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effective porosity and a 12-inch compacted clean stone with 40% design 

porosity. Therefore the nominal storage capacity is: 

 

 NS = (6-inches X 15-percent) + (12-inches X 40-percent) = 7.8-inches 

 

The Carolinas Ready Mixed Concrete Association, Inc. (CRMCA) created the 

Pervious Concrete Spreadsheet for Hydrologic Analysis and Design
3
. This 

spreadsheet produces the pervious concrete storage calculations and 

hydrographs based on runoff and infiltration. 

 

The CRMCA spreadsheet was used to model the storage and infiltration 

capacities of the porous concrete areas. Result sheets are included in 

Appendix G and H. The following table summarizes the total storage 

provided by the Porous Concrete: 

 

Table 19. Porous Concrete Storage Volume 

Total Storm Water Storage 
Basin 
Area 

Pervious 
Concrete 

(ft
3
) 

Gravel 
Base (ft

3
) 

Total (ft
3
) 

North 3     140.00        749.00        889.00  

North 4  1,049.00     5,597.00     6,646.00  

North 5  1,126.00     6,005.00     7,131.00  

North 6     616.00     3,285.00     3,901.00  

North 7     379.00     2,019.00     2,398.00  

South 5     258.00     1,379.00     1,637.00  

South 6     262.00     1,397.00     1,659.00  

South 7     373.00     1,991.00     2,364.00  

South 10     457.00     2,438.00     2,895.00  

South 11     493.00     2,628.00     3,121.00  

South 12     369.00     1,966.00     2,335.00  

Total  5,522.00   29,454.00   34,976.00  

 

An exfiltration rate of 1.40-in/hr was used for all cases. Note that this value is 

only 19% of the 6-in/hr minimum infiltration rate for the Urban Land Durados 

(UD) soil. This exfiltration rate is also lower than the fill material would have. 

This exfiltration rate yields the following: 

 

                                                 
3
 Copyright 2004 CRMCA 
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Table 20. Porous Concrete Infiltration Rate 

Basin 
Area 

Porous 
Concrete Area 

(feet
2
) 

Infiltration 
Rate 

(in/hr) 

Infiltration 
Flow Rate 

(cfs) 

North 3          1,873.00  1.4 0.06 

North 4        13,992.00  1.4 0.45 

North 5        15,011.00  1.4 0.49 

North 6          8,213.00  1.4 0.27 

North 7          5,048.00  1.4 0.16 

South 5          3,444.00  1.4 0.11 

South 6          3,494.00  1.4 0.11 

South 7          4,978.00  1.4 0.16 

South 10          6,095.00  1.4 0.20 

South 11          6,569.00  1.4 0.21 

South 12          4,916.00  1.4 0.16 

Total        73,633.00  1.4 2.39 

 

 

2. Use of French Drains 

 

The revised pipe alignment will include two French drain sections (lynching 

fields) at the planting area separating the North Area from the Casco Sales 

Facilities.  These sections will serve two objectives: (1) allow the system to 

recharge the subsoil and reduce direct runoff and (2) provide underground 

detention storage area within the gravel placed around the French Drains. 

 

The gravel layers will have a depth of 3.5-feet below the ground surface and 

widths greater than 25-feet. The lengths of the first and second French drain 

section will be 275-feet (total area: 9,000-ft
2
) and 110-feet (total area: 2,800-

ft
2
), respectively. If the designed stone porosity is approximately 40%, then 

the first and second French drains will be able to store 12,600-ft
3
 and 3,920-

ft
3
, respectively. The storage capacity of each French drain system will need 

to be reached before the full runoff flow will pass through the system and 

contribute its peak flow to the discharge. This Tc retardation effect will not be 

considered for the calculations in order to maintain a conservative discharge 

value. 

 

Flow into the first French drain section will be provided through five 12”-

diameter perforated pipes that cross the system and provide conveyance of 

excess water. Conveyance and distribution of runoff into the second French 

drain will be provided through four 12”-diameter pipes. 

 

The CRMCA spreadsheet was used to determine the storage and infiltration 

characteristics of the French drain systems by manipulating the input data. 

