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Mr. 8. C. (Kim) Hunter

Manager, Industrial Services
Engineering & Research Division
KVB, a Research-Cottrell Company
18006 Skypark Blvd.

P. 0. Box 19518

Irvine, CA., 92714

Dear Mr. Hunter:

Enclosed you will find Gifford-Hill and Company's response
- to the report issued by KVB on September 3, 1985, identified as
KVB71-71901/2/R/GH Audit, concerning your findings of an inten-
sive audit of the quality assurance plan, instrumentation, staff
procedures, data handling, etc., associated with the NOx project
at the Crestmore, CA. plant of Gifford-Hill and Company, Inc.

If you have any questions or if I can be of further help,
pPlease contact me as soon as possible. :

,dm/o// ot

Gerald L. Young
Production Engine
Gifford-Hill and Company, Inc.
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INTRODUCTION

KVB, 1Inc. was retained by Riverside Cement Company

("RCC"), a division of Gifford-Hill and Company, Inc., to
perform a thorough evaluation of the activities undertaken
at RCC's Crestmore facility to reduce NOx emissions in its
effort to meet the requirements of SCAQMD Rule 1112.
Specifically, KVB was instructed to review the NOx
emissions control project (the "NOx project") undertaken at
‘the Crestmore facility in order to evaluate the emissions
monitoring program instituted at the facility. Gifford-Hill
believes that the KVB evaluation of the Crestmore facility
was unprecedented; no other facility hsa undertaken such a
thorough review of ité NOx control program.

The KVB evaluation included an examination of all
equipment, procedures, calibrations and calculations that
affect the measurement of NOx emissions at the facility and
a review of the quality control documentation and staff
procedures followed at the facility. In particulaf the
procedures followed at the facility were compared with
specifications devised by the Environmental Protection
Agency for air pollution monitoring programs.

KVB completed its review and prepared a report of its
findings dated September 3, 1985, See KVB 71-71901/2/R/GH
Audit, hereinafter the "Audit Report".

The Audit Report made numerous recommendations for
improving the NOx control program which RCC intends to

implement at the Crestmore facility. All of the




recommendations or suggested revisions or additions in the
Audit Report (See Attachment A) relating to the QA Manual
have been reviewed and accepted. These changes have been
implemented and are reflected in the attached copy of the
revised Quality Assurance Manual (the "QA Manual")> See
Attachment B.

All of the recommendations relating to the sampling and
testing of kiln feed and coal fuel (See Attachment A) have
bene reviewed and accepted. These changes have been
implemented and are reflected in the revised QA Manual (See
Attachment B). The recommendations relating to updating the
engineering constants also have been reviewed and accepted.
These changes are reflected in the attached copy of the
revised QA Manual and in Attachment C containing examples of
the updated constants.

All of the recommendations in the Audit Report relating
to the frequency and procedures employed to calibrate and
maintain the field instrumentation have been reviewed and
accepted and have been implemented. Most of these changes
are reflected in the revised QA Manual. See Attachment B.
The Audit Report recommended that Gifford-Hill employ KVB
to certify the LSI SM-810 NOx/SOx gas analyzer and the LSI
CM-50 oxygen analyzer. These recommendations have been
carefully reviewed and at this time Gifford-Hill does not
feel the implementation of these recommendations is
necessary.

All of the recommendations in the Audit Report relating

to the software used by the NOx project IBM-PC to calculate
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II.

pounds of NOx per ton of clinker have been carefully
reviewed and generally accepted. KVB also provided a
suggested IBM program. The program supplied by KVB was not
accepted without modification; however, a revised program to
calculate pounds of NOx per ton of clinker was developed
which satisfies all of the recommednations in the Audit
Report relating to the IBM program and makes use of several
ideas developed in the KVB program. This revised IBM
program was installed in the NOx project IBM-PC on or about
September 17, 1985 and currently is in use.

The specific recommendations that have been or will be,
implemented at the facility in response to the Audit Report

have been outlined in more detail below.

IMPLEMENTION OF IMPROVEMENTS/RECOMMENDATIONS

A. QUALITY ASSURANCE MANUAL

1. : In the section titled "RIVERSIDE CEMENT QA
PLAN" on page 12 of the Audit Report, Attachment
A, it was noted that the quality assurance manual
did not adequately address the data analysis,
validation, and reporting aspects. It was also
noted in this section that the procedures for
calculating the engineering constants and a plan
to update these constants were not add:essed.

In the revised Crestmore NOx Project Quality
Assurance Manual, Attachment B, on page 11, the
data validation and reporting aspects of this

project are now outlined. On page 13 of the




Quality Assurance Manual, the responsibility for
data analysis has been assigned. And on pages 8-10
inclusive, of the Quality Assurance Manual,
procedures for updating the engineering constants
are provided.

In Table 5, titled "QA PLAN CHECKLIST FOR
RIVERSIDE CEMENT - CRESTMORE PLANT" on page 14 of
-the Audit Report, it was noted that the degree of
precision and accuracy were not quantified for
the. field signals, engineering constants, or
calculations.

On page 2, section B, of the revised Quality
Assurance Manual, the expected degree of precision
and accuracy of the pounds of NOXx per ton of
clinker values calculated are quantified. The
precision and accuracy of the pertinent field
signals are provided in the Audit Report in Table
2, on page 6. The precision and accuracy of the
engineering constants are provided in the Audit
Report in Table 3, on page 7. In addition, the
values and variability of the engineering
constants are updated, as outlined on pages 8-10
inclusive in the Quality Assurance Manual, refer
to Attachment C for examples.

In Table 5, on page 14 of the Audit Report, it
was recommended that the sampling and analysis of

the coal feed and kiln feed should be addressed.




In the revised Quality Assurance Manual, on
pages 8 - 10 inclusive, the frequency of sampling,
testing, and updating of the coal feed/kiln feed
analyses is addressed. The responsibility for the
above is assigned on page 12 of the Quality
Assurance Manual.

In Takle 5, on page 14 of the Audit Report,
methods of determining sample custody are
suggested and it was further recommended that a
bfief discussion of how the data are handled be
provided.

The collection and analyses of the coal
feed/kiln feed samples are covered on pages 8 - 10
inclusive, while responsibility for sampling,.
analyses, and maintaining a record of custody is
provided in section D on page 12. A form, to be
used for tracking sample custody, is provided in
Appendix A, page 113 of the revised Quality
Assurance Manual. |

A discussion of how the data are handled and
recorded is provided in Section II on pages 2 - 5
inclusive.

In Table 5, on page 14 of the Audit Report, a
recommendation was made to identify the equipment
used during calibrations. A question was also
raised as to whether this equipment was calibrated
against an appropriate standard.

In Appendix A of the revised Quality




Assurance Manual, each of the Zero/Span
Checklists, Full Electronic Calibration
Worksheets, and Dynamic Calibration Worksheets now
have a locatioﬁ in which each instrument used in
the procedure may be identified. All of the
equipment required for the calibration of the
field signals used in the pounds of NOx per ton of
clinker calculation is calibrated against
appropriate standards. The responsibility for
performing the calibration of field signals,
calibration of the test equipment, and for
maintaining these records is outlined in Section C
on page 12 of the Quality Assurance Manual.

In Table 5, on page 14 of the Audit Report, a
discussion of the equations/assumptions used to
calculate pounds of NOx per ton of clinker is
recommended.

In section II, "DATA HANDLING AND REDUCTION",
on pages 2 - 5 inclusive, the equation specified
by the SCAQMD Rule 1112 that is used to calculate
the pounds of NOx per ton of clinker is discussed.
Various parameters affecting this calculated value
are also discussed in this section of the Quality
Assurance Manual.

In Table 5, on page 15 of the Audit Report,
it is recommended that goals and the means to

attain these goals should be outlined.




The revised Quality Assurance Manual
addresses these goals and outlines the means to
achieve the stated goals of the Crestmore Plant
NOx project.

In Table 5, on page 15 of the Audit Report,
it 1is recommended that corrective action required
for proper operation be outlined for the field
instrumentation and for the engineering constants
used in the calculation of pounds of NOx per ton
of clinker value.

Section IV, Frequency of Calibratioh, on
pages 6 ~ 8 inclusive, Section VIII, Methods for
Zero/Span Checks and Full Calibrations, on pages
13 =~ 69 inclusive, ' and Appendix A on pages 70 -
121 inclusive, in the revised Quality Assurance

Manual, Attachment B, provide a detailed outline

of corrective actions required to maintain the

instrumentation which generates the field signals
used in the pounds of NOx per ton of clinker
calculation.

Section V, Frequency of Sampling and Testing,
on pages 8 - 10 inclusive and Section VII, part D,
on page 12 of the Quality Assurance Manual provide
a detailed outline for maintaining the required
accuracy of the engineering constants used for the
calculation of pounds of NOx per ton of clinker.

In Table 5, on page 15 of the Audit Report,

it was noted that it might be useful to prepare a




periodic report documenting the steps taken to
maintain as accurate and precise a pounds of NOx
per ton of clinker value as possible.

At present the Manager of the Crestmore NOx
Project, Gerald L. Young, documents the steps
taken to maintain as accurate and precise a pounds
of NOx per ton of clinker value as possible and
summarizes these steps in a monthly report to the

Plant Manager, Mr. R. B. Rieser, of the Crestmore

Plant.

B. CALCUTLATION

l.

On page 8 in the Audit Report and again on
page 16, under the "For new program" subsection of
the "Calculation" subsection of the Improvements/
Recommendations section, it is recommended that
the portion of the NOx project IBM=PC program that
is used to calculate pounds of NOx per ton of
clinker, hereafter called the IBM program, be
restructured so that each element required by the
SCAQMD Rule 1112 equation is clearly developed in
an understandable way.

An in depth review of the inputs and
equations involved in determining each element of
the SCAQMD Rule 1112 equation was performed by Mr.
R. 8. MacMann, Manager of Process Engineering, for
the Cement Division of Gifford-Hill and Company,

Inc., Mr. Craig Phillips, President of JCP




Associates, and Gerald L. Young, Production
Engineer for the Cement Division of Gifford-Hill
and Company, Inc. and Manager of the Crestmore
Plant NOx Project. The above mentioned group
restructured the IBM~-PC program in a manner that
is easy to understand and which clearly develops
each element required by the SCAQMD Rule 1112
equation, refer to Attachment D.

on page 16, -under the "For existing program"
subsection of the "Calculations" subsection of the
Improvements/Recommendations section in the Audit
Report, it was recommended that the equations and
assumptions wused in the IBM-PC program be further
scrutinized to insure acduracy.

One of the tasks assigned to KVB was to
scrutinize these equations and assumptions. KVB
completed this task and made several observations
which were incorporated into the revised IBM
program discussed in part II, B, 1 of this letter.
In addition, during the development of the revised
IBM program, each of the assumptions and equations
were again examined for accuracy. |

On page 16, under the "For existing program"
subsection of the "Calculations" subsection of the
Improvements/Recommendations sectioﬁ in the audit
Report, it was recommended that the engineering
constants used in the IBM program should be

updated on a weekly basis.




The engineering constants are presently
updated on a weekly basis, except for <the coal
ultimate analyses, as outlined on pages 8 - 10
inclusive, in the Quality Assurance Manual.

On page 16, under the "For existing program"
subsection of the "Calculations" subsection of the
Improvements/Recommendations section in the Audit
Report, it was recommended that the weekly rolling
averages of the engineering constants should be
calculated based on kiln feed/coal feed analyses.

Weekly rolling averages of the engineering
constants are, at present, calculated based on
kiln feed/coal fuel analyses, as oulined on pages
8 = 10 inclusive in the Quality Assurance Manual,
Copies of typical calculated weekly rolling
averages have been included as examples, refer to
Attachment C.

On page 16, under the "For existing program"
subsection of the "Calculations" subsection of the
Improvements/Recommendations section in the Audit
Report, it was recommended that the value of 385.2
rather than 379.48 standard dry cubic feet per
mole of gas be used.

This recommendation has been accepted and
implemented.

On page 16, under the "For existing program"

subsection of the "Calculations" subsection of the
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Improvements/Recommendations section in the Audit
Report, it was recommended that the molecular
weight of flue gas used in the "bottom line"
calculation of pounds of NOx per ton of clinker
should be changed to a wet basis since NOx ppm and
the exit gas flow rate (scfm) are on a wet basis.

This recommendation has been accepted and
incorporated into the IBM program revision, a copy
of the program listing of the revised IBM program
has been enclosed for examination, refer to
Attachment D.

7. On page 16, under the "For existing progran"
subsection of the "Calculations" subsection of the
Improvements/Recommendations section in the Audit
Report, it was recommended that the current
engineering constants should be recalculated to
reflect the as-fired coal moisture of 2.5 percent,
rather than 1.0 percent.

The as-fired coal moisture content is being
updated as outlined on page 8 of the Quality
Assurance Manual, refer to Attachment B. The
current as-fired coal moisture averages 4.54
percent, update sheet attached, refer to
Attachﬁent c.

C. KILN FEED/COAL FEED SAMPLES

On page 16, under the "Raw Feed/Coal Feed Samples"

subsection of the Improvements/Recommendations section

in the Audit Report, it was recommended that enough
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coal and kiln feed samples should be collected so that
statistically meaningful means and standard deviations
may be calculated.

Samples of coal and kiln feed are being collected
and analyzed in accordance with the procedures outlined
on pages 8 -~ 10 of the Quality Assurance Manual. The
mean, standard deviation, and coefficient of variation
are determined on the results of these analyses, refer
to Attachment C for a typical update sheet.

LEAR SIEGLER SM 810 NOx/S02 ANALYZER

1. On page 19, under the "Lear SM 810 NOx/S02
Analyzer" subsection of the Improvenments/
Recommendations section in the Audit Report, it
was recommended that Gifford=-Hill and Company,
Inc. employ KVB, Inc. to certify that the Lear
Siegler SM-810 analyzer meets EPA specifications
for continuous gas analyzers.

At this time, Gifford-Hill and Company, Inc.
is performing dynamic calibrations using EPA
protocol standard gases, on a weekly basis.
Gifford-Hill does not, at this time, feel that
certification of the Lear-Siegler SM-810 gas
analyzer is necessary. |

2. ' Oon page 19, under the "Lear SM 810 NOx/S02
Analyzer" subsection of the Improvements/
Recommendations section in the Audit Report, it

was recommended that a series of 2-hour and 24-
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hour drift tests should be performed over a
several day period on the Lear-Siegler SM-810 gas
analyzer.

The plant staff at the Crestmore plant has
performed 24-hour drift tests on this instrument.
The plant staff will perform a series of 2-hour
drift tests over a several day period.

On page 19, under the "Lear SM 810 NOx/SO2
Analyzer" subsection of the Improvements/
Recommendations section in the Audit Report, it
was recommended that a dynamic calibration of the
Lear-Siegler SM~-810 should be performed
immediately following a full electronic
calibration to ensure the electronic calibration
was successfully performed.

The above recommendation has been implemented.

On page 19, under the "Lear SM 810 NOx/S02
Analyzer" subsection of the Improvements/
Recommendations section in the Audit Report, it
was recommended that a multipoint dynamic
calibration be performed on the Lear-Siegler sM-
810 gas analyzer to check the linearity of the
instrument.

The suggested multipoint dynamic calibration
has become part of the weekly dynamic calibration
of the Lear-Siegler SM-810.

On page 19, under the "Lear SM 810 NOx/S02

Analyzer" subsection of the Improvements/
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Recommendations section in the Audit Report, it
was recommended that the full calibration/dynamic
calibration section of the Quality Assufance
Manual should be revised to reflect changes noted
during the two full electronic calibrations of
7/25, 26/85 énd 7/29, 30/85.

The above recommendation has been completed.
Please refer to pages 15 - 25 inclusive, in the
Quality Assurance Manual.

Oon page 19, under the "Lear SM 810 NOx/SO2
Analyzer" subsection of the Improvenments/
Recommendations section in the Audit Report, it
was recommended that certified nitrogen zero gas
should be used to zero the LSI SM-810 rather than
502 gas to zero NO and vice versa.

This recommendation was implemented during
the first part of August, 1985.

on page 19, under the "Lear SM 810 NOx/S02
Analyzer" subsection of the Improvements/
Recommendations section in the Audit Report, it
was recommended that a list of any auxiliary
equipment used to complete calibrations should be
recorded on the zero and span checklists and on
the full electronic calibration/dynamic
calibration worksheets.

The above recommehdation has been completed.

Please refer to-pages 70 = 111 inclusive in the
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Quality Assurance Manual.

KILN EXIT WATER SPRAY FLOWMETER.

On page 19, under the "Kiln Exit Water Spray
Flowmeter" subsection of the Improvements/
Recommendations section in the Audit Report, it was
recommended that the existing differential pressure
flowmeter should be replaced by a turbine flowmeter for
improved accuracy.

A new turbine flowmeter was installed on 8/8/85.
The tufbine meter is certified to be accurate to within

one percent of the actual flowrate.

- KILN FEED SANKYO IMPACT FLOWMETER

1. on page 19, under the "Kiln Feed Sankyo
Impact Flowmeter" subsection of the Improvements/
Recommendations section in the Audit Report, it
was recommended that several kiln feed samples
should be taken and analyzed for loss on ignition
prior to and during the course of dlinker
weighings to verify the ignition loss value.

This recommendation has been implemented.
When a clinker weighing is used to verify the
performance of the kiln feed Sankyo, at least
three kiln feed samples are taken which reflect
the chemistry of the kiln feed used to produce the
clinker that is collected for comparison to the
kiln feed Sankyo Flowmeter to insure that the kiln
feed-to-clinker conversion factor is correct.

2. Oon page 19, under the "Kiln Feéd Sankyo
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Impact Flowmeter" subsection of the Improvements/
Recommendations section in the Audit Report, it
was recommended that the kiln feed Sankyo Impact
Flowmeter should be checked with static test
weights each time the kiln is down for sufficient
time,

The above mentioned recommendation has been

implemented.

G. FURTHER WORK

1.

on page 19, under the "Further Work"
subsection of the Improvements/Recommendations
section of the Aﬁdit Report, it was recommended
that short-term monitoring (one day) of the kiln
exit gas for CO2, H20, €O, NO, and S02 should be
performed.

Gifford-Hill and Cbmpany, Inc. had XvVB, Inc.

 perform kiln exit gas monitoring for co2, H20, CO,

NO, and SO2 on 8/29, 30/85.

On page 19, under the "Further Wwork"
subsection of the Improvements/Recommendations
section in the Audit Report, it was recommended
that the LSI SM-SlO-NOx/SOx gas analyzer and the
ISI CM-50 oxygen analyzer should be certified by
KVB, Inc. as meeting EPA specifications.

The Crestmore plant staff is using EPA
protocol standard gases to perform dynamic

calibrations on these instruments. At this time,
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3.

Gifford-Hill and Company, Inc. does not feel that
it is necessary to employ KVB Inc, to certify
either instrument.

on page 20, under the "Further Work"
subsection of the Improvements/Recommendations
section in the Audit Report, it was recommended
that a velocity traverse of the ID fan outlet
should be performed in conjunction with the exit
gas chemical analysis.

KVB, 1Inc. performed velocity traverses on

8/29/85 and 8/30/85 while also performing a xiln

Gerald L. Youn %
Production Engireer

exit gas analysis.
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~ INTRODUCTION/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 NO, 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
documenting the field input signals used in the calculations and procedures to

zero and calibrate the instrumentation.

This report details the methods and results of the audit, identifying
the areas which are currently deemed acceptable and recommending modifications

® where pecessary to improve the quality of the data.

SUMMARY OF ADDIT METHODS

An audit checklist of the five field signals and measurements as input
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
conducted on the Lear Siegler SM 810 NO /SO, 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=-50, coal feed Sankyo impact
flowmeter and kiln feed Sankyo impact flowmeter were perforwmed prior to the
audit period and are included in the appendices. '

KVB received several data packages from the Crestmore plant regarding

supporting documentation for the NO; Program. A summary of those data
e packages received is shown in Table 1. The key information received were the

1 KVB71-71901/2/R/GH Audit
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TABLE 1. QA NOx PLAN INFORMATION RECEIVED FROM
GIFFORD~HILL CRESTMORE PLANT

l. Listing of computer program with supporting calculations and
assumptions for determining pounds NO,/ton clinker.

2. Floppy disk with computer program described above.
3. Q/A Plan with full calibration worksheets.

4, Completed zero and span worksheets for kiln feed, coal feed,
NO_, SO., O

5.‘ 8-Hour Statistical Report and 8-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.

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.

3 KVB71-71901/2/R/GH Audit

CALCULATION OF POUNDS NOx/TON CLINKER

The computer program calculation of pounds NO,/ton clinker depends on
five signals supplied to the Noxlbigilink/IBM-PC and nine engineering
constants based on analyzed coal feed and kiln feed samples. The five field
signals are listed below:

- Pppm NO_ at the ID fan outlet (Lear Siegler SM 810)
. percentloz at the ID fan outlet (Lear Siegler CM-50)

. tons per hour kiln feed (Sankyo impact flowmeter)

4 KVB71-71901/2/R/GH Audit




. 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, X N, 2 0, 2 §), 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 conditions (no excess air), kilnm exit (with excess air), ID fan outlet
(excess air plus moisture from kiln exit water spray). The flue gas mass flow
rate at the ID fan outlet is converted into a volumetric flow rate (both wet
and dry at standard conditions) using the perfect gas law. Clinker rate is
calculated with the kiln feed rate measurement with adjustments made for feed

moisture and the evolution of CO, during the calcination process.

The original equation for pounds NO; per tom of clinker was based on a
dry NO, measurement rather than a vet measurement. Since the Lear Siegler SM
810 measures NO, and SO; on a wet basis, the volumetric flow rate under
standard conditions should also be on a wet basis to calculate pounds NO, per
ton 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 3l.l11 (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 should'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).

5 KVB71-71901/2/R/GH Audit
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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 im 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, pPer 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 NO_ per ton of clinker is as follows:

(PPM, Nox) x (46 grams/mole) x (1.56 x 10-7) x (SDCFM)
Ton/hour of clinker

The expression requires three inputs (NOx ppm,, as measured, standard dry*
cubic feet per minute flow rate and tons/hour clinker). The present Riverside
Cement equation for "NOLB" (C[26]) should be written as above*, The IBM
program should be restructured so that each element required for the equation
18 clearly developed from inputs in an understandable way. (Appendix B, pages
B-17, B~18).

*1f NO, ppm, is on wet basis, the wet flow rate should be used.

8 KVB71-71901/2/R/GH Audit




KVE has revised the combustion equations for the Riverside Cement IBM
program. The revisions are shown in Appendix B. For the same input values,
the 1BM program calculates 3.5230 pounds NO, per ton of clinker compared to
3.6605 pounds NO, 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 by 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 variable 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
straightforward 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 moles wet flue gas per minute. Also, the percent moisture
in the flue gas should be calculated to determine NOy, on & dry basis. The
conversion of NO, to a dry basis and the woles per minute of flue gas to a
standard dry cubic feet per winute basis will then be on a common basis to the
1112 rule.

LEAR SIEGLER SM 810 no:lsoz ANALYZER

A full and dynamic calibration (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 S0, and
NO signal; (2) adjusting the output drive signal which interacts with
linearity and the zero and span adjustments in the control unit; (3) adjusting
the d2 zero which compensates for inherent offsets and thoée coning from the
transceiver; (4) adjusting the temperature compensation board multiplier to
1.0 at 75°F and 3.65 at 800°F; (5) adjusting the integrator sample/hold board

9 RKVB71-71901/2/R/GH Audit



for a multiplication factor of 1.075 at 75°F and 2.74 at 800°F. Some of the
difficulties with the full calibration are listed below:

Item 3 & 4:

It is very difficult to read the scanner frequency
accurately with the oscilloscope and checking for
symmetrical half waveforms. A new oscilloscope is being
purchased to alleviate these problems.

Some 50, adjustments must coincide with the LSI SM 810
reading S0, rather than NO and some NO adjustments must
coincide with the LSI SM 810 reading NO rather than S0,,

After the full calibration was completed on Friday July 26, a dynamic
calibration was tun during the following Monday afternoon. The SO, span gas
is a certified grade with 52 ppm, balance N, and the NO span gas was a primary
standard grade with 1019 ppm, balance N,. The flow plateau check was run from
0-2.5 liters/minute on S0, and from 0-4.5 liters/minute on NO. The S0, read-
ings at 2.5 liters/minute were approximately 25-28 ppm and the NO readings at
2.5 liters/minute were approximately 690 ppm. The low readings prompted a
rerun 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
.seusor erroneously reading the flue gas temperature as being 420°F rather than
520°F. The thermocouple at the transceiver bulkhead was disconnected and the
thermocouple probe'temperature was read with 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 Siegler SM 810 analyzer position. The baghouse inlet
temperature wire signal is now being used for the voltage representing the
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
was completed, another dynamic calibration of the Lear Siegler SM 810 NO,/S02
analyzer was performed. The results of the dynamic calibration show much
better correlation of the span gas values with the instrument values. The NO4
value was 970 ppm prior to adjustment with R=2 and the 50, value was
approximately 40=44 ppm prior to adjustment. On the following day (7/31/85),
another dynamic calibration was performed to determine how mich drift had
occurred in a 24-hour period. The NO, reading was 1032 ppm (1.3 percent

10 KVB71-71901/2/R/GH Audit



higher than the span value and the SO, reading was 36 ppm (30.8 percent lower

than the span value).

The S0, and NO span gases were also used as each other's zero gas. It
is not evident from the manufacturer's users guide what type of interference

would result from using a 52 ppm SO, gas, balance Ny to zero the NO or what
type of interference would result from using a 1019 ppm NO gas, balance N, to
zero the S0,. In any case, a dry N, zero gas is recommended as the zero gas.

The linearity of the LSI SM 810 analyzer was not checked prior to the
audit or during the sudit. Calibrated flowmeters were unavailable at the time
to perform the linearity check.

Although the span cells for the LSI SM 810 are certified by the
panufacturer to an accuracy of £2-5 percent, these span cell values changed
considerably when the dynamic calibration was performed. The NO front panel
meter readings were between 510~516 ppm prior to dynmamic calibration/full
calibration and the NO internal span cell value is listed as 516 ppm. The NO
value for the internal span cell was 20 percent lower prior to dynamic
calibration. After dynamic calibration, the NO internal span cell value was
now 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 the 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 clinmker
weighed was approximately nine percent more than expected from the kiln
feed. The production factor used was 1.6 pounds dry feed per pound of
clinker. A second six—hour test was conducted with a new production factor.
The production factor update was 1.52 pounds dry feed per pound of clinker.
This updated factor was based on 24 raw feed samples collected between 6/14/85
and 7/16/85 and the new average ignition loss value. This time, the total
clinker-weighed was approximately three and one half percent more than

11 KVB71-71901/2/R/GH Audit



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 tomn 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 bé 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 pfeliminary 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 KVB (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
assﬁrance plan. Each of the twelve areas is listed in Table 5 and whether or
not these areas have been addressed im part in the Riverside Cement QA plan.

The QA plan has been very well 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 plan to update these constants

were not addressed.

QUALITY ASSURANCE CHECKLIST

Based on the findings of the audit, 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, INTRODUCTION

. Purpose

. Pfecision, accuracy, completeness (75 percent)

I1. RELATIVE IMPORTANCE OF MEASUREMENTS

o Field signals used for calculating pounds NO,/ton clinker
« Field signals which might correlate with pounds NO_ /ton clinker
. Field signals used for information on kiln operation

111, FREQUENCY OF CALIBRATION

. Daily zero/span of Nox/soz analyzer and 0, analyzer at ID fan

- Weekly zero/span of Bailey 0, analyzer

o Monthly zero/span of coal feed to kiln

« When kiln 1s down, flowmeter on exit gas water spray and kiln feed

IV. METHODS FOR ZERO/SPAN CHECKS AND FULL CALIBRATIONS

A. Lear Siegler SM 810 Nox/soz Gas Analyzer
- Zero/span .
« Full calibration
< Dynamic calibration

B. 'Lear Siegler CM=50 Oxygen Analyzer
- Zero/span check
= Full calibration

C. Sankyo Impact Flowvmeter
- Zero/span check (kiln feed and coal to kiln)
« Full calibration

D. Pressure Transmitter
- Zero/span check
= Full calibration

13 KVB71-71901/2/R/GH Audit
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checklist shown as Attachment A divides the tasks into a timeframe basis
(i.e., daily, weekly, monthly, every three months, or when the kiln is
offline). The checklist identifies the importance of daily data validation
and checking the values for any anomalies. The data checks should include all
instrument measurements for calculating pounds NO_ per ton of clinker. 2Zero
and span checks for the NO, and 0, are important in case any significant
24-hour drifts in the zero and span do occur. Since the Lear Siegler NO,
value is very wmuch temperature dependent, the baghouse inlet temperature's
signal currently used to temperature compensate the signal should be monitored
daily. The weekly checklist includes dynamic calibration of the Lear Siegler
SM810 and an updating of the engineering constants.

IMPROVEMENTS/RECOMMENDATI ONS

Calculations
- For existing program

= Serutinize further the program equations and assumptions used
in the program.

= Update the engineering constants used in the computer program
on a weekly basis (including kiln feed ignition loss, moisture
of the pulverized coal delivered to the burnmer, kiln feed
moisture, coal ultimate analysis).

= Calculate a weekly rolling average for the engineering
constants based on kiln feed/coal analyses.

= Use 385.2 rather than 379.48 standard dry cubic feet per mole
gas.

= Change molecular weight of flue gas used in the "bottom line”

NO, pounds per clinker to a wet basis since NO,, ppm and the
flow rate (scfm) are on a wet basis.

= Recalculate the current engineering constants to reflect the
as=fired coal moisture of 2.5 percent, rather than
1.0 percent.

. For new program

= Restructure IBM program to calculate each element of the Rule
1112 equation in & clear and understandable manner.

Raw Feed/Coal Feed Samples

« Collect enough samples to calculate a statistically meaningful
mean and standard deviation.

16 KVB71-71901/2/R/GH Audit
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Lear SM 810 Nox/SOQ_Analyzer

. Certify the monitor.
. Perform 2-hour and 24-hour drift tests over a several day period.

. Perform dynamic calibration of the analyzer after the full
calibration to ensure the full calibration is successful.

« Check multipoint linearity (as a2 minimum O ppm, 500 ppm, 1000
ppPu). '
« 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., 1D 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

» Collect several kiln feed samples prior to and during the course
of clinker weighings to calculate an up-to-date ignitiom loss.

. The weight checks should be run at least once every time the kiln
is down.

FURTHER WORK

« Short-term monitoring (ome day) of the kiln exit gas volume for
cogi Hy0, CO, NO, S02 should be performed. KVB will provide a
mobile laboratory to measure these flue gas components enabling a
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 NO,
per ton of clinker can be crosschecked with a complete flue gas
analysis at the ID fan outlet.

« DMonitor Certification of the LSI SM 810 and CM=50 analyzers.

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 TO CALCULATE POUNDS NOx
PER TON OF CLINKER
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REVISED COMBUSTION EQUATIONS FOR RIVERSIDE CEMENT IEBM PROGRAM
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REVISED COMBUSTION EQUATIONS FOR RIVERSIDE CEMENT IBM PROGRAM

Objective of revision: Clarify the calculations relative to the formula for lbs
NOp / ton of clinker in SCAQMD Rule 1112:

1bs NO, (ppm, NOy) (46 grams/mole) (1.56 x 10~7) (SDCFM)

Ton of Clinker Ton/hour of clinker

Standard conditions: T = 68 F, P = 29.92 inches of mercury. Although SCAQMD
Rule 103 specifies Tstd as 60 F, provisions of specific rules are superceding.
Note that T=60 F should be used for other zules (particulates, ete.).

Basis of ppm,,: Although Rule 1112 states that ppm, is to ba "uncorrected
ochserved" value, ppm, and SDCFM mist be on consistent basis (both wat or both
dry) for calculation to be correct.

Equation Constant: 60 min/hr x 10~ mole/ppm
' 1.56 x 10”7 =

.7302 (68 + 459.7)

.7302 = Uniﬁeraal gad constant, atm-ft3,/ lb-mol R
.7302 (68 + 459.7) = 385.3 ££3 / lb-mole R

Since equation is on a mass basis, the "standard conditions” should cancel out
and have no effect, if all calculations are consistent.

MOLECULAR WEIGHIS
c - 12.011, COp = 44.011
Hp = 2.016, HpO = 18,016
HNs = 28.016, NO = 30.008, HO, = 46.008
0y = 32.000
] = 32.066, S0y = 64.066
Air = 28.965 (dry), 0.209 O, hy volume. dry
EILN FEED CRALCULATIONS
Given:  KFEED = VM(14) = Kiln feed, TPH (90.9)
KFLOI = E(13) = Kiln feed loss on ignitien {(1.6) .
KFH20 = E(ll) = Kiln feed moisture (.004)

Calculate: Ton/hour of clinker = KFEED * (1 - KFH20) / KFLOI
= 90,9 * (1 - 0.004) / 1.6
= 56.58 TPH

"Kiln feed_mﬂistu:., TPﬁ = VM(14) * E(11l)

= 90.9 * 0.004
= 0.3636 TPH of H0

Kiln feed moisture, lb/min

VM(14) * E(11) * 2000 / 60
90.9 * 0.004 * 2000 / 60
12.12 1b/min

Kiln feed moisture, moles/min = VM(14) * E(11) * 2000 / 60 / 1B.016
' = 950.9 * 0.004 * 2000 / 60 / 18.01¢6
= 0.6727 mole/min
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EILN FEED CAICULATIONS, Continued

Kiln feed COp, TPH = VM(14) * (1 - E(11)) * (1 - 1 / E(13))

= 90.9 * (1-0.004) * (1 -1/1.6)
= 33.9512 TPH of CO,

Riln feed COp, lb/min
= VM(14) * (1 - E(11)) * (1 - 1 / E(13)) * 2000 / 60
= 33.95 * 2000 / 60
= 1131.7050 lb/min of CO;

Kiln feed CO,, moles/min
= VM(14) * (1 - E(11)) * (1 -1 / E(13)) * 2000 / 60 / 44.01
= 1131.7050 / 44.011
= 25.7141 moles/min of COp

Note: None of the above for kiln feed are printed out by the IBM program. But
clinker rate, TPH, is printed on the output as PROD, and must be calculated
somewhere else in the program. Make sure the calc is consistent with above.
Should be, since this form is used in Line 2500 for NOLE = C(26).

COAL_CALCULATIONS
Required: Coal contribution to SDCFM and moisture correction for PP, .
Given:
KCOAL = VM(37) = Kiln coal fead, TPH (11.34)
WATCOAL = E(l) = Coal moisture, lb/lb (0.01 )
CCCOAL = E(2) = Coal carbon, dry, lb/lb {(0.7305) =
HCOAL = E(3) = Coal hyd;oqen. dry, lb/lb (0.0543) =
NCOAL = E(4) = Coal nitrogen, dry, lb/lb (0.0095) =
OCOAL = E(5) = Coal oxygen, dry, lb/lb (0.1057) =*
ASHCOAL = E(6) = Coal ash, dry, 1lb/lb (0.0933) =
SCOAL = E(7) = Coal sulfur, dry, lb/lb (0.0065) =
BTOC = E(12) = Coal heating value, BTU/lb (12437)
* values should sum to 1.0000, but = 0.9998
Products of combuation, dry coal basis:
Coal Mol. Wt. moles Gas Mole 0, req Mole 0, req
Compound lb/mole —— formed
1b dry coal mole gas 1b dry coal
c 12.011 CCCOAL/12.011 COz 1.0 CCCOAL/12.011
Hé 2.016 HCOAL/2.016 nzo 0.5 0.5%HCOAL/2.016
Nz 28.016 NCCAL/28.016 Nz 1.0 *
°2 32.000 OCOAL/32 02 -1.0 - OCOAL/32 .
S 32.066 SCOAL/32.066 502 1.0 SCOAL/32.066

* Equations in IBM program assume all NCOAL -> NO, and include the 0,
required. This has been neglected above.
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COAL CALCULATIONS, Continued

moles dry gas CCCOAL - NCOAL SCOAL

e e e i - s -+ -

lb dry coal 12.011 28.016 32.066

moles HZO ~ WATCOAL HCOAL

e e * (1 - WATCOAL)

1lb wet ccal: 18.016 2.016

l1b wet coal 1

1b dry coal 1 - WATCOAL

moles H,0 WATCOAL HCOAL

P p—— - | ¢ m————

lb dry coal 18,016 * (1 - WATCOAL) 2.016

moles 02 reqd CCCOAL 0.5 * HCOAL OCOAL SCOAL
———————————— - mme—— 4 - 4+ emm——

1b dry coal - 12,011 2.01e6 32 32.066

1b °2 reqd . CCCOAL 0.5 * HCOAL OCOAL SCOAL
----------- - 32+ ( + - + )
1b dry coal - ‘ 12.011 2.016 32 32.066

1b dry coal / min = DCOAL = (VM(37) * 2000 / 60 ) * (1 - WATCOAL)
= (11,34 * 2000 / 60 ) * (1 - 0.01 )
= 374.22 1b dry cocal/min

(DCOAL is the same as in the IBM program)

1b 0, reqd / min =
CCCOAL 0.5 * HCOAL OCOAL SCOAL
OTWO = C(3) = 32 * ( + - + ) * DCOAL
' 12.011 2.016 }] 32.066

0.7305 0.5 * .0543 .1057 . Q065
OTWO = C(3) = 32 * ( + - + ) * 374.22
12.011 2.016 32 32.066

OTWO = C(3) = 852.4563 lb/mf% vs 856.4497 in program.

This formila 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 nitrogen is neglected in the abova formula. Alsc, the
division of coal hydrogen to "available" hydrogen is an un-necessary step.
AVAH ia not required. :

Coal calculaticns are ébmplnte. Only formula for OTWO = C(3) requires
changing. :
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COMRUSTION AIR

From coal caléulation, above:

moles 02 reqd CCCOAL 0.5 * HCOAL OCOAL SCOAL
A S S D L e e s e e i sl - - - +
lb dry coal 12.011 2.016 32 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 + 0.791 * Hwine:ta

Mwine:ts = (28.965 = 0.209 * 32) / 0.79]1 = 28.163 lb/mole of inerts

It is not necesaary to keep track of what species the inerts are.

moles air inerts 0.791 1 - 0.209
- - = 3,7847
mole 02 regd 0.209 0.209
moles air inerts 1 -0.,209 CCCOAL 0.5*BCOAL OCOAL SCOAL NCOAL
- * ( + - + ) +
1b dry coal 0.209 12.011 2.016 a3z 32.066 28.016
moles
inerts l1 - 0.209 CCCOAL 0.S*HCOAL OCOAL SCOAL NCOAL*DCOAL
- * + - + )* DCOAL + —————————-
min 0.209 12.011 2.016 32 32.066 28.016
moles inerts 1 - 0.209 OTWO NCOAL
- " + * DCOAL
min 0.209 32 28,016
1lb inerts 1 -0.209 OTWO
————— ———— - 28.163 * * + NCOAL * DCOAL
min 0.209 32

This term is essentially the NTWO term in the IBM program
NIWO = C(4) = 3.3309 * OTWO + 0.0095 * 374.22
= 3,3309 ~ B52,4563 + 3.555
= 2842.9857 lb / min
The term NTWO now takes care of all inerts, sc ARG for Argon is not required.

