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May 27, 2021 

Leo Cosentini  
Division of Water Quality  
State Water Resources Control Board  
PO Box 1977  
Sacramento, CA 95812-1977 
 
Subject: Certification Application for Full Capture Trash Control Device 

Reference: Listing on State Water Boards Certified Full Capture Systems List  

Full Capture Device: Contech CDS® System 

 

Dear Mr. Consentini,  
 

Please accept this application letter for the Contech CDS® system as a full capture trash control device.  

CDS® General Description  

The CDS system has been used in California for over 20 years for the purpose of trash, sediment and oil removal from 
stormwater flows.  The technology gets its name from the “Continuous Deflective Separation” effect that is created by 
directing influent flows into the separation cylinder tangentially to the unique cylindrical screen.  Over the range of 
treatment flow rates, the velocity of flow parallel to the screen face is greater than the velocity of water passing through 
the screen apertures.  This causes trash and other gross solids to be deflected from the screen face toward the center of 
the separation chamber, effectively eliminating screen blockage. 

Prior Approvals 

The CDS system was the original “Full Capture System” used in the Los Angeles region at the time that the first Trash 
TMDLs were adopted in the Los Angeles region.  Trash generation rates were established in these TMDLs primarily based 
on the trash accumulation within CDS systems. Since TMDLs compliance is determined based on a reduction of trash as 
compared to baseline loads, the CDS system essentially became the definition of a full capture system. Rather than 
creating a sole specification around a proprietary product, the term “full trash capture system” was coined and the 
performance specification that was ultimately adopted in the California Trash Amendments was developed. To avoid 
insinuating a preference for a particular proprietary system, the “CDS” name was replaced by the generic term ‘vortex 
separator” was used in most TMDL documentation.  However, at the time, there were no other vortex separators 
available with 5 mm or finer screen.  
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The Los Angeles Regional Water Quality Control Board created a Full Trash Capture system verification program 
whereby new technologies were evaluated relative to the full trash capture standard.  The CDS system was not required 
to go through this program since it effectively was the definition of full trash capture by which other devices would be 
judged.  Instead, the Los Angeles Water Board stated that “For the purpose of the trash TMDLs, the Los Angeles Regional 
Board considers Vortex Separation Systems to be full capture devices”.  Subsequently, some new trash capture system 
designs were tested upstream of a CDS system, with the contents of the downstream CDS system representing trash 
that had not been captured by the tested devices.   

The CDS system was also included in the San Francisco Estuary Institute full capture trash system list that was adopted 
as part of the Statewide Trash Amendments. Since the first installation in California in 1998, many thousands of CDS 
systems have been installed in California and throughout the United States for the purpose of trash, sediment and oil 
removal. 

This application is not a request for approval of the CDS system since the system is already approved.  Rather, it provides 
updated device information in a format that is similar to fact sheets for other, more recently approved systems.  It also 
includes a verification letter from the Mosquito and Vector Control Association of California.  

Contact Information  

Contech Engineered Solutions, LLC 
A Quikrete Company 
9025 Centre Pointe Dr #400 
West Chester Township, OH 45069 
 
Contech President: 
Ed Zax 
 

Authorized Contech representative: 

Vaikko Allen 
Director – Stormwater Regulatory Management 
11815 NE Glenn Widing Dr 
Portland, OR 97220 
(503) 240-3393 
vallen@conteches.com 
 

Contech Website  

The Contech Engineered Solutions web site is: www.conteches.com 

The CDS® Stormwater Treatment web page can be found at: www.conteches.com/CDS  
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CDS® Manufacturing Sites 

CDS systems installed in California will be manufactured at one of the following locations: 
 
Precon Products North 
707-426-4450 
3855 Bithell Ln 
Suisun City, 94585 
 
Pre-Con Products Ltd 
805-527-0841 
240 W Los Angeles Ave 
Simi Valley, 93065   
 
Cook Concrete  
530-243-2562 
5461 Eastside Rd 
Redding, 96001 

Summary of Field/Lab Testing Results  

Caltrans BMP Retrofit Pilot Program 
 
Caltrans monitored two CDS units as part of the BMP Retrofit Pilot Program.  These units treated runoff from elevated 
sections of the I-210 freeway in Los Angeles County and were assessed for trash removal.  Regarding CDS system trash 
removal performance, the report concluded: “They were highly successful at removing gross pollutants, capturing an 
average of 88 percent, with bypass of this material occurring mainly when the flow capacity of the units was exceeded.” 
The systems were also assessed for mosquito breeding.  After mosquitos were found in the units the manhole lids were 
sealed and a reduction in mosquito breeding was observed. 
 
Cooperative Research Centre (CRC) Case Studies 
Australia 
 
The Cooperative Research Centre (CRC) for Catchment Hydrology conducted several monitoring programs to test the 
performance of various storm water gross pollutants trapping devices.  

The Stormwater Gross Pollutants Industrial Report (Allison R. et al. 1997) demonstrates that CDS devices are efficient gross 
pollutant traps.  During three months of monitoring, practically all gross pollutants transported by stormwater were 
trapped by the CDS device (i.e. 100 percent removal rate).   
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 Gross Pollutants Captured in CDS Systems 
 

In the report “From Roads to Rivers, Gross Pollutant Removal from Urban Waterways” (Allison, R. et al 1999), an extensive 
18-month field study was completed to determine transport of pollutants in storm water and the trapping efficiency of 
various storm water treatment systems under typical conditions.  The performance of CDS devices was assessed in terms 
of its trapping efficiency for gross pollutants, its influence on priority water quality parameters, the hydraulic 
characteristics of the unit, and the required maintenance for long term operation.  The field studies suggest that CDS unit 
is an efficient gross pollutant trap.  During 12 months of monitoring 100% material greater than the minimum aperture 
size of the separation screen (4.7-mm) was retained in the separation chamber and the hydraulic impedance of the unit 
appears to be quite low compared to other trapping techniques. 

Indian River Lagoon 
Brevard County, Florida 

Stormwater sedimentation is a primary source of pollutant to the Indian River Lagoon in Brevard County, Florida.  The 
Indian River Lagoon is an estuary of national significance and is part of the National Estuary Program.  Pollutants targeted 
in the Lagoon by the State of Florida are suspended solids, phosphorous, and nitrogen.  Suspended solids and turbidity 
reduce sunlight penetration in the Lagoon which negatively impacts sea grass growth.  Phosphorous and nitrogen are 
nutrients which promote algae growth and reduce oxygen levels in the Lagoon. 

In July, 1997, Brevard County’s Stormwater Utility Program installed a 9 cfs CDS unit with a 4700 micron screen opening 
along a ditch at the north end of Brentwood Drive, north of Cocoa and close to the Indian River.  This was the first United 
States installation of the CDS technology.  Over an 18-month period, 5 storm events were monitored for 6 parameters: 
pH, TSS, BOD, COD, turbidity and total phosphorous.  In addition, sediment samples were collected and tested for 61 
parameters.  The monitoring program reported in “CDS Unit for Sediment Control in Brevard County, Florida”  removal 
efficiencies of 52% and 31% for TSS and phosphorus respectively. 

Laboratory Verification and Certification 
New Jersey Department of Environmental Protection, New Jersey Corporation for Advanced Technology 
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The CDS system was tested in the laboratory for TSS removal following the “New Jersey Department of Environmental 
Protection Laboratory Protocol to Assess Total Suspended Solids Removal by a Hydrodynamic Sedimentation 
Manufactured Treatment Device”.  Testing was verified by NJCAT and the CDS was certified for 50 % TSS removal at a 
maximum treatment flow rate of 0.93 cfs in a 4’ diameter system.   

Manasquan Savings Bank 
Toms River, NJ 
A CDS system was tested at a typical field installation in Toms River, NJ following the Technology Acceptance Reciprocity 
Partnership Tier II Protocol. Testing was subsequently verified by NJCAT.  The CDS system achieved an overall TSS 
removal efficiency of 95%. 

CDS Limitations, and Operational, Sizing, and Maintenance Considerations 

Limitations: 

The CDS system is typically an end of pipe system that is generally not suitable as a retrofit to an existing catch basin.  
However, the grate inlet CDS configuration can replace an existing area drain and catch basin.  More commonly, the CDS 
is installed downstream of multiple inlets where it is designed to treat the peak 1-year, 1-hour flow rate from the entire 
upstream catchment area. 

CDS units require special engineering consideration when placed in a tidal application or where tailwater is expected. In 
all cases, positive drainage must be maintained from the inlet to the outlet. In some tidal applications, installation of a 
flap valve or a duckbill valve on the outlet pipe will be sufficient to prevent tide surges from entering the unit.  Where 
tailwater is expected, internal CDS components may be modified, for example, increasing the height of the bypass weir 
and modifying the geometry at the inlet to the separation chamber to ensure that the design flow rate is treated.  

Typical CDS systems require at least 48” between the inlet pipe invert and the finished grade.  Some design modification 
may be possible to fit shallower applications, for example shortening the height of the fiberglass separation cylinder and 
casting the frame and cover into the top slab. 

Operation: 

The CDS hydrodynamic separator uses swirl concentration and continuous deflective separation to screen, separate and 
trap trash, debris, sediment, and hydrocarbons from stormwater runoff. At the heart of the CDS system is a unique 
screening technology used to capture and retain trash and debris. The screen face is louvered so that it is smooth in the 
downstream direction. The effect created is called “Continuous Deflective Separation.” The power of the incoming flow 
is harnessed to continually shear debris off the screen and to direct trash and sediment toward the center of the 
separation cylinder. This results in a screen that is self-cleaning and provides 100% removal of floatables and neutrally 
buoyant material debris 4.7 mm or larger, without blinding. In addition to trash removal, oil is retained upstream of the 
hydrocarbon baffle and settleable solids are retained in the sump below the separation chamber.   
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The CDS system is available in inline, offline and grate inlet configurations.  Offline configurations include an external 
bypass weir that diverts stormwater exceeding the design treatment capacity of the system around the unit.  Inline CDS 
units include an inlet flume that collects incoming stormwater and directs flows up the design treatment capacity 
through the separation chamber.  Flows exceeding the design treatment capacity are diverted to the outlet over an 
internal weir without passing through the separation chamber.  The grate inlet configuration conveys stormwater runoff 
from an area drain into the separation chamber without requiring an inlet pipe.  

