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FIGURES H2O HEATE~-GASOLINE IGNITION TEST SETUP 
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Photo 1 
NJ:ST (National. :Inatitute o~ 
Standards and Technol.ogy) 
~i.:e research buil.cling where 
the water heater/gasol.i.na. 
ignition tests were pe~o:r::med. 

Photo 2 
Close up of NJ:ST's fire 
research building. 

Photo 3 
Close up of bl.ow 
out door latch mechanism. 
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Photo 4. 
Blow out ~o: 

Photo 5 
OVaraJ.l. view ot the test 
chamber 
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Photo 6 
C1osa up o~ test setup. 
Samp1a 1.ines, hot wu:a 
anemom.atar, and a1uminum 
~1aahing iu:a shown. 



t 

Photo 7 
Sample lines "rwming" to 
the cont:ol roOlll th:ough 
the wal.l.. 

Photo 8 
Al.uminum flashing i.s 
caulJcad to the floor pan. 

Photo 9 
Overal.l. view of 
tha cont:ol. roOlll. 
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Photo 10 
Gas analyzar and power 
supply·~or watar haatar 
staclc: and staclc: speed gage. 

Photo 11 
Sample/nitrogen and 
propane (half and fui1 
span) gas valves. 

Photo 12 
Plllllp 



Photo 13 
Soleno~d valva•. 
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UNITED STATES GOVERNMENT U.S. CONSUMER PRODUCT 
SAFETY COMMISSION 

MEMORANDUM WASHINGTON, b.c. 20207 

April 12, 1994 

TO •• Joe Fandy, ESEE 

ibrough •• Robert T. Ga~~t. Acting Director - escOry 

FROM .• Michael P. Smith, ESEL 

SUBJECT •• Water Heater Test Project 

~e attached report documents the fina_l_phase of the water heater test project. 
ibis along with prior reports concludes the testing for this project 

a: : Albert Martin, ESEL / 
George Sushinsky, ESEL 
James Bradley:es 
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INTRODUCTION 
These tests determine the effects, on the heater's· 

combustion characteristics, of placing a barrier(weirl around the 
base of a water heater. Previous tests performed at the National 
Institute for Standards and Technologies'(NIST) Fire tab showed 
that with the water hea~er on the floor, a nearby gasoline spill 
can lead to vapor concentrations above·the lower explosive 
level(LEL) at the pilot bu:ne:. The compiled data as well as 
test summaries-from these tests were g;ven to the project 
manager, Joe Fandy; in mid December 1993 at a meeting held in the 
Engineering Science's _Engineering taboratory's(ESE:LJ conference 
:oom. Further testing showed that.tr-is was prevented by placi~g 
a weir around the heater and seali:1g"it to the floor. 

APPARATUSAND PROCEDURES 
The ESEL combustion hood lab was used to 

gather data on tbe combustion characteristics 
of the water heater. The heater tested is a 
methane gas fired water heater with a capacity 
of 40 U.S. gallons. The heater has a diameter 
of approximately 17.75 inches and the base is 
held 2 inches off the floor by the feet of the 
heater. The manifold pressure is regulated to 
4 inches w.c. and the inlet pressure may range 
from 5-14 inches w.c .. The sai:-~le nu.:nber of 
this heater is R-598-0709. It was refe:red to 
as heater ''C'' in previous testing. ~he weir 
used has a height of 14 inches and a diamet·er 
of approximately 23 inches, Figure 1 depicts 
the test setup With the weir in place. 

Heater ''C'' was placed under the 
combu·stion hood and fitted with hoses for 
fresh water in and hot water out. Tests were 
made at various inlet fuel pressures. During each =~n the ma~~ 

Figure 1 
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burner was cycled on and off manually using the heater's 
thermostat. Runs were made both with and without the weir in 
place. During one run the annular area between the heater and 
the weir was bloc;ked with a rolled up cot.ton .sheet to determine 
the effects of choking air to the fire. 

RESULTS .. 
Figure 2 compares the exhaust stack velocities of two runs. 

Both runs were with a fuel inlet pressu:e of 6 inches w.c .. Or.e 
was-performed with the weir and the other without. The graph 
shows that the weir had no notable effect on the exhaust flow. 
The difference in readings is -within the accuracy of the 
instrumentation. on the run made"wit~ the weir a gradual 

H20 HEA TER/COMBUS110N TEST 
H202242(w/) & H203042(w/o) 

:,c,a 

l: . . I .--~--.:.. 
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1- EXHAUST FLOW w/ -- EXHAUST FLOW w/o 

Figure 2 
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decrease is seen in the flow before the main burner was ignited. 
This was caused by residual heat in the exhaust stack from the 
previous run. Because of this the-flow gradually decreased, as 
the stack cooled, to the level created by the pil~t burner. The 
spikes just after the main burner was either ignited or 
extinguished are caused"by the transient characteristics of the 
hot-wire anemometer. 

•
Figures 3 and 4 show data from the same run. This run was 

performed with an inlet pressure of 6 inches w.c .. The·weir was 
not set in place until approximately 900 seconds into the test. 
By 11S0 seconds the weir had been sealed, and at 2100 seconds it 
was removed. Th:oughout this tes~-~~ere were no changes in the 
CO or CO2 produced by the heater. The gradual decrease in fuel 
flow was the result of the heating of the burner's components .. 

H20 HEATER/COMBUSTION TEST 
.. HM0:3044 & H203041 

a,-1- ~'----"--------

a i" 
"­e 
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Figure 3 
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H20 HEATER,COMBUSTION TEST 
EXHAUST FLOW VS TIMEThe exhaust flow also 

tailed to show any M!RSETN PIJO:AT9Xl68: -1Inotable changes with ,. 
the weir in use. 

0 

Figure 5 shows the i:: 
El'TO I~ . 

co, fuel flow, and FtOOR AT 11!!10SEC -- ii -~exhaust flow for a test ! l I 
i -+'--.;---;---;-- I 'MalRFBIO\Bl ----< 

AT21CXlSSC·where a rolled up • 

cotton sheet was used 1,+-,..,....,-,-;~..,_..,.;... __ I ,__...,.I ......I____ __.~ __ .... ·- .. ,_around the top of the . - ·-.,,,..,. - - -.,,.......,...
weir to block the air 
passage way between the Figure 4 
weir and the heater. 

H~ HEATER/COMBUSTION TEST 
: HM02243(w/} & H202243(w/} 
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The inlet pressure for this run was 7.5 inches w.c .. Only the 
pilot burner was on until 2000 seconds when the main burner was 
ignited. As with previous tests the spikes present in-the 
exhaust flow were caused by the transient characteristics of the 
hot-wire anemometer. This test demonstrates what happen.s when a 
fire is choked. The exhaust flow decreased soon after the sheet 
was in place. About 300 seconds after the air supply-was cut off 
the fire exhausted most of its oxygen and began to burn below 
stoichiometric conditions which resulted in high amounts of· co 
being produced. The reduction of fuel flow was the result of 
normal heating as explained earlier. Once the sheet was removed 
the fire quickly returned to its normal state of dynamic 
equilibrium. 

DISCUSSION 
These tests have demonstrated that placing a weir a:ound the 

base of a water heater has no notable effect on the heater's 
combu~tion charaateristics. These were the expected results. 
The area around the outside of the heater between the base and 
the floor was approximately 104.5 square inches. The annular 
area between the weir and the heater was approximately 171 squa:e 
inches. As long as the weir provides an area for the he.ate::: to 
breath through which is equal to, or larger than, the area the 
furnace would otherwise breath tnrough there should be no adverse 
effects on combustion. Previous testing at NIST showed the 
weir's effectiveness in preventing gasoline vapors from reaching 
the heater's burner. Current data along with data from previous 
testing demonstrate that the placement of a weir around the base 
of a water heater is an acceptable way to keep combustible vapors 
away from.the heater's burner. 

CONCLUSIONS 
While previous testing has shown that using a weir is an 

effective way of preventing vapors from gasoline spills from 
being ignited by a water heater's burner, there was a question as 
to the effects it could have on the heater's air supply. These 

.s 
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• 
tests show that the use of a weir has no adverse effec~s on the 
combustion performance of the water heater . 

.. 
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I. Issue: Whether the Commission should endorse the campaign, for grades 
kindergarten through eight, and allow the use of the Commission's name and/or logo in 
tne consijmer education materials developed by the Gas Appliance Manufacturers 

-· • t,1• • • 

.i?,.ssociation(GAMA). -

11. Background: For several years, staff has been concerned with the problem of 
gas appliances, especially water heaters, igniting flammable vapors. Two years ago, 
staff requested that the voluntary standards organization, American National Standards 
Institute (ANSI) Z-21 subcommittee on water heaters, set up a special working group to 
study these ignitions in an attempt to develop a strategy to reduce or eliminate them. 
Shortly after the working group first met, the GAMA Consumer Information and 
Education Committee, Water Heater Division, sponsored two phases of an initial 
response. One was scientific and one was informational. Staff has received final 
reports on the first two phases of scienfitic study and will report separately. 

At a GAMA reported cost of several million dollars, the GAMA consumer 
education program takes a multiple· approach with video segments for television, a 

~i program for children in kindergarten through eighth grade including a comic book and 
-7 ... other print products, and communications to the plumbing trade. Once the program 

was developed, GAMA representatives came to CPSC and made a presentation of the J.~ -~ materials to two Commissioners and staff. This presentation showed the entire 
program in context. A similar presentation is included on the video tape in the package ... 

