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FOREWORD

In the early part of 1966, the ASME Performance Test Code Committee recognized the
need for a Performance Test Code for Large Incinerators. A Committee was formed in
1967 and charged with the task of developing a comprehensive Test Code for Large
[ncinerators; a task to be followed by a Short Form Test Procedure. This Committee was
officially designated as PTC Committee No. 33 on Large Incinerators. Since its inception,
the Committee has been reorganized twice and there has been a large turnover in member-
ship. The names of former members of PTC 33 are included in this Test Code in apprecia-
tion for their outstanding efforts in the development of this document. This Code repre-
«ents the highest state of the art in Incinerator Testing. [t was submitted to Industry for
trial use and comment in March 1977. This Code was approved by the Performance Test
Codes Supervisory Committee on June 30, 1978, and was approved as an American
National Standard by the ANSI Board of Standards Review on December 6, 1978.
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SECTION 0, INTRODUCTION
0.1 This Code contains instructions for testing waste the process, although desirable, is not considered the

incineration systems. These facilities are defined as com- measure of performance. It is not the intent of these test-
binations of apparatus for reducing the combustible ing procedures to obtain data on specific components of
content of waste by heat of combustion processes. For the incineration systems or to establish design criteria for
the purpose of this Code, the performance will be a meas- these components or the process. Testing of individual
urement of the available heat energy released during the components such as fans or steam generating units shall be
process. The recovery of useful energy, or products from conducted in accordance with their respective test codes.
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0.2 ltisintended that in using this Code a detailed
examination will be made of the Code on General Instruc-
tions PTC 1 and all other codes herein referred to before
starting preparations for the tests. Such study is for the

purpose of assuring an orderly and thorough testing proce-

dure since it provides the user with an overall understanding
of the ASME Performance Test Code requirements and
enables him to understand readily the inter-relationship of
the various codes. Care should be exercised to obtain and
use the latest revisions of the Codes.

0.3 While Section 2 of this Code is concerned with
symbols and their description applying specifically to test-
ing of waste incineration systems, the user is referred to
the Code on Definitions and Values PTC 2 for a more

complete discussion of the items which will be encountered.

0.4 The Supplements on Instruments and Apparatus
PTC 19 referred to herein should be studied thoroughly
because the value of the test results depends on the selec-
tion and application of the instruments, their calibration
and the accuracy of the readings.

0.4.1 Other items of vital importance to the value
of the test are the proper determination of the physical
and chemical characteristics of the waste, the character-
istics of the residue, and the characteristics of the effluent
gas and water strecams. The appropriate test and analysis
procedures as listed hercin should be followed carefully.

05 This Code is intended as a guide for the conduct
of all waste incinerator system tests of units over 2062
pounds per hour capacity. but it could not possibly det
a test applicable to every variation in the design of waste
incineration systems. In every case, a qualified professic- |
engineer must study the particular facility and develoy
procedures which are in agreement with the guiding prir
ciples, accuracy . and intent of this Code. Examples of th
system variations at the time of preparation of this Cod
include rotary kilns, refractory and waterwall furnaces,
mechanical grates, semi-suspension and suspension
burning, multiple chamber solid hearth units, pyrolysis
and high temperature slag tap units. Such systems were
considered as the Code was being prepared.

0.6 For systems fired either by waste or waste in
combination with other fuels in which heat recovery is a
major portion of the heat output, PTC 4.1 may be used
along with appropriate sections of this Code. The user i;
cautioned to note the difference between capacity and
efficiency as defined in PTC 4.1 and PTC 33.

0.7 Advanced instrument systems such as those ust.:.
electronic devices or mass flow techniques, may, by mutual
agreement, be used as alternates to the specified Code
instruments, provided that applications of such instru-
ments have been demonstrated to be no less accurate than
required by the Code.



1.1 The purpose of this Code is to establish on a
{ thermal basis procedures to determine:

1.1.1 Efficiency
1.1.2 Capacity

1.2 Adetermination of the items specified ‘above may
be used for other purposes by mutual agreement, such as:

K 1.2.1 Checking the actual performance against design

1.2.2 Evaluating the system for an optimum method
i of operation "

) 1.2.3 Comparing performance with regulatory codes

1.2.4 Determining the performance of component
| parts of the installation
j

1.2.5 Evaluating performance when firing waste of
different characteristics

1.2.6 Evaluating the effects of changes to equipment

1.3 The rulesand instructions given in this Code apply
( to the equipment defined in the Introduction, Section “0™.
The testing of accessory equipment shall be governed by
the Performance Test Code applying specifically to the

equipment in question. .

1.4 Instructions are given for two (2) acceptable
methods of testing incineration systems to determine
canacity and offinior;cy_ Method one is the direct measure-

i Lapacily G Ceaalilr [ 44L0.00 B0 Lne CUlect

j ment of input and output; hereinafter referred to as the

el htl M : f P
input-output” method. Method two is the measurement

" of heat liberation and is hereinafter referred to as the
“heat balance” method. The method followed in conduct-
ing the tests shall be clearly defined in the report.

} 1.4.1 The “input-output” method requires the
/ accurate measurement of the quantity and higher heating
' values (HHV) of the waste and supplementary fuel, heat
i credits, heat absorbed by the working fluid (or fluids), the
/ residue, the dust, and the heat transmitted by radia-
_tion and convection.

1.4.2 The “heat balance™ method requires the
accurate determination of the quantities and higher heat-
ing values of the waste and supplementary fuel, heat losses,
heat credits: quantity and heat content of the residue.

1.4.3 Throughout this Code, heat input is based on
) the HHYV of the waste and supplementary fuel and respec-
& tive rates of ﬂow, plus heat credits added to the working

LARGE INCINERATORS

SECTION 1, OBJECT AND SCOPE

fluid (or fluids), air, gas and other fluid circuits which cross
the system boundary per unit time, as shown in Fig. 1.
The system boundary encompasses the equipment to be
included in the designated “incineration system.™ Heat
inputs and outputs that cross the system boundary are in-
volved in the efficiency calculations.

1.4.4 Heat output is based on the heat absorbed by
the working fluid (or fluids), sensible heat in the solid,
liquid and gaseous effluents plus heat to evaporate quench-
ing fluids and transfers across the system boundary per
unit of time, as shown in Fig. 1.

7.4.5 Heat credits are those amounts of heat enter-
ing the incineration system boundary other than the HHV
of the waste and supplementary fuel “As Fired.” These
credits include quantities such as sensible heat in the waste
and supplementary fuel, and sensible heat content of the
entering air, and sensible heat content of cooling water
entering the system.

1.4.6 For a better understanding of the relationship
between heat input, heat output, credits and losses refer
to Figs. 2 and 3.

1.5 The rated thermal capacity of the system is the
design heat input per unit of time. The test thermal capac-
ity is the actual heat input per unit of time during test.
The system rating in percentage is (see Par. 5.2.1.2):

Actual Heat Input
Design Heat Input

X 100

1.6 The efficiency of the incineration system deter-
mined within the scope of this Code is the ratio of the heat
output to the heat input.

1.6.1 The efficiency for methods one and two under
the conditions of test is expressed by the following equa-
tions:

Method one:
lnput-O.ut.put Method _ (Heat OutBut> X 100
Efficiency, % Heat Input
Method two:
Heat Balance Method _

(1-@>x100

Efficiency, % Input

1.7 The content of this Code should be read and
thoroughly understood before the method of evaluation of
incineration system efficiency is selected. While either



ASME PERFORMANCE TEST CODES

method will produce results to the accuracies defined in
Par. 3.3 of the Code, the various aspects pertinent to ob-
Laining the physical and chemical measurements required
should be reviewed as applicable to the specific system to
be tested. Final selection of the method to be used should
be based on the compatability of the required testing
techniques with the incineration system. The calculations
and procedures for either method of testing are specified
in this Code. Where heat outputs and credits are to be
adjusted for variations in waste and inlet air conditions the
procedure given in Section 5.4, Corrections to Standard,
or Guarantee, conditions of the Code should be followed.

1.8 Both of the test methods of this Code apply
to incineration systems operating with solid, liquid or
gaseous wastes.

1.8.1 This Code will apply when tests are perform:
on an incineration system burning waste of quantity &
characteristics within the limitations agreed to by the
parties to the test.

1.9 The determination of data of a research natw
other special data is not covered by this Code.

1.10 It is recommended that a separate report be ¢
pared for cach test by either the “input-output™ or the
“heat balance: method. The report mustinclude comp:
details of the conditions under which the test has been
conducted including a record of test procedures and a
data in a form suitable for demonstrating that the Objf"Ct .
of the test have been attained.
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(due to RATE OF CHEMICAL HEAT LOSS IN HYDROGEN, Ly ,
incomplete
combustion) L, RATE OF CHEMICAL HEAT LOSS IN HYDROCARBONS, Lyc,

HEAT BALANCE (PER HOUR BASIS): INPUT = OUTPUT + LOSSES

DEFINITION:

EFFICIENCY (PERCENT) =7 (%) =

Q
out, X 100 = aye+aGe+aﬁe+aPe +Qg4,+ 0

Oine HWe + HiVgo + I8,

we X 100

FIG.2 EFFICIENCY OF INCINERATION SYSTEM BY INPUT-OUTPUT METHOD

OouTPUT, QOute
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g CHEMICAL HEAT IN WASTE, H,
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jonap- RADIATION AND CONVECTION, Oﬂ
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——- HEAT GAIN IN COOLING WATER, @,
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I‘SL. LOSSES |- CHEMICAL HEAT IN CARBON MONOXIDE, Leo
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incomplete combustion)——.. CHEMICAL HEAT IN HYDROGEN, LH, L g’ (chemical heat in dry gas)

» CHEMICAL HEAT IN HYDROCARBONS, Lye

HEAT BALANCE (PER POUND BASIS): INPUT = OUTPUT + LOSSES

a -
DEFINITION: EFFICIENCY (PERCENT) =n (%) = =25 404 . —Qin-ZL . 00
n
Hp+Hp oo £8
er re
HEAT BALANCE: Q;, = H, + Hy;1° + I8 = OUTPUT + LOSSES
re

-
L
THEREFORE: n{%)=]1- X 100

w.
fe -
Hr+Hf—+ T8
W

FIG.3 EFFICIENCY OF INCINERATION SYSTEM BY HEAT BALANCE METHOD
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SECTION 2, DEFINITIONS AND DESCRIPTION OF TERMS

2.1 Definitions — The foliowing are definitions of
terms used in the text of this Code:

AlR:

The natural atmospheric mixture of nitrogen,
oxygen, water vapor, carbon dioxide, argon, neon and
small quantities of other rare gases; standard air being at
68°F and 29.92 in. mercury absolute pressure.

AIR; EXCESS:

The air supplied to burn a fuel or waste in
addition to that theoretically (stoichiometrically) nec-
essary for complete combustion. It is usually expressed
as a percent of theoretical air.

AlR; OVERFIRE:
Air controlled with respect to quantity and direction

that is supplied above and does not pass through a waste/
fuel bed. '

AIR; PRIMARY: :

Air controlied with respect to quantity and
direction, supplied through or with a waste/fuel to initiate
the burning of combustible material.

AlIR; SECONDARY:

Air controlled with respect to quantity and direction,
supplicd beyond the zone where burning is initiated. This
air may be used to complete the burning of combustible
materials or to reduce the operating temperature within
the incineration system.

AIR; THEORETICAL:

The amount of air (stoichiometric air) required to
supply just that oxygen necessary for the complete com-
bustion of a given quantity of a waste/fuel.

AIR; UNDERFIRE:
Air controlled with respect to quantity and direction,

supplied beneath the grate and that passes through the
waste/fuel bed.

ANALYSIS; PROXIMATE:
Laboratory analysis of a fuel sampie providing the
weight percentages of 1) water or moisture, 2) volatile
matter, 3) fixed carbon, and 4) non-combustibles (ash).

ANALYSIS; ULTIMATE:

Laboratory analysis of a fucl sample providing the
composition in weight percentages of non-combustibles
(ash), moisture, carbon, hydrogen, nitrogen, sulphur,
oxygen and chlorine.

ASH:

Non-combustible mineral matter thal remains after

complete burning of a waste/fuel sample by a prescribed
method.

BAFFLE:

Any refractory or metal construction intended to
change the direction of flow.

BRITISH THERMAL UNIT (Btu):

Defined as 1/180 of the quantity of heat required to
raise one pound mass of water from the ice point to the
steam point under a constant pressure of one atmosphere.

BURNING AREA:

The horizontal projected area of the grate, hearth, or
combination thereof, within the limits of the combustion
chamber.

BURNING RATE:

The amount of waste incinerated, usually expressed
in mass per unit of burning area per hour.

CAPACITY; THERMAL:
The measured heat input to the system per unit time.

CHARGE:
The quantity of waste introduced to the furnace.

-CHARGING CHUTE:
A passage through which waste materials are fed into
an incinerator.

CHARGING RATE:
The quantity of waste fed to the system per unit
of time.

Hard, sintered or fused pieces formed in the
fire by sgglomeration of non-combustible with the
possible inclusion of small amounts of combustible material.

COMBUSTION:
The rapid oxidation of combustible material with
the resultant liberation of heat.

DRAFT; FORCED:
The pressure above atmospheric created by the action
of the fan or blower that supplics air to the system.

DRAFT; INDUCED:
The pressure below atmospheric: created by the
action of a fan, or ejector.

DRAFT:; NATURAL:
The pressurc below atmospheric created by a stack
or chimney.

DUCT:
A conduit for conveying a gaseous fluid.

EFFICIENCY; THERMAL:
The ratio of the heat output to the heat input.
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EFFLUENT: ) A

Solid, liquid or gaseous materials discharged from
the system.

FIXED CARBON:

The combustible matter remaining in a sample after
heating by a prescribed method.

FLY ASH:

All solids carried in the gas stream.

FLUE:

A passage for conducting gaseous combustion
products.

FLUE DUST:

Any dry filterable material that is or has been air-
borne (particulate matter) and has been collected.

FLUE GAS:

The gaseous products of combustion.

FURNACE:

The portion of the system into which the waste is
fed, ignited and burned.

FURNACE VOLUME: .

The combustion space designed to promote and/or
complete combustion.

GARBAGE: .
Vegetable and animal wastes from the preparation,

. cooking and serving of food, plus wastes from handling,

storage, and sale of produce.

GRATE: .

A device with suitable air passages to support the
burning waste.

HEAT BALANCE:

An accounting of the heat input and cutpu
] stem.

HEAT CREDITS:

Heat credits are those amounts of heat added to the
envelope of the incineration system other than the HHV of
the waste and supplementary fuel “As Fired.”

HEAT INPUT:

Throughout this Code, heat input is based on the
higher heating value (HHV) of the waste and supplementary
fuel and their rates of flow, plus heat credits added by the
working fluid or fluids, air, gas and other fluid circuits
which cross the system boundary per unit time, as
J:gmn in Figs. 1 and 2, or per unit mass, as shown in
Fip. 1 and 3. The system boundary encompasses the
mquipment to be included in the designated “incinera-

“f’“ system.” Heat inputs and outputs that cross the
';‘i:zl::"ndary are involved in the efficiency
HEAT OUTPUT:

'llul output is based

"¢ fluid or fluids and

Kaseous effluents plus

on the heat absorbed by the
total heat in the solid, liquid
heat transferred across the

system boundary per unit of time, as shown in Figs. 1
and 2.

HEAT RELEASE RATE:

The amount of heat liberated during combustion
per unit of time.

HEAT RELEASE RATE, FURNACE:
Heat liberated per hour, per unit of furnace volume.

HEAT RELEASE RATE, GRATE:

Heat liberated per hour, per unit of horizontal
projected burning area.

‘HEATING VALUE; HIGHER:
The total heat liberated per unit mass in a calorim-
eter corrected to the “As Fired” condition.

HEATING VALUE; LOWER:

The total heat liberated per unit mass in a calorimete
minus the latent heat of vaporization of the water.
(Recognized but not used in this Code.)

INCINERATION:
A controlled process for burning combustible

wastes.

MATERIAL BALANCE:
An accounting of the mass of material entering and
leaving the system during the test period.

METAL OXIDATION FACTOR:

This factor accounts for the metals oxidized in the
furnace and the combustibies that are removed from the
laboratory sample during preparation (see Par. 4.4.1).

MOISTURE: .

The weight loss when a fuel sample is dried to a
constant weight at a temperature from 100°C to 105°C.

MOL:

Molecular weight of a substance expressed in mass
units.

PARTICULATE MATTER (DUST):
Any dry filterable material that is or has been airborne.

PUTRESCIBLE MATTER: _

Organic matter that is fermentable, or capable of
decaying or of assimilation by animals and micro-organisms.

PYROLYSIS:

A method of solid waste volume reduction by the

use of heat to produce chemical decomposition under con-
trolled conditions in a reducing atmosphere.

RESIDUE: :
Solid materials remaining after passing through the

system. This includes fly ash as well as ash and siftings from
the burning system.
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RUBBISH:

All solid waste having combustibles, exclusive of
garbage.

RUN:

A subdivision of a test consisting of a complete set
of observations made for a period of time with one or more
of the independent variables maintained virtually constant.

SIFTINGS:

That solid material which

SMOKE:

The visible discharge from the system to the
atmosphere other than water vapor.

STACK:

A chimney or a vertical flue for discharging the
gaseous products of combustion from the system to
the atmosphere.

STACK DUST:

Airborne solid
with the flue gas.

falls through the grates.

material that exits to the atmosphere

2.2 Symbol and Description of Terms
this test Code:

TO CONVERT
TO SI
(METRIC)
MULTIPLY
U.S.CUSTOMARY U.S. UNITS
SYMBOL DESCRIPTION UNITS S1 (METRIC) UNITS , BY
A Air ' Ib kilogram (kg) 4.536 E-01
A Dry air b kilogram (kg) 4.536 E-01
AF “As Fired” - - -
APl Gravity of the fuei based on the APl seale deg API1 - -
Agf Theoretical quantity of air required for com- ib/ib. kilogram/kilogram (kg/kg) 1.0
il picte combustion of the AF supplementary fuel
Agr Theoretical quantity of air required for com- bflb kilogram/kilogram {kglke) 1.0
plete combustion of the AF waste
Ay Excess air: The actual quantity of air used percent percent -
minus the theoretical air required divided
by the theoretical air, and expressed as 2
pereentage
a, Ash content of the waste by weight percent percent -
B Sensible heat credits added to the incineration Btu/lb joule/kilogram (J/kg) 2.326 E+03
system from AF waste
By, Sensibie heat credit supplied by the entering air Btu/hr watts (W) 2.931 E-01
(rate) )
By, Sensible heat credit supplied by the dry enter- Btu/hr watts (W) 2931 E-01
ing air (rate)
B, Sensible heat credits added to the incineration Btu/hr watts (W) 2.931 E-01
system (rate)
B, Sensible heat credit supplied with the waste Btu/hr watts (W) 2931 E01
(rate)
By, Sensible heat credit supplied with the supple- Btu/hr watts (W) 2931 E-01
. mentary fuel (rate)
Bya Sensible heat credit supplied from the moisture ° Btu/hr watts (W) 2.931 £-01

entering with the inlet air (rate)

— The following are symbols and the

E TEST CODES

STOKER:

A mechanically operable moving grate arrangement
for supporting, burning, and transporting the waste/fuel
through a furnace and discharging the residue.

