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December 8, 2022 
 

David Laws, P.E.       
Town of Oro Valley 
11000 N La Canada Drive 
Oro Valley, AZ 85737 
 
Re: Drainage Statement for Encantada at Steam Village; Phase III Steam Pump Village  

WLB No. 110046-C001-0400 
 

Dear Mr. Laws, 
 

This drainage statement has been prepared in support of the proposed design as shown on the 

Surf Thru Car Wash at Oro Valley Marketplace improvement plans. The Surf Thru Car Wash at Oro 

Valley Marketplace project is located in Lot 26 of Oro Valley Marketplace. The “Drainage Report for 

the Mass Grading of a portion of Neighborhood 4 in Rancho Vistoso (A.K.A. Oro Valley Market 

Place)” prepared by The WLB Group, Inc. dated September 8, 2006 revised date April 25, 2007 

(Oro Valley Case # OV12-04-30) and the “Drainage Report for In-N-Out Burger, Lot 28 of Oro 

Valley Marketplace” prepared by The WLB Group, Inc. dated April 6, 2009 revised May 11, 2009 

was approved for the Lot 28 Oro Valley Marketplace Development. These reports are referenced 

herein in the design of the Surf Thru Car Wash at Oro Valley Marketplace project.  

 

HYDROLOGIC RESULTS 

 

There are a total of 2 post-developed watersheds (12.0 & 13.0) delineated within Lots 26 and 28 in 

the Mass Grading Drainage Report (April, 2007 - Figure 4, Sheet 4 of 4). These watersheds were 

modeled using the Rational Method under postdeveloped conditions (see Figure 3).  The 

watersheds defined by these concentration points range in size from 2.2 acres to 4.87 acres with 

corresponding 100-year peak discharges of 21.4 cfs to 42.3 cfs. The estimated watershed areas 

with corresponding 100-year peak discharge rates are from the Mass Grading Drainage Report. 

Each corresponding onsite watershed is summarized in the table below:   
 

TABLE OF 100-YEAR POST-DEVELOPED PEAK DISCHARGES 
 

CONC. POINT 
 

DRAINAGE AREA (AC) 
 

Q100 (cfs) 

12.0 
 

4.87 
 

42.3 
 

13.0 
 

2.20 
 

21.4 
 



DRAINAGE STATEMENT – SURF THRU CARWASH 
 
 
 

 
 

3

The stormwater from these two existing concentration points will exit the site, directly into the Big 

Wash, through existing hydraulic structures designed to convey these discharges. Lot 26 of Oro 

Valley Marketplace mostly discharges to CP 12.0, with the south boundary of the site discharging to 

CP 13.0. The proposed grading design of the Surf Thru Carwash project divides the existing CP 

12.0 watersheds into smaller sub-watersheds, with associated analysis of onsite hydraulic 

structures. The sub-watersheds are labeled to designate the overall watershed that they are a part 

of (CP 12a is a sub-basin of CP 12.0, etc.). To maintain consistency with the approved drainage 

design, the peak flow discharges for this project were determined using a pro-rated discharge 

based on the previously approved drainage areas and discharges (see Figure 4). The pro-rated 

post developed discharge is 8.69 cfs/acre with a time of concentration of 5 minutes for both 

watersheds.  

 

The In-N-Out Drainage Report watershed boundaries for CP 13.0 has increased to include the new 

building footprint and Drive thru. The drainage area for CP 13.0 is 2.5 acres with a peak discharge 

of 24.1 cfs. This flow discharges directly into the Big Wash through a 16’ wide (4 cells) Type 3 

sidewalk scupper. Since the Surf Thru Carwash project will not be discharging to CP 13.0 under 

post developed conditions, the peak flow discharge will be reduced for this concentration point. It is 

necessary to note the correction of the post-developed watershed boundary (as described on the 

predeveloped watershed map) to demonstrate that development of this project does not increase 

the runoff due to the incorporation of onsite water harvesting basins onsite. The estimated 

watershed areas, with corresponding pro-rated 100-year peak discharge rates for each 

corresponding onsite watershed, are summarized in the following table: 

