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Process Redesign and Mbdifications

L
At
RCC's Crestmore Plant
®
Attached is a list of approximately 45 separate items that
were redesigned and modified prior to the August 1984 restart
of Number Two kiln. This list includes items associated with
* the four methods used by RCC to reduce NOx emissions:
1) reduce the quantity of fuel used to produce a ton of
clinker;
L 2) reduce the quantity and temperature of the primary air;
3) achieve better control of the flame configuration; and
4) achieve better operational control of the kiln.
® The process modifications made by RCC are listed below.
1) To reduce the quantity of fuel used:
a) install redesigned kiln hood seal;
® b) enlarge the clinker cooler throat;
c) ihstall redesigned kiln chain system; and
d) install new indirect firing system.
® 2) To reduce the quantity and temperature of the primary
air: :
a) instail new indirect firing system;
b) install new primary air supply fan using ambient
® air;
c) design and install new coal mill instrumentation;
and
® d) install redesigned fuel burner pipe.



3)

4)

To achieve better control of the flame configuration:

a)

b)

c)

d)

e)

£)

g)

h)

i)

3)

enlarge the clinker cooler throat;

install redesigned airlocks on Kiln baghouse dust
system;

redesign the reverse air fan on the kiln baghouse;

redesign ductwork and install new dust collector
at the feed end of the kiln;

redesign kiln exit gas multiclones;

install new instrumentation on clinker cooler
fans to permit automatic air flow control;

install new solenoid valves on baghouse cleaning
system;

install new controller on kiln baghouse reverse
air fan;

redesign and install new clinker cooler fan
damper positioners; and

install redesigned fuel burner pipe.

To achieve better operational control of the kiln:

a)

b)

c)

d)

e)

£)

g)
h)

i)

redesign BCl-A raw material belt conveyor;
install new belt scale on raw material belt
conveyor BC-3 to weigh total raw material flow
rate;

install new clay storage and reclaim facility;

design and install instrumentation for control of
raw material proportioning;

redesign and install new air heater system on raw
material sampling station;

modify raw material stacker;
modify raw material reclaimer;
modify raw mill cyclones;

redesign kiln feed silos filling system;



3)

k)
1)
m)
n)
0)

P)

q)

r)

s)
t)

u)

V)

aa)

bb)

cc)

redesign and modify kiln feed silos aeration
system;

redesign kiln feed silos withdrawal system;
install new kiln feed weighing device;

redesign and install new kiln dust return system;
install new internal thermocouple in the kiln;
enlarge clinker cooler throat;

redesign clinker cooler fan motors control
instrumentation; '

install thermocouples for kiln baghouse inlet
temperature;

redesign clinker cooler baghouse screw conveyor
system;

install constant head kiln feed low leQel alarm;
install kiln feed elevator low amperage alarm;

install new cleaning cycle timer for kiln
baghouse;

install new solenoid valves for baghouse cleaning
system; ‘

install new baghouse inlet pressure sensor;

install motor actuated flow control gate on
discharge of kiln feed elevator 707E2;

install new baghouse reverse air fan damper
positioner;

redesign and install new reverse air fan
controller;

install new vibration analyzers for kiln ID fan
and reverse air fan;

install new kiln exhaust gas tempering air damper
positioner;

redesign clinker cooler dust discharge tipping
valve sequencing;



dd)

ee)

££)

gq)

hh)

ii)

redesign instrumentation for clinker cooler
baghouse fans and screw conveyors;

install new pressure sensor on clinker cooler
vent system multiclone;

install new thermocouple on clinker cooler
baghouse inlet;

install new thermocouples on clinker cooler
grates;

install new natural gas flow meter; and

install new closed circuit television monitoring
system on the Kkiln.

In addition to the items listed above, the Crestmore NOx

Research Project hardware was designed, purchased, and

installed to monitor the effects on NOx emissions resulting

from the modifications listed above.



EQUIPMENT DESCRIPTION AND FUNCTION

There are 45 analog input signals from the kiln system and
environment that are monitored by the NOx system. These signals
are supplied to a Kaye "Digilink" multiplexer which transforms
the analog signals to digital signals and then transfers these
signals to an IBM-PC. The IBM~PC records these signals, performs
various calculations on the wvalues supplied, and supplies
selected data to three printers which generate a hard copy of the
selected data. |

KAYE DIGILINK

The digilink is a device.which recieves analog signals from
field instrumentation and converts the analog signals to digital
signals. The Digilink calculates a six minute running average of
the 45 field signals and, at ths end of the six minute time

peried, multiplexes these accumulated data to an IBM-PC.

IBM-DC COMPUTER

The IEM-PC has two, dcuble sided, double density floppy disk
drives. The IBM-PC performs various calculations on the data
supplied by the Digilink, records the raw data and the calculated

| figqures on one of the floppy disks, and supplies selected data. to

each of three printers for a hard copy record of these selected
7

data.

PROCESS ENGINEER'S PRINTER

This printer provides a hard copy of all of the 45 field
signals and all of the calculated values from the IBM-PC. on
December 19, 1984, a revision was made to the output program of

the IBM~-PC which resulted in the calculation of an eight hour



shift average of selected field signals and calculated values.
These eight hour averages are also printed out on the nrocess
engineer's printer and are available for use as a tool to aid in
the diagnoses of reasons for changes in the generation of NOx in
the Crestmcre kiln.

SCAQMD PRINTER

This printer is dedicated to printing the NOx per ton of
clinker each six minutes the kiln is operating above - a
predetermined range and a 24 hour average of the NOx per ton.
This printer is dedicated to generating the data requested by the
SCAQMD in a hard copy form.

CONTROL ROOM PRINTER

This printer is located in the kiln control room and prints
selected field signals and calculated values every six minutes.
The purpose of this printer is to provide information to the
control room operator in the hope that this information may aid
in the operation of the kiln.

FIELD INSTRUMENTATION

All of the field instruments, associated with the NOx
Research Project, supply raw field data to the Kaye Digilink for
six minute averaging. The following is a list of the 45 field
signals supplied to the Kaye Digilink.

l. AMBIENT AIR TEMPERATURE

The ambient air temperature is measured by a
thermocouple, calibrated for a range of 0 - 150 degrees F. The
ambient air temperature is supplied to the Kaye Digilink for use
in the calculation of several values relating po the quantity of

NOx being generated in the kiln.



2. PPM OF NOQ AT THE I.D. FAN OUTLET
The NOx content of the kiln exit gases is measured by a
Lear Siegler NOx analyzer. The analyzer is located at the outlet
of the I.D. fan and can measure NOx in the range of 0 - 1500 ppm.
This analyzer is an "in situ" gas analyzer.
3. PPM OF 802 AT THE I.D. FAN OUTLET
The SOx content of the kiln exit gases is measured by a
Lear Siegler SOx analyzer. The analyzer is located at the outlet
of the I.D. fan and can measure SOx in the range of 0 - 1500 ppm.
4. PERCENT OXYGEN AT THE I.D. FAN OUTLET
The oxygen content of the kiln exit gases is measured
by a Lear-Siegler oxygen analyzer located at the I.D. fan
outlet. The oxygen analyzer can measure oxygen in the range of 0
= 25 percent. ‘
5. TEMPERATURE AT THE I.D. FAN OUTLET
A type "J" <thermocouple is uéed to measure the dgas
temperature at the I.D. fan.- The thermocouple can measure
témperature in a range of 0 - 1000 degrees F.
6. KILN BAGHOUSE INLET PRESSURE
The kiln baghouse inlet pressure is measured over a
range of 0 - 10 inches water column by a pressure transmitter
located in the inlet duct to the baghouse.
7. I.D. FAN SPEED
The I.D. fan speed is measurad over a range of 0 -
750 RPM.
8. I.D. FAN AMPERAGE

The amperage of the I.D. fan drive motcr is measured



over a range of 0 - 200 amps.
9. KILN ROTATIONAL SPEED
- The rotational speed of the kiln is measured over a
range of 0 - 88 RPH.
l10. KILN DRIVE MOTOR AMPERAGE
The amperage of the two kiln drive motors is measured
in a range of 0 - 1500 amps. The amperage of the kiln drive
motors may provide an indication of the teméerature inside the
kiln.
11. TEMPERATURE AT THE KILN EXIT
The temperature of the gases at the kiln exit is
measured by a type "J" thermocouple calibrated for a range of 0 =
1000 degrees F.
12, KILN EXIT GAS PRESSURE
A pressure transmitter, calibrated for a range of =5 to
0 inches water column, is used to measure the kiln exit gas
pressure. _
13. OXYGEN CONTENT OF THE KIIN EXIT GASES
The oxygen content of the kiln exit gases is measured
by a Bailey oxygen analyzer calibrated for a range of 0 -5
percent oxygen.
14.  KILN RAW FEED RATE
The raw kiln feed rate is measured by a Sankye brand
impact flow meter. The Sankyo impact flow meter is calibrated
for a range of 0 - 120 tons per hour.
15. PRESSURE CF THE PRIMARY SWIRL AIR

The pressure of thHe swirl air on the Pillard Type VR 3-



7 burner pipe is measured by a pressure transmitter, located in
the swirl air supply line, calibrated for a range of -5 to +50
inches water column.
le. PRESSURE OF THE PRIMARY AXIAL AIR
The pressure of the axial air on the Pillard Type VR 3-
7 burner pipe is measured by a pressure transmitter, 1located in
the axial air supply line, calibrated for a range of -5 to +30
inches water column.
17. AMPERAGE OF THE CLINKER COOLER FANS
The amperages of the five clinker cooler fans arxe
measured. The range of the sensing elements for fans FA 5
through FA 8 is 0 - 150 amps. The amperage of fan FA 9 is
measured over a range of 0 - 200 amps.
18. UNDERGRATE PRESSURE OF THE UPPER GRATES
The air pressure in the first clinker cooler undergrate
compartment 1is measured over a range of 0 = 20 inches water
column by a pressure transmitter.
19. UNDERGRATE PRESSURE OF THE LOWER GRATES
The air pressure in the lower clinker cooler undergrate
compartments is measured over a range of 0 - 2C inches water
column by a pressure transmitter.
20. ., UPPER GRATE DRIVE MOTOR AMPERAGE
The amperage of the upper grate drive motor is measured
over a range of 0 - 50 amps.
21. LOWER GRATE DRIVE MOTOR AMPERAGE
The amperage of the lower grate drive motor is measuread

over a range ¢f 0 - 50 amps.



22, KILN DISCHARGE HOOD PRESSURE

The air pressure inside the kiln discharge hoecd is

measured by a pressure transmitter calibrated for a range of -0.5
to +0.5 inches water column, |
23, COAL CONVEYING AIR PRESSURE
The outlet pressure of the pulverized coal transport
blower 1is measured by a pressure transmitter calibrated for a
range of 0 - 7 PSIG.
24. COMBUSTIBLES CONTENT OF THE KILN EXIT GASES
The percent of combustibles in the kiln exit gases is
meaéured by a Bailey combustibles analyzer calibrated for a range
of 0 ~ 5 percent.
25, CLINKER TEMPERATURE AT THE COOLER DISCHARGE
The temperature of the clinker being discharged from
the clinker cooler is measured by a thermocouple calibrated for a
range of 0 - 300 degrees F.
26.  TEMPERATURE OF THE SECONDARY AIR
A type "J" thermocouple, calibrated for a range of 0 -
2000 degrees F., 1is used to measure the temperatuxe of the
preheated combustion air supplied by the clinker cooler.
27. PRIMARY AIR BLOWER MOTOR AMPERAGE
The amperage of the motor that powers the primary air
blower is measured over a range of 0 - 200 amps.
28, CLINKER COOLER DUST COLLECTOR AMPERAGE
The combined amperage of all electrical equipment
associated with the c¢linker cooler dust collector is measured

over a range of 0 - 1500 amps.



29, CLINXER COOLER VENT TEMPERATURE
The temperature of the air vented £from the c¢linker
cooler 1is measured by a type "J" thermocouple calibrated for a
range of 0 - 1000 degrees F.
30, PRESSURE DROP ACROSS THE CLINKER COQOLER VENT AIR
CYCLONE
A pressure transmitter, calibrated for a range of 0 -
10 inches water column, is used to measure the pressure drop
across the Barron multiclone in the clinker cooler vent air
system. _
31. CLINKER COOLER DUST COLLECTbR INLET TEMPERATURE
A type "J" thermocouple, caiibrated for a range of 0 -
1000 degrees F., 1is used to measure the inlet temperature to the
clinker ccoler dust collector.
32. KILN DUST FEED RATE
| A Sankyo impact flow meter, calibrated for a range of 0
- 50 tons per hour, is used to measure the rate that kiln dust is
returned to the kiln.
33. COAL FEED RATE TO THE KILN
The rate that pulverized coal is supplied to the Xiln
for combustion is measured by a Sankyo impact flow meter which is
calibrated for a range of 0 - 15 tons per hour.
34. TEMPERATURE OF THE BURNING ZONE
The temperature of the burning zone is measured by a
two color, optical, infrared pyrometer, calibrated for a range of
1800 - 3200 degrees F.
35. QUTLET TEMPERATURE OF THE COAL MILL HOT AIR CYCLONE

The outlet temperature of the hot air cyclone between



the clinker cooler and the Raymond coal mill is measured by a
type "J" thermocouple, calibrated for a range of 0 - 1000 degrees
F.
36. INLET TEMPERATURE OF THE RAYMOND COAL MILL
A type "J" thermocouple, with a range of 0 =~ 500
degrees F., 1is used to measure the temperature of the air stream
at the inlet to the Raymond coal mill. |
37. -INLET PRESSURE OF THE RAYMOND COAIL, MILL
A pressure transmitter, with a range of =10 to 0 inches
water column, is used to measure the pressure of the air strean
at the inlet to the Raymond coal mill.
38. OUTLET TEMPERATURE OF THE RAYMOND COAL MILL
A thermocouple, calibrated for a range of 0 - 200
degrees F., is used to measure the temperature of the air stream
at the outlet of the Raymond coal mill;
35. OUTLET PRESSURE OF THE RAYMOND COAL MILIL
A pressure transmitter, calibrated fo:r a range of 0 to
20 inches water column, is used to measure the pressure of the
air stfeam at the outlet of the Raymond coal mill.
40. COAL FEED RATE TO THE RAYMOND COAL MILL
A load cell type belt scale, calibrated for a range of
0o - 153tons per hour, is used to measure the raw coal feed rate
to the Raymond coal mill. |
41. KILN FEED END COOLING WATER SPRAY
A flow meter with a range of 0 - 100 gallons per minute
is used to measure the quantity of cooling wéter that is sprayed

into the feed end of the kiln to regulate the exit gas



temperature.
42. INDIRLCT FIRING SYSTEM I.D. FAN AMPERAGE
9 The amperage of the indirect coal firing system induced

draft fan motor is measured over a range of 0 - 300 anmps.

10



] _ HISTORY OF NOx CALCULATIONS AND HEAT BALANCE EQUATIONS

RIVERSIDE CEMENT COMPANY
A Gifford-Hill Company
Riverside, California

L ]

o

@

o

o Prepared By : Craig Phillips
JCP Associates
Riverside CA

Date : November 1, 1985
®



INTRODUCTION

In an effort to obtain a reasonable means of measuring NOx and of
quantifying the parameters which could effect the production of NOx
emissions, a series of computer programs were developed for the IBM PC
and IBM AT. The process of data collection on the Digilink has already
been well-documented and this report will attempt to summarize the
computer procedures for storage and analysis after the data has been
dumped from the Digilink.

There has been considerable evolution of the data analysis and compu-
tations from the inception of the monitoring program - from the early
phases of determining exactly what data would be needed for a proper
analysis to the later phases of statistically analyzing the data
which has been produced. .

CHRONOLOGY

The following is a chronology of the development of the "NOx equations"
and the present reporting formats.

01/15/82 Prepared initial list of required calculations. Developed
"engineering constants" for kiln operations. These con-
stants are actually factors which vary over long periods
of time, but for a short-term basis are considered constant,
e.g., the heat content of coal.

03/05/82 Began developing heat balance equations for NOx calculation
using the "Latchem" equations,

03/15/82 Completed selection of monitoring system equipment,

03/31/82 Completed selection of 48 data points (raw data signals)
to be collected by the DigilLink and dumped to the IBM PC
for storage and analysis. Selection parameters included
necessity of data for NOx calculation and siginificant
representation of kiln operating conditionms.

04/13/82 Completed flow diagrams for the kiln system, including
location and identification of new and current instrument
loops. Coordinated loops with DigiLink channels.

04/25/82 Completed development of NOx calculation (see Figure 1).

05/01/82 Programmed Digilink for NOx calculation to be reported
as an instantaneous signal, as well as a 5 minute average.

06/30/82 Completed DIGIED.MEN - used for using IBM PCto edit Digilink
equations and standards.

07/01/82 "Day 1" programmed into Digilink. Initiated use of six(6)



Chronology. (continued) ~_Page 2

minute averages as a compromise between representative
"current" data and storage capacity of the IBM PC hard
disk,

07/15/82 Completed CHART1 - used for output of Digilink raw data
dumps to the CRT in tabular form.

07/31/82 Completed CHART2Z - used for output of Digilink raw data
in a graphical trend plot on the CRT. Allows up to three(3)
parameters to be shown point by point over a 60 minute
window.

08/10/82 Completed CHART3 -~ used for output of Digilink raw data
as a bar chart deviation from pre-established set points
of up to 22 parameters.

09/10/82  Completed CHART4 - output of Digilink raw data in selected
graphical process flow diagrams.

09/15/82 Completed design of SCR files used for compilation and
storage of Digilink raw data signals.

09/16/82 Completed NOX.MEN. Original format included only the
. menu portion of the program which allowed user access
to Digilink editing, CHART data editing, establishing
communications links, running the data collectien program,
etc,

09/20/82 Completed MASTER.EDI - used for editing CHART data labels,
ranges, etc.

09/30/82 Compiled CHART1 through CHART4 and SCR file compilation
into one program - MASTER.RUN.

10/20/82 Completed NOX.REP which allowed the generation of hourly,
: daily and monthly compilations of the NOx calculation.

10/29/82 Finalized format of MASTER.NAM — CHART data.

11/15/82 Incorporated light pen on Control Room CRT for selection
of screen output.

12/01/82 Completed heat balance equations of kiln and coal mill
(see Figure 2).

01/15/83 Because the primary software developer was leaving Riverside
Cement, it was decided to compile all data logging, CRT
display and data storage into one self-running program
called NOX.MEN,

01/25/82 Completed data logging format to the Production Log.

02/20/83 Completed data logging format to the Process Engineer's
Log.
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04/29/83 Completed NOX.MEN conversion.
11/82 - 9/84  Kiln down.

® 07/26/84 Completed new kiln heat balance equations using "Burgard"
equations. Incorporated into NOX.MEN. Reorganized SCAQMD
report to reflect six(6) minute averages.

08/31/84  Added shift summaries to Production Log and Process Engineer's
Log. Refined data collection from Digilink. Expanded
® Error Handling portion of NOX.MEN,

09/03/84 Began logging kiln production data.

10/24/84 Upgraded and modified Production Log to allow additional
columns. Reorganized SCAQMD log to allow better reporting
of 24 hour averages.

e 11/16/84 Modified NOX.MEN to better handle "out-of-range" readings.
Adjusted calculated NOx to reflect true loss on ignition
rather than a production factor for SCAQMD reporting only.
Established data file for SCAQMD data so that hourly
averages would not be lost during kiln downs. Streamlined
printing subroutines.

12/24/84 Completed a partial statistical analysis report of selected
raw and calculated data, This report attempts to bracket
NOx emissions and correlate the NOx data with these selected
parameters,

01/10/85 Began development of ANA.MEN, the analytical portion of
@ the NOx project by completing a method of retrieving the
SCR data and presenting it in identical format as the
data log formats - PROCES,REP, PROD.REP and SCAQMD,.REP.

02/02/85 Complete DSKANA.REP ~ used to determine the data contained
in 8CR files stored on consecutive floppy disks.

o 02/03/85 Completed revision of heat balance equations into matrix
format -~ HTBALC.SYM (see Figure 3).

02/05/85 Completed HTBAL.REP - used to simulate Digilink raw data
signals and analyze the effect on the heat balance equations.

02/07/85 Completed INGCON.REP - provides a method for modifying
® the engineering constants used in the heat balance equations.

02/10/85 Completed PLOT.REP - used for plotting data in a series
of formats on an HP plotter, as well as providing linear
and non-linear regression analysis. :

02/25/85 Complete total reorganization of NOX,MEN, which included
o basic cleanup for clearer presentation; additional "time-
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06/05/85

06/18/85

08/12/85

08/31/85

09/14/85

09/17/85

09/19/85

09/22/85

09/23/85

09/26/85

10/02/85

10/14/85

10/30/85

sharing" commands for maintaining the data base, printers,
etc, without interrupting the data collection; handling
out-of range readings; incorporation of HTBALC.SYM; capa-
bility for footnoting the SCAQMD report for highlighting
kiln down times, etc.; allow changing of "engineering
constants"; and refined error handling. Documentation
for this final format is given in Figure 4.

Incorporated "newnox' calculation, which bypasses the
bulky and sometimes inaccurate calculations in HTBALC,SYM.
Calculation. in Rule 1112 format (see Figure 5).

Developed procedure for transferring SCR data to Dallas
for statistical analysis in the Burrough's main frame.

Completed all instrumentation corrections and began logging
"sood" data.

Incorporated KVB changes in NOx c¢alculation which adjusts
for air moisture (see Figure 6),

Incorporated final NOx calculation developed by Young,
McMann and Phillips (see Figure 7),

Began development of CONVRT.MEN - a menu-driven series
of programs originating in ANA.MEN., Used for converting
SCR files to DAL files, i.e., a format easily read by
the main frame for statistical work.

Completed COPY.UTI - used for transfering SCR data to
IBM AT hard disk. Locates disk media errors, and bad
data.

Completed SETRNG.UTI - used to set exception limits for
pre-screening data prior to building DAL files.

Completed EXCEPT .REP - used to generate a hard copy of
a data scan of the SCR files and highlight data which
falls outside of "normal" operating ranges.

Completed SCAN.UTI - incorporates Lotus 1-2-3 to view
and modify SCR data. 1Includes plotting capabilites and
"erase" functions.

Completed DAL.UTI - used to convert SCR files which have
been scanned for "reasonable" data (PRN files) to the
DAL format and create floppy disks for transmittal to
Dallas.

Completed 24AV.REP - used to display and produce hard copy
of daily averages in DAL format for available SCR files,

Completed conversion of 72 days of '"good" SCR data to
DAL format.



FIGURE 1 : NOx Calculation incorporated on April 25, 1982.
NO/NOX CALCULATIONS

Constant Kl: Kl = .55/1.55 [M] = 101.88
60 x 4y

-

Where .55/1.55 is 35.4% loss from kiln feed of C0,, 2000/60 is pounds per min., 379
is a gas constant, & 44 is molecular weight of CO,.

Constant K2: K2 = 2000/60 [10.5/.97 x .0767 x 1.04] = 431,78

Where 2000/60 is pounds per min., 10.5 is one pound of coal + 9.5 pounds of air,
.97 is correction for elevation, .0767 is density of air, & 1.04 is ratio of air
& combustibles.

Constant K3: K3 = 1/21 + 1 x 100 = 5.76
Where 1/21 is 0% 0y divided by 21% 0,, + 1 & x 100 is for linearizing.

Constant K4: K4 = 30/379 x .97 = .0767
Where 30 is molecular weight of nitrogen (14) + that of oxygen (16), 379 is a gas
constant, & .97 is correction for elevation.

Calculation (@) : SCFM of €O, in exit gas volume = K1 x kiln feed tph.

Calculation (®) SCFM of products of combustion = K2 x dry coal feed tph.
Calcula't'ion ® SCFM of excess air at kiln exit = E’a 0y at analyzer-/lOO] +
@D+ @ =xx3

Calculation (@) Total SCFM of dry kiln exit gases = (@ + @ + @
Calculation @ : SCFM of 0, at NOX source = E‘a 0, at NOX source - % 0, at

analyzer] / [.21 - % 0o at NOX sourcej +1 =
Calculation (B) Infiltration SCFM from kiln ID fan exit = (&) - @
Calculation (D : ACFM of NOX = [Temp. at NOX source + 460/520] x (®
Calculation Pounds of NO per min. = K4 x % NOX at analyzer x @
Calculation (@) Pounds of NO per ton of clinker = [ X 60/kiln feed tph] /1.55
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DIM A(48),FANDAT(10)
CLS:BE1=10.5:E2=6! :E3=1!
AC1)=100:AC17)=82:A(18)=90:A(19)=82:A(20)=99:A(21)=154

A(33)=750:A034)=4 - AC45) =1+ AL403=1- 50 A4 = 802200 0440 A28+ = A1 4)-H—55——
KCALBH=870000! :KCALPIPE=480000!

STOP .

DEF FNC(CHAN)=A(CHAN-84%(CHAN\100)-164)

DEF - FNHTCONC(CHAN) =.-249 -5 —3/AFNGC(CHAN)
GOTO 2000
OPEN "B:
}NPUT

R R AR R R R LA N R AR A AR R KRNk AR
‘® .. CLINKER -COOLER.-HEAT-INPUT 1
AR ALK A KRR A N R AR R AR AR RARE AR

FOR 1=1 TO §

READ ROCAL,FULD,MOHP, MAXFLO
HP=FNC(200+1)*MOHP/FULD
IC=d P .
FOR J=0 TO 10

IF I1C=0 THEN L1=FANDAT
READ FANDAT

-1F .(1C=0 _AND .KP).FANDAT) OR_1Cxl THEN-21%0
L2=FANDAT:IC=1:JL=J-1

NEXT J
ﬁg;?(;)=HA!FLO'IOO'(JL+(HP-LI)I(LZ-LI))'ROCAL
UNGRTINzD:FOR Ie1 TO 5:UNGRTIN=UNGCRTIN«ACFM(I):NEXT 1
TOTIN=FNC(212)*438+UNGRTIN*FNHTCONC101)

R R AN AN IR AN R RRE AN RRNRI A NR N
' CLINKER COOLER HEAT QUTFUT t
KA AR AT AN RN E AR R XA RN R RN RRRE RN

’

CLXREX=FNC(212)SFNHTCON(213). :
VENSTK=KCALBH*SQR(FNC(302)/(460+FNC(201)))
GOSUE 4000

TOCOAL=MASFLO*FNHTCON(213)

RADHT=TOTIN®.015 ...
SECHTIN=TOTIN- (CLKREX+VENSTK+TOCOAL +RADHT)
SECWT=UNGRTIN-TOCOAL-VENSTX
SECHTCON=SECHTIN/SECWT
SECTEMP=(SECHTCON+5.3)/.249
LB TON=UNGRTIN/FNC(212)
STOP

) -
"II!llllllllllllilll!llltllltll!!llil'

‘* HEAT BALANCE FOR RAYMOND COAL MILL »
"EERK AR RAAANA RN AN RANKARRAAKRERR XK KRN

COALDRY=FNC(312)*(1-E2/100).
MOIST!1=FNC¢312)*E2/100
MOIST2=COALDRY*((E3/100)/¢(1-E3/100))

MOIST3I=MOIST!-MOIST?
HILOUTHT=FNHTCON(311):AHBHT:FNHTCON(&OI):HILINHT=FNHTCON(3OB):CYCHT:FNHTCOY
Y COOLHT=ENHTCON:2C¢ )

PRIHAIR:KCALPIPE*SQR(FNC(313)/(460+FNC(308)))
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4180
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(continued)

JHOlSTURE-JN—COAL-CDNTR&BUIES—$0—1354HAJR2—8U¥—4S—M%NOR—ANBﬂ45—4GNORED+———~
*TO CALCULATE:MOISTB'(37&[18)*((460+FNC(311))1520)

SENSHTHL=COALDRY*.3*(FNC(311)-FNC(101))
5!NSHTLG-HD¥5¥1‘4+*&FNG+3+¥+—$NG#!91))
SENSHTVPIHOIST3*(ZIZ-FHC(101)+970-(212-FNC(311))*.4)
SENSHTAR:PRIHAIR*H!LOUTHT
HlLTOTHT=SENSHTHL+SENSHTLO+SENSHTVP+SENSHTAR
HlLLIN-L(MILLO?HI%PRJHA}R%-AHBH1+++H4L4NH¥-%MBW?)
MILLFLO=MILLINfPRIMAIR

MILLINF={-MILLIN:IF MILLINE)Y.2 THEN PRINT "HIHO"
INFLO=MILLINF*PRIMAIR )
CYC-(&u+1HIL&NHT—AHBH$44+G¥£H$-AHBHT4
CYCEXFLD:CYC‘HILLFLO:THPHIL-l-CYC
COOLOUT=(1.I'CYCHT-AHBHT)I(COOLHT-AHBHT)

4314 HASELO:CDOLOUT*CYCEXFLO:THPCYC:I-COOLOUT-
— —-4500 -RETURN

10000 '

10010 °

10020 °

_“___40030,LLRKLRLILLLLLL!tltlltltil(ltlll!
10040 '* FAN CURVE DATA t
10060 '* CALIBRATION DENSITY,
10070 '* MOTOR FULL LOAD AMPS,

___._40£lnﬂll——HDIDR—Rliln—HORS!?n“".
10090 't FAN CURVE MAYIMUM AIR FLOW (1000 CrM),

10100 'x HP AT 1/10 POINTS OF AIR FLOV
10110 A EREARERRARKARATRAAARTIRKALERXR

e 10120
10130 °
10140
10150 '*exxFAN 3-1 I 1
o 10140..DATA. 071212 36,2630 544,54 51795, 28, 84593 5,90.,99.96 )

10170 '¥ax*FAN 13-1

e —————

10180 DATA .0675,112.100.40.21.31.46.62.5.!0,96.5.112.5.127.5.142.5.157.5.174

10190 '*2*sFAN 4-1

o ..10200 -DATA . 0625.91 5.75,36.,26,32.,42 $4,62,27,88,96,100,108,120
10210 '*xa**FAN 5-1 '
10220 DATA .0674.127.100.60.28.40.52.65.73.07.92.97.98,95.87

10230 '*x22FAN 6-2
 133%0.DATA_0674.188,150,120,38,55,23,93,109 123.130,132,128 121,102




FIGURE 3 : Heat Balance equations and NOx calculatidn as of February 3, 1985

100 ! _

101 '#k*kkkkkkkkkk* HEAT BALANCE OF KILN/COAL MILIL #&kkkdkikskdsskdsesks

102 !

110 'E(1)=.01

120 C(1)=(VM(37)*2000/60)*(1-E(1))

130 'E(2)=.7305 -

140 'E(3)=.0543

150 'E(4)=.0095

160 'E(5)=.1057

170 'E(6)=.0933

180 C(2)=E(3)~(E(5)/7.937001)

190 'E(7)=.0065

191 'E(12)=14093*E(2)+51623!*C(2)+3983%E(7)

192 CMW=12.011:H2MW=2.016:H20MW=18.016:02MW=32:N2MW=28.016:SMW=32.066

193 INRTMW=28.163:AIRMW=28.965:AIR02=.209

194 'E(16)=.00347

196 RTO2=(1-AIR02)/AIRO2

197 INERT=RTO2*INRTMW/O2MW

200 !

201 '******_********** REQ. FOR COMB. AT O% EXCESS 02 khkhkkhkkhkkkkhkkikk

202 ! _

210 C(3)=02MW* (E(2)/CMW+E(3)/ (2*H2MW) -E(5)/02MW+E (7) /SMW) *C (1)

211 'C(3)=(2.664*E(2)+7.936001*C(2)+1.142*E(4)+.998%E(7))*C(1)

220 C(4)=INERT*C(3)+E(4)*C(1)

221 'C(4)=3.2543%C(3)

230 'C(3)=952.8313

240 €(5)=0

241 'C(5)=.0579*C(3)

250 C(6)=E(16)* (1+INERT)*C(3)+VM(37)*E(1)*2000/60+ (E(5) *H20MW/ (02MW/2)) *C (1)

251 'c(6)=.01495*c(3)+Vm(37)*e(1)*2000/60+(e(5)*8.936001/7.937001) *c(1)

260 C(7)=C(1)*E(6)

270 €(8)=(1+E(16))* (1+INERT) *C(3) '

271 'C(8)=4.3271*C(3)

280 C(9)=C(6)+8.936001*C(2)*C(1) '
290 C(10)=(CMW+O2MW) /CMW*E (2) *C(1)+VM(14)* (1-E(11))*(1~1/E(13))*2000/60

291 'C(10)=3.664*E(2)*C(1)+VM(14)*(1-E(11))*(1-1/E(13))*100/3 .

300 C(11)=C(8)*10.73%520/(14.696%28.9)

310 C(12)=VM(13)*(C(4)/INRTMW+C(10)/ (CMW+O2MW))

311 'C(12)=VM(13)*(C(4)/28.013+C(10)/44.01+C(5)/39.675)/(100/32-VM(13)*.14888)

312 €(12)=C(12)/(100/02MW-VM(13) * (1+INERT) /AIRMW)

320 IF VM(13)>20 THEN €(12)=1000

330 C(13)=(1+E(16))*(1+INERT)*(C(3)+C(12))

331 'C(13)=4.3271%(C(3)+C(12))

340 C(14)=1000:IF C(1)<l THEN 2360

350 C(14)=C(13)/C(1)

360 C(15)=1000:IF C(3)<1 THEN 2380

370 C(15)=C(12)*100/C(3)

380 C(16)=C(12)/02MW+(C(4)+INERT*C(12))/INRTMW+C(10)/ (CMW+O2MW)+C (9)/H20MW

381 'C(16)=(C(12)/32!+(C(4)+3.2543*C(12))/28.013+C(10)/44.01+(C(5)+.0574*C(12))

39.675+C(9)/18.015) :

390 C(17)=C(16)*385.3

391 'C(17)=C(16)*379.48

400 C(18)=21:IF C(16)<1l THEN 2420

410 C(18)=(C(12)/02MW)*100/C(16)

111 'C(18)=(C(12)/32!)*100/C(16)

120 C=AIRO2/(1+E(16)*AIRMW/H20MW)

21 'C(18)=.20874%((C(16)+(VM(45)*8.3453/18.015))*(VM(4)/100)-(C(16)*C(18)*.01)

/(.20874-VM(4)/100) -

122 C(19)=C*((C(16)+(VM(45)*8.3453/H20MW) ) *(VM(4)/100)~(C(16)*C(18)/100))/(C~VM



® FIGURE 3 : (continued)

(4)/100)
2430 IF C(19)>1000 THEN C(19)=1000
2440 C(20)=C(12)+C(19)*02MW
1441 'C(20)=C(1l2)+C(19)*32!
2450 C(21)=C(16)=(C(92)/H20MW)+C(19) *(1+RT02)

® 451 'C(21)=C(16)~(C(9)/18.015)+C(19)*(1+(.77598+9.739999E~-03)/.20874)
1460 C(22)=C(21)+(VM(45)*8.3453+C(9))/H20MW
2461 'C(22)=C(21)+(VM(45)*8,3453+C(9))/18.015
2470 C(23)=C(22)*385.3
1471 'C(23)=C(22)*%*379.48
1480 C(24)=VM(2)*.000001*30*C(22) _

@ 481 'C(24)=((VM(2)*14.696%32.4/(10.73%520))*.000001)*C(21)*379.48
1490 C(25)=C(24)*46/30
1491 'C(25)=VM(2)*C(21)*46:'C(25)=C(24)*46/30.01
‘500 C(26)=0:IF VM(1l4)=0 THEN 2510
1302 C(26)=VM(2)*46*]1,56E-07%C(23)/(VM(14)*(1-E(11))*(1/E(13)))
1503 'C(26)=C(25)/(VM(14)*(1-E(11))*(1/E(13))/60)

@ 510 IF C(26)<0 THEN C(26)=0
1520 C(27)=1000:IF VM(37)<1 THEN 2540
2530.C(27)-C(25)/((VM(37)*(1-E(1))*(2000/60)*E(12)))*1000000'
!540 C(28)=21:C(29)=0:1IF C(21)<1l THEN 2570
2550 C(28)=(C(20)/32)*100/C(21)

- 1560 C(29)=VM(2)*(18/(21-C(28)))

@® 570 C(30)=100:IF C(16)<l THEN 2590
1580 C(30)=((C(19)/.20874)*28.9/(C(16)*31.74))*100
1590 !
'59] 'hkkkkkkhkhkhkhkhkdhdhkx COAL MILL BAILANCE khkkkhkhthkkhkhhkkhdkik
592 !
1600 C(31)=VM(44)*100/3

@ 610 C(32)=(VM(44)-VM(37))*100/3
1620 C(33)=10.4*VM(48)=-295.9
'630 C(34)=C(33)=-C(32)-6. 7124
1640 C=VM(40)
650 C(35)=.2383%C+4.979E-06*CA2+42.7958E~09*C~3+6.951E-13*C~4~7.6193
1660 C=VM(42)

® ‘670 C(36)=.2383%C+4.979E=-06*CA2+2,7958E-09*%C~3=6.951E-13%C~4=7.6193
‘680 C(37)=.4421%C+2,434E-05*C~2+1.0636E-08*%C~3=-2.043E~12*C~4-14.172
690 C(38)=VM(1)+30
1700 C=C(38)
1710 C(39)=,2383%C+4,.979E-06*C*2+2,7958E~09%C~3~6.951E-13%C~4=7.6193
1720 C=VM(38)

® 1730 C(40)=.2383*C+4.979E-06*C~2+2.7958E~09*C~3~6.951E=-13%CA4-7.6193
740 C(41)=C(1l)*(C(38)-32)*,3
750 C(42)=C(31)*,0795873
760 C(43)=C(42)*(C(38)=-32)
770 C(44)=C(41)+C(43)
780 C(45)=C(1l)*(140~32)%.23

@ 790 'E(8)=454
B0O C(46)=C(34)*C(36)
810 C(47)=C(32)*971.3
820 C(48)=C(32)*C(37)
830 C(49)=C(45)+E(8)+C(46)+C(47)+C(48)
840 C(50)=100:IF C(39)=C(35) OR C€(34)<l1 THEN 2860

Py 850 C(50)=(C(49)=-C(44)-C(34)*C(35))*100/(C(34)*(C(39)-C(35)))
860 C(51)=1000:IF C(40)=C(39) THEN 2880

870 C(51)=C(34)*(C(35)-C(39))/(C(40)=C(39))

880 C(52)=100:IF C(42)<1 THEN 2900

890 C(52)=C(32)*100/C(42)

900 !

901 '"HhFkkkkkkkkkkkkh*k* CLINKER COOLER BALANCE #hkAhdkkddkkhhhhkhkhdrd
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FIGURE 3 : (continued)

C(53)=VM(17)*100/122
C(54)=VM(18)*100/112
C(55)=VM(19)*100/91.5
C(56)=VM(20)*100/127
C(57)=VM(21)*100/188
C(58)=.07:IF VM(1)>400 THEN. 2980
C(58)=38.396/(460+VM(1))
C(59)=0:IF C(53)<2 THEN 3000

C(59)=VM(17)*1.8868E-05%(460+VM(1))*(7.49+4LOG(C(53))+57.

C(60)=0:IF C(54)<2 THEN 3020

C(60)=VM(18)*1.9153E-05*(460+VM(1))*(7.49*;OG(C(54))+57.

C(61)=0:IF C(55)<2 THEN 3040

C(61)=VM(19)*1.7537E~05%(460+VM(1))*(6.15%L0G(C(55))+63.

50001)

3040
3050
3)
1060
3070
3)
3080
1090
1100
1110
1120
1130
1140
3150
1160
1170
1180
1190
1200
1210
220
1230
1240
250
1260
270
280
1290
300
310
320
330
340
.350
360
370
380
390
400
410
411
412
420

C(62)=0:IF C(56)<2 THEN 3060

C(62)=VM(20)*1.6622E-05*(460+VM(1))*(7.49+LOG(C(56))+57.

C(63)=0:IF C(57)<2 THEN 3080

C(63)=VM(21)*1.6608E-05* (460+VM(1))*(7.39*LOG(C(57))+58.

C(64)=476%C(59)-19620:IF C(59)>75 THEN 3100
C(64)=305*C(59)+1.3%((C(59)-62.5)~2)-6671
C(65)=235.3*%*C(60)-2824
C(66)=312.9*C(61)~6033

66) *(.0002*C(53)+.8 _

66) *(.0002*C(54)+.8

1) *(.0002*C(55)+.87

66)*(.0002*C(56)+.8

39)*(.0003*C(57)+.8

C(67)=632%C(62)+10.8%((C(62)~83)~2)~25690:IF C(62)>75 THEN 3140

C(67)=447.4*C(62)=-11281

C(68)=966*C(63)+12.5%((C(63)~117.5)~2)=-58460!:IF C(63)>110 THEN 3160

C(68)=652.3%C(63)+3.1*%((C(63)=-90)~2)-24716
C(69)=0:IF VM(34)<1.5 THEN 3180
C(69)=EXP(LOG(VM(34)/.000005)/1.75)
C(70)=VM(14)*(1-E(11))*(1/E(13))*100/3
C(71)=(C(64)+C(65)+C(66)+C(67)+C(68))*C(58)
C(72)=C(71)-C(51)-C(69)

'E(9)=638.0741

C(73)=.2057*VM(29)+.0000217*( (VM(29)-340)~2)=9.82
C(74)=C(70)*E(9)

C(75)=C(71) *C(39)

C(76)=C(70)*C(73)

C(77)=.1%(C(74)+C(75))

C(78)=C(51)*C(40)

C(79)=C(69)*C(36)

C(80)=1000:IF €(72)<10 THEN 3310
C(80)=(C(74)+C(75)~C(76)-C(77)=-C(78)=C(79))/C(72)
C(81)=0:IF C(80)<-1000 THEN 3330

C(81)=(-.2383+SQR((.2383‘2)+4*4.979E-06*C(80)))/(2*4.979E*06)

C(82)=0:IF C(74)+C(75)<1000 THEN 3350
C(82)=(C(78)+C(72)*C(80))*100/ (C(74)+C(75))

C(83)=0:C(84)=0:C(85)=0:C(86)=0:C(87)=0:IF C(70)<10 THEN 3410

C(83)=C(71)/C(70)
C(84)=C(72)/C(70)
C(85)=C(51)/C(70)
C(86)=C(69)/C(70)
C(87)=C(83)+C(84)+C(85)+C(86)

C(88)=4.75*VM(31)-61.1

"AAk Ak Nk Ak kh kA kA kA kkk  KTIN BATANCE hhkkhkhhdhkhhhhkdkhdhhhhds
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FIGURE 3 : (continued)

C(89)==2.31%VM(27)+158.1
C(90)=C(13)~C(72)-C(88)~C(89)

C(91)=0:IF C(72)<10 THEN 3470

C(91)=C(88)/C(72)

C(92)=0:C(93)=0:C(94)=0:IF C(13)=<10 THEN 3510
C(92)=C(88)*100/C(13)

C(93)=C(72)*100/C(13) ;

C(94)=C(90)*100/C(13)

C(95)=C(88)/.0763

C(96)=C(72)/.0763

C(97)=C(90)/.0763

C(98)=C(89)/.0763

C(99)=C(95)+C(96)+C(97)+C(98)

C(100)=VM(1)+70 .
C(101)=.2383%C(100)+4.979E~06%*(C(100)~2)-7.619001
C(102)=(.21%C(100)-6.72)*.9000001+(.24*C(100)-7.68)*.1
C(103)=.3*(VM(1)+50)-9.600001

C(104)=VM(1)+50 -
C(105)=,4421%C(104)+2.4339E-05+%(C(104)~2)-14.17
'E(10)=19.1
C(106)=.4421%C(100)+2.4339E-05%(C(100)~2)~14.17

C=VM(11) _
C(107)=.2315%C+3.262E~05*C2~6.0393E-09*CA3+5, 6E-13%CA4=7, 44
C(108)=(.21*C~6.72)*.9000001+(.24*C-7.68)*.1
C(109)=C(88)*C(39)

C(110)=C(89)*C(39)

C(111)=C(90)*C(101)

C(112)=C(72)*C(80)

C(113)=C(1)*E(12)

C(114)=C(1)*C(103)

C(115)=VM(14)*(1-E(11))*C(102)*100/3
C(116)=VM(14)*E(11)*C(106)*100/3
C(117)=VM(45)*8.3453+E(10)
C(118)=C(109)+C(110)+C(111)+C(112)+C(113)+BH+C(114)+C(115)+C(116)+C(117)
C(119)=1000:IF C(113)+C(112)<1000 THEN C(23)=0:GOTO 3790
C(119)=C(112)*100/(C(113)+C(112))

C(120)=C(16)*31.73665

C(121)=C(120)*C(107)

C(122)=C(120)*C(108)*.3

C(123)=VM(45)*%8.3453%971,3

C(124)=C(70)*E(9)

C(125)=C(70)*1124
C(126)=C(121)+C(122)+C(123)+C(124)+C(125)
C(127)=C(118)~-C(126)

C(128)=100:IF C(118)<1000 THEN 3890
C(128)=C(127)*100/C(118)

C(129)=0:IF VM(14)<1 THEN 3910
C(129)=(VM(37)*(1-E(1))*2000*E(12)*E(13))/(VM(14)*(1-E(11)))

'E(14)=.35968

'E(15)=.35
C(130)=E(1)*2000/18.016
C(131)=(1-E(1))*2000*E(14)
C(132)=(C(130)+C(131))*VM(37)/60
C(133)=E(11)*2000/18.016
C(134)=(1-E(11))*2000*E(15)/44.01
C(135)=(C(133)+C(134))*VM(14)/60
C(136)=VM(45)*8.34/18.016
C(137)=C(132)+C(135)+C(136)
C(138)=VM(4)*C(137)/(20.88=-VM(4))



FIGURE 3 : (continued)

1972 C(139)=C(137)+C(138)

1980 C(140)=(C(139)*VM(2) *46* -
1299 Ré )=(C( ) (2) 60*E(13))/(VM(14)*(1-E(11))*1000000!)



FIGURE 4 : Documentation of NOX.MEN

Appendix ITI : NOX.MEN Internal Documentation

The following internal documentation is broken down by line
number ranges with a brief description od what is accomplished
in this area of the program. Every attempt was made to maintain
the original variable names set up by Rob Burgard. Where a new
variable is added, it is shown in brackets [].