Sizing: 

The CDS system can be sized to target various sediment gradations from about 50 microns to about 200 microns with 
the design hydraulic loading rate of the system increasing with target particle diameter.  This scaling approach has been 
demonstrated in lab testing with silica-based sediment.  In applications where sediment removal is required in addition 
to trash removal, CDS system sizing will generally be dictated by the target sediment gradation.  Maximum trash 
removal flow rates are established through analysis of the forces normal to and parallel to the separation screen.  
Essentially, the force parallel to the screen face must be greater than the force perpendicular to the screen face such 
that the continuous deflective separation effect is maintained. This maximum trash treatment flow rate is about 1.4x 
greater than the maximum treatment flow rate that would be selected to target 80% removal of 125 micron particles.  

Inspection and Maintenance: 

Inspection is the key to an effective maintenance program. Trash generation rates vary widely from year to year and site 
to site. The initial inspection frequency should be semi-annual at a minimum.  Inspection  

Inspections should be performed more frequently where high trash loads are expected.  CDS systems should be cleaned 
when the sump has filled to within 75% of capacity or when the separation chamber is filled with floating trash to within 
50% of capacity.  Access to the CDS unit is typically achieved through two manhole access covers – one allows inspection 
and cleanout of the separation chamber and sump, and another allows inspection and cleanout of sediment captured 
and retained behind the screen. A vacuum truck is recommended for cleanout of the CDS unit which can be easily 
accomplished in less than 30 minutes for most installations. 

Once a typical maintenance interval has been established, inspection should be scheduled twice as frequently. 

Installation History and Municipal Contacts  

Since the first CDS installation in California in 1998, thousands of CDS systems have been installed in the state for the 
purpose of trash, sediment and oil removal.  

Municipal References: 

Elisa Wilfong 
Water Pollution Control Administrator  
City of Hayward  
Elisa.Wilfong@hayward-ca.gov 
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Tristan Le 
Senior Civil Engineer  
Port of Long Beach 
Tristan.le@polb.com 
 

Signature of authorized representative  

I certify under penalty of law that this document and all attachments were prepared under my direction or supervision 
in accordance with a system designed to assure that qualified personnel properly gather and evaluate the information 
submitted. Based on my inquiry of the person or persons that manage the system or those persons directly responsible 
for gathering the information, to the best of my knowledge and belief, the information submitted is, true, accurate, and 
complete. I am aware that there are significant penalties for submitting false information, including the possibility of fine 
and imprisonment for knowing violations. 

Signatory: 

 
 
Vaikko Allen 
Director – Stormwater Regulatory Management 
Contech Engineered Solutions, LLC 
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a. Trash Capture 
The CDS is a stormwater treatment device intended to remove pollutants, including suspended solids, trash and debris 
and floating oils from stormwater runoff. The CDS unit is typically comprised of a manhole that houses flow and 
screening controls that provide a combination of swirly concentration and continuous deflective separation.  

 

               Figure 1 - Schematic Representation of the CDS Solid Separation Mechanism 

 

When stormwater runoff enters the CDS unit, treatment flows are routed through one of two inlet flumes into the 
separation cylinder.  During high intensity rain events, the water surface elevation in the system rises. Once influent flow 
rates exceed the treatment capacity of the inlet flumes, a portion of flow begins to overtop the weirs at the top of the 
flumes which serve as an internal bypass.  Flows routed over the internal bypass are conveyed to the outlet.  The water 
and associated gross pollutants contained within the separation cylinder are kept in continuous circular motion by the 
energy generated by the incoming flow.  This “continuous deflective separation” effect represented in Figure 1, 
enhances sediment removal, provides 100 % removal of trash larger than 4.7 mm in diameter, and prevents captured 
materials from blocking the screen.  A perforated screen plate allows the filtered water to pass through to a volute 
return system and then to the outlet pipe.  Sediment, dense trash and debris and other settleable materials settle in the 
sump storage area.  Floating trash is retained within the separation cylinder. Floating liquids, like oil, are retained 
upstream of the oil baffle. All of these materials can be removed periodically, typically using a vacuum truck. 

Figure 2 is a schematic representation of a typical CDS unit including critical components. For more details on the 
functionality of the CDS, including drawings, videos and maintenance procedures, please visit the Contech web site at: 
www.conteches.com/CDS. 
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     Figure 2 – Inline CDS system component diagram (shown with optional grate inlet) 

b. Peak flows and trash storage volumes 
CDS system sizing is a function of screen area, manhole diameter and influent configuration.  In all cases, the peak trash 
removal design flow rate will result in a velocity parallel to the screen that is greater than the velocity of water 
perpendicular to the screen.  This ensures that the continuous deflective separation (CDS) effect remains in effect 
through the range of operating flows, such that any trash contacting the separation screen is swept from the face of the 
screen and directed toward the center of the separation cylinder. A list of standard CDS system sizes, peak trash 
treatment flow rates and trash capture volumes is provided in Table 1.   Non-standard CDS models, if necessary, will be 
sized to provide similar hydraulic conditions in the separation cylinder and at the screen face to facilitate screen clearing 
by continuous deflective separation.  CDS systems may also be sized to treat the water quality flow rate at a lower 
hydraulic loading rate to achieve greater sediment and oil removal performance. Under no circumstances will the trash 
treatment design flow rates be exceeded during the design storm. 

c. Hydraulic capacity 
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Table 1 includes CDS design trash capture flow rates for standard models. In California, the peak 1-year, 1-hour flow rate 
generated by a particular catchment area should not exceed the design trash capture flow rate for the given model.   
Please note that sediment capture design flow rates for each model are lower than trash capture rates for the same 
model.  This is because sedimentation is a fundamentally different unit process that requires lower velocities within the 
CDS system.  Screening effectiveness is less susceptible to flow rate fluctuations as long as the capacity of the screen is 
not reached or exceeded. 

The hydraulic capacity of the CDS screen greatly exceeds the design trash capture flow rate for each model.  The design 
trash or sediment capture flow rate of each CDS system is determined by a combination of the bypass weir length and 
height, and the inlet throat dimensions. Example hydraulic calculations are included in Appendix A.  For trash removal, 
these dimensions are set such that bypass begins after the design trash capture flow rate in Table 1 is reached.   The 
design trash capture flow rate is set below the point where the velocity of water flowing through the screen approaches 
the velocity of flow parallel to the screen face.  This ensures that captured materials are cleared from the face of the 
screen by the force of the incoming flow. Thus, captured materials that float are trapped in the separation cylinder 
without impeding system flow rates.  Settleable materials, including waterlogged trash and dense sediment, are stored 
in the sump storage area.  Storage of captured materials in this area will not impact screen hydraulic capacity. If 
standard inspection and maintenance guidance in Appendix D is followed, CDS treatment capacity will not be affected by 
trash accumulation.  
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     Table 1 – Standard CDS® Models and Design Trash Capture Flow Rates 

нΦ ![¢9wb!¢L±9 /hbCLD¦w!¢Lhb{  
The treatment capacity of nonstandard CDS configurations will be established based on the screen diameter, screen 
height and manhole diameter such that flow patterns are similar to standard models. 

d. Standard CDS model sizes and capacities 
Design trash capture flow rates, sump storage capacity and screen cylinder volumes for standard CDS models are listed 
in Table 1.  Within CDS units, settleable materials are contained in the sump and floating and neutrally buoyant 
materials are retained within the separation cylinder.  In typical urban applications, the sump materials are a mix of 
sediment, waterlogged organic materials and captured trash. Captured floating materials 5 mm and greater in diameter 
are stored in the separation chamber and are predominately comprised of trash in typical urban installations, including 
Styrofoam, plastic bottles, balls, and other materials.  During a storm, the water surface elevation in the unit rises and 
this floating mat of trash will rise within the separation cylinder, above the separation screen.  As a result, even with a 

cfs L/s
CDS2015-4 1.028
CDS2015-5 1.028
CDS2020-5 1.544
CDS2025-5 2.263
CDS3020-6 2.879
CDS3025-6 3.599
CDS3030-6 4.2119
CDS3035-6 5.3151
CDS4030-8 6.3178
CDS4040-8 8.4238
CDS4045-8 10.5297
CDS5640-10 12.6357
CDS5653-10 19.6555
CDS5668-10 26.6753
CDS5678-10 35.0991
CDS9280-12 56.01586
CDS9290-12 72.02039
CDS92100-12 88.02492
CDS150134-22 2707646
CDS200164-26 37810704
CDS240160-32 42011893

Design Trash Capture 
Flow Rate

P
r
e
c
a
s
t

Cast In 
Place

Standard CDSÈ Models and Design 
Trash Capture Flow Rates

CDS Model
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floating trash storage volume equivalent to the volume within the screen section, the CDS system may continue to 
function normally depending on the composition of captured trash.  

The maximum potential trash storage volume is the sum of the sump capacity and the screen cylinder volume  However, 
it should be noted that these volumes are likely to fill at different rates and will contain significant amounts of non-trash 
particulate material including sediment and organic matter.  To be consistent with the maintenance indicators described 
in Section 5, the maximum trash capture volume listed in Table 2 is the sum of 75% of the sump volume and 50% of the 
volume inside the screen cylinder. 

