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Abstract

The Foster Wheeler Boiler Performance Guarantee tests for the Healy Clean Coal Project were
executed on March 29 and 30, 1999, in accordance with Contract No. HCP-009 (between
Foster Wheeler Energy Corporation and the Alaska Industrial Development and Export
Authority), the U.S. Department of Energy Demonstration Test Program December 1997, and
the “Bailer Performance Guarantee Test Program and Procedures” dated November 23, 1998.
The test was conducted by Foster Wheeler Energy Corporation and witnessed by Stone &
Webster Engineering Corporation.

Stone & Webster Engineering Corporation’s engineering judgement regarding the test was that
the Foster Wheeler Boiler Guarantees were satisfactorily met. Critical boiler performance
guarantees were maximum steam flow 490,000 Ib/hr, pulverizer and forced draft fan power
consumption of 330 kW and 3150 kW, respectively and steam pressure and temperature of
1300 psig and 955° F, respectively. Boiler efficiency was predicted to be 79.15%. These
performance levels were achieved.



1.0 Executive Summary

The Foster Wheeler Boiler Performance Guarantee test for the Healy Clean Coal Project
(HCCP) was executed on March 29 and 30, 1999, in accordance with Contract No. HCP-009
between the Foster Wheeler Energy Corporation (Foster Wheeler) and the Alaska Industrial
Development and Expart Authority (AIDEA), the U.S. Department of Energy Demonstration Test
Program December 1997, and the Foster Wheeler ‘Boiler Performance Guarantee Test
Program and Procedures” provided in Appendix A.

The boiler test was conducted by Foster Wheeler and witnessed by Stone & Webster
Engineering Corporation (Stone & Webster). Stone & Webster's judgement regarding the test
was “...that the boiler guarantees as presented in Table 1 were satisfactorily met..."Table 1 is
from the Stone & Webster test report and reproduced as follows. More detailed Boiler
Performance test results are presented in Appendix A - Stone & Webster Review of HCCP
Boiler Performance Guarantee Test Report — July 1, 1999, which includes Table 1.

Critical results from Table 1 are:

Guarantee or
Parameter Predicted Actual
Maximum steam flow 490,000 Ib/hr 493,865 Ib/hr
Pulverizer power 330 kW 213.6 kW shaft input power A
204.4 kW shaft input power B
Forced draft fan power 3150 kW 1492 KW
Steam pressure 1300 psig 1308 psig
Steam temperature 955° F 857° F
Boiler efficiency 79.15% 82.2%

Stone & Webster, the witnessing engineer, and Foster Wheeler, the test engineer, believe that
the analysis employed, results-obtained, and the conclusions drawn are valid.



2.0 Introduction

The Healy Clean Coal Project, selected by the US Department of Energy (DOE) under Round il
of the Clean Coal Technology Program. The project is owned and financed by the AIDEA, and
is co-funded by the DOE. Golden Valley Electric Association (GVEA), Inc. of Fairbanks, Alaska
provided the plant operators. The plant engineer was Stone and Webster. The coal supplier is
Usibelli Coal Mine, Inc., located adjacent to the Healy plant.

After more than five years of planning, design engineering, and permitting activities, the project
celebrated its ground-breaking ceremony at Healy, Alaska on May 30, 1995. Most of the major
plant equipment was delivered to the Healy site 250 miles north of Anchorage, Alaska (near
Denali National Park) in 1996. This equipment included the boiler, two 350 million Btu/hr coal
combustors and the associated coal and limestone feed systems that were fabricated by TRW
and their subcontractors, as well as a the Spray Dryer Absorber System (SDA), which consisted
of a single spray dryer vessel, a multi-compartment fabric filter, and an extensive slurry
preparation system. Construction of the plant was completed in November 1997, with coal-fired
operations starting in January 1998.

The objectives of the project are to demonstrate a novel power plant design which features the
combined removal of nitrogen oxides (NO,), sulfur dioxide (SO;), and Particulate Matter (PM)
using a combination of two advanced technologies, to further demonstrate reduced emission
levels well below the requirements of EPA New Source Performance Standards (NSPS) for new
utility coal fired units, and to meet future energy needs in an environmentally acceptable
manner.

The technologies to be demonstrated in the HCCP combines the TRW Clean Coal Combustion
System and the Babcock & Wilcox's (B&W)/Joy Activated Recycle Spray Dryer Absorber (SDA)
System into a single, integrated, combustion/control process. The HCCP is the first utility-scale
demonstration of the TRW Clean Coal Combustion System. The TRW Combustion System is
designed to minimize emissions of NO,, achieve very high carbon bumout, and remove the
majority of flyash from the flue gas prior to the boiler. The TRW system also provides the first
step of a three-step process for controlling SO; by converting limestone to flash calcined lime
that subsequently absorbs SO; within the boiler. The majority of SO, is removed downstream of
the boiler, using B&W's activated SDA system, which utilizes the flash calcined material (flash
calcined lime + flyash) produced by the TRW system. Since most of the coal ash is removed by
the combustors, the flash calcined material is rich enough in calcium content such that the SDA
can be operated solely on recycled lime, eliminating the need to purchase or manufacture lime
for the backend scrubbing system.

The boiler fumace configuration is an integral part of the technology as well. The second stage
of NO, control occurs in the furnace and is a function of the boiler tube configuration. Hot gas
flow distribution in the boiler is an important part of the NO, control process.

This report describes results from the Boiler Performance Guarantee test for the HCCP. |t is
one of a series of topical reports that can be used to determine if the overall goals of the
Demonstration Test Program (DTP) have been met. This report addresses the results from the
Foster Wheeler Boiler Performance Guarantee test alone, rather than overall DTP goals.



The boiler characterization tests specified in the DTP include:

1. 10% load testing

2 Ramp testing

3. Boiler inspection outage
4, Boiler performance testing

The results of the 100% load testing and the boiler performance testing are included in this
report. The tests were conducted in March 1999 by Foster Wheeler and witnessed by Stone &
Webster. The ramp testing and boiler inspection occurred December, 1999 during the 90-Day
Commercial Operations Test, as required by the Power Sales Agreement between GVEA and
AIDEA. The Engineer required to conduct the Date of Commercial Operations Test specified
the boiler inspection and material samples to be taken. These results are reported in the
Topical Report titled “90-day Commercial Operation Test and Sustained Operations Report: A
Participant's Perspective,” which as of the writing of this report has not been finalized.

3.0 Description

General

The technologies to be demonstrated in the HCCP combine the TRW Clean Coal Combustion
System and the B&W/Joy Activated Recycle SDA System into a single, integrated,
combustion/control process. These technologies have been designed to achieve reductions in
emission of sulfur dioxide (SO,), oxides of nitrogen (NOy), and particulates, while meeting future
energy needs from coal-fired generation in an environmentally acceptable manner. The
integrated air pollution control process that results from the HCCP configuration of components
has been designed to minimize emissions of SO,, NO,, and particulates from the facility while
firing a broad range of coals. Figure 1, appendix E, is a functional schematic of the TRW Clean
Coal Combustion System.

Clean Coal Combustors and Boiler

NO, emissions are reduced in the coal combustion process by use of the fuel and air-staged
combustor system and a boiler that controls fuel and thermal-related conditions that inhibit NO,
formation. The combustor and boiler functions as a limestone calciner and first stage SO»
removal device in addition to its heat recovery function. A single spray dryer absorber vessel
accomplishes secondary and tertiary SO, capture.

The TRW Clean Coal Combustion System (also referred to as the slagging combustors) has
been designed for installation on the boiler fumace to provide efficient combustion, maintain
effective limestone calcination, and minimize the formation of NO, emissions. Its main
components include a precombustor, main combustor, slag recovery section, tertiary air
windbox, pulverized coal and limestone feed system, and combustion air system. Ash collection
in the process is first achieved by the removal of molten slag in the coal combustors followed by
fly ash particulate removal in the bag filter system downstream of the spray dryer absorber
vessel. In HCCP, the slagging combustors are bottom mounted on the boiler hopper because
of spatial constraints. The combustors may be side mounted on the furnace walls depending
upon the specific application.



The coal-fired precombustor is used to increase the air inlet temperature to the main combustor
for optimum slagging performance. It bums approximately 25-40 percent of the total coal input
to the combustor. Combustion is staged to minimize NO, formation. The main slagging
combustor consists of a water-cooled cylinder, which is sloped toward a slag opening. The
remaining coal is injected axially into the combustor, rapidly entrained by the swirling
precombustor gases and additional airflow, and burned under substoichiometric (fuel-rich)
conditions for NO, control. The ash contained in the buming coal forms drops of molten slag
and accumulates on the water-cooled walls as a result of the centrifugal force resulting from the
swirling gas flow. The molten slag is driven by aerodynamic and gravity forces through a slot
into the bottom of the slag recovery section where it falls into a water-filled tank and is removed
by the slag removal system. Approximately 80 percent of the ash in the coal is removed as
molten slag.

The hot gas, containing carbon monoxide and hydrogen, is then ducted to the furnace from the
slag recovery section through the hot gas exhaust duct. To ensure complete combustion in the
furnace, additional air is supplied from the tertiary air windbox to NO, control ports and, if
required, to final overfire air ports located in the furnace.

Pulverized limestone is fed into each combustor for SO, control. While passing into the boiler
most of the limestone is decomposed to flash calcined lime by the following reaction:

CaCQj; + heat=> Ca0 + CO;

The mixture of this lime and the ash not removed by the combustors is called Flash Calcined
Material (FCM). Some sulfur capture by the entrained CaO occurs at this time, but the primary
S0, removal mechanism is through the multiple step process described below, of spray drying
the slurried and activated FCM solids.

Emissions of NO, have been demonstrated at both utility and industrial scales to levels
significantly below EPA New Source Performance Standards (NSPS) in the boiler by using the
TRW Clean Coal Combustor technology and known combustion techniques within the furnace.
The low NO, emission levels are achieved simultaneously with low CO emission and high
carbon burnout.

The TRW Clean Coal combustors achieve NO, control as a combination of the following two
factors:

5 1 The combustor functions as a well-stired reactor under substoichiometric
conditions for solid fuel combustion; converting the solid fuel components to a
hot, partially oxidized fuel gas in an environment conducive to destroying the
complex organic fuel bound nitrogen compounds which could easily be oxidized
to NO, in the presence of excess oxygen.

2. The combustor water-cooled enclosure additionally absorbs approximately 10 to
25 percent of the total available heat input to the combustor.

These two conditions together reduce the potential for encountering combustion temperatures in
the fumace sufficient for decomposition of molecular nitrogen compounds in the combustion air
into forms which can produce thermal NO, emissions as excess oxygen is made available.



When the exhaust gases leave the combustor, the coal has already been mixed with
approximately 80 to 90 percent of the air theoretically necessary to complete combustion. A
portion of the remaining 10 to 20 percent of the air is then allowed to mix slowly with the hot fuel
gases exiting the combustor and entering the fumace. The hot gases radiate their heat to the
furnace walls at rates faster than combustion is allowed to occur so that gas temperatures
slowly decay from those at the furnace entrance. After the furnace gases have cooled
sufficiently, a second stage of furnace combustion air injection is performed as necessary to
complete the coal combustion process in an oxidizing, controlled manner so that combustion
gas temperatures are maintained below the thermal NO, floor where significant NO, formation
begins. This is in contrast with a traditional coal-fired furnace where the pulverized coal is
burned in suspension at high excess air rates. Resulting gas temperatures from pulverized coal
furnaces typically rise significantly above the 3100° F temperature (in a reducing atmosphere)
maintained in the slagging combustor and 2700° F (in an oxidizing atmosphere) maintained in
the fumace. |In the traditional fumace, the pulverized coal is relatively poorly mixed with
conventional low NO, wall burner/suspension firing techniques, and local areas of combustion in
the presence of stoichiometric oxygen create hot zones within the flame. These hot, turbulent
stoichiometric zones can produce significant NO, levels in the area of burner throats. This
tendency for high, localized NO, formation is minimized with the slagging combustor through
slow, controlled mixing of furnace combustion air with the partially cooled, well-mixed fuel gases
discharging from the combustor into the lower furnace NO, control zone.

SDA System and Pulse-jet Baghouse

Once FCM is produced in the furnace, it is removed in bag filter system. A portion of the
material is transported to disposal. Most of the material however, is conveyed to a mixing tank,
where it is mixed with water to form 45% FCM solids slurry. The lime-rich FCM material is
slaked by agitation of the suspension. A portion of the slurry from the mixing tank passes
directly through a screen to the feed tank, where the slurry is continuously agitated. The
remainder of the slurry leaving the mixing tank is pumped to a grinding mill, where the
suspension is further mechanically activated by abrasive grinding.

By grinding the slurry in a mill, the FCM is activated by a mechanical process whereby the
overall surface area of available lime is increased, and coarse lime particle formation is avoided.
Thus, the mill enhances the slaking condition of the FCM, and increases the surface area for
optimal SO, absorption. FCM slurry leaving the tower mill is transported through the screen to
the feed tank.

Feed slurry is pumped from the feed tank to the SDA, where it is atomized via rotary atomization
using B&W/Joy dry scrubbing technology. SO; in the flue gas reacts with the FCM slurry as
water is simultaneously evaporated. The dry reaction product is removed via the SDA hopper
or bag filter catch. SO is further removed from the flue gas by reacting with the dry FCM in the
baghouse.

Particulate emissions control on the HCCP is obtained via the slagging combustors and by the
pulsejet bag filter house. Each of ten bag filter compartments will contain 225 six-inch diameter
fiberglass bags. The effective length of each bag is 20-feet and the gross air-to-cloth ratio is
2.8:1. The DTP will demonstrate the effectiveness of the HCCP pulsejet baghouse in removing
FCM particulate emissions.



4.0 Methodology

The main purpose of the testing was to demonstrate unit performance in meeting the boiler
contract performance guarantees the Foster Wheeler/AIDEA Contract No. HCP-009. The DTP
methodology was used as a guideline only.

In March, 1999, tests were performed at 100% and 60% maximum continuous rating (MCR)
outputs. The test performed at 100% MCR output use a coal with an average heating value of
7025 Btu/lb. The test performed at 60% MCR output used a coal with an average heating value
of 6487 Btu/lb. The coal heating value was determined by analysis of coal samples taken from
the coal feeders during the test.

Guaranteed values along with test values are listed in the Stone & Webster Review of HCCP
Boiler Performance Guarantee Test Report — July 1, 1999, Appendix A. Unit guarantees are at
100% MCR only except for steam temperature which is guaranteed at 60% MCR. Test
procedures were reviewed by GVEA and their comments are provided in Appendix C. Stone &
Webster's response to GVEA comments is provided in Appendix B.

The Foster Wheeler steam generator is top supported, two (2) drum, and natural circulation,
balanced draft boiler designed specifically for firing pulverized coal. The boiler is rated for
490,000 Ib/hr steam flow at 1300 psig and 955° F. The boiler is fired with two (2) slagging
combustors supplied by TRW. Pulverized coal is supplied to the combustors from two (2)
Foster Wheeler 21.5 pulverizers.

The test procedure was as follows:

% The 100% MCR test was conducted for four (4) hours at the required 490,000
Ib/hr steam flow rating with the guaranteed pressure and temperature. Excess
air was targeted at 18%, measured oxygen (O;) during the test was 2.79%. O,
was measured at the economizer outlet with plant instrumentation. The O,
analyzers were calibrated prior to the testing. The 60% MCR test was conducted
for approximately two (2) hours with 294,000 Ib/hr steam flow and at the

guaranteed temperature.

2. Prior to each test, all the original design sootblowers were operated and then
isolated during the testing. Blowdown lines were closed prior to the start of
testing.

3. Raw coal samples were collected from both feeders every hour from the

sampling connection on the feeders. These coal samples, at the end of the tests,
were thoroughly mixed together and quartered. Two portions of the sample was
given to AIDEA for independent analysis, one portion given to GVEA, and one
portion was kept by Foster Wheeler for analysis. Foster Wheeler coal samples
were analyzed for proximate/ultimate analysis, higher heating value, Hargrove
index for hardness, and ash fusion temperature. Results of the analysis are
presented in Appendix A. :

4, Fly ash, bottom ash, and pulverized coal samples were not required and thus
were not taken during the testing.



During each of the tests, boiler data was recorded on a continuous basis by AIDEA using the
plant distributed control system (DCS). Copies of the DCS boiler data; taken at 12 minute
intervals and continuous data were given to all parties involved in the testing. The large quantity
of raw data taken continuously during the testing is available on compact disc.