The GOSUBs listed within the range are routines called from this
line range. In some cases there is a description of how the
program is setup, so that the program can be more easily modified
if required.

Line Numbers Description
1- 10 Documentation note. All internal documentation of

the program is handled with a similar heading.

11- 42 Formats for the various reports. The column
label is found immediately below the numeric
format. Proper aligning when new columns are
added can be accomplished by modifying these
pairs of format lines concurrently. A further
description of these lines are shown in Appendix IV.

1000- 1012 Set up of variables, arrays and user defined
functions,

GOSUB 9000: Sets up printers
GOSUB 7000: Reads screen labels for raw data
signals

1020- 1042 Establishes communications link and time/date
handshake with DigiLink.

GOSUB 8300: Clears communication buffer
GOSUB 8400: Opens SCR file



Appendix III (continued) Page 2
This area also adds in a 10 second delay between

the Digilink and IBM PC for easier coordination and
checking of the communications buffer,

Line 1040 - Programmer aid for checking output at
various times., This line should normally be "REMed"
out.

1100 Will not allow inappropriate entry into the program.

1130- 1199 * Waits for keyboard input, report times or a full
communications buffer. Prints time while waiting.

Line 1142 - Opens new SCR at 2 minutes past midnight.
Line 1146 - Prints Production Log Shift Summary
and Statistical Report at Shift breaks.

GOSUB 4100: Update and print summaries

Line 1150 - Set up new production day by zeroing
NOX.REP - GOSUB 7300
Line 1154 - Prints SCAQMD hourly report -~ GOSUB 6000

1164- 1199 CHECK FOR KEYBOARD INPUT - See Appendix II

Line 1168 - Return to system
~ Line 1170 Change disks - GOSUB 7800
* Line 1172 - Print new screen - GOSUB 7100
Line 1174 List SCR files - GOSUB 7200
Line 1176 Change printer formats - GOSUB 7700
Line 1178 -~ Stats only On/Off - GOSUB 8500

* ok sk %k Ok

Line 1180 - Change Engineering Constants - GOSUB 8700
Line 1182 - Check printer status - GOSUB 8600
Line 1184 - Zero cumulative statistics data file

GOSUB 8800

* New additions

2000- 2060 Reads communications buffer and checks for bad data
input and out-~of-range readings (so that the Heat
Balance equations won't give screwy results).

Note: If a bad data signal is being put out by the
DigiLink you should either

1) Put the Digilink into "Simulate" mode for that
channel, or

2) Adjust the reading in Lines 2030-2050. [VM(xx)]"
is the raw data signal,

Line 2060 - updates the screen:runs heat balance
equations:prints production log:prints process engineer's
log.
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2100-

4000-
4000-

4040-

4100-

4250-

4300-

4400-

4470~

3910

4500
4030

4054

4240

4290

4392

4447

4500

HEAT BALANCE EQUATIONS. The equations have been
converted -to three(3) matrixed arrays:

[C(xxx)] - One of the calculated variables. Refer
to the attached listings of the Key.
The line numbers for the [C] value is
.identical to the line number for the
keyed variable name. The variable names
are identical to those assigned by Rob
in the original program,

[E(xxx)] - An engineering constant. The "REMed"
values are the original values used in
the equations. These are updated with
ANA .MEN

[WM(xx)] - The raw data signals - unchanged from
the original.

PRODUCTION LOG

Production Log output calculations. The [P] matrix
is the [P]rintout matrix and works similarly in all
the logs. The [P) value is assigned either a [C],

[WM] or other calculated value and then printed out.

GOSUB 8200: Production Log print format output

Updates NOX.REP (daily shift report data) and SC.DAT
(SCAQMD hourly data and cumulatives).

Reads NOX.REP for the appropriate shift data and
prints the report,

GOSUB 8200: Production Log print format output
Line 4190 - accumulates for average

Line 4192 - calculates shift tonnage [TON]
Prints averages and production total for shift
GOSUB 8200: Production Log print format output
At the appropriate time, the averages for the day
are printed along with the daily tonnage.

Line 4352 - accumulates for average

Line 4354 - accumulates daily tonnage [TON]

Prints averages for the day and total tonnage

Prints new heading for Production Log.

Page 3
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5000- 5999
5000- 5036
5040- 5052
5060- 5078
5080- 5098
5100- 5126
5500- 5532
5535- 5564
5581~ 5609
5610- 5618
1 5620- 5639

Page 4

PROCESS ENGINEER'S LOG AND STATISTICAL REPORT

Establishes [P] matrix - see previous description,
In some cases, the [P] values from the Production
Log are reassigned to the PEL [P] matrix. The [P]
values established here are in the same format found
in the SCR files,

Line 5032 - This is where the "Stats Only" print
option is detected.

GOSUB 8000: PEL print format output
Updates the SCR file.

Reads the statistical data for the cumulative shift
summary, STAT.NOX, and accumulates new input.

Line 5065 - This is where the cutoff ranges for
the stored data NOx values is determined.

Establishes [P] matrix for the statistical report -
see previous description.

Assigns data to the appropriate range of NOx and
updates STAT.NOX

Line 5123 - cutoff range for the data which will
be used in the statistical averages.

Prints header for the statistical report.

Prints shift averages for [P] matrix
GOSUB 8000: PEL print fermat output.

NOx range statistical shift printout. The averages
within the range use all points which meet the cutoff
criteria. The cumulative totals and sums of squares
are also updated. '

Line 5605 - if the NOx level is less than 3.00 #/tn
or greater than 10.00 #/tn, then the values are not
included in the statistics. The number printed in
parentheses is the total number of points collected.

Line 5609 - [N8] refers to the above value. i
GOSUB 8100: Statistical Report print format output
Prints the shift averages and standard deviations

in PEL format. RPH and feedrate must be greater
than 40 for the data to be included.

Identical to Lines 5581-5618, except that the to-
date cumulative values are used.



Appendix III (continued) Page 5

5640~ 5648

5660- 5666

5680~ 35999

6000- 6140

7000- 9999

GOSUB 7000

GOSUB 7100

GOSUB 7200

GOSUB 7300

GOSUB 7400

GOSUB 7500

GOSUB 7600

Identical to Lines 5610-5618, except that the to-
date cumulative values are used.

Calculates and prints the correlation coefficients
between [NOLB] and the different parameters.

GOSUB 8150: Correlation Coefficient print format
output

Zeroes the shift cumulator in STAT.NOX and prints
a new PEL heading.

SCAQMD LOG
Line 6130 - Updates daily accumulator -~ SC.DAT

SUBROUTINES

Reads screen raw data signal labels and formats from
CHART ,NaAM

Called only at Start Up.

Prints above labels to screen.
GOSUB 7400: Print raw data signals to screen.

Called at any time screen needs to be updated, i.e.
after data update or after the screen has been cleared
in another subroutine.

Lists SCR files found on B:drive.
Called with - $ - only (see Appendix II).

Zeroes shift data, NOX.REP

Called at Start Up (on request - see Appendix I)

and at the beginning of A-shift (see Line 1152 above).
Updates the raw data signals to the screen.

Called after data dumps from the DigilLink and from
GOSUB 7300.

Answers "Yes/No'-type questions and converts numeric
answers to the appropriate format for processing.

Called by GOSUB 7700 and GOSUB 7900.

Tests communications buffer for good data. If the
first data in the buffer is not in a "date:time:status”
format sent by the Digilink, then the buffer is emptied
until this format is present.
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GOSUB 7700

GOSUB 7800

GOSUB 7900

GOSUB 8000

GOSUB £100

GOSUB 8150

GOSUB 8200

GOSUB 8300

[Qx] - these are status flags to insure that these
routines are not repeated interminably.
These flags are used in other routines as
well.

Called at Start Up and at any time the buffer needs
to be cleared before the next data signal arrives.

Changes printer formats. Depending on the printer
selected, this routine will input the appropriate
control characters and send them to the printer along
with a test pattern.

Called at Start Up or - Z - (see Appendix I and II
for details).

Allows replacement of the disk in B:drive without
leaving the program. Properly closes the old disk
and establishes the SCR file on the new disk.

Called only with - ! -

If a printer is found to be inoperative during Start
Up or during a printer status check, this routine
allows you to either restart the printer in question
or permanently remove it from the printer queue.

[PR] - used throughout the program to determine
the status of a printer. This flag can be set auto-
matically (see lines 20020, 20030 and 20040 below).

Called at Start Up and - & -
Process Engineer's Log print format output. This
way of doing the format appears to be rather cumbersome,

but is, in fact, very flexible for adding new columns
(see Lines 11-42).

Called from PEL processing.

Statistical Report print format output, See previous
comments.

Correlation Coefficient print format output. See
previous comments.

Production Log print format output. See previous
comments.

Clears communication buffer whenever inappropriate
data has been detected.
Called during Start Up and GOSUB 7600.

Note: The IBM PC is set up to buffer communications
whether you are in NOX.MEN or not.
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GOSUB 8400

GOSUB 8500

GOSUB 8600

GOSUB 8700

GOSUB 8800

8830- 8858
8860~ 8876
8880- 8888

GOSUB 9000

9000~ 9032

9040- 9044
9050- 9054

Open SCR file at two(2) minutes past midnight, after
a disk is thanged or during Start Up.

Note: When you find a SCR file with a strange day
number, e.g. "POPPO", on a disk, it is because you
called this routine without proper communications
linkage with the Digilink and IBM PC.

Initiates the PEL option to either print all data
signals in the PEL format or the Statistical Shift
Reports only.

[PRX] - Flag is set to "Stats Only" at Start Up.
Called with - A - only.

This routine closes all communications lines, reopens
them and sends a test pattern. If a printer or the
Digilink is found to be faulty, you will be given

an opportunity to change the status or remove it
from the printer queue.

GOSUB 9060: Initiate communication links

Called during Start Up and with - & -

Loads updated engineering constants prepared with
ANA.MEN. Creates new ENG.CON file on A:Drive.
Called only with - * -

Zeroes or initiates all files for a new cumulative
data base.

Zero STAT.NOX

Zero NOX.REP

Zero SC.DAT

Called only with - ( -

Initiates system and sets up screen.

Selects Monochrome(green) or Auxilary screen. Select-
ing the latter will send a duplicate screen to the
control panel.

Line 9012 - Waits for approximately 30 seconds for
input for this question. If there is no response,
continues through Start Up with default values to
the initial questions.

Gets system date.
Allows a zeroing of NOX.REP

GOSUB 7500: Answer question
GOSUB 7300: Zero NOX.REP
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o 9060- 9064 Opens comm line to Digilink  [COM1:)
9065- 9069 Opens comm line to PEL [LPTI1:]
GOSUB 5702: Printers header test pattern

9070 9075 Opens comm line to Production Log [COM2:]
o GOSUB 4480: Prints header test pattern

9075- 9079 Opens comm line to SCAQMD Log [LPT2:]

9082- 9999 Checks for correct printer format.

o GOSUB 7500: Answers question
GOSUB 7700: Change printer format

Line 9100 - Get NOx range labels.
10000- 10040 DATA for NOx range labels.
® 10100~ 10150 A programmer aid for debugging the program is to

use simulated data without the benefit of the Digilink.
Access to these DATA statements has been "REMed"

out.
® 20000- 20900 ERROR HANDLING
Line 20010 - Faulty DigiLink communications line
Line 20020 - Faulty PEL communications line.
Line 20030 - Faulty Production Log communication
line.
® Line 20040 - Faulty SCAQMD communications line.

20050~ 20054 Detects a faulty printer and automatically removes
the printer from the print queue.

Line 20060 - No ENG.CON file to update.
Line 20070 - Bad date format.

Py ' . Line 20080 - Finds empty SC.DAT file.
Line 20090 - Finds empty communications buffer.
Line 20100 - Finds partially full SC.DAT file.
Line 20900 - General error handling - Error number and
line it occured on printed on screen.
®
[
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FIGURE 5 : '"newnox" calculation - used concurrently with previous

 calculation, as of June 6, 1985.
1

N(30)=E(1)*2000/18.016
N(31)=(1l-E(1))*2000*E(14)
N(32)=(N(30)+N(31))*VM(37)/60
N(33)=E(11)*2000/18.016
N(34)=(1-E(11))*2000*E(15)/44.01
N(35)=(N(33)+N(34))*VM(14)/60
N(36)=VM(45)*8.34/18.016
N(37)=N(32)+N(35)+N(36)
N(38)=VM(4)*N(37)/(20.88=-VM(4))
N(39)=N(37)+N(38)
N(26)=(N(39)*VM(2)*46%60*E (13) )/ (VM(14)*(1~E(11))*1000000!)
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FIGURE 6 : KVB NOx calculation, as of August 31, 1985

DIM C(200),MM(100),E(100),VM(50),R(50),K(50),N(50)
VM(37)=11.34:VM(14)=90.9:VM(45)=26:VM(4)=5,5:VM(2)=318:VM(13)=1.3
E(1)=.0454:E(2)=.713:E(3)=.0497:E(4)=.0126:E(5)=.1235:E(6)=.0961
E(7)=.0051:E(11)=.0032:E(12)=12437:E(16)=.0035
E(13)=.3499:E(15)=.35

Vhhkhhhhdhhdhhdkd Constants dede e v e e o ok e ok ke ok e ok
1]

CMW=12.01

H2MW=2.016
H20MW=18.,016

Q2MW=32

N2MW=28.016
SMW=32.066
INRTMW=28,163
AIRMW=28,965
AIRO2=,209
CO2MW=44.01
RTO2=(1~AIR02) /ATIRO2
INERT=RTO2*INRTMW/02MW

K(1)=(VM(37)*2000/60)*(1-E(1))
K(2)=E(3)-(E(5)/7.937001)

K(3)=02MW# (E(2)/CMW+E(3)/ (2*H2MW) -E(5) /O2MW+E (7) /SMW) *K (1)
K(4)=INERT*K(3)+E(4)*K(1)

K(5)=0

K(6)=E(16)* (L+INERT) *K(3)+VM(37) *E(1) *2000/60+ (E(5) *H20MW/ (O2MW/2) ) *K(1)
K(7)=K(1) *E(6)

K(8)=(1+E(16))* (1+INERT)*K(3)

K(9)=K(6)+8.936001*K(2)*K(1)

K(10)=(CMW+O2MW) /CMW*E (2) *K (1) +VM (14) * (1-E(11) ) * (1~1/E(13)) #2000/60
K(11)=K(8)*10.73%520/(14.696*28.9)
K(12)=VM(13)*(K(4)/INRTMW+K(10)/ (CMW+O2MW))
K(12)=K{12)/(100/02MW=VM(13) * (1+INERT) /AIRMW)

IF VM(13)>20 THEN K(12)=1000

K(13)=(1+E(16))* (1+INERT) * (K(3)+K(12))

K(14)=1000:IF K(1)<1 THEN 5360

K(14)=K(13)/K(1)

K(15)=1000:IF K(3)<1 THEN 5380

K(15)=K(12)*100/K(3)

K(16)=K(12)/02MW+ (K(4)+INERT*K(12))/INRTMW+K(10)/ (CMW+O2MW)+XK(9) /H20MW
K(17)=K(16)*385.3

K(18)=21:IF K(16)<1 THEN 5420

K(18)=(K(12)/02MW)*100/K(16)

C=AIR02/ (1+E (16) *AIRMW/H20MW) |
K(19)=C*((K(16)+(VM(45)*8.3453/H20MW) ) * (VM(4)/100)~(K(16)*K(18)/100))/(C-VM

4)/100)

430
440
250
460
470
480
490
500
502
510

IF K(19)>1000 THEN K(19)=1000
K(20)=K(12)+K(19) *O2MW
K(21)=K(16)-(K(9)/H20MW) +K(19) * (1+RT02)
K(22)=K(21)+(VM(45)*8.3453+K(9))/H20MW

K(23)=K(22)*385.3

K(24)=VM(2)*.000001*30*K(22)

K(25)=K(24)*46/30

K(26)=0:IF VM(14)=0 THEN 5510
K(26)=VM(2)*46*1,56E-07*C(23)/(VM(14)#*(1-E(11))*(1/E(13)))
IF K(26)<0 THEN K(26)=0
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FIGURE 7 : Final NOx calculation developed by Young, McMann and Phillips
as of September 14, 1985

:************** NOx Calculation (lbs/ton of clinker) AR R AR R AR
: .
Tohdekdddekdesedeshhd Calculation of "TOTGAS" s e e e % o vk % ok ke ek ok
:.************** Contribution of COMBUSTION AIR e e e ok e o e ok e o e ok e
]

MM(1)=VM(37)%(2000/60)*(1-E(1))

MM(3)=MM (1) *(E(2)/CMW+E(3)*.5/H2MW+E (7) /SMW=-E (5) /O2MW)
MM (4)=MM(3)*( (1~AIRO2)/AIRO2)

MM (5)=(E(16) *AIRMW/H20MW) * (MM (3) +MM (4) )

| ]

thkkedkdddhkdkkkkkk égntribution of COAL dhhhkkkkkkhrhkhk
MM(G)-MM(l)*(E(2)/CMW+E(3)/H2MW+E(4)/N2MW+E(7)/SMW)
MM(7)=VM(37)*E(l)*(ZOOO/GO)/HZOMW

MM (8)=MM(4)+MM(5)+MM(6)+MM(7)
MM (9)=VM(14)*(2000/60)*E(11) /H20MW
' v

Thkkkkkhhkkkhkkkk Contribution of XKILN FEED Fdoddod ok k ok ok dekk ok ok
]

MM(10)=VM(14)*(2000/60)*(1-E(11))*(E(15)-E(11l))/CO2MW
MM(11)=MM(9)+MM(10)

1

ThAkRRRRAR KRk k% contribution of WATER SPRAY khkkkhhhhkhhhddk
1

MM (12)=VM(45) *8.350001/H20MW
1]

Vhkkdhkkkkkkhkk Contribution of EXCESS AIR o ok o e ok ok ok ok ok ke o
]

MM (13)=MM(8)+MM(11)+MM(12)

MM (14)=AIRO2/ (1+E(16) *AIRMW/H20MW)

MM(15)=MM(13)*VM(4)*.01/ (MM(14)-VM(4)/100)

[}

Vhkkkhkhkdedokdkokk Final TOTGAS Calculation hkkkkkkkkkhhdhk
)

MM(16)=MM(13)+MM(15)

MM(17)=385.3*MM(16)

]

Thkkkkkh Rk Rk hRhk CLINKER PRODUCTION kkkkkkhkhhhhkhd

¢

MM(18)=VM(14)*(1-E(15))

(R EAEEEIEEERYES) Final NOx Calculation e de ok de % ok ok o e de e o ek
'

IF MM(18)<=0 THEN MM(19)=0:RETURN

MM(19)=VM(2)*46*1.56E~ O7*MM(17)/MM(18)

RETURN
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NOx PROJECT QUALITY ASSURANCE PROGRAM
I. INTRODUCTION | |
A. PURPOSE

The purpose of this quality assurance (QA) program is to
assure the accuracy and precision of the data collected and the
reliability of the instruments associated with the NOx project at
Gifford-Hill and Company, Inc.'s cement plant at Crestmore,
California.

The data collected must be both precise and accurate.
Precision is a measure of how closely the results of a method of
analysis or measurement can be répeated. Accuracy refers to how
closely the measured values compare to the <true value. The
reliability of the instrumentation is also very important. The
completeness of the data must be as high as possible.

Féilowing'zthe. iﬁﬁfﬁductory section will be a brief
description of the data handling hardware and a short
description of the equations used to calculate the pounds of NOx
per ton of c¢linker. Included in ¢this section will be a
discussion of the variables used in these equations and their
impact_on the pounds of NOx per ton of clinker value.

This document will then provide a 1list of the
measurements and instruments that are critical to .the project
and a list of the instruments that are important to this project.
The instruments considered important to this project are those
that measure parameters that may influence the generation.of NOx
in a rotary cement kiln.

Following these lists, will be a table that 1lists the

frequency of zero and span checks and the frequency of multipoint



calibrations on these instruments.

In addition to the instructions pertaining to frequency of
calibration, this Quality  Assurance plan will discuss
the test equipment that will be used during these calibrations
and procedures for insuring the accuracy of this test equipment.

The Quality Assurance plan will then outline the personnel
responsible for imblementing the various aspects of the cifford-
Hill and Company, Crestmore plant, NOx Project.

Finally, this document will present the accepted methods of
calibrating each type of instrument associated with this project.
These methods will be presented in a step-by-step, or "cookbook",
type format with examples of any mathepatical calculations that
must be performed during a calibration check.

B. DATE QUALITY AND COMPLETENESS

The gdél bf £ﬁi;be85;;£gﬁill be to generate pounds of
NOx per ton of clinker values with a precision of plus or minus
five pércent; the pounds of NOx per ton of clinker values should
have an accuracy of within plus or minus fifteen percent of the
trua value; and, the goal for completeness of the data will be
to record valid data for at least 75 percent of the possible
measurements.
II. DATA HANDLING AND REDUCTION

The analog field signals are supplied to a Kaye Digilink
system. The Kaye Digilink converts these signals to digitél
signals, accumulates and averages each signal for six minutes,l
and then sends these six minute averaged signals to an IBM-PC for

storage and data reduction.



The IBM-PC stores each of the raw field signals, performs
various calculations, éﬁd stores the resultant, and prints out
selected raw and calculated data to three hardcopy printers.

Although the IBM=-PC stores and may print all of the raw
field signals and numerous calculated values, the NOx project
will be primarily concerned with signals that have Dbeen
determined to be "critical" and "important® field signals and the
pounds of NOx per ton of clinker calculated value. The remaining
field signals and calculated values have been collected and
printed as an aid to the operation of the kiln. The relative
importance of the field signals will be discussed in the section
following.

The most important calculated value is the pounds of NOx pef
ton of clinker figure. It is calculated according to Rule 1112

of the South Coast Air Quality Management .District.. The equation

used is:
=7
(ppm of NO) (46 grams/mole) (SDCFM) (1.56 x 10 )
Tons/Hour of Clinker

The tons of clinker value is determined by multiplying the
kiln feed rate signal by a factor that is determined by the loss
on ignition of the kiln feed.

FOR EXAMPLE:

Assume the kiln feed rate is 100 TPH

the loss on ignition is 35.00 percent

Then the clinker production rate is:

(100 TPH) (1.00 - 0.3500) = 65,00 TPH

The ppm NOx value used in the equation is an "as measured"

value, corrected to standard, dry conditions.



The SCFM value is calculated by summing the products of fuel
combustion, the water from the kiln feed, coal, and water spray,
the carbon dioxide liberated from the limestone in the kiln feed,
and any infiltrated air and correcting to standard, dry
conditions.

The remaining value is a constant used to convert SCFM and
ppm of NOx to pounds of NOx at standard, dry conditions.
Standard conditions have been defined as an atmospheric pressure
of 29.92 inches of mercury and 68 degrees F.

Five values that are continuously monitored by field
instruments, two test results of the coal fuel chemistry, and two
test results of the kiln feed chemistry are used to calculate the
pounds of NOx per ton of clinker. |

Of these data inputs used to calculate pounds of NOx per ton
of clinker, six values must be aé;accurately measured.as possible
because of the effect an error in their values have on the
calculéted pounds of NOx per ton of clinker.

A 1.00 percent increase in the kiln feed loss on ignition
value will increase the calculated pounds of NOx per ton of
clinker by about 1.28 percent. A 1.00 percent increase in . the
measured NO .ppm value will increase the calculated pounds of NOx
per ton of clinker by 1.00 percent. A 1.00 percent increase in
the kiln feed rate value will decrease the calculated pounds of
-NOx per ton of clinker by about 0.83 percent. A 1.00 percent
increase in the carbon content of the coal value used will
increase the calculated pounds of NOx per ton of clinker by about
0.70 percent. And a 1.00 percent increase in the measured oxygen

content of the exit gas stream at the NOx analyzer will result in



an increase in the calculated pounds of NOx per ton of clinker by
approximately 0.40 percent. A 1.00 percent increase in the
value of the hydrogen content of the coal used will increase the
calculated pounds of NOx per ton of clinker by approximately
0.14 percent.

A one percent change in any one of the remaining values will
result in less than a 0.04 percent change in the calculated
pounds of Nox per ton of clinker value.

Therefore, the six values that must be known as accurately
as . possible are, in descending order of importance: the kiln
feed loss on ignition, the measured ppm of NOx, the tons per
hour of kiln feed supplied to the kiln, the carbon content of the
coal, the oxygen content of the exit gas stream at the NOx
analyzer, and the hydrogen content of the coal.

III. RELATIVE IMPORTANCE OF THE FIELD IﬁéTRUMENTS

The field signals supplied to the NOx/Digilink/IBM-PC fall
into three catagories. The critical data is that data which are
used to calculate the pounds of NOx per ton of clinker.
Below, is a 1list of the signals that are wused in this
calculation, and are therefore considered critical:

1. PPM of NOx (Lear-Siegler SM 810)

2. Percent oxygen at the ID fan (Lear~Siegler CM 50)

3. Kiln feed rate (Sankyo flowmeter)

4. Coal feed rate to the kiln (Sankyo flowmeter)

5. GPM of the kiln exit water spray (Turbine meter)

The second category is those field signals that may show a

correlation to the'generation of NOx in a rotary cement kiln.



Below, the signals that may show a correlation to NOx per ton of
clinker are listed: |

1. Primary air fan amps

2. Axial air pressure on the Pillard burner

3. Swirl air pressure on the Pillard burner

4. Burning zone temperature

5. Kiln drive amps

6. Secondary air temperature

7. Percent oxygen at the kiln exit

8. Chain inlet temperature.

The above eight signals are only slightly less important
than the previously listed critical signals.

The remaining signals are generally used for information on
the kiln operation. Most of these signals are important to the
operation of the kiln, but may be considered of secondary
importance to the NOx project.

Another type of information is also considered critical.
This information is the chemical properties of the kiln feed and
the coal fuel. Samples of kiln feed must be analyzed to
determine the moisture content and the loss on ignition. These
values are used in the determination of both the exit gas volume
of the kiln and the production rate of the kiln. Saﬁples of the
coal must be analyzed to determine the moisture content and the
ultimate analysis. These values are used in the determination of

the kiln exit gas volume.

- IV. FREQUENCY OF CALIBRATION

The instruments that measure the critical signals and the

signals that may show a correlation to NOx generation should have



the zero/span checked according to the following schedule:

INSTRUMENT DAILY WEEKLY MONTHLY KILN DOWNS

1. NOx/SOx analyzer X
2. 02 analyzer at ID fan X
3. Bailey 02 analyzer X
4. Flow meter on exit gas

water spray ‘ X
5. Kiln feed Sankyo X
6. Coal feed to kiln

Sankyo X
7. Primary air fan ammeter X
8. Pressure transmitter -

axial air : X
9. Pressure transmitter -

swirl air X
l10. Pyrometer-Burning zone temp. X
11. Kiln drive motors - ammeter X

12. Thermocouple - Secondary
air temp. X

13. Thermocouple - Chain
inlet temperature X

The remaining instrﬁments are supplying signals to provide
information as an aid to the operation of the kiln. These
instruments should have the =zero/span checked periodically,
acéording Eo previous maintenance practices.

In addition to zero/span checks on the above instruments,
full calibrations of these instruments should be done on a fixed
schedule. Each of the instruments on the 2zero/span check
schedule above shoﬁld undergo a full calibration procedure once

every three months. This procedure will include a multipoint



check with appropriate standards to prove linearity and accuracy
of the output signal. The Lear-Siegler SM-810 NOx/SOx gas
analyzer will have a dynamic calibration once per week. |
In Section VIII, the procedurés for the zero/span checks
and for the full calibrations of each type of instrument are
outlined. Appendix A will contain appropriate checklists, work
sheets, data validation sheets, and sample custody sheets to be
filled out during these zero/span checks, calibrations, etec.
V. FREQUENCY OF SAMPLING AND TESTING
A. COAL FUEL
1. Moisture Content
A grab sample of the pulverized coal being
burned in the kiln will be taken and analyzed for
moisture content at a frequency of at least three
samples per week. These values will be averaged .
over a rolling four week period. This average
value will be updated by discarding the oldest
week's data and including the most recent week's
data, once per week.'
If the updated value differs from the value
used in the IBM-PC program to calculate pounds of
NOx per ton of clinker by more than two standard
deviations of the four week data population, then
the updated value will be used as the coal
moisture value in the IBM-PC equations.
2. Ultimate Analysis'
The ultimate analysis will be performed 6n a

representative sample from each lot of delivered




KILN

1,

coal (not to exceed 3000 tons per 1lot). These
analysis will be averaged over a rolling three
month period. . These values will be updated by
deleﬁing the oldest analysis and including the
most recent analysis receivgd. If the average
value of the dry carbon content of the coal varies

from the value that is being used in the IBM=PC

.equations to calculate pounds of NOx per ton of

clinker by more that one standard deviation of
the three month data population, then the most
recent _three month average ultimate analysis will
be used.

As an exception to the above, if the source
of the coal is changed, +the ultimate analysis of
the new coal will be used in the calculation of
pounds of NOx per ton of clinker.

FEED
Moisture Content
A grab sample of the kiln feed will be taken

and analyzed for moisture content at a frequency

~of at least three samples per week. These values

wiil be averaged over a rolling four week periocd.
This average value will be updated by discarding
the oldest week's dﬁta and including the most
recent week's data, once per week.

If the updated value differs from the value-

used in the IBM-PC program to calculate pounds of



VI.

NOx per ton of clinker by more than two standard
deviations of the four week data population, the
ﬁpdated value will be used as the kiln feed
moisture in the IBM=-PC equations.
2. Kiln Feed Loss on Ignition
A grab sample of the raw material feed to the
kiln will be taken and analyzed for 1loss on
ignition at a frequency of at least three per week
These values will be averaged over a rolling four
week period. This average value will be updated
by discarding the oldest week's data and including
the most recent week's data, once per week.
If the updated value differs from the vaiue
used in the IBM-PC program to calculate pounds of
NOx  per ton of clinker by more than one standard
deviation of the four week data population, then
the updated value. will be used as the kiln feed
loss on ignition value in the IBM~-PC equations.
ACCURACY OF TESTS AND TEST EQUIPMENT USED FOR CALIBRATION
When the various pieces of equipment considered to be
critical or important to the NOx project are calibrated,
certain insruments, ﬁeights, etc. are used. The instruments
used during a calibration will be, when possible, certified

by an independent laboratory as to their accuracy and

precision. Generallf, these certifications will link these

instruments to an appropriate standard of the National

Bureau of Standards. When scales or weighté are used during

~a calibration, these scales or weights will be certified as
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VII.

conforming to the California Division of Weights and
Measures as to their accuracy. In the absence of this
certification, a certification linking these weights to an
appropriate standard of the National Bureau of Standards is
acceptable. When gases are used for a calibration, a
certification sheet attesting to the accuracy of the
published value of the gas will be provided by the vendor
supplying the standard gas. The test procedures used to

. determine the various chemical properties of the kiln feed

and c¢oal fuel, when possible, will conform to generally
accepted methods, as published in the appropriate A.S.T.M.

manual.

IMPLEMENTATION OF THIS QUALITY ASSURANCE PLAN

A. MANAGER OF THIS PROJECT

Mr. --Gerald L. Young, Production Engineer of
Gifford-Hill and Company, 1Inc., will assume overall
responsibility for the design and implementation of
this Quality Assurance Plan. He will assemble the
appropriate data, validate the collected data, and
insure that the procedures outlined in this manual are
followed. To accomplish this, he will insure that

| aPprdpriate documentation, certifications, test
results, and other items of interest are recorded and
saved until terminaﬁion of this project.

Mr. Young will also be responsible for the
issuance of a monthly status report on this project to

appropriate upper management bersonnel.

1l



IBM-PC EQUATIONS

The development of correct equations to be used to
calculate pounds of NOx per ton of clinker will be the
responsibility of Mr. Russ MacMann, Manager of Process

Engineering, Gifford-Hill and Company, Inc. and Mr. Kim
Hunter of KVB, Inc.
CALIBRATION OF EQUIPMENT AND CERTIFICATION OF TEST
EQUIPMENT

Mr. Paul Fogg, Electrical and Instrumentation
Foreman of the Crestmore plant of Riverside Cement
Company, a division of Gifford-Hill and Company, Inc.
will be responsible for the zero and span checks, full
calibrations, and dynamic gas-calibrations of the field
instrumentation associated with the NOx project He
will be fésponéible for the timely certification as to
the accﬁfaéy of-éhe equipment he uses to calibrate the
field instrumentation. He will also be responsible for
maintaining the records of zero and span checks, fﬁll
calibrations, dynamic calibrations, and the
certifications of the test equipment used.
COAL FUEL AND KiLN FE#D SAMPLING AND TESTING

Mr. Ray Sisneroé, Assistant Chief Chemist of the
Crestmore plant of Riverside Cement, a division of
Gifford-Hill and Company, Ing., will be responsible for
the sampling and testing of the kiln feed and coal
fuel. He will also be responsible for maintaining
records of these tests and a record of the custody of

these sampies.
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E. NOx PROJECT AUDITS

Mr. Ron Benson, of KVB, Inc., will be responsible
for an intensive audit of this project and Quality
Assurance Plan. He will issue a report of any
deficiencies and detail the modifications required to
correct these deficiencies.

Mr. Benson will also be responsible for a weekly
audit of this project to insure the procedures outlined
in this Quality Assurance Plan are followed.

F. STATISTICAL ANALYSIS OF COLLECTED DATA

Dr. John Croom, Quantative Applications, Stone
Mountain, GA., will be responsible for a statistical
analysis of the collected data to determine the
validity of - that data. He will also attempt to
Eorrélaﬁe' vérious:operating parameters that influence

the generation of NOx in a rotary cement kiln.

iVIII METHODS FOR ZERO/SPAN CHECKS AND FULL CALIBRATIONS
A. LEAR SIEGLER SM 810 NOx/sz GAS ANALYZER
1. Zero/span check of SM 810

A zero and span check should be performed
once per day. Long-term drift of the zero and
span may occur. The zero and span may be re-
established by adjusting the proper potentiometers
on the Integration, Sample and Hbld board inside
the control unit. To perform this adjustment

follow the procedure outlined below:

a. Depress the REQUEST CAL button.

13



Integrator,

d.

While <the 802 ZERO indicator is illuminated
adjust potentiometer R-2 on the Integration,

Sample and Hold board to produce a zero

‘reading on the front panel of the control

unit.
While the NO ZERO indicator 1light is

.illuminated, adjust potentiometer R-6 on the

Integrator, Sample and Hold board to produce
a zero reading on the front panel of the
control unit.

While the 802 SPAN indicator 1light is
illuminated, adjust potentiometer R-1 on the

Integrator, Sample and Hold board to produce

the correct span cell ppm reading on the

‘_ ffohﬁ'phnel¢hétér of the control unit.

While the NO SPAN indicator 1light is
illuminated, adjust potentiometer R-7 on the
Integrator, Sample and Hold board to produce
the correct span cell ppm feading on the

front panel meter of the control unit.

performing the zero/span adjustﬁents on the

Sample and Hold board, any significant differences

a.

between the front panel meter on the control unit and the
current-loop outputs may be corrected by adjusting the zero/span
potentiometers on the Output and Alarm board according to the

following procedures:

Depress the REQUEST CAL button.
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b. While the §02 ZERO indicator 1light is
illuminated, adjust potentiometer R-1 on the
Output and Alarm board to get 4 ma out at TB
1-27. (For a 4 to 20 milliamp signal.)

c. While the NO 2ERO indicator 1light = is
illuminated, adjust potentiometer R-7 on the
Output and Alarm board to get 4 ma out at TB
1-28. (For a 4 to 20 milliamp signal.)

d. While the S02 SPAN indicator 1light is
‘illuminated, adjust potentiometer R-2 on the
Output and Alarm board to get the proper
milliamp signal out at TB 1-27. To calculate

- the proper milliamp signal, use the following

formula, for a 4-20 milliamp signal:

milliamps = (span cell S02 value) (16) + 4
(1500)
e. While the NO SPAN indicator light is
illuminated, adjust potentiometer R-8 on the
Output and Alarm board to get the proper
milliamp signal out at TB 1-28. To calculate
the proper milliamp signal, use the formula
in part "d" above, except substitute the
"span cell NO value" for the S02 value.
2. Full Electronic Calibration of SM 810
Before doing a regularly scheduled, fﬁll
calibration of the SM 810 Gas Analyzer, replace

the UV lamp in the transceiver with a new lamp.

15




Transceiver

No attempt to calibrate the transceiver

should be made until it has reached full

~operating temperature. A cold transceiver

requires a minimum of three hours to reach a
stable operating temperature with all access
doors and ports sealed. If possible, the
transceiver should be allowed to warm wup
overnight.
1) UV Lamp Current:
The UV lamp current should be set
at 325-350 ma by adjusting R-5 to 3.25 =~
3.50 V DC at TP-10 on the transceiver.
2) Oscillator/S02 Scan Offset:
These two &djustments wbrk together to
"peak" the instrument for S02. First,
connect an oscilloscope to TP-3 at the
transceiver and check for a frequency on
the scanner of 26-28 milliseconds.
Adjust R-2 to get the desired frequency.’
Then connect the oscilloscope to TP-5,
move the zero mirror into position, and
insert a high value S02 span cell. If
the d2 signal requires peaking (to get a
symetrical half wave signal), adjust R-3
(802 scan offset) for the best half wave
signal possible. Then, using R-2 as a_

fine adjustment, bring both halves of

16



3)

4)

5)

the waveform to ground. Move the
oscilloscope to TP-6 and observe the
scanner drive signal. This signal
should be a 0.6 plus or minus 0.25 &olt
triangular waveform with slightly
rounded peaks.
NO Scan Offset:

Before peaking the NO signal, the
S02 signal must he peaked first, as
explained above in step 2. To peak the
NO waveform, move the zero mirror into
position and insert a high value NO span
cell. Connect the oscilloscope to TP=5
and adjust R-88 to achieve a symetrical
half wave. Failure to get a gooed NO
peak may indicate a problem with optics
alignment.
Scanner Feedback:

The scanner feedback is checked at
TP-7 at the transceiver. The wave on an
oscilloscope at TP-~7 should be =7 plus
or minus 1.0 volt, which does not go
above ground. Major irregularities in
this waveform may indicate a defective
scanner motor.
Scanner Level Detect:

The scanner 1level detect signal

17



should bhe 0 plus or minus 50 mvDC when

checked at TP-12. | This signal may be

adjusted with R~4.
.6)  Output Drive:

The output drive signal adjustment
is important because it interacts with
linearity and the zero and span
adjustments in the control unit,
therefore it is important to have it
initially adjusted properly. To adjust
the output drive, first set up the
control unit as follows: .

a) Turn the front panel selector
switch to INPUT.

b) Place the top switch on the
Calibration and Timer board in the
up pdsition. This takes out the
temperature compensation and moves
the zero mirror into place in the
transceiver.

c) Verify an approximte zero on
the front panel meter.

d) Install a high value $02 span cell
in the tranceiver.

e) Compute the expected voltage with
the following equation:

Volts = (span cell value) (2) (7)
1500

18




or

= (span cell value) (7)
750

NOTES: * 7 volts is the full scale reading on the meter.
** Span cells are named on a 750 ppn instrument, so
on a 1500 ppm instrument, the expected value of the
span cell is twice the named value.
f) Adjust R-15 at the transceiver to
achieve the computed value on the
front panel meter of the control

unit.

b. Temperature Compensation Calibration:
l) Transceiver Thermocouple Amplifier
a) Disconnect the temperature input
from the transceiver by
disconnecting TB 1-29 and TB 1-15
in the back of the control unit and
short the two wires together.
b) Adjust R-4 on the Integrator,
Sample and Hold board to read zero
(0) wvolts at TP-4. Reconnect #15
and #29 on TB-1l of the control
unit.
c) At the transceiver, simulate a
temperature with a transmation at-
J2=-7 and J2-4, or use the duct
temperature if it can be

independently measured with a

19



calibrated thermometer or
thefmocouple. Then adjust R-72 for
* the correct amperage, with the
ammeter in series with the output
wires at J-1 or 21, as calculated
¢ by the following formula:
Amperage = (Simulated or actual temperature) (20ma)
® (800)
d) | At TP-4 on the Integrator, Sample
® and Hold board in the control unit
adjust R=-5 for the correct volts'éé
caiculated by the following formula:
o

Volts = (10) (Simulated or actual temperature) (1.0 volts)
(800)

c. d2 Zero Adjust
This adjustment compensates for inherent
offsets and  those coming from the
transceiver. This adjustment tends to drift
when it is set before the transceiver is
fully stabilized and for this reason it is
advised that this setting be periodically
checked, during the calibration process.
1) Place the S~2 switch (the top switch on
the Calibration and Timer board) in the

up position. This will put the =zero
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mirror in and take out the temperature
compensation circuitry.

2) During an S02 sample period, adjust R-30
on the Temperature Compensation board
for an average (averaged over several
sample periods) of 0.0 volts at TP=2.

.NOTE: R=30 is located in the
middle of the board and must be adjusted
with an insulated screwdriver.

3) During an NO sample period, adjust R=-32
on the Temperaﬁure Compensation board
for an average of 0.0 volts at TP-2.
NOTE: If R-30 requires readjustment R-
32 may also have to be readjusted.

Temperature Compensation Multiplier (NO &

502)

The Temperature Compensation board multiplier

is initially adjusted for a multiplication

factor of 1.0 at 75 degrees F. and 3.65 at

800 degrees F. This adjustment affects both

S02 and NO measurements when the Temperature

Compensation is in. To perform  this

adjustment, set wup the coﬁtrol unit and

perform the adjustments as outlined below:

1) .Disconnect the temperature wires and the
d2 wires at TB 1-29, ™ 1-30, TB 1-
15, and TB 1l-lé at the back of the

control unit.
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2) Connect a jumper between TP=5 and TP-3
on the Temperature Compensation Board.
Adjust R-4 for 0.9375 volts at TP=-4 on
the Integrator, Sample and Hold board.
(This represents 75 degrees F.)

3) -Connect a DVM to TP-2 on thg Temperature
Compensation board, put switch S-2 (the
top switch) on the cCalibration and Timer
board in_the up position, and adjust R-
29 on the Temperature Compensation board
for 1.0 volts.

5) Place switch s-2 in the down position
and adjust R-4. on the Temperature
Compensation boarq, if required, so
there is no change in the DVM voltage
with the temperature compersation in or
out (switch S$=-2 down or up).

6) With switch S-2 in the down position,
adjust R-4 on the Integrator, Sample and
Hold board for 10.0 volts at TP-4.
(This represents 800 degrees F.)

7) Adﬁust R~2 on the Temperature
Compensation board to get 3.65 volts at
TP-2 on the Temperature Compensation
board. .

e, Integrator Sample/Hold Multiplier (S02)

The Integrator Sample/Hold board
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multiplier is adjusted for a multiplication

factor of 1.075 at 75 degrees F. and 2.74 at

800 degrees F. |

1) With the control unit set-up as
described above, in section 3),a), and
b), adjust R~-4 on the Integrator, Sample
and Hold board for 0.9375 volts at TP~4.
(This represents 75 degrees F.)

2) Place switch $-2 (the top éWitch on the
Calibration and Timer board) in the up
position and allow at least two full SO2
sample periods to pass.

3) Connect a DVM to TP-3 on the IS/H board
and record the voltage.

4) Place switch S-2 (the top switch on the
Calibration and Timer board) in the down
position. The voltage at TP-3 on the
Integrator, Sample and Hold board should
increase by a factor of 1.075 over the
voltage recorded in step c). Adjust R-
64 on the IS/H board as required to get

- the voltage as calculated below:
volts = (1.075) (the voltaga as recorded in step c).
NOTE: *R=-64 is the top, grey
potentiometer located near the center of
the board.
**The voltage at TP-3 should not exceed

10 vDC with the temperature
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5)

6)

volts =

7)

8)

compensation in (switch S-2 down); if it
is above 10 DVC, decrease R-29 on the
Temperature Compensation board as
reQuired.

*** New 802 updates may change the
voltage at TP-3 with the temperature
compensation out (switch 8-2 up), in
which case the new voltage must be
multiplied by 1.075 to get the desired
voltage with the Temperature
Compensation in (switch S-2 down).
Adjust R-4 on the Integrator, Sample,.

and Hold board for 10 volts at TP-4.

(This represents 800 degrees F.)

Place switch S-2 in the up position and

allow at least two full S02 sample
periods to pass.

Connect a DVM to TP-3 on the IS/H board
and record_the voltage.

Plgce gwitch S-2 in the down position
during the S02 sample period. The
voltage at TP-3 should increase by a
factor of 2.74 over the voltage in step
7). Adjust R-65 on the IS/H board as
required to get the voltage as

calculated below:

(2.74) (voltage recorded in step 7)
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The voltage at TP-3 should not exceed 10
vde with the temperature compensation in
(switch S-2 down); if it is above 10
vdc, decrease R-29 on the Temperature
Compensation board as required.
NOTE: *R=65 is " the top, blue
potentiometer located near the center of
the board.
ke New S02 updates may change the
voltage at TP-3 with the temperature
compensation out (switch S=-2 up), in
which case, the new voltage must be
multiplied by 2.74 to get the desifed
voltage with the - temperature
compensation in (switch s-2 down).
9) Disconhect the temperature iﬁput wires,
TB 1-29 and TB 1-15 in the back of the
control unit and short the two wires
together. Adjust R-4 on the 1IS/H
board to read zero (0.0) volts at TP-4.
10) Reconnect all wires disconnected and
remove all jumpers and tést equipment.
3. Dynamic Calibration (with NBS gas or EPA protocol
gas)
NOTES: * when flowing standard gases, which are
at room témperature, into a probe at an
elevated temperature, it is important

that the gas flow is just slightly more
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than the plateau beyond which increases

in gas flow cause insignificant increases

in readings. Excessive gas flow .rates
will not allow the gas to reach the probe
temperature which will result in
erroneous readings.

