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DISCLAIMER

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Department of
Energy, nor any of their employees, makes any warranty, express or implied,

or assumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by trade name,
mark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recommendation, or favoring by the United States Government or any
agency thereof. The views and opinions of authors expressed herein do not

necessarily state or reflect those of the United States Government or any agency
thereof. '
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APPENDIX "A"

FOREWORD

This appendix provides additional data in support of the MHD/Steam Power
Plant Analyses reported in report Yolume 5. The data is in the form of
SPA/SUMARY computer code printouts. Computer printouts are provided for:

Study

Case No. Title Remarks
2A 1000 MWe, 36 Mol % 02 Reference 1000 MWe
8 - 500 MWe, 36 Mol % 0, Reference 500 MWe
9 200 Mie, 36 Mol % 0, Reference 200 Mie
10 - 200 MWe, 36 Mol % O, ~Supersonic Channel

PTasma Inlet M = 1.3

The order of presentation in all four cases is as follows:

(1) Overall Performance

(2) Component/Subsystem Information

(3) Plant Cost Accounts Summary

(4} Plant Costing Details and Cost of Electricity




Al - REFERENCE 1000 MWe MHD/STEAM POWER PLANT

Al.1 Overall Performance
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Al - REFERENCE 1000 MWe MHD/STEAM POWER PLANT

Al.2  Component Subsystem Information
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A2}1 - Overall Performance
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A2.2  Component/Subsystem Information
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A2 - REFERENCE 500 MWe MHD/STEAM POWER PLANT

A2.3 Plant Cost Accounts Summary
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A3.- REFERENCE 200 MWe MHD/STEAM POWER PLANT

A3.1 Overall Performance
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A3 - REFERENCE 200 MWe MHD/STEAM POWER PLANT

A3.2  Component/Subsystem Information
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A4 - SUPERSONIC CHANNEL 200 MWe MHD/STEAM POWER PLANT

A4.1 Overall Performance
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A4 - SUPERSONIC CHANNEL 200 MWe MHD/STEAM POWER PLANT

Ad4.2  Component/Subsystem Information
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A4 - SUPERSONIC CHANNEL 200 MWe MHO/STEAM POWER PLANT

A4.4

Plant Costing Details and Cost of Electricity
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APPENDIX C - MHD GENERATOR ELECTRODE VOLTAGES AND CURRENTS

Tabie -1 is a design preliminary calculation of the current and voltage on
anode and cathode halfs of each split constant potential frame. Voltage
reference for this calculation was arbitrarily delayed since diffuser will be
grounded, the correct voltage of the frames is obtained by subtracting 22485 V.

Note first cathode is at frame 50 (Jabeled electrode number in listing); last
anode is at frame 560. '

These values calculated by STD Research Corp. are preliminary in that they did
not include sidewall currents and did not include Faraday configuration inlet
and exit regions (see Section 2.3.4).
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APPENDIX D
DETAILED WORK STATEMENTS

wBS 1100 POWER TRAIN INTEGRATION

A System Engineering Approach (SEA) methodology will be used in the execution of the
MHD Advanced Power Train Development Program. The power train integration task
includes the efforts (1) to scale down the requirements, established for the 200 MW(e)
MHD/steam power plant, to those for the retrofit and the development programs; (2) to
provide system engineering support for the management and direction of the design,
development and test tasks; (3) to deal with the power train system as an entity; and (4) to
reduce and énalyze the development and test results and assemble the resulting
information into an engineering data base for the power train.

The reference 200 MW(e) MHD/steam plant was designed in Task I and analyzed using a
proprietary computer code package. Additional analyses of the design will be performed to
insure that the plant (and especially the power train) can be operated in all of the
necessary off-design conditions to meet the needs of the utility application. These
analyses will be performed using modified versions of the code package.

The technical goals and objectives, for the Retrofit project, will be delineated and
submitted for Customer approval. The 200 MW(e) plant design will be scaled down to the

Retrofit rating and off-design operating conditions will be considered to insure that the
‘test program can provide the requisite operational data and information.

The retrofit conceptual design will be documented in a Retrofit Power Train System

" Description and Specification, similar ta that already prepared for the 260 MW(e) Power

Train. The internal and external interfaces of the power train components will be
delineated in this document.

Equipment Specifications, for each power train component will be prepared, consistent
with the retrofit power train system descriptions and specifications.

This scale—-down process will be continued for each power train to be built and tested in the

program. The resulting specifications will be maintained as required by results obtained in
the development activities.
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The component design and development activities will be integrated to insure that each
properly reflects the objectives and specification and correctly interface with all other
power train and plant/facility activities. This will be accomplished by establishing liaison
with other programs and participation in the project progress review and change control
p'rocess'es. ' '

The Power Train Integration task will work closely with the Coordination of Testing
- Facilities task (WBS 1800). Power Train Integration also will support the Program
Management task (WBS 1900) in project reviews, change centrol, technical documentation
control and report preparation.

The power train integration is described herein in seven tasks: 1110, Plant Studies; 1120,
Retrofit Power Train Conceptual Design; 1130, 50 MW(t) Power Train Conceptual Design;
1140, 50 MW(t) Power Train Integration; 1150, Retrofit Power Train Integration; 1160,
Power Train Technology Development; and 1170, Engineering Data Bases.

1110 PLANT STUDIES

Objective

To refine and expand the 200 MW{(e) plant studies, performed in Task I, to insure that the
planned power train design and development efforts properly consider the total

engineering and operational requirements of the early commercial plants.

Technical Approach

The proprietary Westinghouse SPA/SUMMARY code package will be utilized. This code
was used in the Task I studies of the MHD/steam plants, the scaling studies, and in the
Studies of MHD Program Options. As a result, the algorithms are generally sufficiently
broad as to require only minor modifications only. However, it is anticipated that the
details of the concept of the power train, and hence the plant, will be modified and
refined as the results of the development program are realized. The algorithms will be
maintained current and cataloged so as to be available in the pertinent form for studies as
they are required. These algorithms will also constitute a useful program product. An
example of the modification is the inclusion of
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a refined channel model. The basis for this refinement will be the results of the channel
calculations that are being performed by STD Research Corporation. Further detailed
analyses of the generator (channel, power management and magnet) will be réquired and
these are discussed under WBS 1200. These may impact the system model and require
model modification.

The SPA/SUMMARY code package, presently configured as a design code, will be'
reconfigured to permit analyses of off-design modes, including part power, dynamic and
iransient operations.

The range of applicability of the algorithms will be extended downward to insure adequacy
in studies of the retrofit plant and in studies of test power trains.

The code package, along with other appropriate tools and methods, will be applied. The
results will be used in the preparation and maintenance of power train descriptions and
specifications. They will also be used in the 'ihtegration activities, including consideration
of change requests. The plant studies will be perfornied under two subtasks as described
below.

1111 200 Mw{e) PLANT ANALYSES
Objective
To provide cufrent and detailed analyses of the anticipated early commercial plant as ‘the

basis for conceptual design of the retrofit plant and integration of the activities in the
Engineering Development and Retrofit phases.

Technical Approach

The 200 MW(e) plant and system studies will be refined as required to provide the detailed
technical direction for the development program and the design of test programs and
facilities. The findings produced in this t_.ask will be factored into the Technical Direction
document through revision and reissue,
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The primary model is anticipated to be the SPA code package. Other models may be
required and these will be obtained or utilized through subcontract (where they exist as
proprietary property of other organizations or the organization has necessary
caleulational skills), or devised where necessary, when no suitable code can be identified.
The SPA code package will be up-dated as necessary for the off-design analytical tasks
identified in the course of the prog'ram.

The model will be exercised to explbre the impacts on design that result from off-design
operation of the power plant. The criteria to be considered in this analysis will be
developed recognizing that a practical utility power plant must be capable of normal
dispatch at part power without damage to the equipment, without excessive degradation
of efficiency and without unreasonable operator difficuity.

The operation of the plant during non-steady state conditions may influence the
steady-state design. The effects of non steady-state operation must be understood, in
some detail, in order to design and develop the instrumentation and control system. It is
an important part of the understanding of the start-up/shut-down procedures. These may
impact the considerations related to the desired number of operating cycles to be included
in the definition and achievement of the desired durability (lifetime) of components.
These will influence the study of fault conditions and the failure effects and modes
analyses (FEMA). The results of the studies envisaged under this task will be factored
into the Technical Direction document through revision and reissue.

A version of the SPA code package will be modified to provide an efficient and cost
effective tool for use in these dynamic and transient analyses. The package will be
maintained current with the state of the development program so that it can be available
for the design of facilities and plants in the future. That is, it will be a tool in the
development program and the algorithms will also be a useful product of the program.

The above mentioned SPA code package will be exercised, as required, to support the I1&C
function in the definition of the requirements for the development of the I&C system.
The selected control modes will be reviewed with utility engineers and operators to insure
that they represent current utility requirements and practices and take into consideration
any impact that might be expected from the connection to the power grid.
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The above mentioned control mode analyses will be extended to include and consider the
power train impacts from plant conditions during cold-to-hot and hot-to-power (and vice
versa) modes. The impacts of emergency shut-down, whether power train or plant or
utility system imposed, will be considered.

Conventional Fault Tree and Failure Effects and Modes Analysis (FEMA) methodology will
be adapted to the MHD/steam plant (and power train) concept. The resulting modified
packages and/or practices will be utilized to delineate the potential conditions and effects
and to quide each function in their development efforts. These tools will also be utilized
to assess proposed test designs to maximize the probability of successful testing
programs. These tools will be maintained and provided as a product for use in future MHD
programs.

Achieving low capital cost and low cost of energy (including the cost of the replacement
of the MHD channel)} represent major developmeht requirements. The commercialization
of MHD/steam plants depends directly on the success realized in developing rugged and
| reliable cost effective equipment. The cost impact on the final plant will be considered
throughout the execution of the development program. The cost of the testing programs
is an important consideration and must be kept to the necessary minimum. Economic
studies of options and alternatives will be needed throughnut the development program.

The Westinghouse proprietary SUMMARY code package utilized in the past MHD/APT
effort, will be up—-dated and maintained to contain the current algorithms of cost as these
are impacted by progress (or problems) in l;h_e development program.

The SUMMARY code package, coupled with the SPA code package, will be utilized in
studies of alternative modes of operation and/or the effects of design and development
trades between component alternatives. The current SUMARY code package, coupled
with the SPA code package, will be utilized in studies of alternative power train and
component, design configurations. The results will be provided to the various functions to
be utilized in the selection of approaches.

The desireability of implementing any proposed change in the design or in the program or
its result will be defined conceptually, and the resulting cost will be estimated. The
SUMMARY code package will be utilized to access the benefit that future plants might
realize if the change is implemented.
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1112 RETROFIT AND TEST POWER TRAIN ANALYSES

Objective

To provide detailed analyses of the Retrofit and Test Power Trains as the basis for

- conceptual design and ‘integrat'mn activities.

Technical Approach

The SPA/SUMMARY code package, described in wBS 1111, will be extended to lower
rating values to include the Retrofit plant rating and the anticipated test power train

ratings.

The package will be used as required to provide the basis for conceptual design efforts and

for trade-off studies needed in integrating the ac_tivities of the engineering development .

and retrofit programs. Further and more detailed analyses are_anticipated at 20, 50 and
250 MW(t) ratings to guide the design of components for the tests, the planning and design

of tests and analyses of the results.

1120 RETROFIT POWER TRAIN CONCEPTUAL DESIGN

Objectives

e To establish and agree upon the goals and objectives to be achieved in the
retrofit program,
e To define and document the power train required for the Retrofit plant, and

e To define and document the specifications for the power train components
to be developed in the Engineering Phase and provided in the retrofit phase.

Technical Approach

Specific performance, lifetime, cost-of -components and other goals will be recommended
for the retrofit power train and its components. These will be reviewed and then

submitted to the customer for approval.
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The selection of these goals will reflect consideration of the risks involved in scale-up
from the test power trains and the future scale-up to the early commercial plant power
train rating.

The retrofit power train baseline design will be selected based on the results of the
analyses performed in WBS 1110 and the agreed upon goals and cbjectives. This design
will be documented in the Retrofit Power Train Description and Specification. Upon
‘Customer approval, this will be expanded into Equipmént Specifications that can serve as
the controlling documents for the design and development of the components. This task
will be performed under three subtasks as defined below. |

1121 DEFINITION OF GOALS AND OBJECTIVES
Objective
To define the desired end-products of the retrofit progrém.

Technical Approach

The goals and objectives, both technical and operational, for the retrofit project will be
recommended and submitted for customer approval.

These include such considerations as: a) trade-off of retrofit rating between assurance
that resuits can be scaled to the early commercial plant with confidence and the cost of
the retrofit plant, b) trade-off between assurance that component lifetime test results
can be scaled up and the cost of the testing program, c) definition of test durability in
terms of operating cycles as well as hours, allowable maintenance and energy production,
d) capability to test components of more than one configuration, e) data acquisition
requirements, including fine structure data requirements of equipment suppliers, f)
operational data requirements of the utilities, g) operation and maintenance training
requirements, h) capability to fire a range of coals, i) ability to access environmental
impact, and j) capability to provide operational and maintenance training.
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1122 SYSTEM DESCRIPTION AND SPECIFICATIONS

Objective

3
To provide the definitive and controlled documentatioﬁ of the. baseline retrofit power
train.
Technical Approach o
This document will be prepared in the format established in Task IL. Specific data and
information, obtained from the analyses performed under WBS 1112, will be incorporated. -
The conceptual design of the retrofit unit, initiated under Task I {Assessment of MHD e
Program Options), will be up-dated in conjunction. with Montana Power Company
personnel (and other organizations such as candidate component suppliers) to obtain the
additional data and information needed to complete the retrofit power train system o
description and specification. 'This document will be maintained under change control e
throughout the program.
1123 COMPONENT SPECIFICATIONS N

Objective

To provide the definitive and controlied documentation of the requirements to be realized
by each power train component developer/supplier.

Technical Approach

An Equipment Specification will be prepared for each component of the power train.
These will be used in the direction and integration of the design and development efforts.
Like the System Description and Specification, these will be maintained under charge
control throughout the program.



1150 S0 MW(t) POWER TRAIN CONCEPTUAL DESIGN

Objectives

® To establish and agree upon the goals and objectives to be achieved in the
development and testing of the 50 MW(t) power trains,

e To define and document the power train required for the test, and
e To defme and document the specifications for the power tram components

to be designed and/or developed for the power train.

Technical Approach

Spécific performance, lifetime and other goals will be recommended for the 50 MW(t)
power train test programs. These will be reviewed with the Advisory Committee and then
submitted to the customer for approval. The selection of these Qoals will reflect the
state-of-technology and the impact on the program schedule that would result from goal

. definition requiring component development.

50 MW(t) Power Train System Description and Specification documents will be prepared.
These will conform to the format of the existing Advanced Power Train System Description
and Specification. They will contain data and information extracted from the power train
analyses performed under W8S 1112, reflecting the agreed upon goals and objectives and
data and information obtained in a conceptual design effort mounted under this task. The
interfaces with the planned test facility will be identified in cooperation with the
Coordination of Testing Facilities function,

This document will be expanded into Equipment Specifications that can serve as the
controlling documents for the design and/or development of the components. Ths 50 MW(t)
conceptual designs performed under this task will be prepared under the two subtasks
defined below. | | | '
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1131 SOMW(t) ENDURANCE POWER TRAIN

Objectives

e To establish and agree upon the goals and objectwes to be achieved in the
development and testing of the 50 MW(t) Endurance power train,

® To define and document the power train required for the test, and
e To define and document the power train required for the specifications for

the power train components to be designed and/or developed for the power
train.

Technical Approach

The key goal for the endurance .puwer train is the demonstration that the
state-of-the-technology has been advanced sufficiently to allow the design and
c'onstruction of the retrofit plant with confidence and reasonable risk. The time required
~ for the production of the endurance power train components is 2.5 years. This will allow
1/2 year for installation and check-out and | year for the 500 hour test all to be
accomplished by the end of the fourth year of the program. These schedular considerations
will be reflected in the definition of the goals and objectives for the endurance power train.

