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Figure 61: Comparison of simulated and reverse reservoir routing-derived flow series at Douglas
Dam Reservoir for September 2004 (Subbasin 6 simulation)
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Simulation of the May 2003 flood

Figure 58 shows the simulated local runoff hydrograph for Subbasin 6 for the May 2003 flood. As noted
above, a flow series was not computed by hydrograph separation to compare with it. No base flow is
added to the local hydrograph for this simulation because it is included in the flow series obtained by
reverse reservoir routing.

The observed flow series for the French Broad River at Douglas Dam is shown in Figure 59 with the
heavy-dotted black line; the simulated hydrograph is shown with the solid blue line. The components of
this hydrograph include the flow series at Junction 4 (the dotted blue line), which is the sum of the
observed flows routed down from the Nolichucky Dam, the French Broad River near Newport, and
Pigeon River at Newport, and the triple-peaked local runoff from Subbasin 6 (the dashed blue line).

The simulated hydrograph compares very well with the observed flow series in terms of the timing of the
rising and falling limbs of the hydrographs and the timing of the peak discharge. The simulated local
inflow peak occurs within the early part of the storm and its rising limb is coincident with the rising limb
of the observed hydrograph, as would be expected for the local inflow at the outlet of a large watershed.
The magnitude of the peak discharge is underestimated by about 6%, which is well within the acceptable
error in modeling.

Simulation of the September 2004 flood

Figure 60 shows the simulated local runoff hydrograph for Subbasin 6 for the September 2004 flood.
Again, a flow series was not computed by hydrograph separation to compare with it. No base flow is
added to the local hydrograph for this simulation because it is included in the flow series obtained by
reverse reservoir routing.

The observed and simulated flow series for the French Broad River at Douglas Dam are shown for the
September 2004 storm in Figure 61 with similar results. The timing of peak discharge and of the rising
and falling limbs of the flood hydrograph are simulated accurately, as is the impact of local flow on the
total discharge. The magnitude of the peak discharge is overestimated by about 10%.

Based on the results for simulating these two floods, it is concluded that the unit hydrograph developed
by the TVA for Subbasin 6 is validated indirectly, or "operationally," for the current modeling effort.

7.6 Summary of HEC-HMS Modeling Results

A qualitative assessment of the results of the simulations is presented in Table 17. A comparison of the
magnitude of peak discharges for each run is provided in Table 18.
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Table 17: Qualitative Assessment of Comparison of Observed and Simulated Flood Hydrographs

Point of Comparison & HEC-HMS m od First Simulation Second SimulationHMVS Model

May 2003 September 2004

Figure 43: fair reproduction of observed Figure 44: good reproduction of observed
Basin 1 outlet hydrograph shape; good timing of peak hydrograph shape; good timing of peak

French Broad at Asheville discharge and form of rising limb of discharge; excellent timing and length of

(simulation in Basinl .hms) hydrograph; fair match to falling limb. rising and falling limbs of hydrograph

Number of peaks coincide; magnitude of Magnitude of peak discharge

peak discharge overestimated 23% overestimated by 6%
March 1994 January 1996

Figure 45: good reproduction of observed Figure 46: good reproduction of observed

Basin 2 Local Inflow hydrograph shape; good timing of peak hydrograph shape; good timing of peak
French Broad near Newport discharge and of rising limb; excellent discharge; fairtiming of rising limb; good
(Simulation near Newpor timing and length of falling limb of timing falling limb of hydrograph

(Simlaton i Bain2.ms) hydrograph.___________________
Magnitude of peak discharge Magnitude of peak discharge
underestimated by 6% underestimated by less than 1%

March 1994 January 1996

Figure 47: excellent reproduction of Figure 48: excellent reproduction of

In-stream flow observed hydrograph shape; good timing of observed hydrograph shape; fair to good

French Broad at Newport peak discharge; excellenttiming and length timing of peak discharge; excellent timing

(Simulation in Basin 2.hms) of rising and falling limbs of hydrograph. hndrogph

Magnitude of peak discharge Magnitude of peak discharge

underestimated by 5% underestimated by 4%

January 1996 May2003
Figure 49: very good reproduction of Figure 50: very good reproduction of

observed hydrograph shape; excellent observed hydrograph shape; excellent
Basin 3 Outlet Pigeon timing of peak discharge; excellent timing timing of peak discharge; excellent timing

River at Newport and length of rising and falling limbs of and length of rising and falling limbs of
Simulation in Basin_3.hms hydrograph. hydrograph.

