5817

0.6742

0.5802

0.5795

0.3766

0.375

0.3755

0.376

0.2451

0.2453

0.2492

1.003

1.153

1.003

1.371

1.076

1.369

1.244

1.31

1.153

0.876

1.076

0.1376

1.241

0.1366

1.368

1.003

1.309

1.245

1.151

1.074

Prepared by: S.E.M.
Checked by: J.B.M.

10 10.277 4.894

10 10,277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

10 10.277 4.894

15 15,218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

Attachment Al 2-9
Calculation No: CDQ000020080018 Data from Reference A2

13 total pages I

33.62
43.99

22.10

37.66
27.43

50.47
43.20

32.47

49.10

38.02
42.98

24.98

29.30
33.26
20.45
23.18
27.86
30.74

27.50

34.13

27.50

45.36

30.74

45.29

38.30

41.76

34.13

22.32

30.74

45.00

38.38

45.00

45.29

27.50

41.76

38.45

34.34

30.82

806.62 15.840 788.84 29788 9929

816.99 21.240 794.24 32859 10953

795.10 11.016 784.02 25667 8556

810.66 19.512 792.51 29788 9929

800.43 14.616 787.62 25605 8535

823.47 28.008 801.01 32810 10937

816.20 24.696 797.70 29674 9891

805.47 19.296 792.30 25588 8529

821.10 29.448 802.45 29657 9886

811.02 24.408 797.41 25522 8507

815.98 29.232 802.23 25491 8497

797.98 19.584 792.58 16566 5522

802.30 23.688 796.69 16495 5498

806.26 27.576 800.58 16517 5506

793.45 18.072 791.07 16539 5513

796.18 20.880 793.88 10781 3594

800.86 25.416 798.42 10790 3597

803.74 28.224 801.22 10962 3654

800.50 -13.104 759.90 44120 14707

807.13 -7.416 765.58 50718 16906

800.50 -4.536 768.46 44120 14707

818.36 -5.904 767.10 60307 20102

803.74 -2.664 770.34 47331 15777

818.29 0.792 773.79 60219 20073

811.30 0.936 773.94 54721 18240

814.76 2.376 775.38 57624 19208

807.13 2.520 775.52 50718 16906

795.32 2.088 775.09 38533 12844

803.74 3.024 776.02 47331 15777

818.00 5.112 778.11 6053 2018

811.38 4.680 777.68 54589 18196

818.00 8.712 781.71 6009 2003

818.29 8.784 781.78 60175 20058

800.50 5.544 778.54 44120 14707

814.76 8.928 781.93 57580 19193

811.45 9.360 782.36 54765 18255

807.34 9.576 782.58 50630 16877

803.82 8.712 781.71 47243 15748

3.27 0.471 0.562 0.666 0.843

4.28 0.483 0,531 0.666 0.797

2.15 0.498 0.625 0.665 0.940

3.66 0.518 0.526 0.666 0.790

2.67 0.533 0.545 0.665 0.819

4.91 0.555 0.491 0.666 0.737

4.20 0.572 0.484 0.666 0.727

3.16 0.594 0.492 0.666 0.740

4.68 0.612 0.456 0.666 0.685

3.70 0.642 0.448 0.666 0.673

4.18 0.680 0.417 0.666 0.627

2.43 0.784 0.373 0.665 0.562

2.85 0.808 0,337 0.665 0.507

3.24 0.829 0.313 0.666 0.471

1.99 0.884 0.424 0.665 0.637

2.26 0.901 0.255 0.665 0.383

2.71 0.912 0.227 0.665 0.342

2.99 0.918 0.218 0.666 0.327

1.81 -0.476 0.672 0.668 1.006

2.24 -0.217 0.670 0.668 1.003

1.81 -0.165 0.672 0.668 1.006

2.98 -0.130 0.668 0.668 1.000

2.02 -0.087 0.669 0.668 1.001

2.98 0.017 0.668 0.668 1.000

2.52 0.024 0.672 0.668 1.006

2.74 0.057 0.671 0.668 1.005

2.24 0.074 0.670 0.668 1.003

1.47 0.094 0.681 0.681 1.000

2.02 0.098 0.669 0.668 1.001

2.96 0.114 0.067 0.668 0.101

2.52 0.122 0.670 0.668 1.002

2.96 0.194 0.067 0.668 0.100

2.98 0.194 0.667 0.668 0.999

1.81 0.202 0.672 0.668 1.006

2.74 0.214 0.671 0.668 1.004

2.53 0.243 0.671 0.668 1.004

2.26 0.279 0.666 0.668 0.997

2.02 0.283 0.667 0.668 0.998
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56

34

5

28

57

35

13

21

36

30

29

38

31

22

14

4

23

15

24

6

16

8

39

9

40

41

42

17

44

45

7

46

50

49

48

47

M

469

260

231

254

470

261

239

247

262

256

255

264

257

248

240

230

249

241

250

232

242

234

265

235

266

267

268

243

270

271

233

272

276

275

274

273

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.20833

0.635

0.584

0.386

0.54

0.656

0.605

0.435

0.488

0.667

0.567

0.609

0.318

0.682

0.547

0.452

0.398

0.609

0.507

0.684

0.437

0.587

0.534

0.343

0.592

0.414

0.467

0.51

0.54

0.349

0.43

0.502

0.519

0.306

0.378

0.435

0.479

0.196

0.181

0.13

0.187

0.242

0.235

0.178

0.2

0.279

0.239

0.268

0.141

0.315

0.26

0.218

0.192

0.301

0.258

0.363

0.236

0.318

0.303

0.203

0.356

0.253

0.294

0.331

0.366

0.253

0.315

0.382

0.396

0.259

0.32

0.371

0.413

1.373

1.308

1.002

1.246

1.369

1.308

1.076

1.155

1.308

1.241

1.244

0.876

1.24

1.152

1.072

1.004

1.153

1.072

1.149

1.001

1.070

0.998

0.877

0.998

0.878

0.876

0.876

1.068

0.709

0.718

1.001

0.717

0.525

0.53

0.531

0.53

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218
15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15-218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

15 15.218

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

7.426

45.72

42.05

27.79

38.88

47.23

43.56

31.32

35.14

48.02

40.82

43.85

22.90

49.10

39.38

32.54

28.66

43.85

36.SO

49.25

31.46

42.26

38.45

24.70

42.62

29.81

33.62

36.72

38.88

25.13

30.96

36.14

37.37

22.03

27.22

31.32

34.49

818.72 14.112

815.05 13.032

800.79 9.360

811.88 13.464

820.23 17.424

816.56 16.920

804.32 12.816

808.14 14.400

821.02 20.088

813.82 17.208

816.85 19.296

795.90 10.152

822.10 22.680

812.38 18.720

805.54 15.696

801.66 13.824

816.85 21.672

809.50 18.576

822.25 26.136

804.46 16.992

815.26 22.896

811.45 21.816

797.70 14.616

815.62 25.632

802.81 18.216

806.62 21.168

809.72 23.832

811.88 26.352

798.13 18.216

803.96 22.680

809.14 27.504

810.37 28.512

795.03 18.648

800.22 23.040

804.32 26.712

807.49 29.736

787.11 60395 20132

786.03 57536 19179

782.36 44076 14692

786.46 54809 18270

790.42 60219 20073

789.92 57536 19179

785.82 47331 15777

787.40 50806 16935

793.09 57536 19179

790.21 54589 18196

792.30 54721 18240

783.15 38533 12844

795.68 54545 18182

791.72 50674 16891

788.70 47155 15718

786.82 44164 14721

794.67 50718 16906

791.58 47155 15718

799.14 50542 16847

789.99 44032 14677

795.90 47067 15689

794.82 43900 14633

787.62 38577 12859

798.63 43900 14633

791.22 38621 12874

794.17 38533 12844

796.83 38533 12844

799.35 46979 15660

791.22 31187 10396

795.68 31583 10528

800.50 44032 14677

801.51 31539 10513

791.65 23094 7698

796.04 23313 7771

799.71 23357 7786

802.74 23313 7771

773.86 76934 25645

3.00

2.76

1.83

2.55

3.10

2.86

2.06

2.31

3.16

2.68

2.88

1.50

3.23

2.59

2.14

1.88

2.88

2.40

3.24

2.07

2.78

2.53

1.62

2.80

1.96

2.21

2.41

2.SS

1.65

2.03

2.38

2.46

1.45

1.79

2.06

2.27

0.309 0.666

0.310 0.667

0.337 0.666

0.346 0.667

0.369 0.651

0.388 0.653

0,409 0.661

0.410 0.659

0.418 0.616

0.422 0.645

0.440 0.619

0.443 0.669

0.462 0.577

0.475 0.612

0.482 0.642

0.482 0.654

0.494 0.573

0.509 0.597

0.531 0.533

0.540 0.613

0.542 0.544

0.567 0.538

0.592 0.633

0.601 0.505

0.611 0.557

0.630 0.514

0.649 0.486

0.678 0.572

0.725 0.506

0.733 0.444

0.761 0.561

0.763 0.393

0.846 0.412

0.847 0.358

0.853 0.326

0.862 0.306

0.668 0.997

0.668 0.999

0.668 0.998

0.668 0.998

0.668 0.975

0.668 0.978

0.668 0.989

0.668 0.986

0.668 0.922

0.668 0.965

0.668 0.926

0.680 0.983

0.668 0.863

0.668 0.916

0.668 0.961

0.668 0.979

0.668 0.858

0.668 0.893

0.668 0.798

0.668 0.917

0.668 0.815

0.668 0.805

0.677 0.936

0.668 0.756

0.668 0.834

0.668 0.769

0.668 0.727

0.668 0.856

0.676 0.748

0.668 0.665

0.668 0.839

0.668 0.589

0.684 0.603

0.672 0.532

0.668 0.488

0.668 0.458

476 0.27778 0.625 0.012 1.749 20 20.225 9.931 45.00 818.00 0.864 2.22 0.019 0.667 0.671 0.994
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83
98

103
91

112

104

96
84

477
90

III

97
92

478
99

105
113

85
479

93
100
106
480

95
114

94

101
107

86
102

108
115

109
116

87
117

88
89

123

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0,27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0,27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.27778

0.4

0.542

0.484

0.593

0.45

0.484

0.542

0.401

0.625

0.593

0.45

0.543

0.595

0.627

0.544

0.489

0.452

0.404

0.635

0.605

0.553

0.495

0.656

0.623

0.46

0.663

0.581

0.513

0.422

0.642

0.556

0.509

0.659

0.576

0.46

0.654

0.523

0.606

0.406

0.012

0.024

0.028

0.064

0.063

0.087

0.098

0.082

0.128

0.132

0.104

0.13

0.166

0.182

0.159

0.154

0.147

0.137

0.238

0.236

0.224

0.209

0.294

0.281

0.211

0.319

0.287

0.262

0.217

0.331

0.306

0.293

0.39

0.339

0.28

0.402

0.326

0.392

0.276

1.312
1.601
1.478

1.7
1.404

1.483

1.6
1.313
1.746

1.704

1.404

1.601
1.7

1.746

1.6
1.486

1.406

1.311
1.744

1.698
1.603
1.482
1.747

1.7
1.406

1.699
1.597
1.484

1.316
1.598
1.483

1.407

1.477

1.4

1.31
1.401

1.309
1.302
1.179

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

9.931
9.931
9.931
9.931
9.931
9.931
9.931
9.931
9.931
9.931
9.931

9.931
9.931
9.931
9.931
9,931
9.931
9.931
9.931
9.931
9.931
9.931
9.931
9.931
9.931
9,931
9.931
9.931
9.931
9.931

9.931
9.931
9.931
9.931
9.931
9.931
9.931
9.931
9.931

28.80
39.02
34.85
42.70

32.40

34.85
39.02
28.87
45.00

42.70

32.40

39.10
42.84

45.14

39.17
35.21
32.54

29.09
45.72

43.56
39.82
35.64
47.23

44.86
33.12
47.74

41.83

36.94

30.38
46.22

40.03

36.65
47.45

41.47

33.12
47.09

37.66
43.63

29.23

801.80 0.864

812.02 1.728

807.85 2.016

815.70 4.608

805.40 4.536

807.85 6.264

812.02 7.056

801.87 5.904

818.00 9.216

815.70 9.504

805.40 7.488

812.10 9.360

815.84 11.952

818.14 13.104

812.17 11.448

809.21 11.088

805.54 10.584

802.09 9.864

818.72 17.136

816.56 16.992

812.82 16.128

808.64 15.048

820.23 21.168

817.86 20.232

806.12 15.192

820.74 22.968

814.83 20.664

809.94 18.864

803.38 15.624

819.22 23.832

813.03 22.032

809.65 21.096

820.45 27.360

814.47 24.408

806.12 20.160

820.09 28.944

810.66 23.472

816.63 28.224

802.23 19.872

773.86 57712 19237

774.73 70424 23475

775.02 65014 21671

777.61 74779 24926

777.54 61759 20586

779.26 65234 21745

780.06 70380 23460

778.90 57756 19252

782.22 76803 25601

782.50 74955 24985

780.49 61759 20586

782.36 70424 23475

784.95 74779 24926

786.10 76803 25601

784.45 70380 23460

784.09 65366 21789

783.58 61847 20616

782.86 57668 19223

790.14 76715 25572

789.99 74691 24897

789.13 70512 23504

788.05 65190 21730

794.17 76847 25616

793.23 74779 24926

788.19 61847 20616

795.97 74735 24912

793.66 70248 23416

791.86 65278 21759

788.62 57888 19296

796.83 70292 23431

795.03 65234 21745

794.10 61891 20630

800.36 64970 21657

797.41 61583 20528

793.16 57624 19208

801.94 61627 20542

796.47 57580 19193

801.22 57272 19091

792.87 51861 17287

1.42

1.93

1.72

2.11

1.60

1.72

1.93

1.43

2.22

2.11

1.60

1.93

2.12

2.23

1.94

1.74

1.61

1.44

2.26

2.15

1.97

1.76

2.34

2.22

1.64

2.36

2.07

1.83

1.50

2.29

1.98

1.81

2.35

2.05

1.64

2.33

1.86

2.16

1.45

0.030
0.044

0.058

0,108

0.140

0.180

0.181

0.204

0.205

0.223

0.231

0.239

0.279

0.290

0.292

0.315

0.325

0.339

0.375

0.390

0.405

0.422

0.448

0.451

0.459

0.481

0.494

0.511

0.514

0.516

0.550

0.576

0.577

0.589

0.609

0.615

0,623

0.647

0.680

0.682
0.670
0.669
0.671
0.669
0.671
0.670
0.681
0.666
0.672
0.669
0.670
0.669
0.665
0.668
0.668
0.668
0.676
0.658
0.661
0.662
0.660
0.646