UNITED STATES GOVERNMENT 
:MEMORANDUM 

TO: 

THROUGH: 
THROUGH: 
THROUGH: 
THROUGH: 
THROUGH: 

FROM: 

SUBJECT: 

The Commission 

- Sadye E. Dunn, Secre~~~ 
Jerry G. Thom, General Couns 
Eric C. Peterson, Executive Dir 
Bert G. Simson~sistant ExLJ;.:•vi-::e=--D1 irector, EX 
James E. Brad , cting Associate Executive Director, ES 
'William S. Wes , Director, ESEE U..,.,v.J 

Joseph Z. Fandey, ESEE, Project Manager (504--0508 ext.1293)9.J 

Request for Commission endorsement of an information campaign for the 
dangers of flammable vapors 

U.S. CONSUMER PRODUCT 
SAFETY 

COMMISSION 
WASHINGTON, D.C. ·20201 

January 19, 1994 

• 

~ 

::; ReQuest for Commission Endorsement of Information campaign by GAMA, January 19, 1994 Page 1 
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previously distnbuted to the Commissioners (a copy is available for viewing in the Office 
of the Secretary}. The video portion has been shown on television this past summer, 
most notably during the NBA basketball championship play-offs. • 

When GAMA announced their plans for the informational program, staff 
discussed with GAMA the possibility of working together in the develoP.ment of a 
cooperative educational program; however, GAMA felt that it did not have enough time 
to ask for CPSC participation or prior endorsement before showing the pieces during 
the period of highest risk (the summer). Now that the time pressure is over, GAMA is 
taking this opportunity to reque~t CPSC participation through endorsement, (Tab A). 

• 111. Discussion: The Commission is being requested to endorse the information 
campaign that GAMA developed advising consumers about the hazards of flammable 
Ilquids. Staff notes that the National Fire Protection Association (NFPA) allowed the 
use of its trademarked "Sparky"® the Fire Dog. The CPSC General Counsel reviewed 
the materials and reports he sees no legal impediments to supporting the campaign 
(TAB 8). Subsequent to the General Counsel's opinion, staff made contact with GAMA 
about the specific language which GAMA would like, should an endorsement be 
granted by the Commission. The specific language discussed was " ... developed {or 
sponsored) by GAMA in cooperation with the Consumer Product Safety Commission" or 
other words to that effect which the Commission determines to be preferable. The 
Commission could decide whether to allow use of such words with or without the CPSC 
logo. 

-
The GAMA made a studied attempt to get useful information to the attention of a 

broad cross-section of "at risk" consumers. To the extent that it convinces consumers 
to avoid having gasoline and other flammable vapors present in the home or around 
•gas appliances, it will reduce the risk of injury. Staff considers that this is an important 
and significant contribution to reducing the death and injury incidents which involve. 
flammable vapors around the home. However, staff believes that the program will be 
only partially effective unless combined with technical solutions. 

When the request from GAMA was received, this writer responded that the 
Commission would be requested to consider the matter (Tab C). During the review of 
the materials received in order to develop this package, staff found a number of points 
of emphasis, error or. variation from what has been consistent staff pos1tion on 
warnings. Staff, therefore, could not then recommend that the Commission endorse the 
program. However, staff has had several meetings and telephone conversations with 
GAMA, after which significant improvements in the printed materials were made (TAB 
D). In addition, one label which was included in the ANSI standard without 
incorporating staff comments will be removed from the program. Therefore, staff feels 
that, as revised, and not including the label from the ANSI standard, staff can 
recommend that the Commission favorably consider allowing the program to include the 
use of the CPSC logo with the requested statement. 

Request for Commission Endorsement of Information campaign by GAMA. January 19. 1994 Page 2 



Staff believes that CPSC endorsement would make the program more attractive 
to iV and other potential outlets as a public service. 

• JV. Options: 

1. Grant the request to use CPSC's name with the phrase " ... developed (or 
sponsored) by GAMA in cooperation withthe Co,:isumer Product Safety 
Commission." This granting could apply to each program component 
remaining after the removal of the label. 

2. Extend option one by allowing the CPSC logo in conjunction with the phrase 
from option one .. 

3. • Deny the request 

V. Recommendations: Staff recognizes the contribution which GAMA is making 
to product safety with this program. Staff recommends that the Commission commend 
the GAMA effort, grant the request and allow the use of the CPSC name and/or logo on 
the materials presented (except the label) with the statement "developed by GAMA in 
cooperation with the Consumer Product Safety Commission. 

Request for Commission Endorsement of Information Campaign by GAMA. January 19, 1994 Page 3 





1JlUTED STATES GOVZRNHENT U.S. CONSUMER PRODUCT 
SAFETY COMKJ:SSION 

MEHORANDOH WASHINGTON,o;c. 20207 

NOV2 11991 

TO - Joseph z. Fandey, Project Manager, ESEE -~ ~-v::0-
Th:cough: Dr. Robert D. Verhalen, Associate Executive Dir~tor 

Directorate for Epidemiology 
Jacqueline Elder, Acting Director, EPHF 

FROM .- George sweet, EPHF, 492-6468 

SUB.l'ECT: Gas Water Heaters 

Human Factors was asked to comment on the recommendation 
that air intake openings on gas water heaters be raised above the 
floor. Human Factors was also asked to provide input on the use 
of warning labels on gas water heaters to address the potential 
for ignition of flammable vapors. 

Background 

Fires have been started by flammable vapors coming into 
contact with the pilot light of gas water heaters. rn most 
cases, the air intake openings on gas water heaters are at floor 
level. Flammable vapors are usually denser than air and 
therefore, stay near the floor. The vapors can travel 
significant distances across a floor. Flammable vapors enter the 
water heaters at the air intake openings which delivers the air 
flow to the burners. If the vapors reach the air intake openings 
and come into contact with the pilot light, they are ignited. 
Recommendations have been made to raise air intake openings above 
the floor as a means of preventing flammable vapor fires. 

Discussion 

Raising the air intake openings on gas water heaters appears 
to promote fire prevention. LOgically, it follows that raising 
the air intake openings would reduce fires occurring from the 
ignition of flammable vapors because it would be less likely that 
the dense vapors would rise a sufficient height to enter the 
water heater through the air intake openings. However, it is not 
a complete solution, and-additional research is required to 
determine the height that best reduces the potential of vapors 
being ignited. 



Page 2 

A warning label is not an acceptable substitute for raising air 
intake openings off the floor. "It is important that a warning
label be placed on the product, however, the wa;rning label is not 
the solution to the problem, it is an identification of the 
problem to the conslllller. Even though raising the air intake 
opening should decrease the potential of fires, it will not 
eliminate the potential for fires. It is conceivable that 
conslllllers will perceive the change of height as a complete
solution to the problem, resulting in a false sense of security. 
The consumer must still be warned of the dangerous combination of 
gas water heater~ and substances with flammable vapors. The 
warning label must be noticeable, easily understandable, and· 
provide complete inforination in order to be effective. The 
warning label should be conspicuous, not blending in with the 
instructions. 

Conclusion 

Human Factors supports raising the air intake openings of 
gas water heaters to decrease the potential for fires caused by
the ignition of flammable vapors. Even with the adjusted height,
it is essential that warning labels be conspicuously placed on 
gas water heaters to inform consumers of the potential
hazard when products with flammable vapors are kept in 
to a gas water heater. - Additional research is required
determine the ideal height for the air intake openings 
to enhance fire prevention. 

fire 
proximity 

to 
in order 
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1151 Boston•Ptovidence Turnpike Factory Mutual Research P.O. Box 9102 .. 
Norwood, MassaehtiHttS 02062 
Telephone 1611) '1"62-4300 
Fax C6171 762·9375 -15Apl191M 

Menden:Dr. Howard LFcnnan.Oumaft 
ANSI Z2f AcctedltedStandatdsCommittee 
Post Office Bax Number es 
Huntrgdon Valley. P~ 1SOOS.. 

Subfed: GAMA Safer,AwarenessConsumvt Campaign 

Dear Dr.Fonnan: 
I Just receMld your fetter of 8 Aprl ·1994. Uke ycu, I am lmi:nssed with Jack t.angmead'SabRltles and 
slneerfty, but I cannot snare your apparene urveserved endcn11ment a this campaign as a solutfon to the 
ftammatJfevapor-fgnldon .hazard prcbfem. 

This 1s a put)i1crelationsresponse to a technical haZard. Or, sis the computer-oriented would say. we are 
trying to solve a hard'Nare proclem wtrh a software solution. 

rn my Industry•.we refer to ,-.umar,e,en,enc-problems as contrlbUllr,o factors to losses, bur have Jong 
recognlzed that. no maaer how thorough our educ:atJonalefforts. lnherrant hazards caMot be ellmlnated 
ot even adequately ffl!'UgatedtIVough such efforts. 

Flammable vapors exposed to SOWC89 of Ignition ant an lnherr,ent hazard. They can only be prevented by 
removing one or the other. We would say that flammable llqu'd operations cannot be conducted within a 
bulrdlng wlthoul pumnothat building (and Its occupants) at lnhe1rrent rfsk. flIts easy or convenient to handle 
the flammable llquld lndoorl. fl wlll be dona by some lnqMdu;!ls. no matter how many wa~ing labels or 
educational programs to which they are exposed. Slmllariy, the fgnitfon sources cannot all be removed (hot 
surfaces. stadc discharge, sparb from dropped tools. et cetena)wtthout bulfd021ng everyone's home and 
sUUtfngaver. Thus.the hazard cannocbe ellmfnated. Therefont, •· must be mitigated. 

