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1.0 Purpose And Scope  

Determine the maximum water surface elevation for the effects of local intense precipitation at the 
Comanche Peak Nuclear Power Plant Units 3 and 4 (CPNPP), using calculated probable maximum 
precipitation (PMP) and site grading and drainage plans, for comparison with United States 
Advanced Pressurized Water Reactor (USAPWR) Design Control Document (DCD) criteria. 

2.0 Summary Of Results And Conclusions 

DCD criteria identifies that the USAPWR is designed for a maximum flood level of 1 foot below plant 
grade (USAPWR). The plant grade elevation is 822 ft (URS 2011b and 2011d). The maximum water 
surface elevation determined for the effects of local intense precipitation is 820.98 ft and meets the 
DCD criteria. Table 2-1 provides a summary of the analysis results. Figure 2-2 shows the 
approximate locations of key water surface elevations, such as upstream and downstream of weir 
structures and maximum water surface elevations. 

Table 2-1. Summary of Maximum Results 
Feature Max Water Surface 

Elevation (ft) 
Location Adjacent Unit 

Drainage Pond A 816 Pond N/A 
Drainage Pond B 815.1 Pond N/A 
Unit 4 UHS Channel 819.80 Cross Section 107 Unit 4 
West Channel 820.98 Cross Section 23 Unit 3 and Unit 4 
Center South Channel 820.98 Cross Section 8 Unit 3 and Unit 4 
Unit 3 UHS Channel 819.66 Cross Section 12 Unit 3 
Unit 3 North Channel 820.14 Cross Section 8 Unit 3 
Center North Channel 820.44 Cross Section 13 Unit 3 and Unit 4 
Unit 4 North Channel 820.11 Cross Section 6 Unit 4 
Unit 3 East Channel 820.48 Cross Section 5 Unit 3 
Unit 3 Southeast Channel 
Unit 3 Southeast Channel 

819.77 
 822.70 

Cross Section 6 
Cross Section 11 

Unit 3 
None 

East Channel 821.88  Cross Section 7 None 
Off-site Channel 820.78  Cross Section 2 None 
Note: UHS = ultimate heat sink 

The water surface elevation towards the upstream end of the Unit 3 Southeast Channel exceeds 
822 ft. There are no safety-related structures adjacent to the upstream end of the Unit 3 Southeast 
Channel. The safety-related structures are present towards the downstream end of the Unit 3 
Southeast Channel where the water surface elevation is at least one (1) foot or more below the plant 
grade of 822 ft. The higher water surface elevations in the upstream portions of the Unit 3 Southeast 
Channel are a function of the channel configuration. The grading and drainage map (URS 2011a, 
2011b, 2011c, 2011d, and 2011e) indicates that the ground elevations at the upstream end of the 
Unit 3 Southeast Channel are relatively high. The higher elevations correspond to higher water 
surface elevations in this area. The Unit 3 Southeast Channel has steeper slopes and lower ground 
elevations as it carries flow past safety-related structures to the stormwater retention basin northeast 
of the Unit 3. Therefore, the higher water surface elevations in the upstream cross-sections of the 
Unit 3 Southeast Channel do not adversely affect the safety-related structures.  
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The East Channel and the Off-site Channel have been evaluated for potential contribution to other 
channels. Some cross sections of the East Channel exhibit water surface elevation higher than 821 
ft.  However, there are no safety-related structures adjacent to the East Channel and the Off-site 
Channel. Therefore, DCD criteria regarding the maximum flood level is not applicable to the East 
Channel.  

Figure 2-1. Summary Water Surface Elevations 
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4.0 Assumptions 

The grading and drainage plan drawings (URS 2011a, 2011b, 2011c, 2011d, and 2011e) are 
designated non-safety related. The grading and drainage plan drawings have been transmitted 
(MNES 2011) for use in the analysis of the effects of local intense precipitation and represent the 
best information available. Future uses of the results or analyses contained herein should consider 
the current state of the grading and drainage plan. 

For all drainage areas, it is assumed that rainfall is transformed to runoff using the most intense rate 
of local intense precipitation. Corresponding lesser intensities at longer durations are not considered 
for larger drainage areas that would be expected to have a longer response time. In addition, rainfall 
is transformed to runoff assuming no losses.  

Site drainage structures (e.g., inlets and culverts) are assumed to be blocked or otherwise non-
functional and do not allow flow passage. However, in certain cases it is more conservative to allow 
flow through a drainage structure to affect adjoining areas that flow would not reach if the drainage 
structure were blocked. In these cases, both scenarios are examined. As a minimum, full flow 
through a structure is assumed when drainage structure flow is considered conservative. 

In some cases multiple flow paths are conceivable. Conservative assumptions are made for each 
channel regarding the accumulation of runoff. These assumptions are detailed for each channel 
analysis as applicable. 

Runoff from the site ultimately empties into the Squaw Creek Reservoir (SCR). Tailwater conditions 
for the SCR are assumed to be the peak water surface elevation determined from evaluation of the 
probable maximum flood (PMF). 

5.0 Design Inputs 

Site grading is defined by the series of grading and drainage plan sheets (URS 2011a, 2011b, 
2011c, 2011d, and 2011e). Safety-related Units 3 and 4 have a plant grade elevation of 822 ft (URS 
2011b, 2011d). The site grading is used to develop spatial relationships, including elevations, for the 
hydrologic and hydraulic models used to perform the site analysis. 

Local intense PMP estimates are derived in the referenced precipitation calculation (ENERCON 
2008). The maximum rainfall intensity is 6.2 in. in 5 minutes. This intensity is used to derive the 
rainfall runoff for the site. 

Tailwater conditions are derived in the referenced SCR PMF calculation (ENERCON 2010). The 
maximum water surface elevation for the SCR is 793.66 ft. The SCR maximum water surface 
elevation is used as the downstream boundary condition for runoff entering the SCR. 
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6.0 Methodology 

Reference to and compliance with the following listed design guides are considered in analyzing the 
effects of local intense precipitation at CPNPP Units 3 and 4. All other procedures, instructions and 
design guides listed in section 5.4 of the Project Planning Document (PPD No. TXUT-001, Rev. 3) 
are not specifically applicable in analyzing the effects of local intense precipitation at the CPNPP 
Units 3 and 4 site. 

� U.S. Nuclear Regulatory Commission, Standard Review Plan, NUREG-0800 (NRC 2007b). 
� U.S. Nuclear Regulatory Commission, Design Basis Floods for Nuclear Power Plants, 

Alternative Methods of Estimating Probable Maximum Floods, Regulatory Guide 1.59 (NRC 
1977). 

� American Nuclear Society, American National Standard for Determining Design Basis Flooding 
at Power Reactor Sites, ANSI/ANS-2.8-1992 (ANS 1992). 

� U.S. Nuclear Regulatory Commission, Standard Format and Content of Safety Analysis Reports 
for Nuclear Power Plants, Regulatory Guide 1.70 (NRC 1978). 

� U.S. Nuclear Regulatory Commission, Flood Protection for Nuclear Power Plants, Regulatory 
Guide 1.102 (NRC 1976). 

� U.S. Nuclear Regulatory Commission, Combined License Applications for Nuclear Power Plants 
(LWR Edition), Regulatory Guide 1.206 (NRC 2007a). 

� 10 CFR Part 52. Code of Federal Regulations, Title 10 Energy, Part 52 Licenses, Certifications, 
and Approvals for Nuclear Power Plants (10 CFR Part 52). 

� U.S. Nuclear Regulatory Commission, Industry Guideline for Combined License Applicants 
under 10 CFR Part 52, NEI 04-01 (NRC 2005). 

Drainage areas are delineated in AutoCAD (Autodesk 2009) based on the contours and features 
shown in the site grading plans (URS 2011a, 2011b, 2011c, 2011d, and 2011e). For each drainage 
area, the peak runoff is determined by multiplying the area by the maximum rainfall intensity. It is 
assumed there are no losses and all rainfall is converted to runoff. 

Runoff across the site is modeled using the open-channel flow hydraulic modeling software, HEC-
RAS (HEC 2010), and steady flow. The site grading plans (URS 2011a, 2011b, 2011c, 2011d, and 
2011e) and AutoCAD (Autodesk 2009) are used to determine channel cross section distances and 
elevations. Site structures and buildings are modeled as obstructions and do not allow any storage 
in the cross section. Channel roughness coefficients are determined using the site grading plans 
(URS 2011a, 2011b, 2011c, 2011d, and 2011e) and applicable standard tables (Chow 1959 & 
USACE 1994). To ensure a conservative approach, selected roughness coefficients are increased 
by a factor of 50 percent. Higher roughness coefficient yield higher water surface elevations and are 
therefore, more conservative. 

Drainage structures are assumed to be blocked or otherwise non-functional. Inline structures are 
utilized in HEC-RAS (HEC 2010) to model overtopping flow at the blocked structures. HEC-RAS 
utilizes the standard weir flow equation to model overtopping flow (USACE 2010a, Equation 8-6): 

Q = C * L * H1.5

Where:  
Q = flow (cfs) 
C = weir flow coefficient 
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L = weir length (ft) 
H = weir energy head (ft) 

Depending on the shape of the spillway (i.e., broad crested, ogee shaped, or sharp crested) the weir 
flow coefficient will typically range from 2.6 to 4.1 (USACE 2010a). A lower weir flow coefficient will 
maximize the overtopping headwater elevation. Therefore, a weir flow coefficient of 2.6 is selected. 
HEC-RAS automatically accounts for submergence due to the downstream tailwater (USACE 
2010a). 

For some channel models it is possible that flow will spill laterally from the channel over retaining 
walls. Where this occurs, lateral structures are utilized in HEC-RAS (HEC 2010) to model the 
overtopping flow leaving the channel. HEC-RAS also utilizes the standard weir flow equation to 
model overtopping flow of lateral structures.  

Runoff is added to the channel models and accumulated downstream without attenuation. Under 
normal conditions, runoff from the site is directed to two on-site ponds and is discharged to the SCR 
through outlet structures or in combination with overflow spillways. Under local intense precipitation 
conditions, runoff is directed to the same on-site ponds and one additional area that would overflow 
to the SCR. The pond discharge outlets are assumed to be non-functional. The standard weir flow 
equation is used to determine the overtopping elevation for the ponds and establish the downstream 
boundary conditions for upstream runoff. 

Where open drainage structures would be considered more conservative, full flow capacity of the 
structure is calculated using Manning’s formula (NRCS 1986, Equation 3-4) and the principles of the 
conservation of mass continuity equation (USACE 1993, Equation 2-4). 

V = 1.49 * r(2/3) * s(1/2) / n 

Where: 
V = average velocity (ft/s) 
r = hydraulic radius (ft) and is equal to a/pw
 a = cross sectional flow area (sq ft) 
 pw = wetted perimeter (ft) 
s = slope of hydraulic grade line (channel slope, ft/ft) 
n = Manning’s roughness coefficient for open channel flow 

and

Q = V * A 

Where: 
Q = volumetric flow rate (cfs) 
V = mean flow velocity (ft/s) 
A = cross sectional flow area (sq ft) 

AutoCAD (Autodesk 2009) and HEC-RAS (HEC 2010) software have been verified and validated in 
accordance with ENERCON’s Corporate Standard Procedure Number 3.02, Revision 5, Control of 
Computer Software.  The verification and validation documents are maintained by Enercon as part 
of the Quality Assurance program. 
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7.0 Calculations 

Drainage Areas, Channels, and Runoff 

The site drainage area map (URS 2011e) depicts the entire site area but does not contain the detail 
shown in the individual grading and drainage map sheets (URS 2011a, 2011b, 2011c, and 2011d). 
Therefore, the grading and drainage maps are combined in AutoCAD to form a seamless detailed 
map as shown in Figure 7-1. Runoff across the site enters one of the two on-site drainage ponds, 
labeled A and B, or an additional overflow area, labeled C, under local intense precipitation 
conditions. Runoff is carried to the pond areas by the channels as identified in Figure 7-2. Drainage 
areas for major portions of the channels and contributing areas are shown in Figure 7-3. 

Figure 7-1. Grading Plan (Source: URS 2011a, 2011b, 2011c, and 2011d) 

Pond A 

Pond B 

Area C 
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Figure 7-2. Channels (Source: URS 2011a, 2011b, 2011c, and 2011d) 

West 

East 

Off-site
Unit 3 
Southeast

Unit 3 North 

Unit 3 East

Unit 3 UHS Unit 4 North 
Unit 4 UHS 

Center North 

Center South 



CALCULATION CONTROL SHEET 

CALC. NO. TXUT-001-
FSAR-2.4.2-CALC-036 

REV. 1 

PAGE NO.   20 of 156 

Figure 7-3. Drainage Areas (Source: URS 2011a, 2011b, 2011c, 2011d, and 2011e) 

Using AutoCAD functions, the area of each drainage area is presented in Table 7-1. The raw output 
from AutoCAD is in square feet and rounded to a whole number. Provided for reference, the square 
feet area is converted to acres by dividing by 43,560 sq ft/ac.  

The peak runoff for each area is also presented in Table 7-1. The peak runoff is determined by 
multiplying the drainage area (in square feet) by the maximum local intense precipitation intensity of 
6.2 in/5 min. The result is converted to cubic feet per second. For example, the drainage area 1 
peak runoff is calculated as follows: 

30,438 sq ft * 6.2 in * (1 ft / 12 in) / [5 min * (60 sec / 1 min)] = 52 cfs 
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Table 7-1. Drainage Areas and Peak Runoff 
Drainage Area Area (sq ft) Area (ac) Peak Runoff (cfs) 

1 30,438 0.70 52 
2 91,165 2.09 157 
3 135,373 3.11 233 
4 55,889 1.28 96 
5 149,462 3.43 257 
6 106,395 2.44 183 
7 32,185 0.74 55 
8 76,076 1.75 131 
9 212,581 4.88 366 
10 188,256 4.32 324 
11 46,116 1.06 79 
12 141,814 3.26 244 
13 71,166 1.63 123 
14 78,158 1.79 135 
15 71,160 1.63 123 
16 194,292 4.46 335 
17 38,179 0.88 66 
18 56,264 1.29 97 
19 21,498 0.49 37 
20 44,699 1.03 77 
21 78,593 1.80 135 
22 254,718 5.85 439 
23 1,658,736 38.08 2857 
24 2,731,991 62.72 4705 
25 72,655 1.67 125 
26 22,370 0.51 39 
27 286,858 6.59 494 
28 113,866 2.61 196 
29 215,210 4.94 371 
30 123,621 2.84 213 
31 156,931 3.60 270 
32 1,406,778 32.30 2423 

The main channels directing flow away from Units 3 and 4 are identified as the West Channel, the 
Center North Channel, which empties into the channels north of the ultimate heat sink (UHS) 
structures, and the Unit 3 Southeast Channel. Other channels carry flow to the main channels and 
also have the potential of affecting Units 3 and 4, or carry flow from the main channels to pond 
areas, establishing downstream boundary conditions. The East Channel does not directly affect 
Units 3 and 4, but is analyzed for the potential of adding flow to the adjacent Unit 3 Southeast 
Channel. 

Drainage Area 23 is a large area to the west of Units 3 and 4. Runoff from this area is directed to 
several culverts. Some of the culverts would normally carry runoff away from the designated 
drainage areas. Assuming culverts are non-functional would result in roadway overtopping. It is 
likely that the roadway overtopping would also carry much of the runoff away from the designated 
drainage areas. However, it is conservatively assumed that all runoff from Drainage Area 23 enters 
Drainage Area 24 and Drainage Pond A. Furthermore, it is conservatively assumed that the rainfall 
is transformed to runoff using the most intense rate of local intense precipitation. It would be more 
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appropriate for a large drainage area to use a longer response time and the corresponding lesser 
intensity.

Although Drainage Area 24 is also large, it is it is conservatively assumed that the rainfall is 
transformed to runoff using the most intense rate of local intense precipitation. All runoff from 
Drainage Area 24 directly enters Drainage Pond A. 

Drainage Area 32 is also a large area. It is conservatively assumed that the rainfall is transformed to 
runoff using the most intense rate of local intense precipitation. All runoff from Drainage Area 32 is 
directed to the Off-site Channel. Runoff then enters Drainage Pond B through a culvert structure or 
overflows an embankment directly to the SCR. 