** Standard gas dilution ratios of other
than 1:1 should not be attempted unless
calibrated flow meters are available.
Calibrated flow meters are defined as
flow meters that have calibration data
sheets which relate the scale readings to
standard liters/minute for the individual
flow mete;s.

Tempefatufe.Qéfification:

This is one of the most important steps
in the process of calibrating the instrument
to read gaseé accurately. A very small error
in reading the temperature will cause a
relatively large error in reading (gas
concentrations.

NOTE: If it is neceésary to repair a
thermocouple solder joint, use silver base
solder (soldef, LSI P/N 54000038 - Flux, LSI
P/N 54000039, is a low temperature silver
base solder which can be used with a standard

soldering iron).
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1)

2)

3)

Disconnect the thermocouple at the
transceiver bulkhead, Verify the probe
temperature by reading the thermocouple
with the transmation. Record . the
temperature.

NOTE: * The probe must be temperature
stabilized. This takes approximately
one hour,.

*%* Temperature measuring instruments
equivalent to the transmation may be
used provided the junction at the
instrument input terminals is
compensated as required by the device in
use.

***  When possible, the temperature
measured by the probe should be compared
to an independent source at, or near,
the measurement point. This will verify
the thermocouple performance.

Disconnect the temperature current wires
from the transceiver at TB 1-29 and TB
1-15 in the control unit, and short the
two wires together. Adjust R-4 to get
zero volts at TP-4 on the Integrator,
Sample and Hold board. Then reconnect
the temperature wires at TB 1~29 and TB
1-15.

Calculate the voltage that represents
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the temperature recorded above in step
1) according to the followinq formula:

Voltage = (Step 1 actual temp.) x 10
800

4) Adjust R-72 on the transceiver, if
required, to get the calculated voltage
at TP-4 on the Integrator, Sample and
Hold board.

Flow NO standard gas:

Flow NO gas with the temperature and
altitude compensation in (zero mirror out) at
the lowest flow rate beyond which increases
in flow rate result in no .significanf
increase in concentration (low end of the
"plateau"). -

NOTES: +* Standard (gas bottles with less

than 200 psi pressure should not be used for

calibration purposes. |

** The pressufe at the final stage of the

standard gas bottle pressure regulatof

should be set at 15-20 psi.

Record the error in the NO reading of
standard gas concentration.

Flow Zero Gas: _

Flow a zero gas under the same conditions as

above ‘and verify that the NO concentration

reading returns to zero (plus or minus 1%

full scale) within three sample periods.
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NOTE: 1If sufficient zero gas is being flowed
and good zeros cannot be achieved, it may be

necessary to check the probe for 1leaks.

.(Refer to Lear-~Siegler drawing 81000897,

sheet 3, paragraph 1.3).
Flow S02 standard gas

Flow 8502 standard gas under the same
conditions as above, in step b. Record the
error in the reading of the gas
concentration.

Flow Zero Gas: _

Flow zero gas under the conditions
described above in step b. and verify that
the S02 concentration‘readinqs return to zero
(plus or minus l%ﬂfﬁll séaie) wiﬁﬂin - three
sample periods. (See NOTE in step ¢. above
if readings do not return to zero.)

Gas Calibrations:

Adjustments are required only if either or
both gas concentrations have an error in
excess of 5 percent. If adjustments are
required, proceed with the following steps:
1) Average the errors recorded above in

steps b) and 4).

NOTE: Typically the errors will be

negative; if the errors are

significantly positive, suspect a
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2)

3)

4)

problem such as gas in the probe body.
Flow NO standard gas as prescribed in
step b for a sufficient time to get
stable readings. Record the readings.
Correct the NO gas concentration read in
step 2, immediately above, by the
percentage error averaged in step 1
above. This is done by adjusting R~-2 on
the Temperature Compensation board.
Wait for new NO updates to see the
effect of the adjustment of R-2,

NOTE: It may be necessary to replace
the R-2 potentiometer with a éok
potentiometer (LSI P/N 47500014).

If R~2 was readjusted in step 3 above,
then it is mandatory that the origin of
the multiplication curve be verified at
75 degrees F. Disconnect the tempefaure
input wire at TB 1-29 (Temp. +) and
adjust R-4 on the Integrator, Sample and
Hold board for _the voltage which
represents 75 degrees F. (0.9375 volts)
at TP-4. Insert an NO span cell, place
switech 8S-2 (the top switch) on the
Teﬁperature Compensation board in the up
position and wait until stable voltage
readings are achieved at TP-2 on the

Temperature Compensation board. Adjust
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R-2 on the Temperature Compensation
board to achieve no change in the
voltage réadings at TP-2 when switch s-2
is in either the up or down position.

5) If step 4, immediately above, was done,
reconnect the temperature input wire, TB
1-29 and repeat the entire section a.
(Temperature Verification.) |

6) The dynamic calibration procedure is now
completed and the instrument may be

returned to service.

B. LEAR-SIEGLER CM=50 OXYGEN ANALYZER

1.

Dynamic Calibration

al

Select channel number 104 on the Kaye
Digilink.

Turn the CM-50 control unit front panel
"Calibration" switch to the "LOW" position.
(This allows a low value oxygen standard gas
to flow into the analyzer.)

Allow the reading on the Kaye Digilink to
stabilize. Adjust R-3 zero potentiometer to
yield the percent oxygen of the low range
standard gas as observed on channel 104 of
the Kaye Digilink.

Turn the CM-50 control unit front panel
"Calibration" switch to the "HIGH" position.

(This allows ambient air, with an oxygen
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content of 20.9 percent to enter the
analyzer.)

Allow the reading on the Kaye Digilink to

‘stabilize. Adjust R-2 span potentiometér to

yield 20.9 percent oxygen as observed on

channel 104 of the Kaye Digilink.

Turn the CM~50 control unit front panel

"Calibration" switch to the "OPERATE"

position.

The dynamic calibration is completed.

Electronic Calibration

Heater Control Board

1) Before calibrating the Heater Controller
board the following conditions must
exist:

a) Verify the- pressure regulator is
indicating 18 - 22 psi. If not,
unlock the screw in the center of
the knob and adjust the regulator
to 20 psi. (A clockwise rotation
of the knob will increase the
pressﬁre.)

b) Verify the reference flow indicates
the standard cubic feet per hour
(scfh) printed on the top of the
meter (usually 2 scfh). Adjust the

flowmeter valve as required.
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2)

d)

£)

With the calibration switch
positioned to "HIGH", verify that
the calibration flowmeter indicates
the scfh printed on the top of the
flow meter (usually 5 scfh).
Adjust the flowmeter valve, if
required.

With the calibration switch
positioned to "LOW", verify that

the calibration flowmeter indicates

the scth printed on the top of the

flowmeter. Adjust the calibration
bottle pressure requlator as
required. Note  that  this
adjustment has a locking nut.

Lock both regulators and position
the calibration switch to "REMOTE".
Verify that the power supply is
within the 104-126 volts ac
specification and that the ambient
temperature is within the 0-120

degrees F. limit.

Calikrate the Heater Controller Boatd

according to the following procedure.

NOTE:

Unless otherwise noted, reference

all voltage measurements to TP-9 on the

Heater Controller Board.

a)

Remove the heater fuse and the
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b)

c)

d)

e)

)
9)

h)

i)

instrument fuse.

Remove the thermocouple connection,
TB 2~-4 (red wire).

Install a jumper from TP~4 to TP-8,
Install a jumper from TP-2 to TP=3
to TP~-9.

Connect a voltmeter to TP-8.

NOTE: Inspect all connections to
the test points. All connections
must be made lengthwise with the
test points. Any connection made
perpendicular to the board will
short to the foil that 1is
underneath the test point.

Install the instrument fuse.

Adjust R~-2 for =50 to +50 MV at TP-
8. This is a very sensitive
adjustment. The adjustment must be
sealed.

Remove all jumpers and reconnect
the thermocouple wire at TB 2-4.
Adjust R-3 to =374 MV at TP-2.
This is just a coarse .adjustment
and will be trimmed later.

NOTE: At this point, it is assumed
that the Heater Controller Board is

a working board that only requires
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b))

k)

adjustment, If the board is known
to be inoperative, the heater fuse
must ~ remain removed while
troubleshooting, to prevent the
destruction of the probe heater.
Connect a voltmeter to TP-3. This
will ﬁonitor the negative millivolt
output of the probe thermocouple.
Install the heater fuse.

NOTE: If the board is operating
properly, the following sequence of
events should occur:

*Both the neon lamp (located beioﬁ
the flowmeter panel) and the "LOW"
calibration indicator will light.
**After approximatelf 30 seconds,
the neon lamp should start flashing
about S times per second and the
thermocouple millivolt output
should become increasingly
negative. If the thermocouple
output is positive, the
thermocouple is wired backwards and
MUST be corrected or the probe
heater will be destroyed.

*%*About one minute after
installing the heater fuse, the

"TEMPERATURE FAULT" light will come
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1)

on, the "LOW" calibration 1light
will go out, and the "HIGH"
calibration light will come on.
**2*About 30 minutes after
installing the heater fuse, the
thermocouple output should increase
to about -34.5 MV. The
thermocouple output will then
slowly decrease to about =34 MV
(The thermocouple output should be
compensated for the ambient
temperature of the card cage as
described in  step k following.)
The "“TEMPERATURE FAULT" light and
thé "HIGH" calibration light will
go out.

With the "TEMPERATURE FAULT" push
button depressed, the meter should
now indicate a stable reading in
the green zone. If the meter
indication is not in the green
zone, adﬁust F=4 on the Heater
Controller Board counter-clockwise
to move the meter indication
counter=-clockwise. Wait 5 minutes
after adjusting R-4 for the meter
to stabilize.
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DO NOT PROCEED TO THE NEXT STEP IF
THE ABOVE OPERATION IN THE GREEN
ZONE HAS NOT BEEN OBTAINED.

m) The probe temperature can now be
trimmed in. This trimming should
not require more than one-half turn
of R-3 on the Heater Controller
Board. The normal output of the
thermocouple is -<34.07 MV, under
the standard condition of 77
degrees F. card cage temperature.
If the card cage is operating at a
temperature other than 77 degrees
F., the temperature difference
times =0.022 MV per degree F. nust

be subtracted from =34.07 MV.

EXAMPLE:

® Card cage temperature = 107 degrees F.

Temperature difference = 107=77 = 30 degrees F.

Compensation = (30) (=0.022) = -0.66 MV
@ Compensated Thermocouple Output =

-34.07 MV = (=0.66 MV) = -33.41 MV
n) This completes the Heater

® | Controller Board calibration.

b. Percent Oxygen Board (02 Board)
NOTE: Unless otherwise noted, reference all

voltage measurements to TP-9 on the Heater
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Controller Board.

1)

2)

Before calibrating the Percent Oxygen

Board, insure that the CM=-50 is up to

operating temperature as follows:

a)

b)

Use
the
data

a)

b)

c)

Connect a voltmeter to TP-3 on the
Heater Controller Board. This will
measure the thermocouple output.
The thermocouple output should be
-34.07 MV with a card cage
temperature of 77 degrees F. If
the card cage is at a temperature
other than 77 degrees F., the
expected thermocouple output can be
calculated as explained in section
k on page 37 to assure accuracy.
thé following procedure to verify
cell constant (Item 4 on the probe
sheet.i

Disconnect TB 2-2 on the Percent
oxygen Board.

Connect a voltmeter to the wire
removed from TB 2-2. Connect the
return to TB 2-1 on the Percent
Oxygen Board.

The calibration switch, on the
front panel, should be placed in
the "HIGH" position and the range
switch is placed in the nasg"
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3)

d)

e)

Use

position.

Read the cell constant on the
voltmeter and record the reading.
(This will be a negative millivolt
output.) |
If the measured cell constant
differs from item 4 on the probe
data sheet by more than 0.2 MV, the
probe calibration should be
recalculated, as described in
section c on page 43.

the following procedure to verifyl

the zero:

a)

b)

)

d)

e)

Connect a voltmeter to TP-4 and
adjust R-4 on the Percent Oxygen
Board to get 400 MV plus or minus
100 MV.

Connect a jumper between TP-4 and
TP-3 on the Percent Oxygen Board.
Measure 0.00 vdc plus or minus 10
MV at TP-1l on the Percent Oxygen
Board.

Connect an ammeter to TB 1-11 on
the Percent Oxygen Board and adjust
R-1 to get 4.00 ma plus or minus
0.01 ma.

Disconnect the jumper between TP-4
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4)

5)

Use the following procedure to calibrate

the output for a zero input.

a)

b)

c)

d)

COnngct a jumper from TP-9 on the
Heater Controller Board to TP-3 on
the Percent Oxygen Beoard.

Adjust R~-68 for 0.00 vdc plus or
minus 1.0 mv at TP-2 on the Percent
Oxygen Board.

Adjust R-7 for the specified output
(item 6 on the probe data sheet)
for a zero input when measured at
TP-1 on the Percent Oxygen Board; .
Disconnect the jumper between TP-9
on the Heater Controller Board and

TP=3 on the Percent Oxygen Board.

25 Percent Range Calibration

a)

b)

<)

Connect a voltmeter to TP-1l on the
Heater Controller Board and adjust
R=1 on the Heater Board for the
specified cell constant (item 4 on
the probe data sheet).

Connect a jﬁmper from TP-1 on the
Heater Controller Board to TP-3 on
the Percent Oxygen Board.

Connect a voltmeter to TP-1l on the
Percent Oxygen Board and adjust R-3

to get 8.38 vdec plus or minus 0.0l
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6)

d)

e)

volt.

Observe the front panel meter
reading at this time. The meter
should read the green calibration
dot. If not, power down the CM-50
unit by removing the instrument
fuse. Using the board extender,
extend the Percent Oxygen Board,
and adjust R=-52 until the meter
reads the green calibration dot.
Disconnect the jumper between TP-1
on the Heater Controller Board and

TP=-3 on the Percent Oxygen Board.

10 Percent Range Calibration

a)

b)

Place the range switch in the "1l0%"
position and the calibration switch
in the "AUTO" position on the front
panel.

Refer to Item 3, 10 Percent
Calibration, on the probe data
sheet.

*If the 10 percent calibration
voltage on the probe data sheet is
positive, adjust R-4 on the Percent
Oxygen Board to get the specified
10 percent calibration voltage at

TP-4 on the Percent Oxygen Board.
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7)

d)

e)

Then connect a jumper between TP-4
and TP-3 on the Percent Oxygen
Board.

**If Ithe 10 percent calibration
voltage on the probe data sheet is
negative, adjust R-1 on the Heater
Controller Board for the specified
10% calibration voltage at TP-1 on
the Heater Controller Board. Then
connect a jumper from TP-1 on the

Heater Controller Board to TP-3 on

- the Percent Oxygen Board.

Connect a voltmeter to TP-1l on the

Percent Oxygen Board and adjust R-6

on this board to get 10.00 vdc plué

or minus 10 MV,

Connect an ammeter to TB 1-11 and

adjust R=-2 on the Percent Oxygen

Board to get 20.00 ma plus or minus

0.0l1 ma.

Disconnect the jumper installed in

step b.

2.5 Percent Range Calibration

a)

Connect a voltmeter to TP-4 on the
Oxygen Board and adjust R-4 on the
Percent Oxygen Board to get the
specifiéd 2.095 calibration voltage
(Item 5 on the probe data sheet).
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b)

c)

d)

e)

f)

9)

Place the range switch on the front
panel in the "2.5%" position.
Connect a jumper between TP-4 and
TP=-3 on the Percent Oxygen Board.
Connect a voltmeter to TP-1l on the
Percent Oxygen Board and adjust R-5
on this board to get 8.38 vdc plus
or minus 1 MV.

Disconnect all jumpers that have
been installed and reconnect the
wire that was disconnected from TB
2-2., |

Set the range switch in the "25.0%"
position and the calibration switch
to the "AUTO" position.

The calibration is now complete.

c Calculating the Oxygen Probe Calibration

1)

Insure prbper probe heater temperature

by using the following procedure:

.a)

b)

Connect a voltmeter to TP-3, with
the ground at TP-9, lon the Heater
Controller Board and measure the
thermocouple output. _
The thermocouple output should be
-34.07 MV, with the card cage at 77
degrees F. If the card cage

temperature is not 77 degrees F.,
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MV/DEC

subtract -0.022 MV for every degree
above 77 degrees F. or add =-0.022
MV for every degree below 77
degrees F.

2) Determine the fuel cell outputs by using
the following procedure:

a) Connect a voltmeter to TP-3 on the
Percent Oxygen board with the
ground to TP-9 on the Heater
Controller Board.

b) Place the calibration switch, on
the front panel, in the YHIGH"
position and read the cell output'
on the voltmeter. This will be the
cell constant (cc). Record the
cell constant. This will be a
negative millivolt signal.

c) Place the calibration switch in the
"LOW" position and read the cell
output or "“E",. This will be the
miilivolt output wusing the low
calibration gas. Record the cell
output, E.

3) Calculate the probe calibration by using
the following procedures and equations:
a) MV Decade

E - cc

= Log (20.95)
(% 02 of low cal gas)
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RECORD MV/DEC:

b) 10 Percent Calibration

10% Cal = (MV/DEC) (0.3212) + cc

RECORD 10% CAL:

c) 2.095 Percent Calibration

2.095% Cal = MV/DEC + cec

RECORD 2.095 % CAL:

qa) Output for Zero Input

cc
(MV/DEC)
Output for zero input = 8.38 x 10
RECORD OUTPUT FOR ZERO INPUT:
C. SANKYO IMPACT FLOWMETERS
1. Zero and Span check for Sankyo Impact Flowmeter

(Kiln Feed and Coal to Kiin) _

Check the zero and span of the kiln feed Sankyo

flowmeter and the pulverized coal feed to the kiln

Sankyo according to the following procedure:

a. With no material flowing across the Sankyo
flowmeter, édjust the coarse and fine
adjustments until both fine zero indicating

lights, mounted between the coarse and fine
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adjustments, are illuminated to equal
intensity. This completes the zero

calibration.

‘Attach a weight, by means of a string, over

the calibration pulley to <the mechanism,
NOTE: The weight that is to be used for this
span check is determined during a prior
dynamic calibration. This weight will be
approximately 60 grams per ton per hour of
full scale flow rate and will. prod;ce at
least a 50 percent indication on the output
meter.

Adjust the "SPAN" controls on the amplifier
to produce the pfoper indication on the
putpuﬁ‘meter. |
*NOTE: The "proper indication on the output
meter" is a value that has been determined as
correct for the suspended calibration weight,
used in step b, during a prior dynamic
calibration.

EXAMPLE: Assume that during the most recent
dynamic calibration a 6000 gram weight
suspended over the calibration pulley
resulted in an indicated flow rate of 80
percent of the fuli scale flow. Then, after
establishing the zero, as outlined in step

vIiIii,c,1,a, the span would be set by
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suspending a 6000 gram weight over the

calibration pulley and adjusting the "SPAN"

controls to produce an indicated flow rate of

80 percent of the full scale flow.

Dynamic Calibration of the Sankyo Impact
Flowmeter

During a dynamic calibration of a Sankyo
Impact flowmeter, a series of material flow tests
must be performed using a known weight of
material. When the initial material tests for the
kiln feed scale are performed, the sample is run
through the Sankyo, collected in a truck, and
weighed. _

This initial dynamic calibration is used to
achiéve é calibratiﬁn tﬂ;t is.accurate to within
plus or minus 10 percén£ of the true value for
tons per hour of kiln feed. After performing this
initial dynamic calibration, a four to six hour
clinker production check, which will be described
in detail later, is used to calibrate the kiln
feed Sankyo to within plus or minus five percent
of the true value for tons per hour of clinker.

When the material tests for the coal feed
Sankyo are performed, the lcad cells on the
pulverized fuel bin are used to determine the
weight of the material used for the test. A more
complete description éf these procedures will

follow as a note to the section on determining the
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span of the Sankyo. Use the following procedure

to perform a dynamic calibration of the Sankyo

Flowmeter.

a.

‘First, establish the scale zero by adjusting

the c¢oarse and fine zero adjustments with no
material flowing over the Sankyo. True zero
is attained when both fine zero indicating
lights, mounted between the coarse and fine
adjustments, are illuminated ¢to equal
intensity.

After establishing zero on the Sankyo, run
a known weight of material through the
Sankyo (see NOTE on page 50 following this
section) and record the number of counts on
the Sankyo totalizer that represents the
material's weight. The sample run should be
at least three minutes in duration at a rate
of 75 percent or more of the full scale flow
rate. Repeat this material test three times
and record the counts on the totalizer and
the sample material weights for each run.
Compare the weight of the material from each
test run to the number of counts on the
totalizer for each run and calculate the flow
factor of tons per count (w/c), then average
the three calculated flow factors together:

w
C

weight of test material
number of counts on totalizer
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FOR EXAMPLE:

ASSUME:
SAMPLE COUNTS ON FLOW FACTOR
WEIGHT TOTALIZER Ww/C
4.02 tons 140 cts 0.0287 T/¢C
3.51 tons 125 cts | 0.0281 T/C
4.25 tons 150 cts 0.0283 T/C

Average flow factor = 0,0284 T/C
Py | c. Attach a weight, by means of a string over
the calibration pulley,. to the mechanism.
This weight should be approximately 60 grams
® ' per ton per hour of the full scale flow rate
" and must give at least a 50 percent
indication on the flowrate meter. (For the
® kiln feed scale use about 6600 grams and use
| about 900 grams for the coal Sankyo.) Record
the exact weight of each of these static test
® weights for use in future zero/span checks.
Record the present indicated flow rate.
d. Calculate the registration flow factor. The
o registration flow factor is determined by the
following equation: |

Reg. flow factor = full scale calibration

3600
e
: for the kiln feed scale:
110 tons/hr = 0.0306 T/ct
3600 ct/hr
®

e. Adjust the "SPAN" controls on the amplifier
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to correct the present indicated flow rate to

the correct indicated flow rate with the

static test weight attached. Calculate the

‘correct indicated flow rate according to the

following procedure:

1) Compare the registration flow factor,
determined in step VIII,C,2,d. to the
average flow factor determined in step
VIII,C,2,b., to calculate the correct
indicated flow rate for the static test
weight. For example: Assume the present
indicated flow rate, with the static
test weight attached, was 70 percent of

full scale. Then,

- corrected indicated

(average flow factor) (present indicated)

flow rate o (reg. flow factor) (flow rate)
® correct indicated flow | = (0.0284) (70%)
rate (for static test wt) (0.0306)
= 65%
2) Adjust the "SPAN" controls to achieve
¢ the correct indicated flow rate, as
determined above.
£. If the span adjustment required was more than
° 5 percent of full range, repeat section
VIiIii,c,2,a~f.
° NOTE: *To determine the weight of the

material wused in the initial dynamic flow
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rate test on the kiln feed Sankyo, kiln feed
is run over the Sankyo, diverted into a truck
and the truck is then weighed on a certified
_scale. Before beginning each material test
run, the truck should be weighed on a
cértified scale while empty.
**After performing the initial dynamic
calibration, future dynamic calibrations will
rely on a series of clinker production
checks. This dynamic calibration is
performed by diverting the clinker being
produced, collecting the clinker for four to
six hours, and weighing the collected clinker
on a certified scale. At the beginning of
the clinker collection period, an initial
reading is taken on the kiln feed Sankyo
totalizer; at the conclusion of the
collection period a final reading is taken.
The tons of kiln feed used is multiplied by
the appropriate kiln feed loss on ignition
factor to give the tons of clinker produced
during the test period, according to the
Sankyo kiln feed scale. This value is then
compared to the actual tons of c¢linker
-produced as weighed on a certified scale.
Generally, several dynamic weighed
clinker production versus Sankyo kiln feed

tons tests will be performed between kiln
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downtimes. During a kiln downtime period,

‘the average error of the production checks

preceeding the kiln downtime will be used to

‘calibrate the Sankyo kiln feed flowmeter.

***Before the material test on the coal
Sankyo can be performéd, the pulverized fuel
bin 1load cells must be calibrated. First,
empty the pulverized fuel bin completely and
establish the zero reading for the bin. Then
suspend certified test weights ffom the bin
and adjust the span adjustments for the load
cells so that they register the certified
value of the test weights. The pulverized
fuel bin load cells are now calibrated. The
bin is then filled and the weight of material
used for the dynamic material flow test
through the Sankyo can be determined from
the fuel bin load cells.
Load Distribution Compensation Calibration.
This calibration is to compensate for
cases in which the flow pattern of the

material through the Sankyo creates a non-

linear output.

1) After the span calibration procedures at
a mnmaterial test flow rate of 75 = 100
percent of full scale, have been

completed,‘ perform another series of
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2)

3)

material tests, as outlined in section
VIII,C,2,b. However, run these material
tests at a flow rate of 40-50 percent of
full scale.
Determine the average flow factor, w/cC.
Record the average flow féctor. If the
average flow factor is greater than the
registration flow factor (calculaﬁed in
section VIII,C,2,d), " then positive
compensation will be required. If the
average flow factor is less than the
registration flow  factor, negative
compensation will be required.

The Load Distribution Compensation Board

may be adjusted to account for any non-

linearity in the output signal by
performing the following prodedure:

a) Hang a static test weight on the
calibration pulley equivalent to
approximately 90 percent indication
of full scale flow with the Load
Distribution Compensation board
switch in the "NO COMPY position.

b) Position the switch to the "y
COMP" position (if positive
compensation is required) and

adjust the "CROSS" (P-1) control
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until there is no difference in the
indicated flow rate with the switch
in the "NO COMP" or the "+ COMP"
position.

c) Place the switch in the "NO COMP"
position.

d) Change the weight on the
calibration pulley to get an
indicated flow rate reading of
approximately 45 percent. Record
the indicated flow rate.

e) Switch to the "+ COMP" position and
adjust the "COMP", (P-2) control
for the required amount of
compensation. To determine the
correct compensation, adjust the
"COMP" control until the calculated
indicated flow rate reading, with
the switch in the "4 COMPM
position, is displayed on the
neter. Use the following equation
to calculate the correct reading on

the meter with the switch in the

"+COMP" position:

- "+COMP" reading = ("NO COMP" reading) (average flow factor)
(registration flow factor)

"NO COMP" reading from section VIII,C,2,9,3,d.

Average flow factor from section VIII,C,2,q9,2
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Registration flow factor from section VIII,C,2,b

EXAMPLE:

If the "NO chP" reading "d" above was 46 percent, the average
flow factor in part 2 above was 0.0315, and the registration flow
factor is 0.0306, then the "COMP" control B is adjusted to give
the following indicated flow rate when the switch is in the "+
COMP" position:

(46) (0.0315) ‘
"+COMP" reading = (0.0306) = 47.35

£) If | negative compensation is
required substitute "-COMP" for "+
COMP" in the preceding section "“g".
Load Distribution Compensation
Calibration".
h) This completes the load distribu-
tion compensation calibration of a
Sankyo Impact Flowmeter.
D. PRESSURE TRANSMITTER
There are two pressure transmitters that are
considered to be important instruments aésociated with
the NOx project. The two important field signals
generated by pressure transmitters are the axial and
swirl air pressure on the Pillard burner. These two
signals may show a correlation to NOx generation.
1. Zero / Span Calibrations for Preséure Transmitters
a. To check the zero on a pressure transmitter,
first disconnect the pressure transmitter

from the air line on which it is installed
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and be sure that both the high and low sides

of the pressure transmitter are vented to the
atmosphere. Connect an ammeter to the output
"signal wires and adjust the zero screw td get
the correct milliamp output signal. This
completes the zero check.

b. The span is checked by applying a known
pressure, near the upper 1limit of the
pressure transmitter's range, to the high, or
positive, side of the pressure transmitter.
An ammeter is connected to the output wires
of the transmitter and the span adjusting
screw or bolt is adjusted as required to
produce the correct milliamp output signal.
The correct signal is calculated according
to the following equation (for a 10-50 ma

signal):

(test pressure) (40)

Correct ma output = (full scale pressure) + 10

FOR EXAMPLE:

o ASSUME:
*The range of a pressure transmitter is 0-50
inches of water.

® : **The known pressure used to span the
pressure transmitter is 40 inches of water.
Then, the correct milliamp output signal

(] would'be:
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(40) (40)

ma output = (50) + 10
= 42.0 ma
This completes the span calibration of a

‘pressure transmitter.

DYNAMIC CALIBRATION OF THE KILN EXIT WATER SPRAY
TURBINE FLOWMETER |

Since the gallons per minute of water that is
sprayed into the kiln is a critical value that is used
in the calculation of the pounds of NOx per ton of
clinker, and a dynamic calibration of the kiln exit
water spray turbine flowmeter is not feasible, this
flowmeter should be calibrated by an independent
laboratory and certified as to its precision and
accuracy.
BAILEY OXYGEN AND COMBUSTIBLES GAS ANALYZER

The Bailey kiln exit gas oxygen and combustibles
analyzer provides an important field signal to the NOx
project. Althbugh the signals from the Bailey gas
analyzer are not used in the eduations for calculation
of pounds of NOx per ton of'clinker, the oxygen content
of the kiln gases may show a correlation to NOx
generation.

There are sémé routine maintenance items that need
to be done daily on the Bailey gas analyzer. There are
also some routine maintenance items that must be done

once every three months.
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The Bailey analyzer does not have a daily zero and
span check as do most of the other instruments;
however, a full multipoint calibration will be
performed on this instrument once per week. The
increased frequency of dynamic calibrations is not
required for the NOx project, but is required for the

safe and efficient operation of the rotary kiln.

1. Routine Maintenance
a. The following routine maintenance should be
performed on the Bailey oxygen and
combustibles gas analyzer on a daily basis:

1) Open the valve at the bottom of the
filter and heater assembly and drain the
unit of collected moisture.

2) Make a visual inspection of the analyzer
to be sure the sample and the air
regulating valves are floating freely;
be sure the block temperature is correct
(160 degrees F.), and that the pressure
of the hydrogeh preséure reguiator is
correct (25 psig).

3) Remove and cleaﬁ the lo& éré;sure sample

regulating valve and the loﬁ pressure
air requlating valve.
4) Blow down the sample line by closing the

valve above the gas pump and washer and

then blowing compressed air back through
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.5)

The

the sampling tube. Do not apply
compressed air to the gas pump and
washer or the seperator trap.

Unscrew the oxygen analyzer,
combustibles analyzer, and the air flow
control orifice assemblies; then clean
the orifices. The drill size
corresponding to the size of the orifice
hole is stamped on the face of the
orifice assembly. A drill of that size
may be used to clean the orifice. When
replacing the orifice assemblies, be
sure that the copper gasket is in pldcé
and seats'firmly.

following routine maintenance should be

performed once every three months, or mnmore

often if necessary, in addition to the daily

routine maintenance.

1)

Examine and clean the filter and heater
assembly. Renew the filter cartridge if
required. To disassemble the heater and
filter assembly, remove the three bults
from the top cover flange, lower and
remove the casing and heater from the
filter, and unscrew the gas nozzle from
the filter base. Clean the stainless
steel wool, and remove and replace the

filter cartridge, if necessary.
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2)

3)

Inspect all piping connections for leaks.
Remove the filament clamp and filament

assemblies from the analyzer block. on
each assembly, take out the pins

securing the shield to the filament base
and remove the shield. Examine the

filament coils for equal spacing and

symmetry. Reassemble the filament

assemblies and replace them in the

analyzer block with the screened

portions ‘of the shield facing to the

left.

NOTE: The filament coils may Dbe

straightened by carefully_screwing a 3=
48 'sdréw thfough the filament coil.

This delicate operation should only be

performed by an experienced technician.

2. Dynamic Calibration of the Bailey Oxygen Analyzer

a.

Use the following procedure to calibrate the

low range on the Bailey Oxygen Analyzer.

1)

2)

3)

Connect an ammeter to the output signal
wire of the Bailey Oxygen Analy:zer.
Disconnect and close off the sample line
at. the inlet to the pump and washer
assembly.

Connect the 1low range (less than 1.3

percent oxygen) standard gas cylinder,
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4).

5)

6)

7)

through a suitable pressure regulator,
to the gas pump and washer assembly.
Adjust the pressure of the standard gas
sample so that the gas pressure
regulating valves at the rear of the
analyzer float freely.

The rest of the analyzer, fuel systems,
measuring circuit, etec., must be
functioning normally.

Allow the analyzer to operate on the
sample from the standard gas cylinder
until the milliamp reading on the
ammeter stabilizes. This indicates that
equilibrium ‘has been established
throughout the instrument.

Adjust the zero control on the analyzer
to get the correct milliamp reading on
the ammeter. Use the following equation
to calculate the correct milliamp

reading:

Correct milliamp output = (percent 02 of sample) (40) + 10

FOR EXAMPLE ASSUME:

(full range 02)

*The percent oxygen of the calibration gas is 1.2 percent.

**The full vange of the analyzer is 5.0 percent oxygen.

Then:

Correct milliamp output = (1.2) (40) + 10 = 19.6

(5.0)
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4)

5)

6)

7)

through a suitable pressure regulator,
to the gas pump and washer assembly.
Adjust the pressure of the standard gas
sample so that the gas pressure
regulating valves at the rear of the
analyzer float freely.

The rest of the analyzer, fuel systens,
measuring c¢ircuit, etec., must be
functioning normally.

Allow the analyzer to operate on the
sample from the standard gas cylinder
until the milliamp reading on the
ammeter stabilizes. This indicates that
equilibrium has been established
throughoﬁt the instrument.

Adjust the zero control on the analyzer
to get the correct milliamp reading on
the ammeter. Use the following equation
to calculate the correct milliamp

reading:

Correct milliamp output = (percent 02 of sample) (40) + 10

FOR EXAMPLE ASSUME:

(full range 02)

*The percent oxygen of the calibrétion gas is 1.2 percent.

**The full vange of the analyzer is 5.0 percent oxygen.

Then:

Correct milliamp output = (1.2) (40) + 10 = 19,6

(5.0)
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Use the following procedure to calibrate the

high range on the Bailey oxygen analyzer.

1) Disconnect the low range calibration gas
cylinder and connect the high range
(4.4-5.0 percent oxygen) standard gas

cylinder.

2) Adjust the pressure of the standard gas
cylinder so that the gas pressure
regulating valves at the rear of the
analyzer float freely.

3) Allow the analyzer to operate on the
sample from the high range calibration
gas until the nilliamp reading on the
ammeter stabilizes.

4) Adjust the span control on the analyzer
to get the correct milliamp reading on
the ammeter. Use the equation in step
a,7, immediately above, to calculate

-the correct milliamp reading expected
fqr the high range calibration gas.

5) If the output milliamp reading on the
high range gas must be adjusted more
than 2.0 ma to get the correct high
range milliamp reading, repeat the
entire section VIII, E, 2 "Dynamic
Calibration of the Bailey Oxygen

Analyzer".
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6) The full calibration of the Bailey
oxygen analyzer is now complete and the
sample line may be reconnected and
opened.

IRCON OPTICAL INFRARED PYROMETER

This Modline, R Series, two color infrared
pyrometer 1is a non-contact temperature sensing device.
It determines temperature by measuring the infrared
radiation that is emitted by hot materials. The range
of this instrument is 1800-3200 degrees F. and it
includes a "Peak Picker" option which holds the peék
temperature observed for a set period of time.

Below, is a procedure for a zero and spaﬁ
calibration of the Modline, R Series, two color
infrared pyrometer. | H
1. Zero and Span Calibration

Use the following procedure for a zero/span

calibration of the optical pyrometer.

a. Turn the POWER switch off.

b. Check the indicator needle on the front panel
meter to be sure that it registers zero
percent of scale, (1800 degreés F.) If it
does not, insert a small screwdriver into the
small hole directly below the center of the
meter and turn gently until the meter reads

- zero percent of scale.

c. Turn the POWER switch on and allow 15 minutes

for the instrument to warm up.
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£.

Cover the objective lens with a solid, opaque
object that will completely block any

external radiation.

‘Switch the PEAK PICKER toggle to "Direct".

Depress the momentary toggle switch 1labled
CALIBRATE and observe if the meter reads
within the red "Cal. Zone".

NOTE: Wait for the indicator to settle.
This may take 15 seconds.

If the meter does not read in the red "cCal.

Zone", continue to hold the CALIBRATE switch

down and use a small screwdriver to adjust

the small, slotted potentiometer next to the
CALIBRATE switch. Turn the potentiometer
slowly until the meter indicates the
approximate center of the red zone. The
instrument is now calibrated.
The output signal from the Modline, R Series
optical pyrometer is a 0-100 mv signal which
represents 1800-3200 degrees F. This signal
is converted to a 10-50 ma signal for
transmission to the control room. Use the
following procedure ¢to check the 10-50 ma
signal..
1) Simulate a zero millivolt output at the
pyrometer and adjust the zero adjustment

on the signal converter to read 10 ma.
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2) Simulate a 100 millivolt output at the
pPyrometer and adjust the span adjustment
~on the signal converter to read 50 ma.

3) With the objective lens covered by a

| solid opaéue object and the PEAK
PICKER toggle switch in the "Direct"
position, hold the CALIBRATE toggle
switch down. This simulates an output
of 55 percent of scale. Check the 10-
50 ma signal for the expected value with
the pyrometer at 55 percent of scale.
The expected milliamp signal, for a l0-
50 ma signal is 32.0 ma.

i. Switch the PEAK PICKER to the "Peaking"
position.

j. The zero/span calibration is now completed.

H. THERMOCOUPLES

There are two field signals that are considered
important to the NOx project that are generated by a
thermocouple. They are the secondary air'temperature
and thg chain inlet temperature. Both of these are

calibrated in the same manner.

1. Zero and Span Calibration
A zero and span calibration is accomplished
by applying a voltage to the outpﬁt wires of the
thermocouple that simulatés the voltage output

generated by a thermocouple at a particular
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temperature.

A dynamic calibration of a thermocouple would
use a certified thermometer or thermocouple to
independently measure the temperature of the gas
stream next to, or near, the thermocéuple to be
calibrated. This is not possible with either of
the two thermocouples in question, so the zero and
span calibration outlined below will be all the
calibration that is possible.

Use the following procedure to check the zero
and span of the thermocouple signal to the control
room.

a. Disconnect the temperature output wires of
the thermocouple at the thermocouple.

b. Apply a known voltage corresponding to zero
degrees F., for the type of thermocouple in
use. Both of the thermocouples in
question are Type K thermocouples and the
output voltage at zero degrees F. for a
Type K thermocouple is =0.692 millivolts.

c. Adjust the milliamp output signal to reflect
 zero dégrees F. Both of these thermocouples
| have a range of 0-2000 degrees F., and both

transmit data with a 10-50 ma signal. So,

with a simulated zero degrees F. the zero

control should be adjusted to produce a 10.0

ma output signal.

d. Apply a known voltage to the thermocouple
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output wires, corresponding to 2000 degrees
F. With a Type K thermocouple, this voltage
is 44.856 millivolts.

e. -Adjust the span control to produce an.output
signal of 50.0 ma, with a simulated 2000
degrees F. input.

£f. Reconnect the thermocouple wires.

g. The zero and span calibration is now
completed.

AMMETERS

There are two field signals generated by ammeters
that may be important to the NOx project. These
signals are the amperage of the kiln drive motors and
the amperage of the primary air fan. These signals may
show a correlation to the generation of NOx in a rotary
cement kiln.

These ammeters are calibrated by comparing their

indicated amperage to the amperage of a certified

amrneter.

1. Zero and Span Calibration
a. Connect an ammeter to the output signal wires
of the CT. .Both of these signals are 10-50
milliamp signals.
b. With the motor cff, check the zero on the CT.
The output signal should be 10.0 ma for both
ammeters that are associated with the NOx

project. Adjust the zero control to get
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10.0 ma when the motor is down.

c. With the motor operating under a load,
connect a certified ammeter to the motor or
‘starter to read the motor amperage directly.

d. Connect another ammeter to the output wires
of the CT and adjust the span control to get
the expected milliamp signal out. Use the
following equation to calculate the expected
milliamp output signal:

expected milliamps = cert. ammeter readin 40 + 10
_ : (full scale amps)

FOR EXAMPLE:

ASSUME:
*The range of the primary air fan motor ammeter is 0-200
amps.
**The certified ammeter connected to the primary air fan
motor reads 150 amps.

THEN:

expected milliamp signal = (150 amps) (40) + 10
_ (200)

= 40.0 ma.

e. The éalibration of the ammeter is complete.
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DATE:

ZERO AND SPAN CHECKLIST

LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER

TIME :

RANGE:

NAME:

SOx: 0 - 1500 ppm

NOx: O - 1500 ppm ITEM

TEST EQUIPMENT USED

EQUIP. # CAL. DUE DT.

QUTPUT SIGNAL: 4 - 20 ma

NOx
LOOP NUMBER: 11A
DIGILINK CHANNEL 102

DIGISTRI

$02 INTERNAL SPAN CELL VALUE: 890ppm

NO INTERNAL SPAN CELL VALUE: 640ppm

TEST
802 Zero
NO Zero
502 Span

NO Span

TEST
502 Zero
NO Zero

S02 Span

~ NO Span

P CHANNEL: 1lo

SOx

11B
103
111

DIGILINK METER READINGS

AS FOUND

MILLIAMP OUTPUT SIGNAL

AFTER CALIBRATION

(4 =20 ma)

AS FOUND
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DATE:

ZERO AND SPAN CHECKLIST

LEAR SIEGLER CM-50 OXYGEN ANALYZER

TIME: NAME:

RANGE: 0 - 25 percent oxygen

OUTPUT SIGNAL:

LOOP NUMBER:

4 - 20 ma.
11c¢

DIGILINK CHANNEL: 104

.DIGISTRIP CHANNEL: 112

ITEM

TEST
OXYGEN ZERO

OXYGEN SPAN

TEST
OXYGEN ZERO

OXYGEN SPAN

TEST EQUIPMENT USED
EQUIP. # ~ CAL. DUE DATE

DIGILINK METER READING

AS FOUND AFTER CALIBRATION

MILLIAMP OUTPUT SIGNAL (4 - 20 ma)

AS FOUND AFTER CALIBRATION
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ZERO AND SPAN CHECKLIST

KILN FEED SANKYO IMPACT FLOWMETER

DATE: TIME: NAME:

RANGE: 0 - 110 tons per hour
OUTPUT SIGNAL: 10 - 50 ma
LOOP NUMBER: 19

DIGILINK CHANNEL: 114
DIGISTRIP CHANNEL: 204

STATIC TEST WEIGHT:

EXPECTED READINGS WITH STATIC TEST WEIGHT:

TPH ma

TEST EQUIPMENT USED

ITEM ' EQUIFPMENT # CAL. DUE DATE

FRONT PANEIL METER READINGS

TEST AS FOUND AFTER CALIBRATION
ZERO TPH
WITH STATIC
TEST WEIGHT
MILLIAMP OUTPUT SIGNAL (10 - 50 ma)
TEST AS FOUND AFTER CALIBRATION
ZERO TPH

WITH STATIC
TEST WEIGHT
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ZERO AND SPAN CHECKLIST

COAL FEED SANKYO IMPACT FLOWMETER

DATE:

ITEM

TIME:

NAME:

TEST EQUIPMENT USED

EQUIP., #

RANGE: O =~ 15 tons per hour

OUTPUT SIGNAL: 10
LOOP NUMBER: 62
DIGILINK CHANNEL:
DIGISTRIP CHANNEL:
STATIC TEST WEIGHT:

- 50 ma

305
112

CAL. DUE DATE

EXPECTED READINGS WITH STATIC TEST WEIGHT: TPH

TEST
ZERO TPH

WITH STATIC
TEST WEIGHT

TEST
'ZERO TPH

WITH STATIC
TEST WEIGHT

FRONT PANEL METER READINGS

AS FOUND

AFTER CALIBRATION

MILLIAMP OUTPUT SIGNAL

AS FOUND
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ZERO AND SPAN CHECKLIST

PULVERIZED FUEL BIN LOAD CELL SCALES

~ DATE: ‘ TIME: NAME:

TEST EQUIPMENT USED

ITEM EQUIP. # CAL. DUE DATE

RANGE: 0 - 5 Tons

OQUTPUT SiGNAL: 10 = 50 ma
LOOP NUMBER:

"DIGILINK CHANNEL:
DIGISTRIP CHANNEL:

MILLIAMP OUTPUT SIGNAL (10 - 50 ma)

TEST AS FOUND AFTER CALIBRATION
ZERO

- SPAN
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ZERO_AND SPAN CHECKLIST

DIFFERENTIAL PRESSURE TRANSMITTER=KILN EXIT WATER SPRAY

DATE: TIME: NAME:

TEST EQUIPMENT USED

ITEM EQUIPMENT NO. _ CAL., DUE DATE

RANGE: 0 - 100 GPM

OUTPUT SIGNAL: 10 - S0 ma
LOOP NUMBER: 13

DIGILINK CHANNEL: 313
DIGISTRIP CHANNEL: 114

FLOWRATE USED FOR SPAN: (from turbine meter)

EXPECTED OUTPUT SIGNAL = (flow rate) 40 + 10
100

MILLTAMP OUTPUT SIGNAL

TEST AS FOUND AFTER CALIBRATION
2ERO

SPAN
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ZERO AND SPAN CHECKLIST

PRESSURE TRANSMITTER

AXIAL OR SWIRL AIR ON PILLARD BURNER (Circle one)

DATE: TIME: NAME:
RANGE: = 5 to 60 inches of water TEST EQUIPMENT USED
OUTPUT SIGNAL: 10 - 50 ma. ITEM EQUIP # CAL. DUE DT.