5.0 Results

Table 1, shown in Appendix A, Stone & Webster Review of HCCP Boiler Performance
Guarantee Test Report = Ju 999 shows the Boiler Performance Guarantee Requirements
cross referenced with the test values. Instrument calibration data for the tests are documented
in Attachment 1 of that report. Critical boiler performance guarantees were maximum steam
flow 490,000 Ib/hr, pulverizer and forced draft fan power consumption of 330 kW and 3150 kW,
respectively and steam pressure and temperature of 1300 psig and 955° F, respectively. Boiler
efficiency was predicted to be 79.15%. These performance levels were achieved.

The specific results are as follows:
Steam Capacity, Pressure, and Temperature = 100% MCR Test

Steam flow, feed water flow, and superheat spray values were measured by plant
instrumentation and were indicated by the plant DCS. The 100% MCR steam flow was
recorded at 493,865 Ib/hr average for the test period. The average superheat outlet pressure
and temperature were 1308 psig and 957° F respectively for the test period. The guarantee
boiler capacity of 490,000 Ib/hr and guarantee superheater outlet pressure temperature of 1300
psig and 855° F are therefore met.

Motor Power Consumption

The pulverizer and forced draft motors have power guarantees. Motor amp and bus voltage
readings were taken during the test periods. The calculated pulverizer motor power output
during the 100% MCR test was 213.6 KW and 204.4 kW for A & B mills, respectively. These
values are below the 330 KW guarantee value.

Motor amp and bus voltage readings were taken for the forced draft (FD) fan motor during the

100% MCR test. The calculated power output for this motor is 1492 kW. This value is below
the 3150 kW guarantee value.

Pulverizer and FD Fan shaft input power was calculated using the following equation:
kW = (Volts x Amps x 1.732 x PF x EFF) /1000

PF is the power factor and EFF is efficiency and are taken from the manufacturers data sheets
for the various motors. These sheets are presented in Appendix A.



Pressure Drops
The following are the guaranteed values that were verified during the test:

Fluid Pressure Loss between the Drum and The Superheater Qutlet
The drum pressure during the 100% MCR test was 1336 psig and the superheat outlet pressure

was 1251.2 psig, a drop of 84.8 psig. This 84.8 psig pressure loss is less than the 126 psig
guarantee.

Fluid Pressure Loss between the Economizer Inlet and The Drum

The drum pressure during the 100% MCR test was 1336 psig and the economizer inlet pressure
was 1375.3 psig, a loss of 39.3 psig. This 39.3 psig pressure loss is less than the 50 psig
guarantee.

Draft Loss between Furnace s Qutlet of Main Tubular Air Preheal

The main tubular air heater gas outlet pressure during the 100% MCR was -16.84 in. of water
gauge (WG) and the furace pressure was -0.93 in. WG. The net pressure drop was + 15.9 in.
WG. This pressure drop is less than the 19 in. WG guaranteed pressure drop.

Efficiency and Efficiency Calculation Methods

Test data has been used to calculate boiler efficiency, a key performance indicator. Boiler
efficiency results are provided in Appendix B, HCCP Boiler Efficiency Calculation, August 24,
1999. Within the accuracy of available test data. Stone & Webster has calculated a full load
boiler efficiency of 82.2% and part load boiler efficiency of 79.6% based on full load and part
load test data respectively. Foster Wheeler did not guarantee efficiency due to the innovative
nature of the boiler and combustor design. However, the technology performance was based
on a Foster Wheeler predicted efficiency of 79.15%.

Although boiler efficiency was not a guaranteed parameter of the AIDEA/Foster Wheeler
contract, it is of general interest in the context of boiler performance. Two methods have been
used to calculate HCCP boiler efficiency based on data collected during the boiler tests. J. S.
Strandberg Consulting Engineers, Inc., GVEA's consultants, calculated 80.2% using the
input/output method shown in_Appendix B, while Stone & Webster used the heat loss method.
Both of these methods are potentially acceptable. The following is a discussion of the use of
these calculation approaches in determining boiler efficiency estimates for the HCCP and is also
included in Appendix D.

The major difference between the input/output method and the heat loss method are the
parameters that are used to calculate efficiency. These differences are summarized below:

% The input/output method used in the Strandberg Status Report uses the fuel
flow/heating value, the steam, water and air flows, and temperatures to calculate
efficiency. The results are summarized in Appendix C, HCCP Boiler
Performance Test, August 24, 1998,

” The heat loss method used in the Stone & Webster calculation uses the gas and
air temperatures, ultimate fuel analysis, flue gas oxygen content, unbumed
carbon in the ash, radiation loss, and slag tap loss.



The input/output method relies on flow measurements that are inherently less accurate than the
measurements that are required for the heat loss method. The combination of inaccuracies in
the coal and steam flows could impact the efficiency calculation by + 2% - 4%. When sufficient
information is available to calculate the boiler efficiency using the heat loss method, doing so
will generally result in a more accurate estimate of boiler efficiency. In the case of the HCCP
test, sufficient data was collected to use the heat loss method and Stone & Webster
recommended that it be considered the accepted method. Stone & Webster's
recommendations are provided in Appendix D, HCCP Boiler Efficiency Calculation, November
2, 1999.

It is noted that the data collected during the Boiler Performance testing program was to verify
contract guarantees and not specifically intended to be used for establishing boiler efficiency.
Therefore, the accuracy/availability of some of the data required for a firm efficiency calculation
was not available.

The following comments are made pertaining to the data that is available for the efficiency
calculation:

& Regarding the input/output efficiency calculation performed by Strandberg
Consultants, there is a large discrepancy in the results with the Stone & Webster
heat loss efficiency results. The difference in fuel analysis between the values
reported in the Foster Wheeler report, which was verifiably collected during the
boiler performance test, and the Usibelli Coal Mine "grab sample and increment
samples" dated 3/29/99 whose origin is unknown may be a contributing factor.
The Foster Wheeler report indicates a higher heating value of 7,025 Btu/lb and
the Usibelli Coal Mine reports a 7,300 Btwlb heating value from the plant
conveyor coal sampler. Stone & Webster recommends that the Foster Wheeler
coal analysis be used for all boiler efficiency calculations as it represents the
actual coal fired during the test. A referee sample of the test coal is being held
by AIDEA to resolve this issue if it should become necessary.

X The boiler and slagging combustor tap losses predicted by Foster Wheeler were
originally provided from a TRW heat balance dated 2/22/93. These were
predicted losses, based on pilot combustor data, which has been determined to
be conservative for design purposes. These losses impact boiler efficiency. This
would account for a substantial portion of the difference between the Foster
Wheeler prediction and the actual tested efficiencies.

The UBC and slag tap losses predicted by FWEC were originally provided from a TRW heat
balance dated 2/22/93. These were predicted losses, based on analytical model predictions
which were anchored to industrial-scale combuster data and included conservative assumptions
for a "worst-case” design basis. This would account for a substantial portion of the difference
between the Foster Wheeler predicted and actual tested efficiencies.

Given the significant difference in coal analysis used in the respective calculations, and the
independent method of calculating the slag tap heat loss, Stone & Webster has determined that
the heat loss methodology described herin provides a more accurate measure of boiler
efficiency. Based on the heat loss method, the full load boiler efficiency is approximately 82.2%
and the part load boiler efficiency is approximately 79.6%.



6.0  Conclusions

The boiler performance test documented that the boiler in conjunction with the combustors
operated as anticipated. All guarantees were met as shown in the following critical results from

Table 1:
Guarantee or
Parameter Predicted Actual
Maximum steam flow 490,000 Ib/hr 493 865 Ib/hr
Pulverizer power 330 kw 213.6 kW shaft input power A
204.4 kW shaft input power B
Forced draft fan power 3150 kW 1492 kW
Steam pressure 1300 psig 1308 psig
Steam temperature 955° F 957 F
Boiler efficiency 79.15% 82.2%

The tests also provided some useful information including:

i

Efficiency losses due to the 9-foot combustor slag tap opening are far less than
anticipated by TRW and FW. HCCP is designed with an insert to reduce the
opening size. [f further efficiency gains are desired, the insert could be used to
reduce the opening to 7 feet. However, this would increase the likelihood of
bridging by the slag across the opening and possible subsequent plugging of the
slag tap opening.

FD fan power was considerably less than anticipated due to reduced
requirements for combustion air and pressure losses in the ductwork,

All MCR guarantees were met with 46% waste coal.

All predicted efficiency levels were satisfied at part load with 78% waste coal.

-
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:
Mr. Dennis McCrohan July 1, 1999
Project Design/Construction Manager 1.0. No. 07440.01

Healy Clean Coal Project

Alaska Industrial Development and Export Authority
480 West Tudor

Anchorage, Alaska 99503-6690

HCCP BOILER PERFORMANCE
GUARANTEE TEST

Dear Mr. McCrohan:

The Foster Wheeler boiler performance guarantee test for the Healy Clean Coal Project
was executed on March 29 and 30, 1999. The test was directed by Ed LePage of Foster
Wheeler Energy Corporation (FWEC) in accordance with their “Boiler Performance
Guarantee Test Program and Procedures” document, dated November 23, 1998, The test
was witnessed by Jim Knowlton of Stone & Webster Engineers and Constructors, Inc.
and observed by John Zarling of Strandberg Engineers.

It is Stone & Webster’s opinion that the boiler guarantees as presented in Table 1 were
satisfactorily met since proof.of proper operation of the superheat outlet steam
temperature element was provided. Post-test calibration of this temperature element to
1,000 degrees F establishes continuity with similar data obtained from the 1997
calibration of the temperature element.

Instrument calibration data for the tests are documented in Attachment 1. The FWEC
Performance Testing report, S&W’s responses to GVEA questions regarding the tests,
and Contract Change No. 7 (with Addenda) are presented in Attachments 2, 3 and 4,
respectively. &

Stone & Webster Engineering Corporation
7677 East Berry Avenue, Englewood, Colorado 80111-2137
Tel: 303-741-7700 Fax: 303.741-7670
Telex: 289251 303-741-7671

Address all correspondence to P.0O. Box 5406, Denver, Colorado B0217-5406



T
gl

[ |

e
rfis

Mr. D. McCrohan July 1, 1999
Alaska Ind. Develop. & Export Authority Page Two

If you have questions or comments concerning this matter, please do not hesitate to call
me at (617) 589-1888, or Verle Bland at (303) 741-7684.

Very truly yours,

dmﬁ&fm

Jim Knowlton
Senior Engineer

JK/VVB/KNC

Attachments: 1) Instrument Calibration data sheets
2) FWEC Performance Testing Report No. CR-351
3) S&W responses to GVEA questions and comments regarding the
boiler performance guarantee tests 2
4) Contract Change No. 7/Addendum 1/Addendum 5

STONE & WEBSTER &
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ATTACHMENT 1
Instrument Calibration Data Sheets
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JUN-24-89 THU 02:07 PN

Four/sug

\
Branom Instrument Co

« For TIME

* FLOW

« TEMPERATURE +LEVEL ;
+ PRESSURE « CONTROL SYSTEMS

WASHINGTON OREGON IDAHD ALASKA &
HOME OFFIGE RICHLAND OFFICE SPOKANE OFFICE PORTLAND OFFICE BOISE SRITISH CCLUMBIA
0207 Marih 628 Halons B435 M. interstale Place 1:208-338-5444 Cail 1-800-854-820%
M Dmbeiny PR 1 DO e Pomand, ORGT217-3196 '::200-257-3047
Geattla, WA 8108-0307 or F386 1 UTAH
V<20 FAX 1-508-T28-5453 1 FAX 1-503-283-2852 Cald 1-B00-287-3047
FAX 1-208-T87-6660 1-800=-422-5 1+ BOG-257-3047 EUGENE 1
1-B00-452-d454
INSTRUMENT CERTIFICATION REPORT ===
Certification of Accuracy
This | n g i
nstrument has been calibrated to manufacturer's specifications June 21, 1999

and is traceabls to NIST and in accordance with MIL STD 46622A, Date

1509000, and ANSI/ASQC Q9002 procadures.

Purchase Order # 980033-0643
406 W. Fireweed Ln. #101

Customer Name JP Dokoozian & Associates Address
92067 Anchorage, AK 99503-26439
Instrument Make T/C Assembly Model Type K, Dual Elemant Serial Number TMS-TEOS

Calibration Standard Techne Callbrator, Fluke 701 Serial Number 30524/18, 6920103
Standard Instrument Standard = Instrument Standard Instrument
~ Standard Element A Standard Element A Standard Element A
0 Deg. F -3 Deg, F 450 Deg. F 450.4 Deg. F 900,Deg. F 898.00 Deg. F
50 Deg. F 49,7 Deg. F 500 Deg. F 500.6 Deg. F | 910Deg.F | 808.00 Deg. F
100 Deg. F 99.7 Deg. F 550 Deg. F 560.5 Deg. F 920 Deg. F 918.40 Deg. F
150 Deg. F 150.2 Deg. F 80D Dag. F 600.66 Deg. F | 930 Deg. F 928.00 Deg. F
200 Deg. F 200.5 Deg. F 650 Deg. F 661.25 Dag. F | 940 Deg. F 938.2 Deg. F
250 Deg. F 260.5 Deg. F 700 Deg. F 701.75 Deg. F | 950 Deg. F 948.2 Deg. F
300 Deg. F 300.95 Deg. F |~ 750 Deg. F 762.00 Deg. F | 960 Deg. F 957.7 Deg. F
350 Dag. F 350.6 Deg. F 800 Dag. F 802.65 Deg. F | 970 Deg. F 968.00 Deg. F
400 Deg. F 400.3 Deg. F 850 Deg. F 848.45 Deg. F | 980 Deg. F 977.8 Deg. F

Remarks: All tests have been performed in accordance with

requirements of MIL-Q-985BA, MIL-Q-45208A

and MIL-STD-45662A with test equipment certified to standards fraceable to the National Institute of Standards and

Tadmm.mushdlnmwmhumbummmmm.

Applicable NIST. No's: =
Comments: Tested at customer provided points '

LAB Temperature 70F
LAB Humidity 47%
Recertification Due 6/21/00

—==




,_..

P ]

r 50

o

e

P

JUN-24-99 THU 10:46 A F, U4/
Feac .UJ Uq

PE/22/1939 1B:44 12B675341E5 BRANOM SERIILE SHUFS
” Brano
o FLOW
+ TEMRERATURE + LEVEL
1-800-767-6051 ST SYSTRMS
WASHINGTON IDAFO A
HOME OFFICE RICHLAND OFRICE  SPOKANE OFFICE m:':‘tnmgl- |“t:o;=w nwownm
L e 40 e wm“ﬂm Portond, OR GTZ170108  1-800-287-304
Seatia, WA DB108-000T 1-506-534-5385 £1 DI 1 UTAHR
FAX 1-800-738-6453 FA, 1508 T4-5307 EAX 1-803-26-2052 Cal 1-p00-L77 2047
FAL 1208757 660 1= BOO-2RT-3047 ELGENE 1-503-883-2707
Fo 1800458404
e INSTRUMENT GERTIFICATION REPORT S
Certfication of Accuracy
This instrument has been callbrated 1o manufacturer's specifications June 21, 1999
mummwutsrmlnwmmumms:m Datp !
1S08000, and ANSI/ASTC Q2002 procedures. Purchase Order # 980033-0843
Customar Nama JP Dekoozian & Assoclates Address 408 W. Firewesd Ln. #101
92057 Anchorage, AK §9503-2649

Madel Typs K, Dusl Element __ Serial Number ___ TMSTECS

Instrument Maka ___T/C Assembly

e ML
Calibration Standard ___* Techns Calibrator, Fluke 701 Sorial Number 30624/18, £920103
Etmndard Ingtrumant Standard I‘ Instruman Standard Instrument
- ard Elament A

990 Deg. F £86.16 Deg. F

1000 Deog. F | 998.00 Deg. F

and MIL-STD-45862A with test mumwummwamm
Tm.mwmhuwuumnmmm.