0.650
0.659
0.624

0.639
0.645
0.657

0.599
0.610
0.615
0.545

0.563
0.614

0.519
0.561
0.507
0.606

0.682 1.000

0.670 1.000

0.669 0.999

0.671 1.000
0.669 1.000
0.669 1.002

0.670 1.000
0.682 0.999
0.671 0.992
0.671 1.003
0.669 1.000
0.670 0.999
0.671 0.998
0.671 0.990
0.670 0.997
0.669 0.997
0.669 0.998
0.681 0.993
0.671 0.981
0.671 0.986
0.670 0.988
0.670 0.986
0.671 0.963
0.671 0.968
0.669 0.986
0.671 0.930
0.670 0.952
0.670 0.963
0.676 0.972
0.671 0.893
0.670 0.911
0.670 0.918
0.671 0.812

0.670 0.840

0.669 0.918
0.671 0.774
0.670 0.838
0.671 0.755
0.680 0.891
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124 0.27778 0.484

125 0.27778 0.565

131 0.27778 0.424

132 0.27778 0.513

133 0.27778 0.424

134 0.27778 0.462

136 0.27778 0.387

137 0.347222 0.524

481 0.347222 0.561

139 0.347222 0.524

144 0.347222 0.619

138 0.347222 0.525

145 0.347222 0.619

482 0.347222 0.561

140 0.347222 0.527

146 0.347222 0.624

484 0.347222 0.565

483 0.347222 0.569

147 0.347222 0.633

141 0.347222 0.536

485 0.347222 0.575

167 0.347222 0.49

148 0.347222 0.67

142 0.347222 0.55

486 0.347222 0.609

168 0.347222 0.515

487 0.347222 0.654

143 0.347222 0.644

169 0.347222 0.568

170 0.347222 0.634

502 0.347222 0.471

503 0.347222 0.497

504 0.347222 0.528

505 0.347222 0.582

180 0.347222 0,529

179 0.347222 0.553

178 0.347222 0.494

157 0.347222 0.493

156 0.347222 0.455

0.337

0.395

0.329

0.4

0.368

0.401

0.336

-0.011

0.029

0.038

0.049

0.084

0.124

0.134

0.148

0.189

0.187

0.223

0.254

0.227

0.258

0.237

0.336

0.29

0.323

0.281

0.368

0.382

0.349

0.397

0.3

0.324

0.352

0.388

0.386

0.404

0.363

0.401

0.378

1.17

0.956
0.962

0.718
0.719
0.717

1.750
1.894

1.976
1.892
2.114

1.894

2.122

1.975
1.893
2.118
1.980
1.974

2.115
1.893
1.981
1.787
2.113
1.893
1.976
1.786
1.971
1.889
1.784
1.785
1.662
1.662
1.661
1.661
1.454

1.453

1.454

1.185
1.188

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

20 20.225

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

25 25.291

9.931
9.931
9.931
9.931
9.931
9.931
9.931

12.418

12.418
12.418

12.418

12.418

12.418

12.418

12.418
12.418

12.418

12.418

12.418

12.418

12.418
12.418
12.418

12.418

12.418

12.418

12.418

12.418

12.418

12.418

12.418

12.418

12.418

12.418

12.418

12.418

12.418

12.418

12.418

34.85

40.68
30.53

36.94

30.53
33.26
27.86

37.73
40.39

37.73
44.57

37.80
44.57

40.39

37.94
44.93

40.68

40.97
45.58
38.59
41.40

35.28
48.24

39.60
43.85

37.08
47.09

46.37
40.90

45.65
33.91
35.78
38.02
41.90

38.09
39.82
35.57

35.50
32.76

807.85 24.264

813.68 28.440

803.53 23.688

809.94 28.800

803.53 26.496

806.26 28.872

800.86 24.192

810.73 -0.792

813.39 2.088

810.73 2.736

817.57 3.528

810.80 6.048

817.57 8.928

813.39 9.648

810.94 10.656

817.93 13.608

813.68 13.464

813.97 16.056

818.58 18.288

811.59 16.344

814.40 18.576

808.28 17.064

821.24 24.192

812.60 20.880

816.85 23.256

810.08 20.232

820.09 26.496

819.37 27.504

813.90 25.128

818.65 28.584

806.91 21.600

808.78 23.328

811.02 25.344

814.90 27.936

811.09 27.792

812.82 29.088

808.57 26.136

808.50 28.872

805.76 27.216

797.26 51466 17155

801.44 42052 14017

796.69 42316 14105

801.80 31583 10528

799.50 31627 10542

801.87 31539 10513

797.19 76978 25659

772,21 83313 27771

775.09 86920 28973

775.74 83225 27742

776.53 92990 30997

779.05 83313 27771

781.93 93342 31114

782.65 86876 28959

783.66 83269 27756

786.61 93166 31055

786.46 87096 29032

789.06 86832 28944

791.29 93034 31011

789.34 83269 27756

791.58 87140 29047

790.06 78606 26202

797.19 92946 30982

793.88 83269 27756

796.26 86920 28973

793.23 78562 26187

799.50 86700 28900

800.50 83093 27698

798.13 78474 26158

801.58 78518 26173

794.60 73108 24369

796.33 73108 24369

798.34 73064 24355

800.94 73064 24355

800.79 63958 21319

802.09 63914 21305

799.14 63958 21319

801.87 52125 17375

800.22 52257 17419

1.72

2.01

1.51

1.83

1.51

1.64

1.38

1.49

1.60

1.49

1.76

1.49

1.76

1.60

1.50

1.78

1.61

1.62

1.80

1.53

1.64

1.39

1.91

1.57

1.73

1.47

1.86

1.83

1.62

1.80

1.34

1.41

1.50

1.66

1.51

1.57

1.41

1.40

1.30

0.696

0.699
0.776
0.780

0.868
0.868
0.868
-0.021

0.052
0.073
0.079
0.160
0.200

0.239
0.281
0.303
0.331
0.392
0.401

0.424

0.449

0.484

0.501
0.527
0.530
0.546

M63
0.593
0.614

0.626
0.637

0.652
0.667
0.667
0.730
0,731
0.735
0.813
0.831

0.529

0.389

0.479

0.312

0.358

0.335

0.933

0.680

0.675

0.679

0.673

0.679

0.676

0.674

0.677

0.671

0,673

0.667

0.663

0.668

0.665

0.675

0.638

0.656

0.637

0.650

0.605

0.586

0.604

0.559

0.647

0.621

0.593

0.552

0.518

0.501

0.546

0.446

0.476

0.669 0.791

0.670 0.581

0.676 0.708

0.670 0.466

0.676 0.529

0.669 0.501

0.702 1.329

0.679 1.001

0.675 1.000

0.679 1.000

0.673 1.001

0.679 1.000

0.673 1.004

0.675 0.999

0.679 0.997

0.673 0.997

0.675 0.997

0.675 0.989

0.673 0.986

0.678 0.986

0.675 0.985

0.713 0.947

0.673 0.947

0.676 0.970

0.673 0.945

0.688 0.944

0.673 0.898

0.673 0.870

0.675 0,895

0.673 0.831

0.732 0.885

0.706 0.880

0.679 0.874

0.674 0.819

0.678 0.764

0.676 0.742

0.709 0.770

0.710 0.628

0.747 0.636



Prepared by: S.E.M.
Checked by: J.B.M.

Calculation No: CDQ000020080018I Attachment Al 2-13
Data from Reference A2

13 total pages

25
24

17

26

19

32

18

23

27

33
20
28

30
21

29

38

39
40
15

16

205

204

197

206

199

212

198

203

207

213

200

208

210

201

209

218

219

220

195

196

226

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.41667

0.486111

0.583

0.583

0.625

0.588

0.626

0.595

0.629

0.594

0.601

0.607

0.638

0.611

0.619

0.659

0.637

0.57

0.595

0.621

0.577

0.622

0.699

0.007

0.05

0.06

0.109

0.124

0.146

0.165

0.157

0.198

0.219

0.24

0.254

0.276

0.31

0.326

0.315

0.343

0.382

0.375

0.414

0.296

2.432

2.432

2.497

2.435

2.509

2.434

2.502

2.422

2.436

2.434

2.503

2.426

2.426

2.507

2.423

2.280

2.284

2.280

2.153

2.156

3.025

30

30

30

30

30
30

30

30
30

30

30

30

30
30

30

30

30

30
30
30

35

30.436

30.436
30.436

30.436

30.436

30.436

30.436

30.436

30.436
30.436

30.436

30.436

30.436

30.436
30.436
30.436

30.436

30.436
30.436
30.436
35.699

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

14.885

17.326

41.98

41.98

45.00

42.34

45.07

42.84

45.29

42.77

43.27

43.70

45.94

43.99

44.57

47.45

45.86

41.04

42.84

44.71

41.54

44.78

50.33

814.98

814.98

818.00

815.34

818.07

815.84

818.29

815.77

816.27

816.70

818.94

816.99

817.57

820.45

818.86

814.04

815.84

817.71

814.54

817.78

823.33

0.504

3.600
4.320

7.848

8.928

10.512

11.880

11.304

14.256
15.768
17.280

18.288

19.872

22.320
23.472

22.680

24.696
27.504

27.000

29.808
21.312

773.50

776.60

777.32

780.85

781.93

783.51

784.88

784.30

787.26

788.77

790.28

791.29

792.87

795.32

796.47

795.68

797.70

800.50

800.00

802.81

794.31

106978

106978

109837

107110

110365

107066

110057

106538

107154

107066

110101

106714

106714

110277

106582

100292

100468

100292

94706

94837

133063

35659

35659
36612

35703

36788

35689

36686

35513

35718

35689

36700

35571

35571

36759
35527
33431

33489
33431

31569

31612
44354

1.38 0.012

1.38 0.086
1.48 0.096

1.39 0.185

1.48 0.198

1.41 0.245
1.49 0.262

1.41 0.264

1.42 0.329

1.44 0.361
1.51 0.376

1.45 0.416

1.46 0.446

1.56 0.470
1.51 0.512
1.35 0.553

1.41 0.576

1.47 0.615
1.36 0.650

1.47 0.666
1.41

0.701

0.701

0.683

0.697

0.685

0.691

0.681

0.688

0.686

0.680

0.674

0.675

0.668

0.659

0.653

0.669

0.648

0.627

0.626

0.592

0.674

0.701

0.701
0.683

0.697
0.683
0.695
0.683

0.695
0.692
0.690

0.683

0.688

0.685

0.683

0.683
0.716
0.695

0.685

0.708
0.684
0.697

1.000

1.000

1.000

1.000

1.003

0.995
0.997

0.991

0.991
0.986

0.987

0.980
0.975

0.965

0.957
0.934

0.933
0.915

0.884
0.865

0.967

Formulas:

(1) Hp = S{H1m}

(2) Vp = S{Vm}

(3) dp S{dm}

(4) Qgsp = s2'Qm/3
(5) d/Hc =dp/Hcp

(6) CS = Qp/GpLp[2g(Hcp - Hmpp)]°'}

(7) C9 by interpolation between points on worksheet Cg" defining Cg(Hc) for no tailwater submergence effects
(8) S9 = C9S9/C9
(9) * Indicates unsubmerged values, meaning Sf = 1.0



I Calculation No: CDQ000020080018
Attachment Al 3-1

Data from Reference A2
11 total pages

Submergence Factors for Radial Gates on Spillway Crests
Tellico Dam 1:72 scale model data

Prepared by: S.E.M.
Checked by: J.B.M.

1.1

1 .05

1

0.95

0.9

0.85

0.8

0.75

0.7

0.65

0.6

0.55

0.5

0.45

0.4

0.35

0.3

0.25

0.2

0.15

0.1

0.05

0

0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 0.95

d/Hc



Calculation No: CDQ000020080018 Attachment Al 3-2
11 total pages

Prepared by: S.E.M.

Curve Fits through Sg Data Checked by: J.B.M.

Curve Fit, Hc/Gn = 1.35
d/H, S,

0.000 1.000

0.200 1.000

0.280 0.997

0.424 0.984

0.469 0.975

0.513 0.964

0.615 0.915

0.665 0.872

0.720 0.800

0.755 0.750

0.825 0.636

0.870 0.545

0.915 0.450

0.935 0.400

0.973 0.300

0.990 0.200

0.996 0.100

1.000 0.000

Curve Fit, H,/G. = 1.5

d/H, Sg

0.000 1.000

0.200 1.000

0.280 0.997

0.424 0.984

0.469 0.975

0.513 0.964

0.615 0.915

0.665 0.872

0.776 0.709

0.830 0.603

0.880 0.500

0.927 0.400

0.966 0.300

0.986 0.200

0.994 0.100

1.000 0.000

Curve Fit, Hc/Gn = 1.7

d/Hc Sg

0.000 1.000

0.200 1.000

0.303 0.997

0.392 0.989

0.451 0.975

0.530 0.945

0.614 0.895

0.696 0.791

0.785 0.660

0.850 0.540

0.868 0.502

0.918 0.400

0.959 0.300

0.982 0.200

0.993 0.100

1.000 0.000

Curve Fit, Hc/Gn = 2.0

d/Hc S,

0.000 1.000

0.200 1.000

0.390 0.986

0.431 0.980

0.501 0.947

0.540 0.917

0.611 0.834

0.699 0.725

0.757 0.637

0.853 0.488

0.905 0.400

0.953 0.300

0.979 0.200

0.992 0.100

1.000 0.000

Curve Fit, Hc/Gn = 2.3

d/Hc Sg

0.000 1.000

0.200 1.000

0.290 0.990

0.375 0.981

0.448 0.961

0.485 0.930

0.630 0.769

0.700 0.685

0.862 0.458

0.901 0.383

0.946 0.300

0.974 0.200

0.991 0.100

1.000 0.000



Prepared by: S.E.M.
Checked by: J.B.M.