Mltfgatfcn ln\lcfves lsdatrng al obviouscontroffable sot.ces of fginitfonfrom expo$Ure to the vapors. as much 
as Is possfb!e. Oearty. elMSJngthe pilot on a water heater Is a very doable mitigation strategy. To argue 
that Ir Js not 100 percent etfldJve as JuSllfleaUcn for doing sc>mefhlng with a much lower probabillty of 
success Is Indefensible.I raallu that elevattngthe plot wlll co:a money and create market res"1ance. but 
tl'\al cannoc.be a concern of tM commtttN. W• do ,naeexist tc> promote an lndu5'1Y. W• ar• Intended ta 
be oneot tfleCOWUNellng rorceeto ,_la lndusvy'a nabJr8I1Mff-NN1ngtendencln. 

. Whle I appleud GAMA's educatlonal efforts, I cannot accept thom es grounds for our delaylng or deferring 
regyfrlng~ changes to minimize the llk8''1ood of a gais appllanee's plot or burner becomingan 
Ignition source fot flammableval:')Onl. . • 

.,.,~IVI V. Brandao.P.E. 
Manager ~l 
Fuels Sedfon 
Approvals OMslon Olred Telephc:,ne:(6f7)255~ '"'· 

https://cannoc.be
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tJDlteclSlates 

Col'l5t)MER. CoMMISSIONPRooucrSAFETY 
Wasblnctoa,D.C. 20207 

MEMORANDtlM 

DATE: April 18, 1994 

TO : Joseph Z. Fandey
Project Manager for Fire and Gas Voluntary Standards 

Through: Warren Prunella, AED, Economic Analysis OTP 
_1(-f • . . 

FROM . Robert Frank 1in, Economist, ECSS (504-0962) 

SUBJECT: Economic Issues Concerning Modifying Water Heaters to 
Prevent the Accidental Ignition of Gasoline Vapors. 

Information provided to the staff of the Consumer Produc~ 
$afety Commission (CPSC) by an attorney indicates that the risk 
of accidental ignition of gasoline vapors by gas water heaters 
can be substantially reduced by modifying the design or 
installation of water heaters·. Further investigation by the 
staff of the CPSC seems to substantiate this conclusion. This 
memorandum discusses some economic issues that need to be 
considered in developing the Commission's options for reducing 
the incidents of gasoline vapors being ignited by gas water 
heaters. 

NUlllber in Use and Annual Sales of Gas Water Beaters 

According to the Department of Energy's Residential Enercv 
Consumntion Survey of 1990, 40 million to SO million U.S. 
households have gas water heaters. All other things being equal, 
the number of gas water heaters in use will likely increase over 
the foreseeable future as the number of households in the United 
States increases. Based upon current sa~es trends and the 
replacement rate for gas water heaters, there may be an 
additional 10 million units in use by the end of this decade. 

Annual sales of residential, gas water heaters have been 
. increasing. From 1960 through 1965, an average of just under 2.5 

million gas water heaters were shipped annually. Since 1987, 
over 3.5 million units have been shipped annually (American Gas 
Association). The number of shipments in any particular year is 
influenced by the volume of new housing starts in particular and 
overall economic conditions in general. Shipments of water 
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heaters will also be affected by changes in the retail price of 
natural gas relative to the retail price of electricity and by
energy-related regulations that favor the use of natural gas over 
electricity. 

Structure of the :Industry 

The water heater manufacturing industry is highly 
concentrated .. According to Appliance Magazine, the five largest 
water heater manufacturers have a combined market share of 99 
percent. The high degree of concentration in the water heater_ 
industry should facilitate standards development and enforcement. 
It is a much less onerous task to coordinate standards 
development and enforcement in a market dominated by a small 
number of large manufacturers than it is in~ market in which 
there are many small and medium size manufacturers. This applies 
to both voluntary and mandatory standards. 

Number and Cost of Incidents 

The number of incidents involving the ignition of flammable 
vapors by gas water heaters varie~ from year to year. A study 
prepared for a law firm in Louisiana showed that from 1980 to 
1984, there were an average of over 2,000 fires involving gas 
water heaters and flammable vapors annually (Gauthier, Murphy, 
and Downing). Tliese fires resulted in an average of 361 
injuries, 21 deaths, and over $15 million in property damages
annually. The Directorate for Epidemiology reports that in 1991 
there were a total of 1,211 fires involving gas water heaters and 
flammable vapors. Of these fires, 845 involved gasoline. T~e 
fires involving gasoline resulted in 165 injuries and 21 deaths. 
In 1991, the average property damage resulting from fires 
involving gas water heaters was $17,500 (CPSC, 1993). Using this 
figure, the property damage in 1991 assoicated with gas water 
heaters igniting gasoline vapors can be estimated at $15 million. 

Although the nature and severity of all the injuries is not 
k..~own, it is known that at least some of the injuries involve 
second and third degree bul:lls. Severe bul:lls are among the most 
costly personal injuries that can be suffered in terms of direct 
medica~ expense, loss of income, physical pain, emotional trauma, 
and damage to interpersonal relationships. Elizabeth Leland 
reported in a 1992 memorandum that in 1988, 22 percent of .the 
jury awards for burn injuries ranged from $100,000 to $299,000 
and 35 percent of the awards exceeded one million dollars (CPSC,
1992). A CPSC sponsored study estimated that the average 
societal cost of a hospitalized fire burn was $900,000, The 
largest component of this cost was ffpain and suffering,• which 
was estimated to be $785,000 per case. The other components of 
the costs included medical costs, lost productivity, and 
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administrative and legal costs (Miller, p. 74). Therefore, if 
one assumes that all of .the 165 injuries in 1991 were burns 
requiring hospitalization, the total social costs of these 
injuries may.be as high as $150 million. • 

• Using these estimates,·the total cost to society of fires 
involving·the ignition of gasoline vapors by gas water heaters in 
1991, may be over $200 million. This ~stimate includes $150 
million in cost of injuries, $15 million in property damage, and 
$42 million for the social cost of the 21 fatal injuries. 

Reducing the·Costs 

The evidence available strongly suggests that raising the 
combustion air intakes 12 to 18 inches from the floor will 
substantially reduce, if not eliminate, the risk of a gas water 
heater igniting gasoline vapors. The risk of gas water heaters 
igniting other flammable vapors may also be reduced. If no 
action is taken to reduce the risk the incidents will continue to 
occur. And since the number of gas water heaters in use are 
expected to increase, all other things equal, the number of 
incidents occurring annually will likely increase. However, 1= 
modifications are made that substantially reduce or eliminate the 
risk, the number of incidents occurring each year will be reduced 
as the existing water heaters are replaced with the safer models. 

According to Appliance Magazine, the average useful life of 
a water heater i~ 11 years, with most being replaced between the 
4th and 18th year. If a standard eliminated the risk of new 
water heaters igniting gasoline vapors, by the 10th year after 
such a standard became effective fewer than SO percent of the gas 
water heaters in use when the standard bec~me effective should 
still be in use. The number of incidents occurring annually
should likewise be reduced. By the 25th year, fewer than 10 
percent of the old units should remain in use and the number of 
incidents occurring should be similarly reduced. Assuming that 
1991 was a typical year, within 10 years of a standard becoming 
effective, 
from $200 
years the 

the annual social costs 
million a year to under 
annual social costs can 

can be expected 
$100 million a 
be expected to 

to have fallen 
year. Within 25 
be close to 

zero. 

On a per unit basis, the expected social costs related to 
incidents involving gas water heaters and the ignition of 
gasoline vapors is $4 to $5 per year ($200 million in social 
costs divided by the 40 million to SO million units in use in 
1991). Assuming an average useful life of 11 years and a . 
discount rate of S percent, a design modification that eliminates 
this risk would on average be worth $35 to $45 over the life of 
the unit. If the a design modification also reduces the risk 
incidents involving gas water heaters and flammable vapors ocher 
than gasoline, the value of the modification would be greater. 
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At the present time, a new gas water beater with a SO gallon 
capacity can be expected to cost at least $200 and another $150 
to install. 

Refe;:ence11 

from Elizabeth W. Leland (EC) Joseph Z. Fandey (ESSE) (January 

American Gas Association, Gas Facts (1982 and 1991 editions). 

Appliance Magazine (September 1993) pp. 50-55. 

, April 1993, p. 53. 

CPSC (1992), "Benefits 
Flammable Vapor Ignition 

of Preventing 
by Gas-Fired 

Accidents Associated with 
Water Heaters,• memorandum 

to 
8, 1992). 

CPSC (1993), "1991 Residential Fire Loss Estimates,• CPSC 
Memorandum from Linda Smith (EPHA) to the Commission (Septembe~ 
16, 1993). 

Gauthier, Wendell H., Robert M. Murphy, and Edward F. Downing, 
III, Water Heaters and Flammable Vapors, Gauthier & Murphy (law 
firm), Metaire, Louisiana. 