Excellent estimate of peak discharge; Fair to good estimate of secondary peaks;

magnitude of peak discharge magnitude of peak discharge

overestimated by about 8% overestimated by 4%
November 2003 September 2004

Figure 51: very good reproduction of Figure 52: excellent reproduction of

Basin 40 utlet observed hydrograph shape; good timing observed hydrograph shape; excellent

Nolichucky at Embreeville and magnitude of peak discharge; good timing and magnitude of peak discharge;
(Simulation in Basin_4.hms) timing and length of rising and falling limbs good timing and length of rising and falling

of hydrograph limbs of hydrograph
I Overestimate of peak discharge by 12%. Overestimate of peak discharge by 3%.
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Table 17 continued

Point of Comparison 8, HEC-HMS m od First Simulation Second SimulationHMS Model

March 2002 November 2003

Subbasin 5 Local Inflow * Figure 55: fair reproduction of observed Figure 57: excellent reproduction of

Nolichucky River Dam hydrograph shape; good timing of rising observed hydrograph shape; good timing
limb; fair timing of peak; excellent timing of rising limb, good timing of peak; good
and length of falling limb. timing and length of falling limb.

Peak discharge overestimated by 19% Peak discharge overestimated by 8%
May 2003 September2004

Figure 59: good reproduction of observed Figure 61: good reproduction of observed
hydrograph considering derivation from hydrograph considering derivaUon from

Subbasin 6 Local Inflow ** reverse reservoir routing; good timing for reverse reservoir routing; good timing for
Douglas Dam Reservoir Inlet rising limb and timing of multiple peaks; rising limb and timing of multiple peaks;
(Simulation in Basin_6.hms) good timing and shape of falling limb of good timing and shape of falling limb of

hydrograph hydrograph

Peak discharge of maximum peak is Peak discharge of maximum peak is

underestimated by 6% overestimated by 10%

* No "observed" local inflow hydrograph was generated; comparison is made between total simulated and observed instream flow at Nolichucky Dam,
just below Subbasin 5
S* No "observed" local inflow hydrograph was generated; comparison is made between total simulated flow and "observed flow" at Douglas Dam.

"Observed" flow series determined from reverse reservoir routing.

Table 18: Quantitative Comparison of Observed and Simulated Peak Discharges

First Simulation Second Simulation

Point of comparison Simulated Observed % error Simulated Observed eror
PointofcomparisonQpeak IQ peak o peak IQ peak e

May 2003 September 2004
Basin 1 outlet(instream) 14,304 11,673 23% 27,305 1 25,704 1 6%

March 1994 January 1996
Basin 2 outlet (local inflow) 47,413 50,354 -6% 46,416 1 46,688 1 -1%

French Broad at Newport (instream) March 1994 January 1996
57,158 60,484 -5% 52,918 1 55,133 -4%

B January 1996 May 2003
Basin 3 outlet (instream) 38,332 35,555 8% 42,052 1 40,475 4%

Basin 4 outlet (instream) November 2003 September 2004
Bt35,380 31,568 12% 60,989 59,4521 3%

Nollichucky Dam (instream, including Subbasin 5) March 2002 November 2003
22,363 18,806 19% 36,602 1 33,949 1 8%

Douglas Dam Reservoir Inflow (Subbasin 6 simulation) May 2003 September 2004
Douglas Dam Resrvoir Inflow (Sbbasin 6 simulaion 90,024 95,535 -6% 125,895 1 114,582 1 10%



8 SUMMARY & CONCLUSIONS

Following NRC requirements, the unit hydrographs developed by the TVA for four of the six subbasins
plus two new unit hydrographs developed for two subbasins within the Douglas Dam watershed were
directly or indirectly validated by using them in HEC-HMS to simulate runoff for the highest two floods
with suitable precipitation data within the period of record from 1986 to 2007, utilizing the gridded
precipitation data from the period between 1999 and 2007 wherever possible.

