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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™ to preserve valuable land and water resources. The PIPE-R™ Reservoir 

System information guide is only a tool to provide general information on the hydraulic and 

structural capabilities of the PIPE-R™ system used as a subsurface drainage and storage 

reservoir. The information guide 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™ system in 

accordance to local regulations. 

The use of the subsurface drainage and storage structure should be based on the relevant 

regulatory agency. The information guide is based on general principles, formulations, and 

assumptions by AASHTO design specifications for subsurface drainage systems using flexible 

pipes. In addition, the writing of the information guide is dependent on the results from 

laboratory and field-testing performed by the Stormwater Management Academy at the 

University of Central Florida. Environmental Conservation Solutions, LLC. does not (1) bear any 

liability in the misapplication of the information and the accuracy of designs based on the 

information guide; and (2) provide warranties of any kind nor guaranty the suitability of the 

PIPE-R™ reservoir system in all stormwater storage applications. 
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Introduction 

The growing needs and demands for fresh water supplies are increasing as its availability is 

decreasing. Thus, there are proposals and existing technology alternatives to preserve and 

reuse the precious resource (fresh water). One example is the use of stormwater runoff. The 

technologies are geared towards the capture, storage, treatment, and harvesting of stormwater 

runoff. Stormwater runoff storage and harvesting is necessary to fulfill human needs, energy 

production, manufacturing, agricultural applications, and recreational uses. There are different 

technologies in the market that claim to provide storage and harvesting of stormwater using 

plastic pipes as underground systems in the United States. The plastic pipe market has grown 

since inception in the 1970’s, and has continued to grow with engineered improvement to the 

compound formulations, manufacturing processes, and applications of plastic pipes. 

PIPE-R™ System for Stormwater Management 

The engineering practices for stormwater management recognizes and accepts the design of 

plastic pipes for use as either loading bearing or non-loading bearing subsurface drainage 

structure, with a recommended minimum design life of 50 years prior to initial maintenance. 

The advantages of the plastic pipes are: lightweight, inherent corrosion resistance and ease of 

construction. Environmental Conservation Solutions, LLC. (ECS) developed the PIPE-R™ 

reservoir system as a subsurface pipe reservoir uniquely designed for the stormwater 

management professional. PIPE-R™ system provides virtually unlimited flexibility of design for 

different storage capacities and varying site conditions. It offers an easy and economic 

installation using specially developed bundled-pipe units (BPU) and a pervious/impervious liner. 

The design and installation of the PIPE-R™ system provides the flexibility of the system to fit in 

varying heights, widths, and lengths, depending on the constraints of any construction site. In 

addition, it is a subsurface drainage facility that enhances the replenishment of the surficial 

aquifer by exfiltration, controls discharge of captured stormwater and reduces the need for the 

use of scare resource – land development – for surface stormwater management facilities. 

The pipes used to create the PIPE-R™ reservoir systems are manufactured using recycled 

materials, and produced through earth-friendly green practices. A PIPE-RTM reservoir system 

consist of five four-inch diameter corrugated pipes, made from high-density polyethylene 

(HDPE), and bound together as a module (or BPU) as shown in Figure 1.  
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FIGURE 1 PIPE-R™ RESERVOIR SYSTEM BPU 

 

Each module or unit is a bundle of two-over-three corrugated polyethylene (HDPE) pipes. Two 

or more modules can be arranged into a rectangular- or trapezoidal-shaped format and 

wrapped in specially made geotextile fabric that acts as a separator from the surrounding soils. 

There are several combinations of BPUs wrapped in geotextile liner to suit varying storage 

capacities and site conditions. The configuration of the BPUs can be stacked in vertical and 

horizontal orientations to form a rectangular shaped unit composed of alternating layer 

alignments. Figure 2 shows the arrangement of two or more BPUs to create the PIPE-R™ 

reservoir system. 

 

(a)

(b)



 

3 

 

  
FIGURE 2 TYPICAL ARRANGEMENT OF A PIPE-R™ RESERVOIR SYSTEM FOR UNDERGROUND STORAGE 

 

Uses of PIPE-R™ System 

The applications for the PIPE-RTM reservoir system include stormwater storage for residential 

and commercial parking lots; highway drainage; and subsurface irrigation and drainage, reuse 

water, and reclaimed water for agricultural uses. The system installations are adjustable to 

accommodate for varying site conditions and usage. The PIPE-R™ system has the advantage to 

convert normally dormant and often expensive stormwater management and treatment 

practices into subsurface drainage, storage, and treatment. None of the existing technologies 

provide the options, opportunities, and solutions that the PIPE-R™ reservoir system does. It 

provides a unique way to effectively reduce the cost for storage and harvesting, and meets the 

load bearing demands for traffic loads during its design life span. Figure 3 shows a typical 

example for the application of PIPE-R™ reservoir system underneath a parking lot that is 

connected to the sprinkler system for irrigation, and reuse water for toilet flushing in a building. 



 

4 

 

 
FIGURE 3 ILLUSTRATION OF THE APPLICATIONS OF A PIPE-R™ RESERVOIR SYSTEM UNDERNEATH A 

PARKING LOT 

 

Quality and Standards 

Environmental Conservation Solutions, LLC. corrugated polyethylene (PE) pipe product are 

manufactured up to the standard requirements for subsurface drainage pipes, as specified in 

the design requirements of AASHTO LRFD Bridge Design Specifications Customary U.S. Units 

(2010). The acronyms AASHTO stands for American Association of State Highway and 

Transportation Officials, and LRFD for Load and Resistance Factor Design. In conformance to 

the standard test methods and requirements, the pipe has been subjected to testing as 

specified in AASHTO M252/M294 and ASTM D2412 for corrugated polyethylene drainage pipe 

and external loading characteristics of plastic pipe by parallel-plate loading, respectively. The 

pipes and the PIPE-R™ reservoir system have been subjected to rigorous laboratory and field-

scale strength testing, and was found to support AASHTO H-20 truck loading (Florida SU3) in a 

pilot-scale test performed using an actual truck loading. 



 

5 

 

Product Information 

PIPE-R™ reservoir system is a unique system of structured void space (96%) wrapped, in either 

a permeable or impermeable liner, over the specially constructed bundled pipes to create a 

subsurface reservoir system. The reservoir system can be designed for stormwater 

management in a new development or as retrofit in an existing development. It can be 

configured to varying site conditions to accommodate the challenges of shallow water tables 

and limited available spaces. In effect, PIPE-R™ reservoir system can be configured to modify 

existing stormwater retention/detention facilities for runoff storage, exfiltration, treatment, and 

harvesting purposes. The applications include recycling of contaminated water, augmenting 

water supplies and making available land for other development projects. 

Product Application 

PIPE-R™ is a subsurface stormwater reservoir system designed for stormwater 

retention/detention, stormwater storage and harvesting, subsurface irrigation and drainage, and 

reclaimed water for agricultural purposes. The design of PIPE-R™ system is geared towards 

stormwater runoff storage, reuse, controlled- and slow-release, and/or exfiltration into 

underlying soils to replenish the surficial aquifer. The system can be installed for use in 

commercial, residential, industrial, and highway drainage applications underneath grassed 

lawns, play grounds, parking lots, and drive-through pavement (pervious and impervious) 

surfaces. The design flexibility of PIPE-R™ reservoir system allows for different installation 

configurations to fit varying embedment depths, groundwater levels and different trench sizes 

and shapes. It can also be used in conjunction with other stormwater best management 

practices (BMPs) to optimize stormwater management. 

Subsurface Drainage and Storage for Stormwater 

The purpose for the design of a subsurface reservoir such as PIPE-R™ reservoir system is to 

collect stormwater runoff and slowly release it at controlled rates downstream; or exfiltrate the 

stored water into the surrounding soil, and/or reuse to augment available water supply. PIPE-

R™ reservoir system is a subsurface exfiltration chamber with significant volume and void 

spaces to store and control stormwater runoff from any catchment site. It is likened to a small 

subsurface stormwater retention pond, and can enhance the storage capacity of pervious 

pavement surfaces above the system prior to recharge of the surficial aquifer. 