 
 

TABLE OF 100-YEAR POST-DEVELOPED PEAK DISCHARGES 
 
CONC. POINT 

 
DRAINAGE AREA (AC) 

 
Pro-Rated Q100 

(cfs) 

12a 
 

0.31 
 

2.7  
 

12b 
 

0.03 
 

0.3  
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HYDRAULIC RESULTS 

 

The description of the conveyance and direction of runoff in this statement is valid only for the Surf 

Thru Carwash improvement plan. The conveyance of runoff through the proposed development is 

accomplished by a system of PVC and HDPE pipes, existing grate inlets and catch basin, existing 

culvert, constructed channels, and water harvesting basin structures. Hydraulic structures and 

constructed drainage channels are calculated designed per the final site plan.  Refer to Appendix A 

of this report for details and supporting for the channels and hydraulic structures. 

 

The Surf Thru Carwash Project is a commercial development plan with the construction of 

apartment buildings, commercial buildings, parking shade structures, associated parking and 

driveways, sidewalks and landscaping. The post-developed watersheds for this project will consist 

of several sub-watersheds.  A large portion of each sub-watershed’s runoff will flow into the 

proposed parking lot and/or water harvesting basins and into the existing stormdrain (see attached 

Figure 4). Each hydraulic structure has been labeled in such a fashion as to relate to the designated 

sub-basins (CP 12a is a sub-basin of CP 12.0, etc.). As a reminder from the Hydrologic Results 

Section of this report, the site has been divided into 2 major watersheds in order to be consistent 

with the Mass Grading Drainage report and Drainage Report for In-N-Out in order to evaluate the 

conveyance of onsite runoff associated with the proposed site grading.  

 

The site is 100% located outside the Zone AE FEMA Floodplain for the Big Wash but is located 

adjacent to the wash (See Figure 2). Therefore, the Finish Floor Elevations for all new structures 

will be a minimum of 1-foot above the Base Flood Elevation (BFE). The FIS Base Flood Elevation 

(BFE) is 2640.0 at the upstream side of the building. Therefore, the minimum recommended Finish 

Floor Elevation (FFE) is recommended to be 2641.00 feet. The proposed FFE is 2643.00 feet (See 

Figure’s 3 & 4).  

 

At concentration point 12.0, 42.3 cfs discharges through an existing Type 5 catch basin with 5-EF-1 

grates and 12’ wing and is directed west to Big Wash through an existing 36” SRP.  At 

concentration point 12a, a prorated discharge of 2.7 cfs is collected in water harvesting basin 12a. 

The basin will pond up to 6 inches in depth and then will uniformly discharge out of the basin at an 

approximate flow depth of 0.1-feet west to concentration point 12.0. Trapezoidal channel X12a will 

carry prorated discharges to water harvesting basin 12a. At CP 12b, the prorated discharge of 0.3 
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cfs is collected in the water harvesting basins, water harvesting depth (retention) to 4-inches in 

depth (0.33-feet), with 0.5’ feet of detention storage (total depth 0.8’). The water harvesting basins 

will be constructed with a 4:1 side slope, except adjacent to North Water Harvest Way (6:1 sides 

lopes), with varying depths of 6 to 8 inches (4” WH retention; 2-4” Detention, see Figure 4 basin 

ponding depths). The remaining concentration points will discharge off the parking lot surfaces 

throughout the project site via existing hydraulic structures with first flush features at CP 12.0.  

 

The proposed water harvesting basins are provided as part of the Rainwater Harvesting Plans and 

Landscape Plans. The Town’s detention volume requirement has been waived and granted for 

Rancho Vistoso Neighborhood 4 (A.K.A. Oro Valley Marketplace). A waiver for the onsite detention 

was granted for this site for any storm event based on its immediate proximity to Big Wash and 

because onsite detention would severely restrict developable area. A copy of this waiver request is 

attached in Appendix B of this report. The following tables summarize the remaining drainage 

structures for this development: 

 
 

TABLE OF EXISTING HYDRAULIC STRUCTURES 

 
CONC. PT. 