Assuming drainage structures are non-functional creates overtopping conditions at various 
structures throughout the plant area. However, for the upper reach of the West Channel, Drainage 
Area 9 in Figure 7-3, the natural flow direction is east to a drainage structure at the entrance to the 
plant area, southeast of Unit 3. Assuming the drainage structure is non-functional causes the runoff 
to pool, overtop a highpoint in the West Channel, and flow west. Because the road elevation at the 
entrance is higher than the road looping around the units, runoff also has the potential to overtop the 
loop road running parallel to the channel. However, runoff overtopping the loop road finds its way 
back into the West Channel downstream of the channel highpoint. 

Runoff flowing north between the two units flows to a culvert, Drainage Area 6 in Figure 7-3, that 
would normally carry runoff to Drainage Pond A. Because the culvert is assumed to be non-
functional, runoff overtops the loop road and may then either flow west to Drainage Pond A or east 
to Drainage Pond Area B. In order to reach Drainage Pond A or Drainage Pond B, runoff would 
normally be carried through drainage structures. Assuming the drainage structures are non-
functional cause runoff to spill over retaining walls directly to the SCR.  

The optional flow paths described are accounted for by calculating the maximum runoff that could 
potentially be directed to each of the pond areas. Therefore, flow from a single drainage area may 
be applied to multiple ponds. The total flow for each pond is used to determine the downstream 
boundary condition for the channels flowing into each pond. 
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7.1  Drainage Pond A and Drainage Pond B 

The total runoff that could potentially enter Drainage Pond A is the summation of runoff for drainage 
areas 1 through 24, a total runoff of 11,306 cfs. The total area is depicted in Figure 7-4. The total 
runoff that could potentially enter Drainage Pond B is the summation of runoff for drainage areas 1 
through 7, 25 through 31, culvert flow from 9 (366 cfs), and culvert flow from 32 (332 cfs), a total 
runoff of 3439 cfs. The contributions from the culverts are discussed in detail below. The total area 
is depicted in Figure 7-5. 

Figure 7-4. Drainage Pond A Contributing Area (Source: URS 2011a, 2011b, 2011c, 2011d, and 
2011e)
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Figure 7-5. Drainage Pond B Contributing Area (Source: URS 2011a, 2011b, 2011c, 2011d, and 
2011e)

For Drainage Pond B, the contribution from Drainage Area 9 is based on comparison with the full 
flow capacity of the culvert at the plant entrance. The grading plan (URS 2011b) identifies a 48 in 
HDPE culvert with a 0.0033 ft/ft slope. The full flow capacity is calculated using Manning’s formula 
(NRCS 1986, Equation 3-4) and the principles of the conservation of mass continuity equation 
(USACE 1993, Equation 2-4). 

V = 1.49 * r(2/3) * s(1/2) / n 

Where: 
V = average velocity (ft/s) 
r = hydraulic radius (ft) and is equal to a/pw
 a = cross sectional flow area (sq ft) 
 pw = wetted perimeter (ft) 
s = slope of hydraulic grade line (channel slope, ft/ft) 
n = Manning’s roughness coefficient for open channel flow 

and

Q = V * A 

Where: 
Q = volumetric flow rate (cfs) 
V = mean flow velocity (ft/s) 
A = cross sectional flow area (sq ft) 
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The cross sectional flow area is � * [48 in * (1 ft/12 in)]2 / 4 = 12.57 sq ft. The wetted perimeter is 2 * 
� * [48 in * (1 ft/12 in)] / 2 = 12.57 sq ft. Therefore, the hydraulic radius is 12.57 sq ft / 12.57 sq ft  = 
1 ft. Based on published tables (Chow 1959) a minimum roughness coefficient for nonmetal 
conduits, Lucite, is 0.008. A minimum roughness coefficient results in the greatest full flow capacity 
for the culvert and is conservative in this case. Using the slope previously identified, the velocity is 
calculated. 

V = 1.49 * r(2/3) * s(1/2) / n = 1.49 * (1 ft)(2/3) * (0.0033 ft/ft)(1/2) / 0.008 = 10.70 ft/s 

The full flow capacity is calculated using the velocity and the cross sectional flow area. 

Q = V * A = 10.70 ft/s * 12.57 sq ft = 134 cfs 

Because the full flow capacity is less than the peak runoff for Drainage Area 9, it is conservative to 
use the peak runoff for Drainage Area 9 as the added runoff to contribute to Pond B. 

Similarly, the contribution from Drainage Area 32 is based on the full flow capacity of the culvert 
entering Drainage Pond B. The grading plan (URS 2011b) identifies twin 48 in HDPE culvert with a 
0.0050 ft/ft slope. The full flow capacity is calculated using Manning’s formula (NRCS 1986, 
Equation 3-4) and the principles of the conservation of mass continuity equation (USACE 1993, 
Equation 2-4). 

As previously determined, the cross sectional flow area and wetted perimeter of a 48 in pipe are 
both 12.57 sq ft resulting in a hydraulic radius of 1 ft. Also previously determined, is a roughness 
coefficient of 0.008. Using the slope previously identified, the velocity is calculated. 

V = 1.49 * r(2/3) * s(1/2) / n = 1.49 * (1 ft)(2/3) * (0.0050 ft/ft)(1/2) / 0.008 = 13.17 ft/s 

The full flow capacity is calculated using the velocity and the cross sectional flow area. 

Q = V * A = 13.17 ft/s * 12.57 sq ft = 166 cfs 

Because there are two 48 in culverts, the total flow contribution from Drainage Area 32 to Drainage 
Pond B is 2 * 166 cfs = 332 cfs. 

The maximum water surface elevations for each pond are determined to establish downstream 
boundary conditions for the channel flow analyses. The maximum water surface elevations are 
determined using the standard weir flow equation to model overtopping flow (USACE 2010a, 
Equation 8-6).  

Q = C * L * H1.5

Where:  
Q = flow (cfs) 
C = weir flow coefficient 
L = weir length (ft) 
H = weir energy head (ft) 
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As shown in Figure 7-6, the grading plan identifies Drainage Pond A has a 300 ft spillway at 
elevation 810 ft (URS 2011b). Overflow travels down a steep slope directly into the SCR. The 
maximum water surface elevation of the SCR, 793.66 ft (ENERCON 2010), is well below the 
spillway elevation and would not affect the spillway flow. Therefore, as previously discussed in 
Section 5.0, a weir flow coefficient of 2.6 is used. From above, the maximum runoff for Drainage 
Pond A is 11,306 cfs. Using the standard weir flow equation, the overtopping depth is determined to 
be 6 ft. Therefore, the Drainage Pond A maximum water surface elevation is 810 ft + 6 ft = 816 ft. 

H = [Q / (C * L)]2/3 = [11,306 cfs / (2.6 * 300 ft)]2/3 = 5.94 ft = use 6 ft 

Figure 7-6. Drainage Pond A (Source: URS 2011b) 

As shown in Figure 7-7, the grading plan identifies Drainage Pond B has a 250 ft spillway at 
elevation 812 ft (URS 2011b). Overflow spills into an area that would pond up to an elevation of 810 
ft corresponding to the top of a retaining wall barrier located immediately downstream. This 
configuration may affect spillway flow. Overflow of the retaining wall travels down a steep slope 
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directly into the SCR. The maximum water surface elevation of the SCR, 793.66 ft (ENERCON 
2010), is well below the top of the retaining wall and would not affect the overflow from this area. 

Figure 7-7. Drainage Pond B (Source: URS 2011b) 

Overflow Distance = 
293.59 ft 
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As a first estimate for the Drainage Pond B, a weir flow coefficient of 2.6 is used. From above, the 
maximum runoff for Drainage Pond B is 3439 cfs. Using the standard weir flow equation, the 
overtopping depth is determined to be 3.1 ft. Therefore, the Drainage Pond B maximum water 
surface elevation is 812 ft + 3.1 ft = 815.1 ft. 

H = [Q / (C * L)]2/3 = [3439 cfs / (2.6 * 250 ft)]2/3 = 3.04 ft = use 3.1 ft 

To evaluate the effects of the downstream retaining wall, the maximum water surface elevation for 
overflow at the retaining wall is determined. As shown in Figure 7-7, the top of the retaining wall is at 
elevation 810 ft. The overtopping distance is determined to be 293.59 ft. As previously discussed, 
the top of the retaining wall is above the effects of the SCR. Therefore, a weir flow coefficient of 2.6 
is used. The overtopping depth is determined to be 2.8 ft. for a maximum water surface elevation of 
810 ft + 2.8 ft = 812.8 ft. 

H = [Q / (C * L)]2/3 = [3439 cfs / (2.6 * 293.59 ft)]2/3 = 2.73 ft = use 2.8 ft 

The overflow elevation of the retaining wall exceeds the elevation of the Drainage Pond B spillway. 
Roadway overtopping guidance (FHWA 2005), shown in Figure 7-8, is used to determine any 
tailwater effects for the pond. As previously determined, the headwater for the Drainage Pond B 
spillway is 3.1 ft. The cross-sectional length of the spillway is 10 ft. The ratio of headwater divided by 
length (HWr/Lr) is 3.1 ft / 10 ft = 0.31. The corresponding discharge coefficient is 3.09 for paved or 
gravel surfaces, as shown in Chart A of Figure 7-8. 

The tailwater for the spillway is 812.8 ft – 812 ft = 0.8 ft. The ratio of tailwater divided by headwater 
(ht/HWr) is 0.8 ft / 3.1 ft = 0.26. The corresponding submergence factor for this condition is 1.0 for 
paved or gravel surfaces, as shown in Chart C of Figure 7-8. The revised discharge coefficient, 3.09 
* 1.0 = 3.09, indicates there are no tailwater effects for the Drainage Pond B spillway. Furthermore, 
a more conservative discharge coefficient is used to determine the Drainage Pond B maximum 
water surface elevation. 



CALCULATION CONTROL SHEET 

CALC. NO. TXUT-001-
FSAR-2.4.2-CALC-036 

REV. 1 

PAGE NO.   29 of 156 

Figure 7-8. Discharge Coefficients (FHWA 2005) 
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7.2 HEC-RAS Model 

The contours and features of the grading plan are used to create channel cross sections. 
Roughness coefficients are assigned to the channel cross sections based on the surface cover 
material. Designated channels are lined with a concrete bottom with riprap side slopes (URS 2011a, 
2011b, 2011c, 2011d, and 2011e). All other areas including swales maintain a crushed stone or 
gravel type surface cover (URS 2011a, 2011b, 2011c, 2011d, and 2011e).  

Roughness coefficients for concrete and crushed stone or gravel are based on published tables 
(Chow 1959) and selected to be 0.013 and 0.026, respectively. A roughness coefficient of 0.013 is 
the typical design value for concrete channels. A roughness coefficient of 0.026 envelopes the 
coefficients for gravel bottom channels, excluding those channels with side slopes of riprap. 

The roughness coefficient for riprap is based on Strickler’s equation for riprap (USACE 1994, 
Equation 3-2) and selected to be 0.038. As the size of the riprap approaches 1 ft, the roughness 
coefficient is equal to the K coefficient. A higher K coefficient results in a higher roughness 
coefficient, and yields higher water surface elevations. 

n = K[D90(min)]1/6

Where: 
n = roughness coefficient 
K = 0.036, average 
   = 0.034 for velocity and stone size calculation    
   = 0.038 for capacity and freeboard calculation 
D90(min) = size of which 90 percent of sample is finer, ft 

To ensure a conservative approach, the selected roughness coefficients are increased by a factor of 
50 percent. The roughness coefficients used in the analysis are provided in Table 7-2. 

Table 7-2. Manning’s Roughness Coefficients 
Material Initial Estimate Increase Factor Final Estimate 
Concrete 0.013 1.5 0.020 
Crushed Stone/Gravel 0.026 1.5 0.039 
Riprap 0.038 1.5 0.057 

For reference, the initial estimates are consistent with a riprap size of 1 ft and a gravel size of 1.2 in. 
The final estimates are bounding for riprap up to a size of 12 ft, and gravel up to a size of 14 in. 

Channel cross section locations are identified in Figure 7-9. The cross section stations and 
elevations are determined using the grading plan and AutoCAD. The data are entered into the HEC-
RAS software along with the Manning’s Roughness Coefficients. Site structures and buildings are 
modeled as obstructions and do not allow any storage in the cross section. Because drainage 
structures are assumed to be non-functional, inline structures are used to describe weirs in HEC-
RAS. In some cases, flow will spill laterally from a channel and are included in HEC-RAS as lateral 
structures. For both the inline and lateral structures, the grading plan and AutoCAD are also used to 
determine the stations and elevations. 
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Figure 7-9. Cross Section Locations (Source: URS 2011a, 2011b, 2011c, and 2011d) 

Although individual channels are disconnected from each other in the model, all the channels are 
included in one HEC-RAS model. The HEC-RAS overall schematic is shown in Figure 7-10. In 
general, the hydraulic models are solved simultaneously, with iterations performed to refine results 
and adjust boundary conditions as the results from one channel may affect another channel. 
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Figure 7-10. HEC-RAS Schematic 

Although the analyses for all channels are performed simultaneous in HEC-RAS, the detailed inputs 
and discussion of the analysis for each channel are presented individually for clarification. The 
presentation is based on the progression outlined below, continuing from the previous determination 
of maximum water surface elevations for the drainage ponds or pond areas. 

� Drainage Pond A maximum water surface elevation establishes downstream boundary 
condition for the Unit 4 UHS Channel 

� Unit 4 UHS Channel analysis establishes downstream boundary condition for the West 
Channel and partial downstream boundary condition for the Center North Channel 

� West Channel analysis establishes the downstream boundary condition for the Center 
South Channel 

� Center South Channel

� Drainage Pond B maximum water surface elevation establishes downstream boundary 
condition for the Unit 3 UHS Channel, the Unit 3 East Channel, the Unit 3 Southeast 
Channel, and the East Channel 

� Unit 3 UHS Channel analysis establishes downstream boundary condition for the Unit 3 
North Channel and partial downstream boundary condition for the Center North Channel) 

� Unit 3 North Channel
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� Center North Channel analysis establishes downstream boundary condition for the Unit 4 
North analysis 

� Unit 4 North Channel
� Unit 3 East Channel 
� Unit 3 Southeast Channel
� East Channel analysis establishes potential contribution to Unit 3 Southeast Channel 

analysis 
� Off-site Channel analysis establishes potential contribution to East Channel analysis 

HEC-RAS cross section inputs are discussed for each channel and provided using screenshot 
figures from the HEC-RAS software. Cross sections are labeled by number from high to low in the 
downstream direction. Each cross section includes station and elevation coordinates from the 
perspective of viewing the cross section in the downstream direction. The Manning’s roughness 
coefficients are included in the cross section coordinates table under the column heading labeled n 
Val. The distances between the current cross section and the downstream cross section are 
included in the figures. The default contraction and expansion coefficients are used and correspond 
to gradual transitions. Any blocked obstructions for a cross section are noted with the corresponding 
figure. 

HEC-RAS is run using the steady flow option with a mixed flow regime. A mixed flow regime allows 
both subcritical and supercritical flow to occur in the model. Because supercritical flow is a possibility 
with a mixed flow regime, upstream boundary conditions are required for each channel model. The 
upstream boundary conditions for all reaches are set to critical depth. If supercritical flow is 
determined for the most upstream cross section, a critical depth boundary condition conservatively 
provides the highest water surface elevation. If supercritical flow is not determined, the water 
surface elevation is based on the subcritical flow result. 

HEC-RAS detailed cross section results identify any software generated warnings. The warnings are 
not errors and are intended to provide information to the user that may or may not require action. As 
described in the HEC-RAS documentation (USACE 2010b), the hydraulic results at the warning 
locations are reviewed to ensure they are reasonable. If the hydraulic results are found to be 
reasonable, the message can be ignored. 