Product Standard Sizes and Properties 

There are two divisions of the PIPE-R™ reservoir system which are referred to as BPUs and 

Cubes. Each of the two divisions are further subdivided into variable lengths or storage 

capacities to fit the designated project site constraints. 
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HDPE Pipe Configuration and Properties 

PIPE-R™ reservoir system is a lightweight modular product of bundled annular corrugated HDPE 

pipes wrapped either in a permeable or impermeable geotextile, dependent on the site-specific 

uses. The HDPE pipes has stiffness of 58 psi (403 kPa) at 5% deflection without visible 

cracking, splitting or delamination, or wall buckling, in accordance to ASTM D2412 standard 

testing method as per the standards in AASHTO M252. 

Figure 4 presents typical cross-sectional and longitudinal views of a single 4-inch diameter 

corrugated HDPE pipe with slots and perforations at marked intervals on the pipe. The HDPE 

pipe has an outer diameter of 4.625 inches (117.5 mm), wall thickness of 0.047 inch (1.2 mm), 

specific gravity of 0.955, and weighs 0.33 lb./ft. (0.49 kg/m) with an approximate storage 

capacity of 0.087 ft3/ft. (8.07 L/m). The HDPE pipes are manufactured in two standard lengths 

of 42 inches (1067 mm) and 88 inches (2235 mm) for the use in a PIPE-R™ reservoir system. 

However, there are custom lengths to fit in any configuration and site constraints, and the BPU 

lengths can be combined to achieve required length.  

 
FIGURE 4 TYPICAL CROSS SECTIONS FOR (A) SINGLE PIPE, (B) LONGITUDINAL VIEW OF A SINGLE 4-

INCH CORRUGATED HDPE PIPE WITH SLOTS, AND (C) CORRUGATION DETAILS (NOT TO SCALE) 
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HDPE PIPE-R™ BPU Configuration 

A bundled-pipe-unit (BPU) is a combination of five HDPE corrugated pipes, arranged into two-

pipes-over-three-pipes (Figure 5), bonded together into a single unit using polyethylene tie-

strips. The polyethylene tie-strip applies horizontal pre-compression stresses (pre-stresses) in 

the bundled pipe units that increases the capability of resisting greater vertical loading with 

minimal deflection than a single pipe under service loads. As an example, the applied pre-stress 

force on a BPU, increased the unit stiffness to 61 psi (421 kPa) as against 58 psi (403 kPa) of 

the single pipe, at 5% deflection. However, when three BPUs were arranged in the horizontal 

direction, adjacent to one another as one storage unit, the unit stiffness value increased further 

to 232 psi (1600 kPa). Thus, pre-stress force from the strapping increases the overall structural 

integrity and stability of the bundled pipes. It is achieved by the creation of permanent stresses 

in the BPU to improve the load resistance capability under service conditions.  

 
FIGURE 5 FIVE-PIPE BUNDLE (BPU) WHERE (A) LONGITUDINAL VIEW AND (B) TRANSVERSE VIEW 

 

The BPU is designed to increase the structural performance of the pipes, by the enhancement 

of its resistance to vertical compressive loads, and increase voids for storage. Figure 5 shows 

the longitudinal and transverse sections of a BPU. The BPU is a trapezoidal-shaped subsurface 

reservoir with dimensions of 9.25 in. (235 mm) top width, 13.875 in. (352.4 mm) bottom width, 

and 8.625 in. (219 mm) height. The maximum storage capacity for a foot of BPU is 

approximately 0.65 ft3/ft. (0.018 m3/m), which is equivalent to 96% voids of the total occupied 

volume of the reservoir.  

The PIPE-R™ system BPUs are manufactured in two standard lengths of 42 in. (1067 mm) and 

88 in. (2235 mm), referred to as BPU-42 and BPU-88, respectively. Figure 6 shows the 

schematic of the two standard lengths of PIPE-R™ system. The individual units can be adapted 

to fit into different site constraints such as shallow depths, width restrictions, and the 

unavailability of space to install a standard-sized PIPE-R™ cube systems. Details of the PIPE-R™ 

cube systems will be discussed in later sections. 
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FIGURE 6 BPU SECTIONS OF TWO STANDARD LENGTHS NAMELY (A) BPU-42 AND (B) BPU-88 

 

Multiple BPU Configurations 

There are six different combinations of BPUs that can be interlocked to achieve wider spread in 

the horizontal direction. The combinations can be achieved with either product of BPU-44 and 

BPU-88. Figure 7 presents the cross sections of varying combinations of BPUs of a single layer 

with standard variations in the width of the PIPE-R™ reservoir system. The different 

combinations are currently supported in the manufacturing process. However, modifications 

needed to fit into site constraints are allowed, as specified by the manufacturer.  

The different dimensions are shown in the diagrams from Figure 7 (a) with three BPUs to (d) 

with 11 BPUs, each section different from the previous one by the addition of two interlocking 

BPUs. The heights are standard for all but if there is the need to increase the depth of the 

system, then another unit of similar width can be placed on top of the previous one aligned 90° 

to the lower layer of BPUs. The increase in height can be continued for a maximum of seven 

units for load bearing systems and 10 units for non-load bearing systems. Each addition in 

height and/or width increases the voids in the system and allows for more storage volume, if 

needed. The common limiting factors in designing and installing are: seasonal high groundwater 

table, required storage, cover depth, and available spacing at the desired site. 

 

 

(a) (b)
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FIGURE 7 WIDTHS OF STANDARD BPUS SUPPORTED BY ECS (A) BPU-0003, (B) BPU-0005, (C) BPU-0007, (D) BPU-0009, AND (E) BPU-

0011 
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Standard Cubes 

On the other hand, PIPE-R™ reservoir system is readily available in three standard cube 

formats. The three standard cube sizes are (shown in Figure 8): 

 PIPE-R1890. – 88” x 88” x 44” (2235 x 2235 x 1118 mm);  

 PIPE-R424 – 42” x 42” x 44” (1067 x 1067 x 1118 mm), and  

 PIPE-R90 – 88” x 42” x 44” (2235 x 1067 x 1118 mm), (Figure 9.) 

The cubes can be placed side-by-side in a trench to fit the design storage volume and site 

constraints as shown in Figure 10. The maximum row width of the PIPE-R™ reservoir system 

allowed for installation in a load bearing systems is 11 feet (3.35 m), which equates to the 

combination of one PIPE-R1890 and PIPE-R90 laid side-by-side, termed as PIPE-R11W (Figure 

11); and 15 feet (4.57m) that is two PIPE-R1890 for non-load bearing systems, termed as PIPE-

R15W (Figure 12). If the site conditions require wider sections to achieve the design storage 

volume, then more rows of the chamber can be placed adjacent to each other and separated by 

a minimum of 3 feet (914 mm) or 2 feet (610 mm) embedment materials for load (paved with 

vehicular traffic) or non-load (unpaved and no vehicular traffic) bearing systems, respectively. 

However, if the site footprint is smaller than the standard sizes, ECS recommends the use of 

BPUs, shown in Figure 7. The size selection for the PIPE-R™ reservoir system is dependent on 

the site restrictions and the purpose for the stormwater detention (storage and/or reuse). 

 

(a) 
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(b) 

FIGURE 8 THE THREE STANDARD CUBE SIZES – PIPE-R1890, PIPE-R424, AND PIPE-R90 
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FIGURE 9 CUBED SECTIONS OF THE PIPE-R™ SYSTEM (A) PIPE-R1890 AND (B) PIPE-R424 

(a) (b)
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FIGURE 10 TYPICAL PIPE-R CHAMBER CONFIGURATION (PIPE-R11W) 
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FIGURE 11 PIPE-R11W 

 

 

FIGURE 12 PIPE-R15W 
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PIPE-R™ System Reservoir 

PIPE-R™ reservoir system is designed to meet the requirements of the industry standard for 

structural integrity and provides economic alternative to subsurface storage and drainage. The 

system can be used underneath a load bearing and non-load bearing surface layer to collate 

stormwater runoff from rooftops, parking lots and all other impervious surfaces. PIPE-R™ 

reservoir system maximizes land-use and makes land that is being used for stormwater 

retention or detention ponds available for other developments, such as parking lots, 

playgrounds, walkways, etc. 

Storage Volumes 

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

stones around the system. Shown are the storage capacities for the different PIPE-R™ reservoir 

systems, currently manufactured. Table 1 presents the estimates of the storage capacities for 

the listed BPU configurations in a PIPE-R™ reservoir system, excluding backfill stone (not 

required) porosity. The estimated storage capacities were based on each configuration per 

linear length of BPU.  