 
Q100 (cfs) 

 
STRUCTURE 

 
12.0  

 
42.3 

 
Existing Type 5 Catch Basin w/ 5-EF 1 Grates & 12’ Wing,  

1-36”x 77.13’ SRP; S=0.50% (Existing) 

 
13.0 

 
24.1 

 
Existing 16’ wide (4 cells)Type 3 sidewalk scupper w/6” Reveal 

 

CONSTRUCTED DRAINAGE WAYS 

 
CONC. PT. 

 
Q100 (cfs) 

 
DRAINAGE WAY DESCRIPTION 

 
X12a 

 
1.1 Trapezoidal, BW=1’, d=0.24’, RB ss=6:1, LB ss=4:1 

s=1.0% (min), fb=0.05’, v=2.12fps, n=0.020 
 

X12b 
 

0.6 Trapezoidal, BW=1’, d=0.24’, RB ss=2:1, LB ss=4:1 
s=1.3% (min), fb=0.02’, v=1.42fps, n=0.036 

 
X12c 

 
0.3 Trapezoidal, BW=1’, d=0.11’, RB ss=3:1, LB ss=4:1 

s=2.2% (min), fb=0.02’, v=2.08fps, n=0.020 
 

X12d 
 

0.1 Trapezoidal, BW=1’, d=0.05’, RB ss=50:1, LB ss=4:1 
s=1.6% (min), fb=0.01’, v=0.92fps, n=0.020 
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WATER HARVESTING BASIN MAINTENANCE: 

Water Harvesting Basins 12a and 12b are required to have routine maintenance and inspection to 

ensure adequate performance for the life of the basin. The basins are required to be inspected after 

every major storm event and cleared of all organic and inorganic debris.  The basins shall be 

cleaned after 6” of sediment has accumulated on the bottom, or once every 24 months, whichever 

occurs first. Finally, inspection of the basin and maintenance records is to occur on an annual basis. 

 

WATER HARVESTING BASIN ACCESS AND MAINTENANCE 

Drainage specifications relating to vegetation: 

When conducting drainage maintenance, adhere to the following guidance as it pertains to 

vegetation in the basins: 

1. Minimum disturbance shall occur within the mitigation area, with emphasis on 

promoting the reestablishment of the habitat. Primarily, maintenance shall be 

to maintain basin sediment traps to remove excess sediment. NO 

VEHICULAR TRAFFIC SHALL OCCUR OUTSIDE OF THE DEFINED 

ACCESS ROUTE OR SEDIMENT TRAP AREAS.    

 

2. Vegetation shall remain in a natural state.  No pruning or alteration of 

vegetation in the basins shall occur to the vegetation unless specified within 

the report.  Specifically, leave all native desert trees in their natural multi-

trunk form, leave all native desert shrubs in their natural form and allow new 

native trees, shrubs, grasses and forbs to grow from seed in the basins and 

channels. 

 

3. To prevent loss of vegetation due to spread of fire and extreme competition 

from non-native species, remove non-native invasive Buffelgrass, Johnson 

Grass, and Fountain Grass or any additional invasive non-native plants as 

specified within the annual report if they appear in the basins or channel. 

