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Preface 

Water is our most precious resource and a fundamental building block for life on this planet. 
Today, the way we work with water is changing and challenging both business and our 
environment. But we believe we can do better. Using natural products and recycled 
materials, we are pioneering a new way to approach water treatment and management with 
systems that are sustainable for our clients and the world around us. In short, water is life – 
our life. We live it every day and are excited to build a custom solution which allows you to 
work with water in the best way – one that preserves and protects this natural resource for the 
future generations. 

Environmental Conservation Solutions, LLC. (ECS) developed a subsurface drainage and storage 
system called PIPE-R™ reservoir system to preserve valuable land and water resources. The 
PIPE-R™ reservoir system design manual is only a tool to guide the user on the design of the 
hydraulic and structural capabilities of the PIPE-R™ reservoir system used as a subsurface 
drainage and storage reservoir. The design manual is not a substitute for professional 
judgment. The user should engage competent professional pavement and water resource 
design services in the design of the subsurface drainage underneath a paved or unpaved traffic 
area, using PIPE-R™ reservoir system in accordance to local regulations. 

The design of the subsurface drainage and storage structure should be based on the relevant 
local guidelines for the location of the project. Furthermore, aggregate and geotextile selections 
must meet the minimum standard required by the relevant regulatory authority for the project 
location. The design of the pavement should meet the requirements of the AASHTO LRFD 
Design Specifications and/or the local regulatory authority design specifications. 

The design guide is based on general principles, formulations, and assumptions by AASHTO 
design specifications for subsurface drainage systems using flexible pipes. In addition, the 
production of the design guide is based on the results from laboratory and field-testing 
performed by Stormwater Management Academy at University of Central Florida. ECS, LLC. (1) 
does not bear any liability in the misapplication and the accuracy of the design guide; and (2) 
does not provide warranties of any kind nor guaranty the suitability of the PIPE-R™ reservoir 
system in all stormwater runoff applications. 
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Design Specifications 

Design Considerations 

The first step to the designing of any system is the definition of the purpose and application of 
the PIPE-R™ reservoir system for the specific project. It is important to note the PIPE-R™ 
reservoir system can be used as retention, detention or combination of retention and detention 
stormwater management system, such as: 

1. exfiltration to recharge the surficial aquifer and flood control 
2. stormwater runoff capture, storage and reuse for greywater applications, as approved by 

regulatory agencies 
3. combination of exfiltration and reuse as part of a treatment train intended to improve 

water quality before reuse or discharge. 

Thus, the design of PIPE-R™ reservoir system for any one of these purposes will entail different 
design details that affects functionality, installation, and applications. PIPE-R™ reservoir system 
configuration allows for the adjustment of the modular units to fit adequately into anticipated 
site constraints and/or regulatory requirements. Based on the sizing of the available space for 
storage and groundwater level, the reservoir can be made shallow or deep, wide or narrow, and 
placed on level elevation or stepped elevations.  

Currently, there are two stormwater modeling software: (1) HydroCAD for automatic layout and 
modeling of underground storage systems, and (2) ICPR for underground stormwater chambers 
stage-area and stage-volume relationships. Designer can use either of two stormwater modeling 
tools that incorporated the PIPE-R™ reservoir system into their underground storage design 
tools, or an in-house spreadsheet calculator for storage capacity and sizing. General design 
details are presented to guide the design engineer in sizing the PIPE-R™ reservoir system at 
any project site. Environmental Conservation Solutions, LLC. will make available design 
representatives to help in determining the number of cubes and/or bundled pipe units (BPU) – 
vertical depth and horizontal spread – based on the storage volume requirement and site 
conditions. A guide sheet on how to model PIPE-R™ reservoir system in HydroCAD is presented 
in the Appendix. 

The design steps are solely for modeling the PIPE-R™ reservoir system storage-stage volume 
based on the invert elevations of inlet/outlet connections to the system. For details on 
hydrographs and inflow and discharge connections contact the relevant software guides. The 
design engineer is responsible for the accurate determination of the required storage volume by 
local regulations. The regulatory requirements may be related to the stormwater infiltration, 
runoff, and detention or retention volume for the project location. 

  

http://www.hydrocad.net/
http://www.streamnologies.com/index.htm
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System Sizing Information 

 Sizing of PIPE-R™ reservoir system for stormwater storage and reuse is based on the 
hydraulic needs, catchment area, desired efficiency, and target performance required by 
regulatory agencies. 

 The storage capacity of the PIPE-R™ reservoir system is dependent on the number of 
cubes and/or BPUs used to create the reservoir, which is approximately 96% voids. 

 If needed, the percentage of voids in the filler materials can be incorporated in the 
calculation of the storage capacity; however, this may vary with the actual stone used as 
fillers. 

 The combination of both storage capacities will provide an approximate storage capacity 
of the installed PIPE-R™ reservoir system.  

 PIPE-R™ reservoir system can be used with/without the inclusion of stone storage.  

 Table 1 presents a typical estimate of the storage volumes for the listed BPU 
configurations in a PIPE-R™ reservoir system, excluding the backfill stones. 