Applicable NIST. No's:

Commerts: 19sted at customer provided points g
A\

LAB Temperature TF

LA Hurnicity 47%

Recertification Dus 6/21/00

e e
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JUN-24-99 THU 02:04 PH

43 INSTRUMENT
§uINSTRU

P, U3/

CONDITION FOUND RE?OR'@

BRANOM INETRUMENT COMPANY

1-800-767-6051
3
Date 6/21/989 5
Purchase Order # _580033-0643
Customer Name JP Dokoozian & Associates Address 406 W. Fireweed Ln. #101
—y Anchorage, AK 89603-2468
instrument Make __1/C Assembly  padel Type K, Dual Element ___ Serial Number _TMS-TEOS Element A
Calibration Standard Techna Calibrator, Fluke 701 Sarial Number 30524/18, 6920103
STANDARD INSTRUMENT READING STANDARD INSTRUMENT READING
oF -3F 550 F 5508 F
BOF 49.7 F 600 F B00.65 F_
100 F pa.7F 650 F B AR E .
160 F 1602 F J00F 70175 F J
200 F 2008 F JE0 F JB2 F
2EQ 260.5 800 E RO2BEE
o 300 F _3NO QK F ~BEOE __BABARF
400 E 4003 EF 90N E RARNOE
. 40 F 4EN4F Q10 E 90B 00 F
. L]
00 E EOO.AE a20F 918 40 F

CONDITION FOUND: jthin specs. for accuracy

RECOMMENDAT IOM :certify as needed.
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JUN-24-89 THU 02:05 PH

INSTRUMENT CONDITION FOUND REPORTA

maTm.\HEIIT COMPRANY

Mm-?ﬂ-slﬁl
* . *
Date 6/21/99
Purchase Order # _980033-0643
Customer Name JP Dokoozian & Associates Address 406 W. Fireweed Ln. #101
Anchorage, AK 99503-2469

\nstrument Make __TIC Assembly  Model _ Type K, Dual Element __ Serial Number TMS-TEQS Elament A

Calibration Stanuard ___ Techne Calibrator, Fluke 701 Serial Number _30624/18. 6320103
STANDARD INSTRUMENT READING STANDARD INSTRUMENT READING

930 F __D28F : e
940 F _938.2F i
950 F __9482F
960 F ' 8BLTE :
870 F BB E

_____9B0F 9778 F
990 E QB 15 E
1000.F . QaRE

CONDITION FOUNDIithin specs. for accuracy

RECOMMENDAT ION tcertify as needed




JUN-24-89 THU 02:08 PM ~ F. Us/ Uy
Branom Instrument Co.
7 ‘M: _'l ' - A o i f d s
% SINCE 1947 / « For TIME «FLOW
« TEMPERATURE + LEVEL
PRESS « CONTROL SYSTEMS
1-800-767-6051 il
WASHINGTON DREGON SAHD ALASKA 4
HOME OFFICE RICHLAND OFFICE  SPOKANE OFFICE B PR gt ey
5so:'ma B“m m—m.r D'v::lw‘m 1302 s;mm Bm . mn.“ OR §T217-3186 1 a0C-237- 3067
Snatlle, WA 98108-0307 1-509-534-B305 or 5386 1-503-283-2555 UTAR
1:206-T52-8050 FAX 1-508-736-5453 FAX 1-809-534-2307 FAX 1-5603-283-2652 Cail 1-A00-257 5047
FAX 1-208-TBT-5880 1-B00-422-5755 1+ BO0-257-3047 EUGENE 1-503-883-2707
1:B00-452-4454
: INSTRUMENT CERTIFICATION REPORT .
Certification of Accuracy
This instrument has been calibrated to manufacturer's specifications June 21, 1998
and is traceable to NIST and in accordance with MIL STD 466224, Dats iy
1SO9000, and ANSI/ASQC Q9002 procedures. Purchase Order ¥ 980033-0643

JP Dokoozian & Associates
92057

408 W. Fireweed Ln. #1017
Anchorage, AK 99503-2649
TMS-TEOS

Customer Name Address

instrument Make ___1/C Assembly  yuoqg  Type K, Dual Element serial Number

Techne Calibrator, Fluke 701 Serial Number 30524/18, 6920103

Calibration Standard
Standard Instrument Standard Instrument Standard Instrument
—STanETd Ersment & smnaErd—— | Element B | Stendard | Eements
0 Deg. F -3 Deg. F 450 Deg. F --{50.55 Deg. F 900 Deg. F 901.76 Deg. F
50 Deg. F 49.7 Deg. F 50O Deg. F 00.65 Deg. F 910 Deg. F 911.36 Deg. F
100 Deg. F 99.7 Deg. F 560 Deg. F §50.7 Deg. F 920 Deg. F 918.4 Deg. F
160 Deg. F 1560.2 Deg. F 600 Deg. F 600.7 Deg. F 930 Deg. F 928.2 Deg. F
200 Deg. F 200.5 Deg. F 650 Deg. F 651.3 Deg. F I 940 Deg. F 938.2 Deg. F
250 Deg. F 250.5 Deg. F 700 Deg, F 701.8 Deg. F 950 Deg. F 948.2 Deg. F
300 Deg. F 300,95 Deg. F |- 750 Deg. F 752.10 Deg. F 960 Deg. F 957.7 Deg. F
350 Deg. F 350.6 Deg. F 800 Deg. F 802.75 Deg. F 970 Deg. F 968 Deg. F
400 Deg. F 400.3 Deg. F 860 Deg. F 862 Deg. F 980 Deg. F 977.8 Deg. F

Remarks: All tests have been performed in accordance with all applicable requirements of MIL-Q-9858A, MIL-Q-45208A
and MIL-STD-45662A with test equipment certified to standards traceable to the National Institute of Standards and
Technology. The tested instrument Is certified to be accurate to manufacturers specifications.

Applicable NIST. No's:
Tested at customer provided points ST

Comments:

LAB Temperature : :E <
LAB Humidity P =
Recartification Due oo

.W e
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JUN-24-88 THU 02:08 PN F. Uo/uy
Branom Instrument Co:

» For TIME « FLOW
« TEMRERATURE * LEVEL
1 -800..767.5051 . PI:EBBIJI\‘E + CONTROL SYSTEMS
NASHINGTON OREGON IDAHO ALASKA &
HOME OFFICE RICHLAND OFFICE SPOKANE OFFICE PORTLAND DFFICE BOISE 2RITISH COLUMEL
P.0, Box 80307 P.0. Box 1302 North 825 Helena. 8435 N Intorstals Pince 1-208-306-5484 Tl 1-6D0-854-5205
500 Fourth Ave. South  Richiand, WA 99352-1302  Spokane, WA 59202 [Portiand, OR §T217-3186 1-BO3-257-3047 :
Seatis, WA 58108-0307 1 1-509-534-9305 or B368 1-503-283-2555 UTAH ]
1-206-782-6050 [FAX, 1-508-T36-5453 FAX 1-505-534.0397 FAX 1-508-263-2652 Call 1-800-257-3047
FAX 1-208-767-5680 5735 1- 800-257-3047 1-503-883-2707
1-800-452-4454
INSTRUMENT CERTIFICATION REPOAT ————————————————
F Certification of Accuracy !
This instrument has been calibrated to manufacturer's specifications June 21, 1999
and is traceable to NIST and in accordance with MIL STD 45622A, Date une £1.
ISO9000, and ANSI/ASQC Q9002 procedures. Purchase Order # 980033-0643
Custorner Name JP Dokoozian & Associatas Address 406 W. Fireweed Ln. #101
92087 Anchorage, AK 98503-2649

Instrument Make ___1/C Assembly Mode! Type K, Dual Element Serial Number TMS-TEQS

Calibration Standard Techne Calibrator, Fluke 701 ' Serial Number 30524/18, 6920103
Standard Instrument Standard Instrument Standard Instrument
~—Standard Element B

980 Deg. F 988.15 Deg. F

1000 Deg. F 998.00 Deg. F

-2 "

Remarks: All 1ests have baen performed in accordance with all applicable requirmants of MIL-Q-9858A, MIL-Q-45208A
and MIL-STD-45662A with test equipment certified to standards traceable to the National Institute of Standards and
Technology. The tested Instrumént is certified to be accurate to manufacturers specifications.

Applicable NIST. No's:
Tested at customer provided points

Comments:

LﬁB:T perature 70F
LAB Humidity 47%
Recertification Due 6/21/00
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BRANOM INSTRUMENT COMPRNY
1-800-767-6051

Date 6/21/99
; Purchase Orcer # _ 980033-0643,
Customer Name JP Dokoozian & Associates Address 408 W. Fireweed Ln. #101
= Anchorage, AK 99503-2489 :
instrument Make __1/C Assembly _ poggl__ TYPe K, Dual Element _ Serial Number _TMS-TEQS Element B
L]
Calibration Standard Techne Calibrator, Fluke 701 Serial Number _30524/18, 6920103
STANDARD INSTRUMENT READING STANDARD INSTRUMENT READING
OF -3F 500 F 500.656 F
B0 F 497 F 660 F 550.7 F
100 F 99.7F 600 F 600.7 F
1650 F _180.2 F 660 F 8513 F dag;
200 F 2005 F 700 F 701.8F
280 F 2605 F 750 F 762.10 F
200 F 300,95 F = '800F SBONIEE e o s
B0 F AB0EF B0 F BE2 F
400 F *___400AF _900F : 901.75 F
450 F ARD.GRF 910 F 91136 F
CONDITION FOUND: ithin specs. for accuracy
RECOMMENDATION : certify as needed
TEST TECHNI

mm/mﬂ swee[] rve el
ou[] seo[] ommce[] pe/GveA[] o
ca[] wrs[] Rre[] onerEm[]
Rem[] o A
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JUN-24-88 THU U205 P

@NSTRUMENT

CONDITION FOUND REPORTA:

BRANOM INSTRUMENT COMPANY
1-800-767-6051

. U8/ U3

L

-

Customer Name — < LOKOOZAN & A — —

JP Dokoozian & Associates

Address

Purchase Order # _980033-0643
406 W. Fireweed Ln. #101

Date 6/21/99

- Anchorage, AK 99503-2469

\nstrurment Make __TIC Assambly _ Model . Type K, Dual Element __ Serial Number _TMS-TEOS Element B

Calibration Standard . Techne Calibrator, Fluke 701 Serial Number _30524/18, 6320103
STANDARD INSTRUMENT READING STANDARD INSTRUMENT READING
920 F _9184F e =
830 F 9282 F
940 F 9382 F b
980 F 9482 F
960 F 957.7F
a70E QA F
980.F ___ 977BE
Q80 F 988 18 F
1000-F 908.00F

-

CONDITION FOUND: within specs. for accuracy

-

RECOMMENDATION : coriify as needed

"

TEST TECHNICIAN
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* AIDEAHCCP SITE CONSTRUCTION MANAGEVENT

ALASKA INDUSTRIAL DEVELOPMENT

arosTccmomeT  jmo Al ASKA

*

HEALY CLEAN COAL PROJECT

TEMPERATURE INDICATOR CALIBRATION SHEET

Date x.a.é!.f/zz

System _2M.S

t |
Location l:ﬁ[ M&"kﬁ

Equipment Type/Manufacturer _7—<& féﬂzﬁ 4 Tag No. ms-TE

Snubber used: Yes []

No Cleaned [

Percent Input Actual (Std) Tl Indication

0 22" By S

25 2102° 2027

50 233"’ 33/.9

75 = 5/5;;.5-

100 =72’ $73.6

75 HLo " “52.3

50 33>° - 332/

25 2l 2" % 22,3 . |- "

0 g 9.9
Remarks: Harl Ory we ll rgl.’ll.-)f'c:\-{)r 3353T
Figke TR, Peocees (alihauinl

Performed by: 5 3 Date: -
Witnessed by: g :’ f /f /El: ik Date: IZ{Z"‘I /93, :
Witnessed by: Date: /Zég ééﬁ

H:ALW.E.F.lemg im0 cabonmen

-
-
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* AIDEAHCCP SITE CONSTRUCTION MANAGEMENT

AII\

oL csmeT o A AGKA

HEALY CLEAN COAL PROJECT
TEMPERATURE INDICATOR CALIBRATION SHEET

Date ,2/9 _{fg System 2MS

Location 139"t By 1

Equipment TypeManufacturer _7-& (_/ngga TagNo. 2 MS-TEQS

Snubber used: Yes []

No Cleaned [

Percent Input Actual (Std) T Indication

o 22" Z2”

= 22’ - V1

50 332° - 3319

2 Yo" AS2S

100 s73-° 573.6

75 Hso® 523

50 33>° 232./

25 22" 2/2.3
e Yl 9.7

Remarks: Hart Dpvwcu_cs[.'(orf:h_r 58537

PLite mie B s £ Rl ador

Performed by:

Date:

Witnessed by: . ; Date: JZ/Z4 /25/ !
Witnessed by: E Date: gzé;ég

HALW.5 Flamg ing caloemton

-—
-
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* AIDEA/HCCP SITE CONSTRUCTION MANAGEMENT

*
"B\ emmmmET /2 A

D ENERCY AUTHOMTY

* & :
HEALY CLEAN COAL PROJECT
TRANSMITTER CALIBRATION & CONFIGURATION SHEET
Date 9-23-48 System RS Location \3A1' west Sgbe o Soiwr
Equipment Type/Manufacturer Cacs P15 /Ba e Tag No. zBS -PTid
Mode: (4 Analog [ Digital — Channel Number
Output Type: [ Linear [ Square Root [ other
Output Action: ] Normal [J Reverse
Damping: Y. sec. (0.00 to 32.00 seconds, default = 0.5 sec.)
Engineering Units:  [] H2O (inch) [ HG (inch) ¥ Psi [ Other
Lower Range Value: _©  Specified LRV Upper Range Value: 2200 Specified URV
Initialize Mode: X Lew High - i
Fail Mode: _X _ Low ____ High Last
Secondary Units: Hua__ Secondary LRV 20 wA_ Secondary URV
Temperature Alarm: =Yp%c  Lower Temp Alarm  85'<.__ Upper Temp Alarm °
% Input Unit Input Expected Output | Actual Output DCS Reading

0 o] Huh LTr- 5T [or) W -

25 SO0 _oss B mh B ua - R =

50 |__1000 ps) 1. 4 ? [ Zua 498 pse

75 1SoDo% 1o ma [Gme (497 __si

100 Z00oes! o ) 20.us 1492, s

75 ) 50D osi Lo aa Llvia b e pse

50 ;Loﬂgif LZ ma | Tt 185 Psf

25 |__SD00pe, 8 ma B 448 g‘s;

0 =] . H ma Y s pre : = a1

Test Equipment Used: A<wgrrr PoetAR e DEAD.WEHey r-TEs5TER: - Type Hrsege 3 =~
—Bavey sTnze Fue 6T '

Remarks:

Performed by: Date: _& -Z2 -1%
Witnessed by: Date: _9-2395
Approved by: Date: 9-zz- 95

Held WP irans gal + conig w2

th
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AII\ wssresTR R /2 AAKA

HEALY CLEAN COAL PROJECT
TRANSMITTER CALIBRATION & CONFIGURATION SHEET

Or\nfrjq Test Gnu%f 0O-30ps T 3

Date Q.23-98 system fL)  Location . Turbine Deck

Eguipment Type/Manuracturer rnrkf‘-,\' T ansmi “g z&; lEyTag No. 2"' W-FTie

Mode: [ Analog O Digital Channel Number

Output Type: O Unear Square Root [ Other

Output Action: & Normal ] Reverse

Damping: 3.0 sec. (0.00 to 32.00 seconds, default = 0.5 sec.)

Engineering Units: A H.0 (inch) [ HEG (inch) O psi ] Other

Lower Range Value: _O _ Specified LRV Upper Range Value: 72.0) Specified URV

Initialize Mode: _V low High X

Fail Mode: Vv Low PR Last

Secondary Units: mA __ Y4 Secondary LRV 20  Secondary URV

Temperature Alarm: =50°C Lower Temp Alarm 12.0°C Upper Temp Alarm -

% Input Unit Input Expected Output | Actual Quiput DCS Reading

o O psI Y mA -~ m A -""-%_e'g_ﬂ_
25 6.5 It [ o 12.06 11396712 U
50 13 " (e e oL 15.37 11559392
75 s A= 17.16 17.9%7 1683234 v
100 26 1 20 " 9,99 n|787529 «
75 e e WL D.26 s 17.95 111682 16 W
50 T TS 5 15. 36 1559399
25 b D 1l b " 12,03 {395 133 i
0 o 1 e 1 al ul -17206 u

Test Equipment Used: STTOE cator , Flule 272 DM M

Transcol lest puemp G21SP

Remarks: _DidnT have “lar

\

(H*O

BT VT F W B - e U colibhretiany

qug_;,\ﬁ.ohd_

Date:

Date: _9-772~ IE:

HALW.EF.rans eal » conkg

)
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‘l. s e = ALAKA

HEALY CLEAN COAL PHOJECT
TRANSMITTER CALIBRATION & CONFIGUHA'HDN SHEET

Date 9-24-98  System M5 Location ' Uarbs sibe ob Autere
Equipment Type/Manufacturer PTs Vs Tag No. zMS-PT8S
Mode: ¥ Analog O igital ______Channel Numbe
Output Type: (¥ Uinear [J Square Root [ Other

Output Action: X Normal ] Reverse

Damping: .3 sec.(0.001032.00 seconds, default = 0.5 sec.)

