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PURPOSE AND SCOPE 
 

The Cactus Club Hotel Commercial project is a 5.3+/- acre lot with the APN: 0608-051-02, 03, 04 
owned by Sullivan 80 LLC is located near the Panorama Heights area of Joshua Tree, South of 
Twentynine Palms Highway in the City of Joshua Tree, County of San Bernardino, California. It is 
bounded by State Highway 62 (also known as Twentynine Palms Highway) in the north, Miles 
Square Road on the west, Catus drive on the south and Copper Mountain Road on the easterly 
side.  
 
The subject site is currently vacant with bare soil gradient from southeasterly to the 
northwesterly (approximately, 3 to 4 percent slopes). The site drains by sheet flow to the north 
westerly side. Per FEMA Flood Map the property is in Zone X’. A wash is located on the southerly 
side of the property flowing from south to the northerly side around the property. 
 
The project proposes to build the Hotel Commercial on approximately 5.3-acre of the lot. The 
proposed hotel will consist of a lobby, 17 hotel rooms, 3 hotel suites and a hotel restaurant. 
Associated site improvements include grading and drainage, septic tank and leach field will be 
built. The site will be designed to retain the existing drainage pattern. 

 
A drainage study is required in exceeding the 10,000 sq ft development for Conditional Use 
Permit. This report will summarize the hydrologic analyses that were conducted in order to 
determine the necessary drainage improvements required to provide flood protection for the 
proposed development and safely convey the runoff through the site during 100-Yr storm event 
and will also determine if the 100-year storm flows from the onsite projected development will 
create any significant amount of run-off. 

  
HYDROLOGY METHODOLOGY 
 

Based on the San Bernardino County's hydrology manual, the Unit Hydrograph Method is used 
in excess of approximately 1 square mile (640 acres) whereas Rational Method analysis is used 
in the analysis that are less than 1 square mile. The watershed affected by the development was 
about 5.3-acre and analyzed by the Rational Method described in the San Bernardino County 
Hydrology Manual to study 100-year storm event. The rational method formula is expressed as: 
 

     Q = CIA; Where, Q = Peak discharge, in cubic feet per second (cfs) 
                                   C = Runoff Coefficient, portion of rainfall that runs off the surface (no units) 
                                   I = Average Rainfall Intensity (in inches/hour) for a duration equal to the Tc for the area 
                                       (Note: If the computed Tc is less than 5 minutes, use 5 minutes for the peak discharge, Q) 
                                  A = Area of Lot in acre 

 
On the other hand, a wash (coming from the southerly side of the site) was analyzed by the Unit 
Hydrograph Method. 
 
Intensity–duration data was obtained from San Bernardino County Hydrology Manual Rainfall 
Intensity data. 
 
The soil type was obtained from the San Bernardino County Hydrology Manual. The 
predominant soil type obtained from the Manual was determined to be moderate infiltration 
and moderate-class runoff (type B). 
 
Both existing and ultimate conditions were analyzed. For the existing condition, undeveloped 
land use was assumed to model current storm discharges and for the proposed condition, 
building type development condition used. 
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ONSITE HYDROLOGY 
 

The site is currently undeveloped, has a gradual slope of approximately 3% and it drains by 
sheet flow from southeasterly to the northwesterly side. For the 100-yr peak flow hydrologic 
analysis, the existing site is assumed as a single drainage area DMA-X (5.3-acre) (Exhibit-A). 
100-Yr existing condition peak flow rate shall be determined assuming ‘100-Yr existing 
conditions is based on 25-Yr storm using AMC II’ (Per "San Bernardino County Detention Basin 
Design Criteria"). 

 
The proposed development consists of a hotel with a lobby, hotel rooms, a hotel restaurant. and 
associated site improvements include grading and drainage, sewer, water, landscaping, 
driveway, pavement, trash enclosure. For the proposed condition the subject site is also 
assumed as a single drainage area DMA-A (5.3-acre) drains to the northeasterly at the same 
corner with a slope of about 2% (Exhibit-B). The Lot will be graded to surface flow through the 
site utilizing curb and gutters, and slopes to convey flow into a proposed basin on the 
northwesterly corner of the property. The site is also proposing sustainable TrueGrid Plus 
paving technology on internal circulation roads and parking. The grid structure of the pavers 
allows water to permeate through the surface and infiltrate the ground below reducing the risk 
of flooding and erosion and allowing water to replenish aquifers and support vegetation growth.  