TABLE 1 AVAILABLE STORAGE CAPACITY PER BPU CONFIGURATION PER LINEAR LENGTH 

BPU 

Configurations 

(height/spread) 

Dimensions, inches (mm) 
PIPE-R™ Storage 

Capacity  

ft3/ft. (m3/m) 

Width 

Length Height Top Bottom 

BPU-0001 (1/1) 9.3 (236) 13.9 (353) 12 (305) 8.63 (219) 0.67 (0.062) 

BPU-0003 (1/3) 32.4 (823) 37.0 (940) 12 (305) 8.63 (219) 2.00 (0.186) 
BPU-0005 (1/5) 55.5 (1410) 60.1 (1527) 12 (305) 8.63 (219) 3.32 (0.308) 

BPU-0007 (1/7) 78.6 (1996) 83.3 (2116) 12 (305) 8.63 (219) 4.66 (0.433) 

BPU-0009 (1/9) 101.8 (2586) 106.4 (2702) 12 (305) 8.63 (219) 5.99 (0.556) 
BPU-0011 (1/11) 124.9 (3172) 129.5 (3289) 12 (305) 8.63 (219) 7.32 (0.680) 

 

 Table 2 shows a typical estimate of the storage volumes for the cube system 
configurations of the PIPE-R™ reservoir system, excluding the backfill stones at the side 
walls of the excavation. 

TABLE 2 STORAGE CAPACITY OF PIPE-R™ SYSTEM IN CUBE FORMAT 

PIPE-R™ 
System 

(Cube) 

Dimensions, inches (mm) Storage 
Capacity  

ft3 (m3) Width Length Height 

PIPE-R424 42 (1057) 42 (1057) 44 (1120) 42 (1.20) 

PIPE-R90 42 (1057) 88 (2233) 44 (1120) 87 (2.50) 

PIPE-R1890 88 (2233) 88 (2233) 44 (1120) 185 (5.20) 

 

 The total storage capacity for multiple BPU configurations and/or extended length is the 
sum of all individual units. 
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 An installed PIPE-R™ reservoir system does not require stones underneath but compacted 
subgrade to support the surcharge loads and provide a stable base with the required 
bearing capacity. 

 The stone/sand would provide additional storage if used below a pervious pavement. The 
typical porosity of backfill aggregates (e.g. #57 stone) is 40 percent, and is available for 
storage.  

 For a combination of the different configurations of BPUs or cube-format, such as PIPE-
R11W and PIPE-R15W, the total storage capacity estimate is achieved by adding the 
different storage capacities of all the units in the combinations.  

 The storage capacities for PIPE-R11W and PIPE-R15W are 37.2 ft3/ft. (3.46 m3/m) and 
50.5 ft3/ft. (4.69 m3/m), respectively, for standard cube height of 5-BPU layers – 43.125 
inches (1095.375 mm).  

 Below are Tables showing the stage-storage capacities for the different PIPE-R™ reservoir 
systems, currently manufactured, which are stage heights to corresponding storage 
capacity for each system. 
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TABLE 3 STAGE AND CORRESPONDING STORAGE VOLUME FOR SINGLE LAYER BPUS PER LINEAR FOOT OF SYSTEM 

Model # BPU-0001 BPU-0003 BPU-0005 BPU-0007 BPU-0009 BPU-0011 

Stage 

Height Width Storage Width Storage Width Storage Width Storage Width Storage Width Storage 

ft. ft. ft3/ft. ft. ft3/ft. ft. ft3/ft. ft. ft3/ft. ft. ft3/ft. ft. ft3/ft. 

0.0000 0.7723 0.0000 2.6981 0.0000 4.6278 0.0000 6.5517 0.0000 8.4729 0.0000 10.406 0.000 

0.0417 1.0118 0.0357 2.9376 0.1127 4.8673 0.1899 6.7912 0.2669 8.7084 0.3436 10.645 0.421 

0.0833 1.0899 0.0777 3.0156 0.2318 4.9453 0.3862 6.8692 0.5401 8.7865 0.6935 10.723 0.848 

0.1250 1.1334 0.1222 3.0592 0.3533 4.9889 0.5848 6.9128 0.8157 8.8302 1.0459 10.767 1.278 

0.1667 1.1546 0.1679 3.0803 0.4761 5.0100 0.7848 6.9339 1.0926 8.8514 1.3995 10.788 1.709 

0.2083 1.1551 0.2141 3.0808 0.5993 5.0105 0.9852 6.9344 1.3700 8.8519 1.7536 10.789 2.141 

0.2500 1.1390 0.2600 3.0648 0.7222 4.9944 1.1853 6.9183 1.6471 8.8360 2.1073 10.773 2.572 

0.2917 1.1002 0.3048 3.0276 0.8440 4.9573 1.3844 6.8812 1.9230 8.7989 2.4600 10.736 3.002 

0.3333 1.0538 0.3479 2.9795 0.9642 4.9092 1.5817 6.8331 2.1973 8.7508 2.8110 10.687 3.431 

0.3750 1.0057 0.3891 2.9315 1.0824 4.8611 1.7771 6.7850 2.4697 8.7027 3.1601 10.639 3.857 

0.4167 0.9576 0.4283 2.8834 1.1987 4.8130 1.9706 6.7370 2.7401 8.6546 3.5072 10.591 4.282 

0.4583 0.9095 0.4657 2.8353 1.3131 4.7650 2.1621 6.6889 3.0087 8.6066 3.8524 10.543 4.704 