Observed rainfall was converted to excess rainfall using rainfall-runoff relations embedded in the TVA's
FLDHYDRO program. The effective rainfall was used as input to HEC-HMS to simulate stream flow at
the basin outlet which was compared to observed discharges, obtained from direct measurement or
estimated with hydrograph separation as necessary.

Qualitative and quantitative assessments of the success of the simulations in duplicating observed stream
flow series are provided in Table 17 and 18, respectively.

In general, very good agreement between simulated and observed flows was obtained for the headwater
catchments of the French Broad at Asheville, the Pigeon River at Newport, and the Nolichucky River at
Embreeville (Subbasins 1, 3, and 4). For headwater basins, it is only necessary to remove base flow
from the observed flow series to compare observed and simulated local hydrographs.

Very good agreement between the simulated and observed local inflow hydrographs was also obtained
for the French Broad River near Newport (Subbasin 2), which required stream flow routing and
hydrograph separation to convert the observed in-stream hydrographs to local inflow hydrographs before
a comparison with the simulated inflow series could be made.

In theory it is also possible to develop local inflow hydrographs for the Nolichucky River at Nolichucky
Dam and the French Broad River at Douglas Dam (Subbasins 5 and 6) by hydrograph separation.
However, because of the inaccuracies inherent in inflow calculated using reverse reservoir routing,
which is sensitive to small changes in headwater elevations, and the fact that the lag routing used for
these reaches does not account for attenuation, hydrograph separation resulted in seriously distorted local
inflow hydrograph shapes and negative flows.

Validation was accomplished "operationally," or indirectly, by comparing the downstream observed and
simulated in-stream hydrographs, which includes the impact of the local inflow hydrograph developed
by convoluting effective rainfall with the unit hydrograph. Effective rainfall volumes were estimated
from lumped runoff volumes. Very good agreement was obtained between the simulated and observed
in-stream flow series, indicating that the local inflow hydrographs are reasonable.

Based on the preceding discussion, it is concluded that the unit hydrographs for the six subbasins of the
Douglas Dam watershed (Subbasins 1 thorough 6) have each been validated against two recent floods.
Considering that, with the exception of Subbasins 2 and 3, the unit hydrographs were developed from
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floods from the 1970s and earlier, and have been demonstrated in this calculation to be valid for events
that occurred in more recent years, it is concluded that watershed characteristics and runoff processes
have remained relatively stationary. It is also concluded that each of the unit hydrographs accurately
describes the response of its catchment and is adequate for application to design storm events.

In almost all cases of discrepancies between observed and simulated storm hydrographs (where the
"observed" or synthesized hydrographs are reliable); the problems may plausibly be attributed to
uncertainties in the modeling of rainfall excess values with FLDHYDRO.

Since the unit hydrographs have been demonstrated to provide a reasonable response to a unit of excess
rainfall (i.e. good estimates of peak discharge, good timing of peaks, shape of hydrograph especially
with respect to timing and the duration of rising and falling limbs), these unit hydrographs are valid for
use in hydrologic studies to determine the Probable Maximum Flood (PMF) at the TVA Nuclear Plant
sites (see Section 1).

8.1 Validated Unit Hydrographs

Four of the original TVA unit hydrographs were validated for two recent flood events in this calculation.
Preliminary analysis indicated that the original Subbasin 2 and 3 unit hydrographs did not provide
acceptable results. The unit hydrograph for Subbasin 2 was redeveloped using rainfall and stream flow
data from the 1973 and 2004 floods; the unit hydrograph for Subbasin 3 was redeveloped using data
from the 1994 and 2004 floods. Each of the new unit hydrographs were validated for two recent floods.
Because the local flood hydrographs for Subbasins 5 and 6 were not directly reproduced in this
calculation, the unit hydrographs were not validated in the traditional sense; an "operational" validation
was achieved by reproducing the total flows at the outlet.

The key parameters associated with the final unit hydrographs validated in this calculation are
summarized in Table 19 (the original parameters are summarized in Table 2). The ordinates for all six
unit hydrographs are summarized in Table 20 and are provided in spreadsheet form as Attachment 1-31
to facilitate use in subsequent modeling efforts.