Effort to date indicates that the critical path is through the production, installation and
check-out of the channel. The channe! will be essentially the state-of-the-technology at
the start of the program because a channel vendor estimates that 2.5 years will be required

for its production.

The power conditioning system will incorporate power management. Recognizing the
paucity of channel characterization data, the power management subsystem hardware will
be designed with the maximum feasible flexibility. The planned tests at CDIF, where EPRI
furnished instrumentation is to be installed, are expected to provide useful information. As
noted in WBS 1410 and 1420, additional channel characterization and power management
development efforts are planned to supplement the CDIF data and provide the basis for the
design and calibration of the power management software, |
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The schedule permits further development of the combustor. It is anticipated that the 50
MW(t) Development combustor, and associated system, will be tested at CDIF and that the
50 MW(t) prototype combustor will be available for the endurance power train test. Other
components also appear to require less than the available time for their design and

production.

Engineering cbncepts exist for all components of the endurance power train. - The

conceptual design will utilize these concepts. State-of-the-technology aircraft type hoses
* will be utilized for the voltage stand-off feature in connecting lines. Existing electrical
cable types, that have been demonstrated in the CDIF program, will be utilized. These
examples of CDIF proven technology indicate the practicality of proceeding with the
conceptual design without delay. It is recognized that these may not meet the
requirements of the higher voltage power train that will be installed in the retrofit plant
and that further development will be required before the retrofit plant design can be
initiated.

Once the conceptual design is complete, the Endurance Power Train System Description
and Specification will be prepared, following the format of the Advanced Power Train
System Description and Specification. The analyses performed in WBS 1112, the interfaces
with the selected test facility, and the results of the conceptual design effort will be
utilized in establishing the data and information in the Description and Specification. This
document, along with the accompanying Equipment Specifications, will be utilized in the
subsequent integration function and to document the Endurance power train, as
constructed. To the latter end, the documents will be placed under change control and
maintained throughout the endurance power train program.

1132 POWER TRAIN WITH SUPERCONDUCTING MAGNET

Objectives

® To establish and agree upon the goals and objectives to be achieved in the
development and testing of the 50 MW(t) power train to be tested in.the
existing superconducting magnet,

® To define and document the power train required for the test, and

® To define and document the specifications for the power train components
to be designed and/or developed for the power train.
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Technical Approach

The technical approach will be similar to that just described for the 50 Mw(t) endurance
power train, with the following exceptions:

The schedule for the initial operation of this power train is approximately 1.5 years later
than that for the endurance power train. Therefore, the opportunity is presented to
identify, develop and incorporate new technology into the channel. Therefore, the channel
is envisaged as the first generation development channel. The establishment of goals and
objectives and the conceptual design of the power train will take this into account.

It is expected that the power conditioning system used in the endurance power train test
will also suffice for this power train. Hence, few if any changes are anticipated. The
increased performance expected with the superconducting magnet will require
consideration of power conditioning equipment adequacy and may result in modification.
This possibility will be examined during the conceptual design of this power train. The
operating experience gained in the test of the endurance power train will allow refined

definition of the software.

The combustor and other components are also expected to be transferred from the
endurance power train to this train and test.

The two 50 MW(t) power trains are assumed to be prepared for test in the same or similar
test facilities, and hence the interfaces with the test facility are presumed to remain
largely unchanged except for those associated with the superconducting magnet.

1140 50 MW(t) POWER TRAIN INTEGRATION

Objectives

e To provide system engineering servicés for the management and direction
of the design, development and production of the components of the 50
MW(t) power trains,

e  To support their installation, check-out and testing, and
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e To analyze the test data and prepare the resulting data and information for
use in the follow-on activities and in the engineering data base.

Technical Approach

The System Description and Specification, with accompanying £quipment Specifications,
will be maintained throughout the program. Analyses and trade-off studies will be
conducted to assist in the evaluation of proposed changes. The effects of any approved
changes will be reflected into these documents through revisions or reissue,

Quality control resources, tools and methods will be provided to monitor and control the
design and production of the components. Progress reviews will be conducted at regular
intervals to ensure that each activity of the project is producing the planned technical
- results, on schedule and within resources. In each of these reviews, the rationale for any
" proposed change in the specifications or design will be thoroughly discussed. Change
requests, so considered, will be examined for their effect on the overall power train and on
interfaces with other components or the testing facility. | '

At the conclusion of each progress review, a Variance Report will be prepared to highlight
any deviation from the project plan. This report will be provided to management so that
their attention may be focused on the high priority problems and concerns of the project.

The test planning requirements will be produced and assistance will be provided to test
facility personnel in the preparation of the test plan. Data acquisition equipment and
efforts requirements will be considered in the integration effort.

Assistance ‘will be provided, as required, during the test. The test data will be reviewed for
completeness. It wil.l be analyzed to produce the data and information needed for the Title
I and Title II design, production and operation of the Retrofit power train. To the extent
that the results apply, they will be prepared for inclusion in the engineering data base.
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1141 ENDURANCE POWER TRAIN

Objectives

e To pro\)ide system engineering services for the management and direction
of the design, development and production of the components of the 50
MW(t) Endurance power train, _

O

® To support their installation, check-out and testing, and . .
s To analyze the test data and prepare the resulting data and information for
use in the Retrofit program and in the Engineering Data Base. .
Technical Approach G
" As previously ndted. the key objective of the Endurancé power train test is to demonstrate
‘the readiness of the system for initiation of the Retrofit program. To this end, the :
integration effort will concentrate on the above noted tasks in a manner that will produce o
an endurance power train that is fully representative of the Ilatest
state-of-the-technology, is designed and produced of the best possible quality, and is
installed and operated in accordance with the specifications.
-
A topical report, recording the endurance power train effort, will be prepared.
1142 POWER TRAIN IN THE SUPERCONDUCTING MAGNET
3
Objectives
® To provide system engineering services for the management and direction
of the design, development and production of the compaonents of the 50 @y
MW(t) power train for operation in the superconducting magnet, :
e To support their installation, check-out and testing, and
8 Toanalyze the test data and prepare the resulting data and information for ;
use in the follow-on activities and in the Engineering Data Base. iy
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Technical Approach

The key objective of this power train test is to identify and quantify any effects of
operation of a 50 MW(t) power train in a superconducting magnet that may impact the
design and/or operation of the retrofit power train. A second objective is to explore the
operation of the first development channel. 7o this end, the integration effort will
concentrate on the above tasks in a manner that will produce a power train, in particular a
channel, that is fully representative of the progress made in the channel development, is
designed and produced of the best quality and is installed and operated in accordance with
the specifications and the test plan.

The test operation and data, obtained during the design of the retrofit power train, will be
analyzed and any pertinent results will be incorporated into the Title I and/or Title II
design. Later test operation and data will be factored into the preparation of operating
plans for the Retrofit power train. Operation and data will be factored into the continuing
channel design and development effort on the second development channel.

Opportunities for modification of the channel, by adding modified sections that represent
later progress in the channel development, will be sought and implemented. The channel
operation and data will be examined for contributions to the Channel Engineering Data
Base. A topical report, recording this power train effort, will be prepared.

1150 RETROFIT POWER TRAIN INTEGRATION

Objectives

e To provide system engineering services for the management and direction
of the design, development and production of the components of the
retrofit power train,

s To support their installation, check~out and testing, and

e To analyze the test data and prepare the resulting data and information for
use in the follow-on activities and in the engineering data base. '




Technical Approach

This task will be structured into three subtasks: WBS 1151, Title I Design; WBS 1152, Title
II Design and WBS 1153, Title Il Construction, Checkout and Test.

The Retrofit Power Train System Description and Specification, with accompanying
Equipment Specifications, will be maintained throughout the program. Analyses and
trade—off studies will be conducted to assist in the evaluation of proposed changes. The

effects of any approved changes will be reflected into these documents through revisions or
reissue. Quality control resources, tools and methods will be provided to monitor and

control the design and production of the compenents.

Progresstreviews will be conducted at regular intervals to ensure that each activity of the
project is producing the planned technical results, on schedule and within resources. In

each of these reviews, the rationale for any proposed change in the specifications or design
will be thoroughly discussed. Change requests, so considered, will be examined for their

effect on the overall power train and on interfaces with other components or the testing
facility.

At the conclusion of each progress review, a variance report will be prepared to highlight
any deviation from the project plan. This report will be provided to management so that
their attention may be focused on the high priority problems and concerns of the project.

The test planning requirements will be produced and assistance will be provided retrofit
facility personnel in the preparation of the test plan. Data acquisition equipment and
efforts requirements will be considered in the integration effort.

Assistance will be provided, as required, during the test program. The test data will be

reviewed for completeness. It will be analyzed to identify the data and information needed
for the design, production and operation of the early commercial power train. The results

will be prepared for inclusion in the engineering data base.
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1160 POWER TRAIN TECHNOLOGY DEVELOPMENT

A significant portion of the technology, pertinent to the design and ultimate successful
operation of MHD steam powef plants, involves more th_an one component. This is
illustrated by consideration of the interfaces discussed in the APT System Description and
Specification. The overall power train technology, where it involves more than the
technology of a single component, will be developed as required.

1161 ASSEMBLY/DISASSEMBLY
Objective

To provide the technology for assembly of the components into a working power train that .
can be readily and rapidly disassembled for maintenance and/or component replacement.

Technical Approach

The approach to this task was demonstrated during task 2.2.2, Design Approaches. A
preliminary model of the power train, including an assumed superconducting magnet
configuration, was installed on the computer aided design (CAD) facility of the Advanced
Energy Systems Division of Westinghouse. This approach will be utilized in this task. As
the design and development is carried out and the design is refined, the CAD model will be
~maintained ‘current. It will be utilized to éxplore the practicality of options and
alternatives as they are proposed.

1162 OPERATION AND MAINTENANCE STUDIES
Objective
To devise, select and develop power train concepts that will have the most favorable

impact on operating and maintaining the ultimate plant, as well as on the success of the
tests performed within this program.




Technical Approach

The CAD, SPA and SUMMARY code packages will be utilized, as they have in the past, to
explore alternative approaches as to their impact on operation and maintenance. This
technigue will be utilized in the planning of test programs to explore the practicality of
realizing the intended goals and objectives of the tests. The various versions of the SPA
code package will be utilized to define the test instrumentation and control requirementé

and as the basis for the preparation of test manuals and plans.
1163 THERMAL/MECHANICAL FORCES ANALYSES
Objective

To provide the component development functions, particularly the Combustor Development
(CD), with the data and information required for design of the components.

Technical Approach

The work to date suggests that the power train thermal expansion should be accommodated
by fixing the location of the combustor and allowing thermal growth in the downstream
direction. This is consistent with the desire to operate the train with essentially
atmospheric pressure at the entrance to the HRSR. This physical interface appears to be
the most logical location for the placement of the device for accommodation of the
growth. The alternative would be to fix the train solidly at the HRSR and allow growth in
the upstream direction. The impact of this approach would be to force the combuster to
move. It would place increased stress on the intermediate components, including the
channel, due to the weight of the combustor system. It would require accommodation of
the resulting motion at the point where the voltage isolation must also be accom modated.

The choice of approach will be made in this task. Mechanical studies of the options will be

carried out. Impacted functions will provide input, including conceptual designs and cost

estimates for in analyses using SPA/SUMMARY.
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1170 ENGINEERING DATA BASES

Obijective
To identify and document the engineering data and information, on the power train and its
components - especially the channel, needed for the design and operation of the 200 MW(e)

MHD/steam power plant.

Technical Approach

To this end this task will establish and maintain the Engineering Data Bases as the data and
information is produced in the program. The format for these data bases will be
coordinated with the MHD Data Base being established by the Pittsburgh Energy
Technology Center of the DOE. The state-of-the-technology was surveyed during the
execution of Task I. These data will be up-dated and utilized as the base for the
preparation of the plant and channel data bases herein.

Fach development activity and each test will be examined for data and/or information that
supplements or modifies the dat already collected.

1171 PLANT ENGINEERING DATA BASE
Objective

To identify and document the engineering data and information, on the power train and its
components needed for the design and operation of the 200 MW(e) MHD/steam power plant.

- Technical Approach

This data base is intended to concentrate on the plant and equipment other than the power
train. The development activities on individual components, test power trains and the
Retrofit power train will be examined for contributions to the data base. The related MHD
development programs on the HRSR and Seed Regeneréiion will be followed to obtain and
document up-dated power train interface data.



Interfaces with the remainder of the plant will be examined in the light of the design and
operation of the Retrofit power train and plant. Particular attention will be paid to the
documentation of engineering detail such as the specification of materials and processes.
The Advanced Power Train System Description and Specification will be up—dated to
include the technology represented in the final Engineering Data Base.

1172 POWER TRAIN ENGINEERING DATA BASE

Objective

To identify and document the engineering data and information, on the power train needed
for the design and operation of the 200 MW(e) MHD/steam power plant.

Technical Approach

This data base is intended to concentrate on the channel. The development activities on
the channel technology, the materials test and the channel aspects of the power train and
Retrofit tests will be examined for contributions to the data base.

The related MHD development program on the magnet will be followed to obtain and
document up-dated channel interface data. Interfaces with the remainder of the power
train will be examined in the light of the design and operation of the channel. Particular
attention will be paid to the documentation of engineering detail such as the specification
. of materials and processes. The Advanced Power Train System Description and
Specification will be up-dated to include the technology represented in the final
Engineering Data Base.

WBS 1200 MHD GENERATOR DEVELOPMENT

The combined assembly, consisting of the channel, the power conditioning subsystem, and
the superconducting magnet, make up the electromagnetic generator. Most aspects of this
assembly must be taken into consideration, essentially as a unit, in order to realize the
optimum design.

D-20

o

y
i

o

ey
o

A
Lo

W



It is recommended that the magnet be included in the scope of the Phase II Advanced
Power Train (APT) contract. The magnet is excluded from the scope of the power train, as
defined in the present contract. It has been necessary to assume characteristiés. including
the configuration, of the magnet in order to carry out the Phase I APT effort. The
available information, along with calculations and conceptual design effort, has been
sufficient for the work to date. However, the execution of the development program will
require definitive data and information on the magnet.

The importance of the approach in which the power conditioning subsystem is included as a
component of the generator, is apparent from the potential advantages that may be
realized in the channel design by close integration of these components. One example,
identified in the work under Task II, subtask 1, is the possibility that the channel may be
shortened by 20 per cent if the anode-to-anode voltage can be properly controlled (through
the power management subsystem).

There are two broad tasks included in WBS-1200, viz Analysis and Modeling (WBS5-1210) and
Design Integration (WBS-1220). The analyses and modeling that is centralized in this WBS
element éupports the channel and power conditioning development programs as well as the
design integration function. The analytical effort requires consideration of most of the
aspects of the generator assembly. The development plan is. organized to reflect this
requirement since it applies as well to the design and performance of power train test.
equipment as to the design and performance of MHD plants. The tasks in wBS-1220
provide direction, from an overview perspective, for MHD generator component design and
development and integration of the generator components into the power train.
Information that must flow from the combustor design to the generator subsystem design
and from the generator design to the diffuser design for proper integration will be
processed within this WBS element. There will also be direct interaction of the generator
design integration with the Power Train Integration (WBS-1100) and Coordination of Test
Facilities (WBS-1800), see Figure 1. ' '
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The Design, fabrication, installation, and testing of generator components have been placed
in other WBS elements; Channels in WB5-1300, and Power Conditioning in WBS-1400.

1210 ANALYSIS AND MODELING

Objective

‘e To provide a detailed understanding of the generator phenomena

e To verify, by comparison with experiments, the capability' of numerical
codes to design and predict with reasonable certainty the perfarmance and
life of future prototype and commercial generators, and

e To provide detailed on-design, off-design, and transient interface
specifications between the generator components and insure compliance
with the interfaces between the generator and the other power train
components and the plant.