TEST PRESSURE USED
FOR SPAN:

EXPECTED QUTPUT SIGNAL =
(Test Pressure) 40 + 10
(65)

EXPECTED OUTPUT SIGNAL WHEN VENTED TO ATMOSPHERE = 13.1 ma

SWIRL  AXIaL
LOOP NUMBER: 45A 45B
DIGILINK CHANNEL: 115 1lle
DIGISTRIP CHANNEL: 101 102

MILLIAMP OUTPUT SIGNAL

TEST AS FOUND AFTER CALIBRATION
AT -5" W.cC. |

VENTED TO ATMOS.

AT SPAN TEST PRESS.

76



ZERO AND SPAN CHECKLIST

BAILEY OXYGEN ANALYZER

DATE: TIME: NAME:

TEST EQUIPMENT USED

ITEM EQUIP. NO. CAL. DUE DATE
RANGE: 0 - 5.0 Percent Oxygen

OUTPFUT SIGNAL: 10 - 50 ma.

OXYGEN COMBUSTIBLES
- LOOP NUMBER: 17 18
DIGILINK CHANNEL: 113 212
DIGISTRIP CHANNEL: 202 203

PERCENT OXYGEN OF GAS USED FOR 2ERO CALIBRATION:

PERCENT OXYGEN OF GAS USED FOR SPAN CALIBRATION:

CALCULATION OF EXPECTED MILLIAMP OUTPUT:

EXPECTED MILLIAMPS = (% Oxygen of Test Gas) 40 + 10
(5.0)

Low Range = High Range =

MILLIAMP QUTPUT SIGNAL

TEST AS FOUND AFTER CALIBRATION
LOW RANGE TEST GAS

HIGH RANGE TEST GAS
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ZERO_AND SPAN CHECKLIST

'KILN DRIVE MOTORS AMMETER

DATE: TIME: NAME:

TEST EQUIPMENT USED

ITEM EQUIP. NO. CAL. DUE DATE

RANGE: O - 1500 amps

OUTPUT SIGNAL: 10 -~ 50 ma.

LOOP NUMBER: 38

DIGILINK CHANNEL: 1lo0

DIGISTRIP CHANNEL: 216

SPAN AMPS (FROM A CERTIFIED AMMETER):

CALCULATION OF EXPECTED MILLIAMPS AT THE MEASURED SPAN
AMPERAGE LOADING:

EXPECTED MILLIAMPS = (Span Amps) 40 + 10
‘ (1500)

MILLIAMP OUTPUT SIGNAL

TEST | AS FOUND AFTER CALIBRATION
ZERO AMPS

SPAN AMPS
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ZERO AND SPAN CHECKLIST

PRIMARY AIR FAN MOTOR AMMETER

DATE: TIME: NAME:

TEST EQUIPMENT USED
ITEM EQUIP. NO. CAL. DUE DATE

|

RANGE: 0 = 200 amps
OUTPUT SIGNAL: 10 - 50 ma.
LOOP NUMBER: 46

DIGILINK CHANNEL: 215
DIGISTRIP CHANNEL: 106

SPAN AMPS (FROM A CERTIFIED AMMETER):

CALCULATION OF EXPECTED MILLIAMPS AT THE MEASURED SPAN
AMPERAGE LOADING:

EXPECTED MILLIAMPS = (Span Amps) 40 + 10
. (200)

MILLIAMP OUTPUT SIGNAL

TEST " AS FOUND AFTZR CALIBRATION
ZERO AMPS

SPAN AMPS
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ZERO AND SPAN CHECKLIST

INFRARED OPTICAL PYROMETER

DATE: TIME: NAME:
TEST EQUIPMENT USED
ITEM ‘ EQUIP. NO. CAL. DUE DATE

RANGE: 1800 - 3200 Degrees F.

OUTPUT SIGNAL: 10 - 50 ma.

LOOP NUMBER: 48

DIGILINK CHANNEL: 306

DIGISTRIP CHANNEL: XXX

EXPECTED READING WITH CALIBRATE SWITCH ENGAGED:

1) TFRONT PANEL METER: RED CALIBRATE MARK
2) OUTPUT SIGNAL ! 32.0 ma

FRONT PANEL METER READING

TEST ' AS FOUND AFTER CALIBRATION
ZEROQ

CALIBRATE ENGAGED

MILLIAMP OUTPUT SIGNAL

TEST AS FOUND AFTER CALIBRATION'
ZERO

CALIBRATE ENGAGED
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ZERO AND SPAN CHECKLIST

TYPE K THERMOCOUPLES (Circle one)

_SECONDARY AIR TEMPERATURE

CHAIN INLET TEMPERATURE

DATE: TIME: NAME:
RANGE: O = 2000 Degrees F.
OUTPUT SIGNAL: 10 - 50 ma
| SECONDARY CHAIN

AIR TEMP INLET TEMP
LOOP NUMBER: 68 35
DIGILINK CHANNEL: 214 315
DIGISTRIP CHANNEL: 109 214

SIMULATED TEMPERATURE USED FOR ZERO CALIBRATION:

SIMULATED TEMPERATURE USED FOR SPAN CALIBRATION:

CALCULATION OF EXPECTED MILLIAMPS AT THE SIMULATED

CALIBRATION TEMPERATURE:

EXPECTED MILLIAMPS:

(Simulated Temp.) 40 + 10

(2000)

EXPECTED MILLIAMPS FOR ZERO CALIBRATION:

EXPECTED MILLIAMPS FOR SPAN CALIBRATION:

TEST
ZERO CALIBRATION
SPAN CALIBRATION

ITEM

EQUIP. NO.

MILLIAMP OUTPUT SIGNAL

AS FOUND

AFTER CALIBRATION

TEST EQUIPMENT USED

CAL.

DUE DATE
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FULL ELECTRONIC CALIBRATION WORKSHEET

LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER

DATE: TIME: NAME:

NOxX so2
RANGE: 0 - 1500 ppm 0 - 1500 ppm
OUTPUT SIGNAL: 4 - 20 ma 4 - 20 ma
LOQP NUMBER: 1la 1lB
DIGILINK CHANNEL: 102 103
DIGISTRIP CHANNEL: 110 111

TEST EQUIPMENT USED

ITEM EQUIP. NO. CAL. DUE DATE
1, Was the UV lamp replaced prior to beginning the full
calibration:
Yes No
2. Adjust R-5 to get 3.25 - 3,59 vdc at TP-10 on the
transceiver:

*Value at TP-10 before calibration:

**Value at TP-10 after calibration:

3. Set the scanner frequency at 26 =- 28 milliseconds when

viewed on an oscilloscope connected to TP-3 at the
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transceiver. Adjust the scanner frequency with R-2.

*Scanner frequency at TP-3 before calibration:

**Scanner frequency at TP~3 after calibration:

Connect an oscilloscope to TP-5 at the transceiver, and
check for a symetrical $02 half waveform. Adjust R=-3, as
coarse adjustment, to get the best symetrical, half wave
signal possible then adjust R-2 to bring both halves of the
waveform to ground.

*Was the waveform symetrical before calibration? YES NO

**Was the waveform symetrical after calibration? YES NO

Connect the oscilloscope to TP-6 at the transceiver and
observe the scanner drive signal. This signal should be a
0.35 = 0.85 volt triangular waveform with slightly rounded
peaks.

*Was the shape of the waveform proper: YES NO

**Record the observed voltage of the waveform:

Connect the oscilloscope to TP-5, at the transceiver, and
check for a symetrical NO half waveform. Adjust R-88 to
achieve a symetrical half wave signal.

*Was the waveform symetrical before calibration: YES NO

**Was the waveform symetrical after calibration: YES NO

Connect the oscilloscope to TP=7, at the transceiver and
observe the scanner feedback signal. This signal should hbe

-8 to =6 volts which does not go above ground.
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lo.

*Are there any irregularities in this signal: YES NO

**Record the voltage of this signal:

Connect the oscilloscope to TP-12 at the transceiver to
check the scanner level detect signal. This signal should
be =50 to 50 mvdec and may be adjusted with R-~-4,

*Voltage of signal before calibration:

**Voltage of signal after calibration:

Output drive signal adjustment.
With the zero mirror in and the front panel selector switch
in the INPUT position:

*Does the front panel meter read approximately zero:
YES NO

Compute the expected voltage, with a high S02 span cell
inserted, by using the following equation:

Expected Voltage = (Span cell value) (7)

750
The voltage may also be checked at TP=-5 at the transceiver.
Use R-15 to adjust the voltage.
**Expected voltage at TP-5:

***Voltage at TP-5 before calibration:

t***Voltage at TP-5 after calibration:

Temperature Compensation Calibration.

Check the voltage at TP-4 on the Integrator, Sample, and
Hold board. It should read zero volts and can be adjusted
with R-4.

*Voltage at TP-4 before calibration:

*%Voltage at TP=-4 after calibration:
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11,

12.

13,

14.

Check the amperage with an ammeter in series with the
temperature output wires. Use the following equation to
calculate the expected amperage.

Expected amps = (Actual Temperature) 20.0 ma
(800)

This amperage can be adjusted with R-72 at the transceiver.

*Expected amperage:

**Amperage before calibration:

'***Amperagé after calibration:

Connect a voltmeter to TP-4 on the Integrator, Sample, and
Hold board. Use the following equation to calculate the
expected voltage: |

Expected volts = (Actual Temperature) 10.0 volts

(800)

This voltage may be adjusted with R-5.
*Expected voltage at TP-4:

**Voltage at TP-4 before calibration:

***Voltage at TP-4 after calibration:

Connect a voltmeter to TP~2 on the Temperature Compensation
board. The average voltage over several 502 sample periods
should be 0.0 volts, This vdltage may be adjusted with k-
30.

*Voltage at TP-2 before calibration:

**Voltage at TP-2 after calibration:

During an NO sample period, adjust R-32 for 0.0 volts at TP=-

2.
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15.

ls.

l7l

18.

19.

20.

*Voltage at TP-2 before calibration:

**Voltage at TP-2 after calibration:

Connect a voltmeter to TP-4 on the Integrator, Sample  and
Hold board and adjust R-4 to get 0.9375 volts:

*Voltage at TP~4 after adjusting R-4:

Connect a voltmeter to TP-2 on the Temperature Compensation
board. The voltage should be 1.0 volts and may be adjusted
with R-29 on the Temperature Compensation board.

*Voltage at TP=-2 before calibration:

**Voltage at TP-2 after calibration:

Adjust R-4 on the Temperature Compensation board so there is
no change in the voltage at TP-2 with the switch S-2 in the

"up" or "down" position.

Adjust R-4 on the Integrator, Sample, and Hold board to get
10.0 volts at TP-4.

*Voltage at TP-4 after adjusting R-4:

Connect a voltmeter to TP-2 on the Temperature Compensation
board. The voltage should be 3.65 volts and may be adjusted
with R-2 on the Temperature Compensation board.

*Voltage at TP-2 before calibration:

*%Voltage at TP-2 after calibration:

Connect a voltmeter to TP-4 on the Integrator, Sample, and
Hold board and adjust R-4 to get 0.9375 volts.
*Voltage at TP-4 after adjusting R-4:
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21.
®
22.
®
®
@
®
23.
®
24.
®
25.
e
®

Connect a voltmeter to TP-3 on the Integrator, Sample, and
Hold board and record the voltage during an $02 sample
period with switch S-2 in the "up" position.

*Voltage at TP-3:

Place switch S-2 in the down position and record the

voltage. Use the following equation to calculate the
expected voltage:

Expected voltage = (Voltage at TP-3, from #21 above) (1.075)
Use R-64 on the Integrator, Sample, and Hold board to adjust
this voltage. (R-64 is the top, grey potentiometer located
near thg center of the board.)

*Expected voltage at TP-3:

**Voltage at TP-3 before calibration:

*#*Voltage at TP-3 after calibration:

Connect a voltmeter to TP-4 on the Integrator, Sample and
Hold board and adjust R-4 to get 10.0 volts.

*Voltage at TP-4 after adjusting R-4:

Connect a voltmeter to TP-3 on the Integrator, Sample, and
Hold board and record the voltage during an 802 sample
period with switch S-2 in the "up" position.

*Voltage at TP-3:

Place switch S-2 in the "down" position and record the

voltage. Use the following equation to calculate the
expected voltage:

Expected voltage = (Voltage at TP=3,from #24) (2.74)
Use R=65 on the Integrator, Sample and Hold board to adjust

this voltage. (R-65 is the lower, blue potentiometer located
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26.

27.

near the center of the board.)

*Expected voltage at TP=3:

**Voltage at TP-3 before calibration:

*+%*Voltage at TP-3 after calibration:

Connect a voltmeter to TP-4 on the IS/H board and adjust R-4

to get 0.0 volts. Remove all jumpers that have been connected.

Place switch $=2 in the down position.

The full electronic calibration is now completed.
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FULL ELECTRONIC CALIBRATION WORKSHEET

LEAR SIEGLER CM-50 OXYGEN GAS ANALYZER

DATE: TIME: NAME:

RANGE: O - 25 percent oxygen
OUTPUT SIGNAL: 4 - 20 ma
LOOP NUMBER: 1l1lC
DIGILINK CHANNEL: 104
DIGISTRIP CHANNEL: 112
TEST EQUIPMENT USED
ITEM EQUIP. NO. CAL. DUE DATE

HEATER CONTROLLER BOARD

1. The pressure regulator should be set at 18 - 22 psi.

*As found pressure on the reguiator:

**Pressure after adjustment:

2. Verify the reference flow printed on top of the meter and
adjust the flowmeter, if required.

*Reference flow printed on top of flowmeter:

*#Flowrate before adjusting flowmeter:

*x*Flowrate after adjusting flowmeter:
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With thé calibration switch in the "HIGH" position, verify
that the flowmeter indicates the flowrate printed on top of
the meter.

*Reference flow printed on top of the flowmeter:

**Flowrate before adjusting flowmeter:

***Flowrate after adjusting flowmeter:

With the calibration switch in the "LOW" position, verify
that the flowmeter indicates the flowrate printed on top of
the meter.

*Reference flow printed on top of the flowmeter:

**Flowrate before adjusting flowmeter:

***Flowrate after adjusting flowmeter:

Verify that the power supply voltage and the ambient
temperature are within specificiation.

*Power supply voltage:

**Ambient temperature:

Connect a voltmeter to TP-8 on the Heater Controller boa:d.
The voltage should be within the =50 to 50 mv range and can
be adjusted with R-2.

*Voltagé at TP-8 before calibration:

**Voltage at TP-8 after caiibration:

Connect a voltmeter to TP-2 on the Heater Controller board.
The voltage should be -374 mv and may be adjusted with R=-3,
*Voltage at TP-2 before calibration:

**Voltage at TP-2 after calibration:
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lo.

11.

12.

Approximately 30 minutes after installing the heater fuse,
depress the TEMPERATURE FAULT push button. The front panel
meter should indicate a stable reading in the green :zone.
The meter indication may be adjusted with R-4 on the Heater
Controller board. Wait 5 minutes after adjusting R-4 for
the meter to stabilize.,

*Did the meter indicate the green zone before adjusting R=47

YES NO

**Did the meter indicate the green zone after adjusting R=-47?

YES NO

Calculate the compensated thermocouple output by using the
following equation:
Compensated Thermocouple output =

{(~34.07) - (card cage temp - 77)}(=~0.022)

Expected compensated thermocouple output:

Connect a voltmeter to TP-3 on the Heater Controller board.
This reading should be the expected compensated thermocouple
output calculated in step 9, above. Use R-3 to adjust this
voltage.

*Voltage at TP-3 before calibration:

**Voltage at TP-3 after calibration:

This completes the Heater Controller board calibration.

PERCENT OXYGEN BOARD

Verify <the thermocouple output as explained above in

step 10.
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l3l

14'1

15.

lse.

17.

TO VERIFY THE CELL CONSTANT

Disconnect the wire at TB2-2 on the Percent Oxygen board and
connect a voltmeter to this wire. Connect the voltmeter
return to TB2-1. With the calibration switch in the HIGH
position and the range‘switch in the 25% position, read the
cell constant on the voltmeter.

*Record the-cell constant:

TO VERIFY THE ZERO:
Connect a voltmeter toﬂTP-4. The reading should be 300 -
500 mv and may be ajusted with R-4,

*Voltage at TP-4 before calibration:

**Voltage at TP-4 after calibration:

Connect a voltmeter to TP-1l. The reading should be 0.00
volts dc, plus or minus 10 mv,

*Voltage at TP-1l:

Connect an ammeter to TBl-ll. The reading should be 3.99 -
4.01 ma, and may be adjusted with R-1l.
*Amperage at TBl-ll before calibration:

**Amperage at TBl-1l after calibration:

Connect a voltmeter to TP-2 on the Percent Oxygen board.
The reading should be 0.00 vdec plus or minus 1.0 mv and may
be adjusted with R-68.

*Voltage at TP-2 before calibration:

**Voltage at TP-2 after calibration:
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18.

19.

20.

21.

22.

Connect a voltmeter to TP-1 on the Percent Oxygen board.
The expected output is Item 6 on the probe data sheet and
may be adjusted with R-7.

*Voltage at TP-1 before calibration:

**Voltage at TP-1 after calibration:

25 PERCENT RANGE CALIBRATION:

Connect a voltmeter to TP-1 on the Heater Controller board.
The value should be the specified cell constant (Item 4 on
the probe data sheet) and may be adjusted with R-1.
*Voltage at TP-1 before calibration:

**Voltage at TP-1 after calibration:

Connect a voltmeter to TP-1 on the Percent Oxygen board.

Adjust R-3 to get 8.38 volts dc plus or minus 0.01 volts.

The'front panel meter should read the green calibration dot.
If it does not read the calibration dot, <the meter may be
adjusted with R-52 on the Percent Oxygen board.

*Did the meter read the calibration dot without adjusting R-
52?2 YES NO

**Did the meter read the calibration dot after adjusting R-
527 ' YES NO

10 PERCENT RANGE CALIBRATION:
Refer to Item 3 (10 Percent Calibration) on the probe data

sheet.

Record the value for Item 3:
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23.

24.

25.

26,

27.

**Voltage at TP-1 after calibration:

If <the value for item 3 is positive, do step 24 and skip
step 25. If the value for item 3 is negative, skip step 24
and do step 25.

Connect a voltmeter to TP=-4 on the Percent Oxygen board.
The reading should be equal to the value of item 3 and may _
be adjusted with R~-4 on the Percent Oxygen board.
*Voltage at TP-4 before calibration:

**Voltage at TP-4 after calibration:

Connect a voltmeter to TP-1l on the Heater Controller board
The reading should be equal to the value of item 3 and may
be adjusted with R-1 on the Heater Controller board.
*Voltage at TP-1l before calibration:

**Voltage at TP-1 after calibration:

Connect a voltmeter to TP-1 on the Percent Oxygen board.
The reading should be 10.00 volts dc plus or minus 10 mv and
may be adjusted with R-6.

*Voltage at TP-l1l before calibration:

Connect an ammeter to TBl-1l. The reading should be 20.00
ma plus or minus 0.0l ma and may be adjusted with R-2 on the
Percent Oxygen beoard.

*Amperage at TBl-1ll before calibration:

**Amperage at TBl-ll after calibration:
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28.

29.

30.

31.

32.

2.5 PEﬁCENT RANGE CALIBRATION:

Connect a voltmeter to TP-4 on the Percent Oxygen board.
The reading should be item 5 (2.095 calibration voltage) on
the probe data sheet and may be adjusted with R=4 on  the
Percent Oxygen board.

*Voltage at TP-4 after adjusting R-4:

Connect a voltmeter to TP-1 on the Percent Oxygen board.
The reading should be 8.38 volts dc plus or minus 1.0 mv and
may be adjusted with R-5 on this board.

*Voltage at TP~1l before calibration:

**Voltage at TP-1 after calibration:

'CALCULATING THE OXYGEN PROBE CALIBRATION

Verify the proper probe heater temperature as outlined
above, in steps 9, 10, and 1l1.

*Expected calculated thermocouple output:

**Thermocouple output before calibration:

***Thermocouple output after calibration:

Connect a voltmeter to TP-3 on the Percent Oxygen board.
Piace the calibration switch on the front panel in the
HIGH position and read the cell constant (cc) on the
voltmeter.

*Record tha value of the cell constant: cc =

With the voltmeter connected to TP-3, place the calibration
switch in the LOW position and read the cell output (E).

*Record the value of the cell output: E =
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33,

34.

35.

36,

Calculate the MV Decade using the_following equation:

MV/Dec = _ E - CC
Log _(20.95)
(% 02 of low cal gas)

*Record the value of the MV Decade; MV/Dec =

Calculate the 10 percent calibration using the following
equation: |

'10% Cal = (MV/Dec) (0.3212) + CC

*Redord the 10 percent calibration; 10% Cal =

Calculate the 2.095 percent calibration using the following
equation:
2.095% Cal = MV/Dec + CC

*Record the 2.095 percent calibration;
‘ 2.095% Cal =

Calculate the output for zero input using the following

equation:
cC
MV/Dec
OQutput for zero input = 8.38 x 10

*Record the output for zero input =
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DATE:

l.

DYNAMIC CALIBRATION WORKSHEET
LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER

TIME: ' NAME:

NAME:

NAME:

Temperature Verification

a.

Disconnect the temperature wires TB 1-29 and TB 1-15 in
the control unit and short <these wires together.
Adjust R=-4 to get 0.0 volts at TP-4 on the Integrator,
Sample, and Hold board.

*Voltage at TP-4 before calibration:

**Voltage at TP-4 after calibration:

Connect the temperature wires to a transmation and
record the indicated temperature. Then reconnect the
temperature wires at TB 1-29 and TB 1-15.

*Temperature reading:

Calculate the voltage that represents the temperature

- recorded in part b. above, according to the following

formula:

Voltage = (Part b actual temp.) x 10
800

*Voltage =

Adjuet the span on the thermocouple get the calculated
voltage (from part c., above) at TP-4 on the
Integrator, Sample, and Hold board.

*Voltage at TP-4 before calibration:

**Voltage at TP-4 after calibration:
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Flow pure N2 2zero gas at 2.0 to 2.3 liters per minute,
Observe Digilink channels 102, for NO, and 103 for §02.
Adjust the NO and S02 zero potentiometers on the Integrator,
Sample, and qud board to get zero (0) ppm plus or minus 15

ppm.

*NO zero reading before calibration:

**NO zero reading after calibration:

**%502 zZero reading before calibration:

**#%x%502 zero reading after calibration:

Flow standard NO span gas at a rate of 2.0 to 2.3 liters per
minute. Record the observed value.

*Certified value of NO span gas:

**Q0bserved reading of NO span gas:

Calculate the error of the observed reading versus the
certified value.

Error = Certified NO value
Observed NO value

Flow standard SO2 span gas at a rate of 2.0 to 2.3 liters

per minute. Record the observed value.

*Certified value of S02 span gas:

**0bgerved reading of S02 span gas:

Calculate the error of the observed reading versus the
certified value.

Error = Certified S02 value
Observed S02 value
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Average the errors calculated in step 4 and step 6.

Average error = Error from step 4 + error from step 6
2

Average error = ( ) + é ) =

If both observed span gas values are in error by less than
2.5 percent of the certified span gas values, no adjustments
are required and the dynamic calibration is complete.

If either, or both, of the cbserved values for the span
gases are in error by more than 2.5 percent of the
appropriate span gas certified value, adjustment is
required.

Flow NO standard gas and record the observed value.

*Observed value of NO span gas:

Correct the observed NO span gas value from step 10 by the
average error calculated in step 7.
Corrected NO value = (NO value step 10)x(Avg. error step 7)

Corrected No value = x | =

Adjust R-2 on the Temperature Compensation board so that the
observed NO value is equal to the corrected NO value
calculated in step 1l.

*Observed NO value before calibration:

**Observed NO value after calibration:

Flow N2 zero gas to be sure that the observed NO and S02
values return to zero, plus of minus 15 ppm, within three
sample periods.

*Observed NO value: .

*k0Observed S02 value:

 The dynamic calibration is complete.
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thé observed value. Adjust the R-2 span potentiometer, on
the Percent Oxygen board, to produce a 20.9 percent reading
as observed on channel 104 of the Kaye Digilink.

*Observed high range value before calibration:

**Observed high range value after.calibration:

Turn the CM-50 control unit front panel "Calibration" switch

to the "Operate" position.

The dynamic calibration is now complete.
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DATE:

DYNAMIC CALIBRATION WORKSHEET
KILN FEED SANKYO IMPACT FLOWMETER

(Actual clinker weight versus kiln feed Sankyo)

FROM TIME: TO TIME:

Begin taking hourly kiln feed samples from BC-2 four hours
prior to beginning the test and send them to the lab for an

IOI determination.

Clean the "dump" area of clinker conveyor BC-=-25 of all

material prior to the start of the clinker weight check.

switch clinker conveyor BC=-25 +to the "dump" area and
simultaneously record an initial reading on the kiln feed
Sankyo totalizer. Also, indicate on the NOx control room
printer the beginning of the test.

*Initial reading of Sankyo totalizer:

Collect clinker in the "dump" area for four to six hours.

At the completion of the clinker collection period, switch
clinker conveyor BC~-25 out of the "dump" area and
simultaneously record a final reading on the kiln feed
Sankyo totalizer. Also, indicate the end of the test period
on the NOx project control room printer.

*Final reading of Sankyo totalizer:

Load the «clinker collected during the test period into a
previously tared, empty truck. Weight all of the collected

clinker on a certified scale.
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Truck Loaded Empty Weight of
Number Weight Weight Clinker
1
¢
2
3
4
®
5
6
7
®
8
9
10
®
11
12
13
®
14
15
16
®
17
18
19
®
20
TOTAL
® 7. Calculate the weighﬁ of Xkiln feed used to produce the
| clinker during the test period.
*Final Sankyo ~ Initial Sankyo = Total Kiln
® _ totalizer reading totalizer reading Feed used
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l0.

*#*Total the values in the "Feed" column on the NOx project
control room printer for the time period covered during the
collection of clinker and divide this wvalue by ten.

Total of "Feed" column values =
10

Record the kiln feed LOI's determined by the laboratory and
determine the average LOI.
Sample Lol

1

2

3

4
5
6
7
8

9

Average

Determine the clinker to kiln feed factor

Factor = 1 - (Average LOI from step 8) =

Factor = 1 - =
Calculate the clinker anticipated from the kiln feed used.

*(Kiln feed used, x (Kiln feed factor) =
from totalizer)

**(Kiln feed used, X (Kiln feed factor) =
from NOx printer)
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Compare the actual clinker collected to the computed clinker

from the kiln feed used.

*Computed clinker, from totalizer =
Actual clInker

**Computed clinker, from NOx printer =
Actual clinker

If the computed clinker values are more than 5 percent in
error, adjust the kiln feed Sankyo Impact Flowmeter at the
earliest possible time to correct the error.

The dynamic calibration is now complete.
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DYNAMIC CALIBRATION WORKSHEET

KILN FEED SANKYQO IMPACT FLOWMETER

PY ' DATE: TIME: NAME:

RANGE: 0 - 110 TPH
OUTPUT SIGNAL: 10 - 50 ma

LOOP NUMBER: 19

®
DIGILINK CHANNEL: 114
DIGISTRIP CHANNEL: 204
° | TEST_EQUIPMENT USED
ITEM  EQUIP. NO. CAL. DUE DATE
[
i ZERO CALIBRATION:
1. With no material flowing over the Sankyo, establish the
scale zero.
® *Were both zero indicating_ lights illuminated to equal
intensity before calibration: YES NO
**Were both 2zero indicating lights illuminated to equal
¢ intensity after calibration: YES NO
SPAN CALIBRATION:
PY 2. Weigh an empty truck and then move it into position to catch
the kiln feed used for the material test.
Run #1: Tare weight of the empty truck:
o Run #2: Tare weight of the empty truck:

Run #3: Tare weight of the empty truck:
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Record the initial reading on the Sankyo totalizer.

Run #l: Initial reading on the Sankyo totalizer:

Run #2: Initial reading on the Sankyo totalizer:

Run #3: Initial reading on the Sankyo totalizer:

Run kiln feed over the Sankyo flowmeter at a rate of 75 -

100 percent of full scale for at least 3 minutes.

Catch the Xkiln feed in the truck provided and weight the
loaded truck.

Run #l: Weight of the loaded truck:
Run #2: Weight of the loaded truck:

Run #3: Weight of the loaded truck:

Record the final reading on the Sankyo totalizer.

Run #l: Final reading on the Sankyo totalizer:

Run #2: Final reading on the Sankyo totalizer:

Run #3: Final reading on the Sankyo totalizer:

Repeat steps 2 - 6 three times.

Caliculate the amount of material that was used in each test

nn.
LOADED TRUCK WEIGHT - TARE WEIGHT = TEST WEIGHT
RUN #1 - =
RUN #2 ' - =
RUN #3 . - -

Calculate the number of counts recorded on the Sankyo

totalizer for each run.
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10.

11.

12.

13.

l4l

INITIAL READING

FINAL READING - =  COUNTS
RUN #1 __ - =
RUN #2 __ - =
RUN #3 ‘ - =

Calculate the flow factor (w/c) for each run. The flow
factor is the weight of the test material divided by the

number of counts recorded on the totalizer.

TEST WEIGHT /  COUNTS - FLOW FACTOR
RUN #1 / =
RUN #2 / =
RUN #3 / -

Calculate the average flow factor.

~W/C Run #1 + W/C Run #2 + W/C Run #3 = Average Flow Factor

3

( _ + + ) /3 =

Suspend a static test weight (about 15 pounds) over the
calibration pulley. Record the exact weight of the static
test weight to the nearest 0.0l pounds.

*Weight of static test weight =

Record the initial indicated flow rate created by the static
test weight.
*Initial indicated flow rate:

Calculate the registration flow factor using the following
equation:
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Reg. flow factor = Full scale flow
3600

For the kiln feed Sankyo, the registration flow factor is

currently 0.0306 tons per count.

Calculate the correct indicated flow rate with the static
test weight attached using the following equation:

Correct indicated = (Avg. flow fctr) (Init. indicated
flow rate (Reg. flow fctr) flow rate)

*Record the correct indicated flow rata:

Adjust the span control to achieve the correct indicated
flow rate with the static test weight attached.

*Indicated flow rate after calibration:

If the span adjustment required was more than 5 percent of

the full range of the scale, repeat steps 1 - 16.

LOAD DISTRIBUTION COMPENSATION CALIBRATION:
Perform the load distribution compensation calibration after

completing steps 1 - 17.

Weigh an empty truck to be used to catch the kiln feed used
for the material test.

 RUN #1 Weight of empty truck:

RUN #2 Weight of empty truck:

RUN #3 Weight of empty truck:

Record the initial reading on the Sankyo totalizer.
RUN #1 1Initial reading on the Sankyo totalizer:

RUN #2 1Initial reading on the Sankyo totalizer:

RUN #3 1Initial reading on the Sankyo totalizer:
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21.

22.

23.

24.

25,

26.

Run kiln feed over the Sankyo flowmeter at a rate of 40 - 50

percent of full scale flow for at least 3 minutes.

Catch the kiln feed in the truck provided and weigh the
loaded truck.
RUN #1 Weight of the loaded truck:

RUN #2 Weight of the loaded truck:

RUN #3 Weight of the loaded truck:

Record the final reading on the Sankyo totalizer.
RUN #1 Final reading on the Sankyo totalizer:

RUN #2 Final reading on the Sankyo totalizer:

RUN #3 Final reading on the Sankyo totalizer:

Repeat steps 2 - 6 three times.

Calculate the amount of material that was used in each test
run.

LOADED TRUCK WEIGHT -~ TARE WEIGHT TEST WEIGHT

RUN #1 - =

‘RUN #2 - =

RUN #3 - =

Calculate the number of counts recorded on the Sankyo

totalizer for each run.

FINAL READING INITIAL READING COUNTS
RUN #1 - =
RUN #2 _ -  a

RUN #3 - — =
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3l.

32.

NO COMP position, hang a static test weight which will
produce an indicated flow rate of approximately 90 percent
of full scale.

Change the switch to the "+ COMP" position (if positive
compehsation is raquired) or the "- COMP" position. Adjust
the CROSS control until there is no change in the indicated
flow rate when the switch is in the NO COMP or the "+ or -
COMP" position.

Change the static test weighf to get an indicated flow rate

of about 45 percent.

*Record the indicated flow rate:
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33.

34.

35.

Calculate the correct indicated flow rate with the switch in
tha "+ or - COMP" position expected when the static test
weight is attached by using the following equation:

+ or - COMP reading = (NO COMP reading) (Avg. flow factor)
Registration flow factor

NO COMP reading from step 32.
Average flow factor from step 28.
Registration flow factor is 0.0306.

*Calculated "+ or - COMP" reading :

Turn the switch to the "+ COMP" position (for positive
compensation) or the "~ COMP" position and adjust the "COMP"
control to get the calculated "+ or - COMP" reading.

* " + or - COMP" reading before adjusting the COMP control:

** W+ or - COMP" reading after adjusting the COMP control:

This completes the dynamic calibration worksheet.
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FULL CALIBRATION WORKSHEET

PULVERIZED FUEL BIN LOAD CELLS
' AND
COAL FEED TO THE KILN SANKYO IMPACT FLOWMETER

DATE:, TIME: NAME:

LOAD CELLS ~ COAL SANKYO
RANGE: 0 -5 Tons 0 - 15 TPH
OUTPUT SIGNAL: 10 - 50 ma 10 - 50 ma
LOOP NUMBER: 104 62
DIGILINK CHANNEL: None 305
DIGISTRIP CHANNEL: 204 112

TEST EQUIPMENT USED

ITEM EQUIP. NO. CAL. DUE DATE

The coal Sankyo and the pulverized fuel bin load cells will
be treated as a unit since the fuel bin load cells provide the
means to pass a known weight of material over the Sankyo during

the calibration of the Sankyo.

PULVERIZED FUEL BIN LOAD CELLS CALIBRATION:

1. Empty the pulverized fuel bin completely of material.

2. Connect an ammeter to the output signal wires of the 1load
cells. Adjust the zero to get a 10.0 ma ocutput.

*Signal output of empty bin before calibration:

**Signal output of empty bin after calibration:
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Suspend certified weights from the empty bin. (These
weights may be provided by Accurate Scale Co. or a similar

company.)

Adjust the span control to give the expected output signal.
The correct output signal for the span calibration may be
calculated by using the following equation. (For a 10 - 50
ma signal.) '

Expected Signal = (Test weight) 40 + 1b
: (Full scale range)

*Expected output signal for test weights:

**Qutput signal before calibration:

***Qutput signal after calibration:

This completes the calibration of the pulverized fuel bin

load cells.

COAL SANKYO IMPACT FIbWHETER CALIBRATION:
With no material flowing over the Sankyo, establish the
scale zero. |
*Were both zero indicating lights illuminated to equal
intensity before calibration: YES NO

**Were both zero indicating lights illuminated to equal
intensity after cqlibration:. YES NO

Fill the pulverized fuel bin with about three (3) tons of
material and record the exact weight of the material.

RUN #1 Initial weight of material in the bin:

RUN #2 1Initial weight of material in the bin:

RUN #3 Initial weight of material in the bin:
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8. Record the initial reading on the Sankyo totalizerx.
RUN #1 Initial reading on the Sankyo totalizer:
RUN #2 1Initial reading on the Sankyo totalizer:
RUN #3 1Initial reading on the Sankyo totalizer:

9. Run the material from the bin over the Sankyo flowmeter at a
rate of 75 - 100 percent of full scale flow for at least 3

minutes. (5 - 8 minutes is preferred.)

10. Record the final weight reading of the material remaining in
the pulverized fuel bin.
RUN #1 Final weight of material in the bin:

RUN #2 Final weight of material in the bin:

RUN #3 Final weight of material in the bin:

11l. Record the final reading on the Sankyo totalizer.

RUN #1 Final reading on the Sankyo totalizer:
RUN #2 Final reading on the Sankyo totalizer:
RUN #3 Final reading on the Sankyo totalizer:

12. Repeat steps 7 - 11 three times.

13. Calculate the amount of material that was used in each test

run.
INITIAL BIN FINAL BIN TEST
WEIGHT - WEIGHT = WEIGHT
RUN #1 - - ——— =
RUN #2 - =
RUN $3 _ - - =
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l4. Calculate the number of counts recorded on the Sankyo

totalizer for each run.

FINAL READING - INITIAL READING =  COUNTS
RUN #1 . - -
RUN 2 _ - " m
RUN #3 - -

15. Calculate the flow factor (w/c) for each run. The flow
factor is the weight of the test material divided by the

number of counts recorded on the totalizer.

TEST WEIGHT / COUNTS = FLOW FACTOR
RUN #1 / -
RUN #2 / I =
RUN #3 / =

16. Calculate the average flow factor.

Avg. flow factor = W/C Run #l1 + W/C Run #2 + W/C Run #3
3

( + + ) /3 =

17. Suspend a static test weight (about 2 pounds) over the
calibration pulley. Record the exact weight of the static
test weight to the nearest 0.0l pounds.

| *Waight of the static test weight =

18. Record the initial indicated flow rate created by the static
test weight.

#*Initial indicated flow rate:
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Calculate the registration flow factor using the following

equation:

Registration flow factor = Full scale flow
3600

For the pulverized coal Sankyo, the registration flow factor
is currently 0.00417 tons per count.
Calculate the correct indicated flow rate with the static

test weight attached using the following equation:

Correct indicated = (Avg. flow factor) (Init.ind. flow rate)
flow rate (Reg. flow factor)

*Record the correct indicated flow rate:

Adjust the span contreol to achieve the correct indicated

flow rate with the static test weight attached.

*Indicated flow rate after calibration:
If the span adjustment required was more than 5 percent of

the full range of the scale, repeat steps 6 - 21.

COAL SANKYO LOAD DISTRIBUTION COMPENSATION CALIBRATION:
Perform the load distribution compensation calibration after
completing steps 6 - 22.

Fill the pulverized fuel bin with about 3 tons of material
and record the exact weight of the material.

RUN #1 Initial weight'or the material in the bin:

RUN #2 1Initial weight of the material in the bin:

RUN #3 Initial weight of the material in the bin:

Record the initial reading on the Sankyo totalizer.

RUN #1 1Initial reading on the Sankyo totalizer:
RUN #2 1Initial reading on the Sankyo totalizer:

RUN #3 Initial reading on the Sankyo totalizer:
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26.

27,

28.

29.

30.

3l.

Run the material from the bin over the Sankyo flowmeter at a

rata of 40 - 50 percent of full scale flow for at least 3

minutes. (5 - 8 minutes is preferred.)

Record the final weight reading of the material remaining in
the pulverized fuel bin.
RUN #1 Final weight of material in the bin:

RUN #2 Final weight of material in the bin:

RUN #3 Final weight of material in the bin:

Record the final reading on the Sankyo totalizer.
RUN #1 Final reading on the Sankyo totalizer:
RUN #2 Final reading on the Sankyo totalizer:
RUN #3 Final reading on the Sankyo totalizer:

Repeat steps 7 - 11 three times.

Calculate the amount of material that was used in-each test

run.
INITIAL BIN FINAL BIN TEST
WEIGHT - WEIGHT = WEIGHT
RUN #1 - =
RUN #2 - =
RUN #3 - =

Calculate the number of counts recorded on the Sankyo
totalizer for each run.

FINAL READING

INITIAL READING = COUNTS

RUN #1 - =
RUN #2 | - =
RUN #3 - -
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Calculate the flow factor (w/¢) for each run. The flow
factor is the weight of the test material divided by the

nunber of counts recorded on the totalizer.

TEST WEIGHT / COUNTS = FLOW FACTOR
RUN #1 / =
RUN #2 / -
RUN #3 / =

Calculate the average flow factor.

Avg. flow factor = W/C Run #1 + W/C Run #2 + W/C Run #3
3

( + .+ ) /3 =

If the average flow factor is greater than the registration
flow factor- (0.00417 tons per count), then positive

compensaﬁion will be required. If it is 1less than the
registration value, negative compensation will be required.

With the Load Distribution Compensation board switch in the
NO COMP position, hang a static test weight which will
produce an indicated flow rate of approximately 90 percent

of full scale.

Change the switch to the "+ COMP" position (if positive
compensation is required) or the "= COMP" position. Adjust
the CROSS control until there is no change in the indicated
flow rate when the switch is in the NO COMP or the "+ or -
COMP" position.

Change the static test weight to get an indicated flow rate
of about 45 percent.

*Record the indicated flow rate:
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38.

39.

40.

‘#Calculated "+ or ~ COMP" reading :

Calculate the correct indicated flow rate with the switch in
the "+ or - COMP" position expected when the static test

weight is attached by using the following equation:

+ or - COMP reading = (NO COMP reading) (Avg. flow factor)
Registration flow factor

NO COMP reading from step 37.
Average flow factor from step 33.

Registration flow factor is 0.00417

Turn the switch to the "+ COMP" position (for positive
compensation) or the "- COMP" position and adjust the "COMP*
control to get the calculated "+ or - COMP" reading.

* " 4 or - COMP" reading before adjusting the COMP control:

*% "4 or - COMP" reading after adjusting the COMP control:

This completes the full calibration worksheet,
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DATA VALIDATION WORKSHEET

FROM TO
NAME DATE TIME TIME REASON FOR QUESTIONABLE DATA
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SAMPLE

TYPE

COAL:

KIIN FEED:
DATE:
TIME:
TAKEN BY:

QOF ANALYSIS

. LoO.I.:

MOISTURE:

SAMPLE CUSTODY WORKSHEET

DATE:
ANALYST:
RESULTS:

SAMPLE

TYPE

COAL:

KILN FEED:
DATE:

TIME:

TAREN BY:

OF ANALYSIS

MOISTURE:
L.o.I.:

DATE:
ANALYST:

RESULTS:
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SAMPLE

TYPE

COAL:

KILN FEED:
DATE:

TIME:

TAKEN BY:

OF _ANALYSIS

MOISTURE:

L.o.I.:

DATE:

ANALYST:

RESULTS:

SAMPLE

TYPE

COAL:

KILN FEED:
DATE:

TIME:

TAKEN BY:

OF ANALYSIS

MOISTURE:

L.olI':

DATE:

ANALYST:

RESULTS:




ZERO / SPAN SUMMARY SHEET
LSI SM-810 NOx/SOx ANALYZER AND LSI CM-50 OXYGEN ANALYZER

CM=-50 SM=810
Oxyéen NO s02
Low High Zero Span Zero Span
DATE (2.0%) (20.9%) 0O pp 640 ppm 0 ppm 890 ppm
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INTRODOCTION/PROGRAM OBJECTIVES

KVB was retained by Riverside Cement to perform a complete and
thorough audit of all activities at the Riverside Cement plant related to the
requirements of SCAQMD Rule 1112 for NOy emissions. The audit was to include
an examination of all equipment, procedures, calibrations and calculations
that lead to the expression of pounds of NO, per ton of clinker. Another
objective of KVB's audit was to review the quality control documentation and
staff procedures in comparison with regulatory agency specifications.
Riverside Cement has prepared a preliminary draft of a quality assurance plan
document ing the field input signals used in the calculations and procedures to

gzero and calibrate the instrumentation.

This report details the methods and results of the audit, identifying
® the areas which are currently deemed acceptable and reconmending modifications

where necessary to improve the quality of the data.

SUMMARY OF AUDIT METHODS

o _ An audit checklist of the five field signals and measurements as inmput
to the pounds NO, per ton of clinker calculation is shown in Figure l. The
initial plan was to perform a zero and span check on all five measurements but
time constraints did not allow for such a check. The most extensive work was

e conducted on the Lear Siegler SM 810 NOx/soz analyzer. Two full calibrations,
a dynamic calibration and zero/span check were executed during the audit time
period. The worksheets for the calibrations are shown in Appendices C-E.
Zero and ‘span checks for the Lear Siegler CM-5U, ccal feed Sankyo impact

e flowmecer and kiln feed Sankyo impact flowmeter were performed prior to the

lgudit period and are included in the appendices.

KVB received several data packages from the Crestmore plant regarding

supporting documentation for the NOy Program. A summary of those data
packages received is shown in Table 1. The key information received were the
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@
TABLE l.° QA NOx PLAN INFORMATION RECEIVED FROM
GIFFORD-HILL CRESTMORE PLANT
o

1. Listing of computer program with supporting calculations and
assumptions for determining pounds NOy/ton clinker.

2, Floppy disk with cowputer program described above.

g 3. Q/A Plan with full calibration worksheets.

4., Completed zero and span worksheets for kiln feed, coal feed,

NO,, S04, Op
® ‘ 5.' 8-Hour Statistical Report and B-Hour averaging (including
pounds NO,/ton clinker, MMBtu/ton clinker, etc.)

6. 6-minute average for NO, (pounds/ton clinker) for each hour
of a 24-hour period with hourly averages and 24=hour
average.

. N ' P

7. Three coal samples with ultimate analysis.

8. Twenty-four raw feed samples with ignition loss.

9. Three-page report prepared by Russ McMahn, including a

@ suggested program for updating engineering constants.

10. Coal system diagram and mechanical flow diagram for feed and

dust recovery.
e
®
@
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computer program with the supporting calculations and assumptions for
determining pounds NO, per ton of clinker and a copy of the quality assurance

plan. The pounds NO, per ton of clinker calculations and assumptions and the
quality assurance plan are reviewed and discussed in this report.

DATA HANDLING

The equipment selected to generate the pounds NO per ton of clinker
values consists of the following components: a Lear-Siegler SM810 Dual
component stack gas monitor to measure exit levels of NO and 50,; a Baily and
a Lear Siegler oxygen analyzer for combustion efficiency and infiltration
across the I.D. fan; a Kaye Instruments Digilink analog/digital microprocessor
for accepting, converting, processing, averaging and transnitting raw and
converted data; a Chessel six point recorder for process control of various
key inputs and an IBM Personal Computer for system control. The calculated
pounds NO, per ton clinker is printed every six minutes with hourly averages
for each shift including an eight-hour (shift) average and a daily average.
Since the Lear Siegler SM 810 is a time share system hetween NO, and S03, the
NO, ppm and pounds per ton of clinker data point printed every six minutes
represents three one-minute averages where the” one-minute nverage is a
continuous integration of gathered data. The Lear Siegler alternmates between -
the NO, and the §0) every other minute (e.g. NOy measurements at t = 1, 3,

5 minutes, etc. and S0 measurements at t = 0, 2, 4, 6 minutes, etc.) The
other data used in the pounds NO, per ton clinker calculation is based on a
continuous integration of input signals over the e¢ix mipute time period.