 

Table 2 – Standard CDS® Models and Capacities 

e. Design drawings 
The CDS system is available in an inline or offline configuration.  An example inline standard drawing is included in Figure 
3.  Additionally, the inline configuration is available with an integrated inlet as shown in Figure 2, which eliminates the 
need for a separate inlet structure. A standard detail for the grate inlet version of the CDS is shown in Figure 4. The 
purpose of an offline configuration is to provide greater bypass flow capacity.  An example standard detail of an offline 
CDS system is shown in Figure 5, which also includes bypass and junction manholes. 

ft m ft m ydį mį yd3 m3 ydį mį
CDS2015-4 41.2 2.0/1.50.6/0.50.9 0.7 0.17 0.13 0.79 0.60
CDS2015-5 51.5 2.0/1.50.6/0.51.5 1.1 0.17 0.13 1.2 0.90
CDS2020-5 51.5 2.0/2.00.6/0.61.5 1.1 0.23 0.18 1.2 0.92
CDS2025-5 51.5 2.0/2.50.6/0.81.5 1.1 0.29 0.22 1.2 0.95
CDS3020-6 61.9 3.0/2.00.9/0.62.1 1.6 0.52 0.40 1.8 1.4
CDS3025-6 61.9 3.0/2.50.9/0.82.1 1.6 0.65 0.50 1.9 1.5
CDS3030-6 61.9 3.0/3.00.9/0.92.1 1.6 0.79 0.60 2.0 1.5
CDS3035-6 61.9 3.0/3.50.9/1.12.1 1.6 0.92 0.70 2.0 1.6
CDS4030-8 82.5 4.0/3.01.2/0.95.6 4.3 1.4 1.1 4.9 3.7
CDS4040-8 82.5 4.0/4.01.2/1.25.6 4.3 1.9 1.4 5.1 3.9
CDS4045-8 82.5 4.0/4.51.2/1.45.6 4.3 2.1 1.6 5.2 4.0
CDS5640-10 103.1 5.6/4.01.7/1.28.7 6.7 2.9 2.2 8.0 6.1
CDS5653-10 103.1 5.6/5.31.7/1.68.7 6.7 3.9 2.9 8.5 6.5
CDS5668-10 103.1 5.6/6.81.7/2.18.7 6.7 4.9 3.8 9.0 6.9
CDS5678-10 103.1 5.6/7.81.7/2.48.7 6.7 5.7 4.3 9.4 7.2
CDS9280-12 123.7 4.0/3.01.2/0.916.8 12.8 1.4 1.1 13.3 10.2
CDS9290-12 123.7 4.0/4.01.2/1.216.8 12.8 1.9 1.4 13.5 10.3
CDS92100-12 123.7 4.0/4.51.2/1.416.8 12.8 2.1 1.6 13.6 10.4
CDS150134-22 226.8 15.0/13.44.6/4.156.3 43.0 87.7 67.1 86.1 65.8
CDS200164-26 268.0 20.0/16.46.1/5.078.7 60.2 190.8145.9 154 118
CDS240160-32 329.9 24.0/16.07.3/4.9119.1 91.1 268.1205.0 223 171

Cast In 
Place

P
r
e
c
a
s
t

Typical Internal 
Manhole DiameterCDS Model

Screen Cylinder 
Volume

Screen                                                      
Diameter/Height

Typical                            
Sump Capacity

Maximum Trash 
Capture Volume

Standard CDSÈ Models and Capacities 
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Current CDS system standard drawings can be found on the Contech web site at: https://www.conteches.com/technical-
guides/search?filter=RNNY5KKCP1. 
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Figure 3 – Example Inline CDS Standard Detail   
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           Figure 4 – Example Grate Inlet CDS detail 
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              Figure 5 - Example Offline CDS Standard Detail 

f. Alternative configurations 
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The CDS may available in other configurations as necessary to conform to site constraints.  For example, in some cases 
an existing channel or box culvert can be retrofitted with a bypass weir to direct low flows to an offline CDS system.  In 
some applications, the CDS system has been used to screen trash and debris prior to pumping runoff to the sanitary 
sewer or a downstream treatment system and has been configured to allow installation of a pump outside of the 
separation cylinder.  There is also a downspout CDS configuration designed to treat roof runoff. 

g. Internal bypass 
The inline configuration of the CDS system has a bypass weir set at an elevation such that flows, up to and including the 
design treatment flow rate, are directed into the separation chamber.  Influent flows exceeding this rate pass over the 
bypass weir and around the separation cylinder. An example hydraulic design summary including bypass calculations is 
included in Appendix A. 

h. Previously trapped trash 
The CDS system will not resuspend trash.  In both the inline and offline configurations, the separation cylinder is located 
downstream of a bypass weir which directs any flows not screened by the treatment screen around the stored trash, 
rather than through the separation cylinder. In the unlikely event that the screen becomes blocked, water will bypass 
the separation chamber and previously captured trash will be retained. 

i. Calibration feature 
The CDS system does not have a calibration feature. 

j. Photos 
Example CDS project case studies from the State of California are included in Appendix B.  Additional CDS system case 
studies from around the United States can be found on the Contech web site at: 
https://www.conteches.com/knowledge-center/case-studies/search?filter=08DV04355M  

 

Figure 6 - Typical inline installation  
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                   Figure 7 - Typical offline CDS installation  

k. Material type 
The CDS is comprised of the following standard materials: 

¶ Structure: Concrete ASTM C478 – 88a and ASTM C33, C39, and C150 
¶ Internal housing: Fiberglass per National Bureau of Standards PS-15 
¶ Separation screen: stainless steel ASTM A316L 
¶ Fasteners: Stainless steel A316 
¶ Manhole cover and frame: Cast iron ASTM Designation 48-30.   

l. Design life 
The estimated design life of the CDS is at least 50 years. 

п  Lb{¢![[!¢Lhb D¦L5!b/9 

a. Standard device installation procedures 
CDS precast components will be delivered to the site via a flatbed transport.  The contractor shall provide equipment at 
the site that has adequate lifting capacity to unload the precast components.  The installation sequence requires the 
solids storage sump to be installed first, followed by the CDS section, additional riser sections (if necessary), top slab 
with the appropriate traffic covers (to be placed in accordance with the manufacturer’s specifications), and (if necessary) 
grade rings and/or grout to match grade. The CDS section is delivered to the project site with all internal components 
preinstalled by Contech. If the size of the CDS unit requires that internal component installation be performed at the 
project site, Contech will make appropriate arrangements with the contractor prior to the installations of the manhole.  
Standard contractor installation instructions are provided in Appendix C. 
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b. Description of device installation limitations and/or non-standard device installation 
procedures 
The contractor shall excavate and, where necessary, shall provide dewatering and shoring in accordance with project 
specifications provided by the engineer.  The subgrade shall be composed to withstand a design loading of 2000 pounds 
per square foot. 

c. Methods for diagnosing and correcting installation errors 
Assuming that Contech installation guidance and construction plans/specifications are followed, no installation errors 
are anticipated.  Any installation errors must be corrected prior to top slab installation and backfill. 

р ht9w!¢Lhb !b5 a!Lb¢9b!b/9 LbChwa!¢Lhb 
Complete operation and maintenance instructions are included in Appendix D in the “CDS® Inspection and Maintenance 
Guide”. 

a. Inspection procedures and frequency considerations 
Inspection is the key to appropriate maintenance pacing.  Pollutant transport and deposition may vary from year to year. 
Regular inspections will help ensure that the system is cleaned out at the appropriate time.  At a minimum, inspections 
should be performed twice per year (e.g. spring and fall) however more frequent inspections may be necessary for CDS 
units installed in high trash loading areas.  In general, inspection events should be twice as frequent as maintenance 
events.  The most appropriate inspection interval for a particular site can be determined over time based on prior 
inspection and maintenance history. 

Inspection is performed by opening the manhole access covers to inspect the contents of the systems. No confined 
space entry is required. More complete inspection instructions can be found in Appendix D. 

b. Maintenance frequency  
The CDS system should be inspected at regular intervals and maintained when necessary to ensure optimum 
performance.  The rate at which the system collects pollutants will depend more heavily on site activities than the size of 
the unit. In areas of high trash generation, more frequent maintenance will be required. Street sweeping or other source 
control efforts may extend maintenance intervals. The CDS system should be maintained when the height of the 
sediment pile in the sediment storage sump exceeds 75% of the total sump height.  Floating trash should be removed 
before it accumulates to within half the volume of the screen cylinder volume listed in Table 2. 

Local full capture device maintenance requirements should be followed regarding the point at which maintenance is 
required.  For example, many jurisdictions require that accumulated trash be removed before it reaches half the 
maximum storage volume.  Trash will continue to accumulate in the unit well past this point, but the hydraulic capacity 
of the unit may be reduced.  Additional non-standard models may be available to accommodate site constraints or 
unique configurations. 



CDS® FULL TRASH CAPTURE CONTROL DEVICE CERTIFICATION APPLICATION 
 5/27/2021 

15 

 

c. Maintenance procedures 
A typical cleaning usually is done by a two person team using a vacuum truck, a manhole pick or similar tool, and the 
tools normally found on a vacuum truck. The vacuum truck hose is extended into the CDS unit and the water, trash and 
sediment are vacuumed out. A small system can be cleaned in approximately 30 minutes.  Large systems, including 
those with a diversion box, can take longer, depending on the capacity of the vacuum truck.   Non-routine pollutants (i.e. 
other than trash and sediment), including large volumes of oil or grease, lumber, etc. require more extensive 
procedures.  All cleaning activities can be performed without entering the unit. 