0.5000 0.8614 0.5011 2.7872 1.4255 4.7169 2.3518 6.6408 3.2752 8.5585 4.1957 10.495 5.125 

0.5417 0.8134 0.5346 2.7391 1.5361 4.6688 2.5395 6.5927 3.5399 8.5104 4.5371 10.447 5.544 

0.5833 0.7653 0.5662 2.6911 1.6447 4.6207 2.7253 6.5446 3.8027 8.4623 4.8766 10.399 5.961 

0.6250 0.7172 0.5958 2.6430 1.7513 4.5727 2.9091 6.4966 4.0635 8.4143 5.2141 10.351 6.376 

0.6667 0.6502 0.6232 2.5760 1.8557 4.5057 3.0907 6.4296 4.3220 8.3474 5.5493 10.284 6.789 

0.7083 0.5126 0.6464 2.4384 1.9560 4.3681 3.2682 6.2920 4.5764 8.2103 5.8805 10.147 7.197 

0.7190 0.3859 0.6510 2.3117 1.9804 4.2414 3.3124 6.1653 4.6404 8.0828 5.9642 10.019 7.301 
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TABLE 4 STORAGE VOLUME FOR PIPE-R424 CUBED SYSTEM FOR DIFFERENT STAGE HEIGHTS 

Stage Height  
ft. (m) 

Width 
ft. (m) 

Storage Volume 
ft3 (m3) 

0 (0) 3.0833 (0.940) 0 (0) 

0.0104 (0.003) 3.2083 (0.978) 0.1101 (0.0031) 

0.0833 (0.025) 3.4007 (1.037) 0.9197 (0.0260) 

0.1667 (0.051) 3.4652 (1.056) 1.8809 (0.0533) 

0.2500 (0.076) 3.4688 (1.057) 2.8517 (0.0808) 

0.3333 (0.102) 3.4688 (1.057) 3.8229 (0.1083) 

0.4167 (0.127) 3.4688 (1.057) 4.7942 (0.1358) 

0.5000 (0.152) 3.4688 (1.057) 5.7654 (0.1633) 

0.5833 (0.178) 3.4688 (1.057) 6.7367 (0.1908) 

0.6667 (0.203) 3.4688 (1.057) 7.7079 (0.2183) 

0.7500 (0.229) 3.4688 (1.057) 8.6792 (0.2458) 

0.8333 (0.254) 3.4688 (1.057) 9.6504 (0.2733) 

0.9167 (0.279) 3.4688 (1.057) 10.6217 (0.3008) 

1.0000 (0.305) 3.4688 (1.057) 11.5929 (0.3283) 

1.0833 (0.330) 3.4688 (1.057) 12.5642 (0.3558) 

1.1667 (0.356) 3.4688 (1.057) 13.5354 (0.3833) 

1.2500 (0.381) 3.4688 (1.057) 14.5067 (0.4108) 

1.3333 (0.406) 3.4688 (1.057) 15.4779 (0.4383) 

1.4167 (0.432) 3.4688 (1.057) 16.4492 (0.4658) 

1.5000 (0.457) 3.4688 (1.057) 17.4204 (0.4933) 

1.5833 (0.483) 3.4688 (1.057) 18.3917 (0.5208) 

1.6667 (0.508) 3.4688 (1.057) 19.3629 (0.5483) 

1.7500 (0.533) 3.4688 (1.057) 20.3342 (0.5758) 

1.8333 (0.559) 3.4688 (1.057) 21.3054 (0.6033) 

1.9167 (0.584) 3.4688 (1.057) 22.2767 (0.6308) 

2.0000 (0.610) 3.4688 (1.057) 23.2479 (0.6583) 

2.0833 (0.635) 3.4688 (1.057) 24.2192 (0.6858) 

2.1667 (0.660) 3.4688 (1.057) 25.1904 (0.7133) 

2.2500 (0.686) 3.4688 (1.057) 26.1617 (0.7408) 

2.3333 (0.711) 3.4688 (1.057) 27.1329 (0.7683) 

2.4167 (0.737) 3.4688 (1.057) 28.1042 (0.7958) 

2.5000 (0.762) 3.4688 (1.057) 29.0754 (0.8233) 

2.5833 (0.787) 3.4688 (1.057) 30.0467 (0.8508) 

2.6667 (0.813) 3.4688 (1.057) 31.0179 (0.8783) 

2.7500 (0.838) 3.4688 (1.057) 31.9892 (0.9058) 

2.8333 (0.864) 3.4688 (1.057) 32.9604 (0.9333) 

2.9167 (0.889) 3.4688 (1.057) 33.9317 (0.9608) 

3.0000 (0.914) 3.4688 (1.057) 34.9029 (0.9883) 

3.0833 (0.940) 3.4688 (1.057) 35.8742 (1.0158) 

3.1667 (0.965) 3.4688 (1.057) 36.8454 (1.0433) 

3.2500 (0.991) 3.4688 (1.057) 37.8167 (1.0708) 

3.3333 (1.061) 3.4688 (1.057) 38.7879 (1.0984) 

3.4167 (1.041) 3.4652 (1.056) 39.7587 (1.1258) 

3.5000 (1.067) 3.4007 (1.037) 40.7199 (1.1531) 