CALCULATION OF POUNDS NOx/TON CLINKER

The computer program calculation of pounds NO_/ton clinker depends on
five signals supplied to the NoxlnigilinkIIBM-Pc and nine engineering
constants based on analyzed coal feed and kiln feed samples. The five field
signals are listed below:

« Ppm NOx at the ID fan outlet (Lear Siegler SM 810)
. percent 0p at the ID fan outlet (Lear Siegler CM=50)

. tons per hour kiln feed (Sankyo impact flowvmeter)
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tons per hour coal feed (Sankyo impact flowmeter)

. gallons per minute kiln exit water spray (differential
pressure flowmeter)
Specifications on the equipment and field signal inputs is shown in
Table 2.

The nine engineering constants have been identified as the coal
ultimate analysis (¥ C, 2 H, Z N, 2 0, %2 S), as fired coal moisture, kiln feed
moisture and the kiln feed to clinker ratio. The current values being used in
the computer program are shown in Table 3. The measurement uncertainty and

analysis frequency is also shown in Table 3.

The program (Appendix A) systematically calculates the flue gas mass
flow rate (combustion + calcination + excess air) in pounds per minute under
several operating conditions. These operating conditions include stoichio-
metric counditions (no excess air), kiln exit (with excess air), ID fan outlet
(excess air plus moisture from kiln exit water spray). The flue gas nass flow

rate at the ID fan outlet is converted into a volumetric flow rate (both vet
and dry at standard conditions) using the perfect gas law. Clinker rate is
caleulated with the kiln feed rate measurement with adjustments made for feed

moisture and the evolution of €O, during the calcination process.

The original equation for pounds NO; per ton of clinker was based on a
dry NO, measurement rather than a wet measurement. Since the Lear Siegler SM
810 measures NO. and 50; on a wet basis, the volumetric flow rate under
standard conditions should also be on a wet basis -to calculate pounds NO, per
ron of clinker. A modification was made to the program (7/25/85) to change
the molecular weight of the flue gas at the ID fan exit to 31.11 (wet basis)
and 32.42 on a dry basis (used to calculate pounds NO, per ton of clinker.)
However, the use of flue gas molecular weight in these equations is incorrect,
as discussed in Appendix B. The molecular weight of NO (30) should be used at
this point in the calculation. The program ghould be scrutinized for those
constants (e.g. molecular weight of flue gas at ID fan exit) which will vary
because of a change (e.g. kiln feed or ignition loss).
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The calculation of wet standard cubic feet per minute at the ID fan
exit is complicated by the fact that the engineering constants may not reflect
the current raw feed/coal feed composition. The engineering constants used in
this original program were not documented properly in terms of coal source,
time when analyzed, number of samples analyzed, standard deviation, etc. A
look at the program shows that these engineering constants are used repeatedly
to calculate mass and volumetric flow rates. Updating these engineering

constants will lend more credibility to the pounds No,/ton clinker value.

An update was made on 7/25/85 regarding the kiln feed to clinker
ratio. The mean value was changed from 1.6 to 1.52 to reflect the change in
loss of ignition values of the raw feed. The new loss on ignition value was
based on 24 daily composite samples from 6/14/85 to 7/16/85 (mean value of
35.2 percent with a standard deviation of 0.49 percent). The number of
samples collected and analyzed provide a good statistical indication of
variability (coefficient of variation of 1.4 percent). No updates have been
made regarding the "engineering constants” since only two coal analyses are

currently available.

The California Air Resources Board/South Coast Air Quality Management
District has based the pounds NO, per ton of clinker on a measured volumetric

basis for NO, (ppm), a dry flue gas flow rate at standard conditions (68°F and
29.92 inches of mercury) and the clinker rate in tons per hour. The

expression for pounds NOx per ton of clinker is as follows:

(PPM, NO_) x (46 grams/mole) x (1.56 x 10”7) x (SDCFM)
Ton/hour of clinker

The expression requires three inputs (NOx ppa,, as measured, standard dry*
cubic feet per minute flow rare and tons/hour clinker). The present Riverside
Cement equation for “NOLB" (C[26]) should be written as abovex, The 1IBM
program should be restructured so that each element required for the equation
1s clearly developed from inputs in an understandable way. (Appendix B, pages
B-17, B=~18).

—————

*If NO, ppm, 1s on wet basis, the wet flow rate should be used.
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KVB has revised the combustion equations for the Riverside Cement IBM
program. The revisions are shown in Appendix B, For the same input values,
the IBM program calculates 3.5230 pounds NO, per ton of clinker compared to
3.6605 pounds NOy per ton of clinker based on the revised equations. The

difference between the two calculated values is 3.8 percent.

Each of the inputs to the calculated pounds NO, per ton of clinker
value was varied by one percent to see the effect on the calculated value.

For example, the kiln feed loss on ignition number was varied b& one percent
while holding all other inputs constant. The pounds NO, per ton of clinker
increased by 1.27 percent. The effect of each input varisble on the
calculated NO, value is shown in Appendix C. The three most significant
factors affecting the NO, value are the kiln feed loss on ignition, NO, ppm
and kiln feed rate. ‘

In lieu of a stack gas flow rate determination with a pitot tube or a
permanent in-situ flowmeter, the suggested approach for determining the pounds
NO, per ton of clinker should be that of the new computer program (see
Appendix A for identification of the new program). The program is more
gtraightforward ‘and direct in calculating the pounds NO, per ton of clinker.
However, the program should be modified to calculate standard dry cubic feet
per minute from 1lb noles'we: flue gas per minute. Also, the percent moisture
in the flue gas should be calculated to determine NOy, on a dry basis. The
conversion of NO, to a dry basis and the moles per minute of flue gas to a
standard dry cubic feet per minute basis will then be on a common basis to the

1112 rule.

LEAR SIEGLER SM 810 WSOZ_AHALYZEI

A full and dynsmic celibration (as described in the quality assurance
plan) was performed on the Lear Siegler SM 810 NO;/S0 analyzer. The full
calibration is a rather involved process; essentially (1) peaking the 50, and
NO signal; (2) adjusting the output drive signal vhich interacts with
linearity and the zero and span adjustments in the control unit; (3) adjusting
the d2 zero which compensates for inherent offsets and those coming from the
transceiver; (4) adjusting the temperature coupensation board multiplier to
1.0 at 75°F and 3.65 at B00°F; (5) adjusting the integrator sample/hold board
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for a multiplication factor of 1.075 at 75°F and 2.74 at 800°F. Some of the
o . difficulties with the full calibration ate listed below:

Item 3 & 4:

It is very difficult to read the scanner frequency

accurately with the oscilloscope and checking for
® symmetrical half wvaveforms. A new oscilloscope is being
purchased to alleviate these problems. _

Some SO, adjustments must coinclde with the LSI SM 810
reading SO, rather than NO and some NO adjustments must
coincide with the LSI SM 810 reading NO rather than 805,

After the full calibration was completed on Friday July 26, a dynamic
calibration was run during the following Monday afternoon. The S0, span gas
_ is a certified grade with 52 ppm, balance Ny and the NO span gas was a primary
o standard grade with 1019 ppm, balance N,. The flow plateau check was run from
0-2.5 liters/minute on 50, and from 0-4.5 liters/minute on NO. The §0, read-
ings at 2.5 liters/minute were approximately 25-28 ppm and the NO readings at
2.5 liters/minute were approximately 690 ppu. The low readings prompted a
B -~ perun of the full calibration on the following day. The major reason for the
low span value readings of the previous day was the Lear Siegler temperature
gensor erroneously reading the flue gas temperature as being 420°F rather than
520°F. The thermocouple at the transceiver bulkhead was disconnected and the
B thermocouple probe temperature was read wvith a digimite temperature
¢ recorder. The multiclone outlet and the baghouse inlet temperatures (525°F
and 528°F respectively) were'also read to determine a realistic temperature
associated with the Lear Sieglér SM 810 analyzer position. The baghouse inlet

temperature vire signal is now being used for the voltage representing the

q | temperature recorded. R-72 was adjusted at the transceiver to receive the

proper voltage [(525/800) x 10 volts] at TP-16. After the full calibration

"another dynamic- calibration of the Lear Siegler SM 810 NO4/S02
The results of the dynamic calibration show much
The NO,

was completed,
analyzer was performed.
4 petter correlation of the spac gas values with the instrument values.
with R~2 and the S0, value was
on the following day (7/31/85),
determine how much drift had

value was 970 ppm prior to adjustment
approximately 40=-44 ppm prior to adjustment.
another dynamic calibration was performed to

@ occurred in a 24-hour period. The NO, reading was 1032 ppm (1.3 percent
10 KVB71-71901/2/R/GH Audit
. .
I esFTwIETIUT, THE W InCeIrnal span cell value was

pow up to 645 ppm.

KILN FEED CALIBRATION AND CLINKER PRODUCTION

To date, the Crestmore facility has conducted two six hour tests (July
16, 1985 and July 24, 1985) weighing clinker with certified scales and then
comparing f.he total clinker weighed versus what is expected from the measured
) kiln feed rate. Kiln feed rate is measured with a Sankyo impact flowmeter.
Ignition loss and moisture loss are included with kiln feed rate in the
calculation of clinker rate. The first test showed that the total clinker
weighed was approximately nine percent more than expected from the kiln
® feed. The production factor used was l.6 pounds drf feed per pound of
'flinker. A second six~hour test was conducted with a new production factor.
The production factor update was 1.52 pounds dry .f-eed per pound of.. clinker.
Thie updated factor was base_d on 24 raw feed samples collected between 6/14/85
and 7/16/85 and the new average ignition loss value. This time, the cotal
clinker weighed was approximately three and one half percent more than
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expected from the kiln feed.

The correlation between the clinker production and the kiln feed helps
validate the kiln feed rate being used in the pounds NO, per ton clinker
calculation. Since the location of the Sankyo impact flowmeter to the clinker
weigh box is approximately four hours travel time, it is recommended that raw
feed samples be collected approximately four hours prior to the start of the
clinker weighing. A sample every half hour (12 samples total) would provide a
good data base from which to base an ignition loss and moisture loss
calculation., The pounds dry feed per ton of clinker would be a more
up~to-date value for the test and may explain a partial variation in the

previous two tests.

RIVERSIDE CEMENT QA PLAN

The Riverside Cement preliminary draft QA plan was reviewed by KVB.
The plan was examined for quality control documentation and staff procedures
in comparison with regulatory agency specifications. An outline of the
preliminary draft was prepared by KVE (shown as Table 4) to highlight the

organization and the contents of the report. The basis for reviewing the
report is the EPA Quality Assurance Handbook EPA 600/9-76=005. The Handbook

identifies twelve specific areas which should be addressed in a quality
assurance plan. Each of the tvelve areas is listed in Table S and whether or
not these areas have been addressed in part in the Riverside Cement QA plan.

The QA plan has been very vell documented in calibration procedures
and sampling and analysis procedures. The frequency of calibration with
calibration worksheets as documentation is a good approach for updating the
validity of the measurements. However, the plan does not adequately address
the data analysis, validation and reporting aspects. Also, the procedures for
calculating the engineering constants and a plac to update thes2 coastants

were not addressed.
ggALIT! ASSURANCE CHECKLIST

Based on the findings of the sudit, a set of quality assurance
checklists was devised to pursue the quality assurance objectives. The
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¢ TABLE 4. RIVERSIDE CEMENT COMPANY
NO, PROJECT QUALITY ASSURANCE PROGRAM

I. IRTRODUCTION
® « Purpose

. Precision, accuracy, completeness. (75 percent)

I1. RELATIVE IMPORTANCE OF MEASUREMENTS
e . Field signals used for calculating pounds NOg/ton clinker
. Field signals which might correlate with pounds NO,/ton clinker
. Field signals used for information on kiln operation

® IIi. FREQUENCY OF CALIBRATION
. Daily zero/span of Nox/soz analyzer and 0, analyzer at ID fan
. Weekly zero/span of Bailey 0, analyzer
+ Monthly zero/span of coal feed to kiln

® . . When kiln is down, flowmeter on exit gas water spray and kilan feed
IV. METHODS FOR ZERD/SPAN CHECKS AND FULL CALIBRATIONS
A. Lear Siegler SM 810 N0, /SO, Gas Analyzer
) - Zero/span .
= Full calibration
- Dynamic calibration

B. Lear Siegler CM-50 Oxygen Analyzer
= Zero/span check
= Full calibration

C. Sankyo Impact Flowmeter
® - Zero/span check (kiln feed and coal to kiln)
= PFull calibration

D. Pressure Transmitter
- Zero/span check
® ' - Full calibration
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o | Lear SM 810 NO,/SO, Analyzer

o Certify the monitor.
. Perform 2-hour and 24~hour drift tests over a several day perilod.
. Perform dynamic calibration of the analyzer after the full

® calibration to ensure the full calibration is successful.
. Check multipoint linearity (as & minimum O ppm, 500 ppa, 1000
PPW)- : .

. Revise full calibration/dynamic calibration section of the QA
manual to reflect changes noted during the two full calibrations
® of 7/25-7/26/85 and 7/29-7/30/85.

. Use certified nitrogen zero gas to zero the LSI SM 810 rather than
S0, gas to zero NO and vice versa.

. Add to the zero and span checklist and full calibration/dynamic
calibration any auxiliary equipment used to complete the
® calibration (i.e., ID equipment model, next cal date, accuracy,
calibrated value.)

Kiln Exit Water Spray Flowmeter

Replace the differential pressure flowmeter with a turbine
flowmeter for better accuracy (currently being implemented by the
plant).

Kiln Feed Sankyo Impact Flowmeter

o . Collect several kiln feed samples prior to and during the course
of clinker weighings to calculate an up~to-date ignition loss.

. The weight checks should be run at least once every time the kiln
is down. ’

FURTHER WORK

. Short-term monitoring (one day) of the kiln exit gas volume for

coﬁ H,0, CO, NO, SO should be performed. KVB will provide a
mobile laboratory to measure these flue gas components enabling a

e dry and wet molecular weight to be calculated. Also, the NO
concentration measured on a wet basis by the Lear Siegler SM 810
can be compared to the NO concentration measured on a dry basis by
the Thermo Electron 10A Chemiluminescent Analyzer. The accuracy
and precision of the current methods used to calculate pounds NOg
per ton of clinker can be crosschecked with a complete flue gas

() analysis at the 1D fan outlet.

. Monitor Certification of the LSI SM 810 and CM~50 analyzers.

o | 19 KVB71-71901/2/R/GH Audit






Velocity traverse of the ID fan outlet with the flue gas analysis
at the ID fan outlet will enable a stack gas flow rate to be
calculated. The pounds NO per ton of clinker based on a measured
gas flow rate can then be compared to calculations using the
current methodology.
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APPENDIX A

COMPUTER PROGRAM TQ CALCULATE POUNDS NOx
PER TON OF CLINKER
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APPENDIX B

REVISED COMBUSTION EQUATIONS FOR RIVERSIDE CEMENT IEM PROGRAM
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SCH-CALC 8/27/85 Page 1

REVISED COMBUSTION EQUATIONS FOR RIVERSIDE CEMENT IBM PROGRAM

Objective of revision: Clarify the calculations relative to the formula for lbs
NO; / ton of clinker in SCAQMD Rule 1112:

1bs NO, (pPm, NO,) (46 grams/mole) (1.56 x 10™7) (SDCFM)

Ton of Clinker Ton/hour of clinker

Standard conditiona: T = 68 F, P = 29.92 inches of mercury. Although SCAOMD
Rule 103 specifies Tstd as 60 F, provisions of aspecific rules are supercedlng
Note that T=60 F should be used for other rules (particulates, etc.).

Basias of ppm,: Although Rule 1112 states that ppm, is to be "uncorrected
observed” value, ppm, and SDCFM must be on conaistent basis (both wet or both
dry) for calculation to be correct.

Equation Constant: '60 min/hr x 10~6 mole/ppm
1.56 x 1077 =

.7302 (68 + 459.7)

.7302 = Universal gas constant, atm=£ft3 / 1b-mol R
.7302 (68 + 459.7) = 385.3 £ft3 / lb-mole R

Since equaticn is on a mass basis, the “"standard conditions" should cancel out
and have nc effect, if all calculations are consistent.

MOLECULAR WEIGHTS
‘ C = 12.011, COp, = 44.011
Hp = 2.016, Hz0 = 18.016
' Np = 28.016, NO = 30.008, NOp = 46.008
0, = 32.000
5§ = 32.066, S0p = 64.066
Aix = 28.965'(dry), 0.209 05 by velume, dry
KILN FEED CARLCULATIONS
Given: KFEED = VM(14) = Kiln feed, TPH ) (90.9)
KFLOI = E(l3) = Kiln feed loss on ignition (1.6)
KFH20 = E(11) = Kiln feed moiature (.004)

Calculate: Ton/hour of clinker = KFEED * (1 - KFH20) / KFLOI
= 90.9 * (1 - 0.004) / 1.6
= 56.58 TPH

VM(14) * E(11)
90.9 * 0.004
0.3636 TPH of H,0

Kiln feed moisture, TPH

VM(14) * E(11) * 2000 / 60
90.9 * 0.004 * 2000 / 60
12,12 1b/min

Kiln feed moisture, lb/min

RKiln feed moisture, moles/min = VM(14) * E(11) * 2000 / 60 / 18.016
= 90.9 *r 0,004 * 2000 / 60 / 18B.01l6
= 0,6727 mole/min

B-2 KVB71-71901/2/R/GH Audit
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KILN FEED CALCULATIONS, Continued

® : Kiln feed CO;, TPH = VM(14) * (1 - E(11)) * (1 - 1 / E(13))

= 50.9 * (1 - 0.004) * (1 -1/ 1.6)
= 33.9512 TPH of COj

Riln feed COp, lb/min
® = VM(14) * (1 - E(11)) * (1 -1 / E(13)) * 2000 / 60
= 33.95 * 2000 / €0
w 1131.7050 lb/min of €Oy

Riln feed CO;, moles/min

- UM(14) * (1 - E(11)) * (1 -1 / E(13)) * 2000 / 60 / 44.01
() = 1131.7050 / 44.011
= 25.7141 moles/min of CO,

Note: None of the above for kiln feed are printed out by the IBEM program. But
clinker rate, TPH, 1is printed on the output as PROD, and must be calculated
somawhere alse in the program. Make auze the calc is conaistent with above.
Should be, since this form is used in Line 2500 for NOLB = C(26).

@
- QOAL _CALCULATIONS
Required: Coal contribution to SDCFM and moisture correction for ppmy,.
Given: .
: KCOAL = VM(37) = Kiln coal feed, TPH (11.34)
® WATCOAL = E(l1) = Coal moisture, 1lb/lb (0.01 )
CCCOAL = E{2) = Coal carbon, dry, lb/lb (0.7305) =
HCOAL = E(3) = Coal hydrogen, dry, lb/lb (0.0543) +
NCOAL = E(4) = Coal nitrogen, dry, lb/lb (0.0085) »
OCOAL = E(5) = Coal oxygen, dry, lb/lb (0.1057) ~*
ASHCOAL = E(6) = Cocal ash, dry, lb/lb (0.0933) »
® SCOAL = E(7) = Cecal sulfur, dry, 1lb/lb (0.0065) *
BTOC = E(12) = Coal heating value, BTU/1lb (12437)
* values should sum to 1.0000, but = 0.9998
Products of combustion, dry coal basis:
® Coal Mol., Wt. moles Gas Mole 02 req Mole ('.\2 raqg
Compound lb/mole —_—— formed .
1b dry ccal ' mole gas 1b dry ceal
c 12.011 CCCOAL/12.011 COZ 1.0 CGCO.P.L/ILZ.OZ.].
® H, 2.016 HCOAL/2.016 H,0 0.5 0.5*HCOAL/2.016
N, B 28.016 NRCOAL/28.016 llz' 1.0 *
02 32.000 - OCOAL/32 Oz fl.O - OCOAL/32
o s 32.066 SCOAL/32.066 80, 1.0 SCOAL/32.066

* Equations in IBM program assume all NCOAL -> NO, and include the 02
required. This has been neglected above.
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COAL CALCULATIONS, Continued

moles dry gas CCCOAL NCOAL SCOAL
- + +
1b dry coal 12.011. 28.016 32.066
moles Hzo WATCOAL HCOAL
----------- - —=sm—== 4 =—-—=—- * (1 - WATCOAL)
lb wet coal 18.016 2.016
lb wet coal 1
1b dry coal 1 - WATCOAL
moles HZO WATCOAL HCOAL
—— o - +
lb dry coal 18.016 * (1 - WATCOAL) 2.016
moles O, reqd CCCOAL 0.5 * HCOAL  OCOAL SCOAL
_____________ - + : - + -————
1b dry coal 12.011 2.016 32 32.066
1b 0, reqd CCCOAL 0.5 * HCOAL OCOAL SCOAL
------------ - 32 % ( ——— + - 4 cmmeeme— )
lb dry coal 12.011 2.016 k¥ 32.066

lb dry coal / min = DCOAL « (VM(37) * 2000 / 60 ) * (1 - WATCOAL)
: = (11.34 * 2000 / 60 ) * (1 - 0.01 }
= 374.22 lb dry ccal/min

(DCOAL is the sams as in the IBM program)

1b O2 reqd / min -
CCCOAL 0.5 * HCOAL OCOAL  SCOAL
ATHO = C(3) = 32 * ( - - + ) * DCOAL
" 12.011 2.016 32 32.066

0.730% 0.5 * ,0543 .1057 . 0065
OTWO = C(3) = 32 * ( + - + y * 374.22
12.011 2.016 32 32.066

OTWO = C(3) = 852.4563 1lb/min ve 856.4497 in program.

" This formula for OTWO, C(3) is almost the same in the program, except that the
program formula assumes NCOAL -> NO which is only partially true. Formation
of NO from coal ritrogen is neglected in the above formila. Also, the
division of ccal hydrogen to "available" hydrogen is an un-necessary step.
AVAH is not required.

Coal calculations are complete. Only formula for OTWO = C(3) recquires’
changing.
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COMBUSTION AIR
® . _

From coal calculation, above:

moles O, reqd CCCOAL 0.5 * HCOAL  OCOAL SCOAL
————————————— - + - - + -

¢ lb dry cecal 12.011 2.016 a2 32.066

Assume dry air is defined as:

0, = 20.9 % by volume
molecular weight of dry air = 28.965 lb/mole

¢ _assume composition of dry air is O, plus “inerts" (N,, argon, etc.)
28.965 = 0,209 * 32 + 0.781 * winor.ta
mino:‘r.s - (28.965 — 0.209 * 32) / 0.791 = 28.163 lb/mole of inerts
® It is not necessary to keep track of what aspecies the inerts are.
moles air inerts 0.751 1 - 0.209
- - = 3.7847
mole O, reqd 0.209% 0.209
® _ moles air inerts 1 -0.209 CCCOAL Q.5*HCOAL OCOAL SCOAL NCOAL
- * ( + - ——— ) +
1lb dry coal 0.209 12.011 2.016 32 32.066 28,016
molas
inarts 1 - 0.209 CCCOAL 0.5*HCOAL OCOAL SCOAL NCOAL*DCOAL
e - * ( + - + )* DCOAL + ~———————w—
min 0.209 12.011 2.016 32 32.066 28.016
moles inerts 1 - 0.209 OTWO NCOAL
- * + * DCOAL
min 0.209 a2 28.016
@
lb inerts 1 - 0.209 OTWO
------------ - 28,163 * * + NCOAL * DCOAL
min ‘ 0.209 3z
This term is essentially the NTWO term in the IBM program
®
NTWO = C(4) = 3.3309 « OTWO + 0.0095 » 374.22
= 3,3309 * 852.4563 + 3.555
= 2842.9857 lb / min
The term NTWO now takes care of all inerta, so ARG for Argon is not required.
L

ARG = C(5) = 0.0

IBM program gives NTWO + ARG = 2787.1442 + 49.5884 = 2836.7326 1lb/min
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COMBUSTION AIR, Continued

Now, for combustion air humidity.
The IBM program uses 0.01495 1lb water/lb 02, and 4.3271 1b air/1b O,. The
humidity is: '
lb water/lb dry air = 0.01495/(4.3271-0.01495) = 0.00347 lb water/lb dry air. ®
The humidity perhaps should be taken as one of the engineering values input to
the program, say HOMID.
mole water 1b Hzo 1b dry air 1 mole HZO
------------ = HUMID —~w===aww— * 28,965 * —-_— 9
mole dry air 1b dry air mole dry air 18.01¢ 1b azo
= HUMID * 28.965 / 18.016 = 0.00563 mole water/mole dry air
mole water mole water mole dry air moles 02 reqd
- * * .
min mole dry air mole ) min :
HOMID * 28.965 1 oTwWo
- * N ]
18.016 0.209 32
®
mole water HUMID * 28.965 OTWO
- .
min 18.016 * 0.209 32

0.00347 * 28,965 * OTWO / (18.016 * 0.209 * 32)
0.000841 *» OTWO ®
0.7111 moles water in comb air/min '

lb water/min = moles water/min * 18.016 lb/mole

0.00347 * 28.965 * OTWO / (0.209 * 32)

0.0152 * OTWO ®
0.0152 * 852.4563 ' '
= 12,8109 1b water/min
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o EXCESS AIR AT ID FAN

Given: VM(4) = Oz, % volume, wet, at ID fan (from Lear-Siegler) (5.5 %)

moles O, excess/min

o2 wet
o total wet moles of gas/min

Since the "total wet moles of gas” includes the excess 0,5, this equation must
be solvad as follows. :

moles OZEA /min

. °2 wat
{molas OZEA + moles :anr:u + moles waterp, + moles of other)/min
moles O,pn /min
mole inert mole 820
9 : moles Ozm/min * (1 + + ) + moles other/min

mole 02 mole 02
This equation has the form:
moles °2£‘.A /min

o 02 wot = ~ -
moles OZEA /min * A +. B

and can be solved for "moles Ogpa /min®™ to get:

°2 wat *B
@ moles OZEA /min =
1 -0; yt * A
02 wet * monles other/min
-t -
mole inoxtm mole HZOEA
® 1-0; oo * (2 ¢ +

mole 02 mole o2
The "moles other/min” tefm includes all the gases not related to excess air:
B moles/min kiln dry gas
moles/min kiln coal water
moles/min combustion air inerts
moles/min combustion air water
moles/min feed (:‘.C.’2

moles/min fead l-lzo
moles/min water spray H,0

+ 4+ 4+ 4+ + 40

These terms have all been obtained above, axcept for water spray nzo-:
moles/min water spray H.,O = VM(45) * B8.3453 1lb/gal /18.016
= 26 s §,3453 /18.016
= 12.0436 moles Hzo / min
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EXCESS ATR AT ID FAN, Continued

The B expression can ba written out (units are moles/min):

CCCOAL NCOAL SCOAL _

B = ( + -+ ) * DCOAL [ kiln coal dry gas )
12.011 28.01¢ 32.066 ( coz, Nz, & SO2 )}
WATCOAL 1 HCOAL

+ * : + ) * DCOAL [ kiln coal water |

l - WATCOAL 18.01¢ 2.0l16

1l - 0.209 OTWO

+ * [ comb air inerts )
0.209 32

HUMID * 28.965 OTWO

+ L T —— [ comb air water ]
0.209 * 18.016 a2

VM(14) * (1 - E(11)) * (1 - 1/E(13)) * 2000 .
+ [ fead COZ ]
44.011 ~ 60

VM(14) * E(11) * 2000
+ [ feed H,0 ]
18.016 * 60

VM(45) * 8.3453
+ [ spray Hzo ]
18.01¢

Seolving for each term, B ia:

B = (0.7305/12.011 + {.0095/28.016 + 0.0065/32.066) * 374.22
+ (0.01/(1 - 0.01)/18.016 + 0,0543/2.016) * 374.22

+ (1 - 0.209)/0.209 * 852.4563/32
+ 0.00347 * 28.965 * 852.4563 / (0.209 * 18.016 * 32)
+ 90.9 % (1 - 0.004) * (1 - 1/1.6) * 2000 / (44.011 * 60)
+ 90.9 * 0.004 * 2000 / (18.016 * 60)
+ 26 * 8.3453 / 18.016
B 22.9625 kiln coal dry gas, molesa/min )
10.2893 kiln coal H,0, moles/min ]
100.8213 comb air inerts, moles/min )

25.7141 feed CO,, moles/min. ]
0.6727 feed H,0, moles/min )
12.0436 spray H,0, moles/min ]

+ 4+ 4+ 4+ 40

{
(
{
0.7111 { comb air HZO' moles/min ]
[
(
[

B = 173.2146 moles/min  (water = 23.7167 moles/min)
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EXCESS AIR AT ID FAN, Continued

To solve for moles °x°°”.°2EA' need the terms in A abova:

moles inert moles Hzo
A=l 4+ ————mmm—————— $ mmm——————
mcle OZEA mole O2EA
1 - 0.209 HUMID * 28.965
-l + +
0.209 18.016 * 0.209
-1 + 3.7847 + 0.026693

>
1

4.8114 moles yet excess air/ mole O,n,

SCH-CALC 8/27/85 Page 8

Now can solve for moles excesa Ozlmin, using °2vot = YM(4) /100 = .0S55:

moles OZEA °2vet * B

min 1 * A

~ O2vet

.055 * 173.2146

1 - 0.055 * 4.8114
= 12.9551 moles O,/min

b 0, / min = 12,9551 * 32
= 414.5620 1lb O,/min

This is OQUT = C(20) in IBM program (which gives OQUT = 411.5114).

STACK FLOW WET AND DRY

Now can calculate the total wet gas moles/min:
Total wet moles/min = B + moles Oppy * A
= 173.2146 + 12.9551 * 4.8114

= 235.5468 total wvet moles/min at ID fan

This gives us the wet stack flow rate:
SWCFM = 385.3 * (B + moles O,pn * A)
= 385.3 * 235.5468
= 90,756.1698 ££3/min wet

To get the dry flow rate, subtract the water flows:

moles total water/min = 10.2893 [ kiln coal water )
+ 0.7111 [ comb air water ]
+ 0.6727 [ feed water ]
+ 12.0436 [ spray water )
+ 0.3458 [ excess air water = 0.026693%12.9551 ]

24.0625 moles Hzolmin

B-9
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STACK FLOW WET AND DRY, Continued
Total dry moles/min » 235.5468 - 24.0625 = 211.4843
SDCFM = 211.4843 + 385.3 = 81,484.9008 dry cu.ft./min
The ratio of dry gas to wet gas 1is:
SDCFM / SWCFM = 81,484.9008 / 90,756.1698 = 0.89781 dry volume/wet volume
CONVERSION OF FPPM NQ FROM WET TO DRY
Given: VM(2) = PPpm,, NO measured by Lear-Siegler, wet basis
NO, ppm,, dry = VM(2) / (SDCFM/SWCFM)
= 318 / (0.89781)

= 354.1952 ppm,, dry

CALCULATION OF IB NO. / TON

x .
1bs NO, (PPm, NO,) (46 grams/mole) (1.56 x 10”7) (spcEm)
Ton of Clinker . Ton/hour of clinker

( 354.1952 ) (46) (1.56 x 10”7) ( 81,484.9008 )

56.58
Verify that we get the same answer if wet values are used:
lbs NO, (ppuiv NO,) (4o grams/mole) (1.56 x 10'7)(SWCFH)
Ton of Clinker . Ton/hour of clinker

{318) (46} (1.56 x 10-7)( 90,756.1698 )

56.58

- 3.iiﬂ5_lhaJﬂ%rgLsnn_nt_slin;nz

IBM program for same data gives 3.5230, which is low by 3.8 &.

Now that the basic equations are derived for direct calculation of 1b NOzlton
of clinker, the sguations used in the Riverside Cement IBM-PC computer program
can be examined with the objective first of reconciling the engineering
constanta (i.e., given exactly the same constants are the answers the same)
and second of revising the IEM-PC program to emphasize a more direct
caleulation with the minimum number of changes to the computer program itself.
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RECONCILIATION OF COMRUSTION EQUATIONS IN RIVERSIDE IBM PROGRAM WITH THOSE
DERIVED BY S C HUNTER

The coal composition should be revised to the actual coal now being fired:

2110 WATCOAL=.0l 'COAL MOISTURE

2120 DCOAL=(VM(37)*2000/60) * (1-WATCOAL) 'COAL FLOW, DRY, LB/MIN

2130 CCCOAL=~.7305 *COAL CARBON, DRY, LB/LB COAL
2140 HCOAL=.0543 'COAL HYDROGEN, DRY, LB/LB COAL
2150 NCOAL=.0095 . 'COAL NITROGEN, DRY, LB/LB COAL
2160 OCOAL=.1057 'COAL OXYGEN, DRY, LB/LB COAL
2170 ASHCOAL=.0933 'COAL ASH, DRY, LB/LB COAL

2180 AVAH=HCOAL- (OCOAL/7.937001) *COAL AVAILABLE HYDROGEN

2150 SCOAL=.00€5 *COAL SULFUR, DRY, LB/LB COAL

In above, AVAH is enly required for calculation of heating value.
Add the coal heating value, either input from analysis, or calculated by
modified Dulong formula:

ADD ‘R nhasednwbbdnss
2191 BTUC=-14093 * CCCOAL + 51623 * AVAH + 3983 * SCOAL : BTUC~12437

2192 CMwW=12,011 'MOL. WT. OF CARBON

2193 H2MW=2.016 : H20MW=1B.016 *MOL. WT. OF H2, H20
2194 O2MwW=32 ' 'MOL. WT. OF 02

2195 N2MW=28.106 'MOL. WT. OF N2

2156 SMW=32.066 'MOL. WT. OF SULFUR

2197 AIRMW=28.965:AIR02=,209:HUMID=, 00347 'MW, 02, HUMIDITY OF AIR

2198 INRTMW=28.163: INERT-(I-AIRO2)/AIROZ*INERTHH/OZHH *INERTS IN AIR
RARRAEARRRR RN d R TS

The following comb. air equations should ba modified:

2210 OTWO= (2.664*CCCOAL+7.936001*AVAH+1.142*NCOAL+ ., 998*SCOAL) *DCOAL
2220 NTWO=3.2543*0TWO

2230 'OTWO=952.8313

2240 ARG=.0579*0TWO

_Constants in the above are:
OTWO= 32 +*=CCCOAL + 32 *AVAH + 16 *NCOAL + 32 *SCOAL) *DCOAL

12.01 2*2.016 14.008 32.064

NTWO= ,7803 * 28.013 * OTWO = 3.2543 * OTWO

.2099 * 32

ARG= .0098 * 39.675 * OTWO = .0579 * OTIWO

.2099 » 32

CHANGE TO SRR RAREAREY

2210 OTWO-O2MW'(CCCOAL/CHW+HCOAL/(Z*HZHW)'OCQAL/02HH+SCOAL/SHN)*DCOAL
2220 NTWO=INERT*OTWO + NCOAL*DCOAL

2230 'OTWO=952.8313

2240 ARG=0.000001 *SET NEAR 0, NOT REQ'D

LI 222422222222 RR2d])
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The current equations for water from air humidity, wet coal, and comb. are:
2250 HTWOw=,0149520TWO+VM (37) *WATCOAL*2000/60+ (OCOAL*8.936001/7.537001) *DCOAL
2260 ASHC=DCOAL*ASHCOAL ‘'NOT USED FOR NO2 LB/TON
2270 AIR=4,3271*0TWO *NOT USED FOR NO2 LB/TON
2280 HOUT=HTWO+8.936001*AVAH*DCOAL
The constant .01495 in HTWO is derived from the assumed air:
Given: 4.3271 1lb wet air/lb 02

3.2543 1b N2/1b 02

0.0570 1lb argoen/lk Q2

0.014%5 lb H20/1b 02
Need to do calc backwards to find cut what was assumed for dry air
composition: .
. 4.3271 - 0.01495 = 4.31215 lb dry air/lb 02
0.01495/4.31215 = 0.003467 lb H20/lb dry air = HUMID, air specific humidity
3.2543/4.31215 /28.103 = 0.026940 mole N2/lb dry air => 0.7603 mole frac N2

0.0579/4.31215 /39.675 = 0.000338 mole Axr/lb dry air => 0.0098 mole frac Ar
1.0 /4.31215 /32 = 0,.007247 mole 02/1b dry air -> 0.2099 mole frac O2

0.034525 mole dry aix/lb dry air ->28.964 dry air MW

Now can reverse and go forward to derive formulas usod for constants in
program: '

Given: specific humidity = ,003467
Dry air: .7603 N2, .2099 02, .0098 Ar by volume

1b N2/1b 02 = .7393/.2099 * 28,103/32 = 3.2543 (Checks)

1b Ar/lb 02 = .0098/.2099 * 39.675/32 = 0.0579 (Checks)

1b dry air/lb 02 = 3,2543 + .0579 + 1 = 4,3122 (4.31215 above)

1b H20/1b 02 = 0.003467 * 4.3122 =« 0,01495 1b H20/1b 02 (checks)

1b wet air/lb 02 = 4.31215 + ,.01495 = 4.3271 1b wet aiz/lb 02

Restating these formulas in terms of defined constants:

1b "N2"/1b 02 = (1 - AIRO2)/AIRO2*INRTMW/O2MW = 3,33088 1b Inerts/lb 02
let INERT = (1 - AIROZ)/AIRO2*INRTMW/O2MW = 3.33088

lb Ar/lb 02 = O

1b dry air /1b 02 = 1b (02 + inerts)/lb 02 = 1 + 3.3309 = 4.3309

lb H20/1b 02 = HUMIUD * (1 + INERT)
= HUMID * 4.3309 = 0.01502

lb wet air/lb 02 = 1lb (dry air + H20)/1lb 02
= (1 + HOMID)*(1 + INERT) = 4.3460

B-12 KVB71-71901/2/R/GH Audit



KVB
SCH-IBM EQUATIONS 8/27/85-Page 3

Now, restate the HTWO equation, which currently is:

2250 HTWOO=.01495*OTWO + VM(37) *WATCOAL*2000/60 +
(OCOAL*8.936001/7.937001) *DCOAL

.01495%0TWO = HUMID* (1+INERT) *OTWO = 1b H20 in air/min
VM (37) *WATCOAL*2000/60 = lb H20 in coal/min
The third term in HTWOO can be cembined with the second term in HOUT:

(OCOAL*8.936001/7.937001) + 8.936001*AVAH
= OCOAL*8.936001/7.937001 + 8.936001* (HCOAL- (OCOAL/7.937001))
= OCOAL*6.936001/7.937001 - 8.936001*0OCOAL/7.937001 + 8.936001*HCOAL

The first two terms above cancel cut. There appears to be no need for keeping
HTWOO and HOUT separate, except for cale of BTU/lb coal.

8.936001 = H20MW/H2MW = H20MW/H2MW = 18.016/2.016 = 8,936508
7.937001 = Q2MW/2/H2MW = 32/2/2.016 = 7,936508

These numbers do not match exactly, suspect 7.937 and 8.936 where used without
direct refarence to the molecular weights being used in the rest of the
analysis, and someone added the 0.000001 for a rounding problem on the
computer (?). Probably irrelevent anyway.

However this is handled, the net result is the lb H20/min of combustion and/or
evaporatien of the hydrogen in the ccal. Lets asaume we need to keep HIWOO
and HOUT separate. ’ R

CHANGE TO ®®Artatkw
2250 HTWOO= HUMID* (1+INERT) *OTWO + VM(37) *WATCOAL*2000/60
+ (OCOAL*H20MW/ (O2MW/2)) *DCOAL

2280 HOUT=HTWOO + H20MW/H2MW*AVAH*DCOAL
(XXX Z L2222 84 ) .
Note that betwean 2250 and 2280 is

2260 ASHC=DCOAL*AS.ICOAL

2270 AIR=4,.3271*0TWO

These aren't need to-éot 1b NOx/ton. ASHC is OK as is, but, to make
consistent, AIR changes:

CHANGE TO tathwkasw
2270 AIR=(1+HUMID) * (1 + INERT) * OTWO

L2222l ldl )l

=l wet air/lb dry air * lb dry air/1b 02 * 1b 02/min
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Now, for the COTWO equation, which curr&ntly ia:

2290 COTWOw3,664*CCCOAL*DCOAL + VM(14) *(1-0.004)* (1-(1/1.6))*100/3
= 1b coal CO2/min + 1b feed CO2/min

3.664 = 44.01/12.01 = (CMW+O2ZMW) /CMW
100/3 = 2000/60 (just shorthand, not used elsewhere)

S0 2290 becomes:

CHANGE ®etuXetntddds
2290 COTWO=(CMW+O2MW) /CMW*CCCOAL*DCOAL + VM(14)*(1-E(11))* (1-1/E(13))*2000/60

AR TR TR ERRRARERA AN SN
Now, for SCFM equation 2300, program currently is:
2300 SCFM=AIR*10.73%520/(14.696%28.9)

AIR e 1b wet comb. air/min, see line 2270

10.73 = Gas consatant

520 = "Stancdard Temparature, R" - should be 68+459.7= 527.7
14.696 = 1 atm pressure = 29.92 inches mercury - OK-

28.9 = wet air molecular weight (right for the humidity assumed)

Since SCFM is not used in the 1b NO/ton calc, leave it alone. It could be
tunad up to have MW vary with humidity and be based on Rule 1112 Tstd=68 F.

Now, for ESCFM equaticn 2310, program currently is:
2310 EXOTWO=VM (13) * (NTWO/28.013+COTWO/44.01+ARG/39.675)/(100/32-VM(13) *.14888)
This form assumes VM(13), measured kiln exit 02, is on a dry basis.

14888 = 1/32 + 3.2543/28.013 + .0579/39.675 + .01495/18.015
(mole 02 + mole N2 + mole Argon ) /1lb excess 02

= moles dry excess air/lb excess 02
From Page 2, this is (1 + INERT) / AIRMW
Restating with nou'valuoﬁ: |
CHANGE TO #wewetdtasuss

2310 EXOTWO=VM (13) * (NTWO/INRTMW+COTWO/ (CMW+0O2MW) )
/ ({100/32)-VM(13) * (1+INERT) / AIRMW)

L2222 Rl 22l Y]]

'Now, for TAIR line 2330:

12330 TAIR = 4.3271 * (1+INERT) * (OTWO + EXQOTWO)

;;3271 = lb wet air / 1lb 02, per Page 2 this changes as below:

CHANGE TO wessssasns
2330 TAIR = (1+HUMID)* (1+INERT) * (OTWO+EXOTWO)

(AR A2 AR 222 )] ]
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Now, for MOLEW, line 2380

@ 2380 MOLEW = (EXOTWO/32!+ (NTWO+3. 254 3tEXOTWO) /28.013+COTWO/44.01+
’ (ARG+.0574+EXQOTWO) /39. €75+HOUT/18.015)

MOLEW = wat moles/min at kiln exit
BUT NOTE, WATER IN EXCESS AIR IS NEGLECTED

® CHANGE TO twarwdnsanne
2380 MOLEW=EXOTWO/O2MW + (NTWO+INERT*EXOTWO)/INRTMW
+ COTWO/ (CMW+02MW) + HOUT/H20MW

2332332222222 220 %] ) )]

Now, for ESCFM, line 2390, kiln axit SCFM

. T STANDARD = 68 F, .7302*(68+459.7) = 385.3
.7302 = Gas Constant, (atm) (cu. f£t)/(lb-mole) ( *R)

CHANGE TQ teeassuttesy
2390 ESCFM = MOLEW+385.3

1222232322 2222222122 Q4

® Now, for WOTWO, line 2410, only need to change the 02 mole weight:

CHANGE TO tetrdadatdhn
2410 WOTWO = (EXOTWO/02MW) *100/MOLEW

ARRR R TR F R RN ANEREAR TR RE

Now, for IDOMOL & OOUT, line 2420~-2440, currently is:
® 2420
. IDOMOL=.20874* ( (MOLEW+ (VM (45) *0,3453/18. 015))'(\’!!(4) /100) - (MOLEW*WOTWO?*.01))
/(.20874-VM(4) /100)
2430 IF IDOMOL>1000 THEN IDOMOL=1000
2440 OOUT = EXOTWO + IDOMOL * 32

® CHANGE TO ttentusaden
2419 WAIRO2«AIRO2/ (1+BUMID*AIRMW/H20MH)
2420
IDOMOL=WAIRO2* ( (MOLEW+ (VM (45) *8,3453/H20MW) ) * (VM (4) /100) - (MOLEW*WOTWO/100) )
/ (WAIRO2~VM(4) /100)
2430 IF IDOMOL>1000 THEN IDOMNL=~1000
2440 OQUT=EXCTWO+IDOMOL*O2MN

. i3RI 22 21222220 )] ]

Now for DMOLE & WMOLE, line 2450-2460, currently is:

2450 DMOLE = MOLEW- (HOUT/10.015) +IDOMOL® (1+(.77598+9.739999E-03) /. 20874)
2460 WMMOLE = Dlﬂ!nl‘HVl!“S) *8,34534HO0T) /18.015

.77598 = .7803 mole N2/mole dry air/ (1+BUMID*AIRMN/H20MW)
= ,7803/(1+.00347+28.965/10.015)

9.739999E-03 = ,0098 mole Argon in dry aiz/ (1+BUMID*AIRMN/H20MN)
- .0098/(1+.00347%28.965/18.015) = .009746 (close)

These can be combined as "inerts” in air and the dry values can be used
@ : instead of wet

1 + (1-AIRO2)/AIR02 =~> (lb 02 + lb inert)/ldb ID 02

CHANGE TO ERRR TR R IR NN

2450 DMOLE=MOLEW- (HOUT/H20MW) +IDOMOL* (1+ (1-AIRO2)/AIRO2)
® 2460 WMOLE=DMOLE+ (VM (45) *8.3453+HOUT) /H2MW

(2322222222222 2222 RdRlldlld)
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Now, for EESCFM, line 2470, is.
2470 EESCFM=WMOLE*379.48

CHANGE TO tttsdtsassnnw

2470 EESCFM=WMOLE+285.3
AR AR AR TR TR AR AN RN

Now, for NO, line 2480 ia
2480 NO= ((VM(2)*14.696*32.4/(10.73%520))*.000001) *DMOLE*2379.48

THIS EQUATION IS INCORRECT - SHOULD USE WMOLE INSTEAD OF DMOLE
AND THE CONCENTRATION CONVERSION IS WRONG. THE MOLECULAR WEIGHT OF NO SHOULD
BE USED INSTEAD OF THE FLUE GAS.