NOTE: Ensure that personnel conducting basin maintenance can distinguish 

between native grasses and non-native grasses. Remove only non-native 

invasive grasses.  
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4. If thinning of vegetation becomes necessary to maintain a discharge 

appropriate to a basin roughness coefficient, selectively trim vegetation in the 

following order: 

a.) First, remove any non-native trees that may have self-seeded in the 

basins. NOTE: Ensure that personnel conducting channel maintenance 

can distinguish between native trees and non-native trees. Remove 

only non-native trees. 

b.) Second, if additional trimming is needed to maintain basin conveyance, 

selectively trim low branches on native trees and thin the branches of 

native shrubs. Tree pruning shall be conducted by a Certified Arborist in 

coordination with the Landscape Architect of Record. This should only 

be done to achieve necessary discharge characteristics and should be 

kept to a minimum. 

c.) The irrigation system shall be programmed and maintained for a three-

year period. The first year shall consist of regular watering periods to 

promote growth and establish the newly planted and salvaged 

vegetation. Tree stations shall be programmed to encourage deep 

watering and promote strong root systems. Shrubs and accents stations 

shall be programmed to promote and maintain growth. The second and 

third year, station programming shall be set to wean plant material from 

the irrigation system.  Stations shall have longer durations between run 

times until plant material can sustain growth without supplemental 

irrigation. The irrigation controller shall be re-programmed every month 

to obtain this objective. The irrigation system shall be maintained as 

part of the overall maintenance program. Irrigation breaks and 

equipment failure shall be repaired until the end of the three-year 

establishment period. At the end of the three year establishment period, 

the irrigation system shall be turned off at the ball-valve point of 

connection and the system abandoned.    

 

The annual inspection report shall contain the following summaries: 

 A statement that no maintenance is needed at that time, or a list of repairs and work to be done 

to correct deficiencies to avoid potential problems. This work shall be followed with a letter 
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written by an Arizona Registered Landscape Architect and/or Engineer verifying the date of 

maintenance activities and description that the recommended work has been satisfactorily 

completed and complies with the approved improvement plans. The responsible individual 

(architect, HOA, etc.) shall provide these maintenance records to the Town of Oro Valley on a 

yearly basis. 

 

  Subject to Town Engineer’s written approval, basin maintenance schedules may be modified 

following a three-year period of operation. Supporting documentation for such a request is to 

include, at a minimum: (1) past maintenance records and photographs spanning the previous 

three years (if applicable); (2) current photographs of the basin and basin appurtenances; (3) a 

written explanation for the request to modify the maintenance requirements.  

 

CONCLUSION 

1. The site is a commercial development located in The Town of Oro Valley. The site is 

surrounded by existing commercial developments.  

2. The site is located adjacent to a FEMA Zone AE floodplain and all new structures Finish 

Floor Elevations are required to be elevated a minimum of 1 foot above the 100-year 

WSEL. The 100-year WSEL was determined to be 2641.0, the proposed FFE is 2643.0, 

thereby providing an adequate freeboard/FFE. 

3. Floodplain Use permit will not be required by Town of Oro Valley or PCRFCD. 

4. The onsite runoff is designed to flow away from the proposed building and collected in 

either of the two proposed onsite water harvesting basins. These basins satisfy the 

Town of Oro Valley’s requirements. The stormwater runoff is at or below existing 

discharge values under post-developed conditions. 

5. Rainwater harvesting basins are provided as part of the Rainwater Harvesting Plans and 

Landscape Plans. The Town’s detention volume requirement is waived on the basis of 

an approved Detention Waiver (due to proximity and direct runoff discharge to Big 

Wash). The peak flows will remain the same under post developed conditions as the 

existing structures are designed for the future development (as discussed herein).  

 

The development plan for the Surf Thru Car Wash project has been analyzed within this report 

and a workable drainage concept has been developed.  This concept will provide for the safe and 

efficient collection and conveyance of all onsite and offsite generated runoff.  Development of this 
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Figure 1: Vicinity Map 
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Figure 2: FIRM (Flood Insurance Rate Map) 
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Figure 3: Onsite Pre Developed Watershed Map  
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Figure 4: Onsite Post Developed Watershed Map  
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DRAINAGE AREA (ac)CONC. PT (PRORATED)
Q100

0.31 2.7

LEGEND

12.0

85

12b 0.03 0.3

(cfs)

SEE FIGURE 3 FOR WATERSHED CONTINUATION
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Appendix A Hydraulic Analysis   