Miller, Ted R., et al., Estimating the Costs to Society of 
Cioarette Fire Injuries: Final Report, (July 1993). 
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United States 

CONSUMER PRODUCT SAFETY COMMISSION 
Wasblngtoa, D.C. 20207 

MEMORANDUM 

DATE: .April 21, 1994 

TO : Joseph Z. Fandey
Project Manager for Fire and Gas Voluntary Standards 

Through: Warren Prunella, AED, Economic AnalysisV,}f 
~F 

FROM . Robert Franklin, Economist, ECSS (504-0962) 

SUB.JECT: Updated Estimates of the Societal Costs of Fires 
Associated with Gas Water Heaters and Flammable Vapors 

On April 18, the Directorate for Economic Analysis provided 
you with estimates of the societal costs associated with gas 
water heaters and the ignition of gasoline vapors (CPSC, 1994a). 
These estimates were based solely on the number of incidents in 
one year, 1991. Since that memorandum was written, the 
Directorate for.Epidemiology has provided estimates of the annual 
average number of fires, injuries, deaths, and property damages 
associated with gas water heaters over the six year period from 
1986 to 1991 (CPSC, 1994b). Because these estimates cover more 
years, we have revised our estimates of the average annual 
societal costs of· these incidents. • 

The estimates provided in our original memorandum of April
18 were based only upon the incidents involving gasoline vapors. 
The estimates were limited to incidents involving gasoline 
because most of the experiments conducted on the problem have 
involved gasoline. However, we understand that modifications to 
water heaters that reduce the risk of gasoline vapors being _ 
ignited will also reduce the risk of other flammable vapors being 
ignited. Therefore, this memorandum provides estimates of the 
societal costs of incidents involving gas water heaters and all 
flammable vapors as well as estimates of the societal costs of 
incidents involving gasoline vapors only. 

Societal Costs of :Injuries 

There were an average of 316 people injured each year
between 1986 and 1991 in incidents involving gas water heaters 
and flammable vapors (CPSC, 1994b). Of these, 239 involved 
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gasoline. Many of these injuries involved severe burns. A CPSC 
sponsored study estimated that the average societal cost of a 
hospitalized fire burn, including medical costs, lost 
productivity, administrative costs, legal costs, and pain -and 
suffering was $900,000 (Miller; p. 74). The largest component 
was •pain and suffering,• which was estimated to be $785,000 per 
case. Pain and suffering includes not only compensation for 
physical pain but also includes ·compensation for emotional 
trauma, damage to social relationships, and so on caused by
disfigurement. If one assumes that all of the injuries involve 
fire burns requiring hospitalization, the annual societal costs· 
of the injuries may be as high as $284 million.· • The annual 
societal· costs of those injuries associated with gasoline vapors
only may be as high as $215 million. 

Societa1 Costs of Deaths 

An average of 17 people die each year in incidents involving
residential gas water heaters and all flammable vapor:;. Of 
these, an average of 14 incidents annually involved gasoline.
Ideally, an estimate of the societal cost of a death should 
consider factors such as the suffering of the victim before 
death, the value of the lost production to society, and the 
premature loss to society of someone who may have filled mult~ple
roles such as friend, parent., child, sibling and so on. The 
policy of the Directorate for Economic Analysis has been to 
assume a $2 million cost to society for each death. Following
this policy, the cost to society of deaths involving all 
flammable vapors is $34 million annually. The cost to society cf 
deaths involving gasoline vapors only is $28 million. 

Property Damage 

The property losses from fires involving residential gas 
water heaters and all flammable vapors is estimated to be $26 
million annually. The property losses from fires involving
gasoline vapors only is estimated to be $20 million (CPSC, 
1994b). 

Total Societal Costs 

. Fires involving residential gas water heaters and all 
flammable vapors cost society about $344 million annually. The 
total cost to society of only the incidents that involve gasoline 
vapors is about $263 million annually. Because there are an 
estimated 40 to SO million residential gas water heaters in use 
~n ~he United States, the expected cost to society of these 
incidents per water heater is $6.88 to $8.60 for incidents 
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involving all flammable vapors. Incidents involving gasoline 
account for approximately_$5.26 to $6.58 of this amount. 

Assuming a discount rate of 5 percent and an average useful 
life for a water heater of ll years, modifications that prevented
virtually all incidents ~nvolving the ignition of flammable 
vapors by gas water heaters would be worth between $59 and $74 
over the life of the water heater. Modifications that only
prevented the ignition of gasoline vapors would be worth between 
$45 and $57 over the life•·of the product . 

. 
These estimates are based upon the information available 

about the incidents involving gas water heaters igniting
flammable vapors during the six year period from 1986 to 1991. 
These estimates may be revised should new information become 

.available. 
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DRAFf Billing Code 6355-01 

CONSUMER PRODUCT SAFETY COMMISSION 

16 en Part 1212 
.. 

Gas Water Heaters 

Advance Notice of Proposed Rulemaking; Request for Comments and 

:Information 

AGENCY: Consumer Product Safety Commission. 

ACTZON: Advance notice of proposed rulemaking. 

SUMMARY:Based on iqformation currently available to the 

Commission, the Commission has reason to believe that 

u=easonable risks of injury and death may be associated with gas 

water heaters that provide insufficient resistance to igniting 

vapors from flammable liquids that are spilled in the v~ci~~cy cf 

the water heater. Each year, approximately 1,944 fires are caused 

by gas water heaters igniting flammable vapors, especially 

gasoline. These fires annually cause approximately 316 bur~ 

injuries and 17 deaths. This advance notice of proposed 

rulemaking (•ANPR•) initiates a rulemaking proceeding under the 

authority of the Consumer Product Safety Act (•CPS~•). One result 

of the proceeding could be the promulgation of a rule mandating 

performance standards for gas water heaters. 

..: -------------· - -· 



The Commission solicits written comments from interested 

persons concerning the ris~s of injury and death associated with 

the ignition of flammable vapors by gas water heaters, the. 

regulatory alternatives discussed in this notice, other possible 

means to address these risks, and the economic impacts of the· 

various regulatory alternatives. The Commission also invites 
.. 

interested persons to submit an existing standa~d. or a .statement 

of intent to modify or develop a voluntary standard, to address. 

the risks of injury described in this notice. 

DATE: Written comments and submissions in response to this notice 

must be received by the Commission by [insert date 
0 

that is 60 

days after publication]. 

ADDRESS: Comments should be mailed, preferably in five (SJ 

copies, to the Office of the Secretary, Consumer Product Safety 

·commission, Washington, D.C. 20207-0001, or delivered to the 

Office of the Secretary, Consumer Product S.afety Commission, Room 

502, 4330 East-West Highway, Bethesda, Maryland 20814; telephone 

(301) 504-0800. 

FOR FURTHER INFORMATION CONTACT: Joe Fandey, Directorate for 

Engineering Sciences, Consumer Product Safety Commission, 

Washington, D.C. 20207; telephone (301) 504-04508, ext. 1293. 

SUPPLEMENTARY:INFORMATION: 

A. Background. 

For a number of years, the staff of the Consumer Product 

Safety Commission (•CPSC" or the •commission•) has been aware of 

incidents in which residential gas water heaters ignite the 
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vapors from flammable liquids that.are spilled in the vicinity of 

the water heater. Because the staff was not aware of any features 

that could be incorporated into water heaters to prevent such· .. . 
ignitions, the staff believed that the only way to address-this 

risk was to try to_ change consumers• behavi9r. 

In the spring of 1991-, however, a New Orleans attorney, 

Edward F. Downing, III, made a presentation to the staff that 

included video tapes of tests which showed that raising water 

heaters on an 18-inch-high stand greatly reduced the risk of 

gasoline vapor ignition. (This elevation of water heaters by 18 

inches was already required by the National Fuel Gas Code for gas 

water heaters installed in hazardous locations and garages.) Mr. 

Downing•s tests also showed that ducting the air from 18 inches 

above the ground had the same effect as raising the water heater. 

These measures reduce the risk of ignition because the 

vapors from gasol1ne and other flammable liquids are 

significantly heavier than air and accumulate in a layer ac the 

floor of the room. By ensuri~g that the air coming into c~n~ac~ 

with the flames in the water heater is obtained at some discance 

off the floor - either by raising the water heater or ducting the 

air to a height of 18 inches - the bulk of the flammable vapors 

can be kept separate from the potential source of ignition. 

Accordingly, in many cases, the concentration of flammable vapor 

that constitutes the lower explosive limit ("LEL") for that 

substance-will not be achieved. 

The CPSC's staff arranged for Mr. Downing to make the same 

presentation for the American National Standards Institute 
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• 
(•ANSI•) Z-21 Subcommittee, which is responsible for the ANSI 

voluntary standard for water heaters (ANSI Z21.10). That 

presentation occurred on November 13, 1991. Subsequently, an ANSI 

working group was formed to address this igniti~n issue. In 

~ddition, the Gas Appliance Manufacturers Association ("GAMA") 

funded a study of elevated .. water heaters to review -avaiiable fire 

data and to examine the effects of elevation on ignition 

prevention. However, despite the staff's request, it was not 

allowed_by GAMA to participate significantly in the development 

of, or testing during, the study. 

In March of 1992, the Commission's staff formally requested 

that the ANSI subcommittee develop a performance standard that 

would provide ignition prevention performance at least equal to 

that achieved when~ specified water heater is tested in a draf~­

free room at an elevation of 18 inches (or at another height if 

testing showed it to be needed): When the GAMA-funded study 

became available, it showed that, under some test conditions, 

flammable concentrations of vapors could be produced at the water 

heater. 

The Commission's staff does not consider the resulting 

study to be particularly useful for its stated purpose. Although 

ignition occu=ed in a number of the scenarios·tested with 

elevated gas water heaters, the test conditions were far more 

likely to result in igniti_on than those that probably caused many 

of the fires that have occurred in consumers• homes. For example, 

the GAMA study used relatively large amounts of gasoline in their 

spills (up to 2 gallons). Although the amount of gasoline 



involved in the fires in consumers' homes is not known, it seems 

un1ikely that consumers store or handle gasoline in quantities 

that would produce very many 2-gallon spills. In addition, GAMA•s 

study heated the room and floor to unreasonably high 

temperatures, up•to 1230F, which significantly increases the rate 

of vaporization: Even undef this study's severe ignition 

conditions, however, a substantial benefit to elevating the water 

he?ters was shown. In addition, fire data in the study suggest 

that elevating waters heaters may help reduce the number of 

fires. 