NO = 1b of NO/min

VM(2) = ppm by volume, wet as measured by Lear-Siegler
VM(2)*.000001 = moles NO/mole wet gas

DMOLE = moles of dry gas/min, use WMOLE inatead

NO = VM(2) = ,000001 * WMOLE
moles NO moles wet gas moles NO

moles wet gas adn ' min

To obtain Lb NO/min, this needs to be multiplied by the molecular weight of
NO, not the molecular of the flue gas. To be consistent with correct
molecular weights used for air, Oy, ste. 30.008 should be used for NO (and

46.008 should be used for NOp). However., since the Rule 1112 equation uses 46
for NOp it is baat to use 30 for NO and 46 fer NOs. The differance is
negligible.

NO = VM(2) * ,000001 * WMOLE * 20
The numbers used in liﬁ. 2480 givae:
14.696 * 32.4 / (10,73 * 520) +* 379.48 = 32,38 because
14.696 / (10.73 « 520) = 1/379.6679 almost cancels 379.48.
The calculated NO is high by 32.38/30 = 1.079 or 7.9 % high
But since WMOLE/DMOLE = 1.1 then 1.1/1.08 is 1.04, NO is high by only 2 &.

Rather than using the original equation in the IBM program for NOLB (which i»
the NO» in lb/ten of clinker), we will use the direct equation from Rule 1112

and the raw data for NO as msasured (VM(2), the wet flue gas flow (EESCFM from
Line 2470), and the clinker rate calculated from feed (VM(37)), feed water
contant (E(11)), and feed loss on ignition (E(13)).

CHANGE TO tretsssettes
2480 NO = VM(2) * .000001 * 30 * WMOLE

2450 NOTWO = NO * 46/30

2500 NOLB=0 : IF VM(l1l4)=0 THEN 2310

2502 NOLB = VM(2) * 46 * 1.56E-7 * EESCFM/ (VM(14)* (1~ E(11))*(1/E(13)})
2510 IF NOLB < O THEN NOLB =~ 0 _

2520 NOBTU = 1000 : IF VM(37) < 1 THEN 2540

2530 NOBTU = NOTWO/ (VM (37)* (1-WATCOAL) *2000/60*BTUC) *1.0ES

FERTAE R TR NNANN R dd
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The foregoing equations will produce the correct calculated 1lb NO;/ton of

clinker (Line 2502). However, the squations are still obscured by the fact
that EESCFM is calculated through a chain of equaticons which involves an
unecesaarily complex use of the kiln exit O,. The preocedurs would be

clarified by a direct equation for EESCFM which is reduced only to the minimum
neceasary input, and eliminating the intermediate step involving kiln exit Oj.

The following equations, based on both the existing IBM-PC equations and the
cnes developad by KVB, allow direct caleulation of the lb NOp/ton of clinker.

Define:

MRDG = moles/min of kiln dry ges (inerts, COj)
MKW = mole/min of kiln coal and spray wvater

MEWG = mole/min of kiln wet gas

MIDO2 = moles/min of O in excess air at ID fan

MIDXSDA = moles/min of 1ID fan excess dry air

MIDXSW = moles/min of ID fan water from the axcess air humidity
SDCFM = standard dry cubic feet per min. of gas at ID fan
SNCFM. = standard wet cubic feet per min. of gas at ID fan
NOLENU = lb NOs/ton of clinker by new equations

The ecuations are:

MEDG = NTWO / INRTMW + COTWO / (CMW + O2MW)

MKW = HOUT / H20MW + VM(45) * @,3453 / H20MW

MEKWG = MKDG + MKW

MIDOZ = VM(4) * MKNG / (100 - VM(4) / AIRO2 * (1 + RUMID * AIRMW/H20MW))
MIDXSDA = MIDOZ * (1 + (1 -~ AIRO2) / AIRO2)_

MIDXSW = MIDXSDA * HUMID * AIRMW / H20MW '

SDCFM = (MKDG + MIDXSDA) * 3685.3

SWCFM = SDCFM + (MKW + MIDXSW) * 385.3

NOLENU = VM(2) * 46 * 1.56E~7 * SWCFM / (VM(14) * (1 ~ E(11)) * (1/E{13))

The following constants and equaticns are sufficient to solve thase equations:
Basic Constants:

AIRMW = 28.965 molecular weight of “Ary air, lb/lb-mole
INRTMW = 28.163 molecular weight of inerts in dry air, lb/lb-mole

CMW = 12.011 molecular weight of carbon, lb/lb-mole

o2Mw - 32 melecular weight of oxygen, lb/lb-mole

A2MW = 2.01¢ molecular weight of hydrogen, lbh/lb-mole

H20MW = 18.016 molecular weight of water, lb/lb-mole

SMW = 32.066 molecular weight of sulfur, lb/lb-mole

AIRO2 = C©.209 mole fraction of oxygen in dry air, moles/mole
8.3453 = 1b of water/gallon

385.3 = standard cubic feet of gas/mole of gas at 68 °r

Engineering Constants required are (example values ars used):

WATCOAL = E(1) = 0.01 coal moisture, lb H»0/1b coal

CCCOAL = E(2) = 0.7305 cocal carbon content, lb C/lb dry ceal
HCOAL = E(3) = 0.0543 ccal hydrogen content, lb H/1b dry coal
NCOAL = E(4) = 0.0095 coal nitrogen content, lb Ny/lb dry coal

OCOAL = E(5) = 0.1057 coal oxygen content, lb O;/1b dry coal

SCOAL = E(7) = 0,0065 coal sulfur content, lb S/lb dry coal

KFH20 = E(l1) = 0.004 kiln feed moisture, lb water/lb wet feed

KFLOI =E(l3) = 1.6 kiln feed loss on ignition, lb dry feed/lb clinker
HOMID - 0.00347 humidity of combustion air, lb H,0/1b dry air
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Measured valuas recquired are:

vM(2) = 318 ppm NO, wet PY
VM(4) = 5.5 ID fan Op, & wet

VM(14) = 90.9 kiln feed, tons/hr

VM (37) 11.34 kiln coal flow, tons ceal/hr

VM (45) 26 kiln exit cooling water spray, gallons/min.

The equations above require three values calculated by the existing IBM-PC ®
program:

NTWO = C(4) = INERT * OTWO + NCOAL * DCOAL - 2842.59
COTWO = C(10) = (CMW+0O2MW)/CMW * CCCOAL *DCOAL +
' VM(14) *(1-E(11))*(1-1/E(13))*2000/60 = 2133,39

HOUT = C(9) = HTWOO + H20MW/H2MW*AVAH*DCOAL = 198.77 ®
These three egquations in turn require the following additional values:
INERT = (1-AIRO2) /AIRO2*INRTMW/O2MW = 3,3309
DCOAL = C(l) = (VM(37) * 2000 / 60) * (1 - WATCOAL) - 374.22
AVAH = C(2) = HCOAL - (OCOAL / 7.%37) = ,041
OTWO = C(3) = O2MW * (CCCOAL/CMW+HCOAL/ (2*H2MW) ®
=0COAL/O2MW+SCOAL/SMW) * DCOAL = 852,457
HTWOO = C(6) = HUMID* (1+INERT) *fOTWO
+ VM (37) *WATCOAL*2000/6C _
+ (OCOAL*H20MW/ (O2MW/2) ) *DCOAL = 61.1298
N Ua_.'!.nq these equations and constants, the following values are calculated for
the new equations: o
MKDG = 143.42% moles dry gas/min
MKW = 23.0437 moles water/min
MRWG = 172.465 mole/min of wet combustion gas
MIDO2 = 12.899 moles/min of ID fan O, from excess air
MIDXSDA = 61.7177 moles/min of ID fan excess dry air ®
MIDXSW = 0.3443 moles/min of 1D fan water }n axcess alr
SDCFM = B81,351.9 standard dry cu.ft./min @ 68 F
SWCFM = 90,363.3 standard wet cu.ft./min @ 68 F
NOLENG = 3.6442 1b NOg/ten of clinker
®
®
®
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Y
EFFECT OF ££ WARIATION IN EACH FACTOR ON NDX/TON (NOLB)

—~=QRIGINAL CALCULATION~-- ~=<MODIFIED CALCULATI(N—- o
FACTOR NM. VALIE  NO/ZTON % PREC % SIR N/TON % PREC % SR
ol ECID 1.6 3.5680  1.2761 1.4284312 3.6097  1.2485 1.5587523
NOPPM WM( 2) 318 3.55a2  1.0001 1.0002000 3.6806 1,000 1.0002000

VFEED WN(I  90.9  3.4939  -.826) .48244121 3,418  -.8425 70980625 ®
COMC E(2 705  3.5477  .4998 .48972004 2.4673 L6354 40372314
10 0Z% W( & $.S  3.5370 L3967 1573009 3.6573 .3612 . 1044544
COM M ECD 0543 3.529  .1367 01923749 26503  .1689 02852721
COAL O ECH L1057 35219  -.0901 ,0009040 3.432  -.0274 ,0007%076

SPRYN  WM(4%) 2 3.527 0204 .00041616 3.6467 0498 00497204 °
K20 EUID 004 3.5231  .00M ,00001154 3.443 0034 00001154
COMN ECO 009 35231  ,0032 .00001024 3.6M2  .0007 .00000049
COU S ECPD L0065 3.5231 0021 .00000441 3.642 0014 00000256

COMLI20 E( 1) 01 3.5230  .0004 .00000016 3.4M2 0012 00000144 °
KCOALTPH W3 1134 3.5230  .0004 .00000016 26042 0012 00000144
EXIT02 Wi 1.3 3.5230  .0001 .0000000) 34042 0 0
oM BTIC EC12 12437 3.2 0 0 3.4442 0 0
COM ASHEC & .09 3.52% 0 0 3,4442 0 0

SQRT(SUM(PREC*)) (APPROX PRECISIOD  1.9944804 19568580 - ®

o

®

®
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ORIGINAL MODIFIED

NOX STUDY INPUTS NOX STUDY INPUTS

COAL H20

(1) CoAL H20 E¢ )= ,01 «n E( D= .01}
(2) CoAL C EC 2= ,730% (2) COAL C EC 2)= 7305
(3) COAL H E¢C 3= ,0543 (3) COAL H E( 3= ,0%43
(4) COAL N EC &= 0095 (4) COAL N E( )= 0095
(%) CoAlL O E( 5)= ,10%7 (5 CoaL 0 E( 9)= L1057
(8) COAL ASH EC &)= ,0933 (4) COAL ASH E( &= ,0933
(7) COAL S EC )= ,0045% (?) CoAL S E¢ 7)= L0045
(8) FEED KFH20 EC11)= ,004 (8) FEED KFH20 EC(11)= .004
(9) COAL BTUC EC12)= 12437 (9) COAL BTUC E(12)= 12437
(10)FEED KFLOI E(13)= 1.4 (10O0FEED KFLOI EC13)= 1.4
(12)KCOAL TPH WM(37)= §1,34 C(12)KCOAL TPH WM(37)= 11,34
(1D KFEED TPH WM(1d)= 90.9 (1D KFEED TPH WM(1d)= 90,9
(14) SPRYW GPM UM(4%)= 24 (14) SPRYW GPM UM(4%S)= 24
CISOWT ID 022 WM(4) = §.5 CIS)WT ID 024 WM(4) = 5.5
(18)ID NO PPM UM(2) = 318 (16)ID NO PPM UM(2) = 318
CUDEXIT 02 % W(13)= 1.3 (I2EXIT 02 Z WM(13)= 1.3
NOX STUDY OUTPUTS NOX STUDY OUTPUTS
DCOAL= C( 1 )= 374.22 DCOAL= C( 1Dw 374,22
AVAH= C( 2 )= 041 AVAH= C( 2)= ,041
OTWO= C¢ 3 )= 8%4.45% QTWO= C( 3)= §%2,457
NTWO= CC 4 )= 2787.14 NTWO= C( 4)= 2842.99
ARG= C( S )= 49,5884 ARG= C( S )= ¢
HTWOO= C( 6 )= 41,1174 HTWOO= C¢ &)= 41,1298
ASHC= C( 7 )= 34.914? ASHC= C( 7)m 34,9147
AlIR= C( 8 )= 3705.94 AIR= C( &)= 3704.7
HOUT= C( 9 )= 198.14% HOUT= C( 9= 198.177
COTWO= CC 10 )= 2133.32 COTWO= C¢ 10)= 2133.39
SCFM= C( 11 )= 48484, 1 SCFM= C( 11)m  48449.7
EXOTWO= C( 12 )= 44,1731 EXOTWO= C( 12)= 44,2821
TAIR= C( 13 )= 3992.28 TalR= C¢ 13)= 3992.76
LBLB= C( 14 )= §0.4483 LBLE= C¢ 14)= 10,4493
EXAIR= C( 1S )= 27,7244 EXAIR= C( %)= ?7,727%4
MOLEW= C( 14 )= 170.049 MOLEW= C( 14)= 170,332
ESCFM= C( 17 )= £4537.9 ESCFM= C( 17)m 45429
WOTWO= C( 18 )= 1.215%¢ WOTWO= C( 18)= 1,216
IDOMOL= C( 19 )= 10.7918 IDOMOL= C( 19)= 10.823%
00UT= CC 20 )= 4131.511 00UT= C¢ 20)= 412.435%
DMOLE= C< 21 )= 210.483 DMOLE= CC 21D= 211,119
WMOLE= C( 22 )= 233.527 WMOLE= C( 22)= 234,143
EESCFM» C( 23 )= 88418.8 EESCFM= C( 23)= 90223
NO= CC 24 )= 2,1476 NO= C( 24)= 2,2339
NCTWO= C( 28 )= 3,322% NOTWO= CC 2%)= 3,4253
NOLB= C( 26 )w» 3.523 NOLB= C( 24)= 3,438S
NOBTU= C( 27 )= ,7139 NOBTU= C( 27)= ,?734
DOTWO= C( 28 )= 4,1096 '
NOTHR= CC 29 )= 384.41 NEW KVB EGUATIONS
INFe= C( 30 )= 27,4792
: MKDG= 149.422
M= 23.0437
MIGIO= 172.46S
MIDO2= 12.999
MIDXSDA= 61,7177
M] DX Shim . 3443
SOCFM= - 81351.9
SWCFM= 90343.3
NOLBNUm= 3.46442




KVB MICROSOFT BASIC NOX STUDY COMPUTER PROGRAM

10 TEXT ¢« HOME ¢ CLEAR :

15 PRINT : PRINT : PRINT

201 b
25 PRINT : PRINT : INVERSE 1 PRINT * T8M.NOX.CALCS" 1 NORMAL

20 : REM  NODLVARTATION.CALC.8/21 (RAF/SCH)

40 : RO{ KVENDY.BAS MODIFIED EQUATIONS, MICROSOFT BASIC VERSIGN

o :
90 DEF PNRDOO = INN(XX 104N+ . D/ 10N

91ND = 4 ®
100 REM

110 REN 184 NOX PROJECT /22

120 REM RIVERSIDE CEMENT

130 REM  APL CPM VERSION

140 REM CASE STUDY SUBROUTINE

10 REM ®
200 DIM ECI) W48 (36 ,08(38) ,£(38 ,CPH(3) UM (34) ,SUID

00

) DATA *(1) COAL H20 EC 1)=*,*(2) COAL C E(D= (DAL H E =t () COAL N E( Os=",
W AL 0 EC D=*,°(4) COAL ASH EC &)=*,"(D COAL S E( 7=*,"(8) FEED KPH20 E(iN=*,
(%) COAL BTUC E(12=*,*(10)FEED KFLOI E(1D=* :
351 DATA *(11) * *(1DKCOAL TPH WN(3P*,*(1KFEED TPH WN(10)=" (1ISPRYH GPN WH(AD)=?, ®
S(1SNT 1D 027 W) =*,°(18) 1D NO PPM W2 = CUIDEXIT 02 % W(13s=*
UFR 1=170 17 s READ SHS(I) NEXT
40008 = GRS (O
420 DATA ° OCOAL= °,° A= °* OTWDs °,° NTHO= *,* ARGs *,* HTWOD= *.* St AlRe
* WOUT= *,* COTWOs °,° SCFM= * SEXOTWO= *,* TAIR= 0 BB " DAIM .0 WOLEW#= *,* ESCP®= °,
o WOTHO= *,°1DQMOL= *,* OUTs °,° OMOLE *
421 DATA  * WMOLEs °,EESCAW *.,°* NO=°,° NOTHO= *,° NOLB= *,° NOBTU= °
422 FOR 1w 17T0 273 READ OS(D)1 NEXT [
ASDATA® MDOs *,* MO " MOBs *,° MIDO2» *,"MIDXSDAs® , *M1DXSHe °0 SOCAS ‘" SIRE ¢ NOLENU= ¢
424 FOR | = 28 TO 34: READ C8(1) s NEXT |
427 FOR I = | TO 27: CPS(1)s*C(*STRE(1)4%)= NEXT 1
428 FOR | = 28 TO 36 CPB(1)e" " NXT I : ®
430 FOR [ = § TO 33:Uns(l) = * *; NEXT
440 PAR = 0:P1 = 0
00 :
1000 FEM UM VALUES GIVEN
1002 ¢ ' °
1010 W(37) = 11.34: REM  KILN COAL TPH '
1020 W(14) = 90.9: REM  KILN FEED TPH
1025 W1 = 1,31 REM KILN EXIT @2 %
1020 WH(4S = 26': REM  BACK END H20 SPRAY OFM
1040 W& = 5.5: REM  02Z¢ WET AT 1D QUTLET .
1050 WH(2) = 318': REM  ND PPM AT ID QUTLET ®
1040 ¢
1070 ¢+
1080 REM-. EOD VALLES
1082 :
1084 1 :
1090 E(ID) = ,004: REM  KILN H20 ®
1100 E(12 = 12437: REN  BTU E+6 /T(BTUO)
1110 EC1D = 1.6; RO LB FEED/ LB CLINKER (KFLOD
1120 1
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- 1130
1140 @
1150
1200 : REM INPUT UARIABILITIES
1201
1202 GOSUB 2000: HOME
1210 HTAB 10: UTAB 1: INVERSE : PRINT °NIOX STUDY INPUTS': MORMAL : PRINT
1220 HTAB 1: VTAB 3: PRINT *(1) COAL H20 - EC 1=*;E(1);: HTAB 33: PRINT VAs(1)
1230 HTAB I3 UTAB 4: PRINT "(2 COAL €  E( D="j1E(2);: HTAB 33: PRINT UWAs(2)
1240 HTAB 13 VTAB S: PRINT *(3) COAL H  E( D=*jE(D 33 HTAD 33: PRINT Ws(d)
1250 HTAB §: VTAB 4: PRINT *(4) COAL N E( O)=*;E(4) ;1 HTAB 33: PRINT Uas(&)
1260 HTAB 1: VTAB 7: PRINT *(D) COAL 0  E( D=*;E(D ;: HTAB 33: PRINT Uns(D)
1220 HIAB 1: VTAB 8: PRINT *(&) COAL ASH E( &)=*jE(4) ;3 HTAB 33: PRINT WAs(&)
1280 WHTAB 1: UTAB 9: PRINT *(7) COAL S  E( N=*jE(7) 3t HTAB 33: PRINT Ws(D
1290 WTAB 11 VTAB 10: PRINT *(8) FEED KFH20 EC11)=*jE(11) ;2 HTAB 33: PRINT UAS(®)
1300 HTAB 13 VTAB 112 PRINT *(9) COAL BTUC E(12=°;E(12 3t HTAB 33: PRINT UAS(9)
1310 HTAB 1: VIAB 12: PRINT *C10)FEED KFLOI EC1D=";EC13) 32 HTAB 33: PRINT UAS(10)
1320 HTAB §: VTAB 13 _
1330 WTAB 13 UTAB 14: PRINT *(1DKCOAL TPH UM(37) e sUM(32) 32 HTAD 333 PRINT Uns(12
1340 HTAB 12 VTAB 135: PRINT "(1DKFEED TPH WM(14)=*;UM(14) 33 HTAB 33: PRINT We(1d)
1350 HIAB 13 VTAB 14: PRINT *(14)SPRYW GPM UM(4S)=® ;UM(4%) ;3 HTAB 33: PRINT WS(14)
1350 HTAB 1: UTAB 17: PRINT "(1DWT ID G2/ WN(O) =°3UM(4) ;3 HTAB 33: PRINT We(1D)
1370 HTAB 12 VTAB 18: PRINT *(14) 1D NO PRM UM(D =*;WM(D 3 HTAB 33: PRINT UAS(16)
1375 HTAB 13 VTAB 19: PRINT *CIDEXIT 02 £ WM(1D=* ;M1 s HTAB 333 PRINT Wa(1M
1377 IF PI = § THEN RETUN
1380 IF PAR ) 0 THEN WHTAB 1: UTAB PAR ¢ 2t INVERSE s PRINT PAR :NORMAL
1400 GOSUB 4000 : INVERSE : INPUT *ANY VARIATIONS? (YA, @ TO QUIT)) o*;YNS: NORMAL:
IF LEFTS (YNS,D) = °Y* OR LEFTS (YNS,1) = °Y* THEN 1410
T 1402 TP LEFTO(YNS, 1) ‘= *Q* THEN BND
. - 1405 &OT0 2200 _
T 1410 GOSUB 4000 1 INVERSE s INPUT ENTER NUMBER OF PARMMETER TO VARY *;PAR: NORMAL 1 HTAB 1: GOSUB 4000

1415 IFPAR ) 99 HEN BN

1416 IF PAR = 99 THEN CLEAR : RESTORE : 60TO 100 '

1420 GOSUB 4000: INVERSE s INPUT *ENTER ¥ VARIATION FOR PARAMETER °;VAR: NORMAL 1

WS(PAR) = STRS (VAR + " ":VAR = VAR / 100: GOSUB 4000

L.

1430 IF PAR { 1 OR PAR > 7 THEN 1450

1440 ECPARD = INT CCE(PAR) X (1 ¢+ VAR ¥ 100000%) ¢ .9 / 100000

{450 IF PAR ¢ 8 OR PAR > 10 THEN 1470

1450 E(PAR ¢ ) = INT C(E(PAR + D % (1 ¢+ UAD ¥ 100000") ¢ .9 / 100000’

1470 ; .

1480 IF PAR = 12 THEN UMCI?) = (CUMCID) X (1 ¢ UAR) X 100000') + .5 / 100000'

M98 IF PAR = 13 THEN W(10) = INT (CUNC1O) E (1 ¢ VAR % 160000') ¢ .9 / 100000!

1300 IF PAR = 14 THEN WH(4D) = ((WM(4D) I (5 ¢ VAR X 100000') + .5 / 100000"

1510 IF PAR = 13 THEN WK® = (CWKD X (1 + VAR ¥ 100060%) ¢ .9 / 190000

1320 IF PAR = 14 THEN WD s ((WN(D X (1 « VA X 100030') ¢ .9 / 100000:

1522 IF PAR = 17 THEN WH(13 = ((WMCID) X (1 ¢ VAR ¥ 100000") ¢ .5 / 100000!

1523 W€

1340 60TO 1210

1530 HOE 11400

1920 11 REH  PASS RETUN

1999 60T0 2200

2000 18M PROGRAM SECTION

2101 REM XXXXXXIXXY HEAT BALANCE FOR KILN/COAL MILL XXXXXXEEXR

2102 :
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2110 E(1) = .01  ‘WATCOAL

2120 C(1) = (W3 ¥ 2000 / 60) ¥ (1 - ECD)  “DCOAL

213 E(D » ,7305 ‘COCOAL

2140 (D) = 0543 ‘HOOAL

2150 ECA) = 0095 ‘NCOAL °
2140 E() = 1057 OCOAL

2170 £(&) = 093 ‘ASHC

2180 £(D = £(D - (E(D /7 7.93D ‘AWH

2190 E(D » L0045 ‘SCOAL '

2191 BTUCH 1407HE(D) +51623!5C(D +39GHECT) 3 BTUD=12437

2152 OM=12,011 °
2193 HAWR2,016 1 HZOW=18.016

2194 024832

2195 N26e28.014

2196 Q22,064

2197 AIRI2S.945 : ATRO2® 209 : HIMID=,00347 _

2198 INRTMH=28, 143 ¢ INERTa( J-AIROZ) /A1 ROZX INRTMV/O2H ®
2199 RETURN  “SPECIAL LINE FOR KVB APPLE PROGRAM ONLY

2200 C(2eE(D - (E(D /7 7,93 ‘SPECIAL LINE FOR KVB APPLE PROGRAM ONLY

201 REM  XESNESNNEY REQ, FOR COMB. AT 07 EXCESS 02 MREXERXERX

2210 C(3)=OBPECE(D /MHE(D /(ZEHDHD £ (5) /0BWE(7) /D KCCY)

220 C(O=INERTEC(D) + E(HEC(D | :

2220 ‘CPRIME(D) © 952,831 ' °
240 C(D = .000001

22% C(6) = HMIDECIHINERDE CC3) ¢ WNC3D X ECD) ¥ 2000 / 48 + (E() X HOW/(02H/D) ¥ C(D)

240 C(D = O ¥ EWD _ -
2270 C(OSC1HHMID (14 INERTIC(D)

2200 C(9) = €O + 8.936 ¥ C(D ¥ (D ,

2290 CC10) = (OGRS /0M X ECD £ C(H + W10 X (3 -ECM (- 1/EUDD 1200/ W ®
2300 CC11) » C(D ¥ 10,73 % 520 / (14,49 ¥ 28.9

2310 C(12 = W(ID ¥ (CCA)/INRTHECC 10)/(OM 0240 ) /((100/32) M 13) X( 1+ INERT) /ALRD

2311 “¥%%3 DELETE XEAX DENOM = 100/32-UM( 13 ¥( 14 1-AIR02) /AIROZX INRTMI/0290 /AIRM

2312 *¥33% DELETE XXEX CU12) = CC12)/DENM

2320 IF W(13) 3 20 THEN C(12) = 1000

2330 C(1D = (JHHMID I( 1+ INRDX(C()4C(12)) °
2340 C(14) = 1000: IF C(1) < 1 THEN 2340

2350 CO14) = £(1D) 7 C(D

2340 C(15) = 1000 [F C(D < 1 THEN 2380

2370 CUD = C(1D ¥ 100 / C(D
* 2380 C(18) * C(12)/024 + (CLA)+INERTECC1D)/INRTMN ¢ CC10)/(OHOR40 ¢ CC(9 0N

290 C(1D = C(16 ¥ 385.3 o
2400 COID = 213 IF C(16) < | THEN 2420
2410 CI® = (C(12) /7 0290 ¥ 300 / (10

2419 MAIRO2mATRIZ/C 1+HUNIDIATRIVHINO |
2420 CU19) = NAIRGZE(CCCID ¢ (VH(AD T §.3453 / H209D) & (WKO/180) = (CUID X CCIE) /7100 2) /OWMIRG2 = W(H/100)
243 IF C(19) 3 1000 THEN CCIN = 1000 ‘ ,
2440 C(20) = C(12) * C(19 X 02 _ : )
2450 C21) = C(1O = (C(NMHAD + CC1 ¥ (1+ (1-AIRID/AIRGD . ‘ '

2440 C(2D = C(2D) ¢ (WMCAD ¥ 9.3433 + C(9)) / H2OW

2470 C(29) = C(2D ¥ %5.3
2480 C(240) = W(D X 000001 ¥ 30 X C(22
490 C(2D = C20 146/ N :

2500 C(26) = 0: IF WM(14) = 0 THEN 2510 °
2602 €20 = WKD ¥ 46 § 1.56E-07 ¥ C(23) / (W(10) & (1-E(ID) ¥ (VEUD))

210 1F (26 ¢ 0 THEN C(26) = @
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2520 C(27 = 1000: IF W(3D (| THEN 2540

230 C(20 = C(29) / ((W(ID & (1 - EC(1) ¥ (2000 /7 40> ¥ EC(1D)) % IEH4
2540 C(28) = 21:C(29 = 02 IF C(21) ( | THEN 2570

2550 C¢28) & (C(20) / 3D ¥ 100 / C(2D

2960 ‘C(29 = M(D) ¥ (18 /7 (21 - C(28)))

2570 ‘C(0) = 1001 IF CC1& ¢ 1 THEN 2590

2580 ‘C(30) = ((C(19) /7 ,20824) ¥ 28.9 / (C(34) X 31.74)) X 100

2590 )

2599 ¢

2400
2402 WKDG = CCA)/INRTMA ¢ CC10) /(000290 : C(28)%KD6

2404 M3 = C(9) /K20 + WH(45) X8.3453/H20 1 C(29)= M
2606 MG = MG ¢+ MW : C(30) = MAG
2408 MIDO2 = UM(&) BNG/ ( 100-UM( ) /ATROZE ( 1+HMIDIARILH2AMD ) 3 (:(31) = MIDO2
2410 MIDXSDA = MIDG2%( §4 (1-AIR02) /AIRDD) ¢ C(3D = MIDXSDA
2412 MIDXSW = MIDXSDA ¥ HUMID ¥ ATRG/H2OMN ¢ C(33) = NIDXSH
2414 SDCPM = (MKDG + MIDXSDR) ¥ 38%9.3 1 C(34) = SDCPM
24616 SWCPM = SDCPM « (M4 ¢ NIDXSD ¥ 385.3 1 C(3%) = ICAM
2620 NOLENU = WM(2) 1443 | . SEE-07ASHCAY (WO I ECI-ECID (I/ECID)) 1 C(30 = NOLBNY
2450 IF PAR > 0 THEN GOTO 9000
2700 FOR | = § TO 34:CSCI) = C(1)s NEXT I
3000 GOTO 9000
4000 HTAB § s VIAB 23 sPRINT * *s HTAB 1 ¢ VIAB 23 : RETUNN
9000 Pl = |
9900 GOSUB 4000 : INPUT "QUTPUT TO PRINTER? (YAD : *;YN$:PS/ = 03
IF LEFTS (YNS,1) = "Y" (R LEFTS (YN, 1) = *Y°* THEN PS/ = |
§701 GOSUB 4000
10000 IF PS/=1 THEN GOSUB 312103 REM PRINT VARIABLES
10100 GUSIB 1210: REM DISPLAY VARIABLES
2000 :
20005 PRINT 1 PRINT *NOX STUDY OUTPUTS*: PRINT
20004 IF PS/ = | THEN LPRINT ¢ LPRINT *NOX STUDY OUTPUTS®: LPRINT
20007 1F PAR ) Q 6OTO 20020
2008 FOR I = | TO 34
20009 [F | » 26 THEN PRINT : PRINT "NEN WUB EQUATIONS® : PRINT
20010 IF [ = 28 AND PS/=] THEN LPRINT : LPRINT *NEM KVB EQUATIONS® : LPRINT
20011 PRINT C8(D) ;CPSCI) ; PN RD(C(I))
20012 IF PS. = | THEN LPRINT CS(D);CPS(I) 3 AN RD(CCI))
20014 NDT
20015 GOTO 20040
20020 3 )
021 FRI=]T0 3% ,
20023 IF 1 = 28 THEN PRINT ¢ PRINT “NEN KVB EQUATIONS® : PRINT
20024 IF 1 = 28 4D PSZ = | THEN LPRINT s LPRINT *NEN VB EQUATIONS® 1 LPRINT
20025 ER=0:IF ABS(CS(I)) ) 00001 THEN ERw PN RD((CCI)-CS(1))/CS(1)X100)
20030 PRINT CS(I) ;CP8(I) 5 PN RC(D)) 5 TAB(3D) ; ER;* % * i
20032 IF PS{ = § THEN LPRINT C8C1) CPSCIVG AN R(C(I)) 5 TAB(3D § ERy" % °
21034 NEXT
20040 PRINT CI'B(IZJ: IF PS{ » | THEN LPRINT CHRS(12
2100 1
20200 GOSUB £000: INVERSE 1 PRINT °SPACE BAR TO CONTIMUE °: NORMAL & GET YNO:PRINT : GOSUE 4000
30000 60TO 430
31210 LPRINT TAB(10) ;"NOX STUDY IIWTS': LPRINT
31220 LPRINT (1) COAL H20 EC D=*3E(1); TAB(3D ; Ws(1D)
31230 LPRINT *(2 COAL C  E( 2=°;E(D); TAB(3D); W(D
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31240 LPRINT *(3) COAL H  E( ="3E(; TAB(ID; W(D
91250 LPRINT *(4) COAL N EC O)=";E(4); TAB(3D) § URS(H)
31260 LPRINT (%) COAL 0  E( D=*;E(3); TAB(3 ; W (D)
21270 LPRINT *(4) COAL ASH E( &)=*;E(4); TAB(3D) § We(&)
31260 LPRINT *( COAL §  E( 7)=*1E(); TAB(3I) ; WAs(D
31290 LPRINT *(8) FEED KFM20 EC11)=";E(11); TAB(33); UAs(8)
31300 LPRINT *(9) COAL BTUC E(1D=*jE(12); TAB(3D); Un(D
31310 LPRINT *(10)FEED KFLOL EC13)=*3EC13); TAB(ID ; UAs(10)
31320 :

31330 LPRINT "(12KCOAL TPH WH(37)=*:\M(37) ; TAB(33) 3 WAS(12)
31340 LPRINT *(12)KFEED TPH WM(14)=* jUM(14) ; TAB(33) ; UAS(13)
31350 LPRINT *(J4)SPRYW GPM UM(4S)=" ;UM(45) ; TAB(33); URS(14)
31340 LPRINT *C1)NT ID 02, Wi(4) =*;UM(4); TAB(3D) 3 UAS(1D
31370 LPRINT *(14)ID NO PPM WM(2) =*;UM(2); TAB(33); VAS(16)
31375 LPRINT *(I7VEXIT 02 % W(1D=";UM(13) ; TAB(3D) § VAS(17)
31999 RETUMN
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NOX STUDY INPUTS

(1) COAL H20 ' EC D= ,01
() C0AL € EC 2= ,730%
(3 CoAL H EC 3= ,0543
(4) COAL. N EC &= ,0095
(%) COAL 0 EC $)= ,1097
(é) COAL ASH EC &= ,0933
( CoAL §  EC 7= ,0045
(8) FEED KFH20 EC1D)= ,004
() COAL BTUC E(12)= 12437
(10)FEED KFLOI E(13)= 1.4
(12)KCOAL TPH UM(37)= 11.34
C13)KFEED TPH WM(1d)= 90.9
(14) SPRYW GPM UM(45)= 26
CISHWT 10 02% WM(4) = 5.5
(16) 1D NO PPM UM(2) = 318
UNEXIT 02 % WM(13)= 1.3

NOX STUDY OUTPUTS

DCOAL= C( D= 374.22
AVAH= C( 2= 041
OTWO= C( = 8352.457
NTWO= C( 4)= 2842.99
ARG= C(. S)m 0
HTWOO= C( &)= 41,1298
ASHC= C( 7)= 34,9147
AIR= C( 8)= 3704.7
T HOUT= C( 9= 198,177
T F 0 COTWO= C¢ 10)= 2133.39
~ SCPMm C( 11)=m  48449.7
EXOTWO= C( 12)= 44,2821
TAIR= C( 13)= 3992.76
LBLB= C( 14)= 10,6499
EXAIR= C( 15)= 72,7754
MOLEW= C( 14)= 170,332
ESCFM= C( 12)= 45429
WOTWO= C( 18)= 1.214
f00MOL= C( 19)= 10.823%
00UT= CC 20)= 412.435
OMOLE= C( 2= 211,119
WMOLE= C( 22)=» 234.143
EESCPM» C( 23)= 90223
NO= C( 24)= 2,2339
NOTWO= C( 2%)= 3,4253
NOLB= C¢ 26)= 3.438%
NOBTU= C( 27)= ,2734

NEW KVB EQUATIONS

MKDGe= 149,422
MiGu= 23.0437
MIGA O 172.44S
MIDO2= 12.899
MIDXSDA= 61,2177
MIDXShim +3443
SDCFM= 81351.9
SWCFMm 90343.3

NOLBNU= 3.6442




NOX STUDY INPUTS

(1) COAL H20
(2) coAL C
(3 CoAL H
(4) COAL N
($) CoAL O
(8) COAL ASH
(7) COAL S
(8) FEED KFH20
(9) COAL BTUC
(10)FEED KFLOI E(13)= 1.6
(12)KCOAL TPH UM(37)= 11,34
C(13)KFEED TPH WM(14)= 90,9
(14) SPRYW GPM WM(4%5)= 24
CIDWT ID 02/ WM(4) = 5.5
(18)ID NO PPM WM(2) = 318
UDEXIT 02 % WM(13)= 1.3

E( D= ,0101
EC 2)» 73035
EC 3)= ,0543
E( &)= ,0095
EC S)= ,1057
EC &)= ,0933
EC 7)= 0045
EC11)= ,004
E(12)= 12437

NOX  STUDY OUTPUTS

DCoAL=
AVAH=
OTWO=
NTWO=
ARGm
HTWOO=
ASHC=
AlR=
HOUT=
COTWOm
SCFM=
EXOTWO=
TAlR=
LELD=
EXAIR=
MOLEl=
ESCFM=
WOTWO=
1DOMOL=
00UT=
DMOLE=
WMOLE=
EESCFM=
NO=
NOTWO=
NOLB=

NOBTU=

NEW KVB

MKDG=
MKi=
MIKIWG=
M1002=

MIDXSDA=
MIDXSim
SDCFM=
SWCFMs
NOLENU=

€«
c«
C«
c<
c«
c«
4
c(
M4
<«
c«
c«
C«
o4
c«
c(
c<
c(
c«
C(
¢«
c¢
c¢
M ¢
c(
e«
c(

L]
2)=
)]
4)=
Sw
&=
Nm
=

=

10)=
iD=
12)=
1=
)=
19)=
14)=
1=
18)=
19)=
20)=
2=
22)=
2=
20)=
29 =
24)=
2=

374.22
.041
852.457
2842.99
0
é1.1676
34.9147
3704.7
198,215 .
2133.39
484469 .7
66.2621
3992.76
10,4695
?7.7754
170.334
65629.8
1.216
10.8237
412,64
211,12
234.146
90224. 1
2.2339
3.4254
3.6384
7361

EGUATIONS

149.422
23.0458
172.447
12.8991
61.7184
+3443
81352.2
90364.4
3.4442

c-10

1 4

I
7
Z

/
041

00. OO0 0O
~

%
019

A
/
Z
“
“
0012
.0012
-.0012
.0014
.0012
.0004
.0012
.0012
.0012
.2012
.0012
0113

[-N-N~-N-N-N- R

.0091
0012
.0012
.0012
0012
.0004
«0012
0012

%

Z
A
%
“

7%
A
r

4
ra
/4

%

A
/

/4
/%
/
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NOX STUDY INPUTS

(1) COAL H20
(2) CoAL C
(3) CoaL H
(4) COAL N
(%) coAL O
(&) COAL ASH
(2 CoAL S
(8) FEED KFH20
(?) COAL BTUC
(10) FEED KFLO! E(13)= 1,4
(12)KCOAL TPH WM(37)= 11.34
(13)KFEED TPH WM(14)= 90.9
(14) SPRYW GPM UM(45)= 24
(1S)WT ID 02, W(4) = 5.5
(16> 1D NO PPM WM(2) = 318
UDEXIT 02 %4 WM(1d)= 1.3

E( D= ,01

E( 2= ,73781

E( 3)= ,0543
EC &)= 0095
EC 5= ,1057
EC = ,0933
EC = ,0045
(1= .004
EC(12)m 12437

NOX STUDY OUTPUTS

DCOAL=
AVAH=
OTWO=
NTWO=
ARG=
HTWOO=
ASHC=
A]R=
HOUT=
COTWO=
SCFM=
EXOTWO=
TAIR=
LeLE=

EXAIR=

MOLEls

ESCFMm

WOTWOm

I0OMOL=
0QUT=

OMOLE=

WHMOLE=

EESCFM=
NO=

NOTWO=
NOLB=

NOBTU=

NEW KVB

MKDG=
MiG
MKWNG=
MIDO2=
MIDXSDas
MIDXSinm
SDCFMm
SWCFM=
NOL ENU=

M4
C«
M ¢
(o1 ¢
c(
C(
c(
c(
c<
c<
c«
c<
c(
o4
(¢
¢
M4
(M4
c(
c(
(44
(M ¢
({4
C«
(M4
c(
c«

)=
D=
=
4=
=
é)=
N=
8)=
9) =
10)=
i1)=
12)=
13)=
14)=
15)=
14)=
1=
18)=
19)=
20)=
21)=
22)=
23)=
24)=
2%5,=
28)s=
27)=

374.22
.041
859.745
2067.26
0
61.23%94
34.9147
3736.37
199.287
2143.41
47908%5.8
66.765%
4024.33
10.7598
7.7637
171.95
66079
1.2146
10.8904
415.2%7
212.601
23%.6351
90796.3
2,2481
3.4471
3.6416
+ 7406

EQUATIGNS

150.511
23.0497
173.841
12.9809
62.1098
« 3463

81922.9
90937.4
3.4673

1%

859
83539
0 %
« 1792
0 %
«833
.0553
4498
.8549
« 7293
8459
.8459
= 1246
«6858

-0432
6174
«6353
.7018
«6354
«6354
«6354
+ 6354

«6354

« 7293
0244
«6354
+6334
+6354
«6334
.2018
+6334
6354

Z
7
%
A
/
A
%
A
R



NOX STUDY INPUTS

(1) COAL H20
(2) coaL C
(3 CoAL H
(4) COAL N
(S) coAaL O
(é) COAL ASH
(7> CoAL S
(8) FEED KFH20
(9) CoAL BTUC
(10)FEED KFLOIl E(13)= 1.4
(12)KCOAL TPH UIM(37)= 11.34
(13)KFEED TPH UM(14)= 90.9
(14) SPRYW GPM UM(45)= 24
(1S)WT ID 02/ WM(4) = 5.5
(18)ID NO PPM UM(2) = 318
UDHEXIT 02 Z WM(13)= 1.3

EC = ,01

EC 2= ,7309
E( 3)= ,05484
EC &)= 0095
E( S)= ,10957
EC 4)= ,0933
E( )= ,004%
EC1D= 004
E(12)= 12437

NOX STUDY OUTPUTS

DCOAL=
AVAHe
OTWO=
NTWO=
ARGs=
HTWOO=
ASHC=
AIR=
HOUT=
COTWO=
SCFM=
EXOTWO=
TAIR=
L.BLB=

EXAIR=

MOL Elme

ESCFM=

WOTWO=

I1DOMOL=
o0UT=

OMOLE=

HO0LE=

EESCFMm
NO=

NOTWO=
NOLB=

NOBTUs

NEW KVB

MKDG=
MG
MGG
MIDO2=

c(
c(¢
c(
({4

cC

c(
€«
e«
c(
14
e«
e«
c«
c<
c«
14
(14
(o]
c<
€«
c(
c(
¢
{4
c(
(4
C«

)=
2)=
3)=
4)m
=
é)=
=
@)=
M=
10)=
1=
12)=
1=
14)=
15)=
14)=
17)=
18)=
1=
20)=
21)=
22)=
23)=
24)=
29)=
28)=
27)=

374.22
.04195
854.046
2049,33
0
61,1539
34.9147
3711.67
200.007
2133.39
487461.3
66,3663
4000.09
10.6891
?.7707
170.434
463744.1
1.2154
10.8427
413.332
211.413
234.3%9
90375.4
2.2377
3.431)
3.6447
. 7372

EQUATIONS

MIDXSDAm

M1 DX Sl
SOCFM=
SWCFM=

NOLBNU=

149.611
23.1452
172,756
12,9208
61.8219
«3449
81445.2
90515.9
3.4503

14

0 %

1.3176 7%

. 1801
. 1879
0 %
0394
0 %
. 1881
9234
e “
. 1881
127
. 1837
.1837
-.0611
.1764
«1784
-.0513
« 1769
1689
« 1392
« 1689
1689
« 1689
. 1689
. 1489
. 1689

<127

.4408
. 1489
» 1489
. 1689
. 1689
. 1392
. 1689
. 1689

/4
%

“

%
4

“
“
“
“
/
/4
/4
A
/
/
/
%
/4
rd
%
7%
4

4
]
A
%
%
rd
7
4
7




NOX STUDY INPUTS -

(1) COAL H20
(2) COAL C
(3) COAL H
(49) COAL N
(S) CoAL O
(8) COAL ASH
(7 CoAL S
(8) FEED KFH20
() CoAL BTUC
(10)FEED KFLOI EC(1= 1.4
(12)KCOAL TPH UM(37)= 11.34
(13)KFEED TPH WM(1d4)= 90,9
(14) SPRYW GPM WM(4S)e 24
CISYWT ID 02 WM(4) = 8.5
(16)ID NO PPM UM(2) = 318
UDEXIT 02 % WM(13)= 1,3

EC D= .04

EC 2= ,7308
E( = ,0543
E( 4)= ,009%9
EC B)= .105?
EC &)= ,0933
EC 7)= 0065
E(1)= .004
EC(12)= 12437

NOX STUDY OUTPUTS

DCOAL=
AVAH=
OTWO=
NTWO=
ARG=
HTWOO=
ASHO=
AIR=
HOUT=
COTWO=
SCPM=
EXOTWO=
TAIR=
LBLB=

EXATRm

MOLElN=

ESCFM=

WOTWO=

1DOMOL=
00UT=

DHOLE=

WMOLE=

EESCFM=
NOm=

NOTWO=
NOLB=

NOBTU=

NEW KVB

MKDG=
MK
MKW G=
MIDO2=
MIDXSDA=
MIOX S
SOCFMm
SWCFM=
NOLBNUs=

{4
c<
c<
(¢
({4
C(
(¢
c(
c¢
(M4
c<
[o{¢
c(
c(
c(
c(
C«(

=
D=
N=
4=
S)a
4)=
=
8)=
=
10)=
1=
12)=
13)=
14)m
19)=
18)=
17)=
18)=
1=
20)=
2])=
2=
2=
20)=
29)=
28)=
2N =

374,22
.041
652.457
26843.02
0
61.1298
34,9147
3704.7
198.177
2133.39
48649.7
66,2027
3992.746
10.6495
?2,77%3
170,333
65629.38
1.216
10.8234
412.438
211,121
234,169
90223.46
2,.233%
3.42%54
3.4389
« 736

EQUATIONS

149.423
23.0437
172,446
12.68991
é1.7181
.3443
013%2.9
90343.9
3.4442

m 1

14

0032

OQOOOQOO- - - N -]
b= .