The CDS screen and other internal components should be power washed once the CDS unit is substantially emptied.  The 
power wash rinse water should be vacuumed from the storage sump to ensure that all captured pollutants are removed. 

d. Essential equipment and materials for proper maintenance 
Maintenance typically requires a two-person team, a vacuum truck, a manhole pick or similar tool, and the tools 
normally found on a vacuum truck.  No confined space entry is required. 

e. Description of the effects of deferred maintenance  
If maintenance is not performed as recommended, the treatment capacity of the unit will eventually be reduced as 
sediment and trash accumulate in the separation cylinder and impede flow through the separation screen.   

f. Repair procedures for the device’s structural and screening components. 
The CDS system components are expected to last for at least 50 years without replacement. Screen components should 
not need to be replaced if subjected to typical trash loads and design flow rates.  If necessary, the separation screen can 
be cut out and removed through the manhole access point over the separation cylinder.  A new screen could be installed 
by passing screen sections through the manhole access point and fastening in place. 

с ±9/¢hw /hb¢wh[ !//9{{L.L[L¢¸ 

a. CDS application for vector control accessibility design verification  
A letter requesting design vector control accessibility design verification was submitted via email to the Mosquito Vector 
Control Association of California on March 29, 2021.  A copy of this letter is provided in Appendix E. 

b. CDS vector control access and vector deterrence 
In 2019, Contech changed default CDS manhole covers to a non-vented design (Figure 2) with recessed pick holes that 
do not penetrate the entire depth of the cover.  This prevents mosquito passage into and out of the system through 
these inspection and maintenance points. 

c. The MVCAC Letter of Verification  
An accessibility design verification letter was received from the Mosquito Vector Control Association of California on 
April 29, 2021.  That letter states: 
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“The Association has reviewed the conceptual drawings for the Contech CDS and verifies that provisions have been 
included in the designs that allow for full visual access to all areas for presence of standing water, and when necessary, 
allows for treatments of mosquitoes.” 

 A full copy of this verification letter is provided in Appendix F. 

т w9[L!.L[L¢¸  

a. Estimated design life 
The CDS system has no replaceable parts and has a design life of at least 50 years.  

b. Warranty information 
Contech guarantees CDS units against all manufacturer originated defects in materials or workmanship for a period of 
twelve months from the date of delivery to the owner for installation. Contech will upon its determination, repair, 
correct or replace any manufacturer originated defects advised in writing to Contech within this twelve-month warranty 
period. The use of CDS units shall be limited to the application for which it was specifically designed.  

c. Customer support information 
Customer support for all Contech products and applications is available by email at:  info@conteches.com.  All 
stormwater related email inquiries and requests sent to this address will be routed to the appropriate Contech 
Stormwater Consultant.  Customers can also use the “find your local contact” tool and access other contact information 
on the Contech website at: https://www.conteches.com/connect.  

у CL9[5κ[!. ¢9{¢LbD LbChwa!¢Lhb !b5 !b![¸{L{ 

a. Field/lab testing information  

LΦ /![¢w!b{ .at w9¢whCL¢ tL[h¢ twhDw!a 
 
Caltrans monitored two CDS units as part of the BMP Retrofit Pilot Programi.  These units treated runoff from elevated 
sections of the I-210 freeway in Los Angeles County and were assessed for trash removal.  Regarding CDS system trash 
removal performance, the report concluded: “They were highly successful at removing gross pollutants, capturing an 
average of 88 percent, with bypass of this material occurring mainly when the flow capacity of the units was exceeded.” 
The systems were also assessed for mosquito breeding.  After mosquitos were found in the units the manhole lids were 
sealed and a reduction in mosquito breeding was observed. 
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The Cooperative Research Centre (CRC) for Catchment Hydrology conducted several monitoring programs to test the 
performance of various storm water gross pollutants trapping devices. The Stormwater Gross Pollutants Industrial Reportii 
demonstrates that CDS devices are efficient gross pollutant traps.  During three months of monitoring, practically all gross 
pollutants transported by stormwater were trapped by the CDS device (i.e. 100 percent removal rate).   

 

 

 

 

 

 

 

Figure 8 -  Gross Pollutants Captured in the CDS Units Sump 
 

In the report “From Roads to Rivers, Gross Pollutant Removal from Urban Waterwaysiii”, an extensive 18-month field study 
was completed to determine transport of pollutants in storm water and the trapping efficiency of various storm water 
treatment systems under typical conditions.  The performance of CDS devices was assessed in terms of its trapping 
efficiency for gross pollutants, its influence on priority water quality parameters, the hydraulic characteristics of the unit, 
and the required maintenance for long term operation.  The field studies suggest that CDS unit is an efficient gross 
pollutant trap.  During 12 months of monitoring 100% material greater than the minimum aperture size of the separation 
screen (4.7-mm) was retained in the separation chamber and the hydraulic impedance of the unit was quite low compared 
to other trapping techniques. 

LLLΦ Lb5L!b wL±9w [!DhhbΣ .w9±!w5 /h¦b¢¸Σ C[hwL5! 

Stormwater sedimentation is a primary source of pollutant to the Indian River Lagoon in Brevard County, Florida.  The 
Indian River Lagoon is an estuary of national significance and is part of the National Estuary Program.  Pollutants targeted 
in the Lagoon by the State of Florida are suspended solids, phosphorous, and nitrogen.  Suspended solids and turbidity 
reduce sunlight penetration in the Lagoon which negatively impacts sea grass growth.  Phosphorous and nitrogen are 
nutrients which promote algae growth and reduce oxygen levels in the Lagoon. 

In July, 1997, Brevard County’s Stormwater Utility Program installed a 9 cfs CDS unit with a 4700 micron screen opening 
along a ditch at the north end of Brentwood Drive, north of Cocoa and close to the Indian River.  This was the first United 
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States installation of the CDS technology.  Over an 18-month period, 5 storm events were monitored for 6 parameters: 
pH, TSS, BOD, COD, turbidity and total phosphorous.  In addition, sediment samples were collected and tested for 61 
parameters.  The monitoring program reported in “CDS Unit for Sediment Control in Brevard County, Floridaiv”  removal 
efficiencies of 52% and 31% for TSS and phosphorus respectively. 

L±Φ b9² W9w{9¸ [!.hw!¢hw¸ ±9wLCL/!¢Lhb !b5 /9w¢LCL/!¢Lhb 
The CDS system was tested in the laboratory for TSS removal following the “New Jersey Department of Environmental 
Protection Laboratory Protocol to Assess Total Suspended Solids Removal by a Hydrodynamic Sedimentation 
Manufactured Treatment Devicev”.  Testing was verified by NJCATvi and the CDS was certified for 50 % TSS removal at a 
maximum treatment flow rate of 0.93 cfs in a 4’ diameter system by the New Jersey Department of Environmental 
Protectionvii.   

±Φ a!b!{v¦!b {!±LbD{ .!bYΣ ¢ha{ wL±9wΣ bW 
A CDS system was tested at a typical field installation in Toms River, NJ following the Technology Acceptance Reciprocity 
Partnership Tier II Protocolviii. Testing results were subsequently verified by NJCATix.  The CDS system achieved an overall 
TSS removal efficiency of 95%. 

ф w9C9w9b/9{ 
 

i Caltrans. 2004. BMP Retrofit Pilot Program Final Report. Report ID: CTSW - RT - 01 – 050. Available online at: https://dot.ca.gov/-
/media/dot-media/programs/design/documents/ctsw-rt-01-050-001-a11y.pdf  
ii Allison, R., Chiew, F., McMahon, T. 1997. Stormwater Gross Pollutants: Industry Report. CRC for Catchment Hydrology, Clayton, 
Victoria, Australia. 
iii Allison R.A., Walker T.A., Chiew F.H.S., O’Neill I.C. and McMahon T.A. (1998). CǊƻƳ wƻŀŘǎ ǘƻ wƛǾŜǊǎΣ π DǊƻǎǎ tƻƭƭǳǘŀƴǘ wŜƳƻǾŀƭ ŦǊƻƳ 
¦Ǌōŀƴ ²ŀǘŜǊǿŀȅǎΣ Technical Report 98/6, Cooperative Research Centre for Catchment Hydrology, 97p. 
iv Strynchuck, Justin, Royal, John and England, Gordon, ¢ƘŜ ¦ǎŜ ƻŦ ŀ /5{ ¦ƴƛǘ ŦƻǊ {ŜŘƛƳŜƴǘ /ƻƴǘǊƻƭ ƛƴ .ǊŜǾŀǊŘ /ƻǳƴǘȅΣ Brevard County 
Surface Water Improvement 
v New Jersey Department of Environmental Protection. 2021. New Jersey Department of Environmental Protection Laboratory 
Protocol to Assess Total Suspended Solids Removal by a Hydrodynamic Sedimentation Manufactured Treatment Device. Available 
online at: https://www.nj.gov/dep/stormwater/pdf/2021_hds_protocol_final_version.pdf 
vi NJ CAT Verification Report: http://www.njcat.org/uploads/newDocs/CDSVerificationReportFinal1.pdf  
vii NJ DEP https://www.nj.gov/dep/stormwater/pdf/CDS_Certification_20170317.pdf  
viii Technology Acceptance Reciprocity Partnership. 2003. The Technology Acceptance Reciprocity Partnership Protocol for 
Stormwater Best Management Practice Demonstrations. Available online at: https://www.mass.gov/doc/stormwater-best-
management-practice-demonstration-tier-ii-protocol-for-interstate-reciprocity/download  
ix NJCAT TARP Tier II: http://www.njcat.org/uploads/newDocs/NJCATTECHNOLOGYVERIFICATIONMSBCDSFINAL81012.pdf  
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DESIGN PARAMETERS

CDS Model No. = CDS4030
 Design Treatment Flow = 6.3 cfs

Peak Design Flow  = 19.00 cfs
Peak Design Return Interval  = 50 year
Rim Elevation @ US Structure 12.49 ft