SUPPLEMENTARY FUEL:
Fuel bumed to supply additional heat to the

system.

TEST:
The word “test” as defined in this Code applies to
the entirc investigation.

VOLATILE MATTER:
The weight loss of a dry sample on heating by a
specified method.

WASTE:
Any solid, semi-solid, liquid or gaseous
discharged from its primary usc.

material

ir descriptions used in the calculations for

10
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2.2 (Cont'd)
SYMBOL DESCRIPTION
B, Sensible heat credit supplied by evaporated

B

ze

b
c
Cy
Cors

co’
co,’

water (rate)

Sensible heat credit supplied by the atomizing
steam (rate)

Burned

Carbon

Carbon burned

Carbon burned from combined waste and
supplementary fuel

Unburned carbon

Carbon in AF waste

Carbon in AF supplementary fuel

Carbon burned from AF waste

Carbon burned from AF supplementary
fuel

Carbon in combined waste and supplementary
fuel

Carbon monoxide in dry flue gas by volume

Carbon dioxide in dry flue gas by volume

Specific heat

Specific heat of dry flue dust

Specific heat at constant pressure

Mean specific heat of dry air at.constant
pressure

Mean specific heat of the inlet supplementary
fuel

o ~ &
Mean specific heat

of the flue gas

Mean specific heat of the dry flue gas
Specific heat of steam at constant pressure
Specific heat of dry ash pit residue

Mean specific heat of the waste

Standard or guarantee of design or performance
Flue dust

Dry flue dust

Energy

Energy consumed by auxiliaries

Elapsed time

Supplementary fuel

Flue gas

Dry flue gas

Gross

Higher heating value (HHV)

Hydrogen

Hydrogen content of dry flue gas by volume

Hydrogen exclusive of that in moisture of
AF waste

Hydrocarbons in dry flue gas by volume

US. CUSTOMARY
UNITS

Btu/hr

Btu/hr

Ib/lb
1b/1b
ib/lb

b/ib
1b/lb
Ib/1b
1b/ib
1b/1b

1b/1b

percent
percent
Btu/lb °F
Btu/lb °F
Btu/lb °F
Btu/lb °F

Btu/lb °F
Btu/lb °F
Btu/lb °F
Btu/lb °F

Btu/lb
lb/lb
percent
1b/1b

percent

11

St (METRIC) UNITS
watts (W)

watts (W)

kilogram/kilogram (kg/kg)
kilogram/kilogram (kg/kg)
kilogram /kilogram (kg/kg)

kilogram/kilogram (kg/kg)
kilogram/kilogram (kg/kg)
kilogram/kilogram (kg/kg)
kilogram/kilogram (kg/kg)

~ kilogram/kilogram (kg/kg)

kilogram/kilogram (kg/kg)

percent
;;crcent
joule/kilogram-kelvin (J /kg*K)
joule/kilogram-kelvin (] /kg*K)
joule/kilogram-kelvin (J /kg*K)
joule/kilogram-kelvin (J /kg-K)

Ir\uln/llllearnm kelvin G/kg.!(\)

joule/kiiogram-keivin (j /kg-K)
joule/kilogram-kelvin (J /kg*K)
joule/kilogram-kelvin (J /kg*K)
joule/kilogram-kelvin (] /kg-K)
joule/kilogram-kelvin (J /kg-K)
kilogram (kg)

kilogram (kg)

joule (J)

joule (])

seconds (s)

kilogram (kg)

kilogram (kg)

kilogram (kg)

joule/kilogram (] /kg)
kilogram/kilogram (kg/kg)
percent

kilogram/kilogram (kg/kg)

percent

TOCONVERT
TO SI
(METRIC)
MULTIPLY
U.S. UNITS
BY

2.931 E-01

2.931 E-01

1.0
1.0
10

1.0
1.0
1.0
1.0
1.0

1.0

4.187 E+03
4.187 E+03
4.187 E+03
4.187 E+03

4.187 E+03

4.187 E+03
4.187 E+03
4.187E+03
4,187 E+03
4.187 E+03
4.536 E-01
4.536 £-01
1.055 E+03
1.055 E+03
3.600 E+03
4.536 E-01
4.536 £-01
4.536 E-01
2.326 E+03
1.0

1.0
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2.2 (Cont'd)
SYMBOL DESCRIPTION
Hy Higher heating value of flue dust
Hp: Higher heating value of total dry residue
H ¢ Higher heating value (chemical heat) of the
supplementary fuel on the AF basis
Hf Higher heating value (chemical heat) of the
supplementary fuel on dry basis
H Higher heating value of waste
(laboratory analysis)
h Enthalpy
bRy Reference enthalpy of entering moisture. 1t is the
enthalpy of the liquid at the reference tenr-
perature.
hRro Reference enthalpy of entering vapor. It is the
enthalpy of the saturated vapor at the refer-
ence temperature.
h, Enthalpy of steam
hey Enthalpy of steam supplied to any
auxiliary steam drive
h, Enthalpy of the vapor
hy Enthalpy of -the liquid
kWh Electrical energy
L Heat loss from the incineration system per
pound AF waste
L¢; Chemical heat loss in solid residues per pound
AF waste
Lco Heat loss due to incomplete combustion
resulting in the formation of carbon monoxide
per pound AF waste
Lg Chemical heat loss in flue gas per pound
AF waste
Ly Chemical heat loas due to presence of
hydrogen in flue gas per pound AF waste
Lyc Chemical heat loss due to presence of hydro-
carbons in flue gas per pound AF waste
M Molecular weight of any substance
m Moisture content by weight
m 4 Moisture in air
mg Moisture in flue dust
my Mositure in supplementary fuel by weight
mg Moisture in flue gas
m, Moisture in AF waste
mp Moisture in solid residue
N Nitrogen
N,' Nitrogen in dry flue gas
n Designated surface area
0 Oxygen

U.S. CUSTOMARY
UNITS

Btu/lb
Btu/lb
Btu/lb

Btu/lb
. Bu/lb

Btu/li)
Btu/lb

Btu/lb

Btu/lb
Btu/lb

Btu/lb
Btu/lb
kilowatt hour

Btuflb
Btu/lb

Btu/lb

Btu/lb
Btu/lb
Btu/lb
1b/1b mol

percent
1b/1b
1b/1b
percent
1b/1b
1blb
1b/b
ib/ib
1b/1b

1b/1b

12

St (METRIC) UNITS
joule/kilogram (§ /kg)
joule/kilogram (J /kg)
joule/kilogram (J /kg)

joule/kilogram (] /kg)
joule/kilogram (J /kg)

joule/kilogram (J /kg)
joule/kilogram (J /kg)

joule/kilogram (J /kg)

joule/kilogram (J /kg)
joule/kilogram (J /kg)

joule/kilogram (J /kg)
joule/kilogram (J /kg)
joule (J)

joule/kilogram (J /kg)

joule /kilogram (J /kg)

joule /kilogram (J /kg)

joule /kilogram (J /kg)
joule/kilogram (J /kg)
joule/Kilogram (3 /kg)

kilogram/kilogram mol
(kg/kg mol)

percent

kilogram /kilogram (kg/kg)
kilogram /kilogram (kg/kg)
percent

kilogram /kilogram (kg/kg)
kilogram/kilogram (kg/kg)
kilogram /kilogram (kg/kg)

* kilogram/kilogram (kg/kg)

kilogram/kilogram (kg/kg)

kilogram /kilogram (kg/kg)

TOCONVERT
TO Sl
(METRIC)
MULTIPLY
U.S. UNITS
8y

2.326 E+03
2.326 E+03
2.326 E+03

2.326 E+03
2.326 E+03
2.326 E+03
2.326 E+03
2.326 E+03
2.326 E+03
2.326 E+03

2.326 E+03
2.326 E+03
3.600 E+06
2.326 E+03

2.326 E+03

2.326 E+03

2.326 E+03
2.326 E+03
2.326 E+03

4,536 E-01

1.0
1.0

1.0
1.0
1.0
1.0
1.0
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- 2.2 (Cont’'d)

SYMBOL

'
3

P
PA
PmA

Pmg

DESCRIPTION

Oxygen in dry flue gas by volume
Pressure (absolute)

Atmospheric pressure

The partial pressure or vapor pressure of
the moisture in the air

The partial pressure or vapor pressure of
the moisture in the flue gas

Steam pressure

Water pressure

Solid residue

Total heat

Total heat input per pound AF waste

Total heat output per pound AF waste

Total heat input per unit time (capacity)
Total heat output per unit time

Heat transferred to recovery fluid (e.g. steam)
Heat in water (cooling or quench)

Heat in flue dust

Heat in wet flue gas

Heat in wet residue

Heat to radiation and convection
Reference )

Universal gas constant

Waste
Sulfur

Sulsi Ul

Sulfur dioxide in dry flue gas by volume
Steam

Temperature (absolute)

Temperature (Fahrenheit)

Reference air temperature is the base
temperature to which sensible heat losses
and credits are compared

Temperature of air

Temperature of dry flue dus.t
Temperature of supp]ementlry fuel
Temperature of flue gas
Temperature of any surface

Temperature of steam

US. CUSTOMARY

UNITS

Btu/hr
Btu/hr
Btu/hr

Btu/hr

Btu/hr
ft-lb/lb mol R
ib/ib

percent

R

°F

°F

°F

°F

uF
oF

°F
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S! (METRIC) UNITS)

percent

pascal (Pa-a)
pascal (Pa-a)
pascal (Pa-s)

pascal (Pa-a)

pascal (Pa-a)
pascal (Paa)

kilogram (kg)

joule (J)

joule ilogram (J/kg)
joule/Kilogram (1 k)

watt (W)
watt (W)
watt (W)
watt (W)
watt (W)
watt (W)

watt (W)
watt (W)

J/kg mol K

kelvin (K)
kelvin (K)

kelvin (K)

kelvin (K)
kelvin (K)
kelvin (K)
kelvi’n (K)
kelvin (K)

kelvin (K)

SR .
! 1,

TO CONVERT
TO st
(METRIC)
MULTIPLY
U.S. UNITS
BY

6.895 E+03
6.895 E+03
6.895 E+03

6.895 E+03

6.895 E+03
6.895 E+03
4.536 E-01
1.055 E+03
2.325 E+03
2.325 E+03
2931 E-01
2.931 E01

2931 E-01
2.931 E-01
2.931 E-01
2931 E-01
2931 E-01
2.931 E-01

5.380 E+00

o |

5.556 E-01
v 1
K = (toF + 459.67) 1

Ti = (o +459.67) £

Ty = (o + 459.67) [
Ti = (top +459.67) {5
Tg = (o +459.67) L5
Ty = (rop +459.67) g
Ti = (to +459.67) 15

Tk = (top +459.67) 1
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2.2 (Cont'd)
SYMBOL DESCRIPTION

tp Temperature of residue

tw Temperature of water -

U Velocity

ug Coefficient of heat transfer

4 Volume

Vn Volume of moisture in flue gas

v Vapor

14 Weight

wF Weight fraction of a gasina gas mixture
Wy Weight of dry air per pound AF waste

L/ f Weight of air (moist) supplied for AF
supplementary fuel

L/ Weight of air (moist) supplied for AF waste

A “ﬁ'f Weight of dry air supplied for AF
supplementary fuel

Wyr Weight of dry air supplied for AF waste

Whe Weight rate of air supplied

/1A Weight rate of dry air aupplied

u;e Weight of supplementary fuel per pound
AF waste ]

W Weight of dry flue gas Jeaving unit on basis of
AF waste »

Fee Weight rate of flue gas leaving unit

W Weight of dry solid residue on basis of AF waste

Woar Weight of moist air per pound AF waste
LANTR Weight of moisture formed from burning
hydrogen per pound of AF waste

Wmf Weight of moisture in supplementary fuel
per pound AF waste

Wnr Weight of moisture in AF waste

Wy Weight of dry flue duston basis of AF waste

Py Weight rate of dry residue

Wre Weight rate of supplementary fuel fired

WC'N, Weight of nitrogen in dry gas on basis of AF waste
W,e Weight rate of AF waste (charging rate)

R Weight rate of dry waste fired

B Weight rate of steam flow
We Weight rate of water flow rate
Fove Weight rate of quench water vaporization

e Weight rate of atomizing steam
Water

LA

w

X Excess
x Auxiliary

y Heat recovery fluid
z Atomizing steam

a " Area

U.S.CUSTOMARY
UNITS

° F

o ‘:

ft/sec
Btu/ft* °F hr
ft*

percent

tb

b/b
1b/ib
1b/1b

Ib/b
Ib/lb

1b/b
lb/hr
lb/hr
lb/lb

1b/ib

ib/hr
b/lb
Ib/lb
Ib/lb

1b/lb

Ib/ib
1b/lb
Ib/hr
Ib/hr
1b/tb
Ib/hr
Ib/hr
Ib/hr
Ib/hr
Ib/hr
tb/hr

TOCONVERT
TO SI
(METRIC)
MULTIPLY
U.S. UNITS
St (METRIC) UNITS BY
. 1
kelvin (K) Tg=(op + 459.67) 18
-1
kelvin (K) Tk =(top+ 459.67) T8
meter/second (m/s) 3.048 E-01
watt/meter? kelvin (W/m? -K) 5.678 E+00
meter® (m*) 2.832 E-02
percent —
kilogram (kg) 4.536 E-01
kilogram /kilogram (kg/kg) 1.0
kilogram /kilogram (kg/kg) 1.0
kilogram/kilogram (kg/kg) 1.0
kilogram/kilogram (kg/kg) 1.0
kilogram/kilogram (kg/kg) 1.0
kilogram/kilogram (kg/kg) 1.0
kilogram/second (kg/s) 1.260 E-04
kilogram/second (kg/s) 1.260 E-04
kilogram/kilogram (kg/kg) 1.0
kilogram/kilogram (kg/kg) 1.0
kilogram/second (kg/s) 1.260 E-04
kilogram/kilogram (kg/kg) 1.0
kilogram /kilogram (kg/kg) 1.0
kilogram /kilogram (kg/kg) 1.0
kilogram /kilogram (kg/kg) 1.0
kilogram/kilogram (kg/kg) 1.0
kilogram /kilogram (kg/kg) 1.0
kilogram/second (kg/s) 1.260 E-04
kilogram/second (kg/s) 1.260 E-04
kilogram/kilogram (kg/kg) 1.0
kilogram/second (kg/s) 1.260 E-04
kilogram/second (kg/s) 1.260 E-04
kilogram/second (kg/s) 1.260 E-04
kilogram/second (kg/s) 1.260 E-04
kilogram/second (kg/s) 1.260 E-04
kilogram/second (kg/s) 1.260 E-04
meter® (m?) 9.290 E-02



[

22 (Cont'd)
SYMBOL DESCRIPTION
[} Radiation and convection

¥ Gas specific weight

2 Corrected

n Efficiency

6 Theoretical

v The number of mols of any substance
'(prime) Dry

A Change

z

Summation

LARGE INCINERATORS

US. CUSTOMARY
UNITS S| (METRIC) UNITS
1b/ft? kg/meter® (kg/m?)
percent percent
b mol kilogram mols (kg mol)

15

TOCONVERT
TO S
(METRIC)
MULTIPLY
U.S. UNITS
BYy

1.602 E+01

4.536 E-01
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SECTION 3, GUIDING PRINCIPLES

3.1 items on Which Agreament Shall Be Reached. In
order to achieve the objectives of the test, the interested
parties must reach agreement on the following pertinent
items which must be recorded and disseminated to the
authorized test participants.

3.1.1 Efficiency determination — defined in Par. 1.6.

3.1.1.1 General method — input-output or heat
balance.

3.1.1.2 Heat credits to be measured.

3.1.1.3 Heat credits to be assigned where not
measured.

3.1.1.4 Heat losses to be measured.

3.1.1.5 Heat losses to be assigned where not
measured.

3.1.1.6 Permissible deviation in efficiency be-
tween duplicate runs.

3.1.2 Capacity or input — defined in Par. 1.5.

3.1.3 Establish conditions of stabilization prior to
test.

3.1.4 Establish acceptable operational conditions,
duration of runs, basis of rejection of runs and procedures
to be followed during the test, etc.

3.1.5 Allocation of responsibility for all performance
and operating conditions which affect the test.

3.1.6 Selection of test personnel to conduct the test.

3.1.7 Cleanliness of unit initially and how this is
to be maintained during the test.

3.1.8 Actual air leakage to be allowed, if any,
initially or during the test.

3.1.9 The source of fluid properties to be used:
standard psychrometric charts, tables of thermodynamic
properties of steam, and gas tables.

3.1.10 Waste and supplementary fuels to be fired.

3.1.11 Method of obtaining samples of waste,
residue and supplementary fuel.

3.1.12 The laboratories to make the analyses.

3.1.13 Observations and readings to be taken to
comply with the object or objectives of the test.

3.1.14 Instruments to be used, calibration of
instruments, methods of measurement and equipment to

16

be used in testing the unit. The Performance Test Code
Supplements on Instruments and Apparatus should be
used, when applicable.

3.1.15 Determination of residue quantities from
various collection points.

3.1.16 Provisions for corrections to be made for
deviations from specified operating conditions.

3.1.17 Metallic oxidation factor to be applied to
the bomb calorimeter determination of higher heating
value.

3.1.17.1 When applicable this factor accounts
for the metals oxidized in the furnace and the combusti-
bles that are removed from the laboratory sample during
preparation.

3.2 Selection of Personnel. To ensure obtaining reliable
results, all personnel participating in the test shall be fully
qualified to perform their particular tasks.

3.3 Tolerances and Limits of Error. This Code does
not include consideration of over-all tolerances or margins
on performance guarantees. The test results shall be reported
as computed from test observations, with proper correc-
tions for calibrations.

3.3.1 Allowances for errors of measurement and
sampling if used should be agreed upon in advance by

the parties to the test and clearly stated in the test

report. The limits of probable error on calculated gross

taken as the square root of the sum of

efficiency may be
the squares of the individual cffects on efficiency.

3.3.2 Whenever allowances for probable errors of
measurement and sampling are taken into consideration,
the reported test results shall be qualified by the statement
that the error in the results may be considered not to
exceed a given plus or minus percentage, this value having
been determined in accordance with the foregoing method
for computing limits of probable error.