When the GAMA-funded study was presented to the ANSI 

working group, a motion was made to disband the working group 

because stands for water heaters would not prevent all fires. The 

CPSC staff person at the working group meeting _objected to that 

proposal", and described plans for CPSC testing of ways to 

retrofit existing water heaters to provide protection against 

ignition of flammable vapors. The working group then decided that 

if the staff could demonstrate a retrofit method which would 

prevent ignition, there would be no strong basis for not doing so 

in new water heaters. Accordingly, the working_group agreed not 

to disband before the staff's work was completed. 

The staff believed that even if satisfactory voluntary 

standards were developed, it would be important to protect the 

millions of consumers who already have gas water heaters that 

present a risk of ignition. The retrofit, to be practical, would 

have to be inexpensive, easy to install, and effective. 



Th~ Commission's Engineering Laboratory staff conducted 

tests of a potential retrofit -at the fire-testing facility at the 

National Institute of Standards and Technology ("NIST"). This 

retrofit involved the installation of a barrier made from a-6-

foot piece of sheet metal roof flashing formed in a 14~inch high 

circle around the base of the water heater and sealed to the 
.. 

floor with duct tape. Flammable vapors would have to go over this 

barrier before they could be exposed to the flames from the water 

heater. 

CPSC testing of this retrofit showed the ability of a dam, 
. 

or weir, at the base of the water heater to keep flammable vapors 

from the potential ignition source. These test results were 

' presented to the ANSI working group, and GAMA then announced 

plans to test burners and perhaps other alternative designs to 

reduce the ignition risk. 

In addition; CPSC staff subsequently performed additional 

work showing that the use of a dam or weir has no effect on the 

ability of a water heater burner to operate without producing 

increased levels of carbon monoxide. However, despite the 

information that the Commission's staff has provided to the ANSI 

working group, the staff has not received any indication that 

• industry is taking steps to develop a satisfactory performance 

standard to address the risk of igniting flammable vapors. 

In view of the lack of progress of the ANSI subcommittee 

toward implementing a performance standard for gas water heaters, 

the Commission has decided to publish this advance notice of 

proposed rulemaking ("ANPR"). Publication of this document 

-I-



commences a p~oceeding that ultimately could require gas-fired 

water heaters to meet specified performance requirements to 

;3ddress the identified risk of ignition of flammable vapors .. 



B. Statutory Authority 

This proceeding is cpnducted under provisions of the 

Consumer Product Safety Act ("CPSA"), 15 U.S.C 2051-2084. A 

proceeding to promu~gate a regulation establishing performance or 

labeling requirements as a consumer product safety standard is 

governed~by the requirements in sections 7 and 9 of the CPSA. 15 

u.s.c 2056, 2058. 

To commence a rulemaking proceeding, the Commission must . 

issue an ANPR as provided in section 9(a) of the statute. 

15 u.s.c. 2058(a). If the Commission decides to continue the 

rulemaking proceeding after considering responses to the ANPR, 

the Commission must publish the text of the proposed rule, along 

with a preliminary regulatory analysis, in accordance with CPSA 

section 9{c). 15 U.S.C. 2058{c). If the Commission then wishes to 

issue a final rule, it must publish the text of the final rule 

and a final regulatory analysis that includes the elements stated 

in section 9{f) (2) of the CPSA. 15 U.S.C. 2058{f) (2). Before the 

Commission may issue a final regulation, it must make stat~tc:y 

findings concerning voluntary standards; the relationship of the 

costs and benefits of the rule; and the burden imposed by the 

regulation. CPSC sec. 9(fl (3), 15 u.s.c. 2058{f) (3). 

C. The Product 

The products that are the subject of this proceeding are 

gas-fired water heaters that are used in residences. The 

Commission estimates that there are between 40 and SO million 

homes in the United States that have gas water heaters. The 

Commission is also interested in information on whether other 



flame-producing appliances (such as gas;fired clothes dryers; 

furnaces, or ovens) are potential sources of ignition for 

flarnrnab1e vapors. 

Information from the American Gas Association indicates 

that annual sales of residential gas water heaters have increased 
• r 

from 2.5 million units in the early 1960°s to 3.5 million units 

in the late 1980's. Five manufacturers dominate the gas water 

heater market, with 99% of production. 

E. Risks of Injw:y and Death 

An average of 316 people were injured and 17 people died 

each year between 1986 and 1991 in incidents involving gas water 

heaters and flammable vapors. Of these incidents, an average of 

239 injuries and 14 deaths each year involved gasoline. Many of 

the injuries involved severe burns. 

For the period 1986 through 1991, .gasoline and other 

flammable vapors accounted for the following percentages of 

incident categories associated with gas-fired water heaters: 20% 

(1,944 incidents) of the fires; 54% (316 people) of the persons 

injured; 44% (17 people) of the deaths; and 30% ($26,339,000) of 

the property loss. 

The societal costs from fires involving flammable vapors 

and gas-fired water heaters may exceed $300 million per year. 

Fires involving only gasoline are estimated to cause annual 

societal costs that may be as much as $215 million for injures, 

$28 million for deaths, and $20-million in property damage. 



Assuming a discount rate of 5% and an average useful life 

of 11 years for a water heater, the estimated value of 

modifications that prevented virtually all incidents involv!ng 

the ignition of flammal;>le vapors by gas water heaters woula be 

between $59 and $74 per water heater. 

'!! •. Existing Standards 

The ANSI Z-21 standard, discussed above,· does not contain 

any performance requirements intended to prevent flammable vapors 

from coming·into contact with the flames in gas water heaters. It 

does contain a labeling requirement applicable to water heaters 

for other than recreational vehicle installation. However, CPSC 

has not endorsed the warning label recommended by GAMA and has 

commented previously that the warning label needs more concise 

wording to help the consumer focus on the hazard being addressed. 

In any event; a warning label should not be used in place of a 

performance standard. To achieve product safety, the most 

effective approach is to design the hazardous feature out of the 

product. If labeling is used, it should, wherever possible, be 

used in conjunction with product modifications that address the 

risk. 

The National Fuel Gas Code ("NFGC") has adopted a 

requirement, originally in the National Electric Code, that water 

heaters·in garages be elevated so that the burner and pilot light 

are at least 18 inches off the floor. However, this requirement 

does not apply to water heaters located elsewhere in the home. In 

addition, there is a requirement that •gas appliances shall not 

be installed in any location where flammable vapors are likely to 

,J .-



be present. unless the design, operation, and installation are 

such to eliminate the probable ignition of the flammable vapors.• 

The Commission's staff believes that this latter provision h~s 

not been considered as routinely applicable in homes to locations 

other than garages. Although one report indicates that 73% of 

U.S. homes have a garage (Flammable Vapor Hazards Ignitior. Study 

- Task 1 Report, Arthur D. Little, Inc., GAMA 1993) (~Task 1 

Report•), not all homes with garages have the water heater in 

• that location. 

In addition, the Commission's staff believes that 

compliance with this provision of the NFGC has been poor. This 

lack of conformance may improve as this provision is adopted by 

model building codes, such as the Southern Standard Building Code 

and.the Council of American Building Officials ("CABO") code. 

However, adoption by model building codes does not guarantee that 

the provision will be incorporated into local building 

ordinances, where compliance is enforced. 

Moreover, garage ignitions apparently represent only a 

portion of the problem. The Task 1 report referenced above 

assembled a database of 135 incidents involving ignition of 

flammable vapors by residential gas water heaters for which there 

were detailed incident reports; only 27 of these incidents were 

known to have occurred in a garage. (Thirty-one incidents did not 

specify the room location.) The report shows that, in the 

incidents where the room location was specified, the garage was 

involved in 10 of 27 deaths, 5 of 33 injuries, and 2 of 11 

incidents in which there were both deaths and injuries. 



Therefore,· even if all new construction of houses and commercial 

replacementp of existing residential water heaters followed the 

NFGC requirement for water heaters in garages, there is a large 

portion of ~he incidents that would not be addressed . 

. The Commission is not aw~re of any other standard for 

residentiai gas water heaters that addresses the risk of burn 
.. 

injuries, deaths, and property damage from gas water_heaters 

igniting flammable vapors. Therefore, for the reasons stated 

above, the Commission believes that the existing standards would 

not eliminate or adequately reduce this risk. 

G. Xegulatory Alternatives Under Consideration 

The Commission is considering alternatives to r·educe the 

number of injuries and deaths.related to the ignition of 

flammable vapors by gas-fired water heaters. 

1. Performance standard. For the reasons discussed above, 

it appears that a performance standard can be developed that will 

reduce the risk of gas water heaters igniting flammable li~ids. 

2. Labeling and instructions. Another alternative is 

labeling the product to warn against this hazard and providi~g 

information on the risk in the product's instructions. The 

Commission believes such steps are necessary. However, as ncced 

above, these steps alone are not likely to adequately reduce the 

risk and should be used in conjunction with product 

modifications, where possible. 

3. Voluntary standards. For the reasons stated above, it 

appears that there is no voluntary standard in existence, or 



likely to be developed and implemented, that would adequately 

reduce.this risk of injury.. . 

R. Solicitation of :rn£o=ation and Comments 

This ANPR is the first step of a proceeding which could 

result in a mandatory performance or labeling standard for gas­ • 

fired water heaters that present an unreasonable risk of igniting 

flammable vapors in residences. 