Engineering Units: ] HO (inch) [J HG (inch) [x] psi O Other
Lower Range Value: Specified LAV Upper Range Value: 2229 Specified UR

Low High ;
Fail Mode: v [ A Low High Last

Secandary Units: YuA Secondary LRV 204 Secondary URV

Temperature Alarm: /_ Lower Temp Alarm ﬂ[__ Upper Temp Alamm

% Input |, Unit Input Expected Output | Actuai Output | DCS Reading
0 ) H _mA H.03 mA | pst
25 So0 o= & s G oz mp | Sotpsi —
50 jpo @ ‘:m' [T A | 1200 ma [ 0PLps)
AN 1520 i (¥ s, [ 6:03 mk 1501 g5t
100 ga=1-12) A 70 44 7o 0k ut 2005 psi
75 150 px’ Vb AL oY s 1 SoZ og;
50 1000 osi | 2= A |Zz.0Rme | 100l psi
25 S0D oui g uk 5 0% wi | 501 pu
0 g o 4.02nk 0 psi
Test Equipment Used: Achcr2fé clvad Weishté fes Le—*F (305 R
Flow 810l
=
Remarks:

]

Performed by: I o Date: 9-24-9%
Witnessed by: é 5 ?ﬁ ST R Date: 72 ;_ %
W £ Ak

Approved by: Date:

HEALWLS FIFLA Sl & canie

"
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/= ALASKA

e ENERGY AUTHORTY

HEALY
TRANSMITTER CALIBRATION

CLEAN COAL PROJECT
& CONFIGURATION SHEET

Date ﬁ—Zﬂv‘U System YS  Location S. W cerner Turbine ;g_xj_’
Equipment Type/Manutacturer Gayae TS / Rai Ic';; TagNo. 2M S~ PT1O
Mode: Analog [ Digital ______Channel Number
Output Type: A Unear ] Square Root [ Other
Qutput Action: Normal [ Reverse |
Damping: 50 sec. (0.00 to 32.00 seconds, default = 0.5 sec.)
Engineering Units: [ HzO (inch) [ HG (inch) [ psi O Other
Lower Range Value: __Q _ Specified LAV Upper Range Value: _ 1500 specified URV
Initialize Mode: _V lLow High i
Fail Mode: _V Low U High Last
Secondary Units:m A __H__ Secondary LRV 2.0 _ Secondary URV
Temperature Alarm: ~40'C Lower Temp Alarm §S°C Upper Temp Alarm -
% Input | Unit Input Expected Output Actual Output DCS Reading
0 o 4 mA- Boe—| -2 PSI
25 275 .51 g A B mh - 370 253
50 150 ¢ST 1L mA [2mA 74s 251
75 1 pS.1 (o A 16 mA {21 PS.I
100 |SOO PS. 20 mA 20 - A |49 252
75 1125 psx T 16 mA 1122 2SI
50 75 @ es1 12_mA 1ZmA W7 gL
25 275 . BL g wmA TmA 222 ©5.2
9 _Q B m ﬂ L{ -ﬂA ""?- 2 S_I_'
Test Equipment Used: _ Rauley sT102.£ ., Fluke g7 DMM R,
iq(lﬂcrh{'? Ae ué‘ Wi ;E..JL'\T Tesler 1305 B
Remarks: ¥
Performed by: /Qﬂ rib A;,,/ Nl Date: . 2. Y95
Witnessed by: ; Date: _4-24-98
Approved by: Date:

WS F irane eal » g

"



ey
8Bl 12

pa

* wmmﬂwmﬂ

AI\ wegrosTAEETST 12 AASKA

HEALY CLEAN COAL PROJECT
TRANSMITTER CALIBRATION & CONFIGURATION SHEET

s

3

Date §-24-4% System M5 Location z£4 ' Wpeth side turlbing gcl o ‘
Equipment Type/Manufacturer £He g_r% ZE!‘I i Fexsemes TdgNo. 2-MsS -PTBL :
Mode: (9 Analog [ Digital _____Channel Number
Qutput Type: (¥ Linear [ Square Root [ Other
Output Action: (€ Normal [ Reverse
Damping: ~ 3 sec. (0.00 to 32.00 seconds, default = 0.5 sec.)
Engineering Units:  [J H.O (inch) ] HG (inch) ¥ Psl I other
Lower Range Value: Specified LRV Upper Range Value: 2200 Specified URY
Initialize Mode: Low High . L.
Fail Mode: L e iy High : Last
Secondary Units: _Yus Secondary LRV _Z2uk Secondary URV
Temperature Alarm: Lower Temp Alaim Upper Temp Alarm -
% Input Unit Input Expected Output | Actual Qutput DCS Reading.
0 © pai ok ; HoZ-ma | g Flp'
25 50D _psi Rk 8oz us So0 osi
50 |oo0 gsi \2e sk N2 LZ mi (oD psi
7S 1590 osi \b mk | 6-0Z wt 1520 g1
100 200 o5 20 mAk 20 .00m i Zoos i
75 500 p.,. 2PV lr D2t |Soe :E"
50 |ooC  p5) 2 & | Lol mb 599 psi
25 Seoo l_-,.,. & sk B.ozm#m 499 ps/
9 o __ o H Ak H.a3 ma I par
Test Equipment Used: AsheroF+  Dead | emil—bates ¥ I30SB
Tlvke 67 T
Remarks:
Performed by: 5 Date: _q-24-1%
Witnessed by: ¢ : Date: _7-Z
Approved by: PRl v st AT Date:
Wl WS F irane oal & oondg : R
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HEALY CLEAN COAL PROJECT
TRANSMITTER CALIBRATION & CONFIGURATION SHEET

1350° AS oo Rosees
TagNo. 2Ba-oraic

Date ,s/ia
Equipment Type/Manufacturer GAucE AT /BA ey

Systen 3 4 Location

Mode: & Analog [J Digital Channel Number i
Output Type: [& Linear [ Square Root [ Other |
Output Action: & Normal 7 Reverse '
Damping: _s.o _ sec.(0.00to 32.00 seconds, default = 0.5 sec.)
Engineering Units:  [&H,0 (inch) [J HG (inch) O pst O Other
Lower Range Value: -2se.s-~ Specified LRV Upper Range Value: <2990 = Specified URV
Initialize Mode: «” Low High - '
Fail Mode: v Low High . Last
Secondary Units: #0 - 4 Secondary LAV 20.0 ~4 Secondary URV
Temperature Alarm: -+b.0'c Lower Temp Alarm £59°< Upper Temp Alarm . -
% Input Unit Input Expected Output | Actual Output | DCS Reading

0 =20.0 wm HsO Ao mA 399mA ‘ -”;Q, oz

25 - 19.0 7.0 7.96 -0,V

50 0.0 i /4 F2 -0.06

75 /0.0 /6.0 /5270 9,92

100 20.0 20.9 /9.2 /9 89

75 /0.0 /6.0 /59 e 1

50 0.0 /2.0 /293 - o0.0F

i 10:0 ) 295 -/0.05—

] 200 ¥.0 3.99 -20.97

Miere o Tazae Tdaum.tos Moo " DP220L

Test Equipment Used: Bareey SommunscaTos Moo = c7r02E [Frems 5 rmuunimenie

Remarks:

Performed by: Date: /a/:-u-fzz
Witnessed by: Date: 227 (7=
Approved by: Date:

LWL B P rans cal  condg -_— A
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* AIDEAHCCP SITE CONSTRUCTION MANAGENENT
AII\ BT /S KA

HEALY CLEAN COAL PROJECT
TRANSMITTER CALIBRATION & CONFIGURATION SHEET

Date ,a/ag/og  System s/ Lacation ng ‘(Sor s )

Equipment Type/Manufacturer cAwes 2 T‘/ Baisy Tag No. 2w - 2T 37
Mode: [ Analog [ Digital Channel Number
Output Type: [ Linear (] Square Root ~ [ Other

Output Action: [’ Normal O Reverse

Damping: 4o sec. (0.00 to 32.00 seconds, default = 0.5 sec.)

Engineering Units: [ HO (inch) 1 HG (inch) @ PSI [ Other
Lower Range Value: 9.0p011 Specified LRV Upper Range Value: 2¢co.¢ Specified URV
Initialize Mode: i Low High =

Fail Mode: L low High Last

Secondary Units: #om 4 Secondary LRV _20.0-ASecondary URV

Temperature Alarm:  -#2.0°C Lower Temp Alarm  Zs=2 “<-Upper Temp Alarm -

% Input Unit Input Expected Output |  Actual Output DCS Reading
0 0.0 03, A0 mA 399 4 __g_.__a_&.,a.:g
25 svo. 09 9.0 .00 _spo.f
50 /000,20 /2.0 i R T 1
75 /S009, 00 6.0 /6. 02 s520, a
100 | 2000.00 29,4 20.03 BT R R i L
75 /S©00 . 00 /6.0 /6,07 o. /
50 /D23 .00 Y- .0/ rpeo./
25 sv0.00 g.0 g ol #FEX
0 [ o .o £ o0 2.0/
Test Equipment Used: _24se2y/ camﬂg“;c.uég Py s_n:ea%‘ 7
_AmsrEk fressugs TEs [k AT rmwntior
Remarks:
Performed by: ;t":id’-.‘/ (& P il Date: __ /2
Witnessed by: ;TP Date:
Approved by: T s Date: /Z2/Z.
HMLW S irane cal » conig [0 )
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HEALY CLEAN COAL PROJECT
TEMPERATURE INDICATOR CALIBRATION SHEET

ion (3 fiz 5
Date m System 2 F () Location /31 /G2~

Equipment Type/Manufacturer 7, (" [ Temie £ TagNo. 2+ tJ)-TE7"
Snubber used:  Yes [ No A Cleaned [J
Percent Input Actual (Std) 1: Indication
0 G2° 1 Q4" F
25 a1 2" 211.6°
50 2328 330.3':
7 ysz° M6
100 5?2"}:' 8700 =
s yor’ 450.7°F
L 337 3304°
25 212% ] : A L i S
: 92°F 92.° F

Remarks: _fo 1 Dr\r Black cal Acﬁﬁ\r" S¥5 3T
F{Uk*ﬂ. 7{7’1’5 Process !'CJ:A;’:&LTW

B ] ——— .

Performed by: ﬁ;’{ ﬁ?ﬁ:,é S Date: fZ{éEﬁéZ

Witnessed by:

‘Witnessed by: % " ‘éé' & © Date: g_’é%é’g

Holk W, 5.F.1eme v castrmuon
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* AIDEA/HCCP SITE CONSTRUCTION MANAGEMENT

AI\ MSNSETIERRST /2 AAKA

HEALY CLEAN COAL PROJECT
TRANSMITTER CALIBRATION & CONFIGURATION SHEET

Date %-11-99  System YAZC Location £]. (347" / V2122

Equipment Type/Manufacturer _2an ey PTS 5 Tag Na._ ZRe -FTo 9
Mode: [T Analog O Digital Channel Numbe
Qutput Type: &Linear O Square Root. [ other

Output Action: & Normal ] Reverse

Damping: 4.0  sec. (0.00 to 32.00 seconds, default = 0.5 sec.)

Engineering Units:  [2+A1;0 (inch) [ HG (inch) O psi [0 Other
Lower Range Value: ~{2' H;0 Specified LRV Upper Range Value: O~ W20 Specified UF
Initialize Mode: _Z Low High - :

Fail Mode: v Low High Last

Secondary Units: 4274 Secondary LRV 20 A Secondary URV

Temperature Alarm: —40'c.  Lower Temp Alarm 5, Upper Temp Alarm

% Input Unit Input Expected Output | Actual Output DCS Reading

0
25
50
75
100
75
50
25

0

Test Equipment Used: AU B SO TOZE = omo

Remarks: RERLHQE-.D" TRANSMITTER Fe oA -—to“ﬂqﬂ To O

T -12'"R.0 To 2" ez NARIL

Performed by: Date: .
] Witnessed by: Date: =
Approved by:  Peisnudl £ -c{tl'L Date:

Ho 5 .o o0 » coniy
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AIDEA FWEC CONTRACT NO. 200595000
HEALY UNIT #2 CR-351

ABSTRACT

Boiler performance guarantee tests were conducted on the Alaska Industrial
Development and Export Authority’s (AIDEA) Healy Unit #2 on March 29-
30,1999, Tests were performed at 100% and 60% MCR outputs.

Guaranteed values along with test values are listed in the table below. Unit
guarantees are at 100% MCR only and the 60% values are for the steam
temperature guarantee. All contract guarantees have been met. :

Guarantee value 100% MCR Value
Steam Flow 490,000 lbs/hr 494,865 lbs/hr
Press. Loss = Econ. 50 psid 39.3 psid
Inlet to Drum
Press. Loss — Drum- 126 psid 84.4 psid
to Sec. S.H. Outlet
| S.H. Outlet Temp. 955 £ 10°F 957°F
Draft Loss Furn. To 19 in. w.g. 15.9 in. w.g.
Air Heater Outlet
F.D. Fan Motor 3150 KW 1492 KW
Power Output
Pulv. “A” Motor 330 KW 213.6 KW
Power Output’
Pulv. “B” Motor 330 KW 204.4 KW
Power Output
Guarantee value 60% MCR Value
Steam Flow N.A. 295,124 lbs/hr
S.H. Outlet Temp. 955+ 10°F 954°F
Page ii __

!



L)

AIDEA FWEC CONTRACT NO. 200595000
HEALY UNIT #2 CR-351
1.0 OBJECT

2.0

3.0

The purpose of this test is to demonstrate unit performance in meeting the
boiler contract performance guarantees only.

INTRODUCTION

2.1

The subject steam generator is a FWL “SF” top supported, two (2)
drum, natural circulation, balanced draft boiler designed specifically
for firing pulverized coal. The boiler is rated for 490 klb/hr steam
flow at 1300 psig and 955°F. The boiler is fired with two (2)
slagging combustars supplied by TRW. Pulverized coal is supplied to
the combustors from two (2) FWEC MBF-21.5 pulverizers.

TEST PROCEDURE

3.1

3.2

3.3

The 100% MCR test was conducted for four (4) hours at the required
490 kib/hr steamn flow rating with the guaranteed pressure and
temperature. [Excess air was targeted at 18% which equated to
2.79% 02 wet. 02 was measured at the economizer outlet with
plant instrumentation. The O2 analyzers were calibrated prior to the
testing.

The 60% MCR test was conducted for approx. two (2) hours with .
294 kib/hr steam flow and at the guaranteed temperature.

Prior 10 each test, all sootblowers were operated and then isolated
during the testing. Blowdown lines were closed prior to the start of
testing.

Raw coal samples were collected from both feeders every hour from
the sampling connection on the feeders. These coal samples, at the
end of the tests, were thoroughly mixed together and quartered. Two
portions of the sample was given to AIDEA for independent analysis,
one portion given to Golden Valley Electric Association (GVEA), and
one portion was kept by FWEC for analysis. FWEC coal samples
were analyzed for proximate / ultimate, HHV, HGI, sizing, and ash
fusion temperature. Results of the analysis are presented in
Appendix C.

Fly ash, bottom ash, and pulverized coal samples were not required
and thus were not taken during the testing.

Page 1=—
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AIDEA @ F FWEC CONTRACT NO. 200595000
HEALY UNIT #2 CR-351
4.0 DATA

4.1 Unit Operating Data

During each of the tests, boiler data was recorded on a continuous
basis by AIDEA using the plant DCS. Copies of the DCS boiler data;
taken at 12 minute intervals and continuous data was given to all
parties involved in the testing. The attached Table No. 1 Is a summary
of the data during the test periods. The large quantity of raw data
taken continuously during the testing is available on compact disc.