™~
@

NONNNNN

0.
=

.0008
.0008
.0008
.0001
.0007
.0007
.0009
.0007
.0007
.000?7
.0007
.0007
.0007

.000?7
.000?7
.0007
.0007
.0008
.000?7
.0007

“

“
“
rd
A
4
7%
A
/4
%
%

%

%

A

A
s
/4
A

[y p——Y - e s uw dm Iwon 7 omew a




NOX STUDY INPUTS

(1) COAL H20
(2 CoAL C
(3) CoAL H
(4) COAL N
(5 CoAL O
(8) COAL ASH
(7) COAL S
(8) FEED KFH20
(9) COAL BTUC
(10) FEED KFLOI E(13)= 1.4
(12)KCOAL TPH UM(37)= 11.34
(13)KFEED TPH WM(14)= 90.9
(14) SPRYW GPM WM(4%)= 26
CIS)WT ID 024 WM(4) = 5.5
(18) 1D NO PPM UM(2) = 318
UHEXIT 02 4 WM(13)= 1.3

NOX STUDY OQUTPUTS

. DCOAL=
AVAH=
OTWO=
NTWO=

ARG=
HTWOO=
ASHC=
AIR=
HOUT=
COTWO=
SCFMs=

EXOTWO=
TAlR=
LBL D=

EXAIR=
MOLEWm=
ESCFM=
WOTWO=
10OMOL=
00UT=
OMOLE=
WMOLE=
EESCFM=
NOw
NOTWO=
NOLB=
NOBTU»

NEW KVB

MKDG=
Mihim
MKING=
MIDO2=
MIDXSDA=
MIDXSk=
SDCFM=
SWCFM=
NOL BNU=

(o4
(o] 4
C«
c(
c«
e«
c(
94
4
€«
€«
c(
1114
c«
(14
c(
c(
c(
c¢
c¢
c<
c«
c«
c(¢
c«
c(
{4

EQUATIONS

1)=
D=
=
4=
=
&)=
=
)=
=
10)=
)=
12)=
13)=
14)=
19)=
14)=
17)s=
18)=
19)=
20)=
20)=
22)=
23)=
24)=
29)=
28)=
2=

E¢
E(
E(
E<
E(
E(
E(

)= ,01
2)= 7305
= ,0543
4= 0095
Sm 10676
&= 0933
= 0065

ECiD= .004
EC12)= 12437

374,22
.0408
8%52.06
2041.647

61.5703
34.9147
3702.97
198.171

2133.39
484647.1
66.2613
3990.94
10.6447

?.7766

170.292

65609.6

1.216
10.8207
412,522

211.056
234,099
90198.3

2.2333

3.4244

3.437%
.7358

149,375

23.0433
172.418
12.8935
61.7008
. 3442

81327.3
90338.4
3.4432

~ 17

| 4

o %
-.3259
=.0445
-.0465

0 “

. 7209

0 %
-,044%
-,003

. 0. 4

-.0445
-.0314
- 00454
-.04354

.0152
-00295
"00295
-.0018
-.0264
-.0274
-,0302
-.0274
=-,0274
-.0274
-.0274

-,0314
-.0014
-.0274
-.0274
-.0274
-.0274
-.0302
-.0274
-.0274

A
/4
“%

4

rA

“
“
“
/4
“
4
%

4
%4
4
%
4
Z%
Z
%
4

/4
A
“
/4
%
“
4.

4




NOX STUDY INPUTS

(1) COAL H20 EC D= .01
(2) CoAL. C EC 2)= ,730%
(3) COAL H EC 3= ,0543
(4) COAL N EC &)= ,0095
(5) CoAL O EC S)= ,10%5?7
(&) COAL ASH E( &= ,09423 1%
(?) COAL S E( 2= .0045
(8) FEED KFH20 E(11)= ,004
(9) COAL BTUC E(12)= 12437
(10)FEED KFLOI EC13)= 1.6
(12)KCOAL TPH WM(37)= 11.34
C13)KFEED TPH WM(14)= 90.9
(14) SPRYW GPM UM(4%5)= 24
CISYWT 10 02, WM(4) = 5.5
(14> 1D NO PPM UM(2) = 318
QDEXIT 02 Z WM(13)= 1.3

NOX STUDY OUTPUTS

DCOAL= C( 1)= 374,22
AVAHe C( 2)= ,041

rA

OTHO= C( 3= 892.4%7 “
NTWO= C( )= 2842.99 Z
ARG= C( S)= 0 /4
HTWOO= CC( &)= 41,1298 /4
ASHC= C( 7)= 35,2427 9948 %

AIR= C( 8)= 3704.7
HOUT= C( 9= 198,177
COTWO= C( 10)= 2133.39

SCFM= C( 11)=  48449.7
EXOTWO= C( 12)= 46.2821
TAIR= C( 13)= 3992.74
LBLB= C( 14)= 10.4695
EXAIR= C( 135)=s - 72,7754
MOLEW= C¢ 1&)= 170.332
ESCFM= C( 1= 45429
WOTWO= CC 1= 1,214
I0OMOL= C( 19)= 10.823%
00uUT= CC 20)= 412.639
OMOLE= CC 21)= 21).119
WMOLE= C( 22)= 234.163
EESCFM= C( 23)= 90223
NO= C( 24)= 22,2339
NOTWO= C( 25)= 3,4233
NOLE= C( 2&4)= 3,43835
NOBTU= C( 27)= ,734

7z
%
4
4
“
“
A
4
%

“
“
%
“
4
%
Z
%4
4
/4

- X-R-E-N-N-N-N-N-E-N-N-N-N-F-N-N-N-N-N--N~-N-N-N-N-]

NEW KVB EQUATIONS

MKDGs= 149.422 0 %
M= 23.0437 0 %
MK O= 172,443 0 %
MIDQO2= 12.899 0 %
MIDXSDA= 61.2177 0 %
M1 DX S .3443 0 “
SOCFMm 81351.9 0 “
SWCFM= - 90363.3 0 4
NOLBNU= 3.6442 [ 4




NOX STUDY INPUTS

(1) COAL H20 E( 1= .01

(2) coaL C E( 2)= ,7305

(3) COAL H EC 3)= ,0543

(4) COAL N EC 4= ,009S : ®
(S) CoAL O EC S)= , 1057

(4) COAL ASH E( &= 0933 -

(7 coAL S EC 2)= 00636 14

(8) FEED KFH20 E(11)= ,004

(9) COAL BTUC E(i12)= 12437

(10)FEED KFLOI EC(1)= 1.6 ®
(122 KCOAL TPH WM(37)= 11.34

(13)KFEED TPH WM(id)= 90.9

(14) SPRYW GPM WM(45)= 24

(1SHWT 1D 02/ WM(4) = §.9

(181D NO PPM W(2) = 318

UDEXIT 02 L WM(1D)= 1.3 ' o

NOX STUDY OQUTPUTS

pCoAL= C¢ 1= 374,22 0 %
AVAH= C¢ )= 041 0 %
OTWO= C¢ 3= 8%52.479 0026 % ®
NTWO= C¢ 4)= 2843.06 .0026 %
ARG= C( S)= 0 0 %
HTWOO= C( &= 41.1302 .0005 %
ASHC= C( ?)=  34.9147 0 %
AlR= C( @)= 3704.8 ~ .0026 %
HOUT= C( §= 198.177 .0002 % e
COTWO= CC 10)= 2133.39 0 %
SCFM= C( 11)= 48471 0026 %
EXOTWO= C( 12)= 66,2033 .0018 %
TAIR= C¢ 13)= 3992.84 .0026 %
LBLE= C( 14)= 10,4498 0026 %
EXAIR= C( 1S)= 7.77%4 -.0008 % ' ®
MOLEW= C( 1&)= 170.33% L0017 %
ESCFM= C( 17w 65630.1 0017 %
WOTWO= C( 18)= 1.216 .0001 %
1DOMOLs CC 19)= 10.8237 0015 %
0OUT= C¢ 20)= 412,642 0016 ¥ :
DMOLE= C¢ 21w 211.123 .0017 % ®
WMOLE= CC( 22)= 234,147 0016 %
EESCFM= C( 23)= $0224.4 .001% %
NO= C( 24)= 2,2339 0015 %
NOTWO= C( 25)= 3,4254 0016 %
NOLD= C( 26€)w 3.46384 0018 %
NOBTUs CC 27)= .73 0015 % ®

NEW KVB EQUATIONS

MKDGs 149.424 0018 %
Mikim 23.0437 0001 %
MIGNG= 172.448 0015 % ®
M1D02= 12.8992 0015 %
M1DXSDA= 61.7186 0015 %
MIDXSkim .3443 0015 %
SDCFM= 81353.3 0017 %
SWCFMs= 90364.7 0018 % °
NOLBNU= 3.6442 0016 %

r-16 U RT71=7190



NOX STUDY INPUTS

(1) COAL H20
(2) CoAaL C
(3 CoAL H
(4) COAL N
(5 coal 0O
(&) COAL ASH
(7> CoAL S
(8) FEED KFH20
(9) CoAaL BTUC
(10)FEED KFLOI E(13)= 1.4
(12)KCOAL TPH WM(37)= 11,34
(1) KFEED TPH WM(14)= 90.9
(14) SPRYW GPM UM(45)=s 24
CIS)WT ID 02/ WM(4) = 5.5
(181D NO PPM UWM(2) = 318
U7EXIT 02 “Z WM(1d= 1,3

EC D= ,01

E¢
E(
E(
E(
E(
EC
E(
E(

= 7305
= ,0543
4= ,0095
S)= ,1057
é)= ,0933
= .0045

1= ,00404

12)= 12437

NOX STUDY QUTPUTS A

DCOAL=
AVAHS
OTWQOm
NTWO=
ARG=
HTWOOm
ASHC=
AlR=
HOUT=
COTWO=
SCFM=
EXOTWO=
TAIR=
LBLE=

EXAIR=

MOL Elm

ESCFM=

WOTWO=

100MOL=
00UT=

DMOLE=

WMOLE=

EESCFM=

. NO=

NOTWO=
NOLB=

NOBTU=

NEW KVUB

MKDG=
Mk
MKIG=
MID02=
MIDXSDA=
MIDXSkim
SOCFM=
SWCFM=
NOL BNUs=

c(
o] ¢
c<
(o4
o4
[of¢
c(
c(
c(
c¢
o] 4
C¢
¢
14
c«
(4
c«
({4
c(
<
C«
c(
c<
c¢
c(
t(

c¢

=
=
=
4=
S)=
é)=
=
)=
Pr=
10)=
1)=
12)=
13)=
)=
19=
14)=
17)=
18)=
19)=
20)=
21)=
)=
23)=
24)=
2=
28)=
27)=

374,22

041

8%92.4%7
2842.99

61.1298
34,9147
3704.7

1

$8.177
2133.34
48469.7
66.2817
3992.7%
10.6693
?7.773%4
170.331
65628.46
1.216
10.8239
412.433
211.118
234.162
90222.5%
2.2339
3.4253
3.4384
«736

EQUATIONS

149.42
23.0437
172.4464
12.89689
61.7173
«3443
81351.4
703462.8
3.4443

1%

%

4
rd
4
4
/4
/4
/
-,0021

000000000

-.0007
-.0001
-.0001
-.0007
-.0004
=.0004
0 %
-.0006
=.0004
-.0007
=-.0004
-.0004
-.0004
=.0004
0034
=-.0006

-.0007
0 7
-.0004
-.0004
-.00046
-.00046
-.000?7
-.0004
.0034

4

4
“
7
“
%4
%



NOX STUDY INPUTS

(1) COAL H20 EC D= .0}
(2) coaL C EC 2)= ,730S5
(3) coAL H E¢ 3)= ,0543
(4) COAL N EC 4= ,0095
(S) CoAL O EC S)= ,105?7
() C0AL ASH E( &)= ,0933
(7 CoAL S EC 7)= ,0045
(8) FEED KFH20 EC(11)= ,004
(9) COAL BTUC E(12)= 12541.4 1%
(10)FEED KFLOI EC(i)= 1.4
(12)KCOAL TPH UM(37)= 11,34
(1D KFEED TPH WM(14)= 90.9
(14) SPRYW GPM UM(4%)= 24
(ISHHWT ID 024 Wi(49) = 3.9
(18) 1D NO PPM UM(2) = 318
UDEXIT 02 %Z WM(13)= 1.3

NOX STUDY OUTPUTS

DCoAL= C( 1)= 374,22
AVAH= C( 2)= ,041
OTWO= C( 3)= 852.437
NTWO=» C( &)= 2842.99
ARG= C( S)= 0
HTWOO= C( &)= &1.1298
ASHC= C( 7)= 34,9147
AIR= C( 8)= 3704.7
HOUT= C( 9)= 198,177
COTWO= C¢ 10)= 2133,.39
SCPM= C( 11)m  48649.7
EXOTWO= C( 12)= 66.2821
TAIR= C( 13)= 3992.74
LBLB= C( 14)= 10,4493
EXAIR= C( 15)= ?.7754
MOLEW= C( 16)= 170.332
ESCFM= C( 17)= 45629
WOTWO= C( 18)= 1.214
100MOL= CC 19)= 10,8233
00UT= C( 20)= 412.635
OMOLE= C( 21)= 211.119
WMOLE= C( 22)» 234,143
EESCFM= C( 23)= 90223
NO= C( 24)= 12,2339
NOTWO= C( 23)= 3.4253 %
NOLB= C( 24)= 3.438% %
NOBTU= C( 27)= ,7287 -.9901 “

Z
A
A
“
4
4
“
A
4
%
/
4
4
4
A
Z
4
Z
4
4
r
7%
4
A

NEW KVB EQUATIONS

MKDG= 149.422 0 %
MG 23.0437 0 %
MKW G 172.445 0 %
M1D02= 12.899 0 %

M1DXSDem 61,7172 0 %

MI DX Sk .3442 0 %
SOCFMa 81351.9 0 %
SWCFM= 90363.3 0 %

NOL BNU= 3.4442 0 %




NOX STUDY INPUTS

(1) COAL H20 EC 1)= .01
(2 COAL C  EC 2)= ,7305
(3 COAL H EC D= ,0543
(4) COAL N EC &)= ,009%
(5 COAL 0 EC S)= ,1057
(&) COAL ASH E( &)= 0933
() COAL § E( 2)= .006S
(8) FEED KFH20 EC11)= ,004
(9) COAL BTUC E(12)= 12437
(10)FEED KFLOI EC1D= 1,416 1%
(12)KCOAL TPH WM(37)= 11,34
(13)KFEED TPH WM(14)= 90,9
(14) SPRYW GPM UM(45)= 24
(1SWT ID 02, WM(4) = .5
(16) 1D NO PPM WM(2) = 318
(D EXIT 02 % WM(1D= 1.3
NOX STUDY OUTPUTS
DCOAL= CC 1)= 374,22 0
AVAHR CC 2)= 041 0 %
OTWO= C( 3)= 852,457 0 %
NTWO= C( 4)= 2842.99 0
ARG= C( S)= 0 0 %
HTWOO= C( &)= 41.1298 0 %
ASHC= C( 7)= 34,9147 0 %
AlR= C( B)= 3704.7 0 %
HOUT= C( )= 198.177 0 %
COTWO= C¢ 10)= 212,04 .8754 %
SCFMs CC 11)= 48449.7 0 %
EXOTWO= C( 12)= 44,4704 284 %
TAIR= C( 13)= 399357 .0205 %
LBLB= C( 14)m= 10,4717 0208 %
EXAIR= C( 15)=  7,797% 284 ¥
MOLEM= C( 16)= 170,785 2686 %
ESCFM= C( 17)m 4%803.3 2657 %
WOTWO= CC 18)» 1,2143 .0183 %
IDOMOL= C( 19)= 10.8494 2388 %
00UT= CC 205= 413.651 246 %
OMOLE= CC 21)= 211.49¢ 2229 %
WMOLE= C( 22)= 234,739 246 %
EESCFM= C( 23)m 90443 246 %
NO= C( 24)m 2,2394 246 %
NOTWO= C(¢ 2%)= " 3.4338 246 %
~ NOLB= C( 24)= 3.4839 1.2488 %
NOBTU= C( 27)= 7378 246 %
NEN KVB EQUATIONS
MKDG= 149,844 204 %
Mt 23.0437 0 %
MKIG= 172.89 246 %
MIDOZ= 12.9307 246 %
MIDXSDA= 61.869% 246 %
M1DXSim .3452 246 4
SDCFMa 81573.9 2729 ¥
. SWCFMm 90565. 246 ¥
NOLBNU= 3.4897 1.2485 %
c~19 KVB71-71901/2/R/GH Audit




NOX STUDY INPUTS

(1) COAL H20
() coaL C
(3 coaL H
(4) coaL N
(S) COAL O
(6) COAL ASH
¢ coaL
(8) FEED KFH20
(9) coaL BTUC
(10)FEED KFLOI EC(13)= 1.4

(12)KCOAL TPH WM(37)=

EC D= ,01

EC 2)= 73093
EC 3)= ,0543
EC 4= ,0099
E( 9)= ,1037
EC¢ &)= ,0933
EC = ,0065
EC1D= ,004.
E(12)= 12437

(13)KFEED TPH WM(14)= 90,9
(14) SPRYW GPM WM(4%5)= 26
(1S)WT ID 02/ W(4) = 5,3
(16)1D NO PPM WM(2) = 318
UNEXIT 02 Z WM(1)= 1.3

NOX STUDY OUTPUTS

DCOAL=
AVAH=
OTWO=
NTWO=
ARG=
HTWOO=
ASHC=
AlR=
HOUT=
COTWO=
SCFMa
EXOTWO=
TAIR=
LBLB=

EXAIR=

MOLEW=

ESCFM=

WOTWO=

IDOMOL=
uouUT=

OMOLE=

WMOLE=

EESCFM=
NO=

c(
c(
c(
c(
c«
c(
(
4
c«
c«
c«
c«
C(
14
{4
(M4
c«
(4
(114
c(
c¢
o4
c«
c(

NOTWO= C(

NOLB=

c(

NOBTU= C(

)=
D=
3)=
4)=
S)=
4)m
Nm
8=
9=
10)=
1i)=
12)=
13)=
14)=
15)=
16)=
17)=
18)=
19)=
20)=
2=
22)=
23)=
24)=
2=
24)=
27)=

374.22
041
852.4%7
2842.99
0
61.1676
34.9147
3704.7
198.219
2133.39
48449.7
66.2821
3992.76
10.6693
7.773%4
170.334
45429.8
1.216
10.8237
412.44
211.12
234.166
90224.1
2.2339
3.42%4
3.4386
.7207

NEW KVB EQUATIONS

MKDG=
M=
MKWGs=
MIDO2=
M1 DXSDa=
MIDXSiim
SOCFMm=
SWCFM=
NOLBNUs=

149.422
23.0438
172.467
12.8991
61.7184
.3443
81352.2
90344.4
3.4442

11.4534

1%

s OO« DOOOO
o
- -

~N

- N -R-N-N-N-
~




NOX STUDY INPUTS

(1) coal H20
(2) CoAL C
(3) CoAL H
(4) COAL N
(%) coaL O
(8) COAL ASH
(7) COAL S
(8) FEED KFH20
(9 COAL BTUC
(100 FEED KFLOI EC(13)= .46
(12)KCOAL TPH UM(37)= 11.34
(1D KFEED TPH UWM(14)= 91,809
(14) SPRYW GPM UM(45)= 24
C(I1S)WT 1D 02/ WM(4) = 5.5
(14) 1D NO PPM UM(2) = 318
U2EXIT 02 /Z W(1= 1,3

E(
E¢
E(
EC
E¢
E¢
E(
E(
EC

H= .04

2= ,7309
3= ,0543
4= 0095
)= L1057
&)= ,0933
D= 0045
1= ,004
12)= 12437

NOX STUDY QUTPUTS

DCOAL=
AVAH=
OTWO=
NTWO=

ARGe=

HTWOO=

ASHC=

AlR=
HOUT=
COTWOm

T SCFMm

- EXOTWO=

TAIR=

LBLB=

EXAIRw
MOLEN=
ESCPM=
WOTWO=
100MOL=
0oUT=
DMOLE=
WMOLE=
EESCFM=

c(
c(
C(

€

c«
c(
(o] ¢
4
e«
(¢
[
c(
c(
£«
c(
c(
c(
(¢
C(
M4
c(
c(

cc

o4
114
(o4
e

)=
2=
)=
4)=
)=
é)=
D=
)=
9=
10)=
1i)=
12)=
)=
)=
1S)m
14)=
17)=
18)=

19)=

20)=
2=
22)s=
23)=
24)=
25)»
26)=
27 =

3

74,22
041

852,457

842.99

61.1298
34.9147

3
1

EQUATIONS

704.7
98.177
2144,7
48469.7
66.3962
3993.25
10.4709
7.7808
170.606
65734.6
1.2162
10.8392
413,251
211.469
234,512
90357.95
2.2372
3.4304
3.4079
7371

149.479
23.0437
172,722
12.9182
41,8097
81484.4
90498
3.613%

c-21

A

4
%
“
4
4

4
%4
4
«3305

- -N-N-N-N-N-N- N

1721
.0124
.0124
. 1721
«161
.« 161

- W0111

. 1447
. 1491
. 1654
. 1491
. 1491
1491
. 1491
.8429
« 1491

.1721
o ..
+ 1491
« 1491
. 1494
- 1491
« 1654
. 1491
~.8425

/
4
4
“4
/
“
“

KVB71~71901/2/R/GH Audit




NOX STUDY. INPUTS

(1) COAL H20
(2) coaL C
(3 COAL H
(4) COAL N
(S) coAL O
(4) COAL ASH
(? CoAL S
(8) FEED KFH20
(9 COAL BTUC
(10) FEED KFLOI E(13)= 1.6
(12) KCOAL TPH WM(37)= 11,34
(13 KFEED TPH WM(14)= 90,9
(14) SPRYW GPM WM(45)= 24,24
CISHWT ID 024 W(4) = 5.5
C(14) 1D NO PPM UM(2) = 318
UDHEXIT 02 4 WM(1P= 1.3

E(
E¢
E(
E<
E(
E¢
E(

D= .01

2= ,7309
= ,0543
4H= 0093
)= 1057
é)s ,0933
N= 0063

ECit)= ,004

E(¢

12)= 12437

NOX STUDY OUTPUTS

DCOAL=
AVAH=
OTWO=
NTWO=
ARG=
HTWOO=
ASHCa
Al R=
HOUT=
COTWO=
SCFMm
EXOTWO=
-TAIR=
LBLD=

EXAI R=

MOL El=

ESCFM=

WOTWO=

10QMOL=
00UTa

DMOLE=

WMOLE=

" EESCPMm

NO=
NOTWO=
NOLD=
NOBTU=

NEW KVB

MKDG=
M=
MKWO=
MIDO2=

(o]
v
o]
c(
]

€«

c(
C(
114
c(
c«
c(
(4
c(
14
]
14
c(
]
c(
c(
(¢
c(
1+ ¢
c(
4
c(C

)=
2=
D=
4)=
=
é)m
=
=
N=
10)=
i)m

74,22
041

852.4%7
2842.99

61.1298
34.9147

3
i

12)»

13)=
)=
15w
16)=
1=
18)=
19)=
20)=
2=
2=
23)w
24)=
25)=
28)=
27)=

EQUATIONS

MIDXSDAm

MIDX Sim
SDCFHm
SWCFM=

NOLBNU=

704.7
98.177
2133.39
48649.7
64.2021
3P92.74
10.4495
?7.77%4
170.332
65629
1.216
10,8325
412,924
211,162
234,327
90284
2.23%%
3.4277
3.46411
. 2343

149 .422
23. 1641
172.%684
12.908

é1.7408
+34446
81348.3
90426.4
3.6467

Cc=-22

0000000000000
~

1%

‘%
.0832
0699
.0204
0698
.0698
«0699
0698
+0698
.0498

.3227
0498
0498
.0498
0498
.0204
0490
.0498

4
7%
%

%
%
%
4

“
4
A
“
A
4
%
/4

KVB71-71901/2/R/GH Audit




NOX STUDY INPUTS

(1) COAL H20 E( 1= ,01

(2) CoAL € EC 2)= ,7305
(3) CoAL H EC 3)= ,0543
(4) CoAL N EC &= ,0095
(5) CoAL O EC S)= ,1057
(8) COAL ASH E( &)= ,0933
(7 CoAL S EC ?2>= ,0063
(8) FEED KFH20 E(11)= .004

(9) COAL BTUC E(12)= 12437
(10) FEED KFLOI E(13)= 1.4

C12)KCOAL TPH WM(37)= 1,34

(1) KFEED TPH WM(14)= 90.9
(14) SPRYW GPM WM(45)= 24
CIS)WT ID 02/ W(4) = 5.55501
(18 1D NO PPM UM(2) = 318
UDEXIT 02 Z WM(1)= 1,3

NOX STUDY OUTPUTS

DCOAL= C( 1)=
AVAHs C( 2)=
OTWO= CC 3=
NTWOw C( d)=
ARG= C(

HTWOO= C(
ASHC= C(

374.22
.041
852,457
2842.99
= 0
é)= 41,1298
= 34,9147
AlR= C( 8)= 3704.7
- HOUT= C( 9)= 198,177
- COTWO= CC 10)= 2133.39
= T CCFMm GG :Flde  48449.7
EXOTWO= C( 12)= 44.2021
TAIR= C( 13)= 3992.74
LBLB= C( 14)= 10.4499%
EXAIR= C( 15)= 7?7,77%4
MOLEW= C( 1é6)= 170.332
ESCFM= C( 17)m 435429
WOTWO= C( 18)= 1,216
IDOMOL= C( 19)= 10.9993
00UT= CC( 20)= 418.247
OMOLE= CC 21)= 211.941
WHMOLE= C( 22)= 235.00S5
EESCFM= C( 23)= 90547.S
NO= C( 24)= 22,2419
NOTWO= C( 2%)= 3,4377
NOLB= T¢ 24)= 23,4514
NOBTU= CC 27)= ,7384

NEW KVB

MKDO=
MiG
MKWGs
MIDQ2w
MIDXSDA=
MIDXSkie
SOCFMm
SWCFMe
NOLENU»

EQUATIONS .

149.422
23.0437
172.463
13.079
62.96
.349
81474.5
90489.7
3.4573

Cc-23

1 %4

/

4
1.6261 %
1.3649 %
L 4 3’89 ./.
3596 %
3596 %
3596 7
3596 Y
3096 Y
«3596 %

000000000000 DOOOOO
N

0 %

o %

[ )
1.3649 %
1.3649 7
1.3649
399 Y
3612 %
3612 %

KVB71-71901/2/R/GH Audit




NOX STUDY INPUTS

(1) COAL H20
(2) coaL C
(3) CoAL H
(4) COAL N
(3 CoAL O
(8) COAL ASH
(7 CoOAL S
(8) FEED KFH20
(9) COAL BTUC
(10)FEED KFLOl E(13)= 1.4
(12)KCOAL TPH UM(37)= 11,34
(1) KFEED TPH WM(14)= 90.9
(14) SPRYW GPM UM(43)= 24
(1SWT ID 02/ W(4) = 5.3
(14) 1D NO PPM UM(2) = 321.18
U EXIT 02 % WM(1)= 1.3

E( D= .01

E( 2= ,7305
EC 3)= ,0543
EC )= 0099
E¢ 9= ,1057
EC( &)= ,0933
EC )= ,00645
EC1D= ,004
E(12)= 12437

NOX STUDY OUTPUTS

DCOAL=
AVAH=
OTHO=
NTWQ=
ARGs
HTWOO=
ASHC=
AIRw
HOUT=
COTWO=
SCFMm
EXOTWO=
TAIR=
LBLB=

EXAIR=

MOLEN=

ESCFMm

WOTWO=

100MOL™

c(
c«
c¢
1]
c«
c¢
C«(
]
(14
c«
c(
c(
c¢
c(
c(
C(
4
C(
C(

oouT= C¢
DMOLE= C(

WMOLESs
EESCFMe

({4
c(

NO= C(
NOTWO= C(

NOLB~

(4

NOBTU= C(

{)=
2)=
)=
4)=
)=
é)m
N=
)=
M=
10)=
)=
12)=
1=
14)=
15)=
16)=
1=
1=
1=
20)=
2)=
22)=
23)=
24)=
29)=
28)=
27)=

374.22
.o‘l
832.457
2842.99
0
61.1298
34.9147
3704.7
198.177
2133.39
48449.7
64,2021
3992.74
10,8699
7.77%4
170.332
45429
1.216
10.823%5
412.4633
211.119
234.143
90223
2.2363
3.4596
3.46749
« 7433

NEW KVB EQUATIONS

MKDO=

MIO=
MIDO2=
MIDXSDA=
MIDXS=
SDCFM=
SUCFM=
NOLENU=

149.422
23.0437
172.445
12.899
61.7177
.3443
81351.9
?0343.3
3.4806

_—_00000000

s Y-X-2-1-2- L 2-E-X-F-F-X N -B-N-N-N-R-R-R-N-N_

“
%
4
7%
Z
7
“
/
/4




'NOX STUDY INPUTS

(1) CoAL K20
(2) CoaL C
(3) CoAL H
(4) COAL N
(S) coAL O
(4) COAL ASH
(7) COAL S
(8) FEED KFH20
(9) COAL BTUC
(10)FEED KFLOI EC13)= 1.6
(12)KCOAL TPH WM(37)= 11.34
(1D KFEED TPH WM(14)= 90,9
(14) SPRYW GPM UM(45)= 24
(ISHWT ID 02/ WM(4) = 5.5
(14) 1D NO PPM UM(2) = 318
U EXIT 02 7 W(1d= 1,313

E(¢
e«
E(
E(
E(
(X
E(
EC
EC

)= .01
2= ,7305
3= ,0543
4= 0095
9= ,1057
&= 0933
M= 0045
1= ,004
12)= 12437

NOX STUDY QUTPUTS

DCOAL=
AVAH=
OTWO=
NTWO=
ARG=
HTWOO=
ASHC=
AIR=
HOUT=
COTWO=
SCFMm
EXOTWO=
TAIR=
LBLE=

EXAIR=

MOLEW=

ESCFM=

WOTWO=

100MOL=
oQUT=

OMOLE=

WMOLE=

EESCFM=
NO=

NOTWOm
NOLB=

NOBTU=

NEW KvB

MKDG=
MG
MKIWNGs=
MIDO2=

c¢
c(
c(
c«
4
94
(o ¢
c¢
v
c(
c(
c(
c<
c(
c¢
4
c<
194
C(
(¢
c«
c(
C«
c(
c«
e«
(¢

)=
2)=
3=
4=
S)=
4=
7=
)=
=
10)=
)=
1)=
1=
14)=
15)=
14)=
17)=
18)=
19)=
20)=
2=
22)=
23)=
24)=
29)=
28)=
27)=

374,22

041

6852.4%57
2842.99

é1.1298
34,9147
3704.7

1

98.177
2133.39
4844%.7
64.9897
3995.83
10.4778
7.85%84
170.438
63649.7
1.2263
10.8014
412,634
211.119
234.163
90222.9
2.2339
3.4253
3.4385
|73‘

EQUATIONS

MIDXSDA=

M1 DX Sim
SDCFM=
SWCFM=

NOL BNU=

149.422
23.0437
172.465
12.899
é61.717?
+3443
81351.9
90363.3
3.4442

c-25

1%

A

4

1.0674 %
077
077 %4

1.0674

0621
1.0047
-,2047
-.0003
"‘00001
-.0001
'-0001
-.0001
-.0001
-.0001
'.000!

%4
%
“
/%
A
Z
/
/4
%

%

“
0421 %

Z

4

%
7
Z
r
A
r
%
7
4
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NOX STUDY INPUTS

(1) C0AL H20 E( {=
(2) coal. C E( 2)=
(3 COAL H E( 3)=
(4) COAL N E( 4=
(%) coaL O E( D)=
(&) COAL ASH E( §)=
(7 CoAL S EC D=
(8) FEED KFH20 E(11)=

(9

COAL BTUC E(12)=

(10) FEED KFLOI EC(13)=
(12)KCOAL TPH WM(37)=
(13)KFEED TPH UWM(14)=
(14) SPRYW GPM WM(43)s
CISXWT ID 02, WM(4) =
(186)ID NO PPM WM(2) =
UUAEXIT 02 % WM(13)=

NOX STUDY OUTPUTS

DCOALw
AVAH=
OTWO=
NTWOm

ARG=
HTWOO=
ASHC=
AlR=
HOUTs=
COTWOm=
SCFM=

EXOTWO= C(
TAlR= C(
LBLE= C(

EXAIR= C(
MOLEW= C(
ESCFM= C¢
WOTWO= C(

1D0MOL= C(

00UT= C(
DMOLE= C(
WMOLE= C(

EESCPM= €(

NO= C(
NOTWO= C{

NOLB= C(

NOBTU= C(

€«
c«
c«
(o]
c(
14
c(
c(
c«
(M4
c(

)=
2=
e
4=
5=
é)m
rel
=
N=
10)=
i)=
12)=
13)=
14)=
19)=
14)=
17)=
18)=
19)=
20)=
21)=
D=
2=
24)=
25=
26)=
2=

374.22

0414
840.974
2871.39

.73781
.05484
00959
« 10474
.09423
.00456
.00404
12561.4
1.616

11.4%534
?1.809

26.26

9.955501
321.18
1.313

61,7805
335.2627
3741,72
200.187

2173.%4
49156

67.8509
4034.%9
10.7867
7.8807

172.9599
66%02.9
1.2265
11.1136
423.468
214,643
237.939
91427.6
2.2926
3.9154

3.7343
« 7403

NEW KVB EGUATIONS

MKDGw
- MG
MG
MIDO2=
MIDXSDA=
MIDXShim
SOCFMm
SWCFMm
NOLBNU=

151,343
23.27%7
174,618
13,2383
63.341
.3534
82717.6
91821.8
3.7402

Sub G pub Guk Gui Gu fub Sub Pub Pul Pub Sut But Sud Pub dub
-
™~

| 4
9918 Y%
9992 4
9991 4
0 %
1.0644 7
9968 4
9992 “
1.0142 %
1.8823 %
9992 %
2.3668
1.0979 4
1.0978 %
1.3541 %
1.331 %
1.331 %
1.0222 %
2.60803 Y
2.63 7
1.6785 7
1.6124 7
1.6124 7
2.628% 7
2.6285 7
2.6328 7
164 Y

1.2836 %

. 1.0048 %

1.2484 %
2.6303 %
2.6303 %
2.6303 %
1.6787 %
1.6141 ¥
2.6343 %

o a A s



APPENDIX D

COAL AND KILN FEED ANALYSES
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Tatty Minarals Maraating, inc

@etty  Hepdery

| 215 East Man Sieer Prce. Uran 84501 « Telennone 831) €37 70e"

Mine Operasor:
Mime Ownor:

Type of Mina & Location:

Sean{(s) Minad:

Preparation Facilicies:

Resarves:s

Iopadings

Freliche Rate Districe:

Production, TPD:

Teowmcaoy 82427 2225 “wa v 'l a1 .a2'% .
Ueah Fucl Company

GCetty Mining Company/Coastal Stcates nnnx:?.-y Ce
Joine Vanture

Underground Drif=z, !celci Canyon, Utah ®
(S Miles W of Scofiald, Utah)

Uppar QO*'Connor, Lower Q'Connor "A" and =-3*
Crushing and Screening

Approx. 80 Million Tons Racovarable

Canveyer Directly from Mine to Truck m-deu'
feofield, utah

2,000 Tons Per Day

Cosl Sizer 2" = OF
®
Proximate Analysis, As Received: Ash Mineral Compoaizion, ¢ °V't.:
§ Moisture Total 10.0 Phos. Pentoxide P30sx .13
® Moisture Surface 5.0 Silica 8102 64.06
% Ash . 11.0 Ferric Oxida Fraz03 5.78 P
( voliatile Matter 39.%50 Alumina Alz04 13.63
- Pixed Carbdbon 41.5%0 Titania TiO2 0.74
Btuw/lb. 11,200 Lima CaO 1C.77
§ Sulfur 0.63 Magresia g 1.15%
Sulfur Trioxida =soj3 2.¢3
Ultimate Analysiss Dy Potassium Oxide K20 i1.2¢ ®
carbon : 61.00 s:tm Oul.d; Nao g.i:
Hydrogen 4.9% Urdatermine b
Nitcrogan 1.57 _ op modusing
Chlerine 0.02 MM&——‘ __e_:—i'——é-_
gulfur 0.65 z.0. 21€0 ®
Ash 12.0 Seftening (H=W) 2190
Oxygan (4Aiff.) 9.28 Softaning (H=w/2) 2220
Grindabilicy . 45=50 Filuia : 2260
m- r—— m—— — - =
Ulhmal ok —As RECENE om—_t e
c
H
N e
Sul dua -
Ash
Oy
40 D-2 RVB71-71901/2/R/CH Audic @



- T . ——— e —
.

R e S U W AN e |
COMMERTIAL TESTING & FRGINMEEMIRG CWJ. <,

GEntma, WS R TO'E EONJT™ RS HL AN Ayt SuUTE 210 0 LLMEBARMD . ‘LR ROTEAN e ey P Wb

-~y . o e T . eser e
n, A.‘" el " il (|LFaAR a‘.':r\‘ﬂéh:.:-.‘ (‘-\" - —,!— ,
2 tanercurowres. ke N SR AR T s

' Lhoddl Pt WLATRICANY "‘E.’".‘T‘ July 18, 1wmS
» O Bor 709

lvlpme, ticalhh 45926

Samplo iderntificaliicn
by Ucah Muael Co.

<ing o samp'e oAl May 19:55 *

tEROMIOT 10 us Sky] ine

tample taken at
Utah rusl O,

ample taken by

May 1988
Date sampted
6=-26=-85
. Oste roceives
Analysis report no,. 27~19174 Page 1L
FPROXINATE AnALYR'R WULTIMATE ANsuysiy [
- A e auctEe Tanlieaise SEnTE e A e, T
w% Moisture 9.4q EEXX K ® Moisture 9.6 23
2, Ash 5.12 9.01 % Carbon 65-:2' 7:
e, volatile 40 . 66 £5.10 %% Hydropen 4.76 <
% Fired Carpon __S1.38 45.89 % Nitrogen 1.27 ]
v TO5. 50 %% Chiorne 0.u2 ¢
% Sulfur 0.8l <
|a/in. 11607 2474 ) %% Asn 8.12 5
( % Bultur 0.82 0.6 % Ozygen (gith - _10.0% i
. TI68.5 o
Sintlure. ASN—Tooc Btu = 14149
SULFYN FONIeY : FUSION TENRLRATURE OF AS
A ozerved Cry Gas's Sezac -3 T
N Peritic Burrvur = WA SRTIE' D'errmas.en ZLHD EEX
- Tuiibve Fuer U L~ ARG At ST s v —
= Drganic Suitur "REER XRRX WONSHINEG (M ™ Wy =3en xxs
(D¢ Fiug 265> °F xxx
% Tota Suifur EXRE REKX ’
CADGEROVE GRINDARILITY INDEX = 46 - 3,97 % Moistule
D s s T SIEAEP R
s e Pdﬁe - ..m u 2 Vs o, S T W MG AL, 27 - s,
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o — - — e

) | ~Jeanersnr 2 /‘-/

COMINERCIAL TESTING & ENGINEERING CO.

GEmLMaL, e S YWD SO (Tt 10D AND Arr SwTE 2V B, MO EARMLY, Lt G RUTAP . Vv, BPA 3

_ : PLEALE ACCRINL AL A WmERr - 5050 C
‘:,!_5‘;.9:“ /,.}-\ 2248 CAAD N mad  ve o _".
o FEY DIVISION -, OFEICE TEL W21 @)
\ A-.‘_‘
UTAH FUSL oMirasdY Twe e May 23. 19a8%

P O Dos 71D
Helpee, Ucan 684126

Sampis idanuf.icat.on

by

Uean Fual Co. ¢
:a:::.t:p\:: Coal . Manthly Coremaite of April 19
wpla taken at Skylirm i:;g:
Sie aken py Utah Fuael Co. i::z;»
lamm sampled April 1985 o
e receved May 17, 1983 '
--.l. e . . . —_ — - .-

Anglys's eport no. 57=1BHE66 Page L

EROMXINVATL ANALYSIS LLTIMATE AMLLYS'S g

Az Received Ory Bnsis As Wecaivdy Dry @

% Mpoisture 8.67 t IT 1T %% Moisture . B.67 : =K x

% Ash 8.05 .70 % Caroon 66.04 72.

% Volatie 4D .09 44.5% % Hydrogen 5.00 S.

% Fixgg CGardon 41 .78 45.75 % Nitrogen 1.52 1.

i) . % Chiorine Q.04 o

. : % Sultur Q.72 e

. . @ruste. . RA79) 12%10 % Ash 8.5 o

( %% Sultyr Q.70 0.?77 " Oxygen (aitl) .17 1.

Im-w e,

tsturw. Ash=fron Ry = 2T EH!.Q L | T‘_VPE-ATUIF 9‘ AT~

TULELIm Eomeg

% Pytitic Bultur nEERE Ty *sritty il "Tralvorrrne oy LAy - -
% Swvilate Sullur ERES e Sonening (Mm=w) 2300 °F ll
% Crgan.c Suitur . mEwmE o Softening (M= Y2 W) 235 °® 246
(2itN) Fiug 2909 °F P
% Taiz! Quifur SEXX ERRX

DGADVE GRINDADILITY INDEX = S0.0 6t 3.32 % Moisture

LR Wi AP PRL VTNV S g g ano v v e S5 g A, S A ,
wlEERAS AN B2 - T ’_*'."“‘“\mm‘-a-’

WELLING INDEX = mumw e
jilndas - e, res BZ' Varondic ™
:xlm.“ . . L] ] o :

—— YR St amm o P—
40 SRMANEN LASOMATOMIGS STRATEGICALLY LOCATED 1M PRINGCIFAL COAL Min/AG AREAS.
TIOEWATIN AND GREAT LAKES PEATE, AND MIVER LOADING FaCiLITIES

[ - ®
| R——— R - e T e - -

- - . sm — — PR T

el v a—
[ = .. — T e
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Riverside Cement Company

GIFFORD-MILL

INTER-OFFICE CORRESPONDENCE

July 22, 1985

TO: G. Young
FROM: Ray Sisneros
SUBJECT:
& K

(&76&4(. en S-v-—)tﬁ-? .”jllm.)
Date Mound Loss
3/25 D 35.32
3/26 D 34.40
4/6 . D 35.79
477 D 35.14
4/8 D/E 35.62
</9 D/E 35,06
410 E 34,54
a4/ B 35.38
aNnz B 35.08
413 B 35.84
414 B 35.65
415 B 34.80
4/16 B 34,23
417 B 34.85
a9 B 33.9
4/29 c 35.24
5/4 C 35,30
5/5 c 35.39
5/6 c 35.40
5/7 c 35.45
5/8 c 34,78
5/9 c 35.82
5/10 ¢ 34.65
s/m c 35.63
sNnz C 36.22
5/13 C/E 35.03
5/14 E 36,33
5/15 E 35.62
5/16 E 35.70

D=5 KVB71-71901/2/R/GH Audit



Russ MacManan
July 22, 1985

Average = 34.92
Std. Dev. = 0.7564

ce: R.B, Rieser
R. McMann
RS:kk

Page 2
Date Mound Loss
SNn7 E 35.59
518 E 35.65
519 E 34.51
5/20 E 35.12
5/21 E/F 34.79
8722 E/F 34.87
5/23 F 35.50
5724 F 35.63
5725 F 34.66
5726 F 34.88
6/5 F 35.96
6/6 F 35.70
6/7 F 35.28
6/8 F 35.36
6/12 F 36.22
_6/13 F/A 36.63
6/14 F/A 33.20
6/16 A+ 34.02
6/17. A~ 33.81
6/18 A 34,76
6/19 AT 734,54
6/20 A 133,96
6/21 A 33.47
6/22 A 33.50
6/23 A/F 33.5%
6/24 A/F 34.00
6/25 F . 34,65
6/26 F 34.84
6/27 F 34,92
6/28 F 34.60
6/29 F- 34,93
177 33,85
7/8 34.14
N0 34.41
7 34.67
N2 34.08
ins3 H.N
14 34,24
mns 34.15
nes 34.15

NO MORE MINE LIMESTONE

AVERAGE LOSS 34.17

é_AfMS dﬂ(}l
STD DEVIATION .472 1 o shf+

21
49

L

Ray)Sisneros
Asst. Chief Chemist

TYVUR71 716001 /72 /B /700 AviAdd +



APPENDIX E

LEAR SIEGLER SM 810 NO, /SO, GAS ANALYZER
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ZERO AND SPAN CHECKLIST

LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER

DATE;'7- [71- 85 Time

?-',3 f_@”) NAME : ‘: Adgln.ég,?r‘:x

RANGE: 8Ox: O - 15800 ppm

NOx: O - 1500 ppm
OUTPUT SIGNAL: 4 - 20 ma

NOx SOx
LOOP NUMBER, 1A 118
DIGILINK CHANNEL: 102 103
DIGISTRIP CHANMNEL : 110 bt
S02 INTERNAL SPAN CELL VALUE
NO INTERNAL SPAN CELL VALUE
FRONT PANEL METER READINGS
TEST AS FOUND 8-285 L FTER  CALIBRATION
80z Zero &/ 1
NO Zero (2
S02 Span i ; &.
NO Span 200 .
MILLIAMP OUTPUT SIGNAL (4 = 20 ma)

TEET .AS FOUND ) AFTER CALIBRATION
502 Zero
NO Zero
802 Span
NO Span

E=3 KVB71-71901/2/R/GH Audit



Ll

ZERD AND SPAN CHECKLIST

LEAR SIEGLER SM-B810 NOx/SOx GAS ANALYZER

‘ . — - T — il TR — S
 DATE: S T TiME LT NAME: _ T W™ " 0

RANGE: SO0x: O - 1500 ppm
NOx: O - 1500 ppm

OUTPUT SIGNAL: 4 - 20 ma

| NOx sox
LOOP NUMBER: | 1A 1B
DIGILINK CHANNEL: 102 103

DIGISTRIP CHANNEL: 1o Yy

S02 INTERNAL SPAN CELL VALUE

NO INTERNAL SPAN CELL VALUE .
(: FRONT PANEL METER READINGS

TEST | AS FOUND AFTER CALIBRATION
-~ "::'3
< 8§02 Zero Q Q
il'3‘5""‘&'0 Z2ero < S

802 Span ' _8&_ | DESR

NO Span =10 - =1 .

