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Decision No.' _5_2_4_0_1 __ 

BEFORE 'I'HE PUBLIC UTILITIES COrwMISSION OF THE STATE OF CAliFORNIA 

In the Matter of the Investigation ) 
on the Commission's own motion into} 
the methods and practices of' gas ) 
corporations in determining and ) 
recording the heating value of' ga.s. ) 

Case No. 4720 

(A list of appearances and witnesses 
is included herein as Appendix A) 

OPINION -.-.-----

The above-entitled investigation was instituted by the 

Commission on April 25, 1944, f'or the purpose of' obtaining inf'orma­

tion on methods and practices of' gas corporations in determining and 

recording the heating value of gas. The Commission at that time 

also contemplated a possible revision of' General Order No. 58-A in 

order to establish uniform standards and practices in connection 

with testing equipment and. facilities, making of' tests, and calo­

rimetry practices. 

Public Hearing 

After due no~~ ic e to all of the gas corporatior.,s in the 

state and other interested parties, three days of public hearing 

were held upon this investigation. The f'irst day was October 23, 

1944, before Co~ssioner Ira H. Rowell, and thereafter a long 

period ensued while a committee composed of representatives of the 

utilities, gas industry, Cities, aSSOCiations, educational institu­

tions, the Comnission staff and others studied this matter. The work 

of the committee was summarized in a report, dated February, 1952, 

entitled: "Results of Heating Value Test 5 of Fuel Gases Performed 

with Water-Flow and Recording Calorimeters". 
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Thereafter this committee drafted standard procedures for 

the installation, operation, maintenan,ce and testing or recording 

and water-flow calorimeters. The Commission staff used this work 

as a background and in lieu of revising General Order No. 58-A, pre­

pared a proposed general order which was presented at the second and 

third days of hearing on November 2, 1955, in San Francisco and on 

November 9, 1955, in Los Angeles before Examiner M. W. Edwards. The 

matter was submitted for Commission decision at the close of the 

hearing on November 9; 1955. 

Starr's Proposal 

The staff's proposed general order is set forth in Exhibit 

No. 4. entitled: "Standards of Calorimetry for Gaseous Fuels". Copies 

of the proposed general order were sent to the various interested 

parties by letter dated September 2, 1955~ Several suggestions for 

changes were received from the interested parties~ These were con­

solidated and by Exhibit No. 5 the staft placed certain recommended 

revisions into the record. 

As the record now stands, t he staff proposes that the rules 

shall apply to any person, firm or corporation now or hereafter 

engaged as a publiC utility in the business of furnishing manufac;. 

tured gas, natural gas, hydrocarbon gas or a mixture of fuel gases. 

Deviation from the methods specified will be permitted where hard­

ship results on the basis of a full and complete justification. 

After proposing certain definitions of terms, the staff recommends 

that tests by means of a recording gas calorimeter be performed by 

means of the standard method set forth in the proposed general order 

and that tests by means of a water-flow calorimeter be conducted in 

accordance with ASTM Designation: D900-48, adopted in 1948 by the 

American Society for Testing Materials 7 entitled "Standard Method of 

Test for Calorific Value of Gaseous Fuels by the Water-Flow 

Calorimeter" • 
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The staff's proposed "Standard Method for Operating 

Recording Gas Calorimeters for Determining the Heating Value of 

Fuel Gases" is segregated into the following main topics: 

a. 
b. 
c. 
d. 
e. 
f. 

g. 

h. 

Location! Housing and Installation, 
General ~are) Operation and Testing, 
Sensitivity Test, 
Restoration of Sensitivity, 
Restoration of Accuracy, 
Preparation of Theoretical Scale Reading of 
Reference Hydrogen Tank Gas and for 
Certification of Natural Gas 
Dete~nination of Theoretical Scale Reading 
for Reference Hydrogen Tank Gas, 

Certification of Natural Gas. 

In addition to the detailed description in the body of the proposed 

order, the staff included five charts in Exhibit No. 4 showing 

schenatic arrangement for connections, installation report form, 

weekly test record form, sample chart, and burner unit detail. The 

staff did not intend that the proposed order replace any of the 

calorimetry provisions of General Order No. ,8-A, but rather that it 

be supplemental thereto. 

Objections to Staff's Proposed General Order 

While the utility representatives in general were in favor of 

the proposed order, objections were made to some of the many provi­

sions. Several representatives objected to the proposed revision of 

Section 4.b.(4) to read: "Each recording calorimeter installation 

shall be provided with suitable air conditioning facilities such 

that the ambient room temperature can be maintained reasonably uni­

form and that the t emperat ure of the tank water Will be maintained 

within a range of 60 to SO degrees Fahrenheit at all times. These 

air conditioning facilities must be capable or maintaining the room 

temperature within a range of 5 degrees Fahrenheit during each 24-

hour period". This prOvision would require that the utilities 

in5tall air conditioning equipment and they questioned that the pos­

sible small gain in accuracy warranted such installation. 
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A witness for the Southern Counties Gas Company of California 

objected to the staff's proposal to adopt the ASTM Designation: 

D900-4S, as the only method for testing water-flow calorimeters. He 

asked that methods propounded by the National Bureau of Standards and 

by the Pacific Coast Gas Association be specified as alternate methods. 

A protest was entered on behalf of two small gas companies 

where straight propane gas is served, that this order might require 

them to install and operate calorimeters. It was pOinted out in 

this regard that General Order No. 5$-A is controlling and in those 

cases where a company is not now required to maintain and operate a 

calorimeter under that general order it would not be required to do 

so under the proposed general order. 

Discussion 

When this investigation was originated the Commission had in 

mind the possibility of revising General Order No. 58-A. The staff 

considered this p~oblem and in view of the importance of the subject 

matter and the extensive coverage it felt was necessary, recot~ended 

a separate general order for the subject. While in general the 

COmmission agrees with the staff':) recommendation, there is some 

question as to form of the proposed general order. Many sections con­

tain procedures applicable only to one type of recording calorimeter, 

that is, the so-called ~Thomas Calorimeter" manufactured by Cutler­

Hammer, Inc. 

The CommiSSion's view on this subject is that in so far as 

practicable the general orders Should be general in their applicabil­

ity and not be limited to one make or type of eqUipment. The starr 
points to the hardship provision as the means for new makes to be con­

sidered. So long as new equipment is proven to meet the required 

accuracy standards, after adequate tests have been made by the manu­

facturer and by the utilities, we see no reason why such equipment 

should not be considered for use. 
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One method of providing for this situation is to place in 

the general order those provisions which are generally applicable to 

all types of calorimeters, and place the special proVisions relating 

to particular makes in the appendices of the general order. Then, 

if and when new developments occur in the field of calorimetry, it 

will be necessary only to prepare additional appendices' to the 

general order as the standard for such new equipment. 