TABLE 1 AVAILABLE STORAGE CAPACITY PER BPU CONFIGURATION PER LINEAR LENGTH 

BPU 

Configurations 
(height/spread) 

Dimensions 
PIPE-R™ 

Storage 
Capacity  

ft3/ft. (m3/m) 

Width, inches (mm) Length, 
inches 

(mm) 

Height, 

inches (mm) 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 estimates of the storage volumes for the three cubed-format configurations of 

the PIPE-R™ reservoir system, excluding backfill stone porosity at the excavation side walls, 

unless required by the engineer. 
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TABLE 2 STORAGE CAPACITY OF PIPE-R™ SYSTEM IN CUBE FORMAT 

PIPE-R™ 
System 

(Cube) 

Dimensions, inches (mm) Storage 
Capacity  

ft3 (m3) Width Length 

5-BPU Layer 

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) 

 

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 a standard 

cube height of 5-BPU layers – 43.125 inches (1095.375 mm). 

Table 3 presents values for the width and the corresponding stage heights for a linear foot of 

the different combinations of BPUs. The values are for one-foot length of different BPU 

configurations (Figure 5 and Figure 7). The nomenclature of BPU-0000 represents the specific 

length and the number of BPUs. Thus, the first two figures of “00” after the BPU provides the 

identifications for the cross section of the BPU – should be replaced with the appropriate 

nomenclature of the BPU type, i.e. BPU-42 or BPU-88. The last two values indicate the total 

number of BPUs combined in the horizontal alignment in the design, i.e. 01, 03, 05, etc. 

represents 1, 3, and 5 BPUs, respectively. The BPUs have two standard lengths of 

approximately 42 inches and 88 inches identified as BPU-42 and BPU-88, respectively. Hence, 

the storage values presented in Table 3 should be multiplied by the appropriate length, in feet 

(3.50 ft. and 7.33 ft.), to arrive at the storage capacity for a specific configuration. For example, 

the storage capacity of BPU-8801 at full storage is 4.77 ft3, i.e. 

0.6510×7.33 = 4.77 𝑓𝑡3 

The value of 0.6510 ft3/ft. was obtained from Table 3 (column 3 and row 19), and the 7.33 ft. is 

the length of BPU-88. 

Table 4 through Table 8 are for the cubed-format configurations showing the stage heights and 

the corresponding width and storage capacities for PIPE-R424, PIPE-R90, and PIPE-R1890, 

respectively. Thus, the storage volume for a PIPE-R™ cube format can be obtained from 

reading the stage height (column 1) and the corresponding storage (column 3). 
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TABLE 3 STAGE-HEIGHT AND CORRESPONDING STORAGE VOLUME FOR SINGLE LAYER BPUS PER LINEAR FOOT 

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 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 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 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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TABLE 7 STORAGE VOLUME FOR PIPE-R11W SYSTEM FOR DIFFERENT STAGE HEIGHTS 

Stage Height 

ft. (m) 

Width 

ft. (m) 

Storage Volume 

ft3/ft. (m3/m) 

0 (0) 10.4063 (3.172) 0 (0) 

0.0833 (0.025) 10.7236 (3.269) 0.8452 (0.0785) 

0.1667 (0.051) 10.7881 (3.288) 1.7057 (0.1585) 

0.2500 (0.076) 10.7917 (3.289) 2.5689 (0.2387) 

0.3333 (0.102) 10.7917 (3.289) 3.4322 (0.3189) 

0.4167 (0.127) 10.7917 (3.289) 4.2955 (0.3991) 

0.5000 (0.152) 10.7917 (3.289) 5.1589 (0.4793) 

0.5833 (0.178) 10.7917 (3.289) 6.0222 (0.5595) 

0.6667 (0.203) 10.7917 (3.289) 6.8855 (0.6397) 

0.7500 (0.229) 10.7917 (3.289) 7.7489 (0.7199) 

0.8333 (0.254) 10.7917 (3.289) 8.6122 (0.8001) 

0.9167 (0.279) 10.7917 (3.289) 9.4755 (0.8803) 

1.0000 (0.305) 10.7917 (3.289) 10.3389 (0.9605) 

1.0833 (0.330) 10.7917 (3.289) 11.2022 (1.0407) 

1.1667 (0.356) 10.7917 (3.289) 12.0655 (1.1209) 

1.2500 (0.381) 10.7917 (3.289) 12.9289 (1.2011) 

1.3333 (0.406) 10.7917 (3.289) 13.7922 (1.2813) 

1.4167 (0.432) 10.7917 (3.289) 14.6555 (1.3615) 

1.5000 (0.457) 10.7917 (3.289) 15.5189 (1.4417) 

1.5833 (0.483) 10.7917 (3.289) 16.3822 (1.5220) 

1.6667 (0.508) 10.7917 (3.289) 17.2455 (1.6022) 

1.7500 (0.533) 10.7917 (3.289) 18.1089 (1.6824) 

1.8333 (0.559) 10.7917 (3.289) 18.9722 (1.7626) 

1.9167 (0.584) 10.7917 (3.289) 19.8355 (1.8428) 

2.0000 (0.610) 10.7917 (3.289) 20.6989 (1.9230) 

2.0833 (0.635) 10.7917 (3.289) 21.5622 (2.0032) 

2.1667 (0.660) 10.7917 (3.289) 22.4255 (2.0834) 

2.2500 (0.686) 10.7917 (3.289) 23.2889 (2.1636) 

2.3333 (0.711) 10.7917 (3.289) 24.1522 (2.2438) 

2.4167 (0.737) 10.7917 (3.289) 25.0155 (2.3240) 

2.5000 (0.762) 10.7917 (3.289) 25.8789 (2.4042) 

2.5833 (0.787) 10.7917 (3.289) 26.7422 (2.4844) 

2.6667 (0.813) 10.7917 (3.289) 27.6055 (2.5646) 

2.7500 (0.838) 10.7917 (3.289) 28.4689 (2.6448) 

2.8333 (0.864) 10.7917 (3.289) 29.3322 (2.7250) 

2.9167 (0.889) 10.7917 (3.289) 30.1955 (2.8053) 

3.0000 (0.914) 10.7917 (3.289) 31.0589 (2.8855) 

3.0833 (0.940) 10.7917 (3.289) 31.9222 (2.9657) 

3.1667 (0.965) 10.7917 (3.289) 32.7855 (3.0459) 

3.2500 (0.991) 10.7917 (3.289) 33.6489 (3.1261) 

3.3333 (1.061) 10.7917 (3.289) 34.5122 (3.2063) 

3.4167 (1.041) 10.7904 (3.289) 35.3755 (3.2865) 

3.5000 (1.067) 10.7370 (3.273) 36.2366 (3.3655) 

3.5833 (1.092) 10.5313 (3.210) 37.0873 (3.4455) 

3.5938 (1.095) 10.4063 (3.172) 37.1920 (3.4552) 
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TABLE 8 STORAGE VOLUME FOR PIPE-R15W SYSTEM FOR DIFFERENT STAGE HEIGHTS 

Stage Height 

ft. (m) 

Width 

ft. (m) 

Storage Volume 

ft3/ft. (m3/m) 

0 (0) 14.2563 (4.345) 0 (0) 

0.0833 (0.025) 14.5736 (4.442) 1.1532 (0.1071) 

0.1667 (0.051) 14.6381 (4.462) 2.3217 (0.2157) 

0.2500 (0.076) 14.6417 (4.463) 3.4929 (0.3245) 

0.3333 (0.102) 14.6417 (4.463) 4.6642 (0.4333) 

0.4167 (0.127) 14.6417 (4.463) 5.8355 (0.5421) 

0.5000 (0.152) 14.6417 (4.463) 7.0069 (0.6510) 

0.5833 (0.178) 14.6417 (4.463) 8.1782 (0.7598) 

0.6667 (0.203) 14.6417 (4.463) 9.3495 (0.8686) 

0.7500 (0.229) 14.6417 (4.463) 10.5209 (0.9772) 

0.8333 (0.254) 14.6417 (4.463) 11.6922 (1.0862) 

0.9167 (0.279) 14.6417 (4.463) 12.8635 (1.1951) 

1.0000 (0.305) 14.6417 (4.463) 14.0349 (1.3039) 

1.0833 (0.330) 14.6417 (4.463) 15.2062 (1.4127) 

1.1667 (0.356) 14.6417 (4.463) 16.3775 (15215) 

