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Who do we intend to protect?
 

The 99 percentile man: 
O!l PEACENIllE YAH 

1liGE.-"'YEP'S ~StlW'ft11'illIJitl...,..i'tUlllUtllJ Ai _ ... _

The composite figure is larger 
than 990/0 of all men. 

Ref "The Measure of Man and Woman" 

Based on known incidents, use 
rounded rectangle shown 
superimposed. 

18"x23" &4" radius corners 

'.. 



Suppose we make an outlet
 
exactly that size and shape?
 

• The outlet is completely covered (400 sq in) 
• No water can enter cover/grate 
• The pump has no other source of water 
• Pump reaches its greatest suction 

- Nearly full vacuum for pool pump 14.7 psi 

• For grating with typical 50% opening 
• Holding force: 400 x .50 x 14.7 =2940 pounds
 
• Too much 



The 2006 ICC Code had an
 
18 x 23 RECTANGLE
 

•	 Assumed Rounded corner~;) for flow? 
Ar~•	 Remaining grate area of 14 sq in 

•	 Half is open area = 7 sq in 
•	 Nominally, 1.5 fps thru open area of 

18x23x.50 = 207 sq in 

•	 Now forced through 7 sq in 
•	 Velocity: 1.5 x (20717) = 44. fps 

•	 Velocity head 
q=442 /(2g)=31 ft wc = 13.25psi 

•	 Loss coefficient from A112.19.8 = 2.1 
•	 Drop thru grate=2.1x13.25= 27.8psi 
•	 Impossible - water would vaporize 

- (unless very deep) PB=400265 PR=13.736 

•	 A very small flow rate would be OK 
- But why build such a big outlet? 



How to define allowable flow?
 
• ASME A112.19.8-2008a 
• Formula or test 
• Depends on perforated area 

Area blocked by bather 
Remaining area for flow 

• Acceptable force 
• Hydraulic loss coefficient 

2.3.1.2 Entrapping Force Criterion for Q 

Q=aR~p 
C-aB2 

where 
aB =	 largest area ofthe openings in f12, that can be 

blocked by the torso specimen in the most 
demanding position 

aR = area ofthe openings in ft2 that remains 
unblocked 

aT= total area of the openings in f12 in the 
cover/grate 

C = flow coefficient based on the design ofthe openings 
in the cover/grate. It shall be taken at 2.1 
unless otherwise demonstrated by calculation 
or test 

F = allowable lifting load that can be exerted by a 
conscious entrapped person. It is taken at 
120 Ibf(534 N), about half the weight of the 
99th percentile male whose weight is already 
entirely balanced by buoyancy. 

Q = limiting flow rate in ft3/sec based on the allowable 
entrapping force 

p = mass density of water 

=	 62.4 lb/fu = 1.940 slug;;/ft3 
32.16 ft/sec2 

4 



The rating for the 2006 ICC
 
18x23" rectangular grate
 

with 550/0 opening
 
is only 146 gpm
 

An impractical use of a large outlet
 

AB := 18in·23in - 4.(4in)2 + 1t . (4in)2 AB = 400.265in
2 

aB:= fAB aB = 1.529f? 

2
AR :=AT -AB AR = 13.735in aR := fAR aR = 0.052f? 

Wnacceptably low flow rating Q= 0.326- IQ = 146gplrlQ:=aR'~p 
ft3 

s or such a large (18 x 23)outlet 
G-aB 

2 with 55 % open area. 



24x24 inch outlet
 

•	 55% opening 
22.37" square perforated zone 
Flowing at 1.242 fps 
Rating of 1065gpm 
Using conservative C=2.1 



3x31 Channel
 
450/0 open area
 

352 gpm
 
Flow velocity 2.7 fps (subject to hair test)
 

From the Figure for the 3 x 31 perforated area, 

. 23· . 2 ft2 C1 2m· AR :=AT := 3· 1m AT = 9Jm AT = 0.646 AS := 76.96::o.n ( 16.032)m 

J32 2For information, the diagonal is + 31 = 31.145 

2 2 
as:= f.A S as = 34.636in as = 0.241-ft 

2 2 
aR:= f.A R aR = 7.214in aR = 0.05ft 

2 2 
aT:= as + aR aT = 41.85in aT = 0.291-ft (ref only) 