DETAILED CALCULATIONS

TREATMENT FLOW

Tailwater Condition at Outfall, EL0

EL0 = 8.05 ft (invert plus depth of flow at D/S outlet)

Exit Loss from DownStream Pipe, h1

h1 = k * [ V
2 / (2*g) ]

where,
k = 1.00
V = Q / AF

= 2.87 fps

h1 = 0.13 ft

EGL1 = EL0 + h1

= 8.18 ft

Head Loss Through Downstream Pipe, h2

Friction Losses, h2

h2 = SEGL * L

where,
L = 85 ft

SEGL = [ (Q * n) / (1.49 * AF * R2/3) ]2

where,

Pipe Characteristics

Dia. = 36 in

SPIPE = 0.0011 ft/ft
n = 0.012

Flow Characteristics

dF = 1.05 ft

AF = 2.20 sf

PW = 3.79 ft
R = 0.58 ft

INLINE
HYDRAULIC CALCULATIONS

DOWNTOWN MONTEREY - FRANKLIN STREET FTC
MONTEREY, CA

668603-10
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4/7/2021Head Loss Through Downstream Pipe, h2 (cont.'d)

SEGL = 0.00110 ft / ft

h2 = 0.0937 ft

EGL2' = EGL1 + h2

= 8.28 ft

Check Entrance Condition for Critical Depth Control

ELCDS Inv. = 7.10 ft

dc = 0.80 ft

EGLC = ELCDS Inv. + dc + Vdc
2 / (2*g)

= 8.17 ft

 Identify Controling EGL

Friction based EGL controls.
EGL2 = 8.28 ft

Re-entry Loss into DownStream Pipe, h3

h3 = k * [ V
2 / (2*g) ]

where,
k = 0.20
V = Q / A

= 2.87 fps (area based on flow depth)

h3 = 0.03 ft

EGL3' = EGL2 + h3

= 8.30 ft

Oil Baffle Loss, h4

h4 = k * [ V
2 / (2*g) ]

where,
k = 1.00

ABaffle = 8.80 sf
V = Q / Abaffle

= 0.72 fps

h4 = 0.0080 ft

EGL4 = EGL3 + h4

= 8.31 ft

Check Standard Weir Elevation

HLCDS = 0.67 ft

ELW' = EGL4 + HLCDS

= 8.98 ft

HW' = ELW' - ELCDS INV.

= 1.88 ft,      or 22.55 in

Std. Weir Height = 23.0 in
Status OK

Use HW = 23 in,        or 1.92 ft

ELW = ELCDS INV. + HW

= 9.02 ft
Page 2 of 5



4/7/2021PEAK CONVEYANCE FLOW

Tailwater Condition at Outfall, EL0

EL0 = 9.02 ft (invert plus depth of flow at D/S outlet)

Exit Loss from DownStream Pipe, h1

h1 = k * [ V
2 / (2*g) ]

where,

k = 1.00  

V = Q / AF

= 3.77 fps

h1 = 0.22 ft

EGL1 = EL0 + h1

= 9.24 ft

Head Loss Through Downstream Pipe, h2

Friction Losses, h2

h2 = SEGL * L

where,
L = 85 ft

SEGL = [ (Q * n) / (1.49 * AF * R2/3) ]2

where,

Pipe Characteristics

Dia. = 36 in

SPIPE = 0.0011 ft/ft
n = 0.012

Flow Characteristics

dn = 2.01 ft

AF = 5.04 sf

PW = 5.76 ft
R = 0.88 ft

SEGL = 0.0011 ft / ft

h2 = 0.09 ft

EGL2' = EGL1 + h2

= 9.33 ft

Check Entrance Condition for Critical Depth Control

ELCDS Inv. = 7.10 ft

dc = 1.39 ft

EGLC = ELCDS Inv. + dc + Vdc
2 / (2*g)

= 9.04 ft

 Identify Controling EGL

Friction based EGL controls.

EGL2 = 9.33 ft
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4/7/2021Re-entry Loss into DownStream Pipe, h3

h3 = k * [ V
2 / (2*g) ]

where,
k = 0.20
V = Q / AF

= 3.77 fps (area based on flow depth)

h3 = 0.04 ft

EGL3 = EGL2 + h3

= 9.38 ft

Oil Baffle Loss, h4

h4 = k * [ V
2 / (2*g) ]

where,
k = 0.00 (Skirted-baffle model)

ABaffle = 8.80 sf

V = Q / ABaffle

= 2.16 fps

h4 = 0.00 ft

EGL4 = EGL3 + h4

= 9.38 ft

HGL4 = EGL4 -  [ VP
2 / (2*g) ]

= 9.16 ft

Head over Diversion Weir, h5

Elevation of Weir

ELWeir = 9.02 ft (established above)

Headloss for Free Discharge Condition

h5a = [ Q / (C * L) ]2/3

where,
C = 3.1
L = 4.00 ft

h5a = 1.33 ft

EGL5a = ELWeir + h5a

= 10.35 ft

Headloss for Submerged Condition

dSub = 0.14 ft (depth of submergence)

h5b = 1.20 ft (separate submerged weir calc.)

EGL5b = EGL4 + h5b

= 10.58 ft

Identify EGL U/S of Weir

The discharge condition is Submerged , therefore
EGL5 = 10.58 ft
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4/7/2021Expansion Loss from U/S Pipe, h6

h6 = k * [ V
2 / (2*g) ]

where,
k = 0.30
V = Q / AF

= 2.69 fps

h6 = 0.03 ft

EGL6 = EGL5 + h6

= 10.62 ft

Head Loss Through Upstream Pipe, h7

Friction Losses, h7

h7 = SEGL * L

where,
L = 175 ft

SEGL = [ (Q * n) / (1.49 * AF * R2/3) ]2

where,
Pipe Characteristics

Dia. = 36 in

SPIPE = 0.0011 ft/ft
n = 0.012

Flow Characteristics

dn = 3.00 ft

AF = 7.07 sf

PW = 9.42 ft
R = 0.75 ft

SEGL = 0.0007 ft / ft

h7 = 0.12 ft

EGL7' = EGL6 + h7

= 10.74 ft

Check Entrance Condition for Critical Depth Control

ELU/S Inv. = 7.29 ft

dc = 1.39 ft

EGLC = ELCDS Inv. + dc + Vdc
2 / (2*g)

= 9.13 ft

 Identify Controling EGL

Friction based EGL controls.

EGL7 = 10.74 ft

HGL7 = EGL7 - [ V
2 / (2*g) ]

= 10.62 ft

 Freeboard = 1.87 ft (at first upstream structure)
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�0�H�W�D���+�R�X�V�L�Q�J���&�R�U�S�R�U�D�W�L�R�Q�Ø�V���L�Q�W�H�Q�W���Z�D�V���W�R���G�H�V�L�J�Q���D���S�U�R�M�H�F�W���W�K�D�W���X�W�L�O�L�]�H�G���W�K�H

�P�D�[�L�P�X�P���R�I���/�R�Z���,�P�S�D�F�W���'�H�Y�H�O�R�S�P�H�Q�W���D�Q�G���V�X�V�W�D�L�Q�D�E�O�H���G�H�V�L�J�Q���S�U�L�Q�F�L�S�O�H�V�����7�K�H

�R�U�L�J�L�Q�D�O���W�D�U�J�H�W���Z�D�V���I�R�U���W�K�H���S�U�R�M�H�F�W���W�R���D�F�K�L�H�Y�H���D���/�(�(�'�����/�H�D�G�H�U�V�K�L�S���L�Q���(�Q�H�U�J�\���D�Q�G

�(�Q�Y�L�U�R�Q�P�H�Q�W�D�O���'�H�V�L�J�Q�����I�R�U���+�R�P�H�V���*�R�O�G���F�H�U�W�L�I�L�F�D�W�L�R�Q��

�$�Q���,�Q�W�H�J�U�D�W�H�G���'�H�Y�H�O�R�S�P�H�Q�W���3�O�D�Q���Z�D�V���L�Q�L�W�L�D�O�O�\���G�H�Y�H�O�R�S�H�G���L�Q���R�U�G�H�U���W�R���W�D�U�J�H�W���W�K�H

�K�L�J�K�H�V�W���S�R�V�V�L�E�O�H���O�H�Y�H�O�V���R�I���H�Q�H�U�J�\���H�I�I�L�F�L�H�Q�F�\�����6�R�P�H���R�I���W�K�H���V�X�V�W�D�L�Q�D�E�O�H���I�H�D�W�X�U�H�V���L�Q���W�K�H

�S�O�D�Q���L�Q�F�O�X�G�H�G���D���V�R�O�D�U���K�R�W���Z�D�W�H�U���V�\�V�W�H�P�����H�I�I�L�F�L�H�Q�W���O�L�J�K�W�L�Q�J���D�S�S�O�L�D�Q�F�H�V���D�Q�G���O�R�Z���I�O�R�Z

�S�O�X�P�E�L�Q�J���I�L�[�W�X�U�H�V���W�K�D�W���Z�R�X�O�G���G�H�F�U�H�D�V�H���Z�D�W�H�U���D�Q�G���W�K�H�U�P�D�O���H�Q�H�U�J�\���F�R�Q�V�X�P�S�W�L�R�Q��

�:�K�L�O�H���S�H�U�I�R�U�P�L�Q�J���F�L�Y�L�O���H�Q�J�L�Q�H�H�U�L�Q�J���V�H�U�Y�L�F�H�V���I�R�U���W�K�H���S�U�R�M�H�F�W�����.�3�)�)���&�R�Q�V�X�O�W�L�Q�J

�(�Q�J�L�Q�H�H�U�V���Q�H�H�G�H�G���W�R���F�R�Q�W�L�Q�X�H���W�R���S�U�R�Y�L�G�H���V�X�V�W�D�L�Q�D�E�O�H���G�H�V�L�J�Q���V�R�O�X�W�L�R�Q�V�����.�3�)�)���F�K�R�V�H