Technical Approach

The approach to this task will be to identify and utilize the best existing computer codes,
skilled personnel, and facilities, in the United States, for the performance of the required
analysis and modeling, and to perform the analysis in a timely fashion. The numerical code
capability to perform the required effort presently exists in the United States. This
capability includes codes to perform one, two, and three dimensional steady state or
transient analysis of the fluid mechanics of MHD generators. The capability for detailed
investigation of finite electrodes with slag coatings is available. Codes also exist which
can be used to evaluate the power management and magnet subsystems. Thermal,
hydraulic and stress codes will be used prim arily in the performénce of tasks for the design
of the generator components (WBS-1300 and 1490). '

The results of these analyses will be utilized to provide broad support and guidance to the

development of the MHD generator system and components, and to the establishment of
the generator related portions of the Engineering Data Base.
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1211 NUMERICAL SIMULATION OF GENERATOR EXPERIMENTS

Objective
e To improve the understanding and value of the experimental results of
other tasks, and
e To provide improved verification of the numerical capability and an

increased confidence in its reliability to predict performance of future
larger generators.

Technical Approach

The efforts to calculate the performance of the AEDC and AVCO channels, by 5TD
Research Corporation, will be the starting point for this task.

These same calculational methods will be utilized to predict the performance of generators
that are to be tested in other tasks.

The results of the generator and channel tests will be analyzed and compared with the
calculationa! results. After resolution of the differences, if any, the analytical methods
and especially their input values will be up-dated.

1212 PLASMA DYNAMICS, PHYSICS, AND SCALING AND DELINEATION OF
POTENTIAL CRITICAL EXPERIMENTS

Objectives

e To numerically evaluate in depth anticipated commercial scale generator
concepts to determine if phenomena such as magnetoaerothermal
instability, shorting, etc. might limit their performance or life,

e To define approaches to avoid or control the effects of such phenomena,
and '

e To define critical simulation experiments to provide experimental
confirmation.
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Technical Approach

Using existing calculational methods and cedes, anticipated commercial scale generator
concepts will be numerically evaluated in-depth. Particular emphasis will be placed on the
assessment of the effects of phenomena, such as magnetoaerothermal instability and slag
shorting, that may limit the i)erformance and/or life of the generator concepts.

where undesired effects are identified, numerical analyses of possible maodifications of the
concepts, that might avoid or control the undesired effects, will be performed to define

their value.

Numerical analysis of possible simulation experiments, which might provide confirmation
of the value of the modifications, will be performed. These results will be utilized in
.support of the channel and power conditioning development functions.

1213 NUMERICAL DESIGN SUPPORT

‘Objective

e To provide detailed analytical support to the system and plant studies,

e To provide detailed analytical support to the design of test and prototype
generators.

Technical Approach

The analytical tools, confirmed in WBS 1211, will be utilized. As the plant and system
studies are carried out, these tools will be applied to examine selected generators in depth
to confirm that the system and plant performance analyses properly represent the
generator. These studies will include the off-design, transient and fault mode studies.

Support will be provided to the Design Integration, Channel, and Power Management
functions (1220, 1300 and 1400). The function of this effort is to optimize the
plasmadynamic and electrical design of these generators consistent with the anticipated
plant requirements and engineering. The optimum off-design operating strategy also will
be defined. In addition, for all anticipated plant or generator faults or transient conditions
the designs must be safe, reliable, and controllable (including interactions between the

_channel, power management, and magnet).
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1220 DESIGN INTEGRATION

Objective

e Toreview and coordinate component designs, utilize the analytical results,
and perform any design engineering necessary to assure proper integration
and performance of the overall generators for the direction of the Channel
and Power Conditioning functions, and ‘

e To provide integration assistance in the design and planning of tests
involving MHD generators, such that the test results will be of maximum
usefulness in the ensuing development efforts and in the Engineering Data
Base,

Technical Approach

Generator requirements will be derived from the MHD/steam plant requirements (1110).
These will be reviewed and translated into regquirements for the chanhel and power
conditioning development efforts. Generator mechanical and electrical design studies,
coordinated with the generator analysis and modeling efforts, will be carried out.
Generator integration services will be provided to the channel and power conditioning
efforts. These will include the detailed definition and maintenance of the interfaces
between components within the generator. Assistance will be provided to the Coordination
of Testing Facilities function (1800).

1221 ENDURANCE GENERATOR
12211 REQUIREMENTS
Objective

" To ensure that the generator component requirements are defined consistent with the
generator requirements and the System Description and Specif ication.

Technical Approach

The power train requirements and the up-dated System Description and Specification will
be reviewed. Channel and Power Conditioning Requirements documents will be prepared.
These will include the component interfaces, which will be maintained and up-dated as the
results of the development program dictate.
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12212 DESIGN

~ Dbjective
To provide the overall generator design efforts required in the power train development.

‘Technical Approach

Generator design and trade-off studies, to support the preparation of the component
requirements definition will be coordinated with the Numerical Design Support function
~(1113). If the Phase I APT Development Program is implemented with the same work
scope as in Phase I, i.e. without including the magnet, the design effort will include design
studies of the superconducting magnet required for the adequate definition of the
generator component interfaces with the rﬁagnel‘..

Generator design studies, of the proposed high poWer. high enthalpy extraction experiment,
" will be performed.

Generator design studies, as required to support the component development functions, will

be conducted.
12213 COMPONENT INTEGRATION

Objective

To ensure that the development and design activities, within the component functions, are

performed in conformity to the component requirements and interfaces.

Technical Approach

Component development progress will be reviewed at regular intervals, with emphasis on
maintenance of the requirements and interfaces. Requests for revision of the component
_requirements or generator component interfaces will be reviewed and commented upon by
this function. This review and comment will focus on the impact that the proposed change
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may have on the performancé and/or life of the ultimate generator as a whole. These
reviews will also consider the effect of the proposed change on the capability of the test
generators to provide the desired test results. A further consideration in these reviews,
~.will be the interfaces with the intended test facility.

12214 TEST PLANNING

Objective

To provide support to the preparation of plans for successful power train testing prngrams.'

‘Technical Approach

‘All generator component, generator, and/or power train test plans will be reviewed to
ensure that the overall genérator requirements are considered and satisfied. Appropriate
test plans, obtained from any source, will be reviewed to seek to identify opportunities to
obtain the required generator data and information at least cost to the overall MHD
development program.

12215 TEST SUPPORT

Objective

To provide all necessary generator related support to the Coordination of Testing Facilities
function. '

Technical Approach

Assistance will be provided, as required, to the Coordination of Testing Facilities function.
Technical personnel will be provided to resolve questions that arise during the installation
and operation of the test generators. Test results will be reviewed and analyzed to ensure
the acquisition of the' necessary data and information to confirm the generator
requirements, designs, performance, and inputs.to the Engineering Data Base.
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1222 DEVELOPMENT GENERATORS

This task will serve the same roie for the development generators that WBS 1221 serves for
the endurance generators. It will be made up of the same set of five subtasks as those
described under WBS 1221, namely requirements, design, component integration, test

planning and test support.
1223 RETROFIT GENERATOR

This task will serve the same role for the retrofit generator that WBS 1221 and 1222 serve
for the endurance and development generators respectively.

wWBS 1300 CHANNEL DEVELDPMENT

The design and development of the channel is the most challenging task of the Advanced
Power Train program. Thorough understanding and proper development of the channel is of
critical importance to successful engineering development. plant intégration. and
establishment of the engineering data base for the commercial MHD/steam plant power
trains and the ultimate commercialization of the MHD steam power plants.

The development effort, to date, has been carried forward in two parallel
paths—-demonstration of performance (rating) and demonstration of life (endurance). The
program presented herein continues this approach and extends it to bring the two results
together to demonstrate that the combined performance and life can be achieved.

This development program recognizes, and implements, the necessity for development of
the rugged and reliable channels, economical of magnet warm bore, and low in cost, that
will be necessary for power plants that must meet the requirements of the utility

application.

The proof-of-concept channels for the system and later plant integration are based on use
of essentially state—of-the-art technology. These channels do not require the economy of
warm bore, ease of instatlation, or low cost of production that must be provided in the
commercial channels. It is more important to complete the proof-of-concept (both system
‘and plant) phases in the shortest time and at the lowest cost.
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However, the program includes the fabrication and assembly development effort needed to
orovide the complete Engineering Data Base for the commercial channels. This additional _
effort is included because the achievement of the proof-of-concept phases without
resolving the other requirements of the commercial channels would be for nought.

Thé channel development function will be closely coordinated with the Power Conditioning
Development function. This will be provided by the integration effort described under the
MHD generator development task (WBS-1200).

This prografn is ‘based on recognition that the research and preliminary design phases of
channel development have been successfully completed. It also recognizes the extensive
j and excellent capability for channel development that exists in the U.S. It is planned that
'all this capability will be utilized to reduce ihe cost of, and time for, the remaining
development to the minimum.

The channel development is described herein in five tasks: 1310 Technology Development,
1320 Endurance Channel, 1330 Development Channels, 1340 Retrofit Channels, 1350
Fabrication & Assembly Development.

1310 TECHNOLOGY DEVELOPMENT

Objective

To perform experiments and development tests that do not require a full power train
facility. This research and development is necessary to support the design and construction
of the MHD channels required for the proof—of—cohcept or system integration, the plant
integration, and the channel development activities that will establish the engineering data
base for the design of chanrielé for early commercial MHD/steam power plants.

Technical Approach

Both analytical and experimental studies will be performed to extend the data and
information in the areas of basic plasmadynamics, interactions between the plasma and the
power management subsystem, and the physics of cathode ‘and general slag shorting
phenomena. '
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The experiments currently underway to explore high interaction will be continued.
Experiments to extend this understanding into the areas of high power and high enthalpy
extraction will be designed and performed.

Channel concepts that offer the potential to control the undesirable effects of secondary
flows and/or magneto-aero-thermal instabilities anticipated to be identified in the high
power and high enthalpy extraction experiments will be devised, designed, constructed and
tested.

The specific identification and detailed specification of channel element materials will be
carried out using both out-of-power-train and in—channel experiments, Detailed process
specifications will be produced for the control of consistent production, by competitive
~ suppliers, of channel elements and channels. |

" The electrical and mechanical developmenf. required to design, produce and test advanced
(dévelopment) channels will be carried out. Power train tests with partial channel sections
will be utilized in this effort to provide the data and information for the channel
Engineering Data Base.

The necessary facilities for these experiments already exist. These include the 20 to 50
MW(t) facilities at AVCO, CFFF and CDIF. The existing 6T superconducting magnet should
be installed at one of these facilities. Some special test equipment, such as a
short-duration, very high conductivity combustor and heat sink channels will be required.
This task is further broken down into four WBS tasks: 1311 Plasmadynamics, 1312 High
Interaction and Power Experiments, 13i3 Materials Engineering, and 1314
Electrical/Mechanical Development

1311 MHD CHANNEL PLASMADYNAMICS

Objectives

a) To provide an understanding based on test results of the physics of cathode shorting

and general channel slag shorting phenomena.

b) To define the dynamic plasma interactions of the channel with the power management

subsystem.
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c) To continue the university basic studies in these aresas.

Technical Approach

Both theoretical analysis and acquisition of data from power train tests, primarily
performed for other reasons, will be utilized to improve the understanding of slagging
channel phenomena and to determine their impact (as a function of coal chemistry) on
channel operation, performance and life.

Twenty and fifty megawatt thermal simulated coal-fired and coal-fired facilities having
iron core magnets exist to support this required effort. In addition, the new facilities that
are involved in the developmental plan will provide additional data. The basic approach of
this task will be to utilize, with minimum modification, the operating MHD channels and
test facilities and to focus the U.S. industrial and university channel expertise on
performing the primary functions in achieving the objectives of this task. The Stanford and
Montana State University efforts would be included in this WBS element.

An additional benefit from this approach will be education of the future managers and
engineers that will be needed to deploy MHD technology.

Tasks will include specification of diagnostics and measurements on the experimental
channels, the accumulation of data, and the analyses and interpretation of the data when
compared to predictions of the computational results obtained in WBS-1210.

Analytical studies and instrumentation of tests, primarily performed for other reasons, will
be utilized to define the electrical interface between the channe! and the power
management subsystems. Studies will include evaluation of electrical fluctuations,
potential control of location of cathode shorting, and prevention and/or extinguishing of
inter-anode faults. These will be carried out in conjunction with the effort on the power
management subsystem (see WBS 1420) and under the integrating direction discussed in
wBS 1220. ‘
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1312 HIGH INTERACTION AND POWER EXPERIMENTS

Objective
To provide an experimental verification of the methodology for design prediction, control

and optimization of the plasmadynamic phenomena anticipated in the large channels for
the retrofit unit and for the 200 MW(e) and larger MHD/steam power plants.

Technical Approach

The currently on-going high interaction simulation experiments at AVCO and with
concurrent analyses at STD will be continued to complete the understanding of the
‘multidimensional phenomena exhibited by such channels. The numerical capability to
predict these detailed processes will be confirmed. Determination of the types of
" computation and their analyses will be conducted within this WBS element; performance of
the computer calculations will be conducted under WB5-1210.

The on-going AVCO Mk VI high interaction experiments are providing important and
valuable data on the effects of secondary flows in MHD channels and the capability of
existing numerical codes to predict such phenomena. However, the low power level of the
Mk VI experiment limits its capability to exhibit the fully nonlinear effects expected in
high power channels.  The previous resulté obtained in the High Performance
Demonstration Experiment (HPDE) performed -at, the Arnocld Engineering Development
Center (AEDC) indicated the potential of channels to extract enthalpy and power at the
level required for the retrofit plant. However, the HPDE results show that this power level
channel may also be exhibiting potentially disasterous magnetoaerothermal instabilities.

The experiments will be extended to higher power and higher enthalpy extraction levels.
One option for these experiments is to repair the magnet at AEDC. Another option is to
use the existing superconducting MHD magnet, heat sink channel, and available
short-duration very high conductivity (greater than 100 mhos/m) combustor technology.
The latter option is assumed herein, since it is synergistic with other Advanced Power
Train and commercia! channel development experiments that will also require the use of
the superconducting magnet. Existing hybrid or solid rocket combustor technology would
be used to power the experiments. The STD Corp. has recently demonstrated this approach
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successfully. Two generations of channels are to be tested: a conventional design and an
advanced design. The advanced non-rectangular design would have the potential to better
control secondary flows and to improve magnét warm bore utilization. Experirﬁental power
levels would be up to and including those anticipated for initial commercial plants, 70MW
electric.

Limited numerical studies performed to date indicate that potential channel performance
gains and magnet cost reductions (through better magnet warm bore utilization) should
result from using non-rectangular cross section channels. Expefimental verification of the
most theoretically attractive case(s) should be possible in short duration heat sink channel
experiments at high power, enthalpy extraction and interaction.

Efforts included in this WBS element are the design, construction, and installation of the

test equipment. Test support, data analyses, and reporting will also be conducted.
1313 MATERIALS ENGINEERING

Objectives

a) To provide documented materials and process specifications for the design of
channeis.

b) To support the design and production of the test channels required in the development
program.

c) To investigate new materials and processes that promise the potential to enhance
channel performance and/cr life or lower the cost of production.

Technical Approach

The state-of-technology investigation, carried out in Task I of the MHD/APT project,
revealed that (in most cases) satisfactory materials were identified for channel
production. However, it was determined that detailed characterization and specifications
for their competitive procurement was not available. Samples of material used in such
programs as the anode tests, in which AVCO demonstrated over 1000 hours of successful
operation, will be secured and systematically analyzed and characterized. Literature
search and contacts with experimenting organizations will be pursued.
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Each channel built and tested in the program will be examined as a potential test bed for
the generation, or confirmation, of materials data and information. Materials personnel
will work closely with designers and experimenters to categorize and document the
materials and processes used in channel and test piece production, to follow and record the
results of tests, and to perform post-mortem analyses.

Materials engineering efforts will support the design and development leading to the

Engineering Data Base for the commercial channels. The advanced MHD channel concept,

identified in the Advanced Generator Study (Task II of the MHD/APT project) will require
extensive materials and process development participation.

Candidate insulating materials will be explored. Boron nitride is the current insulation
material of choice for the separation of electrodes and side-wall elements. Materials that
are more amenable to manufacturing processes will be sought and tested.

Production processes that have promise for lowering the cost of channel fabrication, such
as extrusion of electrical elements, must be developed to insure that the required
configurations can be obtained, at the desired low cost without damaging the character of
the materials.

