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Summary

PEMEX, recognizing the need to assess the operational efficiencies of their refineries,

and USAID, as part of its mandate to assist in mitigating greenhouse gas emissions,

have joined forces with EPT to offer an economical solution to improving efficiency,

reducing costs, and, perhaps more importantly, significantly reducing greenhouse gas

emissions.

A USAID cost-sharing project to retrofit a steam and electric power generating boiler at

.. PEMEX's Francisco I. Madero Refinery near Tampico, Mexico recently achieved

significant reductions in unburned carbon particulate matter, nitrogen oxide, carbon

monoxide, and greenhouse gas emissions. Through improved efficiency the costs of

the innovative technology will be repaid in approximately one year. Even greater

reductions in particulates and carbon monoxide are expected as additional heavy-oil

fired boilers at PEMEX's other facilities are equipped with the innovative Reduced

Emissions and Advanced Combustion Hardware (REACH) technology.

The increase in efficiency for just one boiler with the REACH technology is equal to an

annual reduction of C02 emissions by approximately 4,700 tons, NOx by 162 tons, and

unburned carbon by 196 tons. Similar reductions can be achieved should all 40 power­

generating boilers within PEMEX's operations be equipped with the technology. The

estimated C02 savings, for example, would be approximately 200,000 tons per year.

Stated differently, a mature forest covering the landmass of Cincinnati (50,000 acres)

would be needed to gain a comparable reduction in C02. In addition, the second phase
of testing with all equipment fully optimized is expected to substantiate even greater

reductions in emissions.

USAID Leverages US Funds to Reduce Greenhouse Gases

USAID spearheads the U.S. Government's efforts to assist in developing strategies to

tap private capital and talent to meet the growing environmental challenges of host

countries. At the heart of USAID programs is the recognition that a sustainable

economy requires a market-based approach. In pursuit of this strategy, USAID

collaborates with the U.S. and host-country private sectors, international financial
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institutions, and host-country agencies to leverage resources and encourage private

sector participation through financing and partnerships.

To act on its mandate to mitigate greenhouse gas emissions in Mexico, USAID

developed a collaborative. partnership emphasizing the importance of private sector

participation. USAID's Center for Environment, USAID/Mexico, Petroleos Mexicanos

. (PEMEX - Mexico's. state-owned oil, gas, refining, and petrochemicals company), the.

Instituto de Investigaciones Electricas (liE - Mexico's research institute. for the state­

owned electric utility), and Electric Power Technologies (EPT- a Califomiatechnology

firm), working together for over two years, initiated a project designed to accelerate the.

transfer of environmental control technologies by demonstrating them in real-world

conditions.

Recognizing that economic development can not take place without being strongly

integrated into the. market place through the mechanism of profit, USAID sought
partners in Mexico with the necessary resources and commitment to pollution reduction.

PEMEX was undergoing a significant modernization program and was seeking

technologies that could improve operations and reduce emissions.. USAID and PEMEX

worked closely together to uncover the. most applicable technology. PEMEX and EPT

covered about 70 percent of the $750,000 cost of the project; USAID provided the

remaining 30 percent.

The U.S.-developed technology used for this cost-sharing approach to reducing harmful

gases was selected because it can be retrofitted on all 40 boilers at PEMEX's six

refinery sites. When operational on all 40 boilers, approximately 200,000 tons of C02

and 6,700 tons of unburned carbon per year will no longer spew into the atmosphere.

Not only will this technology benefit the environment, but also the estimated annual cost

saving of $530,000 for one boiler will multiply to an annual savings in excess of

$10,000,000 when it is implemented throughout the PEMEX system.

Environmental Concerns in Mexico

Air pollution is a serious problem in Mexico. PEMEX has taken a concerted effort to

mitigate air emissions - unburned carbon particulate matter, nitrogen oxide, carbon

monoxide, and greenhouse gases are examples.
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Globally Mexico ranks 12th in the production of greenhouse gases and the rate

of increase in these gases was 235% between 1990-1997. Mitigating stack

emissions at all of PEMEX's operations will have a significant impact on the

environment.

The twin goals of USAID's continuing efforts to protect the environment are to:

1. Reduce long-term threats to the global environment particularly the loss of

biodiversity and by mitigating greenhouse gas emissions; and

2. Promote sustainable economic growth by addressing environmental

constraints that impede development.

To meet these goals, objectives of USAID projects include promoting the

implementation of energy efficient technologies, and introducing cleaner energy

systems through the private sector and public/private partnerships.

PEMEX's 40 power-generating boilers located at refineries scattered throughout

Mexico have a combined maximum steam generating capacity of about 7,000 tlh.

These boilers are fired primarily with Mexican heavy fuel oil, supplemented by both

natural gas and refinery gas. As part of its modernization program, PEMEX was

looking for a technology to upgrade its outdated fuel burners. The existing burners

produced high levels of unburned carbon and particulate matter. To improve

carbon burnout, PEMEX treated the fuel oil with an additive that is about 10

percent effective in reducing unburned carbon but also reduces boiler efficiency.

The annual cost for a single boiler for this additive is approximately $300,000.

PEMEX Refineries
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Although PEMEX had procured newer Verloop burners to replace its older burners, they

had never been installed and had been stored for several years prior to this project.

PEMEX requested that the initial demonstration use the Verloop burners because the

results would be. directly transferable to many of the boilers at Madero and other PEMEX

refineries.. If the. demonstration proved successful for the initial test at Madero, USAID

and PEMEX agreed that the. technology would be applied at other PEMEX sites. to reduce

emissions.

Partnerships Benefit Private Sector Companies

The. U.S.-based partner, EPT, is an innovative. company that has significant experience in

applying low cost, effective solutions to improve combustion efficiency.. Combined with

PEMEX's and liE's. technical and operational capabilities, USAID initiated a program to

develop a strategy to reduce emissions and pollution. Following a screening study to

determine the most appropriate applications, USAID and PEMEX selected a modified
REACH technology for the demonstration. The REACH components were designed and

manufactured by EPT. Installation was supervised by EPT. To fully equip all its burners

with the. new technology, it is anticipated that PEMEX will purchase significant

engineering, construction, and related services from EPT and other U.S. companies.

In the. first phase of the retrofit study, these EPT-developed burners. produced a net

decrease. in carbon and greenhouse gas emissions due. to improved combustion

efficiency, as less oil was required to generate similar amounts of steam and electricity.

PEMEX has more than 2,000 MW equivalent steam generation at its refineries that are

primarily run on heavy fuel. oil, improving plant efficiency though burner enhancement

technology will. greatly reduce. greenhouse gas emissions and other polluting air

emissions.

In addition to the. other engineering improvements in the. REACH oil burners, the

technology included compatible Gas-REACH for burning natural and refinery gases that

are periodically used in this type of facility. The. patented gas fuel. injector design works. by

creating a low Nox flame. The combustion equipment supplied by EPT consisted of new

.oil guns, oil gun coupling blocks, oil gun guide tubes, Gas-REACH injectors, Oil-REACH

atomizers and swirlers, gas supply hoses, pressure gauges for oil and atomizing steam,

upgraded flame detectors, larger oil flow control valve, and burner mounting plates. EPT
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also supervised the pre-REACH baseline emissions tests, equipment installation, startup,

combustion optimization tests, and post-REACH emissions acceptance tests. Equipment

and services were supplied by EPT under a subcontract to Nexant Inc. of San Francisco,

Califomia. Emissions testing services and test equipment were furnished by Instituto de

Investigaciones Electricas (liE) of Cuernavaca, Mexico.

Results

Table 1.

REACH Emission Reductions (Phase 1)

Firina Confiauration Emission Reduction

100% Oil Firing PM: 75%

NOx: 25-30%

Oil/Gas Cofiring PM: 80%

(67% oil; 33% qas) NOx: 15-20%

100% Gas Firino NOx: 30-35%

Estimates of the contributions to increased boiler efficiency with REACH are about

1.8% included reduced atomizing steam consumption (0.647%), reduced excess air

(0.070%), elimination of PEP-99 emulsion (0.809%), and reduced unburned carbon

emissions (0.171 %). The particulate emissions and excess air requirements for

REACH are estimates based on tests conducted at Madero with new V-Jet atomizers

(wider spray angle) that showed significant reductions in particulate emissions and
excess air compared to the V-Jet atomizers supplied originally with a 80 degree spray

angle.

Phase I tests were conducted from September 2000 to July 2001; Phase II tests with the

equipment optimized for the best combination of particulate and NOx emissions were

conducted in September.

This collaborative program has yielded significant results. The combination of distant,

collective resources, at times, represented different views. But, it was this collective

difference that initially brought each of the participants together and ultimately provided

the strength of our team. Overall, the combined contributions of the team provided timely,
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effective resolution of issues that are inevitable in such an undertaking. Moreover, each

participant provided significant cost sharing.

We are hopeful PEMEX and the private sector will build upon this success. The path

appears to be straight. The technology, albeit in place for a relatively short time, has met

and perhaps exceeded expectations. The economics support the. switch to cleaner

combustion technology. The end result can be significantly reduced emissions including

unburned carbon and greenhouse gases.

The following sections. of the report provide the technical details of this public-private

partnership:

Background

REACH Technology Description

Project Objectives

REACH Equipment Design, Fabrication, & Field Service

Pre-REACH Baseline Emissions Tests

Installation & Startup of REACH-Modified Burners

REACH Emissions Tests

Madero MP-B4 Operating Recommendations

Technical Summary

Conclusion
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Background

The United States Agency for International Development (USAID) worked in partnership

with Petroleos Mexicanos (PEMEX - Mexico's state-owned petroleum utility), the lnstituto

de Investigaciones Electricas (liE), and Electric Power Technologies (EPT) to accelerate.

the. transfer of environmental control technologies by demonstrating innovative

combustion technology at PEMEX's. Madero Refinery. To achieve both environmental

beneficiation and greenhouse gas mitigation, USAID leveraged private and public sector

funds, established a Mexican and U.S. government partnership and a public-private

partnership, and introduced technologies that foster sustainable development. The total

cost of this program is estimated at $750,000; USAID's portion was about 30%.

The. goal of all. the. partners in this. project was to develop a response to reducing

greenhouse gas emissions that would be. sustained by PEMEX and the private sector

once USAID disengaged. Initially one of PEMEX's 40 power-generating boilers was

equipped with advanced technology to reduce emissions. If the demonstration

successfully met pre-establish,ed criteria, PEMEX agreed to retrofit its remaining 39

boilerS, providing U.S. companies significant benefits for engineering, construction, and

related services..

During 2000-1, USAID, PEMEX, and EPT conducted a jointly funded· project to

demonstrate the. operational and environmental benefits of EPT's Reduced Emissions

and Advanced Combustion Hardware (REACH) for a heavy fuel oil and gas fired power

and steam generating boiler at PEMEX's Francisco I. Madero Refinery. This refinery is
located near Tampico, Mexico. on the Gulf of Mexico. Site specifics were assessed;

REACH components were designed, manufactured, and installed at one boiler at the

Madero refinery. Pre- and post-emissions tests were performed by liE. The benefits of

REACH include lower NOx and PM emissions, higher boiler efficiency, longer life of

burner components, and elimination of PEP-99 emulsion to obtain acceptable

combustion. A second post-emissions test was performed to determine the specific

benefrts of an alternate. REACH atomizer subsequently installed. The alternate REACH

technology is expected to proVide an even greater reduction in emissions.

The Madero refinery has six boilers with a combined maximum steam. generating

capacity of approXimately 900 t1h.. The boilers are fired primarily with Mexican heavy

fuel oil. Supplemental fuels include natural gas and refinery gas. PEMEX is currently

Task Order Number 5 -1-



undergoing a substantial modernization program and is seeking technologies that can

improve operations and reduce emissions at all its refineries. In this regard, PEMEX

had an interest in upgrading Verloop burners that are installed in the majority of the

boilers at its six refineries. Verloop burners. produce high levels of unburned carbon

and, therefore, high particulate matter (PM) emissions. To improve carbon burnout,

PEMEX treats the fuel oil with PEP-99, which is a 10 percent water emulsion that is

effective in reducing unburned carbon. However, PEP-99 can have a detrimental effect

on boiler efficiency, and the cost is substantial at approximately $0.53 (US) per barrel

(159 liters). For a single 160 t/h steam boiler, the annual. cost for PEP-99 is.

approximately $300,000 (US).

Boiler MP-B4 at the Madero refinerY is a Cerrey VU-60 single-wall-fired boiler with a

maximum steam generation rating of 160 t/h .. The boiler has two burner elevations. and

three burners per elevation (six burners total). In normal operations, PEP-99. emulsion

was added to the. fuel oil to improve combustion and reduce. unburned carbon.
Although PEP-99 improved combustion performance, particulate matter (PM) emissions

reported by the plant were still high, Le" from 250 to 500 mg/Nm3
, depending upon the

specific operating condition.

Normal. operation of Boiler MP-B4 involves simultaneous firing of gas and oil. (Le.,

gas/oil cofiring). Typically, at high boiler load, two burners are operated on gas while·

the other burners. are operated on oil, although the. actual number of burners firing gas

depends on gas availability from the. refinery. The selection of burners. for gas firing is

at the discretion of boiler operators.

Boiler MP-B4 was initially equipped with Peabody gas and oil. burners.. However,

PEMEX requested that REACH be retrofit to Verloop TIL/30 burners that had been

procured previously to replace the Peabody burners, but were never installed and had

been stored at the Madero Refinery for several years prior to this project. PEMEX

requested this approach because the. results. would be. directly transferable to boilers

equipped with Verloop burners at Madero and other PEMEX refineries.

Task Order Number 5 2
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REACH Technology Description

The REACH technologies implemented at Boiler MP-B4 were low NOx REACH (LN­

REACH) for oil combustion, and Gas-REACH for buming natural and refinery gases.

LN-REACH for Oil Combustion

LN-REACH consists of Low NOx oil atomizers and flame stabilizers. The REACH

atomizers are internal-mix (I-mix) steam atomized and are designed to operate at

constant steam-to-oil differential pressure over the load range. For purposes of reduced

NOx and particulate matter emissions, EPT supplied patented V-jet atomizers that

operate at constant steam-to-oil differential pressure of approximately 1 kgfcm2 (14 psid)

and a steam-to-oil mass ratio at full load of approximately 10 percent. EPT also supplied

a set of conventional I-mix atomizers in the event that PEMEX preferred lower PM

emissions without a large reduction in NOx emissions. New oil guns were also supplied.

The diffusers supplied with the existing Peabody burners for flame stabilization were bluff

bodies with radial slots intended to minimize overheating and excessive coke formation

on the bluff-body surface. The diffusers had several undesirable features that adversely

impacted combustion performance. These included excessive pressure drop, deficiency

of combustion air flow into the primary flame zone, absence of swirl in the combustion air,

and overheating and subsequent shortened life of the stabilizers. EPT replaced the bluff

body diffusers with compound-curve-blade swirlers equipped with a cone hub for

additional cooling. The design of the EPT flame stabilizers (swirlers) was matched to the

design of the atomizers (Le., spray angle, flow rate, and number of exit holes) to achieve
minimum NOx and PM emissions. The stabilizers were constructed of 310 stainless steel

and have an expected life of at least three years.

Gas-REACH Technology

Gas-REACH is a retrofittable low NOx burner technology that consists of novel gas fuel

injectors to control local air-fuel ratios and mixing (Le., combustion staging) within the

flame. The primary component of Gas-REACH is the patented fuel injector design,

which injects the gas fuel into the base of the flame at the bumer throat. Each bumer

contains four Gas-REACH fuel injectors, which produce a non-uniform injection of gas

around the periphery of the REACH flame stabilizer. The resulting gas jets in

combination with the aerodynamic flame patterns and air-fuel mixing produced by the

flame stabilizer create an intemally staged, low NOx flame. Gas-REACH was designed

Task Order Number 5 3



such that the. same flame stabilizer used for oil combustion would be compatible with,

and optimized for, low NOx emissions when firing gas fuel.

Project Objectives

The project objectives were to retrofit Oil and Gas-REACH to the Verloop TTL/3D

burners that had been purchased some years ago by PEMEX for installation at Boiler

MP-B4 of the. Madero refinery. The. REACH-modified burners were then installed in

place of the existing Peabody burners.. The REACH technology was designed for oil

and gas firing to increase boiler efficiency and achieve the objectives below.

on Firina Gas Firina
1. PM emissions <150 mg/Nm3 for all loads up to 1. NOx emissions reduced 25% compared to pre-

160 tlh without PEP-99 emulsion. REACH baseline emissions
2. NOx emissions. reduced 40% compared to pre- 2. CO emissions <150 ppmv

REACH baseline emissions at the same PM
emissions level. .

REACH Equipment Design, Fabrication, & Field Service

Retrofit of REACH was complex because the design of Verloop burners is quite unlike

conventional oil/gas burners installed in wall-fired boilers, and the burners were

oversized for installation in the Madero MP-B4 windbox. The most unusual

characteristic of Verloop burners is the use of large quantities of low pressure air for oil

atomization. The primary component of the burner is a cylinder assembly ("bullet")

consisting of coaxial pipes that supply (1) atomizing air to the oil atomizer assembly,

and (2) natural gas or refinery gas to the. gas injectors. There is a small multiblade

flame. stabilizer attached to the end of the bullet assembly. The burners are also

equipped with a sliding sleeve air register.

The combustion equipment supplied by EPT consisted of new oil guns, oil gun coupling

blocks, oil gun guide tubes, Gas-REACH injectors, Oil-REACH atomizers and swirlers,

gas hoses, pressure gauges for oil and atomizing steam, upgraded flame detectors,

larger oil flow control valve, and burner mounting plates. EPT also supervised the pre­

REACH baseline emissions tests, equipment installation, startup, combustion

Task Order Number 5 4



optimization tests, and post-REACH emissions acceptance tests. The equipment and

services were supplied by EPT of Menlo Park, California under a subcontract to Nexant

Inc. of San Francisco, California. Emissions testing services and test equipment were

furnished by Instituto de Investigaciones Eh§ctricas (liE) of Cuernavaca, Mexico. The

REACH retrofit included the major activities described below.

Engineering

... A sketch of the existing Peabody burners is shown in Figure 1. The burner was equipped

with conical air registers with swirl vanes, a diffuser for flame stabilization, and a gas ring.

Internal-mix steam atomizers were used with a parallel-tube oil gun. The depth of the

windbox from the water wall tubes to the windbox wall was 42 inches (1,067 mm), which

was considerably shorter than required for installation of the Verloop TTU30 burners.

•
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Figure 2 is a sketch of the Verloop TTU30 burners supplied for Madero MP-B4. The

diameter of the bullet assembly was 12.75 inches (outside diameter), and the length was

96 inches (2,438 mm). The Verloop burners were designed to be installed in a windbox

with a depth of 7.5-feet (2,286 mm). The depth of the windbox at Boiler MP-B4 was only

42 inches (1,067 mm). Therefore, it was necessary to shorten the "bullet" assemblies by

approximately 53 inches (1,346 mm) before retrofitting the REACH components. Figure

3 shows where the cut was made in the bullet assembly. It was also necessary to reduce

the length of the air registers by 7.5 inches (190.5 mm). Installation of the modified

bumers was also challenging because of the very confined space in the windbox, Le., the

REACH-modified Verloop burners barely fit in the 42-inch (1,067 mm) spacing between

the windbox and furnace walls. Figure 4 is a sketch of the final modified burner

equipped with Oil and Gas-REACH installed in the windbox at Madero MP-B4. Figure Sa

presents photographs of the original Peabody burner and'Figure 5b shows the REACH­

modified Verloop burner as viewed from the furnace.

EPT coordinated all engineering with PEMEX for equipment that required relocation (e.g.

steam, oil, gas piping, shutoff valves, etc.) for proper "fit up" and interface with the

modified Verloop burners. The existing Burner Management System was unchanged.

Engineering performed by EPT is summarized below.

1. Review of the natural gas supply, oil supply, and steam atomization systems

(including P&I drawings) to determine design criteria for the Oil-REACH and

Gas-REACH hardware.

2. Inspection of Boiler MP-B4 to measure all relevant dimensions for the retrofit.

3. Detailed inspection of the Verloop burners procured by PEMEX for Boiler MP-B4.

4. Design modifications for the Verloop burner assemblies (and air registers)

including procedures to shorten the burners to fit inside the windbox and

cleaning of the burners to remove corrosion from being stored outside for several

years. The length of the Verloop assembly was shoHened by 53 inches (1,346

mm) to fit inside the windbox. Similarly, the length of the air register was

reduced from 19.5 inches (495 mm) to 12 inches (305 mm) to fit inside the

windbox. This modification permitted the REACH-modified Verloop burners to

be installed without moving the windbox wall. Also, design of new oil gun guide

pipes, oil gun coupling blocks, gas injectors, burner cover plate, and burner

supports for the Verloop burners.

Task Order Number 5 7



-

ieGI S1!:? ;'$581<:..Y

I ~::;,i"TlllG ~ING
I .

I

I

1~~--:----l.-REaIS!E~ SAC~":.Ale
HEAT SHIE:...O

AIR SU;CVE~

OIL GUN GUIDE
FLANQEO

~-J.LJI-.

. .. .... .

FigUr~ 2! Sketch 61 ~h~.~erl~~p -ry-Ua~· b~rhe~ supplied for Madero MP.S4.

Task Order Number 5 8



... i :
LJ, .

LJ
.1

..- ..~_ - _- .. _._ :

...

Figure 3. Sketch of the VerlOop '1TIJ30 burner showing "cut" of the bullet assembly•

Task Order Number 5 9



25. 72"

110lHI"IEO

OIL ~ GU'~\....C--::J-il-lJ'j:=::ll~L-'--~

MOOI~leo .VeRLOOP BURNER

Figure 4.Sket~h ot'the REACH;."iodifleci"bumet installed·atMadero MP~B4•.. -' ,.' . .. .

...
Task Order Number 5 10



•

..
Figure 5b. Photograph of the REACH-modified burner

Figure Sa. Photograph of the original Peabody burner
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5. Review of detailed engineering by PEMEX to relocate burner equipment on the

burner front as needed to accommodate the modified Verloop burners.

6. Design new concentric-tube (Le., coaxial) oil guns specifically for the REACH V-jet

atomizers. To eliminate the potential of oil leakage from the gun and atomizer

assemblies, the new EPT oil guns and V-jet atomizers were designed to operate with

the. atomizing steam in the outer annulus of the oil gun and oil in the inner tube.

7. Design new oil gun coupling blocks.

8. Design for converting the oil gun guide seal system from atomizing steam to

compressed air.

9. Design of a new, internal mix, steam atomized LN-REACH atomizer assembly (Le.,

V-jet atomizer). A prototype of the design was tested in the flow laboratory using

water and air as the working fluids to characterize the spray pattern, flow-pressure

relationship, and spray quality as measured by the Sauter Mean Diameter.
Conventional I-mix atomizers were also designed.

10.Design of new compound-curved-vane swirlers with a cone hub for improved flame

stabilization and combustion. As part of the. design, an aerodynamic analysis of the

burner was conducted to determine the swirled-to-total air flow (Le., air flow through

the swirler compared to the total airflow), and the swirl number (Le., amount of swirl

imparted to the combustion air) of the stabilizer. EPT also provided dimensioned

engineering drawings of the. new burner throat contour to PEMEX engineers.

11. Design of Gas-REACH injectors and a gas distributor for attachment to the, Verloop

burner assembly. EPT prepared design specifications, performed design

engineering, and prepared fabrication drawings for the Gas-REACH retrofit

hardware.

12.Design of modifications for the Verloop sliding sleeve air registers (dampers). to

eliminate "binding" caused by off-center actuation by the burner manual drives. In

the closed position,. stops were installed to allow for sufficient air to flow through the

burner air register for cooling.

13.Design of a new burner cover plate for attachment to the windbox wall in the same

location as the existing Peabody cover plate.

Task Order Number 5 12
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14.Preparation of the following drawings and printed instructions:

• Field modification of the Verloop burner assemblies to cut and shorten the

burner and install new oil gun guide tubes, Gas-REACH injectors, Oil-REACH

swirlers, and gas distributor welded to the Verloop burner.

• Modification of the burner throat contour and installation of new burner

supports.

• Installation drawings with instructions. for the sliding air dampers.

• Demolition drawings with instructions.

• Fabrication drawing of a new burner cover plate.