1.2500 (0.381) 14.6417 (4.463) 17.5489 (1.6303) 

1.3333 (0.406) 14.6417 (4.463) 18.7202 (1.7392) 

1.4167 (0.432) 14.6417 (4.463) 19.8915 (1.8480) 

1.5000 (0.457) 14.6417 (4.463) 21.0629 (1.9568) 

1.5833 (0.483) 14.6417 (4.463) 22.2342 (2.0656) 

1.6667 (0.508) 14.6417 (4.463) 23.4055 (2.1744) 

1.7500 (0.533) 14.6417 (4.463) 24.5769 (2.2833) 

1.8333 (0.559) 14.6417 (4.463) 25.7482 (2.3921) 

1.9167 (0.584) 14.6417 (4.463) 26.9195 (2.5009) 

2.0000 (0.610) 14.6417 (4.463) 28.0909 (2.6097) 

2.0833 (0.635) 14.6417 (4.463) 29.2622 (2.7185) 

2.1667 (0.660) 14.6417 (4.463) 30.4335 (2.8274) 

2.2500 (0.686) 14.6417 (4.463) 31.6049 (2.9362) 

2.3333 (0.711) 14.6417 (4.463) 32.7762 (3.0450) 

2.4167 (0.737) 14.6417 (4.463) 33.9475 (3.1538) 

2.5000 (0.762) 14.6417 (4.463) 35.1189 (3.2626) 

2.5833 (0.787) 14.6417 (4.463) 36.2902 (3.3715) 

2.6667 (0.813) 14.6417 (4.463) 37.4615 (3.4803) 

2.7500 (0.838) 14.6417 (4.463) 38.6329 (3.5891) 

2.8333 (0.864) 14.6417 (4.463) 39.8042 (3.6979) 

2.9167 (0.889) 14.6417 (4.463) 40.9755 (3.8067) 

3.0000 (0.914) 14.6417 (4.463) 42.1469 (3.9156) 

3.0833 (0.940) 14.6417 (4.463) 43.3182 (4.0244) 

3.1667 (0.965) 14.6417 (4.463) 44.4895 (4.1332) 

3.2500 (0.991) 14.6417 (4.463) 45.6609 (4.2420) 

3.3333 (1.061) 14.6417 (4.463) 46.8322 (4.3509) 

3.4167 (1.041) 14.6410 (4.463) 48.0035 (4.4597) 

3.5000 (1.067) 14.5870 (4.446) 49.1726 (4.5683) 

3.5833 (1.092) 14.3813 (4.383) 50.3313 (4.6759) 

3.5938 (1.095) 14.2563 (4.345) 50.4745 (4.6892) 
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Typical Sections of PIPE-R Reservoir System 

The PIPE-R™ reservoir system is an underground reservoir designed to be installed underneath 

grass lawns, walkways, drive-through, parking lots, playgrounds, and other pervious and 

impervious surfaces, but not beneath a structure, such as buildings. Thus, the surface 

pavement above a PIPE-R™ reservoir system can be load bearing or non-load bearing 

depending on the design objectives. Figure 13 shows a typical section of a load bearing system 

designed to have a paved surface for vehicular traffic. The pavement design for such a system 

should meet the ASSHTO specifications for roadway design above buried flexible pipe or as 

specified by local regulatory authorities. The PIPE-R™ design and installation will be as specified 

by the manufacturers. Details of design and installation can be found in these documents “PIPE-

R™ Design Guide” and “PIPE-R™ Installation Guide” on the manufacturer’s website. On the 

other hand, Figure 14 shows a typical section of a non-load bearing system design to be 

installed underneath anything without vehicular loading.  

As stated in the load bearing systems, the design of the cover should meet the specifications of 

the local regulatory authorities. The minimum cover allowed for a load bearing system is 24 

inches (610 mm) from the top of the PIPE-R™ system to the bottom of the pavement surface. 

The recommended minimum cover for such a system is 12 inches (305 mm) from the grade to 

the top of the PIPE-R™ reservoir system.  The design for the minimum cover should be as 

specified in AASHTO LRFD Design Specifications (2012) in Section 12.6.6.3 and Table 

12.6.6.3.1. 

 

 



 

24 

 

 

FIGURE 13 TYPICAL SECTIONAL VIEW OF A LOAD BEARING PIPE-R™ SYSTEM INSTALLED UNDERGROUND 
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FIGURE 14 TYPICAL SECTIONAL VIEW OF A NON-LOAD BEARING PIPE-R™ SYSTEM INSTALLED UNDERGROUND 
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PIPE-R™ Reservoir System Load Bearing Capacity 

Laboratory Testing 

The laboratory testing was conducted in two phases, (1) single pipe and (2) bundled pipe unit 

(BPU) to evaluate the pipe stiffness and its suitability as a subsurface drainage structure as per 

AASHTO requirements. A subsurface structure should have the capability to withstand an 

expected overburdened load. AASHTO recommends minimum pipe stiffness values, for varying 

internal diameter of flexible pipes, based on the vertical deflection to determine the strength of 

buried flexible pipes. The Stormwater Management Academy (SMA) at the University of Central 

Florida conducted laboratory-scale and field-scale testing on PIPE-R™ reservoir system 

subjected to equivalent truck loads to evaluate the structural capacity. 

Presented in this section are the testing results of an independent authority on the load 

resisting capabilities of the PIPE-R™ system. The stiffness of the pipe in PIPE-R™ system 

exceeds the minimum requirement for AASHTO subsurface drainage pipes. A correctly designed 

and installed PIPE-R™ reservoir system has the structural capacity to resist the expected loads 

on subsurface drainage pipes, such as the live vehicular truck load (H-20 and HS-20 trucks) and 

earth loads (pavement and/or backfill materials) from parking lots and drive-through roadways. 

Single Pipe Testing 

The material properties and the results of the strength testing on the single pipe are presented 

in Table 9. Strength testing was performed in accordance to the testing method prescribed in 

the AASHTO M252/M294 specifications and ASTM D2412 standard testing methods for flexible 

pipes. The pipe stiffness at 5% deflection was 58 psi (403 kPa), which exceeds the AASHTO 

minimum of 35 psi (240 kPa). There were no observed cracks, buckling, splitting, or 

delamination of the pipe subjected to loading at 30% deflection. The SMA at the University of 

Central Florida testing results confirms the testing performed earlier by an independent 

consulting laboratory (Ardaman & Associates, Inc.) on the single corrugated HDPE pipe. 
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TABLE 9 CORRUGATED HDPE PIPE MATERIAL PROPERTIES 

Property Value 

HDPE Resin 

Density, Dr (Uncolored resin), gram/cm3 (ASTM D1505) >0.949 

Density, Dp (Colored resin), gram/cm3 (ASTM D1505) >0.960 
Melt Index, grams/10 minutes  

(ASTM D1238; Condition FR-190/2.16) 
0.47 

Carbon Black Content, % (ASTM D1603) 2.46 

Inside 

Diameter 

Nominal Size, mm (AASHTO M-252; Section 7.2.1) 101.6 (4.0″) 

Diameter Tolerance, % (AASHTO M-252; Section 7.2.3) -0.2 & +0.2 

Perforations 

(AASHTO M-
252; Section 

7.4) 

Class Class 3 
Appearance Cleanly Cut 

Slot Width, mm 
Maximum: 1.5 (0.060″) 
Average: 1.1 (0.042″) 

Slot Length, mm 

Maximum: 19.8 

(0.778″) 
Average: 17.2 (0.678″) 

Water Inlet Area, cm2/m of Pipe 42 (2 in2/ft.) 
Slots per Corrugation Valley 4 

Spacing between Slots 
90°; Offset 45° in 
adjacent valleys 

Corrugation Valleys, per meter of Pipe 56 

Pipe Stiffness at 5% Deflection [mold seam parallel to loading plates], 
kPa (ASTM D2412 modified per M252-09 Section 9.1) 

403 (58 lb./in2) 

Pipe Flattening at 20% Deflection [mold seam parallel to loading plates] 

(ASTM D2412 modified per M252-09 Section 9.2) 

No wall buckling, 

cracking, splitting or 
delamination observed. 

Load did not decrease 
with deflection. 