A 2,000 hour test of a 20 MW(t) system is proposed by CFFF in the third year of the
program. While this test is directed to the acquisition of downstream data and
information, it offers the possibility of building long-term testing of materials oriented
sections of the MHD channel at a very low incremental cost. These test sections will be
designed, constructed, and installed. Support will be provided during testing and the test
results will be evaluated.

Close coordination of the Materials and Electrical/Mechanical Development functions will
be maintained to ensure that any beneficial trades between design and material selection
will be exploited. The chemistry of materials and their environments, in the long exposure
periods anticipated in the commercial channels, will require out-of-channel testing

programs to confirm that the design selections are justified.

The results of the Materials Development program will be documented, utilized in the

program and provided to the engineering data base.
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15314 ELECTRICAL/MECHANICAL DEVELOPMENT

Objective

a) To provide the supporting engineering technology for the design of test, and ultimate
commercial, channel design.

Technical Approach

The design of many of the channels to be tested in the program will be based on the current
state-of-the-art because of the time element. An early be most demonstration that the
MHD power train system can be designed, produced and operated at design conditions for
long periods of time is needed. However, each succeeding channel will be designed and
constructed factoring in the latest avéilable technology whenever it can be applied at
reasonable cost and without jeopardizing the probability of meeting the prime objectives of
the channel test. This approach will minimize the program cost and schedule, and provide
the most complete Engineering Data Base. To this end, the Electrical/Mechanical
Development and the Channel Design functions (1321, 1331, and 1342) will work in close
coordination.

Conversely, a major goal in the Electrical/Mechanical activity is the identification and
development of concepts that will when implemented in future automated factories,
produce the low cost channels that are absolutely necessary for the commercialization of
MHD. Opportunities to simulate and prove out these concepts in the Development channels
will be sought. To try to incorporate them into the Endurance or even the Retrofit
channel, before they are adequately proven in put-of-channel tests and in small sections
incorporated into other less crucial channe! tests could be counterproductive.

Support will be provided to the design functions in the identification of suitable electrical
and mechanical features for the various test channels that will enhance the chance for
successful test operation.

The approach to the development of advanced electrical/mechanical concepts will be based
on the channel concept derived in the Advanced Generator study (Task I, MHD/APT
project). Iterative studies, cooperating with the Numerical Design Support function (WBS
1213), will be carried out to define the ideal configuration and performance level and to
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devise elements and methods that approach the ideal--always bearing in mind the limits
imposed by practical production methods and the necessity for high reliability and low cost

production of the commercial channels. _

Extensive study of methods and concepts for adequate and reliable removal of heat from
the channel will be required. The thermal and hydraulic features of the electrical elements
will be examined in detail. Mechanical features, including the considerations of materials
and chemistry, will be examined in analytical and experimental programs. Consideration
will be given to requirements and concepts for the extensive instrumentation desired in the
test channels as well as to the requirements and concepts for the operational
instrumentation required for successful operation of the commercial channels.

Concepts for channel, including auxiliary features, that are ecoriomical of warm bore and
simplify and expedite channel installation/removal will be studied. The basic concept
identified in the above mentioned Advanced Generator study has produced the starting
.point for these studies.

Support will be provided to the Fabrication and Assembly function (WBS-1350).
Engineering trades between element configurations, design features, and manufacturing
methods will be supported.

1320 ENDURANCE CHANNEL

Objective

To provide the charnel and support its installation and test for 500 hours that will
demonstrate in an integrated power train system the practicality of a 20 MW(t)-50 MWw(t)

Advanced Power Train and confirm the engineering base for designing the Retrofit MHD
Power Train. The channel will be designed with the objective of operating life based on
calculated wear rates in excess of 2,000 hours. The expected goal for the first retrofit
channel,
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Technical Approach

Consideration of the desired overall schedule for the early commercialization 'of MHD and
the need for a large experiment in the 250 MW(t) rating range leads to the conclusion that
the endurance test is required in the fourth year of the program. This, along the with
examination of the actions required to produce and prepare the train for test, leads to the
conclusion that the design of this channel must begin at the initiation of the program.
Therefore, the technology of the Endurance channe! will be'the current state-of-the-art.
Since this will be the most ambitious life test to date of a complete large channel, the
design will be gquided by the choice of conservative design limits and values. The most
knowledgeable channel experts will be sought thx"ough subcontract and consulting
agreements to participate in this design. This effort will integrate the best available
(state-of-the-art) channel materials, construction, and plasmadynamics technology with
the developing power management technblog_y to design and construct an endurance
demonstration channel. The channel will be designed for supersonic operation in an
existing iron core magnet (CDIF or the nearly identical CFFF magnet). Channel wall
construction, current densities, and electric fields will be similar to those anticipated in
the initial retrofit channels. The channel will be conservatively designed for an operating
life exceeding 2,000 hours.

The channel shall be tested with complete power management for a total of 500 hours of
coal-fired operation. Facility capabilities may limit continuous test periods to 100 hours,
but no channel repair or maintenance will be performed between test pericds. Channel
wear will be measured to provide a basis for predicting operating life.

If facility test capabilities permit, testing should be conducted at the facility in which the
existing superconducting MHD magnet is installed. This will result in a cost saving for the
' subsequent development generator program using the superconducting magnet which could
use the combustor and of the anticipated endurance generator power conditioning
components.

Two channels will be produced. The importance of the test to the overall schedule is
sufficient justification to provide a spare channel.

D-37



1321 DESIGN

Objective
To provide the detailed design of the Endurance channels for their fabrication and test.

Technical Approach

The channel requirements will be obtained from Generator Development, as derived from
scaled-down plant requirements established by Power Train Development. Design will
cooperate with Integration of Testing Facilities in the definition of the test facility
interfaces,

This state-of-the-art supersonic channel shall include split conducting side wall bars. The
channel system shall include a high purity closed loop cooling system.

The channel design will include all necessary auxiliary equipment for the successful
operation of the test. Test instrumentation will be included.

The completed design will be presented to a design review panel prior to commitment to
production. Support will be provided during the construction period, and final as-built
drawings and specifications (including materials) will be prepared.

1322 CONSTRUCTION

Objective

To fabricate the Endurance channel.

Technical Approach

The channel will be fabricated to the approved drawings and specifications. Any necessary
deviation will be documented in an engineering change request, a formal document that
must be processed through the change control procedure before implementation, and must
be reflected in the as-built drawings and specifications.
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Channel construction shall use relatively easily repairable state-of-the-art
electrode-in-a-box design. Fabrication shall include the required channel instrumentation
and adequate spare parts to complete the required testing program. '

Necessary packaging, crating, and handling equipment will be provided.

1323 INSTALLATION AND TEST SUPPORT

Objective

To provide technical support to Integration of Testing Facilities and the Test Facility
Operator.

Technical Approach

Directives and instructions for handling will be provided. Technical support will be
provided to resolve questions during installation and checkout of the channel.

The channel contractor shall approve channel test plans and shall, during test, maintain the
responsibility to terminate testing if channel damage is anticipated.

Critical test operations will be observed. Preliminary on-site inspection of test results will
be provided to ensure adequacy.

1324 DATA ANALYSIS

Clb]ective'

a) To understand the design implications of the test results, and b) To prepare the data
- and information in suitable format for use in the design of the Retrofit generator,

further development activities and in the Engineering Data Base.

Technical Approach

The test results will be analyzed and converted into design data and information format.
These will be compared to the design requirements and design assumptions for the purpose
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of revision of the design methodology. They will inciude estimated channel life based upon
measured channel wear rates.

Performance results will be interpreted in terms of the scale-up to full size plant
performance and lifetime predictions.

1330 DEVELOPMENT CHANNELS

Dbjective

To provide the channels and support their installation and test that will demonstrate the
technology for the design of practical channels for the utility retrofit test facility and the
early commercial MHD/steam power plants and provide the Engineering Data Base for

their channel designs.

Technical Approach

The overall objective of the APT development program is to establish the Engineering Data
Base for the design, construction and operation of the full scale early commercial power
plants. The plant-related data and information for this Data Base will come from the
power train and the Retrofit plant activities. However, most of these activities will utilize
MHD channels that are based on the near-term state-of-the-art. Therefore, it is
necessary to include in the overall program the development of the Engineering Data Base
for the commercial channels. This task is included to carry out that activity. The most
knowledgeable channel experts will be sought through subcontract and consulting
agreements to participate in these designs.

Two generations of development channels are anticipated: 1) The first 50 MW(t) channel
for power train proof-of-concept testing in the SCM, along with subsequent modifications
to test development progress, and 2) The second 50 MW(t) channel for the final
proof-of-concept test of the channel technology for the Engineering Data Base. These
development channels will be complementary to the experimental channels defined in WBS
1310, viz, 1) a high power, high enthalpy extraction heat sink channel of rectangular
configuration suitable for use with the existing SCM, 2) one or more nonrectangular
channels for the same facility, and 3) one or more small material test channels or channel
test sections.
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The initial 50 MW(t) channel will utilize an internal construction similar to that which will
be successfully demonstrated in the 2,000 hour life endurance channel. It will, in addition,
develop the channel structure, cooling, electrical lead removal, and support ahproaches to
be utilized in the initial retrofit channels. Its higher operating fields will also demonstrate
improved performance over the prior endurance channel. The advanced channel(s) will
exploit continuing developments in channel plasmadynamics, materials engineering, and
fabrication and assembly. The advanced channel(s) will be designed to melt a goal of 4,000

hours of operation needed by the ultimate commercial plants.

1331 DES\IGN

Objective

To provide the detailed design of development channels for their fabrication and test.

Technical Approach

The channel requirements will be obtained from Generator Development, as derived from
scaled-down plant requirements established by Power Train Development and/or from the
Technology Development function responsible for the testing in question. Design will
cooperate with Integration of Testing Facilities to define the anticipated interfaces with
the test facility. At the point where the design of any given development channel is to be
committed to design, the latest state-of-the~technology development, as obtained under
WB5-1310, will be identified and included in the design to the extent practical without '
impacting the prime objective of the test.

The initial channel shall have an internal design similar to the prior endurance channel. It
shall primarily address the channel structural, cooling and electrical lead removal issues
associated with good utilizatic_m of (and ease of removal from) the warm bore of a
superconducting magnet. Advanced channel(s) design would include progress in channel
technology and fabrication and assembly technology.

The channel design will include all necessary auxiliary equipment for the successful

operation of the channel. Test diagnostics as well as opera_tlonal instrumentation will be
included. ' '
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The completed design will be presented to a design review panel prior to commitment to
production. Support will be provided during the construction period, and final as-built
drawings and specifica‘tions (including materials) will be prepared.

1332 CONSTRUCTION

Objective

To fabricate the Development channels.

Technical Approach

The channel will be fabricated to the approved drawings and specifications. Any necessary
deviation will be documented in an Engineering Change Request, a formal document that
must be processed through the change control procedure before implementation and must
be reflected in the as-built drawings and specifications.

The initial channel would be based primarily on hand construction. Advanced designs would
progressively exploit automated construction technology developments.

Necessary packaging, crating, and handling equipment will be provided.
1353 INSTALLATION AND TEST SUPPORT

Objective

‘To provide technical support to Integration of Testing Facilities and the Test Facility
Operator.

Technical Approach

Directives and instructions for handling will be provided. Technical support will be
provided to resolve questions during installation and check out of the channel. Critical test
operations will be observed. Preliminary, on-site, inspection of test results will be

provided to ensure adequacy.
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- 1334 DATA ANALYSIS
Objective
a}) To understand the design implications of the test results, and

b) To prepare the data and information in suitable format for use in the pertinent
development activities, and in the Engineering Data Base.

Technical Approach

The test results will be analyzed and converted into design data and information format.

These results will be compared to the design requirements and design assumptions for the _
purpose of revision of the design methodology. Performance results will be interpreted in

terms of the intent of the test, as expressed in the design requirements. A design and test
topical report will be prepared as a joint effort by Design and the requesting function.
1340 RETROFIT CHANNELS

Objective

a) To support the Baseline (conceptual) design of the integrated Proof-of-Concept plant
facility, presumed to be a 250 MW(t) retrofit of an existing utility unit, and

b) To provide the channels for operation and test of this facility, and to demonstrate the
required channel performance for 2000 hours of operation.

Technical Approach

The need for a large experiment in the 125 to 250 MW(t) rating range is evidenced by
comparison of the performance and lifetime goals (identified as required for competitive
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commercial MHD steam power plants) with the démonstrated state-of-technology in
performance and lifetime. The scale-up factors, without the large experiment, would be
beyond the. range of reasonable risks The most knowledgeable channel experts will be
sought, through subcontract and consulting agreements, to participate in these designs.

Initial retrofit channel internal design will bé based primarily on the demonstrated

endurance channel design.

Externally it will be similar to the initial development channel design. However, as
appropriate, on-going developments in channel technology and fabrication and assembly
will be included.

At least two channels will be provided, although one may be a spare and not significantly
different in design, due to the necessity to commit to hardware at essentially the same
time. The design of these channels will be required at roughly the mid-point of the overall

schedule. Hence, the stat'e—oféthe—technology can be somewhat advanced, compared to
that employed in the design of the Endurance channel.r

1341 CONCEPTUAL DESIGN
Cbjective
a) To support the overall Baseline design effort, and

b} To provide the conceptual design of the Retrofit channel for use by various functions.

Technical Approach

The conceptual design will be performed during the first year of the overall program.
Hence, it will consider the anticipated state-of-technology at the time of expected final

design, but will perforce be solidly based only on the current state-of-the-art. The design
will be prepared in coordination with WBS5-1200. |
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The ‘ conceptual désign will be recorded in a channel Equipment Description and
Specification that will be the starting point for the development of the Retrofit channel.
It will be maintained current during the intervening period up to the point of actual design
of the channel and will be the starting point for that design.

1342 DESIGN

Objective
To provide the detailed design for the fabrication and test of the channels.

Technical Approach

The channel requirements will be established in cooperation with Generator and Power
Train Developrﬁent functions, in the course of the Baseline Design effort. The design shall
be primarily a scaleup of the initial 50 MW(t) development channel design. Design will
cooperate with Integration of Testing Facilities in the definition of the Retrofit plant
interfaces. '

The channel design will include all necessary auxiliary equipment for the successful
operation of the test. Test instrumentation will be included. The completed design will be
presented to a design review panel prior to commitment to productioh. Support will be
provided during the caonstruction period, and final as-built drawings and specifications
(including‘ materials) will be prepared.

1343 CONSTRUCTION

Objective
To produce the retrofit channel.

Technical Approach

The channel will e fabricated to the approved drawings and specifications. Any necessary
deviation will be documented in an Engineering Change Request, a formal document that
must be processed through the change control procedure before implementation, and must
be reflected in the as-built drawings and specifications.
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Necessary packaging, crating, and handling equipment will be provided.
1344 INSTALLATION AND TEST SUPPORT

Objective

To provide technical support to Integration of Testing Fécilities and the test Facility
Operator.

Technical Approach'

Directives and instructions for handling will be provided. Technical support will be
providéd to resolve questions during installation and check-out of the channel.

Critical test operations will be observed. Preliminary, on-site, inspection of test results
will be provided to ensure adequacy. The channel design contractor shall approve channel
test plans and shall during testing maintain the responsibility to terminate testing if
channel damage is anticipated.

1345 DATA ANALYSIS

Objective

a) To understand the design implications of the test results, and

b) To prepare the data and information in suitable format for use in the the engineering

data base.

Technical Approach

The test results will be analyzed and converted into design data and information format.
These will be compared to the design requirements and design assumptions for the purpose
of revision of the design methodology.
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Performance results will be interpreted in terms of the scale-up to full size plant
performance and lifetime predictions.

A design and test topical report will be prepared.

1350 FABRICATION AND ASSEMBLY DEVELOPMENT

Objective

To perform the dévelopment reduired to: a) produce the channels and/or channel sections,
of advanced technology, for test and demonstration, and b) Provide the Engineering Data

Base for the production of the commercial channels.

Technical Approach

The advanced channel concept devised in Task II of the MHD/APT project will be the
starting point for this development task. The development progress achieved in the overall
development program will be factored into the effort in this task.

Out-of-channel development approaches will be utilized to the extent that it is practical.
Where necessary, channel sections or channels will be devised for specific tests. The
generator task and the Design and Construction functions will participate in the design and
production of such test pieces.