There are several reoccurring warnings identifying that cross section end points had to be extended 
vertically for the computed water surface elevation, divided flow is computed for a cross section, or 
because of conveyance ratios, energy loss, or velocity head changes there may be a need for 
additional cross sections. Cross section end point vertical extension is conservative and appropriate 
because the flow is confined to the described cross section and is prevented from spreading out 
beyond the established section, which would reduce the resulting water surface elevation. Divided 
flow is appropriate for the analysis, because high flows are overtopping internal cross section 
boundaries or high points and spreading out into adjacent areas. Where additional cross sections 
may be needed, cross section interpolation is used to generate enough cross sections in effort to 
eliminate the warning or create a smooth flow profile. Other less frequent warnings, not 
characterized here, are addressed in the appropriate channel analysis discussions provided below. 
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7.3  Unit 4 UHS Channel 

The Unit 4 UHS Channel runs generally west along the north side of the Unit 4 UHS structures and 
empties into Drainage Pond A through a culvert structure, as shown in Figure 7-11. There is also a 
branch of the channel that flows north into the main channel between the sets of Unit 4 UHS 
structures. Assuming the culvert is non-functional, runoff will continue overland to a depression 
adjacent to Drainage Pond A. The depression has an inlet structure discharging to the pond. 
However, assuming the inlet is non-functional the depression will pool with water and spill over the 
vehicle barrier system (VBS) acting as a weir into Drainage Pond A. Additionally, runoff will spill 
laterally over retaining wall sections of the VBS directly into the SCR. 

The main channel is modeled using 10 cross sections and one weir, and is divided into an upper 
reach and lower reach with a junction between Cross Sections 5 and 6. The branch is modeled 
using two cross sections and connects to the main channel at the junction. The Unit 4 UHS Channel 
captures runoff from Drainage Area 22. Runoff from Drainage Areas 1 through 7 (Center North 
Channel), Drainage Area 21 (Unit 4 North Channel), and Drainage Areas 8 through 20 (West 
Channel and Center South Channel) also contribute to the Unit 4 UHS Channel. 

Figure 7-11. Unit 4 UHS Channel Cross Sections (Source: URS 2011b) 

The Unit 4 UHS Channel HEC-RAS schematic is shown in Figure 7-12. The Unit 4 UHS Channel 
cross section data are shown in Figure 7-13 through Figure 7-24. The inline structure weir is shown 
in Figure 7-25 and the corresponding data is provided in Table 7-3. 
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Figure 7-12. Unit 4 UHS Channel HEC-RAS Schematic 

Obstructions: Station -10 to 0 and 92.06 to 143.54  
Figure 7-13. Unit 4 UHS Upper Channel Cross Section 10 
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Obstructions: Station -10 to 0 and 92.06 to 103 
Figure 7-14. Unit 4 UHS Upper Channel Cross Section 9 

Obstructions: Station -10 to 0 and 196.91 to 207 
Figure 7-15. Unit 4 UHS Upper Channel Cross Section 8 
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Obstructions: Station -10 to 0 and 162.25 to 172  
Figure 7-16. Unit 4 UHS Upper Channel Cross Section 7 

Obstructions: Station -10 to 0 
Figure 7-17. Unit 4 UHS Upper Channel Cross Section 6 
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The distance across the junction between Cross Section 6 of the upper reach and Cross Section 5 
of the lower reach is 58.25 ft.  

Obstructions: Station -10 to 0  
Figure 7-18. Unit 4 UHS Lower Channel Cross Section 5 

Obstructions: Station -10 to 0 
Figure 7-19. Unit 4 UHS Lower Channel Cross Section 4 
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Obstructions: Station -10 to 0 
Figure 7-20. Unit 4 UHS Lower Channel Cross Section 3 

Figure 7-21. Unit 4 UHS Lower Channel Cross Section 2 
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Figure 7-22. Unit 4 UHS Lower Channel Cross Section 1 

Obstructions: Station -10 to 0 and 58.25 to 68  
Figure 7-23. Unit 4 UHS Branch Channel Cross Section 107 
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Obstructions: Station -10 to 0 and 58.25 to 68 
Figure 7-24. Unit 4 UHS Branch Channel Cross Section 106 

The distance across the junction between Cross Section 106 of the branch reach and Cross Section 
5 of the lower channel is 85.65 ft. 

Figure 7-25. Unit 4 UHS Channel Inline Structure Weir Cross Section 1.5 
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Table 7-3. Unit 4 UHS Channel Inline Structure Weir Cross Section 1.5 
Station (ft) Elevation (ft) 
0 817 
341.29 817 
Distance between upstream station and weir = 49 ft 
Weir width = 15 ft 
Weir coefficient = 2.6 

Lateral weirs are added to the model to represent the retaining wall sections of the VBS. The 
retaining wall has a top elevation of 817 ft (URS 2011b). Lateral structure weirs are added to the 
model for the full distance between Cross Sections 3 and 4, 4 and 5, and 6 and 7. Although flow 
would spill laterally between Cross Sections 5 and 6, lateral structure weirs may not extend across 
or through a junction in HEC-RAS. The lateral structure weirs and the corresponding data are shown 
in Figure 7-26 through Figure 7-28. 

Figure 7-26. Unit 4 UHS Upper Channel Lateral Structure Weir Cross Section 6.9 
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Figure 7-27. Unit 4 UHS Lower Channel Lateral Structure Weir Cross Section 4.9 

Figure 7-28. Unit 4 UHS Lower Channel Lateral Structure Weir Cross Section 3.9 
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Runoff from Drainage Areas 1 through 7 (Center North Channel) is directed to a culvert in Drainage 
Area 6. Assuming the culvert is non-functional, the combined runoff from these areas would overtop 
the loop road and split. Some runoff would enter the Unit 4 UHS Channel and the remaining runoff 
would enter the Unit 3 UHS Channel. As a conservative approach, it is assumed for the Unit 4 UHS 
Channel analysis that the entire upstream runoff enters the Unit 4 UHS Channel.  

Additionally, runoff from Drainage Area 21 (Unit 4 North Channel) could contribute to runoff from 
Drainage Areas 1 through 7 (Center North Channel) and enter the main channel or spill into 
Drainage Area 22 (Unit 4 UHS Channel) by entering the branch channel. As a conservative 
approach, it is assumed that the total runoff from Drainage Area 21 (Unit 4 North Channel) enters 
both the main channel and the branch channel. This assumption doubles the runoff contribution 
from Drainage Area 21 (Unit 4 North Channel). 

Furthermore, runoff from Drainage Areas 8 through 20 (West Channel and Center South Channel) 
are directed to a culvert in Drainage Area 19. Assuming the culvert is non-functional, the runoff from 
Drainage Areas 8 through 20 (West Channel and Center South Channel) would enter the 
depression area of the Unit 4 UHS Channel adjacent to Drainage Pond A. 

Runoff from Drainage Areas 1 through 7 (Center North Channel), 21 (Unit 4 North Channel), and 22 
(Unit 4 UHS Channel) is added to the model at the upstream end, Cross Section 10. Runoff from 
Drainage Area 21 (Unit 4 North Channel) is also added to the model at the upstream of the branch, 
Cross Section 107. The total runoff applied at Cross Section 5 just downstream of the junction is the 
combined runoff from the upper channel and the branch channel. Runoff from Drainage Areas 8 
through 20 (West Channel and Center South Channel) is added to the model at Cross Section 2. 
Table 7-4 provides a summary of the runoff added to the Unit 4 UHS Channel model. 
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Table 7-4. Unit 4 UHS Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

10 1607 

1 52 
2 157 
3 233 
4 96 
5 257 
6 183 
7 55 
21 135 
22 439 

107 135 21 135 

5 1742 upstream contribution 1607 
upstream contribution 135 

2 3879 

upstream contribution 1742 
8 131 
9 366 
10 324 
11 79 
12 244 
13 123 
14 135 
15 123 
16 335 
17 66 
18 97 
19 37 
20 77 

The upstream Cross Sections 10 and 107 are assigned a critical depth boundary condition. The 
downstream Cross Section 1 is assigned the Drainage Pond A maximum water surface elevation of 
816 ft (see Section 7.1). The HEC-RAS model is run using the steady flow option with a mixed flow 
regime. Flow optimization for the lateral weirs is set to allow HEC-RAS to calculate and remove the 
overtopping flow from the model. Therefore, flow exiting the model at the lateral weir structures 
results in a decrease of flow at downstream cross sections. 

The initial run fails to converge for the flow optimization of the lateral structures. The detailed results 
suggest the addition of the flow at Cross Section 2 from the West Channel is backing up the 
upstream flow causing all of the upstream flow to exit the model over the lateral weirs. This is a 
reasonable result given the large flow in the West Channel that is added to the model. The lateral 
weir flow coefficients are reduced until the model no longer fails to optimize. The lateral structure 
weir coefficient at Cross Section 6.9 is unchanged. The lateral structure weir coefficient at Cross 
Section 4.9 is reduced to 2.4. The lateral structure weir coefficient at Cross Section 3.9 is reduced to 
0.04. The model is re-run and preliminary results are provided in Table 7-5. 
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Table 7-5. Unit 4 UHS Channel Preliminary Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

107 135.00 819.80 819.55 819.93 0.008234 2.91 46.32 58.25 0.58 
106 135.00 819.14  819.23 0.004238 2.41 56.07 58.25 0.43 
10 1607.00 819.20 814.43 819.40 0.001349 3.56 451.12 76.17 0.26 
9 1607.00 819.13  819.32 0.001240 3.53 457.84 76.37 0.25 
8 1607.00 819.18  819.24 0.000364 2.18 844.18 196.91 0.14 
7 1607.00 819.09  819.16 0.000424 2.37 754.88 162.25 0.15 
6.9 Lateral Structure 
6 1001.86 819.11  819.13 0.000133 1.34 838.61 177.73 0.09 
5 1136.86 819.00  819.10 0.001362 2.62 433.26 166.82 0.29 
4.9 Lateral Structure 
4 5.03 818.98  818.98 0.000000 0.02 291.21 131.90 0.00 
3.9 Lateral Structure 
3 1.74 818.98  818.98 0.000000 0.01 313.94 116.37 0.00 
2 2137.00 818.89 816.14 818.94 0.000377 1.81 1182.38 304.09 0.16 
1.5 Inline Structure 
1 2137.00 816.00 801.24 816.00 0.000004 0.46 4670.56 301.71 0.02 

Preliminary results identify the overtopping water surface elevation at the downstream weir is 818.89 
ft (Cross Section 2). Backwater effects result in a maximum water surface elevation of 819.20 ft at 
the most upstream cross section of the main channel (Cross Section 10) and 819.80 ft at the most 
upstream cross section of the branch channel (Cross Section 107). All cross section water surface 
elevations do not exceed 1 ft below plant grade and meet DCD criteria. The 819.20 ft water surface 
elevation result at Cross Section 10 establishes a potential downstream boundary condition for the 
Center North Channel. The water surface elevation result for Cross Section 2 is 818.89 ft and 
establishes the downstream boundary condition for the West Channel. All Froude numbers for the 
main channel and the branch channel are less than one, indicating there is no supercritical flow. 
There are no indications of hydraulic jumps in the channels. 

Warnings indicate there may be a need for additional cross sections between Cross Sections 2 and 
3, Cross Sections 4 and 5, and Cross Sections 8 and 9 of the main channel. HEC-RAS interpolation 
with 50 ft maximum spacing is used to generate three new cross sections between Cross Sections 4 
and 5. Interpolation with 10 ft maximum spacing is used to generate seven new cross sections 
between Cross Sections 8 and 9, and 13 new cross sections between Cross Sections 2 and 3. 
Because of the interpolation, the lateral structure weir coefficient at Cross Section 4.9 is able to 
increase to 2.45. The other lateral structure weir coefficients remain unchanged. The model is re-run 
and the warnings are eliminated. Table 7-6 provides the final results. 
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Table 7-6. Unit 4 UHS Channel Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

107 135.00 819.80 819.55 819.93 0.008139 2.90 46.48 58.25 0.57 
106 135.00 819.13  819.22 0.004405 2.44 55.42 58.25 0.44 
10 1607.00 819.21 814.43 819.41 0.001338 3.55 452.33 76.21 0.26 
9 1607.00 819.15  819.34 0.001230 3.52 459.10 76.42 0.25 
8 1607.00 819.17  819.23 0.000366 2.19 842.36 196.91 0.14 
7 1607.00 819.08  819.16 0.000427 2.38 753.32 162.25 0.15 

6.9 Lateral Structure 
6 1004.78 819.10  819.12 0.000135 1.35 836.88 177.73 0.09 
5 1139.78 818.98  819.09 0.001386 2.64 431.38 166.61 0.29 

4.9 Lateral Structure 
4 7.57 818.95  818.95 0.000000 0.03 286.74 131.45 0.00 

3.9 Lateral Structure 
3 1.74 818.95  818.95 0.000000 0.01 310.00 116.14 0.00 
2 2137.00 818.89 816.14 818.94 0.000377 1.81 1182.38 304.09 0.16 

1.5 Inline Structure 
1 2137.00 816.00 801.24 816.00 0.000004 0.46 4670.56 301.71 0.02 

The overtopping water surface elevation at the downstream weir remains 818.89 ft (Cross Section 
2). The backwater effects result in an increased maximum water surface elevation of 819.21 ft at the 
most upstream cross section of the main channel (Cross Section 10). However, the maximum water 
surface elevation for the most upstream cross section of the branch channel remains unchanged at 
819.80 ft (Cross Section 107). All cross section water surface elevations do not exceed 1 ft below 
plant grade and meet DCD criteria. The 819.21 ft water surface elevation result at Cross Section 10 
establishes a potential downstream boundary condition for the Center North Channel. The water 
surface elevation result for Cross Section 2 is 818.89 ft and establishes the downstream boundary 
condition for the West Channel. All Froude numbers for the main channel and the branch channel 
are less than one, indicating there is no supercritical flow. There are no indications of hydraulic 
jumps in the channels. The channel flow profile is provided in Figure 7-29. 
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Figure 7-29. Unit 4 UHS Channel Flow Profile 
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7.4 West Channel 

The West Channel runs along the south and west side of Units 3 and 4 and empties into Drainage 
Pond A through a culvert structure, as shown in Figure 7-30. Assuming the culvert is non-functional, 
runoff will overtop the plant loop road and combine with the runoff from the Unit 4 UHS Channel as 
previously described in Section 7.3.

The channel is modeled using 24 cross sections and one weir. Assuming culverts are non-
functional, and as previously described in Section 7.0, the runoff in Drainage Area 9 will pool behind 
the culvert at the entrance to the plant area and form the upper reaches of the channel. Runoff will 
eventually spill over a highpoint in the channel and flow west through Drainage Areas 11 and 12, 
then north through Drainage Areas 14, 15, 17 and 19 to the non-functional culvert and roadway 
weir. Runoff from Drainage Areas 10 (Center South Channel), 13, 16, 18, and 20 also contribute to 
the West Channel. 

Figure 7-30. West Channel Cross Sections (Source: URS 2011b and 2011d) 

The West Channel HEC-RAS schematic is shown in Figure 7-31. The West Channel cross section 
data are shown in Figure 7-32 through Figure 7-55. The inline structure weir is shown in Figure 7-56 
and the corresponding data is provided in Table 7-7. 
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Figure 7-31. West Channel HEC-RAS Schematic 

Obstructions: Station 150.26 to 160 
Figure 7-32. West Channel Cross Section 24 
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Obstructions: Station 227.55 to 237 
Figure 7-33. West Channel Cross Section 23 

Obstructions: Station 122.42 to 221.98 and 227.27 to 237 
Figure 7-34. West Channel Cross Section 22 
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Obstructions: Station 120.7 to 210.26 and 225.55 to 235 
Figure 7-35. West Channel Cross Section 21 

Obstructions: Station 123.04 to 203.07 
Figure 7-36. West Channel Cross Section 20 
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Figure 7-37. West Channel Cross Section 19 

Figure 7-38. West Channel Cross Section 18 
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Figure 7-39. West Channel Cross Section 17 

Obstructions: Station 139.13 to 149 
Figure 7-40. West Channel Cross Section 16 
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Obstructions: Station 220.87 to 230 
Figure 7-41. West Channel Cross Section 15 

Obstructions: Station 116.02 to 205.58 and 220.87 to 231 
Figure 7-42. West Channel Cross Section 14 
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Obstructions: Station 116.02 to 205.58 and 220.87 to 230 
Figure 7-43. West Channel Cross Section 13 

Obstructions: Station 120.68 to 200.71 
Figure 7-44. West Channel Cross Section 12 
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Figure 7-45. West Channel Cross Section 11 

Obstructions: Station 416.23 to 426 
Figure 7-46. West Channel Cross Section 10 
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Obstructions: Station 226.72 to 318.72; 335.85 to 363.85; 373.78 to 413.77; and 416.7 to 427 
Figure 7-47. West Channel Cross Section 9 

Obstructions: Station 227.43 to 319.43; 336.55 to 364.55; and 417.4 to 427 
Figure 7-48. West Channel Cross Section 8 
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Obstructions: Station 339.33 to 349 
Figure 7-49. West Channel Cross Section 7 

Obstructions: Station 256.79 to 267 
Figure 7-50. West Channel Cross Section 6 
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Obstructions: Station 208.41 to 218 
Figure 7-51. West Channel Cross Section 5 

Obstructions: Station 264.38 to 274 
Figure 7-52. West Channel Cross Section 4 
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Obstructions: Station 324.38 to 334 
Figure 7-53. West Channel Cross Section 3 

Obstructions: Station 358.96 to 369 
Figure 7-54. West Channel Cross Section 2 
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Obstructions: Station 192.77 to 203 
Figure 7-55. West Channel Cross Section 1 

Figure 7-56. West Channel Inline Structure Weir Cross Section 1.5 
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Table 7-7. West Channel Inline Structure Weir Cross Section 1.5 
Station (ft) Elevation (ft) 
0 817.5 
133.94 817.5 
170.3 817.5 
220.3 817.8 
220.3 825 
369 825 
Distance between upstream station and weir = 109.58 ft 
Weir width = 24 ft 
Weir coefficient = 2.6 

Runoff from Drainage Areas 8 and 9 is added to the model at Cross Section 24. Runoff from 
Drainage Areas 10 (Center South Channel) and 11 is added to the model at Cross Section 17. 
Runoff from Drainage Area 12 through Drainage Area 20 is added to the model cross section at the 
upstream boundary of the respective drainage area. Table 7-8 provides a summary of the runoff 
added to the West Channel model. 