A.1 Water Harvesting Basin Volume and Hydrograph

A.2 Channel Worksheets
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A.1 Water Harvesting Basin Volume and Hydrograph



Water Harvesting Basin 12a
Stage/Storage/Discharge

Elevation Stage Area Volume Discharge
2641.00 0.00 1346.9 0 0.0
2641.30 0.30 1896.6 810.9 0.0
2641.80 0.80 3075.7 1556.7 19.9

BROAD CRESTED WEIR OUTLET (Uniform discharge over curb above 0.5' Ponding Depth):

Equation: Q = CrectLH3/2 + Ctrianagle(8/15e2g tan/2)H5/2

where: 
Q = Discharge flow (cfs)
Crect = discharge coefficient for rectangular weir

Crect = 3.3 for sharp crested weir

Crect = 3.1 for broad crested weir

Ctriangle = discharge coefficient for V-notch weir (Typically Ctriangle = 0.6)

L = length (ft)
H = distance from top of structure to water surface (ft)

tan/2 = side slopes
for 3H:1V slope tan/2 = 3
for rectangular weir tan/2 = 0

Crect = 3.00

Ctriangle = 0.60

Elevation tan/2 LENGTH* HEIGHT Qcapacity
(ft) [ L ] [ H ] [ CFS ]

2641.30 3.00 0.0 0.0 0.0
2641.80 3.00 40.0 0.3 19.9

* Length of curb overtopping 0.3' in depth 



        BASIN ROUTING
        ‐‐‐‐‐‐‐‐‐‐‐‐‐
 
PROJECT: SURFTHRU CARWASH                        JOB #: 185050‐PB01‐0400
BASIN: RWH BASIN 12A                             Q100
PREPARED BY: EJB                                 DATE: 07‐26‐2022
 
DISCHARGE‐cfs      STORAGE‐cf
‐‐‐‐‐‐‐‐‐‐‐‐‐      ‐‐‐‐‐‐‐‐‐‐
    0.00                 0.0
    0.00               810.9
   19.90              1556.7
 
TIME‐min           INFLOW‐cfs          OUTFLOW‐cfs          CUM.STORAGE‐cf
‐‐‐‐‐‐‐‐           ‐‐‐‐‐‐‐‐‐‐          ‐‐‐‐‐‐‐‐‐‐‐          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐
 
   0.00               0.00               0.00                         0.0
   1.33               0.00               0.00                         0.0
   2.66               0.06               0.01                         4.4
   3.99               0.23               0.01                        22.1
   5.32               0.44               0.01                        56.3
   6.65               0.66               0.01                       108.6
   7.99               0.92               0.01                       181.0
   9.32               1.22               0.01                       277.3
  10.65               1.57               0.01                       402.2
  11.98               1.98               0.01                       559.9
  13.31               2.40               0.01                       750.5
  14.64               2.71               0.62                       917.0
  15.97               2.48               2.65                       903.0
  17.30               2.27               2.36                       895.2
  18.63               2.06               2.15                       887.4
  19.96               1.85               1.95                       879.7
  21.30               1.66               1.75                       872.4
  22.63               1.47               1.56                       865.6
  23.96               1.30               1.38                       859.2
  25.29               1.14               1.22                       853.3
  26.62               1.00               1.07                       847.9
  27.95               0.87               0.93                       843.0
  29.28               0.76               0.81                       838.7
  30.61               0.65               0.70                       834.9
  31.94               0.56               0.61                       831.6
  33.27               0.49               0.52                       828.7
  34.61               0.42               0.45                       826.3
  35.94               0.37               0.39                       824.2
  37.27               0.32               0.34                       822.5
  38.60               0.28               0.30                       821.0
  39.93               0.25               0.26                       819.8
  41.26               0.22               0.23                       818.8
  42.59               0.20               0.21                       818.0
  43.92               0.18               0.19                       817.3