The program was intended for use with pervious concrete. However, adequate 

modeling can be obtained by setting the pervious concrete layer to 0-inches 
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and the gravel base layer to 36-inches. This can be done since the runoff is 

being evenly distributed through the 12”� perforated pipes. The result sheets 

are included in Appendix I and J of this report. 

 

The following table summarizes the total storage provided by the French drain 

systems: 

 

Table 21. French Drain System Storage Volume 

French Drain 
Total Storm 

Water 
Storage (ft

3
) 

System No.1     12,600.00  

System No.2       3,920.00  

Total     16,520.00  

 

 

The calculated infiltration rates are the following: 

 

Table 22. French Drain System Infiltration Rate 

French Drain 
French Drain 
Bottom Area 

(feet
2
) 

French Drain 
Side Area 

(feet
2
) 

Infiltration 
Rate (in/hr) 

Infiltration 
Flow Rate 

(cfs) 

System No.1         9,000.00  2168 1.4 0.36 

System No.2         2,800.00  940 1.4 0.12 

Total       11,800.00  3108 1.4 0.48 

 

 

3. Analysis of Results 

 

Use of the Porous Concrete and French Drain systems will allow to decrease 

the peak runoff by 2.87-cfs for both the 25-year and 10-year return period 

events. Also the storage capacity of these independent storage systems will 

provide 51,496-feet
3
 of runoff water storage. This storage is 2.6 times greater 

than the required storage determined in section VI.C.3. 
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VII. HYDRAULIC STUDY 

 

The hydraulic study was performed to verify the appropriateness of the designed 

conveyance system with the recommendations made in section VI.D. of this report. 

 

A. Known Flood Levels 

 

FEMA has published a series maps depicting the 100-year event flood levels. 

The flood areas have different classification zones that are dependent on the 

source of the flood and the amount of information to model such events. 

 

The following figure shows a partial reproduction of the flood map in which the 

project site is located. 

 

 

Figure 9. Project Site Located Within a Partial Reproduction of FEMA Flood Map 

 

FEMA has classified this zone as AE, which means that the 100-year flood level 

is known. In this case the flood surface level around the Las Cucharillas 

marchland is at an elevation 1.60-meters. 
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B. Hydraulic System Description 

 

Two proposed storm sewer models were prepared. The description of these 

models is discussed below. All of these models assume the use of porous 

concrete as discussed in Section VI.D. 

 

First Model. The first model consists of the original sewer design without the 

use of French drains. The schematic drawings for this model can be found in 

Appendix K. 

 

Second Model. The second storm sewer model includes the French drain 

system as discussed in Section VI.D.1. The schematic drawings for this model 

can be found in Appendix L. 

 

 

C. Methodology 

 

1. Flow Description 

 

The hydraulic analysis of the storm sewer system will assume that flow is 

steady and uniform. That is to say, flow will not vary in respect with time or 

space. This assumption will not be used to determine the storage properties of 

the design improvements discussed in section VI.D. of this report. In these 

cases, flow will be assumed to be unsteady (varies with time). 

 

2. System Losses 

 

The storm drainage system’s hydraulic grade line (HGL) and structure losses 

will be calculated. Minor losses will be computed based on the following 

equation: 

 

g

V
KH L

2

2

=   

 

where, 

HL  = Minor Headloss Time of Concentration  

K    = Headloss Coefficient 

V    = Pipe Velocity Leaving Structure 

g    = Gravitational Constant 
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The headloss coefficients used for all junctions shall be the following
4
: 

 

Type of Structure     Diagram Headloss Coefficient 

 
 

3. Hydraulic Design Software 

 

The hydraulic analyses of both models were performed using the Haestad 

Methods’ StormCad version 1.5 (hydraulic design program). The results 

obtained from the hydrological analysis were input to StormCad. Pipe sizing 

was based on the minimum required for the adequate performance of the 

system. 

 

The program does not have the capacity to adequately model flow through the 

French drain systems. In these cases, the model only considered the flow 

                                                 
4
 Obtained from Haestad Methods’ StormCad, version 1.5. 



Office and Storage Buildings for Caribbean Restaurant LL.C. 