C:= 2.1 dimensionless - from I.E. Idelchik, Handbook of Hydraulic Resistance, 3rdEd, 1994 

F:= 1201bf p := 1.94 slug Flow Q is to be determined from the formula 
ft3 of Section 2.3.1.2 

ft3 
The result is Q=0.784­Q:aRj : sec 

G-as 
2 

The velocity through the openings V:= ..2. V= 2.698­
ft 

in unblocked condition will be aT s 

This will be checked by actual hair testing PB =76.969 PR =13.032 



"Converting" 18x18" to 29" diagonal
 
•	 Add stub channels to 

existing 18 x 18 with 550/0 
.	 18000 

opening 
30 ':JU . ._~ _

•	 Was 833gpm @ 1.5 fps 
- Although this was unsafe 

• Now only 243gpm 
..........	 -4 ,
 

;.. 18.000• Operator expects at least 
same rating 

30000	 - - ­

•	 Holding force at old 
"expected" flow is 
1413 pounds 



An interesting Configuration 

• An equilateral 
triangle of side 28" 
would be incorrectly 
excluded by a 29" 
diagonal rule. 

• It would have a flow
 
rating of 495 gpm
 

~99246 AR4023 



Key Points
 

• "Unblockable" implies a substantial open 
remaining area to prevent high pressure 
drop 

• A simple diagonal measurement can lead 
to impractical or dangerous configurations 

• A simple diagonal can inadvertently 
exclude viable designs 

• The calculations are simple 
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3" x 31" Channel with 450/0 open area
 
352 gpm
 

Flow velocity 2.7 fps (subject to hair test)
 
From the Figure for the 3 x 31 perforated area, 

2 2 2 2
AT := 3in·31in AT = 9Jin AT = 0.646ft AB := 76.96'1n A R := (16.032)in

For information, the diagonal is J32 + 312 = 31.145 

2 2 
aB:= fA B aB = 34.636in aB = 0.241ft 

2 2 
aR:= fAR aR = 7.214in aR = O.OSft 

2 2 
aT = 41.8Sin aT = 0.291ft (ref only) aT:= aB + aR 

C:= 2.1 dimensionless - from I.E. Idelchik, Handbook of Hydraulic Resistance, 3rdEd, 1994 

p := 1.94 slug Flow Q is to be determined from the formula 

ft3 of Section 2.3.1.2 
F := 1201bf 

The result is Q=0.784­QO'Rj : 
ft3 

sec 
C-aB 

2 

The velocity through the openings V:= -.9.. V= 2.698­
ft 

in unblocked condition will be aT s 
Ie=76.969 PR =13.032 

This will be checked by actual hair testing 



"Converting" 18x18" to 29" diagonal
 
•	 Add stub channels to 

existing 18 x 18 with 55% 
.	 -----18000 

opening 

•	 Was 833gpm @ 1.5 fps 
- Although this was blockable 

•	 Now only 243gpm 

•	 Operator expects at least 
same rating 

30 000 --- ­

•	 Holding force at old 
"expected" flow is 
1413 pounds 

-30 15C' 

18000 



Stevenson. Todd 

From: Chuck Balling [Chuck. Balling@glenviewparks.orgj 
Sent: Wednesday, October 28,20094:19 PM 
To: CPSC-OS 
Cc: 'Peter Murphy'; Brett Davis (bdavis@pdrma.org); 'madams@woodridgeparks.org' 
SUbject: Public Hearing on Draft Guidelines on what constitutes an "unblockable drain" 
Attachments: Unblockable Drain Guidance.pdf 

Dear Mr. Stevenson, 

Please find attached my comments on this matter. I will not be able to make an oral presentation at the hearing 
on November 4,2009. 

Thank you for giving me the opportunity to express my concerns. Please call me if you have any questions. 

ChUCk. 'BaCane 
Executive Director 
Glenview Park District 
1930 Prairie Street 
Glenview, IL 60025 
224-521-2250 direct 
847-542-2512 cell 
847-724-8601 fax 
Chuck.Balling@GlenviewParks.org 
www.GlenviewParkDist.org 

2009 :Natrona{(joY9deaa{Pinatist 
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Intended reClpicnt IS prohlt)lted 
If you received this In error please contact the sender and delete the matenal from any computer 
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