�W�R���X�W�L�O�L�]�H���W�K�H���F�R�P�E�L�Q�D�W�L�R�Q���R�I���D���&�'�6���V�\�V�W�H�P���D�Q�G���S�H�U�I�R�U�D�W�H�G���+�'�3�(�����+�L�J�K���'�H�Q�V�L�W�\���3�R�O�\�H�W�K�\�O�H�Q�H�����S�L�S�H���I�R�U���W�K�H���S�U�R�M�H�F�W�Ø�V

�V�W�R�U�P�Z�D�W�H�U���P�D�Q�D�J�H�P�H�Q�W���V�\�V�W�H�P�����S�U�R�G�X�F�W�V���R�I�I�H�U�H�G���E�\���&�R�Q�W�H�F�K���(�Q�J�L�Q�H�H�U�H�G���6�R�O�X�W�L�R�Q�V�����7�K�H���W�Z�R���I�L�U�P�V���K�D�G���Z�R�U�N�H�G���V�X�F�F�H�V�V�I�X�O�O�\

�R�Q���D���Y�D�U�L�H�W�\���R�I���S�D�V�W���S�U�R�M�H�F�W�V�����D�Q�G���.�3�)�)���N�Q�H�Z���&�R�Q�W�H�F�K���Z�D�V���H�[�S�H�U�L�H�Q�F�H�G���E�R�W�K���Z�L�W�K���S�U�R�Y�L�G�L�Q�J���V�X�V�W�D�L�Q�D�E�O�H���G�H�V�L�J�Q���V�R�O�X�W�L�R�Q�V���D�Q�G

�L�Q���Z�L�Q�Q�L�Q�J���D�S�S�U�R�Y�D�O�V���I�U�R�P���O�R�F�D�O���D�J�H�Q�F�L�H�V��

�7�K�H���&�'�6���V�\�V�W�H�P���X�V�H�V���F�R�Q�W�L�Q�X�R�X�V���G�H�I�O�H�F�W�L�Y�H���V�H�S�D�U�D�W�L�R�Q���W�R���H�I�I�H�F�W�L�Y�H�O�\���V�F�U�H�H�Q�����V�H�S�D�U�D�W�H���D�Q�G���W�U�D�S���G�H�E�U�L�V�����V�H�G�L�P�H�Q�W���D�Q�G���R�L�O���I�U�R�P

�V�W�R�U�P�Z�D�W�H�U���U�X�Q�R�I�I�����8�V�L�Q�J���W�K�H���V�\�V�W�H�P���F�D�Q���F�R�Q�W�U�L�E�X�W�H���W�R���K�H�O�S�L�Q�J���D���S�U�R�M�H�F�W���D�F�K�L�H�Y�H���D���Y�D�U�L�H�W�\���R�I���/�(�(�'���F�U�H�G�L�W�V�����L�Q�F�O�X�G�L�Q�J���W�K�R�V�H

�L�Q�Y�R�O�Y�H�G���Z�L�W�K���V�W�R�U�P�Z�D�W�H�U���T�X�D�O�L�W�\���F�R�Q�W�U�R�O�����Z�D�W�H�U���H�I�I�L�F�L�H�Q�F�\�����Z�D�W�H�U���H�I�I�L�F�L�H�Q�W���O�D�Q�G�V�F�D�S�L�Q�J���D�Q�G���X�V�H���R�I���U�H�F�\�F�O�H�G���F�R�Q�W�H�Q�W���D�Q�G

�U�H�J�L�R�Q�D�O���P�D�W�H�U�L�D�O�V��

�7�H�F�K�Q�L�F�D�O���'�H�V�F�U�L�S�W�L�R�Q��
�3�U�R�G�X�F�W�V�����&�'�6�������������3�H�U�I�R�U�D�W�H�G
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�7�K�H���S�U�R�M�H�F�W���K�D�V���D�F�W�X�D�O�O�\���H�[�F�H�H�G�H�G���L�W�V���R�U�L�J�L�Q�D�O���H�[�S�H�F�W�D�W�L�R�Q���R�I���S�X�U�V�X�L�Q�J���D���/�(�(�'���I�R�U���+�R�P�H�V���*�R�O�G���F�H�U�W�L�I�L�F�D�W�L�R�Q���D�Q�G���L�V���Q�R�Z

�S�X�U�V�X�L�Q�J���D���3�O�D�W�L�Q�X�P���F�H�U�W�L�I�L�F�D�W�L�R�Q�����W�K�H���P�R�V�W���S�U�H�V�W�L�J�L�R�X�V���O�H�Y�H�O���R�I���/�(�(�'���F�H�U�W�L�I�L�F�D�W�L�R�Q���W�K�D�W���D���S�U�R�M�H�F�W���F�D�Q���D�F�K�L�H�Y�H��
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wƻƭŀƴŘƻ 5ŜƭƎŀŘƻ 
!ǊŜŀ 9ƴƎƛƴŜŜǊΣ {ǘǊǳŎǘǳǊŜǎ 

/ƻƴǘŜŎƘ 9ƴƎƛƴŜŜǊŜŘ {ƻƭǳǘƛƻƴǎ [[/ 
флнр /ŜƴǘǊŜ tƻƛƴǘŜ 5ǊƛǾŜΣ {ǳƛǘŜ плл 

²Ŝǎǘ /ƘŜǎǘŜǊΣ hI прлсф 
hŦŦƛŎŜΥ όрмоύ спрπтлнп 
aƻōƛƭŜΥ όфотύ осфπттум 
ǿǿǿΦ/ƻƴǘŜŎƘ9{ΦŎƻƳ 

  

 

! v¦LYw9¢9ϯ /ƻƳǇŀƴȅ 

!tt9b5L· /ς /5{ /hb¢w!/¢hw Lb{¢![[!¢Lhb Lb{¢w¦/¢Lhb{ 
 

  





wƻƭŀƴŘƻ 5ŜƭƎŀŘƻ 
!ǊŜŀ 9ƴƎƛƴŜŜǊΣ {ǘǊǳŎǘǳǊŜǎ 

/ƻƴǘŜŎƘ 9ƴƎƛƴŜŜǊŜŘ {ƻƭǳǘƛƻƴǎ [[/ 
флнр /ŜƴǘǊŜ tƻƛƴǘŜ 5ǊƛǾŜΣ {ǳƛǘŜ плл 

²Ŝǎǘ /ƘŜǎǘŜǊΣ hI прлсф 
hŦŦƛŎŜΥ όрмоύ спрπтлнп 
aƻōƛƭŜΥ όфотύ осфπттум 
ǿǿǿΦ/ƻƴǘŜŎƘ9{ΦŎƻƳ 

  

 

! v¦LYw9¢9ϯ /ƻƳǇŀƴȅ 

!tt9b5L· 5 ς /5{ Lb{t9/¢Lhb !b5 a!Lb¢9b!b/9 D¦L59 
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wƻƭŀƴŘƻ 5ŜƭƎŀŘƻ 
!ǊŜŀ 9ƴƎƛƴŜŜǊΣ {ǘǊǳŎǘǳǊŜǎ 

/ƻƴǘŜŎƘ 9ƴƎƛƴŜŜǊŜŘ {ƻƭǳǘƛƻƴǎ [[/ 
флнр /ŜƴǘǊŜ tƻƛƴǘŜ 5ǊƛǾŜΣ {ǳƛǘŜ плл 

²Ŝǎǘ /ƘŜǎǘŜǊΣ hI прлсф 
hŦŦƛŎŜΥ όрмоύ спрπтлнп 
aƻōƛƭŜΥ όфотύ осфπттум 
ǿǿǿΦ/ƻƴǘŜŎƘ9{ΦŎƻƳ 

  

 

! v¦LYw9¢9ϯ /ƻƳǇŀƴȅ 

!tt9b5L· 9 π a±/!/ ±9/¢hw /hb¢wh[ !//9{{L.L[L¢¸ 59{LDb ±9wLCL/!¢Lhb 
w9v¦9{¢ [9¢¢9w 
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aŀǊŎƘ нсΣ нлнм 
 
aƻǎǉǳƛǘƻ ŀƴŘ ±ŜŎǘƻǊ /ƻƴǘǊƻƭ !ǎǎƻŎƛŀǘƛƻƴ ƻŦ /ŀƭƛŦƻǊƴƛŀ 
 
w9Υ wŜǉǳŜǎǘ ŦƻǊ ǾŜǊƛŦƛŎŀǘƛƻƴ ƻŦ ǾŜŎǘƻǊ ŎƻƴǘǊƻƭ ŀŎŎŜǎǎƛōƛƭƛǘȅ ŦƻǊ /5{ϯ Ŧǳƭƭ ŎŀǇǘǳǊŜ ǘǊŀǎƘ ŘŜǾƛŎŜ 
 