3.5833 (1.092) 3.2083 (0.978) 41.6452 (1.1793) 

3.5938 (1.095) 3.0833 (0.940) 41.7553 (1.1824) 
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TABLE 5 STORAGE VOLUME FOR PIPE-R90 CUBED SYSTEM FOR DIFFERENT STAGE HEIGHTS 

Stage Height  
ft. (m) 

Width 
ft. (m) 

Storage Volume 
ft3 (m3) 

0 (0) 3.0833 (0.940) 0 (0) 

0.0104 (0.003) 3.2083 (0.978) 0.2304 (0.0065) 

0.0833 (0.025) 3.4007 (1.037) 1.9243 (0.0545) 

0.1667 (0.051) 3.4652 (1.056) 3.9354 (0.1114) 

0.2500 (0.076) 3.4688 (1.057) 5.9665 (0.1690) 

0.3333 (0.102) 3.4688 (1.057) 7.9986 (0.2265) 

0.4167 (0.127) 3.4688 (1.057) 10.0307 (0.2840) 

0.5000 (0.152) 3.4688 (1.057) 12.0628 (0.3416) 

0.5833 (0.178) 3.4688 (1.057) 14.0949 (0.3991) 

0.6667 (0.203) 3.4688 (1.057) 16.1270 (0.4567) 

0.7500 (0.229) 3.4688 (1.057) 18.1591 (0.5142) 

0.8333 (0.254) 3.4688 (1.057) 20.1912 (0.5718) 

0.9167 (0.279) 3.4688 (1.057) 22.2233 (0.6293) 

1.0000 (0.305) 3.4688 (1.057) 24.2555 (0.6868) 

1.0833 (0.330) 3.4688 (1.057) 26.2876 (0.7444) 

1.1667 (0.356) 3.4688 (1.057) 28.3197 (0.8019) 

1.2500 (0.381) 3.4688 (1.057) 30.3518 (0.8595) 

1.3333 (0.406) 3.4688 (1.057) 32.3839 (0.9170) 

1.4167 (0.432) 3.4688 (1.057) 34.4160 (0.9746) 

1.5000 (0.457) 3.4688 (1.057) 36.4481 (1.0321) 

1.5833 (0.483) 3.4688 (1.057) 38.4802 (1.0896) 

1.6667 (0.508) 3.4688 (1.057) 40.5123 (1.1472) 

1.7500 (0.533) 3.4688 (1.057) 42.5444 (1.2047) 

1.8333 (0.559) 3.4688 (1.057) 44.5765 (1.2623) 

1.9167 (0.584) 3.4688 (1.057) 46.6087 (1.3198) 

2.0000 (0.610) 3.4688 (1.057) 48.6408 (1.3774) 

2.0833 (0.635) 3.4688 (1.057) 50.6729 (1.4349) 

2.1667 (0.660) 3.4688 (1.057) 52.7050 (1.4924) 

2.2500 (0.686) 3.4688 (1.057) 54.7371 (1.5500) 

2.3333 (0.711) 3.4688 (1.057) 56.7692 (1.6075) 

2.4167 (0.737) 3.4688 (1.057) 58.8013 (1.6651) 

2.5000 (0.762) 3.4688 (1.057) 60.8334 (1.7226) 

2.5833 (0.787) 3.4688 (1.057) 62.8655 (1.7802) 

2.6667 (0.813) 3.4688 (1.057) 64.8976 (1.8377) 

2.7500 (0.838) 3.4688 (1.057) 66.9297 (1.8952) 

2.8333 (0.864) 3.4688 (1.057) 68.9619 (1.9528) 

2.9167 (0.889) 3.4688 (1.057) 70.9940 (2.0103) 

3.0000 (0.914) 3.4688 (1.057) 73.0261 (2.0679) 

3.0833 (0.940) 3.4688 (1.057) 75.0582 (2.1254) 

3.1667 (0.965) 3.4688 (1.057) 77.0903 (2.1830) 

3.2500 (0.991) 3.4688 (1.057) 79.1224 (2.2405) 

3.3333 (1.061) 3.4688 (1.057) 81.1545 (2.2980) 

3.4167 (1.041) 3.4652 (1.056) 83.1856 (2.3556) 

3.5000 (1.067) 3.4007 (1.037) 85.1967 (2.4125) 

3.5833 (1.092) 3.2083 (0.978) 87.1326 (2.4673) 

3.5938 (1.095) 3.0833 (0.940) 87.3630 (2.4738) 
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TABLE 6 STORAGE VOLUME FOR PIPE-R1890 CUBED SYSTEM FOR DIFFERENT STAGE HEIGHTS 

Stage Height  
ft. (m) 

Width 
ft. (m) 

Storage Volume 
ft3 (m3) 

0 (0) 6.9375 (2.115) 0 (0) 

0.0104 (0.003) 7.0625 (2.153) 0.5133 (0.0145) 

0.0833 (0.025) 7.2548 (2.211) 4.1881 (0.1186) 

0.1667 (0.051) 7.3194 (2.231) 8.4632 (0.2397) 

0.2500 (0.076) 7.3229 (2.232) 12.7583 (0.3613) 

0.3333 (0.102) 7.3229 (2.232) 17.0544 (0.4829) 

0.4167 (0.127) 7.3229 (2.232) 21.3505 (0.6046) 