ARG = C(5) = 0.0

IBM program gives NTWO + ARG = 2787.1442 + 49.5884 = 2836.7326 1b/min
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COMBUCTION AIR, Continued
Now, for combustion air humidity.

The IEM program uses 0.01495 1lb water/lb 02, and 4.3271 1lb air/lb_Qz. The
humidity is: : ’

1b 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 HUMID.

mole water 1b H,y0 _ 1b dry air 1 mole H,0
------------ = HUMID =-=——————- * 28,965 *
mole dry air 1b dry air mole dry air 18.016 1b H,O

HUMID * 28.965 / 18.016 = 0.00563 mole water/mole dry air

mole water mole water mole dry air moles O, reqd
- * -
min mole dry air mole O, min
HOMID * 28.965 1 oTWO
- * *
' 18.016 0.209 32

mole water HUMID * 28.965 OTWO
- L]

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 = molea water/min * 18.016 lb/mole

0.00347 * 28,965 * OTWO / (0.209 * 32)
0.0152 * OTWO :

0.0152 ~ 852.4563

= 12.8109 1lb water/min
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EXCESS AIR AT ID FAN

Given: VM(4) = 02, % volume, wet, at ID fan (from Lear-Siegler) (5.5 %)

moles 02 excess/min

°2 wet
total wet moles of gas/min

Since the "total wet moles of gas"” includes the excess 0,5, this equation must
be solved as follows.

moles O2EA /min

0
2 vet
(molas °2EA + moles inertEA + moles waterEA + moles of other)/min

mles °2EA /min

mole inert mole HZO
moles OZEA/min * (1 + + ) + moles other/min
mole 02 mole O2

This equation has the form:

moles Ospa /min

°2 weat
moles °2EA /min * A + B

and can be solved for "moles °2EA /min" to get:

. 02 wet * B
moles °2EA /min =
1-07 yot *A
0 yot * Moles other/min

mole inortEA mole HoOpp
+*

1-0, wat T (1 +

mole 02 mole O2
The "moles other/min" term includes all the gases not related to axcess air:.
B moles/min kiln dry gas
meles/min kiln coal water
moles/min combustion air inerts
moles/min combustion air water
meles/min feed 002
moles/min feed HZO
moles/min water spray H,0

+ 4+ 4+ B

These terms have all been obtained above, except for water spray H,0:
moles/min water spray H,0 = VM(45) * 8.3453 1b/gal /18.016
' - 26 * 8,3453 /18.016
= 12.0436 moles H,0 / min
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The B expression can be written out (units are moles/min):

CCCOAL NCOAL SCOAL .
B = + + ) * DCOAL
12.011 28,016 32.066
WATCOAL 1 HCOAL
+ * + ) * DCOAL
1 - WATCOAL  18.016  2.016

1 - 0.209 OTWO
+ *
0.209 32

HUMID * 28.965 OTWO
+ ' *
0.209 * 18.016 32

VM(14) * (1 - E(11)) * (1 - 1/E(13)) * 2000

+
44.011 * &0
VM(14) * E(11) * 2000
+
18.016 * 60
VM(45) * 8.3453
+

18.016

Solving for each term, B is:

"[ kiln coal dry gas ]
{ CO,, Nz, & S0, )

[ kiln coal water ]

[ comb air inerts ]
[ comb air water ]

[ feed CO2 ]
[ feed H,0 ]

{ spray Hzo i

(0.7305/12.011 + 0.0095/28.016 + 0.0065/32.066) * 374.22

Bw
+ (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% * 18.01¢ * 32)
+ 90.9 * (1 - 0.004) * (1 - 1/1.6) * 2000 / (44.011 * 6€0)
+ 90.9 * 0,004 * 2000 / (18.016 * 60)
+ 26 * 8.3453 / 18.016 -
B = 22,9625 [ kiln coal dry gas, moles/min ]
+ 10.28%3 [ kiln coal azo, moles/min )
+ 100.8213 _ [ comb alr inerts, moles/min ]
+ 0.7111 [ comb air ﬂzo, moles/min ]
+ 25.7141 [ feed CO,, moles/min. ]
+ 0.6727 [ feod Hzo, moles/min }
+ (

12.0436

B= 173.2146 moles/min

B-8

spray nzo, moles/min ]

(water = 23.7167 moles/min)
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EXCESS AIR AT ID FAN, Continued

To solve for moles excess °2EA' need the terms in A above:

moles inert moles H20
A=1l+ +
mole OZEA mole °2EA
1 - 0.209 HUOMID * 28.965
-1 4+ +
0.209 18.016 * 0,208
=1 + 3.7847 + 0.026693

A

4.8114 moles wet excass air/ mole Orga
Now can solve for moles excess Oz/min, using O, ., = VM(4)/100 = .055:

moles OZEA °2wet * B

min 1 * A

= O2yet

.055 * 173,2146

1 -0.055 * 4.8114
= 12,9551 moles Ozlmin

1b O, / mip = 12,9551 * 32
= 414.5620 1lb Ozlmin

This is OOUT = C(20) in IBM program (which gives OOUT = 411.5114).
STACE FLOW WET AND DRY
Now can calculate the total wet gas moles/min:
Total wet moles/min = B + moles °2EA * A
- 173.2146 + 12,9551 * 4.8114
= 235.5468 total wet moles/min at ID fan

This gives us the wet stack flow rate:

SWCFM = 385.3 * (B + moles Oppn * A)
- 385.3 * 235.5468
= 90,756.1698 ft>/min wet

To get the dry flow rate, subtract the water flows:

moles total water/min = 10.2093 [ 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
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STIACK 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 6f dry gas to wet gas is:

SDCFM / SWCFM = 81,484.9008 / 90,756.1698 = 0.89781 dry volume/wet volume
CONVERSION OF RPEM NO FROM WET TO DRY

Given: VM(2)

ppm, NO measured by Lear-Siegler, wet basis

NO, ppm,, dry = VM(2) / (SDCFM/SWCFM)

318 / (0.89781)

354.1952 ppm,, dry
CALCULATION OF LB NO.
x_L_IQH

1bs NO, (ppm, NO) (46 grams/mole) (1.56 x 10™7) (sDCFM)

Ton of Clinker Ton/hour of clinker

( 354.1952 ) (46) (1.56 x 10-7)( 81,484.9005 )

56.58
Verify that we get the same answver if wet values are usad:
lbs NOx (ppmv NOx)(AG grams/mole)(;.SS x 10-7)(SWCFH)

Ton of Clinker Ton/hour of clinker

(318) (46) (1.56 x 10~7) ( 90,756.1698 )

56.58

IBM program for same data gives 3.5230, which 1s.lou by 3.8 %.

Now that the basic squations are derived for direct caleulation of 1b Nozlton
of clinker, the equations used in the Riverside Cament IBM-PC computer program
can be examined with the objective first of reconciling the engineering
constants (i.e., given exactly the same constants are the answers the same)
and second of revising the IBM-PC program to emphasize a more direct
ecaleculation with the minimum number of changes to the computer program itself.
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RECONCILIATION OF COMBUSTION 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=.01 'COAL MOISTURE

2120 DCOAL=(VM(37)*2000/60)* (1-WATCOAL) 'COAL FLOW, DRY, LB/MIN

2130 CCCOAL=.7305 'COAL CARBON, DRY, LB/LBE COAL
2140 HCOALw=, 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 ASHCOALw,0933 *COAL ASH, DRY, LB/LB COAL

2180 AVAH=HCOAL- (QCOAL/7.937001) 'COAL AVAILABLE HYDROGEN

2190 SCOAL=.0065 'COAL SULFUR, DRY, LB/LE COAL

In above, AVAH is only required for calculation of heating value.
Add the. coal heating value, either input from analysis, or calculated by
modified DuLong formula:

ADD *hkhk kA dArhktdad

2191 BTUC=14093 * CCCOAL + 51623 * AVAH + 3983 * SCOAL : BTUC=12437

2192 CMW=12.011 *MOL. WT. OF CARBON

2193 H2MW=2.016 : H20MW=18.016 'MOL. WT. OF H2, H20

2194 O2MwW=32 ) *MOL. WT. OF 02

2195 N2MwW=28.106 'MOL. WT. OF N2

2196 SMWw32.066 ‘MOL. WT. OF SULFUR

2197 AIRMW=28.965:AIR02=.209:HUMID=.00347 'MW, 02, HUMIDITY OF AIR -

2198 INRTMW=28.163: INERT=(1-AIRO2)/AIRO2*INERTMW/O2MW ‘'INERTS IN AIR

Ak hkhkhhkkdhkkhdkdddddd

The following comb. air egquations should be 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 abova 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 * OTWO

.2099 * 32
CHANGE TO ttsddhdrhhen '
2210 OTWO-02HW*(CCCéAL/CMW+HCOAL/(2*32!“)—OCOAL/02HN+SCOAL/SMW)*DCOAL
2220 NTWO=INERT*OTWO + NCOAL*DCOAL
2230 ‘'OTWO=952,8313 )
2240 ARG=0.000001 'SET NEAR 0, NOT REQ'D

i 2323321222322 2221}
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" The current equations for water from air humidity, wet coal, and comb. are:
2250 HTWO-.OIAQS*OTWO+VM(37)*WATCOAL*2000/60+(OCOAL*B.936001/7.937001)*DCOAL
2260 ASHC=DCOAL*ASHCOAL 'NOT USED FOR NO2 LB/TON :
2270 AIRw=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 1b wet air/lb 02
3.2543 1b N2/1b 02
0.0570 1b argon/lb 02
0.01495 1b H20/1b 02
Need to do calc backwards to find out what was assumed for dry air
composition: .
4.3271 - 0.01495 = 4.31215 1b dry air/lb 02
0.01495/4.31215 = 0.003467 1b H20/1b dry air = HUMID, air specifiec humidity
3.2543/4.31215 /23.103'- 0.026940 mole N2/1b dry air ->.0.7803 mole frac N2

0.0579/4.31215 /39.675 = 0.000338 mole Ar/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 molae dry air/lb dry air ->28.964 dry air MW

Now can reverse and go forward to derive formulas used for constants in
program: : '

Given: specific humidity = .003467
Dry air: .7803 N2, .2099 02, .0098 Ar by volume

1b N2/1b 02 = .7803/.2099 * 28.103/32 = 3,2543 (Checks)

1b Ax/1b 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 = Q.01495 1b HZO/lb 02 (checks)

1b wet air/lb 02 = 4.31215 + ,01495 = 4.3271 1lb wet air/lb 02

Restating these formulas in terms of defined constants:

- 1b "N2"/1b 02 = (1 - AIRO2)/AIRO2*INRTMW/O2MW = 3.33082 1lb Inerts/lb 02
Let INERT = (1 = AIRO2)/AIRO2*INRTMW/O2MW = 3,33088

l1b Ar/1lb 02 = 0

1b dry air /l1b 02 = 1b (02 + inerts)/lb 02 = 1 + 3.3309 - 4.3309

1b H20/1b 02 = HUMID * (1 + INERT) ' ‘'
= HOUOMID * 4.3309 = 0.01502

lb wet air/lb 02 = lb (dry air + H20)/lb 02
= (1 + HUMID)*(1 + INERT) = 4.3460
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Now, restate the HTWO equation, which currently is:

2250 HTWOOw=,01495*0TWO + VM(37)*WATCOAL*2000/60 +
(OCOAL*8.936001/7.937001) *DCOAL

.01495%*OTWO = HUMID* (1+INERT) *OTWO = 1lb H20 in air/min
VM (37) *WATCOAL*2000/60 = 1lb H20 in cocal/min
The third term in HTWOO can be combined with the second term in HOUT:

(OCOAL*8.936001/7.937001) + 8.536001*AVAH
= OCOQOAL*8.936001/7.537001 + 8,936001* (HCOAL- (OCOAL/7.937001))
= OCOAL*8.936001/7.537001 - 8.936001*0COAL/7.937001 + 8.936001*HCOAL

The first two terms above cancel out. There appears to be no need for keeping
HTWOO and HOUT separate, except for calc of EBTU/lb ceoal.

8.936001 = H20MW/H2MW = H2OMW/H2MW = 18.016/2.016 = 8.936508
7.937001 = O2MW/2/H2MW = 32/2/2.016 = 7.936508

These numbers do not match exactly, suspect 7.937 and 8.936 where used without
direct reference to the molecular weights being used in the reat 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 combuaticn and/or
avaporation of the hydrogen in the coal. Lets assume we need to keep HTWOO
and HOUT separate.

CHANGE TO SetsRdan®
2250 HTWOQO= HUMID* (1+INERT) *OTWO + VM(37)*WATCOAL*2000/60
+ (OCOAL*H20MW/ (O2MW/2) ) *DCOAL

2280 HOUT=HTWOO + H20MW/HZMW*AVAH*DCOAL
(2222238222222 2 222

Note that batween 2250 and 2280 is

2260 ASHC=DCOAL*ASHCOAL

2270 AIR=4,3271+0TWO

These aren't need to §ot lb NOx/ton. ASHC is OK as is, but, te make
consistent, AIR changes:

CHANGE TO tatsdksns

2270 AIR=(1+HUMID) * (1 + INERT) * OTWO
ARARRARRRERERAARRARN

=]lb wet air/lb dry air * lb dry aiz/lb 02 * 1b 02/min
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Now, for the COTWO equation, which currently is:

- 2290 COTWO=3,664*CCCOAL*DCOAL + VM(14)*(1-0.004)*(1-(1/1.6))*100/3
= 1lb coal CO2/min + lb feed CO2/min

3.664 = 44.01/12.01 = (CMW+O2MW) /CMW
100/3 = 2000/60 (just shorthand, not used alsewhere)

So 2290 becomes:

* CHANGE #tdkdsddhanns

2290 COTWO= (CMW+02MW) /CMW*CCCOAL*DCOAL + VM(14)* (1-E(11))*(1-1/E(13))*2000/60

(222 X2 22232 22 22t 2]

Now, for SCFM equation 2300, program currently is:

2300 SCFM=AIR*10.73%520/(14.696*28.9)

AIR = 1b wet comb. air/min, see line 2270

10.73 = Gas constant '

520 = "Standard Temperature, R" -~ should be 68+455.7= 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 cale, leave it alone. It could be
tuned up to have MW vary with humidity and be based on Rule 1112 Tstd=68 F.

Now, for ESCFM équation 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
(mcle 02 + mole N2 + mole Argon )/lb excess 02

= moles dry excess air/lb excess 02
From Page 2, this is (i + INERT) / AIRMW
Restating with new valuas:
CHANGE TO *tdktktdkaid

2310 EXOTWO=VM (13) * (NTWO/INRTMW+COTWO/ (CMW+O2MW) )
/ ((100/32)-VM(13)* (1+INERT)/ AIRMW)

EEREREENRAEARARERAARANS

Now, for TAIR line 2330:
2330 TAIR = 4.3271 + (1+INERT) * (OTWO + EXOTWO)
4.3271 = 1b Qet air./ 1b 02, per Page 2 this changes as below:

MGE ;1'0 LI T
2330 TAIR = (1+HUMID)* (14+INERT)* (OTWO+EXOTWO)

(T EI2 2231212222}

B-14 KVB71-71901/2/R/GH Audit




SCH-IBM EQUATIONS 8/27/85-Page 5
Now, for MOLEW, line 2380

® 2380 MOLEW = (EXOTWO/32!+ (NTWO+3.2543%EXOTWO) /28.013+COTWO/44.01+
(ARG+.0574*EXCOTWO) /39. 675+HOUT/18.015)

MOLEW = wet moles/min at kiln exit
BUT NOTE, WATER IN EXCESS AIR 1S NEGLECTED

CHANGE TO *hetkhrkknnw
@ 2380 MOLEW=EXOTWO/O2MW + (NTWO+INERT*EXOTWO) /INRTMW
+ COTWO/ (CMW+02MW) + HOUT/H20MW

dkdkdk bk kA kA hN

Now, for ESCFM, line 2390, kiln exit SCFM

T STANDARD = 68 F, .7302*(68+459.7) = 385.3 .
.7302 = Gas Constant, (atm) (cu. ft)/(lb-mole) ( R)

CHANGE TO #*%aididtdtts
2390 ESCFM = MOLEW*385.3
KRR RRARREERRERRRE LS

Now, for WOTWO, line 2410, only need to change the 02 mole weight:

CHANGE TO ARARARTRAAAR

2410 WOTWO = (EXOTWC/QZMW) *100/MOLEW
T T T Y

Now, for IDOMOL & OOUT, line 2420-2440, currently is:
® 2420
IDOMOL=. 20874* ((MOLEW+ (VM (45) *8.3453/18.015) ) * (VM(4) /100) — (MOLEW*WOTWO*.01))
/(.20874=-VM(4) /100)
2430 IF IDOMOL>1000 THEN IDOMOL~1000
2440 OOUT = EXOTWO + IDOMOL * 32

CHANGE TO thantddinsw
® 2419 WAIRQ2=AIRO2/ (1+HUMID*AIRMW/H20MW)
2420
IDOMOL=WAIRO2* ( (MOLEW+ (VM (45) *8.3453/H20MW) ) * (VM (4) /100) - (MOLEW*WOTWO/100) )
/ (WAIRO2-VM(4) /100)
2430 IF IDOMOL>1000 THEN IDOMOL=1000
2440 OQOUT=EXOTWO+IDOMOL*O2MW

kTR R AR AR RARRER

Now for DMOLE & WMOLE, line 2450-2460, currently is:

2450 DMOLE = MOLEW-(HOUT/18.015)+IDOMOL* (1+(.77598+9.739995E-03) /.20874)
2460 WMOLE = DMOLE+(VM(45)*8,3453+HOUT) /18.015

® .77598 = .7803 mole N2/mole dry aiz/ (1+HUMID*AIRMW/H20MW)
= ,7803/(1+.00347*28.965/18.015)
9.739999E~03 = ,0098 mole Argon in dry air/ (1+HUMID*AIRMW/H20MW)
= .0098/(1+.00347%28.965/18.015) = ,009746 (cloae)

These can be combined as "inerts®” in air and the dry values can be used
°® instead of wet

1 + (1-AIRO2)/AIRO2 -> '(lb 02 + 1b inert)/lb ID 02

CHANGE TO Sttt Asdathnrxndhns

2450 DMOLE~MOLEW- (HOUT/H20MW) +IDOMOL* (1+ (1-AIRO2) /AIRO2)
2460 WMOLE=DMOLE+ (VM (45) *8.3453+HOUT) /H2MW

. ' [Ty Y 2222222223 2322222 %]
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Now, for EESCFM, line 2470, is
2470 EESCEM=WMOLE*379.48

CHANGE TO ®rxtkadxddttdsd
2470 EESCFM=WMOLE*385.3

kR r kbbb AN RN

Now, for NO, line 2480 is
2480 NO=((VM(2)*14.696%32.4/(10.73*520))*,.000001) *DMOLE*379.48

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 gasa

DMOLE = moles of dry gas/min, use WMOLE instead

NO = vM(2) = .000001 * WMOLE
molaes NO moles wet gas molaes NO

. moles wet gas min min

To obtain Ib NO/min, this needs to be miltiplied by the molecular weight of
NO, not the molecular of the flue gas. To be conaistent with correct
molecular weights used for air, Op, etc. 30.008 should be used for NO (and

46.008 should be used for NO,). However, since the Rule 1112 egquation uses 46
for NO, it is best to use 30 for NO and 46 for NO;. The difference is
negligible.

NO = VM(2) * .000001 * WMbIE.* 30
The numbers usfd in line 2480 give:
14.696 * 32.4 / (10.73 * 520) . 379.48 = 32.38 because
14.696 / (10.73 * 520) = 1/379.6679% almost cancela 379.48.
The ealeculated 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 IEM program for NOLB (which is
the NO, in lb/ton of clinker), wa will use the direct -quation from Rule 1112

and the raw data for NO as measured (VM(2), the wet flue gas flow (EESCFM from
Line 2470), and the clinker rate calculated from feed (VM(37)), feed water
content (E(11)), and feed loss on ignition (E(13)).

CHANGE TO MAtARRaniidx

2480 NO = VvM(2) * .000001 * 30 * WMOLE

2490 NOTWO = NO * 46/30

2500 NOLB=0 : IF VM(14)=0 THEN 2510

2502 NOLB = VM(2) * 46 * 1.56E-7 * EESCFM/(VM(14)*(1- 3(11))*(1/3(13)))
2510 IF NOLE < O THEN NOLB = O

2520 NOBTU = 1000 : IF VM(37) < 1 THEN 2540

2530 NOBTU = NOTWO/ (VM (37) * (1-WATCOAL) *2000/60*BTUC) *1.0E6

(2222222332222 2222 d) ]
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The foregoing equations will produce the correct calculated lb NO,/ton of

clinker (Line 2502). Bowever, the equations are still obscured by the fact
that EESCFM is calculated through a chain of equationsa which involves an
unecessarily complex use of the kiln exit 0. The procedure would be

clarified by a direct equation for EESCFM which is reduced only to the minimum
necessary input, and eliminating the intermediate step involving kiln exit Oj.

The following equations, based on both the existing IBM-PC equations and the
ones developed by KVBE, allow direct calculation of the lb NO,/ton of clinker.

Define:

MRDG » moles/min of kiln dry gas (inerts, COé)
MEW = mole/min of kiln coal and apray water

MEWG = mole/min of kiln wet gas

MIDO2 = moles/min of Oy in excess air at ID fan

MIDXSDA = moles/min of ID fan excass dry air

MIDXSW = mcoles/min of ID fan water from the aexcess air humidity
SDCFM = standard dry cubic feet per min. of gas at ID fan
SWCFM = standard wet cubic feaet per min. of gas at ID fan
NOLENU = 1b NO,/ton of clinker by new equations

The equations are:

MEDG = NTWO / INRTMW + COTWO / (CMW + O2MW)

MKW = HOUT / H20MW + VM(45) * B8.3453 / H20MW

MEWG = MEDG + MEW

MIDO2 = VM(4) * MKWG / (100 - VM(4) / AIRO2 * (1 + HUMID * AIRMW/H20MW))
MIDXSDA = MIDO2 * (1 + (1 = AIRO2) / AIRO2)

MIDXSW = MIDXSDA * HUMID + AIRMW / H20MW

SDCFM = (MRDG + MIDXSDA) * 385.3

SWCFM = SDCFM + (MRW + MIDXSW) * 385.3

NOLENU = VM(2) * 46 * 1.56E-7 * SWCFM / (VM(14) * (1 - E(11)) * (1/E(13))

The fellowing conatants and ecquations are sufficient to solve thase equations:
Basic Constanta:

AIRMW = 28.965 molecular weight of dry air, 1lb/lb-mole
INRTMW = 28.163 molecular weight of inerts in dry air, 1lb/lb-mole

CMW = 12.011 molecular weight of carbon, 1lb/lb-mole

O2MwW - 32 molecular weight of oxygen, lb/lb-mole

H2MW - 2.016 molecular weight of hydrogen, lb/lb-mole

H20MA = 18.016 molecular weight of water, lb/lb-mole

SMW = 32.066 molecular weight of sulfur, lb/lb-mole

AIRO2 = 0.209 mole fraction of oxygen in dry air, meles/mole
8.3453 = lb of water/gallon

385.3 = standard cubic feat of gas/mole of gas at 68 °F

Engineering Constants required are (example values are used):

WATCOAL = E(1) = 0.01 coal moisture, lb H»0/1b coal

CCCOAL = E(2) = 0.7305 ecoal carbon content, lb C/1lb dry coal
BCOAL = E(3) = 0.0543 coal hydrogen content, lb H/lb dry coal

NCOAL = E(4) = 0.0095 coal nitrogen centent, lb N»/lb dry coal

OCOAL = E(5) = 0.1057 coal oxygen content, lb 0,/lb dry coal

SCOAL = E(7) = 0.0065 coal sulfur content, lb S/1b dry coal

KFH20 = E(11) = 0.004 kiln feed moisture, lb water/lb wet feed

KFLOI = E(13) = 1.6 kiln feed loss on ignition, lb dry feed/lb clinker
HUMID = 0.00347 humidity of combustion air, 1lb H;0/lk dry air
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Measured values required are:

VM(2) = 318 ppm NO, wet

VM(14) = 90.9 kiln feed, tons/hr

VM(37) = 11.34 kiln coal flow, tons coal/hr

VM (45) = 26 kiln exit ecooling water spray, gallona/min.

The equations above require three values calculated by the existing IBM-PC
program:

NTWO = C(4) = INERT * OTWO + NCOAL * DCOAL = 2842.99
COTWO = C(10) = (CMW+O2MW)/CMW * CCCOAL *DCOAL +

VM(14) *(1-E(11)) *(1-1/E(13))*2000/60 = 2133,39
HOUT = C(5) .= HTWOQ + H20MW/H2MW*AVAH*DCOAL = 198.77

These three equations in turn require the following additional values:

INERT = (1=-AIROZ) /AIROZ2*INRTMW/QZ2MW = 3.3309 -
DCOAL = C(l) = (VM({37) * 2000 / €0) * (1 - WATCOAL) = 374.22
AVAH = C(2) = HCOAL - (OCOAL / 7.937) = ,041
OTWO = C(3) = O2MW * (CCCOAL/CMW+HCOAL/ (2*H2MW)

—OCOAL/QO2MW+SCOAL/SMW) * DCOAL = 852.457
HTWOO = C(6) = HUMID* (1+INERT) *OTWO

+ VM(37) *WATCOAL*2000/60

+ (OCOAL*H20MW/ (02MW/2) ) *DCOAL 61.1298

Using these equations and constants, the follewing values arxe calculated for
the new equations:

149.422 moles dry gas/min

MEDG =
MEW = 23.0437 moles water/min

MEWG = 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 ID fan water in excess air

SDCFM = 81,351.9 standard dry cu.ft./min @ 68 'F

SWCFM = 90,363.3 standard wet cu.ft./min @ 68 F
NOLBNU = 3.6442 1b NOy/ton of clinker
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EFFECT OF £/ VARIATION IN EACH FACTOR ON NOX/TON (NOLB)

-==0RIGINAL CALCULATI(N—- ~—=MODIFIED CALCULAT{(N—
FACTOR NOM. VALLE  NO/TON % PREC % SOR NO/TON 7 PREC %4 SR
NCMINAL -_ 3.5220 - 3.6442
KFLOT  EC1D) 1.6 3.5480  1.2741 1.4284312 3.4897  1.2485 1,5587523
NOPPM WM( 2 318 3.5582  1.0001 1.0002000 3.4806  1.0001 1.0002000
KFEED WM(14) 90.9  3.493%  -.8241 .48244121 3.4135 . -.9425 70980425
coALC E(2D 4305 3.5477 4998 .48972004 3.6673 4394 40373314
COALH EC D A543 3,529 1387 01923749 3.4503 1689 02852721
CoAL O ECD L1057  3.5219  -.0301 ,00090401 3.6432  -.0274 00075074
SPRYR UM(4D) _26 3.52397 0204 .00041516 3.4447 0498 .00437204
KFH20 ECID 004 3.5231 . .0034 00001156 3.,4443 0034 .0000115¢8
COALN EC4 0095 3.5231 0032 .00001024 3.4442 .0007 00000049
COAL S E( P 0085 3,5231 ,0021 .00000441 3.4442  ,0014 .00000254
COALH20 EC 1) 01 3.52% .0004 .00000014 3.4042 0012 .00000144
KCOALTPH WM(37) 11.34 3.52% 0004 .00000014 3.4442 0012 00000144
EXITO2 W(13) 1.3 3.52% .0001 00000001 3.4442 0 0
COAL BTUC E(12) 1437 35230 0 0 3.4442 0 0
COAL ASH EC &) 0933 3.52%0 0 0 3.6442 ] 0
SART(SUM(PREC*2)) (APPROX PRECISION  1.9944004 1,9588580
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@)
(2
L §c))
4
(S
(&)
”
()
(9

coAaL.
CoAL
coaL
CoAaL
coaL
CoAL
CoAL
FEED
coal

(10) FEED

ORIGINAL

NOX STUDY INPUTS

H20 E(
c E(
H E(
N E¢
0 E(

ASH  E(
] E¢

KFH20

BTUC

D= .01

2= ,730S
3= .0543
4= ,009%
M= 1057
é= .0933
= 0065

ECID= ,004

EC12)= 12437
KFLOI E(13)= 1.4
(12)KCOAL TPH WM(37)= 11.34
(13)KFEED TPH WM(1d= 90.9
(14) SPRYW GPM UM(4S)= 24
C(15)WT ID 024 WM(4) = 5.5
(18)ID NO PPM UM(2) = 318
U7)EXIT 02 Z M(13)= 1,3

NOX STUDY OUTPUTS

DCOAL=
AVAH=
OTHO=
NTWO=

ARG=

HTWOO=
ASHC=

AlIR=

HOUT=
COTWO=
SCFMe=
EXOTWO=
TAIR=
LBLB=
EXAJR=
MOLEW=
ESCFM=
WOTWO=
100MOL=
00yT=
DMOLE=
WMOLE=
EESCFM=

NO=

NOTWO=

NOLB=
NOBTU=
DDTWO=
NOTHR=

INF=

c«
c(
c«
c¢
o]
c(
c(
c«
€«
(M4
c(
€«
C(
c(
C¢
C(
¢
¢
c(
(o4
€«
({4
¢
C<
C¢
C«
144
c«
¢
C«

ONRNNNNNNRNNR -
C DN RN RN DO A R NSl NCO RN -

)=
)=
)=
)=
)=
)=
=
)=
)=
)=
)=
)=
)=
=
)=
)=
)=
)=
)=
=

374.22
.041
856.45
2787.14
49,5884
61,1176
34,9147
3705.94
198. 145
2133.32
48484, 1
64,1731
3992.28
10.4483
7.7264
170.049
44537.9
1.2159
10.7918
411.511
210.483
233.527
88418.6
2.1676
3.3225
3.523
7139
6.1094
384,41
27.4792

(1) coAaL
(2) coaL
(3) coAaL
(4) COAL
(3) CoaL

(7) CoAL

(10)FEED

MODIFIED

NOX STUDY INPUTS

H20
c
H
N
1]

(4) COAL ASH

s

EC D= .01

E( 2)= .730S
EC = .0543
E( 4= .0095
EC 9= ,1057

E( &= .0933

EC 7= .0065
(8) FEED KFH20 E(11)= .004
(9) COAL BTUC E(12)= 12437
KFLOI E(1= 1.4
(12) KCOAL TPH WM(37)= 11.34
(1D KFEED TPH UM(14)= 90.9
(14) SPRYW GPM WM(45)= 24
(IDWT 1D 024 WM(4) = 5.5
(18)ID NO PPM WM(2) = 318
U EXIT 02 % WM(13)= 1.3

NOX STUDY OUTPUTS

DCOAL= C(

AVAH=
OTWO=
NTWO=
ARG=
HTWOO=
ASHC=
AIR=

- HOUT=
COTWO=
SCFM=
EXOTWO=
TAIR=
LBLB=
EXAIR=
MOLEW=
ESCFM=
WOTWO=
1DOMOL=
00UT=
DMOLE=
WMOLE=
EESCFM=
NQ=
NOTWO=
NOLB=
NOBTU=

NEW KVB

MKDG=
MKi=
MIGNG=
MIDO2=

c«
o]
(¢
14
C¢
C«
¢
c¢
C(
c¢
C(
C«
C¢
C(
C(
(o]
(o]
C¢
C¢
(o]
c¢
¥4
C¢
74
c«
€«

1=
2=
3=
4)=
S)=
4)=
=
8)=
=
10)=
)=
12)=
13)=
14)=
1S)=
1) =
1=
18) =
19)=
20)=
21)=
22)=
23)=
29)=
25)=
24)=
27)=

374.22
.041
852.457
2642.99
0
61,1298
34.9147
3704.7
198,177
2133.39
48649.7
66.2821
3992.76
10.6495
7.7754
170.332
65629
1.216
10.8235
412.635
211.119
234.143
90223
2.2339
3.4253
3.4385
736

EGUATIONS

M1DXSDA=

M1 DX St
SDCFM=
SWCFM=

NOLBNUm

A A T I Y P T

149.422
23.0437
172.465
12.899
61.7177
«3443
81351.9
90343.3
3.46442




KVB MICROSOFT BASIC NOX STUDY COMPUTER PROGRAM

10 TEXT 1 HOE : CLEAR

15 PRINT = PRINT : H!INT

20 '

25 PRINT : PRINT : INVERSE : PRINT * IBM.NOX.CALCS': NORMAL
30 : REM NIX.VARIATION.CALC.8/21 (RAF/SCHD

40 ¢ REM KVBNOX . BAS MODIFTED EQUATIONS, MICROSOFT msu: VERSION
m .

WWHRD(X)SINT(XIW“WO.S)/W D

AN =4

100 REM

110 REM I8N NOX PROJECT 7/22
120 REM  RIVERSIDE CEMENT

130 REM APL CPM VERSION

140 REM CASE STUDY SUBROUTINE
150 REM

200 DIM EC14) WMC4& ,C(348) ,08(38) ,LS(36) ,CPS(38) ,WAB(34) ,SHS (1D
00 ¢

350 DATA *C1) COAL H20 EC 1=",%(2) COAL €  EC 2=","(D COAL W

"M COAL 0 EC D=","(4) COAL ASH E( &)=*,"(7 COAL §
(9 COAL BTUC E(12=*,"(10)FEED KFLOI E(1)=*

EC D=4 COAL N E( =2,
E( 7)=*,"(8) FEED KFH20 EC11)=*,

351 DATA *(11) *,"C1DKCOAL TPH W(37","(13)KFEED TPH WM(14)=",°(14)SPRYW GPM UM(49)=",

*CISINT 1D 02/ WH(4) =°,*(14)1D NO PAM WH(2 = *(IDIEXIT 02 7 W(13=*

360 FOR [ = 17D 17 ¢ READ SHS(D) :NEXT
400 Ds = CHRS (4

420 DATA * DCOAL= *,* AWAH: *,* OTWO= *,* NTWO= *," ARG= *,* HTWOD= *,' ASHC=*,* AIR=°,
" HouTs *,* cumo= *," SCRM= *,"EXOTWO= °,* TAIR= *," LBLE=*,° DXAIR= *,* MOLDE *," ESCRE °,

* WOTW: *,*IDOML= *," OOUT= *,* DMOLE= *

421 DATA  ° WMOLE= °*,°EESCPM= *,"  NO= °," NOTWO= °," NOLB= °,® NOBTU= *

422 FOR I = ] TO 27: READ CS(D)s NEXT 1

A5 0ATA " MDG= ", MR, I'IW".HIWI ,'NIDXSIMI"HIW"W"W',W'

426 FOR I = 28.TO 34: READ C8(I) : NDXT I

4227 FOR | = 1 T0 27 CPS(I)-'C('#SI‘RS(IH')- ':IDG 1
429 FOR | = 28 T0 34: CPS(D)=* tNEXT I
430 FOR I = 1 70 33:088(]) = * ": NBXT

440 PAR = 0:P1 =2 0

500 ’

1000 REM UM UVALUES GIVEN

1002 ' :

1010 UM(37) = 11,34: REM  KILN COAL TPH

1020 W(14) = 90.9: REM  KILN FEED TPH

1025 WM(13) = 1.3: REM KILN EXIT 02 %

1030 WM(45) = 24's REM  BACK END H20 SPRAY GPM
1040 VM(4) = 5.5: REM 02/ WET AT 1D OUTLET
1030 UM(D = 318': REM  NO PPM AT ID QUTLET
1040 :

1070 ¢

1080 REM  EQO UALUES

1082 :

1084 1

1090 EC11) = 004: REM  KILN FEED H20

1100 EC12) = 12437: REM BTV E+é /T(BTUC)

1110 E(13) = 1.4: REM LB FEED/ LB CLINKER (KFLOD)
1120 1
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1130

1140 :
BRI

1200 : REM INPUT VARIABILITIES

1201 :

1202 GOSUS 2000: HOME

1210 HTAB 16: VTAB 1: INVERSE : PRINT "NOX STUDY INPUTS': NORMAL ¢ PRINT

1220 HTAB 1: VTAB 3: PRINT *(1) COAL M20 E( 1)="3E(1);: HTAB 33: PRINT UAS(D)
1230 HIAB 13 VTAB 4: PRINT *(D COAL € E( 2)="3E(2)3: HTAB 33: PRINT UAs(2
1240 HTAB 1: UTAB S: PRINT *(D COAL H  EC 3=";E(3);: HTAB 33: PRINT Uas(3)
1250 HTAB I3 UTAB 4: PRINT *(4) COAL N E( 4)=;E(4);: HTAB 33: PRINT Vas(9)
1260 HTAB 1: VTAB 7: PRINT *¢5) COAL 0  EC D)=";E(5) ;: HTAB 33: PRINT Uas(D
1220 HTAB 1: VTAB 8: PRINT *(4) COAL ASH E( &)=°3;E(6);: HTAB 33: PRINT UAS(&)
1280 HTAB 1: UTAB 9: PRINT *(7) COAL S  E( D=";E(7;: HTAB 33: PRINT Ws(D
1290 HTAB §: VTAB 10: PRINT *(8) FEED KFH20 EC11)="3E(11);: HTAB 33: PRINT Vas(8)
1300 HTAB 1: UTAB 11: PRINT *(9) COAL BTUC E(12="3E(12) ;: HTAB 33: PRINT UaAS(9)
1310 HTAB 1: VTAB 12: PRINT *(10)FEED KFLOI ECID="3;E(1D) ;: HTAB 33: PRINT Ua%(10)
1320 HTAB 1: \TAB 13 ‘

1330 HTAB 13 VTAB 14: PRINT *(IDKCOAL TPH UM(37)=" sUM(37) ;5 HTAB 33: PRINT WAS(12)
1340 HTAB §: VTAB 15: PRINT *(1DKFEED TPH WM(14)=";UM(14) 52 HTAB 33: PRINT UAs(13)
1350 HTAB 13 VTAB 14: PRINT "(14)SPRYW GPM UM(45)=";UM(45) ;: HTAB 33: PRINT VAS(14)
1340 HTAB 1: VTAB 17: PRINT "(1S)WT 1D 02/ UM(4) ="3UM(4) 32 HTAB 33: PRINT UAs(1S)
1370 HTAB 13 UTAB 18: PRINT *(14)1D NO PPM UM(2D) =3UM(2D) 3t HTAR 33: PRINT WAs(16)
1375 HTAB 1: VTAB 19: PRINT *CIDEXIT 02 % WMC(1)="3UM(13) 32 HTAB 33: PRINT WS(17)
1377 IF P1 = § THEN RETURN

