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4.2 RCQ Diversion Channel 
This section describes the proposed diversion channel to collect and convey stormwater flows around the 
proposed RCQ infrastructure. Proposed infrastructure in the northwest corner of RCQ includes a material 
staging area (also referred to as the waste dump area), a material processing unit (crusher), conveyor 
equipment, and associated support facilities (e.g., gravel parking area, office). Grading will be performed to 
shed water away from new infrastructure into the new diversion channel. The new infrastructure will not 
significantly change the quantity of impervious area and does not change the time of concentration in this 
area.  

Existing stormwater flow through this area follows an existing shallow channel that is typically dry. The 
contribution drainage area and peak flow rates were summarized previously in Section 3.  

A stormwater channel will be constructed to divert stormwater from the upstream drainage area and to 
collect stormwater runoff from the proposed infrastructure. Site grading will route the stormwater around the 
proposed infrastructure. Channel sizing was conducting using Manning’s equation for open channel flow and 
the following assumptions: 
• Channel is trapezoidal with 2H:1V side slopes. 
• Channel is lined with rip rap with a Manning’s n value of 0.035. 
• The bottom width and depth of the channel are 3 ft and 2 ft, respectively. 
• The channel will have a minimum slope of 0.5 percent. 
• Channel is designed to convey the 25-year design storm at 50 percent or less of total channel depth. 
• Channel is designed to convey the 100-year design storm with a minimum of 0.5 ft of freeboard.  

Table 3 summarizes the channel flow capacity, depth, and velocity during the design storms.  

 
Table 3. Red Creek Quarry Stormwater Channel 

Full-Flow Flow 
Capacity 

(cfs) 

Flow Depth to 
Convey 25-Year 

Design Storm (ft) 

Freeboard During 
25-Year Design 

Storm (ft) 

Flow Depth to 
Convey 100-Year 
Design Storm (ft) 

Flow Velocity During 
100-Year Design 

Storm (fps) 

Freeboard During 
100-Year Design 

Storm (ft) 
Design Criteria 

Met? 

46.9 1 1 1.4 2.8 0.65 Yes 
cfs = cubic feet per second 
fps = feet per second 
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4.3 MTAC Culverts 
This section describes the selection of culvert geometry and sizing to be installed along the MTAC to convey 
stormwater. The upstream and downstream channels beyond MTAC limits were not assessed as part of this 
drainage plan and are assumed to be stable. Hydraulic sizing of the culverts was conducted to convey the 
design storm peak flows without causing damage to upstream and downstream features. The culvert 
geometry and sizing presented in this drainage plan is based on the hydrologic analysis described above and 
the assumptions described below, and is intended to show that culverts along the MTAC are technically 
viable. The final design and selection of the culvert sizing, based on channel headwater and tailwater 
characteristics, will be conducted separately. 

Figure 6 depicts drainage areas and significant waterway crossings along the MTAC. Hydraulic sizing for the 
MTAC culverts was conducted using the HY-8 Culvert Hydraulic Analysis program (HY-8) developed by the 
Federal Highway Administration (FHWA). Preliminary design assumptions include: 
• This drainage plan is preliminary; tailwater conditions are assumed to be free-draining such that culvert 

flow capacity will not be limited by tailwater. This assumption limits this drainage plan to hydraulic 
design and sizing of the culverts to safely convey the design storms. The design will be further developed 
as described in Section 1, including design of the culverts as wildlife crossings.  
− To use HY-8, the tailwater channel is assumed to be trapezoidal with 2H:1V side slopes (based on 

field observations), to be sufficiently wide and deep to convey the design storm, to have an average 
channel slope of 0.5 percent, and to have a Manning’s roughness value of 0.02.  

• The culverts are assumed to be either concrete pipes or rectangular concrete boxes (refer to Table 4) 
with a minimum slope of 0 percent (i.e., installed level). Manning’s roughness values for the culverts 
used the base value in HY-8 for concrete of 0.012. 