5.0 CALCULATIONS AND RESULTS

5.1

Capacity and Pressure
5.1.1 100% MCR Test

Steam flow, feed water flow, and superheat spray values were
measured by plant instrumentation and were indicated by the plant
DCS. The guaranteed 100% MCR (490 kib/hr) steam flow was
recorded at 494,865 Ibs/hr average for the test period. The average
superheat outlet pressure and temperature were 1308 psig and 857°F
respectively for the test period. The boiler capacity and superheater
outlet temperatures guarantees are therefore met. :

5.1.2 Motor Power Consumption

Motor amp and bus voltage readings were taken by AIDEA during the
test periods. The pulverizer and forced draft motors have power
guarantees. The calculated pulverizer mator power output during the
100% MCR test was 213.6 KW and 204.4 KW for A & B mills. These
values are below the 330 KW guarantee value and therefore meets the
guarantee.

Motor amp and bus voltage readings were taken for the F.D. Fan motor
during the 100% MCR test. The calculated power output for this motor
is 1492 KW. This value is below the 3150 KW guarantee value and
therefore meets the guarantee.

Pulverizer and F.D. Fan shaft input power was calculated using the
following equation:

KW = (Volts x Amps x 1.732 x PF x EFF) /1000

Where PF is power factor and EFF is efficiency and are taken from the
manufacturers data sheets for the various motors. These sheets are
located in the Appendices A&B.

Page =
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AIDEA
HEALY UNIT #2

FWEC CONTRACT NO. 200595000
2 CR-251

5.1.3 Pressure Drops

The Following Are The Guaranteed Values That Were Verified During The
Test:

5.1.3.1 Fluid Pressure Loss Between The Drum And The Superheater
Qutlet.

The drum pressure during the 100% MCR test was 1336 psig and the
superheat outlet that was taken at the Turbine Throttle was 1251.2 psig,
a drop of 84.8 psid. This 84.8 psid pressure loss did not exceed the
126 psid guarantee and thus met the guarantee.

5.1.3.2 Fluid Pressure Loss Between The Economizer Inlet And The
Drum. !

The drum pressure during the 100% MCR test was 1336 psig and the
econmizer inlet pressure was 1375.3 psig, a loss of 39.3 psid. This
39.3 psid pressure loss did not exceed the 50 psid guarantee and thus
met the guarantee.

5.1.3.3 Draft Loss Between Furnace To Gas Outlet Of Main Tubular Air
Preheater.

The main tubular air heater gas outlet pressure during the 100% MCR
was -16.84 inwg and the furnace pressure was -0.93 inwg for a
pressure drop of 15.9 inwg. This pressure drop did not exceed the
19inwg guaranteed pressure drop and thus met the guarantee.

6.0 ACKNOWLEDGEMENTS

These tests were accomplished with the assistance and cooperation of Clive
Herrington and Nabil Massarwah of AIDEA, James H. Knowiton of Stone and
Webster Engineering Corp., John Zarling of Strandberg Engineers, and the
operating personnel from AIDEA’s Healy Plant.

Foster Wheeler was represented on-site by the writer.
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AIDEA @ FWEC CONTRACT NO. 100595000
HEALY UNIT ¥2 CR-351
FOSTER WHEELER CORPORATION CONTRACT NO.  __HCP.009
TEST AND PERFORMANCE GROUP TABLE 1 CUSTOMER: _AIDEA
BOILER DATA LOCATION: _HEALY#2
PERFORMANCE SUMMARY
PAGE 1

TEST 1 2

DATE 3/20/99 03/30/99

TIME 19:30-23:00 | 09:21-11:55 REMARKS
LOAD [%MCR) 100,00 60.00 2GM-JTO3
|Megawatts (gross) 61.02 35.85 2GM-JTO3
FLDNS-“‘ATE, AIR AND STEAM (LEHR)

| Steam Flow (Ibhr) 403865 295124 g2
Feecwater Fiow (Ibhr) 487855 291026 2FW-FT28
Altemperator Spray Flow (Ib/hr) 12131 1392 _2FW-FT04
Spray Vaive Position 2747 3.42 2PW-TY31-5T
Overfire Air Flow (kib/hr) 16.27 18.90 ;ZM‘!&
Qverfire Air Flow (ikib/hr) 215 214 2BA-FT14B

Nox Port Airflow (Kibihr) 14.20 14,00 2BA-FTTIA

Mox Port Airflow (idb/hr) 5287 _ W77 2BA-FT718
TEMPERATURES - WATER AND STEAM
|FP Feedwater Heater iniet No, 4 3065 | 280.04 IFW-TE1B

High Press Feedwater Outiet No. 4 371.86 334.73 2FW-TE21

HP Feedwater Heater Outlet No. 5 426.91 385.93 2FW-TE25
|Economizer Feedwater iniet 426.75 385,44 2FW-TEZT
Drum Temperature (Bottom) 570.91 563.25 2BS-TE11
Qoun T amarafira (Top) 57e.82 57068 28E-TE10
|Primary Superheater Steam Iniet(Tube MstalTamp) 748.83 748,44 2B5-TESGB
Primary Superheater Steam Inlet(Tube Metal Temp) 741,81 733,63 _2BS-TESSE
Primary Superheater Steam Outiet 828.02 816,16 28S-TE17
|Secondary Superheater Steam Injet 769.80 781.93 28S-TE18
|M Superneater Steam Outiet  ~ 956.58 954,08 2MS-TEDS
rmessms - STEAM AND WATER (PSIG)

Ecanomizer Fesdwater Inlet Pressure (psig) 1375.31 130212 2FW-PT33
Steam Drum Pressure (psig) 1336.03 1275.06 2BS-PT14
Primary Supsrheater Outlet (psig) 1319.50 1269.30 2BS-PT16
Secondary S Outlet (psig) 1308.00 1295.00 local gauge reading
lsmm Drum Pressure @ 1336.03 1275.08 2BS-PT14
Turbine Throttle Pressure (psig) 1251.23 1243.83 2MS-PY108
Turbine 15t Pressure (psi 1163.92 703.43 2MS-PTE2
Turbine 18t Stage Pressure (psig) 1164.89 703.84 2MS-PTE3
-_—
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AIDEA @ FWEC CONTRACT NO, 200595000
HEALY UNIT #2 CR-351
FOSTER WHEELER CORPORATION CONTRACT NO.  __HCP-000
TEST AND PERFORMANCE GROUP TABLE 1 CUSTOMER: _AIDEA
BOILER DATA LOCATION: _HEALY®#2
PERFORMANGCE SUMMARY
PAGE2
TEST 1 2
DATE ar20/99 03/30/29
TIME 19:30-23:00 | 08:21-11:55 REMARKS
TEMPERATURES - AIR AND GAS [I'F)
Low Temp Airhester Alr iniet 9554 107.69 2BA-TEO4.
Low Temp Alrheater Air inlet 84,65 108.57 28A-TEDS
Low Temp Alrheater Air Qutiet 438.60 408.74 2BA-TEDS
Low Temp Alrheater Air Outist 439.01 408,91 2BA-TEDS
HETﬂMMHOM B801.18 TRAT 2BA-TE3T
Temp Alrhester Double Alr Outlet 801.03 775 2BA-TE38
rm Gas Outlet s&n S55.79 2FG-TE11
Economizer Gas Outlet M_4£_5 S57.81 !_ﬂ!-‘l'!la
Low Temp Airheater Gas Outlet 304.08 29&_?2 2FG-TE14
Low Tem Airheater Gas Outiet 30447 296.96 2FG-TEIS
High Temp Airheater Gas Inlet 906,52 BOB.44 2FG-TEDS
High Temp Airheater Gas Iniet _9_?_!.85 810.07 2FG-TEDS
w Temp AM Gas Outiet 686.96 630,54 2FG-TEOT
High Temp Airheater Gas Outlet 693,81 627.47 2FG-TEOB
PRESSURES - AIR AND GAS (IN. W.C.)
Low T Airheater Air Inlet (in.we. 5528 55.00 2BA-PTDS
Low Temp Airheater Alr Outiel (in.we.) 5035 51.70 _2BA-PTO7
mh‘l‘m Alrheater Double Air Outlst (in.we.) 45.01 48.88 2BA-PT12
High Temp Aitheater Gas Iniet (in.we.) -3.07 241 __2FG-PTO4
High Temp Airheater Gas Outlet ill._m] _-!;ﬂ -5.04 ZFG-PE
Economzer Gas Outlst (in.we.) 41134 802 2FG-PT12
|Furnace Dratt (in.wve.) 087 -1.01 2BA-PT21A
Furnace Draft (in.we.) = 0.87 142 2BA-PT21B
Furnace Draft (in.we.) 086 -1.08 2BA-PT21C
Boiler Gas Outiet Pressure -'I!;If -12.20 _;T_G-PTTG
Baghouse Outlet Pressure (in.we.) -25.10 -168.05 2FG-PT20
DAMPER POSITIONS
FD Fan Inlet Damper Position (%) 48,68 44,98 2BA-FY01-ST
ID Fan Inlet Damper Position (%) 40.49 26.27 2FG-FY01-5T
Mixx Annuius Damper Position (%) . a7 E:I 2BA-ZT38A
Mix Annuius Damoer Posiion (%) 68.07 002 2BA-ZT398
PC Airflow Damper Pestion (%) 7357 16.38 2BA-ZT44A
-|Eco Bypass Damper Position 489 -5.00 2FG-TY10-5T

Page 5 -
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AIDEA @ FWEC CONTRACT NO. 200525000
HEALY UNTT 12 e
FOSTER WHEELER CORPORATION CONTRACT NO.  __HGP.009
TEST AND PERFORMANCE GROUP TABLE 1 CUSTOMER: _AIDEA
BOILER DATA LOCATION: _HEALY #2
PERFORMANCE SUMMARY
PAGE 3
TEST 1 2
DATE 3/20/99 03/30/99
TIME 19:30-23:00 | 09:21-11:55 REMARKS
OVERFIRED AIR
OFA Damper Fosition T8 0.75 2BA-ZT15A
OF A Damper Position 287 2.87 2BA-ZT1SE
OFA Damper Pesition -2.50 250 2BA-ZT1SC
JOFA Damper Position 047 0.17 2BAZTISD
OFA Damper Position . 070 0.67 2BA-ZT1SE
OFA Damper Position =483 4.85 2BA-ZT15F
OF A Damper Position -1.90 -1.90 2BA-ZT15G
OF A Damper Position _3%0 290 2BA-ZT1SH
NOx Air Damper Position 7.50 -4.91 2BA-FYSE-ST
CEMS DATA
CEMS S02 (pom) 4,88 17.08 2FG-URZZA
[CEMS 502 (IMMbtu) 0.01 0.05 2FG-URZ2B
CEMS Nox (IbMmbtu) 0.24 038 2FG-URZ2C
AIR HEATER 02 & GO
Fluegas 02 WET 342_ 737 2FG-ATOZA
Fluegas 02 WET 3.49 7.2 2FG-ATO2B
Fluegas CO 0.43 0.40 2FG-ATO3A
Fluegas CO 20.85 61.88 2FG-ATO3E8
PULVERIZER DATA
Ml Hot Primary Air Inket A 561.16 515.83 2BA-TE2SA
Mil Hot Primary Air iniet 8 550.48 51517 2BA-TEZSE
Mill Primary Alr InistA 527.45 47028 2BA-TE31A
Ml P Alr inlet B 521.86 427.97 28A-TE31B
lm Outiet Temp A 130.87 135,83 2FC-TEOTA
[Mifl Outiet Temp B 134.58 136,16 2FC-TEO7B
(Coal Flow (kibmr) A 4735 29.80 2FC-STZ3-5T
Coal Flow (kin/hr) B 4713 2978 2FC-ST24ST
Mill P Airflow (idbhr) A - 118.81 110.11 2BA-FT28A
lm Primary Airfiow (kib/hr) B 119.88 109.95 2BA-FT298
TempenngSeal Aidlow (Kishr) 702 | 10025 28AFT48
- | Mot Air Damper Position (%) A 99.71 92.88 2BA-ZT28A
Hot Air Damper Position (%) B 76.45 76.38 2BA-ZT26B
Tempening Air Damper Position (%) A 0,00 10.76 . 2BA-ZT2TA
Tempering Air Damper Position (%) 8 3.49 2545 2BA-ZT278
Capacity Damoer Position (%) A 54.68 13.70 2BA-ZT28A
Capacity Damper Posttion (%) B 76.99 84,08 2BA-ZT288




§d

ey
2. |

11

AIDEA
HEALY UNIT #2
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FWEC CONTRACT NO. 200595000
CR-351

FOSTER WHEELER CORPORATION CONTRACT NO. __HCP.00g
TEST AND PERFORMANCE GROUF TABLE 1 CUSTOMER: _AIDEA
BOILER DATA LOCATION: _HEALY ¥#2
PERFORMANCE SUMMARY .
PAGE 4
TEST 1 2
DATE 3r29/89 03/30/99
TIME 19:20-23:00 | 09:21-11:55 REMARKS
7.0 70 2FC-FTOIA
8.08 2309 2FC-FTO1E
28,88 1423 2FC-PTOSA
374 12.30 2FC-PTOSB
Rolier Seal Alr Diffsrential Pressurs (inwe.) A 18.04 21.44 2FC-PTOSA
Rofler Seal Alr Differential Pressure (inwe.) 8 14.58 1520 2FC-PTOSB
“A" PC Secondary Air Press 40.42 1451 28C-PTO4A
"B" PC Secondary Air Press 3865 21.23 2BC-PT04B
MISCELLANEOUS
|FW #5 Healer Drain 380 340 2HG-TEDS
[Turbine Control Vaive Position 5243 3841 2MS-ZT81A
Stack Diluent % 12.05 9.48 2FG-UR220
Stack Opacaty (%) 2.82 2.69 2FG-URZE
Steam Drum Level (in. we.) 0.03 0.03 20w-1t01/07-8v
ELECTRICAL POWER INFORMATION
BUS VOLTAGE 3956 4000
1.D. FAN MOTOR AMPS 185.3 160.0
F.D.FAN MOTOR AMPS 2553 725.0
[MILL EXHAUSTER FAN "A” AMPS 64.00 50.00
MILL EXHAUSTER FAN “B" AMPS 70.40 §1.00
PULVERIZER "A" MOTOR AMPS 5250 45.30
PULVERIZER "B" MOTOR AMPS _ ~ 48.50 4200
Page 7=—



AIDEA
HEALY UNIT W2

W

FWEC CONTRACT NO. 200555000
CR-a51

FOSTER WHEELER CORPORATION CONTRACT NO.  _ HCP.009
TEST AND PERFORMANCE GROUP TABLE 1 CUSTOMER: _AIDEA__
BOILER DATA LOCATION: _HEALY 22
PERFORMANCE SUMMARY
5 PAGES
ks TEST 1 2
' DATE 3/28/99 03/30/29 P 52
ME 18:30-23:00 | 089:21-11:55 REMARKS
COAL ANALYSIS
FWODC Lab. Ref. No. 880316 890317
Proximate Analysis, wi% (as received
Fixed Carbon__ 2117 2245
Vaolitile Matter 38.76 33.57
3 Ash 13.07 18.20
vl Moisture 27.00 25.78
X . [Total 100.00 100.00
’;‘r 3 Ultimate Analysis, wi% (as received
' Carbon 42.38 39.13
Hydrogen _3.35 3.00
8 Oxygen 13.46 13,15
S Nitrogen 0.55 0.55
[Sulfur 0.19 019
Ash 13.07 18.20
Moisture 27.00 25.78
Total 100.00 100.00
E Hardgrove Index (HGI) 3300 | «m
b HHV (Btu/ib) 7025.00 | 6487.00
E" 4 Sizing - 100% sample thru screen (inches) 1.25 1.50
4 Air Dry Loss (%) 15.95 16.38

(L}
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HEALY UNIT ¥2

FWEC CONTRACT NO. 200555000
CR-351
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AIDEA
HEALY UNTT #2

FWEC CONTRACT NO. 200592000

CR-351
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AIDEA @ FWEC CONTRACT NO. 200585000
HEALY UNIT #2 CR-3S1
WESTINGHOUSE MOTOR COMPANY
Round Rock, Texas USA.
INDUCTION MOTOR DATA
Customer Foster Wheeler
General Order XH 20396
Shop Order J011AA
Rating

HP : 2550 Voltage : 4000 Service Factor 2115

Phases : 3 Amperes  : 324 F.L. Speed : 1196 RPFM
Hertz : 60 Frame : 6316 Insulation Class : F

Temp.Rise: 80°C By Res At 100 SF. Locked KVA Code : G

: Calculated Performance i

Load 1.00 0.75 0.50

% Efficiency 96.8 96.9 96.5

% Power Factor 87.6 86.9 83.1

Rated Torque 11199 Ib.-ft. Starting Torque : 1%
Breakdown Torque 220% Locked Rotor Current : 2095 Amps

F.L. Slip 367 % ;

Circuit Constants
Per Unit on output KVA Base

Transient Reactance, X'd : 190

Sub-Transient Reactance, X"'d 0 o

Open Circuit Time Constant, T'de  : 3.23 Sec

Short Circuit Time Constant, T : 1649 Sec

Engineer: Thuy Nguyen Date: April 8, 1999

REV DATA:

FORM # WMC-118

"
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HEALY UNIT #2

]

FWEC CONTRACT NO. 200525000
CR-351
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FWEC CONTRACT NO. 200595000

W

Healy 2 Pulverizer Motors

AIDEA
HEALY UNIT #2
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AIDEA FWEC CONTRACT NO. 200595000
HEALY UNIT #2 @ CR-351
9 i WESTINGHOUSE MOTOR COMPANY J

Page 17

, “EUSTOMER—FOSTER—WHEELER -C—~-
CUSTOMER ORDER NO. N=75359
APPLICATION PULVERIZER

-—S=Ba—5BLEAA

ROUND-ROCK 7~ TEXAS - UsSeda~ o -—=

soﬂ-'

il g Vichs
sl ADATH m.n 31,93

NATS352 = = = =

— e o i b

DATA FOR WORLD SERIES, HORIZONTAL, BRACKET TTPE INDUCTION Hﬂ‘l’ﬂ!