Conclusions 

The Commission concludes that the subject of calorimetry 

is of sufficient importance to warrant a separate general order, but 

will revise the form of the proposed general order. 

Objection has been made to the requirement that air condi­

tioning equipment be installed in the calorimetry room in order to 

maintain the tank water temperature in the range of 60 to SO degrees 

Fahrenheit, in view of the weekly tests and calibrations required. 

In considering the testimony in regard to tank water temperature 

control, it appears to the Commission that such control would be 

warranted at calorimeter locations as of the effective date of this 

order where tank water temperatures are outside o~ the 60 to SO 

degrees Fahrenheit limit for a substantial period of time. Accord­

ingly, the general order will provide for a requirement to maintain 

the tank water temperatures in the range of 60 to SO degrees 

Fahrenheit at those calorimeter stations as of the effective date of 

this order Where past experience indicates that tank water tempera­

tures outside of that range are experienced for more than 15 days 

of the year. In connection with the installation of calorimeters 

at new calorimeter stations or the relocation of existing calorime­

ters subsequent to the ei'i'ecti ve date of this order, suitable air. 

co~ditioning equipment shall be installed at such calorimeter 

installations where tank water temperatures will exceed SO degrees 
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Fahrenheit at any time. Calorimeters should be installed in suitable 

rooms with proper building insulation and heating means to prevent 

the tank water temperature from falling below 60 degrees Fahrenheit 

at any time. 

The request that alternative methods of test of water-flow 

calorimeters be adopted appears unnecessary. It is the Commission's 

deSire to adopt the latest method and prescribe only one method of _ 

procedure. In those cases where hardship is alleged to result fr~m 

changing to the ASTM procedure and existing methods give reasonably" 

good accuracy, deviations can be considered upon request of and a . 

showing by the utility. 

o R D E R 
---~-~ 

An investigation into the methods and practices of gas cor­

porations in determining and recording the heating value of gas hav­

ing been conducted on the Commission's own motion, hearings having 

been held, the matter having been submitted and the COmmiSSion being 

of the opinion that the rules governing calorimetry prescribed in the 

attached General Order No.~!'t?are reasonable and should be adopted; 

therefore, 

IT IS HEREBY ORDERED that said General Order No.~-~ - . 
attached hereto be and it is hereby adopted. Said General Order 

No.~~t?shall be supplementary to the requirements of General Order 
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No. 5a-A, and shall not relieve any gas corporation from complying 

with the provisions of General Order No. 58-A. 

The ef£ective date of this order shall be twenty days 

after the date hereof. 

Dated at~t'~ M 
I California, this oiJtf-

day or 4?:~J';,~ ~. 
... -d., ( 

/ 

Commissioners -

....... ' 
Co:nmi!i:.1oZl0r· .,. _.... • be1ng 
nccc:=a~ily absont. did not part 1 C1pnt 0 
.:!..Q tno d1a,POS.1 U0.J2 0: th.1s pNaeo41n", .I 

-g-. I 

/1 
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APPENDIX A 

List of Appearances 

Interested Parties: Pacific Gas and Electric Company, by 
R. w. DuVal, Frank Wills, Phillip Beckman, Morris Richford, 
Rudolph Jenny; F. T. Searls and John Carroll Morriss~; 
~oast Counties Gas and Electric Company, by Charles Grunsky; 
California Farm Bureau Federation, byJ. J. Ueuel, Joseph O. 
~ and Russell L. Perry; Southern Counties Gas Company of 
cal:Drornia, by Frederick Dutton and N. K. Senatoro!!; City 
and County of San Francisco, by Dion R. Holm and Paul Beck; 
San Diego Gas & Electric Company, by H. M. Barnes; city of 
Alameda, by H. Albert George; C. B~ Gentry Company, by 
w. D. McKay; Cutier-Hammer, Inc., by J. M. Cook; 12th Naval 
District, Public Works Department, by ~Iiver O. Rands; 
Municipal Gas Department, City of Long Beach, by Virgil L. 
Sadler; Department of Public Utilities and Transportation of 
the City of Los Angeles, by P. A. Erickson and M. Kroman; 
11th Naval District, Public Works Office, Department of Navy, 
by Clarence Alliman; Pacific Lighting Gas Supply Company, by 
James Randoiph Elliott. -

Protestants: Southern California Gas Company, by GUY Corfield 
and ~. S. Powell; Cloverdale Gas Company and Russian River "'-..., 
Gas ompany, by N. E. Waltenspiel. 

For the Commission Staff: Roy A. Wehe, Lloyd E. Cooper, 
M. J. Kimball and J. E. Spelce. 0: .... _ .• 

LIST OF WITNESSES. 

M. A. Richford and Rudolph Jenny for Pacific Gas and Electric 
Company; N. K. Senatoroff for Southern Counties Gas Company of 
California; J. E. Spelce for the Commission staff. 
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PUBLIC UTILITIES COMMISSION OF THE STATE OF CALIFORNIA 
GENERAL ORDER NO • ..£L.- S. 

STANDARDS OF CALORIMETRY FOR GASEOUS FUELS 

Approvedj}uzerr.lvj /(,/<f)[::(' Ef'fecti ve f24~ 11, 191'-. 

IT IS HEREBY ORDERED that the following rules be adopted, 

effecti ve Oan~ /1 I 'fa to govern all gas corporations as 

defined i~the Public Ut~lities COde,l in the determination of heat~ 
ing values of fuel gases.. This order is supplemental to General 

Order No. 58-A, which requires utilities to provide and maintain cal­

orimeter testing stations, and shall not relieve any gas corporation 

from complying with the provisions of General Order No. 58-A. 

The order herein comprises the following sections and 

appendix: 

1. Applicability of Rules 
2.. Devi ati ons from Rules 
3. Definitions of Terms 
4. Types of Calorimeters 
5. Standards for Recording Calorimeters 
6.. Standards for Water-Flow Calorimeters 
7. Minimum Requirement s 

Appendix 1, Standard Method for Installing, 
Operating, Testing and Maintaining 
Recording Calorimeters Manufactured 
by Cutler-Hammer, Inc .. 

1. Applicability of Rules 

a. The following rules shall apply to any person, 
firm or corporation now or hereafter engaged as 
a public utility in the business of f'urr.ishing 
manufactured gas, natural gas, hydrocarbon gas, 
or a mixture of fuel gases £or domestiC, com­
merCial, industrial or other purposes within the 
State of California where the gas service ren­
dered is subject to the jurisdiction of the 
Public Utilities CommiSSion of the State of 
California. 