 
Table 4. MTAC Culvert Type, Dimensions, and Design Storm Headwater Depth 

Crossing 
Identification 

Material Type 
and Shape 

Dimension(s) 
(width x height or diameter) 

(ft) 

Minimum 
Slope 
(ft/ft) 

25-year Design Storm 
Headwater Depth 

(ft) 

100-year Design Storm 
Headwater Depth 

(ft) 
RCQ Channel  Concrete Pipe 3 0 1.5 2.3 

Crossing 1 Concrete Box 4 x 4 0 2.3 3.7 

Crossing 2A Concrete Box 10 x 8 0 4.2 7.0 

Crossing 2B Twin Concrete Boxes Two 12 x 10 0 5.3 8.6 

Crossing 2C Concrete Box 4 x 4 0 2.1 3.7 

Crossing 3 Concrete Pipe, 2 Barrels 3 0 1.5 2.3 

Crossing 4 Concrete Pipe 3 0 1.3 2.0 

Crossing 5 Concrete Box 6 x 4 0 2.0 3.3 

Crossing 6A Concrete Pipe 3 0 1.5 2.2 

Crossing 6B Concrete Box 8 x 6 0 3.4 5.6 

Crossing 6C Concrete Pipe 3 0 1.3 1.9 

Crossing 7 Concrete Box 8 x 6 0 2.8 4.6 

Crossing 8 Concrete Box 6 x 4 0 1.8 3.0 

Crossing 9 Concrete Box 4 x 4 0 1.8 3.0 

Crossing 10 Concrete Pipe 3 0 1.2 1.9 

Crossing 11 Concrete Pipe 3 0 1.1 1.8 
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Table 4. MTAC Culvert Type, Dimensions, and Design Storm Headwater Depth 

Crossing 
Identification 

Material Type 
and Shape 

Dimension(s) 
(width x height or diameter) 

(ft) 

Minimum 
Slope 
(ft/ft) 

25-year Design Storm 
Headwater Depth 

(ft) 

100-year Design Storm 
Headwater Depth 

(ft) 
Crossing 12 Concrete Pipe 3 0 0.8 1.4 

Crossing 13 Concrete Pipe, 2 Barrels 3 0 1.6 2.7 

Crossing 14 Concrete Box 6 x 4 0 1.8 3.2 

Crossing 15 Concrete Box 10 x 8 0 4.0 6.3 

Crossing 16 Concrete Box 10 x 8 0 3.3 5.7 

Crossing 17 Concrete Pipe 3 0 1.3 1.9 

Crossing 18 Concrete Pipe, 2 Barrels 3 0 1.4 2.5 

Crossing 19 Concrete Box 10 x 8 0 3.9 6.3 
ft/ft = feet per foot 
 

Culvert sizes were selected to convey the 25-year design storm with headwater less than 66 percent (two-
thirds full) of the culvert height and to convey the 100-year design storm without headwater above the top of 
the culvert inlet. Table 4 provides a summary of the proposed culvert sizing.  

4.4 Rip Rap  
This section describes rip rap sizing to protect the RCQ diversion channel and MTAC culverts from erosion.  

4.4.1 RCQ Channel Rip Rap Lining 
Rip rap sizing for the RCQ diversion channel was conducted to determine stone sizing in shallow-slope 
channels using the method as described in the USACE publication Hydraulic Design of Flood Control 
Channels. The flow depth and velocity associated with the 100-year design storm calculated in Section 4.2 
was used. This calculation method indicates that rip rap with a D30 size (i.e., rip rap size of which 30 percent 
is finer by weight) greater than 1 inch is sufficient to prevent erosion. A minimum D30 size of 2 inches 
installed to a minimum thickness of 6 inches is recommended for this channel. 

4.4.2 MTAC Culvert Rip Rap Protection 
This drainage plan assumes that rip rap will be placed at the culvert inlets and that rip rap basins will be 
used to protect against scour/erosion. The HY-8 program includes analysis of rip rap basins. This analysis 
was used to confirm that a technically sound and economically feasible rip rap basin was viable for each 
culvert.  

Design of the rip rap inlet and outlet protection for one of the ephemeral crossings, Crossing 2C, is included 
with this drainage plan. As noted in Section 1, the design of the remaining structures will be developed as 
part of a USACE Nationwide Permit Application.  

Rip rap sizing was conducted using the FHWA Hydraulic Engineering Circular No. 14, Third Edition, Hydraulic 
Design of Energy Dissipators for Culverts and Channels (FHWA, 2006). The culvert type and dimensions from 
the culvert sizing in Section 4.3 and the HY-8 tailwater information included in Attachment D were used for 
rip rap sizing. 