3.4 Acceptance Test. An acceptance test shall be under-
taken only when the parties to the test certify that the
unit is operating to their satisfaction and is, therefore,
ready for test..Especially in the case of refuse burning
equipment, adjustments and changes are sometimes neces-
sary to obtain optimum performance. The acceptance test
should be started as soon as the unit is in satisfactory con-
dition for test, provided the loading, residue removal and
other governing factors are suitable.
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3.4.1 Parties to the test shall designate a qualified
engineer to supervise the test and to confirm the accuracy
of observations, as well as the conditions and methods of
operation.

3.4.2 All equipment, both internal and external,
should be in normal operating cleanliness before starting
the test. During the test, only thc amount of cleaning shall
be permitted as is necessary to maintain normal operating
cleanliness.

3.4.3 Afterapreliminary run has been made, it may
be declared an acceptance runif agreed to and provided that
all the requirements of a regular run have been met.

3.4.4 Atleast two runs shall be made approximating
the load required for acceptance. If the results exceed the
previously agreed upon deviation in efficiency between
runs, a third run will be required. The test efficiency at the
required load will be the average of the two runs which fall
within the permissible deviation in efficiency.

3.5 Preparation for All Tests

3.5.1 The entire system shall be checked and shall
be corrected as required for air leakage, air distribution,
spray nozzles, etc.

3.5.2 Before the test is started, it shall be a.gréed the

_ waste to be fired is substantially as intended.

* specified conditions shall be described clearly in the repo

1
J

I

|
|

i
i

B

|

]

3.5.3 Departures from standard or previously

naed
CPUTt

of the test.

3.5.4 Whenever possible the official stack emis-
sion test Shnl_!!d be canducted GiMIIImnAA-‘nl- ik sl

0 CONQUCIEA Bimuaianegusy wiln tne

incinerator system performance test, since nearly all
measurements required to meet the objectives of PTC 38
are also required for PTC 33.

3.6 Preliminary Run

3.6.1 A preliminary run shall be made for the pur-
pose of checking the operation of all instruments, acquaint-
ing the observers and test personnel with the specific
facility, and making minor adjustments, the needs for
which were not evident during the preparation for the
test, and establishing proper combustion conditions for
the particular waste and rate of firing to be employed.

3.7 Starting and Stopping. Combustion conditions,
rate of feeding waste (also quantity of waste on grate if
“stoker fired), excess air, air distribution and all controliable
temperatures and static pressures shall be, as nearly as
possible, the same at the end of the run as at the beginning.

These, and any other conditions in which variations
might affect the results of the test, shall essentially be
reached and held as constant as possible. There must be
reasonable assurance that the temperature of the setting
and all other parts of the equipment have reached
equilibrium before the run is started. The time required
to attain stabilization or equilibrium with respect to
temperatures will vary widely with the design of the
unit and character of materials in the setting. This period
of stabilization can vary from a minimum of three hours
to more than eight hours from a cold start.

3.7.17 In some instances it may be necessary to ter-

" minate a run prematurely because of inability to maintain

one or more of the operating conditions at the desired
value. Any data collected shall be evaluated and if mutually
agreeable, accepted as a test run.

3.7.2 In order to attain the desired operating condi-
tions when waste is fired by stokers, it is essential that the
condition of the waste bed be uniformly maintained
throughout the run. Minor occasional normal manual stok-
ing of the waste bed may be permitted during the run.
Rate of burning or feeding waste shall be kept, as nearly
as possible, at the rate which is to prevail during the run.
The bed depth shall be the same at the beginning and end
of the run. The waste charge system, stoker conveying rate
and residue removal system shall be timed and residue
accepted after the appropriate delay so that the weight of
residue corresponds to the weight of waste burned.

3.8 Duration of Runs

3.8.7 When determining the efficiency, the runs
should be preferably of not less than eight hours duration.

3.8.2 The duration of runs for tests of ancillary

equipment such as heat recovery systems shall not be less
than the incinerator test run.

3.8.3 The actual duration of all runs from which
the final test data are derived shall be clearly stated in the
test report.

3.9 Frequency and Consistency of Readings. Except
for quantity measurements, the readings shall be taken at
15 minute intervals. If, however, there are fluctuations, the
readings shall be taken at such frequency as may be neces-
sary to determine the average.

3.9.1 Where quantities are determined from integrat-
ing instruments, a reading shall be taken every 15 or 30
minutes to reveal irregularities. If the quantities to be
determined arc weighed, the frequency of weighing is
usually determined by the capacity of the scales, but the
intervals shall be such that a total can be obtained for
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each hour of the test. When indicating flow meters or
manometers are used with venturi tubes, flow nozzles or
orifice plates for subsequently determining quantity
measurements, the flow indicating element ghall be read
at five minute intervals or more frequently when

deemed necessary.

3.9.1.1 Where unweighed amounts are charged
(e.g. by grapple) an accurate record of the time of charge
shall be kept. The amount charged shall be relatively uni-
form and representative sample charges weighed so that
a total can be obtained for each hour of run.

3.9.2 It is suggested that, in so far as feasible,
pertinent data of the run (such as flue gas flow, gas
conditioning water flow, flue gas temperature and waste
quantities) be plotted as the run progresses, to permit a
complete review of the conduct of the run at least hourly.

3.10 Rejection of Runs. Should serious inconsistencies
in the observed databe detected duringa run or during the
computation of the results, the run shall be rejected com-
pletely, or in part if the affected part is at the beginning
or at the end of the run.

3.11 Records and Test Reports. All observations,
measurements and instrument readings necessary for the
objective of the test shall be recorded as observed. Correc-
tions and corrected values shall be entered separately in
the test record. :

3.12 Power for Auxiliaries. No auxiliaries are included
inside the system boundary, Fig. 1, therefore no power

computation is required.

2.13 Efficiency. As stated in Par. 1.6 efficiency of
incineration systems determined within the scope of this
Code shall be the gross efficiency only. Net efficiency,
while beyond the scope of this Code, may be of interest in
those incineration systems combined with waste heat
recovery where the heat recovered is outside the system
boundary. Such waste heat may be converted to a form
of energy used within the incineration system heat cycle
and/or an energy output of the incineration system. Net
efficiency is the heat output of the incineration system,
divided by the total of all heat in the waste plus auxiliary

fuel, plus credits, plus the heat equivalent of the auxiliaries
outside the system boundary.

3.13.1 All measurements and computations of hcat
equivalents of auxiliaries should be in accordance with
methods described in Steam Generating Units PTC4.1,
Par. 6.2.

3.13.2 In the case of incineration system heat

recovery by means of a waste heat boiler, the ““Special
Instructions for Testing a Waste Heat Boiler” described in

Steam Generating Units PTC 4.1, Par. 6.3, should be used
for testing such waste heat boiler.

3.13.3 In the case of incineration system heat
recovery by means of other equipment, testing should be
performed in accordance with applicable test codes for
testing such heat recovery means.

3.14 Other Operating Characteristics. The satisfactory
performance of an incineration system requires the deter-
mination of many operating characteristics. This section
describes factors affecting performance and how these
should be determined.

3.14.1 Measurement of Air Leakage or Infiltration.
When it is desired to determine the amount of air infiltra-
tion or lcakage through any portion of the enclosure of an
incineration system beyond the fumace exit, it should be
done by comparing excess air, as determined from flue gas
analyses. The sampling locations preferably should lie in a
plane normal to the flue gas flow, located as close as is
practicable to the zones of comparison. The gas tempera-
ture at the sampling location will determine whether or
not a water cooled sampler is required. The amount of air
infiltration or leakage is normally expressed in terms of

increase in O, , in excess air, reduction in CO,, or percent
leakage.

3.14.2 Exit Gas Temperature. Operating conditions
which can affect the exit gas temperature during the test
such as characteristics of the material fired and excess air
should be as agreed in advance. Control apparatus for
maintaining and regulating furance temperatures shall be

s

adjusted prior to the test. The period of operation prior to
&l S imonurs afnl'ﬁ!iza.

the test shouid be of sufficient duration o insure stan!
tion of the incineration system.

3.14.3 Static Pressure of Gas and Air. Static pres-
sure connections shall be installed in a manner as to avoid
errors due to gas velocity. Piping or tubing shall preferably
be specifically installed for the test, and shall be proved
tight with provisions made for cleaning and drainage. The
recommendations of 1&A Pressure Measurement PTC19.2.
Chapter 6, shall be followed.

3.14.4 Draft Loss, or Resistance to Air or Gas Flow.
When a draft loss or resistance across an incineration sys-
tem or a section of a system, is to be measured, a sensitive
differential pressurc measuring device should be used in
prefercnce to an absolute pressure measuring device.

3.14.5 Determination of Putrescible Matter. The
putrescible matter in these test procedures is included in
the combustibles, the scparate determination of which is
not considered to be within the scope of this test Code.
Recognizing that putrescible matter is an important envi-
ronmental consideration, two methods are provided for
guidance in its determination in Appendix Par. 7.3.

18
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SECTION 4, INSTRUMENTS AND METHODS OF MEASUREMENT

4.1 Instruments and Methods Of Measurements

The necessary instruments and procedures for making
measurcmenls arc prescribed herein and should be used in
conjunction with the following ASME Performance Test
Codes, and their Supplements on Instruments and Appa-
ratus, and other publications for detailed specifications
on apparatus and procedures involved. In all cases, care
shall be exercised to refer to the latest revision of the
document concerned.

4.1.1 ASME Performances Test Codes:
General Instructions PTC 1
Definitions and Values PTC 2
Diesel and Burner Fuels PTC 3.1
Solid Fuels PTC 32

Gaseous Fuels PTC 3.3

Steamn Generator Units PTC 4.1
Air Heaters PTC 4.3

Centrifugal, Mixed Flow and Axial Flow
Compressors And Exhausters PTC 10

Fans PTC 1 l

Determining the Concentration of Particulate
Matter in a Gas Stream PTC 38

Suppl ts on instru
PTC 19:

Part 1, General Considerations PTC 19.1

2, Pressure Mcasurement PTC 19.2

s and Apparatus (1&A)

Part
Part 3, Temperature Measurement PTC 19.3
Part 5, Weighing Scales PTC 19.5;1

Part 6, Electrical Measurements in Power

Circuits PTC 19.6

Part 10, Flue and Exhaust Gas Analyses
PTC 19.10

Part 12, Measurement of Time PTC 19.12
Part 16, Density Determinations PTC 19.16

- Part 17, Determination of Viscosity of Liquids
PTC 19.17

Part 18, Humidity Determinations PIC 19.18

ASME Ressarch Publication:

Interim Supplement 19.5 on Instruments and
Apparatus

Part Two — Application of Fluid Meters
(ASME Fluid Meters)
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4.1.4 American Gas Associstion:
Orifice Metering of Natural Gas— Gas Measure-
ment Committee Report No. 3, April 1955
4.1.5 ASTM Standard Methods:
Proximate Analysis of Coal and Coke D 3172
Ultimate Analysis of Coal and Coke, 1) 3176
Calculating Coal and Coke Analysis from A
Determined to Different Bases. D 3180
Heat of Combustion of Liquid Hydrocarbon
Fuels by Bomb Calorimeter, D 240

Test for Calorific Value of Gaseous Fuel by
the Water-Flow Calorimeter, D 900

Particulate and Dissolved Matters in Indusxtrial
Water, D 1888

Gross Calorific Value of Solid Fuel by the
Adiabatic Bomb Calorimeter D 2015

Refuse Sampling and Analysis E 3801

National Buresu of Standards:

Methods of Measuring Humidity and Testing
Hydrometers, Circular 512

4.1.7 ASTM Bulletin No. 162 (TP 206)

Gauging and Sampling Water Borne Indus-
trial Wastes

4.2 Determination of Incinerator Efficiency

4.2.1 The Input-Output Efficiency method is based
on the ratio of the heat outpul o the sum of the combined
“As Fired” waste and supplementary fuel chemical heat
input plus the heat credits. It requires accurate measure-
ment of the quantity and the higher heating value of the
“As Fired” waste and supplementary fuel and the heat
content of all of the materials entering and leaving the
system per unit time.

Efficiency (Input-Output Method), %= (MM> X 100
Heat Input
Measurements of input and output are covered in

Pars. 4.3 and 4.8.

4.22 The heat balance efficicncy method is:

llosst'.~:| X 100
Input

Efficiency (Heat Balance Method), %= |:l -

Losses are defined as the amount of heat in the ¢ffluent
streams resulting from incomplete combustion of the
organic material per unit mass of “As Fired” waste,
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Input is defined as the heat of combustion of the “As
Fired” waste and supplementary fuel if required, plus
heat credits contributed by the applicable influent streams
per unit mass of “As Fired” waste.

The determination of the losses and input are covered
in Par. 4.10.

4.3 Input Measurement

The following paragraphs describe methods of determin-
ing the incineration system heat input. Heat input is the
sum of the heat of the “As Fired” waste and supplementary
fuel, or fuels, and heat credits.

4.3.1 Material to Be Charged During Incinerator Test

The material charged during the test period should
be representative of the material to be burned during
normal operation and for which the unit was designed.

For example, in order to accomplish this for large
municipal incinerators, the normal household-commercial
waste collected and delivered in “packer trucks” can be
used as the base material.

An incinerator is a thermal device and an incinerator
test should preclude bulky waste as well as large “strapped
bales” of combustible. Any such bales must be “unstrap-
ped,” broken up, and “mixed” for inclusion in the test
charge.

Large bulky metal items such as appliances, 55 gal
drums, etc., should be removed from the charge and dis-
posed of separately.

Large wooden structures, tree trunks, boxes. etc.,
shoulid be removed from the charge and reduced to a
suitable size for the unit’s feeding mechanism and nor-
mal furnace retention time to achieve acceptable burn-
out.

Waste should be mixed in a manner that no charge,
or series of charges, should have a predominant component
such as plastic, lacquer, paint, etc., or moisture which
would tend to unbalance the over-all test data and adversely
affect the test conclusions or warranties.

4.3.2 Solid Waste Quantity Measurement

The total weight of waste charged during the test
period shall be determined. Any waste not charged must
be weighed and accounted for. For municipal incinerators,
the total weight of waste charged should be determined
over the time period for the performance test. The weigh
scales shall be calibrated prior to and after the test in ac-
cordance with I&A, on Weighing Scales, PTC 19.5;1.
Experience indicates a range of scale error within 0.25
percent in the range of loads weighed.

4.3.2.1 Arrangements shall be made for check-
ing the charging rate during each hour of the test as a
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guide. Only the totals, however, are to be used in the final
calculations.

4.3.2.2 The hourly charging rate can be determined
by weighing each waste charge. This can be accomplished
by placing the waste into a container attached to or resting
upon portable scales, or a load cell, recording the weight,
and then transferring the waste to the charging hopper.
The material shall not be packed or compressed to avoid
changes in the normal bulk density of the waste. These
scales shall be calibrated prior to and after, the test in
accordance with I&A, on Weighing Scales, PTC 19.5;1.

4.3.2.3 While measuring the weight of each
charge is preferable, it may be more feasible, because of
the requirements of operation, to charge the incinerator
at a uniform rate from a waste pit, or area, where the
materials have been weighed at delivery. Care must be
taken when testing that losses of material and/or moisture
are accounted for. Elapsed charging time must be re-
corded. Refer to Pars. 3.7 and 3.9.1.

4.3.3 Solid Waste — Sampling

Incinerators usually receive a wide variety of materi-
als, the moisture content of which are higher than the air-
dried level. This heterogeneity and moisture content com-
plicate both the size and number of increments that must
be taken, as well as the reduction of the sample to repre-
sentative amounts that can be analyzed.

4.3.3.1 A suggested procedure for sampling
municipal, commercial and indusirial waste at the receiving
area follows:

In all cases the incoming waste must be adequately

mixed hafara anmnlie st mmaaniabi o baloac

- e &
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density segregation.
If the waste is processed (shredded and classified),

care must be taken to insure a representative sample re-
flecting the “As Fired” waste composition to the in-
cineration system. :

The input solid waste sample is taken hourly during
the test. See ASTM E 3801 for a suggested procedure. It
will be obtained by taking representative increments which
are to be collected in at least two (2) equal-increments at
approximately 30 minute intervals. Each hourly sample
which is comprised of these increments will weigh at least
one percent (with a minimum of 200 lb) of the hourly
charging rate for incinerators under 500 tons per 24-hour
day capacity. The total hourly sample for incinerators
over 500 tons per 24-hour day capacity will be at ieast
%2 percent of the hourly charging rate. When the incre-
ments are taken, they must be weighed and piled on a
large plastic sheet and covered. The hourly samples weigh-
ing more than 400 b are quartered down to a' 400 Ib sam-
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ple and covered with a plastic sheet to minimize moisture
foss.

The cight hourly samples accumulated (1600-3200
Ib) at the completion of the test must be thoroughly mixed
and again quartered down Lo four 400 b samples, weighed
and sealed in appropriate containers. One sample will be
stored for possible future arbitration. The second sample
will be used for an input moisture determination. The
third sample will be used for the input ultimate analysis
and heat value determinations in accordance with the ap-
propriate ASTM method. The fourth sample shall be
made available to the responsible contractor.

4.3.3.2 There are two methods of sample pro-
cessing for ultimate analysis and heat value determination:

(a) hand sorting before reduction
(b) bulk reduction

4.3.3.3 Where the hand sorting before reduction
method is used, separate the sample into combustible and
non-combustible components. The non-combustible
components are represented by metals, glass, ceramics,
stones, etc., larger than 2 in. in size. The combustible
portion should be placed in a sealed container for trans-

port to a reduction (shredding) station.

4.3.3.4 In the bulk reduction method, the entire
sample including the combustible and non-combustible,
is transported to a shredding station for reduction.

4.4 SolidWaste Analysis and Higher Heating Value (HHV)

The: shredded samples should be quartered down to two
samples of 10 1b each for the following analyses:

Moisture — Standard Method ASTM D 3176, 3180
Carbon — Standard Method ASTM D 3176, 3180
Hydrogen — Standard Method ASTM D 3176, 3180
Oxygen — Standard Method ASTM D 3176, 3180
Nitrogen — Standard Method ASTM D 3176, 3180
Sulfur  — Standard Method ASTM D 3176, 3180
Chlorine — Standard Method ASTM D 2361

Ash — Standard Method ASTM D 3176, 3180

4.4.1 The higher heating value in Btu/Ib shall be
determined by the standard method of ASTM D 2015
using the oxygen bomb calorimeter. The laboratory shall
make a minimum of three determinations to insure reason-
able agreement before averaging. It is recognized that
there is a heat contribution by the oxidation of metals
during the thermal process. Based on the limited data
available the metal oxidation factor has been found to
range from zero to as much as 3 percent of the bomb
calorimeter higher heating value. When applicable add this
amount to the bomb calorimeter determination (see

Par. 3.1.17). This higher heating value (HHV ) is referred
to as the higher heating value throughout this Code-.

4.5 Liquid Waste Quantity Measurement

The use of calibrated weigh tanks is preferred for this
measurement. If such facilities are not available, then
calibrated volumetric tanks should be used. Experience
indicates the former Lo have a possible measurement error
within £ 0.10 percent and the latter within £ 025 percent.
Positive displacement meters may be used if carefully
calibrated under conditions simulating those existing dur-
ing the test in regard to grade of material, temperature,
pressure, rate of flow and meter locations. Calibrated
meter accuracy must be within + 0.50 percent.