Attachment Al 3-3
Calculation No: CDQ000020080018 I Data from Reference A2

11 total pages

Model Data to Determine Orifice Discharge Submergence Factor

Tellico Project
Tainter Gates Raised Above the Water Surface
Tellico Spillway Rating, 1:72 Model, Books 1 & 2, 1969
under tabs: "X' Gate Opening" (Ref. 2.4)

Model scale, S = 72

Zp = 773 ft

Lp= 40 ft

g = 32.2 f/s
2

L-m= 1.667 ft (3 bays)

Model Data

Order Test ft
No. No. Vm

20 156 0.347222

58 502 0.347222

218 0.41667

195 0.41667

136 0.27778

204 0.41667

205 0.41667

206 0.41667

3! 167 0.347222

21 157 0.347222

203 0.41667

42 178 0.347222

212 0.41667

219 0.41667

226 0.486111

59 503 0.347222

207 0.41667

83 0.27778

84 0.27778

213 0.41667

85 0.27778

123 0.27778

208 0.41667

276 0.20833

210 0.41667

32 168 0.347222

263 0.20833

220 0.41667

196 0.41667

ft

Him

0.455

0.471

0.57

0.577

0.387

0.583

0.583

0.588

0.49

0.493

0.594

0.494

0.595

0.595

0.699

0.497

0.601

0.4

0.401

0.607

0.404

0.406

0.611

0.306

0.619

0.515

0.31

0.62 1

0.622

ft
dm

0.378

0.3

0.315

0.375

0.336

0.05

0.007

0.109

0.237

0.401

0.157

0.363

0.146

0.343

0.296

0.324

0.198

0.012

0.082

0.219

0.137

0.276

0.254

0.259

0.276

0.281

0.029

0.382

0.414

cfs (3
bays)

O•

1.188

1.662

2.280

2.153

0.718

2.432

2.432

2.435

1.787

1.185

2.422

1.454

2.434

2.284

3.025

1.662

2.436

1.312

1.313

2.434

1.311

1.1 79

2.426

0.525

2.426

1.786

0.876

2.280

2.156

Prototype Geometry

ft ft ft

Vp G,,p Hmpp

25 25.291 12.418

25 25.291 12.418

30 30.436 14.885

30 30.436 14.885

20 20.225 9.931

30 30.436 14.885

30 30.436 14.885

30 30.436 14.885

25 25.291 12.418

25 25.291 12.418

30 30.436 14.885

25 25.291 12.418

30 30.436 14.885

30 30.436 14.885

35 35.699 17.326

25 25.291 12.418

30 30.436 14.885

20 20.225 9.931

20 20.225 9.931

30 30.436 14.885

20 20.225 9.931

20 20.225 9.931

30 30.436 14.885

15 15.218 7.426

30 30.436 14.885

25 25.291 12.418

15 15.218 7.426

30 30.436 14.885

30 30.436 14.885

Prototype Values

ft ft ft

Hcp HW elev. dp (2)
ft

TW elev.

32.76

33.91

41.04

41.54

27.86

41.98

41.98

42.34

35.28

35.50

42.77

35.57

42.84

42.84

50.33

35.78

43.27

28.80

28.87

43.70

29.09

29.23

43.99

22.03

44.57

37.08

22.32

44.71

44.78

805.76 27.216

806.91 21.600

814.04 22.680

814.54 27.000

800.86 24.192

814.98 3.600

814.98 0.504

815.34 7.848

808.28 17.064

808.50 28.872

815.77 11.304

808.57 26.136

815.84 10.512

815.84 24.696

823.33 21.312

808.78 23.328

816.27 14.256

801.80 0.864

801.87 5.904

816.70 15.768

802.09 9.864

802.23 19.872

816.99 18.288

795.03 18.648

817.57 19.872

810.08 20.232

795.32 2.088

817.71 27.504

817.78 29.808

800.22 52257

794.60 73108

795.68 100292

800.00 94706

797.19 31583

776.60 106978

773.50 106978

780.85 107110

790.06 78606

801.87 52125

784.30 106538

799.14 63958

783.51 107066

797.70 100468

794.31 133063

796.33 73108

787.26 107154

773.86 57712

778.90 57756

788.77 107066

782.86 57668

792.87 51861

791.29 106714

791.65 23094

792.87 106714

793.23 78562

775.09 38533

800.50 100292

802.81 94837

17419

24369

33431

31569

10528

35659

35659

35703

26202

17375

35513

21319

35689

33489

44354

24369

35718

19237

19252

35689

19223

17287

35571

7698

35571

26187

12844

33431

31612

1.30

1.34

1.35

1.36

1.38

1.38

1.38

1.39

1.39

1.40

1.41

1.41

1.41

1.41

1.41

1.41

1.42

1.42

1.43

1.44

1.44

1.45

1.45

1.45

1.46

1.47

1.47

1.47

1.47

0.831 0.476 0.747 0.636

0.637 0.647 0.732 0.885

0.553 0.669 0.716 0.934

0.650 0.626 0.708 0.884

0.868 0.383 0.702 0.545

0.086 0.701 0.701 1.000

0.012 0.701 0.701 1.000

0.185 0.697 0.697 1.000

0.484 0.675 0.713 0.947

0.813 0.446 0.710 0.628

0.264 0.688 0.695 0.991

0.735 0.546 0.709 0.770

0.245 0.691 0.695 0.995

0.576 0.648 0.695 0.933

0.423 0.674 0.697 0.967

0.652 0.621 0.706 0.880

0.329 0.686 0.692 0.991

0.030 0.682 0.682 1.000

0.204 0.681 0.682 0.999

0.361 0.680 0.690 0.986

0.339 0.676 0.681 0.993

0.680 0.606 0.680 0.891

0.416 0.675 0.688 0.980

0.846 0.412 0.684 0.603

0.446 0.668 0.685 0.975

0.546 0.650 0.688 0.944

0.094 0.681 0.681 1.000

0.615 0.627 0.685 0.915

0.666 0.592 0.684 0.865

cfs (3
bays) cfs (1 bay)

Qg.p Qgsp 13' Hcp/G np d/H, C' C S " C 6 Sg (7)



M

97 0.41667

1199 0.4 1 667

198 0.41667

1 137 0.347222

3 139 0.347222

2 138 0.347222

4 140 0.347222

4 86 0.27778

60 504 0.347222

0 264 0.20833

44 180 0.347222

209 0.41667

200 0.4 1 667

48 131 0.27778

50 133 0.27778

5 141 0.347222

201 0.41667

6 142 0.347222

43 179 0.347222

45 481 0.347222

46 482 0.347222

28 111 0.27778

29 112 0.27778

48 484 0.347222

30 113 0.27778

33 169 0.347222

47 483 0.347222

265 0.20833

49 485 0.347222

5 87 0.27778

31 114 0.27778

51 134 0.27778

M 270 0.20833
61 505 0.347222

21 103 0.27778

22 104 0.27778

41 124 0.27778

50 486 0.347222

23 105 0.27778

24 106 0.27778

8 144 0.347222

0.625

0.626

0.629

0.524

0.524

0.525

0.527

0.422

0.528

0.318

0.529

0.637

0.638

0.424

0.424

0.536

0.659

0.55

0.553

0.561

0.561

0.45

0.45

0.565

0.452

0.568

0.569

0.343

0.575

0.46

0.46

0.462

0.349

0.582

0.484

0.484

0.484

0.609

0.489

0.495

0.619

0.06

0.124

0.165

-0.011

0.038

0.084

0.148

0.217

0.352

0.141

0.386

0.326

0.24

0.329

0.368

0.227

0.31

0.29

0.404

0.029

0.134

0.104

0.063

0.187

0.147

0.349

0.223

0.203

0.258

0.28

0.211

0.401

0.253

0.388

0.028

0.087

0.337

0.323

0.154

0.209

0.049

2.497

2.509

2.SO2

1.894

1.892

1.894

1.893

1.316

1.661

0.876

1AS4

2.423

2.503

0.963

0.719

1.893

2.507

1.893

1.453

1.976

1.975

1.404

1.404

1.980

1.406

1.784

1.974

0.877

1.981

1.31

1.406

0.717

0.709

1.661

1.478

1.483

1.17

1.976

1.486

1.482

2.114

Prepared by: S.E.M.
Checked by: J.B.M.

30 30.436 14.885

30 30.436 1 4.885

30 30.436 14.885

25 25.291 12.418

25 2S.291 12.418

2S 2S.291 12.418

25 2S.291 12.418

20 20.225 9.931

25 25.291 12.418

15 15.218 7.426

25 25.291 12.418

30 30.436 14.88S

30 30.436 1 4.885

20 20.225 9.931

20 20.225 9.931

25 25.291 12.418

30 30.436 14.885

25 25,291 12.418

25 25.291 12.418

2S 25.291 12.418

25 25.291 12.418

20 20.22S 9.931

20 20.225 9.931

25 25.291 12.418

20 20.22S 9.931

25 25.291 12.418

25 25.291 12.418

15 15.218 7.426

25 25.291 12.418

20 20.225 9.931

20 20.225 9.931

20 20.225 9.931

IS 15.218 7.426

25 25.291 12.418

20 20.225 9.931

20 20.225 9.931

20 20.225 9.931

25 25.291 12.418

20 20.225 9.931

20 20.225 9.931

25 25.291 12.418

45.00

45.07

45.29

37.73

37.73

37.80

37.94

30.38

38.02

22.90

38.09

45.86

45.94

30.53

30.53

38.59

47.45

39.60

39.82

40.39

40.39

32.40

32.40

40.68

32.54

40.90

40.97

24.70

41.40

33.12

33.12

33.26

25.13

41.90

34.85

34.8S

34.85

43.85

3S.21

35.64

44.57

818.00 4.320

8 1 8.07 8.928

818.29 11.880

810.73 -0.792

810.73 2.736

810.80 6.048

810.94 10.656

803.38 15.624

811.02 25.344

795.90 10.152

811.09 27.792

818.86 23.472

8 1 8.94 17.280

803.53 23.688

803.53 26.496

811.59 16.344

820.45 22.320

812.60 20.880

812.82 29.088

813.39 2.088

813.39 9.648

805.40 7.488

805.40 4.536

813.68 13.464

805.54 10.584

813.90 25.128

813.97 16.056

797.70 14.616

814.40 18.576

806.12 20.160

806.12 15.192

806.26 28.872

798.13 18.216

814.90 27.936

807.85 2.016

807.85 6.264

807.85 24.264

816.85 23.256

808.21 11.088

808.64 15.048

817.57 3.528

777.32

781.93

784.88

772.21

775.74

779.05

783.66

788.62

798.34

783.15

800.79

796.47

790.28

796.69

799.50

789.34

795.32

793.88

802.09

775.09

782.65

780.49

777.54

786.46

783.58

798.13

789.06

787.62

791.58

793.16

788.19

801.87

791.22

800.94

775.02

779.26

797.26

796.26

784.09

788.05

776.53

1 09837110365

110057

83313

83225

83313

83269

57888

73064

38533

639S8

1 06582110101

42360

31627

83269

110277

83269

63914

86920

86876

61759

61759

87096

61847

78474

86832

38577

87140

57624

61847

31539

31187

73064

65014

65234

S1466

86920

65366

65190

92990

36612

36788

36686

27771

27742

27771

27756

19296

24355

12844

21319

35527

36700

14120

10542

27756

36759

27756

21305

28973

28959

20586

20586

29032

20616

26158

28944

12859

29047

19208

20616

10513

10396

2435S

21671

21745

17155

28973

21789

21730

30997

1 1 481.48

1.49

1.49

1.49

1.49

1.50

1.50

1.50

1.50

1.51

1.11

1.51

1.51

1.51

1.53

1.56

1.57

1.57

1.60

1.60

1.60

1.60

1.61

1.61

1.62

1.62

1.62

1.64

1.64

1.64

1.64

1.65

1.66

1.72

1.72

1.72

1.73

1.74

1.76

1.76

Calculation No: CDQ000020080018 Attachment Al 3-4
Data from Reference A2

11 total pages

0.096 0.683 0.683 1.000

0.198 0,68S 0.683 1 .003

0.262 0.681 0.683 0.997

-0.021 0.680 0.679 1.001

0.073 0.679 0.679 1.000

0.160 0.679 0.679 1.000

0.281 0.677 0.679 0.997

O.SI4 0.657 0.676 0.972

0.667 0.593 0.679 0.874

0.443 0.669 0.680 0.983

0.730 0.518 0.678 0.764

0.512 0.6S3 0.683 0.9S7

0.376 0.674 0.683 0.987

0.776 0.479 0.676 0.709

0.868 0.358 0.676 0.529

0.424 0.668 0.678 0.986

0.470 0.659 0.683 0.965

0.527 0.656 0.676 0.970

0.731 0.501 0.676 0.742

0.052 0.675 0.675 1.000

0.239 0.674 0.675 0.999

0.231 0.669 0.669 1.000

0.140 0.669 0.669 1.000

0,331 0.673 0.675 0.997

0.325 0.668 0.669 0.998

0.614 0.604 0.675 0.895

0.392 0.667 0.675 0.989

0.592 0.633 0.677 0.936

0.449 0.665 0.675 0.985

0.609 0.614 0.669 0.918

0.459 0.659 0.669 0.986

0.868 0.335 0.669 0.501

0.725 0.506 0.676 0.748

0.667 0.552 0.674 0.819

0.058 0.669 0.669 0.999

0.180 0.671 0.669 1.002

0.696 0.529 0.669 0.791

0.530 0.637 0.673 0.945

0.315 0.668 0.669 0.997

0.422 0.660 0.670 0.986

0.079 0.673 0.673 1.001

M



Attachment Al 3-5
Prepared by: S.E.M. Calculation No: CDQ000020080018I Data from Reference A2
Checked by: J.B.M. 1 11 total pages