Table 5 summarizes the rip rap sizing and dimensions for the inlet protection and outlet basin. A typical 
detail for the rip rap inlet protection and outlet basin is shown in Figure 3. 
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Table 5. MTAC Rip Rap Sizing for Culvert Inlet and Outlet Protection 

Crossing Identification, Culvert 
Type and Dimension 

Minimum Rip 
Rap Size 

(inch) 

Dissipation 
Pool Depth 

(in) 

Dissipation 
Pool Length 

(ft) 
Apron Lenth 

(ft) 

Total Basin 
Length 

(ft) 

Basin Width at 
End of Apron 

(ft) 
Crossing 2C, Concrete Box 
4 ft wide x 4 ft tall D50 = 2 3 12 4 16 28 

 
 

Section 5: Conclusion 
The proposed culverts and outlet protection for the project will be protective of upstream and downstream 
drainage conditions and will appropriately convey runoff from the design storms. The primary change to the 
existing drainage conditions includes the addition of culvert crossings to convey stormwater across the 
MTAC.  

The proposed grading and drainage features have been designed according to the methods and 
assumptions described herein. The hydrologic analysis inputs (drainage area, time of concentration, 
hydraulic soil groups, composite curve number) and peak flows are included in Attachment D. The HY-8 
culvert analysis reports for the crossings are provided in Attachment E, and the shape and dimensions for 
each culvert is summarized in Table 4.  
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Figures 

Figure 1. Materials Transport and Access Corridor U.S. Geological Survey Topography 
Figure 2. Red Creek Quarry and Materials Transport and Access Corridor Waterway 
Crossings 
Figure 3. Typical Rip Rap Inlet and Outlet Protection Detail 
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Attachment A: NOAA Precipitation  
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Attachment B: StreamStats Reports 

Red Creek Quarry StreamStats Report 
Materials Transport and Access Corridor StreamStats Report 
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Technical Memorandum Red Creek Quarry and Materials Transport and Access Corridor Drainage Plan
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Attachment C: FEMA FIRM Panels 
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Attachment D: Red Creek Quarry and Materials Transport 
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Rainfall�Events�Listing�(selected�events)

Event# Event
Name

Storm�Type Curve Mode Duration
(hours)

B/B Depth
(inches)

AMC

1 25-yr�24-hr Type�II�24-hr Default 24.00 1 3.01 2
2 100-yr�6-hr Type�II��6-hr Default 6.00 1 3.49 2
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Area�Listing�(all�nodes)

Area
(acres)

CN Description
(subcatchment-numbers)

3,834.630 56 Brush,�Fair,�HSG�B��(1,�2A,�2B,�2C,�3,�4,�5,�6A,�6B,�7,�RQC)
7,483.190 70 Brush,�Fair,�HSG�C��(1,�2A,�2B,�2C,�3,�4,�5,�6A,�6B,�6C,�7,�RQC)
2,831.810 77 Brush,�Fair,�HSG�D��(1,�2A,�2B,�2C,�3,�4,�5,�6A,�6B,�7,�RQC)

14,149.630 68 TOTAL�AREA
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Soil�Listing�(all�nodes)

Area
(acres)

Soil
Group

Subcatchment
Numbers

0.000 HSG�A
3,834.630 HSG�B 1,�2A,�2B,�2C,�3,�4,�5,�6A,�6B,�7,�RQC
7,483.190 HSG�C 1,�2A,�2B,�2C,�3,�4,�5,�6A,�6B,�6C,�7,�RQC
2,831.810 HSG�D 1,�2A,�2B,�2C,�3,�4,�5,�6A,�6B,�7,�RQC

0.000 Other
14,149.630 TOTAL�AREA
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Ground�Covers�(all�nodes)

HSG-A
(acres)

HSG-B
(acres)

HSG-C
(acres)

HSG-D
(acres)

Other
(acres)

Total
(acres)

Ground
Cover

Subcatchment
Numbers

0.000 3,834.630 7,483.190 2,831.810 0.000 14,149.630 Brush,�Fair 1,�2A,�2B,�2C,�3,�4,�
5,�6A,�6B,�6C,�7,�
RQC

0.000 3,834.630 7,483.190 2,831.810 0.000 14,149.630 TOTAL�AREA
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Time�span=0.00-48.00�hrs,�dt=0.20�hrs,�241�points
Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN

Reach�routing�by�Stor-Ind+Trans�method��-��Pond�routing�by�Stor-Ind�method

Runoff�Area=230.100�ac���0.00%�Impervious���Runoff�Depth=0.68"Subcatchment�1:�
���Tc=144.6�min���CN=69���Runoff=34.98�cfs��12.944�af