  45.25               0.17               0.17                       816.7
  46.58               0.15               0.16                       816.2
  47.92               0.14               0.14                       815.7
  49.25               0.12               0.13                       815.2
  50.58               0.11               0.12                       814.7
  51.91               0.10               0.11                       814.3
  53.24               0.09               0.09                       813.8
  54.57               0.08               0.08                       813.3
  55.90               0.06               0.07                       812.9
  57.23               0.05               0.06                       812.4
  58.56               0.04               0.04                       812.0
  59.89               0.03               0.03                       811.6
  61.23               0.02               0.02                       811.3
  62.56               0.02               0.02                       811.1
  63.89               0.00               0.01                       810.3
 
 
TOTAL VOLUME STORED=    917.0 CU.FT.
 
RETENTION VOLUME=    810.9 cu.ft.     DETENTION VOLUME=    106.1cu.ft.
TIME =1416.16 min.  for OUTFLOW = 0 cfs.
�



Water Harvesting Basin 12b
Stage/Storage/Discharge

Elevation Stage Area Volume Discharge
2642.25 0.00 376.5 0 0.0
2642.55 0.30 544 161.1 0.0
2643.05 0.80 986 390.6 16.0

BROAD CRESTED WEIR OUTLET (Uniform discharge over curb above 0.5' Ponding Depth):

Equation: Q = CrectLH3/2 + Ctrianagle(8/15e2g tan/2)H5/2

where: 
Q = Discharge flow (cfs)
Crect = discharge coefficient for rectangular weir

Crect = 3.3 for sharp crested weir

Crect = 3.1 for broad crested weir

Ctriangle = discharge coefficient for V-notch weir (Typically Ctriangle = 0.6)

L = length (ft)
H = distance from top of structure to water surface (ft)

tan/2 = side slopes
for 3H:1V slope tan/2 = 3
for rectangular weir tan/2 = 0

Crect = 3.00

Ctriangle = 0.60

Elevation tan/2 LENGTH* HEIGHT Qcapacity
(ft) [ L ] [ H ] [ CFS ]

2642.55 3.00 0.0 0.0 0.0
2643.05 3.00 32.0 0.3 16.0

* Length of curb overtopping 0.3' in depth 



        BASIN ROUTING
        ‐‐‐‐‐‐‐‐‐‐‐‐‐
 
PROJECT: SURFTHRU CARWASH                        JOB #: 185050‐PB01‐0400
BASIN: RWH BASIN 12B                             Q100
PREPARED BY: EJB                                 DATE: 07‐26‐2022
 
DISCHARGE‐cfs      STORAGE‐cf
‐‐‐‐‐‐‐‐‐‐‐‐‐      ‐‐‐‐‐‐‐‐‐‐
    0.00                 0.0
    0.00               161.1
   16.00               390.6
 
TIME‐min           INFLOW‐cfs          OUTFLOW‐cfs          CUM.STORAGE‐cf
‐‐‐‐‐‐‐‐           ‐‐‐‐‐‐‐‐‐‐          ‐‐‐‐‐‐‐‐‐‐‐          ‐‐‐‐‐‐‐‐‐‐‐‐‐‐
 
   0.00               0.00               0.00                         0.0
   1.33               0.00               0.00                         0.0
   2.66               0.01               0.01                         0.0
   3.99               0.03               0.01                         1.3
   5.32               0.05               0.01                         4.4
   6.65               0.07               0.01                         9.5
   7.99               0.10               0.01                        16.8
   9.32               0.14               0.01                        26.8
  10.65               0.17               0.01                        39.9
  11.98               0.22               0.01                        56.8
  13.31               0.27               0.01                        77.2
  14.64               0.30               0.01                       100.4
  15.97               0.28               0.01                       121.6
  17.30               0.25               0.01                       140.9
  18.63               0.23               0.01                       158.4
  19.96               0.21               0.10                       166.5
  21.30               0.18               0.24                       162.2
  22.63               0.16               0.14                       163.8
  23.96               0.14               0.16                       162.7
  25.29               0.13               0.12                       162.8
  26.62               0.11               0.12                       162.4
  27.95               0.10               0.10                       162.3
  29.28               0.08               0.09                       162.1
  30.61               0.07               0.07                       162.0
  31.94               0.06               0.06                       161.8
  33.27               0.05               0.06                       161.7
  34.61               0.05               0.05                       161.6
  35.94               0.04               0.04                       161.5
  37.27               0.04               0.04                       161.4
  38.60               0.03               0.03                       161.4
  39.93               0.03               0.03                       161.3
  41.26               0.02               0.03                       161.3
  42.59               0.02               0.02                       161.3
  43.92               0.02               0.02                       161.2