15. Project management and coordination of activities, including preparation of a

project schedule, communications between EPT, USAID, and PEMEX personnel,

subcontractor management, and participation in project-related meetings.

Materials

EPT fabricated and performed quality control tests on the following materials. All

materials were designed to be assembled in the field or at shops in Mexico.

1. Six new oil gun guide pipes for the Verloop burner assemblies. Each guide pipe

was fabricated of carbon steel with a 304 SS section at the swirler end. The guide

pipe was equipped with an air seal aspiration injector, not steam as used on the

existing oil guns.

2. Six oil gun coupling blocks.

3. Twenty-four Gas-REACH gas injectors, four per burner. The gas injectors were

equipped with an internal manifold and mounting hardware that was welded to the

shortened Verloop burner assembly.

4. Eight concentric-tube (coaxial) oil guns (includes two spares).

5. Twenty-four LN-REACH, V-jet atomizer assemblies (included one set of spares)

with 80 degree spray angle. Twelve of the atomizer assemblies were suitable for

full load operation with PEP-99 emulsion (which required 10 percent higher flow

rate), and twelve were suitable for full load operation without PEP-99 emulsion. For

test purposes, six V-jet atomizer spray plates with 90 degree spray angle, and six

V-jet atomizer assemblies with 100 degree spray angle were supplied. Also, for

test purposes, six I-mix atomizer spray plates with 90 degree spray angle and six
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spray plates with 100 degree spray angle were supplied. Each atomizer assembly

consisted of a spray plate, distributor plug, and retaining nut. The material of

construction for the spray plate and back plate was H13 tool steel hardened to

Rockwell 53-56, whereas the retaining nuts were fabricated from 440C stainless

steel.

6. Eight REACH compound-curved-vane swirlers. with a cone-hub design (included

two spares). The swirlers were constructed from 310 stainless steel.

7. Six primary air blank flanges. The one-fourth-inch thick carbon steel flanges

covered the existing primary air duct on the Verloop burners.

8. Six burner cover plates fabricated of carbon steel.

9. Six 6-inch gas hoses for connection of the REACH-modified Verloop burners to the

gas supply header for each burner.

10. Six Durag D-LE 601 UA 45 flame. detector heads to replace the original flame

detector heads that were not designed for gas/oil operation.

11. Ten pressure gauges for atomizing steam and fuel oil at the burners.

12. Fisher Controls. pneumatic oil flow control valve to replace the existing valve (which

had excessive pressure drop).

Field Services

EPT performed the following field services to assure proper installation, commissioning,

and operation of the new LN-REACH and Gas-REACH combustion hardware at the

Francisco I. Madero Refinery of PEMEX.

1. Support for demolition of the existing burner and installation of the LN-REACH and

Gas-REACH hardware. EPT performed an internal windbox and furnace. inspection

immediately after the unit was removed from service to insure that the. REACH­

modified burners fit with minimal field modifications. For required modifications,

EPT worked with the PEMEX installation contractor for the necessary changes.

2. Internal boiler inspection and mechanical checkout of the. new hardware prior to

returning Boiler MP-B4 to service. Following the boiler inspection, EPT met with the

PEMEX engineers to discuss changes and adjustments to the equipment required.

3. In cooperation with PEMEX personnel, EPT supported boiler startup with the new

LN-REACH and Gas-REACH hardware.
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4. Following boiler startup, EPT conducted combustion optimization tests on oil and

gas. For oil, it was necessary to evaluate a number of different atomizer spray

angles to determine the best atomizer spray plate for minimal PM emissions. Tests

when firing oil were conducted without PEP-99 emulsion.

5. Using the optimum burner settings and atomizer spray angle to minimize PM and

NOx emissions, acceptance tests were conducted to demonstrate attainment of the

PM and NOx emissions guarantees.

6. Training of operating and maintenance personnel in operating Boiler MP-B4 with the

new Oil- and Gas-REACH combustion equipment. EPT furnished detailed operating

and maintenance instructions and a spare parts list.

Work by PEMEX

PEMEX, or others performed the following work items on behalf of PEMEX, as part of the

project.

1. Supply of technical information, drawings, test data, and operating data relevant to

... the design and performance of the existing combustion equipment.

2. Labor and equipment for removal of the combustion equipment to be replaced.

3. Labor, equipment, tools, and supplies to relocate flame scanners and flame

scanner sight pipes, and ignitors and ignitor guide pipes per instructions provided

by EPT.

4. Labor, equipment, tools, and supplies required to transport the existing Verloop

burners to a location where they could be readily loaded onto a flatbed truck for
shipping to a machine shop in Mexico.

5. Installation of the REACH-modified Verloop burners in Boiler MP-B4. EPT supervised

the installation.

6. Standard piping materials common to refinery operations for modification of the

atomizing steam piping system (Le., standard pipe).

7. Labor and materials for physical modification or repair of the boiler equipment and

controls.

8. .Labor and materials to modify the burner throat contour per EPT instructions.
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9. Contract with the liE to conduct pre-REACH baseline emissions. tests on gas and

oil with and without PEP-99 emulsion, and post-REACH emissions tests on gas and

oil without PEP-99 emulsion.

10. Labor and test equipment for sampling and analysis of fuel oil burned during

combustion tests conducted by liE.

11. Adjustment of the. set point of the fuel oil heaters to achieve a fuel oil viscosity at

the burners between 20 and 30 centistokes (15-20 SSF).

Pre-REACH Baseline Emissions Tests

Before installing the REACH equipment, baseline emissions tests were performed from

September 21-25, 2000 to establish reference data for emissions of particulate matter

mass (PM), nitrogen oxides (NOx) and carbon monoxide (CO). The. emissions

measurements were performed by the liE under contract to PEMEX. EPT provided on­

site supervision and documentation of boiler operating conditions. Tests were performed
for three modes of boiler operation: (1) 100% oil firing, (2) combination gas and oil. firing

(oil/gas cofiring) and (3) 100% gas firing.

During the. tests, the fuel oil was not treated with the normal emulsification/additive

(PEP-99) used by the plant for particulate emissions reduction and stack opacity

control. This enabled a comparison with REACH technology, which was designed to

operate without PEP-99.

The matrix of baseline test conditions is contained in Table 1. The liE test report and

EPT boiler data sheets are provided in Appendices A and C, respectively.

Emissions Measurement Protocol

Gaseous Samples. Flue. gas samples for measurment of NOx, CO, and 02 were

extracted from probes positioned in the stack and in each of the. two flue gas ducts

upstream of the boiler air heater. The probes in the ducts were postioned to provide

samples that were representative of the duct average, based on manual gas traverses

performed in each duct. The O2 measured in the ducts was indicative of the excess 02

for combustion, since it was not affected by normal air inleakage across the air heater.

Accordingly, the duct excess O2 was used as a correlating parameter for NOx and PM

emissions test results.

-
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Table 1
Pre-REACH Emissions Test Matrix

Test Measurements by

IIE1PEMEX
Test Steam Excess
No. Flow, t1h 02, % NOx 02 CO PM

Oil Fuel- No PEP-99

1 Max (160) Normal lIP ID ID lIP
2 " Low ID ID lIP ID
3 140 Normal lIP lIP tflI
4 " Low lIP lIP tflI

Normal Oil And Gas Fuel Operation-- No PEP-99

5 Max (160) Normal lIP ID ID ---

6 " High lIP ID lIP iIJ
7 140 Low lIP lIP ID ---
8 " Normal iIll ID ID ----

100% Gas Firing (6 Burners)

9 Max (160) Normal iIll iIll iIll ---
10 " High lIP iIll ID ---

The stack measurments were used for reporting official NOx and CO emissions for

each test conditon, since the stack samples represented an average, well-mixed

composite of the boiler emissions. For reporting purposes the stack emissions were

normalized to Mexico standard 5% O2 dillution, which eliminated any impact of air

heater air inleakage. The NOx and CO measurments in the ducts were in good

agreement with the stack measurments, when differences in 02 concentrations were

taken into account.

Table 2 presents the methods and equipment used by liE to measure emissions.
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Table 2
Emissions Test Methods and Equipment

EMISSION METHODOLOGY EQUIPMENT

Oxvaen (021 Electrochemical cells Lancom6500

Carbon Monoxide (COl Electrochemical cells

Nitroaen Oxides (NOxl Chemiluminiscence. Fisher-Rosemount

Particulate Matter Mass Isokinetic sample Andersen Universal

(PMl I(Method 5, EPA) Stack Sampler

Gas Velocitv Method 1, EPA

Moisture Method 4, EPA

PM Mass Emissions. PM emissions were measured using US Environmental Protection

Agency (EPA) Reference Method 5 (out-of-stack heated filter). PM samples were

obtained in a traverse at a sample port at the base of the stack. The PM samples were
weighed on site using a microbalance provided by PEMEX.

PM emissions were reported by liE in units of milligrams per normal cubic meter

(mg/Nm3
), normalized to 5% excess O2 per the Mexico standard.

Pre-REACH Test Results - Oil Firing

The tests with 100% oil firing were conducted with all burners in service. at a maximum

boiler load of 160 Uh steam flow and at a reduced load of 140 Uh. At each load

condition, two boiler excess oxygen levels were tested: (1) normal excess O2 as

specified by the boiler operators, and (2) reduced excess 02 approximately 1.0% below

the normal excess O2 level. PM emissions were measured only at 160 Uh, while

gaseous emissions were measured at both loads.

PM Emissions. The PM emissions measured at 160 Uh were 821 mg/Nm3 and 948
mg/Nm3 at the normal and reduced excess O2 operating conditions, respectively.

These values were considerably above the 150 mg/Nm3 target values for REACH, and

they were indicative of poor combustion conditions and high unburned carbon levels.

At maximum load, a stack smoke plume was readily visible, consistent with high carbon

and PM emissions. At the reduced load condition, the plume visibility was significantly

-
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reduced, suggesting that the PM emissions (not measured) would be less than at full

load. At both loads a whitish-colored component of the plume was also visible; this

component is the result of sulfuric acid condensation, which is common on boilers

burning heavy fuel oil with high sulfur content.

Gaseous Emissions. Table 3 summarizes NOx and CO emissions for 100% firing.

Table 3
Baseline Gaseous Emissions - Oil Firing

NOx, ppm CO, ppm

Load,t1h Excess 02, %* (dry at 5% 02) (dry at 5% 02)

160 2.29 (low) 202 1

160 2.91 (normal) 222 0

140 2.16 (low) 197 3

140 3.20 (normal) 234 0

* Excess O2 measured at air heater inlet.

The NOx emissions were comparable at the two test loads when compared at similar

excess O2 levels, indicating that NOx was not sensitive to changes in boiler load in the

160 t1h to 140 t1h load range. The low CO emissions and high PM emissions suggested

that poor oil atomization was a primary cause of the PM emissions.

Pre-REACH Test Results - Oil/Gas Cofiring- Normal operation of boiler MP-B4 involved gas/oil cofiring. Typically, at high boiler load
conditions two burners were operated on gas, while the other burners were operated on

oil, although the actual number of burners firing gas depended on gas availability from the

refinery. The selection of burners for gas firing was at the discretion of boiler operators.

For the pre-REACH emissions tests, burners No. 1 and No. 2 (lower-left and lower­

center burners) were operated on gas, while the other four burners were fired with oil.

The proportion of heat input to the boiler was approximately one-third from gas and 2/3

from oil.

..
PM Emissions. PM emissions were measured at a single operating point at 160 t1h.

PM emissions were 799 mg/Nm3 at a normal excess oxygen condition. These
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emissions were 15% below the levels measured with 100% oil firing at comparable load

and excess oxygen.

During the. PM test, a dark-colored smoke plume was readily visible at the stack, which

is consistent with high carbon and PM emissions. After raising the. excess O2 by 0.7%,

a continuous dark plume was still evident. As above, the whitish-colored plume ....

component was also visible.

Gaseous Emissions. Table 4 summarizes NOx and CO emissions for oil/gas cofiring.

Table 4
Baseline Gaseous Emissions - Oil/Gas Cofiring

NOx, ppm CO, ppm

Load,tlh Excess O2, %* (drv at 5% O2) (drv at 5% O2)

160 2.27 (normal) 184 182

160 2.98 (hiqh) 163 31.

140 2.26 (low) 169 599

140 2.88 (normal) 185 47

* Excess. 02 measured at air heater inlet.

As expected, the NOx emissions where lower than those measured for 100% oil firing

due to the 10wer-NOx characteristics of gas firing (see below). CO emissions were

higher than for 100%. oil firing, reflecting the relatively high CO emissions characteristics

for the original burner when firing gas.

At 160 tlhr, the NOx emissions decreased when the excess O2 was raised. The.

opposite effect of increased excess O2 was expected, and no reason can be offered for

the observed behavior.

Pre-REACH Test Results - Gas Firing

The tests with 100% gas firing were conducted with all burners in service at a maximum

boiler load of 160 tlh steam flow. Two boiler excess O2 levels were tested

corresponding to: (1) the normal excess O2 as specified by the boiler operators, and (2)

an increased excess 02 approximately 1.0% above the normal excess O2 level. The
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latter test condition was established after it was shown that the normal excess O2

resulted in high CO emissions.

Gaseous Emissions. Table 5 summarizes NOx and CO emissions for 100% gas firing.

Table 5
Baseline Gaseous Emissions - Gas Firing

NOx, ppm CO, ppm

Load,t1h Excess O2, %* (dry at 5% O2) (dry at 5% O2)

160 1.32 (normal) 127 6,259

160 2.31 Ihiah) 163 22

* Excess O2 measured at air heater inlet.

NOx emissions where lower than operation with 100% oil or with oil/gas cofiring. At the

normal excess O2 condition, CO emissions were high and indicated that the burners

were normally operated with inadequate combustion air.

Installation and Startup of REACH-Modified Burners at Madero

The REACH-modified Verloop burners were installed in Madero Boiler MP-B4 during a

major maintenance outage from January 15-February 20, 2001. PEMEX contractors

performed all installation work. The primary activities were demolition of the existing

Peabody burners; installation of the REACH-modified Verloop burners, air registers,

and burner piping; installation of new gas hoses; installation of new atomizing steam
and oil hoses; relocation and installation of the original gas ignitors; relocation and

installation of the existing Durag flame detectors; and installation of new oil gun

coupling blocks. EPT personnel were on site to supervise installation and offer support

to PEMEX contractors. In view of the extensive work that was performed during the

maintenance outage and the tight clearances in the windbox, the installation went well.

Table 6 and Table 7 summarize EPT recommendations for burner alarms and trips for

gas and oil operation, respectively.
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Table 6
Gas-REACH Burners. Recommended Alarms and Trips

Boiler MP-B4

AlarmlTrip Recommendation

Maximum gas pressure alarm 3.5 kg/cm2

Minimum gas pressure alarm Existing pressure setting (0.1 kg/cm2
)

Maximum gas pressure trip 4.0 kg/cm2

Minimum gas pressure trip Existing pressure setting (0.05 kg/cm2
)

Table 7
Oil·REACH Burners. Recommended Alarms and Trips

Boiler Mp·B4

AlarmlTrip Recommendation

Maximum oil pressure alarm 10.5 kg/cm2

Minimum oil pressure alarm 2.5 kg/cm2

Maximum oil pressure trip 11.5 kg/cm2

Minimum oil pressure trip 2.0 kg/cm2

Boiler MP-B4 was started up with the REACH-modified burners on February 21, 2001.

Gas ignitors were fired on each burner sequentially. Subsequently, each main burner

was fired on gas sequentially at a reduced firing rate to evaluate flame shape and warm

up the boiler. The boiler was warmed up for 24 hours by firing a single gas burner and

rotating through all six burners.

Prior to lighting off burners on NO.6 oil, the atomizer was removed from one oil gun and

atomizing steam was blown through the steam lines, atomizing steam valve, and the

burner to remove any loose welding material that may be present. On February 23, the

first oil burners were placed in service. Note that PEP-99 emulsion was added to the oil

during the startup. As with gas, each burner was placed in service sequentially at

reduced firing rate and the flame shape was evaluated. By February 24, all burners

••
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had been checked out and the boiler was on line. Combustion conditions and flame

stability were excellent, Le., the flames were bright and clear, there was no flame

impingement on the furnace walls, and the flames were firmly anchored to the flame

stabilizers. One issue that was observed was inconsistent performance of the Durag

flame detectors. Flame signals were weak and inconsistent for many of the burners

when firing oil. Inspection of the flames through the detector view port showed intense,

bright flames with good "flicker" (both flame intensity and flame flicker are needed for a

good flame detector signals).

The composition and pressure of the. gas fuel supplied to boiler MP-B4 from the refinery

generally varies over time with changes in refinery process operations. The gas

injectors were designed to achieve rated fuel flow at design supply pressures for a

given gas composition. During startup of Gas-REACH, it was evident that higher

pressures at the burner were required to achieve design fuel flow and that modifications

to the Gas-REACH fuel injectors were required. Accordingly, during a boiler outage, the

discharge orifices on the Gas-REACH injectors were enlarged to increase the flow area

by 40 percent. Apparently, there was a restriction at an unknown location in the

Verloop burner that was increasing pressure drop. In subsequent testing, it was

demonstrated that the design gas flow could be achieved within the operating pressure

limits of the gas supply system. The composition of the gas fuel burned during Gas­

REACH commissioning and baseline tests are provided in Appendix E. A gas flow

versus pressure curve for Gas-REACH is provided in Appendix F.

Gas-REACH produced stable flames, which were readily detected by the burner flame
scanners. In addition, the Gas-REACH burners were easily lit off and shut off per

normal plant operating procedures.

At the same time, increased flow capacity oil atomizers were supplied because of higher

than expected pressure drop across the oil flow control valve. This limited the oil pressure

achievable at the burners, which was too low to achieve maximum steam flow. Ultimately,

EPT also supplied a new oil flow control valve with a larger port size to reduce pressure

drop across the valve, which increased operating flexibility for the plant operators. The oil

flow versus pressure curves for the REACH atomizers are provided in Appendix G and the

specifications for the oil flow control valve are presented in Appendix H.
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For the increased-capacity V-Jet atomizers, maximum load of 160 Uh was achieved at an

oil pressure of 7.0 kg/cm2 and atomizing steam pressure of 8.2 kg/cm2 as measured at

burner No.2. Unfortunately, burner No. 2 was the only burner equipped with pressure

gauges during the startup testing, which made combustion optimization and diagnostics

difficult because it was not possible to determine if maldistributions in oil and atomizing

steam were present among the burners. Shortly after startup the. only furnace view port

that allowed good viewing of the burners in the first elevation was plugged, which further

hampered optimization of burner performance. When viewed through the burner

peepholes at the burner front, the. oil. and gas flames appeared bright and clear. However,

due to the. absence of furnace view ports, it was not possible to inspect the burner throats

or tips of the flames to ascertain combustion quality.

It was observed during the startup tests that the Durag D-LE 600 U 20 flame detectors

were not picking up strong flame intensity or pulse rate signals from the oil flames.

Although the flames were bright, attached, and exhibited good flicker by inspection

through the flame detector sight port, the signal strengths were weak on five of the six
burners.. The Durag representative was invited to the site to diagnose the detector

performance. The conclusion by Durag was that the oil flames were very good, but the

existing flame detector was best suited for gas firing and not oil. This was indicated by

very strong signal strengths on gas but not oil. The Durag representative

recommended that the flame detectors be replaced with Durag model D-LE-601 UA 45.

The. recommended detector was designed specifically for gas and oil firing, and had a

much wider spectral range (190 to 520 nm) than the existing detectors (190 to 270 nm).

A demonstrator Durag model D-LE-601 UA 45 detector was installed on one burner at

Madero MP-B4 and produced very strong signal strength for oil and gas firing for over a

month.. Although not part of EPT's work scope, EPT purchased a full set of the D-LE­

601 UA 45 detectors to replace the existing flame detectors. The new flame detectors

were delivered to the site in July 2001. to be installed by PEMEX.

REACH Emissions Tests

REACH combustion optimization and emissions tests were conducted in two phases.

Phase 1 included tests of V-jet atomizers with an aO-degree spray angle. Although there

was a significant reduction in PM and NOx emissions, it was believed that further

.-
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improvements would be achieved with atomizers having slightly different spray

characteristics.

During Phase 1 the combustion optimization efforts were hampered by lack of fumace

view ports and pressure gauges on the burners for diagnostic purposes, and also by

weak signals from the flame detectors. These limitations were corrected and a final

Phase 2 acceptance test program with optimized equipment and combustion conditions

will be performed during 2001. The Phase 2 tests will evaluate atomizers with different

spray angles to determine the atomizer configuration that achieves the best combination

of PM and NOx emissions.

The results of the Phase 1 tests are presented in this report. The Phase 2 results will be

presented in an addendum to this report.

Similar to the baseline tests, the formal tests to document REACH emissions and

combustion performance were conducted utilizing emissions test equipment and

personnel from liE. EPT engineers provided on-site test management and support. As

in the baseline tests, the fuel oil was not treated with PEP-99.

The matrix of baseline test conditions is contained in Table 8. The liE test report and

EPT boiler data sheets are provided in Appendices B, C, and D.
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Table 8
REACH Emissions Test Matrix

Test Measurements bv IIE1PEMEX
Test Steam Excess
No. Flow, t1h 02,% NOx 02 CO PM

Oil Fue/- No PEP-99 - Phase 1

1 Max (160) High iD iD iD iD
2 140 High iD iD iD iD

Normal OilAnd Gas Fuel Operation- No PEP-99 - Phase 1

3 140 Normal iD II iD iD
4 Max (160) Normal iD II iD iD

100% Gas Firing (6 Burners)

5 140 Low iD iD iD ----

6 " High iD iD iD ---------

-
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REACH Test Results - Oil Firing (Phase 1)

The test results reported herein represent Phase 1 of the Oil-REACH emissions and

combustion characterization, as described above. Consequently, the emissions data

for 100% oil firing and for oil/gas cofiring correspond to a partially optimized Oil-REACH

combustion condition and do not reflect the full emissions reduction potential of the

technology.

PM and gaseous emissions tests with 100% oil firing were conducted with all bumers in

service at a maximum boiler load of 160 l/h steam flow and at a reduced load of 140 l/h.

At both loads one boiler excess 02 level was tested, which was at the low control limit of

the boiler control system. It was not possible to reduce the excess 02 due to settings of

the plant digital control system that could not be readily changed during the tests. At

160 l/hr, the excess O2 was approximately 0.6% above the normal excess 02 evaluated

during the baseline tests at the same load.

PM Emissions. The PM emissions were 195 mg/Nm3 and 193 mg/Nm3 at 160 l/h and

140 l/hr load, respectively. These values were considerably below the pre-REACH

baseline levels, but above the 150 mg/Nm3 target values for REACH. The PM emissions

with REACH represented reductions in excess of 75 percent from baseline levels.

Figure 6 compares the PM emissions with 100% oil firing (6 Oil Burners) for pre-retrofit

and REACH.

The stack plume was predominantly whitish-colored due to sulfuric acid condensation.

Periodic light-brownish-colored "puffs" were evident in the plume, indicating that the

excess 02 was near the minimum excess 02 level for the particular REACH

configuration.
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Figure 6. PM' emissions for 100% oil firing and for oil/gas cofiring.
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Gaseous Emissions. Table 9 summarizes NOx and CO emissions for 100% oil firing.

Table 9
REACH Gaseous Emissions - Oil Firing

NOx, ppm CO, ppm

Load,tlh Excess O2, %* (dry at 5% O2) (dry at 5% O2)

160 3.52 (hioh) 185 4

140 3.45 (hiqh) 180 15

* Excess 02 measured at air heater inlet.

The baseline and REACH NOx emissions are plotted versus excess O2 in Figure 7.

Assuming that the NOx sensitivity to excess 02 for REACH is similar to the baseline

data, REACH reduced the NOx emissions by 25 to 30 percent from baseline levels,

when compared at the same excess O2.

REACH Test Results - Oil/Gas Cofiring (Phase 1)

Burners NO.1 and NO.3 (lower-left and lower-right burners) were operated on gas,

while the other four burners were fired with oil. The proportion of heat input to the boiler

was approximately one-third from gas and two-thirds from oil.

PM Emissions. The PM emissions were measured at a normal excess O2 condition at

160 Uh and 140 Uh. PM emissions were 156 mg/Nm3 and 151 mg/Nrn3
, respectively.

Compared to the pre-REACH baseline test with oil/gas cofiring at 160 Uh, the REACH

emissions were 80 percent lower.