1380 IF PAR ) 0 THEN HTAB 1: VTAB PAR + 2t INVERSE : PRINT PAR sNORMAL

1400 GOSUB 4000 : [INVERSE : INPUT *ANY UARIATIONS? (YA, Q TO QUIT)) :*;YN$: NORMAL:

IF LEFT$ (WN$,1) = °Y* QR LEFTS (N$,1) = °Y* THEN 1410

1402 IF LEFTS$CYNS,1) = "Q° THEN END

1405 60T0 2200

1410 GOSUB 4000 : INVERSE : INPUT "ENTER NUMBER OF PARAMETER TO VARY °;PAR: NORMAL 1 HTAB 1: GOSUB 4000
1415 IF PAR ) 99 THEN END

1414 IF PAR = 99 THEN CLEAR ¢ RESTORE : GOTO 100

1420 GOSUB 4000: INVERSE : INPUT "ENTER 7/ VARIATION FOR PARAMETER *;UAR: NORMAL :

VAS(PAR) = STRS (VAR) ¢ * J*:UAR = UAR / 100: GOSUB 4000

1425 :

1430 IF PAR < 1 OR PAR > 7 THEN 14%0

1440 ECPAR = INT ((ECPARY ¥ (1 + VAR ¥ 100000") ¢ .5 / 100000’

1450 IF PAR ( 8 OR PAR ) 30 THEN 1470

1440 E(PAR + 3) = INT ((ECPAR + 3 X (1 « VAR ¥ 100000') + . / 100000!

1470 :

1480 IF PAR = 12 THEN WH(37) = ((WM(3D X (1 ¢« UAR) ¥ 100000%) + .% / 100000!
1470 IF PAR = 13 THEN WH(14) = INT ((UMC14) ¥ (1 + VAR) ¥ 100000%) + .5 / 100600’
1360 IF PAR = {4 THEN WN(4%) = ((WM(4D X (1 + VAR ¥ 100000%) + .B) / 100000!
1510 IF PAR = 15 THEN UM(D = (CUM(®) X (1 + VAR ¥ 100000") + .5 / 100009

1320 IF PAR = 14 THEN WH(D = ((UM(D ¥ (1 + VAR X 100000") ¢+ . / 100000!

1522 IF PAR = 17 THEN WM(13) = ((WC1D X (1 + VAR ¥ 100000') + .5 / 100000
1525 HOE

1540 6QT0 1210

1550 HOME :1400

1920 :: REM  PASS RETURN

1999 60T0 2200

2000 REM  IBM PROGRAM SECTION

2101 REM  XEXXXXXXXX HMEAT BALANCE FOR KILN/COAL MILL XXRXEX¥XXX

2102 :
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2110 EC(D) = .01 ‘WATCOAL _

2120 C(1) = (WM(37) ¥ 2000 / 40) ¥ (1 - ECD))  “DCOAL

2130 E( = 7305 ‘CCCOAL

2140 E(3) = 0543 ‘HCOAL

2130 EC4) = 0095 ‘NCOAL

2160 E(5) = 1057 ‘OCOAL

2170 €(8) = .0933 ‘ASHC

2180 C(D = E(}) - (E(D / 7.93D ‘AMH

2190 E() = 0045 ‘SCOAL

2191 BTUC=14073XE(2) +51423!XC(D +3783IKE(7) ¢ BTUC=12437

2192 Q412,013 _

2193 K292.016 : H2OMA=18.014

2194 024=32

2195 NaM=28.016

2194 Shi=32,044

2197 AIRM=28,945 : AIROZ= 209 ¢ HUMID=,00347

2198 INRTMA=28, 143 : INERT=(§-AIR02) /AIROZX INRTHA/024

2199 RETURN SPECIAL LINE FOR KVB APPLE PROGRAM ONLY

2200 C(D=E() - (E(S) /7 2.937) ‘SPECIAL LINE FOR WVB APPLE PROGRAM ONLY

2201 REM  XXXYX¥XAXX REQ. FOR COMB. AT 07 EXCESS 02 EXXXXXXXEX

2210 C(=0MB(E(2) /CHNE (3) /(ZXHZHD ~E (D) /02H+E (7) /D XC( 1)

2220 C()=INERTXC(I) + E(OXC(D

230 ‘CPRIME(D) = 9352.831

2240 C(S) = 000001

2250 C(& = HMIDX(1+INERTIX C(3) ¢ WM(37) X EC1) X 2000 / 40 ¢ (E(D) X lﬂﬂﬂ/(ﬂ.‘!ﬂ/?)) G
2260 C(7) = C(1) ¥ E(D

2270 C(BY=(J1+HRMIDI X( 14 INERT) XC(3)

2280 C(9 = C(&) ¢ 8,936 X C(D ¥ C(D

2290 C(10) = (CMW+024D /CHA X E(D) ¥ C(D + W14 ¥ (J - ECID) X €1 - 1/ ECID) X 2000 /7 &0
2300 C(11) = C(8) ¥ 10.73 ¥ 520 / (14.496 ¥ 28.9)

2310 C(12 = WH(13) X (CC4)/INRTMACC10) /(O 0240 ) /¢ (100/32) ~AM( 13)XC 14INERT) ZATR4O
2311 ‘¥¥¥¥ OELETE X¥XxX DENOM = 100/32-UM(13) ¥(1+(1-AIR02) /AIROZX INRTML/0240 /ATRMA
2312 “X¥xx DELETE XxxX C(12 = C(12)/DENM

2320 IF W(13) > 20 THEN C(12) = 1000

2330 C(1D = (1+HMID) X( 1+ INERT)X(C( +C(12))

2340 C(14) = 1000: IF CC1) ¢ | THEN 2340

2330 C(14) = C(13) /7 C(D '

2360 C(1D) = 1000: IF C(D ¢ | THEN 2380

2370 CUD = C(1D X 100 /7 C(D

2380 C(14) = C(12)/024 + (C(4)+INERTEC(12))/INRTMN + C(10)/(OHHO24D ¢ C(9)/H2OM
2390 C(17) = C(1&) ¥ 385.3

2400 CC1®) = 212 IF C(16) € 1 THEN 2420

2410 CUID = (C(12) 7 024D ¥ 100 / CC18)

2419 WAIRO2=ATR02/( 1+HIMIDIAIRMA/H2B4O

2020 CU19) = WAIRGZE((CC1E) ¢ (WNCAD) X 8.3453 7 H20MD) X (WHCA/100) - (CC1O) X CC1B) /100 )) /CHATRG2 = WH(4)/100)
2430 IF C(19) ) 1000 THEN C(19) = 1000

2440 C(20) = C(12) + C(19) X 02M

430 C21) = C(10 « (C(N/H20MD + CC19) % (1+ (1-AIRND /AIRID

2440 C(22 = C(21) + (WCAD) X 8.3453 ¢ C(9) /7 H2OMW '

2470 C(23) = (2D ¥ 385.3

2480 C(24) = UM(D) X ,000001 X 30 X C(2D

UNC2ZD =029 x4/ 0

2500 C(26) = 0: IF WM(14) = 0 THEN 2510

2502 C(26) = WM(D) % 44 X 1.56E-07 % C(29) / (W(14) X (l-E(ll)) ¥ (VE(13)))

2510 IF C(28) < 0 THEN C(28) = 0
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2520 C(27) = $000: IF W(37 ¢ 1 THEN 2540
2530 C(27 = C(29) /7 ((WM(3D ¥ (1 - EC1)) ¥ (2000 /7 40) X EC12))) ¥ IE¢04
2540 C(28) = 21:C(29) = 0: 1F C(21) ¢ 1 THEN 2570
2550 C(28) = (C(20) / 3 % 100 / C(21)
2540 “C(29) = W(2) X (18 /7 (21 - C(28)))
2570 'C(30) = 100: IF C(14) ¢ 1 THEN 2590
2580 ‘C(30) = C(CC19 / .20874) ¥ 28.9 / (C(14) ¥ 31.74)) ¥ 100
2590 :
2595
2600 :
2402 MKDG = C(4)/INRTMH + CC10)/(OMO2MD : C(28)=MKDG
2404 MM = C(9)/H20MA + WM(49) ¥8.345/H20MN : C(29)= M
2606 MKRG = MKDG + MO ¢ C(30) = NKNG
2408 MIDO2 = UN(4) BHGG/ ( 100-UM(4) /AIRC2X 1+HMIDXATRU/H2B90 ) ¢ C(31) = NIDO2
2410 MIDXSDA = MIDOZX(1+(1-AIR02) /AIRG2) : C(32) = MIDXSDA
2412 MIDXSW = MIDXSDA X HUMID % AIR/HZ2(MN : C(33) = MIDXSA
2614 SDCFM = (MKDG + MIDXSDA) ¥ 385.3 ¢ C(34) = SDCFM
2816 SWCPRM = SDCPM + (MKW + MIDXSD) ¥ 385.3 : C(3) = SWCFM
2620 NOLENU = UM(2) X445 1, S4E-07X SWCFM/ (W 1D XCI-ECTI X(I/ECTID)) 5 C(34) = NOLENU
2450 IF PAR > 0 THEN GOTO 9000
2700 FOR I = 1§ TO 34:CS(I) = C(1)s NEXT
3000 6OTO 9000 _
4000 H1AB 1 : VTAB 23 :PRINT * "s HTAB § ¢ VTAB 23 : RETURN
9000 P§ = §
9900 GOSUB 4000 : INPUT *OUTPUT TO PRINTER? (YAD : *;YN$:PSY/ = 0:
IF LEFTS (YN$,]) = °Y" OR LEFTS (YNS,1) = *Y" THEN PS/[ = |
9901 60SUB 4000
10000 IF PS/=1 THEN 60SUB 31210: REM PRINT VARIABLES
10100 60SUB 1210: REM DISPLAY VARIABLES
20000 :
20005 PRINT = PRINT °NOX STUDY OUTPUTS®: PRINT
20005 IF PS/ = § THEN LPRINT : LPRINT "NOX STUDY QUTPUTS": LPRINT
20007 IF PAR ) 0 60TO 20020
20008 FOR I = 1 TO 34
20009 IF I = 28 THEN PRINT : PRINT "NEN KVB EQUATIONS® : PRINT
20010 IF I = 28 AND PS/=1 THEN LPRINT 1 LPRINT "NEW KVB EQUATIONS® : LPRINT
20011 PRINT C$(1) sCPSCI) s FN RD(C(I))
20012 IF PS/ = | THEN LPRINT C$(I)3CP$(I) 3 PN RD(C(I))
20014 NECT
20015 60T0 20040
20020 1 _
20021 FR 1 =170 3%
20023 IF | = 28 THEN PRINT : PRINT *NEN KVB EQUATIONS' : PRINT
20024 IF [ = 28 AND P, = 1 THEN LPRINT : LPRINT “NEW KVB EQUATIONS® ¢ LPRINT
20025 ER=0:IF ABS(CS(I)) ) .00001 THEN ER= RN RD((CC1Y-CS(1))/CS(1)%100)
20030 PRINT C$(I);CPS(I) 5 AN R(CCD)) ; TAB(3D) 3 ER;® % *
20032 IF PS4 = | THEN LPRINT CSCI)3CP8CI) 5 PN RD(C(I)) 5 TAB(3; ER;* % °
20034 NET
20040 PRINT CHR$(12): IF PS/ = | THEN LPRINT CHRS(1D -
20100 3
20200 60SUB 4000: INVERSE : PRINT *SPACE BAR TO CONTIMUE ": NORMAL : GET YN$:PRINT : GOSUB 4000
30000 GOTO 430
31210 LPRINT TAB(10) ;"NGX STUDY INPUTS®: LPRINT
31220 LPRINT *(1) COAL H20 EC Ds*;EC(1); TAB(3D; Las())
31230 LPRINT (2 COAL €  E( 2=";E(D); TAB(33); Ws(D)
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31240 LPRINT *(3) COL H  E( 3)=";E(3); TAB(ID); W(D)
31250 LPRINT *(@) COAL N EC 4)=*3E(4); TAB(3D) ; U(4)
31260 LARINT *(5) COAL 0 E( D=";E(); TAB(3D); Wa(S)
31270 LPRINT *(&) COAL ASH  E( &)=";E(8) ; TAB(33) ; UAS(4)
31200 LPRINT *(7) COAL S EC 7=*iE(); TAB(ID); W8(D)
31290 LPRINT *(8) FEED KFH20 EC1D="3E(11); TAB(33); Ws(8)
31300 LPRINT *(9) COAL BTUC E(12)=*5E(12); TAB(3D) ; W(H)
31310 LPRINT *(10)FEED KFLOT EC13)="§EC13) ; TAB(3D) 3 AS(10)
31320

31330 LPRINT *C12KCOAL TPH WM(37)=";W(37) ; TABC3D); WAS(12)
31340 LPRINT *CIKFEED TPH WMC14)=";\M(14) ; TAB(33) ; WS(1D)
31350 LPRINT *C14)SPRYW 6PN WM(45)=" ;UM(45) ; TAB(33) ; WAS(14)
31340 LPRINT *CISINT D 02/ W(4) ="5uM(4); TAB(33); W(IS)
31370 LPRINT *(16)1D NO PPN WH(D) =*{UN(2); TAB(33) ; WiS(14)
31375 LARINT *CIZEXIT 62 % WC3D="5\M(13) ; TAB(3D ; WS(ID
31999 RETURN -
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(n
(2
(3
(4D
&)
(4)
(7
®
182

NOX STUDY INPUTS

CoAL H20 E( D= .01

coaL C EC 2)= .7305
COAL H E( 3= .0543
CoAL N EC 4)= .0095
coaL O EC S)= ,1057
coaL ASH E( &= .0933
coAalL S EC 7= .0065
FEED KFH20 EC(11)= .004
COAL BTUC E(12)= 12437

(10)FEED KFLOI EC(13)= 1.4
(12)KCOAL TPH WM(37)= 11.34
(1 KFEED TPH WM(14)= 90,9
(14) SPRYW GPM UM(45)= 24
CISYWT ID 024 WM(4) = 5.5
(14)ID NO PPM WM(2) = 318
UDEIT 02 4 W1 = .3

NOX STUDY OUTPUTS

DCOAL= C(
AVal= C(
OTWO= C(
NTHO= C(

ARG= C(

HTWOO= C(
ASHC= C(

AIR= C(

HOUT= C(
COTWO= C(
SCPM= C(
EXOTWO= C(
TAIR= C(
LBLB= C(
EXAIR= C(
MOLEW= C(
ESCFM= C¢
WOTWO= C(
IDOMOL= C(
oouT= c(
DMOLE= C(
WMOLE= C(
EESCFM»= C(

NO= C(

NOTWO= C(
NOLB= C(
NOBTU= C(

NEW KVB

MKDG=

M=

MKWNG=
MIDO2=
MIDXSDA=

MIDXSh=
SDCFM=
SWCFM=

NOLBNU=

D= 374,22
2= ,041
= B852.457
4)= 2842.99

9= 0

&= 61.1298
7= 34,9147
B)= 3704,7
9= 198,177
10)= 2133.39
11)=  48649.7
12)=  66.2821
13)=  3992.76
1= 10,6695
15)= 7.7754
16)= 170.332
12)= 45429
1= 1,216
19=  10.8235
20)= 412,435

2)m

211.119

22)= 234,143

23)=

90223

29)= 2,233%
25)= 3.4253
286)= 3.6385
2= 734

EQUATIONS

149.422
23.0437
172.465
12.899
61,7177
+3443
81351.9
90363.3
3.6442
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(H
2)
(3
(4
1§}
(&)
(7
14-))
&)

(10) FEED

NOX STUDY INPUTS

CoAL H20

CoAL
coAL
coAL
COAL

c
H
N
0

COAL ASH

coAaL

S

FEED KFH20
coaL BTUC

E(
E(
E¢
E¢

EC

EC
E(
E¢
E(

D=
2)=
=
4)=
9=
4)=
N=
11)=
12)=

KFLOI E(13)=

(12)KCOAL TPH WM(37)=
(13)KFEED TPH UM(14)=
(14) SPRYW GPM UM(45)=
CISYWT ID 02 WM(4) =
(181D NO PPM WM(2) =
UNDEXIT 02 % WM(13)=

NOX STUDY OUTPUTS

pCoAL= C(
AVAH= C(
OTWO= C(
NTWO= C(

ARG= C(

" HTWOO= C(
ASHC= C(

AIR= C(

HOUT= C(
COTWO= C(
SCFPM= C(
EXOTWO= C(
TalR= C(
LBLB= C(
EXAIR= C(
MOLEMW= C(
ESCFM= C(

WOTWO= C(.

100MOL= C(

00UT= C(
DMOLE= C(
WMOLE= C(
EESCFMe C¢

NO= C(

NOTWO= C(
NOLB= C(
NOBTU= C(

NEW KVB

MKDG=

MKii=

MKWE=
MIDO2=
MIDXSDA=
MIDXSke=
SDCFM=
SWCFM=
NOLBNU=

=
2=
3=
4)=
Sy=
&)=
=
8=
=
10)=
)=
1=
19)=
1) =
15)=
14)=
17)=
18)=

01018
. 7305
.0543
0095
« 1057
0933
.0045
.004
12437
1.6
11.34
90.9
26
5.5
318
1.3

374,22

041

852.457
2842.99

0

61,1474
34.9147
3704.7
198.215
2133.39
48449.7
66.2821
3992.76
10.6495
?7.7754
170.334
65429.8
1.216

19)=
20)=

2=
2=
2=
29)=
29)=
28)=
27)=

10.8237
412.44

211.12

294,166
90224. 1
2.2339

3.4254

3.6304

.7361

EQUATIONS

149

.422

23.0438

172

487

12.8991
61.7184
»3443
81352.2
90344.4
3.4442

C=10

1%

rd
rd
%
/

0418
4
4

019
%
A

”
%
%
.0012
.0012
.0012
.0014
.0012
.0004
0012
.0012
0012
.0012
.0012
0113

CO0oO0O0O00. OO0, COO0OO0OQ

0 %
0091
0012
.0012

0012

.0012
.0004
.0012
0012

N NN NN N

Z
A
Z
b4
4
rd

¥UR71=71901/2/R/CH Audit+




NOX STUDY INPUTS

(1) COAL H20 E( D=
(2) CoAL C E( )=
(3 CoAL H EC 3=
(4) COAL N EC &)=
(S) coaL O E( S)=
(é) COAL ASH E( &)=
(?) COAL S E( D=
(8) FEED KFH20 E(11)=
(9 COAL BTUC E(12)=
(10)FEED KFLOI E(13)=
(12)KCOAL TPH WM(37)=
(13 KFEED TPH WM(14)=
(14) SPRYW GPM UM(495)=
(1SYWT ID 02/ W(4) =
(18)1D NO PPM UM(2) =
UDEXIT 02 Z M1 =

NOX STUDY OUTPUTS

0CoAaL= C( 1= 374,22

AVAH= C( 2)= .041

.01

.73781

.0543
.00935
. 1057
0933
0045
.004
12437
1.4
11.34
90.9
26
5.5
318
1.3

OTWO= C( = 859.745
NTWO= C( )= 2847.26

ARG= C( )= 0

HTHOO= C( &)= £1.2394
ASHC= C( 7)= 34.9147

AIR= C( B)= 3734.37
HOUT= C( 9)= 198.287

COTWO= C¢ 10)= 2143,

a1

SCFM= C( 11)= 49085.8
EXOTWO= C( 12)= &6.7655

TAIR= C( 13)= 40264.

53

LBLE= C( 14)= 10,7396
EXAIR= C( 1%5)= 7,7457

MOLEW= C( &)= 171.95
ESCFM= C( 17)= 44079

WOTWO= C( 18)= 1.2144
IDOMOL= C( 19)= 10.8904
QouT= C( 20)= 415,257
OMOLE= C( 21)= 212.601
WMOLE= C( 22)= 235.451
EESCFM= C( 23)= 90794.3
NO= C( 24)= 2,248%
NOTWO= C( 25)= 3.4471
NOLB= C( 26)= 3.4614

- NOBTU= C( 2= ,7404

NEW KVUB EQUATIONS

MKDG= 150.511
MKN= 23.0497
MKIWG= - 173.561
MIDO2= 12.9809
MIDXSDA= 62.1098
MIDXSW= . » 3445
SDCFM= 81922.9
SWCFM= . 90937.4
NOLEBNU= 3.6473

c-11

1%

0 .l
.855
.8539
0 “
. 1792
0 7
.859
.0553
4498
.8549
<7293
.8459
.8459
-. 1244
.4858
.4858
.0432
6174
«6353
.7018
.6354
+4339
«4354
.6394
«4354
«6354

7293
.0264
.4354
«63%54
+6354
«6394
.2018
.6354
6354

/4
“
“
“
%4
“
%
“
A
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NOX STUDY INPUTS

(1) COoAL H20
(2) coaL C
(3) C0AL H
(4) COAL N
(5) COAL O
(&) COAL ASH
(7> CoAL S

- (8) FEED KFH20
() C0AL BTUC
(100 FEED KFLOI E(13)= 1.4
(12)KCOAL TPH WM(37)= 11.34
(13 KFEED TPH WM(14)= 90.9
(14) SPRYW GPM UWHM(435)= 24
CISYWT ID 022 UM(4) = 5.5
(16)ID NO PPM UM(2) = 318
UDEXIT 02 Z M(1d)= 1.3

E(
E(
E(
E¢
E(
E(
E(
E¢
E(

D= .01

2= ,7305

3= ,035484 14
4= ,0095

S)= .1057

&)= ,0933

= ,0065

11)= ,004

12)= 12437

NOX STUDY QUTPUTS

DCOAL=
AVAH=

. OTWO=
NTWO=
ARG=
HTWOO=
'ASHC=
AIR=
HOUT=
COTWO=
SCFM=
EXOTWO=
TAlR=
LBLE=
EXA]R=
MOL El=
ESCFM=
WOTWO=
1DOMOL=
00UT=
DMOLE=
WMOLE=
EESCFM=
NOw
NOTWO=
NOLB=
NOBTU=

NEW KVUB

MKDG=
MKh=
MKING=
MIDO2=
MIDXSDé=
MIDXSl=
SDCFM=
SWCFM=
NOLBNU=

374.22 0 “

C( D=
C¢ 2>= .0415 1.3176 %
C( )= 854.04 .1881 %
C(C H= 2848.33 1879 %
C({ 5= 0 0 %
CC &)= 41.153% 0394 %
C( = 34,9147 0 7
C( &)= 3711.47 L1881 %
¢ 9= 200,007 .9234
C¢ 10)= 2133.3%9 : 0 %
C( 1)= 48741.3 1881 %
C( 12)= 44,3643 127 4
CC 13)= 4000.0%9 .183? %
C¢ 14H)= 10.46891 1837 “
C¢ %= 27,7707 -.0611 %
C¢ 1&)= 170.434 .1784 %
C¢ 17)y=  45744.1 .1784 Y
CC 18)= 1.21%54 -.0913 %
C( 19)= 10.8427 1749 4
€¢ 20)= 413.332 . 1689 ¥
C¢ 21)= 211,413 .1392 %
C( 22)= 234.%59 .1489 ¥
C( 23)= 90375.4 <1489 Y
C¢ 2d)= 2,2377 - «1489 %
€ 2%= 3,431} : .1689 %
C¢ 24)=  3,4447 14689 ¥
C(C 27)= 7372 .1489 %
EQUATIONS
149.611 127 4
23.1452 4408 %
172.756 .14689 %
12.9208 1689 %
41.8219 .1689 %
3449 - 21489 %
81445.2 1392 %
90515.9 «1689 %

3.4503 « 1689

A

s T W W A W

2 v 7 mee "




NOX STUDY INPUTS

(1) COAL H20
(2) CoaL C
(3) COAL H
(4) COAL N
(S) coAL O
(&) COAL ASH
(?> COAL §
(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 UM(45)= 24
CI9IWT 1D 02/ WM(4) = 5.5
(16)ID NO PPM UM(2) = 318
UDHEXIT 02 Z WM(1D)= 1.3

E(
E(
E(
E¢
E(
E<
[
E¢
E¢

D= .01
2= 7305
= .0543
4= ,00959
9= ,1057
é)= .0933
2= 0085
1= ,004
12)= 12437

NOX' STUDY QUTPUTS

DCoAL=
AVaH=
OTWO=
NTWO=
ARG=
HTWOO=
ASHC=
AIR=
HOUT=
COTWO=
SCFM=
EXOTWO=
TAIR=
LBLB=

EXAIR=

MOLEl=

ESCFM=

WOTWO=

100MOL=
00UT=

DMOLE=

WMOLE=

EESCFM=
NO=

NOTWC=
NOLB=

NOBT U=

NEW KVB

MKDG=
MK
MKIWNG=
MIDO2=
MIDXSDA=
MIDXSi=
SDCFHe
SWCFM=
NOLBNU=

[+14
C«
c«
c(
¢
C¢
€«
c(
C(
C«(
c<
C«
C«
C«
Cq
C(
(44
C(
c(
c«
C¢
c(
c<
c«
C«
C¢
c¢

=
2)=
3)=
4)=
=
&)=
7=
8)=
9=
10)=
1)=
12)=
13)=
14)=
15=
14)=
1=
18)=
19)=
20)=
2=
22)=
23)=
24)=
25)=
28)=
2=

374.22

041

852.457
2843.02

é1.1298
34.9147
3704.7

i

98.177
2133.39
484649.7
46,2827
3992.74
10.669%5
72.7755
170.333
65629.5
1.216
10.8234
412.438
211.121
234,165
90223.4
2.2339
3.4254
3.4385
736

EGUATIONS

149.423
23.0437
172.464
12.8991
é1.7181
.3443
81352.%5
90363.9
3.6442

c-13

0000000 . OO D

1%

NNX

0012
“
“
Z
%
“
“
%

.0008

.0008
.0008
0008
.0001
.0007
.000?7
.0008
0007
.0007
.0007
.0007
.0007
.0007

0 4

0007
.0007
.0007
.000?7
.0008
0007
.0007

4

/4
%
4
Z
“
“
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NOX STUDY INPUTS | ®

(1) COAL H20 EC D= .01

(2) COAL C  EC¢ 2= ,7305

(3 COAL H  EC 3= .0543

(4) COAL N  EC &= ,0095 °
(5) COAL O E( S)= 10676 1% |

(4) COAL ASH EC &)= ,0933

(7 COAL §  EC 7= .0065

(8) FEED KFH20 EC11)= 004

(9) COAL BTUC E(12)= 12437

(10)FEED KFLOI EC13)= 1.6 -

(12)KCOAL TPH UM(37)= 11.34 d
(12)KFEED TPH WM(14)= 90.9

(14) SPRYW GPM UM(4S)= 24

(1S)WT ID 02% WM(4) = 5.5

(16)1D NO PPM UM(2) = 318

(17)EXIT 02 % WM(1d)= 1.3 °
NOX STUDY OUTPUTS

DCOAL= C( 1)= 374,22 0 %

AVAH= C( 2)= ,0408 -.3259 % |

OTWO= C( = 852.04 -.0465 % °

NTHO= C( 4= 2841.67 -.0465 %

ARG= C( $)= 0 0 %

HTWOO= CC( &=  &1.5705 7209 %

ASHC= C( ?)= 34.9147 0 %

AlR= C( &)= 3702.97 -.0445 %

HOUT= CC 9)= 198,171 -.003 % °
COTWO= C( 10)= 2133.39 0 % \ S

SCFM= C( 11)= 48447.1 -.0465 %

EXOTWO= C( 12)= 66.2613 -.0314 %

TAIR= C( 13)= 3990.94 -.0454 %

LBLB= C( 1= 10.6647 -.0454 % '

EXAIR= C( 15)= ?7.7264 0152 % : °
MOLEWs C( 1&)= 170.282 -.0295 %

ESCFM= C( 17)=  45609.4 -.0295 %

WOTWO= CC 18)= 1.214 -.0018 %

IDOMOL= C¢ 19)= 10,8207 -.0246 %

00UT= CC 20)= 412,522 -.0274 %

DMOLE= C¢ 21)= 211,054 -.0302 % °
WMOLE= C( 22)= 234,099 -.0274 % | -
EESCFM= C(¢ 23)= 90198.3 -.0274 Y%

NO= C( 24)= 2.2333 -.0274 %

NOTHO= C( 25)= 3.4244 -.0274 %

NOLB= CC 24)= 3.4375 -.0274 % .
NOBTU= C( 27)= ,7358 -.0274 ¥ °®
NEW KVB EQUATIONS
 MKDG= 149,375 -.0314 %

MKW 23.0433 -.0014 ¥

MKWG= 172.418 -.0274 %

MIDO2= 12.8955 -.0274 %

MIDXSDA= $1.7008 -.0274 %
MIDXShe .3442 -.0274 %
SDCFM= 81327.3 -.0302 %
SWCFM= $0338.6 -.0274 %
NOLBNU= 3.4432 -.02724 ¥
c-14 KVB71-71901/2/R/GH Audit




NOX STUDY INPUTS

(1) CoAL H20
(2 coAaL C
(3) CoAL H
(4 COAL N
(S) coaL O
(&) CoAL ASH
(7> COAL S
(8) FEED KFH20
(9) CoAL BTUC
(10)FEED KFLOI EC(13)= 1.6
(12)KCOAL TPH UWM(37)= 11.34
C(13>KFEED TPH UM(14)= 90.9
(14) SPRYW GPM UM(45)= 24
C1SYWT 1D 024 Wi(4) = 5.5
(141D NO PPM WM(2) = 318
UHEXIT 02 % WM(1)= 1.3

E(
E(
&«
E(
E¢
E(
E(
E(
E(

D= .01
2)= .7305
= ,0543
4)= ,0095
S)= ,1057
&= .09423
N= 0085
1= .004
12)= 12437

NOX STUDY OUTPUTS

DCOAL=
AVAH=
OTWO=
NTWO=
ARG=
HTWOO=
ASHC=
AlR=
HOUT=
COTWO=
SCFM=
EXOTWO=
TAIR=
LBLB=

EXAIR=

MOLEW=

ESCFM=

WOTWO=

1DOMOL=
00uUT=

OMOLE=

WMOLE=

EESCFM=
NO=

NOTWO=
NOLB=

NOBTU=

NEW KVB

MKDG=
MKW
MK G=
MIDOZ2=
MIDXSDA=
MIDX S
SOCFMe=
SWCFM=

4
c«
c¢
c(
M4
c«
C¢
(14
c<
C¢
o]
c(
C«(

c<

c«
o]
c«
€<
C(
C<
C¢
C«
c(
c(
C(
(4
C(

)=
2=
3=
4)=
=
&)=
7=
8)=
9=
10)=
i1)=
12)=
13)=
19)=
15)=
16)=
1=
18) =
19)=
20)=
2)=
22)=
23)=
29)=
25)=
24)=
27)=

374.22

041

852.457
2842.99

61.1298
35.2627
3704.7

1

98.177
2133.39
48449.7
46,2821
3992.76
10.464695
7.7754
170.332
45429
1.214
10.8235
412.435
211.119
234.143
90223
2.2339
3.4253
3.6385
o734

EQUATIONS

NOLBNU= -

149.422
23.0437
172.4465
12.899
61.7177
«3443
81351.9
90363.3
3.6442

Cc-=15

1

0000000000000 O0OD0O0: ODO0ODODO0O

0oO00000000O

%
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4
4
A
/
rd
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(1
(2)
(3
4)
(S5
(&)
N
(8)
(?

(10 FEED

NOX STUDY INPUTS

CcoaL H20

coaL
CoAL
coAaL
CcoalL

c
H
N
1)

COAL ASH

coAaL

S

FEED KFH20
COAL BTUC

EC
EC
E¢
E(
¢
E¢
EC
(¢
E¢

)=
=
3=
4H=
S)=
4)=
N=
1=
12)=

KFLOI E(13)=

(12)KCOAL TPH WM(37)=
(13)KFEED TPH WM(14)=
( 14) SPRYW GPM WM(45)=
(1SYWT ID 02/ UWM(4) =
(16) 1D NO PPM UM(2) =
UDEXIT 02 % WM(13)=

NOX STUDY OUTPUTS

DCOAL= C(
AVAH= . C(
OTWO= C¢
NTWO= C(

ARG= C(

HTWOO= C(
ASHC= C(

AIR= C(

HOUT= C(
COTWO= C(
SCFM= C(
EXOTWO= C(
TAIR= C(
LBLB= C(
EXAIR= C(
MOLEW= C(
ESCPM= C(
WOTWO= C(
[1DOMOL= C(
00UT= C(
DMOLE= €(
WMOLE= C(
EESCFM= C(

NO= C(

NOTWO= C(
NOLB= C(
NOBTU= C(

NEW KVB

MKDGe=

MK

MKWG=
MIDO2=
MIDXSDA=
M1 DX Sl
SDCFM=
SWCFM=
NOL BNU=

1=
2=
3=
4)=
S)=
&=
D=
=
=
10)=
1=
12)=
13)=
14)=
15)=
16)=
17)=
18)=
19)=
‘20)=
2=
22)=
23)=
24)=
25)=
26)=
27)=

374.22

041

.ol
.7305
.0543
.0095
. 1057
.0933
00456
.004
12437
1.6
11.34
90.9
24
5.5
318
103

852.47¢9
2843.06

é1.1302
34.9147

3704.8

198.177

2133.
48471

39

66,2833
3992.84
10.4498
7.7754

170.335
é5630.1

1.216

10.8237
412,442
211.123
234,167
90224.4
2.2339
3.4254
3.6384

736

EQUATIONS

14%.

424

23.0437

172,

448

12.8992
61.7186
«3443
81353.3
90364,7
3.4442

ol I

1%

0024
.0024
0 %
0005

.0024
.0002

.0024
.0018
.0024
.0024
-.0008
.0017
.0017

.0001

«0015
0016
0017
0016
0015
0016
0015
0019

.0018
.0001
0015
- .0019
0015
+0015
.0017
.0015
0016

A
%

“
%

rd
%
b

“
4

Y

“
“
/
A
/

%
“
“
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NOX STUDY INPUTS

(1) COAL H20 EC D)= ,01
(2) CoAl. C EC 2= .7305
(3) COAL H EC )= .0543
(4) COAL N EC &)= .0095
(3 CoAaL O EC S)= .1057
(4) COAL ASH E( &= .0933
(7) COAL S EC 2= ,0065
(8) FEED KFH20 EC(11)= ,00404 17
(9) COAL BTUC E(12)= 12437
(10> FEED KFLOI E(1D)= 1.6
(12)KCOAL TPH W(37)= 11.34
(I KFEED TPH W(14)= 90,9
(14) SPRYW GPM UM(45)= 24
CIS)WT ID 02/ WM(4) = §.5
(16)1D NO PPM UM(2) = 318
UDEXIT 02 %Z WM(1D= 1.3

NOX STUDY OUTPUTS h

DCOAL= C( )= 374,22
AVAH= C( 2)= ,041
OTHO= C( 3)= 852.457
NTWO= C( 4= 2842.99
ARG= C( S)= 0

HTWOO= C( &)= 41.1298
ASHC= C( 7)= 34,9147

AIR= C( 8)= 3704.7
HOUT= C( ?)= 198.177

NNNX

NN

0000000 OoO0
N

~N

COTWO= C( 10)= 2133.34 -.0021 7%
SCFM= C( I1D)= 48449.7 0 Z
EXOTWO= C( 12)= 44.2817 -.0007 %
TAIR= C( 13)= 3992.75 -.0001 %
LBLE= C( 1d)= 10,4495 -.0001 %
EXAIR= C( 13)= 7.7754 ~-.0007 %
MOLEW= CC 1&)= 170.331 -.0006 “
ESCFM= C( 17)= 45628.6 =.0006 %
WOTWO= C( 18)= 1.216 0 Z
IDOMOL= C( 19)= 10,8235 -.0006 %
00uUT= C( 20)= 412.4633 -.0006 %
DMOLE= C( 21)= 211.118 -.0007 %
WMOLE= C( 22)= 234,142 ' -.0006 %
EESCFM= C( 23)= 90222.5 -.0006 Y
NO= CC 24)= 2,233%9 -.0006 7
NOTWO= C( 25)= 3.4253 ~-.0006 %
NOLB= C( 28)= 3.4384 .0034 %
NOBTU= C( 27)= 734 -.00086 “
NEW KUB EQUATIONS
MKDG= 149.42 -.0007 %
MKi= 23.0437 0 “
MIKNG= 172.444 -.000&8 %
MIDOZ2= 12.8989 -.0006 “
MIDXSDA= 61.7173 -.0006 7
MIDXShi= <3443 -.0006 %
SDCFM= 81351.4 -.0007 %
SWCFM= 90362.8 -.00086 *
NOLBNU= 3.4443 0034 7%
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(n
(2
(3
€Y
(S
(&)
(?)
(8
(9

NOX STUDY INPUTS

COAL H20
céAaL C
coaL H
COAL N
CoAL O
COAL ASH
coaL S
FEED KFH20
CoAL BTUC

EC D=
E( 2)=
E¢ =
E( )=
EC S)=
EC &)=
EC P=
ECI1D=
EC12)=

(10)FEED KFLOI E(13)=
(12)KCOAL TPH WM(37)=
(13) KFEED TPH WM(14)=
(14) SPRYW GPM UM(45)=
CIDWT ID 024 UM(4) =
(18)ID NO PPM UM(2) =
DHEXIT 02 7Z M(13)=

Iol
.7305
.0543
.0095
.1057
0933
.0065
.004
12561.4
1.4
11.34
90.9
26
5.5
318
1.3

1%

NOX STUDY OUTPUTS

DCoAL=
AVAH=
OTWO=
NTWO=
ARG=
HTWOO=
ASHC=
AIR=
HOUT=
COTWO=
SCFM=
EXQTWO=
TAIR=
LBLE=

EXAIR=

MOLEW=

ESCFM=

WOTWO=

100M0L =
O0UT=
DMOLE=
WMOLE=
EESCFM=
NO=

NOTWO=
NOLB=

NOBTUm

NEW KVB

MKDG=
MKie=
MKG=
MIDO2=

MIDXSDAm
MIDXShi=
SDCFM=
SWCFM=
NOLBNU=

c(
c«
(¢

o]

¢
c(
C(
C«
c(
€<
c(
C(
€<
C«
c¢
C«
C(
C¢
c«
C(
c«
]
c(
(4
c¢
c(
c(

=
2)=
)=
=
S5)=
é)=
H=
B)=
=
10)=
1=
12)=
13)=
19)=
15)=
16)=
17)=
18)=
19)=
20)=
2)=
22)=
23)=
24)=
25)=
24)=
27)=

374,22
041
52,457
2842.99
: |
é1.1298
34,9147
3704,7
198,177
2133.39
1 48649.7
66.2821
3992.76
10.6695
7.7754
170.332
65629
1.216
10.8235
412,635
211.119
234,163
90223
2.2339
3.4253
3.4385
7267

EQUATIONS

149.422
23.0437
+ 172.443
12.899
61,2177
.3443
81351.9
90363.3
3.4442

N=19

0000000000000 000000DOO000DO0

~. 9901
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NOX STUDY INPUTS

(1) COAL H20

(2) CoAL C

(3) CoAL H
(4) COAL N
(5) CoAL O
(&) COAL ASH
(?) CoAL S
(8) FEED KFH20
(9> CoAL BTUC
C(10)FEED KFLOI E(13)= 1.614
C(122KCOAL TPH WM(37)= 11.34
(1D KFEED TPH WM(14)= 90.9
(14) SPRYW GPM UM(45)= 26
CISYWT ID 024 W(4) = 5.5
(16)ID NO PPM WM(2) = 318
UDEXIT 02 4 WM(13)= 1.3

E(

- B¢

E(
E(
E(
E(¢
E(
E(
E(

H= .01
2= ,7305
= .0543
9= 0095
S)= .1057
&= .0933
7= 00645
11)= .004
12)= 12437

NOX STUDY OUTPUTS

DCOAL=
AVAH=
OTWO=
NTWO=
ARG=
HTWOO=
ASHC=
AIR=
HOUT=
COTWO=
SCFM=
EXOTWO=
TAIR=
LBLE=

EXAIR=

MOLEW=

ESCFM=

WOTWO=

- 100M0L=
oouT=

OMOLE=

WMOLE=

EESCFM=
NO=

NOTWO=
NOLB=

NOBTU=

NEW KVE

MKDG=
M=
MKWG=
MIDO2=
MIDXSDA=
MIDXSk=
SDCFM=
SWCFM=
NOLBNU=

(14
c«
C¢
{4
M4
c(
C¢
€«
C«
C(
c<
c(
c(
£(
14
c(
¢
c«
c«
C(
c«
c«
114
14
c(
¢
¢

1=
2)=
3=
4)=
)=
4)=
=
8)=
"=
10)=
i)=
12)=
13)=
14)=
15)=
14)=
1=
18)=
19=
20)=
2)=
22)=
23)=
24)=
25)=
28)=
27)=

374.22

041

852.4%57
2842,99

61.1298
34,9147
3704.7

|

98.177
2152.06
4846%.7
44.4704
3993.57
10.6717
7.7975
170.78S
65803.3
1.2143
10.8494
413.651
211.696
234.739
90445
2.23%94
3.4338
3.4839
«7378

EQUATIONS

149.844
23.0437
172.89
12.9307
61.84695
.3452
81573.9
90585.6
3.4897

c-19

- N-N-N_-N-N-N-N-N-
~

“
.8754
0 %

4

284 4

.0205
.0205

4
rA

284 /A

«2656
22657
.0183
.2388

2729

A
4
A
%

0246 %

%

246 4
246 7
246 7
246 Y

1.2485

246 4

+284 7

-0 %

2246 Y
246 Y
246 7/
246 U

. 2729

%

246 Y

1.2485

%
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NQOX STUDY INPUTS

(1) COAL H20
(2) CoaL C
(3) CoAL H
(4) COAL N
(S) CcoAL O
(&) COAL ASH
(7) COAL S
(8) FEED KFH20

(9) COAL BTUC

EC¢ D= ,01

E( 2)= ,7305
EC¢ 3)= ,0543
EC¢ 4)= ,0095
EC¢ S)= ,1057
E( &)= ,0933
EC 2= ,0045
EC1D= .004

E(12)= 12437

(10D FEED KFLOI E(13)= 1.4
(12)KCOAL TPH UM(37)= 11,4534
C(13YKFEED TPH W(14)= 90.9
(14) SPRYW GPM UHM(45)= 24
CIS)WT ID 024 W(4) = 5.5
(16)1D NO PPM UM(2) = 318
UDHEXIT 02 Z WM(13)= 1.3

NOX STUDY OUTPUTS

DCOAL=
AVAH=
OTWO=
NTWO=

ARG=

HTWOO=

ASHC=
AlR=
HOUT=

COTWO=

SCFM=
EXOTWO=
TAIR=
LBLB=
. EXAlR=

MOLEW=

ESCFM=

WOTWO=

1DOMOL=
00UT=

DMOLE=

WMOLE=

EESCFM=
NO=

NOTWO=
NOLB=

NOBT U

NEW KVB

MKDG=
MK
MKING=
MIDO2=
MIDXSDA=
MIDXSh=
SDCFM=
SWCFM=
NOLBNU=

o4
c«
c(
€«
c¢
C¢
c<
€«
c«
c¢
c«
c(
C¢
C«
C«
c(

'C¢

¢
€«
C(
c«
C¢
M4
C«
c(
¢
(o]

)=
D=
=
4)=
S)=
é)=
=
8)=
9=
10)=
)=
12)=
13)=
14)=
15)=
16)=
17)m
18)=
19)=
20)=
2)=
22)=
23)=
24)=
25)=
26)=
27)=

374.22
.041
852.457
2842.99
0
61,1676
34.9147
3704.7
198.215
2133.39
48469.7
66,2821
3992.74
10.6495
7.7754
170.334
5629.8
1.216
10.8237
412.44
211.12
234.1686
90224.1
2.2339
3.4254
3.6386
« 7287

EQUATIONS

149.422
23.0438
172.467
12.8991
61.7184
«3443

- 81352.2
90344.4
3.4442

Cc-20

1 4

/4
“
%
“
“
04618
Z
Z
019

o000 0

Z
4
7

O0000O-.

