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Here’s what you’ll learn today 

 Why do we have the Act? 

 What are the hazards (and their causes)? 

 What’s required for compliance? 

 What are the two most common compliance 

mistakes? 

 How can you verify compliance? 

 What are the “alternate” compliance methods? 

 How can you “audit” an existing installation? 

 Where can you go for more information? 



How it works 

Congress wrote pool and spa “Rules” 

Requires CPSC to enforce “Rules” 

Does not require state or local enforcement 

Does not prevent state and local authorities from 

enforcing VGB, or imposing additional regulations  

Preempts state and local authority on minimum 

drain cover requirements, and the need to update 

single drain public pools and spas 

 



Why do We have the Act? 
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Three Root Causes of Entrapment 

Flow 

◦ Hair Entrapment 

Suction 

◦ Body Entrapment 

◦ Evisceration 

Mechanical 

◦ Limb Entrapment 

◦ Finger 

 



Three Root Causes of Entrapment 
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Entrapment by Type 

    Cause  Injured Fatalities Total 

Hair 9 3 12 

Limb 26 4 30 

Body 30 3 33 

Evisceration 1 1 2 

Mechanical 12 1 13 

Total 78 12 90 

1999 through 2009 

94 entrapments;  
79 injuries (38 Residential / 21 Public / 10 unknown); 1 unclear 

12 fatalities (7 residential / 4 Public) 

  3 No Injury reports 



Entrapment by Type 

• 50% occurred in pools / 33% in spas / 17% in 
whirlpool tubs 

• 58% Residential / 42% Public 

• 75% of victims were under the age of 15 

         Information from the CPSP 5/24/10 



Entrapment by Hazard 

 42% trapped by suction 

 41% broken, missing, removed or disengaged outlet 
cover 

 17% caught on outlet cover                                                     

            Hazard  Injured Fatalities Total 

Broken outlet cover 1 3 4 

Outlet cover missing 16 4 20 

Cover removed/ 

disengaged 5 0 5 

Caught on Outlet cover 10 2 12 

Trapped by Suction 27 3 30 

Unknown 20 0 20 

Total 79 12 91 



Flow – Suction – Mechanical 

• Water Flowing = Hair Entrapment  

• Suction doesn’t need to be 

excessive 

• The PROBLEM:  

• Hair gets knotted behind cover 

• Wrong cover flow rating  

for system flow 

• Shutting off pumps ineffective 

• Most don’t know this is a problem! 

• What is the flow rate of your 

pools? 

 



• Water Flow Blocked =   Injury 

or Death  

• Suction strong enough to 

hold and trap stomach, back, 

back and arms, upper leg 

• The PROBLEM:  

• Suction outlet that can be 

sealed, with or without cover 
 

Flow  - Suction - Mechanical 



Flow – Suction – Mechanical 
Evisceration (Disembowelment) 

• Near instantaneous - ¼ second @ 

60 GPM 

• Injury at the speed of flowing water 

 

The PROBLEM 

 Single outlet with missing or 

broken cover and buttock seal 

(wading pools) 
 

 



Flow - Suction - Mechanical Flow – Suction – Mechanical 



Open pipe = Injury or Death  
 Openings large enough for hand or foot 

 Limb goes in, can’t be pulled out 

 Pumps shut–off 
 

Small hole = finger entrapment 
 ½ inch hole in thin drain cover 

 Entraps like sticking ring on finger 
 

The PROBLEM:  
 Broken or Missing drain covers 

 Drain covers not Certified 

Flow – Suction – Mechanical 



Flow - Suction -Mechanical 



CPSC Recommended… 



CPSC Recommended… 
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CPSC Recommended… 



“CPSC staff recommends that to ELIMINATE and not 

just MITIGATE the drain entrapment hazard in pools and 

spas, pool owners should disable old drains or build new 

pools without any drains and use gutters, overflows and/or 

skimmers to provide water to the pump.”   

 

This is one of five alternatives offered by the CPSC 

Photo Courtesy 

of USA 

Swimming 

CPSC Recommended 



Mandatory Requirements for Entrapment Avoidance. 

Public Pool Drain Covers & Grate 

Public Pool Drain Systems 

Safety Drain Covers (Residential & Commercial) 

 

Voluntary Grant Program for States (Residential) 

Barriers 

Suction Entrapment Avoidance 

What is Covered by the ACT? 