Figure 6 (shown previously) compares the PM emissions with oil/gas cofiring (2 Gas I 4

Oil Burners) for baseline and REACH.

During the PM test, the plume appearance was similar to 100% oil firing.
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Gaseous Emissions. Table 10 summarizes NOx and CO emissions for oil/gas cofiring.

Table 10
REACH Gaseous Emissions - Oil/Gas Cofiring

NOx, ppm CO, ppm

Load,tlh Excess O2, %* (dry at 5% O2) (dry at 5% O2)

140 2.64 (normal) 151 5

160 2.26 (hiqh) 145 12

* Excess O2 measured at air heater inlet.

As expected, the NOx emissions where lower than measured for 100% oil firing due to

the lower-NOx characteristics of gas firing (see below). The CO emissions are also

lower than baseline levels, reflecting the lower CO emission characteristics of Gas­

REACH compared to the original burner. The baseline and REACH NOx emissions are

plotted versus excess 02 in Figure 8.

REACH Test Results - Gas Firing

Acceptance tests with all six burners firing gas were conducted at a boiler load of 140

t/h. This load was the maximum load achievable with reduced gas supply header

pressure resulting from low refinery gas production at the time of the tests. It was

originally planned to conduct these tests at 160 t/h.

Gaseous Emissions. The NOx emissions with Gas-REACH are compared in Figure 9

to baseline NOX emissions obtained with the original Peabody burners at 160 t/h. The

Gas-REACH NOx emissions are considerably below the baseline NOx emissions. At an

average excess O2 of 2.0%, Gas-REACH reduced the NOx emissions by approximately

40 percent from baseline levels. Accounting for the lower boiler load for the Gas­

REACH tests, the actual NOx reduction is estimated to be 30-35%. The NOx emissions

with Gas-REACH also exhibit little or no sensitivity to excess oxygen, which is a generic

characteristic of Gas-REACH technology.

The CO emissions were reduced with Gas-REACH. It was possible to operate at 1.4%

excess O2 with less than 100 ppm CO, whereas with original burners the CO emissions

were over 6,000 ppm at a comparable excess O2• The reduction in CO represents

approximately a 2 percent increase in boiler efficiency at 1.4% excess O2.
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Madero MP-B4 Operating Recommendations

A number of operating issues was evaluated and recommendations were developed

during the initial startup tests. These recommendations are discussed in the following

subsections.

Removing Burners from Service

1. When a burner is taken out of service, the air slide (register) should be closed on

that burner to maintain the proper air/fuel ratio on in-service burners and to minimize

the chances of smoke from the chimney.

2. To prevent damage to the atomizers by overheating, oil guns that are not in service

should be either cooled with adequate purge steam flow or removed from the

burner. Otherwise, the atomizer will overheat and the metal will soften. If it desired

to insert and couple an oil gun so it is ready to fire, the manual isolation valve on the

oil piping should be closed and the steam purge should be on. ""'

Oil Gun and Atomizer Disassembly, Cleaning, and Reassembly i.oJ

When necessary to disassemble an oil gun for inspection or cleaning, care should be

exercised in how the gun is handled during the disassembly procedure. It is

recommended that the operator follow the guidelines below:

1. Place the oil gun on a level work surface fitted with either a holding fixture designed

for that particular oil gun or a pipe vise. Secure the oil gun in the fixture or pipe vise

so that the atomizer end of the gun can be dissembled. If a pipe vise is utilized,

never place the atomizer components between the pipe vise jaws. Also, the oil gun

barrel should be positioned in the pipe vise such that the jaws of the vise do not

deform the retaining nut threads of the outer barrel. Inspect the outer surfaces of

the oil gun for coke and sticky oil deposits. If these deposits appear to be

excessive, then notify the Operations Supervisor. It may be necessary to inspect

the burner internals or the oil gun guide-tube. NOTE: It is recommended that

PEMEX fabricate or purchase an oil gun cleaning station for disassembling and

cleaning atomizers. Further, a storage rack should be installed at the burner front

for placing oil guns when they are removed from the burner. EPT can supply

designs or hardware at the request of PEMEX.
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2. Before attempting to remove the retaining nut from an oil gun that as been removed

from service and purged, it is very important to allow the oil gun assembly to cool. A

good indication that it is safe to remove the retaining nut is when it is possible for the

operator to touch the nut for 1-2 seconds with his bare hand without discomfort.

3. Using the retaining nut wrench provided by EPT (or the proper size box wrench),

remove the retaining nut from the outer barrel. Never use a pipe wrench to remove

the nut, since damage to the nut or thread of the outer barrel may occur.

4. Carefully remove the atomizer parts (Le., atomizer spray plate, back plate, and

retaining nut) and place each component on a clean surface.

5. Each component should be cooled, degreased (e.g., placed in a kerosene bath-, and

inspected. When handling the atomizer parts, remember that each is a finely

machined component. Hand tools such as hard metal scrapers, files, drill bits, or

any sharp object must not be used to clean these parts, because the smallest nick

or scratch on the machined surfaces can cause an oil or steam leak to occur

between the mating components. A soft brass bristle brush or wheel is

recommended.

6. Components that are coated with carbon should be placed in a carbon cutting

solution (e.g., kerosene or "Safety Clean 105") to soften the accumulated material.

Be sure to check the threads in the retaining nut. Any carbon in the threads must be

removed if the nut is to be re-used.

7. Visually examine the atomizer components, including the passages in the spray

plate and back plate (or plug). The atomizer should be replaced if: (a) drilled holes

are observed to be out-of-round, have worn edges, or have deep scratches; (b) slots
appear to be worn; or (c) cracks are observed in the webs of the components. It is

recommended that atomizer components be maintained and replaced in matched

three-piece sets consisting of the spray plate, back plate (or plug), and retaining nut.

Due to normal wear and tear, atomizers should be replaced after being in service for

9 to 12 months, depending on the unit operating cycle and properties of the fuel oil.

If the lapped surface of any atomizer component shows evidence of wear, that

component (along with any mating component) should be replaced. A wom

atomizer component would typically have the appearance of "shadows" around the

drilled holes or machined passages.
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If slight scratches are observed on the lapped surfaces, it is permissible to carefully

lap the components during the cleaning procedure using a lapping fixture. In this

manner, the necessary flatness to maintain the relative parallelism between the

mating components will be achieved.

8. The interior of the outer barrel and both the inner and outer surfaces of the inner

barrel of the oil. gun should be examined. If an accumulation of oil deposits exists

on these surfaces, the barrels should be removed from the headstock.. The barrels

should then be. cleaned in an appropriate cleaning tank. It may be necessary to run

a pipe-sized reamer through the inner and outer barrels to remove any stubbomly

attached deposits. Examine the condition of the. barrels. If any bends in the barrel

or significant damage to threads are found, that individual barrel should be replaced.

9. If new or recently cleaned atomizer components are not to be returned to service

right away or if they are to be stored for any period of time, be sure to apply a thin

coat of machine. oil (or a product such as WD-40) to all machined surfaces to

prevent the formation of rust. Any rust will cause a problem between the machined
surfaces and necessitate cleaning and re-Iapping of components.

10. Once the atomizer parts have been sufficiently cleaned (or replaced), carefully wipe

each component with a lint free cloth before installing that component in the oil gun.

It is recommended that a small coat of anti-seize compound be applied to the

threads of the outer barrel. of the oil gun. However, care must be exercised so that

none of the anti-seize is applied to any part of the. atomizer components or lapped

surfaces. Be sure to install the atomizer components in the proper orientation, with

the oil slots in the spray plate top and bottom.

Extreme care should be exercised to ensure that no foreign material becomes

trapped between the mating surfaces of the atomizer during the reassembly

procedure. Particles trapped between the. surfaces can grossly affect the

performance of the atomizer. If the operator suspects that foreign material might

have become trapped between the lapped faces, it is recommended that the

surfaces be re-c1eaned before the retaining nut is installed.

11. Be sure that the atomizer is properly centered with respect to the. gun centerline and

then install the retaining nut. Be sure to use the prop.er size wrench to install the

nut. Tighten the atomizer retaining nut on the oil gun to 150 ft-Ib (200 N/m) torque.

-
-

....
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Oil Gun Purging...
Typical oil gun purge systems are equipped with crossover piping and automatic valves

to allow the oil and steam sides of the oil gun to be purged with steam simultaneously

after the automatic oil valve closes. At Madero MP-B4 there was no provision to purge

both sides of the gun.. The oil gun purge system only purges the oil side of the gun. To

.... provide a thorough purge of the oil gun during shut-down of an oil burner, the following

procedure should be followed. Implementing this procedure may require

reprogramming of the Burner Management System.

1. Start the oil gun steam purge immediately after the automatic fuel oil valve at the

burner is closed. The length of time that the oil gun is inserted in the burner without

steam purge should be minimized to avoid overtJeating the oil atomizer..

2. Start purging the atomizing steam side of the oil gun before starting the purge to the

oil side of the gun. This will require the atomizing steam valve to remain open.

Otherwise, oil will be forced into the steam side of the gun, which could coke and

plug the holes in the back plate of the atomizer on the steam side.

3. Open the purge steam valve and start purging the oil side of the gun.

4. Allow the purge to continue for a minimum of 3 minutes. Adjust the steam purge

duration, if necessary, until the oil passages of the oil gun are observed to be clean

of oil.

5. Stop the purge of the oil side of the gun (close the purge valve) before stopping the
purge of the atomizing steam side of the gun (close the atomizing steam valve).

6. After the steam purge is complete, immediately pull out the oil gun from the burner.

If the oil gun is allowed to remain inserted in the burner·without steam purge, the oil

atomizer may overheat and its operating life will be reduced.

Oil Burner Operating Pressures

Operate the oil burners with a steam-to-oil differential pressure between 1.0 to 1.5 barg

(measured in the control room). This will give a differential pressure at the burners

between approximately 1.2 and 1.7 kg/cm2
• Differential pressure at the burners less than

... zero psid (negative) is not recommended because it may cause the burners to smoke.
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Oil Firing Temperature

It is very important that the oil viscosity remain in the range of 20 to 30 Centistokes (100­

150 SSU) for good atomization and carbon burnout. For the heavy Mexican fuel oil, this

requires an oil temperature of 120-130°C. During the REACH startup and combustion

optimization tests it was observed that the oil firing temperature was 105-108°C.

Consequently, the viscosity was well below the design range. It is recommended that

PEMEX regularly measure the viscosity characteristics of the fuel oil and maintain the

appropriate temperature for a viscosity of 20 to 30 Centistokes, which will typically require

an oil. temperature of at least 120°C.

Cofiring Operation with Gas and Oil Burners

Madero MP-B4 is typically operated with two burners firing gas and four burners firing oil,

or with one burner firing gas and five burners firing oil. Under these cofiring conditions, it

is important that the heat inputs and air/fuel ratios are balanced among the burners.

Otherwise. the. oil burners can smoke if they are operated with a deficiency of
combustion air. Similarly, the gas burners can generate excessive CO emissions if they

have too Iowan air/fuel ratio. Figure 10 presents the total boiler oil flow rate (kg/s)
required for a given boiler steam flow for one, two, and three gas burners in service (and

the remaining burners firing oil). The gas should supply the balance of the heat input to

maintain the desired load.

For example, Figure 10 shows that for four oil burners and two gas burners and a

desired steam flow of 160 t/h, the total oil flow should be 2.26 kg/so The gas flow rate

(Nm%) should then be adjusted by the plant operator to maintain 160 t/h.. Similarly, at a

boiler steam flow rate of 140 t/h, the required oil flow rate would be 2.0 kg/so

Excess Oxygen vs. Load Operation

For oil and gas firing the plant is currently operating with the excess oxygen versus load

profile programmed into the DCS that was used for the Peabody burners. Tests

conducted with 100% gas firing in June 2001 indicated that the existing excess oxygen

versus steam flow rate is satisfactory. For oil firing, the present settings are acceptable

on an interim basis. Combustion tests to be performed by EPT later during 2001 will

determine the final recommended excess oxygen versus load for oil firing. Table 11

presents recommended excess O2 settings.

-
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Figure 10, Total oil flow rate vs. steam flow for Madero MP-B4 for
different numbers of gas burners in service.
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Table 11
Recommended Excess Oxygen for 160 tlh and 140 tlh

Operating Confiauration Boiler Steam Flow, tlh Plant Excess 02, %

100% Oil Firing 140 TBD

160 TBD

Gas/Oil Firing 140 TBD

160 TBD

100% Gas Firing 140 1.4

160 1.4

Other Operating Recommendations

1. The manual atomizing steam valves at individual burners should not be throttled to

improve scanner intensity or set steam-to-oil differential pressure, unless pressure

gauges are installed on the oil and steam piping at all the burners to permit

determination of burner fuel flow rate for each burner. Otherwise, severe

maldistribution of fuel flow among the burners may result. Atomizing steam should

be controlled in the header. NOTE: with all other factors remaining the same,

decreased steam pressure at a single burner will increase oil flow to that burner.

2. Cooling air should always be supplied to the flame scanners.

Technical Summary

The following represents the main steps in the process of this effort and the results:

General

1. Low emissions REACH combustion technology was successfully retrofitted to a 160

t/h steam boiler (MP-B4) at the PEMEX Madero refinery. The retrofit involved

modification and installation of Verloop burners that were previously purchased by

PEMEX to replace the existing Peabody burners. The modifications included

installation of low NOx and low PM combustion hardware for oil firing (Oil-REACH)

and low NOx combustion hardware for gas firing (Gas-REACH).

-
Io.
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2. The Verloop burner is installed at many refinery boilers operated by PEMEX.

Consequently, the REACH retrofit utilizing Verloop burners at Boiler MP-B4

demonstrates the broad applicability of REACH technology within the PEMEX system.

3. The REACH technology achieved substantial reductions in stack emissions at Boiler

MP-B4. Reduced emissions are the result of improved oil atomization, improved

bumer aerodynamics, and internally staged combustion produced by REACH

hardware. Specific conclusions regarding emission reductions are presented below.

4. The estimated C02 savings per year for Boiler MP-B4 with REACH technology is

5,300 tons per year.

5. The estimated payback period is less than one year for the REACH technology.

6. The estimated total cost for this effort was $750,000. EPT and PEMEX provided

70% of the funds.

7. The REACH retrofit of Boiler MP-B4 involved the joint efforts of the United States

Agency for International Development's (USAID) Center for Environment and

USAID/Mexico, PEMEX Refinacion (PEMEX), Electric Power Technologies, Inc.

(EPT), and the liE. This project paves the way for future REACH retrofit projects at

PEMEX.

Oil-REACH

.. 1. Operation with all burners firing fuel oil (100% oil) without PEP-99 at a maximum

boiler load of 160 Uh steam flow was demonstrated with Oil-REACH.

2. Oil flames were bright and stable, and exhibited excellent light-off characteristics.

Flame detection was excellent with the replacement Durag model D-LE-601 UA 45

flame detector recommended by Durag and supplied by EPT.

3. Reductions in PM emissions in excess of 75 percent were achieved by Oil-REACH

during the Phase 1 tests without PEP-99. Further reductions in emissions are

expected after the Phase 2 optimization of oil combustion.

.... 4. Simultaneous with the reductions in PM emissions, reductions in NOx emissions of

25-35 percent below baseline levels were achieved.

5. The furnace excess oxygen level required to maintain a clear stack during oil firing

(-3%) was higher than expected. A change in the atomizer spray angle is

anticipated to reduce the excess oxygen requirement and will be evaluated during

the Phase 2 combustion optimization tests.
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Gas-REACH

1.. Gas-REACH has been demonstrated with all burners firing gas (100% gas) at boiler

loads up to 140 tlh steam generation. Operation at maximum load (160 tlh) with

100% gas, although not a normal operating practice, should present no combustion

problems and may be confirmed by the plant.

2. The Gas-REACH burners exhibited excellent light-off characteristics, good flame

appearance and stability, and reliable detection by flame scanners.

3. NOx emissions with 100% gas firing were 30-35% lower with Gas-REACH compared

to baseline levels at similar furnace excess oxygen levels.

4. Gas-REACH eliminated high CO emissions observed at normal excess oxygen

conditions during baseline tests. The reduction in CO emissions represents an

improvement in boiler efficiency of approximately 2 percent.

5. Operation with 33% gas/67% oil (oil/gas cofiring) was evaluated at 140 tlh and 160
t1h. NOx and PM emissions were SUbstantially lower than baseline levels. Further

reductions in emissions are expected after the Phase 2 optimization of oil

combustion.

Conclusions

This collaborative. program aimed to determine the feasibility of innovative combustion

technology for PEMEX's boilers. In this regard the combined resources of the partners

yielded a successful program. Perhaps as importantly is the effort made by all

stakeholders to forge a partnership that relied upon the strengths of each organization.

The results of the demonstration effort are positive. Efficiency gains in the boiler are

significant; providing lower operational costs to PEMEX while reducing emissions such

as carbon dioxide. and particulate matter, and providing direct evidence of the

characteristics of the REACH technology. These positive results could reduce carbon

dioxide emissions approximately 200,000 tons/year should PEMEX retrofit all its boilers

while providing a payback to PEMEX within one year. The value of supplying equipment

and services to PEMEX to retrofit its boilers with combustion technology is also quite

significant. In reaching these accomplishments, USAID was able to leverage its limited

budget by 3:1.

-
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The development, design, and implementation of this program can, in many ways,

serve as a model - directly or by process. Directly from the standpoint that large

generators of electricity can benefit from lowering operational costs and reducing

emissions. The process employed in this program of working with the host country utility

to determine its needs and catalyzing, brokering, and assisting a partnership with the

private sector and USAID's counterpart is a model that can be quite effective across

sectors and technology
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Appendix A

liE Pre-REACH Baseline Emissions Test Report
(September 2000)
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INSTITUTO DE INVESTIGACIONES ELECTRICAS

UNIDAD DE PROCESOS TERMICOS

RESULTADOS PRELIMINARES
PROGRAMA DE ACfIVIDADES CALDERA MP-B-4 REFINE!UA "FRANCISCO I. MADEROn

OBJE:rlVO:
EvaluaCi6n del sistema de combustion y medici6~ de partieDlas sDspendidas fotales para obtener la
LiNEA BASE como punto de referenda para el cambio de quemadores en 18 caldera MP-B-4.

CONDICIONES DE PRUEBA:
• Maquina estable a 75% y' ~OO% de carga
• Variacionde tipo 'de combustible (combustoJeo, combust61eo/gas y gas)
• Operacion sin soplado de hollio oi limpiezade quemadores durante las pruebas

ACTIVIDADES REALIZADAS:

Miercoles-20 Septiembre 2000

.- A'coridiCionamiento depuertos'de muestreo en ductos (antes PAR's) y.en chimenea
• Instahici6n de equipos demedici6n
• Reunion COD personal de la Refineria y de EPT, para establecer el programa de pruebas

Jueves 21 Septiembre 2000

• Mapeo de ductos
• Monitoreo de gases de',coJ.llbustion3ntes de calenta:dores de aire y cbimenea a maxima carga~ con

100% de combustoleo a 2.~1% enexceso de oxigeno en ductos
• . Monitoreo de gases de combustion antes de caIentadores de aire "y cbimenea a maxima carga, can

100% de combust6leo a 2.29% en exceso de oxigeno en ductos

Viernes 22 Septiembre 2000.

• Monitoreo de gases de combustion antes de calentadores de aire y cbimenea -a 75% de carga, con
100% de combust61eo con oxigeno normal

• Monitoreo de gases de combustion antes de calentadores de aire y chimenea a 75% de carga. can
100% de combust61eo can oxigeno bajo

• Monitoreo de gases de combustion antes de calentadores de aire y chimenea a maxima carga con 4
quemadores de combustoleo y 2 de gas, COD oxigeno normal

• Monitoreo de gases de combustion antes de calentadores de aire y chimenea a maxima carga can 4
quemadores de combust61eo y 2 de gas, can oxigeno bajo

2
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caldera MP-B-4, Refinerill "Francisco 1. Madero"

Sabado 23 Septiembre 2000. . . ..

• ·Monitore.o de gases, de combustion antes de calentadores de aire y chimenea 375% de carga con
4 quemadores de combustoleo y 2 d'e gas,con oxigeno bajo

• Monitoreo de gases de combustion antes de calentadores de aire y chimimea a 75% de carga con
4 qiiemadore.s de combustoleo y 2, d'e gas, con oxigenononnal

• ~alculo de particulas suspendidas en ellaboratorio

Lunes 25Septielllbre 2000.

• Monitoreo de gases de combustion ant~s. ~e cale~tadores de aire y chimeJiea, con gas
combustible, amaxima carga' con oxigeno normal

• Monitoreo de' gases de combustion antes de calentadores de aire y chimenea, con gas
combustible, a maxima carga con.oxigeIio alto

• Elaboraci~n de informe preliminar

Martes 2.6 Septiembre 2000.

• . Entrega, de iofonne preHminar

3
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RESULTADOS.

A continuaci6n se presentan los resultados preliminares de las mediciones para linea base, en los
que se incluyen los resultados de emisi6n de partfculas para las pruebas que invoJucran
combust6leo. Los resultados completos y conclusiones se presentacin como parte del informe
fmal del proyecto.

REFINERiA "FRANCISCO I. MADERO"

Tabla No.1 INFORME DE EMISIONES MEDlDAS

Carga maxima: 160 tonfh 100% combust61eo

·condici6n maxima
.

75% cargacarga

Parametro .. Medici6n Medici6n I Medici6n2 Medici6n 3· Medici6n4

02(%) . Du.ctos 2,91 2.29 3.20 2.16

CO (ppm) Ductos 7 17 3 I3

O2(%) Chimenea 3.26 2.77 3.63 2.62

CO (ppm) Chimenea 0 I 0 4

NO,(ppm) Chimenea 246 . 230 254 227

PST (mglm'N) Chimenea 918 1,081 - -
.

Tabla No.2 INFORJ'\fE DE EMISIONES NORMALIZADAS

Carga maxima: 160 tonlh 100% combust61eo

Condici6n .maxima carga 75% carga·

parametro. Medici6n Medici6n I Medici6n 2 Medici6n 3 Medici6n4

02(%) DUClOS 2.91· 2.29 3.20 2.16

CO (ppm) Ductos

O2(%) Chimenea 5.00 5.00 5.00 5.00

CO (ppm) Chimenea 0 I 0 3

NO,(ppm) Chimenea 222 202 234 197

PST (mglm'N) Chimenea 821 948 - -

4
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caldera MP·B4, Rtfincria "Francisco I. Madero"

Tabla No.3 INFORME DE EMISIONES MEDIDAS

Carga maxima: 160 tonlh ·66% combust6leo - 34% Gas·

condici6n .maxima carga 75% carga

Parametro Medici6n Medici6n 5 Medici6n6 Medici6n 7 . Medici6n 8

02 (0/0) Ductos 2.27 2.98 2.26 2.88

CO (ppm) Ductos 239 43 735 54

02(%)
Chimene

2.62 3.27 2.42 3.18•
CO (ppm)

Chimene
209 34 696 52•

NO,(ppm)
Chimene I 212 181 197 206••

PST (mglm'N)
Chimene

918 - - -• .

Tabla No.4 INFORME DE EMISIONES NORMALIZADAS

Carga maxima: 160 tonlh 66% combust61eo - . 34% Gas

c'ondici6n maxima carga 75% carga
.

Parametro Medici6n Medici6n 5 Medici6n6 Medicion 7 Medici6ri 8

. 0,(%) Duc;tos 2.27 2.98 2.26 2.88

CO (ppm) Ductos
..

0,(%) Chimenea 5.00 5.00 5.00 5.00

CO (ppm) Chimene. 182 31 599 47

NO,(ppm) Chimenea 184 163 169 185

PST (mg/m'N) Chimenea 799 - - -
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caldera MP·B-4. Refine-ria wFrancisco I. Maden)-

Tabla No.5 INFORME DE EMISIONES MEDIDAS

Carga maxima: 16010nlh 100% gas

condici6n maxima carga

Paramelro Medici6n Medici6n.9 Medici6n 10

02(%) Duclos· 1.32 2.31

CO (ppm) Dliclos' 7,882 150
.