In general, it is anticipated that channel sections will be produced and tested as part of
other tests, taking care not to jeopardize the prime purpose of the test.

One key goal will be to define methods for the production of the electrodes by extrusion
with the clad included in the extrusion process. This goal, if achieved, will contribute to
the capability to produce the commercial electrodes with highly automated machinery and
at low cost.

A second key goal will be to determine methods for the automated praduction of the
insulator shape, and to eliminate the costly machining of the insulators.
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A third goal will be to develop the methods for the production of the box structure. This
(Patentable) structure will require extensive development and may not be available in time
for inclusion in the Retrofit channel. It is expected that it will be demonstrated in the
second Development channel, if not before.

Special cables and connectors are envisaged, to minimize the warm bore space, provide the

electrical connection to the power management subsystem, and furnish the required cooling
medium,

Particular instrumentation needs will be defined in the course of the overall development
‘program and these will have to be accommodated in the fabrication and assembly

development program.

Finally, the capability to rapidly and reliably replace the channel will be a key factor in the
development of fabrication concepts, and it will be studied.

1351 ELECTRODES

DObjective

To provide the technology for: a) The production of the test pieces to prove the electrode
concepts, and b) The Engineering Data Base. '

Technical Approach

The starting point for this task will be the copper electrode technology, where the anodes
are capped with platinum or stainless steel and the cathodes have inserts of
tungsten-copper. Since the generator concept includes conducting sidewall elements that
are anodic or cathodic, these will be treated in the same manner. The electrode concept
embodied in the advanced generator concept, derived in Task IT of the MHD/APT project

will be pursued.

Techniques and methods for their production by low cost automated methods will be
developed. Both analytical and small scale experimental programs are planned. Electrodes
that simulate the extruded product in configuration, but produced by more conventional
methods, will be used in development channels.
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1352 INSULATION
Objective
a) To explore alternatives to Boron Nitride as the insulation material, and

b) To devise methods for the low cost production of the insulating shapes needed for the
MHO channels.

Technical Approach

Efforts to assess alternatives to Boron Nitride have been and are being pursued. These will
be extended to include the particular requirements of the advanced generator concept.
- One approach to the gradual and continuous adjustment in side-wall angle along the length
of the channel is to vary the dimensions of the insulators. This will be explored to identify
and develop producticn methods that meet the total insulator requirements.

Alternative Boron Nitride production methods, such as the proprietary TRW plasma
deposition process, will be evaluated. Tests of limited sections of developed concepts wiil

be included in other channel tests as required to compliment and prove out the
development progress.

1353 BOX STRUCTURE

Objective

To develop and demonstrate the novel channel box concept devised in the advanced
generator study (Task II of the MHD/APT project).

“Technical Approach

The unified structural approach employed in this channel concept requires the development
of new manufacturing approaches which have not been employed to date in MHD channel
development. '
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Small breadboard models will be made to investigate critical areas of the concept. These
include fixturing of the elements and insulators, and rholding and bonding of the composite
structure. Details of the undercarriage springs, wall corner jointure, and leak-proof
cooling water connections must be developed and proven in these models. The next step
will be the production of full width chanriel sections and joining samples, to be evaluated.
These will be followed by partial channel section production. These will be tested, both
out-of and in channel.

The final proof-of-concept will be the production and test, in power train, of the second
development channel.

1.3'54 CABLE AND CONNECTORS

Objective

a) To develop and demonstrate the advanced cable and connector concepts, and
b) To provide the input to the Engineering Data Base.

Technical Approach

The cable concept devised in the advanced generator study (Task I of the MHD/APT
project) will be the starting point for this task. A canvass of cable producers revealed that
no such cable now exists, and a development program is necessary. The required cable
characteristics will be refined as the channel development progresses. These will be
translated into a development specification. Cable pfoducers will be encouraged to
participate in the development of the cables.

Assistance in the production of the resulting cable, to be used in cable qualification tests
and in the MHD generator tests planned in the overall program, will be provided. Special

quick-disconnect connectors, matched to the above cables will be required and will be
developed. Assistance in the production of the resulting connectors, to be procured for

used in qualification and testing programs, will be provided.
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1355 INSTRUMENTATION

Objective

To develop fabrication and assembly methods that allow for the incorporation of the
in-channel instrumentation that will be selected in the course of the development program,

including test hardware as well as operational instrumentation.

Technical Approach

The instrumentation requirements, as defined by Generator and Channel designs, and as
required to interface with the power t_fain control system, will be translated into guidelines
and directions to be realized in the development of fabrication and assembly techniques.
As specific instruments are identified, means will be developed so that these can be
incorporated into the test section and channel design and construction efforts,

1356 OVERALL ASSEMBLY

Objective

To support Power Train Development in the study and development of rapid channel
replacement techniques.

Technical Approach

The key channel features, important to the rapid feplacement study, include the flanges
and disconnection features at the combustor and diffuser interfaces. These must be
accessible and not interfere with the warm bore during insertion or removal.

The support structure for the channel must be developed to allow for thermal expansion of
the power train, restraint of vibration, relative growth of the channel and the warm bore,
and for ease of actual insertion and removal of the channel from the warm bore.

Both the cable and the cooling water connections will require disconnection for

replacement. Techniques that expedite disconnection and reconnection must be
considered. While the channel side of the disconnects will be replaced, it is reasonable to
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expect that the plant side of both will need to be reconnected to new channel connections.
Hence, true interchangeability and long term reliability will be required.

WBS 1400-POWER CONDITIONING DEVELOPMENT

The power conditioning systém provides the interface equipment to collect the electric
output from the hundreds of MHD channel electrode pairs, and condition this DC output
into the three phase AC power (at the voltage required) for introduction into the utility
grid.

An approach to the system was devised by Westinghouse, and examined in the Task I
effort, that performs these functions and offers additio‘nél advantages. It has the potential
to control either the voltage or the current of each electrode, and has the flexibility to
modify these controls in response to the mode in which the MHD generator is being
operated or to the local condition of the channel. These advantages are expected to
enhance the performance, and especially the lifetime, of the MHD channel. They are also
expected to allow significant reductions in the cost of the channel and the superconducting
magnet. The portion of the system that is designed to perform both the current collection
and the control of the channel power is designated the “power ménagernent system" to
distinguish it from the more conventional cancept of current collection and control.

This task describes the effort required to define and develop the power management
system. It also describes the efforts to provide the power conditioning equipment for
power train tests envisaged in the program. In..general. these tests will use the above
described power management system. In one case, the high hower/high enthalpy extraction
experiment, the power conditioning system will be of the resistive dissipation network type
since the tests will be of short duration.

WBS 1400 is structured into five subtasks: 1410 - Technology Development, 1420 - Power
Management for 50 MW(t) power train, 1430 - Retrofit Power Management, 1440 ~ 50
MW(t) de/ac Converter Design and Supply, and 1450 - Retrofit dc/ac Converter Design and

Supply.
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1410 TECHNOLOGY DEVELOPMENT
This task will provide the supporting technology development for the power conditioning
and will be made up of the following subtasks: 1411 - Channel Interface Characterization,

1412 - High Power_Experiment and 1413 - Support for Materials tests.

1411 CHANNEL CHARACTERIZATION

Objective

To experimentally determine the MHD channel conditions, especially large bandwidth, that
must be controlled and thus to establish the interface conditions between the channel and

the power management system.

Technical Approach

Instrumentation is planned to be supplied by EPRI and installed on the CDIF channel in
. 1985. Conventional, but solid state, current collection and control test systems, devised by
AVCO, also will be installed. The results obtained from this program will be reviewed for
any data and information that can contribute to the development of the power management
system.

Additional testing will be performed to complete the data base to the degree necessary for
the preparation of the specification for the power management system. A test program at

another facility will be considered in order to provide a broader spectrum of data
conditions.

The test plans for the available test facilities (CDIF, CFFF, and AVCO) will be reviewed to
determine which sites can be made available for channel characterization. The data
acquisition will be run in conjuhction with other test programs, if possible without
disruption of their experimental programs, to minimize cost. A determination will be made
as to the needed data; to what bandwidth is needed for power management design.

The necessary data acquisition system (DAS) will be specified, procured and installed. The
EPRI instrumentation will be reviewed to determine whether it, or a like set, will serve
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this purpose. Experts will be provided to work with Integration of Testing Facilities and
Facility personnel during the installation and testing activities.. The data will be reduced
and analyzed to provide the basis for the specification and design of ‘power management
systems. The data considered will include that taken with the EPRI instrumentation at
CDIF.

1412 HIGH POWER EXPERIMENTS

Power management equipment will provide the simulated load for use in the planned short
term tests of special MHD generators. Very large power levels will be produced, but the
_energy produced will be limited due to the short term nature of the tests. Under these
conditions, it is not cost effective to interface the facility with the electric utility grid.
The energy produced would be of limited value and the transient nature of the test could
possibly introduce problems on the grid. Hence, the power will be dissipated in resistive
loads.

The purpose of the tests will be to confirm the calculational tools that are planned to be
used in the scale-up to, and lifetime impacting performance effects of, the Retrofit and
early commercial generators. This means that the specific generator conditions need not
conform exactly to those anticipated in the full scale facilities, but they must be well
characterized. Hence, the power dissipation system will be designed to remove the power
at lowest cost, consistent with adequate measurement of the local performance of the

channel.

.The equipment will be procured and tested and support will be provided to the installation
and test activities. Design requirements will be stablished in coopération with the other
functions involved in the High Power, High Extraction experiment. The system and
equipment will be designed. A design review will be conducted to ensure that the purpose
of the tests will be fulfilled. The equipment will be produced and factory tested to ensure
functional integrity before shipment to the site of the test. Expert support will be
provided to Integration of Testing Facilities and the facility organization in the
installation, check-out and test activities. |

1415 SUPPORT FOR MATERIALS TESTS

This subtask will provide power management support for the channel materials engineering

to be performed under WBS 1313. A long duration test of channel electrode materials is
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planned under WBS 1313 and, as the coordination and test planning for that test proceeds
under the cognizance of WBS 1812, the appropriate interfacing of power management
equipment with the channel will be defined. This subtask, WBS 1413, will provide the
power management hardware design, fab, installation and checkout to support the channel
materials text. |

1420-50 MW(t} POWER MANAGEMENT DEVELOPMENT
~ Objective

To design, develop and provide power management systems for the Advance Power Train
testing programs at the 50 MW(t) level.

Technical Approach

Power management systems will be designed, developed and provided for the test programs
in which channel lifetime, or plasma and current effects on materials, are important
cbjectives.

Several test conditions are anticipated: a) The long duration materials test, b) The 50
MW(t), 500 hour PT duration test, c) The 50 WM(t) test in the super-conducting magnet,
and d) The second Development channel. The possibility of designing a single power
management set that will serve the needs of tests b), c) and d) will be explored,

Experimental programs will be coordinated with the testing of the MHD generators to
provide the required data and information on the power management systems and

equipment. The results will be reduced and analyzed and provided to the Engineering Data
Base. Subtask elements for WBS1410 are defined below.

1421 DESIGN

The power management system design requirements will be defined. The data and
information, obtained in the Channel Characterization task, will be augmented by design
and analysis information provided by other tasks in the program so that design
requirements will reflect the specific needs of the power train designs and operations plans.
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Requirements will be provided for tests needed to develop the power management systems
‘and for equipment to support tests needed for other programs. The possibility of designing

a flexible test package that will serve both the needs of power management and some other
test (to reduce cost) will be explored.

'Prototype power management circuitry, suitable for verification experiments, will be
designed. Studies to determine the required number of electrodes (12 to 48) to be
controlled will be carried out. These will also consider the desirability of various possible

channel connection schemes, such as end-to-end, mid-region, and end regions. Designs will
be prepared for the full power management systems for the lifetime related tests.

1422 BUILD AND FACTORY TEST

Prototype equipment will be assembled and factory tested to assure functional integrity.
Full scale systems will be assembled and factory tests will be performed.

1423 INSTALLATION

Experts will be provided to assist in the installation of the systems, including the DAS for

the verification tests.
1424 SUBSYSTEM TEST

Tests will be performed without other components of the power train to insure that the
equipment, as delivered and installed, is functioning in the proper manner.

1425 INTEGRATED TEST

Technical support will be provided for the tests with the generators. This will include both
input to the test plans and personnel to be made available at the test site.

For the developmental system, verification tests will be performed. These test will include

intentional off-design operating conditions and operation likely to produce the malignant
channel behavior that the power management system has been designed to

conteract/correct. For the generator lifetime tests, support will be provided (as required)
for the proper and efficient performance of the tests.
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1430 RETROFIT POWER MANAGEMENT

Objective

To design, develop and provide power management systems for the retrofit power train
thus providing the Engineering Data Base for commercial power management systems.

Technical Approach

Power management systems will be designed, developed and provided for the test programs
associated with the retrofit power train,

- Experimental programs will be coordinated with the testing of the MHD generators to
-provide the required data and information on the power management systems and

equipment. The results will be reduced and analyzed and provided to the Engineering Data
Base.

1431 CONCEPTUAL DESIGN

The power management system design requirements will be defined from the specifications
prepared in WBS 1123 and the data, obtained in the 50 WM power management task will be
augmented by design and analysis information provided by other tasks. The conceptual

design of the retrofit power management will be closely coordinated with WBS 1120, 1341,
and 1451.

1432 DESIGN

Retrofit power management circuitry, suitable for verification experiments, will be
designed. Studies to determine the required number of electrodes to be controlled will be
carried out. These will also consider the desirability of various poséible channel connection
schemes, such as end-to-end, mid-region, and end regions.

1433 BUILD AND FACTORY TEST

Retrofit equipment will be assembled and factory tested to assure functional integrity.
Full scale systems will be assembled and factory tests will be performed.
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1434 INSTALLATION

'Experts will be provided to assist in the installation of the systems, including the DAS for
the verification tests. '

1435 SUBSYSTEM TEST

Tests will be performed without other components of the retrofit power train to insure that
the equipment, as delivered and installed, is functioning in the proper manner.

1436 INTEGRATED TEST

Expert support will be provided for the tests with the generators. This will include both
input to the test plans and personnel to be made available at the test site. For the Retrofit
tests, support will be provided during the early testing to ensure that the power
management equipment is commissioned for long term, unattended operation.

1440 50 MW(t) DC-TO-AC CONVERTER DESIGN AND SUPPLY

Objective

To provide the inverter and utility interface equipment required to interface the power
management output power with the electric utility grid, including the power factor

correction and power quality functions.

Technical Approach

DC-to-AC converters (inverters) will be designed and provided for the test programs in
which extended operation is planned and the electric output can make a significant
c.ontribution toward offsetting the cost of the test program. For those tests planned for
the CDIF the existing converted will be reviewed to ascertain whether there is a need for
modification. These activities will be initiated in conformity with the program schedule as
the production of these equipments is not expected to lie on the critical path,
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For all tests, coordination will be maintained with other functions to ensure the application
of proper design requirements, such as the need for power factor correction within the
converter system (as contrasted to the possibly lower cost option of providing the VAR
generation by the rotating equipment. The converters wiil be designed, built, factory
tested, installed and tested both as separate subsystems and as integrated parts of the
installation.

- 144] DESIGN REVIEW

A review of the existing design of dc/ac converter will be held predicated on the equipment
presently installed at the CDIF.

1442 DESIGN MODIFICATION

Madifications, if required, will be designed for the existing CDIF inverter.

1443 UTILITY INTERFACE REVIEW

The utility interface, at the CDIF, was considered in the design and application of the
existing inverter. These will involve the consideration of the conventional steam
generation equipment since their presence offers different challenges and opportunities.
Consideration will be given to the possible fault conditions and the protection system for

handling these without incurring damage to converter or system equipment.

Interface equipment (such as transformers, reactors, switchgear and capacitors) will be
specified. | '

1444 UTILITY INTERFACE EQUIPMENT

These equipment items will be obtained and arrangements made for delivery direct to the
site, except for those that are required for the factory testing of the converters.

1445 BUILD AND FACTORY TEST CONVERTER

The inverters will be modified, if required, at the CDIF site, with components built and
tested at Westinghouse.
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1446 INSTALLATION

Expert support will be provided, in cooperation with the Integration of Testing Facilities,
for the proper installation of the equipment.