Runoff�Area=831.000�ac���0.00%�Impervious���Runoff�Depth=0.63"Subcatchment�2A:�
���Tc=60.0�min���CN=68���Runoff=218.12�cfs��43.750�af

Runoff�Area=10,340.000�ac���0.00%�Impervious���Runoff�Depth=0.63"Subcatchment�2B:�
���Tc=383.0�min���CN=68���Runoff=715.79�cfs��544.372�af

Runoff�Area=345.500�ac���0.00%�Impervious���Runoff�Depth=0.51"Subcatchment�2C:�
���Tc=185.0�min���CN=65���Runoff=30.38�cfs��14.702�af

Runoff�Area=127.920�ac���0.00%�Impervious���Runoff�Depth=0.55"Subcatchment�3:�
���Tc=115.0�min���CN=66���Runoff=17.37�cfs��5.859�af

Runoff�Area=33.280�ac���0.00%�Impervious���Runoff�Depth=0.59"Subcatchment�4:�
���Tc=63.0�min���CN=67���Runoff=7.67�cfs��1.636�af

Runoff�Area=236.830�ac���0.00%�Impervious���Runoff�Depth=0.68"Subcatchment�5:�
���Tc=115.0�min���CN=69���Runoff=42.54�cfs��13.323�af

Runoff�Area=29.100�ac���0.00%�Impervious���Runoff�Depth=0.77"Subcatchment�6A:�
���Tc=59.0�min���CN=71���Runoff=10.17�cfs��1.858�af

Runoff�Area=1,165.100�ac���0.00%�Impervious���Runoff�Depth=0.59"Subcatchment�6B:�
���Tc=190.0�min���CN=67���Runoff=123.94�cfs��57.279�af

Runoff�Area=34.600�ac���0.00%�Impervious���Runoff�Depth=0.72"Subcatchment�6C:�
���Tc=94.0�min���CN=70���Runoff=7.84�cfs��2.076�af

Runoff�Area=746.500�ac���0.00%�Impervious���Runoff�Depth=0.59"Subcatchment�7:�
���Tc=153.0�min���CN=67���Runoff=91.04�cfs��36.700�af

Runoff�Area=29.700�ac���0.00%�Impervious���Runoff�Depth=0.86"Subcatchment�RQC:�RCQ�NW�Stream
���Tc=72.0�min���CN=73���Runoff=10.54�cfs��2.137�af

Total�Runoff�Area�=�14,149.630�ac���Runoff�Volume�=�736.636�af���Average�Runoff�Depth�=�0.62"
100.00%�Pervious�=�14,149.630�ac�����0.00%�Impervious�=�0.000�ac
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Summary�for�Subcatchment�1:�

Runoff = 34.98�cfs�@� 13.98�hrs,��Volume= 12.944�af,��Depth= 0.68"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
28.100 56 Brush,�Fair,�HSG�B

164.700 70 Brush,�Fair,�HSG�C
37.300 77 Brush,�Fair,�HSG�D

230.100 69 Weighted�Average
230.100 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
144.6 Direct�Entry,�from�StreamStats

Subcatchment�1:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420

Fl
ow

��(
cf

s)

38
36
34
32
30
28
26
24
22
20
18
16
14
12
10
8
6
4
2
0

Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=230.100�ac
Runoff�Volume=12.944�af

Runoff�Depth=0.68"
Tc=144.6�min

CN=69

34.98�cfs
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Summary�for�Subcatchment�2A:�

Runoff = 218.12�cfs�@� 12.74�hrs,��Volume= 43.750�af,��Depth= 0.63"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
225.000 56 Brush,�Fair,�HSG�B
421.000 70 Brush,�Fair,�HSG�C
185.000 77 Brush,�Fair,�HSG�D
831.000 68 Weighted�Average
831.000 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
60.0 Direct�Entry,�Assume�shorter�than�Crossing�19�for�conservative�result

Subcatchment�2A:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420

Fl
ow

��(
cf

s)

240
230
220
210
200
190
180
170
160
150
140
130
120
110
100
90
80
70
60
50
40
30
20
10
0

Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=831.000�ac
Runoff�Volume=43.750�af

Runoff�Depth=0.63"
Tc=60.0�min

CN=68

218.12�cfs

Table of Contents



Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"HydroCAD_RCQ-MTAC_1of2
��Printed��4/2/2024Prepared�by�Brown�&�Caldwell