0.5000 (0.152) 7.3229 (2.232) 25.6466 (0.7262) 

0.5833 (0.178) 7.3229 (2.232) 29.9427 (0.8479) 

0.6667 (0.203) 7.3229 (2.232) 34.2388 (0.9695) 

0.7500 (0.229) 7.3229 (2.232) 38.5350 (1.0912) 

0.8333 (0.254) 7.3229 (2.232) 42.8311 (1.2128) 

0.9167 (0.279) 7.3229 (2.232) 47.1272 (1.3345) 

1.0000 (0.305) 7.3229 (2.232) 51.4233 (1.4561) 

1.0833 (0.330) 7.3229 (2.232) 55.7194 (1.5778) 

1.1667 (0.356) 7.3229 (2.232) 60.0155 (1.6995) 

1.2500 (0.381) 7.3229 (2.232) 64.3116 (1.8211) 

1.3333 (0.406) 7.3229 (2.232) 68.6077 (1.9428) 

1.4167 (0.432) 7.3229 (2.232) 72.9038 (2.0644) 

1.5000 (0.457) 7.3229 (2.232) 77.2000 (2.1861) 

1.5833 (0.483) 7.3229 (2.232) 81.4961 (2.3077) 

1.6667 (0.508) 7.3229 (2.232) 85.7922 (2.4294) 

1.7500 (0.533) 7.3229 (2.232) 90.0883 (2.5510) 

1.8333 (0.559) 7.3229 (2.232) 94.3844 (2.6727) 

1.9167 (0.584) 7.3229 (2.232) 98.6805 (2.7943) 

2.0000 (0.610) 7.3229 (2.232) 102.9766 (2.9160) 

2.0833 (0.635) 7.3229 (2.232) 107.2727 (3.0376) 

2.1667 (0.660) 7.3229 (2.232) 111.5688 (3.1593) 

2.2500 (0.686) 7.3229 (2.232) 115.8650 (3.2809) 

2.3333 (0.711) 7.3229 (2.232) 120.1611 (3.4026) 

2.4167 (0.737) 7.3229 (2.232) 124.4572 (3.5242) 

2.5000 (0.762) 7.3229 (2.232) 128.7533 (3.6459) 

2.5833 (0.787) 7.3229 (2.232) 133.0494 (3.7675) 

2.6667 (0.813) 7.3229 (2.232) 137.3455 (3.8892) 

2.7500 (0.838) 7.3229 (2.232) 141.6416 (4.0108) 

2.8333 (0.864) 7.3229 (2.232) 145.9377 (4.1325) 

2.9167 (0.889) 7.3229 (2.232) 150.2338 (4.2541) 

3.0000 (0.914) 7.3229 (2.232) 154.5300 (4.3758) 

3.0833 (0.940) 7.3229 (2.232) 158.8261 (4.4975) 

3.1667 (0.965) 7.3229 (2.232) 163.1222 (4.6191) 

3.2500 (0.991) 7.3229 (2.232) 167.4183 (4.7408) 

3.3333 (1.061) 7.3229 (2.232) 171.7144 (4.8624) 

3.4167 (1.041) 7.3194 (2.231) 176.0095 (4.9840) 

3.5000 (1.067) 7.2548 (2.211) 180.2846 (5.1051) 

3.5833 (1.092) 7.0625 (2.153) 184.4843 (5.2240) 

3.5938 (1.095) 6.9375 (2.115) 184.9977 (5.2386) 
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System Configuration 

 PIPE-R™ reservoir system allows for the adjustment of the cube size to fit adequately into 
site conditions and/or regulatory requirements.  

 See Table 7 and Table 8 for products dimensions. The notations W1 and W2 are the top 
and bottom widths of the trapezoidal reservoir system, respectively. 

TABLE 7 PIPE-R™ RESERVOIR SYSTEM GEOMETRIC AND HYDRAULIC PROPERTIES FOR BPU MODELS 

Reservoir 

System  
Models 

Size  

L × W1 × W2 × H 
(mm) 

Cross-

Sectional 
Area 

Weight of 

Reservoir  
(empty) 

Weight of 

Reservoir 
 (full) 

Reservoir 

Storage  
Capacity 

Maximum 

Pressure 

on 
Subgrade 

BPU-

0001 

12″ × 9.3″ × 13.9″ × 8.63″ 

(305 × 235 × 352 × 219) 

98.2 in2  

(0.06 m2) 

1.7 lb.  

(0.77 kg) 

40.6 lb.  

(18.42 kg) 

0.7 ft3 

 (0.02 m3) 

0.26 psi  

(1.8 kPa) 

BPU-
0003 

12″ × 32.4″ × 37″ × 8.63″ 
(305 × 934 × 939 × 219) 

297.6 in2  
(0.19 m2) 

5.0 lb.  
(2.25 kg) 

129.3 lb.  
(58.65 kg) 

2.0 ft3  
(0.06 m3) 

0.29 psi  
(2.0 kPa) 

BPU-

0005 

12″ × 55.5″ × 60″ × 8.63″  

(305 × 1410 × 1524 × 219) 

497.4 in2  

(0.32 m2) 

8.3 lb.  

(3.74 kg) 

215.7 lb.  