  45.25               0.02               0.02                       161.2
  46.58               0.02               0.02                       161.2
  47.92               0.02               0.02                       161.2
  49.25               0.01               0.01                       161.1
  50.58               0.01               0.01                       161.1
  51.91               0.01               0.01                       161.1
  53.24               0.01               0.01                       161.1
  54.57               0.01               0.01                       161.0
  55.90               0.01               0.01                       160.7
  57.23               0.01               0.01                       160.4
  58.56               0.00               0.01                       159.9
  59.89               0.00               0.01                       159.4
  61.23               0.00               0.01                       158.8
  62.56               0.00               0.01                       158.1
  63.89               0.00               0.01                       157.3
 
 
TOTAL VOLUME STORED=    168.3 CU.FT.
 
RETENTION VOLUME=    161.1 cu.ft.     DETENTION VOLUME=      7.2cu.ft.
TIME = 327.42 min.  for OUTFLOW = 0 cfs.
�



DRAINAGE STATEMENT – SURF THRU CARWASH 

A.2 Channel Worksheets



Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.020

Channel Slope 0.01000 ft/ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 6.00 ft/ft (H:V)

Bottom Width 1.00 ft

Discharge 1.10 ft³/s

Results

Normal Depth 0.24 ft

Flow Area 0.52 ft²

Wetted Perimeter 3.43 ft

Hydraulic Radius 0.15 ft

Top Width 3.38 ft

Critical Depth 0.23 ft

Critical Slope 0.01116 ft/ft

Velocity 2.12 ft/s

Velocity Head 0.07 ft

Specific Energy 0.31 ft

Froude Number 0.95

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.24 ft

Critical Depth 0.23 ft

Channel Slope 0.01000 ft/ft

Worksheet for Trapezoidal Channel - X12a
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Worksheet for Trapezoidal Channel - X12a
GVF Output Data

Critical Slope 0.01116 ft/ft

4/21/2022 10:35:25 AM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.020

Channel Slope 0.01000 ft/ft

Normal Depth 0.24 ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 6.00 ft/ft (H:V)

Bottom Width 1.00 ft

Discharge 1.10 ft³/s

Cross Section Image

Cross Section for Trapezoidal Channel - X12a

4/21/2022 10:36:08 AM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.036

Channel Slope 0.01300 ft/ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 1.00 ft

Discharge 0.60 ft³/s

Results

Normal Depth 0.24 ft

Flow Area 0.42 ft²

Wetted Perimeter 2.55 ft

Hydraulic Radius 0.17 ft

Top Width 2.46 ft

Critical Depth 0.18 ft

Critical Slope 0.03826 ft/ft

Velocity 1.42 ft/s

Velocity Head 0.03 ft

Specific Energy 0.28 ft

Froude Number 0.60

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.24 ft

Critical Depth 0.18 ft

Channel Slope 0.01300 ft/ft

Worksheet for Trapezoidal Channel - X12b
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Worksheet for Trapezoidal Channel - X12b
GVF Output Data

Critical Slope 0.03826 ft/ft

4/21/2022 10:36:43 AM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.036

Channel Slope 0.01300 ft/ft

Normal Depth 0.24 ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 2.00 ft/ft (H:V)