5ŜŀǊ a±/!/Σ 
 
tƭŜŀǎŜ ŀŎŎŜǇǘ ǘƘƛǎ ŀǇǇƭƛŎŀǘƛƻƴ ŦƻǊ ǾŜŎǘƻǊ ŎƻƴǘǊƻƭ ŀŎŎŜǎǎƛōƛƭƛǘȅ ǾŜǊƛŦƛŎŀǘƛƻƴ ŦƻǊ ǘƘŜ /5{ϯ ǎȅǎǘŜƳΦ  ¢ƘŜ /5{ ǎȅǎǘŜƳ 
Ƙŀǎ ōŜŜƴ ǳǎŜŘ ŦƻǊ ƳƻǊŜ ǘƘŀƴ нл ȅŜŀǊǎ ŀǘ ǘƘƻǳǎŀƴŘǎ ƻŦ ƭƻŎŀǘƛƻƴǎ ƛƴ /ŀƭƛŦƻǊƴƛŀ ǘƻ ǊŜƳƻǾŜ ǘǊŀǎƘΣ ƻƛƭ ŀƴŘ ǎŜŘƛƳŜƴǘ 
ŦǊƻƳ ǎǘƻǊƳǿŀǘŜǊ ǊǳƴƻŦŦΦ  Lǘ ǿŀǎ ŀƳƻƴƎ ǘƘŜ Cǳƭƭ /ŀǇǘǳǊŜ 5ŜǾƛŎŜǎ ǘƘŀǘ ǿŜǊŜ ŀŘƻǇǘŜŘ ǿƛǘƘ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ ¢ǊŀǎƘ 
!ƳŜƴŘƳŜƴǘǎΦ  /ƻƴǘŜŎƘ 9ƴƎƛƴŜŜǊŜŘ {ƻƭǳǘƛƻƴǎ ǊŜŎŜƴǘƭȅ ǊŜŎŜƛǾŜŘ ŀ ƭŜǘǘŜǊ ŦǊƻƳ ǘƘŜ /ŀƭƛŦƻǊƴƛŀ {ǘŀǘŜ ²ŀǘŜǊ 
wŜǎƻǳǊŎŜǎ /ƻƴǘǊƻƭ .ƻŀǊŘ ǊŜǉǳŜǎǘƛƴƎ ǘƘŀǘ ǿŜ ǇǊƻǾƛŘŜ ŀ a±/!/ ǾŜǊƛŦƛŎŀǘƛƻƴ ƭŜǘǘŜǊ ǘƻ ǘƘŜƳ ŦƻǊ ǘƘŜ /5{ ǎȅǎǘŜƳΦ 
 
¢ƘŜ /5{ ǎȅǎǘŜƳ ƛǎ ŀ ƳŀƴƘƻƭŜπōŀǎŜŘΣ ŜƴŘπƻŦπǇƛǇŜ ǘǊŜŀǘƳŜƴǘ ǎȅǎǘŜƳ ǘƘŀǘ ŎƻƳŜǎ ƛƴ ŀ ǾŀǊƛŜǘȅ ƻŦ ŎƻƴŦƛƎǳǊŀǘƛƻƴǎ ŀƴŘ 
ǎƛȊŜǎ όCƛƎǳǊŜ мύΦ   
 

 
CƛƎǳǊŜ м ς /5{ ǎȅǎǘŜƳ ǿƛǘƘ ƻǇǘƛƻƴŀƭ ƎǊŀǘŜ ƛƴƭŜǘ 

 



Contech Engineered Solutions LLC 
9025 Centre Pointe Drive, Suite 400 

West Chester, OH 45069 
Phone: (513) 645-7000 
Fax: (513) 645-7993 
www.ContechES.com 

  

 

/ǳǊǊŜƴǘ /5{ ǎȅǎǘŜƳ ƛƴŦƻǊƳŀǘƛƻƴ Ŏŀƴ ōŜ ŦƻǳƴŘ ƻƴ ǘƘŜ /ƻƴǘŜŎƘ ǿŜō ǎƛǘŜ ŀǘΥ ǿǿǿΦŎƻƴǘŜŎƘŜǎΦŎƻƳκŎŘǎ  
{ǘŀƴŘŀǊŘ ŘŜǘŀƛƭǎ ƻŦ ŀƭƭ /5{ ƳƻŘŜƭǎ ŀǊŜ ŀǾŀƛƭŀōƭŜ ƻƴ ǘƘŜ /ƻƴǘŜŎƘ ǿŜō ǎƛǘŜ ŀǘΥ 
ƘǘǘǇǎΥκκǿǿǿΦŎƻƴǘŜŎƘŜǎΦŎƻƳκǘŜŎƘƴƛŎŀƭπƎǳƛŘŜǎκǎŜŀǊŎƘΚŦƛƭǘŜǊҐwbb¸рYY/tм  
 
!ƭƭ /5{ ǳƴƛǘǎ ŀǊŜ ƳŀƴƘƻƭŜ ōŀǎŜŘ ŀƴŘ ƛƴŎƭǳŘŜ ŀ ǎŜǇŀǊŀǘƛƻƴ ŎȅƭƛƴŘŜǊ ǿƛǘƘƛƴ ǿƘƛŎƘ ŦƭƻŀǘƛƴƎ ǘǊŀǎƘ ŀƴŘ ŘŜōǊƛǎ ŀǊŜ 
ǊŜǘŀƛƴŜŘ ŀǎ ǿŜƭƭ ŀǎ ƻƛƭ ŀƴŘ ƻǘƘŜǊ ōǳƻȅŀƴǘ ƭƛǉǳƛŘǎΦ  {ŜǘǘƭŜŀōƭŜ ƳŀǘŜǊƛŀƭǎ ƭƛƪŜ ǎŜŘƛƳŜƴǘ ŀƴŘ ǿŀǘŜǊƭƻƎƎŜŘ ǘǊŀǎƘ ŀǊŜ 
ǎǘƻǊŜŘ ƛƴ ǘƘŜ ǎǳƳǇ ǎǘƻǊŀƎŜ ŀǊŜŀΦ  Lƴ ŀƭƭ ǳƴƛǘǎΣ ǘƘŜǊŜ ƛǎ ŀ ƳŀƴƘƻƭŜ ŎƻǾŜǊ ƻǊ ƎǊŀǘŜ ƛƴƭŜǘ ƭƻŎŀǘŜŘ ƻǾŜǊ ǘƘŜ ǎǳƳǇ 
ǎǘƻǊŀƎŜ ŀǊŜŀ ǘƘŀǘ Ŏŀƴ ōŜ ǊŜƳƻǾŜŘ ǘƻ Ǿƛǎǳŀƭƭȅ ƛƴǎǇŜŎǘ ǘƘŜ ŎƻƴǘŜƴǘǎ ƻŦ ǘƘŜ ǎŜǇŀǊŀǘƛƻƴ ŎȅƭƛƴŘŜǊΦ  !ŎŎǳƳǳƭŀǘƛƻƴ ƻŦ 
ƳŀǘŜǊƛŀƭǎ ƛƴ ǘƘŜ ǎǳƳǇ ǎǘƻǊŀƎŜ ŀǊŜŀ Ŏŀƴ ōŜ ŀǎǎŜǎǎŜŘ ǘƘǊƻǳƎƘ ǘƘƛǎ ǎŀƳŜ ƻǇŜƴƛƴƎ ǳǎƛƴƎ ŀ ŎŀƭƛōǊŀǘŜŘ ŘƛǇǎǘƛŎƪΣ ǘŀǇŜ 
ƳŜŀǎǳǊŜ ƻǊ ƻǘƘŜǊ ƳŜŀǎǳǊƛƴƎ ƛƴǎǘǊǳƳŜƴǘΦ  Lƴ ŀƭƭ ǳƴƛǘǎΣ ǘƘŜǊŜ ƛǎ ŀ ǎŜŎƻƴŘ ƳŀƴƘƻƭŜ ŎƻǾŜǊ ƭƻŎŀǘŜŘ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ 
ǎŜǇŀǊŀǘƛƻƴ ŎȅƭƛƴŘŜǊ ǘƘŀǘ Ŏŀƴ ōŜ ƻǇŜƴŜŘ ǘƻ ƛƴǎǇŜŎǘ ŀƴŘ Ƴŀƛƴǘŀƛƴ ŀƴȅ ǎŜŘƛƳŜƴǘ ǘƘŀǘ Ƙŀǎ ŀŎŎǳƳǳƭŀǘŜŘ ƻǳǘǎƛŘŜ ƻŦ 
ǘƘŜ ǎǳƳǇ ŀǊŜŀΦ 
 
.ȅ ƻǇŜƴƛƴƎ ǘƘŜ ƳŀƴƘƻƭŜ ŎƻǾŜǊǎ ƻƴ ǘƘŜ /5{ ǎȅǎǘŜƳΣ ŀ ǾŜŎǘƻǊ ŎƻƴǘǊƻƭ ƛƴǎǇŜŎǘƻǊ ǿƛƭƭ ƘŀǾŜ ŘƛǊŜŎǘ Ǿƛǎǳŀƭ ŀŎŎŜǎǎ ǘƻ ŀƭƭ 
ŀǊŜŀǎ ƛƴǎƛŘŜ ŀƴŘ ƻǳǘǎƛŘŜ ƻŦ ǘƘŜ ǎŜǇŀǊŀǘƛƻƴ ŎȅƭƛƴŘŜǊΦ  ¢ƘŜǊŜ ƛǎ ŀƭǎƻ ŀƳǇƭŜ ǊƻƻƳ ǘƻ ǎŀƳǇƭŜ ŦƻǊ Ƴƻǎǉǳƛǘƻ ƭŀǊǾŀŜ ŀƴŘ 
ǘƻ ŘŜǇƭƻȅ ƭŀǊǾƛŎƛŘŜ ƻǊ ƻǘƘŜǊ ŎƻƴǘǊƻƭǎΦ  
 
Lƴ нлмфΣ ǿŜ ŎƘŀƴƎŜŘ ƻǳǊ ŘŜŦŀǳƭǘ /5{ ƳŀƴƘƻƭŜ ŎƻǾŜǊǎ ǘƻ ŀ ƴƻƴπǾŜƴǘŜŘ ŘŜǎƛƎƴ όCƛƎǳǊŜ нύ ǿƛǘƘ ǊŜŎŜǎǎŜŘ ǇƛŎƪ ƘƻƭŜǎ 
ǘƘŀǘ Řƻ ƴƻǘ ǇŜƴŜǘǊŀǘŜ ǘƘŜ ŜƴǘƛǊŜ ŘŜǇǘƘ ƻŦ ǘƘŜ ŎƻǾŜǊΦ  ¢Ƙƛǎ ǇǊŜǾŜƴǘǎ Ƴƻǎǉǳƛǘƻ ǇŀǎǎŀƎŜ ƛƴǘƻ ŀƴŘ ƻǳǘ ƻŦ ǘƘŜ ǎȅǎǘŜƳ 
ǘƘǊƻǳƎƘ ǘƘŜǎŜ ƛƴǎǇŜŎǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜ ǇƻƛƴǘǎΦ 
 