Table 7-8. West Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

24 497 8 131 
9 366 

17 900 
upstream contribution 497 

10 324 
11 79 

15 1267 
upstream contribution 900 

12 244 
13 123 

11 1402 upstream contribution 1267 
14 135 

10 1860 
upstream contribution 1402 

15 123 
16 335 

5 2023 
upstream contribution 1860 

17 66 
18 97 

3 2137 
upstream contribution 2023 

19 37 
20 77 

The upstream Cross Section 24 is assigned a critical depth boundary condition. The downstream 
Cross Section 1 is assigned the water surface elevation from the Unit 4 UHS Channel Cross Section 
2. The preliminary result for the Unit 4 UHS Channel is 818.89 ft (see Section 7.3). The HEC-RAS 
model is run using the steady flow option with a mixed flow regime. Preliminary results are provided 
in Table 7-9.



CALCULATION CONTROL SHEET 

CALC. NO. TXUT-001-
FSAR-2.4.2-CALC-036 

REV. 1 

PAGE NO.   64 of 156 

Table 7-9. West Channel Preliminary Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel Chnl 
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

24 497.00 820.98 813.49 821.00 0.000043 0.87 599.95 122.92 0.06 
23 497.00 820.98  820.99 0.000041 0.84 636.25 160.15 0.05 
22 497.00 820.98  820.99 0.000044 0.87 589.88 113.17 0.06 
21 497.00 820.97  820.98 0.000055 0.93 552.72 111.41 0.06 
20 497.00 820.96  820.97 0.000066 0.97 543.32 136.96 0.07 
19 497.00 820.94  820.96 0.000088 1.07 464.26 92.32 0.08 
18 497.00 820.92  820.94 0.000098 1.11 447.03 91.64 0.08 
17 900.00 820.86  820.93 0.000362 2.12 424.46 91.51 0.16 
16 900.00 820.82  820.88 0.000282 1.96 474.04 113.29 0.14 
15 1267.00 820.74  820.85 0.000516 2.69 503.71 145.38 0.19 
14 1267.00 820.72  820.83 0.000540 2.76 472.57 105.46 0.19 
13 1267.00 820.64  820.75 0.000512 2.73 480.67 105.08 0.19 
12 1267.00 820.56  820.65 0.000438 2.59 529.81 148.95 0.17 
11 1402.00 820.49  820.55 0.000317 2.25 748.86 222.33 0.15 
10 1860.00 820.37  820.51 0.000672 3.26 644.42 234.82 0.21 
9 1860.00 820.30  820.48 0.000801 3.56 565.92 131.53 0.23 
8 1860.00 820.26  820.44 0.000777 3.52 571.07 129.48 0.23 
7 1860.00 820.23  820.39 0.000710 3.37 629.33 183.32 0.22 
6 1860.00 820.20  820.32 0.000520 2.87 747.07 181.02 0.18 
5 2023.00 820.15  820.24 0.000320 2.54 872.19 162.19 0.15 
4 2023.00 820.13  820.18 0.000276 1.93 1123.49 198.77 0.11 
3 2137.00 820.11  820.17 0.000298 2.01 1145.21 236.39 0.11 
2 2137.00 820.14 812.48 820.16 0.000117 1.26 1827.76 339.72 0.07 
1.5 Inline Structure 
1 2137.00 818.89 818.31 819.30 0.006188 5.82 423.16 192.77 0.60 

Preliminary results identify the overtopping water surface elevation at the downstream weir is 820.14 
ft (Cross Section 2). Backwater effects result in a maximum water surface elevation of 820.98 ft at 
the most upstream cross sections (Cross Sections 22 through 24). All cross section water surface 
elevations do not exceed 1 ft below plant grade and meet DCD criteria. The 820.86 ft water surface 
elevation result at Cross Section 17 establishes the downstream boundary condition for the Center 
South Channel. All Froude numbers are less than one, indicating there is no supercritical flow in the 
channel. Additionally, there are no indications of hydraulic jumps in the channel. 

Warnings indicate there may be a need for additional cross sections between Cross Sections 2 and 
3. HEC-RAS interpolation with 3 ft maximum spacing is used to generate two new cross sections 
between Cross Sections 2 and 3. The downstream boundary condition, established by the final 
results of the Unit 4 UHS Channel, remains unchanged. The model is re-run and the warnings are 
eliminated. Table 7-10 provides the final results.  
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Table 7-10. West Channel Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

24 497.00 820.98 813.49 821.00 0.000043 0.87 599.95 122.92 0.06 
23 497.00 820.98  820.99 0.000041 0.84 636.25 160.15 0.05 
22 497.00 820.98  820.99 0.000044 0.87 589.88 113.17 0.06 
21 497.00 820.97  820.98 0.000055 0.93 552.72 111.41 0.06 
20 497.00 820.96  820.97 0.000066 0.97 543.32 136.96 0.07 
19 497.00 820.94  820.96 0.000088 1.07 464.26 92.32 0.08 
18 497.00 820.92  820.94 0.000098 1.11 447.03 91.64 0.08 
17 900.00 820.86  820.93 0.000362 2.12 424.46 91.51 0.16 
16 900.00 820.82  820.88 0.000282 1.96 474.04 113.29 0.14 
15 1267.00 820.74  820.85 0.000516 2.69 503.71 145.38 0.19 
14 1267.00 820.72  820.83 0.000540 2.76 472.57 105.46 0.19 
13 1267.00 820.64  820.75 0.000512 2.73 480.66 105.08 0.19 
12 1267.00 820.56  820.65 0.000438 2.59 529.80 148.95 0.17 
11 1402.00 820.49  820.55 0.000317 2.25 748.85 222.33 0.15 
10 1860.00 820.37  820.51 0.000672 3.26 644.41 234.82 0.21 
9 1860.00 820.30  820.48 0.000801 3.56 565.91 131.52 0.23 
8 1860.00 820.26  820.44 0.000777 3.52 571.06 129.48 0.23 
7 1860.00 820.23  820.39 0.000710 3.37 629.31 183.31 0.22 
6 1860.00 820.20  820.32 0.000520 2.87 747.06 181.02 0.18 
5 2023.00 820.15  820.24 0.000320 2.54 872.18 162.19 0.15 
4 2023.00 820.13  820.18 0.000276 1.93 1123.48 198.77 0.11 
3 2137.00 820.11  820.17 0.000298 2.01 1145.23 236.39 0.11 
2 2137.00 820.14 812.48 820.16 0.000117 1.26 1827.76 339.72 0.07 
1.5 Inline Structure 
1 2137.00 818.89 818.31 819.30 0.006188 5.82 423.16 192.77 0.60 

The final results are generally unchanged from the preliminary results. The overtopping water 
surface elevation at the downstream weir remains 820.14 ft (Cross Section 2). Backwater effects 
result in a maximum water surface elevation of 820.98 ft at the most upstream cross sections (Cross 
Section 22 through 24). All cross section water surface elevations do not exceed 1 ft below plant 
grade and meet DCD criteria. The 820.86 ft water surface elevation result at Cross Section 17 
establishes the downstream boundary condition for the Center South Channel. All Froude numbers 
are less than one, indicating there is no supercritical flow in the channel. Additionally, there are no 
indications of hydraulic jumps in the channel. The channel flow profile is provided in Figure 7-57. 
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Figure 7-57. West Channel Flow Profile 
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7.5 Center South Channel 

The Center South Channel captures runoff in Drainage Area 10 from between Units 3 and 4 and 
directs the flow south to a culvert emptying into the West Channel, as shown in Figure 7-58. 
Assuming the culvert is non-functional, runoff will overtop the plant loop road and combine with the 
runoff in the West Channel as previously described in Section 7.4. The channel is modeled using 
eight cross sections and one weir. 

Figure 7-58. Center South Channel Cross Sections (Source: URS 2011d) 

The Center South Channel HEC-RAS schematic is shown in Figure 7-59. The Center South 
Channel cross section data are shown in Figure 7-60 through Figure 7-67.  
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Figure 7-59. Center South Channel HEC-RAS Schematic 

Obstructions: Station 475.44 to 485 
Figure 7-60. Center South Channel Cross Section 8 
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Obstructions: Station 51.78 to 190.7 and 475.44 to 485 
Figure 7-61. Center South Channel Cross Section 7 

Obstructions: Station 51.78 to 190.7 and 475.44 to 485 
Figure 7-62. Center South Channel Cross Section 6 
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Obstructions: Station 91.65 to 151.65; 396.72 to 441.72; and 475.44 to 485 
Figure 7-63. Center South Channel Cross Section 5 

Obstructions: Station 105.21 to 138.71 and 396.72 to 441.72 
Figure 7-64. Center South Channel Cross Section 4 
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Obstructions: Station 396.72 to 441.72 
Figure 7-65. Center South Channel Cross Section 3 

Figure 7-66. Center South Channel Cross Section 2 
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Figure 7-67. Center South Channel Cross Section 1 

As determined for the West Channel analysis, resulting water surface elevations in the West 
Channel exceed the loop road boundary elevation that separates the Center South Channel from 
the West Channel. This creates a potential for water surface elevations in the West Channel to 
affect the outflow from the Center South Channel, and even the potential for flow to enter Drainage 
Area 10 from the West Channel. As a conservative approach it is assumed runoff from Drainage 
Areas 8 and 9 of the West Channel enters Drainage Area 10 upstream of the West Channel high 
point. Runoff is allowed to exit Drainage Area 10 downstream of the West Channel high point. 
Therefore, the inline weir is artificially blocked for a distance upstream of the high point. The inline 
structure weir is shown in Figure 7-68 and the corresponding data is provided in Table 7-11. 
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Figure 7-68. Center South Channel Inline Structure Weir Cross Section 1.5 

Table 7-11. Center South Channel Inline Structure Weir Cross Section 1.5 
Station (ft) Elevation (ft) 
0 825 
265.53 825 
265.53 819 
490.41 819 
Distance between upstream station and weir = 18 ft 
Weir width = 24 ft 
Weir coefficient = 2.6 

Runoff from Drainage Area 10 is added to the model at Cross Section 8. Runoff from Drainage 
Areas 8 and 9, of the West Channel, is added to the model at Cross Section 2. Table 7-12 provides 
a summary of the runoff added to the Center South Channel model. 

Table 7-12. Center South Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

8 324 10 324 

2 821 
upstream contribution 324 

8 131 
9 366 

The upstream Cross Section 8 is assigned a critical depth boundary condition. Because runoff over 
the weir is limited, downstream Cross Section 1 is affected by the West Channel Cross Sections 15, 
16, and 17. The West Channel Cross Section 17 is immediately downstream from the high point and 
conservatively used as the downstream boundary condition, because it exhibits the highest water 
surface elevation of the applicable cross sections. For the preliminary run, the downstream 
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boundary condition is assigned the West Channel preliminary water surface elevation of 820.86 ft 
(see Section 7.4). The HEC-RAS model is run using the steady flow option with a mixed flow 
regime. Preliminary results are provided in Table 7-13. 

Table 7-13. Center South Channel Preliminary Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

8 324.00 820.98 820.38 821.00 0.001025 1.20 300.06 390.76 0.21 
7 324.00 820.97  820.98 0.000074 0.79 477.44 213.51 0.07 
6 324.00 820.97  820.98 0.000043 0.68 561.15 248.83 0.06 
5 324.00 820.97  820.98 0.000031 0.63 663.04 302.15 0.05 
4 324.00 820.97  820.97 0.000012 0.42 886.99 302.65 0.03 
3 324.00 820.97  820.97 0.000007 0.34 1211.21 409.58 0.02 
2 821.00 820.97 815.87 820.97 0.000039 0.78 1374.84 490.41 0.06 
1.5 Inline Structure 
1 821.00 820.86 813.87 820.86 0.000005 0.23 3629.37 490.41 0.01 

Preliminary results identify the overtopping water surface elevation at the downstream weir is 820.97 
ft (Cross Section 2). Backwater effects result in a maximum water surface elevation of 820.98 ft at 
the most upstream cross section (Cross Section 8). All cross section water surface elevations do not 
exceed 1 ft below plant grade and meet DCD criteria. All Froude numbers are less than one, 
indicating there is no supercritical flow in the channel. Additionally, there are no indications of 
hydraulic jumps in the channel. 

Warnings indicate there may be a need for additional cross sections between Cross sections 4 and 
5 and Cross sections 7 and 8. HEC-RAS interpolation with 10 ft maximum spacing is used to 
generate four new cross sections between Cross sections 4 and 5, and 5 ft maximum spacing is 
used to generate 11 new cross sections between Cross sections 7 and 8. The downstream 
boundary condition, established by the final results of the West Channel, remains unchanged. The 
model is re-run and the warnings are eliminated. Table 7-14 provides the final results.  

Table 7-14. Center South Channel Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

8 324.00 820.98 820.38 821.00 0.001020 1.20 300.53 390.97 0.21 
7 324.00 820.97  820.98 0.000074 0.79 477.40 213.49 0.07 
6 324.00 820.97  820.98 0.000043 0.68 561.10 248.81 0.06 
5 324.00 820.97  820.98 0.000031 0.63 662.98 302.13 0.05 
4 324.00 820.97  820.97 0.000012 0.42 886.99 302.65 0.03 
3 324.00 820.97  820.97 0.000007 0.34 1211.21 409.58 0.02 
2 821.00 820.97 815.87 820.97 0.000039 0.78 1374.84 490.41 0.06 
1.5 Inline Structure 
1 821.00 820.86 813.87 820.86 0.000005 0.23 3629.37 490.41 0.01 

The final results are generally unchanged from the preliminary results. The overtopping water 
surface elevation at the downstream weir remains 820.97 ft (Cross Section 2). Backwater effects 
result in a maximum water surface elevation of 820.98 ft at the upstream cross section (Cross 
Section 8). All cross section water surface elevations do not exceed 1 ft below plant grade and meet 
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DCD criteria. All Froude numbers are less than one, indicating no supercritical flow. Additionally, 
there are no indications of hydraulic jumps. The channel flow profile is provided in Figure 7-69. 
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Figure 7-69. Center South Channel Flow Profile 
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7.6 Unit 3 UHS Channel 

The Unit 3 UHS Channel runs generally east along the north side of the Unit 3 UHS structures and 
empties directly into Drainage Pond B through an inlet structure, as shown in Figure 7-70. There is 
also a branch of the channel that flows north into the main channel between the sets of Unit 3 UHS 
structures. Assuming the culvert is non-functional, runoff will overtop an embankment weir into 
Drainage Pond B. Additionally, runoff will spill laterally over retaining wall sections of the VBS 
directly into the SCR. 

The main channel is modeled using 12 cross sections and is divided into an upper reach and lower 
reach with a junction between Cross Sections 7 and 8. The branch is modeled using two cross 
sections and connects to the main channel at the junction. The Unit 3 UHS Channel captures runoff 
from Drainage Area 27. Runoff from Drainage Areas 1 through 7 (Center North Channel) and 
Drainage Areas 5 and 6 (Unit 3 North Channel) also contribute to the Unit 3 UHS Channel. 