1447 SUBSYSTEM TEST

Expert support will be provided, in cooperation with the Integration of Testing Facilities
function for the testing of the equipment without other power train components.

1448 INTEGRATED SYSTEM TEST
Expert support will be provided, in cooperation with the Integration of Testing Facilities

‘function, and as required. The activities will be to perform the test program and
commission the equipment for long term unattended operation.

1450 RETROFIT DC-TO-AC CONVERTER DESIGN AND SUPPLY

Objective

To provide the inverter and utility interface equipment required to interface the power
management output to the retrofit plant with the electric utility grid, including the power

factor correction and power quality functions.

Technical Approach

DC-to-AC converters (inverters) will be designed and provided for the retrofit program.

For expected tests, coordination will be maintained with other functions to ensure the
application of proper design requirements, such as the need for power factor correction
within the converter system (as contrasted to the possibly lower cost option of providing
the VAR generation by the rotating equipment).

The converters will be designed, built, factory tested, installed and tested both as separate
subsystems and as integrated parts of the installation.
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1451 CONCEPTUAL DESIGN

This converter conceptual design will be prepared in close coordination with wBS 1120, and
1431,

1452 DESIGN

DC/AC. converters will be designed for the Retrofit facility in accordance with the
conceptual design established under WBS 1451.

1453 UTILITY INTERFACE DEFINITION

The utility interface will be defined for the Retrofit facility and will involve the
consideration of the conventional steam generation equipment since their presence offers
different challenges and opportunities. Consideration will be given to the possible fault

conditions and the protection system for handling these without incurring damage to

converter or system equipment. Interface equipment (such as transformers, reactors,
switchgear and capacitors) will be specified.

1454 UTILITY INTERFACE EQUIPMENT |

These pieces of equipment will be obtained and arrangements made for delivery direct to

the Retrofit construction site, except for those that are required for the factory testing of
the converters.

1455 BUILD AND FACTORY TEST CONVERTER

The inverters for the Retrofit facility will be built and factory tested to ensure functional
integrity before shipping to the site.

1456 INSTALLATION

Expert support will be provided, in cooperation with the Integratlon of Testing Facilities,
for the proper installation of the equipment.
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1457 SUBSYSTEM TEST

Expert support will be provided, in cooperation with the Integration of Testing Facilities
function, for the testing of the equipment without other power train components.

1458 INTEGRATED TEST

Expert support will be provided, in cooperation with the Integration of Testing Facilities
- function, and as required. The activities will be to perform the test program and
commission the equipment for long term, unattended, operation.

WBS 1500 COMBUSTOR DEVELOPMENT
" The critical performance requirements of slagging MHD combustors are:
8 Generation of a high plasma electrical conductivity through efficient

combustion and low heat losses,

¢ Maintaining a high overall system efficiency through the minimization of
pressure drops and,

e Controlling slag deposition and flow to achieve high slag rejection rates. '
Engineering issues related to combustor development are:
e Design and construction to utilize high pressure - high temperature boiler
feed water for shell cooling,
s Design of a continuous slag removal system and,
® Electrical isolation of the combustor system at the high voltages generated

by the power channel.

Design and fabrication of a coal fired slagging combustor for an MHD/Steam Power Plant
requires a development program, which should be cost effective and involves only
acceptable or minirmum risks. It is obvious that the existing hardware and the facilities
should be 'utilized fully with minimum modifications. Information obtained from these
 tests would provide the data base for the design of larger combustors.
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The MHD coal combustor development activities leading to acceptable risk hardware for
integration in the 500 MW(t) commercia!l level plant needs testing at nominal levels of 20
MW, 50 MW, and 250 MW. Additional intermediate power level sizes are deleted from this
development program because of the relatively large expense for the limited scaling data
obtained. Scale sizes where significant power could be generated and the cost of the
consumables could be offset by the sale of electricity is desirable. WBS5 1500 has been
structured into four major tasks which are presented below with further subtasks as
appropriate. -

1510 20 Mw(t) DEVELOPMENT COMBUSTOR

Objective

o To design and fabricate a continuous operating slag removal and electrical
isolation systems for the 20 MW{t) combustor,

e To evaluate combustor performance, slag removal and electrical isolation
as part of an integrated power train (AVCO) and,

e To operate the combustor integrated with downstream components to
characterize the gas carried over (CFFF).

Technical Approach

A continuous slag removal system with provision for electrical isolation will be designed
and fabricated. An external voltage will be applied to simulate MHD operation, and
different isolation techniques (dispersers) will be investigated to arrive at the appropriate
system. The combustor will be tested with an intégrated MHD channel at AVCO for an
'accumulated time of at 'least 100 hours. This system will consist of the same type
hardWarg used in the original CFC/channel testing in 1982, with the addition of the
continuous slag removal system.

The combustor will _theh be tested integrated with the downstream heat recovery system at
CFFF. This testing will simulate full scale equipment regarding the parameters of slag
carry over, seed entrainment in the slag, NDx reduction, SDX removal, convective tube
deposition/corrosion and exhaust particulates and provide environmental data for future
MHD plants. '
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1511 DESIGN AND FABRICATION

This task includes the fabrication of a (or two) 20 MW(t) combustor(s) based on the earlier
design, and the design and fabrication of a continuous slag removal, electrical isolation
system, and different dispersers to break the slag water mixture to droplets.

1512 COMPONENT TESTING

The combustor will undergo preliminary check-out as to its construction and general
performance. The testing of the slag removal system will be done independently and will

be focussed on:

1) Continuous slag removal operation,
2) Selection of the suitable disperser and,

3) Electrical isolation with full applied voltage.
1513 INTEGRATED POWER TRAIN TESTING

After coordination meetings with AVCO, the combustor will be shipped for power train
integration tests at the AVCO facility. The electrical performance of the channel, and
hence the combustor performance, the continuous slag removal system operation, and the
effectiveness of the electrical isolation system will be studied.

1514 MATERIALS TESTING WITH DOWNSTREAM COMPONENTS

After coordination meetings with CFFF personnel, the combustor will be shipped to CFFF
from AVCO. If another combustor system is fabricated for this purpose, this testing can be
done simultaneously with AVCO testing and the combustor will be shipped to CFFF from
TRW after preliminary check-out testing. The combustor will be tested as part of the
CFFF flow train and studies of ND)< and SDX control; seed entrainment in the slag;
erosion, corrosion and deposition and; exhaust gas particulate characterization will be
made to further verify the continuous slag removal system.
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1515 DATA REDUCTION AND ANAL.YSIS

The data obtained from the two test series will be analyzed to determine thé combustor
performance and the combustor engineering'(computer) model will be verified.

1520 50 Mw(t) DEVELOPMENT COMBUSTOR

Objective

The main objectives of this task are:
e Yo verify the tubular-membrane wall design concept utilizing high pressure
- high temperature boiler feed water for cooling,

® To select the proper design approach for second stage section under
magnetic field and,

® To evaluate performance and to verify the computer model predictions.

Technical Approach

A spool section of tubular-membrane wall design, a second stage with appropriate design
for the section under the magnetic field and an electrically isolated continuous slag
removal system will be integrated with the slagging combustor first stage at CDIF, Power
train testing will be performed to evaluate performance of combustor and slag removal
system and flow diagnostics.

1521 DESIGN AND FABRICATION
The following components will be designed and fabricated under this subtask.

¢ A tubular-membrane spool section of the same diameter as the first stage

' to be tested at CDIF. This will be fabricated of the same material that

- will be used in the prototype and retrofit combustor and w1ll utilize high
pressure - high temperature water for shell cooling.

e A continuous slag removal - electrical isolation system based on test
information obtained at the 20 MW(t) level and,

® A second stage, with a replaceable section under the area of magnetic
interaction.
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1522 CHECKOUT TESTING

The components fabricated under WBS 1521 will undergo checkout testing at TRW before
shipping to CDIF.

1523 INTEGRATED TESTING

After coordination meetings between TRW and CDIF personnel, these components will be
assembled with the combustor system for integrated power train testing. The combustor
performance as evidenced by the electrical performance of the channel, slag rejection and
off design operation of the combustor will be studied. Further diagnostic measurements
such as gas and slag species and pressure, temperature and velocity profiles and
fluctuations of the plasma at combustor exit, high frequency oscillations etc. will be
made. Any special instrumentation required for safe combustor operation will be identified
and limited information on component integrity will be collected. Various coals and seed
materials and seed injection techniques and their impact on combustor performance and
seed entrai:_'n'ment in slag will be inVesi;igated.

1524 DATA REDUCTION AND ANALYSIS

The experimental data obtained will be evaluated for combustor design and off design
operation. The combustor/channel interface data will be prepared. The combustor model
predictions will be compared and the scaling verified. Data base will be prepared for the
design of the 50 MW(t) prototype combustor.

1530 50 MT(t) PROTOTYPE COMBUSTOR

Objective
To design and fabricate a 50 MW(t) prototype coal combustor and to perfof‘m endurance

testing in the integrated power train including ope_ration with a super conducting magnet.
' This will give the data base for the design and fabrication of the retrofit combustor. '
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Technical Approach

The continuous operating prototype combustor will be designed based on commercial
practice satisfying the safety, life and operational and technical requirements. This
combustor will consist of the coal feed hopper system, preheater, first stage, second stage
and slag rejection systém (with redundancy). It will undergo development testing at
standard and off nominal operating conditions and for continuous operation.

The combustor system will be tested for over 500 hours and the integrity of the fabrication
technique, the erosion effects due to current in the fringe field areas and the long term
operation of the slag removal system will be thoroughly investigated.

1531 DESIGN AND FABRICATION

This sub task involves the design and fabrication of the continuous coal-feed system,
coal-fired preheater, integrated first stage of tubular-membrane wall, second stage of
tubular-membrane construction, continuous slag removal system.

1532 COMPONENT TESTING

The combustor will undergo preliminary testing at design and off-design conditions by the
manufacturing contractor, after which the entire combustor system will be shipped to the
endurance testing facility.

1533 ENDURANCE TESTING

After coordination meetings between the combustor manufacturer and integrator, the
combustor system will be integrated with the MHD power train for endurance testing.
Along with the lifetime study of .the first and second stages and slag removal system,
-performance characteristics under low preheat operation, with different coal types and
grind, and with different seed materials will be studied.
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1534 TESTS WITH SUPER CONDUCTING MAGNET

The combustor will be relocated so that it can be tested with the super conducting magnet
in a power train that also uses the first deVe‘l‘npm,ént channel. The overall objective of this
task is to demonstrate a 50 MW(t) prototype of the type of ._equipr.n.ent to be used later at
the 250 MW(t) retrofit plant. The test program to be conducted with the power train will
consist of the applicable engineering development including at ieast 100 hours operating
time. Successful completion of this task will allow the fabrication of the 250 MW(t)
equipment to begin. The effect of the increased fringe field on second stage section will
be studied. '

1535 DATA REDUCTION AND ANALYSIS

 The performance analysis and analysis of erosion due to magnetic fringe field (currents)
and the effect of combustion gas on erosion, corrosion and deposition characteristics will
enable preparation of a data base to begin the design of the 250 MW(t) retrofit-combustor.
1540 250 MW(t) COMBUSTOR

DObjective

To design and fabricate a 250 MW(t) retrofit combustor that could be operated in an MHD
retrofit power plant facility in regular power generation mode. The data generated during
this phase of the development program will provide the engineering data base to

commercialize the MHD combustor technology.

Technical Approach

This power level is large enough to obtain specific details and to generate a thorough data
base to 'm-lanufactur.e commercial production MHD combustors. The 1:5 scale up from the
50 MW(t) combustor will verify scaling laws used and aid in refining the computer model.
Integrated testing will provide information on performance and response of the combuster
to load variations typical of a power plant.
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. The specific details and parametric variations of this testing will depend partly upon the
site and facility where this unit is integrated.

154! COMMERCIAL DESIGN

- The conceptual design of the retrofit combustor will be prepared in concert with WBS 1120
and 1341.

1542 DESIGN AND FABRICATION

The following components will be designed and fabricated (based on information obtained
from the testing of the 50 MW(t) prototype combustor system) coal-feed system, coal-fired
preheater, first stage, second stages, slag removal system, electrical isolation, and support
structure,

1543 INSTRUMENTATION

The instrumentation required for the safe operation of the combustor, any diagnostic
instrumentation to verify performance on line, and the plant instrumentation typical to the
combustor will be identified and installed.

1544 FACILITY MODIFICATIONS

The manufacturing contractor's test facility will be modified to allow preliminary testing
of the retrofit MW(t) combustor system. This will involve modification of the coal feed
system, oxygen/air feed system, cooling water system and support structure.

1545 COMPONENT TESTING

The combustor system will be tested at design and off-design conditions to evaluate
performance on a stand-alone basis. Some limited endurance information can also be
‘obtained. ' ' '
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1546 INTEGRATED POWER GENERATION TESTING

The retrofit MW(t) combustor system will be shipped to the test facility for operation in
the power generation mode. Extensive testing on actual power generation mode will be
made to study electrical isolatidh. siag rejection, low preheat opexﬁation, seed injectioh.
influence of coal types, etc,

1547 DATA REDUCTION AND ANALYSIS

Detailed daté analysis to study performance, scaling verification, identification of any
problem arising in commercial operation mode, limited line time verification, and
preparing the Engineering Data Base for the 500 MT(t) commercial power plant combustor
design and fabrication will be performed under this sub task.

WBS 1600-DIFFUSER DEVELOPMENT

The MHD diffuser has to operate not only under unfavorable fluid mechanical conditions,
but also under magnetic field and at elevated temperatures. The main fluid mechanics
issues connected with MHD diffusers are inlet Mach numbers very close to transonic, very
high inlet bbundary layer blockages possibility of separated boundary layers at the
electrode walls and velocity overshoots at the side walls.

These characteristics make the design of MHD diffusers more complicated than
conventional diffusers. As a component of a power plant, the MHD diffuser should be able

to operate at off design conditions without appreciable performance penalty. Further |

issues related to the diffuser design are:

e Use of high pressure, high temperature boiler feed water as the coolant.

e Operate under the fringe magnetic fields of the super conducting magnets,
which are high enough to produce currents of sufficient magnitude to cause
erosion of wall becoming a major concem.

¢ The diffuser should allow for the thermal expansion of the components
‘downstream of the combustor, whereas interfacing with the radiant boiler
which is also fixed. The diffuser should also allow for the removal of the
MHD channel for replacement or refurbishment.
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Thus, it is clear that the development of the diffuser has to proceed in two directions viz,
fluid mechanical characterization and design development. The former inv‘olves: not only
component integrated testing, but also cold flow modeling to verify the fluid mechanical
behavior of the diffuser under simulated MHD conditions. The diffuser cannot be tested as
an independent component as it cannot operate as a stand alone unit. Whenever the MHD
channel is tested, it is recommended that the diffuser is also tested in the power train. By
instrumenting the diffuser for wall pressure measurements and pilot pressure pressure
measurements in the core flow (preferably a pressure traverse), performance information
can be obtained without requiring special testing, Total heat rejection to the diffuser wall
can be obtained by calorimetry (cooling water flow rate and temperature rise) without
interference to power train testing.

1610 TECHNOLOGY DEVELOPMENT

Dbjective

The main objectives of this task are to study the effects of thick and separated boundary
layers and velocity overshools on diffuser pressure recovery, to study the effects of high

inlet Mach numbers on diffuser performance, and to provide a suitable diffuser to be used
with the high power experiment.

Approach

' Testing is to be conducted with a one-half scale model of the 20 MW(t) diffuser using water
and hot air. The velocity overshools can be simulated using shaped pressure drop plates
having holes and/or cut-outs arranged to produce the desired profile. By matching the full
scale, initial boundary layer blockage and overshoots, the effects of these on power train
diffuser performance can be explored in cold-flow testing.