4.5.1. Leakage of material between point of measure-
ment and point of firing shall be measured and accounted
for in the flow calibration. Branch connections on the
piping shall be either blanked off or provided with double
valves and suitable telltale drains for detecting leakage.
Leakage from valve stuffing boxes shall be prevented. Amy
unavoidable leakage from pump stuffing boxes or else-
where shall be calculated and accounted for. Where a
return system from the burners is used, both supply and

—return-flows-shall-be-measured-by-calibrated meters orde-—
termined from a calibrated feed tank.

4.5.2. Liquid Waste Sampling. A representative
sample of material shall be obtained in accordance with
the Test Code for Diesel and Burner Fuels PTC 3.1.

4.5.3 Liguid Waste Analysis. Fuel analysis and high-

. e RS
er heating value determinations shall be made in accordance

with the Test Code for Diesel and Burner Fuels PTC 3.1.
ASTM Standard Methods For Heat of Combustion of
Liquid Hydrocarbon Fuels by Bomb Calorimeter D 240,
Density Determination PTC 19.16 and Determination of
the Viscosity of Liquids PTC 19.17.

4.6 Gaseous Waste — Quantity Measurement

"Measurement of the quantity of gaseous waste can be
accomplished by the use of orifice fiow nozzle, ventun, or
dry gas meters. The measuring devices shall be calibrated
prior to and after the test.

4.6.1 The recommendations of ASME Fluid Meters
shall be followed with reference not only to the design,
construction, calibration, and use of flow measuring ele-
ments, but also to the location and installation in the
pipeline and the installation of the connecting piping
system between the primary element and differential
meter. All computations of flow rate from the observed
differentials, pressures and temperatures shall be made in

-accordance with the procedures of ASME Fluid Meters.
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4.7.1.2 Solid Fuel — Analysis. Ultimate fucl
analysis and higher heating value determination shall be
made in accordance with the Test Code for Solid Fuels
PTC 3.2, ASTM Standard Methods of Laboratory Sampling
and Ultimate Analysis of Coal and Coke, ASTM D 3176.

4.6.2 1f fluctuations in flow are present. due to
reciprocating devices or other sources of pulsation. the
difference between the indicated maximum and minimum
flow rates shall be minimized and must be reduced to less
than £ 5 percent of the average {low, by the introduction
of a cushion chamber, surge chamber, or other means of
absorbing the pulsations between the source of pulsation 4.7.2 Liquid Fuel — Quantity Measurement. The
and the primary device, before measurement is considered use of calibrated weigh tanks is preferred for this measure-
acceptable. For further discussion of pulsating flow measure- ment. If such facilities are not available, then calibrated
ments, sce ASME Fluid Meters. volumetric tanks should be used. Experience indicates the
former to have a possible measurement ervor within £ 0.10

4.6.3 Pressure of the gascous waste at point of percent and the latter within * 0.25 percent. Positive dis-
volume determination and at other required points shall placement meters may be used if carefully calibrated under
be measured by suitable pressure measuring devices as conditions simulating those existing duri'ng the test in
described in Instruments and Apparatus, Pressure Measure-  rogard to grade of fuel, temperature, prcssﬁrc. rate of flow
ment PTC 19.2. Temperature shall be measured with and meter location. Calibrated meter accuracy must be
thermometers in accordance with 1&A Temperature within + 0.50 percent.

Measurements PTC 19.3, Chapter 5 on Liquid-in-Glass

4.7.2.1 Leakage of fuel between point of measure-

Thermometers.
] ment and point of firing shall be measured and accounted
4.6.4 Gaseoys Waste Samp/l'ng. The gas shall be for in the flow calibration. Branch connections on the fuel
properly sampled in accordance with the Test Code for piping shall be either blanked off or rovided with double
Gaseous Fuels PTC 3.3 e Ml
aseous Luels < valves and suitable telltale drains for detecting leakage.

Leakage from valve stuffing boxes shall be prevented. Any
unavoidable leakage from pump stuffing boxes or else-
where shall be calculated and accounted for. Where a return
system from the burners is used, both supply and return
flows shall be measured by calibrated meters or be deter-
mined from a calibrated feed tank.

4.6.5 Gaseous Waste = -Analysis—Fuel-analysis-and
higher heating value determination shall be made in accor-
dance with the Test Code for Gaseous Fuels PTC 3.3 and
ASTM Standard Methods of Tests for Calorific Value of
Gaseous Fuels by the Water-Flow Calorimeter D 900 or
Method of Test for Calorific Value of Gases in Natural

;as Rang i ding Calorimeter, ASTM , . .
(Sa: 8%21”8 by Continuous Recording Lalorimeter i 4.7.2.2 Liquid Fuel—Sampling. A representative
- sample of this fuel shall be obtained in accordance with
4.7 Suppiementary Fusl the Test Code for Diesel and Burner Fuels PTC 3.1
fuel m: ‘ - .

Supplen.xentary uel may be added to an fnclneratlon 4.7.2.3 Liquid Fue! — Analysis. Ultimate fuel
system during startup or when the waste is so wet that - . . o
combustion is difficult or impossible to sustain, or may be analysis higher heating value, density and viscosity doter-
added to waste in normal operations. This supplementary mination shall be made in accordance with the Test Code
fuel may be solid, liquid or gaseous. The consumption rate for Diescl and Burner Fuels P'I_‘C 3.1, A,‘ST_M Standard

; Methods for Heat of Combustion of Liquid Hydrocarbon

should be measured and the time .fl.wl " bemg. ‘.ISP'd should Fuels by Bomb Calorimeter D 240, Density Determination
be noted. If supplementary fuel firing is specified for normal o L
. L . . PTC 19.16 and Determination of the Viscosity of
operation, the incinerator efficiency shall be determined Liquids PTC 19.17
with both waste and supplementary fuel inputs. 1quas -
4.7.3 Gaseous Fuel — Quantity Measurement.

4.7.1 Solid Fuel — Quantity Measurement. This .
fuel shall be weighed near the point where it is to be used. Mea'suremcnt of the qua.u.mty of gaseous fuel can be accom-
All loss of fuel between the point of weighing and charging panicd by the use O.f Ol'lflC(:‘., flow nozzle, Yentun or .dry pas
to the incinerator shall be measured and accounted for. meters. The measuring devices shall be calibrated prior to
The weighing scale shall be calibrated prior to and after and after the test.
the tests in accordance with 1&A, Weighing Scales, , 4.7.3.1 The recommendations of ASME Fluid
PTC 19.5:1. Meters, shall be followed with reference not only to the

4.7.1.1 Solid Fuel — Sampling. A representative design, construction, calibration, and use of flow measur-
sample of the fuel shall be obtained in accordance with ing elements, but also to the location and installation in
the Test Code for Solid Fuels PTC 3.2. the pipeline and the installation of the connecting piping



>

e

|

["\
li

it

P [

LARGE INCINERATORS

systems between the primary element and pressure
_measuring device. All computations of flow rate from
the observed differentials, pressures and temperatures

shall be made in accordance with the procedures of
ASME Fluid Meters.

4.7.3.2 If fluctuations in flow are present, due to
reciprocating devices or other source of pulsation, the
difference between the indicated maximum and minimum
flow rates shall be minimized and must be reduced to less
than = 5 percent of the average flow, by the introduction
of a cushion chamber, surge chamber, or other means of
absorbing the pulsations between the source of pulsation
and the primary device, before measurement is considered
acceptable. For further discussion of pulsating flow
measurements see ASME Fluid Meters.

4.7.3.3 Pressure of the gaseous fuel at point of
volume determination and at other required points shall be
measured by suitable pressure measuring devices as
described in Instruments and Apparatus, Pressure Measure-
ment PTC 19.2. Temperature shall be measured with
thermometers in accordance with I&A Temperature
Measurements PTC 19.3, Chapter 5 on Liguid-in-Glass

Heat in Wet Flue Gas (Points 7, 8 or 10)

Heat Transferred by Radiation and Convection Across
the System Boundary

Sensible Heat in Residue (Point 17)
Sensible Heat in Grate Siftings (Point 23)
Sensible Heat in Quench Water Solidé (Point 16)
Sensible Heat in Fiue Dust (Points 20, 21, and 22)
Sensible Heat in Emitted Stack Dust (Point 10)
Heat Transferred to Cooling Water (Points 14, 16, 18,
and 19)
4.8.1 Heat Removal by Heat Recovery Fluid —

Determination

The heat removed by the indirect heat exchange
between the hot incinerator gases and the recovery fluid

is determined by the methods and procedures of PTC 4.1 \
Steam Generating Units.

4.8.2 Heat in Wet Flue Gas — Determination

V'Phermomctm S

4.7.3.4 Gaseous Fuel — Sampling. The gas shall

be properly sampled in accordance with the Test Code for
Gaseous Fuels PTC 3.3.

4.7.3.5 Gaseous Fuel — Analysis. Ultimate fuel
analysis and higher heating value determination shall be
made in accordance with the Test Code for Gaseous Fuels

Ao o PR e I WY S
PTC 3.3 and ASTM Standard Methods of Tests for Calorific

Value of Gaseous Fuels by the Water-Flow Calorimeter
D 900 or Method of Test for Calorific Value of Gases in

Natural Gas Range by Continuous Recording Calorimeter,
ASTM D 1826.

4.7.4 Heat Credits — Determination

Heat credits, as indicated on F igs. 2 and 3, are the
algebraic sum of heat differences between the input con-
ditions and the reference conditions (see Par. 4.9). These
credits are determined by the quantity measurement mul-
tiplied by the enthalpy difference between the inlet and
reference conditions and must be added to the heat input

.~ (see Pars. 1.4.5,5.2.1.2.5, and 5.3.2.4).

4.8 Output Measurements

The following paragraphs describe the methods of
determining the output from the incineration system.
The output from the system includes (see Figs. 1 and 2):

Heat Removed by Heat Recovery Fluid (Point 12)

— Theoutput is determined by the quantity measure-
ment multiplied by the enthalpy difference between the
flue/stack conditions (Points 7, 8 or 10) and reference
conditions.

4.8.2.1 Wet Flue Gases — Quantity Measurement

Determination of stack gas flow may be based
on actual combustion calculations (stoichiometry) from
accurate chemical analysis, measurement of velocity pres-
sure at representative points in the duct cross-=section, or

by calibrated flow measuring devices.

4.8.2.1.1 The determination of a gas weight
or volume for the purpose of establishing the rate of flow
leaving the incineration system should utilize the most
accurate method available. A full examination of the ef-
fect of the number and location of sampling connections
and the frequency of sampling on the accuracy of flow
measurement should determine whether these flow rates
for each test situation should be established by calculation
from “As Fired” waste and supplemental fuel analysis and
flue gas compositipn or from measurements of velocity
head. In many cases, due to less-than-ideal conditions for
velocity head measurements, flow measurements by com-
bustion calculations have been found to be more accurate.
In such cases the flow rates as determined by velocity
head measurements are usually higher than those deter-
mined by combustion calculations.

Calculation procedure for gas weight per
weight unit of waste and supplementary fuel is given in
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Appendix, Par. 7.4. Gas flow determination will Feyuire
an accurale charging rate and chemical analvsis of the
charge.

If sampling connection locations indicate a
reliable velocity head determination can be established. or
if the system being tested does not lend itself 1o a calcu-
lated gas rate determination, it is recommended that the
procedures in PTC 38 be followed.

4.8.2.1.2 Air Infiltration

The uncontrolled leakage and dilution air
entering the system is measured by the difference between
the calculated air from flue gas analysis and the measured
input air.

4.8.2.1.3 Inlet Air Flow. The inlet air flow to
the incineration system should be accuretely determined
by the procedures of I&A, PTC 19.5 series, using either an
orifice or nozzle as described in this series. If the overfire
air, or other air flows, used in the incineration system are
separately supplied, they must be measured. If the gas
is diluted, this air should be measured and accounted
for. In this way, the air entering the system may be
compared with the gas flow as determined by direct

4.8.3 Heat Transferred by Radiat, 'n 5.
Across the System Boundary -

Unless established criteria to determine the 2
and conveetion heal output are available . such a th
mination of wall heat loss in steam generators (P
the heat output shall be determined by field meas
of the exterior skin temperatures of the incineralor «
after the system has arrived at wall heat transfer eyuil;:
conditions. Then by computation using the formy
found in Par. 5.2.1.1.3 determine the total surfac 1
transferred. This is necessary over all of the surfaces, v
the system boundary since they will normally be abw
ambient temperature and there will be heat oulpu. »
all system walls. All heat feaving the system is an « _
in the input-output method of test. In the heat balan
method of testing, this need not be computed sin¢ i
niutput and not a loss.

The measurement of the skin temperature will be
by shiclded surface thermocouples in agrid patterp o
the shortest distance between any two points of m
ment shall not exceed two meters (approximately s
However, closer spacing will be necessary where ther
surface temperature gradient greater than 50°F be
points of reading.

Special

TGlal

attention-must be-afforded-doors and othe

measurement, or combustion calculations, as described
in this section. The quantity of flue gases leaving the
system should be larger than the quantity of inlet air
due to the combustion of the waste. If this difference

is greater than the weight of fuel burned plus quench
water evaporated it is a measure of the air leakage and un-
controlled infiltration to the system. When this air leakage
results in less than 3 percent CO, in the flue gas, the cal-
cuiated resuits are adversely affected and retesting after

4.8.2.2 Wet Flue Gases — Moisture Determination

The moisture in the stack gas can be calculated
from the waste and supplementary fucl analysis and the
moisture in the combustion air. See Par. 4.9.3 and Par.
5.2.1.1.2.1. Water vapor can also be determined by the
condensation method. This method can be run in conjunc-
tion with particulate matter sampling or separately (see
PTC 38). The temperature of the sampling line preceding
the condenser must be kept above the water dew point to
prevent condensation. The température of the gas at the
condenser exit must be measured if no desiceant is used,
Using only a condenser, the flue gas o the metering de-
vice is assumed saturated at the temperature leaving the
condenser. The percent moisture in the metered flue yas
should be computed using the moisture’s speciflic volume
from the tables of saturated steam properties and deter-
mining the water vapor’s density.

sctting openings. They must be properly closed an”
lo prevent leaks and the loss computed separately .

If the walls are air cooled as in the case of air coole
furnace walls, where the air space is open to the atme
the heat output shall be computed on the basis of -
measured volume flow and the temperature of the air
ing the air space. This output would then be added to
surface losses computed by the survey mentioned 2
and would constitute the totai heat transferred froi
system surfaces and will be known as the heat output fre
radiation and convection.

4.8.4 Sensible Heat in Residue — Determina

‘I

The heat output of all residue that is not carried
from the system with the gas is determined by muk
plying the quantities by the specific heat and the ap_
priate measured temperature minus the reference
temperature.

4.8.4.1 Residue — Quantity Méasurement

The total quantity of residue for the test p-~i.
shall be collected and weighed. If the residue is quer
in water, the residue shall be weighed wet to provide d
for the determination of the quench water material bal
ance. :

The weigh scale should be calibrated prior .
and after the test in accordance with [& A PTC 19.5: 1
on Weighing Scales.
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4.8.4.2 Residue Sampling”

Representative samples of the residue shall be ob-
tained in the following manner:

"(a) ashovel sample be taken every 10 minutes
with consideration for the total residue
required.

(b) from units of 24 tons per day (24 hours)
capacity up to 500 tons per day (24 hours),

the total sample shall be approximately 1 per-

cent of waste input to the incineration system.

(¢) from units above: 500 tons per day (24 hours),
the total sample shall be approximately % of

1 percent of waste input to the incinerator.

(d) include in the total residue sample proper
proportions, if applicable, of residue water
trough “skimmings™ and “settlement”

material.
4.8.4.2.1 Residue — Sample Preparation

Shredded sample is to be quartered down to
four samples of 10 pounds each. One (1) for moisture

0.2 Btu/Ib°F (see Appendix 1, Par. 7.1) the weight of dry
residue, the temperature rise of the residue above the

reference temperature, plus the heat removed with the
residue moisture.

4.8.4.3 Grate Siftings — Quantity Measurement

The total quantity of grate siftings shall be
collected and weighed after the test period or more often
if required. If grate siftings are normally discharged to the
residue hopper, they may be measured with the residue.
The weigh scale shall be calibrated prior to and after the
test in accordance with I&A PTC 19.5;1 on Weighing
Scales.

4.8.4.3.1 Grate Siftings — Sampling and
Preparation

Representative samples of the grate siftings
shall be taken and prepared following procedures in Par.
4.8.4.2.1. Good sampling principles should be observed
and care should be cxercised to prevent moisture loss or
gain during sampling and shipment to the laboratory by
placing the samples in air-tight, noncorrosive containers.

tion; one (1) made available to the responsible contractor;
and one (1) for laboratory processing (see Par. 4.3.3).

Dry the sample for laboratory processingand:
spread on a clean piece of plastic sheet. Ferrous material
should be removed by passage of a strong magnet over the
sample:: weigh this ferrous material and set it aside. The
obvious non-ferrous metal, glass, stone and ceramic should
be removed from the remainder, weighed and set aside.

The prepared sample (remainder) should then
be forwarded to the laboratory for the higher heating value
determination (see Par. 4.4). The heating value of the sam-
ple must then be corrected to reflect the weight of non-
combustibles previously removed.

4.8.4.2.2 Residue — Analysis: Moisture
Determination

_ The moisture content of half of each sample
shall be determined in accordance with the standard
methods ASTM D 3176, 3180. If performance is to be
determined by heat balance method, the dried sample will
be used for the complete laboratory analysis in accord-
ance with this standard. The remaining half of cach sam-
ple shall be stored in sealed containers for arbitration.

4.8.4.2.3 Residue — Sensible Heat

The sensible heat in the wet residue shall be
determined by the average dry residue specific heat of

(V]

1

4.8.4.3.2 Grate Siftings — Analysis: Moisture
Determination

Follow same procedure as outlined in Par.
4.8.4.2.2.

4.8.4.3.3 Grate Siftings — Sensible Heat

If sifiings are not combined with residue,
sensible heat of the siftings shall be accounted for by fol-
lowing the same procedures as outlined in Par. 4.8.4.2.3.

' 4.8.4.4 Quench Water Solids — Quantity
Measurement

The quantity of solids in the quench water shall
be determined in accordance with the ASTM D 1888,

Test for Particulate and Dissolved Matter in water.

4.8.4.4.1 Quench Water Solids — Sampling

Representative samples of the quench water
must be collected hourly during the test and after mixing

draw off onc liter sample for laboratory analysis by
ASTM D 1888.

4.8.4.4.2 Quench Water Solids — Analysis

These solids must be: analyzed for combustible

matter and the heat loss computed for inclusion in Par.
5.3.1.1.1 (sec Par. 4.4).
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4.8.4.4.3 Quench.Water Solids — Sensible Heat

Follow the same procedures as outlined in Par.