PR-165, Palmas Ward, Cataño, Puerto Rico 

 

Hydrologic – Hydraulic Study  37 

through the 12”-diamatere pipes without subtracting the stored or infiltrated 

flow.  

 

 

D. Hydraulic Model Results 

 

The first model program output is summarized below. See Appendix M and 

N for detailed result tables. 

 

Table 17. Model 1 Hydraulic Results for 25 and 100-year Storm Events 
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P-1 North-1 North-2 51.50 18 0.60 0.91 4.63 2.42 1.38 2.71 1.53 

P-2 North-2 North-3 39.19 18 0.72 0.93 5.31 2.97 2.97 3.32 3.32 

P-29 North-3 North-3A 41.94 24 0.62 0.42 8.56 1.14 2.33 1.28 2.38 

P-30 Noth-3A North-4 41.94 24 0.00 0.00 8.56 0.00 2.22 0.00 2.31 

P-10 North-8 North-6 71.81 18 0.71 0.90 5.54 2.83 1.63 3.16 1.79 

P-13 North-7 North-6 47.18 12 0.48 0.64 2.00 1.37 1.61 1.53 1.79 

P-11 North-6 North-4 41.00 18 0.62 0.74 5.68 2.04 3.41 2.28 3.83 

P-31 North-4 North-5 18.01 36 0.41 0.42 27.22 0.76 3.14 0.85 3.15 

P-32 North-5 North-9 48.89 36 0.68 0.54 30.16 1.62 3.52 1.81 3.50 

P-8 North-9 North-10 60.00 36 0.00 0.00 33.35 0.00 3.16 0.00 3.17 

P-9 North-10 South-14 67.04 36 0.30 0.93 33.59 1.24 2.76 1.39 2.86 

P-25 South-10 South-11 12.49 12 0.44 0.75 1.95 1.47 1.73 1.65 1.93 

P-26 South-11 South-12 47.90 12 0.18 0.36 1.99 0.29 2.05 0.32 2.29 

P-27 South-12 South-13 6.41 12 0.13 0.38 2.22 0.22 2.27 0.25 2.54 

P-28 South-13 South-14 7.46 24 0.39 0.91 11.71 1.57 1.13 1.75 1.23 

P-15 South-1 South-2 70.90 24 0.85 0.93 4.65 3.49 1.11 3.90 1.24 

P-16 South-2 South-3 11.98 24 0.31 0.94 9.24 1.29 1.45 1.44 1.63 

P-21 South-5 South-4 2.25 12 0.02 0.61 2.65 0.05 0.06 0.06 0.07 

P-22 South-4 South-3 21.53 12 0.07 0.96 2.97 0.32 0.42 0.35 0.47 

P-17 South-3 South-6 46.20 24 0.32 0.80 12.45 1.13 1.87 1.26 2.10 

P-18 South-6 South-7 10.25 24 0.29 0.78 14.13 1.00 2.12 1.11 2.39 

P-19 South-7 South-8 10.64 24 0.25 0.65 9.81 0.71 2.32 0.79 2.62 

P-23 South-9 South-8 2.11 12 0.03 0.61 2.73 0.08 0.09 0.09 0.10 

P-20 South-8 South-14 29.44 24 0.08 0.96 10.21 0.33 2.43 0.37 2.74 

P-24 South-14 Headwall 1.30 (2) 36 0.00 0.00 116.99 0.00 6.69 0.00 8.28 

 

 

The second model program output is summarized below. See Appendix O 

and P for detailed result tables. 
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Table 18. Model 2 Hydraulic Results for 25 and 100-year Storm Events 
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P-1 North-1 North-2 51.50 18 0.60 0.91 4.63 2.42 1.37 2.71 1.53 