The effect of Mach number on diffuser performance can also be investigated (which would

require a much higher pressure ratio facility than is needed for velocity profile studies
alone). At higher entrance Mach numbers (M > 1), the shock recovery characteristics, can

be studied. It is also possible by coldflow modelling to study the mixing of the thick
boundary layer and velocity overshoot profiles and the resulting changes in profile with

length. The computer model developed can be verified with the experimental results under
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these various conditions. Any modifications needed can be made and the computer mode}
can be applied to design large size MHD diffusers, which would be tested during the
development program. :

1611 COLD FLOW TESTS

This subtask involves: 1) design, fabrication and assembly of a one-half scale model of the
20 MW(t) diffuser using plexiglass or similar transparent material with flexibility for
changing length and wall angles; 2} design and fabrication of suitable pressure drop plates
to simulate the required flow velocity profiles; 3) design and fabrication of necessary

instm'me'ntation, installation and checkout.

This subtask involves extensive testing by varying the boundary layer thickness and inlet

velocity profiles, Mach number and the diffuser geometry (length and divergence). Both
supersonic and subsonic inlet Mach number effect will be investigated.

The data obtained from cold flow tests will be analyzed in detail to study the velocity
profile mixing behavior, reattachment lengths and the influence of the various operating
parameters on diffuser performance. Further, the computer model predictions will be
verified and any necessary changes and/or modifications in the code can be effected.

1612 HIGH POWER EXPERIMENT

Under this subtask an experimental diffuser will be designed, built and provided for
integrated testing with the high power experiment under WBS 1312.

1620 50 MW(t) DEVELOPMENT DIFFUSER

Objective

The main objectives of these tasks are 1) to verify the performance and computer model
predictions at the 50 MW(t) level, 2) to verify the tubular-membrane wall design concept

using high pressure, high temperature boiler feed water for wall cooling, and 3) to select
under the fringe magnetic field. '
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Technical Approach

Integrated testing at CDIF would offer verification of performance of the diffdser with its
design and computer modelling. For commercial size MHD diffusers, boiler feed water (at
approximately 185 atm pressure and 650°F) will be used as the coolant. Tubular-membrane
wall has been recommended for fabricating the diffuser. A short section designed
accordingly will be used so as to collect data and testing of this fabrication concept. Also
the replaceable section under the magnetic field should be tested thoroughly for current
flows, erosion (limited) rates, etc. Different design approaches for this section have been
identified earlier. The best approach can be selected based on testing under this task.
- Preliminary feasibility studies of channel removal, provision of thermal expansion, etc.,
can also be studied at this power level. Any modifications needed in the fabrication
technique can be determi.ned and tried at this smaller power level.

1621 DESIGN AND FABRICATION

Three distinct sections will be designed and fabricated 1) the main section of the diffuser
with jacketed wall design using low pressure, low temperature cooling water, 2) a short
section with tubular-membrane wall design using high pressure, high temperature boiler
feed water for cooling, and 3) a sectioh designed to operate under the fringe magnetic field
(different design approaches are being considered.

1622 INTEGRATED POWER TRAIN TESTING

After coordination meetings, the diffuser consisting of the above mentioned three different
sections will be shipped to CDIF and installed in the power train. The testing will be
conducted at design, and off design operating conditions. Preliminary reliability of the
design concepts, the thermal growth and the channel removal effort ete. will be studied
during this testing.

1623 DATA REDUCTION AND ANALYSIS

Pressure recovery, heat transfer and the exit velocity distributions will be analyzed from
the data obtained. The computer model will be verified for performance predictions and
~ any required changes and/or modifications made. Within the limited length of testing
under this task, the integrity of the section under the magnetic field (based on erosion,
current measurements etc.) will be investigated and the proper design approach selected.
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1630 50 MW(t) PROTOTYPE DIFFUSER

Objective

The primary objective of this task is to perform life time testing in an integrated power
train (at CDIF). The erosion and corrasion due i:o the magnetic field (current), and the
integrity of fabrication will be investigated. Further, preliminary studies on quick
disconnect to remove channel can be made.

Technical Approach

This diffuser will have all tubular-membrane wall construction and the selected design will
‘ be used for the replaceable section under the magnetic field. This represents a small scale
version of the diffuser that will go in the retrofit plant. The emphasis on this task is long
term endurance characteristics.

1631 DESIGN AND FABRICATION

This task constitutes the design and fabrication of the main body of the diffuser having all
tubular-membrane wall design, and the section under the magnetic field using the selected
approach,

1632 CHECKOUT TESTING

The diffuser section will flow be checked and the cooling water flow rates, pressure drops,
heat transfer etc. will be verified at the facility of the contractor responsible for this
prototype diffuser.

1633 INTEGRATED ENDURANCE TESTING

After coordination meetings between the manufacturing contractor and the integrated
Endurance testing facility, the diffuser will be shipped and integrated with the power
train. Along with the endurance characteristics of the main sections and the section under
the magnetic field, further quick disconnect of the diffuser and hoses, thermal growth and
channel removal will be studied.
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1634 DATA ANALYSIS
Further performance analysis will be made from the data obtained. Erosion and corrosion,
and failure mechanisms (if any observed) will be carefully analyzed to predict the lifetime

of the diffuser components.

1640 RETROFIT DIFFUSER

Objective

The main objective of this task is to design and fabricate a retrofit diffuser and test it in a
retrofit plant generating electric power and feeding to the grid and to generate the

Engineering Data Base required for the design of commercial MHD diffusers.

Technical Approach

This power level (250 MW(t) is large enough to obtain specific details to commercialize the
MHD diffuser technology. Further the 1:5 scale up from the 50 MW(t) diffuser will be a
good test for scaling verification and refining of computer predictions. The design of this
diffuser will be based on the previous experience with the 50 MW(t) prototype diffuser.
Integrated testing will provide information on performance and response to load variations
typical of power plant operation.

The tubular-membrane wall diffuser will employ boiler feed water for cooling. The
specific details of this testing will depend upon the site and facility location of this unit. A
complete data matrix and design information can be prepared to design the 500 MW(t) and
larger commercial diffusers.

1641 CONCEPTUAL DESIGN

The conceptual design of the retrofit diffuser will be prepared as part of the conceptual
design guided by W8S 1120. '
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1642 DESIGN AND FABRICATION

This task involves the design and fabrication of the 250 MW(t) unit based on information
obtained from the design, fabrication and operation of the 50 MW(t) unit.

1643 CHECK-~0OUT TESTING

The unit will be thoroughly checked for pressure, cooling water flow rates and pressure
drops, at the manufacturer's facility and will be shipped to the retrofit facility after
coordination meetings.

1644 INSTALLATION AND INTEGRATED TESTING

The diffuser will be integrated with the retrofit plant and operated on design load and part
load conditions. The specific operational parameter variations depend on the retrofit site
and facility demands.

1645 DATA REDUCTION AND ANALYSIS

Design and off design performance characteristics will be studied and the scaling verified.
A complete data matrix using all the information obtained from this testing will be
prepared for the design of future commercial MHD diffusers.

WBS 1700 INSTRUMENTATION AND CONTROL DEVELOPMENT

Each power train will require instrumentation to monitor performance and controls to be
applied both internally and at the interfaces with the balance of the plant to assure proper
operation. Data proceséing and the generation of control signals will take place in a
number of microprocessors distributed through the plant. The microprocessors will be
interconnected so that they can exchange information with each other and with the power
plant's central control room and data logging facilities. Hardware that can perform these
functions will be identified. Analytical studies will be performed to develop control
strategies which will then be demonstrated during integrated power train tests to confirm

the analytical work. Non-operational test instrumentation also will be required during both -

component and power train testing. The data base which will result will identify and

characterize equipment and systems in sufficient detail to proceed with confidence with:

the design of the instrumentation and controls for a commercial MHD power train.
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Test and operational instrumentation will be provided as necessary to demonstrate its
operation at development facilities and a complete set of instrumentation and control
equipment will be provided for the power train in a retrofit plant.

WBS 1700 has been structured into three major tasks described below with more detailed
subtasks as appropriate.

1710 TEST INSTRUMENTATION DEVELOPMENT

Dbjective

The objective of this task is to assure that appropriate instrumentation is identified or
developed for use during APT development testing. This instru~ mentation will permit the
performance of power train equipment and systems to be characterized so that an adequate
engineering data base can be obtained for the design of commercial MHD power trains.

Technical Approach

A body of experience in making the anticipated kinds of measurements is available from
work done by experimenters in MHD and related fields in the past. This experience will be
utilized to the maximum extent possible, but much of the future experimental work will be
at higher power levels and will involve the use of a superconducting magnet. This will
aggravale the space, magnetic field, voltage and current problems previously encountered,
particularly in the combustor and channel design areas.

- Sensing and signal transmission techniques which have been used previously will be
evaluated for use under the more severe conditions. Alternative methods of sensing
parameters of interest and of 'tran_smitting and processing this information will be
investigated. New hardware to meet program needs will be developed where neither
-industrial nor laboratory equipment to do so can be identified.

Integrated power train testing will involve the collection of data of interest to more than
one group of designers, particulariy where the data are being taken to define interfaces and
interactions between major components or systems. Meeting this need could involve
special measurements that may not be required for a power train in a commercial plant.
To assure that such testing is accomplished in an expeditious and efficient manner, a test
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integration function will be included. Similarly, instrumentation hardware performance
~ will be evaluated following each test and the results will be made available to all program
participants for their guidance. In this manner, a data base of information relating to
experimental instrument technology as applied to MHD will be built up.

‘This task will permit information relating to experimental instrument technology needs,
capabilities and experience to be readily available. This task also will include data
acquisition requirement reviews and new instrument technology development. All APT
program participants will be involved in the task to some degree, and the task-will be a
valuable common resource.

1711 TEST INSTRUMENT DATA BASE

This task will consist of cbmpiling and organizing available papers, reports, vendor
literature and other pertinent information concerning instrumentation previously used in
the acquisition of data during tests of components or systems relating to MHD power
trains. Information will be sought from other scientific fields with similar instrumentation
and data collection problems where their solutions might be applicable. Discussions will be
held with designers and experimenters working in the areas where problems are anticipated
in order to identify expected limits to available technology and to learn of new
development work that is underway. Reports will be prepared to document such discussions
and to make the information obtained in this way more widely available.

1712 TEST PLAN INSTRUMENT REVIEWS

As planning for component and power train testing gets underway, meetings will be held to
review the data to be taken to assure that the data requirements of all program
participants are considered and met. Potential measurement problems will be assessed,
and potential measurement hardware and methods will be evaluated. Alternative methods
will be specified, where appropriate, based on information available in the Test Instrument
Data Base.
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1713 INSTRUMENT DEVELOPMENT
Coal Processing Instrument Development

Experience to date indicates that improvements will be required in instrumentation to
measure flow in pneumatically transported coal streams and to measure the moisture
content of the coal in such streams continuously so that the drying process can be
monitored and controlled. These instruments will be located in the plant coal preparation
and delivery systems, but their importance in assuring that the combustor coal feed
interface can be adequately monitored and controlled appears to justify their inclusion in
the power train development program.

Plasma Stream Instrument Development

A layer of slag will be present inside the combustor, nozzle, channel and diffuser during
integrated power train testing, and this slag layer will complicate any attempts to make
measurements of the plasma directly. Plasma parameters which will be of interest include
temperature, pressure, conductivity, velocity and possibly composition. All of these will
require peneiration of the slag layer which, in the past, has been accomplished by gas
purges or mechanical penetration by probes. Development work will be required to extend
these capabilities for use in the much higher electrical and magnetic fields of the new
integrated power trains or to develop completely new techniques.

Fiberoptic Instrument Development

The extreme magnetic and electrical conditions com.bined with the space limitations in the
area between the chanmel structure and the superconducting magnet bore liner are
expected to make the use of existing instrument sensors and signal transmission techniques
impractical for measuring channel performance parameters. Shielding of any appreciable
number of individual conductors does not appear to be practical, so any wires exiting the
magnet bore will have large noise components, and signals transmitted over such wires will
probably be distorted. The use of fiberoptic cables and sensors which use light waves
rather than electricity to sense and transmit information appear to be an ideal solution to
this prablem. Some work is already being done in this field, and the utility of such devices
for channel instrumentation appears to justify their further development. A development
program to develop practical temperature, pressure, strain and possibly voltage or current
sensors in very small sizes using fiberoptic techniques will be initiated.
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1714 TEST EXPERIENCE DOCUMENTATION

" Throughout the course of the APT program, experience with various measuring techniques
will be obtained. This experience will be documented and will be added to the instrument
technology data base for use by other experimenters and, eventually, by the designers of
the demonstration and commercial power plants. As tests are completed and the resulting
data are evaluated, the success of the instrument systems in providing the data and their
degree of precision and reliability will be evaluated and reported. This step is often
neglected by experimenters, and it is believed that making this evaluation and
documentation a specific program requirement will lead to better understanding and
utilization of test instrument capabilities.

1720 OPERATIONAL INSTRUMENTATION DEVELOPMENT

Objective

The objectives of this task are to assure that (1) appropriate instrumentation is identified
. or developed to provide the sensory inputs to the operational control, protection and
monitoring systems, (2) functional data displays are available for the integrated power
trains, (3) to aid in obtaining an adequate engineering data base for the design of
operational instrumentation systems for commercial MHD power trains, and (4) to provide

operational instrument system equipment for a power train in a retrofit plant.

. Technical Approach

Many measuring instruments avallable as standard catalog items are in use in industry and
utility power plants today. Such proven devices will be applied in the operational
instrument systems serving integrated power trains in the APT development program.
These state of the art instruments will meet many conventional measurement needs and
will require no further development other than the normal evolutionary improvements that
occur in the competitive market place. Due to the strong magnetic field, high DC voltages
and magnet bore space limitations associated with MHD power trains, some new
operational instruments will have to be developed. The performance of these new
instruments will be demonstrated to provide a sound technical basis for their application in
commercial MHD power plants. ‘
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The first step in initiating the development of a new operational instrument will be to
establish that there is a need which can not be met using standard ‘industriql hardware.
Reguirements for measurements to be made will be developed as part of the control
systems development work for each power train as described in WBS 1730 for control,
protection or monitoring purposes.

It is not anticipated that any operational instrument measurements will be required that
are not also required to provide test data, so the Test Instrument Data Base and
development progranﬁs described in WBS 1710 will be used as a starting point in developing
operational instruments. Test instruments will be used as operational instruments if there
are doubts concerning the need for such measurements on commercial MHD power trains or
until experience with the performance of a test instrument has been obtained in an
integrated power train setting. | |

When the need has been established and the performance of an equivalent test instrument
has been demonstrated, design work will be initiated to upgrade the instrument design to
commercial standards. This work will include items such as extending and/or standardizing
ranges, repackaging to meet manufacturing standards, converting hard wiring to printed
circuits, adding calibration and self-checking features and increasing design margins.
Prototypes will be constructed and gualification programs will be performed in order to
demonstrate that the final design meets industrial standards such as shock and vibration,
electromagnetic interference and ambient operating conditions and to develop detailed
loperating curves and application data. The end products will be operational instrument
designs backed up by sufficient data so that the designs can be applied with confidence.

* In addition to providing information for use in poweﬁ‘ train control and protection systems,
measurements made by the operational instrumentation system will be used to generate
displays for the use of operators in controlling and monitoring the performance of the
power trains. Conventional practice would develop such displays using digital and analog
meters, graphic panels, indicating lights and annunciator units. More advanced
installations would use cathode ray tube screens on which tabulations of instrument
readouts or schematic representations of plant systems (with system status and cbnditlons
indicated) could be made to appear. It is anticipated that even these advanced information
display techniques will prove to be inadequate' for a power train operator to monitor and
make use of all of the information that will be available, particularly on the earlier power
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trains. To alleviate this potential problem, human engineering principles and computer
color graphic capabilities will be applied together to simplify the power train operator’s job
by developing more meaningful simplified displays.

Finally, specifications will be prepared, vendors will be selected, and instrumentation
equipment will be procured for installation and use in the operation of the power train to
be retrofited into an existing power plant. ‘

1721 MEASUREMENT REQUIREMENTS LISTS

This task will (1) review, evaluate and coordinate the requirements for measurements
specified by control system designers, and (2) identify available commercial hardware that
will satisfy the specified requirements. The result of these efforts will be a Measurement
Requirements List for each power train design that identifies all needed instruments,
specifies their performance characteristics (range, response times, output signal type,
special application limitations, etc.) and identifies at least one supplier. Where suppliers
can not be identified, the need to upgrade test instruments to commercial standards will be
identified automatically.

1722 TEST INSTRUMENT DESIGN UPGRADING

Measurements derived from test instruments may be used as inputs to power train control
systems during control system studies and demonstrations. When decisions are made to
retain such inputs as permanent features of later power train control systems, the
instrument designs will be upgraded to appropriate bperational instrument standards. Test
instrument designs will be considered prototypes, and this task will provide the required
redesign support. The designs will be modified Lo meet any anticipated increases in range,
magnet field strength or channel Hall voltage. Value engineering and failure analysis
studies will be performed to evaluate changes which might simplify circuitry, reduce
manufacturing costs or improve reliability. Maintenance features will be considered.
Packaging and mechanical aspects of the design and thermal margins and limits also will be
studied.
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1723 NEW INSTRUMENT QUALIFICATION

Qualification tests will be conducted to demonstrate that samples of tﬁe upgraded
instruments do, in fact, comply with applicable industrial standards for enclosures, shock
-and vibration, supply voltage and frequency variations, extremes of ambient temperature,
pressure and humidity, electromagnetic interference etc. The tests performed and
procedures used for the qualification testing will be taken from documents issued by
standards issuing organizations such as IEEE, ISA, NEMA and ANSI whenever possible. The
tests specified will depend on the particular device and intended service conditions.

1724 NEW INSTRUMENT APPLICATION DATA

Samples of redesigned instruments will be subjected to performance tests under controlled
conditions. Data from such tests will be used to compile information on ranges, accuracy,
response times and limitations which will characterize the performance of the instruments
and assist In their future application. Installation and calibration information and
procedures also will be developed.

1725 IMPROVED DATA DISPLAY DEVELOPMENT

Specialists in the human enginéering and computer color graphics programming fields will
meel with instrumentation and control system designers and MHD test facility operators to
define the display requirements. This will include consideration of information that shoutd
be available to power train operators, operators’ reactioﬁs to various changes in displayed
infarmation, related information to be displayed at the same time, potential diversions to
operators' attention and how much time the Aoperator will have to correct the
abnormalities. With the issues thus defined, the human engineering specialists will develop
more meaningful. displays, and software to implement such displays will be developed by
the computer programmers. The new display techniques will be verified on a computer
simulation of an operating power train and evaluated by utility power plant operators.
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1726 RETROFIT PLANT INSTRUMENTATION

Specification will be prepared for the instrumentation that will be required to monitor the
performance of power train components and systems to be installed as a retrofit to an
existing power plant. Vendors for the equipment will be éelected,' and the equipment will
be procured and delivered for installation and use at the facility. '

1730 RETROFIT CONTROL SYSTEM

Objective

The objectives of this task are (1) to develop control strategies and logic and to provide the
required supporting analytical studies for the retrofit power trains, (2) to provide control
system equipment for a power train in a retrofit plant, and (3) to demonstrate that a sound
engineering basis exists for the integration of power train control systems into commercial
MHD power plants. -

Technical Approach

The preliminary design phase of the control system design task for each power train
assembled as part of the APT Deve'lopment Program will identify the controls required to
operate the power train components and supporting systems. Operating scenarios or
descriptions will be prepared outlining the functions and anticipated performance of major
components and systems during manual and automatic control regimes. Mandatory
equipment protection functions will be identified. Tabulations of status, warning and alarm

signals, and data that will be monitored by power train operators will be prepared.

During the detailed design phase which follows, numerical values will be developed to
define the design requirements identified during the preliminary design. Information will
be obtained from other designers, and an interface control program will be initiated.
Arrangements will be made for any special tests required to obtain missing design
information.
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A power train simulation and analysis task will be included in the design program. A
mathematical model of the power train and control system will be developed and modeled
on a computer. The model will be exercised to show how the power train.and control
system will respond under a full range of steady state, transient, and fault conditions.
Different control system configurations and adjustments will be used until acceptable
operation is achieved.

When the simulation work indicates that a satisfactory control systém design has been
achieved a final design description, drawings, and specifications will be prepared describing
the design and detailing the requirements for the hardware with which it will be
implemented. | '

Input will be provided relating to the control systems during the preparation of power train
operating procedures, failure analyses, safety reports, test specifications and procedures,
and equipment installation packages.

1731 CONCEPTUAL DESIGN

This task will develop a conceptual control system design for the retrofit power train. The
conceptual design will identify power train components and supporting systems, open and
closed loop control functions, automatic control and protection features and operational
instrument measurement pdints. Operational monitoring provisions such as status
indications, warning and alarm signals and data displays will also be specified. The design
will be documented in a preliminary design report which will identify all required functions
by means of diagrams, tabulations and descriptions of the control strategy and how it is
intended that it be implemented during anticipated operating conditions.

1732 DESIGN

This task will develop specific numerical values to define requirements identified during
the conceptual design work, Measurement requirements such as ranges, response times,
and unusual operating conditions will be established by working with other system and
component designers. An interface control plan will be implemented to coordinate any
power train design changes that could impact the control system design details. Test plans
will be developed or supplemented as necessary to obtain any missing information needed
to completely define control system design and interface requirements. '
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Finally, specifications will be prepared, vendors will be seleé-ted, and control equipment
will be procured for installation and use in the operation of a power train to be retrofitted
into an _existing power plant. Preliminary control system logic descriptions wiill be
expanded and updated to assure that the control-system description is complete.

Standard industrial control components suitable for use in a utility power plant

environment will be specified to implement control system designs. This task will involve
the preparation of 'sys't'ehw configuration diagrams and other descriptive material to identify
each item of control hardware. Functional specifications will be prepared for each item to
jdentify its required performance characteristics and capabilities and any mechanical and
'operating environment limitations and interface requirements that must ‘be met.

1733 ‘CONTROL SYSTEM PERFORMANCE STUDIES
‘Studies using computer 'rﬁode'ling and simulation techniques will be -conducted under ‘this

‘task to demonstrate system responses. stability, and interactions during steady state,
transient, and fault conditions. Different .control system -configurations will be evaiuated

‘to ‘identify the one with the most desirable characteristics. Acceptable ranges of’

controller adjustments will be developed. Particular attention will be paid ‘to .protection
‘circuit responses ‘to assure that protection requirements ‘are met and to determine how
‘much margin 'is available in:the design. .'Spei:ial studies :will :be ‘made which focus.on the
interaction of ‘the power train with the utility transfnission grid, steam ‘turbine generator,
‘and heat recovery systems.

1734 RETROFIT PLANT CONTROL EQUIPMENT PROCUREMENT
‘Specifications will ‘be prepared for the .control -equipment ‘that will ‘be required for the
‘power train to ‘be installed as a retrofit to an existing power plant. Vendors for the

equipment ‘will be -selected ‘and the ‘equipment -will ‘be ;procured -and :delivered for
‘installation:and use at-the facility.
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1735 INSTALLATION, OPERATION, AND TEST SUPPORT

Support will be provided under this task to prepare installation and/or facility hodification
packages, system checkout procedures, operating procedures and power train test plans.
Detailed arrangement, installation and connection drawings and instructions will be
prepared for use in installing new equipme'nt or in the modification of old equipment at
existing instaliations. Procedures will be prepared for. the initial checkout and adjustment
of components and systems and for subsequent power train operation. All test plans
involving power Ltrain operation will be reviewed to assure that control requirements are
compatible with control system capabilities. | 7

WBS 1800 COORDINATION OF TESTING FACILITIES (GFE & OTHER)

Objective

The objective of this task is to coordinate the APT work with pertinent testing and other
activities at component developers, national laboratories, and government owned MHD
facilities. A good understanding of the results of the tests is essential to the performance
of the Advanced Power Train Development and to the completion of the power train
portion of the engineering data base for MHD/steam plants.

Technical Approach

The various tests and other activities, requiring programs in GFE and other facilities, will
be identified by the cognizant engineers for all of the WBS elements. Test description
packages, including justifications, desired schedules and anticipated results will be
established in this cooperative effort. The manager of Task 1800 will provide these
packages to Customer for approval and implementation through direction to the GFE
facility. Support will be provided to Customer and the facility operator in planning for the
test. Coordination between the facility operator and the appropriate cognizant engineer
will be provided, including delineation of interfaces between test hardware and facility.
Timely production and delivery of test hardware (the responsibility of the appropriate
cognizant engineer) will be coordinated. Coordination will be provided to the facility
operator in the modification of the facility and other test preparation, preparation of test
plans and other test related activities. Readiness reviews will be conducted. Technical
assistance will be provided during installation, check out, start up and operation of the
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test. Observers will be provided during the test and acquisition of test data and resuits.
Cooperation will be provided to the appropriate cognizant engineers in the analysis and
reporting of the results, including engineering data base input.

1816-20MW(t) TESTS

Tests are anticipated in MHD facilities at several performance levels. The studies carried
out under the MHD/APT contract have confirmed that useful tests can indeed be

performed st the nominal 20MW(t) level. These tests integrated, power train test and

materials tests in downstream components. WBS 1811 and 1812 will coordinate these tests.
1820 50MW(t) TESTS

The studies carried out under the MHD/APT contract have confirmed that useful tests
should be performed at the nominal 50MW(t) level. These include testing of the
development and prototype combustors, test and advanced generators, and diffuser, power
train, and interface data obtained as a by-product of other testing programs.

1821 DEVELOPMENT COMBUSTOR

Objective

To determine the operating characteristics of the development combustor, to obtain
interface information pertinent to the design and operation of combustors, to obtain
information pertinent to other program elements (in the course of the tests) so as to make

maximum effective use of the operation of the test facility.

Technical Approach

A SO0MW(t) two stage combustor has been developed and tested at TRW and, in conjunction
with a channel, at CDIF. Modification of this combustor design, to include slag rejection,
is planned. One or two combustors are to be produced and tested. Scale-up questions will
be examined. Voltage isolation will be explored. Test section(s) of the design concept for
the prototype combustor will be tested. Combustor exit conditions will be characterized.
In establishing these tests, coordination with other program cognizant engineers wiil be
carried out to identify and include other tests that can be conducted during the test and
without interfering with the prime test.
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1822 ENDURANCE POWER TRAIN
Dbigctive

To operate all the components of the endurance power train to develop and demonstrate

their satisfactory performance, including all of the interface impacts.

Technical Approach

The components discussed above will be utilized. The emphasis in these tests will be on the
demonstration of technology related to lifetime. The 500 hour endurance test supporting
the design of the 250MW(t) facility will be carried out, In the planning for this test, a
specific definition of durability will be established, including selection of number and
character of the cycles to which the generator is to be subjected during the 500 hour test.

1823 DEVELOPMENT POWER TRAINS
Objective

To determine the performance and lifetime potential of generators incorporating the
features of the development channels.

Technical Approach

One or more generators, embodying essential state-of-art production technology, but
incorporating simulation of the features desired in early commercial generators, will be
tested in power train facilities. Scale-up in both performance and lifetime will be
explored. The necessary supplier development testing will be integrated.

1824 INTERFACE LIAISON
Objective
- The design and development of the power train components requires, and this task is to

enhance, an understanding of the complex interactions with and impacts from other
MHD/steam plant systems (these are lumped in the term interfaces).
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Technical Approach

The interface data and information can be obtained from limited participation in MHD test
programs that are primarily planned for other reasons. The plans of various test facilities
will be obtained and examined for opportunities to either make minor modifications or
simpiy to observe tests and test results to obtain the desired information.

1830 RETROFIT TESTS

Tests are anticipated in MHD facilities at several performance levels. The studies carried
out under the MHD/APT contract have confirmed that useful tests can be performed in a
total plant integrated facility.

1831 COMBUSTOR

Objective

To confirm the design of the combustor for use in the retrofit power train,

Technical Approach

A two stage combustor based on the data and information produced in the 50MW(t)
combustor element will be tested in the supplier's facility.

1832 POWER CONDITIONING
Objective
To confirm the design adequacy of the power conditioning for the retrofit power train.

Technical Approach

The power conditioning for the retrofit power train, and incorporating the features of the
production channel, will be checked at the supplier's facility than delivered to the retrofit
facility for installation and checkout.
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1833 INTEGRATED POWER TRAIN
Objective

To determine the performance and lifetime potential of the retrofit power train in a total
integrated facility.

Technical Approach

The components discussed above will be utilized. The facility for use in this task must be
identified. The facility design and power train requirements and specifications must be
obtained and provided to the cognizant engineers in charge of WBS elements 183] and

1832. In the planning for this test, a specific definition of durability will be established,
including selection of number and character of the cycles to which the generator is to be

subjected during the anticipated 2000 hqur test goal.
1840 OTHER INTEGRATION AND LIASION

Data and information in a number of technologies and from a number of facilities will be
required for the successful execution of the advanced power train development program.
The manager of the WBS element 1800 will be responsible for establishing contacts and
~ cooperation with these facility operators. The assistance of Customer is assumed. The list

of subtasks will expand‘ as the program unfolds, especially if international agreements are
implemented,

WBS 1900 PROGRAM MANAGEMENT

The overall approach to program management of the APT program iL presented in Section
4.0 of this Development Plan. To effectively manage the program, the WBS presented here
is structured into four elements as follows:

1910 PROJECT PROGRESS REVIEWS:
Objective

To insure that the project is being carried out in full comphance with the contract, WOrk
Plan and Technlcal Direction.
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Technical Approach

These reviews are the basic responsibility of, and will be established and called by the
Project Office. They will be conducted by the Manager of System Development (SD) or his
designee. Any function may submit one or more Change Requests at these reviews. The
change request if the tool for requesting permission to make a technical change in a
component or system that is believed to deviate from the Technical Direction but has the
potential to improve the affected component. It serves the purpose of alerting any other
function that a change is being considered that may have impacts outside the directly
affected component or system. The SD function will have at its disposal a Change Control
Board composed of senior technical personnel. SD will prepare (or have prepared) an
analysis of the impacts of the requested change. SD will convene the Change Control
Board, following the review and analysis, to consider and recommend action or rejection of
the Change Request(s). 50 will report the decisions of the B'oard to the Project Office.
The Project Office, with the assistance of SD, will review the recommended actions with
the customer whenever they impact the Contract, Work Plan or Technical Direction. When
the customer approves, SD will prepare and issue a revision of the Work Plan and Technical
Direction to refiect the change.

Any deviation in the actual progress as compared to the plan, and as identified in the
internal review, will be recorded by SD in a Variance Report, prepared immediately
subsequent to the review. This Variance Report will be submitted to Project Office and to
the Westinghouse Division Management. It provides a tool for the efficient focus of
management attention on the crucial aspects of the program.

1920 ORAL REPORTING
Obijective

To provide the overall Integration project with detailed progress reviews at which experts
may question the project participants and comment on approaches and progress.
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Technical Approach

The recommended frequency of oral reports is annually. These will take the ‘form of one
day presentations by the project participants including subcontractors, relating technical
progress during the intervening period. They will close with a summary presentation, by
the Project Office, comparing progress to Work Plan milestones and recommending the
cantent of the project plan for the next ensuing period.

1930 TECHNICAL AND FINANCIAL REPORTS

Objective

To provide the Customer with written records of progress against milestones, schedule and

budget. To provide a written record of the results obtained in the course of the project.

Technical Approach

Topical reports on specific subjects, regular reports on technical progress at intervals
specified by the contract (brief resumes of monthly progress included with the monthly
financial reports and a more comprehensive annual report summarizing the oral report are
recommended), and a final report to provide the coordinated project results, are suggested.

1940 PROJECT MANAGEMENT

Objective

To provide the management function for the overall direction of the Advanced Power Train
portion of the Engineering Development and Large Plant Experiment phases of the MHD

program.

Technical Approach

The Project Office will accomplish the contract effort, using matrix management
methodology and the System Engineering Approach, as part of the activities of the
Advanced Energy Systems Division of the Westinghouse Electric Corporation. The detailed
technical approach is discussed, above, in response to specific subjects delineated in the
current contract work scope.
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Services of activities, such as Purchasing and Project Schedule and Control, will be
provided. Appropriate Divisional management oversight of the project will be provided.
Standing and Ad Hoc committees of senior personnel will be established for Corporate

© A

- review of progress and consistency with Westinghouse practice and procedure, and

resolution of problem areas, respectively.
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