Drain Covers 

 

• VGB requires compliance 
with ASME A112.19.8-2007 
–Manufactured Products:  

• “Nationally Recognized Testing 
Laboratory” 
(see ASME 112.19.8-2007 
Section 3.1.1) 

–Field Fabricated Outlets or 
Grates 
• “Registered Design 

Professional” 
(See ASME 112.19.8-2007 
Sections 2.3.7.7 and 3.1.1) 



Compliant Drain Covers 

Finger & Limb Entrapment Test 

Body Entrapment Test 

Shear Load & Pull Load Tests 

UV Weathering before structural test 

Fastener Test 

Full Head of Hair Test 

Pony Tail Test 

No Size Limit  



Compliant Drain Covers 

✴Field Fabricated Outlets: 
“Certification Report” by Professional Engineer 
(See ASME A112.19.8-2007 Mandatory Appendix II)  

Maximum system flow rate 

UV tested and usable lifetime documentation 

Sump specification 

Body entrapment calculations 

Structural analysis  

Finger test 



Compliant Drain Covers 



 Choose new drain cover based on 100% flow through drain 

system 

◦ No skimmers or overflow systems operating 

  Each cover requires a flow rating equal to or greater than 

the maximum system flow 

◦ Unless there are three or more drain covers piped together without 

valves  

 Assume one cover is blocked.  

◦ See ASME A112.19.8-2007 Section 7.2.1(a) (4) 
  

Drain cover rating must be higher 

than maximum system flow rate 



 Example 

 Maximum System Flow = 140 GPM 

 VGB 2008 Drain Cover = Rated at 100 GPM 

 

 Dual-Drain System 

◦ 100 + 100 = 200 GPM System? 

◦ NO - 100 + 100 = 100 GPM System! 

 

 Three-drain System 

◦ 100 + 100 + 100 = 200 GPM System! 

◦ 200 > 140 GPM 

Drain cover flow rating must be 

higher than maximum system flow 
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Why each drain must be rated for full flow 

Dual Drain System 
Why each drain must be rated for full flow 



Engineered Equipment Layout 



Things Change in the field 

Total Dynamic Head is the sum of all the resistances in the system. 



Things Change in the Field 



Engineered Plumbing Design 



Things Change in the Field 



If you know TDH, you can determine 

the flow 

Calculations must include the resistances in the 

equipment, piping, fittings, valves and other all 

other system components 

The problem here is that what we call 

“calculations” are really estimations of system 

resistance and they are ALWAYS higher than 

actual resistance! 



Basic Pool Hydraulics – 101 

1. Determine pool volume in gallons  

2. Calculate desired flow rate based on  turnover time 

– usually 6 hours 

3. Determine resistance of pipes & fittings (TDH) 

4. Select a pump based on 

Desired Flow Rate 

 TDH 

Pump Head Curve (from lab tests) 

 



Example – 25,000 

gallon pool 
1. First determine flow rate in 

gallons per minute 

2. Six hour turnover required  

3. 360 minutes 
• 25000𝑔𝑎𝑙𝑙𝑜𝑛𝑠 ÷ 360𝑚𝑖𝑛𝑢𝑡𝑒𝑠 =

69.4 𝐺𝑃𝑀 

4. Round to 70 GPM  

 



Here’s how TDH is estimated 

Measure the pipe, count the fittings, valves, 

equipment, return & drain fittings 

Don’t count the skimmer piping 

We need 70 gpm 



Friction Loss – Water   



Pipe Size 1” 1.5” 2” 2.5” 3” 4” 5” 6” 8” 

90o elbow 2.5 4.0 5.7 6.9 7.9 11.4 14.5 16.7 21.0 

45o elbow 1.4 2.1 2.6 3.1 4.0 5.1 7.0 8.0 10.6 

Tee 

through 

1.7 2.7 4.0 4.9 6.1 7.9 9.7 12.3 14.0 

Tee 

branch 

6.0 8.4 12.0 14.7 16.4 22.0 26.2 32.7 49.0 

Swing 

Check 

Valve 

11.2 15.2 19.1 22.0 27.0 38.0 

Equivalent length of straight pipe in feet 

Friction loss through fittings 



Friction Loss – Return Fittings 



RETURN SIDE 

2" pipe     182 ft. 

2" 90's  10 ea. @ 5.7 ft. ea.              57 ft. 

2" Tee’s  2 ea. @ 4 ft.                   8 ft. 