4.8.4.2.3.

4.8.4.5 Flue Dust — Quantity Measurement

The flue system must be clean of dust accumu-
lations prior to the test.

The hoppers ol the gas cleaning equipment shall
be cleaned prior to the test. The entire quantity of dust
collected by the gas cleaning equipment during the test
shall be weighed. The weigh scales shall be calibrated
prior to and after the test in accordance with I&A, PTC
19.5:1, on Weighing Scales.

4.8.4.5.1 Flue Dust — Sampling

Representative samples of the various flue
dust collected during the test and large enough to allow
laboratory analysis shall be placed in air-tight noncorrosive
containers with care being exercised to avoid moisture loss
or gain.

4.8.4.5.2 - Flue Dust — Analysis: Moisture
Determination

4.8.5.3 Stack Dust — Analysis: Moisture Deter-
mination

The moisture content of each sample shall be
determined using the same procedure set forth in Par.
4.8.4.2.2.

4.8.5.4 Stack Dust — Sensible Heat

The sensible heat in the wet stack dust shall be
determined by taking the average dry stack dust specific
heat 0.2 Btu/Ib°F (see Appendix Par. 7.1.) the weight of
the total dry stack dust, the temperature rise of the wet
stack dust above the reference temperature, plus the
heat removed with the stack dust moisture.

4.8.6 Heat Transferred to Cooling Water —
Determination

This output is determined by the flow measure-
ment multiplied by the specific heat and the difference
between the inlet and outlet water temperature.

4.8.6.1 Cooling Water — Quantity Measurement

The total quantity of water entering into and dis-
charged from each water circuit of the incineration system

The moisture content of each sample shall be
determined using the same procedure set forth in Par.
4.8.4.2.2.

4.8.4.5.3 Flue Dust — Sensible Heat

The sensible heat in the wet flue dust shall be
determined by taking the average dry flue dust specific
heat 0.2 Btu/lb°F (see Appendix Par. 7.1.) the weight of
the total dry flue dust, the temperature rise of
flue dust above the reference temperature, plus the heat
removed with the flue dust moisture.

waot

'y N
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4.8.5 Sensible Heat in Stack Dust — Determination

The heat output of stack dust that is carried from
the system with the gases is determined by multiplying
the dust quantity by the specific heat and the appropriate
measured temperatures (at Point 7. 8 or 10), minus the
reference lemperature.

-4.8.5.1 Stack Dust — Quantity Measurements

The quantity of stack dust emitted shall be
calculated from the dust concentration sample and the
total quantity of gases leaving the incineration system

(see PTC 38).
4.8.5.2 Stack Dust — Sampling

The collected stack particulate sample used in
Par. 4.8.5.1 above is the stack dust sample.

boundary (Fig. 1) shall be measured. Flow rates shall be
measured by calibrated volumetric tanks, weigh tanks,
weirs, venturi meters, orifices or nozzles. Flow measure-
ments should be made by personnel trained and exper-
ienced in the principles outlined in ASME Fluid Meters.

This heat output is computed from cooling water

quantities, the specific heat
perature rise of each flow.

4.9 Reference Conditions

4.9.1 Reference Air Temperature = tga (*F). This
is the base temperature to which the sensible heat losses
and credits are compared for the efficiency computations
of the incinerator. If hcat is added to the combustion air
ahead of the forced draft fan, corrections for this heat
must be made to the measured air at location 5 to obtain
tR 4 If the temperature entering the forced draft fan,
which closcly approximates the ambient conditions about
the unit, is not used, the base to which all computations
must be related, tg 4, must be the measured ambient air
temperature entering the system. This differs from the
standard air temperature that may be used in some
computations such as gas supply, standard air density,
etc. The reference air temperature is actually the base
temperature to which all computations must be related
in the heat balance and input/output calculation in the

" incinerator test.

26



[——

LARGE INCINERATORS

4.9.2 Reference Pressure

The reference pressure to be used in adjusting the
test for variations in elevation and barometer changes will
be read at least hourly during the test. This is to be from a
barometer in the vicinity of the incineration system under
test. It will be observed on astandard barometer in accord-
ance with I&A, PTC 19.2 — Pressure Measurements. The
measurements should be taken when possible in the
vicinity of the measurement station for reference tempera-
ture and test humidity or in a reasonable proximity of

“Point 5 on Fig. 1.

4.9.3 Test Humidity and Moisture in Combustion
Air
The moisture carried by combustion air must be tak-
en into consideration when calculating the efficiency by
the heat balance method. This moisture may be determin-
ed with the aid of a sling-type psychrometer or similar

device. From the dry and wet bulb thermometer readings
taken from the psychrometer at the observed barometric

pressure, the absolute or specific humidity (pounds of
moisture per pound of dry air) can be determined either
from the chart published in I&A, PTC 19.18, Humidity
Determination, or from psychrometic tables published by
the U.S. Weather Bureau. The average value so deter-
mined is the test humidity. The dry and wet bulb tempera-
tures may be determined at the atmospheric air inlet to
the system, Point 5 on Fig. 1. Thisis possible since the
desired quantity is pounds of moisture per pound of dry
air for combustion. Since the specific humidity does not
change with heat addition unless there is moisture addi-
tion, the air moisture crossing the envelope, Fig. 1, is the
same as that measured at the air inlet

at L 22 221aCL.

4.10 Efficiency of Incinerator Systems by Heat
Balance Method — Determination

The Heat Balance Method relates the incomplete
combustion losses to the input on a pound of “As Fired”
waste charged.

4.10.1 Losses

4.10.1.1 Determination of Hydrogen and
Hydrocarbon Loss

A review of available methods and instrumen-
tation as applicable to this Code, indicated that the
measurement of hydrocarbons and hydrogen in incin-
erator flue gas cannot be accurately determined in the
field. Accurate determinations of these components may
be obtained by laboratory analysis of gas samples collected
during the test, but it is considered adequate for this test
procedure to use a value of twice the heat loss due to carbon
monoxide (L) as the chemical heat loss in the dry flue

gas (L"), (see Par. 4.10.1.3). This is based on the fact
that there are available and currently in use for flue gas
analysis, accurate, continuous measuring instruments for
CO in the range of 0 to 2,000 parts per million by vol-
ume. If the CO exceeds 2,000 parts per million, the

operation of the system should be reviewed and optimized.
This may require retesting.

4.10.1.2 Determination of Losses Due to Incom-
plete Combustion in Output Solids

The chemical heat in the total dry solid residue
per pound must be computed by proportioning the various
laboratory heating value determinations by the weight
rate of pit residue, grate sifting, flue dust and stack par-
ticulates proportioned per pound of “As Fired” waste. The
quantity measurement and the appropriate sample taking
have been covered in Pars. 4.84,4.8.4.3,4.8.4.4 and
4.8.4.5 and will not be repeated here. Once the appro-
priate samples have been taken and forwarded to the labor-

atory, the heat content of the solids can be established by
the laboratory.

4.10.1.2.1 The heat value of the output solids
shall be determined by bomb calorimeter. The heat value
determination should be made for each of the output
samples, rather than a single composite sample. The com-
posite loss then may be determined by muitiplying the
determined values by the proportional weight of each of
the quantities of pit residue, grate sifting and flue dust

4.70.1.2.2 The heat-value determination of

the solids shall he made in accordance with the Test Code

for Solid Fuels PTC 3.2, ASTM D 3176, 3180, and D
2015. This is a heat value determination by bomb calori-
meter. The laboratory shall make a minimum of three
determinations to insure reasonable agreement before
averaging.
4.10.1.3 Determination of Carbon Monoxide
Loss

Carbon monoxide loss is determined by measur-
ing the carbon monoxide present in the flue gas by an
accurate continuous measuring instrument and multiply-
ing the quantity per pound of “As Fired” waste (see
Par. 5.3.1.2.1) by the heating value of carbon monoxide.
(See PTC 19.10 on Flue and Exhaust Gas Analysis.)

4.10.2 Input

The heat input determination follows the procedures
of Par. 4.3 Input Measurement and Par. 4.7.4 Heat Credits.
Lo convert to the per pound of “As Fired” waste basis,

divide these values by the rate of “As Fired” waste charged.
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‘SECTION 5, COMPUTATION OF RESULTS

5.1 The following computation procedures are for determining the efficiency of an incinerator by
both the input-output and the heat balance methods for the actual operating conditions of the tests.
When a comparison is to be made between test efficiency and a standard or design efficiency, adjust-
ments should be made in computations for deviation of test conditions from the standard or design
conditions. Each computation subject to adjustments is so noted in the following section, and the

procedure for adjusting is as described under “Corrections to Standard or Design Conditions,” Par.
5.4. '

5.2 Efficiency by Input-Output Method. (Refer Fig. 2)

7= OIutEut 100
nput
Output is defined as the amount of heat released in the incineration process including heat
absorbed by the heat recovery fluid (if used), the heat content of the effluent gas (sensible plus
latent), the sensible heat content of the pit residue, grate siftings, flue dust and stack dust, and heat
absorbed by the cooling water leaving the system boundary. See Figs. 1 and 2.

Input is defined as the heat of combustion based on the high heating value of the waste and
supplementary fuel if required, plus heat credits contributed by the applicabic influent streams.

521 0
oute Qout
=2 100 = : 100
K e H, Wy, + Hy Wy, 7 5Be

Where 71 (%) = Efficiency

Qout, (Btu/hr) = Output-Heat content of the materials leaving the system boundary.

521.1
Qouie = Pye * QGe * Qge + Op * Qde * Cue
5.21.1.1
Qye (Btu/hr) = Rate of heat removed by the heat recovery fluid as determined
by test (see PTC 4.1).
5.21.1.2

QGe (Btu/hr) = Heat in the flue gas.

WF WF
Qe = ¥ 10¢ [—%’ (’lcoz.lo-hcoz,k)"—%ﬂ] (h0,,10-h0,,R)

WFco,10 WFN, .10
28 (hco0-kco,R) +—5"— (bN,,10 - kN, R)

* 15 (hm,lo'hm,k)]

Note: Sensible heat of hydrocarbons is considered negligible. For systems producing a fuel gas, the
hydrocarbons sensible heat must be added.
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52.1.1.2.1 Pz, 10 (b/hr) = Weight rate of flue gas (Point 10)* See Par. 4.8.2.]

The weight rate of the flue gas can be determined by either of two methods. The method selected
will depend on the accuracy and availability of the various required data.

METHOD A
WG,IOe = 3600 UG. 10 (!10 70’ 10
3600 = Number of seconds per hour.
Ug 10 (ft/sec) = Ductvelocity (Point 10) by measurement. See PTC 38.
ayq (ft?) = Internal duct area (Point 10).
¢, 10 (b/ft>) = Specific weight of flue gas (Point 10).
Mcpio

7 - ZGPI0 144

G,10 R,T10 (144)

Mg (1b/lb mol) = Molecular weight of flue gas.

Mg = (44.01 CO, +32.00 0, + 28.01 CO + 28.02 N, +18.02 7,,) %ﬁ

= v, , v, ' V ' v,
€O, =CO 1-l);0 =0 (1-—-"‘);co=co (1——"');N =N (1--2>
22(1002’100 100/ " \'"100

Vm = Percent by volume of moisture in flue gas is equal to the partial

pressure of the water vapor divided by the total pressure multi-
plied by one hundred (100). (See Section 4, Par. 4.8.2.2)

From Orsat or equivalent analysis for CO,’, 0,',CO’, N’ in percent by volume.
Where: N;' =100-(CO,’' + 0, + Co)
Note: Hydrocarbons included with N,’.
P19 (b/in.?) = Absolute pressure at Point 10, Fig. 1.
144 = Number to convert pressure to pounds per square foot.
R, (ft-Ib/Ib mol °R) = 1545 Universal Gas Constant.
T10("R) = Absolute temperature at Point 10, Fig. 1.
METHOD B
#6,10 ¢ (Ib/hr) = Weight rate of flue gas (Point 10).*

WC,IOe = (WG'rj; 10t WmAcf + Werf + erf)(u{-e t er) + er + K,

wve
or
=W w 4 Vim
Where: - C',IO( re ¥ fe) 1+m>

Wery, 10(1b/lb) = Pounds of dry flue gas per pound of combined “As Fired”’ waste and supplementary fuel.
W - | 44.01(CO,y0) + 28.01 (CO%9) + 32.00 (0,.10) + 28.02 (N2,10) x| ¢ .+ 1201 S
G'rf, 10 12.01 (CO, 30 + COlo) brf © 3307 f

The derivation of this equation is presented in Appendix Par. 7.4,
Where:

C02:10; CO%o; 02:10 and Nz,'m are in percent and obtained from an Orsat or equivalent analysis of the
flue gas at Point 10,

*May be Point 7, 8 or 10 — as the specific system indicates for best results.



ASME PERFORMANCE TEST CODES

Cpry (Ib/Ib) - - = Pounds of carbon burned per pound of combined “As Fired” waste and supplemen-
tary fuel.

Cbrf = le - Ci

Cr(Ib/lb) = Pounds of carbon per pound of combined “As Fired”” waste and supplementary fuel.

By laboratory analyses determine the carbon in both the waste and the supplemen-
tary fuel and combine these values in proportion to their flows.

C; (ib/lb) = Pounds of unburned carbon in the total residue including flue dust per pound of
combined “As Fired” waste and supplementary fuel.

S,r(1b/1b) = Pounds of sulfur per pound of combined “As Fired” waste and supplementary fuel.
By laboratory analysis (similar to C,r above).

Winarf (ib/1b) = Pounds of moisture in the combustion air per pound of combined “As Fired” waste
and supplementary fuel.

Wnarr = my(Wyry)

my (lb/lb) = Pounds of water vapor per pound of dry air from psychrometer readings at location
5 and psychrometric charts.

Wy'rp (Ib/1b) = Dry air entering the system per pound of combined “As Fired™ waste and

supplementary fuel. :

' 12.01 .
W _ 1 28.02 (N2') (Gyy* 32.07 5f)|- Nysp  This equation is based upon the derivation
A~ 0.7685 12.01 (CO,' + CO") presented in Appendix Par. 7.4.

Where the various measurements are obtained in the same manner as indicated in the equation for WG !rf00
above, the only additional value required is Nis:

N (1b/lb) = Pounds of nitrogen per pound of combined “As Fired” waste and supplementary
fuel. By laboratory analysis determine the nitrogen in both the waste and the
supplementary fuel and combine these values in proportion to their flow rates.

W H, s (b/1b) = The pounds of moisture formed by the combustion of the combined “As Fired™

0 waste and supplementary fuel.
Wmﬂrf = Hr X 89365

H, (Ib/1b) = The pounds of hydrogen burned per pound of combined “As Fired” waste and
supplementary fuel.

8.9365 = Number of pounds of moisture formed by the combustion of a pound of hydrogen.

Py (Ib/1b) = Pounds of moisture per pound of combined fuel by laboratory analysis (similar to
C,r above).

W, (Ib/hr) = Waste charging rate determined per Par. 4.3.2.

s (b/hr) = Supplementary fuel firing rate determined per Par. 4.7.

W,, (Ib/hr) = Atomizing steam flow rate determined by methods presented in ASME Research

‘ Publications: Fluid Meters — Their Theory and Application.
W, e (Ib/hr) = The rate of quench water evaporation determined by direct measurement of the

input and output flows to the various quenching and scrubbing chambers.

521122 WF'C()2
WFco,

Weight fraction of CO, in wet flue gas.
44 CO3/M¢ (See Par. 5.2.1.1.2.1 for determination of CO, and M)
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In similar manner the weight fractions of the other flue gas constituents can be computed.

65.21.1.23 hco, 10 (Btu/lb mol) = Enthalpy of carbon dioxide at Point 10 on Fig. 1
(obtain from gas property tables).
5.2.1.1.24 hco, ;r (Btu/ib mol) = Enthalpy of carbon dioxide at the reference conditions

(see Par. 4.9, obtain from gas property tables).

In similar manner the enthalpies for the other flue gas constituents can be computed with the exception of

water vapor which shall be determined as the enthalpy of water vapor at one (1) psia and ). The reference
enthalpy of moisture (hmR ) is the saturated liquid enthalpy at tp 4.

5.2.1.1.3 Qg (Btu/hr) = Heat output due to radiation and convection (see Par. 4.8.3.),

Ope = Ope, * Qﬁe: — — — Ugen = The heat output due to radiation and convection
is the sum of the heat transferred to the sur-

roundings outside the system boundary from
the various incinerator system surfaces.

OBen = "Bnan(tn - t)

Osen (Btu/hr) = Heat transfer by radiation and convection to the surroundings
outside the system boundary from the incinerator system surface n.

Ug, (Btu/hr ft2°F) = Coefficient of heat transfer from incinerator system surface n.

This value is determined from Fig. 4.

o, (ft*) = Area of incinerator system surface n.
t, CF) = Average temperature of surface n (see Par. 4.8.3).

tqy °F) = Average ambient temperature to which incinerator surface heat is

transferred.
COMBINED CONVECTION AND RADIATION HEAT TRANSFER
COEFFICIENT
60 I //

50

The iiterature of heat transfer carries-many
experimental correiations of heat transfer
similar to that experienced by an incinerator
surface. This graph is a plot of at least two of
the more popuiar equations for this type of
heat transfer. This equivalent combined
radiation and convection fiim coefficient of
heat transfer for naturai convection in parallel
action with radiation was calculated and plotted
by assuming an ambient temperature of 70°F,
an emissivity of 0.9 and that the heated surface
giving up the heat is enciosed in a building.

If the surface is outside and subject to varying
10 wind velocity, these values would be modified.

40f

UPWARD FACING
FLAT PLATE

3.0

" ~~VERTICAL FLAT FLATE
20

o] 100 200 300 400 500 600

(twall - Gir °F

4g — COEFFICIENT OF HEAT TRANSFER — BTU/(FT* HR°F)

FIG. 4
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521.1.4 Qp, (Btu/hr) = Sensible heat output of residue and grate siftings. This calculation

assumes combined grate siftings and residue; if they are not combined, use Point 23 on Fig. 1 and compute
separately.

Qpe = Op'e * Ompe _
Qp'e (Btu/hr) = Sensible heat output to dry residue and grate sifting.
Qp'e (Btu/hr) = Woro(cpp'X(tp, 17 - tRA)
Wp:, (Ib/hr) = Weight rate of dry residue.
Ppe = (1 -mp) W,
mp (Ib/hr) = Pounds of moisture per pound of wet residue from laboratory analysis.
Wp, (Ib/hr) = Weight rate of wet residue.
Cop’ (Btu/Ib°F) = Specific heat of dry residue, use 0.2 (see Appendix Par. 7.1).
- tp 17 CF) = Temperature of residue after quenching.

tp4 CF) = The reference temperature to which sensible heat losses and credits are
compared for efficiency computations (see Par. 4.9).