_ 1. RATING
He 400 HERTZ 60 INSUL CLASS F
. RPM FL 8%3 SERVICE FACTOR 1.15 KVA CODE 3
—VOLT5——4000———RISE—€—{1.15-5F) - 90—-- —OUFY: CONT FNUOUS ——— - ~——
ANPS FL 64 METHOD RES
PHASES 3 AMBIENT C 40
2. MECHANICAL _
FRAME 4509  BRG TYPE SLEEVE  END PLAY INCH 0.25
I ENCL TYPE aoP LUBE TYPE SELF ~ MOTOR WK SQ 820
. —ROTATION-(0DE) BI-— - NOs BRGS:-~--— 2 LOAD WK 5@- -——-:-T60 - - --
STATOR WT LBS 2936  ROTOR WT LBS 2295  TOTAL NT LBS 6020

SHAFT EKTENSION W3T

3. STARTING PERFIJRHILNL'.E - NUHI‘H.I.I.,

100% vm.ts
TEMPERATURE 75¢C 40C
—AMPS_(LR}-—--—-—. 355..... 35T~ —--
AMPS (LR) % 557 559
POWER FACTOR 2 b4,9 bé4,.3
--START-TORQUE X - 306 30T -
PULL-UP TORQUE £ -~ 306 307
ACCELERATION SEC 1.5
SAFE LOCK SEC FROM HOT 18.4

AT-100% VOLTS: .
PULLOUT TORQUE X = 355

4. EFFICIENCY - NOMINAL

LOAD £ 115 " 100
EFFICIENCY T £9.90 90.76

5. POWER FACTOR - NOMINAL

-LOAD . £. 115 100
POWER - FACI’DI 2 T7.3 Tha3
MAX KVAR = 218

- . —— -

MAX FL PoFs = 974 %

VlLI.IES WITH (%) ARE GUARIHTEEB

-

551 VOLTS 80% WI.TS
40C s0C E
- 296 cones 2T e g
465 435 £
43.5 43.1 2
214 187 =
214 187 5
2.9 43 -
s - sesmms e PR—— - a
264 30.3 s E
-
w3 &
3T% ¢
Lk 5 4498 ) E
7.2 0%
Siggtil!
75 50 o 1 F Rt
91.80 91.94 -t
§=“=i'53
vagzss,-z
gg i3
GuuEadss
75 50 e
66.6 53.1 O
coiBREsz

-—
-

B3
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AIDEA
HEALY UNIT #2
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FWEC CONTRACT NO. 200595000
CR-351
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AIDEA
HEALY UNIT #2

W

FWEC CONTRACT NO. 100525000
CR-351

FOSTER WHEELER DEVELOPMENT CORPORATION
FUEL ANALYSIS

Sampie Description: Coal, HEALY #2, 3/29/88

Charge Ne.: 925265000 | Date: 4/5/99 | Lab. Ret. No.: 990318
Air Dry Loss (%) 15.85 Equilibrium Moisture (%) .
As
Received | Dry
Proximats Analysia, wit% Reactivity index (°C)
Fixed Carbon 21.47] 29.01| Activation Energy (calig-mol)
Volatile Matter 38.76 | 53.00 | Hardgrove index a3
Ash | 13.071 17.90 | Free Swelling Index
Moisture | 27 -— Specific Gravity
Total | 100.00i 100.00| Viscosity
Ultimate Analysis, wit% Ash Fusion Temperature, °F
Carbon | 42381 s8OS Red. Oxid.
Hyarogen | 335|  4.59| Initial Deform. 2182 2264
Oxygen | 13460 18.44| Soft. Temp. Soh. 2222 | 2305
Nitrogen : 551 76| Soft. Temp.Hem. | 2285 2360
Sulfur 191 26 | Fluid Temo. I 2350 2410
Ash |™ 13071 17.80
Maisture vl M e
Total 100.00 | 100.00
Bulk Density (grimi)
HHV, Btuib | 7025 9823 Carbonate Carbon
Sulfate § | - -- Organic Carbon
Pyritic S | - - Total Carbon
Organic S | - - Chlaride
Dulong's = 2871 Stu/lb
Aemarks:
Analyst: AT L ~3ar0l

c2
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AIDEA
HEALY UNIT #2

W

FOSTER WHEELER DEVELOPMENT CORPORATION
FUEL ANALYSIS

Sample Description: Coal, HEALY#2, 3/30/99

FWEC CONTRACT NO. 200555000
CR-351

Chargs No. : 925265000 | pate: 415199 | Lab. Ret. No.: 990317
Air Dry Loss (%) 16.38 Equilibrium Moisture (%)
As
Received Dry
Proximate Analysis, wt% Reactivity Index (°C)
Fixed Carbon 22.45 30.25 | Activation Energy (cal/g-mol)
Volatile Matter 33.57 45.23 | Hardgrove Index 40
Ash 18.20 24.52 | Free Swelling Index
Moisture 25.78 - Specific Gravity
Total 100.00 | 100.00 | Viscosity
Ultimate Analysis, wi% Ash Fusion Temperature, °F
Carbon 39.13 52.73 Red. Oxid.
Hydrogen 3.00 4,05 | Initial Deform. 2266 2316
Oxygen 1315| 1770 | Soft. Temp. Sph. 2313 2390
Nitrogen 55 .74 | Soft. Temp. Hem. 2347 . 2437
Sulfur 18 .26 | Fluid Temp. 2454 2508
Ash 18.20 24.52
Moisture ~ 2578 -—
Total 100.00 | 100.00
Bulk Density (gr/mi)

HHV, Btulb 6487 8740 Carbonate Carbon
Sulfate S - - Organic Carbon
Pyritic S - -— Total Carbon
Organic S - e Chloride
Dulong's = 8819  Btwib
Remarks:
Analyst: Approved: _Gemanlie o HvTS

c3
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AIDEA FWEC CONTRACT NO. 200595000
HEALY UNIT #2 CR-351
Sleve Analysis
Laboratory No.: 890316 Run/Sampie No:
Sample Description: Coal, HEALY #2, 2/29/99
Screen Mircrons % On % Thru
5 76200
2-1/2° 63500
z 50800
1-1/2* 38100
1-1/4* 31750 100.00
i 25400 307 96.93
3/4 19050 1.93 95.00
12 12700 | 10.7 B4.3
/8 9525 9.98 74.32
1/4* 6300 15.37 58.95
NO. 4 4750 8.12 50.83
NO. 2360 16.18 34.67
NO. 1 1180 11.34 23,33
NO. 30 £00 7.81 15.52
NO. 50 300 6.24 9.28
NO. 100 150 3.87 5.41
NO. 200 75 2.36 3.05
NO. 325 45 1.08 1.99
PAN 00 1.99 0
1.0
A =l
b =
20.0 - .l"
00 =z
s0.0 -~
0.8 I bt . e /‘; EE g T
80.0 TG s AL Lok SR R 1] S
ORER ] i SR I 1w
©0.0 : bl ! /: !'.lilll 5|i|!
1 [N i ) . H H 3
i B A W R Bl o L
g::: e -
v7.0 -
e _/’I’ . 1
28.0 i I i :
3
9.5 & e =
! : B E
- ' i H
9.9 —
10 100 100000

1000
SCREEN SIZE MICRONS

oh- 22
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AIDEA @ FWEC CONTRACT NO. 200595000
HEALY UNIT #2 CR351
Sleve Analysis
Laboratory No.: 890317 | Run/Sampie No:
Sample Description: Coal, HEALY#2, 3/30/99 =
Screen Mircrons % On % Thru
il 76200
2 63500
7 50800
1172 38100 _ 100.00
1-1/4° 31750 441 95.59
1 25400 7.36 88.23
/4" 18050 3.04 85.19
1z 12700 6.68 __T851
ams' 9525 526 73.25
14 6300 11.96 61.28
NO. 4 4750 5.91 55.38
NO. 8 2360 15.57 39.81
NO. 16 1180 12.6 27.21
NO. 30 600 9.58 17.63
NO. 50 300_ 8.55 9.08
NO. 100 150 _4.85 4.23
NO. 200 75 2.00 223
NO. 325 45 .73 1.50
PAN 00 1.50 0
1.0 - "
3 " Tl ] o | 1
55 - S
20.0 el g
3o.0 e — : ﬁj"' i
e ; s — —
80.0 : : T = G
76.0 ! G R {3k i AR Bl 8L
H% ] TR TEERET TR [ N B
P ! i 27 N it R
B NS R R 1| S
E-» TR A T TR S il
®8.0 ra — B — = T
87.0 - =
e : o R =Y PR i ECIEY
s8.0 ; g T - o R B
ey i e ' sl
3 Fer
T 4 |
- P o B R
i e :l_ i ! | H
Ll i ; 100 1000 10000 100000
SCREEN SIZE MICRONS
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ATTACHMENT 3
S&W Responses to GVEA Questions and
Comments Regarding the Boiler Performance
Guarantee Tests

M
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MEMO
DATE: June 14, 1999

TO: Dennis McCrohan
FROM: Jim Knowlton
cc: Verle Bland

Steve Rosendahl

Bill Cleary

Nat Sekhar

SUBJECT: BOILER PERFORMANCE GUARANTEE TESTS

The Foster Wheeler boiler performance guarantee test for the Healy Clean Coal Project was
executed on March 29 and 30, 1999. The test was directed by Ed LePage of Foster Wheeler
Energy Corporation (FWEC) in accordance with their “Boiler Performance Guarantee Test
Program And Procedures,” document dated November 23, 1998. The test was witnessed by Jim
Knowlton of Stone & Webster Engineers and Constructors, Inc. (S&W) and John Zarling of
Strandberg Engineers. At the completion of the testing FWEC was to provide a report detailing
the test results and confirming the validity of the test data.

On March 31, 1999, Frank Abegg (GVEA) sent a letter to Clive Herrington (AIDEA) addressing
five concerns over the practices used during the tests, ultimately rejecting the test as meeting the
requirements specified in the contract documents. S&W has drafted responses to each of the
concerns raised by GVEA.

Issue 1 Pre-Test Meeting -

GVEA's CONCERN:

Test Pre-Meeting: Based on my memo to Dennis McCrohan last week and your verbal
assurance to Ed Konnecke on Monday morning, John (Zarling) and Ed expected AIDEA to hold
a meeting of the AIDEA, GVEA and FWEC representatives prior to beginning the boiler
performance tests. However, a formal collective meeting of all parties never occurred. As a
result, the GVEA inspection team was never provided the official testing procedures that AIDEA
planned to use to determine the contract requirements for guaranteed performance. There was
confusion on the required test procedures, even by the FWEC test representative. Ed and John

~ feel AIDEA's lack of effective communication hampered the test preparation and organization,

which raises GVEA's concern about the completeness, accuracy and resulting credibility of the
tests. :

HCCPresl.doc 1
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S&W RESPONSE:

A pretest meeting was held at approximately 8:30 a.m. on March 29, 1999 in the office of Clive
Herrington with Clive, Nabil Massarweh (AIDEA Contractor], Ed LaPage and Jim Knowlton.
The Boiler Performance Guarantee Test Program and Procedures were discussed and the
following items were concluded by FWEC and AIDEA:

The boiler maximum capacity rating (BMCR) test data would be recorded for four hours and the
most representative two-hour period within the four hours would be considered the test.

o The feedwater flow nozzle is after the desuperheating spray water take off.

e The side to side oxygen imbalance requirement of +/- 0.5% measured at the economizer
outlet is not controllable/practical for the TRW combustor design

e The excess air may be greater than the 18% called for in the test program due to high
pulverizer airflow. The plant reports that they operate with the secondary air dampers closed,
and the excess air is above 20%. This appeared to be acceptable as margin on the flue gas
pressure drop guarantee because a higher flow rate would result in a higher demonstrated
pressure drop.

e DCS data would be recorded in at least twelve-minute intervals.

e Local data (secondary superheater outlet pressure, pulverizer power, and FD fan power)
recording will be every thirty minutes.

e Coal samples would be taken every hour. At the end of the test the samples will be mixed
and quartered (1/4 - AIDEA. 1/4 - FWC. 1/4 -GVEA, /4 Ref)

e Pulverizer fines would be measured hourly.

At the conclusion of the meeting the unit was walked down by Nabil Massanweh, Ed LaPage.
Ed Konnecke and Jim Knowhon.

Issue 2 Modified Test Procedures

GVEA's CONCERN:

Modified Test Procedures: Ed and John were informed Monday morning that AIDEA's HCCP
boiler performance guarantee tests would not adhere to all of the requirements specified in the
Foster Wheeler Contract HCP-009 and the HCCP DOE Test Plan. Ed and John were given the
attached Boiler Performance Guarantee Test Program and Procedures for Healy #1 Clean Coal
Project (dated November 23, 1998). This test program does not require FWEC to provide

_ aceurate test instrumentation, plus that test and caleulations do not have to be in accordance

with ASMA PTC 4.1) testing protocol. These changes are in conflict with the original contract
documents, specifically the Boiler Design, Supply and Erection Contract #HCP-003, Division 3,
Section 4.1, Field Testing. This Contract requires that the “Contractor shall furnish all fest

HCCPres] .doc 2
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equipment required. Evidence of proper calibration shall be submitted to the Owner at the time
of tests. As a minimum, performance tests and performance calculations shall be made in
accordance with the applicable ASME Test Form for Abbreviated Efficiency Tests in the latest
edition of ASME PTC 4.1..". “Performance tesis for boiler efficiency shall be made on the
basis of the Heat Loss Method.” GVEA is relying of AIDEA 1o adhere fo the original contract
requirements concerning performance guarantee testing and acceptance. These critical test
requirements were apparently waived by AIDEA without the knowledge or consent of GVEA.
Why wasn’t GVEA consulted on these important contract changes or provided with the modified
Test Procedure prior to the day of the boiler test? Why has AIDEA dropped the boiler efficiency
calculations from their testing program? The DOE Test Plan requires this information by
provided. :

S&W RESPONSE:

The discussion in the Boiler Contract Specification, Section 301 Section 4.1 could be interpreted
as standard specification content to be applied to the guarantees. Since boiler efficiency was not
guaranteed (although it typically is), there is no requirement for a PTC 4.1 ASME Abbreviated
Test. An ASME Abbreviated Test can be executed, but there is no guarantee requirement that
necessitates it. The use of the word performance in Section 4.1 implies efficiency. The
guarantees need to be itemized in accordance with the contract with FWEC; the test program and
procedures should address all guarantees.

The DOE test plan was to be used as a guideline for an efficiency test; it does call for an ASME
Abbreviated Test; however, this test is not required to address any contract guarantee.

It was S&W’s understanding that the GVEA role was as witness. Variances in the
guarantee/acceptance test were the responsibility of FWEC and AIDEA.

Issue 3 Test Instrumentation/Data Accuracy

GVEA's CONCERN: ;
Test Instrumentation/Data Accuracy: AIDEA'’s decision to use existing plant instrumentation
has compromised the accuracy of the test data. Some of the field instruments were not
operational and/or out of calibration and could not be used during the tests. As a result, some
the required data had to be taken manually from standard gages, rather than precision test-
grade instruments. AIDEA needs to provide GVEA certification that all instrumentation used
during the tests were accurately calibrated just prior to the test, and ail DCS data points used to
document boiler performance were recently calibrated, including loop checks and data check
(reference DOE Test Plan, Section 5.7). The instrumentation measurement error musi meel the
minimums specified in ASME PTC 4.1C, The instrument readings and DCS data stream will not
be accepted as accurate without proper O/A documentation; and, as a result, GVEA will not
accept these tests as being performed in compliance with the original contract requirements.