9 145 0.347222 0.619 0.124 2.122

10 146 0.347222 0.624 0.189 2.118

275 0.20833 0.378 0.32 0.53

11 147 0.347222 0.633 0.254 2.115

34 170 0.347222 0.634 0.397 1.785

227 0.20833 0.382 -0.182 1.003

228 0.20833 0.382 -0.063 1.003

229 0.20833 0.382 0.077 1.003

115 0.27778 0.509 0.293 1.407

107 0.27778 0.513 0.262 1.484

132 0.27778 0.513 0.4 0.962

231 0.20833 0.386 0.13 1.002

7 143 0.347222 0.644 0.382 1.889

51 487 0.347222 0.654 0.368 1.971
88 0.27778 0.523 0.326 1.309

230 0.20833 0.398 0.192 1.004

12 148 0.347222 0.67 0.336 2.113

96 0.27778 0.542 0.098 1.6

98 0.27778 0.542 0.024 1.601

97 0.27778 0.543 0.13 1.601

99 0.27778 0.544 0.159 1.6

266 0.20833 0.414 0.253 0.878

296 0.138889 0.28 -0.041 0.5842

100 0.27778 0.553 0.224 1.603

297 0.138889 0.281 0.066 0.5841

108 0.27778 0.556 0.306 1.483

304 0.138889 0.284 0.215 0.376

125 0.27778 0.565 0.395 1.17

298 0,138889 0.288 0.124 0.5839

236 0.20833 0.427 -0.037 1.076

237 0.20833 0.427 0.042 1.076

238 0.20833 0.428 0.121 1.074

271 0.20833 0.43 0.315 0.718

116 0.27778 0.576 0.339 1.4

239 0.20833 0.435 0.178 1.076

274 0.20833 0.435 0.371 0.531

232 0.20833 0.437 0.236 1.001

101 0.27778 0.581 0.287 1.597

90 0.27778 0.593 0.132 1.704
91 0.27778 0.593 0.064 1.7

92 0.27778 0.595 0.166 1.7

240 0.20833 0.452 0.218 1.072

300 0.138889 0.307 0.153 0.5835

25 25.291 12.418

25 25.291 12.418

15 15.218 7.426

25 25.291 12.418

25 25.291 12.418

15 15.218 7.426

15 15.218 7,426

15 15.218 7.426

20 20.225 9.931

20 20.225 9,931

20 20.225 9.931

15 15.218 7.426

25 25.291 12.418

25 25,291 12.418

20 20.225 9.931

15 15.218 7.426

25 25.291 12.418

20 20.225 9.931

20 20.225 9.931

20 20.225 9.931

20 20.225 9.931

15 15.218 7.426

10 10.277 4.894

20 20.225 9.931

10 10.277 4.894

20 20.225 9,931

10 10.277 4.894

20 20.225 9.931

10 10.277 4.894

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

20 20.225 9.931

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

20 20.225 9.931

20 20.225 9.931

20 20.225 9.931

20 20.225 9.931

15 15.218 7.426

10 10.277 4.894

44.57

44.93

27.22

45.58

45.65

27.50

27.50

27.50

36.65

36.94

36.94

27.79

46.37

47.09

37.66

28.66

48.24

39.02

39.02

39.10

39.17

29.81

20.16

39.82

20.23

40.03

20.45

40.68

20.74

30.74

30.74

30.82

30.96

41.47

31.32

31.32

31.46

41.83

42.70

42.70

42.84

32.54

22.10

817.57 8.928

817.93 13.608

800.22 23.040

818.58 18.288

818.65 28.584

800.50 -13.104

800.50 -4.536

800.50 5.544

809.65 21.096

809.94 18.864

809.94 28.800

800.79 9.360

819.37 27.504

820.09 26.496

810.66 23.472

801.66 13.824

821.24 24.192

812.02 7.056

812.02 1.728

812.10 9.360

812.17 11.448

802.81 18.216

793.16 -2.952

812.82 16.128

793.23 4.752

813.03 22.032

793.45 15.480

813.68 28.440

793.74 8.928

803.74 -2.664

803.74 3.024

803.82 8.712

803.96 22.680

814.47 24.408

804.32 12.816

804.32 26.712

804.46 16.992

814.83 20.664

815.70 9.504

815.70 4.608

815.84 11.952

805.54 15.696

795.10 11.016

781.93 93342 31114 1.76 0.200 0.676 0.673 1.004

786.61 93166 31055 1.78 0.303 0.671 0.673 0.997

796.04 23313 7771 1.79 0.847 0.358 0.672 0.532

791.29 93034 31011 1.80 0.401 0.663 0.673 0.986

801.58 78518 26173 1.80 0.626 0.559 0.673 0.831

759.90 44120 14707 1.81 -0.476 0.672 0.668 1.006

768.46 44120 14707 1.81 -0.165 0.672 0,668 1.006

778.54 44120 14707 1.81 0.202 0.672 0.668 1.006

794.10 61891 20630 1.81 0.576 0.615 0.670 0.918

791.86 65278 21759 1.83 0.511 0.645 0.670 0.963

801.80 42316 14105 1.83 0.780 0.418 0.670 0.624

782.36 44076 14692 1.83 0.337 0.666 0.668 0.998

800.50 83093 27698 1.83 0.593 0.586 0.673 0.870

799.50 86700 28900 1.86 0.563 0.605 0.673 0.898

796.47 57580 19193 1.86 0.623 0.561 0.670 0.838

786.82 44164 14721 1.88 0.482 0.654 0.668 0.979

797.19 92946 30982 1.91 0.501 0.638 0.673 0.947

780.06 70380 23460 1.93 0.181 0.670 0.670 1.000

774.73 70424 23475 1.93 0.044 0.670 0.670 1.000

782.36 70424 23475 1.93 0.239 0.670 0.670 0.999

784.45 70380 23460 1.94 0.292 0.668 0.670 0.997

791.22 38621 12874 1.96 0.611 0.557 0.668 0.834

770.05 25698 8566 1.96 -0.146 0.665 0.665 0.999

789.13 70512 23504 1.97 0.405 0.662 0.670 0.988

777.75 25693 8564 1.97 0,235 0.663 0.665 0.996

795.03 65234 21745 1.98 0.550 0.610 0.670 0.911

788.48 16539 5513 1.99 0.757 0.424 0.665 0.637

801.44 51466 17155 2.01 0.699 0.477 0.670 0.711

781.93 25684 8561 2.02 0.431 0.652 0.665 0.980

770.34 47331 15777 2.02 -0.087 0.669 0.668 1.001

776.02 47331 15777 2.02 0.098 0.669 0.668 1.001

781.71 47243 15748 2.02 0.283 0.667 0.668 0.998

795.68 31583 10528 2.03 0.733 0.444 0.668 0.665

797.41 61583 20528 2.05 0.589 0.563 0.670 0.840

785.82 47331 15777 2.06 0,409 0.661 0.668 0.989

799.71 23357 7786 2.06 0.853 0.326 0.668 0.488

789.99 44032 14677 2.07 0.540 0.613 0.668 0.917

793.66 70248 23416 2.07 0.494 0.639 0.670 0.952

782.50 74955 24985 2.11 0.223 0.672 0.671 1.003

777.61 74779 24926 2.11 0.108 0.671 0.671 1.000

784.95 74779 24926 2.12 0.279 0.669 0.671 0.998

788.70 47155 15718 2.14 0.482 0.642 0.668 0.961

784.02 25667 8556 2.15 0.498 0.625 0.665 0.940



93 0.27778 0.605

89 0.27778 0.606

267 0.20833 0.467

95 0.27778 0.623

476 0.27778 0.625

477 0.27778 0.625

478 0.27778 0.627

244 0.20833 0.474

245 0,20833 0.474

308 0.138889 0.322

246 0.20833 0.477

479 0.27778 0.635

273 0.20833 0.479

102 0.27778 0.642

247 0.20833 0.488

117 0.27778 0.654

480 0.27778 0.656

109 0.27778 0.659

94 0.27778 0.663

233 0.20833 0.502

241 0.20833 0.507

268 0.20833 0.51

305 0.138889 0.347

272 0.20833 O.SI9

288 0.138889 0.3S5

290 0.138889 0.356

2S1 0.20833 0.532

252 0.20833 0.533

234 0.20833 0.534

2S3 0.20833 0.534

289 0.138889 0.363

243 0.20833 0.54

254 0.20833 0.54

248 0.20833 0.547

299 0.138889 0.381

256 0.20833 0.567

309 0.138889 0.387

258 0.20833 0.58

2S9 0.20833 0.58

260 0.20833 0.584

242 0.20833 0.587

235 0.20833 0.592

306 0.138889 0.407

0.236 1.698

0.392 1.302

0.294 0.876

0,281 1.7

0.012 1.750

0.128 1.749

0.182 1.746

-0.103 1.153

0.035 1.153

0.29 0.2451

0.133 1.151

0.238 1.746

0.413 0.53

0.331 1.598

0.2 1.155

0.402 1.401

0.294 1.744

0.38 1.477

0.319 1.699

0.282 1.001

0.258 1.072

0.331 0.876

0.272 0.3766

0.396 0.717

0.002 0.6801

0.03 0.6804

0.013 1.244

0.065 1.241

0.303 0.998

0.13 1.245

0.029 0.6792

0.366 1.068

0.187 1.246

0.26 1.152

0.203 0.5821

0.239 1.241

0.353 0.2453

0.033 1.31

0.124 1.309

0.181 1.308

0.318 1.070

0.356 0.998

0.329 0.375

Prepared by: S.E.M.
Checked by: J.B.M.

20 20.225 9.931

20 20.225 9.931

15 15.218 7.426

20 20.225 9.931

20 20.225 9.931

20 20.22S 9.931

20 20.225 9.931

15 15,218 7.426

15 15.218 7.426

10 10.277 4.894

15 15.218 7.426

20 20.225 9.931

15 15.218 7.426

20 20.225 9.931

15 15.218 7.426

20 20.225 9.931

20 20.22S 9.931

20 20.225 9.931

20 20.225 9.931

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

10 10.277 4.894

15 15.218 7.426

10 10.277 4.894

10 10.277 4.894

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

10 10.277 4.894

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

10 10.277 4.894

15 15.218 7.426

10 10.277 4.894

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

15 15.218 7.426

10 10.277 4.894

Attachment Al 3-6
Calculation No: CDQ000020080018 Data from Reference A2

11 total pages

43.56

43.63

33.62

44.86

45.00

45.00

45.14

34.13

34.13

23.18

34.34

45.72

34.49

46.22

35.14

47.09

47.23

47.45

47.74

36.14

36.50

36.72

24.98

37.37

25.S6

25.63

38.30

38.38

38.45

38.45

26.14

38.88

38.88

39.38

27.43

40.82

27.86

41.76

41.76

42.05

42.26

42.62

29.30

816.56 16.992

816.63 28.224

806.62 21.168

817.86 20.232

818.00 0.864

818.00 9.216

818.14 13.104

807.13 -7.416

807.13 2.520

796.18 20.880

807.34 9.576

818.72 17.136

807.49 29.736

819.22 23.'832

808.14 14.400

820.09 28.944

820.23 21.168

820.45 27.360

820.74 22.968

809.14 20.304

809.50 18.576

809.72 23.832

797.98 19.584

810.37 28.512

798.56 0.144

798.63 2.160

811.30 0.936

811.38 4.680

811.45 21.816

811AS 9.360

799.14 2.088

811.88 26.352

811.88 13.464

812.38 18.720

800.43 14.616

813.82 17.208

800.86 25.416

814.76 2.376

814.76 8.928

815.05 13.032

81S.26 22.896

815.62 25.632

802.30 23.688

789.99

801.22

794.17

793.23

773.86

782.22

786.10

76S.58

775.52

793.88

782.58

790.14

802.74

796.83

787.40

801.94

794.17

800.36

795.97

793.30

791.58

796.83

792.58

801.51

773.14

775.16

773.94

777.68

794.82

782.36

775.09

799.35

786.46

791.72

787.62

790.21

798.42

775.38

781.93

786.03

795.90

798.63

796.69

74691 24897 2.IS

57272 19091 2.16

38533 12844 2.21

74779 24926 2.22

76978 25659 2.22

76934 25645 2.22

76803 25601 2.23

50718 16906 2.24

50718 16906 2.24

10781 3594 2.26

50630 16877 2.26

76803 25601 2.26

23313 7771 2.27

70292 23431 2.29

50806 16935 2.31

61627 20542 2.33

76715 25572 2.34

64970 21657 2.35

74735 24912 2.36

44032 14677 2.38

47155 15718 2.40

38533 12844 2.41

16566 5522 2.43

31539 10513 2.46

29916 9972 2.49

29929 9976 2.49

54721 18240 2.52

54589 18196 2.52

43900 14633 2.53

S4765 182S5 2.53

29876 9959 2.54

46979 15660 2.55

54809 18270 2.55

50674 16891 2.59

25605 8535 2.67

54589 18196 2.68

10790 3597 2.71

57624 19208 2.74

57580 19193 2.74

57536 19179 2.76

47067 15689 2.78

43900 14633 2.80

1649S 5498 2.85

0.390 0.661 0.671 0.986

0.647 0.507 0.671 0.755

0.630 0.514 0.668 0.769

0.451 0.650 0.671 0.968

0.019 0.667 0.671 0.995

0.205 0.667 0.671 0.994

0.290 0.665 0.671 0.990

-0.217 0.670 0.668 1.003

0.074 0.670 0.668 1.003

0.901 0.255 0.665 0.383

0.279 0.666 0.668 0.997

0.375 0.659 0.671 0.982

0.862 0.306 0.668 0.458

0.516 0.599 0.671 0.893

0.410 0.659 0.668 0.986

0.615 0.519 0.671 0.774

0.448 0.645 0.671 0.961

0.577 0.545 0.671 0.812

0.481 0.624 0.671 0.930

0.562 0.561 0.668 0.839

0.509 0.597 0.668 0.893

0.649 0.486 0.668 0.727

0.784 0.373 0.665 0.562

0.763 0.393 0.668 0.589

0.006 0.665 0.665 1.000

0.084 0.664 0.665 0.999

0.024 0.672 0.668 1.006

0.122 0.670 0.668 1.002

0.567 0.538 0.668 0.805

0.243 0.671 0.668 1.004

0.080 0.65S 0.665 0.985

0.678 0.572 0.668 0.856

0.346 0.667 0.668 0.998

0.475 0.612 0.668 0.916

0.533 0.545 0.665 0.819

0.422 0.645 0.668 0.965

0.912 0.227 0.665 0.342

0.057 0.671 0.668 1.005

0.214 0.671 0.668 1.004

0.310 0.667 0.668 0.999

O.S42 0.544 0.668 0.815

0.601 O.SOS 0.668 0.756

0.808 0.337 0.665 O.SO7



Prepared by: S.E.M.
Checked by: J.B.M.