(97.84 kg) 

3.3 ft3  

(0.09 m3) 

0.30 psi  

(2.1 kPa) 

BPU-

0007 

12″ × 78.6″ × 83.3″ × 
8.63″  

(305 × 1997 × 2116 × 219) 

696.6 in2  

(0.45 m2) 

11.6 lb.  

(5.24 kg) 

301.9 lb.  

(136.94 kg) 

4.6 ft3  

(0.13 m3) 

0.30 psi  

(2.1 kPa) 

BPU-

0009 

12″ × 102″ × 106.2″ × 
8.63″  

(305 × 2585 × 2698 × 219) 

895.1 in2  

(0.58 m2) 

14.9 lb.  

(6.74 kg) 

387.8 lb.  

(175.90 kg) 

6.0 ft3  

(0.17 m3) 

0.30 psi  

(2.1 kPa) 

BPU-

0011 

12″ × 125″ × 129.5″ × 
8.63″  

(305 × 3171 × 3288 × 219) 

1095.0 in2  

(0.71 m2) 

18.2 lb.  

(8.23 kg) 

474.6 lb.  

(215.27 kg) 

7.3 ft3  

(0.21 m3) 

0.31 psi  

(2.1 kPa) 

 

TABLE 8 PIPE-R™ RESERVOIR SYSTEM GEOMETRIC AND HYDRAULIC PROPERTIES FOR CUBE MODELS 

Reservoir 

System  
Models 

Size  
L × W × H 

Cross-

Sectional 
Area 

Weight 

of 

Reservoir  
(empty) 

Weight of 

Reservoir 
 (full) 

Reservoir 

Storage  
Capacity 

Maximum 

Pressure 

on 
Subgrade 

PIPE-R90 

88″ × 42″ × 44″  

(2233 × 1057 × 1120 
mm) 

3657.8 in2  

(2.36 m2) 

208 lb.  

(94.3 kg) 

5,666 lb.  

(2,570 kg) 

87.4 ft3  

(2.48 m3) 

1.55 psi  

(10.8 kPa) 

PIPE-R424 

42″ × 42″ × 44″  

(1057 × 1057 × 1120 
mm) 

1732.6 in2  

(1.12 m2) 

98.2 lb.  

(44.5 kg) 

2,707 lb.  

(1,228 kg) 

42.0 ft3  

(1.18 m3) 

1.55 psi  

(10.8 kPa) 

PIPE-R1890 
88″ × 88″ × 44″  

(2233 × 2233 × 1120 

mm) 

7722.0 in2  

(4.98 m2) 

448 lb.  

(203 kg) 

12,013 lb.  

(5,457 kg) 

185.0 ft3  

(5.24 m3) 

1.56 psi  

(10.8 kPa) 

PIPE-R11W 
12″ × 129.5″ × 44″  

(305 × 3289 × 1120 mm) 

1554 in2  

(1.00 m2) 

89 lb.  

(132.6 kg) 

2,415 lb.  

(3,594 kg) 

37.2 ft3  

(5.24 m3) 

1.56 psi  

(10.8 kPa) 

PIPE-R15W 
12″ × 175.75″ × 44″  

(305 × 4464 × 1120 mm) 

2053.5 in2  

(1.32 m2) 

122 lb.  

(181.7 kg) 

3,278 lb.  

(4,878 kg) 

49.2 ft3  

(5.24 m3) 

1.56 psi  

(10.8 kPa) 
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 The design of PIPE-R™ reservoir system is impacted by the site constraints and design 
criteria. 

 Site constrains may include the availability of space (surface area) for stormwater 
management and the depth of the seasonal high groundwater table; annual runoff 
volume; site grade and drainage; existing stormwater infrastructures; soil types; seasonal 
high groundwater table (SHGWT); and locations of superstructures. 

 PIPE-R™ reservoir system can be installed in shallow or deep, wide or narrow, on a level 
grade elevation or stepped grade elevations, and in rows of two or more spaced apart. 

 In PIPE-R™ reservoir system design, a collection of BPUs or cubes to create a single unit 
of reservoir system is referred to as “chamber” with defined maximum width and length 
based on usage. 

 The expected traffic loading (load bearing - vehicular traffic or non-load bearing) on the 
reservoir system determines the maximum width and length, and minimum spacing 
between chambers. 

 For load bearing reservoir systems, a chamber maximum length and width are 100 feet 
(30.5 m) and 11 feet (3.4 m), respectively, and a maximum depth of 61 inches (1534 
mm), as shown in Figure 1. 

 For non-load bearing reservoir systems, a chamber maximum length and width are 100 
feet (30.5 m) and 15 feet (4.6 m), respectively, and a maximum depth of 87 inches (2191 
mm), as shown in Figure 2. 

 Spacing between rows of chambers are minimum 3.0 feet (914 mm) for load bearing 
systems (Figure 3) and 2.0 feet (610 mm) for non-load bearing systems (Figure 4). 