)
.001
0012

-.0012
.0014
.0012
.0004
0012
.0012
0012
0012
.0012

-.9889

.0091

.0012
.0012
.0012
.0012
.0004
.0012

0012

“

A
%

4
Z
rd
%
Z
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NOX STUDY INPUTS

(1) COAL H20 E¢ 1= ,01
(2) CoAL C EC 2>= .7305
(3) COAL H EC 3)= ,0543
(4) COAL N EC &)= .0095
® (S) CoAL O EC 5= ,1057
(4) COAL ASH EC &= .0933
(7 CoAl. 8 = EC 72)= .0045
(8) FEED KFH20 EC1D= .004
(9) COAL BTUC E(12)= 12437
(10)FEED KFLOI E(13)= 1.6
Py (12)KCOAL TPH WM(37)= 11,34
C(13KFEED TPH UM(14)= 91,809 1%
(14) SPRYW GPM UM(43)= 24
(1S)WT ID 02/ WM(4) = 5.5
(16)ID NO PPM UM(2) = 318
CI?VEXIT 02 Z W(1)= 1.3

o NOX STUDY OUTPUTS
DCOAL= C( 1)= 374.22 0 %
AVAH= CC = ,041 0 %
OTWO= C( 3)= ©52,457 0 %
& NTWO= C( )= 2842.99 0 %
ARG= C( S)= 0 0 %
 HTWOO= C( &= 61,1298 0 %
ASHC= C( 7)= 34,9147 0 %
AIR= C( &)= 3704.7 0 %
HOUT= C¢ 9= 198.177 0 %
Py COTWO= C( 10)= 2144.7 5305 %
SCFMe CC 11)=  4B449.7 0 %
EXOTWO= C( 12)=  66.3962 1721 %
TAIR= C( 13)=  3993.25 0124 %
LBLB= C( 14)= 10,4709 0124 %
EXAIR= C( 15)= 7.7888 1721 %
® MOLEW= C( 1&)= 170,604 181 %
- ESCFM= C( 17)= §5734.6 181 %
WOTWO= CC 19)= 1.2162 0111 %
1D0MOL= C( 19)=  10.8392 1447 %
00UT= C( 20)= 413,251 1491 %
DMOLE= C¢ 21)= 211,469 1654 %
® WMOLE= C( 22)= 234,512 1491 %
EESCFM= C( 23)= 90357.5 1491 %
NO= C( 24)= 2,2372 1491 %
NOTWO= C( 25)= 13,4304 1491 %
NOLB= C( 28)= 3,6079 -.8425 7
| NOBTU= C( 27)= ,7371 .1491 %
o
NEW KVB EQUATIONS
MKDG= 149,679 1721 %
Mt 23.0437 0 %
| MKIG= 172,722 1491 %
° MIDO2= 12.9182 1491 %
M1DXSDA= 41.8097 1491 %
MIDXSk= .3448 1491 %
SDCFM= " 81486.4 1654 %
SWCFM= 90498 <1491 %
NOLBNU= 3.6135 -.8425 %
®
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NOX STUDY INPUTS

(1) COAL H20 E( D= .01
(2) COAL C E( 2= ,7305
(3 COAL H EC( 3= ,0543
(4) COAL N EC 9= ,0095
(3) coaL 0O EC 9= ,1057
(8) COAL ASH E( &= ,0933
(7 coAL S EC = 0045
(8) FEED KFH20 EC(11)= .004
(9 COAL BTUC E(12)= 32437
(10 FEED KFLOI EC(13)= 1.4
(12)KCOAL TPH WM(37)= 11.34
(1D KFEED TPH WM(14)= 90.9
(14) SPRYW GPM UM(4S5)= 24,24 174
C(ISHWT ID 02/ WM(4) = 5.5
(18) 1D NO PPM WM(2) = 318
(I7HEXIT 02 Z WM(13)= .3

NOX STUDY OUTPUTS

DCOAl= C( 1= 374.22
AVaH= C( 2)= ,.041
OTWO= C( 3)= ©852.45?7
NTWO= C( 4)= 2842.99

ARG= C( B)= 0

HTWOO= C( &)= 41.1298
ASHC= C( 7)= 34,9147
AIR= C( 8)= 3704.7
HOUT= C( 9= 198,177
COTWO= C( 10)= 2133.39
SCFM= C( 11)= 48449.7

EXOTWO= C( 12)= 44.2821
TAIR= C( 13)= 3992.7¢
LBLB= C( 14)= 10.4495

EXAIR= C( 15)= 7.7754

MOLEW= C( 14)= 170.332
ESCFM= C( 17)= 435429

WOTWO= C( 18)= 1.214

—N-N_-N-N-N-R-R-F_N_-N-¥ NN NN NN
N

%

IDOMOL= C¢ 19)= 10.832% .0832 %
00UT= C( 20)= 412.924 0699 %
'DMOLE= C( 2= 211,142 0204 %
WMOLE= C( 22)= 234,327 0698 %
EESCFMe= C( 23)= 90284 0698 %
NO= C( 24)= 2.2355 0698 %
NOTWO= C( 25)= 3.4277 0698 ¥
NOLB= C( 2&)= 3.4411 L0698 %
'NOBTU= C( 27)= 7345 0698 %

NEW KVB EGQUATIONS

MKDG= 149.422 0 %
Micijes 23.1641 95227 Y
MKING= 172.986 0698 %
MID02= 12.908 04698 %
MIDXSDA= é1.7608 0698 7
MI DX S «3444 0698 %
SOCFM= © 81348.5 0204 %
SWCFM= 90426.4 0698 7
NOLBNU= 3.6447 0698 %
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® NOX STUDY INPUTS

(1) COAL H20 E( D= .01}
(2) CoAL C EC 2>= .7305
(3) CoAL H EC 3)= ,0543
(4). COAL N E( &= .0095
@ (S) coaL O EC S= 1057
(8) COAL ASH E( &)= .0933
(7) CoAL S EC 7= ,0045
(8) FEED KFH20 EC(11)= .004
(9 CoAL BTUC EC12)= 12437
(10)FEED KFLOI EC1= 1.6
- C12) KCOAL TPH UWM(37)= 1]1.34
(13)KFEED TPH WM(14)= 90.9
(14) SPRYW GPM WM(45)= 24
(1S)WT ID 02/ W(4) = §5,55501 1%
(181D NO PPM UM(2) = 318
UDHEXIT 02 % W(1d)= 1.3

NOX STUDY OUTPUTS

DCOAL= C( D= 374.22 0 %
AVAHE CC 2)= 041 0 %
_ OTWO= C( 3)= 852,457 0 %
2 NTWO= C¢ )= 2842.99 0 %
ARG= C( )= 0 0 %
HTWOO= C( &= 61.1298 0 %
ASHC= C¢ )= 34.9147 0 %
AIR= CC( 8)= 3704.7 0 %
HOUT= C¢ $)= 198.177 0 %
- COTWO= C( 10)= 2133.39 0 %
SCFM= CC( 11)= 4B449.?7 o %
EXOTWO= C( 12)= £4.2821 0 %
TAIR= C( 1= 3992.74 0 %
LBLB= C( 14)= 10.4495 0 %
EXAIR= C( 1S)= 7.7754 0 %
- MOLEW= C¢( 14)= 170.332 0 “
ESCFM= C( 17)= §5629 0 ¥
WOTWO= C( 18)= 1.214 0 %
IDOMOL= C¢ 19)= 10.9995 1.4261 %
00UT= C¢ 20)= 418.267 1.3649 %
_ DMOLE= C( 21)= 211.941 .3989 %
‘ WMOLE= C¢ 22)= 235.005 3596 %
EESCFM= CC 23)= 90547.5 3596 %
NO= CC 24)= 2.2419 3596 %
NOTWG= C( 25)= 3.4377 .3596 ¥
NOLB= C( 24)= 3.4516 3596 %
a NOBTU= C( 27)= ,7384 L3594 %
NEW KVB EQUATIONS
MKDG= 149,422 0 %
MKi= 23.0437 0 %
. MKWG= 172.445 0 %
MIDO2= 13.075 1.3649 %
MIDXSDA= 62.56 1.3649 %
 MIDXSh= .349 1.3649 %
SDCFM= ' B1676.5 399 %
SWCFM= 90489.7 3612 %
- NOL BNU= 3.4573 3612 %4
c-23 KVB71-71901/2/R/GH Audit
NEW KVB EQUATIONS
MKDG= 149.422 0 %
M= 23.0437 0 %
, MKWG= : 172.445 0 %
() MIDO2= 12.899 0 %
M1 DXSDA= 61,7177 0o %
MIDXSW= .3443 0 %
SDCFM= 81351.9 0 ¥
SWCFM= 90343.3 0 %
0 %

NOLBNU= 3.6442
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NOX STUDY INPUTS

(D
(2
()
(4
(S
(&
7
(8

CoAL
CoalL
coaL
COAL

CoAL

(9

CoAL H20

N
CoAL ASH

E(
E(
E(
E¢
E<¢
E¢
E(

c
H

0
]

=
2=
3=
=
S)=
é)=
=

FEED KFH20 EC(1{)=
CoAL BTUC E(12)= 12437

lol

« 7305
«0543
. 1057
0933
.004

NOX STUDY INPUTS

(N
(2
(3
(4

coAL
coAL
CoAL
COAL

H20

E¢
E(
EC
E(

c
H
N

D=
2)=
=
4=

.0101

» 73781
.05484
.00959

&)
(&
»
(8
164

(10) FEED

coaL
coAaL
coAaL
FEED
coaL

ASH

1]
-]

KFH20

BTUC

E(
E(C
E¢
E(1)s=
E(i12)=
KFLOI E(1d=
(12)KCOAL TPH WM(37)m
CIDKFEED TPH WM(14)=
(14) SPRYW GPM UM(45)=
CISIWT ID 02/ UM(4) =
(18)ID NO PPM WM(2) =
U2EXIT 02 Z WM(13)=

S)=
&)=
N=

1.6

321
1.3

NOX STUDY OUTPUTS

DCOAL=
AUAH=
GTWO=
NTWO=

ARG=

HTWOO=

ASHC=
AIR=
HOUT=

COTWO=

SCFM=
EXOTWO=
TAIR=

LBLB=

EXAIRe

MOLEke

ESCFMm

HOTWO=

100MOL=
0OUT=

DMOLE=

WMOLE=

EESCFM=
NO=

NOTKO=
NOLB=

NOBTU=

NEW KVB

MKDGm
MK
MKNG=
MIDO2=

{4
C«
c(<
c(
C«
c(
c«
c(
c¢
(M4
c(
(14
¢
[»{¢
M4
€«
c(
({4
c(
c(
C(
c¢
c(¢
44
C(
4
4

)=
2)=
=
4)=
5=
&)=
=
8)s=
=
10)=
if)m=
12)=
13)=
1=
1S)=
14)=
17)=
18)=
19)=
20)=
2])=
2=
29)=
29)=
2=
26)=
27)m

374.22
0414
840.974
2871.39
0
61,7605
35.2627
3741.72
200.187
2173.%54
49156
67.8509
4034.59
10.7867
7.8807
172.599
66502.5
1.2285
11.1134
423.468
214,643
237.939
91477.8
2.2926
3.5154
3.7343
« 7405

EQUATIONS

MIDXSDA=

MIDX S

SOCFM=
- SWCFMs=
NOL BNUs

. 10676
.09423
00454
.00404
12561.4

146

11.4534
91.809
26.26
3.59501

.18
13

151.343

23,2757
174.418
13.2383
63.341
«3534
82717.6
91821.8
3.7402

C-26

. «6164

. 1.0068

Sk B ok Gub Gt Bub Jubs Db pub Gub Pub Gk ok Gub pub Gmb
~

0 %
9918 Y
9992 4
9991 %
o “

1.0644
.7948
9992

rA
“
%

- 1.0142 %

1.8823 %«
9992 Y
2.3648 %
1.0979
1.0978 %
1.3541 %
1.331 7%
1.331 %
1.0222 %

2.6803 Y4

2.3 %
1.6785
1.6124
1.4124
2.6285
2.4285
2.6324

4
4
%
A
b4
%

1.2856

1.2484
2.6303
2.6303
2.6303
1.64787
1.4141
2.46343

%
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APPENDIX D

COAL AND KILN FEED ANALYSES
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s — i p—

@etty Aeydems

Tatty Minarals Maraeting, inc I 215 Eas! anm Sves: Puce. Ltan BaS01 « Tolepnane (8217) &3 .70~

Ming Operator:
Minme Owner:

Type of Mine & T.ocations

Xaam(i(s) Mined:

Preparation Facilicies:

Reserves?

&gndings
Freichte Rare Districe:

production, TPD:

P e

Tawcaoy 821-837 2208  Twa $IDUTY .4 .
Uecah Fuel Company

Getty Mining Company/Coastal Stactes Enorgy GCo.
Jainte Venture :

Underground Drifz=, Eccles Canyon, Utah
(S Miles SW of Scoficla, Utah) ®

Upper O'Ceonnor, Lowar Q'Cannor "AY and 78"
Cxushing and Screening

Approx. 80 Million Tons Recovarable

Canveyor Directly from Mine to Truck Loadaouwt @
Seofield, utah

2,000 Tons Pexr Day

Coal Sizearsr 2" = o~
_ ®
Proximatc Analysis, As Received: Ash Mineral Composisicon, ¢ 'Ft.:
§ Moisgsture Total 10,0 Phos. Pentoxide P05 «13
& Moisture Surface 5.0 Silica £i02 64.06
% Ash 11.0 Ferric Oxide FazyOx 5.78
/' wvolatilc Mattar ag.se Alumina A1504 13.6s @
e Fixed Carbon 41.50 Titania TLO2 Q.74
Btw/1lb, 11,2¢0 Lime Cad 16.77
® Sulfur G.68% Masmesix MO 1.1%
gulfur Trioxide s03 Z.53
Ultimatce Snalysiss Dy Pocassium Oxide K20 1.2¢ ®
b |
Carbon 61.00 Sodium o:&d: Nan0 g.i;
Hydrogen 6.95 Undetermine -
Nitrogen 1.57 $ o Avamd e gr
Chiorine 0.02 CAsh FTusibiliecy, F: PRodeazinig
Sulfur Q.65 X.D. o 21€0 ®
Ash 12.0 sSoftening (H=W) 2190
Oxygan (d4Aiff,) 9,35 Softaning (Haw/2) 2220
Grindability . 45=50 Fiuia 2260
—“__-“-: - N — —— =t -l S, VR S & - s .....-—. - —— [ -—_-..:..
T T uphmal RRalysS —As RECENE e— e
¢
H
N °
Ct
( SA’J;"\ "
Ash
.oz
40 D-2 KVB71-71901/2/R/GH Audit ®




COMWMITMIEWRCYRL '1"5'-.51'\‘& T T ETNGITS EEYITIRWT O\J.

YOS BT PUSHLAND AVvE SwWTE 210 0. LORSGAMD ., /LUt R A0V46 o o 3 @A) wiid

GEvntmaL e 6

DS W W W ;

ERE

_—rs, - . L RLFAEE LAOMTRETS &t CINN SPTIERTE
'Aljl.‘-s” ‘T‘N‘.'; A B ThBESr Aw L PRI - r._‘
. Y Y e Wl TYL o - 7 T S k3 --_ P e iy B
Lwdds Ul QLIMPANY e e July 18, 1S
F O Box 719
Melrxr, Utah 84526
Sampla idertificaticn
by Utalh Fuel O,
® Monthly Congxasite
nd ot samae Coal "May 198S
apaTe to ws . .
Skyline

nple taken at
Ctah rael Co.

npie taken by

May 1988
.'\lu sampted
6=-26-85
2ate rooaives
Analysis repart no. 37—19174 Page L
@ BHOX{IMATE ANALYS:S ULTIMATE ANALYSE'S D
L Aadinacuceta  TanNerize. MBI RC et e, T
% Moisture D.84 XEXX X % MOIETLIG S. 5% »EZTX
ba ASh 8.12 .01 % Carbon 65 327 T2. .
a velatile &0 .66 «5.10 %% MHydrogen &.76 -
% Fixed Caroon - ? ] 45,89 "% Nitrogen 1.27 1.4
. L0 . % Chiorne 0.02 Q.0
Py % Sultur .61 .6
Hiu/in. 11607 2474 "% Asn 8.12 9.0
r % Bultur o.62 0.e8 % Oxygen (gif) - _10.06 Lituye
. : IS5 0 160
inture. Aan—froc Btu = 14149
SULFUNR FCmes FUSION TE!.'PERATURE OF ASK
L% Fpzaiven Ery Gas's - Lo
o Pyritic Burur LT 1 8 Tmm NiaY EMYOSTFrm Ao EimD T I
. - it et iy o Y. LY Rt g, At AT L8RS AREX
% Vrganic Sulfur "EEEE RRRXE SSIerng (¥ = VEV] 2380 T 33Ty
' (-0 Flug 2455 °F XXX
% Tota! Suifur XXXX EXXX :
IDGROVE GRINDABILITY INDEX = 46 at 3.97 % Moisture
Tt SR G R R '.-_-ﬁwwe NS R e . -
. e - - e R A - e e m e T PN AN D - - i el
@
®
{
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- - - ST e ——— -
LY '

~<Jeanerssr 2/‘-/
COMNVERCIAL TESTING & ENGINEERING CO.

GENEMAL BreiCE S THIB SO..TH (GSHLARD AVE. S TE VD B, UM HARD, (LU B RUTAS . 1317, BRI 3100

€ SELDON ' P PLEABE ACDRERS Ar1 A GRESn s L8N 0E =
TER . 224 5. CARDUN Aol v PP
CIESY DIVIGION o QFEICE TEL T S n-.
‘.:_ s .
UTAH FUSL oM aslY T e May £3. 199%

PO Bor 719D
Helpee, Utah 6847526

Sampis 1dentficaton

by

Utah Fual Co. o
or sampie 1 o
srted 1T us Con . : lltax;gl;ly Cormpgasite of April 19EBS
ls taken at Skylinos : %az;g

i -]

® taken by Utah Fuol Co. 1886% . ‘
a sampled Apeil 1985 ‘ _ ' ®

» received May 17, 198S

Anplysis report na. S7=1HH66 Page 1)

BROQMINWATE ANALYSIS LRLTIMATE ANALYS'S ®
Ax Receiverd Oty Besis AS Resnivdy Ory @aais
% Moisture - B.&7 £ T T T % MOoIsture . 8.67 KKK X
% Ash T B.BS ] % Carbon 66.04 72.31
% Vvolatie Q40D .69 &l .55 % riydrogen 5.00 2.47
% Fixed Carpon G1.748 a5.75 % Nitrogen 1.52 l1.66
TGSTO0 PN % Chiorine .04 .
_ : °®% Suttur S w.To 2.7 @
Srsin. 11791 12910 % Asn 8.65 @9.70
ay = irur Q.70 0.7? % Qxygen (difif) .17 10.85%
) 100,00 Lird. .0
sture, Ash-frow Btu = 14297
SULFELR Eates ) ' FUISH QN TEMWMPEIATUOE OF AS
A3 Puseved B:y Bess . Bae=. -3 Cxzurg
“%5 Pyritic Sufrur xR T “setristy "BoufrarrTITai com R~ - Ry o Rt TR ]
% Sullate Sultur XXX nwws BSonening (MH=W)} 233 “F ~aid *
% Crgoma Suitur XRK Tl Sottening (MM YaW) 22340 °F 24£D
(Dirn Fivia 2459 °F 2583
% Toia® Sulfur Y4 d EXXX

SROVE GRINDADRILITY INDEX = 0.0 at 3.32 2% Moisture

TERIRTR IS MDA e mrnoe = + A Sl e v S * ‘ =

. A RAR PN - o T ol FTE M TR PR S Py - '; W Fe

ELLING TNDEX = 1334 . ) ‘ :::.;. SN

maze TR~ - g e

St - " - -
« Prupy - - ——

. \ ' —_—— YR Remit o . H

80 BRMANMCEHN LABORMATOMIES STRATEGICALLY LOCATED 1N PRINCIFA, COAL Min.AG AREAS.
TIOEWATIR AND GREgAT LAxES PECATE, AMD MIVER LOADING FACILITIES

- e — ¢

CTETEESST N TR =T NERA LI . - g —— - . - .
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Riverside Cement Company

GIFFORD-WILL

INTER-OFFICE CORRESPONDENCE

July 22, 1985

T0: G. Young
FROM: Ray Sisneros
SUBJECT:

Date Mound Loss

3/25 D 35.32
3/26 D 34.40
4/6 D 35.79
a/7 D 35.14
4/8 D/E 35.62
</9 D/E 35,06
ano E 34,54
4/ B 35.38
anz B 35.05
4/13 B 35.84
an4 B 35.65
4N15 B 34.80
4/16 B 34.23
ani B 34.85
419 B 33.9
4/29 c 35.24
5/4 c 35.30
5/5 C 35.39
5/6 ¢ 35.40
5/7 C 35.45
5/8 c 34.758
5/9 o 35.82
5/10 C 34.65
5/1 C 35.63
512 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 MacMann
July 22, 1985

- 5/26

- 1m

NO MORE MINE LIMESTONE

-3 A -
AVERAGE LOSS 34.17 -;.-Ams_d“‘(7
STD DEVIATION .472 1 a shof+

219
. ‘_49

Ray)Sisneros
Asst. Chief Chemist

KVB71-71901/2/R/GH Audit

Page 2
Date ‘Mound
s5N7 - E
518 E
5/19 ‘ E
5720 E
5/21 E/F
5/22 E/F
5723 F
5/24 F
5/2% F
F ‘ .
6/5 F
6/6 F
6/7 F
6/8 F
6/12 F
.6/13 F/A
6/14 F/A 33.20
6/16 A~ 34.02
6/17 A 33.81
6/18 A 34.76
6/19 _ A.T? 34.54
6/20 A 33,96
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 34,88
6/27 S 34.92
6/28 F 34.60
6/29 F 34.99
1/7 33,85
7/8 34.14
no 34.41
34,67
712 34.08
N3 34.31
14 34.24
715 34.15
ns 343.15
Average = 34.92
Std. Dev. = 0.7564
ce: R.B. Rieser
R. McMann
-RS:kk
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APPENDIX E

LEAR SIEGLER SM 810 NO,/SO; GAS ANALYZER
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ZERO AND SPAN CHECKLIST

LEAR SIEGLER SM-B810 NOx/SOx GAS ANALYZER

DATE:'Z"‘,—," QL time : 7352, name: C Adm;.zé;/@f‘&x

RANGE: 8Ox: O - 1500 ppm
NO«x : 0 - 1500 ppm
OUTPUT SIGNAL: 4 - 20 ma
| NOx SOx
LOOP NUMBER. F1A 1B
DIGILINK CHANNEL : 102 103
DIGISTRIP CHANNEL: 1i0 1

802 INTERNAL SPAN CELL VALUE

NO INTERNAL SPAN CELL VALUE

FRONT PANEL MEIER READINGS

TEST | AS FOUND B8-285  FTER CALIBRATION
502 Zero </ R |
NO Zero (2

802 Span | y 52

NO Span _QSO .

MILLIAMP OUTPUT SIGNAL (4 — 20 ma)

TEET AS FOUND ' AFTER CAL IBRATION
802 Zero
NO Zero

S02 Span

NO Span

E-3 KVB71-71901/2/R/GH Audit



K ZERO AND SPAN CHECKLIST e
LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER
—_ = e -8 oSy EEE T
DATE: /.- " T3 TiME : 7 = i={ NAME: T W a0 °
RANGE: SOx: O - 1500 ppm
NOx: ©O - 1500 ppm o - ®
OUTPUT SIGNAL: 4 - 20 ma
NOx SOx
" ) " ...
LOOP NUMBER: | | 1A B
DIGILINK CHANNEL: 102 103
DIGISTRIP CHANNEL: 1o b1
®
§02 INTERNAL SPAN CELL VALUE
NO INTERNAL SPAN CELL VALUE .
_ | .
FRONT PANEL METER READINGS
TEST ' AS FOUND .~ AETER CALIBRATION
'“° 802 Zero (@) ' Q °
802 Span ' - 85D ' DESE
2 oy
NO Span —y (b _ < -
@
MILL IAMP OUTPUT SIGNAL (4 = 20 ma)
TEST ~ AS FOUND ‘ AFTER CALIBRATION
802 Zero 400 , S0 ' ¢
NO Zero : 4],”,4 . 41' Y oo
802 Span 12..04 : |Q_.;\_'>._
-~ . .. -~ ®
NO Span | e py ‘,....;g
./"' | ' )
- ! [~ L ""_1.';--!-'.1) L}. : "'Lk Va T
{ ) ’ . . .

E~4 KVB71~71901/2/R/GH Audit



ot ZERO AND SPAN CHECKLIST
LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER
® DATE: -0 70T  TiMeE (TS name (s o
EL&_,.,_, ey kCC 102 |
RANGE: SOx: O - 1500 ppm
- NOx: © =~ 1500 ppm
OUTPUT SIGNAL: 4 - 20 ma
NOx SOx
| LOOP NUMBER; A 1B
DIGILINK CHANNEL : 102 103
DIGISTRIP CHANNEL : 110 X%
- Wegpms
$02 INTERNAL SPAN CELL VALUE ", =3 \ 1233 ~ A .O8 vie
NO INTERNAL SPAN CELL VALUE E'\C@GH 12228 ma F.0LVEC
FRONT PANEL METER READINGS
TEST as FounD  ¥12185  aptem  caLiBRATION
- 502 Zero E +
NO Zero C~ 2
s0z Span DR G
_ NO Span E !(; C4e
MILLIAMP QUTPUT SIGNAL (4 = 20 ma)
TEST AS FOUND AFT1ER ‘CAL IBRATION
B §02 zero <) o BEREVED
NO Zero 2,010 ,ﬂcf
S02 Span 7.3;73:.. 'N\:J/! 3
) 'NO Span |2 24 3':;;-17":
~ 1
: E-5 - KVB71-71901/2/R/GH Audit
S0z Span 3.34
® o soan 3.5 :
o 1
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ZERD AND SPAN CHECKLIST

LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER

DATE: 7-3\- 55 T1ime :_ [ 247 NAME: _UIPR T

=

ZERO AND SPAN CHECKL IST

LEAR SIEGLER SM-810 NOx/S0x GAS ANALYZER

DATE: 8/—2/5'5' TIME :__09o0 NAME : Jerry Yudﬁ?
| Fon Benson Ham KNR

RANGE: SOx: 0 - 1500 ppm

NOx: O = 1500 ppm
OUTPUT S1GNAL: 4 - 20 ma

NOx éOx

LOOP NUMBER: | 1A I 1B
DIGILINK CHANNEL : 102 103
DIGISTRIP CHANNEL : 110 xR

S02 INTERNAL SPAN CELL VALUE

NO INTERNAL SPAN CELL VALUE

FRONT PANEL METER READINGS

TEST AS FOUND | AFTER CALIBRATION
802 Zero (%) -
NO Zero 4 ' -

- 802 Span : 313[906 ' _ -

NO Span ] 642 632 —
MILL | AMP U IGNAL (4. - 20 ma)

TEST AS FOUND AFTER CAL!BRATION

- L

802 Zero

NO Zero

802 Span

——
—— T —

— a———
—————

-

NO Spah

E-8 . KVB71-71901/2/R/GH Audit




APPENDIX F

FULL CALIBRATION WORKSHEETS
LEAR SIEGLER SM 810 NOx/SOZ GAS ANALYZER

F-1 KVB71-71901/2/R/GH Audit



T/ d S\?nu‘a.\l'b(' RCC 1o D\'a wnibe,
Mullimeler  Ree 04 Fluo
Mullmeder ReC 102, Beckmon

FULL CALIBRATION WORKSHEETE

: : .Tc.-' Youn
START
DATE: ;’1]25) 85 TIME: __9:40AM NAME : _Charhe Foyda
! ST TIME (V148 AM Wayne,
- RESTART Time- 118 P - Pl Foyg
q[uj 85, - NOX Audd Tomn. PGB 580, Adarn ka

RANGE 0 - 1500 ppm 0 — 1500 ppm
OUTPUT SIGNAL 4 — 20 ma 4 - 20 ma
LOOP NUMBER 1A 118
DIGILINK CHANNEL - 102 103
DIGISTRIF CHMANNEL 110 i1

l. Was the UV tamp replaced prior to beginning the full

calibration:

Yes No \/

2. Adjust R-5 to get 3.25 - 3.59 vdc at TP-i0 on the

transceiver:

*Value of TP-10 before calibration:___3 24

xxyalue at TP-10 afler calibration:__3 3]

3. Set the scanner frequency at 26 — 28 milliseconds when

viewed on an oscilloscope'connected to TP=3 at the

(}ﬂmm*vﬁ7

dt“’nm“ 4o lranscenver Adjust the scanner frequency with R-2.
rtad aceunca ‘7

*Scanner frequency at TP-3 before calibration: 22-24

‘xxg8canner frequency at TP-3 after calibration: 25-30
4. Connect .an oscilioscope to TP-5 at the transceiver, and

F=-2 KVB71-71901/2/R/GH Audit
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6.

check for a symetrical 802 half waveform, Adjust R-3, as
coarse adjustiment, 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

**Nas the waveform symelrical after calibration? (::::) NO

Connect the oscilloscope to TP-6 at the transceiver and
observe the scanner drive signal. This signal should be a

0.35 - 0.B5 volt triangular waveform with slightly rounded
Span sueh sheuld be s the "y posiion
(Ahere 18 O.‘Sa on ‘m-‘-erﬂm\ Span n Hhe Oﬂﬁ|ykr)

*Nas the shape of the waveform proper: Gi:) NO

peaks.

x*Record the observed voltage of the waveform: .G

, spon el 649 ppm

Connect the oscilloscope (0o TP=5, at the transceiver, and
check for a symetrical NO hatf waveform. Adjust  R-BB to
achieve a symeirical half wave signal.

*Nas the waveform symetrical before calibration:

**Record the voltage of this signal:~&

Connect the oscilloscope to TP=7, at the transceiver and
observe the scanner feedback signai. This signal should be
~8 to -6 volts which does nol go above ground.

*Are there any irregularities in this signal: YES (::)

x*Record the voltage of this signal:i_ =0

Connect the oscilloscope 1to TP-12 at the transceiver 1to

check the scanner level detect signal. This signal should

F-3 KVB71-71901/2/R/GH Audit




be —50 to 50 mvdc and may be adjusted with R-4.

®
xvoltage of signal before calibration:_-50 4o 50
xxyoitage of signal after calibration: =80 o 5O
9. Output drive signal adjustment,. : ®
With the 2ero mirror in and the front panel selector switch
in the INPUT position:
xDoes the front panel metler read approximately zero: ®
NO
Compute the expected voltage with a high S02 span cel.l
inserted with the following equation: _ :
Expected Vol tage = (Span cell valuel)(7)
750
The voltage may atso be checked at TP-5 at the transceiver.

Use R-1i5 to adjust the voltage. _ ®

xx -
Aud‘ Expected voltage at TP~5:__ 6. 06

axwiﬁ*"’“’“ ***VOltaQe at TP-5 before calibration: 3
ol Hhy sl '

xxxxVoitage at TP-5 after cal ibration:__ 5. QF( tould "“"dd,)“-s" vo\l-aqe m)-ﬁul“

4'2(0 (stl-uri- Fr\doh/ morﬂu\g at 080"0 hours ; vdl-.a,c. ctcheeled) ~L.08 volds

Temperature Compéensation Catibration.

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,

xVoltage at TP-4 before calibration:_25 mclbve s

*xyoltage at TP-4 after calibration: 0.3 vwele (Nggadﬁg)

11, Check the volta®e at TP-TIG at the transceiver. Use the

following equation (o calculate the expected voltage:

570
Expected volts =/(Actual Temperature) 1.0 volits
(B0OO) '

o aled
Ss%lna W‘”"

gwm F=4 KVB71-71901/2/R/GH Audit




.  illiormps should be wsid rather dhir valage ot the cabd wnct
coneiYy ah OIV\MLJ(r in &ﬁ(.ﬁ'-"’“" -H\(‘ D‘A}P‘-‘J S.'ana_'

* This voltage can be agjusted with R-72 at the transceiver.
1dJ“5WJS Adjusk ad gemhs\ wid W Si or 21)

nade ot Hhe =gy pected voltage at TP-16:_,0625 (125 ma)

b&\.w\\-p.qe, *xVolitage at T(P-16 b)efcne catibration:_l 9.5 ma,
e 4ok, (Milliamps 342l
mn%s ***Voltagl at TP-16 after calibration: .25 (\Z.SM)
ab  tentrol wnid we were readAg 380°F
Q-'l""\lml.kf n CMJ‘N' FoOM
® i2. Connect a voltmeter to TP-4 on the Integrator, Sample, and
Hold board. Use the following equation to calculate the

expected voltage:

500 .
® : Expected volts = (Actual Temperature) X'T‘O‘.‘B—v-e-lts
(800) 20 mikiimpls

This voltage may be adjusted with R-5.

xExpected voltage al 'I_'P—4: .25

L
xxyoltage at TP—4 before calibratiOn:4-q3 7-45
xxxyo|tage at TP-4 after calibration:_S'lO(qu"[pb'l) é‘ZB’
®
I13. Connect a voltmeter to TP-2 on the Temperature Compensation
board. The average voltage over several S0O2 sample periods
° : should be 0.0 volts. This voitage may be adjusted with R- '
Redo 26 1320 howrs
30. - '

xyoltage at TP-2 before calibration:__000
P xx\Voltage at TP-2 after calibration: _0.00 @

l14. During an NO sample period, adjust R-32 for 0.0 volts at TP~

2, also.

® *Voltage at TP-2 before calibration:__ 080 4
re

_-_.-.—'—_'-l
xx\oltage at TP-2 after calibration: Q €LY

15. Connect a voltmeter to TP-4 on the Integrator, Sample and

o
5§mu\$5l-iold board and adjust R-4 to get(0.9375 volts:>
S
B *Voltage at TP-4 after adjusting R-4: 0,4275 (.9335
®

- F=5 KVB71-71901/2/R/GH Audit



20.