All interested persons are invited to submit to the 

Commission their comments on any aspect of the alternatives 

discussed above. Specifically, in accordance with section 9(a) of 

the CPSA, the Commission solicits: 

(l) -Written comments with respect to the risk of injury 

identified by the Commission, ~he regulatory alternatives being 

considered, and other possible alternatives for addressing the 

risk. 

(2) Any existing standard or portion of a standard which 

could be issued as a proposed regulation. 

(3) A statement of int~ntion to modify or develop a 

voluntary standard to address the risk of injury discussed in 

this notice, along with a description of a plan (including a 

schedule) to do so. 

Comments should be mailed, preferably in.five (5) copies, 

to the Office of the Secretary, Consumer Product Safety 

Commission, Washington, D.C. 20207-0001, or delivered to the 

Office of the Secretary, Consumer Product Safety Commission, Room 

502, 4330 East West Highway, Bethesda, Maryland 20814; telephone 
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.'.June 27, 1.9.94 

'l'he Ronorable Ann Brown 
Chairman 
Consumer Product Safety commission 
4330 East West Highway
Bethesda, Maryland 20814 

Re: Staff Option Package on 
_Gas-Fired. Water Heaters 

Dear Chai:rman Brown: 

'Thank you for agreeing to meet with us today concerning the 
- staff's Option Package for Gas-Fired Water Heaters and Ignition

of Flammable Vapors. • Staff has recommended that the Commission 
institute a rulemaking proceeding to"develop a performance
standard for new gas-fired water heaters to address the risk of 
flammable vapors ignition. Before you vote on the staff 
recommendation, the Gas Appliance Manufacturers Association 
{GAMA) wants to be-sure you are aware of ongoing water heater 
industry activities to address this risk. We also want you to 
understand that a technical solution to eliminate ignition of 
flammable vapors by gas-fired water heaters is not as simple as 
staff may have led you to believe. 

In a letter dated June 14, 1994 {copy attached), we complained 
to the Commission's Executive Director, Bert Cottine, that the 
staff Options Package does not give the Commissioners an 
up-to-date account of what the water heater industry has been 
doing to address this issue. Our letter describes an ongoing
joint effort to test a new_burner and the planned development of 
a test protocol for measuring compliance with any new 
per~ormance standard in this area. We asked the Executive 
Director to provide a copy of our letter to each Commissioner in 
advance of the Commission's meeting on June 22. For reasons we 
do not know, this was not done. We regret that the 
Commissioners did not have this information in time for 
discussion at the June 22 meeting. 

The water heater industry continues to believe that the best way 
to reduce death and injuries from ignition of flammable vapors 
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is to educate the public on the dangers of storing and using 
gasoli~e and other flammable liquids indoors. The real problem 
is not gas water heaters, but consumer misuse of gasoline and 

-other flammable liquids. The Commission should recognize t~at a 
gas water heater is only one of many possible ignition sources 
in the home. Incident data will show ignition of flammable 
vapors by gas dryers, electric washers, refrigerators and other 
appliances in addition .to gas water heaters. 

Nevertheless, as reflected in our June 14 letter, the water 
heater industry has been rnvestigating whether practical water 
heater design changes are possible to reduce the incidence of 
ignition of flammable vapors in the home. These efforts began 
before the industry became aware that the Commission staff was 
preparing an options package for the Commission, and they will 
continue whether or not the Commission commences a rulemaking 
proceeding in this. area. Issuance of .an ANPR.. is not .needed .. to 
provide an impetus for industry action; the impetus is already 
there. 

considering the ongoing industry activities that may support the 
development of a voluntary standard, it is premature for the 
Commission to commence a rulemaking proceeding at this stage. 
The Commission has not been given adequate information to 
propose a practical, effective performance standard or technical 
solution for preventing ignition of flammable vapors by gas 
water heaters. The water heater industry itself does not yet 
have a technical solution. 

In its Options Package and draft ANPR, Commission staff claims 
to have found a "simple" solution to prevent gas water heaters 
from igniting flammable vapors, i.e. encircling the water 
heater with a 14" high sheet metal dam that is.then taped to the 
floor (see Options Package at pages 8,. 16 and 91). In ·his 
presentation to the Commission on June 22, the staff project 
manager, Joseph Fandey, seemed less confident about this 
supposed solution, calling it merely "a demonstration of 
principle," and conceding that commission staff "have not done 
the live fire work that would be necessary to say this is 
definitely a way to go." What happened to make Mr. Fandey 
become less certain of this: solution? The morni_ng of the 
June 22 briefing, Mr. Fandey learned that, in two "live fire" 
tests·of the proposed 14" high dam by International Approval 
Services, gasoline vapors were ignited by-the water heater in 30 
seconds in one test and in 31 

/ 2 minutes in the other test. 

The 14" high dam proposed by commission staff is not the 
"simple" solution that the Options Package may have led the 
Commission to believe. Moreover, Commission staff appears not 
to have considered the possibility that the dam could increase 

/Continued . . • 
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the risk of carbon monoxide production, a potential hazard to 
consumers the commission certainly would want to avoid. 

The staff Options Package discusses elevation of gas-fired water 
heaters 18 inches off the floor as another effective way'to -
prevent ignition of flammable vapors. At the June 22 briefing,
Mr. Fandey cited a decreasing incidence of fires caused by water 
heaters in garages•in California and Oregon in the years since 
18" elevation of water heaters in garages has been mandated in 
these states as evidence that elevation of water heaters is an 
effective way to prevent i~nition of flammable vapors. However, 
fire incidence data for California and Oregon shows a declining
incidence of flammable vapors ignltion by water heaters in all 
areas of the home, including areas where there is no requirement 
to elevate the water heater. Thus, the data is at best 
inconclusive about the effects of the requirement to elevate 
water heaters in.garages. 

In tests conducted by Arthur D. Little, ·Inc. elevation of the 
water heater 18 inches often did not prevent ignition of 
gasoline vapors under a variety of test conditions. A copy of 
the Arthur D. Little study is being provided to you. 

In its draft ANPR, commission staff disparages the Arthur D. 
Little study as not particularly useful, and at the June 22 
briefing, Mr. Fandey dismissed the study as "really done in 
contemplation of litigation rather than in an attempt to find a 
solution." To us,· thi_s shows an unreasonable bias on the part·
of Commission staff. The Arthur D. Little study is the most 
methodical, fully documented testing of the effects of water 
heater elevation on flammable vapor ignition ever conducted. 
Neither Commission staff nor Ed Downing, the Loui_siana attorney 
on whom Commission staff relies so.much, has produced any study
nearly as thorough and substantiated as the Arthur D. Little 
study. For example, Commission staff •·s own testing in this area 
consisted of apparently only two tests using instrumentation to 
simulate actual water heater operation. The Arthur D. Little 
study involved 40 "live fire" tests. 

In its draft ANPR, Commission staff condemns the Arthur D. 
Little study for using 2-gallon gasoline spills.and unreasonably
high floor.temperatures up to 123°F (allegedly to lncrease the 
rate of gasoline vaporization). During his June 22 presentation 
to the Commission, Mr. Fandey also criticized Arthur D. Little 
for moving a dummy figure in the room sci fast that it created 
unrealistic turbulence of the gasoline vapors. These comments 
ignore the variety of conditions under which water heaters 
ignited gasoline vapors in the Arthur·n. Little study,·and again 

. demonstrate an unreasonable bias on the part of Commission staff. 

/Continued . . . 
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In the Arthur D. Little tests of water heaters installed on an 
18" stand, fires did occur with gasoline spills of 2 gallons, 
but fires also occurred with gasoline spills of 1 

/ 2 gallon, 
1 gallon, and 11 / gallons when there was movement in the room. 
The movement in the 

2 
room was not exaggerated, as Mr. Fandey -

contended at the .June 22 briefing. The human cutout used on the 
moving sled was a child size flat board having no arms or moving 
parts.· We believe that the more complex movements of real 
people would produce greater vapor dispersion than the 
dispersion created by the dummy form used in the tests. 

Also, in the testing of water hea:t_e:ts installed on an 18" stand, 
the occurrence of fires was not dependent on the floor 
temperature. Fires occurred with floor temperatures of 45°F, 
54°F, 60°F, 72°F, 81°F, 87°F, and 114°F, for example. This 
refutes Commission staff's assertion that overheated floors were 

----used .in the Arthur D. Little tests to enhance gasoline
evaporation. For a concise summary of the results of the tests, 
we refer the Commission to amended Tables 9 and 10 in the Arthur 
D. ·Little report we are providing. 

Finally, GAMA takes very seriously statements made by Mr. Fandey 
at the June 22 briefing that GAMA has not shown a willingness to 
cooperate with Commission staff and has not exhibited good faith 
in dealing_with Commission staff. We do not believe that these 
claims are supported by the record. In October 1992, at the 
very beginning of Arthur D. Little's work for GAMA in this area, 
GAMA and Arthur D. Little representatives met with Mr. Fandey, 
William Rowe and Elizabeth Leland and briefed them on our plans 
for incident data collection and analysis. We asked for 
Commission staff support of this effort. In February 1993, 
Arthur D. Little presented the results of its incident data 
collection and analysis in a meeting with Mr. Fandey and Al 
Martin of Commission staff at GAMA's offices. At this same 
meeting, the Arthur D. Little representatives presented a draft 
of the methodology they planned to use to test the potential of 
water heater elevation to.prevent ignition of flammable vapors. 
In May 1993, Mr. Martin observed a full day of testing by Arthur 
D. Little at International Approval services laboratories in 
Cleveland. In December 1993, Larry Mulligan of Commission staff 
-spent two days at Arthur D. Little in Cambridge -learning to use 
Arthur D. Little's vapor dispersion model so that it could be 
applied to Commission staff's own testing. On all of these 
occasions, constructive suggestions from Commission staff were 
welcome. 