Page�9HydroCAD®�10.20-3f��s/n�02595��©�2023�HydroCAD�Software�Solutions�LLC

Summary�for�Subcatchment�2B:�

Runoff = 715.79�cfs�@� 17.50�hrs,��Volume= 544.372�af,��Depth= 0.63"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
2,802.000 56 Brush,�Fair,�HSG�B
5,232.000 70 Brush,�Fair,�HSG�C
2,306.000 77 Brush,�Fair,�HSG�D

10,340.000 68 Weighted�Average
10,340.000 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
383.0 Direct�Entry,�StreamStats

Subcatchment�2B:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420

Fl
ow

��(
cf

s)

800

750

700

650

600

550

500

450

400

350

300

250

200

150

100

50

0

Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=10,340.000�ac
Runoff�Volume=544.372�af

Runoff�Depth=0.63"
Tc=383.0�min

CN=68

715.79�cfs
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Summary�for�Subcatchment�2C:�

Runoff = 30.38�cfs�@� 14.65�hrs,��Volume= 14.702�af,��Depth= 0.51"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
0.000 35 Brush,�Fair,�HSG�A

129.900 56 Brush,�Fair,�HSG�B
195.600 70 Brush,�Fair,�HSG�C
20.000 77 Brush,�Fair,�HSG�D

345.500 65 Weighted�Average
345.500 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
185.0 Direct�Entry,�StreamStats

Subcatchment�2C:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420

Fl
ow

��(
cf

s)

34

32

30

28

26

24

22

20

18

16

14

12

10

8

6

4

2

0

Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=345.500�ac
Runoff�Volume=14.702�af

Runoff�Depth=0.51"
Tc=185.0�min

CN=65

30.38�cfs
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Summary�for�Subcatchment�3:�

Runoff = 17.37�cfs�@� 13.56�hrs,��Volume= 5.859�af,��Depth= 0.55"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
0.000 35 Brush,�Fair,�HSG�A

38.660 56 Brush,�Fair,�HSG�B
78.460 70 Brush,�Fair,�HSG�C
10.800 77 Brush,�Fair,�HSG�D

127.920 66 Weighted�Average
127.920 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
115.0 Direct�Entry,�Streamstats

Subcatchment�3:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420

Fl
ow

��(
cf

s)

19
18
17
16
15
14
13
12
11
10
9
8
7
6
5
4
3
2
1
0

Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=127.920�ac
Runoff�Volume=5.859�af

Runoff�Depth=0.55"
Tc=115.0�min

CN=66

17.37�cfs
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Summary�for�Subcatchment�4:�

Runoff = 7.67�cfs�@� 12.80�hrs,��Volume= 1.636�af,��Depth= 0.59"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
10.450 56 Brush,�Fair,�HSG�B
17.040 70 Brush,�Fair,�HSG�C
5.790 77 Brush,�Fair,�HSG�D

33.280 67 Weighted�Average
33.280 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
63.0 Direct�Entry,�Streamstats

Subcatchment�4:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420

Fl
ow

��(
cf

s)

8

7

6

5

4

3

2

1

0

Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=33.280�ac
Runoff�Volume=1.636�af

Runoff�Depth=0.59"
Tc=63.0�min

CN=67

7.67�cfs
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Summary�for�Subcatchment�5:�

Runoff = 42.54�cfs�@� 13.50�hrs,��Volume= 13.323�af,��Depth= 0.68"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
20.320 56 Brush,�Fair,�HSG�B

197.490 70 Brush,�Fair,�HSG�C
19.020 77 Brush,�Fair,�HSG�D

236.830 69 Weighted�Average
236.830 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
115.0 Direct�Entry,�StreamStats

Subcatchment�5:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420

Fl
ow

��(
cf

s)

46
44
42
40
38
36
34
32
30
28
26
24
22
20
18
16
14
12
10
8
6
4
2
0

Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=236.830�ac
Runoff�Volume=13.323�af

Runoff�Depth=0.68"
Tc=115.0�min

CN=69

42.54�cfs
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Summary�for�Subcatchment�6A:�

Runoff = 10.17�cfs�@� 12.69�hrs,��Volume= 1.858�af,��Depth= 0.77"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
0.300 56 Brush,�Fair,�HSG�B