 

INPUT PARAMETERS 
 
The following values were used in calculating the 100-year storm flow for existing and proposed 
conditions. The SBC Hydrology Manual was used to determine these hydrological parameters. 
The area distribution for the project site and time of concentrations for corresponding 
watersheds are as following:  

 
Drainage Area Area  

(AC) 
Flow Path  

(ft) 
Elevation Diff 

(ft) 
Time of Conct. 

(min) 
DMA-X 

(Existing Cond) 
5.3 600 18 13 

DMA-A 
(Proposed Cond) 

5.3 1,000 18 12 

 
Time of Concentration, minutes: Time of concentration (Tc) calculations were performed using 
Nomograph for Determination of Time of Concentration (Tc) or Travel Time (Tt) for Natural 
Watersheds (Exhibit G).  
 
Soil Group: San Bernardino County Hydrology Manual was used to determine soil types. Based 
on San Bernardino County Hydrology Manual (Exhibit-F), the project site is classified as ‘soil 
type B’. 
 

Cover Type Soil ‘B’ 
RI Value 

Infiltration 
Rate, FP 

Existing Cond 91 0.18 
Proposed Cond 69 0.56 

 
The cover type was determined based on Exhibit-H for the existing land cover and proposed 
land use of the site. Hydrological computations for the existing site condition were assumed as 
‘Barren Natural Cover’, for the proposed the site condition were assumed as ’Rural Residential’. 
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Rainfall Intensity, in/hr: The following rainfall depths were utilized in the hydrology analyses. 
The rainfall values were obtained from the SBC Hydrology Manual based on Figure B-9, D-2 
(Exhibit-K). 

 

Storm Event Rainfall Depth  
(in) 

100-Year 1 hour 1.3 
25-Year 1 hour 0.95 

 
The value for Log-Log slope for sub-hourly rainfall intensity is 0.7 for desert areas. The rainfall 
intensities were obtained from the SBC Hydrology Manual based on Figure D-3 (Exhibit-L). The 
isohyetal maps from the San Bernardino County Hydrology manual have also been included. 

 
Drainage Area Time of Conct. 

(min) 
Slope of 
Intensity 

(Valley Area) 

Rainfall Intensity 
(in/hr)  

DMA-X 
(Existing Cond) 

13 0.7 2.8 

DMA-A 
(Proposed Cond) 

12 0.7 4 

 
Actual Impervious Cover, %: The actual impervious cover were obtained from the SBC 
Hydrology Manual based on Figure C-4 (Exhibit-H): 
 

Type of Project Impervious Cover  
(in) 

Commercial  70% 
 

 
Peak Flow, cfs: The value for the peak flow was determined once Rainfall Data and Runoff 
Coefficient values were calculated using the parameters.  

 

Drainage Area Area  
(AC) 

Runoff 
Index Values 

FP ai (% 
Imperv) 

ap 
(% Perv) 

Rainfall 
Intensity, I 

(in/hr) 

Peak 
Flow, Q 

(cfs) 
DMA-X 

(Existing Cond) 
5.3 91 0.18 0 1 2.8 12.497 

DMA-A  
(Proposed Cond) 

5.3 69 0.56 0.3 0.7 4 18.278 

 

The Calculations can be seen in detail in the following Section. 
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CALCULATIONS 

Q=CIA; Where, C = Runoff Coefficient 

 
 

Onsite Peak Flow (Existing Condition) (DMA-X) 
For Existing Condition, Runoff Index = 91, AMC-II, FP = 0.18 in/hr (Exhibit-I) 

Time of concentration can be determined from Exhibit-G using the following parameters: 

ΔE = Elevation difference between the longest flow path upper and lower most points = 18 feet 
L = Flow path Length = 600 feet  
 
Time of concentration ‘tc’ is found 13 minutes.  
 