In conclusion, we do not.believe that.the staff has made a 
persuasive case that a rulemaking pro·ceeding is needed to force 
the water heater industry.to examine possible technical 
solutions to prevent ignition of flammable vapors by·gas-fired 
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water heaters. Such efforts are already underway, but a 
technical solution has not yet been found .. As discussed above, 
t_he Commission its elf does not have a practical, proven 
technical fix it can recommend. The CommJlssion should continue 
to rely on voluntary efforts by the indus1~ry. GAMA will maki! a 
good faith effort to keep Commission stafJE apprised of ongoing 
developments and to provide opportunities for Commission staff 
to participate in the process. 

Thank yo~ again for your consideration of our views and comments. 

Sincerely, 

CRA/ljb 
Attachment 
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United Sllltu 

CONSUMER PRODUCT SAFETY CoMMISSION 
Washington, D.C. 20207 

MEMORANDUM 

DATE: November 14, 1994 -

TO : Ronald L. Medford, Assistant Executive Director for 
Hazard Identification and Reduction 

Through: James E. Bradleyf-icting Associate Executive Director; 
Directorate for Engineering Sciences 

FROM : Donald W. Switze~lroject Manager for Fire and Gas 
Voluntary Standards, ESEE (504-0508 ext. 1303) 

SUBJECT: Comments on Letter from C. Reuben Autery, President, 
Gas Appliance Manufacturers Association 

On June 27, 1994, C. Reuben Autery, President, Gas Appliance 
Manufacturers Association (GAMA) sent a letter to Chairman Ann 
Brown commenting on the contents of the Options Paper for Gas­
Fired Water Heaters and Ignition of Flammable Vapors and the tone 
of a staff briefing. The letter contains a number of 
inaccuracies. The purpose of this memo is to provide 
staff responses to the allegations made in the letter. 
comments are keyed to the index numbers inserted into 
column of the attached letter. 

you with 
Staff's 

the left 

STAFF COMMENTS 

1 On April 7, 1994 Don Switzer, the Commission representative 
to the ANSI Z21 Committee (the parent committee of the water 
heater subcommittee that staff requested to develop 
performance standard for this issue) informed the ANSI Z21 
Committee's Chairman's Advisory Committee that the timetable 
for the briefing package had been accelerated. Staff also 
informed the committee that one of the options included in 
the package would be to publish an Advanced Notice of 
Proposed Rulemaking. Both Mr. Jack Langmead, Vice President 
of GAMA, and Mr. Daryl Hosler, chairman of the water heater 
subcommittee were in attendance. Neither Mr. Langmead, nor 
Mr. Hosler, mentioned the ongoing industry activities that 
are reported in the Autery letter. Agenda Item 18 of the 
Chairman's Advisory Committee was a report of standards 
writing activities planned or underway. There was no 



mention of planned water heater test method development 
either.in the text of the agenda item, or in the discussion. 
GAMA and the chairman of the water heater subcommittee had­
opportunity to inform staff of planned work and did not. 
Neither did they inform the Project Manager of any planned 
work, although they knew that an ANPR would be presented as 
an option to the Commission. 

2 The letter to Bert Cottine does not "describe" the testing 
or activities that are underway. It mentions that work is 
underway, but does not provide specifics. Had staff known 
of the ongoing work, staff would certainly have attempted to 
gather additional information and would have factored it 
into our recommendations to the Commission. As it is, 
industry held this information private and submitted it at 
the last moment (without detail) to the Commission. 

3 Mr. George Sweet of the Division of Human Factors responds: 
"It is a basic human factors principle that the best way to 
improve product safety is to design the hazardous feature 
out of the product. Educating the public does not reduce 
the hazard unless the people are motivated to comply with 
the message. More effective safety protection is offered 
through passive interventions (which have built-in safety 
features that do not require any action from the consumer) 
as opposed to warnings (which require the consumer to do 
something). As stated in the Commission briefing, most 
consumers do not think about their water heaters on a 
regular basis, some may not even realize it has a pilot 
light. An education-program could be effective in making 
some people aware of the hazard of flammable vapors being 
ignited by water heaters, however, it will not prevent the 
hazard from occurring. For these reasons, the staff 
recommended an ANPR to find out if a design fix is 
possible.• 

4 Staff certainly recognizes that there are other sources of 
vapor ignition in the home. However, the data indicate that 
water.heaters are by far the largest contributor to this 
type of accident. Figure 1, Top Twenty Appliances Igniting 
Gasoline Vapors in Dwellings - 1991 indicates that water 
heaters account for more than 65% of the incidents, followed 
by gas cooking surfaces with about 7%, followed by four 
other gas appliances. These 6 products account for over 85% 
of the gasoline vapor ignition incidents. Staff intends to 
investigate possible ways to eliminate the other gas-fired 
appliances- as possible ignition sources. 

5 The staff does not believe it can propose a "practical, 
effective performance standard or technical solution for 
preventing ignition of flammable vapors by gas water 
heaters• at this time. Staff does, however, believe that 
performance standard provisions must be developed to address 
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this hazard. Without a standard development activity to 
develop necessary coverage, the state of the art for water 
heaters vis-_a-vis vapor ignition, will not change. 

6 The staff does not intend for the 14-inch sheet metal dam to 
be considered •the solution• to flammable vapor ignition by 
water heaters. None of the citations referred to in the· 
Autery letter (pages a, 16, and 91 of the briefing package) 
characterize the dam as a "simple• solution. The dam does, 

·however, demonstrate that a significant reduction in the 
potential for accidents could be achieved by taking 
combustion air from abov.e the level of flammable vapors. 
Prior to the June 22, 1994 briefing, staff discussed at 
length the need to characteriz_e the dam concept as just 
that, a concept that holds potential. The information on 
the 2 tests performed.by International Approval Services did 
not cause the staff to "become less certain of this 
solution• because staff never considered the dam to be the 
solution. Finally, staff was well aware of the need for 
"live fire" testing long before the communication concerning 
the IAS testing. Staff had begun to examine resource 
implications for this type of testing in advance of the June 
22, 1994, briefing. 

7 Staff did consider the possibility that the dam could 
increase the risk of carbon monoxide poisoning. Appendix B 
of the ESEL test report (page 66 of B.P.) examined the 
possibility of excess co production caused by installation 
of the dam. Tests were run both with and without the dam in 
place. There was no significant difference in CO production 
between when the dam was installed.and when it was not. 
ESEL also performed additional testing where a rolled up 
cotton sheet was placed in the annulus between the water 
heater and the dam to determine the effect of restricting 
combustion air flow by draping clothes over the dam. Once 
again the CO production was not significant. 

8 The data for the State of California is presented 
graphically as Figure 2. It shows an apparent decline in 
the number of garage fires in relation to the number of non­
garage fires. 

9 Mr. Autery has taken this comment out of.context. The ADL 
work is of little use for standards development. Staff had 
requested that the subcommittee develop performance 
requirements to address this issue and expected that the 
work undertaken would be for that purpose. The work 
performed by ADL is not standards development work. 
Standards development consists of carefully identifying 
environmental conditions that are encountered in the field, 
and developing a standardized, reproducible methodology to 
address the hazard, and then performing extensive testing to 
verify that the conditions established in the laboratory 
produce consistent results. By varying multiple test 
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parameters, the ADL testing did not establish reproducible 
test conditions. Quoting from page .. 1 of the Phase 2 report, 
flThe overall goal of the project is to develop a 
comprehensive understanding of the extent of the hazard 
identified, and the effectiveness of current mitigating 
measures.• This is not the scope of a standards development 
program. 

10 Mr. Autery is incorrect in asserting the testing performed 
by the Commission staff •consisted of apparently only two 
tests using instrumenta~~on to simulate actual water heater 
operation•. In actually, ESEL performed twenty-five tests, 
as detailed on pages 41-45 of the briefing package. 

11 The large riumber of test conditions investigated in the ADL 
report is precisely the reason the staff "disparages" the 
ADL work as standards development. 

12 A major issue is CPSC's participation in developing the test 
program. Staff believes that in order to effectively 
participate in any type of.testing program, one ought to be 
involved in developing the goals, protocol, and methodology 
of the program. It is also critical to be involved in the 
analysis of resulting data, and development of conclusions 
based on the data. At the February, 1993, meeting where ADL 
staff presented the results of the Phase 1 Epidemiological 
study, CPSC staff requested to be included in further 
development of the Phase 2 test protocol. This request was 
not honored by.ADL or GAMA.. In fact, staff was not provided 
with a copy of the ADL report in draft form for comment. 
Staff finally received copies of the reports after it had 
been distributed in final form to the industry. 

With regard to Mr. Martin's participation in the testing at 
International Approval services in. May, 1993, Mr. Martin was 
on site as an observer. The test protocol and methods had 
already been established, and testing was nearly completed. 
Mr_. Mulligan's trip took place after the Phase 2 testing was 
complete and is not relevant to a discussion of staff's 
participation in test program. 