P-2 North-2 North-3 39.19 18 0.72 0.93 5.31 2.97 2.97 3.32 3.32 

P-3 North-3 North FD-1 4.11 24 0.62 0.42 11.16 1.14 2.00 1.28 2.25 

P-4 North FD-1 North FD-2 83.88 (5) 12 0.00 0.00 3.71 0.00 1.47 0.00 1.65 

P-10 North-8 North-6 71.81 18 0.71 0.90 5.54 2.83 1.60 3.16 1.79 

P-13 North-7 North-6 47.18 12 0.48 0.64 2.00 1.37 1.61 1.53 1.79 

P-11 North-6 North-4 41.00 18 0.62 0.74 5.68 2.04 3.41 2.28 3.83 

P-12 North-4 North-FD 2 4.11 24 0.10 0.42 11.16 0.76 2.13 0.85 2.39 

P-5 North FD 2 North FD 3 18.01 30 0.00 0.00 16.74 0.00 2.61 0.00 2.86 

P-14 North-5 North FD 3 4.13 12 0.68 0.54 1.95 1.62 1.91 1.81 2.13 

P-6 North FD 3 North FD 4 33.99 (4) 12 0.00 0.00 6.14 0.00 4.06 0.00 4.58 

P-7 North FD 4 North-9 19.18 36 0.00 0.00 30.46 0.00 3.23 0.00 3.34 

P-8 North-9 North-10 60.00 36 0.00 0.00 33.35 0.00 3.00 0.00 3.15 

P-9 North-10 South-14 67.04 36 0.30 0.93 33.59 1.24 33.59 1.39 2.84 

P-25 South-10 South-11 12.49 12 0.44 0.75 1.95 1.47 1.73 1.65 1.93 

P-26 South-11 South-12 47.90 12 0.18 0.36 1.99 0.29 2.05 0.32 2.29 

P-27 South-12 South-13 6.41 12 0.13 0.38 2.22 0.22 2.27 0.25 2.54 

P-28 South-13 South-14 7.46 24 0.39 0.91 11.71 1.57 1.11 1.75 1.23 

P-15 South-1 South-2 70.90 24 0.85 0.93 4.65 3.49 1.11 3.90 1.24 

P-16 South-2 South-3 11.98 24 0.31 0.94 9.24 1.29 1.45 1.44 1.63 

P-21 South-5 South-4 2.25 12 0.02 0.61 2.65 0.05 0.06 0.06 0.07 

P-22 South-4 South-3 21.53 12 0.07 0.96 2.97 0.32 0.42 0.35 0.47 

P-17 South-3 South-6 46.20 24 0.32 0.80 12.45 1.13 1.87 1.26 2.10 

P-18 South-6 South-7 10.25 24 0.29 0.78 14.13 1.00 2.12 1.11 2.39 

P-19 South-7 South-8 10.64 24 0.25 0.65 9.81 0.71 2.32 0.79 2.62 

P-23 South-9 South-8 2.11 12 0.03 0.61 2.73 0.08 0.09 0.09 0.10 

P-20 South-8 South-14 29.44 24 0.08 0.96 10.21 0.33 2.43 0.37 2.74 

P-24 South-14 Headwall 1.30 (2) 36 0.00 0.00 116.99 0.00 8.14 0.00 8.26 

 

See Appendix Q and R for pipe profiles with the HGL identified. 

 

 



Office and Storage Buildings for Caribbean Restaurant LL.C. 

PR-165, Palmas Ward, Cataño, Puerto Rico 

 

Hydrologic – Hydraulic Study  39 

E. Analysis of Results 

 

1. Pipe Flow Velocity 

 

The pipe velocity for all runs is very low.  This is so due to the gentle slopes 

and the large pipe diameters used throughout. The gentle slopes were used due 

to the very flat surface of the terrain and the required invert elevation at the 

outfall. Use of steeper slopes requires fill work throughout the site, which is 

undesirable. Large pipes were used to compensate for the use of gentle slopes. 

These sizes were required to ensure that the pipe sections would have the 

capacity to convey the required runoff flows. 

 

Some of the pipe sections are completely submerged and operate under 

pressure conditions (as opposed to gravity). Although this is generally 

undesirable, it was necessary to maintain the gentle slopes for the reasons 

discussed previously. 

 

2. Sewer Discharge Velocity 

 

The soil surrounding the area where the sewer discharge is located consists 

mainly of muck or organic silt and peat (see section VI.A.2.a and b). This 

material will usually erode when subject to flow velocities higher than 2.00-

ft/sec.  