Ompe (Btu/hr) = Sensible heat output of residue and grate siftings moisture.
Ompe Bru/hr) = Wppe (Gom) (¢, 17 = tRA)

Wnpe (Ib/hr). = Weight rate of residue moisture.

Wenbe = Wpemp

Wp, (Ib/hr) = Weight rate of wet residue.

mp (Ib/hr) = Pounds of moisture per pound of wet residue from laboratory

analysis.
-] .
cpm (Bw/lb°F) = Specific heat of water; use 1.0
to 2w (°HY = Temnerature of regidue after auenching
*r, \*/ proRTmees T R SAERARRt memE Y Dty -

7
tr4 CF) = The reference temperature to which sensible heat losses and credits
are compared for efficiency computations (see Par. 4.9).

Q4. (Btu/hr) = Sensible heat output in collected flue dust and stack exit dust.

Qde = Q4,200 * Ca,21e * Ca,22¢ * 4, 10e

Q4,20e: 04, 21¢° O, 220 (Btu/hr) = Sensible heat in the collected flue dust
(sce Fig. 1).

6521151
=== Q4,20 Btu/hr) = Oy 29, * Omd,20-

Ca’,20e (Btu/hr) = Sensible heat in dry hopper dust at Point 20.
Q4200 (Bu/hr) = Wp 50, (cpg)(td,20 - LRA)

Hy: 29, (Ib/hr) = Weight of dry dust at Point 20.

i 20e = (1= my 20) Wy 20.

my 29 (Ib/lb) = Pounds of moisture per pound of wet flue dust from laboratory
analysis.
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H; 20e (Ib/hr) = Weight rate of wet flue dust.

Ga’ (Btu/lb°F) = Specific heat of dry dust; use 0.2 (see Appendix 1 Par. T.0).
t2,20 CF) = Temperature of wet dust. '

tr4 CF) = Reference temperature (see Par. 4.9),

de,20e (Btu/hr) = Sensible heat of the moisture of wet hopper dust at Point

Omd,20¢ (Btu/hr) = Brnd, 200 (Som) (84,20~ tr)
W

md,20e (Ib/hr) = Weight rate of moisture in flue dust.

20

md, 20 = mg 20 20,

See above for my 99 and %,20‘_,

¢m (Btu/lb°F) = Specific heat of water; use 1.0.
See above for t3.90 and tp 4

Note: Same calculation applies to 04,21 and @, 29,

5.21.1.5 .
221.1.52 Q4,10 (Btu/hr) = Sensible heat in stack exit dust (see Fig. 1).

Qu,10 Btu/hr) = Qg + Omd,10¢

Where:
0a:,10. (Btu/hr) = Sensible heat in dry stack dust at Point 10,
ry
Q10 = Fi10e(Gpa Xtaro - tra)
Where:
W1+ 10e (1b/hr) = Weight rate of dry stack dust measured at Point 10, Fig.
’ 1 (see PTC 38).
Cpq’ (Btu/Ib °F) = Specific heat of dry dust; use 0.2 (see Appendix 1 Par. 7.1).
t110 CF) = Temperature of dry stack dust at Point 10
tra CF) = Reference temperature (see Par. 4.9).
Omd,10¢(Btu/hr) = Sensible heat in the stack dust mois-

ture at Point 10, Fig. 1.
Omd,10e(Btu/br) = Wy 160 (com )t 10 - tR4)

ere:
Wmd.10e (Ib/hr) = Weight rate of moisture in stack dust as determined by
' methods of PTC 38.
cpm (Btu/lb °F) = Specific heat of water; use 1.0.
ta,10 CF) = Temperature at Point 10, Fig. 1.
tra (°F)

= Reference temperature (see Par. 4.9).
52.1.1.6 Quwe (Btu/hr) = Heat removed by cooling water.

Que = Qw,l4e + Quwl6e * Ow,l‘)e
Where:

Qu,14¢ (Btu/hr) = Sensible heat gain in charge chute cooling water at Point 14, F ig. 1
or a similar application.

Qw,l4e (Btu/hr) = w,14é(cpw )(tw,l‘i- ~t,13)
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Where:

Wy, 14 (Ib/hr)
¢puw (Btu/lb °F)
tw,14 CF)
tw,13 CF)

1

1

Charge chute or a similar cooling water flow rate.
Specific heat of water, use 1.0.
Temperature of waier at Point 14.

Temperature of water at Point 13.

Note: Similar calculations apply to Q,, 16, and Q,, 19,- Outlet water flows are used becausc the water
evaporated is included with stack gases and a correction is required (sec Par. 5.2.1.2.5.7). Where air
quenching is employed, the heat absorbed is accounted for with the flue gas heat.

5212
5.21.2 Qin (Btu/hr) = Input-Heat content of material entering the system boundary. This is
- the thermal capacity of the incineration system.
where:
Qine = HrWre + Hfoe + z:Be
52121 . AT .
H, (Btu/lb) = Heating value of “As Fired” waste determined by a laboratory
analysis following sampling and analysis procedures set forth in
Pars. 4.3.3, and 4.4.
52122 W, (Ib/hr) = “AsFired” waste charging rate; determined per Par. 4.3.2.
52123 He (Btu/Ib) = Heating value of supplementary fuel determined by laboratory
" analysis per ASME Performance Test Code Series on Fuels (PTC 3).
52124 We (ib/hr) = Supplementary fuel firing rate; determined per Par. 4.7.
52125 . .
—=—== ZB, (Btu/hr) = Heat credits to the system are those amounts of heat entering the
system boundary other than the ““As Fired” HHV of the waste an¢
supplementary fuel (see Par. 1.4.5).
Where:
2Be = Br'e + Bmm + Bfe + Bze + BA et BmAe + Bwe
521251 B,., (Btu/hr) = Dry waste sensible heat credit.
B, = u;'e(cpr') (4 - tR4)
If “As Fired™ waste is at the reference temperature credit is 0.
W, (Ib/hr) = Weight rate of dry waste charged.
Bre = W (1-m)
W, (Ib/hr) = Weight rate of “As Fired” waste; determined per Par. 4.3.2.
m, (Ib/lb) = Moisture in “As Fired” waste from laboratory analysis.
cpr (Btu/lb °F) = Average specific heat of dry waste, use 0.3 (see Appendix
: Par. 7.2). °
t; CF) = “As Fired” waste temperature.
tra CF) = Reference temperature (see Par. 4.9).
52.1.252

B_,,. (Btu/hr) = Heat credit of moisture in waste.

ere =m (Wre) (hw,l = hpy)
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If waste temperature is at the reference temperature, credit is 0.

m,_ (Ib/lb) = Moisture in waste from laboratory analysis.

B, (ib/hr)

""As Fired” waste charging rate (see Par. 4.3.2).
hy,1 (Btu/lb) = Enthalpy of liquid (moisture) in waste at the waste input temperature.

hRy (Btu/lb) = Enthalpy of saturated liquid (moisture) in waste at the reference temperature.
221253 By, (Btu/hr) = Supplementary fuel sensible heat credit. Foliow procedure
outlined in ASME PTC 4.1, Pars. 4.02 through 4.9 and

Par. 7.2.8.3.
B = Wrlcpp (b4~ tra) of Wo(cpp) (b3 - tR)
Where:
Bre (Ib/hr) = Supplementary fuel firing rate; determined as per Par. 4.7.

G (Btu/lb °F)=  Specific heat of supplementary fuel (see ASME PTC 4.1, Fig. 4 or 3).
tpg or.tey (°F) = Supplementary fuel inlet temperature.
tra CF) = Reference temperature (see Par. 4.9).

821254 B,, (Btu/hr) = Atomizing steam sensible heat credit.

Bze = er(hs.24 - th)
Where:

¥, (Ib/hr)

Atomizing steam flow determined by methods presented in ASME Research Publication:
Fluid Meters — Their Theory and Application.

hs’24 (BtU/lb)
hRu (Btu/lb)

Enthalpy of inlet atomizing steam.

Enthalpy of saturated vapor at reference conditions (tp4 and 1 psia, see Par. 4.9).

221255 By, (Btu/hr) = Heat credit supplied by dry entering air.

Bye = Wyelepa)tas = trg)

Note: This credit caiculation may not be Justified if ¢4 5 is reasonably close to the reference temperature
(tg 4) making the value of this credit negligible.

Where:

Wy (Ib/hr) = Dry air flow rate may be determined from the following: Par. 4.8.2.1.3; PTC 38,
Par. 1.22, 3.5, 4.4 and PTC 4.1, Par. 5.10.

or

Pae = WA'rf(WrP + uj"e)

B4 rr (Ib/1b) = Dry air entering system per pound of combined “As Fired” waste and
supplementary fuel.

‘ "l 12.01 This equation is based upon
W _ 1 28.02(N,) ((‘b'f ' 32.07 S'f) _ the derivation presented in
A'rf "~ 0.7685 12,01 (CO,’ + CO") ) Appendix Par. 7.4.

N2’ (% by volume) = Nitrogen in the dry gas.
See Par. 5.2.1.1.2.2 — f sat or equivalent
CO,' (% by volume) = Carbon dioxide in the dry gas. See Par. 5.2.1.1.2.2 ~ from Orsat or equivalen

analysis.
CO’ (% by volume) = Carbon monoxide in the dry gas.
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Cory (1b/1b)
Corf

C,f (1b/lb)
C; (Ib/lb)
S,¢ (Ib/1b)
N, (Ib/1b)

W, (Ib/hr)

cpa’ (Btu/lb °F)

tqs CF)
tra CF)

Where:

Wjre (Ib/hr)
h,s (Btu/Ib)

hg,, (Btu/lb)

521256

ASME PERFORMANCE TEST CODES

Pounds of carbon burned per pound of combined “As Fired* waste and
supplementary fuel.

Gr- G

Pounds of carbon per pound of combined “As Fired™ waste and supplementary
{uel. By laboratory analysis determine the carbon in both the “As Fired™ waste and
the supplementary fuel and combine these values in proportion to their flows.

Pounds of unburned carbon in the total residue including flue dust per pound of
combined “As Fired” waste and supplementary fuel.

Pounds of sulfur per pound of combined “As Fired” waste and supplementary fuel.
By laboratory analysis (similar to C,r above).

Pounds of nitrogen per pound of combined “As Fired™ waste and supplementary
fuel. By laboratory analysis (similar to C, above).

“As Fired” waste charging rate (see Par. 4.3.2).
Supplementary fuel firing rate (see Par. 4.7).

Specific heat of dry air (see PTC 4.1, Fig. 3) or use 0.24.
Temperature of dry air at Point 5.

Reference temperature (see Par. 4.9).

B, 4, (Btu/hr) = Sensible heat credit in air moisture.

BmAe = mA(uf‘l'e) (hs,S - th) ’

Pounds of water vapor per pound of dry air from psychrometer readings at location 5 and
psychrometric charts.

Pounds of dry air supplied per hour (see Par. 5.2.1.2.5.5 above).

Enthalpy of water vapor at iniet air conditions estimated as enthalpy of saturated water
vapor at t5 and 1 psia.

Enthalpy of saturated water vapor at tg 4 and 1 psia. (See Par. 4.9.)
5.21.25.7

B, (Btu/hr) = Credit for evaporated water (adjusting inlet water temperature
to reference temperature).

Bwe = Bw,2e +Bw,l3e +Bw.159 +Bw.lBe

To illustrate this computation the residue quench water evaporated will be used.

B, 15¢ (Btu/hr) = Sensible heat credit in water evaporated in quench tank and
removed with the residue.

Bw,lSc = (Ww,159 = Ww,l6e) (hw,ls 'th)

(Wy,15¢ = Wv,16e) = The moisture evaporated into the furnace and re-
moved with residue when using a closed quench
system. This must be modified for other systems.

W, 15¢(Ib/hr) = Measured weight rate of cooling water to quench tank, Point 15.

W, 16e (Ib/hr) = Measured weight rate of cooling water from quench tank,
Point 16.
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hy,15 (Btu/lb) = Enthalpy of entering cooling water at Point 15,

hgy (Btu/lb) = Enthalpy of water at tRA (see Par. 4.9),

5.3 Efficiency by Heat Balance Method (Refer Fig. 3 and Par. 4.10)

ZL L
=T -=—1X 100 = - X 100
[ | R

Where
n (%) = Efficiency

531
ZL (Btu/lb) = Total heat loss from the incinerator due to unburned organic combustibles
leaving the system per pound of “As Fired” waste.
ZL = LCi + LG'
L¢; (Btu/lb) = Chemical heat loss in the solid residue per pound of “As Fired™ waste (see
Par. 4.10.1.2).
5311
Lei = WpHp:
Bp (Ib/lb) = Weight of total dry residue, including pit residue, grate siftings, flue dust
and stack dust per pound of “As Fired” waste.
5.3.1.1.1
2L g wm,
Wp.e (Ib/hr) = Rate of total dry residue produced per hour.
e = (1-mp) Wp,
mp (1b/lb) = Moisture in total residue computed by properly proportioning and
combining the various laboratory moistures determined by the
weight rate of pit residue, grate siftings, flue dust and stack dust.
Wee (Ib/br) = Total rate of wet residue per hour from the residue pit, grate
siftings and flue dust plus the stack dust (see Pars. 4.8.4, 4.8.4.3,
4.8.4.4, and 4.8.4.5).
We (Ib/hr) = Rate of “As Fired” waste charged per hour determined per
Par. 4.3.2,
Hp: (Btu/lb) = Chemical heat in the total dry solid residue per pound computed
by proportioning the various laboratory heating value .
determinations by the weight rate of pit residue, grate siftings,
flue dust and stack dust (see Par. 4.10.1.2.1).
5312

L' (Btu/lb) = Chemical heat loss in dry flue gas.
Lo = (Ly + Lyo)* + Leg = 2Lgg
Ly (Btu/lb) = Chemical loss due to hydrogen in dry flue gas.

Lyc (Btu/lb) = Chemical loss due to hydrocarbons in dry flue gas.
(*See Par. 4.10.1.1)

37



ASME PERFORMANCE TEST CODES

5.3.1.2:1

Lo (Btu/lb) = Chemical loss due to the formation of carbon monoxide per pound
of “As Fired” waste. Where it is determined that CO is present in the
flue gas and cannot be eliminated by operating adjustments, the loss
is computed by either of the following procedures:

5.3.1.2.1.1

Where:

PROCEDURE | — CARBON MONOXIDE LOSS DETERMINATION

Veoe X 322
Leo = =g

e

Co

Veoe (Std ft2/hr) = Voo, 607

Vge (ft3/hir)

Vo'10e (£t%/hr)

Vei10e

Wg'10e (Ib/hr)
R, (ft Ib/mol °R)
528 (°R)

Mg’ (1b/lb mol)
MG'

The volumetric flow of the dry flue gas. This can be determined by either of two
methods. The method selected will depend on the accuracy and availability of
the required data.

METHOD A

The flow in standard cubic feet per hour of the dry flue gas at Point 10.*

- Ry 528 _ 5o (3854
G10e\Mg10 ) (144) 14.7) GA0e\ Mg'a0
= Pounds of dry gas flow at Point 10 (see Par. 5.2.1.1.2.1).

1545 Universal Gas constant.

Absolute temperature at which gas heating value was determined.

Molecular weight of the dry flue gas.
"= '(44.01 CO," + 32.00 0, + 28.01 CO' + 28.02 N, ") ]_é_ﬁ

CO,";0,";CO";and N, in percent by volume from Orsat or equivalent analysis of flue gas at Point 10.

144
14.7 (b/in.?)

VG:IOe (ft3 /hr)

V5 10

3600

Ug.10 (ft/sec)
ayg (sq ft)
528 (°F)

Tyo CF)

= Square inches per square foot.

= Absolute pressure at which gas heating value was determined.
METHOD B

= Dry flue gas flow at Point 10.*

528 |4
= 3600 Ug 19 “10(71'0> (1 - I&)

= Number of seconds per hour.
= Duct velocity (Point 10 by measurement; see Par. 4.8.2.1 and PTC 38).

= Duct internal cross-sectional area at Point 10.
= Absolute temperature at which gas heating value was determined.

= Absolute temperature at Point 10.

~ *May be Point 7, 8 or 10 — as the specific system indicates for best results.
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¥ (%) = Percent by volume of moisture in flue gas (see Pars. 4.8.2.2 and 5.2.1 1.2.1).

CO (%) = Volume of CO in the dry flue gas determination by continuous analyzer (see
Par. 4.10.1.3).

322 (Btu/Std ft3) Approximate heat content of carbon monoxide at 68°F and 1 atm.

B, (Ib/hr) = “AsFired” waste charging rate (see Par. 4.3.2).
5.31.21.2
PROCEDURE Il — CARBON MONOXIDE LOSS DETERMINATION

Lo (Btu/lb) = Chemical heat loss due to the formation of carbon monoxide per pound of “As
Fired” waste.

Where it is determined that CO js present in the flue

gas and cannot be eliminated by operating adjustments,
the loss may be computed as follows:

Where:
LCO = 4347 WCO
4347 (Btu/lb) = Heat released when burning one pound of CO to CO,.
Poo (Ib/1b) = Weight of CO in the flue gas per pound “As Fired” waste.
28.01 (CO") 12.01 .
/7 = &
co 1201 (CO, + CO") (Cbrf * 3207 Srf) [1 i

This equation involves the same assumption and follows the same derivative procedures presented in
Appendix Par. 7.4, :

Where:

CO' (%) = Volume of carbon monoxide in the dry gas (see Par. 4.10.1.3).

CO." (%) = Volume of carbon dioxide in the dry gas by Orsat or equivalent analysis,

Corr (Ib/ib) = Pounds of carbon burned per pound of combined “As Fired” waste and
supplementary fuel (see Par. 5.2.1.2.5.5).

Cory = Gy~ G

Gy (Ib/lb) = Pounds of carbon per pound of combined “As Fired” waste and supplementary
fuel. This value is computed from laboratory analysis of the carbon in both the
“As Fired” waste and the supplementary fuel and combining these values in
proportion to their flows.

C; (1b/lb) = Pounds of unburned carbon in the total dry residue per pound of combined “As
Fired” waste and supplementary fuel. It is computed by proportioning the
various laboratory carbon determinations by the weight rate of pit residue, grate
siftings, flue dust and stack dust.

Srr (Ib/lb) = Pounds of sulfur per pound of combined “As Fired” waste and supplementary
fuel computed in a manner similar to C,r above.

Wel W, = Ratio of the weight rate of supplementary fuel fired to weight rate of “As Fired”
waste (see Pars. 4.3.2 through 4.7).

532
Oin (Btu/lb) = Input-Heat content of material entering the system boundary per pound of “As

Fired” waste charged.
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Qin
5321
H, (Btu/lb)

5322
Hj (Bru/Ib)

5323
Wre ! We

5324
ZB (Btu/Ib)

ZB
Where:
53.24.1
B, (Buu/lb)
B.
¥’ (Ib/1b)
'
m, (Ib/lb)
c'pr (Btu/Ib °F)
y CF)
tr4 CF)
53242
B, (Btu/lb)
er
Where:
m, (Ib/lb)
k1 (Btu/lb)
hg . (Btu/lb)
53243
By (Buu/lb)

By
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Higher heating value of the “As Fired” waste; determined per Pars. 4.3.3, 4.4,
4.5 and 4.6.