 For all PIPE-R™ reservoir system having more than a layer of BPU, the length and width 
must be equal and each layer arranged in alternate direction for the stability of the 
structure.  
 Typical arrangements for the installation of PIPE-R™ reservoir system are shown in 
Figure 5 and Figure 6. 
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FIGURE 1 TYPICAL LAYOUT FOR TWO-COLUMN AND FOUR-ROW OF A LOAD BEARING PIPE-R™ RESERVOIR SYSTEM 

  

  

100 x 11 feet (30.5 x 3.4 m) chamber Minimum spacing of 3 feet (914 mm)
Detail A
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FIGURE 2 TYPICAL LAYOUT FOR TWO-COLUMN AND FOUR-ROW OF A NON-LOAD BEARING PIPE-R™ RESERVOIR SYSTEM 

 

 

100 x 15 feet (30.5 x 4.6 m) chamber Minimum spacing of 2 feet (610 mm)Detail B
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FIGURE 3 DETAIL-A OF A LOAD BEARING PIPE-R™ RESERVOIR SYSTEM 

 

 

FIGURE 4 DETAIL-B OF A NON-LOAD BEARING PIPE-R™ RESERVOIR SYSTEM 
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FIGURE 5 PIPE-R™ INSTALLATION CONFIGURATION FOR A PARKING STALL AT 60° PARKING ARRANGEMENT (NTS) 

 

Traffic directions

Parking directions Embedment fill

Parking layout
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FIGURE 6 PIPE-R™ INSTALLATION CONFIGURATION FOR A PARKING STALL AT 90° PARKING ARRANGEMENT (NTS) 

 

 

Traffic directions Parking layout

Embedment fillParking directions
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Appendix 

PIPE-R™ Reservoir System in HydroCAD® Stormwater Modeling 
System 

HydroCAD is a computer aided design system that can be used to model a PIPE-R™ reservoir 
system as retention and detention system. HydroCAD 10.00-Built 20 has the PIPE-R™ reservoir 
system for all configurations and stacks incorporated. Though HydroCAD® is for modeling the 
hydrology and hydraulics of stormwater runoff in general, this guide only presents how to 
model PIPE-R™ reservoir system as a pond. For all other modeling capabilities of the 
HydroCAD® modeling system, which may include inflow and outflow, hydrographs and other 
routing details contact the developers of the model or get help from the website 

www.hydrocad.net. 

This guide provides only specifics of the storage calculations of PIPE-R™ reservoir system using 
the Chamber Wizard or Prismatoid options in HydroCAD® system. Brief descriptions and the 
required steps in modeling PIPE-R reservoir system with either options are presented 
subsequent sections. 

Chamber Wizard 

This option provides a simply modeling approach to underground storage calculations of PIPE-
R™ reservoir system. After the selection of the PIPE-R™ reservoir chamber type, the Chamber 
Wizard automatically applies the recommended chamber spacing, sizes, separation and 
perimeter widths, cover and base depths, and all other manufacturer’s specifications. These 
specifications can also be user defined to fit the design. The Chamber Wizard has the capability 
to calculate approximate cost of the designed system and automatically store in the project, if 
prices are entered. The steps to follow in modeling the storage calculations for chamber wizard 
option are presented below. 

1. Open an existing project or create new project and save the project in the appropriate 
folder on your computer 

2. Create a pond by dragging the blue triangle pond icon on the left pane into the 
workspace on the right. 

3. Double-click on the pond triangle or right-click and select the “Edit” submenu to open 
the “Edit Pond” dialog box. 

4. In the “General” tab: 
a. Give a name to describe the pond in the “Node Name” box. 
b. On the “Pond Type” check the “Detention Pond (or other storage area)” 

5. Select the “Storage” tab: 
a. Uncheck the “Use Large units” box if you are using smaller units or leave it 

checked if using larger units (default). 
b. Double-click anywhere in the blue colored highlighted area to open the “Select 

New Storage Type” dialog box. 
c. In the “Wizards” selections, double-click on the “Chamber Wizard” selection or 

click “OK” to open the “Chamber Wizard Field” dialog box. 

http://www.hydrocad.net/


 

16 

 

d. In the “Model” dropdown menu click on “ECS” and select the desired PIPE-R™ 
reservoir chamber type (Pipe-R 11W, Pipe-R 15W, Pipe-R 1890, Pipe-R 424, or 
Pipe-R 90). 

e. Uncheck the “Use typical spacing”, recommended, to input design specific 
spacing, stone depths, etc.; and enter user defined measurements in the 
following cells for “Row Spacing”, “Side Stone”, “End Stone”, “Stone Cover”, 
“Stone Base”, “Side Slope” – enter “0”, “Stone Voids” – as specified by design 
engineer or local regulatory agency, and “Stone Invert” elevation in feet. 

f. In the “Size” dropdown menu select the number of stacks desired, between 1 
and 10. The nominal height for a stack is 8.625 inches (219 mm), so the PIPE-
R™ reservoir chamber height becomes the number of stack multiplied by the 
stack height of 8.625 inches (219 mm). 

g. In the “Number of Rows” dropdown menu, enter the number of rows to fit the 
available site space and/or constraints. 

h. In the “Chambers per Row” dropdown menu, enter the number of chambers in a 
row – to fit available site space and/or constraints. Maximum allowed length for 
a chamber is 100 feet (30.5 m). 

i. For approximate install cost, enter the cost of each material and check the “Show 
Costs” see approximate pricing in the output. 

j. Click “OK” to exit dialog box, and click “OK” again in the previous dialog box. 
6. Double-click on the pond triangle or right-click and select the “Report” view the dialog 

box for output results. 
a. “Summary” tab display the outputs for the entire system showing available 

storages, storage descriptions, invert elevations, and more, if outflow routing 
was included in the model. 

b. “Wizards” tab displays the input parameters used in the pond, sizes and 
dimensions, material quantities and cost. 

c. “Hydrograph” tab will display the routing hydrograph if included in the model. 
d. “Discharge” tab displays the stage-discharge chart, if outflow conditions were 

included in the model. 
e. “Storage” tab displays the stage-area-discharge chart. 
f. “Sizing” tab displays approximate storage volume and desired peak flow as guide 

to establishing initial parameters for actual pond routing. 
7. For inflow and outflow routing to the PIPE-R™ reservoir system follow basic HydroCAD 

steps as applicable to ponds. 