Rainfall intensity can be determined from Exhibit-L using the following parameters: 
tc = Time of concentration = 13 minutes 
Slope, S=0.7 (for valley areas per SB County Hydrology Manual ‘Section B.8’) 
 
100-Yr 1-hour Precipitation depth = 1.3 inch (Exhibit-J) 
10-Yr 1-hour Precipitation depth = 0.75 inch (Exhibit-J) 
So, 25-Yr 1-hour Precipitation depth = 0.95 inch (Exhibit-K) 
 
So, 25-Yr Rainfall intensity for 13 min storm, I = 2.8 in/hr (Exhibit-L) 
 
As we discussed, 100-Yr 'existing' conditions is based on 25-Yr storm using AMC II 
 
So, DMA-X 100-Year peak flow, Q = C x I x A = 0.90(ai + ((I-Fp)ap)/I) x I x A 

                                                            Q = 0.90 x (0 + ((2.8-0.18) x 1)/ 2.8) x 2.8 x 5.3 = 12.497 cfs 

Onsite Peak Flow (Proposed Condition) (DMA-A) 

For Runoff Index = 69, AMC-II, FP = 0.56 in/hr (Exhibit-I) 

Time of concentration can be determined from Exhibit-G using the following parameters: 

ΔE = Elevation difference between the longest flow path upper and lower most points = 10 feet 
L = Flow path Length = 1000 feet  
 
Time of concentration ‘tc’ is found 12 minutes.  
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Rainfall intensity can be determined from Exhibit-L using the following parameters: 
tc = Time of concentration = 12 minutes 
Slope, S=0.7 (for valley areas per SB County Hydrology Manual ‘Section B.8’) 
100-Yr 1-hour Precipitation depth = 1.3 inch (Exhibit-J) 
 
So, 100-Yr Rainfall intensity for 12 min storm, I = 3.6 in/hr (Exhibit-L) 
 
So, DMA-A 100-Year peak flow, Q = C x I x A = 0.90(ai + ((I-Fp)ap)/I) x I x A 

                                                            Q = 0.90 x (0.3 + ((4-0.56) x 0.7)/ 4) x 4 x 5.3 = 18.278 cfs 

Volume Mitigation Required (For 100-Year Storm Event) 
 
PER "San Bernardino County Detention Basin Design Criteria", the basin capacity and outlet sizes shall be 
such that the post-development peak flow rate generated by the site shall be less than or equal to 
90% of the pre-development peak flow rate from the site. 
 
The post-development peak flow rate generated by the site = 18.28 cfs 
90% of the pre-development peak flow rate from the site = 0.9 x 12.497 cfs = 11.25 cfs 
 
Differential of post- and 90% of the pre-development, ΔQ = 18.278 cfs - 11.247 cfs = 7.03 cfs 
 
Time of concentration, TC = 12 min 
 
Total Volume Mitigation Required after development, V=1.5(ΔQ)(Tc)(60) = 1.5 x 7.03 x 12 x 60 = 7,593 ft3 
 
Volume Provided: 
 
The lack of downstream facilities will require mitigation of increased flow. In order to mitigate the 
increase in runoff and not adversely affect the downstream facilities, the project proposes a basin on 
the northwesterly corner of the property. On-site flows generated by the proposed project will surface 
flow through the site utilizing curb and gutters, and slopes to convey flow into the proposed basin. 
Emergency escapes will be provided in the basin in case of a failure or improper maintenance of the 
basin. Emergency escapes will allow flow to escape into Twentynine Palms Hwy Road gutter.  
 
Storage Provided by the Infiltration Basin = 1,088 ft3 (Exhibit-B) 
 
The site is also proposing sustainable TrueGrid Plus paving technology which allows water to permeate 
through the surface and infiltrate the ground below. 
 