Chimene
02(%) 1.87 . 2.60

a

CO (ppm) .
Chimene

7,491 25
a

NOx(ppm)
. Chimerie

152 188
.a

Tabl. No. 6INFORME DE EMISIONES NORMALIZADAS

Carga maxima: 160lonlh 100% gas

condicion maxima Carga

Parlimetro Medici6n Medici6n 9 Medici6n 10

02 (%) Duclos 1.32 2.31

CO (ppm) Ductos

02(%) Chimene. 5.0 5.0

CO (ppm) Chimenea 6,259 22

NOx(ppm) Chimenea 127 163

6
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caJd,era MP·S-4. Refinerla "Francisco I. Mlldero"

Figura No.1 Particulas snspendidas totales contra"oxigeno medido ~n ductos, con
COI1J.bust4Ieo, combus(6leo/gas a maxima carga.
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caldera MP·B-4. Refineria ~Francisco t Madero~

~esultados de las presiones obtenidos en la Refineria de Cd. Madero, Tamaulipas el dia 25
de Septiembre de 2000. Prueba con gas combustible.

FECHA:
CALDERA:
OPERACION:

25/0912000
MP-B4
GAS COMBUSTIBLE

Presion atras de la valvula de control ~ 3.1 bar

Presion cabezal ~ 1.14 bar (a 0, normal y a 0, alto)

Presiones en quemadores (gas) en bar:

No. 1 2 3 4 5 6
O2 Dormal 1.08 1.00 1.07 1.00 0.97 1.09
0, alto 1.08 1.00 1.08 1.00 1.00 1.07

s
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Appendix B

liE REACH Emissions Test Report
(June 2001)
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PROYECTO 2521

RESULTADOS PRELIM/NARES

Juniode 200 I

Jesus Espinoza Garza
. Angel Alberto Mendez Aranda
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INSTITUTO DE INVESTIGACIONES ELECTRICAS

UNlOAD DE PROCESOS TERMICOS

...
RESULTADOS PRELIMINARES

PROGRAMA DE ACTIVIDADES CALDERA MP-B-4 REFINERlA "FRANCISCO I. MADERO~

OBJET/VO:
Evaluacion del sistema de combustion y medidon de particulas suspendidas fotales para obtener et
comportamiento despuCs del cambia de queinadores en 13 caldera MP-B-4.

CONDICIONES DE PRUEBA:

• Maquin• .stahle a 140 tIh y 160 tIh de carga
• Variacion detipo de combustible (combustOIeo, combust61eo/gas y gas)
• Operadon"sin soplado-de hoJJio oi limpieza de quemadores durante las pruebas

ACTIVIDADES REALIZADAS:

Miercoles 6 Junio 2001

• Acondicionamiento de puertos de mnestreo en ductos (antes PAR's) y en chimenea
• InstaIacion de equipos de medicion
• Mapeo de ductos
• Reunion con personal de la Refineria yde ;EPT, para estabJecer el programa de pruebas
• Medidon 1. Monitoreo de gases· de combustion aotes de calentadores de aire y chimenea a

160tlh, con 100% de combustoleo a 3.~20.10 en exceso de oxigeno en ductos

lueves 7 Junio 2001

•

•

•

Medicion 2. Monitoreo de gases de. combustion antes de calentadores de aire y chimenea a
140t/h de carga, con 100% de cornbustoleo a 3.45% en exceso de oxigeno en ductos
MedicioD 3.. Monitoreo de gases de combustion antes de calentadores de aire y cbimenea a
140tlh, can 66% de combust6leo_y 34% de gas a 2.64% en exceso de oxiget1o ~n ductos
Medicion 4. Monitoreo de gases de combustion antes de calentadores de aire y chimenea a
160tlh, con 660/0 de combust61eo y 34% de gas a 2.26% en exceso de oxigeno en ductos

...

Viemes 8 Junio 2001

• MonitoreD de gases decombusti6n antes de calentadores de aire y chimenea, con gas
combustible, a 1~O tIh con oxigeno bajo

• Monitoreo de gases de combusti6n antes de calentadores de sire y chimenea, con gas
combustible,a 140 t/h con oxigeno alto

2
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caldera MP,-B-4, Refinerla "Francisco 1. Madero"

Sabado 9 Junio 2001.

• Evaluaci6n y obtenci6n de promedios de datos preliminares para entrega al ,personal de
REACH . .

• Procesamientode mue:stras en el Iaboratorio
•. Evahiaci6n de:par:ticulas suspendidas

Lunes 11 JUDio 200I. . _

• Elaboraci6n de informe preliminar

Martes 12 Junio 200I.

• Entrega de inform~

3
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uldera MP·B-4. Refim-ria-Francisco I. Madero~

RESULTADOS.

A continuacion se presentan los resu]~ados preliminares de Jas mediciones para linea base, en los
que se incluyen los resultados de emisi6n de particulas para las pruebas que involucran
combust6leo. Los resultadoscompletos y conclusiones se presentanin como parte del informe
final del proyecto.

REFINERiA "FRANCISCO I. MADERO"

Tabla No.1 INFORME DE EMISIONES MEDIDAS

Carga maxi~a: 160 tonlb 100% combust6Ieo

Parametro condici6n 160 Tonlb 140 Tonlb

.0., (%) Ductos 3.52 3.45

CO (ppm) Ductos 5 16

0,(%) Chimenea 3.84 3.95

CO (ppm) Chimenea 4 16

NO, (ppm) . Chim"enea 198 192

PST (mglm'N) Chimene.a 209 206

Tgases (OC) Chimenea 245 248

Tabla No.2 INFORME DE EMISIONES NORMALIZADAS

Carga maxima: 160 tonlb 100% combust61eo

Panunetro Condici6n 160 tonlb 140 tonlb

0,(%) Ductos 352 3.45

CO (ppm) Ductos - -
O,{%) Chimenea 5.0 5.0

CO (ppm) Chimenea 4 15

NO, (ppm) Chimenea 185 180

PST (mglm'N) Chimenea 195 193

4
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caldera MP·B-4, Refineria "Franeisco 1. Madero"

Tabla No.3 INFORME DE EMISIONES MEDIDAS

Carga- maxima: 160 tonlh . 66% combust6leo . 34% Gas

Parametro condici6n 140 tonlh 160tonlh

02(%) Ductos 2.64 : 2.26

CO (ppm) Ductos 5 14

0, (%) Chimenea 3.50 3.00

CO (ppm) Chimenea 5 14

NO,(ppm)
.

Chimenea 165 163

PST (mglm'N) 'Chimenea 171 .. 170

T gases (OC) Chimenea 236 250

Tabla No.4 INFORME DEEMISIONES NORMALIZADAS

Carga. ma'xima: . . 160 tonlh .66% combust61eo - 34 %' ~as

Parametro condici6n 140tonlh 160 tonlh

0,(%) DUClOS . 2.64 .
.

2.26

CO (ppm) . Ductos. . . -
0,(%) Chimenea 5.0 . 5.0

CO (ppm) Chimenea 5
. ..

12

NO,(ppm) .. Chimenea 151 145

PST(mglm'N) Chimenea 156 151
.. .

5
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caldera MP·B-4, Refineria ~Francisco I. MS<!ero"

. Tabla No.5 INFORME DE EMISIONES MEDIDAS

Carga maxima: 140 tonlh 100% gas

eondici6n maxima carga

Par:\metro Medici6n Medici6n 5 Medici6n 6

O2(%) ,Ductos 1.40 2.68

CO (ppm) Ductos 99 0

02(%) Chimenea 1.94 3.04

CO (ppm) Chimenea 97 0

NOx(Ppm) Chimene" 107 101

Tabla No.6 INFORME DE EMISIONES NORMALIZADAS

Carga maxima: 140 tonlh 100% gas

condici6n maxima carga

Par:\metro .·Medici6n Medici6n 5 Medici6n6

0,(%) Ductos 1.40 2.68

CO (ppm) Ductos - -
02(%) Chimenea 5.0 . 5.0

CO (ppm) Chimenea 81 0

NOx(ppm) Chimenea 90 90

6
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...
caldera M?·B·4, Refinerla "Francisco I. Madero" ...

Figura No.1 Particulas suspen,didas totales contra oxigeno medido en ductos, con
combust6leo, combust6leo/gas a maxima carga. ....

1000 -I---+-----'..,+---t---+-----;,-~-+_--_+_---l­
!
I,

-+---+---+--=-.:+---+----l---,---t-----'----:.

i·

1 -+-

I l, Ir-+I -r

800

+------+--------,-1 ' : I !~-f
600 --+----J----1l-i---r-----;---r--

+---'-+--1 ! ii' 1-.. -.-----+--1~-+--~f
I I I I-+__-+~__+__ : ! -!-- I.

i . i
!

;
+--~,-_. --1----- I

-_-:=-_J-.- ! -.-...-...+--'i_[]~__-__-__- -+!------LJ-

400

200

3.632.8

I
-i-._._ c·-,+---,--i----,---+---..,-----'·+I-~-_+!-~-i

3.2 3.42.4 2.62.22

o

Oxigeno en precalentador, (%)

-----.......

1

/' Linea base I
quemadores carga !

--........:..._~. ~c:ombusI6reo' 160Vh I
'=== 4 combusl61eo12g~

r-..----------. ·.' ..._._~. .H ••••__••__H •• '.

. post-REACH
, quemadores carga J1---,-----...-- 6 ,com~USI61.eo 160 I/h !

I ~--·- 6comliust61eo .-140tlh i
I • . ,4 corribustOie0i2 gas' 160 t/h !

\. !J--' 4combust6reo12 gas "14O!!JJ.).
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caldera MP·B-4. Refineria "Francisco J. M3&:ro~

OBSERVACIONES Y CONCLUSIONES.

1) Se realize la evaluaci6n del sistema de combustion de la caldera MP-B4. posterior al cambio de
quemadoreS con la tecnologia REACH. utilizando tres (3) tipos de combustibles. referidos de acuerdo
al numero de quemadores en servicio:
a) 6 quemadores de oombustoleo
b) 4 quemadores de combustoleo y 2quemadores de gas
c) 6 quemadores de gas

Las cargas de proeba fueren: 160 t1h, 160 tIh Y140 t1h, respectivamente como maximo paracada tipo
de combustible.

2) EI programa de pruebas de aceptaci6n fue presentado por los representantes de la compania EPT y
aceptado de conformidad par el personal de PEMEX y del Institute:> de Investigaciones EI6ctricas (se
anexa copia del mismo). en el cual se plante6 la realizacion de las pruebas con los tres tipos de
combustible. operando el sistema de' combustion a 2 excesos de oxigeno: normal y minimo. A
solicitud dJ ·PEMEX-REFINACJON, para cualquier arreglo .de quemadores coon combust6leo~ el
exceso de oxigeno minimo deberia ser de un valor aproximado a 2%. con objeto de obtener la
maxima eficiencia termica' de la caldera y al mismo tiempo lograr el valor comprometido en la
emisi6n de particulas' suspendidas totales (TPM. por sus siglas en ingles) de ISO mg/m3 norrnaJizadas
a 5% en exceso de oxigeno. Sin embargo. lograr'el 2% en e~ceso de oxigeno no fue posible debido a
que el control automatico del sistema de combustion detecta distorsiones en la flama y ·no pennite la
reduccion de oxigeno, sin bajar la carga de la caldera. EI personal del lIE y de EPT solicitaron ·al
personal de operacion de la Planta de Fuerza pasar.el sistema de control a modo manual con Ie objeto
de disminuir eJ exceso de aire al minimo requerido. fo-cual no'fue autorizado por poner en peligro la
producci6n de vapor para la refinerfa. ya que las calderas restantes se encontraban operando a
minimas cargas para mantener al maximo la generaci6n de la MP-B4, Ja cual podria dispararse a
causa de la mala detecci6n deflama.

3) Para eI arregJo de·6 quemadores de co'mbust6leo (100% combustoleo). la caldera opera a niveles de
3.50% deexceso enoxigeno. medido en ductos antes del precalentador de'aire. tanto para 160 tIh
com~ para J40 tIh de vapor•. obteniendose emisiones de TPM. de 195' y ]93 mglm] N; valores
superiores a 10 comprometi~o .por la compania EFT con eI cambio de quema~ores y para excesos de

-oxigeno del 2% 0 menores. Por 10 tanto. no se considero necesaria Ja medici6n de TPM a excesos de
oxigeno menores al 3.5%. ya que la emisi6n tendria uria tendencia a.aumentar al ~ducir eI exceso de
aire.

4) Con el arregJo de 4 quemadores de combust6Jeo y 2 de gas fue posible operar la caldera con excesos
de oxigeno cercanos al 2% (2.26% a 160 tIh y 2.64%.a 140 tin), con emisiones de TPM de 151 y
156 ing/m] normalizados' a 5% de oxigeno. respectivamente.

5) Con 6 quemadores de gas la carga maxima obtenida fue de 140 tonlh de vapor, debido a la baja
presion de gas en el cabezal (3.43 kg/cm2

). Para este combustible fue posibfe reducir eJ oxigeno en
gases de combustion a menos de 2% can emisiones de·CO inferiores a 100 ppm.

6) Los representantes EPTpropusieron efectuar modificaciones a la tecnologia REACH y volver a
efectuar las pruebas de combustion en fechas posteriores, previos acuerdos con PEMEX-
REFINAC10N yelllE.

8

8-9

C:.(



...

....

...

...

Appendix C

EPT Boiler Data Sheets - Pre-REACH Baseline Emissions Tests
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Madero Boiler MP-B4 Data
.

Test Number
71-51:.(1'\- 00

NCl,l (\S,<Pll
I '1.; 67:> IN.....

Test Description MJ'<><. ~S\ Lu",,"'; (8<;>7> "'" 0<;'5''''-''' 'f"'A."-),

~"''''-MU.. 02. ) <0 <Z0«~,z.S "'... o;.t.. J.

Excess 02 (Plant), % 2,112.7 {Fu...",,,cr:: ca:-/A~ o~

Steam Flow;t/Il: 1<'''-1 <44. '5'" ( /v(),1(- t- lit.. )

Feedwate~ Flow, tm 10<."/5 .<'\ S' ,4- . __ (CAe CI/l.L:. 1

Oil Flow, $ "'i'S, .;.:, '3 A 'C ---'7/ J., 5!(- -tllt-..~' YlffLl'<:'~;;til A<. ri

Oil Hdr Press, kg/em'
MAI~ 1<"'0;., . (c.~~<. .

R,,<Z. :';),5 o<.><iGic.c..o,S' "AL~ G\!\': '3,4

Oil Burner Press, kg/em' Bmr 1: 3,0. .Bmi 2: :3,0 Bmr 3: 2.4·

Oil Burner'Press, kg/cm2 Bmr 4:. 2,(" Bm,5: 2."'3 Bmr6: 2.7

Ale
- - o.

·0

, "", 1 5m,). "-

. . -;:::
~,

. 0 '" .,. . ..
tlm ~ .

Alomiz. Sleam, kg/em'

.

Header: 4, 'b !4,?o,
Upstream Valve: \~

. Oil Temp, °C . \l~,~
.

SleamiOil 6P ··l,'5

Gas Hdr -Press, kgicm2 VAL,,<,-. ct."" J25 VALvE. O<JT':;;v' .

Ga~. Burn. Press"kglcrn2 Bmr 1:.. if Bmr 2: if Bmr 3: V·

Gas. Burn. Press, kglcm2 Bmr4: GY Bmr 5: jd- Brm 6: 0"

SH Steam Temp to, 0:: 3 e.~

<:::> \ J.. . (~£o"""~
'i)"'O~ L.'::>/t·.... - '"

8H-SteflffH'em , 1',2 ,5z. (LvcA<- ,vIr rE·,·<. 12. G~ c> ",vrJ

~Im'" ~.
II

'-I,.?~, 'r>. i?i?f:>;'A<>." C ot....rrlJ.,)"'~~( PLu ." (cr"r-.c:yJ~ 11Gb-M
il

r¥>'l-J,,
Windbox Press, m'SAI(. .0;;-0.<;"

Furnace Press, mriA~ 41.'2
">'Ne.;'Fu~" - _ ':1.4- "" ..,'V :. '3. <Q I,

1~~'c'li\y~~3 (P,~rthtA.
A!G'Mlc., serEA~ .

--Jp.t.yc=:..·~o~,.·"Yo· . Page 1 of 4 .
.....-

(<S~SI?(::)
. .

-_._-_.--_..~ ...._---------_ ..-._.__.. --._ ..._-- ..
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Madero Boiler MP-B4 Data (continued)

Test Number HI
~
~ r-yv. /' }- "-rY

"A c;,. 2.4 Sc""",,,
"SI""-.A..... Co(L Alt<

T,.., n=.1M"" 0 <:.. 40.4-
AIR'\EAT<;"'- A/~

4 4.~TN ""MV' 0c..
A\"'~""","<E ~ AJ"-.

'221.7 ~~I'1OuT -n;::N<-' "'"A'-I8-f.!.~n.·\~Q GA.S
37<. (;":I.t-l T~"-I(' 0,

AIR ll<OAT£«. GAS
60\ ~r-l(? "''-. . 242,1
\-() (-AN' DIS<:'l\.

'57,4-P<R.<:'.s,<:. • tv\~""R
(.l..loft.~E.J.;:::..""\"G1"t. CU\

'·51.81'i2S>s 'M'?,AQ..

Wi...lh"'",~ 'PR<oS< "'''''" 50,("

t'u"",,«6 (?",,,,ss "'~"'" 41,'2..
A\~ ~E::.A\lS;:~ E,.AS . .

"! '" P,,"<O .s s 'M"""a. 32., 8
AI"-ll~"".,"r_ 'OAS

35,7o\}, "te.~~~ r~~AtZ ,
(~Q i=--' '" t>~t""~) 70Ale>. t'lw,J, ~

oz./CoYuv,J""" 0",0b 2.\\ /oo~
02. A1«.l-I.~"",,-ooc'% 2, be.
~AI"-- AN., 89."7 /8':'.4VAL. <>LliA A''''E.,7.

Tob'<~I'1~l~°c.. 3~<::\. ::'72- 378 3>91 \vi

lbi-<'-TE.~~<Z.~,.- ~<:. 370 37~ 00 '> 3~o

(
~ ~ ,.

(YYK 24 SCR<:>cI.--J<
·':»'U:=~~~C ,-:1~ 8:3 Ir:Y0.'2-/0!<34-%'<l. (t£Ac.A[p,oJ «'2\~""",j<,

.

-
-

Page 2 of 4
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Madero Boiler MP-B4 Data (continued)

Test Number .. .1
~~

( 50,"", 24 5CR<:6.>
. CoW\<30~l.Eo::::.

(",0
1-\5=A~" r",,sJ ISA-.<.
(c::.\0V\{3\,J~L<E. -.::.,. .

\J AL""=-",,,5. 'i~ '35.\
.. Cci.M~\.yS~oL.;/~

3.48I"J...:.~ \<~ S
~e..~<S~~<.~"""

\ \ t:L '!>\"""E-"""o "'<:::'
c.c..~l...)S~~ W,DiZ.

3. <:>t\-l3,o~",<:~ V;<(2S,. (l",,,,
<;;AS \V:A"'E~ ..c.YV~ES, ,- eA-<'<. . . ..

(;.A S' \J ~,L.'J<= ft,'('°S"i'J:')_N , - cy,-=> .

c;AS \:'l",..., ?I ,JdN"" S .

<;I'>5 'Sv(2. N<;;"- \.\.v "- JY .I"dZ'~S, eA <Z-
~MIGING s;T"A'

4·S"17<."-S<; eAR
"'.... ""\6'''<:; S-n;A"",

...

'.) ...t.,,(; .<",,~, "'1- 4z.
e,'f,· ~'jc' . by' ~ 74 S(R~~

I"E h 'v'JA'" rt (A"z'(:.. ) .

'58A... 'pizEs$ RA..a'

fF.EnV\lA'n''t. (A(,~) «:\'5, 4-I=~ k"'l Is .

.

~ThA"", \'ro<,s, (3A~ 4\. <:,

S\F,A....."' ... (7
~c 3e-z...0>

')-n:; ....'" f L""" \<0;/, 44.'5"
1J~ tllV\ P~fSl I '$A<e. 43A,

;,
P~gef of 4
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Madero Boiler MP-B4 Data

Tesl Number liz. 21- Q?y>T _
0-0

:I "3 : h- 1M ,

Test Description ~IJ)( TES r L 0-" 0; I<-POVCCO OZ ./

t. {}V/lA./e'/J. r 0"'-' O~'-

·2A/£L P/4 -n:.<:;r
Excess 02 (Plant). % I. S-@htIlAJ"!Cc<' OcJ12. F.,--/2.ZP /1 td./-(.7]: "I - ovr~

Sleam F1ow,~ ~/s l/l/.8' K5-/.1

Feedwater Flow, !ll> \&rl Lf.';:t> .

Oil Flow,tIh ) \<~/S . '1. L/q I/<} I~

Oil Hdr Press, kg/em' . MAJ~ \<:c:'t>. CGJo-)~"'c..

R"C2..: : Ol.....Tlet'-: VAL",,,,,- OIiC

Oii-Surner Press, kg/cm2
. Bm,1: 5. I Bmr 2: 7,D Bmr 3: 2. tj

Oil Burner Pniss, kg/em' Bmr 4: 2..) Bmr 5: 2. J Bmr 6: .7.~

"'M 0· ~. .n.

,"~.v... .
~.".., . ~. ..... , 'n ~.

. ~"~.

Atomiz: Steam, kg/em' Upstream Valve: /q Header: tl,p

Oil Temp, ·C IIF. q

SteamiOil t.P 'v- l? .

Gas Hdr Press, kg/em' VALv,",- -r:" '. 'VAL.vE, Our:

G~r~kgtCm" Bmr 1: - Bmr 2: Bmr3:..

~8arn:-Pres0lJfGm' Bmr4: Bmr 5: Bmr6:

SH Steam Temp L, ·c 79/. '"
~'f'\L.tf~~·);n~ I .1.. ';;"H-SI Jir'fem~

. !em .~~ .-vX1 PLv,wE I/F'"'1 VISlIJ L F

1i>'LuMa' 'I\P~AMw,~ v"", !LrJC,. ;CeIl?:> LI<j '" r

Windbox Press, m16A~ ~17 7 ~

Furnace Press, mri3Art. . 7y,y ? ~,'3 ..... 1,..,,, ':.. 3.b " 1\"..

3 '-:I~,tl-C:>;:E
.o:i-'<.i-"~r~ ..l~ ... .L 1-

AlOJV\I'2;. S.<€A~ if () /0\J.".':'~ <?()~~"io
/V

Pagel of 4
(o~TSJ?~) .-,-."-,. ..-_.- ..- -- -----

_." -----"
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Madero Boiler MP-B4 D.ata (continued)

.....

....

y'/y

><!y/.:z::

X/'1
V'ICI y I?:-

'f< /'11-<=

Test Number =I/-~
(i-7'< r Y'r' r~?

.

A I c;, .z.4 Sct'E""
~~<:,oiL A.'K· ") q.7

It-> n=II--IP 0c..
A 1~\·\r,AT" C'_ AI ~ i/l.f. J

.

I"r-J' ,,:>H' 0c..
A\""~"<E«. AJ"-. 2 Z ", til;19.7
OuT T<;'r--'<-, ""-
A.IRlJ.~A'\"--« GAS . ") 7)...0
::I.>-l 'TEN'" 0,

AI ,,-1-'''''''''''''' ,,_ 0\.5 ;lJ<:;./
6l,.'~r·' (> "'<:..
I-f;> 1'-,0..0-.) DIS,,-"'. 5"'1.0
POZES".,· tv\<RAR

IA 1fZ.I~E.. p;,.~I't.:O'\•.f' Llf'·7
VI2C.S5 \"JI'S,A(.2.

v,h,j~"'<>~ t'R';S- """"< '17. tf

fu,,· .."'" ?~s.r f\\~A.~

Jg;. 7 ".
A\r<: ~E:..A~r.:... "'AS Jo.?
:r~ P"-<oSS ""\3"'«:

.

rAI""<;.t,,,,",,<o AS
31 '1-

c> '" I'''C':;'~ M?.AR.

AIn.'" LW.J, <='J~ ()7.

oJco' tvv...""" 0",0L~j.L/'/~

Oz. A{<t.\.l£:A",,," OOT'Y- Z.2'/
'Z.. A I i'-. AN" 1'7. '3 ! Y'l-oVAL. Gu\/.1. A,f1.f:..,1,

Tob<>. -n;;M~ i.~.. 0c..
~F:J.· 7(.'1 37iL '377

~

'r"U'-T,,-_.·_ a.~,
7' p JJ"c - 3P"1

~c.