Attachments 
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The Honorable Ann Brown 
Chairman 
Consumer Product Safety Commission 
4330 East West Highway 
Bethesda, Maryland 20814 

Re: Staff Option Package on 
Gas-Fired Water Heaters 

Dear Chairman Brown: 

Thank you for agreeing to meet with us today concerning the 
staff's Option Package for Gas-Fired Water Heaters and Ignition 
of Fla111111Able Vapors. Staff has recommended that the Commission 
institute a rulemaking proceeding to.develop a performance 
standard for new gas-fired water heaters to address the risk of 
flammable vapors ignition. Before you vote on the staff 
recommendation, the Gas Appliance Manufacturers Association 
(GAMA) wants to be sure you are aware of ongoing water heater 
industry activities to address this risk. we also want you to 
understand that a technical solution to eliminate ignition of 
flammable vapors by gas-~ired water heaters is not as simple as 
staff may have led you to believe. 

~n a letter dated June 14, 1994 (copy attached), we complained 
to the Commission's Executive Director, Bert Cottine, that the 
staff Options Package does not give the commissioners an 
up-to-date account of what the water heater industry has been 
doing to address this issue. our letter describes an ongoing 
joint effort to test a new burner and the planned development of 
a test protocol for measuring compliance with any new 

1 performance standard in this area. We asked the Executive 
2 Director to provide a copy of our letter to each Commissioner in 

advance of the Commission's meeting on June 22. For reasons we. 
do not know, this was not done. We regret that the 
Commissioners di~ not have this information in time for 
discussion at_the June 22 meeting. 

The water heater industry continues to believe that the best way 
to reduce death and injuries from ignition of flammable vapors 
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is to educate the public on the dangers of storing and using 
gasoline and other fla!Mlable liquids indoors. The real problem 
is not gas water heate~s, but consumer misuse of gasoline and· 
other fla!Mlable liquids. The ColMlission should recognize that a 
gas water heater is only one of many possible ignition sources 
in the home. Incident data will show ignition of flammable 
vapors by gas dryers, electric washers, refrigerators and other 
appliances in addition to gas water heaters. 

Nevertheless, as reflected i-n our June 14 letter, the water 
heater indu~try has been investigating whether practical water 
heater design changes are possible to reduce the incidence of 
ignition of flammable vapors in the home. These efforts began 
before the industry became aware that the Commission staff was 
preparing an options package for the commission, and they will 
continue whether or not the Commission commences a rulemaking 
proceeding in this area. Issuance of .an ANPR.is not needed.to 
provide an impetus for industry action; the impetus is already 
there. 

Considering the ongoing industry activities that may support the 
development of a voluntary standard, it is pre111ature for the 
Commission to commence a rulemaking proceeding at this stage. 
The Commission has not been given adequate information to 
propose a practical, effective performance standard or technical 
solution for preventing ignition of flammable-vapors by gas 
water heaters. The water heater industry itself does not yet 
have-a technical solution. 

In its Options Package and draft ANPR, Commission staff claims 
to have found a "simple" solution to prevent gas water heaters 
from igniting fla111111able vapors, i.e. encircling the water 
heater with a 14" high sheet metal dam that is then taped to the 
floor .(see Options Package at pages 8, 16 and 91). In his 
presentation to the Commission on June 22, the staff project 
manager, Joseph Fandey, seemed less confident about this 
supposed solution, calling it merely "a demonstration of · 
principle," and conceding that Commission staff "have not done 
the live fire work that would be necessary to say this is 
definitely a way to go." What happened to make Mr. Fandey 
become less certain of this solution? The morning of·the 
June 22 briefing, Mr. Fandey learned that, in two "live fire" 
tests of the proposed 14" high dam by International Approval 
Services, gasoline vapors were ignited by the water heater in 30 
seconds in one test and in 3 1 

/ 2 minutes in the other test. 

The 14" high dam proposed by Commission staff is not the 
"simple" solution that the Options Package may have led the 
Co!Mlission to believe .. Moreover, Commission staff appei!rs not 
to have considered the possibility that the dam could increase 
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the :ls~ of carbon monoxide production, a potential hazard to 
consumers the Commission certainly would want to avoid. 

The staff Options Package discusses elevation of gas-fired w~ter 
heaters 18 inches off the floor as another effective way to 
prevent ignition of flammable vapors. At the June 22 briefing, 
Mr. Fandey cited a decreasing incidence of fires caused by water 
heaters in garages•in California and Oregon in the years since 
18" elevation of water heaters in garages has been mandated in 
these states as evidence that elevation of water heaters is an 
effective way to prevent ignition of fla11111111.blevapors. However, 
fire incidence data for California and Oregon shows a declining 
incidence of flammable vapors ·ignition by water heaters in all 
areas of the home, including areas where there is no requirement 
to elevate the water heater, Thus, the data is at best 
inconclusive about the effects of the requirement to elevate 
water heaters in. garages. 

In tests conducted by Arthur D, Little, Inc. elevation of the 
water heater 18 inches often did not prevent ignition of 
gasoline vapors under a variety of test conditions. A copy of 
the Arthur D. Little study is being provided to you. 

In its draft AHPR, Commission staff disparages the Arthur D. 
Little study as not particularly useful, and at the June 22 
briefing, Mr. Fandey dismissed the study as "really done in 
contemplation of litigation rather than in an attempt to find a 
solution." To us, this shows an unreasonable bias on the part 
of Commission staff. The Arthur D. Little study is the most 
methodical, fully documented testing of the effects of water 
heater elevation on flammable vapor ignition ever conducted. 
Neither Commission staff nor Ed Downing, the Louisiana attorney 
on whom Commission staff relies so much, has produced any study 
nearly as thorough and substantiated as the Arthur D, Little 
study. For example, Commission staff's own testing in this area 
consisted of apparently only two tests using instrumentation to 
simulate actual water heater operation. The Arthur D. Little 
study involved 40 "live fire"· tests. 

In its draft ANPR, Commission staff condemns the Arthur D. 
Little study for using 2-gallon gasoline spills and unreasonably 
high floor temperatures up to 12J 0 f (allegedly to lncrease the 
rate of gasoline vaporization). During his June 22 presentation 
to the Commission, Mr. Fandey also criticized Arthur D. Little 
for moving a dummy figure in the room so fast that it created 
unrealistic turbulence of the gasoline vapors. These comments 
ignore the variety of conditions under which water heaters 
ignited gasoline vapors in the Arthur D. Little study, and again 
demGr.strate an unreasonable bias on the part of Commission staff. 
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In the Arthur D. Little tests of water heaters installed on an 
18" stand, fires did occur with gasoline spills of 2 gallons, 
but fires also occurred with gasoli·ne spills of 1 

/,. gallon, 
1 gallon, and 1 1 

/ 2 gallons when there was movement in the room. 
The movement in the room was not exaggerated, as Mr. Fandey 
contended at the June 22 briefing. The human cutout used on the 
moving sled was a child size flat board having no arms or moving 
parts. We believe that the more complex aoveaents of real 
people would produce greater vapor dispersion than the 
dispersion created by the dummy form used in the tests. 

Also, in the testing of water heaters installed-on an 18" stand, 
the occurrence of fires was not dependent on the floor 
temperature. Fires occurred with floor temperatures of 45°F, 
54°F, 60°F, 72°F, 81°F, 87°F, and ll4°F, for example. This 
refutes Commission staff's assertion that overheated floors were 

... used in the Arthur D. Little tests to enhance gasoline 
evaporation. For a concise summary of the results of the tests, 
we refer the Commission to amended Tables 9 and 10 in the Arthur 
D. Little report we are providing. 

Finally, GAMA takes very seriously statements made by Mr. Fandey 
at the June 22 briefing that GAMA has not shown a willingness to 
cooperate with Commission staff and has not exhibited good faith 
in dealing with Commission staff. We do not believe that these 
claims are supported by the record. In October 1992, at the 

12 very beginning of Arthur D. Little's work for GAMA in this area, 
GAMA and Arthur D. Little representatives met with Mr. Fandey, 
William Rowe and Elizabeth Leland and briefed them on our plans 
for incident data collection.and analysis. We asked for 
Commission staff support of this effort. In February 1993, 
Arthur D. Little presented the results of its incident data 
collection and analysis in a meeting with Mr. Fandey and Al 
Martin of Commission staff at GAMA's offices. At this same 
meeting, the Arthur D. Little representatives presented a draft 
of the methodology they planned to use to test the potential of 
water heater elevation to prevent ignition of flammable vapors. 
In May 1993, Mr. Martin observed a full day of testing by A'-thur 
D. Little at International Approval Services laboratories in 
Cleveland. In December 1993, Larry Mulligan of Commission staff 
spent two days at Arthur D. Little in Cambridge learning to use 
Arthur D. Little's vapor dispersion model so that it could be 
applied to Commission staff's own testing. On all of these 
occasions, constructive suggestions from Commission staff were 
welcome. 

In conclusion, we do not believe that the staff has made a 
persuasive case that a rulemaking proceeding is needed to force 
the water heater industry to examir.e possible technical 
soluticns to prevent ignition of flammable vapors by gas-fired 

/Continued . . 
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water heaters. Such efforts are already under,.,ay, but a 
technical solution has not yet been found. As discussed above, 
the Commission itself does not have a practical, proven 
technical fix 1t can reco~end. The Commission should continue 
to rely on voluntary efforts by the industry. GAMA will make a 
good faith effort to keep Commission staff apprised of ongoing 
developments and to provide opportunities for Commission staf~ 
to participate in the process. 

~ha~k you again for your consideration of our views and comments. 

Sincerely, 

President 

CRA/ljb 
Attachment 
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~-FIGURE 2: CALIFORNIA GAS WATER HEATER 
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