Higher heating value of supplementary fuel; determined per ASME Performance
Test Code Series on Fuels, PTC 3.

Ratio of the weight rate of supplementary fuel fired to weight rate of “As Fired”
waste (see Pars. 4.3 through 4.7).

Total heat credits added to the incinerator system per pound of “As Fired”
waste.

Br'+er+Bf+ Bz+BA’+ BmA + Bw

Dry waste sensible heat credit per pound of “As Fired” waste.

B ()01 - tRa)

Pounds of dry waste charged per pound of “As Fired” waste.

a-m,)

Pounds of moisture per pound of “As Fired” waste (from laboratory analysis).
Average specific heat of dry waste use 0.3 (see Appendix Par. 7.2).
Temperature of waste at Point 1.

Reference temperature (see Par. 4.9).

‘Sensible heat credit in waste moisture per pound of moisture in “As Fired” waste.

m, (hw,l = hRy)

Moisture in the “As Fired” waste from laboratory analysis.
Enthalpy of water (moisture) in the “As Fired” waste.

Enthalpy of water (moisture) at the reference temperature (tg 4); see Par. 4.9.

Supplementary fuel sensible heat credit per pound of “As Fired” waste. Follow
procedures outlined in ASME PTC 4.1, Sections 4.2 through 4.9.

Br (cpp) (tr4 = tra) or Wy (cpp) (3 ~ tRA)
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Where:

W; (1b/lb) = Pounds of supplementary fuel fired per pound “As Fired” waste.

u,}f = ‘er/u:'e

Weel W, = Ratio of the weight rate of supplementary fuel fired to the weight rate of “As
Fired” waste (see Par. 5.3.1.2.1.2).

cpr (Btu/lb °F) = Specific heat of supplementary fuel; see ASME PTC 4.1 F ig. 4 or 5 for oil and
gas and use 0.3 for coal.

tr3 or tey (°F) = Supplementary fuel inlet temperatures.

tra CF) = Reference temperature (see Par. 4.9).

53244

B, (Btu/Ib) = Atomizing steam sensible heat credit per pound of “As Fired” waste.

B, , = % (hy,24 - hRy,)

WV, | = Ratio of the weight rate of atomizing steam to the weight rate of “As Fired” waste.

ks 94 (Btu/lb) = Enthalpy of inlet steam.

kg, (Btu/lb) = Enthalpy of saturated vapor at tp 4 and 1 psia (see Par. 4.9).

53245

By (Btu/lb AF waste) = Heat supplied by dry entering air credit per pound of “As Fired” waste.

By = Wary (a')tas - tra)(1 + W)

Wy (b/lb) = fWeilght of dry air per pound of combined “As Fired” waste and supplementary
uel.

s N~ 12.01 _\ )
48.04 (IQZ ) \('blf + W S’f} _ N'f
12.01 (CO; + CO'y

(

1
Wary = 0.7685<
(

N2' (%) = Volume of nitrogen in the dry gas
CO,' (%) = Volume of carbon dioxide in the dry gas From Qrsat or equivalent
analysis.

CO’ (%) = Volume of carbon monoxide in the dry gas

Cory (Ib/lb) = Pounds of carbon burned per pound of combined “As Fired” waste and
supplementary fuel.

Corf = Gr- G

Gy (Ib/lb) = Pounds of carbon per pound of combined “As Fired” waste and supplementary
fuel. By laboratory analysis determine the carbon in both the “As Fired” waste
and supplementary fuel and combine these values in proportion to their flows.

C; (Ib/Ib) = Pounds of unburned carbon in the total residue including flue dust per pound of
combined “As Fired” waste and supplementary fuel.

S (Ib/lb) = Pounds of sulfur per pound of combined “As Fired” waste and supplementary

fuel. By laboratory analysis determine the sulfur in both the “As Fired” waste
and supplementary fuel and combine these values in proportion to their flow rates.
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N (1b/1b) = Pounds of nitrogen per pound of combined “As Fired” waste and supplementary
fuel. By laboratory analysis determine the nitrogen in both the “As Fired” waste
and supplementary fuel and combine these values in proportion to their flow rates.

¢pa’ (Btu/lb °F) Specific heat of the dry air (see PTC 4.1, F ig. 3 or use 0.24).

f

tys (°F) = Temperature of dry air at Point 5.

trq CF) = Reference temperature (see Par. 4.9).

W; (1b/1b) = Pounds of supplementary fuel fired per pound of “As Fired” waste (see Par.
5.3.2.4.3).

5.3.24.6

B,.4 (Btu/lb) = Heat credit supplied by the moisture in entering air per pound of “As Fired” waste.

Bna = my (Warp)hss - hp,)(1 + W)

Where:

my (lb/lb) = Pounds of water vapor per pound of dry air from psychrometer readings at
location 5 and psychrometric charts. -

W grr (1b/1b) = Pounds of dry air supplied per pound of combined “As Fired” waste and supple-

mentary fuel (see Par. 5.3.2.4.5).
hs5 (Btu/Ib)

Enthalpy of water vapor at inlet air conditions estimated as enthalpy of saturated
water vapor at t5 and 1 psia.

hg, (Btu/lb) Enthalpy of saturated water vapor at tp 4 and 1 psia (see Par. 4.9).

W (1b/1b) = Pounds of supplementary fuel fired per pound of “As Fired” waste (see Par.

5.3.2.4.3). :
53247

B, (Btu/lb) = Evaporated water credit per pound of “As Fired” waste.

B, (Btu/lb) = B, /W,

B, (Btu/hr) = Credit for evaporated water per hour (adjusting inlet temperature of evaporated
water to reference temperature — see Par. 5.2.1.2.5.7).

.. (Ib/hr) = Pounds of “As Fired” waste charged; determined per Par. 4.3.2.

5.4 Corrections to Standard or Design Conditions

Correction to heat credits and outputs,
5.4.1
Corrections to standard or design conditions are made by substituting the standard temperature,
or design temperature, for the test reference temperature (tp 4) in all applicable equations.
Input-Output Method

The substitution is made in both the output equation (Par. 5.2.1.1) and the total heat credit equation
(Par. 5.2.1.2.5). Substitute the recomputed values in the efficiency equation (Par. 5.2.1) and determine the
standard or design efficiency.

Heat Balance Method

The substitution is made in the total heat credit equation (Par. 5.3.2.4). Substitute the recomputed value
in the cfficiency equation (Par. 5.3) and determine the standard or design efficiency. This standard, or
design, efficiency allows a comparison with the test cfficiency.
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SECTION 6, REPORT OF RESULTS

The purpose of this section is to provide a convenient
form for the reporting of test results. It is not intended to
serve as a guide for determining the readings that should
be taken. Some incidental readings which have no particular
significance but which may be necessary for the computa-
tions, have been omitted. These data may be included, or
other data added, if desired. The section is divided under
headings which make it convenient for selecting those
groups of items which are applicable. Standardization of
forms is of great convenience to. those who study or use
reports. It is, therefore, recommended that this section be
used with as few modifications as possible.

6.1 General information

Date

Plant Designation and Location

Unit Designation

Owner

System Designer

Responsible Contractor

Description of Equipment (including boundary
diagram)

Test Engineer (including affiliation)

Observers

Object of Test

6.2 Operating Conditions

The complete test report shall contain a general descrip-
tion of relative conditions at the time of the test. These
conditions shall be set down in an operational log. This log
shall contain data sheets plus normal and special observa-
tions with measurements taken during the test.

6.2.1 Test Log Form

The operational log shall contain, but shall not be limited
to the following:

6.2.1.1 Waste characteristics and preparation,
general description of the waste and special preparation
necessary for this test. Record any unusual variation in
waste composition and metallic oxidation factor (if used).

6.2.1.2 Ambient Conditions

(a) Temperature

(b) Relative humidity

(c) Barometric pressure

(d) General description of test conditions

6.2.1.3 Supplementary Fuel
(a) Type
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(b) Method of introduction
(c) Heating value

6.2.1.4 Duration of Test

() Time and date of start of test
(b) Time and date of finish of test

6.2.1.5 Unusual Conditions

Any deviation or inconsistencies in the normal operat-
ing conditions should be recorded.

6.2.1.6 Stabilization Period

(a) Conditions observed — flame pattern, grate

loading, gas temperatures, feed rate, steaming
rate, etc.

(b) Length of time between the establishment of
stabilized test conditions and start of the test.

6.2.1.7 Personnel

Record the names of key testing and operating per-
sonnel with their duties.

6.2.2 Normal Plant Operating Logs

During the normal operating periods, the plant person-
nel usually compiles a day-to-day log. These logs should
be photocopied and added to the test log.

6.2.3 Statement on Genersl Conditions

A statement of general over-all conditions prior to

during and after the test should be recorded. Any changes
in these conditions including the recorder’s own reflections

of the conditions and operational status of the plant shall
be detailed.

6.3 Corrections
These are detailed in Par. 5 4.

6.4 Test Methods

The purpose of this section is to list the principal mea-
surements required for the input-output and heat balance

methods for determining the incinerator system efficiency
and capacity.

6.4.1 Principal measurements required for incinerator
efficiency by the input-output method.

6.4.1.1 Principal Measurements for Input and
Capacity

Charging rate of waste at Point 1.
Waste sample “As Fired” at Point 1.



ASME PERFORMANCE TEST CODES

Supplementary fuel firing rate at Points 3
and/or 4.

Supplementary fuel sample “As Fired” at
Points 3 and/or 4.

Temperature of “As Fired” waste fuel at
Point 1.

Temperature of supplementary fuel at
Points 3 and/or 4.

Atomizing stcam flow at Point 24.

Atomizing steam conditions at Point 24.

Orsat analysis of flue gas at Points 7, 8 or
10 — as the specific system may indicate
for best results.

Temperature of dry air at Point 5.

Temperature to be used as reference.

Wet bulb temperature at Point 5.

Dry bulb temperature at Point 5.

Temperature of cooling water at Points 2,

13,15 and 18.

64.1 2 Principal Measurements for Output

Heat recovery fluid (PTC 4.1).

Flue gas velocity at Points 7, 8 or 10 — as
the specific system may indicate for best
results.

Flue gas temperature at Points 7, 8 or 10
— as the specific system may indicate for
best results.

Flue area at Points 7, 8 or 10 — as the

specific system may indicate for best results.

Orsat analysis at Points 7, 8 or 10 — as
the specific system may indicate for
best results.

Moisture in flue gas (4.8.2.2) at Points 7,
8 or 10 — as the specific system may
indicate for best results.

Weight rate of residuc at Point 17.

Temperature of residue at Point 17.

Sample of wet residue at Point 17.

Weight rate of grate siftings if collected
separately at Point 23.

Temperature of siftings if collected sep-
arately at Point 23.

Sample of siftings at Point 23 if collected
separately.

Weight rate of dust at Points 20, 21, 22
and 10.

Dust temperature at Points 20, 21, 22 and
10.

Dust samples at Points 20, 21, 22 and 10.

Cooling water rate of flow at Points 2, 14,
15,16 and 19.

Temperature of water at Points 2, 13, 14,
15,16, 18 and 19.

6.4.2 Principal measurements required for incinerator
efficiency by the heat balance method.

Weight rate of pit residue at Point 17.

Weight rate of grate siftings at Point 23 if not
combined with residue.

Weight rate of flue dust at Points 20, 21, 22 and
10.

Weight rate of “As Fired” waste at Point 1.

Laboratory sample of pit residue at Point 17.

Laboratory sample of grate siftings at Point 23 if
not combined with residue.

Laboratory sample of flue dust at Points 20, 21,
22 and 10.

Lahoratory sample of “As Fired” waste at Point 1.

Flue gas velocity at Points 7, 8 or 10 — as specific
system may indicate for best results.

Flue gas temperature at Points 7, 8 or 10 — as
specific system may indicate for best results.

Flue gas Orsat analysis for O,, CO; at Points 7, 8
or 10 — as specific system may indicate for best
results.

Flue gas CO measurement at Points 7, 8 or 10 — as
specific system may indicate for best results. Sec
Par. 4.10.1.3.

Mecasurement of cross-sectional area of fluc at
Points 7, 8 or 10 — as specific system may
indicate for best resuits.

Temperature of “As Fired” waste charged at
Point 1.

Weight rate of supplementary fuel fired at Points 3
and/or 4.

Temperature of supplemaentary fuel at Points 3
and/or 4.

Atomizing media flow and conditions at Point 24.

Dry and wet bulb temperature at Point 5.

Barometric pressure.

6.5 Agreements Prior to Test

Those conditions of test allowing for options and/or
deviation from specified conditions must be agreed upon
and recorded prior to test; refer to Par. 3.1 for the general
items requiring such agreement.

This Test Code is based on combustion processes used
in mass burning or suspension fired furnaces. The following
thermal processes may result in conditions which require
special test procedures and additional items of agreement
beyond those indicated in this Code. This list is not in-
tended to cover all possibilities.
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6.6 Test Results

1. Test Run No.

2. Barometric Pressure
3. Relative Humidity

4. Ambient Temperature
5. Input

(@) Chemical Heat in ““As Fired” Waste (H,)
(b) Chemical Heat in Suppl. Fuel (Hy)

(c) Sensible Heat in “As Fired” Waste (B,)
(d) Sensible Heat in Suppl. Fuel (By)

(e) Sensible Heat in Air (B4)

(f) Heat in Atomizing Fluid (B,)

(g) Heat Supplied by Moisture in Entering Air (B, 4)

(h) Sensible Heat in Cooling Water (B,,)

(i) Total Input (Q;,)

6. Output
(a) Heat Transfer to Recovery Fluid (Q,)
(b) Sensibie Heat to Cooling Water (Qy,)
(c) Sensible Heat in Flue Gas (Qg)
(d) Sensible Heat in Solid Residues (Qp)

(e) Sensibie Heat in Collected and Stack ExitDust @)

(f) Radiation and Convection ©p)
(g) Total Output (Qgut)

7. Losses
(a) Chemical Heat Solid Residues (L)
(b) Chemical Heat in Hydrogen (Ly)
(c) Chemical Heat in CO (L¢o)
(d) Chemical Heat in Hydrocarbons (Lyc)
(e) Total Losses (L)

8. Efficiency (%)

9. Capacity (Q‘“e) (see Par. 5.2.1.2)

Dimensional
Units

Tast

Results Tost

6.5 (Continued)

1. Gasification ot waste (pyrolysis).

2. Combination of solid waste with wet-sludge drying
and burning.

3. Combustion of solid waste in a high temperature
reactor resulting in complete slagging of inert
contents.

4. Fluidized bed burning.

5. Waste processing prior to burning.

This summary should compare design criteria with test
results where appropriate.
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6.7 Test Conclusions

Summary statement by the responsible test engineer
indicating the efficiency, capacity, validity and circum-
stances surrounding or bearing upon the test.

6.8 Test Log and Computations

The complete test log and computations shall be
attached to this report.
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SECTION 7, APPENDIX

.1 Specific Heat of the Dry Residue

'he suggested value for the specific heat of the dry
lue in Btu per pound symbolized as (cpp’) is derived
1¢e following manner.

issume all of the residue has been dried and has a

n temperature somewhere between 32° and 212° F.
s fixes the temperature range for the temperature
itive specific heat (c,p’). The specific heat of the
residue is the sum of the specific heats of the
stituents proportional to the quantity of each.

“he dry residue is assumed to have the following
iposition:

Organic constituents = 5%
Ash, glass, limestone, ceramics, etc. = 74%
Metallics other than aluminum = 20%
Aluminum = 1%

it is recognized that this is at best a rough estimate of
residue composition which can vary substantially.

From various handbooks, the following specific heats
‘¢ estimated for the temperature range of 32° to 212°F.

Organics = 0.4 Btu/lb °F
Ash, glass, limestone, ceramics, etc.’= 0.2 Btu/lb °F
Metallics other than aluminum = 0.1 Btu/lb °F
Aluminum ' = 0.2 Btu/lb °F
Specific Specific
Haat Waight Heat
sidue Btu/lb Fraction Fraction
ganics 04 x 0.05 = 0.020
h, glass, lime-
'one, clay, etc. 0.2 x 0.74 = (.148
tallic other than
luminum 0.1 x 0.20 = 0.020
uminum 0.2 x 0.01 = 0.002
_ Total = 0.190
SPECIFIC HEAT OF THE DRY RESIDUE Use 0.2

Actually, these are rough handbook values for an
imated composition and must be treated as such. The
ove, however, is the basis for the statement in the body
the Code, Par. 5.2.1.1.4, “c,p' (Btw/lb °F) = the specific
at of the dry residue which may be estimated as 0.2

» attempt has been made to more accurately determine

this value since it would not be valid. Therefore, if 0.2 is
used no additional precision should be indicated such as
0.19 because this is essentially an estimate from handbook
data and approximate quantities. However, the possible
error introduced by the use of this estimate will usually
be minimal.

7.2 Specific Heat of the Dry Waste

The suggested value for the specific heat of the dry
waste (cp,,) in Btu per pound per degree Fahrenheit was
derived in the following manner.

Assume all of the waste has been dried and a mean
temperature established somewhere between 32°F and
212°F, which fixes the temperature range for the tem-
perature sensitive specific heats. The specific heat of the
dry waste is the sum of the specific heats of the consti-
tuents proportioned to the quantity of each. The compo-
sition of dry, municipal solid waste has been diligently
studied many times over the last ten years and numerous
compositions offered. The composition presented here is
that published by EPA’s Office of Solid Waste Manage-
ment Programs in its “Second Report to Congress on
Resource Recovery and Source Reduction,” Environment-
al Protection Agency Publication SW-122, dated 1974.

TABLE 1
PERCENT
WASTE BY DRY
COMPOSITION . WEIGHT
Paper Products 31.3
lass 97
Metals — Ferrous 8.6% 95
— Aluminum 0.6%
— Other Non-Ferrous 0.3%
Plastics 3.4
Rubber and Leather 2.6
Textiles 14
Wood 3.7
Food Waste 17.6
Yard Waste 19.3
Sand. Stone, Clay, Ash, etc. 1.5
Total 100.0

1t is recognized that the waste composition can vary
substantially with time of year, geographic location and
meteorological conditions, therefore, this is only an
approximation.

From various handbooks, the following specific
heats were obtained for the temperature range of
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32°F - 212°F and incorporated with the composition
given above to produce the dry specific heat fraction
which totalled to slightly over 0.29 Btu per pound
degree Fahrenheit.