Truegrid HS/20 rated sustainable paving system = 62,800 ft2 
Porous pavement thickness = 8/12 ft = 0.67 ft 
Porous pavement porosity = 0.4 
Available volume in Truegrid sustainable paving system = 62,800 ft2 x 0.67 ft x 0.4 = 16,831 ft3 (Exhibit-B) 
 
Total Site Storage Provided = 16,831 ft3 + 1,088 ft3 = 17,919 ft3 > 7,593 ft3 
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DISCUSSION OF ONSITE HYDROLOGY 
 
100-yr peak flow hydrologic analysis is completed for the project site. For 100-yr storm event, existing 
watershed DMA-X (5.3 ac) produces 12.497 cfs runoff and the proposed watershed DMA-A (5.3 ac) 
produces 18.28 cfs runoff. To mitigate the additional 7.03 cfs runoff beyond 90% pre-development, a 
retention basin and Truegrid sustainable paving system are proposed. 
 

 

DISCUSSION OF 100-YR FLOODPLAIN 
 
The onsite topographic survey is based on NAVD 1988 datum while this wash analysis is based on terrain 
data NGVD 1929 obtained from USGS Earth Explorer. Conversion between NAVD 88 and the commonly 
used NGVD 29 varies spatially; however, over most of the study area the following conversion can be 
used: 
 
NGVD 29 = NAVD 88 –3.6 feet 
 
Though the project site is located in FEMA ‘Zone X’, but the site is in DWR Awareness area for 100-Yr 
storm event with no definitive flood depth. At upstream of the project site there is a wash (was named 
as WASH-N) that make their way from southerly to northerly and passing around the project site 
(Exhibit ‘C’). This wash could flood the site because of higher peak flow rates streaming from northerly 
side during 100-Yr storm event. 
 
The wash watershed is about 720 acres (greater than 1 sq mile), so Unit Hydrograph Method used to 
calculate peak flows from this WASH-N (Exhibit ‘M’).  
 
To measure any possible flood depth at the subject site, a simulated HEC-RAS model generated for the 
subject site and for the washes using digital elevation data from USGS Earth Explorer. 
 
Then a steady flow simulation was run using hydrograph data (2,069 cfs for WASH-N) as upstream 
inputs obtained from Unit Hydrograph Method and the percentage of grade along the wash (12%) as 
downstream data [Exhibit C]. 
 
The HEC-RAS result [Exhibit D] shows sites nearest maximum water surface elevation [X-Section 135, 
WASH-N] is 2373.81 ft (NGVD 1929 DATUM). 
 
NAVD 88 = 2373.81 ft+3.6 ft = 2377.41 ft 
 
Maximum water surface elevation of 2377.41 ft is located far downward from the project site’s lowest 
adjacent grade. 
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Watershed Model Schematic
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2023

Project: WASH.gpw Thursday, 09 / 21 / 2023

Hyd. Origin Description

Legend

1 SCS Runoff WASH-N
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Hydrograph Return Period Recap
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Hyd. Hydrograph Inflow Peak Outflow (cfs) Hydrograph

No. type hyd(s) Description

(origin) 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

1 SCS Runoff ------ ------- 304.88 ------- ------- 909.73 ------- ------- 2069.14 WASH-N

Proj. file: WASH.gpw Thursday, 09 / 21 / 2023

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2023



Hydrograph Summary Report
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Hyd. Hydrograph Peak Time Time to Hyd. Inflow Maximum Total Hydrograph

No. type flow interval Peak volume hyd(s) elevation strge used Description

(origin) (cfs) (min) (min) (cuft) (ft) (cuft)

1 SCS Runoff 2069.14 1 613 16,318,456 ------ ------ ------ WASH-N

WASH.gpw Return Period: 100 Year Thursday, 09 / 21 / 2023

Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2023



Hydrograph Report
Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2023 Thursday, 09 / 21 / 2023

Hyd. No. 1

WASH-N

Hydrograph type =  SCS Runoff Peak discharge =  2069.14 cfs
Storm frequency =  100 yrs Time to peak =  10.22 hrs
Time interval =  1 min Hyd. volume =  16,318,456 cuft
Drainage area =  720.000 ac Curve number =  86*
Basin Slope =  0.0 % Hydraulic length =  0 ft
Tc method =  TR55 Time of conc. (Tc) =  32.80 min
Total precip. =  7.95 in Distribution =  Type I
Storm duration =  24 hrs Shape factor =  484