24.100 70 Brush,�Fair,�HSG�C
4.700 77 Brush,�Fair,�HSG�D

29.100 71 Weighted�Average
29.100 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
59.0 Direct�Entry,�StreamStats

Subcatchment�6A:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420
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Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=29.100�ac
Runoff�Volume=1.858�af

Runoff�Depth=0.77"
Tc=59.0�min

CN=71

10.17�cfs
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Summary�for�Subcatchment�6B:�

Runoff = 123.94�cfs�@� 14.69�hrs,��Volume= 57.279�af,��Depth= 0.59"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
341.300 56 Brush,�Fair,�HSG�B
709.400 70 Brush,�Fair,�HSG�C
114.400 77 Brush,�Fair,�HSG�D

1,165.100 67 Weighted�Average
1,165.100 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
190.0 Direct�Entry,�Streamstats

Subcatchment�6B:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420
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Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"
Runoff�Area=1,165.100�ac
Runoff�Volume=57.279�af

Runoff�Depth=0.59"
Tc=190.0�min

CN=67

123.94�cfs
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Summary�for�Subcatchment�6C:�

Runoff = 7.84�cfs�@� 13.21�hrs,��Volume= 2.076�af,��Depth= 0.72"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
0.000 56 Brush,�Fair,�HSG�B

34.600 70 Brush,�Fair,�HSG�C
0.000 77 Brush,�Fair,�HSG�D

34.600 70 Weighted�Average
34.600 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
94.0 Direct�Entry,�StreamStats

Subcatchment�6C:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420
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Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=34.600�ac
Runoff�Volume=2.076�af

Runoff�Depth=0.72"
Tc=94.0�min

CN=70

7.84�cfs
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Summary�for�Subcatchment�7:�

Runoff = 91.04�cfs�@� 14.14�hrs,��Volume= 36.700�af,��Depth= 0.59"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
235.100 56 Brush,�Fair,�HSG�B
400.600 70 Brush,�Fair,�HSG�C
110.800 77 Brush,�Fair,�HSG�D
746.500 67 Weighted�Average
746.500 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
153.0 Direct�Entry,�StreamStats

Subcatchment�7:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420
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Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=746.500�ac
Runoff�Volume=36.700�af

Runoff�Depth=0.59"
Tc=153.0�min

CN=67

91.04�cfs
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Summary�for�Subcatchment�RQC:�RCQ�NW�Stream

Runoff = 10.54�cfs�@� 12.86�hrs,��Volume= 2.137�af,��Depth= 0.86"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II�24-hr��25-yr�24-hr�Rainfall=3.01"

Area�(ac) CN Description
3.500 56 Brush,�Fair,�HSG�B
8.200 70 Brush,�Fair,�HSG�C

18.000 77 Brush,�Fair,�HSG�D
29.700 73 Weighted�Average
29.700 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
72.0 Direct�Entry,�StreamStats

Subcatchment�RQC:�RCQ�NW�Stream

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420
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Type�II�24-hr
25-yr�24-hr�Rainfall=3.01"

Runoff�Area=29.700�ac
Runoff�Volume=2.137�af

Runoff�Depth=0.86"
Tc=72.0�min

CN=73

10.54�cfs
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Time�span=0.00-48.00�hrs,�dt=0.20�hrs,�241�points
Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN

Reach�routing�by�Stor-Ind+Trans�method��-��Pond�routing�by�Stor-Ind�method

Runoff�Area=230.100�ac���0.00%�Impervious���Runoff�Depth=0.95"Subcatchment�1:�
���Tc=144.6�min���CN=69���Runoff=73.22�cfs��18.177�af

Runoff�Area=831.000�ac���0.00%�Impervious���Runoff�Depth=0.90"Subcatchment�2A:�
���Tc=60.0�min���CN=68���Runoff=466.61�cfs��62.013�af

Runoff�Area=10,340.000�ac���0.00%�Impervious���Runoff�Depth=0.90"Subcatchment�2B:�
���Tc=383.0�min���CN=68���Runoff=1,511.85�cfs��771.612�af

Runoff�Area=345.500�ac���0.00%�Impervious���Runoff�Depth=0.75"Subcatchment�2C:�
���Tc=185.0�min���CN=65���Runoff=71.65�cfs��21.500�af

Runoff�Area=127.920�ac���0.00%�Impervious���Runoff�Depth=0.79"Subcatchment�3:�
���Tc=115.0�min���CN=66���Runoff=39.67�cfs��8.474�af