 
CƛƎǳǊŜ н ς bƻƴπ±ŜƴǘŜŘ /ƻƴǘŜŎƘ aŀƴƘƻƭŜ /ƻǾŜǊ 
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²Ŝ ǳƴŘŜǊǎǘŀƴŘ ǘƘŀǘ ǎǘŀƴŘƛƴƎ ǿŀǘŜǊ ƛƴ ǘƘŜ ǎǳƳǇ ƻŦ ǘƘŜǎŜ ǳƴƛǘǎ ƛǎ ƴƻǘ ǇǊŜŦŜǊǊŜŘ ŦǊƻƳ ŀ ǾŜŎǘƻǊ ŎƻƴǘǊƻƭ 
ǇŜǊǎǇŜŎǘƛǾŜΦ  IƻǿŜǾŜǊΣ ŀ ǿŜǘ ǎǳƳǇ ƛǎ ƛƴǘŜƎǊŀƭ ǘƻ ǘƘŜ ŦǳƴŎǘƛƻƴŀƭƛǘȅ ƻŦ ŀƭƭ ƘȅŘǊƻŘȅƴŀƳƛŎ ǎŜǇŀǊŀǘƻǊǎΦ  ²Ŝ ƘŀǾŜ 
ŜȄǇƭƻǊŜŘ ǾŀǊƛƻǳǎ ŘǊŀƛƴŘƻǿƴ ƻǇǘƛƻƴǎ ōǳǘ ƘŀǾŜ ǊŜƧŜŎǘŜŘ ǘƘŜƳ ŦƻǊ ǎŜǾŜǊŀƭ ǊŜŀǎƻƴǎΥ 
¶ ²Ŝǘ ǎǳƳǇǎ ŀǊŜ ƴŜŎŜǎǎŀǊȅ ǘƻ ǎǘƻǊŜ ǎŜŘƛƳŜƴǘ ŀƴŘ ǎƛƴƪƛƴƎ ǘǊŀǎƘ ōŜǘǿŜŜƴ ǎǘƻǊƳ ŜǾŜƴǘǎ ŀƴŘ ǘƻ ƪŜŜǇ 
ǘǊŀǇǇŜŘ ƻƛƭ ŀƴŘ ƻǘƘŜǊ ƘȅŘǊƻŎŀǊōƻƴǎ ŜƭŜǾŀǘŜŘ ŀōƻǾŜ ǘƘŜ ōƻǘǘƻƳ ƻŦ ǳƴŘŜǊŦƭƻǿ ōŀŦŦƭŜǎΦ ¢ƘŜȅ ŀƭǎƻ ǇǊƻǾƛŘŜ 
ǎƻƳŜ ǎǇƛƭƭ ǎǘƻǊŀƎŜ ŎŀǇŀŎƛǘȅ ƛƴ ǘƘŜ ŜǾŜƴǘ ƻŦ ŀƴ ŀŎŎƛŘŜƴǘ ƛƴ ǘƘŜ ǳǇǎǘǊŜŀƳ ŘǊŀƛƴŀƎŜ ŀǊŜŀΦ 

¶ hǳǊ ŜȄǇŜǊƛŜƴŎŜ ǿƛǘƘ ǎŎǊŜŜƴǎΣ ŘǊŀƛƴ ǘƛƭŜǎ ƻǊ ŦŀōǊƛŎǎ ƛƴ ǘƘŜ ōƻǘǘƻƳ ƻŦ ǘƘŜ ǎǳƳǇ Ƙŀǎ ōŜŜƴ ǘƘŀǘ ǘƘŜȅ ǊŀǇƛŘƭȅ 
ŎƭƻƎ ŀƴŘ ōŜŎƻƳŜ ƛƴŜŦŦŜŎǘƛǾŜ ŀƭƳƻǎǘ ƛƳƳŜŘƛŀǘŜƭȅΦ  LŦ ŎƻƴƴŜŎǘŜŘ ǘƻ ǘƘŜ ǎǳǊǊƻǳƴŘƛƴƎ ǎƻƛƭΣ ǘƘŜȅ ŀƭǎƻ 
ƛƴǘǊƻŘǳŎŜ ǳƴŀŎŎŜǇǘŀōƭŜ ǎƻƛƭ ŀƴŘ ƎǊƻǳƴŘǿŀǘŜǊ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ƛǎǎǳŜǎ ǎƛƴŎŜ ǘƘŜȅ ǿƻǳƭŘ ōŜ ŘǊŀƛƴƛƴƎ ŦǊƻƳ 
ǘƘŜ Ƴƻǎǘ ŎƻƴŎŜƴǘǊŀǘŜŘ Ǉƻƭƭǳǘƛƻƴ ȊƻƴŜ ƛƴ ǘƘŜ ǎȅǎǘŜƳΦ 

¶ 5ŜǿŀǘŜǊƛƴƎ ǇǳƳǇǎ ƭƻŎŀǘŜŘ ƛƴ ǘƘŜ ǎǳƳǇ ŀǊŜ ƴƻǘ ǇǊŀŎǘƛŎŀƭ ōŜŎŀǳǎŜ ǘƘŜȅ ǿƻǳƭŘ ŜȄǇƻǊǘ ŎŀǇǘǳǊŜŘ Ǉƻƭƭǳǘŀƴǘǎ 
ǿƘŜƴ ǿƻǊƪƛƴƎΣ ŀƴŘ ǿƻǳƭŘ ōŜ ƭƛƪŜƭȅ ǘƻ ŎƭƻƎ ǊŀǇƛŘƭȅΦ  5ƛǎǇƻǎŀƭ ƻŦ ǇǳƳǇŜŘ ǿŀǘŜǊ ǘƻ ŘƻǿƴǎǘǊŜŀƳ ǎǘƻǊƳ 
ǎŜǿŜǊǎ ŀŦǘŜǊ ŀ ǎǘƻǊƳ ǿƻǳƭŘ ōŜ ǇǊƻƘƛōƛǘŜŘ ŀǎ ŀ ƴƻƴπǎǘƻǊƳǿŀǘŜǊ ŘƛǎŎƘŀǊƎŜΦ  !ƴȅ ŘƛǎŎƘŀǊƎŜ ƻŦ ǎǘƻǊƳǿŀǘŜǊ 
ǘƻ ŀ ǎŀƴƛǘŀǊȅ ǎŜǿŜǊ ǿƻǳƭŘ ǊŜǉǳƛǊŜ ǎǇŜŎƛŀƭ ǇŜǊƳƛǘǎ ŀƴŘ ǿƻǳƭŘ ƛƴǘǊƻŘǳŎŜ ōŀŎƪŦƭƻǿ ŎƻƴǘŀƳƛƴŀǘƛƻƴ ǊƛǎƪΦ 

²Ŝ ƭƻƻƪ ŦƻǊǿŀǊŘ ǘƻ ȅƻǳǊ ǾŜǊƛŦƛŎŀǘƛƻƴ ƻŦ ǾŜŎǘƻǊ ŎƻƴǘǊƻƭ ŀŎŎŜǎǎƛōƛƭƛǘȅ ŦƻǊ ǘƘŜ /5{ ǎȅǎǘŜƳΦ  tƭŜŀǎŜ ǎŜƴŘ ŀƴȅ 
ǉǳŜǎǘƛƻƴǎ ƻǊ ŎƻǊǊŜǎǇƻƴŘŜƴŎŜ ǘƻ ƳŜ ŀǘ ǘƘŜ ŜƳŀƛƭ ŀŘŘǊŜǎǎ ōŜƭƻǿΦ 
 
{ƛƴŎŜǊŜƭȅΣ  

 
±ŀƛƪƪƻ tΦ !ƭƭŜƴ LL 
 
5ƛǊŜŎǘƻǊ π {ǘƻǊƳǿŀǘŜǊ wŜƎǳƭŀǘƻǊȅ aŀƴŀƎŜƳŜƴǘ 
/ƻƴǘŜŎƘ 9ƴƎƛƴŜŜǊŜŘ {ƻƭǳǘƛƻƴǎΣ [[/ 
ǿǿǿΦŎƻƴǘŜŎƘŜǎΦŎƻƳ 
ǾŀƭƭŜƴϪŎƻƴǘŜŎƘŜǎΦŎƻƳ 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



wƻƭŀƴŘƻ 5ŜƭƎŀŘƻ 
!ǊŜŀ 9ƴƎƛƴŜŜǊΣ {ǘǊǳŎǘǳǊŜǎ 

/ƻƴǘŜŎƘ 9ƴƎƛƴŜŜǊŜŘ {ƻƭǳǘƛƻƴǎ [[/ 
флнр /ŜƴǘǊŜ tƻƛƴǘŜ 5ǊƛǾŜΣ {ǳƛǘŜ плл 

²Ŝǎǘ /ƘŜǎǘŜǊΣ hI прлсф 
hŦŦƛŎŜΥ όрмоύ спрπтлнп 
aƻōƛƭŜΥ όфотύ осфπттум 
ǿǿǿΦ/ƻƴǘŜŎƘ9{ΦŎƻƳ 

  

 

! v¦LYw9¢9ϯ /ƻƳǇŀƴȅ 

!tt9b5L· C π a±/!/ ±9/¢hw /hb¢wh[ !//9{{L.L[L¢¸ 59{LDb ±9wLCL/!¢Lhb [9¢¢9w 
 
 

 