* Composite (Area/CN) = [(720.000 x 86)] / 720.000

4

0 2 4 6 8 10 12 14 16 18 20 22 24 26

Q (cfs)

0.00 0.00

296.00 296.00

592.00 592.00

888.00 888.00

1184.00 1184.00

1480.00 1480.00

1776.00 1776.00

2072.00 2072.00

Q (cfs)

Time (hrs)

WASH-N
Hyd. No. 1 -- 100 Year

Hyd No. 1



TR55 Tc Worksheet
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Hydraflow Hydrographs Extension for Autodesk® Civil 3D® by Autodesk, Inc. v2023

Hyd. No. 1

WASH-N

Description A B C Totals

Sheet Flow
Manning's n-value =  0.011 0.011 0.011
Flow length (ft) =  0.0 0.0 0.0
Two-year 24-hr precip. (in) =  0.00 0.00 0.00
Land slope (%) =  0.00 0.00 0.00

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Shallow Concentrated Flow
Flow length (ft) =  11000.00 0.00 0.00
Watercourse slope (%) =  12.00 0.00 0.00
Surface description =  Unpaved Paved Paved
Average velocity (ft/s) =5.59 0.00 0.00

Travel Time (min) = 32.80 + 0.00 + 0.00 = 32.80

Channel Flow
X sectional flow area (sqft) =  0.00 0.00 0.00
Wetted perimeter (ft) =  0.00 0.00 0.00
Channel slope (%) =  0.00 0.00 0.00
Manning's n-value =  0.015 0.015 0.015
Velocity (ft/s) =0.00

0.00
0.00

Flow length (ft) ({0})0.0 0.0 0.0

Travel Time (min) = 0.00 + 0.00 + 0.00 = 0.00

Total Travel Time, Tc .............................................................................. 32.80 min
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Return Intensity-Duration-Frequency Equation Coefficients (FHA)
Period

(Yrs) B D E (N/A)

1 5.2735 4.3000 0.6394 --------

2 7.3653 3.9000 0.6308 --------

3 0.0000 0.0000 0.0000 --------

5 10.8325 4.0000 0.6336 --------

10 13.6013 3.9000 0.6295 --------

25 18.3624 4.0000 0.6330 --------

50 22.3877 4.0000 0.6344 --------

100 27.5266 4.2000 0.6410 --------

File name: MILES SQUARE RD.IDF

Intensity = B / (Tc + D)^E

Return Intensity Values (in/hr)
Period

(Yrs) 5 min 10 15 20 25 30 35 40 45 50 55 60

1 1.27 0.96 0.79 0.69 0.61 0.55 0.50 0.47 0.44 0.41 0.39 0.37

2 1.86 1.40 1.15 0.99 0.88 0.80 0.73 0.68 0.63 0.60 0.56 0.54

3 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

5 2.69 2.04 1.68 1.45 1.28 1.16 1.06 0.99 0.92 0.87 0.82 0.78

10 3.43 2.59 2.14 1.84 1.64 1.48 1.36 1.26 1.18 1.11 1.05 0.99

25 4.57 3.45 2.85 2.46 2.18 1.97 1.81 1.67 1.56 1.47 1.39 1.32

50 5.55 4.20 3.46 2.98 2.64 2.39 2.19 2.03 1.90 1.78 1.68 1.60

100 6.64 5.02 4.14 3.57 3.16 2.86 2.62 2.43 2.27 2.13 2.01 1.91

Tc = time in minutes. Values may exceed 60.

Rainfall Precipitation Table (in)

Precip. file name: Sample.pcp

Storm
Distribution 1-yr 2-yr 3-yr 5-yr 10-yr 25-yr 50-yr 100-yr

SCS 24-hour 0.00 2.20 0.00 3.30 4.25 5.77 6.80 7.95

SCS 6-Hr 0.00 1.80 0.00 0.00 2.60 0.00 0.00 4.00

Huff-1st 0.00 1.55 0.00 2.75 4.00 5.38 6.50 8.00

Huff-2nd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-3rd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-4th 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Huff-Indy 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Custom 0.00 1.75 0.00 2.80 3.90 5.25 6.00 7.10
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