22.

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

xvoltage at TP 2 before calibration:_{035%

x*vollage at TP-2 after calibration: ’°l34'(5°1)
10138 (N®)

Adjust R-4 on the Temperature Compensation board so there is

no. change in.the'vollage at TP-2 with the switch 8-2 in the

up” or "down” position,

Adjust R-4 on the In

nt

egralor., Sample, and Hold board to get
J0.0 volts at TP=4.

x\yoltage at TP-4 after adjusling R-4: 106006

Connecl a vol!tmeter Lo TP-2 on the Temperature Compensation

| | (3 1A341)
board. The voltage should be 3.65 volts and may be adjusted

52 sunich dsuin

with R-2 on the Temperature Compensation board.

*voltlage at TP-2 before calibration: 367

xxyo|tage at TP-2 after calibration: 378

Connect a voltmeler to TP-4 on the Integrator, Sample, and

Hold board and adjust R-4 to get 0.9375 volis.

xvoltage at TP-4 afler adjusting H-4:_Lﬂ§32L______.

Connect a volimeter o TP-S on the Integrator, Sample, and
Hold board and recosf the voltage durnng an 802 sample

(zeco switth
period with switch 8-2 in the "up”™ posilion.

xvoltage at Te-3: JL9-/¢93  (1u82)

Place' switch 8=2 in {(he down position and ~record the

F~6 KVB71-71901/2/R/GH Audit




voltage. Use the folliowing equation to calculate 1the

expected voltage:

_ _ .63
Expected voltage = (Voltage at TP=3,L from #21 above)l)X!.075

Use R-64 on the Integrator, Sample, and Hold board to adjust

this voltage. SOZ mu“-ip’u'r'
xExpected voltage al TP-3: L8199 'S ;2 .;‘.4
xx\yo|tage at TP-3 before calibration: il (365')(2.74)

xxx\yo|ltage at TP-3 after calibration: 1.8138

3. The full calibration A& completed l425kws):llzl.lss

Redura  inshumet Jo service
. Teri\FU'nJ-tm .'np.d wiee disonneckd ot P4
' Rewire ankru campmnsabon brord

F=7 KVB71-71901/2/R/GH Audit



Redo “mr.kn‘& at skp 6

FULL CAL IBRATION WORKSHEETFE

LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER

- : Terry hun
START ™ P9
oate:_3 30|85 TIME;_0F00 NAMES _ Charhe Floyd
Wayne
o Pou! Fig9
Aud:! Tam; Ron Bwsn of KVB
NOx ' so2
RANGE - 0 - 1500 ppm 0 - 1500 ppm
OUTPUT SIGNAL . 4 - 20 ma 4 - 20 ma
LOOP NUMBER (1A 118
DIGILINK CHANNEL 102 'IO.3
DIGISTRIP CHANNEL 10 1t

0. 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:

xvalue of TP=-10 before calibration:

xxyvalye at TP—10 after calibration:

3. Set the scanner frequency at 26 - 28 milliseconds when
viewed on an oscilloscopé connected to TP-3 atl the
transceiver, Adjust the scannér frequency with R=-2.

xScanner frequency at TP-3 before calibration:

xxScanner frequency at TP-3 after calibration:

4, Connect an oscilloscdpe to TP-5 at the transceiver, and

F-8 KVB71-71901/2/R/GH Audit




check for a symetrical 802 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 to gréund.

*Was the waveform symetrical before caiibration? YES NO

xxNas 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

*xRecord the observed voltage of the waveform:

Connect the oscilloscope to TP=S5, at the transceiver, and
check for a symetrical NO half waveform. Adjust R-88 1o
achieve a symetrical half wave signal.

*Was the waveform symetrical before calibration:
YES NO

xxRecord the volitage of this signal:

Connect the oscillioscope to TP=7, at the transceive( and
observe the scanner feedback signal. This signal shouid be
-8 to -6 volts which doeg.nol go above ground.

*Are there any irregulérities in this signal: YES NO

*xRecord the voltage of this signal:

Connect the oscilloscope to TP=-12 at the transceiver to

check the scanner level detect signal, This signal should

F-9 KVB71-71901/2/R/GH Audit



be =50 to 50 mvdc and may be adjusted with R-4,

xyoltage of signal before calibration:

xxyoltage of signal after calibration:

Output'drivé signal adjustment,
With the zero mirror in and the front panel selector switch
in the INPUT position:

*Does the froht panel! meter read approximately zero:
YES NO

Compute the expected voltage with a high 502 span cell

inserted with the foillowing equation:

4
Expected Vol tage = (Span ce?l-value)(?)
750

The voltage may also be checked at TP-5 at the transceiver.
Use R-15 to adjust the voltage.

xxExpected voltage al TP-5;_ 600

xxx\y/oltage at TP-5 before catibration: A

xxxxvo|tage at TP-5 after calibration:_ 6.05-61/5

Temperature Compensation Calibration.
Check the volitage at TP-4 on the Integrator, Sample, and

Hold board. It should read zero voltls and can be adjusted

with R-4.

*\Voltage at TP-4 before calibration:

xxvoltage at TP-4 after calibration:_

Check the voltae at TP-16 at the transceiver. Use the

following equation to calculate the expected voltage:

' Expected voits = (Actlual Temperature) 1.0 volts

(800)

Odyust R- 15 at dronscriver do receive proptr Vc.su-uqc & TP-5

F-10 KVB71-71901/2/R/CH Audit




13.

This voltage can be adjusted with R=72 al the transceiver.

*gxpected voltage at TP=-16:

x*yoitage at TP-~16 before calibration:

=xx\/o| tage at TP-16 after calibration:

Connect a volimeter to TP-4 on the Integrator, Sample, and
Hold board. Use the following equation to calculate the

expected voltage:

Expected volits = (Actual Temperature) 10.0 volts
(BOO)

This voltage may be adjusted with R=5.

*Expected voltage at TP-4: &Ef

xxyoltage at TP-4 before calibration: 6.4

xzxyo|tage at TP=-4 after calibration:_6.5

Connect a voltmeter to TP=-2 on the Temperature Compensation

board. The average voltage over severail 802 sampie periods
shoulid be 0.0 volts. This voltage may be adjusted with R-
30.
*voltage at TP-2 before calibration:_ 002 mmSD,_scaLz of
" Q-15%8 X
xxyoltage at TP-2 after calibration: O ~7 e
ppr

During an NO samplie period, adjust R-~32 for 0.0 volts at TP-

' [
2, also. o o NO,(SC"L"”
*voltage at TP-2 before calibration: ) 0-15%Ppp 1S
xx\Voltage at TP-2 after calibration: @) i#%ﬂ1
Connect a voltmeter (o TP:4 on the Integrator, Sample and

onxnkqudmrlnrd

Hold board and adjust R-4 to get 0.9375 volts: Rechell,

*voltage at TP-4 aftler adjusting R-4: 93‘5

F-11 KVB71-71901/2/R/GH Audit



20.

21,

22.

Connect a volimeier to TP-2 on the Tempera;ure' 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:_10

(us; Pmi-k c:.“nﬂlbf' +o

xx\o| lage al TP-2 after calibration:_ lu00] -
F""L w4 vk )

Adjust R-4 on the Temperatlure Compensation board so there is

no change in the voltage at'TP—Z_with the switch 8=2 in the
or' *down" positlion.

Adjust R-4 on the Integrator. Sample, and Hold board to get

~ i doat

10.0 volts at TP-4,

xVoltage at TP-4 after adjusting R-4:_10.0

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 oard.
P |'m.'£a,?¥ . d°“u'l deck

*voltlage at TP-2 before calibration:_434

xxvoltage at TP-2 after caljbration;;ﬂ&ZﬁgggJ;&gﬁ) 2.5

4.05" Secndhme

TSHB

Connect (: voilimeter to TP-4 on the Integrator., Sample, and
rddand adjust R-4 to get 0.9375 volts.

Hold boa

xVoitage at TP~4 after adjusting R-4: .Q3:5

Connect a volimeter to TP=3 on the Integrator, Sampie., and
Held board and record the voltage during an S02 sample

period with switch 8-2 in the "up™ position.

*letage at TP-3: .30l switth(u 'posiln'
' 144 switth(dewn positw

Place swileh 8-2 in t(he down position and record the

F-12 ' KVB71-71901/2/R/GH Audit




vol tage. Use (he following equation 1o calculate the

expected voltage:

/.05
Expected voltage = (Voltlage at TP-3, from #21 above) 1.075

Use R-64 on the Integrator, Sample, and Hold board to adjust

this voltage.

*Expected voltage al TP-3: [.44

txygitage at TP-3 before calibration: 1.932

xxx\Jo| tage at TP=-3 after calibration:

3. The full catlibration is completed

F-13 \ KVB71-71901/2/R/GH Audit



'T/C- 5""‘1\/‘&‘\‘6)#\ | RCC— IO’? .‘ D? iy <

prothete e Recloy
Moy, ot decion Flicke
Vit ‘ _
. meler ' gel'k”"ﬁ\.ou
FULL CALIBRATION WORKSHEETF
LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER
oate: T 254 - 85 TiMe: Qct'-lo name: (., ELOYD
NOx 802
RANGE _ 0 - 1500 ppm 0 - 1500 ppm
7
OUTPUT SIGNAL 4 - 20 ma 4 - 20 ma
LOOP NUMBER 1A 1B
DIGILINK CHANNEL 102 | 103
DIGISTRIP CHANNEL 110 1
l. Was the UV lamp replaced prior to beginning the full
calibration:
Yes . No u//’
2. Adjust R-5 to get 3.25 - 3.5¢ vdc at TP-10 on the
transceiver: '
xyalue of TP-10 before calibration: ZB.EEI
xxyailye at TP-10 after calibration: ..__:;03 ,
3. Set the scanner frequency at 26 — 28 milliseconds when
viewed ‘en @an oscitloscope connected to TP-3 at the

transceivér. Adjust the scanﬁer fréquency with R-2.

sScanner frequency at TP-3 before calibration: 2L1b
zxxgcanner frequency at TP-3 after calibration: ﬂr?_
4. Connect an oscilloscope to TP=5 at the_transceiver, and

F-14 KVB71~71901/2/R/GH Audit




check for a symetrical s02 half waveform. Adjust R-3. as
coarse adjustment, to getl the best symetrical, half wave
signal possible then adjust R-2 1o bring both haives o1 the
wavetorm to ground.

*wNas the wavetorm'symetrical betore calibration? (::;) ‘NQ

xxNas the wavetorm symetrical atter calibration? (YES) NO

connect the oOsctilloscope 10 {P=-6 at the transceiver and

observe the scanner gdrive signal. 1his signa! should be a
0.35 - 0.85 volt triangular wavetorm with slightly rounded
peaks.

z2Nas the shape of the waveform proper: YES NO

xxRecord the observed voltage of the waveform: 'é'

“connect the oscilloscope 10 TP-5. at the transceiver, and

check for a symetrical NO half{ waveform. Adjust R-BE 10
achieve 2 symetrical haif wave signal.

*Was the waveform symetrical before catibration:

(&4 '

+ e 4¥

V&5 Hhe wWr Qe &ED . 10
x*Record the voltage of this signal:2¢

Connect the oscilloscope tO TP-7. at the transceiver "~ and
observe Lhe scanner feedback signal. This signal shouid be
-8 to =6 volls which does not go above ground.

*Are there any irregularities in this signal: YES (N0:>

xxRecord the voltage of this signal: - dg_

Connect the osciilioscope 10 TP=12 at the transceiver to

check the scanner level detect signal. This signal shou!d

F-15 | KVB71-71901/2/R/GH Audit




'o.

“sx¥zyoltage at TP-5 aftler calibration{ o

be ~50 to 50 mvdc and may be adjusted with R-4,

A .' - .
*voitage of signal before calibration: 20 ¥ ™

ol | PR

x=2yo|tlage ot signal after calibrationsaZ ~o SRR

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

*Does the tront panel meter read app%ﬁj;ff‘e'y zero:
' ' NO

Compute the expected voltage with a high 802 - span ceil

-

inserted with the tollowing equation: _ 57wy
/t.lﬂ--:—--*-—
Expecied Vollage = (Span cel! valuel(/) 1
605 /50

The voitage may aiso be checked at TP-5 at the 1tiransceiver.

Use R-15 to adjust the voltage.

(205
xxFxpected voltage at TP-5. JP.D‘D

xxxypltage at TF-5 before calibration: : 2

Temperature Compensation Calibration.
Check the voitage at TP~4 on the Iintegrator, Sampie, and

Hoid board. It should read zero volts and can be zdjucsted

" with R-4,

tvultage at TP-4 before calibration:' "IQ mM

xxyol fage at TP-4 after calibration: .‘7 myY

Check the voltae at TP-i16 al the transceiver. Use the

_tollowing equation to calculate the expectied voltage:

Expected volts = (Actual Temperature) 1.0 volts
(800) -

F-16 KVB71-71901/2/R/GH Audit




m
This wettage can be adjusted with R- 72 at the transceiver.
MA T c
*Expectgg.xo*ﬂoge ?t TR~ L_ﬁ ”7"€;57C) —
oy A

'*anlagefat IP-+6 before calobratlon

t*s_v_g_j_ﬁa_ge at-'g’-r?a'laﬂer calibration; %/2 54’\(5]

Connect a volimeter to TP-4 on the lntegrator, Sampie, and

Hotd board. Use the following equation 10 calculate the

expected voltage:

Expected voits = (Actual Temperature) 10.0 volits
(800)

This voltage may be adjusted with R-5. .

xgxpected voltage at TP-4: &.;é = 0-2'9
x2yy | tage at TP-4 before calibration: ‘H"q'f- &:% .?-'ng/

rxryg| tage at TP-4 after calibration: f;ﬁfB En 0% PJV__.
| le. .S

Connéct a Qoltme\er to TP-2 on the Temperature Compensation
board. The avefage voltage over several S0O2 sample periods
shou'!d be 0.0 volts. This voltage may be adjusted with R-
30. |

x\yol tage at TP-2 before calibration: aC)Z

xxypoltage at TP~2 after calibration: . Q2

During an NO sample period, adjust R-32 for O. 0 volts at TP~

2, altso,

xyoltage at TP-2 before calibration: .'75

£xyoltage at TP-2 after calibration: e,

Connect & volimeter to TP-4 on the Integrator, Sample and

Hold board and adjust R-4 to get O. 8375 volits.:

xyoltage at TP-4 after adjusting R-4: I~ 6 Zq: j.;)

F-17 KVB71-71901/2/R/GH Audit



17.

20.

21.

22.

Connect a voltmeter to TP—2 on the Temperature Compensation
board. The voitage should be 1.0 volts and may be adjusted

with R-29 on the Temperature Compensation board.

tvoltage at TP-2 before calibration:

xxyoltage at TP-2 after calibration: ’.01'55!

. ol3g

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

“up” or "down" position.

G it Yown 905.;5770r1)

Adjust R-4 on the Integrator.” Sample, and Hold board to get

10.0 volits at TP-4,

xvoltage at TP-4 after adjusting R=-4: 10,00 é

connect a voltmeter to TP-2 on the Temperature Compensation
Board. The volitage ;hould be 3.65 volts and may be adjusted
with R=2 on the Temperature Compensation board.

*Vastage at TP-2 before calibration: .2./;4'7

xxycltage at TP-2 after calibration: %, iz 7 ?ZOQ[
o /-' . i

Connect @& voltmeter to TP-4 on the Integrator, Sample. and

Hoid board and adjust R-4 to get 0.9375 volts.

*voltage at TP~4 after adjusting R-4: 4? 3'71L-

Connect 8 voltmeter to TP-3 on the Integrator, Sampie, and
Mold board and record the voltage during an 802 sample
period with switch S-z'in the "up” position.

*voltage at TP-;-: l(oq >

Piace switch 8-2 in the down position and 'record the

voltage. Use the following equation 10 calculate the

F~18 KVB71~71901/2/R/GH Audit



expected voltage:

Expected voltage = (Voltage at TP-3,6 from #21 above) 1.075
Use R-64 on the Integrator, Sample, and Hold board to adjust

this voltage. ]‘Q?Zﬁg

*Expected voltage at TP-3: /E_S_LQ K sz?

xxyoltage at TP-3 before caltibration: /.797 14’8‘&

xxxyoltage at TP-3 after calibration: /.ﬁllb

Fr+—Fhe—fgi—eatrratTon 15 Competed—
Rezeo R4 otk TO-H & o Wts
C.c,»}_)ld‘é
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APPENDIX G

DYNAMIC CALIBRATION OF
LEAR SIEGLER SM 810 NO,/S0, ANALYZER
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R¢B
3-29-8%

DyNaMIC cAL\eanT.w oF Kvi3 71981-2

LEAR SIEGLER SM 310 AD /SO, Anquzcr'

Sgﬂﬂ Qaggs
vr) A/D) bal A/ NBS T-aemub 2

10/9
52 ppm S0, 51/ I\/ le'sl"flfda 227,

j\h\\/ 24*“, 1985

Time. 1515 houls
ENDj]ppm ' _ ND F’wrﬁl&(ﬂ:‘ﬁ%n}
7.0

§/06-650
70 /) =
412 20
¢82 2.5
93 20
A 35
- 40
'Tme. Mao hours
[se,], ppon ,SQQ_FMM \
18 (7) INAA
75-2% /40
3 (7) .. 0
2% /3

Ty 30*, 1985 CRe,do Hhe Tuly 29%) 4998 4est sinee LS Amprabwe snssr

' wWos l."ﬁ'mfﬂo.hly 00 deg F o Jow
[NOJ, ppm NO Flowrate (fikes/maut)

950 _ 2.0
9¢F 2.5
970 2.3

Adust Rz 4o give 10/0ppn NOZ P/
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__gu.'y 30"“”‘,1‘?85- (COnmed) _

[S0,7, ppen So, Flowrade, ( L’krs_/rmu“

34 ' 2.3
39 2.5
40 25

'Ju.ly 3l ’+’ ’939’__‘

[Nodippm  NO rtwrgk(ung; )

1032 ?

50,1, pm Sty Fhursk (ershs)
30 ?
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APPENDIX H

LABORATORY REPORT ON GAS ANALYSIS
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5as Mixture Specifications

p—r .
o Preparation Certification
y Range Tolerance Accuracy
- 5% to 50% + 1% of Component 4 0.02% absolute
> dard 1% to 5% + 2% of Comnponent or 1% of the component
500 ppm-1% + 2% of Component whichever is smaller**
10 ppm - 499 ppm 4+ 5% of Component 4+ 4% of Component
arohed 10% 1o 50% + 5% of Component” 2% of Component
o $0 ppm to 10% £ 10% of Component” 2% of Component
10 ppm to 50 ppm -4 20% of Component® 5% of Component
3 ppm to 10 ppm + 2ppm 5% of Component
. msnalyzed This group of mixtures is expecied to have essentially the same preparation tolerance as the
St Certified Standard, but cannot be guaranteed as such because these mixtures are not checked by

analysis.

oty valyes prasented may vary for components thet tend to be unstable or present other blending problems. Our tachnical personnel will be pleased to comment on
® o particular requirements. Cartification accurscy for smaller size cylinders and/or multi-component mizhires may vary.

uu-t:i-hrllydmnlndﬂllimmmumyvmfnuth-mudduluhcirlnwmhnhr-dgm.

a——

Tighter Preparation Tolerances

® authason is aware of certain special applications that do not require
aw extremely close tolerances of Primary Standards. but do require
pepuration tolerances exceeding those of Certified Standards. In the
yxees control industry, for example, consistent minor component
~crentrations are at least as important as the accuracy of the certifica-
e With these thoughts in mind Matheson has developed a dynamic
wrading system that delivers mixtures with tighter preparation toler-

o thar: those listed for Certified Standards at economical prices. This
mesm is svailable at selected Matheson plants and it is suggested that
= contact your nearest Matheson location prior to placement of an
wdar. :

Special Accuracy Mixtures

When a lack of suitable standards exists vr a standard proves imprac-
tical. Matheson will prepare a gas or liquid phaze mixture gravimet-
rically on one of its many precision balances. These mixtures will not
be given the Matheson Primary Standard label bui they are expected to
be of the highest accuracy possible. If you have an unusual requirement
contact your local Matheson plant.

MATHESON GAS DATA BOOX —
SIXTH EDITION
Anyone who handles compressed gases —
in the laboratory, in the plant, or anywhere

— will benefit from this book.
See page 207 for details.
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APPENDIX I

ZERO AND SPAN CHECKLIST

LEAR SIEGLER CM-50 OXYGEN ANALYZER AND
BAILEY OXYGEN ANALYZER
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ZERO AND SPAN CHECKL IS7

LEAR SIEGLER CM-50 OXYGEN ANALYZER

]

—— - -t 'ﬁ_‘ b - ! "‘_
DATE: ) RS TIME: ./ q — NAME: 5 L N4

.RANGE: 0 - 25 percent oxygen
OUTPUT SIGNAL: 4 - 20 ma.
LOOF NUMBER: e

DIGILINK CHANNEL: 104

DIGISTRIP CHANNEL: 12

EHONT PANEL METER READING

TEST AS FOUND AFTER CALIBRATION

OXYGEN ZERO QY
OXYGEN SPAN | °/g'2 '
MILLIAMP OUTPUT SIGNAL (4 = 20 ma)

TEST AS FOUND . AFTER CALIBRATION
OXYGEN 2ERO 5 . -
OXYGEN SPAN 1.3

(e X S0 Nt

RCL 1T

1-3 KVB71-71901/2/R/GH Audit
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ZERO AND SPAN CHECKL 1S1

LEAR SIEGLER CM-50 OXYGEN ANALYZER

. - - el e —~ R
DAlL . T - b MBS NAME i 4\ €3t D
G_‘_ - ot "\-C ':-:L-

RANGZ: @ - 25 percent oxygen

OQUIML ! SIONAL: 4 = 20 ma.

LOU AL Nk e
RDIGIL - Na CMANNEL . 104
DIGISTa 1w (HANNEL: 112
FRONT FPANEL METER READING
~ TEST AS FOUND AFTER CALIBRATION

OXYGE*e ZERD

OXYGE's SPAN ol 95

MILLIAMP OUTPUT SIGNAL (4 = 20 ma)
TEST AS FOUND . AFTER CALIBRATION
DXVCI‘ ‘) ?Eno . ﬁ; ’\-.:t_—l |} %
OXYGrH GPAN ] SQ
1-5 KVB71-71901/2/R/GH Audit
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ZERO AND SPAN CHECKLIST

——

LEAR SIEGLER CM—50 OXYGEN ANALYZER

paTE: _ B-2-B5 TimeE:_0900 NAME :_<kery Yo
Observed by Ren Brsv), KYB

RANGE: O - 25 percent oxygen

CUTPUT SI1GNAL: 4 - 20 ma.

LOOP NUMBER: e
DIGILINK CHANNEL : 04

DIGISTRIP CHANNEL: 112

FRONT PANEL METER READING

TEST AS FOUND AFTER CALIBRATION
OXYGEN ZERO 20 2.0

OXYGEN SPAN 214 2.4

MILLIAMP OUTPUT SIGNAL (4 = 20 ma)
TEST AS FOUND AFTER CALIBRATION

OXYGEN ZERO —_—

OXYGEN SPAN

I-7 KVB71-71961/2/R/GH Audit



APPENDIX J

COAL FEED SANKYQO IMPACT FLOWMETER
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ZERO AND SPAN CHECKL1S1

CUOAL FEED SANKYO IMPACI FLOAMEITER

DATE:_7=23-95 TIME:__I= VA NAME: _ ). LT
RANGE: O - |5 tons per hour
wWitd . Sc
OUTPUT SIGNAL: 10 - 50 ma
Q¢JQIQT4Gi
LOOP NUMBER: 62 =
DIGILINK CHANNEL: 305
: 2 € ko Wt <>
DIGISTRIP CHANNEL: 112 STeaer 4\« =
A ST =
STATIC TEST WEIGHT: _ COR L T N\ Fia -

EXPECTED READINGS WITH STATIC TEST WEIGHT:
TOoNy

Q.CZﬁc; B — ma

FRONT PANEL METER READINGS

TEST AS FOUND AFTER CALIBRATION

-

ZERO TPH

WNITH STATIC
TEST WEIGHT oSl 2.0 AN

MILLIAMP OUTPUT SIGNAL

TEST AS FOUND AFTER CALIBRATION

ZERO TPH
73 %
NI TH Sf=l=iC

TEST WE IGHT 39,2 9.

J=3 KVB71-71901/2/R/GH Audit




APPENDIX K

ZERQO AND SPAN CHECKLIST
KILN FEED SANKYQO IMPACT FLOWMETER

K-1 KVB71-71901/2/R/GH Audit
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APPENDIX L

CERTIFIED TEST WEIGHTS
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QUALITY ASSURANCE MANUAL
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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 meésurement can be repeated. 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.

Following the introductory 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 clinker. Included in this section will bé 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 implementing the various aspects of the Gifford-
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 mathematical calculations that
must be performed during a calibration check.

B. DATE QUALITY AND COMPLETENESS

The goal of this project will be to generate pounds of
NOx per ton of clinker values with a precision of plus or minus
five percent; the pounds of NOx per ton of clinker values should
have an accuracy of within plus or minus fifteen perdent of the
true 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 digital
signals, accumulates and averages each signal for six minutes,
and then sends these six minute averaged signals to an IBM-PC for

storage and data reduction.



The IBM=-PC stores each of fhe raw field signals, performs
various calculations, and 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 ©been
determined to be "critical" and "important" field signals and the
pounds of NOx per ton of clinker calculatéd 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 per
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 EXAMPIE:

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
instfuments, 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 as accurately measured as possible
because of the effect an error in their values have on the
calculated 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 Kkiln 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 1loss 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 INSTRUMENTS

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 used in this

calculation, and are therefore considered critical:
l. 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. Samples 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

l. 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
10. Pyrometer-Burning zone temp. X
1ll. Kiln drive motors - ammeter X

12. Thermocouple - Secondary
air temp. X

13. Thermocouple - Chain
inlet temperature o X

The remaining instruments are supplying signals to provide
information as an aid to the operation of the kiln. These
instruments should have the zero/span checked periodically,
according to 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 zero/span check
schedule above should 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 Séction VIII, the procedures 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. Moiéture Content
A dgrab sample of the pulverized c¢oal 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 on a

representative sample from each lot of delivered



KILN
1.

coal (not to exceed 3000 tons per lot). These
analysis will be averaged over a rolling three
month period. These values will be updated by
deleting the oldest analysis and including the
most recent analysis received. .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
c¢linker 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
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



VI.

NOx per ton of clinker by more than two standard
deviations of the four week data population, the
updated 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 loss 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 value
used in the IBM~-PC program to calculate pounds of
NOxX per ton of cliﬁker 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, weights, etc. are used. The instruments
used during a calibration will be, when possible, certified
by an indepgndent laboratory as to their accuracy and
precision. Generally, these certifications will 1link these
instruments to an appropriate standard of the National
Bureau of Standards. When scales or weights are used during

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

conforming to the cCalifornia 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 coal fuel, when possible, will conform to generally
accepted methods, as published in the appropriate A.S.T.M.
manual. | |
IMPLEMENTATIOﬁ OF THIS QUALITY ASSURANCE PLAN
A. MANAGER OF THIS PROJECT
Mr. Gerald L. Young, Production Engineer of
Gifford-Hill and chﬁany, Inc., 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
appropriate documentation, certifications, test
results, and other items of interest are recorded and
saved until termination of this project.
Mr. Young will also be responsible for the
issuance of a monthly'status report on this project to

appropriate upper management personnel.
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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, & 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 responsible for the timely certification as to
the accuracy of the equipment he uses to calibrate the
field instrumentation. HEe will also be responsible for
maintaining the records of zero and span checks, full
calibrations, dynamic | calibrations,  and the
certifications of the test equipment used. |
COAL FUEL AND KILN FEED SAMPLING AND TESTING

Mr. Ray Sisneros, Assistant Chief Chemist of the
Crestmore plant of Riverside Cement, a division of
Gifford-Hill and Company, Inc., 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 samples.

12



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
correlate various operating parameters that influence

the generation of NOx in a rotary cement kiln.

VIII METHODS FOR ZERO/SPAN CHECKS AND FULL CALIBRATIONS
A. LEAR SIEGLER SM 810 NOx/S02 GAS ANALYZER
l. 2Zero/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 Hold board inside
the control unit. To perform +this adjustment

follow the procedure outlined below:

a. Depress the REQUEST CAL button.
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b. While +the S02 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.

c. While the NO 2ZERO indicator light 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. |

d. While the S02 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
front panel meter of the control unit.

e. While the NO SPAN indicator light is
illuminated, adjust potentiometer R-7 on the
Integrator, Sample and Hold board to produce
the correct span cell ppm reading on the
front panel-meter of the control unit.

After performing the zero/span adjustments on the
Integrator, Sample and Hold boérd, any significant differences
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:

a. Depress the REQUEST CAL button.
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While the S02 2ZERO 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.
- d.
milliamps
e.
2. Full

While the NO 2ZERO 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.)
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:

= (span cell S02 value lé + 4
(1500)

While the NO SPAN indicator 1light 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.
Electronic Calibration of SM 810

Before doing a regularly scheduled, full

calibration of the SM 810 Gas Analyzer, replace

the UV lamp in the transceiver with a new lamp.
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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 up
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 adjustments work together to
"pmeak" 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
(S02 scan offset) for the best half wave
signal possible. Then, using R-2 as a

fine adjustment, bring both halves of
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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 volt
triangular waveform .with slightly
rounded peaks.
NO Scan Offset:

Before peaking the NO signal, the
802 signal must be 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 good 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
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should be 0 plus or minus SO mVDC when

checked at TP-1l2. This signal may be

adjusted with R-4. |

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 bosition. 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
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or

= (span cell value) (7)
750

NOTES: * 7 volts is the full scale reading on the meter.
*% Span cells are named on a 750 ppm instrument, so

on a 1500 ppm instrument, the expected wvalue of the

* span cell is twice the named value.
£) 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) volts at TP-4. Reconnect #15
and #29 on TB-l of the controi
unit.
® c) At the transceiver, simulate a
' temperature with a transmation at
J2-7 and J2-4, or use the duct
® ‘ temperature it it can be

independently measured with a
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calibrated thermometer or
thermocouple. 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 as

calculated by the following formula:

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

(800)

c. d2 Zero Adjust
This adjustment compensates for inherent
offsets and those <c¢oming from the
transceiver. This adﬂustment 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 1located in the
middle of the board and must be adjusted
with an insulated screwdriver.

3) buring an NO sample period, adjust R-32
on the Temperature 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 &

S02)

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 up the control unit and

perform the adjustments as outlined below:

1) Disconnect the temperéture wires and the
d2 wires at TB 1-29, TB 1-30, TB l-
15, and TB 1-1l6 at the back of the

control unit.
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2)

3)

5)

6)

7)

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.)

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

Place switch 8-2 in the down position
and adjust R=4 on the Temperature
Compensation board, if required, =o
there is no change in the DVM voltage
with the temperature compensation in or
out (switch S-2 down or up).

With switch $§-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.) |
Adjust R-2 on the Temperature
Compensation board to get 3.65 volts at
TP=-2 on the Temperature Compensation

board.

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 S=-2 (the top switch on the
Calibration and Timer board) in the up
position and allow at least two full S02
sample periods to pass. |

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

4) Place switch 9-2 (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 voltage 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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compensation in (switch §-2 down); if it
is above 10 DVC, decrease R=-29 on the
‘Temperature Compensation board as
required.

*** New S02 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 S8-2 in the up position and
allow at least two full 502 sample
periods to pass.

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

Place switch S-2 in the down position
during the 802 sampie 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:

volts = (2.74) (voltage recorded in step 7)
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9)

10)

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 reqﬁired.

NOTE: *R=-65 is the top, blue
potentiometer located near the center of
the board.

ke New 802 updates may change the
voltage at TP=-3 with the temperature
compensation out (switech S-2 up), in
which case, the new voltage must be
nultiplied by 2.74 to get the desired
voltage with the temperaturé
compensation in (switch S8=2 down).
Disconnect the temperature input wires,
TB 1«29 and TB 1-15 in the back of the
control wunit and short the two wires
together. Adjust R-4 on the IS/H
board to read zero (0.0) volts at TP-4,
Reconnect all wires disconnected and

remove all jumpers and test equipment.

3. Dynamic Calibration (with NBS gas or EPA protocol

gas)
NOTES:

* When flowing standard gases, which are
at room temperature, 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
erroneocus 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 meters.
Temperature Verification:
This is one of the most important steps
in the process of calibrating the instrument
to read gases accurately. A very small error

in reading the temperature will cause a

relatively large error in reading («gqas

concentrations.

NOTE: If it is necessary to repair a
thermocouple solder joint, use silver base
solder (solder, LSI PB/N 54000638 - Flux, LSI
P/N 54000039, is a low temperatﬁre 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 thé probe
temperature by reading the thermocouple
with the tranémation. 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 3Jjunction at the
instrument input terminals is
compensated as required by the device in
use.

*kk 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 wirés 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
l) according to the following 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 1lowest flow rate beyond which increases
in flow rate result in no significant
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 pressure at the final stage of the

standard gas bottle pressure regulator

should be set at 15-20 psi.

Record the error in the NO reading of
stahdard 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 leaks.
(Refer to Lear-Siegler drawing 81000897,
sheet 3, paragraph 1.3).

Flow S$02 standard gas

Flow 802 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 2zero gas under the conditions
described above in step b. and verify that
the S02 concentration readings return to zero
(plus or minus 1% full scale) within three
sample periods. (See NOTE in step c. 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 ﬁo 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 20K
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 temperaure
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
switch S-2 (the top switch) on the
Temperature 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 readings at TP-2 when switch $-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

a.

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 1low 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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g.
Full

content of 20.9 .percent to enter the
analyzer.)
Allow the reading on the Kaye Digilink to
stabilize. Adjust R=-2 span potentiometer 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 redqulator
to 20 psi. (A clockwise rotation
of the knob will increase the
pressure.) |
b) Verify the reference flow indicates
the standard cubic feet per hour
(scth) .printed on the top of the
meter (usually 2 scfh). Adjust the

flowmeter valve as required.
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c) 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.

d) With the calibration switch

_positioned to "LOw", verify that
the calibration flowmeter indicates
the scfh printed on the top of the
flowmeter. Adjust the calijibration
bottle pressure regulator as
required. Note that this
adjustment has a locking nut.

e) 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.

2) Calibrate the Heater Controller Board
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 ﬁhe 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 is
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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J)

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 monitor 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 below
the flowmeter panel) and the "LOW"
calibration indicator will light.
**After approximately 30 seconds,
the neon lamp should start flashing
about 5 times per second and the
thermocouple millivolt output
should becone increasingly
negative. If the thermocouple
output is ‘positive, the
thermocouple is wired backwards and
MUST be correctéd 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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on, the "LOW" calibration 1light
will go out, and the "HIGH"
calibration light will come on.
**kkAbout 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 c¢age as
described in step k following.)
The "“TEMPERATURE FAULT" light and
the "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, adjust R-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. mnust

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 éompletes the Heater
o 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

b)

<)

Connect a voltmeter to TP=-3 on the
Heater Controller Board. This will
measure the thermocouple output,
The thermocoﬁple 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.
the following procedﬁre to verify
cell constant (Item 4 on the probe
sheet.)

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  "25%"
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3)

q)

e)

Use

position.

Read the c¢ell constant on the
voltmeter and record the reading.
(This will be a negative millivolt
output.)

It the measured cell constant
differs from item 4 on the probe
data sheet by more than 0.2 MV, the
probe calibration should be
regalculated, as described in
section c on page 43.

the following procedure to verify

the zero:

a)

b)

d)

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)

and TP-3.

Use the following procedure to calibrate

the output for a zero input.

a)

b)

d)

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

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 meaéured 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 Rénge Calibration

a)

b)

c)

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 jumper from TP~l on the
Heater Controller Board to TP-3 on
the Percent Oxygen Board.

Connect a voltmeter to TP-1 on the
Pefcent dxygen Board and adjust R-3

to get 8.38 vdc plus or minus 0.0l

40



6)

a)

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 "lo%"
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 the 10 percent calibration
voltage on the probe data sheet is
negative, adjust R~1l on the Heater
Controller Board for the specified
10% calibration wvoltage 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 plus
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
0.01 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
specified 2.095 calibration voltage

(Item 5 on the probe data sheet).
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b)

c)

d)

e)

£)

g)

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 proper probe heater temperature

by using the following procedure:

a)

b)

Connect a voltmeter to TP=3, with
the ground at TP-9, on 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 "HIGH"
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.

) Place the calibration switch in the
"LOW" position and read the cell
output or "E", This will be the
millivolt voutput using the 1low
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 + cc

RECORD 2.095 % CAL:

d) Output for 2ero 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 Kiln)

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, adjust 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 2ero
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 produce at
least a 50 percent indication on the  output
meter.

Adjust the "SPAN" controls on the amplifier
to produce the proper indication on the
output 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 full scale flow. Then, after
establishing the zero, as outlined in step
vI1I1I,c,l1,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
Flownmeter

During a dynamic calibration of a  Sankyo
Impact flowmeter, a series of material flow tests
must Dbe 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
achieve a calibration that is accurate to within
Plus or minus 10 percent 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 1load cells on the
pulverized fuel bin are used to determine the
weight of the material used for the test. A nmore
complete description of 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 coarse 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
inténsity.

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 = weight of test material
c

= number of counts on totalizer
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FOR EXAMPLE:

ASSUME:
TEST SAMPLE COUNTS ON FLOW FACTOR
NUMBER WEIGHT TOTALIZER w/C
1 4.02 tons 140 cts 0.0287 T/C
2 3.51 tons 125 cts 0.0281 T/C
3 4.25 tons 150 cts 0.0283 T/C

Average flow factor = 0.0284 T/C

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
registration flow factor is determined by the
following equation:

Reg. flow factor = full scale calibration
3600

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
tést weight attached, was 70 percent of
full scale. Then,

corrected indicated = (average flow factor) (present indicated)
flow rate (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

VvIII,C,2,a~f,

NOTE: *To determine <the weight of the

material used in the initial dynamic flow
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rate test on the kiln feed Sankyo, kiln.feed
is run over the Sankyo, diverted inte 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
certified 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 pericd, 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 clinker
produced as weighed on a certified scale.
Generally, several dynamic weighed
clinker production versus Sankyo kiln feed

tons tests will be performed between kiln

51



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 performed, 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 from 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 cCalibration.
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 material 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
V1II,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/c.
Record the average flow factor. If the
average flow factor is greater than the
registration flow factor (calculated in
section VIII,C,2,4d), 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 procedure:

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 COMP" 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 d;fference 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 f.he "+ COMP" position and
adjust the "COMP", (P-2) control
for the required amount of

o compensation. To determine the
correct compensation, adjust the
"COMP" control until the calculated

® indicated flow rate reading, with
the switch in the "+ COMP"
position, is displayed on the

® : meter. 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 sectien VIII,C,2,q,2
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Registration flow factor from section VIII,C,2,b
EXAMPLE: |
¢ If the "NO COMP" 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
o the following indicated flow rate when the switch is in the "+
COMP" position:

(46) (0.0315)
° "+COMPY reaf.'ling = (0.0306) = 47.35
£) If negative éompensation 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.
o D. PRESSURE TRANSMITTER
There are two pressure transmitters that are
considered to be important instruments associated 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 Pressure 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 to 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:
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. Although the signals from the Bailey gas
analyzer are not used in the equations for calculation
of pounds of NOx pef ton of clinker, the oxygen content
of the kiln gases may show a correlation to NOx
generation.

There are some 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 nonths.
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regulating  valves are floating freely:;
be sure the block temperature is correct
(160 degrees F.), and that the pressure
of the hydrogen pressure regulator is
correct (25 psig).

3) Remove and clean the low pressure sample
regulating valve ahd the 1low pressure
air regqulating 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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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 bhottom 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 hydrogen pressure regulator is

- correct (25 psig).

3) Remove and clean the low pressure Sample
requlating valve aﬁd the 1low 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 épply
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 1is 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 place
and seats firmly.

following routine maintenance should be

performed once every three months, or more

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 bolts
from the top cover flange, 1lower and
remové the casing and heater from the
filfer, 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) Inspect all piping connections for leaks.
3) 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

synmetry. Reassemble the filament
assemblies and replace them in the
analyzer Dblock with the screened
portions of the shield facing to the
left.

NOTE: The filament coils may  Dbe
straightened by carefully screwing a 3=-
48 screw through 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) Connect an ammeter to the output signal
wire of the Bailey Oxygen Analyzer.

° 2) Disconnect and close off the sample line
at the inlet to the pump and washer
assembly. _

° 3) chnec'_t the low rahge (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 systemns,
measuring circuit, etc., 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 range of the analyzer is 5.0 percent oxygen.

Then:

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

(5.0)

6l




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 milliamp reading on the
amﬁeter 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
for the high range calibration gas.

5) If the output milljamp 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
Calibrétion 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.

G. TRCON OPTICAL INFRARED PYROMETER
® This Modline, R Series, two color infrared
pyrometer is 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 peak
® ' temperature observed for a set period of time.
Below, is a procedure for a zero and span
calibration of the Modline, R Series, two color
® infrared pyrometer.
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
e meter to be sure that it registers zero
percent of scale, (1800 degrees F.) If it

does not, insert a small screwdriver inteo 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 léns with a solid, opaque
object that will completely block any
external radiation. _
Switch the PEAK PICKER toggle to "Direct".
Depress the momentary toggle switch labled
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 "Cal.
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 :zorne. 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
pyrometer and adjust the span adjustment
on the signal converter to read 50 ma.

3) With the objective lens covered by a
solid opaque ©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 1l0-
50 ma signal is 32.0 ma.

i. Switch the PEAK PICKER to the "Peaking"

pesition.
j. The zero/span calibration is now completed.
THERMOCOUPLES

There are two field signals that are considered
important to the NOx project that are generated by a.
thermoc¢ouple. They are the secondary air temperature
and 'the 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 output wires of the
thermocouple that simulates 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 thermocouple to be
calibrated. This 1is 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 degrees 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.

£. Reconnect the thermocouple wires.
g. The zero ahd 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

ammeter.

1. Zero and Span Calibration
a. Connect an ammeter to the output signal wires
of the CT. Both of these signals are 10-50
milliam§ signals.
b. With the motor off, 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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expected milliamps

FOR EXAMPLE:
ASSUME:

10.0 ma when the motor is down.

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

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:

= (cert. ammeter reading) (40) + 10
(full scale amps)

*The range of the primary air fan motor ammeter is 0-200

amps.

**The certified ammeter connected to the primary air fan

motof reads 150 amps.

THEN:

expected milliamp signal = (150 amps) (40) + 1o

(200)
= 40.0 ma.

The calibration of the ammeter is complete.
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ZERO AND SPAN CHECKLIST

LEAR SIEGLER SM=-810 NOx/SOx GAS ANALYZER

DATE: TIME :

NAME:

RANGE: 8SOx: O = 1500 ppm

TEST EQUIPMENT USED

NOx: O - 1500 ppm ITEM

EQUIP. # CAL. DUE DT.

OUTPUT SIGNAL: 4 - 20 ma

NOx
LOOP NUMBER: 11a
DIGILINK CHANNEL 102
DIGISTRIP CHANNEL: 110

S02 INTERNAL SPAN CELL VALUE: 890ppn
NO INTERNAL SPAN CELL VALUE: 640ppnm

S0x
11B
103
111

DIGILINK METER READINGS

TEST AS FOUND

502 Zero
NO Zero
502 Span

'NO Span

MILLIAMP OUTPUT SIGNAL

AFTER CALIBRATION

(4 - 20 ma)

TEST AS FOUND
502 Zero
NO Zero
502 Span

NO Span
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DATE:

ZERO AND SPAN CHECKLIST

LEAR SIEGLER CM-50 OXYGEN ANALYZER

TIME: NAME:

RANGE: 0 - 2_5 percent oxygen

OUTPUT SIGNAL:

LOOP NUMBER:

4 - 20 ma.

l1¢C

DIGILINK CHANNEL: 104

DIGISTRIP CHANNEL: 112

ITEM

TEST
OXYGEN ZERO

OXYGEN SPAN

TEST
OXYGEN ZERQ

OXYGEN SPAN

TEST EQUIPMENT USED
EQUIP. # CAL. DUE DATE

DIGILINK METER READING

AS FOUND AFTER CALIBRATION

MILLIAMP QUTPUT SIGNAL (4 = 20 ma)

AS FOUND AFTER CALIBRATION
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ZERQ 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 i
. ITEM EQUIPMENT # CAL. DUE DATE ‘
®
FRONT PANEL METER READINGS

TEST AS FOUND AFTER CALIBRATION
o 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 SANKYQ IMPACT FLOWMETER

TIME: NAME:

TEST EQUIPMENT USED

EQUIP. # CAL. DUE DATE

RANGE: 0 -~ 15 tons per hour
OUTPUT SIGNAL: 10 - 50 ma
LOOP NUMBER: 62

DIGILINK CHANNEL: 305
DIGISTRIP CHANNEL: 112
STATIC TEST WEIGHT:

EXPECTED READINGS WITH STATIC TEST WEIGHT: TPH

ma

FRONT PANEL METER READINGS
TEST AS FOUND AFTER CALIBRATION
ZERO TPH

WITH STATIC
TEST WEIGHT

MILLIAMP OUTPUT SIGNAL

TEST AS FOUND AFTER CALIBRATION
ZERO TPH

WITH STATIC
TEST WEIGHT
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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

OUTPUT SIGNAL: 10 = 50 ma
LOOP NUMBER:

DIGILINK CHANNEL:

DIGISTRIP CHANNEL:

MILLIAMP OUTPUT SIGNAL (10 - 50 ma)

TEST AS FOUND - AFTER CALIBRATION
ZERO

SPAN

74



ZERO AND SPAN CHECKLIST

® DIFFERENTTAL PRESSURE TRANSMITTER-KIIN EXIT WATER SPRAY

DATE: TIME: NAME:
®

TEST EQUIPMENT USED
ITEM EQUIPMENT NO. CAL. DUE DATE

®
° RANGE: 0 -~ 100 GPM

OUTPUT SIGNAL: 10 = 50 na

LOOP NUMBER: 13
o DIGILINK CHANNEL: 313

DIGISTRIP CHANNEL: 114

FLOWRATE USED FOR SPAN: (from turbine meter)
® EXPECTED OUTPUT SIGNAL = (flow rate) 40 + 10

100
m
®
MILLIAMP OUTPUT SIGNAL

° TEST AS FOUND - AFTER CALIBRATION

ZERO

SPAN
[ ]
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ZERO AND SPAN CHECKLIST

PRESSURE TRANSMITTER

AXIAL OR SWIRL ATR ON PILLARD BURNER (Circle one)

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 OUTPUT 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 -116
DIGISTRIP CHANNEL: 10l 102

MILLIAMP OUTPUT SIGNAL

TEST AS FOUND AFTER CALIBRATION
AT "'5" W.c.

VENTED TO ATMOS.

AT SPAN TEST PRESS.
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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

OUTPUT SIGNAL: 10 = 50 ma.

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

PERCENT OXYGEN OF GAS USED FOR ZERO 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 OUTPUT SIGNAL

TEST AS FOUND AFTER CALIBRATION
LOW RANGE TEST GAS

HIGH RANGE TEST GAS
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ZERQ 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: 110
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 ATIR FAN MOTOR AMMETER

DATE: TIME: NAME:

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

RANGE: O - 200 amps
OUTPUT SIGNAIL: 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 - AFTER CALIBRATION
ZERO AMPS

SPAN AMPS
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ZERO AND SPAN CHECKLIST

INFRARED QOPTICAL PYROMETER

DATE: TIME: NAME:

TEST EQUIPMENT USED

ITEM EQUIP. NO. CAL. DUE DATE

RANGE: 1800 -~ 3200 Degrees F.

QUTPUT SIGNAL: 10 - 50 ma,

LOOP NUMBER: 48

DIGILINK CHANNEL: 306

DIGISTRIP CHANNEL: XXX

EXPECTED READING WITH CALIBRATE SWITCH ENGAGED:

1) FRONT PANEL METER: RED CALIBRATE MARK
2) OUTPUT SIGNAL i 32.0 ma

FRONT PANEL METER READING

TEST AS FOUND AFTER CALIBRATION
ZERO

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: €8 35
DIGILINK CHANNEL: - 214 315
DIGISTRIP CHANNEL: 109 _ 214

SIMULATED TEMPERATURE USED FOR ZERQ 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:

MILLIAMP OUTPUT SIGNAL

TEST AS FOUND AFTER CALIBRATION
ZERO CALIBRATION

SPAN CALIBRATION

TEST EQUIPMENT USED

ITEM EQUIP. NO. CAL. DUE DATE

8l




FULL ELECTRONIC CALIBRATION WORKSHEET

LEAR STIEGLER SM-810 NOx/SOx GAS ANALYZER

DATE: TIME: NAME :

Nox | s02
RANGE: 0 - 1500 ppm 0 - 1500 ppm
OUTPUT SIGNAL: 4 - 20 ma 4 - 20 ma
LOOP NUMBER: 11a 118
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 frecquency 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 befofe 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 be

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

*Are there any irregqularities 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 mvdc 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 502 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:

****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:

84



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:

***Amperage 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.
*ExXpected 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 SO2 sample periods
should be 0.0 volts. This voltage may be adjusted with R-
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,

16I

17.

18.

l9,

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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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 8-2 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 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 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 S02 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 S=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: 0 - 25 percent oxygen
OUTPUT SIGNAL: 4 = 20 ma
LOOP NﬁMBER: llc
- 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 regulator:

**Pressure after adjustment:

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

*Reference flow printed on top of flowmeter:

**Flowrate before adjusting flowmeter:

***Flowrate after adjusting flowmeter:
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With the 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 board.
The voltage should be within the =50 to 50 mv range and can
be adjusted with R-2,

*Voltage at TP-8 before calibration:

**Voltage at TP-8 after calibration:

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=4?

YES NO

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

YES NO

Calculate the compensated thermocouple output by using <the
folloﬁing 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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13,

l4l

15.

16l

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 to TP-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-1. The readihg should be 0.00
volts d¢, plus or minus 10 nmv.

*Voltage at TP-1:

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

**Amperage at TBl-ll after calibration:

Connect a voltmeter to TP-2 on the Percent Oxygen board.
The reading should be 0.00 vdc 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~l 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 0.0l 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? YES NO

**Did the meter read the calibration dot after adjusting R-

52?2 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.

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 §oltmeter 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 Qoltmeter to TP-1 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-1 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-1 before calibration:

**Voltagé at TP-1 after calibration:

Connect an ammeter to TBl-11l. The reading should be 20.00
ma plus or minus 0.01 ma and may be adjusted with R-2 on the

Percent Oxygen board.

*Amperage at TBl-l1ll before calibration:

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

29,

30.

31'

32.

2.5 PERCENT 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 Re-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-1 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.
Place the calibration switch on the front panel in the

HIGH position and read the cell constant (cc) on the
voltmeter.

*Record the 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

*Record 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
Output for zero input = 8.38 x 10

*Record the output for zero input =
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DYNAMIC CALIBRATION WORKSHEET

LEAR SIEGLER SM-810 NOx/SOx GAS ANALYZER

DATE: TIME: NAME:
NAME :
NAME:
1. 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:

b. 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:

c. 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 =
d. Adjust 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 zero gas at 2.0 to 2.3 liters per minute.
Observe Digilink channels 102, for NO, and 103 for S02.
Adjust the NO and S02 zero potentiometers on the Integrator,
Sample, and Hold board to get zero (0) ppm plus or minus 15

ppm.

*NO zero reading before calibration:

**NO zero reading after calibration:

*%*502 zero reading before calibration:

****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 vélue.

*Certified value of NO span gas:

**Observed reading of NO span gas:

Calculate the error of the observed reading versus the
certified value.

Error = Certified NO value
Observed NO value

Error = —cecccccceccecccce= =

Flow standard S02 span gas at a rate of 2.0 to 2.3 liters
per minute. Record the observed value.

*Certified value of SO2 span gas:

**Qbserved reading of S02 span gas:

Calculate the error of the observed reading versus the
certified value.

Error = Certified $02 value
Observed S02 value
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10.

1l.

12,

13.

14.

Average the errors calculated in step 4 and step 6.

Average error = Error from step 4 + error from step 6
2

Average error = ( ) + ( ) =
2

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 observed values for the span
gases are in error by more than 2.5 percent of the
appropriafe 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 11.

*Observed NO value before calibration:

**Obgerved NO value after calibration:

Flow N2 zero gas to be sure that the observed NO and 502

values return to zero, plus or minus 15 ppm, within three

sample periods.

*Observed NO value:

**Observed S$02 value:

The dynamic calibration is complete.
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DYNAMIC CALIBRATION WORKSHEET
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lll

12.

13.

Compare the actual clinker collected to the computed clinker

from the kiln feéd used.

*Computed clinker, from totalizer =
Actual clinker

x*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

KIIN FEED SANKYO IMPACT FLOWMETER

DATE: TIME: NAME :

RANGE: O - 110 TPH
OQUTPUT SIGNAL: 10 = 50 ma
LOOP NUMBER: 19

DIGILINK CHANNEL: 114
DIGISTRIP CHANNEL: 204

TEST EQUIPMENT USED

ITEM ‘ EQUIP. NO. CAL. DUE DATE

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 zero indicating lights illuminated to equal

intensity after calibration: YES NO

SPAN CALIBRATION:

2. Weigh an empty truck and then move it into position to

the kiln feed used for the material test.

Run #1: Tare weight of the empty truck:

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 #1: 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 kiln 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.

Calculate the amount of material that was used in each test

rmun.
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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lo.

11'

l2.

13I

14.

FINAL READING - INITIAL READING = COUNTS
RUN #1 - =
RUN #2 - =
RUN #3 - =
Calculate the flow factor (w/¢) for each run. The flow

factor is the weight of the test material divided by the

nunmber of counts recorded oh 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 registfation 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 rate:

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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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 Kkiln 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.

COUNTS

INITIAL READING

FINAL READING
RUN 41 __ - .
RUN #2 - | =

RUN #3 - =
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Calculate the flow factor (w/c) for each test 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 =

If the average flow factor is greater than the registration
flow factor (0.0306 tons per count), then positive
compensation 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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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 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:

** "+ or - COMPY reading after adjusting the COMP control:

This completes the dynamic calibration worksheet.
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FULL CALTBRATION 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 paés 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 load
cells. Adjust the zero to get a 10.0 ma output.

*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 + 10
(Full scale range)

*Expected output signal for test weights:

**0utput signal before calibration:

*#*0utput signal after calibration:

This completes the calibration of the pulverized fuel bin

load cells.

COAL SANKYO IMPACT FLOWMETER CALIBRATION:

With no material flowing over the Sankyo, establish the
scale zero.

*Weré both zero indicating lights illuminated to equal
intensity before calibration: YES NO

**Were both zero indicating lights illuminated to equal
intensity after calibration: 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 Initial weight of material in the bin:

RUN #3 1Initial weight of material in the bin:
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12.

13.

AT e _..QWWW———T
———

RUN #2 Final reading on the Sankyo totalizer:

RUN #3 Final reading on the Sankyo totalizer:
Repeat steps 7 - 1l 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 _ - _ =
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Calculate the number of counts recorded on the Sankyo

totalizer for each run.

FINAL READING - INITIAIL 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.

Avg. flow factor = W/C Run #l1 + W/C Run #2 + W/C Run #3
3

( + + ) /3 =

Suspend a static test weight (about 2 pouhds) over the
calibration pulley. Record the exact weight of the static
test weight to the nearest 0.0l pounds.

*Weight of the static test weight =

Recbrd the initial indicated flow rate created by the static
test weight.

#Initial indicated flow rate:
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19,

20,

21.

22,

23.

24.

25.

Calculate the registration flow factor using the following
ecquation:

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 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 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 1Initial weight of the material in the bin:
RUN #2 1Initial weight of the material in the bin:
RUN #3 1Initial 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 1Initial reading on the Sankyo totalizer:
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26,

27.

28.

29.

30.

31.

Run the material from the bin over the Sankyo flowmeter at a

rate 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 rgading 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

rn.

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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- 32.

33.

34.

35,

36,

37.

Calculate the flow factor (w/c¢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 / =

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

compensation 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
preduce 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.

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

*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:

** "+ 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:
KILN FEED:
DATE:
TIME:
TAKEN BY:

OF ANALYSIS

SAMPLE CUSTODY WORKSHEET

MOISTURE:

L.O.I.:

DATE:
ANALYST:

RESULTS:

SAMPLE

TYPE

COAL:
KILN FEED:
DATE:

TIME:

TAKEN BY:

OF _ANALYSIS

MOISTURE:

L.0.I.:

DATE:
ANALYST:
RESULTS:
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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.O.I.:

DATE:

ANALYST:

RESULTS:




ZERO / SPAN SUMMARY SHEET

LSI SM-810 NOx/SOx ANALYZER AND LSI CM-50 OXYGEN ANALYZER

CM-50 SM-810
Oxygen NO 502
Low High Zero Span Zero Span
DATE (2.0%) (20.9%) 0 ppm 640 ppm 0O ppm 890 ppnm
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ATTACHMENT C




VARIATION OF ENGINEERING CONSTANTS

KILN FEED
COAL . COAL KILNFEED IOI IoI
DATE BTU(dry) DATE MOISTURE MOISTURE X-RAY WET
6=03-85 12619 8-25-85 3.70 0.29 34.51 34.44
6-07-85 12729 8-26-85 5.00 0.23 35.10 34.90
6-13-85 12526 8=-27-85 4.70
6=13-85 12251 7=29=85 4.40 33.82
6-20-85 12667 7=30=-85 3.80 - 0.33 33.42 34.96
6-27-85 12605 7-31=-85 3.40 0.46 35.16 34.96
6=-27-85 12329 8-01-85 3.70 0.48 33.14 35.18
7-16-85 12270 8=-02-85 3.40 0.36 33.99 35.15
7-22=85 12701 8-03=-85 0.27 34.29 34.99
8-04-85 0.27 34.43 35.67
8-05-85 0.31 35.20 35.77
8-06-85 0.42 35.00 35.80
8-07~85 0.33 35.21 35.92
8=-08-85 0.24 34.85 35.38
8-09-85 34.23
8-10-85 4.00 34.30
8-11-85 4.60 34.40
8-12-85 6€.00 0.39 34.62 35.94
8-13-85 5.90 34.60
8-14-85 5.50 34.55 34.82
8-15-85 4.75 0.35 34.60 34.79
8-16-85 4.70 0.35 34.65 34.67
8-17-85 5.00 0.25 34.03 34.61
8-18-85 3.70 0.23 33.91 34.40
8-19-85 0.23 34.06 34.48
8~20-85 6.40 0.36 33.66 34.67
8=-21-85 6.00 0.29 33.26 34.46
8§-22-85 2.80 0.32 33.87 34.85
8-23-85 3.80 0.32 35.26 34.53
8-24-85 4.70 0.31 34.50

PR PP 00000000000 000000000000 00 0000000900080 008800099808998900485998564

AVERAGE 12522 4.54 0.32 34.36 34.99
STD.DIV. 178.4 0.96 0.07 0.58 0.49

COEF VAR 1l.42 21.09 21.31 1.70 1.40



® COAL ULTIMATE ANALYSIS
ASH CARBON H N 5 0

AVERAGE 9.55 71.30 4.97 1.26 0.51 12.35
STD.DIV. 0.88 1.04 0.22 0.14 0.10 0.96

1 COEF VAR 9.26 l.46 4.38 11.37 19.02 7.81

COAL ANALYSIS
LAB I.D. NO. DATE ASH CARBON H N S o]

CT&E 19174 7-18=85 9.00 72.40 5.20 1.40 0.60 11l.10

® CT&E 18866 5=23-85 2.70 72.31 5.47 1.66 0.77 10.05
CT&E 19447 8=28-85 10.45 70.72 4,70 1l.22 0.52 12.35
CT&E 19448 8-28=-85 9.33 72.03 4.93 1.26 0.41 12.00
CT&E 19449 8-28=-85 9.05 71.74 4.99 1.17 0.52 12.48
CT&E 19450 8-28-85 9.53 71.08 4.90 1.23 0.50 12.72
CT&E 19451 8-28-85 11.34 68.98 4.74 1.14 0.53 13.23

Py CT&E 19452 8=-28-85 8.62 71.50 5.04 1.27 0.42 13.10
CT&E 19453 8-28-85 2.10 71.70 5.03 l1.18 0.46 12.48
CT&E 19454 8-28-85 10.85 69.81 4.82 1.19 0.45 12.85
CT&E 19455 8~28-85 8.92 71.10 4.76 1.16 0.45 13.57
CT&E 19456 8§-28-85 8.65 72.19 5.08 1.25 0.51 12.28

o

®

®

e

®




ATTACHMENT D




11000
11001
11002
11003
11004
11005
11006
11007
11010
11030
11040
11050
11051
11052
11053
11060

- 11070

11080
11090
11091
11092
11093
11100
11110
11111
11112
11113
11120
11121
11122
11123
11130
11140
11150
11151
11152
11153
11160
11170
11171
11172
11173
11180
11181
11182
11183
11185
11190
11200

Thkkkhkhkkhkkk® NOX Calculation (lbs/ton of clinker) *xxkkkkkdkkkdds
]

Vhkdekdededdhhhhhh Calculation of "TOTGAS" s e ok ok ok o ok e de de e ke ke ke
L ]

taxkkkkkhnkeraks  Contribution of COMBUSTION AIR Jeededede ek gk
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)*((1l-AIRO2)/AIR0O2)

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

L}

¥ de sk de de de e de de de e e e e ok Contribution of COAL khkkkhkkhkhhkrhk
1

MM(6)=MM(1)*(E(2)/CMW+E(3)/H2MW+E (4) /N2MW+E(7) /SMW)
MM(7)=VM(37)*E(1)*(2000/60)/H20MW

MM(8)=MM(4)+MM(5)+MM(6)+MM(7)

MM(9)=VM(14)*(2000/60)*E(11)/H20MW

ETTTTETY T T LYY Contribution of KILN FEED de o e e de g e e e ok e e e ke
'

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

'

Ve de ke deokodk koo Contribution of WATER SPRAY T TITII LI ITYY
'

MM(12)=VM(45) *8.350001/H20MW
'

ETIXIITI I YT Y Contribution of EXCESS AIR e e de e g g oo e e e ek ok ok
!

MM(13)=MM(8)+MM(1ll)+MM(1l2) _

MM(14)=AIR02/(1+E(16) *AIRMW/H20MW)
MM(15)=MM(13)*VM(4)*.01/(MM(14)~-VM(4)/100)

'

¥ sk e e sk ok ok de o o ok ok ok ok ok Final TOTGAS Calculation khkhkhkhhhrhdrk
t .
MM(16)=MM(13)+MM(15)
MM(17)=385.3*MM(16)
]

Uk de s de e e e de e e ok e e o CLINKER PRODUCTION X deded g e e de ek ke Kk ok

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

FTTETTITETT T TS Final NOx Calculation YT T T LY
'

IF MM(18)<=0 THEN MM(19)=0:RETURN
MM(19)=VM(2)*46%1.56E-07*MM(17) /MM (18)

RETURN



INSTRUMENTS

CERTIFICATE OF CALIBRATION

Issued t0:_ Riverside Cement
' Riverside, CA

Kaye Instrument Model DR3=3C

Serial Number 12843

This document certifies that the equipment described above has been
calibrated on this lst day of November in the year of
_1985 -

The accuracy of the General Resistance DAS-45 Calibrator, Serial
Number 119 , used during the calibration of this equipment is
certified to be better than 0.015 percent of output.

Kaye Instruments, Inc. certifies that the accuracy and calibration of
this equipment are traceable to the U.S. National Bureau of Standards
via NBS Test Number 230660 .

%gf//{% e Kaye Job#

Quglity Control Manager

This certificate expires one year from date of issue.

KAYE INSTRUMENTS INC. 15 DE ANGELO DR., BEDFORD, MASS. 01730 TEL 617-275-0300




A

INSTRUMENTS
CERTIFICATE OF CALIBRATION
Issued to: Riverside Cement
Riverside, CA
Kaye Instrument Model Digi-Link

Serial Number 10105

This document certifies that the equipment described above has been
calibrated on this 1st day of November in the year of
—1985 _ -

The accuracy of the General Resistance DAS-45 Calibrator, Serial

Number 139 , used during the calibration of this equipment is
certified to be better than 0.015 percent of output.

Kaye Instruments, Inc. certifies that the accuracy and calibration of
this equipment are traceable to the U.S, National Bureau of Standards
via NBS Test Number 230660 .

Kaye Job#

This certificate expires one year from date of issue.

KAYE INSTRUMENTS INC. 15 DE ANGELO DR., BEDFORD, MASS. 01730 TEL 617-275-0300



WAVE

INSTRUMENTS
CERTIFICATE OF CALIBRATION
Issued to: Riverside Cement
Riverside, CA
Kaye Instrument Model DR3-3C

Serial Number 15031

This document certifies that the equipment described above has been
calibrated on this 1st day of November in the year of
1985 .

The accuracy of the General Resistance DAS-45 Calibrator, Serial
Number 119 » used during the calibration of this equipment is
certified to be better than 0.015 percent of output.

Kaye Instruments, Inc. certifies that the accuracy and calibration of
this equipment are traceable to the U.S, National Bureau of Standards
via NBS Test Number 230660 .

‘/%a;{([ /J[/{«/H Kaye Job#

Quality Control Manager

This certificate expires one year from date of issue.

KAYE INSTRUMENTS INC. 15 DE ANGELO DR., BEDFORD, MASS. 01730 TEL 617-275-0300



RAYE

INSTRUMENTS
CERTIFICATE OF CALIBRATION
lssued to: Riverside Cement
Riverside, CA
Kaye Instrument Model DR3-3C

Serial Number 14404

This document certifies that the equipment described above has been
calibrated on this lst day of November in the year of
1985 .

The accuracy of the General Resistance DAS-45 Calibrator, Serial
Number 119 . used during the calibration of this equipment is
certified to be better than 0,015 percent of output,

Kaye Instruments, Inc. certifies that the accuracy and calibration of
this equipment are traceable to the U.S. National Bureau of Standards
via NBS Test Number 230660

T il S Kaye Job#

ality Control Manager

This certificate expires one year from date of issue.

KAYE INSTRUMENTS INC. 15 DE ANGELO DR., BEDFORD, MASS. 01730 TEL 617-275-0300
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IRCON. INC, 7201 NCATH CALDWELL AVENUE HILES, ILLINDIS 56043 TELRTHONE (3721 957-518% TE.Z¢ 75-a1°7

August 16, 1985

Mr. Paul Fogg
Riverside Cement
1500 Rubidaux Street
Riverside, CA 92509

Ref: No. RD75131-3570-44

Dear Paul;

As per your work order number D-22835, we have calibrated a
ribbon-filament lamp through the temperature range of 1800°F -
3200°F traceable to the National Bureau of Standards and have
assigned the serial number RC#1,

Enclosed is the Certificate of Calibration.

If you may have any questions regarding the calibration service,

please contact me by using our toll-free telephone number
800-323-7660.

-

-~
We look forward:to serving you in the very near future.

Sincerely,
-IRCON, INC,

27 g

D. T. Murphy
Field Service Engineer

DTM:gg
Encl.

SOUARE I) COMPaNY




e e e . —
<= PYROMETER SERVICE CENTZ=:

SQUARE [} COMRANY

S

CERTIFICATE OF CALIBRATION
FOR
TUNGSTEN RIBBON LAMP

Test Report No. __3570-44
erial No. _RC #1 Date 8-16-85

R Series Indicated Temperature and True Brightness Temperature (at 0.655 microns)
versus DC Lamp Current

-

R Series Brightness Lamp R Series -'Brightness Lamp

Temperature Temperature Current Temperature Temperature Current

(°F) (°r ) (Amps DC) (°F) (°r) (Amps DC)

1800 1588 12.253 2600 2255 17.043
1900 1675 12.724 . 2700 2335 17.797
2000 1760 13.220 . 2800 2415 18.604
2100 1845 - 13.758 2900 2495 19.447
2200 1927 714,323 3000 2575 20.325

2300 2010 T 14,941 3100 . 2650 21,158
2400 2093 15.562 3200 2730 22.059
2500 2175 16.316

NOTE: The NBS calibration is for 0.655 micron brightness temperature vs. current.

1.

2.

4.

"R" series temperature vs., current was calculated.
This lamp was calibrated against a Standard Lamp calibrated by the National Bureau of
Standards.
‘Maximum uncertainty of the temperature values reported is estimated to be £5°C
(£9°F). -
The reported values apply when the lamp is operated base down and the portion of the
filament at the notch is made vertical. The center contact should be at a positive dc¢
potential. The room temperature should be 25°C (77 °F).
Sighting should be about 15 degrees normal to the filament at the very small notch with
the lamp label opposite the observer.

5. T. Murphy David M. Williams

T[T et Driiin:

Field Service Engineer National Service Manager

TRCON,INC. o 7301 NCGRTHCALDWELLAVENUE ¢ NILES, ILLINQIS 60648 * PHOMNE (312)967-5151 « TELEXT72.4410
Represeitabive s i pangipdt Ches througnout the worlkg. T 1984 IRCON, INC. PrntedinU S A

SHIPPING, RECEIVING ADDRESS o 7JC0 HORTH NATCHEZ AVENUE & NILES. ILLINOIS 60648




UULE 8 FNGTRUMENT RANGE ACCURACY MANUFACTURER MODEL # FECORD #
~Z e CALIBERATOR N-50MA b FOXNCRO B11 ]
B MIN_TIPLE BnTn BECKMAN HDT 10 2
THi MG REF DATA 5.2 F THERMO ELECTRIC DIGIMITE 3
Dp MULTIPLE DATA FLUKE ) g0LTA 4
CHUNT sSoA/SoMY 1% NA N )
CALIBRATOR ~-100 +B50"HZ0 5% WaT Bizo 5
CALIBRATOR 150"LE 5% W8T G120 7
COUNTER 5-S0MHZ .003% SIMPSON 7028 B
UMM MULT .25%0C BECKMAN HD 100 g
DMM MULT .S%DC KEITHLEY 128 10
111 DMM MULT .1¥%DC SIMPSON 4G5 11
¢ 112 DIFFERENTIAL UM 1000UDC ™+ .0tx csc pczooe z
113 CALIERNTOR DATA .05% PROMAC DHT 720 13
114 MICROMITE DuAL | 1.0 F THERMO ELECTRIC J1152JK100 14
115 STGPWATCH GOMIN . 25EC MEYLAN 2z4 15
116 TACHOMETER 3000 RPM .25% HASLER BERN TYPE B 18
117 TACHOMETER J0000RPM .25% HASLER BERN TYPEA 17
118 DIG.AMMETER 333 A DATA TIF 333A ig
119 DMM DATA DATA BECKMAN HC 100 19
120 CALIBRATOR 0-50MA «25%NULL FOXBOROD 8121 20
IJ/
\.
]
-
o ® ® ® ® ® ® ®
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WYLE LABORATORIES CALIBRATION LABORATORY REPORT

: , well—~ 8 =59
YZ[V&T-SICIE Cem&ht Zua oS- 20~ 56

DESCR!PTION OF UNIT CALIBRATED

NOMENCLA'%‘URE Cé’ //'é]“é_zzd’ r MFG. /Q O e M
un X 58 W/N OR GOVT. NQ. /,e ce )2 RANGE

Teme, _687% 75, 2°F  HUMIDITYLE0% VISUAL INSP.: CONDITION: GOOD AVE, PCCRH
100N 2 D0 2%

causration DrAers . 05 %%

Function Tested Nominal Value Firse \.hasuer Valu;cmc T'olloe":aa:cl: Pz '
T Pul l ‘ l
‘ | | ' i
192 my (L0 D0 | 770, 20 £, 05 |
[ ¥ [ 200 2. 0000 22X
/0 V oy /0 op/ | : : 005 |
L 20 rma [ DD OO /20D 2| XY
/00 70000 | fpo, 04 D7
) Ko £, 0000 |, 9299+ 8 | e 5 |
. | |
£ ‘fl;d wl ! T ! A:
N7 R T YT £ 05 |
LV [ 0020 1 999 ? L DO28 |
7R, (2. 000 19,99 D05
1 o0 ma | /0000 i—?—%—ﬁyi??,?ﬁ 05 | &
’ M,zl | i
7 |
u i :
| i
: i |
| I i
] | :
l i }
| i i
| | |
CALIBRATICN EQUIPMENT USED
Nomeneiature Mfg. M/N W/N [ Due Date Accuracy I
L] Y] DoatalPre | I50D | J885F 2-76-35 :E'- /Y O
D& S Velbala 220/ C 70 58] [[-A9-35 ', 00F
I Std Velballal 25005 | 9I2O 8-/2-5é |2 .03 s
e Std Valdallai 272284 | 729/ 4+~6-F6 |- .01 %2
| I i [ i .
| i | | |

REMARKS C,d-ﬁ 0/< -&XC@,O?L -)tor [ 00 pra. aqf\sa'(",_lée_mr-s,
V‘-G_N/Mﬁ memof 'f(:u}"br'v cm/peTwd va/a e,

S
: CJht:ratxon ecnmician: }“‘, /L ’ 13 z)
/ o
A7
h-?S?A QL. Form Approval: ;-u “"“,"“?—:..";:,':.'.'""";"" -'"m:?;nl“l‘.'a' -2 num oy 2



P@\ oL ;\ ‘f’_.)f_

0

WYLE LABORATORIES CALIBRATION LABQRATQRY REPCRT

Riverside Lement

Date /ﬂ"/&-gj"

Due
DESCRIPTION OF UNIT CALISRATED
NOMENCLATURE MFG.
MIN wnorGovT.ng, L EC /2 ¢ RANGE
TemMP, _687% 75.2°F  HUMIDITY £ 60% VISUAL INSP.: CONDITION: GOOD AVE, POOR
CALIBRATION
Function Tested I Naominai Value r = Measure’d Valuseecond —]I #gg:::é: v;z:aeer.ar:!e_‘

Qulpoul I * ;

V ry. (2,022 3 r,0030] : |
mYy /00 085 /O D)5 | r ,p3o | ' :
mA rawy) /_00-00; > .0 | !

. 1 I !
LLY - S,002. Z, 0301
L/ 72 72,00 2 / |
/‘/ Y] L9929 [ t
i | ;
Tyde 7777 327 2L 33, L 1E 1,07 =
220" 638 ¥  rp0, & 0 e
i | !
Frobe | 18:4 ok (9.7 TE o ]
.7 | | : |
I ! ]
l |
! i
| |
| i
g
| 1 j
| ' |
| i !
CALIBRATION EQUIPMENT USED
Nomenclature Mfq, M/N W/N Cue Date Accuracy |
|
|
| |
| 1
l | ] i ‘
remaaxs S e Node /[ of -2
ﬂ: o
Calibration Techmician: //,/"2 /‘-{
%
1.2/
W-757A QC. Form Aoprevai; ’C/A PTLEANAANCE: was PAFCR D VM " LmdascH SaTTamd T T oma S UG 2

~y
/—-s
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WYLE LABORATORIES CALIBRATICN LABORATORY REPORT

DateJﬁ - /5"3'—5/“

Qiverside C erme T Ao -2

- DESCRIPTION OF UNIT CALIBRATED

NOMENCLATURE Ca /I b/"d IL” I MFG. fg Vomac
wnD [T TE2 O WINORGOVT.NO. B CC R ) RANGE
TEMP, _68% 75.2°F  HUMIDITY 0% VISUAL INSP.: CONOITION: GROD = AVE. PCOR
Mv,V,mABHr 2 .03 2% o Gan
CALIBRATION Tgl'np >/ 0%F £ J:a l7L
F\.nctlon Tested Nominal Value :;,-“ Le3s uer \/SmSnecond { ?gfev:aa:é: ' l;t ;”ﬂc.i
I [ ‘ i
MV /08 pD 799,95 T D3
vV [0.000 | 12,000 ! T, 003
[+ 200D | .00 z 003 |
m#A /1 00:. 60 99,99 1 [00.pD | ¥ ,03 :
£ 7. 299 7. ? | * .00 I
£ [ 20,00 9> | .03 | :
_ dutoe ' Manupal o '
J - 350 By | =30/ = AP [~ L
- 32 ° SY¥ 3 Z ] !
Y . /pp 2. | 7 000 C ] [
Al920 A9 2 | 2)90 i : |
| |
K — 300 [ 2a% | 30= | 1
32. | 35 1 3% | \
FYy o0 2903 - Ad4Yoo i |
- | | i
7 - 300 A9 1~ H0] ]
32 35 | S 2. v
wi X 7o) | 629 ]
!
[ - 300 | 293 | Rpo -
22 | 3b ! 32 L |
/3o | l/xXos | ]gOL0D |/
RTR 32°F 1  35°7F |
CALIBRATION EQUIPMENT USED
Nemenclature Mfq. M/N W/N Que Date Acczuracy
;JL:'?C g;i Vultlrallai 200] l/m’ﬂ/ //-779-8.5" i.pjz)%
Vulioala | 2500FE | 4 /7~ 203 75
f Std va/A.///.. 27244 192 7/ w/-ﬁ-ia EXNVVA/ S
_C_%_LF ‘o lrdlls \AO03 P44 b=R9-86 |2 03 2% .
SR?Z) Jép,_o.qa THE X /2503 J2-2-35 13-"./26 ‘
AT ESe” Ziook '7) 63 _3-//-Te \E o] 2%

REMARKS / Ag._mp cauﬁ/es_ dg ( ggd n_fpgf Sul of Z'a/*r‘ance
At it th As £ ° atf ,s'ame po/nf‘.r- cJ Ca»-mo in ManualMde
Calibration Tachnician: _r" /b’w ' "‘%’

o

Y /"‘
s &,
W=737A QC. Form Aporoval: 7 I SAL A N ras AP AD w10 STASCALOE "ACTARL T Tt a PGBk duils ) ¥



WYLE LAUODQRATORIES CALIBRATION LABQRATORY REPORT
Date _7- /7"’ ?5
Ouve__ /~-/ ?'3’6.