Attachment Al 3-7
Calculation No: CDQ000020080018 Data from Reference A2

11 total pages

= 261 0.20833 0.605
35 446 0.097222 0.293

36 447 0.097222 0.293

38 449 0.097222 0.293

292 0.138889 0,411

249 0.20833 0.609

255 0.20833 0.609

49 460 0.097222 0.296

311 0.138889 0.422

3 1 2 0. 1 38889 0.422

466 0.20833 0.625

467 0.20833 0.625

37 448 0.097222 0.303

313 0.138889 0.424

465 0.20833 0.629

468 0.20833 0.629

464 0.20833 0.63

310 0.138889 0.427

469 0.20833 0.635

470 0.20833 0,656

262 0.20833 0.667

301 0.138889 0.451

314 0.138889 0,459

257 0.20833 0.682

250 0.20833 0.684

307 0.138889 0.462

291 0.138889 0.467

50 461 0.097222 0.343

39 450 0.097222 0.349

283 0. 1 38889 0.5

1 

282 
0.138889 

0.497

285 0.138889 0.504

316 0.138889 0.509

45 456 0.097222 0.365

37 358 0.069444 0.271

39 359 0.069444 0.273

= 293 0.138889 0.523

48 369 0.069444 0.277

302 0.138889 0.528

286 0. 1 38889 0.536

24 435 0.097222 0.386

25 436 0.097222 0.386

26 437 0.097222 0.391

0.235 1.308

-0.172 0.4529

-0.022 0.4542

0.074 0.4559

0.182 0.6791

0.301 1.153

0.268 1.244

0.264 0.1714

-0.059 0.7508

0.043 0.7502

0.071 0.1376

0.121 0.1366

0.112 0.4552

0.121 0.7507

0.011 1.369

0.122 1.368

-0.082 1.371

0.392 0.2492

0.196 1.373

0.242 1.369

0.279 1.308

0.268 0.5817

0.18 0.7488

0.315 1.24

0.363 1.149

0.383 0.3755

0.22 0.6772

0.311 0.1714

0.143 0.4533

-0.046 0.833

0.132 0.83

0.148 0.83

0.208 0.7516

0.237 0.3442

-0.046 0.3352

0.071 0.3352

0.271 0.6772

0.263 0.1281

0.339 0.5802

0.187 0.83

-0.086 0.5341

0.028 0.5341

0.104 0.535

15 15.218 7.426

7 7.358 3.3S2

7 7.358 3.352

7 7.358 3.352

10 10.277 4.894

1 S 1 5.218 7.426

15 15.218 7.426

7 7.358 33S2

10 10.277 4.894

1 0 1 0.277 4.894

15 15.218 7.426

IS IS.218 7.426

7 7.358 3.352

10 10.277 4.894

15 1S.218 7.426

is 15.218 7.426

15 15.218 7.426

10 10.277 4.894

15 15.218 7.426

15 IS.218 7.426

IS IS.218 7.426

10 10.277 4.894

10 10.277 4.894

15 15.218 7.426

is 15.218 7.426

10 10.277 4.894

10 10.277 4.894

7 7.3S8 3.352

7 7.358 3.352

10 10.277 4.894

1 0 1 0.277 4.894

10 10.277 4.894

10 10.277 4.894

7 7.358 3.352

5 5.439 2.31

S 5.439 2.31

10 10.277 4.894

5 5.439 2.31

10 10.277 4.894

1 0 1 0.277 4.894

7 7.358 3.352

7 7.358 3.3S2

7 7.358 3.3S2

43.56

21.10

21.10

21.10

29.59

43.85

43.85

21.31

30.38

30.38

45.00

45.00

21.82

30.53

45.29

45.29

45.36

30.74

45.72

47.23

48.02

32.47

33.05

49.10

49.25

33.26

33.62

24.70

25.13

35.78

36.00

36.29

36.65

26.28

19.51

19.66

37.66

19.94

38.02

38.59

27.79

27.79

28.15

816.56 16.920

794.10 -12.384

794.10 -1.584

794.10 5.328

802.59 13.104

816.85 2 1.672

816.85 19.296

794.31 19.008

803.38 -4.248

803.38 3.096

818.00 5.112

818.00 8.712

794.82 8.064

803.53 8.712

818.29 0.792

818.29 8.784

818.36 -5.904

803.74 28.224

818.72 14.112

820.23 17.424

821.02 20.088

805.47 19.296

806.05 12.960

822.10 22.680

822.25 26.136

806.26 27.576

806.62 15.840

797.70 22.392

798.13 10.296

808.78 -3.312

809.00 9.504

809.29 10.656

809.65 14.976

799.28 17.064

792.51 -3.312

792.66 5.112

810.66 19,512

792.94 18.936

811.02 24.408

8 11 .59 13.464

800.79 -6.192

800.79 2.016

801.15 7.488

789.92 57536

760.62 -7566

771.42 -968

778.33 3255

786.10 29872

794.67 50718

792.30 54721

792.01 11613

768.75 33026

776.10 33000

778.11 6053

781.71 6009

781.06 4927

781.71 33022

773.79 60219

781.78 60175

767.10 60307

801.22 10962

787.11 60395

790.42 60219

793.09 57536

792.30 25588

785.96 32938

795.68 54545

799.14 50542

800.58 16517

788.84 29788

795.39 13680

783.30 6290

769.69 36642

782.50 36510

783.66 36510

787.98 33061

790.06 10425

769.69 14745

778.11 14745

792.51 29788

791.94 5635

797.41 25522

786.46 36510

766.81 -3783

775.02 1232

780.49 4S75

19179

-2522

-323

1085

9957

16906

18240

3871

11 
009

11000

2018

2003

1642

11007

20073

20058

20102

3654

20132

20073

19179

8529

10979

18182

16847

5506

9929

4S60

2097

12214

12170

12170

11020

3475

491S

4915

9929

1878

8507

12170

-1261

411

1525

2.86

2.87

2.87

2.87

2.88

2.88

2.88

2.90

2.96

2.96

2.96

2.96

2.96

2.97

2.98

2.98

2.98

2.99

3.00

3.10

3.16

3.16

3.22

3.23

3.24

3.24

3.27

3.36

3.42

3.48

3.50

3.53

3.S7

3.57

3.59

3.61

3.66

3.67

3.70

3.76

3.78

3.78

3.83

0.388 0.653 0.668 0.978

-0.587 -0.253 0.671 -0.378

-0.075 -0.032 0.671 -0.048

0.253 0.109 0.671 0.162

0.443 0.607 0.665 0.913

0.494 0.573 0.668 0.858

0.440 0.619 0.668 0.926

0.892 0.387 0.671 0.576

-0. 1 40 0.661 0.665 0.993

0.102 0.660 0.665 0.992

0.114 0.067 0.668 0.101

0.194 0.067 0.668 0.100

0.370 0.162 0.672 0.241

0.285 0.659 0.665 0.990

0.017 0.668 0.668 1.000

0.194 0.667 0.668 0.999

-0.130 0,668 0.668 1.000

0.918 0.218 0.666 0.327

0.309 0.666 0.668 0.997

0.369 0.651 0.668 0.975

0.418 0.616 0.668 0.922

0.594 0.492 0.666 0.740

0.392 0.627 0.666 0.942

0.462 0.577 0.668 0.863

0.531 0.533 0.668 0.798

0.829 0.313 0.666 0.471

0.471 0.562 0.666 0.843

0.907 0.418 0.672 0.622

0.410 0.190 0.672 0.283

-0.093 0.666 0.666 1.000

0.264 0.661 0.666 0,993

0.294 0.658 0.666 0.989

0.409 0.593 0.666 0.890

0,649 0.307 0.672 0.457

-0.170 0.679 0.383 1.771

0.260 0.676 0.383 1.764

0.518 0.526 0.666 0.790

0.949 0.256 0.383 0.669

0.642 0.448 0.666 0.673

0.349 0.636 0.666 0.954

-0.223 -0.108 0.673 -0.161

0.073 0.035 0.673 0.052

0.266 0.130 0.673 0.193



Attachment Al 3-8
Prepared by: S.E.M. Calculabon No: CDQ000020080018 Data from Reference A2Checked by: J.B.M. 1 