Runoff�Area=33.280�ac���0.00%�Impervious���Runoff�Depth=0.84"Subcatchment�4:�
���Tc=63.0�min���CN=67���Runoff=16.87�cfs��2.342�af

Runoff�Area=236.830�ac���0.00%�Impervious���Runoff�Depth=0.95"Subcatchment�5:�
���Tc=115.0�min���CN=69���Runoff=89.62�cfs��18.709�af

Runoff�Area=29.100�ac���0.00%�Impervious���Runoff�Depth=1.06"Subcatchment�6A:�
���Tc=59.0�min���CN=71���Runoff=20.20�cfs��2.564�af

Runoff�Area=1,165.100�ac���0.00%�Impervious���Runoff�Depth=0.84"Subcatchment�6B:�
���Tc=190.0�min���CN=67���Runoff=264.33�cfs��81.991�af

Runoff�Area=34.600�ac���0.00%�Impervious���Runoff�Depth=1.00"Subcatchment�6C:�
���Tc=94.0�min���CN=70���Runoff=16.01�cfs��2.889�af

Runoff�Area=746.500�ac���0.00%�Impervious���Runoff�Depth=0.84"Subcatchment�7:�
���Tc=153.0�min���CN=67���Runoff=201.19�cfs��52.533�af

Runoff�Area=29.700�ac���0.00%�Impervious���Runoff�Depth=1.17"Subcatchment�RQC:�RCQ�NW�Stream
���Tc=72.0�min���CN=73���Runoff=20.30�cfs��2.903�af

Total�Runoff�Area�=�14,149.630�ac���Runoff�Volume�=�1,045.707�af���Average�Runoff�Depth�=�0.89"
100.00%�Pervious�=�14,149.630�ac�����0.00%�Impervious�=�0.000�ac
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Summary�for�Subcatchment�1:�

Runoff = 73.22�cfs�@� 4.99�hrs,��Volume= 18.177�af,��Depth= 0.95"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II��6-hr��100-yr�6-hr�Rainfall=3.49"

Area�(ac) CN Description
28.100 56 Brush,�Fair,�HSG�B

164.700 70 Brush,�Fair,�HSG�C
37.300 77 Brush,�Fair,�HSG�D

230.100 69 Weighted�Average
230.100 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
144.6 Direct�Entry,�from�StreamStats

Subcatchment�1:�

Runoff

Hydrograph

Time��(hours)
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Type�II
6-hr

100-yr�6-hr�Rainfall=3.49"
Runoff�Area=230.100�ac

Runoff�Volume=18.177�af
Runoff�Depth=0.95"

Tc=144.6�min
CN=69

73.22�cfs
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Summary�for�Subcatchment�2A:�

Runoff = 466.61�cfs�@� 3.74�hrs,��Volume= 62.013�af,��Depth= 0.90"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II��6-hr��100-yr�6-hr�Rainfall=3.49"

Area�(ac) CN Description
225.000 56 Brush,�Fair,�HSG�B
421.000 70 Brush,�Fair,�HSG�C
185.000 77 Brush,�Fair,�HSG�D
831.000 68 Weighted�Average
831.000 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
60.0 Direct�Entry,�Assume�shorter�than�Crossing�19�for�conservative�result

Subcatchment�2A:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420

Fl
ow

��(
cf

s)

520
500
480
460
440
420
400
380
360
340
320
300
280
260
240
220
200
180
160
140
120
100
80
60
40
20
0

Type�II
6-hr

100-yr�6-hr�Rainfall=3.49"
Runoff�Area=831.000�ac

Runoff�Volume=62.013�af
Runoff�Depth=0.90"

Tc=60.0�min
CN=68

466.61�cfs
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Summary�for�Subcatchment�2B:�

Runoff = 1,511.85�cfs�@� 8.24�hrs,��Volume= 771.612�af,��Depth= 0.90"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II��6-hr��100-yr�6-hr�Rainfall=3.49"

Area�(ac) CN Description
2,802.000 56 Brush,�Fair,�HSG�B
5,232.000 70 Brush,�Fair,�HSG�C
2,306.000 77 Brush,�Fair,�HSG�D

10,340.000 68 Weighted�Average
10,340.000 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
383.0 Direct�Entry,�StreamStats

Subcatchment�2B:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420
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Type�II
6-hr