Bottom Width 1.00 ft

Discharge 0.60 ft³/s

Cross Section Image

Cross Section for Trapezoidal Channel - X12b

4/21/2022 10:37:07 AM
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.020

Channel Slope 0.02200 ft/ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 3.00 ft/ft (H:V)

Bottom Width 1.00 ft

Discharge 0.30 ft³/s

Results

Normal Depth 0.11 ft

Flow Area 0.14 ft²

Wetted Perimeter 1.77 ft

Hydraulic Radius 0.08 ft

Top Width 1.74 ft

Critical Depth 0.12 ft

Critical Slope 0.01318 ft/ft

Velocity 2.08 ft/s

Velocity Head 0.07 ft

Specific Energy 0.17 ft

Froude Number 1.27

Flow Type Supercritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.11 ft

Critical Depth 0.12 ft

Channel Slope 0.02200 ft/ft

Worksheet for Trapezoidal Channel - X12c
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Worksheet for Trapezoidal Channel - X12c
GVF Output Data

Critical Slope 0.01318 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.020

Channel Slope 0.02200 ft/ft

Normal Depth 0.11 ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 3.00 ft/ft (H:V)

Bottom Width 1.00 ft

Discharge 0.30 ft³/s

Cross Section Image

Cross Section for Trapezoidal Channel - X12c
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.020

Channel Slope 0.01600 ft/ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 50.00 ft/ft (H:V)

Bottom Width 1.00 ft

Discharge 0.10 ft³/s

Results

Normal Depth 0.05 ft

Flow Area 0.11 ft²

Wetted Perimeter 3.58 ft

Hydraulic Radius 0.03 ft

Top Width 3.57 ft

Critical Depth 0.05 ft

Critical Slope 0.01889 ft/ft

Velocity 0.92 ft/s

Velocity Head 0.01 ft

Specific Energy 0.06 ft

Froude Number 0.93

Flow Type Subcritical

GVF Input Data

Downstream Depth 0.00 ft

Length 0.00 ft

Number Of Steps 0

GVF Output Data

Upstream Depth 0.00 ft

Profile Description

Profile Headloss 0.00 ft

Downstream Velocity Infinity ft/s

Upstream Velocity Infinity ft/s

Normal Depth 0.05 ft

Critical Depth 0.05 ft

Channel Slope 0.01600 ft/ft

Worksheet for Trapezoidal Channel - X12d
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Worksheet for Trapezoidal Channel - X12d
GVF Output Data

Critical Slope 0.01889 ft/ft
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Project Description

Friction Method Manning Formula

Solve For Normal Depth

Input Data

Roughness Coefficient 0.020

Channel Slope 0.01600 ft/ft

Normal Depth 0.05 ft

Left Side Slope 4.00 ft/ft (H:V)

Right Side Slope 50.00 ft/ft (H:V)

Bottom Width 1.00 ft

Discharge 0.10 ft³/s

Cross Section Image

Cross Section for Trapezoidal Channel - X12d

4/21/2022 10:39:30 AM
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DRAINAGE STATEMENT – SURF THRU CARWASH 

Appendix B Report Excerpts   

B.1 Copy of Detention Waiver

B.B.2 Drainage Report for In-N-Out Burger



DRAINAGE STATEMENT – SURF THRU CARWASH 

B.1 Copy of Detention Waiver









DRAINAGE STATEMENT – SURF THRU CARWASH 

B.2 Drainage Report for In-N-Out Burger

















































































































DRAINAGE STATEMENT – SURF THRU CARWASH 

LIMITATIONS 

The above services consist of professional opinions and conclusions by a consulting civil engineer. 

 The only warranty or guarantee made by the Consultant, in connection with the services performed 

for this project, is that such services are performed with the care and skill ordinarily exercised by 

members of the profession practicing under similar conditions, at the same time, and in the same or 

a similar locality.  No other warranty, expressed or implied, is made or intended by rendering such 

consulting services or by furnishing written reports of the findings. 
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