Bent Strip ESCR [100% Igepal CO-630 at 50°C], hours 

(ASTM D1693 modified per M252-09 Section 9.3) 

No cracking observed 

after 240 hours 
Cold temperature Brittleness [35 foot/lb. parallel plate impact with mold 

seam parallel to plates after conditioning at -4°C for 1 hour] (M252-09 

Section 9.4) 

No cracking observed 

 

BPU and Cube Testing 

The Stormwater Management Academy at the University of Central Florida further conducted 

testing on the bundled pipe units (BPU) to evaluate the stiffness at 5% deflection. The results 

were compared to minimum pipe stiffness for pipe diameter equivalent to the depth of the BPU 

as specified in AASHTO M294 specifications. Figure 15 shows a typical laboratory test setup to 

evaluate the pipe stiffness of BPUs. The testing was performed by the placement of BPU 

specimen between two steel plates at the top and bottom, and applied incremental loads at 

standard loading rate until a 30% deflection, by height, of the BPU was attained. The loads and 

corresponding deflections were plotted to determine the load at 5% deflection for each set of 

BPU combinations. Illustrations for the different layers of BPUs are shown in Figure 16 for 

clarity. 
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FIGURE 15 TYPICAL TEST SETUP FOR PIPE-R SYSTEM USING THE ASTM D2412 STANDARD TEST METHOD 

 

FIGURE 16 DESCRIPTIONS OF THE DIFFERENT LAYERS OF PIPE-R™ SYSTEM BPUS 

 

3 BPU of 15 Pipes

Bottom steel plate

Top steel plate

Base block

Applied load

Load distribution 

block

(a) Picture of test setup

(b) Schematic of test setup

Single-Layer 5-BPUs A 2-Layer 5 X 5 BPU

A 4-Layer 5 X 5 BPU A 3-Layer 5 X 5 BPU
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The results are presented in Table 10 and Table 11 for one BPU up to four-layers of 3-BPUs laid 

adjacent to each other. Pipe stiffness at 5% deflection for all the units evaluated exceeded the 

minimum pipe stiffness of equivalent pipe diameter listed in the AASHTO M294 specifications. 

The lateral confinement expected from the backfill soil in field applications will further reduce 

the vertical deflection and increase the stiffness of the BPUs. The effect of the lateral 

confinement from backfill material was confirmed in the field-scale testing from the buried BPUs 

subjected to H-20 truckloads. 

TABLE 10 AASHTO M294 SPECIFICATION FOR PLASTIC PIPE DIAMETERS AND THE CORRESPONDING 

MINIMUM PIPE STIFFNESS FOR TYPE C CORRUGATED PE PIPES 

PIPE-RTM System 

Equivalent 

Diameter 

(mm/inches) 

AASHTO 
Maximum 

Diameter 

(mm/inches) 

AASHTO 
Minimum 

Pipe Stiffness 

(kPa) 

AASHTO 
Minimum 

Pipe Stiffness 

(lb./in/in) 

One-layer Single BPU 219/8.625 250/10 240 35 

One layer of 3 BPUs 219/8.625 250/10 240 35 

Two layers of 3 BPUs 438/17.250 525/21 275 40 

Three layers of 3 BPUs 657/25.875 675/27 205 30 

Four layers of 3 BPUs 876/34.500 900/35 150 22 

 

TABLE 11 PIPE STIFFNESS FOR THE PIPE-RTM SYSTEM BPU PRODUCTS FROM LABORATORY TESTING 

PIPE-R™ System 
Load  

lb. (kN) 

5-% 

Deflection 
inches (mm)  

Actual Pipe 
Stiffness 

lb./in/in 
(kPa) 

Minimum 
Pipe Stiffness 

lb./in/in 
(kPa) 

One-layer Single BPU 218 (0.97) 0.44 (11.15) 61 (421) 35 (240) 

One layer of 3 BPUs 5195 (23.11) 0.47 (11.85) 232 (1600) 35 (240) 

Two layers of 3 BPUs 2717 (12.09) 0.89 (27.25) 86 (593) 40 (275) 

Three layers of 3 BPUs 2237 (9.95) 1.30 (33.10) 58 (400) 30 (205) 

Four layers of 3 BPUs 1715 (7.63) 1.74 (44.10) 38 (262) 22 (150) 

 

Field-Scale Testing 

The field-scale testing was performed to evaluate the response (deflection – stiffness 

characteristic) of the PIPE-R™ system subjected to live vehicular load and the overburden soil 

load. There were three different pavement cover sections above the PIPE-R™ system (4-layer 

of 10 BPUs) which were subjected to AASHTO H-20 truck loading. Figure 17 shows the typical 

AASHTO H-20 (Florida SU3) truck loading with a gross vehicle weight of 66 kips at 22 kips per 

axle (three axle truck). 
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FIGURE 17 AASHTO H-20 TRUCK LOADING (A) PLAN VIEW AND (B) REAR VIEW 

 

Figure 18 shows the typical cross section of the PIPE-R™ system during field-scale testing, and 

Table 12 presents the layer dimensions for the three different sections. The variation among 

the three sections were shown in the depths of the base (#57 stones) and subbase (sand) 

materials. There were no differences in the dimensions of the PIPE-R™ systems and the 

thickness of the top pavement section for all three sections. The H-20 truck was driven over 

each pavement section at least 60 times and the corresponding deflections measured. The 

average of deflection values for each section were calculated and used as the expected 

deflection of the PIPE-R™ system. 

 

11 kip 11 kip

11 kip 11 kip

6 ft.

4 ft.

14 ft.

11 kip 11 kip

6 ft.

(a)
(b)
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FIGURE 18 SECTIONAL VIEW OF TEST PAVEMENT WITH AASHTO H-20 (FLORIDA SU3) TRUCK 

LOADING. 

 

TABLE 12 TEST PAVEMENT LAYER SECTIONS 

Pavement 
Section 

Depth of Layers in. (mm) 

a b1 b2 c d 

#1 6 (152.4) 12 (304.8) 12 (304.8) 13 (330.2) 35 (889) 

#2 6 (152.4) 12 (304.8) 12 (304.8) - 35 (889) 

#3 6 (152.4) 6 (152.4) 6 (152.4) - 35 (889) 

 

The results from the field-scale testing are presented in Table 13. It shows the actual 

deformations measured during testing (AASHTO H-20 truck load) and the corresponding 

percent deflections. The deformation values were less than the percentages of defection 

measured in the laboratory testing for the 4-layer BPUs. The PIPE-R™ system exhibited higher 

resistance to deform under live loads and earth loads, and was significantly higher than the 

AASHTO specification for buried flexible pipes. Figure 19 shows the truck on the pavement 

section during field-scale testing. Contact Environmental Conservation Solutions, LLC for details 

on the testing conducted by the Stormwater Management Academy at UCF on the PIPE-R™ 

system. 

  

22 kip

Sand subbase layer

a

Geotextile liner

AASHTO H-20 Loading (66 kip)

b1

Varies

#57 Stone base layer

Geogrid

c

d

22 kip

b2

Asphalt milling layer

Compacted subgrade

4-layer PIPE-R™ system

Embedment fill
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TABLE 13 FIELD PAVEMENT SECTIONS AND CORRESPONDING PIPE-RTM SYSTEM VERTICAL DEFLECTIONS 

Pavement 

Section 

Cover 

Depth  

in. (mm) 

Depth of PIPE-RTM 

System  

in. (mm) 

Field Deflection  

in. (mm) / % 

Laboratory 

Deflection  

in. (mm) / % 

#1 43 (1092) 35 (889) 0.067 (1.70) / 0.19 1.74 (44.2) / 5.00 

#2 30 (762) 35 (889) 0.315 (8.00) / 0.90 1.74 (44.2) / 5.00 

#3 18 (457) 35 (889) 0.636 (16.15) / 1.82 1.74 (44.2) / 5.00 

 

 

FIGURE 19 AASHTO H-20 TRUCK ON THE PAVEMENT SECTION DURING TESTING 
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Foundation/Fill Soils 

PIPE-R™ reservoir systems, like other buried flexible pipes, depend on the strength of backfill 

soil to resist loads (live and dead loads) and safely transfer the loads to the bedding material. 

The structural behavior of the buried PIPE-RTM system is influenced by its interaction with the 

soil envelope (zone of control by the backfill). The design for the installation of PIPE-RTM 

systems underneath a pavement should meet the minimum specifications required by 

regulatory agencies for design and installation of buried flexible pipes. The design shall be 

dependent on the effects “from horizontal and vertical earth pressure, pavement load, live load, 

and vehicular dynamic load allowance” (AASHTO LRFD Bridge Design Specifications, 2012). 