 

The Outfall discharges vary between 7.97 and 8.09-cfs. A flow energy 

dissipater is required to prevent soil erosion. We recommend the use of Reno 

Mattress to a distance of 5-meters measured from the outfall. The Reno 

Mattress will dissipate the flow’s energy while providing protection to the soil 

material. 
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VIII. STORM WATER DISCHARGE QUALITY 

 

A. Regulatory Compliance 

 

1. Storm Water Discharges Associated with Industrial Activities 

 

The United States (US) Environmental Protection Agency (EPA), through the 

Clean Water Act (CWA), is entrusted to prepare or develop comprehensive 

programs for preventing, reducing, or eliminating the pollution of the 

navigable and ground waters and improving the sanitary conditions of the 

surface and ground waters.  

 

The section 402 of the CWA required the EPA to develop and implement the 

National Pollutant Discharge Elimination System (NPDES) program as the 

basic structure to regulate the discharge of pollutants from point sources to 

waters of the US. The NPDES permit must be obtained by any entity that 

could discharge pollutants. Much of the pollutants that are found originate 

from industrial and wastewater discharges. However, recent studies performed 

by the EPA and other interested public and private entities have shown that 

urban and industrial runoff typically contains the same pollutants found in 

industrial and wastewater discharges and can cause similar water quality 

problems. As such, the 1987 CWA revision added storm water discharges to 

the NPDES program. 

 

The proposed activities that are expected to take place after the construction 

has been completed are industrial by nature and, as such, the Storm Water 

Discharges Associated With Industrial Activity NPDES permit is required. 

This permit requires that the storm water be treated before it is discharged. 

 

Moreover, pollution prevention treatment is required to preserve the delicacy 

of the Las Cucharillas marchland. 

 

 

2. Underground Injection Control 

 

The US EPA is also required set minimum Underground Injection Control 

(UIC) requirements through the Safe Drinking water Act (SDWA). The 

PRWQB has obtained primacy over the UIC requirements in Puerto Rico and 

is entrusted to set additional requirements if necessary to protect the subsoil 

water sources. 

 

The uses of porous concrete and French drains are considered to be Class-V 

Type-B4 and require a Subterranean Injection permit. This permit requires the 

use of pollution control measures to protect the underground. 
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B. Implementation of Mitigation Strategies 

 

1. Storm Water Discharge 

 

We recommend the use of a Compost Stormwater Filter (CSF). These systems 

have the capacity to remove floating debris, surface scum, chemical 

contaminants, and sediment from storm water. The following figure shows a 

typical CSF unit: 

 

 

Typical Compost Stormwater Filter Unit
5
. 

 

The CSF unit has a relatively small volume of specially tailored compost 

made from leaves. The compost can remove over 90-percent of all solids, 85-

percent of oil and grease, and between 82 to 98-percent of heavy metals. The 

CSF has a low operating and maintenance costs and, if properly sized, has the 

capacity to treat large volumes of water. Once the compost are no longer 

effective they must be removed, tested, and either recomposted or disposed. 

Additional compost material must be obtained if the used compost is not 

adequate. 

 

This unit should be placed just downstream of inlet South-14. This location 

will ensure that all runoff water is treated before it is discharged. 

 

 

2. French Drain Systems 

 

In order to protect the integrity of the French drain systems and the subsoil 

waters we recommend that a conventional grease and debris trap be used 

within inlets North FD-1 and North FD-3.  

 

                                                 
5
 Figure obtained from an EPA’s report titled: Innovative Use of Compost Bioremediation and Pollution 

Prevention (October 1997). 
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IX. STUDY RECOMMENDATIONS 

 

We recommend that the proposed storm sewer system be constructed as indicated 

throughout this report above to provide adequate drainage of the study area. 

 

We recommend the use of porous concrete throughout the light vehicle parking 

areas and the two French drain systems discussed above. An oil and debris trap 

must be installed at the French drain system entrances to protect these systems.  

 

We also recommend that rheno mattress be used around the storm sewer system 

discharge to prevent soil erosion and to lower discharge velocities. Also, we 

recommend the use of Compost Stormwater Filter upstream of the outfall to 

ensure that adequate storm water discharge quality is conserved. 