11 total pages

44 455 0.097222 0.399 0.174 0.3446

43 364 0.069444 0.29S 0.146 0.273

M 315 0.138889 O.S59 0.249 0.7476

51 462 0.097222 0.405 0.373 0.1707

284 0.138889 0.569 0.206 0.828

281 0. 1 38889 0.572 0.022 0.903

46 457 0.097222 0.414 0.284 0.344

M 277 0.138889 038 0.145 0.905

40 451 0.097222 0.417 0.197 0.4509

28 439 0.097222 0.418 0.139 0.5346

303 0.138889 0.597 0.406 0.5795

294 0. 1 38889 0.6 0.343 0.6746

39 360 0.069444 0.321 0.11 0.3393

279 0.138889 0.609 0.193 0.903

317 0. 1 38889 0.611 0. 295 0.747

27 438 0.097222 0.445 0.153 0.5342

52 463 0.097222 0.445 0.412 0.1701

471 0.138889 0,624 0 0.9547

472 0. 1 38889 0.624 0.04 0.9537

473 0.138889 0.625 0.117 0.9507

9 380 0.041667 0.219 0.122 0.014

M 474 0.138889 0.636 0.174 0.9546

31 352 0.069444 0.339 -0.049 0.3791

30 351 0.069444 0.34 0.051 0.3799

14 425 0.097222 0.465 -0.02 0.595

15 426 0.097222 0.465 0.042 0.5963

30 441 0.097222 0.466 0.164 0.5352

16 427 0.097222 0.469 0.105 0.5952

47 458 0.097222 0.47 0.338 0.3435

18 429 0.097222 0.473 0.122 0.5966

280 0.138889 0.661 0.222 0.903

295 0. 1 38889 0.668 0.409 0 .6742

475 0.138889 0.671 0.207 0.9513

41 452 0.097222 0.481 0.257 0.4536

287 0.138889 0.672 0.286 0.828

278 0. 1 38889 0.681 0.234 0.9

32 353 0.069444 0.364 0.098 0.3873

49 370 0.069444 0.366 0.329 0.1309

19 430 0.097222 0.499 0.147 0.5946

44 365 0.069444 0.369 0.218 0.2723

M 318 0.138889 0.701 0.389 0.7459

29 440 0.097222 0.502 0.203 0.5332

48 459 0.097222 0.518 0.387 0.3425

7 7.358 3.3S2

5 S.439 2.31

10 10.277 4.894

7 7.358 3.352

10 10.277 4.894

1 0 1 0.277 4.894

7 7.358 3.352

10 10.277 4.894

7 7.358 3.352

7 7.358 3.352

10 10.277 4.894

1 0 1 0.277 4.894

5 5.439 2.31

10 10.277 4.894

1 0 1 0.277 4.894

7 7.358 3.352

7 7.358 3.352

10 10.277 4.894

1 0 1 0.277 4.894

10 10.277 4,894

3 3.549 1.249

10 10.277 4.894

5 5.439 2.31

5 5.439 2.31

7 7.358 3.352

7 7.3S8 3.352

7 7.358 3.352

7 7.358 3.352

7 7.358 3.352

7 7.358 3.352

10 10.277 4.894

1 0 1 0.277 4.894

10 10.277 4.894

7 7.358 3.352

10 10.277 4.894

1 0 1 0.277 4.894

5 5.439 2.31

5 5.439 2.31

7 7.358 3.352

S 5.439 2.31

10 10.277 4.894

7 7.358 3.352

7 7.358 3.352

28.73

21.24

40.25

29.16

40.97

41.18

29.81

41.76

30.02

30.10

42.98

43.20

23.11

43.85

43.99

32.04

32.04

44.93

44.93

45.00

15.77

45.79

24.41

24.48

33.48

33.48

33.55

33.77

33.84

34.06

47.59

48.10

48.31

34.63

48.38

49.03

26.21

26.35

35.93

26.57

50.47

36.14

37.30

801.73 12.S28

794.24 10.512

813.25 17.928

802.16 26.856

813.97 14.832

8 1 4.18 1.584

802.81 20.448

814.76 10.440

803.02 14.184

803.10 10.008

815.98 29.232

8 1 6.20 24.696

796.11 7.920

816.8S 13.896

8 1 6.99 21.240

805.04 11.016

805.04 29.664

817.93 0.000

8 1 7.93 2.880

818.00 8.424

788.77 8.780

818.79 12.528

797.41 -3.528

797.48 3.672

806.48 -1.440

806.48 3.024

806.55 11.808

806.77 7.560

806.84 24.336

807.06 8.784

820.59 15.984

821.10 29.448

821.31 14,904

807.63 18.504

821.38 20.S92

82 2 .03 16.848

799.21 7.056

799.35 23.688

808.93 10.584

799.57 15.696

823.47 28.008

809.14 14.616

810.30 27.864

785.S3

783.51

790.93

799.86

787.83

774.58

793.45

783.44

787.18

783.01

802.23

797.70

780.92

786.90

794.24

784.02

902.66

773.00

775.88

781.42

781.78

785.53

769.47

776.67

771.56

776.02

784.81

780.56

797.34

781.78

788.98

802.45

787.90

791.50

793.59

789.85

780.06

796.69

783.58

788.70

801.01

787.62

800.86

7654

12009

32885

16407

36422

39721

12493

39809

8666

6114

25491

29674

14925

39721

32859

6730

18123

41995

4 1 951

41819

6280

41991

16676

16711

-880

1847

7214

4619

14868

5366

39721

2965 7

41845

11305

36422

39589

17036

5758

6466

11978

32810

8930

17023

2551 3.90 0.436 0.214 0.673 0.319

4003 3.91 0.495 0.527 0.382 1.379

10962 3.92 0.445 0.559 0.666 0.839

5469 3.96 0.921 0.456 0.673 0.677

1 2141 3.99 0.362 0.613 0.666 0.920

13240 4.01 0.038 0.666 0.666 1.000

4164 4.05 0.686 0.343 0.673 0.509

13270 4.06 0.250 0.662 0.666 0.995

2889 4.08 0.472 0.237 0.673 0.352

2038 4.09 0.333 0.167 0.673 0.248

8497 4.18 0.680 0.417 0.666 0.627

9891 4.20 0.572 0.484 0.666 0.727

4975 4.25 0.343 0.625 0.381 1.639

1 3240 4.27 0.317 0.643 0.666 0.966

10953 4.28 0.483 0.531 0.666 0.797

2243 4.35 0.344 0.177 0.674 0.263

6041 4.35 0.926 0.478 0.674 0.709

1 3998 4.37 0.000 0.671 0.666 1.007

13984 4.37 0.064 0.670 0.666 1 .006

13940 4.38 0.187 0.667 0.666 1.002

205 4.44 0.557 0.047 0.4586 0.103

13997 4.46 0.274 0.663 0.666 0.996

5559 4.49 -0.145 0.677 0.380 1.780

5570 4.50 0.150 0.678 0.380 1.781

-293 4.55 -0.043 -0.023 0.674 -0.034

616 4.55 0.090 0.048 0.674 0.070

2405 4.56 0.352 0.185 0.674 0.275

1540 4.59 0.224 0.118 0.674 0.175

4956 4.60 0.719 0.380 0.674 0.564

1789 4.63 0.258 0.137 0.674 0.203

13240 4.63 0.336 0.614 0.666 0.922

9886 4.68 0.612 0.456 0.666 0.685

13948 4.70 0.308 0.642 0.666 0.963

3768 4.71 0.534 0.285 0.674 0.423

12141 4.71 0.426 0.558 0.666 0.838

1 3 1 96 4.77 0.344 0.602 0.666 0.904

5679 4.82 0.269 0.665 0.379 1.754

1919 4.85 0.899 0.224 0.379 0.591

2155 4.88 0.295 0.160 0.674 0.237

3993 4.88 0.591 0.464 0.379 1.224

10937 4.91 0.555 0.491 0.666 0.737

2977 4.91 0.404 0.220 0.674 0.326

5674 5.07 0.747 0.412 0.675 0.611



17 428 0.097222 0.523 0.16 0.5946

31 442 0,097222 0.525 0.215 0.5321

S 325 0.069444 0.389 0.149 0.4244

26 346 0.069444 0.392 -0.002 0.4117

27 347 0.069444 0.392 0.062 0.4116

21 432 0,097222 0.543 0.169 O.S945

7 418 0.097222 0.55 0.059 O.6S28

8 419 0.097222 0.55 0.085 0,6542

6 417 0,097222 0.551 0.024 0.6535

9 420 0.097222 0.554 0.121 0.6562

28 348 0.069444 0.415 0.106 0.412

32 443 0.097222 0.563 0.249 0.5317

42 4S3 0.097222 0.56S 0.339 0.4501

45 366 0.069444 0.418 0.262 0,2753

11 422 0.097222 0.57 0.144 0.6537

10, 381 0.041667 0.280 0.183 0.014

20 431 0.097222 0.583 0.2 O.S94

10 421 0.097222 0.593 0.16 0.6539

33 444 0.097222 0.601 0,286 0.5325

40 361 0.069444 0.44S 0.208 0.3422

21 341 0.069444 0.448 0.029 0.4423

22 342 0.069444 0.45 0.084 0.4423

13 424 0.097222 0.613 0.17 0.6526

33 354 0.069444 0.455 0.154 0.3883

22 433 0.097222 0.617 0.231 0.5936

50 371 0.069444 0.457 0.42 0.1309

1 372 0.041667 0.303 -0.023 0.242

2 373 0.041667 0.305 0.052 0.242

23 434 0.097222 0.64 0.251 0.5928

1 412 0.097222 0.642 -O.OS8 0.7153

2 413 0.097222 0.642 0.051 0.7119

3 414 0.097222 0.644 0.113 0.7132

5 416 0.097222 0.647 0.12 0.7149

4 415 0.097222 0.654 0.141 0.7142

34 445 0.097222 0.654 0.338 0.5321

4 324 0.069444 0.487 0.15 0.4244

12 423 0.097222 0.659 0.199 0.6533

43 454 0.097222 0.66 0.433 0.4486

46 367 0.069444 0.495 0.339 0.275

29 349 0.069444 0.503 0.165 0.4112

34 355 0.069444 0.52 0.216 0.3873

23 343 0.069444 0.534 0.145 0.4415

47 368 0.069444 0.539 0.382 0.2748

Prepared by: S.E.M.
Checked by: J.B.M.

7 73S8 3.352

7 7.358 3.352

5 5.439 2.31

5 5.439 2.31

5 5.439 2.31

7 7.358 3.352

7 7.358 3.352

7 7.358 3.352

7 7.358 3.352

7 7.358 33S2

5 5.439 2.31

7 7.358 33S2

7 73S8 3.352

5 S.439 2.31

7 7.358 3.352

3 3.549 1.249

7 73S8 3.352

7 73S8 3.3S2

7 7.358 3.352

5 5.439 2.31

S S.439 2.31

5 5.439 2.31

7 7.358 3.352

5 5.439 2.31

7 7.358 3.352

5 5.439 2.31

3 3.549 1.249

3 3.549 1.249

7 7.358 3.352

7 7.358 3.352

7 7.358 3.352

7 7.358 3.352

7 7.358 3.352

7 7.358 33S2

7 7.358 3.352

5 5.439 2.31

7 7.358 3.352

7 7.358 3.352

5 5.439 2.31

5 S.439 2.31

5 5.439 2.31

5 5.439 2.31

5 5.439 2.31

37.66

37.80

28.01

28.22

28.22

39.10

39.60

39.60

39.67

39.89

29.88

40.54

40.68

30.10

41.04

20.16

41.98

42.70

43.27

32.04

32.26

32.40

44.14

32.76

44.42

32.90

21.82

21.96

46.08

46.22

46.22

46.37

46.58

47.09

47.09

35.06

47.45

47.52

35.64

36.22

37.44

38.45

38.81

Calculation No: CDQ000020080018 Attachment Al 3-9
Data from Reference A2

11 total pages

810.66 11.520

810.80 15.480

801.01 10.728

801.22 -0.144

801.22 4.464

812.10 12.168

812.60 4.248

812.60 6.120

812.67 1.728

812.89 8.712

802.88 7.632

813.54 17.928

813.68 24.408

803.10 18.864

814.04 10.368

793.16 13.180

814.98 14.400

815.70 11.520

816.27 20.S92

805.04 14.976

805.26 2.088

805.40 6.048

817.14 12.240

805.76 11.088

817.42 16.632

805.90 30.240

794.82 -1.660

794.96 3.740

819.08 18.072

819.22 -4.176

819.22 3.672

819.37 8.136

819.58 8.640

820.09 10.152

820.09 24.336

808.06 10.800

820.45 14.328

820.52 31.176

808.64 24.408

809.22 11.880

810.44 15.S52

811.45 10.440

811.81 27.504

784.52

788.48

783.73

772.86

777.46

785.17

777.25

779.12

774.73

781.71

780.63

790.93

797.41

791.86

783.37

786.18

787.40

784.52

793.59

787.98

775.09

779.05

785.24

784.09

789.63

803.24

771.34

776.74

791.07

768.82

776.67

781.14

781.64

783.15

797.34

783.80

787.33

804.18

797.41

784.88

788.55

783.44

800.50

7038

9457

18668

18110

18105

7434

2595

3739

1056

5323

18123

10953

14912

12110

6334

6280

8798

7038

12580

15053

19456

19456

7478

17080

10161

5758

10636

10636

11041

-2551

2243

4971

5279

6202

14868

18668

8754

19047

12097

18088

17036

19421

12088

2346 5.12 0.306 0.170 0.675 0.251

3152 5.14 0.410 0.227 0.675 0.337

6223 5.15 0.383 0.703 0.378 1.858

6037 5.19 -0.005 0.679 0.378 1.796

6035 5.19 O.IS8 0.679 0.378 1.795

2478 5.31 0.311 0.175 0.675 0.260

86S 5.38 0.107 0.061 0.675 0.090

1246 5.38 0.155 0.088 0.675 0.130

352 5.39 0.044 0.025 0.675 0.037

1774 5.42 0.218 0.124 0.675 0.184

6041 5.49 0.255 0.659 0.377 1.746

3651 5.51 0.442 0.253 0.675 0,376

4971 5.53 0.600 0.344 0.675 0.510

4037 5.53 0.627 0.439 0.377 1.163

2111 5.58 0.253 0.146 0.675 0.216

205 5.68 0.654 0.041 0.4581 0.090

2933 5.70 0.343 0.200 0.675 0.296

2346 5.80 0.270 0,158 0.675 0.235

4193 5.88 0.476 0.281 0.67S 0.416

5018 5.89 0.467 0.527 0.376 1.401

6485 5.93 0.065 0.679 0.376 1.805

6485 5.96 0.187 0.677 0.376 1.801

2493 6.00 0.277 0.165 0.675 0.245

5693 6.02 0.338 0.591 0.376 1.572

3387 6.04 0.374 0.224 0.675 0.331

1919 6.05 0.919 0.199 0.376 0.529

3548 6.15 -0.076 0.687 0.4578 LSOO

3548 6.19 0.170 0.684 0.4578 1.495

3680 6.26 0.392 0.238 0.675 0.353

-850 6.28 -0.090 -0.055 0.675 -0.081

748 6.28 0.079 0.048 0.675 0.072

1657 6.30 0.175 0.107 0.675 0.158

1760 6.33 0.185 0.113 0.675 0.168

2067 6.40 0.216 0.132 0.675 0.196

4956 6.40 0.517 0.317 0.675 0.470

6223 6AS 0.308 0.623 0.376 1.656

2918 6.45 0.302 0.186 0.675 0.276

6349 6.46 0.6S6 0.404 0.675 0.599

4032 6.55 0.685 0.400 0.376 1.064

6029 6.66 0.328 0.593 0.376 1.577

5679 6.88 0.415 0.549 0.376 1.460

6474 7.07 0.272 0.617 0.376 1.640

4029 7.14 0.709 0.382 0.376 1.016
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Attachment Al 3-10
Calculabon No: CDQ000020080018 Data from Reference A2

11 total pages

10 330 0.069444 0.54

11 331 0.069444 0.54

13 333 0.069444 0.541

3 323 0.069444 0.552

12 332 0.069444 0.557

11 382 0.041667 0.364

41 362 0.069444 0.558

4 375 0.041667 0.368

35 356 0.069444 0.575

13 384 0.041667 0.384

385 0.041667 0.384

386 0.041667 0.385

15 335 0.069444 0.599

17 388 0.041667 0.391

24 344 0.069444 0.603

2 322 0.069444 0.605

6 326 0.069444 0.619

7 327 0.069444 0.619

25 345 0.069444 0.619

9 329 0.069444 0.622

3 374 0.041667 0.412

42 363 0.069444 0.634

16 336 0.069444 0.636

17 337 0.069444 0.637

is 338 0.069444 0.637

19 339 0.069444 0.638

20 340 0.069444 0.641

a 328 0.069444 0.643

36 357 0.069444 0.643

1 321 0.069444 0.648

14 334 0.069444 0.65

5 376 0.041667 0.462

16 387 0.041667 0.465

28 399 0.041667 0.467

12 383 0.041667 0.467

27 398 0.041667 0.468

21 392 0.041667 0.472

22 393 0.041667 0.472

23 394 0.041667 0.484

6 377 0.041667 0.528

26 397 0.041667 0.543

'18 389 0.041667 0.547

-0.074 0.487S

0.022 0.4876

0.053 0.4879

0.213 0.4244

0.113 0.4882

0.264 0.014

0.319 0.3387

0.091 0.242

0.27 0.3867

-0.094 0.275

-0.026 0.275

0.038 0.275

0.138 0.4859

0.059 0.275

0.207 0.4417

0.263 0.4235

-0.074 0.5252

0.04 0.5254

0.223 0.4404

0.085 0.5259

0.133 0.242

0.396 0.3389

-0.091 0.5357

-0.001 0.5362

0.041 0.5377

0.088 0.5385

0.102 0.5367

0.121 0.5252

0.338 0.3866

0.308 0.4235

0.171 0.4865

0.182 0.242

0.109 0.27S

0.013 0.307

0.368 0.014

0.054 0.307

-0.019 0.307

0.027 0.307

0.074 0.307

0.246 0.242

0.106 0.307

0.185 0,275

5.439

5.439

5.439

5.439

5.439

3.549

5.439

3.549

5.439

3.549

3.549

3.549

5.439

3.549

5.439

5.439

5.439

5.439

5.439

5.439

3.549

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

5.439

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

3.549

2.31

2.31

2.31

2.31

2.31

1.249

2.31

1.249

2.31

1.249

1.249

1.249

2.31

1.249

2.31

2.31

2.31

2.31

2.31

2.31

1.249

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

2.31

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

1.249

38.88

38.88

38.95

39.74

40.10

26.21

40.18

26.50

41.40

27.65

27.65

27.72

43.13

28.18

43.42

43.56

44.57

44.57

44.57

44.78

29.66

45.65

45.79

45.86

45.86

45.94

46.15

46.30

46.30

46.66

46.80

33.26

33.48

33.60

33.62

33.70

33.98

33.98

34.85

38.02

39.10

39.38

811.88 -5.328

811.88 1.584

811.95 3.816

812.74 15.336

813.10 8.136

799.21 19.010

813.18 22.968

799-50 6.550

814.40 19.440

800.65 -6.770

800.65 -1.870

800.72 2.740

816.13 9.936

801.18 4.250

816.42 14.904

816.56 18.936

817.57 -S.328

817.57 2.880

817.57 16.056

817.78 6.120

802.66 9.580

818.65 28.512

818.79 -6.552

818.86 -0.072

818.86 2.952

818.94 6.336

819.15 7.344

819.30 8.712

819.30 24.336

819.66 22.176

819.80 12.312

806.26 13.100

806.48 7.850

806.60 0.940

806.62 26.500

806.70 3.890

806.98 -1.370

806.98 1.940

807.85 5.330

811.02 17.710

812.10 7.630

812.38 13,320

767.67

774.58

776.82

788.34

781.14

792.01

795.97

779.55

792.44

766.23

771.13

775.74

782.94

777.25

787.90

791.94

767.67

775.88

789.06

779.12

782.58

801.51

766.45

772.93

775.95

779.34

780.34

781.71

797.34

795.18

78S.31

786.10

780.85

773.94

799.50

776.89

771.63

774.94

778.33

790.71

780.63

786.32

21444

21448

21462

18668

21475

6280

14899

10636

17010

12110

12110

12110

21374

12110

19429

18629

23102

23111

19372

23133

10636

14907

23564

23586

23652

23687

23608

23102

17006

18629

21400

10636

12110

13491

6280

13491

13491

13491

13491

10636

13491

12110

7148 7.15

7149 7.15

7154 7.16

6223 7.31

7158 7.37

205 7.39

4966 7.39

3548 7.47

5670 7.61

4032 7.79

4032 7.79

4032 7.81

7125 7.93

4032 7.94

6476 7.98

6210 8.01

7701 8.19

7704 8.19

6457 8.19

7711 8.23

3548 8.36

4969 8.39

7855 8.42

7862 8.43

7884 8.43

7896 8.45

7869 8.49

7701 8.51

5669 8.51

6210 8.58

7133 8.60

3S48 9.37

4032 9.43

4501 9.47

205 9.47

4501 9.50

4501 9.57

4501 9.57

4501 9.82

3548 10.71

4501 11.02

4032 11.10

-0.137 0.677 0,376 1.801

0.041 0.677 0.376 1.801

0.098 0.677 0.376 1.800

0.386 0.583 0.376 1.549

0.203 0.667 0.376 1.774

0.725 0.036 0.4573 0.079

0.572 0.462 0.376 1.229

0.247 0.620 0.4573 1.356

0.470 0.519 0.376 1.381

-0.245 0.689 0.4571 1.507

-0.068 0.689 0.4571 1.507

0.099 0.688 0.4571 1.505

0.230 0.639 0.376 1.699

0.151 0.682 0.457 1.492

0.343 0.579 0.376 1.539

0.435 0.5S4 0.376 1.473

-0.120 0.679 0.376 1.805

0.065 0.679 0.376 1.805

0.360 0.569 0.376 1.513

0.137 0.678 0.376 1.802

0.323 0.584 0.4569 1.279

0.625 0.432 0.376 1.150

-0.143 0.682 0.376 1.815

-0.002 0.682 0.376 1.815

0.064 0.684 0.376 1.820

0.138 0.685 0.376 1.821

0.159 0.681 0.376 1.810

0.188 0.665 0.376 1.769

0.526 0.490 0.376 1.302

0.475 0.534 0.376 1.420

0.263 0.613 0.376 1.629

0.394 0.5SI 0.4564 1.206

0.234 0.623 0.4564 1.366

0.028 0.695 0.4564 1.522

0.788 0.032 0.4563 0.069

0.115 0.694 0.4563 1.520

-0.040 0.691 0.4563 1.514

O.OS7 0.691 0.4563 1.514

0.153 0.682 0.4562 1.494

0.466 0.514 0.4558 1.127

0.195 0.642 0.4557 1.409

0.338 0.573 0.4556 1.258

401 0.041667 0.565 -0.093 0.337 3 3.549 1.249 40.68 813.68 -6.700 766.30 14815 4941 11.46 -0.165 0.691 0.4555 I.S17
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Attachment A13-11
Calculation No: CDQ000020080018 Data from Reference A2
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402 0.041667 0.565