( Q''\C 2<\
~,.-, ~

Scl<0'\oJ .

'J.
,,».~(;;/~7'S<";;r: <.:1~ pq..;:/? 7, 1/-&/9->. ,5l.
f0';LA' oJa""l Ev:>s,G

.

.
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Madero Boiler MP-B4 Data (continued)

Test Number #-,2.
-.-:>""""""'"

( CO"" 2"1- SCREe""
<""c:>oW\<.S'v~LE~

5'.'7f.l~A"E,,- PIU"","J I?A-..: .

(c::.t0.,..>,(3\:)~l..<;; '<::> q5";1 V1l- c;{//4 / 7'> y.. V/fl vE /6.1'\IAL,r"E. ('"s~ '7~
C<>"'I:<)~C>G~~ J.4Cf~l.<>\N \<':! S
C<:=--~<susr<::>(,<;~ 1/'6'. q_; -rE~" "",- .

C(!"\"l\~t..)S~~- Ut'rt
7.0,;1..lSo'Z",<,,~ 'I"r<:<=s;c.;".

~AS I-V::AoE~ XV""-Ett -a"",«
<:;''''> '\J AL-..l<-= K~OS'/~I_N , -Yo

G:A;, <"l~"" "..,.} Is )(

Go!'> '5 15"",-"""'''- \.l'"i<. l(1"02,,,-S~ , ~AR.
f'rft> M Ic I '" (; STE'".. Lf,?l'REs, eAQ
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-'A~'J ----~~ :<:4 S"R(E~

'P;EoVVA-<t,,, (A~) 5'7. 0 .aEs,> -R A~'

FF.En VVAn".. (A(., ~) L/5"70~Lc;W k:<>,-ts

S\\iA"" l''''''s< GAit if;. 4 .
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'F (t \Jl"1

'£-.2 . S~"r - ~~

Test Number #3
.' 17" (L-r/l... T7l. I;/.) (:-/

II.; b~

. TestDescription N"IU.fdt... U?f'I) j ;(Jod. -0/1 '- 02-

{p 13 "".-2.4-'<"/2.., OV 01<- (7-)'Y~ LoA';:')

leA, c,-/ps/rl'.v DAr/! <?d/<.'7 - ,-v",I',q'

Excess 02 (Plant), % a.CJ-:;- { <:f>v.JL )

\

Steam Flow, a \<-Y> "3 I? ,("-137 -f/L,)

Feedwater Flow, l1& ""Ys ']8';7

.OilFlow, Vh I ~"'A J,,19
.

Oil Hdr Press, kg/em'
M.A:'~ 9.? lZc;'<>.

~,(,
Co.~«<t.(. ;)·7

,,<>"'- ; . Ot...\t.6\~ V t.L,,<'-. Oll\',

Oil Burner Press, kg/em' Bmr 1: ;l. J:;- Bmr 2: ;2.7 Bmr 3: ':<.3

Oil Burner Pres's, kg/cm2 Bmr 4: .2.. I Bmr 5: I. fs-' Bmr 6: 2 . .2,

A
, ~

, '0'

A'~~' "'00"'; ,~/"~, c. A. ·0, o· RmcR: =.

Atomiz. S~eam, 1<g/cm2 Upstream Valve: /'1
::11. o;f, • t 1("

Header: . 'I. "J-

Oil Temp, 'C II~,-l

SleamiOil t.P ""'" /.'7/]~ ( Lk A- /.---~ )

'Gas Hdr Press, kg/cm'./ VALv<:-: 1:." " '1ALV'S 00\:

", .,~'

Gas. Bur~:Pr4~, kg/em' Bmr 1:' Bmr 2: Bmr 3:

" "

~a!Y.Bum. Press, kgk~ Bmr 4: Bmr 5: Bmr 6:

SH Steam TempY.°C J? ),.<1
.

.

.

~'t\'i.. ~-'~w>~ 10.7 r;:L-nUU€l'8l ,( CCAc.)
l+Steam-::Fern • 0

lem "" "l- .' L/'jHr CoM r/ .L'VOV,," /J'[ 1 (IC -",vtc~,,~

fl'Lu-.r=. '}C4"6"EAn.Au",~

Windbox Press, mli!lA<t. 37

Furnace Press, ml&A>t.. ? t7

3 . ~"''' ?,z!</t?!:z,>l.f !
o~7'<<;o/~G..< ;j',,<: y,by"l'3
A""""1"2;" S rE '""'" . ,)'-tft>
'11'>L~. ~C)~.. ~o Page 1 of4
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Madero Boiler MP-B4 Data (continued)

Test Number ffJ
}~(, r yy.' ,.... ~

?A <;;'.2..4 C;:«<!EG">
. S'f"'..A", <:..oiL AI 'f< '10. yI::rt-l n=1M P ° <:.-
A II<.\.\~AT« R Al ~

'h-.'JI'N "= M(.> 0<:.-
f'¥<f'K-oA'rEv:... AIr<.. 21). .9/n?~. '3 - "TC ~ ".,.,
OuT TGN<-" "'<: S14.-.:R AI",·i~,.
I\.'RI.l.«:A\"--«. GAS

"3 S 7::tN TE N (> 0<:.
A,n.I.l.EAT£,,- 6.AS ?-) ,. r,
6u\ -.E~(' "c..
f'D r-At-.l DIS<:'<.\. 'II.?r'lR.E.:'><; M~AR

Po-IlZ-I"\"E,.·A>,"'"'\'f?t't.. Ou\
·37.~-P~S5 M<bArz.

w, >.In(.l.,,,,, i'RGS, MM" J r..s- 17. .;l,

('o""M<,= l'=SS "'IM.",-
30

A\rz~E:.A~~ E,.AS ::U. (p:( .. ('''-lOSS ""'3"'«:.
AI r<.J.l.EI""""- <0 A S ~.lf. '(
C> "T I''''-('-S, MI<-AIZ..

A~:;~,~utl<.. 17
otico ru'V,..}""", our ~ '"

)..'}~/-

02. A{«.f.I.'=AT««.Oo-CYo :;'·C)7
-z. All?. AN.,. 77. f' /77. q '$% FL>~"JA/

VAL GUI'" Alfl.e.;'/- vA ""'"~4

Tub~ '1i::M,.,. Lf0' 0c.. ')Y'I '7).. 37"- "3 7(,

T<>U'-...-,,_ ~ a.~L- 0<:"/ 7(,7 '~71, - 3'fD

( C}'K 24 ..----~Sc(20' ....
Gc.·u=..-c.~Ci 7{P / 7S: / - / f;.s-'l. if£A-c.:Af'R/~ <Z"'''~6I>S!'" ,-.7~
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Madero, Boiler MP-B4 Data (continued)

-

-l</Y

X/I

y./y

Test Number #"5
",

f~~~'CCi'\ 24 '5C«EE";

CcW\<3I.J~Le~ {p.;;.
('\5'"AoE", f'IZ!SS5 I'/~

cc::.W(SI.::I~L.~ .::::. Uo
'\JI\C./rE, ".,,5. 'i-
C"'''''\S<l ~~l.3:'" '). q '?7 '?I.I{./<J ,
~L<>"" '\<':} S

,

Cc::..MlSUS-~<.E~ . 1/(,.';-
\"""E~o ~'-'

,

C~'I'n<?;..US~-.:;. ~Plt. '). ,1/-//1.-3 7lR.uoz""({.v-,,<:=s;a-,,,
~~'V:~QE~
V""'-, 'A:<z'

t;..,. ~'. '1 ....,1'06'= ,

'(/0$"'"1:"'1".... .ya ,

~'.' 3/
(,a.">,-L..,,,- _~"'" s-
i~: I5v(2."'~,,-\.l9lz.

;'2.(',,8. '6A«.-
,

~Mlc'NG ~E'A-;: -ifl),,?
f1;~s, '6AQ.
i''-,,, "" \;;. I ,,<: S..,."A"" '1tJ.O
'" t>.L ,,\, <""s: > "1_

L'Ab'l
.---......br 74 S~R",w

'P: 'i,oV'JA''''=,g~A~) S"7,~
a.::::S) -<L I

I[-IO'€n"""..-E .... (A(.I~) ;'1.7
>=~ \::,,, {s '

SW.A"" l'izE~ . GAte.
4()·Q -

s-n::Ad"""" " ~c 3'0,.'1- '

S"=A.... fL"'w \<OJ/' 3' j/ - "3 '1.</ ( /?f..'i1- 13?).. -1-/It- )

\)Q<LlMfRGSl • <;5A«.. 'f J,. J..

~
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Madero Boiler MP-B4 Data

,
t
't

~
~

'""\J
~

I'\.

""1>.

r

Test Number #'-1
Test Description N'oA.M""·L.. ,-0;10 I (,P ,Jv~M&r </,v ,..1(--

~~ E ,r '""Z. A<-L (SV<-' E /.) /31 '" ""C'~ '/Ok r
v~ 7?) ~L""'AE- $("A..vA/EA., Irr4nl(./~~

,j.-t»i= t;t4r- (~...v(F ........'~ no&t-/f ... Me. ,D /-f / _ r
Excess 02 (Plant), % /,97- tF $/AC-IL

Steam Flow,~K~ 31 ( 140 --r/1A \ ,

Feedwater Flow,1l!!l \<Y;f '1'1. 0)

OilFlo'w tIh ,,,.,« ~.'1~
.-

,
--e- 811-I'C-~DC

"
, 1

Oil Hdr Press, kg/em'
MAl;> qif «<:<2....) CQ~~,"<" a.?-\\,,<2. ; oc.'w;·c t.'>" \} ALe.""- GIl\: ~

0 Oil Burner Press,-kQlcm2 . Bmr 1: .2.7 Bmr 2: .J.,7 Bmr 3: ,;1,.3'"

o' Oil Burner Press, kg/~m2 . Bmr 4: /I. Do) Brnr 5: /y'l" Bmr6: :< ;Z

A
, o. ,,.,. o . .~...~

N'
, I ~ CrI)C 5- Bmr6"

"

Atomiz. Steam, kg/em' Upstream Valve: /'1
.J-(,"to .,rIf, r,

Header:

Oil Temp, 'C
.

/ It-.

Steam/Oil AP .
I, c:;

~ress, kg/em':---- VALve::: 1:..., '. \}ALvE, a<JT':

Gas. Bu~Xkg/cm' Bmr 1: Brnr2: Bmr 3:

...GaS:'Bum. Pr~ss, k~ Brnr 4: Srnr 5: Smr6:

-5H Steam Temp L, 'C '379. ;J..

~":" '- \-L~"") ',(,\ __"- /0,7 t?LN4L Urrot I2E,f-povr
I+SIe-am-'fem~ ,

. tem~'~ ""- LI)17 T.- Ub/")~ffrrE
tJ,l rlV'f·' _ 7C'WJ7

¢,l..OM~ ~Wr.A1.A",,~~

Windbox Press, m!!'l_ -g.:l..9

Furnace Press, m~A-<t. 21.-· 7
.

' .. 3 ,Si:f::
,o..../~Il)f ~<

" ...",..

A1<:>""r2;, S lE"-",,, ~ t/ () /'..
"..p.L....x=:. (?o':S~ <to Page 1 of 4

Tif~,? 1J'::Z't:'~
( 0. ~'"S:"SJ?(=:) :¥:_A'!'!:"'!.!!Z-J1.'.. F&1"16 I~-'l.t 1/..'£

",.:. I-~<

o

o

o

o

•
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Madero Boiler MP-B4 Data (continued)

y'/y

x/y/7':

'A/v

x/y
rjy./y ('b

'Ix /y(-'C;

.

Test Number 4
~.-7Y r y__ y~

'-A \c;;, .2.4 SCl""<=">
~-A"'" <:'O(L A.1'i'<

4\.4-I'" n= \'-\ '" ' 0 c..
AIR"\!!AT","," 4,~

45,8I't-J '\\':>-1(.> 0<:.
""'lZl-'<"-,A~ <"- A,,'-..

2.1\.e/IM,4,OuT n:;:""<-' ""A.1R..l,l."'A\"--<Z GAS
~sc.\:u-.l TE "-\ (> o.

AI Rl'-<O.A'" r_ EO,AS
2.2.2,3<::>L:l\ ~I'-\ (> ~(. . ,

FD \-AN , ?~S(A 3,,· ~P<R.E.S<::. • M AR
r-.:1~I~E;'::"""'\"'G-rt..cU"\

~3,1-P~5 'Me.AQ.

WI~""'<'N I'flG:S< M""< ,:J, z.~
... " , , Zc'o.1CU" JA«; ~rU""ss "'€"-"'"
AH~~€:.A~~ <S,AS

:r~ (?"-<:'s~ M<s A«: z.o.~

. AIr<.J.\.<;.t:.-n;;r_ <6 AS
" <IT I'"<';"~ M?AtZ 2. \."
\Co .-""'"' r")""",,!:"""-

~\AIAfb:iQ~ CJ~

O'Jea 1'''''",,'''''<0 ov, ° ,~ \.'2-7/ex:.5

0zA(<t.!-lEA\1<',,- 0 OT."% I ,~7 '
2. AliZ A ....'" '

13.1 /'73:1VAL, 6uI;" A'flc,1-
. ' .

Tub,,-~M~ Lf0"°c.. 3(~ "3G,7 '373 ~7" NJ
.

1<>\.f'..T"-~ '.~, 0,,- 36«, 37~ - ~7~

( CY>\( Z~
S -..... "-.".

C(.?0'",

V.
~JLEK. 'ttAt"~s·,~y'

<.:1~ '78. \ 1'7 A. 1e I fJ\.1(J.£AcAfVv "-0.c@:,£lc,
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Madero Boiler MP-B4 Data (continued)

Test Number 4.

(iY:'~ '5CRE<ef-\Co,", 24 ..

Co.'Mqu~LE'o;;::.

G.2- ./-1."''''<><0,,- f'1U",s5 <;;1/;,,<.
(c::.~(:)~t;S ';;::"

'\IAN(~ V''''s~ .y,. ~("

C"'MIN~~"'l..G.", 1.
2.9e,/8\,~~i-<>""\<'i\/s •

Cc:.~~O.5'3:'C:::.('G~

'-E",o .""" . \ \ en .
C~Y'l),,>t.lS~,,-==- t-lD~

2_?'"7 /z~4lSo"<:.",~«.· V t<:~S< ..~,,< .

GAS \-I.EA.OE~

?""-ES'<: ~eA-<'<. --
t;,.f>o.5 '\IAL'-.J<= -x?oS'",-.:-i_~ •- '7"'" .

b'A>Ic'l,.w ",v.l Is -
<;;;'1>515v"'-N~"- \.1:,:>,,- -\-';2(' St \?A~
~"" '"2 , '" <; ~"A-;:

'3,9 /3-&\-REs, eA~

"''"''''''''201''<;' S~Aw 40'\) "-L>J<' (><>s> .;,;~

r' .'Af,\/ 7"'''------b_ ScR"".

'P; ~ 0 'WA'IE" (,,'z:-;;. ) S"S,e,~s) -«,,~.

f~EnWAn;~(A<'I~)
39.5I=LcuJ Ie:'" / S

s\U'''''''' l"aEst GMt 40.0

SIFA....~ .. (? 'C S7').2

S-n=A"", GL~w \<">/1' 38.~- ~g,c

1JI<O/VI. ("6'-6SS , {5A<t. 4\."2,

;$
Page 1! 01 4
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Madero Boiler MP·B4 Data

Test Number' ~r-S- ZZ' SCYT crtr"'

liP .-;J~ -
Test Description et//b/V~-'fI" l'!j;).- r~!,4r

I).//t-It;)ntr H '? tj-f, - Pr/l/ 7 ()/C-

~~-:t'~,k:Af4Y~;:'1PCJ~ .

.Excess 02 (Plant). % ;J.. / Y

Steam Flow.1Ill K'l/5 . '15'"":3 (/~-:3 j-/~)

Feedwater FI~w; '$llYs '/<;
Oil Flow; tlh I Il"tj ~,;J.."

~
.

.

Oil Hdr Press. kg/em'
MAI~ «:"'-';, CO N-:(I;2c,(. .

\\,,<2. : '?J,'2, Ol..l:a;'c <D.e \I AL,,~ OtIC Z,9

OilBurner 'Press,· kg/em' Bmr 1:
.

.Brnr 2: Brnr 3: 2.3>->- --
. . ,

OirSumer-Press. kg/cm2 Brnr 4: 2_2- Brnr 5: '2,0 Brnr 6: 2,.1

Atemii!. Stea:lll, hg/clIl
,

l;!tnr l' Elmr 2: 6rnr 3' -
.,: ,. - 2

Bill! 4. BfAf 5: emf 6:
AtOll1l2. Steam; kg/em .

.. '
.

Atomiz. Steam. kg/cm2 Upstream Valve: \9.0
Header:21';(" a~ II> "'" .

Oil Temp, ·C· 1/ '?- 'f

Steam/Oil LIP
.

Gas Hdr Press, kgiem' VALv<,-. -r.!-> '. 4,A-, \I~- QU<: 1.0

Gas; Burn. Press,kg/cm2 Bmr 1: 0,'15 Brnr 2: 0 .1'> Brm 3: -
Gas. Burn. Press. kg/em' Brm 4: - Brnr 5: - Brnr 6: --

SH Steam Tempyfc 391

~~", r-<:",w,~ '1.18
.

H--Steam--'Femp-- ••

... "::>. t' ' -:J",teFAA:' ;,,,.. 5:G<-
(7~u~ VI" - 1t.4"-lc.l:_

Windbox'Press, m~~v '-;t1 .

. Furnace Press. m~;!.>t, 39
~2,.d~ljl$~~l~rA.,... [)
Alb'''''?; . S'\E'A,VJ\

.'

G.AS ~U>l'>\«:) Y<:1!1I>'-'1

'1 pI. "",,' <?<:>~, Yo -;5 Page 1 of 4
.. S"",,)!.<Z--'f .'"'--T/~~

(<o>'-"5J ?"') .----._--_. -'--'- ~---_._,--'.-.- .._--...

o

o

o

c

o

o
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Madero Boiler MP-B4 Data (continued)

Test Number 5'
>r--y ryy,,-',..~

"'I,A l (;" Z.4 <;;CrzEGO'-'
Sl"'-",,,, c:.O'L AI" LfI,O:n.J TE 1'-\'" 0 C-

AIRI·\"A..-"", Ai~· '/<)". "IN \'1:.~V' 0c.. .

pwe.lJt':'"~"<:E <t.. AJ.'t<.. 21. '3, 9/1'10. {.
6<>T -n;:'" -<" ~
f'.. IRl-J.<2"'m:-a. GAS "370·7
::IN TEN'? "c .

AI R·Il""A'-"£~. 6,AS ;). Llo. I
6o, ~I'-\(.' "'c-
I-D (:.AN 01$<.1\. {-5;P
P<R..E,:',", ,. tv\Ri<R. .
~1,ri.;I.\.E;:::"""'\f?rt.. OU\'. $Z>.2.
1'~5 'MMQ.

w,·>-.\"'""'~ \'RES, .·M!3A' '19./

hJ(lIJJ'i<:::: \/'m;SS fv\€A..Tt 3'27
A\R~€:.A~("'_ 6. A S 3'o·Y
'1 .,. ('ft." S ~ MeAd

.

IAI"-Il~""',",,,- 6AS "]:<0
Q '" I''''''~~ M~At<..

~fn.~';:,/~t.1!.flo~ ~q

odCo fUYo-J""F 0"" 0 b ,J,. O~ /- .

02. A(t.\.l€A0C"-OOT"-y,;
;).. ./¥

·-:z.A.«... AN'? . y~,0/ R6,-S-
VAL. 6ulli Al"-C,1.

Tub'>. TEI'1~ Lf(:'°C.
·3 p 2- J~~ J'7Y ? 7 J ....

)70 :JVo1 - '/07
ft~U'-T<c~ ~«'o...-o<.. M

( Q'''\C z<\
~ ~

Sc~",-

8o,~rt. '(\A~fl <-:1->- qP. ~ I P{?,3/J,Cj,7!-,q 5 .

'<L pa;<...Afe/'J «""( GUleo
I

...

Page 2 014
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Madero Boiler MP-B4 Data (continued)

Test Number . S-
[Y'~Cai'\ 24 '5CRE<':1-i

<"e.'N\<3u~LG<::>
fo.L;1·1;'"11.0,=,,, f'1U""s5 liSt=.

C<>M(ll:>=LG "" '5'3"AL··r€..,,~s~ .y,.
C~""IS<.i ~~<>L.E."; "-./'7 f0.~·/t )~k.'N . I<,:\/s'
C."'""" <SU~(.<: ",- 11~,f-rt::IN\C'. <:::::'C"' .. . .

c,,""<:>us~ "" UP#<:. .
),; ~-,/". ~'?€'U'Z"E~ V t<:<;O'S(. \'SA"

GAS\~E"'QE-Q. "3.7\'d<:.ES~'3A-&.
~AS '!AL~ 'J-.5""'POS"'i:"I-<o>,~ c '7"",

.~A> I'"L",w ~.,J /s I,.}, <f IJJ1Yr (cJ,9.(P 7. )
(;;./'> ') . (5" (2.,..,<;;...: \.l.v a. (Y. 9~/17,Q 1

-

p"z('O'So eA «.' . . .

t"rtbl'-" 'e' '" <; S"'<'Ao 4',f/~·o
.

~\:'s, . '3A'R.. .
. (\'""" \ Co ".,,~ s~Aw ']q
'\1>"<'-"" .(><>S> '''/_,cf:.r;,\) ~...--b~ 2qS~R~"

.~; \'coW"-,,:~ (A'z:):.. ) .o)7,t - S--P .z~s)' .A-tZ...

f£OEn wAn,,- CA(., ..) £/f!,9 - $15':?
~Lc::W\::''" IS

$''"'A"" \'i<Es~ ) \5A1Z. 'Fl.7 ~<n.. ?

S"'A..~..,n ~C Jf'/. C. - 379,7

S'E,l.v-... fL",,-, , \<"'Is Lj5. D - "S-, G

1>1<t>"" f~GSl I ~"- '!<f :J.. - 'I J . '3

-
/}~ -If3"iV,{IU ~M -Z.>'+I -".·.r ....t{)~

4 ~ r .&"../ ;-l:.':I'-U ~'J{..-.e. ~X;;e-fp r:; /' I.., ,'I. 'f . 1 2..
j, 'ltl- -;";;rv/ 6/~t-;[ / #--- Ct'l1tz,~
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Madero Boiler MP-B4 Data

Test Number S~.r" ~12.) '00
No. ,~OD ,."...

Test Description e."-ct..~~<!.~ I 4 z- rlft.I'><- Ii>A~~
\3\>-<", ......., ~ 4-<::' ~1tz.J"'<;". ">'.

N c <2.'l"" A.L 1-I.A14 L~""",
<;?vv. T '"l'J\ ...."'" 'i::"X c:.~H =2. ,NO

Excess 02 (Planl), %
/

Sleam Flow,1I!l' \::"'3/> 45,,3 ( 1~>.lljk)
Feedwaler l\'0w,1lIll::~ 4S:7
Oil Flow, Vh I 1-<",/(

.

Oil Hdr Press, kg/emt MA)~ {<E.~, C(H~~~c..
.

fl."... : '3.8 O ...,.tGT~ G.8· \I AL",,,,_ 0\1\: 2,~

Oil~urt)erPress, kg/cm2 Bmr 1:·
~

Bmr 2: - Bmr 3: 2..'3>S
Oil Burher-Press, kg/cm2 Bmr 4: 2.2.- Bmr5: . Z ,0 Bmr 6:2, \s'

I. t
n FAr 1: DUll 2. Bmr3:..

AteiTliz. St~afh. kgJ'elii
,

Brlif-4: 8rnr 5. Bmr6:
. .