ECS recommends that prior to the use of the PIPE-R™ reservoir system for subsurface 

drainage. A detailed subsurface exploration, in accordance with relevant ASTM and AASHTO 

Specifications, be carried out to determine the suitability of the geologic and environmental 

conditions, and the consequent adverse effect on the performance of the system. The behavior 

of the foundation soil should be considered to evaluate the stability and settlement under load. 

The geotechnical exploration should provide useful design criteria for the following: 

 strength and compressibility of the foundation materials 

 soil properties and characteristics of embedment and backfill materials 

 seasonal high groundwater level 

 stream hydrology and scour potential 

 chemical characteristics of soil and water, such as pH, resistivity, chloride and sulfate 

contents 

 locations of underground utilities and any other substructure at the site. 

The installation of the PIPE-R™ reservoir system should, at minimum, be in accordance to 

AASHTO M 145 and ASTM D2321 – Standard Practice for Underground Installation of 

Thermoplastic Pipe for Sewers and Other Gravity-Flow Applications. Site-specific modifications 

may be made to ASTM D2321-14e1 standard practices for site-specific job conditions or for 

special local conditions. Additional reference is AASHTO LRFD Bridge Design Specifications 

(2012) or the most recent edition for envelope backfill soils. 

The installation processes of a PIPE-R™ reservoir system include the excavation of the site and 

preparation of the trench walls and beds for the reservoir system. Bedding material is required 

to support the surcharge loads and provide a stable base underneath the reservoir system. ECS 

recommends, for the base (bedding) material, a minimum bearing capacity of 2000 pounds per 

square foot (lb./ft2), or as recommended by the design geotechnical engineer based on the 

expected overburden load. In addition, the bedding layer (subgrade) should be smooth and free 

of debris, and no standing water at the base of the excavation before installation. The material 

for the bedding layer of an installed PIPE-R™ reservoir system could be of compacted sand 

and/or stones to allow for exfiltration, if needed. Compact subgrade material to achieve, at 

least, 95% of maximum standard proctor density. 
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Furthermore, recommended subbase and base materials, as per design drawings or design 

engineer, are required above the system to provide firm support to the surface pavement load 

and as structural backfill. As per the pavement design requirements, refer to AASHTO M 145 

and M147 for the appropriate subbase and base materials for the pavement. If stone is used as 

subbase and/or base material for a pervious pavement, the porosity of the stone could be used 

to provide additional storage. The typical porosity of backfill aggregates (using #57 stone) is 40 

percent. For additional strength in load bearing systems, geogrids are recommended to provide 

tensile strength to the subbase and/or base materials. 

Foundation Materials 

The effective performance of the buried PIPE-R™ reservoir system against structural failure and 

differential settlement is a function of the material properties (geometric and strength), backfill 

criteria (installation conditions), and load conditions (dead, live, and hydrostatic). The structural 

integrity of PIPE-R™ reservoir system is attributable to the backfill material placed around the 

system – interaction between the soil envelope and the PIPE-R™ system structure. Thus, 

backfill materials and installation practices must meet the standard requirements by AASHTO 

for buried flexible pipes and ASTM D2321 standard test method for underground installation of 

thermoplastic pipe, or as specified by the geotechnical engineer for the project. Recommended 

materials for installation and use as foundation, backfill, and embedment fill shall be as 

specified in ASTM D2321 and standard specifications AASHTO M 57 and M 147. That is, (1) all 

fill materials must be firm, stable and achieve the desired density to provide the support needed 

by the PIPE-R™ reservoir system for structural stability and adequate performance; and (2) 

shall be free of lumps, clods, boulders, frozen matter, organics, and debris. 

Cover Depth 

AASHTO LRFD Design Specifications recommends the minimum allowable cover depths over 

flexible pipes as ID/8 ≥ 12.0 inches under unpaved areas and ID/2 ≥ 24 inches under paved 

roads, where ID is the inside diameter. For the PIPE-R™ reservoir system, ID is equated to the 

depth of the reservoir system. The ID in the specifications is replaced with the height of the 

installed reservoir to determine the cover depth above the PIPE-R™ reservoir system. The 

measurements for the minimum allowable cover varies for flexible and rigid pavement surfaces. 

The minimum allowable cover for flexible pavement is measured from the top of the pipe crown 

to the bottom of the pavement; and for rigid pavement it is from the crown of the pipe to the 

top of the pavement, in which case, the pavement thickness is inclusive. The use of cover less 

than the minimum recommended shall require special design to show effectiveness to withstand 

and transfer the loads to the PIPE-R™ reservoir system. 

The maximum cover limit is dependent on the backfill conditions (aggregate classification and 

compaction level), pipe properties (pipe stiffness and deflection), and the expected live load 

and top pavement conditions. The geotechnical engineer shall establish the maximum cover 

above the PIPE-R™ reservoir system based on site-specific conditions and design calculations. 
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Foundation Section 

This section briefly presents the activities involved in site preparation and installation for PIPE-

R™ reservoir system. The construction starts with the excavation of the earth at the site 

location to depth specified by the design drawing, and then prepare the exposed excavation 

depth to receive the system as designed. Prior to an installation of a PIPE-R™ reservoir system, 

the engineer/installer shall require a firm, stable, and uniform bedding that will meet the 

specified bearing capacity for the design load on the reservoir system. A firm base will ensure a 

stable system and prevent or limit settlement to acceptable level. Thereafter, a geotextile 

(pervious or impervious) envelope shall be placed over the bedding to prevent soil migration. 

The PIPE-R™ reservoir system shall then be placed over the geotextile and wrapped around 

with geotextile to prevent soil migration into the reservoir system. Geotextile placement 

procedures are provided in later section on geotextile liner installations. 

After the placement of a PIPE-R™ reservoir system into the trench or embankment, embedment 

fill shall be placed at the sides of the system and compacted to specified density to provide 

horizontal support to the system, and prevent differential settlement. Thereafter, backfill 

material, as specified by design, shall be laid over the system and compacted to 95% standard 

proctor density in three lifts. The embedment fill shall be placed and compacted to design 

density before the loading of the backfill material on the PIPE-R™ reservoir system. Placement 

of embedment and backfill materials must not disturb or damage the PIPE-R™ system. Direct 

compaction of backfill soil, less than 12 inches (305 mm) thickness, with heavy compaction 

equipment will exert stress and deform the PIPE-R™ reservoir system. Thus, the manufacturer 

recommends that compaction should follow recommendations for compaction provided in ASTM 

D2321. Adopt techniques compatible with materials used in the trench and use compaction 

equipment suitable with the location – work in and tamp, handheld or work-behind compactor, 

vibratory compactor, or roller compactor. 

To minimize damage to PIPE-R™ reservoir system, no heavy equipment (vehicles and 

construction equipment) should be placed directly on the PIPE-R™ reservoir system until a 

minimum backfill depth established by the engineer is achieved – 12 inches (305 mm) is 

recommended. Provide geotextile separators between layers of different particle sizes to 

prevent soil migration. Soil migration between media of different particle sizes may weaken the 

layers and result in loss of support to the overlaid media. The design engineer is responsible to 

specify the minimum densities for all fill materials – bedding, embedment, initial backfill, and 

final backfill. Typical foundation sections for the use of the PIPE-R™ reservoir system is 

presented in Figure 20 and Figure 21 as guides for the designers. Table 14 presents the 

descriptions for the various layers of installed PIPE-R™ reservoir systems shown in the figures. 
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FIGURE 20 TYPICAL FOUNDATION SECTION WITH MINIMUM DEPTHS AND AGGREGATE SIZES FOR SINGLE RESERVOIR 
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FIGURE 21 TYPICAL FOUNDATION SECTION WITH MINIMUM DEPTHS AND AGGREGATE SIZES FOR CONTINUOUS ROW OF RESERVOIRS 
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TABLE 14 INSTALLATION AND ACCEPTABLE FILL MATERIALS 

Material Location Description 

AASHTO Material 

Classifications/Unified 

Soil Classification System 

Compaction/Density 
Requirement 

I 
Bedding: Fill material or stabilized 
foundation base of the excavation 

above the subgrade. 

Native soil or as specified by 

the design engineer. Open-

graded, clean, granular 
soil/aggregate mixtures, less 

than 35% fines, or processed 
aggregate. AASHTO M 57 

Specifications 

Suitable soil class: 1A, 1B, 

II, and III. 