Table 19: Final Unit Hydrograph Parameters for the Subbasins of the Douglas Dam Watershed

Sbbj Effective Number of Q k f Peak Time, Area, Vo ft Volume
Subbasin Duration, hrs ordinates hours sq. mi. inches

1 6 29 14,000 12 944.4 50,355 1.000
2 6 9 43,114 12 913.1 48,698 1.000
3 6 16 30,910 12 667.1 35,575 1.000
4 4 21 33,275 12 804.8 42,934 1.000
5 6 16 11,740 12 378.7 20,226 1.001
6 6 11 47,207 6 835.0 44,533 1.000
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Table 20: Unit Hydrograph Ordinates for the Subbasins of the Douglas Dam Watershed (see
Attachment 1-31 for spreadsheet data)

UH 1 (duration = 6 hrs)
Time, hrs Q, cfs/in
0 0
6 4,000
12 14,000
18 13,500
24 10,800
30 9,400
36 8,600
42 7,800
48 6,800
54 5,800
60 4,600
66 3,500
72 2,600
78 2,000
84 1,600
90 1,300
96 1,100
102 900
108 700
114 600
120 500
126 400
132 300
138 250
144 200
150 150
156 100
162 50
168 0

UH 2 (duration = 6 hrs)
Time, hrs Q, cfs/in

0 0
6 15,374

12 43,114
18 18,839
24 11,712
30 4,585
36 3,057
42 1,528
48 0

UH 3 (duration = 6 hrs)
Time, hrs Q, cfs/in

0 0
6 5,543
12 30,910
18 11,024
24 8,367
30 5,710
36 3,053
42 396
48 746
54 1,097
60 1,448
66 1,213
72 979
78 744

.84 510
90 0

UH 4 (duration = 4 hrs)
Time, hrs Q, cfs/in

0 0
4 1,355
8 30,641

12 33,275
16 17,109
20 12,449
24 7,790
28 6,203
32 4,615
36 3,027
40 2,665
44 2,304
48 1,943
52 1,581
56 1,220
60 1,060
64 900
68 740
72 580
76 419
80 0

UH 5 (duration = 6 hrs)
Time, hrs Q, cfs/in

0 0
6 3,310

12 11,740
18 7,630
24 4,720
30 3,510
36 2,710
42 2,110
48 1,610
54 1,200
60 900
66 600
72 400
78 250
84 100
90 0

UH 6 (duration= 6 hbr)
Time, hrs Q, cfs/in

0 0
6 47,207

12 19,655
18 6,103
24 5,162
30 4,220
36 3,278
42 2,336
48 1,395
54 453
60 0



TVA
Calculation No. CDQ000020080056 Rev: 0 Plant: GEN Page: 95

Subject: Douglas Dam Watershed (Subbasins 1 through 6) Unit Hydrograph Validations Prepared T.H.J.

Checked M.C.C.

8.2 Validated Routing Parameters

The routing parameters utilized by the TVA in modeling stream flow in the Douglas Dam watershed
have been indirectly validated by use in the models described in the body of this report and are suitable
for appropriate, joint use with the unit hydrographs in subsequent hydrologic studies to determine the
Probable Maximum Flood (PMF) at the TVA Nuclear Plant sites (see Section 1).

The routing parameters used in the hydrologic modeling, presented in Section 7.2 of this calculation are
summarized in Table 21 and are provided in spreadsheet form as Attachment 1-31 to facilitate use in
subsequent modeling efforts.

Table 21: Routing Parameters used in Hydrologic Modeling of the Douglas Dam Watershed

Model River Reach Type of Routing CO C1  C2  At, hours

French Broad Asheville to Marshall Muskingum 0.38 0.45 0.17 6.00
Subbasin 2 French Broad Marshall to Hot Springs Muskingum 0.32 0.73 -0.05 4.00

French Broad Hot Springs to Newport Muskingum 0.29 0.65 0.06 8.00
Subbasin 5 Nolichucky Embreeville to Nolichucky Dam Straight Lag n/a n/a n/a 9.00

Nolichucky Nolichucky Dam to Douglas Dam Straight Lag n/a n/a n/a 12.00
Subbasin 6 French Broad Newport to Douglas Dam Straight Lag n/a n/a n/a 3.00

Pigeon Newport to Douglas Dam Straight Lag n/a n/a n/a 3.00
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