Atomiz. Steam, kg/em' Upstream Valve: \'3 Header: 1-"7," 0('- 1("

Oil Temp, ·C

Sleam/Oil LIP I
. . ;

Gas Hdr Press, kg/em' VALv<'-. 'LI-l " 4,S VALvE. Our: (,0

Gas. Burn. Press,- kg/cm~ Bmr 1: O.IS Bmr2: 0,'15 Bmr3: -
Gas. Burn. Press, kg/em' Bmr4: -- Bmr 5: - Bmr6: -
SH Sleam Temp L, ·C

~'L ...~r~~ 1/1\H-Stea . rn • 0

lem He ~
\/'>1 <?l.~

C.~TI~vous-

VL~~<: . "A'f'P,::AttA.j.I c:r.... Ct'o.>t.q,,,J P/ O"""<- - (.>()C::FJ~ Q:..~ W

Windbox Press, ImElA:'!. "''':)}..~v C 2-

Furnace Press, mr6An.

"':cr.,,-
~~?~o/~JeJ~11./M, :u .

A1t>I""2;. S;rEA<M.

\.,JPl...~ <"C>~, <Yo Page 1 of 4
( <>~:S/?(E) . .._- "----.,--- -----------.-....... - .
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Madero Boiler MP-B4 Data (continued)

Test Number -Ilk
(--rY' (YV .~

RA I G. . z.4 C;;'lZEG..I

~~ <:.c'L A.IR 10 , yTt-> n;;\"'I<" 0,,--,
AII'UIEAT",,- Am.

'1~. 0::LN ~..,(? Dc.
,A'R...,:--,A""",~ Am. ~ 23, 3/1'10. ?- ,d' _["i/r;,o '-'Tn:;:~ -<" ""- ----
F>.IRI-\.~A""<Z GAS ,71,0

. "f¢rfl .Otlr (y_tIL.
-r....> TE":''' 0<

.

A. "'- lJ.~AT£ <,_ bAS ;;It/IJI N
v

6L)\ ""1'-1 P "'<:..: If "3
fOD.r-A...> DIS<.'I

~f.1
[,-.... , l"

P<:R.ES<,. lV\RAR .

P-1rt.I.lE.. A.""t"En.. Cu,
'>~)!'! ~

,p. 1--
1'1'JS55 'M"3,AQ.

~-/, (p
ry X

W\,.j~n",. 'PR~S< MIlA' .

1"""..",,; ('~C:;5 SM'<:A.rt.
4().Q yjy

A\~ ~~A'T<S;~ <S. AS 'P.·7:r '" (OI<.<OS S 'M<3":<."" ..
..

IAlfl..-"'-""'"'" <0;',- 31.'5'o'-'T I''''-c-ss ~\';Ar<..

[?() r"'i/l5;f.b:fd. 8'3.3 1'·./'--;

odco rc,'y,.J",,, 0",0L~ :...t;''J 7-
Oz. A,(d-l€:A"""-oo'C% .~. ?7
-z. AI a:. AN'; ?f'. 7 14'''-~ xly

VAL, 6u\J~.' AH'2:C) 1...
Tob,,-"TiSM~ u~,°c.

'3y1- J t:-v 77"3 '373 'tN/y./ y (7=-

lr'." ~T.. · .0.• , 1&9 Jf'/ - L/O? .
'/><- /'1 /-c0<:":

( CS'K 24~SCR<'""", .
<3oILEy"C.; '(iAtts~~q ,-.1", '1() .tf7f'l; i/ ;J.C): if/ 5'9./ ></Y/.:z:

-<J. g£ALAre/v <':0< 61'S Ie;

Page 2 of 4
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Madero Boiler MP-B4 Data (continued)

Test Number #?
~,...-yv-,

~ S'Ci'v\ 24 5CaE6.>

<:"Z::>W\<3u~L~o:::::..- (P,t./
1-1.£0""'<.;" 1"12>:55 . <;SA"",
(~~~~l..~~ 5"3
\J AL~{E. ".,,5. 'i...
C"'''''~<l S':oL.<: "" 7-. It, (,,<]. J.~
~l.<>w \<':l/S

C-<::>tu\<S~~l..G<::>o. //f·1
. -rE~" ""<::-
c.~~us~,<:::> t.,lpa..

J,. ..,.,./;. - 5'f'
lSU¥1'",E<e V~<=Sc~"

GAS' ~<::AOE<'l:. 'I,).
?~ES'<: aA-«?.

(,"'> \I p.L '-J<'; :)3
?05}\:" .....~ ; - 0/1:)

C;:1l.S<f'L""" ",..,} /s I. ~~ {;l7It~ .
<is'''> <5"12.",,<;,,- ~"'a. O-'?Pp;z,,-s~ €A cz.
Pn't>M 1'21 0.1 G STE'A' 4, I / L/.-o
~>:s,. fSAfl..

""..... ,,"2. ,"'c ST7:Awo "3q
"i "'-to "" .(> <> S'> 0/':'

f(0~\l -:.""'-"--br" 2", s~RIEG..

~; (;"WA", " (A'l:;;:. ) iC-i9 -aESI) -RA..-c
f'GE'n V\I"~",(A~,~) 1f'J: II ~ '1&. C>
~LdAl· ~"I (5

SHrA"'" 1'"",s~ )(5A~
.'II. 1

.S'lFA" ~"'I? ~C 37q.f

'<"ells '/..:. '/-
~ ~

S"E"'''"- f L"""
lh. ')

'P4< OM P~(;Sl , '5A«:.. 'fcl.q

:>
Page l! of 4
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Madero Boiler MpcB4 Data

rest Number 7 ,;>.3 SEt" r ,(r1r

(1' ..:;-,.,- .

Test Description ~ot!Mr1{... L.DrlD /.
8v-e- vlF'l S 1/ Z -,> If4 ~ ., -f-, --'" "" "-
L.tr1AJ Oz. '(Co _ LIMIT&:: 0)

Excess 02· (Plant), % "l.-/.'?
Steam Flow, ~l \"9(~ 3q ( I'!-O, r" -I-IL)
Feedwater Flow, Illl I,,:!/S JCJ,;}
Oil Flow, Vh ) 1,.,/f .. /. f~ 1<1/~ ( (p, 7 fJf.....)
Oil Hdr press, kg/em'· MAl" q,~8S., CQ~~C'o'-· .

1I."a.. : .?,. Qc.1'tE.. , \I AL;,"'- GU":

Oil. Burner Press, kg/em' Brnr 1: ~ BrnrZ: -- Brnr 3: :2.. '3

Oil BurnerPress, kg/em' Brnr 4: /,f5"' Brnr 5: 110'5'" Brnr 6: ::<.0. .

7P./.-f....., ~-Z;.. v v . , . 0._,,< . . C£.
Brnr 2:

~
Brnr 3: C'!'

"" t' , v C-'-... C::'/L
AC\.?J;'~t;o;;" (..,'C-m' "m•.1. b/' Brnr 5: OJ' Brnr 6: ~'/ >
I~hll{::..r ""'"

(..'11 . c'J'i-

Atomiz: Steam'- kg/cm2
,

/'1 Header: ;J,.J,,¥,o 0"- V,
Upstream Valve:

Oil Temp, ·C I/'?,t/
.

Steam/Oil AP ~lP po/' <; /IS l/l/ po ,'7';) C'fJ~ I

Gas Hdr Press, kg/cm 2
VN..v~ -C'" " S-;J.. \}At-vE. Our: 0. 7':)

.

Gas. Burn. Press, kg/cm2 Brnr 1: (,., :A Brnr 2: 6"':'? Brnr3:-.

Gas. Burn, Press, kg/em' Brnr 4: -- Brnr 5: - Brnr 6: -
BH Steam Temp L, ·C ') 70 ,? (76F)
~f' '- r-l~w "~('" GY- &,U -1...7/H-Steam-'Fem;>-l'lr'

~tt~~FA~~~~~_
CO/l/rl ,lJUOt/r /;j/l.nl'~·/(Nt.':1; OA ).MoO? A;;';" 1A/7JP/iJ Sf"; C£/,.. ¢'d.T>A/AI

Windbox Press, mJ€AI1, "55"./
/ O-z. PIPs

Furnace Press,m~ ).,7- r

.~k~.i~m~Ji'~'i§~:- '57ft
ATt>I'\;\l"2;.. STE'All"\. '" '1) '0
'1i>LV<"C <?<:>~, "l"o Page 1 of 4
~-='~~2!.?3.1 ..___.__.__,_._.... "-'._- .,-_.-., ..- . . -... .. ..-." ...-------.

<>

o

o

o

o
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. Madero Boiler MP-B4 Data(continued)

y../y

xjy/z.-

x/,j
V'I</r!"t

'Pc /y!i::

Test Number 7
>rTY rY'-"r r ~

RA \<:;. . 2.4 <;;C(\!E(;">

! =-A..... coiL AI" Lf I· 'IIT'" """".,. , 0 c..
AtR..\!;AT,,«. A,~

'I~/lI'"N \\'; M{:> 0c..
AIR"':-~~<Z. AJft.. J.f5/lf->OUT· TG""<-' ."'"
A. I t<>l.«2A"'--<?... G f:;. S. J5?J,"::IN TE."I t? :~('"

AI n.. ~c=.AT£ "- 6A.s ;), )1·,). .
C>C>\ ""'r-\<" "<:..
FD r-AN D tS,-!.\. 3Y: 7 -,..3'7. 0
P~E.';<:'. lV\~AR
p..l,t.I..le.A.~t'Z... oU'Y

.1?,71'l2SS5 'M<Y:>.a.
I ...

"3f". /WI.:}"«""" \'RG5~ ""BA'

ftl""A~ <'~ss ~€..".
J.7,?

A\I"i!:~E:.A.~c::....<S.AS J./'?:r.:> (>«.l':SS 'M<3Aa'
1i<'''-l.I.<;.A-n:.... <oAS j2.7-
c>"T PR.c::.s,s <'\\?,AR.. .

,(/<97r" : . v.~"" SF, "".... r-"1rV!f:D F4. /II D'::f.L 7P.6 V'A~~S j4j~~{Jc?L:Z."//~~ Zc:

iozJCo 1'""",.."" 0<1,0 . / 7~'l~ ~rv/t!'.
lJ.r'h'l ,/1' C 'roVA7

i.Pi
'- /)l. 011):. ro ~/. fJ:>

Oz A{(,JI.~"",,-oo-c'%

~ Afr<.. AN"'·1 7$L. 5'/7<1: rVAL. GUIll. A,Re, •

"i7'J 3(.3 '3t..g> J <7-e-
I<JT U1:>", """R:M T' 1.f0"0c..

j(.'l 'lFJ . *':z. NI-r'"\.F--'-~~ . 0<:..

( <:MC Zq Sc~~
7f. gil'!. '3/;;z.s. £//51).)<3o.LErt.-~C,-:1.",v. P£A<...Afd-J f<,"",- 5l>1;/G

.

...

...

...

OIl

...

w

. Page2of4
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Madero Boiler MP-B4 Data (continued)

IZJy

XI)'

y.1,!

Tesl Number 7
f:;::::;-~~

C<>\\\ 24 SCfZC--c>:...

<;~'AI\<3LJ~LC:=1::::> ~.-s-
1"'"AoE" f'1U"~5 \SA-.t.
Co~U~LE~ 4l!,-tf3
\lAf~ie. (?",S .y..
C"''''.lN S-':<>l.\<;:" /. y(,
~ Jc<,"" \ <':) S ,

.

C<::"M<S~~~(.G~ /1J7. 'f
I·

"':"'T""ElN\p: ""<:.
ca.~us~,,= RDiZ.

;l,. 61h. "c;- .
l'So,z..<:'<t. V fl:<;ss;ii",
GAS' t-1.EAO"='Q.. 1/.7
Vd.ES;' -""A-<?-

. ,

<;;AS' '11>'-->'-" ao-~(>·~
.'PoS)-ri""';'t-1 ,. - <0/\:)

I· ",rJ/s /.!J77;5",'3)
GoA<.> 'fL"""
(;.1"5 15"12."'",,- \,\;t>~ tJ. ~9t'dZ<:.so '6A-""-
f'rrt,M leI .... G $TrA' '3; ?/3S
I-Rl::s<; . '3AQ.. .

(\"'''''20 '''~ S:J.,AIM '31
",

'1"'L ,,<;; <"<>SO"o ~

~c;r;;b\J
......_...----.:-.b,-- :2"\ s~R"" 0 ,

,~;""W"""'k'~r,-;.) 57.~
~S5«.

. (=E'€nwAno-t..(A<.,_) Jq.5
' .

I'=L.<;UJ k:';' Is,
,

.....

S~A"" 'f«Esr BA1Z. iff. (, .

J 7 q. t:r
.

S\FA-·~':"a ~c

S"EA", fL""" \<"lls 'Pl./ \"" gr. Cj

\J(.lp"" P6<.fSS , ($A«:.. t{},o
--c-

,

.;$
Pege~ of 4

....
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Madero Boiler MP-B4 Data

Test Number f
2-}- ~(}r__ .,....o--

17:6ZJ n?1-c

Test Description
IJO'~¥ "7'- Lo/fD /,2 -':7..f/7l:,u.-,. <~ ')-4

.j-(, !3o/l.1J6t [" _ 0 (, b-

Pi?/U4A'Z- ex.c;tf=-CIa 2-

Excess 02 (Plant), % 2,tf

Sleam Flpw, S!i ""J/, 3'7.2..- ( ft.f./. '3 t.IL)

FeedwaterFlow, IJb 'o<"Yr /\. 'fa _-A

Oil Flow, Vh ) 10;5 / , II?" 1I-tJ-/s.. l r,. ~;!:L c,<.. vv ~ ·Yo'%. e>A I-

Oil Hdr Press, kg/em'
M.A)~ '1. r:; t<~~, t3

CGN~"C. ;;l.,~

R'()Q..·.,: OlvTt.(2f ~ \I A'-"",- OlJ{"·.

Oil Burner Press, kg/cm2 Bmr 1: --- Bmr2: - Bmr3: .;;? 'J

Oil Burner Press. kglcm2 Bmr 4: is' Bmr 5: I, too) Bmr6: /,9
Bmr 2: Bmr3:

, "" p,mr I.

Alsmiz. St , "", -Srm .4. Bmr5: Bmr6:
. k;;

Atomiz. Steam, kglcm2 Upstream Valve: /1 Header: 1'1"/~;/ 1<.

Oil Temp,oC /I f.r,

Steam/Oil t>P . '174," q. .:./~
. ~ 61l ("(0""1

v-- __.-<--<.... v v Po 0 </-4, ?"