Prismatoid 

Per the HydroCAD® Help file, this modeling option “is used to describe storage volume of a 
prismatoid with rectangular bottom and four equally sloped sides”, which includes the PIPE-R™ 
reservoir system with vertical sides. It allows for a storage vault such as PIPE-R™ reservoir 
system to be embedded within an envelope volume with different voids assigned to each 
volume. It, thus, requires that the length, width and height dimensions of the enveloping 
volume be known prior to modeling the PIPE-R™ reservoir system. The modelling option is 
manual, unlike the chamber wizard, for better accuracy. The steps to follow in modeling the 
storage calculations for prismatoid option are presented below. 
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1. Open an existing project or create new project and save the project in the appropriate 
folder on your computer 

2. Create a pond by drag the blue triangle pond icon on the left pane into the workspace 
on the right. 

3. Double-click on the pond triangle or right-click and select the “Edit” submenu to open 
the “Edit Pond” dialog box. 

4. In the “General” tab: 
a. Give a name to describe the pond in the “Node Name” cell. 
b. On the “Pond Type” check the “Detention Pond (or other storage area)” 

5. Select the “Storage” tab: 
a. Uncheck the “Use Large units” cell if you are using smaller units or leave it 

checked if using larger units (default). 
b. Double-click anywhere in the blue colored highlighted area to open the “Select 

New Storage Type” dialog box. 
c. In the “Basic Options” selections, double-click on the “Prismatoid” selection or 

click “OK” to open the “Prismatoid Storage” dialog box. The “Description Box 
should the Prismatoid selected. 

d. Enter the “Invert Elevation”, “Bottom Width”, “Bottom Length”, “Height”, and 
“Side-Z” (always equal to zero for PIPE-R™ reservoir system) for the envelope 
volume. 

e. Enter the following parameters for the remaining cells: 
i. Nothing for “Embed Inside” because that is the aggregate envelope. 
ii. 1.00 for “Storage Multiplier” 
iii. Percent voids – actual value, say 40 or some other value for “Voids”. 

Value should be the design voids for the aggregate. 
iv. Wall thickness is inactive for this dialog box. 

f. Click “OK” to exit the dialog box. 
g. Double-click on the next row below the Prismatoid selection on the “Edit Pond” 

dialog box to open the next dialog box – “Select New Storage Type” dialog box. 
h. In the “Basic Options” selections, double-click on the “Prefab Chamber” selection 

or click “OK” to open the “Prefab Chamber Storage” dialog box. 
i. In the “Model” dropdown menu click on “ECS” and select the desired PIPE-R™ 

reservoir chamber type (Pipe-R 11W, Pipe-R 15W, Pipe-R 1890, Pipe-R 424, or 
Pipe-R 90). 

j. In the “Size” dropdown menu select the number of stacks desired, between 1 
and 10. The nominal height for a stack is 8.625 inches (219 mm), so the PIPE-
R™ reservoir chamber height becomes the number of stack multiplied by the 
stack height of 8.625 inches (219 mm). 

k. In the “Description” cell you make changes or leave the default description. 
l. In the “Embed Inside” cell, select “Volume 1” or any other predefined Volume 

based on the entering in the prismatoid selection. 
m. Enter the design values for the remaining cells: 

i. “Invert Elevation” of the PIPE-R™ reservoir chamber from the plan. 
ii. “Effective Length” of the PIPE-R™ reservoir chamber type, using the 

default value is recommended. 
iii. “Row Adjustment” inactive cell 
iv. “Interior Voids” cell enter 100 
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v. “Storage Multiplier” enter the number of chambers for the selected type 
in section “5-i” above. 

vi. “Number of Rows” The number chamber must be a multiple of the 
number rows to equal the storage multiplier. 

vii. Click “OK” to exit the dialog box, and click “OK” again in the previous 
dialog box 

6. Double-click on the pond triangle or right-click and select the “Report” view the dialog 
box for output results. 

a. “Summary” tab display the outputs for the entire system showing available 
storages, storage descriptions, invert elevations, and more, if outflow routing 
was included in the model. 

b. “Hydrograph” tab will display the routing hydrograph if included in the model. 
c. “Discharge” tab displays the stage-discharge chart, if outflow conditions were 

included in the model. 
d. “Storage” tab displays the stage-area-discharge chart. 
e. “Sizing” tab displays approximate storage volume and desired peak flow as guide 

to establishing initial parameters for actual pond routing. 
7. For inflow and outflow routing to the PIPE-R™ reservoir system follow basic HydroCAD 

steps as applicable to ponds. 