404 0.041667 0.567

395 0.041667 0.572

396 0.041667 0.575

403 0.041667 0.581

390 0.041667 0.582

378 0.041667 0.607

405 0.041667 0.609

406 0.041667 0.615

400 0.041667 0.619

407 0.041667 0.619

408 0.041667 0.619

391 0.041667 0.620

409 0.041667 0.620

410 0.041667 0.621

379 0.041667 0.622

7 494 0.013889 0.388

4 491 0.013889 0.401

5 492 0.013889 0.43

3 490 0.013889 0.484

8 495 0.013889 0.507

2 489 0.013889 0.557

6 493 0.013889 0.569

1 488 0.013889 0.61

0.012

0.060

0.130

0.138

0.085

0.220

0.324

0.098

0.102

0.175

-0.026

0.020

0.259

0.066

0.072

0.340

0.337

0.337

0.307

0.307

0.337

0.275

0.242

0.337

0.337

0.307

0.337

0.337

0.275

0.337

0.337

0.242

0.1353

0.1413

0.1426

0.1549

0.1535

0.1662

0.1628

0.1738

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

3.549 1.249

1.696 0.167

1.696 0.167

1.696 0.167

1.696 0.167

1.696 0.167

1.696 0.167

1.696 0.167

1.696 0.167

40.68

40.82

41.18

41.40

41.83

41.90

43.70

43.85

44.27

44.57

44.57

44.57

44.64

44.64

44.71

44.78

27.94

28.87

30.96

34.85

36.50

40.10

40.97

43.92

813.68 0.860

813.82 4.320

814.18 9.360

814.40 9.940

814.83 6.120

814.90 15.840

816.70 23.330

816.85 7.060

817.27 7.340

817.57 12.600

817.57 -1.870

817.57 1.440

817.64 18.650

817.64 4.760

817.71 5.180

817.78 24.480

800.94

801.87

803.96

807.85

809.50

813.10

813.97

816.92

773.86

777.32

782.36

782.94

779.12

788.84

796.33

780.06

780.34

785.60

771.13

774.44

791.65

777.76

778.18

797.48

14815

14815

13491

13491

14815

12110

10636

14815

14815

13491

15523

15523

12110

15523

15523

10636

5952

6215

6273

6814

6752

7311

7161

7645

4941 11.46 0.021 0.691 0.4555 1.517

4941 11.50 0.106 0.690 0.4554 1.514

4501 11.60 0.227 0.625 0.4554 1.373

4501 11.67 0.240 0.624 0.4554 1.369

4941 11.79 0.146 0.681 0.4553 1.495

4032 11.81 0.378 0.555 0.4553 1.219

3548 12.31 0.534 0.478 0.4551 1.050

4941 12.36 0.161 0.665 0.4551 1.460

4941 12.47 0.166 0.661 0.455 1.453

4501 12.56 0.283 0.600 0.455 1.319

4941 12.56 -0.042 0.659 0.455 1.448

4941 12.56 0.032 0.659 0.455 1.448

4032 12.58 0.418 0.537 0.455 1.181

4941 12.58 0.107 0.658 0.455 1.447

4941 12.60 0.116 0.658 0.455 1.446

3548 12.62 0.547 0.472 0.455 1.038

1984 16.47 0.000 0.692 0.692 1

2072 17.02 0.000 0.710 0.710 1

2091 18.25 0.000 0.692 0.692 1

2271 20.55 0.000 0.708 0.708 1

2251 21.52 0.000 0.686 0.686 1
2437 23.65 0.000 0.708 0.708 1

2387 24.16 0.000 0.686 0.686 1

2548 25.90 0.000 0.708 0.708 1

Formulas:

(1) Hp S{Hm}

(2) V, S{V.}

(3) dp S{d}j

(4) Q,, S
2
"sQO /3

(5) d/H= dp/Hp

(6) CqSg = Qqsp/{GnpLp[2g(Hcp - H Mpp)]0*S}

(7) Cq by interpolation between points defining Cg(Hc) for no tailwater submergence effects

(8) Sg = CgSg/Cg
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Overflow Parameters

In order to determine the discharge coefficient when the dam is overtopped, the following overflow parameters
have been developed. All flow over the top of the dam, embankments and saddle dams is considered free flow. The free
flow discharge coefficient, Cf, is determined using USACE Hydraulic Design Criteria Chart 711 (Reference 2.6,
Attachment 6).

Each section of the dam has been divided and analyzed in the following pages. Attached to the Appendix are
the TVA drawings which were used to determine the overflow parameters. Each drawing has had the applicable
dimensions called out. They are numbered as follows:

(1) TVA drawing no. 10N200, R5 (Ref. 2.1.1, Att. El)
(2) TVA drawing no. 10W201, R4 (Ref. 2.1.15, Att. E15)
(3) TVA drawing no. 10N202, R2 (Ref. 2.1.3, Att. E3)
(4) TVA drawing no. 22W204, R9 (Ref. 2.1.4, Att. E4)
(5) TVA drawing no. 22W205, R9 (Ref. 2.1.19, Att. E19)
(6) TVA drawing no. 10H230, R2 (Ref. 2.1.2, Att. E2)
(7) TVA drawing no. 10H220, RI (Ref. 2.1.6, Art. E6)
(8) TVA drawing no. 10H221, R4 (Ref. 2.1.5, Att. E5)
(9) TVA drawing no. 23W200, R8 (Ref. 2.1.7, Att. E7)
(10) TVA drawing no. 10N254, RO (Ref. 2.1.13, Att. E13)
(11) TVA drawing no. 21W856-1, RO (Ref. 2.1.14, Att. E14)
(12) TVA drawing no. 1101 H215, R I (Ref. 2.1.17, Att. E 17)
(13) TVA drawing no. 1 101H102, RI (Ref. 2.1.18, Att. E18)
(14) A portion of TVA drawing no. 23W205-3, R2 (Ref. 2.1.8, Att.
(15) TVA drawing no. 23W210-l, R2 (Ref. 2.1.10, Att. El0)

RIGHT BANK SADDLE DAM

Based on TVA modifications the top
elevation of the Right Bank Saddle Dam

has been raised to elevation 834'.Right Bank Saddle
Dam Tellico Rating

Headwater El 837.0

Top of Saddle
Dam, El. 830.0A117

"IK A x1~
I v- -rL B-B "850'L A-A = 1150'

. L = 2000'

Sta 10+00 Sta 3

(TVA Drawing Ref. 1 0H230 R2, Sections A-A
and B-B)

0

120' A-A
130' B-B

+00

A-A and B-B
ELEV.
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At Section A-A

Zc=830', LAA=1150',B=20'

0< Hc < (HWmax - Zc)

0O_< H, / B: _(837'- 830') 20'=.35

From Ref. 2.6, Att. 6:

2.65 _ Cf:_ 2.67

Cf = 2.65

At Section B-B

Zc = 830', LB-B = 850', B = 30'

0 _< H,:_ (HWmx - Zj)

0:< Hý / B: <(837'- 830') 30' = .23

From Ref. 2.6, Att. 6:

2.65 < Cf < 2.65

Cf = 2.65

Because Cf is the same for both widths, the entire length of the right bank saddle dam will be combined.

Based on TVA modificationsthe top
elevation of the Right Bank Saddle Dam

has been raised to elevation 834'.
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J.B.M. I
MAIN DAM WORKS

[
Feature

Earth Emb.

2
3

L (ft)
2700'
240'+ 147.5' = 387.5'
4(7.5') = 30'
30'

Width (ft)
20'
15'
27'
35'

z. (ft)
830
830
830
830

Earth Embank

Tellico Rating 2700'
Headwater El 837.0 Width = 20'

Main Dam
Works os

ment

240' 150' 1I1l
147.5'

U-

30'

TN H H 77
0 Non-Overflow

Width = 15'

3 Bays @ 40'+ 4
piers @ 7.5'

Pier Width = 27'

(?)Turn-around
Width = 35'

(TVA Drawing Refeirences: 10ON200, R5; .10W201,
R4; 10N202, R2; 22W204, R9; 22W205, R9)

ELEV

At the Earth Embankment

Z, = 830', L = 2700', B = 20'

0 < H, < (HWmDIX - Zj)

0 < H, / B < (837' - 830')./ 20' = .35

From Ref. 2.6, Att. 6:

2.65 < Cf< 2.67.

Based on TVA modifications the top
elevation of the Earth Embankment
has been raised to elevation 834'.

Cf = 2.65
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At Section 1 (Non Overflow Dam)

Z,= 830', L, = 387.5', B 15'

0!< Hc_< (HWmax - Zc)

0 < H, / B: _(837'- 830')/ 15'=.47

From Ref. 2.6, Att. 6:

2.65:_ Cf_< 2.7

Cf = 2.65

At Section 2 (Spillway Piers)

Z, = 830', L2 = 30', B = 27'

0 _< Hc< (HWmax - Zc)

0:< Hc / B: <(837'- 830') / 27'=.26

From Ref. 2.6, Att. 6:

2.65 < Cf:< 2.65

Cf = 2.65

At Section 3 (Turnaround)

Z, = 830', L3 =30', B = 35'

OS Hc:S (HWmax - Z)

0 < Hc / B: _(837'- 830') / 35" =.2

From Ref. 2.6, Att. 6:

2.65 :S Cf_< 2.65

Cf = 2.65

Based on TVA modifications the top
elevation of the Earth Embankment
has been raised to elevation 834'.

Because the elevation and discharge coefficients are the same for the whole length of the main dam works, the
lengths will be combined.
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J.B.M. I
EAST END OF RIGHT BANK TO DIVERSION CANAL

The East end of the Right Embankment is approximately 200' from the toe of riprap at the diversion canal. This
value is estimated from TVA drawings 10H220R1, 10H221, RI (Ref's. 2.1.5, 2.1.6, respectively). Since the length is
so short in relation to the other considered lengths, and because topographic parameters are difficult to determine in
this area for HW > 832, neglect any additional overflowthat may occur here. This length essentially covers the bank
of the canal. During a PMF event, the length of bank perpendicular to the canal would most likely be flooded
anyway, leading to another justification for its exclusion from the overflow parameters for Tellico Dam.

SADDLE DAM 1 - LEFT RIM EMBANKMENT

Tellico Rating
Headwater El 837.0

Zc = 830'
L = 2000'

Width = (See Section
A2-A2, Ref. 2.1.16) ELEV.

(Embankment Overflow @
Emergency Spillway)

The Overflow Parameters for the Emergency Spillway have been calculated in Appendix C.

L = 2000'
Zc = 817'
Cf= 2.873 +.10187 HC - .004286 Hc2 +.00009152 HC3 when 0 < H,< 19.36'

Parameters for the Section to the left of the emergency spillway in the above diagram have been divided into
sections. The first is the 100' wall section with the z62' section from the wall to the point where the elevation of the
finished grade reaches the maximum headwater elevation:
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Section 1:

Zý = 830.5', L= 100', B =1'

0:_< Hc._<(HWmax - Zc)

0 < Hý / B < (837' - 830.5') 1'= 6.5

From Ref. 2.6, Art. 6:

2.65:_ Cf< 3.1

Cf= 3.1

Section 2 (assuming the bank is eroded horizontally at the elevation of the top of the wall):

Zý = 830.5', L 2 = 62', B = 35'

0 _< <(HWmax - ZJ)

0•< H /B < (837'-830.5') 35' =.19

From Ref. 2.6, Art. 6:

2.65 : Cf•_ 2.65

Cf = 2.65
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SADDLE DAM 2 - LEFT RIM EMBANKMENT

El. 830 (REF. 2.1.7)\ Tellico Rating
Headwater El 837.0

L = 525' (Ref. 2.1.7 -
<scaled value) Rol

For additional references, See
Refs. 2.1.13 and 2.1.14)

Zc = 830
L = 525'

Width = 14'
(Ref. 2.1.7)

Elev. at Saddle Dam 2

Zý = 830', L = 525', B = 14'

0•< H, • (HWmax - Zj)

0 < Hc / B : (837' - 830') / 14' =.5

Based on TVA modifications the top
elevation of Saddle Dam 2 has
been raised to elevation 834'.

From Ref. 2.6, Att. 6:

2.65 < CfS 2.69

Cf= 2.65
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SADDLE DAM 3 - LEFT RIM EMBANKMENT

El. 833.36.

El. 830 (REF. 2.1.13)

Tellico Rating
Headwater El 833.0

(El. 833.36 + El 830)/ 2
= El 831.7

Zc = 831.7
L = 62.12'

Width = 20'
(Ref. 2.1.17
and 2.1.18)

Elev. at Saddle Dam 3

L = 321.12' (Ref. 2.1.13,
2.1.17 and 2.1.18)

Zc = 830
L = 253.6'

Width = 20'
(Ref. 2.1.17
and 2.1.18)

Section 1 (left most section):

Zc = 831.7', L, = 62.12', B = 20'

o _<Hv < (HWmax - Zc)

0 < Hc / B < (837'- 831.7') 20'=.27

From Ref. 2.6, Att. 6:

2.65 < Cf< 2.65

Cf = 2.65

Section 2 (Main saddle dam section):

Z= 830', L2 = 253.6', B = 20'

0 < H _< (HWmax - Zc)

0O< HI / B1<-(837'- 830') / 20'-=.35

From Ref. 2.6, Aft. 6:

2.65 < Cf< 2.67

Cf = 2.65

Based on TVA modifications the top
elevation of Saddle Dam 3 has
been raised to elevation 834'.
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The Remaining Overflow Sections component will
REMAINING OVERFLOW SECTIONS: no longer be used in this calculation.