Gas Hdr Press, kg/em' '-I.e;. / .'
-

I/N..\I<': -C" '. \JAL-vE.. Qur: 6. 7~

Gas. Bum..-Press•.kglcm2- Bmr.1 : t,J, Bmr 2: <? Bmr3: -
Gas. Burn. Press, kglcm2 Bmr4: - Bmr 5: - Bmr6: -
SH Sleam Temp4 ·C

~~~4"")~ 0. (..f- ,",76
team-=Fem , 0

'-SfH\lteA1~~..
(/V1S/,o; £/5 I-! t - "'(r~'t'",:".-1 r". /)c..4r,<-.

v.l.u.o-\r-. - ~~"'~(,,~-

Windbox Press. mr\jAlt. "'3 II'!

Furnace Press. mr€A'tt. )0,0

~x/<~);l!ilR~2Jl~~~f."
Al':>M12;. sn=A~ "'-1 S- "/0
'\J.p.L~··(='O<>i ""0 Page 1 of 4

(c>~SJ?~)
.. - ..- . .. _" ._.-

------- ---._------_._--_.._-_.

o

o

o

o

()

"

o

...

...

...

...
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. Madero Boiler MP-B4 Data (continued)

'1./y

X/Y/r

X/I
Vy;.!y n

'Ix !y/e

Test Number '?
.~ At. rn- .~

RG. .2.4 <;;<""<0">
5'!"-A..... <:. OfL A.I" 41, 7It-' TF.';<-\ "', 0 <::.-
A tR.>\f;AT<; R 411z. t/t.O:eN \'GM{? 0c.
Alczl¥"~~ <i:. AJ'«... !l:: I ,:;, &1/ f't( 6o '->T n::=ov. -<7 ""'-
A.IR~AW.-a GAS 75''1:l.N. TE. "-I '? ~"
A,n.ll<=.A<£rt. 6.AS ;;.;:J,7
6U\ ~I'-II" "<:.
I-D ('-AN D'S"-". II).'}"PIR.E:><:' , lV\<Ri:>R
r~d~IJ..~A.~r-.t-0U\

:3f>l1'122;5 'i'''~A(2.

y,!I>.\n<>o';' l'm;scMM, Jr.'/-
· fo(l.IJA«: {'.u-;ss !'\€"-Yot

'10, (7

A\~ ~~p;.~t':.. - 6. AS ;<},F. :r ~'(.>«.",.s s ""<3"'d
· If.\'tt.J.\EA~"',,- <6 AS .21/~o <IT 1'r.:C':~) l'''RAIZ

t~,.4;vc~f,m"c If,/-

· ozJCo h>"VoJ""" 0",0 J ..J [-;;. nj-
<> .

0z- A{(t.l-\.€:A""'"OvC'% ;:).,'50

2. AIlZ., . A ...."
77-;'/ 7t'f IVAL, 6Ulf.\. AJt?E.,1·

TUb""~1'1~ Lrct;. 0c.. 7 79 '3(,'1 '3t.q '3?z,
~

'}(, 7 '?r;l - '/0 '"
1<>'-"- TE.~ ~ K7"c- ~<:.

( c~'(V\c 24 Sc«0'::?
6o'l.E1'C. '(\I'('~c:.

,-:1~ 7;, ,;./77. <11;U-; 7/~o .)'/'<t P'iOA'LAfiiJ <?<2\~ Ev''-'/''
I I t

Page 2 of 4
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Madero Boiler MP-B4 Data (continued)

Tesl Number p
"':',......,--,

LS0""- 2.4 '5CRECi-l
c<::::>W\qu~LG~ k.r;-I-\.<=AoE" f'iU'"~5 ~A'<'l:

C<>\V>(3C>=L~'" f'1/%'\J A,C<rE,. ("<.:>5.'i~ ..
C"""lSun-<>l.j;" ;, Fe;- (77J. 7%)~ l.<:,IN \ <':I S .

("c::..~<SU.53:"(:)(.~c:::. .
/I~~t"T""'''''O· c>c' .

C~'IV)~l",)S~-.::::. \.( i'fL _
l.clq/~ .~I

.

I$O"-,,,<;tZ V t':\=s'·~<
GAS" \~<::AOE"'l:.

Lf.~?~ES''' e"","".
(.A)' ':'JAL~<= )/. )' %'
~OS"""i:':I..",.t-1 ~ 0/'"

. G,a';X=l ..."" ",.,J /s /JJ{7
(;1'5 \5"'12.".,,,,,,- \.lv~ {j. 7//0 _7D
\-'62(' <;~ qAt<.
kTDM'"2ING !>frAt J,b/J,rlfR>::s, r$AR

(\'""" \ 2. '''~ S-n:Aw "3(,. ~~'\}"-L\l(' .("",> <O/~·

,fff;,\j ...---bc' 7q S(REG~

I-E~oW"'''''''(A'l:f:,.)
f:j 7. .t.·PaEs') R A«..

FG'rn ""An:; "- (A<., ~) f//,t - jf. '?·(::LcUJ k", Is

SltrA>v- \'«ES~ GAtZ. 4/.t

S\t'A...~ ... a ~c 779-')
s,,=A"" fLt,."" \<'Yis 3e;,0-37,1
\Jq2VM fOl-E;SS , <5A~ .113,6

:>
Pagel! of 4
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Appendix D

EPT Boiler Data Sheets -REACH Emissions Tests
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Madero Boiler Mp·B4 Data

Test Number/DatefTime i- f'd2-E-'(-'M 16/"-1<:>\ \:;>J; Z'2. 'n"

Test Description ,,- ~"'C;, '(VIA~ . L<>..,.." k€\ <; C \ I..., .,
'i-~ c>'({)EN~ .S.tb~Wf''1r
-V~A Oua,,,,~ 3--:\E GAS T/"..A\JI! "-~

Excess 02' (Plarit), % Fumace OUI: sd'2.. AH Out: 3.0\
SteamFlow•.kg/see 4 ~ ,8· "'\ Ar,.~ Vh (melric); \ S8- \ (,'>. .

..

Feedwaier Flow, kg/sec .
.

Oil Flow, kg/sec 3,S7 Vh(metric):

Oil Hdr Press, kg/em' Main Regulalor Conlrol .
Hdr: 11,0 Outlet: ,8. ~ Valve OUtlet: 7, 6

Oil Bumer Press, kg/cm' . Bmrt: Bmr 2: I.'" Bmr 3:

Oil Bumer Press, kg/em' Bmr4: BmrS: Bmr 6:

.Alomiz, Stea~. kg/em'
.

Bmr 2: (0-- T
d

''''''',Brnr 1: 8 , (" . .Bmr 3:

Alomiz, Steam, kg/em' Bmr 4:. Brnr 5: Brnr 6:

Atomiz. Steam, kg/cm2 Upstream
~A

Header (% of 16):
'. .' . of Burners: (barg):

Oil Temp. "C l\",.~

Steam/Oil AI' (DCS) ..
.

Gas Hdr Press, kg/em' Valve In: ("."2. Valve Oul: - Valve % Open: ~

Gas, Burn. Press, kg/em' Bmr 1: Bmr 2: Bmr 3:

Gas. Bum. Press; kg/em' Bmr4: Bmr 5: Bmr 6:

SH Steam Temp, °C '. ~--:S8Z
Oil Flow, Vh (local meier) \Z. '3 (2.1'5 I;.,<w"",) Ib/h-bumer: 4,130
Plume Appearance Sc:>~ "'I'll- 'P~'(1,.l..,,'r7\'t:.. ?"'Ou.>.~1\h ~l~",,':",. G~<:'w~~

Windbox P~ess, mbar '5 ~ ,i.
Furnace Press, mbar 4~iz..

Windbox-Furnace, mbar mbar: 8.0 in. H2O: ;3.2- (1 in. H20 = 2.49 mbar)
.'

....

D-2
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Madero Boiler MP-B4 Data (continued)

Test Number ,
Alomiz Sim Vlv Pas, % (oulside)

liE MEASUREMENTS

02 (%)ICO (ppmv) DucVStack, Duel after AH: Slack:

NOx (unc ppmvnbIMBlu) unc, ppmv: IbIMBlu:

CONTROL ROOM DATA

AIG 24 Screen
.

.

Steam Coil Air In Temp, 'C
3~, \.

.

-43,4AH Airtn Temp, 'C

AH Air Oul Temp, 'C 724, '" /l'''~c of
AH Gas In TelTlP, °C 38S,~

AH Gas Out Temp, 'C NO"l: A..'"Al '-0..<3l$..
FD Fan Disch Press, mbar (,4.4-
AH Air Out Press, mbar S7,~

Windbox Press, mbar S(". 'Z....

Furnace Press, mbar (xly)
.

46 ,z..-/4t:> :z.-
. . .

'S~ .'
AH Gas In Press, mbar

<::' "II wtNe>-f

- O'~,~AH Gas Out Press, mbar

FD Fan Damper. % (xly) . 35,4

02lCO Furnace Oul, % "3.12-
02 Airheater Qut, % :'.<:>\

.

LAirNal. Guia Aire, % (xly)

Tube Temp L, 'C (wlxJy/z)

Tube Temp R, 'C (wlxJy/z)

Page 2 of 4
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Madero Boiler MP-B4 Data (continued)

Test Number i

CONTROL ROOM DATA (continued) .

CMC 24 Screen ·

Boiler Ma·slerN. Real Air.

Oj7>~ / "93. '?)c / '7>-rAV. Real Gall/Oil, % (xly/z)

V. Real Ga:;;l8i1, '~~/A}"'-' \. (\ 0,-

COM 24 Screen

Combust. H·dr Press, barg ~. S' .
·

.

Combustoleo Valve Pos, % 11 / 8~7'"'" (C>U\'S,I<>~)
Combusi. Flow,. kg/sec, % .

3.57
Combustoleo Jemp, °C \ Ie, •"3'

. ...

··Combust. Hdr·Burner
1 .. ¢> , /7.<:>"Press. barg(xfy)

.

Gas Hdr Press, barg
~

Gas Valve Position, % ~

Gas Flow, Nm3/sec -
Gas Brnr Hdr Press, barg (xly) - .

.

AlomlzSieam Press, barg (xly) 8.S/~A
·

I· . .

'Alomiz Sieam Vaive Pos, % 5(')
AGV24 Screen

Feedwater (Alim) Press, barg S"J>,b
Feedwaler {Alim) Flow, kg/sec 4&.$

Sleam Press, barg 41
Steam Temp, °C 5~'Z.- .

Steam Flow, kg/sec 4~.8

Drum Press, barg (xy) 42.1

....

Page 3 of 4
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Madero Boiler MP-B4 Flame Scanner Data

Uy ,

Test No: _'--~'-. _

Scanner. --:-;-__.".,-::;:
Date' 0,/1/ lSI <.> kA1

Test No: i- "",,,.r>"" (,<:><.<; "',1..\
Scanner. -=O,-,u=-¥;="''-~...,....

Date' c,1ro /, ( \~~ ..

Test No: _--=&>"--__
Scanner. ";-"7'--:C-;---::;-
Date' ~ -'it -0/ I&>' ).0 rl'~ c

~,

Burner No. Intensltv Pulse Rate
1 100 eC)U - \ ... G<:l'

2 \<:,,::. &,45-8<>0
3 Iar- 240~· 3'1~(I,'"

4 1= 22", - sz..
5 1oc:. 780· ~o
6 leD '1 >"C>- \4<::<

~ ~

Burner No. Intensitv Pulse Rate
1 Ie>"> \':>6 ·2So
2 \0<:> 13<>-4(><:>
3 \I'\~ 1'200-1 Soc>
4 lac. '»0' 42.0
5 10""- 8Sti· \J~o~
6

\0"'- 131<>.1,44"
'f> .. .,..... . f,J

J

">, 3S Z (.z".>

Test No:
Scanner:

-7"""T-:--~
Date'

Test No: _--'~'--_-:-_

Scanner: -:--=r~--;--cc--
Date' &-7-01 ;;W'nHl1s

Test No:
Scanner: --;---;--:- _

Date' b I" I \

Burner No. Intensitv Pulse Rate
1 \<>~ .0- II"> :>, M

2 \c>u "3$<>-1,'50
. 3

\O~ \ 0"'\,1<;<:>
4 \6"'- 1'l3o.A,~.
5 1<:>0 ~<:><Y ';>30

6 , \0" \ ,,0,,· lAs
I... .... ~~"

~

Burner No. Intensitv Pulse Rate
1 "3<.>", ~"' ....'<,

2 . \ <:>0 "756 - ';:Ao .
.. 3· . \ 00 \ 4<:><>.q~.

4 \C!o..4 ~.\,,<><>

5 10<> 2{,<>·5",<>
, 6 1<:><> 140<:>
.~ N'<v-i S <: r..,1J,..,)'eof\. sSi'S

...

..
Burner No. Intensitv Pulse Rate

1 ItJO 71D -q'l~
2 , 170 - ')/.c
3 I$?/Yl> -?In,
4 "]3 ~ -'100

5 7'10 -9<;1';
6 1330-1'/1'0

Burner No. Intensltv Pulse Rate
1 /<10 7?b-'1dZJ
2 k~-f17D

3 2Z iJtJ ;!.fn;

4 11"ib· ( '1)l.

5 ",!to- 7;'"
6 /0.30- /7.f i>

0-5
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Madero Boiler MP-B4 Data

Test -Number/Daterrime Z. (,,/7/c:. \ \ \ '04\.

Test Description 14c:. T(Yo , G, ",e.. )
N"'''-'' ,...~ C. <:::>" \') O~

6\L '-J At,,"'. StA,,,,,,-,,,,,,-
/

lIrE. 2~'i'M
--rE.sr

Excess 02 (Planl). % Furnace Out: 3,21- AH Out: ~,I~

Steam Flow. kg/sec 3<3>,8 tIh (metric): \4"3-
Feedwaler Flow, kg/sec. 43;0
Oil Flow, kg/sec 3·\\-3.ss . tIh (metric): Jl,". _ 12 ,

"" .Oil Hdr Press, kg/em'·
Majn~p~ S,Wlfol)Re,gulator . Control (,'l-".';)

. Hdr: 10 ,g '·1\.2 Oullet:A.~.8.S Valve Oullet:

Oil Burner Press, kg/em' .
--:

Brnr3: - ... Brnr 1: - Brnr 2: G. \' ,.4
Oil Burner pres$. kg/cm2 8rnr 4: . 8rnr 5: - Brm 6: --
Atomiz. Steam, kg/em2 .Brnr 1: Brlir 2: 1.'6 Brnr3; --
Atomiz; Steam, kglcrri2 I Bmr4: - 8rnr 5: Srm 6: ----
Atomiz. Steam, kg/em' Upstream

2:>.5 Header (% ~f ~~;: '5"
of Burners: bar :

. .

Oil Temp, °C t l ~,8
Steam/Oil <'>P (DCS) I.,;)
Gas HdrPress, kg/em' Valve In: <:.0 Valve Out: - Valve % Open:

~

Gas. .au.ro. -Press; kglcm2 Bmr 1: .- Bmr 2: - B,nr3: -

Gas. ~u;n. Press, kglcm2 Brnr .4:. Bmr 5: Brnr 6: --
SHSteam Temp, °C 3\ <;}.s-

Oil Flow, tlh (local meter)
O'L V"'~IJ«: :r.o"J:)l

'I"'~ Ib/h·bumer:4 \43 - 4,32'711.3-\\.e,
Plume Appearance

(,<F:~'~\;>I 0:. 1.1E.wt p,,*S (et-v,,,,J\ ),,, oJ(. ~l>

Windbox Press. lObar -44 .c" sPrlU:'i.?11

Furnace Press, mbar 38A
Windbox·Furnace, mbar mbar: C. :z_ in. H2O: 2.S' (1 in. H20 ~ 2.49 mbar)

0-6
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Madero Boiler MP-B4 Data (continued)

Test Number -
'"-

Atomiz 8tm Vlv Pos, % (outside) SQ
liE MEASUREMENTS

02 (%)lCO (ppmv) DucVStack, Duct after AH: Stack:

NOl( (unc ppmvllblMBtu) uncI ppmv: Ib/MBIU:

CONTROL ROOM DATA

AIG24 Screen

Stllam Coil Air InTemp, ·C
3~,~ .

AH Air In Temp, ·C 44,4
AH Air Out Temp, ·C . 2..2 Cl • t, IICI-a
AH Gas In Temp, ·C ~7"\.'O

AHGas OUI Temp,·C -
FD Fan Disch Press, mbar sr,"Z..
AH Air OutPress, mbar 4'5.8,

,Windbox Press, mbar 44. <"0

Furnace Press, mbar (xfy) 3zL1!38A
AH Gas In Press, mbar 3,<>.l

.

AH Gas Out Press, mbar - o,~
FD Fan Damper, % (xfy) 4<0../
02fCO Furnace Oul, % ?,2'2-

02 Airheater Out, % '3. \ '0

IAirNal.Guia Aire, %(xfy) 64·'S Ie.; :2..
Tube Temp L, ·C (w/xfylz) ~t5.4!?;~I'I/2.nc../:J,1J,4
Tube TempR, ·C (wlxJy/z) ~~ .. ; 'i?Jj?,U,. ~

Page 2 of 4
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Madero Boiler MP-B4 Data (continued)

Test Number
'~

L-

CONTROL ROOM DATA (continued)

CMC 24 Screen

Boiler MaslerN. Real Air,

8C) ('a'S, '> 10 I e.1. 4.V. Real G,!s!Oil, % (xfy/z)
, ,

V. Real~, % C<o.>f\A,':'<> \ ,~~- \ .~~
COM 24 .screen'" , , ' ,

Combust. Hdr Press, barg
,

,:>, ?> ,

, ' l.<>::M..
Combustoleo Valve Pos, % (",5 ~7o 1~-~<> (SW\",
Combust. Flow, kg/sec, %

,

3.\\- ~,33' '

,

Combustoleo Temp, "C I,
\\~.~ ,

,
,

Combust.Hdr Burner
1,~hnPress, barg (xly)

Gas HdrPreSS, barg 5" ,

Gas Valve Position. % - ,

Gas Flow, Nm3/sec -
,

Gas Brnr Hdr Press,barg (xfy)
,

-
(",z,,!c,,1.'

,

Atomiz Steam Press, barg(xfy) ~ 0.\

·Atomiz Steam Valve Pos, % 41,4 ,

AGV24 Bcreen
,

Feedwater (Alim) Press, barg 5"', S
Feedwater (Alim) Flow, kg/sec 4~,()

,Steam Press, barg 4t.e
Steam Temp, "C :s-r-,,'; :

Steam Flow, kg/sec :s 0)-1
Drum Press, barg (xy) 4~-f

Page 3 of 4
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Madero Boiler MP-B4 Data

Test Number/DatefTime s- ~h/~\ \4',54 '1:..l..<:: p"-,,

Test Description \~ ,/" 4- 0/(. 2. (,.45' <:>~ A~
I , ,

tx:S' L\..", (1..''''1

Excess 02 (piant), % Furnace Oul: 2,8 AH Oul: 2,5
Sleam Flow, kg/sec Vh (melrie):
'. .' .
Feedwater Flow, kg/sec .

Oil Flow, kg/sec 2,O4-~",,,,', '<>~"" Vh (metric):

Oil Hdr Press, kg/em2 Main 7 Regulator Control
Hdr: 11,3 . Oullet: &,~ Valve Oullet: G, '2..

Oil Burner Press, kg/em2
Bmr.1: ooc, Brnr 2: b. '2.. Bmr3: "<oS

all Burner Press, kg/cm2 8rnr 4: . Bmr 5: 8rnr 6:
. .' .

Atomiz.. Steam, kglcm2 8rnr 1: 6",,, 8mr 2: 7.8- Brm 3: G<.(,

Atomiz. Steam,kg/em2 8rnr 4: 8rnr 5: 8rm 6:

Atomiz. Steam, kglcm2 Upstream
S,c.

Header (Of. 01 16): 50 7,
of Burners: (barn):

Oil Temp, °c (1&
Steam/Oil aP (DCS) \,5

.

Gas Hdr Press, kg/em2
Valve In:. 5. ~ Valve Out: Z ,<\- Valve % Open:

Gas. Burn. Press, kg/em2
8rnr 1: fJ-=> (,;.uy. Bmr 2: - 8mr 3: tJ 6 c'I\Ur

Gas. 8um. Press, kg/em2 Bmr 4: - Bmr 5: - 8mr6: _

SH Stearn Temp, ·C

Oil Flow, Vh (local meter) 7·3 Iblh-bumer:

Plume Appearance

Windbox Press, mbar

Furnace Press, mbar

Windbox-Furnace, mbar mbar: in. H20: (1 in. H20 = 2.49 mbar) )

...

Page 1 of 4
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Madero Boiler MP-B4 Data (continued)
.

Test Number ---:;:;_.
Atomiz Stm Vlv Pos, % (outside)

.

liE MEASUREMENTS

02 (%)/CO (ppmv) DucVStack, Duct after AH: Stack:

NOx (unc ppmv/lb/MBtu) . unc, ppmv:· Ib/MBlu:

CONTROL ROOM DATA

AIG 24 Screen

Steam Coil Air In Temp, ·C Ljo, {,. ..

AH Air In Temp, ·C '6./
AH Air OuI Temp, ·C 222.l,/IPP./
AH GaS In Temp, ·C 77b.~

AHGas Out Temp, ·C ~

FD Fan Disch Press, mbar 'f~.'1

AH Air OuI Press, mbar . !f.~,o

Windbox Press. mbar '10. '1
Furnace Press, mbar (xly) 7S-.6.'

AH Gas In Press, mbar .:<11,0 .

AH Gas Out Press. mbar - {7•.'1
FD Fan Damper. % 0iJ:ir' (j:Z . .,-

02lCO Furnace Out, % 2,C1
02 Airheater Out, o/~ :<,:)

.IAirNa!. Guia Aire. % (xly) ~t7,l>ht :j
Tube Temp L, ·C (wlxly/z) 'J"If, Jol-n r..,J/L"'I.;J. •i J r.. ),("
Tube Temp R, ·C (wlxly/z) '](" J.., 3/':Fj/,3

Page 2 of 4
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Madero Boiler MP-B4 Data (continued)

-~

Test Number -,--
CONTROL ROOM DATA (continued)

CMC 24 Screen

Boiler MasterN, Real Air, 7 F, J /<;0.!J/ J. 7. rs/')$-. ':<.
V. Real Gas/Oil, % (xly/z)

-

V. Real Gas/Oil, % /.f) 'I
COM 24 Screen

Combust. Hdr Press, barg It>. t)

Combustoleo Valve Pos, % lfP.o 50 (L~" ....U
-

Combust. Flow, kg/sec, % 2.. c> 'I

Combustoleo Temp, ·C I/?b

Combust. Hdr Burner
7.717.)

.

Press, barg (xly)

"Gas Hdr Press, b,ug '{7
Gas Valve- Position.. % J , I l. i ? . - . ') Cl (1'01'''' C-~r .• - J

Gas Flow. Nm3/sec . /, I') - /. / 'J cz.":J')
Gas Brnr Hdr Press, barg (xly) 2.2..

Alomiz Steam Press, barg(xly) 7.$'-7.7-
Atomiz Steam Valve Pes; % ttl
AGV24 Screen

Feedwaler (Alim) Press, barg i;,--':>;.S-

Feedwater (Alim) Flow, kg/sec l.f ,)..1

Steam Press. barg ift. oZ.

Steam Temp, ·C '37'1. 'J
;CJ. /

-

Steam Flow, kg/sec
..

'-f.2.1-Drum Press, barg (xy)

... Page 3 of 4
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Madero Boiler MP-B4 Data

"

Test Number/Daterrime 4 b!7/~\ \';>4" c.-..."...,.
Test Description lb<:>' T~J 4 <s'IL, ? SAS) '"" M I <J A.(. <:>2....

:c.:t:E '<'M. _~
-

ExcesS 02 (Plant). % Furnace Out: 2..0<'0 AH Out: Z. \3
SleamFlow. kg/sec 44." t/h (metric): \<.:."2-
F~edwaterFlow. kg/sec 48A A _" ~ ,£0.,,1 nv-....

_'lil- W
-""-

.'
Oil Flow. kg/sec 2.'2'3> /, ~ t/h (m~liie):

Oil Hdr Press. kg/em' Main II. '3 -Regulalor V.r Control , .c;
Hdr: Outlet: - Valve Oullel: _

Oil Burner Press. kg/em' Bmr 1: Bmr 2: 7.0 Brnr 3:

Oil Burner.Press,'kg/cm2 Bmr 4: Bmr5: -Bmr 6:

Alomiz. SI~am. kg/em' Brnr1 : BmrZ: y. ~ Bmr-3:

Atomiz; Steam, kQ/cm2 Bmr 4: arm 5:
--

Bmr 6:
/ JrO-.

Alomiz. Stearn. kg/em' Upstream C/. I Header (%01>61: "rof Burners: (barg):

Oil Temp. 'C 120A
Sleam/Oil!>P (DCS) \.~

Gas Hdr Press. kg/ern' Valve In: t;,~ Valve Out: J. I Valv~% Ope]'.i..::,~
Ii

Gas. Burn. Press. kg/em' Bmr 1: N. tiM<{.(.Eimrz: M"l ~I
Bmr 3:"

Gas. Burn~ Press, kg/cm2 Bmr 4: Bmr 5' Bmr 6: I ,

SH Sleam Temp. 'C S8c .-~

Oil Flow. t/h (local meier) (, If- 'f'. J..f., )p/h.burner:

Plume Appearance life/:. "-'/r'(r 7« -r. 1'~/rj- "-""-'.- 'J.
('{~1 . /;-I<-'---(>7-'? _ ,1JJ" '/.lIr -.ft I'?

Windbox Press. mbar -'54-. '0
Furnace Press. mbar 4~.7

Windbox-Fumaee. mbar mbar: S.\ in. H2O: (1 in. H20 = ZA9 mbar)

Page 1 of 4 :::PT
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Madero Boiler MP-B4 Data (continued)

Test Number 4-
Atomiz Sim Vlv POSt % (outside) (,0
liE MEASUREMENTS

02 (%)/CO (pprriv) DucVSlack, Duct after AH: Stack:

NOx (unc ppmvflb/MBlu) unc, ppmv: IblMBtu:

CONTROL ROOM DATA

AIG 24 Screen

Steam Coil Air In Temp, ·C 31:.. ~
AH Air In Temp, ·C 43,("
AH Air Out Temp, 'C 2.30,<' II ~"\ A
AH Gas In Temp, 'C ~O)\'b

AH Gas Oul Temp, ·C -
FD Fan Disch Press, mbar (,,2, Z.
AH Air Out Press, mbar OS <., \
WindboxPress, mbar

$<l,~

Furnace Press, mbar (x/y) . 4~.4 /4(,..b

AH Gas tn Press, mbar 31,~

AH Gas Out Press, mbar - 0, ':J>

FD Fan Damper, % (xly) ~ I \
OVCO Furnace Out, % \. 98
02 Airheater Out, % 2.1'2...

LAirNal. Guia Aire, % (xly) <?>6.~/q>9.1
Tube Temp L, 'c (wlxlylz) ~5G..1J?'41.1/2"')'5.e. {~",~.e
Tube Temp R,'C (wlxlylz) 3.'5'7. 'cd 3.8>7. I / <J. / Q

Page 2 of 4

D-13

~?T



Madero Boiler MP-B4 Data (continued)

Test Number 4-
CONTROL ROOM DATA (continued)

CMC 24 Screen

Boiler MasterN. Real Air,
'&a;:i3/ 90. ~/"3,4, .8/bt.,(=V. Real Gas/Oil, % (xfy/i)

. c..()"1..~iA'tt.r= ,
V. Real Sa '=; °0 - \ .~-r
COM 24 Screen

Combust. Hdr Press, barg 0.9
. CombustoleoValve Pos, % 15aA.

Combust. Flow, kg/sec, % Z, '2. 'Jl

Combustoleo Temp, °C
\2.~ .S"

Combust..Hdr Burner
8.. I,,,./'e ,4-press, barg (xly) .

Gas Hdr Press, barg 4,1 ." .

Gas Valve Position, % \4,2..3
Gas Flow, Nm'/sec . \ 141
GaS: Brnr Hdr Press; barg (xly) 2,~'/2,0)~

Atomiz Steam Press, barg (xly) 8 ,-5 /~ A
Atomiz Steam Valve Pos, % 42.
AGV24 Screen .

Feedwaler (Alim) Press, barg '5<:>,9
Feedwater (Alim) Flow, kg/sec 4~·1

Sleam Press, barg 4-1.9

Steam Temp, °C' .
~Ih. <D

Steam Flow, kg/sec 45,0
Drum Press, barg (xy) 43"

Page 3 of 4

D-14

:=;P-r



...

/-.-
f'

__. ..--;/ .._~t.'-. ;)p./'"-'
. ,

Madero Boiler MP-B4 Data

...

...

Test Number/DatefTime If-s- JV"IF f'; 2-"""'/ /iJ,'o~Iffi

Test Description z" I}VIUJE/l1 &AJ tj"9.5'
)40V Oz - !J4.«'CL? c -'t ' CZ'

,/f1/1x Lpn/) tl,l/rrc1 /?y I/,,{_t. ' i'1I!
Excess 02 (PianO, % ~~~~;OUl:' i':~~ AH OutX' "7.£.. I~/./

Steam Flow, kg/sec ]ct, ;;Z Vh (melrie): .L

FeedwalerFlow, .kg/see 1-/, /
Oil Flow, kg/sec ... Vh (melrie):

Oil Hdr Press, kg/em' Main Regulalor .. Control
Hdr: OuUet: Valve OuUet:

Oil Burner Press. kglcm2 Brnr 1: Brnr2: .. Brnr 3:

Oil-Burner Press, kglcm2 Brnr 4: ~ Brnr 5: Bmr6:

Atomiz. Sleam, kg/em' 8rnr 1: 1 8rnr 2: arm 3:

Atomiz. Steam, kglcm2 Bmr 4: S Bmr 5: Brnr 6:

Alomiz. Steam, kg/em' Upstrearn ) Header (% of 16):
of Burners: (bara):

Oil Temp, °C

Sleam/Oil f.P (DeS) .~
I- Gas Hdr Press, kg/em' Valv'l~: ~;~J J Valve Oul: ;;l. .I J Valve % Open:

, . /

Gas. Bum. Press, kg/em' Bmr 1: -- Bmr 2: -- Brnr3: --

Gas. Burn. Press, kglcm2 Brm 4: ::(.p BmrS: ,;;.. / 8rnr 6: >"z
SH Steam Temp, °C If,liS
Oil Flow, Vh (local meier) Iblh-bumer:

Plume Appearance ~

Windbox Press, mbar ?F
Furnace Press, mbar 3"l..
Windbox-Fumaee, mbar mbar: b in. H20: (1 in. H20 = 2.49 mbar)

/,'=14-1.01 CJ biiL'C/fl'''/~ _ .",,<..A:..e.-'\ <'{.-'''o..«( t.:-kr... vi ~ ~

'U ~ lu {p. . r--' r -
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Madero Boiler MP-B4 Data (continued)

.-
Test Number --

- - -
Atomiz Slm Vlv Pas, % (outside)

liE MEASUREMENTS

, 02 (%)/CO(ppmv) Duel/Stack, Duel after AH:
•

Stack:
, ,"

NOx (unc ppmvltb/MBtu) unc, ppmv: Ib/MBtu: "

CONTROL ROOM DATA
- - --' -'

AIG 24 Screen
"

,

-
Steam Coil Air tn Temp, '0 ' L/I.e,
AH Air In Temp,'o. , iC-, Cf
AH Air Out Temp, '0 ZZJI.'?
AH Gas In Temp, '0 '35'1,7 '-
AHGas Out Temp~ '0 --
FO Fan Disc~ P~E3SS. mbar t.f~. 7

,

AH Air Out Press, mbar , 3'1, ~ -

, Windbox Press, mbar J''t.o
,

"7;}·'311 )./1-Furnace Press; mbar (xly)
-, .

AHGas In Press. mbar '&-;;)~ -

AH Gas OUI Press. mbar -- /,0
FD Fan Damper, % (xly) '/0
02lCO Furnace Out, % I. ,J (p

02 Airheater Out. % /.IC-
r,AirNat. Guia Aire, % (xly) 7/p, f !?'i./
Tube TempL, '0 (wlxly/z) J n.')13~,)·)/ Ji'JJ!t/1o?·f
Tube Temp R, '0 (wlxly/z) t.(C7';; ( 1£//9.(

,

-

Page 2 of 4
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Madero Boiler MP-B4 Data (continued)

Tesl Number ,"-:- ,

CONTROL ROOM DATA (continued)

CMC 24 Screen ,

Boiler MasterN. Real Air.
V. Real Gas/Oil, % (xly/z)

V. Real Gas/Oil, %

COM 24 Screen

Combust. Hdr Press, barg '7
Combustoleo Valve Pos, %

Combust. Flow, kg/sec, %

C.ombusfoleo Temp, °C \
Combust. Hdr Burner '(
Press, barg (xly) J

Gas Hdr Press, barg. J.'fC:> ( Lc;u/ / <,..£ h 7auj1!::;--L
~

~if
J

Gas Valve Position, %

Gas Flow, Nm3/sec 3·5"/
Gas 8mr Hdr Press, barg (xly) 3<.;'/1/.).:,0
Atomiz Sleam Press, barg (xly)

Atomiz Steam Valve Pas; %

AGV Z4 Screen j

Feedwater (Alim) Press, barg :J<'f, 7J..

Feedwaler (Alim) Flow, kg/sec Lfl.!
Steam Press. barg 'fl. J1
Steam Temp, ·C lfJ(.2.
Steam" Flow, kg/sec 31,3
Drum Press, barg (xy) L(:I.. ? .

)

Page 3 of 4
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Madero Boiler MP-B4 Data

- Test Number/DatefTime -#0 .:Jl/,LC 1{' ?;0/ /?:d6#,.e~c"/ ,'."""" _

Test Description b tv;tA/C)2 <;;' 0 -/.) f.4 r "
:;;-02 AI 1!v'/ll}.IAJ7 CO /llP'ZCL;. I/rft.t.

Nt A X L p /ffJ /j/AI'lE.-IJ !3"r t aU <{'It, /!2?~ j. ,
Excess 02 (Plant), % Furnace Out: 2.37 AH Out: ;z .oct
Sleam Flow, kg/seC 3f',~' tlh (melric): /37

Feedwater Flow, kg/sec
"

41.</
Oil Flow;kg/sec ,

tlh (metric):

Oil Hdr Press, kg/em'
, .Main Regulator Control

Hdr: Outlet: Valve Outlet:

011 Burner Press, kg/em' Brnt 1: Bmr2: Brnr 3:

Oil Burner'Press. kg/cm2 Brnr 4: Brnr 5: Bmr,6: .
Atomiz, Steam,kg/em' Brnr 1: Brnr 2: Brnr'3:

Atomiz,Steam, kg/em' ' Bmr 4: Brnr 5: Brnr 6:

Atomiz. 'Stea'"!1. kglcm2
.

Upstream I., Header (% of 16):'
of Bumers (barq):

Oil Temp. °C
' ,

Steam/Oil LIP (DCS)

Gas Hdr Press, kg/em' Valve In: 3.if'i ' ,"

Valve % Open:Valve Out: 2 .

Gas. ,Burn, Press, kg/em' Brnr 1: - Brnr 2: - Brnr 3: -'---

Gas. 'Burn, Press, kg/em' Brnr 4: ;}. OCj Brnr 5: :?C'? Brnr 6: >.z
SH Steam Temp, 'C

,

Oil Flow. tlh (local meter) Ib/h·burner:

Plume Appearance ~,
, Windbox Press, mbar

,

Furnace Press, mbar

Windbox-Furnaee. 'mbar mbar: in. H2O: (1 in. H20 = 2.49 mbar)

...

-

...
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Madero Boiler MP-B4 Data (continued)

Test Number (£:.

Atomiz Stm Vlv Pos, % (oulside)

liE MEASUREMENTS

02 (%)/CO (ppmv) DucVStack, Duel after AH: Stack:

NOx (unc ppmvIII)/MBIU) unc, ppmv: Ib/MBlu:

CONTROL ROOM DATA
.

AIG 24 Screen
.

.

ljl? , c.fSteam Coil Air In Temp, °C
.

AH Air In Temp, °C· lfl-(or
AH Air Oul Temp, °C 7-J.3,b
AH Gas In Temp, °C J (, (; <1
AH Gas Oul Temp, °C -
FD Fan Disch Press, mbar If- (,,1-
AH Air Out Press, mbar 'irJ..3
Windbox Press, mbar tjf.l-
Furnace Press, mbar (xly) '3 tf-.q/7?, J
AH Gas In Press, mbar ;)7·1
AH Gas Out Press, mb.ar -/,o
FD Fan Damper, % (xly) 1f5

02/CO Furnace Oul, % ~.37""

02 Airheater Oul, % ~.o'l

LAirMil. Guia Aire, % (xly) ~O.i;/79·o
.

"3(,&, If /3?2,,z/JI?,// l.j/;(./Tube Temp L, °C (w/xly/z)

'/6t/.f'"/'1;<7, ~
,

Tube Temp R, °C (w/xly/z)

/2eL CC,f,(t3 ;JII'% /,O.;J. ru r-r -
Page 2 of 4
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Madero Boiler MP-B4 Data (continued)

TeslNumber .'..
\<.

CONTROL ROOM DATA (continued)
.

CMC 24 Screen

Boiler MaslerN. Real Air, f"1 ~/57.7/fO. 2/-
V. Real Gas/Oil, % (xly/z)

V. Real Gas/Oil, % ~f.7/$
COM 24 Screen

Combust. HdrPress, barg

CombustoleQ Valve Pos, %

Combust. Flow, kg/sec, %

Combustoleo Temp, °c
.

Combust. Hdr Burner
Press, barg (xly)

L.{) (" '" L-

Gas Hdr Press, barg 3,(/;- .tf..</ ?(7~o

Gas Valve Position. %
-'V 70 /L.- 70

Gas Flow, Nm3/sec 3. t/'?
.

Gas Bmr Hdr Press, barg (xly) ,J. 0(,,/a.oJ) a-.., I'?"

Alomiz Sleam Press, barg (xly) I

Atomiz 9team Valve Pos, %

AGV24 Screen :::r~

Feedwaler (Ailm) Press, barg Ii"!. 7 t;. " 7 L:'n Jj/,f{) I crc> 7 u

Feedwaler (Alim) Flow, kg/sec Ifl. / z !CJ')O -/~ 10

Sleam Press, barg 4/·rJ.7- )) Z 2..1J1J - .2ft:0
Sleam Temp, 'C LlJO. (p q)//5b - (1-70

Steam Flow, kg/sec '37.f' 'J/ ~d.-O,.. 7Jl)

Drum Press, barg (xy) L/ d.. (, &) /(,3() - /1')0 /.

Page 3 of 4 :::PT
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Appendix E

Fuel Analyses
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Fuel Oil Characteristics at Madero MP-B4 (Typical)

......

Fuel Parameter

Sulfur, wt %

Vanadium, ppm

Higher Heat Value, kcal/g (Btu/lb)

Asphaltenes, nC7 wt %

Specific Gravity

Viscosity, SSF at 50°C

E-2

Value

3.9

327

9.988 (17,980)

12.0

1.00

150-550

-



..
@'ETROLEOS MEXICANOS
REFINERIA MADERO

LABORATORIO
ANALISIS CROMATOGRAFICO

FECHA DE HUESTRE~:

FSCHA DE ANALISIS,

gas combustible
Abr-OO

...

...

REFERENCIAS SOLIClTUD
17 al 25 18 a1 29 /04/2000 11/05/00
comb.MA comb.MB com.MA

COMPONENTES % MOL % MOL % MOL
INERTES 5.5 5.9 0.6
HIDROGENO 26.5 26.5 12.1
METANO 33.6 32.2 67.5
CO 1.0 1.2 0.0
CO2 0.2 0.1 0.4
ETILENO 6.9 7.1 0.8
ETANO 13.0 13.1 8.1
H2S . 0.0 0.1 0.4
PROPILENO 6.5 6.5 0.9
PROPANO 3.8 3.8 4.1
ISOBUTANO 0.5 0.7 0.6
ISOBUTILENO 0.2 0.2 0.1
BUTANO-N 0.7 0.7 1.3 .

TRANS-BUTENO 0.3 0.3
CIS "BUTENO .0.2 0.2
BUTENO-UNO 0.1 0.2 0.1
ISOPENTANO 0.7 0.6 0.9
PENTANO-N 0.1 0.2 1.0
AMILENOS 0.0
HEXANOS 0.2 0.4 1.1
HEPTANOS
BD 1 3
ACETILENOS TOTALES •

TOTAL 100.0. 100.0 100.0

P.£sP. LIQ. I5.6/1S.soC 0.352 0.359 0.309
P. ESP.G1\S (AIRE..1) 0.69.0 0.703 0.688
POPER CAL. TOTAL. (Bro!PrJ) 1120 1132 1199
POOER C1lL. NETO (BTU/FTJ) 1023 1033 1088
FRAce. LIQ. TOTAL LT/H3 2.531 2.529 2.875
PESO MOLECULAR

. 19.99 20.35 19.93

observadones: • Calculados a presiOn =1 aim y Temperatura =20·C

....

ING. CARLOS OBLEDO TAPIA

ENCARGADO SECC. GASES .
ING. CARLOS GARCIA BORBOlLA

SUPTE. DE QUIMlCA
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A. PEMEXlffj ",.~""."~,,,.~.,,,,,,,,,,,,. .
REF/NAC/ON

REFINERIA Feo. 1. MADERO
SUPERINTENDENCIA DE QUIMICA

LABORATORIO DEGASESANALISIS CROMATOGRAFICO
INFORME No. 225/00 EXP. 7-2

....

MUESTRA : RED DE GAS COMBUSTIBLE

FECHA DE MUESTREO _.,----'I"',2."'3-'D"'E'-'N"'O'-'V~IE"'M"'B"'R"E'__"D"'EL"_2"'0"'00"_ ~ _

REFERENCIAS: .,---.,---__-"'SO"'L"'I"'CI,.,T"'U..,D-"D"'E"'L-lJ1N"'G"'.-"JO"'R"'O"'E<-.V'-'A"'R",G"'A"'S'-'M"'A"'L""A",G"'O"'N'---_--'-.,--- .,---_

NOTA. ESTE INFORME NO PODRA REPRODUCIRSE TOTAL 0 PARCIAlMENTE SIN LA PREVIA AUTORIZACION DE ESTE LAB

INOV 2NOV· 3NOV
COMPONENTES %.MOL. % MOL. % MOL. . %MOL. . .%'MOL. % MOL.
HIDROGENO ·26.3 27.3 . 26.3
INERTES 1.2 1.3 1.4
METANO 59.3 58.6 60.0
CO MONOXIDO .. .. .

CO, . ...
.

ETILENO
ETANO . 5.9 5:8 5.6 .

H2S· . 0.2 0.2 0.2
PROPILENO
PROPANO 4.0 3.9 ·3.6
ISOBUTANO 1.0 0.9 0,9
ISOBUTILENO
BUTANO_N 1.0 1.0 ·1.0
TRANS-2-BUTENO .

.. CIS-2-BUTENO .

BUTENO-I
..

. ISOPENTANO 0.4 0.4 0.4
PENTANO-NORMAL .·0.3 0.3 0.3
AMILENOS .
BUTADIENO 1,3
HEXANOS Y MAS 0.4 0.3 0.3
TOTAL ·100.0 100.0 100.0
PODER CAL. NEro A 15.6 C 986 986 985
Y 700 mm H. BTU/pie' .

Ing. Carlos R. Obledo Tapia
Ene. Sec. Gases.

ING. CARLOS GARCIA BORBOLLA
SUPTE. QUIMICO

Nghm

E-4



MUESTRA : RED DE GAS COMBUSTIBLE

FECHA DE MUESTREO__---'1"'2"-'O"E....O"'I"'C..IE"'M"B"'R"'E"-'O"'E"'L...,2"'OO"'O'-- _

...

.E.,SM_~
REFINACION

REFINERIA FCO, I. MADERO
SUPERINTENDENCIA DE QUIMICA

LABORATORlO DE GASES ANALISIS CROMATOGRAFICO
INFORME No. 225/00 EXP. 7-2

REFERENCIAS: _---'__-'S""O"'L"'ICdlT"U"'O!L!dO"'EhL.!jIN"G.!.c.-"'JO"'R"'G"'E"-V"-A"R"'G"'A"'S>.mM'!lA""L"'As"GliO!:!N _

NOTA: ESTE INFORME NO POORA REPROOUCIRSE TOTAL 0 PARCIALMENTE SIN LA PREVIA AUTO ZA ES

.

.

12D1C
COMPONENTES % MOL. 0/0 MOL. % MOL. % MOL. % MOL. % MOL.

HIDROGENO 38.6
INERTES 0.8
METANO 39.3
CO MONOXIDO 0.1
CO, . 0.3
ETILENO 0.8
ETANO 7.3
H2S . 0.2
PROPILENO 1.2
PROPANO 4.1
ISOBUTANO 1.3
ISOBUTILENO 0.2
BUTANO·N 2.3
TRANS-2-BUTENO 0.2
CIS·2-BUTENO 0.2
BUTENO-I 0.2
ISOPENTANO 1.1
PENTANO-NORMAL 0.5
AMILENOS
BUTADIENO 1,3
HEXANOS Y MAS 1.3
TOTAL 100.0 100.0 100.0 100.0
PODERCAL. NETOA 1.5.6C 965
Y 700 mm He. BTU/pie)

RI CIONOE TElAB

..

..

Ing. Carlos R. Obledo Tapia
Ene. Sec. Gases.

ING. CARLOS GARCIA BORBOlLA
SUPTE. QUIMICO

Nghm

E-5
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....

je~_~
. REFINACION

REFINERIA FCO. I. MADERO
SUPERINTENDENCIA DE QUIMICA

LABORATORIO D~ GASES ANALISIS CROMATOGRAFICO
INFORME No. 225/00 EXP. 7-2

....

MUESTRA : RED DE GAS COMBUSTIBLE

FECHA DE MUESTREO__--:'-"2~D""E"-FwE""B"'R"'E"RO"_"D"'E"_L""20"'0"_1_ _c--------------

REFERENCIAS: --"S"O""L1"'C,LIT"U"'OuO"'E""L"'I"N"G,.,.J"O"R"G"-E-"V!:;A"RG"A~S;"'!YJMltlA",Le>:AG~O,,,NL'L_- _

NOTA. ESTE INFORME NO PODRA REPRODUCIRSE TOTAL 0 PARCIALMENTE SIN LA PREVIA AUTORIZACION DE ESTE LAB

IJ. 'II fit!;/

..
2 FEBRERO·

COMPONENTES I· %MOL. . % MOL. % MOL. % MOL. 0/0 MOL. % MOL.
HIDROGENO. 32.7
INERTES ·0.6
METANO 34.8 . .

CO MONOXlDO .. 0.1 . I .
CO, . 0.7 .

ETILENO .. 1.0
ETANO . 10.6 .

H2S 1.2
PROPILENO 1.6
PROPANO 7.5
ISOBUTANO 1.9
ISOBUTILENO 0.3
BUTANO'N 3.0
TRANS-2-BUTENO 0.3 .

CIS-2-BUTENO 0.2
BUTENO-I 0.3 .

ISOPENTANO 1.3
PENTANO-NORMAL 0.7
AMILENOS : .

BUTADIENO 13
HEXANOS Y MAS 1.2
TOTAL 100.0 100.0 100.0 100.0
PODERCAL. NETO A 15.6 C 1114
Y-700 nlln TIl!. BllJ/nicl ..

Ing. Carlos R. Obledo Tapia
Ene. Sec. Gases.

ING. CARLOS GARCIA BORBOLLA
SUPTE. QUIMICO

Nghm
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PETROLEOS· MEXICANOS

REFINERIA MADERO

LABORATORIO
ANAUSIS CROMATOGRAFICO

REFERENCIAS SOLICITUD

RED DE GAS COMBUSTB

FECAA DE HUESTREO:

FECHA DE ANALISIS:

...

14-02-01
COMPONENTES % MOL % MOL %MOL
INERTES 1.8
HIDROGENO . 26.2
METANO 43.7
CO 0.1
CO2 1.0
ETILENO 1.3
ETANO 10.0
H2S 1.0
PROPILENO 1.8
PROPANO . 5.8
ISOBUTANO

..
1.2

ISOBUTILENO 0.2
. BUTANO-N 2.3

TRANS-BUTENO . 0.2
CIS-BUTENO 0.2
BUTENO-UNO 0.3
ISOPENTANO 1.2
PENTANO-N ... 0.6
AMILENOS
HEXANOS 1.1
HEPTANOS
BD 13
ACETILENOS TOTALES

TOTAL 0.0 100.0 0.0

F.ESP. LIQ_ 15.6/15.6oC

,. ES'. GAS (AIRE;'l)

PODER CAL. TOTAL. tBTO/FTJI

PODER CAL _ NE:TO tBTU/FT3) 1079
FRACC. LIQ_ TOTAL LT/M3

PESO HOLEet.Il.JIJt

....

ING. SOFIA GARCIA CRiSTIANO

ENCARGADO SECC.GASES .
ING. CARLOS GARCIA BORBOLLA

SUPTE. DE QUIMICA
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....

...

15-05-01

PLANTA,

RED DE GAS

FECHA DE ANALISIS:

COMBUSTIBLE~~ _

FECHA DE"MUESTREQ:

REFERENCIAS SOLICITUD

PETROLEOS MEXICANOS

REFINERIA MADERO
LABORATORIO
ANALISIS CROMATOGRAF'ICO

,

.

COMPONENTES % MOL %MOL
INERTES 0.7
HIDROGENO
METANO 93.7
CO 0.5
CO2

. .

E:TILENO .

ETANO 3.6 ...
H2S . 0.5
PROPILENO ..

PROPANO 0.7 .'

ISOBUTANO 0.1
ISOBUTILENO .'

BUTANO-N . 0.1
TRANS-BUTENO
CIS-BUTENO
BUTENOCUNO .

ISOPENTANO .

PENTANO-N
AMILENOS
HEXANOS . 0.1
HEPTANOS
BD 1 3
ACETILENOS TOTALES .

TOTAL 100.0 0.0
.

P.ESP. LIQ. lS".6!lS.6oC
. .

P.ESP. GAS tAIRE"l)'
.

?OOER CP.L. TOTAL'" (BTU/IT3)

PODER CAL. NETO (STU/IT3-) 939
FRAce. LIQ. TOTAL LT/M3

PESO MOLECULAR"

, I

ING. SOFIA GARCIA CRISTIANO

ENCARGADOSECC. GASES.
ING. CARLOS GARCIA BORBOlLA

SUPTE. DE QUIMlCA
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PETROLEOS MEXICANOS

REFINERIA MADERO

LABORATORIO

ANALISIS CROMATOGRAFICO

REFERENCIAS SOLICITUO

PLANTA:
ECHA DE MUEsTREo:

ECHA DE ANAlIS/S:

RED DE GAS

....

•

08-01-01
COMPONENTES %MOL %MOL %MOL
INERTES 1.5

. HIOROGENO· 37.0
METANO 35.3
CO
CO2 0.2
ETILENO- 0,6
ETANO 9.5
H2S 0.1
PROPILENO· 1.2
PROPANO 7.5
ISOBUTANO 1.9
ISOBUTILENO 0.2
BUTANO-N 1.9 .

TRANS.BUTENO 0.2
CIS-BUTENO . 0.2
BUTENO-UNO 0.2
ISOPENTANO 1.2
PENTANO-N. 0.6
AMILENOS
HEXANOS 0.7
HEPTANOS .

B01,3
ACETILENOS TOTALES

TOTAL· 0.0 100.0 0.0

P.ESP. UQ. 15.6115.6oC

P. EsP. GAS (AIRE 1)

paOER CAL TOTAL (BTUlFT3)

PooER CAL NETo (BTUlFT3) 1020
FRAce. L1Q. TOTAL LTJM3

PESO MOLECULAR
.
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Appendix F

Fuel Flow versus Pressure - Gas-REACH

F-1



-
Gas REACH Fuel Flow Versus Pressure

Madero MP-B4

3.53.00.5 1.0 1.5 2.0 2.5
Gas Pressure at the Burners, barg
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EPT Inc. Rev 7/01
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Appendix G

Fuel Flow versus Pressure - Oil-REACH Atomizers
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Madero. MP-B4
Curvas Carasteristicasde Flujo de Combustoleo vs. Presion Para u.n Quemador

EPT V-Jet2S-1 04-168-80; 120/81-28'157 (A)
(Presione a eiQuemador)

.

presiL DiferLcial

....,.,...... okg/cm 2

..,........... I:. ",'0'.....
V 1 kg/cm2

Aecom.endacion .~fC'". ............ /
I-- Flujo Maxima = 2,351 kg/h

...... -.-/'....
V -.........•.... ,; 2 kg/cm 2

,;

.............. /" ,;

V
•

.........
. .. ,;

,,-

/'
,,-

,,-

/"
,,-..

/
..

,,-
",.

",.
",. combr;;lo,eo Vir°sidad i20 Y30 ,St

",.

I , , .
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J:: 3,000-OJ
..>:

0
2,500Q)

'0....
If)
:::l

Cl .c
2,000I Etv

0
()
Q)

"C 1,500
0
'S
u::

1,000

500

o
o 1 2 3 4 5 6 .7 8 9 10 11 12

Presion de Combustoleo,kg/cm"2
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I I I [ I I I. [ I I I I [ ( ( ( ( ( (

Ma~ero MP-B4
Curvas Carasteristicas de Flujo de Relacion Masica Vapor de

Atomizacion/Combustoleo vs. Flujo Combustoleo Por un Quemador
EPT V-Jet 28-104-168-80-120/81-28-157 (A)

4,0003,5003,0002,5002,0001,5001,000500

. ··r-

\

\
,---" ~--

.

\
\

\

'-\
,
"._----~
~,

....
..... ..... .....

--- ---------- .-
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r- __

2 kg/cm2

---,,--" .. _- ---- ---

""" Hg/cm 2
.
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......~'~~/cm2
.................... ,'

........ ,' ............

....... ----_._- .._- ............
Combustoleo Viscosidad m 20 y 30 cSt
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Appendix H

Oil Flow Control Valve Specification
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SUDtNO Sn:ll CONTROl VAlVE SPECIFICATION
[ FISHER)

~
lJ$tDm. er: -t;ombust!on T.-chnDlogieli. LTD. R.E. MASON

ContaCl: . COntact
R.~fere1\ce: Quo~: )(C314RDa6 Rev: 00
Pmject: Data ShOOt

lism:" 001 Rev: OW 1

20 MARDI

3lSa21
4-20 mAde
~rset

Yes. , Supply, Oull:lut
DI_
None

Controll&i'Type: None
Ac\ioIl:
Measure·EI.ment:-,o

I pos!1k)nerTyp~_
Input Signal;
ACQaGs:
G8uges:
Action:
e.rtilleatlon'

MllXitnwnRat.ed FIt':WCoeffiCient: 70.7 Cy

~%:..:Op::!:.=n__-l.-- .::42:....1 63::::......I_~_--1

3 Inch ET l!odJ'

CIao. 1M
RFFIoIlgod
RFflonged

3-1511l'1& pslg
C....

NoM

Supply:
ToActUakH:
FailS ValYc:
H"""""""I,

SoMoo;

Tag:
Sile and Type:

"Bod)' styte:
Desigwl r.mp:
Design Press:
EndCormect

In:
Out'

M lariat• : WCCSloeI utplJt
P",,-,: ...... Port Mounting:
Flaw Ditectn: Il<>Wli A1rset_

I MountIng:
Trim Number. $1

CagvMaU:" 17-4 PH Trafl$ducer. No,..
R&lner Mall: None InpUt. Signaf:

BtJshif\g Met!.: Output Signal:
Seat-Ring Matt:- 31& S8T PTFE Action:

VAlVE PLUG MOunting:
Malariaf: 41&S6THD A1rset;
GuidiOg: C_ ~Uoma~

"Balllnca: BaJainCIld

I
Shutoff ClaSs: std T••t Line In:

.Port SIZe: .26116lnOh Une0u1:

ICheraclaristi'e: Equal%. Instmttion:
a_Material: 31&8ST saJViC&ConQ':
StMl Size: ,12tneh ProOOn Fluid:

I -Bonnet style:
"nlmum

I
NOrmal r.laximum

Pial. -, ~G 0.951 "0.951
I 8oss$lze: 21!118 Jn~h degF 200.000 2OO.ODO

P"'*"'9: PTFI! . P1 psi. 141.000 140.000
Atcess: Not TapPK ' dP psid 2D.00O I 10.(JOD

Bolt; Bonnet 8712H INCF21 a 'bill 11ooa.DOD 31500.000
PackFlgIllI19: SSTISaT . c. a.au 21.08&

•. -.-' /'C"m O.T~& 0.7/iS 0.7/iS
Actuatot: " SPlI .. Diapf> ITypelSlza: 681140 "

Traw~ 11/Z.lnCII I IIlenohSot: N5psi.
Push Down To: CIOlN: i

OOSD1-1.2.33-SaLSEIN 20 MAR 01 03,04:44 pm
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[FISHER) FlsherConlrol.

Purpose of dtawinQ is for dlm.",,~;~--;-only. _.- -

RE.MASON

I

1--

~. '. _13.12.

L
- l··..rAR

. --I-::-:J!L
~",. .C-T~~~ l

' (~~
f:~"'_ r_~r.~

3.81 I,
J _ "_ _~ =i--:r- -- .

I
S.$8 ~

11.75 --I

~
_JtL_

'" .~. ~----,Jp
l -·~,...~

'-~I"

~ I
i

1
'

I~ ·----112.1~ NPT
~ CONOurrCONN
I

~ ~""--TYPEJ~i1&7CFR
l-.l)l 1/4-18NPT

SUPPLY CONN

UI\iI rl Mealure ,., 1nc:haI, ecaJe"'none. Env.1of.0Im~ are.J.. .2'. Face 10 Face ToJenlnce pllt ANSI.
~' ..f01.-9IME~~ERT1FtEDCORREQLBY _~2001..Bf~~....!!!p.~ _~
ET 3 IN 150 RF ICU STaMER: Can~ Tethnofooies,llO.
667 SZ 40 cu 37 REF t::
________ ~TAnNO:

. I

IFIS "lER REF II: KC314R086-OO
~Actu8tof FWmoval Cktartne8 !.!ThIll 00....:.- ....-QOl-_~ W!:1.2~U!7.:!!S!:!.7!!
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