AASHTO: A-1, A-3, A-2-4, A-
2-5 

or 
USCS: GP, GW, SW, SP, SP-

SM, SM, SC 

Install and compact in minimum 4” 

(100 mm) lift to maximum layer. 

Remove all loose material at the base 
of the foundation. Use vibratory 

compactor and level final grade by 
hand. Minimum density 95% 

Standard Proctor. 

II 

Embedment: Fill material placed 
between rows of the PIPE-R™ 

system. Located between the 
excavation wall and PIPE-R™ 

system sides. Starts from the base 

of the PIPE-R™ system, above the 
bedding. 

Angular, crushed stone and 
stone/sand mixtures; poorly 

or well-graded sand and 

gravel, or mixture of 
sand/gravel. AASHTO M 147 

Specifications 

Suitable soil class: 1A, 1B, 
II, and III. 

AASHTO: A-1, A-3, A-2-4, A-
2-5 

or 

USCS: GP, GW, SW, SP, SP-
SM, SM, SC 

Minimum density of 90% and 95% 
Standard Proctor for gravels (stones) 

and sand, respectively. Install and 

compact in minimum 6” (152.4 mm) 
lift to maximum layer. Use hand 

tampers or vibratory compactors. 

III 

Initial Backfill: Fill material starts 
from the top of the PIPE-R™ 

system and to a minimum of 6” 

above or as specified by the 
engineer. 

Native soil, soil, or gravel 

material as specified in the 
design by the engineer. 

AASHTO M 147 Specifications 

Suitable soil class: 1A, 1B, 

II, and III. 
AASHTO: A-1, A-3, A-2-4, A-

2-5 

or 
USCS: GP, GW, SW, SP, SP-

SM, SM, SC 

Install and compact to a minimum of 
6” (152.4 mm) above the top of the 

PIPE-R™ system. Use hand tampers 

or hand operated vibratory 
compactors, no heavy equipment. 

Minimum density of 90% and 95% 
Standard Proctor for gravels (stones) 

and sand, respectively. 

IV 

Final Backfill: Fill material starts 

from the top of the initial backfill to 
the bottom of the pavement layer. 

Depth as required by AASHTO for 

roadway design. 

Same as above. However, if 

different from the initial 
backfill use angular, crushed 

stone or gravel as specified 
by the engineer. AASHTO M 

147 Specifications 

Suitable soil class: 1A, 1B, 
II, and III. 

AASHTO: A-1, A-3, A-2-4, A-
2-5 

or 

USCS: GP, GW, SW, SP, SP-
SM 

Compact as required by the engineer. 
Use plate compactor or roller 

compactor to achieve specified 
compaction level. 

V 

Pavement: Top layer of the 

pavement section, resting on the 
final backfill. 

Optional: Rigid or flexible 

pavement, pervious or 
impervious pavement 

N/A 

As specified by the engineer in 

accordance to pavement type 
specification and design. 
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Minimum PIPE-R Reservoir Chamber Separation Width 

PIPE-R™ reservoir system can be installed as a single unit (Figure 20), or in rows of two or 

more (Figure 21). Each single unit of a PIPE-R™ reservoir system is referred to as a PIPE-R™ 

chamber. The maximum width allowed for a PIPE-R™ chamber varies for different loading 

conditions. For load bearing systems, the maximum allowable width of a PIPE-R™ chamber is 

11 feet (3.35 m) with the minimum spacing between rows of PIPE-R™ chambers set 3 feet (0.9 

m) apart. The width of the PIPE-R™ chamber can be increased to a maximum of 15 feet (4.57 

m) with a minimum spacing 2 feet (0.6 m) for non-load bearing systems. Thus, the final width 

of a PIPE-R™ reservoir system installed at any site is site-specific, based on the available space 

for the installation. 

The selection of an embedment fill material between rows of PIPE-R™ chambers should be a 

function of the design storage and discharge. For increased storage capacity, ECS recommends 

the use of materials with high void spaces to fill spacing between the rows of PIPE-R™ reservoir 

systems to allow for free draining in exfiltration purposes. However, the fill material can be of 

any of the suitable fills allowed in the AASHTO guides to allow for free drainage. The same fill 

material can be placed around the perimeter of the PIPE-R™ reservoir system in maximum lifts 

of 12-inch (300 mm) thickness and compacted to 95% standard proctor density. No compaction 

equipment should be in contact with the PIPE-R™ reservoir system during perimeter backfill 

(embedment fill) placement and compaction process. The width of the perimeter backfill should 

accommodate any compaction equipment used, preferably 18 inches (457 mm) or greater. 
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Geosynthetic Applications 

Geotextile Materials 

Geotextile envelope is recommended around every PIPE-R™ chamber to prevent soil migration 

into the system and/or to prevent seepage, if used for harvesting. In addition, geotextile is 

recommended as separation fabric between aggregates of different particle sizes to prevent soil 

migration and prevent scour potentials. The minimum specifications for the geotextiles are as 

recommended in AASHTO M 288 – Standard Specification for Geotextile Specification for 

Highway Applications or as approved by the design engineer. Wrap each unit of PIPE-R™ 

reservoir system with a geotextile liner, permeable or impermeable, to prevent migration of the 

fill materials into the reservoir and/or prevent seepage from the reservoir, as specified on the 

engineering drawings. 

Environmental Conservation Solutions, LLC. recommends that all geotextiles should meet the 

specification of AASHTO M 288 or as approved by the design engineer. The geotextile used to 

wrap over the PIPE-R™ reservoir system should provide overlap sufficient to prevent slippage 

and water-tight seal, if necessary. For exfiltration purposes, use permeable nonwoven geotextile 

liner, and for storage and harvesting purposes, use woven impermeable geotextile liner to 

prevent seepage from the surrounding soil into the reservoir. A geotextile separator is 

recommended for use between the stone fill and, the optional sand fill, to prevent soil 

migration. Soil migration weakens the structural strength of the stone base layer. Each 

geotextile liner used on a project should have a permittivity greater than the soil, so it does not 

affect seepage or movement of water. 

Geogrids 

Geogrids are recommended to be placed between the top of PIPE-R™ reservoir system and the 

bottom of the pavement to provide tensile strength and enhancement to bearing capacity to the 

backfill aggregates. It provides reinforcement to the subbase and/or base soil to transfer traffic 

loads, and improves the long-term performance of the pavement. The minimum recommended 

separation between geogrids is 12 inches (300 mm), and geogrid should overlap (minimum 18 

inches) the edges of the installed PIPE-R™ reservoir system on all sides. The use of geogrid is 

site-specific, based on the aggregate size and type, or as specified by the design engineer. 

 

  



 

41 

 

Reservoir Inlet and Outlet Systems 

There are two alternate approaches on how stormwater runoff can be channeled into the PIPE-

R™ reservoir system for storage and/or controlled release. The two approaches are either (1) 

through conveyance pipe(s) via a pretreatment filter system connected to the PIPE-R™ 

reservoir system; and (2) direct seepage through the top pavement layer and base layer above 

the system, which act as filter (pretreatment) before it seeps into the PIPE-R™ reservoir 

system. 

Pretreatment of inflow stormwater is recommended prior to the PIPE-R™ reservoir tank to 

remove debris and other suspended sediments. For the first inflow method, flow from the 

pretreatment system shall be channeled through pipe manifolds into the PIPE-R™ reservoir 

system. On the second inflow method, the pervious pavement and the underlying layers serve 

as pretreatment to filter runoff before discharged into the PIPE-R™ reservoir system. The 

limitation to this method is that the PIPE-R™ reservoir system would have to span the entire 

pervious pavement surface area to capture all runoff from the site. 

On the other hand, the design for the outlet configuration in a PIPE-R™ reservoir system is 

based on the outflow approach – exfiltration, tube/pipe, weir, and/or pump. The design of the 

outflow approach is the responsibility of the design civil engineer, as the PIPE-R™ reservoir 

system can be adapted to fit into any of the above-mentioned approach. 

Inlet System 

The inflow of stormwater runoff into PIPE-R™ reservoir system is either 

 by direct infiltration through the cover (soil and/or pervious pavement) above the system 

footprint, most suitable for pervious pavements, and/or  

 through an inlet pipe connected to the reservoir. 