Due to the maximum headwater elevation of 837', terrain between the main dam works and the saddle dams will be
inundated. The highest elevation in this area is approximately 832'. For this reason, an average elevation of 830'
with a length of 2500' (scaled length from App. E) has been assigned to this section. Because the relative width is
broad compared to the elevation difference, a discharge coefficient of 2.65 will be used.

SUMMARY OF OVERFLOW PARAMETERS:

Overflow Parameters

Zc (ft) L (ft) C,_ I

Right Bank Saddle Dam 830 2000 2.65

Main Dam Works 830 3147.5 2.65

Saddle Dam 1 830.5 100 3.1
(excludes spillway

parameters) 830.5 62 2.65

Saddle Dam 2 830 525 2.65

831.7 6 2.12 2.65
Saddle Dam 3

830 25 3.6 2.65

Remaining Overflow Sections 830 2500 2.65

Based on TVA modifications the top
elevation of the Right Bank Saddle Dam,

2000' of the Main Dam Works Embankment,
Saddle Dam 2, and Saddle Dam 3 have all

been raised to elevation 834'. The
Remaining Overflow Sections component
will no longer be used in this calculation.
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stream apron and is independent of any submer-
gence effect from the tailwater. Figure 9-27 shows
the effect of downstream apron conditions on the
discharge coefficient. It should be noted that this
curve plots, in a slightly different form, the same
data represented by the vertical dashed lines on
figure 9-26. As the downstream apron level nears
the crest of the overflow, (hd + d)/II approaches
1.0, and the discharge coefficient is about 77 percent
of the coefficient for unretarded flow. On the basis
of a coefficient of 4.0 for unretarded flow over a
high weir, the coefficient when the weir is sub-
merged will be about 3.08, which is virtually the
coefficient for a broad-crested weir.

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

JALL DAMS I Appendix C-8
we Reference 2.9

discharge coefficient when 20 Total Pages
conditions to the coefficient for free flow condi-
tions. This curve plots, in a slightly different form,
the data represented by the horizontal dashed lines
on figure 9-26. Where the dashed lines on figure
9-26 are curved, the decrease in the coefficient is
the result of a combination of tailwater effects and
downstream apron position.

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

(a) Example 1.-Design an uncontrolled over-
flow ogee crest for a chute spillway that will dis-
charge 2,000 ft£/s at a 5-foot head, and prepare a
discharge-head curve. The upstream face of the

4.0
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Figure 9-23.-Discharge coefficients for vertical-faced ogee crest. 288-D-2409.
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Figure 9-25.-Discharge coefficients for ogee-shaped crest with sloping upstream face. 288-D-241 1.

crest is sloped 1:1, and the entrance channel is 100
feet long. A bridge is to span the crest, and 18-inch-
wide bridge piers with rounded noses are to be pro-
vided. The bridge spans are not to exceed 20 feet.
The abutment walls are rounded to a 5-foot radius,
and the approach walls are to be placed at 30° with

the centerline of the spillway entrance.
To solve the problem, either the approach depth

and apron position with respect to the crest must
be selected and the appropriate coefficient deter-
mined, or an arbitrary coefficient must be selected
and the appropriate dimensions determined. The
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Determination of C/Co Fit and Development of Cf (Hc) Relationship
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Points scaled from Fig. 9-24 in
Design of Small Dams, Bureau

of Reclamation, 1987
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0
0.05

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9

1

1.1
1.2
1.3
1.4
1.5
1.6

-1
-0.95

-0.9
-0.8
-0.7
-0.6
-0.5
-0.4
-0.3
-0.2
-0.1

0
0.1
0.2
0.3
0.4
0.5
0.6

0.804
0.821
0.852
0.879

0.9
0.92
0.94

0.958
0.97

0.987
1

1.01
1.025
1.038

1.05
1.06
1.07

1.1 -

1.05 1

1
0

L)L)

I I iiii

y!= 0.04454x3 - 0.03876x2 + 0.1275x + 1.0

II I II

- - -. ..- -. _ - - - - - . . . .- -. . ..-- - - - - - -

S Points scaled from Fig. 9-24

- Poly. (Points scaled from Fig. 9-24)
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8.47 3.'
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C C
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* Points scaled from Fig. 9-24
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Curve Fit for Cf(Hc):
2Cf = 2.873 + 0.10187Hc - 0.004286HC + 0.00009152HC3 for 0 :5 Ho _< 19.36 feet
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Determination of Submergence Factor, Sf, for the Emergency Spillwa

Data from "Hydraulic
Design Criteria", Figure
7-11 ,b, Reference 2.6
(Cornell Tests, Round
Crest)

C/ C. hd/HO
1.000
0.998
0.997
0.990
0.985
0.980
0.975
0.970
0.960
0.950
0.940
0.925
0.910
0.890
0.860
0.825
0.775
0.710
0.615
0.490

0.4
0.000

St

1.0

0.9

0.8

Uo.7

0.6

0.5

0.4

0
0.05

0.1
0.15

0.2
0.25

0.3
0.35

0.4
0.45

0.5
0.55

0.6
0.65

0.7
0.75

0.8
0.85

0.9
0.95
0.97

1

Data from curve fit

Sf d / H,
1.000 0
0.999 0.05
0.998 0.1
0.995 0.15
0.991 0.2
0.986 0.25
0.979 0.3
0.972 0.35
0.962 0.4
0.951 0.45
0.939 0.5
0.924 0.55
0.906 0.6
0.890 0.65
0.859 0.7
0.822 0.75
0.774 0.8
0.713 0.85
0.631 0.9
0.505 0.95
0.426 0.97
0.000 1

2 0.22 2.9 0.345

% difference
0.00
0.14
0.08
0.50
0.61
0.59
0.45
0.17
0.24
0.14
0.13
0.12
0.35
0.00
0.06
0.34
0.07
0.35
1.60
1.52
2.64
0.00

ubmergence Factor for Emergency Spillway

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

d/Hc

The equations developed above will be considered Equation (6) in the main document [4.11.4].
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Appendix F: Hydrostatic Loads on the Spillway Tainter Gates

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

F1 References

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

F2 Calculations

Reference FI evaluates the structural capacity of the radial spillway gates at Watts Bar Dam. This reference was
used as a basis for evaluating the margin between the forces on the closed gates (FRIoSCd) when the headwater
elevation is at the top of the gate (815.00 feet) and when the gates are completely open (FRop.n) and the headwater
elevation is at 834.00 feet. The margin is defined at the ratio of FRopen to F1&Ilosd. The calculation of these forces
and the results of this comparison are shown in Figure F 1.
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Tellico Hydrostatic Forces on Gates
8Compar0iýonf•foarces whentgates anfcllsepeand KWisat

an elvto f83.0f~t

Attribute
top elev
trun elev
sill elev
radius
length
angle up
angle lwr
angle tot

area of lower slice

proj area
Desgn LdH
Result elv
Result ang deg
Result ang rad
Result Dsgn

Area slice upper

Area triangle
project vert
vert weight water
Resultant load -
Gates Closed

Symbol
Zo
Ztr
Zsill
R
L
a2
a

e

Aslicel

AProjected
FRx
zi

Horiz

Aslice2

Atriangle
xl
FRy

Value Unit
815.00 ft
788.00 ft
772.12 ft
41.00 ft
40.00 ft
41.19 deg
22.79 deg
63.98 deg

938.50 ft2

1715.20 ft
2

2294690.61 lbs
786.41 ft

2.22 deg
0.04 rad

2292971.67 lbs
604.21 ft2

416.54 ft 2

10.15 ft
215284.89 lbs

2304767.36 lbsFRclosed

vert open fm calc calc App A
max hw calc
lwr lip elev Z2
bot angle a3
top elev Zo
project area for h Id AProjected
Flood LdH FRx
Height over gate yl
Height ratio to orig
project vert x2
Flood LdV1
Flood ILdV2
Total Flood LdV FRy
Resultant load -
Gates Fully Open FRopen

33.00 ft
834.00 ft
805.12 ft

24.68 deg
828.99 ft

954.75 ft
2

1009559.12 lbs
5.01 ft
1.44 (ratio)

36.29 ft
453963.10 lbs
623814.88 lbs

1077777.98 lbs

1476758.27 lbs

[m argin; open RC105ed 0.6 'rtio)

Figure F 1: Tellico Spillway Gate Margin Evaluation
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Dam Safety Inspection Report - Class B
Tellico Dam

Dates of Inspection: 11/29/2007
File Number: 91-02
Work Order #: 07-136406-000
Report ID: R02TEHCLB112907
EDMS #: J22 080110 002
Headwater: 11/29/07 - 810.61-ft. Tailwater: 11/29/07 - 739.90-ft.

Inspection Participants:
Dam Safety Maintenance: Isaac Allen, D. Webb Patten, Mike Richardson, Travis
Simpson
Fort Loudoun Hydro: Jeremy Ellison

This report covers the inspection of the spillway gates.

Maintenance History:

The spillway gate chains were greased using Mobil EAL 102 grease in October 2007.

Spillway Gates:

Tellico Dam has three (3) radial type spillway gates measuring 39'-6" high and 39' wide.
The skin plate is stiffened by both horizontal girders and vertical purlins. A supporting
truss frame transfers the load from the girders and purlins to the main struts. The load is
then carried through the main struts to the trunnions, which are anchored into the
spillway piers.

The spillway gates were inspected using Rope Access techniques. Structurally, the
gates were in satisfactory condition with various areas of rust, corrosion, and coating
loss. Areas of coating loss and mild corrosion were found in the corners of the gates.

-. The gate stops have been moved in the past, allowing the gate to travel open further.
However, the effected areas were never properly coated and have heavy surface rust
(see Figure 1). Most of the underside 3/8" weld where the strut arms connect to the
horizontal girders were not properly coated and have heavy surface rust. A similar
condition exists where the second purlin from either side connects to the horizontal
girders (see Figure 3). The majority of the areas around the downstream seal nuts had
coating loss and mild to moderate rust along the length of the gate (see Figure 4). The
lower sections of the gates are in worse condition, coating wise, than the upper two-
thirds of the gate. This is especially true on gate 2, where the siphon keeps moisture in
the area. The gates should be maintenance coated. The siphon should be extended
away from the gate more.

The trunnions were in good condition with the anchor rods in fair-to-good condition. The
trunnion blocks had areas of bad surface preparation causing the coating to be in poor
condition. The trunnion block's coating condition on gate 2 is in especially poor
condition with considerable coating loss, mild-to-moderate rust, corrosion in the corners,
pack rust, and moderate-to-heavy pitting in areas (see Figure 5).
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Drain holes should be added to the middle gate struts as they are holding water. All of
the drain holes in the areas on the lower strut arm nearest the connection to the lower
horizontal girders had to be unclogged to drain standing water. The majority of these
areas had various degrees of coating loss and rust.

Many of the bracing connections, and some of the areas on the main support beams,
have bolt holes that have not been plug welded (see Figure 6). These areas do not
require repairs.

Drain holes need to be added to the bracing on the strut arm connection to the horizontal
girders on gate 1 as seen on TVA drawing 54W201, Detail B. Drain holes should be
added to the upstream side of the middle horizontal girder on gate 1 to alleviate the
standing water issue. The left side seal bar is not tight near the upper horizontal girder
on gate 1, which is causing a leak of about 10 gpm (see Figure 7). The seal bar nuts
should be tightened in this area.

The lower third of gate 2 has major coating delamination with rust that is starting to
deteriorate the weld condition on the purlins, lower horizontal girder, and brace support
for the gate stop. The 1 0 th purlin from the left has a cracked welded that is
approximately 2.5-inches long starting from about 2-feet up from the bottom horizontal
girder (see Figure 8). This cracked weld should be repaired. Another weld section
directly above this one is starting to show signs of a crack and should be examined
closer. There is a suspect weld on the first purlin on the left side that should also be
examined closer. The inner lock plate bolt holes on each of the trunnions on gate 2
have been slotted.

Please refer to the "Tellico Spillway Gate Inspection" checklist for more detailed
information on each gate. For detailed photographs from each gate, refer to the share
drive Maintenance Unit Photo folder "TEH Spillway Gate RA FY2007."

Coating Information:

For information concerning the coating condition of the items discussed -in the report
please refer to the 'TEH Coatings Condition' sheets.

Original sigqned by
Travis Simpson
Mechanical Inspector

Original si-gned by Original signed by
Ronald E. Branam, P.E. Rusty Tompkins, P.E.
Lead Maintenance Engineer Manager, Civil Engineering

Distribution: Dam Safety Manager, Regional Manager, Chattanooga Dam Safety Files
(original), BSL-Diana Miles, Terry Nash
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Maintenance and Repair Items:

1. CM, Spillway Gates - Add drain holes to the middle gate struts on all of the gates, to
the bracing on the strut arm connection to the horizontal girder on gate 1, and to the
upstream side of the middle horizontal girder on gate 1.
Responsible Organization: Power Service Shop
Estimated Cost: $2,000
Priority Code: C
Estimated Completion Date: 03/07/2011
Work Request: 08-001603

2. CM, Spillway Gate I - Tighten the left side seal bar nuts near the upper horizontal
girder.
Responsible Organization: Power Service Shop
Estimated Cost: $750
Priority Code: C
Estimated Completion Date: 03/07/2011
Work Request: 08-001604

Pendingq Proiects:

1. Spillway Gates - Maintenance coat each of the spillway gates and trunnion blocks.
Responsible Organization: Base O&M Coatings
Estimated Cost: $10,000
Recommended Fiscal Year: 2009

2. Spillway Gate 2 - Repair the cracked weld on the 1 0 th purlin from the left. Inspect
and repair if required the weld directly above the cracked one and the suspect weld
on the first purlin from the left.
Responsible Organization: Power Service Shop
Estimated Cost: $20,000
Recommended Fiscal Year: 2009
Project No.: TEHZ06

3. Spillway Gates - Extend the siphon away from the gate.
Responsible Organization: Power Service Shop
Estimated Cost: $7,000
Recommended Fiscal Year: 2009
Project No.: TEHZ07

Follow-up Tasks:

1. Determine the cause of the cracked weld on the spillway gate 2.
Responsible Organization: Civil Engineering
Recommended Fiscal Year: 2008
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Figure 1:

Figure 2:
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Figure 3:
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Figure 4:
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Figure 5:

Figure 6:
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Figure 7:
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Figure 8:




