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To test this concept, a system of single tubes representing
furnace “panels” has been designed for installation inside the
existing membrane wall of Allegheny Energy Supply’s Hatfield’s
Ferry Unit 3 in the spring of 2002. The design of this system has
been completed and was reviewed with Allegheny Energy Sup-
ply prior to the fabrication and procurement phase, which is now
in progress. Appropriate provisions have been made for support,
thermal expansion, and routing of the instrumentation. The test
tubes or “panels” will be within the front and sidewalls at loca-
tions that provide the desired length and heat flux pattern. The
final positions of the tubes have been selected to avoid interfer-
ence with burners, access doors, sootblowers, tempering ports, and
control and monitoring instrumentation used by the operators.

As Figure 9 shows, the test tubes begin and end at headers
that are individually connected to the source and place of dis-
charge of the incoming and exiting fluid. A safety valve is pro-
vided on the outlet bottle between the isolation valves, as re-
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quired by code, and vented to the outside of the building.
The basic flow circuit arrangement consists of two possible

flow paths, one for test operation and the second for non-test
operation of the test tubes. During testing the main inlet water
flow will be taken from the first pass downcomer and mixed with
lower temperature water from the discharge of the boiler feed
pump.

For most of the time the test tubes are installed, the panels will
be operated in the same manner as the second pass circuits in the
existing furnace wall (constant pressure). During these periods,
the main water flow for the test system will be provided from the
first pass downcomer and will flow to the inlet bottle for distri-
bution to the test tubes representing furnace “panels.”  The outlet
flow from the tubes will be routed to the second to third pass mix
bottle. Allegheny Energy Supply’s operators will control the unit’s
operation at all times and B&W will monitor conditions in the test
system closely during testing to achieve proper conditions.
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During non-test operation, the test system will have no impact
on unit efficiency or operation. During testing, the lower pres-
sure steam exiting the test system will not be available for power
production but heat will be recovered in the existing steam coil
air heater to minimize losses. This amount of flow will be less
then 0.4% of steam flow over the 20% to 100% load range of the
test. Therefore, when testing, the impact on the unit will be neg-
ligible.

The testing program is designed to verify the aspects of com-
mercial operation including the flow characteristics of the tubes,
variable pressure load increase and decrease capability and rate
as well as dynamic characteristics during load changing and sta-
bility at minimum load. Figure 10 compares the operating pres-
sure in the test system versus the operating pressure in the host
boiler furnace tubes.
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Work on the program began in August 2000 with initiation of

engineering of the circulation system including the thermal-hy-
draulic and heat transfer analyses of the test “panels.”   A plant
visit was made in September to begin the information exchange
with the host that was necessary for arrangement of the system.
The plant management was provided with an overview of the
plan and schedule and communication channels were established.
Analysis of the heat transfer soon determined that a single tube
nested between the existing boiler wall tubes represents an OMLR
tube in a conventional membraned wall configuration.

Initially the system was to be installed during a 4 week long
Unit 1 outage scheduled for the spring of 2001. However, as a
result of evaluation of their outage plans for all three units in
October 2000, the Unit 1 outage was moved to the spring of
2002. At that time it was decided to shift the project from Unit 1
to its identical sister Unit 2 that had a 3 week fall 2001 outage
planned. Further consideration of the design changes due to dif-
ferences between Unit 1 and 2, the shorter outage, as well as the
schedule and timing of funding requirements resulted in a deci-
sion by B&W in December to return to the Unit 1 outage in the
spring of 2002.

On December 7, 2000 a Project Kick-off Meeting was held at
the DOE National Energy Technology Laboratory (NETL) office
in Pittsburgh, Pennsylvania. In addition to a description of the
system and test plans, the impact of the outage change on the
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system design and project schedule was explained and discussed.
Meanwhile work continued on the piping routing and system
arrangement. Discussions about the control strategy were initi-
ated and work began to determine the hardware and software
necessary to provide the controls required for the testing and
longer-term operation of the test sections.

In February 2001, Allegheny Energy Supply requested con-
sideration of installing the test system in Unit 3 rather than Unit
1 with no change in schedule. They were considering further
optimization of their outage schedules by switching the spring
outage to Unit 3 instead of the fall and moving the Unit 1 outage
to the fall. They also indicated the outage would be 5 instead of 4
weeks long, which would benefit the program. A site visit was
made to determine the impact on the system arrangement to suit
Unit 3 and it was not found to be significant. As a result the
outage schedule was revised and changes to the drawings were
made to accommodate Unit 3.

As a condition of hosting the project by Allegheny Energy
Supply that became a commitment to DOE as well, a System
Review was required prior to release for purchasing of the hard-
ware. After an internal review, a meeting was held at the plant on
April 27, 2001 and as a result B&W was approved to proceed to
procure the equipment. Specifications were completed for the
key components and vendors were contacted to resolve any tech-
nical issues and determine cost and delivery schedules.
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During the fall of 2001 material procurement is in progress

with all materials expected to be on site by the middle of February
2002. During November and December 2001 plans for installa-
tion will be finalized with Allegheny Energy Supply and the out-
age contractor. Startup is expected to begin in April 2002 fol-
lowed immediately by testing. Following testing the system will
be left in the “normal mode” of constant pressure operation until
the next outage when all equipment will be removed and the unit
restored to its prior condition.
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Currently two furnace designs exist for once-through forced

circulation boilers, the constant pressure vertical tube design and
the variable pressure spiral wound design. Both employ a high



mass flow per tube to maintain tube temperatures within accept-
able limits in areas of high heat flux. The less costly vertical tube
arrangement must operate at constant pressure, utilizes multiple
passes and mixes, does not permit daily on/off cycling and ex-
hibits a slightly higher pressure drop than the spiral furnace de-
sign at lower loads. On the other hand, the spiral design is costly
to fabricate, erect and maintain. The ideal furnace design for once-
through boilers would allow the operating flexibility of the vari-
able pressure furnace including on/off cycling and minimal low

load pressure drop, while using a conventional vertical tube ar-
rangement to minimize cost. To accomplish this a tube with opti-
mized characteristics that allows a low mass flow per tube and
promotes natural circulation characteristics to enhance tube pro-
tection in areas of high heat flux is needed. B&W, with support
from the Department of Energy, is testing a tube believed to have
the required properties. Successful testing and implementation of
this design will take furnace circulation technology to a new level
of sophistication.