Figure 7-70. Unit 3 UHS Channel Cross Sections (Source: URS 2011b) 

The Unit 3 UHS Channel HEC-RAS schematic is shown in Figure 7-71. The Unit 3 UHS Channel 
cross section data are shown in Figure 7-72 through Figure 7-85. The inline structure weir is shown 
in Figure 7-86 and the corresponding data is provided in Table 7-15. 
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Figure 7-71. Unit 3 UHS Channel HEC-RAS Schematic 

Obstructions: Station 0 to 148.52 and 288.61 to 298 
Figure 7-72. Unit 3 UHS Upper Channel Cross Section 12 
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Obstructions: Station -10 to 0 and 176.48 to 186 
Figure 7-73. Unit 3 UHS Upper Channel Cross Section 11 

Obstructions: Station -10 to 0 and 187.2 to 197 
Figure 7-74. Unit 3 UHS Upper Channel Cross Section 10 
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Obstructions: Station -10 to 0 and 153.89 to 164 
Figure 7-75. Unit 3 UHS Upper Channel Cross Section 9 

Obstructions: Station -10 to 0 and 140.56 to 151 
Figure 7-76. Unit 3 UHS Lower Channel Cross Section 8 
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The distance across the junction between Cross Section 8 of the upper channel and Cross Section 
7 of the lower channel is 57.69 ft.  

Obstructions: Station 155.66 to 166 
Figure 7-77. Unit 3 UHS Lower Channel Cross Section 7 

Obstructions: Station 123.64 to 134 
Figure 7-78. Unit 3 UHS Lower Channel Cross Section 6 
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Obstructions: Station 91.71 to 102 
Figure 7-79. Unit 3 UHS Lower Channel Cross Section 5 

Obstructions: Station 105.13 to 115 
Figure 7-80. Unit 3 UHS Lower Channel Cross Section 4 
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Obstructions: Station 190.52 to 201 
Figure 7-81. Unit 3 UHS Lower Channel Cross Section 3 

Figure 7-82. Unit 3 UHS Lower Channel Cross Section 2 
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Figure 7-83. Unit 3 UHS Lower Channel Cross Section 1 

Obstructions: Station -10 to 0 and 58.25 to 68 
Figure 7-84. Unit 3 UHS Branch Channel Cross Section 109 
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Obstructions: Station -10 to 0 and 58.25 to 68 
Figure 7-85. Unit 3 UHS Branch Channel Cross Section 108 

The distance across the junction between Cross Section 108 of the branch channel and Cross 
Section 7 of the lower channel is 136.09 ft. 

Figure 7-86. Unit 3 UHS Channel Inline Structure Weir Cross Section 1.5 
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Table 7-15. Unit 3 UHS Channel Inline Structure Weir Cross Section 1.5 
Station (ft) Elevation (ft) 
0 817 
0 816.5 
136.43 817 
147.01 818 
189.28 818.64 
Distance between upstream station and weir = 13 ft 
Weir width = 8.6 ft 
Weir coefficient = 2.6 

Lateral weirs are added to the model to represent the retaining wall sections of the VBS. The 
retaining wall has a top elevation of 817 ft (URS 2011b). Lateral structure weirs are added to the 
model for the full distance of the lower reach between Cross Sections 1 and 7. There are no 
retaining wall sections of the VBS in the upper reach. The lateral structure weir and the 
corresponding data are shown in Figure 7-87. 

Figure 7-87. Unit 3 UHS Lower Channel Lateral Structure Weir Cross Section 6.9 

Runoff from Drainage Areas 1 through 7 (Center North Channel) is directed to a culvert in Drainage 
Area 6. Assuming the culvert is non-functional, the combined runoff from these areas would overtop 
the loop road and split. Some runoff would enter the Unit 3 UHS Channel and the remaining runoff 
would enter the Unit 4 UHS Channel. As a conservative approach, it is assumed for the Unit 3 UHS 
Channel analysis that the entire upstream runoff enters the Unit 3 UHS Channel.  
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Additionally, runoff from Drainage Area 25 (Unit 3 North Channel) could spill into Drainage Area 27 
(Unit 3 UHS Channel) by entering the branch channel, or flow into Drainage Area 26 (Unit 3 North 
Channel). Runoff from Drainage Areas 25 and 26 (Unit 3 North Channel) also contributes to the 
main channel. As a conservative approach, it is assumed that the total runoff from Drainage Area 25 
(Unit 3 North Channel) enters both the branch channel and Drainage Area 26 (Unit 3 North 
Channel), eventually entering the main channel. This assumption doubles the runoff contribution 
from Drainage Area 25 (Unit 3 North Channel). 

Runoff from Drainage Areas 1 through 7 (Center North Channel) and 27 (Unit 3 UHS Channel) is 
added to the model at the upstream end, Cross Section 12. Runoff from Drainage Area 25 (Unit 3 
North Channel) is also added to the model at the upstream of the branch, Cross Section 108. The 
total runoff applied at Cross Section 7 just downstream of the junction is the combined runoff from 
the upper channel and the branch channel. Runoff from Drainage Areas 25 and 26 (Unit 3 North 
Channel) is added to the model at Cross Section 2. Table 7-16 provides a summary of the runoff 
added to the Unit 3 UHS Channel model. 

Table 7-16. Unit 3 UHS Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

12 1652 

1 52 
2 157 
3 233 
4 96 
5 257 
6 183 
7 55 
25 125 
27 494 

109 125 25 125 

7 1777 upstream contribution 1652 
upstream contribution 125 

2 1941 
upstream contribution 1777 

25 125 
26 39 

The upstream Cross Sections 12 and 109 are assigned a critical depth boundary condition. The 
downstream Cross Section 1 is assigned the Drainage Pond B maximum water surface elevation of 
815.1 ft (see Section 7.1). The HEC-RAS model is run using the steady flow option with a mixed 
flow regime. Flow optimization for the lateral weirs is set to allow HEC-RAS to calculate and remove 
the overtopping flow from the model. Therefore, flow exiting the model at the lateral weir structures 
results in a decrease of flow at downstream cross sections. The preliminary results are provided in 
Table 7-17. 
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Table 7-17. Unit 3 UHS Channel Preliminary Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area
(sq ft) 

Top
Width

(ft)

Froude 
# Chl 

109 125.00 819.52 819.52 819.78 0.028193 4.10 30.46 58.25 1.00 
108 125.00 819.15 817.67 819.18 0.000472 1.27 99.54 58.25 0.16 
12 1652.00 819.54 819.47 820.35 0.013825 8.35 236.64 126.09 0.92 
11 1652.00 819.44  819.73 0.003606 4.47 386.84 158.58 0.48 
10 1652.00 819.28  819.44 0.001348 3.77 541.62 187.20 0.36 
9 1652.00 818.90  819.14 0.001882 4.10 441.84 150.57 0.40 
8 1652.00 818.71  818.98 0.002158 4.31 406.84 139.24 0.42 
7 1777.00 818.52  818.84 0.002707 4.75 409.17 151.18 0.48 
6.9 Lateral Structure 
6 1237.72 818.21  818.50 0.002362 4.44 301.59 118.22 0.46 
5 858.07 817.95  818.20 0.002032 4.10 220.31 85.49 0.43 
4 793.13 817.96  818.11 0.002033 3.14 257.54 97.68 0.30 
3 535.63 817.92  817.97 0.000530 1.98 324.21 145.44 0.18 
2 459.32 817.89 815.35 817.92 0.000277 1.80 347.06 160.09 0.16 
1.5 Inline Structure 
1 459.32 815.10 806.11 815.10 0.000021 0.46 1004.93 131.48 0.03 

Preliminary results identify the overtopping water surface elevation at the downstream weir is 817.89 
ft (Cross Section 2). Backwater effects result in a maximum water surface elevation of 819.54 ft at 
the most upstream cross section of the main channel (Cross Section 12) and 819.52 ft at the most 
upstream cross section of the branch channel (Cross Section 109). All cross section water surface 
elevations do not exceed 1 ft below plant grade and meet DCD criteria. The 819.54 ft water surface 
elevation result at Cross Section 12 establishes a potential downstream boundary condition for the 
Center North Channel. The water surface elevation result for Cross Section 3 is 817.92 ft and 
establishes the downstream boundary condition for the Unit 3 North Channel.  

All Froude numbers for the main channel are less than one, indicating there is no supercritical flow 
in the main channel. However, the upstream Cross Section 109 of the branch channel has a Froude 
number equal to one, indicating the potential for supercritical flow as runoff flows into the main 
channel from the branch channel. There is also potential for a hydraulic jump to occur between 
Cross Sections 108 and 109 of the branch channel. 

Warnings indicate there may be a need for additional cross sections between Cross Sections 10 
and 11 and Cross Sections 11 and 12 of the main channel, and Cross Sections 108 and 109 of the 
branch channel. HEC-RAS interpolation with 100 ft maximum spacing is used to generate one new 
cross section between Cross Sections 10 and 11, and 50 ft maximum spacing is used to generate 
one new cross section between Cross Sections 11 and 12. Interpolation with 5 ft maximum spacing 
is used to generate 17 new cross sections between Cross Sections 108 and 109 of the branch 
channel. Cross section interpolation generally includes interpolation of obstructions. However, for 
the cross section added between Cross Sections 11 and 12, the appropriate obstructions are added 
as necessary. The model is re-run and the warnings are eliminated. Table 7-18 provides the final 
results. 
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Table 7-18. Unit 3 UHS Channel Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

109 125.00 819.57 819.52 819.79 0.021260 3.77 33.17 58.25 0.88 
108 125.00 819.15  819.18 0.000473 1.27 99.47 58.25 0.16 
12 1652.00 819.66 819.47 820.37 0.011459 7.83 251.21 126.50 0.85 
11 1652.00 819.47  819.76 0.003470 4.41 391.58 158.69 0.47 
10 1652.00 819.28  819.44 0.001350 3.77 541.40 187.20 0.36 
9 1652.00 818.90  819.13 0.001885 4.11 441.56 150.56 0.40 
8 1652.00 818.71  818.98 0.002163 4.31 406.53 139.23 0.42 
7 1777.00 818.52  818.84 0.002716 4.75 408.73 151.17 0.48 
6.9 Lateral Structure 
6 1235.13 818.21  818.49 0.002359 4.43 301.30 118.22 0.46 
5 855.38 817.95  818.20 0.002021 4.09 220.23 85.48 0.43 
4 790.68 817.96  818.11 0.002024 3.14 257.42 97.67 0.30 
3 534.08 817.92  817.97 0.000527 1.98 324.07 145.41 0.18 
2 458.73 817.89 815.35 817.92 0.000276 1.80 346.91 160.06 0.16 
1.5 Inline Structure 
1 458.73 815.10 806.11 815.10 0.000021 0.46 1004.93 131.48 0.03 

The overtopping water surface elevation at the downstream weir remains 817.89 ft (Cross Section 
2). Backwater effects result in an increased maximum water surface elevation of 819.66 ft at the 
most upstream cross section of the main channel (Cross Section 12) and 819.57 ft at the most 
upstream cross section of the branch channel (Cross Section 109). All cross section water surface 
elevations do not exceed 1 ft below plant grade and meet DCD criteria. The 819.66 ft water surface 
elevation result for Cross Section 12 establishes a potential downstream boundary condition for the 
Center North Channel. The water surface elevation result for Cross Section 3 remains 817.92 ft and 
establishes the downstream boundary condition for the Unit 3 North Channel. The revised analysis 
shows all Froude numbers for the main channel and the branch channel are less than one, 
indicating the potential for supercritical flow is eliminated. The revised analysis also indicates the 
potential for hydraulic jumps in the channels is eliminated. The channel flow profile is provided in 
Figure 7-88. 



CALCULATION CONTROL SHEET 

CALC. NO. TXUT-001-
FSAR-2.4.2-CALC-036 

REV. 1 

PAGE NO.   89 of 156 

0 200 400 600 800 1000 1200
804

806

808

810

812

814

816

818

820

822

CPNPP Local PMP       Plan: PMP    9/1/2011 

Main Channel Distance (ft)

E
le

va
tio

n 
(ft

)

Legend

EG  PF 1

WS  PF 1

Crit  PF 1

Ground

Unit 3 UHS U3 UHS Lower Unit 3 UHS U3 UHS UpperU
n
i
t

3

U
H
S

U
3

U
H
S

B
r
a
n
c
h

Figure 7-88. Unit 3 UHS Channel Flow Profile 
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7.7 Unit 3 North Channel 

The Unit 3 North Channel captures runoff in Drainage Area 25 just north of Unit 3 and directs flow 
east to a culvert structure at a road. The channel continues to the east and captures additional 
runoff in Drainage Area 26. The combined runoff empties into Drainage Pond B through a culvert 
structure at the plant loop road as shown in Figure 7-89. Assuming the culverts are non-functional, 
runoff will overtop the first road into Drainage Area 26. The runoff then overtops the plant loop road 
into the Unit 3 UHS Channel or directly into Drainage Pond B. The channel is modeled using eight 
cross sections and two weirs. 

Figure 7-89. Unit 3 North Channel Cross Sections (Source: URS 2011b) 
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The Unit 3 North Channel HEC-RAS schematic is shown in Figure 7-90. The Unit 3 North Channel 
cross section data are shown in Figure 7-91 through Figure 7-98. The inline structure weirs are 
shown in Figure 7-99 and Figure 7-100. The corresponding data are provided in Table 7-19 and 
Table 7-20. 

Figure 7-90. Unit 3 North Channel HEC-RAS Schematic 

Obstructions: Station -10 to 0 and 112.95 to 122 
Figure 7-91. Unit 3 North Channel Cross Section 8 
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Obstructions: Station -10 to 0 and 112.95 to 122 
Figure 7-92. Unit 3 North Channel Cross Section 7 

Obstructions: Station -10 to 0 and 112.95 to 122 
Figure 7-93. Unit 3 North Channel Cross Section 6 
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Obstructions: Station -10 to 0 
Figure 7-94. Unit 3 North Channel Cross Section 5 

Obstructions: Station -10 to 0 
Figure 7-95. Unit 3 North Channel Cross Section 4 
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Obstructions: Station -10 to 0 
Figure 7-96. Unit 3 North Channel Cross Section 3 

Obstructions: Station -10 to 0 
Figure 7-97. Unit 3 North Channel Cross Section 2 
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Figure 7-98. Unit 3 North Channel Cross Section 1 

Figure 7-99. Unit 3 North Channel Inline Structure Weir Cross Section 4.5 
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Table 7-19. Unit 3 North Channel Inline Structure Weir Cross Section 4.5 
Station (ft) Elevation (ft) 
0 819.3 
3.83 819.3 
20.08 819 
45.13 819 
74.53 820 
103.93 821 
128.78 821.6 
Distance between upstream station and weir = 17 ft 
Weir width = 24 ft 
Weir coefficient = 2.6 

Figure 7-100. Unit 3 North Channel Inline Structure Weir Cross Section 1.5 

Table 7-20. Unit 3 North Channel Inline Structure Weir Cross Section 1.5 
Station (ft) Elevation (ft) 
0 819.3 
61.47 819 
170.17 819 
Distance between upstream station and weir = 19.04 ft 
Weir width = 36.16 ft 
Weir coefficient = 2.6 

Runoff from Drainage Area 25 could laterally overtop the plant loop road and enter Drainage Area 
27 (Unit 3 UHS Channel). However, as a conservative approach for the Unit 3 North Channel 
analysis, it is assumed all runoff is directed downstream. Furthermore, the combined runoff from 
Drainage Areas 25 and 26 would overtop the loop road and enter both the Unit 3 UHS Channel and 
Drainage Pond B. However, as a conservative approach, it is assumed the combined runoff is 



CALCULATION CONTROL SHEET 

CALC. NO. TXUT-001-
FSAR-2.4.2-CALC-036 

REV. 1 

PAGE NO.   97 of 156 

directed into the Unit 3 UHS Channel, which has a higher downstream boundary condition. Runoff 
from Drainage Areas 25 and 26 are added to the model at Cross Section 8. Table 7-21 provides a 
summary of the runoff added to the Unit 3 North Channel model. 

Table 7-21. Unit 3 North Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

8 164 25 125 
26 39 

The upstream Cross Section 8 is assigned a critical depth boundary condition. Overtopping runoff 
enters the Unit 3 UHS Channel between Cross Sections 2 and 3 of that channel. The downstream 
Cross Section 1 is assigned the higher water surface elevation from the Unit 3 UHS Channel Cross 
Section 3. The preliminary result for the Unit 3 UHS Channel Cross Section 3 is 817.92 ft (see 
Section 7.6). The HEC-RAS model is run using the steady flow option with a mixed flow regime. 
Preliminary results are provided in Table 7-22.  

Table 7-22. Unit 3 North Channel Preliminary Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area
(sq ft) 

Top
Width

(ft)

Froude 
# Chl 

8 164.00 820.14 817.71 820.14 0.000087 0.71 234.74 104.20 0.07 
7 164.00 820.13  820.14 0.000070 0.67 250.13 104.19 0.07 
6 164.00 820.13  820.14 0.000055 0.63 269.59 104.18 0.06 
5 164.00 820.12 816.52 820.13 0.000066 0.70 244.39 98.74 0.07 
4.5 Inline Structure 
4 164.00 819.68  819.69 0.000236 1.07 178.43 105.61 0.10 
3 164.00 819.67  819.68 0.000101 0.74 247.46 128.73 0.06 
2 164.00 819.67 815.49 819.68 0.000108 0.77 239.43 134.84 0.07 
1.5 Inline Structure 
1 164.00 817.92 813.64 817.92 0.000001 0.16 1032.05 234.88 0.01 

Preliminary results identify the overtopping water surface elevation at the intermediate weir is 
820.12 ft (Cross Section 5). The overtopping water surface elevation at the downstream plant loop 
road weir is 819.67 ft (Cross Section 2). Backwater effects result in a maximum water surface 
elevation of 820.14 ft at the most upstream cross section (Cross Section 8). All cross section water 
surface elevations do not exceed 1 ft below plant grade and meet DCD criteria. All Froude numbers 
are less than one, indicating there is no supercritical flow in the channel. Additionally, there are no 
indications of hydraulic jumps in the channel. 

Warnings indicate there may be a need for additional cross sections between Cross Sections 3 and 
4. HEC-RAS interpolation with 50 ft maximum spacing is used to generate one new cross section 
between Cross Sections 3 and 4. The downstream boundary condition, established by the final 
results of the Unit 3 UHS Channel, remains unchanged. The model is re-run and the warnings are 
eliminated. Table 7-23 provides the final results.  
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Table 7-23. Unit 3 North Channel Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area
(sq ft) 

Top
Width

(ft)

Froude 
# Chl 

8 164.00 820.14 817.71 820.14 0.000087 0.71 234.74 104.20 0.07 
7 164.00 820.13  820.14 0.000070 0.67 250.13 104.19 0.07 
6 164.00 820.13  820.14 0.000055 0.63 269.59 104.18 0.06 
5 164.00 820.12 816.52 820.13 0.000066 0.70 244.39 98.74 0.07 
4.5 Inline Structure 
4 164.00 819.68  819.69 0.000236 1.07 178.52 105.61 0.10 
3 164.00 819.67  819.68 0.000101 0.74 247.46 128.73 0.06 
2 164.00 819.67 815.49 819.68 0.000108 0.77 239.43 134.84 0.07 
1.5 Inline Structure 
1 164.00 817.92 813.64 817.92 0.000001 0.16 1032.05 234.88 0.01 

The final results are generally unchanged from the preliminary results. The overtopping water 
surface elevation at the intermediate weir remains 820.12 ft (Cross Section 5). The overtopping 
water surface elevation at the downstream plant loop road weir remains 819.67 ft (Cross Section 2). 
Backwater effects result in a maximum water surface elevation of 820.14 ft at the most upstream 
cross section (Cross Section 8). All cross section water surface elevations do not exceed 1 ft below 
plant grade and meet DCD criteria. All Froude numbers are less than one, indicating there is no 
supercritical flow in the channel. Additionally, there are no indications of hydraulic jumps in the 
channel. The channel flow profile is provided in Figure 7-101. 
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Figure 7-101. Unit 3 North Channel Flow Profile 
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7.8 Center North Channel 

The Center North Channel runs generally north in two branches between Units 3 and 4 to a culvert 
structure at the plant loop road, as shown in Figure 7-102. Assuming the culvert is non-functional, 
runoff will overtop the plant loop road and enter the Unit 3 UHS Channel and the Unit 4 UHS 
Channel. The main channel, running adjacent to Unit 3, is modeled using 13 cross sections and is 
divided into an upper reach and lower reach with a junction between Cross Sections 4 and 5. The 
branch, running adjacent to Unit 4, is modeled using four cross sections and connects to the main 
channel at the junction. The Center North Channel captures runoff from Drainage Areas 1 through 7. 
Runoff from Drainage Area 21 (Unit 4 North Channel) also contributes to the Center North Channel. 

Figure 7-102. Center North Channel Cross Sections (Source: URS 2011b and 2011d) 
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The Center North Channel HEC-RAS schematic is shown in Figure 7-103. The Center North 
Channel cross section data are shown in Figure 7-104 through Figure 7-120. The inline structure 
weir is shown in Figure 7-121 and the corresponding data is provided in Table 7-24. 

Figure 7-103. Center North Channel HEC-RAS Schematic 
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Obstructions: Station 160.49 to 252.49; 269.62 to 297.62; 307.54 to 347.54; and 350.46 to 360 
Figure 7-104. Center North Upper Channel Cross Section 13 

Obstructions: Station 160.49 to 252.49; 269.62 to 297.62; and 350.46 to 360 
Figure 7-105. Center North Upper Channel Cross Section 12 
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Obstructions: Station 273.56 to 284 
Figure 7-106. Center North Upper Channel Cross Section 11 

Obstructions: Station 271.62 to 281 
Figure 7-107. Center North Upper Channel Cross Section 10 
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Obstructions: Station -10 to 0 and 164.55 to 174 
Figure 7-108. Center North Upper Channel Cross Section 9 

Obstructions: Station -10 to 0 and 102.72 to 112 
Figure 7-109. Center North Upper Channel Cross Section 8 
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Obstructions: Station -10 to 0 and 102.72 to 112 
Figure 7-110. Center North Upper Channel Cross Section 7 

Obstructions: Station -10 to 0 and 162.42 to 172 
Figure 7-111. Center North Upper Channel Cross Section 6 
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Obstructions: Station -10 to 0 and 448 to 458 
Figure 7-112. Center North Upper Channel Cross Section 5 

The distance across the junction between Cross Section 5 of the upper channel and Cross Section 
4 of the lower channel is 104.11 ft.  

Obstructions: Station -10 to 0 and 668.4 to 678 
Figure 7-113. Center North Lower Channel Cross Section 4 
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Obstructions: Station 572.27 to 582 
Figure 7-114. Center North Lower Channel Cross Section 3 

Obstructions: Station -10 to 0 and 432.15 to 442 
Figure 7-115. Center North Lower Channel Cross Section 2 
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Obstructions: Station -10 to 0; 92.06 to 292.06; and 432.15 to 442 
Figure 7-116. Center North Lower Channel Cross Section 1 

Obstructions: Station -10 to 0 
Figure 7-117. Center North Branch Channel Cross Section 108 
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Obstructions: Station -10 to 0 and 83.68 to 94 
Figure 7-118. Center North Branch Channel Cross Section 107 

Obstructions: Station -10 to 0 and 88.51 to 98 
Figure 7-119. Center North Branch Channel Cross Section 106 
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Obstructions: Station -10 to 0 and 203.68 to 213 
Figure 7-120. Center North Branch Channel Cross Section 105 

The distance across the junction between Cross Section 105 of the branch channel and Cross 
Section 4 of the lower channel is 142.47 ft. 

Figure 7-121. Center North Channel Inline Structure Weir Cross Section 2.5 
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Table 7-24. Center North Channel Inline Structure Weir Cross Section 2.5 
Station (ft) Elevation (ft) 
0 825 
66.21 825 
66.21 819.3 
116.21 819 
448.35 819 
498.36 819.3 
498.36 825 
572.27 825 
Distance between upstream station and weir = 57.81 ft 
Weir width = 24 ft 
Weir coefficient = 2.6 

Runoff from Drainage Area 21 (Unit 4 North Channel) could contribute to runoff from Drainage 
Areas 1 through 7 (Center North Channel) and spill into Drainage Area 22 (Unit 4 UHS Channel). As 
a conservative approach for the Center North Channel analysis, it is assumed that the total runoff 
from Drainage Area 21 (Unit 4 North Channel) enters the Center North Channel. 

Runoff from Drainage Area 1 is added to the model at the upstream end of the upper channel, Cross 
Section 13. Runoff from Drainage Areas 2 and 3 is added to the model at Cross Section 10. Runoff 
from Drainage Area 4 is added to the model at Cross Section 6. Runoff from Drainage Area 5 is 
added to the model at the upstream of the branch, Cross Section 108. The total runoff applied at 
Cross Section 4 just downstream of the junction is the combined runoff from the upper channel and 
the branch channel, and the runoff from Drainage Areas 6 and 7. Runoff from Drainage Area 21 
(Unit 4 North Channel) is added to the model at Cross Section 3. Table 7-25 provides a summary of 
the runoff added to the Unit 3 UHS Channel model. 

Table 7-25. Center North Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

13 52 1 52 

10 442 
upstream contribution 52 

2 157 
3 233 

6 538 upstream contribution 442 
4 96 

108 257 5 257 

4 1033 

upstream contribution 538 
upstream contribution 257 

6 183 
7 55 

3 1168 upstream contribution 1033 
21 135 

The upstream Cross Sections 13 and 108 are assigned a critical depth boundary condition. The 
downstream Cross Section 1 is subject to the water surface elevations in the Unit 3 UHS Channel 
and the Unit 4 UHS Channel. As a conservative approach the higher of the water surface elevations 
is used. The upstream cross section of the Unit 3 UHS Channel provides the highest preliminary 
result of 819.54 ft for the downstream boundary condition (see Section 7.6). The HEC-RAS model is 
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run using the steady flow option with a mixed flow regime. Preliminary results are provided in Table 
7-26. 

Table 7-26. Center North Channel Preliminary Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

108 257.00 820.14 815.43 820.15 0.000030 0.60 533.69 166.73 0.05 
107 257.00 820.12  820.14 0.000164 1.17 223.80 57.84 0.10 
106 257.00 820.10  820.11 0.000120 1.04 250.01 58.11 0.08 
105 257.00 820.10  820.11 0.000052 0.75 446.21 177.65 0.06 
13 52.00 820.42 820.08 820.48 0.003717 2.05 29.87 62.78 0.40 
12 52.00 820.41  820.42 0.000324 0.92 60.47 59.11 0.13 
11 52.00 820.41  820.41 0.000041 0.41 136.68 121.92 0.05 
10 442.00 820.37  820.40 0.000350 1.35 365.80 174.10 0.12 
9 442.00 820.29  820.37 0.000854 2.39 205.43 94.16 0.22 
8 442.00 820.16  820.23 0.000709 2.20 201.09 53.08 0.19 
7 442.00 820.12  820.19 0.000643 2.12 208.33 52.59 0.18 
6 538.00 820.09  820.15 0.000483 2.06 293.45 89.76 0.17 
5 538.00 820.10  820.10 0.000051 0.75 1006.03 382.60 0.06 
4 1033.00 820.07  820.09 0.000126 1.38 1162.95 435.92 0.09 
3 1168.00 820.07 814.73 820.08 0.000074 0.87 1686.94 563.49 0.06 
2.5 Inline Structure 
2 1168.00 819.56  819.61 0.000360 1.98 790.49 377.31 0.14 
1 1168.00 819.54 813.70 819.59 0.000365 1.90 713.47 203.27 0.13 

Preliminary results identify the overtopping water surface elevation at the downstream weir is 820.07 
ft (Section 3). Backwater effects result in a maximum water surface elevation of 820.42 ft at the most 
upstream cross section of the main channel (Cross Section 13) and 820.14 ft at the most upstream 
cross section of the branch channel (Cross Section 108). All cross section water surface elevations 
do not exceed 1 ft below plant grade and meet DCD criteria. The 820.07 ft water surface elevation 
result at Cross Section 3 establishes the downstream boundary condition for the Unit 4 North 
Channel. All Froude numbers are less than one, indicating there is no supercritical flow in the 
channel. Additionally, there are no indications of hydraulic jumps in the channel. 

Warnings indicate there may be a need for additional cross sections between Cross Sections 3 and 
4, 5 and 6, 9 and 10, 10 and 11, 11 and 12, and 12 and 13 of the main channel. In addition, 
warnings indicate there may be a need for additional cross sections between Cross Sections 105 
and 106 and Cross Sections 107 and 108 of the branch channel.  

HEC-RAS interpolation with 50 ft maximum spacing is used to generate one new cross section 
between Cross Sections 3 and 4, and five new cross sections between Cross Sections 5 and 6. 
Interpolation with 1 ft maximum spacing is used to generate 39 new cross sections between Cross 
Sections 9 and 10. Interpolation with 10 ft maximum spacing is used to generate four new cross 
sections between Cross Sections 10 and 11 and five new cross sections between Cross Sections 
12 and 13. Interpolation with 25 ft maximum spacing is used to generate three new cross sections 
between Cross Sections 11 and 12. 

HEC-RAS interpolation with 50 ft maximum spacing is used to generate one new cross section 
between Cross Sections 105 and 106 of the branch channel. Interpolation with 10 ft maximum 
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spacing is used to generate five new cross sections between Cross Sections 107 and 108 of the 
branch channel.  

The downstream boundary condition, established by the final results of the Unit 3 UHS Channel, is 
increased to 819.66 ft (see Section 7.6). The model is re-run and the warnings are eliminated. Table 
7-27 provides the final results. 

Table 7-27. Center North Channel Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

108 257.00 820.14 815.43 820.15 0.000030 0.60 534.27 166.78 0.05 
107 257.00 820.12  820.14 0.000164 1.17 223.92 57.87 0.10 
106 257.00 820.10  820.12 0.000120 1.04 250.12 58.14 0.08 
105 257.00 820.10  820.11 0.000051 0.75 446.42 177.67 0.06 
13 52.00 820.44 820.08 820.50 0.003276 1.97 31.50 64.97 0.37 
12 52.00 820.41  820.43 0.000321 0.91 60.73 59.38 0.13 
11 52.00 820.41  820.41 0.000041 0.41 136.86 122.17 0.05 
10 442.00 820.38  820.41 0.000346 1.34 367.57 174.77 0.12 
9 442.00 820.30  820.39 0.000839 2.37 206.99 94.81 0.21 
8 442.00 820.18  820.25 0.000698 2.19 202.07 53.54 0.19 
7 442.00 820.14  820.21 0.000634 2.11 209.34 53.06 0.18 
6 538.00 820.11  820.17 0.000476 2.05 295.21 90.21 0.17 
5 538.00 820.10  820.10 0.000051 0.75 1006.47 382.62 0.06 
4 1033.00 820.08  820.09 0.000126 1.38 1163.46 435.98 0.09 
3 1168.00 820.07 814.73 820.08 0.000074 0.87 1687.01 563.49 0.06 
2.5 Inline Structure 
2 1168.00 819.68  819.73 0.000321 1.89 836.10 390.59 0.13 
1 1168.00 819.66 813.70 819.70 0.000334 1.84 737.91 204.06 0.13 

The overtopping water surface elevation at the downstream weir remains 820.07 ft (Cross Section 
3). Backwater effects result in an increased maximum water surface elevation of 820.44 ft at the 
most upstream cross section of the main channel (Cross Section 13). The maximum water surface 
elevation at the most upstream cross section of the branch channel remains 820.14 ft (Cross 
Section 108). All cross section water surface elevations do not exceed 1 ft below plant grade and 
meet DCD criteria. The water surface elevation result for Cross Section 3 remains 820.07 ft and 
establishes the downstream boundary condition for the Unit 4 North Channel. All Froude numbers 
are less than one, indicating there is no supercritical flow in the channel. Additionally, there are no 
indications of hydraulic jumps in the channel. The channel flow profile is provided in Figure 7-122.  
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Figure 7-122. Center North Channel Flow Profile 
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7.9 Unit 4 North Channel 

The Unit 4 North Channel captures runoff in Drainage Area 21 just north of Unit 4 and directs flow 
east to a culvert structure at a road, as shown in Figure 7-123. Assuming the culvert is non-
functional, runoff will overtop the road into Drainage Area 6. The channel is modeled using six cross 
sections and one weir. 

Figure 7-123. Unit 4 North Channel Cross Sections (Source: URS 2011b) 

The Unit 4 North Channel HEC-RAS schematic is shown in Figure 7-124. The Unit 4 North Channel 
cross section data are shown in Figure 7-125 through Figure 7-130. The inline structure weir is 
shown in Figure 7-131. The corresponding data are provided in Table 7-28. 
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Figure 7-124. Unit 4 North Channel HEC-RAS Schematic 

Obstructions: Station -10 to 0 and 112.95 to 122 
Figure 7-125. Unit 4 North Channel Cross Section 6 
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Obstructions: Station -10 to 0 and 112.95 to 122 
Figure 7-126. Unit 4 North Channel Cross Section 5 

Obstructions: Station -10 to 0 and 112.95 to 122 
Figure 7-127. Unit 4 North Channel Cross Section 4 
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Obstructions: Station -10 to 0 and 112.95 to 122 
Figure 7-128. Unit 4 North Channel Cross Section 3 

Obstructions: Station -10 to 0 
Figure 7-129. Unit 4 North Channel Cross Section 2 
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Obstructions: Station -10 to 0 
Figure 7-130. Unit 4 North Channel Cross Section 1 

Figure 7-131. Unit 4 North Channel Inline Structure Weir Cross Section 1.5 
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Table 7-28. Unit 4 North Channel Inline Structure Weir Cross Section 1.5 
Station (ft) Elevation (ft) 
0 819.3 
4.16 819.3 
20.36 819 
50.13 819 
102.73 820 
129.23 820.5 
Distance between upstream station and weir = 14.88 ft 
Weir width = 24.57 ft 
Weir coefficient = 2.6 

Runoff from Drainage Area 21 could laterally overtop the plant loop road and enter Drainage Area 
22 (Unit 4 UHS Channel). However, as a conservative approach for the Unit 4 North Channel 
analysis, it is assumed all runoff is directed downstream. Runoff from Drainage Area 21 is added to 
the model at Cross Section 6. Table 7-29 provides a summary of the runoff added to the Unit 4 
North Channel model. 

Table 7-29. Unit 4 North Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

6 135 21 135 

The upstream Cross Section 6 is assigned a critical depth boundary condition. The downstream 
Cross Section 1 is assigned the water surface elevation from the Center North Channel Cross 
Section 3. The preliminary result for the Center North Channel Cross Section 3 is 820.07 ft (see 
Section 7.6). The HEC-RAS model is run using the steady flow option with a mixed flow regime. 
Preliminary results are provided in Table 7-30.  

Table 7-30. Unit 4 North Channel Preliminary and Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area
(sq ft) 

Top
Width

(ft)

Froude 
# Chl 

6 135.00 820.11 818.49 820.12 0.000100 0.61 195.79 104.28 0.08 
5 135.00 820.11  820.11 0.000054 0.56 241.43 104.11 0.06 
4 135.00 820.11  820.11 0.000044 0.54 255.94 104.11 0.05 
3 135.00 820.10  820.11 0.000031 0.50 282.70 104.24 0.05 
2 135.00 820.10 816.53 820.10 0.000047 0.58 241.67 110.11 0.06 
1.5 Inline Structure 
1 135.00 820.07 816.13 820.07 0.000036 0.49 313.20 138.34 0.04 

The results identify the overtopping water surface elevation at the downstream weir is 820.10 ft 
(Cross Section 2). Backwater effects result in a maximum water surface elevation of 820.11 ft at the 
upstream cross sections (Cross Sections 4 through 6). All cross section water surface elevations do 
not exceed 1 ft below plant grade and meet DCD criteria. All Froude numbers are less than one, 
indicating there is no supercritical flow in the channel. Additionally, there are no indications of 
hydraulic jumps in the channel. 

There are no warnings for the Unit 4 North Channel preliminary results. Additionally, the 
downstream boundary condition, established by the final results of the Center North Channel, 
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remains unchanged. Therefore, the final results for the Unit 4 North Channel are identical to the 
preliminary results in Table 7-30. The channel flow profile is provided in Figure 7-132. 
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Figure 7-132. Unit 4 North Channel Flow Profile 
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7.10 Unit 3 East Channel 

The Unit 3 East Channel captures runoff in Drainage Area 28 and directs flow across the wide area 
adjacent to the east of Unit 3 to a culvert structure at the plant loop road, as shown in Figure 7-133. 
Assuming the culvert is non-functional, runoff will overtop the road into Drainage Pond B. The 
channel is modeled using five cross sections and one weir.  

Figure 7-133. Unit 3 East Channel Cross Sections (Source: URS 2011b and 2011d) 

The Unit 3 East Channel HEC-RAS schematic is shown in Figure 7-134. The Unit 3 East Channel 
cross section data are shown in Figure 7-135 through Figure 7-139. The inline structure weir is 
shown in Figure 7-140. The corresponding data are provided in Table 7-31. 
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Figure 7-134. Unit 3 East Channel HEC-RAS Schematic 

Obstructions: Station 227.22 to 237 
Figure 7-135. Unit 3 East Channel Cross Section 5 
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Obstructions: Station 227.22 to 237 
Figure 7-136. Unit 3 East Channel Cross Section 4 

Figure 7-137. Unit 3 East Channel Cross Section 3 
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Figure 7-138. Unit 3 East Channel Cross Section 2 

Figure 7-139. Unit 3 East Channel Cross Section 1 
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Figure 7-140. Unit 3 East Channel Inline Structure Weir Cross Section 1.5 

Table 7-31. Unit 3 East Channel Inline Structure Weir Cross Section 1.5 
Station (ft) Elevation (ft) 
0 819 
50 818 
75 817.5 
353.88 817.5 
353.88 825 
363.07 825 
Distance between upstream station and weir = 15.85 ft 
Weir width = 24 ft 
Weir coefficient = 2.6 

Runoff from Drainage Area 28 is added to the model at Cross Section 5. Table 7-32 provides a 
summary of the runoff added to the Unit 3 East Channel model. 

Table 7-32. Unit 3 East Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

5 196 28 196 

The upstream Cross Section 5 is assigned a critical depth boundary condition. The downstream 
Cross Section 1 is assigned the Drainage Pond B maximum water surface elevation of 815.1 ft (see 
Section 7.1). The HEC-RAS model is run using the steady flow option with a mixed flow regime. 
Preliminary results are provided in Table 7-33.  
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Table 7-33. Unit 3 East Channel Preliminary Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area
(sq ft) 

Top
Width

(ft)

Froude 
# Chl 

5 196.00 820.44 820.39 820.58 0.021347 3.03 64.76 161.50 0.84 
4 196.00 819.66 819.58 819.79 0.017477 2.89 67.79 155.87 0.77 
3 196.00 818.23 818.23 818.34 0.036309 2.70 72.51 318.88 1.00 
2 196.00 817.91 814.69 817.91 0.000015 0.21 953.67 330.60 0.02 
1.5 Inline Structure 
1 196.00 815.10 810.23 815.10 0.000001 0.11 1709.50 362.23 0.01 

Preliminary results identify the overtopping water surface elevation at the downstream weir is 817.91 
ft (Cross Section 2). Backwater effects result in a maximum water surface elevation of 820.44 ft at 
the most upstream cross section (Cross Section 5). All cross section water surface elevations do not 
exceed 1 ft below plant grade and meet DCD criteria. The Froude number at Cross Section 3 is 
equal to one, indicating the potential for supercritical flow as runoff travels over a steep slope and 
enters a smaller transverse channel parallel to the road. There is also potential for a hydraulic jump 
to occur between Cross Sections 2 and 3. 

Warnings indicate there may be a need for additional cross sections between Cross Sections 2 and 
3 and Cross Sections 3 and 4. HEC-RAS interpolation with 1 ft maximum spacing is used to 
generate 18 new cross sections between Cross Sections 2 and 3. Interpolation with 2 ft maximum 
spacing is used to generate 29 new cross sections between Cross Sections 3 and 4. The model is 
re-run and most warnings are eliminated as noted below. Table 7-34 provides the final results. 

Table 7-34. Unit 3 East Channel Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area
(sq ft) 

Top
Width

(ft)

Froude 
# Chl 

5 196.00 820.48 820.39 820.59 0.015666 2.74 71.49 163.98 0.73 
4 196.00 819.60 819.58 819.77 0.026820 3.32 59.10 152.48 0.94 
3 196.00 818.23 818.23 818.34 0.036309 2.70 72.51 318.88 1.00 
2 196.00 817.91 814.69 817.91 0.000015 0.21 953.67 330.60 0.02 
1.5 Inline Structure 
1 196.00 815.10 810.23 815.10 0.000001 0.11 1709.50 362.23 0.01 

The overtopping water surface elevation at the downstream weir remains 817.91 ft (Cross Section 
2). Backwater effects result in an increased maximum water surface elevation of 820.48 ft at the 
most upstream cross section (Cross Section 5). All cross section water surface elevations do not 
exceed 1 ft below plant grade and meet DCD criteria. Froude numbers are equal to or exceed one 
at Cross Section 3 and between Cross Sections 2 and 3. Therefore supercritical flow is present as 
runoff travels over the steep slope of the transverse channel. Additionally, there are indications of a 
hydraulic jump between Cross Sections 2 and 3. There is one remaining warning concerning critical 
depth used for Cross Section 3. This is appropriate because supercritical flow is present 
immediately downstream from Cross Section 3. The channel flow profile is provided in Figure 7-141. 
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Figure 7-141. Unit 3 East Channel Flow Profile
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7.11 Unit 3 Southeast Channel 

The Unit 3 Southeast Channel captures runoff in Drainage Area 29 southeast of Unit 3 and directs 
flow north to a culvert structure that empties into Drainage Pond B, as shown in Figure 7-142. The 
channel runs parallel to the plant loop road adjacent to the southern portion of Unit 3. Assuming the 
culvert is non-functional, runoff will overtop a drive road that intersects the plant loop road and spill 
into Drainage Pond B. The channel is modeled using 11 cross sections and one weir. 

Figure 7-142. Unit 3 Southeast Channel Cross Sections (Source: URS 2011b and 2011d) 
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The Unit 3 Southeast Channel HEC-RAS schematic is shown in Figure 7-143. The Unit 3 Southeast 
Channel cross section data are shown in Figure 7-144 through Figure 7-154. The inline structure 
weir is shown in Figure 7-155. The corresponding data are provided in Table 7-35. 

Figure 7-143. Unit 3 Southeast Channel HEC-RAS Schematic 
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Obstructions: Station -10 to 0 and 80.48 to 90 
Figure 7-144. Unit 3 Southeast Channel Cross Section 11 

Obstructions: Station -10 to 0 and 101.06 to 111 
Figure 7-145. Unit 3 Southeast Channel Cross Section 10 
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Obstructions: Station -10 to 0 and 191.08 to 201 
Figure 7-146. Unit 3 Southeast Channel Cross Section 9 

Obstructions: Station -10 to 0 and 190.08 to 200 
Figure 7-147. Unit 3 Southeast Channel Cross Section 8 
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Obstructions: Station -10 to 0 and 269.07 to 279 
Figure 7-148. Unit 3 Southeast Channel Cross Section 7 

Obstructions: Station -10 to 0 and 269.08 to 279 
Figure 7-149. Unit 3 Southeast Channel Cross Section 6 
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Obstructions: Station -10 to 0 and 269.98 to 280 
Figure 7-150. Unit 3 Southeast Channel Cross Section 5 

Obstructions: Station -10 to 0 and 318.07 to 328 
Figure 7-151. Unit 3 Southeast Channel Cross Section 4 
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Obstructions: Station -10 to 0 and 225.71 to 243 
Figure 7-152. Unit 3 Southeast Channel Cross Section 3 

Obstructions: Station -10 to 0 and 213.05 to 223 
Figure 7-153. Unit 3 Southeast Channel Cross Section 2 
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Figure 7-154. Unit 3 Southeast Channel Cross Section 1 

Figure 7-155. Unit 3 Southeast Channel Inline Structure Weir Cross Section 1.5 
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Table 7-35. Unit 3 Southeast Channel Inline Structure Weir Cross Section 1.5 
Station (ft) Elevation (ft) 
0 825 
100.89 825 
100.89 817.5 
112.89 817.2 
234.13 817.2 
Distance between upstream station and weir = 27.56 ft 
Weir width = 21.92 ft 
Weir coefficient = 2.6 

Runoff from Drainage Area 29 (Unit 3 Southeast Channel) is added to the model at Cross Section 
11. As previously discussed in Section 7.0, runoff from Drainage Area 9 (West Channel) could enter 
the Unit 3 Southeast Channel through the culvert structure in the West Channel. It is conservative 
for the Unit 3 Southeast Channel analysis to assume this culvert is fully functional. The total runoff 
from Drainage Area 9 (West Channel), as previously determined in Section 7.1, is added to the 
culvert outlet at Cross Section 4. Table 7-36 provides a summary of the runoff added to the Unit 3 
Southeast Channel model. 

Table 7-36. Unit 3 Southeast Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

11 371 29 371 

4 737 upstream contribution 371 
9 (culvert flow) 366 

The upstream Cross Section 11 is assigned a critical depth boundary condition. The downstream 
Cross Section 1 is assigned the Drainage Pond B maximum water surface elevation of 815.1 ft (see 
Section 7.1). The HEC-RAS model is run using the steady flow option with a mixed flow regime. 
Preliminary results are provided in Table 7-37.  

Table 7-37. Unit 3 Southeast Channel Preliminary Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area
(sq ft) 

Top
Width

(ft)

Froude 
# Chl 

11 371.00 822.67 821.52 822.76 0.001504 2.95 159.27 80.48 0.31 
10 371.00 821.86 821.86 822.52 0.013351 7.43 62.87 47.76 0.88 
9 371.00 819.22 819.55 820.51 0.108276 9.74 41.76 95.49 2.07 
8 371.00 819.76 818.10 819.81 0.000367 1.10 229.77 98.29 0.14 
7 371.00 819.76  819.80 0.000356 1.09 232.76 105.13 0.14 
6 371.00 819.77  819.79 0.000244 0.90 322.49 188.55 0.12 
5 371.00 819.75  819.77 0.000152 0.92 377.89 194.21 0.10 
4 737.00 819.73  819.76 0.000201 1.39 570.47 196.65 0.09 
3 737.00 819.72  819.75 0.000170 1.34 573.25 163.16 0.09 
2 737.00 819.71 814.25 819.74 0.000214 1.48 525.35 150.95 0.10 
1.5 Inline Structure 
1 737.00 815.10 809.02 815.12 0.000093 1.08 679.63 132.46 0.08 

The results identify the overtopping water surface elevation at the downstream weir is 819.71 ft 
(Cross Section 2). Backwater effects result in a maximum water surface elevation of 819.77 ft at 
Cross Section 6 adjacent to the southern end of the Unit 3 nuclear island. All cross section water 
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surface elevations affecting safety-related structures do not exceed 1 ft below plant grade and meet 
DCD criteria. The Froude number at Cross Section 9 exceeds one, indicating the potential for 
supercritical flow as runoff travels down the steeper slopes of the plant loop road near the entrance 
to the plant area. Additionally, there is potential for a hydraulic jump to occur between Cross 
Sections 8 and 9. 

Warnings indicate there may be a need for additional cross sections between Cross Sections 4 and 
5, 8 and 9, 9 and 10, and 10 and 11. HEC-RAS interpolation with 10 ft maximum spacing is used to 
generate two new cross sections between Cross Sections 4 and 5, six new cross sections between 
Cross Sections 8 and 9, and six new cross sections between Cross Sections 9 and 10. Interpolation 
with 5 ft maximum spacing is used to generate 10 new cross sections between Cross Sections 10 
and 11. The model is re-run and most warnings are eliminated as noted below. Table 7-38 provides 
the final results. 

Table 7-38. Unit 3 Southeast Channel Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area
(sq ft) 

Top
Width

(ft)

Froude 
# Chl 

11 371.00 822.70 821.52 822.79 0.001435 2.90 161.61 80.48 0.30 
10 371.00 821.86 821.86 822.52 0.013351 7.43 62.87 47.76 0.88 
9 371.00 819.39 819.55 820.02 0.038395 6.66 58.06 96.52 1.28 
8 371.00 819.76  819.81 0.000367 1.10 229.82 98.29 0.14 
7 371.00 819.76  819.80 0.000356 1.08 232.81 105.14 0.14 
6 371.00 819.77  819.79 0.000244 0.90 322.59 188.58 0.12 
5 371.00 819.75  819.77 0.000152 0.92 378.00 194.23 0.10 
4 737.00 819.73  819.76 0.000201 1.39 570.47 196.65 0.09 
3 737.00 819.72  819.75 0.000170 1.34 573.25 163.16 0.09 
2 737.00 819.71 814.25 819.74 0.000214 1.48 525.35 150.95 0.10 
1.5 Inline Structure 
1 737.00 815.10 809.02 815.12 0.000093 1.08 679.63 132.46 0.08 

The final results identify the overtopping water surface elevation at the downstream weir remains 
819.71 ft (Cross Section 2). Backwater effects result in an unchanged maximum water surface 
elevation of 819.77 ft at Cross Section 6 adjacent to the southern end of the Unit 3 nuclear island. 
All cross section water surface elevations affecting safety-related structures do not exceed 1 ft 
below plant grade and meet DCD criteria. The Froude number at cross sections between Cross 
Sections 9 and 10 exceed one, indicating supercritical flow is present as runoff travels down the 
steeper slopes of the plant loop road. Additionally, there are indications of a hydraulic jump between 
Cross Sections 8 and 9. There is one remaining warning concerning critical depth used for Cross 
Section 10. This is appropriate because supercritical flow is present immediately downstream from 
Cross Section 10. The channel flow profile is provided in Figure 7-156. 
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Figure 7-156. Unit 3 Southeast Channel Flow Profile 
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7.12 East Channel 

The East Channel captures runoff in Drainage Area 30, east of Unit 3 and beyond the immediate 
area of Units 3 and 4. The channel directs runoff into Drainage Pond B, as shown in Figure 7-157. 
The channel is modeled using seven cross sections and has a potential to contribute flow to the 
adjacent Unit 3 Southeast Channel. 

Figure 7-157. East Channel Cross Sections (Source: URS 2011b and 2011d) 

The East Channel HEC-RAS schematic is shown in Figure 7-158. The East Channel cross section 
data are shown in Figure 7-159 through Figure 7-165.  
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Figure 7-158. East Channel HEC-RAS Schematic 

Obstructions: Station -10 to 0 and 72.56 to 83 
Figure 7-159. East Channel Cross Section 7 
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Obstructions: Station -10 to 0 and 72.51 to 83 
Figure 7-160. East Channel Cross Section 6 

Obstructions: Station -10 to 0 and 72.5 to 83 
Figure 7-161. East Channel Cross Section 5 
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Obstructions: Station -10 to 0 and 206.15 to 216 
Figure 7-162. East Channel Cross Section 4 

Obstructions: Station -10 to 0 and 277.48 to 288 
Figure 7-163. East Channel Cross Section 3 
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Obstructions: Station -10 to 0 and 277.59 to 288 
Figure 7-164. East Channel Cross Section 2 

Obstructions: Station 191.01 to 201 
Figure 7-165. East Channel Cross Section 1 



CALCULATION CONTROL SHEET 

CALC. NO. TXUT-001-
FSAR-2.4.2-CALC-036 

REV. 1 

PAGE NO.   145 of 156 

Runoff from Drainage Area 30 is added to the model at Cross Section 7. As previously discussed in 
Section 7.1, a culvert in Drainage Area 32 contributes 332 cfs to the East Channel. It is conservative 
for the East Channel analysis to assume this culvert is fully functional. The culvert flow from 
Drainage Area 32 is added to the culvert outlet at Cross Section 3. Table 7-39 provides a summary 
of the runoff added to the East Channel model. 

Table 7-39. East Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

7 213 30 213 

3 545 upstream contribution 213 
32 (culvert flow) 332 

The upstream Cross Section 7 is assigned a critical depth boundary condition. The downstream 
Cross Section 1 is assigned the Drainage Pond B maximum water surface elevation of 815.1 ft (see 
Section 7.1). The HEC-RAS model is run using the steady flow option with a mixed flow regime. 
Preliminary results are provided in Table 7-40. 

Table 7-40. East Channel Preliminary Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

7 213.00 821.72 821.72 822.05 0.026687 4.59 46.53 72.56 1.01 
6 213.00 820.22 819.80 820.36 0.005366 3.00 72.28 66.59 0.50 
5 213.00 819.48 819.48 819.85 0.025383 4.84 44.32 62.89 1.00 
4 213.00 818.38 818.44 818.72 0.043191 4.72 45.56 101.36 1.22 
3 545.00 814.97 813.59 815.24 0.003507 4.18 130.31 50.64 0.46 
2 545.00 815.08  815.12 0.000293 1.68 323.75 76.53 0.14 
1 545.00 815.10 809.52 815.11 0.000033 0.69 814.13 183.04 0.05 

Preliminary results indicate flow in the East Channel does not exceed cross sections limits and 
would not spill over and affect the Unit 3 Southeast Channel. Additionally, there are no safety-
related structures adjacent to the East Channel. Froude numbers are equal to or exceed one at 
Cross Sections 4, 5, and 7, indicating the potential for supercritical flow in the channel. Additionally, 
there is potential for hydraulic jumps in the channel between Cross Sections 3 and 4 and Cross 
Sections 6 and 7. 

Warnings indicate there may be a need for additional cross sections between all cross sections. 
HEC-RAS interpolation with 20 ft maximum spacing is used to generate three new cross sections 
between Cross Sections 1 and 2. Interpolation with 10 ft maximum spacing is used to generate 
seven new cross sections between Cross Sections 2 and 3. Interpolation with 1 ft maximum spacing 
is used to generate 44 new cross sections between Cross Sections 3 and 4. Interpolation with 5 ft 
maximum spacing is used to generate six new cross sections between Cross Sections 4 and 5. 
Interpolation with 1 ft maximum spacing is used to generate 48 new cross sections between Cross 
Sections 5 and 6. Interpolation with 50 ft maximum spacing is used to generate three new cross 
sections between Cross Sections 6 and 7. The model is re-run and most warnings are eliminated as 
noted below. Table 7-41 provides the final results.  
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Table 7-41. East Channel Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

7 213.00 821.88 821.72 822.09 0.013092 3.71 57.69 72.56 0.73 
6 213.00 820.08  820.26 0.008269 3.42 63.22 65.90 0.60 
5 213.00 819.48 819.48 819.85 0.025383 4.84 44.32 62.89 1.00 
4 213.00 818.41 818.44 818.71 0.034650 4.41 48.74 101.76 1.11 
3 545.00 815.01  815.28 0.003358 4.12 132.39 50.99 0.45 
2 545.00 815.08  815.13 0.000293 1.68 323.95 76.55 0.14 
1 545.00 815.10 809.52 815.11 0.000033 0.69 814.13 183.04 0.05 

The final results also indicate flow in the East Channel does not exceed cross section limits and 
would not spill over and affect the Unit 3 Southeast Channel. There are no safety-related structures 
adjacent to the East Channel. Froude numbers are equal to or exceed one at Cross Sections 4 and 
5. Therefore supercritical flow is present in the channel. Additionally, there are indications of a 
hydraulic jump between Cross Sections 3 and 4. The revised analysis indicates the potential for a 
hydraulic jump between Cross Sections 6 and 7 is eliminated. There is one remaining warning 
concerning critical depth used for Cross Section 5. This is appropriate because supercritical flow is 
present immediately downstream from Cross Section 5. The channel flow profile is provided in 
Figure 7-166. 
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Figure 7-166. East Channel Flow Profile 
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7.13 Off-site Channel 

The Off-site Channel captures runoff in Drainage Area 32, generally south of the plant area and 
beyond the immediate area of Units 3 and 4. The Off-site Channel directs runoff to a culvert 
structure at the VBS and empties into the East Channel, as shown in Figure 7-167. An overflow 
embankment directs excess runoff to the SCR. The channel is modeled using six cross sections and 
has a potential to contribute additional runoff to the East Channel should water surface elevations 
exceed the VBS elevation of 827 ft. 

Figure 7-167. Off-site Channel Cross Sections (Source: URS 2011d) 

The Off-site Channel HEC-RAS schematic is shown in Figure 7-168. The Off-site Channel cross 
section data are shown in Figure 7-169 through Figure 7-174. The inline structure weir is shown in 
Figure 7-175. The corresponding data are provided in Table 7-42. 
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Figure 7-168. Off-site Channel HEC-RAS Schematic 

Obstructions: Station -10 to 0 
Figure 7-169. Off-site Channel Cross Section 6 
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Obstructions: Station -10 to 0 
Figure 7-170. Off-site Channel Cross Section 5 

Obstructions: Station -10 to 0 
Figure 7-171. Off-site Channel Cross Section 4 
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Obstructions: Station -10 to 0 
Figure 7-172. Off-site Channel Cross Section 3 

Obstructions: Station -10 to 0 
Figure 7-173. Off-site Channel Cross Section 2 
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Figure 7-174. Off-site Channel Cross Section 1 

Figure 7-175. Off-site Channel Inline Structure Weir Cross Section 1.5 
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Table 7-42. Off-site Channel Inline Structure Weir Cross Section 1.5 
Station (ft) Elevation (ft) 
-10 822 
0 822 
6 820 
62.83 819 
70.32 818 
245.5 818 
260.5 823 
281.9 824 
Distance between upstream station and weir = 17.7 ft 
Weir width = 10 ft 
Weir coefficient = 2.6 

Runoff from Drainage Area 32 is added to the model at Cross Section 6. Table 7-43 provides a 
summary of the runoff added to the Off-site Channel model. 

Table 7-43. Off-site Channel Runoff 
Cross Section Total Runoff (cfs) Drainage Areas  Runoff (cfs) 

6 2421 32 2421 

The upstream Cross Section 6 is assigned a critical depth boundary condition. Excess runoff 
exceeding the overflow embankment of the Off-Site Channel empties into the SCR. However, the 
downstream cross section elevation is well above the PMF elevation of the SCR (see Section 5.0). 
Therefore, the downstream Cross Section 1 is assigned a normal depth slope of 0.2 ft/ft based on 
the steep slopes of the existing topography, as shown in Figure 7-176. The HEC-RAS model is run 
using the steady flow option with a mixed flow regime. Preliminary results are provided in Table 7-
44.
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Figure 7-176. Off-site Channel Downstream Boundary Condition (Source: URS 2011d) 

Table 7-44. Off-site Channel Preliminary Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

6 2421.00 820.44 819.65 821.62 0.006452 8.75 282.37 99.02 0.75 
5 2421.00 820.57  821.08 0.002856 5.81 443.45 170.43 0.45 
4 2421.00 820.62  820.90 0.001340 4.40 608.84 210.24 0.33 
3 2421.00 820.71  820.84 0.000587 3.06 908.04 239.99 0.22 
2 2421.00 820.78 814.34 820.81 0.000035 1.37 1775.73 245.55 0.09 
1.5 Inline Structure 
1 2421.00 818.69 818.69 819.47 0.019407 7.10 340.79 219.88 1.01 

Preliminary results indicate flow in the Off-site Channel does not exceed the VBS elevation of 827 ft 
and affect the East Channel. Additionally, there are no safety-related structures adjacent to the Off-
site Channel. The Froude number for the downstream Cross Section 1 exceeds one, indicating the 
potential for supercritical flow in the channel. There are no indications of hydraulic jumps in the 
channel. 

Warnings indicate there may be a need for additional cross sections between Cross Sections 3 and 
4, 4 and 5, and 5 and 6. HEC-RAS interpolation with 2 ft maximum spacing is used to generate 11 
new cross sections between Cross Sections 2 and 3. Interpolation with 20 ft maximum spacing is 
used to generate one new cross section between Cross Sections 3 and 4. Interpolation with 50 ft 
maximum spacing is used to generate one new cross section between Cross Sections 4 and 5, and 
one new cross section between Cross Sections 5 and 6. The model is re-run and most warnings are 
eliminated as noted below. Table 7-45 provides the final results.  

(815 ft – 795 ft) / 99.93 ft = 
0.2 ft/ft 
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Table 7-45. Off-site Channel Final Results 
Cross 
Section 

Q (cfs) W.S. 
Elev
(ft)

Crit
W.S.
(ft)

E.G.
Elev
(ft)

E.G.
Slope
(ft/ft) 

Vel
Chnl
(ft/s)

Flow
Area (sq 

ft)

Top
Width

(ft)

Froude 
# Chl 

6 2421.00 820.50 819.64 821.64 0.006149 8.60 289.04 104.18 0.74 
5 2421.00 820.58  821.09 0.002825 5.79 445.95 172.34 0.45 
4 2421.00 820.63  820.91 0.001332 4.39 610.44 210.77 0.32 
3 2421.00 820.71  820.85 0.000585 3.05 909.50 240.02 0.22 
2 2421.00 820.78 814.34 820.81 0.000035 1.37 1775.73 245.55 0.09 
1.5 Inline Structure 
1 2421.00 818.69 818.69 819.47 0.019407 7.10 340.79 219.88 1.01 

The final results also indicate flow in the Off-site Channel does not exceed the VBS elevation of 827 
ft and affect the East Channel. There are no safety-related structures adjacent to the Off-site 
Channel. The Froude number for the downstream Cross Section 1 exceeds one, indicating there is 
supercritical flow at the downstream end of the channel. There is one remaining warning concerning 
critical depth used for Cross Section 1. This is appropriate because the steep boundary condition 
would be expected to exhibit supercritical flow. There are no indications of hydraulic jumps in the 
channel. The channel flow profile is provided in Figure 7-177. 
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Figure 7-177. Off-site Channel Flow Profile 
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7.14 Summary 

All water surface elevations adjacent to safety-related structures determined for the effects of local 
intense precipitation do not exceed 1 foot below plant grade. The plant grade elevation is 822 ft 
(URS 2011b and 2011d). The maximum water surface elevation is 820.98 ft. Table 7-46 provides a 
summary of the analysis results. Figure 7-178 shows the approximate locations of key water surface 
elevations, such as upstream and downstream of weir structures and maximum water surface 
elevations.

Table 7-46. Summary of Maximum Results 
Feature Max Water Surface 

Elevation (ft) 
Location Adjacent Unit 

Drainage Pond A 816 Pond N/A 
Drainage Pond B 815.1 Pond N/A 
Unit 4 UHS Channel 819.80 Cross Section 107 Unit 4 
West Channel 820.98 Cross Section 23 Unit 3 and Unit 4 
Center South Channel 820.98 Cross Section 8 Unit 3 and Unit 4 
Unit 3 UHS Channel 819.66 Cross Section 12 Unit 3 
Unit 3 North Channel 820.14 Cross Section 8 Unit 3 
Center North Channel 820.44 Cross Section 13 Unit 3 and Unit 4 
Unit 4 North Channel 820.11 Cross Section 6 Unit 4 
Unit 3 East Channel 820.48 Cross Section 5 Unit 3 
Unit 3 Southeast Channel 819.77 Cross Section 6 Unit 3 
East Channel N/A N/A N/A 
Off-site Channel N/A N/A N/A 

The East Channel and the Off-site Channel are not located adjacent to safety-related structures. 
These channels are evaluated for potential contribution to other channels. Cross sections of the Unit 
3 Southeast Channel exhibit higher water surface elevations than identified in Table 7-46. However, 
the higher water surface elevations are at upstream cross sections that are not located adjacent to 
safety-related structures. 

Cross section plots for each channel depicting the final run water surface elevations are provided in 
Appendix A. Appendix B contains the HEC-RAS computation report for the preliminary run. 
Appendix C contains the HEC-RAS computation report for the final run. The HEC-RAS input data 
are provided in the output reports. 
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Figure 7-178. Summary Water Surface Elevations 

8.0 Appendices 

Appendix A – HEC-RAS Cross Section Plots 

Appendix B – HEC-RAS Preliminary Run Report 

Appendix C – HEC-RAS Final Run Report 
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Unit 4 UHS Channel Cross Section Plots 
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Unit 3 UHS Channel Cross Section Plots 
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Unit 3 North Channel Cross Section Plots 
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Center North Channel Cross Section Plots 
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Unit 4 North Channel Cross Section Plots 
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Unit 3 East Channel Cross Section Plots 
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Unit 3 Southeast Channel Cross Section Plots 
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East Channel Cross Section Plots 
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Off-site Channel Cross Section Plots 
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