DESCRIPTION OF UNIT CALIBRATED

NOMENCLATURE _C AL BR2A /O - MFG. LoxBor &
M/N 7/ >/ W/N OR GOVT.No. 2. L€ [0/ RANGE
Temp, _687% 75.2°F  HUMIDITY 40% VISUAL INSP.: CONDITION: GOoD__L/ A PQOR
t /0 70 METES
CALIBRATION 22282 il £ MY oo//
Function Tested ~ Nominal Value F;rstmeasur?‘d Valuseecond ’%g,"e“,i’:,?;g ou?[”” T
Q] cup bl METEPorlg | mve ouT CupabeT oul S
2 v b L _ | l
2,0 1A 7.0 2,002 1 1.99708 T 008z |
/2: O 20,0 0,02 ' to.00d | L,.)28 =
20.C 30.0 30.06 | 29499 i 5
L0 00 S0,0% : 99,.4% [ !
| Lar ] L2 ) !
| 22 et L Lo
2.0 mA|_2.0 2.002mV_L 972 n| 2,005 r
2.8 _) /2. ¢ {0,025 | 942 + 225 .
22,6 | 0.0 22,07 . 292.92 ) | |
o0 | Lo.0 £0.09 | 49,90 ! ! :
i | ’
po i i
|
CALIBRATION EQUIPMENT USED
Nomenciature Mfq. M/N W/N Due Date Accuracy
20 STD EpC /03 7977 | £-8-%5 | * .005.2, |
FO/T A0l

QA1 /M PATA L | 2L0 77377 1 /0-/3- G
RECACERES, | £2 /9327 | 323 | 7-6-%6 | To/l7. |

REMARKS 0 /1/>

y)
P
Calibration Technician: 5 {/}ZW La

W=757A QC. Form Approval: /{(% R‘m&“ﬁq"&ﬂm“a AL St s O s A




NOMENCLATURE

M/N

TEMP,

WYLE LABORATORIES CALIBRATION LABORATCRY REPORT

Date

7~ 25-75

Due /" .2{"\?4

DESCRIPTION OF UNIT CALIBRATED

JACH o mETES.

MFG.

HASLEN

/’3&/2/

W/N OR GovT. 80, 2L /L5

687% 75.7.°F

HUMIDITY £ 60% VISUAL INSP.: CONDITION: GOOD l/ AVE,

RANGE

FOOR

‘/‘0}-5 &c/f?

CALISRATION
Funeuon Tested Nominal Value :;,-;-ua surTq VamSecanrJ #gloﬂ"’aar?é: | Cu: — “1'- ‘
'
2220 (73T 1722, 7 £ ?/wy;
|
? l
i | I i
x u !
! | : __j
[ l
; !
| | !
' | 1 i
i | -
| I
! | ‘ l
‘ I
' !
I
[ ! i
| i
i !
|
CALIBRATICN EQUIPMENT USED
Nomenciature Mfg. M/N W/N Cue Date Accuracy |
ConwTEd | X2 | T304 TN 15yl [ F . e T
— :
| | |
| | |
! | | '
| > l
REMARKS AL/

Galisration Techmician:

sl
c M/b/

L)

pord
. Form Aopcroval:

HAART AnT O COmACY, walRR TN, ) o

V) CALIFA TGN wAS AW AT Wi ~TTANOA™ “VACIAMY "D Twi maTiCwmar boofay W
TTAMDALT) "y A SAALAS, o Asa D)



Qipersid+ Cement Co

WYLE I..ABORATO_RIES CALIBRATICN LABORATORY REFQRT

NOMENCLATURE D

Date_/~ T - 73

Due 7"-/-3.“‘?é

DESCRIPTICH OF UNIT CALIBRATE

MM MFG. ‘BGC- kh"ld\.h

M/NHD’IO

WIN QR GOVT. NQ. RC'C /p )—‘

RANGE

TEMP, 687 75.2.°¢ HUMIDITY £ 60%  VISUAL INSP.: CONDITION: GQOD [ AVE, PCGR
CALIBRATION (pﬂ 7’\"“-
Functicn Tested Nominal Value E ;;m.':ﬂ:urfa \/aluseeccnd #gﬁ:::;: ;—:—'_——':'?—..—"7
C VVelten = _ | ‘ i |
2Oy ¥ [9e.0 [T 7.9 | I 0. & | ! |
2y : L 900 /.39 Y-
20y 14,00 /8,99 £, 06 |
200 v /G /892 9 | =, (= | |
| 50Oy | /2000 A& A x ¢ | i |
AL Volteaaw (O wooMHz | i
2 E0 My L G, D /?ﬂl/ ; > /.7 ’
2\ Y X VEN EC YR AR
Y AN . /9.22 ~ /7 a
200 190, 0 | 7702 = /7
) LDy Y.y | /D& 'z 7/ i
DPC CosrimminT ) | ! | i
ROCuie. | /D00 | 799 | + U, 9 i
Ame | 1.000 - (77 & = 009
RO e 10,00 O, 020 = ,049 |
RO e 100, 0 /22, /) =z, 9 !
R oo ma | [ pOO 955 =9 . .
/0 & /2, O 9197 i * .,/ b | i
Res) siane = | ‘ |
22O [ G0 ¢ [ T2, = /. /| |
2O R | 0 DO (O, 00 ] > 0L i
R OOk o e (oL L = . 2 ‘
A /M- /  POL | /oo |2, 00 |
2 &1 /9,00 | /@,929 (2. 30
CALISRATICN SQUIPMENT USED
Py Nomenctature Mtg. W/N l WIN | CueCate Accuracy |
D(C ‘rd Valttale |76 10 A0) V[~ AYF5 X o102 7
Al Sra. Vfadiaafln V2703 Ll b7 P RIS
Bessmnnee$iil Valhalla 12729 A 1969 | bl 1 = 12 -
CarrenT Sra iV laglle \ RO OOE VRO Fef/=85 | 2
° ; i = 1 ]
REMARXS C,A/l‘éf‘.t TLﬁ-t/ Tv Mdh c,{/‘)(a.c.fu revs lf/@‘:c.//‘rf' oL\ '.-"ID/':'L
4 /
Calioration Teenmician: ,’/'“,/”:};?///)W' ("‘l‘?)
®

A

W=T5TA QC. Form Agorcval:

s



;Ql‘/frsz'a’-e Cement Co.

WYLE LABORATORIES CALIERATION LABORATORY REPORT

Date 7" /0"85——
Due /'_ /; - 36

DESCRIPTION OF UNIT CALIBRATED

NOMENCLATURE 9:4’ rmYL-e_ MFG. Th-cr—mo g.(e_c_l“\"!c_
wiNORCovT.no. & CC ) p 2

M/N RANGE
TEMP, 687’6 AN HUMIDITY £ 60% VISUAL INSP.: CONDITION: GQOQD AVE. PCOR
o
CALIBRATION + 3. L F
Functicn Tested ‘ Nominal Value :;r“.‘u'leasurec Vamseecond i‘,_:.";_.".f,?ég i“"'f‘j—g"::cf:—'
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WYLE LABORATORIES CALIBRATION LAZORATORY REPORT
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WYLE LABORATORIES CALIBRATION LABORATORY REPORT
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An‘fuhcj‘lphs 0)/ f}?qng"&.
CALIBRATION
Func‘non Tested Nominal Value F;rst.\deasur?c Vauuseemnd ?'C:f;,v:,?c‘:
® In ;Qu : ! *
/A [+ 00O e 999 | T, 000k |
[/l . 0005 /10,997 ] j
Q=M Omy | [0 00 | (09,29 Z .06 |
OlPOprea | 20,00 | f20.,0 2= ' 1=, 085 s
° o~ SOKHZ | 2P/ O 0.0/ :
2,/0 O 2. /07 ! i
/200 YN, ‘ i
oy 9.22. 7 | |
| i |
Durlpal : : i
° 07/ v 1 008 T 9993 ¥ 006 i
/. 0o O WY 5EN ! ; !
2 - //ﬂ/-'w | /0. 00 . /P . D7& E- YA i
WA Y S /0033 b
O-L00Me | DY 08 3,295 T . 05 |
| /2,00 (] 299 | | B
@ YN 201,000 ! | i
b] 19 DO _'7“0 DOl } |
[ 20 20 /00,229 | !
I | |
| l |
i i ! |
® | i ' |
| Ik i
CALIBRATION EQUIPMENT USED
Nomenctature Mig, ] M/N W/IN | Cue Dare Accuracy i
o C Ste /. La 220/ C psps Y29 -F51F  boz %
AC 5+ 2203 7662 1p29-F8 ZF ,p) %, {rsa.
T _SF Valhalla \ 2520E 9320 1 S-/-55 |2 . »3 2 o |
| | ;
I | i |
° i i |
REMARKS / -y /;.é)"a. 7l7’D/"z 0 /<
z A —
Calibration Techmeian: /ygfi{/f)rmé i @
o W~75TA QC.Form Aonravg‘//“y/g/ L SASAAT o it SR u® i AL AALAm T3 T A Tvw Stta Y




WYLE LABORATCRIES CALIBRAT!ION LABORATORY REPORT

!

~
Y

I/ i3 /:Yf‘-(\ (~p A ) ‘.-‘,'—_;L‘

Date 7"'7“7'- 85—

Due/'—'ﬂ“’émgfé5

OESCRIPTION QF UNIT CALIBRATED

M*I'L ro MiTe

MFG,

[TThHero

Electrie

NOMENCLATURE —_
WN_ 3 /T ATIC 100  wmnoRr GOVT. NO. Rcc )Y RANGE
Temp, 687 75.0°F HUMIDITYL 0% VISUAL INSP.: CONDITION: GOOD AVE, POOR
e : o
=/ 0 F
CALIBRATION C.Di 7L
Function Tested Nominat Value Fir“Measur?d vamseeccnd #ggv:aar?c‘: i O:?wranci
[~y 4
LnpuT | ' i
[Ype "le”| = 35606 [-2937 F 701
‘ 3 2~ 32,/ l '
A R?) (2999 (
- 2290 O 29202, 1 |
Tyae o " - 300 -~ 300,95 l
i 3> 31.7 |
! SL0 22 9.7 ’ :
/620 (9 FIX | ; l
) - ' I
Dyl Pul®, ‘ l !
Tvd<e /A _ ! !
T Lo - 300 299.% i i .
+/82 0 (L2277 ' ' !
& f‘ -] P DO 220 /i ‘ '
AY00 REDO.D i |
) i [ .
Tode N | ' ! | !
7’ L - oo 3003 :
- X 797,59
F 22 0 '5‘_‘79-% ?
2L 500 [ 9599.6
|
J
|
CALIBRATION EQUIPMENT USED
Nomenciature Mfy, ' M/N W/N Due Date Accuracy 1
32 E Rl Umegn TRC-3 10503 UZ-$55 1= ] 7
DC S7d EPYC EJOR[E 125468 S5 /-56 [T .0l e

|

aemarks a li' b ra ?r/'vh Mncer—‘['m'hi_\r, /.0’ E

Ll

A

e Com
Calibration Technigian: __/

/

W=757A QC.Form Appoicval:

u

2V

M

S

o D) YT T A Al
Tkt 3 COMeACE, W

E™ "RACTASS T T WA TOmA 1 SLag A
AMRATTOR, & G AMD ERAA, sy



WYLE LABORATORIES CALIBRATION LABORATQRY REPORT

' ' Cem e_,—-,‘z" Date 7 '-lj-— 3-5-—
Liverside el — 2 b -86

DESCRIPTION OF UNIT CALIBRATED

NOMENCLATURE S — 0 4 wm‘{‘ e L1 VIFG. N e/ Loan

l - [
SN A2 wNoRGovT.NO, R C ¢ /)Y RANGE =
TEMP, 687% 75.2°F HUMIDITY L&0% VISUAL INSP.: CONDITION: GOOD AVE, POOR
+
CALIBRATION - A seec
Function Tested | Nominal Value First Measur?d Va‘useec:nd ?—2&‘,‘?,522 }‘@%ﬂ“‘

!
-|

b OSsee 0.0 |
|

JENN DN (SN JEINY SEDN NN DENNN DENNY DU Y

CALIBRATION EQUIPMENT USED

Nomenciature 4 Mfg'. M/N WIN Cue Date Accuracy

Reegiyet ,S;A-e_cg{/&_ SR7PB_ 6587 System!l NES

REMARKS M,d-'z,a.;t(_’au D r<

o, D
Calibration Technician:_té/»z'_dw , N/

4
W=757A QC. Form Aporoval: /4/ TTLEALASATCM was AR LD weTe T osiasce Tvactamg T T ma T Omas bty -



o | WYLE LABORATORIES CALIERATION [LACORATQORY REPCRT

Date 7"‘ 25"’ ?5
Due /" .2{"?5

® DESCRIPTION OF UNIT CALIBRATED
NOMENCLATURE 775//0/” 57//:/& MEG. Hallen /REL /-/
M/N W/N OR GOVT.NO. 211 ///{ PANGE
° TEMP, _687% 75.2°F  HUMIDITY £40% VISUAL INS?.: CONDITION: GOOD__g/ AVE. PCOR
CALIBRATION _— ﬁ.?-57 /L C/?
Furction Tested Nominai Valye ~tret 'a'.e:,sur';*ti \/e‘l‘lse-;-cgng '.\’c:ﬁ,.rvffé: ' ‘3.__ '
. ) ' ]
o 72/ /77X /722, 7 > £ mgm |
‘ 7 | o T + ;
‘ |
| I
i }
® | [ _l
| |
| [
| |
: !
]’ ! ]
. ) J |
5 | |
i [ !
| | ]
| l
o ‘ | |
| | _
| I !
| | |
[ | ‘
l l
@ ! |
i | !
CALIBRATICN EQUIPMENT USED
Nomenciature Mfq. M/N WIN l Cue Date Acguracy ;
® CovnlEA | N2 2024 T4 ip’-'-a'-'?'(‘ 00170

[ L

o |
REMARKS CN%/Z;"

.
I’ LA
Caiibration Technician: C, %"@H ﬁ?‘;

, 7
W-757A QC. Form Aoaroval: ____/C/ T o e S e DAL = AT PR S




WYLZ LABORATORIES CALIBRATION LABORATCRY REPORT

Dateg'fz;‘ 55—

Dua?" 2

2 20

DESCRIPTION OF UNIT CALIBRATED
[ =ty ,.:-_I-
NOMENCLATURE é /d, -2 m }'9 o) mp7§.'_rMFG. 7 ,Z: [

/
MIN__ T wnorgovT.no, R CL 1L E RANGE
TeMR 687 75,0°8  HUMIDITYLLO%  VISUAL INSP.: CONOITION: GOQD____ AVE. POCRA
CALISRATION I 7, 7L0\"
Function Tested Nominal Value ! .:Em,\deasured \/aluiﬂ-ﬂ, , Aﬂﬁ,\éaf,-ls ‘ ;Tmann“g‘,
! . |
AC BAmu<l /0,0 [0, 7 T | i
! j |
S | 3Y D ! ;
| | : ;
VS O U /7 & z - |
R k- o) 223 o= ! i
| ' k ' :

EENEEENE

!

'i

4

CALIBRATICN EQUIPMENT USED

Nomenclatre Mfg. M/N WIN | Que Cate ccuracy !
AC STq \rafpallal 2223 | 7867 5 -R7-0b6 = .07 Z»
Curremt” SEA Va/ballal 2500 E | FIRO §-/7-56 X , 05 T
| 0 : i
f 2
i | | %
| I ! | |
REMARKS Ap & rror a‘f 1526 or maore may be presean
Znsiruy h-w-h'/" 1s moTareliable .
Caliaration Tecnmician: /}'/A./':Z/Wﬂ ’
/
W=T37A QC. Form Aporeval: ’d//‘/ .;Tm" T e T T A LI MRS 2 T s Pa0D



WYLE LABORATQRIES CALIBRATION LABORATORY REPQRT
Date 5"207"" S5

Duegﬁj/" 76

DESCRIPTION OF UNIT CALIZRATED

NOMENCLATURE <L) M M

MFG.

Bec. kh‘?a.h

wn_HD 190

W/ OR GOvT.NO, RE ¢ /) 3

Teme, 687 75.0°¢

HUMIOITY £ 60%

RANGE

CALIZRATION

VISUAL INSP.: CONDITION: GQOD

AVE,

« 2001

D ale

Function Tested | Norminal Value oilediured Jage | gflowatie | _Tjierance
C Velten o | | [ [ - L
—ﬂc,"’l"‘r-'\v‘-nrr } Ao D l_/‘?ﬂf / | I 0, = | i |
Dy “ | ! Q/')u W= ! L H0 ) e i
DO v [ )<, \ /7 Dl ! \= ,pé |
200y ! / "L’J o L 20, 2 A, s !
e R NN WXz | - & |
AL Vpllane (O veo(= i ! | |
2 L£E 5 J G [, L WA/ AE = /e 7 j
2\ Y | /90 2 ESN2 RN I
R | /G, V9,0 21 = .77 ; i
200 v | /90, \ /[ 90./ = /.7 | - g
/2B ‘ P OND VS 200 = 7/ : i !
DL irmmnminT ! | : i . |
TN oy Lo g,9 0,9 ! 5
Ame | o0Q \ 729 T o4 !
R a0, 00 A2 = .09 | o
RO ma 100 ) | /P2, / = .9 | HE.
RO A L0 ., 99 ! = 4 ! | i
10 o | 1,00 | A i R i ! |
ResisTanme < | | | i [ |
200 | 1S 5. (s /90, 2. + /. /] | :
2K A | /. 000 | £, o0 I 00 b |
HO R | et 20 L 72,020 | =z 006 |
A0k | /L0, /P00 = b L !
A Mol ), 000 | /[, 000 + ,00L |
2 & 1Y) nm /9,00 | /9,0 2 = 30
CALIBRATION EQUIPMENT USED
Nemenciature Mfg. VN WIN Cue Darte | Accuracy !
D¢ St Valhalla V27806 1o 50) 1)/ 19‘-85:: COLR S
AC Srd. Valilialla V27003 Jee 7 o~ 2986 = . "3/ |
Paosslance$ed| Vrlb. e |275%A Godj |4~ &~ 36 l .‘-" SN
CuirrenT Se- i\ e |20/ | SR |S=/0~ Sb|Z .08 7 \.
| | ) i | |
| | | | | |

REMARKS f-JD)po( IP)'!A/ '95/“-1/_‘0(_‘_6.& Slol1a//y Aﬂgn-df‘s'

r 7

wrene Pﬁs"z‘/an

‘Cely braTron

o & .

Calibration TJr.nmcxan

g /43(‘ (0 e ar il

%)

W=757A QC. Form Aperovai: //ﬂ/

ik PrEnse, N 0lay P



WYLE LABORATORIES CALIBRATION LABQRATOQ

NOMENCLATURE C&\ 1) b & 710 r

RY REPORT

Date 5’&1‘7"$—5—
Due_ 3~ A - 8("

DESCRIPTION QF UNIT CALIERATED

MFG.

Fox Do rp

WNORGOVT.NO, R CC )R &

M/N Z/) 2 /
TEmp, 68% 75.2°F

HUMIDITY L 80%

AANGE L = 45 Orere,
VISUAL INSP.: CONBITION: GOQD AVE. £~ PCOR
Meter =12, £ S

NH// bl 12)—% Fs

CALIBRATION
Function Tested Nominal Vatue p e e fapwacie O:f’e”"f,
| ' !
ME.__Ou7 f : !
— Nul! Z e 2,027 £, 005 | i
LD |\ /2,2 5 | SN Xl ‘
20 Qo 0 &% | ] | i
S0 3P, 0% | i : i
I ¥ 2 7‘0 » &2 2 ! . |
|__s0 201020 | | |
| ; ' ;
MeTer A e X TEE i'-a_?-
50 mrae. 49, Z 2. L 5
A I s '
- - ' |
Nall A. [,999 I 005 |
/0 (O, PO =, /2y | ]
2.0 20,02 [ | ~ !
30 32,23 i 1
% 702,23
20 40:0 2
| | !
MeTar 2 [ 79 E D= | | |
5O _p'_ﬂ“. 2/ =z 5 i ' |
{ ) |
CALIBRATION EQUIPMENT USED
Nomenclature Mfq. M/N WIN | Cue Dare Accuracy
DC Srd alballal 2707, 1p5sp)l [FRY-85 L, 202 X
Currenr Std| Valbhalla | A 5POE T 4F AL 18-/7-36 = 3% |
pPvmM [Fliy ke 80 FOA| 900 :}-"7"55 A '
f .

' H
REMARKS [ A 1] powe ™ Lopnes For, Clwared 2t Lu Sw/
M 4

Switehef,

Calicration Technician:

A

(¥z)

7,
W=7574 Q.C. Form Aporoval: ’L//Z/



8800 Utica Avenue
Cucamonga, California 91730
Phone: (714) 987-4611

=3 oy
F aéd ”35 t..dl.i

LR -v.‘

* L

LARQRATORY REPORT ON GAS ANALYSIS

( ﬁ (ot H—‘-J C_n,v‘mur ) DATE_ 7 Ly~ E
° *wwﬁ Co. OUR INVOICE NO. ne_ 25 225
YOUR P.O. NO. 2D suv -
LOT NO. JO -7 ,G(;‘L.;U ,r'g,,,,
4 I
i GENTLEMEN:
| Below are the results of the analysis you requested, as reported by our laboratcry.
Results are in volume percent, unless otherwise indicated. ..
Cyl. No.<V )1T192 Cyl. No.”25 397 Cyl. No. RAC1Suts
g COMPONENT Requested Actua ; Requested Actua Requested ACtudi
CARBON DIOXIDE
OXYGEN d.C 2.6,
HYDROGEN _
Py CARBON MONOXIDE .
NITROGEN L ar anics —
ARGCN
AIR _"'—
METHANE - - .
HELTUM T T, '
o ; U
SueFy R bloidrE soﬁ”\ SQﬂam R LS S
{ ":; ;.;g;:‘:i ,r" "J Uy & 4 A u-.d'- R A
TR _OX DY e i joo 1019
_ Cyl. No. Cyl. No. Cyl.
® COMPONENT Reouested Actual Requested Actual Requested Actual
CARBON DIOXIDE
OXYGEN
HYDROGEN
CARBON MONOXIDE
® NITROGEN
~ ARGON
AIR
METHANE
HELIUM
]
ANALYST A& e
At S0 BAS Fre. L.
. . .
The only liability of this company for qas which fails to comply with the analysis siail
| be replacement thereof by the Company without extra cost.




COUNTY OF LOS ANGELES
CEPARTMENT OF WEIGHTS AMD MEASURES

DIVISION OF METROLOGICAL SERVICES

CERTIFICATE MS. 7287

PAVL B. SYGLT @ertificate of Acrurary

DIRECTOR

ON WRITTEN REQUEST BY AMFERICAN SCALE CCMPANY

THIS CERTIFIES THAT THE DEVICES DESIGNATED BELOW HAVE BEEN TESTED TO SPECIFICATIONS AND TOLERANCES OF:

THE NATIONAL BUREAU OF STANDARDS »Wﬁ THE MANUFACTURER O THE OWNER 0O.
YHE STANDARDS USED IN THE CALISRATIONS ARE TRACEABLE TO THE NATIONAL HUREAU OF STANDARDS THROUGH

vest Numeer: [IAP 737/20249) 213.03/0656

DESIGNATION CALIBRATION DATA
ITEM BESCRIPTION NOMINAL MEASURED TCLIHANTE
1. & Each Fairbanks-lMorse
Cast Iron Test dJeights 1000 Lbs. ADJUSLED TQ CONFCRM CLASG "F"
—— -
1738/N 1102 Thry GHOJ 0.10 Lbs.
,“ \\\
/(\'\I\I - -
2. 1 Each Cast Ircn ADJUSTED TQ CONFORi! CLASS "F"
Test Weizght _ 1000 Lbs. _ C.10 Lbs.
N
S/N T 3203 \
z. 1 Each Pairhanks-Morse
Cast Iron Test Jeight 1000 Lks. _ NOT CERTIFIABLE
S/ T 10l WATER IN ADJUSTMENT JAVITY |
oy o] Sy
AMBIENT TEMPERATURE 12.2°C v§m«ﬁ. . c‘uk“N%l

METROLOCIST

RELATIVE HUMIBITY _ — .

BAROMETRIC PRESSURE . : Jabsar e




[ Y [NV YL LT T I

CEPASRITMENT 0 WEIGHTS AND MEASLIHES

DIVISION OF METROLOGICAL SERVICES

CERTIFICATE, M. 2022

B LY @ertificate of Arcuracy

ON WRITTEN REQUEST BY AMERICAN SCALE no.rmznozvo.xp._.mc

THIS CERTIFIES THAT THE DEVICES DESIGNATED BELOW HAVE BEEN TESTED TO SPECIFICATIONS AND TOLERANCES OF:
THE NATIONAL BUREAU OF STANDARDS oY THE MANUFACTURER O THE OWNER 0.
THE STANDARDS USED IN THE CALIBRATIONS ARE TRACEABLE TJ THE NATIONAL BUREAU OF STANDARDS THROUGH

TEST NUMBER:  wap 7377202491, 213 .09/0656

DESIGNATION CALIBRATION DATA g
ITEM DESCRIPTION . NOMINAL MEASURED JULERRULE
APPARENT MASS VS: [BRASS
1. 3 tach Cast Iron Heights ADJUSTED TO CONFORM - | CLASS "E”
— T T e
(b s/noTi-¢t, T1-0¢5, TI-08° 1000 Lbs. 0.10 Lbs.
\ N
I_/.:
!
| | |
3 :
22.2 ¢C . AA“NMVMNN . ckww —
AMBIENT TEMPERATURE . \.\KI . . /7 -. .
RELATIVZ HUMIDITY bOah METROLOGIST
757 .3 mm Hg ‘ APRIL 25, 1985
PARCMETRIC PRESSURE — - o )

DATE




-.L dthivis oonf
‘. ; SCC QE Ea!t} CL\S@J Scott Environmyntal Technalogy, Tne.
- (

'—‘J PLUMSTEADVILLE, PA. 18949 PHONE: (215) 766 8861 TWX: 51043055-9344
Date: AUGUST 7, 1985
Our Project No.: L2298
RIVERSIDE CEMENT Your P.0O. No.: p23279 _
1500 RUBIDOUX

RIVERSIDE, CA 92509
ATTN: DEBBIE

Gentlemen:

Thank you for choosing Scott for your Specialty Gas needs. The analysecs for the gases ordered, as
reported by our laboratory,.are listed below. Results are in volume percent, unless otherwise indicated.

ANALYTICAL REPORT

Analytical | "BAL3276 Analytical .49
Cyl. No. BAL3S55 Accuracy 1% Cyl. No. 8 Accuracy______
Component Concentration Component Cornccentraticn
NITRIC OXIDE L95,.5PPM SULFUR DIODXIDE : 995.9PPM
NOX L98.1PPM
*GRAVIMETRIC MASTER 7 *GRAVIMETRIC MASTER

"’ {:"\\ .
NITROGEN ~ 'BALANCE = % NITROGEN BALANCE
' < :\_' ‘-\)

Analytical " Analytical
Cyl. No. Accuracy Cyl. No. Accuracy
Component Concentration Component Concentration

®
*CERTIFIED TO HAVE BEEN BLENDED AGINST NBS CERTIFIE/‘JJE,IGH/S AND
o Analyst __UERIFIED CORRECT BY INDEPENDENT ANALYSIS. 27 -gly .«

The only lisbility of this Company for gas which tails to comply with this analysis shall be replacemment thereoi by the Company without extra cost. ~

CERTIFIED REFERENCE MATECRIALS EPA PROTOCOL GASES
® ACUBLEND®Y  CALIBRATION & SPECIALTY GAS MIXTURES PURE GASES
. ACCESSORY PRODUCTS CUSTOM ANALYTICAL SERVICES

TROY, MICHIGAN / SAN BERNARDINO, CALIFORNIA 7 HOUSTON, TLXAS



HOMER R.

[

WULIN CO.

729 EAST WILLOW STREET
LONG BEACH, CALIFORNIA 30806

(213) 424-8533 (213) 636-4096
CALISRATION CERTIFICATION
SUBMITTED BY: _ DATACRAFT
FLOWMETER SERIAL No.
MANUFACTURER_____F&P MFG. SERIAL No.
FUBENo.__ Model 10C1515 FLOAT No.

REMARKS: Hz Vs GPM Ho0 @ 75°F

Accuracy *17Z Rate

INDICATED ACTUAL
Hz _ , GPM K
474.0 91,729 310.0
£51.5 87.372 310.0
400, 4 77488 310.0
| _331.27 68.006 310.2
299.4 57.813 310.7
25Q.2 48.180Q 311.5
203.0 39.057 311.8
149.6 28.813 3116
104.2 20.074 311.4
51.6 9,950 311 .1
26.13 5.101 310.0
Flowmeter Certified with HOMER R. DULIN CO.
EquipmentNo.____ 1160 _  Accuracy 0.05% Calib. Due 8-85

NBS No.Cert. No.__ MAP 737/202491 _ __ _

Our stancards are Jerihed Dy Of are traceable 1o the National Buredu of Stundards and comply with MIL-8TD 48662

P.O.Nc.Vurbal,C.Campbell ShipperNo.__18787_

.. 8-1-8 . e -8-1-86__ e T.Davis. __(:_-..u;/‘-..f.._’-'-'.’l“ B

CAL!SHATION TATC RECALIBRATION DATEC CALIDRATICN TECHNICIAN

L
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DATACRAFT

g-1-85

FAP

HHH | Fu8E-_ Model 10C1515

_ilz_Vs GPM H0 @ 75°F

CALIBRATION CURVE BY
HOMER R. DULIN CO.

FOR:

FL. MTR. SIN:
MFRS. SIN:
DATE:
DRAWN BY:
AEMARKS
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P - . k, - G4 Linvsnann 0
w mm. MPOW‘. I\a%hmﬁﬂ&h”% Cmmmm Scott Environmental Techinuiogy, Inc.
cLl ,_ , k Dot St _AUGUST 23, 1808
2600 CAJON BLYVD. SAN BERNARDINO, CA 92411 PHONE (714) 867-2571 L9209
Out Project W #9299
RIVERSIDE CEMENT Your P.O. No: __D23279

1500 RUBIDOUX

. 1 1
RIVERSIDE, CA 92509 Page of
ATTE: DEBBIE CERTIFICATE OF ANALYSIS — EPAPROTOCOL GASES*
{Concentrations are in mole % or ppm)
8-12-85 8-20-85
Cylinder Numilwr BAL1312 Cestified Accuracy 1 % MBS Traceable Analysis Dates: First Last
PRIMARY REPLICATE
CERTIFIED EXPIRATION ANALYTICAL STANDARD CONCENTRATIONS
COMPCNENTS CONC DATE FRINCIPLE NBS/SRiM's FIRST SECOND
SULFUR DIOXIDE 955.9PPM 2-20-86 ULTRAVIOLET SRM1663 995, 9PPM 955 . 9PPM
NITROGEN HALANCE
p -15- 8-22-85
Cylinder Number BALAOS7Y Certified >nocqmn<lulk_£y$ NBS Traceable Analysis Dates: First 8-15-85 Last
PRIMARY REPLICATE
CERTIFIED EXPIRATION ANALYTICAL STANDARD CONCENTRATIONS
COMPONENTS _CONC DATE PRINCIPLE NBS/SRM's FIRST SECOND
NITRIC OXIDE 1020PPM 2-22-86 CHEMI .+ - SRM16878B 1020PPM 1020PPM
NOX 1022PPM 1022PPM 1022PFM
NITROCGEN BALANCE
"We hereby certify the cybnder gas has been analyzed according to EPA Protocol No: T \ %
Analys) Approved By \M\ §§ \&m %o\\gr
The gnly habisaty of this Company for gas which 13ils to comply with this analysis shail be hN!unn:._a:— thereof by the Company without exira cost.
CERTIFILD REFERENCE MATERIALS B EPA PROTOCOL GASES ® ACUBLEND™ B CALIBRATION & SPECIALTY GAS MIXTURES
PURE GASES ® ACCESSORY PRODUCTS B CUSTOM ANALYTICAL SERVICES
TROY, P ICHIGAN / PLUSTEADVILI E. PTNNSYLVANIA :
° ® ° ® ® ° E e ° ° °




T Séﬁl/l'&f« ? ‘2_[7/ 5/'5""
Liles L300 DIAL INSTACIENT 3/1‘//56-

ve/ 2N/ LE S

SEC Ll 1 AnulTue Ual 125400 Tive WATLRy 20 C

® FEST PrESSunE SAUGE WEADING ERRCR EFL
Lo cnlcingy U Lie malury cd L [ile wATER, 29 C "

0.0 ~-0.04 -0.04 ~0.03
® 13.8¢ 13.84 -0402 -0.02
i7.72 27.76 U.04 0.63
aluo0 41 .68 0.03 U.06
® 53 e 4 55450 VeG4 U 03
69432 69432 0.0 0.0
63.18 83418 Uel 0.0
[ 97400 90 .98 -0.08 -0.06
119.92 7 110494 0.02 0.02
122400 : 121.96 ~0.0% © =0.03

THIS IS TO CERTIFY THAT MATERIALS AND PROCESSES INVOLVED IN THE
MANUFACTURE AND VERIFICATION OF THE PRODUCT(S) INCLUDED IN THIS
SHIPMENT COMPLY WITH THE CATALOG, DRAWING OR SPECIFICATION REFER-
® ENCED IN THE ORDER.

T

IT IS CERTIFIED FURTHER THAT .THE CALIBRATION IS TRACEABLE TO THE
NATIONAL BUREAU OF STANDARDS.

WALLACE & TIERNAN DIVISION WALLACE e TIERNAN
PENNWALT CORFORATION N1 A ﬂgT
R

® 25 MAIN STREET | 5275 i 15080y w)
BELLEVILLE, NEW JERSEY 07109 EQUIPMENT @ CHEMIZALS

HEALTH FRODUCTS .
Forrln 3350 - L-2052



SHORT-TERM FLUE GAS MONITORING AND
FLOW RATE DETERMINATIONS AT
ID FAN OUTLET

PREPARED FOR:

GIFFORD-HILL & COMPANY, INC.
RIVERSIDE CEMENT
1500 RUBIDOUX BOULEVARD
RIVERSIDE, CALIFORNIA 92502 -

PREPARED BY:

KVB, INC.
18006 SKYPARK BOULEVARD
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~ INTRODUCT ION

KVB was retained by Riverside Cement to perform a velocity traverse of
the ID fan exhaust duct. Originally, traverses were to be conducted using the
existing sample ports in the duct. Discussions between the plant personnel
and KVB resulted in the addition of five sample ports on the side of the duct
and four sample ports on the top of the duct. The traverse data would then be
used to determine the gas flow through the duct and compare the measured gas
flow with the flow calculated from the fuel flow, gas analysis and kiln feed
mass balance. The results of the tests are presented with recommendations
relative to the SCAQMD Rule 1112 requirement that NO, emissions be based on

measured exhaust flow as compared to a calculated flow.

In addition to the velocity traverses, one gaseous emissions traverse
was completed along with three flue gas moisture content determinations. The
multipoint gaseous emissions traverse provided data to compare with the single
point Nox/oz measurements of the Lear Siegler SM=~810 and Lear Siegler CM-50
analyzers, respectively. Flue gas moisture content was used as a check to see
how well the calculated gas flow on a wet and dry basis compared with the

measured flue gas moisture.

TEST LOCATION AND FROCEDIRES

Testing was conducted on Kiln #2 at the ID fan outlet, upstream of the
baghouse. The cross-sectional area of the rectangular duct is 38.9 £e2
(83 inches x 67.5 inches). Original plans were to use the three existing
ports for the traverse. The three ports are located on the opposite side of
the duct from the Lear Siegler SM-810. The lower port is located such that a
dust layer may impede measurement. The middle port is located opposite the
Lear Siegler., The pitot tube rgadings may be bias because of the Lear Siegler
probe interference. Also, there was concern that the pitot may strike or chip
the Lear Siegler ceramic probe. 1In view of these facts, new ports were
installed for the testing. The newly installed ports used for the testing
were approximately 11 feet from the ID fan outlet. The Lear Siegler SM-810 is

located approximately 4.5 feet downstream of the new ports and the Lear

1 KVB71-71901-1-2037 GH



Siegler CM-50 is approximately 2 feet downstream of the new ports. There are
five ports on the side of the duct and four ports on the top of the duct. The
centerline to centerline distance between adjacent ports on the side of the
duct is eleven inches. The ports on the side of the duct were used for the
velocity traverses, gas traverse and flue gas moisture determinations. The
ports on the top of the duct were utilized for determining if any dust was at
the bottom of the duct. If any dust had settled at the duct bottom, the
efféctivé flue gas duct area would be adjusted accordingly.

EPA Method One calls for a sampling site that is at least eight stack
or duct diameters downstream and two diameters upstream from any flow
disturbance such as a bend, expansion, contraction or visible flame. The
equivalent diameter of the rectangular duct is 74 inches (6.2 feet). The
distance from the ID fan to the sample ports is approximately 134 inches
(11 feet). The ports should have been located approximately fifty-feet
downstream of the ID fan outlet, Ebuever, the ID fan outlet duct splits into
tvo ducts approximately 25 feet downstream of the fan. The distance from each
duct to the baghouse is only 20 feet. Once the flue gas has passed through
the baghouse, it is vented to the atmosphere (no stack). The location of
ports satisfying the EPA Method One protocol is prohibitive with the current

constraints.

The gaseous emissions and velocity traverse conmsisted of éampling in
one foot increments at each of the five ports. The total number of traverse

points is thirty five (seven test points for each of the five ports).

Velocity head (inches water) was measured with an "S™ type calibrated
pitot tube and inclined manometer. Flue gas temperature was measured with a -
Type K chromel alumel thermocouple. Frequent backpurging of the pitot tube
and éamplé lines with compressed air was necessary to dislodge dust in the

lines.

VELOCITY TRAVERSE

The flow rate calculations for the three velocity traverses are based
on the data sheets in Appendix A. Figure ! summarizes the velocity profile by
port and test. The first velocity traverse was conducted on August 29, 1985

2 - KVB71-71901-1-2037 GH
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BOTTOM 1

VELOCITY TRAVERSE - AUGUST 29, 1985

N
80 100 (fps)

(95.4 fps)

Q = 92,000 swcfm

(69.3 fps) V= 78.2 fps
Vetd.dev, = 14-24
(50.2 fps) AP = 1,10
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4

3

2

BOTTOM 1

VELOCITY TRAVERSE - OCTOBER 8, 1985

(76.2 fps)
(71.3 fps)
(67.9 fps)
Q = 81,000 swcfm
(62.6 £pe) V = 66.0 fps
Verd.dev. = 9-36
(52.1 fps) AP = 0.80

LOCATION PORT
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4

3

2

BOTTOM 1

VELOCITY TRAVERSE - OCTOBER 17, 1985

(83.6 fps)

(65.1 fps)

(79.6 fps)

(67.8 fps)
Q = 84,000 gwcfm

Ve=70.6 fps
Vetd.dev, * 10.93

(56.8 fps) AP = 0.91

Figure 1.