 

Finally, we recommend that the corresponding NPDES and Subsoil Injection 

permits be obtained to ensure regulatory compliance. 
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X. STUDY LIMITATIONS 

 

A. Implementation of Recommendations 

 

All recommendations specified herein must be implemented to assure 

performance in accordance with the design. 

 

B. Free Flow Conditions 

 

The results of this study are based on free flow conditions through 

recommended hydraulic structures. Proper maintenance is required to assure the 

free flow conditions. Accumulation of debris can severely obstruct flow, 

producing discharge flow properties not considered herein. 

 

C. Field Data Accuracy 

 

The analysis of the existing conditions were based on: 

• Field surveys data of the discharge area performed by Domingo A. Rivera 

(License No. 6681) on October 2000. 

• The Subsoil Exploration Study performed by Suelos Inc. on January 10, 

2001. 

• The topographic map of San Juan published by the U.S. Geological 

Survey. 

• FEMA’s Flood Insurance Rate Map (FIRM) No. 0335H. 

• The Soil Conservation Service’s Soil Survey of San Juan Area published 

by the U.S. Department of Agriculture. 

 

Any inaccuracies in this data may invalidate partially or completely the results 

and recommendations contained in this study. 
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XI. CERTIFICATION 

 

I hereby certify that the hydrologic-hydraulic calculations presented herein were 

performed by me and that the information presented is correct and complete as 

per my knowledge. I know and accept the consequences of submitting incomplete 

or false information in this document.  

 

 

 

 

 

 

 

___________________________ 

Carlos M. Rexach Soto, PE 

PE License # 2112 

October 11, 2007 
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• Pervious Concrete: http://www.perviouspavement.org. Last visited on 

October 2007. 

• The Carolinas Ready Mixed Concrete Association, Inc. and Colorado 

Rock Products Association: http://www.crmca.org. Last visited on 

October 2007. 

 

C. Computer Software 

 

• Haestad Methods. StormCAD. Version 1.5 

• The Carolinas Ready Mixed Concrete Association, Inc. Pervious Concrete 

Modeling Spreadsheet (Copyright 2004) 

 

D. Published Maps 

 

• Federal Emergency Management Agency. Flood Insurance Rate Map of 

the Commonwealth of Puerto Rico, Map Number 72000C0335H, April 19, 

2005. 

• United States Department of The Geological Survey. San Juan and 

Bayamón Quadrangles: Puerto Rico 7.5 Minute Series (Topographic). 

Puerto Rico, 1982 (Revised) 

• United States Department of Agriculture Soil Conservation Service. Soil 

Survey of San Juan Area of Puerto Rico, Maps 3, 4, 7, and 8. Puerto Rico, 

March 1982. 
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APPENDIX A 
 

 

Authorization Letter: 

 

 
The following letter, signed by Enrique Irizarry on January 29, 2002, 

authorizes Roberto Rexach Cintrón and Associates to prepare and submit the 

required documents necessary to obtain the governmental agency’s permits 

or endorsements necessary for this project. 



Office and Storage Buildings for Caribbean Restaurant LL.C. 

PR-165, Palmas Ward, Cataño, Puerto Rico 

 

Hydrologic – Hydraulic Study  Appendix 

 

 

 

 

APPENDIX B 
 

 

Subsoil Exploration Study: 

 

 
The following soil study was prepared by Suelos Inc. on January 10, 2001. It 

studied the existing soil conditions throughout the “Finca B” area. 
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APPENDIX C 
 

 

Time of Concentration and Rain Intensity Calculations for the 

Existing Conditions Model 

(25-Year Return Period Storm Event): 

 

 
The following iterative calculations were performed to determine the time of 

concentration of the existing conditions model for the 25-year storm event. 
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APPENDIX D 
 

 

Time of Concentration and Rain Intensity Calculations for the 

Existing Conditions Model 

(100-Year Return Period Storm Event): 

 

 
The following iterative calculations were performed to determine the time of 

concentration of the existing conditions model for the 100-year storm event. 
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APPENDIX E 
 

 