Direct Infiltration 

As previously mentioned, this method of inflow to the PIPE-R™ reservoir system is only 

recommended for parking lots with pervious pavement cover. The pervious pavement allows for 

stormwater runoff to infiltrate through the pavement system (surface, base and/or subbase 

layers) and into the PIPE-R™ reservoir system. The PIPE-R™ reservoir chambers would be 

wrapped with permeable geotextile liner to allow for seepage in and out as designed, and 

surrounded with porous stones as base cover, embedment fill, perimeter fill and top cover.  

The system constructed as shown in Figure 22 allows for recharging the groundwater and 

maintaining pre-development site conditions. Stormwater will be stored in the PIPE-R™ 

reservoir system as detention system and slowly released into the subgrade for surficial aquifer 

recharge. The drawback to this approach is the difficulty in collecting all runoff to the pervious 

pavement surface, or the need to install the PIPE-R™ chambers below the entire pervious 

pavement surface of the site. 
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FIGURE 22 PIPE-R™ SYSTEM USED FOR EXFILTRATION INTO SUBGRADE SOIL 
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Conveyance Pipe Connection 

The other option is by connecting a conveyance pipe to the top or through the sides, at any 

design elevation, of the PIPE-R™ reservoir system. For this connection, stormwater collected 

from the site is channeled through conveyance pipe(s) connected to a pretreatment system 

(baffle box - NSBB, inlet boxes with screen protections, manholes with sumps, or as specified 

by design engineer). The pretreated stormwater is then connected to a manifold pipe that 

distributes the flows to all the PIPE-R™ chambers in the system. Presented in Figure 23 are 

typical inlet connections to the PIPE-R™ chambers. The direction of flow is through a 

pretreatment chamber, into a manifold and then the PIPE-R™ reservoir system for storage, 

reuse, and/or exfiltration to the soil beneath the system. 

The PIPE-R™ reservoir system wrapped with a geotextile liner (impermeable or permeable) 

provides 96% void space for storage of stormwater runoff. For exfiltration purposes, the 

recommended geotextile liner is a permeable liner wrapped around the PIPE-R™ reservoir 

system to allow for seepage out of the system into the surround soil to recharge the surficial 

aquifer. However, if the installed PIPE-R™ reservoir system is for storage and reuse, then the 

permeable geotextile liner is replaced with an impermeable liner. Equalizer pipes are 

recommended to connect the various PIPE-R™ chambers to provide equal distribution of inflow 

stormwater and to regulate the elevation of the stored stormwater. 

Outlet System 

For hydraulic efficiency, the PIPE-R™ reservoir system connected to outlet structure to mitigate 

the effect of backwater and flooding. An outflow pipe is connected to the bottom of the PIPE-

R™ reservoir system, or any elevation as shown in the design, to allow for outflow into a control 

structure that controls discharge rate. The type and size of the outlet structure shall be 

determined by the design engineer based on the site conditions and purpose of the subsurface 

storage. In addition, an emergency overflow pipe is recommended to control elevation of 

storage and as a flood control elevation.  

Figure 24 shows the two different outflow configurations (a) has both the outflow and 

emergency overflow pipes recommended for reuse systems or control-released outflow; and (b) 

has only an emergency overflow pipe recommended for exfiltration systems. An outflow pipe is 

connected to any specified elevation on the system and linked to a control box/valve structure, 

or pump. The control box/valve is equipped with a locking device to control the level of water in 

the reservoir by setting the weir height to predetermined outflow elevation, or automated open 

and shut valve. The design of the outflow structure is by third party as recommended by design 

engineer and is project specific. 

Pipe Boot Connections 

The inflow and outflow pipes are connected to the PIPE-R™ chambers wrapped in geotextile 

liners using pipe boots as recommended by the liner manufacturer. Sample of pipe boot 

connection is shown in Figure 25 installed at all locations of inflow/outflow pipes. 
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FIGURE 23 TYPICAL INLET CONNECTIONS INTO THE PIPE-R™ RESERVOIR SYSTEM 
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FIGURE 24 TYPICAL OUTLET CONNECTIONS FROM PIPE-R™ RESERVOIR SYSTEM 
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FIGURE 25 PIPE BOOT CONNECTIONS FOR ALL INFLOW AND OUTFLOW PIPES 
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Design Specifications 

System Configuration 

The flexibility of the PIPE-R™ reservoir system configuration allows for the adjustment of the 

cube size 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. 

An estimate of the number of BPUs needed for install at a project site is dictated by the site 

constraints and design criteria encountered. Site constraints that may influence the design and 

configuration of a PIPE-R™ reservoir system are volume of annual runoff, site grading and 

drainage, existing stormwater infrastructures, soil types, seasonal high groundwater table 

(SHGWT), and superstructures. Currently, design engineers can use stormwater modeling 

software such as HydroCAD (http://www.hydrocad.net/pipe-r.htm) and ICPR 

(http://www.streamnologies.com/index.htm) for the design of the PIPE-R™ reservoir system 

storage requirements and sizing.  

System Sizing 

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. ECS readily helps determine the number of bundled pipes (BPU) – vertical depth and 

horizontal spread – based on the storage volume requirement and site conditions. The design 

engineer is responsible for the accurate determination of the required storage volume, flow 

rates, geotechnical investigations at the site, and all other local regulations. The regulatory 

requirements may be related to the stormwater infiltration, runoff, and detention or retention 

volume for the project location.  

The design engineer can find the typical estimates for the storage volumes for specific BPU 

configurations, excluding the backfill stones at the side walls of the excavation (Table 3). The 

storage capacity of the PIPE-R™ reservoir system is dependent on the number of BPUs used to 

create a cube of pipes. The available storage for a PIPE-R™ reservoir system is approximately 

96% of the volume of space occupied by the reservoir. In addition, percentage of aggregate 

voids, used as bedding material, embedment fill and/or backfill, accounts for extra storage 

capacity in exfiltration systems. The estimate of the stone storage capacity is based on the 

volume of aggregate used for storage multiplied by the porosity to achieve an approximate 

storage capacity. The addition of the stone storage capacity to the PIPE-R™ chambers will 

provide a corresponding increase in storage capacity of an installed PIPE-R™ reservoir system. 

Table 15 and Table 16 present PIPE-R™ reservoir system properties for all available models to 

aid designers in sizing of a system. The notations W1 and W2 are the top and bottom widths of 

the trapezoidal-shaped reservoir system, respectively. 
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TABLE 15 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 

Reservoi
r  

(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 16 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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In addition, the system can be permeable or impermeable dependent on the functionality and 

design (detention or retention) requirements. For exfiltration purposes, PIPE-R™ reservoir 

system is wrapped in a permeable liner to allow for the storage and slow-release drainage. The 

control structure is optional for an exfiltration system because the stored water flows from the 

reservoir through the geotextile liner into the surrounding soil. For storage and reuse purposes, 

PIPE-R™ reservoir system is wrapped around with an impermeable liner to prevent the flow of 

water in and out of the reservoir. If the PIPE-R™ reservoir system is designed as reuse storage 

facility, the control structure becomes relevant in controlling release rate and flooding. 

Maintenance Program 

Environmental Conservation Solutions, LLC. recommends routine maintenance program to 

ensure proper and adequate performance of an installed PIPE-R™ reservoir system. This would 

require that a pretreatment system be installed upstream of the PIPE-R™ reservoir system to 

prevent the passage of suspended solids into the system. The design engineer shall recommend 

the type and size of pretreatment system required for the project, based on the expected flow 

rate, site characteristics, sediment loading and expected removal efficiency. Thus, the first, and 

most important line of sediment control are the proper installation of the pretreatment system 

and routine maintenance program as prescribed by the manufacturer. The inspection of the 

pretreatment system should, at minimum, as directed by the manufacturer, or as required by 

local regulatory agency. 

Inspection/maintenance ports with caps shall be installed within the body of the PIPE-R™ 

reservoir system and the inlet and outlet manifolds to provide secondary maintenance program. 

It is recommended to perform quarterly inspection for the first year, after installation, and then 

twice yearly for sediment accumulation depths. Flushing of the system is recommended if 

sediment accumulation depth is beyond the manufacturer’s established level or a level 

acceptable to the owner or design engineer. Flushing is performed by pumping water into the 

inspection/maintenance ports to create turbulence and re-suspend the sediment in the 

reservoir. Then, the sediment laden water is discharged using vacuum pump and disposed per 

approved methods by the local authority. 

 