1 "Gas corporation" inclUdes every corporation or person owning, 
controlling, operating, or managing any gas plant for compensation 
within this State, except where gas is made or produced on and 
distributed by the maker or producer through private property alone 
solely for his own use or the use of his tenants and not for sale 
to others. Gas corporations are also herein referred to as 
"utilities" or "gas utilities". 
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b. When a change is desired in the type of calorimeter to be used 
at a given calorimeter station a request shall be made to the 
Commission by the utility, briefly stating the authorization 
sought, the type of calorimeter presently being used at the 
calorimeter station, the type of calorimeter desired to be 
used at the station in the future, and the major reason for 
making the change. 

2. Deviations from Rules 

In no case shall any public utility de~iate from the methods 
herein set forth except with special written authori~tion from 
the Commission. If hardship results from the application of any 
rule herein prescribed because of special conditions, application 
may be made to the Commission for authori~ation to de~ate there­
from. Such request tor deviation authority shall set forth a 
complete justification ot the proposed procedure. 

,. Definitions of Terms 

a. Fuel Gas 

Any combustible gas or vapor, or combustible mixture ot 
gaseous constituents, used to produce heat by burning. 

b. Fuel Gas Calorimeter 

An apparatus for determining the calorific (heating) values or fuel gases. 

( 1) Rec.ording Calorimeter 

An automatic device that continuously makes a written 
record of the heating value of a fuel gas or mixture of 
fuel gases on a chart. 

(2) Water-Flow Calorimeter 

A laboratory device for measuring the total and/or net 
heating value of a fuel gas or mixture of fuel gases in 
which the heat evolved by the complete combustion of a 
measured quantity of gas burning at a unifor.m rate is 
absorbed by a quantity of water also flowing at a uniform 
rate. The weight and increase in temperature of the 
water flowing during the interval that the measured quan­
tity of gas is being burned furnish the primary data 
necessary for calculating the heating value of the gas. 

c. Calorimeter Station 

The location at which a calorimeter is maintained for the pur­
pose of determining the heating value of a fuel gas. 

d. Standard Temperature 

60
0 

F., based on the international temperature scale. 

e • Standard Pressure 

The absolute pressure of a column of pure mercury 30 inches 

t)2~!~fb;t~is~~~2)·o~n19sg~665$~:;~:~~2~ravity 
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f. Standard. Cubic Foot of' Gas 

The quantity of gas which, when saturated With water vapor 
and at a temperature of 600 F. and under a pressure ~f 30 
inches in height of mercury at 320 F. (density 1;.S9~1 
grams/cc and acceleration of gravity 9S0.665 em/sec. ) 
occupies one cubic foot~ 

g. Dry Cubic Foot of Gas 

The quantity of gas which, when free of water vapor at 
standard temperature and under standard pressure will fill a 
space of one cubic foot. The total heating value of one 
dry cubic foot of gas is equal to the product of the total 
calorific value per standard cubic foot and the cott.$ant 1.01'i7. 

h. British Thermal Unit (Btu) 

The quantity of heat that must be added to one avoirdupois 
pound of pure water to raise its temperature from SS.so F. 
59.50 F. under standard pressure. 

i. Total Calorific Value 

The number of British thermal units evolved by the complete 
combustion, at constant pressure, of one standard cubic foot 
of gas with air, the temperature of the gas, air and products 
of combustion being 600 F. and all of the water formed by the 
combustion reaction being condensed to the liquid state. 

j. Net CalorifiC Value 

The number' of British thermal units evolved by the complete 
combustion, at eonstant pressure, of one standard cubic foot 
of gas with air, the temperature of the gas, air and product.s 
of combustion being 600 F. and all of the water formed by th~ 
combustion reaction remaining in the vapor state. The net 
cal~rif'ic value of a gas is its total calorific value minus 
the latent heat of vaporiz.ation at standard temperature of the 
water formed by the combustion reaction. Latent heat of 
vaporization of water at 600 F. • 1057.8 Btu per lb~ or 
50.;7 Btu per standard cubic foot. 

k. Theoretical Air 

The volume of air that contains the quant,1ty of oxygen, in 
addition to that in the gas itself, consumed in the complete 
combustion of a given quantity of gas •. 

1. Excess Air 

The quantity of air paSSing through the combustion space in 
excess of theoretical air. 

m. Combustion Air 

The air passing in.to the combustion space of the calorimeter 
(theoretical air plus excess air). 



C-4720 NB 

n. Products of Combustion 

All substa.."lces resulting from the burning of gas with its 
theoretical air, including the inert constituents of the 
gas and the theoretical air, but excluding excess air. 

o. Flue Gases 

The products of combustion remaining in the gaseous state, 
together with the excess air. 

p. Certified Natural Gas 

A sample of natural gas of certified heating value. The 
sample must be of constant composition and heating value and 
contain no condensibles that will effect a change in its 
heating value with any temperature-pressure conditions to 
which the gas may be subjected. 

q. Standard Hydrogen Gas 

Hydrogen gas generated by the reaction of water on hydrone, 
an alloy of sodium and lead. (Purity approximates 99.94 per 
cent hydrogen.) 

r. Reference Hydrogen Tank Gas 

Hydrogen gas of commercial quality and purity stored in a 
tank or cylinder at high pressure, the heating value (theo­
retical scale reading) of which has been determined with 
standard hydrogen gas. 

so. Reference Natural Gas 

Natural gas of constant composition and heating value, the 
heating value of which has been accurately determined by use 
of certified natural gas or standard hydrogen gas. Such gas 
shall contain no condensibles that will effect a change in 
its heating value with any temperature-pressure change to 
which the gas may be subjected. 

t. Condensate 

The water that is condensed to the liquid state within the 
body of t~e calorimeter. 

4. TYpe s of Calorimeters ' .. , .", 

It is the intent of the- Commission :that this general order be 
applicable to all types of calorimeters; however, at the present 
time there are only two types of calorimeters in use of which the 
CommiSSion approves. These are the recording and water-flow 
type s. Each type is being manufactured only by a limited number 
or manufacturers. In the case of the recording calorimeter 
there is only one principal manufacturer, Cutler-Hammer, Inc_, 
and in the case of the water-flow type there are only a rew man­
ufacturers. Under these ci rcumstances standards are provided or 
specified that treat specifically with the equipment produced by 
these manufacturers. . 
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5. Standards for Recording Calorimeters 

The standard methods for installing and opera.ting recording gas 
calorimeters for determining the h eating value (calorific value J 
of fuel gases applicable to the utilities using the Cutler-Hammer 
type of equipment are set forth in Appendix 1, attached to and 
made a part of this order. 

6. Standards for Water-Flow Calorimeters 

a. The "Standard Method of' Test for Calorific Value of Gaseous 
Fuels by the Water-Flow Calorimeter", published by the 
American Society of Testing Materials, ASTM designation: 
D900-48, adopted 1948, is hereby prescribed as the approved 
method of the COmmission for operating water-flow calorimeters 
by the gas utilities in the State of California. 

b. The humidity correction procedure and the humidity control 
procedure of the "Standard Method of' Test for Calorific Value 
of Gaseous Fuels by the Water-Flow Calorimeter", are the 
approved standard procedures of the standard method and shall 
be adhered to in detail as each is described in publication 
ASTM Designation: D900-48, Adopted 1948. 

c. Where a water-flow calorimeter is employed for making a heat­
ing value determination of a fuel gas no less than one set of 
duplicate heating value tests shall be made of that gas for 
each determination performed. The difference between the two 
heating value test results obtained shall not exceed 10 Btu 
per standard cubic foot. If a difference of 10 Btu per 
standard cubic foot is exceeded, additional heating value 
tests shall be run until two test results are obtained or a 
lesser difference than 10 BtQ per standard cubic foot. The 
average of the first two test results having a lesser dif­
ference than 10 Btu per standard cubic foot shall be the 
accepted heating value test result for that determination. 

7. Minimum Requirements 

The req,u:1.rements (:onta.:tned herein should be considered as tUrdmum 
and any utility may adopt additional rules and practices provided 
they are not inconsistent with t~ provisions of this order. 

Approved and. dated at L .z_~~...) ., California, 

this .;?J~ day of d&t'<-h~) 195£ 

PUBLIC UTILITIES COMMISSION 
OF THE STATE OF CALIFORNIA 

J 

Ety ~~?: r..ft ........... 
R. J.~AJALICH, Secretary. 
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APPENDIX 1 

Standard method for installing, operating~ testing and 

maintaining recording calorimeters manufactured by Cutler-Hammer, !nc. 

A. location, Housing and Installation 

(1) General Location 

Calorimeters shall be located in a place where the possibil­
ity of contamination of the combustion air by heat producing 
constituents is negligible. Where contamination of the air 
in the room occurs, uncontaminated air shall be delivered to 
the calorimeter or calorimeter room at room pressure. The 
building or room for housing a recording calorimeter shall 
be constructed of such material and in such a manner as to 
eliminate the possibility of drafts and wide or rapid changes 
in temperature. The calorimeter room or enclosure shall not 
be used for any purpose that may cause contamination of the 
atmosphere or interfere with the proper maintenance and 
operation of the calorimeter or calorimeters. l 

(2) Housing 

The minimum clearance shall be 1$ inches from the back and 
the Sides of the tank unit and the hinged side and back of 
the recorder unit, and 36 inches from the front of both 
units. The minimum floor area suitable for one recording 
calorimeter and auxiliary equipment shall be approximately 
10 by 7 feet. Additional units may be installed in the 
calorimeter room provided the foregoing specified clearances 
are maintained. The tank and recorder unit or units may be 
installed in separate rooms but should not be separated by 
more than 100 feet. The room in which the calorimeter tank 
or recorder unit is located shall have a foundation reasonably 
free from vibration and floor shock and shall be capable of 
withstanding without deflection the weight of the tank unit 
and recorder unit, together with normal traffic and opera­
tions. 

( 3) Installation 

(a) Wiring 

The calorimeter wiring to be installed shall be in 
accordance with the manufacturer's applicable instruc­
tions and applicable national and local codes. 

(b) Gas Connections 

A suitable piping system for conveying line and cali­
brating gases -to each recording calorimeter that will 

lOne tenth of 1 per cent gas by volume in the combustion air sup­
plied to a calorimeter will cause the calorimeter to read approx­
imately 1 per cent too high. Such a concentration of natural gas 
normally will not have a detectible odor; 
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enable the shifting from one gas to another, without 
extinguishing the burner flame and prevent the contami­
nation of one gas supply with another, shall be pro­
vided at each recording calorimeter station. 
One quarter-inch needle valves and iron pipe size 
(I.P.S.) piping are recommended. Such a system is 
outlined in Figure A attached. In making the connections 
to the gas supply, the small orifice in the end of the 
nipple connected to the t-inch union shall not be 
damaged or removed. A suitable pressure regulator shall 
be used with each calorimeter to provide proper pressure 
of the gas at the calorimeter when line pressures exist 
up to 30 inches of water. For line pressures above 
30 inches of water, as additional or substitute pressure 
regulator must be used. The gas samp:ing or supply pipe 
to each recording calorimeter installed after the effec­
tive date of this order shall follow a direct route and 
be of the smallest practical internal diameter possible 
to enable the amount of gas required to properly operate 
the calorimeter to reach the instrument. Reduce to an 
absolute minimum the length of "dead" sample line con­
nected at any time to the pipeline through which gas is 
conveyed to the calori:meter. For all hydrogen tests 
eliminate the passage ,of hydrogen through lines and 
regulators which have '.been in contact with other fuel gas. 

(c) Gas Condition 

The gas supplied to the calorimeter shall be practically 
free from hydrogen sulphide and other impurities which 
may interfere with its, operation. 2 

(d) Installation of Tank and Recorder Units 

Install the tank and recorder units and place them in 
readiness to operate as directed by the manufacturer's 
applicable book of instructions. 

(e) Installation Report 

1. Each gas utility shall file with the Commission at 
the time of the installation of each recording 
calorimeter, or as soon thereafter as practical, a 
complete installation report setting forth all items 
of information cont.ained in Figure B together with 
such other data or facts as may be pertinent to a 
suitable ~~~~rg sf uh@ ~QUlpment ~a~ f~cillti~s eom-
pri sing a recording cs.lorimeter station. 

~ Hydrogen suiphide concentrations in the order of 0.25 grains per 
100 cubic feet may cause difficulty with tne operation of a record­
ing calorimeter. It is recommended that the hydrogen sulphide 
concentration of the gas supplied to a calorimeter be kept below a 
trace which approximates 0.25 grains per 100 cubic feet. 
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2. To the "Installation Report" for each calorimeter 
shall be attached a "Ground Plan of the Recording 
Calorimeter Station", setting forth the outline 
of the bUilding, the location of the calorimeter 
or calorimeters within the building, the size, 
length gas pressure and general route of the gas 
sample pipe from the supply main to each calo­
rimeter and the relative location of all second­
ary equipment necessary for the operation of the 
recording calorimeter. 

B. ,General Care, Operation, Maintenance and Testing 

The provisions of this section shall apply to the practices 

to be followed by gas utilities for operating, maintaining and test­

ing recording calor:i.meters. 

(1) Calorimeter Station Records 

Each gas utility shall keep a chronological record of weekly 
tests perfor~~d on each recording calorimeter for a period 
of not less:'!"4an two years. In the record shall be entered 
the dates and results of operation to restore sensitivity 
and accuracy, including results of air-gas ratio tests, 
baffle tube changes, gas meter level adjustments, renewals 
of parts and other pertinent operations not otherwise 
specified in this order but included in the manufacturer's 
applicable book of instructions. This record shall be of 
a form shown in Figure C. 

(2) Gases Used for Testing 

The calorimeters must be tested at periodic intervals on a 
gas of known heating value as defined in items p. through s. 
of Section 3. of General Order No~~i? 

(3) Placing Calorimeter in Operation 

Following the installation of a recording calorimeter as 
prescribed in Section A.(3), it shall be run for a breaking­
in period of not less than 24 hours and shall then be 
checked and adjusted fo~ sensitivity and over-all accuracy 
in accordance with the following "Weekly Routine Tests", 
starting with Section B. (5) (b) "As Found" test. 

The 24-hour breaking-in run shall be made with the gas meter 
operating with air-gas ratio gears as speCified in the man­
ufacturer's applicable book of instructions and the heat 
absorbing air meter operating at normal speed. This run 
shall be made under normal ambient room temperature condi­tions. 

(4) Temperature Control Facilities 

Suitable air conditioning facilities shall be provided at 
those calorimeter stations existing as of the effective 
date of General Order No.~where tank water temperature 
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has exceeded $00 Fahrenheit during more than 15 days of the 
year. Suitable air conditioning equipment shall be 
installed at new calorimeter stations or i~ connection with 
the relocation of existing calorimeter stations subsequent 
to the effective date ofothis order where tank water tem­
peratures will exceed $0 Fahrenheit at any time. Suitable 
proviSions shall be made at all calorimeter s~ations to 
insure a minimum tank water temperature of 60 Fahrenheit 
at any time. 

(5) Weekly Routine Tests 

The following routine weekly operating accuracy tests shall 

be performed on each calorimeter. 

(a) Selection of Test Days 

One day of each week Shall be selected for the perform­
a:l.ce of an TfAs Found" accuracy test, mechanical tests, 
adjustments, and an "As Left" accuracy test of each 
recording calorimeter, and thereafter the specified 
accuracy tests, adjustments and maintenance work shall 
be performed on the same day of each week in so far as 
practicable. 

(b) "As Found" Test 

Operate the calorimeter using reference (or certified) 
natural gas before cleaning parts or making any adjust­
ments to either the tank unit or the recorder mechanism. 
Make the change from line gas to the reference natural 
gas so as to have a continuous chart reading by avoid­
ing extinguishment of the calorimeter burner. 

After the recorder pen has assumed its new pOSition and 
has drawn a line at constant value for at least 20 min­
utes, make an over-all sensitivity test as described in 
Section C. Record the Upper and Lower SenSitivity 
readings on the face of the chart using a stamp, the 
print of which is illustrated by Figure D attached 
hereto. Calculate the mean of the two sensitivity 
readings and record the result as the average chart 
reading. Complete the "As Found" record sho~ng the 
Btu of the reference natural gas and the correction to 
chart readings. 

(c) "As Leftn Test 

If the "As Found" correction to the chart readings is 
1 per cent or less of the heating value of the reference 
natural gas and the sensitivity difference is 2 Btu or 
less, no adjustment need be made and the instrument may 
be returned to service in which event fill in the 
"As Left" column of the form stamped on the recorder 
chart. The sensitivity difference of 2 Btu applies to 
a recording calorimeter of the split-scale type having 
a 900 to 1,200 Btu range. For uniform scale instruments 
the sensitivity difference shall not exceed o. 5 per 
cent of full scale reading. 
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(6) Maintenance and Recalibration Procedure 

If the sensitivity or the correction to the chart reading 
is not within the limits specified in Section B.(5){c), 
follow the instructions set forth in Sections D. and E. to 
the extent necessar/_ If the sensitivity and accuracy have 
been restored 7 enter the final results in the "As Left" 
colUmn of the I:eekly test record. 

If the accuracy still is not within the prescribed limits, 
perfo~ to the extent necessary the operations prescribed 
in Section F. 

(7) Reading Charts and Applying Corrections 

The aver~ge heating value shall 'be determined from the chart 
for hourly periods and shall correspond to an imaginary line 
at the center of the inked line on the chart record. 

When the chart re:::ord varies to such an extent that it is 
evident that an exact average heating value for an hourly 
period cannot be determined by one observation covering the 
chart record, the average for the hour shall be the average 
of four readings each covering a l5-minute chart interval. 
The corrections to compensate for the total error in the 
chart record, determined in Section B. and recorded as 
nCorrection to Chart Readings as Left", shall be applied to 
all subsequent chart readings until the correction has been 
again determined. 

c. Sensitivity Test 

The sensitivity test of the recording mechanism shall be 

made by one of the following methods with the instrument operating on 

a gas of constant heating value.' 

(1) ~~eostat Mathod 

Open the recorder door so as not to cause a deflection of t~e 
galvanometer. Rotate the meostat from the operating setting 
in a counter-clockwise direction to cause the recorder pen 
to move toward scale zero approximo.tely J.O Btu. Then r~set 
the meostat to the operating :Jetting. Close the recorder 
door. ' Observe ~~d record the chart reading when it shows no 
further increase. 

Again open the recorder door and rotate the rheostat fromfuc 
operating setting in a clockwise direction to cause the 
recorder pen to move toward the upper end of the scale 
approximately 10 Btu. Then reset the rheostat to the oper­
ating setting. Close the recorder door. Observe and record 
the chart reading when it shows no further decrease. The 
numerical difference between the two readings is the sensi­
tivity of the recorder. 
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(2) Alternate Method 

Open the recorder door, slowly lower and ur.latch the chart 
assembly. Then pull forward on the latch to swing the 
assembly out exposing the slide wire. Grasp the metal shaft 
extension from the slide wire and rotate in a clockwise 
direction 50 that the scale indicator has moved toward scale 
zero approximately 10 Btu. Latch the chart assembly and 
carefully close the recorder door. \~en there is no further 
increase, observe and record the chart reading. 

Repeat the procedure, except rotate the slide wire in a 
counter-clockwise direction so that the scale indicator 
moves toward the upper end of the scale approximately 10 Btu. 
When there is no further decrease, observe and record the 
chart reading. The numeri cal difference between the two 
readings is the sensitivity of the'recorder. 

D. Restoration of Sensitivity 

If the sensi tivi'ty difference of a recording calorimeter of 

the split-scale type is more than 2 Btu or the sensitivity difference 

of a recording calorimeter having a uniform scale is greater than 

0.5 per cent of the full scale reading of the instrument, take the 

following procedures to restore the sensitivity of the calorimeter to 

acceptable limits. 

(1) Cbeck all electrical connections of the recorder fo~ 
corroded or loose contacts. 

(2)' Check the clearance between the galvanometer pointer and~the 
upper and lower clamping bar. 

(3)' Note the play between the slide wire and the pen tip to 
make certain that it is not excessive. 

(4) Check the voltage on the bridge circuit using a voltmeter 
with a resistance of at least 1,000 ohms per volt. With th0 
bridge circuit closed, the normal potential difference should 
be approximately 1.5 volts. The voltage on the bridge cir­
cuit should always be kept between 1.45 and 1.75 volts. A 
low voltage on the bridge circuit could cause poor sensiti v-
ity of the recorder. . 

If restoration of the sensitivity of the recorder cannot be 
accomplished by the methods listed above, follow the direc­
tions for removing other causes of a lack of sensitivity of 
the recorder to be found in the manufacturer's applicable 
book of instructions for operating and maintaining the 
calorimeter. 

(5) Check galvanometer suspension wires for proper size. 

Split scale inctruments 
Uniform scale instruments 
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E. Restoratior. of Accuracy 

(1) 

(2) 

(6) 

($ ) 

(10) 

• ',' " .,' c ,,' 

Stop the tank unit drive motor and the recorder unit·· drive 
motor. 

Remove the exit thennometex- trom the top of the return flow 
tube and clean the thermometer and/or burner jacket, if 
necessary. 

Remove the burner jacket assembly,. including thef'luted tube, 
burner cap, inlet tube, and combustion tube and clean' all 
accessi ble parts.' , . 

Remove any excess water in the seal pot and in the base of 
the burner casting. 

Remove the air-meter connector (inlet thermometer housing). 
Clean the thermometer and connector passages and replace t!le 
air-meter connector. 

Remove the gas mixture connector assembly. and the primary 
and secondary air orifice caps. Clean the orifice with a 
soft wood prob·e a.nd replace the parts. 

Replace the parts removed in item (3) above, making sure 
that the topo!' the inlet tube is centered. in the' combustion 
tube and the combustion tube is center~d in the fluted tube. 

Replace the exit thermometer. 

Start the tank unit drive motor. 

Cheek the operation of' the water pump. The pump bucket in 
the lowest pOsition should just touch the bottom of the 
water reservoir. At the top of the stroke, the bucket 
should be empty. 

(11) Clean the water overflow weir. Use of a clean. soft peticil 
eraser is recommended. 

(12) Examine the water level in the water tank and make sure that, 
the water is flowing over the overflow weir. 

(13) Remove any oil that has accumulated on the surface of the 
tank unit mechanism, being very careful that no oil reaches 
the surface of the water. This is important because the 
accumulation of oil on the surface of the water will affect 
the efficiency or the overflow weir and the accuracy of 
measurement by the metering units. 

(14) Close the lid of the tank unit and start the recorder unit 
drive motor. 

(15) Cheek, and if necessary, adjust the "in place" mechanical 
balance of the galvanometer by placing the toggle switch 
located adjacent to the balancing rheostat in the "off" 
pOSition and, with the recorder motor running, close the 
recorder door. When the galvanometer is in proper balance 
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(2) Mechanical Balance 

With the calorimeter supplied with a natural gas of constant 
heating value, and havL~g drawn a straight line for at least 
20 minutes, perform the following operations in the order 
gi yen: Check and adjust the !Tin place" mechanical balance of 
the galvanometer by placing the toggle switch located adja­
cent to the cold balancing rheostat in the "off" position 
and, with the recorder motor running, close the recorder 
door. When the galvanometer is in proper balance, the pen 
should draw a straight line on the chart. If the pen does 
not draw a straight line on the chart, adjust the knurled 
adjusting nut at t he top and to the left of the galvanometer 
support until a constant chart reading is obtained for at 
least £ive minutes. Be sure to close the door of the 
recorder after each adjustment to prevent air drafts from 
causing a false deflection of the galvanometer pointer. 

(3) Sensitivity Tests 

Make a sensitivity test of the recording mechanism, in 
accordance with Section C. 

(4) Restoration of Sensitivity 

If the sensitivity of the recording mechanism as determined 
at the conclusion of the ope:-ation specified in Section F. (3) 
above is outside the limits prescribed in the first paragraph 
of Section D., perform the operations prescribed in 
Section D. 

(5) Accuracy Tests and Adjustments 

~t th~ ccn~lusicn Or the t~sts ~nd ~djustm~nts s~~ci£i~d in 
item (4) above~ the calor~eter may be changed £rom opera­
~~on on con~~an~ hea~~ng value ga~ ~o ~ine ga~ arter which 
the operations of items (1) through (16) specified in 
Section E. shall be per£ormed. 

(6) Preliminary Prepar~tion for Hydrogen Test 
(a) Stop the recorder unit motor and then stop the tank 

unit motor. 

(0) Change the calOrimeter from operation on natural gas 
to operation on hydrogen gas generated £rom hydrone 
and arrange the supply piping to the instrument to 
convey gas to the orifice nipple through rubber tubing 
fitted with a screw clamp as indicated in Figure A. 

(c) Verify that the gas inlet orifice is a No. 70 drill 
size •. 

(7) Hydrogen Test 

(a) Supply hydrogen g~nerated £rom hydrone to the 
calo:-imeter. . 

(b) Remove the bleeder burner and burn the excess hydrogen 
from the bleeder port. 
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(c) Control the £low o£ hydrogen £rom the generator with 
the screw clamp to give a r1~~e above the bleeder 
burner 3/$ to 1/2 inch in height~ 

(d) Allow the instrument to operate until the pen has 
drawn a straight line for at least .30 minutes. Perform 
the sensitivity test as outlined in Section C • and 
observe and record the scale reading for each direction 
of approach. The average of these two readings will be 
the Btu scale reading for the hydrogen gas tested. 

($) Theoretical Scale Readings for Standard Hydrogen Gas 

The calorimeter scale reading to use when testing a calo­
rimeter for accuracy by burning hydrogen generated from 
hydrone with the specified hydrogen test gears shall be the 
applicable value taken from the table on Theoretical Scale 
Readings on Standard Hydrogen Gas shown following or from 
the manufacturerTs applicable book of instructions for the 
specific calorimeter under test. 

THEORETICAL SCALE READINGS ON STANDARD HYDROGEN GAS** 

calorimeter HVdro~en Test Gears 
Range Btu(Cu.Ft. 20.0.- OS: : 24A-3~B : 27A-33B 

150 $0.0 106.5 1.30.7 
200 106.5 142.0 174.,3 
,00 159.$ 213~1 261.5 
450 239.$ ,19~6 392.2 
500 266.3 355.1 4)5.8 
600* )19 .. 6 426.1 523.0 
700* 372.8 497.2 610.2 
900* 

1000* 
1200* 
1500 
1800 
2100 
2400 
)000 

479.6 639.2 784.5 
532.6 710.2 $71~6 
639.2 852.2 1046.0 
799.0 1066.0 130$.0 
959.0 1278.0 1570.0 

111$.0 1492.0 1$31.0 
1278.0 1704.0 2092.0 
159$.0 21)1 .. 0 2615.0 

NOTE: >,Ie For calorimeters which are to be 
used on butane-air mixtures, the 
tabulated values should be multi­
plied by 1.001. 

m~ The tabulation is for instruments 
calibrated to give results in Btu 
per standard cubic foot. 
(30TT Hg-600 F. sat.) Test values 
for instruments designed to give 
results on a dry basis at standard 
conditions of pressure and temper­
ature may be calculated by multi­
plying the above stated values by 
the factor 1.0177. 
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1:39.8 
186.4 
279.7 
419.4 
466.1 
559.) 
652.5 
$3$.9 
932.2 

1119.0 
1398.0 
1678.0 
195$.0 
2237.0 
2797.0 
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(9) Use of the split scale recording calorimeter for determining 
the theoretical scale reading of reference hydrogen tank gas 
and for certifYing natural gas. 

The determination of the theoretical scale reading of ref­
erence hydrogen tank gas and the certification of natural 
gas shall be performed on a split-scale recording calo­
rimeter. 

(10) Required Operating Accuracy Using Hydrogen 

If the scale reading from the recording calorimeter as 
deter.mined at the conclusion of the operations specified in 
Section F.(S), does not differ by more than 0.5 per cent 
from the "Theoretical Scale Readings for Standard Hydrogen 
Gas"~ the calorimeter shall be considered to be in correct 
operating adjustment, requiring corrections to its scale 
readings of 0.5 per cent or less. 

(11) Requirements for Changing Length of Baffle Tube 

If the scale reading from the recording calorimeter, as 
determined at the conclusion of Section F.(8) differs by 
more than 0.5 per cent from the "Theoretical Scale Readings 
for Standard Hydrogen Gas" 7 items (1) through (8) of 
Section F. Shall be repeated in a further attempt to obtain 
the required accuracy. If there is continued failure to 
obtain the required accuracy and it is evident that the 
error is a result of incorrect heat exchange, rather than 
incorrect air-gas ratio adjustment or defective parts, 
change the length of Dimension "An, as shown in Figure E to 
correct the error. 

G. Determination of Theoretical Scale Read­
ing for Reference Hydrogen Tank Gas 

Relatively pure hydrogen is available in cylinders and can 

be used for certification purposes. 

Tank hydrogen is to be designated as "Reference Hydrogen 

Tank Gas" only if its heating value is equal, to or is less than that 
\ 

of standard hydrogen gas by not more ,tha.n:, . of' 1 per cent. 

Immedi ately after a recording,~c'alorimeter has been checked 

and adj usted as speci fied in Sect'ion F.' and its operating accuracy is 

in agreement with that specified in Section F.(lO), it may be used to 

determine the th~ore~ical scale reading £or reference hydrogen tank 

gas. The theoretical scale reading can be determined by uSe of 'the 

following equation: 

( . Btu seale reading ) ~ 
( fQr HYdrogen Tank Gas ) (~Mretiea1 seale) (Theoretieal sesl.e ) 
( Btu seale reading ) x «reading tor Standord) a '(rescling for Re£ereDOe) 
(tor Standard Hydrogen Gas) Hydrogen Gas ) (Hydrogen Tank Gas ) 
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After the pen has drawn a straight line for at least ;0 minutes, per­

form the sensitivity test as outlined in Section C. and observe and 

record the scale reading for each direction of approach. The average 

of these two' readings will be the Btu scale reading for the hydrogen 

gas tested. 

H. Certification of Natural Gas 

(1) Immediately after a rQcording calorimeter has been checked 
and adjusted as spec'ified in Section F. and its operating 
accuracy is in agreement with t hat specified in 
Section F.(lO) it may be used to determine the heating 
value of a suitable sample of natural gas for certification 
purposes. Allow the instrument to operate on the natural 
gas to be tested for certification until the pen has drawn a 
straight line for at least 30 minutes. Perform the sensi­
tivity test as outlined in Section C. and observe and record 
the scale reading for each direction of approach. The . 
average of these two readings will be the Btu scale reading 
for the natural gas tested. 

(2) In order that adequate information concerning each cylinder 
of "Certified Natural Gas" be available at all times, the 
following information shall be entered on a form or in a 
log book provided for the purpose and also on a label or tag 
securely attached to each cylinder in which the gas is stored: 

(a) Serial number of the cylinder. 

(b) Name used to identify gas. 

(c) Date of tests to determine heating value for 
certification. 

(d) Identification number of recording calorimeter 
used £or the cert~£~cat~on teot. 

(e) Heating value of the gas contained in the cylinder. 

(f') Pre5sure in cylind.er a:f'ter .filling. 

(g) Source of gas contained in cylinder. 

(h) Date cylinder was filled. 

I. Maintenance of Records re Certification 
of Nat.ural Gas a.nd Detexmination of the 
Theoretical Scale Reading for Reference 
Hydrogen Tank Gas 

(1) Substantiating records of all the tests performed by a gas 
utility in the preparation of a recording calorimeter for 
certification of a natural gas and for the determination of 
the theoretical scale reading of reference hydrogen tank 
gas shall be maintained for a period of two years after 
those ~ses were last employed for the testing of recording 
calorimeters of any gas utility. 
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COMPANY :-.JO., ________ _ 

GAS UTILITV _________________ DATE __________ _ 

LOCATION OF CALOR I MEiER ___________________ 01 VISION OR DI$'!'RICT 
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DArE INSTALLED -----------------------------------
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PUBLICATION NO. OF ~.ANUFACTURER·S APPLICABI.E BOOK OF INSTRUCTIONS ____________ _ 

FIGURE. e 



SERIAL NO . COlJJWH rIJ . 
REflRENCE CAS "AS fOltD~{P.ROR 

DI\IE 
or Cyl. 

J(Sf 00. lITU BTU 

I 2 ) ( 

.. 
~ 
c 
;0 
rn - . ... 

'f 
0 

-n 
:;Q 
C> 

~ 

. . 

. 

~E(~D1rKi CAlOOlr'UlR WfUlY TEST RECOR06 

rv.»;( FVV1'>1. TVn Of stAt. I: 

~~C~ICAl-(LECIRICAl TESTS 1 AOJUS'~£NTS 

c;!t,lV. J.'£Ctf. B .... L. COlD MlA\IC{ 
SU61J I VIT'f ..;Al't. IN Rf(OstAT SElliNG 

BJU 
--+-

') 

DIU AS fOUND AS un 
-"C--

6 1 8 q 

- ----- -- ----

1 - ItlJlCATE wanER O.K. 00 ADJJSI£O. 
12 - "AS LEfT" ERROR WITH SIGN OF VAlUE CtWiG£O. 
t _ tJOT REqJlR£O W£0'1Y • RECORD wa:N PmfORMEO. 
6 OPf.MTlNG R·£l.W~KS ON REVERSE SIDE •.. 

lOCATIOO 

"AS l£FT"{RROO e 
TA.NK own 
lIAJ(R COR-
J[""P. RECTI ON SIG-
Of BTU . BtU NATURE 

10 II 12 11 

I 

I 
I 

. 

. 

-



~ .... 
~ ~ 
~~~~~~~~~~~------~--

FIGURE C (BACK) 

.16-



. R., • ..,,,Ca 0 '0' "' •• 0""" , , 
I--ol-I"r_t ~''''.''.o .f\d d;;-~·:t:;; /-4 4 .e?n- ~llill illl iii! IWbgi iliiUI i iilllll!IIIIIIIIIIII'1 Ii ~~bo 

0.\,,,,,,, "rlrne~~, Q 4== ,,,,~:t1U~lllllll 11!1.ln1.\i1)1 )11111111 lililJlll HI) 1111 )11 !III 
;--+- I o~11 .. ,dl"I,;oIllll'l!jl'llli;I'!:rI:IJI'jl,'I:I'll,li:III:;lil,dl'\'::i;j;:!;i 1~!llilli III: :11:1 ill ill\ :111111\1 !lllIili!,:!lili!ll' 1\ I ~ 

I: I Q20 "94:.0, . nao. ,tQ~O 'I, I , 1020' \,~ I l060 "oed I' I " 1 .n:20, , ,1140, "'0011 1 "~O, ~ 

Illi lili lillilli: iii! !IIIJ!iITIllli!gl.WfI!:uw.!J1ilillllUIl!!i 8Jlli!!! "Ii Ii!! ;1:11 II ii Jilll1 l1 @liJ.!1111 iii 1II1 
p~lllli JIl: 11I11ii! iliijllii I:III!II! ~g~lf!'m ill'11II!: :II!I!I!J~ lili :iI\ :W~g! :!F Ill! !:!! lil!rs !!)i ill! llll'~& 

1 PM III! liililli 1iiiiiiiiiliffi !lli 1III :.U!Ji:liliill II j i;:1 illl !I~il:li! iii; !I!i iill i!11 ill! illllll!liITi iii! illllill 1111 
1111 1II1j1il 'l 1IIIIiWi '1IIIIilllrllllll'llllifIT~ iillllllll:i:!I.:il'I'lidi!11 :lIrilljl illi 1111'11111 :illlllllilllllli lilllllllllllill 

r 0::01 940' 0(;0 I ~('IO "I F '10:01 1040 ~ \OtSO ~ tOSO I I, I mlO, "~'40 "CO "eo 

!iillll!1 !ll1lill il!1 ttll i'lII!I! ill! iii: :lii II!:I::\! ill!I:I!!I:I:: 'II! :1;: 1:1; illllllllil l ill! :lli II!II!II ill! 11,11 illlill 

illl illlllllllll/!1 illllilil i/I! illi :111 ~III! :11: :li1 1!lllli!I!1i! lilllll! illi lllll il/IJil! illlllillli 1I11 Illllill il! 
pgg :jlllllllllllill :1!lllilllllll,~~1 !Iil !lli 1111 ilillill I!l il!!lli ! W&! Iii jllililllllllill jill l1i1l!IIl 'I~bo 

ttA.M iill illlllllill itillil! iii! 111111!!1 ill! illiltl!i iii illl il Iii! illl!i!! iii! !!ii Ii II IIIII! il!! ililll i ill! III III 

lill i!IIIIIIIIIIIII' !I:: IIIII!I\I !Ii! \11 Hil iii illl i:iHIII!llli ilillili iii! i U I I 'I; !ll! Ii!! i·ll! il! !1!1,!I!1111111Ii' 
l----.tOA.Mg~ illl 1111 111111111 III li11111! 1/11 ~millill illlllllllill 1IIIIIii ill W~!; I 11111!lli illl !i III!I Hill' '~bo 

. I i III11I111I111I11111I111 i III! i i!! Ii: i I Ii: III! i' III II I ! II i 1\ i II II 111II11 i I I 111 III I I, 1 iii j j li: : I'" i ill : II i ! II . 
11111~1111~lldWllili II~~IJU 1111 !1111;~d~II~~1b ~~I I mw~ 11I1 11~;,I=~11 \I,'~~II I,I~III n~ 

111111111111 III !I!IIII 1/1111111111111111111111 il!! 111I 11I11 i U iii: ill! II-I I ·111111 tllll i~ill'llll'11 ) I 
. "f,~ 11111111 IIIII! IIIII!IIII IIIIIII~~!IIII! Illi !I!I III II ]IIIIII! I!II W&! 11 I 11111111 1/1111 lit 111~bo 

-... ~ 1/111111111111 ! UII nil 1111 I II IIIIIIJ 1!IIWi U ilml·11 Iii III 1III1 II II 111111111111111 :1 II II III Ir 

IWIIII! 1IIIIIIilltii 1111111111111111111 . FtGURE 0 I I lilll Ililll III 11111'11111111 111111 ! 1111 
1111 II t lit IlIll 11111 t II III \ II II Il-Illlll It 1 1111 , I ! 1/111111 11111111 111111111 111111111 III1I rll II I" II IIIIIITII I I 

-17-



BURNER UNIT DETAIL 

6U~~JER C:"~-=-~-..:.-_-_-------------n 
5':'F!:~E Tuat 

I NioET TUI)E _--~+-~f-rr-rtE[1 
COP\3USTION TUBE 

\--UPPE" BURNER BASE 

~l.UT::il TUBE 

l-----I.1.0wtR BURNER BASe 

-
FIGURE E 