Time of Concentration and Rain Intensity Calculations for the 

Proposed Conditions Model 

(25-Year Return Period Storm Event): 

 

 
The following iterative calculations were performed to determine the time of 

concentration of the proposed conditions model for the 25-year storm event. 
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APPENDIX F 
 

 

Time of Concentration and Rain Intensity Calculations for the 

Proposed Conditions Model 

(100-Year Return Period Storm Event): 

 

 
The following iterative calculations were performed to determine the time of 

concentration of the proposed conditions model for the 100-year storm 

event. 
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APPENDIX G 
 

 

CRMCA Spreadsheet Model for Porous Concrete Storage and 

Exfiltration Capacity 

(25-Year Return Period Storm Event): 

 

 
The following spreadsheet results were obtained from the CRMCA 

spreadsheet model for a 25-year storm event. 
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APPENDIX H 
 

 

CRMCA Spreadsheet Model for Porous Concrete Storage and 

Exfiltration Capacity 

(100-Year Return Period Storm Event): 

 

 
The following spreadsheet results were obtained from the CRMCA 

spreadsheet model for a 100-year storm event. 
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APPENDIX I 
 

 

CRMCA Spreadsheet Model for French Drain Storage and 

Exfiltration Capacity 

(25-Year Return Period Storm Event): 

 

 
The following spreadsheet results were obtained from the CRMCA 

spreadsheet model for a 25-year storm event. 
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APPENDIX J 
 

 

CRMCA Spreadsheet Model for French Drain Storage and 

Exfiltration Capacity 

(100-Year Return Period Storm Event): 

 

 
The following spreadsheet results were obtained from the CRMCA 

spreadsheet model for a 100-year storm event. 
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APPENDIX K 
 

 

Preliminary Storm Sewer System Design Drawings for the 

First Hydraulic Model: 

 

 
The following drawings present the site drainage design without the use of 

French Drain systems. 
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APPENDIX L 
 

 

Preliminary Storm Sewer System Design Drawings for the 

Second Hydraulic Model: 

 

 
The following drawings present the site drainage design that includes French 

Drain systems. 
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APPENDIX M 
 

 

StromCad Result Tables for the First Hydraulic Model 

(25-Year Return Period Event): 

 

 
The StormCad software produced the following first hydraulic model output 

tables for a 25-year storm event. 
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APPENDIX N 
 

 

StromCad Result Tables for the First Hydraulic Model 

(100-Year Return Period Event): 

 

 
The StormCad software produced the following first hydraulic model output 

tables for a 100-year storm event. 
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APPENDIX O 
 

 

StromCad Result Tables for the Second Hydraulic Model 

(25-Year Return Period Event): 

 

 
The StormCad software produced the following second hydraulic model 

output tables for a 25-year storm event. 
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APPENDIX P 
 

 

StromCad Result Tables for the Second Hydraulic Model 

(100-Year Return Period Event): 

 

 
The StormCad software produced the following second hydraulic model 

output tables for a 100-year storm event. 
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APPENDIX Q 
 

 

Preliminary Storm Sewer System Profiles of the Second 

Hydraulic Model With the Corresponding 

Hydraulic Grade Lines 

(25-Year Return Period Event): 

 

 
The hydraulic grade lines were identified in the following second model 

profiles. Note that the identified HGL produced through the StormCad runs 

of the 25-year storm event. 
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APPENDIX R 
 

 

Preliminary Storm Sewer System Profiles of the Second 

Hydraulic Model With the Corresponding 

Hydraulic Grade Lines 

(100-Year Return Period Event): 

 

 
The hydraulic grade lines were identified in the following second model 

profiles. Note that the identified HGL produced through the StormCad runs 

of the 100-year storm event. 
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APPENDIX S 
 

 

Porous Concrete Information: 

 

 
The following porous concrete information was obtained from the Pervious 

pavement website (www.perviouspavement.org).  It is shown for reference. 









 
   

 
 
 
 
 
 
 
 
 
 

14.10   Comunicaciones de las Agencias 
 





































































 
   

 
 
 
 
 
 
 
 
 
 

14.11   Contestaciones a comentarios de las 
Agencias 

 