TABLE 2
DRY DRY
SPECIFIC SPECIFIC
HEAT WEIGHT HEAT
WASTE {Bw/lb°F} FRACTION FRACTION
Paper Products 0.33 «x 0.31 = 0.102
Glass 018 «x 0.10 = 0.018
Metallics other
than Aluminum 012 x 009 = 0.011
Aluminum 022 «x 0.01 = 0.002
Plastics 036 x 003 = 0010
Rubber and
Leather 042 x 003 = 0.013
Textiles 035 x 0.01 = 0.004
Wood 033 x 0.04 = 0.013
Food Waste 030 x 0.18 = 0.054
Yard Waste 033 x 0.19 = 0.063
Ash. Clay, Sand,
etc. 021 x 002 = 0.004
Total 0.294
Use 0.3
The above is the basis for the statement in the body of

the Code that “cpr” (Btu/lb °F) equals the specific heat
of the dry waste and is estimated as 0.3 Bty per pound
°F. No attempt was made or is justified to more
accurately determine this value. Actually, these are very
rough values from an estimated composition and an
approximate specific heat and they must be treated as
such. Therefore, 0.3 is used and no additional accuracy
should be implied, such as the use of 0.29 and 0.30.
However, the possible error introduced by the use of this
estimate will usually be minimal because the “heat
credits” involved are very small and normally would not
Justify the expenditure required to obtain a more precise
value. If a more precise value is warranted, it can be
computed as illustrated above using a determined
composition and the handbook quantities given.

7.3 Putrescible Matter Determination
METHQD A
General

The total of putrescible materials remaining in
incinerator residue may be determined in the following
manner once the laboratory sample has been collected

and prepared in accordance with Pars. 4.8.4.2 and
4.8.4.2.1.
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Fats — Extraction with petroleum ether.

Carbohydrates — Hydrolysis with acid followed by an
oxidation-reduction reaction with
Benedict solution.

Protein — Decomposition to ammonium sulfate

followed by Kjeldahl nitrogen.

A few comments may be in order to give a better
understanding and evaluation of this particular approach
lo measuring those components in the residue that would
lend themselves to putrescibility.

Lipids

By using a solvent extraction approach for an assay of
those fats, fatty acids, fatty oils, waxes, etc., in the resi-
due that might be prone to biological decomposition and
putrescibility, one has good assurance that all such
organics are separated and-that other more stable com-
pounds such as paraffin waxes, saturated oils, etc., might
also be extracted and reported. Therefore, lipid results
reported by this method are most apt to be higher than
those: that are in reality prone to putrescence.

Carbohydrates

The described method of hydrolyzing carbohydrates
present by boiling with acid gives assurance of making avail-
able both the mono- and di-saccharides for analysis, but there
is some question as to the extent that polysaccharides (such
as cellulose) would be hydrolyzed so that they could be
determined. Therefore, carbohydrates as determined by this
technique may not be complete. However, from the point of
view of establishing putrescible potential, the more complex
polysaccharides such ax cellulose would appear to be suscep-
tible to extremely slow decomposition and therefore should
not be classed as creating putrescence in the decomposition
process.

Proteins

Since the approach to establishing a measurement of the
proteins present is to determine the total nitrogen present
and relate this value to protein material, any error in this
result is apt 1o be on the high side by virtue of interpreting
non-protein nitrogen present as proteins.

TEST PROCEDURES FOR LIPIDS'
Lipids (ether extractable substances) is a general term in-

cluding such compounds as oils, greases, {ats, and waxes.

!Bell, John M., “Development of a Method for Sampling and
Analyzing Refuse,” Purdue University — 1963.
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Equipment

Soxhlet extraction apparatus with 125 milliliter flasks;
water bath or low temperature heaters: extraction thimbles
(Whatman, 22 by 80 millimeters, fat extracted); distillate
collector: drying oven; analytical balance; desiccating jar or
cabinet.

Reagent

Petrolcum ether (Benzine), boiling point 65-67°C.

Procedure

Transfer about 5 grams of prepared sample to an extraction
thimble, obtaining sample weight indirectly to the nearest
milligram. Obtain dry tare weight of extraction flask. Add
aboui 80 miliiliters of ether io the extraciion flask, place
thimble into extraction Lube, and extract continuously in
Soxhlet extractor for 4 1o 6 hours. Extraction temperature
should be regulated so that extraction tube discharges approx-
imately every 3 minutes. Make up ether loss if necessary . Dis-
connect and evaporate ether from flask using the distillate
collector and continue drying in oven for 2 hours at 70°C.
Cool flask in desiccator and weigh.

Alternate Procedure

Same: procedure as above except that the flask is not
weighed. Instead, the initial dry tare weight of the extraction
thimble is determined as well as the thimble plus its sample
contents. At the completion of the extracting process, the
thimble and contents are dried at 70°C to constant weight.
The amount of lipids is determined ax the loss in weight of
the thimble and contents rather than the gain of weight of
the extraction flask. This procedure is particularly useful
when a large number of samples must be analyzed, since it
does not tie up the use of the extraction flasks. Neither proce-
dure was found to be more accurate than the other.

Calculation

100 (weight of ether extract)
(net dry weight of sample)

= % lipids

While the value obtained is for ether extractable matter
and includes all substances soluble in ether, it represents es-
sentially the lipids content.

TEST PROCEDURE FOR CARBOHYDRATES?

Carbohydrates are a class of neutral substances containing
carbon, hydrogen and oxygen with the hydrogen and oxygen

? These analyses were adapted from “Practical Physiological
Chemistry™ by P. B. Hawk and O. Bergeim, Blakiston Company,
Philadelphia, Pennsylvania.

in a 2:1 mol ratio. Carbohydrates are a major constituent of
plants and include sugars, starches, etc. Chemically they are
the aldehyde or ketone derivatives of polyhydric alcohols.

Equipment

(In addition to that required for lipids determination)
50 milliliter burette, 10 milliliter pipette, 100
milliliter Erlenmeyer flask, evaporating disc.

Reagents

Sodium carbonate crystals, 10% sulfuric acid, Benedict’s
reagent, powdered pumice or talcum.

Procedure

Weigh and transfer approximately one-half of the
thimble residue from the lipid determination to a 100
milliliter Erlenmeyer flask. Add 25 milliliters of 10%
sulfuric acid and boil 5 minutes. Filter, wash residual and
dilute filtrate to 50 milliliters. Transfer to a 50
milliliter burette. Pipette 10 milliliters of Benedict’s
reagent into a porcelain evaporating dish, add 10
grams of crystalline sodium carbonate and 2 small
amount of powdered pumice or talcum. Heat the
mixture until the carbonate is dissolved. Titrate with the
solution in the burette until a chalk white precipitate
forms and the blue color of the reagent begins to fade.
Cautiously approach the end point which is the
disappearance of the blue color. The solution must be
boiled during the titration. If the mixture becomes too
concentrated during the process, water may be added
to replace that lost by evaporation.

Calculation
0.020 x 50 = % carbohydrat
weight sample x milliliter Soln o carbohydrates
Benedicts Reagent
Copper Sulfate 18.00 grams
Sodium Carbonate 100 grams
Sodium or Potassium Citrate 200 grams
Potassium Thiocyanate 125 grams

Potassium Ferrocyanide (5% Soln) 5 milliliters

Dissolve the carbonate, citrate and thiocyanate in.
800 £ 25 milliliters of water (filter if necessary). Dis-
solve the copper sulfate separately in 100 milliliters of
water and pour this solution slowly into the other while
stirring. Add the ferrocyanide, cool and dilute to exact-
iy 1 liter. Twenty-five milliliters of this reagent are re-
duced by 50 milligrams of glucose.

CARBOHYDRATES PROCEDURE

The present procedure for the analysis of carbohydrates
will assist in obtaining results, but itis a general description
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and for accurate results should be outlined in a more com-
plete manner. The following comments are presented for
consideration.

The sample weight should be large enough to insure
reliable results. The amount of sample can be
predetermined by the analyst using what knowledge of
the sample is available, but at least one gram sample
should be used. Weigh and transfer the sample to a 100
milliliter beaker, add 50 milliliters H, O and adjust pH
to 3.00 with 0.1 normal sulfuric acid, boil for five
minutes. Fill a 50 milliliter burette with sample
solution. Now put 10 milliliters Benedict reagent into a
porcelain evaporating dish, add 5-10 milliliters reagent
grade H,0, add 10 grams of sodium carbonate. Heat
until carbonate is dissolved. The Benedict reagent is now
ready to be titrated with the sample solution. When
titrating, approach the end point very cautiously. The
fading of the blue color and appearance of a chalk white
precipitate prevails, this is the end point. The solution
must be boiling vigorously during titration. If the
mixture becomes too concentrated, water may be added
before continuing the titration; again, bring solution to
boiling. Since the white precipitate end point is very
slow in forming, it can easily be over titrated. It is
suggested that duplicate samples be processed; this
permits the first sample to establish the end point and
the second to confirm the exact end point. If after
titrating the total 100 milliliters of sample solution and
no end point is reached, add a few crystals of dextrose
to the boiling solution. If a white precipitate slowly
forms with a fading disappearance of the biue color, this
will insure the analyst that the Benedict reagent is
working.

If the total 100 milliliters of the sample solution is
used in titrating 10 milliliters of Benedict reagent and no
end point is reached, it can be assumed that there is less
than 0.02% carbohydrates in the residue sample.

TEST PROCEDURES FOR PROTEINS?

Proteins are an essential part of living protoplasm and
together with fats and carbohydrates are the principal
classes of organic foodstuffs. In addition to carbon,
hydrogen and oxygen, proteins always contain nitrogen
and frequently sulfur.

Equipment
500 milliliter Kjeldahl flask and a 2 liter wash bottle.
* These analyses were adapted from “Practical Physiological

Chemistry™ by P. B. Hawk and O. Bergeim, Blakiston Company,
Philadeiphia. Pennsylvania.
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Reagents

Concentrated sulfuric acid, copper sulfate crystals,
concentrated sodium hydroxide, 0.1 normal sodium
hydroxide, 0.1 normal sulfuric acid.

Procedure

Place the remaining weighed half of the thimble
residue from the lipid determination into a 500
milliliter long-necked Kjeldahl flask, add 20 milliliters
concentrated sulfuric acid and about 0.2 grams of
copper sulfate and digest the mixture for sometime after
it is colorless (one hour). Note: Carry out in hood or
fume absorber.

Allow flask to cool and dilute with 200 milliliters of
ammonia-free water. Add a little more concentrated
sodium hydroxide than is necessary to neutralize the
excess sulfuric acid (check with litmus paper or
phenolpthalein). Add a small amount of pumice to
prevent bumping. By means of a safety-tube connect the
flask to a measured volume of 0.1 normal sulfuric acid.
The end of the delivery tube must be beneath the
surface of the fluid.

Mix the contents of the distillation flask thoroughly
and distill until its volume is diminished about one-half.
Titrate the partly neutralized 0.1 normal sulfuric acid
with 0.1 normal sodium hydroxide and calculate the
nitrogen content.

Calculation

Subtract the number of milliliters of 0.1 normal
sodium hydroxide in the titration from the volume of
0.1 normal sulfuric acid originally added. The remainder
is equivalent to the number of milliliters of 0.1 normal
sulfuric acid neutralized by the ammonia generated
from the sample. One milliliter of 0.1 normal sulfuric

acid is equivalent to 0.0014 grams of nitrogen. Therefore:

(0.0014€) x 100

%Ny = weight sample
Where ¢ = milliliters of 0.1 normal sulfuric acid
neutralized by the generated ammonia
and: % protein = 6.25 (%N,)
METHOD B
General

Method A, a chemical procedure, introduces certain
difficulties, is time consuming and expensive, so a purely
optical-manual method is also presented.
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Procedure

Weigh out two 50 gram samples of the prepared, dried
residue and place them in separate porcelain or enamel
dishes for the determination of the putrescible matter.

From each of the weighed samples all putrescible, or
organic particles, shall be removed by means of tweezers
using a magnifying glass with a magnification factor of
at least two. The putrescible particles are readily
recognized as they have a fibrous appearance. Black
particles such as paper, char or charcoal are not
putrescible. Treat each sample and its putrescible
material separately.

The removed particles shall be free of iron, slag, steel
or any other non-putrescible materials. The selected
putrescible particles shall be dried for about 10 minutes
at 218°F (103°C), since they are quite hydroscopic, and

CE TEST CODES

the determination is on a dry weight basis. All removed
particles shall be carefully weighed on a precise scale.

It is important to accomplish this work quickly because
of the above mentioned hydroscopic sensitivity.

Calculation

The original sample weight was 50 grams, and the
selected organic fraction (putrescible material) has now
been removed, dried and weighed. The ratio of these
two values times 100 determines the percent putresible
organic matter in the residue, that is:

putrescible matter in grams
original 50 gram weight

X 100 = % putrescible in the residue

It should be remembered that this is a dry weight and
must be handled in that manner.

THIS APPENDIX IS BASED ON
SECTION 8, APPENDIX PTC 4.1

7.4 Derivation of the Weight of Dry Air. The foll

owing is the derivation of the equation for

computing the weight of dry air per pound of combined “As Fired” waste and supplementary fuel. In

this derivation the assumption is made that whatever
to sulfur dioxide. This is not entirely true, a fraction

sulfur is present in the waste or fuel is burned
may be burned to sulfur trioxide and another

fraction could form oxides with the ash. In addition some of the sulfur may be in the form of sulfides

or sulfates and unavailable for combustion. However,

the treatment presented here appears to be the

best for general usage. An additional minor assumption made is that all the sulfur dioxide sampled is

removed in the Orsat by the carbon dioxide reagent.

Pounds of dry gas per mol of dry gas =

(CO5") (COY) (05 (N2)

44.01 oot 28.01 o0 + 32.00 100

+ 28.02 —=
1060

Pounds of equivaient carbon burned per mol of dry gas =

(CO,’ + CO")
1201 =2 =)

In order to use this equation the pounds of carbon burned per pound of combined “As Fired”
waste and supplementary fuel must be adjusted for the sulfur dioxide absorbed in the Orsat as carbon

dioxide.

To reduce the sulfur in the combined “As Fired”

waste and supplementary fuel to its carbon

equivalent, multiply the sulfur in the combined “As Fired” waste and supplementary fuel by:

12.01
32.07

Molecular weight:

C =120
S = 3207

Then the equivalent carbon burned is:

12,01
Corr * 3207 Stf
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The pounds of dry gas per pound of combined “As Fired” waste and supplementary fuel is obtained
as follows:

B = Ib dry gas x 1 X Ib carbon - Ib dry gas
C" " “mol dry gas ( Ib carbon ) b AF waste and Ib AF waste and
mol dry gas supplementary fuel supplementary fuel

44.01 (CO,") + 28.01 (CO") + 32.00 (0, ") + 28.02 (N, ") G+ 1201
12.01 (CO,” + CO") : brf * 32.07 °f

Pounds of nitrogen per mol of dry flue gas =

WG' =

(Nz)
28.02 100
Wi = 1 X Ib nitrogen _ pounds of nitrogen in the dry flue gas per pound
G'N, ( Ib dry gas \ mol dry gas  of dry flue gas
\mol dry gas/ ,

T 28.02 (N,")
C'N. ™ 24.01(CO,") + 28.01 (CO') + 32.00 (02") + 28.02(N,") .

Pounds of nitrogen in the dry flue gas per pound of the dry flue gas muitiplied by pounds of dry flue
gas per pound of combined “As Fired” waste and supplementary fuel = Wys+ X Wgr = Pounds of

nitrogen in the dry flue gas per pound of combined “As Fired” waste and supplementary fuel = WG'N,'-
Therefore:
W - 28.02 (N,)
G'N, 44.01 (CO,") + 28.01 (CO") + 32.00 (0,") + 28.02 (N, )
x 4401 (CO,") + 28.01 (CO") + 32.00 (0, ") + 28.02 (N2") (C , 12.01 S )
12.01 (CO," + CO") \ 7 3207 °n)
- 28.02 (N, 12.01 Y
lVG'N2 12.01 (CO;' Y Cﬁl; (Cbrf + ———32.07 Srf)
War = Ibof dry air per Ib of combined “As Fired” waste and supplementary fuel
W, - WC'N, - Ny _ weight of dry air per pound of combined “As Fired” waste and
A'rf 0.7685 supplementary fuel
Ny = Ib of nitrogen per Ib of combined *“As Fired” waste and suppiementary fuel (from

laboratory analysis of the “As Fired” waste and supplementary fuel proportioned
to their flow rate)

U.7685

the pounds of nitrogen per pound of standard air (see International Critical Tables —
Vol. 1)

The complete cquation for the weight of dry air per pound of combined “As Fired™ waste and
supplementary fuel is equal to:

2802N’(C +12'ﬂs)
1 2N\ Gor * 3307 7 N,

Wy o =
A~ 0.7685 12.01 (CO," + CO")
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SELECTED LIST OF UNITS FOR
CONVERSION FROM U.S. CUSTOMARY UNITS TO SI (METRIC) UNITS

§8)

TO CONVERT FROM U S.

CUSTOMARY UNITS TO SI (METRIC) MULTIPLY BY CALCULATION BASES
Std. Grav. Ft/Sec? meter/sec? . 9.807 E+00 32.174 X 3.048000 x 107!
m/s? = 9.8066352 ”
=9.807
Calorie joule 4.187 E+00 4.186800
) =4.187
Fool-Pound joule 1.356 E+00 1.355818
) = 1.356
Btu joule 1.055 E+03 1.055056 x 10°
1)) =1.055 x 10°
Pound kilogram 4.536 E-01 4.535924 x 10™
(kg) =4.536 x 10"
Btu/Pound joule/kilogram 2.326 E+03 1.055056 x 10°
(J/kg) 4.535924 x 107!
=2.326000171 x 103
=2.326 x 10°
Cubic Foot cubic meter 2.832 E-02 2.831685 x 1072
(m?) ‘ =2.832 x 107 ‘
Btu/Ft? joule/cubic meter 3.726 E+04 1.055056 x 10°
(J/m*) 2831685 x 102
= 3.725894653 x 10*
= 3.726 x 10%
oF* K tr + 459.67
18
Btu/Pound °F joule/kilogram K 4.187 E+03 2.326000171 x 103
{J/kgK) 5.555556 x 107!
= 4.186799973 x 10°
=4.187 x 103
Pound/Ft? kilogram/cubic meter 1,602 E+01 4.535924 x 10!
(kg/m?) 2.831685 x 10~
=1.601846251 x 10
=1.602 x 10
Ton kilogram 9.072 £+02 9.071847 x 10?
(Short, 2000 Ib) (k) =9.072 x 102
Btu/Hour watt 2.931 E-01 2.930711 x 10!
W) = 2.931 x 10!
Horsepower watt 7.460 £+02 ‘ 7.460000 x 102
(W)
Pound/Sy Inch pascal 6.895 15+03 6.894757 x 10°
(Pa) = 6.895 x 10°

* °F Temperature difference divided by 1.8 equals K temperature difference.

! Source: ASME Orientation and Guide for Use of SI (Metric) Units (Publication E00058).