100-yr�6-hr�Rainfall=3.49"
Runoff�Area=10,340.000�ac
Runoff�Volume=771.612�af

Runoff�Depth=0.90"
Tc=383.0�min

CN=68

1,511.85�cfs
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Summary�for�Subcatchment�2C:�

Runoff = 71.65�cfs�@� 5.66�hrs,��Volume= 21.500�af,��Depth= 0.75"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II��6-hr��100-yr�6-hr�Rainfall=3.49"

Area�(ac) CN Description
0.000 35 Brush,�Fair,�HSG�A

129.900 56 Brush,�Fair,�HSG�B
195.600 70 Brush,�Fair,�HSG�C
20.000 77 Brush,�Fair,�HSG�D

345.500 65 Weighted�Average
345.500 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
185.0 Direct�Entry,�StreamStats

Subcatchment�2C:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420
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Type�II
6-hr

100-yr�6-hr�Rainfall=3.49"
Runoff�Area=345.500�ac

Runoff�Volume=21.500�af
Runoff�Depth=0.75"

Tc=185.0�min
CN=65

71.65�cfs

Table of Contents



Type�II��6-hr��100-yr�6-hr�Rainfall=3.49"HydroCAD_RCQ-MTAC_1of2
��Printed��4/2/2024Prepared�by�Brown�&�Caldwell

Page�24HydroCAD®�10.20-3f��s/n�02595��©�2023�HydroCAD�Software�Solutions�LLC

Summary�for�Subcatchment�3:�

Runoff = 39.67�cfs�@� 4.58�hrs,��Volume= 8.474�af,��Depth= 0.79"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II��6-hr��100-yr�6-hr�Rainfall=3.49"

Area�(ac) CN Description
0.000 35 Brush,�Fair,�HSG�A

38.660 56 Brush,�Fair,�HSG�B
78.460 70 Brush,�Fair,�HSG�C
10.800 77 Brush,�Fair,�HSG�D

127.920 66 Weighted�Average
127.920 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
115.0 Direct�Entry,�Streamstats

Subcatchment�3:�

Runoff

Hydrograph

Time��(hours)
484644424038363432302826242220181614121086420
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Type�II
6-hr

100-yr�6-hr�Rainfall=3.49"
Runoff�Area=127.920�ac
Runoff�Volume=8.474�af

Runoff�Depth=0.79"
Tc=115.0�min

CN=66

39.67�cfs
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Summary�for�Subcatchment�4:�

Runoff = 16.87�cfs�@� 3.79�hrs,��Volume= 2.342�af,��Depth= 0.84"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II��6-hr��100-yr�6-hr�Rainfall=3.49"

Area�(ac) CN Description
10.450 56 Brush,�Fair,�HSG�B
17.040 70 Brush,�Fair,�HSG�C
5.790 77 Brush,�Fair,�HSG�D

33.280 67 Weighted�Average
33.280 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
63.0 Direct�Entry,�Streamstats

Subcatchment�4:�

Runoff

Hydrograph
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Type�II
6-hr

100-yr�6-hr�Rainfall=3.49"
Runoff�Area=33.280�ac

Runoff�Volume=2.342�af
Runoff�Depth=0.84"

Tc=63.0�min
CN=67

16.87�cfs
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Summary�for�Subcatchment�5:�

Runoff = 89.62�cfs�@� 4.55�hrs,��Volume= 18.709�af,��Depth= 0.95"

Runoff�by�SCS�TR-20�method,�UH=SCS,�Weighted-CN,�Time�Span=�0.00-48.00�hrs,�dt=�0.20�hrs
Type�II��6-hr��100-yr�6-hr�Rainfall=3.49"

Area�(ac) CN Description
20.320 56 Brush,�Fair,�HSG�B

197.490 70 Brush,�Fair,�HSG�C
19.020 77 Brush,�Fair,�HSG�D

236.830 69 Weighted�Average
236.830 100.00%�Pervious�Area

Tc Length Slope Velocity Capacity Description
(min) (feet) (ft/ft) (ft/sec) (cfs)
115.0 Direct�Entry,�StreamStats

Subcatchment�5:�

Runoff

Hydrograph

Time��(hours)
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Type�II
6-hr

100-yr�6-hr�Rainfall=3.49"
Runoff�Area=236.830�ac

Runoff�Volume=18.709�af
Runoff�Depth=0.95"

Tc=115.0�min
CN=69

89.62�cfs
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