MILLIAMP QUTPUT SIGNAL (4 = 20 ma)

TEST AS FOUND AFTER CALIBRATION
-
§02 Zero 40D 450
NO Zero 4.4 | 4, ...
802 Span 12..CA ' |2 2>
-\ ) - - f:
NO Span | A2 o2 = =..2
( ! / .- e e A
S b e s e e brber N

A ETt _31an1 /%2 /D74 AnAd e
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ZERO AND SPAN CHECKLIST

LEAR SIEGLFR SM-B810 NOx/E0x GAS ANALYZER

DATE: 2-.-.C- 71T  TiME 2T T

Prcwm vy WRCC 102
RANGE: SOx: O - 1500 ppm
NOx: O - 1500 ppm

OUTPUT SIGNAL: 4 - 20 ma
_ NOx sox
LOOP NUMBER; 1A s
DIGILINK CHANNEL: 102 103
DIGISTRIP CHANNEL: 110 Y
“\“iﬁiﬁnﬁ '
SO2 INTERNAL SPAN CELL VALUE ) =3 ‘ 1233 e 3 O08vie

NO INTERNAL SPAN CELL VALUE T \(= 12285 M 3.0bLVC
652

FRONT PANEL METER READINGS

TEST AS FOUND /2185 aptER caLIBRATION
802 Zero O pe 3

NO 2ero L~ =

SCz Spar | DR Cncl-ﬂ_i:__l)

NO Span S l(; ¢4t

MILLIAMP OUTPUT SIGNAL (4 = 20 ma)

TEST AS FOUND - AFTER CAL IBRATION
§02 2ero <l .o RIS |
NO Zero =30 =, 4%

502 Span 12 205 \Q’J/'Ci
NO Span V2 74 NPl

E-5 KVB71-71901/2/R/GH Audit



.‘d"

ZERO AND SPAN CHECKLIST
LEAR SIEGLER SM-810 NOx/SCx GAS ANALYZER
: ®
DATE: 7-R\-55" TIMe :__[ ! 27 NAME : _ 2 LT

EQu'2 W=gD
RANGE: SOx: O - 1500 ppm _ \ °
: Beck (vorern
NOx: O = 1500 ppm

RLC VO™
OUTPUT SIGNAL: 4 - 20 ma
| NOx sox °
LOOP NUMBER: L1A 118
DIGILINK CHANNEL: 102 103
DIGISTRIP CHANNEL: 1o L ¢
SO2 INTERNAL SPAN CELL VALUE
NO INTERNAL SPAN CELL VALUE '. ®
ERONT PANEL METER READINGS
) TEST - AS FOUND AETER CALIBRATION o
S02 Zero = : DD WNeT™ scruizd
NO Zero = ReEcrye & of
02 Span ' 3o | KUD TRET sv,oy, °
NO Span ' & ft 5
| -5 vbe
MILLIAMP OUTPUT SIGNAL (& = 3B ma)
TEST AS FOUND ~ AFTER CAL IBRATION ®
8§02 Zero L.oo§
NO Zero . 185 g—t’;j‘ff‘zuo
®
S0z Span | 3. 47
NO Span 3.59 - 3
o

| N RUR71=71001/2/R/CH Aundis



ZERQO AND SPAN CHECKLIST

LEAR SIEGLER SM-810 NCx/50x GAS ANALYZER

o pate: S-1-8S TIME :_= O NAME: () ="
) —_— -
RANGE: SOx: O - 1500 ppm LQui- Vs D
' - - ( 3 - -~

¢ NOx: O - 1500 ppm B Rec (09

OUTPUT SIGNAL. 4 - 20 ma
® NOx SOx

LOOP NUMBER; FIA 118

DIGILINK CHANNEL: 102 . 103
P DIGISTRIP CHANNEL: 110 Y

§02 INTERNAL SPAN CELL VALUE

NO INTERNAL SPAN CELL VALUE

®
FRONT PANEL METER READINGS
TEST | AS FOUND AFTER CALIBRATION
® | S02 Zero | 25
NO. Zero O+
s02 Span 280
® NO Span _6‘40
UsiT T - & VSC
MAMP OUTPYT SIGNAL &8 - 20 me)
° 1EST | AS FOUND AFTER CALIBRATION
802 Zero lowd
NO Zero _oax
° SOz Span 3.24
NO Span | 3.37 -
® 1

E-7 KVB71-71901/2/R/GH Audit



DATE: 5/2/85'

ZERO AND SPAN CHECKLIST

RANGE: SOx:

NOx :

OUTPUT S 1GNAL:

LOOP NUMBER:;

" DIGILINK CHANNEL :

LEAR SIEGLER SM-810 NOx/S0x GAS ANALYZER

TIME :_09¢D NAME : _Jerry Youn?
Ton Benswn from KNR
Q - 1500 ppm
0 - 1500 ppm
4 - 20 ma
NOx SOx

1A (Y-

102 103

110 11

DIGISTRIP CHANNEL:

S02 INTERNAL SPAN CELL VALUE

NO INTERNAL SPAN CELL VALUE

TEST
S02 Zero
NO 2Zero
802 Span

NO Span

TEST
802 Zero
NO Zero
802 Span

NO Span

FRONT PANEL METER READINGS
AS FOUND AFTER CALIBRATION

0 -

4 -

MILL | AMP

313[%!. -

642{532 -
UT"EIGNAL (4 =720 ma¥

AS FOUND AFTER CALIBRATION

- —

E-8 KVB71-71901/2/R/GH Audit



APPENDIX F

FULL CALIBRATION WORKSHEETS
LEAR SIEGLER SM 810 NOx/502 GAS ANALYZER

i
¢
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‘T/C S.hda}b(‘ RCC o3 D@"‘\‘Lu ®
Mallinder  Ree 04 Fluko
| ®
FULL CAL IBRATION WORKSHEETH |
LEAR SIEGLER SM-810 NOx/S0Ox GAS ANALYZER
Jer Youn
START .
DATE: 1_’25)35 TIME:___§:40AM NAME : _Cherle Floyd g
' ST TIME 1045 AM Wagne, '
RESTART Time- 118 PM _ PM/FOﬂ
Afau | 85 Nox  Audd Toam. Rgonsen, Adem Frohe's K\IZ
RANGE 0O - 1500 ppm 0 - 1500 ppm ¢
OUTPUT SIGNAL 4 - 20 ma 4 = 20 ma
LOOP NUMBER I 1A e
DIGILINK CHANNEL 102 103 o
DIGISTRIF CHANNEL () (NN
l. Nas the UV lamp replaced prior to beginning the fuil ®
calibration:
Yes No /
: o
2. Adjust R-5 to get 3.25 - 3.59 vdc at TP-10 on the
transceiver:
*valye of TP-10 before calibration:__331
®
xx\Vaiye at TP-10 aftler calibration:__33
3. Set the scanner frequency at 26 - 28 milliseconds when
viewed on an oscilloscope connected to TP-3 at the
Cnmx'v{l'y P ' o
'-"~mw“ +o transceiver. Adjust ‘the scanner frequency with R-2,
. r(ad Aceu-fkkl'j
xScanner frequency at TP-3 before calibration:_22-24
txScanner frequency at TP-3 after calibration: -30 o
4, Connect an oscilloscope to TP-5 at the transceiver, and
®

F=-2 KVB71-71901/2/R/GH Audit



check for a symetrical S02 half waveform. Adjust R-3, as
coarse adjusiment, to get the best symetrical, half wave

signal possible then adjust R-2 to bring both halves of the

waveform o gréund.
® *Was the waveform symetrical before calibration? (YEE) NO

xxNag the waveform symetrical after calibration? (:::) NO

® 5. Connect the oscilloscope to TP-6 at the transceiver  and
observe the scanner drive signal. This signal should be 2

0.35 - 0.85 volt triangular waveform with slightly rounded
_ f ‘ . " 1 N
e - peaks. Span sf'"k\‘ Skﬂfj be '"\“w' up PS'L'T
a (Hhere 15 alsa an wderm Spmn (n ¥he ona ‘I'kf)

*WNas the shape of the wavetform proper: Ci:) NO

xxRecord the observed voltage of the waveform: .G

NO gpn Ml S4bppm

¢ SDZ spon all 649 ppm
6. Connect the oscilloscope to TP-5, at the transceiver, and
check for a symetrical NO half waveform. Adjust R-88 to
® achieve a symetrical half wave signal.
*Nas the waveform symetrical Before calibration:
YES o>
® *x*Record the voltage of this sighal::j;

7. Connect the oscilloscope to TP=?, at the transceiver and
® observe the scanﬁer feedback signal. This signal should be
-8 to -6 volts which does not go above ground.

*Are there any irregularities in this signal: YES (::)
® *xRecord the voltage of this signrai: -6
B. Connect the oécilloscope to TP=-12 at the .transceiver to
check the scanner level detect signal. This signal should
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ol *‘hmua\

be -50 (0 50 mvdc and may be adjusted with R-4,

*voltage of signal before calibration:_=50 40 50

*xyoltage of signal after caiibration:_=80 +o Bo

Output drive signal adjustment.

With the 2ero mirror in and the front panel selector switch

'in the INPUT position:

*Does the front panel meter read approximately zero:
NO

Compute the expected voltage with a high 802 span cetl
inserted with the following eguation:
G

Expected Vol tage = (Sgan-czll value)(7)
750 _

The voltage may also be checked at TP—~-5 at the transceiver,
Use R-15 to adjust the voltage.

xsExpected voitage at TP-5:__6. Db

xx2yoltage at TP-5 before calibration:__ 3

xxxxyo|ltage at TP-5 after calibra_lion:_S.";( tould uol—aq_,u‘s.l- voN-qup

| 4,2(9 Reshart Friday mornu'\g at 0900 hours, vnu-l-s_‘, rechecled) ~6.05 wolds

10.

Temperature Compensation Calibration.
Check Lthe voltage at TP=-4 on the Integrator, Sample, and

Hold board. it should read zero volits and can be adjusted

with R-4,

*Voltage at TP-4 before calibration: Egrwﬂwous

xxvoltage at TP-4 after calibration:_0.3wlle (ﬂu.ddg)

Check the volléi at TP-16 at the transceiver. Use the

foliowing equation to calculiate the expected voltage:

£ro
Expected volitls =/(Actual Temperature) 1.0 volts
(800) _
S@ndah‘*
h

Sf%na( wi
@ Vg F-4 KVB71-71901/2/R/GH Audit



Ml liamps sheuld b wsed covther dhin v:“—aqo o the, conded unit
con(Y ON ammeder 10 series wih <he, ou}pu‘ sianal

* This voltage can be adjusted with H?72 at the transceiver,
a.d_;uw"s Adjust ad O ot it W 4] % '59)

* 4
mode 0t e =g pected voltage at TP-16: L28 (125 ﬂ'\‘-]

“4ronseLiver A1 1er2)
but woleqe **93‘-”‘:'?55) at@-‘rP—ls before calibration:_|.0l C‘lima)

. dnkn, (Milemp)  (F2ec 2
r\’-MMa-S ***Voulagz at TP-16 after calibration: L25 (\'Z.Srm.)
ab tenbvol wid we et reod-Ag 3BT
' ad the muker in he bl Foom
12. Connect a voltmeter to TP-4 on the Integrator, Sample, and
Hold board. Use the following equation to calculatle 1the

expected voltage:

500
Expected volts = (Actual Temperature) XTU".'Q-v-O-Hs
(800) 20 mikiampls

This voltage may be adjusted with R-5,

*gxpected voltage at TP-4: (25

xxyoltage at TP-4 before calibration:498 q4s

xxxyo|ltage at TP-4 after calibralion:j/o(cyl"ﬁpd) 6,;25

13. Connect a voltmeter to TP-2 on the Temperature Compensatlion
board. The average voltage over several SO2 sample periods

shouid be 0.0 volilts, This voitage may be adjusted with R-
Redo 2l 1320 ko
30.

xvoltage at TP-2 before calibration:_0UD

x*yoltage at TP-2 after calibration: 0.0V (O.mz )

4. During an NO samp'!e period, adjust R-32 for 0.0 volts at TP-

2, also.

xvoltage at TP-2 before calibration: 0,30
— _red

=x\/o|tage at TP-2 after calibration: Q (0eg )

I1§. Connect a voltmeter to TP-4 on the integrator, Sample and

s;mu\:é'sl-iold board and adjust R-4 to get(0.98375 volts:)
45 xvollage at TP-4 after adjusting R-4: 043715 (.9335
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20.

21,

22.

Conneclt a volimeter to TP-2 on the Temperature Compensation
board. The voltage should be 1.0 volts and may be adjusted
with R-29 on the Temperature Compensation board.

*voltage at TP-2 before calibration:_ 10358

x*\ypltlage at TP-2 after calibration: 10134'(501)
10138 (No)

Adjust R-4 on the Temperature Compensation board 8o there is

no echange in the voltage at TP-2 with the switch 8-2 in the

"

up™ or "down" position.

Adjust R~4 on the Integrator, Sample, and Hold board to get
10.0 volils at TP-4,

*voltage at TP-4 after adjusting R-4: 100006

Connect a voltmeter to TP-2 on the Temperature Compensation
(3 1A344)
board. The voitage should be 3.65 volts and may be adjusted
S2 sunlch douin

with R-2 on the Temperature Compensation board.

xvoltlage at TP-2 before calibration: 30

xxyoitage at TP-2 after calibration: 2708

Connect a voitmeter to TP~-4 on the Integrator, Sampie, and

Hold board and adjust R=4 to get 0.9375 volts,.

xvoltage at TP-4 after adjusting R-4: 9392

Connect a volimeter to TP-3 on the Integrator, Sample, and
Hold board and recosf the voltage during an S02 sample

(Jgro suﬂtk o
period with switch 8-2 in the *up™ position.

xvoltage at TP-3: ) Lo-/¢93 (/e82 )

Place s8wilch S-2 in the down position and record the
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volitage. Use (he following equation to calculate the

expected vollage:

1643
Expected voltage = (Vollage at TP-3, from #2) above)X!1.075

Use R-64 on the Integrator, Sample, and Hold board to adjus!t

this voltage. ' SO2 mu”‘ip'u.r'
*Expected voltage al TP-3: Lﬂqq ;s;ﬁ.;J
xsypoltage at 1P-3 before calibration: 1315 (365'7(2.:;4)

xxx\/oltage at TP-3 after calibration: |.R185

3. The full calibrat ibn _‘fss compieted a I425kw;,'-|’2!.'8§'

R.a*u.rﬂ {nsJ-rumm" J‘O ServiCe) _
. Tcrnpzm.l'ufb inpﬂ wire disommeckd at P4
' Reuire JUWunJUNU cgmrmsmkAn beord
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Redo sﬁridg, ad .s-ép G

FULL CALIBRATION WORKSHEETF

LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER

Teery Youn
START o Moaglt'
DATE: 4’30’85 TIME:_0F00 NAMES _Charhe Ployd
Woyne,
Paul Fig ¢
Aud{ Bam; Ron Bersin ok KVR
NOx s02
RANGE 0 -~ 1500 ppm O ~ 1500 ppm
OUTPUT SI1GNAL 4 -~ 20 ma 4 - 20 ma
LOOP NUMBER 1A 118
DIGIL INK CHANNEL 102 103
DIGISTRIP CHANNEL 1o L1l

. Was the UV lamp replaced prior to beginning the full

calibration:

Yes No

2. Adjust B-5 to get 3.25 - 3.59 vde at TP-10 on the
iransceiver:

*\Value of TP~10 before calibration:

*xvValue at TP-10 afler calibration:

3. Set the scanner frequency at 26 - 28 milliseconds when
viewed on an oscilloscope connected to TP-3 at the
transceiver. Adjust the scanner frequency with R-2.

*Scanner frequency at TP=-3 before calibration:

*xScanner frequency at TP-3 after calibration:

4, Connect an oscilloscope to TP=5 at the transceiver, and

F-8 KVB71-71901/2/R/GH'Audit



check for a symetrical S02 half waveform, Adjust R-3, as
coarse adjustment, to get the best symetrical, half wave
signal possible then adjust R-2 lo bring both haltves of the
waveform to ground.
*Nas the waveform symetrical before calibration? YES NO

xtpjas the waveform symetrical after calibration? YES NO

Connect the oscilloscope to TP-6 at the transceiver and
observe the‘scanner drive signal. This signal! should be a
0.35 - 0.85 volt triangular waveform with slightly rounded
peaks.

*WNas the shape of the waveform proper: YES NO

zxRecord the observed voltage of the waveform:

Connect the oscilloscope to TP-5, at the transceiver, and
checkh for a symetrical NO half waveform. Adjust R-8B8 o
achieve a symetrical half wave signal.

tWas .the waveform symetrical before calibration:
' YES NO

xxRecord the voltage of this signal:

Connect the oscilloscope to TP~7, at the transceive( and
observe the scanner feedback signal. This signal should be
-8 to -6 volts which does not go above ground.

*Are there any irregularities in this signal: YES NO

zzRecord the voltage of this signal:

Connect the oscilloscope to TP-12 at the transceiver to

check the scanner ievel delect signal. This signal should

F-9 KVB71-71901/2/R/GH Audit



be -50 to 50 mvde¢ and may be adjusted with R=4,

*voltage of signal before calibration:

*xvoltage of signal after calibralion:

Output drive signal adjustment.
With the zero mirror in and the front panel selector switch
in the INPUT position:

*Does the front panel meter read approximately zero:
YES NO

Compute the expected vol(age with a high 802 span cell

inserted with the folilowing equaiion:

04
Expected Vol tage = (Span cell value)(?7)

750
The voltage may also be checked at TP-5 at the transceiver.
Use R-15 to adjust the voltage.

xxgxpected voltage at TP-5:_ 604

xxxyoltage at TP-5 before calibration: 5./

*xx2\Vo|tage at TP-5 after calibration: §£.05-6/5

Temperature Compensation Calibration.

Check the voltage at TP—4 on the Integrator., Sample. and
Hold board. It should read zero volts and can be adjusted
with R=-4.

*voltage at TP-4 before calibration:

**Voitage at TP-4 after calibration:,

Check the voltae at TP-16 at the transceiver, Use the

following equation lo calculate the expected voltage:

Expected voits = (Actual Temperature) 1.0 volts
(800)

Qd_)u's-l' ?' 5 O}Jmsa.‘“" Yo receive propy Vo“-u'L A T8
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=xxyo|{age at TP—16 afler calibration:

This voltltage can bé adjusted with R-72 al the transceiver.

sExpected vollage at TP-I6:

xxyoltage at TP-16 before calibration:

Connect a voltmeter to TP-4 on the Integrator, Sample, and
Hold board. Use the following equation to calculate the
expected voltage:

Expected voits = (Actual Temperature) 10.0 volts
(800)

This voltage may be adjusted with R-5,

*Expected voltage at TP-4: .5

**xyoltage at TP—4 before calibration: 64

xxxyvoltage at TP-4 after calibration:_65.

Connect a voltmeter to TP-2 on lhe Temperature Compensation

board. The average voltage over several S0O2 sampie periods
shouid be 0.0 volts. This voltage may be adjusted with R-
30.
*Voltage at TP-2 before calibration: 0.02 mmSL\,_sc_cLLz sl
: “4-15pem 4 §
xx\Voltage at TP=2 afler calibration: 0 /*'7 e
P

During an NO sample period. adjust R=-32 for 0.0 volts at TP-

!
2, also. zcmuNO,S“*L' o4
x*voltage at TP~2 before calibration: O 0-15%ppm 1S
xxVoltage at TP-2 afler calibration:__j? /quﬂ

Connect a voltmeter to TP-4 on the integrator, Sample and

onafnqua.‘-nrbd‘d
Hold board and adjust R-4 to get 0.9375 volts: ?ac‘\tt“(a

xvollage at TP-4 after adjusting R-4: 0345

F-11 KVB71-71901/2/R/GH Audit



16. Connect a volimeler 1o TP-Z2 on the Temperature Compensation
board. The voltage should be 1.0 volts and may be adjusted
i with R-28 on the Temperature Compensation board.

1#5 ¥

xvo ! TP~ ali ion: 10
4(,3 oltage at 2 before calibration :

xxyollage at TP-2 aftler calibration: l.cpo] (use PM‘_k cabbrater o
' put 1n 1 vk )

17. Adjust R=-4 on the Temperature Compensation board so there is

no change in the voltage at TP-2 with the switch 8-2 in the
or “down" position.

I8. Adjust R-4 on the iIntegrator, Sample. and Hold board to get

10.0 volts at TP=-4, CS‘J%J‘M

*Voltage at TP-4 after adjusting H—A:_IO-O

19. Connect a voltmeter Lo TP-2 on the Temperature Compensation

board. The voltage should be 3.65 volts and may be adjusted

with R=-2 on the Temperature Compensatio‘ta’?oard. { |L,_\u|._

10
*Voltage at TP-2 before calibration:_434

xxyoitage at TP-2 after calibration: 4»2(nngg-£mﬁ) 2.5

4.05 Seondhm.

TSHB

20. Connect C volkimeier to TP=4 on the Integrator, Sample, and
rd'and adjust R-4 to get 0.9375 volls.

Hoid boa

*Voltage at TP-4 after adjusting R-4:_,433§

2i. Connect a voltimeter (o TP-3 on the Integrator, Samplie, and
Hoid board and record the voltage during an S02 sample

period with switch 8=-2 in the "up" position.

*vVoltage at TP-3: .30 switthfu posil""a
19% Swikth(deun poshy)

22. Place switch 8-2 in lhe.down position and record the
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voltage. Use the following

expected voltage:

3151
Expected voltage = (Voltage at TP=-3_

equation {0 calculate the

from #21 above) 1.075

Use R-64 on the Integrator, Samplie. and Hold board to adjust

this voltage.

*Expected voltage al TP-3: .94

txyo|tage at TP-3 before calibration: 1932

xx%\/o|tage at TP-3 after calibration:

3 The full calibration is completed

F-13
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T skt Recios C Bt
WL‘UH‘HHC*C? RC'(-/OL{ F-/{‘i‘/\(e_l
MUH“MQ‘{\CZF“ Q&C/O - . B&k""@uu

FULL CALIBRATION WORKEHEETF

LEAR SIEGLER SM=810 NOx/SOx GAS ANALYZER

I.DATE:7‘°Z?AL" €5 TIME: chuo nave: (., F'LOYD

NOX s02
RANGE O - 1500 ppm . O - 1500 ppm
OUTPUT S1GNAL ' a - 20ma’ 4 - 20 ma
LOOP NUMBER | 1A 1B
DIGILINK CHANNEL 102 103
DIGISTRIP CHANNEL 110 Y

G

Was the UV lamp replaced prior to beginning the full

calibration:

Yes . No _ b//’

Adjust R-5 to get 3.25 - 3.5¢ vdc at TP=10 on the

transceiver:

xvaiue of TP-10 before calibration: 3.3\
xxyvalye at TP-10 after calibration: .?03 )
Set the scanner frequency at-26 - 28 milliseconds when
viewed cn Aan oscilloscope connected to TP~-3 at the

transceiver. Adjust the scanner frequency with R-2.

xScanner frequency at TP-3 before calibration: jL;?

x2Scanner frequency at TP-3 after caltibration: Rr?

Connect an oscillioscope to TP-5 at the transceiver, K and

F-14 KVB71-71901/2/R/GH Audit
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LI}

check for & symetrical €02 hal{ waveform, Ad;ust R-
coarse adjustiment, to gel the best symetrical, halt wave

signal possible then adjust R=-2 to bring both haives o1 the

wavetorm lo ground.

*Nas the wavetorm symetrical betrore calibration? <::;> NO

=zNas the wavetorm gsymetrical atter calibration? ‘YES’ NO

connect the oscilloscope toO P-6 at tne transceiver and

observe the scanner drive signal. 1nis signa! should be a
0.35 - 0.85 volt triangular wavetorm with stightiy rounded
peaks.

xNas the shape of the waveform proper: YES NO

sxRecord the observed voltage of the waveform: -é?

Connect the oscilloscope 1O TIP-5. at the transceiver, and
check for a symetrical NO half waveform. Adjust FR-BE 10

achieve a symetrical half wave signal .

'y " NO
A TN +he wWr r a_-e’er If? 0

\d
t*Record the voltage of this signal:2¢

*was the waveform symetrical before cali ;j;ion:

Connect the oscilloscope tO TP-7. at the transceiver and
observe the scanner feedback signal. This signail shouid be
-8 to -8 volitls which does not go above ground.

xare there any lrregularities in this signal: YES NO

ssxpecord the: voltage of this signal. -:IQL_

Connect the osciiloscope to TP-12 at the transceiver 10

-

check the scanner ievel detect signal. This signal should
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be -50 to 50 mvdc ang may be adjusted with R-4,

*voitage of signal betore calibration:_—2& *~"1 > ..

-

L T Y

*xyoitage ot signal after calibrationi~_

Output drive signal adjustment,

With the zero mirror in and the front panel selector switch

in the INPUT position.

*Does the front panel meter read appr’tely zero:
NO

Compute the expecled voltage with a high 802 span ceil

-

inserted with the tollowing equation: RS,
_,.-"‘:"":--W_-"
Expecied Vol tage = (Span gcel! vatlue)(7) ) UQZCD
605 /50
13

The voltage may aiso be checked at TP-5 at the transceiver,
Use R-I15 1o adjust the voltage.

_—"
xxExpected voltage at TP-5: /J',D’_’)

xxxyoltage at TF-5 before calibration: 2

****Voltage at TP-5 after calnbratnonfh’tx:rf;%-—'r :D

Temperature Compensation Calibration.

Check the voltage at TP—-4 on the Integrator, E&Sample., and

Hoid board. It should read zero volts and can be adjusted
with R-4.
- . ) J
*Vol tage at TP-4 before calibration: I(Z MY/
xxvoltage at TP-4 afler calibration: .'7 myY
Chech the voltae at TP-16 at the transceiver. Use the

following equation to calculate the expecled voltage:

Expected voltls = (Actual! Temperature) 1.0 volls
(800) -

F-16 KVB71-71901/2/R/GH Audit



- N

MmA
This ve+twge can be adjusted with R-72 al the transceiver.

f J
*Expectc_ﬂ_.xeiiﬁg'e at ‘T'P-'Q'%i" \'67-2; /‘\—4 /,T" g‘DOC__

m 3 2l
**VDllggefat IP-+6 before calibration:

usva:_ﬂa_ge atMaHer calibration: %/2 94“5]

Connect a voltimeter to TF-4 on the Integrator, Sample, and

Hotd board. Use the following equation to calculate the

expected voltage:

Expected volls = (Actual Temperature) 10.0 volts
(800)

This voltage may be adjusted with R-5.

_ *Expected voltage at TP-4: h;_—_?.é Cv 2"9

*ryyitage at TP-4 before calibration: W &% 7- L{g/

xxxyo|tage at TP-4 after calibration: :nzu: E > o? Pg%

. LS

Connect a voltmeter to TP-2 on the Temperature Compensation
board. The average voltage over several 802 sample periods

shou!'d be 0.0 volts. This voitage may be adjusted with R-

30.
xyoltage at TP-2 before calibration: aCjZ
s2yoltage at TP~2 after calibration: .02

During an NO sample period, adjust R-32 for 0.0 voltls at TP-

2, also. -
xvoltage at TP-2 before calibration: .75&_
*xyoltage at TP-2 afler calibration: g(j

Connect & voltimeter to TP-4 on the Integrator. Sample and

Hold board and adjust R- 4 to get 0.9375 volts:

*yoltage at TP-4 after adjusting R-4: T @ & 0139

F-17 KVB71-71901/2/R/GH Audit
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Connect a voltmeter to TP-2 on the Temperature

Compensatlion

board. The voltage should be 1.0 volts and may be acjusted

with 2.90 nn the Temperature Compensation board.




APPENDIX G

DYNAMIC CALIBRATION OF
LEAR SIEGLER SM 810 NO, /SO, ANALYZER
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S pan g;cxﬁg <

1019 g NO, bal Ny,
52 ppm SOz,éa./ A/Z.

ju‘y Zq'*, l_@_&_
Time: 1515 hours
Eijlggm
616-650
¢70
414
(52
93
690

-

— g

Time: 1420 hours
ESQZ], pem

18 (7]
75-2¢
13 (?)
2%

DYNAMIC CALIeRATON oF

K
3-24-25
Kvi3 71981-2

LEAR SIEGLER SM 810 A [Sb, fnalyzer

NES Wauaéxhw J__.... %
Cerdilied

ND rr.,..mie.(!:bglmﬂ
7.0

I
2.0
2.5
30
35
40

SOE Flmmlcf Ic'v/trimh)

INAA
/40
/.0
.3

J‘J, 30*, 1935 (Redo +he Tuly 29%, 1995 st sinee LS Akrperature. sinssr

woes -.rpfomﬁm.kly IOO dea F 4o low

[NO], ppm  NO Flewrale (fikes/mauk)
950 2.0
947 2.5
970 2.3

Adust R2 4o give 1010ppn NOF 5 pm |

G-2
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July 30% 1495 (Condniued)

[501-._,. ppm . _S’_Oa__Flnumulb (lv'kf{/mmuk)

a4 23
39 2.5

40 25

—J-uJy 3|.s+‘ 1985’4

[Nod, ppm MO Flowrabe (likrsfman)
1632 ” |

£50,1,ppm | S0, Fhurak. (L'Jersﬁ,)___
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APPENDIX H

LABORATORY REPORT ON GAS ANALYSIS
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Elatheson

£800 Utica Avenue
Cucamonga, Calif>rma 91730
Phone: (714) 987-4611 .

COMPONENT

CARBON DIOXIDE
OXYGEN

HYDROGEN

CARBON MONOXIDE
NITROGEN

ARGON

AIR

METHANE

HELIUM

COMPONENT

CARBON DIOXIDE
OXYGEN

HYDROGEN

CARBON MONOXIDE
NITROGEN

ARGON

AIR

METHANE

HELIUM

Cyl. N°--‘-—l$ u"?“‘o
Requested ctua

Cyl. No.'7S 257
Requested _’LET:U%'

X ®
LABORATORY REPORT ON GAS ANALYSIS
(" Rsne Comamn € DATE 7 — 5~ 7
Rromasd?  Co OUR INVOICE NO.rz_¢s acr'.
YOUR P.0. NO. RD 233220
LOT NO. 1c72-4u FS'ucf £s
GENTLEMEN: o

Below are the results of the analysis you requested, as reported by our laboratory.
Results are in volume percent, unless otherwise indicated.

Cyl. No. fmo;sc?
Requested ctua

9- s] Q . Q Cl"- ’
Rz e
LI ."I A{-
SOﬁM' Saﬁ”’\ P.—"a;:"..’ e d SN N 7--:-.*
€50 TELR S '\ R A RV T A T
- I B A LT SRS 1006 OfPm~ ,olqﬁ”
Cyl. No. Cyl. No. Cyl. No.
Reguested Actual Requested Actual

Y

. ’ ' 9 .
ANALYST Nt (A
H i

Requested Actua®

w

The only liability of this company for gas which fails to comply with the analysis shal
be replacement thereof by the Companv without extra cost.



o

e

~as Mixture Specifications

e
Preparation Certification
P Range Tolerance Accuracy
oty 5% to 50% + 1% of Comnponent +0.02% absolute
sard 1% to 5% + 2% of Cormponent or 1% of the component
500 ppm-1% % 2% of Component whichever is smaller=*
10 ppm - 499 ppm + 5% of Component + 4% of Component
aufed 10% to 50% + 5% of Component* 2% of Component
. $0 ppm to 10% 4 10% of Component* 2% of Component
10 ppm to 50 ppm © £20% of Component* 5% of Component
3 ppm to 10 ppm + 2ppm 5% of Component
.wamalyzed This group of mixtures is expected to have essentially the same preparation tolerance as the
bt Cenified Standard, but caanot be guaranteed as such because these mixtures are not checked by
analysis.

ang ralwes prosented may vary for components that tend to be unstabls or present other blynding problems. Our technical personnel will be plsased to comment oo
e particular requirements. Certification sccuracy for smaller size cylinders and/or muiti<omponent miztures may vary.

- sgrwracies for Hydrogen and Helium components may vary from those stated due o their low molecular weight.

a——

Tighter Preparation Tolerances Special Accuracy Mixtures

sisthawons is aware of certain special applications that do not require When a lack of suitable standards exists ur a standard proves impracg-
. aw estremely close tolerances of Primary Standards, but do require tical. Matheson will prepare a gas or liquid phaze mixture gravimet-
! wwperation tolerances exceeding those of Certified Standards. In the tically on one of its many precision balances. These mixtures will not
yxres control industry, for example, consistent minor component be given the Matheson Primary Standard label bui ihiey are expected to
~xentrations are st least as important as the accuracy of the certificas- be of the highest accuracy possible. If you have an unusual requirement
«re With these thoughts in mind Matheson has developed a dynamic contact your local Matheson plant.
swrading system that delivers mixtures with tighter preparation toler-
w ¢ thar: thoss listed for Certified Standards at economical prices. This
wvem is available at selected Matheson plants and it is suggested that
v= contact your nsarest Matheson location prior to placement of an
2

MATHESON GAS DATA BOOX —
SIXTH EDITION
Anyone who handles compressed gases —
in the laboratory, in the plant, or anywhere

— will benefit irom this book.
See page 207 for details.
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APPENDIX 1

ZERO AND SPAN CHECKLIST

LEAR SIEGLER CM=-50 OXYGEN ANALYZER AND
BAILEY OXYGEN ANALYZER
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ZERO AND SPAN CHECKL IST

LEAR SIEGLER CM-50 OXYGEN ANALYZER

pate: 1-17-RS  Time: 93 E Pp1 nave: € zouﬂfﬂeﬂ‘ﬁ v
.

4

RANGE: O - 25 percent oxygen

QUIPUI SIGNAL: 4 = 20 ma.

LOOUP NUMBER : bie
DIGILINK CHANNEL: 1104
DIGISTKHIP CHANNEL: 112
FHON! PANEL METER READING
TEST AS FOUND AFTER CALIBRATICN
'OXYGEN ZERO _.90 7%

OXYGEN SPAN R0 .5 Z,

MILLIAMP OUTPUT SIGNAL (4 = 20 ma)
TEST AS FOUND AFTER CALIBRATION

OXYGEN ZERO

OXYGEN SPAN
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ZERO AND SPAN CHECKLIST

LEAR SIEGLER CM-50 OXYGEN ANALYZER

T

- -:-:-:"f‘ -t -=-‘ﬁ \ R by
DATE: 0 e = %08  TIME: (.. Q2 NAME: 5\ D10

® 'RANGE: O - 25 percent oxygen
OUTPUI SIGNAL: 4 = 20 ma.
LOOF NUMBEH: 11C
A DIGILINK CHANNEL . 104
DIGISTHIP CHANNEL: 112
o -
l-( FRONT PANEL METER REALING
TEST AS FOUND AFTER CAL IBRATION
® OXYGEN ZERO a2
OXYGEN SPAN 3%
° MILLIAMP OUTPUT SIGNAL (4 - 20 ma)
TEST AS FOUND . AFTER CALIBRATION
OXYGEN ZERO L . .
o _ '
OXYGEN SPAN | 2.'3‘7
LR N D
O 1T
@
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.

" CALCULATION OF EXPECTED MILLIAMP OUTPUT: 2D\

ZERO AND SPAN CAL IBRATION

BAILEY OXYGEN ANALYZER =t o

— i T D S ~ _-:" . [T A s
DATE: ~ o=~"~%  Time: > " NAME : S tem 9l T T
RANGE : 0 - 5.0 Percent Oxygen
OUTPUT SIGNAL: 10 - 50 ma.

OXYGEN COMBUST IBLES
LOOP NUMBER: - 17 ' 18
DIGILINK CHANNEL: 113 212
DIGISTRIP CHANNEL: 202 203 , .

L] ]
[
—

PERCENT OXYGEN OF GAS USED FOR ZERO CALIBRATION:

. : /
- s LN L

PERCENT OXYGEN OF GAS USED FOR SPAN CAL IBRATION: =

<) .4

EXPECTED MILLIAMPS = (% Oxygen cof Jest Gas) 40 + 10
(5.0)

MILLIAMP OUTPUT SIGNAL e

TEST AS FOUND . AETER CALIBRATION
. . "‘: -~ .
LOW RANGE TEST GAS i Ve IO |
HIGH RANGE TEST GAs <>/ £l
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ZERO AND SPAN CHECKL 181

LEAR SIEGLER CM~50 OXYGEN ANALYZER

- : e A~ -
DAlc. Toe- b mimEs L B NAME :_ 4\ &'
T

RANGS® 0O - 285 percent oxygen

QUIMG!! SiLhAL: 4 = 20 ma.,

LOH AL wove 1H1C
DIGIY Na UHMANNEL . 104
DIGIS T 1w UMANNEL: 12
 FRONI PANEL METER READING
TEST AS FOUND AFTER CALIBRATION

OXYGEs ZERD

OXYGE's SPAN ol 9%

MILLIAMP OQUTPUT SIGNAL (4 = 20 ma)

TEET AS FOUND . AFTER CALIBRATION
OxXY’ ¢ 2TRO :‘ ::":.‘-'—I 1 Y

OXYirts BPAN ) S‘ )
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ZERO AND SPAN CALIBRATION

BAILEY OXYGEN ANALYZER ==\ GAM

—_ |-:; /"'\ - -
oate: 7-=<-E8  ime: 102 NAME 3 =r et 1E
RANGE : O - 5.0 Percent Oxygen
OUTPUT SIGNAL: 10 - 50 ma.

OXYGEN COMBUST IBLES
LOOP NUMBER: 17 I8
DIGILINK CHANNEL : 1a 212

DIGSISTRiIF CHANNEL: 202 203

: ~- e
PERCENT OXYGEN OF GAS USED FOR ZERO CAL1BRATION: }. o e /%

' [y A
PERCENT OXYGEN OF GAS USED FOR SPAN CAL IBRATION: hl'\" i)

CALCULATION OF EXPECTED MILLIAMP OUTPUT: [k / 4L.22

EXPECTED MILLIAMPS = (% Oxygen of Test Gas) 40 + 10
(5.0)

MILLIAMP OUTPUT SIGNAL

TEST AS FOUND AFTER CALIBRATION
LOW RANGE TEST GAS N e \a 93
HIGH RANGE TEST GAS <. .7, SR
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ZERQ AND SPAN CHECKLIST

paTe: 6-2-85 Time:_09¢0 NAME : erey Yow
. Observed by Ron Bnsng, KYR
® _ /
RANGE: O - 25 percent oxygen
OUTPUT SIGNAL: 4 - 20 ma.
e LOOP NUMBER:  11C
DIGILINK CHANNEL: 104
DIGISTRIP CHANNEL: 112
®
(- FRONT PANEL METER READING
TEST AS FOUND AFTER CALIBRATION
@ _
OXYGEN ZERO A _ 2.0
OXYGEN SPAN 24 2.4
¢
MILLIAMP OUTPUT SIGNAL (4 - 20 ma)
TEST AS FOUND AFTER CALIBRATION
o OXYGEN ZERO -
OXYGEN SPAN -
®
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. APPENDIX J

COAL FEED SANKYQ IMPACT FLOWMETER
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SIS -85 JE 2D RTEEOX o< -~ Felees=

: | Corl FEED BV

! STARET R -Yad
. Z&ke ok 2L ox
SPAN 4. /77 span 4,002
o5 =0 MR SAMmT |
4 Tous = 42 mp SAmS
| S Townsg Q. 00X
' | Tow Q] 8
| < ToNS R. 000
D ToNg 3.099
H TeNsg H.oo3
C ELuvZ USED (.Ec?ﬁ“f—l'*'ﬁ'&l R I1CR \:
o Dues  T7-13-36 /'
~

LO SET e uT SeT Fok (Looco
Hl SE7 ToinwT S &ET (Ferd 2 o000

~ .
FoLe BN S€7 Forr A, ooo

]
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ER

O

AND SPAN CHECKLI1S1

CUAL FEED SANKYQU IMPACE FLOAME |ER

DAlE: 7-23-96  TIME:___K= VA NAME: )T
RANGE: O - I5 tons per hour .
Witd D, Sz
OUTPUT SIGNAL: 10 — 50 ma
. EbJQIQT4G;
LOOP NUMBER: 62
DIGILINK CHANNEL: 305 _ .
. 2c o™ €240 o
DIGISTRIP CHANNEL: 112 sTeer 8~ =72
. Foa s+ S0Z I~ D
STATIC TEST WEIGHT: COR L™ N ' —_——
EXPECTED READINGS WITH STATIC TEST WEIGHT:
Tous
En Ids: w ——— ma
FRONT PANEL METER READINGS
TEST AS FOUND AFTER CALIBRATION
2ERO TPH —
WITH STATIC
TEST WEIGHT .S 2.3\
MILLIAMP OUTPUT SIGNAL
TEST AS FOUND AFTER CALIBRATION
ZERO TPM
72 %
Wi TH STAZ=RC
FEST WE IGHT 349.2 3. 2.
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ZERQO AND SPAN CHECKL 151 ®

COAL EEED SANKYO IMPACT FLOWMETER

DATE: 7~= W -A<™ TIME: A A NAME: Vo0 o
RANGE: O - 15 tons per hour ,
' Wit S ¢ -
OUTPUT SIGNAL: 10 - 50 ma <. gc_&.
SFR

LOOP NUMBER: 62

DIGILINK CHANNEL: 305

DIGISTRIP CHANNEL: 112 sTeeT _ 27 -
- TO"‘* F\N\Sl-, 2 -f_. j;?——’.
STATIC TEST WEIGHT: Cen 2P0 Lt RN —_
EXPECTED READINGS WITH STATIC TEST WEIGHT:
. Ton s ®
ons R — ma )
FRONT PANEL METER READINGS
®
TEST AS FOUND AFTER CALIBRATION
ZERO TPH —
WITH STATIC
TEST WEIGHT 13856 Q.01 ®
MILL 1AMP OUTPUT SIGNAL
TEST AS FOUND AFTER CALIBRATION °
ZERO TPH ' —
WNITH 31:22;% |
~TEST WE |GHT 372 237 2
_ ®
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APPENDIX K

® ZERO AND SPAN CHECKLIST
KILN FEED SANRKYO IMPACT FLOWMETER
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—
S

DATE:

RANGE : 0O - & tons per hour

ZERO AND SFPAN CHECKL IST N

e
e FEED SANKYO IMPACT FLOWME TER

T 2-8S  TIMEi_RLedey NAME: _L). v \leck ®

10 New TESaeT We 6=T1

MAR K ING WEIe4T e
X | 70 ScieLl
OQUTPUT SIGNAL: 10 - 50 ma WSiawT Lrans : 9
acﬂ n— -
LOOP NUMBER: &\ 4 3008.3 i
. S 20020.0 56
DIGIL INK CHANNEL: =6y 78 <2 00 < 53
DIGISTRIP CHANNEL: ER20Y 193 &agsl 10 °
sTATIC TEST weiaHT: _1S. 2™ (eo%)
EXPECTED READINGS WITH STATIC TEST WEIGHT: JU2so Rec oz
'y M T——— ‘
Lo 2 : Ayt
TPH \=i ma r) | Du; -’."'-.‘!_"',;5
EIN- YA
FRONT PANEL METER READINGS
®
TEST AS FOUND AFTER CALIBRATION
Vo C e . ' '
2ERO TR - 06| | Qo0
WITH STATIC :
TEST WEIGHT 0% &% | ®
MILL | AMP OUTPUT SIGNAL
TEST AS FOUND AFTER CAL IBRATION °
ZERO TPH I S I (0.0 -
WITH STATIC o
TEST WEIGHT _ 340 24.0
®
12m omwspradar 4o d-“'"/“\)
Ve CA‘I\'-IqIN-J'G + /12 ‘W‘V‘.o/}h
' R~2 - RVB71-71901/2/R/GH Audit ®

ISmed 2. . = L33k e,

(LY
1




APPENDIX L

® CERTIFIED TEST WEIGHTS
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