Velocity Traverses
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between 1400 and 1600 hours (twenty-four hour time basis). The data show a
definite air flow stratification. At the bottom of the ducf, the average
velocity was 60 feet per second and at the top of the duct the average
velocity was 95 feet per second. Overall, the average flow rate based on the
velocity traverse was approximately 92,000 swcfm (standard wet cubic feet per
minute). This flow rate is approximately 13 to 14 percent higher than the
calculated flow rate based on the nine engineering constants, kiln feed, rate,
coal rate and kiln exit water spray and ID fan outlet oxygen. The results
were not unexpected because the veloecity traverse does not “"see” the boundary
layer effect in the duct. The kiln was operating in a fairly steady mode
during the time of the testing (i.e., very few changes to fuel rates, kiln A
speed and ID fan speed).

The second velocity traverse was conducted on October 8, 1985 between
0940 and 1202 hours (twenty-four hour time basis). The trend in terms of
higher velocities and flow rates in the upper portions of the duct was again
observed. The kiln was not operating in a steady mode. Several changes to
the fuel rate, kiln speed and ID fan speed were made during the test. The
average volumetric flow rate based on the velocity traverse was approximately
81,000 swefm compared to the calculated volumetric flow rate of

66,000 swcfms Evidence of cyclonic flow was evident in the top port (megative

delta P reading).

The third velocity traverse was conducted on October 17, 1985 between
0835 and 1020 hours (tuenty-fbur hour time basis). The kiln was operating in
a very steady mode during the course of the testing. The test data
corroborated the observations of the previous two velocity traverses (..,
higher velocities and flow rates in the upper portion of the duct). The
average volumetric flow rate based on the velocity traverse was approximately
84,600 swcfm compared to the calculated volumetric flow rate of 71,000 swefm.

During the second velocity traverse, the pitot tube was rotated
190 degrees from the horizontal position. The list of negative values on the
velocity traverse data sheets show that the flow is indeed cyclonic and

swirling,

4 KVB71-71901~-1-2037 GH



The two inside ports on the top of the duct were used for the dust
layer determination. The delta P velocity head did decrease at approximately
three inches from the bottom of the duct. The drop in pressure at the botton
of the duct is most likely due to the boundary layer effect rather than a dust

layer.

GAS TRAVERSE

The gaseous traverse was conducted on August 29, 1985. The objective
of the gaseous traverse was to determine if gaseous emissions varied
gignificantly from sample point to sample point. A comparison can be made
with the single point wet NO, measurements (Lear Siegler SM-810) and the
gaseous traverse data on both a dry and wet basis. KVB-measured NO values are
on a dry basis but were corrected for approximately 19 percent moisture in the
flue gas. The moisture correction factor is based on the results from EPA
Method 4 testing and a moisture content derived from field signals and
engineering constants. Figure 2 is a time trace of KVB-measured NO (dry
basis) versus the Riverside Cement-measured NO (wet basis)., Figure 3 is a
time trace of KVB-measured NO corrected to a wet basis versus the Riverside
Cement-measured NO (wet basis)., When the KVB~measured NO values are corrected
to a wet basis, the variation between the Riverside Cement-measured NO and
KVB-measured NO is very small. The calculations are shown in Appendix B. The
average Riverside Cement NO value for the testing period was 538 ppm, wet
(uncorrected for oxygen content in the flue gas). The average KVB-measured NO

value for the testing period was 544 ppm, wet.

During the gaseous traverse, the oxygen content of the flue gas was
also measured. The flue gas oxygen measurements (dry basis corrected to a wet
basis) also agree well with that of the Riverside Cement-measured oxygen
content. The average Riverside Cement oxygen value for the testing was _
3.5 percent. The average KVB-measured oxygen value (corrected from a dry to a

wet basis) was 3.65 percent.

MOISTURE CONTENT

The objective of measuring flue gas moisture was to corroborate the

calculated flue gas moisture content based on fuel input, kilan feed input, air

) KVB71-71901~1-2037 GH
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input and kiln exit water spray input. The moisture content of the flue gas
at the ID fan outlet is determined by using EPA Method 4. Three tests were
conducted at or around the same time as the velocity traverse was conducted.
Table 1 summarizes the measured moisture content compared to the calculated
moisture content. The percentage difference ranged from approximately fromw a
low 1.5 (Test 2) to a high of 16.3 (Test 1). The average percentage |
difference between the two methods is 8.3. For each tes:,.the probe was
located in the center of the middle port (#3) on the side of the duct. The

measured and calculated moisture content level seem to agree fairly well.

DISCUSSION OF RESULTS

- The measured flow rate downstream of the ID fan was approximately
14 to 20 percent higher than the calculated flow rate (Table 1). As mentioned
earlier, the location for measuring the flow rate was constrained by the short
distance between the ID fan and baghouse and the split of the ID fan outlet
Hduct into two ducts approximately 20 feet upstream of the baghouse. If there
were a stack downstream of the baghouse, the sampling environment (cooler flue
gas temperature and eésentially dust free) would be suitable for a continuous
in-situ flow measurement device:. Also, the port locations in the stack would
need to be far enough downstream of the baghouse to avoid any disturbances.
Although a measured flow rate would be more desirable in a disturbance
free/dust free enviromment, rather than a calculated flow fate, the
disfurbance free/dust free environment is unavailable at Riverside Cement.

The measured flow rate is a more attractive approach for genmerating
pounds NO, per ton of clinker than the calculated flow rate from the .
standpoint of input values., Table 2 lists the inputs needed for both
methods. 'The measured flow rate (with the pitot tube) requires eight measured
-values while the calculated flow rate required four field signals and eight
engineering constants. Of the eight meagsured values, molecular weight of the
flue gases is the most difficult to accurately determine. Contimuous
measurement of at least 0, COp, and H,0 (N, by difference) would be necessary
to calculate the molecular weight.

If a continuous in=situ air flow measurement device were to be located

in the duct where the traverses were conducted, the sample point

8 KVB71-71901-1-2037 GH
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TABLE 2. INPUTS FOR DETERMINING FLUE GAS FLOW RATES

INPUTS (CALCULATED FLOW RATE) INPUTS (MEASURED FLOW RATE)

Field Signals _ | Velocity Head, inches H,0
Coal Flow Rate, tph Static Head, inches H,0
Kiln Feed Rate, tph | Duct Temperature, °F
Kiln Exit Water Spray, gpm Molecular Wt Flue Gas
% 0, at ID Fan Outlet . (based on X H,0, % Co,,

Z 0,, 2 N, by difference)
Barometric Pressure
Duct Area

Engineering Constants
Z C coal as fired
Z H coal as fired
X N coal as fired
X S coal as fired
2 0 coal as fired
Coal Moisture, 2
Kiln Feed Moisture, %
Kiln Feed Ignition Loss

10 KVB71-71901-1-2037 GH



representative of the average flow rate would be the middle port approximately
45 inthes into the duct. The single point measurement would not reflect the
stratification and swirling effects in the duct.

Table 3 summarizes the advantages and disadvantages of each of the two
methods. The calculated flow rate is a more reliable number although the
engineering constants are not real timé values and the field signals may be
slightly in error. Also, the accuracy of the calculated flow rate value is
better because flow stratification and cyclonic flow does not affect the value

as does the measured value.

CONCLUS IONS/RECOMMERDATIONS

l. Cyclonic flow exists at the current sample port locations.
Flow is blased toward the upper portions of the duct.

2. The single point in=-situ Lear Siegler NO and 0, measurements
agreed quite well with the average multipoint extractive NO
and 0, measurements conducted by KVB.

3. The measured moisture content of the flue gas corroborates
the IBM calculated moisture content based on the difference

between standard wet cubic per minute and standard dry cubic
feet per minute.

4., Installation of a permanent flow measuring device at the
current location is not recommended. No suitable location
between the ID fan and baghouse for a continuous flow
monitor is available.

11 KVB71-71901-1-2037 GH
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APPENDIX A

VELOCITY TRAVERSES OF ID FAN OUTLET
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VELOCITY TRAVERSE
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VELOCITY TRAVERSE
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Time Pore Depth | (in. X,0) r) </ (*R) we, (ft/sec) (s Dry)
1 — nd — Ts s __ | Vs
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' VELOCITY TRAVERSE
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APPENDIX B

GAS TRAVERSE EMISSIONS MONITORING
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_ 7-5-05
KVB 71730
RIVERSIDE CEMENT DATA
4 ¢
. a " + + N Kin Ex
Time (PST) NO QP:wai-lf"'L Q °ic lafd-lﬂ}'\ FcMH'p]N _L"u'_Sr_ﬂbf.gfm Sge A re™
X s X s X== X s X s X s
S}E‘l loofw 1125 538 53 35 0.2. %35 2) 1049 003 67 ¢ 323525 @
8’2?'!30/4:»!455 373 ¢! 358 o0./5 853 049 080 o002 659 0.9 234 22

%30 6849 40949 1043 9L 358 016 F40 09 1020 ot 44| 03 3223 (5 @

bt P&c'vc-c Stedord T\ﬂ“\g,
+ .
MJ 66-5!5

_———-————_-——_—_—_——-——_

CoMPARISON oF RIVERSIDE CeMENT EMISSIwS DATA (WET sns.s)
To KVYB-MEASURED EMmissions paTA CDRY BASlS)

¢ 8[29_AM __

KVB:]-& 32 PPN, dr1 &(J—%uza) = 545 [ Toud] ,hrl' C assumn %UZD: ISQ-Q-umE’.SD>
oo /. - EPA nMedwd 4 Tess ®

672,pr'\,dr7 % (1—- '1._‘%?) = 5__4_;4 gm!uel- (usu.n'na 1 uzo= 190 Lased on calewlat

RIVERSIDE CEmEnT NO = 3539 perm .,d-

KVE O, ¢ 45%, deys (1-62) = ’:_'_1&_’-,|...,4-(a.—,s..m"l.u 5e 159 Lo G50 EPA

Melhed 4 7254) o

m | y %
4.5'./-‘40')( « (1"!.7-9'12;'3) = 5 Iol u,p."' CASM“‘W 7-.”203/40 based on "GIO.JQJ‘P;"IS
Riv 0. = 5
\ _zesms Cement 0, = 357 I wet o

25 KVB71-71901-1-2037 GH




COMPARISN OF RINERSIDE CEMEnT EAISsons DATA (wer Basis)
To KVB- MERSURED EMissons DATA (DRY BASIS)

§I3o AM

KNB NO: 1148 ppm, dey 4 (.1 - H, o) 1208 ppro ek a.s7u-m 'Lm:seﬂm
Z/30 EFA od+ rc'il-

”qupm dry.u(i %LU ) q70:m,wcl asi'pummq'“/zb /?;Ca >

Co. Cu-l a.L

RIWERSIDE CEMBNT NO: (043 pom we ¥

— e N ———

Y H20

KVB T, ¢ 4.0 hdry, x(1- T587)= 2007 wek( assumn Ea‘vu 262 15.9 from
v

330 EVA Methed 4 Test )

. 4(.'Ldry.l Ci‘ IG‘D)' 5‘421 wet ( 655‘“"‘3 Q‘”ZO'NO&M
B30 EPR Mbhed 4 Test )

RWERSIDE CEMenT Oy = 358°L, wet
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ONLINE EMISSIONS MONITOFR

LOCA&TION
UMIT NUMBEF
DESCRIPTION

FIVERZIDE CEMENT
K1 LN
EMIZSSION MOMITORING 1D Fabl FL.CIN

LO&D ~AS FOUHE'
TEST NUMEER 1
TEST DATE 8-2%-158%
PR 0z ce NG 2 CO2 '$02  s0z 2
ID # TIME POINT MODE % PPHM PPH % PPM PRI
353
1 0822 1D -OUT AUTO 5.2 1 106%  27.4 o 0
0,552 ogaz 1D OUTi .. AUTO 3.7 400 48% 1.9 0 4
_ n
3 0843 ID OUT AUTO 4 400 788 . 30.1 0 0
4 0844 1D on.rr} ~ auTo 3.7 376 735  28.6 6 o
Cin
5 0845 1D OUT AUTO 3.7 400 806 28 0 0
é 0848 ID DUTZ ). AUTOD 4.3 12% 905 27 o 0
5 1a ' .
LD 7 0847 1D OUT AUTO 4,2 123 928 26.% 0 0
8 0848 1ID DUT}‘,_ AUTO 5.4 147 1122  24.9 0 0
"
‘ 9 084% ID OUT AUTOD 5.4 8% 889 24,1 0 S0
10 0850 1D } AUTO 5.5 8% 774 24,4 0 0
21
11 0851 1D AUTO 4,7 g9 767 - 24.6 0 d
Io& 12 o082 1D AUTO 4.7 291 716 24.4 0 0
13 0853 1D } AUTO 4.7 8% 761 24.4 0 0
14 08%4 1ID AUTO 4.8 o5 729  24.2 0 0
1S 0855 1ID AUTO 4.8 90 802 24.% 0 0
16 08%6 1ID AUTO 4.8 92 785 23.8 0 0
[:10 17 o857 1D AUTO 5.1 92 766 25.5 0 0
- X 40 @25 261
TE- 5 "
NOTE- PORT 1 DATA)ABU‘ '€ @ 2 2.4
NOTE - pore,-r 2 DATA BELOW
143 1€ 0900 ID OUT 3’ AUTO a 104 737  27.4 0 0
£
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Mr.l—' ST

mq = CRUC 10 ot AT 4,z 132 £24 =Tz C
o I GseT 1D ouxfgq\h AUTO 3.9 157 0& zELY C g
4 0%0E 1D OUIT AUTC 4 zz7 SEQ 0.1 ¢ <
S 0%0% 1D QUIT), AUTO 3.5 400 S7e 30 o 4
. < 0%10 1D OUIT o AUTO 3.9 143 s0e 283 0 0
7 0% 1D QUITY  AUTO 3.9 1S5 sse 28,1 0 0
& 0912 1D QUIT AUTO 3.8 248 ST¢  28.1 0 0
$ 0513 1D OUIT). AUTO 3.9 377 579  28.2 0 0
.10 0§14 1D oux-r}AM AUTO 4 186 83 26.6 o ¢
11 0915 1D OUIT ALTO 4.3 127 72 27.3 0 0
12 0516 1D ouxT}3* AUTO 4.3 213 434  27.9 0 0
13 0917 1D OUITy  AUTD 4.5 164 676 27.9 0 0
14 0918 1D ouxTizm' AUTO 4.7 98  B25 26.4 0 0
15 0919 1D OUIT,  AUTO 4.8 $9 1001 25.2 0 0
/33 16 0920 1D ou17§ " auTo 4.6 224 945 27.4 0 0
e 17 0921 ID OUIT AUTO 4.4 113 913 25.9 0 o

X T2 ;o 239
NOTE- PORT 3 - .3 142 .3

13718 0923 1D OUT) , AUTO a.7 112 801 25.7 0 0
3% 19 0925 1D DUT§1'~ AUTO 4.4 2 808 26.8 0O 0

- Sy
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LOCATICHN
UNIT NUMBER
DESCRIPTION
LOAD
TEST NUMBER
TEST DATE
appukr
ID & TIME POINT
0924 1D QUT ,
-gbln
0#2?7 ID OUT
osz2e 1D OUTY ,
fE (n
o¢z? 1D OUT
o®20 1D OUT) ,.
: 4 |a
031 1D OUT’
09322 1D OUTyH ,.
}3 n
0933 1D OUT
0934 ID OUTH ,
}Z n
0935 1D OuT~ -
0936 1D OUT),. .
T
0937 1D OUT
NOTE- PORT 4
0941 ID OUTy , .
1 n
0¥4z 1D QUT
0943 1D QUT Y..
$6mn
0¥449 1D OUT
024% 1D OUT} '
€
0%4¢ 1D OUY
0547 1D OUT 4 \a

OINLINE EMISSIONS MONITOR

MODE

AUTO

AUTO

AUTO

AUTO
AUTC
AUTO
AUTO
AUTO
AUTO
AUTO
AUTOD
AUTO

AUTO
AUTO
AUTO
AUTO
AUTO
AUTO

auTo

RIVERSIDE CEMENT

EMISSION MONITORING 1D FAN FLOW

KILN 2
AS FOUND
é—29-1985
oz co
% PPM
4.5 131
4.3 299
a.1 307
4.5 249
3.9 366
4.3 151
a.1 370
4,3 142
a.4 123
4.6 108
a.s 143
s4
5 22
4.4 106
4.5 103
4.8 98
4.4 157
4,5 104
4.4 120
4.6 105
29

NO 3% CO2
PPM %
824 29
836 29.3
723 29.2
697’ 27.9
709 27.9
795 26.4
783 26.8
809 26.2
789 26.1
7?75  25.9
769  26.2

s$o 13
751 26.3
801 25.9
753  26.5
718 26
714 27.2
739  26.7
855  26.9

KVB71-71901-1-2037 GH

S02
PPM

o

0o O o o

S0z 3

PPM

0

NO
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7&0
T
sen @

640
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Li 8
o
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OWLINE EMISSIONE MOLITOF

LOCATION RIVERSIDE CEMENT
UNIT NUMBER KILN &
DESCRIPTION EMISZICN MOMITORING ID FAN FLOW
LOAD AS FOUND
TEST NUMEEFR 1
TEST DATE B-zF-198%
Compibes” 0z co NO 34 CO2 S02 SOz 2% NO
ID & TIME POINT MODE A PPM PPM A PPM PP PPM
@ ' _
{1 0948 1D OUT 4. AUTO 4,2 142 64&  27.4 0 o 0z
2 0%4% 1D OUT}-%' . AUTO 4,3 227 613 26.6 0 0 sez
\n
® 3 0950 1D OUT AUTO 4.3 175 é40 27.2 0 0 €5z
4 0%51 1D DUTZZ. AUTOD 4,3 128 653 27 0 0 404
in
105 5 09%2 1D OUT AUTO a.% 185 629 27 0 0 576
° é& 0953 1ID °'-"'}1'.;~ AUTO 4.8 169 643 27.5 0 0 587
7 0954 11D OUT AUTO _ 4.9 105 6723  26.6 0 0 600
X 45 688 26 8 3l
NOTE- PORT S s 2 52 5 52
° 2‘ 8 0958 1D om}1.'. AUTO 4.5 114 618 27.7 0 0 54%
/4]
$ 09%% 1D OUT AUTO 4.7 100 465 26.6 0 0 400
10 1000 1D OUT?U.' AUTO 4.6 121 657 26.2 0 0 600
L}
° 11 100: 1D OUT AUTO 5.1 100 688 24.% 0 0 604
12 1002 1D UUT}SH AUTO 5.4 o8 717 24.1 0 0 &19
in
12 1002 1D OUT AUTO 5.4 o8 717  24.3 ] 0 622
® 14 1004 1D DUT}+n. auTo 4.8 144 726 25.3 0 0 652
.ﬂ .
1S 100% 1D OUT AUTO 5 98 757 23.8 ) 0 671
16 1006 1D DUT}JO'; AUTO 5.3 s 717 24,7 0 0 62%
P 17 1007 ID OUT auUTo s L 4] 7?72 24.5 1] 0 684
18 1008 ID ou"r}z,_ AUTO 5,2 %0 740 24,8 0 0 642
A \
2_1219 100 1D OUT AUTO 4.7 s é81 25.3 0 0 617
o < 413 Jol 27 (22
p S .3 4, .2 35
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APPENDIX C

MOISTURE CONTENT
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l Dade Topud .
fSLxr-l- T, O340 20 S Gl minucks
! :Hor Time,: 104(. 20

. .
Fhe Cas Volure Golbcled: 410250443
CHoD Volume Colleckd: 151 ml
.
- -Tm’ JI1°F
P, - 2883"H
1! g )

;;ProAu was 49 %" nd +he duck (middle ,or-‘)

ﬁ oA °
"l' Pl : | ' .
Lalodadsns |
o Vaer 0434 B2 (Y-F ‘Vg)
' i

i ®
; = .0434 £° , (5 oLt
= . =/ x -
o
e
, | = T34 §3
Vene = V. w o Ta - °
- ™7 s T .
= 4loze L¥ 28.8% | 530 |
2942 = 533 2144 °

208183 (ol a4 condihing)
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MOISTURE CoNTENT oF FLUE GAS TEST®L

(o
5
1

1534, joo'k .
21.8) 471534

15 9 A
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- KVE 3 -/ ‘?J

 MoisTufE CoNTENT TEST 'Z2

Coal Red Rates: 101 4ph g
;Kﬂn Bl tJAlvﬂspmq‘RALLi 3.5 3pﬁﬂ
’ -‘BTCAS‘ 30‘005 wsc.ﬂ-n .
% OZ(TO Fan outgr) 418 % bt
" Kih Reed Rade: Al
%wawu 1, 0454 ®
'-CC CoAL: .M2o

HcoAL . .084%
| Ncm. : .oi2b
®

i';OCnAL-. 1238
'S QA : 005
E;;szo v ,0029 '.
5KFL0£ !

| EQUATIONS FeoM APFEND B of "AulT OF CuRRENT

“!NE&‘T 1- Zﬂ) _gi_lﬁ = 3'.2&%' NG, MowiTRING Pﬁo.gec.r".
! | , 3180 o4A? 123 o081

DTU‘Q = 32« ( “TZoll m‘- -S—'Ei-:"- 3ao|.l. v 32138 = i |
AVAN".O4Q?T J235.=.0341 | °
933 —

,f_bc.q_l.-.?@o._\\.‘ L @-0454)= 32130

Y

1235 18N >
WTwon = (ossq (2433309 » 2219 (w *M*xzwv’c) (—'—"‘_’) 32l.%
\____,_-_('-‘——-/
0548 /5. _z84'¢ - _ 44.479

— -

—
———
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MoiSTuge WNTENT TEST 42

o

| NTWE = wzw-b (o\ab-u 3/?_1_3_217 2333.0]

232%.96 : 40494

° ' -

.Co-ruo-.-< 4401\ w .. 7130 % 32"39 -t Ql-x (j".O-qu)*(.?)‘qq‘)é(?WD: /Sﬁ

|2 Go pm—
® | = —~ " / <
2404 104544

o ': Hbud' /—CO + 80‘:7 ¥ ,0341-1.:32/.39 — /58 /5

'
. |MKDG= 233301 , 15308 . 2553

) 29003 44.081) -
o mK\J- 158,15 + C75% 53453 4o.0bL

: 19,011 /5.011 _ —_—

} 598 .é
° l Mch, T 16563

|

I

:Mwoz PAZ % 1L5e3_ L = 8403l
. B B TR PR L P

- S I

MIDXSDA= §oL36 v (44 (J—‘Zﬁywb T 443
o

MiXSW = (4143 (.00%7)x 2895 . Pl
/18,0l
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| Yo moisduce = /15524 = 196 °/.

MolSTULE ConTeNT TEST %2

svern= (125574 40.00)% 3853 = (3517 .23

——————
———

SWCFM = (3817 234 (4050 4.2310)e3553= 39341
ey et e —
15524

493414 -
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MCISTURE 2oNTENT oF
10f1zfes

Dot J;qu.'}'

Flue Gas Yohume Clickd: 22.50 22
Hyd Volume Golleckd . 8l mi

‘-_Tm : Jo'F
P 23.7'”7

ber

Calealadions
Ve : 043¢ 2w (y.v,)

3
* .0434 "f'T - _(3\_'0) ml

= 354 &4
V.= ¥V « Pen T.
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1ofizfes Mo.'sm Con fer* &érmm%)'resr‘s
MM(1) = 24616
mm(3)c 2034
Ma(a)z 30,980
MM(s )= | 5473 *
mmle): 282158
MM(3)s T34 ¥

7/ mmlg) (0at3s

Mm () = 4501 *x
MM (o) 2198

v wmln)e 2244

s MM(12)= 2225 >

HM(!S} = 14%33 molt#ﬂu;\ K.l c,q_s q-" 0 1. oz

_ 24.03 o |270 meishae u-dinf’
145 234 2748

(14833 & 3853): 59,151
[ % %3653):_1058
¢H740

-
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PARTICULATE CALCULATION SHEET -
Test Crew Pen..- MorKes

“Test No. pate 0/ 13/5E Location Rverside Covor . Crestrore
Box No., Fnl- 33 Sample Probe Position (Ceinder Ponc
Test Description : : ®

Dry Gas Meter Vol. (f£°) 3 54 _ Impinger Water Vol (ml)
Final /52 06 1 2 3 S. Gel
Initial I:Zq.Sé ' Final] |9 {0 | —
Total _ 22.81 Tas) o et ®

Initial ] /
4 Vol z L [

Total

g

C

Blank
“o.

Filter
No.
Beaker No. :

Date
|Weighed
Tare
wt.

A

ﬁomguu?—-

Bottle No.

Probe
(Acetone)

Probe
(Water)

Impinger
(Water)

Cyclone

Content (Acetone)

Rinse (ml)
Date Weighed
or 250 Bake
Final 1
wt., 250 2

Avg
Residue wt
Final 250-Tare _
Date Weighed
er 650 Bake
Final 1
Wt. 650 2

- AN

~
4
5

o

. Avg
Residue Wt

Final 650-Tare |

Comments:

40

AT =Y - - A — T ——
Data Sheet 6002-3
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A Research-Cottrell Company

18006 Skypark Bivd., P.O. Box 19518. Irvine. Calforria 92714 (714) 250-6200 September 27, 1985
KVB72-71901-3 LD#19/3

Dr. Mallory May
Gifford-Hill & Company, Inc.
P, 0. Box 47127

Dallas, TX 75247

SUBJECT: Periodic Audit of NO, Monitoring Procedures
at Riverside Cement, Task 3

bear Mallory:

The first KVB audit for reviewing conformance to the quality assurance plan at
Riverside Cement was completed on Thursday, September 19. The results of the
audit are summarized on a one page checklist (Attachment l). Daily zero/span
checks for the Lear Siegler SM 810 and CM 50 show minimal drift (Attachment 2).
Drift calculations were performed by KVB for the Lear Siegler SM 810 NO ana-
lyzer. The zero drift was calculated to be 5.33 ppm while the span drift was
calculated to be 12.5 ppm. Both values are well within the 37.5 ppm drift
limit specified by EPA Performance Specification 2 for NO analyzers (EPA-340/
1-83-013) :

A dynamic calibration of the Lear Siegler SM 810 and CM 50 was performed during
the audit to validate the zero/span checks (Attachment C)., The flue gas NOx
values were within 2,5 percent of the gas cylinder values. Thus, the NO, ppm
values being recorded by the computer were valid. Dynamic calibrations are
occurring on a weekly basis at the plant.

The kiln feed Sankyo impact flowmeter setting was being checked with a six hour
clinker production determination and a kiln feed loss on ignition based on sev-
eral kiln feed samples. These samples are collected prior to and during the
course of clinker weighings to calculate an up~to-date ignition loss. The per-
cent difference between the clinker rate measured and clinker rate calculated
from the kiln feedrate and loss on ignition is noted in the logbook of daily
activities. Any adjustments to the Sankyo kiln feed are noted in the log book.

Kiln exit water spray flowmeter will be calibrated during the October outage.
The coal feed Sankyo flowmeter will also be calibrated during the October
outage.







Dr. Mallory May September 27, 1985
Gifford-Hill & Company, Inc. KVB72=-71901-3 LD#19/3
Page 2

The engineering constants for the computer program are being updated weekly.
® Kiln feed samples are collected daily and analyzed for loss=on-ignition and
moisture. Coal samples are also being analyzed periodically.

The NOx project at Riverside Cement is very well documented and organized
regarding instrument checks, certification sheets, and daily activities asso-
ciated with the program. Attachment D 1lists the notebooks and data sheets
® inspected during the audit. The documentation recommendations in KVB's audit
report (Task 2) are being implemented. Formal dynamic calibration data sheets

with weekly test results were not available but will be completed by the next
audit.

. A new computer program to calculate the pounds NO, per ton of clinker was being

. : implemented during the first audit. During the next audit, current engineering

e constants and field signal input will be substituted into the equations for
calculating pounds NO_ per ton of clinker. '

Overall, the NO, project at Riverside Cement is proceeding satisfactorily. If
there are any questions regarding the audit, please do not hesitate to call me
at 714/250-6286.

Sincerely,

ﬁ KVB, INC.
Eggineering & Research Division

) ' (/()%j% fox R Bewson

Ron C. Benson
RCB:jk
Attachments: As Noted

cy: JEERRNEENYiverside Cement
5. C. Hunter, KVB

J. Podlenski, KVB
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ATTACHMENT 3

24-HOUR ZERO AND CALIBRATION DRIFT

@ Analyzer: Lear Siegler SM 810
Location: Riverside Cement
Serial No.:
Measurement Range: 0-1500 ppm NO
e
Hi-Range
Zero Rdg Zero Rdg Span Calib.
Drift Drift Drift
9 Data Time Init. Fin. X, Init. Fin. ; X
Set
No. Date Begin End A B C=B-A D E F=E-D G=F~=C
1 8/26 0750 0730 -12 -8 4 610 625 15 11
o 2 8/27 0730 0730 -8 -6 2 625 639 14 12
3 8/30 0730 0730 -6 -8 =2 639 626 =15 =13
= 4 8/31 0730 0830 -8 -10 -12 626 620 -4 -2
® 5 9/1 0830 1015 ~-10 0 10 620 650 30 20
6 9/2 1015 0727 0 0 0 650 640 -10 ~-10
7 9/3 0727 0740 0 0 0 640 634 -6 -6
® -
Arithmetic Mean X 1.71 X 1.71
Confidence Interval C195 3.62 0195 10.79
Zero drift 5.33 Calibraton drift 12.50
®
PST 2 Drift Specification 37.50 : 37.50
Clgs = T g,975 —=
0 a
®
LD#19/rb3=b 4







ATTACHMENT 3

DYNAMIC CALIBRATION

ZERO/SPAN VALUES

Zero Gas: N2

[NO]: 498 ppm, EPA Protocol 1
[NO]: 1019 ppm, EPA Protocol 1
[50,1: 995 ppm

(0]: 2.0%

[02]: Ambient air, 21%

e ———— R R RRRRRRRRRRRRRRRERR OB
B e e ————————— e

Zero Span Span
Before After Before After Before After
Calib Calib Calib Calib Calib Calibdb
NO ppm 4 toll 4 to -6 997 to 1010 - 497 -
§0, ppm 3 - 962 to 976 991
09, % - - 1.9 - -20.5 -
Internal Zero/
Span Check
NO ppm -12 - 601 - - -

%
*If the NO, span value is less/more than 2.5 percent the certified bottle
value, an adjustment is made. Otherwise, no adjustment is made.

LD#19/rb3-c 5







ATTACHMENT 4

DOCUMENTATION FOR NO, PROJECT

1!

Documentation

Description

Computer Instrumentation Notebook
Daily Notebook

Kiln-Down Notebook

Quarterly Notebook

Weekly Notebook

Log Book

Data Validation Sheets

Variation of Engineering Constants

Zero/Span Gases Certification
Weights Certificaton
Turbine water flowmeter

Digital Multimeter Calibration/
Certifications by Wylie Labs

LD#19/rb3-d

Includes Baghouse Inlet Temp.
Zero and Span NO_, 02 analyzers

Kiln feed Sankyo flowmeter, kiln backend
water spray flowmeter

Full electric calibration worksheet for
Lear Siegler SM 810

Bailey 0,

Kept by Jerry Young = Daily activities
associated with the NO, program;
includes telephone conversations, meet=-
ings, changes/updates to engineering
constants; clinker production check
versus kiln feed rate, etc.

Any kiln upsets, downtime are noted with
day/time/length of outage (Jerry Young
showed us data validation sheets from
August 7 on).

Daily coal moisture, kiln feed moisture,
L.0.I. x-ray, L.0.I. wet

Supplied by Matheson

Calibration of indicating Hz versus
actual flow

Multimeters used to verify field signal
inputs/outputs







18006 Skypark Bivd., P.O. Box 19518, Irvine, California 92714 (714) 250-6200

A Research-Cottrell Company

October 11, 1985
KVB71-71901-3/8

Dr. Mallory May
Gifford-Hill & Coapauy, Inc.
P.0. Box 47127

Dallas, TX 75247

SUBJECT: Periodic Audit of NO, Monitoring Procedures at
Riverside Cement, Task 3

Dear Mallory:

The second KVB audit to review conformance to the quality assurance plan at
Riverside Cement was completed on Tuesday, October 8. The results of the
audit are summarized on a one page checklist (Attachment 1). Based on the
audit, the NO, project is proceeding satisfactorily.

If there are any questions regarding the audit, please do not hesitate to call
me at (714) 250-6286.

Sincerely,

KVB, Inc.
Engineering & Research Division

o add 00

R. C. Benson
Senior Engineer

RCB:mr

cy:
S. Hunter, KVB
J. Podlenski, KVB
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A Research-Cottreil Company

18006 Skypark Bivd.. P.O. Box 19518, Invne Canlornia 2714 {(714) 250-6200 October 21, 19385
KVB71-71901-3/9

Dr. Malilory day
Gifford-Hill & Company, Inc.
P.0. Box 47127

Dallas, TX 75247

SUBJECT: Periodic Audit of NO, Monitoring Procedures
at Piverside Cement, Task 3

Dear Mallory:

The third audit of Riverside Cement's NO quality assurance program was
completed on October 16, 1985. The resufts of the audit are summarized on a
one page checklist (Attachment l). The NO zero was slightly in error based on
dynamic calibrations of 10/9 and 10/16/85. The zero/span summary sheets
(10/10-10/15/85) show that the NO zero was approximately 40 ppm low and the NO
Span was approximately 30 ppm low (Attachment 2). A dynamic calibration of
the Lear Siegler SM 810 NO analyzer was performed on 10/9/85 and the NO zero
before and after calibration was 70 ppm. The NO zero was not adjusted pending
discussions with Lear Siegler., The NO span gas reading was 1110 ppm prior to
calibration and was 1039 ppm after calibration. The previous week's dynamic
calibration was satisfactory indicating that at some time between October 2nd
and October 9th, the NO measured values were bias high. Another dynamic
calibration was performed during the day of the audit. The NO zero prior to
calibratien was 190 zpz but was zdjusted Sack zo zers with nitrogen gne.
After the zero check was made, the NO span gas reading was between 994 ppm and
1006 ppm, which satisfied the dynamic calibration criteria.

4
The NO data collected sometime after October 2nd until October 16th will be
noted in the data validation report as being bias. Jerry Young/Paul Fogg
contacted Lear Siegler regarding the problem with the zero/span mirror of the
Lear Siegler SM 810. Evideatly, the problem is related to interference with
ozone generated by the UV lamp. During the next kiln outage, the Lear Siegler
probe will be examined by the imstrumentation technicians. Until the
Situation with the calibrated span cells is resolved, the dynamic calibration
is the only reliable means of assuring data quality.

The data validation workéheet format shows the date, time interval of
questionable data and the reason for questionable data. The documentation







Dr. Mallory May @ October 21, 1989
Gifford-Hill & Company, Inc. KVB71-71901-3/9

Page 2

for data validation has been completed to date with the exception of the NO,
data from the previous two weeks.

The latest updates to the engineering constants were reviewed. 'The review
included the eight engineering constants used in the calculation of pounds NO,
per ton of clinker calculation. These updated comstants are shown in
Attachments 3 and 4. For a particular set of field signal inputs
(specifically from 0756 to 0801 hours, October 16) and the current engineering
inputs, the total flow rate and pounds NO, per ton was calculated from the set
of eighteen equations developed concurrently by KVB and Gifford-Hill. The
calculations were -hen compared with the computer printout values. The
calculated flow rate is 80851 wscfm compared to the computer printout value of
80817 wscfm (listed as TOTGAS on the computer printout). The calculated
pounds NO, per ton of clinker is 7.704 compared to the computer printout value
of 7.7 pounds NO, per ton of clinker. The calculations verify that the field
signal ioput and the latest engineering inputs are yielding the expected
values as printed by the computer and stored on disk.

No further checks on the kiln feed Sankyo flowmeter were conducted. The kiln
exit water spray flowmeter and coal feed Sankyo flowmeter are scheduled for
calibration during the scheduled October outage.

In summary, the NO, project is procéeding satisfactorily. If there are any
questions regarding the audit, please do not hesitate to call me at (714) 250~
6286.

Sincerely,

KVB, Inc.
Engineering & Research Division

k%v1 Biraer—r’

R. C. Benson
Senior Engineer

RCB:mr
Attachments: As Noted

cy: Jerry Young, Riverside Cement
S. Hunter, KVB
Je Podlenski, KVB
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ATTACHMENT 2

ZERO/SPAN SUMMARY SHZET
LSI SM-810 NO,/SO, ANALYZER AND LSI CM-50 OXYGEN ANALYZER

CH=50 SM=-810
oxygen - NO S02
Low High Zero Span Zero  Span
(2.0%) (20.9%) 0 ppm €40 ppnm 0 ppm 890 pom

224 o5 —é 600 o) Flo
2.0 .4 12 5% 882
ZZ5 R @) GS0 = V242,

A0 0 /5 _&A3 -9 943

2.2 7.0 -2 L 4 93¢

2.0 21, 0 —5 Lé5 -3 97
2.0 305 Y 450 =) 33D
2 20 | X 4 0 o X _
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L9 A5 O _¢43 3
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ATTACHMENT 4

COAL ULTIMATE ANALYSIS

: : ASH CARBON H N
AVERAGE 9.55 71.30 4.97 1.26
STD.DIV. : 0.88 1.04 0.22 0.14
COEF VAR 9.26 l.46 4.38 11.37

COAL ANALYSIS

1aB I.D. NO. DATE ASH CARBON H N
CT&E 19174 7-18-85 9.00 72.40 5.20 1.40
CT&E 18866 5=23-85 9.70 72.31 5.47 l.66
CT&E 19447 8-28-85 10.45 70.72 4.70 l.22
CT&E 19448 8-28-85 9.33 72.03 4.93 1.26
CT&E 19449 8-28-35 9.05 71.74 . 4.99 1.17
CT&E 19450 8-28-85 9.53 71.08 4.90 l.23
CT&E 19451 8-28-85 11.34 68,98 4,74 1.14
CT&E 19452 8-28-=85 8.62 71.50 5.04 1.27
CT&E 19453 8-28-85 9.10 71.70 5.03 1l.18
CT&E 19454 8-28-85 10.85 69.81 4.82 1.19%9
CT&E 19455 @ 8-28-85 8.92- 71.10 4.76 1.16

CT&E 19456 8-28-85 8.65 72.19 5.08 1.25

s
0.51