S&W RESPONSE:

The specification clearly states that FWEC will provide all test instruments. This did not occur,
however existing plant instrumentation is commonly used for testing and although separate

HCCPresl.doc 3
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instrumentation may have been somewhat more accurate, it is unlikely that the actual test results
would have been significantly affected if FWEC instrumentation had been used.

The instrumentation referred to as broken, and/or in question, are one of the two oxygen sensors
(which was in alarm for CO but believed by the instrument tech to be accurate for oxygen
measurements) and the secondary superheater outlet pressure which had to be read manually.
FWEC, AIDEA and S&W agreed prior to the commencement of the testing that the
instrumentation was acceptable.

After the completion of the testing, calibration data sheets were distributed to FWEC, GVEA,
and S&W. It was noticed that the main steam temperature thermocouple needed to be properly
calibrated to temperature levels experienced during full-load operation. If the main steam
thermocouple issue is not addressed, then the test results are questionable.

AIDEA (Nabil) stated that they would calibrate this thermocouple or have its accuracy verified
by heat balance calculations.

Calibration within six months is acceptable for modem instrumentation in a normal plant. For a
performance/acceptance tests more recent calibration is desirable. Calibration data sheets were
issued during the test. Loop checks are not typically done as part of a testing effort; loop checks
are done during startup/commissioning. Data checks were done by all parties involved.

Issue 4 Test Duration

GVEA's CONCERN:

Test Duration: The boiler test procedures require the performance test to be a minimum four-
hour continuous test (reference DOE Test Plan, Table 5.7-2, Boiler Performance Guarantee
Test, and note on page 41). Why did AIDEA lower this industry test standard to a minimum of
two-hour duration for HCCP in their November, 1998, Test Program? GVEA cannot accept
AIDEA’s reduced standard.
S&W RESPONSE: 5

The FWEC test report states in paragraph 3.1 that the test period was four (4) hours long.

Issue 5 Coal Fineness Test

GVEA's CONCERN:

Coal Fineness Test: The boiler contract performance guarantee section includes required coal
fineness at the outlet of the pulverizers. During the boiler test there was difficully obtaining a
representative coal sample from the pulverizer outlets. Mr. Ed LaPage, the FWEC
representative, was allowed to call off the fineness tests because the sampling techniques were
not according to code. As a result, coal fineness samples were not taken during the fest.
According to the Field Testing, Section 4.1, of the HC-009 Contract. “All performance
guarantees shall be simultaneously met at the appropriate loads.” Since these coal samples

HCCPresl.doc 4



were not taken during the testing period, GVEA cannot accept these performance guaraniee tests
as valid.

S&W RESPONSE:
The coal fineness testing was abandoned after the sampling was observed to be non-compliant
with PTC 4.2.

FWEC subsequently informed S&W that this requirement was deleted for combustor operation
in contract Addendum 1 and is not a part of the latest contract Addendum 5 which was part of
Change Order 7, dated March 6, 1996. FWEC further informed S&W that the fineness guarantee
was to only apply to the low NOx burner configuration.
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ATTACHMENT 4
Contract Change No. 7/Addendum 1/Addemdum 5
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B-11-1983 9:51aM FROM STONE / WEBSTER 617 589 22585

JUN 18 'S8 11137 FR FU SERVILRE e 14 321¥ 11U Y1bl'Elldes M.u2/84

CHANGE ORDER
HEALY CLEAN COAL PROJECT
ALASKA INDUSTRIAL DEVELOPMENT AND EXPORT AUTHORITY

Foster Wheeler Energy Corporation Contract No. HCP-008
Botier Design and Supply
Clinton, N.J 088094000 March 6, 1996

Altention: Mike Gulla y d
Telephone:  (908) 236-1360 . | Page 1 of 1

CONTRACT CHANGE NO. 7
1.0 SCOPE OF CHANGE

Incorporate erection retated changes to Division 1 - Contract Requirements, Division 2 -
General Requirements, and Division 3 - Technical Requirements (Specification No.
19674-P201W) as detineated in Addendum No. 5 which iz artached hereto and made a
part hereof. Section 302 - Erection of Division 3 has been deleted in its entirety and the
boiler and combustor erection has been removed from the Scope of Work.

20 CONTRACT PRICE

Saction 302 - Erection is being deleted and new related iems have bean added. The
Base Contract Price as shown in Article 1.0 of Section 102 has been adjusted fo reflect
these changes. -

Qriginal Contract Price $21,923,188.00
Total of Previous Contract Changes $3,457,800.00
Decrease per Contract Change No. 7

Revised Contract Price $14,929,764.00

ALASKA INDUSTRIAL DEVELOPMENT
AND EXPORT AUTHORITY APPROVAL

et e :
(Date) $/1/96¢ Wiliam R. Snell, Project Director  (Date)

H. B. Highland BY:
(Type or Print Name) John B. Olson, Project Manager  (Date)
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JUN 19

TS 1103 PR FW SeRVILE

BOILER
DESTGHN, SUFPLY, AND ERECTION
HEALY CLERN COAL PROJECT

FROM STONE / WEBSTER 617 B89 2255
Wi P14 1Y 1U Y1B17SETEZES

P.B3-84

"Mﬂ“l nl-nlnﬂ

SusrEosw”
Values
With TRW
e. Gas ©
Tubular air hester
(wichout leakage), *F
wicth B0°F at FD Fan
Discharge R (/-
£. Total air to gas air
heacer leakage, Ib/hr H/A
g. Maxisum foreed draft fan
shafr impur power at ies
guarantas peint, Kw (if
fan is furmished by the
Contractor i)
h. Flue gas flow, 1b/hr n/n
i. Maximum pulverizer gearbex
shaft input power, each,
Lo —
j. Pulverizer Coal Finepess
¥ Passing 200 mesh
¥ Paseing 50 mesh S ——
k. Boiler efficiency loss due
to unburned carbom 1) -
AE all Boiler Opersting Copditioma
a. "0, (expressud s»
W0,) emissioms, 1B/10' Beu ®/A
b. CO emissions, ppm ___B/n

The gquaranrees noted hervundsr are based co the guarantee
Mm:wmwiu«mqu:iummhqm

FaraseteTrs such as air and sorbents
Stoichicmerric combustion methods

e Mﬂnnu to bw

01525/195741401.den

Allovable
Variatiom
From Stated
*
Valuss
With Fowter
Wheelexr Low
B, _Bumuzm
300 +20, -40
e -0
okl +0
640, 000" -0
; 230 +0
7 -0
[T} -0
) =0
0.35 -0
: 2%
testiog data hnm

104-20
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JUN 18 "99 11:38 FR FU SERUICE

BOILER

DESIGN AND SUPPLY

HEALY CLEAN COAL PROJECT
ADDERDUM 5

FROM STONE ~ WEBSTER 617 589 22885
Wl f13 AL1M IU Ylb1'fSHELSD

F.pasva

DIVISION 1

CONTRACT REQUIREMENTS

SECTION 104
SPECIAL CONDITIONS

h.

k.

3. Ac.all Boiler Operatiog Copditions
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falaska Industiial Developmenr

Mr. Dennis V. McCrohan end Export Authority August 24, 1999
Project Design/Construction Manager

Healy Clean Coal Project J.0. No. 07440.03
Alaska Industrial Development and

Export Authority

480 West Tudor
Anchorage, Alaska 99503-66390

HCCP Boiler Efficiency Calculation

Dear Mr. McCrohan:

Although boiler efficiency was not a guaranteed parameter of the AIDEA/FWEC contract, it
is of general interest in the context of boiler performance. Two methods have been used to
calculate HCCP boiler efficiency based on data collected during recent boiler tests. J. 5.
Strandberg Consulting Engineers, Inc. used the input/output method while Stone &
Webster Engineering Corp. used the heat loss method. Both of these methods are
potentially acceptable. The following is a discussion of the use of these calculation
approaches in determining boiler efficiency estimates for the HCCP.

The major difference between the input/output method and the heat loss method is the
parameters that are used to calculate efficiency. These differences are summarized below:

e The input/output method used in the Strandberg Status Report uses the fuel
flow/heating value, the steam, water and air flows, and temperatures to calculate
efficiency. ¢

¢ The heat loss method used in the Stone & Webster calculation uses the gas and air
temperatures, ultimate fuel analysis, flue gas oxygen content, unburned carbon in the
ash, radiation loss, and slag tap loss.

The input/output method relies on flow measurements that are inherently less accurate
than the measurements that are required for the heat loss method. The combination of
inaccuracies in the coal and steam flows could impact the efficiency calculation 2% - 4%.
When sufficient information is available to calculate the boiler efficiency using the heat loss
method, doing so will generally result in a more accurate estimate of boiler efficiency. In
the case of the HCCP test, enough data was collected to use the heat loss method and
Stone & Webster recommends that it be considered the accepted method.

Stone & Webster Engineering Corporation
7677 East Berry Avenue, Englewood, Colorade 80111-2137
Tel: 303-741-7700 Faxi 303-741.7670
Telex: 289251 303-741-7671

Adduanae all anmeasnandansa ta D Rav K408 Denver. Colorade 80217-5406



Mr. D. McCrohan
August 24, 1999
Page 2 of 3

It is noted that at the time the data was collected during the recent testing program it was

not specifically intended to be used for establishing boiler efficiency. The

accuracy/availability of some of the data required for an "iron clad" efficiency calculation is
currently not available. If additional testing is done, the required data may be collected
under stable operating conditions, which could be of sufficient protocol to calculate a more

exact efficiency value.

The following comments are made pertaining to the data that is currently available for the

efficiency calculation:

* Regarding the input/output efficiency calculation performed by Strandberg Consultants,
there is a large discrepancy in the results with the Stone & Webster heat loss efficiency
results. The difference in fuel analysis between the values reported in the FWEC test
report, which was verifiably collected during the boiler performance test, and the
Usibelli Coal Mine "grab sample and increment samples" dated 3/29/99 whaose origin is

unknown may be a contributing factor.

The FWEC report indicates a higher heating value of 7,025 Btu and the Usibelli Coal
Mine reports a 7,300 Btu heating value. Stone & Webster recommends that the FWEC
coal analysis be used for all boiler efficiency calculations as it represents the actual fuel

fired during the test.

A referee sample of the test coal is being held by AIDEA to resolve this issue if it
should become necessary.

Fuel analysis data:

- Ultimate .

Strandberg Report

< Carbon . - 42.38 42.55 40.57
- Hydrogen 3.35 3.22 3.07
.. Sulfur - 0.19 0.16 0.15
. ~Oxygen . 13.46 14.63 13.94
' Nitrogen. 0.55 0.55 0.63
- “Moisture 27.00 25.60 25.11
e R 13.07 13.29 16.60
_HHV,Btu/lb 7,025 7,300 6,960.2




Mr. D. McCrohan
August 24, 1999
Page 3 of 3

A breakdown of the efficiency calculations for the full load case is presented below:

. Calculated By  Calculated By .| Predicted by FWEC
- S&W Basedon |  Strandberg |  2/22/93
. 3/29/99 A e g 2

" Performance

Test Coal
 Analysis e B
5.03 = 4.89

" Dry Gas Loss
" Moisture Loss 9.35 - 8.66
' arb 0.10 = 0.79
3.05 - 4,569
0.25 - 0.29
account 0.00 -- 1.63
i tal Loss 17.78 22.80 20.85
" Boiler Efficiency 82.22 77.20 79.15

e The UBC and slag tap losses predicted by FWEC were originally provided from a TRW
heat balance dated 2/22/93. These were most likely predicted losses, or they were
based on pilot combustor data, that may have been somewhat conservative for design
purposes.

Given the significant difference in fuel analysis used in the respective calculations, and the
independent method of calculating the slag tap heat loss, Stone & Webster expects that
actual full load boiler efficiency is 82.2%. Part load boiler efficiency is calculated to be
79.6%.

If you have any questions regarding this information, please call me at your convenience.

Very truly yours,

Verle Blan
Project Manager

ATTACHMENTS:
1. Full Load Boiler Efficiency Calculation
2. Part Load Boiler Efficiency Calculation

Copy to: E. R. LePage, Foster Wheeler Energy Corp.
F. Abegg, Golden Valley Electric Association
C. Herrington, Healy Clean Coal Project
W. Steigers, Steigers Corp.
R. M Kornosky, US Dept of Energy
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Appendix C

Golden Valley Electric HCCP Boiler Performance Test — October 13, 1998
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GOLDEN VALLEY ELECTRIC ASSOCIATION INC. PO Box 71249 » Falibanks, Alaska 99707-1249 = $07-452-1151

% Mr. Dennis McCrohan’ October 13, 1998

Deputy Director =~ GA-384
Alaska Industrial Development

and Export Authority 4

480 West Tudor

Anchorage, Alaska 99503
RE: HCCP Boiler Performance Test

Dear Dennis:

This letter is a continuation of our discussion with you concerning the questionable
accuracy of AIDEA’s March 1999 performance guarantee test of the HCCP boiler. We
stated our initial concerns previously in our letter GA-374 to you dated May 28,1999.
Since then we have received copies of two letters written by AIDEA’s Engineer, Stone
and Webster Engineering, that add additional light concerning these boiler tests. The first
letter was dated June 14, 1999 from Mr, James Knowlton, and the second letter was dated
August 24, 1999 from Mr. Verle Bland. These letters confirm that AIDEA failed to
perform the HCCP boiler tests according to the industry standard ASME PTC 4.1
protocol, as required in the DOE Test Plan. As a result of AIDEA taking shortcuts prior
to and during the test, adequate and accurate information was not obtained during the
tests to define the boiler’s efficiency. Specifically, all of the required test instrumentation
should have been properly calibrated prior to the test, and proper sampling of the
pulverized coal, bottom ash and fly ash should have been taken during these tests.

Dr. John Zarling witnessed AIDEA’s HCCP boiler performance tests for Golden Valley.
He is a registered professional engineer and a retired professor of mechanical engineering
at the University of Alaska Fairbanks. Dr. Zarling reviewed the above referenced Stone
and Webster letters, and his comments are attached. He agrees with Stone and Webster
that some of the data required for an “iron clad” efficiency calculation were not collected
during the March 1999 HCCP boiler performance tests. As a result Stone and Webster
had to make a number of assumptions concerning flue gas composition, unburned carbon
in the flyash/bottom ash and boiler radiation losses in order to calculate the HCCP boiler
efficiency.

Stone and Webster's latest letter uses very “best case” assumptions to increase the boiler
efficiency from their previous estimate of 79.12% to 82.2%. It is unlikely, however, that
the flue gas had 0% carbon monoxide, the ash had only 0.05% unburned carbon and there

- LB DR
Y Beon = SoeC (Beiln
€ Vapeme — FWES



weren’t any “unaccounted for losses”. Stone and Webster and Foster Wheeler
previously assumed 0.4% unburned carbon in the ash and higher

radiation and convection losses than in the most recent calculation. GVEA requests that
AIDEA provide their Engineer’s rationale for the reductions made in the HCCP boiler
losses, which yielded their present higher HCCP boiler efficiency estimate.

Based on Stone and Webster’s analysis and our expert’s review, an accurate estimate of
HCCP boiler efficiency using the “loss method” can only be substantiated with a
complete set of data taken during another performiance test. Therefore, the March 1999
HCCP boiler performance tests did not satisfy the requirements of the DOE Test Plan and
must be performed again. DOE or TRW should not use the March 1999 test data as
documented evidence of the HCCP boiler or combustor efficiency.

Sincerely,

AP

Frank Abegg
Vice President, Healy Generation

Ce:  Clive Herrington w/attachments
Robert Kornosky (DOE) 3
Ruth Braswell (TRW) e
Denny Swann (HGI) o
Mike Kelly
Walt Lawson
Ed Konnecke
Dr. John Zarling
Ron Saxton



Zarling Aero and Engineering
October 1, 1999

Frank Abegg
Vice President, Healy Generation Unit
Golden Valley Electric Association Inc,
758 Illinois Street
Fairbanks, Alaska

99701-1249

Dear Frank,

1 have reviewed the two documents, described below, that were forwarded to me by your
office.