Total equivalent feet of 2 in. pipe             247 ft. 

 

2.47 x 7.76 ft. of head per 100 ft. @ 70 gpm = 19.2 

SUCTION SIDE 

2" pipe     104 ft. 

2" 90's  9 ea. @ 5.7 ft. ea.    51 ft. 

2" Tee’s  2 ea. @ 12 ft.      24 ft. 

3 way valve 1 ea. @ 12 ft.    12 ft. 

Drains  2 ea. @ 2 ft.      4 ft. 

Total equivalent feet of 2 in. pipe  195 ft. 

 

1.95 x 7.76 ft. of head per 100 ft. @ 70 gpm = 15.3 



Suction side loss        15.3  

Return side loss         19.2 

Filter loss                   12.0 

Chlorinator loss             2.0 

Return fitting loss         1.6 

Total Calculated Loss =50.1 (TDH) 

 



Resistance (TDH) 

Calculated vs. Measured 



Let’s do some math 
The same pool measured with pressure and vacuum 
gauges: 

14 lbs. pressure 
2 inches vacuum 
 

Then: 

14 x 2.31 = 32.34 feet of head on the pressure side 

2 x 1.13   =   2.26 feet of head on the suction side 

 
So: 

32.34 plus 2.26 = 34.6 (Round to 35) 

35 ft. is the total dynamic head in the system 

 



Calculated TDH & Measured TDH 

92 GPM Actual 

72 GPM Predicted 



To know TDH, you have to measure 
Flow Meters must be installed properly 



Measuring TDH 
Aqua-Cal TDH test kit 





Measuring TDH 



Measuring TDH 



Public Pools and Spas 

Virginia Graeme Baker Pool & Spa Act 
 Requires VBG 2008 Certified Suction Outlets 

(Covers, fastening system, sump and correct flow 
rating for the pumps) 

 Requires “system update” for single drain 
configurations, and multiple drain systems less 
than three-feet center-to-center, or separate 
planes (non compliant systems) 



Non Compliant Drain “Update” 

Alternatives 



Non-compliant Drain “Update” 

Alternatives 



Suction Limiting Vent System 



Gravity System 



Non-compliant Drain “Update” Alternatives 



Non-compliant Drain “Update” 

Alternatives 



Non Compliant Drain “Update” 

alternatives. 



System Update Alternatives 

 Permanently disable the “single-drain”  

 Convert “single-drain” system into a “dual-drain” 

system 

◦ Covers and piping must have flow rating equal to, or greater 

than Maximum System Flow 

◦ Branch pipe flow rating based on 6 feet per second to limit 

differential hold-down force 

 Convert “Blockable,” single-drain system into 

“Unblockable” single-drain system 



It may not be as it appears 



 Not a Simple Plastic Swap... 

 Suction Fittings include Cover, Frame, 

Sump, Hardware and Fastening 

System. 

◦ Existing frames, sumps, and fasteners 

must meet ASME A112.19.8-2007 

standard, or be replaced 

◦ Field built sumps (cover and frame not 

connected to pipe) must comply with cover 

manufacturer’s instructions 

◦ When cover manufacturer’s instruction  

DO NOT include compatible sump details, 

follow ASME A112.19.8-2007 Standard 

Suction Fitting Requirements 



Field Built Sumps 
When cover manufacturer does not provide instructions 
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Why Sumps Matter 

 8” suction pipe 

approximately 3 

inches from the 

cover - high flow 

in the center - low 

flow around the 

outer edges. 

 And this one has 

a screw missing 



Why Sumps Matter 



“A suction outlet defined  

as all components, including: 

• sump  

• Body 

• cover/grate 

• hardware  

such that its perforated (open) 

area cannot be shadowed by the 

area of the 18 x 23 Body 

Blocking Element of ASME/ANSI 

A112.19.8 - 2007  

Unblockable Drain 



Unblockable Drain 



Unblockable Drain 



“Audit” the existing pool to determine if it’s 

compliant with the Act 

Use the ANSI/APSP-7 Appendix B Field 

Checklist for identifying suction entrapment 

hazards 

 

Is the existing pool safe? 



Appendix B - Field Checklist  
for identifying suction entrapment hazards 



Field Checklist 





U.S. Consumer Product Safety 

Commission 

 PoolSafely.gov 

 Awareness 

 Education 

 Outreach 

 Join the team 