1. James Knowlton’s, Stone and Webster Engineering Corp., June 14, 1999 Memo to
Dennis McCrohan, Project Design/Construction Manager of AIDEA

Mr. Knowlton of SWEC in this June 14, 1999 memo to Mr. Dennis McCrohan of AIDEA
addressed a number GVEA’s concerns over the conduct of the HCCP boiler performance
guarantee test which occurred March 29 and 30, 1999. Frank Abegg of GVEA
communicated these concerns in a letter dated March 31, 1999 to Clive Herrington of
AIDEA. Mr. Knowlton makes the following statements in his response.

“Calibration within six months is acceptable for modern instrumentation in a normal
plant. For a performance/acceptance test, more recent calibration is desirable.
Calibration data sheets were issued during the test.”

Below are listed the instruments that were necessary for accessing whether the HCCP
boiler performance guarantees were met and their calibration dates. It is noted that
calibration sheets for seven of these instruments were either not provided or out-of-date,
two of the instruments had calibration dates just beyond the “six month” period, and three
of the instruments had been calibrated within about three months of the test date.

Variable Tag No. Calibration

Main steam flow 2FG-FT22 Not provided
Feedwater flow 2FW-FT26 9/23/98

Attemperator spray flow 2FW-FT04 9/7/96 but out-of-date
Steam drum pressure 2BS-PT14 9/23/98

Secondary superheater outlet pressure 2MS-PT10 Broken instrument
Turbine throttle pressure 2MS-PY10B Not provided

Steam temperature at superheater outlet 2MS-TEO05 12/29/98 & 6/21/99
Economizer inlet pressure 2FW-PT39 12/28/98

Boiler gas outlet pressure 2FG-PT16 Not provided

Furnace draft 2BA-PT21A Not provided

1958 Raven Drive voice (907)479-6525, fax (907)479-6525

Fairbanks, Alaska 99709 e-mail zae@geinst
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HCCP Boiler Performance Guarantee October, 1999
Furnace draft 2BA-PT21B Not provided
Furnace draft 2BA-PT21C 12/22/98

1. S. Strandberg Consulting Engineers’ assessment was that the results of the performance
guarantee tests had to be viewed as questionable because of the lack of complete and
recent instrument calibrations. At best, only three of the instruments listed above would
seem to fall into the “more recent” time frame of calibration with the other instruments
outside that time frame or having no calibration sheets provided. The table presented
above seems to substantiate the conclusion made by J. S. Strandberg Consulting
Engineers.

The fluegas O2 sensor readings were used to calculate excess air and the CO sensors
readings were used in the “loss method” approach to boiler efficiency calculations to
determine unburned carbon in the flue gas. Again, no calibration sheets for these
instruments were provided.

Fluegas 02 2FG-AT02A&B  Not provided
Fluegas CO 2FG-AT03A&B  Not provided

There are also no calibration data available for the voltmeters and ammeters whose
readings were recorded for assessing the power requirements of the electric drive motors
for the forced draft fan and the pulverizers.

2. James Knowlton’s, Stone and Webster Engineering Corp., July 1, 1999 Letter to
Dennis McCrohan, Project Design/Construction Manager of AIDEA

Mr. Knowlton of SWEC in this July 1, 1999 letter forwarded to Mr. Dennis McCrohan
the results of the HCCP boiler performance guarantee test conducted on the 29 and 30 of
March 1999, Included with this letter was documentation of calibration data sheets and
Foster Wheeler Energy Corp.’s report, CR-351 Performance Testing.

There is disagreement over the status of the documentation of calibration data sheets for
the instruments used during the HCCP boiler performance guarantee test. This issue was
covered previously in this letter.

Overall, the results of FWEC’s and J. . Strandberg Consulting Engineer’s analysis of the
data from the March 1999 HCCP boiler performance guarantee tests are in agreement.
FWEC used the DCS printed data to arrive at their averages whereas, J. S. Strandberg
Consulting Engineers used the data recorded to a CD ROM to arrive at their averages.
The only significant difference is in the assessment of the steam pressure loss from the
boiler steam drum and the secondary superheater outlet. FWEC used the turbine throttle
pressure and J. S. Strandberg Consulting Engineers used the secondary superheater outlet
pressure in their calculations, respectively. Both calculations yield pressure drops that are
within the guaranteed value.
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If you have any questions concerning my review of these documents please give me a call.

TLP Nl
John P, Za:lmg,/é PE 6

Zarling Aero and Engineering



Zarling Aero and Engineering

October 1, 1999

Frank Abegg
Vice President, Healy Generation Unit
Golden Valley Electric Association Inc.
758 Illinois Street
Fairbanks, Alaska

99701-1249

Dear Frank,

I have reviewed the August 24, 1999 letter from Verle Bland, Project
Manager, Stone and Webster Engineering Corporation (SWEC) to Dennis
McCrohan, Project Design/Construction Manager of Alaska Industrial
Development and Export Authority concerning the HCCP Boiler
Efficiency Calculations. The following comments represent the results of
this review.

1 agree with SWEC’s assessment that when determining boiler efficiency,
the “loss method” is generally not as sensitive to measurement errors as
the “input-output” method. However, as Mr, Bland points out in his
letter, some of the data required for an “iron clad” efficiency calculation
using the “loss method” were not collected during the March 1999 HCCP
boiler performance guarantee testing. Samples or data required, but not
collected for the combustion efficiency part of the “loss method”
calculation, include samples of the flue gas for a complete flue gas
analysis and samples of the fly/bottom ash for an unburned carbon
analysis. Neither ambient air nor boiler wall temperatures were collected
that are required for a more accurate radiation loss estimate. Because of
the lack of these and other data, several assumptions were made in order
to complete the calculations using the “loss method”. Some of these
assumptions were 0.0% carbon monoxide in the flue gas, and 0.05%
unburned carbon in the residue, and an uncorrected radiation loss.
Furthermore, SWEC's calculations of the slag tap losses do not seem to
be supported by actual data but appear to be based on experience or
nominal property values. Finally, SWEC did not include any
“unaccounted for losses” in arriving at their present efficiency estimate.
An accurate estimate of HCCP boiler efficiency using the “loss method”
can only be substantiated with a complete set of data taken during
another performance test.

1958 Raven Drive volce (907)479-6525, fax (907)479-6525
D-ﬂﬁ] w‘
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1. HCCP Boiler Efficiency by the “Input-Output Method”

J. 8. Strandberg Consulting Engineers chose to use the “input-output”
method to estimate HCCP boiler efficiency because the estimate was
based on the data recorded during the boiler guarantee performance test.
The “loss method” would have required assuming values for data not
collected during the test.

J. 8. Strandberg Consulting Engineers used 7,300 BTU/Ib for the
heating value of the coal burned during the HCCP guarantee
performance test to estimate boiler efficiency using the “input-output”
method. This value was provided to J. S. Strandberg Consulting
Engineers by Golden Valley Electric Association and was the result of a
laboratory analysis of the coal conducted by Usibelli Coal Mine Inc. If
Foster Wheeler Energy Corporation’s (FWEC) measured heating value of
7,025 BTU/Ib is used in the calculation, then the “input-output® method
vields a higher boiler efficiency estimate of 80.3%.

2. HCCP Boiler Efficiency by the “Loss Method”
Combustion Losses

SWEC’s calculations for combustion losses were reviewed and
determined to be in general agreement with the methodology given in
Steam - Its Generation and Use, Babcock and Wilcox. However, I believe
the unburned carbon losses should have remained in the 0.79% to
0.83% (0.4% unburned carbon) range as used by FWEC and SWEC in
previous calculations rather than the 0.10% (0.05% unburned carbon)
used in the present calculation. Until the unburned carbon in the
residue is measured as part of a performance test, it is recommended
that continued use of about 0.8% for the unburned carbon loss in
efficiency calculations is prudent.

Carbon monoxide in the flue gas was assumed zero in the calculations.
However, any measurable CO in the flue gas results in a decrease in
boiler efficiency. It is recognized that CO measurements were recorded
during the HCCP performance guarantee tests, however, no calibration
sheets have been provided for either the O2 or CO sensors. It was also
reported that there was a problem with the O2 and/or CO
sensors/system so it is unclear as to the accuracy of the existing CO
data. Because HCCP was being operated at 23% excess air it would be
expected that the boiler would be operating at a low CO level. However,
higher levels of excess air lead to a reduction in boiler efficiency.
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The temperature of the coal entering the system should have been 80°F
in SWEC’s calculations as this is the reference temperature also stated in
the contract documents. The 95°F temperature used in SWEC's
calculations is the temperature of the air entering the low temperature
air heater and not the coal temperature. This air passes through the
glycol heater and forced draft fan prior to arriving at the low temperature
air heater, which results in a temperature rise. On the other hand, the
coal from outdoors is loaded into the coal bunkers and then flows to the
pulverizers. While it is in the bunkers it is warming to ambient plant
temperature.

When these two changes, 0.4% unburned carbon and 80°F-coal
temperature, are made to SWEC’s calculation, estimated combustion
losses including unburned carbon in the residue increases from 14.4%
to 15.2%.

EPRI lists gradation of pulverized coal to minimize unburned carbon at
no more than 2% retained on #50 sieve and at least 60% to 70% passing
a #200 sieve. Had pulverized coal samples been taken during the HCCP
performance guarantee testing as required by the test plan, and fineness
measurements made on the samples, data would have been available to
evaluate this element’s effect on unburned carbon.

It is also noted that collection of coal samples for moisture determination
was not carried out as required by ASME PTC 4.1 during the HCCP
performance test. This test code requires great care in separating a
special sample for moisture determination, placing it in a non-corrosive
air tight container and sealing it immediately so no moisture is lost prior
to the laboratory analysis. If samples are allowed to dry prior to
laboratory moisture analysis, the water content will be reported low
resulting in a higher estimate of boiler efficiency by the “loss method”.

Radiation Loss

Radiation losses could be higher or lower than the value used by SWEC.
The 0.25% value listed should be corrected for air velocity and furnace
wall to ambient air temperature difference as shown in ASME PTC 4.1.

It is noted that FWEC’s and SWEC’s estimated radiation losses for the
HCCP boiler ranged from 0.28% to 0.29% since 1991 and most recently
confirmed in 1998, but now have been reduced to 0.25%.
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Slag Tap Loss

If is difficult to evaluate SWEC’s calculations for the slag tap losses
presently estimated at 3.05% as very little detail is given. It appears the
results agree with the input parameters listed for the slag tap losses on
SWEC’s spreadsheet. The slag properties and temperatures used in the
calculations are not supported by any specifics.

It is noted that FWEC’s and SWEC’s :st.irimted slag tank losses ranged
from 4.29% in 1992 to 4.59% in 1998 for the HCCP boiler system but
now have been reduced to 3.05%.

Unaccounted Losses

SWEC in their August 1999 boiler efficiency calculation list unaccounted
losses at 0.0%, whereas in previous estimates back to 1991,
unaccounted losses were estimated at 1.63%.

Estimates for the unaccounted losses typically range from 0.5% to 1.5%
in the “loss method” calculation of boiler efficiency depending on the
combustion characteristics of the coal and the quality of data acquired
during testing according to ASME PTC 4.1.

Revised Boiler Efficiency

Using SWEC’s radiation and slag tap losses as presented in their August
1999 letter and the recalculated combustion loss yields a revised boiler
efficiency estimate of 81.5%.

In March 1998, SWEC’s reported the boiler efficiency at 79.12%
compared to their present estimate of 82.2%. The 1998 lower efficiency
estimate was based on higher unburned carbon losses at 0.83%, slag tap
losses at 4.59%, radiation losses at 0.29%, and unaccounted for losses
at 1,63%. Golden Valley Electric Association should request SWEC to
provide the rationale for the reductions they made in these abave
mentioned losses, which yielded their present higher HCCP boiler
efficiency estimate.

3. Final Comments

The revised efficiencies predicted by the two methods, “input-output” and
“loss method”, differ by 1.2%. In spite of the lack of recent calibration of
some of the instruments required for the “input-output” method and the
lack of data required for a number of the elements in the “loss method”,
these two predictions are still very close.
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It is recommended that another boiler performance test be conducted
and that all data necessary to substantiate the assumptions that SWEC
made in their “loss method” analysis be collected during that test. It is
important that calibrations of instruments used to record the data are
current and that the test be conducted in accordance with ASME PTC
4,1,

I would welcome the opportunity to discuss these predictions with SWEC
and FWEC engineers.

Sincerely yours,

B G =
ot

John P. Zarling, Pi&Q P.?g

Zarling Aero and Engineering

Additional References:

Draft Memorandum to Dennis McCrohan from Steve, SWEC, Subject:
HCCP Unit Heat Rate, Dated: March 12, 1998.

ASME PTC 4.1 - 1964, Reaffirmed 1991.
EPRI Heat Rate Imprévement Reference Manual, TR-109546, July 1998.

Boiler Design Supply and Erection, Contract No. HCP-009, Volumes 1
and IL
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Alaska t--ustrial Development
and Export Authority

DOCUMENT TRANSMITTAL NO. SWHEALY001L

Mr. Dennis V. McCrohan 2 November, 1999
Project Design/Construction Manager J.0. No. 07440.02
Healy Clean Coal Project Page 1 of 2
Alaska Industrial Development and Export Adithority

480 West Tudor ' :

Anchorage, Alaska 99503-6690

RE: HCCP BOILER EFFICIENCY CALCULATION
Dear Mr. McCrohan:

Mr. Jim Knowlton along with our lead corporate boiler specialist, Mr. Roger Sirois, have
reviewed the October 13, 1999 letter (and attachments) from Mr. Frank Abegg to you on this
subject. Our comments on this information are discussed below.

The performance guarantee testing of the HCCP boiler was conducted to demonstrate the ability
of the boiler to meet the performance guarantee requirements as presented in contract HCP-009.
It is Stone & Webster’s opinion that the testing was done in compliance with contract HCP-009,
and that the guarantees were satisfactorily met using that protocol. There is no requirement in
the AIDEA/FWEC contract for a minimum value of boiler efficiency. Boiler efficiency is of
general interest in the context of boiler performance but is not a binding requirement. The PTC
4.1 protocol was referenced in the Demonstration Test Program document for general
information had the boiler efficiency been a performance guarantee parameter. It was not.

The test performed and the respective data gathered during the testing was useful in establishing
an approximate value of boiler efficiency as calculated by both Stone & Webster (employing the
heat loss method) and by Strandberg Consulting Engineers (who used the input-output method).
Zarling Aero and Engineering, consultant for Golden Valley Electric Association Inc. (GVEA),
highlighted several issues regarding the assumptions and calculations made by Stone & Webster
to provide an estimate of boiler efficiency. The following issues addressed by Zarling Aero and
Engineering are discussed below:

®  Unburned carbon. No flyash samples were taken during the test, therefore, Stone &
Webster based the unburned carbon loss value of 0.19 % on our experience with cyclone
boiler designs that have a relatively low fly ash to total ash fraction similar to that of the
HCCP.

e Carbon Monoxide (CO) Loss. CO levels were measured in low parts-per-million
concentrations during the test. Low values of CO are not sufficient to significantly impact the
boiler efficiency calculation.
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2 November, 1999

Page 2 of 2

Radiation Loss. The value of 0.25% comes from the ABMA Radiation Loss curve for an
indoor unit and is considered by Stone & Webster to be the correct factor for the HCCP
installation

Omission of the “unaccounted for loss”; The “unaccounted for loss” (also referred to as
“manufacturer’s margin”) is used as a margin by the boiler supplier, as the name implies, to
base a boiler efficiency guarantee during the contract stage of the project. When calculating
the efficiency from test data, every heat loss is accounted for and, therefore, the “unaccounted
for loss™ is not an actual heat loss and thus should be zero and not included in the calculation.
ASME PTC 4-1 does not account for this “loss”.

Revised Boiler Efficiency Estimate. One of Zarling Aero and Engineering’s conclusions

 infers that the Stone & Webster full load efficiency should be shown as 81.5 % and not

82.2% in the August 1999 letter. Under the circumstances, this difference of 0.7 percent is
considered within a reasonable range but even so, Stone & Webster maintains that the
analysis submitted with the 8/24/99 correspondence is a reliable value representative of
actual boiler efficiency.

This summarizes our comments on the letter and attachments that you recently received from
GVEA concerning the HCCP boiler efficiency calculations. Should you have any questions
regarding this information, please call me at your convenience.

Very truly yours,

oo,

Verle Bland
Project Manager

VVB:KMS



Appendix E

Schematic of TRW Clean Coal Combustion System
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